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(57) ABSTRACT

A compound is represented by a formula (1) below.

In the formula (1), nis 1 or 2. Ar' is represented by a formula
(2) below. Ar® represents a substituted or unsubstituted
aromatic hydrocarbon group having 6 to 30 carbon atoms, or
a substituted or unsubstituted heterocyclic group having 1 to
20 ring atoms. Ar® is represented by a formula (3) below.
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COMPOUND, MATERIAL FOR ORGANIC
ELECTROLUMINESCENCE ELEMENT,
ORGANIC ELECTROLUMINESCENCE

ELEMENT, AND ELECTRONIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/902,248, filed on Dec. 30, 2015,
which is a National Stage Entry of International Application
No. PCT/IP2014/067588, filed on Jul. 1, 2014, which claim
priority to Japanese Patent Application No. 2013-138438,
filed on Jul. 1, 2013, the disclosures of which are hereby
incorporated by reference in their entireties.

TECHNICAL FIELD

[0002] The present invention relates to a compound, an
organic electroluminescence device material, an organic
electroluminescence device, and an electronic apparatus.

BACKGROUND ART

[0003] 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. In general,
an organic EL device includes a pair of opposing electrodes
and an emitting layer between the pair of electrodes. When
an electrical field is applied to the opposing electrodes,
electrons are injected from a cathode, and holes are injected
from an anode. The electrons are then recombined with the
holes in the emitting layer to yield an excited state, and
energy generated when the excited state returns to a ground
state is discharged as light.

[0004] As compared with an inorganic light-emitting
diode, a typical organic EL device requires a high drive
voltage, and the luminescence intensity and luminous effi-
ciency thereof are low. Moreover, since the typical organic
EL device is to undergo considerable performance degrada-
tion, it has not been in practical use.

[0005] Patent Literature 1 discloses a compound having a
phenylene group at the center thereof, the phenylene group
being bonded to a naphthyl group, an anthryl group or a
phenanthrenyl group at one bond while being bonded to a
phenyl group at the other bond. The compound has at least
one bridge between the phenylene group at the center and
the adjacent groups. Patent Literature 1 also discloses an
organic EL device using the compound or a heterocyclic
derivative of the compound.

CITATION LIST

Patent Literature(s)

[0006] Patent Literature 1: WO 2008/006449

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0007] However, the organic EL device cannot be in
practical use unless the color purity thereof is improved and
the lifetime thereof is increased.

Nov. 9,2017

[0008] An object of the invention is to provide a long-life
organic electroluminescence device with a high color purity,
a compound usable in the organic electroluminescence
device, an organic electroluminescence device material con-
taining the compound, and an electronic apparatus provided
with the organic electroluminescence device.

Means for Solving the Problems

[0009] A compound according to an aspect of the inven-
tion is represented by a formula (1) below.

[Formula 1]

&y

L3—Ar

n

[0010] Inthe formula (1): nin the formula(1)is 1 or2; and
Ar' is represented by a formula (2) below.

@

[0011] In the formula (2): Ar'!, Ar'? and Ar'® each inde-
pendently represent a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms; one of
L' and I.'? represents a single bond for bonding Ar*! and
Ar'?, and the other one thereof represents a linking group
represented by any one of formulae (2a) to (2¢) below; and
one of L'? and L'* represents a single bond for bonding Ar™
and Ar'®, and the other one thereof represents a linking
group represented by any one of the formulae (2a) to (2e)
below.

[Formula 3]

2

(2b)

PN
. 20)
N
)
AN
Rl4 (26)
| /RIS

L
PR

[0012] In the formulae (2a) to (2e), R to R'® each
independently represent a hydrogen atom, a substituted or
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unsubstituted alkyl group having 1 to 30 carbon atoms, a
substituted or unsubstituted aromatic hydrocarbon group
having 6 to 30 ring carbon atoms, or a substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms.

[0013] L* and L? in the formula (1) each independently
represent a single bond or a linking group, the linking group
being 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 multiple linking group formed by bonding two groups
selected from the group consisting of the aromatic hydro-
carbon group, a multiple linking group formed by bonding
three groups selected from the group consisting of the
aromatic hydrocarbon group, a multiple linking group
formed by bonding two groups selected from the group
consisting of the heterocyclic group, a multiple linking
group formed by bonding three groups selected from the
group consisting of the heterocyclic group, a multiple link-
ing group formed by bonding two groups selected from the
group consisting of the aromatic hydrocarbon group and the
heterocyclic group, or a multiple linking group formed by
bonding three groups selected from the group consisting of
the aromatic hydrocarbon group and the heterocyclic group.

[0014] It should be noted that the aromatic hydrocarbon
group or groups and the heterocyclic group or groups in the
multiple linking group are mutually the same or different,
and adjacent ones of the groups in the multiple linking group
are optionally bonded to each other to form a ring or not
bonded.

[0015] Ar” in the formula (1) represents a substituted or
unsubstituted aromatic hydrocarbon group having 6 to 30
ring carbon atoms, or a substituted or unsubstituted hetero-
cyclic group having 5 to 30 ring atoms.

[0016] Ar® in the formula (1) is represented by a formula
(3) below.

[Formula 4]
3

%

I /'—<R n

[0017] Inthe formula (3): X? represents an oxygen atom or
a sulfur atom; m is 5; R® represents a substituent bonded to
a carbon atom of a ring in a structure represented by the
formula (3), R? each independently representing a hydrogen
atom, a halogen atom, a hydroxyl group, a cyano group, a
substituted or unsubstituted alkyl group having 1 to 30
carbon atoms, a substituted or unsubstituted alkylsilyl group
having 3 to 30 carbon atoms, a substituted or unsubstituted
arylsilyl group having 6 to 60 ring carbon atoms, a substi-
tuted 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
alkylamino group having 2 to 30 carbon atoms, a substituted
or unsubstituted arylamino group having 6 to 60 ring carbon
atoms, a substituted or unsubstituted alkylthio group having
110 30 carbon atoms, a substituted or unsubstituted arylthio
group having 6 to 30 ring carbon atoms, a substituted or
unsubstituted aromatic hydrocarbon group having 6 to 30

Nov. 9,2017

ring carbon atoms, or a substituted or unsubstituted hetero-
cyclic group having 5 to 30 ring atoms; and adjacent ones of
R? may form a ring or not.

[0018] It should be noted that a bond from the structure
represented by the formula (3) is bonded to 1.2 in the formula
.

[0019] According to another aspect of the invention, an

organic electroluminescence device material contains the
compound of the above aspect.

[0020] According to still another aspect of the invention,
an organic electroluminescence device includes: a cathode;
an anode; and at least one organic layer provided between
the cathode and the anode, the organic layer containing the
compound of the above aspect.

[0021] According to yet another aspect of the invention,
an electronic apparatus includes the organic electrolumines-
cence device of the above aspect.

[0022] The above aspects of the invention can provide a
long-life organic electroluminescence device with a high
color purity, a compound usable in the organic electrolumi-
nescence device, an organic electroluminescence device
material containing the compound, and an electronic appa-
ratus provided with the organic electroluminescence device.

BRIEF DESCRIPTION OF DRAWINGS

[0023] The FIGURE schematically shows an exemplary
arrangement of an organic electroluminescence device
according to an exemplary embodiment.

DESCRIPTION OF EMBODIMENTS
First Exemplary Embodiment

Compound

[0024] A compound according to a first exemplary
embodiment is represented by a formula (1) below.

[Formula 5]
e @
L —_—
/
A N
L3— D

n

[0025] In the formula (1), n is 1 or 2, and Ar' is repre-
sented by a formula (2) below.

[Formula 6]

11 113
\2\
\ \4/

[0026] In the formula (2), Ar'', Ar'? and Ar'? each inde-
pendently represent a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms, one of
L' and L'? represents a single bond for bonding Ar'! and
Ar'?, and the other one thereof represents a linking group
represented by any one of formulae (2a) to (2e) below, and
one of L'? and L.** represents a single bond for bonding Ar'?
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and Ar3, and the other one thereof represents a linking
group represented by any one of the formulae (2a) to (2e)
below.

[0027] In the formula (1), at least one of nitrogen atoms
bonded to A' is preferably bonded to Ar''. For instance,
when n is 1, Ar'! is preferably bonded to a nitrogen atom as
shown in a formula (1A) below.

[Formula 7]

14

2)

(2b)

AN

S (2¢)
PN

o (2d)
PN

Rl4

|/R15

PN

(2e)

[0028] In the formulae (2a) to (2e),

[0029] R!''toR' each independently represent a hydrogen
atom, a substituted or unsubstituted alkyl group having 1 to
30 carbon atoms, a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms, or a
substituted or unsubstituted heterocyclic group having 5 to
30 ring atoms; and

[0030] In the formula (1), L? and [’ each independently
represent a single bond or a linking group, the linking group
being 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 multiple linking group comprising bonded two groups
selected from the group consisting of the aromatic hydro-
carbon group, a multiple linking group comprising bonded
three groups selected from the group consisting of the
aromatic hydrocarbon group, a multiple linking group com-
prising bonded two groups selected from the group consist-
ing of the heterocyclic group, a multiple linking group
comprising bonded three groups selected from the group
consisting of the heterocyclic group, a multiple linking
group comprising bonded two groups selected from the
group consisting of the aromatic hydrocarbon group and the
heterocyclic group, or a multiple linking group comprising
bonded three groups selected from the group consisting of
the aromatic hydrocarbon group and the heterocyclic group.

[0031] It should be noted that the aromatic hydrocarbon
group or groups and the heterocyclic group or groups in the
multiple linking group are mutually the same or different,
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and adjacent ones of the groups in the multiple linking group
may be bonded to each other to form a ring or not bonded.
[0032] In the formula (1), Ar® represents a substituted or
unsubstituted aromatic hydrocarbon group having 6 to 30
ring carbon atoms, or a substituted or unsubstituted hetero-
cyclic group having 5 to 30 ring atoms.

[0033] Ar is represented by a formula (3) below.

[Formula 9]
G)

K/\\I/\/-a@)m

[0034] In the formula (3), X® represents an oxygen atom or
a sulfur atom, m is 5, and R? represents a substituent bonded
to a carbon atom of a ring in a structure represented by the
formula (3). R? each independently represent a hydrogen
atom, a halogen atom, a hydroxyl group, a cyano group, a
substituted or unsubstituted alkyl group having 1 to 30
carbon atoms, a substituted or unsubstituted alkylsilyl group
having 3 to 30 carbon atoms, a substituted or unsubstituted
arylsilyl group having 6 to 60 ring carbon atoms, a substi-
tuted 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
alkylamino group having 2 to 30 carbon atoms, a substituted
or unsubstituted arylamino group having 6 to 60 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 aromatic hydrocarbon group having 6 to 30
ring carbon atoms, or a substituted or unsubstituted hetero-
cyclic group having 5 to 30 ring atoms.

[0035] Adjacent ones of R® may form a ring or not.
[0036] It should be noted that a bond from the structure
represented by the formula (3) is bonded to 12 in the formula
2

[0037] In the formula (1), when Ar’ is represented by the
formula (3), the compound of the formula (1) is represented
by a formula (10) below.

[Formula 10]

/LZ—ArZ
Al‘l N X3
\L3 i/\r >
K/\"\/'\-(R%

[0038] In the formula (10), Ar', Ar*, L* and L? represent
the same as Ar', Ar%, L and L? in the formula (1), respec-
tively. In the formula (10), X*, R® and m represent the same
as X°, R? and m in the formula (3), respectively.
[0039] In the formula (2), when Ar'' is bonded to a
nitrogen atom in the formula (1), Ar'! is preferably a fused
aromatic hydrocarbon group having 10 to 30 ring carbon

atoms. In the formula (1A), Ar'' is preferably a fused
aromatic hydrocarbon group having 10 to 30 ring carbon

(10)
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atoms. When an emitting layer containing a host material
and a dopant material, and the compound of the first
exemplary embodiment where Ar'' is a fused aromatic
hydrocarbon group is used as the dopant material, interac-
tion between the host material and the dopant material is
supposed to be improved. The compound of the first exem-
plary embodiment is thus expected to contribute to increas-
ing the lifetime of the organic EL device.

[0040] In the formula (2), Ar'' to Ar'? are preferably a
group derived from any one of a substituted or unsubstituted
phenyl group, substituted or unsubstituted naphthyl group,
substituted or unsubstituted anthryl group, and substituted or
unsubstituted phenanthrenyl group. More preferably, Ar'' is
a group derived from any one of a substituted or unsubsti-
tuted naphthyl group, substituted or unsubstituted anthryl
group, and substituted or unsubstituted phenanthrenyl
group, and Ar'? is a group derived from a substituted or
unsubstituted phenyl group.

[0041] Ar' in the formula (1) preferably has a skeleton
represented by any one selected from the group consisting of
formulae (1-1) to (1-22) below.

[0042] It should be noted that, when Ar' has the skeleton
represented by any one selected from the group consisting of
the formulae (1-1) to (1-22), a carbon atom of the skeleton
represented by any one of the formulae (1-1) to (1-22) may
be unsubstituted or substituted. Examples of the substituent
will be described below.

[Formula 11]

h O

(1-1)

1-3)

(1-4)
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-continued
{1-5)

o}
5 ‘

{1-6)

1-7)

{1-8)

{1-9)

(1-10)
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-continued

(1-11)

(1-12)

(1-13)

(1-14)

(1-15)
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-continued

(1-16)

(1-17)

(1-18)

(1-19)

(1-20)

(1-21)

(1-22)
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[0043] In the formulae (1-1) to (1-22), X! and X*? each
independently represent a linking group represented by any
one of the formulae (2a) to (2e).

[0044] n of carbon atoms of the skeleton represented by
any one selected from the group consisting of the formulae
(1-1) 1o (1-22) is bonded to a nitrogen atom in the formula

.

[0045] Preferably, n in the formula (1) is 2, and Ar* in the
formula (1) has a skeleton represented by any one selected
from the group consisting of formulae (1-31) to (1-34)
below.

[0046] It should be noted that, when Ar' has the skeleton
represented by any one selected from the group consisting of
the formulae (1-31) to (1-34), a carbon atom of the skeleton
represented by any one of the formulae (1-31) to (1-34) may
be unsubstituted or substituted. Examples of the substituent
will be described below.

[Formula 14]

(1-31)

(1-32)

(1-33)

(1-34)

[0047] In the formulae (1-31) to (1-34), X'! and X'* each
independently represent a linking group represented by any
one of the formulae (2a) to (2e).
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[0048] at least one of * represents a position at which the
skeleton 1s bonded to a nitrogen atom in the formula (1).

[0049] Among skeletons represented by the formulae
(1-31) to (1-34), Ar* preferably has the skeleton represented
by the formula (1-31).

[0050] Further, in the formulae (1-1) to (1-22) and (1-31)
to (1-34), X' and X'* are preferably represented by the
formula (2a).

[0051] Inthe formula (1), L* preferably represents a single
bond.
[0052] Therefore, the formulae (1-31) to (1-34) are pref-

erably represented by formulae (1-41) to (1-52) below, more
preferably by the formula (1-41), (1-45) or (1-49).

[Formula 15]

(1-41)

(1-42)

AP—12

Ai Q'Q.O

(1-43)
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[Formula 16]

-continued

(1-45)

(1-46)

(1-47)

(1-48)

(1-49)
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-continued
(1-50)

43 pad
R¥ R A
/

I
N
Ar? \
N 1?—Ar
N
/
A—12 O
R4l R42

(1-52)

[0053] In the formulae (1-41) to (1-52), L* Ar* and Ar®
represent the same as [?, Ar® and Ar® in the formula (1),
respectively. In the formulae (1-49) to (1-52), plural L. are
mutually the same or different. Plural Ar* are mutually the
same or different. Plural Ar’ are mutually the same or
different.

[0054] R*' to R** each independently represent the same
as R' and R'? in the formula (2a).

[0055] R*'to R™ each independently preferably represent
a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms, more preferably a substituted or unsubstituted
alkyl group having 1 to 10 carbon atoms, further preferably
a substituted or unsubstituted alkyl group having 1 to 6
carbon atoms.

