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A heterocyclic compound represented by Formula 1A and an
organic light-emitting device including the heterocyclic com-
pound:

Formula 1A

atleast one of R to R, ; is a group represented by Formula

1B below:
Formula 1B
Rig
AT \ Ar
BN
Rys Ary

wherein R, to R 5, Ar,, Ar,, A, B, a, and b are defined as in
the specification. The organic light-emitting device may
include an organic layer containing the heterocyclic
compound, and thus may have a low driving voltage, a
high-emission efficiency, and long lifespan characteris-
tics.
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HETEROCYCLIC COMPOUND AND
ORGANIC LIGHT-EMITTING DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C. §119 from an application earlier filed in the Korean
Intellectual Property Office on 3 Nov. 2011 and there duly
assigned Serial No. 10-2011-0114117.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a heterocyclic com-
pound and an organic light-emitting device including the
heterocyclic compound.

[0004] 2. Description of the Related Art

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

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

[0007] An operating principle of an OLED having the
above-described structure is as follows. When a voltage is
applied between the anode and the cathode, holes injected
from the anode move to the EML via the HTL, and electrons
injected from the cathode move to the EML via the ETL. The
holes and electrons recombine in the EML to generate exci-
tons. When the excitons drop from an excited state to a ground
state, light is emitted.

SUMMARY

[0008] The present invention provides a novel heterocyclic
compound for an organic light-emitting device with a low
voltage, a high luminance, a high efficiency, and a long
lifespan.

[0009] According to an aspect of the present invention,
there is provided a heterocyclic compound represented by
Formula 1A below:

Formula A

wherein,in Formula 1A, R, to R, ; are each independently one
of a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxyl
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group, a substituted or unsubstituted C,-C;, alkyl group, a
substituted or unsubstituted C,-C,, alkenyl group, a substi-
tuted or unsubstituted C,-C,, alkynyl group, a substituted or
unsubstituted C, -C, alkoxy group, a substituted or unsubsti-
tuted C5-C,, cycloalkyl group, a substituted or unsubstituted
C;-C,, cycloalkenyl group, a substituted or unsubstituted
C;5-Cy aryl group, a substituted or unsubstituted C,-C,, het-
eroaryl group, a substituted or unsubstituted C5-C,, aryloxy
group, a substituted or unsubstituted C5-C,, arylthio group, a
—N(Q,)(Q,) group, and a group represented by Formula 1B
below, wherein Q, and Q, are each independently one of a
hydrogen atom, a deuterium atom, a substituted or unsubsti-
tuted C,-C;, alkyl group, a substituted or unsubstituted
C,-C;, alkenyl group, a substituted or unsubstituted C,-Cs,
alkynyl group, a substituted or unsubstituted C,-C;, alkoxy
group, a substituted or unsubstituted C,-C;, cycloalkyl
group, a substituted or unsubstituted C,-C;, cycloalkenyl
group, a substituted or unsubstituted C,-C,, aryl group, a
substituted or unsubstituted C4-C;, aryloxy group, a substi-
tuted or unsubstituted C4-C,, arylthio group, and a substi-
tuted or unsubstituted C;-C,, heteroaryl group:

Formula |1B
Ris
—tA a \ /Arl
B-]b—N
Ris Any

wherein, in Formula 1B, R, , and R, 5 are each independently
one of a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxyl
group, a substituted or unsubstituted C,-C;,, alkyl group, a
substituted or unsubstituted C,-C,, alkenyl group, a substi-
tuted or unsubstituted C,-C,, alkynyl group, a substituted or
unsubstituted C, -C;, alkoxy group, a substituted or unsubsti-
tuted C;-C,, cycloalkyl group, a substituted or unsubstituted
C;-C5, cycloalkenyl group, a substituted or unsubstituted
Cs-C5 aryl group, a substituted or unsubstituted C,-Cs, het-
eroaryl group, a substituted or unsubstituted C5-C;, aryloxy
group, and a substituted or unsubstituted Cs-C;, arylthio
group;

atleastone of R, to R, 5 is a group represented by Formula 1B
above;

Ar, and Ar, are each independently a substituted or unsubsti-
tuted Cs5-C;, aryl group or a substituted or unsubstituted
C;-C,,, heteroaryl group, wherein Ar, and Ar, are optionally
linked to each other;

A and B are a divalent linker, and are each independently one
of a substituted or unsubstituted C5-C,, arylene group or a
substituted or unsubstituted C;-C,, heteroarylene group; and
a is an integer from 0 to 3, and b is an integer from 0 to 3,
wherein if a is 2 or greater, the two or more A are identical to
or different from each other, and if'b is 2 or greater, the two or
more B are identical to or different from each other.

[0010] According to another aspect of the present inven-
tion, there is provided an organic light-emitting device
including: a first electrode; a second electrode disposed oppo-
site to the first electrode; and an organic layer disposed
between the first electrode and the second electrode, wherein
the organic layer includes at least one layer, and includes at
least one of the heterocyclic compounds represented by For-
mula 1A above.
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BRIEF DESCRIPTION OF THE DRAWING

[0011] The above and other features and advantages of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawing in which:

[0012] FIG. 1 schematically illustrates the structure of an
organic light-emitting device according to an embodiment of
the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0013] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed.
Expressions such as ““at least one of,” when preceding a list of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0014] According to an aspect of the present invention,
there is provided a heterocyclic compound represented by
Formula 1A:

Formula [A

wherein,in Formula 1A, R, to R, ; are each independently one
of a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxyl
group, a substituted or unsubstituted C,-C;, alkyl group, a
substituted or unsubstituted C,-C;, alkenyl group, a substi-
tuted or unsubstituted C,-C;, alkynyl group, a substituted or
unsubstituted C, -C;, alkoxy group, a substituted or unsubsti-
tuted C;-C,,, cycloalkyl group, a substituted or unsubstituted
C;5-C5, cycloalkenyl group, a substituted or unsubstituted
C;-C,, aryl group, a substituted or unsubstituted C,-C,, het-
eroaryl group, a substituted or unsubstituted C5-C,, aryloxy
group, a substituted or unsubstituted C5-C;, arylthio group, a
—N(Q,)(Q,) group, and a group represented by Formula 1B
below, wherein Q, and Q, are each independently one of a
hydrogen atom, a deuterium atom, a substituted or unsubsti-
tuted C,-C,, alkyl group, a substituted or unsubstituted
C,-C,, alkenyl group, a substituted or unsubstituted C,-C,,
alkynyl group, a substituted or unsubstituted C,-C;, alkoxy
group, a substituted or unsubstituted C;-C,, cycloalkyl
group, a substituted or unsubstituted C,-C;,, cycloalkenyl
group, a substituted or unsubstituted C4-C,, aryl group, a
substituted or unsubstituted C4-C,,, aryloxy group, a substi-
tuted or unsubstituted C4-C;, arylthio group, and a substi-
tuted or unsubstituted C,-C,, heteroaryl group;

atleastone of R, to R, ; is a group represented by Formula 1B
below;

Formula IB

Ry
A7 Ar)
\ /
B-]—N\
Ris Ary
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wherein, in Formula 1B, R, and R, 5 are each independently
one of a hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxyl
group, a substituted or unsubstituted C,-C,, alkyl group, a
substituted or unsubstituted C,-C;, alkenyl group, a substi-
tuted or unsubstituted C,-C,, alkynyl group, a substituted or
unsubstituted C, -C,, alkoxy group, a substituted or unsubsti-
tuted C5-C,, cycloalkyl group, a substituted or unsubstituted
C;-C,, cycloalkenyl group, a substituted or unsubstituted
C;5-Cy aryl group, a substituted or unsubstituted C,-C,, het-
eroaryl group, a substituted or unsubstituted C;-C,,, aryloxy
group, and a substituted or unsubstituted C5-C;, arylthio
group;

[0015] Ar, and Ar, are each independently a substituted
or unsubstituted C5-C,, aryl group or a substituted or
unsubstituted C,-C;, heteroaryl group, wherein Ar, and
Ar, may be optionally linked to each other;

[0016] A and B are a divalent linker, and are each inde-
pendently one of a substituted or unsubstituted C-C;,,
arylene group or a substituted or unsubstituted C,-C;,
heteroarylene group;

[0017] aisaninteger from Oto 3, and b is an integer from
0to 3, wherein if a is 2 or greater, the two or more A are
identical to or different from each other, and if b is 2 or
greater, the two or more B are identical to or different
from each other; and

[0018] * indicates a binding site.

[0019] For example, Ar, and Ar, may be each indepen-
dently one of a substituted or unsubstituted phenyl group, a
substituted or unsubstituted biphenyl group, a substituted or
unsubstituted terphenyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted phenoxy
group, a substituted or unsubstituted fluorenyl group, a sub-
stituted or unsubstituted spiro-fluorenyl group, a substituted
or unsubstituted carbozolyl group, a substituted or unsubsti-
tuted phenanthrenyl group, a substituted or unsubstituted
pyranyl group, a substituted or unsubstituted pyridinyl group,
a substituted or unsubstituted pyrimidinyl group, a substi-
tuted or unsubstituted diazinyl group, a substituted or unsub-
stituted triazinyl group, a substituted or unsubstituted quino-
linyl group, a substituted or unsubstituted benzoimidazolyl
group, a substituted or unsubstituted benzoxazolyl group, a
substituted or unsubstituted pentalenyl group, a substituted or
unsubstituted indenyl group, a substituted or unsubstituted
azulenyl group, a substituted or unsubstituted heptalenyl
group, a substituted or unsubstituted indacenyl group, a sub-
stituted or unsubstituted acenaphthyl group, a substituted or
unsubstituted phenalenyl group, a substituted or unsubsti-
tuted phenanthridinyl group, a substituted or unsubstituted
anthryl group, a substituted or unsubstituted fluoranthenyl
group, a substituted or unsubstituted triphenylenyl group, a
substituted or unsubstituted pyrenyl group, a substituted or
unsubstituted chrysenyl group, a substituted or unsubstituted
naphthacenyl group, a substituted or unsubstituted picenyl
group, a substituted or unsubstituted perylenyl group, a sub-
stituted or unsubstituted pentaphenyl group, a substituted or
unsubstituted hexacenyl group, a substituted or unsubstituted
pyrrolyl group, a substituted or unsubstituted imidazolinyl
group, a substituted or unsubstituted pyrazolyl group, a sub-
stituted or unsubstituted imidazopyridinyl group, a substi-
tuted or unsubstituted pyrazinyl group, a substituted or
unsubstituted imidazopyrimidinyl group, a substituted or
unsubstituted pyridazinyl group, a substituted or unsubsti-
tuted indolyl group, a substituted or unsubstituted indolizinyl
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group, a substituted or unsubstituted isoindolyl group, a sub-
stituted or unsubstituted pyridoindolyl group, a substituted or
unsubstituted indazolyl group, a substituted or unsubstituted
carbazolyl group, a substituted or unsubstituted purinyl
group, a substituted or unsubstituted benzoquinolinyl group,
a substituted or unsubstituted phthalazinyl group, a substi-
tuted or unsubstituted naphthyridinyl group, a substituted or
unsubstituted quinoxalinyl group, a substituted or unsubsti-
tuted quinazolinyl group, a substituted or unsubstituted cin-
nolinyl group, a substituted or unsubstituted phenazinyl
group, a substituted or unsubstituted furanyl group, a substi-
tuted or unsubstituted benzofuranyl group, a substituted or
unsubstituted dibenzofuranyl group, a substituted or unsub-
stituted thiophenyl group, a substituted or unsubstituted ben-
zothiophenyl group, a substituted or unsubstituted diben-
zothiophenyl group, a substituted or unsubstituted thiazolyl
group, a substituted or unsubstituted isothiazolyl group, a
substituted or unsubstituted benzothiazolyl group, a substi-
tuted or unsubstituted oxazolyl group, a substituted or unsub-
stituted isoxazolyl group, a substituted or unsubstituted oxa-
diazolyl group, a substituted or unsubstituted triazolyl group,
and a substituted or unsubstituted tetrazolyl group.

[0020] For example, Ar, and Ar, may be each indepen-
dently one of the groups represented by Formulae 2A to 2J
below, but are not limited thereto:

Formula 2A
*
4
TN
— Z
—"tz),
Formula 2B
% V N
Y
=7t
Formula 2C
Formula 2D
y) D /
N \ ﬁzl D,
Formula 2E
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-continued

Formula 2F

Formula 2G

/ |

Z
i),
=
(Z’ ‘)\—
-
< Zyy
\

<7
Formula 2H
Formula 21
Formula 27J

[0021] InFormulae2Ato2],Z,,,7,,,7,5,and Z,, may be
each independently one of a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group, a
substituted or unsubstituted methyl group, a substituted or
unsubstituted ethyl group, a substituted or unsubstituted pro-
py! group, a substituted or unsubstituted butyl group, a sub-
stituted or unsubstituted methoxy group, a substituted or
unsubstituted ethoxy group, a substituted or unsubstituted
phenyl group, a substituted or unsubstituted naphthyl group,
a substituted or unsubstituted anthryl group, a substituted or
unsubstituted pyridinyl group, and a substituted or unsubsti-
tuted quinolyl group;

a plurality of Z,,, Z,,, Z,5, and Z,, may be identical to or
different from each other;

r is an integer from 1 to 9;

s is an integer from 1 to 5;

t is an integer from 1 to 4;

u is an integer from 1 to 4; and

* indicates a binding site.
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[0022] For example, Ar, and Ar, may be each indepen-
dently one of the groups represented by Formulae 3A to 3S
below, but are not limited thereto:

Formula 3A

Formula 3B

Formula 3C
D D
DAQ— D
D
*
Formula 3D
—\ _F
/

*

Formula 3E
CH;
\
*
Formula 3F
OCH;
X
y
*
Formula 3G
CN
- |
AN
*
Formula 3H
Si—
YA
/
*
Formula 31
\Y
X _/

-continued
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Formula 37

Formula 3K

Formula 3L

Formula 3M

Formula 3N

Formula 30

Formula 3P
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-continued
Formula 3Q
S
% / —
Formula 3R
O
*
Formula 3S

[0023]

[0024] A and B may be each independently one of a sub-
stituted or unsubstituted phenylene group, a substituted or
unsubstituted naphthylene group, a substituted or unsubsti-
tuted fluorenylene group, a substituted or unsubstituted car-
bazolylene group, a substituted or unsubstituted diben-
zothiophenylene group, a substituted or unsubstituted
pyridinylene group, substituted or unsubstituted pyrimidi-
nylene group, a substituted or unsubstituted triazinylene
group, a substituted or unsubstituted anthrylene group, a sub-
stituted or unsubstituted phenanthrenyl group, a substituted
or unsubstituted pyrenylene group, a substituted or unsubsti-
tuted chrysenylene group, a substituted or unsubstituted
perylenylene group, a substituted or unsubstituted spiro-fluo-
renylene group, a substituted or unsubstituted furanylene
group, a substituted or unsubstituted thiophenylene group,
and a substituted or unsubstituted oxadiazolylene group.

[0025] For example, A and B may be each independently
one of the groups represented by Formulae 4A to 4L below,
but are not limited thereto:

In Formulae 3A to 3S, * indicates a binding site.

Formula 4A
/
/\\_/\CZZI
Formula 4B
— N *1
/ y
/\ />
. /\(s/ Za),
Formula 4C
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-continued
Formula 4D
Zzu)\/—\_/—\ 223
\_\—/\szz
Formula 4E

Formula 4F
o
\\
Z
( 21;?_ l “fzzz)
= w
/\ /
Formula 4G
— *
D,
S g N
N .
(Za1)
) Formula 4H
Formula 41
o Formula 47
¢ 1
*/\\)
s Formula 4K
(1
A
Formula 4L
* (9] £l
\( 7/
N—N

[0026] InFormulae4Ato4L,Z,,,Z,,,andZ,, maybeeach
independently one of a hydrogen atom, a deuterium atom, a
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halogen atom, a hydroxyl group, a cyano group, a substituted
or unsubstituted methyl group, a substituted or unsubstituted
ethyl group, a substituted or unsubstituted propyl group, a
substituted or unsubstituted butyl group, a substituted or
unsubstituted methoxy group, a substituted or unsubstituted
ethoxy group, a substituted or unsubstituted phenyl group, a
substituted or unsubstituted naphthyl group, and a substituted
or unsubstituted pyridinyl group, wherein a plurality of Z,,,
7, and Z,; may be identical to or different from each other;

v, w, and x are an integer from 1 to 4; and
* and *' indicate binding sites.

[0027] For example, A and B may be each independently
one of the groups represented by Formulae 5A to SR below,
but are not limited thereto:

Formula 5A
o
*
Formula 5B
1
X
/
* N
Formula 5C
1
X
=N
*
Formula 5D
o
* i
Formula SE
!
*
Formula 5F
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-continued
Formula 5G

2

Formula SH

S
?

Formula 51

g

Formula 57

y

Formula 5K

%

Formula 5L
D \
®
S
VAN
O/ \O
Formula SM

o
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-continued
Formula SN
*
*
N D
D AQ D
D D
Formula 50
*
*
Formula 5P
Formula 5Q
Formula SR
* O *1

X

N—N

§<

[0028]
sites.

[0029] R, toR;;maybeeachindependently one ofahydro-
gen atom, a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, a carboxyl group, a
substituted or unsubstituted methyl group, a substituted or
unsubstituted ethyl group, a substituted or unsubstituted pro-
pyl group, a substituted or unsubstituted butyl group, a sub-
stituted or unsubstituted pentyl group, a substituted or unsub-
stituted ethenyl group, a substituted or unsubstituted phenyl
group, a substituted or unsubstituted biphenyl group, a sub-
stituted or unsubstituted terphenyl group, a substituted or
unsubstituted naphthyl group, a substituted or unsubstituted
anthryl group, a substituted or unsubstituted phenanthrenyl
group, a substituted or unsubstituted fluorenyl group, a sub-
stituted or unsubstituted carbazolyl group, a substituted or
unsubstituted pyranyl group, a substituted or unsubstituted
pyridinyl group, a substituted or unsubstituted pyrimidinyl
group, a substituted or unsubstituted pyrazinyl group, a sub-
stituted or unsubstituted pyridazinyl group, a substituted or
unsubstituted triazinyl group, a substituted or unsubstituted
quinolinyl group, a substituted or unsubstituted benzoimida-
zolyl group, a substituted or unsubstituted benzooxazolyl
group, a substituted or unsubstituted pentalenyl group, a sub-
stituted or unsubstituted indenyl group, a substituted or
unsubstituted pyrrolyl group, a substituted or unsubstituted

In Formulae 5A to SR, * and * indicate binding
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imidazolyl group, a substituted or unsubstituted pyrazolyl
group, a N(Q,)(Q,) group, and a group represented by For-
mula 1B above, wherein Q, and Q, may be each indepen-
dently one of a hydrogen atom, a deuterium atom, a halogen
atom, a hydroxyl group, a carboxyl group, a substituted or
unsubstituted methyl group, a substituted or unsubstituted
ethyl group, a substituted or unsubstituted propyl group, a
substituted or unsubstituted butyl group, a substituted or
unsubstituted pentyl group, a substituted or unsubstituted
phenyl group, a substituted or unsubstituted naphthyl group,
a substituted or unsubstituted anthryl group, a substituted or
unsubstituted fluorenyl group, a substituted or unsubstituted
carbazolyl group, and a substituted or unsubstituted pyridinyl

group.

