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AMINE-BASED COMPOUND AND ORGANIC
LIGHT EMITTING DEVICE INCLUDING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2012-0120612, filed on Oct. 29,2012, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The present embodiments relate to an amine-based
compound and an organic light-emitting device including the
same.

[0004] 2. Description of the Related Technology

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

[0006] A typical OLED has a structure including a sub-
strate, and an anode, a hole transport layer (HTL), an emis-
sion layer (EML), an electron transport layer (ETL), and a
cathode which are sequentially stacked on the substrate. In
this regard, the HTL, the EML, and the ETL are organic thin
films comprising 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.

SUMMARY

[0009] The present embodiments provide a novel amine-
based compound and an organic light-emitting device includ-
ing the same.

[0010] According to an aspect of the present embodiments,
there is provided an amine-based compound represented by
Formula 1 below:

<Formula 1>

(Ré)s

(L) N/
1a \
(L3)C
\
Ry
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[0011]

[0012] Ar, and Ar, are each independently a substituted
or unsubstituted C4-C,, aryl group, and Ar, and Ar, are
optionally linked to each other via a single bond,

[0013] L, to L; are each independently a substituted or
unsubstituted C,-C, , cycloalkylene group, a substituted
or unsubstituted C,-C,,, heterocycloalkylene group, a
substituted or unsubstituted C;-C,, cycloalkenylene
group, a substituted or unsubstituted C,-C,, heterocy-
cloalkenylene group, a substituted or unsubstituted
C¢-C,, arylene group, or a substituted or unsubstituted
C,-Cy hetero arylene group;

wherein, in Formula 1,

[0014] a,b,and ¢ are eachindependently an integer from
0to5;
[0015] R, to R, are eachindependently ahydrogen atom,

a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a 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,-C,, alkyl group, a substituted or
unsubstituted C,-Cg,, alkenyl group, a substituted or
unsubstituted C,-C, alkynyl group, a substituted or
unsubstituted C,-C¢, alkoxy group, a substituted or
unsubstituted C5-Cg, cycloalkyl group, a substituted or
unsubstituted C;-Cy, cycloalkenyl group, a substituted
or unsubstituted C5-Cg, heterocycloalkyl group, a sub-
stituted or unsubstituted C,-Cg, heterocycloalkenyl
group, a substituted or unsubstituted C4-C, aryl group,
a substituted or unsubstituted C,-Cg, aryloxy group, a
substituted or unsubstituted C4-Cg, arylthio group, a
substituted or unsubstituted C,-C, heteroaryl group,
—N(@Q)(@Q,), or —Si(Q;)(Q,)(Qs5), wherein Q, to Qs
are each independently a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phos-
phoric 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,-C,, alkynyl group, a substituted or
unsubstituted C,-C, alkoxy group, a substituted or
unsubstituted C;-Cg, cycloalkyl group, a substituted or
unsubstituted C;-Cg,, cycloalkenyl group, a substituted
or unsubstituted C,-Cg, heterocycloalkyl group, a sub-
stituted or unsubstituted C;-Cy, heterocycloalkenyl
group, a substituted or unsubstituted C4-C, aryl group,
a substituted or unsubstituted C,-Cg, aryloxy group, a
substituted or unsubstituted C4-Cy, arylthio group, or a
substituted or unsubstituted C,-Cg, heteroaryl group;

[0016] pand s are each independently an integer from 1
to 4; and

[0017]
to 3.

[0018] According to another aspect of the present embodi-
ments, there is provided an organic light-emitting device
including;: a first electrode; a second electrode disposed oppo-
site to the first electrode; and an organic layer disposed
between the first electrode and the second electrode, wherein
the organic layer includes at least one of the amine-based
compounds of Formula 1 above.

q and r are each independently an integer from 1
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BRIEF DESCRIPTION OF THE DRAWING

[0019] The above and other features and advantages of the
present embodiments will become more apparent by describ-
ing in detail example embodiments thereof with reference to
the attached drawing in which:

[0020] FIG. 1 schematically illustrates the structure of an
organic light-emitting device according to an embodiment.

DETAILED DESCRIPTION

[0021] 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.

[0022] According to an aspect of the present embodiments,
there is provided an amine-based compound represented by
Formula 1 below:

<Formula 1>
(Ré)s

[0023] InFormula 1 above, Ar, and Ar, may be each inde-
pendently a substituted or unsubstituted C,-C,,, aryl group.
Ar, and Ar, may be optionally linked to each other via a single
bond.

[0024] Ar, and Ar, may be each independently one of a
Cs-C,,aryl group; and a C4-C , aryl group substituted with at
least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxyl group or
a salt thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C,-C,, alkyl group, a
C,-C,, alkoxy group, a phenyl group, a naphthyl group, an
anthryl group, a pyridinyl group, a pyrimidinyl group, a tri-
azinyl group, and a thiopheny! group.

[0025] For example, Ar, and Ar, may be each indepen-
dently a substituted or unsubstituted phenyl group, a substi-
tuted or unsubstituted naphthyl group, or a substituted or
unsubstituted anthryl group.

[0026] In some embodiments, Ar, and Ar, may be each
independently one of a phenyl group, a naphthyl group, and
an anthryl group; and a phenyl group, a naphthyl group, and
an anthryl group that are substituted with at least one of a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid group
or asalt thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group,
a phenyl group, a naphthyl group, an anthryl group, a pyridi-
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nyl group, a pyrimidinyl group, a triazinyl group, and a
thiophenyl group, but are not limited thereto.

[0027] Ar, and Ar, may be identical to or differ from each
other.
[0028] InFormulal,L, toL; may beeach independently a

substituted or unsubstituted C;-C,, cycloalkylene group, a
substituted or unsubstituted C,-C,, heterocycloalkylene
group, a substituted or unsubstituted C5-C; cycloalkenylene
group, a substituted or unsubstituted C,-C,, heterocycloalk-
enylene group, a substituted or unsubstituted C,-C;, arylene
group, or a substituted or unsubstituted C,-C ., hetero arylene
group.

[0029] For example, L, to L; may be each independently
one of a C,-C, arylene group, and a C,-C,, hetero arylene
group; and a C-C,, arylene group, and a C,-C,, hetero
arylene that are substituted with at least one of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine,
ahydrazone, 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 phe-
nyl group, a naphthyl group, an anthryl group, a pyridinyl
group, a pyrimidinyl group, a triazinyl group, and a thiophe-
nyl group, but are not limited thereto.

[0030] Insome embodiments, L, to L; may be each inde-
pendently one of a phenylene group, a naphthylene group, an
anthrylene group, a pyridinylene group, a pyrimidinylene
group, a triazinylene group, and a thiophenylene group; and a
phenylene group, a naphthylene group, an anthrylene group,
a pyridinylene group, a pyrimidinylene group, a triazinylene
group, and a thiophenylene group that are substituted with at
least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxyl group or
a salt thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C,-C,, alkyl group, a
C,-C,, alkoxy group, a phenyl group, a naphthyl group, an
anthryl group, a pyridinyl group, a pyrimidinyl group, a tri-
azinyl group, and a thiophenyl group, but are not limited
thereto.

[0031] InFormula 1, a indicates the number of L, s, b indi-
cates the number of L,s, and ¢ indicates the number of [s.
When ais 0, the carbazole and N in Formula 1 may be directly
linked to each other. When b is 0, the fluorene and N in
Formula 1 may be directly linked to each other. When c is 0,
R, and N may be directly linked to each other. Whena s 2 or
greater, at least two of L, s may be identical to or differ from
each other. When a is 2 or greater, at least two of L,s may be
identical to or differ from each other. When c is 2 or greater,
at least two of L;s may be identical to or differ from each
other.

[0032] InFormula 1, aandbmay be each independently an
integer from O to 5.

[0033] Forexample, in Formula 1, a may be an integer from
1to 5.
[0034] In some embodiments, all of a and b may be 0. In

some other embodiments, a, b, and ¢ may be each indepen-
dently 0, 1, or 2, but are not limited thereto.

[0035] InFormulal,R,toR, may be eachindependently a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a substituted
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or unsubstituted C,-Cy, alkyl group, a substituted or unsub-
stituted C,-Cq, alkenyl group, a substituted or unsubstituted
C,-C¢, alkynyl group, a substituted or unsubstituted C,-Cy,
alkoxy group, a substituted or unsubstituted C;-Cg,
cycloalkyl group, a substituted or unsubstituted C;-Cq,
cycloalkenyl group, a substituted or unsubstituted C;-C,
heterocycloalkyl group, a substituted or unsubstituted C;-C,
heterocycloalkenyl group, a substituted or unsubstituted
Cs-Cyo aryl group, a substituted or unsubstituted C4-C, ary-
loxy group, a substituted or unsubstituted C4-Cg, arylthio
group, a substituted or unsubstituted C,-C, heteroaryl
group, —N(Q,)(Q,), or —8i(Q3)(Q,)(Qs), wherein Q, to Qs
may be each independently, a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine,
ahydrazone, 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,-C, alkyl group, a
substituted or unsubstituted C,-Cg, alkenyl group, a substi-
tuted or unsubstituted C,-C, alkynyl group, a substituted or
unsubstituted C, -C, alkoxy group, a substituted or unsubsti-
tuted C5-Cg, cycloalkyl group, a substituted or unsubstituted
C;-Cy, cycloalkenyl group, a substituted or unsubstituted
C;-Cgp heterocycloalkyl group, a substituted or unsubstituted
C,-Cg, heterocycloalkenyl group, a substituted or unsubsti-
tuted C4-Cy, aryl group, a substituted or unsubstituted C4-C,
aryloxy group, a substituted or unsubstituted C4-C, arylthio
group, or a substituted or unsubstituted C,-Cy, heteroaryl
group.

[0036] Forexample, R, and R, may be each independently
one of a phenyl group, a naphthyl group, an anthryl group, a
pyridinyl group, a pyrimidiny]l group, a triaziny! group, and a
thiophenyl group; and a phenyl group, a naphthyl group, an
anthryl group, a pyridinyl group, a pyrimidinyl group, a tri-
azinyl group, and a thiophenyl group that are substituted with
at least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a hitro group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxyl group or
a salt thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C,-C,, alkyl group, a
C,-C,, alkoxy group, a phenyl group, a naphthyl group, an
anthryl group, a pyridinyl group, a pyrimidinyl group, a tri-
azinyl group, and a thiophenyl group, but are not limited
thereto.

[0037] Insome embodiments, R, to Ry may be each inde-
pendently one of a hydrogen atom, a deuterium atom, a halo-
gen atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,
alkyl group, and a C,-C, alkoxy group; a phenyl group, a
naphthyl group, an anthryl group, a pyridinyl group, a pyri-
midinyl group, triazinyl group, and a thiopheny! group; and a
phenyl group, a naphthyl group, an anthryl group, a pyridinyl
group, a pyrimidinyl group, a triazinyl group, and a thiophe-
nyl group that are substituted with at least one of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine,
ahydrazone, 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 phe-
nyl group, a naphthyl group, an anthryl group, a pyridinyl
group, a pyrimidinyl group, a triazinyl group, and a thiophe-
nyl group.
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[0038] In Formula 1, p indicates the number of R;s, q
indicates the number of R,s, r indicates the number of Rss;
and s indicates the number of R¢s. When p is 2 or greater, at
least two of R, s may be identical to or differ from each other.
When q is 2 or greater, at least two of R ;s may be identical to
or differ from each other. When r is 2 or greater, at least two
of Rgs may be identical to or differ from each other. When s is
2 or greater, at least two of R s may be identical to or differ
from each other.

[0039] The amine-based compound may be a compound
represented by Formula 1A or 1B below:

<Formula 1A>

<Formula 1B>

[0040]

InFormulae 1A and 1B, L, to L;,a,b,¢,R,, and R,
are as defined above, R, and R,; are as defined above in
conjunctionwith R |, t andu are each independently an integer
from 1 to 4.

[0041] For example, in Formulae 1A and 1B, i) L, to L,
may be each independently one of a phenylene group, a
naphthylene group, an anthrylene group, a pyridinylene
group, a pyrimidinylene group, a triazinylene group, and a
thiophenylene group; and a phenylene group, a naphthylene
group, an anthrylene group, a pyridinylene group, a pyrim-
idinylene group, a triazinylene group, and a thiophenylene
group that are substituted with at least one of a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine,
ahydrazone, 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 phe-
nyl group, a naphthyl group, an anthryl group, a pyridinyl
group, a pyrimidinyl group, a triazinyl group, and a thiophe-
nyl group; i1) a may be an integer from 1 to 5, and a, b, and ¢
may be each independently 0, 1, or 2; iii) R, and R, may be
each independently one of a phenyl group, a naphthyl group,
an anthryl group, a pyridinyl group, a pyrimidinyl group, a
triazinyl group, and a thiophenyl group; and a phenyl group,
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a naphthyl group, an anthryl group, a pyridinyl group, a
pyrimidinyl group, a triazinyl group, and a thiophenyl group
that are substituted with at least one of a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine, a 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 phenyl group, a
naphthyl group, an anthryl group, a pyridinyl group, a pyri-
midinyl group, a triazinyl group, and a thiophenyl group; iv)
R,o and R}, may be each independently one of a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a 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, and a
C,-C¢, alkoxy group; a phenyl group, a naphthyl group, an
anthryl group, a pyridinyl group, a pyrimidinyl group, a tri-
azinyl group, and a thiopheny! group; and a phenyl group, a
naphthyl group, an anthryl group, a pyridinyl group, a pyri-
midinyl group, a triazinyl group, and a thiopheny] group that
are substituted with at least one of a deuterium atom, a halo-
gen atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a pheny! group, a naph-
thyl group, an anthryl group, a pyridinyl group, a pyrimidinyl
group, a triazinyl group, and a thiophenyl; and v) tand u may
be each independently an integer from 1 to 4, but are not
limited thereto.

[0042] In some other embodiments, the amine-based com-
pound may be a compound represented by one of Formulae
1A(1), 1A(2), 1B(1), and 1B(2), but is not limited thereto:

<Formula 1A(1)>
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-continued

<Formula 1B(1)>

\(Rll)u

[0043] InFormulae 1A(1), 1A(2), 1B(1), and 1B(2), L,, c,
R,, and R, are as defined above, R, and R, are as defined
above in conjunction with R;, and t and u are each indepen-
dently an integer from 1 to 4.