[0056] In the formulae (1-49) to (1-52), it is more prefer-
able that plural 1* are mutually the same, plural Ar* are
mutually the same, and plural Ar® are mutually the same.

[0057] In the formula (1) and the formulae (1-41) to
(1-52), Ar® is preferably a substituted or unsubstituted aro-
matic hydrocarbon group having 6 to 30 ring carbon atoms,
preferably a substituted or unsubstituted phenyl group.
When the phenyl group has a substituent, the substituent is
preferably a substituted or unsubstituted alkyl group having
1 to 20 carbon atoms, or a substituted or unsubstituted
phenyl group.

[0058] In the formula (1), it is preferable that Ar’ is
represented by a formula (4) below. Specifically, when Ar®
is represented by the formula (3), it is preferable that R?
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bonded to a five-membered ring are mutually bonded to
form a ring, and the formula (3) is represented by the
formula (4) below.

[Formula 18]

@
X4

[0059] Inthe formula (4), X* represents an oXygen atom or
a sulfur atom, s is 7, and R* represents a substituent bonded
to a carbon atom of a ring in a structure represented by the
formula (4). R* each independently represent the same as R
in the formula (3). Adjacent ones of R* may form a ring or
not. It should be noted that a bond from the structure
represented by the formula (4) is bonded to L? in the formula
(D).

[0060] In the formula (1), when Ar® is represented by the

formula (4), the compound of the formula (1) is represented
by a formula (11) below.

[Formula 19]
. (11
/L‘—Alz -

1 N ==

SR (\%
PN/ N ®

n

[0061] In the formula (11), Ar', Ar*, L* and L? represent
the same as Ar', Ar%, L? and L? in the formula (1), respec-
tively. X*, R* and s represent the same as X, R* and s in the
formula (4), respectively.

[0062] Further, Ar® represented by the formula (4) is
preferably represented by a formula (4-1) below, more
preferably by a formula (4-2) below. When the compound of
the first exemplary embodiment where Ar® is a group rep-
resented by the formula (4-1) is used as the dopant material
contained in the emitting layer, the organic EL device emits
at a short wavelength, which is preferable. When the com-
pound of the first exemplary embodiment where Ar’ is a
group represented by the formula (4-2) is used as the dopant
material, the organic EL, device emits at a shorter wave-
length, which is more preferable.

[Formula 20]

@-1)
\ /\ha{“)s

[0063] In the formula (4-1), X* s and R* represent the
same as X*, s and R* in the formula (4), respectively.
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[0064] It should be noted that a bond from a structure
represented by the formula (4-1) is bonded to L* in the
formula (1).

[Formula 21]

[0065] In the formula (4-2), X* represents the same as X*
in the formula (4).

[0066] R*' represents a hydrogen atom, an alkyl group
having 1 to 20 carbon atoms, or a substituted or unsubsti-
tuted aromatic hydrocarbon group having 1 to 30 carbon
atoms.

[0067] It should be noted that a bond from a structure
represented by the formula (4-2) is bonded to L in the
formula (1).

[0068] In the formulae (4), (4-1) and (4-2), X* preferably
represents an oxygen atom.

[0069] In the compound represented by the formula (1),
R to R'’ in the formulae (2a) to (2e) each independently
represent a substituted or unsubstituted aromatic hydrocar-
bon group having 6 to 30 ring carbon atoms, or a substituted
or unsubstituted heterocyclic group having 5 to 30 ring
atoms.

[0070] R? in the formula (3) each independently represent
a hydrogen atom, a halogen atom, a hydroxyl group, a cyano
group, a substituted or unsubstituted arylsilyl group having
6 to 60 ring carbon atoms, a substituted or unsubstituted
aryloxy group having 6 to 30 ring carbon atoms, a substi-
tuted or unsubstituted arylamino group having 6 to 60 ring
carbon atoms, a substituted or unsubstituted arylthio group
having 6 to 30 ring carbon atoms, a substituted or unsub-
stituted aromatic hydrocarbon group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms, or a group represented by
a formula (1a) below.

[0071] At least one of a substituent of substituted Ar* and
plural R? is preferably a group represented by the formula

(1a).

[Formula 22]

LR, R (1a)

[0072] Inthe formula (1a), L' represents a single bond or
a linking group, the linking group being a divalent group
selected from the group consisting of a substituted or
unsubstituted aromatic hydrocarbon group having 6 to 18
ring carbon atoms, and a substituted or unsubstituted het-
erocyclic group having 5 to 15 ring atoms.

[0073] R' represents CR'*“R'“%,

[0074] R, R'“and R'%* each independently represent a
hydrogen atom, a halogen atom, a hydroxyl group, a cyano
group, a substituted or unsubstituted arylsilyl group having
6 to 60 ring carbon atoms, a substituted or unsubstituted
aryloxy group having 6 to 30 ring carbon atoms, a substi-
tuted or unsubstituted arvlamino group having 6 to 60 ring
carbon atoms, a substituted or unsubstituted arylthio group
having 6 to 30 ring carbon atoms, a substituted or unsub-
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stituted aromatic hydrocarbon group having 6 to 18 ring
carbon atoms, or a substituted or unsubstituted heterocyclic
group having 5 to 15 ring atoms.

[0075] R'°'@ and R'°** may be bonded to each other to
form a ring or not bonded.

[0076] tis an integer of 4 to 20. Plural R' are mutually the
same or different. Adjacent ones of R' may be bonded to each
other to form a ring or not bonded. Adjacent ones of L' and
R' may be bonded to each other to form a ring or not bonded.
Adjacent ones of R' and R may be bonded to each other to
form a ring or not bonded.

[0077] When the formula (1) has two or more groups
represented by the formula (1a), the substituents represented
by the formula (1a) are mutually the same or different.
[0078] In the compound represented by the formula (1),
R'! to R in the formulae (2a) to (2e) each independently
represent a substituted or unsubstituted aromatic hydrocar-
bon group having 6 to 30 ring carbon atoms, or a substituted
or unsubstituted heterocyclic group having 5 to 30 ring
atoms.

[0079] R*in the formula (4) each independently represent
a hydrogen atom, a halogen atom, a hydroxyl group, a cyano
group, a substituted or unsubstituted arylsilyl group having
6 to 60 ring carbon atoms, a substituted or unsubstituted
aryloxy group having 6 to 30 ring carbon atoms, a substi-
tuted or unsubstituted arvlamino group having 6 to 60 ring
carbon atoms, a substituted or unsubstituted arylthio group
having 6 to 30 ring carbon atoms, a substituted or unsub-
stituted aromatic hydrocarbon group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms, or a group represented by
a formula (1a) below.

[0080] At least one of a substituent of substituted Ar* and
plural R* is preferably a group represented by the formula
(1a) below.

[Formula 23]

-L'°-(R)—R (1a)

[0081] In the formula (1a), L*“ represents a single bond or
a linking group, the linking group being a divalent group
selected from the group consisting of a substituted or
unsubstituted aromatic hydrocarbon group having 6 to 18
ring carbon atoms, and a substituted or unsubstituted het-
erocyclic group having 5 to 15 ring atoms.

[0082] R’ represents CR'®'“R'%%*,

[0083] R, R'°'“and R'°*® each independently represent a
hydrogen atom, a halogen atom, a hydroxyl group, a cyano
group, a substituted or unsubstituted arylsilyl group having
6 to 60 ring carbon atoms, a substituted or unsubstituted
aryloxy group having 6 to 30 ring carbon atoms, a substi-
tuted or unsubstituted arvlamino group having 6 to 60 ring
carbon atoms, a substituted or unsubstituted arylthio group
having 6 to 30 ring carbon atoms, a substituted or unsub-
stituted aromatic hydrocarbon group having 6 to 18 ring
carbon atoms, or a substituted or unsubstituted heterocyclic
group having 5 to 15 ring atoms.

[0084] R'®'“ and R'°** may be bonded to each other to
form a ring or not bonded.

[0085] tis an integer of 4 to 20. Plural R' are mutually the
same or different. Adjacent ones of R' may be bonded to each
other to form a ring or not bonded. Adjacent ones of L' and
R' may be bonded to each other to form a ring or not bonded.
Adjacent ones of R' and R may be bonded to each other to
form a ring or not bonded.
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[0086] When the formula (1) has two or more groups
represented by the formula (1a), the substituents represented
by the formula (1a) are mutually the same or different.
[0087] The group represented by the formula (la) is
represented by a formula (1a-1) below.

[Formula 24]

Rl0la
Lla T R
Rl022
11

(la-1)

[0088] In the formula (1a-1), L'%, R'®'% R!%?% R and t
represent L'%, R™%* R'°** R and t in the formula (la),
respectively.
[0089] The group represented by the formula (la) is
preferably a substituent represented by a formula (1b) below.
[Formula 25]
L% Rl“—R%),—R (1b)

[0090] In the formula (1b), L'* and R represent the same
as L'* and R in the formula (1a), respectively.

[0091] In the formula (1b), R** and R** each indepen-
dently represent the same as R' in the formula (1a).

[0092] In the formula (1b), tb represents repetition of
—R'_R*_— and is an integer of 2 to 10.

[0093] Adjacent ones of R* and R** may be bonded to
each other to form a ring or not bonded.

[0094] Adjacent ones of R** and R may be bonded to each
other to form a ring or not bonded.

[0095] Adjacent ones of R' and L' may be bonded to each
other to form a ring or not bonded.

[0096] The group represented by the formula (1a) is also
preferably a substituent represented by a formula (1¢) below.

[Formula 26]

LRl R2_R3) R (1¢)

[0097] In the formula (1c), L' and R represent the same
as L'* and R in the formula (1a), respectively.

[0098] In the formula (1c), R'*, R** and R** each inde-
pendently represent the same as R' in the formula (1a).
[0099] In the formula (Ic), tc represents repetition of
—R!_R* R and is an integer of 2 to 6.

[0100] Adjacent ones of R* and R** may be bonded to
each other to form a ring or not bonded.

[0101] Adjacent ones of R** and R3¢ may be bonded to
each other to form a ring or not bonded.

[0102] Adjacent ones of R*>* and R may be bonded to each
other to form a ring or not bonded.

[0103] Adjacentones of R*“and L' may be bonded to each
other to form a ring or not bonded.

[0104] In the formula (la), R' preferably represents a
methylene group.

[0105] In the compound represented by the formula (1),
R? in the formula (3) represents a hydrogen atom, a halogen
atom, a hydroxyl group, a cyano group, a substituted or
unsubstituted alkyl group having 1 to 30 carbon atoms, a
substituted or unsubstituted alkylsilyl group having 3 to 30
carbon atoms, a substituted or unsubstituted arylsilyl group
having 6 to 60 ring carbon atoms, a substituted or unsub-
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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 alkylamino
group having 2 to 30 carbon atoms, a substituted or unsub-
stituted arylamino group having 6 to 60 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 aromatic hydrocarbon group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms, or a group represented by
a formula (11a) below.

[0106] At least one of a substituent of substituted Ar* and
plural R* may be preferably a group represented by the
formula (11a) below.

[Formula 27]

—(Ar),—R" (1)

In the formula (11a), Ar represents a substituted or unsub-
stituted divalent aromatic hydrocarbon group having 6 to 18
ring carbon atoms, or a substituted or unsubstituted divalent
heterocyclic group having 5 to 15 ring atoms.

[0107] wuis aninteger of 3 to 20, and plural Ar are mutually
the same or different.

[0108] Adjacent ones of Ar may be bonded to each other
to form a ring or not bonded.

[0109] Adjacent ones of Ar and R''* may be bonded to
each other to form a ring or not bonded.

[0110] R''“ represents a hydrogen atom, a halogen atom,
a hydroxyl group, a cyano group, a substituted or unsubsti-
tuted alkyl group having 1 to 30 carbon atoms, a substituted
or unsubstituted alkylsilyl group having 3 to 30 carbon
atoms, a substituted or unsubstituted arylsilyl group having
6 to 60 ring carbon 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 alkylamino group
having 2 to 30 carbon atoms, a substituted or unsubstituted
arylamino group having 6 to 60 ring carbon atoms, a
substituted or unsubstituted alkylthio group having 1 to 30
carbon atoms, or a substituted or unsubstituted arylthio
group having 6 to 30 ring carbon atoms.

[0111] Inthe compound represented by the formula (1), R*
in the formula (4) represents a hydrogen atom, a halogen
atom, a hydroxyl group, a cyano group, a substituted or
unsubstituted alkyl group having 1 to 30 carbon atoms, a
substituted or unsubstituted alkylsilyl group having 3 to 30
carbon atoms, a substituted or unsubstituted arylsilyl group
having 6 to 60 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 alkylamino
group having 2 to 30 carbon atoms, a substituted or unsub-
stituted arylamino group having 6 to 60 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 aromatic hydrocarbon group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms, or a group represented by
a formula (11a) below.

[0112] At least one of a substituent of substituted Ar* and
plural R* may be preferably a group represented by the
formula (11a) below.
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[Formula 28]
—(Ar),—R!le (11a)

In the formula (11a), Ar represents a substituted or unsub-
stituted divalent aromatic hydrocarbon group having 6 to 18
ring carbon atoms, or a substituted or unsubstituted divalent
heterocyclic group having 5 to 15 ring atoms.

[0113] uis an integer of 3 to 20, and plural Ar are mutually
the same or different.

[0114] Adjacent ones of Ar may be bonded to each other
to form a ring or not bonded. Adjacent ones of Ar and R
may be bonded to each other to form a ring or not bonded.

[0115] R!'“ represents a hydrogen atom, a halogen atom,
a hydroxyl group, a cyano group, a substituted or unsubsti-
tuted alkyl group having 1 to 30 carbon atoms, a substituted
or unsubstituted alkylsilyl group having 3 to 30 carbon
atoms, a substituted or unsubstituted arylsilyl group having
6 to 60 ring carbon 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 alkylamino group
having 2 to 30 carbon atoms, a substituted or unsubstituted
arylamino group having 6 to 60 ring carbon atoms, a
substituted or unsubstituted alkylthio group having 1 to 30
carbon atoms, or a substituted or unsubstituted arylthio
group having 6 to 30 ring carbon atoms.

[0116] Ar in the formula (11a) preferably represents a
structure selected from the group consisting of structures
represented by formulae (Ar-1-1) to (Ar-1-23) below, more
preferably the structure represented by the formula (Ar-1-1).

[Formula 29]
Ar-1-1
Ar-1-2
Ar-1-3
Ar-1-4
Ar-1-5
Re Rp
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-continued

[Formula 30]

N=

/
AN

%\:_/
et
9

Ar-1-10

Ar-1-11

Ar-1-12

Ar-1-13

Ar-1-14

Ar-1-15

Ar-1-16

Ar-1-17

11
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-continued
Ar-1-18
4{\N/§/
A
Ar-1-19
ae
A
Ar-1-20
O
\@/
Ar-1-21
S
\@/
Ar-1-22
Ar-1-23

[0117] Ry and R, in the formula (Ar-1-5) each indepen-
dently represent an unsubstituted methyl group or an unsub-
stituted phenyl group. R, in the formula (Ar-1-15) repre-
sents an unsubstituted methyl group or an unsubstituted
phenyl group.

[0118] The group represented by the formula (11a) is
preferably represented by a formula (11b) below.

[Formula 31]
—(Artla_api2ay _ Rlla (11b)

[0119] In the formula (11b), R''* represents the same as
R in the formula (11a).

[0120] Ar''“ and Ar'?* each independently represent a
substituted or unsubstituted divalent aromatic hydrocarbon
group having 6 to 18 ring carbon atoms, or a substituted or
unsubstituted divalent heterocyclic group having 5 to 15 ring
atoms.

[0121] ub represents repetition of —Ar''“—Ar'**— and
is an integer of 2 to 10.

[0122] A moiety represented by —Ar''“—Ar'**— in the
substituent represented by the formula (11b) preferably has
a structure selected from the group consisting of structures
represented by formulae (Ar-2-1) to (Ar-2-5) below.

[Formula 32]



US 2017/0324039 A1

-continued
Ar-2-2
Ar-2-3
Ar-24
Ar-2-5

CH; CH;

[0123] The group represented by the formula (11a) is also
preferably represented by a formula (11c) below.

