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(57) ABSTRACT

A compound represented by Formula 1 below may be used in
an organic light emitting diode.
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COMPOUND FOR ORGANIC
LIGHT-EMITTING DIODE AND ORGANIC
LIGHT-EMITTING DIODE INCLUDING THE
SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0039968, filed on
Apr. 17, 2012 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] One or more embodiments of the present invention

relate to compounds for organic light-emitting devices and to
organic light-emitting devices including the compounds.
[0004] 2. Description of the Related Art

[0005] Organic light-emitting diodes (OLEDs) are self-
emitting devices having advantages such as wide viewing
angles, good contrast, quick response times, high brightness,
and good driving voltage. OLEDs can provide multicolored
images.

[0006] In general, an OLED has a structure including a
substrate, an anode, a hole transport layer (HTL), an emission
layer (EML), an electron transport layer (ETL), and a cath-
ode, which are sequentially stacked on the substrate. In this
regard, the HTL, the EML, and the ETL are organic thin films
formed of organic compounds.

[0007] An operating principle of an OLED having the
above-described structure is as follows.

[0008] Whenavoltage is applied between the anode and the
cathode, holes injected from the anode move to the EML via
the HTL, and electrons injected from the cathode move to the
EML via the ETL. The holes and electrons recombine in the
EML to generate excitons. When the excitons drop from an
excited state to a ground state, light is emitted.

[0009] Themost important factor for determining the lumi-
nous efficiency of an OLED is the light-emitting material.
Fluorescent materials or phosphorescent materials have been
used as the light-emitting material, but OLEDs including
such light-emitting materials do not exhibit satisfactory effi-
ciency, driving voltage and lifetime.

SUMMARY

[0010] Embodiments of the present invention provide
novel compounds for an organic light-emitting diode which
have good electrical properties, good charge transporting
abilities, good luminous properties and high glass transition
temperatures. The compounds are capable of preventing crys-
tallization, and may be used as electron transporting materials
suitable for use in fluorescent and phosphorescent devices of
all colors, such as red, green, blue, white, and the like. The
compounds may also be used as light-emitting materials of
green, blue, or white color having higher luminous efficiency
and longer lifetimes than those of conventional host materi-
als. The compounds also have appropriate color coordinates.
[0011] Embodiments of the present invention also provide
an organic light-emitting diode including the compound
described above and having high efficiency, low voltage, high
brightness, and long lifetime.
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[0012] According to an aspect of the present invention, a
compound for an organic light-emitting diode is represented
by Formula 1 below:

Formula 1
R R,

Ar 1
e O

[0013] In Formula 1, R, and R, are each independently a
halogen, a cyano group, a substituted or unsubstituted C, -Cg,
alkyl group, a substituted or unsubstituted C,-C, aryl group,
a substituted or unsubstituted C;-C, heteroaryl group, or a
substituted or unsubstituted Cq-Cq, condensed polycyclic

group.

[0014] R, is hydrogen, deuterium, a halogen, a cyano
group, a substituted or unsubstituted C,-C,, aryl group, a
substituted or unsubstituted C5-Cg,, heteroaryl group, or a
substituted or unsubstituted Cq-Cg, condensed polycyclic
group.

[0015] Ar, and Ar, are each independently a substituted or
unsubstituted C,-Cy, aryl group, a substituted or unsubsti-
tuted C;-Cy, heteroaryl group, or a substituted or unsubsti-
tuted C,4-Cy, condensed polycyclic group.

[0016] According to another aspect of the present inven-
tion, an organic light-emitting diode includes a first electrode;
a second electrode; and an organic layer between the first
electrode and the second electrode. The organic layer
includes the compound of Formula 1.

[0017] According to another aspect of the present inven-
tion, a flat panel display device includes the organic light-
emitting diode, and a first electrode of the organic light-
emitting diode is electrically connected to a source electrode
or a drain electrode of a thin film transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The above and other features and advantages of the
present invention will become more apparent by reference to
the following detailed description when considered in con-
junction with the attached drawing in which:

[0019] FIG. 1 is a schematic diagram of a structure of an
organic light-emitting diode according to an embodiment of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Hereinafter, exemplary embodiments of the present
invention will be described. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. Expressions such as “at least one of,”
when preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the list.
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[0021] According to an embodiment of the present inven-
tion, a compound is represented by Formula 1 below:

Formula 1
Ry Ry

Ar
/
R N
Q \
Ary

[0022] In Formula 1, R, and R, are each independently a
halogen, a cyano group, a substituted or unsubstituted C, -C,
alkyl group, a substituted or unsubstituted C,-C, aryl group,
a substituted or unsubstituted C;-C, heteroaryl group, or a
substituted or unsubstituted C,-Cgy, condensed polycyclic
group.

[0023] R, is hydrogen, deuterium, a halogen, a cyano
group, a substituted or unsubstituted C4-Cg, aryl group, a
substituted or unsubstituted C5-Cg,, heteroaryl group, or a
substituted or unsubstituted C4-Cgy, condensed polycyclic
group.

[0024] Ar, and Ar, are each independently a substituted or
unsubstituted C,-Cg, aryl group, a substituted or unsubsti-
tuted C;-Cy, heteroaryl group, or a substituted or unsubsti-
tuted C4-Cqy, condensed polycyclic group.

[0025] The compounds of Formula 1 have higher driving
voltages and efficiency than conventional hole transporting
materials. Thus, an OLED including a compound of Formula
1 exhibits good driving lifetime and increased power effi-
ciency. Therefore, an OLED with low power consumption
may be manufactured.

[0026] The compounds of Formula 1 have asymmetrical
structures in which one amine group is substituted in a central
fused aromatic ring, which leads to a relatively high Tg and an
improved hole transporting ability.

[0027] Inasymmetric structure in which two amine groups
are substituted in the central fused aromatic ring, free rotation
of amine bonds increases. Thus, compounds having a sym-
metric structure have relatively low Tgs as compared to the
compounds of Formula 1 having an asymmetric structure. In
addition, the symmetric structure increases the electron-do-
nating properties of the amine groups, and thus makes the
HOMO (highest occupied molecular orbital) energy level of
the molecules unstable, resulting in an increased HOMO
energy level. Therefore, when a compound having a symmet-
ric structure is used as a material for forming the hole trans-
port layer (HTL), there is a large difference in the HOMO
energy level between the compound with the symmetric
structure and a host. Accordingly, compounds having a sym-
metric structure may be used to form the hole injection layer
(HIL) rather than the HTL.

[0028] The substituents of the compound of Formula 1 will
now be described in more detail.

[0029] According to one embodiment,in Formula 1,R | and
R, may be each independently a halogen, a cyano group, a
substituted or unsubstituted C,-C;, alkyl group, a substituted
or unsubstituted C,-C,,, aryl group, a substituted or unsubsti-
tuted C;-C,, heteroaryl group, or a substituted or unsubsti-
tuted C4-C;, condensed polycyclic group. R, may be hydro-
gen, deuterium, a halogen, a cyano group, a substituted or
unsubstituted C¢-Cs, aryl group, a substituted or unsubsti-
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tuted C;-C,, heteroaryl group, or a substituted or unsubsti-
tuted C4-C; condensed polycyclic group. Ar, and Ar, may be
each independently a substituted or unsubstituted C4-C,,, aryl
group, a substituted or unsubstituted C;-C,, heteroaryl
group, or a substituted or unsubstituted C4-C;, condensed
polycyclic group.

[0030] According to another embodiment, in Formulal, R,
and R, may be each independently hydrogen, deuterium, a
halogen, a cyano group, a substituted or unsubstituted C, -C,,
alkyl group, or a moiety represented by any one of Formulae
2a through 2c¢ below.

2b

21y

[0031] InFormulae 2a through2¢,Y,,Y,, andY; are each
independently a linking group represented by —N—,
—NRy)— or —C(Ry; )=

[0032] Q is a linking group represented by —C(R,,)
(R3)—, —N(R;,)—, —S—, or—O—.

[0033] Z,, 7., R,o, Ry, Ry, Ry, and R, are each inde-
pendently a hydrogen atom, deuterium, a substituted or
unsubstituted C,-C,,, alkyl group, a substituted or unsubsti-
tuted C4-C,q aryl group, a substituted or unsubstituted C5-C,,
heteroaryl group, a substituted or unsubstituted C,-C,, con-
densed polycyclic group, or anamino group that is substituted
with a C,-C,,, aryl group or a C,-C,, heteroaryl group, a
halogen, a cyano group, a nitro group, a hydroxyl group, ora
carboxyl group.

[0034] Also,pisanintegerof 1to7,and * denotes a binding
site.
[0035] In another embodiment, in Formula 1, R; may be

hydrogen, deuterium, a halogen, or a moiety represented by
any one of Formulae 3a through 3¢ below.

3a
(Z1)p
i
|
F
3b
AN
¥ | —— A}
PN\
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-continued
3¢

Y,

Y

%

[0036] InFormulae 3athrough3c,Y,,Y,, and Y, are each
independently a linking group represented by —N—,
—NR)— or —C(R;)—.

[0037] Z,,7,,R,5andR,; are each independently a hydro-
gen atom, deuterium, a substituted or unsubstituted C,-C,,
alkyl group, a substituted or unsubstituted C,-C,, aryl group,
asubstituted or unsubstituted C5-C,, heteroaryl group, a sub-
stituted or unsubstituted C¢-C,, condensed polycyclic group,
a halogen, a cyano group, a nitro group, a hydroxyl group, or
a carboxyl group.

[0038] Also, pisanintegerof1to7,and * denotes a binding
site.

[0039] In Formula 1, Ar, and Ar, may be any one of For-
mulae 4a through 4g below.

4a
Y
* | —Zyp
L
4b
T
w Ml g “p
|
VY
4
4d
4e
4f
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-continued

4g

[0040] In Formulae 4a through 4g, Q, and Q, are each
independently a linking group represented by —C(R,)
R;5)— —NR;,)— —S— or—O—.

[0041] Z,,7,.7,,R;,, Ry, and R;, are each independently
a hydrogen atom, deuterium, a substituted or unsubstituted
C,-C,, alkyl group, a substituted or unsubstituted C4-C,,, aryl
group, a substituted or unsubstituted C,-C,, heteroaryl
group, an amino group that is substituted with a C4-C,,, aryl
group or a C;-C, heteroaryl group, a substituted or unsub-
stituted C,-C,,, condensed polycyclic group, a halogen, a
cyano group, a nitro group, a hydroxyl group, or a carboxyl
group.

[0042] Also, p is an integer of 1 t0 9, qis 1 or 2, ris an
integer of 1 to 4, and * denotes a binding site.

[0043] InFormulal,R;andR, may be linked to each other
to form aring, or Ar, and Ar, may be linked to each to form a
ring.

[0044] Hereinafter, representative groups of the substitu-
ents as used herein will be described. The number of carbon
atoms that define the substituents is non-limiting, and do not
limit the properties of the substituents.

[0045] The unsubstituted C,-Cy, alkyl group is a linear or
branched alkyl group. Nonlimiting examples of the unsubsti-
tuted C,-C,,, alkyl group include methyl, ethyl, propyl, isobu-
tyl, sec-butyl, pentyl, iso-amyl, hexyl, heptyl, octyl, nonanyl,
dodecyl, and the like. To obtain the substituted alkyl group, at
least one hydrogen atom of the unsubstituted C,-Cg, alkyl
group may be substituted with deuterium, a halogen atom, a
hydroxyl group, a nitro group, a cyano group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt thereof,
a phosphoric acid group or a salt thereof, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a C,-C,, alkenyl group, a
C,-C, alkynyl group, a C¢-C, 4 aryl group, or a C,-C ¢ het-
eroaryl group.

[0046] The unsubstituted C,-Cg, alkenyl group is group
containing at least one carbon-carbon double bond in the
center or at a terminal end of the unsubstituted C,-C, alkyl
group. Nonlimiting examples of the unsubstituted C,-Cq,
alkenyl group include ethenyl, propenyl, butenyl, and the like.
To obtain the substituted alkenyl group, at least one hydrogen
atom of the unsubstituted C,-Cg, alkenyl group may be sub-
stituted with the substituents described above with respect to
the substituted C,-C, alkyl group.

