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(57) ABSTRACT

A condensed-cyclic compound is represented by Formula 1,
and an organic light-emitting diode includes the condensed-
cyclic compound. The organic light-emitting diode includes a
first electrode, a second electrode facing the first electrode,
and an organic layer. The organic layer includes an emission
layer and the condensed-cyclic compound. The condensed-
cyclic compound can be included in the emission layer as a
host, and the emission layer may further include a dopant.
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CONDENSED-CYCLIC COMPOUND AND
ORGANIC LIGHT-EMITTING DIODE
COMPRISING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0033083, filed on
Mar. 27, 2013 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] Embodiments of the present invention relate to com-

pounds for organic light-emitting diodes and to organic light-
emitting diodes including the same.

[0004] 2. Description of the Related Art

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

[0006] A typical organic light-emitting diode structure
includes a substrate, and an anode, a hole transport layer
(HTL), an emission layer (EML), an electron transport layer
(ETL), and a cathode sequentially stacked on the substrate.
The HTL, the EML, and the ETL are organic thin films
formed of organic compounds.

[0007] An operating principle of a typical organic light-
emitting diode having the above-described structure is as
follows. When a voltage 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. Carriers, such as the holes and electrons,
recombine in the EML to generate excitons. When the exci-
tons drop from an excited state to a ground state, light is
emitted.

SUMMARY

[0008] Embodiments of the present invention are directed
to compounds for organic light-emitting diodes and to
organic light-emitting diodes including the same.

[0009] According to an aspect of the present invention, a
condensed-cyclic compound is represented by Formula 1
below.

Formula 1
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-continued
Formula 2

&O
[0010] In Formula 1, ring A,, ring A,, and ring A, are
condensed with each other. Ring A, is represented by For-
mula 2 above, in whichY, is O, S, or N-(L,) <R, ) ,.»- Ring
A, ring A;, ring A, and ring A are each independently a
substituted or unsubstituted benzene ring or a substituted or
unsubstituted naphthalene ring.
[0011] R, and R, are each independently a hydrogen, a
deuterium, a halogen atom, a hydroxyl group, a cyano group,
anitro group, an amino group, an amidino group, ahydrazine,
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;-Cg, cycloalkenyl group, a substituted or unsubstituted
C¢-Cyo aryl group, a substituted or unsubstituted C,-Cy, ary-
loxy group, a substituted or unsubstituted C4-Cy, arylthio
group, or a substituted or unsubstituted C,-Cy,, heteroaryl
group. R; and R, are non-ring forming substituents which are
not linked to each other and do not form a ring.
[0012] L, is a substituted or unsubstituted C,-C,, arylene
group or a substituted or unsubstituted C,-Cg,, heteroarylene
group.
[0013] aa is an integer from O to 5.
[0014] R,, is a substituted or unsubstituted C;-Cg,
cycloalkyl group, a substituted or unsubstituted C;-Cg,
cycloalkenyl group, a substituted orunsubstituted C4-C, aryl
group, or a substituted or unsubstituted C,-Cy, heteroaryl
group.
[0015] ab is an integer from 1 to 10.
[0016] According to another aspect of the present inven-
tion, an organic light-emitting diode includes: a first elec-
trode; a second electrode facing the first electrode; and an
organic layer between the first electrode and the second elec-
trode and including an emission layer. The organic layer
includes at least one condensed-cyclic compound.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and other features and advantages of the
present invention will become more apparent by reference to
the following detailed description when considered in con-
junction with the attached drawing, in which:

[0018] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting diode according to an embodiment of
the present invention.

DETAILED DESCRIPTION

[0019] Hereinafter, embodiments of the present invention
will be described with reference to the accompanying draw-
ings, in which exemplary embodiments of the invention are
shown.

[0020] 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 alist of
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elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0021] A condensed-cyclic compound according to an
embodiment of the present invention is represented by For-
mula 1 below.

Formula 1

[0022] In Formula 1, ring A, ring A,, and ring A, are
condensed with each other. Each of ring A, ring A, and ring
A, are condensed with a neighboring ring.

[0023] InFormula 1, the ring A, is represented by Formula
2 below. In Formula 2, Y, may be O, S, or N-(L),,,-(R; ) .-
L, aa, R;,, and ab will be described later.

O
[0024] InFormulal,ringA |, ring A, ring A,, and ring A,
may each independently be a substituted or unsubstituted

benzene ring or a substituted or unsubstituted naphthalene
ring.

[0025] InFormulal,ringA,, ringA,, ring A,, ring A, and
ring A5 may have various structures depending on their con-
densation methods.

[0026] For example, the compound of Formula 1 may be
represented by Formula 3 or 4 according to a condensation
method of the ring A,.

Formula 2

Formula 3
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-continued
o Formula 4
“‘C3/ C-'4
Y

[0027] InFormulae 3 and 4, C, to C,, indicate chemically
distinct carbon atoms.

[0028] InFormulae 3 and 4, the ring A; may be represented
by one of Formulae 5(1) and 5(2).

Formula 5(1)
ST Roee
a
v/
Formula 5(2)
Cs:\/(RZI)ac
C
\ 7’
Cs—Cg
[0029] InFormulae 5(1)and 5(2), ac may be 1 or 2. If ac is

2, the two R,;s may be the same or different.

[0030] InFormulae3 and 4, the ring A; may be represented
by one of Formulae 6(1) to 6(4) below.

Formula 6(1)

Formula 6(2)

(Ra2)as
Formula 6(3)
YT
é| — | Ra2)gr
N N
Formula 6(4)
(Ra2)ar
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[0031] InFormulae 6(1)to 6(4), ae may be an integer from
1to 4, and af may be an integer from 1 to 6. If ae is 2 or greater,
the two or more R ,,s may be the same or different. Ifafis 2 or
greater, the two or more R,,s may be the same or different.

[0032] InFormulae3 and 4, the ring A, may be represented
by one of Formulae 7(1) to 7(4) below.

Formula 7(1)

2G4
<4
Formula 7(2)
7 X
R)ar—
\ éC4
C3
Formula 7(3)
Formula 7(4)

[0033] InFormulae 7(1)to 7(4), ag may be an integer from
1 to 3, and ah may be an integer from 1to 5. If ag is 2 or
greater, the two or more R, ;s may be the same or different. If
ah is 2 or greater, the two or more R, ;s may be the same or
different.

[0034] InFormulae3 and4,the ring A, may be represented
by one of Formulae 8(1) to 8(4) below.

Formula 8(1)
Rag)— |
P
Formula 8(2)
B
|
2
a
Raa)gs
Formula 8(3)
NN,

Rog)yy—— 1
\)\/&
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-continued
Formula 8(4)
Raa)gy
|\\
B
|

7

[0035] InFormulae 8(1)to 8(4), ai may be an integer from

1to 4, and aj may be an integer from 1 to 7. If ai is 2 or greater,
the two or more R,,s may be the same or different. Ifaj is 2 or
greater, the two or more R,,s may be the same or different.
[0036] Thelocations of the carbon atoms represented as C,
to C,,inFormulae 5(1)and 5(2), 6(1)to 6(4), 7(1) to 7(4), and
8(1) to 8(4) are the same as those shown in Formulae 3 and 4.
[0037] InFormulae 5(1)and 5(2), 6(1)to 6(4),7(1) to 7(4),
and 8(1) to 8(4), R,, to R,, may each independently be a
hydrogen, a deuterium, 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,-Cg, alkyl group, a substituted or unsubstituted C,-Cy,
alkenyl group, a substituted or unsubstituted C,-Cq, alkynyl
group, a substituted or unsubstituted C,-Cy, alkoxy group, a
substituted or unsubstituted C,-Cy, cycloalkyl group, a sub-
stituted or unsubstituted C,-Cg, cycloalkenyl group, a substi-
tuted or unsubstituted C,-Cg, aryl group, a substituted or
unsubstituted C4-Cg, aryloxy group, a substituted or unsub-
stituted C4-Cg, arvlthio group, a substituted or unsubstituted
Cy-Cy heteroaryl group, or -(L) ,o-(Ry2) - I -(L) 1R 1)
ap» Lo may be a substituted or unsubstituted C-Cq, arylene
group or a substituted or unsubstituted C,-C, heteroarylene
group. a0 may be an integer from 0 to 5. R;, may be a
substituted or unsubstituted C;-Cg, cycloalkyl group, a sub-
stituted or unsubstituted C,-C, cycloalkenyl group, a substi-
tuted or unsubstituted C¢-Cq, aryl group, or a substituted or
unsubstituted C,-Cg, heteroaryl group. ap may be an integer
from 1 to 10.

[0038]

[0039] ahydrogen, adeuterium, ahalogen 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 (e.g.,
amethyl group, an ethyl group, a propyl group, a butyl group,
a pentyl group, a hexyl group, a heptyl group, or an octyl
group) or a C,-C,, alkoxy group (e.g., a methoxy group, an
ethoxy group, a propoxy group, a butoxy group, or a pentoxy
group); or

[0040] aC,-C,,alkyl group ora C,-C,, alkoxy group sub-
stituted 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 car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a phenyl
group, a naphthyl group, or an anthracenyl group; or

[0041] aC.-C,,arylgroup (e.g., a phenyl group, anaphthyl
group, or an anthracenyl group) or a C,-C, , heteroaryl group
(e.g., a pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, or a triazinyl group); or

Forexample, R, to R,, may each independently be:
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[0042] a C,-C,, aryl group or a C,-C,, heteroaryl 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 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, or an anthracenyl group; or

[0043] -(L,),-(R},),, However,R,, toR,, are not limited
to the above moieties.

[0044] L, may be a substituted or unsubstituted phenylene
group, a substituted or unsubstituted pentalenylene group, a
substituted or unsubstituted indenylene group, a substituted
or unsubstituted naphthylene group, a substituted or unsub-
stituted azulenylene group, a substituted or unsubstituted
heptalenylene group, a substituted or unsubstituted indace-
nylene group, a substituted or unsubstituted acenaphthylene
group, a substituted or unsubstituted fluorenylene group, a
substituted or unsubstituted spiro-fluorenyl group, a substi-
tuted or unsubstituted phenalenylene group, a substituted or
unsubstituted phenanthrenylene group, a substituted or
unsubstituted anthracenylene group, a substituted or unsub-
stituted fluoranthenylene group, a substituted or unsubsti-
tuted triphenylenylene group, a substituted or unsubstituted
pyrenylene group, a substituted or unsubstituted chryse-
nylene group, a substituted or unsubstituted naphthacenylene
group, a substituted or unsubstituted picenylene group, a
substituted or unsubstituted perylenylene group, a substituted
or unsubstituted pentaphenylene group, or a substituted or
unsubstituted hexacenylene group.

[0045] ao may be selected from 0, 1, or 2.

[0046] R,, may be a substituted or unsubstituted 5-mem-
bered hetero ring, a substituted or unsubstituted 6-membered
hetero ring, a substituted or unsubstituted 9-membered hetero
ring, or a substituted or unsubstituted 10-membered hetero
ring, and includes at least one nitrogen (N) as a ring-forming
atom.

[0047] ap may be 1 or 2.

[0048] According to another embodiment of the present
invention, R,, to R,, may each independently be:

[0049] ahydrogen, a deuterium, ahalogen 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 methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl
group, a heptyl group, an octyl group, a methoxy group, an
ethoxy group, a propoxy group, a butoxy group, or a pentoxy
group; or

[0050] a methyl group, an ethyl group, a propyl group, a
butyl group, a pentyl group, a hexyl group, a heptyl group, an
octyl group, a methoxy group, an ethoxy group, a propoxy
group, a butoxy group, or a pentoxy 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 phenyl group, a naphthyl
group, or an anthracenyl group; or

[0051] a phenyl group, a naphthyl group, an anthracenyl
group, a pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, or a triazinyl group; or

[0052] a phenyl group, a naphthyl group, an anthracenyl
group, a pyridinyl group, a pyrimidinyl group, a pyrazinyl
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group, or a triazinyl 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 phosphoric acid group
orasaltthereof, a C,-C,, alkyl group, aC, -C, alkoxy group,
a phenyl group, a naphthyl group, or an anthracenyl group; or
[0053] (L), (R o),y

[0054] L, may be a phenylene group, a naphthylene group,
a fluorenylene group, or an anthracenylene group; or a phe-
nylene group, a naphthylene group, a fluorenylene group, or
an anthracenylene 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 phosphoric acid group
orasaltthereof, a C,-C,, alkyl group, a C,-C,, alkoxy group,
a phenyl group, a naphthyl group, or an anthracenyl group.
[0055] aomaybeO,1,o0r2.

[0056] R,, may be a pyrrolyl group, a pyrazolyl group, an
imidazolyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, an indolyl group, a purinyl group, a ben-
zoimidazolyl group, a quinolinyl group, an isoquinolinyl
group, a phthalazinyl group, a quinoxalinyl group, a
quinazolinyl group, or a cinnolinyl group; or a pyrrolyl group,
a pyrazolyl group, an imidazolyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, an indolyl group, a
purinyl group, a benzoimidazolyl group, a quinolinyl group,
an isoquinolinyl group, a phthalazinyl group, a quinoxalinyl
group, a quinazolinyl group, or a cinnolinyl 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 car-
boxyl 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 pheny! group, a naph-
thyl group, or an anthracenyl group.

[0057] apmaybe1or2. However,R,, toR,, arenot limited
thereto.
[0058] According to an embodiment of the present inven-

tion, the condensed-cyclic compound may be represented by
Formula 3, where the ring A; may be represented by one of
Formulae 5(1) and 5(2). The moieties of Formulae 5(1) and
5(2) are described above.

[0059] According to another embodiment of the present
invention, the condensed-cyclic compound may be repre-
sented by Formula 3, where the ring A, may be represented by
one of Formulae 5(1) and 5(2), the ring A ; may be represented
by one of Formulae 6(1) and 6(2), the ring A, may be repre-
sented by one of Formulae 7(1) and 7(3), and the ring A may
be represented by one of Formulae 8(1) and 8(3), but the
condensed-cyclic compound and the rings A}, A5, A, and A,
are not limited thereto. The moieties of Formulae 5(1), 5(2),
6(1), 6(2), 7(1), 7(3), 8(1), and 8(3) are described above.
[0060] InFormula2,Y, maybeO,S,orN-(L,), -(R,)..
For example, in Formula 2, Y, may be N-(L,),.-(R,,).,- In
N-(L)),.-(R;1)., L, may be a substituted or unsubstituted
Cs-Cgo arylene group or a substituted or unsubstituted C,-Cy,
heteroarylene group. For example, [, may be a substituted or
unsubstituted C4-Cy, arylene group.

