US 20130234118A1

12) Patent Application Publication (o) Pub. No.: US 2013/0234118 Al

a9y United States

Kwon et al,

(43) Pub, Date: Sep. 12, 2013

(54) AMINE-BASED COMPOUND, ORGANIC
LIGHT-EMITTING DIODE INCLUDING THE
SAME, AND ORGANIC LIGHT-EMITTING
APPARATUS INCLUDING THE
AMINE-BASED COMPOUND

(71)  Applicant: SAMSUNG DISPLAY CO., LTD.,
Yongin-si (KR)

(72) Inventors: O-Hyun Kwon, Yongin-si (KR);
Dong-Woo Shin, Yongin-si (KR); Kyul
Han, Yongin-si (KR); Seul-Ong Kim,
Yongin-si (KR); Byoung-Ki Choi,
Yongin-si (KR)

(73) Assignee: SAMSUNG DISPLAY CO. LTD.,
Yongin-si (KR)

(21) Appl. No.: 13/706,330

(22) Filed: Dec. 5, 2012

(30) Foreign Application Priority Data

Mar. 6,2012  (KR) e 10-2012-0022878

Publication Classification

(51) Int.Cl
HOIL 51/00 (2006.01)
HOIL 51/50 (2006.01)
(52) US.CL
CPC ....... HO1L 51/006 (2013.01); HOIL 51/0061

(2013.01); HOIL 51/5092 (2013.01)
USPC  257/40; 564/308; 546/285; 549/43; 558/418;
558/420; 544/294; 544/292

(57) ABSTRACT

Embodiments of the present invention include an amine-
based compound represented by Formula 1, an organic light-
emitting diode including the amine-based compound, and an
organic light-emitting apparatus including the amine-based
compound.

Formula 1
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AMINE-BASED COMPOUND, ORGANIC
LIGHT-EMITTING DIODE INCLUDING THE
SAME, AND ORGANIC LIGHT-EMITTING
APPARATUS INCLUDING THE
AMINE-BASED COMPOUND

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0022878, filed on
Mar. 6, 2012, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a compound for an

organic light-emitting diode, an organic light-emitting diode,
and an organic light-emitting apparatus.

[0004] 2. Description of the Related Art

[0005] Organic light emitting diodes are self-emission
devices that have wide viewing angles, high contrast ratios,
short response times, and good brightness, driving voltage,
and response speed characteristics. Also, organic light emit-
ting diodes can generate multi-colored images.

[0006] A typical organic light-emitting diode includes an
anode disposed on a substrate, and a hole transport layer, an
emitting layer, an electron transport layer, and a cathode (in
that order) are disposed on the anode. In this regard, the hole
transport layer, the emitting layer, and the electron transport
layer are organic thin films formed of organic compounds.
[0007] Thedriving mechanism of an organic light-emitting
diode having such a structure is described below.

[0008] Holes injected from the anode move to the emitting
layer through the hole transport layer, and electrons injected
from the cathode move to the emitting layer through the
electron transport layer. The holes and electrons are recom-
bined with each other in the emitting layer to generate exci-
tons. Then, the excitons transition from an excited state to a
ground state, thereby generating light.

SUMMARY OF THE INVENTION

[0009] Embodiments of the present invention provide an
amine-based compound, an organic light-emitting diode
including the same, and an organic light-emitting apparatus
including the amine-based compound.

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

Formula 1

[0011] In Formula 1, a core A is a substituted or unsubsti-
tuted pyrene, a substituted or unsubstituted chrysene, or a
substituted or unsubstituted diphenyl-benzofluoranthene.
Also,nis 0 or 1. Ar, to Ar, are each independently a substi-
tuted or unsubstituted C,-Cg, aryl group, a substituted or
unsubstituted C,-Cq, heteroaryl group, a substituent repre-
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sented by Formula 2A below, or a substituent represented by
Formula 2B below. In Formula2A, T, 1s O, S,N(R; ), C(R, )
(R;5),0r Si(R, )R, 5). In Formula 2A and 2B, a is an integer
of 0to 3, b, ¢, and d are each independently an integer of 0 to
4, and * is a binding site to N of Formula 1. When n is 0, at
least one of Ar, and Ar, (or whennis 1, at least one of Ar, to
Ar,) may be a substituent represented by Formula 2A below
or a substituent represented by Formula 2B below:

<Formula 2A>

<Formula 2B>

\(R4)d

[0012] At least one substituent of the substituted pyrene,
the substituted chrysene, the substituted diphenyl-benzofluo-
ranthene, the substituted C4-Cg, aryl group, or the substituted
C,-Cgo heteroaryl group, R, toR,,and R |, to R | s may be each
independently one selected from deuterium; —F; —C1;—Br;
—1I; —CN; a hydroxyl group; a —NO, group; an amino
group; an amidino group; hydrazine; hydrazone; a carboxylic
acid group or salt thereof; a sulfonic acid group or salt thereof;
a phosphoric acid group or salt thereof; a C,-Cq, alkyl group;
a C,-Cq, alkoxy group; a C,-Cg, alkenyl group; a C,-Cq,
alkynyl group; a C,-Cy, alkyl group, C,-Cg, alkoxy group,
C,-Cg, alkenyl group, or C,-Cg, alkynyl group substituted
with at least one selected from deuterium, —F, —Cl1, —Br,
—I, —CN, a hydroxyl group, a —NO, group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxylic
acid group or salt thereof, a sulfonic acid group or salt thereof,
or aphosphoric acid group or salt thereof; a C,-Cy, cycloalkyl
group; a C;-Cy, cycloalkenyl group; a C-Cy, aryl group; a
C,-Cy, heteroaryl group; a Cy-C, aralkyl group; a C,-Co,
aryloxy group; a CgCgy arylthio group; or a C;-Cg
cycloalkyl group, C,-C, cycloalkenyl group, C,-C, aryl
group, C,-Cg, heteroaryl group, Cy-Cq, aralkyl group,
Cs-Cg aryloxy group, or C4-Cy, arylthio group substituted
with at least one selected from deuterium, —F, —Cl, —Br,
—I, —CN, a hydroxyl group, a —NO, group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxylic
acid group or salt thereof; a sulfonic acid group or salt thereof,
a phosphoric acid group or salt thereof, a C,-C,, alkyl group,
aC,-Cg, alkyl group substituted with at least one —F, C,-Cq,
alkoxy group, C,-Cy, alkenyl group, C,-Cg, alkynyl group,
Cs-Cg aryl group, or C,-Cy, heteroaryl group. Also, *' are
binding sites with the core A.
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[0013] According to another aspect of the present inven-
tion, there is provided an organic light-emitting diode includ-
ing a first electrode; a second electrode facing the first elec-
trode; and an organic layer between the first electrode and the
second electrode, wherein the organic layer includes one or
more amine-based compounds described above.

[0014] According to another aspect of the present inven-
tion, there is provided an organic light-emitting apparatus that
includes a substrate including a first sub-pixel, a second sub-
pixel, and a third sub-pixel; a first electrode formed in each of
the first sub-pixel, the second sub-pixel, and the third sub-
pixel; a second electrode that faces the first electrodes and is
a common electrode that is shared by the first sub-pixel, the
second sub-pixel, and the third sub-pixel; a first emission
layer that is formed between the first electrode of the first
sub-pixel and the second electrode and that emits a first color
light; a second emission layer that is formed between the first
electrode of the second sub-pixel and the second electrode
and that emits a second color light; and a third emission layer
thatis formed between the first electrode of the third sub-pixel
and the second electrode and that emits a third color light. The
first emission layer includes one or more amine-based com-
pounds described above. The first electrode is a transparent
electrode or a semi-transparent electrode. The second elec-
trode is a reflective electrode. A mixed light of the first color
light, the second color light, and the third color light is white
light, and the first color light is blue light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] 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 FIG. 1, which is a schematic view of an organic
light-emitting diode according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0016] Expressions, such as “at least one of”” when preced-
ing a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

[0017] An amine-based compound according to an
embodiment of the present invention is represented by For-
mula 1 below.

<Formula 1>

[0018] In Formula 1, the core A is a substituted or unsub-
stituted pyrene, a substituted or unsubstituted chrysene, or a
substituted or unsubstituted diphenyl-benzofluoranthene.

[0019] In Formula 1, nis O or 1. That is, the amine-based
compound represented by Formula 1 may include, when n is
0, as an amino group, only
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(hereinafter referred to as a “first diarylamino group”), and
when n is 1, as an amino group, both the first diarylamino
group and

(hereinafter referred to as a “second diarylamino group”).
[0020] InFormulal,Ar, to Ar, may each be independently
asubstituted or unsubstituted C,-C, aryl group, a substituted
or unsubstituted C,-C, heteroaryl group, a substituent rep-
resented by Formula 2A below, or a substituent represented
by Formula 2B below. When nis 0, at least one of Ar, and Ar,
(orwhennis 1, at least one of Ar, to Ar,) may be a substituent
represented by Formula 2A below or a substituent repre-
sented by Formula 2B below.

<Formula 2A>

<Formula 2B>

\(R4)d

[0021] In Formula 2A above, T, is O, S, N(R,,), C(R,,)
(R;5),0r Si(R; (R, 5). In Formulas 2A and 2B above, a is an
integer of 0 to 3, b, ¢, and d are each independently an integer
of 0 to 4, and * is a binding site with N of Formula 1.

[0022] In Formula 1, at least one substituent of the substi-
tuted pyrene, the substituted chrysene, the substituted diphe-
nyl-benzofluoranthene (see the core A of Formula 1), the
substituted C4-Cy, aryl group, or the substituted C,-Cy, het-
eroaryl group (see Ar, to Ar, of Formula 1), R; to R, (see
Formulas 2A and 2B),and R, to R 5 (see T, of Formula 2A)
may each be independently one selected from deuterium;
—F; —Cl; —Br; —I; —CN; a hydroxyl group; a —NO,
group; an amino group; an amidino group; hydrazine; hydra-
zone; a carboxylic acid group or salt thereof; a sulfonic acid
group or salt thereof; a phosphoric acid group or salt thereof;
a C,-Cq, alkyl group; a C,-C, alkoxy group; a C,-Cy, alk-
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enyl group; a C,-Cy, alkynyl group; a C,-C, alkyl group,
C,-Cg, alkoxy group, C,-Cq, alkenyl group, or C,-Cg, alky-
nyl group substituted with at least one selected from deute-
rium, —F, —Cl. —Br, —I,—CN, ahydroxyl group, a—NO,
group, an amino group, an amidino group, hydrazine, hydra-
zone, a carboxylic acid group or salt thereof, a sulfonic acid
group or salt thereof, or a phosphoric acid group or salt
thereof; a C;-Cq,, cycloalkyl group; a C;-Cq, cycloalkenyl
group; a C,-Cy, aryl group; a C,-Cg, heteroaryl group; a
Cs-Ceo aralkyl group; a Cy-Cy, aryloxy group: a Cg-Co
arylthio group, and a C,-C,, cycloalkyl group, C,-Cy,
cycloalkenyl group, Cs-C, aryl group, C,-Cgy, heteroaryl
group, C,-C,, aralkyl group, C,-Cy, aryloxy group, or
Cs-Cg arylthio group substituted with at least one selected
from deuterium, —F, —Cl, —Br, —I, —CN, a hydroxyl
group, a —NO, group, an amino group, an amidino group,
hydrazine, hydrazone, a carboxylic acid group or salt thereof,
a sulfonic acid group or salt thereof, a phosphoric acid group
or salt thereof, a C,-Cy, alkyl group, a C,-Cg, alkyl group
substituted with at least one —F, C,-Cg, alkoxy group,
C,-Cg, alkenyl group, C,-C, alkynyl group, C4-Cq, aryl
group, or C,-C, heteroaryl group.

[0023]
A

[0024] InFormula2A,T, is O, S, N(Ry;), or C(R,5)(R,3),
where R, | is one selected from a C4-C,, aryl group; and a
Cs-Co aryl group substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, —CN, a hydroxyl group, a
—NO, group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxylic acid group or salt thereof, a sulfonic
acid group or salt thereof, a phosphoric acid group or salt
thereof, a C,-C,, alkyl group, a C,-C,, alkyl group substi-
tuted with at least one —F, oraC,-C,, alkoxy group. R, and
R, ; may each be independently one selected from a C,-C,,
alkyl group; a C,-C,, alkyl group substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, —CN, a
hydroxyl group, a—NO, group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxylic acid group or salt
thereof, a sulfonic acid group or salt thereof, a phosphoric
acid group or salt thereof; a C4-C,, aryl group; or a C4-C,,
aryl group substituted with at least one selected from deute-
rium, —F, —Cl, —Br, —I, —CN, ahydroxyl group, a—NO,
group, an amino group, an amidino group, hydrazine, hydra-
zone, a carboxylic acid group or salt thereof, a sulfonic acid
group or salt thereof, a phosphoric acid group or salt thereof,
aC,-C,,alkyl group, ora C,-C,, alkyl group substituted with
at least one —F, or C,-C,, alkoxy group.

[0025] For example, in Formula 2A, T, is O, S, N(R,,), or
C(R,,)(R,5), where R, is one selected from a phenyl group;
a naphthyl group; or an anthryl group; or a phenyl group,
naphthyl group, or anthryl group substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, —CN, a
hydroxyl group, a —NO, group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxylic acid group or salt
thereof, a sulfonic acid group or salt thereof, a phosphoric
acid group or salt thereof, a methyl group, an ethyl group, a
propy! group, a butyl group, or a pentyl group. R, and R 5
may each be independently one selected from a methyl group;
an ethyl group; a propyl group; a butyl group; a pentyl group;
a methyl group, ethyl group, propyl group, butyl group, or
pentyl group substituted with at least one selected from deu-
teritum, —F, —Cl, —Br, —I, —CN, a hydroxyl group, a
—NO, group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxylic acid group or salt thereof, a sulfonic

InFormula 1, * and * are binding sites with the core
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acid group or salt thereof, or a phosphoric acid group or salt
thereof; a phenyl group: a naphthyl group; or an anthryl
group; or a phenyl group, naphthyl group, or anthryl group
substituted with at least one selected from deuterium, —F,
—Cl,—Br,—I, —CN, a hydroxyl group, a—NO, group, an
amino group, an amidino group, hydrazine, hydrazone, a
carboxylic acid group or salt thereof, a sulfonic acid group or
salt thereof, a phosphoric acid group or salt thereof, a methyl
group, an ethyl group, a propyl group, a butyl group, or a
pentyl group.

[0026] Also, in Formula 2A, R, and R, are each indepen-
dently one selected from deuterium; —F; —Cl; —Br; —I;
—CN; a hydroxyl group; a —NO, group; an amino group;
amidino group; a hydrazine; a hydrazone; a carboxylic acid
group or salt thereof; a sulfonic acid group or salt thereof; a
phosphoric acid group or salt thereof; a C,-C,, alkyl group; a
C,-C,, alkoxy group; and a C,-C,, alkyl group or C,-C,,
alkoxy group substituted with at least one selected from deu-
terium, —F, —Cl, —Br, —I, —CN, a hydroxyl group,
—NQO, group, an amino group, an amidino group, a hydra-
zine, a hydrazone, a carboxylic acid group or salt thereof, a
sulfonic acid group or salt thereof, or a phosphoric acid group
or salt thereof. Also, a and b may each be independently 0, 1,
or2.

[0027] Forexample, R, and R, in Formula 2A may each be
independently one selected from deuterium; —F; —Cl1;—Br;
—I; —CN; a hydroxyl group; a —NO, group; an amino
group; amidino group; a hydrazine; a hydrazone; acarboxylic
acid group orsalt thereof; a sulfonic acid group or salt thereof;
a phosphoric acid group or salt thereof; a methyl group; an
ethyl group; a propyl group; a butyl group; a pentyl group; or
a methyl group, ethyl group, propyl group, butyl group, or
pentyl group substituted with at least one selected from deu-
terium, —F, —Cl, —Br, —I, —CN, a hydroxyl group, a
—NO, group, an amino group, an amidino group, a hydra-
zine, a hydrazone, a carboxylic acid group or salt thereof, a
sulfonic acid group or salt thereof, or a phosphoric acid group
or salt thereof. Also, a and b may each be independently 0 or
1, but are not limited thereto.

[0028] R, to R, in Formula 2B may each be independently
one selected from deuterium; —F; —Cl; —Br; —I; —CN; a
hydroxyl group; a —NO, group; an amino group; amidino
group; a hydrazine; a hydrazone; a carboxylic acid group or
saltthereof; a sulfonic acid group or salt thereof; a phosphoric
acid group or salt thereof; a C,-C,, alkyl group; a C,-C,,
alkoxy group; oraC,-C,, alkyl group or C,-C,, alkoxy group
substituted with at least one selected from deuterium, —F,
—Cl, —Br,—I, —CN, a hydroxyl group, a—NO, group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxylic acid group or salt thereof, a sulfonic acid group or
salt thereof, or a phosphoric acid group or salt thereof. Also,
a to d may each be independently 0, 1, or 2.

[0029] For example, R, to R, in Formula 2B may each be
independently deuterium; —F; —Cl; —Br; —I; —CN; a
hydroxyl group; —NO, group; an amino group; amidino
group; a hydrazine; a hydrazone; a carboxylic acid group or
saltthereof; a sulfonic acid group or salt thereof; a phosphoric
acid group or salt thereof; a methyl group; an ethyl group; a
propyl group; a butyl group; a pentyl group; or a methyl
group, ethyl group, propyl group, a butyl group, or pentyl
group substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, —CN, a hydroxyl group, a —NO,
group, an amino group, an amidino group, a hydrazine, a
hydrazone, a carboxylic acid group or salt thereof, a sulfonic
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acid group or salt thereof, or a phosphoric acid group or salt
thereof. Also, a to d may each be independently O or 1.

