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(57) ABSTRACT

An organic electroluminescent device, which comprises: a
pair of electrodes; and an organic compound layer including
a light-emitting layer between the pair of electrodes, wherein
the organic compound layer comprises a compound repre-
sented by formula (I):

Formula (I):

wherein 7, Z,, 75 and 7, each independently represents an
atom selected from the group consisting of carbon, nitrogen,
sulfur and oxygen and necessary for forming an unsaturated
6-membered ring skeleton, the atom may have a hydrogen
atom or a substituent; a bond in the unsaturated 6-membered
ring indicates a single bond or a double bond; and

R, represents a substituent.
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ORGANIC ELECTROLUMINESCENT
DEVICE

[0001] This is a Divisional Application of U.S. application
Ser. No. 11/711,689, filed Feb. 28, 2007, which claims prior-
ity under U.S.C. §119, from JP 2006-052475, filed Feb. 28,
2006, the disclosures of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a light-emitting
device, particularly, an organic electroluminescent device,
which can emit light by converting electric energy into light.
[0004] 2. Description of the Related Art

[0005] An organic electroluminescent device (hereinafter
sometimes referred to as an “organic EL device™) is attracting
attention as a promising display device and being aggres-
sively studied and developed because of its capability of
high-brightness light emission with a low voltage, but more
improvement is demanded on the durability, light emission
efficiency, reduction of driving voltage, and the like. As for
the light-emitting material, a device containing a tetradentate
platinum complex such as phenylpyridine platinum complex
and phenoxypyridine platinum complex (see, International
Publication No. 05/042550, pamphlet, International Publica-
tion No. 05/042444, pamphlet and International Publication
No. 04/108857, pamphlet) shows high efficiency and is taken
note of. In order to attain higher durability, higher light emis-
sion efficiency and lower driving voltage, it is strongly
demanded to develop a host material, particularly, an elec-
tron-transporting host material, which is combined with such
a phosphorescent material. A cyano group is a strongly elec-
tron-withdrawing substituent and this substituent is effective
for reducing the energy of lowest unoccupied molecular
orbital (LUMO) and increasing the electron affinity. As
regards a cyano group substituted to an aromatic compound,
for example, a perfluorotrisphenylbenzonitrile compound
and a production method thereof are disclosed in JP-A-2005-
255531 (the term “JP-A” as used herein means an “unexam-
ined published Japanese patent application”), but examples
specifically demonstrating application to an organic elec-
troluminescent device are not described.

[0006] In the specification of JP-A-2006-135160 (laid-
open on 2006 May 25, is disclosed a compound wherein a
central benzene ring is penta-substituted with a substituted or
unsubstituted aryl group or an aromatic heterocyclic groups.
However, it does not refer to the effects of a cyano group.
[0007] Further, in the JP-A-2003-105332 and the JP-A-
2002-329580, is disclosed an aromatic compound having a
cyano group as a specific example of the compound. How-
ever, no reference is made therein regarding effects produced
by an aromatic compound having a cyano group character-
ized in that a condensed polycyclic aromatic compound or a
condensed polycyclic hetero ring is substituted therewith.
Also, light emission efficiency is not referred to.

SUMMARY OF THE INVENTION

[0008] An object of the present invention is to provide a
light-emitting device with low driving voltage and high dura-
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bility. Another object of the present invention is to provide a
light-emitting device with low driving voltage and high light
emission efficiency.

[0009] This object can be attained by the following means.
[0010] (1) An organic electroluminescent device, which
comprises:

[0011] a pair of electrodes; and

[0012] an organic compound layer including a light-emit-

ting layer between the pair of electrodes,

[0013] wherein the organic compound layer comprises a
compound represented by formula (I):

Formula (I):

[0014]
resents an atom selected from the group consisting of carbon,

wherein Z,, Z,, Z5 and Z, each independently rep-

nitrogen, sulfur and oxygen and necessary for forming an
unsaturated 6-membered ring skeleton, the atom may have a
hydrogen atom or a substituent;

[0015] abondintheunsaturated 6-membered ring indicates
a single bond or a double bond; and

[0016]
[0017] (2) The organic electroluminescent device as
described in (1) above,

[0018] wherein formula (I) is represented by any one of
formulae (1I-a), (II-b) and (II-c):

R, represents a substituent.

Formula (II-a):

Rs Rig

Ro
Ry

Rs R;

[0019] whereinR,,R;, R, R5, Ry, R, Ry, Rgand R, each
independently represents a hydrogen atom or a substituent,
when R,, R, R,, R5, Rg, R, Rg, Ry and R, each represents
a substituent, the substituent may further have a substituent;
and

[0020] pairs of R, andR;,R;andR,, R, and R, Rsand R,
Rs and R, R, and Rg, Ry and Ry, and R and R |, each may
combine to form a ring,
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Formula (II-b):

[0021]
resents an atomic group selected from the group consisting of

wherein X, X,, X; and X, each independently rep-

carbon and nitrogen and necessary for forming an unsaturated
heterocyclic skeleton together with carbon atoms, the unsat-
urated heterocyclic ring constituted by the carbon atoms, X,
X,, X5 and X, may have a hydrogen atom or a substituent;

[0022] R4, R, Ry, Ry and R have the same meanings as
R, R, Ry, Rg and R, in formula (II-a); and

[0023] abond in the unsaturated heterocyclic ring indicates
a single bond or a double bond, and

Formula (II-¢):

CN

Ry

Rs R;

Ry

[0024]
from the group consisting of carbon, nitrogen, sulfur and

wherein Q, represents an atomic group selected

oxygen and necessary for forming an unsaturated heterocy-
clic skeleton together with a carbon atom, the unsaturated
heterocyclic ring constituted by the carbon atom and Q, may
have a hydrogen atom or a substituent;

[0025] R,,R;,R,andR,havethe same meaningsasR,, R,
R, and R; in formula (II-a); and

[0026]
a single bond or a double bond.
[0027]
described in (1) above,
[0028]
pendently represents a carbon atom or a nitrogen atom.
[0029] (4) The organic electroluminescent device as
described in (2) above,

abond in the unsaturated heterocyclic ring indicates

(3) The organic -electroluminescent device as

wherein Z,, Z,, 75 and 7, in formula (I) each inde-
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[0030] wherein formula (I) is represented by formula (11-a),
and formula (II-a) is represented by formula (III):

Formula (III):

[0031] wherein R;;, R;,, Ri5, Ry, and R, 5 each indepen-
dently represents a hydrogen atom or a substituent, when R ;,
R,5, R;5, R, and R, 5 each represents a substituent, the sub-
stituent may further have a substituent;

[0032] pairsofR;and R, R, andR,,, R, and R5, R} 5
and R, ,, and R, , and R, 5, each may combine to form a ring;
and

[0033] R;, R,, Rs, Rg, R, Ry, Ry and R have the same
meanings as R, R,, Rs, Rg, R;, Rg, Ry and R, in formula
(I1-a).

[0034] (5) The organic electroluminescent device as

described in (4) above,

[0035] wherein formula (III) is represented by formula
Iv):
Formula (IV):

Ro Rpz

Rg

Ras Ryg

[0036] whereinR, ¢, Ry, Ryg, Rig, Ry Rypu Ropy Ros Ry
and R, each independently represents a hydrogen atom or a
substituent, when R, 6, R, 7, Rys, Rig, Rog. Ro1. Rz Ros Ry
and R, each represents a substituent, the substituent may
further have a substituent; and

[0037] pairsofR,,and R 4, R, and R,5, R, sand R, R},
andR, 4, RigandR g, R gand R,,, R,; andR,,, Ry, and R,
R,; and R,,, and R,, and R,5, each may combine to form a
ring;

[0038] R,, R, Rs,R,, Rg Ryand R, have the same mean-
ings as R;, R4, Rs, R, Ry, Ry and R, in formula (I1I); and
[0039] R,;, Ry,, R;5; and R,, have the same meanings as
R,;, Ry, R;5and R, in formula (I1I).

[0040] (6) The organic electroluminescent device as
described in (4) above,
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[0041] wherein formula (III) is represented by formula (V):

Formula (V):
Rog Rs)

Ry Rse

[0042] wherein Ry, Rz, Rog, Rog, Ryg, Ry Ryp, Rysu Ry,
Rss, Ryg, Ry7, Ragy Ry, Rug, Ry, Ry, and R,; each indepen-
dently represents a hydrogen atom or a substituent, when R,
R;7: Rogs Roo: R0 Rapn Raps Ry Rayy Rass Rag Ryzy Rag, Ry
R,0, R4ps Ry5 and R 5 each represents a substituent, the sub-
stituent may further have a substituent, provided that pairs of
R,sand R,-, R, and R,;, R,cand Ry, R, and R4, R, and
Ry, Rypand Ry, Ry; and Ry, Ry, and Ry5, Ry;and Ry, Ry
and R;¢, R;, and Ry, Ry and Ry, Ryg and R5,, Ry, and Ry,
RysandR,, R pandR,;, R, andR,,,andR,, andR,;, each
does not combine to form a condensed ring; and

[0043]

[0044] (7) The organic electroluminescent device as
described in (4) above,

[0045]
(VD:

R, has the same meanings as R, in formula (III)

wherein formula (III) is represented by formula

Formula (VI):

Ros Rsy

[0046] wherein R, R,s, R, and R, each independently
represents a hydrogen atom or a substituent, when R, R,
R,sand R, each represents a substituent, the substituent may
further have a substituent;

[0047] pairs of R,, and R,5, and R, and R, each may
combine to form a ring;

[0048] R, and R,, each independently represents a hydro-
gen atom or a substituent, when R, ; and R, each represents
a substituent, the substituent may further have a substituent,
provided that when R, R,4, Ryo, R30, R5;, Rys, Rygand R,
each represents a substituent, pairs of R;, and R,,, R5, and
Rus, Ryyand R g, Rysand R, Ry, and Ryg, Ry; and Ry, Ryg
and R,-, and R,, and R, each does not combine to form a
condensed ring;
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[0049] R, has the same meanings as R, in formula (IIT); and
[0050] R,,,R,g,Rys,R50, R5; and Ry, have the same mean-
ings as R, R,g, Ry, Ry0, Ry, and Ry, in formula (V). (That
i, R55, Rye, Ryg, Ry, Ry, and Ry, each independently repre-
sents a hydrogen atom or a substituent, and when R,-, R,q,
R,s, R50, R5; and R, each represents a substituent, the sub-
stituent may further have a substituent, but pairs of R,, and
R,s, Ryg and Ry, Ry and Ry, Ry, and R, each does not
combine to form a condensed ring.)