[0044] Forexample, in Formulae 1A(1), 1A(2), 1B(1), and
1B(2), 1) L, may be one of a phenylene group, a naphthylene
group, an anthrylene group, a pyridinylene group, a pyrim-
idinylene group, a triazinylene group, and a thiophenylene
group; and a phenylene group, a naphthylene group, an
anthrylene group, a pyridinylene group, a pyrimidinylene
group, a triazinylene group, and a thiophenylene group that
are substituted with at least one of a deuterium atom, a halo-
gen atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a pheny! group, a naph-
thyl group, an anthryl group, a pyridinyl group, a pyrimidinyl
group, a triazinyl group, and a thiophenyl group; ii) ¢ may be
0, 1, or 2;iii) R, and R, may be each independently one of a
phenyl group, a naphthyl group, an anthryl group, a pyridinyl
group, a pyrimidinyl group, a triazinyl group, and a thiophe-
nyl group; and a phenyl group, a naphthyl group, an anthryl
group, a pyridinyl group, a pyrimidinyl group, a triazinyl
group, and a thiopheny] group that are substituted with at least
one of a deuterium atom, a halogen atom, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a 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 phenyl group, a naphthyl group, an anthryl
group, a pyridinyl group, a pyrimidinyl group, a triazinyl
group, and a thiophenyl group; iv) R, and R, may be each
independently one of a hydrogen atom, a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine, a hydrazone,
a carboxyl group or a salt thereof, a sulfonic acid group ora
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salt thereof, a phosphoric acid group or a salt thereof, a _continued

C,-C,q alkyl group, and a C,-C, alkoxy group; a phenyl 3
group, a naphthyl group, an anthryl group, a pyridinyl group,
a pyrimidinyl group, a triazinyl group, and a thiophenyl
group; and a phenyl group, a naphthyl group, an anthryl
group, a pyridinyl group, a pyrimidinyl group, a triazinyl
group, and a thiophenyl group that are substituted with at least
one of a deuterium atom, a halogen atom, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, a hydrazine, a 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,-Cs,,
alkoxy group, a phenyl group, a naphthyl group, an anthryl
group, a pyridinyl group, a pyrimidinyl group, a triazinyl
group, and a thiophenyl group; and v) t and u may be each
independently an integer from 1 to 4, but are not limited
thereto.

)
5o
QO.Q
@

“o

[0045] In some embodiments, the amine-based compound
may be one of Compounds 1 to 48 below, but is not limited 4
thereto:
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-continued -continued
43

46

[0046] In the amine-based compound of Formula 1, the
second carbon of the carbazole is linked to “N” in Formula 1
optionally, via L, so that the amine-based compound may

have reduced polarity and relatively low dipole moment char-
acteristics, as compared with a imaginary conmpound of which
the third carbon of the carbazole is linked to “N” in Formula
1 (optionally, via L,.) Since the substituents Ar, and Ar, of
Q fluorene in the amine-based compound is an aryl group, the

amine-based compound may have improved thermal stabil-
ity. Accordingly, an organic light-emitting device including

CN the amine-based compound may have a low driving voltage.
Even when a layer including the amine-based compound is
formed through a high-temperature process, for example,
deposition, the layer may be effectively formed without dena-
turation of the amine-based compound.
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[0047] Therefore, the organic light-emitting device includ-
ing the amine-based compound of Formula 1 above may have
alow driving voltage, a high efficiency, a high luminance, and
long lifetime.

[0048] The amine-based compound of Formula 1 may be
synthesized by a known organic synthesis method. A synthe-
sis method of the amine-based compound of Formula 1 may
be understood by those of ordinary skill in the art from the
examples that will be described below.

[0049] The amine-based compound of Formula 1 may be
used between a pair of electrodes of the organic light-emitting
device. For example, the amine-based compound of Formula
1 may be used in at least one of a hole injection layer, a hole
transport layer, and a functional layer having both hole injec-
tion and hole transporting capabilities.

[0050] According to another aspect of the present embodi-
ments, an organic light-emitting device includes a first elec-
trode, a second electrode disposed opposite to the first elec-
trode, and an organic layer disposed between the first
electrode and the second electrode, wherein the first layer
includes at least one of the amine-based compounds of For-
mula 1 described above.

[0051] As used herein, “(for example, the organic layer)
including at least one amine-based compound” means “(the
organic layer) including one of the amine-based compounds
of Formula 1 above, or at least two different amine-based
compounds of Formula 1 above”.

[0052] In some embodiments, the organic layer may
include only Compound 1 above as the amine-based com-
pound. In this regard, the Compound 1 may be present in the
hole transport layer of the organic light-emitting device. In
some embodiments, the organic layer may include Com-
pounds 1 and 2 as the amine-based compound. In this regard,
the Compounds 1 and 2 may be present in the same layer (for
example, in the electron transport layer) or may be present in
different layers (for example, in the hole transport layer and
the emission layer, respectively).

[0053] The organic layer may include at least one layer
selected from among a hole injection layer, a hole transport
layer, a functional layer having both hole injection and hole
transport capabilities (hereinafter, “H-functional layer”), a
buffer layer, an electron blocking layer, an emission layer, a
hole blocking layer, an electron transport layer, an electron
injection layer, and a functional layer having both electron
injection and electron transport capabilities (hereinafter,
“E-functional layer™).

[0054] The term “organic layer” as used herein refers to a
single layer and/or a plurality of layers disposed between the
first and second electrodes of the organic light-emitting
device.

[0055] The organic layer may include at least one of a hole
injection layer, a hole transport layer, and a functional layer
having both hole injection and hole transport capabilities, and
the amine-based compound may be in the at least one of the
hole injection layer, the hole transport layer, and the func-
tional layer having both hole injection and hole transport
capabilities.

[0056] FIG. 1 is a schematic sectional view of an organic
light-emitting device 10 according to an embodiment. Here-
inafter, a structure of an organic light-emitting device accord-
ing to an embodiment and a method of manufacturing the
same will now be described with reference to FIG. 1.

[0057] The substrate 11 may be any substrate that is used in
existing organic light-emitting devices. In some embodi-
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ments the substrate 11 may be a glass substrate or a transpar-
ent plastic substrate with strong mechanical strength. thermal
stability, transparency, surface smoothness, ease of handling,
and water resistance.

[0058] The first electrode 13 may be formed by depositing
or sputtering a first electrode-forming material on the sub-
strate. When the first electrode 13 is an anode, a material
having a high work function may be used as the first elec-
trode-forming material to facilitate hole injection. The first
electrode 13 may be a reflective electrode or a transmission
electrode. A first electrode material maybe a transparent
material with high conductivity, for example, indium tin
oxide (ITO), indium zinc oxide (IZ0), tin oxide (Sn0,), or
zine oxide (ZnO). In some other embodiments, the first elec-
trode 13 may be formed as a reflective electrode using mag-
nesium (Mg), aluminum (Al), aluminum-lithium (Al—Li),
calcium (Ca), magnesium-indium (Mg—1In), or magnesium-
silver (Mg—Ag).

[0059] The first electrode 13 may have a single-layer struc-
ture or a multi-layer structure including at least two layers.
For example, the first electrode 13 may have a three-layered
structure of ITO/Ag/TTO, but is not limited thereto.

[0060] The organic layer 15 may be disposed on the first
electrode 13.
[0061] The organic layer 15 may include a hole injection

layer (HIL), a hole transport layer (HTL), a buffer layer, an
emission layer (EML), an electron transport layer (ETL), and
an electron injection layer (EIL).

[0062] The HIL may be formed on the first electrode 13 by
vacuum deposition, spin coating, casting, Langmuir-Blodgett
(LB) deposition, or the like.

[0063] When the HIL is formed using vacuum deposition,
vacuum deposition conditions may vary according to the
compound that is used to form the HIL, and the desired
structure and thermal properties of the HIL to be formed. For
example, vacuum deposition may be performed at a tempera-
ture of about 100° C. to about 500° C., a pressure of about
10~® torr to about 107> torr, and a deposition rate of about 0.01
to about 100 A/sec. However, the deposition conditions are
not limited thereto.

[0064] When the HIL is formed using spin coating, the
coating conditions may vary according to the compound that
is used to form the HIL, and the desired structure and thermal
properties of the HIL to be formed. For example, the coating
rate may be in the range ofabout 2000 rpm to about 5000 rpm,
and a temperature at which heat treatment is performed to
remove a solvent after coating may be in the range of about
80° C. to about 200° C. However, the coating conditions are
not limited thereto.

[0065] The HIL may comprise any material that is com-
monly used to form a HIL. Non-limiting examples of the
material that can be used to form the HIL are N,N'-diphenyl-
N,N'-bis-[4-(phenyl-m-tolyl-amino)-phenyl]-biphenyl-4,4'-
diamine, (DNTPD), a phthalocyanine compound such as cop-
perphthalocyanine, 44" 4"tris
(3-methylphenylphenylamino)triphenylamine (m-MT-
DATA), N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine
(NPB), TDATA, 2T-NATA, polyaniline/dodecylbenzene-
sulfonic acid (Pani/DBSA), poly(3,4-ethylenediox-
ythiophene)/poly(4-styrenesulfonate) (PEDOT/PSS), polya-
niline/camphor sulfonicacid (Pani/CSA), and polyaniline)/
poly(4-styrenesulfonate (PANI/PSS).
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[0066] For example, the HIL may include the amine-based
compound of Formula 1 above, but is not limited thereto.

[0067] The thickness of the HIL may be from about 100 A
to about 10000 A, and in some embodiments, from about 100
A to about 1000 A. When the thickness of the HIL is within
these ranges, the HIL. may have good hole injecting ability
without a substantial increase in driving voltage.

[0068] Then, a HTL may be formed on the HIL by using
vacuum deposition, spin coating, casting, Langmuir-Blodgett
(LB) deposition, or the like. When the HTL is formed using
vacuum deposition or spin coating, the conditions for depo-
sition and coating may be similar to those for the formation of
the HIL, though the conditions for the deposition and coating
may vary according to the material that is used to form the
< > HTL.

%

[0069] Non-limiting examples of suitable known HTL
forming materials are carbazole derivatives, such as N-phe-
nylcarbazole or polyvinylcarbazole, N,N'-bis(3-methylphe-
nyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD), 4,4,
IDATA 4"-tris(N-carbazolyl)triphenylamine (TCTA), and N,N'-di(1-
naphthyl)-N,N'-diphenylbenzidine) (NPB).

G008
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[0070] Forexample, the HTL may include the amine-based
compound of Formula 1 above, but is not limited thereto.
[0071] The thickness of the HTL may be about 50 A to
about 1000 A, and for example, about 100 A to about 800 A.
When the thickness of the HTL is within these ranges, the
HTL may have good hole transporting ability without a sub-
stantial increase in driving voltage.

[0072] The H-functional layer (having both hole injection
and hole transport capabilities) may contain at least one mate-
rial from each group of the hole injection layer materials and
hole transport layer materials. The thickness of the H-func-
tional layer may be from about 500 A to about 10,000 A, and
in some embodiments, may be from about 100 A to about
1,000 A. When the thickness of the H-functional layer is
within these ranges, the H-functional layer has good hole
injection and transport capabilities without a substantial
increase in driving voltage.

[0073] Forexample, the H-functional layer may include the
amine-based compound of Formula 1 above, butis not limited
thereto.

[0074] At least one of the HIL, HTL, and H-functional
layer may further include a charge-generating material for
improved layer conductivity, in addition to a known hole
injecting material, hole transport material, and/or material
having both hole injection and hole transport capabilities as
described above.

[0075] The charge-generating material may be, for
example, a p-dopant. The p-dopant may be one of quinine
derivatives, metal oxides, and compounds with a cyano
group, but are not limited thereto. Non-limiting examples of
the p-dopant are quinone derivatives such as tetracyanoquino-
nedimethane (TCNQ), 2,3,5,6-tetrafluoro-tetracyano-1,4-
benzoquinonedimethane (F4-TCNQ), and the like; metal
oxides such as tungsten oxide, molybdenum oxide, and the
like; and cyano-containing compounds such as Compound
200 below.

<Compound 200>

CN
NC
oo
N N CN
o
I\i N CN
N
NC Z
CN
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[0076] When the hole injection layer, hole transport layer,
or H-functional layer further includes a charge-generating
material, the charge-generating material may be homoge-
neously dispersed or inhomogeneously distributed in the
layer.

[0077] A buffer layer may be disposed between at least one
of the HIL, HTL, and H-functional layer, and the EML. The
buffer layer may compensate for an optical resonance dis-
tance of light according to a wavelength of the light emitted
from the EML, and thus may increase efficiency. The butter
layer may include any hole injecting material or hole trans-
porting material that are widely known. In some other
embodiments, the buffer layer may include the same material
as one of the materials included in the HIL, HTL, and H-func-
tional layer that underly the buffer layer.

[0078] An EML may be formed on the HTL, H-functional
layer, or buffer layer by vacuum deposition, spin coating,
casting, Langmuir-Blodget (LB) deposition, or the like.
When the EML is formed using vacuum deposition or spin
coating, the deposition and coating conditions may be similar
to those for the formation of the HIL, though the conditions
for deposition and coating may vary according to the material
that is used to form the EML.

[0079] Theemission layer may include a host and a dopant.
For example, the dopant may include a fluorescent dopant
and/or a phosphorescent dopant. In some embodiments, the
phosphorescent dopant may be an organic metal compound
including at least one element of iridium (Ir}, platinum (Pt),
osmium (Os), titanium (Ti), zirconium (Zr), hafmium (Hf),
europium (Eu), terbium (Th) and thulium (Tm).

[0080] When the organic light-emitting device is a full
color organic light-emitting device, the emission layer may
be patterned into ared emission layer, a green emission layer,
and a blue emission layer. In some embodiments, the emis-
sion layer may include at least two of the red emission layer,
the green emission layer and/or the blue emission layer that
are stacked upon one another, and thus may emit white light,
but is not limited thereto.

[0081] Atleast one of the red EML, the green EML, and the
bluee EML may include a dopant below
(ppy=phenylpyridine).

[0082] Non-limiting examples of the blue dopant are com-
pounds represented by the following formulae.
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[0083] Non-limiting examples of the red dopant are com- -continued

pounds represented by the following formulae. In some
embodiments, the red dopant may be DCM or DCJTB, which
will be described later.

N
— >Ir/ \ >Ir
7 . / Py 7 N /
)@ T
— —2 - —I3
Ir(pq)x(acac) Ir(2-phq)s

Ir(pig)s Btp,Ir(acac)
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[0084] Non-limiting examples ofthe green dopant are com-
pounds represented by the following formulae. In an embodi-
ment, the green dopant may be C3545T represented below.

— -2

Ir(ppy)s(acac)

/

Ir

\/

— =3

Ir(mpyp)s
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used in the EML are Pt complexes represented by the follow- N

ing formulae.
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[0086] Non-limiting examples of the dopant that may be
used in the EML are Os complexes represented by the fol-
lowing formulae.
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[0087] When the EML includes both a host and a dopant,

CF; the amount of the dopant may be from about 0.01 to about 15

parts by weight based on 100 parts by weight of the host.

CFs / \ However, the amount of the dopant is not limited to this range.
N

[0088] The thickness of the EML may be about 100 A to
about 1000 A, and in some embodiments, may be from about
200 A to about 600 A. When the thickness of the EML is
within these ranges, the EML. may have good light emitting
ability without a substantial increase in driving voltage.

