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CONDENSED FLUORANTHENE
COMPOUND, ORGANIC
ELECTROLUMINESCENCE ELEMENT
MATERIAL INCLUDING SAME, ORGANIC
ELECTROLUMINESCENCE ELEMENT
USING SAME, AND ELECTRONIC DEVICE

TECHNICAL FIELD

The present invention relates to fused fluoranthene com-
pounds, materials for organic electroluminescence devices
comprising the compounds, organic electroluminescence
devices comprising the compounds, and electronic equip-
ment.

BACKGROUND ART

An organic electroluminescence (EL) device is generally
composed of an anode, a cathode, and one or more organic
thin film layers sandwiched between the anode and the
cathode. When a voltage is applied between the electrodes,
electrons are injected from the cathode and holes are
injected from the anode into a light emitting region. The
injected electrons recombine with the injected holes in the
light emitting region to form excited states. When the
excited states return to the ground state, the energy is
released as light.

Many researches have been made on the applications of
organic EL device to display, etc. because of its possibility
of a wide selection of emission colors by using various
emitting materials in a light emitting layer. Particularly, the
research on the materials which emit three primary red,
green, blue colors has been made most actively, and the
intensive research has been made to improve their proper-
ties.

PRIOR ART

Patent Documents

Patent Document 1: WO 2011/081429
Patent Document 2: KR 10-2012-0020816A
Patent Document 3: WO 2011/037429

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

The present invention has been made to solve the above
problems and an object of the invention is to provide a new
material useful for organic EL devices.

Means for Solving the Problem

As aresult of extensive research, the inventors have found
that a fused fluoranthene compound having a fusion position
and orientation different from those of a fused fluoranthene
compound having an indolo[2,3-k]fluoranthene skeleton or
an indolo|2,3-b|fluoranthene skeleton is useful as a material
for organic EL devices.

Thus, in an aspect of the present invention, the following
items (1) to (4) are provided.

(1) A fused fluoranthene compound comprising at least one
structure represented by formula (1):
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M
Rs R¢
Ry
“ O Rg
Ryp

Ry Ry

wherein each of R, to R, independently represents a hydro-
gen atom or a substituent, and adjacent two groups selected
from R, to R;; may be bonded to each other to form a
saturated or unsaturated ring structure, provided that at least
one pair of adjacent R, and R, and adjacent R, and R, , are
bonded to each other to from a ring structure represented by
formula (2):

*I/Xl
Rjp
*2

Ry
Ris

wherein X, represents N(R,5), a sulfur atom, or an oxygen
atom; each of R, to R, independently represents a hydro-
gen atom or a substituent; adjacent two groups selected from
R;; to R;5 may be bonded to each other to form a saturated
or unsaturated ring structure; and *1 and *2 are bonded to
carbon atoms to which R, and R or Rg and R, are bonded.
(2) A material for organic electroluminescence devices,
which comprises the fused fluoranthene compound accord-
ing to the above item (1).

(3) An organic electroluminescence device which comprises
an organic thin film layer between a cathode and an anode,
wherein the organic thin film layer comprises one or more
layers and comprises a light emitting layer, and at least one
layer of the organic thin film layer comprises the fused
fluoranthene compound according to the above item (1).
(4) An electronic equipment which comprises the organic
electroluminescence device according to the above item (3).

Effects of the Invention

The present invention provides a novel material useful as
a material for organic EL devices and an organic EL device
comprising the material.

BRIEF DESCRIPTION OF THE DRAWINGS

The FIGURE is a schematic illustration showing an
example of the structure of an organic electroluminescence
device (also referred to as “organic EL device”) according to
an embodiment of the invention.

MODE FOR CARRYING OUT THE INVENTION

The term of “XX to YY carbon atoms” referred to by “a
substituted or unsubstituted ZZ group having XX to YY
carbon atoms” used herein is the number of carbon atoms of
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the unsubstituted ZZ group and does not include any carbon
atom in the substituent of the substituted ZZ group.

The term of “XX to YY atoms” referred to by “a substi-
tuted or unsubstituted Z7Z group having XX to YY atoms”
used herein is the number of atoms of the unsubstituted ZZ
group and does not include any atom in the substituent of the
substituted ZZ group.

“YY” is larger than “XX” and each of “XX” and “YY”
represents an integer of 1 or more.

When adjacent substituents are bonded to each other to
form a ring, any carbon atom of one substituent having XX
to YY carbon atoms may be bonded to any carbon atom of
the other substituent having XX to YY carbon atoms.

The number of “ring carbon atoms™ referred to herein
means the number of the carbon atoms included in the atoms
which are members forming the ring itself of a compound in
which a series of atoms is bonded to form the ring (for
example, a monocyclic compound, a fused ring compound,
a cross-linked compound, a carbocyclic compound, and a
heterocyclic compound). If the ring has a substituent, the
carbon atom in the substituent is not included in the ring
carbon atom. The same applies to the number of “ring
carbon atom” described below, unless otherwise noted. For
example, a benzene ring has 6 ring carbon atoms, a naph-
thalene ring has 10 ring carbon atoms, a pyridinyl group has
5 ring carbon atoms, and a furanyl group has 4 ring carbon
atoms. If a benzene ring or a naphthalene ring has, for
example, an alkyl substituent, the carbon atom in the alkyl
substituent is not counted as the ring carbon atom of the
benzene or naphthalene ring. In case of a fluorene ring to
which a fluorene substituent is bonded (inclusive of a
spirofluorene ring), the carbon atom in the fluorene substitu-
ent is not counted as the ring carbon atom of the fluorene
ring.

The number of “ring atom” referred to herein means the
number of the atoms which are members forming the ring
itself (for example, a monocyclic ring, a fused ring, and a
ring assembly) of a compound in which a series of atoms is
bonded to form the ring (for example, a monocyclic com-
pound, a fused ring compound, a cross-linked compound, a
carbocyclic compound, and a heterocyclic compound). The
atom not forming the ring (for example, hydrogen atom(s)
for saturating the valence of the atom which forms the ring)
and the atom in a substituent, if the ring is substituted, are
not counted as the ring atom. The same applies to the
number of “ring atoms” described below, unless otherwise
noted. For example, a pyridine ring has 6 ring atoms, a
quinazoline ring has 10 ring atoms, and a furan ring has 5
ring atoms. The hydrogen atom on the ring carbon atom of
a pyridine ring or a quinazoline ring and the atom in a
substituent are not counted as the ring atom. In case of a
fluorene ring to which a fluorene substituent is bonded
(inclusive of a spirofluorene ring), the atom in the fluorene
substituent is not counted as the ring atom of the fluorene
ring.

The definition of “hydrogen atom” used herein includes
isotopes different in the neutron numbers, i.e., light hydro-
gen (protium), heavy hydrogen (deuterium), and tritium.

The terms of “heteroaryl group”, “heteroarylene group”,
“heterocyclic group”, “aromatic heterocyclic group”, and
“fused aromatic heterocyclic group” used herein means a
group having at least one hetero atom as a ring atom. The
hetero atom 1is preferably at least one selected from a
nitrogen atom, an oxygen atom, a sulfur atom, a silicon
atom, and a selenium atom.
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The term of “nitrogen-containing heterocyclic group”
used herein means a group having at least one nitrogen atom
as a ring atom.

A “substituted or unsubstituted carbazolyl group” referred
to herein includes the following carbazolyl groups:

H
N N
OC0D
)
and a substituted carbazolyl group, wherein each of the
above groups is substituted by an optional substituent.

The optional substituents may be bonded to each other to
form a fused ring structure, may include a hetero atom, such
as a nitrogen atom, an oxygen atom, a silicon atom, and
selenium atom, and may be bonded to any of 1- to 9-posi-
tions. Examples of such substituted carbazolyl groups are
shown below.

-

A “substituted or unsubstituted dibenzofuranyl group”
and a “substituted or unsubstituted dibenzothiophenyl
group” referred to herein include the following dibenzofura-
nyl group and the following dibenzothiophenyl group:
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and a substituted dibenzofuranyl group and a substituted
dibenzothiophenyl group, wherein each of the above groups
is substituted by an optional substituent.

The optional substituents may be bonded to each other to
form a fused ring structure, may include a hetero atom, such
as a nitrogen atom, an oxygen atom, a silicon atom, and
selenium atom, and may be bonded to any of 1- to 8-posi-
tions. Examples of such substituted dibenzofuranyl groups
and substituted dibenzothiophenyl groups are shown below:

X

Y
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v

s

wherein X represents an oxygen atom or a sulfur atom and
Y represents an oxygen atom, a sulfur atom, NH, NR®
wherein R” represents an alkyl group or an aryl group, CH2,
or CR®, wherein R’ represents an alkyl group or an aryl
group.

The substituent referred to by “a substituent” or “a
substituted or unsubstituted” used herein is preferably
selected from the group consisting of an alkyl group having
1 to 50, preferably 1 to 18, more preferably 1 to 8 carbon
atoms; a cycloalkyl group having 3 to 50, preferably 3 to 10,
more preferably 3 to 8, still more preferably 5 or 6 ring
carbon atoms; an aryl group having 6 to 50, preferably 6 to
25, more preferably 6 to 18 ring carbon atoms; an aralkyl
group having 7 to 51, preferably 7 to 30, more preferably 7
to 20 carbon atoms which includes an aryl group having 6
to 50, preferably 6 to 25, more preferably 6 to 18 ring carbon
atoms; an amino group; a mono- or di-substituted amino
group, wherein the substituent is selected from an alkyl
group having 1 to 50, preferably 1 to 18, more preferably 1
to 8 carbon atoms and an aryl group having 6 to 50,
preferably 6 to 25, more preferably 6 to 18 ring carbon
atoms; an alkoxy group having an alkyl group having 1 to
50, preferably 1 to 18, more preferably 1 to 8 carbon atoms;
an aryloxy group having an aryl group having 6 to 50,
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preferably 6 to 25, more preferably 6 to 18 ring carbon
atoms; a mono-, di- or tri-substituted silyl group, wherein
the substituent is selected from an alkyl group having 1 to
50, preferably 1 to 18, more preferably 1 to 8 carbon atoms
and an aryl group having 6 to 50, preferably 6 to 25, more
preferably 6 to 18 ring carbon atoms; a heteroarvl group
having 5 to 60, preferably 5 to 24, more preferably 5 to 13
ring atoms; a haloalkyl group having 1 to 50, preferably 1 to
18, more preferably 1 to 8 carbon atoms; a halogen atom
selected from a fluorine atom, a chlorine atom, a bromine
atom and an iodine atom; a cyano group; a nitro group; a
substituted sulfonyl group, wherein the substituent is
selected from an alkyl group having 1 to 50, preferably 1 to
18, more preferably 1 to 8 carbon atoms and an aryl group
having 6 to 50, preferably 6 to 25, more preferably 6 to 18
ring carbon atoms; a di-substituted phosphoryl group,
wherein the substituent is selected from an alkyl group
having 1 to 50, preferably 1 to 18, more preferably 1 to 8
carbon atoms and an aryl group having 6 to 50, preferably
6 to 25, more preferably 6 to 18 ring carbon atoms; an
alkylsulfonyloxy group; an arylsulfonyloxy group; an alky-
lcarbonyloxy group; an arylcarbonyloxy group; a boron-
containing group; a zinc-containing group; a tin-containing
group; a silicon-containing group; a magnesium-containing
group; a lithium-containing group; a hydroxyl group; an
alkyl-substituted or aryl-substituted carbonyl group; a car-
boxyl group; a vinyl group; a (meth)acryloyl group; an
epoxy group; and an oxetanyl group.

These substituents may be further substituted with the
substituent mentioned above. The substituents may be
bonded to each other to form a ring.

The term “unsubstituted” referred to by “a substituted or
unsubstituted” means that a hydrogen atom is not substituted
by the substituent mentioned above.

Of the above substituents, more preferred are a substituted
or unsubstituted alkyl group having 1 to 50, preferably 1 to
18, more preferably 1 to 8 carbon atoms; a substituted or
unsubstituted cycloalkyl group having 3 to 50, preferably 3
to 10, more preferably 3 to 8, still more preferably 5 or 6 ring
carbon atoms; a substituted or unsubstituted aryl group
having 6 to 50, preferably 6 to 25, more preferably 6 to 18
ring carbon atoms; a mono- or di-substituted amino group,
wherein the substituent is selected from a substituted or
unsubstituted alkyl group having 1 to 50, preferably 1 to 18,
more preferably 1 to 8 carbon atoms and a substituted or
unsubstituted aryl group having 6 to 50, preferably 6 to 25,
more preferably 6 to 18 ring carbon atoms; a substituted or
unsubstituted heteroaryl group having 5 to 50, preferably 5
to 24, more preferably 5 to 13 ring atoms; a halogen atom;
and a cyano group.

The substituents represented by R, to R, 5 and R, to R,
of formulae (1) to (24) described below are more preferably
selected from the group (A), the group (B), and the group
(C) which are mentioned below.
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In the present invention, those which are defined as being
preferred can be selected arbitrarily and a combination
thereof is a more preferred embodiment.

Fused Fluoranthene Compound

The fused fluoranthene compound in an aspect of the
invention comprises at least one structure represented by
formula (1):

&)

Rs R¢
Ry
’ . )
Rio

Ry R

wherein each of R, to R, independently represents a hydro-
gen atom or a substituent, and adjacent two groups selected
from R, to R,, may be bonded to each other to form a
saturated or unsaturated ring structure, provided that at least
one pair of R, and Ry, and R, and R, are bonded to each
other to from a ring structure represented by formula (2):

@)
*I/Xl
R
*2

Ry3
Ris

wherein X, represents N(R,5), a sulfur atom, or an oxygen
atom; each of R, to R, independently represents a hydro-
gen atom or a substituent; adjacent two groups selected from
R,; to R, may be bonded to each other to form a saturated
or unsaturated ring structure; and *1 and *2 are bonded to
carbon atoms to which R, and R; or R, and R, are bonded.

Examples of the “adjacent two groups selected from R, to
R, informula (1) include R, and R, R, and R;, R, and R,
R, and Rs, Rs and R¢, R and R, R, and Ry, Rg and Rg, R,
and R, and R, and R,. These two groups may be bonded
to each other to form a saturated or unsaturated ring structure
and may form two or more ring structures.

In formula (2), *1 and *2 are bonded to the carbon atoms
to which R, and Ry or Rg and R, are bonded. For example,
when *1 is bonded to the carbon atom to which R, is bonded,
*2 is bonded to the carbon atom to which Ry is bonded.
Alternatively, *1 can be bonded to the carbon atom to which
R, is bonded, and then *2 is bonded to the carbon atom to
which R, is bonded.

In another aspect of the present invention, the fused
fluoranthene compound may be a polymer comprising the
repeating unit represented by formula (b1) or (b2), or a
polymer comprising the repeating unit represented by for-
mula (d1) or (d2).
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In formulae (b1) and (b2), X, represents N(R, 5,), a sulfur
atom, or an oxygen atom;

each of R}, to R¢, and Ry, to R 5, independently repre-
sents a hydrogen atom, a substituent, or a bond to *bl or
*b2, and adjacent two groups of R, to R, and Ry, to R 5,
may be bonded to each other to form a saturated or unsatu-
rated ring structure; and

L, represents a single bond or a divalent linking group.

Examples of the divalent linking group represented by L,
include a substituted or unsubstituted arylene group having
6 to 60 ring carbon atoms, a substituted or unsubstituted
heteroarylene group having 3 to 60 ring atoms, and a
substituted or unsubstituted alkvlene group having 1 to 50
carbon atoms.

Examples of the “adjacent two groups of R,, to Ry, and
Ry, to R, include R, and R,,, R, andR;,,R,, and R,
Ry, and Rs;, Rs; and Rgy, Ry and R, g, Ry, and Ry, Ry,
and R, ,,, Ry,, and R,;,, R, and R, and R}, and R, s,.
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-continued

(d2)

In formulae (d1) and (d2), X, represents N(R 5,), a sulfur
atom, or an oxygen atom,

each of R, to Ry, and R, to R, independently repre-
sents a hydrogen atom, a substituent, or a bond to *d, and
adjacent two groups of R, to Ry, and Ry, to R, 5, may be
bonded to each other to form a saturated or unsaturated ring
structure; and

L, represents a trivalent organic group.

