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NITROGEN-CONTAINING HETEROCYCLIC
DERIVATIVE, ORGANIC
ELECTROLUMINESCENCE ELEMENT
MATERIAL USING SAME, AND ORGANIC
ELECTROLUMINESCENCE ELEMENT AND
ELECTRONIC DEVICE USING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation applica-
tion of International Application No. PCT/JP2014/064883,
filed Jun. 4, 2014, which claims priority to Japanese Patent
Application No. 2013-117793, filed Jun. 4, 2013. The con-
tents of these applications are incorporated herein by refer-
ence in their entirety.

TECHNICAL FIELD

[0002] The present invention relates to nitrogen-containing
heterocyclic derivatives, materials for organic electrolumi-
nescence devices comprising the derivative, organic elec-
troluminescence devices comprising the derivative, and elec-
tronic equipment.

BACKGROUND ART

[0003] An organic electroluminescence (EL) device is gen-
erally 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 elec-
trodes, 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.
[0004] Many researches have been made on the applica-
tions 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. Particu-
larly, 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 properties.

PRIOR ART

Patent Documents

[0005] Patent Document 1: KR 10-2012-0021203A
[0006] Patent Document 2: WO 2011/037429
SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0007] 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

[0008] As aresult of extensive research, the inventors have
found that a nitrogen-containing heterocyclic derivative in
which an indole structure is bonded to a benzophenanthrene
ring is useful as a material for organic EL devices.
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[0009] 1In an aspect of the present invention, the following
(1) to (4) are provided:

(1) a nitrogen-containing heterocyclic derivative represented
by formula (1):

@

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

(@)

R\l , Ry3
/N Ry
+
“ Rs
Ryg

wherein each of R ; to R independently represents a hydro-
gen atom or a substituent group, a pair of adjacent two groups
selected from R, 5 to R, ; may be bonded to each other to form
a saturated or unsaturated divalent group which completes a
ring, and *1 and *2 are bonded to carbon atoms to which the
at least one pair of the adjacent two groups selected from R,
to Ry, are bonded,

(2) a material for organic electroluminescence devices com-
prising the nitrogen-containing heterocyclic derivative men-
tioned above;

(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 nitrogen-
containing heterocyclic derivative mentioned above; and

(4) an electronic equipment comprising the organic electrolu-
minescence device mentioned above.

Effects of the Invention

[0010] The present invention provides a novel material use-
ful as a material for organic EL devices and an organic EL
device comprising the material.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a schematic illustration showing an
example of the structure of an organic electroluminescence
device according to an embodiment of the invention.

MODE FOR CARRYING OUT THE INVENTION

[0012] Thetermof“XXtoYY carbonatoms” referred to by
“a substituted or unsubstituted group ZZ having XX to YY
carbon atoms” used herein is the number of carbon atoms of
the unsubstituted group ZZ and does not include any carbon
atom in the substituent of the substituted group Z7Z. “YY” is
larger than “XX” and each of “XX” and “Y'Y” represents an
integer of 1 or more.

[0013] The term of “XX to YY atoms” referred to by “a
substituted or unsubstituted group ZZ having XX to YY
atoms” used herein is the number of atoms of the unsubsti-
tuted group 77 and does not include any atom in the substitu-
ent of the substituted group ZZ. “YY” is larger than “XX” and
each of “XX” and “YY” represents an integer of 1 or more.
[0014] Theterm of “unsubstituted group ZZ” referred to by
“a substituted or unsubstituted group ZZ” used herein means
the group 77 wherein no hydrogen atom is substituted by a
substituent.

[0015] 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 com-
pound in which a series of atoms is bonded to form the ring
(for example, a monocyclic compound, a fused ring com-
pound, 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,
abenzene ring has 6 ring carbon atoms, anaphthalene 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 naphtha-
lene 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 substituent is not counted as the
ring carbon atom of the fluorene ring.

[0016] Thenumber 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 compound, a
fused ring compound, a cross-linked compound, a carbocy-
clic compound, and a heterocyclic compound). The atom not
forming the ring (for example, hydrogen atom(s) for saturat-
ing the valence of the atom which forms thering) 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 pyri-
dine 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. Incase ofa 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.
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[0017] The definition of “hydrogen atom” used herein
includes isotopes different in the neutron numbers, i.e., light
hydrogen (protium), heavy hydrogen (deuterium), and tri-
tium.

[0018] A substituted or unsubstituted carbazolyl group
referred to herein includes the following carbazolyl groups:

and a carbazolyl group substituted by an optional substituent
mentioned below, and further includes, for example, the fol-
lowing substituted carbazolyl groups:

R

N

Satag

O
(0O

[0019] A substituted or unsubstituted dibenzofuranyl
group and a substituted or unsubstituted dibenzothiophenyl
group referred to herein include the following dibenzofuranyl
group and the following dibenzothiophenyl group:
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and a dibenzofuranyl group and a dibenzothiophenyl group
each being substituted by an optional substituent mentioned
below, and further includes, for example, the following sub-
stituted dibenzofurany] groups and the following substituted
dibenzothiophenyl groups:
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-continued

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, CH,, or CR?,
wherein Rb represents an alkyl group or an aryl group.

[0020] Thegroup orthe substituent referred to by “a group”
or “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 carbonatoms; an aryloxy group having an aryl group having
610 50, 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 heteroaryl group having 5 to 50,
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 sul-
fonyl 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-substi-
tuted 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 alkylcarbonyloxy group; an arylcarbonyloxy group; a
boron-containing group; a zinc-containing group; a tin-con-
taining group; a silicon-containing group; a magnesium-con-
taining group; a lithium-containing group; a 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.

[0021] The optional substituent may be further substituted
with an optional substituent mentioned above. The optional
substituents may be bonded to each other to form a ring.

[0022] Theterm “unsubstituted” referred to by “substituted
or unsubstituted” means that a hydrogen atom is not substi-
tuted by the group mentioned above.
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Nitrogen-Containing Heterocyclic Derivative

[0023] The nitrogen-containing heterocyclic derivative in
an aspect of the invention is represented by formula (1):

&)

R¢ Rs

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

(@)

R
R\l , 13
/N Ry
“
42 RIS
Ryg

wherein each of R 5 to R independently represents a hydro-
gen atom or a substituent group, a pair of adjacent groups
selected from R, 5 to R, may be bonded to each other to form
a saturated or unsaturated divalent group which completes a
ring, and *1 and *2 are bonded to carbon atoms to which the
atleast one pair of the adjacent groups selected from R toR |,
are bonded

[0024] Forexample, when the adjacent two groups selected
fromR, toR; areR5and R, *1 is bonded to the carbon atom
to which R, is bonded and *2 is bonded to the carbon atom to
which Ry is bonded, or *1 is bonded to the carbon atom to
which R; is bonded and *2 is bonded to the carbon atom to
which R is bonded.

[0025] The nitrogen-containing heterocyclic derivative
may be a polymer comprising a repeating unit represented by
formula (b) or (d).

®)

wherein R, to R, are as defined in formula (1) and L, repre-
sents a single bond or a divalent linking group.
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[0026] 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 unsubsti-
tuted heteroarylene group having 3 to 60 ring atoms and a
substituted or unsubstituted alkylene group having 1 to 50
carbon atoms.

(@

wherein R to R, are as defined in formula (1) and L, repre-
sents a trivalent organic group.

[0027] The nitrogen-containing heterocyclic derivative is
more preferably represented by formula (c):

©

Rg

Ry

wherein:
[0028]

[0029] 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;

R, to R,, are as defined in formula (1);
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[0030] L. represents a single bond, a substituted or unsub-
stituted arylene group having 6 to 60 ring carbon atoms, a
substituted or unsubstituted heteroarylene group having 3 to
60 ring atoms or a substituted or unsubstituted alkylene group
having 1 to 50 carbon atoms; and

[0031]

[0032] A nitrogen-containing heterocyclic derivative rep-
resented by formula (1) wherein any of R| and R,, R, andR;,
R;andR,,Rsand Ry, R, and Ry, Ryand R, o, R and R, ,, and
R,, and R, forms the ring structure represented by formula
(a) is preferred, and a nitrogen-containing heterocyclic
derivative represented by formula (2) or (3) wherein R and
R form the ring structure represented by formula (a) is more
preferred.

p represents an integer of 1 to 6.

@

&)

whereinR, toR, and R, to R, , are as defined above and a pair
of adjacent two groups selected from R, to R, and R, to R,
may be bonded to each other to form a saturated or unsatur-
ated divalent group which completes a ring.

[0033] Examples of the pair referred to by “a pair of adja-
cent two groups selected from R toR, and R, to R, ,” include
R, andR,,R,andR;, Ry andR,, R;and R, Rgand R, Rg and
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R, RpandR,,R,; andR,,,R,;andR ,, R ,and R, R 5
andR 4, R, andR,,,R;;andR,,,R;andR |, R, andR ;. R,
and R4, and R, and R . Two or more pairs may form two or
more saturated or unsaturated divalent groups each of which
completes a ring.

[0034] The nitrogen-containing heterocyclic derivative of
formula (1) is also preferably represented by any of formulae
@ to (21).

Q)

®)

wherein R, to R, and R, to R ¢ are as defined above; a pair of
adjacent two groups selected from R, to R, and R, to R, ; may
be bonded to each other to form a saturated or unsaturated
divalent group which completes a ring; R, ; represents 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 L, repre-
sents a single bond or a substituted or unsubstituted arylene
group having 6 to 30 ring carbon atoms.
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[0035] Examples of the pair referred to by “a pair of adja-
cent two groups selected from R toR, and R, to R, ;” include
R, andR,,R,andR;, Ry andR,, R;and Ry, Rgand R, Rgand
Ryp: RjpandR,y, Ry and Ry, Ryzand Ry, Ry and R 5, Ry
andR ., R, andR,,,R,andR 4, and R, and R ;. Two or more
pairs may form two or more saturated or unsaturated divalent
groups each of which completes a ring.

©

™

whereinR, to R,, R, to R, ;and R 5 are as defined above and
apair of adjacent two groups selected fromR; toR,, R, toR ¢
and R, ; may be bonded to each other to form a saturated or
unsaturated divalent group which completes a ring.

[0036] Examples of the pair referred to by “a pair of adja-
cent two groups selected from R, to R, R, toR,; and R,”
include R, and R,, R, and R;, R; and R,, R; and R, Ry and
Rs, Ryand R, R;pand Ry, R;; and Ry, Rj;and R, R,
andR 5,R,5andR (R, andR,,, R, andR ¢, R,andR, 4, R 5
andR,¢, R, and R,¢, and R, and R 4. Two or more pairs may
form two or more saturated or unsaturated divalent groups
each of which completes a ring.
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wherein each of X, to X independently represents C(R,,) or
a nitrogen atom; R, to R, R, to R, 4 are as defined above; a
pair of adjacent two groups selected from R, to R, and R, to
R, may be bonded to each other to form a saturated or
unsaturated divalent group which completes a ring; each of
R,sto 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 a pair of
adjacent two groups selected from R |, to R,; may be bonded
to each other to form a saturated or unsaturated divalent group
which completes a ring.

[0037] Examples of the pair referred to by “a pair of adja-
cent two groups selected from R, toR, and R, to R, . are the
same as those mentioned above with respect to formulae (4)
and (5).