[0051] (8) The organic electroluminescent device as
described in (4) above,

[0052] wherein formula (III) is represented by formula
(VID:
Formula (VII):

[0053] wherein Ry,, Rs;, Ry, Rs5 and Ry, each indepen-
dently represents a hydrogen atom or a substituent, when R,
Rs;, Rs,, Rs; and Ry, each represents a substituent, the sub-
stituent may further have a substituent, but pairs of R, and
Rs;,Rs; and R, R, and Rs5, and R 5 and R, each does not
combine to form a condensed ring;

[0054] R, R,y, Rog, Rayo, Ry, Ry, Ry5 and Ry have the
same meanings as R, ¢, R,7, Ryg, Rog, Ry, R51, Ry, and Ry5 in
formula (V); and

[0055] R,sandR,,have the same meanings as R,; and R,
in formula (VI). (Thatis, R,5, R55, Ryg. Ryg, Ry, R, R5,and
R;; each independently represents a hydrogen atom or a sub-
stituent, and when R, R, Ryq, Ryg, Ry0, R5p, Ry, and Ry,
each represents a substituent, the substituent may further have
a substituent, but pairs of R, and R,-, R, and R,¢, R, and
R,s, RjpandR;,, R;; andR,,, and R, and R, each does not
combine to form a condensed ring. Further, R, and R, each
independently represents a hydrogen atom or a substituent,
and when R, and R, each represents a substituent, the sub-
stituent may further have a substituent, but pairs of R, and
R;;, and R, and R,¢, each does not combine to form a
condensed ring.)

[0056] (9) The organic electroluminescent device as
described in any of (1) to (8) above,

[0057] wherein the light-emitting layer comprises at least
one kind of a triplet-emission material.

[0058] (10) The organic electroluminescent device as
described in (9) above,

[0059] wherein the at least one kind of triplet-emission
material is a platinum complex or an iridium complex.
[0060] (11) The organic electroluminescent device as
described in (10) above,
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[0061] wherein the at least one kind of triplet-emission
material is a platinum complex.

[0062] (12) A compound represented by formula (V):

Formula (V):
Rog Rj)

Rai Rss

[0063] wherein Ry4, Ry, Rog, Rog, Ryo, Raps Ran, Raze Rags
Ris, Rag, Rass Rags Rao, Ry Ryys Ry, and R; each indepen-
dently represents a hydrogen atom or a substituent, when R, ,
R;7, Rogs Rogy Raos Rayps Razs Ry Rags Rasy Rags Ryzy Ragy Rsos
R,0, R4ps Ry5 and R 5 each represents a substituent, the sub-
stituent may further have a substituent, provided that pairs of
R,sand R,,, R,s and R5, R, and R5o, R, and R,, R,g and
R, Rypand Ry, Ry and R, Ry, and Ry 5, Ry;and R, R4
and R;¢, R;, and Ry, Ry and Ry, Ryg and R5,, Ry, and Ry,
RysandR,, R pandR,;, R, andR,,,andR,, andR,;, each
does not combine to form a condensed ring; and

[0064]
[0065]

R, represents a hydrogen atom or a substituent.
(13) A compound represented by formula (VI):

Formula (VI):

Ros Rsy

[0066] wherein R, R,s, R, and R, each independently
represents a hydrogen atom or a substituent, when R, R,
R,sand R, each represents a substituent, the substituent may
further have a substituent; and

[0067] pairs of R,, and R,5, and R, and R, each may
combine to form a ring;

[0068] R, andR,, eachindependently represents a hydro-
gen atom or a substituent, and when R, and R, each repre-
sents a substituent, the substituent may further have a sub-
stituent, provided that when R, R5¢, Ryg, R50, R51, Rys, Rug
and R, each represents a substituent, pairs of R;, and R,
Ry, and R,5, Ry, and R4, Rysand R, Ry, and R4, R, and
R,s, Rysand R, ., and R, and R4, each does not combine to
form a condensed ring;

[0069] R, represents a hydrogen atom or a substituent; and
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[0070] R,,, R,s, Roo. Ry0, Ry, and R, each independently
represents a hydrogen atom or a substituent, when R, R,g,
R,s, R30, R, and R, each represents a substituent, the sub-
stituent may further have a substituent, but pairs of R, and
R,g, Rygand Ry, Rygand Ry, and R, and R, each does not
combine to form a condensed ring.

[0071] (14) The organic electroluminescent device as
described in any of (1) to (11) above,

[0072] wherein a layer comprising the compound repre-
sented by any one of formulae (I), (II-a), (II-b), (II-¢), (I1D),
(V) (V), (VD) and (VII) is adjacent to a layer comprising an
oxide containing at least one of an alkaline metal and an
alkaline earth metal.

[0073] (15) The organic electroluminescent device as
described in any of (1) to (11) above,

[0074] wherein a layer comprising the compound repre-
sented by any one of formulae (I), (II-a), (II-b), (II-¢), (I1D),
V), (V), (VD) and (VII) is adjacent to a layer comprising at
least one of an alkaline metal and an alkaline earth metal.
[0075] (16) The organic electroluminescent device as
described in any of (1) to (11) above,

[0076] wherein a layer comprising the compound repre-
sented by any one of formulae (I), (II-a), (II-b), (II-¢), (I1D),
IV), (V), (VD and (VII) is adjacent to a layer comprising a
halide containing at least one of an alkaline metal and an
alkaline earth metal.

[0077] (17) The organic electroluminescent device as
described in any of (1) to (16) above,

[0078] wherein the compound represented by any one of
formulae (1), (II-a), (II-b), (II-¢), (III), (IV), (V), (VD) and
(VII) has the lowest excited triplet energy level of from 65
kcal/mol (272.35 kl/mol) to 95 kecal/mol (398.05 kJ/mol).
[0079] (18) The organic electroluminescent device as
described in any of (1) to (17) above,

[0080] wherein the compound represented by any one of
formulae (1), (II-a), (II-b), (II-¢), (III), (IV), (V), (VD) and
(VII) has a glass transition temperature of from 110 to 400° C.

DETAILED DESCRIPTION OF THE INVENTION

[0081] Inthepresentinvention, the compounds of formulae
(D, (1-a), (II-b), (1I-c), (IID), IV), (V), (V1) and (VII) are used
in the same meaning as the “compound of the present inven-
tion”. Also, the organic electroluminescent device having an
organic compound layer containing the compound of the
present invention is used in the same meaning as the “(light-
emitting) device of the present invention”.

[0082] Inthe present specification, the substituent group A
used in relation to the compound of the present invention is
defined as follows.

(Substituent Group A)

[0083] An alkyl group (preferably having a carbon number
of'1 to 30, more preferably from 1 to 20, still more preferably
from 1 to 10, e.g., methyl, ethyl, iso-propyl, tert-butyl, n-oc-
tyl, n-decyl, n-hexadecyl), a cycloalkyl group (preferably
having a carbon number of' 3 to 30, more preferably from 3 to
20, still more preferably from 3 to 10, e.g., cyclopropyl,
cyclopentyl, cyclohexyl), an alkenyl group (preferably hav-
ing a carbon number of 2 to 30, more preferably from 2 to 20,
still more preferably from 2 to 10, e.g., vinyl, allyl, 2-butenyl,
3-pentenyl), an alkynyl group (preferably having a carbon
number of 2 to 30, more preferably from 2 to 20, still more
preferably from 2 to 10, e.g., propargyl, 3-pentynyl),
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[0084] a monocyclic aryl group (e.g., phenyl), an amino
group (preferably having a carbon number of 0 to 30, more
preferably from O to 20, still more preferably from O to 10,
e.g., amino, methylamino, dimethylamino, diethylamino,
dibenzylamino, diphenylamino, ditolylamino), an alkoxy
group (preferably having a carbon number of 1 to 30, more
preferably from 1 to 20, still more preferably from 1 to 10,
e.g., methoxy, ethoxy, butoxy, 2-ethylhexyloxy), an aryloxy
group (preferably having a carbon number of 6 to 30, more
preferably from 6 to 20, still more preferably from 6 to 12,
e.g., phenyloxy, 1-naphthyloxy, 2-naphthyloxy), a heterocy-
clic oxy group (preferably having a carbon number of 1 to 30,
more preferably from 1 to 20, still more preferably from 1 to
12, e.g., pyridyloxy, pyrazyloxy, pyrimidyloxy, quinolyloxy),
[0085] anacyl group (preferably having a carbon number of
1 to 30, more preferably from 1 to 20, still more preferably
from 1 to 12, e.g., acetyl, benzoyl, formyl, pivaloyl), an
alkoxycarbonyl group (preferably having a carbon number of
2 to 30, more preferably from 2 to 20, still more preferably
from 2 to 12, e.g., methoxycarbonyl, ethoxycarbonyl), an
aryloxycarbonyl group (preferably having a carbon number
of'7 to 30, more preferably from 7 to 20, still more preferably
from 7 to 12, e.g., phenyloxycarbonyl), an acyloxy group
(preferably having a carbon number of 2 to 30, more prefer-
ably from 2 to 20, still more preferably from 2 to 10, e.g.,
acetoxy, benzoyloxy), an acylamino group (preferably hav-
ing a carbon number of 2 to 30, more preferably from 2 to 20,
still more preferably from 2 to 10, e.g., acetylamino, benzoy-
lamino),

[0086] analkoxycarbonylamino group (preferably having a
carbon number of 2 to 30, more preferably from 2 to 20, still
more preferably from 2 to 12, e.g., methoxycarbonylamino),
an aryloxycarbonylamino group (preferably having a carbon
number of 7 to 30, more preferably from 7 to 20, still more
preferably from 7 to 12, e.g., phenyloxycarbonylamino), a
sulfonylamino group (preferably having a carbon number of
1 to 30, more preferably from 1 to 20, still more preferably
from 1 to 12, e.g., methanesulfonylamino, benzenesulfony-
lamino), a sulfamoy] group (preferably having a carbon num-
ber of 0 to 30, more preferably from O to 20, still more
preferably from O to 12, e.g., sulfamoyl, methylsulfamoyl,
dimethylsulfamoyl, phenylsulfamoyl),

[0087] a carbamoyl group (preferably having a carbon
number of 1 to 30, more preferably from 1 to 20, still more
preferably from 1 to 12, e.g., carbamoyl, methylcarbamoyl,
diethyl-carbamoyl, phenylcarbamoyl), an alkylthio group
(preferably having a carbon number of 1 to 30, more prefer-
ably from 1 to 20, still more preferably from 1 to 12, e.g.,
methylthio, ethylthio), an arylthio group (preferably having a
carbon number of 6 to 30, more preferably from 6 to 20, still
more preferably from 6 to 12, e.g., phenylthio), a heterocyclic
thio group (preferably having a carbon number of 1 to 30,
more preferably from 1 to 20, still more preferably from 1 to
12, e.g., pyridylthio, 2-benzimidazolylthio, 2-benzox-
azolylthio, 2-benzothiazolylthio),

[0088] a sulfonyl group (preferably having a carbon num-
ber of 1 to 30, more preferably from 1 to 20, still more
preferably from 1 to 12, e.g., mesyl, tosyl), a sulfinyl group
(preferably having a carbon number of 1 to 30, more prefer-
ably from 1 to 20, still more preferably from 1 to 12, e.g.,
methanesulfinyl, benzenesulfinyl), a ureido group (preferably
having a carbon number of'1 to 30, more preferably from 1 to
20, still more preferably from 1 to 12, e.g., ureido, methylure-
ido, phenylureido), a phosphoric acid amido group (prefer-
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ably having a carbon number of 1 to 30, more preferably from
1 to 20, still more preferably from 1 to 12, e.g., diethylphos-
phoric acid amido, phenylphosphoric acid amido), a hydroxyl
group, a mercapto group, a halogen atom (e.g., fluorine, chlo-
rine, bromine, iodine, with fluorine atom being preferred),
[0089] a cyano group, a sulfo group, a carboxyl group, an
0X0 group, a nitro group, a hydroxamic acid group, a sulfino
group, a hydrazino group, an imino group, a monocyclic
heterocyclic group (preferably having a carbon number of 1
to 30, more preferably from 1 to 12, with the heteroatom
being, for example, nitrogen atom, oxygen atom or sulfur
atom; e.g., imidazolyl, pyridyl, quinolyl, furyl, thienyl, pip-
eridyl, morpholino, benzoxazolyl, benzimidazolyl, ben-
zothiazolyl, carbazolyl, azepinyl), a silyl group (preferably
having a carbon number of' 3 to 40, more preferably from 3 to
30, still more preferably from 3 to 24, e.g., trimethylsilyl,
triphenylsilyl), and a silyloxy group (preferably having a
carbon number of 3 to 40, more preferably from 3 to 30, still
more preferably from 3 to 24, e.g., trimethylsilyloxy, triph-
enylsilyloxy). These substituents each may be further substi-
tuted. However, each substituent does not combine to form a
condensed ring.

