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(7) ABSTRACT

A styryl-based compound represented by Formula 1, a com-
position containing the styryl-based compound, and an
organic light-emitting diode (OLED) including the styryl-
based compound:

[Formula 1]
D
An—tLy Ary
"\ /
Lzﬁb—l\\
D Ar;.

The styryl-based compound may exhibit high heat resistance
and thus an OLED including the same may have low driving
voltage, high brightness, high efficiency, and long lifetime.
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STYRYL-BASED COMPOUND,
COMPOSITION CONTAINING
STYRYL-BASED COMPOUND, AND
ORGANIC LIGHT EMITTING DIODE
INCLUDING STYRYL-BASED COMPOUND

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This application claims the benefit of Korean Patent Appli-
cation No. 10-2011-0117161, filed on Nov. 10, 2011, in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a styryl-based compound
and an organic light-emitting diode (OLED) including the
same.

2. Description of the Related Art

Organic light-emitting diodes (OLEDs) are self-emitting
devices, have advantages such as a wide viewing angle, excel-
lent contrast, quick response, high brightness, and excellent
driving voltage, and can provide multicolored images.

A general OLED has a structure including a substrate, and
an anode, a hole transport layer (HTL), an emission 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 layers formed of
organic compounds.

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 excitons. When the excitons drop from an
excited state to a ground state, light is emitted.

SUMMARY OF THE INVENTION

The present invention provides a styryl-based compound
having a novel structure, a composition containing the styryl-
based compound, and an organic light-emitting diode
(OLED) including the styryl-based compound or the compo-
sition.

According to an aspect of the present invention, there is
provided a styryl-based compound represented by Formula 1
below:

Formula 1
D
Az—CLy Ar
a \ /
Lgﬁb—N\
D Ary

wherein Ar, is a substituted or unsubstituted Cq-C,, aryl
group having two ore more rings fused with each other, or a
substituted or unsubstituted C,-C,, heteroaryl group having
two ore more rings fused with each other;
Ar, and Ar, are each independently a substituted or unsubsti-
tuted C5-Cy, aryl group or a substituted or unsubstituted
C,-Cg heteroaryl group;
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2

L, and L, are each independently a substituted or unsubsti-
tuted C5-Cg, arylene group or a substituted or unsubsti-
tuted C,-Cg, heteroarylene group; and

a and b are each independently an integer of O to 5.
According to another aspect of the present invention, there

is provided a composition containing a styryl-based com-

pound, including a styryl-based compound represented by

Formula 1 below; and at least one of a styryl-based compound

represented by Formula 1-1H-1 below, a styryl-based com-

pound represented by Formula 1-1H-2 below, and a styryl-
based compound represented by Formula 1-2H below:

Formula 1
D
A—€ L \ Ar
Ly77N
D Any
Formula 1-1H-1
D
An—tLi9g \ Ar
LN
H Any
Formula 1-1H-2
T
An—tL7 \ Ar|
Lz-}b—N
D Ary
Fomula 1-2H
H
Atz—tLi9g \ Ary
Lz-}b—N
2 Ar,

wherein substituents of Formulae 1-1H-1, 1-1H-2, and
1-2H are defined in a detailed description of Formula 1.

According to another aspect of the present invention, there
is provided an organic light-emitting diode (OLED) includ-
ing a first electrode; a second electrode facing the first elec-
trode; and an organic layer interposed between the first elec-
trode and the second electrode, wherein the organic layer
includes at least one of the styryl-based compound, or at least
one of the composition containing a styryl-based compound.

BRIEF DESCRIPTION OF THE DRAWINGS

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 drawings in which:

FIG. 11s a schematic diagram illustrating an organic light-
emitting diode (OLED) according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the present embodiments will be described
more fully with reference to the accompanying drawing, in
which exemplary embodiments are shown. As used herein,
the term “and/or” includes any and all combinations of one or
more of the associated listed items. Expressions such as “at
least one of,” when preceding a list of elements, modify the
entire list of elements and do not modify the individual ele-
ments of the list.
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A styryl-based compound according to an embodiment of
the present invention is represented by Formula 1 below:

Formula 1
D
Ary—t L \ /Arl
Ly N
D Ary

wherein Ar; may be a substituted or unsubstituted C4-C,,
aryl group having two ore more rings fused with each other, or
asubstituted or unsubstituted C,-C,, heteroaryl group having
two ore more rings fused with each other.

For example, in Formula 1, Ar; may be a substituted or
unsubstituted naphthyl group, a substituted or unsubstituted
phenanthrenyl group, a substituted or unsubstituted anthryl
group, a substituted or unsubstituted pyrenyl group, a substi-
tuted or unsubstituted chrysenyl group, a substituted or
unsubstituted fluorenyl group, a substituted or unsubstituted
carbazolyl group, a substituted or unsubstituted dibenzofura-
nyl group, or a substituted or unsubstituted dibenzothiophe-
nyl group. In this case, at least one substituent of the substi-
tuted naphthyl group, phenanthrenyl group, anthryl group,
pyrenyl group, chrysenyl group, fluorenyl group, carbazolyl
group, dibenzofuranyl group, and dibenzothiophenyl group
may be selected from deuterium; a halogen atom; a hydroxyl
group; a cyano group; a nitro group; an amino group; an
amidino group; hydrazine; hydrazone; a carboxyl group or a
salt thereof; a sulfonic acid group or a salt thereof; a phos-
phoric acid or a salt thereof; a C,-C,, alkyl group; a C,-C,,
alkoxy group; a phenyl group; a naphthyl group; a fluorenyl
group; a phenanthrenyl group; an anthryl group; a triphenyle-
nyl group; a pyrenyl group; a chrysenyl group; an imidazolyl
group; an imidazolinyl group; an imidazopyridinyl group; an
imidazopyrimidinyl group; a pyridinyl group; a pyrazinyl
group; a pyrimidinyl group; an indolyl group; and a phenyl
group, a naphthyl group, a fluorenyl group, a phenanthrenyl
group, an anthryl group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group, an imidazolyl group, an imidazoli-
nyl group, an imidazopyridinyl group, an imidazopyrimidinyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, and an indolyl group that are substituted with at least
one of deuterium, a halogen atom, a hydroxy! group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine, hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or asalt thereof, a phosphoric acid or a salt
thereof, a C,-C,,, alkyl group, and a C,-C,, alkoxy group.

According to Ar, in Formula 1, the styryl-based compound
represented by Formula 1 may be represented by any one of
Formulae 1A through 11 below:

Formula 1A
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-continued
Formula 1B
D
—tLi; Ar)
\ /
L¥-N
\
D Ay
4
p'\Zl)
Formula 1C
D
7 N | S
i —— |1 Ar
q(ZI) I : \ / !
\/\/ F LZ-)b—N\
D Any
Formula 1D
i P
—tLi3; \ /AI1
N L3N
| \
_ P D Ar)
/\ P
L)y 21y
Formula 1E
Ary
L ﬁ—N/
2T
\
Ar,
Formula 1F
Ar)
L -)—N/
27p
\
Ay
Formula 1G
Ary
Ly95-N
An
Formula 1H
(/ZZ)p
\ / —tL g Ar
177 Ary
\ /
N LN
/ \
7 D Ar,
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-continued
Formula 11
Z1)y
\ / 0
—tLi; \ /Arl
Tj LZ-)b—N\

D Ary

In Formulae 1A through I1, Z, through 7Z; may be each
independently hydrogen; deuterium; a halogen atom; a
hydroxyl group; a cyano group; a nitro group; an amino
group; an amidino group; hydrazine; hydrazone; a carboxyl
group or a salt thereof; a sulfonic acid group or a salt thereof;
a phosphoric acid or a salt thereof; a C,-C,alkyl group; a
C,-C,salkoxy group; a phenyl group; a naphthyl group; a
fluorenyl group; a phenanthreny! group; an anthryl group; a
triphenylenyl group; a pyrenyl group; a chryseny! group; an
imidazolyl group; an imidazolinyl group; an imidazopyridi-
nyl group; an imidazopyrimidinyl group; a pyridinyl group; a
pyrazinyl group; a pyrimidinyl group; an indolyl group; an
and phenyl group, a naphthyl group, a fluorenyl group, a
phenanthrenyl group, an anthryl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, an imidazolyl
group, an imidazolinyl group, an imidazopyridinyl group, an
imidazopyrimidinyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, and an indolyl group that are
substituted by at least one of deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt thereof,
a phosphoric acid or a salt thereof, a C,-C, jalkyl group, and
a C,-C, jalkoxy group. In this case, two or more neighboring
substituents from among Z, through Z; may be optionally
fused with each other or may be optionally connected by a
single bond.

For example, 7, through Z, may be each independently
hydrogen, deuterium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid or a salt thereof, a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a heptyl
group, an octyl group, a phenyl group, a naphthyl group, a
fluorenyl group, a deuterated phenyl group, or a dimeth-
ylfluorenyl group. In this case, when 7, and Z, of Formula 1G
are each a phenyl group, 7, and Z, may be connected by a
single bond.