[0038] Examples of the pair referred to by “a pair of adja-
cent two groups selected from R, to R,,” include R,; and
R, andR,, andR,,when X, isC(R,,),R,; andR s when X,
is C(R,,), and R,, and R,, when X is C(R,,). Two or more
pairs may form two or more saturated or unsaturated divalent
groups each of which completes a ring.

[0039] Preferably, each of R,; and R, in formulae (8) and
(9) 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.
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(10)

(1)

wherein each of X, to X, independently represents C(R,,) or
anitrogen atom; R, to R, and R, to R ; are as defined above;
apair of adjacent two groups selected fromR, toR, and R, to
R, may be bonded to each other to form a saturated or
unsaturated divalent group which completes a ring; each of
R,s to 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 a pair of
adjacent two groups selected from R |, to R,,; may be bonded
to each other to form a saturated or unsaturated divalent group
which completes a ring.

[0040] Examples of the pair referred to by “a pair of adja-
cent two groups selected from R, toR, and R, to R, ;” are the
same as those mentioned above with respect to formulae (4)
and (5), and examples of the pair referred to by “a pair of
adjacent two groups selected from R, s to R, are the same as
those mentioned above with respect to formulae (8) and (9).

[0041] Preferably,eachofR,,and R,,informulae (10) and
(11) 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.
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(12)

(13)

wherein X, represents C(R,; ) oranitrogenatom; R, toR, and
R, to R4 are as defined above; a pair of adjacent two groups
selected from R, to R, and R, to R, ; may be bonded to each
other to form a saturated or unsaturated divalent group which
completes a ring; 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 unsub-
stituted nitrogen-containing heterocyclic group having 5 to
30 ring atoms; and a pair of adjacent two groups selected from
R,stoR,, may bebonded to each other to form a saturated or
unsaturated divalent group which completes a ring.

[0042] Examples of the pair referred to by “a pair of adja-
cent two groups selected from R, toR, and R, to R ;” are the
same as those mentioned above with respect to formulae (4)
and (5).

[0043] Examples of the pair referred to by “a pair of adja-
cent two groups selected from R, to R,,” include R,; and
R,s, and R,, and R,, when X, is C(R,,). Two or more pairs
may form two or more saturated or unsaturated divalent
groups each of which completes a ring.

[0044] Preferably,eachofR,,and R, informulae (12) and
(13) 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.
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(14)

Ry Rys

Ryo

(15)

Roy

wherein each of X, to X independently represents C(R,,) or
anitrogen atom; R, toR, and R, to R ; are as defined above;
apair of adjacent two groups selected fromR, to R, and R, to
R, may be bonded to each other to form a saturated or
unsaturated divalent group which completes a ring; each of
R,q, 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-con-
taining heterocyclic group having 5 to 30 ring atoms; and a
pair of adjacent two groups selected from R, and R, to R,
may be bonded to each other to form a saturated or unsatur-
ated divalent group which completes a ring.

[0045] Examples of the pair referred to by “a pair of adja-
cent two groups selected from R, toR, and R, to R,;” are the
same as those mentioned above with respect to formulae (4)
and (5).

[0046] R, in formulae (14) and (15) preferably represents
a substituted or unsubstituted arvl group having 6 to 30 ring
carbon atoms or a substituted or unsubstituted nitrogen-con-
taining heterocyclic group having 5 to 30 ring atoms.
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(16)

an

wherein X, represents C(R,, ) ora nitrogen atom; R, toR, and
R, to R4 are as defined above, a pair of adjacent two groups
selected from R, to R, and R, to R, ; may be bonded to each
other to form a saturated or unsaturated divalent group which
completes a ring; 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 unsub-
stituted nitrogen-containing heterocyclic group having 5 to
30 ring atoms; and a pair of adjacent two groups selected from
R,stoR,, may bebonded to each other to form a saturated or
unsaturated divalent group which completes a ring.

[0047] Examples of the pair referred to by “a pair of adja-
cent two groups selected from R, toR, and R, to R, ;” are the
same as those mentioned above with respect to formulae (4)
and (5), and examples of the pair referred to by “a pair of
adjacent two groups selected from R, 5 to R, are the same as
those mentioned above with respect to formulae (12) and
(13).

[0048] Preferably,eachofR,, and R, informulae (16) and
(17) 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.
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(18)

(19)

wherein each of X, to X, independently represents C(R,,) or
anitrogen atom; R, to R, and R, to R ; are as defined above;
apair of adjacent two groups selected fromR, toR, and R, to
R,¢ may be bonded to each other to form a saturated or
unsaturated divalent group which completes a ring; each of
R,sandR,, to R, independently represents ahydrogen atom,
a substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms or a substituted or unsubstituted nitrogen-con-
taining heterocyclic group having 5 to 30 ring atoms; and a
pair of adjacent two groups selected from R g and R, to Ry
may be bonded to each other to form a saturated or unsatur-
ated divalent group which completes a ring.

[0049] Examples of the pair referred to by “a pair of adja-
cent two groups selected from R, to R, and R ;” are the same
as those mentioned above with respect to formulae (4) and

).

[0050] R,,in formulae (18) and (19) preferably represents
a substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms or a substituted or unsubstituted nitrogen-con-
taining heterocyclic group having 5 to 30 ring atoms.
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(20)

Ry
\N

2n

wherein R, is as defined above.

[0051] The substituent group represented by any of R, to
R, and R,, to R,5 in formulae (1) to (21) and (b) to (d) is
independently selected preferably from the group (A), more
preferably from the group (B), still more preferably from the
group (C), and particularly preferably from the group (D).
[0052] The group (A) consists of a substituted or unsubsti-
tuted 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
for an aromatic hydrocarbon group and the same applies
below) having 6 to 60 ring carbon atoms, a substituted or
unsubstituted aralkyl group having 7 to 61 carbon atoms, an
amino group, a mono- or disubstituted amino group having a
substituent selected from a substituted or unsubstituted alkyl
group having 1 to 50 carbon atoms and a substituted or unsub-
stituted aryl group having 6 to 60 ring carbon atoms, a sub-
stituted 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 trisubstituted silyl
group having a 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 heteroaryl group
(a synonym for a heterocyclic group and the same applies
below) 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 a
substituent selected from a substituted or unsubstituted alkyl
group having 1 to 50 carbon atoms and a substituted or unsub-
stituted aryl group having 6 to 60 ring carbon atoms, a disub-
stituted phosphoryl group having a 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, an alkylsulfonyloxy group,
an arylsulfonyloxy group, an alkylcarbonyloxy group, an

10
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arylcarbonyloxy group, a boron-containing group, a zinc-
containing group, a tin-containing group, a silicon-contain-
ing group, a magnesium-containing group, a lithium-contain-
ing 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.
[0053] The group (B) consists of a substituted or unsubsti-
tuted 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 disubstituted amino group having a 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 unsubsti-
tuted 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 trisubstituted silyl group having a
substituent selected from a substituted or unsubstituted alkyl
group having 1 to 50 carbon atoms and a substituted or unsub-
stituted aryl group having 6 to 60 ring carbon atoms, a sub-
stituted or unsubstituted heteroaryl group 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 a 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 alkyl
group having 1 to 50 carbon atoms, and a substituted or
unsubstituted aryl group having 6 to 60 ring carbon atoms.
[0054] The group (C) consists of a substituted or unsubsti-
tuted 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 disubstituted amino group having a 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 unsubsti-
tuted 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 trisubstituted silyl group having a
substituent selected from a substituted or unsubstituted alkyl
group having 1 to 50 carbon atoms and a substituted or unsub-
stituted aryl group having 6 to 60 ring carbon atoms, a sub-
stituted or unsubstituted heteroaryl group having 5 to 60 ring
atoms, a substituted or unsubstituted haloalkyl group having
1 to 50 carbon atoms, a halogen atom, a cyano group, and a
nitro group.

[0055] The group (D) consists of a substituted or unsubsti-
tuted 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 mono- or disubstituted amino group
having a substituent selected from a substituted or unsubsti-
tuted alkyl group having 1 to 50 carbon atoms and a substi-
tuted or unsubstituted aryl group having 6 to 60 ring carbon
atoms, a substituted or unsubstituted heteroaryl group having
5 to 60 ring atoms, a halogen atom, and a cyano group.
[0056] Examples of the alkyl group having 1 to 50, prefer-
ably 1 to 18, more preferably 1 to 8 carbon atoms include a
methyl group, an ethyl group, a n-propyl group, an isopropyl
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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 tet-
radecyl 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 (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 (in-
clusive 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 (inclusive of isomeric groups), a heptyl group (inclu-
sive of isomeric groups), and an octyl group (inclusive of
isomeric groups).

[0057] Examples of the cycloalkyl group having 3 to 50,
preferably 3 to 10, more preferably 3 to 8, still more prefer-
ably 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 acyclopentyl group and a cyclohexyl group being
preferred.

[0058] Examples of the aryl group having 6 to 60, prefer-
ably 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 acenaph-
thylenyl 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'-spirobi-
fluorenyl 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 fluoran-
thenyl group, a benzofluoranthenyl group, a tetracenyl group,
a triphenylenyl group, a benzotriphenylenyl group, a peryle-
nyl group, a coronyl group, and a dibenzanthryl group.
[0059] Theheteroaryl 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 pyrim-
idinyl group, a pyrazinyl group, a triazinyl group, an imida-
zolyl group, an oxazolyl group, a thiazolyl group, a pyrazolyl
group, an isooxazolyl group, an isothiazolyl group, an oxa-
diazolyl group, a thiadiazolyl group, a triazolyl group, a tet-
razolyl group, an indolyl group, an isoindolyl group, a ben-
zofuranyl — group, an isobenzofuranyl group, a
benzothiophenyl group, an isobenzothiophenyl group, an
indolizinyl group, a quinolizinyl group, a quinolyl group, an
isoquinolyl group, a cinnolyl group, a phthalazinyl group, a
quinazolinyl group, a quinoxalinyl group, a benzimidazolyl
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group, a benzoxazolyl group, a benzothiazolyl group, an
indazolyl group, a benzisoxazolyl group, a benzisothiazolyl
group, a dibenzofuranyl group, a dibenzothiophenyl group, a
carbazolyl group, a phenanthridinyl group, an acridinyl
group, a phenanthrolinyl group, a phenazinyl group, a phe-
nothiazinyl group, a phenoxazinyl group, an azatriphenylenyl
group, a diazatriphenylenyl group, a xanthenyl group, an
azacarbazolyl group, an azadibenzofuranyl group, an aza-
dibenzothiophenyl group, a benzofuranobenzothiophenyl
group, a benzothienobenzothiophenyl group, a dibenzofura-
nonaphthy! group, a dibenzothienonaphthyl group, and a
dinaphthothienothiophenyl group.

[0060] Inaddition,examples ofthe heteroaryl group having
5 to 60 ring atoms preferably include mono-valent groups
derived from the following compounds by removing one
hydrogen atom:
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wherein:
[0061] each A independently represents CR**® or a nitro-
gen atom,;

[0062] each R'®™ independently represents a hydrogen
atom or a substituent group;

[0063] each Y independently represents a single bond,
C(R'*M)(R*%%), an oxygen atomy, a sulfur atom, or N(R'?);
[0064] each of R**!, R'* and R'® independently repre-
sents a hydrogen atom or a substituent group; and

[0065] m independently represents O or 1.

[0066] The substituent group referred to above is selected
from those mentioned above.