Examples of the trivalent linking group represented by L,
include a trivalent aromatic hydrocarbon ring group derived
from a substituted or unsubstituted aromatic hydrocarbon
ring having 6 to 60 ring carbon atoms by removing three
hydrogen atoms, a trivalent aromatic heterocyclic group
derived from a substituted or unsubstituted aromatic hetero-
cyclic ring having 3 to 60 ring atoms by removing three
hydrogen atoms, and a substituted or unsubstituted alkyli-

dyne group having 1 to 50 carbon atoms.

Examples of the “adjacent two groups of R, , to R, and
Ry to R, include R, ;and R, ;, R, and R, ;, Ry ,and R,
R,;and Ry, R, and Ry, Rgyand R, Ry and R, 4, Ry
andR,;, R,,;andR,;, R 5;andR ,,, and R, ;and R, 5.

In another aspect of the present invention, the fused
fluoranthene compound may be a compound represented by
formula (c1) or (¢2):

D

—.
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-continued

)

In formulae (c1) and (¢2), X_ represents N(R, 5.), a sulfur
atom, or an oxygen atom;,

each of R to R, and Ry, to R, independently repre-
sents a hydrogen atom, a substituent, or a bond to *c, and
adjacent two groups of R, to Ry, and R, to R, may be
bonded to each other to form a saturated or unsaturated ring
structure;

Y, represents a substituted or unsubstituted, p-valent
aromatic hydrocarbon group having 6 to 60 ring carbon
atoms or a substituted or unsubstituted, p-valent heterocyclic
group having 3 to 60 ring atoms;

L, represents a single bond, a substituted or unsubstituted
arylene group having 6 to 60 ring carbon atoms, a substi-
tuted or unsubstituted heteroarylene group having 3 to 60
ring atoms, or a substituted or unsubstituted alkylene group
having 1 to 50 carbon atoms; and

p represents an integer of 1 to 6.

Examples of the “adjacent two groups of R, to R, and
Ry toR;5.” include R, and R, _, R, and R;_, R;_and R,
R, and Rs.. Rs. and Rg., Ry and Ry, Ry, and Ry, Ry,
andR,,, R,,and R;;, R, and R, ,and R, and R 5.

The substituent represented by R, , to Ry, and R, to R 5,
of formulae (b1) and (b2), the substituent represented by R ,
to Ry, and Ry, to R, of formulae (d1) and (d2), and the
substituent represented by R, to Ry, and R, to R;s, of
formulae (c1) and (c2) are the same as the substituent
represented by R, to R,5 of formula (1), and examples
thereof are mentioned below.

The fused fluoranthene compound in an aspect of the
invention having at least one structure represented by for-
mula (1) may be a compound represented by any of formulae
(3) to (24).

&)
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-continued

@)

In formulae (3) and (4), each of X, and X; represents
N(R,5), a sulfur atom, or an oxygen atom; each of R, to Ry
and R to R 5 independently represents a hydrogen atom or
a substituent; and adjacent two groups selected from R, to
Rg and R, to R, 5 may be bonded to each other to form a
saturated or unsaturated ring structure.

Examples of the “adjacent two groups selected from R, to
Rg and Rg to R s include R, and R,, R, and R;, R, and R,,
R,and R, Ry and R, Rgand R, Ry and R, R, and R ,,
R,, and R;5, R;; and R,,, and R;; and R ;. These two
groups may be bonded to each other to form a saturated or
unsaturated ring structure and may form two or more ring
structures.

®)

©)

In formulae (5) and (6), each of R, to Rs and R, to Ry
independently represents a hydrogen atom or a substituent,
and adjacent two groups selected from R, to R, and R, to
R,s; may be bonded to each other to form a saturated or
unsaturated ring structure.

Examples of the “adjacent two groups selected from R, to
Rg and R, to R, are as described above with respect to
formulae (3) and (4).
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©)

®

R, Ry

In formulae (7) and (8), L, represents a direct bond (a
synonym to “single bond” and the same applies below) or a
substituted or unsubstituted arylene group having 6 to 30
ring carbon atoms; each of R, to Rg and R, to R, , indepen-
dently represents a hydrogen atom or a substituent; adjacent
two groups selected from R, to Rg and R, to Ry, may be
bonded to each other to form a saturated or unsaturated ring
structure; and R, represents a substituted or unsubstituted
aryl group having 6 to 30 ring carbon atoms or a substituted
or unsubstituted nitrogen-containing heterocyclic group
having 5 to 30 ring atoms.

Examples of the “adjacent two groups selected from R, to
Rg and Ry to R, include R, and R,, R, and R;, Ry and R,
R, and R;, Ry and Ry, Rgand R, R jand R, R, and R,
R,; and R ;, and R}; and R,. These two groups may be
bonded to each other to form a saturated or unsaturated ring
structure and may form two or more ring structures.

®
Rye

10

15

20

25

30

35

40

45

50

55

65

14

-continued

(10)

In formulae (9) and (10), each of R; to R; and Ry to R,
independently represents a hydrogen atom or a substituent;
adjacent two groups selected from R; to R; and Ry to R,
may be bonded to each other to form a saturated or unsatu-
rated ring structure; and R, represents a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms or
a substituted or unsubstituted nitrogen-containing heterocy-
clic group having 5 to 30 ring atoms.

Examples of the “adjacent two groups selected from R, to

Rg and Rg to R, ,” are as described above with respect to
formulae (7) and (8).

(1)

(12)

In formulae (11) and (12), each of X, to X, independently
represents C(R, ) or a nitrogen atom; each of R; to R and
R, to R, independently represents a hydrogen atom or a
substituent; adjacent two groups selected from R, to R and
R, to R, may be bonded to each other to form a saturated
or unsaturated ring structure; each of R, to R, indepen-
dently represents a hydrogen atom, a substituted or unsub-
stituted aryl group having 6 to 30 ring carbon atoms, or a
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substituted or unsubstituted nitrogen-containing heterocy-
clic group having 5 to 30 ring atoms; and adjacent two
groups selected from R ; to R, , may be bonded to each other
to form a saturated or unsaturated ring structure.

Examples of the “adjacent two groups selected from R, to
R and R, to R, " are as described above with respect to
formulae (7) and (8).

Examples of the “adjacent two groups selected from R,
to R;,” include R, and R,,, and R, and R4 when X,
represents MO, R g and R, when X represents C(R ), and
R, and R when X represents C(R,,). These two groups
may be bonded to each other to form a saturated or unsatu-
rated ring structure and may form two or more ring struc-
tures.

Preferably, each of R |; and R, 4 of formulae (11) and (12)
independently represents a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms or a substituted or
unsubstituted nitrogen-containing heterocyclic group having
5 to 30 ring atoms.

(13)

Ry7 X4 Rig
e
\r X

Xs

14

In formulae (13) and (14), each of X, to X independently
represents C(R,,) or a nitrogen atom; each of R, to Ry and
R, to R, independently represents a hydrogen atom or a
substituent; adjacent two groups selected from R, to R¢ and
R, to R, may be bonded to each other to form a saturated
or unsaturated ring structure; each of R, to R, indepen-
dently represents a hydrogen atomi, a substituted or unsub-
stituted aryl group having 6 to 30 ring carbon atoms, or a
substituted or unsubstituted nitrogen-containing heterocy-
clic group having 5 to 30 ring atoms; and adjacent two
groups selected from R, to R, may be bonded to each other
to form a saturated or unsaturated ring structure.
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Examples of the “adjacent two groups selected from R, to
R and R, to R, ,” are as described above with respect to
formulae (7) and (8). Examples of the “adjacent two groups
selected from R,, to R,;” are as described above with
respect to formulae (11) and (12).

Preferably, each of R |, and R, ¢ of formulae (13) and (14)
independently represents a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms or a substituted or
unsubstituted nitrogen-containing heterocyclic group having
5 to 30 ring atoms.

(15)

Ry7 Xy Rig
TY
N y N

(16)

In formulae (15) and (16), X, represents C(R,,) or a
nitrogen atom; each of R, to R, and R, to R, independently
represents a hydrogen atom or a substituent; adjacent two
groups selected from R, to R, and R, to R, , may be bonded
to each other to form a saturated or unsaturated ring struc-
ture; each of Ry, to R, independently represents a hydrogen
atom, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms, or a substituted or unsubstituted
nitrogen-containing heterocyclic group having 5 to 30 ring
atoms; and adjacent two groups selected from R, to R},
may be bonded to each other to form a saturated or unsatu-
rated ring structure.

Examples of the “adjacent two groups selected from R, to
R and Rg to R,,” are as described above with respect to
formulae (7) and (8).

Examples of the “adjacent two groups selected from R,
to Ry,” include R, and R, and R, and R4 when X,
represents C(R, ). These two groups may be bonded to each
other to form a saturated or unsaturated ring structure and
may form two or more ring structures.

Preferably, each of R |, and R, of formulae (15) and (16)
independently represents a substituted or unsubstituted aryl
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group having 6 to 30 ring carbon atoms or a substituted or
unsubstituted nitrogen-containing heterocyclic group having
5 to 30 ring atoms.

{amn

Ros

(18)

Ry

In formulae (17) and (18), each of X to X, independently
represents C(R ) or a nitrogen atom; each of R, to R, Rg
to R4, and R, to R,; independently represents a hydrogen
atom or a substituent; adjacent two groups selected from R
to R4, Ry to R, ,, and R, 1o R,; may be bonded to each other
to form a saturated or unsaturated ring structure; each of R,
and R, independently represents a hydrogen atom, a sub-
stituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms, or a substituted or unsubstituted nitrogen-
containing heterocyclic group having 5 to 30 ring atoms; and
R,;and R4 may be bonded to each other to form a saturated
or unsaturated ring structure.

Examples of the “adjacent two groups selected from R, to
Re Ryto R, and R,, 1o R, include R, and R,, R, and R,
R, and R,, R, and R, Rs and R, Ry and R, R;; and R,
R,;andR,,R;andR,;, R;;and R, ,, R, andR,,, R, and
R,,, and R,, and R,;. These two groups may be bonded to
each other to form a saturated or unsaturated ring structure
and may form two or more ring structures.
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Preferably, R, of formulae (17) and (18) represents a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms or a substituted or unsubstituted nitrogen-
containing heterocyclic group having 5 to 30 ring atoms.

(19

(20)

In formulae (19) and (20), X, represents C(R,,) or a
nitrogen atom; each of R, to R and Rg to R, independently
represents a hydrogen atom or a substituent; adjacent two
groups selected from R, to Rg and R, to R, may be bonded
to each other to form a saturated or unsaturated ring struc-
ture; each of R |, to R, ; independently represents a hydrogen
atom, a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms, or a substituted or unsubstituted
nitrogen-containing heterocyclic group having 5 to 30 ring
atoms; and adjacent two groups selected from R, to R},
may be bonded to each other to form a saturated or unsatu-
rated ring structure.

Examples of the “adjacent two groups selected from R, to
R¢ and R, to R,,” are as described above with respect to
formulae (7) and (8). Examples of the “adjacent two groups
selected from R, to R, are as described above with respect
to formulae (15) and (16).

Preferably, each of R |, and R, of formulae (19) and (20)
represents a substituted or unsubstituted aryl group having 6
to 30 ring carbon atoms or a substituted or unsubstituted
nitrogen-containing heterocyclic group having 5 to 30 ring
atoms.



US 10,205,099 B2

2

In formulae (21) and (22), each of X to X, independently
represents C(R ) or a nitrogen atom; each of R; to Rg, Rg
to R, ,, and R,, to R, independently represents a hydrogen
atom or a substituent; adjacent two groups selected from R
to R4, Ry to R, ,, and R, 1o R,; may be bonded to each other
to form a saturated or unsaturated ring structure; each of R,
and R, independently represents a hydrogen atom, a sub-
stituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms, or a substituted or unsubstituted nitrogen-
containing heterocyclic group having 5 to 30 ring atoms; and
R,;and R, may be bonded to each other to form a saturated
or unsaturated ring structure.

Examples of the “adjacent two groups selected from R to
Re, Rg to Ry, and R, to R,5” are as described above with
respect to formulae (17) and (18).

Preferably, R,, of formulae (21) and (22) represents a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms or a substituted or unsubstituted nitrogen-
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-continued
(24)

In formulae (23) and (24), each of X, and X represents
N(R, ), a sulfur atom, or an oxygen atom and R,  represents
a hydrogen atom or a substituent.

The substituent represented by each of R, to R, 5 and R,
to R,; in fornmulae (1) to (24) is independently selected
preferably from the group (A), more preferably from the
group (B), and still more preferably from the group (C), each
described below.

The group (A) consists of a substituted or unsubstituted
alkyl group having 1 to 50 carbon atoms, a substituted or
unsubstituted cycloalkyl group having 3 to 50 ring carbon
atoms, a substituted or unsubstituted aryl group (a synonym
to “aromatic hydrocarbon group” and the same applies
below) having 6 to 60 ring carbon atoms, a substituted or
unsubstituted aralkyl group having 7 to 51 carbon atoms, an
amino group, a mono- or di-substituted amino group having
substituent selected from a substituted or unsubstituted alkyl
group having 1 to 50 carbon atoms and a substituted or
unsubstituted aryl group having 6 to 60 ring carbon atoms,
a substituted or unsubstituted alkoxy group having 1 to 50
carbon atoms, a substituted or unsubstituted aryloxy group
having 6 to 50 ring carbon atoms, a mono-, di-, or tri-
substituted silyl group having substituent selected from a
substituted or unsubstituted alkyl group having 1 to 50
carbon atoms and a substituted or unsubstituted aryl group
having 6 to 60 ring carbon atoms, a substituted or unsub-
stituted heteroaryl group (a synonym to ‘“heterocyclic
group” and the same applies below) having 5 to 60 ring
atoms, a substituted or unsubstituted haloalkyl group having
1 to 50 carbon atoms, a halogen atom, a cyano group, a nitro
group, a sulfonyl group having substituent selected from a
substituted or unsubstituted alkyl group having 1 to 50
carbon atoms and a substituted or unsubstituted aryl group
having 6 to 60 ring carbon atoms, a di-substituted phospho-
ryl group having substituents selected from a substituted or
unsubstituted alkyl group having 1 to 50 carbon atoms and
a substituted or unsubstituted aryl group having 6 to 60 ring
carbon atoms, an alkylsulfonyloxy group, an arylsulfony-
loxy group, an alkylcarbonyloxy group, an arylcarbonyloxy
group, a boron-containing group, a zinc-containing group, a
tin-containing group, a silicon-containing group, a magne-
sium-containing group, a lithium-containing group, a
hydroxyl group, a alkyl- or aryl-substituted carbonyl group,
a carboxyl group, a vinyl group, a (meth)acryloyl group, an
epoxy group, and an oxetanyl group.

The group (B) consists of a substituted or unsubstituted
alkyl group having 1 to 50 carbon atoms, a substituted or
unsubstituted cycloalkyl group having 3 to 50 ring carbon
atoms, a substituted or unsubstituted aryl group having 6 to
60 ring carbon atoms, a substituted or unsubstituted aralkyl
group having 7 to 51 carbon atoms, an amino group, a mono-
or di-substituted amino group having substituent selected
from a substituted or unsubstituted alkyl group having 1 to
50 carbon atoms and a substituted or unsubstituted aryl
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group having 6 to 60 ring carbon atoms, a substituted or
unsubstituted alkoxy group having 1 to 50 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 50
ring carbon atoms, a mono-, di-, or tri-substituted silyl group
having substituent selected from a substituted or unsubsti-
tuted alkyl group having 1 to 50 carbon atoms and a
substituted or unsubstituted aryl group having 6 to 60 ring
carbon atoms, a substituted or unsubstituted heteroaryl
group having 5 to 60 ring atoms, a substituted or unsubsti-
tuted haloalkyl group having 1 to 50 carbon atoms, a
halogen atom, a cyano group, a nitro group, a sulfonyl group
having substituent selected from a substituted or unsubsti-
tuted alkyl group having 1 to 50 carbon atoms and a
substituted or unsubstituted aryl group having 6 to 60 ring
carbon atoms, a substituted or unsubstituted alkyl group
having 1 to 50 carbon atoms, and a substituted or unsubsti-
tuted aryl group having 6 to 60 ring carbon atoms.