In Formulae 1A through 11, T, may be O or S.

In Formulae 1 A through 11, p may be an integer of 1 to 7,
and q may be an integer of 1 to 4. When p is 2 or more, at least
two Z, may be identical to or different from each other and at
least two 7, may be identical to or different from each other.
When q is 2 or more, at least two Z, may be identical to or
different from each other.

In Formula 1, Ar, and Ar, may be each independently a
substituted or unsubstituted C5-C g aryl group or a substituted
or unsubstituted C,-C soheteroaryl group. In this case, at least
one substituent of the substituted C5-Cy aryl group and the
substituted C,-Cg, heteroaryl group may be selected from
deuterium; a halogen atom; a hydroxyl group; a cyano group;
anitro group; an amino group; an amidino group; hydrazine;
hydrazone: a carboxyl group or a salt thereof; a sulfonic acid
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group or a salt thereof; a phosphoric acid or a salt thereof, a
C,-C palkyl group; a C,-C, salkoxy group; a phenyl group; a
naphthyl group; a fluorenyl group; a phenanthrenyl group; an
anthryl group; a triphenylenyl group; a pyrenyl group; a chry-
senyl group; an imidazolyl group; an imidazolinyl group; an
imidazopyridinyl group; an imidazopyrimidinyl group; a
pyridinyl group; a pyrazinyl group; a pyrimidinyl group; an
indolyl group; and a phenyl group, a naphthyl group, a fluo-
renyl group, a phenanthrenyl group, an anthryl group, a triph-
enylenyl group, a pyrenyl group, a chrysenyl group, an imi-
dazolyl group, an imidazolinyl group, an imidazopyridinyl
group, an imidazopyrimidinyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, and an indolyl group
that are substituted by at least one of deuterium, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, a phosphoric acid or a salt thereof, a C,-C,alkyl
group, and a C,-C, jalkoxy group.

For example, in Formula 1, Ar, and Ar, may be each inde-
pendently, but are not limited to, a substituted or unsubsti-
tuted phenyl group, a substituted or unsubstituted pentalenyl
group, a substituted or unsubstituted indenyl group, a substi-
tuted or unsubstituted naphthyl group, a substituted or unsub-
stituted azulenyl group, a substituted or unsubstituted heptal-
enyl group, a substituted or unsubstituted indacenyl group, a
substituted or unsubstituted acenaphthyl group, a substituted
or unsubstituted fluorenyl group, a substituted or unsubsti-
tuted spiro-fluorenyl group, a substituted or unsubstituted
phenalenyl group, a substituted or unsubstituted phenanthre-
nyl group, a substituted or unsubstituted anthryl group, a
substituted or unsubstituted fluoranthenyl group, a substi-
tuted 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 substi-
tuted or unsubstituted perylenyl group, a substituted or
unsubstituted pentaphenyl group, a substituted or unsubsti-
tuted hexacenyl group, a substituted or unsubstituted pyrrolyl
group, a substituted or unsubstituted imidazolyl group, a sub-
stituted or unsubstituted pyrazolyl group, a substituted or
unsubstituted pyridinyl group, a substituted or unsubstituted
pyrazinyl group, a substituted or unsubstituted pyrimidinyl
group, a substituted or unsubstituted pyridazinyl, a substi-
tuted or unsubstituted isoindolyl group, a substituted or
unsubstituted indolyl group, a substituted or unsubstituted
indazolyl group, a substituted or unsubstituted purinyl group,
a substituted or unsubstituted quinoliny] group, a substituted
or unsubstituted benzoquinolinyl group, a substituted or
unsubstituted phthalazinyl group, a substituted or unsubsti-
tuted naphthyridinyl group, a substituted or unsubstituted
quinoxalinyl group, a substituted or unsubstituted quinazoli-
nyl group, a substituted or unsubstituted cinnolinyl group, a
substituted or unsubstituted carbazolyl group, a substituted or
unsubstituted phenanthridinyl group, a substituted or unsub-
stituted acridinyl group, a substituted or unsubstituted
phenanthroliny] group, a substituted or unsubstituted phena-
zinyl group, a substituted or unsubstituted benzoxazolyl
group, a substituted or unsubstituted benzoimidazolyl group,
a substituted or unsubstituted furanyl group, a substituted or
unsubstituted benzofuranyl group, a substituted or unsubsti-
tuted thiophenyl group, a substituted or unsubstituted ben-
zothiophenyl group, a substituted or unsubstituted thiazolyl
group, a substituted or unsubstituted isothiazolyl group, a
substituted or unsubstituted benzothiazolyl group, a substi-
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tuted or unsubstituted isoxazolyl group, a substituted or
unsubstituted oxazolyl group, a substituted or unsubstituted
triazolyl group, a substituted or unsubstituted tetrazolyl
group, a substituted or unsubstituted oxadiazolyl group, a
substituted or unsubstituted triazinyl group, a substituted or
unsubstituted benzoxazolyl group, a substituted or unsubsti-
tuted dibenzofuranyl group, a substituted or unsubstituted
dibenzothiophenyl group, or a substituted or unsubstituted
benzocarbazolyl group.

For example, in Formula 1 above, Ar, and Ar, may be each
independently, but are not limited to, a substituted or unsub-
stituted phenyl group, a substituted or unsubstituted naphthyl
group, a substituted or unsubstituted phenanthrenyl group, a
substituted or unsubstituted pyrenyl group, a substituted or
unsubstituted carbazolyl group, a substituted or unsubstituted
fluorenyl group, a substituted or unsubstituted dibenzofura-
nyl group, a substituted or unsubstituted dibenzothiophenyl
group, or a substituted or unsubstituted benzocarbazolyl
group.

Ar, and Ar, may be each independently represented by any
one of Formulae 2A through 2] below:

Formula 2A

N N
:Qi
*

N N

= &

N

Formula 2B

/
/

*

§

Z1)r

Formula 2C

)

*
|

\y
»
e

Z1)r

(Z12)s
Formula 2D

g
/

@1,

a4
—i(le)s
X

Formula 2E

/\ (Z14)s

A=
L ]

Zy3)r
Formula 2F

Z—

4

/\(213)5

=
L]

Z1)r
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-continued

Formula 2G

N

|
| @),
a
—(Z12)s

Formula 2H
Formula 21
Formula 2J

In Formulae 2A through 2J above, Z, | through Z, ; may be
each independently selected from hydrogen; deuterium; a
halogen atom; ahydroxyl group; a cyano group; a nitro group;
an amino group; an amidino group; hydrazine; hydrazone; a
carboxyl group or a salt thereof; a sulfonic acid group or a salt
thereof; a phosphoric acid or a salt thereof; a C,-C,jalkyl
group; a C,-C, jalkoxy group; a phenyl group; a naphthyl
group; a fluorenyl group; a phenanthrenyl group; an anthryl
group; a triphenylenyl group; a pyrenyl group; a chrysenyl
group; an imidazolyl group; an imidazolinyl group; an imi-
dazopyridinyl group; an imidazopyrimidinyl group; a pyridi-
nyl group; a pyrimidinyl group; a pyraziny! group; an indolyl
group; and a phenyl group, a naphthyl group, a fluorenyl
group, a phenanthrenyl group, an anthryl group, a triphenyle-
nyl group, a pyrenyl group, a chrysenyl group, an imidazolyl
group, an imidazolinyl group, an imidazopyridinyl group, an
imidazopyrimidinyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, and an indolyl group that are
substituted with at least one of deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt thereof,
a phosphoric acid or a salt thereof, a C,-C, salkyl group, and
a C,-Calkoxy group. In this case, two or more neighboring
substituents from among 7, through 7, ; may be optionally
fused with each other or may be optionally connected by a
single bond.

In Formulae 2A through 27 above, T, may be O or S.

In Formulae 2A and 2] above, r may be an integer of 1 to 7
and s may be an integer of 1 to 5. When r is 2 or more, at least
two Z,; may be identical to or different from each other and at
least two 7,5 may be identical to or different from each other.
When s is 2 or more, at least two Z,, may be identical to or
different from each other.
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For example, Ar, and Ar, may be each independently rep-
resented by any one of Formulae 3A through 30 below:

Formula 3A
*
Formula 3B
*
Zy i Z1s
713
Formula 3C
®
Zy
Formula 3D
*
Zy i
Formula 3E
*
7y Zis
Zy Zy
Zy
Formula 3F
. *
Formula 3G
l |
Formula 3H
CO &
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-continued
Formula 31
' |
Formula 37
711
N
*
Formula 3K
Zu L
Formula 3L
*
Ty
Formula 3M
T
Formula 3N
iTll
*
Formula 30

wherein a detailed descriptionof Z,, through 7, 5 is already
provided above (however, Formulae 3A through 30 above,
Z,, through 7, ; are not hydrogen). For example, in Formulae
3A through 30 above, 7, , through Z, ; may be each indepen-
dently, but are not limited to, deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt thereof,
a phosphoric acid or a salt thereof, a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl
group, a heptyl group, an octyl group, a phenyl group, a
naphthyl group, or a fluorenyl group. In Formulae 3 A through
30 above, T,, may be O or S.