[0089] Then, an ETL may be formed on the EML by
vacuum deposition, spin coating, casting, or the like. When
the ETL is formed using vacuum deposition or spin coating,
the deposition and coating conditions may be similar to those
for the formation of the HIL, though the deposition and coat-
ing conditions may vary according to a compound that is used
to form the ETL. A material for forming the ETL may be any
material that can stably transport electrons injected from an
electron injecting electrode (cathode). Non-limiting
examples of materials for forming the ETL are a quinoline
derivative, such as tris(8-quinolinorate)aluminum (Alq3),
TAZ, BAlq, beryllium bis(benzoquinolin-10-olate (Bebq,),
9,10-di(naphthalene-2-yl)anthracene (ADN), Compound
201, and Compound 202, but are not limited thereto.
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<Compound 202>

BCP

[0090] The thickness of the ETL may be from about 100 A
to about 1,000 A, and in some embodiments, may be from
about 150 A to about 500 A. When the thickness of the ETL
is within these ranges, the ETL. may have satisfactory electron
transporting ability without a substantial increase in driving
voltage.

[0091] Insome embodiments the ETL may further include
a metal-containing material, in addition to any known elec-
tron-transporting organic compound.

[0092] The metal-containing material may include a
lithium (Li) complex. Non-limiting examples of the Li com-
plex are lithium quinolate (LiQ) and Compound 203 below:

25
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<Compound 203>

<LiQ>

i

[0093] Then, an EIL, which facilitates injection of elec-
trons from the cathode, may be formed on the ETL. Any
suitable electron-injecting material may be used to form the
EIL.

[0094] Then, an EIL, which facilitates injection of elec-
trons from the cathode, may be formed on the ETL. Any
suitable electron-injecting material may be used to form the
EIL.

[0095] Non-limiting examples of materials for forming the
EIL are LiF, NaCl, CsF, Li,0, and BaO, which are known in
the art. The deposition and coating conditions for forming the
EIL 18 may be similar to those for the formation of the HIL,
though the deposition and coating conditions may vary
according to the material that is used to form the EIL 18.
[0096] The thickness of the EIL. may be from about 1 A to
about 100 A, and in some embodiments, may be from about 3
Atoabout 90 A. When the thickness of the EIL is within these
ranges, the EIL. may have satisfactory electron injection abil-
ity without a substantial increase in driving voltage.

[0097] The second electrode 17 is disposed on the organic
layer 15. The second electrode 17 may be a cathode that is an
electron injection electrode. A material for forming the sec-
ond electrode 17 may be a metal, an alloy, an electro-conduc-
tive compound, which have a low work function, or a mixture
thereof. In some embodiments, the second electrode 190 as a
transmission electrode may be formed using a thin film of Li,
Mg, Al, AL, Ca, Mg—In, Mg—Ag, or the like. In some
embodiments, to manufacture a top-emission light-emitting
device, the transmission electrode may comprise indium tin
oxide (ITO) or indium zine oxide (IZO).

[0098] Although the organiclight-emitting device of FIG. 1
is described above, the present embodiments are not limited
thereto.

[0099] When a phosphorescent dopant is used in the EML,
a HBL may be formed between the HTL and the EML or
between the H-functional layer and the EML by using
vacuum deposition, spin coating, casting, Langmuir-Blodgett
(LB) deposition, or the like, in order to prevent diffusion of
triplet excitons or holes into the ETL. When the HBL is
formed using vacuum deposition or spin coating, the condi-
tions for deposition and coating may be similar to those for
the formation of the HIL, although the conditions for depo-
sition and coating may vary according to the material that is
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used to form the HBL. Any known hole-blocking material
may be used. Non-limiting examples of hole-blocking mate-
rials are oxadiazole derivatives, triazole derivatives, and
phenanthroline derivatives. For example, bathocuproine
(BCP) represented by the following formula may be used as a
material for forming the HBL.

BCP

i I,

[0100] The thickness of the HBL may be from about 20 A
to about 1,000 A, and in some embodiments, from about 30 A
to about 300 A. When the thickness of the HBL is within these
ranges, the HBL may have improved hole blocking ability
without a substantial increase in driving voltage.

[0101] Hereinafter, the present embodiments will be
described in detail with reference to the following synthesis
examples and other examples. However, these examples are
for illustrative purposes only and are not intended to limit the
scope of the present embodiments.

[0102] As used herein, examples of the unsubstituted
C,-Ce alkyl group (or C, C, alkyl group) are linear of
branched C,-C, alkyl groups, such as methyl, ethyl, propyl,
isobutyl, sec-butyl, pentyl, iso-amyl, or hexyl. Examples of
the substituted C,-Cg, alkyl group are the unsubstituted
C,-C¢, alkyl group of which at least one hydrogen atom is
substituted with one of a deuterium atom, a halogen atom, a
hydroxy group, a nitro group, a cyano group, an amino group,
an amidino group, a hydrazine, a 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,-Cy, alkyl group,
aC,-Cg,alkenyl group, a C,-Cq, alkynyl group, a C4-C, aryl
group, a C,-Cg, heteroaryl group, —N(Q,,)(Q,,), and —Si
(Q3)(Q0)(Q,5) (where Q,, to Q5 are each independently
selected from the group consisting of a hydrogen atom, a
C,-Cgo alkyl group, a C,-C, alkenyl group, a C,-Cy, alkynyl
group, a C;-Cg, aryl group, and a C,-C,,, heteroaryl group).

[0103] As used herein, the unsubstituted C,-Cg, alkoxy
group (or C,-C,, alkoxy group) may be represented by the
formula of —OA (wherein A is an unsubstituted C, -C, alkyl
group as described above). Examples of the unsubstituted
C,-C, alkoxy group are methoxy, ethoxy, and isopropyloxy
groups. At least one hydrogen atom of the unsubstituted
C,-Cy, alkoxy group may be substituted with those substitu-
ents described above in conjunction with the substituted
C,-Cy, alkyl group.

[0104] As used herein, the unsubstituted C,-Cg, alkenyl
group (or a C,-Cg, alkenyl group) is a hydrocarbon chain
having a carbon-carbon double bond in the center or at a
terminal of the unsubstituted C,-C,,, alkyl group. Examples
of the unsubstituted C,-C,, alkenyl group are ethenyl, proph-
enyl, and butenyl groups. At least one hydrogen atom of the
unsubstituted C,-Cg, alkenyl group may be substituted with
those substituents described above in conjunction with the
substituted C,-Cy, alkyl group.

May 1, 2014

[0105] As used herein, the unsubstituted C,-C, alkynyl
group (or a C,-Cy, alkynyl group) is a hydrocarbon chain
having a carbon-carbon triple bond in the center or at a ter-
minal of the above-defined C,-C, alkyl group. Examples of
the unsubstituted C,-Cg, alkynyl group are ethynyl and pro-
pynyl groups. At least one hydrogen atom of the unsubstituted
C,-Cg, alkynyl group may be substituted with those substitu-
ents described above in conjunction with the substituted
C,-C, alkyl group.

[0106] As used herein, the unsubstituted C,-Cg, aryl group
is a monovalent group having a carbocyclic aromatic system
having 5 to 60 carbon atoms including at least one aromatic
ring. The unsubstituted C,-Cg,, arylene group is a divalent
group having a carbocyclic aromatic system having 5 to 60
carbon atoms including at least one aromatic ring. When the
aryl group and the arylene group, respectively, have at least
two rings, they may be fused to each other. At least one
hydrogen atom of the aryl group and the arylene group may be
substituted with those substituents described above in con-
junction with the substituted C,-C, alkyl group.

[0107] Examples ofthe substituted or unsubstituted C5-Cg,
aryl group are a phenyl group, a C,-C,, alkylphenyl group
(for example, ethylphenyl group), a C,-C,, alkylbiphenyl
group (for example, ethylbiphenyl group), a halophenyl
group (for example, o-, m- and p-fluorophenyl groups, a
dichlorophenyl group), a dicyanophenyl group, a trifluo-
romethoxyphenyl group, o-, m-, and p-tolyl groups, o-, m-
and p-cumenyl groups, a mesityl group, a phenoxyphenyl
group, a (a,c-dimethylbenzene)phenyl group, a (N,N'-dim-
ethyl)aminophenyl group, a (N,N'-diphenyl)aminophenyl
group, a pentalenyl group, an indenyl group, a naphthyl
group, a halonaphthyl group (for example, a fluoronaphthyl
group), a C,-C,, alkylnaphthyl group (for example, a meth-
ylnaphthyl group), a C,-C,, alkoxynaphthyl group (for
example, a methoxynaphthyl group), an anthracenyl group,
an azrenyl 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 rubicenylgroup, a coroneryl group, a
trinaphthylenyl group, a heptaphenyl group, a heptacenyl
group, a piranthrenyl group, and an obarenyl group.
Examples of the substituted C-Cy, aryl group may be under-
stood based on the above-described examples of the unsub-
stituted C5-Cy, arvl group and substituents of the substituted
C,-Cy, alkyl group. Examples of the substituted or unsubsti-
tuted C5-Cq, arylene group may be understood based on the
above-described examples of the substituted or unsubstituted
C5-Cyg aryl group.

[0108] As used herein, the unsubstituted C,-C ., heteroaryl
group is a monovalent group having at least one aromatic ring
having at least one of the heteroatoms selected from the group
consisting of N, O, P, and S, and at least one carbon atom. The
unsubstituted C,-C, hetero arylene group is a divalent group
having at least one aromatic ring having at least one of the
heteroatoms selected from the group consisting of N, O, P,
and S and at least one carbon atom. In this regard, when the
heteroaryl group and the heteroarylene group, respectively,
have at least two rings, they may be fused to each other. At
least one hydrogen atom of the heteroaryl group and the
hetero arylene group may be substituted with those substitu-
ents described above in conjunction with the substituted
C,-Cy, alkyl group.

[0109] Examples of the unsubstituted C,-Cg, heteroaryl
group are a pyrazolyl group, an imidazolyl group, an oxazolyl
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group, a thiazolyl group, a triazolyl group, a tetrazolyl group,
an oxadiazolyl group, a pyridinyl group, a pyridazinyl group,
a pyrimidinyl group, a triazinyl group, a carbazolyl group, an
indolyl group, a quinolinyl group, an isoquinolinyl group, a
benzoimidazolyl group, an imidazopyridinyl group, and an
imidazopyrimidinyl group. Examples of the unsubstituted
C,-Cg hetero arylene group may be understood based on the
above-described examples of the substituted or unsubstituted
C,-Cy, arylene group.

[0110] The substituted or unsubstituted C5-Cg, aryloxy
group is represented by —OA,, (where A, is a substituted or
unsubstituted C,-Cy, aryl group as described above). The
substituted or unsubstituted C5-Cy, arylthio group is repre-
sented by —SA, (where A, is a substituted or unsubstituted
C,-Cyg, aryl group as described above).

EXAMPLES
Synthesis Example 1

Synthesis of Compound 1

[0111] Compound 1 was synthesized according to Reaction
Scheme 1 below:

<Reaction Scheme 1>

U

Intermediate 1-a
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Synthesis of Intermediate 1-a

[0112] 10 g of Biphenyl-4-ylamine, 24.65 g (1.05 eq) of
2-bromo-9,9-diphenyl-9H-fluorene, 2.71 g (0.05 eq) of tris
(dibenzylideneacetone)dipalladium(0)) (Pd,(dba),), 0.84 ¢
(0.07 eq) of tri-tert-butylphosphine (P(t-Bu);), and 11.36 g
(2.0 eq) of sodium tert-butoxide were put in a reaction vessel,
which was then supplied with N, in a vacuum, followed by an
addition of 90 ml of toluene to obtain a mixture, which was
then stirred at 120° C. for about 2 hours. The solvent was
removed from the mixture using a rotary evaporator. The
reaction product was extracted twice with 200 ml of dichlo-
romethane (CH,Cl,) and then 150 ml of water 200 ml. The
organic layer was collected and was dried using magnesium
sulfate to evaporate the solvent. The residue was separated
and purified by silica gel column chromatography to obtain
28 g of Intermediate 1-a (Yield: 98%). This compound was
identified using liquid chromatography-mass spectroscopy
(LC-MS).

[0113] C;,H,,N: M+ 485.21

Synthesis of Compound 1

[0114] 4.5 g of 2-bromo-9-phenyl-9H-carbazole, 7.12 g
(1.05 eq) of Intermediate 1-a, 0.64 g (0.05 eq) of tris(diben-

L O
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N

v

e
o
<l

OO
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Compound 1
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zylideneacetone)dipalladium(0) (Pd,(dba),),0.20 g (0.07 eq)
of tri-tert-butylphosphine (P(t-Bu),), and 2.68 g (2.0 eq) of
sodium tert-butoxide were put in a reaction vessel, which was
then supplied with N, in a vacuum, followed by an addition of
50 ml of toluene to obtain a mixture, which was then stirred at
120° C. for about 2 hours. The solvent was removed from the
mixture using a rotary evaporator. The reaction product was
extracted twice with 200 ml of dichloromethane (CH,Cl,)
and then 150 ml of water 200 ml. The organic layer was
collected and was dried using magnesium sulfate to evaporate
the solvent. The residue was separated and purified by silica
gel column chromatography to obtain 7.2 g of Compound 1
(Yield: 71%). This compound was identified using LC-MS
and nuclear magnetic resonance (NMR).

[0115] CssHagNy: Mt 726.30

[0116] 1H NMR (CDCl,, 400 MHz) 8 (ppm) 7.84 (d, 1H),
7.59 (d, 1H), 7.5 (d, 2H), 7.48 (d, 2H), 7.4 (d, 1H), 7.38 (m.
1H),7.32 (m, 2H), 7.3-7.2 (m, 10H) 7.14 (m, 4H), 7.1-7.0 (m,
8H)6.75 (s, 1H), 6.6 (s, 11), 6.58 (d, 1H), 6.52 (d, 2H), 6.2 (¢,
1H)

Synthesis Example 2

Synthesis of Compound 2

[0117] Compound 2 was synthesized according to Reaction
Scheme 2 below:

<Reaction Scheme 2>

e
Cr 0 )
N O

U
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-continued

Compound 2

Synthesis of Intermediate 2-a

[0118] Intermediate 2-a was prepared in the same manner
as in the method of synthesizing Intermediate 1-a of Synthe-
sis Example 1, except that phenylamine, instead of biphenyl-
4-ylamine, was used. This compound was identified using
LC-MS.

[0119] C; H,.N: M+ 409.18

Synthesis of Compound 2

[0120] 4.0 g of 2-bromo-9-naphthalen-1-yl-9H-carbazole,
4.62 g (1.05 eq) of Intermediate 2-a, 0.49 g (0.05 eq) of
Pd,(dba),, 0.15 g(0.07 eq) of P(t-Bu),, and 2.07 g (2.0 eq) of
sodium tert-butoxide were put in a reaction vessel, which was
then supplied with N, in a vacuum, followed by an addition of
40 ml oftoluene to obtain a mixture, which was then stirred at
120° C. for about 2 hours. The solvent was removed from the
mixture using a rotary evaporator. The reaction product was
extracted twice with 150 ml of dichloromethane (CH,Cl,)
and then 150 ml of water. The organic layer was collected and
was dried using magnesium sulfate to evaporate the solvent.
The residue was separated and purified by silica gel column
chromatography to obtain 6.0 g of Compound 2 (Yield: 80%).
This compound was identified using LC-MS and nuclear
magnetic resonance (NMR).

