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NOVEL ORGANIC ELECTROLUMINESCENT
COMPOUNDS AND ORGANIC
ELECTROLUMINESCENT DEVICE USING
THE SAME

FIELD OF THE INVENTION

[0001] The present invention relates to novel organic elec-
troluminescent compounds and an organic electrolumines-
cent device using the same. The organic electroluminescent
compound according to the present invention is represented
by Chemical Formula 1:

Chermical Formula 1
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BACKGROUND OF THE INVENTION

[0002] In general, the organic EL device commonly has a
configuration of anode/hole injection layer (HIL)/hole trans-
port layer (HTL)/emission material layer (EML)/electron
transport layer (ETL)/electron injection layer (EIL)/cathode.
Organic electroluminescent devices emitting blue, green or
red light may be created depending on how to form the emis-
sion material layer.

[0003] At present, 4,4'-bis(carbazol-9-y1) biphenyl (CBP)
is the most widely known as a host material for a phospho-
rescent material. High-efficiency OLEDs using a hole block-
ing layer comprising 2,9-dimethyl-4,7-diphenyl-1,10-
phenanthroline  (BCP),  Bis(2-methyl-8-quinolinato)(p-
phenyl-phenolato)aluminum(IIl) (BAlq), etc. are reported.
High-performance OLEDs using BAlq derivatives as a host
were reported by Pioneer (Japan) and others.

[0004] Although these materials provide good electrolumi-
nescence characteristics, they are disadvantageous in that
degradation may occur during the high-temperature deposi-
tion process in vacuum because of low glass transition tem-
perature and poor thermal stability. Since the power effi-
ciency ofan OLED is given by (m/voltage)xcurrent efficiency,
the power efficiency is inversely proportional to the voltage.
High power efficiency is required to reduce the power con-
sumption of an OLED. Actually, OLEDs using phosphores-
cent materials provide much better current efficiency (cd/A)
than those using fluorescent materials. However, when the
existing materials such as BAlq, CBP, etc. are used as a host
of the phosphorescent material, there is no significant advan-
tage in power efficiency (Im/W) over the OLEDs using fluo-
rescent materials because of high driving voltage.

[0005] Further, the OLED devices do not have satisfactory
operation life. Therefore, development of more stable,
higher-performance host materials is required.
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Technical Problem

[0006] Accordingly, an object of the present invention is to
provide an organic electroluminescent compound having
luminescence efficiency and device operation life improved
over existing host materials and having superior backbone
with appropriate color coordinates in order to solve the afore-
said problems. Another object of the present invention is to
provide a highly efficient and long-life organic electrolumi-
nescent device employing the organic electroluminescent
compound as an electroluminescent material.

Technical Solution

[0007] The present invention relates to organic electrolu-
minescent compounds represented by Chemical Formula 1,
and an organic electroluminescent device using the same. The
organic electroluminescent compounds according to the
present invention exhibit high luminous efficiency, excellent
color purity and life property of the material, so that OLED’s
with very excellent operation life can be manufactured there-
from.

Chermical Formula 1
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[0008] wherein
[0009] A, through A, independently represent CR, or N,

X represents —(CR,R;)—,—N(R,)—, —S— —0—,—3S8i
R5)(Rg)— —PR;)— —P(=0)Rg)—or —B(Ry)—, and
Ar, represents (C6-C40)arylene with or without substituent
(s) or (C3-C40)heteroarylene with or without substituent(s),
except for the case where m is 0, and A, 5 through A, are CR |
at the same time;

[0010] R, through Ry independently represent hydrogen,
deuterium, halogen, (C1-C30)alkyl with or without substitu-
ent(s), (C6-C30)aryl with or without substituent(s), substi-
tuted or unsubstituted (C6-C30)aryl fused with one or more
(C3-C30)cycloalkyl(s) with or without substituent(s), (C3-
C30)heteroaryl with or without substituent(s), 5- to 7-mem-
bered heterocycloalkyl with or without substituent(s), 5- to
7-membered heterocycloalkyl fused with one or more aro-
matic ring(s) with or without substituent(s), (C3-C30)cy-
cloalkyl with or without substituent(s), (C3-C30)cycloalkyl
fused with one or more aromatic ring(s) with or without
substituent(s), cyano, trifluoromethyl, NR, R,,, BR,;R,,,
PR,.R,¢, P(—=0)R,, R, R'R’RSi—, RY—, R°C(=0)—,
RC(=0)0—, (C6-C30)ar(C1-C30)alkyl with or without
substituent(s), (C2-C30)alkenyl with or without substituent
(s), (C2-C30)alkynyl with or without substituent(s), car-
boxyl, nitro,
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or hydroxyl, or each of them may be linked to an adjacent
substituent via (C3-C30)alkylene or (C3-C30)alkenylene
with or without a fused ring to form an alicylic ring, a mono-
or polycyclic aromatic ring or a mono- or polycyclic het-
eroaromatic ring;

[0011] W represents —(CR5Rs,),—, —(Rs))C=C
(Rsz)*s 7N(R53)75 7875 407’ 7Si(R54)(R55)75
“P(Ryg)— —P(—O)Ry;}— —C(—0)—or—B(Reg)—,
and R, through R and Ry, through R are the same as R
through Rg;

[0012] the heterocycloalkyl or heteroaryl may contain one
or more heteroatom(s) selected from B, N, O, S, P(=0), Si
and P;

[0013] R, through R, independently represent (C1-C30)
alkyl with or without substituent(s), (C6-C30)aryl with or
without substituent(s) or (C3-C30)heteroaryl with or without
substituent(s), R% R”, and R¢ independently represent (C1-
C30)alkyl with or without substituent(s) or (C6-C30)aryl
with or without substituent(s), Y represents S or O, R? repre-
sent (C1-C30)alkyl with or without substituent(s) or (C6-
C30)ary]l with or without substituent(s), R® represent (C1-
C30)alkyl with or without substituent(s), (C1-C30)alkoxy
with or without substituent(s), (C6-C30)aryl with or without
substituent(s) or (C6-C30)aryloxy with or without substitu-
ent(s), R represent (C1-C30)alkyl with or without substituent
(s), (C1-C30)alkoxy with or without substituent(s), (C6-C30)
aryl with or without substituent(s) or (C6-C30jaryloxy with
or without substituent(s);

[0014] m represents an integer 0 to 2; and
[0015] 1and n represent an integer 1 or 2.
[0016] Inthe presentinvention, “alkyl”, “alkoxy” and other

substituents containing “alkyl” moiety include both linear
and branched species. In the present invention, “cycloalkyl”
includes both adamantyl with or without substituent(s) and
(C7-C30)bicycloalkyl with or without substituent(s).

[0017] In the present invention, “aryl” means an organic
radical derived from an aromatic hydrocarbon by the removal
of one hydrogen atom, and may include a 4- to 7-membered,
particularly 5- or 6-membered, single ring or fused ring,
including a plurality of aryls linked by chemical bond(s).
Specific examples include phenyl, naphthyl, biphenyl,
anthryl, indenyl, fluorenyl, phenanthryl, triphenylenyl, pyre-
nyl, perylenyl, chrysenyl, naphthacenyl, fluoranthenyl, etc.,
but are not limited thereto. “heteroaryl” means an aryl group
containing 1 to 4 heteroatom(s) selected from B, N, O, S,
P(=0), Si and P as aromatic ring backbone atom(s), other
remaining aromatic ring backbone atoms being carbon. It
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may be 5- or 6-membered monocyclic heteroaryl or polycy-
clic heteroaryl resulting from condensation with a benzene
ring, and may be partially saturated. Further, the heteroaryl
includes more than one heteroaryls linked by chemical bond
(s). The heteroaryl includes a divalent aryl group wherein the
heteroatom(s) in the ring may be oxidized or quaternized to
form, for example, an N-oxide or a quaternary salt.

[0018] Specific examples include monocyclic heteroaryl
such as furyl, thienyl, pyrrolyl, imidazolyl, pyrazolyl, thiaz-
olyl, thiadiazolyl, isothiazolyl, isoxazolyl, oxazolyl, oxadia-
zolyl, triazinyl, tetrazinyl, triazolyl, tetrazolyl, furazanyl,
pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, etc., polycyclic
heteroaryl such as benzofuryl, benzothienyl, isobenzofuryl,
benzimidazolyl, benzothiazolyl, benzoisothiazolyl, ben-
zoisoxazolyl, benzoxazolyl, isoindolyl, indolyl, indazolyl,
benzothiadiazolyl, quinolyl, isoquinolyl, cinnolinyl,
quinazolinyl, quinolizinyl, quinoxalinyl, carbazolyl, phenan-
thridinyl, benzodioxolyl, etc., an N-oxide thereof (e.g.,
pyridyl N-oxide, quinolyl N-oxide, etc.), a quaternary salt
thereof, etc., but are not limited thereto.

[0019] The “(C1-C30)alkyl” groups described herein may
include (C1-C20)alkyl or (C1-C10)alkyl and the “(C6-C30)
aryl” groups include (C6-C20)aryl or (C6-C12)aryl. The
“(C3-C30)heteroaryl” groups include (C3-C20)heteroaryl or
(C3-Cl12)heteroaryl and the “(C3-C30)cycloalkyl” groups
include (C3-C20)cycloalkyl or (C3-C7)cycloalkyl. The
“(C2-C30)alkenyl or alkynyl” group include (C2-C20)alk-
enyl or alkynyl, (C2-C10)alkenyl or alkynyl.

[0020] In“withorwithoutsubstituent(s)”, the substituent is
further substituted by one or more substituent(s) selected
from the group consisting of deuterium, halogen, (C1-C30)
alkyl with or without halogen substituent(s), (C6-C30)aryl,
(C3-C30)heteroaryl with or without (C6-C30)aryl substitu-
ent(s), 5- to 7-membered heterocycloalkyl, 5- to 7-membered
heterocycloalkyl fused with one or more aromatic ring(s),
(C3-C30)cycloalkyl, (C3-C30)cycloalkyl fused with one or
more aromatic ring(s), tri(C1-C30)alkylsilyl, di(C1-C30)
alkyl(C6-C30)arylsilyl, tri(C6-C30)arylsilyl, (C2-C30)alk-
enyl, (C2-C30)alkynyl, cyano, carbazolyl, NR;Rj,,
BR;;R5,, PRyRy, P(=O0)R;,R,,, (C6-C30)ar(C1-C30)
alkyl, (C1-C30)alkyl(C6-C30)aryl, (C1-C30)alkyloxy, (C1-
C30)alkylthio, (C6-C30)aryloxy, (C6-C30)arylthio, (C1-
C30)alkoxycarbonyl, (C1-C30)alkylcarbonyl, (C6-C30)
arylcarbonyl, (C6-C30)aryloxycarbonyl, (C1-C30)
alkoxycarbonyloxy, (C1-C30)alkylcarbonyloxy, (C6-C30)
arylcarbonyloxy, (C6-C30)aryloxycarbonyloxy, carboxyl,
nitro and hydroxyl, or is linked to an adjacent substituent to
form aring, wherein R ;, through R ; independently represent
(C1-C30)alkyl, (C6-C30)aryl or (C3-C30)heteroaryl.