The group (C) consists of a substituted or unsubstituted
alkyl group having 1 to 50 carbon atoms, a substituted or
unsubstituted cycloalkyl group having 3 to 50 ring carbon
atoms, a substituted or unsubstituted aryl group having 6 to
60 ring carbon atoms, a substituted or unsubstituted aralkyl
group having 7 to 51 carbon atoms, an amino group, a mono-
or di-substituted amino group having substituent selected
from a substituted or unsubstituted alkyl group having 1 to
50 carbon atoms and a substituted or unsubstituted aryl
group having 6 to 60 ring carbon atoms, a substituted or
unsubstituted alkoxy group having 1 to 50 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 60
ring carbon atoms, a mono-, di-, or tri-substituted silyl group
having substituent selected from a substituted or unsubsti-
tuted alkyl group having 1 to 50 carbon atoms and a
substituted or unsubstituted aryl group having 6 to 60 ring
carbon atoms, a substituted or unsubstituted heteroaryl
group having 5 to 60 ring atoms, a substituted or unsubsti-
tuted haloalkyl group having 1 to 50 carbon atoms, a
halogen atom, a cyano group, and a nitro group.

Examples of the alkyl group having 1 to 50, preferably 1
to 18, more preferably 1 to 8 carbon atoms include a methyl
group, an ethyl group, a n-propyl group, an isopropyl group,
a n-butyl group, an isobutyl group, a s-butyl group, a t-butyl
group, a pentyl group (inclusive of isomeric groups), a hexyl
group (inclusive of isomeric groups), a heptyl group (inclu-
sive of isomeric groups), an octyl group (inclusive of
isomeric groups). a nonyl group (inclusive of isomeric
groups), a decyl group (inclusive of isomeric groups), an
undecyl group (inclusive of isomeric groups), a dodecyl
group (inclusive of isomeric groups), a tridecyl group, a
tetradecyl group, an octadecyl group, a tetracosanyl group,
and a tetracontanyl group. Preferred examples include a
methyl group, an ethyl group, a n-propyl group, an isopropyl
group, a n-butyl group, an isobutyl group, a s-butyl group,
a t-butyl group, a pentyl group (inclusive of isomeric
groups), a hexyl group (inclusive of isomeric groups), a
heptyl group (inclusive of isomeric groups), an octyl group
(inclusive of isomeric groups), a nonyl group (inclusive of
isomeric groups). a decyl group (inclusive of isomeric
groups), an undecyl group (inclusive of isomeric groups), a
dodecyl group (inclusive of isomeric groups), a tridecyl
group, a tetradecyl group, and an octadecyl group. More
preferred examples include a methyl group, an ethyl group,
a n-propyl group, an isopropyl group, a n-butyl group, an
isobutyl group, a s-butyl group, a t-butyl group, a pentyl
group (inclusive of isomeric groups), a hexyl group (inclu-
sive of isomeric groups), a heptyl group (inclusive of
isomeric groups), and an octyl group (inclusive of isomeric
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Examples of the cycloalkyl group having 3 to 50, pref-
erably 3 to 10, more preferably 3 to 8, still more preferably
5 or 6 ring carbon atoms include a cyclopropyl group, a
cyclobutyl group, a cyclopentyl group, a cyclohexyl group,
a cycloheptyl group, a cyclooctyl group, and an adamantyl
group, with a cyclopentyl group and a cyclohexyl group
being preferred.

Examples of the aryl group having 6 to 60, preferably 6
to 25, more preferably 6 to 18 ring carbon atoms include a
phenyl group, a naphthyl group. a naphthylphenyl group, a
biphenylyl group, a terphenylyl group, an acenaphthylenyl
group, an anthryl group, a benzanthryl group, an aceanthryl
group, a phenanthryl group, a benzophenanthryl group, a
phenalenyl group, a fluorenyl group, a 9,9'-spirobifluorenyl
group, a benzofluorenyl group, a dibenzofluorenyl group, a
picenyl group, a pentaphenyl group, a pentacenyl group, a
pyrenyl group, a chrysenyl group, a benzochrysenyl group,
a s-indacenyl group, an as-indacenyl group, a fluoranthenyl
group, a benzofluoranthenyl group, a tetracenyl group, a
triphenylenyl group, a benzotriphenylenyl group, a peryle-
nyl group, a corony! group, and a dibenzanthryl group.

Examples of the substituted or unsubstituted aralkyl
group having 7 to 51 carbon atoms include those having the
aryl group having 6 to 60, preferably 6 to 25, more prefer-
ably 6 to 18 ring carbon atoms mentioned above.

Examples of the mono- or di-substituted amino group
having substituent selected from a substituted or unsubsti-
tuted alkyl group having 1 to 50 carbon atoms and a
substituted or unsubstituted aryl group having 6 to 60 ring
carbon atoms include those having substituent selected from
the alkyl groups and the aryl groups each mentioned above.

Examples of the substituted or unsubstituted alkoxy group
having 1 to 50 carbon atoms include those having the alkyl
group having 1 to 50, preferably 1 to 18, more preferably 1
to 8 carbon atoms mentioned above.

Examples of the substituted or unsubstituted aryloxy
group having 6 to 50 ring carbon atoms include those having
the aryl group having 6 to 50, preferably 6 to 25, more
preferably 6 to 18 ring carbon atoms mentioned above.

Examples of the mono-, di-, or tri-substituted silyl group
having substituent selected from a substituted or unsubsti-
tuted alkyl group having 1 to 50, preferably 1 to 18, and
more preferably 1 to 8 carbon atoms and a substituted or
unsubstituted aryl group having 6 to 50, preferably 6 to 25,
and more preferably 6 to 18 ring carbon atoms include those
having substituent selected from the alkyl group and the aryl
group each mentioned above.

The heteroaryl group having 5 to 60, preferably 5 to 24,
more preferably 5 to 13 ring atoms include at least one,
preferably 1 to 5, more preferably 1 to 3, and still more
preferably 1 or 2 hetero atoms, for example, a nitrogen atom,
a sulfur atom, an oxygen atom, and a phosphorus atom.

Examples thereof include a pyrrolyl group, a furyl group,
a thienyl group, a pyridyl group, a pyridazinyl group, a
pyrimidinyl group, a pyrazinyl group, a triazinyl group, an
imidazolyl group, an oxazolyl group, a thiazolyl group, a
pyrazolyl group, an isoxazolyl group, an isothiazolyl group,
an oxadiazolyl group, a thiadiazolyl group, a triazolyl group,
a tetrazolyl group, an indolyl group, an isoindolyl group, a
benzofuranyl group, an isobenzofuranyl group, a benzoth-
iophenyl group, an isobenzothiophenyl group, an indolizinyl
group, a quinolizinyl group, a quinolyl group, an isoquinolyl
group, a cinnolyl group, a phthalazinyl group, a quinazolinyl
group, a quinoxalinyl group, a benzimidazolyl group, a
benzoxazolyl group, a benzothiazolyl group, an indazolyl
group, a benzisoxazolyl group, a benzisothiazolyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, a carba-
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zolyl group, a phenanthridinyl group, an acridinyl group, a
phenanthrolinyl group, a phenazinyl group, a phenothiazinyl
group, a phenoxazinyl group, an azatriphenylenyl group, a
diazatriphenylenyl group, a xanthenyl group, an azacarba-
zolyl group, an azadibenzofuranyl group, an azadibenzoth-
iophenyl group, a benzofuranobenzothiophenyl group, a
benzothienobenzothiophenyl group, a dibenzofuranonaph-
thyl group, a dibenzothienonaphthyl group, and a dinaph-
thothienothiophenyl group.

In addition, examples of the heteroaryl group having 5 to
60 ring atoms preferably include mono-valent groups
derived from any of the following compounds by removing
one hydrogen atom:

Ym A
W

\

A
Y
\_

A=A
A Ym A Ym A
A A
\A Ym \A Ym \A/
A—A

/N

Ym
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-continued
A—A
\
Ym A
J\% )
/A_ A
A N
Nl N
Ym / \\A
_/
A=A
A—A
\
Ym A
«ﬁ )
/A_ A\
A N Ym
N
Ym \\A
_/
A=A
wherein:

each A independently represents CR'® or a nitrogen
atom,;

each R'®° independently represents a hydrogen atom or a
substituent;

each Y independently represents a single bond, C(R'*")
(R'°%), an oxygen atom, a sulfur atom, or N(R'*®);

each of R'®!, R'%? and R'®® independently represents a
hydrogen atom or a substituent; and

m independently represents O or 1.

The substituent referred to above is selected from those
mentioned above.

Examples of the substituted or unsubstituted haloalkyl
group having 1 to 50, preferably 1 to 18, and more prefer-
ably 1 to 8 carbon atoms include those derived from the
alkyl groups mentioned above by replacing one or more
hydrogen atoms with a halogen atom, such as a fluorine
atom, a chlorine atom, a bromine atom and an iodine atom.

Examples of the sulfonyl group having substituent
selected from a substituted or unsubstituted alkyl group
having 1 to 50, preferably 1 to 18, and more preferably 1 to
8 carbon atoms and a substituted or unsubstituted aryl group
having 6 to 50, preferably 6 to 25, and more preferably 6 to
18 ring carbon atoms include those having substituent
selected from the alkyl groups and the aryl groups each
mentioned above.

Examples of the di-substituted phosphoryl group having
substituents selected from a substituted or unsubstituted
alkyl group having 1 to 50, preferably 1 to 18, and more
preferably 1 to 8 carbon atoms and a substituted or unsub-
stituted aryl group having 6 to 50, preferably 6 to 25, and
more preferably 6 to 18 ring carbon atoms include those
having substituents selected from the alkyl groups and the
aryl groups each mentioned above.

The saturated ring formed by the adjacent two groups
selected from R, to Ry in formulae (1) to (24) which are
boned to each other is preferably an aliphatic hydrocarbon
ring having 5 to 50, preferably 3 to 6, and more preferably
5 or 6 ring carbon atoms.

The unsaturated ring formed by the adjacent two groups
selected from R, to R,; in formulae (1) to (24) which are
boned to each other is preferably an aromatic hydrocarbon
ring having 6 to 50, preferably 6 to 24, and more preferably
6 to 18 ring carbon atoms or an aromatic heterocyclic ring
having 5 to 50, preferably 5 to 24, and more preferably 5 to
13 ring atoms.
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Examples of the aliphatic hydrocarbon ring having 5 to 50
include a cyclopropane ring, a cyclobutane ring, a cyclo-
pentane ring, a cyclohexane ring, a cycloheptane ring, a
cyclooctane ring, and an adamantane ring, with a cyclopen-
tane ring and a cyclohexane ring being preferred.

Examples of the aromatic hydrocarbon ring having 6 to 60
ring carbon atoms include a benzene ring, a naphthalene
ring, an anthracene ring, a benzanthracene ring, a phenan-
threne ring, a benzophenanthrene ring, a fluorene ring, a
benzofluorene ring, a dibenzofluorene ring, a picene ring, a
tetracene ring, a pentacene ring, a pyrene ring, a chrysene
ring, a benzochrysene ring, a s-indacene ring, an as-indacene
ring, a fluoranthene ring, a benzofluoranthene ring, a triph-
enylene ring, a benzotriphenylene ring, a perylene ring, a
coronene ring, and a dibenzanthracene ring.

Examples of the aromatic heterocyclic ring having 5 to 60
ring atoms include a pyrrole ring, a pyrazole ring, an
isoindole ring, a benzofuran ring, a benzothiophene ring, an
isobenzofuran ring, a dibenzothiophene ring, an isoquino-
line ring, a cinnoline ring, a quinoxaline ring, a phenanthri-
dine ring, a phenanthroline ring, a pyridine ring, a pyrazine
ring, a pyrimidine ring, a pyridazine ring, a triazine ring, an
imidazopyridine ring, an indole ring, an indazole ring, a
benzimidazole ring, a quinoline ring, an acridine ring, a
pyrrolidine ring, a dioxane ring, a piperidine ring, a mor-
pholine ring, a piperazine ring, a carbazole ring, a furan ring,
a thiophene ring, an oxazole ring, an oxadiazole ring, a
benzoxazole ring, a thiazole ring, a thiadiazole ring, a
benzothiazole ring, a triazole ring, an imidazole ring, a
benzimidazole ring, a pyran ring, a dibenzofuran ring, a
benzo[c]dibenzofuran ring, a purine ring, and an acridine
ring.

In formula (1), R, to R,, are preferably all hydrogen
atoms, namely, the fused fluoranthene compound in an
aspect of the invention is preferably represented by formula
(23) or (24).

In an aspect of the invention, a fused fluoranthene com-
pound wherein at least one of R, to R,5 of formula (1)
represents a substituted or unsubstituted aryl group having 6
to 60 ring carbon atoms or a substituted or unsubstituted
heteroaryl group having 5 to 60 ring atoms is preferred.

When the adjacent groups of R, to R, in formula (1) are
bonded to each other to form a ring, the fused fluoranthene
compound in an aspect of the invention may comprise a
substituted or unsubstituted arylene group having 6 to 60
ring carbon atoms or a substituted or unsubstituted het-
eroarylene group having 5 to 60 ring atoms.

Examples of the substituted or unsubstituted arylene
group having 6 to 60 ring carbon atoms include those
derived from the aryl group mentioned above by removing
one hydrogen atom.

Examples of the substituted or unsubstituted het-
eroarylene group having 5 to 60 ring atoms include those
derived from the heteroaryl group mentioned above by
removing one hydrogen atom.

More preferred is a fused fluoranthene compound wherein
each of X, to X; represents N(R5), and R, 5 represents a
substituted or unsubstituted aryl group having 6 to 60 ring
carbon atoms or a substituted or unsubstituted heteroaryl
group having 5 to 60 ring atom.

By using a fused fluoranthene compound comprising an
aryl group (arylene group) or a heteroaryl group (het-
eroarylene group) as a material for organic EL devices, an
effect of, for example, improving the film properties of an
organic thin film which comprises the material is obtained.

Each of X, to X; represents N(R ), a sulfur atom, or an
oxygen atom, and preferably represents N(R | 5), namely, the
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fused fluoranthene compound in an aspect of the invention
is preferably represented by formula (5) or (6).

R, s is preferably a group represented by formula (T) and
more preferably a group represented by formula (II) or (III).

O

In formula (I), L, represents a direct bond or a substituted
or unsubstituted arylene group having 6 to 30 ring carbon
atoms, R, represents a substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms or a substituted or
unsubstituted nitrogen-containing heterocyclic group having
5 to 30 ring atoms, and * represents a bonding site.

Example of the compound wherein R, s is a group repre-
sented by formula (I) is the fused fluoranthene compound
represented by formula (7) or (8).

>x<'LI'RIG

an

X

\ 7/

In formula (IT), R, 4 represents a substituted or unsubsti-
tuted aryl group having 6 to 30 ring carbon atoms or a
substituted or unsubstituted nitrogen-containing heterocy-
clic group having 5 to 30 ring atoms and * represents a
bonding site.

Example of the compound wherein R, 5 is a group repre-
sented by formula (II) is the fused fluoranthene compound
represented by formula (9) or (10).

In formula (I), R ¢ 1s preferably a group represented by
formula (III). Example of the compound having such a
group is the fused fluoranthene compound represented by
formula (13) or (14).

Rig

i)

In formula (I1I), each of X, to X independently represents
C(R,,) or a nitrogen atom; each of R, to R, independently
represents a substituted or unsubstituted aryl group having 6
to 30 ring carbon atoms or a substituted or unsubstituted
nitrogen-containing heterocyclic group having 5 to 30 ring
atoms; adjacent groups may be bonded to each other to form
a saturated or unsaturated ring structure; and * represents a
bonding site.

Examples of the compound wherein R 5 is a group rep-
resented by formula (I1I) are the fused fluoranthene com-
pound represented by formula (11) or (12) and the fused
fluoranthene compound represented by formula (13) or (14).

In formula (IIT), X, preferably represents C(R ) and each
of X5 and X preferably represents a nitrogen atom.
Examples of the compound having such a group are the
fused fluoranthene compound represented by formula (15)
or (16) and the fused fluoranthene compound represented by
formula (19) or (20).

A group represented by formula (III) wherein X, repre-
sents C(R,) and R;; or R;g is bonded to R,y thereby
forming a saturated or unsaturated ring structure is also
preferred. Examples of the compound having such the group
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are the fused fluoranthene compound represented by formula
(17) or (18) and the fused fluoranthene compound repre-
sented by formula (21) or (22).