Formula |B
Ris
A Ary
a \ /
B-]—N\
Ris Arp

[0030] InFormula 1B, R, and R, may be each indepen-
dently one of a hydrogen atom, a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a substituted or
unsubstituted methyl group, a substituted or unsubstituted
ethyl group, a substituted or unsubstituted propyl group, a
substituted or unsubstituted butyl group, a substituted or
unsubstituted pentyl group, a substituted or unsubstituted
ethenyl group, a substituted or unsubstituted phenyl group, a
substituted or unsubstituted naphthyl group, a substituted or
unsubstituted anthryl group, and a substituted or unsubsti-
tuted pyridinyl group, and a substituted or unsubstituted
phenanthrenyl group;

[0031] Ar, and Ar, may be each independently one of a
substituted or unsubstituted phenyl group, a substituted or
unsubstituted terphenyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted phenanthrenyl
group, a substituted or unsubstituted pyrenyl group, a substi-
tuted or unsubstituted anthryl group, a substituted or unsub-
stituted fluorenyl group, a substituted or unsubstituted spiro-
fluorenyl group, a substituted or unsubstituted
dibenzothiophenyl group, a substituted or unsubstituted
dibenzofuranyl group, a substituted or unsubstituted carba-
zolyl group, a substituted or unsubstituted pyridinyl group, a
substituted or unsubstituted pyrimidinyl group, a substituted
or unsubstituted triazinyl group, a substituted or unsubsti-
tuted chrysenyl group, a substituted or unsubstituted peryle-
nyl group, a substituted or unsubstituted spiro-fluorenyl
group, and a substituted or unsubstituted oxadiazolyl group;
[0032] A and B may be each independently one of a sub-
stituted or unsubstituted phenylene group, a substituted or
unsubstituted naphthylene group, a substituted or unsubsti-
tuted fluorenylene group, a substituted or unsubstituted car-
bazolylene group, a substituted or unsubstituted diben-
zothiophenylene group, a substituted or unsubstituted
pyridinylene group, a substituted or unsubstituted pyrimidi-
nylene group, a substituted or unsubstituted triazinylene
group, a substituted or unsubstituted anthrylene group, a sub-
stituted or unsubstituted phenanthrenyl group, a substituted
or unsubstituted pyrenylene group, a substituted or unsubsti-
tuted chrysenylene group, a substituted or unsubstituted
perylenylene group, a substituted or unsubstituted spiro-fluo-
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renylene group, a substituted or unsubstituted furanylene
group, a substituted or unsubstituted thiophenylene group,
and a substituted or unsubstituted oxadiazolylene group; and

a is an integer from 0 to 2, and b is an integer from O to 2,
wherein if a is 2, the two A are identical to or different from
each other, and if b is 2, the two B are identical to or different
from each other.

[0033] For example, R, to R, ; may be each independently
one of a hydrogen atom, a deuterium atom, a halogen atom, a
substituted or unsubstituted methyl group, a substituted or
unsubstituted ethyl group, a substituted or unsubstituted pro-
pyl group, a substituted or unsubstituted butyl group, a group
represented by Formula 1B above, and groups represented by
Formulae 6A to 6G below; and

R,, and R, 5 may be each independently one of a hydrogen
atom, a deuterium atom, and the groups represented by For-
mulae 6A to 6. below, but are not limited thereto:

Formula 6A
—_— *
/ /\
\Y
(¥
P

A

Formula 6B

Z

=+
</

(o §

A

Formula 6C
— *
> d
S N
\
(- S
Formula 6D
Formula 6E
Formula 6F
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-continued
Formula 6G
S
(Z31‘)ﬁ .
A N rd
F
G|
Formula 6H
Formula 61
Formula 6]

Formula 6K

*

XN

s / \
"12),
Formula 6L
Z33 Z i
20,
AN
*
Z3;

[0034] InFormulae6Ato6L,7Z,,,7Z;,,and Z,; maybeeach
independently one of a hydrogen atom, a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a substituted
or unsubstituted methyl group, a substituted or unsubstituted
ethyl group, a substituted or unsubstituted propyl group, a
substituted or unsubstituted butyl group, a substituted or
unsubstituted methoxy group, a substituted or unsubstituted
ethoxy group, a substituted or unsubstituted ethenyl group, a
substituted or unsubstituted phenyl group, a substituted or
unsubstituted naphthyl group, a substituted or unsubstituted
anthryl group, a substituted or unsubstituted pyridinyl group,
a substituted or unsubstituted carbazolyl group, a substituted
or unsubstituted quinolyl group, and a N(Q,,)(Q;,) group,

wherein Q,, and Q,, may be each independently one of a
hydrogen atom, a deuterium atom, a halogen atom, a
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hydroxyl group, a substituted or unsubstituted methyl group,
a substituted or unsubstituted ethyl group, a substituted or
unsubstituted propyl group, a substituted or unsubstituted
butyl group, a substituted or unsubstituted pentyl group, a
substituted or unsubstituted phenyl group, a substituted or
unsubstituted naphthyl group, a substituted or unsubstituted
anthryl group, a substituted or unsubstituted fluorenyl group,
a substituted or unsubstituted carbazolyl group, and a substi-
tuted or unsubstituted pyridinyl group;

aplurality of Z,, and Z, , may be identical to or different from
each other;

p may be an integer from 1 to 9;
q may be an integer from 1 to 5; and
* indicates a binding site.

For example, R, to R, ; may be each independently one of a
hydrogen atom, a deuterium atom, a halogen atom, a substi-
tuted or unsubstituted methyl group, a substituted or unsub-
stituted ethyl group, a substituted or unsubstituted propyl
group, a substituted or unsubstituted tert-butyl group, a cyano
group, —CD;, —CFj, a group represented by Formula 1B
above, and groups represented by Formulae 7A to 7S below,
but are not limited thereto.

[0035] R,, and R,5 may be each independently one of a
hydrogen atom, a deuterium atom, and the groups represented
by Formulae 7A to 7H below, but are not limited thereto:

Formula 7A
*®
Formula 7B
Q
s«
Formula 7C
N
\_/
E

Formula 7D

“o,

*

Formula 7E

-continued

F F
F *
F
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Formula 7F

Formula 7G

Formula 7TH

Formula 71

Formula 7]

Formula 7K
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-continued
Formula 7L

Formula 7M
*
Formula 7N
I i |
Formula 70
*
Formula 7P
£
Formula 7Q
| /.
Formula 7R
"~ ‘ :s
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-continued
Formula 7S

AN
[0036] In Formulae 7A to 7S, * indicates a binding site.
[0037] The heterocyclic compound of Formula 1A above

may be a compound represented by Formula 1C, 1D, or 1E
below:

Formula 1C
R4
A Ar)
a \ /
B-}b—N\
Rys Ary
Formula 1D
Ary
\N/Arz
Formula |E

[0038] In Formulae 1C, 1D and 1E, Ar, and Ar, may be
each independently one of a substituted or unsubstituted phe-
nyl group, a substituted or unsubstituted terphenyl group, a
substituted or unsubstituted naphthyl group, a substituted or
unsubstituted phenanthrenyl group, a substituted or unsubsti-
tuted pyrenyl group, a substituted or unsubstituted anthryl
group, a substituted or unsubstituted fluorenyl group, a sub-
stituted or unsubstituted spiro-fluorenyl group, a substituted
or unsubstituted dibenzothiophenyl group, a substituted or
unsubstituted dibenzofuranyl group, a substituted or unsub-
stituted carbazolyl group, a substituted or unsubstituted
pyridinyl group, a substituted or unsubstituted pyrimidinyl
group, a substituted or unsubstituted triazinyl group, a sub-
stituted or unsubstituted chrysenyl group, a substituted or
unsubstituted perylenyl group, a substituted or unsubstituted
spiro-fluorenyl group, and a substituted or unsubstituted oxa-
diazolyl group;
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A and B may be each independently one of a substituted or
unsubstituted phenylene group, a substituted or unsubstituted
naphthylene group, a substituted or unsubstituted fluore-
nylene group, a substituted or unsubstituted carbazolylene
group, a substituted or unsubstituted dibenzothiophenylene
group, a substituted or unsubstituted pyridinylene group, a
substituted or unsubstituted pyrimidinylene group, a substi-
tuted or unsubstituted triazinylene group, a substituted or
unsubstituted anthrylene group, a substituted or unsubstituted
phenanthrenyl group, a substituted or unsubstituted pyre-
nylene group, a substituted or unsubstituted chrysenylene
group, a substituted or unsubstituted perylenylene group, a
substituted or unsubstituted spiro-fluorenylene group, a sub-
stituted or unsubstituted furanylene group, a substituted or
unsubstituted thiophenylene group, and a substituted or
unsubstituted oxadiazolylene group;

[0039] aisaninteger from Oto 2, and bis an integer from
0 to 2, wherein if a is 2, the two A are identical to or
different from each other, and if b is 2, the two B are
identical to or different from each other;

[0040] R, to R,; may be each independently one of a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxyl
group, a substituted or unsubstituted methyl group, a
substituted or unsubstituted ethyl group, a substituted or
unsubstituted propyl group, a substituted or unsubsti-
tuted butyl group, a substituted or unsubstituted pentyl
group, a substituted or unsubstituted ethenyl group, a
substituted or unsubstituted phenyl group, a substituted
or unsubstituted biphenyl group, a substituted or unsub-
stituted terphenyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted anthryl
group, a substituted or unsubstituted phenanthrenyl
group, a substituted or unsubstituted fluorenyl group, a
substituted or unsubstituted carbazolyl group, a substi-
tuted or unsubstituted pyranyl group, a substituted or
unsubstituted pyridinyl group, a substituted or unsubsti-
tuted pyrimidinyl group, a substituted or unsubstituted
pyrazinyl group, a substituted or unsubstituted pyridazi-
nyl group, a substituted or unsubstituted triazinyl group,
a substituted or unsubstituted quinolinyl group, a sub-
stituted or unsubstituted benzoimidazolyl group, a sub-
stituted or unsubstituted benzooxazolyl group, a substi-
tuted or unsubstituted pentalenyl group, a substituted or
unsubstituted indenyl group, a substituted or unsubsti-
tuted pyrrolyl group, a substituted or unsubstituted imi-
dazolyl group, a substituted or unsubstituted pyrazolyl
group, and a N(Q, )(Q,) group, wherein Q, and Q, may
be each independently one of a hydrogen atom, a deu-
terium atom, a halogen atom, a hydroxyl group, a car-
boxyl group, a substituted or unsubstituted methyl
group, a substituted or unsubstituted ethyl group, a sub-
stituted or unsubstituted propyl group, a substituted or
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unsubstituted butyl group, a substituted or unsubstituted
pentyl group, a substituted or unsubstituted phenyl
group, a substituted or unsubstituted naphthyl group, a
substituted or unsubstituted anthryl group, a substituted
or unsubstituted fluorenyl group, a substituted or unsub-
stituted carbazolyl group, and a substituted or unsubsti-
tuted pyridinyl group; and
[0041] R,,and R, may be each independently one of a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a cyano group, a substituted or unsub-
stituted methyl group, a substituted or unsubstituted
ethyl group, a substituted or unsubstituted propyl group,
a substituted or unsubstituted butyl group, a substituted
or unsubstituted pentyl group, a substituted or unsubsti-
tuted ethenyl group, a substituted or unsubstituted phe-
nyl group, a substituted or unsubstituted naphthyl group,
a substituted or unsubstituted anthryl group, and a sub-
stituted or unsubstituted pyridinyl group, and a substi-
tuted or unsubstituted phenanthrenyl group.
[0042] Insomeembodiments, in Formulae 1C, 1D and 1E,
Ar, and Ar, may each independently one of the groups rep-
resented by Formulae 2A to 2J above. In some other embodi-
ments, in Formulae 1C, 1D and 1E, Ar, and Ar, may each
independently one of the groups represented by Formulae 3A
to 38 above.
[0043] Instill other embodiments, in Formulae 1C, 1D and
1E, A and B may each independently one of the groups
represented by Formulae 4A to 4L above. In yet still other
embodiments, in Formulae 1C, 1D and 1E, A and B may each
independently one of the groups represented by Formulae 5A
to 5R above.
[0044] Insomeembodiments, in Formulae 1C, 1D and 1E,
R, to R,; may be each independently one of a hydrogen atom,
a deuterium atom, a halogen atom, a substituted or unsubsti-
tuted methyl group, a substituted or unsubstituted ethyl
group, a substituted or unsubstituted propyl group, a substi-
tuted or unsubstituted butyl group, and the groups represented
by Formulae 6A to 6L above; and R,, and R, may each
independently one of a hydrogen atom, a deuterium atom, and
the groups represented by Formulae 6A to 6L above. In some
other embodiments, in Formulae 1C, 1D and 1E, R, to R;;
may be each independently one of a hydrogen atom, a deute-
rium atom, a halogen atom, a substituted or unsubstituted
methyl group, a substituted or unsubstituted ethyl group, a
substituted or unsubstituted propyl group, a substituted or
unsubstituted tert-butyl group, a cyano group, —CD;, —CF,
and groups represented by Formulae 7A to 7S below; and R,
and R, 5 may each independently one of a hydrogen atom, a
deuterium atom, and the groups represented by Formulae 7A
to 7H above.
[0045] The heterocyclic compound represented by For-
mula 1A above may be one of the Compounds 1 to 75 below,
but is not limited thereto:

) _F |
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[0046] The heterocyclic compound of Formula 1A above
may beused as an emitting material, a hole injecting material,
and/or a hole transporting material of an organic light-emit-
ting device. The heterocyclic compound of Formula 1 above,
which has a heterocyclic group in the molecules thereof, has
a high glass transition temperature (Tg) or a high melting
point due to the inclusion of the heterocyclic group. Thus, the
heterocyclic compound has high heat resistance against
Joule’s heat generated in an organic layer, between organic
layers, or between an organic layer and a metal electrode
when light emission occurs, and has high durability in high-
temperature environments. When a substituent such as a fluo-
renyl group is introduced, the heterocyclic compound of For-
mula 1A above may improve morphology of the organic
layer, and thus improving characteristics of an organic light-
emitting device. In the compound of Formula 1A indenocar-
bazole moieties with fused aromatic rings possess abundant
n-electrons. This is advantageous for m—m* transition, and
appropriate arrangement of orbitals involved in light emis-
sion may lead to high light-emission efficiency. Double bonds
are linked to indenocarbazole in a smooth resonance form,
thus facilitating delocalization of m-electrons. This may also
improve emission efficiency. Introduction of arylamine
groups that may lead to a high light-emission efficiency via
n—>7* transition in the compound of Formula 1 A may further
improve the emission efficiency of the compound of Formula
1A.

[0047] Asused herein, the term “substituted A” ofthe “sub-
stituted or unsubstituted A (wherein A is a certain substitu-
ent)” refers to a group A of which at least one hydrogen atom
is substituted with one of a deuterium atom, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, hydrazine, hydrazone, a carboxyl group or a salt
derivative thereof, a sulfonic acid group or a salt derivative
thereof, a phosphoric acid group or a salt derivative thereof, a
C,-C; alkyl group, a C,-Cs, alkenyl group, a C,-C;, alkynyl
group, a C,-C;, alkoxy group, a C,-C;, cycloalkyl group, a
C;-C5, cycloalkenyl group, a C5-C,, aryl group, a Cs-Cs
aryloxy group, a C5-Cs, arylthio group, a C5-C;, heteroaryl
group, a group represented by N(Q,,,)(Q,,,), and a group
represented by Si(Q;03)(Q104)(Q10s), Wherein Q,o; t0 Qyos
may be each independently one of a hydrogen atom, a deute-
rium atom, a halogen atom, a hydroxyl group, a cyano group,
an amino group, a nitro group, a carboxyl group, a C,-C;,
alkyl group, a C,-C,, alkenyl group, a C,-C;, alkynyl group,
a C,-C5, alkoxy group, a C;-C,, cycloalkyl group, a C5-C;,
cycloalkenyl group, a C5-C;, aryl group, a C5-Cs,, aryloxy
group, a C5-C,, arylthio group, and a C,,-C;, heteroaryl
group.

[0048] Forexample, the term “substituted A may referto a
group A of which at least one hydrogen atom is substituted
with one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, a carboxyl group, a
methyl group, an ethyl group, a propyl group, a butyl group,
a pentyl group, a methoxy group, an ethoxy group, a phenyl
group, a biphenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, a heptalenyl
group, an indaceny! group, an acenaphthyl group, a fluorenyl
group, a spirofluorenyl group, a phenalenyl group, a phenan-
threnyl group, a phenantridinyl group, a phenanthrolinyl
group, an anthryl group, a fluoranthenyl group, a triphenyl-
lenyl group, a pyrenyl group, a chrycenyl group, a naphthace-
nyl group, a picenyl group, a perylenyl group, a pentaphenyl
group, a hexacenyl group, a pyrrolyl group, an imidazolyl
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group, a benzoimidazolyl group, a pyrazolyl group, a pyridi-
nyl group, a pyrazinyl group, a pyrimidinyl group, an imida-
zopyrimidinyl group, a pyridazinyl group, an indolyl group,
an isoindolyl group, a pyridoindolyl group, an indazolyl
group, a furinyl group, a quinolinyl group, a benzoquinolinyl
group, a phthalazinyl group, a phthalazinyl group, a quinox-
alinyl group, a quinazolinyl group, a carbazolyl group, a
phenazinyl group, a furanyl group, a benzofuranyl group, a
dibenzofuranyl group, a thiophenyl group, a benzothiophenyl
group, a dibenzothiophenyl group, a thiazolyl group, an
isothiazolyl group, a benzothiazolyl group, an oxazolyl
group, a benzooxazolyl group, an isoxazolyl group, an oxa-
diazolyl group, a triazolyl group, a triazinyl group, a tetra-
zolyl group, a group represented by N(Q,0,)(Q;,), and a
group represented by Si(Q;03)(Q;04)(Q10s)-

[0049] As used herein, the unsubstituted C,-C,, alkyl
group refers to a linear or branched saturated hydrocarbon
that lacks one hydrogen atom from alkane. Non-limiting
examples of the unsubstituted C,-C;, alkyl group include
methyl, ethyl, propyl, isobutyl, sec-butyl, pentyl, isoamyl,
and hexyl. Substituents of the substituted C,-C;, alkyl group
are the same as described above in conjunction with the
“substituted A”.

[0050] As used herein, the unsubstituted C,-C;, alkenyl
group indicates a hydrocarbon chain having at least one car-
bon-carbon double bond in the center or at a terminal of the
unsubstituted C,-C,, alkyl group. Non-limiting examples of
the unsubstituted C,-C,, alkenyl group include ethenyl, pro-
penyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, propa-
dienyl, isoprenyl, and allyl. Substituents of the substituted
C,-C;, alkenyl group are the same as described above in
conjunction with the “substituted A”.

[0051] As used herein, the unsubstituted C,-C;, alkynyl
group indicates a hydrocarbon chain having at least one car-
bon-carbon triple bond in the center or at a terminal of the
unsubstituted C,-Cg, alkyl group. Non-limiting examples of
the unsubstituted C,-C;, alkynyl group include ethynyl, pro-
pynyl, and acetylenyl. Substituents of the substituted C,-C;,,
alkynyl group are the same as described above in conjunction
with the “substituted A”.

[0052] As used herein, the unsubstituted C,-C;, alkoxy
group refers to a group represented by —OY, whereinY is an
unsubstituted C,-C,, alkyl group as described above. Non-
limiting examples of the unsubstituted C,-C,, alkoxy group
are a methoxy group, an ethoxy group, an isopropyloxy
group, a butoxy group, and a pentoxy group. Substituents of
the substituted C, -C,, alkoxy group are the same as described
above in conjunction with the “substituted A”.

[0053] Asusedherein, the unsubstituted C5-C;, cycloalkyl
group indicates a cyclic saturated hydrocarbon group. Non-
limiting examples of the unsubstituted C;-C;, cycloalkyl
group are cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
and cyclooctyl. Substituents of the substituted C;-C,q
cycloalkyl group are the same as described above in conjunc-
tion with the “substituted A”.

[0054] As used herein, the unsubstituted C,-C,, cycloalk-
enyl group refers to a non-aromatic, cyclic unsaturated hydro-
carbon group with at least one carbon-carbon double bond.
Non-limiting examples of the unsubstituted C;-C, cycloalk-
enyl group are cyclopropenyl, cyclobutenyl, cyclopentenyl,
cyclohexenyl, cycloheptenyl, 1,3-cyclohexadienyl, 1,4-cy-
clohexadienyl, 2,4-cycloheptadienyl, and 1,5-cyclooctadi-
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enyloctenyl. Substituents of the substituted C;-Cg, cycloalk-
enyl group are the same as described above in conjunction
with the “substituted A”.