[0061] According to some embodiments, for example, L,
may be a substituted or unsubstituted phenylene group, a
substituted or unsubstituted pentalenylene group, a substi-
tuted or unsubstituted indenylene group, a substituted or
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unsubstituted naphthylene group, a substituted or unsubsti-
tuted azulenylene group, a substituted or unsubstituted hep-
talenylene group, a substituted or unsubstituted indacenylene
group, a substituted or unsubstituted acenaphthylene group, a
substituted or unsubstituted fluorenylene group, a substituted
or unsubstituted spiro-fluorenyl group, a substituted or
unsubstituted phenalenylene group, a substituted or unsubsti-
tuted phenanthrenylene group. a substituted or unsubstituted
anthracenylene group, a substituted or unsubstituted fluoran-
thenylene group, a substituted or unsubstituted triphenyle-
nylene group, a substituted or unsubstituted pyrenylene
group, a substituted or unsubstituted chrysenylene group, a
substituted or unsubstituted naphthacenylene group, a substi-
tuted or unsubstituted picenylene group, a substituted or
unsubstituted perylenylene group, a substituted or unsubsti-
tuted pentaphenylene group, or a substituted or unsubstituted
hexacenylene group.

[0062] For example, L., may be a substituted or unsubsti-
tuted phenylene group, a substituted or unsubstituted naph-
thylene group, a substituted or unsubstituted a fluorenylene
group, a substituted or unsubstituted spiro-fluorenylene
group, a substituted or unsubstituted anthracenylene group,
or a substituted or unsubstituted pyrenylene group.

[0063] Forexample, L, may be a phenylene group, a naph-
thylene group, a fluorenylene group, a spiro-fluorenylene
group, an anthracenylene group or a pyrenylene group; or a
phenylene group, a naphthylene group, a fluorenylene group,
a spiro-fluorenylene group, an anthracenylene group, or a
pyrenylene 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,
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, a naphthyl group, or an anthracenyl group. However, L,
is not limited thereto.

[0064] InN-(L)),,-(R,,)., aamay be an integer from 0 to
5. For example, aa may be 0, 1, or 2. If aa is 2 or greater, the
two or more L;s may be the same or different.

[0065] In N-(L,),,-R;)).s R,; may be a substituted or
unsubstituted C;-Cq, cycloalkyl group, a substituted or
unsubstituted C;-Cg, cycloalkenyl group, a substituted or
unsubstituted C4-Cg, aryl group, or a substituted or unsubsti-
tuted C,-Cg, heteroaryl group.

[0066] For example, R, may be a substituted or unsubsti-
tuted C,-C,, aryl group or a substituted or unsubstituted
C,-C heteroaryl group.

[0067] For example, R, may be a substituted or unsubsti-
tuted 5-membered hetero ring, a substituted or unsubstituted
6-membered hetero ring, a substituted or unsubstituted
9-membered hetero ring, or a substituted or unsubstituted
10-membered hetero ring that includes at least one nitrogen
(N) as a ring-forming atom.

[0068] According to an embodiment, R,, may be a substi-
tuted or unsubstituted pyrrolyl group, a substituted or unsub-
stituted pyrazolyl group, a substituted or unsubstituted imi-
dazolyl group, a substituted or unsubstituted pyridinyl group,
a substituted or unsubstituted pyrazinyl group, a substituted
or unsubstituted pyrimidinyl group, a substituted or unsub-
stituted indolyl group, a substituted or unsubstituted purinyl
group, a substituted or unsubstituted benzoimidazolyl group,
a substituted or unsubstituted quinolinyl group, or a substi-
tuted or unsubstituted isoquinolinyl group.
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[0069] Forexample, R, may be:

[0070] a pyrrolyl group, a pyrazolyl group, an imidazolyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, an indolyl group, a purinyl group, a benzoimidazolyl
group, a quinolinyl group, an isoquinolinyl group, a
phthalazinyl group, a quinoxalinyl group, a quinazolinyl
group, or a cinnolinyl group; or

[0071] a pyrrolyl group, a pyrazolyl group, an imidazolyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, an indolyl group, a purinyl group, a benzoimidazolyl
group, a quinolinyl group, an isoquinolinyl group, a
phthalazinyl group, a quinoxalinyl group, a quinazolinyl
group, or a cinnolinyl 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 phosphoric acid group
orasaltthereof, a C,-C,, alkyl group, a C,-C,, alkoxy group,
a phenyl group, a naphthyl group, or an anthracenyl group.
However, R, is not limited thereto.

[0072] InN-(L,),.-(R,)).s R, may be represented by one
of Formulae 9 to 15 below.

Formula 9
Rz X Rz
R
Xl fxz
*
Formula 10
N
|
| Ra2)ar
/ /
Formula 11
* . \ N N
| /l /l R32)ar
Formula 12
| /l II\] ‘R32)a.n
Z
Formula 13
N
/\/ \
[P ()
| . R32)am
/ \I/
Formula 14
N,
/\/ \
* 1
| II\] R32)am
Ay
Formula 15
N
) /\/ §N
ETEEE—— 1
| ‘R32)a.n
aa

[0073] InFormulae9to15,X; mayN or C(R;;), X5 may be
Nor C(R,,), and X5 may be N or C(R;5). At least one of X,
X,, and X, may be N.
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[0074] R,, to Ry are each independently a hydrogen, a
deuterium, a halogen atom, a hydroxyl group, a cyano group,
anitro group, an amino group, anamidino group, ahydrazine,
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, or an anthracenyl group.

[0075] ak may be an integer from 1 to 6.

[0076] am may be an integer from 1 to 5.
[0077] * may be a binding site to L, or nitrogen in'Y,.
[0078] InFormula9,X, may Nor C(R,,), X, may be N or

C(R;,), and X; may be N or C(R;;). At least one of X, X,,
and X, may be N. R, to R, are each independently a hydro-
gen, a deuterium, 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, or an anthracenyl group.

[0079] InFormula9, forexample, X, X, and X, maybe N;
or X, and X; may be N, and X, may be C(R,,); or X, and X,
may be N, and X, may be C(R;5). However, Formula 9 is not
limited thereto.

[0080] In Formula1,Y,; may be S or O. In Formula 1, the
ring A5 may be represented by one of Formulae 8(1) to 8(4),
where at least one of the R,,s (i.¢., ai) of Formula 8(1) and at
least one of R,,s (i.e., aj) of Formula 8(2) may be -(L,),,-
(Ry5),, as described above. The -(L,),.-(R;5), is as
described above.

[0081] For example, the condensed-cyclic compound of
Formula 1 may be represented by Formula 3A below.

Formula 3A

-----

~

‘Cg/ Cy

L N Ce

P N (L= Rie
tAs | Aol

SRR /N

et 8

et ZXCS"‘C

R R v Az

[0082] In Formula 3A, the ring A| may be represented by
any one of Formulae 5(1) and 5(2), the ring A; may be rep-
resented by any one of Formulae 6(1) to 6(4), the ring A, may
be represented by any one of Formulae 7(1) to 7(4). and the
ring A5 may be represented by any one of Formulae §(1) to
8(4). In Formulae 5(1), 5(2), 6(1) to 6(4). 7(1) to 7(4), and
8(1) to 8(4), R,, to R,, may be hydrogen.

[0083] Alternatively, in Formula 3A, the ring A; may be
represented by any one of Formulae 5(1) and 5(2), the ring A,
may be represented by any one of Formulae 6(1) and 6(2), the
ring A, may be represented by any one of Formulae 7(1) and
7(3), and the ring A; may be represented by any one of
Formulae §(1) and 8(3). In Formulae 5(1) to 5(3), 6(1), 6(2),
7(1), 7(3), and 8(1) and 8(3), R,, to R,, may be hydrogen.
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[0084] Alternatively, the condensed-cyclic compound of
Formula 1 may be represented by Formula 3B or 3C below.

Formula 3B

‘‘‘‘‘

Ri2ap— Lo

Formula 3C

(RIZ)ap —(L2)ao 8\

[0085] In Formulae 3B and 3C, the ring A may be repre-
sented by any one of Formulae 5(1) and 5(2), the ring A; may
be represented by any one of Formulae 6(1) to 6(4), and the
ring A, may be represented by any one of Formulae 7(1) to
7(4). In Formulae 5(1) and 5(2), 6(1) to 6(4), and 7(1) to 7(4),
R,,; to R,; may be hydrogen. In Formulae 3B and 3C, L, ao,
R,,, and ap are as described above.

[0086] Alternatively, in Formulae 3B and 3C, the ring A,
may be represented by any one of Formulae 5(1) and 5(2), the
ring A; may be represented by any one of Formulae 6(1) and
6(2), and the ring A, may be represented by any one of
Formulae 7(1) and 7(3). In Formulae 5(1) and 5(2), 6(1) to
6(2), and 7(1) to 7(3), R,, to R,; may be hydrogen. In For-
mulae 3B and 3C, L,, ao, R, ,, and ap are as described above.
[0087] In Formula 1, R, and R, are each independently a
hydrogen, a deuterium, 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,-Cg, alkyl group, a substituted or unsubstituted C,-Cy,
alkenyl group, a substituted or unsubstituted C,-Cy, alkynyl
group, a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C;-Cy, cycloalkyl group, a sub-
stituted or unsubstituted C,-C,, cycloalkenyl group, a substi-
tuted or unsubstituted C,-Cg, aryl group, a substituted or
unsubstituted C4-Cy, aryloxy group, a substituted or unsub-
stituted C4-Cg, arylthio group, or a substituted or unsubsti-
tuted C,-Cg, heteroaryl group. R, and R, are non-ring form-
ing substituents which are not linked to each other and do not
form a ring. That is, in Formula 1, R, and R, are not linked to
each other and do not form a ring.

[0088] InFormulal,R,andR,may each independently be
a substituted or unsubstituted C,-C,, alkyl group, a substi-
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tuted or unsubstituted C,-C, , alkoxy group, or a substituted
or unsubstituted C4-C, , aryl group.

[0089] For example, in Formula 1, R, and R, may each
independently be:

[0090] a C,-C,, alkyl group or a C,-C,,, alkoxy group; or
[0091] a C;-C,, alkyl group ora C,-C,, alkoxy group sub-
stituted 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 car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a phenyl
group, a naphthyl group, or an anthraceny! group; or

[0092] aC,-C,, aryl group; or

[0093] aC-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 phosphoric acid group
or asalt thereof,a C, -C,, alkyl group, a C,-C,, alkoxy group,
a phenyl group, a naphthyl group, or an anthracenyl group.
[0094] For example, in Formula 1, R, and R, may each
independently be:

[0095] a methyl group, an ethyl group, a propyl group, a
butyl group, a pentyl group, a hexyl group, a heptyl group, an
octyl group, a methoxy group, an ethoxy group, a propoxy
group, a butoxy group, or a pentoxy group; or

[0096] a methyl group, an ethyl group, a propyl group, a
butyl group, a pentyl group, a hexyl group, a heptyl group, an
octyl group, a methoxy group, an ethoxy group, a propoxy
group, a butoxy group, or a pentoxy group substituted with at
least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nifro 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 phenyl group, a naphthyl
group, or an anthracenyl group; or

[0097] a phenyl group, a naphthyl group, or an anthracenyl
group; or

[0098] a phenyl group, a naphthyl group, or an anthracenyl
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 phosphoric acid group or a salt thereof, a
C,-C,q alkyl group, a C, -C,, alkoxy group, a phenyl group, a
naphthyl group, or an anthracenyl group.

[0099] According to an embodiment, the condensed-cyclic
compound may be represented by any one of Formulae 3-1 to
3-20 below, but is not limited thereto.

Formula 3-1
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-continued
Formula 3-2

(R23:'ag

~ Ralar

Formula 3-3
Ra2)ar
Formula 3-4
Raz)gr
Formula 3-5
/(Rz3)ah

(R?. 1 )ac
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-continued

Formula 3-6

Raz)an
\

Formula 3-7

(Raz)an_

(RZI)HC
\ (RZZ)ae
% 5
(Roa)ai
R R
Formula 3-8
(R23)ag
Ra4)gj
\/ (R22)ae
Ry R

Formula 3-9

(R24)llj -
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-continued
Formula 3-10

(R23)ag

/
(Ra)aj

Formula 3-11

Formula 3-12

\(RZZ)af

Formula 3-13

(Ra2)ar
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-continued

(RZZ)af/

Raz)an
\
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-continued

Formula 3-17

(Ra3)an
—

Formula 3-14

Formula 3-18

Raa)g

Formula 3-15

Formula 3-19

Rag)gy—

Formula 3-16

Formula 3-20

(Raoa)aj

[0100] InFormulae3-1to3-20,R,,R,, R, t0R,,, Y, and
ac to aj are as described above.

[0101] For example, in Formulae 3-1 to 3-20, Y, may be
N-(L ) o-(R;1),5; and R, to R, may be hydrogen, but For-
mulae 3-1 to 3-20 are not limited thereto.
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[0102] Alternatively, for example, in Formulae 3-1 to 3-20,
Y, may be S or O; R, to R, may be hydrogen; al and aj may
be 1; and R,, may be -(L,),,-R,,),,, but Formulae 3-1 to
3-20 are not limited thereto. L,, ao, R,,, and ap are as
described above.

[0103] According to an embodiment, the condensed-cyclic
compound may be represented by any one of Formulae 4-1 to
4-20 below, but is not limited thereto.

Formula 4-1

Formula 4-2

Formula 4-3

Raa)ai
Ry

SRoae
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Formula 4-4
(R23)ag
(RZI)HC
Rog)ai
(RZZ)ae
Formula 4-5
Y Ra3)an
(R?.l)ac
Ry»)
(Ra4)ai Y~ (Razlae
Y
Formula 4-6
Ra3)an
\
(Rll)uc
Ratai ) e (Ro2)ae
R N
Formula 4-7

(R23)ah\

(RZI)ac

N
(Bog)o (R22)ee
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-continued -continued
Formula 4-8 Formula 4-12
Ra2)ar
(Ra3)ag Ra3)ag
Raa)gs
\
R
\/( 2l (Rodlat
1 R
Formula 4-13
Formula 4-9 (Ra3)
Jag

/(Rzz)a/

Rag)gi—

A\ (RZZ)ae
oY

Formula 4-14

Formula 4-10

\(RZZ)af

/ (RZZ)M

Formula 4-15

Formula 4-11
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Raz)an

-continued

Formula 4-16

Razdan
.