Examples of the aryl group in the substituted or unsub-
stituted aryl group having 6 to 30 ring carbon atoms which
is represented by R, to Ry, of formulae (T) to (IIT) and (7)
to (22) include those having 6 to 30 ring carbon atoms which
are selected from the aryl groups mentioned above.

Examples of the nitrogen-containing heterocyclic group
in the substituted or unsubstituted nitrogen-containing het-
erocyclic group having 5 to 30 ring atoms which is repre-
sented by R 4 to R, of formulae (I) to (III) and (7) to (22)
include those having 5 to 30 ring atoms including a nitrogen
atom which are selected from the heteroaryl groups men-
tioned above. Examples thereof include a pyridyl group, a
pyrimidyl group, a triazinyl group, a pyrazinyl group, a
quinolyl group, an isoquinolyl group, a quinoxalinyl group,
a quinazolyl group, a phenanthrolinyl group, a dibenzoqui-
noxalinyl group, a pyrrolyl group, an indolyl group, a
carbazolyl group, an imidazolyl group, a benzimidazolyl
group, an imidazopyridinyl group, an indolizinyl group, a
benzocarbazolyl group, and a dibenzocarbazolyl group.

Regarding 1., of formula (I) and formula (7) or (8),
examples of the substituted or unsubstituted arylene group
having 6 to 30 ring carbon atoms include divalent groups
obtained by removing one hydrogen atom from the aryl
groups mentioned above, and examples of the substituted or
unsubstituted nitrogen-containing heterocyclic group having
5 to 30 ring atoms include divalent groups obtained by
removing one hydrogen atom from the nitrogen-containing
heterocyclic groups mentioned above with respect to R, to
Ry

Each of R ¢ to R g is preferably a group represented by
formula (1), more preferably a group represented by formula
(ii), and still more preferably a group represented by formula

(ii).

Zz]:Z% (Ary)y

* \ //Zzs

Zys—Zy

In formula (i), each of Z,, to Z, s independently represents
C(R,,) or a nitrogen atom;

R, independently represents a hydrogen atom or a bond
to Ary;

Ar, independently represents a substituent, preferably a
substituted or unsubstituted aryl group having 6 to 60 ring
carbon atoms or a substituted or unsubstituted heteroaryl
group having 5 to 60 ring atoms;

n represents an integer of 0 to 5; and

* represents a bonding site.

(i)

In formula (ii), each of Z,; to Z,4 independently repre-
sents C(R,,) or a nitrogen atom;
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R, independently represents a hydrogen atom or a sub-
stituent;

each of Ar, and Ar, independently represents a hydrogen
atom or a substituent, preferably a substituted or unsubsti-
tuted aryl group having 6 to 60 ring carbon atoms or a
substituted or unsubstituted heteroaryl group having 5 to 60
ring atoms; and

* represents a bonding site.

(iii)
Ary

>
4/<

Ars

N
~
N

In formula each of Ar, and Ar; independently represents
a hydrogen atom or a substituent, preferably a substituted or
unsubstituted aryl group having 6 to 60 ring carbon atoms or
a substituted or unsubstituted heteroaryl group having 5 to
60 ring atoms, and more preferably an aryl group having 6
to 18 ring carbon atoms or a heteroaryl group having 5 to 13
ring atoms, and * represents a bonding site.

The substituent represented by Ar, of formula (i), Ar, and
Ar; of formula (i), and Ar, and Ars of formula (iii) is
selected from preferably the group (A), more preferably the
group (B), and still more preferably the group (C). each
described above.

Examples of the fused fluoranthene compound having at
least one structure represented by formula (1) and the fused
fluoranthene compound represented by any of formulae (3)
to (24) (these compounds are also collectively referred to as
“compounds in an aspect of the invention™) are shown
below, although not limited thereto.
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The compound in an aspect of the invention is useful as
a material for organic EL devices and particularly useful as
a material for forming a light emitting layer, a anode-side
organic thin film layer (a hole transporting layer, a hole
injecting layer, etc.), and a cathode-side organic thin film
layer (an electron transporting layer, an electron injecting
layer, etc.).
Material for Organic Electroluminescence Devices

The material for organic electroluminescence devices in
an aspect of the invention comprises the fused fluoranthene
compound mentioned above. The content of the fused fluo-
ranthene compound in the material for organic electrolumi-
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nescence devices is, but not particularly limited, 1% by mass
or more, preferably 10% by mass or more, more preferably
50% by mass or more, still more preferably 80% by mass or
more, and particularly preferably 90% by mass or more.

The material for organic EL devices of the invention is
useful as a material for producing an organic EL device and
may be used, for example, in a light emitting layer of a
fluorescent emitting unit as a host material or a dopant
material and in a light emitting layer of a phosphorescent
emitting unit as a host material. In addition, in either a
fluorescent emitting unit or a phosphorescent emitting unit,
the material for organic EL devices of the invention is also
useful as a material for an anode-side organic thin film layer
which is formed between an anode and a light emitting layer
and a material for a cathode-side organic thin film layer
which is formed between a cathode and a light emitting
layer, i.e., also useful as a material for a hole transporting
layer, a hole injecting layer, an electron transporting layer,
an electron injecting layer, a hole blocking layer, and an
electron blocking layer.

The “emission unit” referred to herein is the smallest unit
for emitting light by the recombination of injected holes and
injected electrons, which comprises one or more organic
layers wherein at least one layer is a light emitting layer.
Organic EL Device

The organic EL device in an aspect of the invention will
be described below.

The organic EL device comprises an organic thin film
layer between a cathode and an anode. The organic thin film
layer comprises a light emitting layer and at least one layer
of the organic thin film layer comprises the compound in an
aspect of the invention.

Examples of the organic thin film layer comprising the
compound in an aspect of the invention include an anode-
side organic thin film layer formed between an anode and a
light emitting layer (hole transporting layer, hole injecting
layer, etc.), a light emitting layer, a cathode-side organic thin
film layer formed between a cathode and a light emitting
layer (electron transporting layer, electron injecting layer,
etc.), a space layer, and a blocking layer, although not
limited thereto. The compound in an aspect of the invention
may be used in any of the above layers and preferably used
in a light emitting layer of a fluorescent emitting unit as a
host material or a dopant material or in a light emitting layer
of a phosphorescent emitting unit as a host material. In
addition, the compound in an aspect of the invention may be
used in the anode-side organic thin film layer of an emission
unit, such as a hole transporting layer and a hole injecting
layer, or in the cathode-side organic thin film layer of an
emission unit, such as an electron transporting layer and an
electron injecting layer.

The organic EL device in an aspect of the invention may
be any of a single color emitting device of fluorescent or
phosphorescent type, a white-emitting device of fluorescent-
phosphorescent hybrid type, an emitting device of a simple
type having a single emission unit, and an emitting device of
a tandem type having two or more emission units, with the
phosphorescent device being preferred. The “emission unit”
referred to herein is the smallest unit for emitting light by the
recombination of injected holes and injected electrons,
which comprises one or more organic layers wherein at least
one layer is a light emitting layer.

Representative device structures of the simple-type
organic EL device are shown below.

(1) Anode/Emission Unit/Cathode

The emission unit may be a laminate comprising two or

more layers selected from a phosphorescent light emitting

20

25

40

45

60

65

102

layer and a fluorescent light emitting layer. A space layer
may be disposed between the light emitting layers to prevent
the diffusion of excitons generated in the phosphorescent
light emitting layer into the fluorescent light emitting layer.
Representative layered structures of the emission unit are
shown below.

(a) hole transporting layer/light emitting layer (/electron
transporting layer);

(b) hole transporting layer/first phosphorescent light emit-
ting layer/second phosphorescent light emitting layer (/elec-
tron transporting layer);

(¢) hole transporting layer/phosphorescent light emitting
layer/space layer/fluorescent light emitting layer (/electron
transporting layer);

(d) hole transporting layer/first phosphorescent light emit-
ting layer/second phosphorescent light emitting layer/space
layer/fluorescent light emitting layer (/electron transporting
layer);

(e) hole transporting layer/first phosphorescent light emit-
ting layer/space layer/second phosphorescent light emitting
layer/space layer/fluorescent light emitting layer (/electron
transporting layer);

(D) hole transporting layer/phosphorescent light emitting
layer/space layer/first fluorescent light emitting layer/second
fluorescent light emitting layer (/electron transporting
layer);

(2) hole transporting layer/electron blocking layer/light
emitting layer (/electron transporting layer),

(h) hole transporting layer/light emitting layer/hole blocking
layer (/electron transporting layer); and

(1) hole transporting layer/fluorescent light emitting layer/
triplet blocking layer (/electron transporting layer).

The emission color of the phosphorescent light emitting
layer and that of the fluorescent light emitting layer may be
different. For example, the layered structure of the laminated
light emitting layer (d) may be hole transporting layer/first
phosphorescent light emitting layer (red emission)/second
phosphorescent light emitting layer (green emission)/space
layer/fluorescent light emitting layer (blue emission)/elec-
tron transporting layer.

An electron blocking layer may be disposed between the
light emitting layer and the hole transporting layer or
between the light emitting layer and the space layer, if
necessary. Also, a hole blocking layer may be disposed
between the light emitting layer and the electron transport-
ing layer, if necessary. With such an electron blocking layer
or a hole blocking layer, electrons and holes are confined in
the light emitting layer to increase the degree of charge
recombination in the light emitting layer, thereby improving
the lifetime.

Representative device structure of the tandem-type
organic EL device is shown below.

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

The layered structure of the first emission unit and the
second emission unit may be selected from those described
above with respect to the emission unit.

Generally, the intermediate layer is also called an inter-
mediate electrode, an intermediate conductive layer, a
charge generation layer, an electron withdrawing layer, a
connecting layer, or an intermediate insulating layer. The
intermediate layer may be formed by known materials so as
to supply electrons to the first emission unit and holes to the
second emission unit.

A schematic structure of an example of the organic EL
device in an aspect of the invention is shown in the FIGURE
wherein the organic EL device 1 comprises a substrate 2, an
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anode 3, a cathode 4, and an emission unit 10 disposed
between the anode 3 and the cathode 4. The emission unit 10
comprises a light emitting layer 5 which comprises at least
one phosphorescent emitting layer containing a phosphores-
cent host material and a phosphorescent dopant material
(phosphorescent material). A hole injecting/transporting
layer 6 may be disposed between the light emitting layer 5
and the anode 3, and an electron injecting/transporting layer
7 may be disposed between the light emitting layer 5 and the
cathode 4. An electron blocking layer may be disposed on
the anode 3 side of the light emitting layer 5, and a hole
blocking layer may be disposed on the cathode 4 side of the
light emitting layer 5. With these blocking layers, electrons
and holes are confined in the light emitting layer 5 to
increase the degree of exciton generation in the light emit-
ting layer 5.

In the present invention, a host is referred to as a fluo-
rescent host when used concurrently with a fluorescent
dopant (fluorescent material) and as a phosphorescent host
when used concurrently with a phosphorescent dopant.
Therefore, the fluorescent host and the phosphorescent host
are not distinguished from each other merely by the differ-
ence in their molecular structures. Namely. in the present
invention, the term “phosphorescent host™ means a material
for constituting a phosphorescent emitting layer containing
a phosphorescent dopant and does not mean a material that
cannot be utilized as a material for a fluorescent emitting
layer. The same applies to the fluorescent host.

Substrate

The organic EL device in an aspect of the invention is
formed on a light-transmissive substrate. The light-trans-
missive substrate serves as a support for the organic EL
device and preferably a flat substrate having a transmittance
of 50% or more to 400 to 700 nm visible light. Examples of
the substrate include a glass plate and a polymer plate. The
glass plate may include a plate made of soda-lime glass,
barium-strontium-containing glass, lead glass, aluminosili-
cate glass, borosilicate glass, barium borosilicate glass, or
quartz. The polymer plate may include a plate made of
polycarbonate, acryl, polyethylene terephthalate, polyether
sulfide, or polysulfone.

Anode

The anode of the organic EL device injects holes to the
hole transporting layer or the light emitting layer, and an
anode having a work function of 4.5 eV or more is effective.
Examples of the material for anode include indium tin oxide
alloy (ITO), tin oxide (NESA), indium zinc oxide alloy,
gold, silver, platinum, and cupper. The anode is formed by
making the electrode material into a thin film by a method,
such as a vapor deposition method or a sputtering method.
When getting the light emitted from the light emitting layer
through the anode, the transmittance of anode to visible light
is preferably 10% or more. The sheet resistance of anode is
preferably several hundreds €/J or less. The film thickness
of anode depends upon the kind of material and generally 10
nm to 1 pum, preferably 10 to 200 nm.

Cathode

The cathode injects electrons to the electron injecting
layer, the electron transporting layer or the light emitting
layer, and formed preferably by a material having a small
work function. Examples of the material for cathode include,
but not limited to, indium, aluminum, magnesium, magne-
sium-indium alloy, magnesium-aluminum alloy, aluminum-
lithium alloy, aluminum-scandium-lithium alloy, and mag-
nesium-silver alloy. Like the anode, the cathode is formed by
making the material into a thin film by a method, such as the
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vapor deposition method and the sputtering method. The
emitted light may be taken through the cathode, if necessary.
Light Emitting Layer

The light emitting layer is an organic layer having a light
emitting function and contains a host material and a dopant
material when a doping system is employed. The major
function of the host material is to promote the recombination
of electrons and holes and confine excitons in the light
emitting layer. The dopant material causes the excitons
generated by recombination to emit light efficiently.

In case of a phosphorescent device, the major function of
the host material is to confine the excitons generated on the
dopant in the light emitting layer.

To control the carrier balance in the light emitting layer,
the light emitting layer may be made into a double host
(host/co-host) layer, for example, by using concurrently an
electron transporting host and a hole transporting host.

The light emitting layer may be made into a double dopant
layer, in which two or more kinds of dopant materials having
high quantum yield are used concurrently and each dopant
material emits light with its own color. For example, to
obtain a yellow emission, a light emitting layer formed by
co-depositing a host, a red-emitting dopant and a green-
emitting dopant is used.

In a laminate of two or more light emitting layers,
electrons and holes are accumulated in the interface between
the light emitting layers, and therefore, the recombination
region is localized in the interface between the light emitting
layers, to improve the quantum efficiency.

The easiness of hole injection to the light emitting layer
and the easiness of electron injection to the light emitting
layer may be different from each other. Also, the hole
transporting ability and the electron transporting ability each
being expressed by mobility of holes and electrons in the
light emitting layer may be different from each other.

The light emitting layer is formed, for example, by a
known method, such as a vapor deposition method, a spin
coating method, and LB method. The light emitting layer
can be formed also by making a solution of a binder, such
as resin, and the material for the light emitting layer in a
solvent into a thin film by a method such as spin coating.

The light emitting layer is preferably a molecular deposit
film. The molecular deposit film is a thin film formed by
depositing a vaporized material or a film formed by solidi-
fying a material in the state of solution or liquid. The
molecular deposit film can be distinguished from a thin film
formed by LB method (molecular build-up film) by the
differences in the assembly structures and higher order
structures and the functional difference due to the structural
differences.

The phosphorescent dopant (phosphorescent material)
used in the light emitting layer is a compound which emits
light by releasing the energy of excited triplet state and
preferably a organometallic complex comprising at least one
metal selected from Ir, Pt, Os, Au, Cu, Re, and Ru and a
ligand, although not particularly limited thereto as long as
emitting light by releasing the energy of excited triplet state.
The ligand is preferably ortho-metalated. In view of obtain-
ing a high phosphorescent quantum yield and further
improving the external quantum efficiency of luminescent
device, a metal complex comprising a metal selected from Ir,
Os, and Pt is preferred, with a metal complex, such as an
iridium complex, an osmium complex and a platinum com-
plex, particularly an ortho-metalated complex comprising a
metal selected from Ir, Os and Pt being more preferred, an
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iridium complex and a platinum complex being still more _continued
preferred, and an ortho-metalated iridium complex being
particularly preferred.

The content of the phosphorescent dopant in the light
emitting layer is not particularly limited and selected accord-
ing to the use of the device, and preferably 0.1 to 70% by
mass, and more preferably 1 to 30% by mass. If being 0.1%
by mass or more, the amount of light emission is sufficient.
If being 70% by mass or less, the concentration quenching
can be avoided.