[0067] Examples of the aryl group having 6 to 60, prefer-
ably 6 to 25, more preferably 6 to 18 ring carbon atoms
included in the aralkyl group having 7 to 61 total carbon
atoms are the same as those mentioned above.

[0068] Examples of the alkyl group having 1 to 50, prefer-
ably 1 to 18, more preferably 1 to 8 carbon atoms and the aryl
group having 6 to 60, preferably 6 to 25, more preferably 6 to
18 ring carbon atoms each included in the mono- or di-
substituted amino group are the same as those mentioned
above.

[0069] Examples of the alkyl group having 1 to 50, prefer-
ably 1 to 18, more preferably 1 to 8 carbon atoms included in
the alkoxy group are the same as those mentioned above.
[0070] Examples of the aryl group having 6 to 60, prefer-
ably 6 to 25, more preferably 6 to 18 ring carbon atoms
included inthe aryloxy group are the same as those mentioned
above.

[0071] Examples of the alkyl group having 1 to 50, prefer-
ably 1to 18, more preferably 1 to 8 carbon atoms and the aryl
group having 6 to 60, preferably 6 to 25, more preferably 6 to
18 ring carbon atoms each included in the mono-, di- or
tri-substituted silyl group are the same as those mentioned
above.

[0072] Examples of the haloalkyl group having 1 to 50,
preferably 1 to 18, more preferably 1 to 8 carbon atoms
include those obtained by replacing one or more hydrogen
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atoms of the alkyl groups mentioned above with a halogen
atom, such as a fluorine atom, a chlorine atom, a bromine
atom and an iodine atom.

[0073] Examples of the alkyl group having 1 to 50, prefer-
ably 1to 18, more preferably 1 to 8 carbon atoms and the aryl
group having 6 to 60, preferably 6 to 25, more preferably 6 to
18 ring carbon atoms each included in the substituted sulfonyl
group are the same as those mentioned above.

[0074] Examples of the alkyl group having 1 to 50, prefer-
ably 1to 18, more preferably 1 to 8 carbon atoms and the aryl
group having 6 to 60, preferably 6 to 25, more preferably 6 to
18 ring carbon atoms each included in the di-substituted
phosphoryl group are the same as those mentioned above.

[0075] Examples of the substituted or unsubstituted
arylene group having 6 to 60 ring carbon atoms represented
by L, of formula (b), and examples of the substituted or
unsubstituted arylene group having 6 to 60 ring carbon atoms
represented by L of formula (c) include those obtained by
removing one hydrogen atom from the aryl groups mentioned
above.

[0076] Examples of the substituted or unsubstituted het-
eroarylene group having 3 to 60 ring atoms represented by L,
of formula (b), and examples of the substituted or unsubsti-
tuted heteroarylene group having 3 to 60 ring atoms repre-
sented by L_ of formula (¢) include those obtained by remov-
ing one hydrogen atom from the heteroaryl groups mentioned
above.

[0077] Examples of the substituted or unsubstituted alky-
lene group having 1 to 50 carbon atoms represented by L, of
formula (b), and examples of the substituted or unsubstituted
alkylene group having 1 to 50 carbon atoms represented by L,
of formula (c) include those obtained by removing one hydro-
gen atom from the alkyl groups mentioned above.

[0078] Examples of the trivalent organic group represented
by L, of formula (d) include those obtained by removing one
hydrogen atom from the divalent groups mentioned above
withrespectto L, and L .

[0079] When the pair of adjacent two groups selected from
R, to R,5 of formulae (1) to (21) are bonded to each other to
form aring, the nitrogen-containing heterocyclic derivative in
an aspect of the invention may include a substituted or unsub-
stituted arylene group having 6 to 60 ring carbon atoms or a
substituted or unsubstituted heteroarylene group having 5 to
60 ring atoms.

[0080] Examples of the substituted or unsubstituted
arylene group having 6 to 60 ring carbon atoms include those
obtained by removing one hydrogen atom from the aryl
groups mentioned above.

[0081] Examples of the substituted or unsubstituted het-
eroarylene group having 5 to 60 ring atoms include those
obtained by removing one hydrogen atom from the heteroaryl
groups mentioned above.

[0082] Inthe nitrogen-containing heterocyclic derivative in
an aspect of the invention, the group preferably includes a
ring-containing group, particularly, R, preferably includes
the ring-containing group.

[0083] A material for organic EL devices which comprises
a nitrogen-containing heterocyclic derivative including the
ring-containing group exhibits an effect of, for example,
improving the film properties of an organic thin film which
comprises the material.
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[0084] Examples of the ring-containing group include
those having a group selected from a substituted or unsubsti-
tuted cycloalkyl group having 5 to 60, preferably 3 to 6, and
more preferably 5 or 6 ring carbon atoms, a substituted or
unsubstituted aryl group having 6 to 60, preferably 6 to 24,
and more preferably 6 to 18 ring carbon atoms, an aralkyl
group having 7 to 61 carbon atoms in total, which includes a
substituted or unsubstituted aryl group having 6 to 60, pref-
erably 6 to 24, and more preferably 6 to 18 ring carbon atoms,
an amino group having a substituted or unsubstituted aryl
group having 6 to 60, preferably 6 to 24, and more preferably
6 to 18 ring carbon atoms, an aryloxy group having a substi-
tuted or unsubstituted aryl group having 6 to 60, preferably 6
to 24, and more preferably 6 to 18 ring carbon atoms, a silyl
group having a substituted or unsubstituted aryl group having
6 to 60, preferably 6 to 24, and more preferably 6 to 18 ring
carbon atoms, a substituted or unsubstituted heteroaryl group
having 5to 60, preferably 5 to 24, and more preferably 5 to 13
ring atoms, a sulfonyl group substituted with a substituted or
unsubstituted aryl group having 6 to 60, preferably 6 to 24,
and more preferably 6 to 18 ring carbon atoms, and a phos-
phonyl group substituted with a substituted or unsubstituted
aryl group having 6 to 60, preferably 6 to 24, and more
preferably 6 to 18 ring carbon atoms. Preferred are those
including a substituted or unsubstituted aryl group having 6 to
60 ring carbon atoms, a substituted or unsubstituted het-
eroaryl group having 5 to 60 ring atoms, or a mono- or
disubstituted amino group having a substituted or unsubsti-
tuted aryl group having 6 to 60 ring carbon atoms. The details
of the above groups are the same as those mentioned above.

[0085] Of the above, a substituted or unsubstituted aryl
group having 6 to 60 ring carbon atoms and a substituted or
unsubstituted heteroaryl group having 5 to 60 ring atoms are
preferred.

[0086] The ring-containing group may be a substituent
group having a ring-containing group thereon. Examples of
such a substituent group are those as mentioned above.

[0087] R, is preferably a group represented by formula (1)
and more preferably a group represented by formula (II) or
(1);

*_LI_RIS (I)

wherein L, represents a single bond or a substituted or unsub-
stituted 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;

D
—\_Ris

X

\ 7/

wherein 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;
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wherein X, represents C(R,,) or a nitrogen atom, each ofR
and R,, independently represents a substituted or unsubsti-
tuted aryl group having 6 to 30 ring carbon atoms or a sub-
stituted 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.

[0088] Namely, the nitrogen-containing heterocyclic
derivative represented by formula (4) or (5) is a compound
wherein R, is a group represented by formula (I).

[0089] The nitrogen-containing heterocyclic derivative
represented by formula (6) or (7) is a compound wherein R, ,
is a group represented by formula (II), and the nitrogen-
containing heterocyclic derivative represented by formula
(16)or (17) is a compound wherein R, ; is a group represented
by formula (III).

[0090] Examples of the aryl group in the substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms
which is represented by R, 4 to R, 5 of formulae (I) to (TIT) and
(4) to (19) include those having 6 to 30 ring carbon atoms
which are selected from the aryl groups mentioned above.

[0091] Examples of the nitrogen-containing heterocyclic
group in the substituted or unsubstituted nitrogen-containing
heterocyclic group having 5 to 30 ring atoms which is repre-
sented by R to R, of formulae (1) to (IIT) and (4) to (19)
include those having 5 to 30 ring atoms including a nitrogen
atom which are selected from the heteroaryl groups men-
tioned above, such as a pyridyl group, a pyrimidyl group, a
triazinyl group, a pyrazinyl group, a quinolyl group, an iso-
quinolyl group, a quinoxalinyl group, a quinazolyl group, a
phenanthrolinyl group, a dibenzoquinoxalinyl group, a pyr-
rolyl group, an indolyl group, a carbazolyl group, an imida-
zolyl group, a benzimidazolyl group, an imidazopyridinyl
group, an indolizinyl group, a benzocarbazolyl group, and a
dibenzocarbazolyl group.

[0092] In L, of formula (I), (4) or (5), 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 men-
tioned above with respect to R s to R .

[0093] Example of R, to R, is preferably a group repre-
sented by formula (i), more preferably a group represented by
formula (ii), and still more preferably a group represented by
formula (iii):
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Z0=23, (Ar),
Ay

A
* \ //223

Zys—Zy

wherein:

[0094] eachofZ,, to Z,, independently represents C(R ) or
a nitrogen atom;

[0095] R, independently represents a hydrogen atom or a
bond to Ar;

[0096] Ar, independently represents a substituent group,
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;

[0097] nrepresents an integer of 0 to 5; and

[0098] * represents a bonding site;

(i)
Ary

z=< “

Ar

wherein:

[0099] eachofZ,,to Z,g independently represents C(R ) or
a nitrogen atom;

[0100] R, independently represents a hydrogen atom or a
substituent group; each of Ar, and Ar, independently repre-
sents a hydrogen atom or a substituent group, 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

[0101] * represents a bonding site; and

(iii)
Ary

e
= 4

Ars

[0102] wherein each of Ar, and Ars independently repre-
sents a hydrogen atom or a substituent group, 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.
[0103] Thesubstituent group represented by Ar, of formula
(1), Ar, and Ar; of formula (i), and Ar,, and Ar, of formula (ii1)
is selected from preferably the group (A), more preferably the
group (B), still more preferably the group (C), and particu-
larly preferably the group (D). each described above.

[0104] Examples of the nitrogen-containing heterocyclic
derivatives represented by formulae (1) to (21) are shown
below, although not limited thereto.
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[0105] Thecompound inan aspect of the invention is useful
as amaterial 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 inject-
ing layer, etc.), and a cathode-side organic thin film layer (an

electron transporting layer, an electron injecting layer, etc.).
Material for Organic Electroluminescence Devices
Q [0106] The material for organic electroluminescence
devices in an aspect of the invention comprises the nitrogen-
0 content of the nitrogen-containing heterocyclic derivative in
the material for organic electroluminescence devices is, but
not particularly limited, 1% by mass or more, preferably 10%
NON by mass or more, more preferably 50% by mass or more, still
erably 90% by mass or more.
[0107] 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 mate-

C containing heterocyclic derivative mentioned above. The
more preferably 80% by mass or more, and particularly pref-
rial and in a light emitting layer of a phosphorescent emitting
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unit as a host material. In addition, in either a fluorescent
emitting unit or a phosphorescent emitting unit, the material
for organic FL 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 block-
ing layer.

[0108] The “emission unit” referred to herein is the small-
est 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

[0109] The organic EL device in an aspect of the invention
will be described below.

[0110] 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.

[0111] 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 phospho-
rescent emitting unit as a host material. In addition, the com-
pound 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.
[0112] 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.

[0113] Representative device structures of the simple-type
organic EL device are shown below.