[0090] Formula (I) is described in detail below.

[0091] Informula (1), Z,, Z,, Z; and Z, each represents an
atom selected from carbon, nitrogen, sulfur and oxygen and
necessary for forming an unsaturated 6-membered ring skel-
eton together with the carbon atom to which a cyano group is
bonded and the carbon atom to which R is bonded. This atom
has a hydrogen atom or a substituent, if desired. The substitu-
ent is selected from the substituent group A. In the case where
the unsaturated 6-membered ring constituted including 7,
7.5, 75 and 7, has a plurality of substituents, these substituents
may be the same or different and may be combined to form a
condensed ring. R, represents a substituent, and specific
examples are the same as the groups described in the substitu-
ent group A above. The bond in the unsaturated 6-membered
ring indicates a single bond or a double bond.

[0092] The preferred range of formula (I) is described
below. In formula (1), Z,, Z,, Z5 and Z, each is preferably
composed of carbon, nitrogen or oxygen, more preferably
carbon or oxygen. A compound where the unsaturated ring
constituted by Z,, Z,, 75 and 7, is composed of carbon or
nitrogen and represents a substituted or unsubstituted ben-
zene ring, pyridine ring, pyrazine ring, pyrimidine ring or
pyridazine ring is still more preferred, and a compound where
Z,,7,,75and 7, each is composed of carbon and the unsat-
urated ring represents a substituted or unsubstituted benzene
ring is yet still more preferred. R, is preferably an aryl group
or a heterocyclic group, more preferably an aryl group. Pre-
ferred examples thereof are the same as the preferred range of
the aryl group described in the substituent group A above.
[0093] The unsaturated ring including 7, Z,, Z5 and 7, is
preferably tetra-substituted with R |, more preferably tri-sub-
stituted with R, and still more preferably di-substituted with
R,.

[0094] Among the compounds represented by formula (I),
compounds represented by formulae (II-a), (II-b) and (II-c)
are preferred.

[0095] Formula (II-a) is described below. In formula (1I-a),
R,, R;, Ry, R, R, R, Ry, Ry and R, each represents a
hydrogen atom or a substituent. The substituent is selected
from the substituent group A above. When R, R;, R, R5, R,
R,, Rg, Ry and R, each represents a substituent, the substitu-
ent may further have a substituent. The pairs of R, and R;, R,
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and R,, R, and R, R and R, Rgand R, R, and Ry, Rg and
Ry, and Ry and R, each may combine to form aring. R, R5,
R,, Ry, R, R, Rg, Ry and R, each is preferably a hydrogen
atom, an alkyl group, a cycloalkyl group, an alkenyl group, an
alkynyl group, an aryl group, an amino group, an alkoxy
group, an aryloxy group, a heterocyclic oxy group, an acyl
group, an alkylthio group, an arylthio group, a heterocyclic
thio group, a sulfonyl group, a hydroxy group, a mercapto
group, a halogen atom, a cyano group, a nitro group, a het-
erocyclic group or a silyl group, more preferably a hydrogen
atom, an alkyl group, a cycloalkyl group, an aryl group, an
aryloxy group, a halogen atom, a cyano group, a heterocyclic
group, a silyl group or a nitro group still more preferably a
hydrogen atom, an alkyl group, an aryl group, a halogen atom,
a cyano group, a heterocyclic group or a nitro group. These
substituents each may be further substituted.

[0096] AmongR,, R;, R, and R in formula (II-a), prefer-
ably any three of R,, R;, R,, R represent substituents, more
preferably any two of R,, R;, R,, R represent substituents
and still more preferably any one of R,, R, R,, R represents
a substituent.

[0097] Formula (II-b) is described below. In formula (I1-b),
X, X,, X5 and X, each represents an atomic group selected
from carbon and nitrogen and necessary for forming an unsat-
urated heterocyclic skeleton together with the carbon atom.
The unsaturated ring constituted by the carbon atom, X, X,
X, and X, has a hydrogen atom or a substituent, if desired.
The substituent is selected from the substituent group A
above. The bond in the unsaturated heterocyclic ring indicates
a single bond or a double bond.

[0098] Informula (II-b),a compound where X, X,, X and
X, each is composed of carbon or nitrogen and the unsatur-
ated ring represents a pyridine ring, a pyridine ring, a pyrazine
ring or a pyridazine ring is preferred, a compound where the
unsaturated ring represents a pyridine ring, a pyrimidine ring
or a pyrazine ring is more preferred, and a compound where
the unsaturated ring constituted by the carbon atom, X, X,
X, and X, is composed of carbon or nitrogen atom and rep-
resents a substituted or unsubstituted pyridine ring is still
more preferred. R, R, Rg, Rg and R, have the same mean-
ings as Rg, R, Rg, Rgand R, in formula (I1-a), and preferred
ranges thereof are also the same.

[0099] Formula (II-c) is described below. In formula (II-c),
Q, represents an atomic group selected from carbon, nitro-
gen, sulfur and oxygen and necessary for forming an unsat-
urated heterocyclic skeleton together with the carbon atom.
The unsaturated heterocyclic ring constituted by the carbon
atom and Q, has a hydrogen atom or a substituent, if desired.
The substituent is selected from the substituent group A
above. The bond in the unsaturated heterocyclic ring indicates
a single bond or a double bond.

[0100] In formula (II-c), a compound where Q, is com-
posed of carbon, nitrogen or oxygen is preferred, a compound
where Q, is composed of carbon or nitrogen and the unsatur-
ated ring is a 5- or 6-membered heterocyclic ring is more
preferred, and a compound where Q, is composed of carbon
and nitrogen and the unsaturated ring is a pyridine ring, a
pyrimidine ring, a pyrazine ring, a pyridazine ring, a pyrazole
ring or an imidazole ring is still more preferred. R,, R5, R, and
R, have the same meanings as R,, R;, R, and R, in formula
(II-a), and preferred ranges thereof are also the same.

[0101] The compound of formula (II-a) is preferably a
compound represented by formula (III). Formula (III) is
described below.
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[0102] In formula (II), R,,, R,5, Ry5, Ry, and R, each
represents a hydrogen atom or a substituent. The substituent
is selected from the substituent group A above. When R,
R,5, R;5, R, and R, 5 each represents a substituent, the sub-
stituent may further have a substituent. The pairs of R; and
Ris,R;;andR ,, R, andR,;,R;;andR | ,,and R, and R
each may combine to form aring. R;;, R;5, R;5, R, and R 5
each is preferably a hydrogen atom, an alkyl group, a
cycloalkyl group, an alkenyl group, an alkynyl group, an aryl
group, an amino group, an alkoxy group, an aryloxy group, a
heterocyclic oxy group, an acyl group, an alkylthio group, a
heterocyclic thio group, a sulfonyl group, a hydroxy group, a
mercapto group, a halogen atom, a cyano group, a nitro group,
aheterocyclic group or a silyl group, more preferably a hydro-
gen atom, an alkyl group, an aryl group, a halogen atom, a
cyano group, a heterocyclic group or a nitro group, still more
preferably a hydrogen atom, an alkyl group, an aryl group, a
cyano group, a heterocyclic group or a nitro group. These
substituents each may be further substituted. R;, R,, Ry, R,
R,, Rg, Ry and R, have the same meanings as R5, R, R5, R,
R,, Rg, Ry and Ry, in formula (II), and preferred ranges
thereof are also the same.

[0103] Among R;, R, and R; in formula (III), preferably
any two of R;, R, and R, represent substituents and more
preferably any one of R, R, and R, represents a substituent.
[0104] The compound of formula (II-a) is more preferably
a compound represented by formula (IV). Formula (IV) is
described below.

[0105] In formula (IV), Ris, Ri7, Rig, Rigy Rogy Roys Ry,
R,5, R,, and R, each represents a hydrogen atom or a sub-
stituent. The substituent is selected from the substituent group
Aabove. WhenR 4, R, 5, R 5, R0, R50,R5 1, R55,R55, R, and
R,5 each represents a substituent, the substituent may further
have a substituent. The pairs of R, , and R, R, and R,5, R ¢
andR,,,R;;andR 4, R;gand R4, Rjgand R, R, and R,,,,
R,,andR,;, R,;and R,,, and R,, and R, 5 each may combine
toformaring. R4, Ry, Ryg, Rig, Rogs Ryp, Rys, Ross Ry, and
R,s each is preferably a hydrogen atom, an alkyl group, a
cycloalkyl group, an aryl group, an alkoxy group, an aryloxy
group, a halogen atom, a cyano group, a heterocyclic group or
a silyl group, more preferably a hydrogen atom, an alkyl
group, an aryl group, a halogen atom, a cyano group or a
heterocyclic group, still more preferably a hydrogen atom, an
alkyl group, an aryl group, a cyano group or a heterocyclic
group, yet still more preferably a hydrogen atom or an aryl
group. These substituents each may be further substituted. R;,
R,, R5, R, R, Ry and R have the same meanings as R, R,
Rs, R, Rg, Rgand R, in formula (ITT). R, Ry 5, R and R,
have the same meanings as R, ;, R,,, R,; and R, , in formula
(1), and preferred ranges thereof are also the same.

[0106] Among R;, R, and Ry in formula (IV), preferably
any two of R;, R, and Ry represent substituents and more
preferably any one of R;, R, and R represents a substituent.
[0107] The compound of formula (II-a) is more preferably
a compound represented by formula (V). Formula (V) is
described below.

[0108] In formula (V), Ryg Rus, Rog, Ros, Rags Rap, Rao,
Raz Ras Ras. Rag Rz Rag. Rag, Ryg, Ruy. Ryp and Ry; each
represents a hydrogen atom or a substituent. The substituent
is selected from the substituent group A above.