[0021] The R, through Ry, R,, through R,g, Ry, through
R,, and Ry, through R, are independently selected from
hydrogen, deuterium, halogen, alkyl such as methyl, ethyl,
propyl, butyl, pentyl, hexyl, ethylhexyl, heptyl, octyl, etc.,
aryl such as phenyl, naphthyl, fluorenyl, biphenyl, phenan-
thryl, terphenyl, pyrenyl, perylenyl, spirobifluorenyl, fluo-
ranthenyl, chrysenyl, triphenylenyl, etc., aryl fused with one
or more cycloalkyl such as 1,2-dihydroacenaphthyl, het-
eroaryl such as dibenzothiophenyl, dibenzofuryl, carbazolyl,
pyridyl, furyl, thienyl, quinolyl, triazinyl, pyrimidinyl,
pyridazinyl, quinoxalinyl, phenanthrolinyl, eftc., heterocy-
cloalkyl fused with one or more aromatic ring such as ben-
zopyrrolidino, benzopiperidino, dibenzomorpholino, diben-
zoazepino, etc., amino substituted by aryl such as phenyl,
naphthyl, fluorenyl, biphenyl, phenanthryl, terphenyl, pyre-
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nyl, perylenyl, spirobifluorenyl, fluoranthenyl, chrysenyl,
triphenylenyl, etc. or heteroaryl such as dibenzothiophenyl,
dibenzofuryl, carbazolyl, pyridyl, furyl, thienyl, quinolyl, tri-
azinyl, pyrimidinyl, pyridazinyl, quinoxalinyl, phenanthroli-
nyl, etc., aryloxy such as biphenyloxy, etc., arylthio such as
biphenylthio, etc., aralkyl such as biphenylmethy], triphenyl-
methyl, etc.,

Il{sz
NN
Rei—— | | /) or
NN

Re

R N j}p’“

but are not limited thereto, and may be further substituted as
shown in Chemical Formula 1.

[0022] More specifically, the R, through R, may be exem-
plified as following structures but are not limited thereto.
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[0023] wherein

[0024] R,, through R,;; independently represent hydro-
gen, deuterium, halogen, (C1-C30)alkyl, (C6-C30)aryl, (C6-
C30)aryl fused with one or more (C3-C30)cycloalkyl(s), (C3-
C30)heteroaryl, 5- to 7-membered heterocycloalkyl, 5- to
7-membered heterocycloalkyl fused with one or more aro-
matic ring(s), (C3-C30)cycloalkyl, (C3-C30)cycloalkyl
fused with one or more aromatic ring(s), cyano, amino, (C1-
C30)alkylamino, (C6-C30) arylamino, NR,;R,,, BR 3R,
PR,sR46, P(—0) R, R4, tri(C1-C30)alkylsilyl, di(C1-C30)
alkyl(C6-C30)arylsilyl, tri(C6-C30)arylsilyl, (C6-C30)ar
(C1-C30jalkyl, (C1-C30)alkyloxy, (C1-C30)alkylthio, (C6-
C30)aryloxy, (C6-C30)arylthio, (C1-C30)alkoxycarbonyl,
(C1-C30jalkylcarbonyl, (C6-C30)arylcarbonyl, (C2-C30)
alkenyl, (C2-C30)alkynyl, (C6-C30)aryloxycarbonyl, (C1-
C30)alkoxycarbonyloxy, (C1-C30)alkylcarbonyloxy, (C6-
C30)arylcarbonyloxy, (C6-C30)aryloxycarbonyloxy,
carboxyl, nitro or hydroxyl, or each of them may be linked to
an adjacent substituent via (C3-C30)alkylene or (C3-C30)
alkenylene with or without a fused ring to form an alicylic
ring or a mono- or polycyclic aromatic ring, wherein R,
through R,¢ independently represent (C1-C30)alkyl, (C6-
C30)aryl or (C3-C30)heteroaryl.

[0025] The
*— Aro

is exemplified as following structures but not limited thereto.
m is the same as defined in Chemical Formula 1.

<0y
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-continued contlnued

[0026] The organic electroluminescent compound accord-

\ _/// ingto the present invention.may bf? speciﬁcally exemplified as
following compounds but is not limited thereto.
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[0027] The organic electroluminescent compound accord-

ing to the present invention may be prepared as shown in
following Reaction Scheme 1.

Reaction Scheme 1
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[0028] wherein
[0029] A, through A, X, Ar, and m are the same as

defined in Chemical Formula 1.

[0030] Provided is an organic electroluminescent device,
which comprises afirst electrode; a second electrode; and one
or more organic layer(s) interposed between the first elec-
trode and the second electrode, wherein the organic layer
comprises one or more organic electroluminescent com-
pound(s) represented by Chemical Formula 1. The organic
electroluminescent compound is used as a host material of the
electroluminescent layer.

[0031] In addition, the organic layer may include the elec-
troluminescent layer, and the electroluminescent layer may
further include one or more dopants besides one or more
organic electroluminescent compounds of Chemical Formula
1. The dopant applied to the organic electroluminescent
device of the present invention is not specifically limited.

[0032] Preferably, the dopant applied to the organic elec-
troluminescent device of the present invention is selected
from following Chemical Formula 2.

Vil 1oy 102y 103 Chemical Formula 2

[0033]

[0034] M is a metal selected from a group consisting of
Group 7, Group 8, Group 9, Group 10, Group 11, Group 13,
Group 14, Group 15 and Group 16 metals, and ligand L'°",
L'% and 1.'°* are independently selected from the following
structures;

wherein
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[0035] wherein

[0036] R,,, through R,,; independently represent hydro-
gen, (C1-C30)alkyl with or without halogen substituent(s),
(C6-C30)aryl with or without (C1-C30)alkyl substituent(s) or
halogen;

[0037] R,q, through R, independently represent hydro-
gen, (C1-C30)alkyl with or without substituent(s), (C1-C30)
alkoxy with or without substituent(s), (C3-C30)cycloalkyl
with or without substituent(s ), (C2-C30)alkenyl with or with-
out substituent(s), (C6-C30)aryl with or without substituent
(s), mono- or di-(C1-C30)alkylamino with or without sub-
stituent(s), mono- or di-(C6-C30)arylamino with or without
substituent(s), SFs, tri(C1-C30)alkylsilyl with or without
substituent(s), di(C1-C30)alkyl(C6-C30)arylsilyl with or
without substituent(s), tri(C6-C30)arylsilyl with or without
substituent(s), cyano or halogen;

19
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[0038] R.,,, through R,,, independently represent hydro-
gen, (C1-C30)alkyl with or without halogen substituent(s) or
(C6-C30)aryl with or without (C1-C30)alkyl substituent(s);
[0039] R,,, and R,,s independently represent hydrogen,
(C1-C30)alkyl with or without substituent(s), (C6-C30)aryl
with or without substituent(s) or halogen, or R,,, and R,
may be linked via (C3-C12)alkylene or (C3-C12)alkenylene
with or without a fused ring to form an alicylic ring ora mono-
or polycyclic aromatic ring;

[0040] R, represents (C1-C30)alkyl with or without sub-
stituent(s), (C6-C30)aryl with or without substituent(s), (C5-
C30)heteroaryl with or without substituent(s) or halogen;
[0041] R,,, through R,,, independently represent hydro-
gen, (C1-C30)alkyl with or without substituent(s), (C6-C30)
aryl with or without substituent(s) or halogen; and

[0042] Q represents
Ryz Rom Rozz Rog
Rpss Raszs

Razz Razg Rayr Roa

>

Razo Roso

wherein R,,, through R,,, independently represent hydro-
gen, (C1-C30)alkyl with or without halogen substituent(s),
(C1-C30)alkoxy, halogen, (C6-C30)aryl with or without sub-
stituent(s), cyano or (C5-C30)cycloalkyl with or without sub-
stituent(s), or each of them may be linked to an adjacent
substituent via alkylene or alkenylene to form a spiro ring or
a fused ring, or may be linked to R, or R, via alkylene or
alkenylene to form a saturated or unsaturated fused ring.
[0043] Themeaning ofthe electroluminescent layer may be
a single layer as a layer where the light is emitted or may be
a multiple layer where two or more layers are laminated. In
the configuration of the present invention, when host-dopant
are used in mixture, it is confirmed that the luminous effi-
ciency are remarkably improved by the electroluminescent
host of the present invention. It may be configured at doping
concentration of 0.5 to 10 wt %. Compared to other host
materials, the electroluminescent host of the present inven-
tion has superior conductivity with respect to the hole and
electron and excellent stability in material, thereby showing a
characteristic of remarkably increasing its life span as well as
improving the luminous efficiency.

[0044] The M is selected from a group consisting of Ir, Px,
Pd, Rh, Re, Os, Tl, Pb, Bi, In, Sn, Sb, Te, Au and Ag. The
dopant compounds of Chemical Formula 2 are exemplified by
the compounds described in Korean Patent Application No.
10-2008-0112855, but are not limited thereto.

[0045] Inthe organic electronic device ofthe present inven-
tion, the organic layer may further include, in addition to the
organic electroluminescent compound represented by
Chemical Formula 1, one or more compound(s) selected from
a group consisting of arylamine compounds and styrylary-
lamine compounds, at the same time. The arylamine com-
pounds or styrylarylamine compounds are exemplified in
Korean Patent Application No. 10-2008-0123276, 10-2008-
0107606 or 10-2008-0118428, but are not limited thereto.
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[0046] Further, in the organic electroluminescent device of
the present invention, the organic layer may further include,
in addition to the organic electroluminescent compound rep-
resented by Chemical Formula 1, one or more metal(s)
selected from a group consisting of organic metals of Group
1, Group 2, 4th period and 5th period transition metals, lan-
thanide metals and d-transition elements or complex com-
pound(s). The organic layer may include an electrolumines-
cent layer and a charge generating layer.