[Formula 33]

—(AIBH—AIMH—AIDd)uC—RI la (1 1 C)

[0124] In the formula (11¢c), R'*“ represents the same as
R'* in the formula (11a). Ar**? Ar**® and Ar'®¢ each
independently represent a substituted or unsubstituted diva-
lent aromatic hydrocarbon group having 6 to 18 ring carbon
atoms, or a substituted or unsubstituted divalent heterocyclic
group having 5 to 15 ring atoms.

[0125] uc represents repetition of —Ar=3“—Ar'*—
Ar'**—, and is an integer of 2 to 6.

[0126] A moiety represented by —Ar=“—Ar'*—
Ar'**— in the substituent represented by the formula (11¢)
preferably has a structure selected from the group consisting
of structures represented by formulae (Ar-3-1) to (Ar-3-11)
below.

[Formula 34]
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e
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[Formula 35]

Ar-3-4
W v

Ar-3-5
m Iav,

Ar-3-6
Iy,

/
Ar-3-7

L CI
Ar-3-8
CH; CH;
Ar-3-9

O
O

[0127] A structure represented by —(Ar),— in the for-
mula (11a), a structure represented by —(Ar,—Ar,),,— in
the formula (11b), and a structure represented by —(Ar,—

|

4

Ar-3-10

f

Ar-3-11
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Ar,—Ar;), — in the formula (11¢) each preferably include
4 to 20 mutually bonded monocyclic rings and fused rings
of the aromatic hydrocarbon group and the heterocyclic
group, more preferably 5 to 20 mutually bonded monocyclic
rings and fused rings, particularly preferably 6 to 20 mutu-
ally bonded monocyclic rings and fused rings. Here, the
term “bonded” means that aromatic rings with a (4 n+2)x
electron system are mutually bonded by a single bond, and
a fused ring with a (4n+2)r electron system is counted as
one ring irrespective of the number of rings that are fused.
Here, n is an integer of 0 or more. For instance, a naphth-
ylene group having 10 m-electrons is counted as one. Groups
represented by formulae (A) to (C) below each have a
structure where 6m-electron benzene rings are bonded
together by a single bond, so that the group represented by
the formula (A) or (B) is counted as two, and the group
represented by the formula (C) is counted as three. Similarly,
a biphenyl group, which has two phenylene groups (i.e.,
monocyclic aromatic hydrocarbon groups), is counted as
two.

[Formula 36]
4
Rp Rp

®)

X
©

X

Y

[0128] In the formula (A), R and RF each independently

represent an unsubstituted methyl group or an unsubstituted
phenyl group.

[0129] In the formulae (B) and (C), X and Y each inde-
pendently represent an oxygen atom, a sulfur atom, a
carbonyl group, NR, CR R, SiR R, or GeR,R,,

[0130] R to R, each independently represent the same as
R3! to R** in the formula (21).

[0131] Next, substituents for the formulae (1) to (4), (4-1),
(4-2), (1-1) to (1-22), (1-31) to (1-34), (1-41) to (1-52), (1a)
to (1c), (1a-1), (2a), (2b), (2e), (10), (11), (11a) to (lc),
(Arl-5) and (Ar-1-15) will be described.

[0132] Herein, the number of carbon atoms forming a ring
(also referred to as ring carbon atoms) means the number of
carbon atoms included in atoms forming the ring itself of a
compound in which the atoms are bonded to form the ring
(e.g., a monocyclic compound, a fused ring compound, a
cross-linked compound, a carbocyclic compound, and a
heterocyclic compound). When the ring is substituted by a
substituent, carbon atom(s) included in the substituent is not
counted as the ring carbon atoms. The same applies to the
“ring carbon atoms” described below, unless particularly
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noted. For instance, a benzene ring has 6 ring carbon atoms,
a naphthalene ring has 10 ring carbon atoms, a pyridinyl
group has 5 ring carbon atoms, and a furanyl group has 4
ring carbon atoms. When a benzene ring or a naphthalene
ring is substituted, for instance, by an alkyl group, the
carbon atoms of the alkyl group are not counted as the ring
carbon atoms. For instance, when a fluorene ring (inclusive
of a spirofluorene ring) is bonded as a substituent to a
fluorene ring, the carbon atoms of the fluorene ring as a
substituent are not counted as the ring carbon atoms.
[0133] Herein, the number of atoms forming a ring (also
referred to as ring atoms) means the number of atoms
forming the ring itself of a compound in which the atoms are
bonded to form the ring (e.g., a monocyclic compound, a
fused ring compound, a cross-linked compound, a carbocy-
clic compound, and a heterocyclic compound). Atom(s) not
forming the ring (e.g., hydrogen atom(s) for saturating the
valence of the atom which forms the ring) and atom(s) in a
substituent by which the ring is substituted are not counted
as the ring atoms. The same applies to the “ring atoms”
described below, unless particularly noted. For instance, a
pyridine ring has 6 ring atoms, a quinazoline ring has 10 ring
atoms, and a furan ring has 5 ring atoms. Hydrogen atoms
respectively bonded to carbon atoms of the pyridine ring or
the quinazoline ring and atoms forming a substituent are not
counted as the ring atoms. For instance, when a fluorene ring
(inclusive of a spirofluorene ring) is bonded as a substituent
to a fluorene ring, the atoms of the fluorene ring as a
substituent are not included in the ring atoms.

[0134] Next, the substituents for the above formulae will
be described.
[0135] Inthe first exemplary embodiment, examples of the

aromatic hydrocarbon group (occasionally referred to as
“aryl group”) having 6 to 30 ring carbon atoms include 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]fluoranthenyl group, benzo[g]chrysenyl
group, benzo[b]triphenylenyl group, picenyl group, and
perylenyl group.

[0136] The aromatic hydrocarbon group in the first exem-
plary embodiment preferably has 6 to 20 ring carbon atoms,
more preferably 6 to 12 ring carbon atoms. Among the above
aryl group, a phenyl group, biphenyl group, naphthyl group,
phenanthryl group, terphenyl group, and fluorenyl group are
particularly preferable. A carbon atom at a position 9 of each
of 1-fluorenyl group, 2-fluorenyl group, 3-fluorenyl group
and 4-fluorenyl group is preferably substituted by a substi-
tuted or unsubstituted alkyl group having 1 to 30 carbon
atoms or a substituted or unsubstituted aryl group having 6
to 18 ring carbon atoms, which are later described in the first
exemplary embodiment.

[0137] It should be noted that examples of the aromatic
hydrocarbon group having 6 to 18 ring carbon atoms for the
formula (1a) and the like include ones having 6 to 18 ring
carbon atoms of the aromatic hydrocarbon groups having 6
to 30 ring carbon atoms.

[0138] Theheterocyclic group (occasionally, referred to as
heteroaryl group, heteroaromatic cyclic group, or aromatic
heterocyclic group) having 5 to 30 ring atoms in the first
exemplary embodiment preferably has at least one atom
selected from the group consisting of nitrogen, sulfur, oxy-
gen, silicon, selenium atom, and germanium atom as a
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hetero atom, more preferably at least one atom selected from
the group consisting of nitrogen, sulfur and oxygen.

[0139] Examples of the heterocyclic group having 5 to 30
ring atoms in the first exemplary embodiment include a
pyridyl group, pyrimidinyl group, pyrazinyl group, pyrida-
zynyl group, triazinyl group, quinolyl group, isoquinolinyl
group, naphthyridinyl group, phthalazinyl group, quinoxali-
nyl group, quinazolinyl group, phenanthridinyl group,
acridinyl group, phenanthrolinyl group, pyrrolyl group, imi-
dazolyl group, pyrazolyl group, triazolyl group, tetrazolyl
group, indolyl group, benzimidazolyl group, indazolyl
group, imidazopyridinyl group, benzotriazolyl group, car-
bazolyl group, furyl group, thienyl group, oxazolyl group,
thiazolyl group, isoxazolyl group, isothiazolyl group, oxadi-
azolyl group, thiadiazole group, benzofuranyl group, ben-
zothiophenyl group, benzoxazolyl group, benzothiazolyl
group, benzisoxazolyl group, benzisothiazolyl group, ben-
zoxadiazolyl group, benzothiadiazolyl group, dibenzofura-
nyl group, dibenzothiophenyl group, piperidinyl group, pyr-
rolidinyl group, piperazinyl group, morpholyl group,
phenazinyl group, phenothiazinyl group, and phenoxazinyl
group.

[0140] The heterocyclic group in the first exemplary
embodiment preferably has 5 to 20 ring atoms, more pref-
erably 5 to 14 ring atoms. Among the above heterocyclic
group, a 1-dibenzofuranyl group, 2-dibenzofuranyl group,
3-dibenzofuranyl group, 4-dibenzofuranyl group, 1-diben-
zothiophenyl group, 2-dibenzothiophenyl group, 3-dibenzo-
thiophenyl group, 4-dibenzothiophenyl group, 1-carbazolyl
group, 2-carbazolyl group, 3-carbazolyl group, 4-carbazolyl
group, and 9-carbazolyl group are particularly preferable. A
nitrogen atom at a position 9 of each of 1-carbazolyl group,
2-carbazolyl group, 3-carbazolyl group and 4-carbazolyl
group is preferably substituted by a substituted or unsubsti-
tuted aromatic hydrocarbon group having 6 to 30 ring
carbon atoms or a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms in the first exemplary
embodiment.

[0141] Itshould be noted that examples of the heterocyclic
group having 5 to 15 ring atoms for the formula (1a) and the
like include ones having 5 to 15 ring atoms of the hetero-
cyclic groups having 5 to 30 ring atoms.

[0142] The alkyl group having 1 to 30 carbon atoms in the
exemplary embodiment is preferably linear, branched or
cyclic. Examples of the linear or branched alkyl group
include: a methyl group, ethyl group, n-propyl group, iso-
propyl 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-un-
decyl group, n-dodecyl group, n-tridecyl group, n-tetradecyl
group, n-pentadecyl group, n-hexadecyl group, n-heptadecyl
group, n-octadecyl group, neopentyl group, amyl group,
isoamyl group, 1-methylpentyl group, 2-methylpentyl
group, 1-pentylhexyl group, 1-butylpentyl group, 1-hepty-
loctyl group, and 3-methylpentyl group.

[0143] 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.
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[0144] Examples of the cycloalkyl group in the exemplary
embodiment include a cyclopropyl group, cyclobutyl group,
cyclopentyl group, cyclohexyl group, 4-methylcyclohexyl
group, adamantyl group and norbornyl group. The
cycloalkyl group preferably has 3 to 10 ring carbon atoms,
more preferably 5 to 8 ring carbon atoms. Among the above
cycloalkyl group, a cyclopentyl group and a cyclohexyl
group are particularly preferable.

[0145] The halogenated alkyl group provided by substi-
tuting the alkyl group with a halogen atom is exemplified by
a halogenated alkyl group obtained by substituting the alkyl
group having 1 to 30 carbon atoms with one or more halogen
atoms. Specific examples of the halogenated alkyl group
includes a fluoromethyl group, difluoromethyl group, trif-
luoromethyl group, fluoroethyl group, trifluoromethylm-
ethyl group, trifluoroethyl group, and pentafluoroethyl
group.

[0146] The alkylsilyl group having 3 to 30 carbon atoms
in the exemplary embodiment is exemplified by a trialkyl-
silyl group having the above alkyl group having 1 to 30
carbon atoms. Specific examples of the trialkylsilyl group
include a trimethylsilyl group, triethylsilyl group, tri-n-
butylsilyl group, tri-n-octylsilyl group, triisobutylsilyl
group, dimethylethylsilyl group, dimethylisopropylsilyl
group, dimethyl-n-propylsilyl group, dimethyl-n-butylsilyl
group, dimethyl-t-butylsilyl group, diethylisopropylsilyl
group, vinyldimethylsilyl group, propyldimethylsilyl group
and triisopropylsilyl group. Three alkyl groups in the tri-
alkylsilyl group may be mutually the same or different.
[0147] Examples of the arylsilyl group having 6 to 60 ring
carbon atoms in the exemplary embodiment include a
dialkylarylsilyl group, alkyldiarylsilyl group and triarylsilyl
group.

[0148] The dialkylarylsilyl group is exemplified by a
dialkylarylsilyl group including two of the alkyl groups
listed as the examples of the alkyl group having 1 to 30
carbon atoms and one of the aromatic hydrocarbon groups
having 6 to 30 ring carbon atoms. The dialkylarylsilyl group
preferably has 8 to 30 carbon atoms.

[0149] The alkyldiarylsilyl group is exemplified by an
alkyldiarylsilyl group including one of the alkyl groups
listed as the examples of the alkyl group having 1 to 30
carbon atoms and two of the aromatic hydrocarbon groups
having 6 to 30 ring carbon atoms. The alkyldiarylsilyl group
preferably has 13 to 30 carbon atoms.

[0150] The triarylsilyl group is exemplified by a triarylsi-
lyl group having three of the aromatic hydrocarbon groups
listed above as the aromatic hydrocarbon group having 6 to
30 ring carbon atoms. The triarylsilyl group preferably has
18 to 30 carbon atoms.

[0151] 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 include a methoxy
group, ethoxy group, propoxy group, butoxy group, penty-
loxy group and hexyloxy group.

[0152] The halogenated alkoxy group provided by substi-
tuting the alkoxy group with a halogen atom is exemplified
by a halogenated alkoxy group obtained by substituting the
alkoxy group having 1 to 30 carbon atoms with one or more
halogen atoms.

[0153] The aryloxy group having 6 to 30 ring carbon
atoms in the exemplary embodiment is represented by
—07,. 7, is exemplified by the aromatic hydrocarbon
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group having 6 to 30 ring carbon atoms, or one of a
monocyclic group and a fused ring group (described later).
The aryloxy group is exemplified by a phenoxy group.
[0154] The alkylamino group having 2 to 30 carbon atoms
in the first exemplary embodiment is represented by
—NHR-or —N(R ), R}, is exemplified by the above alkyl
group having 1 to 30 carbon atoms.

[0155] The arylamino group having 6 to 60 ring carbon
atoms in the first exemplary embodiment is represented by
—NH,R ;- or —NH(R;),. Ry, is exemplified by the above
aromatic hydrocarbon group having 6 to 30 ring carbon
atoms.

[0156] The alkylthio group having 1 to 30 carbon atoms in
the first exemplary embodiment is represented by —SR . R,
is exemplified by the above alkyl group having 1 to 30
carbon atoms.

[0157] The arylthio group having 6 to 30 ring carbon
atoms is represented by —SR . R, is exemplified by the
above aromatic hydrocarbon group having 6 to 30 ring
carbon atoms.

[0158] Examples of the halogen atom in the first exem-
plary embodiment are fluorine, chlorine, bromine and
iodine, among which a fluorine atom is preferable.

[0159] In the first exemplary embodiment, “carbon atoms
forming a ring (ring carbon atoms)” means carbon atoms
forming a saturated ring, an unsaturated ring, or an aromatic
ring. “Atoms forming a ring (ring atoms)” means carbon
atoms and hetero atoms forming a hetero ring including a
saturated ring, unsaturated ring, or aromatic ring.

[0160] In the first exemplary embodiment, a hydrogen
atom includes isotopes having different numbers of neu-
trons, i.e., protium, deuterium and tritium.

[0161] Inthe first exemplary embodiment, examples of the
substituents meant by “substituted or unsubstituted” include
an alkyl group (linear or branched alkyl group, cycloalkyl
group and haloalkyl group), alkoxy group, aryloxy group,
aralkyl group, haloalkoxy group, alkylsilyl group, dialky-

[Formula 37]

.Q
H D
3G |
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larylsilyl group, alkyldiarylsilyl group, triarylsilyl group,
halogen atom, cyano group, hydroxyl group, nitro group and
carboxy group in addition to the above aromatic hydrocar-
bon group and heterocyclic group. In addition, an alkenyl
group and an alkynyl group are available.