(1) Anode/Emission Unit/Cathode

[0114] The emission unit may be a laminate comprising
two or more layers selected from a phosphorescent light
emitting 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 phospho-
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rescent 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 emitting
layer/second phosphorescent light emitting layer (/electron
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 emitting
layer/second phosphorescent light emitting layer/space layer/
fluorescent light emitting layer (/electron transporting layer);
(e) hole transporting layet/first phosphorescent light emitting
layer/space layer/second phosphorescent light emitting layer/
space layer/fluorescent light emitting layer (/electron trans-
porting 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 emit-
ting 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).

[0115] 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)/
electron transporting layer.

[0116] 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 transporting
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 recom-
bination in the light emitting layer, thereby improving the
lifetime.

[0117] Representative device structure of the tandem-type
organic EL device is shown below.

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

[0118] 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.

[0119] Generally, the intermediate layer is also called an
intermediate 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 vnit.

[0120] A schematic structure of an example of the organic
EL device in an aspect of the invention is shown in FIG. 1
wherein the organic EL device 1 comprises a substrate 2, an
anode 3, a cathode 4, and an emission unit 10 disposed
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between the anode 3 and the cathode 4. The emission unit 10
comptises 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 (an anode-side organic thin film layer) 6 may be dis-
posed between the light emitting layer 5 and the anode 3, and
an electron injecting/transporting layer (a cathode-side thin
film 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 S to
increase the degree of exciton generation in the light emitting
layer 5.

[0121] In the present invention, a host is referred to as a
fluorescent host when combinedly used with a fluorescent
dopant (fluorescent material) and as a phosphorescent host
when combinedly used with a phosphorescent dopant. There-
fore, the fluorescent host and the phosphorescent host are not
distinguished from each other merely by the difference in
their molecular structures. Namely, in the present invention,
the term “phosphorescent host” means a material for consti-
tuting a phosphorescent emitting layer containing a phospho-
rescent 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

[0122] 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, aluminosilicate 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

[0123] 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 get-
ting 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 €2/ or less. The film thickness of anode
depends upon the kind of material and generally 10 nm to 1
um, preferably 10 to 200 nm.

Cathode

[0124] The cathode injects electrons to the electron inject-
ing layer, the electron transporting layer or the light emitting
layer, and formed preferably by a material having a small
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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 magne-
sium-silver alloy. Like the anode, the cathode is formed by
making the material into a thin film by a method, such as the
vapor deposition method and the sputtering method. The
emitted light may be taken through the cathode, if necessary.

Light Emitting Layer

[0125] 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 recom-
bination 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.

[0126] In case of a phosphorescent device, the major func-
tion of the host material is to confine the excitons generated
on the dopant in the light emitting layer.

[0127] 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 combinedly using an
electron transporting host and a hole transporting host.
[0128] 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 combinedly used 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-emit-
ting dopant is used.

[0129] 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.

[0130] The easiness of hole injection to the light emitting
layer and the easiness of electron injection to the light emit-
ting 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.

[0131] 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 ofa 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.

[0132] 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 molecu-
lar 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.
[0133] The phosphorescent dopant (phosphorescent mate-
rial) 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-metallated. In view of obtain-
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ing a high phosphorescent quantum yield and further improv- _continued
ing the external quantum efficiency of luminescent device, a
metal complex comprising ametal selected from Ir, Os, and Pt
is preferred, with a metal complex, such as an iridium com-
plex, an osmium complex and a platinum complex, particu-
larly an ortho-metallated complex comprising a metal
selected from iridium, osmium and platinum being more
preferred, an iridium complex and a platinum complex being
still more preferred, and an ortho-metallated iridium complex
being particularly preferred.

[0134] The content of the phosphorescent dopant in the
light emitting layer is not particularly limited and selected
according to the use of the device, and preferably 0.1 to 70%
by mass, and more preferably 1to 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.

[0135] Preferred examples of the organometallic complex
for the phosphorescent dopant are shown below.
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N(CHz),
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-continued -continued

[0136] Inaddition, the complex represented by formula (X)
or (Y) is also preferred as the phosphorescent dopant.
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&)

™)

(R);

wherein each R independently represents a hydrogen atom or
a substituent group; k represents an integer of 1 to 4; 1 rep-
resents an integer of 1 to 6; n represents an integer of 2 to 4;
and M represents Ir, Os, or Pt.

[0137] The substituent group represented by R is as defined
above with respect to the substituent group of formula (1).
[0138] The phosphorescent host is a compound which con-
fines the triplet energy of the phosphorescent dopant effi-
ciently 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
phosphorescent 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.

[0139] The material for organic EL device in an aspect of
the invention and the compound other than it may be com-
binedly used in the same light emitting layer as the phospho-
rescent 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 mate-
rial 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 mate-
rial for organic EL device may be used as a phosphorescent
host of the light emitting layer.

[0140] 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 imida-
zole derivative, a polyarylalkane derivative, a pyrazoline
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
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compound, a porphyrin compound, an anthraquinodimethane
derivative, an anthrone derivative, a diphenylquinone deriva-
tive, a thiopyran dioxide derivative, a carbodiimide deriva-
tive, a fluorenylidenemethane derivative, a distyrylpyrazine
derivative, a tetracarboxylic anhydride of fused ring such as
naphthalene and perylene, a phthalocyanine derivative, a
metal complex of 8-quinolinol derivative, metal phthalocya-
nine, metal complexes having a ligand such as benzoxazole
and benzothiazole, an electroconductive oligomer, such as a
polysilane compound, a poly(N-vinylcarbazole) derivative,
an aniline copolymer, thiophene oligomer, and a poly-
thiophene, and a polymer such as a polythiophene derivative,
apolyphenylene derivative, a polyphenylenevinylene deriva-
tive, and a polyfluorene derivative. These phosphorescent
hosts may be used alone or in combination of two or more.
Examples thereof are shown below.

}N

g
A A
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-continued

[0141] The organic EL device in an aspect of the invention
may comprise a light emitting layer comprising a fluorescent
material, i.e., a fluorescent emitting layer. The fluorescent
emitting layer may be formed from a known fluorescent mate-
rial, for example, at least one material selected from an
anthracene derivative, a fluoranthene derivative, a styry-
lamine derivative, and an arylamine derivative, with the
anthracene derivative and the arylamine derivative being
more preferred. In particular, the anthracene derivative is
preferably used as the host material and the arylamine deriva-
tive 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.

[0142] 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
(10):
(10)

RSS RSI
aes
e
R86 Q R83

RSS R84
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wherein:

[0143] each of Ar’' and 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 50 ring atoms; and

[0144] eachofR* toR*® independently represents a hydro-
gen 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
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 substituted
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 unsubstituted
silyl group, a carboxyl group, a halogen atom, a cyano group,
a nitro group, or a hydroxyl group.

[0145] The aryl group having 6 to 50 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.

[0146] The heteroaryl group having 5 to 50 ring atoms is
preferably a heteroaryl group having 5 to 40 ring atoms and
more preferably a heteroaryl group having 5 to 30 ring atoms.

[0147] 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.

[0148] The alkoxy group having 1 to 50 carbon atoms is
preferably 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.

[0149] The aralkyl group having 7 to 50 carbon atoms is
preferably an aralkyl group having 7 to 30 carbon atoms and
more preferably an aralkyl group having 7 to 20 carbon
atoms.

[0150] Thearyloxy 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.

[0151] Thearylthio 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.

[0152] 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 hav-
ing 2 to 10 carbon atoms, and still more preferably an alkoxy-
carbonyl group having 2 to 5 carbon atoms.

[0153] Examples of the halogen atom include a fluorine
atom, a chlorine atom, and a bromine atom.

[0154] Each of Ar*' and Ar*? particularly preferably repre-
sents a substituted or unsubstituted aryl group having 6 to 50
ring carbon atoms.
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[0155] The anthracene derivative represented by formula
(10) is preferably represented by formula (10-1):

(10-1)

wherein:

[0156] 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;

[0157] each of R®! to R® is as defined above;

[0158] R® is defined in the same manner as in R®' to R®;
and

[0159] ais aninteger of 1 to 7.

[0160] 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.

[0161] 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.

[0162] The arylamine derivative for use as the fluorescent
material is preferably an aryldiamine derivative, more pref-
erably an aryldiamine derivative comprising a pyrene skel-
eton, and still more preferably an aryldiamine derivative hav-
ing a pyrene skeleton and a dibenzofuran skeleton.

[0163] The aryldiamine derivative is preferably an aryl-
diamine derivative represented by formula (11):

(1)

A134 AI37
/
/N—LZI—N
A135 \AI36
wherein:

[0164] each of Ar’**to Ar*’ independently represents a sub-
stituted or unsubstituted aryl group having 6 to 50 ring carbon
atoms or a substituted or unsubstituted heteroaryl group hav-
ing 5 to 50 ring atoms; and

[0165] 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.
[0166] 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

53

Sep. 10, 2015

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.

[0167] The heteroaryl group having 5 to 50 ring atoms is
preferably 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.

[0168] 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.

[0169] A doublehost (host/co-host) system may beused 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 combinedly used.
[0170] 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-emit-
ting dopant.

[0171] Thelightemitting layer may further comprise a hole
transporting material, an electron transporting material, and a
polymer binder, if necessary.

[0172] The thickness of the light emitting layer is prefer-
ably 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

[0173] The organic EL device in an aspect of the invention
preferably comprises an electron-donating dopant at an inter-
facial 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 electron-donating
dopant comprises a metal having a work function 0f3.8 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 compound.

[0174] Examples of the alkali metal include Na (work func-
tion: 2.36 eV), K (work function: 2.28 ¢V), Rb (work func-
tion: 2.16 eV), and Cs (work function: 1.95 eV), 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 of 2.9 eV orless being
particularly preferred. Examples of the rare earth metal
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include Sc, Y, Ce, Th, and Yb, with those having a work
function of 2.9 eV or less being particularly preferred.
[0175] 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,0, and NaF being
preferred. Examples of the alkaline earth metal compound
include BaQ, SrO, Ca0, and mixture thereof, such as Ba, Sr,_
0 (0<x<1) and Ba,CA' O (0<x<1), with BaO, SrO, and
CaO being preferred. Examples of the rare earth metal com-
pound include YbF;, ScF;, ScO;, Y,0;, Ce,O;, GdF;, and
TbF,, with YbF,, ScF;, and TbF, being preferred.

[0176] Examples ofthe alkali metal complex, alkaline earth
metal complex, and rare earth metal are not particularly lim-
ited 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, phenan-
thridinol, hydroxyphenyloxazole, hydroxyphenylthiazole,
hydroxydiaryloxadiazole, hydroxydiarylthiadiazole, hydrox-
yphenylpyridine, hydroxyphenylbenzimidazole, hydroxy-
benzotriazole, hydroxyfulborane, bipyridyl, phenanthroline,
phthalocyanine, porphyrin, cyclopentadiene, p-diketones,
azomethines, and derivative thereof.

[0177] The electron-donating dopant is added to the inter-
facial region preferably into a form of layer or island. The
electron-donating dopant is added preferably by co-deposit-
ing the electron-donating dopant with the organic compound
(light emitting material, electron injecting material) for form-
ing 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-do-
nating dopant is 100:1 to 1:100 and preferably 5:1 to 1:5.
[0178] 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.
[0179] 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 1:5and
more preferably 2:1to 1:2.