[0047] Further, the organic layer may include, in addition to
the organic electroluminescent compound of Chemical For-
mula 1, one or more organic electroluminescent layer(s) emit-
ting blue, green or red light at the same time in order to
embody a white-emitting organic electroluminescent device.
The compound emitting blue, green orred light may be exem-
plified by the compounds described in Korean Patent Appli-
cation No. 10-2008-0123276, 10-2008-0107606 or 10-2008-
0118428, but are not limited thereto.

[0048] In the organic electroluminescent device of the
present invention, a layer (hereinafter referred to as “surface
layer™) selected from a chalcogenide layer, a metal halide
layer and a metal oxide layer may be placed on the inner
surface of one or both electrode(s) among the pair of elec-
trodes. More specifically, a metal chalcogenide (including
oxide) layer of silicon or aluminum may be placed on the
anode surface of the electroluminescent medium layer, and a
metal halide layer or metal oxide layer may be placed on the
cathode surface of the electroluminescent medium layer.
Operation stability may be attained therefrom.

[0049] The chalcogenide may be, for example, SiO,
(1=x=2), AlO, (1=x=1.5), SiON, SiAION, etc. The metal
halide may be, for example, LiF, MgF,, Cal',, a rare earth
metal fluoride, etc. The metal oxide may be, for example,
Cs,0, Li,0, MgO, SrO, BaO, CaO, etc.

[0050] In the organic electroluminescent device according
to the present invention, it is also preferable to arrange on at
least one surface of the pair of electrodes thus manufactured
a mixed region of an electron transport compound and a
reductive dopant, or a mixed region of a hole transport com-
pound and an oxidative dopant. In that case, since the electron
transport compound is reduced to an anion, injection and
transport of electrons from the mixed region to an electrolu-
minescent medium are facilitated. In addition, since the hole
transport compound is oxidized to a cation, injection and
transport of holes from the mixed region to an electrolumi-
nescent medium are facilitated. Preferable oxidative dopants
include various Lewis acids and acceptor compounds. Pref-
erable reductive dopants include alkali metals, alkali metal
compounds, alkaline earth metals, rare-earth metals, and
mixtures thereof.

[0051] Further, a white-emitting electroluminescent device
having two or more electroluminescent layers may be manu-
factured by employing a reductive dopant layer as a charge
generating layer.

Advantageous Effects

[0052] Since the organic electroluminescent compound
according to the present invention exhibits good luminous
efficiency and excellent life property, it may be used to manu-
facture OLED devices having very superior operation life.

MODE FOR INVENTION

[0053] The present invention is further described with
respect to organic electroluminescent compounds according
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to the present invention, processes for preparing the same,
and luminescence properties of devices employing the same.
However, the following examples are provided for illustrative
purposes only and they are not intended to limit the scope of
the present invention.

Preparation Example 1

Preparation of Compound 1

[0054]

2T

%

B(OH) 3y

@ indicates text missing or illegible when filed

Preparation of Compound 1-1

[0055] 9H-carbazole (10 g, 41.10 mmol), 2-chloropyridine
(5.60 g, 49.32 mmol), Pd(OAc), (0.46 g), NaOt-bu (7.9 g,
82.20 mmol), toluene (100 mL), P(t-bu), (2 mL, 4.11 mmol,
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50% in toluene) were added and stirred under reflux. 10 hours _continued
later, the mixture was cooled to room temperature and dis-
tilled water was added. Extracting with EA and drying with
MgSO,, drying under reduce pressure was performed. Com-
pound 1-1 (8.3 g,33.98 mmol, 83%) was obtained via column
separation.

Preparation of Compound 1-2 | N .
[0056] 1-neck flask was filled with Compound 1-1 (8.3 g, NN
33.98 mmol), formed a vacuum and was filled with argon. \(
After tetrahydrofuran (500 mL) was added, the mixture was Cl
stirred at 0° C. for 10 minutes. NBS (7.35 g, 40.78 mmol) was 21

added thereto and stirred at room temperature for one day.
Upon completion of the reaction, the product was extracted
with distilled water and EA. After drying an organic layer
with MgSO,, and removing solvent by a rotary type evapora-
tor, Compound 1-2 (8.5 g, 26.30 mmol, 77%) was obtained
via column chromatography using hexan and EA as develop-
ing solvent.

Preparation of Compound 1-3

[0057] The 1-neck flask was filled with Compound 1-2 (8.5
2, 26.30 mmol), formed a vacuum and was filled with argon.
After tetrahydrofuran (500 mL) was added, the mixture was
stirred at 78° C. for 10 minutes. n-BuLi(2.5M in hexane)
(15.8 mL, 39.45 mmol) was added dropwise and stirred at
-78° C. for | hour and a half. Trimethylborate (4.85 mL,
39.45 mmol) was added at =78° C. The mixture was stirred at
-78° C. for 30 minutes and stirred at room temperature for 4
hours. Upon completion of the reaction, the product was
extracted with distilled water and EA. After drying an organic

layer with MgSO, and removing solvent by a rotary type
evaporator, Compound 1-3 (5.2 g, 18.05 mmol, 68.6%) was

obtained via column chromatography using hexan and EA as

developing solvent. ==
Preparation of Compound 1 N \( N

[0058] Compound 1-3(5.0g, 17.4 mmol), 2-bromodibenzo

[b,d]furan (5.2 g, 20.88 mmol), PA(PPh,), (0.8 g, 0.7 mmol), N

2MK,CO, aqueous solution (20 mL), toluene (100 mL), and

ethanol (50 mL) were added and stirred under reflux for 12

hours. After washing with distilled water, extracting with EA, @

and drying with MgSQ,, distillation under reduced pressure
followed by column separation yielded Compound 1 (4.3 g,
10.48 mmol, 60%).

Preparation Example 2
Preparation of Compound 49 Q
[0059] Q =
N/ —
o ® ~

N
Cl Cl
~ ot
Y L) Ao
N N —_— (OH),

\( 24

Cl
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Preparation of Compound 2-1

[0060] 2.4,6-trichloropyrimidine (10 g, 54.51 mmol), phe-
nylboronic acid (16.6 g, 136.29 mmol), Pd(PPh,), (3.15 g,
2.72 mmol), 2M K,CO; (50 mL), toluene (100 mL), and
ethanol (30 mL) were added and stirred under reflux. 4 hours
later, the mixture was cooled to room temperature and dis-
tilled water was added thereto. After extracting with EA and
drying with MgSO,,, distillation under reduced pressure fol-
lowed by column separation yielded Compound 2-1 (7 g,
26.24 mmol, 48.14%).

Preparation of Compound 2-2

[0061] NaH (1.57 g,39.36 mmol, 60% in mineral oil) was
mixed with DMF (70 mL) and Compound 2-1 (7 g, 26.24
mmol) was dissolved in DMF (60 mL). 1 hour later, Com-
pound 9H-carbazole was dissolved in DMF (70 mL). The
mixture was stirred for 10 hours. After adding distilled water,
extracting with EA, and drying with MgSQO,, distillation
under reduced pressure followed by column separation
yielded Compound 2-2 (7 g, 14.78 mmol, 56.33%).

Preparation of Compound 2-3

[0062] Compound 2-3 (5.7 g, 11.97 mmol, 80.9%) was
obtained by combining Compound 2-2 (7 g, 14.78 mmol) in
Preparation Example 1 according to the same method as the
preparation of Compound 1-2.

Preparation of Compound 2-4

[0063] Compound 2-4 (3.4 g, 7.70 mmol, 64.4%) was
obtained by combining Compound 2-3 (5.7 g, 11.97 mmol) in
Preparation Example 1 according to the same method as the
preparation of Compound 1-3.

Preparation of Compound 49

[0064] Compound 49 (3.2 g, 5.52 mmol, 72%) was
obtained by using Compound 2-4 (3.4 g, 7.70 mmol) and
2-bromodibenzo[b,d]thiophene in Preparation Example 1
according to the same method as the preparation of Com-
pound 1.

22
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Preparation Example 3

Preparation of Compound 51

[0065]
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Preparation of Compound 3-1

[0066] Compound 3-1 (13.2 g, 47.7 mmol, 87.5%) was
obtained by combining 2,4,6-trichlorotriazine (10 g, 54.51
mmol) in Preparation Example 2 according to the same
method as the preparation of Compound 2-1.

Preparation of Compound 3-2

[0067] Compound 3-2 (14.5 g, 36.39 mmol, 76.3%) was
obtained by combining Compound 3-1 (13.2 g, 47.7 mmol) in
Preparation Example 2 according to the same method as the
preparation of Compound 2-2.

Preparation of Compound 3-3

[0068] Compound 3-3 (14.6 g, 30.59 mmol, 84%) was
obtained by combining Compound 3-2 (14.5 g, 36.39 mmol)
in Preparation Example 2 according to the same method as the
preparation of Compound 2-3.

Preparation of Compound 3-4

[0069] Compound 3-4 (7.2 g, 16.28 mmol, 53.2%) was
obtained by combining Compound 3-3 (14.6 g, 30.59 mmol)
in Preparation Example 2 according to the same method as the
preparation of Compound 2-4.

23
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Preparation of Compound 51

[0070] Compound 51 (5.1 g, 8.63 mmol, 53%) was
obtained by using Compound 3-4 (7.2 g, 16.28 mmol) and
2-bromo-9,9-dimethyl-9H-fluorene in Preparation Example
2 according to the same method as the preparation of Com-
pound 49.

Preparation Example 4

Preparation of Compound 62

[0071]

Br
al
AN
I\i N Br
P
N
31
Br
—_—
N7 Ny
P
N
41
B
N7 XY
P
N
42
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-continued -continued
Br

N7 RN
©)\ )\@
N

43

Q%o
goo &0

Preparation of Compound 4-1

[0072] 1.3-dibromobenzene (28 g, 0.119 mol) was dis-

— solved in THF (600 mL) and n-BuLi (47.5 mL) was slowly

N added dropwise at =78° C. After reacting and stirring for 1
hour, Compound 3-1 (47.5 mL) was slowly added dropwise

and slowly heated. The mixture was stirred at room tempera-

Br ture for 5 hours. Upon completion of the reaction, the product

45 was extracted with FA and distilled water. Compound 4-1

(15.7 g, 40.43 mmol, 40.4%) was obtained via column sepa-
ration.

Preparation of Compound 4-2

[0073] Compound 4-2 (12.5 g, 26.34 mmol, 65.2%) was
obtained by combining Compound 4-1 (15.7 g, 40.43 mmol)

N in Preparation Example 1 according to the same method as the
O preparation of Compound 1-1.
O B(OH), Preparation of Compound 4-3

4-6 [0074] Compound 4-3 (9.8 g, 17.71 mmol, 67.3%) was
obtained by combining Compound 4-2 (12.5 g, 26.34 mmol)
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in Preparation Example 1 according to the same method as the
preparation of Compound 1-2.