[0121] Cs3H;eN,: M+ 700.29

[0122] 1HNMR (CDCl;, 400 MHz) 8 (ppm) 7.84 (d, 1H),
7.7 (d, 3H), 7.59 (d, 1H), 7.55 (d, 2H), 7.4 (d, 1H), 7.38 (d,
1H), 7.3-7.2 (m, 6H), 7.14 (m, 4H), 7.1-7.0 (m, 10H) 6.75 (s,
1H), 6.62 (m, 1H), 6.6 (s, 1H), 6.58 (d, 1H), 6.46 (d, 2H), 6.2
(d, 1H)

Synthesis Example 3

Synthesis of Compound 3
[0123] Compound 3 was synthesized according to Reaction

Scheme 3 below:

<Reaction Scheme 3>
H
I N I
Intermediate 3-a
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Compound 3

Synthesis of Intermediate 3-a

[0124] Intermediate 3-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 1-a in
Synthesis Example 1, except that biphenyl-3-ylamine,
instead of biphenyl-4-ylamine, was used. This compound was
identified using LC-MS.

[0125] C,,H,,N: M+ 485.21

Synthesis of Compound 3

[0126] Compound 3 was synthesized in the same manner as
in the method of synthesizing Compound 1 in Synthesis
Example 1, except that Intermediate 3-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0127] CgH,Ny: M+ 72630

[0128] 1H NMR (CDCl,, 400 MHz) § (ppm) 7.84 (d, 1H),
7.59 (d, 1H), 7.5 (d, 2H), 7.48 (d, 2H), 7.4 (d, 1H), 7.38 (m,
1H), 7.32 (m, 2H), 7.3-7.2 (m, 8H) 7.14 (m, 4H), 7.1-7.0 (m,
9H) 6.84 (d, 1H), 6.75 (s, 1H), 6.68 (s, 1H), 6.6 (s, 1H), 6.58
(d, 1H), 6.42 (d, 1H), 6.2 (d, 1H)

Synthesis Example 4

Synthesis of Compound 4

[0129] Compound4 was synthesized according to Reaction

Scheme 4 below:

S

<Reaction Scheme 4>

N

Bf

Intermediate 4-a

-continued

Compound 4

Synthesis of Intermediate 4-a

[0130] Intermediate 4-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 1-a in
Synthesis Example 1, except that naphthalene-2-ylamine,
instead of biphenyl-4-ylamine, was used. This compound was
identified using LC-MS.

[0131] C;5H,sN: M+ 459.20

Synthesis of Compound 4

[0132] Compound4 was synthesized in the same manner as
in the method of synthesizing Compound 1 in Synthesis
Example 1, except that Intermediate 4-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0133] Cs3HieN,: M+ 700.29

[0134] 1HNMR (CDCl;, 400 MHz) & (ppm) 7.84 (d, 1H),
7.59 (d, 1H), 7.55 (d, 3H), 7.51 (d, 1H), 7.44 (d, 1H), 7.40 (d,
1H), 7.38 (d, 1H), 7.3-7.2 (m, 8H), 7.14 (m, 4H), 7.1-7.0 (m,
9H) 6.79 (s, 1H), 6.76 (d, 1H), 6.75 (s, 1H), 6.6 (s, 1H), 6.58
(d, 1H), 6.2 (d, 1H)
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Synthesis Example 5
Synthesis of Compound 5

[0135] Compound 5 was synthesized according to Reaction
Scheme 5 below:

<Reaction Scheme 5>
O H
o

Intermediate 5-a

g,

Compound 5

Synthesis of Intermediate 5-a

[0136] Intermediate 5-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 1-a in
Synthesis Example 1, except that naphthalene-1-ylamine,
instead of biphenyl-4-ylamine, was used. This compound was
identified using L.C-MS.

[0137] CasH,sN: M+ 459.20

Synthesis of Compound 5

[0138] Compound 5 was synthesized in the same manner as
in the method of synthesizing Compound 1 in Synthesis
Example 1, except that Intermediate 5-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0139] Cs3HagN,: M+ 700.29

[0140] 1HNMR (CDCl;, 400 MHz) § (ppm) 7.84 (d, 1H),
7.66 (d, 1H), 7.61 (d, 1H), 7.59 (d, 1H), 7.55 (d, 2H), 7.40 (d,
1H),7.38(d, 1H),7.31 (m, 1H), 7.3-7.2 (m, 8H). 7.16 (d, 1H),
7.15 (m, 1H), 7.14 (m, 4H), 7.1-7.0 (m, 8H) 6.75 (s, 1H), 6.6
(s, 1H), 6.58 (d, 1H), 6.55 (d, 1H), 6.2 (d, 1H)

Synthesis Example 6
Synthesis of Compound 6

[0141] Compound 6 was synthesized in the same manner as
in the method of synthesizing Compound 1 in Synthesis

May 1, 2014

Example 1, except that Intermediate 2-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0142] C,oH.,N,: M+ 650.27

[0143] 1 NMR (CDCl,, 400 MHz) & (ppm) 7.84 (d, 1H),
7.59 (d, 1H), 7.55 (d, 2H), 7.40 (d, 1H), 7.38 (m, 1H), 7.3-7.2
(m, 7H), 7.14 (m, 4H), 7.1-7.0 (m, 10H) 6.75 (s, 111), 6.62 (m,
1H), 6.6 (s, 1H), 6.58 (d, 1H), 6.46 (d, 2H), 6.2 (d, 1H)

Synthesis Example 7

Synthesis of Compound 7

[0144] Compound 7 was synthesized in the same manner as
in the method of synthesizing Compound 1 in Synthesis
Example 1, except that 9-biphenyl-4-yl-2-bromo-9H-carba-
zole, instead of 2-bromo-9-phenyl-9H-carbazole, was used.
This compound was identified using LC-MS and nuclear
magnetic resonance (NMR).

[0145] Cg H,,N,: M+ 80233

[0146] 1 NMR (CDClL,, 400 MHz) & (ppm) 7.84 (d, 1F1),
7.59 (d, 1H), 7.55 (d, 2H), 7.5 (d, 2H), 7.48 (d, 4H), 7.40 (d,
1H), 7.38 (m, 1H), 7.32 (d, 4H), 7.3-7.2 (m, 8H), 7.14 (m,
4H), 7.1-7.0 (m, 8H), 6.75 (s, 1H), 6.6 (s, 1H), 6.58 (d, 1H),
6.52 (d, 2H), 6.2 (d, 1H)

Synthesis Example 8

Synthesis of Compound 8

[0147] Compound 8 was synthesized in the same manner as
in the method of synthesizing Compound 2 in Synthesis
Example 2, except that 2-bromo-9-phenyl-9H-carbazole,
instead of 2-bromo-9-naphthalen-1-yl-9H-carbazole, was
used. This compound was identified using LC-MS and
nuclear magnetic resonance (NMR).

[0148] Cs3HaeN,: M+ 700.29

[0149] 1H NMR (CDCl,, 400 MHz) 8 (ppm) 7.84 (d, 1H),
7.7(d, 4H), 7.59 (d, 1H), 7.55 (d, 2H), 7.40 (d, 1H), 7.38 (m.
1H),7.3-7.2 (m, 5H), 7.14 (m, 4H), 7.1-7.0 (m, 10H), 6.75 (s,
1H), 6.62 (m, 1H), 6.6 (s, 1H), 6.58 (d, 1H), 6.46 (d, 2H), 6.2
(d, 1H)

Synthesis Example 9

Synthesis of Compound 9

[0150] Compound 9 was synthesized in the same manner as
in the method of synthesizing Compound 2 in Synthesis
Example 2, except that 2-bromo-9-naphthalen-1-yl-9H-car-
bazole, instead of 2-bromo-9-naphthalen-1-yl-9H-carbazole,
was used. This compound was identified using LC-MS and
nuclear magnetic resonance (NMR).

[0151] CssHaeNy: Mt 726.30

[0152] 1HNMR (CDCl,, 400 MHz) 8 (ppm) 7.84 (d, 1H),
7.59 (d, 1H), 7.55 (d, 2H), 7.50 (d, 2H), 7.48 (d, 2H), 7.40 (d,
1H), 7.38 (m, 1H), 7.32 (m, 2H) 7.3-7.2 (m, 5H), 7.14 (m,
4H), 7.1-7.0 (m, 10H), 6.75 (s, 1H), 6.62 (m, 1H), 6.6 (s, 1H).
6.58 (d, 1H), 6.46 (d, 2H), 6.2 (d, 1H)



US 2014/0117329 Al

Synthesis Example 10
Synthesis of Compound 10

Synthesis of Intermediate 10-a

[0153] Intermediate 10-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 1-a in
Synthesis Example 1, except that 4-bromo-benzonitrile,
instead of biphenyl-4-ylamine, was used. This compound was
identified using LC-MS.

[0154] Cy.H,,N,: M+ 434.18

Synthesis of Compound 10

[0155] Compound 10 was synthesized in the same manner
as in the method of synthesizing Compound 1 in Synthesis
Example 1, except that Intermediate 10-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0156] CsoH;3N5: M+ 67527

[0157] 1H NMR (CDCl;, 400 MHz) 8 (ppm) 7.84 (d, 1H),
7.59 (d, 1H), 7.55 (d, 2H), 7.40 (d, 1H), 7.38 (d, 1H), 7.3-7.2
(m, 9H), 7.14 (m, 4H), 7.1-7.0 (m, 8H), 6.75 (s, 1H), 6.64 (d,
2H), 6.6 (s, 1H), 6.58 (d, 1H), 6.2 (d, 1H)

Synthesis Example 11

Synthesis of Compound 11

[0158] Synthesis of Intermediate 11-a Intermediate 11-a
was synthesized in the same manner as in the method of
synthesizing Intermediate 1-a in Synthesis Example 1, except
that 2-(4-Bromo-phenyl)-pyridine, instead of biphenyl-4-
ylamine, was used. This compound was identified using LC-
MS.

[0159]  CygH, N,: M+ 486.21

Synthesis of Compound 11

[0160] Compound 11 was synthesized in the same manner
as in the method of synthesizing Compound 1 in Synthesis
Example 1, except that Intermediate 11-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0161] Cs,H;Ny: M+ 727.30

[0162] 1H NMR (CDCl;, 400 MHz) 8 (ppm) 8.56 (d, 1H),
7.84 (d, 1H), 7.74 (d, 2H), 7.59 (d, 1H), 7.55 (d, 2H), 7.54 (d,
1H), 7.47 (m, 1H), 7.4 (d, 1H), 7.38 (m, 1H), 7.3-7.2 (m, 7H),
7.14 (m,4H),7.1-7.0 (m, 8H), 6.98 (m, 1H), 6.75 (s, 1H), 6.6
(s, 1H), 6.58 (d, 1H), 6.55 (d, 2H), 6.2 (d, 1H)

Synthesis Example 12
Synthesis of Compound 12

Synthesis of Intermediate 12-a

[0163] Intermediate 12-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 1-a in
Synthesis Example 1, except that 3-(4-Bromo-phenyl)-pyri-
dine, instead of biphenyl-4-ylamine, was used. This com-
pound was identified using LC-MS.

[0164] CseH,eN,: M+ 486.21
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Synthesis of Compound 12

[0165] Compound 12 was synthesized in the same manner
as in the method of synthesizing Compound 1 in Synthesis
Example 1, except that Intermediate 12-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0166] C,H;,N;: M+ 727.30

[0167] 1H NMR (CDCl;, 400 MHz) o (ppm) 8.81 (s, 1H),
8.55(d, 1H),7.97(d, 1H), 7.84 (d, 1H), 7.59 (d, 1H), 7.55 (d,
2H), 7.44 (m, 1H), 7.4 (d, 1H), 7.38 (m, 1H), 7.3-7.2 (m, 9H),
7.14 (m, 4H), 7.1-7.0 (m, 8H), 6.75 (s, 1H), 6.6 (s, 1H), 6.58
(d, 1H), 6.55 (d, 2H), 6.2 (d, 1H)

Synthesis Example 13
Synthesis of Compound 13

Synthesis of Intermediate 13-a

[0168] Intermediate 13-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 1-a in
Synthesis Example 1, except that 5-Bromo-[2,2'bithiophe-
nyl, instead of biphenyl-4-ylamine, was used. This compound
was identified using LC-MS.

[0169] C;3H,5NS,: M+497.13

Synthesis of Compound 13

[0170] Compound 13 was synthesized in the same manner
as in the method of synthesizing Compound 1 in Synthesis
Example 1, except that Intermediate 13-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0171] C4,H;,N,S,: M+ 738.22

[0172] 1HNMR (CDCl;, 400 MHz) § (ppm) 7.84 (d, 1H),
7.59 (d, 1H), 7.55 (d, 2H), 7.4 (d, 1H), 7.38 (m, 1H), 7.3-7.2
(m, 8H), 7.14 (m, 4H), 7.1-7.0 (m, 10H), 6.75 (s, 1H), 6.6 (s,
1H), 6.58 (d, 1H), 6.5 (d, 1H), 6.2 (d, 1H), 6.0 (d, 1H)

Synthesis Example 14
Synthesis of Compound 14

Synthesis of Intermediate 14-a

[0173] Intermediate 14-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 1-a in
Synthesis Example 1, except that 4-(4-bromo-phenyl)-pyri-
dine, instead of biphenyl-4-ylamine, was used. This com-
pound was identified using LC-MS.

[0174] C, H,N,: M+ 486.21

Synthesis of Compound 14

[0175] Compound 14 was synthesized in the same manner
as in the method of synthesizing Compound 1 in Synthesis
Example 1, except that Intermediate 14-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0176] C,,H Ny M+ 727.30

[0177] 1HNMR (CDCl,, 400 MHz) § (ppm) 8.65 (d, 2H),
7.84 (d, 1H), 7.6 (d, 2H), 7.59 (d, 1H), 7.55 (d, 2H), 7.4 (d,
1H), 7.38 (m, 1H), 7.3-7.2 (m, 9H), 7.14 (m, 4H), 7.1-7.0 (m,
8H), 6.75 (s, 1H), 6.6 (s, 1H), 6.58 (d, 1H), 6.52 (d, 2H), 6.2
(d, 1H)
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Synthesis Example 15
Synthesis of Compound 15

Synthesis of Intermediate 15-a

[0178] Intermediate 15-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 1-a in
Synthesis Example 1, except that 5'-bromo-[1,1',3',1"terphe-
nyl instead of biphenyl-4-ylamine, was used. This compound
was identified using LC-MS.