Preferred examples of the organometallic complex for the
phosphorescent dopant are shown below.
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In the organic EL device in an aspect of the present
invention, the complex represented by formula (X) or (Y) is
also preferred as the phosphorescent dopant.

X

¥

wherein each R independently represents a hydrogen atom
or a substituent; k represents an integer of 1 to 4; 1 represents
an integer of 1 to 6; n represents an integer of 2 to 4; and M
represents Ir, Os, or Pt. The substituent represented by R is
as defined above with respect to the substituent of formula

(1).
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The phosphorescent host is a compound which confines
the triplet energy of the phosphorescent dopant efficiently in
the light emitting layer to cause the phosphorescent dopant
to emit light efficiently. Although the material for organic EL
device in an aspect of the invention is useful as a phospho-
rescent host, a compound other than the material for organic
EL device may be used as the phosphorescent host according
to the use of the device.

The material for organic EL device in an aspect of the
invention and the compound other than it may be used
concurrently in the same light emitting layer as the phos-
phorescent host material. If two or more light emitting layers
are formed, the material for organic EL device can be used
in one of the light emitting layers as the phosphorescent host
material and a compound other than the material for organic
EL device can be used in another light emitting layer as the
phosphorescent host material. The material for organic EL
device may be used in an organic layer other than the light
emitting layer. In this case, a compound other than the
material for organic EL device may be used as a phospho-
rescent host of the light emitting layer.

Examples of the preferred phosphorescent host other than
the material for organic EL device in an aspect of the
invention include a carbazole derivative, a triazole deriva-
tive, a oxazole derivative, an oxadiazole derivative, an
imidazole derivative, a polyarylalkane derivative, a pyrazo-
line derivative, a pyrazolone derivative, a phenylenediamine
derivative, an arylamine derivative, an amino-substituted
chalcone derivative, a styrylanthracene derivative, a fluo-
renone derivative, a hydrazone derivative, a stilbene deriva-
tive, a silazane derivative, an aromatic tertiary amine com-
pound, a styrylamine compound, an aromatic methylidene
compound, a porphyrin compound, an anthraquinodimeth-
ane derivative, an anthrone derivative, a diphenylquinone
derivative, a thiopyran dioxide derivative, a carbodiimide
derivative, a fluorenylidenemethane derivative, a
distyrylpyrazine derivative, a tetracarboxylic anhydride of
fused ring such as naphthalene and perylene, a phthalocya-
nine derivative, a metal complex of 8-quinolinol derivative,
metal phthalocyanine, metal complexes having a ligand such
as benzoxazole and benzothiazole, an electroconductive
oligomer, such as a polysilane compound, a poly(N-vinyl-
carbazole) derivative, an aniline copolymer, thiophene oli-
gomer, and a polythiophene, and a polymer such as a
polythiophene derivative, a polyphenylene derivative, a
polyphenylenevinylene derivative, and a polyfluorene
derivative. These phosphorescent hosts may be used alone or
in combination of two or more. Examples thereof are shown
below.
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The organic EL device in an aspect of the invention may
comprise a light emitting layer comprising a fluorescent
material, ie., a fluorescent emitting layer. The fluorescent
emitting layer may be formed from a known fluorescent
material, for example, at least one material selected from an
anthracene derivative, a fluoranthene derivative, a styrylam-
ine derivative, and an arylamine derivative, with the anthra-
cene derivative and the arylamine derivative being more
preferred. In particular, the anthracene derivative is prefer-
ably used as the host material and the arylamine derivative
is preferably used as the dopant. The materials described in
WO 2010/134350 and WO 2010/134352 are preferably
used. The material for organic EL device may be used in a
fluorescent emitting layer as a fluorescent emitting material
or a host material.

The anthracene derivative for use as a fluorescent material
has preferably 26 to 100, more preferably 26 to 80, and still
more preferably 26 to 60 ring carbon atoms. The anthracene
derivative is preferably represented by formula (100):

(100)

RSS RS 1
o
o
R86 O R83
RSS R84
wherein:

each of Ar’! and Ar’” independently represents a substi-
tuted or unsubstituted aryl group having 6 to 50 ring carbon
atoms or a substituted or unsubstituted heteroaryl group
having 5 to 50 ring atoms; and

each of R® to R®® independently represents a hydrogen
atom, a substituted or unsubstituted aryl group having 6 to
50 ring carbon atoms, a substituted or unsubstituted het-
eroaryl group having 5 to 50 ring atoms, a substituted or
unsubstituted alkyl group having 1 to 50 carbon atoms, a
substituted or unsubstituted alkoxy group having 1 to 50
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carbon atoms, a substituted or unsubstituted aralkyl group
having 7 to 50 carbon atoms, a substituted or unsubstituted
aryloxy group having 6 to 50 ring carbon atoms, a substi-
tuted or unsubstituted arylthio group having 6 to 50 ring
carbon atoms, a substituted or unsubstituted alkoxycarbonyl
group having 2 to 50 carbon atoms, a substituted or unsub-
stituted silyl group, a carboxyl group. a halogen atom, a
cyano group, a nitro group, or a hydroxyl group.

The aryl group having 6 to 30 ring carbon atoms is
preferably an aryl group having 6 to 40 ring carbon atoms
and more preferably an aryl group having 6 to 30 ring carbon
atoms.

The heteroaryl group having 5 to 50 ring atoms is pref-
erably a heteroaryl group having 5 to 40 ring atoms and
more preferably a heteroaryl group having S to 30 ring
atoms.

The alkyl group having 1 to 50 carbon atoms is preferably
an alkyl group having 1 to 30 carbon atoms, more preferably
an alkyl group having 1 to 10 carbon atoms, and still more
preferably an alkyl group having 1 to 5 carbon atoms.

The alkoxy group having 1 to 50 carbon atoms is pref-
erably an alkoxy group having 1 to 30 carbon atoms, more
preferably an alkoxy group having 1 to 10 carbon atoms, and
still more preferably an alkoxy group having 1 to 5 carbon
atoms.

The aralkyl group having 7 to 50 carbon atoms is pref-
erably an aralkyl group having 7 to 30 carbon atoms and
more preferably an aralkyl group having 7 to 20 carbon
atoms.

The aryloxy group having 6 to 50 ring carbon atoms is
preferably an aryloxy group having 6 to 40 ring carbon
atoms and more preferably an aryloxy group having 6 to 30
ring carbon atoms.

The arylthio group having 6 to 50 ring carbon atoms is
preferably an arylthio group having 6 to 40 ring carbon
atoms and more preferably an arylthio group having 6 to 30
ring carbon atoms.

The alkoxycarbonyl group having 2 to 50 carbon atoms is
preferably an alkoxycarbonyl group having 2 to 30 carbon
atoms, more preferably an alkoxycarbonyl group having 2 to
10 carbon atoms, and still more preferably an alkoxycarbo-
nyl group having 2 to 5 carbon atoms.

Examples of the halogen atom include a fluorine atom, a
chlorine atom, and a bromine atom.

Each of Ar'' and Ar*® particularly preferably represents a
substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms.

The anthracene derivative represented by formula (10) is
preferably represented by formula (100-1):

(100-1)

RSS RSI

R87 RSZ
7N o o
o/ \ 7 \\ /
R86 R83
\
89
RSS R84 (R)
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wherein:

Ar*® represents a substituted or unsubstituted aryl group
having 6 to 50 ring carbon atoms or a substituted or
unsubstituted heteroaryl group having 5 to 50 ring atoms;

each of R* to R®® is as defined above;

R® is defined in the same manner as in R®' to R®®; and

a is an integer of 1 to 7.

Preferred examples of R*! to R® are as described above.
Preferred examples of R*® are the same as those of R®' to
R®®, The subscript a is preferably an integer of 1 to 3 and
more preferably 1 or 2.

The aryl group having 6 to 50 ring carbon atoms for Ar*
is preferably an aryl group having 6 to 40 ring carbon atoms,
more preferably an aryl group having 6 to 30 ring carbon
atoms, still more preferably an aryl group having 6 to 20 ring
carbon atoms, and particularly preferably an aryl group
having 6 to 12 ring carbon atoms.

The arylamine derivative for use as the fluorescent mate-
rial is preferably an aryldiamine derivative, more preferably
an aryldiamine derivative comprising a pyrene skeleton, and
still more preferably an aryldiamine derivative having a
pyrene skeleton and a dibenzofuran skeleton.

The aryldiamine derivative is preferably an aryldiamine
derivative represented by formula (101);

(101)

A134 AI37
\ /
N—L*'—N
/ \
A135 Ar36
wherein;

each of Ar’* to Ar’” independently represents a substituted
or unsubstituted aryl group having 6 to 50 ring carbon atoms
or a substituted or unsubstituted heteroaryl group having 5
to 60 ring atoms; and

L*! represents a substituted or unsubstituted arylene
group having 6 to 50 ring carbon atoms or a substituted or
unsubstituted heteroarylene group having 5 to 50 ring atoms.

The aryl group having 6 to 50 ring carbon atoms is
preferably an aryl group having 6 to 30 ring carbon atoms,
more preferably an aryl group having 6 to 20 ring carbon
atoms, still more preferably an aryl group having 6 to 12 ring
carbon atoms, with a phenyl group and a naphthyl group
being particularly preferred.

The heteroaryl group having 5 to 60 ring atoms is pref-
erably a heteroaryl group having 5 to 40 ring atoms, more
preferably a heteroaryl group having 5 to 30 ring atoms, and
still more preferably a heteroaryl group having 5 to 20 ring
atoms, for example, a carbazolyl group, a dibenzofuranyl
group and dibenzothiophenyl group, with a dibenzofuranyl
group being preferred. Preferred examples of the substituent
for the heteroaryl group include an aryl group having 6 to 30,
preferably 6 to 20, and more preferably 6 to 12 ring carbon
atoms, with a phenyl group and a naphthyl group being more
preferred.

The arylene group having 6 to 50 ring carbon atoms is
preferably an arylene group having 6 to 40 ring carbon
atoms, more preferably an arylene group having 6 to 30 ring
carbon atoms, and still more preferably an arylene group
having 6 to 20 ring carbon atoms, with a pyrenyl group being
particularly preferred.

A double host (host/co-host) system may be used for the
light emitting layer. For example, to control the carrier
balance in the light emitting layer, an electron transporting
host and a hole transporting host may be used concurrently.
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The light emitting layer may be also made into a double
dopant layer. When two or more kinds of dopant materials
having high quantum yield are used in the light emitting
layer, each dopant emits light with its own color. For
example, a yellow light emitting layer can be obtained by
co-depositing a host, a red-emitting dopant and a green-
emitting dopant.

The light emitting layer may further comprise a hole
transporting material, an electron transporting material, and
a polymer binder, if necessary.

The thickness of the light emitting layer is preferably 5 to
50 nm, more preferably 7 to 50 nm and most preferably 10
to 50 nm. If less than 5 nm, the light emitting layer may be
difficult to form and the color may be difficult to control. If
exceeding 50 nm, the driving voltage is likely to increase.
Electron-Donating Dopant

The organic EL device in an aspect of the invention
preferably comprises an electron-donating dopant at an
interfacial region between the cathode and the emitting unit.
With such a construction, the organic EL device has an
improved luminance and an elongated lifetime. The elec-
tron-donating dopant comprises a metal having a work
function of 3.8 eV or less and examples thereof include at
least one selected from alkali metal, alkali metal complex,
alkali metal compound, alkaline earth metal, alkaline earth
metal complex, alkaline earth metal compound, rare earth
metal, rare earth metal complex, and rare earth metal com-
pound.

Examples of the alkali metal include Na (work function:
2.36 eV), K (work function: 2.28 eV), Rb (work function:
2.16 eV), and Cs (work function: 1.95 V), with those
having a work function of 2.9 eV or less being particularly
preferred. Of the above, preferred are K, Rb, and Cs, more
preferred are Rb and Cs, and most preferred is Cs. Examples
of the alkaline earth metal include Ca (work function: 2.9
eV), Sr (work function: 2.0 to 2.5 eV), and Ba (work
function: 2.52 eV), with those having a work function 0f2.9
eV or less being particularly preferred. Examples of the rare
earth metal include Se, Y, Ce, Th, and Yb, with those having
a work function of 2.9 eV or less being particularly pre-
ferred.

Examples of the alkali metal compound include alkali
oxide, such as Li,0, Cs,0, K,0, and alkali halide, such as
LiF, NaF, CsF, and KF, with LiF, Li,O, and NaF being
preferred. Examples of the alkaline earth metal compound
include BaO, SrO, CaO, and mixture thereof, such as
Ba,Sr, O (0<x<1) and Ba CA'_ O (0<x<1), with BaO,
SrO, and CaO being preferred. Examples of the rare earth
metal compound include YbF,, ScF;, ScO,, Y,0;, Ce,0;,
GdF;, and TbF5, with YbF5, ScF;, and TbF, being preferred.

Examples of the alkali metal complex, alkaline earth
metal complex, and rare earth metal are not particularly
limited as long as containing at least one metal ion selected
from alkali metal ions, alkaline earth metal ions, and rare
earth metal ions, respectively. The ligand is preferably, but
not limited to, quinolinol, benzoquinolinol, acridinol,
phenanthridinol, hydroxyphenyloxazole, hydroxyphenylthi-
azole, hydroxydiaryloxadiazole, hydroxydiarylthiadiazole,
hydroxyphenylpyridine, hydroxyphenylbenzimidazole,
hydroxybenzotriazole,  hydroxyfulborane,  bipyridyl,
phenanthroline, phthalocyanine, porphyrin, cyclopentadi-
ene, f-diketones, azomethines, and derivative thereof.

The electron-donating dopant is added to the interfacial
region preferably into a form of layer or island. The electron-
donating dopant is added preferably by co-depositing the
electron-donating dopant with the organic compound (light
emitting material, electron injecting material) for forming
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the interfacial region by a resistance heating deposition
method, thereby dispersing the electron-donating dopant
into the organic material. The disperse concentration
expressed by the molar ratio of the organic material and the
electron-donating dopant is 100:1 to 1:100 and preferably
5:1to 1:5.

When the electron-donating dopant is formed into a form
of layer, a light emitting material or an electron injecting
material is made into a layer which serves as an organic layer
in the interface, and then, the electron-donating dopant alone
is deposited by a resistance heating deposition method into
a layer having a thickness preferably 0.1 to 15 nm. When the
electron-donating dopant is formed into a form of island, a
light emitting material or an electron injecting material is
made into a form of island which serves as an organic layer
in the interface, and then, the electron-donating dopant alone
is deposited by a resistance heating deposition method into
a form of island having a thickness preferably 0.05 to 1 nm.

The molar ratio of the main component and the electron-
donating dopant in the organic electroluminescence device
in an aspect of the invention is preferably 5:1 to 1:5 and
more preferably 2:1 to 1:2.

Electron Transporting Layer

The electron transporting layer is an organic layer dis-
posed between the light emitting layer and the cathode and
transports electrons from the cathode to the light emitting
layer. If two or more electron transporting layers are pro-
vided, the organic layer closer to the cathode may be called
an electron injecting layer in some cases. The electron
injecting layer injects electrons from the cathode to the
organic layer unit efficiently. The material for organic EL
device in an aspect of the invention may be used in the
electron transporting layer as the electron transporting mate-
rial.

An aromatic heterocyclic compound having one or more
heteroatoms in a molecule thereof is preferably used as an
electron transporting material used in the electron transport-
ing layer, and a nitrogen-containing ring derivative is par-
ticularly preferred. In addition, the nitrogen-containing ring
derivative is preferably an aromatic ring compound having
a nitrogen-containing, 6- or 5-membered ring, or a fused
aromatic ring compound having a nitrogen-containing, 6- or
S-membered ring.

The nitrogen-containing ring derivative is preferably, for
example, a metal chelate complex of a nitrogen-containing
ring represented by formula (A):

A

wherein each of R? to R” independently represents a hydro-
gen atom, a heavy hydrogen atom, a halogen atom, a
hydroxyl group, an amino group, a hydrocarbon group
having 1 to 40 carbon atoms, an alkoxy group having 1 to
40 carbon atoms, an aryloxy group having 6 to 50 carbon
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atoms, an alkoxycarbonyl group, or an aromatic heteroaryl
group having 5 to 50 ring carbon atoms, each being option-
ally substituted.

The halogen atom may include fluorine, chlorine, bro-
mine, and iodine. The substituted amino group may include
an alkylamino group, an arylamino group, and an aralky-
lamino group.