[0055] As used herein, the unsubstituted C5-C,, aryl group
indicates a monovalent group including a C5-C;,, carbocyclic
aromatic system, which may be monocyclic or polycyclic. In
a polycyclic group, at least two rings may be fused to each
other. Non-limiting examples of the unsubstituted Cs-Cs;,
aryl group are phenyl, pentalenyl, indenyl, naphthyl, azule-
nyl, heptalenyl, indacenyl, acenaphthyl, fluorenyl, spiro-fluo-
renyl, phenalenyl, phenanthrenyl, anthryl, fluoranthenyl,
triphenylenyl, pyrenyl, chrysenyl, naphthacenyl, picenyl,
perylenyl, pentaphenyl, and hexacenyl. Substituents of the
substituted C5-C;, aryl group are the same as described above
in conjunction with the “substituted A”.

[0056] As used herein, the unsubstituted C5-C;,, aryloxy
group refers to a monovalent group with a carbon atom of the
Cs5-C;, aryl group attached via an oxygen linker (—O—).
Substituents of the substituted C5-C;,, aryloxy group are the
same as described above in conjunction with the “substituted
A”.

[0057] As used herein, the unsubstituted Cs-C;, arylthio
group refers to a monovalent group with a carbon atom of the
C5-C;, aryl group attached via a sulfur linker (—S—). Non-
limiting examples of the unsubstituted C;-C;,, arylthio group
are a phenylthio group, a naphthylthio group, an indanylthio
group, and an indenylthio group. Substitutes of the substi-
tuted C,-C;, arylthio group are the same as described above
in conjunction with the “substituted A”.

[0058] As used herein, the unsubstituted C;-C;, heteroaryl
group indicates a monovalent group with at least one ring
including at least one heteroatom selected from among N, O,
P, and S, which may be a monocyclic or polycyclic group. In
a polycyclic group, at least two rings may be fused to each
other. Non-limiting examples of the unsubstituted C;5-C5,
heteroaryl group are pyrrolyl, imidazolyl, pyrazolyl, pyridi-
nyl, pyrazinyl, pyrimidinyl, pyridazinyl, isoindolyl, indolyl,
indazolyl, purinyl, quinolinyl, benzoquinolinyl, phthalazinyl,
naphthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, car-
bazolyl, phenanthridinyl, acridinyl, phenanthrolinyl, phena-
zinyl, benzooxazolyl, benzoimidazolyl, furanyl, benzofura-
nyl, thiophenyl, benzothiophenyl, thiazolyl, isothiazolyl,
benzothiazolyl, isoxazolyl, oxazolyl, triazolyl, tetrazolyl,
oxadiazolyl, triazinyl, and benzooxazolyl. Substituents of the
substituted C,-C,, heteroaryl group are the same as described
above in conjunction with the “substituted A”.

[0059] In the specification, the unsubstituted C,-C;, alky-
lene group refers to a linear or branched divalent group that
lacks two hydrogen atoms from the unsubstituted C,-C,,
alkylene group. Examples of the unsubstituted C,-C,, alky-
lene group may be inferred based on those of the unsubsti-
tuted C,-C,, alkyl group described above. Substituents of the
substituted C,-C,, alkylene group are the same as those
described above in conjunction with the “substituted A”.
[0060] As used herein, the unsubstituted C5-C,,, arylene
group indicates a divalent group including a C5-C;,, carbocy-
clic aromatic system, which may be monocyclic or polycy-
clic. Examples of the unsubstituted Cs-C;,, arylene group
may be inferred based on those of the unsubstituted C5-C;,
alkyl group described above. Substituents of the substituted
C5-C;arylene group are the same as those described above in
conjunction with the “substituted A”.

[0061] The heterocyclic compound of Formula 1A may be
synthesized using a known organic synthesis method. A syn-
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thesis method of the heterocyclic compound of Formula 1A
may be understood by one of ordinary skill in the art from the
examples that will be described below.

[0062] The heterocyclic compound of Formula 1A above
may be used in an organic light-emitting device.

[0063] According to another aspect of the present inven-
tion, an organic light-emitting device includes: a first elec-
trode; a second electrode disposed opposite to the first elec-
trode; and an organic layer disposed between the first
electrode and the second electrode. The organic layer, includ-
ing at least one layer, may contain at least one of the hetero-
cyclic compounds of Formula 1A described above.

[0064] As used herein, the term “organic layer” refers to a
layer containing an organic compound and including at least
one layer. For example, the organic layer may include at least
one layer selected from among a hole injection layer, a hole
transport layer, a hole injection and transport layer having
both hole injection and hole transport capabilities, an electron
blocking layer, an emission layer, a hole blocking layer, an
electron injection layer, an electron transport layer, and an
electron injection and transport layer having both electron
injection and electron transport capabilities. The organic
layer may further include an inorganic compound or an inor-
ganic material such as an organometallic complex. In one
embodiment, the organic layer may include both an organic
compound and an inorganic compound or may include one
layer including an organic compound and another layer
including an inorganic compound or material. For example,
the organic layer may include both an organic compound and
an organometallic complex in one layer. In another embodi-
ment, the organic layer may include a layer containing an
organic compound and a layer containing an inorganic com-
pound or an inorganic material.

[0065] At least one of the heterocyclic compounds listed
above may be included in one layer of the organic layer, and
in some other embodiments, at least one of the heterocyclic
compounds listed above may be included in different layers
of the organic layer. For example, the organic layer may
include one of the heterocyclic compounds as an emitting
dopant in an emission layer, and another heterocyclic com-
pound as a hole transport material in a hole transport layer. In
another embodiment, the organic layer may include one ofthe
heterocyclic compounds as an emitting dopant and another
heterocyclic compound as an emitting host in an emission
layer. In another embodiment, the organic layer may include
one of the heterocyclic compounds as an emitting dopant and
another heterocyclic compound as an emitting host in an
emission layer, and still another heterocyclic compound as a
hole transport material in a hole transport layer.

[0066] The organic layer may include at least one of an
emission layer, a hole injection layer, a hole transport layer,
and a hole injection and transport layer having both hole
injection and hole transport capabilities, and at least one of
the emission layer, the hole injection layer, the hole transport
layer, and the hole injection and transport layer may include
the heterocyclic compound.

[0067] In some embodiments, the organic light-emitting
device may have a first electrode/hole injection layer/hole
transport layer/emission layer/electron transport layer/sec-
ond electrode structure, wherein the emission layer, the hole
transport layer, or the hole injection layer may include the
heterocyclic compound. In some embodiments, at least two of
the emission layer, the hole transport layer, and the hole
injection layer may include the heterocyclic compound. In
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these embodiments, each of the at least two layers may
include a different heterocyclic compound. As described
above, a layer of the organic layer may include a mixture of at
least two of the heterocyclic compounds listed above, or a
mixture of one of the heterocyclic compounds and a non-
heterocyclic compound.

[0068] In some embodiments, the organic layer may
include an emission layer, which may include a host and a
dopant, and the heterocyclic compound may be a fluorescent
host, a phosphorescent host, or a fluorescent dopant of the
emission layer.

[0069] In some embodiments, the organic layer may
include an emission layer, which may further include an
anthracene compound, an arylamine compound, or a styryl
compound. The emission layer may or may not include the
heterocyclic compound.

[0070] The organic layer may include an emission layer,
which may include a host and a dopant. The emission layer
may further include a phosphorescent dopant. For example,
the phosphorescent dopant may be, but is not limited to, an
organometallic complex including at least one of iridium (Ir),
platinum (Pt), osmium (Os), rhenium (Re), titanium (Ti),
zirconium (Zr), hafnium (Hf), and a combination of at least
two thereof. The emission layer may or may not include the
heterocyclic compound.

[0071] At least one of the hole injection layer, the hole
transport layer, and the hole injection and transport layer may
further include a charge generating material, in addition to the
heterocyclic compound. The charge generating material may
be, for example, a p-dopant. The hole injection layer, the hole
transport layer, and the hole injection and transport layer may
or may not include the heterocyclic compound.

[0072] The organic layer may further include an electron
transport layer, which may include an electron transporting
organic compound and a metal-containing material. The
metal-containing material may include a lithium (Li) com-
plex. The electron transport layer may or may not include the
heterocyclic compound.

[0073] At leastone organic layer disposed between the first
electrode and the second electrode may be formed using
deposition or a wet process.

[0074] As used herein, the terms “wet process” refers to a
process involving applying a mixture of a specific material
and a solvent to a predetermined substrate, and drying and/or
thermally treating to remove at least part of the solvent,
thereby forming a layer including the specific material on the
substrate.

[0075] Forexample, the organic layer may be formed using
a general vacuum deposition method. In some other embodi-
ments, the organic layer may be formed by applying the
mixture of the heterocyclic compound and the solvent to a
region to form the organic layer (for example, on the hole
transport layer) using spin coating, spraying, inkjet printing,
dipping, casting, gravure coating, bar coating, roll coating,
wire bar boating, screen coating, flexo coating, offset coating,
laser transferring, or the like, and drying and/or thermally
treating the mixture coating the region to form the organic
layer to remove at least part of the solvent.

[0076] In another embodiment, the organic layer may be
formed using a laser transfer method by which an organic
layer is formed on a base film using vacuum deposition or a
wet process described above, and then transferred to a region
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to form the organic layer of an organic light-emitting device
(for example, on the hole transport layer of the organic light-
emitting device) using laser.

[0077] FIG. 1 is a schematic sectional view of an organic
light-emitting device 10 according to an embodiment of the
present invention. Hereinafter, a structure of an organic light-
emitting device according to an embodiment of the present
invention and a method of manufacturing the same will now
be described with reference to FIG. 1.

[0078] Referring to FIG. 1, the organic light-emitting
device 10 according to the present embodiment includes a
first electrode 13, an organic layer 15, and a second electrode
17, which are sequentially stacked on a substrate 11 in this
order.

[0079] The substrate 11 may be any substrate that is used in
conventional organic light-emitting devices. In some embodi-
ments the substrate 11 may be a glass substrate or a transpar-
ent plastic substrate with strong mechanical strength, thermal
stability, transparency, surface smoothness, ease of handling,
and water resistance.

[0080] The first electrode 13 may be formed by depositing
or sputtering a first electrode-forming material on the sub-
strate 11. When the first electrode 13 constitutes an anode, a
material having a high work function may be used as the first
electrode-forming material to facilitate hole injection. The
first electrode 13 may be a reflective electrode or a transmis-
sion electrode. Suitable first electrode-forming materials are
transparent and conductive materials such as ITO, IZO, SnO,,
and ZnO. The first electrode 13 may be formed as a reflective
electrode using magnesium (Mg), aluminum (Al), alumi-
num-lithium (Al—Li), calcium (Ca), magnesium-indium
(Mg—In), magnesium-silver (Mg—Ag), or the like.

[0081] The organic layer 15 may be disposed on the first
electrode 13. As described above, the organic layer 15 indi-
cates any layer interposed between the first electrode 13 and
the second electrode 17. The organic layer 15 may further
include an inorganic compound or material such as a metal
complex.

[0082] The organic layer 15 may include a hole injection
layer (HIL), a hole transport layer (HTL), an emission layer
(EML), an electron transport layer (ETL), and an electron
injection layer (EIL).

[0083] The HIL may be formed on the first electrode 13 by
vacuum deposition, spin coating, casting, Langmuir-Blodgett
(LB) deposition, or the like.

[0084] When the HIL is formed using vacuum deposition,
vacuum deposition conditions may vary according to the
compound that is used to form the HIL, and the desired
structure and thermal properties of the HIL to be formed. For
example, vacuum deposition may be performed at a tempera-
ture of about 100° C. to about 500° C., a pressure of about
1078 torr to about 1072 torr, and a deposition rate of about 0.01
to about 100 A/sec. However, the deposition conditions are
not limited thereto.

[0085] When the HIL is formed using a wet process such as
spin coating, the coating conditions may vary according to the
compound that is used to form the HIL, and the desired
structure and thermal properties of the HIL to be formed. For
example, the coating rate may be from about 2,000 rpm to
about 5,000 rpm, and a temperature at which heat treatment is
performed to remove a solvent after coating may be from
about 80° C. to about 200° C. However, the coating conditions
are not limited thereto.



US 2013/0113367 Al

[0086] For example, as a HIL material, the heterocyclic
compound of Formula 1A or any known hole injection mate-
rials may be used. Non-limiting examples of known hole
injection materials include N,N'-diphenyl-N,N'-bis-[4-(phe-
nyl-m-tolyl-amino)-phenyl]-biphenyl-4,4'-diamine,
(DNTPD), a phthalocyanine compound such as copperphtha-
locyanine, 4,4'4"-tris(3-methylphenylphenylamino)triph-
enylamine (m-MTDATA), N,N'-di(1-naphthyl)-N,N'-diphe-
nylbenzidine  (NPB), 4,4'4"-Tris(N,N-diphenylamino)
triphenylamine (TDATA), 4,4'4-tris {N,-(2-naphthyl)-N-
phenylamino}-triphenylamine  (2T-NATA), polyaniline/
dodecylbenzenesulfonic acid (PANI/DBSA), poly(3,4-
ethylenedioxythiophene)/poly(4-styrenesulfonate) (PEDOT/
PSS), polyaniline/camphor sulfonicacid (PANI/CSA), and
polyaniline)/poly(4-styrenesulfonate (PANI/PSS).
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[0087] The thickness of the HIL may be about 100 A to
about 10,000 A, and in some embodiments, may be about 100
A to about 1,000 A. When the thickness of the HIL is within
these ranges, the HIL. may have improved hole injecting abil-
ity without a substantial increase in driving voltage.

[0088] Then, a HTL may be formed on the HIL by using
vacuum deposition, spin coating, casting, Langmuir-Blodgett
(LB) deposition, or the like. When the HTL is formed using
vacuum deposition or spin coating, the conditions for depo-
sition and coating may be similar to those for the formation of
the HIL, though the conditions for the deposition and coating
may vary according to the material that is used to form the
HTL.

[0089] As a HTL material, the heterocyclic compound of
Formula 1A or any known hole transporting materials may be
used. Examples of known hole transporting materials include
carbazole derivatives such as N-phenylcarbazole, polyvinyl-
carbazole, and the like; triphenylamine materials such as TPD
(N,N'-bis(3-methylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,
4'-diamine); and amine derivatives having an aromatic con-
densed ring, such as a-NPD (4,4'-bis[N-(1-naphthyl)-N-phe-
nylamino]biphenyl, = TCTA  (4,4'4"-tris(N-carbazolyl)
triphenylamine), and the like.

TPD

avats
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[0090] The thickness of the HTL may be about 50 A to
about 1,000 A, and in some embodiments, may be about 100
A to about 800 A. When the thickness of the HTL is within
these ranges, the HTL may have improved hole transporting
ability without a substantial increase in driving voltage.

[0091] In some embodiments, instead of the HIL and the
HTL, a hole injection and transport layer having both hole
injection and hole transport capabilities may be formed. As a
material for the hole injection and transport layer, the hetero-
cyclic compound of Formula 1 or Formula 2, or any known
materials may be used.

[0092] At least one of the hole injection layer, the hole
transport layer, and the hole injection and transport layer may
further include a charge generating material for improved
layer conductivity, in addition to a known hole injection mate-
rial and a known hole transport material.

[0093] The charge generating material may be, for
example, a p-dopant. Non-limiting examples of the p-dopant
include quinone derivatives such as tetracyanoquino-
nedimethane (TCNQ), 2,3,5,6-tetrafluoro-tetracyano-1,4-
benzoquinonedimethane (F4TCNQ), and the like; metal
oxides such as tungsten oxide, molybdenum oxide, and the
like; and cyano-containing compounds such as Compound
100 below.
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[0094] When the hole injection layer, the hole transport
layer, or the hole injection and transport layer having both
hole injection and hole transport capabilities further includes
a charge generating material, the charge generating material
may be, but is not limited to, homogeneous dispersed or
inhomogeneously distributed in the layer.

[0095] Then, an EML may be formed on the HTL or the
hole injection and transport layer having both hole injection
and hole transport capabilities by using vacuum deposition,
spin coating, casting, Langmuir-Blodget (LB) deposition, or
the like. When the EML is formed using vacuum deposition
or spin coating, the deposition and coating conditions may be
similar to those for the formation of the HIL, though the
conditions for deposition and coating may vary according to
the material that is used to form the EML.

[0096] Asan EML material, at least one of the heterocyclic
compound of Formula 1A, and known light-emitting materi-
als (including hosts and dopants) may be used. When includ-
ing the heterocyclic compound of Formula 1A, the EML may
further include a known phosphorescent host, fluorescent
host, phosphorescent dopant, or fluorescent dopant. The het-
erocyclic compound may also serve as a phosphorescent host,
a fluorescent host, or a fluorescent dopant.

[0097] The heterocyclic compound of Formula 1A may be
used as a host. In another embodiment a known dopant may
beused. Non-limiting examples of known hosts include Alg3,
CBP (4,4'-N,N'-dicabazole-biphenyl), PVK (poly(n-vinyl-
cabazole), ADN (9,10-di(naphthalene-2-yl)anthracene),
TCTA, TPBI ((1,3,5-tris(N-phenylbenzimidazole-2-yl)ben-
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zene), TBADN  ((3-tert-butyl-9,10-di(naphth-2-yl)an-
thracene), DSA (distyrylarylene), and E3.
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[0098] The heterocyclic compound of Formula 1A may be
used as a dopant. In another embodiment a known dopant may
be used. For example, at least one of a fluorescent dopant and
a phosphorescent dopant may be used. For example, the phos-
phorescent dopant may include, but is not limited to, an
organometallic complex including at least one selected from
the group consisting of iridium (Ir), platinum (Pt), osmium
(Os), rhenium (Re), titanium (T1), zirconium (Zr), hathium
(Hf), and a combination of at least two thereof.

[0099] Non-limiting examples of known red dopants
include PtOEP (Pt(II) octaethylporphine), Ir(piq); (tris(2-
phenylisoquinoline)iridium), and Btp,lr(acac) (bis(2-(2'-
benzothienyl)-pyridinato-N,C3")iridium(acetylacetonate)).

PtOEP

Btp,Ir(acac)
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[0100] Non-limiting examples of known green dopants
include Ir(ppy), (tris(2-phenylpyridine) iridium), Ir(ppy),
(acac) (bis(2-phenylpyridine)(acetylacetonato)iridium(I1I),
Ir(mppy);  (tris(2-(4-tolyl)phenylpiridine)iridium), and
C545T (10-(2-benzothiazolyl)-1,1,7,7-tetramethyl-2,3,6,7-
tetrahydro-1H,5H,11H-[1]benzopyrano|[6,7,8-ij]-quino-
lizin-11-one).

—3

Ir(mppy)3

—2

[0101] Non-limiting examples of known blue dopants
include F,lIrpic (bis[3,5-difluoro-2-(2-pyridyl)phenyl](pi-
colinato)iridium(I1I)), (F, ppy).lr(tmd), Ir(dfppz);, DPVBI
(4,4'-bis(2,2'-diphenylethen-1-yl)biphenyl), DPAVBi (4,4'-
bis[4-(diphenylamino)styryl]biphenyl), and TBPe (2,5,8,11-
tetra-tert-butyl perylene).
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Ir(dfppz)s
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(Fappy)Ir(tmd)

DPAVBI

DPVBIi

[0102] When the EML includes both a host and a 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 ofthe dopant is not limited to this range.

[0103] The thickness of the EML may be from about 100 A
to about 1,000 A, and in some embodiments, may be from
about 200 A to about 600 A. When the thickness of the EML
is within these ranges, the EML may have improved light
emitting ability without a substantial increase in driving volt-
age.

[0104] When a phosphorescent dopant is also used to form
the EML, a HBL may be formed between the ETL and the
EML by using vacuum deposition, spin coating, casting,
Langmuir-Blodgett (LB) deposition, or the like, in order to
prevent diffusion of triplet excitons or holes into an ETL.
When the HBL is formed using vacuum deposition or spin
coating, the conditions for deposition and coating may be
similar to those for the formation of the HIL, although the
conditions for deposition and coating may vary according to
the material that is used to form the HBL. Any known hole-
blocking material may be used. Non-limiting examples of
hole-blocking materials include an oxadiazole derivative, a

TBPe

triazole derivative, and a phenanthroline derivative. For
example, BCP may be used as a material for forming the
HBL.