Roadai

Raa)gs
\

Rag)g—

Formula 4-17

(RZZ)ae

Formula 4-18

(RZZ)ae

Formula 4-19

(R22)ae
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Formula 4-20

(Raz)ag

(RZZ)ae

/
Raa)g

[0104] InFormulae4-1to4-20,R;,R,, R, toR,,,Y,,and
ac to aj are as described above.

[0105] For example, in Formulae 3-1 to 3-20 and 4-1 to
4-20, R, and R, may each independently be a substituted or
unsubstituted C,-C,, alkyl group, a substituted or unsubsti-
tuted C,-C,, alkoxy group, or a substituted or unsubstituted
C4-C ., aryl group.

[0106] R, to R,, may each independently be:

[0107] ahydrogen, adeuterium, ahalogen 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 methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl
group, a heptyl group, an octyl group, a methoxy group, an
ethoxy group, a propoxy group, a butoxy group, or a pentoxy
group; or

[0108] a methyl group, an ethyl group, a propyl group, a
butyl group, a pentyl group, a hexyl group, a heptyl group, an
octyl group, a methoxy group, an ethoxy group, a propoxy
group, a butoxy group, or a pentoxy group 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 phenyl group, a naphthyl
group, or an anthracenyl group; or

[0109] a phenyl group, a naphthyl group, an anthracenyl
group, a pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, or a triazinyl group; or

[0110] a phenyl group, a naphthyl group, an anthracenyl
group, a pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, or a triazinyl 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 phosphoric acid group
orasaltthereof, a C,-C,, alkyl group, aC, -C,, alkoxy group,
a phenyl group, a naphthyl group, or an anthracenyl group; or
DI (o) Ry

[0112] Y, maybe O, S, or N-(L,),,-(R; ).

[0113] acto ajmaybe | or2.

[0114] L, may be a substituted or unsubstituted phenylene
group, a substituted or unsubstituted naphthylene group, or a
substituted or unsubstituted anthracenylene group.

[0115] aamaybe0, 1, or 2.
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[0116] R,, may be:

[0117] a pyrrolyl group, a pyrazolyl group, an imidazolyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, an indolyl group, a purinyl group, a benzoimidazolyl
group, a quinolinyl group, or an isoquinolinyl group; or
[0118] a pyrrolyl group, a pyrazolyl group, an imidazolyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, an indolyl group, a purinyl group, a benzoimidazolyl
group, a quinolinyl group, or an isoquinolinyl group substi-
tuted 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 car-
boxyl 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 naph-
thyl group, or an anthracenyl group.

[0119] ab may be 1 or 2.

[0120] For example, in Formulae 3-1 to 3-20 and 4-1 to
4-20, R, and R, may each independently be:

[0121] a methyl group, an ethyl group, a propyl group, a
butyl group, a pentyl group, a hexyl group, a heptyl group, an
octyl group, a methoxy group, an ethoxy group, a propoxy
group, a butoxy group, or a pentoxy group; or

[0122] a methyl group, an ethyl group, a propyl group, a
butyl group, a pentyl group, a hexyl group, a heptyl group, an
octyl group, a methoxy group, an ethoxy group, a propoxy
group, a butoxy group, or a pentoxy 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 phenyl group, a naphthyl
group, or an anthracenyl group; or

[0123] a phenyl group, a naphthyl group, or an anthracenyl
group; or
[0124] a phenyl group, a naphthyl group, or an anthracenyl

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 phosphoric acid group or a salt thereof, a
C,-C,p alkyl group, a C, -C,, alkoxy group, a phenyl group, a
naphthyl group, or an anthracenyl group.

[0125] R,, to R,, may each be hydrogen.

[0126] Y, maybeO,S,orN-(L,),.-R; )

[0127] acto ajmay be | or 2.

[0128] For example, L., may be a substituted or unsubsti-

tuted phenylene group, a substituted or unsubstituted naph-
thylene group, or a substituted or unsubstituted anthrace-
nylene group. aamay be 0, 1, or 2. R, may be represented by
Formula 9. ab may be 1 or 2.

[0129] For example, the condensed-cyclic compound may
be represented by any one of Formulae 3-1,3-6,3-9,3-11, and
3-14.Y, may be N-(L,),-(R,,),,- L, may be a substituted or
unsubstituted phenylene group, a substituted or unsubstituted
naphthylene group, a substituted or unsubstituted fluore-
nylene group, a substituted or unsubstituted Spiro-fluore-
nylene group, a substituted or unsubstituted anthracenylene
group, a substituted or unsubstituted fluoranthenylene group,
a substituted or unsubstituted triphenylenylene group, or a
substituted or unsubstituted pyrenylene. aa may be 0, 1, or 2.
R, may be represented by Formula 9. ab may be 1 or 2. R,
and R, may each independently be a methyl group, an ethyl
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group, apropyl group, a butyl group, a pentyl group, a phenyl
group, a naphthyl group, or an anthracenyl group. However,
the condensed-cyclic compound is not limited thereto.

[0130] In some embodiments, the condensed-cyclic com-
pound may be represented by any one of Formulae 3-1, 3-6,
3-9, 3-11, and 3-14.Y, may be O or S. R,, may be (L,),,-
(R}2),p+ L, may be a substituted or unsubstituted phenylene
group, a substituted or unsubstituted naphthylene group, a
substituted or unsubstituted fluorenylene group, a substituted
or unsubstituted spiro-fluorenylene group, a substituted or
unsubstituted anthracenylene group, a substituted or unsub-
stituted fluoranthenylene group, a substituted or unsubsti-
tuted triphenylenylene group, or a substituted or unsubsti-
tuted pyrenylene. ao may be0, 1, or 2. R, may be represented
by Formula 9. ap may be 1 or 2. R, and R, may each inde-
pendently be a methyl group, an ethyl group, a propyl group,
a butyl group, a pentyl group, a phenyl group, a naphthyl
group, or an anthracenyl group. However, the condensed-
cyclic compound is not limited thereto.

[0131] According to an embodiment, the condensed-cyclic
compound may be any one of Compounds 1 to 13 below, but
is not limited thereto.
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[0132] SinceY, of Formula 2 (which may be the ring A, of
1 the condensed-cyclic compound represented by Formula 1)
may be O, S,or N-(L,).-(R ), the condensed-cyclic com-
pound of Formula 1 may improve hole mobility and electron
mobility in a balanced way. Thus, the condensed-cyclic com-
pound may be used as an efficient light-emitting material, and
particularly as a phosphorescent host material of an organic

N 0 . L ,
light-emitting diode.
N,
A
N Formula 1

12

Formula 2

[0133] In addition, in the condensed-cyclic compound of
Formula 1, R, and R, are not linked to each other. Since the
condensed-cyclic compound of Formula 1 is easily synthe-
sized, has a molecular weight suitable for deposition, and has
thermal resistance, an organic light-emitting diode including
the condensed-cyclic compound of Formula 1 may have a
long lifespan.

[0134] Thus, an organic light-emitting diode including the
condensed-cyclic compound may have low driving voltage,
high efficiency, high brightness, and a long lifespan.
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[0135] The condensed-cyclic compound represented by
Formula 1 may be synthesized using known organic synthesis
methods. Methods for synthesizing the condensed-cyclic
compounds will be understood by those of ordinary skill in
the art by reference to the examples described later.

[0136] The condensed-cyclic compound of Formula 1 may
be placed between a pair of electrodes of an organic light-
emitting diode. For example, the condensed-cyclic com-
pound may be used in an emission layer (EML).

[0137] Therefore, according to embodiments of the present
invention, an organic light-emitting diode includes a first
electrode, a second electrode facing the first electrode, and an
organic layer between the first electrode and the second elec-
trode and including an emission layer. The organic layer
includes atleast one condensed-cyclic compound represented
by Formula 1 as described above.

[0138] The organic layer may include 1) at least one layer
selected from a hole injection layer (HIL), a hole transport
layer (HTL), a functional layer having both hole injecting and
hole transporting capabilities (H-functional layer), a buffer
layer, and an electron blocking layer (EBL) between the first
electrode and the EML, and ii) at least one layer selected from
a hole blocking layer (HBL), an electron transport layer
(ETL), and an electron injection layer (EIL) between the
EML and the second electrode.

[0139] The EML may include the condensed-cyclic com-
pound represented by Formula 1. Here, the condensed-cyclic
compound contained in the EML may be used as a host, and
the EML may further include a dopant. The dopant may
include an organometallic compound including Ir, Pt, Os, Ti,
Zr, Hf, Eu, Tb, or Tm, but is not limited thereto.

[0140] As used herein, the phrase “(the organic layer)
includes at least one condensed-cyclic compound” may be
interpreted as “(the organic layer) includes a single con-
densed-cyclic compound represented by Formula 1, or at
least two different condensed-cyclic compounds represented
by Formula 1”.

[0141] For example, the organic layer may include Com-
pound 1 alone as the condensed-cyclic compound. In such an
example, Compound 1 may be present in the EML of the
organic light-emitting diode. Alternatively, the organic layer
may include Compound 1 and Compound 2, as the con-
densed-cyclic compounds. In such an example, Compound 1
and Compound 2 may be present in the same layer (for
example, Compound 1 and Compound 2 may both be present
in the EML), or in different layers (for example, Compound 1
may be present in the EML and Compound 2 may be present
in the ETL).

[0142] The organic layer may include at least one of a hole
injection layer (HIL), a hole transport layer (HTL), a func-
tional layer having both hole injecting and hole transporting
capabilities (“H-functional layer”), a buffer layer, an electron
blocking layer (EBL), an emission layer (EML), a hole block-
ing layer (HBL), an electron transport layer (ETL), an elec-
tron injection layer (EIL), and/or a functional layer having
both electron injecting and electron transporting capabilities
(“E-functional layer”).
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[0143] The term “organic layer,” as used herein, refers to a
single layer and/or multiple layers interposed between the
first and second electrodes of the organic light-emitting
diode.

[0144] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting diode 10 according to an embodiment
of the present invention. Hereinafter, the organic light-emit-
ting diode 10 and a method of fabricating the organic light-
emitting diode 10 will be described with reference to FIG. 1.
[0145] A substrate 11, which may be any substrate com-
monly used in organic light-emitting diodes, may be a glass
substrate or a transparent plastic substrate with mechanical
strength, thermal stability, transparency, surface smoothness,
ease of handling, and water resistance.

[0146] A first electrode 13 may be formed on the substrate
11 by depositing or sputtering a first electrode material. When
the first electrode 13 is an anode, the first electrode material
may be a high work function material to facilitate hole injec-
tion. The first electrode 13 may be a reflective electrode or a
transmissive electrode. Transparent and conductive materials
such as indium tin oxide (ITO), indium zine oxide (IZ0), tin
oxide (Sn0O,), and zinc oxide (ZnO) may be used to form the
first electrode 13. The first electrode 13 may be formed as a
reflective electrode using magnesium (Mg), aluminum (Al),
aluminum-lithium (Al—Li), calcium (Ca), magnesium-in-
dium (Mg—In), magnesium-silver (Mg—Ag), or the like.
[0147] The first electrode 13 may have a single-layer or
multi-layered structure. For example, the first electrode 13
may have a triple-layered structure of ITO/Ag/ITO, but is not
limited thereto.

[0148] The organic emission layer 15 is formed on the first
electrode 13.
[0149] The organic layer 15 may include an HIL, an HTL,

a buffer layer, an EML, an ETL, and an EIL.

[0150] The HIL may be formed on the first electrode 13 by
vacuum deposition, spin coating, casting, Langmuir-Blodgett
(LB) deposition, or the like. When the HIL is formed using
vacuum deposition, the deposition conditions may vary
according to the compound used to form the HIL and the
desired structural and thermal characteristics of the HIL to be
formed. For example, the deposition conditions may include
a deposition temperature of about 100 to about 500° C., a
vacuum pressure of about 10~ to about 1073 torr, and a depo-
sition rate of about 0.01 to about 100 A/sec, but the deposition
conditions are not limited thereto.

[0151] When the HIL is formed using spin coating, the
coating conditions may vary according to the compound used
to form the HIL, and the desired structural and thermal char-
acteristics of the HIL to be formed. For example, the coating
conditions may include a coating speed of about 2000 rpm to
about 5000 rpm, and a thermal treatment temperature of about
80° C. to about 200° C., where the thermal treatment is
performed to remove solvent after coating. However, the
coating conditions are not limited thereto.

[0152] Any hole injecting materials may be used to form
the HIL. Non-limiting examples of suitable hole injecting
materials include N, N'-diphenyl-N,N'-bis-[4-(phenyl-m-
tolyl-amino)-phenyl]-biphenyl-4,4'-diamine (DNTPD),
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phthalocyanine compounds such as copperphthalocyanine,
44" 4"-tris(3-methylphenylphenylamino)triphenylamine
(m-MTDATA),  N,N'-di(1-naphthyl)-N,N'-diphenylbenzi-
dine (NPB), TDATA, 2T-NATA, polyaniline/dodecylbenze-
nesulfonic acid (Pani/DBSA), poly(3,4-ethylenediox-
ythiophene)/poly(4-styrenesulfonate) (PEDOT/PSS),
polyaniline/camphor sulfonic acid (Pani/CSA), and (polya-
niline)/poly(4-styrenesulfonate) (PANI/PSS).
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[0153] The thickness of the HIL. may be about 100 to about
10,000 A, and for example, about 100to about 1,000 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.

[0154] Then, the HTL may be formed on the HIL by
vacuum deposition, spin coating, casting, LB deposition, or
the like. When the HTL is formed by vacuum deposition or
spin coating, the conditions for deposition or coating may be
similar to those described above for the formation of the HIL,
although the conditions for the deposition or coating may
vary according to the material used to form the HTL.

[0155] Non-limiting examples of suitable hole transporting
materials for the HTL include carbazole derivatives such as
N-phenylcarbazole and polyvinyl carbazole, N,N'-bis(3-me-
thylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine
(TPD), 4,4 4"-tris(N-carbazolyltriphenylamine (TCTA),
and N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine (NPB).

8N

[0156] The thickness of the HTL may be about 50 to about
2,000 A, for example, about 100 to about 1,500 A. When the
thickness of the HTL is within these ranges, the HTL may
have good hole transporting ability without a substantial
increase in driving voltage.

[0157] The H-functional layer may include at least one of
the hole injecting materials and hole transporting materials
described above, and the thickness of the H-functional layer
may be about 100 A to about 10,000 A, for example, about
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100 A to about 1,000 A. When the thickness of the H-func-
tional layer is within these ranges, the H-functional layer may
have good hole injecting and transporting abilities without a
substantial increase in driving voltage.