[0047] The unsubstituted C,-Cg, alkynyl group is a group
containing at least one carbon-carbon triple bond in the center
or at a terminal end of the C,-Cg, alkyl group defined above.
Nonlimiting examples of the unsubstituted C,-C, alkynyl
group include acetylene, propylene, phenylacetylene, naph-
thylacetylene, isopropylacetylene, t-butylacetylene, diphe-
nylacetylene, and the like. To obtain the substituted alkynyl
group, at least one hydrogen atom of the unsubstituted C,-Cy,
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alkynyl group may be substituted with the substituents
described above with respect to the substituted C,-Cg,, alkyl
group.

[0048] The unsubstituted C,-Cq, cycloalkyl group denotes
a C;-Cy, ring-type alkyl group. To obtain the substituted
cycloalkyl group, at least one hydrogen atom of the unsubsti-
tuted C;-Cq, cycloalkyl group may be substituted with the
substituents described above with respect to the substituted
C,-Cy, alkyl group.

[0049] Theunsubstituted C,-Cy, alkoxy group has the For-
mula —OA in which A is the unsubstituted C,-Cq, alkyl
group. Nonlimiting examples of the C,-C, alkoxy group
include methoxy, ethoxy, propoxy, isopropyloxy, butoxy,
pentoxy, and the like. To obtain the substituted alkoxy group,
at least one hydrogen atom of the unsubstituted C,-Cg,
alkoxy group may be substituted with the substituents
described above with respect to the substituted C,-Cg, alkyl
group.

[0050] The unsubstituted C,-Cg, aryl group refers to a
Cs-Cgo carbocyclic aromatic system containing at least one
ring. When the aryl group contains at least two rings, the rings
may be fused with each other or linked to each other by a
single bond. The term “aryl” refers to an aromatic system,
including, for example, phenyl, naphthyl, anthracenyl, and
the like. To obtain the substituted aryl group, at least one
hydrogen atom of the unsubstituted C-C, aryl group may be
substituted with the substituents described above with respect
to the substituted C,-Cg, alkyl group.

[0051] Nonlimiting examples of the unsubstituted C,-Co,
aryl group include a phenyl group, a C,-C,, alkylphenyl
group (e.g., an ethylphenyl group), a halophenyl group (e.g.,
an o-, m- and p-fluorophenyl group, and a dichlorophenyl
group), a cyanophenyl group, a dicyanophenyl group, a trif-
luoromethoxyphenyl group, a biphenyl group, a halobiphenyl
group, a cyanobiphenyl group, a C,-C, ; alkylbiphenyl group,
aC,-C, , alkoxybiphenyl group, an o-, m-, and p-tolyl group,
an o-, m- and p-cumenyl group, a mesityl group, a phenox-
yphenyl group, an (c.a-dimethylbenzene)phenyl group, a
(N,N'-dimethyl)aminophenyl group, a (N,N'-diphenyl)ami-
nophenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, a halonaphthyl group (e.g., a fluoronaphthyl
group), a C,-C, , alkylnaphthyl group (e.g., a methylnaphthyl
group), a C,-C , alkoxynaphthyl group (e.g., amethoxynaph-
thyl group), a cyanonaphthyl group, an anthracenyl group, an
azulenyl group, a heptalenyl group, an acenaphthylenyl
group, a phenalenyl group, a fluorenyl group, an
anthraquinolyl group, a methylanthryl group, a phenanthryl
group, a triphenylenyl group, a pyrenyl group, a chrysenyl
group, an ethyl-chrysenyl group, a picenyl group, a perylenyl
group, a chloroperylenyl group, a pentaphenyl group, a pen-
tacenyl group, a tetraphenylenyl group, a hexaphenyl group,
a hexacenyl group, a rubicenyl group, a coronenyl group, a
trinaphthylenyl group, a heptaphenyl group, a heptacenyl, a
pyranthrenyl group, and an ovalenyl group.

[0052] The unsubstituted C;-Cg, heteroaryl group indi-
cates a group having 1, 2 or 3 hetero atom(s) selected from N,
O, P, and S. When the C;-Cg, heteroaryl group contains at
least two rings, the rings may be fused with each other or
linked to each other by a single bond. Nonlimiting examples
of the unsubstituted C,-C, heteroaryl group include a pyra-
zolyl group, an imidazolyl group, an oxazolyl group, a thia-
zolyl group, a triazolyl group, a tetrazolyl group, an oxadia-
zolyl group, a pyridinyl group, a pyridazinyl group, a
pyrimidinyl group, a triazinyl group, a carbazolyl group, an
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indolyl group, aquinolinyl group, an isoquinolinyl group, and
a dibenzothiophene group. To obtain the substituted het-
eroaryl group, at least one hydrogen atom of the unsubstituted
C;-C 4, heteroaryl group may be substituted with the substitu-
ents described above with respect to the substituted C,-C,
alkyl group.

[0053] Theunsubstituted C4-Cg, aryloxy group has the for-
mula—OA, inwhich A, is the C.-Cy, aryl group as described
above. Nonlimiting examples of the unsubstituted C;-Cg,
aryloxy group include a phenoxy group and the like. To obtain
the substituted aryloxy group, at least one hydrogen atom of
the unsubstituted C,-Cq,, aryloxy group may be substituted
with the substituents described above with respect to the
substituted C,-C, alkyl group.

[0054] Theunsubstituted C4-Cg, arylthio group has the for-
mula —SA, in which A, is the C4-Cg aryl group described
above. Nonlimiting examples of the unsubstituted C;-Cq,
arylthio group include a benzenethio group, a naphthylthio
group, or the like. To obtain the substituted arylthio group, at
least one hydrogen atom of the unsubstituted C4-C, arylthio
group may be substituted with the substituents described
above with respect to the substituted C, -Cg, alkyl group.

[0055] The unsubstituted C,-Cg, condensed polycyclic
group indicates a substituent having at least two rings in
which at least one aromatic ring and at least one non-aromatic
ring are fused with each other, or a substituent having an
unsaturated group but not having a conjugated system in the
ring. The unsubstituted C4-Cqyy condensed polycyclic group
differs from the aryl and heteroaryl groups in that it is overall
non-aromatic.

[0056] Insome embodiments, the compound of Formula 1
may be one of Compounds 1 through 51 below, but is not
limited thereto.
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-continued

[0057] According to another embodiment of the present
invention, an OLED includes a first electrode; a second elec-
trode; and an organic layer between the first electrode and the
second electrode. The organic layer includes the compound
of Formula 1 described above.

[0058] The organic layer may include at least one of a hole
injection layer (HIL), a hole transport layer (HTL), a func-
tional layer having both hole injection and hole transport
abilities (hereinafter, referred to as an “H-functional layer”),
a buffer layer, an electron blocking layer (EBL), an emission
layer (EML), a hole blocking layer (HBL), an electron trans-
port layer (ETL), an electron injection layer (EIL), and/or a
functional layer having both electron transport and electron
injection abilities (hereinafter, referred to as “E-functional
layer”).

[0059] In some embodiments, the organic layer may be an
EML, and the compound of Formula 1 may be used as a
fluorescent host, a phosphorescent host, or a fluorescent
dopant.

[0060] Inoneembodiment, the OLED may include an EIL,
anETL, an EML, aHIL, aHTL, or an H-functional layer. The
EML may include the compound of Formula 1; and an
anthracene-based compound, an arylamine-based com-
pound, or a styryl-based compound.

[0061] Inoneembodiment, the OLED may include an EIL,
anETL,anEML, a HIL, aHTL, or an H-functional layer. Any
one of ared layer, a green layer, a blue layer, or a white layer
of the EML may include a phosphorescent compound. The
HIL, the HTL, or the H-functional layer may include a
charge-generating material. In this regard, the charge-gener-
ating material may be a p-dopant. Nonlimiting examples of
the p-dopant include quinone derivatives, metal oxides, and
cyano-containing compounds.

[0062] In one embodiment, the organic layer may include
an ETL, and the ETL may include an electron transporting
organic compound and a metal complex. The metal complex
may be a Li complex.

[0063] The term “organic layer,” as used herein, refers to a
single layer and/or a plurality of layers positioned between
the first electrode and the second electrode.

[0064] The organic layer may include an EML including
the compound of Formula 1. Alternatively, the organic layer
may include at least one of a HIL, a HTL, and/or an H-func-
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tional layer, and at least one of the HIL, the HTL, and/or the
H-functional layer may include the compound of Formula 1.
[0065] FIG. 11is a schematic diagram illustrating the struc-
ture of an organic light-emitting diode according to an
embodiment of the present invention. Hereinafter, a structure
and manufacturing method of an OLED will be described in
more detail with reference to FIG. 1.

[0066] A substrate (not shown) may be any substrate gen-
erally used in OLEDs, and may be, for example, a glass
substrate or a transparent plastic substrate having good
mechanical strength, thermal stability, transparency, surface
smoothness, ease of handling, and waterproofness.

[0067] The first electrode may be formed by applying a first
electrode material on the substrate by deposition or sputter-
ing. When the first electrode is an anode, the first electrode
material may be selected from materials having a high work
function so as to facilitate hole injection. The first electrode
may be a reflective electrode or a transparent electrode. Non-
limiting examples of the first electrode material include
indium-tin oxide (ITO), indium-zinc-oxide (IZ0), tin oxide
(Sn0,), and zinc oxide (ZnO), which are transparent and have
high conductivity. Also, when magnesium (Mg), aluminum
(Al), aluminum-lithium (Al—Li), calcium (Ca), magnesium-
indium (Mg—In), or magnesium-silver (Mg—Ag) is used as
the first electrode material, the first electrode may be formed
as a reflective electrode.

[0068] Thefirstelectrode may be formedas a single layer or
have a multi-layered structure with at least two layers. For
example, the first electrode may have a three-layered struc-
ture including ITO/Ag/ITO, but is not limited thereto.
[0069] The organic layer is formed on the first electrode.
[0070] The organic layer may include a HIL, a HIL, a
buffer layer (not shown), an EML, an ETL, or an EIL.
[0071] The HIL may be formed on the first electrode by
using various methods, such as vacuum deposition, spin coat-
ing, casting, or LB deposition.

[0072] When the HIL is formed by vacuum deposition, the
deposition conditions may vary according to the compound
used as the material for forming the HIL, the structure of the
desired HIL, and the thermal characteristics. For example, the
deposition conditions may be, but are not limited to, a depo-
sition temperature of about 100° C. to about 500° C., a degree
of vacuum of about 107® torr to about 107> torr, and a depo-
sition speed of about 0.01 A/sec to about 100 A/sec.

[0073] When the HIL is formed by spin coating, the coating
conditions may vary according to the compound used as the
material for forming the HIL, the structure of the desired HIL,
and the thermal characteristics. For example, the coating con-
ditions may be, but are not limited to, a coating speed of about
2,000 rpm to about 5,000 rpm and a heat treatment tempera-
ture for removing the solvent after coating of about 80° C. to
about 200° C.

[0074] The material for forming the HIL may be a known
hole injection material.

[0075] Nonlimiting examples of the hole injection material
include, but are not limited to, N,N'-diphenyl-N,N'-bis-[4-
(phenyl-m-tolyl-amino)-phenyl]-biphenyl-4,4'-diamine
(DNTPD), a phthalocyanine compound such as copper phtha-
locyanine,  4,4',4"-tris(3-methylphenylphenylamino)triph-
enylamine (m-MTDATA), N,N'-di(1-naphthyl)-N,N'-diphe-
nylbenzidine (NPB), TDATA, 2-TNATA, polyaniline/
dodecylbenzenesulfonic acid (Pani/DBSA), poly(3.4-
ethylenedioxythiophene)/poly(4-styrenesulfonate (PEDOT/
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PSS), polyaniline/camphor sulfonicacid (Pani/CSA), and _continued

(polyaniline)/poly(4-styrenesulfonate) (PANI/PSS). 'I

QQ 0000

! O Q
Tag

[0076] The thickness of the HIL may be about 100 A to
about 10,000 A. In some embodiments, the thickness of the

m-MTDATA HIL may be about 100 A to about 1,000 A. When the thick-
ness of the HIL is within these ranges, satisfactory hole injec-
tion properties may be obtained without a substantial increase
in driving voltage.