[0179] C,;H, N: M+ 561.25

Synthesis of Compound 15

[0180] Compound 15 was synthesized in the same manner
as in the method of synthesizing Compound 1 in Synthesis
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Example 1, except that Intermediate 15-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0181] C, H,,N,: M+ 802.33

[0182] 1HNMR (CDCl;, 400 MHz) 3 (ppm) 7.84 (d, 1H),
7.59 (d, 1H), 7.55 (d, 2H), 7.48 (d, 4H), 7.4 (d, 1H), 7.38 (m,
1H), 7.32 (m, 4H), 7.3-7.2 (m, 9H), 7.14 (m, 4H), 7.1-7.0 (m,
9H), 6.75 (s, 1H), 6.64 (s, 2H), 6.6 (s, 1H), 6.58 (d, 1H), 6.2
(d, 1H)

Synthesis Example 16

Synthesis of Compound 16

[0183] Compound 16 was synthesized according to Reac-
tion Scheme 6 below:

<Reaction Scheme 6>

~ O

Intermediate 16-b
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Synthesis of Intermediate 16-a

[0184] 10 g of 2-bromo-9-phenyl-9H-carbazole was put in
a reaction vessel, which was then supplied with N, in a
vacuum, followed by an addition of 69 ml of anhydrous THF
to obtain a mixture. While the temperature of the mixture was
maintained at about =78° C., 13.04 ml (1.05 eq) of n-BuLi
was slowly dropwise added thereto. The resulting mixture
was stirred for about 2 hours while being kept at the same
temperature, followed by an addition of 7.6 ml (1.2 eq) of
2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane and
stirring for about 2 hours. The solvent was removed from the
mixture using a rotary evaporator. The reaction product was
extracted twice with 200 ml of dichloromethane (CH,Cl,)
and then 150 ml of water 200 ml. The organic layer was
collected and was dried using magnesium sulfate to evaporate
the solvent. The residue was separated and purified by silica
gel column chromatography to obtain 9 g of Intermediate
16-2 (Yield: 78%). This compound was identified using LC-
MS.

[0185] C,,H,,BNO,: M+ 369.19

Synthesis of Intermediates 16-b

[0186] 9 goflntermediate 16-b,7.58 g (1.1 eq) of 1-bromo-
4-iodo-benzene, 1.97 g (0.07 eq) of tetrakis(triphenylphos-
phine)palladium(0)), and 5.05 g (1.5 eq) of potassium car-
bonate were put in a reaction vessel, which was then supplied
with N, in a vacuum, followed by an addition of 40 ml of THF
and 20 ml of distilled water to obtain a mixture, which was
then stirred at about 75° C. for about 24 hours. The solvent
was removed from the mixture using a rotary evaporator. The
reaction product was extracted twice with 200 ml of dichlo-
romethane (CH,Cl,) and then 150 ml of water 200 ml. The
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Compound 16

organic layer was collected and was dried using magnesium
sulfate to evaporate the solvent. The residue was separated
and purified by silica gel column chromatography to obtain
7.35 g of Intermediate 16-6 (Yield: 76%). This compound
was identified using L.C-MS.

[0187] C,H,(BrN: M+ 397.05

Synthesis of Compound 16

[0188] 5.0 g of Intermediate 16-b, 6.4 g (1.05 eq) of Inter-
mediate 1-a, 0.58 g (0.05 eq) of tris(dibenzylideneacetone)
dipalladium(0) (Pd,(dba),), 0.36 g (0.07 eq) of tri-tert-bu-
tylphosphine) (P(t-Bu),), and 2.53 g (2.0 eq) of sodium tert-
butoxide were put in a reaction vessel, which was then
supplied with N, in a vacuum, followed by an addition of 60
ml of toluene to obtain a mixture, which was then stirred at
about 120° C. for about 2 hours. The solvent was removed
from the mixture using a rotary evaporator. The reaction
product was extracted twice with 200 m! of dichloromethane
(CH,Cl,) and then 150 ml of water. The organic layer was
collected and was dried using magnesium sulfate to evaporate
the solvent. The residue was separated and purified by silica
gel column chromatography to obtain 7.26 g of Compound 16
(Yield 72%). This compound was identified using LC-MS
and nuclear magnetic resonance (NMR).

[0189] C,,H,,N,: M+ 802.33

[0190] 1 NMR (CDCl,, 400 MHz) & (ppm) 7.84 (d, 1H),
7.62 (s, 1H), 7.61 (d, 1H), 7.59 (d, 1), 7.55 (d, 21), 7.48 (d,
2H), 7.40 (d, 1H), 738 (m, 1H), 7.32 (m, 2H), 7.3-7.2 (m,
12H), 7.14 (m, 4H), 7.1-7.0 (m, 8H), 6.75 (s, 1H), 6.58 (d,
1H), 6.52 (d, 4H)
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Synthesis Example 17

Synthesis of Compound 17

[0191] Compound 17 was synthesized according to Reac-
tion Scheme 7 below:
<Reaction Scheme 7>

(0]
n-BuLiTHF / X< Pd(PPh)3
2N
i I

Intermediate 17-a
N O
Intermediate 1-a
N Br

Pd,dba

Nat-OBu

Toluene

Intermediate 17-b
‘ N C’
O N

Compound 17
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Synthesis of Intermediate 17-a

[0192] Intermediate 17-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 16-a in
Synthesis Example 16, except that 9-Biphenyl-4-yl-2-
bromo-9H-carbazole, instead of 2-bromo-9-phenyl-9H-car-
bazole, was used. This compound was identified using LC-
MS.

[0193] C,H,:BNO,: M+445.22

Synthesis of Intermediate 17-b

[0194] Intermediate 17-b was synthesized in the same man-
ner as in the method of synthesizing Intermediate 16-b in
Synthesis Example 16, except that Intermediate 17-a, instead
of Intermediate 16-a, was used. This compound was identi-
fied using LC-MS.

[0195] C, H,,BrN: M+ 473.08

Synthesis of Compound 17

[0196] Compound 17 was synthesized in the same manner
as in the method of synthesizing Compound 16 in Synthesis
Example 16, except that Intermediate 17-b, instead of Inter-
mediate 16-b, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0197] Cg,H,eN,: M+ 878.37

[0198] 1H NMR (CDCl,, 400 MHz) § (ppm) 7.84 (d, 1H),
7.62 (s, 1H), 7.61 (d, 1H), 7.59 (d, 1H), 7.55 (d, 2H), 7.5 (d,
2H), 7.48 (d, 4H), 7.40 (d, 1H), 7.38 (m, 1H), 7.32 (m, 4H),
7.3-7.2 (m, 10H), 7.14 (m, 4H), 7.1-7.0 (m, 8H), 6.75 (s, 1H),
6.58 (d, 1H), 6.52 (d, 4H)

Synthesis Example 18
Synthesis of Compound 18

Synthesis of Compound 18

[0199] Compound 18 was synthesized in the same manner
as in the method of synthesizing Compound 16 in Synthesis
Example 16, except that Intermediate 3-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0200] C4 H4,N,: M+ 802.33

[0201] 1H NMR (CDCl;, 400 MHz) 3 (ppm) 7.84 (d, 1H),
7.62 (s, 1H), 7.61 (d, 1H), 7.59 (d, 1H), 7.55 (d, 2H), 7.48 (d,
2H), 7.40 (d, 1H), 7.38 (m, 1H), 7.32 (m, 2H), 7.3-7.2 (m,
10H), 7.14 (m, 4H), 7.1-7.0 (m, 9H), 6.84 (d, 1H), 6.75 (s,
1H), 6.68 (s, 1H), 6.58 (d, 1H), 6.52 (d, 2H) 6.42 (d, 1H)

Synthesis Example 19
Synthesis of Compound 19

Synthesis of Compound 19

[0202] Compound 19 was synthesized in the same manner
as in the method of synthesizing Compound 16 in Synthesis
Example 16, except that Intermediate 4-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0203] CsoH,oN,: M+ 776.32

[0204] 1H NMR (CDCl,, 400 MHz) § (ppm) 7.84 (d, 1H),
7.62 (s, 1H), 7.61 (d, 1H), 7.59 (d, 1H), 7.55 (d, 3H), 7.51 (d,
1H),7.44(d, 1H), 7.4 (d, 1H), 7.38 (m, 1H), 7.3-7.2 (m, 10H),
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7.14 (m, 4H),7.1-7.0 (m, 9H), 6.79 (s, 1H), 6.76 (d, 1H), 6.75
(s, 1H), 6.58 (d, 1H), 6.52 (d, 2H)

Synthesis Example 20
Synthesis of Compound 20

Synthesis of Compound 20

[0205] Compound 20 was synthesized in the same manner
as in the method of synthesizing Compound 16 in Synthesis
Example 16, except that Intermediate 7-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0206] CgoH, N5 M+ 803.33

[0207] 1HNMR (CDCl;, 400 MHz) § (ppm) 8.56 (d, 1H),
7.84 (d, 1H),7.74 (d, 2H), 7.62 (s, 1H), 7.61 (d, 1H), 7.59 (d,
1H), 7.55 (d, 2H), 7.54 (d, 1H), 7.47 (m, 1H), 7.40 (d, 1H),
7.38 (m, 1H), 7.3-7.2 (m, 9H), 7.14 (m, 4H), 7.1-7.0 (m, 8H),
6.98 (m, 1H), 6.75 (s, 1H), 6.58 (d, 1H), 6.55 (d, 2H) 6.52 (d,
2H)

Synthesis Example 21
Synthesis of Compound 21

Synthesis of Intermediate 21-a

[0208] Intermediate 21-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 1-a in
Synthesis Example 1, except that 4'-amino-biphenyl-4-car-
bonitrile, instead of biphenyl-4-ylamine, was used. This com-
pound was identified using LC-MS.

[0209] C;gH,eN,: M+ 510.63

Synthesis of Compound 21

[0210] Compound 21 was synthesized in the same manner
as in the method of synthesizing Compound 16 in Synthesis
Example 16, except that Intermediate 21-a, instead of Inter-
mediate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0211] C4.H, Ny M+ 827.33

[0212] 1HNMR (CDCl;, 400 MHz) § (ppm) 7.84 (d, 1H),
7.66 (d, 2H), 7.62 (s, 1H), 7.61 (d, 1H), 7.59 (d, 1H), 7.57 (d,
2H), 7.55 (d, 2H), 7.40 (d, 1H), 7.38 (m, 1H), 7.3-7.2 (m,
11H), 7.14 (m, 4H), 7.1-7.0 (m, 8H), 6.75 (s, 1H), 6.58 (d,
1H), 6.52 (d, 4H)

Synthesis Example 22
Synthesis of Compound 22

Synthesis of Compound 22

[0213] Compound 22 was synthesized in the same manner
as in the method of synthesizing Compound 16 in Synthesis
Example 16, except that Intermediate 12-a, instead of Inter-
mediate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0214] CgoH, Ny M+ 803.3

[0215] 1HNMR (CDCl;, 400 MHz) 6 (ppm) 8.81 (s, 1H),
8.55(d, 1H), 7.97 (d, 1H), 7.84 (d, 1H), 7.62 (s, 1H), 7.61 (d,
1H), 7.59 (d, 1H), 7.55 (d, 2H), 7.44 (m, 1H), 7.40 (d, 1H),
7.38 (m, 1H),7.3-7.2 (m, 11H), 7.14 (m, 4H), 7.1-7.0 (m, 8H),
6.75 (s, 1H), 6.58 (d, 1H), 6.52 (d, 4H)
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Synthesis Example 23
Synthesis of Compound 23

Synthesis of Compound 22

[0216] Compound 23 was synthesized in the same manner
as in the method of synthesizing Compound 16 in Synthesis
Example 16, except that Intermediate 2-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0217] CssHigN,: M+ 726.30

[0218] 1H NMR (CDCl;, 400 MHz) § (ppm) 7.84 (d, 1H),
7.62 (s, 1H), 7.61 (d, 1H), 7.59 (d, 1H), 7.55 (d, 2H), 7.40 (d,
1H), 7.38 (m, 1H), 7.3-7.2 (m, 9H), 7.14 (m, 4H), 7.1-7.0 (m,
10H), 6.75 (s, 1H), 6.62 (m, 1H), 6.58 (d, 1H), 6.52 (d, 2H)
6.46 (d, 2H)

Synthesis Example 24
Synthesis of Compound 24

Synthesis of Intermediate 24-a

[0219] Intermediate 24-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 16-a in
Synthesis Example 16, except that 2-bromo-9-naphthalen-2-
yl-9H-carbazole, instead of 2-bromo-9-phenyl-9H-carba-
zole, was used. This compound was identified using LC-MS.
[0220] C,gH,(BNO,: M+ 419.21
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Synthesis of Intermediates 24-b

[0221] Intermediate 24-b was synthesized in the same man-
ner as in the method of synthesizing Intermediate 16-b in
Synthesis Example 16, except that Intermediate 24-a, instead
of Intermediate 16-a, was used. This compound was identi-
fied using LC-MS.

[0222] C,eH,BrN: M+ 447.06

Synthesis of Compound 24

[0223] Compound 24 was synthesized in the same manner
as in the method of synthesizing Compound 16 in Synthesis
Bxample 16, except that Intermediate 24-b, instead of Inter-
mediate 16-b, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0224] Cy4H.uN,: M+ 85235

[0225] 1HNMR (CDCl;, 400 MHz) § (ppm) 7.84 (d, 1H),
7.7 (d, 4H), 7.62 (s, 1H), 7.61 (d, 1H), 7.59 (d, 1), 7.55 (d,
2H), 7.48 (d, 2H), 7.40 (d, 1H), 7.38 (m, 1H), 7.32 (d, 2H),
73-7.2 (m, 10H), 7.14 (m, 4H), 7.1-7.0 (m. 8H), 6.75 (s, 1H),
6.58 (d, 1H), 6.52 (d, 4H)

Synthesis Example 25

Synthesis of Compound 25

[0226] Compound 25 was synthesized according to Reac-
tion Scheme 8 below:

<Reaction Scheme 8>

Intermediate 25-a

O
Y

Compound 25
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Synthesis of Intermediate 25-a

[0227] Intermediate 25-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 1-a in
Synthesis Example 1, except that 2-bromo-spirofluorene,
instead of 2-bromo-9,9-diphenyl-9H-fluorene, was used.
This compound was identified using LC-MS. This compound
was identified using L.C-MS.

[0228] C,H,5N: M+ 483.20

Synthesis of Compound 25

[0229] Compound 25 was synthesized in the same manner
as in the method of synthesizing Compound 1 in Synthesis
Example 1, except that Intermediate 25-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0230] CssH;eN,: M+ 724.29

[0231] 1H NMR (CDCl;, 400 MHz) 8 (ppm) 7.84 (d, 1H),
7.72 (d, 2H), 7.59 (d, 1H), 7.55 (d, 2H), 7.48 (d, 2H), 7.4 (d,
1H), 7.38 (m, 1H), 7.35 (d, 2H), 7.32 (m, 2H), 7.3-7.2 (m,
10H), 7.19 (m, 2H), 7.16 (m, 2H), 7.08 (m, 1H), 7.0 (m, 1H),
6.75 (s, 1H), 6.6 (s, 1H), 6.58 (d, 1H), 6.52 (d, 2H), 6.2 (d, 1H)

Synthesis Example 26
Synthesis of Compound 26

Synthesis of Intermediate 26-a

[0232] Intermediate 26-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 2-a in
Synthesis Example 2, except that 2-bromo-spirofluorene,
instead of 2-bromo-9,9-diphenyl-9H-fluorene, was used.
This compound was identified using LC-MS.