[0158] At least one of the HIL, HTL, and the H-functional
layer may include at least one compound represented by one
of Formulae 300 and 350 below.

Formula 300

Re
Re2
Res
Res
R¢s
Res
Formula 350
Ry Ry
/ \

N N
/ \
Any) Arp

[0159] In Formula 300, Ar,, and Ar,, may each indepen-
dently be asubstituted or unsubstituted C4-C, arylene group.
For example, Ar, | and Ar, , may each independently be:
[0160] a phenylene group, a pentalenylene group, a inde-
nylene group, a naphthylene group, a azulenylene group, a
heptalenylene group, a acenaphthylene group, a fluorenylene
group, a phenalenylene group, a phenanthrenylene group, a
anthracenylene group, a fluoranthenylene group, a triph-
enylenylene group, a pyrenylene group, a chrysenylene
group, a naphthacenylene group, a picenylene group, a
perylenylene group, or a pentacenylene group; or

[0161] a phenylene group, a pentalenylene group, a inde-
nylene group, a naphthylene group, a azulenylene group, a
heptalenylene group, a acenaphthylene group, a fluorenylene
group, a phenalenylene group, a phenanthrenylene group, a
anthracenylene group, a fluoranthenylene group, a triph-
enylenylene group, a pyrenylene group, a chrysenylene
group, a naphthacenylene group, a picenylene group, a
perylenylene group, or a pentacenylene group substituted
with at least one of a deuterium, 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,-Cq, alkyl group, a
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C,-Cg, alkenyl group, a C,-Cy, alkynyl group, a C,-Cq,
alkoxy group, a C;-C |, cycloalkyl group, a C5-C, , heterocy-
cloalkyl group, a C;-C,, heterocycloalkenyl group, a C;-C
cycloalkenyl group, a C4-Cq, aryl group, a C-Cy, aryloxy
group, a C¢-Cy, arylthio group, or a C,-Cg, heteroaryl group.

[0162] In Formula 300, e and f may each independently be
an integer of 0 to 5, for example 0, 1, or 2. For example, ¢ may
be 1, and f may be 0, but Formula 300 is not limited thereto.

[0163] InFormulae300and350,R5, to Ry Re, toR, and
R,, to R,, may each independently be a hydrogen, a deute-
rium, 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, -Cy, alkoxy group, a substituted or unsubsti-
tuted C5-Cg, cycloalkyl group, a substituted or unsubstituted
C¢Cy, aryl group, a substituted or unsubstituted C4-Cy, ary-
loxy group, or a substituted or unsubstituted C-C, arylthio
group.

[0164] Forexample, Rs; to Rsq, Rg, 10 Rgo, and R, o R,
may each independently be:

[0165] ahydrogen, adeuterium, ahalogen 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 (e.g.,
amethyl group, an ethyl group, a propyl group, a butyl group,
a pentyl group, or a hexyl group), or a C,-C, , alkoxy group
(e.g., a methoxy group, an ethoxy group, a propoxy group, a
butoxy group, or a pentoxy group); or

[0166] aC,-C,,alkyl groupora C,-C,, alkoxy group sub-
stituted 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 car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, or a phosphoric acid group or a salt thereof; or

[0167] a phenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, or a pyrenyl group; or

[0168] a phenyl group, a naphthyl group, an anthracenyl
group, a fluorenyl group, or a pyrenyl 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, or a
C,-C,, alkoxy group. However, R, to Ry, Ry, 0 Ry, and
R,, to R,, are not limited thereto.

[0169] In Formulae 300 and 350, R, Ar,,, and Ar,, may
each independently be a phenyl group, a naphthyl group, an
anthracenyl group, a biphenyl group, or a pyridyl group; or a
phenyl group, a naphthyl group, an anthracenyl group, a
bipheny! group, or a pyridyl 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 phosphoric
acid group or a salt thereof, a substituted or unsubstituted
C,-C,, alkyl group, or a substituted or unsubstituted C,-C,,
alkoxy group.
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[0170] According to an embodiment of the present inven- _continued
tion, the compound of Formula 300 may be represented by 303
Formula 300A below, but is not limited thereto.

Formula 300A

Rs;

e
A
9
()

[0171] In Formula 300A, Rs,, Rg;, Re, and Ry are as
described above with respect to Formula 300.

>

w
S
=

Rg
Re;

>

oy 2%@

[0172] For example, at least one of the HIL, the HTL, and
the H-functional layer may include at least one of Com-
pounds 301 to 320 below, but the HIL, HTL and H-functional
layers are not limited thereto.

[o9)
o
b

301

>

@Z%@
Ay 50 Q&0 0 &0 o Fo
>
g
fepaas

(%)
o
1SN

(8]
o
o

3

5030

>

©7::© @:@



8, &
) O N
Q
QN QNQ
) 5 2 O
O _ﬂ 2
QNPNM 2heVe N
CE TR

X | J
oFy eET 0y






US 2014/0291628 Al

-0

N

-continued

316

.y Rot

O

9

(J

-

O

Z

A

317

12

318

| Ooo

22

Oct. 2,2014

-continued
319

320

[0173] Inorder to improve conductivity of the layer, at least
one of the HIL, the HTL, and the H-functional layer may
further include a charge-generating material in addition to the
hole injecting material, hole transporting material, and/or
material having both hole injecting and hole transporting
capabilities.

[0174] The charge-generating material may be a p-dopant.
The p-dopant may be a quinone derivative, a metal oxide, or
a cyano group-containing compound, but is not limited
thereto. Non-limiting examples of the p-dopant include
quinone derivatives such as tetracyanoquinonedimethane
(TCNQ) and 2,3,5,6-tetrafluoro-tetracyano-1,4-benzoquino-
nedimethane (F4TCNQ); metal oxides such as tungsten
oxides and molybdenum oxides; and cyano group-containing
compounds such as Compound 200 below, but the p-dopant is
not limited thereto.
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Compound 200
CN
NC
NN
N N CN
x
/
N N CN
N
NC Z
CN
E F
NC CN
NC CN
F F
F4-TCNQ
[0175] Ifthe HIL, the HTL, or the H-functional layer fur-

ther includes the charge-generating material, the charge-gen-
erating material may be homogeneously or non-homoge-
neously dispersed in the HIL, the HTL, or the H-functional
layer, or a variety of modifications may be possible.

— —2
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[0176] A buffer layer may be disposed between the EML
and at least one of the HIL, the HTL, and the H-functional
layer. The buffer layer may increase efficiency by compen-
sating for an optical resonance distance according to a wave-
length of light emitted from the EML. The buffer layer may
include a hole injecting material or a hole transporting mate-
rial. The buffer layer may also include the same material as
that contained in the HIL, the HTL, and the H-functional layer
disposed under the buffer layer.

[0177] The EML may be formed on the HTL, the H-func-
tional layer, or the buffer layer by vacuum deposition, spin
coating, casting, LB deposition, or the like. When the EML is
formed by vacuum deposition or spin coating, the deposition
or coating conditions may be similar to those described above
to form the HIL, although the deposition or coating condi-
tions may vary according to the compound used to form the
EML.

[0178] The EML may include a host and a dopant. As the
host, the condensed-cyclic compound represented by For-
mula 1 as described above may be used.

[0179] If the organic light-emitting diode is a full-color
organic light-emitting diode, the EML may be patterned into
ared EML, a green EML, and a blue EML. Alternatively, the
EML may have a structure in which a red EML, a green EML,
and/or a blue EML are deposited, and may emit white light.
[0180] At least one of the red, green, and blue EMLs may
include the following dopants (ppy=phenylpyridine).

[0181] For example, non-limiting examples of a blue
dopant include the following compounds.

Folrpic
(F2ppy)2Ix(tmd)
F
J |
E N u . u 7
N2 [N | N | \
| X PN PN
N\ 7N ™, Y
| /N -------- I{‘ \Ir F / ' F / '
N E N e AN A
‘\‘N—N F | I\! p I\! A
<5 0 |
7 F F
F

In(dfppz);
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[0182] Forexample, non-limiting examples of a red dopant _continued
include the following compounds. Alternatively, DCM or —

DCIJTB (which will be described later) may be used as a red
dopant. o
\h/ \
A o—
x
— —2
Ir(pq)a(acac)

A

PIOEP S

N\
\

AN x
O 2N

Ir(2-phg)3

S N
Vi \\h/o \
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Ir(BT},(acac)
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2
Ir(flg),(acac)
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-continued -continued
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Ir(mppy)s

Me

N—DMe

Me
DCM

t-Bu
[0184] The dopant used in the EML may be a Pd or Pt
complex, non-limiting examples of which include the follow-
ing compounds D1 through D50.

DCITB D1

[0183] For example, non-limiting examples of a green
dopant include the following compounds. Alternatively,
C545T below may be used as a green dopant.

D2
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D23
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D36 D41

D37
D42
D38 D43
D39
D44
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Pt N
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-continued
D46 CF;
Bu’
N, N
e S
\/
/N
N 7 /N Z |
>—N §
Bu'
D47
D48
D49
D50
Os(fptz)>(PPhoMe),
C;F-
>=N /
J \N Ph,Me |
N PN
N
= N/ Il’ \N A
PhoMe |
V4 N=
CyF5
[0185] In addition, the dopant used in the EML may be an Os{hptz),(PPhMe),

Os-complex, non-limiting examples of which include the
following compounds.
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[0186] Ifthe EML includes a host and a dopant, the amount
of the dopant may be about 0.01 to about 15 parts by weight
based on 100 parts by weight of the host, but the EML is not
limited thereto.

[0187] The thickness of the EML may be about 100 A to
about 1000 A, for example, 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 substan-
tial increase in driving voltage.

[0188] Then, the 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 or coating conditions may be similar to those
described above for formation of the HIL, although the depo-
sition or coating conditions may vary according to the com-
pound used to form the ETL. The material used to form the
ETL may be any material capable of stably transporting elec-
trons injected from the electron injecting electrode (cathode)
and any suitable material may be used. Non-limiting
examples of suitable electron transporting materials include
quinoline derivatives, such as tris-(8-hydroxyquinoline) alu-
minum (Alg,), TAZ, Balg, beryllium bis(benzoquinolin-10-
olate) (Balq,), ADN, Compound 201, and Compound 202.

| j

TAZ

BAlg
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Compound 201

=

\

/

Compound 202

BCP

[0189] The thickness of the ETL may be about 100 A to
about 1,000 A, for example, about 150 A to about 500 A.
When the thickness of the ETL is within these ranges, the
BTL may have good electron transporting ability without a
substantial increase in driving voltage.

[0190] Alternatively, the ETL may further include a metal-
containing material in addition to electron transporting
organic compounds. The metal-containing material may
include a Li complex. Non-limiting examples of the Li com-
plex include lithium quinolate (LiC)) or Compound 203
below.
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Compound 203

[0191] In addition, the FIL may be formed on the ETL
using any material that allows electrons to be easily injected
from the cathode. Non-limiting examples of electron inject-
ing materials include LiF, NaCl, CsF, Li,0, and BaO. The
conditions for deposition of the EIL may be similar to those
described above for formation of the HIL, although the depo-
sition conditions may vary according to the material used to
form the EIL.

[0192] The thickness of the EIL may be about 1 to about
100 A, for example, about 3 to about 90 A. When the thick-
ness of the EIL is within these ranges, the EIL may have good
electron injecting ability without a substantial increase in
driving voltage.

[0193] A second electrode 17 is disposed on the organic
layer 15. The second electrode 17 may be a cathode, which is
an electron injecting electrode. The material used to form the
second electrode 17 may be a metal, an alloy, or an electri-
cally conductive compound, all of which have low work
functions, or a mixture thereof. For example, the second
electrode 17 may be a transmissive electrode formed of
lithium (Li), magnesium (Mg), aluminum (Al), an Al:Li
alloy, calcium (Ca), a Mg:In alloy, or a Mg: Ag thin film. In
order to manufacture a top-emission type organic light-emit-
ting device, a transmissive electrode formed of ITO or 170
may be used, and various modifications may be applied
thereto.

[0194] Theorganic light-emitting diode has been described
with reference to FIG. 1, but the present invention is not
limited thereto.

[0195] In addition, when a phosphorescent dopant is used
to form the EML, in order to prevent diffusion of triplet
excitons or holes into the ETL, an HBL may be formed
between the HTL and the EML or between the H-functional
layer and the EML by vacuum deposition, spin coating, cast-
ing, LB deposition, or the like. When the HBL is formed using
vacuum deposition or spin coating, the conditions for depo-
sition or coating may be similar to those described above for
the formation of the HIL, although the conditions for depo-
sition or coating may vary according to the material used to
form the HBL. Any hole blocking material that is commonly
used in the art may be used. Non-limiting examples of suit-
able hole blocking materials include oxadiazole derivatives,

33

Oct. 2,2014

triazole derivatives, and phenanthroline derivatives. For
example, BCP may be used as the hole blocking material.

BCP

[0196] The thickness of the HBL may be about 20 to about
1,000 A, for example, about 30 to about 300 A, When the
thickness of the HBL is within these ranges, the HBL may
have good hole blocking ability without a substantial increase
in driving voltage.

[0197] Hereinafter, one or more embodiments will be
described with reference to the following examples. These
examples are presented for illustrative purposes only, and are
not intended to limit the purpose or scope of the one or more
embodiments of the present invention.