[0077] Next, the HTL may be formed on the HIL by various
methods, such as vacuum deposition, spin coating, casting, or
LB deposition. When the HTL is formed by vacuum deposi-
tion or spin coating, the deposition or coating conditions may
vary according to the compounds used. However, in general,
the deposition or coating conditions may be similar or iden-
tical to the conditions used for forming the HIL.

[0078] A material for forming the HTL may be the com-
pound of Formula 1 or a known hole transporting material.
Nonlimiting examples of the hole transporting material
include, but are not limited to, carbazole derivatives such as
N-phenylcarbazole and polyvinylcarbazole, N,N'-bis(3-me-
thylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine
(TPD), 4,4'4"-tris(N-carbazolyDtriphenylamine (TCTA),
@ and N,N'-di(1-naphthy1)-N,N"diphenylbenzidine (NPB),

&
G@
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[0079] The thickness of the HTL may be about 50 A to
about 2,000 A. In some embodiments, the thickness of the
HTL may be about 100 A to about 1,500 A. When the thick-
ness of the HTL is within these ranges, satisfactory hole
transport properties may be obtained without a substantial
increase in driving voltage.

[0080] The H-functional layer may include at least one of
the hole injection materials and the hole transporting materi-
als described above. The thickness of the H-functional layer
may be about 500 A to about 10,000 A. In some embodi-
ments, the thickness of the HTTL, may be about 100 A to about
1,000 A, When the thickness of the H-functional layer is
within these ranges, satisfactory hole injection and hole trans-
port properties may be obtained without a substantial increase
in driving voltage.

[0081] Atleastone ofthe HIL, the HTL, and/or the H-func-
tional layer may include at least one compound represented
by Formula 300 below and/or a compound represented by
Formula 350 below:

Formula 300

15
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Formula 350
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[0082] InFormulae300and350,Ar,,.Ar,,, Ar,,, and Ar,,

are each independently a substituted or unsubstituted C4-Cg,
arylene group.

[0083] In Formula 300, e and f may be each independently
aninteger of 0to 5, forexample, 0, 1, or 2. Forexample, e may
be 1 and f may be 0, but e and f are not limited thereto.
[0084] In Formulae 300 and 350, Ry, through R, Rg;
through R, R, and R, may be each independently hydro-
gen, deuterium, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
hydrazine, hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid group
or a salt thereof, a substituted or unsubstituted C,-Cg, alkyl
group, a substituted or unsubstituted C,-C, alkenyl group, a
substituted or unsubstituted C,-Cg, alkynyl group, a substi-
tuted or unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C;-C¢, cycloalkyl group, a substituted or
unsubstituted C-C, aryl group, a substituted or unsubsti-
tuted C4-Cq, arvloxy group, or a substituted or unsubstituted
Cs-Cgo arylthio group. For example, Ry, through Ry, R,
through R, R, and R, may be each independently one of
hydrogen; deuterium; a halogen atom; a hydroxyl group; a
cyano group; a nitro group; an amino group; an amidino
group; hydrazine; hydrazone; a carboxyl group or a salt
thereof; a sulfonic acid group or a salt thereof; a phosphoric
acid group or a salt thereof; a C,-C,, alkyl group (for
example, a methyl group, an ethyl group, a propyl group, a
butyl group, a pentyl group, a hexyl group, and the like); a
C,-C,, alkoxy group (for example, a methoxy group, an
ethoxy group, a propoxy group, a butoxy group, a pentoxy
group, and the like); a C,-C, , alkyl group or a C,-C,, alkoxy
group substituted with at least one of deuterium, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, and a phosphoric acid group or a salt thereof, a phenyl
group; a naphthyl group; an anthryl group; a fluorenyl group;
a pyrenyl group; or a phenyl group, a naphthyl group, an
anthryl group, a fluorenyl group, or a pyrenyl group substi-
tuted with at least one of deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt thereof,
a phosphoric acid group or a salt thereof, a C,-C,, alkyl
group, or a C,-C, , alkoxy group.

[0085] In Formula 300, R, may be one of a phenyl group;
a naphthyl group; an anthryl group; a biphenyl group; a
pyridyl group; or a phenyl group, a naphthyl group, an anthryl
group, a biphenyl group or a pyridyl group substituted with at
least one of deuterium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
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acid group or a salt thereof, a substituted or unsubstituted _continued
C,-C,, alkyl group, or a substituted or unsubstituted C,-C,, 303
alkoxy group.

[0086] In one embodiment, the compound of Formula 300
may be acompound represented by Formula 300A below, but
is not limited thereto:

Formula 300A

>

) 7%@ | oy 7%@
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[0087] In Formula 300A, Rs;, R, R4y, and Ry, are the
same as defined above.

Rgy
Rey

)
z,

05

[0088] Forexample, at least one of the HIL, the HTL, or the
H-functional layer may include at least one of Compounds
301 through 320 below, but is not limited thereto.
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320

[0089] At least one of the HIL, the HTL, and the H-func-
tional layer may further include a charge-generating material
so as to increase the conductivity of the layers, in addition to
the hole injection material, the hole transporting material
and/or the material having hole injection and hole transport
abilities.

[0090] The charge-generating material may be, for
example, a p-dopant. The p-dopant may be one selected from
quinone derivatives, metal oxides, and cyano-containing
compounds, but is not limited thereto. Nonlimiting examples
of the p-dopant include quinone derivatives such as tetra-
cyanoquinodimethane (TCNQ) and 2,3,5,6-tetrafluoro-tetra-
cyano-1,4-benzoquinodimethane (F4-CTNQ); metal oxides
such as an tungsten oxide and molybdenum oxide; and cyano-
containing compounds such as Compound 200 below and the
like.

Compound 200

NC

CN

NC

NC CN

NC CN
F F

F4-CTNQ

[0091] When the HIL, the HTL or the H-functional layer
further includes the charge-generating material, the charge-

Oct. 17,2013

generating material may be homogeneously or inhomoge-
neously dispersed in these layers.

[0092] The buffer layer may be positioned between the
EML and at least one of the HIL, the HTL, or the H-functional
layer. The buffer layer may increase efficiency by compen-
sating for an optical resonance distance according to the
wavelength of light emitted from the EML. The buffer layer
may include a hole injection material and a hole transporting
material. Also, the buffer layer may include the same material
as one of the materials included in the HIL, the HTL, or the
H-functional layer (which are formed below the buffer layer).

[0093] Next, the EML may be formed on the HTL, the
H-functional layer, or the buffer layer by vacuum deposition,
spin coating, casting, or LB deposition. When the EML is
formed by vacuum deposition or spin coating, the deposition
or coating conditions may vary according to the compounds
used. However, in general, the conditions may be similar or
identical to the conditions for forming the HIL.

[0094] The EML may include one of the compounds of
Formula 1 according to embodiments of the present inven-
tion.

[0095]

[0096] Nonlimiting examples of the hostinclude Alg,, 4,4'-
N,N'-dicabazole-biphenyl (CBP), poly(n-vinylcarbazole)
(PVK), 9,10-di(naphthalene-2-yanthracene (ADN), TCTA,
1,3,5-tris(N-phenylbenzimidazole-2-yl)benzene ~ (TPBI),
3-tert-butyl-9,10-di(naphth-2-y1) anthracene (TBADN), E3,
and distyrylarylene (DSA), dmCBP (refer to the following
formula), and Compounds 501 through 509 below.

The EML may further include a host.

TPBI

TBADN
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[0097] Also, the host may be an anthracene-based com-
pound represented by Formula 400 below.

(Arp1s);
\
/X
Arpig——(Ar112)p (Aryyp)y—Ar3
/
\ X

(Ary16)

509

@

@ indicates text missing or illegible when filed

Formula 400

[0098] InFormula4Q0,Ar,,, andAr, |, are eachaindepen-
dently substituted or unsubstituted C,-Cg, arylene group.
Ar, |5 through Ar, | are each independently a substituted or
unsubstituted C,-C,, alkyl group or a substituted or unsub-
stituted C4-Cy aryl group. Also, g, b, i, and j may be each
independently an integer of 0 to 4.

[0099] For example, in Formula 400, Ar, |, and Ar, |, may
be each independently one of a phenylene group, a naphthyl-
ene group, a phenanthrenylene group, a pyrenylene group; or
a phenylene group, a naphthylene group, a phenanthrenylene
group, a fluorenyl group, or a pyrenylene group substituted
with at least one of a phenyl group, a naphthyl group, or an
anthryl group, but are not limited thereto.

[0100] InFormula400, g, h,1, and j may be each indepen-
dently O, 1, or 2.

[0101] In Formula 400, Ar, 5 through Ar,,, may be each
independently one of a C,-C, ; alkyl group that is substituted
with at least one of a phenyl group, a naphthyl group, or an
anthryl group; a phenyl group; a naphthyl group; an anthryl
group; a pyrenyl group; a phenanthrenyl group; a fluorenyl
group; a phenyl group, a naphthyl group, an anthryl group, a
pyrenyl group, a phenanthrenyl group or a fluorenyl group
substituted with at least one of deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt thereof,
a phosphoric acid group or a salt thereof, a C,-C, alkyl
group, a C,-Cq, alkenyl group, a C,-Cg, alkynyl group, a



US 2013/0270524 A1 Oct. 17,2013
23

C,-C¢, alkoxy group, a phenyl group, a naphthyl group, an _continued
anthryl group, a pyrenyl group, a phenanthrenyl group, or a
fluorenyl group; or

Q’QQ

but are not limited thereto.

*,

&

[0102] For example, the anthracene-based compound of
Formula 400 may be one of the following compounds, but is
not limited thereto.



Oct. 17,2013

US 2013/0270524 Al

24

-continued

-continued



Oct. 17,2013

US 2013/0270524 Al

25

-continued

continued




US 2013/0270524 A1 Oct. 17,2013

-continued -continued

O ®

A O @

O
J

<

&

O
7\ 7/
<

p =<
F

>< @ indicates text missing or illegible when filed

(T
-

$ P

e aY,
(O )X

®

[0103] Also, the host may be an anthracene-based com-
pound represented by Formula 401 below.
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Formula 401

[0104] InFormula401,Ar,,, through Ar, ,. are the same as
defined above in the description of Ar, , ; of Formula 400.

[0105] InFormula401, Ar,,, and Ar,,, may be each inde-
pendently a C,-C, , alkyl group (for example, a methyl group,
an ethyl group, or a propyl group).

[0106] In Formula 401,k and 1 may be each independently
an integer of 0 to 4. For example, k and 1 may be each
independently 0, 1, or 2.

[0107] For example, the anthracene-based compound of
Formula 401 may be one of the following compounds, but is
not limited thereto.

Oct. 17,2013
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[0108] When the OLED is a full-color OLED, the EML
may be patterned into a red EML, a green EML, and a blue
EML.

[0109] At least one of the red EML, the green EML, or the
blue EML may include one of the following dopants

(ppy=phenylpyridine).
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[0110] Examples of a red dopant include, but are not lim-

ited to, the following compounds.

Ir

N/

Ir(piq)z Btp,Ir(acac)

—2
Ir(pg)x(acac)

S N
V \\Ir/
? RN

-continued

2
I(BT)(acac)

2

Ir(flg);(acac)
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Me [0111] Examples of a green dopant include, but are not

limited to, the following compounds.
DCM

t-Bu

)
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[0112] The dopant included in the EML may be a Pt-com- a P o

plex as described below, but is not limited thereto.
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[0113] Also, the dopant included in the EML may be an
Os-complex as described below, but is not limited thereto.
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[0114] When the EML includes a host and a dopant, the
amount of the dopant may be generally about 0.01 to about 15
parts by weight based on 100 parts by weight of the host, but
is not limited thereto.

[0115] The thickness of the EML may be about 100 A to
about 1,000 A. In some embodiment, the thickness of the
EML may beabout 200 A to about 600 A. When the thickness
of the EML is within these ranges, good luminescent propet-
ties may be obtained without a substantial increase in driving
voltage.