In Formula 1 above, L, and L., may be each independently
a substituted or unsubstituted C5-C, arylene group or a sub-
stituted or unsubstituted C,-Cgoheteroarylene group. At least
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one substituent of the substituted C5-Cy, arylene group and
the substituted C,-Cy, heteroarylene group may be selected
from deuterium; a halogen atom; a hydroxyl group; a cyano
group; a nitro group; an amino group; an amidino group;
hydrazine; hydrazone; a carboxyl group or a salt thereof; a
sulfonic acid group or a salt thereof; a phosphoric acid or a
salt thereof; a C,-C,, alkyl group; a C,-C |, alkoxy group; a
phenyl group, a naphthyl group, a fluorenyl group, a phenan-
threnyl group, an anthryl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, an imidazolyl group. an
imidazolinyl group, an imidazopyridinyl group, an imida-
zopyrimidinyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, and an indolyl group; and a phenyl group,
a naphthyl group, a fluorenyl group, a phenanthrenyl group,
an anthryl group, a triphenylenyl group, a pyrenyl group, a
chrysenyl group, an imidazolyl group, an imidazolinyl group,
an imidazopyridinyl group, an imidazopyrimidinyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group, and
an indolyl group that are substituted with at least one of
deuterium, a halogen atom, a hydroxyl group, a cyano group,
anitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid or a salt thereof, a
C,-C,, alkyl group, and a C,-C, , alkoxy group.

For example, L, and I, may be each independently a sub-
stituted or unsubstituted phenylene group, a substituted or
unsubstituted pentalenylene group, a substituted or unsubsti-
tuted indenylene group, a substituted or unsubstituted naph-
thylene group, a substituted or unsubstituted azulenylene
group, a substituted or unsubstituted heptalenylene group, a
substituted or unsubstituted indacenylene group, a substi-
tuted or unsubstituted acenaphthylene group, a substituted or
unsubstituted fluorenylene group, a substituted or unsubsti-
tuted phenalenylene group, a substituted or unsubstituted
phenanthrenylene group, a substituted or unsubstituted
anthrylene group, a substituted or unsubstituted fluoranthe-
nylene group, a substituted or unsubstituted triphenylenylene
group, a substituted or unsubstituted pyrenylene group, a
substituted or unsubstituted chrysenylene group, a substi-
tuted or unsubstituted naphthacenylene group, a substituted
or unsubstituted picenylene group, a substituted or unsubsti-
tuted perylenylene group, a substituted or unsubstituted pen-
taphenylene group, a substituted or unsubstituted hexace-
nylene group, a substituted or unsubstituted pyrrolylene
group, a substituted or unsubstituted pyrazolylene group, a
substituted or unsubstituted imidazolylene group, a substi-
tuted or unsubstituted imidazolinylene group, a substituted or
unsubstituted imidazopyridinylene group, a substituted or
unsubstituted imidazopyrimidinylene group, a substituted or
unsubstituted pyridinylene group, a substituted or unsubsti-
tuted pyrazinylene group, a substituted or unsubstituted pyri-
midinylene group, a substituted or unsubstituted indolylene
group, a substituted or unsubstituted purinylene group, a sub-
stituted or unsubstituted quinolinylene group, a substituted or
unsubstituted phthalazinylene group, a substituted or unsub-
stituted indolizinylene group, a substituted or unsubstituted
naphthyridinylene group, a substituted or unsubstituted
quinazolinylene group, a substituted or unsubstituted cinno-
linylene group, a substituted or unsubstituted indazolylene
group, a substituted or unsubstituted carbazolylene group, a
substituted or unsubstituted phenazinylene group, a substi-
tuted or unsubstituted phenanthridinylene group, a substi-
tuted or unsubstituted pyranylene group, a substituted or
unsubstituted chromenylene group, a substituted or unsubsti-
tuted furanyl group, a substituted or unsubstituted benzofura-
nylene group, a substituted or unsubstituted thiophenylene
group, a substituted or unsubstituted benzothiophenyl group,
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a substituted or unsubstituted isothiazolylene group, a substi-
tuted or unsubstituted benzoimidazolylene group, a substi-
tuted or unsubstituted isoxazolylene group, a substituted or
unsubstituted dibenzothiophenylene group, a substituted or
unsubstituted dibenzofuranylene group, a substituted or
unsubstituted triazinylene group, or a substituted or unsub-
stituted oxadiazolylene group.

For example, in Formula 1 above, L, and [, may be each
independently, but are not limited to, a substituted or unsub-
stituted phenylenyl group, a substituted or unsubstituted
naphthylene group, a substituted or unsubstituted fluore-
nylene group, a substituted or unsubstituted phenanthre-
nylene group, a substituted or unsubstituted pyridinylene
group, or a substituted or unsubstituted pyrazinylene group.

InFormula 1 above, L, and L., may be each independently
represented by any one of Formulae SA through 5K below:

Formula 5A
* skl
/
\ I,
Formula 5B
o
* 4@
7>,
Formula 5C
* —_—
R
I3,
Formula 5D
o
Z31)
Formula 5E
*
®!
Z31)x
Formula 5F
731 I
Formula 5G
* £
Zs2)u
Formula 5SH
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-continued
Formula 51

—N
*‘( Q_*r
N—2 " (Zay),

Formula 57
s

‘<I\Ij//§

x!

@3));
Formula 5K

/
\ N,

In Formulae SA through 5K above, Z;, through Z,, may be
each independently selected from hydrogen; deuterium; a
halogen atom; a hydroxyl group; a cyano group; a nitro group;
an amino group; an amidino group; hydrazine; hydrazone; a
carboxyl group or a salt thereof; a sulfonic acid group or a salt
thereof; a phosphoric acid or a salt thereof; a C,-C,, alkyl
group; a C,-C,, alkoxy group; a phenyl group; a naphthyl
group; a fluorenyl group; a phenanthrenyl group; an anthryl
group; a triphenylenyl group; a pyrenyl group; a chrysenyl
group; an imidazolyl group; an imidazolinyl group: an imi-
dazopyridinyl group; an imidazopyrimidinyl group; a pyridi-
nyl group; a pyrazinyl group; a pyrimidiny! group; an indolyl
group; and a phenyl group, a naphthyl group, a fluorenyl
group, a phenanthrenyl group, an anthryl group, a triphenyle-
nyl group, a pyrenyl group, a chrysenyl group, an imidazolyl
group, an imidazolinyl group, an imidazopyridinyl group, an
imidazopyrimidinyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, and an indolyl group that are
substituted with at least one of deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt thereof,
a phosphoric acid or a salt thereof, a C,-C,, alkyl group, and
aC,-C,, alkoxy group. In this case, two or more neighboring
substituents from among Z,, through 7., may be optionally
fused with each other or may be optionally connected by a
single bond.

For example, 7, through 7, may be each independently,
but are not limited to, hydrogen, deuterium, a halogen atom,
a hydroxyl group, a cyano group, a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl
group, or a heptyl group.

In Formulae 5A through 5K above, t may be an integer of
1 to 6 and u may be an integer of 1 to 3. When tis 2 or more,
at least two 75, may be identical to or different from each
other. When u is 2 or more, at least two 7, may be identical
to or different from each other.

In Formula 1 above, a and b may be each independently an
integer of 0 to 5.

For example, in Formula 1 above, a may be, but is not
limited to, 0 or 1, and b may be, but is limited to, 1 or 2.

According to an embodiment of the present invention, the
styryl-based compound of Formula 1 above may be repre-
sented by any one of Formula 1A-1 through 11-3 below:
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C D
L Ar
O~
L;-)b—N\
D An

D
L Ar
(ol
Lz-)b—N\

C D
L Ar
S
Lg-)b—N\

O D
L Ar
(el
Lg-)b—N\
D Ary

Formula 1A-1

Fomula 1A-2

Formula 1B-1

Formula 1B-2

Formula 1C-1

Formula 1C-2

Formula 1D-1
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Formula 1E-1

Formula 1F-1

N
=
N
'y
;1'
s
E

-1y a\ /Afl

L37-N
\

v

Formula 1G-1

N
[N}

Formula 1G-2

)
XS )
g‘O

Formula 1H-1

; D
1
WA e
Lz-)b—N\
D AIZ

Z
/
N
D
Q N/
LN
\
D AI‘7

Formula 1H-2
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-continued
Formula 11I-1
T
D
Ot~
LZ-)b—N\
D Ary

Formula 11-2

T
Q D
Ly 2 Ary
| . /
ﬁ_g\_sz'}b—N
\
D

Ary

Formula I-3
D
L3N
\
D Ary

In Formula 1A-1 through 11-3 above, detailed descriptions
forZ,,7,,T,,Ar,,Ar, L, L,, a, and b are already provided
above.