[0198] Non-limiting examples of the unsubstituted C,-Cy,
alkyl group (or the C,-Cg, alkyl group) include linear or
branched C,-C, alkyl groups, such as methyl, ethyl, propyl,
isobutyl, sec-butyl, pentyl, iso-amyl, and hexyl. The substi-
tuted C,-Cg, alkyl group refers to the substitution of at least
one hydrogen atom of the alkyl group with:

[0199] 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,-Cg, alkenyl group, a C,-Cy, alkynyl group, or a C,-Cq,
alkoxy group; or

[0200] a C,-C,, alkyl group, a C,-C,, alkenyl group, a
C,-Cg, alkynyl group, or a C,-C, alkoxy 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 car-
boxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, or phosphoric acid group or a salt thereof; or
[0201] a C;-C,, cycloalkyl group, a C;-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C;-C, , het-
erocycloalkenyl group, a C4-Cy, aryl group, a C4-Cgp aryloxy
group, aC-Cg, arylthio group, or a C,-C,, heteroaryl group;
or

[0202] a C;-C,, cycloalkyl group, a C;-C,, heterocy-
cloalkyl group, a C;-C,,, cycloalkenyl group, a C;-C, , het-
erocycloalkenyl group, a C4-Cy, aryl group, a C4-Cgp aryloxy
group, a C4-C, arylthio group, or a C,-Cy, heteroaryl 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 asalt
thereof, phosphoric acid group or a salt thereof, a C,-C, alkyl
group, a C,-Cg, alkenyl group, a C,-Cq, alkynyl group, a
C,-Cg, alkoxy group, a phenyl group, a naphthyl group, an
anthracenyl group, a fluorenyl group, a dimethylfluorenyl
group, a diphenylfluorenyl group, a carbazolyl group, a phe-
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nylcarbazoly! group, a pyridinyl group, a pyrimidinyl group,
apyrazinyl group, a triazinyl group, a quinolinyl group, or an
isoquinolinyl group; or

[0203]  —N(Q,)(Q,5). and Si(Q,3)(Q14)(Qy5), where Qy;
and Q,, are each independently a C,-Cgy, aryl group or a
C,-Cgp heteroaryl group, and Q5 to Qs are each indepen-
dently a C,-C,, alkyl group, a C,-C,,, alkoxy group, a C,-C,
aryl group, or a C,-C, heteroaryl group.

[0204] The unsubstituted C,-Cq, alkoxy group (or the
C,-C, alkoxy group) may be represented by —OA, where A
is an unsubstituted C,-C, alkyl group. Non-limiting
examples of the C,-C,, alkoxy group include methoxy,
ethoxy, and isopropyloxy. The substituted C,-Cg, alkoxy
group refers to the substitution of at least one hydrogen atom
of the alkoxy group with the substituents described above
with respect to the substituted C,-C, alkyl group.

[0205] The unsubstituted C,-Cq,, alkeny! group (or C,-Cy,
alkenyl group) refers to a hydrocarbon chain having at least
one carbon-carbon double bond within or at a terminal end of
the unsubstituted C,-C, alkyl group. Non-limiting examples
of the C,-Cg, alkenyl group include ethenyl, propenyl, and
butenyl. The substituted C,-C, alkenyl group refers to the
substitution of at least one hydrogen atom of the alkenyl
group with the substituents described above with respect to
the substituted C,-C, alkyl group.

[0206] The unsubstituted C,-Cq, alkynyl group (or the
C,-Cgp alkynyl group) refers to a hydrocarbon chain having at
least one carbon-carbon triple bond within or at a terminal end
of the unsubstituted C,-Cg4, alkyl group. Non-limiting
examples of the C,-C, alkenyl group include ethynyl and
propynyl. The substituted C,-Cy, alkynyl group refers to the
substitution of at least one hydrogen atom of the alkynyl
group with the substituents described above with respect to
the substituted C,-C,, alkyl group.

[0207] The unsubstituted C4-Cg, aryl group refers to a
monovalent group having a C,-Cq, carbocyclic aromatic sys-
tem including at least one aromatic ring. The unsubstituted
Cs-Ceo arylene group refers to a divalent group having a
C4-Cyg, carbocyclic aromatic system including at least one
aromatic ring. Ifthe aryl group and arylene group include two
or more rings, the rings may be fused to each other. The
substituted C,-Cy, aryl group and substituted C4-Cg, arylene
group refer to the substitution of at least one hydrogen atom of
the aryl group and arylene group, respectively, with the sub-
stituents described above with respect to the substituted
C,-Cy, alkyl group.

[0208] Non-limiting examples of the substituted or unsub-
stituted C-Cg aryl group include a phenyl group, a C,-C,,
alkylphenyl group (e.g., ethylphenyl group), a C,-C, , alkyl-
biphenyl group (e.g., ethylbiphenyl group), a halophenyl
group (e.g., 0-, m-, or p-fluorophenyl group or dichlorophenyl
group), a dicyanophenyl group, a trifluoromethoxyphenyl
group, an o-, m-, or p-tolyl group, an o-, m-, or p-cumenyl
group, a mesityl group, a phenoxyphenyl group, an (o.a-
dimethylbenzene)phenyl group, an (N,N'-dimethyl)ami-
nophenyl group, an (N,N'-diphenyl)aminophenyl group, a
pentalenyl group, an indenyl group, a naphthyl group, a
halonaphthyl group (e.g., fluoronaphthyl group), a C,-C,,
alkylnaphthyl group (e.g., methylnaphthyl group), a C,-C,,
alkoxynaphthyl group (e.g., methoxynaphthyl group), an
anthracenyl group, an azuleny! group, a heptalenyl group, an
acenaphthylenyl group, a phenalenyl group, a fluorenyl
group, an anthraquinolinyl group, a methylanthracenyl
group, a phenanthrenyl group, a triphenylenyl group, a pyre-
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nyl group, a chrysenyl group, an ethyl-chrysenyl group, a
picenyl group, a perylenyl group, a chloroperylenyl group, a
pentaphenyl group, a pentacenyl group, a tetraphenylenyl
group, a hexaphenyl group, a hexacenyl group, a rubicenyl
group, a coronenyl group, a trinaphthylenyl group, a hep-
tapheny] group, a heptacenyl group, a pyranthrenyl group,
and an ovalenyl group. Non-limiting examples of the substi-
tuted or unsubstituted C,-Cgy, arylene group may be easily
derived from the examples of the substituted or unsubstituted

C¢-Cyo aryl group.

[0209] The unsubstituted C,-C,, heteroaryl group is a
monovalent group having at least one aromatic ring having at
least one heteroatom selected from N, O, P, and S. The unsub-
stituted C,-Cg, heteroarylene group is a divalent group hav-
ing at least one aromatic ring having at least one of heteroa-
tom selected from N, O, P, and S. When the heteroaryl group
or the heteroarylene group has at least two rings, the rings
may be fused to each other. The substituted C,-C 4, heteroaryl
group and substituted C,-Cg, heteroarylene group refers to
the substitution of at least one hydrogen atom of the het-
eroaryl and heteroarylene groups, respectively, with the sub-
stituents described above with respect to the substituted
C,-Cg, alkyl group.

[0210] Non-limiting examples of the unsubstituted C,-C,
heteroaryl group include a pyrazolyl group, an imidazolyl
group, an oxazolyl 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 imidazopy-
ridinyl group, and an imidazopyrimidinyl group. Non-limit-
ing examples of the unsubstituted C,-Cg, heteroarylene
group may be easily derived from the examples of the unsub-
stituted C,-Cg, heteroaryl group.

[0211] The substituted or unsubstituted C4-Cy, aryloxy
group is —OA,, where A, is a substituted or unsubstituted
C4-Cyg, aryl group. The substituted or unsubstituted C,-C,
arylthio group is —SA,, where A, is a substituted or unsub-
stituted C,-C, aryl group.

EXAMPLES
Synthesis Example 1

Synthesis of Compound 1

[0212] Compound 1 was synthesized via Reaction Scheme
1 below.
Reaction Scheme 1
—_—
N
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Intermediate 1-1

Intermediate 1-6

Intermediate 1-2

O Compound 1

Synthesis of Intermediate 1-1

N — [0213] 20 g (119.61 mmol) of carbazole, 67.68 g (239.22
mmol) of 2-bromoidobenzene, 11.40 g (59.81 mmol) of cop-
per iodide, and 33.06 g (239.22 mmol) of potassium carbon-

B ate weredissolved inxylene in a nitrogen atmosphere, and the

mixture was refluxed while stirring. After 12 hours, the mix-
Intermediate 1-3 ture was cooled to room temperature, distilled water was
added thereto, and the mixture was subjected to extraction

using methyl chloride (MC), dried using magnesium sulfate,

and distilled under reduced pressure. The resultant was sepa-

ration-purified using column chromatography to obtain 32.64
2 (101.67 mmol, 85% yield) of Intermediate 1-1.

Synthesis of Intermediate 1-2

. [0214] 20 g (62.30 mmol) of Intermediate 1-1 was dis-
N solved in 100 ml of THF, and 24.91 ml (62.30 mmol, 2.5 M in
hexane) of n-bulLi was slowly added thereto at -78° C. After
stirring for 2 hours, 4.70 ml (80.99 mmol) of acetone was
B(OH), added thereto, and the mixture was slowly heated to room
temperature. Then, a NaHCO, aqueous solution was added
thereto, and the mixture was subjected to extraction using
MC. The resultant was dried using magnesium sulfate, dis-
tilled under reduced pressure, and added to a separate two-
neck flask to be mixed with 100 ml of acetic acid. An HCI
aqueous solution having the same amount as the catalyst (5
mol %, 12 N) was added thereto, and the mixture was refluxed
while stirring. After 12 hours, the mixture was cooled to room
temperature, and distilled water was added thereto. The mix-
ture was subjected to extraction using MC, dried using mag-
nesium sulfate, and distilled under reduced pressure. The
resultant was separation-purified using column chromatogra-
phy to obtain 11.47 g (40.50 mmol, 65% yield) of Interme-
diate 1-2.

iy

Intermediate 1-4

Intermediate 1-5

Synthesis of Intermediate 1-3

[0215] 20 g (70.64 mmol) of Intermediate 1-2 was dis-
solved in 200 ml of dimethylformamide (DMF), and then
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13.83 g (77.70 mmol) of N-bromosuccinimide (NBS) was
added thereto. After the mixture was stirred at room tempera-
ture for 10 hours, the organic solvent was distilled under
reduced pressure, and distilled water was added thereto.
Then, the resultant was subjected to extraction using ethyl
acetate (EA). The resultant was dried using magnesium sul-
fate, distilled under reduced pressure, and separation-purified
using column chromatography to obtain 22.19 g (61.45
mmol, 87% yield) of Intermediate 1-3.

Synthesis of Intermediate 1-4

[0216] 20 g (55.39 mmol) of Intermediate 1-3 was dis-
solved in 200 ml of THF, and 22.15 m1 (55.39 mmol, 2.5 M in
hexane) of n-bulLi was slowly added thereto at -78° C. After
stirring for 1 hour, 8.02 ml (72.01 mmol) of trimethyl borate
was added thereto, and the mixture was heated to room tem-
perature and stirred for 12 hours. Distilled water was added
thereto, and the mixture was subjected to extraction using EA,
dried using magnesium sulfate, and distilled under reduced
pressure. The resultant was separation-purified using column
chromatography to obtain 10.87 g (33.24 mmol, 60% yield)
of Intermediate 1-4.

Synthesis of Intermediate 1-5

[0217] 20 g (61.14 mmol) of Intermediate 1-4, 14.81 ¢
(73.36 mmol) of bromo-2-nitrobenzene, 1.78 g (1.53 mmol)
of tetrakis(triphenylphosphine)palladium(0) (Pd(PPh,),),
49.98 ml (101.89 mmol) of 2M K,CO, aqueous solution, 160
ml of toluene, and 60 ml of ethanol were refluxed while
stirring. After 4 hours, the mixture was cooled to room tem-
perature, and distilled water was added thereto. The mixture
was subjected to extraction using EA, dried using magnesium
sulfate, and distilled under reduced pressure. The resultant
was separation-purified using column chromatography to
obtain 18.78 g (46.46 mmol, 76% yield) of Intermediate 1-5.

Synthesis of Intermediate 1-6

[0218] 10 g (24.74 mmol) of Intermediate 1-5 was mixed
with 100 ml of triethylphosphite, and the mixture was stirred
at 180° C. After 10 hours, the mixture was cooled to room
temperature, and the organic solvent was distilled under
reduced pressure. Distilled water was added thereto, and the
mixture was subjected to extraction using EA, dried using
magnesium sulfate, and distilled under reduced pressure. The
resultant was separation-purified using column chromatogra-
phy to obtain 5.51 g (14.85 mmol, 60% yield) of Intermediate
1-6.

Synthesis of Compound 1

[0219] 10 g (26.92 mmol) of Intermediate 1-6 was dis-
solved in 100 ml of DMF, and the solution was added to a
reactor in which 1.62 g (40.38 mmol, 60% dispersion in
mineral oil) of NaH was dissolved in 100 ml of DMF. After
one hour, 8.65 g (32.31 mmol) of 2-chloro-4,6-dipheny]tri-
azine dissolved in 100 ml of DMF was added thereto. The
mixture was stirred for 12 hours, and then distilled water was
added thereto to obtain a solid. The solid was filtered under
reduced pressure and recrystallized using EA and DMF to
obtain 8.77 g (14.54 mmol, 54% yield) of Compound 1.
[0220] MS: m/z 603.24 [M]*

[0221] 'HNMR (CDCIl,)d8.55(1H),8.32(1H),8.28 (4H),
8.12 (1H), 7.94 (1H), 7.63 (1H), 7.51 (4H), 7.50 (1H), 7.41

Oct. 2,2014

(2H), 7.40 (1H), 7.37 (1H), 7.33 (1H), 7.30 (1H), 7.29 (1H),
7.26 (1H), 7.25 (1H), 1.72 (6H)

Synthesis Example 2

Synthesis of Compound 2

[0222] Compound 2 was prepared with a yield of 52% in
the same manner as in Synthesis Example 1, except that
benzophenone was used instead of acetone in the synthesis of
Intermediate 1-2.

[0223] MS m/z 727.27 [M]*

[0224] HNMR (CDCL,)88.55 (1H), 8.28 (4H),8.25 (1H),
8.12 (1), 7.94 (1H), 7.63 (1H). 7.51 (4H), 7.50 (1H), 7.41
(2H), 739 (1H), 7.33 (6H), 7.29 (1H), 7.26 (2H), 7.25 (1H),
7.23 (1H), 7.22 (1H), 7.11 (4H)

Synthesis Example 3
Synthesis of Compound 3
[0225] Compound 3 was synthesized via Reaction Scheme
2 below.

Reaction Scheme 2

Br
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Intermediate 3-4
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Compound 3

Synthesis of Intermediate 3-1

[0226] 20 g (61.76 mmol) of 1,4-dibromo-2,5-dinitro ben-
zene, 18.83 g (154.40 mmol) of 1-phenylboronic acid, 4.32 g
(3.71 mmol) of Pd(PPh,),, 90.88 ml (185.28 mmol) of 2M
K,CO; aqueous solution, 200 ml of toluene, and 100 ml of
ethanol were mixed and refluxed while stirring. After 10
hours, the mixture was cooled to room temperature, and dis-
tilled water was added thereto. The mixture was subjected to
extraction using EA, dried using magnesium sulfate, and
distilled under reduced pressure. The resultant was separa-
tion-purified using column chromatography to obtain 17.79 g
(55.58 mmol, 90% yield) of Intermediate 3-1.