[0116] Next, the ETL is formed on the EML by various
methods, such as vacuum deposition, spin coating, or casting.
When the ETL is formed by vacuum deposition or spin coat-
ing, the deposition or coating conditions may vary according
to the compounds used. However, in general, the deposition
and coating conditions may be similar or identical to the
conditions for forming the HIL. The material for forming the
ETL may be a known electron transporting material that
stably transports electrons injected from a cathode. Examples
of the electron transporting materials may include, but are not
limited to, a quinoline derivative such as tris(8-quinolinolate)
aluminum (Alq,), TAZ, Balq, beryllium bis(benzoquinolin-
10-olate) (Bebq,), ADN, Compound 201 below, and Com-
pound 202 below.

Compound 201
—N
N O
TAZ
Compound 202
| N ™
Va
ax
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z
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[0117] The thickness of the ETL may be about 100 A to
about 1,000 A. In some embodiments, the thickness of the
ETL may be about 150 A to about 500 A. When the thickness
of the ETL is within these ranges, satisfactory electron trans-
port properties may be obtained without a substantial increase
in driving voltage.

[0118] TheETL may include aknown electron transporting
organic compound and a metal-containing material.

[0119] The metal-containing material may include a Li-
complex. Examples of the Li-complex may include, but are
not limited to, lithium quinolate (LiQ) and Compound 203
below.

Oct. 17,2013

Compound 203

[0120] Also, the EIL, which facilitates electron injection
from a cathode, may be formed on the ETL, and the material
for forming the FIL is not particularly limited.

[0121] The material for forming the EIL, may include a
known material for forming an EIL, such as LIE, NaCl, CsF,
Li,0, or BaO. The deposition conditions of the EIL may vary
according the compound used. However, in general, the con-
ditions may be similar or identical to the conditions for form-
ing the HIL.

[0122] The thickness of the EIL may be about 1 A to about
100 A. In some embodiments, the thickness of the EIL may be
about 3 A to about 90 A. When the thickness of the EIL is
within these ranges, satisfactory electron injection properties
may be obtained without a substantial increase in driving
voltage.

[0123] The second electrode is formed on these organic
layers. The second electrode may be a cathode, which is an
electron injection electrode. Here, a metal for forming the
second electrode may include a metal having a low work
function, such as a metal, an alloy, an electrically conducting
compound, or a mixture thereof. In particular, the second
electrode may be formed as a thin film of lithium (Li), mag-
nesium (Mg), aluminum (Al), aluminum-lithium (Al—Li),
calcium (Ca), magnesium-indium (Mg—In), or magnesium-
silver (Mg—Ag), thus being transparent. In order to obtain a
top-emission type OLED, the second electrode may be
formed as a transparent electrode using ITO or IZ0.

[0124] The OLED has been described with reference to
FIG. 1, but is not limited thereto.

[0125] In addition, when the EML includes a phosphores-
cent dopant, a HBL may be formed between the HTL and the
EML or between the H-functional layer and the EML using
various methods, such as vacuum deposition, spin coating,
casting, or LB deposition in order to prevent triplet excitons
or holes from diffusing into the ETL. When the HBL is
formed by vacuum deposition or spin coating, the deposition
or coating conditions may vary according to the compound
used. However, in general, the deposition or coating condi-
tions may be similar or identical to the conditions for forming
the HIL. A material for forming the HBL. may be a known
hole blocking material, such as an oxadiazole derivative, a
triazole derivative, or a phenanthroline derivative. For
example, the material for forming the HBL may be BCP
below.
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[0126] The thickness of the HBL may be about 20 A to
about 1,000 A, forexample, about 30 A to about 300 A. When
the thickness of the HBL is within these ranges, satisfactory
hole blocking properties may be obtained without a substan-
tial increase in driving voltage.

[0127] The OLED may beusedinvarious types of flat panel
display devices, for example, passive matrix OLEDs and

O'O =
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active matrix OLEDs. In particular, in an active matrix
OLED, afirst electrode formed on the substrate side, which is
a pixel electrode, may be electrically connected to a source
electrode or adrain electrode of a thin film transistor. Also, the
OLED may be used in a dual-screen flat panel display device.

[0128] Theorganic layer of the OLED may be formed using
acompound of Formula 1 according to an embodiment of the
present invention by deposition, or using a compound of
Formula 1 according to an embodiment of the present inven-
tion prepared in a liquid state using a wet process.

[0129] OLEDs according to embodiments of the present
invention will now be described with reference to the follow-
ing Synthesis Examples and Examples. These Examples are
presented for illustrative purposes only and are not intended
to limit the scope of the invention.

EXAMPLES

[0130]

G, GO
a0
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Synthesis Example
Intermediate 1

1) Synthesis of
8,9-dihydro-4H-cyclopenta[def]phenanthrene

[0131] 10.0 g (52.6 mmol) of 4H-cyclopenta| def]phenan-
threne and 8.40 g of 5% Pd/C were dissolved in 70 ml of
EtOH in a Par reactor bottle, and the resultant solution was
stirred at room temperature for 24 hours with hydrogen pres-
sure being maintained at 40 psi. After the reaction was com-
pleted, the reaction solution was filtered and the solvent was
evaporated therefrom to obtain 8.60 g of white target material
(yield: 85.0%).

2) Synthesis of
2-bromo-8,9-dihydro-4H-cyclopenta[def]phenanthrene

[0132] 8.5 g (44.2 mmol) of 8,9-dihydro-4H-cyclopenta
[def]phenanthrene was dissolved in 80 ml of CCl,, and 7.1 g
(442 mmol) of Br, was then slowly added thereto at 0° C. The
reaction solution was stirred at room temperature for 4 hours
and a 10% Na,SO, solution was added thereto to separate the
organic layer. The obtained organic layer was dried with
magnesium sulfate, the solvent was evaporated therefrom,
and the resultant product was recrystallized with n-hexane.
As a result, 9.6 g of the target material was obtained (yield:
80%).

3) Synthesis of Intermediate 1a

[0133] 93 g (34.3 mmol) of 2-bromo-8,9-dihydro-4H-cy-
clopenta[def]phenanthrene and 8.8 g (36.0 mmol) of o-chlo-
ranil were dissolved in 70 ml of Xylene, and the mixture was
stirred at 110° C. for 72 hours. Thereafter, the reaction solu-
tion was cooled to room temperature, and the solvent was
evaporated therefrom to obtain a residue. The residue was
purified with silicagel column chromatography to obtain 7.48
g of Intermediate 1a (yield: 81%). The obtained compound
was confirmed by 'H NMR and mass spectrometry/fast atom
bombardment (MS/FAB).
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[0134] C,sH,Br: calc. 267.99. found 267.97
[0135] 'H NMR (CDCl,, 400 MHz) 8 7.98 (2H, s), 7.79

(2H, 5), 7.73 (21, s), 6.94 (dd, 1H), 4.28 (2L s)

4) Synthesis of Intermediate 1

[0136] 7.3 g(27.1 mmol) of Intermediate 1a, 73.2 g (216.8
mmol) of t-BuOK, and 60 ml of HMPA were dissolved in 60
ml of DMSO, and the resultant product was stirred at room
temperature for 1 hour. Subsequently, 30.6 g (216.8 mmol) of
CH,I was slowly added to the reaction solution at 0° C., the
resultant was stirred for 30 hours, 40 ml of water was added
thereto, and the resulting product was extracted three times
with 70 ml of methylene chloride. The obtained organic layer
was dried with magnesium sulfate, and the solvent was evapo-
rated therefrom to obtain a residue. The residue was purified
with silicagel column chromatography to obtain 6.3 g of
Intermediate 1 (yield: 78%). The obtained compound was
confirmed by 'H NMR and MS/FAB.

[0137] C,,H,;Br: calc. 296.02. found 296.05

[0138] 'H NMR (CDCI,, 400 MHz) 5 7.98 (2H, s), 7.79
(2H, s), 7.73 (2H, 5), 6.94 (dd, 1H), 1.93 (m, 6H)

Synthesis Example
Intermediate 2

1) Synthesis of 2,6-dibromo-8,9-dihydro-4H-cyclo-
pentadef]phenanthrene

[0139] 8.9 g of a target material was obtained (yield: 57%)
in the same manner as in 2) of the Synthesis of Intermediate
1, except that the amount of Br, used was 14.2 g (88.4 mmol).

2) Synthesis of Intermediate 2a

[0140] 6.8 g of Intermediate 2a was obtained (yield: 80%)
in the same manner as in 3) of the Synthesis of Intermediate
1, except that 2,6-dibromo-8,9-dihydro-4H-cyclopenta|def]
phenanthrene was used instead of 2-bromo-8,9-dihydro-4H-
cyclopenta[def]phenanthrene. The obtained compound was
confirmed by 'H NMR and MS/FAB.
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[0141] C, HgBr,: calc. 345.90. found 345.92

[0142] 'H NMR (CDCL,, 400 MHz) & 7.98 (2H, s), 7.79
(2H, s), 7.73 (2H, 5). 4.28 (21, 5)

3) Synthesis of Intermediate 2

[0143] 5.8 g of Intermediate 2 was obtained (yield: 79%) in
the same manner as in 4) of the Synthesis of Intermediate 1,
except that Intermediate 2a was used instead of Intermediate
1a. The obtained compound was confirmed by ‘H NMR and
MS/FAB.

[0144] C,HgBr,: cale. 345.90. found 345.92

[0145] 'H NMR (CDCl,, 400 MHz) 8 7.98 (2H, s), 7.79
(2H, '5), 7.73 (21, 5), 1.93 (s, 6H)

Synthesis Example
Intermediate 3

1) Synthesis of
2-bromo-cyclopenta[def]phenanthren-4-one

[0146] 7.4 g (27.5 mmol) of Intermediate 1a and 310 g of
MnQ, were dissolved in 200 ml of benzene, and the resultant
solution was then stirred at 80° C. for 20 hours. The obtained
reaction solution was cooled down to room temperature and
then filtered to remove MnO, therefrom, and the filtrate was
washed with 50 ml of CHCl,, 50 ml of THF and 50 ml of
MeOH in that order. The resultant filtrate was evaporated to
obtain a residue. The residue was recrystallized with acetone
to obtain 3.74 g of the target material (yield: 48%).

2) Synthesis of Intermediate 3a

[0147] 3.05 g (13.1 mmol) of 2-bromo biphenyl was dis-
solved in 50 ml of THF, and 15.4 ml (26.2 mmol) of t-Buli
(1.7M in Pentane) was then slowly added thereto at -78° C.
The resultant solution was stirred for 1 hour at -78°C.,3.7 g
(13.1 mmol) of 2-bromo-cyclopentaldef]phenanthrene-4-
one was slowly added thereto for 30 minutes, and the resultant
reaction solution was stirred at —=78° C. for 30 minutes and
then further stirred at room temperature for 3 hours. Then, 40
ml of water was added to the reaction solution and the result-
ing reaction solution was extracted three times with 50 ml of
ethyl acetate. The obtained organic layer was dried with mag-
nesium sulfate, and the solvent was evaporated therefrom to
obtain a residue. The residue was purified with silicagel col-
umn chromatography to obtain 5.44 g of Intermediate 3a
(vield: 95%).

3) Synthesis of Intermediate 3

[0148] 5.4 g (12.3 mmol) of Intermediate 3a was dissolved
in 50 m1 of acetic acid, 3 m1 of concentrated hydrochloric acid
was then slowly added at 0° C., and the resultant solution was
stirred for 2 hours. A white solid obtained during the reaction
was filtered and washed with acetic acid and ethanol to obtain
4770 g of Intermediate 3 (yield: 90%). The obtained com-
pound was confirmed by "H NMR and MS/FAB.