[0233] C,,H, N: M+ 407.17

Synthesis of Compound 26

[0234] Compound 26 was synthesized in the same manner
as in the method of synthesizing Compound 2 in Synthesis
Example 2, except that Intermediate 26-a, instead of Interme-
diate 2-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0235] C, H,,N,: M+ 698.27

[0236] 1H NMR (CDCl,, 400 MHz) 8 (ppm) 7.84 (d, 1H),
7.72 (d, 2H), 7.7 (d, 3H), 7.59 (d, 1H), 7.55 (d, 2H), 7.4 (d.
1H), 7.38 (m, 1H), 7.35 (d, 2H), 7.3-7.2 (m, 6H), 7.19 (m,
2H), 7.16 (m, 2H), 7.08 (m, 1H), 7.01 (m, 2H), 7.0 (m, 1H).
6.75 (s, 1H), 6.62 (m, 1H), 6.6 (s, 1H), 6.58 (d, 1H), 6.46 (d,
2H), 6.2 (d, 1H)

Synthesis Example 27
Synthesis of Compound 27

Synthesis of Intermediate 27-a

[0237] Intermediate 27-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 3-a in
Synthesis Example 3, except that 2-bromo-spirofluorene,
instead of 2-bromo-9,9-diphenyl-9H-fluorene, was used.
This compound was identified using LC-MS.

[0238] C,,H,sN: M+ 483.20
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Synthesis of Compound 27

[0239] Compound 27 was synthesized in the same manner
as in the method of synthesizing Compound 1 in Synthesis
Example 1, except that Intermediate 27-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0240] C4H;N,: M+ 724.29

[0241] 1HNMR (CDCl;, 400 MHz) & (ppm) 7.84 (d, 1H),
7.72 (d, 2H), 7.59 (d, 1H), 7.55 (d, 2H), 7.48 (d, 2H), 7.4 (d,
1H), 7.38 (m, 1H),7.35(d, 2H), 7.32 (d, 2H), 7.3-7.2 (m, 8H),
7.19 (m, 2H), 7.16 (m, 2H), 7.08 (m, 1H), 7.07 (m, 1H), 7.0
(m, 1H), 6.84 (d, 1H), 6.75 (s, 1H), 6.68 (s, 1H), 6.6 (s, 1H),
6.58 (d, 1H), 6.46 (d, 1H), 6.2 (d, 1H)

Synthesis Example 28
Synthesis of Compound 28

Synthesis of Intermediate 28-a

[0242] Intermediate 28-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 4-a in
Synthesis Example 4, except that 2-bromo-spirofluorene,
instead of 2-bromo-9,9-diphenyl-9H-fluorene, was used.
This compound was identified using L.C-MS.

[0243] C, H,;N: M+ 457.18

Synthesis of Compound 28

[0244] Compound 28 was synthesized in the same manner
as in the method of synthesizing Compound 1 in Synthesis
Example 1, except that Intermediate 28-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0245] C, H,,N,: M+ 698.27

[0246] 1HNMR (CDCl;, 400 MHz) 3 (ppm) 7.84 (d, 1H),
7.72 (d, 2H), 7.59 (d, 1H), 7.55 (d, 3H), 7.51 (d, 1H), 7.44 (d,
1H), 7.4 (d, 1H), 7.38 (m, 1H), 7.35 (d, 2H), 7.3-7.2 (m, 8H),
7.19 (m, 2H), 7.16 (m, 2H), 7.09 (m, 1H), 7.07 (m, 1H), 7.0
(m, 1H), 6.79 (s, 1H), 6.76 (d, 1H), 6.75 (s, 1H), 6.6 (s, 1H),
6.58 (d, 1H), 6.2 (d, 1H)

Synthesis Example 29
Synthesis of Compound 29

Synthesis of Intermediate 29-a

[0247] Intermediate 29-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 5-a in
Synthesis Example 5, except that 2-bromo-spirofluorene,
instead of 2-bromo-9,9-diphenyl-9H-fluorene, was used.
This compound was identified using LC-MS.

[0248] C,H,,N: M+ 457.18

Synthesis of Compound 29

[0249] Compound 29 was synthesized in the same manner
as in the method of synthesizing Compound 1 in Synthesis
Example 1, except that Intermediate 29-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0250] Cs3H,N,: M+ 698.27

[0251] 1HNMR (CDCl,, 400 MHz) § (ppm) 7.84 (d, 1H),
7.72(d, 2H), 7.66 (d. 1H), 7.61 (d, 1H), 7.59 (d, 1H), 7.55 (d,
2H), 7.4 (d, 1H), 7.38 (m, 1H), 7.35 (d, 2H), 7.31 (m, 1H),
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73-7.2 (m, 8H), 7.19 (m, 2H), 7.16 (m, 3H), 7.15 (m, 1H),
7.08 (m, 1H), 7.0 (m, 1H), 6.75 (s, 1H), 6.6 (s, 1H), 6.58 (d.
1H), 6.55 (d, 1H), 6.2 (d, 1H)

Synthesis Example 30
Synthesis of Compound 30

Synthesis of Compound 30

[0252] Compound 30 was synthesized in the same manner
as in the method of synthesizing Compound 2 in Synthesis
Example 2, except that 2-bromo-9-phenyl-9H-carbazole,
instead of 2-bromo-9-naphthalen-1-yl-9H-carbazole, was
used. This compound was identified using LC-MS and
nuclear magnetic resonance (NMR).

[0253] C,oH,,N,: M+ 648.26

[0254] 1H NMR (CDCl,, 400 MHz) 8 (ppm) 7.84 (d, 1H),
7.72(d, 2H), 7.59 (d, 1H), 7.55 (d, 2H), 7.4 (d, 1H), 7.38 (m.
1H), 7.35 (d, 2H), 7.3-7.2 (m, 7H), 7.19 (m, 2H), 7.16 (m,
2H),7.08 (m, 1H),7.01 (d, 2H), 7.0 (m, 1H), 6.75 (s, 1), 6.62
(m, 1H), 6.6 (s, 1H), 6.58 (d, 1H), 6.46 (d, 2H), 6.2 (d, 1H)

Synthesis Example 31
Synthesis of Compound 31

Synthesis of Compound 31

[0255] Compound 31 was synthesized in the same manner
as in the method of synthesizing Compound 7 in Synthesis
Example 7, except that Intermediate 25-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0256] Cg,H,N,: M+ 800.32

[0257] 1HNMR (CDCl,, 400 MHz)  (ppm) 7.84 (d, 1H),
7.72 (d, 2H), 7.59 (d, 1H), 7.55 (d, 2H), 7.5 (d, 2H), 7.43 (d,
4H), 7.4 (d, 1H), 7.38 (m, 1H), 7.35 (d, 2H), 7.32 (d, 4H).
7.3-7.2 (m, 8H),7.19 (m, 2H), 7.16 (m, 2H), 7.08 (m, 1H), 7.0
(m, 1H), 6.75 (s, 1H), 6.6 (s, 1H), 6.58 (d, 1H), 6.52 (d, 2H),
6.2 (d, 1H)

Synthesis Example 32
Synthesis of Compound 32

Synthesis of Compound 32

[0258] Compound 32 was synthesized in the same manner
as in the method of synthesizing Compound 8 in Synthesis
Example 8, except that Intermediate 26-a, instead of Interme-
diate 2-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0259] Cs3Ha,N,: M+ 698.27

[0260] 1H NMR (CDCl,, 400 MHz) 8 (ppm) 7.84 (d, 1H),
7.72 (d, 2H), 7.7 (d, 4H), 7.59 (d, 1H), 7.55 (d, 2H), 7.4 (d.
1H), 7.38 (m, 1H), 7.35 (d, 2H), 7.3-7.2 (m, 5H), 7.19 (m,
2H), 7.16 (m, 2H), 7.08 (m, 1H), 7.01 (d, 2H), 7.0 (m, 1H).
6.75 (s, 1H), 6.62 (m, 1H), 6.6 (s, 1H), 6.58 (d, 1H), 6.46 (d,
2H), 6.2 (d, 1H)
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Synthesis Example 33
Synthesis of Compound 33

Synthesis of Compound 33

[0261] Compound 33 was synthesized in the same manner
as in the method of synthesizing Compound 7 in Synthesis
Example 7, except that Intermediate 26-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0262] CssHagN,: Mt 724.29

[0263] 1HNMR (CDCl,, 400 MHz) 8 (ppm) 7.84 (d, 1H),
7.72 (d, 2H), 7.59 (d, 1H), 7.55 (d, 2H), 7.5 (d, 2H), 7.48 (d.
2H), 7.4 (d, 1H), 7.38 (m, 1H), 7.35 (d, 2H), 7.32 (d, 2H).
7372 (m, SH), 7.19 (m, 2H), 7.16 (m, 21), 7.08 (m, 1H),
7.01 (d, 2H), 7.0 (m, 1H), 6.75 (s, 1H), 6.62 (m, 1H), 6.6 (s.
1H), 6.58 (d, 1H), 6.46 (d, 2H), 6.2 (d, 1H)

Synthesis Example 34
Synthesis of Compound 34

Synthesis of Intermediate 34-a

[0264] Intermediate 34-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 6-a in
Synthesis Example 6, except that 2-bromo-spirofluorene,
instead of 2-bromo-9,9-diphenyl-9H-fluorene, was used.
This compound was identified using LC-MS.

[0265] Ca,H,0N,: M+ 432.16

Synthesis of Compound 34

[0266] Compound 34 was synthesized in the same manner
as in the method of synthesizing Compound 1 in Synthesis
Example 1, except that Intermediate 34-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0267] CsoHi Nyt M+ 673.25

[0268] 1HNMR (CDCly, 400 MHz) 8 (ppm) 7.84 (d, 1H),
7.72 (d, 2H), 7.59 (d, 1H), 7.55 (d, 2H), 7.4 (d, 1H), 7.38 (m,
1H), 7.35(d, 2H), 7.3-7.2 (m, SH) 7.19 (m, 2H), 7.16 (m, 2H),
7.08 (m, 1H), 7.0 (m, 1H), 6.75 (s, 1H), 6.64 (d, 2H), 6.6 (s,
1H), 6.58 (d, 1H), 6.2 (d, 1H)

Synthesis Example 35
Synthesis of Compound 35

Synthesis of Intermediate 35-a

[0269] Intermediate 35-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 7-a in
Synthesis Example 7, except that 2-bromo-spirofluorene,
instead of 2-bromo-9,9-diphenyl-9H-fluorene, was used.
This compound was identified using LC-MS.

[0270]  CsgH,,N,: M+ 484.19

Synthesis of Compound 35

[0271] Compound 35 was synthesized in the same manner
as in the method of synthesizing Compound 1 in Synthesis
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Example 1, except that Intermediate 35-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0272] Cg HyoNy: M+ 72528

[0273] 1H NMR (CDCl,, 400 MHz) 8 (ppm) 8.56 (d, 1H),
7.84 (d, 1H), 7.74 (d, 2H), 7.72 (d, 2H), 7.59 (d, 1H), 7.55 (d.
2H), 7.54 (d, 1H), 7.47 (m, 1H). 7.4 (d, 1), 7.38 (m, 1H),
735 (d, 2H), 7.3-7.2 (m, 7H), 7.19 (m. 2H), 7.16 (m, 2H),
7.08 (m, 1H), 7.0 (m, 1), 6.98 (m, 1), 6.75 (s, 1H), 6.6 (s.
1H), 6.58 (d, 1H), 6.55 (d. 2H), 6.2 (d, 1H)

Synthesis Example 36
Synthesis of Compound 36

Synthesis of Intermediate 36-a

[0274] Intermediate 36-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 8-a in
Synthesis Example 8, except that 2-bromo-spirofluorene,
instead of 2-bromo-9,9-diphenyl-9H-fluorene, was used.
This compound was identified using LC-MS.

[0275] CsgH,,N,: M+ 484.19

Synthesis of Compound 36

[0276] Compound 36 was synthesized in the same manner
as in the method of synthesizing Compound 1 in Synthesis
Example 1, except that Intermediate 36-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0277] CguHysNy: M+ 72528

[0278] 1H NMR (CDCL,, 400 MHz) & (ppm) 8.81 (s, 1H),
8.55(d, 1H), 7.97 (d, 1H), 7.84 (d, 1H), 7.72 (d, 2H), 7.59 (d,
1H), 7.55 (d, 2H), 7.44 (m, 1H), 7.4 (d, 1H), 7.38 (m, 1H),
735 (d, 2H), 7.3-7.2 (m, 9H), 7.19 (m, 2H), 7.16 (m, 2H),
7.08 (m. 1H), 7.0 (m, 1H), 6.75 (s, 1H), 6.6 (s, 1H), 6.58 (d.
1H), 6.52 (d, 2H), 6.2 (d, 1H)

Synthesis Example 37
Synthesis of Compound 37

Synthesis of Intermediate 37-a

[0279] Intermediate 37-awas synthesized in the same man-
ner as in the method of synthesizing Intermediate 9-a in
Synthesis Example 9, except that 2-bromo-spirofluorene,
instead of 2-bromo-9,9-diphenyl-9H-fluorene, was used.
This compound was identified using LC-MS.

[0280] C.aH,,NS,: M+ 495.11

Synthesis of Compound 37

[0281] Compound 37 was synthesized in the same manner
as in the method of synthesizing Compound 1 in Synthesis
Example 1, except that Intermediate 37-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0282] Cs,HasN,sy; M+ 736.20

[0283] 1HNMR (CDCl,, 400 MHz) & (ppm) 7.84 (d, 1H),
7.72 (d, 2H), 7.59 (d, 1H), 7.55 (d, 2H), 7.4 (d, 1H), 7.38 (m,
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1H), 7.35 (d, 2H), 7.3-7.2 (m, 8H), 7.19 (m, 2H), 7.16 (m,
2H), 7.08 (m, 1H), 7.0 (m, 3H), 6.75 (s, 1H), 6.6 (s 1H), 6.58
(d, 1H), 6.5 (d, 1H), 6.2 (d, 1H), 6.0 (d, 1H)

Synthesis Example 38
Synthesis of Compound 38

Synthesis of Intermediate 38-a

[0284] Intermediate 38-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 10-a in
Synthesis Example 10, except that 2-bromo-spirofluorene,
instead of 2-bromo-9,9-diphenyl-9H-fluorene, was used.
This compound was identified using LC-MS.