Preparation of Compound 4-4

[0075] 9H-carbazole (70 g, 0.42 mmol), Todobenzene (46
mL), cooper (40 g), potassiumcarbonate (174 g), 18-crown-6
(9 g), and 1,2-Dichlorobenzene (2 1) were added and stirred
under reflux for 12 hours. Upon completion of the reaction,
the product was extracted with EA and dried with MgSO,.
Distillation under reduced pressure followed by column sepa-
ration yielded Compound 4-4 (63.4 g, 260.58 mmol, 62%).

Preparation of Compound 4-5

[0076] Compound 4-5 (52.4 g, 162.63 mmol, 62.4%) was
obtained by combining Compound 4-4 (63.4 g, 260.58 mmol)
in Preparation Example 1 according to the same method as the
preparation of Compound 1-2.

Jun. 18,2015

Preparation of Compound 4-6

[0077] Compound 4-6 (20.3 g, 70.70 mmol, 43%) was
obtained by combining Compound 4-5 (52.4 g, 162.63 mmol)
in Preparation Example 1 according to the same method as the
preparation of Compound 1-3.

Preparation of Compound 62

[0078] Compound 62 (5.7 g, 7.96 mmol, 50%) was
obtained by using Compound 4-3 (9.8 g, 17.71 mmol) and
Compound 4-6 in Preparation Example 1 according to the
same method as the preparation of Compound 1.

[0079] Organic electroluminescent Compounds 1 to 68
were prepared according to Preparation Examples 1 to 4 and
Table 1 shows '"H NMR and MS/FAB of the prepared organic

electroluminescent compounds.

TABLE 1

Cmpd.

'"H NMR(CDCl;, 200 MHz)

MS/FAB

found

calculated

10

11

12

13

14

15

16

17

8="7.25(1H, m), 7.32~7.4(4H, m),
7.66~7.81(6H, m), 7.87~7.94(4H, m), 8.01(1H,
m), 8.41(1H, m), 8.55(1H, m)

8="7.25(1H, m), 7.32~7.41(4H, m),
7.51~7.52(5H, m), 7.66~7.81(6H, m),
7.87~7.94(3H, m), 8.4(1H, m), 8.47(1H, m),
8.55(1H, m)

8="7.11(1H, m), 7.25(1H, m), 7.32~7.41 (111,
m), 7.66~7.81(6H, m), 7.87~7.94(3H, m),
8.3(2H, m), 8.55~8.6(2H, m)

8="7.25(1H, m), 7.32~7.42(5H, m),
7.49~7.52(SH, m), 7.66~7.81(7H, m),
7.87~7.94(4H, m), 8.43(1H, 5), 8.55(1H, m)
8=0.92(12H, m), 1.78(9H, m), 7.25(1H, m),
7.32~738(3H, m), 7.66~7.81(6H, m),
7.87~7.96(SH, m), 8.03(11L, m), 8.1(11L, m),
8.38(1H, m), 8.55(1H, m)

&="7.11(1H, m), 7.25(1H, m), 7.32(1H, m),
7.33(1H, m), 7.37~7.46(22H, m),
7.64~7.81(7H, m), 7.87~7.94(3H, m), 8.27(1H,
m), 84(1H, m), 8.55~8.6(21L, m)

8="7.14(1H, m), 7.25(1H, m), 7.32~7.38(5H,
m), 7.66(1H, m), 7.69(1H, m), 7.7(1H, m),
7.71(1H, m), 7.72~7.81(8H, m), 8.53~8.590(3H,
m), 9.3(1H, m), 9.92(1H, m)

8="7.14(1H, m), 7.25(2H, m), 7.32~7.41 (4H,
m), 7.51~7.52(4H, m), 7.66~7.81 (7, m),
7.87~7.94(3H, m), 8.53~8.55(2H, m), 9.3(11,
m), 9.41(1H, m)

8="7.25(1H, m), 7.32~7.41(4H, m),
7.51~7.52(4H, m), 7.66~7.81(8H, m),
7.87~8(4H, m), 8.3(2H, m), 8.44(11, m),
8.55~8.6(2H, m)

8="7.25(1H, m), 7.32~7.41(11H, m),
7.66~7.81(8H, m), 7.87~7.94(3H, m), 8.2(2H,
m), 8.3(4H, m), 8.55(1H, m)

&=7.25(1H, m), 7.32~7.41(11H, m),
7.66~7.81(6H, m), 7.87~7.94(3H, m),
8.26~8.3(3H, m), 8.55~8.56(2H, m), 9.93(2H,
m)

&=7.25(1H, m), 7.32~7.51(11H, m),
7.66~7.81(6H, m), 7.87~7.94(3H, m), 8.09(1H,
m), 8.28(5H, m), 8.55(1H, m)

&="7.25(1H, m), 7.32~7.46(16H, m), 7.55(3H,
m), 7.61(1H, m), 7.62~7.71(10H, m),
7.87~8(4H, m), 8.3(2H, m), 8.44(1H, m),
8.55~8.6(2H, m)

&= 1.72(6H,s), 7(1H, m), 7.1 7(1H, m),
7.25~7.26(2H, m), 7.32~7.38(4H, m), 7.51(1H,
m), 7.66~7.81(6H, m), 7.87~7.96(5H, m),
8.07(1H, m), 8.14(1H, m), 8.5~8.55(2H, m)

410.47

486.56

562.66

536.62

616.87

821.05

564.63

563.65

562.66

638.75

640.73

640.73

821.05

602,72

410.14

486.17

562.20

536.19

616.29

820.29

564.20

563.20

562.20

638.24

640.23

640.23

820.29

602.24



US 2015/0171341 Al

TABLE 1-continued

26

Cmpd.

1 NMR(CDCls, 200 MHz)

MS/FAB

found

calculated

20

21

22

25

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

8= 7.32~7.4(3H, m), 7.66~7.81(81, m),
7.87~8.01(6H, m), 8.16(1H, m), 8.41(1H, m),
8.54(1H, m)

8=7.26(1H, m), 7.32~7.4(4H, m),
7.47~755(5H, m), 7.66~7.81(RH, m),
7.87~7.89(2H, m), 8.16(2H, m), 8.3(2H, m)
8=7.32~7.41(3H, m), 7.51~7.52(5H, m),
7.66~7.81(8H, m), 7.87~7.96(4H, m), 8.16(1H,
m), 8.4(1H, m), 8.47(1H, m), 8.54(1H, m)
8=7.11(1H, m), 7.32~7.54(10H, m),
7.66~7.81(8H, m), 7.87~7.96(4H, m), 8.16(1H,
m), 8.3(2H, m), 8.54(1H, m), 8.6(1H, m)
8=7.11(1H, m), 7.25(4H, m), 7.32~7.41 (4H,
m), 7.51~7.52(8H, m), 7.66~7.81 (8H, m),
7.87~7.96(6H, m), 8.16(1H, m), 8.54(1H, m),
8.6(1H, m), 8.81(2H, m)

8=7.32~7.46(13H, m), 7.55(3H, m), 7.61(1H,
m), 7.62(1H, m), 7.66~7.71(11H, m),
7.87~8(5H, m), 8.16(1H, m), 8.3(2H, m),
8.44(1H, m), 8.54(1H, m), 8.6(1H, m)

= 7.32~7.54(10H, m), 7.66~7.81(8H, m),
7.87~7.96(4H, m), 8.16(1H, m), 8.26~8.3(3H,
m), 8.54~8.56(2H, m), 9.93(2H, m)

8= 1.72(6H, 5), 7(1H, m), 7.17(1H, m),
726(1H, m), 7.32~7.38(3H, m), 7.51(1H, m),
7.66~7.81(8H, m), 7.87~7.96(6H, m), 8.07(1H,
m), 8.14~8.16(2H, m), 8.5~8.54(21, m)

= 7.32~7.51(10H, m), 7.66~7.81(RH, m),
7.87~7.96(4H, m), 8.09(1H, m), 8.16(1H, m),
8.28(5H, m), 8.54(1H, m)

8= 7.41~7.54(18H, m), 7.69~7.81(11H, m),
7.87(1H, m), 8(1H, m), 8.18~8.2(31, m),
8.3(4H, m)

8=7.11(1H, m), 7.22~7.25(5H, m),
732~7AL(4H, m), 7.51~7.52(8H, m),
7.66~7.81(SH, m), 7.88~7.89(3H, m),
7.97~8(2H, m), 8.18(1H, m), 8.43(1H, m),
8.6(1H, m), 8.81(2H, m)

&="7.11(1H, m), 7.32~7.54(11H, m),
7.66~7.81(SH, m), 7.89(1H, m), 8(1H, m),
8.18(1H, m), 8.3(2H, m), 8.43(1H, m),
8.6(1H, m), 9.34(1H, m)

8=7.11(1H, m), 7.32~7.41(11H, m),
7.66~7.81(SH, m), 7.89(1H, m), 8(1H, m),
8.18(1H, m), 8.3(2H, m), 8.43(1HL, m),
8.51(1H, m), 8.6(1H, m)

&="T.11(1H, m), 7.32(1H, m}, 7.38~747(11H,
m), 7.66~7.81(6H, m), 7.89~7.92(2H, m),
8(1H, m), 8.18(1H, m), 8.3(2H, m), 8.6(1H,
m), 8.91(1H, m)

8="7.11(1H, m), 7.32~7.54(10H, m),
7.66~7.81(6H, m), 7.89(1H, m), 8(1H, m),
8.18(1H, m), 8.3(2H, m), 8.6(1H, m),
8.75(1H, m), 9.39(2H, m)

8="7.11(1H, m), 7.25~7.33(4H, m),
741~7.54(10H, m), 7.63(1H, m),
7.66~7.71(8H, m), 7.87(1H, m), 7.94(1H, m},
8.12(1H, m), 8.3(2H, m), 8.55~8.6(2H, m),
8.74(2H, m)

8="7.25(1H, m), 7.32~7.41 (5H, m), 7.51 (4H,
m), 7.66~7.81(10H, m), 7.87~7.94(3H, m),
8.55(1H, m), 8.63(1HL, s), (IL,)

8=7.25(1H, m), 7.32~7.41 (5H, m), 7.51 (4H,
m), 7.66~7.81(6H, m), 7.87~7.94(3H, m),
8.28(4H, m), 8.55(1H, m)

8=7.25(1H, m), 7.32(2H, 5), 7.32~7 A1 (4H,
m), 7.51(4H, m), 7.66~7.81(8H, m),
7.87~7.94(3H, m), 8.28(2H, m), 8.55(11L, m)
8= 1.72(12H, 5), 7.25~7.38(8H, m), 7.55(2H,
m), 7.63~7.81(10H, m), 7.87~7.94(7H, m),
8.55(1H, m), 8.63(1H, s), (H,)

460.52

536.62

536.62

612.72

764.91

871.11

690.79

652.78

690.79

790.95

715.84

563.65

563.65

613.70

614.69

779.88

563.65

564.63

563.65

795.97

460.16

536.19

536.19

612.22

764.28

870.31

690.24

652.25

690.24

790.30

715.26

563.20

563.20

613.22

614.21

779.27

563.20

564.20

563.20

795.32
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TABLE 1-continued

27

Cmpd.