[0105] The thickness of the HBL may be from about 50 A
to about 1,000 A, and in some embodiments, may be from
about 100 A to about 300 A. When the thickness of the HBL
is within these ranges, the HBL may have improved hole
blocking ability without a substantial increase in driving volt-
age.

[0106] Then, an ETL may be formed on the HBL or EML
by vacuum deposition, spin coating, casting, or the like. When
the ETL is formed using vacuum deposition or spin coating,
the deposition and coating conditions may be similar to those
for the formation of the HIL, though the deposition and coat-
ing conditions may vary according to the material that is used
to form the ETL.

[0107] The ETL may be formed of any known hole trans-
porting material. Non-limiting examples of known ETL
materials include quinoline derivatives, and in particular,
Alg3 (tris(8-quinolinolate)aluminum), BCP (2,9-dimethyl-4,
7-diphenyl-1,10-phenanthroline), Bphen (4,7-diphenyl-1,
10-phenanthroline; 4,7-diphenyl-1,10-phenanthroline), TAZ



US 2013/0113367 Al

(3-(4-biphenylyl)-4-phenyl-5-tert-butylphenyl-1,2,4-triaz-
ole), NTAZ (4-(Naphthalen-1-yl)-3,5-diphenyl-4H-1,2.4-
triazole), tBu-PBD (2-(4-biphenylyl)-5-(4-tert-butylphenyl)-
1,3,4-oxadiazole, BAlq (see the following formula), Bebq,
(beryllium bis(benzoquinolin-10-olate), AND (9,10-di(naph-
thalene-2-yl)anthrascene), Compound 101, and Compound
102.

BAlgq

BCP

NTAZ

Bphen

TAZ
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tBu-PBD

Compound 101

Compound 102

[0108] The thickness of the ETL may be from about 100 A
to about 1,000 A, and in some other embodiments, may be
from about 150 A to about 500 A. When the thickness of the
ETL is within these ranges, the ETL may have satisfactory
electron transporting ability without a substantial increase in
driving voltage.

[0109] Insomeembodiments the ETL may include an elec-
tron-transporting organic compound and a metal-containing
material. The metal-containing material may include a
lithium (Li) complex. Non-limiting examples of the L.i com-
plex include lithium quinolate (LiQ) and Compound 103
below:
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Compound 103

[0110] Then, an EIL, which facilitates injection of elec-
trons from the cathode, may be formed on the ETL. Any
suitable electron-injecting material may be used to form the
EIL.

[0111] Examples of materials for forming the EIL include
LiF, NaCl, CsF, Li,O, and BaO, which are known in the art.
The deposition and coating conditions for forming the EIL
may be similar to those for the formation of the HIL, though
the deposition and coating conditions may vary according to
the material that is used to form the EIL.

[0112] The thickness of the EIL may be about 1 A to about
100 A, and in some embodiments, may be from about 3 A to
about 90 A. When the thickness of the EIL is within these
ranges, the EIL may have satisfactory electron injection abil-
ity without a substantial increase in driving voltage.

[0113] The second electrode 17 is disposed on the organic
layer 15. The second electrode 17 may be a cathode that is an
electron injection electrode. A material for forming the sec-
ond electrode 17 may be a metal, an alloy, an electro-conduc-
tive compound, which have a low work function, or a mixture
thereof. In this regard, the second electrode 17 may be formed
of lithium (L), magnesium (Mg), aluminum (Al), aluminum
(AD-lithium (Li), calcium (Ca), magnesium (Mg)-indium
(In), magnesium (Mg)-silver (Ag), or the like, and may be
formed as a thin film type transmission electrode. To manu-
facture a top-emission light-emitting device, the transmission
electrode may be formed of indium tin oxide (ITO) or indium
zinc oxide (IZO).

[0114] Hereinafter, the present invention will be described
in detail with reference to the following synthesis examples
and other examples. However, these examples are for illus-
trative purposes only and are not intended to limit the scope of
the present invention.

Synthesis Example 1
Synthesis of Compound 8

[0115]

NO,

R O'O > —Br’

May 9, 2013

-continued

()
()

e Q .
/{f ,

Tz



US 2013/0113367 Al

-continued

5
0O
OQ'OO

Synthesis of Intermediate I-1

[0116] 6.34 g (20.0 mmol) of 2-bromo-9,9-dimethyl-7-
fluoreneboronic acid, 4.04 g (20.0 mmol) of 2-bromoni-
trobenzene, 1.15 g (1.0 mmol) of Pd(PPh,)-4 (tetrakis(triph-
enylphosphine)palladium), and 8.29 g (60.0 mmol) of K,CO,
were dissolved in 60 mL of a mixed tetrahydrofuran (THF)
and H,O (2:1 by volume) solution to obtain a solution, which
was then stirred at about 70° C. for about S hours. The reaction
solution was cooled to room temperature, and 40 mL of water
was added thereto, followed by three times of extraction with
50 mL of ethyl ether. The organic phase was collected and was
dried using magnesium sulfate to evaporate the solvent. The
residue was separated and purified using silica gel column
chromatography to obtain 6.86 g of Intermediate I-1 (Yield:
87%). This compound was identified using mass spectros-
copy/fast atom bombardment (MS/FAB). C,,H,;BrNO,:
calc. 393.04. found 393.14

Synthesis of Intermediate 1-2

[0117] 3.94 g (10.0 mmol) of Intermediate I-1 and 5.77 g
(22 mmol) of triphenylphosphine (PPh;) were dissolved in 30
mL of 1,2-dichlorobenzene to obtain a solution, which was
then stirred at about 220° C. for about 12 hours. The reaction
solution was cooled to room temperature, and the solvent was
removed therefrom under vacuum conditions, followed by
three times of extraction with 50 mL of water and 50 mL of
dichloromethane. The organic phase was collected and was
dried using magnesium sulfate to evaporate the solvent. The
residue was separated and purified using silica gel column
chromatography to obtain 2.83 g of Intermediate I-2 (Yield:
78%). This compound was identified using MS/FAB.
C,,H, ¢BrN: calc. 361.05. found 361.26

Synthesis of Intermediate 1-3

[0118] 3.62 g (10.0 mmol) of Intermediate 1-2, 4.80 g (15.0
mmol) of 9,9-dimethyl-2-iodofluorene, 0.19 g (1.0 mmol) of
Cul, 0.05 g (0.2 mmol) of 18-Crown-6, and 4.15 g (30.0
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mmol) of K,CO; were dissolved in 30 mL of 1,3-dimethyl-
3,4,5,6-tetrahydro-2(1H)-pyrimidinone (DMPU) to obtain a
solution, which was then stirred at about 170° C. for about 12
hours. The reaction solution was cooled to room temperature,
followed by three times of extraction with 50 mL of water and
50 mL of dichloromethane. The organic phase was collected
and was dried using magnesium sulfate to evaporate the sol-
vent. The residue was separated and purified using silica gel
column chromatography to obtain 4.03 g of Intermediate 1-3
(Yield: 92%). This compound was identified using MS/FAB.
C;6H,BrN: calc. 553.14. found 553.25

Synthesis of Intermediate 1-4

[0119] 8.461 g (50 mmol) of diphenylamine, 10.983 g (60
mmol) of bromostyrene (Compound E), 0.915 g (1 mmol) of
Pd,(dba);, 0.202 g (1 mmol) of PtBu;, and 69.611 g (100
mmol) of KOtBu were dissolved in 300 mL of toluene to
obtain a solution, which was then stirred at about 85° C. for
about 4 hours. The reaction solution was cooled to room
temperature, followed by three times of extraction with 100
mL of water and 100 mL of diethyl ether. The organic phase
was collected and was dried using magnesium sulfate to
evaporate the solvent. The residue was separated and purified
using silica gel column chromatography to obtain 7.33 g of
Intermediate I-4 (Yield: 54%). This compound was identified
using MS/FAB. C,,H,,N: calc. 271.13. found 271.36

Synthesis of Compound 8

[0120] 2.76 g (5 mmol)of Intermediate -3, 1.36 g (5 mmol)
of Intermediate I-4, 0.056 g (0.25 mmol) of Pd(OAc),, 0.76 g
(0.25 mmol) of tri(o-tolyl)phosphinen ((p-tolyl);P), and
1.019 g (10 mmol) of triethylamine were dissolved in 100 mL,
of dimethylacetamide (DMAc) to obtain a solution, which
was then stirred at about 85° C. for about 4 hours. The reaction
solution was cooled to room temperature, followed by three
times of extraction with 100 mL of water and 100 mL of
diethyl ether. The organic phase was collected and was dried
using magnesium sulfate to evaporate the solvent. The resi-
due was separated and purified using silica gel column chro-
matography to obtain 1.71 g of Compound 8 (Yield: 46%).
This compound was identified using MS/FAB. C.H,,N,:
calc. 744.35. found 744.53

[0121] 'HNMR (CDCl,, 400 MHz) § (ppm) 8.18-8.14 (m,
1H), 7.93 (d, 1H), 7.88-7.85 (m, 1H), 7.76 (d, 1H), 7.71-7.69
(m, 1H), 7.64-7.60 (m, 2H), 7.48-7.45 (m, 3H), 7.40-7.38 (m,
1H), 7.35-7.30 (m, 3H), 7.23-7.03 (m, 9H), 6.70-6.63 (m,
5H), 617-6.13 (m, 4H), 1.76 (s, 6H), 1.64 (s, 6H)

Synthesis Example 2

Synthesis of Compound 16
[0122]

I-5
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[0123] Intermediate I-5 was synthesized using iodoben-
zene, instead of 9,9-dimethyl-2-iodofluorene, in the same
manner as in the synthesis of Intermediate I-3 in Synthesis
Example 1. Intermediate I-6 was synthesized using Interme-
diate I-5, instead of Intermediate I-3, in the same manner as in
the synthesis of Compound 8 in Synthesis Example 1.

[0124] 1.76 g (2.8 mmol) of Intermediate I-6,0.081 g (0.08
mmol) of (carbonyl)chloro(hydrido)tris(triphenylphosphine)
ruthenium(IT), and 0.56 g (28 mmol) of D,O were dissolved
in 30 mL of 1,4-dioxane to obtain a solution, which was then
stirred at about 80° C. for about 12 hours. The reaction solu-
tion was cooled to room temperature, followed by solvent
removal, three times of extraction with 50 mL of water and 50
ml of dichloromethane. The organic phase was collected and
was dried using magnesium sulfate to evaporate the solvent.
The residue was separated and purified using silica gel col-
umn chromatography to obtain 1.33 g of Compound 16
(Yield: 76%). This compound was identified using MS/FAB.
C,,H;,D,N,: cale. 630.81. found 630.92

[0125] 'HNMR (CDCl,, 400 MHz) 8 (ppm) 8.16-8.10 (m,
1H), 7.93 (d, 1H), 7.77 (d, 1H), 7.73-7.71 (m, 1H), 7.61 (d,
1H), 7.56-7.51 (m, 2H), 7.48-7.30 (m, 7H), 7.24-7.19 (m,
1H), 7.08-7.02 (m, 5H), 6.79-6.63 (m, 4H), 6.17-6.13 (m,
4H), 1.76 (s, 6H)
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Synthesis Example 3

Synthesis of Compound 19
[0126]
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Synthesis of Intermediate 1-7

[0127] 1.96 ml (11.0 mmol) of diisobutylaluminiumhy-
dride was added to 10 mL oftetrahydrofuran (THF) to obtain
a solution, followed by temperature control to about 0° C., a
slow dropwise addition of 1.78 mL (10.0 mL) of dipheny-
lacetylene, and stirring at room temperature for about 6 hours.
The reaction solution was cooled to about -78° C., and 0.77
ml (15.0 mmol) of a bromine solution was slowly added
thereto over about 10 minutes. The temperature of the reac-
tion solution was then raised to room temperature and stirred
for about 1 hour. 10.0 mL of sodium potassium tartrate was
slowly dropwise added to the reaction solution at about 0° C.,
followed by stirring at room temperature for about 30 min-
utes, and three times of extraction with 20 mL of water and 20
mL of diethylether. The organic phase was collected and was
dried using magnesium sulfate to evaporate the solvent. The
residue was separated and purified using silica gel column
chromatography to obtain 1.74 g of Intermediate I-7 (Yield:
67%). This compound was identified using MS/FAB.
CsH4uN: cale. 258.00. found 258.13

Synthesis of Intermediate 1-8

[0128] 5.18 g (20.0 mmol) of Intermediate I-7,4.02 g (20.0
mmol) of 4-bromophenyl boronic acid, 1.15 g (1.0 mmol) of
tetrakis(triphenylphosphine)palladium (Pd(PPh,),), and 8.29
£ (60.0 mmol) of K,CO; were dissolved in 60 mL of a mixed
tetrahydrofuran (THF) and H,O (2:1 by volume) solution to
obtain a solution, which was then stirred at about 70° C. for
about 5 hours. The reaction solution was cooled to room
temperature, and 40 mL of water was added thereto, followed
by three times of extraction with 50 mL of ethyl ether. The
organic phase was collected and was dried using magnesium
sulfate to evaporate the solvent. The residue was separated
and purified using silica gel column chromatography to
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obtain 5.49 g of Intermediate I-8 (Yield: 82%). This com-
pound was identified using MS/FAB. C,,H,sBr: calc. 334.04.
found 334.14

Synthesis of Intermediate 1-9

[0129] Intermediate I-9 was synthesized using Intermedi-
ate 1-8, instead of 4-bromostyrene, in the same manner as in
the synthesis of Intermediate I-4 in Synthesis Example 1.

Synthesis of Intermediate I-10

[0130] Intermediate I-10 was synthesized using 2-bro-
mopyridine, instead of 9,9-dimethyl-2-iodofluorene, in the
same manner as in the synthesis of Intermediate I-3 in Syn-
thesis Example 1.

Synthesis of Compound 19

[0131] Compound 19 was synthesized using Intermediates
1-10 and I1-9, instead of Intermediates I-3 and I-4, in the same
manner as in the synthesis of Compound 8 in Synthesis
Example 1. This compound was identified using MS/FAB.
CsgH,5Nj5: cale. 781.34. found 781.53

[0132] ‘HNMR (CDCls, 400 MHz) 8 (ppm) 8.73-8.71 (m,
1H), 8.12-8.05 (m, 1H), 7.84-7.79 (m, 1H), 7.74-7.73 (m,
1H), 7.69-7.56 (m, 4H), 7.48-7.32 (m, 13H), 7.27-7.25 (m,
1H), 7.11-7.03 (m, 5H), 6.91-6.88 (m, 2H), 6.72-6.63 (m,
4H), 6.17-6.13 (m, 4H), 1.76 (s, 6H)

Synthesis Example 4

Synthesis of Compound 29
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Synthesis of Intermediate I-11

[0134] 5.37 g (20.0 mmol) of2,4-dibromo-6-fluoro-pheny-
lamine, 4.88 g (40.0 mmol) of phenylboronic acid, 1.15g (1.0
mmol) of tetrakis(triphenylphosphine)palladium (Pd(PPh,)
4), and 8.29 g (60.0 mmol) of K,CO; were dissolved in 60 mL
of a mixed tetrahydrofuran (THF) and H,O (2:1 by volume)
solution to obtain a solution, which was then stirred at about
= 70° C. for about 5 hours. The reaction solution was cooled to
room temperature, and 40 mL of water was added thereto,
followed by three times of extraction with 50 mL of ethyl
N ether. The organic phase was collected and was dried using
magnesium sulfate to evaporate the solvent. The residue was
separated and purified using silica gel column chromatogra-
phy to obtain 3.95 g of Intermediate I-11 (Yield: 75%). This
compound was identified using MS/FAB. C, H, ,FN: calc.
263.11. found 263.25

Synthesis of Intermediate 1-12

[0135] 2.63 g (10 mmol) of Intermediate 1-11, 2.45 g (12

mmol) of iodobenzene, 0.83 g (0.2 mmol) of Pd,(dba);, 0.040

L13 g (0.2 mmol) of PtBu,, and 13.9 g (20 mmol) of KOtBu were
dissolved in 60 mL of'toluene to obtain a solution, which was
then stirred at about 85° C. for about 4 hours. The reaction
solution was cooled to room temperature, followed by three
times of extraction with 100 mL of water and 100 mL of
diethyl ether. The organic phase was collected and was dried
using magnesium sulfate to evaporate the solvent. The resi-
due was separated and purified using silica gel column chro-
N matography to obtain 2.14 g of Intermediate 1-12 (Yield:
63%). This compound was identified using MS/FAB.

' B C,,H,FN: calc. 339.14. found 339.29
iy
Synthesis of Intermediate 1-13

I-5 [0136] Intermediate I-13 was synthesized using Intermedi-
ate 1-12, instead of diphenylamine, in the same manner as in
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the synthesis of Intermediate I-4 in Synthesis Example 1. This
compound was identified using MS/FAB. C;,H, FN: calc.
441.53. found 441.71

Synthesis of Compound 29

[0137] Compound 29 was synthesized using Intermediates
1-5 and I-13, instead of Intermediates I-3 and I-4, in the same
manner as in the synthesis of Compound 8 in Synthesis
Example 1. This compound was identified using MS/FAB.
CsoH45FN,: cale. 798.34. found 798.53

[0138] 'HNMR (CDCl,, 400 MHz)  (ppm) 8.16-8.11 (m,
1H), 7.93 (d, 1H), 7.77-7.76 (m, 1H), 7.72-7.70 (m, 2H),
7.65-7.59 (m, 3H), 7.55-7.29 (m, 18H), 7.24-7.19 (m, 1H),
7.14-7.04 (m, 5H), 6.66-6.60 (m, 3H), 6.15-6.12 (m, 2H),
1.78 (s, 6H)

Synthesis Example 5

[0139]

Synthesis of Compound 39

Q ©\ N/Q
Q H
Br Pd
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i{%}
*@4‘

O
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Synthesis of Intermediate 1-14

[0140] 20.1 g(60 mmol) of 9,10-dibromoanthracene, 8.461
g (50 mmol) of diphenylamine, 0.915 g (1 mmol) of Pd,(dba)
5, 0.202 g (1 mmol) of PtBu,, and 69.611 g (100 mmol) of
KOtBu were dissolved in 300 mL of toluene to obtain a
solution, which was then stirred at about 85° C. for about 4
hours. The reaction solution was cooled to room temperature,
followed by three times of extraction with 100 mL of water
and 100 mL of diethyl ether. The organic phase was collected
and was dried using magnesium sulfate to evaporate the sol-
vent. The residue was separated and purified using silica gel
column chromatography to obtain 12.9 g of Intermediate I-14
(Yield: 61%). This compound was identified using MS/FAB.
C,xH, ¢BrN: calc. 423.06. found 423.13

Synthesis of Intermediate I-15

[0141] 4.24 g (10.0 mmol) of Intermediate 1-14, 2.54 g
(10.0 mmol) of bis(pinacolato)diborane, 0.36 g (0.5 mmol) of
[1,1'-bis(diphenylphosphino)ferrocene]dichloro  palladium
D) (PdCl,(dpp1),), and 2.94 g (30.0 mmol) of KOAc were
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dissolved in 40 mL of DMSO to obtain a solution, which was
then stirred at about 80° C. for about 6 hours. The reaction
solution was cooled to room temperature, followed by three
times of extraction with 50 mL of water and 50 mL of dieth-
ylether. The organic phase was collected and was dried using
magnesium sulfate to evaporate the solvent. The residue was
separated and purified using silica gel column chromatogra-
phy to obtain 1.88 g of Intermediate I-15 (Yield: 74%). This
compound was identified using MS/FAB. C,,H;,BNO,:
calc. 471.23. found 471.33

Synthesis of Intermediate I-16

[0142] Intermediate I-16 was synthesized using Intermedi-
ate I-15 and vinyl bromide, instead of 4-bromophenyl boronic
acid and Intermediate I-7, in the same manner as in the syn-
thesis of Intermediate I-8 in Synthesis Example 3. This com-
pound was identified using MS/FAB. C, H,,N: calc. 371.47.
found 371.61

May 9, 2013

Synthesis of Compound 39

[0143] Compound 39 was synthesized using Intermediates
1-5 and I-16, instead of Intermediates 1-3 and I-4, in the same
manner as in the synthesis of Compound 8 in Synthesis
Example 1. This compound was identified using MS/FAB.
C4sH,oN,: cale. 728.31. found 728.54