[0030] Ar, to Ar, in Formula 1 are each independently a
substituted or unsubstituted phenyl group, a substituted or
unsubstituted pentalenyl, a substituted or unsubstituted inde-
nyl, a substituted or unsubstituted naphthyl group, a substi-
tuted or unsubstituted azulenyl, a substituted or unsubstituted
heptalenyl, a substituted or unsubstituted indacenyl, a substi-
tuted or unsubstituted acenaphthyl group, a substituted or
unsubstituted fluorenyl, a substituted or unsubstituted phe-
nalenyl, a substituted or unsubstituted phenanthrenyl, a sub-
stituted or unsubstituted anthryl group, a substituted or
unsubstituted fluoranthenyl group, a substituted or unsubsti-
tuted triphenylenyl group, a substituted or unsubstituted pyre-
nyl group, a substituted or unsubstituted chrysenyl group, a
substituted or unsubstituted naphthacenyl group, a substi-
tuted or unsubstituted picenyl group, a substituted or unsub-
stituted perylenyl group, a substituted or unsubstituted pen-
taphenyl group, a substituted or unsubstituted hexacenyl
group, a substituted or unsubstituted pyrrolyl group, a substi-
tuted or unsubstituted pyrazolyl group, a substituted or
unsubstituted imidazolyl group, a substituted or unsubsti-
tuted imidazolinyl group, a substituted or unsubstituted imi-
dazopyridinyl group, a substituted or unsubstituted imida-
zopyrimidinyl group, a substituted or unsubstituted pyridinyl
group, a substituted or unsubstituted pyrazinyl, a substituted
or unsubstituted pyrimidinyl group, a substituted or unsub-
stituted benzoimidazolyl group, a substituted or unsubsti-
tuted indolyl group, a substituted or unsubstituted purinyl
group, a substituted or unsubstituted quinolinyl group, a sub-
stituted or unsubstituted isoquinolinyl group, a substituted or
unsubstituted phthalazinyl group, a substituted or unsubsti-
tuted indolizinyl group, a substituted or unsubstituted naph-
thyridinyl group, a substituted or unsubstituted quinazolinyl
group, a substituted or unsubstituted quinoxalinyl group, a
substituted or unsubstituted cinnoliny! group, a substituted or
unsubstituted indazolyl group, a substituted or unsubstituted
carbazolyl group, a substituted or unsubstituted phenazi-
nylene group, a substituted or unsubstituted phenanthridinyl
group, a substituted or unsubstituted pyranyl group, a substi-
tuted or unsubstituted chromenyl group, a substituted or
unsubstituted furanyl group, a substituted or unsubstituted
benzofuranyl group, a substituted or unsubstituted thiophenyl
group, a substituted or unsubstituted benzothiophenyl group,
a substituted or unsubstituted isothiazolyl group, a substi-
tuted or unsubstituted benzoimidazolyl group, a substituted
or unsubstituted isoxazolyl group, a substituted or unsubsti-
tuted dibenzothiophenyl group, a substituted or unsubstituted
dibenzofuranyl group, a substituted or unsubstituted triazinyl
group, a substituted or unsubstituted oxadiazolyl group, a
substituted or unsubstituted pyridazinyl group, a substituted
or unsubstituted triazolyl group, a substituted or unsubsti-
tuted tetrazolyl group, a substituted or unsubstituted phenan-
throlinyl group, a substituent represented by Formula 2A, or
a substituent represented by Formula 2B, where when n is 0,
at least one of Ar, and Ar, (or when nis 1, at least one of Ar,
to Ar,) may be the substituent represented by Formula 2A.

[0031] For example, Ar, to Ar, in Formula 1 may each be
independently a substituted or unsubstituted phenyl group, a
substituted or unsubstituted naphthyl group, a substituted or
unsubstituted fluorenyl group, a substituted or unsubstituted
phenanthrenyl group, a substituted or unsubstituted anthryl
group, a substituted or unsubstituted pyrenyl group, a substi-
tuted or unsubstituted chrysenyl group, a substituted or
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unsubstituted pyridinyl group, a substituted or unsubstituted
pyrazinyl group, a substituted or unsubstituted pyrimidinyl
group, a substituted or unsubstituted quinolinyl group, a sub-
stituted or unsubstituted isoquinolinyl group, a substituted or
unsubstituted quinazolinyl group, a substituted or unsubsti-
tuted quinoxalinyl group, a substituted or unsubstituted car-
bazolyl group, a substituted or unsubstituted benzofuranyl
group, a substituted or unsubstituted benzothiophenyl group,
a substituted or unsubstituted dibenzothiophenyl group, a
substituted or unsubstituted dibenzofuranyl group, a substi-
tuted or unsubstituted triazinyl group, the substituent repre-
sented by Formula 2A, or the substituent represented by For-
mula 2B, where when n is 0, at least one of Ar, and Ar, (or
when n is 1, at least one of Ar; to Ar,) may be a substituent
represented by Formula 2A or a substituent represented by
Formula 2B.

[0032] Also, forexample, Ar, to Ar, in Formula 1 may each
be independently a C,-Cy, aryl group substituted with at least
one selected from —F, —CN, —NO,, ora C,-C,, alkyl group
substituted with at least one —F (for example, a phenyl
group, naphthyl group, or phenanthrenyl group substituted
with at least one selected from —F, —CN, —NO,, or a
C,-C,, alkyl group substituted with at least one —F, etc.); a
unsubstituted C,-C, heteroaryl group (for example, a pyridi-
nyl group, a pyrazinyl group, a pyrimidinyl group. a triazinyl
group, etc.); a C,-Cgy heteroaryl group substituted with at
least one selected from —F, —CN,—NO,, ora C,-C,, alkyl
group substituted with at least one —F; a substituent repre-
sented by Formula 2A; or a substituent represented by For-
mula 2B, where when n is 0, at least one of Ar; and Ar, (or
when n is 1, at least one of Ar; to Ar,) may be a substituent
represented by Formula 2A or a substituent represented by
Formula 2B.

[0033] For example, Ar, to Ar, in Formula 1 may each be
independently one selected from substituents represented by
Formula3(1)to Formula 3(25), the substituent represented by
Formula 2A, or the substituent represented by Formula 2B,
where when n is 0, at least one of Ar; and Ar, (or whennis 1,
at least one of Ar, to Ar,) may be a substituent represented by
Formula 2A or a substituent represented by Formula 2B:

Formula 3(1)
AN
T R
. Z
Formula 3(2)
7 | N
1 Rt
e N
Formula 3(3)
= | A
1 Rt
AN Va

%
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[0034] In Formulae 3(1) to 3(25), T,, is O, S, N(R;,), or
C(R5,)(R55), where R;; is understood by reference to the
description of R, ,, and R, and R,; are understood by refer-
ence to the description of R, and R 5, respectively. R,, and
R,, may each be independently one selected from deuterium;
—F; —Cl; —Br; —I; —CN; a hydroxyl group; a —NO,
group; an amino group; an amidino group; a hydrazine; a
hydrazone: a carboxylic acid group or salt thereof; a sulfonic
acid group or salt thereof; a phosphoric acid group or salt
thereof; a C,-C,, alkyl group; a C,-C,, alkoxy group; a
C,-C,palkyl group or C,-C,, alkoxy group substituted with at
least one selected from deuterium, —F, —Cl, —Br, —I,
—CN, a hydroxyl group, a—NO, group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxylic acid
group or salt thereof, a sulfonic acid group or salt thereof, or
a phosphoric acid group or salt thereof; a C4-C,,, aryl group;
aC,-C,, heteroaryl group; or a C,-Cy, aryl group and C,-Cs,
heteroaryl group substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, —CN, a hydroxyl group, a
—NO, group, an amino group, an amidino group, a hydra-
zine, a hydrazone, a carboxylic acid group or salt thereof, a
sulfonic acid group or salt thereof, a phosphoric acid group or
salt thereof, a C,-C,, alkyl group, a C,-C,, alkyl group sub-
stituted with at least one —F, or C,-C,, alkoxy group.Also, aa
is an integer of 0 to 5 (for example, an integer of 0 to 3); ab is
an integer of 0 to 6 (for example, an integer of 0to 3); ac is an
integer of 0 to 3; ad is an integer of 0 to 4 (for example, an
integer of 0 to 3); ae is an integer of 0 to 2; and * is a binding
site with N in Formula 1.

[0035] Forexample, R,, andR,, in Formulae 3(1) to 3(25)
may be each independently one selected from deuterium;
—F; —Cl; —Br; —I; —CN; a hydroxyl group; —NO,
group; an amino group; an amidino group; a hydrazine; a
hydrazone: a carboxylic acid group or salt thereof; a sulfonic
acid group or salt thereof; a phosphoric acid group or salt
thereof; a methyl group; an ethyl group; a propyl group; a
butyl group; a pentyl group; a methyl group, ethyl group,
propyl group, butyl group, or penty! group substituted with at
least one selected from deuterium, —F, —Cl, —Br, —I,
—CN, ahydroxyl group, a—NO, group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxylic acid
group or salt thereof, a sulfonic acid group or salt thereof, or
a phosphoric acid group or salt thereof; a phenyl group; a
naphthyl group; an anthryl group; or a phenyl group, naphthyl
group, or anthryl group substituted with at least one selected
from deuterium, —F, —Cl, —Br, —I, —CN, a hydroxyl
group, a—NO, group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxylic acid group or salt
thereof, a sulfonic acid group or salt thereof, a phosphoric
acid group or salt thereof, a methy! group, an ethyl group, a
propyl group, a butyl group, or a pentyl group, but are not
limited thereto.

[0036] Forexample, R,, and R,, in Formulae 3(1) to 3(25)
may each be independently one selected from —F; —CN; a
—NO, group; a C,-C, alkyl group or a C,-C,, alkoxy group
substituted with at least one selected from —F, —CN, or a
—NO, group; a phenyl group; a naphthyl group; a pyridinyl
group; a pyrimidinyl group; a pyrazinyl group; a quinolinyl
group; an isoquinolinyl group; a quinazolinyl group; a qui-
noxalinyl group; or a phenyl group, naphthyl group, pyridinyl
group, pyrimidinyl group, pyrazinyl group, quinolinyl group,
isoquinolinyl group, quinazolinyl group, or quinoxalinyl
group substituted with at least one selected from —F, —CN,
and —NO,, but are not limited thereto.
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[0037] The amine-based compound of Formula 1 above
may be represented by any one of Formulae 1A to 1D below:

<Formula 1A>

Ary
\
Q .
A—N Q
\
Ary

<Formula 1B>

<Formula 1C>

A{3 O / Ar
N N
/ \
AI4 . Ar1

<Formula 1D>
Ary
/
N
\
[ ) )

[0038] Ar, to Ar, in Formulae 1 A to 1D may be understood
by reference to the descriptions of Ar, to Ar,.

[0039] For example, the amine-based compound may be
represented by any one of Formulae 1A to 1C,and Ar, and Ar,
in Formulae 1A to 1C may be identical to each other, and Ar,
and Ar,, in Formulae 1A to 1C may be identical to each other.
[0040] For example, the amine-based compound may be
represented by any one of Formulae 1A to 1C,and Ar, and Ar,
in Formulae 1A to 1C may be identical to each other, and Ar,
and Ar, in Formulae 1A to 1C may be different from each
other.

[0041] For example, the amine-based compound may be
represented by any one of Formulae 1A to 1C, and Ar, to Ar,,
in Formulae 1A to 1C may be different from each other.
[0042] For example, the amine-based compound may be
represented by Formula 1A, 1B or 10, and in the formulae, the
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first diarylamino group and the second diarylamino group
may be identical to each other (for example, see Compounds
1to 17, 28 to 43, and 45).

[0043] Alternatively, the amine-based compound may be
represented by Formula 1A, 1B or 10, and in the formulae, the
first diarylamino group and the second diarylamino group
may be different from each other (for example, see Com-
pounds 18 to 27, 44, and 46 to 48.)

[0044] According to an embodiment of the present inven-
tion, the amine-based compound of Formula 1 may be repre-
sented by Formula 1A, 1B, or 10. Ar, and Ar; in Formulae 1A
to 1C may each be independently a substituent represented by
Formula 2A or a substituent represented by Formula 2B. Ar,
and Ar, in Formulae 1A to 1C may each be independently a
substituent represented by one of Formula 3(1) to Formula
3(25). In this regard, Ar, and Ar; may be identical to each
other, and Ar, and Ar, may be identical to each other; or Ar,
and Ar; may be different from each other, and Ar, and Ar,
may beidentical to each other; or Ar, and Ar; may be identical
to each other, and Ar, and Ar, may be different from each
other; or Ar, to Ar, may be different from each other.

[0045] According to another embodiment of the present
invention, the amine-based compound of Formula 1 is repre-
sented by Formula 1A, 1B, or 1C. Ar, in Formulae 1A to 10
may be a substituent represented by Formula 2A or a sub-
stituent represented by Formula 2B. Ar;, Ar,, and Ar, in
Formulae 1A to 1C may each be independently a substituent
represented by one of Formula 3(1) to Formula 3(25). In this
regard, Ar, and Ar, may be identical to each other, or Ar, and
Ar, may be different from each other.

[0046] According to another embodiment of the present
embodiment, the amine-based compound of Formula 1 is
represented by Formula 1 D. Ar, in Formula 1D may be a
substituent represented by Formula 2A or a substituent rep-
resented by Formula 2B. Ar, in Formula 1D may be a sub-
stituent represented by Formula 3(1) to Formula 3(25).

[0047] The amine-based compound of Formula 1 may be
represented by Formula 1A(1), 1A(2), 1A(3), 1A(4), 1A(5),
1B(1), 1B(2), 1B(3), 1C(1), 1C(2), or 1D(1) below, but may
also be represented by other formulae.

Q(Rﬂ)})

<Formula 1A(1)>

T
Q &
At;—N Q
/ T
Y
_\(R42)q
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-continued

<Formula 1A(2)>
=\ Ray)p

X/
\_/

N—Arn

<Formula 1A(3)>

7 !
i Ratlp
.
Ios

Q &

AI3_

(R42)q

<Formula 1A(4)>
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-continued -continued
<Formula 1A(5)> <Formula 1C(1)>

Q O O Arl

T

\ | J/T22 ‘ \=|_
Ra)g Ranp

_\\ <Formula 1CQ2)>

—/ ~Rap) / \/\(R43)r
<Formula 1B(1)> )
_T23
O
d SR
|J )=
Q (R41)p

<Formmla 1B(2)>

(R42 Jq

<Formula 1D(1)

/ (R41)p O
Q O O /Arl
N
(s ( T 8
Ty ’3 \>
(R42)q R43), O (R41),,

<Formula 1B(3)>

(R41)5
[0048] Tn Formulae 1A(1), 1A(2), 1A(3). 1A(4), 1A(3),

/ \ 1B(1), 1B(2), 1B(3), 1C(1), 1C(2), and 1D(1), T, , to T, may
O each be independently N or C(R,,). T,5 and T, ; may each be
Ang / \ independently O or S.R,; and R ., may each be independently
\N O _ one selected from deuterium; —F; —CI; —Br; —I; —CN; a
hydroxyl group; —NO, group; an amino group; amidino
— Q N\ group; a hydrazine; a hydrazone; a carboxylic acid group or
Ary saltthereof; a sulfonic acid group or salt thereof; a phosphoric
\ / acid group or salt thereof; a C,-C,, alkyl group; a C,-C,,
alkoxy group; a C,-C,, alkyl group or C,-C,, alkoxy group

\ | /

substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, —CN, a hydroxyl group, a—NO, group, an
(Ra2); amino group, an amidino group, a hydrazine, a hydrazone, a
carboxylic acid group or salt thereof, a sulfonic acid group or
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salt thereof, a phosphoric acid group or salt thereof; a C4-C,,
aryl group; a C,-C,,, heteroaryl group; or a C,-Cg, aryl group
or C,-C,, heteroaryl group substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, —CN, a
hydroxyl group, a —NO, group, an amino group, an amidino
group, a hydrazine, a hydrazone, a carboxylic acid group or
saltthereof, a sulfonic acid group or salt thereof, a phosphoric
acid group orsalt thereof, a C, -C,, alkyl group, aC,-C,, alkyl
group substituted with at least one —F, or a C,-C,, alkoxy
group. Also, p, q, and r may each be independently an integer
of 0to 4; s and t may each be independently an integer of 0 to
7. Ar, and Ar; may each be independently a substituent rep-
resented by Formula 2A or a substituent represented by For-
mula 2B.

[0049] The substituent represented by Formula 2A or the
substituent represented by Formula 2B (which may be Ar,
and/or Ar, in Formulae 1A(1), 1A(2), 1A(3), 1A(4), 1A(5),
1B(1), 1B(2), 1B(3), 1C(1), 1C(2) and 1D(1)) are described
in detail above. Also, the p ors (i.e., the number of) R, groups
may be identical to or different from each other, the qort (i.e.,
the number of) R,, groups may be identical to or different
from each other, and the r (i.e. the number of) R ,; groups may
be identical to or different from each other.

[0050] R, toR,,inFormulae 1A(1), 1A(2), LA(3), 1A(4),
1A(5), 1B(1), 1B(2), 1B(3), 1C(1), 1C(2) and 1D(1) may
each be independently deuterium; —F; —Cl; —Br; —I;
—CN, a hydroxyl group; —NO? group; an amino group; an
amidino group; a hydrazine; a hydrazone; a carboxylic acid
group or salt thereof; a sulfonic acid group or salt thereof, a
phosphoric acid group or salt thereof; a methyl group; an
ethyl group; a propyl group; a butyl group; a pentyl group; a
methyl group, an ethyl group, a propyl group, a butyl group,
or a pentyl group substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, —CN, a hydroxyl group, a
—NO, group, an amino group, an amidino group, a hydra-
zine, a hydrazone, a carboxylic acid group or salt thereof, a
sulfonic acid group or salt thereof, or a phosphoric acid group
or salt thereof; a phenyl group; a naphthyl group; an anthryl
group; or a phenyl group, a naphthyl group, or an anthryl
group substituted with at least one selected from deuterium,
—F, —Cl, —Br, —I, —CN, a hydroxyl group, a —NO,
group, an amino group, an amidino group, a hydrazine, a
hydrazone, a carboxylic acid group or salt thereof, a sulfonic
acid group or salt thereof, a phosphoric acid group or salt
thereof, a methyl group, an ethyl group, a propyl group, a
butyl group, or a pentyl group.

[0051] According to an embodiment of the present inven-
tion, the amine-based compound may be represented by For-
mula 1A(1), 1A(4), 1B(1), 1B(2), 1C(1), 1C(2), or 1D(1),
where T, in Formulae 1A(1), 1A(4), 1B(1), 1B(2), 1C(1),
1C(2), and 1D(1) may be C(R,,), and R ,, may be —F, —CN,
—NO,, ora C,-C,, alkyl group substituted with at least one
—F

[0052] According to another embodiment of the present
invention, the amine-based compound may be represented by
Formula 1A(1), 1A(4), 1B(1), 1B(2), 1C(1), 1C(2), or 1D(1),
and T,, in Formulae 1A(1), 1A(4), 1B(1), 1B(2), 1C(1),
1C(2), and 1D(1) may be N.
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[0053] According to another embodiment of the present
invention, the amine-based compound may be represented by
Formula 1A(1), 1A(2), 1A(3), 1A4), 1A(5), 1B(1), 1B(2),
1B(3), 1C(1), 1C(2), or 1D(1), and at least one of the p or s
(i.e., the number of) R, groups in Formulae 1A(1), 1A(2),
1A(3), 1A4), 1A(5), 1B(1), 1B(2), 1B(3), 1C(1), 1C(2), and
1D(1) may be —F, —CN, —NO,, or a C,-C, alkyl group
substituted with at least one —F.

[0054] According to another embodiment of the present
invention, the amine-based compound may be represented by
Formula 1A(1), 1A(2), 1A(3), 1A4), 1A(5), 1B(1), 1B(2),
1B(3), 1C(1), or 1C(2), and the first diarylamino group and
the second diarylamino group in Formula 1A(1), 1A(2),
1A(3), 1A4), 1A(5), 1B(1), 1B(2), 1B(3), 1C(1), or 1C(2)
may be identical to each other.

[0055] According to another embodiment of the present
invention, the amine-based compound may be represented by
Formula 1A(1), 1A(2), 1A(3), 1A(4), 1A(5), 1B(1), 1B(2),
1B(3), 1C(1), or 1C(2), and the first diarylamino group and
the second diarylamino group in Formula 1A(1), 1A(2),
1A(3), 1A(4), LA(5), 1B(1), 1B(2), 1B(3), 1C(1), and 1C(2)
may be different from each other.