1 NMR(CDCls, 200 MHz)

MS/FAB

found

calculated

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

d=7.25(1H, m), 7.33(1H, m), 7.41(2H, m),
75~7.52(6H, m), 7.69(1H, m), 7.77(1H, m),
7.86~7.87(2H, m), 7.94~8(4T1, m), 8.28(4H,
m), 8.45(1H, m), 8.55(1H, m)

d=7.25(1H, m), 7.33(1H, m), 7.41(2H, m),
75~7.52(10H, m), 7.69(1H, m), 7.77(1H, m),
7.85~7.87(6H, m), 7.94~8(4H, m), 8.3(4H, m),
845(1H, m), 8.55(1H, m), 8.63(1H, s), (H,)
d=7.11(14, m), 7.25(1H, m), 7.33(1H, m),
7.41~7.54(10H, m), 7.69(1H, m), 7.77(1H, m),
7.86~7.87(2H, m), 7.94~8(4H, m), 8.3(2H, m),
845(1H, m), 8.55~8.6(2H, m)

d=7.25(14, m), 7.33(1H, m), 7.41(2H, m),
75~7.52(6H, m), 7.69(1H, m), 7.77~7.79(3H,
m), 7.86~7.87(2H, m), 7.94~8(4H, m),
845(1H, m), 8.55(1H, m), 8.63(1H, s), (H,)
8=1.72(6H, 5), 7.25~7.41(6H, m),
751~7.55(6H, m), 7.61(1H, m), 7.69(1H, m),
7.77~7.79(5H, m), 7.87(2H, m), 7.94(1H, m),
8.06(1H, m), 8.55(1H, m), 8.63(1H, s), (H,)
8= 1.72(6H, 5), 7.25~7.41(6H, m),
751~7.55(6H, m), 7.61(1H, m), 7.69(1H, m),
7.77(1H, m), 7.87(2H, m), 7.94(1H, m),
8.06(1H, m), 8.28(4H, m), 8.55(1H, m)
d=1.72(64, 5), 7.11(1H, m), 7.25(1H, m),
7.28(1H, m), 7.33(1H, m), 7.38~7.51(11H, m),
7.61(1H, m), 7.69(1H, m), 7.77(1H, m),
7.87(2H, m), 7.94(1H, m), 8.06(1H, m),
8.3(2H, m), 8.55~8.6(2H, m)

8= 1.72(6H, 5), 7.25~7.41(6H, m),
7.48~7.61(15H, m), 7.69~7.77(6H, m),
7.87(2H, m), 7.94(1H, m), 8.06(1H, m),
8.55(1H, m), 8.63(1H, ), (IL)

8= 0.66(61, 5), 7.25(1H, m), 7.33(2H, m),
741(2H, m), 7.51~7.52(5H, m), 7.58~7.61(2H,
m), 7.69(1H, m), 7.77~7.94(10H, m), 8.55(1H,
m), 8.63(1H, s), (L)

8= 13(4H, m), 145K, m), 7.25(1H, m),
733(2H, m), 7.41(2H, m), 7.51~7.52(5H, m),
758~7.61(2H, m), 7.69(1H, m), 7.77~7.94(6H,
m), 8.28(4H, m), 8.55(1H, m)

8=7.25(11, m), 7.33~7.42(6H, m),
7.48~7.51(5H, m), 7.69~7.87(12H, m),
7.94(1H, m), 8.03~8.12(3H, m), 8.55(1H, m),
8.63(11H, s), (I,)

8=7.25(1H, m), 7.33~7.55(26H, m), 7.69(1H,
m), 7.72~7.79(13H, m), 7.94(1H, m), 8.55(1H,
m), 8.63(1H, s), (IL)

8=7.25(11, m), 7.33(1H, m), 7.41~7.51(11H,
m), 7.69~7.81(11H, m), 7.87~7.88(3H, m),
7.94(1H, m), 8.55(1H, m), 8.63(1H, s), (L)
8=7.25(11, m), 7.33(1H, m), 7.41~7.51(11H,
m), 7.69(1H, m), 7.75(1H, m), 7.77~7.87(13H,
m), 8.55(1H, m), 8.63(1, ), (L)
d=7.25~7.33(3H, m), 7.41~7.51(10H, m),
758~7.63(3H, m), 7.69(1H, m), 7.77~7.79(6H,
m), 7.87(1H, m), 7.94~8(2H, m), 8.12(1H, m),
8.18(1H, m), 8.55(1H, m), 8.63(1H, s), (IL)
8=7.25(2H, m), 7.33(2H, m), 7.41~7.51(OH,
m), 7.58(2H, m), 7.69(2H, m), 7.77(2H, m),
7.87(2H, m), 7.94(2H, m), 8.28(4H, m),
8.55(2H, m)

8=7.25(21, m), 7.33(2H, m), 7.41~7.51(11H,
m), 7.58(2H, m), 7.69(2H, m), 7.77(2H, m),
7.87(2H, m), 7.94(2H, m), 8.09(1H, m),
8.28(5H, m), 8.55(2H, m)

8=7.25(1H, m), 7.33~7.51 (11H, m), 7.58(2H,
m), 7.69(1H, m), 7.77(2H, m), 7.87(1H, m),
7.94~3(2H, m), 8.18(1H, m), 8.28(4H, m),
843(1H, m), 8.51~8.55(2H, m)

8=7.25(11, m), 7.33(1H, m), 7.41~7.51(11H,
m), 7.58(2H, m), 7.69(1H, m), 7.76~7.77(3H,
m), 7.87~8(4H, m), 8.18(1H, m), 8.28(4H, m),
8.35(1H, m), 8.91(1H, m)

580.70

731.90

578.72

579.711

589.73

590.71

588.74

741.92

605.80

632.83

655.72

893.95

635.56

671.72

638.76

639.75

715.84

640.73

690.79

580.17

731.24

578.18

579.18

589.25

590.25

588.26

741.31

605.23

632.24

655.22

893.34

635.25

671.21

638.25

639.24

715.27

640.24

690.25
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MS/FAB

Cmpd. 'H NMR(CDCls, 200 MHz) found

calculated

65  &=17.25(1H, m),7.33(1H, m), 7.41~7.56(8H,
m), 7.69(1H, m), 7.77~7.79(3H, m),
7.86~7.87(2H, m), 7.94~8(4T, m), 8.09(1H,
m), 8.28(1H, m), 8.45(11, m), 8.54~8.55(2H,
m)

66 &=7.25~7.33(3H, m), 7.41(2H, m),
75~7.51(5H, m), 7.63(1H, m), 7.69(1H, m),
7.77~7.79(6H, m), 7.87(1H, m), 7.94~8(2H,
m), 8.12(1H, m), 8.18(1H, m), 8.55(1F, m),
8.63(1H, 5),(H,)

67  d=7.25~7.33(3H, m), 7.41(4H, m),
75~7.51(SH, m), 7.63(1H, m), 7.69(1H, m),
7.77~7.79(6H, m), 7.87(1H, m), 7.94~8(2H,
m), 8.12(1H, m), 8.18(1H, m), 8.28(4T, m),
8.55(1H, m), 8.63(1H, 5),(IL,)

68  d=7.25(1H, m), 7.33~7.42(26H, m),
7.61~7.69(7H, m), 7.76~7.77(3H, m), 7.87(1H,
m), 7.94~8(2H, m), 8.09(1H, m),
8.16~8.18(2H, m), 8.28(4H, m), 8.54~8 55(2H,
m)

579.71

643.79

793.91

1024.29

579.18

643.28

793.30

1023.38

Example 1

Manufacture of OLED Device Using the Organic
Electroluminescent Compound According to the
Present Invention

[0080] An OLED device was manufactured using the elec-
troluminescent material according to the present invention.
First, a transparent electrode ITO thin film (15Q/7) obtained
from a glass for OLED (produced by Samsung Corning) was
subjected to ultrasonic washing with trichloroethylene,
acetone, ethanol and distilled water, sequentially, and stored
in isopropanol before use.

[0081] Then, an ITO substrate was equipped in a substrate
folder of a vacuum vapor deposition apparatus, and 4,4'4"-
tris(N,N-(2-naphthyl)-phenylamino)triphenylamine
(2-TNATA) was placed in a cell of the vacuum vapor depo-
sition apparatus, which was then ventilated up to 107 torr of
vacuum in the chamber. Then, electric current was applied to
the cell to evaporate 2-TNATA, thereby forming a hole injec-
tion layer having a thickness of 60 nm on the ITO substrate.
[0082] Then, N,N'-bis(ct-naphthyl)-N,N'-diphenyl-4,4'-di-
amine (NPB) was placed in another cell of the vacuum vapor
deposition apparatus, and electric current was applied to the
cell to evaporate NPB, thereby forming a hole transport layer
having a thickness of 20 nm on the hole injection layer.
[0083] After forming the hole injection layer and the hole
transport layer, an electroluminescent layer was formed
thereon as follows. Compound 49 was placed in a cell of a
vacuum vapor deposition apparatus as host, and Ir(ppy),|[tris
(2-phenylpyridine)iridium] was placed in another cell as a
dopant. The two materials were evaporated at different rates
such that an electroluminescent layer having a thickness of 30
nm was vapor-deposited on the hole transport layer at 4 to 10
wt %.

[0084] Subsequently, tris(8-hydroxyquinoline)-aluminum
(1IT) (Alq) was vapor-deposited with a thickness of 20 nm as

an electron transport layer. Then, after vapor-depositing
lithium quinolate (Liq) of a following structure with a thick-
ness of 1to 2 nm as an electron injection layer, an Al cathode
having a thickness of 150 nm was formed using another
vacuum vapor deposition apparatus to manufacture an
OLED. Each compound used in the OLED was purified by
vacuum sublimation at 107 torr.