[0144] 'HNMR (CDCl;, 400 MHz) § (ppm) 8.17-8.11 (m,
1H), 7.93 (d, 1H), 7.89-7.86 (d, 1H), 7.75-7.72 (m, 2H),
7.62-7.58 (m, 3H), 7.56-7.48 (m, 3H), 7.44-7.41 (m, 2H),
7.38-7.30 (m, 4H), 7.24-7.19 (m, 1H), 7.15 (s, 1H), 7.11 (s,
1H), 7.04-6.98 (m, 6H), 6.88-6.84 (m, 2H), 6.63-6.60 (m,
2H), 5.96-5.94 (m, 4H), 1.77 (s, 6H)

Synthesis Example 6

Synthesis of Compound 47
[0145]

o 0
N B—B/
- <
o o)
() )) —
L5




US 2013/0113367 Al

-continued
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Synthesis of Intermediate 1-17

[0146] Intermediate I-17 was synthesized using Intermedi-
ate I-5, instead of Intermediate 1-14, in the same manner as in
the synthesis of Intermediate I-15 in Synthesis Example 5.
This compound was identified using MS/FAB. C,,H;,BNO,:
calc. 485.25. found 485.33

Synthesis of Intermediate 1-18

[0147] Intermediate I-18 was synthesized using Intermedi-
ate 1-17 and 2,5-dibromopyridine, instead of 2-bromoni-
trobenzene and 2-bromo-9,9-dimethyl-7-fluoreneboronic
acid, in the same manner as in the synthesis of Intermediate
I-1 in Synthesis Example 1. This compound was identified
using MS/FAB. C,,H,,BrN,: calc. 515.44. found 515.62

Synthesis of Compound 47

[0148] Compound 47 was synthesized using Intermediate
1-18, instead of Intermediate I-3, in the same manner as in the
synthesis of Compound 8 in Synthesis Example 1. This com-
pound was identified using MS/FAB. C5,H;,N;: calc. 705.
31. found 705.43

[0149] 'HNMR (CDCl,, 400 MHz) 3 (ppm) 8.87-8.85 (m,
1H), 8.16-8.12 (m, 1H), 8.07-8.04 (m, 1H), 7.92 (d, 1H),
7.86-7.83 (m, 1H), 7.78 (d, 1H), 7.69-7.67 (m, 1H), 7.62-7.57
(m, 2H), 7.56-7.48 (m, 4H), 7.44-7.41 (m, 2H), 7.38-7.30 (m,
4H), 7.26-7.19 (m, 2H), 7.08-7.03 (m, 4H), 6.85-6.82 (m,
2H), 6.66-6.63 (m, 2H), 6.17-6.13 (m, 4H), 1.76 (s, 6H)

Synthesis Example 7

Synthesis of Compound 1

[0150] Compound 1 was synthesized using ethylodide
(C,H,]), instead of 9,9-dimethyl-2-iodofluorene, in the same
manner as in the synthesis of Compound 8 in Synthesis
Example 1. This compound was identified using MS/FAB.
C,3H;¢N,: cale. 580.28. found 580.42

[0151] 'HNMR (CDCl,, 400 MHz) & (ppm) 8.17 (d, 1H),
8.00 (d, 1H), 7.75 (d, 1H), 7.69-7.65 (m, 2H), 7.49-7.36 (m,
6H), 7.24-7.20 (m, 1H), 7.08-7.00 (m, SH), 6.69-6.63 (m,
4H),6.17-6.12 (m, 4H),4.71 (q, 2H), 1.77 (s, 6H), 1.31 (t, 3H)

Synthesis Example 8

Synthesis of Compound 3

[0152] Compound 3 was synthesized using iodobenzene
(C4HsD), instead of 9,9-dimethyl-2-iodofluorene, in the same
manner as in the synthesis of Compound 8 in Synthesis

Example 1. This compound was identified using MS/FAB.
C,,H;(N,: cale. 628.28. found 628.41

[0153] 'HNMR (CDCl;, 400 MHz) 8 (ppm) 8.16-8.10 (m,
1H), 7.93 (d, 1H), 7.77 (d, 1H), 7.73-7.71 (m, 1H), 7.61 (d,
1H), 7.56-7.51 (m, 3H), 7.48-7.30 (m, 9H), 7.24-7.19 (m,
1H), 7.08-7.02 (m, 4H), 6.79-6.63 (m, 4H), 6.17-6.13 (m,
4H), 1.76 (s, 6H)

Synthesis Example 9

Synthesis of Compound 4

[0154] Compound 4 was synthesized using 2-iodonaphtha-
lene, instead of 9,9-dimethyl-2-iodofluorene, in the same
manner as in the synthesis of Compound 8 in Synthesis
Example 1. This compound was identified using MS/FAB.
Cs,H3gN,: cale. 678.30. found 678.61

[0155] 'HNMR (CDCl;, 400 MHz) § (ppm) 8.16-8.10 (m,
1H), 7.93 (d, 2H), 7.84 (d, 1H), 7.75 (d, 1H), 7.72-7.70 (m,
1H), 7.65-7.61 (m, 2H), 7.57-7.52 (m, 2H), 7.48-7.30 (m,
9H), 7.22-7.18 (m, 1H), 7.08-7.03 (m, 5H), 6.7-6.63 (m, 4H),
6.17-6.13 (m, 3H), 1.76 (s, 6H)

Synthesis Example 10

Synthesis of Compound 5

[0156] Compound 5 was synthesized using 9-bro-
mophenanthrene, instead of 9,9-dimethyl-2-iodofluorene, in
the same manner as in the synthesis of Compound 8 in Syn-
thesis Example 1. This compound was identified using
MS/FAB. CssH,oN,: calc. 728.31. found 728.62

[0157] 'HNMR (CDCl;, 400 MHz) § (ppm) 8.66-8.64 (m,
1H), 8.31-8.29 (m, 1H), 8.17-8.12 (m, 2H), 7.98 (d, 1H), 7.76
(d, 1H), 7.71-7.64 (m, 3H), 7.59-7.54 (m, 1H), 7.51-7.30 (m,
9H), 7.35-7.30 (m, 2H), 7.08-7.03 (m, 5H), 6.70-6.63 (m,
4H), 617-6.13 (m, 4H), 1.76 (s, 6H)

Synthesis Example 11

Synthesis of Compound 7

[0158] Compound 7 was synthesized using 4-bromobiphe-
nyl, instead of 9,9-dimethyl-2-iodofluorene, in the same man-
ner as in the synthesis of Compound 8 in Synthesis Example
1. This compound was identified using MS/FAB. C5;H,,N,:
calc. 704.31. found 704.65

[0159] 'HNMR (CDCl,, 400 MHz) 8 (ppm) 8.16-8.10 (m,
1H),7.93 (d, 1H), 7.76 (d, 1H), 7.71-7.69 (m, 1H), 7.64-7.59
(m, 3H), 7.53-7.38 (m, 9H), 7.35-7.29 (m, 3H), 7.20-7.16 (m,
2H), 7.08-7.03 (m, 5H), 6.70-6.63 (m, 4H), 6.17-6.13 (m,
4H), 1.76 (s, 6H)
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Synthesis Example 12

Synthesis of Compound 9

[0160] Compound 9 was synthesized using iodobenzene-
d5, instead of 9,9-dimethyl-2-iodofluorene, in the same man-
ner as in the synthesis of Compound 8 in Synthesis Example
1. This compound was identified using MS/FAB.
C,,H;,DsN,: cale. 633.31. found 633.59

[0161] 'HNMR (CDCL, 400 MHz) 8 (ppm) 8.16-8.10 (m,
1H),7.93 (d, 1H), 7.76 (d, 1H), 7.71-7.69 (m, 1H), 7.62-7.59
(m, 1H), 7.48-7.44 (m, 2H), 7.35-7.30 (m, 3H), 7.23-7.19 (m,
1H), 7.08-7.03 (m, 6H), 6.70-6.63 (m, 4H), 6.17-6.13 (m,
4H), 1.76 (s, 6H)

Synthesis Example 13

Synthesis of Compound 12

[0162] Compound 9 was synthesized using Intermediate
1-19, instead of 9,9-dimethyl-2-iodofluorene, in the same
manner as in the synthesis of Compound 8 in Synthesis
Example 1. This compound was identified using MS/FAB.
Cs6H, Ny: cale. 783.33. found 783.54

[0163] HNMR (CDCl,, 400 MHz) & (ppm) 8.83 (d, 1H),
8.78-8.75 (m, 3H), 8.15 (m, 1H), 7.92-7.88 (m, 1H), 7.77 (d,
1H), 7.71-7.57 (m, 7H), 7.48-7.35 (m, 8H), 7.08-7.03 (m,
SH), 6.68-6.63 (m, 4H), 617-6.13 (m, 4H), 1.76 (s, 6H)

Synthesis Example 14

Synthesis of Compound 14

[0164] Intermediate I-20 was synthesized using 2-bromo-
9,9-diphenyl-7-fluoreneboronic acid and iodobenzene,
instead of 2-bromo-9,9-dimethyl-7-fluoreneboronic acid and
9,9-dimethyl-2-iodofluorene, in the same manner as in the
synthesis of Compound 8 in Synthesis Example 1.

[0165] Intermediate 14 was synthesized using Intermediate
1-20, instead of Intermediate 1-6, in the same manner as in the
synthesis of Compound 16 in Synthesis Example 2. This
compound was identified using MS/FAB.

[0166] Cs,H,sD,N,: calc. 754.33. found 754.61

[0167] 'HNMR (CDCL, 400 MHz) 8 (ppm) 8.16-8.10 (m,
2H), 7.74 (d, 1H), 7.56-7.51 (m, 2H), 7.47-7.31 (m, 12H),
7.26-7.22 (m, 1H), 7.15-7.11 (m, 1H), 7.08-6.98 (m, 13H),
6.69-6.63 (m, 3H), 6.16-6.13 (m, 3H),

Synthesis Example 15

Synthesis of Compound 17

[0168] Compound 17 was synthesized using Intermediate
1-5, instead of Intermediate I-10, in the same manner as in the
synthesis of Compound 19 in Synthesis Example 3. This
compound was identified using MS/FAB.

[0169] CsoH,,N,: calc. 780.35. found 780.58

[0170] 'H NMR (CDCl,, 400 MHz) 8 (ppm) 8.16-8.10 (m,
1H), 7.77 (d, 1H), 7.69-7.66 (m, 2H), 7.61-7.59 (m, 1H),
7.56-7.51 (m, 2H), 7.48-7.30 (m, 14H), 7.24-7.19 (m, 1H),
7.11-7.03 (m, 6H), 6.91-6.88 (m, 2H), 6.72-6.63 (m, 4H),
6.17-6.13 (m, 4H), 1.76 (s, 6H)
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Synthesis Example 16

Synthesis of Compound 20

[0171] Intermediate I-22 was synthesized using Intermedi-
ate [-21, instead of 9,9-dimethyl-2-iodofluorene, in the same
manner as in the synthesis of Compound 8 in Synthesis
Example 1.

[0172] Compound 20 was synthesized using Intermediate
1-22, instead of Intermediate I-6, in the same manner as in the
synthesis of Compound 16 in Synthesis Example 2. This
compound was identified using MS/FAB.

[0173] CsoH,,D,N,: cale. 782.36. found 782.59

[0174] 'HNMR (CDCl,, 400 MHz) § (ppm) 8.26-8.21 (m,
1H), 7.93 (d, 1H), 7.81-7.76 (m, 5H), 7.72-7.70 (m, 1H),
7.66-7.64 (m, 1H), 7.55-7.50 (m, 5H), 7.47-7.29 (m, 9H),
7.08-7.03 (m, 4H), 6.69-6.63 (m, SH), 6.16-6.13 (m, 4H),
1.78 (s, 6H

Synthesis Example 17

Synthesis of Compound 21

[0175] Compound 21 was synthesized using tert-butyl
iodide and Intermediates 1-23 in the synthesis of Intermediate
1-3, instead of 9,9-dimethyl-2-iodofluorene and dipheny-
lamine, in the same manner as in the synthesis of Compound
8 in Synthesis Example 1. This compound was identified
using MS/FAB. C,,H,,N,: calc. 636.35. found 636.59

[0176] 'HNMR (CDCl,, 400 MHz) § (ppm) 7.97-7.94 (m,
1H),7.92 (d, 1H), 7.77-7.74 (m, 1H), 7.70 (d, 1H), 7.65-7.63
(m, 1H), 7.48-7.39 (m, 5H), 7.35-7.19 (m, 5H), 7.07-7.03 (m,
4H), 6.99-6.94 (m, 3H), 6.82-6.78 (m, 3H), 6.63-6.61 (m,
2H), 6.53-6.50 (m, 2H), 1.87 (s, 3H), 1.80 (s, 6H), 1.79 (s, 6H)

Synthesis Example 18

Synthesis of Compound 22

[0177] Compound 22 was synthesized using iodobenzene
and Intermediate 1-24 in the synthesis of Intermediate 1-3,
instead of 9,9-dimethyl-2-iodofluorene and diphenylamine,
in the same manner as in the synthesis of Compound 8 in
Synthesis Example 1. This compound was identified using
MS/FAB. C,gH,,FN,: 22. calc. 660.29. found 660.42
[0178] 'HNMR (CDCl;, 400 MHz) § (ppm) 8.16-8.10 (m,
1H),7.93 (d, 1H), 7.77 (d, 1H), 7.72-7.70 (m, 1H), 7.62-7.59
(m, 1H), 7.56-7.51 (m, 2H), 7.48-7.31 (m, 9H), 7.24-7.19 (m,
1H), 7.10-7.03 (m, 3H), 7.00-6.92 (m, 3H), 6.82-6.78 (m,
1H), 6.70-6.67 (m, 1H), 6.63-6.57 (m, 3H), 2.01 (s, 3H), 1.76
(s, 6H)

Synthesis Example 19

Synthesis of Compound 23

[0179] Compound 23 was synthesized using iodobenzene
and Intermediate I-25 in the synthesis of Intermediate 1-3,
instead of 9,9-dimethyl-2-iodofluorene and diphenylamine,
in the same manner as in the synthesis of Compound 8 in
Synthesis Example 1. This compound was identified using
MS/FAB.

[0180] C,5H;sN;: cale. 653.28. found 653.49

[0181] 'HNMR (CDCl;, 400 MHz) § (ppm) 8.16-8.10 (m,
1H), 7.93 (d, 1H), 7.77 (d, 1H), 7.72-7.70 (m, 1H), 7.62-7.59
(m, 1H), 7.56-7.51 (m, 2H), 7.48-7.30 (m, 11H), 7.24-7.19
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(m, 1H), 7.10-7.03 (m, 3H), 6.78-6.73 (m, 4H), 6.66-6.63 (m,
1H), 6.22-6.20 (m, 2H), 1.73 (s, 6H)

Synthesis Example 20

Synthesis of Compound 26

[0182] Compound 26 was synthesized using Intermediate
1-26, instead of Intermediate 1-4, in the same manner as in the
synthesis of Compound 16 in Synthesis Example 2. This
compound was identified using MS/FAB.

[0183] Cs,H;gD,N,: cale. 754.33. found 754.51

[0184] 'HINMR (CDCl,, 400 MHz) 8 (ppm) 8.16-8.12 (m,
3H), 8.04-8.00 (m, 2H), 7.93 (d, 1H), 7.82-7.76 (m, 4H),
7.71-7.69 (m, 1H), 7.62-7.51 (m, SH), 7.46-7.31 (m, 9H),
7.24-7.19 (m, 1H), 7.06-7.01 (m, 2H), 6.73-6.70 (m, 2H),
6.65-6.61 (m, 1H), 6.22-6.17 (m, 2H), 1.75 (s, 6H)

Synthesis Example 21

Synthesis of Compound 27

[0185] Compound 27 was synthesized using Intermediate
1-27, instead of Intermediate I-4, in the same manner as in the
synthesis of Compound 16 in Synthesis Example 2. This
compound was identified using MS/FAB.

[0186] C ,H,,D,N,: calc. 746.36. found 746.41

[0187] 'HNMR (CDCl,, 400 MHz) d (ppm) 8.17-8.11 (m,
1H),7.93 (d, 1H),7.77-7.71 (m, 2H), 7.72-7.71 (m, 1H), 7.61
(d, 1H), 7.56-7.51 (m, 3H), 7.48-7.30 (m, 7H), 7.23-7.19 (m,
1H), 7.14-7.04 (m, 5H), 6.73-6.63 (m, 5H), 6.39-6.37 (m,
1H), 6.23-6.20 (m, 2H), 1.76 (s, 6H), 1.61 (s, 6H)

Synthesis Example 22

Synthesis of Compound 28

[0188] Compound 28 was synthesized using Intermediate
1-28, instead of Intermediate 1-4, in the same manner as in the
synthesis of Compound 16 in Synthesis Example 2. This
compound was identified using MS/FAB.

[0189] Cs.H, D,N;: cale. 795.35. found 795.53

[0190] 'HNMR (CDCl;, 400 MHz) 8 (ppm) 8.22-8.20 (m,
1H), 8.16-8.11 (m, 1H), 7.93 (d, 1H), 7.77-7.76 (m, 1H),
7.72-7.70 (m, 1H), 7.62-7.59 (m, 1H), 7.56-7.19 (m, 21H),
7.09-7.04 (m, 2H), 6.87-6.81 (m, 3H), 6.66-6.63 (m, 1H),
6.31-6.29 (m, 2H), 1.77 (s, 6H)

Synthesis Example 23

Synthesis of Compound 30

[0191] Compound 30 was synthesized using Intermediate
1-30, instead of Intermediate 1-4, in the same manner as in the
synthesis of Compound 16 in Synthesis Example 2. This
compound was identified using MS/FAB.

[0192] C,.H,,D,,N,: calc. 640.36. found 640.58

[0193] 'HNMR (CDCl,, 400 MHz) § (ppm) 8.16-8.11 (m,
1H), 7.93 (d, 1H), 7.77 (d, 1H), 7.72-7.70 (m, 1H), 7.62-7.59
(m, 1H), 7.54-7.51 (m, 2H), 7.46-7.29 (m, 8H), 7.23-7.19 (m,
1H), 6.69-6.66 (m, 2H), 1.76 (s, 6H)

Synthesis Example 24

Synthesis of Compound 31

[0194] Compound 31 was synthesized using iodobenzene
and Intermediate 1-31 in the synthesis of Intermediate -3,
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instead of 9,9-dimethyl-2-iodofluorene and diphenylamine,
in the same manner as in the synthesis of Compound 8 in
Synthesis Example 1. This compound was identified using
MS/FAB.