For example, in Formula 1A-1 through 11-3 above, Z, and
7, may be each indecently selected from hydrogen; deute-
rium; a halogen atom; a hydroxyl group; a cyano group; a
nitro group; an amino group; an amidino group; hydrazine;
hydrazone; a carboxyl group or a salt thereof; a sulfonic acid
group or a salt thereof; a phosphoric acid or a salt thereof, a
C,-C,, alkyl group; a C,-C, , alkoxy group; a phenyl group; a
naphthyl group; a fluorenyl group; a phenanthrenyl group; an
anthryl group; a triphenylenyl group; a pyrenyl group; a chry-
senyl group; an imidazolyl group; an imidazolinyl group; an
imidazopyridinyl group; an imidazopyrimidinyl group; a
pyridinyl group; a pyrazinyl group; a pyrimidinyl group; an
indolyl group; and a phenyl group, a naphthyl group, a fluo-
renyl group, a phenanthrenyl group, an anthryl group, a triph-
enylenyl group, a pyrenyl group, a chrysenyl group, an imi-
dazolyl group, an imidazolinyl group, an imidazopyridinyl
group, an imidazopyrimidinyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, and an indolyl group
that are substituted with at least one of deuterium, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or asalt
thereof, a phosphoric acid or a salt thereof, a C,-C,, alkyl
group, and a C,-C,, alkoxy group; T, may be O or S; Ar, and
Ar, may be each independently a substituted or unsubstituted
phenyl group, a substituted or unsubstituted naphthyl group,
a substituted or unsubstituted phenanthrenyl group, a substi-
tuted or unsubstituted pyrenyl group, a substituted or unsub-
stituted carbazolyl group, a substituted or unsubstituted fluo-
renyl group, a substituted or unsubstituted dibenzofuranyl
group, a substituted or unsubstituted dibenzothiophenyl
group, or a substituted or unsubstituted benzocarbazolyl
group; L, and L, may be each independently a substituted or
unsubstituted phenylenyl group, a substituted or unsubsti-
tuted naphthylene group, a substituted or unsubstituted fluo-
renylene group, a substituted or unsubstituted phenanthre-
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nylene group, a substituted or unsubstituted pyridinylene
group, or a substituted or unsubstituted pyrazinylene group; a
is Oor 1; and bis 1 or 2, but the present embodiment is not
limited thereto.

For example, in Formulae 1 A-1 through 11-3 above, Z, and
7, may be each independently hydrogen, deuterium, a halo-
gen atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid or a salt thereof, a methyl group, an
ethyl group, a propy! group, a butyl group, a pentyl group, a

10

18

hexyl group, a heptyl group, an octyl group, a phenyl group,
a naphthyl group, a fluorenyl group, a deuterated phenyl
group, or a dimethylfluorenyl group; T, may be O or S; Ar,
and Ar, may be each independently represented by any one of
Formulae 2A through 27 above; L, and [, may be each inde-
pendently represented by any one of Formulae SA through SK
above; a may be 0 or 1; and b may be 1 or 2, but the present
embodiment is not limited thereto.

The styryl-based compound represented by Formula 1
above may be, but is not limited to, any one of Compounds 1
through 95 and 101 through 182 below:
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-continued

When the styryl-based compound represented by Formula
1 above is synthesized, 100% deuteration of a styryl group
may not be performed and thus a compound in which one of
two carbon atoms of the styryl group is not substituted with
deuterium and/or a compound in which both two carbon
atoms of the styryl group are not substituted with deuterium
may be simultaneously synthesized. Thus, a composition
containing a styryl-based compound according to an embodi-
ment of the present invention may include the styryl-based
compound represented by Formula 1 above and may also
include at least one of a styryl-based compound represented
by Formula 1-1H-1 below, a styryl-based compound repre-
sented by Formula 1-1H-2 below, and a styryl-based com-
pound represented by Formula 1-2H below:

Formula 1-1H-1
D
Ar—tL, Ary
a \ /
Lﬁb—N\
H Ary
Formula 1-H-2
H
An—t1, Ary
a \ /
Lzﬁb—N\
D Any
Formula 1-2H
)i
An—tL Ar
a \ /
Lﬁb—N\
H A

A detailed description of substituents of Formula 1-1H-1,
1-1H-2, and 1-2H above is already provided above.
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For example, when Compound 3 is synthesized, 1) only
Compound 3 may be obtained, or ii) a composition including
Compound 3 and at least one of Compounds 3-1H-1, 3-1H-2,
and 3-2H may be obtained:

Compound 3

Compound 3-1H-1

=
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Compound 3-1H-2
N
H
AN
D
Compound 3-2H
N
H
X
H

A deuterium substitution rate of the composition may be
defined according to Equation 1 below and may be 70% or
more:

Deutetium substitution rate(%)=Np/Np,,zx100 [0y

In Equation 1 above, N, is the number of deuterium atoms
bonded to carbon atoms of the styryl group in Formulae 1,
1-1H-1, and 1-1H-2 above; and N,, 5 1s the total number of
deuterium atoms and hydrogen atoms that are bonded to
carbon atoms of the styryl group in Formulae 1, 1-1H-1,
1-1H-2, and 1-2H above.

When the deuterium substitution rate of the composition is
70% or more, an organic light-emitting diode (OLED) includ-
ing an organic layer including the composition may exhibit
low driving voltage, high efficiency, high brightness, long
lifetime, and the like due to the styryl-based compound of
Formula 1 above, which will be described later.

For example, the deuterium substitution rate of the com-
position may be, but is not limited to, 75% or more, 80% or
more, 85% or more, 90% or more, or 95% or more.

For example, the deuterium substitution rate of the com-
position may be, but is not limited to, 96% or more, 97% or
more, 98% or more, or 99% or more.

When an OLED including a compound having a styryl
group (thatis, —CH—CH—) having a carbon-carbon double
bond is stored and/or operated, the styryl group may have low
resistance to Joule’s heat or an electric field that is generated
between organic layers, inside the organic layers, and/or
between one of the organic layers and one of the electrodes
and may have low resistance to heat provided during subli-
mation refinement or vapor deposition of a compound. Thus,
a single bond of carbon-hydrogen, which is connected to a
double bond in a styryl group exposed to heat and/or an
electric field, may be weakened and may be disconnected in
the form of radical. However, since a single bond of carbon-
deuterium is about 7 times greater than a single bond of
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carbon-hydrogen, a styryl group having a single bond of
carbon-deuterium may have a stable structure. Since carbon
is connected to deuterium by a single bond (refer to an ellipse
indicated by dotted lines of Formula 1' below) in the styryl
group of the styryl-based compound represented by Formula
1 above, although the styryl group is exposed to heat and/or an
electric field, a single bond of carbon-deuterium may be
effectively maintained according to a kinetic isotope effect:

Formula 1’

Thus, although the styryl-based compound represented by
Formula 1 above is exposed to heat and/or an electric field
when an OLED including the same, since radicalization of a
fully deuterated styryl group (i.e., -DC—CD-) of Formula 1
above is remarkably delayed compared to radicalization of a
styryl group without deuterium (i.e., —CH—CH—), a struc-
ture of the styryl-based compound represented by Formula 1
may be maintained. Thus, an OLED including the styryl-
based compound represented by Formula 1 may have low
driving voltage, high efficiency high brightness, and long
lifetime.

The styryl-based compound of Formula 1 and a composi-
tion including the same may be synthesized using a known
organic synthesis method. The synthesis method ofthe styryl-
based compound of Formula 1 may be easily understood by
one of ordinary skill in the art with reference to Examples,
which will be described later. The composition including the
styryl-based compound represented by Formula 1 and at least
one of the compounds represented by Formula 1-1H-1, For-
mula 1-1H-2, and Formula 1-2H may be obtained when a
styryl group is imperfectly deuterated in the synthesis of the
compound represented by Formula 1 above rather than being
obtained by adding at least one of the compound represented
by Formula 1-1H-1 above, the compound represented by
Formula 1-1H-2 above, and the compound represented by
Formula 1-2H above.

The styryl-based compound of Formula 1 or the composi-
tion containing the same may be used between a pair of
electrodes of an OLED. For example, the styryl-based com-
pound of Formula 1 or the composition containing the same
may be used in an emission layer (EML) and/or between an
anode and the EML (e.g., a hole injection layer (HIL), a hole
transport layer (HTL), or a functional layer having hole injec-
tion and transport abilities).

According to another embodiment of the present invention,
there 1s provided an OLED including a first electrode, a sec-
ond electrode facing the first electrode, and an organic layer
interposed between the first electrode and the second elec-
trode, wherein the organic layer includes at least one of the
styryl-based compound of Formula 1 or at least of the com-
position containing the same as described above.

The expression “the organic layer may include at least one
of the styryl-based compound of Formula 1” as used herein
means that the organic layer includes one of the styryl-based
compounds represented by Formula 1 above or at least two
different compounds selected from the styryl-based com-
pounds represented by Formula 1 above.

For example, the organic layer may include only Com-
pound 3 as the styryl-based compound. In this regard, Com-
pound 3 may be included in an EML of the OLED. Also, the
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organic layer may include Compound 3 and Compound 19 as
the styryl-based compound. In this regard, Compounds 3 and
19 may be included in the same layer (e.g., in an EML) or in
different layers (e.g., Compound 3 may be included in an
EML and Compound 19 may be included in a HTL).