[0109] R265 R275 R285 R295 R305 R315 R325 R335 R345 R355 R365
R55, Ryg, Rig, Ryg, Ryp, Ry, and R, each is preferably a
hydrogen atom, an alkyl group, a cycloalkyl group, an aryl
group, an alkoxy group, an aryloxy group, a halogen atom, a
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cyano group, a heterocyclic group or a silyl group, more
preferably a hydrogen atom, an alkyl group, an aryl group, a
cyano group or a heterocyclic group, still more preferably a
hydrogen atom, an alkyl group or a heterocyclic group. When
Ry6 Ro7: Rogy Roos Rao, Raps Ragy Rasy Rags Rasy Ry Rags Rsgs
Rss, Ryps Ryys Ry, and R, each represents a substituent, the
substituent may further have a substituent. The pairs of R,
andR,,, R,cand R,;, R, and Ry, Ry, and R,g, Ry and Ry,
R;,and R;;, R, and R;,, R;, and Ry 5, Ry; and R, Ry; and
Rsg, Ryzand Ry, Rysand Ry, Rygand R, Ry, and Ry, Ry
andR,,,R,,andR,;,R,, andR,,,andR,, and R ,;, each does
not combine with each other to form a condensed ring.
[0110] R, has the same meaning as R, in formula (IIT), and
preferred range thereof is also the same.
[0111] The compound of formula (II-a) is more preferably
a compound represented by formula (VI). Formula (VI) is
described below.
[0112] In formula (VI), R, R,s, Rus and R, each repre-
sents a hydrogen atom or a substituent. The substituent is
selected from the substituent group A above. The substituent
is not a condensed ring. When R,,, R,5, R, and R, each
represents a substituent, the substituent may further have a
substituent, and the pairs of R, and R 5, and R ;s and R ,; each
may combine to form a ring. R,,, R,5, R,5 and R, each is
preferably a hydrogen atom, an alkyl group, a cycloalkyl
group, an aryl group or a heterocyclic group, more preferably
an alkyl group, an aryl group or a heterocyclic group, still
more preferably an aryl group and particularly more prefer-
ably an aryl group in whichR,, and R .5, and R,; and R ., are
combined with each other respectively to form a carbazole
ring together with a nitrogen atom. R, and R, each repre-
sents a hydrogen atom or a substituent. When R, and R,
each represents a substituent, the substituent may further have
asubstituent. R, and R ,, each s preferably a hydrogen atom,
an alkyl group, an aryl group or a heterocyclic group, more
preferably a hydrogen atom, an alkyl group or an aryl group,
still more preferably a hydrogen atom or an aryl group. Pro-
vided that, when R,-, R,q, Rso, Ry, Ry, Rys, Ry and Ry,
each represents a substituent, the pairs of R, and R, R;, and
R,s, Ry andR,, R sand R, Ry, and R, R, and R, Ry
and R,-, and R,, and R, each does not combine to form a
condensed ring. R, has the same meaning as R, in formula
(IIT), and preferred range thereof is also the same. R,,, R,
R,q, R0, R5; and R, have the same meanings as R,,, R,g,
29 R30, R3; and Ry, in formula (V) (namely, R,-, R,q, R,
R;0, R5; and R, each represents a hydrogen atom or a sub-
stituent, and when R,,, R,g, Rys, R5o, R5; and R;, each
represents a substituent, the substituent may further have a
substituent, but the pairs of R,, and R, 5, R, and R,6, R and
R;;,R;;andR;,, Ry, and Ryg, Ry5and R, Ry, and R, R,
and R,5, R,; and R4, R,; and R, R,s and R, and R, and
R,s, each does not combine to form a condensed ring), and
preferred ranges thereof are also the same.
[0113] The compound of formula (II-a) is more preferably
a compound represented by formula (VII). Formula (VII) is
described below.

[0114] In formula (VID), Rs,, Rs;, Rs,, Rs5 and Ry, each
represents a hydrogen atom or a substituent. The substituent
is selected from the substituent group A above. The substitu-
ent is not a condensed ring. R, R, Rs,, Rs;and R, eachis
preferably a hydrogen atom, an alkyl group, a cycloalkyl
group, an aryl group, an alkoxy group, an aryloxy group, a
halogen atom, a cyano group, a heterocyclic group or a silyl
group, more preferably a hydrogen atom, an alkyl group, an
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aryl group, a cyano group or a heterocyclic group, still more
preferably a hydrogen atom, an alkyl group or a heterocyclic
group. When Ry,, Ry, Ry, Rs; and Ry, each represents a
substituent, the substituent may further have a substituent,
and the pairs of Ry, and Ry, R5; and Rs,, Rs, and Ry;, and
Rs;and R, ,, each does not combine to form a condensed ring.
R, Ry7y Rogs Rag, Ry, Ryp, Rs, and R, have the same
meanings as R,s R,;, Ryg, Ryg, Rig, Ryp, Ry, and Ry5 in
formula (V) (namely, R,4, R;5-, Rog, Ryg, Ry, Ryp, Ry, and
R;; each represents a hydrogen atom or a substituent, when
R,s. Rsry Rogs Rugs Ry, Rs;, Ry, and Ry; each represents a
substituent, the substituent may further have a substituent, but
the pairs of R, and R,,, R, and R, R,5 and R, R;, and
R;,, R5; and R;,, and R;, and R 5, each does not combine to
form a condensed ring), and preferred ranges thereof are also
the same. R, and R, have the same meanings as R, and R ,,
in formula (VI). (Namely, R 5 and R,, each represents a
hydrogen atom or a substituent. When R, and R, each rep-
resents a substituent, the substituent may further have a sub-
stituent, but the pairs of R, and R;3, and R, and R, ¢, each
does not combine to form a condensed ring.) Preferred ranges
ofR,sand R,, arethe same as those of R, and R ,, in formula
VD

[0115] The compound of the present invention may be not
only a low molecular compound but also an oligomer com-
pound or a polymer compound (the weight average molecular
weight (in terms of polystyrene) is preferably from 1,000 to
5,000,000, more preferably from 2,000 to 1,000,000, still
more preferably from 3,000 to 100,000). In the case of a
polymer compound, the structure represented by formula (1)
may be contained in the polymer main chain or may be
contained in the polymer side chain. Also, the polymer com-
pound may be a homopolymer compound or a copolymer.
The compound of the present invention is preferably a low
molecular compound.

[0116] The lowest excited triplet energy level (hereinafter,
sometimes simply referred to as ““T, ) of the compound of the
present invention is preferably from 65 kcal/mol (272.35
kJ/mol) to 95 kcal/mol (398.05 kl/mol), more preferably
from 65 kecal/mol (272.35 kJ/mol) to 80 kcal/mol (335.2
kJ/mol), still more preferably from 65 kcal/mol (272.35
kJ/mol) to 75 kcal/mol (314.3 kJ/mol), yet still more prefer-
ably from 65 kcal/mol (272.35 kl/mol) to 70 kcal/mol (293.3
kJ/mol).

[0117] The lowest excited triplet energy level of a com-
pound is described in detail, for example, in Haruo Inoue,
Katsuhiko Takagi, Masako Sasaki and Chong-Jeon Pak,
Hikarikagaku 1 (Photochemistry 1), pp. 34-38, Maruzen
(1999) and Katsuki Tokumaru, Hikarikagaku no Sekai
(World of Photochemistry), pp. 48-54, Dainippon Tosho
(1993), and can be calculated by the methods or the like
described therein.

[0118] Also, the relationship of the highest occupied
molecular orbital (HOMO), lowest unoccupied molecular
orbital (LUMO), ionization potential and electron affinity of
a compound with the light emission principle of an organic
electroluminescent device is described in detail in publica-
tions such as Seishi Tokito, Chihaya Adachi and Hideyuki
Murata, Yuki EL Display (Organic EL. Display), pp. 17-32,
Ohm Sha (2004).

[0119] In view of vapor-deposition property, thermal sta-
bility, amorphous film and suppression of crystallization, the
compound of the present invention preferably has a glass
transition temperature (hereinafter simply referred to as
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“Tg”) of 11010 400° C., more preferably from 140t0 350° C.,
still more preferably from 150 to 300° C. -continued

[0120] Specific examples of the compound of the present ®
invention are set forth below, but the present invention is not
limited thereto.
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[0121] The compound of the present invention can be syn-
thesized by referring to the methods described, for example,
in Angewante Chemie International Edition in English,
38(16),2413-2416 (1999) or Journal of the American Chemi-
cal Society, 122(17), 4020-4028 (2000), but the present
invention is not limited to the methods described therein.
[0122] Out of the compounds of the present invention, spe-
cific synthesis examples of Compounds (1), (2), (19), (91),
(101), (102), (107) and (111) are described below, but the
present invention is not limited to these methods.
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-continued

CCly, reflux

LiOH H,O
(&)
EtOH, reflux

<Synthesis of Compound (1)>

[0123] Ina300mL-volumethree-necked flask, 5.16 g(30.0
mmol) of Compound (A), 7.70 g (63.1 mmol) of phenylboric
acid, 10.5 g (180 mmol) of potassium fluoride and 52 ml of
THF were added and while stirring the mixture at room tem-
perature, 0.13 g (0.58 mmol) of palladium acetate and 0.43 g
(0.90 mmol) of 2-dicyclohexylphosphino-2'4',6'-triisopro-
pylbiphenyl were added thereto, followed by stirring at room
temperature for 6 hours. After confirming the completion of
reaction by TLC, water was added, and the reaction mixture
was further stirred for 1 hour. The crude crystal produced was
separated by filtration, dissolved in chloroform and dried over
anhydrous magnesium sulfate. The inorganic salt was sepa-
rated by filtration and the filtrate was then concentrated by a
rotary evaporator. The obtained crystal was washed by dis-
persion with hexane to obtain 5.06 g (yield: 66.1%) of Com-
pound (1).

[0124] 'H-NMR (400 MHz, in CDCL,):

[0125] O (ppm)=7.40-7.53 (m, 8H),7.56-7.61 (m, 4H),7.67
(dd, J=7.6, 7.8 Hz, 1H).

1) NH,OH HCI, Py. toluene
2) PIyP, NCS CH,Cly, r.t.

O ‘CN O
NC CN

111)

<Synthesis of Compound (2)>

[0126] Ina300mL-volumethree-necked flask,3.44 g(20.0
mmol) of Compound (A), 8.32 g (42.0 mmol) of 2-biphenyl-
boric acid, 10.5 g (120 mmol) of potassium fluoride and 34 ml
of THF were added and while stirring the mixture at room
temperature, 0.09 g (0.40 mmol) of palladium acetate and
0.29 g (0.61 mmol) of 2-dicyclohexylphosphino-2',4',6'-tri-
isopropylbiphenyl were added thereto, followed by stirring at
room temperature for 6 hours. After confirming the comple-
tion of reaction by TLC, water was added, and the reaction
mixture was further stirred for 1 hour. The crude crystal
produced was separated by filtration, dissolved in chloroform
and dried over anhydrous magnesium sulfate. The inorganic
salt was separated by filtration and the filtrate was then con-
centrated by a rotary evaporator. The obtained crystal was
washed by dispersion with hexane to obtain 7.20 g (yield:
88.3%) of Compound (2).