[0149] C,,H,Br: calc. 418.04. found 418.05

[0150] 'H NMR (CDCl,, 400 MIIz) 8 7.22-7.26 (m, 8H),
7.70 (s, 2H), 7.80 (s, 2H), 8.00 (s, 2H)
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Synthesis Example
Intermediate 4

Synthesis of Intermediate 4a

[0151] 3.7 g (13.1 mmol) of 2-bromo-cyclopentadef]
phenanthrene-4-one was dissolved in S0 ml of ether and 20 m1
of THF, 4.55 g (13.1 mmol) of (4-(diphenylamino)-phenyl)-
magnesium bromide was then slowly added thereto, and the
resultant solution was stirred at 80° C. for 3 hours. The reac-
tion solution was cooled down to room temperature, 30 ml of
water was added thereto, the pH of the reaction solution was
adjusted to 3 to 4 using a 1N HCI solution, and the resultant
reaction solution was extracted three times with SOml of ethyl
acetate. The obtained organic layer was dried with magne-
sium sulfate, and the solvent was evaporated therefrom to
obtain a residue. The residue was purified with silicagel col-
umn chromatography to obtain 4.98 g of Intermediate 4a
(yield: 72%).

Synthesis of Intermediate 4

[0152] 4.98¢g(9.43 mmol)oflntermediate 4a was dissolved
in 50 ml of benzene, 2.52 mL (28.3 mmol) of trifluo-
romethane sulfonic acid was then slowly added thereto, and
the resultant solution was stirred at 80° C. for 2 hours. Then,
the reaction solution was cooled down to room temperature,
40 ml of water was added to the reaction solution, and the
resulting reaction solution was extracted three times with 50
ml of ethyl acetate. The obtained organic layer was dried with
magnesium sulfate, and the solvent was evaporated therefrom
to obtain a residue. The residue was recrystallized with ethyl
acetate-hexane to obtain 3.9 g of Intermediate 4 (yield: 70%).
The obtained compound was confirmed by 'H NMR and
MS/FAB.

[0153] C,,H,BrN: calc. 587.12. found 587.12

[0154] 'HNMR (CDCl,, 400 MHz) 87.97 (s, 1H). 7.84 (d,
1H), 7.79-7.78 (m, 2H), 7.63 (d, 1H), 7.51 (d, 1H), 7.41-7.35
(m, 2H), 7.28-7.18 (m, 7H), 7.02-6.98 (m, 2H), 6.88-6.85 (m,
2H), 6.66-6.61 (m, 3H), 6.51-6.48 (m, 4H)

SYNTHESIS EXAMPLES

1) Synthesis of Compound 1

[0155] 4.5 g (15.1 mmol) of Intermediate 1, 6.40 g (16.6
mmol) of bis-biphenyl-4-yl-amine, 0.28 g (0.3 mmol) of Pd,
(dba);, 0.06 g (0.3 mmol) of P(tBu),, and 2.18 g (22.7 mmol)
of NaOtBu were dissolved in 70 ml of toluene, and the result-
ant solution was then stirred at 80° C. for 4 hours. Then, the
reaction solution was cooled down to room temperature, 40
ml of water was added to the reaction solution, and the result-
ing reaction solution was extracted three times with 50 ml of
ethyl acetate. The obtained organic layer was dried with mag-
nesium sulfate, and the solvent was evaporated therefrom to
obtain a residue. The residue was purified with silicagel col-
umn chromatography to obtain 6.10 g of Compound 1 (yield:
75%). The obtained compound was confirmed by *H NMR
and MS/FAB.

[0156] C,,H;;N: cale. 537.25. found 537.23

[0157] 'HNMR (CDCL,, 400 MHz)37.93 (d, 1H), 7.86 (d,
1H), 7.84-7.81 (m, SH), 7.73-7.64 (m, 9H), 7.62-7.58 (m,
2H), 7.51 (t, 1H), 7.53 (d, 1H), 6.92 (d, 1H), 6.73-6.70 (m,
4H), 1.92 (s, 6H)
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2) Synthesis of Compound 4

[0158] 5.45 gof Compound 4 was obtained (yield: 72%) in
the same manner as in the Synthesis of Compound 1, except
that  (9,9-dimethyl-9H-fluorene-2-yl)-phenyl-amine ~ was
used instead of bis-biphenyl-4-yl-amine. The obtained com-
pound was confirmed by *H NMR and MS/FAB.

[0159] CqH,,N: calc. 501.25. found 501.25

[0160] 'HNMR (CDCI,, 400 MHz)87.97 (d, 1H), 7.92 (d,
1H), 7.86 (d, 111, 7.84-7.80 (m, 2H), 7.67 (d, 1H), 7.56-7.49
(m, 2H), 7.43 (d, 1H), 7.34-7.26 (m, 4H), 6.95-6.84 (m, 3H),
6.68 (d, 1H), 6.53-6.50 (m, 2H), 1.93 (s, 6H), 1.63 (s, 6H)

3) Synthesis of Compound 6

[0161]
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[0162] 5.5 g (14.6 mmol) of Intermediate 2, 1.78 g (14.6
mmol) of phenylboronic acid, 0.84 g (0.73 mmol) of
Pd(PPh,),, and 6.05 g (43.8 mmol) of K,CO; were dissolved
in 60 ml of THF and 40 ml of H,0, and the resultant solution
was then stirred at 80° C. for 24 hours. Then, the reaction
solution was cooled down to room temperature, 40 ml of
water was added to the reaction solution, and the resulting
reaction solution was extracted three times with S0ml of ethyl
acetate. The obtained organic layer was dried with magne-
sium sulfate, and the solvent was evaporated therefrom to
obtain a residue. The residue was purified with silicagel col-
umn chromatography to obtain 3.92 g of Intermediate Sa
(yield: 72%). 3.9 g (10.4 mmol) of Intermediate Sa, 3.78 g
(10.4 mmol) of biphenyl-4-y1-(9,9-dimethyl-9H-fluorene-2-
yl)-amine, 0.19 g (0.21 mmol) of Pd,(dba),, 0.04 g (0.21
mmol) of P(tBu),, and 1.50 g (15.6 mmol) of NaOtBu were
dissolved in 60 ml of toluene, and the resultant solution was
then stirred at 80° C, for 3 hours. Then, the reaction solution
was cooled down to room temperature, 30 ml of water was
added to the reaction solution, and the resulting reaction
solution was extracted three times with 50 ml of ethy! acetate.
The obtained organic layer was dried with magnesium sul-
fate, and the solvent was evaporated therefrom to obtain a
residue. The residue was purified with silicagel column chro-
matography to obtain 5.24 g of Compound 6 (yield: 77%).
The obtained compound was confirmed by 'H NMR and
MS/FAB.

[0163] Cs H;gN: cale. 653.31. found 653.32

[0164] ‘HNMR (CDCI,, 400 MHz)§8.19 (d, 1H), 7.97 (d,
1H), 7.90-7.88 (m, 2H), 7.85-7.79 (m, 3H), 7.73-7.58 (m,
10H), 7.55-7.51 (m, 2H), 7.47 (d, 1H), 7.34-7.30 (m, 2H),
6.94-6.90 (m, 2H), 6.68-6.65 (m, 3H), 1.93 (s, 6H), 1.65 (s,
6H)

4) Synthesis of Compound 7

[0165] 6.54 gof Compound 7 was obtained (yield: 69%) in
the same manner as in the Synthesis of Compound 1, except
that (9,9-dimethyl-9H-fluorene-2-y1)-(4-naphthalene-1-yl-
phenyl)-amine was used instead of bis-biphenyl-4-yl-amine.
The obtained compound was confirmed by 'H NMR and
MS/FAB.

[0166] C,gH;,N: cale. 627.29. found 627.30

[0167] H NMR (CDCl,, 400 MHz) 8 8.03-8.00 (m, 2H),
7.97 (d, 1H), 7.91 (d, 1H), 7.86 (d, 1H), 7.84-7.79 (m, 3H),
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7.72-7.63 (m, 5H), 7.57-7.49 (m, 2H), 7.45-7.41 (m, 2H),
735732 (m, 2H), 7.17 (t, 1H), 6.97 (d, 1H), 6.93 (d, 1H),
6.70 (d, 1), 6.56 (m, 2H), 1.92 (s, 6H), 1.63 (s, 611)

5) Synthesis of Compound 8

[0168] 6.72 gof Compound 8 was obtained (yield: 77%) in
the same manner as in the Synthesis of Compound 1, except
that biphenyl-3-yl-(9,9-dimethyl-9H-fluorene-2-yl)-amine
was used instead of bis-biphenyl-4-yl-amine. The obtained
compound was confirmed by '"H NMR and MS/FAB.

[0169] C,,H;sN: cale. 577.28. found 577.25

[0170] ‘HNMR (CDCI,, 400 MHz)7.98 (d, 1H), 7.93 (d,
1H), 7.87 (d, 1H), 7.84-7.77 (m, 4H), 7.68 (d, 1H), 7.66-7.59
(m,3H),7.55-7.49 (m, 2H), 7.46-7.42 (m, 2H), 7.34-7.28 (m,
3H),7.14 (1, 1H),6.97 (d, 1H),6.91 (d, 1H). 6.83 (d, 1H), 6.47
(d, 1H), 1.92 (s, 6H), 1.64 (s, 6H)

6) Synthesis of Compound 9

[0171] 6.33 gof Compound 9 was obtained (yield: 67%) in
the same manner as in the Synthesis of Compound 1, except
that (9,9-diphenyl-9H-fluorene-2-yl)-phenyl-amine was used
instead of bis-biphenyl-4-yl-amine. The obtained compound
was confirmed by '"H NMR and MS/FAB.

[0172] C,5H;sN: cale. 628.80. found 628.81

[0173] 'HNMR (CDCl,, 400 MHz) 8 8.07 (d, 1H), 7.93 (d,
1H), 7.87 (d, 1H), 7.83 (d, 1H), 7.67-7.62 (m, 2H), 7.53 (d,
2H), 7.48 (d, 1H), 7.40-7.27 (m, 13H), 7.00 (d, 1H), 6.93 (d,
1H), 6.85 (t, 1H), 6.78 (d, 1H), 6.74 (d, 1H), 6.48-6.45 (m,
2H), 1.93 (s, 6H)

7) Synthesis of Compound 10

[0174] 6.50 g of Compound 10 was obtained (yield: 69%)
in the same manner as in the Synthesis of Compound 1, except
that (9,9-spiro-fluorene-2-yl)-phenyl-amine was used instead
of bis-biphenyl-4-yl-amine. The obtained compound was
confirmed by "H NMR and MS/FAB.

[0175] C,5H,sN: cale. 623.78. found 623.80

[0176] ‘HNMR (CDCl,, 400 MHz)88.05 (d, 1H), 7.99 (d,
2H), 7.83 (d, 1H), 7.79 (d, 1H), 7.73 (d, 2H), 7.67-7.61 (m,
4H), 7.53-7.51 (m, 1H), 7.43 (d, 1H), 7.41-7.35 (m, 4H),
7.31-7.26 (m, 2H), 7.01-6.93 (m, 6H), 6.85 (t, 1H), 6.52-6.49
(m, 2H), 1.93 (s, 6H)

8) Synthesis of Compound 16

[0177] 7.51 g of Compound 16 was obtained (yield: 72%)
in the same manner as in the Synthesis of Compound 1, except
that Intermediate 3 was used instead of Intermediate 1, and
(4-fluo-phenyl)-(9-phenyl-9H-carbazole-3-yl)-amine ~ was
used instead of bis-biphenyl-4-yl-amine. The obtained com-
pound was confirmed by *H NMR and MS/FAB.

[0178] Cs,H;,FN,: cale. 690.25. found 690.23

[0179] ‘HNMR (CDCl,, 400 MHz) 8 8.21 (d, 1H), 8.07 (d,
2H), 7.93 (d, 1H), 7.85 (d, 1H), 7.81 (d, 1H), 7.74-7.69 (m,
SH), 7.66-7.55 (m, 4H), 7.52-7.47 (m, 6H), 7.25-7.19 (m,
2H), 7.11 (d, 1H), 6.91 (d, 2H), 6.85-6.80 (m, 4H), 6.53 (1,
1H)

9) Synthesis of Compound 17

[0180] 7.05 g of Compound 17 was obtained (yield: 69%)
in the same manner as in the Synthesis of Compound 1, except
that biphenyl-4-yl-(9-naphthalene-1-yl-9H-carbazole-3-y1)-
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amine was used instead of bis-biphenyl-4-yl-amine. The
obtained compound was confirmed by 'H NMR and
MS/FAB.