[0162] Among the above substituents, the aromatic hydro-
carbon group, heterocyclic group, alkyl group, halogen
atom, alkylsilyl group, arylsilyl group and cyano group are
preferable. More preferred substituents are the preferred
substituents specifically described for each substituent.
[0163] The substituents meant by “substituted or unsub-
stituted” may further be substituted by any one of the above
substituents. Two or more of the substituents meant by
“substituted or unsubstituted” may be bonded to form a ring.
[0164] “Unsubstituted” in “substituted or unsubstituted”
herein means that a group is not substituted by any one of the
above substituents but bonded with a hydrogen atom.
[0165] In the first exemplary embodiment, “XX to YY
carbon atoms” in the expression of “substituted or unsub-
stituted ZZ group having XX to YY carbon atoms™ repre-
sents carbon atoms of an unsubstituted ZZ group and do not
include carbon atoms of a substituent(s) of the substituted
77 group. “YY” is larger than “XX” and each of “XX” and
“YY” represents an integer of 1 or more.

[0166] In the first exemplary embodiment, “XX to YY
atoms” in the expression of “substituted or unsubstituted Z7Z
group having XX to YY atoms” represents atoms of an
unsubstituted Z7Z group and does not include atoms of a
substituent(s) of the substituted ZZ group. “YY” is larger
than “XX” and each of “XX” and “YY” represents an
integer of 1 or more.

[0167] The same applies to the expression “substituted or
unsubstituted” used in the description of the following
compound(s) or a partial structure(s) thereof.

[0168] Specific examples of the compound represented by
the formula (1) are shown below, but the invention is not
limited thereto.
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Organic EL Device Material

[0169] The compound of the first exemplary embodiment
is usable as an organic EL device material. In this case, the
organic EL device material may consist of the compound of
the first exemplary embodiment, or may contain other mate-
rial(s) in addition to the compound of the first exemplary
embodiment.

Organic EL Device

[0170] Arrangement(s) of Organic EL Device

[0171] Arrangement(s) of an organic EL device of the first
exemplary embodiment will be described below.

[0172] The organic EL device of the first exemplary
embodiment includes a pair of electrodes and an organic
layer disposed between the electrodes. The organic layer
includes at least one layer formed of an organic compound.
The organic layer may contain an inorganic compound.
[0173] The organic layer of the organic EL device includes
at least one emitting layer. Specifically, for instance, the
organic layer may consist of a single emitting layer, or may
include layers usable in a typical organic EL device, such as
a hole injecting layer, a hole transporting layer, an electron
injecting layer, an electron transporting layer, a hole block-
ing layer and an electron blocking layer.

[0174] Representative arrangement examples
organic EL device are as follows:

(a) anode/emitting layer/cathode;

(b) anode/hole injecting-transporting layer/emitting layer/
cathode;

(¢) anode/emitting layer/electron injecting-transporting
layer/cathode;

(d) anode/hole injecting-transporting layer/emitting layer/
electron injecting-transporting layer/cathode; and

(e) anode/hole injecting-transporting layer/emitting layer/
blocking layer/electron injecting-transporting layer/cathode.
[0175] Among the above, the arrangement (d) is suitably
usable, but the arrangement of the invention is not limited to
the above arrangements.

[0176] It should be noted that the “emitting layer”, which
is an organic layer with a luminescent function, contains a
host material and a dopant material when employing a

of an
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doping system. At this time, the host material has a function
to mainly promote recombination of electrons and holes and
trap excitons within the emitting layer while the dopant
material has a function to promote an efficient emission from
the excitons obtained by the recombination. In a phospho-
rescent device, the host material has a function of trapping
the excitons, which are generated mainly in the dopant,
within the emitting layer.

[0177] The “hole injecting-transporting layer” means “at
least one of a hole injecting layer and a hole transporting
layer” while the “electron injecting-transporting layer”
means “at least one of an electron injecting layer and an
electron transporting layer.” Herein, when the hole injecting
layer and the hole transporting layer are provided, the hole
injecting layer is preferably adjacent to the anode. When the
electron injecting layer and the electron transporting layer
are provided, the electron injecting layer is preferably adja-
cent to the cathode.

[0178] It should be noted that the electron transporting
layer means an organic layer having the highest electron
mobility among organic layers in an electron transporting
region existing between the emitting layer and the cathode.
When the electron transporting region is provided by a
single layer, the single layer is the electron transporting
layer. In a phosphorescent organic EL device, a blocking
layer, the electron mobility of which is not necessarily high,
may be provided between the emitting layer and the electron
transporting layer to prevent dissipation of an excitation
energy generated in the emitting layer, as shown in the
arrangement (). Therefore, the organic layer adjacent to the
emitting layer is not always the electron transporting layer.

[0179] The FIGURE schematically shows an exemplary
arrangement of an organic EL device of the first exemplary
embodiment.

[0180] 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.

[0181] The organic layer 10 includes an emitting layer 5
containing a host material and a dopant material. The
organic layer 10 also includes a hole transporting layer 6
provided between the emitting layer 5 and the anode 3. The
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organic layer 10 also includes an electron transporting layer
7 provided between the emitting layer 5 and the cathode 4.

Emitting Layer

[0182] The emitting layer is a layer containing a highly
luminescent substance, and a variety of materials are usable
to form the emitting layer. For instance, the highly lumi-
nescent substance may be a fluorescent compound emitting
fluorescence or a phosphorescent compound emitting phos-
phorescence. The fluorescent compound is capable of emis-
sion from a singlet excited state. The phosphorescent com-
pound is capable of emission from a triplet excited state.
[0183] To form the emitting layer, the above highly lumi-
nescent substance (the dopant material) may be dispersed in
another substance (the host material). A variety of sub-
stances are usable as the substance where the highly lumi-
nescent substance is to be dispersed. Specifically, a sub-
stance having the lowest unoccupied orbital level (LUMO
level) higher than that of the highly luminescent substance
and the highest occupied orbital level (HOMO level) lower
than that of the highly luminescent substance is preferably
usable.

[0184] In the first exemplary embodiment, the dopant
material is dispersed in the host material.

Dopant Material

[0185] In the first exemplary embodiment, the compound
represented by the formula (1) is preferably usable as the
dopant material.

[0186] In the compound represented by the formula (1),
Ar" has the structure represented by the fornmula (2), and,
further, Ar® has the structure represented by the formula (3).
The compound of the first exemplary embodiment thus
emits pure-blue light when used in the organic EL device.
[0187] The compound represented by the formula (1) has
a long alkyl chain when having the structure represented by
the formula (1a). This is because R' in the formula (1a) has
a structure where an integral number of 4 to 20 of
CR!%'%R1%24 gre honded.

[0188] A typical compound having an extended alkyl
chain has been known. However, the alkyl chain of the
structure represented by the formula (1a) is longer than that
of the typical compound, and the use of such a compound
having a long alkyl chain as a dopant material has not been
considered. The compound represented by the formula (1)
has a high orientation due to a long-extended alkyl chain
represented by the formula (1a). When the compound rep-
resented by the formula (1) is used as the dopant material,
the luminous efliciency of the organic EL device is expected
to be improved due to the high orientation of the compound.
[0189] The compound represented by the formula (1) has
a structure where a conjugated system is extended long
when having the structure represented by the formula (11a).
This is because Ar in the formula (11a) has a structure where
an integral number of 5 to 20 of substituted or unsubstituted
divalent aromatic hydrocarbon groups having 6 to 18 ring
carbon atoms or substituted or unsubstituted divalent het-
erocyclic groups having 5 to 15 ring atoms are bonded.
[0190] Although a typical compound having an extended
conjugated system has been known, the conjugated system
of the structure represented by the formula (11a) is longer
than that of the typical compound. The use of such a
compound having a long conjugated system as a dopant
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material has not been considered. The compound repre-
sented by the formula (1) has a high orientation due to a
long-extended conjugated system represented by the for-
mula (11a). When the compound represented by the formula
(1) is used as the dopant material, the luminous efficiency of
the organic EL device is expected to be improved due to the
high orientation of the compound.

[0191] It should be noted that when the emitting layer
contains the compound of the first exemplary embodiment
as the dopant material, the content of the compound of the
first exemplary embodiment in the emitting layer is prefer-
ably in a range from 0.1 mass % to 20 mass %, more
preferably in a range from 1 mass % to 10 mass %.

Host Material

[0192] As the substance (the host material) where the
highly luminescent substance is to be dispersed, the follow-
ing substances 1) to 4) are usable: 1) metal complexes such
as an aluminum complex, beryllium complex and zinc
complex; 2) heterocyclic compounds such as an oxadiazole
derivative, benzimidazole derivative and phenanthroline
derivative; 3) fused aromatic compounds such as a carbazole
derivative, anthracene derivative, phenanthrene derivative,
pyrene derivative and chrysene derivative; and 4) aromatic
amine compounds such as a triarylamine derivative and
fused polycyclic aromatic amine derivative.

[0193] In the first exemplary embodiment, an anthracene
derivative represented by a formula (100) below is prefer-
ably used as the host material.

[Formula 85]
(100)
RIOZ R103
RlOl O R104
ArlOl O ArlOl
RIOS O R105
R107 R106

[0194] In the formula (100), Ar'°" and Ar'®* each inde-
pendently represent a substituted or unsubstituted monocy-
clic group having 5 to 30 ring atoms, substituted or unsub-
stituted fused ring group having 10 to 30 ring atoms, chain
group formed by bonding two groups selected from the
group consisting of the monocyclic group and the fused ring
group, or chain group formed by bonding three groups
selected from the group consisting of the monocyclic group
and the fused ring group.

[0195] The monocyclic group or groups and the fused ring
group or groups in the chain group may be mutually the
same or different, and the groups in the chain group may be
bonded to each other to form a ring.

[0196] In the formula (100), R'°' to R'°® each indepen-
dently represent a hydrogen atom, a halogen atom, a
hydroxyl group, a cyano group, a substituted or unsubsti-
tuted alkyl group having 1 to 30 carbon atoms, a substituted
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or unsubstituted alkylsilyl group having 3 to 30 carbon
atoms, a substituted or unsubstituted arylsilyl group having
6 to 60 ring carbon 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 alkylamino group
having 2 to 30 carbon atoms, a substituted or unsubstituted
arylamino group having 6 to 60 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 monocyclic group having 5 to 30 ring atoms, a
substituted or unsubstituted fused ring group having 10 to 30
ring atoms, a chain group formed by bonding two groups
selected from the group consisting of the monocyclic group
and the fused ring group, or a chain group formed by
bonding three groups selected from the group consisting of
the monocyclic group and the fused ring group.

[0197] Adjacent ones of R to R*®® may be bonded to
each other to form a ring or not bonded. R*** and R'®® may
be bonded to a carbon atom of an anthracene ring to form a
ring or not bonded.

[0198] Ar'®! may be bonded to at least any one of adjacent
R'® to R'°® to form a ring or not bonded. Ar'”* may be
bonded to at least any one of adjacent R'®* and R'® to form
aring or not bonded. At least one of Ar'°* and Ar'°? may be
bonded to a carbon atom of the anthracene ring to form a
ring or not bonded.

[0199] In the formula (100), the fused ring group is a
group where two or more cyclic structures are fused. For
instance, of the above aromatic hydrocarbon group and
heterocyclic group, a group where two or more cyclic
structures are fused is usable.

[0200] In the formula (100), the monocyclic group is a
monocyclic group where two or more cyclic structures are
not fused. For instance, of the above aromatic hydrocarbon
group and heterocyclic group, a monocyclic group is usable.
[0201] The monocyclic group has 5 to 30 ring atoms,
preferably 5 to 20 ring atoms. Examples of the monocyclic
group include aromatic hydrocarbon groups such as a phenyl
group, biphenyl group, terphenyl group and quaterphenyl
group, and heterocyclic groups such as a pyridyl group,
pyrazyl group, pyrimidyl group, triazinyl group, furyl group
and thienyl group. Among the above, a phenyl group,
bipheny! group and terphenyl group are preferable.

[0202] The fused ring group has 10 to 30 ring atoms,
preferably 10 to 20 ring atoms. Examples of the fused ring
group include fused aromatic cyclic groups such as a naph-
thyl group, phenanthryl group, anthryl group, chrysenyl
group, benzoanthryl group, benzophenanthryl group, triph-
enylenyl group, benzochrysenyl group, indenyl group, fluo-
renyl group, 9,9-dimethylfluorenyl group, benzofluorenyl
group, dibenzofluorenyl group, fluoranthenyl group and
benzofluoranthenyl group, and fused heterocyclic groups
such as a benzofuranyl group, benzothiophenyl group, indo-
lyl group, dibenzofuranyl group, dibenzothiophenyl group,
carbazolyl group, quinolyl group and phenanthrolinyl group.
Among the above, a naphthyl group, phenanthryl group,
anthryl group, 9,9-dimethylfluorenyl group, fluoranthenyl
group, benzoanthryl group, dibenzothiopheny! group, diben-
zofuranyl group and carbazolyl group are preferable.
[0203] Examples of the chain group in the formula (100)
provided by a combination of the above monocyclic group
(s) and fused ring group(s) include a group where a phenyl
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group, naphthyl group and phenyl group are bonded to be
combined in this order from the anthracene ring.

[0204] Specific examples of the alkyl group, silyl group,
alkoxy group, aryloxy group, aralkyl group and halogen
atom for R'*! to R'*® in the formula (100) are the same as
above, and the cycloalkyl group is the same as above.
[0205] Preferred examples of the substituents meant by
“substituted or unsubstituted” for Ar'°' and Ar'®* and R*®*
to R'® in the formula (100) include a monocyclic group,
fused ring group, alkyl group, cycloalkyl group, silyl group,
alkoxy group, cyano group and halogen atom (in particular,
fluorine). A monocyclic group and a fused ring group are
particularly preferable. Specific preferred substituents are
the same as the groups for the formula (100) as well as the
above groups.

[0206] In the formula (100), a hydrogen atom includes
isotopes having different numbers of neutrons, i.e., protium,
deuterium and tritium.

[0207] The anthracene derivative represented by the for-
mula (100) is preferably any one selected from the following
anthracene derivatives (A), (B) and (C) depending on an
arrangement and a desired property of an organic EL device
where the anthracene derivative is to be used.

Anthracene Derivative (A)

[0208] The anthracene derivative (A) is an anthracene
derivative where Ar'®" and Ar*® in the formula (100) each
represent a substituted or unsubstituted fused ring group
having 10 to 30 ring atoms. In the anthracene derivative (A),
Ar'®! and Ar'® may represent the same substituted or
unsubstituted fused ring group, or may represent different
substituted or unsubstituted fused ring groups. When Ar'®*
and Ar'%? are different, substitution sites may be different.
[0209] The anthracene derivative (A) is particularly pref-
erably an anthracene derivative where Ar'®! and Ar'“ in the
formula (100) represent different substituted or unsubsti-
tuted fused ring groups.

[0210] For the anthracene derivative (A), specific pre-
ferred examples of the fused ring group represented by Ar'®*
and Ar'®? in the formula (100) are the same as above.
Particularly, a naphthyl group, phenanthryl group, benzoan-
thryl group, 9,9-dimethylfluorenyl group and dibenzofura-
nyl group are preferable.

Anthracene Derivative (B)

[0211] The anthracene derivative (B) is an anthracene
derivative where one of Ar'®* and Ar'®? in the formula (100)
represents a substituted or unsubstituted aromatic hydrocar-
bon group having 5 to 30 ring atoms, and the other one
thereof represents a substituted or unsubstituted fused ring
group having 10 to 30 ring atoms.

[0212] For the anthracene derivative (B), it is preferable
that Ar'® represents one selected from a naphthyl group,
phenanthryl group, benzoanthryl group, 9,9-dimethylfluore-
nyl group and dibenzofuranyl group, and Ar'®* represents an
unsubstituted phenyl group or a phenyl group substituted by
at least one of the above monocyclic groups and fused ring
groups.

[0213] For the anthracene derivative (B), specific pre-
ferred examples of the monocyclic group and fused ring
group are the same as above.

[0214] For the anthracene derivative (B), it is also pref-
erable that Ar'®? represents a substituted or unsubstituted
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fused ring group having 10 to 30 ring atoms, and Ar'®
represents an unsubstituted phenyl group. In this case, the
fused ring group is particularly preferably a phenanthryl
group, 9,9-dimethylfluorenyl group, dibenzofuranyl group
or benzoanthryl group.