[0195] C,sH;,N,: cale. 630.27. found 630.39

[0196] 'HNMR (CDCl,, 400 MHz) 8 (ppm) 8.53-8.50 (m,
2H), 8.16-8.11 (m, 1H), 8.08-8.06 (m, 2H), 7.93 (d, 1H),
7.77-7.76 (m, 1H), 7.72-7.70 (m, 1H), 7.62-7.59 (m, 1H),
7.55-7.30 (m, 12H), 7.24-7.20 (m, 1H), 7.17-7.14 (m, 2H),
7.07 (s, 1H), 7.03 (s, 1H), 6.97-6.93 (m, 2H), 1.75 (s, 6H)

Synthesis Example 25

Synthesis of Compound 35

[0197] Compound 35 was synthesized using iodobenzene
and Intermediate 1-32 in the synthesis of Intermediate 1-3,
instead of 9,9-dimethyl-2-iodofluorene and diphenylamine,
in the same manner as in the synthesis of Compound 8 in
Synthesis Example 1. This compound was identified using
MS/FAB. C53H;.N,S: cale. 734.27. found 734.59

[0198] 'HNMR (CDCl,, 400 MHz) § (ppm) 8.16-8.12 (m,
1H), 8.06-8.04 (m, 1H), 7.93 (d, 1H), 7.82 (d, 1H), 7.75 (d,
1H), 7.72-7.70 (m, 2H), 7.68-7.66 (m, 1H), 7.62-7.57 (m,
2H), 7.56-7.29 (m, 12H), 7.24-7.19 (m, 1H), 7.09-7.03 (m,
3H), 6.87-6.81 (m, 3H), 6.66-6.63 (m, 1H), 6.32-6.29 (m,
2H), 1.78 (s, 6H)

Synthesis Example 26

Synthesis of Compound 36

[0199] Compound 36 was synthesized using iodobenzene
and Intermediate 1-33 in the synthesis of Intermediate 1-3,
instead of 9,9-dimethyl-2-iodofluorene and diphenylamine,
in the same manner as in the synthesis of Compound 8 in
Synthesis Example 1. This compound was identified using
MS/FAB. Cs3H;gN, . cale. 718.29. found 718.59

[0200] 'HNMR (CDCl,, 400 MHz) § (ppm) 8.17-8.12 (m,
1H), 7.93 (d, 1H), 7.83 (d, 1H), 7.77-7.71 (m, 4H), 7.62-7.56
(m, 3H), 7.55-7.30 (m, 12H), 7.24-7.19 (m, 1H), 7.09-7.03
(m, 3H), 6.92-6.88 (m, 1H), 6.84-6.81 (m, 2H), 6.66-6.63 (m,
1H), 6.32-6.29 (m, 2H), 1.78 (s, 6H)

Synthesis Example 27

Synthesis of Compound 37

[0201] Compound 37 was synthesized using iodobenzene
and Intermediate 1-34 in the synthesis of Intermediate 1-3,
instead of 9,9-dimethyl-2-iodofluorene and diphenylamine,
in the same manner as in the synthesis of Compound 8 in
Synthesis Example 1. This compound was identified using
MS/FAB. Cs,Hs,N,Si,: calc. 772.36. found 772.55

[0202] 'HNMR (CDCl;, 400 MHz) § (ppm) 8.17-8.11 (m,
1H),7.93 (d, 1H), 7.83 (d, 1H), 7.77-7.75 (m, 1H), 7.72-7.70
(m, 1H), 7.62-7.59 (m, 1H), 7.56-7.51 (m, 2H), 7.48-7.41 (m,
4H), 7.39-7.30 (m, 7H), 7.22-7.19 (m, 1H), 7.07 (s, 1H), 7.03
(s, 1H), 6.83-6.80 (m, 2H), 6.60-6.56 (m, 4H), 1.76 (s, 6H),
0.24 (s, 18H)

Synthesis Example 28

Synthesis of Compound 40

[0203] Compound 40 was synthesized using 1,4-dibro-
mobenzene, instead of 9,10-dibromoanthracene, in the same
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manner as in the synthesis of Compound 39 in Synthesis
Example 5. This compound was identified using MS/FAB.
[0204] C43H,oN,: cale. 704.31. found 704.54

[0205] 'HNMR (CDCl,, 400 MHz) d (ppm) 8.17-8.11 (m,
1H), 7.93 (d, 1H), 7.77 (d, 1H), 7.71-7.70 (m, 1H), 7.62-7.59
(m, 1H), 7.56-7.41 (m, 11H), 7.38-7.30 (m, 3H), 7.24-7.19
(m, 1H), 7.08-7.01 (m, 6H), 6.86-6.82 (m, 2H), 6.66-6.63 (m,
2H), 6.16-6.13 (m, 4H), 1.78 (s, 6H)

Synthesis Example 29

Synthesis of Compound 41

[0206] Intermediate 1-35 was synthesized using 2,7-di-
bromo-9,9-dimethylfluorene, instead of 9,10-dibromoan-
thracene, in the same manner as in the synthesis of Compound
39 in Synthesis Example 5.

[0207] Compound 41 was synthesized using Intermediate
1-35, instead of Intermediate 1-6, in the same manner as in the
synthesis of Compound 16 in Synthesis Example 2. This
compound was identified using MS/FAB.

[0208] Cs¢H,,D,N,: cale. 746.36. found 746.62

[0209] 'HNMR (CDCl,, 400 MHz) d (ppm) 8.17-8.11 (m,
1H), 7.93 (d, 1H), 7.77-7.59 (m, 6H), 7.56-7.52 (m, 2H),
7.44-7.30 (m, 7H), 7.24-7.19 (m, 1H), 7.09-7.04 (m, 4H),
6.67-6.63 (m, 3H), 6.46-6.45 (m, 1H), 6.16-6.13 (m, 4H),
1.78 (s, 6H), 1.61 (s, 6H)

Synthesis Example 30

Synthesis of Compound 44

[0210] Compound 44 was synthesized using 1,4-dibro-
mobenzene in the synthesis of Intermediate I-18, instead of
2,5-dibromopyridine, in the same manner as in the synthesis
of Compound 47 in Synthesis Example 6. This compound
was identified using MS/FAB. C5;H, N,: calc. 704.31. found
704.43

[0211] 'HNMR (CDCl,, 400 MHz) § (ppm) 8.17-8.11 (m,
1H), 7.83-7.77 (m, 3H), 7.66-7.59 (m, 2H), 7.54-7.50 (m,
2H), 7.48-7.30 (m, 6H), 7.38-7.30 (m, 4H), 7.26 (s, 1H),
7.22-7.19 (m, 1H), 7.08-7.03 (m, 4H), 6.91 (s, 1H), 6.87 (s,
1H), 6.70-6.63 (m, 4H), 6.17-6.13 (m, 4H), 1.78 (s, 6H)

Synthesis Example 31

Synthesis of Compound 48

[0212] Compound 48 was synthesized using 2,5-dibromo-
furan, instead of 2,5-dibromopyridine, in the same manner as
in the synthesis of Compound 47 in Synthesis Example 6.
This compound was identified using MS/FAB. C5,H;4N,O:
calc. 694.29. found 694.51

[0213] 'HNMR (CDCl,, 400 MHz). .. 8.17-8.11 (m, 1H),
7.96-7.93 (m, 1H), 7.79-7.76 (m, 2H), 7.62-7.51 (m, SH),
7.46-7.41 (m, 3H), 7.38-7.30 (m, 3H), 7.24-7.19 (m, 2H),
7.08-7.00 (m, SH), 6.93-6.91 (m, 1H), 6.70-6.63 (m, SH),
6.16-6.13 (m, 4H), 1.79 (s, 6H)

Synthesis Example 32

Synthesis of Compound 49

[0214] Compound 49 was synthesized using 2,5-dibro-
mothiophene, instead of 2,5-dibromopyridine, in the same
manner as in the synthesis of Compound 47 in Synthesis
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Example 6. This compound was identified using MS/FAB.
Cs,H3gN,S: calc. 710.27. found 710.46

[0215] 'HNMR (CDCl,, 400 MHz) .. . 8.17-8.11 (m, 1H),
7.85-7.83 (m, 1H), 7.78 (d, 1H), 7.62-7.59 (m, 1H), 7.56-7.50
(m, 4H), 7.44-7.41 (m, 2H), 7.38-7.30 (m, 5H), 7.28-7.19 (m,
2H), 7.12-7.02 (m, 7H), 6.76-6.73 (m, 2H), 6.66-6.63 (m,
2H), 6.16-6.13 (m, 4H), 1.79 (s, 6H)

Synthesis Example 33

Synthesis of Compound 51

[0216] Compound 51 was synthesized using 2,7-dibromo-
9,9-dimethyl-9H-fluorene, instead of 2,5-dibromopyridine,
in the same manner as in the synthesis of Compound 47 in
Synthesis Example 6. This compound was identified using
MS/FAB.

[0217] C ,H,N,: calc. 820.38. found 820.46 'H NMR
(CDCl;, 400 MHz) . . . 8.17-8.11 (m, 1H), 7.82-7.77 (m, 2H),
7.69-7.64 (m, 4H), 7.62-7.59 (m, 1H), 7.57-7.30 (m, 14H),
7.24-7.19 (m, 1H), 7.08-7.03 (m, SH), 6.70-6.63 (m, 4H),
6.16-6.13 (m, 4H), 1.70 (s, 6H), 1.60 (s, 6H)

Synthesis Example 34

Synthesis of Compound 54

[0218] Intermediate I-36 was synthesized using 2-bromo-
4-(trifluvoromethyl)-1-nitrobenzene in the synthesis of Inter-
mediate I-1, instead of 2-bromonitrobenzene, in the same
manner as in the synthesis of Compound 8 in Synthesis
Example 1.

[0219] Intermediate 54 was synthesized using Intermediate
1-36, instead of Intermediate I-6, in the same manner as in the
synthesis of Compound 16 in Synthesis Example 2. This
compound was identified using MS/FAB.

[0220] C,sH;3D,F;N,: cale. 698.28. found 698.41

[0221] 'HNMR (CDCl,, 400 MHz) § (ppm) 8.12-8.10 (m,
1H),7.90 (d, 1H), 7.77-7.74 (m, 2H), 7.71-7.70 (m, 1H), 7.63
(d, 1H), 7.56-7.50 (m, 2H), 7.47-7.34 (m, 6H), 7.08-7.04 (m,
5H), 6.69-6.63 (m, 4H), 6.17-6.13 (m, 4H), 1.76 (s, 6H)

Synthesis Example 35

Synthesis of Compound 56

[0222] Intermediate I-38 was synthesized using Intermedi-
ate [-37 in the synthesis of Intermediate I-1, instead of 2-bro-
monitrobenzene, in the same manner as in the synthesis of
Compound 8 in Synthesis Example 2.

[0223] Intermediate 56 was synthesized using Intermediate
1-38, instead of Intermediate I-6, in the same manner as in the
synthesis of Compound 16 in Synthesis Example 2. This
compound was identified using MS/FAB.

[0224] C5;H;4D,N,: cale. 706.33. found 706.57

[0225] 'HNMR (CDCl,, 400 MHz) § (ppm) 8.00-7.99 (m,
1H), 7.91 (d, 1H), 7.78-7.76 (m, 1H), 7.73-7.69 (m, 2H),
7.66-7.61 (m, 2H), 7.56-7.34 (m, 13H), 7.08-7.03 (m, 4H),
6.70-6.63 (m, 4H), 6.17-6.13 (m, 4H), 1.78 (s, 6H)

Synthesis Example 36

Synthesis of Compound 61

[0226] Compound 61 was synthesized using Intermediate
1-39 and iodobenzene in the synthesis of Intermediate I-1,
instead of 2-bromonitrobenzene and 9,9-dimethyl-2-iodof-
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luorene, in the same manner as in the synthesis of Compound -continued
8 in Synthesis Example 1. This compound was identified

using MS/FAB. C5oH,sNj: cale. 795.36. found 795.61

[0227] 'HNMR (CDCl,, 400 MHz) 8 (ppm) 7.96 (d, 1H),

7.77(d, 1H), 7.72-7.70 (m, 1H), 7.65-7.64 (m, 1H), 7.56-7.51

(m, 2H), 7.49-7.42 (m, 5H), 7.39-7.34 (m, 3H), 7.15-7.13 (m,

Br
1H), 7.09-7.03 (m, 9H), 6.76-6.73 (m, 1H), 6.70-6.62 (m, :
6H), 6.25-6.21 (m, 4H), 6.17-6.12 (m, 4H), 1.80 (s, 6H) N
Synthesis Example 37 O O'O
143

Synthesis of Compound 62

[0228] Compound 62 was synthesized using Intermediate Br
1-40 and iodobenzene in the synthesis of Intermediate I-1,
instead of 2-bromonitrobenzene and 9,9-dimethyl-2-iodof-
luorene, in the same manner as in the synthesis of Compound
8 in Synthesis Example 1. This compound was identified
using MS/FAB. C4sH,oNj5: cale. 871.39. found 871.51

[0229] 'HNMR (CDCl;, 400 MHz) § (ppm) 8.12-8.10 (m,
1H), 7.91 (d, 1H), 7.77-7.76 (m, 1H), 7.71-7.69 (m, 2H),

7.63-7.51 (m, 6H), 7.48-7.42 (m, 6H), 7.39-7.34 (m, 2H), '
7.08-7.02 (m, 8H), 6.86-6.82 (m, 2H), 6.70-6.63 (m, 6H),
6.16-6.13 (m, 8H), 1.77 (s, 6H)

143
Synthesis Example 38
Synthesis of Compound 64
[0230] Compound 64 was synthesized using Intermediate
1-41 and iodobenzene in the synthesis of Intermediate I-1, Pd
instead of 2-bromonitrobenzene and 9,9-dimethyl-2-iodof- N

luorene, in the same manner as in the synthesis of Compound \
8 in Synthesis Example 1. This compound was identified

using MS/FAB. C4,H,sNs: cale. 859.36. found 859.47

[0231] 'HNMR (CDCl,, 400 MHz) § (ppm) 9.07-9.06 (m,

1H), 8.80-8.76 (m, 4H), 8.56-8.54 (m, 1H), 7.95-7.89 (m,

3H), 7.77-7.76 (m, 1H), 7.71-7.70 (m, 1H), 7.63-7.60 (m,

4H), 7.55-7.34 (m, 11H), 7.08-7.03 (m, 5H), 6.69-6.63 (m,
4H), 6.16-6.13 (m, 4H), 1.75 (s, 6H)

Synthesis Example 39

’ O \
Synthesis of Compound 66 O O N

L)
<

[0232]
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-continued

o
o8
.

[0233] Intermediate 1-42, instead of Intermediate I-2, was
synthesized using Intermediate 9,9-dimethyl-7-fluorenebo-
ronic acid, instead of 2-bromo-9,9-dimethyl-7-fluorenebo-
ronic acid, in the same manner as in the synthesis of Com-
pound 8 in Synthesis Example 1. Subsequently, Intermediate
1-43, instead of Intermediate I-3, was synthesized using
1-bromo-4-iodobenzene, instead of 9,9-dimethyl-2-iodof-
luorene. Next, Intermediate [-44, instead of Compound 8, was
synthesized by reacting Intermediate 1-43, instead of Inter-
mediate 1-3, with Intermediate 1-4.

[0234] Compound 66 was synthesized using Intermediate
1-44, instead of Intermediate 1-6, in the same manner as in the
synthesis of Compound 16 in Synthesis Example 2. This
compound was identified using MS/FAB.

[0235] C,,H;,D,N,: cale. 630.30. found 630.41

[0236] 'HNMR (CDCl;, 400 MHz) 8 (ppm) 8.16-8.11 (m,
1H), 7.86-7.84 (m, 1H), 7.77 (d, 1H), 7.72-7.68 (m, 2H),
7.63-7.61 (m, 1H), 7.44-7.40 (m, 4H), 7.35-7.29 (m, 2H),
7.22-7.16 (m, 3H), 7.09-7.03 (m, 5H), 6.69-6.63 (m, 4H),
6.16-6.13 (m, 4H), 1.74 (s, 6H)

Synthesis Example 40

Synthesis of Compound 68

[0237]
AN
S OSOSES

44
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Synthesis of Intermediate 1-46

[0238] As illustrated in a synthesis flow diagram above,
2-bromo-7-i0do-9,9-dimethyl-9H-fluorene was reacted with
styrene to obtain Intermediate 1-45, which was then reacted
with bis(pinacolato)diborane to obtain Intermediate 1-46.

Synthesis of Compound 68

[0239] Intermediate 68 was synthesized using Intermediate
1-46, instead of 9,9-dimethyl-7-fluoreneboronic acid, in the
same manner as in the synthesis of Intermediate 1-44 in Syn-
thesis Example 39. This compound was identified using

MS/FAB.
[0240] CyH,,N,: calc. 730.33. found 730.42

[0241] ‘HNMR (CDCls, 400 MHz) 8 (ppm) 8.16-8.11 (m,
1H),7.93 (d, 1H), 7.77 (d, 1H), 7.73-7.69 (m, 2H), 7.62-7.59
(m, 1H), 7.52-7.46 (m, 2H), 7.45-7.26 (m, 13H), 7.20-7.15
(m, 2H), 7.08-7.03 (m, 5H), 6.70-6.63 (m, 4H), 6.17-6.13 (m,
4H), 1.76 (s, 6H)

Synthesis Example 41

Synthesis of Compound 71

[0242]
Br O O

\ /

B—B

/ N\

(o] (6]
Pd
x

oo
i
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-continued -continued
NO» NO,
w Br Br
N
b O -
B
I S . )
Pd
I-51
x
1-47 ~

O PPhy
. — Synthesis of Compound 1-47
/ O Q [0243] Intermediate 1-47 was synthesized using 4-bro-

mostyrene, instead of Intermediate I-14, in the same manner
as in the synthesis of Intermediate I-15 in Synthesis Example
5. This compound was identified using MS/FAB.

C,4H,sBO,: cale. 230.14. found 230.25
Br

O NH Synthesis of Compound 1-48
O [0244]

Intermediate I-48 was synthesized using Compound
O. ~ 1-47 and 2,4-dibromo-1-nitrobenzene, instead of 2-bromo-9,
Q Cul 9-dimethyl-7-fluoreneboronic acid and 2-bromonitroben-
zene, in the same manner as in the synthesis of Intermediate
I-1 in Synthesis Example 1. This compound was identified
using MS/FAB. C, ,H,BrNO,: calc. 302.98. found 303.07

Synthesis of Intermediate 1-49

[0245] Intermediate I-49 was synthesized using Intermedi-
ate 9,9-dimethyl-7-fluoreneboronic acid and Compound
1-47, instead of 2-bromo-9,9-dimethyl-7-fluoreneboronic
acid and 2-bromonitrobenzene, in the same manner as in the
synthesis of Intermediate I-1 in Synthesis Example 1. This
compound was identified using MS/FAB. C,oH,;NO,: calc.
417.17. found 417.25

Synthesis of Intermediate 1-50

[0246] Intermediate I-50 was synthesized using Intermedi-

Br ate I-49, instead of Intermediate I-1, in the same manner as in

the synthesis of Intermediate I-2 in Synthesis Example 1. This

©\ /©/ compound was identified using MS/FAB. C,,H,;N: calc.
N 385.18. found 385.24

Synthesis of Intermediate 1-51

[0247] Intermediate I-51 was synthesized using Intermedi-
ate I-50 and bromobenzene, instead of Intermediate I-2 and
9,9-dimethyl-2-iodofluorene, in the same manner as in the
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synthesis of Intermediate I-3 in Synthesis Example 1. This
compound was identified using MS/FAB. C;5H,,N: calc.
461.21. found 461.28

Synthesis of Compound 71

[0248] Compound 71 was synthesized using 4-bromotriph-
enylamine and Intermediate 1-51, instead of Intermediates 1-3
and I-4, in the same manner as in the synthesis of Compound
8 in Synthesis Example 1. This compound was identified

May 9, 2013

Synthesis Example 42

Synthesis of Compound 73

[0250] Compound 73 was synthesized using Intermediate
1-46 of Synthesis Example in the synthesis of Intermediate
1-49, instead of 9,9-dimethyl-7-fluoreneboronic acid, in the
same manner as in the synthesis of Compound 71 in Synthesis
Example 41. This compound was identified using MS/FAB.
C,3HssNj5: cale. 973.43. found 973.52

using MS/FAB. C;H, N,: calc. 704.31. found 704.40

[0251] 'HNMR (CDCl,, 400 MHz)  (ppm) 8.04-8.01 (m,

[0249] 'HNMR (CDCI,, 400 MHz) d (ppm) 8.04-8.01 (m,  1H), 7.91 (d, 1H), 7.77 (d, 1H), 7.71-7.69 (m, 2H), 7.64-7.61

1H), 7.85-7.83 (m, 1H), 7.78 (d, 1H), 7.71-7.69 (m,
7.63-7.60 (m, 4H), 7.56-7.41 (m, 8H), 7.38-7.34 (m,
7.30-7.26 (m, 1H), 7.22-7.17 (m, 2H), 7.09-7.03 (m,
6.91-6.87 (m, 1H), 6.70-6.63 (m, 4H), 6.16-6.11 (m,

1.74 (s, 6H)

<W¥e

NN
T

OOO

jas)

ads
Ao

1H), (m, 4H), 7.56-7.51 (m, 2H), 7.49-7.26 (m, 14H), 7.08-7.03
1H), (m, 8H), 6.91-6.87 (m, 1H), 6.70-6.63 (m, 8H), 6.16-6.11 (m,
SH), 7H), 1.76 (s, 6H)

4H), [0252] Intermediates I-19 and I1-44 used in Synthesis

Examples 7-42 are represented by the following formulae.