Electron Transporting Layer

[0180] The electron transporting layer is an organic layer
disposed 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 transport-
ing layer as the electron transporting material.

[0181] An aromatic heterocyclic compound having one or
more heteroatoms in a molecule thereofis preferably used as
an electron transporting material used in the electron trans-
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porting layer, and a nitrogen-containing ring derivative is
particularly preferred. In addition, the nitrogen-containing
ring derivative is preferably an aromatic ring compound hav-
ing a nitrogen-containing, 6- or S-membered ring, or a fused
aromatic ring compound having a nitrogen-containing, 6- or
S-membered ring.

[0182] The nitrogen-containing ring derivative is prefer-
ably, for example, a metal chelate complex of a nitrogen-
containing ring represented by formula (A):

(4

IN
I'M—O0—L

wherein eachof R” to R” independently represents a hydrogen
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 atoms, an alkoxycar-
bonyl group, or an aromatic heteroaryl group having 5 to 50
ring carbon atoms, each being optionally substituted.

[0183] The halogen atom may include fluorine, chlorine,
bromine, and iodine.

[0184] The substituted amino group may include an alky-
lamino group, an arylamino group, and an aralkylamino
group.

[0185] The alkylamino group and the aralkylamino group
are represented by —NQ,Q,. Each of Q' and Q? indepen-
dently 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.
[0186] 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.

[0187] 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.
[0188] The alkoxycarbonyl group is represented by
—COOQOY', wherein Y' is an alkyl group having 1 to 20 carbon
atoms.

[0189] M is aluminum (Al), gallium (Ga), or indium (In),
with In being preferred.

[0190] L is a group represented by formula (A") or (A"):
(a9
RS R?
RIO
RIZ Rll
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-continued
(A"
RIS
Rl4 R] 6
RI8 R
Rl 3 R] 7
—Si R¥
R27 R23
RZZ Rll
R26 R24
RZS

wherein each 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 neigh-
boring groups may form a ring structure. Each of R** 10 R*’
independently represents a hydrogen atom, a heavy hydrogen
atom or a substituted or unsubstituted hydrocarbon group
having 1 to 40 carbon atoms. Two neighboring groups may
form a ring structure.

[0191] Examples of the hydrocarbon group having 1 to 40
carbon atoms forR®*to R'? and R'? to R*” in formulae (A") and
(A" are the same as those described above with respect to R?
to R” of formula (A). Examples of the divalent group formed
by two neighboring 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 diphenyl-
methane-2,2'-diyl group, a diphenylethane-3,3'-diyl group,
and a diphenylpropane-4.4'-diyl group.

[0192] The electron transporting compound for use in the
electron transporting layer is preferably a metal complex
including 8-hydroxyquinoline or its derivative, an oxadiazole
derivative, or a nitrogen-containing heterocyclic derivative.
Fxamples of the metal complex including 8-hydroxyquino-
line or its derivative include a metal chelate oxinoid including
a chelated oxine (generally, 8-quinolinol or 8-hydroxyquino-

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

Aﬁzi_ﬂ—mm—o—mz“—z_ﬁ—mﬁ

wherein each of Ar'”, Ar'®, Ar*®, Ar*', Ar*®, and Ar*® is a
substituted or unsubstituted aromatic hydrocarbon group ora
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 naph-
thyl 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.

[0193] Each of Ar*°, Ar*  and Ar** is a substituted or
unsubstituted bivalent aromatic hydrocarbon group or a sub-
stituted 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 aro-
matic hydrocarbon group or the bivalent fused aromatic
hydrocarbon group include a phenylene group, a naphthylene
group, a biphenylene group, an anthranylene group, a peryle-
nylene group, and a pyrenylene group. The optional substitu-
ent may be an alkyl group having 1 to 10 carbon atoms, an
alkoxyl group having 1 to 10 carbon atoms or a cyano group.

[0194] Electron transporting compounds which have a
good thin film-forming property are preferably used.
Examples of the electron transporting compound are shown
below.

N—

O-O-O-0O-0OL-0-C0
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[0195] Examples of the nitrogen-containing heterocyclic
derivative for use as the electron transporting compound
include a nitrogen-containing heterocyclic derivative having
the following 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 Z,;
and Z, independently represents a group of atoms for com-
pleting the nitrogen-containing heterocyclic ring.

[0196] 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):

@

PN

[0197] The nitrogen-containing group of the nitrogen-con-
taining aromatic polycyclic compound is selected, for
example, from the nitrogen-containing heterocyclic groups
shown below:

-continued N
Rn Z
=)
N\/'\ N’//

7

wherein R is an aromatic hydrocarbon group or a fused aro-
matic hydrocarbon group each having 6 to 40 carbon atoms,
an aromatic heterocyclic group or a fused aromatic heterocy-
clic 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 Oto 5. If n is an integer
of 2 or more, groups R may be the same or different.

[0198] More preferred is a nitrogen-containing heterocy-
clic derivative represented by formula (D1):

HA-L:-Arl-Ar 1)

wherein HAr is a substituted or unsubstituted nitrogen-con-
taining heterocyclic group having 3 to 40 carbon atoms; L is
a single bond, a substituted or unsubstituted aromatic hydro-
carbon group or fused aromatic hydrocarbon group each hav-
ing 6 to 40 carbon atoms, or a substituted or unsubstituted
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aromatic heterocyclic group or fused aromatic heterocyclic _continued
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 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.

[0199] HAr is selected, for example, from the following
groups:

\ /

\ /"
oyas

B S
.

N
QNS
F
7
N\ \N
p
“
e
N A
7
N\\
AN~
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-continued
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N,
N N
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[0200] L' is selected, for example, from the following
groups:

N

/\

[0201] Ar'is selected, for example, from the group repre-
sented by formula (D2) or (D3):

(D3)

R9

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 het-
erocyclic 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.
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[0202] Ar? is selected, for example, from the following
groups:

» %QtO
8

[0203] In addition, the following compound is preferably
used as the nitrogen-containing aromatic polycyclic com-
pound for use as the electron transporting compound:

D4
Ry X
S
R,—N N—Ry
—y
X R3

wherein R, to R, each independently represent a hydrogen
atom, a heavy hydrogen atom, a substituted or unsubstituted
aliphatic group having 1 to 20 carbon atoms, a substituted or
unsubstituted alicyclic group having 3 to 20 carbon atoms, a
substituted or unsubstituted aromatic ring group having 6 to
50 carbon atoms, or a substituted or unsubstituted heterocy-
clic group having 3 to 50 carbon atoms; and X, and X, each
independently represent an oxygen atom, a sulfur atom, or
dicyanomethylene group.



US 2015/0255726 Al

[0204] Further, the following compound is also suitable as
the electron transporting compound:

H

Rr!

\ < > |
N =
/

RZ

H 0

0]

wherein R', R?, R?, and R* may be the same or different and
each represents an aromatic hydrocarbon group or a fused
aromatic hydrocarbon group each represented by formula
(D6):

(Do)
R6

R7

R® R®

wherein R?, RS, R, R®, and R? may be the same or different
and eachrepresents a hydrogen atom, a heavy hydrogen atom,
a saturated or unsaturated alkoxyl group having 1 to 20 car-
bon atoms, a saturated or unsaturated alkyl group having 1 to
20 carbon atoms, an amino group, or an alkylamino group
having 1 to 20 carbon atoms. At least one of R*, R®, R”, R?,
and R” represents a group other than a hydrogen atom and a
heavy hydrogen atom.

[0205] Further, a polymer including the nitrogen-contain-
ing heterocyclic group or the nitrogen-containing heterocy-
clic derivative is also usable as the electron transporting com-
pound.

[0206] The electron transporting layer in the organic EL
device of the invention preferably comprises at least one
compound selected from the nitrogen-containing heterocy-
clic derivatives represented by formulae (E) to (G):

1 ®)
Ar\Ll VA
TN
-
%?‘LZ\
w77

®)
N
\

\Ar3

g,
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(R )q
L\Ar3—A12

wherein 7', 7, and 7> each independently represent a nitro-
gen atom or a carbon atom;

[0207] R and R* each independently represent a substi-
tuted or unsubstituted aryl group having 6 to 50 ring carbon
atoms, a substituted or unsubstituted heteroaryl group having
5to 50 ring atoms, a substituted or unsubstituted alkyl group
having 1 to 20 carbon atoms, a substituted or unsubstituted
haloalkyl group having 1 to 20 carbon atoms, or a substituted
or unsubstituted alkoxyl group having 1 to 20 carbon atoms;

[0208] nisaninteger of Oto 5, when n is an integer of 2 or
more, groups R' may be the same or different, and neighbor-
ing two groups R’ may bond to each other to form a substi-
tuted or unsubstituted hydrocarbon ring;

[0209] 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;

[0210] Ar” represents a hydrogen atom, a substituted or
unsubstituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted haloalkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted alkoxyl group
having 1 to 20 carbon atoms, 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;

[0211] 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 unsub-
stituted condensed aromatic heterocyclic group having 9 to
50 ring atoms;

[0212] Ar’ represents asubstituted 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

[0213] L',L? andL?eachindependently represent a single
bond, a substituted or unsubstituted arylene group having 6 to
50 ring carbon atoms or a substituted or unsubstituted diva-
lent condensed aromatic heterocyclic group having 9 to 50
ring atoms.

[0214] 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
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chrysenyl group, pyrenyl group, a biphenyl group, a terphenyl
group, a tolyl group, a fluoranthenyl group, and a fluorenyl
group.

[0215] Examples of the heteroaryl group having 5 to 50 ring
atoms include a pyrrolyl group, a furyl group, a thiophenyl
group, a silolyl group, a pyridyl group, a quinolyl 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.

[0216] 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.

[0217] 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, chlo-
rine, iodine, and bromine.

[0218] Examples of the alkyl moiety of the alkoxyl group
having 1 to 20 carbon atoms include the alkyl group men-
tioned above.

[0219] Examples of the arylene groups include the groups
obtained by removing one hydrogen atom from the aryl group
mentioned above.

[0220] Examples of the divalent condensed aromatic het-
erocyclic 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.

[0221] The thickness of the electron transporting layer is
preferably, but not particularly limited to, 1 to 100 nm.
[0222] Preferred examples of the material for an electron
injecting layer optionally formed adjacent to the electron
transporting layer include, in addition to the nitrogen-con-
taining ring derivative, an inorganic compound, such as an
insulating material and a semiconductor. The electron inject-
ing layer containing the insulating material or the semicon-
ductor effectively prevents the leak of electric current to
enhance the electron injecting properties.

[0223] 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,0, Na,S, Na,Se
and Na,O, and examples of preferred alkaline earth metal
chalcogenide include CaQ, BaO, SrO, BeO, BaS and CaSe.
Examples of preferred alkali metal halide include LiF, NaF,
KF, LiCl, KCl and NaCl. Examples of the alkaline earth metal
halide include fluorides, such as CaF,, BaF,, SrF,, MgF, and
BeF,, and halides other than fluorides.

[0224] Examples of the semiconductor include oxides,
nitrides or oxymitrides of at least one element selected from
the group consisting of Ba, Ca, Sr, Yb, Al, Ga, In, L1, 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
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because a more uniform thin filmis formed. Examples of such
inorganic compound include the alkali metal chalcogenide,
the alkaline earth metal chalcogenide, the alkali metal halide
and the alkaline earth metal halide.

[0225] When using the insulating material or the semicon-
ductor, 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

[0226] 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.