Example 2

Manufacture of OLED Device Using the Organic
Electroluminescent Compounds of the Present
Invention

[0085] An OLED was manufactured as in Example 1
except that Compound 23 according to the present invention
is used as host material on the electroluminescent layer and an
organic iridium complex (piq),lr(acac)[bis-(1-phenyliso-
quinolyl)iridium(III)acetylacetonate] is used as electrolumi-
nescent dopant.

Comparative Examples 1 and 2

Electroluminescent Properties of the OLED Device
Using Conventional Electroluminescent Material

[0086] An OLED device was manufactured in the same
manner as Examples 1 and 3 except that 4,4'-Bis(carbazol-9-
yl)-biphenyl (CBP) instead of the compounds of the present
invention was used as host material in a cell of the vacuum
vapor deposition apparatus.

[0087] Luminous efficiency of the OLED devices including
the organic electroluminescent compound according to the
present invention manufactured in Examples 1 to 2 and Com-
parative Examples 1 and 2 and the conventional electrolumi-
nescent compound was measured at 1,000 cd/m?. The resultis
given in Table 2.
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TABLE 2
Hole Driving Power
blocking voltage (V)  efficiency (cd/A)
No. Host Dopant layer @1,000 cd/m?  @1,000 cd/m? Color
Examplel 6 49 Ir(ppy)s — 6.7 301 Green
7 59 Ir(ppy)s — 6.5 28.1 Green
8 60 Ir(ppy)s — 6.7 303 Green
9 62 Ir(ppy)s — 6.4 28.3 Green
10 67 Ir(ppy)s — 6.3 29.0 Green
Example2 16 23 (pig),Ir(acac) — 6.2 7.1 Red
17 30 (pig),Ir(acac) — 6.1 7.6 Red
18 34 (pig),Ir(acac) — 6.0 7.8 Red
19 53 (pig),Ir(acac) — 6.3 7.6 Red
20 55 (pig),Ir(acac) — 6.4 7.3 Red
Comparative ~ CBP Ir(ppy)s BAlg 7.5 25.1 Green
Example 1
Comparative  CBP (pig),Ir(acac) BAlg 7.5 6.5 Red
Example 2
[0088] AsshowninTable 2, the organic electroluminescent ent(s), 5- to 7-membered heterocycloalkyl fused with

compounds according to the present invention have excellent
properties compared with the conventional material. In addi-
tion, the device using the organic electroluminescent com-
pound according to the present invention as host material for
emitting red or green light has excellent electroluminescent
properties and drops driving voltage, thereby increasing
power efficiency and improving power consumption.

What is claimed is:

1. An organic electroluminescent compound represented
by the following formula 1:

Formula 1
Ay
A{ A5
Il |
A Al
(Arl)m
A Aq
/le/ AN %Aé
Az & Ap Ay
~ AS | = | A
|
Ais_ 2 A
AT X AS/
wherein

A, 10 A,, independently represent CR ;

A5 t0 Ajg independently represent CR; or N;

Ar, represents a substituted or unsubstituted quinazolinyl
group;

m represents an integer 1;

X represents —N(R, )—, wherein R, represents (C6-C30)
aryl with or without substituent(s), or substituted or
unsubstituted (C6-C30)aryl fused with one or more (C3-
C30)cycloalkyl(s) with or without substituent(s); and

R, independently represents hydrogen, deuterium, halo-
gen, (C1-C30)alkyl with or without substituent(s), (C6-
C30)aryl with or without substituent(s), substituted or
unsubstituted (C6-C30)ary] fused with one or more (C3-
C30)cycloalkyl(s) with or without substituent(s), (C3-
C30)heteroaryl with or without substituent(s), 5- to
7-membered heterocycloalkyl with or without substitu-

one or more aromatic ring(s) with or without substituent
(8), (C3-C30)cycloalkyl with or without substituent(s),
(C3-C30)cycloalkyl fused with one or more aromatic
ring(s) with or without substituent(s), cyano, trifluorom-
ethyl, R“R°R°Si—, or (C6-C30)aryl(C1-C30)alkyl with
or without substituent(s), wherein R R?, and R¢ inde-
pendently represent (C1-C30)alkyl with or without sub-
stituent(s) or (C6-C30)aryl with or without substituent
).

2. The compound of claim 1 wherein

A, through A, independently represent CH;

A 5 t0 A, independently represent CR,; and

R, independently represents hydrogen, deuterium, (C6-

C30)aryl with or without substituent(s), substituted or
unsubstituted (C6-C30)ary] fused with one or more (C3-
C30)cycloalkyl(s) with or without substituent(s), (C3-
C30)cycloalkyl with or without substituent(s), (C3-
C30)cycloalkyl fused with one or more aromatic ring(s)
with or without substituent(s).

3. The compound of claim 2 wherein R, independently
represents hydrogen or deuterium.

4. The compound of claim 1, wherein Ar, represents an
unsubstituted quinazolinyl group.

5. The compound of claim 1, wherein the quinazolinyl
group is bound to the carbazole nitrogen through the nitro-
gen-containing ring of the quinazolinyl group.

6. The compound of claim 1, wherein R, represents hydro-
gen or deuterium.

7. An organic electroluminescence device material com-
prising the compound of claim 1.

8. An organic electroluminescence device comprising: a
first electrode, a second electrode, and a plurality of organic
layers provided between the first electrode and the second
electrode, the organic layers comprising an electrolumines-
cent layer, wherein at least one of the organic layers com-
prises the organic electroluminescence device material of
claim 7.

9. The organic electroluminescence device of claim 8,
wherein the electroluminescent layer comprises the organic
electroluminescence device material as a host material.

10. The organic electroluminescence device of claim 8,
wherein the electroluminescent layer comprises a phospho-
rescent material.
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11. The organic electroluminescence device of claim 10,
wherein the phosphorescent matetial is an ortho-metalated
complex of a metal atom selected from iridium (Ir), osmium
(Os) and platinum (Pt).

12. The organic electroluminescence device of claim 8,
wherein an electron injection layer is provided between an
electrode and the electroluminescent layer.

13. The organic electroluminescence device of claim 12,
wherein the electron injection layer comprises lithium quino-
late.

14. The organic electroluminescence device of claim 8,
wherein an electron transport layer is provided between an
electrode and the electroluminescent layer, the electron trans-
port layer comprising the organic electroluminescence device
material.

15. The organic electroluminescence device of claim 8,
wherein a reductive dopant layer is present between an elec-
trode and at least one of the organic layers.

16. An organic electroluminescent device comprising a
first electrode, a second electrode and a plurality of organic
layers provided between the first electrode and the second
electrode, the organic layers comprising an electrolumines-
cent layer, wherein

at least one of the organic layers is the electroluminescent

layer comprising a host material and a phosphorescent
material providing phosphorescence,

the host material being a compound represented by a for-

mula | below:

Formula 1
Ay
A{ SAgs
Il |
A19\(A15
(lArl)m
A N A5
PR g
I |
A A A
NP A 12 11\\
Ay A% | N | Ajo
|
A13 / /Ag
& X As/
wherein

A, 10 A,, independently represent CR ;

A5 t0 Ajg independently represent CR; or N;

Ar represents a substituted or unsubstituted quinazolinyl
group;

m represents an integer 1;

X represents —N(R,)}—, wherein R, represents (C6-C30)
aryl with or without substituent(s), or substituted or
unsubstituted (C6-C30)aryl fused with one or more (C3-
C30)cycloalkyl(s) with or without substituent(s); and

R, independently represents hydrogen, deuterium, halo-
gen, (C1-C30)alkyl with or without substituent(s), (C6-
C30)aryl with or without substituent(s), substituted or
unsubstituted (C6-C30)aryl fused with one or more (C3-
C30)cycloalkyl(s) with or without substituent(s), (C3-
C30)heteroaryl with or without substituent(s), 5- to
7-membered heterocycloalkyl with or without substitu-
ent(s), 5- to 7-membered heterocycloalkyl fused with
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one or more aromatic ring(s) with or without substituent
(8), (C3-C30)cycloalkyl with or without substituent(s),
(C3-C30)cycloalkyl fused with one or more aromatic
ring(s) with or without substituent(s), cyano, trifluorom-
ethyl, R“R?R°Si—, or (C6-C30)aryl(C1-C30)alkyl with
or without substituent(s), wherein R% R?, and R® inde-
pendently represent (C1-C30)alkyl with or without sub-
stituent(s) or (C6-C30)aryl with or without substituent
(s).

17. The organic electroluminescent device of claim 16,
wherein the electroluminescent layer comprises a host mate-
rial and phosphorescent material, the phosphorescent mate-
rial being an ortho-metalated complex of a metal atom
selected from iridium (Ir), osmium (Os) and platinum (Pt).

18. The organic electroluminescence device of claim 16,
wherein an electron injection layer is provided between an
electrode and the electroluminescent layer.

19. The organic electroluminescence device of claim 18,
wherein the electron injection layer comprises lithium quino-
late.

20. The organic electroluminescence device of claim 16,
wherein an electron transport layer is provided between an
electrode and the electroluminescent layer, the electron trans-
port layer comprising a compound represented by the formula

21. The organic electroluminescence device of claim 16,
wherein a reductive dopant layer is present between an elec-
trode and at least one of the organic layers.

22. An organic electroluminescent device comprising a
first electrode, a second electrode and a plurality of organic
layers provided between the first electrode and the second
electrode, the organic layers comprising an electrolumines-
cent layer, wherein

the emitting layer coniprises the compound according to

claim 1 and a phosphorescent material, wherein the

compound is represented by formula 1,

A, through A, , independently represent CH;

A |5 to A, independently represent CR ;

R, independently represents hydrogen, deuterium, (C6-
C30)aryl with or without substituent(s), substituted or
unsubstituted (C6-C30)aryl fused with one or more
(C3-C30)cycloalkyl(s) with or without substituent(s),
(C3-C30)cycloalkyl with or without substituent(s),
(C3-C30)cycloalkyl fused with one or more aromatic
ring(s) with or without substituent(s); and

the phosphorescent material is an Ir complex.