[0056] An in Formula 1A(1), 1A(2), 1A(3), 1A(4), 1A(5),
1B(1), 1B(2), 1B(3), 1C(1), 1C(2), and 1D(1) may be a sub-
stituent represented by Formula 2A or a substituent repre-
sented by Formula 2B, and T, in Formula 2A may be C(R,,)
(R,5) where R, and R,; may each be independently one
selected from a methyl group; an ethyl group; a propyl group;
a butyl group; a pentyl group; or a methyl group, an ethyl
group, a propyl group, a butyl group, or a pentyl group sub-
stituted with at least one selected from deuterium, —F, —Cl,
—Br, —I,—CN, a hydroxyl group,a—NO, group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxylic acid group or salt thereof, a sulfonic acid group or salt
thereof, or a phosphoric acid group or salt thereof; a phenyl
group; a naphthyl group; an anthryl group; or a phenyl group,
a naphthyl group, or an anthryl group substituted with at least
one selected from deuterium, —F, —Cl, —Br, —I, —CN, a
hydroxyl group, —NO, group, an amino group, an amidino
group, a hydrazine, a hydrazone, a carboxylic acid group or
saltthereof, a sulfonic acid group or salt thereof, a phosphoric
acid group or salt thereof, a C,-C,, alkyl group,a C, -C, alkyl
group substituted with at least one —F, or C,-C,, alkoxy
group. R, to R, in Formulae 2A and 2B may each be inde-
pendently one selected from deuterium; —F; —Cl; —Br;
—1I;,—CN; ahydroxyl group; —NO, group; an amino group;
an amidino group; a hydrazine; a hydrazone; a carboxylic
acid group or salt thereof; a sulfonic acid group or salt thereof;,
a phosphoric acid group or salt thereof; a methyl group; an
ethyl group; a propyl group; a butyl group; or a pentyl group;
or a methyl group, an ethyl group, a propyl group, a butyl
group, or a pentyl group substituted with at least one selected
from deuterium, —F, —Cl, —Br, —I, —CN, a hydroxyl
group, a—NO, group, an amino group, an amidino group, a
hydrazine, a hydrazone, a carboxylic acid group or salt
thereof, a sulfonic acid group or salt thereof, or a phosphoric
acid group or salt thereof. Also, a and b may each be inde-
pendently 0 or 1.

[0057] The amine-based compound of Formula 1 may be,
for example, one of Compounds 1 to 222, but are not limited
thereto.
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[0058] Because whenninFormula 1is0, atleast one of Ar,
and Ar, (orwhenninFormula 1 is 1, atleast one of Ar, to Ar,,)
may be a substituent represented by Formula 2A or a sub-
stituent represented by Formula 2B, coordination with the
core A may be weak. Accordingly, the amine-based com-
pound of Formula 1 may emit blue light having a relatively
short wavelength.

[0059] Furthermore, when Ar, to Ar, are each indepen-
dently a C¢-Cy,, aryl group substituted with at least one elec-
tron withdrawing group selected from —F, —CN,—NO.,, or
a C,-C,, alkyl group substituted with at least one —F; a
unsubstituted C,-Cg, heteroaryl group; the substituent repre-
sented by Formula 2A; or the substituent represented by
Formula 2B, and when n in Formula 1 is 0, at least one of Ar,

219

N/\

@ o‘e

0.0 /N

and Ar, (orwhenninFormulal is 1, atleast one of Ar, to Ar,)
is a substituent represented by Formula 2A or a substituent
represented by Formula 2B, the amine-based compound of
Formula 1 may efficiently emit a relatively short wavelength
of blue light.

[0060] Forexample, inaphotoluminescence (PL) spectrum
of the amine-based compound of Formula 1 in toluene, a
maximum peak may be 465 nm or less. Accordingly, the
amine-based compound of Formula 1 may emit blue light
having good color purity. For example, an organic light-
emitting diode employing the amine-based compound of For-
mula 1 may provide blue light having color purity character-
istics such that the y coordinate is 0.1 or less, for example,
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0.09 or less. Thus, the organic light-emitting diode may emit
blue light that is close to the NTSC or sRGB standard.
[0061] Accordingly, an organic light-emitting diode
employing the amine-based compound of Formula 1 may
provide good electric characteristics (e.g., a low driving volt-
age, a high current density, a long lifespan, and the like) and
good color purity characteristics.

[0062] The amine-based compound of Formula 1 may be
synthesized using known organic synthesis methods. Meth-
ods of synthesizing the amine-based compound would be
known to those of ordinary skill in the art, especially with
reference to the following examples.

[0063] One or more of the amine-based compounds of For-
mula 1 may be used between a pair of electrodes of an organic
light-emitting diode. For example, one or more of the amine-
based compounds may be used in an emission layer.

[0064] Accordingly, an organic light-emitting diode
according to an embodiment of the present invention
includes: a first electrode; a second electrode facing the first
electrode; and an organic layer between the first electrode and
the second electrode, wherein the organic layer includes one
or more of the amine-based compounds described above.
[0065] The expression “(an organic layer) includes one or
more amine-based compounds,” as used herein, may include
cases in which an organic layer includes one amine-based
compound of Formula 1 and cases in which an organic layer
includes two or more different amine-based compounds of
Formula 1.

[0066] For example, the organic layer may include as the
amine-based compound, only Compound 1. In this regard,
Compound 1 may exist in an emission layer of an organic
light-emitting device. Alternatively, the organic layer may
include, as the amine-based compound, Compound 2 and
Compound 3. In this regard, Compound 2 and Compound 3
may exist in the same layer (for example, Compound 2 and
Compound 3 may exist in an emission layer) or in different
layers (for example, Compound 2 may exist in an emission
layer and Compound 3 may exist in a hole transport layer).
[0067] The organic layer may include at least one layer
selected from a hole injection layer, a hole transport layer, a
functional layer having hole injection and hole transport
functions (hereinafter referred to as an “H-functional layer”),
abuffer layer, an electron blocking layer, an emission layer, a
hole blocking layer, an electron transport layer, an electron
injection layer, and a functional layer having electron trans-
port and electron injection functions (hereinafter referred to
as an “E-functional layer”).

[0068] The term “organic layer,” as used herein, refers to a
single layer and/or a plurality of layers between the first
electrode and the second electrode of an organic light-emit-
ting diode.

[0069] The organic layer may include an emission layer,
and the emission layer may include one or more ofthe amine-
based compounds described above.

[0070] The amine-based compound included in the emis-
sion layer may function as a dopant. For example, the amine-
based compound may function as a fluorescent dopant. An
emission layer including the amine-based compound may
emit blue light. In this regard, the emission layer may further
include a host.

[0071] The host may include at least one compound
selected from an anthracene-based compound represented by
Formula 400 below and an anthracene-based compound rep-
resented by Formula 401 below.
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<Formula 400>

N\ (Ary)5);
5

Arpa——(Ar ) (Aryy)e— Ary3

(Ary16);

[0072] InFormula 400, Ar,,, and Ar,,, may each be inde-
pendently a substituted or unsubstituted Cs-Cqy, arylene
group. Ar,, ; to Ar, , c,may each be independently a substituted
orunsubstituted C, -C, , alkyl group or a substituted or unsub-
stituted C4-Cy aryl group. Also, g, b, i, and j may each be
independently an integer of 0 to 4.

[0073] For example, Ar,;, and Ar, , in Formula 400 may
be each independently one selected from a phenylene group;
anaphthylene group; a phenanthrenylene group; a pyrenylene
group; or a phenylene group, a naphthylene group, a phenan-
threnylene group, a fluorenyl group, or a pyrenylene group
substituted with at least one selected from a phenyl group, a
naphthyl group, or an anthryl group, but are not limited
thereto.

[0074] Also, g, h, i, and j in Formula 400 may each be
independently 0, 1, or 2.

[0075] Ar, ;10 Ar,, ¢inFormula 400 may be each indepen-
dently one selected from a C-C,, alkyl group substituted
with at least one selected from a phenyl group, a naphthyl
group, or an anthryl group; a phenyl group; a naphthyl group;
an anthryl group; a pyrenyl group; a phenanthrenyl group; a
fluorenyl group; a phenyl group, a naphthyl group, a anthryl
group, a pyrenyl group, a phenanthrenyl group, or a fluorenyl
group substituted with at least one selected from deuterium, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine, a hydrazone,
a carboxylic acid group or salt thereof, a sulfonic acid group
or salt thereof, a phosphoric acid group or salt thereof, a
C,-Cg alkyl group, a C,-C, alkenyl group, a C,-Cg, alkynyl
group, a C,-C,, alkoxy group, a phenyl group, a naphthyl
group, an anthryl group, a pyrenyl group, a phenanthrenyl
group, or a fluorenyl group; or

| O’QQ

but are not limited thereto.

[0076] For example, the anthracene-based compound rep-
resented by Formula 400 may be one of the following com-
pounds, but is not limited thereto.
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<Formula 401>

A\ (Arps)g
X

[0077] Ar,,,t0Ar,,5inFormula401 may be understood by
reference to the description of Ar, |5 in Formula 400.

[0078] Ar,,, and Ar,,, in Formula 401 may each be inde-
pendently a C,-C,, alkyl group (for example, a methyl group,
an ethyl group, or a propyl group).

[0079] Also, k and 1 in Formula 401 may each be indepen-

dently an integer of 0 to 4. For example, k and I may be 0, 1,
or 2.

[0080] For example, the anthracene-based compound rep-
resented by Formula 401 may be one of the following com-
pounds, but is not limited thereto.
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[0081] An organic light-emitting diode employing the
amine-based compound of Formula 1 may emit blue light that
satisfies the sSRGB standard. Accordingly, the organic light-
emitting diode may be used in a large full-color display
device (for example, an organic light-emitting display
(OLED) television (TV), etc.).

[0082] FIG. 1 is a schematic cross-sectional view of an
organic light-emitting diode 10 according to an embodiment
of the present invention. Hereinafter, with reference to FIG. 1,
the structure of an organic light-emitting diode according to
an embodiment of the present invention, and a method of
manufacturing the organic light-emitting diode, according to
another embodiment of the present invention, will be
described in detail.

[0083] The substrate 11 may be any one of various sub-
strates that are used in known organic light-emitting devices,
and may be a glass substrate or a transparent plastic substrate
with good mechanical strength, thermal stability, transpar-
ency, surface smoothness, ease of handling, and water repel-
lency.

9
9
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[0084] A first electrode 13 may be formed by depositing or
sputtering a material for forming the first electrode on the
substrate 11. When the first electrode 13 is an anode, the
material for forming the first electrode may be chosen from
materials having a high work function to allow holes to be
easily injected. The first electrode 13 may be a reflective
electrode, a semi-transparent electrode, or a transparent elec-
trode. For example, when the organic light-emitting diode is
used in a large display device, the first electrode 13 may be a
semi-transparent electrode or a transparent electrode.
Examples of the first electrode material are indium tin oxide
(ITO), indium zinc oxide (IZ0), tin oxide (Sn0,), and zinc
oxide (ZnO), which have transparency and high conductivity.
Alternatively, when magnesium (Mg), aluminum (Al), alu-
minum-lithium(Al—Li), calcium (Ca), magnesium-indium
(Mg—In), magnesium-silver (Mg—Ag), or the like is used,
the first electrode 13 may be formed as a reflective electrode.

[0085] The first electrode 13 may be a single-layered struc-
ture or a multi-layered structure including two or more layers.
For example, the first electrode 13 may have a three-layered
structure of ITO/Ag/ITO, but the structure of the first elec-
trode 13 is not limited thereto.

[0086] Anorganiclayer 15 is disposed on first electrode 13.
The organic layer 15 may include a hole injection layer, a hole
transport layer, a buffer layer, an emission layer, an electron
transport layer, and an electron injection layer.

[0087] A hole injection layer (HIL) may be formed on the
first electrode 13 using any one of various methods, for
example, vacuum deposition, spin coating, casting, or Lang-
muir-Blodgett (LB) deposition.

[0088] When a hole injection layer is formed by vacuum
deposition, the deposition conditions may vary according to
the material used to form the hole injection layer, and the
desired structural and thermal characteristics of the hole
injection layer. For example, the deposition conditions may
include a deposition temperature of about 100 to about 500°
C., a vacuum pressure of about 107 to about 10~ torr, and a
deposition rate of about 0.01 to about 100 A/sec. However,
the deposition conditions are not limited thereto.

[0089] When the hole injection layer is formed using spin
coating, the coating conditions may vary according to the
material used to form the hole injection layer, and the desired
structural and thermal properties of the hole injection layer.
For example, a coating speed may be from about 2000 rpm to
about 5000 rpm, and a temperature at which heat treatment is
performed (to remove solvent after coating) may be from
about 80° C. to about 200° C. However, the coating conditions
are not limited thereto.

[0090] The material used to form the hole injection layer
may be any known hole injecting material. Nonlimiting
examples of the hole injecting material include a phthalocya-
nine compound, such as copperphthalocyanine, N,N'-diphe-
nyl-N,N'-bis-[ 4-(phenyl-m-tolyl-amino)-phenyl]|-biphenyl-
4,4'-diamine (DNTPD); 4,4' A" -tris(3-
methylphenylphenylamino)triphenylamine (m-MTDATA);
TDATA; 2T-NATA; polyaniline/dodecylbenzenesulfonic
acid (Pani/DBSA); poly(3,4-ethylenedioxythiophene)/poly
(4-styrenesulfonate)(PEDOT/PSS);  polyaniline/camphor
sulfonic acid (Pani/CSA); and polyaniline)/poly(4-styrene-
sulfonate)(PANI/PSS).



US 2013/0234118 Al Sep. 12, 2013
53

-continued

Q49 o¥<}

570 oo
gH 4

m-MTDATA

2-TNATA

[0091] The hole injection layer may have a thickness of
about 100 A to about 10000 A, for example, a thickness of
about 100 A to about 1000 A. When the thickness of the hole
injection layer is within these ranges, the hole injection layer
may have good hole injection characteristics without an
increase in driving voltage.

[0092] A hole transport layer (HTL) may be formed on the
hole injection layer by vacuum deposition, spin coating, cast-
ing, LB deposition, etc. When the hole transport layer is
formed by vacuum deposition or spin coating, the deposition
or coating conditions may be similar to those described above
with respect to the formation of the hole injection layer,
although the deposition or coating conditions may vary

@ according to the material that is used to form the hole trans-
port layer.

&
Q@

[0093] The material used to form the hole transport layer
may be any known hole transport material. Nonlimiting
examples of the material used to form the hole transport layer
include a carbazole derivative, such as N-phenylcarbazole or
polyvinylcarbazole; N,N'-bis(3-methylphenyl)-N,N'-diphe-
nyl-[1,1-biphenyl]-4,4'-diamine (TPD); 4,4',4"-tris(N-carba-
zolyDtriphenylamine (TCTA), and alpha (ct)-NPD.

SUSASUS
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[0094] The hole transport layer may have a thickness of
about 50 A to about 2000 A, for example, a thickness of about
100 A to about 1500 A. When the thickness of the hole
transport layer is within the above ranges, the hole transport
layer may have satisfactory hole transport characteristics
without a substantial increase in driving voltage.

[0095] An H-functional layer (having hole injection and
hole transport functions) may include at least one material
selected from hole injection layer materials and hole transport
layer materials, and a thickness of the H-functional layer may
be in a range of about 500 A to about 10000 A, for example,
about 100 A to about 1000 A. When the thickness of the
H-functional layer is within the above ranges, the H-func-
tional layer may have satisfactory hole injection and hole
transport characteristics without a substantial increase in
driving voltage.

[0096] Also, at least one layer selected from the hole injec-
tion layer, the hole transport layer, and the H-functional layer
may include at least one selected from a compound repre-
sented by Formula 300 below and a compound represented by
Formula 350 below:

<Formula 300>
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[0097] In Formula 300, Ar,, and Ar,, are each indepen-
dently a substituted or unsubstituted C4-Cy,, arylene group.
When Ar,, and Ar,, are each independently a substituted
C4-Cgo arylene group, at least one substituent of the substi-
tuted C4-Cg, arvlene group may be selected from deuterium;
a halogen; a hydroxyl group; a cyano group; a nitro group; an
amino group; an amidino group; hydrazine; hydrazone; a
carboxyl group or a salt thereof; a sulfonic acid group or asalt
thereof; 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, a fluorenyl group, a phenanthrenyl group, an
anthryl group, a triphenylenyl group, a pyrenyl group, a chry-
senyl group, an imidazolyl group, an imidazolynyl group, an
imidazopyridinyl group, an imidazopyrimidinyl group, a
pyridinyl group, a pyrizinyl group, a pyrimidinyl group, or an
indolyl group; or a phenyl group, a naphthyl group, a fluore-
nyl group, a phenanthrenyl group, an anthryl group, a triph-
enylenyl group, a pyrenyl group, a chrysenyl group, an imi-
dazolyl group, an imidazolynyl group, an imidazopyridinyl
group, an imidazopyrimidinyl group, a pyridinyl group, a
pyrizinyl group, a pyrimidinyl group, or an indolyl group
substituted with at least one of deuterium, a halogen, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt thereof,
a phosphoric acid group or a salt thereof, a C,-C,, alkyl
group, or a C,-C,, alkoxy group.

[0098] Ar,, and Ar,, may be each independently a substi-
tuted or unsubstituted phenylene group, a substituted or
unsubstituted pentalenylene group, a substituted or unsubsti-
tuted indenylene group, a substituted or unsubstituted naph-
thylene group, a substituted or unsubstituted azulenylene
group, a substituted or unsubstituted heptalenylene group, a
substituted or unsubstituted indacenylene group, a substi-
tuted or unsubstituted acenaphthylene group, a substituted or
unsubstituted fluorenylene group, a substituted or unsubsti-
tuted phenalenylene group, a substituted or unsubstituted
phenanthrenylene group, a substituted or unsubstituted
anthrylene group, a substituted or unsubstituted fluoranthe-
nylene group, a substituted or unsubstituted triphenylenylene
group, a substituted or unsubstituted pyrenylene group, a
substituted or unsubstituted chrysenylene group, a substi-
tuted or unsubstituted naphthacenylene group, a substituted
or unsubstituted pycenylene group, a substituted or unsubsti-
tuted perylenylene group, a substituted or unsubstituted pen-
tacenylene group, or a substituted or unsubstituted hexace-
nylene group.

[0099] For example, Ar,, and Ar,, may be each indepen-
dently a substituted or unsubstituted phenylene group, a sub-
stituted or unsubstituted naphthylene group, a substituted or
unsubstituted fluorenylene group, or a substituted or unsub-
stituted phenanthrenylene group, but are not limited thereto.
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[0100] In Formula 350 above, Ar,, and Ar,, may be each
independently a substituted or unsubstituted C-Cgy,, aryl
group or a substituted or unsubstituted C,-C,, heteroaryl
group. For example, Ar,; and Ar,, may be each indepen-
dently a substituted or unsubstituted phenyl group, a substi-
tuted or unsubstituted naphthyl group, a substituted or unsub-
stituted phenanthrenyl group, a substituted or unsubstituted
anthryl group, a substituted or unsubstituted pyrenyl group, a
substituted or unsubstituted chrysenyl group, a substituted or
unsubstituted fluorenyl group, a substituted or unsubstituted
carbazolyl group, a substituted or unsubstituted dibenzofura-
nyl group, or a substituted or unsubstituted dibenzothiophe-
nyl group. In this case, at least one of the substituents of the
substituted phenyl group, the substituted naphthyl group, the
substituted phenanthrenyl group, the substituted anthryl
group, the substituted pyrenyl group, the substituted chryse-
nyl group, the substituted fluorenyl group, the substituted
carbazolyl group, the substituted dibenzofuranyl group, or
the substituted dibenzothiophenyl group may be selected
from deuterium; a halogen atom; a hydroxyl group; a cyano
group; a nitro group; an amino group; an amidino group;
hydrazine; hydrazone; a carboxyl group or a salt thereof; a
sulfonic acid group or a salt thereof; a phosphoric acid or a
salt thereof; a C,-C, , alkyl group; a C,-C,, alkoxy group; a
phenyl group, a naphthyl group, a fluorenyl group, a phenan-
threnyl group, an anthryl group, an triphenylenyl group, a
pyrenyl group, a chrysenyl group, an imidazolyl group, an
imidazolinyl group, an imidazopyridinyl group, an imida-
zopyrimidinyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, or an indolyl group; or a phenyl group, a
naphthyl group, a fluorenyl group, a phenanthrenyl group, an
anthryl group, a triphenylenyl group, a pyrenyl group, a chry-
senyl group, an imidazolyl group, an imidazolinyl group, an
imidazopyridinyl group, an imidazopyrimidinyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group, or an
indolyl group substituted with at least one of deuterium, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, a phosphoric acid or a salt thereof, a C,-C,, alkyl
group, or a C,-C, , alkoxy group.