Anthracene Derivative (C)

[0215] The anthracene derivative (C) is an anthracene
derivative where Ar'®* and Ar'®* in the formula (100) each
individually represent a substituted or unsubstituted mono-
cyclic group having 5 to 30 ring atoms.

[0216] For the anthracene derivative (C), it is preferable
that Ar'®* and Ar*®? each individually represent a substituted
or unsubstituted phenyl group.

[0217] For the anthracene derivative (C), it is further
preferable that Ar'®' represents an unsubstituted phenyl
group, and Ar'%? represents the monocyclic group, or that
Ar'®" and Ar'®? each independently represent a phenyl group
having at least one of the above monocyclic groups and the
fused ring groups as a substituent.

[0218] Specific preferred examples of the monocyclic
group and the fused ring group as the substituent for Ar'®*
and Ar'®? in the formula (100) are the same as above. The
aromatic hydrocarbon group as the substituent is further
preferably a phenyl group or biphenyl group. The fused ring
group as the substituent is further preferably a naphthyl
group, phenanthryl group, 9,9-dimethylfluorenyl group,
dibenzofuranyl group or benzoanthryl group.

[0219] A structure of the anthracene derivative repre-
sented by the formula (100) may be a structure represented
by a formula (100A) below. It should be noted that the
invention is not limited to these structures of the anthracene
derivative.

[Formula 86]

(100A)

R103

Apl B Apl2— 5 110 Apl2l Ap12 g 23

R107

[0220] In the formula (100A), R** to R'°7 each indepen-
dently represent a hydrogen atom, a halogen atom, a cyano
group, a substituted or unsubstituted monocyclic group
having 5 to 30 ring atoms, a substituted or unsubstituted
fused ring group having 10 to 30 ring atoms, a chain group
formed by bonding two groups selected from the group
consisting of the monocyclic group and the fused ring group,
a chain group formed by bonding three groups selected from
the group consisting of the monocyclic group and the fused
ring group, a substituted or unsubstituted alkyl group having
1 to 30 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 30 ring carbon atoms, a

Nov. 9,2017

substituted or unsubstituted alkoxy group having 1 to 30
carbon atoms, a substituted or unsubstituted aralkyl group
having 7 to 30 carbon atoms, a substituted or unsubstituted
aryloxy having 6 to 30 ring carbon atoms, or a substituted or
unsubstituted silyl group.

[0221] In the formula (100A), Ar'?' and Ar''" each inde-
pendently represent a substituted or unsubstituted monocy-
clic divalent residue having 5 to 30 ring atoms, or a
substituted or unsubstituted fused-ring divalent residue hav-
ing 10 to 30 ring atoms.

[0222] In the formula (100A), Ar'** and Ar''? each inde-
pendently represent a single bond, a substituted or unsub-
stituted monocyclic divalent residue having 5 to 30 ring
atoms, or a substituted or unsubstituted fused-ring divalent
residue having 10 to 30 ring atoms.

[0223] In the formula (100A), Ar'** and Ar''® each inde-
pendently represent a hydrogen atom, a substituted or
unsubstituted monocyclic group having 5 to 30 ring atoms,
or a substituted or unsubstituted fused ring group having 10
to 30 ring atoms.

[Formula 87]
(100B)

/ \ ArlZl_AIJZZ_AIIB
/
AplB— g 112 = O

[0224] In the formula (100B), Ar**! represents a substi-
tuted or unsubstituted monocyclic divalent residue having 5
to 30 ring atoms, or a substituted or unsubstituted fused-ring
divalent residue having 10 to 30 ring atoms.

[0225] In the formula (100B), Ar'** and Ar''? each inde-
pendently represent a single bond, a substituted or unsub-
stituted monocyclic divalent residue having 5 to 30 ring
atoms, or a substituted or unsubstituted fused-ring divalent
residue having 10 to 30 ring atoms.

[0226] In the formula (100B), Ar'** and Ar''? each inde-
pendently represent a hydrogen atom, a substituted or
unsubstituted monocyclic group having 5 to 30 ring atoms,
or a substituted or unsubstituted fused ring group having 10
to 30 ring atoms.

[Formula 88]

(1000)

O
Ar“3—Ar“2/_ \ /\/AIIZZ—AIIB
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[0227] In the formula (100C), Ar'** represents a substi-
tuted or unsubstituted monocyclic divalent residue having 5
to 30 ring atoms, or a substituted or unsubstituted fused-ring
divalent residue having 10 to 30 ring atoms.

[0228] In the formula (100C), Ar''? represents a single
bond, a substituted or unsubstituted monocyclic divalent
residue having 5 to 30 ring atoms, or a substituted or
unsubstituted fused-ring divalent residue having 10 to 30
ring atoms.

[0229] In the formula (100C), Ar'® and Ar''? each inde-
pendently represent a hydrogen atom, a substituted or
unsubstituted monocyclic group having 5 to 30 ring atoms,
or a substituted or unsubstituted fused ring group having 10
to 30 ring atoms.

[Formula 89

(100D)

AplB— a2

[0230] In the formula (100D), Ar*** represents a substi-
tuted or unsubstituted monocyclic divalent residue having 5
to 30 ring atoms, or a substituted or unsubstituted fused-ring
divalent residue having 10 to 30 ring atoms.

[0231] In the formula (100D), Ar''? represents a single
bond, a substituted or unsubstituted monocyclic divalent
residue having 5 to 30 ring atoms, or a substituted or
unsubstituted fused-ring divalent residue having 10 to 30
ring atoms.

[0232] In the formula (100D), Ar'*® and Ar'"® each inde-
pendently represent a hydrogen atom, a substituted or
unsubstituted monocyclic group having 5 to 30 ring atoms,
or a substituted or unsubstituted fused ring group having 10
to 30 ring atoms.

[Formula 90]

(100E)

O

AplB— Apl12 AIIZZ_AIIB

[0233] In the formula (100E), Ar**? and Ar''? each inde-
pendently represent a single bond, a substituted or unsub-
stituted monocyclic divalent residue having 5 to 30 ring
atoms, or a substituted or unsubstituted fused-ring divalent
residue having 10 to 30 ring atoms.
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[0234] In the formula (100E), Ar'® and Ar'*? each inde-
pendently represent a hydrogen atom, a substituted or
unsubstituted monocyclic group having 5 to 30 ring atoms,
or a substituted or unsubstituted fused ring group having 10
to 30 ring atoms.

[0235] Preferred examples of the substituents meant by
“substituted or unsubstituted” for Ar'** to Ar''? and Ar'?! to
Ar'? in the formulae (100A) to (100E) include a monocy-
clic group, fused ring group, alkyl group, cycloalkyl group,
silyl group, alkoxy group, cyano group and halogen atom (in
particular, fluorine). A monocyclic group and a fused ring
group are particularly preferable, and specific preferred
substituents are the same as the groups for the formula (100)
as well as the above groups.

[0236] Examples of a material usable in the emitting layer
along with the compound of the first exemplary embodi-
ment, other than the material represented by the formula
(100), include a fused polycyclic aromatic compound, a
derivative of a fused polycyclic aromatic compound, an
organic metal complex, a triaryl benzofluorene compound, a
styryl benzofluorene compound, a stilbene derivative, a
coumarin derivative, a pyrane derivative, an oxazone deriva-
tive, a benzothiazole derivative, a benzoxazole derivative, a
benzimidazole derivative, a pyrazine derivative, a cinnamic
acid derivative, a diketopyrolopyrrol derivative, an acridone
derivative, and a quinacridone derivative. Examples of the
fused polycyclic aromatic compound include naphthalene,
phenanthrene, rubrenen, anthracene, tetracene, pyrene,
perylene, chrysene, decacyclene, coronene, tetraphenylcy-
clopentadiene, pentaphenylcyclopentadiene, fluorene and
spirofluorene. Examples of the organic metal complex
include tris(8-quinolinolate)aluminum. The above materials
usable with the amine compound of the first exemplary
embodiment are not exclusive.

Substrate

[0237] A substrate is used as a support for the electrolu-
minescence device. Examples of the substrate include a
glass substrate, quartz substrate and plastic substrate. A
flexible substrate is also usable. The flexible substrate,
which is a substrate that is bendable (flexible), may be a
plastic substrate of polycarbonate, polyarylate, polyether-
sulfone, polypropylene, polyester, polyvinyl fluoride or
polyvinyl chloride. In addition, an inorganic vapor deposi-
tion film is also usable.

Anode

[0238] Metal, alloy, an electrically conductive compound
and a mixture thereof, which have a large work function,
specifically, of 4.0 eV or more, is preferably usable as the
anode formed on the substrate. Specific examples of the
material for the anode include indium tin oxide (ITO),
indium tin oxide containing silicon or silicon oxide, indium
zinc oxide, tungsten oxide, indium oxide containing zinc
oxide and graphene. In addition, gold (Au), platinum (Pt),
nickel (N1), tungsten (W), chrome (Cr), molybdenum (Mo),
iron (Fe), cobalt (Co), copper (Cu), palladium (Pd), titanium
(Ti), and nitrides of a metal material (e.g., titanium nitride)
are usable.

[0239] The above materials are typically deposited to be a
film by sputtering. For instance, indium zinc oxide can be
deposited to be a film by sputtering using a target that is
obtained by adding zinc oxide in an amount from 1 mass %
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to 10 mass % to indium oxide. Moreover, for instance,
indium oxide containing tungsten oxide and zinc oxide can
be deposited to be a film by sputtering using a target that is
obtained by adding tungsten oxide in an amount from 0.5
mass % to 5 mass % and zinc oxide in an amount from 0.1
mass % to 1 mass % to indium oxide. In addition, vapor
deposition, coating, ink jet printing, spin coating and the like
may be used for forming a film.

[0240] OfEL layers formed on the anode, a hole injecting
layer formed adjacent to the anode is formed of a composite
material that facilitates injection of holes irrespective of the
work function of the anode. Accordingly, a material usable
as an electrode material (e.g., metal, alloy, an electrically
conductive compound, a mixture thereof, and elements
belonging to Groups 1 and 2 of the periodic table of the
elements) is usable as the material for the anode.

[0241] The elements belonging to Groups 1 and 2 of the
periodic table of the elements, which are materials having a
small work function, namely, an alkali metal such as lithium
(Li) and cesium (Cs) and an alkaline earth metal such as
magnesium (Mg), calcium (Ca) and strontium (Sr), an alloy
thereof (e.g.. MgAg, AlLi), a rare earth metal such as
europium (Fu) and ytterbium (Yb), and an alloy thereof are
also usable as the material for the anode. When the anode is
formed of the alkali metal, alkaline earth metal or alloy
thereof, vapor deposition and sputtering are usable. Further,
when the anode is formed of silver paste and the like,
coating, ink jet printing and the like are usable.

Hole Injecting Layer

[0242] Ahole injecting layer is a layer containing a highly
hole-injectable substance. Examples of the highly hole-
injectable substance include molybdenum oxide, titanium
oxide, vanadium oxide, rhenium oxide, ruthenium oxide,
chromium oxide, zirconium oxide, hafnium oxide, tantalum
oxide, silver oxide, tungsten oxide, and manganese oxide.
[0243] In addition, the highly hole-injectable substance
may also be an aromatic amine compound (i.e., a low-
molecular organic compound), examples of which include
4,4' 4"-tris(N,N-diphenylamino)triphenylamine (abbrevia-
tion: TDATA), 4,4'4"-tris[N-(3-methylphenyl)-N-phe-
nylamino]triphenylamine (abbreviation: MTDATA), 4,4'-bis
[N-(4-diphenylaminophenyl)-N-phenylaminobiphenyl
(abbreviation: DPAB), 4.4'-bis(N-{4-[N'-(3-methylphenyl)-
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-yl1)-N-phenylamino]-9-phenylcarba-
7ole (abbreviation: PCzPCAl), 3,6-bis[N-(9-
phenylcarbazole-3-y1)-N-phenylamino]-9-phenylcarbazole
(abbreviation: PCzPCA2), and 3-[N-(1-naphthyl)-N-(9-phe-
nylcarbazole-3-yl)amino]-9-phenylcarbazole (abbreviation:
PCzPCN1).

[0244] Moreover, a high-molecular compound (e.g., an
oligomer, dendrimer and polymer) is also usable as the
highly hole-injectable substance. Examples of the high-
molecular compound include poly(N-vinylcarbazole) (ab-
breviation: PVK), poly(4-vinyltriphenylamine) (abbrevia-
tion: PVTPA), poly|[N-(4-{N'-[4-(4-diphenylamino)pheny]]|
phenyl-N'-phenylamino }phenyl)methacrylamido]
(abbreviation: PTPDMA), and poly[N,N'-bis(4-butylphe-
nyl)-N,N'-bis(phenyl)benzidine] (abbreviation: Poly-TPD).
Furthermore, examples of the high-molecular compound
include a high-molecular compound added with an acid such
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as poly(3,4-ethylene dioxythiophene)/poly(styrene sulfonic
acid) (PEDOT/PSS), and polyaniline/poly(styrene sulfonic
acid) (PAni/PSS).

Hole Transporting Layer

[0245] A hole transporting layer is a layer containing a
highly hole-transportable substance. An aromatic amine
compound, carbazole derivative, anthracene derivative and
the like are usable for the hole transporting layer. Specific
examples of a material for the hole transporting layer
include  4,4"-bis[N-(1-naphthyl)-N-phenylamino|biphenyl
(abbreviation: NPB), N,N'-bis(3-methylphenyl)-N,N'-diphe-
nyl-[1,1'-biphenyl]-4,4'-diamine ~ (abbreviation: =~ TPD),
4-phenyl-4'-(9-phenylfluorene-9-yl)triphenylamine (abbre-
viation: BAFLP), 4,4'-bis|[N-(9,9-dimethylfluorene-2-y1)-N-
phenylamino]biphenyl (abbreviation: DFLDPBI), 4,4'4"-
tris(N,N-diphenylamino )triphenylamine (abbreviation:
TDATA), 4.4'.4"-tris[N-(3-methylphenyl)-N-phenylamino]
triphenylamine (abbreviation: MTDATA), and 4,4'-bis[N-
(spiro-9,9'-bifluorene-2-yl)-N-phenylamino |biphenyl ~ (ab-
breviation: BSPB). The above-described substances mostly
have a hole mobility of 107° cm?/Vs or more.

[0246] A carbazole derivative such as CBP, CzPA and
PCzPA and an anthracene derivative such as t-BuDNA,
DNA, DPAnth are usable for the hole transporting layer.
Moreover, a high-molecular compound such as poly(N-
vinylcarbazole) (abbreviation: PVK) and poly(4-vinyltriph-
enylamine) (abbreviation: PVTPA) is also usable.

[0247] However, any substance having a hole transporting
performance higher than an electron transporting perfor-
mance may be used instead of the above substances. A
highly hole-transportable substance may be provided by a
single layer or a laminated layer of two layers or more
formed of the above substance(s).

Electron Transporting Layer

[0248] An electron transporting layer is a layer containing
a highly electron-transportable substance. As the electron
transporting layer. 1) a metal complex such as an aluminum
complex, beryllium complex and zinc complex, 2) het-
eroaromatic compound such as an imidazole derivative,
benzimidazole derivative, azine derivative, carbazole
derivative, and phenanthroline derivative, and 3) a high-
molecular compound are usable. Specifically, as a low-
molecular organic compound, a metal complex such as Alq,
tris(4-methyl-8-quinolinolatoaluminum (abbreviation:
Almgq,), bis(10-hydroxybenzo[h]quinolinato)beryllium (ab-
breviation: BeBq,), BAlg, Zng, ZnPBO and ZnBTZ are
usable.