23. A biscarbazole derivative represented by a formula 2
below,

Formula 2
Al
I
x!
|
N (Y)r
pe / \ T e
SO /\////\/\ N (v2y
N
|‘v
XA
I
Al
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where: A' represents a substituted or unsubstituted
quinazoline ring bound to X' through the nitrogen-con-
taining ring of the quinazoline, when A’ has a substitu-
ent, the substituent of A’ is an alkyl group having 1 to 20
carbon atoms, alkoxy group having 1 to 20 carbon
atoms, haloalkyl group having 1 to 20 carbon atoms,
alkylsilyl group having 1 to 10 carbon atoms, arylsilyl
group having 6 to 30 ring carbon atoms, cyano group,
halogen atom, aromatic hydrocarbon group having 6 to
30 ring carbon atoms, substituted or unsubstituted fused
aromatic hydrocarbon group having 10 to 30 ring carbon
atoms, or monocyclic aromatic heterocyclic group hav-
ing 2 to 30 ring carbon atoms;

A? represents a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms,
when A” has a substituent, the substituent of A? is an
alkyl group having 1 to 20 carbon atoms, alkoxy group
having 1 to 20 carbon atoms, haloalkyl group having 1 to
20 carbon atoms, alkylsilyl group having 1 to 10 carbon
atoms, arylsilyl group having 6 to 30 ring carbon atoms,
cyano group, halogen atom, aromatic hydrocarbon
group having 6 to 30 ring carbon atoms, substituted or an
unsubstituted fused aromatic hydrocarbon group having
10 to 30 ring carbon atoms, or monocyclic aromatic
heterocyclic group having 2 to 30 ring carbon atoms;

X! and X? each are a linking group and independently
represent a single bond, substituted or unsubstituted aro-
matic hydrocarbon group having 6 to 30 ring carbon
atoms, substituted or unsubstituted fused aromatic
hydrocarbon group having 10 to 30 ring carbon atoms,
when X' and X? each have a substituent, the substituent
of X! and X* is an alkyl group having 1 to 20 carbon
atoms, alkoxy group having 1 to 20 carbon atoms,
haloalkyl group having 1 to 20 carbon atoms, alkylsilyl
group having 1 to 10 carbon atoms, arylsilyl group hav-
ing 6 to 30 ring carbon atoms, cyano group, halogen
atom, aromatic hydrocarbon group having 6 to 30 ring
carbon atoms, substituted or an unsubstituted fused aro-
matic hydrocarbon group having 10 to 30 ring carbon
atoms, or monocyclic aromatic heterocyclic group hav-
ing 2 to 30 ring carbon atoms:

Y', Y? and Y* independently represent a hydrogen atom,
fluorine atom, cyano group, substituted or unsubstituted
alkyl group having 1 to 20 carbon atoms, substituted or
unsubstituted alkoxy group having [ to 20 carbon atoms,
substituted or unsubstituted haloalkyl group having 1 to
20 carbon atoms, substituted or unsubstituted
haloalkoxy group having 1 to 20 carbon atoms, substi-
tuted or unsubstituted alkylsilyl having 1 to 10 carbon
atoms, substituted or unsubstituted arylsilyl having 6 to
30 carbon atoms, substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms,
substituted or unsubstituted fused aromatic hydrocarbon
group having 10 to 30 ring carbon atoms, substituted or
unsubstituted aromatic heterocyclic group having 2 to
30 ring carbon atoms, or substituted or unsubstituted
fused aromatic heterocyclic group having 2 to 30 ring
carbon atoms:

Y? represents a hydrogen atom, fluorine atom, cyano
group, unsubstituted alkyl group having 1 to 20 carbon
atoms, unsubstituted alkoxy group having 1 to 20 carbon
atoms, unsubstituted haloalkyl group having 1 to 20
carbon atoms, unsubstituted haloalkoxy group having 1
to 20 carbon atoms unsubstituted alkylsilyl having 1 to

31
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10 carbon atoms, unsubstituted arylsilyl having 6 to 30
carbon atoms, unsubstituted aromatic hydrocarbon
group having 6 to 30 ring carbon atoms, unsubstituted
fused aromatic hydrocarbon group having 10 to 30 ring
carbon atoms unsubstituted monocyclic aromatic het-
erocyclic group having 2 to 30 ring carbon atoms, or
unsubstituted fused aromatic heterocyclic group having
2 to 30 ring carbon atoms;
adjacent ones of Y* to Y* are allowed to be bonded to each
other to form a ring structure;
p and q represent an integer of 1 to 4; r and s represent an
integer of 1 to 3; and
when p and q are an integer of 2 to 4 and r and s are an
integer of 2 to 3, a plurality of Y* to Y* are allowed to be
the same or different.
24. The biscarbazole derivative according to claim 23,
wherein the biscarbazole derivative is represented by a for-
mula 3 below,

Formula 3
Al
I
Xl
I!I (Y)r
1 /\ S (¥hs ==
S WV _INC K N (Y2

where: A, A2 X!, X2, Y toY?, p. q,rand s represent the same
as AL A% XN XA Y oYY, p, q, rand s of the formula 2.
25. The biscarbazole derivative according to claim 24,
wherein in formula 3
when A' has a substituent, the substituent of A" is an aro-
matic hydrocarbon group having 6 to 30 ring carbon
atoms or a substituted or an unsubstituted fused aromatic
hydrocarbon group having 10 to 30 ring carbon atoms;
Y' to Y* are a hydrogen atom; and
when A2 has a substituent, the substituent of A is an aro-
matic hydrocarbon group having 6 to 30 ring carbon
atoms or a substituted or an unsubstituted fused aromatic
hydrocarbon group having 10 to 30 ring carbon atoms.
26. The biscarbazole derivative according to claim 24,
wherein in formula 3
when A' has a substituent, the substituent of A is an aro-
matic hydrocarbon group having 6 to 30 ring carbon
atoms or a substituted or an unsubstituted fused aromatic
hydrocarbon group having 10 to 30 ring carbon atoms;
Y' to'Y* are a hydrogen atom;
when A2 has a substituent, the substituent of A is an aro-
matic hydrocarbon group having 6 to 30 ring carbon
atoms or a substituted or an unsubstituted fused aromatic
hydrocarbon group having 10 to 30 ring carbon atoms;
and
X! is a single bond.
27. The biscarbazole derivative according to claim 24,
wherein in formula 3
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when A’ has a substituent, the substituent of A" is an aro-
matic hydrocarbon group having 6 to 30 ring carbon
atoms or a substituted or an unsubstituted fused aromatic
hydrocarbon group having 10 to 30 ring carbon atoms;

Y' to Y* are a hydrogen atom;

when A” has a substituent, the substituent of A2 is an aro-
matic hydrocarbon group having 6 to 30 ring carbon
atoms or a substituted or an unsubstituted fused aromatic
hydrocarbon group having 10 to 30 ring carbon atoms;
and

X' is an unsubstituted aromatic hydrocarbon group having
6 to 30 ring carbon atoms or an unsubstituted fused
aromatic hydrocarbon group having 10 to 30 ring carbon
atoms.

28. An organic-EL-device material comprising the biscar-
bazole derivative according to claim 23.

29. An organic electroluminescence device comprising: a
cathode: an anode; and a plurality of organic thin-film layers
provided between the cathode and the anode, the organic
thin-film layers comprising an emitting layer, wherein

at least one of the organic thin-film layers comprises the
organic-EL-device material according to claim 28.

30. The organic electroluminescence device according to
claim 29, wherein the emitting layer comprises the organic-
EL-device material as a host material.

31. The organic electroluminescence device according to
claim 29, wherein the emitting layer comprises a phospho-
rescent material.

32. The organic electroluminescence device according to
claim 31, wherein

the phosphorescent material is an ortho-metalated complex
of a metal atom selected from iridium (Ir), osmium (Os)
and platinum (Pt).

33. The organic electroluminescence device according to
claim 29, wherein

an electron injecting layer is provided between the cathode
and the emitting layer, the electron injecting layer com-
prising a nitrogen-containing cyclic derivative.

34. The organic electroluminescence device according to
claim 29, wherein

an electron transporting layer is provided between the cath-
ode and the emitting layer, the electron transporting
layer comprising the organic-EL-device material.

35. The organic electroluminescence device according to
claim 29, wherein

a reduction-causing dopant is present at an interfacial
region between the cathode and at least one of the
organic thin-film layers.

36. An organic electroluminescence device comprising: a
cathode; an anode; and a plurality of organic thin-film layers
provided between the cathode and the anode, the organic
thin-film layers comprising an emitting layer, wherein

at least one of the organic thin-film layers is the emitting
layer comprising a first host material, a second host
material and a phosphorescent material providing phos-
phorescence,

the first host material being a compound represented by a
formula (4) below,
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where: A' represents a substituted or unsubstituted
quinazoline ring bound to X' through the nitrogen-con-
taining ring of the quinazoline, when A' has a substitu-
ent, the substituent of A' is an alkyl group having 1 to 20
carbon atoms, alkoxy group having 1 to 20 carbon
atoms, haloalkyl group having 1 to 20 carbon atoms,
alkylsilyl group having 1 to 10 carbon atoms, arylsilyl
group having 6 to 30 ring carbon atoms, cyano group,
halogen atom, aromatic hydrocarbon group having 6 to
30 ring carbon atoms, substituted or unsubstituted fused
aromatic hydrocarbon group having 10 to 30 ring carbon
atoms, or monocyclic aromatic heterocyclic group hav-
ing 2 to 30 ring carbon atoms;

A? represents a substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms,
when A” has a substituent, the substituent of A? is an
alkyl group having 1 to 20 carbon atoms, alkoxy group
having 1 to 20 carbon atoms, haloalkyl group having 1 to
20 carbon atoms, alkylsilyl group having 1 to 10 carbon
atoms, arylsilyl group having 6 to 30 ring carbon atoms,
cyano group, halogen atom, aromatic hydrocarbon
group having 6 to 30 ring carbon atoms, substituted or an
unsubstituted fused aromatic hydrocarbon group having
10 to 30 ring carbon atoms, or monocyclic aromatic
heterocyclic group having 2 to 30 ring carbon atoms;

X' and X* each are a linking group and independently
represent a single bond, substituted orunsubstituted aro-
matic hydrocarbon group having 6 to 30 ring carbon
atoms, substituted or unsubstituted fused aromatic
hydrocarbon group having 10 to 30 ring carbon atoms,
when X" and X? each have a substituent, the substituent
of X! and X? is an alkyl group having 1 to 20 carbon
atoms, alkoxy group having 1 to 20 carbon atoms,
haloalkyl group having 1 to 20 carbon atoms, alkylsilyl
group having 1 to 10 carbon atoms, arylsilyl group hav-
ing 6 to 30 ring carbon atoms, cyano group, halogen
atom, aromatic hydrocarbon group having 6 to 30 ring
carbon atoms, substituted or an unsubstituted fused aro-
matic hydrocarbon group having 10 to 30 ring carbon
atoms, or monocyclic aromatic heterocyclic group hav-
ing 2 to 30 ring carbon atoms;