The alkylamino group and the aralkylamino group are
represented by —NQ'Q?. Fach of Q' and Q* independently
represents an alkyl group having 1 to 20 carbon atoms or an
aralkyl group having 1 to 20 carbon atoms. One of Q' and
Q* may be a hydrogen atom or a heavy hydrogen atom.

The arylamino group is represented by —NAr'Ar?,
wherein each of Ar' and Ar® independently represents a
non-fused aromatic hydrocarbon groups or a fused aromatic
hydrocarbon groups, each having 6 to 50 carbon atoms. One
of Ar' and Ar* may be a hydrogen atom or a heavy hydrogen
atom.

Examples of the hydrocarbon group having 1 to 40 carbon
atoms include an alkyl group, an alkenyl group, a cycloalkyl
group, an aryl group, and an aralkyl group.

The alkoxycarbonyl group is represented by —COQY",
wherein Y is an alkyl group having 1 to 20 carbon atoms.

M is aluminum (Al), gallium (Ga), or indium (In), with In
being preferred.

L is a group represented by formula (A") or (A"):

(A)
RS R’
RIO
RIZ Rl 1
. (A")
Rl>
R4 RIS
AN
R S RV
Rl 8 Rl 9
—Si R?
RZZ R21
RY R3
\
R F R®
R

wherein each R® to R'? independently represents a hydrogen
atom, a heavy hydrogen atom or a substituted or unsubsti-
tuted hydrocarbon group having 1 to 40 carbon atoms. Two
adjacent groups may form a ring structure. Each of R'? to
R?” independently represents a hydrogen atom, a heavy
hydrogen atom or a substituted or unsubstituted hydrocarbon
group having 1 to 40 carbon atoms. Two adjacent groups
may form a ring structure.

Examples of the hydrocarbon group having 1 to 40 carbon
atoms for R® to R*? and R'? to R*” in formulae (A") and (A")
are the same as those described above with respect to R* to
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R7 of formula (A). Examples of the divalent group formed
by two adjacent groups of R® to R'? and R'? to R*” which
completes the ring structure include a tetramethylene group,
a pentamethylene group, a hexamethylene group, a diphe-
nylmethane-2,2'-diyl group, a diphenylethane-3,3'-diyl
group, and a diphenylpropane-4,4'-diyl group.

The electron transporting compound for use in the elec-
tron transporting layer is preferably a metal complex includ-
ing 8-hydroxyquinoline or its derivative, an oxadiazole
derivative, or a nitrogen-containing heterocyclic derivative.
Examples of the metal complex including 8-hydroxyquino-
line or its derivative include a metal chelate oxinoid includ-
ing a chelated oxine (generally, 8-quinolinol or 8-hydroxy-

10
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Each of Ar*°, Ar®, and Ar** is a substituted or unsubsti-
tuted bivalent aromatic hydrocarbon group or a substituted
or unsubstituted bivalent fused aromatic hydrocarbon group
each having 6 to 50 carbon atoms, and Ar*® and Ar** may be
the same or different. Examples of the bivalent aromatic
hydrocarbon group or the bivalent fused aromatic hydrocar-
bon group include a phenylene group, a naphthylene group,
a biphenylene group, an anthranylene group, a perylenylene
group, and a pyrenylene group. The optional substituent may
be an alkyl group having 1 to 10 carbon atoms, an alkoxyl
group having 1 to 10 carbon atoms or a cyano group.

Electron transporting compounds which have a good thin
film-forming property are preferably used. Examples of the
electron transporting compound are shown below.

OO0 OO0

‘kjﬂ G"CD7§
|!4lk4}4IH|l4&~lr4D>
- OA-O-O--0O-O
O-O--0O—0O-0-0-0

quinoline), for example, tris(8-quinolinol)aluminum.
Examples of the oxadiazole derivative are shown below:

o
N
S
N N i W

wherein each of Ar'”, A'®, A™ Ar*!, Ar*?, and Ar®® is a
substituted or unsubstituted aromatic hydrocarbon group or
a substituted or unsubstituted fused aromatic hydrocarbon
group each having 6 to 50 carbon atoms, and Ar'” and Ar'®,
Ar'® and Ar*', and Ar*® and Ar*® may be the same or
different. Examples of the aromatic hydrocarbon group and
the fused aromatic hydrocarbon group include a phenyl
group, a naphthyl group, a biphenyl group, an anthranyl
group, a perylenyl group, and a pyrenyl group. The optional
substituent may be an alkyl group having 1 to 10 carbon
atoms, an alkoxyl group having 1 to 10 carbon atoms or a
cyano group.
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Examples of the nitrogen-containing heterocyclic deriva-
tive for use as the electron transporting compound include a
nitrogen-containing heterocyclic derivative having the fol-
lowing formulae but exclusive of metal complex, for
example, a compound having a 5- or 6-membered ring
which has the skeleton represented by formula (B) or having
the structure represented by formula (C):

®)

©

wherein X is a carbon atom or a nitrogen atom and each of
7, and 7, independently represents a group of atoms for
completing the nitrogen-containing heterocyclic ring.

The nitrogen-containing heterocyclic derivative is more
preferably an organic compound which has a nitrogen-
containing aromatic polycyclic ring comprising a 5-mem-
bered ring or a 6-membered ring. If two or more nitrogen
atoms are included, the nitrogen-containing aromatic poly-
cyclic compound preferably has a skeleton of a combination
of (B) and (C) or a combination of (B) and (D):
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The nitrogen-containing group of the nitrogen-containing
aromatic polycyclic compound is selected, for example,
from the nitrogen-containing heterocyclic groups shown
below:

wherein R is an aromatic hydrocarbon group or a fused
aromatic hydrocarbon group each having 6 to 40 carbon
atoms, an aromatic heterocyclic group or a fused aromatic
heterocyclic group each having 3 to 40 carbon atoms, an
alkyl group having 1 to 20 carbon atoms, or an alkoxy group
having 1 to 20 carbon atoms; and n is an integer of 0 to 5.
If n is an integer of 2 or more, groups R may be the same
or different.
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More preferred is a nitrogen-containing heterocyclic
derivative represented by formula (D1):

HAr-LL-Ar'—Ar D)

wherein HAr is a substituted or unsubstituted nitrogen-
containing heterocyclic group having 3 to 40 carbon atoms;
L' is a single bond, a substituted or unsubstituted aromatic
hydrocarbon group or fused aromatic hydrocarbon group
each having 6 to 40 carbon atoms, or a substituted or
unsubstituted aromatic heterocyclic group or fused aromatic
heterocyclic group each having 3 to 40 carbon atoms; Ar' is
a substituted or unsubstituted divalent aromatic hydrocarbon
group having 6 to 40 carbon atoms; and Ar? is a substituted
or unsubstituted aromatic hydrocarbon group or fused aro-
matic hydrocarbon group each having 6 to 40 carbon atoms
or a substituted or unsubstituted aromatic heterocyclic group
or fused aromatic heterocyclic group each having 3 to 40
carbon atoms.

HAr is selected, for example, from the following groups:

N
X
S

\ /"

N
x
S
i
N\ \N
V4
g
N\ A
A
g
X

Db el o

\ /
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L' is selected, for example, from the following groups:

O

Ar' is selected, for example, from the group represented
by formula (D2) or (D3):

()]

Rl 1 AI3 R12

wherein R' to R'* are each independently a hydrogen
atom, a halogen atom, an alkyl group having 1 to 20 carbon
atoms, an alkoxy group having 1 to 20 carbon atoms, an
aryloxy group having 6 to 40 carbon atoms, a substituted or
unsubstituted aromatic hydrocarbon group or fused aromatic
hydrocarbon group each having 6 to 40 carbon atoms, or a
substituted or unsubstituted aromatic heterocyclic group or
fused aromatic heterocyclic group each having 3 to 40
carbon atoms; and Ar® is a substituted or unsubstituted
aromatic hydrocarbon group or fused aromatic hydrocarbon
group each having 6 to 40 carbon atoms or a substituted or
unsubstituted aromatic heterocyclic group or fused aromatic
heterocyclic group each having 3 to 40 carbon atoms. Each
of R! to R® may be selected from a hydrogen atom and a
heavy hydrogen atom.

Ar? is selected, for example, from the following groups:
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_continued alkylamino group having 1 to 20 carbon atoms. At least one
of R®, RS, R7, R® and R represents a group other than a
hydrogen atom and a heavy hydrogen atom.
Further, a polymer including the nitrogen-containing het-
5 erocyclic group or the nitrogen-containing heterocyclic
derivative is also usable as the electron transporting com-
pound.
The electron transporting layer in the organic EL device
of the invention preferably comprises at least one compound
10 selected from the nitrogen-containing heterocyclic deriva-
In addition, a compound represented by formula (D4) is tives represented by formulae (E) to (G):
preferably used as the nitrogen-containing aromatic polycy-
clic compound for use as the electron transporting com-

pound: . ®)
15 "N
Z Sy \
R X O = <L
1 2 7% sy
®y—S7 N TFan
o 20 ®
R—N N—Ry F N
s T
®RY), N g
X, Rz \
RZ
. ) 3 @)
wherein R, to R, each independently represent a hydrogen pa N
atom, a heavy hydrogen atom, a substituted or unsubstituted | \> R2
aliphatic group having 1 to 20 carbon atoms, a substituted or \/\
unsubstituted alicyclic group having 3 to 20 carbon atoms, & N
a substituted or unsubstituted aromatic ring group having 6 30 i L s
to 50 carbon atoms, or a substituted or unsubstituted het- Ar—Ar
erocyclic group having 3 to 50 carbon atoms; and X, and X,
each independently represent an oxygen atom, a sulfur atom, wherein 7', 77, and 7 each independently represent a
or a dicyanomethylene group. nitrogen atom or a carbon atom;
Further, a compound represented by formula (D5) is also 35  R' and R? each independently represent a substituted or
suitable as the electron transporting compound: unsubstituted aryl group having 6 to 50 ring carbon atoms,
(D 3)

N\ I P
N C=C
/
R? I H R3
|| /
C=cC N
\
o R*
wherein R', R%, R?, and R* may be the same or different a substituted or unsubstituted heteroaryl group having 5 to

and each represents an aromatic hydrocarbon group or a 60 ring atoms, a substituted or unsubstituted alkyl group
fused aromatic hydrocarbon group each represented by 3¢ having 1 to 20 carbon atoms, a substituted or unsubstituted

fornmla (D6): haloalkyl group having 1 to 20 carbon atoms, or a substi-
tuted or unsubstituted alkoxyl group having 1 to 20 carbon
atoms;
D6 n is an integer of 0 to 5, when n is an integer of 2 or more,
RS RS ss groups R' may be the same or different, and adjacent two

groups R* may bond to each other to form a substituted or
unsubstituted hydrocarbon ring;

R Ar' represents a substituted or unsubstituted aryl group
having 6 to 50 ring carbon atoms or a substituted or

60 unsubstituted heteroaryl group having 5 to 60 ring atoms;
Ar? represents a hydrogen atom, a substituted or unsub-
stituted alkyl group having 1 to 20 carbon atoms, a substi-
wherein R?, RS, R”, R®, and R? may be the same or different ~ tuted or unsubstituted haloalkyl group having 1 to 20 carbon
and each represents a hydrogen atom, a heavy hydrogen atoms, a substituted or unsubstituted alkoxyl group having 1
atom, a saturated or unsaturated alkoxyl group having 1 to 65 to 20 carbon atoms, a substituted or unsubstituted aryl group
20 carbon atoms, a saturated or unsaturated alkyl group having 6 to 50 ring carbon atoms, or a substituted or
having 1 to 20 carbon atoms, an amino group, or an  unsubstituted heteroaryl group having 5 to 60 ring atoms;

R® R®
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provided that one of Ar' and Ar” is a substituted or
unsubstituted condensed aromatic hydrocarbon ring group
having 10 to 50 ring carbon atoms or a substituted or
unsubstituted condensed aromatic heterocyclic group having
9 to 50 ring atoms;

Ar® represents a substituted or unsubstituted arylene
group having 6 to 50 ring carbon atoms or a substituted or
unsubstituted heteroarylene group having 5 to 50 ring atoms;
and

L', L? and L* each independently represent a single bond,
a substituted or unsubstituted arylene group having 6 to 50
ring carbon atoms or a substituted or unsubstituted divalent
condensed aromatic heterocyclic group having 9 to 50 ring
atoms.

Examples of the aryl group having 6 to 50 ring carbon
atoms include a phenyl group, a naphthyl group, an anthryl
group, a phenanthryl group, a naphthacenyl group, a chry-
senyl group, pyrenyl group, a biphenyl group, a terphenyl
group, a tolyl group, a fluoranthenyl group, and a fluorenyl
group.

Examples of the heteroaryl group having 5 to 60 ring
atoms include a pyrrolyl group, a furyl group, a thiophenyl
group, a silolyl group, a pyridyl group, a quinelyl group, an
isoquinolyl group. a benzofuryl group, an imidazolyl group,
a pyrimidyl group, a carbazolyl group, a selenophenyl
group, an oxadiazolyl group, a triazolyl group, a pyrazinyl
group, a pyridazinyl group, a triazinyl group, a quinoxalinyl
group, an acridinyl group, an imidazo[1,2-a]pyridinyl group,
and an imidazo[1,2-a]pyrimidinyl.

Examples of the alkyl group having 1 to 20 carbon atoms
include a methyl group, an ethyl group, a propyl group, a
butyl group, a pentyl group, and a hexyl group.

Examples of the haloalkyl group having 1 to 20 carbon
atoms include the groups obtained by replacing one or more
hydrogen atoms of the alkyl group mentioned above with at
least one halogen atom selected from fluorine, chlorine,
iodine, and bromine.

Examples of the alkyl moiety of the alkoxyl group having
1 to 20 carbon atoms include the alkyl group mentioned
above.

Examples of the arylene groups include the groups
obtained by removing one hydrogen atom from the aryl
group mentioned above.

Examples of the divalent condensed aromatic heterocy-
clic group having 9 to 50 ring atoms include the groups
obtained by removing one hydrogen atom from the con-
densed aromatic heterocyclic group mentioned above as the
heteroaryl group.

The thickness of the electron transporting layer is pref-
erably, but not particularly limited to, 1 to 100 nm.

Preferred examples of the material for an electron inject-
ing layer optionally formed adjacent to the electron trans-
porting layer include, in addition to the nitrogen-containing
ring derivative, an inorganic compound, such as an insulat-
ing material and a semiconductor. The electron injecting
layer containing the insulating material or the semiconductor
effectively prevents the leak of electric current to enhance
the electron injecting properties.

The insulating material is preferably at least one metal
compound selected from the group consisting of alkali metal
chalcogenides, alkaline earth metal chalcogenides, alkali
metal halides and alkaline earth metal halides. The alkali
metal chalcogenide, etc. mentioned above are preferred
because the electron injecting properties of the electron
injecting layer are further enhanced. Examples of preferred
alkali metal chalcogenide include Li,O, K,O, Na,S, Na,Se
and Na,O, and examples of preferred alkaline earth metal
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chalcogenide include CaQ, BaO, SrO, BeO, BaS and CaSe.
Examples of preferred alkali metal halide include LiF, NaF,
KF, LiCl, KCI and NaCl. Examples of the alkaline earth
metal halide include fluorides, such as CaF,, BaF,, SrF,,
MgF, and BeF,, and halides other than fluorides.

Examples of the semiconductor include oxides, nitrides or
oxynitrides of at least one element selected from the group
consisting of Ba, Ca, Sr, Yb, Al, Ga, In, Li, Na, Cd, Mg, Si,
Ta, Sb and Zn. The semiconductor may be used alone or in
combination of two or more. The inorganic compound
included in the electron injecting layer preferably forms a
microcrystalline or amorphous insulating thin film. If the
electron injecting layer is formed from such an insulating
thin film, the pixel defects, such as dark spots, can be
decreased because a more uniform thin film is formed.
BExamples of such inorganic compound include the alkali
metal chalcogenide, the alkaline earth metal chalcogenide,
the alkali metal halide and the alkaline earth metal halide.

When using the insulating material or the semiconductor,
the thickness of its layer is preferably about 0.1 to 15 nm.
The electron injecting layer in an aspect of the invention
may contain the electron-donating dopant mentioned above.