In addition to the metal complex, a heteroaromatic com-
pound such as 2-(4-biphenyl)-5-(4-tert-butylphenyl)-1,3,4-
oxadiazole (abbreviation: PBD), 1,3-bis[5-(ptert-butylphe-
nyl)-1,3,4-oxadiazole-2-yl|benzene (abbreviation: OXD-7),
3-(4-tert-butylphenyl)-4-phenyl-5-(4-biphenyl)-1,2 4-triaz-
ole (abbreviation: TAZ), 3-(4-tert-butylphenyl)-4-(4-ethyl-
phenyl)-5-(4-biphenyl)-1,2,4-triazole (abbreviation: p-Et-
TAZ), bathophenanthroline  (abbreviation: — BPhen),
bathocuproine (abbreviation: BCP), and 4,4'-bis(5-methyl-
benzoxazole-2-yl)stilbene (abbreviation: BzOs) are usable.
The above-described substances mostly have an electron
mobility of 107° em?/Vs or more. However, any substance
having an electron transporting performance higher than a
hole transporting performance may be used for the electron
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transporting layer instead of the above substances. The
electron transporting layer may be provided by a single layer
or a laminated layer of two layers or more formed of the
above substance(s).

[0249] Moreover, a high-molecular compound is also
usable for the electron transporting layer. For instance,
poly[(9,9-dihexylfluorene-2,7-diyl)-co-(pyridine-3,5-diyl)]
(abbreviation: PF-Py), poly[(9,9-dioctylfluorene-2,7-diyl)-
co-(2,2"-bipyridine-6,6'-diyl)](abbreviation: PF-BPy) and
the like are usable.

Electron Injecting Layer

[0250] An electron injecting layer is a layer containing a
highly electron-injectable substance. Examples of a material
for the electron injecting layer include an alkali metal,
alkaline earth metal and a compound thereof, examples of
which include lithium (Li), cesium (Cs), calcium (Ca),
lithium fluoride (LiF), cesium fluoride (CsF), calcium fluo-
ride (CaF2), and lithium oxide (LiOx). In addition, a com-
pound containing an alkali metal, alkaline earth metal and a
compound thereof in the electron transportable substance,
specifically, a compound containing magnesium (Mg) in Alq
and the like may be used. With this compound, electrons can
be more efficiently injected from the cathode.

[0251] Alternatively, a composite material provided by
mixing an organic compound with an electron donor may be
used for the electron injecting layer. The composite material
exhibits excellent electron injecting performance and elec-
tron transporting performance since the electron donor gen-
erates electrons in the organic compound. In this arrange-
ment, the organic compound is preferably a material
exhibiting an excellent transporting performance of the
generated electrons. Specifically, for instance, the above-
described substance for the electron transporting layer (e.g.,
the metal complex and heteroaromatic compound) is usable.
The electron donor may be any substance exhibiting an
electron donating performace to the organic compound.
Specifically, an alkali metal, alkaline earth metal and a rare
earth metal are preferable, examples of which include
lithium, cesium, magnesium, calcium, erbium and ytter-
bium. Moreover, an alkali metal oxide and alkaline earth
metal oxide are preferable, examples of which include
lithium oxide, calcium oxide, and barium oxide. Further,
Lewis base such as magnesium oxide is also usable. Fur-
thermore, tetrathiafulvalene (abbreviation: TTF) is also
usable.

Cathode

[0252] Metal, alloy, an electrically conductive compound,
a mixture thereof and the like, which have a small work
function, specifically, of 3.8 eV or less, is preferably usable
as a material for the cathode. Specific examples of the
material for the cathode include the elements belonging to
Groups 1 and 2 of the periodic table of the elements, namely,
an alkali metal such as lithium (1) and cesium (Cs) and an
alkaline earth metal such as magnesium (Mg), calcium (Ca)
and strontium (Sr), an alloy thereof (e.g., MgAg, AlLi), a
rare earth metal such as europium (Eu) and ytterbium (YD),
and alloy thereof.

[0253] When the cathode is formed of the alkali metal,
alkaline earth metal or alloy thereof, vapor deposition and
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sputtering are usable. Moreover, when the anode is formed
of silver paste and the like, coating, ink jet printing and the
like are usable.

[0254] By providing an electron injecting layer, various
conductive materials such as Al, Ag, ITO, graphene and
indium tin oxide containing silicon or silicon oxide are
usable for forming the cathode irrespective of the magnitude
of the work function. The conductive materials can be
deposited to be a film by sputtering, ink jet printing, spin
coating and the like.

Method of Forming Layers in Organic EL Device

[0255] The method of forming each of the layers in the
organic EL device is not particularly limited. Conventionally
known methods such as vacuum deposition and spin coating
may be employed for forming the layers. The organic layer
in the organic EL device may be formed by any one of
known coating methods such as vacuum deposition, molecu-
lar beam epitaxy (MBE method), and coating methods using
a solution such as a dipping, spin coating, casting, bar
coating, roll coating and ink jet printing. In particular, the
emitting layer of the first exemplary embodiment is further
favorably formed by any one of the above coating methods.

Thicknesses of Layers in Organic EL Device

[0256] A film thickness of the emitting layer is preferably
in a range of 5 nm to 50 nm, more preferably in a range of
7 nm to 50 nm and most preferably in a range of 10 nm to
50 nm. When the emitting layer has a thickness of 5 nm or
more, the emitting layer is easily formable and chromaticity
is easily adjustable. When the emitting layer has a thickness
of 50 nm or less, an increase in the drive voltage is
suppressible.

[0257] Thicknesses of other organic layer(s) are not par-
ticularly limited, but are preferably in a typical range from
several nm to 1 pm. When the thicknesses fall within the
above range, defects such as pin holes due to an excessively
thinned film can be prevented, and an increase in the drive
voltage due to an excessively thickened film can be sup-
pressed to prevent deterioration of the efficiency.

Electronic Apparatus

[0258] The organic EL device of the first exemplary
embodiment is favorably usable for electronic apparatuses
such as a display unit and a light-emitting unit. Examples of
the display unit include a television, a mobile phone and a
personal computer. Examples of the light-emitting unit
include an illuminator and a vehicle light.

Second Exemplary Embodiment

[0259] A compound of a second exemplary embodiment is
structurally different from the compound of the first exem-
plary embodiment. The second exemplary embodiment is
the same as the first exemplary embodiment in terms of the
other aspects. For instance, similarly to the compound of the
first exemplary embodiment, the compound of the second
exemplary embodiment is also usable for an organic EL
device as an organic EL. device material. The organic EL
device is usable in an electronic apparatus.

[0260] The compound of the second exemplary embodi-
ment is represented by a formula (1x) below.
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[Formula 91]

(1x)
[2— A

Ar! N

L3—A#

n

[0261] In the structure of the compound of the second
exemplary embodiment represented by the formula (1x),
Ar', Ar*, L?, L? and n are respectively the same as Ar', Ar”,
L% L? and n in the first exemplary embodiment, and the
preferable properties are also applicable.

[0262] The compound of the second exemplary embodi-
ment is the same as the compound of the first exemplary
embodiment except that Ar* bonded to L? is structurally
different from Ar’ bonded fo L,

[0263] Ar*in the formula (1x) is represented by a formula
(1a) or (11a) below.

[Formula 92]

-L(R)—R (la)

[Formula 93]
—(Ar),—R""

[0264] The formulae (1a) and (11a) of the second exem-
plary embodiment are respectively the same as the formulae
(la) and (11a) of the first exemplary embodiment, and the
preferable properties are also applicable. In the second
exemplary embodiment, for instance, a group represented by
the formula (la) is similarly preferably represented by a
formula (1b) or (1¢) below.

[Formula 94]

(11a)

-Lla-(RldeLz)tbe (lb)

[Formula 95]
L la-(RldeszRSd)tch (1 C)

[0265] The formulae (1b) and (1¢) of the second exem-
plary embodiment are respectively the same as the formulae
(Ib) and (lc) of the first exemplary embodiment, and the
preferable properties are also applicable.

[0266] In the second exemplary embodiment, for instance,
a group represented by the formula (11a) is similarly pref-
erably represented by a formula (11b) or (11¢) below.

[Formula 96]

—(Ar'le_arl2y  Rlle (11b)

[Formula 97]

(ArprieaAlSe  Rlie

[0267] The formulae (11b) and (11¢) of the second exem-
plary embodiment are respectively the same as the formulae
(11b) and (11c) of the first exemplary embodiment, and the
preferable properties are also applicable.

[0268] In the second exemplary embodiment, Ar' in the
formula (1x) preferably has a skeleton represented by any
one selected from the group consisting of the formulae (1-1)
to (1-22) of the first exemplary embodiment.

(11c)

72
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[0269] In the second exemplary embodiment, n in the
formula (1x) is 2, Ar* preferably has a skeleton represented
by any one selected from the group consisting of the
formulae (1-31) to (1-34) of the first exemplary embodi-
ment, and Ar' preferably has a skeleton represented by the
formula (1-31). In the second exemplary embodiment, X!
and X'? in the fornmlae (1-1) to (1-22) and (1-31) to (1-34)
are similarly preferably represented by the formula (2a) of
the first exemplary embodiment.

Third Exemplary Embodiment

[0270] A compound of a third exemplary embodiment is
structurally different from the compound of the first exem-
plary embodiment. The third exemplary embodiment is the
same as the first exemplary embodiment in terms of the other
aspects. For instance, similarly to the compound of the first
exemplary embodiment, the compound of the third exem-
plary embodiment is also usable for an organic EL device as
an organic EL device material. The organic EL device is
usable in an electronic apparatus.

[0271] The compound of the third exemplary embodiment
is represented by a formula (ly) below.

[Formula 98]

7 (1)

[2—Ar
/

AN

L3_ AI3
n

[0272] In the structure of the compound of the third
exemplary embodiment represented by the formula (1y),
Ar?, 1.2, 1* and n are respectively the same as Ar*, L%, L. and
n in the first exemplary embodiment, and the preferable
properties are also applicable.

[0273] Ar' is represented by a formula (2) below.

[Formula 99]

L13

\13

Ar
/

Lll
AR
ANEEARAN

LIZ

[0274] In the formula (23), Ar'', Ar'? and Ar*? each
independently represent a substituted or unsubstituted aro-
matic hydrocarbon group having 6 to 30 ring carbon atoms.
One of L and L'? represents a single bond for bonding Ar'*
and Ar'?, and the other one thereof represents a linking
group represented by a formula (2f) below. One of L'? and
L'* represents a single bond for bonding Ar'? and Ar'?, and
the other one thereof represents a linking group represented
by the formula (2f) below.

[Formula 100]

29
RZI

ke
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[0275] 1Inthe fornmla (2f), R** and R** each independently
represent a substituted or unsubstituted alkylsilyl group
having 3 to 30 carbon atoms, or a substituted or unsubsti-
tuted arylsilyl group having 6 to 60 ring carbon atoms.
[0276] The compound of the third exemplary embodiment
is the same as the compound of the first exemplary embodi-
ment except that Ar' represented by the formula (2), unlike
Ar" of the compound of the first exemplary embodiment, has
a linking group represented by the formula (2f).

Modifications of Embodiment(s)

[0277] It should be noted that the invention is not limited
to the above exemplary embodiment but may include any
modification and improvement as long as such modification
and improvement are compatible with the invention.
[0278] The emitting layer is not limited to a single layer,
but may be provided as laminate by a plurality of emitting
layers. When the organic EL device includes a plurality of
emitting layers, it is only required that at least one of the
emitting layers includes the compound represented by the
formula (1) or the formula (21). The others of the emitting
layers may be a fluorescent emitting layer or a phosphores-
cent emitting layer.

[0279] When the organic EL device includes the plurality
of emitting layers, the plurality of emitting layers may be
adjacent to each other or a so-called tandem organic EL
device in which a plurality of emitting units are laminated
through an intermediate layer.

[0280] In the invention, the emitting layer may also pref-
erably contain an assistance substance for assisting injection
of charges.

[0281] When the emitting layer is formed of a host mate-
rial that exhibits a wide energy gap, a difference in ionization
potential (Ip) between the host material and the hole inject-
ing/transporting layer etc. becomes so large that injection of
the holes into the emitting layer becomes difficult, which
may cause a rise in a driving voltage required for providing
sufficient luminance.

[0282] In the above instance, introducing a hole-injectable
or hole-transportable assistance substance for assisting
injection of charges in the emitting layer can contribute to
facilitation of the injection of the holes into the emitting
layer and to reduction of the driving voltage.

[0283] As the assistance substance for assisting the injec-
tion of charges, for instance, a general hole injecting mate-
rial, a general hole transporting material or the like can be
used.

[0284] Specific examples of the assistance substance for
assisting the injection of charges include a triazole deriva-
tive, oxadiazole derivative, imidazole derivative, polyaryl-
alkane derivative, pyrazoline derivative, pyrazolone deriva-
tive, phenylene dibenzofluorene compound, aryl
benzofluorene compound, amino-substituted chalcone
derivative, oxazole derivative, fluorenone derivative, hydra-
zone derivative, stilbene derivative, silazane derivative,
polysilane copolymer, aniline copolymer, and conductive
high-molecular oligomer (in particular, thiophene oli-
gomer).

[0285] The hole injecting material, which is exemplified
by the above, is preferably any one of a porphyrin com-
pound, aromatic tertiary amine compound and styryl amine
compound, among which an aromatic tertiary amine com-
pound is particularly preferable.

Nov. 9,2017

[0286] 1In addition, for instance, 4,4'-bis(N-(1-naphthyl)-
N-phenylamino)biphenyl (hereinafter, abbreviated as NPD)
having two fused aromatic rings in a molecule, or 4,4',4"-
tris(N-(3-methylphenyl)-N-phenylamino )triphenylamine
(hereinafter, abbreviated as MTDATA) in which three tri-
phenylamine units are bonded in a starburst may also be
used.

[0287] In addition, for instance, a hexaazatriphenylene
derivative is also favorably usable as the hole injecting
material,

[0288] In addition, inorganic compounds such as p-type Si
and p-type SiC are also usable as the hole-injecting material.
[0289] In the above exemplary embodiments, the com-
pound according to the invention is used as the dopant
material in the emitting layer. However, the compound
according to the invention is usable not only in the emitting
layer but also in the other organic layers such as the hole
injecting layer, the hole transporting layer, the electron
injecting layer and the electron transporting layer.

EXAMPLES

[0290] Next, the invention will be described in further
detail with reference to Example(s) and Comparative
Example(s). However, the invention is not limited by the
description of Example(s).

Synthesis Example 1: Synthesis of Compound 1

[0291]

[Formula 101]

NH +
GHyy
H;C  CH;
. Pda(dba);
tert- BugP
tert-BuONa
toluene
HC H;
Bromic Substance 1
GHyy HC s

Compound 1
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[0292] Under an argon gas stream, a bromic substance 1
(1.1 g), phenyl(4-pentylphenyl)amine (0.65 g), Pd,(dba),
(140 mg), tert-Bu,P (2.746M toluene solution) (100 pl), and
tert-BuONa (0.75 g) were added in a dehydrated toluene
solution (100 ml), and agitated at 120 degrees C. for five
hours. After the mixture was cooled down, a resulting
precipitation was washed with toluene, methanol, water,
acetone and acetic ether to obtain a partially purified prod-
uct. The partially purified product was purified by silica-gel
chromatography and then further purified by re-precipita-
tion. Toluene was used as an eluent for the silica-gel
chromatography. A mixed solvent of toluene and methanol
was used for the re-precipitation. As a result of the purifi-
cation, 1 g ofa compound 1 was obtained. It should be noted
that the compound was identified by a field desorption mass
spectrometry (FD-MS) analysis.

[0293] FDMS, caled for C,H,,N=597, found m/z=597
(M).

Synthesis Example 2: Synthesis of Compound 2

[0294]

[Formula 102]

Pd2 (db a) 3
—_—
tert-BusP
tert-BuONa
toluene

Compound 2

[0295] A synthesis example 2 was the same as the syn-
thesis example 1 except that an amine compound 2 (0.68 g)
was used in place of the phenyl(4-pentylphenyl)amine (0.65
g) used in the synthesis example 1. As a result of the
synthesis, a compound 2 was obtained.

[0296] FDMS, caled for C,H,sNO=617, found m/z=617
(M™).
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Synthesis Example 3: Synthesis of Compound 3
[0297]

[Formula 103]

%@+

Amine Compound 3

WSe
5 L)

Bromic Substance 1

Compound 3

Pdy(dba);

tert-BuzP
tert-BuONa
toluene

[0298] A synthesis example 3 was the same as the syn-
thesis example 1 except that an amine compound 3 (0.82 g)
was used in place of the phenyl(4-pentylphenyl)amine (0.65
g) used in the synthesis example 1. As a result of the
synthesis, a compound 3 was obtained.