Throughout this specification, the expression “the organic
layer may include at least one of the composition” means that
“the organic layer includes one of the composition or at least
two different compounds selected from the compositions.

For example, the organic layer may include, as the compo-
sition, a composition containing Compound 3 above and at
least one of Compound 3-1H-1, Compound 3-1H-2, and
Compound 3-2H. In this case, the composition may be
included in an EML of the OLED.

In addition, the organic layer may include, as the compo-
sition, a first composition including Compound 3 above and
at least one of Compound 3-1H-1, Compound 3-1H-2, and
Compound 3-2H, and a second composition including Com-
pound 19 above and at least one of Compound 19-1H-1,
Compound 19-11-1-2, and Compound 19-2H. In this case, the
first composition and the second composition may be
included in the same layer (e.g., the first composition and the
second composition may be included in an EML) or in dif-
ferentlayers (e.g, the first composition is included in an EML,
and the second composition is included in a HTL).

Compound 19

Compound 19-1H-1
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Compound 19-1H-2
N
H
AN
D
Compound 19-2H
N
H
X
H

The organic layer may include at least one of aHIL, a HTL,
a functional layer having hole injection and transport abilities
(hereinafter, referred to as “H-functional layer”), a buffer
layer, an electron blocking layer (EBL), ahole blocking layer
(HBL), an electron transport layer (ETL), an electron injec-
tion layer (EIL), and a functional layer having electron trans-
port and injection abilities (hereinafter, referred to as
“E-functional layer”).

The term “organic layer” used herein refers to a single layer
or multiple layers interposed between the first electrode and
the second electrode.

The organic layer may include an EML and the EML, may
include the styryl-based compound or the composition con-
taining the styryl-based compound.

The styryl-based compound included in the EML may act
as a fluorescent dopant. For example, the styryl-based com-
pound may act as a blue fluorescent dopant that emits blue

light.
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FIG. 1 is a schematic cross-sectional view of an OLED 10
according to an embodiment of the present invention. Here-
inafter, a structure and a manufacturing method of an OLED
will be described in more detail with reference to FIG. 1.

A substrate 11 may be a substrate used in a general OLED,
and may be a glass substrate or a transparent plastic substrate
having excellent mechanical strength, thermal stability, trans-
parency, surface smoothness, ease of handling, and water-
proofness.

A first electrode 13 may be formed by applying a first
electrode material on the substrate 11 by deposition or sput-
tering. When the first electrode 13 is an anode, the first elec-
trode material may be selected from materials having a high
work function so as to facilitate hole injection. The first elec-
trode 13 may be a reflective electrode or a transparent elec-
trode. Examples of the first electrode material may include
indium-tin oxide (ITO), Indium-zinc-oxide (IZ0), tin oxide
(Sn0,), and zinc oxide (Zn0O). Also, when magnesium (Mg),
aluminum (Al), aluminum-lithium (Al—Li), calcium (Ca),
magnesium-indium (Mg—In), or magnesium-silver (Mg—
Ag)isusedas the first electrode material, the first electrode 13
may be formed as a reflective electrode.

The first electrode 13 may be formed as a single layer or
have a multi-layered structure having at least two layers. For
example, the first electrode 13 may have a three-layered struc-
ture, e.g., ITO/Ag/ITO, but is not limited thereto.

An organic layer 15 is formed on the first electrode 13.

The organic layer 15 may include at least one of a HIL, a
HTL, and a H-functional layer; an EML; an ETL; and an EIL.

The HIL may be formed on the first electrode 13 by using
various methods such as vacuum deposition, spin coating,
casting, or Langmuir-Blodgett (LB) deposition.

When the HIL is formed by vacuum deposition, the depo-
sition conditions may vary according to a compound used as
a material for forming the HIL, a structure of a desired HIL,
and thermal characteristics. For example, the deposition con-
dition may be, but is not limited to, a deposition temperature
of about 100 to about 500° C., a degree of vacuum of about
107® to about 10~ torr, and a deposition speed of about 0.01
to about 100 A/sec.

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

The material for forming the HIL, may be a known hole
injection material. Examples of the known hole injection
material include, but are limited to, N,N'-diphenyl-N,N'-bis-
[4-(phenyl-m-tolyl-amino)-phenyl]-biphenyl-4,4'-diamine
(DNTPD), a phthalocyanine compound such as copper phtha-
locyanine, 4,4'4"-tris(3-methylphenylphenylamino )triph-
enylamine (m-MTDATA), N,N'-di(1-naphthy1)-N,N'-diphe-
nylbenzidine (NPB), TDATA, 2-TNATA, polyaniline/
dodecylbenzenesulfonic acid (PANI/'DBSA), poly(3.4-
ethylenedioxythiophene)/poly(4-styrenesulfonate) (PEDOT/
PSS), polyaniline/camphor sulfonic acid (PANI/CSA), and
polyaniline/poly(4-styrenesulfonate) (PANI/PSS):
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The thickness of the HIL. may be in the range of about 100
A to about 10,000 A, for example, in the range of about 100
A to about 1,000 A. When the thickness of the HIL is within
this range, satisfactory hole injection properties may be
obtained without a substantial increase in driving voltage.

Next, an HTL may be formed on the HIL by using various
methods such as vacuum deposition, spin coating, casting, or
LB deposition. When the HTL is formed by vacuum deposi-
tion or spin coating, the deposition and coating conditions
vary according to a used compound. However, in general, the
condition may be almost the same as the condition for form-
ing the HIL.

As amaterial for forming the HTL, at least one of a styryl-
based compound, a composition containing a styryl-based
compound, and a known hole transporting material.
Examples of the known hole transporting material include,
but are not limited to, carbazole derivatives such as N-phe-
nylcarbazole and polyvinylcarbazole, N,N'-bis(3-methylphe-
nyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD), 4,4,
4"-tris(N-carbazolyl)triphenylamine (TCTA), and N,N'-di(1-
naphthyl)-N,N'-diphenylbenzidine (NPB).

TFD

NPB

The thickness of the HTL may be in the range of about 50
A to about 2,000 A, for exaniple, in the range of about 100 A
to about 1,500 A. When the thickness of the HTL is within this
range, satisfactory hole transport properties may be obtained
without a substantial increase in driving voltage.

At least one of the hole injection material and the hole
transporting material as described above may be included in
the H-functional layer. The thickness of the H-functional
layer may be in the range of about 500 A to about 10,000 A,
for example, in the range of about 100 A to about 1,000 A.
When the thickness of the H-functional layer is within this
range, satisfactory hole injection and transport properties
may be obtained without a substantial increase in driving
voltage.

At least one of the HIL, the HTL, and the H-functional
layer may include at least one of a compound represented by

Formula 300 below and a compound represented by Formula
350 below:
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Formula 300

Formula 350

Ry

/N . . N\
Anj Ary

wherein Ar, ,, Ar,,, Ar,,, and Ar,, may be each indepen-
dently a substituted or unsubstituted C5-Cy, arylene group.
Detailed descriptions for Ar,,, Ar,,, Ar,,. and Ar,, refer to
the detailed description for L; above.

In Formula 300 above, ¢ and f may be each independently
aninteger of 0to 5, forexample, 0, 1, or 2. Forexample, e may
be 1, and f may be 0, but ¢ and fare not limited to the above
example.

In Formulae 300 and 350 above, R, through R, Ry,
through R, and R,; and R, may be each independently
hydrogen, deuterium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid or a salt thereof, a substituted or unsubstituted C,-Cy,
alkyl group, a substituted or unsubstituted C,-C,,, alkenyl
group, a substituted or unsubstituted C,-C, alkynyl group, a
substituted or unsubstituted C,-Cg, alkoxy group, a substi-
tuted or unsubstituted C;-Cy, cycloalkyl group, a substituted
or unsubstituted Cs-Cy, aryl group, a substituted or unsubsti-
tuted C,-Cg, aryloxy group, or a substituted or unsubstituted
Cs-Cg, arylthio group. For example, Ry, through Rsg, R,
through R, and R, and R, may be each independently one
of hydrogen; deuterium; a halogen atom; a hydroxyl group; a
cyano group; a nitro group; an amino group; an amidino
group; hydrazine; hydrazone; a carboxyl group or a salt
thereof; a sulfonic acid group or a salt thereof; a phosphoric
acid orasalt thereof;a C,-C,, alkyl group (e.g., methyl, ethyl,
propyl, butyl, pentyl, hexyl, and the like), a C,-C,, alkoxy
group (e.g., methoxy, ethoxy, propoxy, butoxy, pentoxy, and
the like); aC,-C, o alkyl group and a C,-C, , alkoxy group that
are substituted with at least one of deuterium, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
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group or a salt thereof, a sulfonic acid group or a salt thereof,
and a phosphoric acid or a salt thereof; a phenyl group; a
naphthyl group; an anthryl group; a fluorenyl group; a pyrenyl
group; and a phenyl group, a naphthyl group, an anthryl
group, a fluorenyl group, and a pyrenyl group that substituted
with at least one of deuterium, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, hydrazine, hydrazone, a carboxyl group or a
salt thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid or a salt thereof, a C,-C,, alkyl group, and a
C,-C,, alkoxy group, but are not limited thereto.