[0127] 'H-NMR (300 MHz, in dmso-dy): 8 (ppm)=6.9-7.6
(m, 21H).

<Synthesis of Compound (19)>

[0128] Ina200mL-volumethree-necked flask, 1.72 g(10.0
mmol) of Compound (A), 3.50 g (21.0 mmol) of nitrophenyl-
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boric acid, 3.5 g (60 mmol) of potassium fluoride and 52 ml of
THF were added and while stirring the mixture at room tem-
perature, 0.067 g (0.30 mmol) of palladium acetate and 0.14
g (0.29 mmol) of 2-dicyclohexylphosphino-2',4',6'-triisopro-
pylbiphenyl were added thereto, followed by stirring at room
temperature for 1 hour and under reflux with heating for 3
hours. After confirming the completion of reaction by TLC,
water was added, and the reaction mixture was further stirred
for 1 hour. The crude crystal produced was separated by
filtration. The obtained crystal was washed by a mixed dis-
persion of hexane and ethyl acetate (1:1) to obtain 3.00 g
(yield: 87.0%) of Compound (19).

[0129] 'H-NMR (400 MHz, in CDCL,):

[0130] O (ppm)=7.62 (d, 2H, I=7.8 Hz), 7.73 (t, 2H, ]=8.0
Hz), 7.95-8.00 (m, 2H), 8.35-8.40 (m, 2H), 8.48-8.55 (m,
2H).

<Synthesis of Compound (91)>

[0131] Ina200ml-volumethree-necked flask, 1.97 g(11.5
mmol) of Compound (A), 5.0 g (25 mmol) of 3-biphenylboric
acid, 4.0 g (69 mmol) of potassium fluoride and S0 ml of THF
were added and while stirring the mixture at room tempera-
ture, 0.051 g (0.23 mmol) of palladium acetate and 0.16 g
(0.33 mmol) of 2-dicyclohexylphosphino-2'4',6'-triisopro-
pylbiphenyl were added thereto, followed by stirring at room
temperature for 6 hours. After confirming the completion of
reaction by TLC, water was added, and the reaction mixture
was further stirred for 1 hour. The crude crystal produced was
separated by filtration, dissolved in chloroform and dried over
anhydrous magnesium sulfate. The inorganic salt was sepa-
rated by filtration and the filtrate was then concentrated by a
rotary evaporator. The resulting residue was purified by silica
gel column chromatography and washed by dispersion with
hexane to obtain 4.37 g (yield: 93.5%) of Compound (91).
[0132] 'H-NMR (300 MHz, in CDCL,): 8 (ppm)=7.33 (m,
2H), 7.43-7.50 (m, 4H), 7.54-7.62 (m, 6H), 7.64-7.74 (m,
7H), 7.82-7.85 (m, 2H).

<Synthesis of Compound (101)>

[0133] Ina200ml-volumethree-necked flask, 1.51 g(8.79
mmol) of Compound (A), 5.0 g (19 mmol) of trifluorometh-
ylphenylboric acid, 3.1 g (53 mmol) of potassium fluoride and
50 ml of THF were added and while stirring the mixture at
room temperature, 0.040 g (0.18 mmol) of palladium acetate
and 0.13 g (0.27 mmol) of 2-dicyclohexylphosphino-2',4',6'-
triisopropylbiphenyl were added thereto, followed by stirring
at room temperature for 1 hours and under reflux with heating
for 3 hours. After confirming the completion of reaction by
TLC, water was added, and the reaction mixture was further
stirred for 1 hour. The crude crystal produced was separated
by filtration, dissolved in chloroform and dried over anhy-
drous magnesium sulfate.

[0134] 'H-NMR (300 MHz, in CDCl,): § (ppm)=7.63 (d,
2H,]=7.8Hz),7.63(d,2H,J=7.8 Hz),7.85 (dd, 1H,]=6.9,8 .4
Hz), 8.02 (br. s, 2H), 8.05 (br. s, 4H).

<Synthesis of Compound (B)>

[0135] In a 300 ml-volume three-necked flask, 7.2 g (129
mmol) of reduced iron, 0.72 g (13.5 mmol) of ammonium
chloride, 100 ml of 2-propanol and 10 ml of water were added
and while stirring the mixture with heating under reflux, 0.7
ml of acetic acid was further added and stirred for 10 minutes.
Further, 7.2 g (20.9 mmol) of Compound (19) was added little
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by little thereto under reflux with heating. After stirring the
resulting mixture for 1 hour under reflux with heating, Celite-
filtration was effected. The resulting product was washed
with hot 2-propanol, then the filtrate was concentrated. The
residue obtained was washed by dispersion with hexane and
ethyl acetate to obtain 1.73 g (yield: 29.0%) of Compound
B).

[0136] 'H-NMR (300 MHz, in CDCL,): 8 (ppm)=3.78 (br.
s, 4H, —NH,), 6.76 (dd, 2H, 0.9, 8.0 Hz), 6.88 (br. t, 2H,
J=1.9 Hz), 6.92-6.96 (m, 2H), 7.25-7.29 (m, 2H), 7.43 (br. d,
2H, J=7.6 Hz), 7.61 (dd, 2H, J=7.2 Hz, 8.2 Hz).

<Synthesis of Compound (102)>

[0137] Ina300mL-volumethree-necked flask, 2.38 g(8.34
mmol) of Compound (B), 5.20 g (16.7 mmol) of 2,2'-dibro-
mobiphenyl, 4.80 g (49.9 mmol) of sodium tert-butoxide and
100 ml of toluene were added and while stirring the mixture
at room temperature, 0.29 g (0.50 mmol) of bis(dibenzylide-
neacetone)palladium dibenzylidene and 0.48 g (1.01 mmol)
of  2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl
were added thereto, followed by stirring under reflux with
heating for 3 hours. After confirming the completion of reac-
tion by TLC, water and ethyl acetate were added, and the
reaction mixture was further stirred for 1 hour. The resulting
reaction mixture was subjected to Celite-filtration and the
filtrate was extracted with ethyl acetate. The collected organic
layer was dried over anhydrous magnesium sulfate. The inor-
ganic salt was separated by filtration and the filtrate was then
concentrated by a rotary evaporator. The resulting residue
was washed by dispersion with ethyl acetate to obtain 1.73 g
(vield: 35.0%) of Compound (102).

[0138] 'H-NMR (300 MHz, in CDCl,):

[0139] O (ppm)=7.26-7.34 (m, 4H), 7.40-7.45 (m, 4H),
7.55-7.62 (m, 6H), 7.66-7.85 (m, 9H), 8.15 (br. d, 4H, J=7.7
Hz).

<Synthesis of Compound (107)>

[0140] Compound (107) was synthesized from stating
compound (c) according to the same manner as that of syn-
thesizing Compound (19) or Compound (102).

[0141] 'H-NMR (300 MHz, in CDCl,):

[0142] O (ppm)=7.26-7.37 (m,4H),7.40-7.47 (m,4H), 7.57
(br. d, 4H, J=8.2 Hz), 7.65-7.74 (m, 2H), 7.75-7.85 (m, 8H),
8.15 (br. d, 4H, J=7.8 Hz).

<Synthesis of Compound (F)>

[0143] A 10.0 g (28.7 mmol) amount of Compound (E)
which can be synthesized by the method described in, for
example, European Journal of Organic Chemistry 2004, (3),
643-646 was dissolved in 100 ml of carbon tetrachloride.
Then, 0.69 g (1.01 mmol) of benzoyl peroxide and 17.9 g (100
mmol) of N-bromosuccinimide were added thereto. The
resulting mixture was refluxed under heating for 12 hours.
Acetonitrile was added thereto to obtain the crystal of Com-
pound (F) and the crystal was separated by filtration. Com-
pound (F) obtained was used to the following reaction with-
out further purification.

<Synthesis of Compound (I)>

[0144] To 12.0 g (20.5 mmol) of crude crystal of Com-
pound (F) were added 10.1 g (123 mmol) of sodium acetate
and 50 ml of acetic acid. The resulting mixture was stirred
under reflux with heating for 6 hours. Water was added
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thereto. Successively, the resulting crude crystal of Com-
pound (G) was separated by filtration and placed into a 300
mL-volume three-necked flask. Then 50 ml of ethanol and
3.44 g (82.0 mmol) of lithium hydroxide monohydrate were
added thereto. The resulting mixture was stirred under reflux
with heating for 4 hours. Water was added thereto. The result-
ing crude crystal was washed by dispersion with acetonitrile.
To 3.60 g (9.08 mmol) of Compound (H) produced, were
added 250 ml of dichloromethane and 7.0 g (32 mmol) of
pyridinium chlorochromate. The resulting mixture was
stirred at room temperature for 12 hours. Then chrome resi-
due was removed off by Celite-filtration and the filtrate was
washed with dilute hydrochloric acid. The collected organic
layer was dried over anhydrous magnesium sulfate. The inor-
ganic salt was separated by filtration and the filtrate was then
concentrated by a rotary evaporator. The resulting residue
was washed by dispersion with ethyl acetate to obtain 2.65 g
(yield: 35.0%) of Compound (I).

[0145] 'H-NMR (300 MHz, in CDCl,):

[0146] O (ppm)=7.27-7.38 (m, 6H), 7.40-7.55 (m, 9H), 9.71
(s, 3H, —CHO).

<Synthesis of Compound (111)>

[0147] Ina200mL-volumethree-necked flask, 1.41 g(3.61
mmol) of Compound (I), 1.0 g (14.4 mmol) of hydroxylamine
hydrochloride, 2.3 ml (28 mmol) of pyridine and 54 ml of
toluene were added and stirred the resulting mixture under
reflux with heating for 3 hours. After confirming the comple-
tion of reaction by TL.C, the mixture obtained was cooled to
room temperature, then, water, dilute hydrochloric acid and
ethyl acetate were added thereto. The reaction mixture was
extracted with ethyl acetate. The collected organic layer was
dried over anhydrous magnesium sulfate. The inorganic salt
was separated by filtration and the filtrate was then concen-
trated by a rotary evaporator. The resulting residue was placed
into a 500 mL-volume three-necked flask and 100 ml of
dichloromethane was added thereto. Successively, at room
temperature, 3.41 g (13.0 mmol) of triphenyl phosphine was
added and 1.73 g (13.0 mmol) of N-chlorosuccinimide was
added little by little thereto, followed by stirring at room
temperature for 2 hours. After confirming the completion of
reaction by TLC, water and ethyl acetate were added thereto.
The reaction mixture was extracted with ethyl acetate. The
collected organic layer was dried over anhydrous magnesium
sulfate. The inorganic salt was separated by filtration and the
filtrate was then concentrated by a rotary evaporator. The
resulting residue was purified by silica gel column chroma-
tography to obtain 1.20 g (yield: 87%) of Compound (111).
[0148] 'H-NMR (300 MHz, in CDCL,): 8 (ppm)=7.62 (br.
s, 15H). *C-NMR (75 MHz, in CDCL,)): § (ppm)=114.5,
115.0, 129.0, 129.2, 131.0, 134.0, 154.6. (300 MHz, in
DMSO-dy): & (ppm)=7.62-7.67 (m, 9H), 7.70-7.77 (m, 6H).
[0149] At the synthesis of the compound of the present
invention, the reaction time varies depending on the activity
of reaction and is not particularly limited but is preferably
from 1 minute to 5 days, more preferably from 5 minutes to 3
days, still more preferably from 10 minutes to 24 hours.
[0150] At the synthesis of the compound of the present
invention, the reaction temperature varies depending on the
activity of reaction and is not particularly limited but is pref-
erably from 0 to 300° C., more preferably from 5 to 250° C.,
still more preferably from 10 to 200° C.