[0285] CyeH,,N,: M+ 484.19

Synthesis of Compound 38

[0286] Compound 38 was synthesized in the same manner
as in the method of synthesizing Compound 1 in Synthesis
Example 1, except that Intermediate 38-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0287] CgaHysNy: M+ 72528

[0288] 1T NMR (CDCl,, 400 MHz) & (ppm) 8.65 (d, 2H),
7.84 (d, 1H), 7.72 (d, 2H), 7.6 (d, 2H), 7.59 (d, 1H), 7.55 (d,
2H), 7.4 (d, 1H), 7.38 (m, 1H), 7.35 (d, 2H), 7.3-7.2 (m, 9H),
7.19 (m, 2H),7.16 (m, 2H), 7.08 (m, 1H), 7.0 (m, 1H), 6.75 Gs,
1H), 6.6 (s, 1H), 6.58 (d, 1H), 6.52 (d, 2H), 6.2 (d, 1H)

Synthesis Example 39
Synthesis of Compound 39

Synthesis of Intermediate 39-a

[0289] Intermediate 39-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 11-a in
Synthesis Example 11, except that 2-bromo-spirofluorene,
instead of 2-bromo-9,9-diphenyl-9H-fluorene, was used.
This compound was identified using LC-MS.

[0290] C,5H,oN: M+ 559.23

Synthesis of Compound 39

[0291] Compound 39 was synthesized in the same manner
as in the method of synthesizing Compound 1 in Synthesis
Example 1, except that Intermediate 39-a, instead of Interme-
diate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0292] C4 H,oN,: M+ 80032

[0293] 1H NMR (CDCl,, 400 MHz) 8 (ppm) 7.84 (d, 1H),
7.72 (d, 2H), 7.59 (d, 1H), 7.55 (d, 2H), 7.48 (d, 4H), 7.4 (d.
1H), 7.38 (m, 1H),7.35 (d, 2H), 7.32 (d, 4H), 7.3-7.2 (m, SH),
7.19 (m, 2H),7.16 (m, 2H), 7.08 (m. 1H), 7.06 (s, 1[1), 7.0 (m.
1H), 6.75 (s. 1H), 6.64 (s, 2H), 6.6 (s, 1H), 6.58 (d, 1H), 6.2
(d, 1H)
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Synthesis Example 40

Synthesis of Compound 40

[0294] Compound 40 was synthesized according to Reac-
tion Scheme 9 below:

<Reaction Scheme 9>

N, N

o]
n-BuLi/THF / Pd(PPh)3
Br B\
(0] Br I
\

Intermediate 16-a

Intermediate 25-a

N Br
szdba3
Nat-OBu
Toluene

Intermediate 16-b

e
OQQO.O
)
)

Compound 40
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Synthesis of Compound 40

[0295] Compound 40 was synthesized in the same manner
as in the method of synthesizing Compound 16 in Synthesis
Example 16, except that Intermediate 25-a, instead of Inter-
mediate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0296] C4 H,N,: M+ 800.32

[0297] 1H NMR (CDCl;, 400 MHz) & (ppm) 7.84 (d, 1H),
7.72 (d, 2H), 7.62 (s, 1H), 7.61 (d, 1H), 7.59 (d, 1H), 7.55 (d,
2H), 7.48 (d, 2H), 7.40 (d, 1H), 7.38 (m, 1H), 7.35 (d, 2H),
7.32 (m, 2H), 7.3-7.2 (m, 12H), 7.19 (m, 2H), 7.16 (m, 2H),
7.08 (m, 1H), 7.0 (m, 1H), 6.75 (s, 1H), 6.58 (d, 1H), 6.52 (d,
4H)

Synthesis Example 41
Synthesis of Compound 41

Synthesis of Compound 41

[0298] Compound 41 was synthesized in the same manner
as in the method of synthesizing Compound 17 in Synthesis
Example 17, except that Intermediate 25-a, instead of Inter-
mediate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0299] C4 H,.N,: M+ 876.35

[0300] 1HNMR (CDCly, 400 MHz) § (ppm) 7.84 (d, 1H),
7.72(d, 2H), 7.62 (s, 1H), 7.61 (d, 1H), 7.59 (d, 1H), 7.55 (d,
2H),7.5(d,2H), 7.48 (d, 4H), 7.40 (d, 1H), 7.38 (m, 1H), 7.35
(d, 2H), 7.32 (m, 4H), 7.3-7.2 (m, 10H), 7.19 (m, 2H), 7.16
(m, 2H), 7.08 (m, 1H), 7.0 (m, 1H), 6.75 (s, 1H), 6.58 (d, 1H),
6.52 (d, 4H)

Synthesis Example 42
Synthesis of Compound 42

Synthesis of Compound 42

[0301] Compound 42 was synthesized in the same manner
as in the method of synthesizing Compound 16 in Synthesis
Example 16, except that Intermediate 27-a, instead of Inter-
mediate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0302] C, H,N,: M+ 800.32

[0303] 1HNMR (CDCl;, 400 MHz) 8 (ppm) 7.84 (d, 1H),
7.72 (d,2H),7.62 (s, 1H), 7.61 (d, 1H), 7.59 (d, 1H), 7.55 (d,
2H), 7.48 (d, 2H), 7.40 (d, 1H), 7.38 (m, 1H), 7.35 (d, 2H),
7.32 (m, 2H). 7.3-7.2 (m, 10H), 7.19 (m, 2H), 7.16 (m, 2H),
7.08 (m, 1H), 7.07 (m, 1H), 7.0 (m, 1H), 6.84 (d, 1H), 6.75 (s,
1H), 6.68 (s, 1H), 6.58 (d, 1H), 6.52 (d, 2H), 6.42 (d, 1H)

Synthesis Example 43
Synthesis of Compound 43

Synthesis of Compound 43

[0304] Compound 43 was synthesized in the same manner
as in the method of synthesizing Compound 16 in Synthesis
Example 16, except that Intermediate 28-a, instead of Inter-
mediate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0305] CsoHigN,: M+ 774.30

[0306] 1H NMR (CDCl;, 400 MHz) 3 (ppm) 7.84 (d, 1H),
7.72 (d, 2H), 7.62 (s, 1H), 7.61 (d, 1H), 7.59 (d, 1H), 7.55 (d,
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3H), 7.51 (d, 1H), 7.44 (d, 1H), 7.40 (d, 1H), 7.38 (m, 1H).
735 (d, 2H), 7.3-7.2 (m, 10H), 7.19 (m, 2H), 7.16 (m, 2H),
7.09 (m, 111), 7.08 (m, 1F1), 7.0 (m, 1), 6.79 (s, 111), 6.76 (d.
1H), 6.75 (s, 1), 6.58 (d, 1H), 6.52 (d, 2H)

Synthesis Example 44
Synthesis of Compound 44

Synthesis of Compound 44

[0307] Compound 44 was synthesized in the same manner
as in the method of synthesizing Compound 16 in Synthesis
Example 16, except that Intermediate 35-a, instead of Inter-
mediate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0308] CgoHioN;: M+ 801.31

[0309] 1HNMR (CDCly, 400 MHz) § (ppm) 8.56 (d, 1H),
7.84(d, 1H),7.74 (d, 2H), 7.72 (d, 2H), 7.62 (s, 1H), 7.61 (d,
1H), 7.59 (d, 1H), 7.55 (d, 2H), 7.54 (d, 1H), 7.47 (m, 1H),
7.40(d, 1H), 7.38 (m, 1H), 7.35 (d, 2H), 7.3-7.2 (m, 9H), 7.19
(m, 2H), 7.16 (m, 2H), 7.08 (m, 1H), 7.0 (m, 1H), 6.98 (m,
1H), 6.75 (s, 1H), 6.58 (d, 1H), 6.55 (d, 2H), 6.52 (d, 2H)

Synthesis Example 45
Synthesis of Compound 45

Synthesis of Intermediate 45-a

[0310] Intermediate 45-a was synthesized in the same man-
ner as in the method of synthesizing Intermediate 1-a in
Synthesis Example 1-a, except that 4'-amino-biphenyl-4-car-
bonitrile, instead of biphenyl-4-ylamine, and 2-bromo-
spirofluorene, instead of 2-bromo-9,9-diphenyl-9H-fluorene,
was used. This compound was identified using LC-MS.
[0311] C;4H,,N,: M+ 508.19

Synthesis of Compound 45

[0312] Compound 45 was synthesized in the same manner
as in the method of synthesizing Compound 16 in Synthesis
Example 16, except that Intermediate 45-a, instead of Inter-
mediate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0313] C, H; N, M+ 82531

[0314] 1HNMR (CDCl;, 400 MHz) 8 (ppm) 7.84 (d, 1H),
7.72 (d, 2H), 7.66 (d, 2H), 7.62 (s, 1H), 7.61 (d, 1H), 7.59 (d,
1H), 7.57 (d, 2H), 7.55 (d, 2H), 7.40 (d, 1H), 7.38 (m, 1H),
7.35 (d, 2H), 7.3-7.2 (m, 11H), 7.19 (m, 2H), 7.16 (m, 2H),
7.08 (m, 1H), 7.0 (m, 1H), 6.75 (s, 1H), 6.58 (d, 1H), 6.52 (d,
4H)

Synthesis Example 46
Synthesis of Compound 46

Synthesis of Compound 46

[0315] Compound 46 was synthesized in the same manner
as in the method of synthesizing Compound 16 in Synthesis
Example 16, except that Intermediate 36-a, instead of Inter-
mediate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0316] CgoHioN;: M+ 801.31

[0317] 1H NMR (CDCl;, 400 MHz) 6 (ppm) 8.81 (s, 1H),
8.55(d, 1H), 7.97 (d, 1H), 7.84 (d, 1H), 7.72 (d. 2H), 7.62 (s,
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1H), 7.61 (d, 1H), 7.59 (d, 1H), 7.55 (d, 2H), 7.44 (m, 1H),
7.40 (d, 1H), 7.38 (m, 1H), 735 (d, 2H), 7.3-7.2 (m, 11H),
7.19 (m, 2H),7.16 (m, 21), 7.08 (m, 1H), 7.0 (m, 1H), 6.75 (s.
1H), 6.58 (d, 1H), 6.52 (d, 4H)

Synthesis Example 47
Synthesis of Compound 47

Synthesis of Compound 47

[0318] Compound 47 was synthesized in the same manner
as in the method of synthesizing Compound 16 in Synthesis
Example 16, except that Intermediate 26-a, instead of Inter-
mediate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0319] CH; N,: M+ 724.29

[0320] 1HNMR (CDCl,, 400 MHz) § (ppm) 7.84 (d, 1H),
7.72(d, 2H), 7.62 (s, 1H). 7.61 (d, 1H), 7.59 (d, 1H), 7.55 (d,
2H),7.40(d, 1H),7.38 (m, 1H), 7.35 (d, 2H), 7.3-7.2 (m, 9H),
7.19 (m,2H), 7.16 (m, 2H), 7.08 (m, 1H). 7.01 (d, 2H}, 7.0 (m,
1H), 6.75 (s, 1H), 6.62 (m, 1H), 6.58 (d, 1H), 6.52 (d, 2H).
6.46 (d, 2H)

Synthesis Example 48
Synthesis of Compound 48

Synthesis of Compound 48

[0321] Compound 48 was synthesized in the same manner
as in the method of synthesizing Compound 24 in Synthesis
Example 24, except that Intermediate 25-a, instead of Inter-
mediate 1-a, was used. This compound was identified using
LC-MS and nuclear magnetic resonance (NMR).

[0322] C4sH,oN,: M+ 850.33

[0323] 1HNMR (CDCl,, 400 MHz) § (ppm) 7.84 (d, 1H),
7.72 (d, 2H), 7.7 (d, 4H), 7.62 (s, 1H), 7.61 (d, 1H), 7.59 (d,
1H), 7.55 (d, 2H), 7.48 (d, 2H), 7.40 (d, 1H), 7.38 (m, 1H),
7.35 (d, 2H), 7.32 (d, 2H), 7.3-7.2 (m, 10H), 7.19 (m, 2H),
7.16 (m, 2H), 7.08 (m, 1H), 7.0 (m, 1H), 6.75 (s, 1H). 6.58 (d,
1H), 6.52 (d, 4H)

Example 1

[0324] To manufacture an anode, a substrate with deposited
ITO/Ag/ATO layers (70/1000/70 A) was cut to a size of 50
mmx50 mmx0.5 mm and then ultrasonicated in isopropyl
alcohol and pure water each for five minutes, and then cleaned
by irradiation of ultraviolet rays for 30 minutes and exposure
to ozone. The resulting glass substrate was loaded into a
vacuum deposition device.

[0325] 2-TNATA was vacuum-deposited on the anode to
form an HIL having a thickness of 600 A, and then Compound
1 was vacuum-deposited on the HIL to form a HTL having a
thickness of 1000 A.

[0326] Then, CBP (host) and Ir(ppy); (green phosphores-
cent dopant) were co-deposited in a weight ratio of 91:9 on
the HTL, to form an EML with a thickness of about 250 A.
[0327] Then, BCP was deposited on the EML to form a
HBL having a thickness of about 50 A, and then Alg, was
deposited on the HBL to form an ETL having a thickness of
about 350 A. Then, LiF was deposited on the ETL to form an
EIL having a thickness of about. Mg and Ag were deposited in
a weight ratio of about 90:10 on the EIL to form a cathode
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having a thickness of about 120 A, thereby completing the
manufacture of an organic light-emitting device.
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-continued

BCP

Example 2

[0328] To manufacture an anode, a substrate with deposited
ITO/AgNTO layers (70/1000/70 A) was cut to a size of 50
mmx50 mmx0.5 mm and then ultrasonicated in isopropyl
alcohol and pure water each for five minutes, and then cleaned
by irradiation of ultraviolet rays for 30 minutes and exposure
to ozone. The resulting glass substrate was loaded into a
vacuum deposition device.

[0329] 2-TNATA was vacuum-deposited on the anode to
form an HIL having a thickness of 600 A, and then Compound
1 was deposited on the HIL to form a HTL having a thickness
of 1350 A.

[0330] CBP (host) and PtOEP (red phosphorescent dopant)
were co-deposited in a weight ratio of about 91:9 on the HTL
to form an EML having a thickness of about 250 A.

[0331] Then, BCP was deposited on the EML to form a
HBL having a thickness of about 50 A, and then Alg, was
deposited on the HBL to form an ETL having a thickness of
about 350 A. Then, LiF was deposited on the ETL to form an
EIL having a thickness of about. Mg and Ag were deposited in
a weight ratio of about 90:10 on the EIL to form a cathode
having a thickness of about 120 A, thereby completing the
manufacture of an organic light-emitting device.

Example 3

[0332] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
3, instead of Compound 1, was used to form the HTL.

Example 4

[0333] An organic light-emitting device was manufactured
in the same manner as in Example 2, except that Compound
3, instead of Compound 1, was used to form the HTL.

Example 5

[0334] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
15, instead of Compound 1, was used to form the HTL.

Example 6

[0335] An organic light-emitting device was manufactured
in the same manner as in Example 2, except that Compound
15, instead of Compound 1, was used to form the HTL.

43
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Example 7
[0336] An organic light-emitting device was manufactured

in the same manner as in Example 1, except that Compound
16, instead of Compound 1, was used to form the HTL.

Example 8
[0337] An organic light-emitting device was manufactured

in the same manner as in Example 2, except that Compound
16, instead of Compound 1, was used to form the HTL.