In Formula 300 above, R, may be one of a phenyl group;
a naphthyl group; an anthryl group; a biphenyl group; a
pyridinyl group; and a phenyl group, a naphthyl group, an
anthryl group, a biphenyl group, and a pyridinyl group that
are substituted with at least one of deuterium, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt thereof,
a phosphoric acid or a salt thereof, a substituted or unsubsti-
tuted C,-C,, alkyl group, and a substituted or unsubstituted
C,-C, alkoxy group.

The compound of Formula 300 may be represented by
Formula 300A below, but is not limited thereto:

Formula 300A
Rs
N O
N/
Re1 O
R&

wherein a detailed description of Rg;, Rgg, Rgp, and Reg 15
already provided above.

For example, at least one of the HIL, the HTL, and the
H-functional layer may be include at least one of Compounds
301 through 320 below, but is not limited thereto:
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At least one of the HIL, the HTL, and the H-functional
layer may further include a charge-generating material so as
to increase the conductive of the layers, in addition to the
known hole injection material, the known hole transporting
material, the material for forming the H-functional layer hav-
ing hole injection and transport abilities, the styryl-based
compound and/or the composition containing the styryl-
based compound.

The charge-generating material may be, for example, a
p-dopant. The p-dopant may be one of a quinine derivative, a
metal oxide, and a cyano-containing compound, but is not
limited thereto. Examples of the p-dopant may include, but
are not limited to, quinone derivatives such as tetra-cyano-
quinodimethane (TCNQ) and 2,3,5,6-tetrafluoro-tetracyano-
1,4-benzoquinodimethane (F4-CTNQ); metal oxides such as
an tungsten oxide and a molybdenum oxide; and cyano-con-
taining compounds such as Compound 200 below and the
like.

<Compound 200>

CN
NC | N X
N N, CN
Z
I\i N CN
N
NC 7
CN
<F4-CTNQ>
F F
NC CN
NC CN
F F
When the HIL, the HTL, or the H-functional layer further
includes the charge-generating material, the charge-generat-

ing material may be homogeneously or inhomogeneously
dispersed in the HIL, the HTL, or the H-functional layer.
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A buffer layer may be interposed between the EML and at
least one ofthe HIL, the HTL, and the H-functional layer. The
buffer layer increases efficiency by compensating for an opti-
cal resonance distance according to the wavelength of light
emitted from the EML. The buffer layer may include a known
hole injection material and a known hole transporting mate-
rial. Also, the buffer layer may include the same material as
one of the materials included in the HIL, the HTL, and the
H-functional layer.

An EML may be formed on the HTL, the H-functional
layer, or the buffer layer by vacuum deposition, spin coating,
casting, or LB deposition. When the EML is formed by
vacuum deposition or spin coating, the deposition and coating
conditions vary according to a used compound. However, in
general, the condition may be almost the same as the condi-
tion for forming the HIL.

The EML may include at least one of the styryl-based
compound or at least one of the composition containing the
styryl-based compound.

The EML may further include a host.

Examples of the host may include, but are not limited to,
Algs, 4,4'-NN'-dicarbazole-biphenyl (CBP), poly(n-vinyl-
carbazole) (PVK), 9,10-di(naphthalene-2-yl)anthracene
(ADN), TCTA, 1,3,5-tris(N-phenylbenzimidazole-2-yl)ben-
zene (TPBI), 3-tert-butyl-9,10-di(naphth-2-yl)anthracene
(TBADN), E3, and distyrylarylene (DSA), dmCBP (refer to
Formula below), and Compounds 501 through 509 below.

OO0

B3
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Also, the host may be an anthracene-based compound rep-
resented by Formula 400 below:

Formula 400
/ \/(Arlls)i
A\
Aryg— (A1) (Aryy)g—Ar3
/
\ /\(Arus)j

wherein Ar,,, and Ar,,, may be each independently a
substituted or unsubstituted C;-Cg, arylene group; Ar, ;5
through Ar, , may be each independently a substituted or
unsubstituted C,-C, ; alkyl group or a substituted or unsub-
stituted C,-Cy, aryl group; and g, h, 1, and j may be each
independently an integer of 0 to 4.

For example, in Formula 400 above, Ar, |, and Ar, |, may
be each independently one of a phenylene group; a naphth-
ylene group; a phenanthrenylene group; a pyrenylene group;
and a phenylene group, a naphthylene group, a phenanthre-
nylene group, a fluorenyl group, and a pyrenylene group that
are substituted with at least one of a phenyl group, a naphthyl
group, and an anthryl group.

In Formula 400 above, g, h, 1, and j may be each indepen-
dently 0, 1, or 2.

In Formula 400 above, Ar, 5 through Ar,, , may be each
independently, but are not limited to, a C,-C,, alkyl group
that is substituted with at least one of a phenyl group, a
naphthyl group, and an anthryl group; a phenyl group; a
naphthyl group; an anthryl group; a pyrenyl group; a phenan-
threnyl group; a fluorenyl group: a phenyl group, a naphthyl
group, an anthryl group, a pyrenyl group, a phenanthrenyl
group, and a fluorenyl group that are substituted with at least
one of deuterium, a halogen atom, a hydroxy! group, a cyano
group, a nitro group, an amino group, an amidino group,
hydrazine, hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or asalt thereof, a phosphoric acid or a salt
thereof, a C,-Cg, alkyl group, a C,-Cq,, alkenyl group, a
C,-Cy,alkynyl group, a C, -C, alkoxy group, a phenyl group,
a naphthyl group, an anthryl group, a pyrenyl group, a
phenanthrenyl group, and a fluorenyl group; and

| O’QQ

For example, the anthracene-based compound of Formula
400 may be, but is not limited to, one of the compounds
below:
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15 Q
Also, an anthracene-based compound represented by For-

20 mula 401 below may be used as the host:

<Fomula 401>

25

\\/ (Arp2s)e

30 (Arpa);

35 whereina detailed description of Ar, ,, through Ar , - is the
same as the description of Ar, |5 of Formula 400 above.

In Formula 401 above, Ar, 5 and Ar,,, may be each inde-
pendently a C,-C, , alkyl group (e.g., a methyl group, an ethyl
group, or a propyl group).

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

For example, the anthracene-based compound of Formula
45 401 may be, but is not limited to, one of the following com-

pounds:
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If the OLED is a full-color OLED, the EML may be pat-
terned as a red EML, a green EML, and a blue EML. In this
regard, the above-described styryl-based compound or the
composition containing the styryl-based compound may be

included in the blue EML as a blue fluorescent dopant.

At least one of the red EML, the green EML, and the blue
EML  may include the following  dopants

(ppy=phenylpyridine).

For example, compounds described below may be used as

a blue dopant, but are not limited thereto.

(Fappy),Ir(tmd) Ir(dfpp);
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For example, compounds described below may be used as g _continued

ared dopant, but are not limited thereto. In addition, DCM or
DCIJTB below may be used as the red dopant.
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For example, compounds described below may be used as 45
a green dopant, but are not limited thereto. C545T below may
be used as the green dopant.

— =2

Ir(ppy)a(acac)

I(mpyp)s

\/

Examples of the dopant included in the EML include Pt-
complexes below, but are not limited thereto:

D1

D2
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Also, examples of the dopant included in the EML include,
but are not limited to, Os-complexes:
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Os(hptz),(PPhMes),

When the EML includes a host and a dopant, the amount of
65 the dopant in the EML may be generally in the range of about
0.01 to about 15 parts by weight based on 100 parts by weight

of the host, but is not limited thereto.
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The thickness of the EML may be in the range of about 100
A to about 1,000 A, for example, in the range of about 200 A
to about 600 A. When the thickness of the EML is within this
range, excellent luminescent properties may be obtained
without a substantial increase in driving voltage. 5

Next, an ETL may be formed using various methods such
as vacuum deposition, spin coating, or casting. When the ETL
is formed by vacuum deposition or spin coating, the deposi-
tion and coating conditions vary according to a used com-
pound. However, in general, the condition may be almost the
same as the condition for forming the HIL. A material for
forming the ETL may be a known electron transporting mate-
rial that stably transports electrons injected from a cathode.
Examples of the known electron transporting material may 15
include, but are not limited to, a quinoline derivative such as
tris(8-quinolinolate)aluminum (Alg;), TAZ, Balg, beryllium
bis(benzoquinoline-10-olate (Bebq,), ADN, and known

materials such as Compound 201 and Compound 202 below.
20

,869 B2
108
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CH, CH,

The thickness of the ETL, may be in the range of about 100
A to about 1,000 A, for example, in the range of about 150 A
to about 500 A. When the thickness of the ETL is within this
range, satisfactory electron transport properties may be
obtained without a substantial increase in driving voltage.

In addition, the ETL may further include a metal-contain-
ing material, in addition to a known electron transporting
organic compound.