[0181] C,,H, N,: cale. 676.29. found 676 .30

[0182] 'HNMR (CDCI,, 400 MHz) 8 8.23 (d, 1H), 8.06 (d,
1H), 7.91 (d, 1H), 7.84 (d, 1H), 7.78 (d, 1H), 7.72-7.65 (m,
5H),7.61 (d, 1H), 7.55-7.47 (m, 7TH), 7.43-7.25 (m, 7H), 7.16
(d, 1H),7.05 (d, 1H), 6.98 (d, 1H), 6.81-6.77 (m, 2H), 1.92 (s,
6H)

10) Synthesis of Compound 18

[0183] 6.82 g of Compound 18 was obtained (yield: 63%)
in the same manner as in the synthesis of Compound 1, except
that  (9,9-dimethyl-9H-fluorene-2-y1)-(7-phenyl-7H-benzo
[c]carbazole-10-y1)-amine was used instead of bis-biphenyl-
4-yl-amine. The obtained compound was confirmed by *H
NMR and MS/FAB.

[0184] Cs,H,N,: cale. 716.32. found 716.33

[0185] 'HNMR (CDCIl,, 400 MHz) 88.28 (d, 1H), 8.15(d,
1H), 8.07 (d, 1H), 7.91 (d, 1H), 7.85 (d, 1H), 7.80-7.76 (m,
3H), 7.71-7.65 (m, 4H), 7.61-7.56 (m, SH), 7.49-7.38 (m,
4H),7.33 (d, 1H), 7.25-7.21 (m, 2H), 7.05-7.00 (m, 2H), 6.94
(d, 1H), 6.86 (d, 1H), 1.93 (s, 6H), 1.63 (s, 6H)

11) Synthesis of Compound 21

[0186] 4.71 g of Compound 21 was obtained (yield: 70%)
in the same manner as in the Synthesis of Compound 1, except
that Intermediate 4 was used instead of Intermediate 1, and
naphthalene-1-yl-phenyl-amine was used instead of bis-bi-
phenyl-4-yl-amine. The obtained compound was confirmed
by 'H NMR and MS/FAB.

[0187] CssH,gN,: cale. 726.30. found 726.31

[0188] 'HNMR (CDCl,, 400 MHz) §8.11 (d, 1H), 7.92 (d,
1H), 7.80 (d, 1H), 7.72-7.65 (m, 4H), 7.61 (d, 1H), 7.57 (t,
1H), 7.52-7.46 (m, 4H), 7.42-7.31 (m, 8H), 7.16 (d, 1H), 7.02
(d, 1H), 6.98-6.92 (m, 4H), 6.84-6.81 (m, 2H), 6.68-6.63 (m,
3H), 6.57-6.52 (m, 4H), 6.48-6.45 (m, 2H)

12) Synthesis of Compound 22

[0189] 4.83 g of Compound 22 was obtained (yield: 68%)
in the same manner as in the Synthesis of Compound 21,
except that (4-(9H-carbazole-9-yl)-phenyl)-magnesium bro-
mide was used instead of (4-(diphenylamino)-phenyl)-mag-
nesium bromide, and biphenyl-4-yl-p-tolyl-amine was used
instead of bis-biphenyl-4-yl-amine. The obtained compound
was confirmed by '"H NMR and MS/FAB.

[0190] CsgH,N,: cale. 764.32. found 764.33

[0191] ‘HNMR (CDCl,, 400 MHz) 88.11(d,2H), 7.91 (d,
1H), 7.84-7.82 (m, 2H), 7.78 (d, 1H), 7.73-7.65 (m, 5H),
7.62-7.45 (m, 7H), 7.41-7.38 (m, 3H), 7.35-7.28 (m, 4H),
7.20-7.18 (m, 2H), 7.04 (d, 1H), 6.83-6.79 (m, 4H), 6.67-6.64
(m, 2H), 6.61-6.57 (m, 3H), 2.30 (5, 3H)

13) Synthesis of Compound 24

[0192] 4.65 g of Compound 24 was obtained (yield: 76%)
in the same manner as in the Synthesis of Compound 21,
except that (4-(9-naphthalene-1-yl-10-phenyl-anthracene))-
magnesium bromide was used instead of (4-(dipheny-
lamino)-phenyl)-magnesium bromide, and diphenyl-amine
was used instead of bis-biphenyl-4-yl-amine. The obtained
compound was confirmed by 'H NMR and MS/FAB.

[0193] Cg3H, N: cale. 811.32. found 811.34

[0194] 'H NMR (CDCl,, 400 MHz) 8 7.95-7.91 (m, 3H),
7.82-7.75 (m, SH), 7.64-7.60 (m, 2H), 7.57-7.54 (m, 2H),
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7.47-738 (m, 5H), 7.32-7.27 (m, 3H), 7.21-7.13 (m, 8H).
7.08 (t, 1H), 6.97 (d, 1H), 6.86 (t, 2H), 6.79-6.75 (m, 2H),
6.66-6.63 (m, 2I1), 6.58 (t, 11), 6.53-6.50 (m, 4I1)

14) Synthesis of Compound 25

[0195] 5.19 g of Compound 25 was obtained (yield: 72%)
in the same manner as in the Synthesis of Compound 21,
except that (9,9-dimethyl-9H-fluorene-2-yl)-magnesium
bromide was used instead of (4-(diphenylamino)-phenyl)-
magnesium bromide, and bis-biphenyl-3-yl-amine was used
instead of bis-biphenyl-4-yl-amine. The obtained compound
was confirmed by 'H NMR and MS/FAB.

[0196] CgoH,sN: calc. 777.34. found 777.34

[0197] HNMR (CDCL,, 400 MHz) 8 8.02 (d, 1H), 7.89 (d,
1H), 7.82-7.77 (m, 4H), 7.69-7.59 (m, 11H), 7.55-7.51 (m,
2H), 7.46-7.43 (m, 3H), 7.36-7.27 (m. 8H), 7.12 (1, 2H), 6.87
(d, 1H), 6.65 (t, 1H), 6.53-6.50 (m, 2H), 6.35 (d, 1), 1.52 (s,
6H)

15) Synthesis of Compound 26

[0198] 5.24 g of Compound 26 was obtained (yield: 70%)
in the same manner as in the Synthesis of Compound 21,
except that (3-dibenzothienyl)-magnesium bromide was used
instead of (4-(diphenylamino)-phenyl)-magnesium bromide,
and biphenyl-3-yl-(9,9-dimethyl-9H-fluorene-2-yl)-amine
was used instead of bis-biphenyl-4-yl-amine. The obtained
compound was confirmed by 'H NMR and MS/FAB.

[0199] CgoH,,NS: calc. 807.30. found 807.31

[0200] HNMR (CDCL, 400 MEz) 8 8.23 (d, 2H). 7.98 (d,
1H), 7.95-7.90 (m, 2H), 7.85-7.78 (m. 3H), 7.76 (d, 1H),
7.71-7.56 (m, 8H), 7.49-7.46 (m, 1H), 7.42-7.29 (m, 1H),
7.22 (d, 1H), 7.18 (t, 1H), 6.99 (d, 1H), 6.86 (d, 1H), 6.64 (,
1H), 6.47 (d, 1H), 1.62 (s, 6H)

16) Synthesis of Compound 28

[0201] 7.07 g of Compound 28 was obtained (yield: 63%)
in the same manner as in the Synthesis of Compound 1, except
that (9,9-diphenyl-9H-fluorene-2-y1)-[4-(9-phenyl-9H-car-
bazole-3-yl)-phenyl]-amine was used instead of bis-biphe-
nyl-4-yl-amine. The obtained compound was confirmed by
'HNMR and MS/FAB.

[0202] C, H,,N,: calc. 742.33. found 742.35

[0203] 'H NMR (CDCl,, 400 MHz) 8 8.23 (d, 1H), 8.16-
8.14 (m, 1H), 7.87-7.80 (m, 3H), 7.76-7.67 (m. 6H), 7.62-7.
57 (m, SH), 7.51-7.39 (m, 5H), 7.36-7.30 (d, 2H), 7.23-7.19
(m, 2H), 6.98-6.93 (m, 2H), 6.79-6.75 (m, 3H), 1.94 (s, 6H),
1.63 (s, 6H)

17) Synthesis of Compound 29

[0204] 6.25 g of Compound 29 was obtained (yield: 67%)
in the same manner as in the Synthesis of Compound 1, except
that bis-(9,9-diphenyl-9H-fluorene-2-yl)-amine was used
instead of bis-biphenyl-4-yl-amine. The obtained compound
was confirmed by ‘H NMR and MS/FAB.

[0205] C,,H,,N: calc. 617.31. found 617.30

[0206] “HNMR (CDCl,, 400 MHz) 7.96 (d, 2H), 7.92 (d,
1H), 7.85 (d, 1H), 7.82 (s, 3H), 7.72 (d, 1H), 7.67-7.60 (m,
3H), 7.52 (d, 1H), 7.37-7.31 (m, 4H), 7.00 (d, 1H), 6.91 (d,
2H), 6.70 (d, 2H), 1.92 (s, 6H), 1.63 (s, 12H)
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18) Synthesis of Compound 34

[0207] 6.10 g of Compound 34 was obtained (yield: 63%)
in the same manner as in the Synthesis of Compound 1, except
that dibenzofuran-2-yl-(9-phenyl-9H-carbazole-3-yl)-amine
was used instead of bis-biphenyl-4-yl-amine. The obtained
compound was confirmed by 'H NMR and MS/FAB.

[0208] C,,H,N,0: calc. 640.25. found 640.23

[0209] 'HINMR (CDCL, 400 MIIz) §8.22 (d, 1H),7.92 (d,
1H), 7.85-7.82 (m, 2H), 7.75-7.72 (m, 2H), 7.68 (d, 1H), 7.66
(d, 1H), 7.63 (d, 1H), 7.57-7.49 (m, 6H), 7.46-7.37 (m, 3H),
7.35-7.25 (m, SH), 7.07-7.03 (m, 2H), 6.97 (d, 1H), 1.93 (s,
6H)

19) Synthesis of Compound 35

[0210] 7.22 g of Compound 35 was obtained (yield: 68%)
in the same manner as in the Synthesis of Compound 1, except
that  (4-carbazole-9yl-phenyl)-[1,1"3",1"|terphenyl-5'-yl-
amine was used instead of bis-biphenyl-4-yl-amine. The
obtained compound was confirmed by 'H NMR and
MS/FAB.

[0211] Cg3HaeN,: calc. 702.30. found 702.31

[0212] ‘HNMR (CDCL,, 400 MHz) 8 8.11 (d, 2H), 7.94 (d,
1H), 7.88-7.79 (m, 6H), 7.73-7.69 (m, 2H), 7.65-7.56 (m,
5H), 7.48-7.40 (m, 8H), 7.37 (d, 1H), 7.28-7.23 (m, 2H), 7.03
(d, 2H), 6.99 (d, 1H), 6.89-6.85 (m, 2H), 1.92 (s, 6H)

20) Synthesis of Compound 36

[0213] 7.13 g of Compound 36 was obtained (yield: 66%)
in the same manner as in the Synthesis of Compound 1, except
that bis-(4-carbazole-9-yl-phenyl)-amine was used instead of
bis-biphenyl-4-yl-amine. The obtained compound was con-
firmed by 'H NMR and MS/FAB.

[0214] Cs3H,,N;: cale. 715.30. found 715.32

[0215] 'HNMR (CDCL,, 400 MHz) 8 8.11 (d, 4H), 7.93 (d,
1H), 7.87 (d, 1H), 7.83 (d, 1H), 7.70 (d, 1H), 7.59-7.49 (m,
13H), 7.43 (d, 1H), 7.37-7.33 (m, 4H), 6.95-6.92 (m, SH),
1.94 (s, 6H)

21) Synthesis of Compound 37

[0216] 5.31 gof Compound 37 was obtained (yield: 61%)
in the same manner as in the Synthesis of Compound 1, except
that 3-(4-pyrido[3,2-b]indole-5-yl-phenylamino)-benzoni-
trile was used instead of bis-biphenyl-4-yl-amine. The
obtained compound was confirmed by 'H NMR and
MS/FAB.