Example 9
[0338] An organic light-emitting device was manufactured

in the same manner as in Example 1, except that Compound
39, instead of Compound 1, was used to form the HTL.

Example 10
[0339] An organic light-emitting device was manufactured

in the same manner as in Example 2, except that Compound
39, instead of Compound 1, was used to form the HTL.

Comparative Example 1

[0340] An organic light-emitting device was manufactured
in the same manner as in Example 2, except that Compound
A, instead of Compound 1, was used to form the ETL.

T

<Compound A>

Comparative Example 2

[0341] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
A, instead of Compound 1, was used to form the HTL.

Comparative Example 3

[0342] An organic light-emitting device was manufactured
in the same manner as in Example 2, except that Compound
B, instead of Compound 1, was used to form the HTL.
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<Compound B>

0 oY
O’

Comparative Example 4 from Photo Research, Inc.) with a supply of power using
a Kethley Source-Measure Unit (SMU 236).

[0347] Efficiencies were measured usinga PR650 (Spec-
troscan) Source Measurement Unit. (available from
Photo Research, Inc.) with a supply of power using a
Kethley Source-Measure Unit (SMU 236).

[0348] In Table 1, T95 lifetime indicates the time taken
[0344] Driving voltages, efficiencies, and color purities of ~ until an initial luminance (assumed as 100%) measured at a
the organic light-emitting devices of Examples 1 to 10 and current density of about 10 mA/em? is reduced to 95%.

[0343] An organic light-emitting device was manufactured
in the same manner as in Example 2, except that Compound
B, instead of Compound 1, was used to form the HTL.

Evaluation Example 1

TABLE 1
Driving  Current Half-lifespan
voltage  density = Luminance Efficiency Emission (hr @ 100
HIL material (V)  (mA/em?) (cd/m?) (cd/A) color mA/em?)

Examplel  Compound 1 5.6 10 6,032 60.3 Green 78
Example2  Compound 1 5.49 10 2,883 28.8 Red 134
Example3  Compound 3 54 10 5,923 59.2 Green 75
Example4  Compound 3 5.2 10 2,997 30.0 Red 136
Example 5  Compound 15 55 10 5,992 59.9 Green 78
Example 6  Compound 15 54 10 2,807 28.1 Red 131
Example 7 Compeound 16 53 10 5,892 58.9 Green 76
Example8  Compeund 16 5.6 10 3,009 30.1 Red 127
Example 9  Compeund 39 53 10 6,102 61.0 Green 79
Example 10 Compeund 39 54 10 2,798 28.0 Red 128
Comparative Compound A 6.8 10 4,766 47.7 Green 65
Example 1

Comparative Compound A 7.12 10 2,257 259 Red 101
Example 2

Comparative Compeund B 6.5 10 4,233 423 Green 70
Example 3

Comparative Compeund B 7.01 10 2,232 223 Red 92
Example 4

Comparative Examples 1 to 4 were measured using the fol- [0349] Referring to Table 1, the organic light-emitting
lowing methods. The results are shown in Table 1 below. devices of Examples 1 to 10 were found to have lower driving
voltages, higher efficiencies, and higher color purities, than

[0345]  Color coordinates were measured u.smg a P,R650 the organic light-emitting devices of Comparative Examples
(Spectroscan) Source Measurement Unit. (available lto 4

from Photo Research, Inc.) with a supply of power using

a Kethley Source-Measure Unit (SMU 236). [0350] As described above, according to the one or more

embodiments, an organic light-emitting device including the
[0346] Luminances were measured using a PR650 amine-based compound of Formula 1 Above may have a low
(Spectroscan) Source Measurement Unit. (available driving voltage, a high efficiency, and high color purity.
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[0351] While the present embodiments have been particu-
larly shown and described with reference to example embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present embodiments as defined by the following claims.

What is claimed is:

1. A compound represented by Formula 1 below:

<Formula 1>

(Rﬁ)s

wherein, in Formula 1,

Ar, and Ar, are each independently a substituted or unsub-
stituted C-C,,, aryl group, and Ar, and Ar, are option-
ally linked to each other via a single bond;

L, to L, are each independently a substituted or unsubsti-
tuted C;-C,, cycloalkylene group, a substituted or
unsubstituted C,-C |, heterocycloalkylene group, a sub-
stituted or unsubstituted C,-C,, cycloalkenylene group,
a substituted or unsubstituted C,-C,, heterocycloalk-
enylene group, a substituted or unsubstituted C,-C,,
arylene group, or a substituted or unsubstituted C,-Cy,
hetero arylene group;

a, b, and ¢ are each independently an integer from 0 to 5;

R, to R, are each independently a hydrogen atom, a deu-
terium atom, a halogen atom, a hydroxyl group, a cyano
group, anitro group, an amino group, an amidino group,
a hydrazine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a substituted or
unsubstituted C,-Cg, alkyl group, a substituted or
unsubstituted C,-Cg,, alkenyl group, a substituted or
unsubstituted C,-C, alkynyl group, a substituted or
unsubstituted C, alkoxy group, a substituted or unsub-
stituted C5-C,,, cycloalkyl group, a substituted or unsub-
stituted C;-Cqy cycloalkenyl group, a substituted or
unsubstituted C;-Cg, heterocycloalkyl group, a substi-
tuted or unsubstituted C;-C ., heterocycloalkenyl group,
a substituted or unsubstituted C4-Cg, aryl group, a sub-
stituted or unsubstituted C,-C, aryloxy group, a substi-
tuted or unsubstituted C-Cg, arylthio group, a substi-
tuted or unsubstituted C,-Cy, heteroaryl group, —N(Q,)
(Qy), or —Si(Q;)(Q,)(Qs), wherein Q, to Qs are each

independently a hydrogen atom, a deuterium atom, a
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halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine,
a hydrazone, a carboxyl group or a salt thereof] a sul-
fonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a substituted or unsubstituted
C,-Cq alkyl group, a substituted or unsubstituted
C,-Cgo alkenyl group, a substituted or unsubstituted
C,-Cqo alkynyl group, a substituted or unsubstituted
alkoxy group, a substituted or unsubstituted C;-Cy,
cycloalkyl group, a substituted or unsubstituted C,-Cqg,
cycloalkenyl group, a substituted or unsubstituted
C;-Cyp heterocycloalkyl group, a substituted or unsub-
stituted C;-C, heterocycloalkenyl group, a substituted
or unsubstituted C4-Cg, aryl group, a substituted or
unsubstituted C4-Cg, aryloxy group, a substituted or
unsubstituted C4-Cy, arylthio group, or a substituted or
unsubstituted C,-Cy, heteroaryl group;

p and s are each independently an integer from 1 to 4; and
q and r are each independently an integer from 1 to 3.

2. The compound of claim 1, wherein Ar, and Ar, are each
independently, a substituted or unsubstituted phenyl group, a
substituted or unsubstituted naphthyl group, or a substituted
or unsubstituted anthryl group.

3. The compound of claim 1, wherein Ar, and Ar, are
linked to each other via a single bond.

4. The compound of claim 1, wherein L, to L are each
independently one of a phenylene group, a naphthylene
group, anthrylene group, a pyridinylene group, a pyrimidi-
nylene group, a triazinylene group, and a thiophenylene
group; and a phenylene group, a naphthylene group, an
anthrylene group, a pyridinylene group, a pyrimidinylene
group, a triazinylene group, and a thiophenylene group that
are substituted with at least one of a deuterium atom, a halo-
gen atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof; a sulfonic acid group or asalt
thereof, a phosphoric acid group or a salt thereof, a C;-Cy,
alkyl group, a C,-C,, alkoxy group, a pheny! group, a naph-
thyl group, an anthryl group, a pyridinyl group, a pyrimidinyl
group, a triazinyl group, and a thiophenyl group.

5. The compound of claim 1, wherein a is an integer from
1to 3.

6. The compound of claim 1, wherein a, b, and ¢ are each
independently 0, 1, or 2.

7. The compound of claim 1, whereinais 1 or 2, and b is 0.

8. The compound of claim 1, wherein R, and R, are each
independently one of a phenyl group, a naphthyl group, an
anthryl group, a pyridinyl group, a pyrimidinyl group, a tri-
azinyl group, and a thiopheny! group; and a phenyl group, a
naphthyl group, an anthryl group, a pyridinyl group, a pyri-
midinyl group, a triazinyl group, and a thiophenyl group that
are substituted with at least one of a deuterium atom, a halo-
gen atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a pheny! group, a naph-
thyl group, an anthryl group, a pyridinyl group, a pyrimidinyl
group, a triazinyl group, and a thiophenyl group.
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9. The compound of claim 1, wherein the compound is
represented by Formula 1A or 1B below:

<Formula 1A>

<Formula 1B>

Wherein, in Formulae 1A and 1B,L, toL;,a,b,¢,R, and
R, areasdefinedinclaim 1;R,,and R, are as defined in
conjunction with R, in claim 1; and t and u are each
independently an integer from 1 to 4.

10. The compound of claim 9, wherein L, to L; are each
independently one of a phenylene group, a naphthylene
group, an anthrylene group, a pyridinylene group, a pyrim-
idinylene group, a triazinylene group, and a thiophenylene
group; and a phenylene group, a naphthylene group, an
anthrylene group, a pyridinylene group, a pyrimidinylene
group, a triazinylene group, and a thiophenylene group that
are substituted with at least one of a deuterium atom, a halo-
gen atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a naph-
thyl group, an anthryl group, a pyridinyl group, a pyrimidinyl
group, a triazinyl group, and a thiophenyl group.

11. The compound of claim 9, wherein a is an integer from
1to 5.

12. The compound of claim 9, wherein a, b, and ¢ are each
independently 0, 1, or 2.

13. The compound of claim 9, wherein R | and R, are each
independently one of a phenyl group, a naphthyl group, an
anthryl group, a pyridinyl group, a pyrimidinyl group, a tri-
azinyl group, and a thiophenyl group; a phenyl group, a naph-
thyl group, an anthryl group, a pyridinyl group, a pyrimidinyl
group, a triazinyl group, and a thiophenyl group that are
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
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carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,
alkyl group, a C,-C,,, alkoxy group, a pheny! group, a naph-
thyl group, an anthryl group, a pyridinyl group, a pyrimidinyl
group, a triazinyl group, and a thiophenyl group.

14. The compound of claim 1, wherein compound is rep-
resented by one of Formulae 1A(1), 1A(2), 1B(1), and 1B(2)
below:

<Formula 1A(1)>

<Formula 1A(2)>

(Rll)u

<Formula 1B(1)>

Rio)

<Formula 1B(2)>

wherein, in Formulae 1A(1), 1A(2), 1B(1), and 1B(2), L,,
¢, R;,and R, are as defined in claim 1; R, jand R, , are as
defined in conjunction with R, inclaim 1; and t and u are
each independently an integer from 1 to 4.
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15. The compound of claim 1, wherein the compound is _continued
one of Compounds 1 to 48 below: 4
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-continued -continued

! 16. An organic light-emitting device comprising: a first

CN electrode; a second electrode disposed opposite to the first
electrode; and an organic layer disposed between the first
electrode and the second electrode, wherein the organic layer
comprises at least one of the compounds represented by For-
mula 1 below:



US 2014/0117329 Al

<Formula 1>

(R6)S

wherein, in Formula 1,

Ar, and Ar, are each independently a substituted or unsub-
stituted C,-C;, aryl group, and Ar, and Ar, are option-
ally linked to each other via a single bond,;

L, to L, are each independently a substituted or unsubsti-
tuted C,-C,, cycloalkylene group, a substituted or
unsubstituted C,-C |, heterocycloalkylene group, a sub-
stituted or unsubstituted C5-C,, cycloalkenylene group,
a substituted or unsubstituted C,-C,, heterocycloalk-
enylene group, a substituted or unsubstituted C4-Cs,
arylene group, or a substituted or unsubstituted C,-Cy,
hetero arylene group;

a, b, and ¢ are each independently an integer from 0 to 5;

R, to Ry are each independently a hydrogen atom, a deu-
terium atom, a halogen atom, a hydroxy! group, a cyano
group, anitro group, an amino group, an amidino group,
a hydrazine, a hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phos-
phoric 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 substituted or
unsubstituted alkoxy group, a substituted or unsubsti-
tuted C5-C, cycloalkyl group, a substituted or unsub-
stituted C;-Cy, cycloalkenyl group, a substituted or
unsubstituted C5-Cg, heterocycloalkyl group, a substi-
tuted or unsubstituted C5-Cg, heterocycloalkenyl group,
a substituted or unsubstituted C4-Cy, aryl group, a sub-
stituted or unsubstituted C4-C,, aryloxy group, a substi-
tuted or unsubstituted C,-Cy, arylthio group, a substi-
tuted or unsubstituted C,-C, heteroaryl group,—N(Q,)
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(Q,), or —Si(Q5)(Q.)(Qs), wherein Q, to Qs are each

independently a hydrogen atom, a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine,
a hydrazone, a carboxyl group or a salt thereof, a sul-
fonic acid group or a salt thereof, a phosphoric acid
group or a salt thereof, a substituted or unsubstituted
C,-Cq alkyl group, a substituted or unsubstituted
C,-C,, alkenyl group, a substituted or unsubstituted
C,-Cqo alkynyl group, a substituted or unsubstituted
alkoxy group, a substituted or unsubstituted C,-Cg,
cycloalkyl group, a substituted or unsubstituted C5-Cy,
cycloalkenyl group, a substituted or unsubstituted
C;-Cyo heterocycloalkyl group, a substituted or unsub-
stituted C5-Cq, heterocycloalkenyl group, a substituted
or unsubstituted C4-Cg, aryl group, a substituted or
unsubstituted C4-Cq, aryloxy group, a substituted or
unsubstituted C;-Cy, arylthio group, or a substituted or
unsubstituted C,-Cy, heteroaryl group;

p and s are each independently an integer from 1 to 4; and

q and r are each independently an integer from 1 to 3.

17. The organic light-emitting device of claim 16, wherein
the organic layer comprises at least one of a hole injection
layer, a hole transport layer, a functional layer having both
hole injection and hole transport capabilities, a buffer layer,
an electron blocking layer, an emission layer, a hole blocking
layer, an electron transport layer, an electron injection layer,
and a functional layer having both electron injection and
electron transport capabilities.

18. The organic light-emitting device of claim 17, wherein
the organic layer comprises at least one of a hole injection
layer, a hole transport layer, and a functional layer having
both hole injection and hole transport capabilities, and the
amine-based compound is in the at least one of the hole
injection layer, the hole transport layer, and the functional
layer having both hole injection and hole transport capabili-
ties.

19. The organic light-emitting device of claim 18, wherein
atleast one of the hole injection layer, the hole transport layer,
and the functional layer having both hole injection and hole
transport capabilities further comprises a charge-generating
material.

20. The organic light-emitting device of claim 17, wherein
the organic layer comprises the emission layer; the emission
layer comprises a host and a dopant; and the dopant comprises
an organic metal compound including at least one of Ir, Pt, Os,
Ti, Zr, Hf, Eu, Tb, and Tm.
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