[0299] FDMS, calced for C,oH,;NO=659, found m/z=659
M+).

Synthesis Example 4: Synthesis of Compound 4
[0300]

[Formula 104]

5

Amine Compound 4
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-continued

' Pda(dba)g
tert- Bu3P
tert-BuONa
toluene

Bromic Substance 1

Compound 4

[0301] A synthesis example 4 was the same as the syn-
thesis example 1 except that an amine compound 4 (0.91 g)
was used in place of the phenyl(4-pentylphenyl)amine (0.65
g) used in the synthesis example 1. As a result of the
synthesis, a compound 4 was obtained.

[0302] FDMS, calced for C,oH,,NO=693, found m/z=693
(M+).

Synthesis Example 5: Synthesis of Compound 5

[0303]

[Formula 105]

Q

Amine Compound 5

9
8 L) s

Pda(dba)g

tert-BusP
tert-BuONa
toluene

Bromic Substance 1

0 \ .
8 L)

[0304] A synthesis example 5 was the same as the syn-
thesis example 1 except that an amine compound 5 (0.86 g)
was used in place of the phenyl(4-pentylphenyl)amine (0.65
g) used in the synthesis example 1. As a result of the
synthesis, a compound 5 was obtained.

[0305] FDMS, calced for C,oH,,NO=673, found m/z=673
M+).

Example 1
[0306] A glass substrate (size: 25 mmx75 mmx1.1 mm

thick) having an ITO transparent electrode line (manufac-
tured by GEOMATEC Co., Ltd.) was ultrasonic-cleaned in
isopropyl alcohol for five minutes, and then UV/ozone-
cleaned for 30 minutes. A thickness of the ITO transparent
electrode was 130 nm.

[0307] The cleaned glass substrate having the ITO trans-
parent electrode line was mounted on a substrate holder of
a vacuum deposition apparatus. Initially, the following com-
pound HI-1 was vapor-deposited on a surface of the glass
substrate where the ITO transparent electrode line was
provided to cover the ITO transparent electrode line, thereby
forming a 5-nm-thick HI-1 film. A hole injecting layer was
thus provided.

[0308] The following compound HT-1 was then vapor-
deposited as a first hole transporting material on the hole
injecting layer to form an 80-nm-thick HT-1 film. A first hole
transporting layer was thus provided.

[0309] The following compound HT-2 was then vapor-
deposited on the first hole transporting layer to form a
15-nm-thick HT-2 film. A second hole transporting layer was
thus provided.

[0310] A compound BH-1 (a host material) and the com-
pound 2 (a dopant material) were co-deposited on the second
hole transporting layer to form a 25-nm-thick co-deposited
film. The concentration of the compound 2 in the co-
deposited film was 5.0 mass %. This co-deposited film
serves as an emitting layer.

[0311] The following compound ET-1 was then vapor-
deposited on the emitting layer to form a 20-nm-thick ET-1
film. A first electron transporting layer was thus provided.

[0312] The following compound ET-2 was then vapor-
deposited on the first electron transporting layer to form a
S-nm-thick ET-2 film. A second electron transporting layer
was thus provided.

[0313] LiF was then vapor-deposited on the second elec-
tron transporting layer to form a 1-nm-thick LiF film. An
electron injecting electrode (a cathode) was thus provided.
[0314] A metal Al film was then vapor-deposited on the
LiF film to form an 80-nm-thick metal Al film. A metal Al
cathode was thus provided.
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[0315] A device arrangement of the organic EL device of _continued
Example 1 is roughly shown as follows.

[0316] ITO (130)HI-1 (SYHT-1 (80)/HT-2 (15)BH-1: [Formula 107]
compound 2 (25.95%: 5%)/ET-1 (20)/ET-2 (SYLiF (1)/Al
(30)

BH-1
[0317] Numerals in parentheses each represent a film

thickness (unit: nm). The numerals represented by percent-
age in parentheses each indicate a ratio (mass %) of the
compound in the layer. The same applies below.

[0318] The compounds used to manufacture the organic
EL device are shown below.

[Formula 106] O O

HI1
NC CN —

NC CN

HT-1

Q O =N
Q N

O ‘ [Formula 108]
Compound 2
(0] (0]
N

g e
) 80.0
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Q \ .
008000

>
GO0

Comparative Compound

1]
SGRL

Example 2

[0319] An organic EL device of Example 2 was manufac-
tured in the same manner as that of Example 1 except that
the compound 3 was used in place of the compound 2 of
Example 1.

[0320] A device arrangement of the organic EL device of
Example 2 is roughly shown as follows.

[0321] ITO (130yHI-1 (SYHT-1 (80)yHT-2 (15)/BH-1:
compound 3 (25.95%: 5%)/ET-1 (20)/ET-2 (5)/LiF (1)/Al
(80)
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Example 3

[0322] An organic EL device of Example 3 was manufac-
tured in the same manner as that of Example 1 except that
the compound 4 was used in place of the compound 2 of
Example 1.

[0323] A device arrangement of the organic EL device of
Example 3 is roughly shown as follows.

[0324] ITO (130)HI-1 (5YHT-1 (80yHT-2 (15)/BH-1:
compound 4 (25.95%: 5%)/ET-1 (20)/ET-2 (5)/LiF (1)/Al
(80)

Example 4

[0325] An organic EL device of Example 4 was manufac-
tured in the same manner as that of Example 1 except that
the compound 5 was used in place of the compound 2 of
Example 1.

[0326] A device arrangement of the organic EL device of
Example 4 is roughly shown as follows.

[0327] ITO (130YHI-1 (5YHT-1 (80yHT-2 (15YBH-1:
compound 5 (25.95%: 5%)/ET-1 (20)/ET-2 (5)/LiF (1)/Al
(30)

Comparative Example 1

[0328] An organic EL device of Comparative Example 1
was manufactured in the same manner as that of Example 1
except that the comparative compound was used in place of
the compound 2 of Example 1.

[0329] A device arrangement of the organic EL device of
Comparative Example 1 is roughly shown as follows.
[0330] ITO (130)/HI-1 (5YHT-1 (80yHT-2 (15)/BH-1:
comparative compound (25.95%: 5%)/ET-1 (20/ET-2 (5)/
LiF (1)/Al (830)

Evaluation of Organic EL Devices

Drive Voltage

[0331] Vbltage was applied between the ITO transparent
electrode and the metal Al cathode such that the current
density was 10 mA/cm?, and the voltage (unit: V) at the time
was measured.

Main Peak Wavelength 3.,

[0332] Vbltage was applied to each of the manufactured
organic EL devices such that the current density was 10
mA/em?, and a spectral radiance spectrum was measured
using a spectroradiometer CS-1000 (manufactured by
Konica Minolta, Inc.). A main peak wavelength A, was
calculated based on the obtained spectral-radiance spectrum.
It should be noted that the main peak wavelength Ap was a
peak wavelength where a luminous intensity is maximized
according to the spectral-radiance spectrum. The results are
shown in Table 1.

Lifetime LT80

[0333] Each of the manufactured organic EL devices was
driven by applying voltage thereto such that a current
density was 50 mA/cm?, and time elapsed before the lumi-
nescence falls to 80% of the initial Iuminescence was
measured. The time was referred to as lifetime T80. The
results are shown in Table 1.
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TABLE 1
Main Peak
Voltage ~ Wavelength 2,  LT80
Dopant Material V) (nm) (L)
Ex. 1 Compound 2 3.6 453 160
Ex.2 Compound 3 3.6 456 170
Ex. 3 Compound 4 3.6 452 160
Ex. 4 Compound 5 3.6 451 155
Comp. 1 Comparative 3.6 460 150

Compound

[0334] The organic EL devices of Examples 1 to 4, which
respectively used the compounds 2 to 5 as the dopant
material, each had a main peak wavelength appearing on a
short-wavelength side, a high color purity, and a long
lifetime LT80, as compared with the organic EL device of
Comparative Example 1 using the comparative compound.

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

M

N

L2— AP

Li—aAr

n
where:

n in the formula (1) is 2, and

Ar' in the formula (1) comprises a skeleton represented
by any one selected from the group consisting of
formulae (1-31) to (1-34) below,

(1-31)

(1-32)

(1-33)
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-continued
(1-34)

where: X! and X'? each independently represent a link-
ing group represented by any one of formulae (2a) to
(2e) below; and at least one of * represents a position
at which the skeleton is bonded to a nitrogen atom in
the formula (1),

(20)
Rll
(2b)
Rl3
L
N
(20)
PN
(2d)
N
(20)
R4
| /RIS
PN

where R*! to R'® each independently represent a hydrogen
atom, a substituted or unsubstituted alkyl group having
1 to 30 carbon atoms, a substituted or unsubstituted
aromatic hydrocarbon group having 6 to 30 ring carbon
atoms, or a substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms;

L? and L? in the formula (1) each independently rep-
resent a single bond or a linking group, the linking
group being 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 multiple linking group
formed by bonding two groups selected from the
group consisting of the aromatic hydrocarbon group,
a multiple linking group formed by bonding three
groups selected from the group consisting of the
aromatic hydrocarbon group, a multiple linking
group formed by bonding two groups selected from
the group consisting of the heterocyclic group, a
multiple linking group formed by bonding three
groups selected from the group consisting of the
heterocyclic group, a multiple linking group formed
by bonding two groups selected from the group
consisting of the aromatic hydrocarbon group and
the heterocyclic group, or a multiple linking group
formed by bonding three groups selected from the
group consisting of the aromatic hydrocarbon group
and the heterocyclic group;

the aromatic hydrocarbon group or groups and the
heterocyclic group or groups in the multiple linking
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group are mutually the same or different, and adja-
cent ones of the groups in the multiple linking group
are optionally bonded to each other to form a ring or
not bonded;

Ar® in the formula (1) represents a substituted or
unsubstituted aromatic hydrocarbon group having 6
to 30 ring carbon atoms, or a substituted or unsub-
stituted heterocyclic group having 5 to 30 ring
atoms; and

Ar’ in the formula (1) is represented by a formula (3)
below,

©)

I/\/X3

=
| PN

m

where: X3 represents an oxygen atom or a sulfur atom; m
is 5; R® represents a substituent bonded to a carbon
atom of a ring in a structure represented by the formula
(3), R? each independently representing a hydrogen
atom, a halogen atom, a hydroxyl group, a cyano group,
a substituted or unsubstituted alkyl group having 1 to
30 carbon atoms, a substituted or unsubstituted alkyl-
silyl group having 3 to 30 carbon atoms, a substituted
or unsubstituted arylsilyl group having 6 to 60 ring
carbon 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 alkylamino group
having 2 to 30 carbon atoms, a substituted or unsub-
stituted arylamino group having 6 to 60 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 aromatic hydro-
carbon group having 6 to 30 ring carbon atoms, or a
substituted or unsubstituted heterocyclic group having
5 to 30 ring atoms, adjacent ones of R® optionally
forming a ring or not; and a bond from the structure
represented by the formula (3) is bonded to L? in the
formula (1).

2. The compound according to claim 1, wherein

Ar' comprises a skeleton represented by the formula
(1-31).

3. The compound according to claim 1, wherein

X" and X'* are represented by the formula (2a).

4. The compound according to claim 1, wherein

L? represents a single bond.

5. The compound according to claim 1, wherein

Ar’ is represented by a formula (4) below,

@
®%;

where: X* represents an oxygen atom or a sulfur atoni; s is
7; R* represents a substituent bonded to a carbon atom of a
ring in a structure represented by the fornmla (4), R* each
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independently representing the same as R® in the formula
(3), adjacent ones of R* optionally forming a ring or not; and
a bond from the structure represented by the formula (4) is
bonded to L? in the formula (1).

6. The compound according to claim 5, wherein

Ar® is represented by a formula (4-1) below,

4-1)
X4
(=D

where: X* s and R* represent the same as X*, s and R* in the
formula (4), respectively; and a bond from a structure
represented by the formula (4-1) is bonded to [* in the
formula (1).

7. The compound according to claim 5, wherein

Ar” is represented by a formula (4-2) below,

R4 1
x4

U

where: X* represents the same as X* in the formula (4); and
R* represents a hydrogen atom, an alkyl group having 1 to
20 carbon atoms, or a substituted or unsubstituted aromatic
hydrocarbon group having 1 to 30 carbon atoms; and a bond
from a structure represented by the formula (4-2) is bonded
to L? in the formula (1).

8. The compound according to claim 5, wherein

x* represents an oxygen atom.

9. The compound according to claim 1, wherein

R! to R'® in the formulae (2a) to (2e) each independently
represent a substituted or unsubstituted aromatic hydro-
carbon group having 6 to 30 ring carbon atoms, or a
substituted or unsubstituted heterocyclic group having
5 to 30 ring atoms,

R* in the formula (3) each independently represent a
hydrogen atom, a halogen atom, a hydroxyl group, a
cyano group, a substituted or unsubstituted arylsilyl
group having 6 to 60 ring carbon atoms, a substituted
or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted arylamino
group having 6 to 60 ring carbon atoms, a substituted
or unsubstituted arylthio group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms,
a substituted or unsubstituted heterocyclic group hav-
ing 5 to 30 ring atoms, or a group represented by a
formula (1a) below, and

at least one of a substituent of substituted Ar* and plural
R? is represented by the formula (1a) below,

LR, R (1a)
where: ['“ represents a single bond or a linking group, the

linking group being a divalent group selected from the group
consisting of a substituted or unsubstituted aromatic hydro-
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carbon group having 6 to 18 ring carbon atoms, and a
substituted or unsubstituted heterocyclic group having 5 to
15 ring atoms; R' represents CR'®'“R*%2%; R, R'%* and
R'%* each independently represent a hydrogen atom, a
halogen atom, a hydroxyl group, a cyano group, a substi-
tuted or unsubstituted arylsilyl group having 6 to 60 ring
carbon atoms, a substituted or unsubstituted aryloxy group
having 6 to 30 ring carbon atoms, a substituted or unsub-
stituted arylamino group having 6 to 60 ring carbon atoms,
a substituted or unsubstituted arylthio group having 6 to 30
ring carbon atoms, a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 18 ring carbon atoms, or a
substituted or unsubstituted heterocyclic group having 5 to
15 ring atoms; R'°"“ and R'**“ are optionally bonded to each
other to form a ring or not bonded; t is an integer of 4 to 20;
plural R' are mutually the same or different; adjacent ones of
R' are optionally bonded to each other to form a ring or not
bonded; adjacent ones of L'* and R' are optionally bonded
to each other to form a ring or not bonded; adjacent ones of
R'and R are optionally bonded to each other to form a ring
or not bonded; and when the formula (1) comprises two or
more groups represented by the formula (1a), the substitu-
ents represented by the formula (1a) are mutually the same
or different.

10. The compound according to claim 5, wherein

R to R** in the formulae (2a) to (2e) each independently
represent a substituted or unsubstituted aromatic hydro-
carbon group having 6 to 30 ring carbon atoms, or a
substituted or unsubstituted heterocyclic group having
5 to 30 ring atoms,

R* in the formula (4) each independently represent a
hydrogen atom, a halogen atom, a hydroxyl group, a
cyano group, a substituted or unsubstituted arylsilyl
group having 6 to 60 ring carbon atoms, a substituted
or unsubstituted aryloxy group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted arylamino
group having 6 to 60 ring carbon atoms, a substituted
or unsubstituted arylthio group having 6 to 30 ring
carbon atoms, a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms,
a substituted or unsubstituted heterocyclic group hav-
ing 5 to 30 ring atoms, or a group represented by a
formula (1a) below, and

at least one of a substituent of substituted Ar? and plural
R* is represented by the formula (1a) below,

LR ~—R (1a)

where: L'“ represents a single bond or a linking group, the
linking group being a divalent group selected from the group
consisting of a substituted or unsubstituted aromatic hydro-
carbon group having 6 to 18 ring carbon atoms, and a
substituted or unsubstituted heterocyclic group having 5 to
15 ring atoms; R' represents CR'®1“R*%2%; R, R'%*¢ and
R!%2¢ each independently represent a hydrogen atom, a
halogen atom, a hydroxyl group, a cyano group, a substi-
tuted or unsubstituted arylsilyl group having 6 to 60 ring
carbon atoms, a substituted or unsubstituted aryloxy group
having 6 to 30 ring carbon atoms, a substituted or unsub-
stituted arylamino group having 6 to 60 ring carbon atoms,
a substituted or unsubstituted arylthio group having 6 to 30
ring carbon atoms, a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 18 ring carbon atoms, or a
substituted or unsubstituted heterocyclic group having 5 to
15 ring atoms; R'“*“ and R***“ are optionally bonded to each
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other to form a ring or not bonded; t is an integer of 4 to 20;
plural R' are mutually the same or different; adjacent ones of
R are optionally bonded to each other to form a ring or not
bonded; adjacent ones of L' and R' are optionally bonded
to each other to form a ring or not bonded; adjacent ones of
R"and R are optionally bonded to each other to form a ring
or not bonded; and when the formula (1) comprises two or
more groups represented by the formula (1a), the substitu-
ents represented by the formula (1a) are mutually the same
or different.