Hole Transporting Layer

The hole injecting/transporting layer is an organic layer
formed between the light emitting layer and the anode and
has a function of transporting holes from the anode to the
light emitting layer. When the hole transporting layer is
formed by two or more layers, the layer closer to the anode
may be defined as the hole injecting layer in some cases. The
hole injecting layer has a function of efficiently injecting
holes from the anode to the organic layer unit. The material
for organic EL device in an aspect of the invention may be
used in the hole transporting layer as a hole transporting
material.

Another preferred material for the hole transporting layer
may include an aromatic amine compound, for example, an
aromatic amine derivative represented by formula (H):

ad N )
/
/N —L— N\
Ar? At
wherein:

each of Ar' to Ar* represents a substituted or unsubstituted
aromatic hydrocarbon group or fused aromatic hydrocarbon
group having 6 to 50 ring carbon atoms, a substituted or
unsubstituted aromatic heteroaryl group or fused aromatic
heteroaryl group having 5 to 50 ring atoms, or a group
wherein the aromatic hydrocarbon group or fused aromatic
hydrocarbon group is bonded to the aromatic heteroaryl
group or fused aromatic heteroaryl group; and

L represents a substituted or unsubstituted aromatic
hydrocarbon group or fused aromatic hydrocarbon group
having 6 to 50 ring carbon atoms or a substituted or

unsubstituted aromatic heteroaryl group or fused aromatic
heteroaryl group having 5 to 50 ring atoms.

Examples of the compound represented by formula (H)
are shown below.
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An aromatic amine represented by formula (J) is also
preferably used to form the hole transporting layer:

0

wherein Ar' to Ar® are the same as defined with respect to
Ar' to Ar* of formula (H). Examples of the compound
represented by formula (J) are shown below, although not

limited thereto.
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The hole transporting layer may be made into two-layered
structure of a first hole transporting layer (anode side) and a
second hole transporting layer (cathode side).

The thickness of the hole transporting layer is preferably
10 to 200 nm, although not particularly limited thereto.

The organic EL device in an aspect of the invention may
have a layer comprising an acceptor material which is
disposed in contact with the anode side of each of the hole
transporting layer and the first hole transporting layer. With
such a layer, it is expected that the driving voltage is lowered
and the production cost is reduced.

The acceptor material is preferably a compound repre-
sented by formula (K):

N

N

&)

Ry
Ry
Ny
N NG
;[
N N Rys
N
P
Ros
Ry

wherein R,; to R,4 may be the same or different and each
independently represent a cyano group, —CONH,, a car-
boxyl group, or —COOR,, wherein R, represents an alkyl
group having 1 to 20 carbon atoms or a cycloalkyl group
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having 3 to 20 carbon atoms. One or more of a pair of R,
and R,,, apair of R,, and R,,, and a pair of R, 5 and R, may
bond to each other to form a group represented by —CO—
0—CO—.

Examples of R, include a methyl group, an ethyl group,
a n-propyl group, an isopropyl group, a n-butyl group, an
isobutyl group, a t-butyl group, a cyclopentyl group, and a
cyclohexyl group.

The thickness of the layer comprising the acceptor mate-
rial 1s preferably 5 to 20 nm, although not particularly
limited thereto.

N/P Doping

The carrier injecting properties of the hole transporting
layer and the electron transporting layer can be controlled,
as described in JP 3695714B, by the doping (n) with a donor
material or the doping (p) with an acceptor material.

A typical example of the n-doping is an electron trans-
porting material doped with a metal, such as Li and Cs, and
a typical example of the p-doping is a hole transporting
material doped with an acceptor material, such as F,TCNQ
(2,3,5,6-Tetrafluoro-7,7,8,8-tetracyanoquinodimethane).
Space Layer

For example, in an organic EL device wherein a fluores-
cent light emitting layer and a phosphorescent light emitting
layer are laminated, a space layer is disposed between the
fluorescent light emitting layer and the phosphorescent light
emitting layer to prevent the diffusion of excitons generated
in the phosphorescent light emitting layer to the fluorescent
light emitting layer or to control the carrier balance. The
space layer may be disposed between two or more phos-
phorescent light emitting layers.

Since the space layer is disposed between the light
emitting layers, a material combining the electron transport-
ing ability and the hole transporting ability is preferably
used for forming the space layer. To prevent the diffusion of
triplet energy in the adjacent phosphorescent light emitting
layer, the triplet energy of the material for the space layer is
preferably 2.6 eV or more. The materials described with
respect to the hole transporting layer are usable as the
material for the space layer. The material for organic EL
device in an aspect of the invention may be used as the
material for the space layer.

Blocking Layer

The organic EL device in an aspect of the invention
preferably has a blocking layer, such as an electron blocking
layer, a hole blocking layer, and a triplet blocking layer,
which is disposed adjacent to the light emitting layer. The
electron blocking layer is a layer which prevents the diffu-
sion of electrons from the light emitting layer to the hole
transporting layer. The hole blocking layer is a layer which
prevents the diffusion of holes from the light emitting layer
to the electron transporting layer. The material for organic
EL device in an aspect of the invention may be used as the
material for the hole blocking layer.

The triplet blocking layer prevents the diffusion of triplet
excitons generated in the light emitting layer to adjacent
layers and has a function of confining the triplet excitons in
the light emitting layer, thereby preventing the deactivation
of energy on molecules other than the emitting dopant of
triplet excitons, for example, on molecules in the electron
transporting layer.

If a phosphorescent device having a triplet blocking layer
satisfies the following energy relationship:

T _nT
E*<E'rp
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wherein BZ, is the triplet energy of the phosphorescent
dopant in the light emitting layer and B”,, is the triplet
energy of the compound forming the triplet blocking layer,
the triplet excitons of phosphorescent dopant are confined
(not diffuse to other molecules). Therefore, the energy
deactivation process other than the emission on the phos-
phorescent dopant may be prevented to cause the emission
with high efficiency. However, even in case of satisfying the
relationship of EZ <E%,,, the triplet excitons may move into
other molecules if the energy difference (AB"=E”,-E” ) is
small, because the energy difference AE? may be overcome
by the absorption of ambient heat energy when driving a
device at around room temperature as generally employed in
practical drive of device. As compared with the fluorescent
emission, the phosphorescent emission is relatively likely to
be affected by the diffusion of excitons due to the heat
absorption because the lifetime of triplet excitons is longer.
Therefore, as for the energy difference AEZ, the larger as
compared with the heat energy of room temperature, the
better. The energy difference AE” is more preferably 0.1 eV
or more and particularly preferably 0.2 eV or more. In
fluorescent devices, the material for organic EL device in an
aspect of the invention is usable as the material for triplet
blocking layer of the TTF device described in WO 2010/
134350A1.

The electron mobility of the material for the triplet
blocking layer is preferably 107 ¢cm*Vs or more at an
electric field strength in a range of 0.04 to 0.5 MV/cm. There
are several methods for measuring the electron mobility of
organic material, for example, Time of Flight method. In the
present invention, the electron mobility is determined by
impedance spectroscopy.

The electron mobility of the electron injecting layer is
preferably 107¢ cm®/Vs or more at an electric field strength
in a range 0f 0.04 to 0.5 MV/cm. Within the above range, the
injection of electrons from the cathode to the electron
transporting layer is promoted and the injection of electrons
to the adjacent blocking layer and light emitting layer is also
promoted, thereby enabling to drive a device at lower
voltage.

The organic electroluminescence device in an aspect of
the invention is usable in electronic equipment, for example,
as display parts, such as organic EL panel module, display
devices of television sets, mobile phones, personal com-
puter, etc., and light emitting sources of lighting equipment
and vehicle lighting equipment.

EXAMPLES
The present invention will be described below in more
detail with reference to the examples. However, it should be

noted that the scope of the invention is not limited thereto.

Synthesis Example 1: Synthesis of Intermediate (A)

/
o) 0
cl
O Pd(dba),
‘ PCy;

KOAc
dioxane
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-continued
ON
—_—
Pd(PPhsly
NayCOsaq
DME

(1) Synthesis of fluoranthene-7-boronic acid pinacol
ester

—»
o-DCB

A

In an argon atmosphere, 1.29 g of bis(dibenzylideneac-
etone)palladium and 1.51 g of tricyclohexylphosphine were
charged in a flask. After adding 45 mL of dioxane, the
resultant mixture was stirred at room temperature (25° C.)
for 30 min. After further adding 20.9 g of bis(pinacolato)
diboron, 17.7 g of 7-chlorofluoranthene synthesized by a
known method, and 11.0 g of potassium acetate into the
flask, the mixture was stirred at 80° C. for 48 h.

After cooling to room temperature (25° C.), water was
added and the reaction solution was extracted with toluene.
The organic layer was washed with water and dried over
magnesium sulfate. Then, the solvent was evaporated off
under reduced pressure and the residue was purified by silica
gel column chromatography to obtain 15.2 g of fluo-
ranthene-7-boronic acid pinacol ester.

(2) Synthesis of 7-(2-nitrophenyl)fluoranthene

In an argon atmosphere, 15.2 g of fluoranthene-7-boronic
acid pinacol ester, 10.3 g of 2-bromonitrobenzene, 1.18 g of
tetrakistriphenylphosphine palladium(0), 200 mL of DME,
and 100 mL of 2 M aqueous solution of sodium carbonate
were charged in a flask, and the resultant mixture was stirred
for 24 h.

After cooling to room temperature (25° C.), the reaction
solution was extracted with toluene. The water layer was
removed, and the organic layer was washed with a saturated
saline, dried over magnesium sulfate, and concentrated. The
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residue was purified by silica gel column chromatography to
obtain 12.3 g of 7-(2-nitrophenyl)fluoranthene.

(3) Synthesis of Intermediate (A)

In an argon atmosphere, 12.3 g of 7-(2-nitrophenyl)
fluoranthene, 24.9 g of triphenylphosphine, and 400 mL of
o-dichlorobenzene were charged in a flask, and the resultant
mixture was stirred for 48 h under heat-refluxing.

After cooling to room temperature (25° C.), 1 L of hexane
was added. The precipitated crystal was collected by filtra-
tion. The obtained solid was recrystallized from toluene to
obtain 5.54 g of the intermediate (A).

Synthesis Example 2: Synthesis of Intermediate (B) 13

HZN @
] ——»

Pd;(dba);
P(t-Bu);

t-BuONa
toluene

A .
@

25

NH
—
Pd(OAc),
K,C0; .

PivOH, air
®)

40

(1) Synthesis of N-(7-fluoranthenyl)aniline
45

In an argon atmosphere, 2.36 g of 7-chlorofluoranthene,
0.93 g of aniline, 0.183 g of tris(dibenzylideneacetone)
dipalladium, 0.15 g of tri-t-butylphosphonium tetrafluorobo-
rate, 1.9 g of sodium t-butoxide, and 50 mL of dehydrated
toluene were successively added, and the resultant mixture
was refluxed for 8 h under heating.

After cooling the reaction solution to room temperature
(25° C.), the organic layer was separated and the organic
solvent was evaporated off under reduced pressure. The
obtained residue was purified by silica gel column chroma-
tography to obtain 2.2 g of N-(7-fluoranthenyl)aniline.

50

55

(2) Synthesis of Intermediate (B)

Into a flask, 2.2 g of N-(7-fluoranthenyl)aniline, 0.17 g of 60
palladium acetate, 1.1 g of potassium carbonate, and 90 mL
of pivalic acid were charged, and the resultant mixture was
stirred at 120° C. for 24 h under heating in air.

After cooling to room temperature (25° C.), the reaction
solution was extracted with dichloromethane, and the extract
was washed with a saturated aqueous solution of sodium
carbonate. The organic layer was washed with water and
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dried over magnesium sulfate. Then, the solvent was evapo-
rated off under reduced pressure, and the residue was
purified by silica gel column chromatography to obtain 1.1
¢ of the intermediate (B).

Example 1 (Synthesis of Compound (1))

o)

Pd,(dba);
P(t-Bu);HBF4
t-BuONa
Xylene

\/
8

N
@

In an argon atmosphere, 1.57 g of bromobenzene, 3.49 g
of intermediate (A) obtained in Synthesis Example 1, 0.183
g of tris(dibenzylideneacetone)dipalladium, 0.15 g of tri-t-
butylphosphonium tetrafluoroborate, 1.9 g of sodium t-bu-
toxide, and 50 mL of dehydrated xylene were successively
added, and the resultant mixture was refluxed for 8 h under
heating.

After cooling the reaction solution to room temperature
(25° C.), the organic layer was separated and the organic
solvent was evaporated off under reduced pressure. The
obtained residue was purified by silica gel column chroma-
tography to obtain 2.6 g of a compound, which was identi-
fied as the target compound (1) by the mass spectrometric
result of m/e=367 to the molecular weight of 367.14.

Example 2 (Synthesis of Compound (2))

jd=ni

Pd,(dba);
P(t-Bu);HBE,
t-BuONa
Xylene
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The above compound (2) was synthesized in the same
manner as in Synthesis of Compound (1) except for using
2-bromotriphenylene in place of bromobenzene. The
obtained compound was identified as the target compound
by the mass spectrometric result of m/e=517 to the molecu-
lar weight of 517.18.

Example 3 (Synthesis of Compound (3))

Zm

Z =

-~

22
[

Pdy(dba)s
P(t-Bu);HIBF,

t-BuONa

Xylene

»

==
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»
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The above compound (3) was synthesized in the same
manner as in Synthesis of Compound (1) except for using
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2-chloro-4,6-diphenylpyrimidine in place of bromobenzene.
The obtained compound was identified as the target com-
pound by the mass spectrometric result of m/e=521 to the
molecular weight of 521.19.

Example 4 (Synthesis of Compound (4))

Zm

Cl
sz(dba)3
P(t-Buj;HBE,
t-BuONa
Xylene

Z

Z=

AN

A
()
®

The above compound (4) was synthesized in the same
manner as in Synthesis of Compound (1) except for using
2-chloro-4,6-diphenyltriazine in place of bromobenzene.
The obtained compound was identified as the target com-
pound by the mass spectrometric result of m/e=522 to the
molecular weight of 522.18.
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Example 5 (Synthesis of Compound (5))

/

z,

—

Pd,(dba);
P(t-Bu);;HBE,
t-BuONa
Xylene

8

O N
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=

L0

Z

C
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)

The above compound (5) was synthesized in the same
manner as in Synthesis of Compound (1) except for using
2-chloro-4-phenylquinazoline synthesized by a known
method in place of bromobenzene. The obtained compound
was identified as the target compound by the mass spectro-
metric result of m/e=495 to the molecular weight of 495.17.

Example 6 (Synthesis of Compound (6))

H
N O
. Pd,(dbals
P(t-Bu);HBE,

Br

t-BuONa
Xylene
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0
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$

The above compound (6) was synthesized in the same
manner as in Synthesis of Compound (1) except for using
2-(4-bromophenyl)-4,6-diphenyltriazine synthesized by a
known method in place of bromobenzene. The obtained
compound was identified as the target compound by the
mass spectrometric result of m/e=598 to the molecular
weight of 598.22.

BExample 7 (Synthesis of Compound (7))

A0

Z =
z

N

=)

Pd,(dba);
P(t-Bu)3HBF4
t-BuONa
Xylene
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The above compound (7) was synthesized in the same
manner as in Synthesis of Compound (1) except for using
2-(4-bromophenyl)-4-phenylquinazoline synthesized by a
known method in place of bromobenzene. The obtained
compound was identified as the target compound by the 30
mass spectrometric result of m/e=571 to the molecular
weight of 571.20.

Example 8 (Synthesis of Compound (8))

35
O 40
Br
NH = .
Pd,(dba);
P(t-Bu);HBF,
t-BuONa 45
O O Xylene

50

O )
55
I 60

®

The above compound (8) was synthesized in the same
manner as in Synthesis of Compound (1) except for using 65
intermediate (B) obtained in Synthesis Example 2 in place of
intermediate (A). The obtained compound was identified as

158
the target compound by the mass spectrometric result of
m/e=367 to the molecular weight of 367.14.

Example 9 (Synthesis of Compound (9))

£-%

Pdy(dba);

P(t-Bu);HBE,
. t-BuONa
Xvlene

ON O
S U0
()

The above compound (9) was synthesized in the same

@)

manner as in Synthesis of Compound (1) except for using
intermediate (B) obtained in Synthesis Example 2 in place of
intermediate (A) and using 2-bromotriphenylene in place of
bromobenzene. The obtained compound was identified as
the target compound by the mass spectrometric result of
m/e=517 to the molecular weight of 517.18.