Synthesis of Intermediate 3-2

[0227] Intermediate 3-2 was prepared in the same manner
as in the synthesis of Intermediate 1-6 of Synthesis Example
1, except that Intermediate 3-1 was used instead of Interme-
diate 1-5.

Synthesis of Intermediate 3-3

[0228] Intermediate 3-3 was prepared in the same manner
as in the synthesis of Compound 1 of Synthesis Example 1,
except that Intermediate 3-2 was used instead of Intermediate
1-6.

Synthesis of Intermediate 3-4

[0229] Intermediate 3-4 was prepared in the same manner
as in the synthesis of Intermediate 1-1 of Synthesis Example
1, except that Intermediate 3-3 was used instead of carbazole.
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Synthesis of Compound 3

[0230] Compound 3 was prepared with a yield of 56% in
the same manner as in the synthesis of Intermediate 1-2 of
Synthesis Example 1, except that Intermediate 1-1 was used
instead of Intermediate 3-4.

[0231] MS: m/z 603.24 [M]*

[0232] 'HNMR (CDCl,)88.55 (1H), 8.28 (4H),8.12 (1H),
7.94 (1H), 7.63 (1H), 7.51 (4H), 7.50 (1H), 7.41 (2H), 7.40
(1H), 7.37 (2H), 7.33 (1H), 7.30 (1H), 7.29 (1H), 7.26 (1H),
7.25 (1H), 1.72 (6H)

Synthesis Example 4

Synthesis of Compound 4

[0233] Compound 4 was prepared with a yield of 60% in
the same manner as Synthesis Example 1, except that 2-(4-
chlorophenyl)-4,6-diphenyl-triazine was used instead of
2-chloro-4,6-diphenyl-triazine in the synthesis of Compound
L.

[0234] MS:m/z 679.27 [M]*

[0235] ‘HNMR(CDCI,)88.55 (1H), 8.32 (1H), 8.28 (4H),
8.12 (1H), 7.94 (1H), 7.79 (2H), 7.68 (2H), 7.63 (1H), 7.51
(4H), 7.50 (1H), 7.41 (2H), 7.40 (1H), 7.37 (1H), 7.33 (1H),
7.30 (1H), 7.29 (1H), 7.26 (1H), 7.25 (1H), 1.72 (6H)

Synthesis Example 5

Synthesis of Compound 5

[0236] Compound 5 was prepared with a yield of 58% in
the same manner as Synthesis Example 1, except that benzo-
carbazole was used instead of carbazole in the synthesis of
Intermediate 1-1.

[0237] MS: m/z 653.26 [M]*

[0238] 'HNMR (CDCl,)88.55(1H), 8.32 (1H),8.28 (4H),
8.16 (2H), 7.94 (1H), 7.67 (2H), 7.55 (1H), 7.51 (4H), 7.41
(2H), 7.40 (2H), 7.37 (1H), 7.33 (1H), 7.30 (1H), 7.26 (1H),
7.25 (1H), 1.72 (6H)

Synthesis Example 6

Synthesis of Compound 6

[0239] Compound 6 was prepared with a yield of 62% in
the same manner as Synthesis Example 1, except that benzo-
carbazole was used instead of carbazole in the synthesis of
Intermediate 1-1, and 2-chloro-4,6-diphenyl-pyrimidine was
used instead of 2-chloro-4,6-diphenyl-triazine in the synthe-
sis of Compound 1.

[0240] MS:m/z 652.26 [M]*

[0241] 'HNMR (CDCI,)?8.63 (1H),8.55 (1H), 8.32(1H),
8.16 (2H), 7.94 (1H), 7.79 (4H). 7.67 (2H), 7.55 (1H), 7.51
(4H), 7.40 (2H), 7.37 (1H), 7.33 (1H), 7.30 (1H), 7.26 (1H),
7.25 (1H), 1.72 (6H)

Synthesis Example 7

Synthesis of Compound 7

[0242] Compound 7 was prepared with a yield of 54% in
the same manner as Synthesis Example 1, except that bromo-
2-nitronaphthalene was used instead of bromo-2-nitroben-
zene in the synthesis of Intermediate 1-5, and 2-chloro-4,6-
diphenyl-pyrimidine was used instead of 2-chloro-4,6-
diphenyl-triazine in the synthesis of Compound 1.
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[0243] MS: m/z 652.26 [M]*

[0244] '"HNMR (CDCI,)88.63 (1H),8.54 (1H),8.16 (1H),
8.12 (1H), 7.96 (1H), 7.94 (1H), 7.79 (4H), 7.67 (2H), 7.63
(1H), 7.51 (4H), 7.50 (1H), 7.41 (2H), 7.40 (1H), 7.37 (2H),
7.30 (1H), 7.29 (1H), 7.26 (1H), 1.72 (6H)

Synthesis Example 8

Synthesis of Compound 8§

[0245] Compound 8 was prepared with a yield of 58% in
the same manner as Synthesis Example 1, except that benzo-
carbazole was used instead of carbazole in the synthesis of
Intermediate 1-1, and 2-(4-chloropheny!)-4,6-diphenyl-pyri-
midine was used instead of 2-chloro-4,6-diphenyl-triazine in
the synthesis of Compound 1.

[0246] MS: m/z 728.29 [M]*

[0247] 'HNMR (CDCI,)?8.55 (1H),8.32 (1H),8.23 (1H),
8.16 (211), 7.94 (1H), 7.79 (6H), 7.68 (2H), 7.67 (2H), 7.55
(1H), 7.51 (4H), 7.41 (2H), 7.40 (2H), 7.37 (1H), 7.33 (1H),
730 (1H), 7.26 (1H), 7.25 (1H), 1.72 (6H)

Synthesis Example 9

Synthesis of Compound 9

[0248] Compound 9 was prepared with a yield of 52% in
the same manner as Synthesis Example 1, except that 2-bro-
moidonaphthalene was used instead of 2-bromoidobenzene
in the synthesis of Intermediate 1-1, and 2-chloro-4,6-diphe-
nyl-pyrimidine was used instead of 2-chloro-4,6-diphenyl-
triazine in the synthesis of Compound 1.

[0249] MS: m/z 652.26 [M]*

[0250] 'HNMR (CDCl,)$8.63 (1H),8.55 (1H),8.32(1H),
8.12 (1H), 8.01 (1H), 7.97 (1H), 7.94 (1H), 7.79 (4H), 7.77
(1H), 7.73 (1H), 7.63 (1H), 7.58 (1H), 7.55 (11, 7.51 (4H),
7.50 (1H), 7.41 (2H), 7.33 (1H), 7.29 (1H), 7.25 (1H), 1.78
(6H)

Synthesis Example 10

Synthesis of Compound 10

[0251] Compound 10 was synthesized via Reaction
Scheme 3 below.

N O

Reaction Scheme 3
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Compound 10

Synthesis of Intermediate 10-1

[0252] Intermediate 10-1 was prepared in the same manner
as in the synthesis of Intermediate 1-1 of Synthesis Example
1, except that 2-(3-bromo-4-idophenyl)-4,6-diphenyl-1,3,5-
triazine was used instead of 2-bromoidobenzene.

Synthesis of Intermediates 10-2, 10-3, and 10-4

[0253] Intermediates 10-2, 10-3, and 10-4 were sequen-
tially prepared in the same manner as in the synthesis of
Intermediates 1-2, 1-3, and 1-4 of Synthesis Example 1,
except that Intermediate 10-1 was used instead of Intermedi-
ate 1-1.

Synthesis of Compound 10

[0254] Compound 10 was prepared with a yield of 48% in
the same manner as in the synthesis of Intermediate 1-5 of
Synthesis Example 1, except that Intermediate 10-4 was used

Oct. 2,2014

instead of Intermediate 1-4, and 2-bromobenzenethiol was
used instead of bromo-2-nitrobenzene.

[0255] MS: m/z 620.20 [M]+

[0256] HNMR (CDCL,)?8.45 (1H), 8.28 (4H), 8.12 (1H),
7.98 (1H), 7.86 (1H), 7.68 (1H), 7.63 (1H), 7.61 (1H), 7.60
(1H), 7.52 (1H), 7.51 (4H), 7.50 (2H), 7.41 (2H), 7.29 (1H),
1.72 (6H)

Synthesis Example 11

Synthesis of Compound 11

[0257] Compound 11 was prepared with a yield of 50% in
the same manner as Synthesis Example 10, except that 2-bro-
mophenol was used instead of 2-bromobenzenethiol in the
synthesis of Compound 10.

[0258] MS: m/z 604.23 [M]*

[0259] 'HNMR (CDCl,)88.28 (4H), 8.12 (1H), 7.89 (1H),
7.86 (1H), 7.66 (1H), 7.63 (1H), 7.61 (1H), 7.60 (1H), 7.51
(4H), 7.50 (1H), 7.41 (2H), 7.38 (1H), 7.36 (1H), 7.32 (1H),
7.29 (1H), 1.72 (6H)

Synthesis Example 12

Synthesis of Compound 12

[0260] Compound 12 was prepared with a yield of 48% in
the same manner as Synthesis Example 10, except that ben-
zocarbazole was used instead of carbazole, and 2-(3-bromo-
4-idophenyl)-4,6-diphenylpyrimidine was used instead of
2-(3-bromo-4-idophenyl)-4,6-diphenyl-1,3,5-triazine in the
synthesis of Intermediate 10-1.

[0261] MS:m/z 669.22 [M]*

[0262] 'HNMR (CDCI,)88.45 (1H),8.23 (1H), 8.16 (2H),
7.98 (1H), 7.86 (1H), 7.79 (4H), 7.68 (1H), 7.67 (2H), 7.61
(1H), 7.60 (1H), 7.55 (1H), 7.52 (1H), 7.51 (4H), 7.50 (1H),
741 (2H), 7.40 (1H), 1.72 (6H)

Synthesis Example 13

Synthesis of Compound 13

[0263] Compound 13 was prepared with a yield of 52% in
the same manner as Synthesis Example 10, except that ben-
zocarbazole and 2-(3-bromo-4-idophenyl)-4,6-diphenylpyri-
midine were used instead of carbazole and 2-(3-bromo-4-
idophenyl)-4,6-diphenyl-1,3,5-triazine, respectively, in the
synthesis of Intermediate 10-1, and 2-bromophenol was used
instead of 2-bromobenzenthiol in the synthesis of Compound
10.

[0264] MS: m/z 65325 [M]*

[0265] 'HNMR (CDCl,)88.23 (1H),8.16 (2H),7.89 (1H),
7.86 (1H), 7.79 (4H), 7.67 (2H), 7.66 (1H), 7.61 (1H), 7.60
(1H), 7.55 (1H), 7.51 (4H), 7.41 (2H), 7.40 (1H), 7.38 (1H),
7.36 (1H), 7.32 (1H), 1.72 (6H)

Example 1

[0266] AnITO glass substrate (50x50 mm, 15 Q/cm?), asa
glass substrate for an organic light-emitting diode (OLED),
manufactured by Samsung-Corning was ultrasonically
cleaned using distilled water and then isopropanol, and then
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cleaned using UV/ozone for 30 minutes. The cleaned glass
substrate to which a transparent electrode line is attached was
installed on a substrate holder of a vacuum deposition appa-
ratus, and 4,4'4"-tris(N-(2-naphthyl)-N-phenyl-amino)-
triphenylamine (2T-NATA) was deposited (using a resistance
heating deposition method) on an ITO electrode (anode) to
form an HIL with a thickness of 60 nm. N,N'-bis(naphthalen-
1-y])-N,N'-bis(phenyl)benzidine (NPB) was deposited on the
HIL to form an HTL with a thickness of 20 nm, and Com-
pound 1 (host) and tris(2-phenylpyridine)iridium (I1T) (Ir
(ppy);) (dopant, 8 wt %) were co-deposited on the HTL to
form an EML with a thickness of 30 nm. Then, tris-(8-hy-
droxyquinoline)aluminum-(IIT)  (Alq;) was  deposited
thereon to form an ETL with a thickness of 20 nm. 8-hydrox-
yquinolinolato-lithium (LiQ) was deposited on the ETL to
form an EIL with a thickness of 1 nm, and Al was deposited
on the EIL to form a cathode with a thickness of 100 m,
thereby manufacturing an organic light-emitting diode.

Example 2

[0267] An organic light-emitting diode was manufactured
as in Example 1, except that Compound 2 was used as a host
instead of Compound 1 in forming the EML.

Example 3

[0268] An organic light-emitting diode was manufactured
as in Example 1, except that Compound 3 was used as a host
instead of Compound 1 in forming the EML.

Example 4

[0269] An organic light-emitting diode was manufactured
as in Example 1, except that Compound 4 was used as a host
instead of Compound 1 in forming the EML.

Example 5

[0270] An organic light-emitting diode was manufactured
as in Example 1, except that Compound 10 was used as a host
instead of Compound 1 in forming the EML.

Example 6

[0271] An organic light-emitting diode was manufactured
as in Example 1, except that Compound 11 was used as a host
instead of Compound 1 in forming the EML.

Comparative Example 1

[0272] An organic light-emitting diode was manufactured
as in Example 1, except that CBP was used as a host instead
of Compound 1 in forming the EML.

Comparative Example 2

[0273] An organic light-emitting diode was manufactured
as in Example 1, except that Compound A was used as a host
instead of Compound 1 in forming the EML.
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Example 7

[0274] An organic light-emitting diode was manufactured
as in Example 1, except that Compound 5 was used as a host
instead of Compound 1, and Ir(piq),(acac) was used as a
dopant instead of Ir(ppy); in forming the EML.

Example 8

[0275] An organic light-emitting diode was manufactured
as in Example 7, except that Compound 6 was used as a host
instead of Compound 5 in forming the EML.

Example 9

[0276] An organic light-emitting diode was manufactured
as in Example 7, except that Compound 7 was used as a host
instead of Compound 5 in forming the EML.

Example 10

[0277] An organic light-emitting diode was manufactured
as in Example 7, except that Compound 8 was used as a host
instead of Compound 5 in forming the EML.

Example 11

[0278] An organic light-emitting diode was manufactured
as in Example 7, except that Compound 9 was used as a host
instead of Compound 5 in forming the EML.

Example 12

[0279] An organic light-emitting diode was manufactured
as in Example 7, except that Compound 12 was used as a host
instead of Compound 5 in forming the EML.
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Example 13

[0280] An organic light-emitting diode was manufactured
as in Example 7, except that Compound 13 was used as a host
instead of Compound 5 in forming the EML.