[0101] In Formula 300, e and f may each be independently
an integer of 0 to 5, or 0, 1, or 2. For example, e is 1 and f'is
0, but e and f are not limited thereto.

[0102] Ry, toRsg, R, to Ry and R, and R, in Formulae
300 and 350 may each be independently hydrogen, deute-
rium, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, a hydrazine,
ahydrazone, a carboxylic acid group or salt thereof, a sulfonic
acid group or salt thereof, a phosphoric acid group or salt
thereof, a substituted or unsubstituted C,-C, alkyl group, a
substituted or unsubstituted C,-Cg, alkenyl group, a substi-
tuted or unsubstituted C,-Cg,, alkynyl group, a substituted or
unsubstituted C, -C, alkoxy group, a substituted or unsubsti-
tuted C5-Cg, cycloalkyl group, a substituted or unsubstituted
Cs-Cgo aryl group, a substituted or unsubstituted C-Cy,, ary-
loxy group, or a substituted or unsubstituted C-Cg,, arylthio
group. For example, Rs; t0 Rqg, R to Ry and R, and R,
may each be independently hydrogen; deuterium,; a halogen
atom; a hydroxyl group; a cyano group; a nitro group; an
amino group; an amidino group; a hydrazine; a hydrazone; a
carboxylic acid group or salt thereof; a sulfonic acid group or
salt thereof; a phosphoric acid group or salt thereof; a C,-C,,
alkyl group (for example, a methyl group, an ethyl group, a
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propyl group, a butyl group, a pentyl group, a hexyl group, or
the like); a C,-C,, alkoxy group (for example, a methoxy
group, an ethoxy group, a propoxy group, a butoxy group, a
pentoxy, or the like); a C,-C,, alkyl group or C,-C,, alkoxy
group substituted with at least one selected from deuterium, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, a hydrazine, a hydrazone,
a carboxylic acid group or salt thereof, a sulfonic acid group
or salt thereof, and a phosphoric acid group or salt thereof; a
phenyl group; a naphthyl group; an anthryl group; a fluorenyl
group; a pyrenyl group; or a phenyl group, a naphthyl group,
an anthryl group, a fluorenyl group, or a pyrenyl group sub-
stituted with at least one selected from deuterium, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine, a hydrazone, a
carboxylic acid group or salt thereof, a sulfonic acid group or
salt thereof, a phosphoric acid group or salt thereof, a C,-C,
alkyl group, or a C,-C,, alkoxy group, but are not limited
thereto.

[0103] R., in Formula 300 may be one selected from a
phenyl group; a naphthyl group; an anthryl group; a biphenyl
group; a pyridyl group; or a phenyl group, naphthyl group,
anthryl group, biphenyl group, or pyridyl group substituted
with at least one selected from 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-
boxylic acid group or salt thereof, a sulfonic acid group or salt
thereof, a phosphoric acid group or salt thereof, a substituted
or unsubstituted C,-C,,, alkyl group, or a substituted or
unsubstituted C,-C,, alkoxy group.

[0104] According to an embodiment of the present inven-
tion, the compound represented by Formula 300 may be rep-
resented by Formula 300A below, but is not limited thereto.

Rs)
\
N

O

Rso

=
)

<Formula 300A>

[0105] Rs,, Ry, Rgy, and Ryg in Formula 300A are
described above.

[0106] For example, at least one layer selected from the
hole injection layer, the hole transport layer, and the H-func-
tional layer may include at least one selected from Com-
pounds 301 to 320, but these layers may instead include other
compounds.
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[0107] At least one layer selected from the hole injection
layer, the hole transport layer, and the H-functional layer may
further include, in addition to known hole injection materials,
known hole transport materials, and/or materials having hole
injection and hole transport functions, a charge-generating
material to increase conductivity of the corresponding layer.

[0108] The charge-generating material may be, for
example, a p-dopant. The p-dopant may be a quinone deriva-
tive, a metal oxide, or a cyano group-containing compound,
butis not limited thereto. For example, nonlimiting examples
of the p-dopant are a quinone derivative, such as tetracyano-
quinonedimethane (TCNQ) and 2,3,5,6-tetrafluoro-tetracy-
ano-1.4-benzoquinonedimethane (F4-TCNQ), or the like; a
metal oxide, such as a tungsten oxide and a molybdenum
oxide; and a cyano group-containing compound, such as
Compound 200 below, but are not limited thereto.
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[0109] When the hole injection layer, the hole transport
layer, or the H-functional layer further include the charge-
generating material, the charge-generating material may be,
for exanmiple, homogeneously or non-homogeneously distrib-
uted in the hole injection layer, the hole transport layer, or the
H-functional layer.

[0110] A buffer layer may be disposed between at least one
of the hole injection layer, the hole transport layer, and the
H-functional layer and the emission layer. The buffer layer
may compensate for an optical resonance distance according
to the wavelength of light emitted from the emission layer to
increase efficiency. The buffer layer may include a known
hole injection material and a known hole transport material.
Alternatively, the buffer layer may include one of materials
included in the hole injection layer, the hole transport layer,
and the H-functional layer formed under the buffer layer.

[0111] An emission layer (EML) may be formed on the
hole transport layer, the H-functional layer, or the buffer layer
by vacuum deposition, spin coating, casting, LB deposition,
etc. When the emission layer is formed by vacuum deposition
or spin coating, the deposition or coating conditions may be
similar to those described above with respect to the formation
of the hole injection layer, although the deposition or coating
conditions may vary according to the material used to form
the emission layer.

[0112] The emission layer may include one or more of the
amine-based compounds described above. The amine-based
compound included in the emission layer may function as a
dopant (for example, a blue fluorescent dopant). For example,
the emission layer may further include, in addition to the
amine-based compound, a host.

[0113] As the host, Algs, 4,4'-N,N'-dicarbazole-biphenyl
(CBP), poly(n-vinylcarbazole)(PVK), 9,10-di(naphthalene-
2-yl)anthracene (ADN), TCTA, 1,3,5-tris(N-phenylbenzimi-
dazole-2-yl)benzene (TPBI), 3-tert-butyl-9,10-di(naphth-2-
yl) anthracene (TBADN), E3, distyrylarylene (DSA),
dmCBP (see the following chemical structure), Compounds
501 to 509 illustrated below, or the like may be used, but other
materials may instead be used as the host.
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[0114] Alternatively, the host may include at least one com-
pound selected from an anthracene-based compound repre-
sented by Formula 400 and an anthracene-based compound
represented by Formula 401.

[0115] The organic light-emitting diode may include a blue
sub-pixel that emits blue light, a green sub-pixel that emits
green light, and a red sub-pixel that emits red light. The blue
sub-pixel may include a blue emission layer that emits blue
light, and the blue emission layer may include the amine-
based compound represented by Formula 1.

[0116] Also, the blue emission layer may further include
one or more of the compounds illustrated below as the blue
dopant, but other materials may further be included in the blue
emission layer.

Iridfppz)3
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[0117] For example, the red sub-pixel may include a red —continued

emission layer, and the red emission layer may include as a
red dopant, one or more of the compounds illustrated below,
but other materials may instead be included in the red emis-
sion layer. Also, as the red dopant, DCM or DCJTB may be
used.
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[0118] Also, the green sub-pixel may include a green emis-
sion layer, and the green emission layer may include as a
green dopant, one or more of the compounds illustrated
below, but other materials may instead be included in the
green emission layer. Also, as the green dopant, C545T below
may be used.
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Also, other examples of dopants that may be
included in the emission layer include the Pt-complexes
depicted below, but the dopant is not limited thereto.

D1

D2

D3
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[0120] Also, other examples of the dopant included in the
emission layer include the Os-complexes depicted below, but
the dopant is not limited thereto:

Os(fppz),(CO);

Os(fppz),(PPhyMe},
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[0121]
dopant, the amount of the dopant may be from about 0.01 to
about 15 parts by weight based on 100 parts by weight of the
host. However, the amount of the dopant is not limited
thereto.

When the emission layer includes a host and a

[0122] The emission layer may have a thickness of about
100 A to about 1000 A, for example, a thickness of about 100
A to about 600 A. When the thickness of the emission layer is
within these ranges, the emission layer may have good lumi-
nescence characteristics without a substantial increase in
driving voltage.

[0123] Then, an electron transport layer (ETL) may be
formed on the emission layer by any one of various methods,
such as vacuum deposition, spin coating, casting, etc. When
the electron transport layer is formed by vacuum deposition
or spin coating, the deposition or coating conditions may be
similar to those described above with respect to the formation
of the hole injection layer, although the deposition or coating
conditions may vary according to the material used to form
the emission layer.

[0124] Thematerial for forming the electron transport layer
may be any material that stably transports electrons injected
from an electron injection electrode (e.g., cathode), and such
a material may be chosen from known electron transport
materials. Examples of electron transport materials include a
quinoline derivative, such as tris(8-quinolinolate)aluminum
(Alg,), TAZ, BAlq, beryllium bis(benzoquinolin-10-olate)
(Bebg,), ADN, Compound 201, and Compound 202, but are
not limited thereto.
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TAZ

<Compound 201>

-7

\ /
W

A

O

<Compound 202>

BCP

[0125] Theelectron transport layer may have a thickness of
about 100 A to about 1000 A, for example, a thickness of
about 150 A to about 500 A. When the thickness of the

electron transport layer is within the above ranges, the elec-
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tron transport layer may have satisfactory hole transport char-
acteristics without a substantial increase in driving voltage.
[0126] Also, the electron transport layer may include, in
addition to a known electron transport organic compound, a
metal-containing material.

[0127] The metal-containing material may include a Li
complex. Nonlimiting examples of the Li complex are
lithium quinolate (Liq) and Compound 203 below.

<Compound 203>

[0128] Also, a material that allows electron to be easily
injected from an anode may be deposited on the electron
transport layer to form an electron injection layer (EIL), and
the material is not particularly limited.

[0129] The material used to form the electron injection
layer may be any one of various materials, such as LiF, NaCl,
CsF, Li,0, BaQ, or the like. Deposition conditions for form-
ing the electron injection layer may be similar to those
described above with respect to formation of the hole injec-
tion layer, although the deposition or coating conditions may
vary according to the material used to form the emission layer.
[0130] Theelectron injection layer may have a thickness of
about 1 A to about 100 A, for example, a thickness of about 3
A to about 90 A. When the thickness of the electron injection
layer is within the above ranges, the electron injection layer
may have satisfactory hole injection characteristics without a
substantial increase in driving voltage.

[0131] A second electrode 17 is formed on the organic layer
15. The second electrode may be a cathode (i.e., an electron
injection electrode). In this case, as a metal for forming the
second electrode, a metal, alloy, electrically conductive com-
pound, or mixture thereofthat has a low work function may be
used. For example, lithium(Li), magnesium(Mg), aluminum
(Al), aluminum-lithium(Al—L1i), calcium (Ca), magnesium-
indium(Mg—In), magnesium-silver (Mg—Ag), or the like
may be used to form a thin film for use as a reflective elec-
trode, a semi-transparent electrode, or a transparent elec-
trode. Also, to form a top emission type light-emitting diode,
ITO or 1Z0 may be used to form a transparent electrode.
When the organic light-emitting diode is used for a large
full-color display, the second electrode 17 (cathode) of the
organic light-emitting diode may be a reflective electrode, but
is not limited thereto.

[0132] Above, the organic light-emitting diode has been
described with reference to FIG. 1, but is not limited thereto.
[0133] Also, when the emission layer includes a phospho-
rescent dopant, a hole blocking layer (HBL) may be formed
between the hole transport layer and the emission layer, or
between the H-functional layer and the emission layer, by
vacuum deposition, spin coating, casting, LB deposition, etc.
so as to prevent diffusion of triplet excitons or holes into the
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electron transport layer. When the hole blocking layer is
formed by vacuum deposition or spin coating, the deposition
or coating conditions may be similar to those described above
with respect to the formation of the hole injection layer,
although the deposition or coating conditions may vary
according to the material that is used to form the HBL. In this
regard, a known hole blocking material may be used, and
examples thereof include an oxadiazole derivative, a triazole
derivative, a phenanthroline derivative, or the like. For
example, BCP (below) may be used to form the hole blocking
layer.

BCP

[0134] The hole blocking layer may have a thickness of
about 20 A to about 1000 A, for example, a thickness of about
30 A to about 300 A. When the thickness of the hole blocking
layer is within these ranges, the hole blocking layer may have
good hole blocking characteristics without a substantial
increase in driving voltage.

[0135] The organic light-emitting diode may be used in a
full color display apparatus, lamp, etc. For example, the
organic light-emitting diode may be a full color display appa-
ratus.

[0136] Accordingly, an organic light-emitting apparatus
according to an embodiment of the present invention
includes: a substrate including a first sub-pixel, a second
sub-pixel, and a third sub-pixel; a first electrode formed in
each of the first sub-pixel, second sub-pixel and third sub-
pixel of the substrate; a second electrode that faces the first
electrodes and is a common electrode shared by the first
sub-pixel, the second sub-pixel, and the third sub-pixel; a first
emission layer that is formed between the first electrode of the
first sub-pixel and the second electrode and that emits a first
color light; a second emission layer that is formed between
the first electrode of the second sub-pixel and the second
electrode and that emits a second color light; and a third
emission layer that is formed between the first electrode of the
third sub-pixel and the second electrode and that emits a third
color light. The first emission layer includes one or more of
the amine-based compounds described above. The first elec-
trode is a transparent electrode or a semi-transparent elec-
trode, and the second electrode is a reflective electrode.
[0137] A mixed light of the first color light, the second
color light, and the third color light of the organic light-
emitting apparatus may be white light. Accordingly, the
organic light-emitting apparatus may be a full color display
apparatus. The first color light may be blue light. Also, the
second color light may be green light, and the third color light
may be red light.

[0138] The first emission layer of the organic light-emitting
apparatus includes the amine-based compound of Formula 1.
Due to the inclusion of the amine-based compound, the emit-
ted first color light (blue light) may have good color purity
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characteristics (for example, a y color coordinate of 1.0 or
less) that satisfies the NTSC or sSRGB standards. Accordingly,
the organic light-emitting apparatus may be used as a large
high-quality TV.

[0139] The organic light-emitting apparatus may be a bot-
tom emission type organic light-emitting apparatus in which
the first electrode is a transparent electrode or a semi-trans-
parent electrode, and the second electrode is a reflective elec-
trode.

[0140] The organic light-emitting apparatus may be a top
emission type organic light-emitting apparatus in which the
first electrode is a reflective electrode, and the second elec-
trode is a transparent electrode or a semi-transparent elec-
trode.

[0141] The organic light-emitting apparatus includes the
amine-based compound of Formula 1. Due to the inclusion of
the amine-based compound, blue light having good color
purity characteristics (for example, a y color coordinate of 1.0
or less) that satisfies the sRGB standard may be emitted.
Accordingly, a complicated resonance structure that compen-
sates for color purity, such as blue light, is not needed, and
thus, manufacturing costs may be reduced.

[0142] The full color display may be used in a television
(TV), a personal computer monitor, a mobile communication
terminal, an MP3 player, a navigation device for use in
vehicles, or the like.

[0143] The unsubstituted C,-Cq, alkyl group (or C,-Cg,
alkyl group) used herein may be, for example, a linear or
branched alkyl group having 1 to 60 carbon atoms, and
examples thereof include methyl, ethyl, propyl, isobutyl, sec-
butyl, pentyl, iso-amyl, and hexyl. The substituted C,-Cg,
alkyl group refers to a case in which one or more hydrogen
atoms of the unsubstituted C,-C, alkyl group are substituted
with one selected from deuterium; —F; —Cl; —Br; —I;
—CN; a hydroxyl group; a nitro group; an amino group; an
amidino group; a hydrazine; a hydrazone; a carboxylic acid
group or salt thereof; a sulfonic acid group or salt thereof, a
phosphoric acid group or salt thereof; a C,-Cq, alkyl group; a
C,-Cy, alkoxy group; aC,-C, alkenyl group; a C,-C, alky-
nyl group; a C,-Cq, alkyl group, C, -C, alkoxy group, C,-Ce,
alkenyl group, or C,-Cy, alkynyl group substituted with at
least one selected from deuterium, —F, —Cl, —Br, —I,
—CN, a hydroxyl group, a nitro group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxylic acid
group or salt thereof, a sulfonic acid group or salt thereof, or
a phosphoric acid group or salt thereof; a C;-Cg, cycloalkyl
group; a Cs-Cq, aryl group; a C,-Cy, heteroaryl group; a
C5-Cg aralkyl group; a C5-Cy, aryloxy group; or a C53-Cy
cycloalkyl group, C,-C, aryl group, C,-C,, heteroaryl
group, Cs-Cq, aralkyl group, or C5-C, aryloxy group substi-
tuted with at least one selected from deuterium, —F, —Cl,
—Br, —I, —CN, a hydroxyl group, a nitro group, an amino
group, an amidino group, a hydrazine, a hydrazone, a car-
boxylic acid group or salt thereof, a sulfonic acid group or salt
thereof, a phosphoric acid group or salt thereof, a C, -C, alkyl
group, a C,-C, alkoxy group, a C,-C,, alkenyl group, a
C,-C, alkynyl group, a C5-Cg, aryl group, or a C,-C, het-
eroaryl group.

[0144] The unsubstituted C,-C, alkoxy group (or C,-C,
alkoxy group) used herein may have a chemical structure of
—OA (where A is an unsubstituted C,-Cg, alkyl group as
described above), and examples thereof include methoxy,
ethoxy, and isopropyloxy. One or more hydrogen atoms of the



US 2013/0234118 Al

alkoxy groups may be substituted with any one of the sub-
stituents discussed above with respect to the substituted
C,-C, alkyl group.

[0145] The unsubstituted C,-C, alkenyl group(or C,-Cg,
alkenyl group) used herein refers to a case in which at least
one carbon-carbon double blond exists at the center or at a
terminal end of the unsubstituted C,-Cq, alkyl group.
Examples thereofinclude an ethenyl group, a propenyl group,
and a butenyl group. One or more hydrogen atoms of the
unsubstituted C,-C, alkenyl group may be substituted with
any one of the substituents discussed above with respect to the
substituted C,-C, alkyl group.

[0146] The unsubstituted C,-Cg, alkyny! group (or C,-Cq,
alkynyl group), as used herein, refers to a case in which at
least one carbon-carbon triple blond exists at the center or at
a terminal end of the unsubstituted C,-C,, alkyl group.
Examples thereofinclude ethynyl, and propynyl. One or more
hydrogen atoms of the alkynyl groups may be substituted
with any one of the substituents discussed above with respect
to the substituted C,-Cg, alkyl group.