Example 10 (Synthesis of Compound (10))

Pd(dbaj;
P(t-Bu);HBF,
t-BuONa
Xylene

()
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The above compound (10) was synthesized in the same
manner as in Synthesis of Compound (1) except for using 20
intermediate (B) obtained in Synthesis Example 2 in place of
intermediate (A) and using 2-chloro-4,6-diphenylpyrimidine
in place of bromobenzene. The obtained compound was
identified as the target compound by the mass spectrometric
result of m/e=521 to the molecular weight of 521.19. 25

Example 11 (Synthesis of Compound (11))

30
N,
| x
N _ N 35
NH
Cl
Pd,(dba);
. P(t-Bu);HBF, A0
t-BuONa
Xylene
45
50
55
an
60

The above compound (11) was synthesized in the same
manner as in Synthesis of Compound (1) except for using
intermediate (B) obtained in Synthesis Example 2 in place of
intermediate (A) and using 2-chloro-4,6-diphenyltriazine in
place of bromobenzene. The obtained compound was iden- 65
tified as the target compound by the mass spectrometric
result of m/e=522 to the molecular weight of 522.18.

160
Example 12 (Synthesis of Compound (12))

Cl
Pdy(dbajs
P(t-Bu); HBE,
t-BuONa
Xylene

(12)

The above compound (12) was synthesized in the same
manner as in Synthesis of Compound (1) except for using
intermediate (B) obtained in Synthesis Example 2 in place of
intermediate (A) and using 2-chloro-4-phenylquinazoline
synthesized by a known method in place of bromobenzene.
The obtained compound was identified as the target com-
pound by the mass spectrometric result of m/e=495 to the
molecular weight of 495.17.

Example 13 (Synthesis of Compound (13))

Pd,(dbaj;
P(t-Bu);HBF,
t-BuONa
Xylene

o
@
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(1

(13)

The above compound (13) was synthesized in the same
manner as in Synthesis of Compound (1) except for using
intermediate (B) obtained in Synthesis Example 2 in place of
intermediate (A) and using 2-(4-bromophenyl)-4,6-diphe-
nyltriazine synthesized by a known method in place of
bromobenzene. The obtained compound was identified as
the target compound by the mass spectrometric result of
m/e=598 to the molecular weight of 598.22.

Example 14 (Synthesis of Compound (14))

)
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Br
Pdy(dba);
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t-BuONa
Xylene
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The above compound (14) was synthesized in the same
manner as in Synthesis of Compound (1) except for using
intermediate (B) obtained in Synthesis Example 2 in place of
intermediate (A) and using 2-(4-bromophenyl)-4-phenylqui-
nazoline synthesized by a known method in place of bro-
mobenzene. The obtained compound was identified as the
target compound by the mass spectrometric result of
m/e=571 to the molecular weight of 571.20.

Example 15 (Synthesis of Compound (15))

Pd,(dba);
P(t-Bu);HBE,
t-BuONa
Xylene

=]

9
8

The above compound (15) was synthesized in the same
manner as in Synthesis of Compound (1) except for using
9-(4-bromophenyl)carbazole synthesized by a known
method in place of bromobenzene. The obtained compound
was identified as the target compound by the mass spectro-
metric result of m/e=532 to the molecular weight of 532.19.
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Example 16 (Synthesis of Compound (16))

jus}

164

(O
)
O @

Pd,(dba);
. P(t-Bu);HBF,
t-BuONa

Xylene

The above compound (16) was synthesized in the same
manner as in Synthesis of Compound (1) except for using
9-(4-bromophenyl)-3-(9-phenylcarbazole-3-yl)carbazole
synthesized by a known method in place of bromobenzene.
The obtained compound was identified as the target com-
pound by the mass spectrometric result of m/e=773 to the
molecular weight of 773.28.

Example 17 (Synthesis of Compound (17))

O Br —< >— N{
QSN
Pd,(dba);
P(t-Bu);HBE,
‘ t-BuONa
Xylene

-continued

.
o

55
60 19)]

The above compound (17) was synthesized in the same
manner as in Synthesis of Compound (1) except for using

65 intermediate (B) obtained in Synthesis Example 2 in place of
intermediate (A) and using 9-(4-bromophenyl)carbazole
synthesized by a known method in place of bromobenzene.
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The obtained compound was identified as the target com-
pound by the mass spectrometric result of m/e=532 to the
molecular weight of 532.19.

Example 18 (Synthesis of Compound (18))

166

holder of a vacuum vapor deposition apparatus. The follow-
ing compound HT-1 as a first hole transporting material was
vapor-deposited so as to cover the transparent electrode to
form a first hole transporting layer with a thickness of 45 nm.
Successively after forming the first hole transporting layer,

.
)
Bed <

Pdy(dba);
P(t-Bu);HBE,
t-BuONa
Xylene

o
@

N
@N",?
® @

The above compound (18) was synthesized in the same
manner as in Synthesis of Compound (1) except for using
intermediate (B) obtained in Synthesis Example 2 in place of
intermediate (A) and using 9-(4-bromophenyl)-3-(9-phenyl-
carbazole-3-yl)carbazole synthesized by a known method in
place of bromobenzene. The obtained compound was iden-
tified as the target compound by the mass spectrometric
result of m/e=773 to the molecular weight of 773.28.

Other compounds within the claimed scope can be syn-
thesized according to the reactions mentioned above, while
using a known reaction and a known starting materials
according to the target compound.

Example 19 (Production of Organic EL Device)

A glass substrate of 25 mmx75 mmx1.1 mm thickness
having an ITO transparent electrode (product of GEO-
MATEC Co., Ltd.) was cleaned by ultrasonic cleaning in
isopropyl alcohol for 5 min and then UV ozone cleaning for
30 min.

The cleaned glass substrate having a transparent electrode
line with a thickness of 130 nm was mounted to a substrate

60

65

the following compound HT-2 as a second hole transporting
material was vapor-deposited to form a second hole trans-
porting layer with a thickness of 10 nm.

On the second hole transporting layer, the compound (11)
(as a host material) obtained in Example 11 and the follow-
ing compound RD-1 (as a phosphorescent material) were
vapor co-deposited to form a phosphorescent light emitting
layer with a thickness of 40 nm. The concentration of the
compound RD-1 in the light emitting layer was 5.0% by
mass. The co-deposited film works as a light emitting layer.

Successively after forming the light emitting layer, the
following compound ET-1 was vapor-deposited into a film
with a thickness of 40 nm. The film of the compound ET-1
works as a first electron transporting layer.

Then, LiF was vapor-deposited into a film with a thick-
ness of 1 nm at a film-forming speed of 0.01 nm/sec to form
an electron injecting electrode (cathode). On the LiF film,
metallic Al was vapor-deposited to form a metallic cathode
with a thickness of 80 nm, thereby obtaining an organic EL
device.
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The compounds used in the examples and comparative
example are shown below.

HT-1

RD-1

5

20

N
<

55

65
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-continued
Comparative compound 1

N/ N\
80

The organic EL device thus obtained was evaluated for
the emission performance in the following manner.
[Evaluation of Emission Performance of Organic EL
Device]

By driving the obtained organic EL device at room
temperature by a constant direct current (current density: 10
mA/em?), the external quantum efficiency was measured by
using a spectroradiometer (CS-1000 manufactured by
KONICA MINOLTA, INC.). The results are shown in Table
1.

Examples 20 to 26

Each device was produced in the same manner as in
Example 19 except for using each compound shown in Table
1 in place of compound (11) as a host material for the
phosphorescent emitting layer. The results of measuring the
external quantum efficiency are shown in Table 1.

The compounds (4), (5), (6). (13), (14), (15), and (17)
shown in Table 1 are the compounds obtained in Examples
4,5,6,13, 14, 15, and 17, respectively.

Comparative Example 1

An organic EL device was produced in the same marner
as in Example 19 except for forming the light emitting layer
by using the comparative compound 1 shown above as a host
material in place of the compound (11). The results of
measuring the external quantum efficiency are shown in
Table 1.

TABLE 1

Light emitting layer Voltage  External quantum

host material 2 efficiency (%)
Example 19 compound (11) 3.15 16.4
Example 20 compound (4) 3.02 15.9
Example 21 compound (5) 3.15 16.0
Example 22 compound (6) 3.05 15.5
Example 23 compound (13) 3.23 16.5
Example 24 compound (14) 3.18 15.8
Example 25 compound (15) 3.28 15.8
Example 26 compound (17) 3.22 16.6
Comparative ~ Comparative 312 13.1
Example 1 compound 1

Upon comparing Examples 19 to 26 with Comparative
Example 1, it can be found that the organic EL devices
employing the fused-fluoranthene compound according to
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an aspect of the invention are superior to the organic EL
device of Comparative Example 1 in the emission efficiency.

REFERENCE NUMERALS

1: Organic electroluminescence device
2: Substrate

3: Anode

4: Cathode

5: Light emitting layer

6: Anode-side organic thin film layer
7: Cathode-side organic thin film layer
10: Light emission unit

What is claimed is:

1. A fused fluoranthene compound represented by formula

(7) or (8):

M

®

wherein:

L, represents a direct bond or a substituted or unsubsti-
tuted phenylene group:;

each of R, to Ry and R, to R, independently represents
a hydrogen atom or an alkyl group having 1 to 8 carbon
atoms; and

R, represents a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms or a substituted or
unsubstituted nitrogen-containing heterocyclic group
having 5 to 30 ring atoms.

2. The fused fluoranthene compound according to claim 1,
wherein the fused fluoranthene compound is represented by
formula (9) or (10):
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O

(10)

R Ry

wherein each of R, to Rg, Ry to R, and R'¢ is as defined
in formulae (7) and (8).
3. The fused fluoranthene compound according to claim 1,
wherein the fused fluoranthene compound is represented by
formula (11) or (12):

(11

12)
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wherein:

each of X, to X, independently represents C(R,,) or a
nitrogen atom;

each of R, to Ry and R, to R, is as defined in formulae
(7) and (8);

each of R, to R, independently represents a hydrogen
atom, a substituted or unsubstituted awl group having
6 to 30 ring carbon atoms, or a substituted or unsub-
stituted nitrogen-containing heterocyclic group having
5 to 30 ring atoms; and

adjacent two groups selected from R, to R, may be
bonded to each other to form a ring structure.

4. The fused fluoranthene compound according to claim 2,

wherein the fused fluoranthene compound is represented by
formula (13) or (14):

13)

R”YX“ﬁ/RIS
XSTXS

14

wherein:

each of X, to X, independently represents C(R,,) or a
nitrogen atom;
each of R, to R and R, to R, 1s as defined in formulae
(7) and (8);
each of Ry, to R}, independently represents a hydrogen
atom, a substituted or unsubstituted awl group having
6 to 30 ring carbon atoms, or a substituted or unsub-
stituted nitrogen-containing heterocyclic group having
5 to 30 ring atoms; and
adjacent two groups selected from R, to R, may be
bonded to each other to form a ring structure.
5. The fused fluoranthene compound according to claim 4,
wherein the fused fluoranthene compound is represented by
formula (15) or (16):
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(15)

(16)

wherein X, represents C(R,,) or a nitrogen atom,

each of R, to Ry and R, to R, , is as defined in formulae
(7) and (8); and

each of R, to R, is as defined formulae (13) and (14).

6. The fused fluoranthene compound according to claim 4,

wherein the fused fluoranthene compound is represented by
formula (17) or (18):

an

Ry;
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(18)

Ry
Xs= Ryo
\
X Ry
Ras Ry

wherein:

each of X, to X, independently represents C(R,,) or a
nitrogen atom;

each of R, to Rg and R, to R, is as defined in formulae
(7) and (8);

each of R, and R, is as defined in formulae (13) and
(14);

each of R, to R,; independently represents a hydrogen
atom or a substituent; and

adjacent two groups selected from R,, to R,; may be
bonded to each other to form a ring structure.

7. The fused fluoranthene compound according to claim 3,

wherein the fused fluoranthene compound is represented by
formula (19) or (20):

(19

(20)

wherein:

X, represents C(R, ) or a nitrogen atom;

each of R, to R and R, to R, is as defined in formulae
(7) and (8); and

each of R ; to R4 is as defined in formulae (11) and (12).
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8. The fused fluoranthene compound according to claim 3,
wherein the fused fluoranthene compound is represented by
formula (21) or (22):

21

wherein:

each of X, to X, independently represents C(R,,) or a

nitrogen atom;

each of R, to R; and R, to R, is as defined in formulae

(7) and (8);
each of R;; and R, is as defined in formulae (11) and
12);

each of R,, to R,; independently represents a hydrogen

atom or a substituent; and

adjacent two groups selected from R,, to R,; may be

bonded to each other to form a ring structure.

9. The fused fluoranthene compound according to claim 1,
wherein R, represents a nitrogen-containing heterocyclic
group having 5 to 30 ring atoms which comprises an aryl
group having 6 to 30 ring carbon atoms or a heteroaryl group
having 5 to 30 ring atoms as a substituent.

10. The fused fluoranthene compound according to claim
3, wherein each of R, and R, independently represents a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms or a substituted or unsubstituted nitrogen-
containing heterocyclic group having 5 to 30 ring atoms.

11. The fused fluoranthene compound according to claim
1, wherein R, represents a substituted or unsubstituted
nitrogen-containing heterocyclic group having 5 to 30 ring
atoms, and the nitrogen-containing heterocyclic group hav-
ing 5 to 30 ring atoms is a pyridyl group, a pyrimidyl group,
a triazinyl group, a pyrazinyl group, a quinolyl group, an
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isoquinolyl group, a quinoxalinyl group, a quinazolyl group,
a phenanthrolinyl group, a dibenzoquinoxalinyl group, a
pyrrolyl group, an indolyl group, a carbazolyl group, an
imidazolyl group, a benzimidazolyl group, an imida-
zopyridinyl group, an indolizinyl group, a benzocarbazolyl
group, or a dibenzocarbazolyl group.

12. A material for organic electroluminescence devices,
which comprises the fused fluoranthene compound accord-
ing to claim 1.

13. An organic electroluminescence device which com-
prises an organic thin film layer between a cathode and an
anode, wherein the organic thin film layer comprises one or
more layers and comprises a light emitting layer, and at least
one layer of the organic thin film layer comprises the fused
fluoranthene compound according to claim 1.

14. The organic electroluminescence device according to
claim 13, wherein the light emitting layer comprises the
fused fluoranthene compound.

15. The organic electroluminescence device according to
claim 13, wherein the organic electroluminescence device
further comprises an anode-side organic thin film layer
between the anode and the light emitting layer, and the
anode-side organic thin film layer comprises the fused
fluoranthene compound.

16. The organic electroluminescence device according to
claim 13, wherein the organic electroluminescence device
further comprises a cathode-side organic thin film layer
between the cathode and the light emitting layer, and the
cathode-side organic thin film layer comprises the fused
fluoranthene compound.

17. The organic electroluminescence device according to
claim 13, wherein the light emitting layer comprises a
phosphorescent material.

18. The organic electroluminescence device according to
claim 13, wherein the light emitting layer comprises a
fluorescent material.

19. The organic electroluminescence device according to
claim 17, wherein the phosphorescent material is an ortho-
metalated complex comprising a metal atom selected from
iridium (Ir), osmium (Os) and platinum (Pt).

20. The organic electroluminescence device according to
claim 19, wherein the phosphorescent material is a complex
represented by formula (X) or (Y):

[
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4]
wherein:
each R independently represents a hydrogen atom or a
substituent;

k represents an integer of 1 to 4,

1 represents an integer of 1 to 6;

n represents an integer of 2 to 4; and

M represents Ir, Os, or Pt.

21. An electronic equipment which comprises the organic
electroluminescence device according to claim 13.

22. The fused fluoranthene compound according to claim
1, wherein, in formulae (7) and (8), R*¢ is a naphthyl group,
an anthryl group, a phenanthryl group, a naphthacenyl
group, a chrysenyl group, pyrenyl group, a biphenyl group,
a terphenyl group, a fluoranthenyl group, and a fluorenyl
group.

23. The fused fluoranthene compound according to claim
1, wherein, in formulae (7) and (8), R'® is a substituted or
unsubstituted nitrogen-containing heterocyclic group having
5 to 30 ring atoms.
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