[0151] The light-emitting device containing the compound
of'the present invention is described below. The light-emitting
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device of the present invention is characterized by using the
compound of the present invention, and normal light-emitting
system, driving method, utilization mode and the like may be
used. The compound of the present invention is preferably
used as a light-emitting material, a host material, an exciton
blocking material, a charge blocking material or a charge
transport material, more preferably as a host material, an
exciton blocking material or a charge transport material. In
the case of'use as a light-emitting material, the light emission
may be either ultraviolet emission or infrared emission and
may be either fluorescent emission or phosphorescent emis-
sion. In the case of use as a charge transport material, the
transport property may either hole transport property or elec-
tron transport property. Also, the compound of the present
invention is preferably used in combination with a metal
complex described in International Publication Nos.

04/099339  (pamphlet), 04/006498 (pamphlet) and
04/108857 (pamphlet).
[0152] In the case where the compound of the present

invention is used as a light-emitting material in the light-
emitting layer, the compound is preferably contained in the
light-emitting layer in an amount of 0.1 to 40 mass %, more
preferably from 0.5 to 20 mass %. (In this specification, mass
ratio is equal to weight ratio.)

[0153] In the case where the compound is used as a host
material in the light-emitting layer, the compound is prefer-
ably contained in the light-emitting layer in an amount of 60
t0 99.9 mass %, more preferably from 80 to 99.5 mass %.
[0154] In the case where the compound is contained in a
layer other than the light-emitting layer, the compound is
preferably contained in the layer in an amount of 0.5 to 100
mass %, more preferably from 10 to 100 mass %.

[0155] In particular, when the compound of the present
invention having a structure that an aromatic ring or hetero-
cyclic ring is substituted at the ortho-position of a cyano
group is used as a host material in the light-emitting layer in
combination with a phosphorescent material, an organic elec-
troluminescent device reduced in the driving voltage and
assured of high durability is obtained and this is preferred.

[Organic Electroluminescent Device]

[0156] The organic electroluminescent device of the
present invention is described in detail below.

[0157] The light-emitting device of the present invention
has a cathode and an anode on a substrate and between these
two electrodes, has an organic compound layer including an
organic light-emitting layer (hereinafter sometimes simply
referred to as a “light-emitting layer”). Considering the prop-
erty of the light-emitting device, at least one electrode out of
the anode and the cathode is preferably transparent.

[0158] The elements constituting the light-emitting device
of the present invention are described in detail below.

<Substrate>

[0159] The substrate for use in the present invention is
preferably a substrate which does not scatter or attenuate the
light emitted from the organic compound layer. Specific
examples thereof include an inorganic material such as zir-
conia stabilized with yttrium (YSZ) and glass, and an organic
material such as polyester (e.g., polyethylene terephthalate,
polybutylene phthalate, polyethylene naphthalate), polysty-
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rene, polycarbonate, polyethersulfone, polyallylate, polyim-
ide, polycycloolefin, norbornene resin and poly(chlorotrif-
luoroethylene).

[0160] For example, in the case of using glass as the sub-
strate, the construction material used therefor is preferably
non-alkali glass so as to reduce the ion dissolved out from the
glass. Also, in the case of using soda lime glass, a barrier coat
such as silica is preferably applied thereto before use. In the
case of an organic material, those excellent in the heat resis-
tance, dimensional stability, solvent resistance, electrical
insulation and processability are preferred.

[0161] The shape, structure, size and the like of the sub-
strate are not particularly limited and may be appropriately
selected, for example, according to the usage or purpose of
the light-emitting device. In general, the substrate shape is
preferably a plate form. The substrate structure may be a
single-layer structure or a multilayer structure and may be
formed of a single member or two or more members.

[0162] The substrate may be colorless and transparent or
may be colored and transparent but from the standpoint that
the light emitted from the organic light-emitting layer is free
from scattering, attenuation or the like, the substrate is pref-
erably colorless and transparent.

[0163] A moisture permeation-preventing layer (gas bar-
rier layer) may be provided on the front surface or back
surface of the substrate.

[0164] As for the material of the moisture permeation-pre-
venting layer (gas barrier layer), an inorganic substance such
as silicon nitride and silicon oxide is suitably used. The mois-
ture permeation-preventing layer (gas barrier layer) can be
formed by, for example, a high-frequency sputtering method.
[0165] In the case of using a thermoplastic substrate, a
hardcoat layer, an undercoat layer and the like may be further
provided, if desired.

<Anode>

[0166] The anode is usually sufficient if it has a function as
an electrode of supplying a hole to the organic compound
layer. The shape, structure, size and the like thereof are not
particularly limited, and the anode material may be appropri-
ately selected from known electrode materials according to
the usage or purpose of the light-emitting device. The anode
is usually provided as a transparent anode.

[0167] Suitable examples of the material for the anode
include a metal, an alloy, a metal oxide, an electrically con-
ducting compound and a mixture thereof. Specific examples
of'the anode material include an electrically conducting metal
oxide such as tin oxide doped with antimony, fluorine or the
like (ATO, FTO), tin oxide, zinc oxide, indium oxide, indium
tin oxide (ITO) and indium zinc oxide (IZO); a metal such as
gold, silver, chromium and nickel; a mixture or laminate of
the metal and the electrically conducting metal oxide; an
inorganic electrically conducting substance such as copper
iodide and copper sulfide; an organic electrically conducting
material such as polyaniline, polythiophene and polypyrrole;
and a laminate of such a material and ITO. Among these, an
electrically conducting metal oxide is preferred, and ITO is
more preferred in view of productivity, high electrical con-
ductivity, transparency and the like.

[0168] The anode can be formed on the substrate by a
method appropriately selected taking into consideration the
suitability for the material constituting the anode, from a wet
system such as printing and coating, a physical system such as
vacuum deposition, sputtering and ion plating, and a chemical
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system such as CVD and plasma CVD. For example, in the
case of selecting ITO as the anode material, the anode may be
formed by a DC or high-frequency sputtering method, a
vacuum deposition method or an ion plating method.

[0169] In the organic electroluminescent device of the
present invention, the position where the anode is formed is
not particularly limited and may be appropriately selected
according to the usage or purpose of the light-emitting device,
but the anode is preferably formed on the substrate. In this
case, the anode may be formed entirely or partially on one
surface of the substrate.

[0170] The patterning when forming the anode may be
performed by chemical etching such as photolithography, by
physical etching using a laser or the like, by vacuum deposi-
tion or sputtering using a mask, or by a lift-off method or
printing method.

[0171] The thickness of the anode may be appropriately
selected according to the material constituting the anode is
usually on the order of 10 nm to 50 um, preferably from 50 nm
to 20 pm.

[0172] The resistance value of the anode is preferably 10°
Q/square or less, more preferably 10* Q/square or less. In the
case where the anode is transparent, the anode may be color-
less and transparent or may be colored and transparent. In
order to take out light from the transparent anode side, the
transmittance of the anode is preferably 60% or more, more
preferably 70% or more.

[0173] Incidentally, the transparent anode is described in
detail in Yutaka Sawada (supervisor), Tomei Denkyoku Maku
no Shin-Tenkai (New Development of Transparent Electrode
Film, CMC (1999), and the matters described therein can be
applied in the present invention. In the case of employing a
plastic substrate having low heat resistance, a transparent
anode film-formed using ITO or IZO at a low temperature of
150° C. or less is preferred.

<Cathode>

[0174] The cathode is usually sufficient if it has a function
as an electrode of injecting an electron in the organic com-
pound layer. The shape, structure, size and the like thereof are
not particularly limited, and the cathode material may be
appropriately selected from known electrode materials
according to the usage or purpose of the light-emitting device.
[0175] Examples of the material constituting the cathode
include a metal, an alloy, a metal oxide, an electrically con-
ducting compound and a mixture thereof. Specific examples
thereof include an alkaline metal (e.g., Li, Na, K, Cs), an
alkaline earth metal (e.g., Mg, Ca), gold, silver, lead, alumi-
num, a sodium-potassium alloy, a lithium-aluminum alloy, a
magnesium-silver alloy, and a rare earth metal such as indium
and ytterbium. One species of these materials may be used
alone, but in view of satistying both stability and electron-
injecting property, two or more species may be suitably used
in combination.

[0176] Among these materials constituting the cathode, an
alkaline metal and an alkaline earth metal are preferred in
view of electron-injecting property, and a material mainly
comprising aluminum is preferred in view of excellent stor-
age stability.

[0177] The “material mainly comprising aluminum” indi-
cates aluminum alone or an alloy or mixture of aluminum
with 0.01 to 10 mass % of an alkaline metal or alkaline earth
metal (for example, a lithium-aluminum alloy and a magne-
sium-aluminum alloy).
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[0178] Incidentally, the cathode material is described in
detail in JP-A-2-15595 and JP-A-5-121172, and the materials
described therein can be applied also in the present invention.

[0179] The method for forming the cathode is not particu-
larly limited, and the cathode may be formed according to
known methods. For example, the cathode may be formed by
a method appropriately selected taking into consideration the
suitability for the material constituting the cathode, from a
wet system such as printing and coating, a physical system
such as vacuum deposition, sputtering and ion plating, and a
chemical system such as CVD and plasma CVD. For
example, in the case of selecting a metal or the like as the
cathode material, one species or two or more species thereof
may be sputtered simultaneously or sequentially.

[0180] The patterning when forming the cathode may be
performed by chemical etching such as photolithography, by
physical etching using a laser or the like, by vacuum deposi-
tion or sputtering using a mask, or by a lift-off method or
printing method.

[0181] Inthepresentinvention, the position where the cath-
ode is formed is not particularly limited, and the cathode may
be formed entirely or partially on the organic compound
layer.

[0182] A dielectric layer comprising a fluoride, oxide or the
like of an alkaline metal or alkaline earth metal may be
inserted between the cathode and the organic compound layer
to have a thickness 0f'0.1 to 5 nm. This dielectric layer may be
regarded as a kind of electron injection layer. The dielectric
layer can be formed, for example, by a vacuum vapor depo-
sition method, a sputtering method or an ion plating method.

[0183] The thickness of the cathode may be appropriately
selected according to the material constituting the cathode
and cannot be indiscriminately specified but is usually on the
order of 10 nm to 5 pm, preferably from 50 nm to 1 pm.

[0184] The cathode may be transparent or opaque. The
transparent cathode may be formed by film-forming the cath-
ode material to a small thickness of 1 to 10 nm and further
stacking thereon a transparent electrically conducting mate-
rial such as ITO and IZO.