11. The compound according to claim 9, wherein

the group represented by the formula (1a) is a substituent
represented by a formula (1b) below,

-LI”-(RI"—RZ")M,—R (1b)

where: L' and R represent the same as L' and R in the
formula (1a), respectively; R'* and R** each independently
represent the same as R' in the formula (1a); tb represents
repetition of —R'—R?*— and is an integer of 2 to 10;
adjacent ones of R'* and R>* are optionally bonded to each
other to form a ring or not bonded; adjacent ones of R** and
R are optionally bonded to each other to form a ring or not
bonded; and adjacent ones of R* and L' are optionally
bonded to each other to form a ring or not bonded.

12. The compound according to claim 9, wherein

the group represented by the formula (1a) is a substituent
represented by a formula (Ic) below,

-LI“—(RI“—RZ“—RM),C—R (10)

where: L' and R represent the same as L'“ and R in the
formula (1a), respectively; R'?, R** and R** each indepen-
dently represent the same as R' in the formula (1a); tc
represents repetition of —R'*—R**—R3*— and is an inte-
ger of 2 to 6; adjacent ones of R'® and R** are optionally
bonded to each other to form a ring or not bonded; adjacent
ones of R** and R>“ are optionally bonded to each other to
form a ring or not bonded; adjacent ones of R** and R are
optionally bonded to each other to form a ring or not bonded,
and adjacent ones of R'# and L' are optionally bonded to
each other to form a ring or not bonded.

13. The compound according to claim 9, wherein
R' in the formula (1a) represents a methylene group.
14. The compound according to claim 1, wherein

R® in the formula (3) represents a hydrogen atom, a
halogen atom, a hydroxyl group, a cyano group, a
substituted or unsubstituted alkyl group having 1 to 30
carbon atoms, a substituted or unsubstituted alkylsilyl
group having 3 to 30 carbon atoms, a substituted or
unsubstituted arylsilyl group having 6 to 60 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 alkylamino group
having 2 to 30 carbon atoms, a substituted or unsub-
stituted arylamino group having 6 to 60 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 aromatic hydro-
carbon group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted heterocyclic group having
5 to 30 ring atoms, or a group represented by a formula
(11a) below, and
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at least one of a substituent of substituted Ar* and plural
R? is represented by the formula (11a) below,

—(Ar),—RM (19)

where: Ar represents a substituted or unsubstituted divalent
aromatic hydrocarbon group having 6 to 18 ring carbon
atoms, or a substituted or unsubstituted divalent heterocyclic
group having 5 to 15 ring atoms; u is an integer of 3 to 20;
plural Ar are mutually the same or different; adjacent ones
of Ar are optionally bonded to each other to form a ring or
not bonded; adjacent ones of Ar and R'“ are optionally
bonded to each other to form a ring or not bonded; and R**
represents a hydrogen atom, a halogen atom, a hydroxyl
group, a cyano group, a substituted or unsubstituted alkyl
group having 1 to 30 carbon atoms, a substituted or unsub-
stituted alkylsilyl group having 3 to 30 carbon atoms, a
substituted or unsubstituted arylsilyl group having 6 to 60
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 alkylamino group having 2 to 30
carbon atoms, a substituted or unsubstituted arylamino
group having 6 to 60 ring carbon atoms, a substituted or
unsubstituted alkylthio group having 1 to 30 carbon atoms,
or a substituted or unsubstituted arylthio group having 6 to
30 ring carbon atoms.
15. The compound according to claim 5, wherein
R* in the formula (4) represents a hydrogen atom, a
halogen atom, a hydroxyl group, a cyano group, a
substituted or unsubstituted alkyl group having 1 to 30
carbon atoms, a substituted or unsubstituted alkylsilyl
group having 3 to 30 carbon atoms, a substituted or
unsubstituted arylsilyl group having 6 to 60 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 alkylamino group
having 2 to 30 carbon atoms, a substituted or unsub-
stituted arylamino group having 6 to 60 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 aromatic hydro-
carbon group having 6 to 30 ring carbon atoms, a
substituted or unsubstituted heterocyclic group having
5 to 30 ring atoms, or a group represented by a formula
(11a) below, and
at least one of a substituent of substituted Ar? and plural
R* is represented by the formula (11a) below,

—(An,—R""" (1a)

where: Ar represents a substituted or unsubstituted divalent
aromatic hydrocarbon group having 6 to 18 ring carbon
atoms, or a substituted or unsubstituted divalent heterocyclic
group having 5 to 15 ring atoms; u is an integer of 3 to 20;
plural Ar are mutually the same or different; adjacent ones
of Ar are optionally bonded to each other to form a ring or
not bonded; adjacent ones of Ar and R'“ are optionally
bonded to each other to form a ring or not bonded; and R*'“
represents a hydrogen atom, a halogen atom, a hydroxyl
group, a cyano group, a substituted or unsubstituted alkyl
group having 1 to 30 carbon atoms, a substituted or unsub-
stituted alkylsilyl group having 3 to 30 carbon atoms, a
substituted or unsubstituted arylsilyl group having 6 to 60
ring carbon atoms, a substituted or unsubstituted alkoxy
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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 alkylamino group having 2 to 30
carbon atoms, a substituted or unsubstituted arylamino
group having 6 to 60 ring carbon atoms, a substituted or
unsubstituted alkylthio group having 1 to 30 carbon atoms,
or a substituted or unsubstituted arylthio group having 6 to
30 ring carbon atoms.

16. The compound according to claim 14, wherein

the group represented by the formula (11a) is represented
by a formula (11b) below,

7(Arlla7Ar12a)ubiRlla (llb)

where: R''“ represents the same as R"“ in the formula (11a);
Ar'' and Ar'? each independently represent a substituted
or unsubstituted divalent aromatic hydrocarbon group hav-
ing 6 to 18 ring carbon atoms, or a substituted or unsubsti-
tuted divalent heterocyclic group having 5 to 15 ring atoms;
and ub represents repetition of —Ar'*“—Ar'2“— and is an
integer of 2 to 10.

17. The compound according to claim 14, wherein

the group represented by the formula (11a) is represented
by a formula (11c) below,

(Ar3e_apta_pplSey  plle (11¢)

where: R*' represents the same as R™* in the formula (11a);
Ar'?, Ar'* and Ar">* each independently represent a sub-
stituted or unsubstituted divalent aromatic hydrocarbon
group having 6 to 18 ring carbon atoms, or a substituted or
unsubstituted divalent heterocyclic group having 5 to 15 ring
atoms; and uc represents repetition of —Ar'3*—Ar'*—
Ar'**— and is an integer of 2 to 6.

18. The compound according to claim 14, wherein

Ar in the formula (11a) represents a structure selected
from the group consisting of structures represented by
formulae (Ar-1-1) to (Ar-1-23) below,

Ar-l-1
Ar-1-2
Ar-1-3
Ar-1-4
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-continued -continued
Ar-1-5 Ar-1-17

aSo i

Ar-1-20

=/ \@
-

Arl-12 where: R; and R, in the formula (Ar-1-5) represent an

unsubstituted methyl group or an unsubstituted phenyl
\ / group; and R, in the formula (Ar-1-15) represents an unsub-
stituted methyl group or an unsubstituted phenyl group.
Ar-1-13
N=— 19. The compound according to claim 18, wherein
\ / Ar in the formula (11a) represents a structure represented
by the formula (Ar-1-1).

20. The compound according to claim 16, wherein

a moiety represented by —Ar*—Ar'?*— in the sub-
stituent represented by the formula (11b) has a structure

selected from the group consisting of structures repre-
sented by formulae (Ar-2-1) to (Ar-2-5) below,

Ar-1-14

Arl-15 ArZl

Rp
Ar-1-16



US 2017/0324039 A1 Nov. 9,2017

-continued -continued
Ar-2-3 Ar-3-6
Ar-2-4 Ar-3-7
O O C‘H3 g
AI_2-5 Q O O O
CH; CH;
Ar-3-8

CH; CH;

O

21. The compound according to claim 17, wherein

Ar-3-9
a moiety represented by —Ar'?*—Ar'*_Ar'>“__in the
substituent represented by the formula (11c) has a
structure selected from the group consisting of struc-
tures represented by formulae (Ar-3-1) to (Ar-3-11)
below,
Ar-3-10
O
Ar-3-2 Ar-3-11

~ SeaS

22. An organic electroluminescence device material com-
Ar-33 prising the compound according to claim 1.

23. An organic electroluminescence device comprising:

: [

a cathode;

e
e

an anode; and

at least one organic layer provided between the cathode
and the anode, the organic layer comprising the com-
pound according to claim 1.

24. The organic electroluminescence device according to
claim 23, wherein

Ar-3-5 the organic layer comprises an emitting layer, and

the emitting layer comprises the compound.

25. The organic electroluminescence device according to
claim 24, wherein

9
o8

the emitting layer comprises an anthracene derivative
represented by a formula (100) below,
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(100)

R]OZ Rl(l3
RlOl O R104
Apl0l Q Apl02
RI08 O R10s

R] 07 Rl 06

where: Ar'® and Ar'®® each independently represent a
substituted or unsubstituted monocyclic group having 5 to
30 ring atoms, a substituted or unsubstituted fused ring
group having 10 to 30 ring atoms, a chain group formed by
bonding two groups selected from the group consisting of
the monocyclic group and the fused ring group, or a chain
group formed by bonding three groups selected from the
group consisting of the monocyclic group and the fused ring
group; the monocyclic group or groups and the fused ring
group or groups in the chain group are mutually the same or
different, and the groups in the chain group are optionally
bonded to each other to form a ring; R'°" 1o R'%® each
independently represent a hydrogen atom, a halogen atom, a
hydroxyl group, a cyano group, a substituted or unsubsti-
tuted alkyl group having 1 to 30 carbon atoms, a substituted
or unsubstituted alkylsilyl group having 3 to 30 carbon
atoms, a substituted or unsubstituted arylsilyl group having
6 to 60 ring carbon 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 alkylamino group
having 2 to 30 carbon atoms, a substituted or unsubstituted
arylamino group having 6 to 60 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 monocyclic group having 5 to 30 ring atoms, a
substituted or unsubstituted fused ring group having 10 to 30
ring atoms, a chain group formed by bonding two groups
selected from the group consisting of the monocyclic group
and the fused ring group, or a chain group formed by
bonding three groups selected from the group consisting of
the monocyclic group and the fused ring group; adjacent
ones of R** to R'“® are optionally bonded to each other to
form a ring or not bonded; R'*! to R'°® are optionally
bonded to a carbon atom of an anthracene ring to form a ring
or not bonded; Ar*°" is optionally bonded to at least any one
of adjacent R'°* and R'“® to form a ring or not bonded; Ar'“*
is optionally bonded to at least any one of adjacent R'** and
R to form a ring or not bonded; and at least one of Ar'®*
and Ar'®? is optionally bonded to a carbon atom of the
anthracene ring to form a ring or not bonded.
26. The organic electroluminescence device according to
claim 25, wherein
in the formula (100), Ar'°" and Ar'®* each independently
represent a substituted or unsubstituted fused ring
group having 10 to 30 ring carbon atoms.
27. The organic electroluminescence device according to
claim 25, wherein
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in the formula (100), one of Ar*®* and Ar'®? represents a
substituted or unsubstituted monocyclic group having 5
to 30 ring carbon atoms, and the other one thereof
represents a substituted or unsubstituted fused ring
group having 10 to 30 ring carbon atoms.

28. The organic electroluminescence device according to

claim 27, wherein

in the formula (100), Ar'®? is selected from among a
naphthyl group, phenanthryl group, benzoanthryl
group, and dibenzofuranyl group, and

Ar'®! represents an unsubstituted phenyl group, or a
phenyl group substituted by at least one of the mono-
cyclic group and the fused ring group.

29. The organic electroluminescence device according to

claim 27, wherein

in the formula (100), Ar'® represents a substituted or
unsubstituted fused ring group having 10 to 30 ring
carbon atoms, and Ar'®" represents an unsubstituted
phenyl group.

30. The organic electroluminescence device according to

claim 25, wherein

in the formula (100), Ar*** and Ar'®? each independently
represent a substituted or unsubstituted monocyclic
group having 5 to 30 ring carbon atoms.

31. The organic electroluminescence device according to

claim 30, wherein

in the formula (100), Ar'® and Ar'®* each independently
represent a substituted or unsubstituted phenyl group.

32. The organic electroluminescence device according to

claim 30, wherein

in the formula (100), Ar'®* represents an unsubstituted
phenyl group, and Ar'® represents a phenyl group
comprising at least one of the monocyclic group and
the fused ring group as a substituent.

33. The organic electroluminescence device according to

claim 30, wherein

in the formula (100), Ar'®* and Ar'®* each independently
represent a phenyl group comprising at least one of the
monocyclic group and the fused ring group as a sub-
stituent.

34. An electronic apparatus comprising the organic elec-

troluminescence device according to claim 23.

35. The compound according to claim 1, wherein

Ar? in the formula (1) is selected from among a substi-
tuted or unsubstituted phenyl group, a substituted or
unsubstituted biphenyl group, a substituted or unsub-
stituted terphenyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted anthryl
group, a substituted or unsubstituted phenanthryl
group, a substituted or unsubstituted fluorenyl group, a
substituted or unsubstituted pyrenyl group, a substi-
tuted or unsubstituted chrysenyl group, a substituted or
unsubstituted fluoranthenyl group, a substituted or
unsubstituted benzo[aJanthryl group, a substituted or
unsubstituted benzo[c]phenanthryl group, a substituted
or unsubstituted triphenylenyl group, a substituted or
unsubstituted benzo[k]fluoranthenyl group, a substi-
tuted or unsubstituted benzo[g|chrysenyl group, a sub-
stituted or unsubstituted benzo[b]triphenylenyl group,
a substituted or unsubstituted picenyl group, and a
substituted or unsubstituted perylenyl group.

36. The compound according to claim 1, wherein

Ar? in the formula (1) is selected from among a substi-
tuted or unsubstituted phenyl group, a substituted or
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unsubstituted biphenyl group, and a substituted or
unsubstituted naphthyl group, and
when Ar® has a substituent, the substituent is an alkyl
group.
37. The compound according to claim 1, wherein
Ar? in the formula (1) represents a substituted or unsub-
stituted phenyl group, and
when Ar® has a substituent, the substituent is an alkyl
group.
38. The compound according to claim 1, wherein
Ar? in the formula (1) represents a substituted or unsub-
stituted aromatic hydrocarbon group having 6 to 20
ring carbon atoms.
39. The compound according to claim 1, wherein
Ar? in the formula (1) represents a substituted or unsub-
stituted aromatic hydrocarbon group having 6 to 12
ring carbon atoms.
40. The organic electroluminescence device according to
claim 24, wherein
the emitting layer comprises the compound as a dopant
material.
41. The organic electroluminescence device according to
claim 40, wherein
the compound emits blue light.
42. The organic electroluminescence device according to
claim 40, wherein
the compound emits pure-blue light.
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