[0147] The unsubstituted C5-Cy,, aryl group used herein
refers to a monovalent group that includes one or more aro-
matic rings and has 5 to 60 carbon atoms, and the unsubsti-
tuted C5-Cg, arylene group refers to a divalent group that
includes one or more aromatic rings and has 5 to 60 carbon
atoms. When the aryl group or the arylene group includes two
or more rings, the two or more rings may be fused with each
other. One or more hydrogen atoms of the aryl group or
arylene group may be substituted with any one of the sub-
stituents discussed above with respect to the substituted
C,-Cy, alkyl group.

[0148] Examples of the substituted or unsubstituted C5-Cg,
aryl group include a phenyl group, a C,-C,,alkylphenyl
group  (for  example, ethylphenyl group), a
C,-C,alkylbiphenyl group (for example, ethylbiphenyl
group), a halopheny! group (for example, o-, m- and p-fluo-
rophenyl group, a dichlorophenyl group), a dicyanophenyl
group, a trifluoromethoxyphenyl group, an o-, m-, and p-toryl
group, an o-, m- and p-cumenyl group, a mesityl group, a
phenoxy phenyl group, a (a,a-dimethylbenzene)phenyl
group, (N,N'-dimethyl)aminophenyl group, (N,N'-diphenyl)
aminophenyl group, pentalenyl group, indenyl group, naph-
thyl group, halonaphthyl group (for example, fluoronaphthyl
group), a C,-C,alkylnaphthyl group (for example, methyl-
naphthyl group), a C,-C,, alkoxynaphthyl group (for
example, a methoxynaphthyl group), an anthracenyl group,
an azulenyl group, a heptalenyl group, an acenaphthalenyl
group, a phenalenyl group, a fluorenyl group, an
anthraquinolyl group, a methylanthryl group, a phenanthryl
group, a triphenylenyl group, a pyrenyl group, a chrysenyl
group, ethyl-chrysenyl group, a pycenyl group, a perylenyl
group, a chloroperylenyl group, a pentaphenyl group, a pen-
tacenyl group, a tetraphenylenyl group, a hexaphenyl group,
a hexacenyl group, a rubicenyl group, a coronenyl group, a
trinaphthylenyl group, a heptaphenyl group, a heptacenyl
group, a pyranthrenyl group, and an ovalenyl group.
FExamples of the substituted C,-C, aryl group may be easily
understood by reference to the examples of the unsubstituted
Cs-Cyy aryl group and the substituents of the substituted
C,-Cg, alkyl group described above. Examples of the substi-
tuted or unsubstituted Cs-Cq, arylene group may be easily
understood by reference to the examples of the substituted or
unsubstituted Cs-Cg, aryl group.

Sep. 12,2013

[0149] Theunsubstituted C,-C,, heteroaryl group, as used
herein, refers to a monovalent group having a system includ-
ing at least one aromatic ring having one or more hetero atoms
selected from nitrogen (N), oxygen (O), phosphorous (P), and
sulfur (S) with the residual ring atoms being carbon atoms.
The unsubstituted C,-C,, heteroarylene group refers to a
divalent group having a system including at least one aro-
matic ring having one or more hetero atoms selected from
nitrogen (N), oxygen (O), phosphorous (P), and sulfur (S)
with the residual ring atoms being carbon atoms. In this
regard, when the heteroaryl group or heteroarylene group
each include two or more rings, the two or more rings may be
fused with each other. One or more hydrogen atoms of the
heteroaryl group or the heteroarylene group may be substi-
tuted with any one of the substituents discussed above with
respect to the substituted C,-C, alkyl group.

[0150] Examples of the unsubstituted C,-Cg, heteroaryl
group include a pyrazolyl group, an imidazolyl group, an
oxazolyl group, a thiazolyl group, a triazolyl group, a tetra-
zolyl 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. Examples of
the unsubstituted C,-Cgoheteroarylene group may be easily
understood by reference to the examples of the substituted or
unsubstituted C,-C,arylene group.

[0151] The substituted or unsubstituted C5-Cg, aryloxy
group, as used herein, refers to —OA, (where A, is a substi-
tuted or unsubstituted C5-Cg, aryl group, as defined above).
The substituted or unsubstituted Cs-Cq,, arylthio group is
—SA, (where A, is an substituted or unsubstituted C;-Cy,
aryl group as defined above).

[0152] Hereinafter, an organic light-emitting diode accord-
ing to an embodiment of the present invention is described
with reference to Synthesis Examples and Examples. How-
ever, the organic light-emitting diode is not limited thereto.

Synthesis Example 1
Synthesis of Compound 2

Synthesis of Intermediate 2A

[0153]

Intermediate 2A

O NH2
F
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-continued

[0154] Under a nitrogen atmosphere, 2.9 g (10.8 mmol) of
4-bromo-9,9-dimethyl-9H-fluorene, 1.2 g (10.8 mmol) of
1-fluoro-aniline, 120 mg (0.54 mol) of palladium acetate
(Pd(OAc),), 432 mg (2.62 mmol) of tri-tert-butylphosphine
(P(t-Bu);), and 3.0 g (33 mmol) of sodium t-butoxide were
added to 200 ml of toluene, followed by refluxing for 12
hours. After the reaction was completed, the solvent was
removed by evaporation, and then 1000 ml of methylene
chloride and 1000 ml of water were separately added thereto
for washing, and then an organic layer was collected, fol-
lowed by drying with magnesium sulfate anhydride. Subse-
quently, recrystallization and silicagel chromatography were
performed thereon to obtain 2.4 g of Intermediate 2A (Yield:
75%).

Synthesis of Compound 2

[0155]

Br

Intermediate 2A
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-continued

O~
Rk

Compound 2

[0156] Under a nitrogen atmosphere, 2.1 g (7.2 mmol) of
Intermediate 2A, 1.3 g (3.6 mmol) of 1,6-dibromopyrene, 40
mg (0.18 mol) of PA(OAc),, 108 mg (0.54. mmol) of P(t-Bu)
5. and 1.0 g (10.9 mmol) of sodium t-butoxide were added to
100 ml of toluene, followed by refluxing for 12 hours. After
the reaction was completed, the solvent was removed by
evaporation, and then 1000 ml of methylene chloride and
1000 ml of water were separately added thereto for washing,
and then an organic layer was collected, followed by drying
with magnesium sulfate anhydride. Subsequently, recrystal-
lization and silicagel chromatography were performed
thereon to obtain 1.5 g of Compound 2 (Yield: 50%). The
obtained compound was identified by NMR and MS.

[0157] H-NMR (CDCl,, 300 MHz, ppm): 7.9 (m, 2H),
7.8-7.7 (m, 6H), 7.6-7.3 (m, 6H), 7.0-6.9 (m, 10H), 6.7-6.6
(m, 6H), 1.7 (s, 12H).

[0158] MS (MALDI-TOF) m/z: 804 [M]+.
Synthesis Example 2
Synthesis of Compound 3
Synthesis of Intermediate 3A
[0159]

Intermediate 3B
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-continued -continued

o O

Q /
N 9 oy
Intermediate 3A O

[0160] Intermediate 3A was synthesized as in the synthetic Compound 3
method of Intermediate 2A of Synthesis Example 1, except
that Intermediate 3B was used instead of 1-fluoro-aniline

O Tj

Synthesis of Compound 3

[0161] [0162] 1.2 gof Compound 3 (Yield: 25%) was synthesized
as in the synthetic method of Compound 2 of Synthesis
Example 1, except that Intermediate 3A was used instead of
Intermediate 2A. The obtained compound was identified by
NMR and MS.

[0163] H-NMR (CDCL,, 300 MHz, ppm): 7.9-7.7 (m, 8H),
7.6-7.5 (m, 18H), 7.4-7.3 (m, 8H), 7.1-7.0 (m, 6H), 6.8-6.6
(m, 6H), 1.7 (s, 12H).
. [0164] MS (MALDI-TOF) m/z: 1108 [M]+.

/ Synthesis Example 3
N

F Synthesis of Compound 11
O Synthesis of Intermediate 11A

G

Br

Intermediate 3A Intermediate 11B
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76
-continued [0169] H-NMR (CDCl;, 300 MHz, ppm): 7.9-7.8 (m,
12H), 7.5-7.2 (m, 18H), 7.0-6.9 (m, 10H), 6.6-6.5 (m, 6H).
Q [0170] MS (MALDI-TOF) nv/z: 1048 [M]+.
. . Synthesis Example 4
O /H Synthesis of Compound 18
N
Q Synthesis of Intermediate 18B
T [0171]
Intemediate 1A Intermediate 18B
[0166] Intermediate 11A was synthesized as in the syn- NH,
thetic method of Intermediate 2A of Synthesis Example 1,
except that Intermediate 11B was used instead of 1-fluoro- + N —>
aniline. |
Synthesis of Compound 11 Q BN\

[0167]

9.0 | O
Ty g

F
[0172] Intermediate 18B was synthesized as in the syn-

thetic method of Intermediate 2A of Synthesis Example 1,
except that 1-aminopyridine was used instead of 1-fluoro-

Br
6 aniline.
e
Q Synthesis of Intermediate 18A

Br [0173]

Intermediate 11A

Br
Compound 11 6
)
[0168] 5 gof Compound 11 (Yield: 51%) was synthesized Q

as in the synthetic method of Compound 2 of Synthesis
Example 1, except that Intermediate 11 A was used instead of
Intermediate 2A. The obtained compound was identified by Intermediate 18B
NMR and MS.

Br
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-continued
9 * Br
I O
“
e

Intermediate 18A

[0174] Under a nitrogen atmosphere, 1.0 g (3.6 mmol) of
Intermediate 18B, 1.3 g (3.6 mmol) of 1,6-dibromopyrene, 40
mg (0.18 mol) of Pd(OAc),, 108 mg (0.54. mmol) of P(t-Bu)
5, and 1.0 g (10.9 mmol) of sodium t-butoxide were added to
100 ml of toluene, followed by refluxing for 12 hours. After
the reaction was completed, the solvent was removed by
evaporation, and then 1000 ml of methylene chloride and
1000 ml of water were separately added thereto for washing,
and then an organic layer was collected, followed by drying
with magnesium sulfate. Subsequently, recrystallization and
silicagel chromatography were performed thereon to obtain
1.0 g of Intermediate 18A (Yield: 50%).

Synthesis of Compound 18

[0175]

AN

Intermediate 18A

Intermediate 2A
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OO

Compound 18

[0176] 1.1 g of Compound 18 (Yield: 10%) was synthe-
sized as in the synthetic method of Intermediate 18A, except
that Intermediate 2A was used instead of Intermediate 18B
and Intermediate 18A was used instead of 1,6-dibromopy-
rene. The obtained compound was identified by NMR and
MS.

[0177] H-NMR (CDCl;, 300 MHz, ppm): 8.1-7.9 (m, 4H),
7.7-7.6 (m, 8H), 7.4-7.3 (m, 4H), 7.0-6.9 (m, 8H), 6.7-6.6 (m,
6H), 1.7 (s, 12H).

[0178] MS (MALDI-TOF) m/z: 787 [M]+.

Synthesis Example 5
Synthesis of Compound 22

Synthesis of Intermediate 22B
[0179]

O NH2
F

Intermediate 22B

[0180] Intermediate 22B was synthesized as in the syn-
thetic method of Intermediate 2A of Synthesis Example 1,
except that 4-bromodibenzo[b,d]thiophene was used instead
of 4-bromo-9,9-dimethyl-9H-fluorene.
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78
Synthesis of Intermediate 22A
[0181]
I S
H
/ +
&=
F
6 Br
Intermediate 22B
O i Br
S
- a
F

Intermediate 22A

[0182] Intermediate 22A was synthesized as in the syn-
thetic method of Intermediate 18A of Synthesis Example 4,
except that Intermediate 22B was used instead of Intermedi-
ate 18B.

Synthesis of Compound 22

[0183]

Intermediate 22A

Sep. 12,2013
-continued
F
N
/ B —
e
Intermediate 2A
F
O~ O.
Q N
F
Compound 22
[0184] 1.4 g of Compound 22 (Yield: 41%) was synthe-

sized as in the synthetic method of Intermediate 18A of Syn-
thesis Example 4, except that Intermediate 2A was used
instead of Intermediate 18B, and Intermediate 22A was used
instead of 1,6-dibromopyrene. The obtained compound was
identified by NMR and MS.

[0185] H-NMR (CDCl,, 300 MHz, ppm): 8.5 (m, 1H),
8.0-7.9 (m, 4H), 7.7-7.3 (m, 1H), 7.0-6.9 (m, 9H), 6.6-6.5 (m,
SH), 1.7 (s, 6H).

[0186] MS (MALDI-TOF) m/z: 794 [M]+.
Synthesis Example 6
Synthesis of Compound 25
Synthesis of Intermediate 25B
[0187]

NH,

Intermediate 25B
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-continued Synthesis of Compound 25

O [0191]

Br
/
N
o T
n
N
CN

[0188] Intermediate 25B was synthesized as in the syn-
thetic method of Intermediate 2A of Synthesis Example 1,
except that 2-aminobenzonitrile was used instead of 1-fluoro-
aniline.

Synthesis of Intermediate 25A

[0189]

Intermediate 25A

6 ! -
CQO
Br

Intermediate 25B

O~
O N
CN

[0192] 1.1 g of Compound 25 (Yield: 15%) was synthe-
sized as in the synthetic method of Intermediate 18A of Syn-
Intermediate 25A thesis Example 4, except that Intermediate 25A was used
instead of Intermediate 18B, and 2-fluoro-N-phenylaniline
was used instead of 1,6-dibromopyrene. The obtained com-

[0190] Intermediate 25A was synthesized as in the syn- ~ pound was identified by NMR and MS.

thetic method of Intermediate 18A of Synthesis Example 4, [0193] H-NMR (CDCl;, 300 MHz, ppm): 7.9-7.7 (m, 6H),
except that Intermediate 25B was used instead of Intermedi- 7.6-7.2 (m, 8H), 7.0-6.9 (m, 9H), 6.6-6.5 (m, 5H), 1.7 (s, 6H).
ate 18B. [0194] MS (MALDI-TOF) mv/z: 695 [M]+.
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Synthesis Example 7
Synthesis of Compound 49

Synthesis of Intermediate 49A

[0195]
O h
g H { )
Intermediate 49B
o
(O
N
~O4 )
F
Intermediate 49A
[0196] Intermediate 49A was synthesized as in the syn-

thetic method of Intermediate 2A of Synthesis Example 1,
except that Intermediate 49B was used instead of 1-fluoro-
aniline.

Synthesis of Compound 49
[0197]

o
/ +
F
6 !

Br
Intermediate 49A
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F
A
O~
9 e
~
F
Compound 49

[0198] 5 gof Compound 49 (Yield: 48%) was synthesized
as in the synthetic method of Compound 2 of Synthesis
Example 1, except that Intermediate 49A was used instead of
Intermediate 2A. The obtained compound was identified by
NMR and MS.

[0199] H-NMR (CDCl,, 300 MHz, ppm): 7.9-7.5 (m,
16H), 7.4-7.3 (m, 6H), 7.0-6.9 (m, 10H), 6.8-6.6 (m, 4H), 1.7
(s, 12H).
[0200] MS (MALDI-TOF) m/z: 992 [M]+.

Synthesis Example 8
Synthesis of Compound 50

Synthesis of Intermediate 50A
[0201]

| HZN

Intermediate 50B

O
N G

F
Intermediate S0A
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[0202] Intermediate S0A was synthesized as in the syn- Synthesis Example 9
thetic method of Intermediate 2A of Synthesis Example 1,
except that Intermediate S50B was used instead of 1-fluoro- Synthesis of Compound 51
aniline.
Synthesis of Intermediate 51A
Synthesis of Compound 50 [0207]
[0203]

' 0 Br
/ +
N -
—_—
F ] T
F Intermediate 51B
C ! O
Q /H
Br N
Intermediate 50A

E Intermediate S1A
Q O F [0208] Intermediate S1A was synthesized as in the syn-
thetic method of Intermediate 2A, except that Intermediate
N O 51B was used instead of 1-fluoro-aniline.
O 6 Synthesis of Compound 51
<
Q N

H
F /
Compound 50 N
F F
[0204] 5.2 g of Compound 50 (Yield: 45%) was synthe- Q O

sized as in the synthetic method of Compound 2 of Synthesis Br
Example 1, except that Intermediate 50A was used instead of

Intermediate 2A. The obtained compound was identified by

NMR and MS. -
[0205] H-NMR (CDCl,, 300 MHz, ppm): 7.9-7.7 (m, 8H), Q

7.6-7.5 (m, 6H). 7.4-7.2 (m, 8H), 7.1-7.0 (m, 6H), 6.9-6.6 (m, BY

8H), 1.7 (s, 12H).
[0206] MS (MALDI-TOF) m/z: 992 [M]+.

Intermediate 51A
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-continued Synthesis of Compound 53

O O
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IR
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Compound 51

[0210] 5.6 g of Compound 51 (Yield: 51%) was synthe-
sized as in the synthetic method of Compound 2 of Synthesis
Example 1, except that Intermediate 51 A was used instead of

Br
Intermediate 2A. The obtained compound was identified by 6

NMR and MS.
[0211] H-NMR (CDCl,, 300 MHz, ppm): 7.9-7.7 (m, 8H), —
7.6-73 (m, 14H), 7.1-7.0 (m, 6H), 6.9-6.6 (m, 8H), 1.7 (s. Q
12H).

[0212] MS (MALDI-TOF) m/z: 992 [M]+. Br

Intermediate 53A

Synthesis Example 10

Synthesis of Compound 53

F
Synthesis of Intermediate 53A

OQ
S eiaveY
s Sl TN e S aSal®
Intermediate 53B Q O

F

Compound 53

0216] 3.2 g of Compound 53 (Yield: 49%) was synthe-

sized as in the synthetic method of Compound 2 of Synthesis

F Example 1, except that Intermediate 53 A was used instead of
Intermediate 2A. The obtained compound was identified by
NMR and MS.

[0217] H-NMR (CDCL,, 300 MHz, ppm): 7.9-7.7 (m, 8H),

Intermediate 53A

[0214] Intermediate 53A was synthesized as in the syn- i i i
thetic method of Intermediate 2A of Synthesis Example 1, ZZGHZZ (m, 16H), 7.0-6.9 (m, 10H), 6.6-6.5 (m, 4H), 1.7 (5,
except that Intermediate 53B was used instead of 1-fluoro- ’

aniline. [0218] MS (MALDI-TOF) m/z: 956 [M]+.
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Synthesis Example 11
Synthesis of Compound 62

Synthesis of Intermediate 62A

[0219]

) e
Br 00

Intermediate 62B

CN

Intermediate 62A

[0220] Intermediate 62A was synthesized as in the syn-
thetic method of Intermediate 2A, except that Intermediate
62B was used instead of 1-fluoro-aniline.

Synthesis of Compound 62

[0221]

Sep. 12,2013

-continued
NC

OOOO
6 ¥
O~

CN
Compound 62

[0222] 3.5 g of Compound 62 (Yield: 43%) was synthe-
sized as in the synthetic method of Compound 2 of Synthesis
Example 1, except that Intermediate 62A was used instead of
Intermediate 2A.