[0227] Another preferred material for the hole transporting
layer may include an aromatic amine compound, for
example, an aromatic amine derivative represented by for-
mula (H):

)
Ar! Ar?
\ /
N—L—N
/
Ar? Art
wherein:
[0228] eachof Ar' to Ar* represents a substituted or unsub-

stituted aromatic hydrocarbon group or fused aromatic
hydrocarbon group having 6 to 50 ring carbon atoms, a sub-
stituted 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 aro-
matic hydrocarbon group is bonded to the aromatic heteroaryl
group or fused aromatic heteroaryl group; and

[0229] 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 unsub-
stituted aromatic heteroaryl group or fused aromatic het-
eroaryl group having 5 to 50 ring atoms.

[0230] Examples of the compound represented by formula
(H) are shown below.
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-continued -continued
!N 000 b i OO0 0
O [0231] An aromatic amine represented by formula (J) is

also preferably used to form the hole transporting layer:
0
AI]
/
AP—N
N
O 9, O )

wherein Ar' to At 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.

%

O
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-continued

[0232] 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).

[0233] The thickness of the hole transporting layer is pref-
erably 10 to 200 nm, although not particularly limited thereto.
[0234] 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.

[0235] The acceptor material is preferably a compound
represented by formula (K):

v
g

X
Ry
Ry
Ny
N N Rag
N
;[
N N Rys
oz N
Ry
R

wherein R,, to R, 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
having 3 to 20 carbon atoms. One or more of a pairof R, and
R,,, apairofR,; andR,,, and a pair of R, and R, may bond
to each other to form a group represented by —CO—O—
CO—.

[0236] 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 cyclopenty! group, and a
cyclohexyl group.

[0237] The thickness of the layer comprising the acceptor
material is preferably 5 to 20 nm, although not particularly
limited thereto.
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N/P Doping

[0238] The carrier injecting properties of the hole trans-
porting layer and the electron transporting layer can be con-
trolled, as described in JP 3695714B, by the doping (n) with
a donor material or the doping (p) with an acceptor material.
[0239] A typical example of the n-doping is an electron
transporting 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

[0240] For example, in an organic EL device wherein a
fluorescent light emitting layer and a phosphorescent light
emitting layer are laminated, a space layer is disposed
between the fluorescent light emitting layer and the phospho-
rescent light emitting layer to prevent the diffusion of exci-
tons 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 phosphorescent light emitting layers.

[0241] 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 prefer-
ably 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

[0242] 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 diffusion
of electrons from the light emitting layer to the hole trans-
porting layer. The hole blocking layer is a layer which pre-
vents the diffusion ofholes 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.

[0243] The triplet blocking layer prevents the diffusion of
triplet excitons generated in the light emitting layer to adja-
cent 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.

[0244] Ifaphosphorescent device having a triplet blocking
layer satisfies the following energy relationship:

T T
E d<E 1B

whereinE”,is the triplet energy of the phosphorescent dopant
in the light emitting layer and E”,; 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 deac-
tivation process other than the emission on the phosphores-
cent dopant may be prevented to cause the emission with high
efficiency. However, even in case of satisfying the relation-
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ship of EZ,<E% . the triplet excitons may move into other
molecules if the energy difference (AB7=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 AE?, the larger as compared with the heat
energy of room temperature, the better. The energy difference
AET is more preferably 0.1 eV or more and particularly pref-
erably 0.2 eV or more. In fluorescent devices, the material for
organic EL device inan aspect of the invention is usable as the
material for triplet blocking layer of the TTF device described
in WO 2010/134350A1.

[0245] The electron mobility of the material for the triplet
blocking layer is preferably 10~° cm?/Vs or more at an elec-
tric field strength in a range 0f 0.04 to 0.5 MV/em. 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.

[0246] The electron mobility of the electron injecting layer
is preferably 10~® cm®/V's or more at an electric field strength
in a range of 0.04 to 0.5 MV/cm. Within the above range, the
injection of electrons from the cathode to the electron trans-
porting layer is promoted and the injection of electrons to the
adjacent blocking layer and light emitting layer is also pro-
moted, thereby enabling to drive a device at lower voltage.

[0247] 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
computer, etc., and light emitting sources of lighting equip-
ment and vehicle lighting equipment.

EXAMPLES
[0248] The present invention will be described below in
more detail with reference to the following examples. How-

ever, it should be noted that the scope of the invention is not
limited thereto.

Synthesis Example 1
Synthesis of Intermediate A

[0249]

OHC

Br O Br (HO)B

Pd(PPhy)s

O Nay,COzaq
DME
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-continued
OHC
MeO
MeSO;H
Br T
CH>Cl
Q B(OH),
Br
Pd(PPhy), -
NayCOsaq
DME
8 O
—_—
o-DCB
H
I :N }..
@A)

(1) Synthesis of
1-bromo-4-(2-formylphenyl)naphthalene

o7 PPhy

B ———

t-BuOK
THF

[0250] Under an argon atmosphere, 230 g of 1,4-dibro-
monaphthalene, 121 g of 2-formylphenyl boronic acid, and
18.5 g of tetrakis(triphenylphosphine) palladium(0) were
charged in a flask. After adding 2.4 L of dimethoxyfuran
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(DME) and 1.2 L of a 2 M aqueous solution of sodium
carbonate, the resultant mixture was refluxed for 8 h under
heating and stirring. After cooling to room temperature (25°
C.), the aqueous layer was removed. The organic layer was
washed with water and then with a saturated saline and dried
over magnesium sulfate. After removing magnesium sulfate
by filtration, the organic layer was concentrated. The residue
was purified by silica gel column chromatography to obtain
170 g of the target 1-bromo-4-(2-formylphenyl)naphthalene
(vield: 67%).

(2) Synthesis of
1-bromo-4-[ 1-(2-methoxyvinyl)phenyl|naphthalene

[0251] Under an argon atmosphere, 170 g of 1-bromo-4-
(2-formylphenyl)naphthalene, 207 g of methoxymethyltriph-
enylphosphonium chloride and 2.0 L of tetrahydrofuran
(THF) were charged in a flask. After adding 73.6 g of potas-
sium t-butoxide at room temperature (25° C.), the mixture
was stirred at room temperature (25° C.) for 2 h and then 1.5
L of water was added. The reaction solution was extracted
with diethyl ether and then the aqueous layer was removed.
The organic layer was washed with water and then with a
saturated saline and dried over magnesium sulfate. After
removing magnesium sulfate by filtration, the organic layer
was concentrated. The residue was purified by silica gel col-
umn chromatography to obtain 180 g of the target 1-bromo-
4-[1-(2-methoxyvinyl)phenyl naphthalene (yield: 99%).

(3) Synthesis of 5-bromobenzo|c]phenanthrene

[0252] Into a mixture of 180 g of 1-bromo-4-[1-(2-meth-
oxyvinyl)phenyl|naphthalene and 1.0 L of dichloromethane,
25 mL of methanesulfonic acid was added at room tempera-
ture (25° C.) under stirring. The stirring was continued at
room temperature (25° C.) for 8 h. After the reaction, 1 L ofa
10% aqueous solution of potassium carbonate was added.
The aqueous layer was removed, and the organic layer was
washed with water and then a saturated saline and dried over
magnesium sulfate. After removing magnesium sulfate by
filtration, the organic layer was concentrated. The residue was
purified by silica gel column chromatography to obtain 24.4
g of the target 5-bromobenzo[c|phenanthrene (yield: 15%).

(4) Synthesis of
5-(2-nitrophenyl)benzo[c]phenanthrene

[0253] Under an argon atmosphere, 2.00 g of 2-nitrophenyl
boronic acid, 6.12 g of 5-bromobenzo[c]phenanthrene, 0.462
g of tetrakisphenylphosphine palladium(0), 80 mL of DME,
and 40 mL of a 2 M aqueous solution of sodium carbonate
were charged in a flask, and the resultant mixture was refluxed
for 24 h under heating and stirring. After cooling to room
temperature (25° C.), the reaction solution was extracted with
toluene. After removing the aqueous layer, the organic layer
was washed with a saturated saline, dried over magnesium
sulfate, and concentrated. The residue was purified by silica
gel column chromatography to obtain 5.72 g of 5-(2-nitro-
phenyl)benzo[ c]phenanthrene.

(5) Synthesis of Intermediate a

[0254] Under an argon atmosphere, a mixture of 5.72 g of
5-(2-nitrophenyl)benzo[c|phenanthrene, 10.7 g of triph-
enylphosphine, and 200 ml of o-dichlorobenzene was
refluxed for 48 h under heating and stirring. After cooling to
room temperature (25° C.), 1 L of hexane was added. The
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precipitated crystal was collected by filtration. The obtained
solid was recrystallized from toluene to obtain 3.20 g of the
intermediate A.

Synthesis Example 2

Synthesis of Intermediate B

[0255]
Cl

NH,

B ——
Pd2 (db ﬂ.) 3
P(t-Bu);HBEF,
t-BuONa
toluene

HN e
Pd;(OAc),
PCY3HBF4
K2CO3

DMAc

®)

(1) Synthesis of
5-(2-chloroanilino)benzo[c]phenanthrene

[0256] Under an argon atmosphere, 12.3 g of 3-bromofluo-
ranthene, 5.60 g of 2-chloroaniline, 0.732 g of trisdiben-
zylideneacetone dipalladium(0), 0.926 g of tri-t-butylphos-
phine tetrafluorohydroborate, 7.68 g of sodium t-butoxide,
and 400 mL of dehydrated toluene were charged in a flask,
and the resultant mixture was stirred at 80° C. for 8 h under
stirring. After cooling to room temperature (25° C.), the reac-
tion solution was extracted with toluene and filtered through
celite. The filtrate was concentrated and then the residue was
purified by silica gel column chromatography to obtain 11.32
g of 5-(2-chloroanilino)benzo[c|phenanthrene.

(2) Synthesis of Intermediate B

[0257] Under an argon atmosphere, 11.32 g of 5-(2-chlo-
roanilino)benzo[c]phenanthrene, 0.22 g of palladium acetate,
8.84 g of potassium carbonate, 0.70 g of tricyclohexylphos-
phine tetrafluorohydroborate, and 80 ml. N,N-dimethylac-
etamide were charged in a flask, and the resultant mixture was
stirred at 140° C. for 24 h under heating. After cooling to room
temperature (25° C.), the reaction solution was extracted with
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toluene and the insolubles were removed by filtration. The
filtrate was concentrated and the residue was purified by silica
gel column chromatography to obtain 4.20 g of the interme-
diate B.

Example 1
Synthesis of Compound 1
[0258]
H
6 N Br@
_ -
Q O O sz(dba)g
P(t-Bu);HBF,

t-BuONa
Xylene

)

[0259] Under an argon stream, 1.57 g of bromobenzene,
3.80 g of the intermediate A, 0.183 g of tris(dibenzylidene-
acetone)dipalladium, 0.15 g of tri-t-butylphosphonium tet-
rafluoroborate, 1.9 g of sodium t-butoxide, 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 residue was purified by silica
gel column chromatography to obtain 3.2 g of a compound,
which was identified as the target compound 1 by mass spec-
trometric analysis which showed m/e=393 to the molecular
weight 0f 393.15.

Example 2

Synthesis of Compound 2
[0260]

Pd,(dba);
P(t-Bu);HBE4
t-BuONa
Xylene
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-continued

[0261] A compound was synthesized in the same manner as
in Synthesis of Compound 1 except for using 2-bromotriph-
enylene in place of bromobenzene. The obtained compound
was identified as the target compound 2 by mass spectromet-
ric analysis which showed m/e=543 to the molecular weight
of 543.20.