I-19 1-20

O, o
L0 he,

oy
L0 e,
ode

1-25 1-26

SOA®
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1-27 1-28
I-31
I-33
1-34

1-35
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Example 1

[0253] A 15Q/cm?® (1200 A)ITO glass substrate (available
from Corning Co.) was cut to a size of 50 mmx50 mmx0.7
mm, ultrasonically washed with isopropyl alcohol for 5 min-
utes and then with pure water for 5 minutes, and washed again
with UV ozone for 30 minutes. 2-TNATA was vacuum-de-
posited on the ITO glass substrate to form an HIL having a
thickness of 600 A on the anode, and then 4,4'-bis[N-(1-
naphthyl)-N-phenylamino]biphenyl (NPB) was vacuum-de-
posited on the HIL to form a HTL having a thickness of 300
A. 98 wt % of ADN as a blue fluorescent host and 2 wt % of
Compound 8 above as a fluorescent dopant were deposited on
the HTL to form an EML having a thickness of 300 A. Alq3
was vacuum-deposited on the EML to form an ETL having a
thickness 0of 300 A. LiF was vacuum-deposited on the ETL to
form an EIL having a thickness of 10 A and Al was vacuum-
deposited on the EIL to form a cathode having a thickness of
3,000 A, thereby completing the manufacture of an organic
light-emitting device.

Example 2

[0254] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
16, instead of Compound 8, was used as a dopant to form the
EML.

Example 3

[0255] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
19, instead of Compound 8, was used as a dopant to form the
EML.

Example 4

[0256] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
25, instead of Compound 8, was used as a dopant to form the
EML.

Example 5

[0257] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
29, instead of Compound 8, was used as a dopant to form the
EML.
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Example 6

[0258] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
39, instead of Compound 8, was used as a dopant to form the
EML.

Example 7

[0259] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
47, instead of Compound 8, was used as a dopant to form the
EML.

Example 8

[0260] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
56, instead of Compound 8, was used as a dopant to form the
EML.

Example 9

[0261] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that Compound
62, instead of Compound 8, was used as a dopant to form the
EML.

Comparative Example 1

[0262] An organic light-emitting device was manufactured
in the same manner as in Example 1, except that DPAVBI,
instead of Compound 8, was used as a dopant to form the
EML.

Evaluation Example

[0263] Driving voltages, current densities, luminance, effi-
ciencies, emitting-light colors, half-life spans of the organic
light-emitting devices of Examples 1 to 9 and Comparative
Example 1 were measured using a PR650 (Spectroscan)
Source Measurement Unit. (available from Photo Research,
Inc.). The results are shown in Table 1 below.

TABLE 1
Half-life
Driving span
EML EML voltage Current Luminance Efficiency Luminescent (hr
host  dopant (V)  Density (cd/m?) (cd/A) Color @100 mA
Example 1 ADN Compound 8 6.22 50 3,132 6.26  blue 251
Example2 ~ ADN Compound 16 6.27 50 3,055 6.11 blue 315
Example 3 ADN Compound 19 6.20 50 3,065 6.13  blue 264
Example4  ADN Compound 25 6.27 50 3,185 6.37  blue 298
Example 5 ADN Compound 29 6.26 50 2,985 597  blue 253
Example 6 ~ADN Compound 39 6.29 50 3,115 6.23  bluish green 241
Example 7 ADN Compound 47 6.18 50 3,019 6.03  bluish green 263
Example8  ADN Compound 56 6.20 50 3,022 6.04  bluish green 244
Example9 ~ ADN Compound 62 6.23 50 3,215 6.43  bluish green 249
Comparative  ADN DPAVBi 7.85 50 2,065 413 blue 145

Example 1

LA half life-span at a current density of 100 mA/cm?
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[0264] Referring to Table 2, the organic light-emitting
devices of Examples 1 to 9 were found to have better perfor-
mance in terms of driving voltage, luminance, efficiency, and
lifetime, as compared with the organic light-emitting device
of Comparative Example 1.

[0265] As described above, an organic light-emitting
device including the heterocyclic compound according to
embodiments of the present invention may have a high per-
formance, for example, a low driving voltage, a high lumi-
nance, a high efficiency, and a long lifetime.

[0266] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims

‘What is claimed is:

1. A heterocyclic compound represented by Formula 1A
below:

[Formula [A]

wherein, in Formula 1A, R, to R ; are each independently
one of a hydrogen atom, a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, a
carboxyl group, a substituted or unsubstituted C,-C;,
alkyl group, a substituted or unsubstituted C,-C,, alk-
enyl group, a substituted or unsubstituted C,-C;, alky-
nyl group, a substituted or unsubstituted C,-C,,, alkoxy
group, a substituted or unsubstituted C;-C,, cycloalkyl
group, a substituted or unsubstituted C;-C,, cycloalk-
enyl group, a substituted or unsubstituted C5-C,,, aryl
group, a substituted or unsubstituted C,-C;, heteroaryl
group, a substituted or unsubstituted C5-C;, aryloxy
group, a substituted or unsubstituted Cs-C;,, arylthio
group, a—N(Q, )(Q,) group, and a group represented by
Formula 1B below, wherein Q, and Q, are each inde-
pendently one of a hydrogen atom, a deuterium atom, a
substituted or unsubstituted C,-C,,, alkyl group, a sub-
stituted or unsubstituted C,-C;, alkenyl group, a substi-
tuted or unsubstituted C,-C,, alkynyl group, a substi-
tuted or unsubstituted C,-C;, alkoxy group, a
substituted or unsubstituted C;-C;,, cycloalkyl group, a
substituted or unsubstituted C;-C,,, cycloalkenyl group,
a substituted or unsubstituted C4-C,, aryl group, a sub-
stituted or unsubstituted C4-C,,, aryloxy group, a substi-
tuted or unsubstituted C4-C;, arylthio group, and a sub-
stituted or unsubstituted C,-C,,, heteroaryl group:

Formula IB

Ry
Atz Ar)
\ /
B-]—N\
Rys Ary
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wherein, in Formula 1B, R,, and R, 5 are each indepen-
dently one of a hydrogen atom, a deuterium atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, a carboxyl group, a substituted or unsubstituted
C,-C5, alkyl group, a substituted or unsubstituted

,-C4o alkenyl group, a substituted or unsubstituted

,-C5o alkynyl group, a substituted or unsubstituted

1-C5o alkoxy group, a substituted or unsubstituted
C;-C,, cycloalkyl group, a substituted or unsubstituted
C5-C5, cycloalkenyl group, a substituted or unsubsti-
tuted C5-C;, aryl group, a substituted or unsubstituted
C,-C;, heteroaryl group, a substituted or unsubstituted
C5-C5, aryloxy group, and a substituted or unsubstituted
Cs-C, arylthio group;

at least one of R to R, 5 is a group represented by Formula
1B above;

Ar, and Ar, are each independently a substituted or unsub-
stituted Cs5-C;, aryl group or a substituted or unsubsti-
tuted C,-C,, heteroaryl group, wherein Ar, and Ar, are
optionally linked to each other;

A and B are a divalent linker, and are each independently
one of a substituted or unsubstituted C5-C,, arylene
group or a substituted or unsubstituted C;-C,, het-
eroarylene group; and

a is an integer from 0 to 3, and b is an integer from O to 3,
wherein if a is 2 or greater, the two or more A are
identical to or different from each other, and if b is 2 or
greater, the two or more B are identical to or different
from each other.

[oRoKe!

2. The heterocyclic compound of claim 1, wherein Ar; and
Ar, are each independently one of a substituted or unsubsti-
tuted phenyl group, a substituted or unsubstituted biphenyl
group, a substituted or unsubstituted terphenyl group, a sub-
stituted or unsubstituted naphthyl group, a substituted or
unsubstituted phenoxy group, a substituted or unsubstituted
fluorenyl group, a substituted or unsubstituted spiro-fluorenyl
group, a substituted or unsubstituted carbozolyl group, a sub-
stituted or unsubstituted phenanthrenyl group, a substituted
or unsubstituted pyranyl group, a substituted or unsubstituted
pyridinyl group, a substituted or unsubstituted pyrimidinyl
group, a substituted or unsubstituted diazinyl group, a substi-
tuted or unsubstituted triazinyl group, a substituted or unsub-
stituted quinolinyl group, a substituted or unsubstituted ben-
zoimidazolyl group, a substituted or unsubstituted
benzoxazolyl group, a substituted or unsubstituted pentalenyl
group, a substituted or unsubstituted indenyl group, a substi-
tuted or unsubstituted azulenyl group, a substituted or unsub-
stituted heptalenyl group, a substituted or unsubstituted
indacenyl group, a substituted or unsubstituted acenaphthyl
group, a substituted or unsubstituted phenalenyl group, a
substituted or unsubstituted phenanthridinyl group, a substi-
tuted or unsubstituted anthryl group, a substituted or unsub-
stituted fluoranthenyl group, a substituted or unsubstituted
triphenylenyl group, a substituted or unsubstituted pyrenyl
group, a substituted or unsubstituted chrysenyl group, a sub-
stituted or unsubstituted naphthacenyl group, a substituted or
unsubstituted picenyl group, a substituted or unsubstituted
perylenyl group, a substituted or unsubstituted pentaphenyl
group, a substituted or unsubstituted hexacenyl group, a sub-
stituted or unsubstituted pyrrolyl group, a substituted or
unsubstituted imidazolinyl group, a substituted or unsubsti-
tuted pyrazolyl group, a substituted or unsubstituted imida-
zopyridinyl group, a substituted or unsubstituted pyrazinyl
group, a substituted or unsubstituted imidazopyrimidinyl
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group, a substituted or unsubstituted pyridazinyl group, a
substituted or unsubstituted indolyl group, a substituted or
unsubstituted indolizinyl group, a substituted or unsubsti-
tuted isoindolyl group, a substituted or unsubstituted pyrido-
indolyl group, a substituted or unsubstituted indazolyl group,
a substituted or unsubstituted carbazolyl group, a substituted
or unsubstituted purinyl group, a substituted or unsubstituted
benzoquinolinyl group, a substituted or unsubstituted
phthalazinyl group, a substituted or unsubstituted naphthy-
ridinyl group, a substituted or unsubstituted quinoxalinyl
group, a substituted or unsubstituted quinazolinyl group, a
substituted or unsubstituted cinnolinyl group, a substituted or
unsubstituted phenazinyl group, a substituted or unsubsti-
tuted furanyl group, a substituted or unsubstituted benzofura-
nyl group, a substituted or unsubstituted dibenzofuranyl
group, a substituted or unsubstituted thiophenyl group, a sub-
stituted or unsubstituted benzothiophenyl group, a substi-
tuted or unsubstituted dibenzothiophenyl group, a substituted
or unsubstituted thiazolyl group, a substituted or unsubsti-
tuted isothiazolyl group, a substituted or unsubstituted ben-
zothiazolyl group, a substituted or unsubstituted oxazolyl
group, a substituted or unsubstituted isoxazolyl group, a sub-
stituted or unsubstituted oxadiazolyl group, a substituted or
unsubstituted triazolyl group, and a substituted or unsubsti-
tuted tetrazolyl group.

3. The heterocyclic compound of claim 1, wherein Ar, and
Ar, are each independently one of the groups represented by
Formulae 2A to 2] below;

Formula 2A
*
/
TN
— le)r
Formula 2B
K — N
\ >
\ /
/\(\le)r
Formula 2C
* —
~
/
N\ A\
— Zu)
Formula 2D
Formula 2E
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-continued

(Z12)s

A

Formula 2F

*\_

& /

(Z11)7

Formula 2G
7 \‘/6212)5
Y
(Zu)r\—
< Zyy
\
X /Y
Formula 2H
Formula 21
Formula 27
Z12)s
0. \/( 12)
Zird |
1)r
</\ \ =
et

wherein, in Formulae 2A to 2], Z,,, Z,,, Z,5, and 7, are
eachindependently one of'a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
a substituted or unsubstituted methyl group, a substi-
tuted or unsubstituted ethyl group, a substituted or
unsubstituted propyl group, a substituted or unsubsti-
tuted butyl group, a substituted or unsubstituted meth-
0Xy group, a substituted or unsubstituted ethoxy group,
a substituted or unsubstituted phenyl group, a substi-
tuted or unsubstituted naphthyl group, a substituted or
unsubstituted anthryl group, a substituted or unsubsti-
tuted pyridinyl group, and a substituted or unsubstituted
quinolyl group;

a plurality of Z,,, Z,,, Z,5, and Z,, are identical to or
different from each other;

1, is an integer from 1 to 9;

s is an integer from 1 to 5;

* indicates a binding site.

4. The heterocyclic compound of claim 3, wherein Ar, and

Ar, are each independently one of the groups represented by
Formulae 3A to 3S below:
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Formula 3A
*
Formula 3B
<\ N
>/
Formula 3C
D D
DAQi D
* D
Formula 3D
F
| b
E /
Formula 3E
CHj3
* \
Formula 3F
OCH;
| b
* /
Formula 3G
CN
* \
Formula 3H
Si—
| b
3k /
Formula 31
\Y
X/
Formula 37

C
>

-continued
\Y
X/

N
x

*,
i

4
\:/ O’

ofe
1S
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Formula 3K

Formula 3L

Formula 3M

Formula 3N

Formula 30

Formula 3P

Formula 3Q

Formula 3R
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-continued
Formula 3S

/ N\
X

*

wherein, in Formulae 3A to 3S, * indicates a binding site.

5. The heterocyclic compound of claim 1, wherein A and B
are each independently one of a substituted or unsubstituted
phenylene group, a substituted or unsubstituted naphthylene
group, a substituted or unsubstituted fluorenylene group, a
substituted or unsubstituted carbazolylene group, a substi-
tuted or unsubstituted dibenzothiophenylene group, a substi-
tuted or unsubstituted pyridinylene group, a substituted or
unsubstituted pyrimidinylene group, a substituted or unsub-
stituted triazinylene group, a substituted or unsubstituted
anthrylene group, a substituted or unsubstituted phenanthre-
nyl group, a substituted or unsubstituted pyrenylene group, a
substituted or unsubstituted chrysenylene group, a substi-
tuted or unsubstituted perylenylene group, a substituted or
unsubstituted spiro-fluorenylene group, a substituted or
unsubstituted furanylene group, a substituted or unsubsti-
tuted thiophenylene group, and a substituted or unsubstituted
oxadiazolylene group.

6. The heterocyclic compound of claim 1, wherein Ar, and
Ar, are each independently one of the groups represented by
Formulae 4A to 4L below;

» Formula 4A
_/
[ole;
NI 2,)
Formula 4B
Q />
XS 721),
Formula 4C
>/ \ N\ (Z22)
(Zzl)v/\=§_/\(>
Formula 4D
ZZI)V\/_\_/_\/ Z23)w
L= 5
W
(Zzz
Formula 4E

(Zzz)w

\/ (Z23)x
¥

xl
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Formula 4F
Z) | \/\7
21)v \ \(~Z
< > 22)w
2/
. Formula 4G
B!
F /
x | \ > @,
s
Z21)y
Formula 4H
Formula 41
(Z21)w
o Formula 4]
-

*/\\)
Formula 4K

()

A

*)\\)

Formula 4L

\<\j(

wherein, in Formulae 4A to 4L, Z,,, Z,, and Z, are each
independently one of a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
a substituted or unsubstituted methyl group, a substi-
tuted or unsubstituted ethyl group, a substituted or
unsubstituted propyl group, a substituted or unsubsti-
tuted butyl group, a substituted or unsubstituted meth-
OXy group, a substituted or unsubstituted ethoxy group,
a substituted or unsubstituted phenyl group, a substi-
tuted or unsubstituted naphthyl group, and a substituted
or unsubstituted pyridinyl group, wherein a plurality of
75, 7,5, and Z,, are identical to or different from each
other;
v, w, and x are an integer from 1 to 4; and
* and *' indicate binding sites.
7. The heterocyclic compound of claim 6, wherein A and B
are each independently one of the groups represented by
Formulae 5A to 5R below:
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Formula SA

%

. Formula 5B
K
®
=
* N
Formula 5C
*
®
N
* /
Formula 5D
*
| i
Formula 5E
O W
* O
Formula 5F
*
Formula 5G
. ®
*
Formula SH
” i
* O
Formula 51
1 o
|
Formula 57

g
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Formula 5K

Formula 5L

Formula SM

Formula SN

Formula 50

Formula 5P

Formula 5Q
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-continued

)
N

Formula SR

wherein, in Formulae 5A to 5R, * and *' indicate binding

sites.

8. The heterocyclic compound of claim 1, wherein R, to
R,; are each independently one of a hydrogen atom, a deute-
rium atom, a halogen atom, a hydroxyl group, a cyano group,
anitro group, a carboxyl group, a substituted or unsubstituted
methyl group, a substituted or unsubstituted ethyl group, a
substituted or unsubstituted propyl group, a substituted or
unsubstituted butyl group, a substituted or unsubstituted pen-
tyl group, a substituted or unsubstituted ethenyl group, a
substituted or unsubstituted phenyl group, a substituted or
unsubstituted biphenyl group, a substituted or unsubstituted
terphenyl group, a substituted or unsubstituted naphthyl
group, a substituted or unsubstituted anthryl group, a substi-
tuted or unsubstituted phenanthrenyl group, a substituted or
unsubstituted fluorenyl group, a substituted or unsubstituted
carbazolyl group, a substituted or unsubstituted pyranyl
group, a substituted or unsubstituted pyridinyl group, a sub-
stituted or unsubstituted pyrimidinyl group, a substituted or
unsubstituted pyrazinyl group, a substituted or unsubstituted
pyridazinyl group, a substituted or unsubstituted triazinyl
group, a substituted or unsubstituted quinolinyl group, a sub-
stituted or unsubstituted benzoimidazolyl group, a substi-
tuted or unsubstituted benzooxazolyl group, a substituted or
unsubstituted pentalenyl group, a substituted or unsubstituted
indenyl group, a substituted or unsubstituted pyrrolyl group,
a substituted or unsubstituted imidazolyl group, a substituted
or unsubstituted pyrazolyl group, a N(Q, )(Q,) group, and a
group represented by Formula 1B below, wherein Q, and Q,
are each independently one of a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a carboxyl group, a
substituted or unsubstituted methyl group, a substituted or
unsubstituted ethyl group, a substituted or unsubstituted pro-
pyl group, a substituted or unsubstituted butyl group, a sub-
stituted or unsubstituted pentyl group, a substituted or unsub-
stituted phenyl group, a substituted or unsubstituted naphthyl
group, a substituted or unsubstituted anthryl group, a substi-
tuted or unsubstituted fluorenyl group, a substituted or unsub-
stituted carbazolyl group, and a substituted or unsubstituted

pyridinyl group:

Formula | B
R4
*—tAtZ /Arl
\ B4-N
Ris Ary

R,, and R, are each independently one of a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a substituted or unsubstituted
methyl group, a substituted or unsubstituted ethyl group,
asubstituted or unsubstituted propyl group, a substituted
or unsubstituted butyl group, a substituted or unsubsti-
tuted pentyl group, a substituted or unsubstituted ethe-
nyl group, a substituted or unsubstituted phenyl group, a
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substituted or unsubstituted naphthyl group, a substi-
tuted or unsubstituted anthryl group, and a substituted or
unsubstituted pyridinyl group, and a substituted or
unsubstituted phenanthrenyl group;

Ar, and Ar, are each independently one of a substituted or
unsubstituted phenyl group, a substituted or unsubsti-
tuted terphenyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted phenan-
threnyl group, a substituted or unsubstituted pyrenyl
group, a substituted or unsubstituted anthryl group, a
substituted or unsubstituted fluorenyl group, a substi-
tuted or unsubstituted spiro-fluorenyl group, a substi-
tuted or unsubstituted dibenzothiophenyl group, a sub-
stituted or unsubstituted dibenzofuranyl group, a
substituted or unsubstituted carbazolyl group, a substi-
tuted or unsubstituted pyridinyl group, a substituted or
unsubstituted pyrimidinyl group, a substituted or unsub-
stituted triazinyl group, a substituted or unsubstituted
chrysenyl group, a substituted or unsubstituted peryle-
nyl group, a substituted or unsubstituted spiro-fluorenyl
group, and a substituted or unsubstituted oxadiazolyl
group;

A and B are each independently one of a substituted or
unsubstituted phenylene group, a substituted or unsub-
stituted naphthylene group, a substituted or unsubsti-
tuted fluorenylene group, a substituted or unsubstituted
carbazolylene group, a substituted or unsubstituted
dibenzothiophenylene group, a substituted or unsubsti-
tuted pyridinylene group, a substituted or unsubstituted
pyrimidinylene group, a substituted or unsubstituted tri-
azinylene group, a substituted or unsubstituted
anthrylene group, a substituted or unsubstituted phenan-
threnyl group, a substituted or unsubstituted pyrenylene
group, a substituted or unsubstituted chrysenylene
group, a substituted or unsubstituted perylenylene
group, a substituted or unsubstituted spiro-fluorenylene
group, a substituted or unsubstituted furanylene group, a
substituted or unsubstituted thiophenylene group, and a
substituted or unsubstituted oxadiazolylene group; and

a is an integer from O to 2, and b is an integer from O to 2,
wherein if a is 2, the two A are identical to or different
from each other, and if' b is 2, the two B are identical to
or different from each other.