[0223] H-NMR (CDCl,, 300 MHz, ppm): 7.9-7.7 (m,

16H),7.6-7.3 (m, 8H), 7.0-6.9 (m, 10H), 6.6-6.5 (m, 4H), 1.7
(s, 12H).

[0224] MS (MALDI-TOF) m/z: 970 [M]+.
Synthesis Example 12
Synthesis of Compound 63
Synthesis of Intermediate 63A
[0225]

Intermediate 63B
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-continued

Intermediate 63A

[0226] Intermediate 63A was synthesized as in the syn-
thetic method of Intermediate 2A of Synthesis Example 1,
except that Intermediate 63B was used instead of 1-fluoro-
aniline.

Synthesis of Compound 63
[0227]

Compeund 63

[0228] 1.3 g of Compound 63 (Yield: 25%) was synthe-
sized as in the synthetic method of Compound 2 of Synthesis
Example 1, except that Intermediate 63 A was used instead of
Intermediate 2A. The obtained compound was identified by
NMRand MS.

Sep. 12,2013

[0229] H-NMR (CDCl,, 300 MHz, ppm): 7.9-7.7 (m,
16H),7.6-7.3 (m, 8H), 7.1-6.8 (m, 10H). 6.6-6.5 (m, 4H), 1.7
(s, 121).

[0230] MS (MALDI-TOF) my/z: 970 [M]+.
Synthesis Example 13
Synthesis of Compound 67
Synthesis of Intermediate 67A
[0231]

LN
F Q

Intermediate 67B

—_—

Intermediate 67A

[0232] Intermediate 67A was synthesized as in the syn-
thetic method of Intermediate 2A of Synthesis Example 1,
except that Intermediate 67B was used instead of 1-fluoro-
aniline.
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Synthesis of Compound 67

[0233]

i
F
Intermediate 67A
6 ! -
%O

Br

O~
RIS

F

[0234] 5.3 g of Compound 67 (Yield: 52%) was synthe-
sized as in the synthetic method of Compound 2 of Synthesis
Example 1, except that Intermediate 67 A was used instead of
Intermediate 2A. The obtained compound was identified by
NMRand MS.

[0235] H-NMR (CDCl,, 300 MHz, ppm): 7.9-7.7 (m, 8H),
7.6-7.5 (m, 10H), 7.4-7.1 (m, 10H), 7.0-6.9 (m, 6H), 6.6-6.5
(m, 4H), 1.7 (s, 12H).

[0236] MS (MALDI-TOF) m/z: 956 [M]+.

Compeund 67

Sep. 12,2013
85

Synthesis Example 14
Synthesis of Compound 69

Synthesis of Intermediate 69A
[0237]

Intermediate 69B

Intermediate 69A

[0238] Intermediate 69A was synthesized as in the syn-
thetic method of Intermediate 2A of Synthesis Example 1,
except that Intermediate 69B was used instead of 1-fluoro-
aniline.

Synthesis of Compound 69
[0239]

H

/
N

Intermediate 69A

C !
CQO

Br

o
F
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OOO
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Compeund 69

[0240] 6.1 g of Compound 69 (Yield: 52%) was synthe-
sized as in the synthetic method of Compound 2 of Synthesis
Example 1, except that Intermediate 69A was used instead of

Intermediate 2A. The obtained compound was confirmed by
NMR and MS.

[0241] H-NMR (CDCI,, 300 MHz, ppm): 7.9-7.7 (m, 8H),
7.6-7.3 (m, 16H), 7.1-7.0 (m, 6H), 6.9-6.6 (m, 8H), 1.7 (s,
12H).

[0242] MS (MALDI-TOF) nv/z: 956 [M]+.
Synthesis Example 15
Synthesis of Compound 75
Synthesis of Intermediate 75A
[0243]

Q Br
H,N
| 4‘!!I>’

Intermediate 75B

Sep. 12,2013

-continued

=]

Intermediate 75A

[0244] Intermediate 75A was synthesized as in the syn-
thetic method of Intermediate 2A of Synthesis Example 1,
except that Intermediate 75B was used instead of 1-fluoro-
aniline.

Synthesis of Compound 75

[0245]

Intermediate 75A
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Compeund 75

[0246] 4.8 g of Compound 75 (Yield: 42%) was synthe-
sized as in the synthetic method of Compound 2 of Synthesis
Example 1, except that Intermediate 75A was used instead of
Intermediate 2A. The obtained compound was confirmed by
NMR and MS.

[0247] H-NMR (CDCl,, 300 MHz, ppm): 7.9-7.7 (m, 8H),
7.6-7.3 (m, 18H), 7.0-6.9 (m, 6H), 6.6-6.5 (m, 6H), 1.7 (s,
12H).

[0248] MS (MALDI-TOF) m/z: 956 [M]+.
Synthesis Example 16
Synthesis of Compound 83
Synthesis of Intermediate 83A
[0249]

N

Intermediate 83B

Sep. 12,2013

-continued

Intermediate 83A

[0250] Intermediate 83A was synthesized as in the syn-
thetic method of Intermediate 2A of Synthesis Example 1,
except that Intermediate 83B was used instead of 1-fluoro-
aniline.

Synthesis of Compound &3

[0251]

Intermediate 83A
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N O

00800

Q N

Compeund 83

[0252] 3.3 g of Compound 83 (Yield: 47%) was synthe-
sized as in the synthetic method of Compound 2 of Synthesis
Example 1, except that Intermediate 83 A was used instead of
Intermediate 2A. The obtained compound was identified by
NMR and MS.

[0253] H-NMR CDCl,, 300 MHz, ppm): 7.9-7.7 (m, 8H),
7.6-7.3 (m, 18H), 7.0-6.9 (m, 10H), 6.6-6.5 (m, 4H), 1.7 (s,
12H).

[0254] MS (MALDI-TOF) nv/z: 920 [M]+.
Synthesis Example 17
Synthesis of Compound 93
Synthesis of Intermediate 93A
[0255]

Sep. 12,2013

-continued
LN

F Q

[ntermediate 67B

Intermediate 93A

[0256] Intermediate 93A was synthesized as in the syn-
thetic method of Intermediate 2A of Synthesis Fxample 1,
except that 4-bromo-9,9"-spirobifluorene was used instead of
4-bromo-9,9-dimethyl-9H-fluorene, and Intermediate 67B
was used instead of 1-fluoro-aniline.

Synthesis of Compound 93

[0257]

Intermediate 93A
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6 |
CQO

Compound 93

[0258] 3.2 g of Compound 93 (Yield: 47%) was synthe-
sized as in the synthetic method of Compound 2 of Synthesis
Example 1, except that Intermediate 93 A was used instead of
Intermediate 2A. The obtained compound was identified by
NMR and MS.

[0259] H-NMR (CDCly, 300 MHz, ppm): 7.9-7.7 (m,
12H), 7.5-7.4 (m, 10H), 7.3-7.1 (m, 22H), 7.0-6.9 (m, 6H),
6.6+6.5 (m, 4T).

[0260] MS (MALDI-TOF) m/z: 1200 [M]+.
Synthesis Example 18

Synthesis of Compound 95

Synthesis of Intermediate 95A

[0261]

Sep. 12,2013
89

-continued
LN

Intermediate 69B
. )it
/
N

Intermediate 95A

[0262] Intermediate 95A was synthesized as in the syn-
thetic method of Intermediate 2A of Synthesis Example 1,
except that 4-bromo-9,9'-spirobifluorene was used instead of
4-bromo-9,9-dimethyl-9H-fluorene, and Intermediate 69B
was used instead of 1-fluoro-aniline.

Synthesis of Compound 95

[0263]

Intermediate 95A
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Compound 95

[0264] 2.1 g of Compound 95 (Yield: 44%) was synthe-
sized as in the synthetic method of Compound 2 of Synthesis
Example 1, except that Intermediate 95A was used instead of
Intermediate 2A. The obtained compound was confirmed by
NMR and MS.

[0265] H-NMR (CDCl,, 300 MHz, ppm): 7.9-7.7 (m,
12H), 7.5-7.2 (m, 28H), 7.1-7.0 (m, 6H), 6.9-6.6 (m, 8H).

[0266] MS (MALDI-TOF) m/z: 1200 [M]+.
Synthesis Example 19
Synthesis of Compound 98
Synthesis of Intermediate 98A
[0267]

Q oy
O O

Intermediate 75B

Intermediate 98A

[0268] Intermediate 98A was synthesized as in the syn-
thetic method of Intermediate 2A of Synthesis Example 1,

Sep. 12,2013

except that 4-bromo-9,9'-spirobifluorene was used instead of
4-bromo-9,9-dimethyl-9H-fluorene, and Intermediate 75B
was used instead of 1-fluoro-aniline.

Synthesis of Compound 98

[0269]

oie

Intermediate 98A

Compound 98

[0270] 3.4 g of Compound 98 (Yield: 42%) was synthe-
sized as in the synthetic method of Compound 2 of Synthesis
Example 1, except that Intermediate 98 A was used instead of
Intermediate 2A. The obtained compound was identified by
NMR and MS.

[0271] H-NMR (CDCl,, 300 MHz, ppm): 7.9-7.7 (m,
12H), 7.5-7.2 (m, 30H), 7.1-7.0 (m, 6H), 6.6-6.5 (m, 6H).

[0272] MS (MALDI-TOF) m/z: 1200 [M]+.
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Synthesis Example 20
Synthesis of Compound 104

Synthesis of Intermediate 104A
[0273]

oie

LN
Q —.

+

Intermediate 83B

Intermediate 104A

[0274] Intermediate 104A was synthesized as in the syn-
thetic method of Intermediate 2A of Synthesis Example 1,
except that 4-bromo-9,9'-spirobifluorene was used instead of
4-bromo-9,9-dimethyl-9H-fluorene, and Intermediate 83B
was used instead of 1-fluoro-aniline.

Synthesis of Compound 104
[0275]

Intermediate 104A

Sep. 12,2013

-continued
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Compound 104

[0276] 2.1 g of Compound 104 (Yield: 42%) was synthe-
sized as in the synthetic method of Compound 2 of Synthesis
Example 1, except that Intermediate 104A was used instead
of Intermediate 2A. The obtained compound was confirmed
by NMR and MS.

[0277] H-NMR (CDCl;, 300 MHz, ppm): 7.9-7.7 (m,
12H), 7.5-7.4 (m, 12H), 7.3-7.1 (m, 18H), 7.0-6.9 (m, 10H),
6.6-6.5 (m, 4H).

[0278] MS (MALDI-TOF) m/z: 1164 [M]+.
Synthesis Example 21
Synthesis of Compound 110
Synthesis of Intermediate 110A
[0279]

6 ! >
CQO

Intermediate 110B
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Br
Intermediate 110A

[0280] Intermediate 110A was synthesized as in the syn-
thetic method of Intermediate 18A of Synthesis Example 4,
except that Intermediate 110B was used instead of Interme-
diate 18B.

Synthesis of Compound 110
[0281]

Intermediate 2A

Compound 110

Sep. 12,2013

[0282] 2.2 g of Compound 110 (Yield: 33%) was synthe-
sized as in the synthetic method of Intermediate 18A of Syn-
thesis Example 4, except that Intermediate 2A was used
instead of Intermediate 18B, and Intermediate 110A was used
instead of 1,6-dibromopyrene. The obtained compound was
confirmed by NMR and MS.

[0283] H-NMR (CDCl,, 300 MHz, ppm): 8.1-7.7 (m,
11H), 7.6-7.3 (m, 8H), 7.0-6.9 (m, 6H), 6.7-6.6 (m, SH), 1.7
(s, 6H).

[0284] MS (MALDI-TOF) m/z: 721 [M]+.

Synthesis Example 22
Synthesis of Compound 113

Synthesis of Intermediate 113A

[0285]

Br
Intermediate 113B

Br
Intermediate 113A

[0286] Intermediate 113A was synthesized as in the syn-
thetic method of Intermediate 18A of Synthesis Example 4,
except that Intermediate 113B was used instead of Interme-
diate 18B.
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Synthesis of Compound 113

[0287]

/H *
N

Intermediate 2A

Intermediate 113A

Qe
608"

Compound 113

[0288] 2.1 g of Compound 113 (Yield: 31%) was synthe-
sized as in the synthetic method of Intermediate 18A of Syn-
thesis Example 4, except that Intermediate 2A was used
instead of Intermediate 18B, and Intermediate 113 A was used
instead of 1,6-dibromopyrene. The obtained compound was
confirmed by NMR and MS.

[0289] H-NMR (CDCl,, 300 MHz, ppm): 8.5 (m, 2H),
7.9-7.7 (m, 6H), 7.6-7.2 (m, 6H), 7.0-6.8 (m, 8H), 6.6-6.5 (m,
SH), 1.7 (s, 6H).

[0290] MS (MALDI-TOF) m/z: 672 [M]+.

Sep. 12,2013

Synthesis Example 23
Synthesis of Compound 174

Synthesis of Intermediate 174A

[0291]

Br
Intermediate 174B

Br
Intermediate 174A

[0292] Intermediate 174A was synthesized as in the syn-
thetic method of Intermediate 18A of Synthesis Example 4,
except that Intermediate 174B was used instead of Interme-
diate 18B.

Synthesis of Compound 174

[0293]

Intermediate 11A
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Br

Intermediate 174A

Compound 174

[0294] 2.0 g of Compound 174 (Yield: 30%) was synthe-
sized as in the synthetic method of Intermediate 18A of Syn-
thesis Example 4, except that Intermediate 11A was used
instead of Intermediate 18B, and Intermediate 174 A was used
instead of 1,6-dibromopyrene.

[0295] H-NMR (CDCl;, 300 MHz, ppm): 8.4 (m, 2H),
7.9-7.6 (m, 10H), 7.3-7.2 (m, 10H), 7.0-6.8 (m, 7H), 6.6-6.4
(m, 6H).

[0296] MS (MALDI-TOF) nv/z: 794 [M]+.
Synthesis Example 24
Synthesis of Compound 177
Synthesis of Intermediate 177A
[0297]

\_/N
N
O
/
" Br
bl

Intermediate 177B

Sep. 12,2013
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Y,

Br

Intermediate 177A

[0298] Intermediate 177A was synthesized as in the syn-
thetic method of Intermediate 18A of Synthesis Example 4,
except that Intermediate 177B was used instead of Interme-
diate 18B.

Synthesis of Compound 177

[0299]

Intermediate 11A

Br
Intermediate 177A
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Compound 177

[0300] 1.8 g of Compound 177 (Yield: 28%) was synthe-
sized as in the synthetic method of Intermediate 18A of Syn-
thesis Example 4, except that Intermediate 11A was used
instead of Intermediate 18B, and Intermediate 177A was used
instead of 1,6-dibromopyrene. The obtained compound was
confirmed by NMR and MS.

[0301] H-NMR (CDCl,, 300 MHz, ppm): 9.3 (s, 1H), 8.2-
7.6 (m, 14H),7.3-7.2 (m, 10H), 7.0-6.8 (m, 7H), 6.6-6.5 (5H).

[0302] MS (MALDI-TOF) nv/z: 844 [M]+.
Synthesis Example 25
Synthesis of Compound 29
Synthesis of Compound 29
[0303]

Intermediate 2A

Sep. 12,2013

-continued

o
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[0304] 1.4 g of Compound 29 (Yield: 37%) was synthe-
sized as in the synthetic method of Compound 2 of Synthesis
Example 1, except that 6,12-dibromochrysene was used
instead of 1,6-dibromopyrene. The obtained compound was
identified by NMR and MS.

[0305] H-NMR (CDCl,, 300 MHz, ppm): 8.9 (m, 2H),
8.1-7.8 (m, 8H), 7.6-7.3 (m, 8H), 7.0-6.9 (m, 8H), 6.6-6.5 (m,
6H), 1.7 (s, 12H).

| O

Compound 29

[0306] MS (MALDI-TOF)m/z: 830 [M]+.
Synthesis Example 26
Synthesis of Compound 31
Synthesis of Compound 31
[0307]
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Compound 31

[0308] 1.2 g of Compound 31 (Yield: 34%) was synthe-
sized as in the synthetic method of Compound 2 of Synthesis
Example 1, except that 6,12-dibromochrysene was used
instead of 1,6-dibromopyrene and Intermediate 11 A was used
instead of Intermediate 2A. The obtained compound was
identified by NMR and MS.

[0309] H-NMR (CDC, 300 MHz, ppm): 8.9 (m, 2H),
8.1-7.8 (m, 12H), 7.6-7.5 (m, 4H), 7.4-7.2 (m, 16H), 7.0-6.9
(m, 8H), 6.7-6.6 (m, 6H).

[0310] MS (MALDI-TOF) m/z: 1074 [M]+.
Synthesis Example 27
Synthesis of Compound 37
Synthesis of Compound 37
[0311]

Intermediate 37A

Sep. 12,2013

-continued

Compound 37

[0312] 1.1 g of Compound 37 (Yield: 31%) was synthe-
sized as in the synthetic method of Compound 2 of Synthesis
Example 1, except that 6,12-dibromochrysene was used
instead of 1,6-dibromopyrene and Intermediate 37A was used
instead of Intermediate 2A. The obtained compound was
identified by NMR and MS.

[0313] H-NMR (CDCL, 300 MHz, ppm): 8.9 (m, 2H),
8.1-7.8 (m, 8H), 7.5-7.3 (m, 22H), 7.0-6.9 (m, 4H), 6.7-6.6
(m, 4H), 1.7 (s, 12H).

[0314] MS (MALDI-TOF) m/z: 982 [M]+.
Synthesis Example 28
Synthesis of Compound 188
Synthesis of Intermediate 118A
[0315]

Br

Br

Intermediate 110B
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: Q

Intermediate 188A

[0316] Intermediate 188A was synthesized as in the syn-
thetic method of Intermediate 18A of Synthesis Example 4,
except that 6,12-dibromochrysene was used instead of 1,6-
dibromopyrene, and Intermediate 110B was used instead of
Intermediate 18B.

Synthesis of Compound 188

[0317]

Intermediate 1888

O A
BIV_
o

Intermediate 188A

Sep. 12,2013
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Compound 188

[0318] 1.0 g of Compound 188 (Yield: 17%) was synthe-
sized as in the synthetic method of Intermediate 18A of Syn-
thesis Example 4, except that Intermediate 188B was used
instead of Intermediate 18B, and Intermediate 188 A was used
instead of 1,6-dibromopyrene. The obtained compound was
confirmed by NMR and MS.

[0319] H-NMR (CDCl,, 300 MHz, ppm): 8.9 (m, 2H),
8.1.7.7 (m, 15H), 7.6-7.5 (m, 4H), 7.4-7.2 (m, 11H), 7.0-6.6
(m, 9H).

[0320] MS (MALDI-TOF) m/z: 851 [M]+.

Synthesis Example 29
Synthesis of Compound 191

Synthesis of Intermediate 191A

[0321]

Intermediate 113B
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g
30

Intermediate 191A

[0322] Intermediate 191A was synthesized as in the syn-
thetic method of Intermediate 18A of Synthesis Example 4,
except that 6,12-dibromochrysene was used instead of 1,6-
dibromopyrene, and Intermediate 113B was used instead of
Intermediate 18B.

Synthesis of Compound 191

[0323]

Intermediate 188B

O

Intermediate 191A

Sep. 12,2013
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[0324] 1.0 g of Compound 191 (Yield: 19%) was synthe-
sized as in the synthetic method of Intermediate 18A of Syn-
thesis Example 4, except that Intermediate 188B was used
instead of Intermediate 18B, and Intermediate 191 A was used
instead of 1,6-dibromopyrene. The obtained compound was
confirmed by NMR and MS.