<Organic Compound Layer>

[0185] The organic compound layer for use in the present
invention is described below.

[0186] The organic electroluminescent device of the
present invention has at least one organic compound layer
including a light-emitting layer, and the organic compound
layer other than the light-emitting layer includes, as described
above, layers such as hole transport layer, electron transport
layer, charge blocking layer, hole injection layer and electron
injection layer.

[0187] As for the embodiment of stacking in the organic
compound layer of the present invention, an embodiment
where a hole transport layer, a light-emitting layer and an
electron transport layer are stacked in this order from the
anode side is preferred. Furthermore, a charge blocking layer
or the like may be provided between the hole transport layer
and the light-emitting layer or between the light-emitting
layer and the electron transport layer. Also, a hole injection
layer may be present between the anode and the hole transport
layer, and an electron injection layer may be present between
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the cathode and the electron transport layer. Incidentally, each
layer may be composed of a plurality of secondary layers.

—Formation of Organic Compound Layer—

[0188] In the organic electroluminescent device of the
present invention, the layers constituting the organic com-
pound layer each may be suitably formed by any method such
as dry film-forming method (e.g., vapor deposition, sputter-
ing), transfer method and printing method.

—Organic Light-Emitting Layer—

[0189] The organic light-emitting layer is a layer having a
function of, when an electric field is applied, receiving a hole
from the anode, hole injection layer or hole transport layer,
receiving an electron from the cathode, electron injection
layer or electron transport layer, and providing a site for
recombination of a hole and an electron, thereby emitting
light.

[0190] In the present invention, the light-emitting layer
may be composed of only a light-emitting material or may
have a mixed layer structure of a host material and a light-
emitting material. The light-emitting material may be either a
fluorescent material or a phosphorescent material (triplet
light-emitting material) and as for the dopant, one species or
two or more species may be used. The host material is pref-
erably a charge transport material. As for the host material,
one species or two or more species may be used, and
examples thereof include a construction where an electron-
transporting host material and a hole-transporting host mate-
rial are mixed. Also, the light-emitting layer may contain a
material which does not have electron transport property and
does not emit light.

[0191] Furthermore, the light-emitting layer may be com-
posed of one layer or two or more layers, and the layers may
differ in the color of light emitted.

[0192] Examples of the fluorescent material which can be
used include a benzoxazole derivative, a benzimidazole
derivative, a benzothiazole derivative, a styrylbenzene deriva-
tive, a polyphenyl derivative, a diphenylbutadiene derivative,
a tetraphenylbutadiene derivative, a naphthalimide deriva-
tive, a coumarin derivative, a condensed aromatic compound,
a perynone derivative, an oxadiazole derivative, an oxazine
derivative, an aldazine derivative, a pyralidine derivative, a
cyclopentadiene derivative, a bis-styrylanthracene derivative,
a quinacridone derivative, a pyrrolopyridine derivative, a
thiadiazolopyridine derivative, a cyclopentadiene derivative,
a styrylamine derivative, a diketopyrrolopyrrole derivative,
an aromatic dimethylidine compound, various metal com-
plexes as represented by a metal complex of 8-quinolinol
derivative and a metal complex of pyrromethene derivative, a
polymer compound such as polythiophene, polyphenylene
and polyphenylenevinylene, and a compound such as organic
silane derivative.

[0193] Examples of the ligand of the complex include the
ligands described in G. Wilkinson et al., Comprehensive
Coordination Chemistry, Pergamon Press (1987), H. Yersin,
Photochemistry and Photophysics of Coordination Com-
pounds, Springer-Verlag (1987), and Akio Yamamoto, Yuki
Kinzoku Kagaku—Kiso to Oyo—(Metalorganic Chemis-
try—Foundation and Application—), Shokabo (1982).
[0194] Specifically, the ligand is preferably a halogen
ligand (preferably chlorine ligand), a nitrogen-containing
heterocyclic ligand (e.g., phenylpyridine, benzoquinoline,
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quinolinol, bipyridyl, phenanthroline), a diketone ligand
(e.g., acetylacetone), a carboxylic acid ligand (e.g., acetic
acid ligand), a carbon monoxide ligand, an isonitrile ligand or
a cyano ligand, more preferably a nitrogen-containing het-
erocyclic ligand. The complex may have one transition metal
atom in the compound or may be a so-called dinuclear com-
plex having two or more transition metal atoms. Different
kinds of metal atoms may be contained at the same time.

[0195] The device of the present invention preferably con-
tains at least one phosphorescent material in the light-emit-
ting layer. The phosphorescent material is preferably an iri-
dium complex or a platinum complex, more preferably a
platinum complex. Specific examples thereof include plati-
num complexes described in International Publication Nos.
04/099339  (pamphlet), 04/006498 (pamphlet) and
04/108857 (pamphlet), and a platinum complex selected
therefrom is preferably used in combination.

[0196] The phosphorescent material is preferably con-
tained in the light-emitting layer in an amount of 0.1 to 40
mass %, more preferably from 0.5 to 20 mass %.

[0197] Examples of the host material contained in the light-
emitting layer of the present invention include the materials
having a carbazole skeleton, a diarylamine skeleton, a pyri-
dine skeleton, a pyrazine skeleton, a triazine skeleton or an
arylsilane skeleton, and the materials described later in the
paragraphs of hole injection layer, hole transport layer, elec-
tron injection layer and electron transport layer.

[0198] The thickness of the light-emitting layer is not par-
ticularly limited but usually, the thickness is preferably from
1 to 500 nm, more preferably from 5 to 200 nm, still more
preferably from 10 to 100 nm.

—Hole Injection Layer, Hole Transport Layer—

[0199] The hole injection layer and hole transport layer are
alayer having a function of receiving a hole from the anode or
anode side and transporting it to the cathode side. Specifi-
cally, the hole injection layer and hole transport layer each is
preferably alayer containing a carbazole derivative, a triazole
derivative, an oxazole derivative, an oxadiazole derivative, an
imidazole derivative, a polyarylalkane derivative, a pyrazo-
line derivative, a pyrazolone derivative, a phenylenediamine
derivative, an arylamine derivative, an amino-substituted
chalcone derivative, a styrylanthracene derivative, a fluo-
renone derivative, a hydrazone derivative, a stilbene deriva-
tive, a silazane derivative, an aromatic tertiary amine com-
pound, a styrylamine compound, an aromatic dimethylidyne-
based compound, a porphyrin-based compound, an organic
silane compound, carbon or the like.

[0200] The thickness of each of the hole injection layer and
the hole transport layer is preferably 500 nm or less from the
standpoint of lowering the driving voltage.

[0201] The thickness of the hole transport layer is prefer-
ably from 1 to 500 nm, more preferably from 5 to 200 nm, still
more preferably from 10 to 100 nm, and the thickness of the
hole injection layer is preferably from 0.1 to 200 nm, more
preferably from 0.5 to 100 nm, still more preferably from 1 to
100 nm.

[0202] The hole injection layer and hole transport layer
each may have a single-layer structure comprising one spe-
cies or two or more species of the above-described materials
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or may have a multilayer structure comprising a plurality of
layers having the same composition or different composi-
tions.

—FElectron Injection Layer, Electron Transport Layer—

[0203] The electron injection layer and electron transport
layer are a layer having a function of receiving an electron
from the cathode or cathode side and transporting it to the
anode side. Specifically, the electron injection layer and elec-
tron transport layer each is preferably a layer containing a
triazole derivative, an oxazole derivative, an oxadiazole
derivative, an imidazole derivative, a fluorenone derivative,
an anthraquinodimethane derivative, an anthrone derivative, a
diphenylquinone derivative, a thiopyran dioxide derivative, a
carbodiimide derivative, a fluorenylidenemethane derivative,
a distyrylpyrazine derivative, an aromatic ring tetracarboxy-
lic acid anhydride such as naphthalene and perylene, a phtha-
locyanine derivative, various metal complexes as represented
by a metal complex of 8-quinolinol derivative and a metal
complex having metal phthalocyanine, benzoxazole or ben-
zothiazole as a ligand, an organic silane derivative or the like.
[0204] The thickness of each of the electron injection layer
and the electron transport layer is preferably 500 nm or less
from the standpoint of lowering the driving voltage.

[0205] The thickness of the electron transport layer is pref-
erably from 1 to 500 nm, more preferably from 5 to 200 nm,
still more preferably from 10 to 100 nm, and the thickness of
the electron injection layer is preferably from 0.1 to 200 nm,
more preferably from 0.2 to 100 nm, still more preferably
from 0.5 to 50 nm.

[0206] The electron injection layer and electron transport
layer each may have a single-layer structure comprising one
species or two or more species of the above-described mate-
rials or may have a multilayer structure comprising a plurality
of layers having the same composition or different composi-
tions.

—Hole Blocking Layer—

[0207] The hole blocking layer is a layer having a function
of preventing the hole transported from the anode side to the
light-emitting layer, from penetrating to the cathode side. In
the present invention, the hole blocking layer may be pro-
vided as an organic compound layer adjacent to the light-
emitting layer on the cathode side.

[0208] Examples of the organic compound constituting the
hole blocking layer include an aluminum complex such as
BAlq, a triazole derivative, and a phenanthroline derivative
such as BCP.

[0209] The thickness of the hole blocking layer is prefer-
ably from 1 to 500 nm, more preferably from 5 to 200 nm, still
more preferably from 10 to 100 nm.

[0210] The hole blocking layer may have a single-layer
structure comprising one species or two or more species of the
above-described materials or may have a multilayer structure
comprising a plurality of layers having the same composition
or different compositions.

[0211] The layer containing the compound of the present
invention may be adjacent to a layer comprising an oxide
containing at least one of an alkaline metal and an alkaline
earth metal. As oxides including an alkaline metal, mention
may be made of lithium oxide, sodium oxide, potassium
oxide, rubidium oxide and cesium oxide. As oxides including
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an alkaline earth metal, mention may be made of beryllium
oxide, magnesium oxide, calcium oxide, strontium oxide and
barium oxide.

[0212] The layer containing the compound of the present
invention may be adjacent to a layer containing at least one of
an alkaline metal and an alkaline earth metal. Examples of the
alkaline metal and the alkaline earth metal include lithium,
sodium, potassium, rubidium, cesium, beryllium, magne-
sium, calcium, strontium and barium.

[0213] The layer containing the compound of the present
invention may be adjacent to a layer comprising a halide
containing at least one of an alkaline metal and an alkaline
earth metal. As halides including an alkaline metal, mention
may be made of fluorides, chlorides, bromides and iodides of
lithium, sodium, potassium, rubidium and cesium. As halides
including an alkaline earth metal, mention may be made of
fluorides, chlorides, bromides and iodides of beryllium, mag-
nesium, calcium, strontium and barium.

<Protective Layer>

[0214] In the present invention, the entire organic EL
device may be protected by a protective layer.

[0215] The material contained in the protective layer may
be sufficient if it has a function of preventing a device dete-
rioration promoter such as moisture and oxygen from intrud-
ing into the device.