Example 3

Synthesis of Compound 3
[0262]

() § ® T
Q O .
sz(dba)3

P(t-Bu);HBF,
t-BuONa

Xylene

&)

[0263] A compound was synthesized in the same manner as
in Synthesis of Compound 1 except for using 2-chloro-4,6-
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diphenylpyrimidine in place of bromobenzene. The obtained
compound was identified as the target compound 3 by mass
spectrometric analysis which showed m/e=547 to the
molecular weight of 547.20.

Example 4

Synthesis of Compound 4
[0264]

Q O .
Pd,(dba);

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

\
2%
9

@

i

&

[0265] A compound 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 compound 4 by mass
spectrometric analysis which showed m/e=548 to the
molecular weight of 548.20.

Example 5

[0266]

Synthesis of Compound 5
§ e
=0 1
Pdy(dba);

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

Sep. 10, 2015
-continued
$ 9
\ N
N.

[0267] A compound was synthesized in the same manner as
in Synthesis of Compound 1 except for using 2-chloro-4-
phenylquinazoline which was synthesized by a known
method in place of bromobenzene. The obtained compound
was identified as the target compound 5 by mass spectromet-
ric analysis which showed m/e=521 to the molecular weight
of 521.61.

Example 6
Synthesis of Compound 6
[0268]
Q\(N\
\
Ne/ N
H
i N !
Pdy(dba);
P(t-Bu);HBF,
t-BuONa
Xylene
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-continued

[0269] A compound was synthesized in the same manner as
in Synthesis of Compound 1 except for using 2-(4-bromophe-
nyl)-4,6-diphenyltriazine in place of bromobenzene. The
obtained compound was identified as the target compound 6
by mass spectrometric analysis which showed m/e=624 to the
molecular weight of 624.23.

Example 7
Synthesis of Compound 7
[0270]
¢ g
\ N
N/
0
N
QO . -
sz(dba)g
P(t-Bu);HBF,
t-BuONa
Xylene
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-continued

N

M

[0271] A compound was synthesized in the same manner as
in Synthesis of Compound 1 except for using 2-(4-bromophe-
nyl)-4-phenylquinazoline which was synthesized by a known
method in place of bromobenzene. The obtained compound
was identified as the target compound 7 by mass spectromet-
ric analysis which showed m/e=597 to the molecular weight
of 597.22.

Example 8

Synthesis of Compound 8

O =
P(t- Bu);HBF4

t-BuONa

Xylene

®

[0272]

[0273] A compound was synthesized in the same manner as
in Synthesis of Compound 1 except for using the intermediate
B in place of the intermediate A. The obtained compound was
identified as the target compound 8 by mass spectrometric
analysis which showed m/e=393 to the molecular weight of
393.15.
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Example 9
Synthesis of Compound 9
[0274]

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

-'t"

Q‘Q .
0
e

[0275] A compound was synthesized in the same manner as
in Synthesis of Compound 1 except for using the intermediate
B in place of the intermediate A and using 2-bromotriph-
enylene in place of bromobenzene. The obtained compound
was identified as the target compound 9 by mass spectromet-
ric analysis which showed m/e=543 to the molecular weight
of 543.20.

©®

Example 10

Synthesis of Compound 10

[0276]

P(t-Bu)sHBF4
t-BuONa
Xylene

NH >
Pd,(dba);

Sep. 10, 2015

-continued

(10)

[0277] A compound was synthesized in the same manner as
in Synthesis of Compound 1 except for using the intermediate
B in place of the intermediate A and using 2-chloro-4,6-
diphenylpyridine in place of bromobenzene. The obtained
compound was identified as the target compound 10 by mass
spectrometric analysis which showed m/e=547 to the
molecular weight of 547.20.

Example 11

Synthesis of Compound 11
[0278]

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

NI >
Q O Pd(dba)s
6 N
N
/IR
N
=N

(1)

[0279] A compound was synthesized in the same manner as
in Synthesis of Compound 1 except for using the intermediate
B in place of the intermediate A and using 2-chloro-4,6-
diphenyltriazine in place of bromobenzene. The obtained
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compound was identified as the target compound 11 by mass
spectrometric analysis which showed m/e=548 to the
molecular weight of 548.20.

Example 12

Synthesis of Compound 12
[0280]

B
NY N
Cl
Pds(db)s
P(t-Bu);HBF,

t-BuONa
Xylene

QCO Nv//N\ O
D=

O

[0281] A compound was synthesized in the same manner as
in Synthesis of Compound 1 except for using the intermediate
B in place of the intermediate A and using 2-chloro-4-phe-
nylquinazoline which was synthesized by a known method in
place of bromobenzene. The obtained compound was identi-
fied as the target compound 12 by mass spectrometric analy-
sis which showed m/e=521 to the molecular weight of 521.19.

12)

Example 13

Synthesis of Compound 13
[0282]

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

Sep. 10, 2015
-continued
QO N
() N
/ N
N,
—=N

a3

[0283] A compound was synthesized in the same manner as
in Synthesis of compound 1 except for using the intermediate
B in place of the intermediate A and using 2-(4-bromophe-
nyl)-4,6-diphenyltriazine which was synthesized by a known
method in place of bromobenzene. The obtained compound
was identified as the target compound 13 by mass spectro-
metric analysis which showed m/e=624 to the molecular
weight of 624.23.

Example 14

Synthesis of Compound 14

[0284]

(O

y N
6 NH Br
Pd,(dba);
P(t-Bu);HBE,
O t-BuONa
Xylene
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-continued

S
& O

(14)

[0285] A compound was synthesized in the same manner as
in Synthesis of Compound 1 except for using the intermediate
B in place of the intermediate A and using 2-(4-bromophe-
nyl)-4-phenylquinazoline which was synthesized by a known
method in place of bromobenzene. The obtained compound
was identified as the target compound 14 by mass spectro-
metric analysis which showed m/e=597 to the molecular
weight of 597.22.

[0286] Other compounds within the scope of the present
invention can be similarly synthesized according to the reac-
tions mentioned above, while using a different reaction
known in the art and starting materials corresponding to the
target compound.

Example 15

Production of Organic EL Device

[0287] A glass substrate of 25 mmx75 mmx1.1 mm thick-
ness having an ITO transparent electrode (product of Geo-
matec Company) was cleaned by ultrasonic cleaning in 1so-
propy! alcohol for 5 min and then UV ozone cleaning for 30
min.

[0288] The cleaned glass substrate having a transparent
electrode line with a thickness of 130 nm was mounted to a
substrate holder of a vacuum vapor deposition apparatus. The
following compound HT-1 as a first hole transporting mate-
rial was vapor-deposited so as to cover the transparent elec-
trode to form a first hole transporting layer with a thickness of
45 nm. Successively after forming the first hole transporting
layer, the following compound HT-2 as a second hole trans-
porting material was vapor-deposited to form a second hole
transporting layer with a thickness of 10 nm.

[0289] On the second hole transporting layer. the com-
pound 11 (host material) obtained in Example 11 and the
following compound RD-1 (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.
[0290] 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.

[0291] Then, LiF was vapor-deposited into a film with a
thickness of 1 nm at a film-forming speed of 0.01 nm/sec to

Sep. 10, 2015

form an electron injecting electrode (cathode). On the LiF
film, metallic Al was vapor-deposited to form a metallic cath-
ode with a thickness of 80 nm, thereby obtaining an organic
EL device.

[0292] The compounds used in the examples and compara-
tive example are shown below.

ET-1

=N
Q N
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-continued

RD-1

[0293] The organic EL device thus obtained was evaluated
for the emission performance in the following manner.

Evaluation of Emission Performance of Organic EL, Device

[0294] By driving the obtained organic EL device at room
temperature by a constant direct current (current density: 10
mA/ecm?), the external quantum efficiency was measured
using a spectroradiometer (CS-1000 manufactured by
Minolta). The results are shown in Table 1.

Examples 16 to 22

[0295] Each device was produced in the same manner as in
Example 15 except for using each compound shown in Table
1 in place of the compound 11 as a host material for the
phosphorescent emitting layer. The evaluation of the emis-
sion performance was conducted in the same manner as in
Fxample 15. The results are shown in Table 1.

Comparative Example 1

[0296] A device was produced in the same manner as in
Example 15 except for using the comparative compound 1
shown below in place of the compound 11 as a host material
for the phosphorescent emitting layer. The evaluation of the
emission performance was conducted in the same manner as
in Example 15. The results are shown in Table 1.

Comparative compound 1

77
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TABLE 1
External
quantum
Light emitting layer Voltage efficiency
host material V) (%)
Example 15 compound 11 331 16.2
Example 16 compound 4 3.26 155
Example 17 compound 5 3.35 16.6
Example 18 compound 6 3.22 15.3
Example 19 compound 7 3.19 15.1
Example 20 compound 12 3.39 16.8
Example 21 compound 13 3.28 15.8
Example 22 compound 14 3.27 15.6
Comparative comparative 3.50 13.1
Example 1 compound 1
[0297] Uponcomparing Examples 15 to 22 with Compara-

tive Example 1, it can be seen that the organic EL devices
employing the nitrogen-containing heterocyclic derivative in
an aspect of the invention are excellent in the emission effi-
ciency as compared with the organic EL device of Compara-
tive Example 1.

REFERENCE NUMERALS
[0298] 1: Organic electroluminescence device
[0299] 2: Substrate
[0300] 3: Anode
[0301] 4: Cathode
[0302] 5: Light emitting layer
[0303] 6: Anode-side organic thin film layer
[0304] 7: Cathode-side organic thin film layer
[0305] 10: Emission unit

What is claimed is:

1. A nitrogen-containing heterocyclic derivative repre-
sented by formula (1):

@

wherein each of R, to R, independently represents a
hydrogen atom or a substituent group, and a pair of
adjacent two groups selected from R, to R, may be
bonded to each other to form a saturated or unsaturated
divalent group which completes a ring, provided that at
least one pair of the adjacent two groups selected from
R, to R, are bonded to each other to form a ring struc-
ture represented by formula (a):
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wherein R, to R, and R, to R, are as defined above and a
pair of adjacent two groups selected from R, to R, and
3 ® R, to R, may be bonded to each other to form a satu-
R\” rated or unsaturated divalent group which completes a
N Ry ring.

e 4. The nitrogen-containing heterocyclic derivative accord-
ing to claim 3, wherein the nitrogen-containing heterocyclic

derivative is represented by formula (4) or (5):

)

wherein each of R 5 to R;, independently represents a
hydrogen atom or a substituent group, a pair of adjacent
two groups selected from R ; to R, may be bonded to
each other to form a saturated or unsaturated divalent
group which completes aring, and *1 and *2 are bonded
to carbon atoms to which the at least one pair of the
adjacent two groups selected from R to R |, are bonded.

2. The nitrogen-containing heterocyclic derivative accord-
ing to claim 1, wherein any of R, and R,, R, and R, R; and
R, R;and Ry, R, and Rg, Rgand R, R,y and R, and R,
and R, forms the ring structure represented by formula (a).