[0325] H-NMR (CDCL, 300 MHz, ppm): 8.9 (m, 2H),
8.5-8.1 (m, SH), 7.9-7.8 (m, 7H), 7.6-7.2 (m, 13H), 7.0-6.6
(m, 11H).

[0326] MS (MALDI-TOF) m/z: 802 [M]+.
Synthesis Example 30
Synthesis of Compound 40
Synthesis of Compound 40
[0327]

Intermediate 2A
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Compound 40

[0328] 3.1 g of Compound 40 (Yield: 51%) was synthe-
sized as in the synthetic method of Compound 2 of Synthesis
Example 1, except that 7,12-bis(4-bromophenyl)benzo[k]
fluoranthene was used instead of 1,6-dibromopyrene. The
obtained compound was identified by NMR and MS.

[0329] H-NMR (CDCl;, 300 MHz, ppm): 8.6 (m. 2H),
7.9-7.8 (m, 6H), 7.6-7.3 (m, 14H(, 7.0-6.9 (m, 8H), 6.7-6.6
(m, 10H), 1.7 (s, 12H).

[0330] MS (MALDI-TOF) m/z: 1006 [M]+.
Synthesis Example 31
Synthesis of Compound 43
Synthesis of Compound 43
[0331]

Lo}

o=}

Compound 43

Sep. 12,2013

[0332] 3.4 g of Compound 43 (Yield: 48%) was synthe-
sized as in the synthetic method of Compound 2 of Synthesis
Example 1, except that 7,12-bis(4-bromophenyl)benzo[k]
fluoranthene was used instead of 1,6-dibromopyrene and
Intermediate 51A was used instead of Intermediate 2A. The
obtained compound was identified by NMR and MS.

[0333] H-NMR (CDCL,, 300 MHz, ppm): 8.6 (m, 2H),
7.9-7.8 (m, 6H), 7.6-7.3 (m, 22H), 7.0-6.9 (m, 8H), 6.8-6.6
(m, 8H), 1.7 (s, 12H).

[0334] MS (MALDI-TOF) m/z: 1194 [M]+.
Synthesis Example 32

Synthesis of Compound 46

Synthesis of Compound 46

[0335]

S
9

N—H

@F |
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Compound 46
[0336] 3.5 g of Compound 46 (Yield: 48%) was synthe-
sized as in the synthetic method of Compound 2 of Synthesis
Example 1, except that 7-(4-bromophenyl)-12-phenylbenzo
[k]fluoranthene was used instead of 1,6-dibromopyrene and
Intermediate 2A was used instead of Intermediate 18B. The
obtained compound was identified by NMR and MS.

[0337] H-NMR (CDCL, 300 MHz, ppm): 8.6 (m, 2H),
7.9-7.8 (m, SH), 7.6-7.3 (m, 14H), 7.0-6.9 (m, 4H), 6.7-6.6
(m, 5H), 1.7 (s, 6H).

[0338] MS (MALDI-TOF) mv/z: 705 [M]+.
Synthesis Example 33
Synthesis of Compound 206
Synthesis of Intermediate 206A
[0339]

Sep. 12,2013
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Intermediate 206A

Br Br
e

S

[0340] Intermediate 206A was synthesized as in the syn-
thetic method of Intermediate 18A of Synthesis Example 4,
except that Intermediate 110B was used instead of Interme-
diate 18B, and 7,12-bis(4-bromophenyl)benzo[k|fluoran-
thene was used instead of 1,6-dibromopyrene.

Synthesis of Compound 206

[0341]

Intermediate 11A

N

O§ ~q

Intermediate 206A
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-continued

Compound 206

[0342] 0.3 g of Compound 206 (Yield: 11%) was synthe-
sized as in the synthetic method of Intermediate 18A of Syn-
thesis Example 4, except that Intermediate 11A was used
instead of Intermediate 18B, and Intermediate 206 A was used
instead of 1,6-dibromopyrene. The obtained compound was
confirmed by NMR and MS.

[0343] H-NMR (CDCl;, 300 MHz, ppm): 8.6 (m, 2H),
8.1-7.7 (m, 12H), 7.6-7.4 (m, 12H), 7.2-7.0 (m, 13H), 6.7-6.6
(m, 9H).

[0344] MS (MALDI-TOF) m/z: 1045 [M]+.
Synthesis Example 34
Synthesis of Compound 209
Synthesis of Intermediate 209A
[0345]

O
8

Intermediate 113B
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-continued
[ntermediate 209A
[0346] Intermediate 209A was synthesized as in the syn-

thetic method of Intermediate 18A of Synthesis Example 4,
except that Intermediate 113B was used instead of Interme-
diate 18B, and 7,12-bis(4-bromophenyl)benzo[k|fluoran-
thene was used instead of 1,6-dibromopyrene.

Synthesis of Compound 209

[0347]

Intermediate 11A

a
0

.

s
(L

Intermediate 209A
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-continued

Compound 209

[0348] 0.2 g of Compound 209 (Yield: 9%) was synthe-
sized as in the synthetic method of Intermediate 18A of Syn-
thesis Example 4, except that Intermediate 11A was used
instead of Intermediate 18B, and Intermediate 209A was used
instead of 1,6-dibromopyrene. The obtained compound was
confirmed by NMR and MS.

[0349] H-NMR (CDCL, 300 MHz, ppm): 8.6-8.5 (m, 4H),
7.9-7.8 (m, 7H), 7.6-7.5 (m, 9H), 7.4-7.2 (m, 10H), 7.0-6.8
(m, 6H), 6.7-6.6 (m, 9H).

[0350] MS (MALDI-TOF) m/z: 996 [M]+.

Example 1

[0351] A 15 Q/em? (1200 A)ITO glass substrate manufac-
tured by Corning Co., Ltd was cut to a size of 50 mmx50
mmx0.5 mm and sonicated with isopropy] alcohol and pure
water each for 15 minutes, and then irradiated with ultraviolet
light for 30 minutes, followed by exposure to ozone. Then,
this glass substrate was installed in a vacuum deposition
device.

[0352] m-MTDATA was deposited on an ITO layer func-
tioning as an anode at a deposition rate of 1 A/sec to form a
hole injection layer having a thickness of 600 A, and then
alpha-NPD was deposited on the hole injection layer at a
deposition rate of 1 A/sec to form a hole transport layer
having a thickness of 300 A.

[0353] Then, Compound 2 (dopant) and 9,10-di-naphtha-
lene-2-yl-anthracene (ADN, host) were co-deposited on the
hole transport layer at deposition rates of 0.05A/sec and 1
AJsec, respectively, to form an emission layer having a thick-
ness of 200 A,

[0354] Thereafter, Alq, was deposited on the emission
layer to form an electron transport layer having a thickness of
300 A, and LiF was deposited on the electron transport layer
to form an electron injection layer having a thickness of 10 A,
and Al was deposited on the electron injection layer to form a
cathode having a thickness of 2000 A, thereby completing the
manufacture of an organic light-emitting diode.

Example 2

[0355] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 3 was used instead of Compound 2.
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Example 3

[0356] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 11 was used instead of Compound 2.

Example 4

[0357] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 18 was used instead of Compound 2.

Example 5

[0358] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 22 was used instead of Compound 2.

Example 6

[0359] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 25 was used instead of Compound 2.

Example 7

[0360] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 49 was used instead of Compound 2.

Example 8

[0361] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 50 was used instead of Compound 2.

Example 9

[0362] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 51 was used instead of Compound 2.

Example 10

[0363] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 53 was used instead of Compound 2.

Example 11

[0364] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 62 was used instead of Compound 2.

Example 12

[0365] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 63 was used instead of Compound 2.

Fxample 13

[0366] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 67 was used instead of Compound 2.

Example 14

[0367] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 69 was used instead of Compound 2.
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Example 15
[0368] An organic light-emitting diode was manufactured

as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 75 was used instead of Compound 2.

Example 16

[0369] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 83 was used instead of Compound 2.

Example 17

[0370] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 93 was used instead of Compound 2.

Example 18

[0371] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 95 was used instead of Compound 2.

Example 19

[0372] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 98 was used instead of Compound 2.

Example 20

[0373] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 104 was used instead of Compound 2.

Example 21

[0374] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 110 was used instead of Compound 2.

Example 22

[0375] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 113 was used instead of Compound 2.

Example 23

[0376] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 174 was used instead of Compound 2.

Example 24

[0377] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 177 was used instead of Compound 2.

Comparative Example 1

[0378] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound A was used instead of Compound 2.

Sep. 12,2013

<Compound A>

Comparative Example 2

[0379] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-

sion layer, Compound B was used instead of Compound 2.
<Compound B>

Q
A s®
o S S

Comparative Example 3

[0380] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound C was used instead of Compound 2.

<Compeund C>
D
D

>
ClC
FON

D
)
D
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Comparative Example 4
[0381] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound D was used instead of Compound 2.
<Compound D>
®
s
N
1
P
X
P

\
ase

Bvaluation Example 1

[0382] Thedriving voltage, current density, brightness, and
color coordinates of the organic light-emitting diodes manu-
factured according to Examples 1 to 24 and Comparative
Examples 1 to 4 were evaluated using a PR650Spectroscan
Source Measurement Unit. (product of PhotoResearch Com-
pany). Results thereof are shown in Table 1.

TABLE 1

Emis- Current

sion  Emission Bright- density Driving Color

layer layer ness (mA/  voltage coordinate

host  dopant (cd/m?)  cm?) (V) (CIE)
Ex. 1 ADN Comp. 2 700 11 41  (0.14,0.075)
Ex. 2 ADN Comp. 3 700 13 42 (0.14,0.089)
Ex. 3 ADN Comp. 11 700 12 4.1  (0.14,0.079)
Ex. 4 ADN Comp. 18 700 12 42 (0.14,0.095)
Ex. 5 ADN Comp. 22 700 13 43 (0.14,0.095)
Ex. 6 ADN Comp. 25 700 14 4.4 (0.14,0.088)
Ex. 7 ADN Comp. 49 700 12 44 (0.14,0.083)
Ex. 8 ADN Comp. 50 700 13 43  (0.14,0.082)
Ex. 9 ADN Comp. 51 700 12 44  (0.14,0.084)
Ex. 10  ADN Comp. 33 700 14 44 (0.14,0.091)
Ex. 11  ADN Comp. 62 700 11 4.2 (0.14,0.085)
Ex. 12 ADN Comp. 63 700 12 4.2  (0.14,0.087)
Ex. 13 ADN Comp. 67 700 12 42 (0.14,0.077)
Ex. 14 ADN Comp. 69 700 13 43  (0.14,0.082)
Ex. 15 ADN Comp. 75 700 12 4.2 (0.14,0.084)
Ex. 16 ADN Comp. &3 700 13 43  (0.14,0.095)
Ex. 17 ADN Comp. 93 700 12 43  (0.14,0.077)
Ex. 18  ADN Comp. 95 700 12 4.2  (0.14,0.082)
Ex. 19 ADN Comp. 98 700 13 43  (0.14,0.083)
Ex. 20  ADN Comp. 104 700 13 4.2 (0.14,0.093)
Ex. 21  ADN Comp. 110 700 12 44  (0.14,0.078)
Ex. 22  ADN Comp. 113 700 14 45 (0.14,0.075)
Ex. 23 ADN Comp. 174 700 13 45 (0.14,0.077)
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TABLE 1-continued

Emis- Current

sion  Emission Bright- density Driving Color

layer layer ness (mA/  voltage coordinate

host  dopant (cdm? cm?) (V) (CIE)
Ex.24 ADN Comp. 177 700 14 44 (0.14,0.089)
Comp. ADN Comp. A 700 16 46 (0.16,0.20)
Ex. 1
Comp. ADN Comp. B 700 15 45 (0.15,0.18)
Ex.2
Comp. ADN Comp. C 700 21 48 (0.16,0.21)
Ex. 3
Comp. ADN Comp.D 700 18 47 (0.14,0.12)
Ex. 4

[0383] From Table 1, it was confirmed that the organic
light-emitting diodes of Examples 1 to 24 have lower driving
voltages, higher current densities, and better color purity
characteristics than the organic light-emitting diodes of Com-
parative Examples 1 to 4.

Example 25

[0384] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 29 was used instead of Compound 2.

Example 26

[0385] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 31 was used instead of Compound 2.

Example 27

[0386] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 37 was used instead of Compound 2.

Example 28

[0387] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 188 was used instead of Compound 2.

Example 29

[0388] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 191 was used instead of Compound 2.

Comparative Example 5

[0389] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound E was used instead of Compound 2.
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<Compound E>

Comparative Example 6

[0390] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound F was used instead of Compound 2.

<Compound F>

Comparative Example 7

[0391] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound G was used instead of Compound 2.

<Compound G>
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Comparative Example 8

[0392] An organic light-emitting diode was manufactured

as in Example 1, except that as a dopant for use in the emis-

sion layer, Compound H was used instead of Compound 2.

<Compound H>

Evaluation Example 2

[0393] Thedriving voltage, current density, brightness, and
color coordinate of the organic light-emitting diodes manu-
factured according to Examples 25 to 29 and Coniparative
Examples 5 to 8 were evaluated using a PR650Spectroscan
Source Measurement Unit. (product of PhotoResearch Com-
pany). Results thereof are shown in Table 2.

TABLE 2
E- Current
mission Emission  Bright- density Driving Color

layer layer ness (mA/  voltage coordinate
host dopant (cdm® cm?) (V) (CIE)
Ex.25 ADN  Comp.29 700 13 44 (0.14, 0.080)
Ex.26 ADN  Comp. 31 700 13 4.2 (0.14,0.085)
Ex.27 ADN  Comp. 37 700 15 43 (0.14,0.082)
Ex.28 ADN  Comp. 700 16 44 (0.14,0.077)

188
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TABLE 2-continued

k- Current
mission Emission  Bright- density Driving Color
layer layer ness (mA/  voltage coordinate
host dopant (cd/m?)  cm?) (V) (CIE)
Ex.29 ADN  Comp. 700 16 45  (0.14,0.074)
191
Comp. ADN  Comp.E 700 17 47 (0.14,0.16)
Ex. 5
Comp. ADN  Comp.F 700 16 46 (0.15,0.22)
Ex. 6
Comp. ADN  Comp.G 700 20 50 (0.15,0.28)
Ex. 7
Comp. ADN  Comp.H 700 21 52 (0.15,0.23)
Ex. 8
[0394] From Table 2, it was confirmed that the organic

light-emitting diodes of Examples 25 to 29 have lower driving
voltages, higher current density, and better color purity char-
acteristics than the organic light-emitting diodes of Compara-
tive Examples 5 to 8.

Example 30

[0395] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 40 was used instead of Compound 2.

Example 31

[0396] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 43 was used instead of Compound 2.

Example 31

[0397] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 46 was used instead of Compound 2.

oy
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Example 33

[0398] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 206 was used instead of Compound 2.

Example 34

[0399] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound 209 was used instead of Compound 2.

Comparative Example 9

[0400] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound I was used instead of Compound 2.

080
&y O

Comparative Example 10

<Compound [>

[0401] An organic light-emitting diode was manufactured
as in Example 1, except that as a dopant for use in the emis-
sion layer, Compound J was used instead of Compound 2.

<Compound L>

Oy A

d“%'b
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Evaluation Example 3

[0402] Thedriving voltage, current density, brightness, and
color coordinate of the organic light-emitting diodes manu-
factured according to Examples 30 to 34 and Comparative
Examples 9 and 10 were evaluated using a PR650Spectroscan
Source Measurement Unit. (product of PhotoResearch Com-
pany). Results thereof are shown in Table 2.

TABLE 3
Emis- Current
sion  Emission density Driving Color
layer layer Brightness (mA/  voltage coordinate
host  dopant (cdm?) o) (V) (CIE)
Ex. 30 ADN Comp. 40 700 19 44 (0.14,0.082)
Ex.31 ADN Comp. 43 700 17 4.7 (0.14,0.084)
Ex. 32 ADN Comp. 46 700 18 4.6 (0.14,0.088)
Ex.33 ADN Comp. 700 17 4.5 (0.14,0.084)
206
Ex. 34 ADN Comp. 700 19 4.6 (0.14,0.078)
209
Comp. ADN Comp. I 700 25 54 (0.14,0.19)
Ex. 9
Comp. ADN Comp. ] 700 27 55 (0.15,0.20)
Ex. 10

[0403] From Table 3, it was confirmed that the organic
light-emitting diodes of Examples 30 to 34 have lower driving
voltages, higher current density, and better color purity char-
acteristics than the organic light-emitting diodes of Compara-
tive Examples 9 and 10.

[0404] Organic light-emitting diodes and organic light-
emitting apparatuses including the amine-based compounds
described above have low driving voltages, high current den-
sities, and good color purity characteristics.

[0405] While the present invention has been illustrated and
described with reference to certain exemplary embodiments,
it will be understood by those of ordinary skill in the art that
various changes and modifications to the described embodi-
ments may be made without departing from the spirit and
scope of the present invention as defined by the following
claims.

What is claimed is:

1. An amine-based compound represented by Formula 1
below:

Formula 1

wherein:

A is a substituted or unsubstituted pyrene, a substituted or
unsubstituted chrysene, or a substituted or unsubstituted
diphenyl-benzofluoranthene;

nisQorl;and

Ar, to Ar, are each independently a substituted or unsub-
stituted C4-C,, aryl group, a substituted or unsubstituted
C,-Cg heteroaryl group, a substituent represented by
Formula 2A, or a substituent represented by Formula
2B:

Sep. 12,2013
wherein:
in Formula 2A, T, is O, S, N(R,,), C(R|;))(R}3), or
Si(R14)Rys);

in Formula 2A and 2B, a is an integer of 0 to 3; b, ¢, and
d are each independently an integer of 0 to 4; and * is

a binding site to N of Formula 1;
wherein, in Formula 1, when n is 0, at least one of Ar, and
Ar, is a substituent represented by Formula 2A or a
substituent represented by Formula 2B, and whenn is 1,
at least one of Ar, to Ar, is a substituent represented by
Formula 2A or a substituent represented by Formula 2B:

<Formula 2A>

— Rk
/( 1)

\ /

T

X

<Formula 2B>

\(R4)d

wherein at least one substituent of the substituted pyrene,
the substituted chrysene, the substituted diphenyl-ben-
zofluoranthene, the substituted C,-Cq, aryl group, the
substituted C,-C, heteroaryl group, R to R, andR; to
R, 5 may be each independently one selected from deu-
terium; —F; —Cl; —Br; —I; —CN; a hydroxyl group;
a —NO, group; an amino group; an amidino group;
hydrazine; hydrazone; a carboxylic acid group or salt
thereof; a sulfonic acid group or salt thereof; a phospho-
ric acid group or salt thereof; a C,-C, alkyl group; a
C,-Cy, alkoxy group; a C,-Cg,, alkenyl group; a C,-Cq,
alkynyl group; a C,;-Cq, alkyl group, C,-C, alkoxy
group, C,-Cg, alkenyl group, or a C,-C,, alkynyl group
substituted with at least one selected from deuterium,
—F, —Cl,—Br, —I,—CN, a hydroxyl group, a—NO,
group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxylic group or salt thereof, a sulfonic
acid group or salt thereof, or a phosphoric acid group or
salt thereof; a C;-C,, cycloalkyl group; a C;-Cg,
cycloalkenyl group; a C4-Cy, aryl group; a C,-Cy, het-
eroaryl group; a C4-Cg, aralkyl group; a C¢-Cy, aryloxy
group; a Cy-Cq, arylthio group; or a C5-Cg, cycloalkyl
group, C5-Cg, cycloalkenyl group, C,-Cg, aryl group,
C,-Cy, heteroaryl group, C,-Cy, aralkyl group, C,-Cy,
aryloxy group, and C-Cg, arylthio group substituted
with at least one selected from deuterium, —F, —Cl,
—Br, —I, —CN, a hydroxyl group, a —NO, group, an
amino group, an amidino group, hydrazine. hydrazone, a
carboxylic acid group or salt thereof, a sulfonic acid
group or salt thereof, a phosphoric acid group or salt
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thereof, a C,-C, alkyl group, a C,-C,,, alkyl group sub-
stituted with at least one —F, C,-C, alkoxy group,
C,-C¢, alkenyl group, C,-C, alkynyl group, C4-Cy,
aryl group, and C,-C,, heteroaryl group; and

* and *" are binding sites with A.