[0217] C,,H,eN, ,: calc. 576.23. found 576.23

[0218] HNMR (CDCL,, 400 MHz) §8.71 (d, 1H), 831 (d,
1H), 7.92 (d, 1H), 7.85-7.81 (m, 2H), 7.79-7.73 (m, 2H),
7.58-7.51 (m, 3H), 7.47-7.36 (m., 8H), 7.01-6.93 (m, 3H),
6.63 (d, 1H), 1.92 (s, 6H)

22) Synthesis of Compound 41

[0219] 7.07 g of Compound 41 was obtained (yield: 65%)
in the same manner as in the Synthesis of Compound 1, except
that N,N-di-[4-(N,N-diphenylamino)-phenyllamine was
used instead of bis-biphenyl-4-yl-amine. The obtained com-
pound was confirmed by *H NMR and MS/FAB.
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[0220] Cs,H,,N;: cale. 719.33. found 719.34

[0221] ‘HNMR (CDCL,, 400 MI1z)7.92 (d, 1H), 7.86 (d,
1H), 7.81 (d, 1H), 7.68 (d, 1H), 7.53 (t, 1), 7.43 (d, 1H),
7.28-7.23 (m, 8H), 7.02 (d, 1H), 6.96-6.87 (m, 121}, 6.58-6.
55 (m, 8H), 1.95 (s, 6H)

23) Synthesis of Compound 42

[0222] 8.30 g of Compound 42 was obtained (yield: 62%)
in the same manner as in the Synthesis of Compound 1, except
that N,N-di-[4-(N,N-diphenylamino)-biphenyl]amine was
used instead of bis-biphenyl-4-yl-amine. The obtained com-
pound was confirmed by *H NMR and MS/FAB.

[0223] C H, N;: cale. 871.39. found 871.40

[0224] 'HNMR(CDCI,, 400 MHz)87.94 (d, 1H), 7.86 (d,
1H), 7.83 (d, 1H), 7.70-7.62 (m, 9H), 7.54 (t, 1H), 7.48 (d,
1H), 7.35-7.30 (m, 8H), 7.17-7.13 (m. 4H), 7.02 (d, 1H),
6.96-6.91 (m, 4H), 6.83-6.79 (m, 4H), 6.56-6.52 (m, 8H),
1.92 (s, 6H)

24) Synthesis of Compound 43

[0225] 6.81 g of Compound 43 was obtained (yield: 62%)
in the same manner as in the Synthesis of Compound 1, except
that N4'-[1.1'-biphenyl]-4-yl-N4,N4-diphenyl-[1,1"-biphe-
nyl]-4,4'-diamine was used instead of bis-biphenyl-4-yl-
amine. The obtained compound was confirmed by 'H NMR
and MS/FAB.

[0226] Cg3H,,N,: calc. 704.32. found 704.33

[0227] 'HNMR (CDCL,, 400 MHz) 4 7.93 (d, 1H). 7.87 (d,
1H), 7.86-7.82 (m, 3H), 7.75-7.71 (m, 2H), 7.70-7.60 (m,
8M), 7.55 (t, 1H), 7.48 (d. 1), 7.37-7.32 (m. 41), 7.06-7.02
(m, 2H), 6.93 (d, 1H), 6.89-6.85 (m, 2H), 6.81-6.73 (m, 4H),
6.62-6.58 (m, 4H), 1.95 (s, 6H)

25) Synthesis of Compound 45

[0228] 7.37 g of Compound 45 was obtained (yield: 67%)
in the same manner as in the Synthesis of Compound 1, except
that N4,N4'-di-1-naphthalenyl-N4-phenyl]-[1,1'-biphenyl]-
4,4'-diamine was used instead of bis-biphenyl-4-yl-amine.
The obtained compound was confirmed by 'H NMR and
MS/FAB.

[0229] CssH,oN,: cale. 728.32. found 728.32

[0230] 'HNMR (CDCL, 400 MHz) 8 8.16 (d, 1H), 8.11 (d,
1H), 7.87 (d, 2H), 7.75 (d, 1H), 7.68 (d, 1H), 7.63 (d, 1H),
7.52-7.41 (m, 11H), 7.35-7.25 (m, 4H), 7.12-7.07 (m, 2H).
6.97-6.93 (m, 2H), 6.88-6.83 (m, 3H), 6.79-6.75 (1, 1H),
6.66-6.63 (m, 2H), 6.59-6.56 (m, 2H), 1.93 (s, 6H)

26) Synthesis of Compound 47

[0231] 6.63 g of Compound 47 was obtained (yield: 70%)
in the same manner as in the Synthesis of Compound 1, except
that 4'-(9H-carbazole-9-y1)-N-phenyl-[ 1,1"-biphenyl]-4-
amine was used instead of bis-biphenyl-4-yl-amine. The
obtained compound was confirmed by '"H NMR and
MS/FAB.

[0232] C,,H,,N,: calc. 626.27. found 626.28

[0233] HNMR (CDCl,, 400 MHz)8.12 (d, 2H), 7.94 (d,
1H), 7.87 (d, 1H), 7.83 (d, 1H), 7.79-7.75 (m, 2H), 7.71-7.65
(m, 5H),7.61-7.56 (m, 8H), 7.48-7.43 (m, 2H), 7.15-7.10 (m,
2H), 7.04-7.01 (m, 2H), 6.83-6.79 (m, 2H), 1.93 (s, 6H)
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27) Synthesis of Compound 48

[0234] 7.48 g of Compound 48 was obtained (yield: 69%)
in the same manner as in the Synthesis of Compound 1, except
that N,N,N'\N'-tetraphenyl-9H-carbazole-3,6-diamine was
used instead of bis-biphenyl-4-yl-amine.

[0235] Theobtained compound was confirmed by "THNMR
and MS/FAB. C,;H,  N;: cale. 717.31. found 717.32

[0236] HNMR (CDCl,, 400 MHz) 88.17 (d, 1H), 7.95 (d,
1H), 7.88 (d, 1H), 7.79 (d, 1H), 7.68 (d, 2H), 7.56-7.52 (m,
3H), 7.41 (d, 1H), 7.25-7.19 (m, 9H), 6.88-6.82 (m, 6H),
6.63-6.60 (m, 8H), 1.95 (s, 6H)

28) Synthesis of Compound 49

[0237] 5.40 g of Compound 49 was obtained (yield: 60%)
in the same manner as in the Synthesis of Compound 6, except
that B-(4,6-diphenyl-1,3,5-triazine-2-yl)-boronic acid was
used instead of phenylboronic acid, and diphenyl-amine was
used instead of biphenyl-4-y1-(9,9-dimethyl-9H-fluorene-2-
yl)-amine. The obtained compound was confirmed by 'H
NMR and MS/FAB.

[0238] C..H.,N,: calc. 616.26. found 616.27

[0239] H NMR (CDCl,, 400 MHz) 8 9.22 (s, 1H), 8.80-8.
77 (m, 5H), 7.83 (d, 1), 7.65 (t, 411, 7.56-7.52 (m, 4T0).
7.29-7.25 (m, 4H), 7.01-6.95 (m, 3H), 6.62-6.58 (m, 4H),
1.94 (s, 6H)

29) Synthesis of Compound 50

[0240] 4.72 g of Compound 50 was obtained (yield: 63%)
in the same manner as in the Synthesis of Compound 6, except
that 3-pyridylboronic acid was used instead of phenylboronic
acid, and naphthalene-1-yl-phenyl-amine was used instead of
biphenyl-4-y1-(9,9-dimethyl-9H-fluorene-2-yl)-amine. The
obtained compound was confirmed by 'H NMR and
MS/FAB.

[0241] C,zH,.N,: calc. 512.23. found 512.25

[0242] 'H NMR (CDCl,, 400 MHz) 8 9.03 (d, 1H), 8.69-
8.67 (m, 1H), 8.11 (d, 1H), 8.06 (d, 2H), 7.86 (d, 1H), 7.50-
739 (m, 6H), 7.37-7.34 (m, 3H), 7.15-7.11 (m, 2H), 6.91 (d,
1H), 6.89-6.86 (m, 2H), 6.53-6.50 (m, 2H), 1.93 (s, 61)

Example 1

[0243] To prepare an anode, a 15 ©/cm? (1200 A) Corning
ITO glass substrate was cut to a size of 50 mmx50 mmx0.7
mm, washed with ultrasonic waves in isopropyl alcohol and
pure water for 5 minutes each, and then cleaned with UV and
ozone for 30 minutes. The ITO glass substrate was mounted
on a vacuum depositor.

[0244] 2-TNATA was vacuum deposited on the ITO glass
substrate to form a HIL having a thickness of 600 A, and

Compound 6 was vacuum deposited on the HIL to form a
HTL having a thickness of 300 A.

[0245] Next, 9,10-di-naphthalene-2-yl-anthracene (DNA)
as a blue fluorescent host and 4,4'-bis[2-(4-(N,N-dipheny-
lamino)phenyl)vinyl)biphenyl (DPAVBi) as a blue fluores-
cent dopant were co-deposited on the HTL at a weight ratio of
98:2 to form an EML having a thickness of 300 A.
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[0246] Subsequently, Alq, was deposited on the EML to was deposited on the EIL to form a LiF/Al electrode (cathode)
form an ETL having a thickness of 300 A, LiF was deposited ~ having a thickness of 3,000 A, thereby completing the manu-
on the ETL to form an EIL having a thickness of 10 A, and Al facture of an OLED.
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[0247] The OLED had a driving voltage of 5.63 V at a
current density of 50 mA/cm?, a brightness of 2760 cd/m?, a
luminous efficiency of 5.52 cd/A, and a half-lifetime (hr
@100 mA/cm?) of 324 hours.

Example 2

[0248] An OLED was manufactured in the same manner as
in Example 1, except that Compound 17 was used instead of
Compound 6.

[0249] The OLED had a driving voltage of 5.67 V at a
current density of 50 mA/cm?, a brightness of 2745 cd/m?, a
luminous efficiency of 5.49 cd/A, and a half-lifetime (hr
@100 mA/cm?) of 293 hours.

Exaniple 3

[0250] An OLED was manufactured in the same manner as
in Example 1, except that Compound 21 was used instead of
Compound 6.

[0251] The OLED had a driving voltage of 5.79 V at a
current density of 50 mA/cm?, a brightness of 2770 cd/cm?, a
luminous efficiency of 5.54 cd/A, and a half-lifetime (hr
@100 mA/cm?) of 307 hours.

Example 4

[0252] An OLED was manufactured in the same manner as
in Example 1, except that Compound 26 was used instead of
Compound 6.

[0253] The OLED had a driving voltage of 5.58 V at a
current density of 50 mA/cm?, a brightness of 2560 cd/cm?, a
luminous efficiency of 5.12 cd/A, and a half-lifetime (hr
@100 mA/cm?) of 297 hours.

Examiple 5

[0254] An OLED was manufactured in the same manner as
in Example 1, except that Compound 35 was used instead of
Compound 6.

[0255] The OLED had a driving voltage of 5.82 V at a
current density of 50 mA/cm?, a brightness of 2780 cd/cm? a
luminous efficiency of 5.56 cd/A, and a half-lifetime (hr
@100 mA/cm?) of 317 hours.

Example 6

[0256] An OLED was manufactured in the same manner as
in Example 1, except that Compound 41 was used instead of
Compound 6.

[0257] The OLED had a driving voltage of 5.56 V at a
current density of 50 mA/cm?, a brightness of 2805 cd/cm?, a
luminous efficiency of 5.61 cd/A, and a half-lifetime (hr
@100 mA/cm?) of 268 hours.

Example 7

[0258] An OLED was manufactured in the same manner as
in Example 1, except that Compound 45 was used instead of
Compound 6.
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[0259] The OLED had a driving voltage of 5.43 V at a
current density of 50 mA/cm?, a brightness of 2835 cd/cm?, a
luminous efficiency of 5.67 cd/A, and a half-lifetime (hr
@100 mA/cm?) of 356 hours.

Example 8

[0260] An OLED was manufactured in the same manner as
in Example 1, except that Compound 48 was used instead of
Compound 6.

[0261] The OLED had a driving voltage of 5.62 V at a
current density of 50 mA/cm?, a brightness of 2670 cd/cm?, a
luminous efficiency of 534 cd/A, and a half-lifetime (hr
@100 mA/cm?) of 322 hours.