Y',Y? and Y* independently represent a hydrogen atom,
fluorine atom, cyano group, substituted or unsubstituted
alkyl group having 1 to 20 carbon atoms, substituted or
unsubstituted alkoxy group having 1 to 20 carbon atoms,
substituted or unsubstituted haloalkyl group having 1 to
20 carbon atoms, substituted or unsubstituted



US 2015/0171341 Al

haloalkoxy group having 1 to 20 carbon atoms, substi-
tuted or unsubstituted alkylsilyl having 1 to 10 carbon
atoms, substituted or unsubstituted arylsilyl having 6 to
30 carbon atoms, substituted or unsubstituted aromatic
hydrocarbon group having 6 to 30 ring carbon atoms,
substituted or unsubstituted fused aromatic hydrocarbon
group having 10 to 30 ring carbon atoms, substituted or
unsubstituted aromatic heterocyclic group having 2 to
30 ring carbon atoms, or substituted or unsubstituted
fused aromatic heterocyclic group having 2 to 30 ring
carbon atoms;

Y? represents a hydrogen atom, fluorine atom, cyano
group, unsubstituted alkyl group having 1 to 20 carbon
atoms, unsubstituted alkoxy group having 1 to 20 carbon
atoms, unsubstituted haloalkyl group having 1 to 20
carbon atoms, unsubstituted haloalkoxy group having 1
to 20 carbon atoms, unsubstituted alkylsilyl having 1 to
10 carbon atoms, unsubstituted arylsilyl having 6 to 30
carbon atoms, unsubstituted aromatic hydrocarbon
group having 6 to 30 ring carbon atoms, unsubstituted
fused aromatic hydrocarbon group having 10 to 30 ring
carbon atoms, unsubstituted monocyclic aromatic het-
erocyclic group having 2 to 30 ring carbon atoms, or
unsubstituted fused aromatic heterocyclic group having
2 to 30 ring carbon atoms;

adjacent ones of Y' to Y* are allowed to be bonded to each
other to form a ring structure:

p and q represent an integer of 1 to 4; r and s represent an
integer of 1 to 3; and

when p and q are an integer of 2 to 4 and r and s are an
integer of 2 to 3, a plurality of Y' to Y* are allowed to be
the same or different.

37. The organic electroluminescence device according to

claim 36, wherein the second host material is represented by
either one of a formula (13) or (14) below,

13)

A3
\
/N—Xi
A* N—AS
/

where: X represents a substituted or unsubstituted arylene
group having 10 to 40 ring carbon atoms; and

A*10 ASrepresent a substituted or unsubstituted aryl group
having 6 to 60 ring carbon atoms, or heteroaryl group
having 6 to 60 ring atoms,

(14)

where: A7 to A® represent a substituted or unsubstituted
aryl group having 6 to 60 ring carbon atoms, or het-
eroaryl group having 6 to 60 ring atoms.
38. The organic electroluminescence device according to
claim 37, wherein the second host material is represented by
any one of formulae (15) to (19) below,
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where: A' to A'® each represent a substituted or unsubsti-
tuted aryl group having 6 to 40 carbon atoms, or substi-
tuted or unsubstituted aromatic heterocyclic group hav-
ing 2 to 40 carbon atoms;
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variable pairs A'® and A**; A'® and A'%; A'® and A'6; AT
and A'® together with the nitrogen to which they are
bonded optionally form a ring;

X*to X® represent a single bond or a linking group having
1 to 30 carbon atoms;

Y® to Y** represent a hydrogen atom, halogen atom, sub-
stituted or unsubstituted alkyl group having 1 to 40
carbon atoms, substituted or unsubstituted heterocyclic
group having 3 to 20 carbon atoms, substituted or unsub-
stituted aryl group having 6 to 40 carbon atoms, substi-
tuted or unsubstituted aralkyl group having 7 to 20 car-
bon atoms, substituted or unsubstituted alkenyl group
having 2 to 40 carbon atoms, substituted or unsubsti-
tuted alkylamino group having 1 to 40 carbon atoms,
substituted or unsubstituted aralkylamino group having
7 to 60 carbon atoms, substituted or unsubstituted alkyl-
silyl group having 3 to 20 carbon atoms, substituted or
unsubstituted arylsilyl group having 8 to 40 carbon
atoms, substituted or unsubstituted aralkylsilyl group
having 8 to 40 carbon atoms, or substituted or unsubsti-
tuted halogenated alkyl group having 1 to 40 carbon
atoms; and

X, X5, X Xp, X cach represent a sulfur atom, an oxy-
gen atom or a monoaryl-substituted nitrogen atom.

39. The organic electroluminescence device according to

claim 36, wherein

the emitting layer comprises a host material and a phos-
phorescent material, the phosphorescent material being
an ortho-metalated complex of a metal atom selected
from iridium (Ir), osmium (Os) and platinum (Pt).

40. The organic electroluminescence device according to

claim 36, wherein

an electron injecting layer is provided between the cathode
and the emitting layer, the electron injecting layer com-
prising a nitrogen-containing cyclic derivative.

41. The organic electroluminescence device according to

claim 36, wherein

an electron transporting layer is provided between the cath-
ode and the emitting layer, the electron transporting
layer comprising a compound represented by the for-
mula (4).

42. The organic electroluminescence device according to

claim 36, wherein

a reduction-causing dopant is present at an interfacial
region between the cathode and at least one of the
organic thin-film layers.

43. The biscarbazole derivative according to claim 23,

wherein in formula 2

when A’ has a substituent, the substituent of A" is an aro-
matic hydrocarbon group having 6 to 30 ring carbon
atoms or a substituted or an unsubstituted fused aromatic
hydrocarbon group having 10 to 30 ring carbon atoms;

Y' to Y* are a hydrogen atom; and

when A* has a substituent, the substituent of A is an aro-
matic hydrocarbon group having 6 to 30 ring carbon
atoms or a substituted or an unsubstituted fused aromatic
hydrocarbon group having 10 to 30 ring carbon atoms.

44. The biscarbazole derivative according to claim 23,

wherein in formula 2

when A! has a substituent, the substituent of A! is an aro-
matic hydrocarbon group having 6 to 30 ring carbon
atoms or a substituted or an unsubstituted fused aromatic
hydrocarbon group having 10 to 30 ring carbon atoms;

Y! to Y* are a hydrogen atom;
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when A2 has a substituent, the substituent of A is an aro-
matic hydrocarbon group having 6 to 30 ring carbon
atoms or a substituted or an unsubstituted fused aromatic
hydrocarbon group having 10 to 30 ring carbon atoms;
and

X! is a single bond.

45. The biscarbazole derivative according to claim 23,
wherein in formula 2

when A! has a substituent, the substituent of A! is an aro-

matic hydrocarbon group having 6 to 30 ring carbon
atoms or a substituted or an unsubstituted fused aromatic
hydrocarbon group having 10 to 30 ring carbon atoms;

Y' to'Y* are a hydrogen atom;

when A has a substituent, the substituent of A" is an aro-

matic hydrocarbon group having 6 to 30 ring carbon
atoms or a substituted or an unsubstituted fused aromatic
hydrocarbon group having 10 to 30 ring carbon atoms;
and

X! is an unsubstituted aromatic hydrocarbon group having

6 to 30 ring carbon atoms or an unsubstituted fused
aromatic hydrocarbon group having 10 to 30 ring carbon
atoms.

46. An organic electroluminescence device comprising: a
cathode; an anode; and a plurality of organic thin-film layers
provided between the cathode and the anode, the organic
thin-film layers comprising an emitting layer, wherein

the emitting layer comprises the biscarbazole derivative

according to claim 23 and a phosphorescent material,
wherein the biscarbazole derivative is represented by
formula 2, and when A! has a substituent, the substituent
of A' is an aromatic hydrocarbon group having 6 to 30
ring carbon atoms or a substituted or an unsubstituted
fused aromatic hydrocarbon group having 10 to 30 ring
carbon atoms;

Y! to Y* are a hydrogen atom;

when A has a substituent, the substituent of A” is an aro-

matic hydrocarbon group having 6 to 30 ring carbon
atoms or a substituted or an unsubstituted fused aromatic
hydrocarbon group having 10 to 30 ring carbon atoms;

X! is a single bond, an unsubstituted aromatic hydrocarbon

group having 6 to 30 ring carbon atoms or an unsubsti-
tuted fused aromatic hydrocarbon group having 10 to 30
ring carbon atoms; and
the phosphorescent material is an Ir complex.
47. The organic electroluminescence device according to
claim 46, wherein X" is a single bond in formula 2.
48. The organic electroluminescence device according to
claim 46, wherein X' is an unsubstituted aromatic hydrocar-
bon group having 6 to 30 ring carbon atoms or an unsubsti-
tuted fused aromatic hydrocarbon group having 10 to 30 ring
carbon atoms in formula 2.
49. An organic electroluminescence device comprising: a
cathode; an anode; and a plurality of organic thin-film layers
provided between the cathode and the anode, the organic
thin-film layers comprising an emitting layer, wherein
the emitting layer comprises the biscarbazole derivative
according to claim 24 and a phosphorescent material,

the biscarbazole derivative being represented by the for-
mula 3, and when A' has a substituent, the substituent of
A' is an aromatic hydrocarbon group having 6 to 30 ring
carbon atoms or a substituted or an unsubstituted fused
aromatic hydrocarbon group having 10 to 30 ring carbon
atoms;

Y! to Y* are a hydrogen atom;
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when AZ has a substituent, the substituent of A” is an aro-
matic hydrocarbon group having 6 to 30 ring carbon
atoms Or a substituted or an unsubstituted fused aro-
matic hydrocarbon group having 10 to 30 ring carbon
atoms;

X! is a single bond, an unsubstituted aromatic hydrocarbon
group having 6 to 30 ring carbon atoms or an unsubsti-
tuted fused aromatic hydrocarbon group having 10 to 30
ring carbon atoms; and

the phosphorescent material is an Ir complex.

50. The organic electroluminescence device according to

claim 49, wherein

X! is a single bond in formula 3.

51. The organic electroluminescence device according to

claim 49, wherein

X' is an unsubstituted aromatic hydrocarbon group having
6 to 30 ring carbon atoms or an unsubstituted fused
aromatic hydrocarbon group having 10 to 30 ring carbon
atoms in formula 3.
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