2. The amine-based compound of claim 1, wherein in For-

mula 2A:

T, is O, S,N(R, ), or C(R;,)(R;3), wherein:

R, isone selected from a C-C,, aryl group; or aC4-C,,
aryl group substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, —CN, a hydroxyl
group, a—NQ, group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxylic acid group
or salt thereof, a sulfonic acid group or salt thereof, a
phosphoric acid group or salt thereof, a C,-C, alkyl
group, a C,-C,, alkyl group substituted with at least
one —F, or C,-C,,, alkoxy group, and

R,, and R ; are each independently one selected from a
C,-C,, alkyl group; a C,-C,, alkyl group substituted
with at least one selected from deuterium, —F, —Cl,
—Br, —I, —CN, a hydroxyl group, a—NO, group, an
amino group, an amidino group, hydrazine, hydrazone, a
carboxylic acid group or salt thereof, a sulfonic acid
group or salt thereof, a phosphoric acid group or salt
thereof; a C4-C,, aryl group; or a C4-C,, aryl group
substituted with at least one selected from deuterium,
—F, —Cl,—Br, —I,—CN, a hydroxyl group, a—NO,
group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxylic acid group or salt thereof, a
sulfonic acid group or salt thereof, a phosphoric acid
group or salt thereof, a C,-C,, alkyl group, or a C,-C,,
alkyl group substituted with at least one —F, and C,-C,,
alkoxy group;

R, and R, are each independently one selected from deu-
terium; —F; —Cl; —Br; —I; —CN; a hydroxyl group;
a —NO, group; an amino group; amidino group; a
hydrazine; a hydrazone; a carboxylic acid group or salt
thereof’ a sulfonic acid group or salt thereof; a phospho-
ric acid group or salt thereof; a C,-C,, alkyl group; a
C,-C,, alkoxy group; ora C,-C,, alkyl group or C,-C,,
alkoxy group substituted with at least one selected from
deuterium, —F, —C1, —Br, —I, —CN, a hydroxyl
group, —NO, group, an amino group, an amidino group,
ahydrazine, a hydrazone, a carboxylic acid group or salt
thereof, a sulfonic acid group or salt thereof, or a phos-
phoric acid group or salt thereof; and

aand b are each independently 0, 1, or 2.

3. The amine-based compound of claim 1, wherein

in Formula 2B:

R, to R, are each independently one selected from deute-
rium; —F; —Cl; —Br; —I; —CN; a hydroxyl group; a
—NO, group; an amino group; amidino group; a hydra-
zine; a hydrazone; a carboxylic acid group or salt
thereof; a sulfonic acid group or salt thereof;

a phosphoric acid group or salt thereof; a C,-C,, alkyl
group; a C,-C,, alkoxy group;

and a C,-C,, alkyl group or C,-C,, alkoxy group substi-
tuted with at least one selected from deuterium, —F,
—Cl, —Br, —I, —CN, a hydroxyl group, a —NO,
group, an amino group, an amidino group, a hydrazine,
a hydrazone, a carboxylic acid group or salt thereof, a
sulfonic acid group or salt thereof, or a phosphoric acid
group or salt thereof; and

ato d are each independently 0, 1, or 2.
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4. The amine-based compound of claim 1, wherein

Ar, to Ar, in Formula 1 are each independently a substi-
tuted or unsubstituted phenyl group, a substituted or
unsubstituted pentalenyl, a substituted or unsubstituted
indenyl, a substituted or unsubstituted naphthyl group, a
substituted or unsubstituted azulenyl, a substituted or
unsubstituted heptalenyl, a substituted or unsubstituted
indacenyl, a substituted or unsubstituted acenaphthyl
group, a substituted or unsubstituted fluorenyl, a substi-
tuted or unsubstituted phenalenyl, a substituted or
unsubstituted phenanthrenyl, a substituted or unsubsti-
tuted anthryl group, a substituted or unsubstituted fluo-
ranthenyl group, a substituted or unsubstituted triph-
enylenyl group, a substituted or unsubstituted pyrenyl
group, a substituted or unsubstituted chrysenyl group, a
substituted or unsubstituted naphthacenyl group, a sub-
stituted or unsubstituted picenyl group, a substituted or
unsubstituted perylenyl group, a substituted or unsubsti-
tuted pentaphenyl group, a substituted or unsubstituted
hexacenyl group, a substituted or unsubstituted pyrrolyl
group, a substituted or unsubstituted pyrazolyl group, a
substituted or unsubstituted imidazolyl group, a substi-
tuted or unsubstituted imidazolinyl group, a substituted
or unsubstituted imidazopyridinyl group, a substituted
or unsubstituted imidazopyrimidinyl group, a substi-
tuted or unsubstituted pyridinyl group, a substituted or
unsubstituted pyrazinyl, a substituted or unsubstituted
pyrimidinyl group, a substituted or unsubstituted ben-
zoimidazolyl group, a substituted or unsubstituted
indolyl group, a substituted or unsubstituted purinyl
group, a substituted or unsubstituted quinolinyl group, a
substituted or unsubstituted isoquinolinyl group, a sub-
stituted or unsubstituted phthalazinyl group, a substi-
tuted or unsubstituted indolizinyl group, a substituted or
unsubstituted naphthyridinyl group, a substituted or
unsubstituted quinazolinyl group, a substituted or
unsubstituted quinoxalinyl group, a substituted or
unsubstituted cinnolinyl group, a substituted or unsub-
stituted indazolyl group, a substituted or unsubstituted
carbazolyl group, a substituted or unsubstituted phena-
zinyl group, a substituted or unsubstituted phenanthridi-
nyl group, a substituted or unsubstituted pyranyl group,
a substituted or unsubstituted chromenyl group, a sub-
stituted or unsubstituted furanyl group, a substituted or
unsubstituted benzofuranyl group, a substituted or
unsubstituted thiophenyl group, a substituted or unsub-
stituted benzothiophenyl group, a substituted or unsub-
stituted isothiazolyl group, a substituted or unsubsti-
tuted benzoimidazolyl group, a substituted or
unsubstituted isoxazolyl group, a substituted or unsub-
stituted dibenzothiophenyl group, a substituted or
unsubstituted dibenzofuranyl group, a substituted or
unsubstituted triazinyl group, a substituted or unsubsti-
tuted oxadiazolyl group, a substituted or unsubstituted
pyridazinyl group, a substituted or unsubstituted triaz-
olyl group, a substituted or unsubstituted tetrazolyl
group, a substituted or unsubstituted phenanthrolinyl
group, a substituent represented by Formula 2A, or a
substituent represented by Formula 2B,

wherein when n is 0, at least one of Ar, and Ar, is a
substituent represented by Formula 2A or a substituent
represented by Formula 2B, and when nis 1, at least one
of Ar, to Ar,, is a substituent represented by Formula 2A
or a substituent represented by Formula 2B.
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5. The amine-based compound of claim 1, wherein -continued

Ar, to Ar, are each independently a C4-C, aryl group Formula 3(6)
substituted with at least one selected from —F, —CN,
—NO,, ora C,-C,, alkyl group substituted with at least
one —F; a unsubstituted C,-Cg, heteroaryl group; a
C,-C¢ heteroaryl group substituted with at least one
selected from —F, —CN, —NO,, or a C,-C,, alkyl
group substituted with at least one —F; a substituent
represented by Formula 2A; or a substituted represented
by Formula 2B;

Formula 3(7)

wherein when n is 0, at least one of Ar, and Ar, is a
substituent represented by Formula 2A or a substituent
represented by Formula 2B, and when nis 1, at least one
of Ar, to Ar,, is a substituent represented by Formula 2A AN
or a substituent represented by Formula 2B. |

Formula 3(8)

6. The amine-based compound of claim 1, wherein

*
Z,

Ar, 10 Ar, are each independently one selected from sub-
stituents represented by Formula 3(1) to Formula 3(25),
a substituent represented by Formula 2A, or a substitu-
ent represented by Formula 2B, wherein when n is 0, at |
least one of Ar, and Ar, is a substituent represented by
Formula 2A or a substituent represented by Formula 2B,
and whenn is 1, at least one of Ar, to Ar, is a substituent

Va
represented by Formula 2A or a substituent represented A N
by Formula 2B: | T Radaa
Va

Formula 3(1) Formula 3(11)
AN N /\
T Raoa | T— Rot)ac
7 7

Formula 3(2)

Formula 3(12)
Z AN N
L N
s A~ |
. A

Formula 3(3)
=z AN Formula 3(13)
l— ot X
| Ratlap II\I
NN | roa

Formula 3(9)

T Raas

Formula 3(10)

%

Formula 3(14)
Formula 3(4)

N
=\ _Roas AN
/ - /@(Rmm
</ N

T Rapac
Formula 3(5) P

Formula 3(15)

Formula 3(16)

| TR
P
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-continued

:/g
/

)\/‘\—/(Rll)ab
) rava

N

AN
/ﬂ/\%a{ﬂ)ab
. v

| xR

S .

* N/\/ Ra1)ap
TR
I\i/\g(l{zl)ab

W
N
AN
g;\\/\—/a{ﬂ)ab
N
ha
| T Rda
NW
N
=
/E > R21)aa
* N/ 7

N.

X X
/{ \/—\(RZI)M
NGNS

N ™
/II\IL/\/—\(RZOM
NGNS

N

X
( R21)aa
N AN

Formula 3(17)

Formula 3(18)

Formula 3(19)

Formula 3(20)

Formula 3(21)

Formula 3(22)

Formula 3(23)

Formula 3(23)

Formula 3(24)

Formula 3(25)
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wherein in Formulae 3(1) to 3(25):

T,, 15 O, S, N(R;,), or C(R;,)(R;5), wherein:

R;, is one selected from a C4-Cog aryl group; or aCg-Coyg
aryl group substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, —CN, a hydroxyl
group, a—NQO, group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxylic acid group
or salt thereof, a sulfonic acid group or salt thereof, a
phosphoric acid group or salt thereof, a C,-C,, alkyl
group, a C,-C,, alkyl group substituted with at least
one —F, or a C,-C,, alkoxy group, and

R, and R, are each independently one selected from a
C,-C,, alkyl group; a C,-C,, alkyl group substituted
with at least one selected from deuterium, —F, —CI,
—Br, —I, —CN, a hydroxyl group, a —NO,, group,
an amino group, an amidino group, hydrazine, hydra-
zone, a carboxylic acid group or salt thereof, a sul-
fonic acid group or salt thereof, a phosphoric acid
group or salt thereof; a C,-C,, aryl group; ora C,-C,,
aryl group substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, —CN, a hydroxyl
group, a—NO, group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxylic acid group
or salt thereof, a sulfonic acid group or salt thereof, a
phosphoric acid group or salt thereof, a C,-C,, alkyl
group, oraC,-C,, alkyl group substituted with at least
one —F, and C,-C,, alkoxy group;

R,, are R,, are each independently one selected from deu-
terium; —F; —CI; —Br; —I; —CN; a hydroxyl group;
—NO, group; an amino group; an amidino group; a
hydrazine; a hydrazone; a carboxylic acid group or salt
thereof; a sulfonic acid group or salt thereof; a phospho-
ric acid group or salt thereof; a C,-C,, alkyl group; a
C,-C,, alkoxy group; a C,-C,, alkyl group or C,-C,,
alkoxy group substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, —CN, a hydroxyl
group, a —NQO, group, an amino group, an amidino
group, a hydrazine, a hydrazone, a carboxylic acid group
or salt thereof, a sulfonic acid group or salt thereof, or a
phosphoric acid group or salt thereof; a C4-C,, aryl
group; aC,-C, heteroaryl group; or a C,-Cg, aryl group
or aC,-C,, heteroaryl group substituted with at least one
selected from deuterium, —F, —Cl, —Br, —I, —CN, a
hydroxyl group, a —NO, group, an amino group, an
amidino group, a hydrazine, a hydrazone, a carboxylic
acid group or salt thereof, a sulfonic acid group or salt
thereof, a phosphoric acid group or salt thereof, a C,-C,,
alkyl group, a C,-C,,, alkyl group substituted with at
least one —F, and C,-C,, alkoxy group;

aa is an integer of 0 to 5;

ab is an integer of 0 to 6;

ac is an integer of 0 to 3;

ad is an integer of 0 to 4;

ae is an integer of 0 to 2; and

* is a binding site with N in Formula 1.

7. The amine-based compound of claim 6, wherein

R,, and R,, are each independently one selected from —F;
—CN; a—NO, group; a C,-C,, alkyl group ora C,-Cy,
alkoxy group substituted with at least one selected from
—F, —CN, and a—NO, group; a phenyl group; a naph-
thyl group; a pyridinyl group; a pyrimidinyl group; a
pyrazinyl group; a quinolinyl group; an isoquinolinyl
group; a quinazolinyl group; and a quinoxalinyl group;
and a phenyl group, naphthyl group, pyridinyl group,
pyrimidinyl group, pyrazinyl group, quinolinyl group,
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isoquinolinyl group, quinazolinyl group, or a quinoxali-
nyl group substituted with at least one selected from —F,
—CN, and —NO,.

8. The amine-based compound of claim 1, wherein

the amine-based compound represented by Formula 1

comprises a compound represented by one of Formulae
1A to 1D:

<Formula 1A>
An
\
N

\
Ar

4

—Ar;
Ary—
Arg
\
: O /AIZ
o Q A
' AII
<Formula 1C>
Ar; O Ar)
\ /
/N N\
Ary ‘ Ary

<Formula 1D>

O A,
/
N
\

<Formula 1B>

Ary
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9. The amine-based compound of claim 8, wherein
the amine-based compound represented by Formula 1

comprises a compound represented by Formula 1A, 1B,
or 1C, in which

which is a second diarylamino group.
10. The amine-based compound of claim 8, wherein
the amine-based compound represented by Formula 1

comprises a compound represented by Formula 1A 1B
or 1C in which

which is a second diarylamino group.

11. The amine-based compound of claim 6, wherein

the amine-based compound represented by Formula 1
comprises a compound represented by one of Formulae
1A to 1C, and

Ar, and Ar; in Formulae 1A to 1C are each independently
asubstituent represented by Formula 2A or a substituent
represented by Formula 2B, and

Ar, and Ar,, in Formulae 1A to 1C are each independently

a substituent represented by one of Formula 3(1) to
Formula 3(25):

<Formula 1A>

Any
O -
An—N Q
\
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-continued

e,
v
N

<Formula 1B>

A
/
N
\
Ary

<Formula 1C>

Ar O Ar
N N
Ar4/ ‘ \Ar -

12. The amine-based compound of claim 6, wherein

the amine-based compound represented by Formula 1

comprises a compound represented by one of Formulae
1A t0 1C, and

Ar; in Formulae 1A to 1C is a substituent represented by
Formula 2A or a substituent represented by Formula 2B,
and

Ar,, Ar, and Ar, in Formulae 1A to 1C are each indepen-
dently a substituent represented by one of Formula 3(1)
to Formula 3(25):

<Formula 1A>

An
\
Q .
\
Ary
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-continued

Ar; O
\
N Any
' \
O Arl
<Formula 1C>
Ar O Any
\ /
N N\
Ar4/ ‘ Aty

13. The amine-based compound of claim 6, wherein

<Formula 1B>

the amine-based compound represented by Fornwla 1
comprises a compound represented by Formula 1D, and

Ar, inFormula 1D is a substituent represented by Formula
2A or a substituent represented by Formula 2B, and

Ar, in Formula 1D is a substituent represented by one of
Formula 3(1) to Formula 3(25):

()
3
>

<Formula 1D>

Ve
N
\
Ary.

14. The amine-based compound of claim 1, wherein

the amine-based compound represented by Formula 1

comprises a compound represented by one of Com-
pounds 1 to 222:
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15. 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 elec-
trode, wherein the organic layer comprises the amine-based
compound of claim 1.

16. The organic light-emitting diode of claim 15, wherein
the organic layer comprises at least one layer selected from a
hole injection layer, a hole transport layer, a functional layer
having hole injection and hole transport functions, a buffer
layer, an electron blocking layer, an emission layer, a hole
blocking layer, an electron transport layer, an electron injec-
tion layer, or a functional layer having electron injection and
electron transport functions.

17. The organic light-emitting diode of claim 16, wherein
the organic layer comprises an emission layer, and the emis-
sion layer comprises the amine-based compound.

18. The organic light-emitting diode of claim 17, wherein
the amine-based compound included in the emission layer
functions as a dopant, and the emission layer further com-
prises a host.

19. The organic light-emitting diode of claim 18, wherein
the host comprises at least one selected from an anthracene-
based compound represented by Formula 400 and an
anthracene-based compound represented by Formula 401:

<Formula 400>

/ \/(Arus)i
A\
Arpg=——(An112)n (A1 )g— Arpiz
/
\ /\(Arns)j
<Formula 401>
Arin
Arpps Aryy

Sep. 12,2013

wherein in Formulae 400 and 401:

Ar,,, and Ar, , are each independently a substituted or
unsubstituted C;-Cy, arylene group;

Ary,5toAr g and Ar |, to Ar, ,5 are each independently a
substituted or unsubstituted C,-C,, alkyl group, or a
substituted or unsubstituted C4-Cy, aryl group;

Ar,,¢ and Ar,,, are each independently a C,-C,, alkyl
group; and

g, h, i, j,k, and I are each independently an integer of 0 to
4.

20. An organic light-emitting apparatus, comprising:

asubstrate comprising a first sub-pixel, a second sub-pixel,
and a third sub-pixel;

a first electrode in each of the first sub-pixel, the second
sub-pixel, and the third sub-pixel;

a second electrode facing the first electrodes, the second
electrode being a common electrode shared by the first
sub-pixel, the second sub-pixel, and the third sub-pixel;

a first emission layer between the first electrode of the first
sub-pixel and the second electrode, the first emission
layer being configured to emit a first color light;

a second emission layer between the first electrode of the
second sub-pixel and the second electrode, the second
emission layer being configured to emit a second color

light; and

a third emission layer between the first electrode of the
third sub-pixel and the second electrode, the third emis-
sion layer being configured to emit a third color light,

wherein:

the first emission layer comprises the amine-based com-
pound of claim 1,

the first electrode is a transparent electrode or a semi-
transparent electrode, and the second electrode is a
reflective electrode, or the first electrode is a reflective
electrode, and the second electrode is a transparent
electrode or a semi-transparent electrode, and

amixed light comprising the first color light, the second
color light, and the third color light is white light, and
the first color light is blue light.
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