[0216] Specific examples thereof include a metal such as
In, Sn, Pb, Au, Cu, Ag, Al, Ti and Ni, a metal oxide such as
MgO, SiO, Si0,, Al,O;, GeO, NiO, Ca0, BaO, Fe,05,Y,0,
and TiO,, a metal nitride such as SiN, and SiN,O,, a metal
fluoride such as MgF,, LiF, AlF; and CaF,, polyethylene,
polypropylene, polymethyl methacrylate, polyimide, poly-
urea, polytetrafluoroethylene, polychlorotrifluoroethylene,
polydichlorodifiuoroethylene, a copolymer of chlorotrifluo-
roethylene and dichlorodifluoroethylene, a copolymer
obtained by copolymerizing a monomer mixture containing
tetrafluoroethylene and at least one comonomer, a fluorine-
containing copolymer having a cyclic structure in the copoly-
mer main chain, a water-absorbing substance having a water
absorption percentage of 1% or more, and a moisture-proof
substance having a water absorption percentage of 0.1% or
less.

[0217] The method for forming the protective layer is not
particularly limited, and examples of the method which can
be applied include a vacuum deposition method, a sputtering
method, a reactive sputtering method, an MBE (molecular
beam epitaxy) method, a cluster ion beam method, an ion
plating method, a plasma polymerization method (high-fre-
quency excitation ion plating method), a plasma CVD
method, a laser CVD method, a thermal CVD method, a gas
source CVD method, a coating method, a printing method
and a transfer method.

<Encapsulation>

[0218] The organic electroluminescent device of the
present invention may be subjected to encapsulation of the
entire device by using a sealing container.

[0219] Also, amoisture absorbent or an inactive liquid may
be enclosed in the space between the sealing container and the
light-emitting device. The moisture absorbent is not particu-
larly limited but examples thereof include barium oxide,
sodium oxide, potassium oxide, calcium oxide, sodium sul-
fate, calcium sulfate, magnesium sulfate, phosphorus pentox-
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ide, calcium chloride, magnesium chloride, copper chloride,
cesium fluoride, niobium fluoride, calcium bromide, vana-
dium bromide, molecular sieve, zeolite and magnesium
oxide. The inactive liquid is not particularly limited but
examples thereof include paraffins, liquid paraffins, a fluo-
rine-based solvent such as perfluoroalkane, perfluoroamine
and perfluoroether, a chlorine-based solvent and silicone oils.

[0220] In the organic electroluminescent device of the
present invention, a DC (if desired, may contain an AC com-
ponent) voltage (usually from 2 to 15 V) or a DC current is
passed between the anode and the cathode, whereby light
emission can be obtained.

[0221] As for the driving method of the organic electro-
luminescent device of the present invention, the driving meth-
ods described, for example, in JP-A-2-148687, JP-A-6-
301355, JP-A-5-29080, JP-A-7-134558, JP-A-8-234685,
JP-A-8-241047, Japanese Patent 2,784,615, and U.S. Pat.
Nos. 5,828,429 and 6,023,308 may be applied.

EXAMPLES
[0222] Thepresent inventionis described in detail below by

referring to Examples, but the present invention is not limited
thereto.

Q2 N
X

CBP

NPD

BAlq
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-continued

Compound (79)

Comparative Example 1

[0223] A cleaned substrate having an ITO electrodeposi-
tion layer was placed in a vapor deposition apparatus and
NPD was vapor-deposited to 50 nm. Thereafter, CBP and
Compound (79) (a compound described in International Pub-
lication No. 2004/108857) were vapor-deposited thereon to
40 nm at a mass ratio of 10:1, BAlq was then vapor-deposited
thereon to 3 nm, and Alq was further vapor-deposited thereon
to 30 nm. A patterned mask (giving a light emission area of 4
mmx5 mm) was put on the obtained organic thin film and
after vapor-depositing lithium fluoride to 3 nm, aluminum
was vapor-deposited to 60 nm to produce an organic EL
device of Comparative Example 1. A DC constant current at
a current density of 500 A/m*> was passed to the obtained
organic EL device, as a result, light emission was observed.
The light was emitted with a brightness of 300 cd/m* for 10
hours.

Example 1

[0224] Anorganic EL device of Example 1 was produced in
the same manner as in Comparative Example 1 except that
Compound (2) of the present invention is used in place of
BAlq in Comparative Example 1. A DC constant current at a
current density of 500 A/m> was passed to the obtained
organic EL device, as a result, light emission was observed.
When the light was emitted with a brightness of 300 cd/m? for
10 hours, the driving voltage was low and the increase of
voltage was small as compared with Comparative Example 1.

30
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Comparative Example 2

[0225] A cleaned substrate having an ITO electrodeposi-
tion layer was placed in a vapor deposition apparatus and
NPD was vapor-deposited to 50 nm. Thereafter, Balq and
Ir(piq), were vapor-deposited thereon to 29 nm at a mass ratio
of 20:1, and Alq was further vapor-deposited thereon to 50
nm. A patterned mask (giving a light emission area of 4 mmx5
mm) was put on the obtained organic thin film and after
vapor-depositing lithium fluoride to 1 nm, aluminum was
vapor-deposited to 60 nm to produce an organic EL. device of
Comparative Example 2. A DC constant current at a current
density of 500 A/m* was passed to the obtained organic EL
device, as a result, red light emission was observed. The
produced organic electroluminescent device was set on the
emission spectrum determination system (EL.S1500) manu-
factured by Shimadzu corporation and the emission effi-
ciency (external quantum efficiency) at a brightness of 100
cd/m? was determined. As aresult, it was 9.7% and the driving
voltage was 10 V.

Example 2

[0226] Anorganic EL device of Example 2 was produced in
the same manner as in Comparative Example 2 except that
Compound (2) of the present invention was used in place of
BAlq in Comparative Example 2. A DC constant current at a
current density of 500 A/m* was passed to the obtained
organic ELL device, as a result, red light emission was
observed. The produced organic ELL device was set on the
emission spectrum determination system (EL.S1500) manu-
factured by Shimadzu corporation and the emission effi-
ciency (external quantum efficiency) at a brightness of 100
cd/m? was determined. As a result, it was 10.2% and the
driving voltage was 9.5 V.

Comparative Example 3

[0227] A cleaned substrate having an ITO electrodeposi-
tion layer was placed in a vapor deposition apparatus and
CuPc was vapor-deposited to 10 nm and NPD was vapor-
deposited to 50 nm. Thereafter, MCP and Compound (2)
described in International Publication No. 2006/098505,
pamphlet were vapor-deposited thereon to 29 nm at a mass
ratio of 20:1, and BAlq was further vapor-deposited thereon
to 50 nm. A patterned mask (giving a light emission area of 4
mmx5 mm) was put on the obtained organic thin film and
after vapor-depositing lithium fluoride to 1 nm, aluminum
was vapor-deposited to 60 nm to produce an organic EL
device of Comparative Example 3. A DC constant current at
a current density of 360 A/m*> was passed to the obtained
organic EL. device, as a result, blue light emission was
observed. The produced organic electroluminescent device
was set on the emission spectrum determination system
(ELS1500) manufactured by Shimadzu corporation and the
emission efficiency (external quantum efficiency) at a bright-
ness of 100 cd/m? was determined. As a result, it was 6.0%.

Example 3

[0228] An organic electroluminescent device of Example 3
was produced in the same manner as in Comparative Example
3 except that Compound (2) of the present invention was used
in place of BAlq in Comparative Example 3. A DC constant
current at a current density of 360 A/m* was passed to the
obtained organic EL. device, as a result, light emission was
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observed. The produced organic electroluminescent device
was set on the emission spectrum determination system
(ELS1500) manufactured by Shimadzu corporation and the
emission efficiency (external quantum efficiency) at a bright-
ness of 100 cd/m? was determined. As a result, it was 13.3%.
[0229] Results of organic electroluminescent devices using
Compounds (91), (101), (107) and (111) of the present inven-
tion in place of Compound (2) of the present invention in
Example 3 are set forth below. The driving voltages of the
organic electroluminescent devices using the compounds of
the present invention are equivalent to or less that of Com-
parative Example. Thus, the driving voltages of the organic
electroluminescent devices using the compounds of the
present invention are equivalent to or less those of Compara-
tive Examples and, therefore, the organic electroluminescent
devices using the compounds of the present invention are
excellent in external quantum efficiency.

TABLE 1
External
Driving quantum
voltage efficiency
Entry Compound V) (%) Note
1 Balg 12.7 6.0 Comparative
example
2 2) 12.5 133 Invention
3 91) 12.2 10.1 Invention
4 (101) 12.0 9.8 Invention
5 (107) 11.5 9.5 Invention
6 (111) 11.2 9.3 Invention
[0230] The organic electroluminescent device of the

present invention can be suitably used in the fields such as
display device, display, backlight, electrophotography, light
source for illumination, light source for recording, light
source for exposure, light source for reading, sign, signboard,
interior accessory and optical communication. Furthermore,
the compound of the present invention is applicable also to
medical usage, a fluorescent brightening agent, a photo-
graphic material, a UV absorbing material, a laser coloring
matter, a recording medium material, an inkjet pigment, a
color filter dye, a color conversion filter, analytical usage and
the like.
[0231] The organic electroluminescent device of the
present invention is assured of low driving voltage and good
durability. The light-emitting device of the present invention
can be suitably used in the fields such as display device,
display, backlight, electrophotography, light source for illu-
mination, light source for recording, light source for expo-
sure, light source for reading, sign, signboard, interior acces-
sory and optical communication. Furthermore, the compound
of'the present invention is applicable also to medical usage, a
fluorescent brightening agent, a photographic material, a UV
absorbing material, a laser coloring matter, a recording
medium material, an inkjet pigment, a color filter dye, a color
conversion filter, analytical usage and the like.
[0232] The entire disclosure of each and every foreign
patent application from which the benefit of foreign priority
has been claimed in the present application is incorporated
herein by reference, as if fully set forth.

What is claimed is:

1. An organic electroluminescent device, which comprises:

a pair of electrodes; and

an organic compound layer including a light-emitting layer

between the pair of electrodes,
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wherein the organic compound layer comprises a com- wherein Ry, Rs;, Rs,, Rs; and R, each independently
pound represented by formula (VII): represents a hydrogen atom or a substituent, when R,
Rs;, Rs,, Rs5 and Ry, each represents a substituent, the
substituent may further have a substituent, but pairs of
Rspand Rs;, Rs; and Rs,, Rs, and Rs5, and Ry ; and Ry,
each does not combine to form a condensed ring;

R,s Roqs Rogs Rag, Ryg, Rsps Ry, and Ry each indepen-
dently represents a hydrogen atom or a substituent, when
R,6,R57, Rog, Roo, Ry, R3 1, Ry, and Ry 5 each represents
asubstituent, the substituent may further have a substitu-
ent, but pairs of R, and R, R, and R,¢, R, and R,
R;pand R, R;, andR;,, and R, and R4 5, each does not
combine to form a condensed ring; and

Formula (VII):

R, and R,, each independently represents a hydrogen
atom or a substituent, when R ,; and R, each represents
asubstituent, the substituent may further have a substitu-
ent, but pairs of R, and R; 5, and R ,; and R, each does
not combine to form a condensed ring.
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