The metal-containing material may include a Li-complex.
Bxamples of the Li-complex may include lithium quinolate
(LiQ) and Compound 203 below:

Compound 203

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

The material for forming the EIL, may include a known
material for forming an EIL, such as LiF, NaCl, CsF, Li,O, or
BaO. The deposition condition of the EIL may vary according
aused compound. However, in general, the condition may be
almost the same as the condition for forming the HIL.

The thickness of the EIL may be in the range of about 1 A
to about 100 A, for example, in the range of about 3 A to about
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90 A. When the thickness of the EIL is within this range,
satisfactory electron injection properties may be obtained
without a substantial increase in driving voltage.

A second electrode 17 is formed on the organic layer 15.
The second electrode 17 may be a cathode, which is an
electron injection electrode. In this regard, a metal for form-
ing the second electrode 17 may include a metal having low
work function, such as metal, an alloy, an electric conducting
compound, and mixtures thereof. In particular, the second
electrode 17 may be formed as a thin film by using lithium
(Li), magnesium (Mg), aluminum (Al), aluminum-lithium
(Al—L1), calcium (Ca), magnesium-indium (Mg—In), or
magnesium-silver (Mg—Ag), thus being transparent. In
order to obtain a top-emission type OLED, the second elec-
trode 17 may be formed as a transparent electrode by using
ITO or IZ0.

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

Also, when a phosphorescent dopant is included in the
EML, a HBL may be formed between the ETL and the EML
or between the H-functional layer and the EML by vacuum
deposition, spin coating, casting or LB deposition so as to
prevent triplet excitons or holes from being diffused to the
ETL. When the HBL is formed by vacuum deposition or spin
coating, the conditions thereof may vary according to a used
compound. However, in general, the conditions may be
almost the same as the condition for forming the HIL. The
HBL may include a known hole blocking material. Examples
of the known hole blocking material may include an oxadia-
zole derivative, a triazole derivative, and a phenanthroline
derivative. For example, BCP may be used as a hole blocking
material.

BCP

The thickness of the HBL may be in the range of about 20
Ato about 1,000 A, for example, in the range of about 30 A to
about 300 A. When the thickness of the HBL is within this
range, excellent hole blocking properties may be obtained
without a substantial increase in driving voltage.

Examples of the unsubstituted C,-C, alkyl group (or
C,-Cgo alkyl group) include C,-Cq, linear or branched alkyl
groups such as methyl, ethyl, propyl, isobutyl, sec-butyl,
pentyl, iso-amyl, hexyl, and the like. The substituted C,-Cy,
alkyl group may be a group in which at least one hydrogen of
the unsubstituted C,-Cy,, alkyl group is substituted with deu-
terium, a halogen atom, a hydroxyl group, a nitro group, a
cyano group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid or a salt thereof, a
C,-Cgo alkyl group, a C,-Cy, alkenyl group, a C,-Cg, alkynyl
group, a C,-Cy, aryl group, a C,-C, heteroaryl group,
—N(@Q,)(@Qy), and —Si(Q;3)(Q14)(Qys) (wherein Qi
through Q, s may be each independently selected from hydro-
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gen, a C,-Cy, alkyl group, a C,-Cy, alkenyl group, a C,-Cy,
alkynyl group, a Cs-Cy, aryl group, and a C,-C, heteroaryl
group).

The unsubstituted C,-C,,, alkoxy group (or C,-Cy, alkoxy
group) has a formula of —OA (in this regard, A is the unsub-
stituted C, -C,, alkyl group as described above) and examples
thereof include methoxy, ethoxy, isopropyloxy, and the like.
At least one hydrogen atom of the unsubstituted C,-Cg,
alkoxy group may be substituted with the same substituent as
in the substituted C,-Cy, alkyl group described above.

The unsubstituted C,-Cg, alkenyl group (or C,-Cg, alkenyl
group) is interpreted to contain at least one carbon-carbon
double bond in the middle or ata terminal of the unsubstituted
C,-Cq, alkyl group. Examples of the unsubstituted C,-Cy,
alkenyl group include ethenyl, propenyl, butenyl, and the like.
At least one hydrogen atom of the unsubstituted C,-Cg, alk-
enyl group may be substituted with the same substituent as in
the substituted C,-C,, alkyl group described above.

Theunsubstituted C,-C, alkynyl group (or C,-Cg, alkynyl
group) is interpreted to contain at least one carbon-carbon
triple bond in the middle or at a terminal of the C,-C, alkyl
group defined above. Examples of the unsubstituted C,-C,
alkynyl group include ethynyl, propynyl, and the like. At least
one hydrogen atom of the unsubstituted C,-Cy, alkynyl group
may be substituted with the same substituent as in the substi-
tuted C,-Cq, alkyl group described above.

The unsubstituted C5-Cg, aryl group indicates a monova-
lent group having an aromatic carbocyclic system that has 5 to
60 carbon atoms and at least one aromatic ring and the unsub-
stituted C5-Cy, arylene group indicates a divalent group hav-
ing an aromatic carbocyclic system that has 5 to 60 carbon
atoms and at least one aromatic ring. If the C;-Cg, aryl group
and the C5-C, arylene group each independently have two or
more aromatic rings, the rings may be fused with each other.
At least one hydrogen atom of each of the unsubstituted
C,-Cy, aryl group and theunsubstituted C,-C g, arylene group
may be substituted with the same substituent as in the substi-
tuted C,-Cq, alkyl group described above.

Examples of the substituted or unsubstituted C5-Cy,, aryl
group include, but are not limited to, a phenyl group,a C,-C,,
alkylphenyl group (e.g., an ethylphenyl group), a C,-C,,
alkylbiphenyl group (e.g., an ethylbiphenyl group), a
halopheny] group (e.g., an 0-, m- and p-fluorophenyl group,
and a dichlorophenyl group), a dicyanophenyl group, a trif-
luoromethoxyphenyl group, an o-, m-, and p-tolyl group, an
o0-, m- and p-cumenyl group, a mesityl group, a phenoxyphe-
nyl group, an (o, a-dimethylbenzene)phenyl group, a (N,N'-
dimethyl)aminophenyl group, a (N,N'-diphenyl)aminophe-
nyl group, a pentalenyl group, an indenyl group, a naphthyl
group, a halonaphthyl group (e.g., a fluoronaphthyl group), a
C,-C,, alkylnaphthyl group (e.g., amethylnaphthyl group), a
C,-C,, alkoxynaphthyl group (e.g., a methoxynaphthyl
group), an anthracenyl group, an azulenyl group, a heptalenyl
group, an acenaphthylenyl group, a phenalenyl group, a fluo-
renyl group, an anthraquinolyl group, a methylanthryl group,
a phenanthryl group, a triphenylenyl group, a pyrenyl group,
achrysenyl group, an ethyl-chrysenyl group, a picenyl group,
a perylenyl group, a chloroperylenyl group, a pentaphenyl
group, a pentalenyl group, a tetraphenylenyl group, a
hexaphenyl group, a hexacenyl group, a rubicenyl group, a
coroneryl group, a trinaphthylenyl group, a heptaphenyl
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group, a heptacenyl, a pyranthrenyl group, and an ovalenyl
group. Examples of the substituted C5-Cg,, aryl group may be
easily understood with reference to the examples of the
unsubstituted C;-C, aryl group described above and the sub-
stituents of the substituted C,-Cq, alkyl group. Examples of
the substituted or unsubstituted C5-C, arylene group may be
easily understood with reference to the substituted or unsub-
stituted C,-C,,, aryl group described above.

The unsubstituted C,-C,, heteroaryl group indicates a
monovalent group having at least one aromatic ring system
including carbon rings and at least one hetero atom selected
from the group consisting of N, O, P, and S, and the unsub-
stituted C,-Cg, heteroarylene group indicates a divalent
group having at least one aromatic ring system including
carbon rings and at least one hetero atom selected from the
group consisting of N, O, P,and S. In this regard, ifthe C,-Cy,
heteroaryl group and the C,-Cy, heteroarylene group each
independently have two or more aromatic rings, the rings may
be fused with each other. At least one hydrogen atom of each
of the unsubstituted C,-Cg, heteroaryl group and the unsub-
stituted C,-C,, heteroarylene group may be substituted with
the same substituents as in the C,-Cy, alkyl group described
above.

Examples of the unsubstituted C,-Cg, heteroaryl group
include, but are not limited to, a pyrazolyl group, an imida-
zolyl group, an oxazolyl group, a thiazolyl group, a triazolyl
group, a tetrazolyl group, an oxadiazolyl group, a pyridinyl
group, a pyridazinyl group, a pyrimidinyl group, a triazinyl
group, a carbazolyl group, an indolyl group, a quinolinyl
group, an isoquinolinyl group, a benzoimidazolyl group, an
imidazopyridinyl group, and an imidazopyrimidinyl group.
Examples of the unsubstituted C,-C, heteroarylene group
may be easily understood with reference to the examples of
the substituted or unsubstituted C,-Cg, arylene group.