9. The heterocyclic compound of claim 8, wherein R, to
R, ; are each independently one of a hydrogen atom, a deute-
rium atom, a halogen atom, a substituted or unsubstituted
methyl group, a substituted or unsubstituted ethyl group, a
substituted or unsubstituted propyl group, a substituted or
unsubstituted butyl group, a group represented by Formula
1B above, and groups represented by Formulae 6A to 6L
below; and

R,, and R, are each independently one of a hydrogen
atom, a deuterium atom, and groups represented by For-
mulae 6A to 6L below:

Formula 6A

(Zs3 1{
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Formula 6B
(N:\/*
X/
(Zs JM
Formula 6C
_/N
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@i, ‘}\IJ
Formula 6D
N =\/*
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&N
Formula 6E
/ﬂ
X 7/
(Z3 1/
Formula 6F
Formula 6G
N
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F e
/
(Z3)g—
Formula 6H
(Z3l)p
Formula 61
Formula 6]

(Z32)q
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-continued
Formula 6K
*
\ x5
g~ / \
(Z32)g
Formula 6L
Z33 )
e (Z31)p
3k \
Z3

wherein, in Formulae 6A to 61, Z5,, Z5,, and Z,; are each
independently one of a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
a substituted or unsubstituted methyl group, a substi-
tuted or unsubstituted ethyl group, a substituted or
unsubstituted propyl group, a substituted or unsubsti-
tuted butyl group, a substituted or unsubstituted meth-
OXy group, a substituted or unsubstituted ethoxy group,
a substituted or unsubstituted ethenyl group, a substi-
tuted or unsubstituted phenyl group, a substituted or
unsubstituted naphthyl group, a substituted or unsubsti-
tuted anthryl group, a substituted or unsubstituted
pyridinyl group, a substituted or unsubstituted carba-
zolyl group, a substituted or unsubstituted quinolyl

group, and a N(Q,,)(Q,>) group;

Q,, and Q,, are each independently one of a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl
group, a substituted or unsubstituted methyl group, a
substituted or unsubstituted ethyl group, a substituted or
unsubstituted propyl group, a substituted or unsubsti-
tuted butyl group, a substituted or unsubstituted pentyl
group, a substituted or unsubstituted phenyl group, a
substituted or unsubstituted naphthyl group, a substi-
tuted or unsubstituted anthryl group, a substituted or
unsubstituted fluorenyl group, a substituted or unsubsti-
tuted carbazolyl group, and a substituted or unsubsti-
tuted pyridinyl group;

a plurality of Z, and Z, are identical to or different from
each other;

p is an integer from 1 to 9;
q is an integer from 1 to 5; and
* indicates a binding site.

10. The heterocyclic compound of claim 8, wherein R, to
R, ; are each independently one of a hydrogen atom, a deute-
rium atom, a halogen atom, a substituted or unsubstituted
methyl group, a substituted or unsubstituted ethyl group, a
substituted or unsubstituted propyl group, a substituted or
unsubstituted tert-butyl group, a cyano group, —CD,, —CFj,
a group represented by Formula 1B above, and groups repre-
sented by Formulae 7A to 7S below; and

R,, and R, are each independently one of a hydrogen
atom, a deuterium atom, and groups represented by For-
mulae 7A to 7H below:
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Formula 7A

Formula 7B

Formula 7C

Formula 7D

Formula 7E

Formula 7F

Formula 7G

Formula 7H

Formula 71
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Formula 77
N,
©/ \©\ "
Formula 7K
Formula 7L
N=—
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Nﬁ<
*
Formula 7M
*
Formula 7N
l i |
Formula 70
*
Formula 7P
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Formula 7Q
Formula 7R
(L
Formula 78

AN

*

wherein, in Formulae 7A to 7S, * indicates a binding site.
11. A heterocyclic compound represented by Formula 1C,
1D, or 1E below:

Formula IC

Formula 1D

Formula IE

wherein, in Formula 1C, 1D, and 1E, R, to R, ; are each
independently one of a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, a carboxyl group, a substituted or unsub-

May 9, 2013

stituted methyl group, a substituted or unsubstituted
ethyl group, a substituted or unsubstituted propyl group,
a substituted or unsubstituted butyl group, a substituted
or unsubstituted pentyl group, a substituted or unsubsti-
tuted ethenyl group, a substituted or unsubstituted phe-
nyl group, a substituted or unsubstituted biphenyl group,
a substituted or unsubstituted terphenyl group, a substi-
tuted or unsubstituted naphthyl group, a substituted or
unsubstituted anthryl group, a substituted or unsubsti-
tuted phenanthrenyl group, a substituted or unsubsti-
tuted fluorenyl group, a substituted or unsubstituted car-
bazolyl group, a substituted or unsubstituted pyranyl
group, a substituted or unsubstituted pyridinyl group, a
substituted or unsubstituted pyrimidinyl group, a substi-
tuted or unsubstituted pyrazinyl group, a substituted or
unsubstituted pyridazinyl group, a substituted or unsub-
stituted triazinyl group, a substituted or unsubstituted
quinolinyl group, a substituted or unsubstituted ben-
zoimidazolyl group, a substituted or unsubstituted ben-
zooxazolyl group, a substituted or unsubstituted pental-
enyl group, a substituted or unsubstituted indenyl group,
a substituted or unsubstituted pyrrolyl group, a substi-
tuted or unsubstituted imidazolyl group, a substituted or
unsubstituted pyrazolyl group, and a N(Q, )(Q,) group,
wherein Q, and Q, are each independently one of a
hydrogen atom, a deuterium atom, a halogen atom, a
hydroxyl group, a carboxyl group, a substituted or
unsubstituted methyl group, a substituted or unsubsti-
tuted ethyl group, a substituted or unsubstituted propyl
group, a substituted or unsubstituted butyl group, a sub-
stituted or unsubstituted pentyl group, a substituted or
unsubstituted phenyl group, a substituted or unsubsti-
tuted naphthyl group, a substituted or unsubstituted
anthryl group, a substituted or unsubstituted fluorenyl
group, a substituted or unsubstituted carbazolyl group,
and a substituted or unsubstituted pyridinyl group;

R,, and R, are each independently one of a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a substituted or unsubstituted
methyl group, a substituted or unsubstituted ethyl group,
a substituted or unsubstituted propyl group, a substituted
or unsubstituted butyl group, a substituted or unsubsti-
tuted pentyl group, a substituted or unsubstituted ethe-
nyl group, a substituted or unsubstituted phenyl group, a
substituted or unsubstituted naphthyl group, a substi-
tuted or unsubstituted anthryl group, and a substituted or
unsubstituted pyridinyl group, and a substituted or
unsubstituted phenanthrenyl group;

Ar, are each independently one of a substituted or unsub-
stituted phenyl group, a substituted or unsubstituted ter-
phenyl group, a substituted or unsubstituted naphthyl
group, a substituted or unsubstituted phenanthrenyl
group, a substituted or unsubstituted pyrenyl group, a
substituted or unsubstituted anthryl group, a substituted
or unsubstituted fluorenyl group, a substituted or unsub-
stituted spiro-fluorenyl group, a substituted or unsubsti-
tuted dibenzothiophenyl group, a substituted or unsub-
stituted dibenzofuranyl group, a substituted or
unsubstituted carbazolyl group, a substituted or unsub-
stituted pyridinyl group, a substituted or unsubstituted
pyrimidinyl group, a substituted or unsubstituted triazi-
nyl group, a substituted or unsubstituted chrysenyl
group, a substituted or unsubstituted perylenyl group, a
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substituted or unsubstituted spiro-fluorenyl group, and a -continued

substituted or unsubstituted oxadiazolyl group; o Formula 2F
12)s

A and B are each independently one of a substituted or
unsubstituted phenylene group, a substituted or unsub-
stituted naphthylene group, a substituted or unsubsti-
tuted fluorenylene group, a substituted or unsubstituted
carbazolylene group, a substituted or unsubstituted
dibenzothiophenylene group, a substituted or unsubsti-
tuted pyridinylene group, a substituted or unsubstituted
pyrimidinylene group, a substituted or unsubstituted tri-
azinylene group, a substituted or unsubstituted
anthrylene group, a substituted or unsubstituted phenan-
threnyl group, a substituted or unsubstituted pyrenylene
group, a substituted or unsubstituted chrysenylene
group, a substituted or unsubstituted perylenylene 7 n_{z 12)
group, a substituted or unsubstituted spiro-fluorenylene |
group, a substituted or unsubstituted furanylene group, a

. . . 7, 1 —
substituted or unsubstituted thiophenylene group, and a ( )\
substituted or unsubstituted oxadiazolylene group; and <\ /

Formula 2G

a is an integer from 0 to 2, and b is an integer from O to 2,
wherein if a is 2, the two A are identical to or different (Z12)s
from each other, and if b is 2, the two B are identical to Z3
or different from each other. N

12. The heterocyclic compound of claim 11, wherein Ar, \ /
and Ar, are each independently one of the groups represented ( Z“)\I
by Formulae 2A to 2J below: r Q

Formula 2H

Formula 21

Formula 2A

Formula 2]
Formula 2B

Formula 2C

wherein, in Formulae 2A to 2], Z,,, Z,,, Z,5, and 7, are
each independently one of a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
a substituted or unsubstituted methyl group, a substi-
Formula 2D tuted or unsubstituted ethyl group, a substituted or
— — unsubstituted propyl group, a substituted or unsubsti-
) tuted butyl group, a substituted or unsubstituted meth-
" \ 7w 7 Zu)’ OXy group, a substituted or unsubstituted ethoxy group,
a substituted or unsubstituted phenyl group, a substi-
—_— tuted or unsubstituted naphthyl group, a substituted or
Formula 2E unsubstituted anthryl group, a substituted or unsubsti-
tuted pyridinyl group, and a substituted or unsubstituted

quinolyl group;

a plurality of Z,,, Z,,, Z,5, and Z,, are identical to or
different from each other;

r is an integer from 1 to 9;

s, tand u are an integer from 1 to 4; and

* indicates a binding site.
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13. The heterocyclic compound of claim 11, wherein Ar,
and Ar, are each independently one of the groups represented
by Formulae 3A to 3S below:

Formula 3A
*
Formula 3B
<\ N
A/
Formula 3C
D D
DAQ D
* D
Formula 3D
F
| *
* /
Formula 3E
CHj3
K |
* \
Formula 3F
OCH;
S
* /
Formula 3G
CN
K |
* \
Formula 3H
Si—
| *
* /
Formula 31
\Y
/<\ /S
Formula 37

N
)
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Formula 3K

Formula 3L

Formula 3M

Formula 3N

Formula 30

Formula 3P

Formula 3Q

Formula 3R
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Formula 38

/' \
X

*

wherein, in Formulae 3A to 3S, * indicates a binding site.

14. The heterocyclic compound of claim 11, wherein A and
B are each independently one of the groups represented by
Formulae 4A to 4L below:

Formula 4A
— &
/
KA
=N/ Z21)
v
Formula 4B
(:N !
)
/
\_7 ZZJ)
Formula 4C
% )
Zz] \_\E
Formula 4D
Zu)\/—\_/—\ 223
_U_/
Formula 4E
Formula 4F
o
N
(zzl)\_ | /\ﬁ
v
Zzz)
§ =
X/
Formula 4G
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Formula 4H
Formula 41
Formula 47
¢}
5
N \)
N
*
Formula 4K
S
5
\\)
NS
£l
Formula 4L

wherein, in Formulae 4A to 4L, Z,,, Z,,, and Z, are each
independently one of a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
a substituted or unsubstituted methyl group, a substi-
tuted or unsubstituted ethyl group, a substituted or
unsubstituted propyl group, a substituted or unsubsti-
tuted butyl group, a substituted or unsubstituted meth-
0Xy group, a substituted or unsubstituted ethoxy group,
a substituted or unsubstituted phenyl group, a substi-
tuted or unsubstituted naphthyl group, and a substituted
or unsubstituted pyridinyl group, wherein a plurality of
75, 2,5, and Z,, are identical to or different from each
other;

v, w, and X are an integer from 1 to 4; and
* and *' indicate binding sites.

15. The heterocyclic compound of claim 11, wherein A and
B are each independently one of the groups represented by
Formulae 5A to 5R below:

Formula 5A

Formula 5B
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Formula 5C
*
X
N
" P
Formula 5D
w0
x ‘
Formula SE
O *
* O
Formula 5F
| O
*
Formula 5G
®
*
Formula 5SH
‘. )
* O
Formula 51
%ﬁ
*
Formula 51
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" O
Formula 5K
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Formula 5L
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Formula 5M
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Formula SN
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Formula 50
3
*
Formula 5P
"
‘CJ/
¥ \ |
Formula 5Q
4<Oj/ *
* \ |
Formula SR
O *
*

T

_~N

A

wherein, in Formulae 5A to 5R, * and *' indicate binding

sites.

16. The heterocyclic compound of claim 11, wherein R, to
R,; are each independently selected from the group consist-
ing of a hydrogen atom, a deuterium atom, a halogen atom, a
substituted or unsubstituted methyl group, a substituted or
unsubstituted ethyl group, a substituted or unsubstituted pro-
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pyl group, a substituted or unsubstituted butyl group, and
groups represented by Formulae 6 A to 6L below; and

R,, and R, are each independently one of a hydrogen
atom, a deuterium atom, and groups represented by For-
mulae 6A to 6L below:

Formula 6A

Formula 6B

Formula 6C

Formula 6D

Formula 6E

Formula 6F
Formula 6G

S

T
3k
F N e
/

@

Formula 6H
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Formula 61

Formula 61

s / \
\\(232)[1
. Formula 6K
S
Zsr5—
LA~ N\
)
Formula 6L
Z33 7 0
|_('231)p
AU
Z3

wherein, in Formulae 6A to 6L, Z,,, Z,,, and Z; are each
independently one of a hydrogen atom, a deuterium
atom, a halogen atom, a hydroxyl group, a cyano group,
a substituted or unsubstituted methyl group, a substi-
tuted or unsubstituted ethyl group, a substituted or
unsubstituted propyl group, a substituted or unsubsti-
tuted butyl group, a substituted or unsubstituted meth-
OXy group, a substituted or unsubstituted ethoxy group,
a substituted or unsubstituted ethenyl group, a substi-
tuted or unsubstituted phenyl group, a substituted or
unsubstituted naphthyl group, a substituted or unsubsti-
tuted anthryl group, a substituted or unsubstituted
pyridinyl group, a substituted or unsubstituted carba-
zolyl group, a substituted or unsubstituted quinolyl
group, and a N(Q,)(Q, ,) group;

Q,; and Q,, are each independently one of a hydrogen
atom, a deuterium atom, a halogen atom, a hydroxyl
group, a substituted or unsubstituted methyl group, a
substituted or unsubstituted ethyl group, a substituted or
unsubstituted propyl group, a substituted or unsubsti-
tuted butyl group, a substituted or unsubstituted pentyl
group, a substituted or unsubstituted phenyl group, a
substituted or unsubstituted naphthyl group, a substi-
tuted or unsubstituted anthryl group, a substituted or
unsubstituted fluorenyl group, a substituted or unsubsti-
tuted carbazolyl group, and a substituted or unsubsti-
tuted pyridinyl group;

a plurality of Z5, and Z,, are identical to or different from
each other;

p is an integer from 1 to 9;

q is an integer from 1 to 5; and

* indicates a binding site.



US 2013/0113367 Al

17. The heterocyclic compound of claim 11, wherein R to
R, ; are each independently one of a hydrogen atom, a deute-
rium atom, a halogen atom, a substituted or unsubstituted
methyl group, a substituted or unsubstituted ethyl group, a
substituted or unsubstituted propyl group, a substituted or
unsubstituted tert-butyl group, a cyano group, —CD;, —CFj,
and groups represented by Formulae 7A to 7S below; and

R,, and R, are each independently one of a hydrogen
atom, a deuterium atom, and groups represented by For-

mulae 7A to 7H below:

Formula 7A

Formula 7B

Formula 7C

Formula 7D

Formula 7E

Formula 7F

Formula 7G
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-continued
Formula 7TH
F
F. F
F k3
F
Formula 71
N\ i
Formula 7]
N
*
Formula 7K
Formula 7L
N=—
< > <\ ya
N4<
*
Formula 7M
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Formula 7N Formula 7Q
*

Formula 7R
Formula 70 C S

Formula 78

Formula 7P
* \

wherein, in Formulae 7A to 7S, * indicates a binding site.

18. The heterocyclic compound of claim 1, wherein the
heterocyclic compound of Formula 1A above is one of the
compounds represented by Formulae 1 to 7S below:
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74
75
19. The heterocyclic compound of claim 1, wherein the
heterocyclic compound of Formula 1A above is one of the
compounds represented by Formulae 8, 16, 19, 29,39, 47, 56,
and 62 below:
Compound 8 Compound 16

()
O
Q O

Q 0 O

Q.O O O
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Compound 39
N ()
SO~y
Compound 47
Compound 56

oUoaatstn

20. An organic light-emitting device comprising:
a first electrode;

a second electrode disposed opposite to the first electrode;
and

an organic layer disposed between the first electrode and
the second electrode,

wherein the organic layer comprises at least one layer, and
comprises at least one of the heterocyclic compound of
claim 1.

Compound 62

21. The organic light-emitting device of claim 20, wherein
the organic layer comprises at least one of a hole injection
layer, a hole transport layer, a hole injection and transport
layer having both hole injection and hole transport capabili-
ties, an emission layer, an electron injection layer, an electron
transport layer, and an electron injection and transport layer
having both electron injection and electron transport capa-
bilities.

22. The organic light-emitting device of claim 21, wherein
at least one of the emission layer, the hole injection layer, the
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hole transport layer, and the hole injection and transport layer
comprises the heterocyclic compound.

23. The organic light-emitting device of claim 21, wherein
the organic layer comprises the emission layer, the emission
layer comprises a host and a dopant, and the heterocyclic
compound is a fluorescent host, a phosphorescent host, or a
fluorescent dopant of the emission layer.

24. The organic light-emitting device of claim 22, wherein
the emission layer is a blue emission layer.

25. The organic light-emitting device of claim 21, wherein
the organic layer comprises the emission layer, the emission
layer comprises a host and a phosphorescent dopant.

26. The organic light-emitting device of claim 21, wherein
atleast one of the hole injection layer, the hole transport layer,
and the hole injection and transport layer further comprises a
charge generating material.

27. The organic light-emitting device of claim 21, wherein
the charge generating material is a p-type dopant.

28. The organic light-emitting device of claim 21, wherein
the organic layer comprises the electron transport layer, and
the electron transport layer comprises an electron transport-
ing organic compound and a metal-containing material.

29. The organic light-emitting device of claim 28, wherein
the metal-containing material comprises a lithium (Li) com-
plex.

30. The organic light-emitting device of claim 20, wherein
at least one layer of the organic layer is formed using a wet
process.
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