3. The nitrogen-containing heterocyclic derivative accord-
ing to claim 1, wherein the nitrogen-containing heterocyclic
derivative is represented by formula (2) or (3):

)
®)

&)

wherein R, to R, and R, to R ¢ are as defined above; a pair
of adjacent two groups selected from R, to R, and R, to
R, ¢ may be bonded to each other to form a saturated or
unsaturated divalent group which completes a ring; R, ¢
represents a substituted or unsubstituted aryl group hav-
ing 6 to 30 ring carbon atoms or a substituted or unsub-
stituted nitrogen-containing heterocyclic group having 5
to 30 ring atoms; and L, represents a single bond or a
substituted or unsubstituted arylene group having 6 to 30
ring carbon atoms.
5. The nitrogen-containing heterocyclic derivative accord-
ing to claim 4, wherein the nitrogen-containing heterocyclic
derivative is represented by formula (6) or (7):
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-continued

©)

wherein each of X, to X; independently represents C(R,,, ),
or a nitrogen atom; R, to R,, R, to R, are as defined
above; a pair of adjacent two groups selected from R, to
R, and R, to R, may be bonded to each other to form a
saturated or unsaturated divalent group which completes
a ring; 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 a pair of adjacent two
groups selected from R to R,, may be bonded to each
other to form a saturated or unsaturated divalent group

wherein R to R,, R, to R, and R ; are as defined above which completes a ring.
and a pair of adjacent two groups selected from R | to R,
R, t0R,sand R, s may be bonded to each other to form a
saturated or unsaturated divalent group which completes
aring.

7. The nitrogen-containing heterocyclic derivative accord-
ing to claim 5, wherein the nitrogen-containing heterocyclic
derivative is represented by formula (10) or (11);

6. The nitrogen-containing heterocyclic derivative accord-
ing to claim 4, wherein the nitrogen-containing heterocyclic (10)
derivative is represented by formula (8) or (9):

®
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-continued

(1

wherein each of X, to X, independently represents C(R,,)
or anitrogen atom; R, to R, and R, to R ¢ are as defined
above; a pair of 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 divalent group which completes
a ring; 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 a pair of adjacent two
groups selected from R, to R,; may be bonded to each
other to form a saturated or unsaturated divalent group
which completes a ring.

80
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-continued

(13)

wherein X represents C(R,; ) or a nitrogen atom; R, to R,
and R, to R, s are as defined above; a pair of adjacent two
groups selected from R, to R, and R, to R, 4 may be
bonded to each other to form a saturated or unsaturated
divalent group which completes a ring; each of R, to
R,, independently represents a hydrogen atom, a substi-
tuted 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 a pair of adjacent two groups selected from R, to
R,, may be bonded to each other to form a saturated or
unsaturated divalent group which completes a ring.

9. The nitrogen-containing heterocyclic derivative accord-

8. The nitrogen-containing heterocyclic derivative accord-
ing to claim 7, wherein the nitrogen-containing heterocyclic
derivative is represented by formula (12) or (13);

ing to claim 7, wherein the nitrogen-containing heterocyclic
derivative is represented by formula (14) or (15):

(14)
12

Rys
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-continued
(15)

Ryy

Ry3

wherein each of X, to X, independently represents C(R,,,)
or anitrogen atom; R to R, and R, to R ; are as defined
above; a pair of adjacent two groups selected from R, to
R, and R, to R, ; may be bonded to each other to form a
saturated or unsaturated divalent group which completes
aring; each of R 4, 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 a pair of adjacent two
groups selected from R g and R,, to R, 5 may be bonded
to each other to form a saturated or unsaturated divalent

81
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-continued

(17

wherein X represents C(R,, ) or a nitrogen atom; R, to R,
and R, to R, ¢ are as defined above; a pair ofadjacent two
groups selected from R, to R, and R, to R, 4 may be
bonded to each other to form a saturated or unsaturated
divalent group which completes a ring; each of Ry, to
R,s independently represents a hydrogen atom, a substi-
tuted 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 a pair of adjacent two groups selected from R, to
R,, may be bonded to each other to form a saturated or
unsaturated divalent group which completes a ring.

11. The nitrogen-containing heterocyclic derivative

group which completes a ring. according to claim 6, wherein the nitrogen-containing hetero-

10. The nitrogen-containing heterocyclic derivative cyclic derivative is represented by formula (18) or (19);
according to claim 6, wherein the nitrogen-containing hetero-
cyclic derivative is represented by formula (16) or (17):

(18)

(16)
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-continued

19)

wherein each of X, to X independently represents C(R,,)
or anitrogen atom; R, to R, and R, to R, are as defined
above; a pair of adjacent two groups selected from R, to
R, and R, to R, 4 may be bonded to each other to form a
saturated or unsaturated divalent group which completes
aring; each of R;, and R, to R, independently repre-
sents a hydrogen atom, a substituted or unsubstituted
aryl group having 6 to 30 ring carbon atoms or a substi-
tuted or unsubstituted nitrogen-containing heterocyclic
group having 5 to 30 ring atoms; and a pair of adjacent
two groups selected from R, and R,, to R, may be
bonded to each other to form a saturated or unsaturated
divalent group which completes a ring.

12. The nitrogen-containing heterocyclic derivative

according to claim 4, wherein the nitrogen-containing hetero-
cyclic derivative is represented by formula (20) or (21):

20)

Rir

2

wherein R |, is as defined above.

82

Sep. 10, 2015

13. The nitrogen-containing heterocyclic derivative
according to claim 1, wherein the substituent group repre-
sented by R, to R, is selected from the group consisting 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 61 carbon atoms, an
amino group, a mono- or disubstituted amino group having a
substituent selected from a substituted or unsubstituted alkyl
group having 1 to 50 carbon atoms and a substituted or unsub-
stituted aryl group having 6 to 60 ring carbon atoms, a sub-
stituted 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 trisubstituted silyl
group having a 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 heteroaryl group
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 a sub-
stituent selected from a substituted or unsubstituted alkyl
grouphaving 1 to 50 carbon atoms and a substituted or unsub-
stituted aryl group having 6 to 60 ring carbon atoms, a disub-
stituted phosphoryl group having a 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, an alkylsulfonyloxy group,
an arylsulfonyloxy group, an alkylcarbonyloxy group, an
arylcarbonyloxy group, a boron-containing group, a zinc-
containing group, a tin-containing group, a silicon-contain-
ing group, a magnesium-containing group, a lithium-contain-
ing group, a hydroxyl group, an alkyl- or aryl-substituted
carbonyl group, a carboxyl group, a vinyl group, a (meth)
acryloyl group, an epoxy group, and an oxetanyl group.

14. The nitrogen-containing heterocyclic derivative
according to claim 1, wherein R, ; 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.

15. The nitrogen-containing heterocyclic derivative
according to claim 14, wherein R, represents an aryl group
or a heteroaryl group,

the aryl group being selected from the group consisting of

a phenyl group, a naphthyl group, a naphthylphenyl
group, a biphenylyl group, a terphenylyl group, an
acenaphthylenyl group, an anthryl group, a benzanthryl
group, an aceanthryl group, a phenanthryl group, a ben-
zophenanthryl group, a phenalenyl group, a fluorenyl
group, a 9,9"-spirobifluorenyl group, a benzofluorenyl
group, a dibenzofluorenyl group, a picenyl group, a pen-
taphenyl 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 triph-
enylenyl group, a benzotriphenylenyl group, a perylenyl
group, a coronyl group, and a dibenzanthryl group; and
the heteroaryl group being selected from the group con-
sisting of a pyrrolyl group, a furyl group, a thienyl group,
a pyridyl group, a pyridazinyl group, a pyrimidinyl
group, a pyrazinyl group, a triazinyl group, an imida-
zolyl group, an oxazolyl group, a thiazolyl group, a
pyrazolyl group, an isooxazolyl group, an isothiazolyl
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group, an oxadiazolyl group, a thiadiazolyl group, a
triazolyl group, a tetrazolyl group, an indolyl group, an
isoindolyl group, a benzofuranyl group, an isobenzo-
furanyl group, a benzothiophenyl group, an isoben-
zothiophenyl group, an indolizinyl group, a quinolizinyl
group, aquinolyl group, an isoquinolyl group, a cinnolyl
group, a phthalazinyl group, a quinazolinyl group, a
quinoxalinyl group, a benzimidazolyl group. a benzox-
azolyl group, a benzothiazolyl group, an indazolyl
group, a benzisoxazolyl group, a benzisothiazolyl
group, a dibenzofuranyl group, a dibenzothiophenyl
group, a carbazolyl group, a phenanthridinyl group, an
acridinyl group, a phenanthrolinyl group, a phenazinyl
group, aphenothiazinyl group, a phenoxazinyl group, an
azatriphenylenyl group, a diazatriphenylenyl group, a
xanthenyl group, an azacarbazolyl group, an azadiben-
zofuranyl group, an azadibenzothiophenyl group, a ben-
zofuranobenzothiophenyl group, a benzothienoben-
zothiophenyl group, a dibenzofuranonaphthyl group, a
dibenzothienonaphthyl group, and a dinaph-
thothienothiophenyl group.

16. The nitrogen-containing heterocyclic derivative
according to claim 4, wherein R, represents a nitrogen-
containing heterocyclic group having 5 to 30 ring atoms and
having a substituent selected from an aryl group having 6 to
30 ring carbon atoms and a heteroaryl group having 5 to 30
ring atoms.

17. The nitrogen-containing heterocyclic derivative
according to claim 6, wherein each of R, and R, indepen-
dently represents a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms or a substituted or unsub-
stituted nitrogen-containing heterocyclic group having 5 to
30 ring atoms.

18. The nitrogen-containing heterocyclic derivative
according to claim 4, wherein the nitrogen-containing hetero-
cyclic group having 5 to 30 ring atoms is a pyridyl group, a
pyrimidyl group, a triazinyl group, a pyrazinyl group, a
quinolyl group, anisoquinolyl group, a quinoxalinyl group, a
quinazolyl group, a phenanthrolinyl group, a dibenzoquinox-
alinyl group, a pyrrolyl group, an indolyl group, a carbazolyl
group, an imidazoly] group, a benzimidazolyl group, an imi-
dazopyridinyl group, an indolizinyl group, a benzocarbazolyl
group, or a dibenzocarbazolyl group.

19. A material for organic electroluminescence devices
which comprises the nitrogen-containing heterocyclic
derivative according to claim 1.

20. 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 nitro-
gen-containing heterocyclic derivative according to claim 1.

21. The organic electroluminescence device according to
claim 20, wherein the light emitting layer comprises the nitro-
gen-containing heterocyclic derivative.

22. The organic electroluminescence device according to
claim 20, wherein the organic electroluminescence device
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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 nitrogen-containing
heterocyclic derivative.

23. The organic electroluminescence device according to
claim 20, 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 nitrogen-
containing heterocyclic derivative.

24. The organic electroluminescence device according to
claim 20, wherein the light emitting layer comprises a phos-
phorescent material.

25. The organic electroluminescence device according to
claim 20, wherein the light emitting layer comprises a fluo-
rescent material.

26. The organic electroluminescence device according to
claim 24, wherein the phosphorescent material is an ortho-
metallated complex comprising a metal atom selected from
iridium (Ir), osmium (Os) and platinum (Pt).

27. The organic electroluminescence device according to
claim 26, wherein the phosphorescent material is a complex
represented by formula (X) or (Y):

&

¥

R

wherein R independently represents a hydrogen atom or a
substituent group, 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.

28. An electronic equipment which comprises the organic

electroluminescence device according to claim 20.

# 0k % k&
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