Example 9

[0262] An OLED was manufactured in the same manner as
in Example 1, except that Compound 49 was used instead of
Compound 6.

[0263] The OLED had a driving voltage of 5.37 V at a
current density of 50 mA/cm?, a brightness of 2575 cd/cm?, a
luminous efficiency of 5.15 cd/A, and a half-lifetime (hr
@100 mA/cm?) of 215 hours.

Comparative Example 1

[0264] An OLED was manufactured in the same manner as
in Example 1, except that 4,4'-bis[N-(1-naphthyl)-N-pheny-
lamino[biphenyl (NPB) was used instead of Compound 6.

[0265] The OLED had a driving voltage of 7.35 V at a
current density of 50 mA/cm?, a brightness of 2065 cd/cm?, a

luminous efficiency of 4.13 cd/A, and a half-lifetime (hr
@100 mA/cm?) of 145 hours.

atavs
oy

NPB

Comparative Example 2

[0266] An OLED was manufactured in the same manner as
in Example 1, except that Compound 52 (below) was used
instead of Compound 6 in the formation of the HTL.

[0267] The OLED had a driving voltage of 6.87 V at a
current density of 50 mA/cm?, a brightness of 2,340 cd/cm?,
a luminous efficiency of 4.68 cd/A, and a half-lifetime (hr
@100 mA/cm?) of 220 hours.
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Comparative Example 3

[0268] An OLED was manufactured in the same manner as
in Example 1, except that Compound 53 (below) was used
instead of Compound 6 in the formation of the HTL.

[0269] The OLED had a driving voltage of 7.12 V at a
current density of 50 mA/cm®, a brightness of 2,105 cd/cm®,
a luminous efficiency of 4.21 cd/A, and a half-lifetime (hr
@100 mA/cm?) of 132 hours.

53

.
dvte
5

[0270] The characteristics and lifetimes of the OLEDs of
Fxamples 1 to 9 and Comparative Examples 1 to 3 are shown
in Table 1 below.
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[0271] From the results shown in Table 1, it was confirmed
that when the compound of Formula 1 was used as a hole
transporting material, the OLED including the compound of
Formula 1 exhibited good current-voltage-luminance (I-V-L)
characteristics, i.e., a significantly improved driving voltage
and high efficiency, and in particular, exhibited a significantly
improved lifetime, as compared to the OLED including NPB.
[0272] As described above, according to the one or more
embodiments of the present invention, novel compounds rep-
resented by Formula 1 have good luminous properties and
charge transporting abilities, and thus, may be suitable foruse
as hole injection materials or hole transporting materials in
fluorescent and phosphorescent devices of all colors, such as
red, green, blue, white, and the like. Thus, OLEDs including
the compounds of Formula 1 may have high efficiency, low
voltage, high brightness, and long lifetimes.

[0273] While the present invention has been illustrated and
described with reference to certain exemplary embodiments,
it will be understood by those of ordinary skill in the art that
various changes may be made to the described embodiments
without departing from the spirit and scope of the present
invention as defined by the following claims.

What is claimed is:

1. A compound for an organic light-emitting diode repre-
sented by Formula 1:

Formula 1

Ary

Ar
R . N/
| Q \

wherein:

R, and R, are each independently a halogen, a cyano
group, a substituted or unsubstituted C,-C,, alkyl
group, a substituted or unsubstituted Cg-Cyg, aryl
group, a substituted or unsubstituted C;-Cg, het-
eroaryl group, or a substituted or unsubstituted

TABLE 1
Hole Driving  Current Half-lifetime
transporting  voltage  density  brightness efficiency Emission  (hr @ 100
material (V) (mA/lm?)  (cdim) (cd/A) color mA/em?)
Example 1 Compound 6 5.63 50 2,760 5.52 blue 324 hr
Example 2 Compound 17 5.67 50 2,745 5.49 blue 293 hr
Example 3 Compound 21 5.79 50 2,770 5.54 blue 307 hr
Example4 Compound 26 ~ 5.58 50 2,560 5.12 blue 297 hr
Example 5 Compound 35 5.82 50 2,780 5.56 blue 317hr
Example 6 Compound 41 5.56 50 2,805 5.61 blue 268 hr
Example 7 Compound 45 5.43 50 2,835 5.67 blue 356 hr
Example 8 Compound 48 5.62 50 2,670 5.34 blue 322hr
Example 9 Compound 49 5.37 50 2,575 5.15 blue 215 hr
Comp. NPB 7.35 50 2,065 4.13 blue 145 hr
Example 1
Comp.  Compound 52 6.87 50 2,340 4.68 blue 220 hr
Example 2
Comp.  Compound 53 7.12 50 2,105 4.21 blue 132 hr

Example 3
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Cs-Cqo condensed polycyclic group, or R; and R,
optionally combine to form a ring;

R, is hydrogen, deuterium, a halogen, a cyano group, a
substituted or unsubstituted C4-C,, aryl group, a sub-
stituted or unsubstituted C5-C, heteroaryl group, ora
substituted or unsubstituted C4-C, condensed poly-
cyclic group;

Ar, and Ar, are each independently a substituted or
unsubstituted C4-Cg, aryl group, a substituted or
unsubstituted C;-Cy, heteroaryl group, or a substi-
tuted or unsubstituted Cy-Cg, condensed polycyclic
group, or Ar, and Ar, optionally combine to form a
ring.

2. The compound of claim 1, wherein R, and R, are each
independently a halogen, a cyano group, a substituted or
unsubstituted C,-C5,, alkyl group, a substituted or unsubsti-
tuted C4-C,, aryl group, a substituted or unsubstituted C;-C,,
heteroaryl group, or a substituted or unsubstituted C4-C;,
condensed polycyclic group;

R, is hydrogen, deuterium, a halogen, a cyano group, a
substituted or unsubstituted C4-C,, aryl group, a substi-
tuted or unsubstituted C;-C,, heteroaryl group, or a sub-
stituted or unsubstituted C4-C;, condensed polycyclic
group; and

Ar, and Ar, are each independently a substituted or unsub-
stituted C¢-C; aryl group, a substituted or unsubstituted
C;-C,, heteroaryl group, or a substituted or unsubsti-
tuted C¢-C;, condensed polycyclic group.

3. The compound of claim 1, wherein R, and R, are each
independently hydrogen, deuterium, a halogen, a cyano
group, a substituted or unsubstituted C,-C,, alkyl group, ora
moiety represented by any one of Formulae 2a through 2c:

2a
(Zp
(%/\
|
¢
2b
Z> Y, Z,
T
Y, /Y3
2c
(\/Q
* ] )
7 >\\\
= Zp

wherein:

Y,,Y,, and Y; are each independently a linking group
represented by —N—, —N(R,,)—, or —C(R,,)—;

Q is a linking group represented by —C(R;0)(R;,)—,
—N(R;,)— —S— or—0—;

7,75, R0, R5 1, Ry, Ry, and Ry, are each independently
a hydrogen atom, deuterium, a substituted or unsubsti-
tuted C,-C,, alkyl group, a substituted or unsubstituted
Cs-C,g aryl group, a substituted or unsubstituted C5-C,,
heteroaryl group, a substituted or unsubstituted C4-C,,
condensed polycyclic group, an amino group substituted
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witha C4-C,, aryl group or a C,-C, heteroaryl group, a
halogen group, a cyano group, a nitro group, a hydroxyl
group, or a carboxyl group;

pis an integer of 1 to 7; and

* denotes a binding site.

4. The compound of claim 1, wherein R, is hydrogen,
deuterium, a halogen, or a moiety represented by at least one
of Formulae 3a through 3c:

Ja
Zp
(§/\
I
S
3b
TN
* | Zp
raa
3¢
7z Y, VA
Y j/
Y, Y3

wherein:
Y,,Y,, and Y; are each independently a linking group
represented by —N—, —N(R,,)—, or —C(R,,)—;

7., Z,, R,,, and R,, are each independently a hydrogen
atom, deuterium, a substituted or unsubstituted C,-C,,
alkyl group, a substituted or unsubstituted C4-C,, aryl
group, a substituted or unsubstituted C;-C, heteroaryl
group, a substituted or unsubstituted C,-C,, condensed
polycyclic group, a halogen, a cyano group, a nitro
group, a hydroxyl group, or a carboxyl group;

pis an integer of 1 to 7; and
* denotes a binding site.

5. The compound of claim 1, wherein Ar, and Ar, are each
independently a moiety represented by any one of Formulae
4a through 4g:

4a

4b

4
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_continued 8. The compound of claim 1, wherein the compound of
4d Formula 1 is selected from Compounds 1 through 50:

“yp

CN

wherein:

Q, and Q, are each independently a linking group repre-
sented by —C(Rs0)R3)— —NR3z)—, —S—, or
o R 3

Bl

7., 7y, 75, Ryo, Ry, and R, are each independently a

hydrogen atom, deuterium, a substituted or unsubsti-

tuted C,-C,, alkyl group, a substituted or unsubstituted

Cs-C,q aryl group, a substituted or unsubstituted C5-C,, '
heteroaryl group, an amino group substituted with a
C¢-C,, aryl group or a C,-C,,, heteroaryl group, a sub-

stituted or unsubstituted C4-C,, condensed polycyclic '
group, a halogen, a cyano group, a nitro group, a N
hydroxyl group, or a carboxyl group;

p is an integer of 1 to 9; Q Q
F

qislor2;

ris an integer of 1 to 4; and

* denotes a binding site.

6. The compound of claim 1, wherein R, and R, combine to . :
form a ring.

7. The compound of claim 1, wherein Ar, and Ar, combine F F

to form a ring.
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28 9. An organic light-emitting diode comprising:

a first electrode;

a second electrode; and

an organic layer between the first electrode and the second

electrode, the organic layer comprising the compound
according to claim 1.

10. The organic light-emitting diode of claim 9, wherein
the organic layer is an emission layer, and the compound
represented by Formula 1 is a fluorescent host or a phospho-
rescent host.

11. The organic light-emitting diode of claim 9, wherein
the organic layer is an emission layer, and the compound
represented by Formula 1 is a fluorescent dopant.

12. The organic light-emitting diode of claim 9, wherein
the organic layer is a hole injection layer, a hole transport
layer, or a functional layer having hole injection and hole
transport abilities.

13. The organic light-emitting diode of claim 9, wherein
the organic layer is a hole transport layer.

14. The organic light-emitting diode of claim 9, wherein
the organic light-emitting diode comprises an emission layer,
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a hole injection layer, a hole transport layer, or a functional
layer having hole injection and hole transport abilities,
wherein the emission layer, the hole injection layer, the hole
transport layer, or the functional layer having hole injection
and hole transport abilities comprises the compound accord-
ing to claim 1, and the emission layer comprises an
anthracene-based compound, an arylamine-based com-
pound, or a styryl-based compound.

15. The organic light-emitting diode of claim 9, wherein
the organic light-emitting diode comprises an emission layer,
a hole injection layer, a hole transport layer, or a functional
layer having hole injection and hole transport abilities,
wherein the hole injection layer, the hole transport layer, or
the functional layer having hole injection and hole transport
abilities comprises the compound according to claim 1, and
any one of a red layer, a green layer, a blue layer, or a white
layer of the emission layer comprises a phosphorescent com-
pound.

16. The organic light-emitting diode of claim 15, wherein
the hole injection layer, the hole transport layer, or the func-
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tional layer having hole injection and hole transport abilities
comprises a charge-generating material.

17. The organic light-emitting diode of claim 16, wherein
the charge-generating material is a p-dopant, wherein the
p-dopant is a quinone derivative, a metal oxide, or a cyano-
containing compound.

18. The organic light-emitting diode of claim 9, wherein
the organic layer comprises an electron transport layer,
wherein the electron transport layer comprises an electron
transporting organic compound and a metal complex.

19. The organic light-emitting diode of claim 9, wherein
the organic layer is formed using the compound according to
claim 1 using a wet process.

20. A flat panel display device comprising the organic
light-emitting diode of claim 9, wherein the first electrode of
the organic light-emitting diode is electrically connected to a
source electrode or a drain electrode of a thin film transistor.

* ok %k
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