Comparative Example 3

[0281] An organic light-emitting diode was manufactured
as in Example 7, except that CBP was used as a host instead
of Compound 5 in forming the EML.

Evaluation Example 1

[0282] Driving voltage, efficiency, and color purity of the
organic light-emitting diodes manufactured according to
Examples 1 to 13 and Comparative Examples 1 to 3 were
measured according to the following methods, and the results
are shown in Table 1 below.

[0283] Color coordinates: measured using a luminance

[0288] As described above, according to one or more
embodiments of the present invention, an organic light-emit-
ting diode including the described condensed-cyclic com-
pound may have low driving voltage, high efficiency, and
high color purity.

[0289] While the present invention has been illustrated and
described with reference to certain exemplary embodiments,
those of ordinary skill in the art will understand that various
modifications may be made to the described embodiments
without departing from the spirit and scope of the present
invention as defined by the following claims.

What is claimed is:

1. A condensed-cyclic compound represented by Formula
I:

meter (PR650 SpectraScan Colorimeter from Photo Formula 1
Research, Inc.) while supplying power by a current-voltmeter
(SMU 236 from Keithley Instruments, Inc.).
[0284] Brightness: measured using a luminance meter
(PR650 SpectraScan Colorimeter from Photo Research, Inc.)
while supplying power by a current-voltmeter (SMU 236
from Keithley Instruments, Inc.).
[0285] Efficiency: measured using a luminance meter
(PR650 SpectraScan Colorimeter from Photo Research, Inc.)
while supplying power by a current-voltmeter (SMU 236
from Keithley Instruments, Inc.).
[0286] Lifespan 195 indicates thetime (hr) it took forinitial
brightness (at 10 mA/cm?), which was set as 100%, to
decrease to 95%.
TABLE 1
EML Driving voltage Efficiency Color Lifespan
Host Dopant V) (Cd/A) coordinates T95 (hr)
Example I ~ Compound 1 Ir(ppy)s 6.2 29.5 (0.282t0 0.607) 190
Example2 ~ Compound2  Ir(ppy)s 6.3 28.5 (0.280 to 0.606) 210
Example 3 ~ Compound 3 Ir(ppy)s 6.1 29.3 (0.280 to 0.606) 220
Example4  Compound4  Ir(ppy)s 6.4 27.5 (0.281t0 0.607) 180
Example 5  Compound 10 Ir(ppy)s 6.6 27.2 (0.282 t0 0.606) 160
Example 6  Compound 11  Ir(ppy)s 6.7 27.9 (0.281 to 0.606) 170
Comparative CBP Ir(ppy)s 7.3 24.2 (0.312t0 0.605) 70
Example 1
Comparative Compound A Ir(ppy)s 7.8 21.5 (0.320t0 0.602) 120
Example 2
Example 5  Compound 5 Ir(piq},(acac) 6.4 12.5 (0.642t00.352) 480
Example 6  Compound 6  Ir(piq},(acac) 5.5 14.3 (0.645 t0 0.350) 520
Example 7  Compound7  Ir(piq}»(acac) 5.8 13.9 (0.646 to 0.350) 470
Example 8 Compound8  Ir(piq),(acac) 6.0 12.8 (0.646 to 0.349) 450
Example 9  Compound9  Ir(piq},(acac) 5.7 13.5 (0.645 t0 0.350) 480
Example 10 Compound 12 Ir(piq},(acac) 5.8 134 (0.645 to 0.350) 440
Example 11 Compound 13 Ir(piq}>(acac) 6.0 125 (0.645 to 0.350) 420
Comparative CBP Ir(piq}),(acac) 6.8 10.2 (0.635t0 0.355) 230
Example 3
[0287] Referring to Table 1, the driving voltage, efficiency, -continued Formla 2
ormula

and color purity of the organic light-emitting diodes manu-
factured according to Examples 1 to 6 were better than those
of the organic light-emitting diodes manufactured according
to Comparative Examples 1 and 2. Also, the driving voltage,
efficiency, and color purity of the organic light-emitting
diodes manufactured according to Examples 7 to 13 were
better than those of the organic light-emitting diode manu-
factured according to Comparative Example 3.

YE>
wherein:

ringA,,ring A,, andring A; are condensed with each other;

ring A, is represented by Formula 2, wherein Y, is selected
from Os Ss and N'(Ll)aa_(Rl l)ab;
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ring A,, ring A,, ring A,, and ring A are each indepen-
dently a substituted or unsubstituted benzene ring or a
substituted or unsubstituted naphthalene ring;

R, and R, are each independently a hydrogen, a deuterium,
ahalogen 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
C,-C¢, alkoxy group, a substituted or unsubstituted
C,-Cy, cycloalkyl group, a substituted or unsubstituted
C;-Cq, cycloalkenyl group, a substituted or unsubsti-
tuted C,-Cy, aryl group, a substituted or unsubstituted
C-Cgo aryloxy group, a substituted or unsubstituted
Cs-C arylthio group, or a substituted or unsubstituted
C,-Cg heteroaryl group, wherein R, and R, are non-
ring forming substituents which are not linked to each
other and do not form a ring;

L, is asubstituted or unsubstituted C4-Cg,, arylene group or
a substituted or unsubstituted C,-Cg, heteroarylene
group;

aa is an integer of 0 to 5;

R,, is a substituted or unsubstituted C,-C,,, cycloalkyl
group, a substituted or unsubstituted C;-Cy, cycloalk-
enyl group, a substituted or unsubstituted C,-Cg, aryl
group, or a substituted or unsubstituted C,-Cy, het-
eroaryl group; and

ab is an integer of 1 to 10.

2. The condensed-cyclic compound of claim 1, wherein the

condensed-cyclic compound is represented by Formula 3 or
4:

. Formula 3
I‘ “.
;
Cz=—L4
o AN
PR C
P Y ‘.
"‘ As | Al G
\, .G ../ N
M Cg |
\C —~Cio
9\
Rl R_ Az
VO
e
. Formula 4
LA

wherein C, to C,, indicate distinct carbon atoms.

3. The condensed-cyclic compound of claim 2, wherein the
ring A, is represented by one of Formulae 5(1) and 5(2), the
ring A, is represented by one of Formulae 6(1) to 6(4), the ring

Oct. 2,2014

A, isrepresented by one of Formulae 7(1) to 7(4), and the ring
A is represented by one of Formulae 8(1) to 8(4):

Formula 5(1)
<C6 = C7/ (RZI)ac
AY
Cs
\—/
Formula 5(2)
FN o Raae
(
C
A
Cs—Cg
Formula 6(1)
C W/ﬁ
I
ENPg
(RZZ)ae
Formula 6(2)
?llo N
Cg //\
N A\
Raz)er
Formula 6(3)
o N Y
é| /— —Ra2)ar
9
Formula 6(4)
/(Rzz)af
/]
\/
Cip /N
él
N
Formula 7(1)
(R23)ag
®
C¢C4
3
Formula 7(2)
7 | x
Rop)ar=—[— 1" s
NN
Formula 7(3)
Ra3)an
> x
\ \
G
&
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-continued
Formula 7(4)
/(R23)ah
/]
~
| X
C
7
Formula 8(1)
¢
(R24)ai_|\/
Z°
Formula 8(2)
B
|
7%
\)/
Ra4)gs
Formula 8(3)
/\(\ ¢,
(R24)aj\—/|\/é
x e
Formula 8(4)
Ra4)gs
|\\
Y
|
&
wherein:

R,, toR,, are each independently a hydrogen, a deuterium,
ahalogen 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,-Cq, alkenyl group, a substituted or unsubstituted

C,-Cgo alkynyl group, a substituted or unsubstituted

C,-Cq, alkoxy group, a substituted or unsubstituted
C,-Cy, cycloalkyl group, a substituted or unsubstituted
C;-Cyq, cycloalkenyl group, a substituted or unsubsti-
tuted C,-Cy, aryl group, a substituted or unsubstituted
Cs-Cqo aryloxy group, a substituted or unsubstituted
Cs-Cgo arylthio group, a substituted or unsubstituted
C,-Cy heteroaryl group, or -(L,)ao-(R,)

acis 1 or2;

ag is an integer of 1 to 3;

ae and ai are each independently an integer of 1 to 4;

ah is an integer of 1 to 5;

af and aj are each independently an integer of 1 to 6;

L, is asubstituted or unsubstituted C4-Cg,, arylene group or
a substituted or unsubstituted C,-Cg, heteroarylene
group;

ao is an integer of 0 to 5;

R,, is a substituted or unsubstituted C,-C,,, cycloalkyl
group, a substituted or unsubstituted C;-Cy, cycloalk-

ap;
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enyl group, a substituted or unsubstituted C4-Cy, aryl
group, or a substituted or unsubstituted C,-Cg, het-
eroaryl group; and

ap is an integer of 1 to 10.

4. The condensed-cyclic compound of claim 3, wherein

R,, to R,, are each independently:

a hydrogen, a deuterium, 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, or a C,-C,, alkoxy group; or

a C,-C,, alkyl group or a C,-C,, alkoxy 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 phosphoric acid group or a salt thereof,
a phenyl group, a naphthyl group, or an anthracenyl
group; or

a C¢-C, aryl group or a C,-C, , heteroaryl group; or

a C4-C,, aryl group or a C,-C, , heteroaryl group substi-
tuted 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 hydra-
7one, 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. or an anthracenyl
group; or

_(Lz)ao_(Rlz)apa

wherein:

L, is a substituted or unsubstituted phenylene group, a
substituted or unsubstituted pentalenylene group, a
substituted or unsubstituted indenylene group, a sub-
stituted or unsubstituted naphthylene group, a substi-
tuted or unsubstituted azulenylene group, a substi-
tuted or unsubstituted heptalenylene group, a
substituted or unsubstituted indacenylene group, a
substituted or unsubstituted acenaphthylene group, a
substituted or unsubstituted fluorenylene group, a
substituted or unsubstituted spiro-fluorenyl group, a
substituted or unsubstituted phenalenylene group, a
substituted or unsubstituted phenanthrenylene group,
asubstituted or unsubstituted anthracenylene group, a
substituted or unsubstituted fluoranthenylene group, a
substituted or unsubstituted triphenylenylene group, a
substituted or unsubstituted pyrenylene group, a sub-
stituted or unsubstituted chrysenylene group, a sub-
stituted or unsubstituted naphthacenylene group, a
substituted or unsubstituted picenylene group, a sub-
stituted or unsubstituted perylenylene group, a substi-
tuted or unsubstituted pentaphenylene group, or a
substituted or unsubstituted hexacenylene group;

aois 0, 1, or 2;

R,, is a substituted or unsubstituted 5-membered hetero
ring, a substituted or unsubstituted 6-membered het-
ero ring, a substituted or unsubstituted 9-membered
hetero ring, or a substituted or unsubstituted 10-mem-
bered hetero ring, in which at least one ring-forming
atom is nitrogen (N); and

apis 1 or2.
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5. The condensed-cyclic compound of claim 4, wherein

R,, to R,, are each independently:

a hydrogen, a deuterium, 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
methyl group, an ethyl group, a propyl group, a butyl
group, a pentyl group, a hexyl group, a heptyl group, an
octyl group, a methoxy group, an ethoxy group, a pro-
poxy group, a butoxy group, or a pentoxy group; or

a methyl group, an ethyl group, a propyl group, a butyl
group, a pentyl group, a hexyl group, a heptyl group, an
octyl group, a methoxy group, an ethoxy group, a pro-
POXy group, a butoxXy group, or a pentoxy group substi-
tuted 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 hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a phenyl group, a naphthyl group, or an anthra-
cenyl group; or

a phenyl group, a naphthyl group, an anthracenyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl group,
or a triazinyl group; or

a phenyl group, a naphthyl group, an anthracenyl group, a
pyridinyl group, a pyrimidinyl group, a pyrazinyl group,
or a triazinyl 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
phosphoric acid group or a salt thereof, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a naph-
thyl group, or an anthracenyl group; or

La)ao"R12)sp

wherein:

L,is:

a phenylene group, a naphthylene group, a fluore-
nylene group, or an anthracenylene group; or

a phenylene group, a naphthylene group, a fluore-
nylene group, or an anthracenylene group substi-
tuted 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 hydra-
zine, 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, or an anthracenyl group;

aois 0, 1, or 2;
R, is:

a pyrrolyl group, a pyrazolyl group, an imidazolyl
group, a pyridinyl group, a pyrazinyl group, a pyri-
midinyl group, an indolyl group, a purinyl group, a
benzoimidazolyl group, a quinolinyl group, an iso-
quinolinyl group, a phthalazinyl group, a quinox-
alinyl group, a quinazolinyl group. or a cinnolinyl
group; or

a pyrrolyl group, a pyrazolyl group, an imidazolyl
group, a pyridinyl group, a pyrazinyl group, a pyri-
midinyl group, an indoly] group, a purinyl group, a
benzoimidazolyl group, a quinolinyl group, an iso-
quinolinyl group, a phthalazinyl group. a quinox-
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alinyl group, a quinazolinyl group. or a cinnolinyl
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 phosphoric acid group or a salt thereof, a
C,-C,, alkyl group, a C,-C,,, alkoxy group, a phe-
nyl group, a naphthyl group, or an anthracenyl
group; and

apis1or2.

6. The condensed-cyclic compound of claim 2, wherein the
condensed-cyclic compound is represented by Formula 3, the
ring A, is represented by one of Formulae 5(1) and 5(2), the
ring A, is represented by one of Formulae 6(1) and 6(2), the
ring A, is represented by one of Formulae 7(1) and 7(3), and
the ring A, is represented by one of Formulae 8(1) and 8(3):

Formula 5(1)
Le=Cr ‘RZI)M

\J

Formula 5(2)

‘RZI)ac
F

Cs—Cg

Formula 6(1)

Formula 6(2)

(Raz)ar
Formula 7(1)
(R23
7 G
Formula 7(3)
Ra3)an
N
9
2l
&
Formula 8(1)

e
Raadai— ™ K/Cz
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-continued

Y T
WCZ

wherein:
R,, to R,, are each independently:

a hydrogen, a deuterium, 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 methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a
heptyl group, an octyl group, a methoxy group, an
ethoxy group, a propoxy group, a butoxy group, or a
pentoxy group; or

a methyl group, an ethyl group, a propyl group, a butyl
group, a pentyl group, a hexyl group, a heptyl group,
an octyl group, a methoxy group, an ethoxy group, a
propoxy group, a butoxy group, or a pentoxy 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 phenyl group, a
naphthyl group, or an anthracenyl group; or

a phenyl group, a naphthyl group, an anthracenyl group,
a pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, or a triazinyl group; or

a phenyl group, a naphthyl group, an anthracenyl group,
a pyridinyl group, a pyrimidinyl group, a pyrazinyl
group, or atriazinyl 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 car-
boxyl 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, or an anthracenyl
group; or

(L2)ao"(Ry2)aps

wherein:

L, is a phenylene group, a naphthylene group, a fluo-
renylene group, or an anthracenylene group; or a
phenylene group, a naphthylene group, a fluore-
nylene group, or an anthracenylene group substi-
tuted 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 hydra-
zine, 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, or an anthracenyl group;

aois 0, 1, or 2;

R,, is a pyrrolyl group, a pyrazolyl group, an imida-
zolyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, an indolyl group, a purinyl
group, a benzoimidazolyl group, a quinolinyl
group, an isoquinolinyl group, a phthalazinyl

Formula 8(3)
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group, a quinoxalinyl group, a quinazolinyl group,
or a cinnolinyl group; or a pyrrolyl group, a pyra-
zolyl group, an imidazolyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, an
indolyl group, a purinyl group, a benzoimidazolyl
group, aquinolinyl group, an isoquinolinyl group, a
phthalazinyl group, a quinoxalinyl group, a
quinazolinyl group, or a cinnolinyl group substi-
tuted 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 hydra-
zine, 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, or an anthraceny! group;
and
apislor2.
7. The condensed-cyclic compound of claim 1, wherein, in

Formula 2,Y, is N-(L,),,-(R;,),,, Wherein:

L, is a substituted or unsubstituted phenylene group, a
substituted or unsubstituted pentalenylene group, a sub-
stituted or unsubstituted indenylene group, a substituted
or unsubstituted naphthylene group, a substituted or
unsubstituted azulenylene group, a substituted or unsub-
stituted heptalenylene group, a substituted or unsubsti-
tuted indacenylene group, a substituted or unsubstituted
acenaphthylene group, a substituted or unsubstituted
fluorenylene group, a substituted or unsubstituted spiro-
fluorenyl group, a substituted or unsubstituted phenale-
nylene group, a substituted or unsubstituted phenanthre-
nylene group, a substituted or unsubstituted
anthracenylene group, a substituted or unsubstituted
fluoranthenylene group, a substituted or unsubstituted
triphenylenylene group, a substituted or unsubstituted
pyrenylene group, a substituted or unsubstituted chryse-
nylene group, a substituted or unsubstituted naphthace-
nylene group, a substituted or unsubstituted picenylene
group, a substituted or unsubstituted perylenylene
group, a substituted or unsubstituted pentaphenylene
group, or a substituted or unsubstituted hexacenylene
group;

aais 0, 1, or 2;

R,, is a substituted or unsubstituted 5-membered hetero
ring, a substituted or unsubstituted 6-membered hetero
ring, a substituted or unsubstituted 9-membered hetero
ring, or a substituted or unsubstituted 10-membered het-
ero ring in which at least one ring-forming atom is nitro-
gen (N); and

abis 1or2.

8. The condensed-cyclic compound of claim 7, wherein

R, 1s:

apyrrolyl group, a pyrazolyl group, an imidazolyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group,
an indolyl group, a purinyl group, a benzoimidazolyl
group, a quinolinyl group, an isoquinolinyl group, a
phthalazinyl group, a quinoxalinyl group, a quinazolinyl
group, or a cinnolinyl group; or

a pyrrolyl group, a pyrazolyl group, an imidazolyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group,
an indolyl group, a purinyl group, a benzoimidazolyl
group, a quinolinyl group, an isoquinolinyl group, a
phthalazinyl group, a quinoxalinyl group, a quinazolinyl
group, or a cinnolinyl group substituted with at least one
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10. The condensed-cyclic compound of claim 9, wherein,
in Formula 9:

X,, X, and X; are N; or

X, and X, are N, and X, is C(R,,); or

X, and X, are N, and X is C(R55).

11. The condensed-cyclic compound of claim 1, wherein
Y, is Sor O, and the ring A4 is represented by one of Formulae
8(1) to 8(4):

of a deuterium atom, a halogen atom, a hydroxyl group,
a cyano group, a nitro group, an amino group, an ami-
dino 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 naph-
thyl group, or an anthracenyl group.

9. The condensed-cyclic compound of claim 7, wherein
R, is represented by one of Formulae 9 to 15:

Formula 9
R3 \r X, Y R,
X \f)%
N Formula 10
/\/ ﬁ
’ | i R32)ar
A
Formula 11
AN
) i I l R32ar
N\ i
Formula 12
X RN
" i I l R32)ax
AN
N Formula 13
N ﬁ
* 1
| = N / Ra2)ar
N Formula 14
/\/ ﬁ
| i Ra2)ar
ra v
N Formula 15
/\i Sy
| — Ra2)ar

\|
\

wherein:

X,isNorC(Rs;), X, 1sNorC(R;,),and X5 is Nor C(R;5),
wherein at least one of X, X, and X, is N;

R;, and R,5 are each independently a hydrogen, a deute-
rium, 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, or an anthracenyl group;

ak is an integer from 1 to 6;
am is an integer from 1 to 5; and

*1s a binding site to L, or nitrogen in Y.

Formula 8(1)

Formula 8(2)

Roa)g
Formula 8(3)
/\'/\ o
Rogy———— |
\/‘\/Cl
Formula 8(4)
Raa)g
AN

|
4

wherein;

R, is ahydrogen, a deuterium, 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,-Cy, alkyl group, a sub-
stituted or unsubstituted C,-Cy, alkenyl group, a substi-
tuted or unsubstituted C,-C, alkynyl group, a substi-
tuted or unsubstituted C,-Cy, alkoxy group, a
substituted or unsubstituted C;-Cyg, cycloalkyl group, a
substituted or unsubstituted C;-Cy, cycloalkenyl 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,-C,, heteroaryl group, or -(L,)
ao_(R12)ap;

ai is an integer from 1 to 4;

aj is an integer from 1 to 6;

at least one of the R,s of Formula 8(1) and at least one of
the R,,s of Formulae 8(2) to 8(4) are -(L,),,,-(R,,),,;

L, is a substituted or unsubstituted phenylene group, a
substituted or unsubstituted naphthylene group, a sub-
stituted or unsubstituted a fluorenylene group, or a sub-
stituted or unsubstituted anthracenylene group;

aois 0,1, or 2;

R, is a pyrrolyl group, a pyrazolyl group, an imidazolyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidi-
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nyl group, an indolyl group, a purinyl group, a benzoimi- _continued

dazolyl group, a quinolinyl group, an isoquinolinyl Formmula 3-4
group, a phthalazinyl group, a quinoxalinyl group, a (Ra3)ag
quinazolinyl group, or a cinnolinyl group; or a pyrrolyl
group, a pyrazolyl group, an imidazolyl group, a pyridi-
nyl group, a pyrazinyl group, a pyrimidinyl group, an
indolyl group, a purinyl group, a benzoimidazolyl
group, a quinolinyl group, an isoquinolinyl group, a
phthalazinyl group, a quinoxalinyl group, a quinazolinyl
group, or a cinnolinyl group substituted with at least one A
of a deuterium atom, a halogen atom, a hydroxyl group, R
a cyano group, a nitro group, an amino group, an ami-
dino 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 naph- Ry
thyl group, or an anthracenyl group; and Formula 3-5
apis1or?2. Raz)an

12. The condensed-cyclic compound of claim 1, wherein
the condensed-cyclic compound is represented by one of
Formulae 3-1 to 3-20:

(Rat)ae
Formula 3-1

(R23)ag

Formula 3-6

(Raz)an

Formula 3-2

(Rll)ac

Roa)ai
R R

Formula 3-7

R
Formula 3-3 ( 23)111’1\

(RZ 1 )ac
Y,

A\ (RZZ:‘ae
=4

\(Rzz)a/
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-continued

Formula 3-8

(R23)ag

Ra4)qj

Formula 3-9

Rag)gi—

Formula 3-10

Raa)ys

Formula 3-11

(R23)ag

Oct. 2,2014

-continued

Formula 3-12
(Ra3)ag

(RZZ)af

Formula 3-13

Raz)er

Formula 3-14
(R23:‘ag

Raz)er
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-continued

Rozdan
4

Formula 3-15

Formula 3-16
(Ro3)an

Ra1)ac

Formula 3-17
Ra3)an
—

Ra1)ae

Formula 3-18
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-continued

Formula 3-19

Rog)g—

Formula 3-20

/
Raa)g

wherein:

R,, toR,, are each independently a hydrogen, a deuterium,
ahalogen 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,-Cqo alkenyl group, a substituted or unsubstituted
C,-Cy, alkynyl group, a substituted or unsubstituted
C,-Cqo alkoxy group, a substituted or unsubstituted
C,-Cy, cycloalkyl group, a substituted or unsubstituted
C;-Cq cycloalkenyl group, a substituted or unsubsti-
tuted C4-Cyp aryl group, a substituted or unsubstituted
Cs-Cqo aryloxy group, a substituted or unsubstituted
Cs-Cgo arylthio group, a substituted or unsubstituted
C,-Cy, heteroaryl group, or -(L,)ao-(R,,)

acis 1or2;

ag is an integer of 1 to 3;

ad, ae, and ai are each independently an integer of 1 to 4;

ah is an integer of 1 to 5;

af and aj are each independently an integer of 1 to 6;

L, is a substituted or unsubstituted phenylene group, a
substituted or unsubstituted pentalenylene group, a sub-
stituted or unsubstituted indenylene group. a substituted
or unsubstituted naphthylene group, a substituted or
unsubstituted azulenylene group, a substituted or unsub-
stituted heptalenylene group, a substituted or unsubsti-
tuted indacenylene group, a substituted or unsubstituted
acenaphthylene group, a substituted or unsubstituted
fluorenylene group, a substituted or unsubstituted spiro-
fluorenyl group, a substituted or unsubstituted phenale-
nylene group, a substituted or unsubstituted phenanthre-

ap?
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nylene group, a substituted or unsubstituted _continued
anthracenylene group, a substituted or unsubstituted
fluoranthenylene group, a substituted or unsubstituted
triphenylenylene group, a substituted or unsubstituted
pyrenylene group, a substituted or unsubstituted chryse-
nylene group, a substituted or unsubstituted naphthace-
nylene group, a substituted or unsubstituted picenylene
group, a substituted or unsubstituted perylenylene
group, a substituted or unsubstituted pentaphenylene
group, or a substituted or unsubstituted hexacenylene
group;

aois 0, 1, or 2; Rat)ai

(R23)ag

Ki

R,, is a substituted or unsubstituted 5-membered hetero
ring, a substituted or unsubstituted 6-membered hetero
ring, a substituted or unsubstituted 9-membered hetero
ring, or a substituted or unsubstituted 10-membered het-
ero ring, in which at least one ring-forming atom is
nitrogen (N); and

apis1or?2.

13. The condensed-cyclic compound of claim 12, wherein
Y, 1s N-(L)),-(R, ). and R, to R, are all hydrogen.

14. The condensed-cyclic compound of claim 12, wherein
Y, 1s Sor O, R, to R,, are all hydrogen, ai and aj are 1, and
R,,1s '(Lz)ao'(Rlz)ap~

15. The condensed-cyclic compound of claim 1, wherein
the condensed-cyclic ring is represented by one of Formulae
4-1 10 4-20:

(RZZ)M

y (Raz)an

Formula 4-1

(Rll)ac

Formula 4-2

(R23:)ag

Rap)ac

/(Rll)ae

Formula 4-3

\(R22)ae

Formula 4-4

Formula 4-5

Formula 4-6
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-continued
Formula 4-7

Ra3)an
——

RaDa

Formula 4-8
(R23)ag

Raa)gs

Formula 4-9

(R23 )ag

(Roa)ai—

X (Ra2)ae

Formula 4-10

(R23)ag

(RZ )ae
X

/
Rag)ys

Oct. 2,2014

-continued
Formula 4-11

(R23)ag

(RZZ)M

Roa)ai Ro1)ac

Formula 4-12

(Ra3)ag (R\zz)a/

(Kot Ratle

Formula 4-13

Raz)ar

/

(R24) ai Rl RZ (RZI)M

Formula 4-14

(R23)ag

~

Raz)er
(Roa)ai (Ra1)ee
Formula 4-15

Y (Raz)an
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-continued
Formula 4-16

Raz)an

(RZZ)ae

Formula 4-17

(Ra2)ae

Formula 4-18

(R23)ag

Raa)ys
\

(RZZ)ae

(Rll)ac

Ry Ry

Formula 4-19

(R23)ag

Raa)g—

52
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-continued
Formula 4-20

Rs3 )ag

(RZZ)ae

(RZI)M

Ry

/
Raa)g

wherein:

R,, toR,, are each independently a hydrogen, a deuterium,
ahalogen 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 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,-Cg, alkoxy
group, a substituted or unsubstituted C5-Cg, cycloalkyl
group, a substituted or unsubstituted C,-Cy, cycloalk-
enyl 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, or a substituted or unsubstituted C,-Cg, het-
eroaryl group;

acis 1or2;

ag is an integer of 1 to 3;

ae and ai are each independently an integer of 1 to 4;

ah is an integer of 1 to 5; and

af and aj are each independently an integer of 1 to 6.

16. The condensed-cyclic compound of claim 1, wherein
the condensed-cyclic compound is selected from the group
consisting of Compounds 1 to 13:
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-continued -continued
10

17. An organic light-emitting diode comprising:
a first electrode;
a second electrode facing the first electrode; and

an organic layer between the first electrode and the second
electrode and comprising an emission layer, wherein the
organic layer comprises the condensed-cyclic com-
pound according to claim 1.

18. The organic light-emitting diode of claim 17, wherein
the organic layer comprises:

at least one of a hole injection layer, a hole transport layer,
a functional layer having both hole injecting and hole
transporting capabilities, a buffer layer or an electron
blocking layer between the first electrode and the emis-
sion layer; and

a hole blocking layer, an electron transport layer and an
electron injection layer between the emission layer and
the second electrode.

19. The organic light-emitting diode of claim 17, wherein
the emission layer comprises the condensed-cyclic com-
pound.

20. The organic light-emitting diode of claim 19, wherein
the condensed-cyclic compound in the emission layer is a
host, and the emission layer further comprises a dopant.

L S S T
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