The substituted or unsubstituted C5-Cg, aryloxy group has
a formula of —OA,, wherein A, is the substituted or unsub-
stituted C5-Cg,, aryl group as described above, and the sub-
stituted or unsubstituted C5-C,, arylthio group has a formula
of —SA, wherein A, is the substituted or unsubstituted
C;-Cy aryl group described above.

An OLED according to an embodiment of the present
invention will now be described in detail with reference to the
following Examples. These Examples are for illustrative pur-
poses only and are not intended to limit the scope of the
invention.

EXAMPLE
Synthesis Example 1
Synthesis of Compound 3
Compound 3 was synthesized according to Reaction

Scheme 1 below:

Reaction scheme 1
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Synthesis of Intermediate 3-A

5.14 g (20.0 mmol) of 9-bromophenathrene, 2.8 g (30.0
mmol) of aniline, 0.366 g (0.4 mmol) of tris(dibenzylidene-
acetone)dipalladium(0):Pd,(dba);), 0.081 g (0.4 mmol) of
tri-tert-butylphosphine:P(t-Bu);), and 2.88 g (30.0 mmol) of
KOtBu were dissolved in 60 mL of toluene and stirred at 85°
C. for 4 hours. The obtained reaction solution was cooled
down to room temperature and then extracted three times with
50 ml of water and 50 ml of diethylether. The obtained
organic layer was dried with magnesium sulfate and a solvent
was evaporated therefrom to obtain a crude product. The
crude product was purified with silica gel column chroma-
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tography to obtain 4.63 g of Intermediate 3-A (yield 86%).
The obtained compound was confirmed by MS/FAB.
CyoH,5N: cal. 269.12. found 270.13.

Synthesis of Intermediate 3-B

2.69 g (10.0 mmol) of Intermediate 3-A, 2.75 g (15.0
mmol) of 2-bromo-4-vinylbenzene, 0.183 g (0.2 mmol) of
Pd,(dba),, 0.041 g (0.2 mmol) of P(t-Bu)s,, and 1.44 g (15.0
mmol) of KOtBu were dissolved in 30 mL of toluene and
stirred at 85° C. for 4 hours. The obtained reaction solution
was cooled down to room temperature and then extracted
three times with 30 ml of water and 30 m1 of diethylether. The
obtained organic layer was dried with magnesium sulfate and
asolvent was evaporated therefrom to obtain a crude product.
The crude product was purified with silica gel column chro-
matography to obtain 2.30 g of Intermediate 3-B (yield 62%).
The obtained compound was confirmed by MS/FAB.

C,sH, N: cal. 371.17. found 372.16.

Synthesis of Compound 3-2H

1.86 g (5.0 mmol) of Intermediate 3-B, 1.04 g (5.0 mmol)
of 2-bromonaphthalene, 0.056 g (0.25 mmol) of palladium
(1) acetate:Pd(OAc),, 0.76 g (0.25 mmol) of tri(o-tolyl )phos-
phine ((p-toly1);P), and 1.019 g (10.0 mmol) of Et;N were
dissolved in 30 ml of dimethylacetamide (DMAc) and stirred
at 100° C. for 4 hours. The obtained reaction solution was
cooled down to room temperature and then extracted three
times with 30 ml of water and 30 ml of diethylether. The
obtained organic layer was dried with magnesium sulfate and
asolvent was evaporated therefrom to obtain a crude product.
The crude product was purified with silica gel column chro-
matography to obtain 1.82 gof Compound 3-2H (yield 73%).
The obtained compound was confirmed by MS/FAB and 'H
nuclear magnetic resonance (NMR).

C,gH,,N: cal. 497.21. found 498.22.

'"HNMR (CDCl,, 400 MHz) 3 (ppm) 8.59 (d, 1H), 8.20-
8.17 (m, 1H), 8.00-7.92 (m, 3H), 7.85-7.82 (m, 3H), 7.71-
7.67 (m, 2H), 7.60-7.39 (m, 7H), 7.22-7.12 (m, 2H), 7.08-
7.02 (m, 3H), 6.97-6.91 (m, 3H), 6.85-6.83 (m, 2H)

Synthesis of Compound 3

1.49 ¢ (3.0 mmol) of Compound 3-2H, 0.086 g (0.09
mmol) of carbonylchlorohydridotris(triphenylphosphine)
ruthenium(I) ([(Ph,)P],Ru(CO)CIH), and 0.54 mL (30.0
mmol) of D,O were dissolved in 30 ml of 1,4-dioxane and
stirred at 80° C. for 12 hours. The obtained reaction solution
was cooled down to room temperature to remove a solvent
and then extracted three times with 30 ml of water and 30 ml
of dichloromethane. The obtained organic layer was dried
with magnesium sulfate and a solvent was evaporated there-
from to obtain a crude product. The crude product was puri-
fied with silica gel column chromatography to obtain 1.33 g
of Compound 3 (vield 89%). The obtained compound was
confirmed by MS/FAB and *H NMR.

C,H,sD,N: cal. 499.23. found 450.25.

'H NMR (CDCl,, 400 MHz) 3 (ppm) 8.59 (d, 1H), 8.20-
8.17 (m, 1H), 7.95-7.93 (m, 1H), 7.85-7.83 (m, 4H), 7.71-
7.63 (m, 3H), 7.59-7.50 (m, 3H), 7.47-7.39 (m, 4H), 7.12-
7.06 (m, 3H), 6.98-6.93 (m, 3H), 6.83-6.80 (m, 2H),
deuterium substitution rate: 92.5%

Synthesis Example 2
Synthesis of Compound 33

Compound 33 was synthesized according to Reaction
Scheme 2 below:

20

25

55

60

65

114

Reaction scheme 2

O0—B

\O + Br OO B
Br
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Intermediate 33-A

3.14 mL (20.0 mmol) of vinylboronic acid pinacol ester,
8.58 g (30.0 mmol) of 2,6-dibromonaphthalene, 1.15 g (1.0
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mmol) of PA(PPhy),, and 8.29 g (60.0 mmol) of K,CO, were
dissolved in 60 mL of a mixture solution of THF/H,O (vol-
ume ratio of 2/1) and stirred at 75° C. for 5 hours. The
obtained reaction solution was cooled down to room tempera-
ture and then extracted three times with 30 ml of water and 50
ml of diethylether. The obtained organic layer was dried with
magnesium sulfate and a solvent was evaporated therefrom to
obtain a crude product. The crude product was purified with
silica gel column chromatography to obtain 2.98 g of Inter-
mediate 33-A (yield 64%). The obtained compound was con-
firmed by MS/FAB.

C,,H,Br: cal. 231.99. found 233.01.
Synthesis of Intermediate 33-B

2.84 ¢ of Intermediate 33-B (yield 65%) was prepared in
the same manner as in the synthesis of Intermediate 3-B of
Synthesis Example 1, except that 9,9'-dimethylfluoren-2-yl-
phenylamine was used instead of Intermediate 3-A and Inter-
mediate 33-A was used instead of 1-bromo-4-vinylbenzene.
The obtained compound was confirmed by MS/FAB.

C,,H,,N: cal. 437.21. found 438.24.
Synthesis of Compound 33-2H

2.27 g of Compound 33-2H (yield 74%) was prepared in
the same manner as in the synthesis of Compound 3-2H of
Synthesis Example 1, except that Intermediate 33-B was used
instead of Intermediate 3-B and 9-bromophenathrene was
used instead of 2-bromonaphthalene. The obtained com-
pound was confirmed by MS/FAB and 'H NMR.

C,.;H,N: cal. 613.28. found 614.29.

'H NMR (CDCl, 400 MHz) & (ppm) 8.66 (d, 1), 8.46 (d,
1H), 8.15-8.06 (m, 3H), 7.92 (s, 1H1), 7.83-7.58 (m, 9H), 7.47
(dt, 1), 7.36-7.27 (m, 3H), 7.14-7.02 (m, 5H), 6.95-6.92 (m,
2H), 6.87 (s, 1H), 6.82-6.80 (m, 2H), 1.67 (s, 6H)

Synthesis of Compound 33

Compound 33 (yield 85%) was prepared in the same man-
ner as in the synthesis of Compound 3 of Synthesis Example
1, except that Compound 33-2H was used instead of Com-
pound 3-2H. The obtained compound was confirmed by
MS/FAB and '"H NMR.

C,;H;3D,N: cal. 615.29. found 616.30.

'HNMR (CDCls, 400 MHz) 8 (ppm) 8.66 (d, 1H), 8.46 (d,
1H), 8.11 (d, 1H), 7.93-7.91 (m, 2H), 7.83-7.62 (m, 8H), 7.58
(d, 1H), 7.48 (dt, 1H), 7.36-7.30 (m, 2H), 7.14-7.05 (m, 4H),
6.98 (dt, 1H), 6.93-6.90 (m, 2H), 6.87 (s, 1H), 6.81-6.79 (m,
2H), 1.67 (s, 6H), deuterium substitution rate: 84%

Synthesis Example 3

Synthesis of Compound 1

Compound 1 was prepared in the same manner as in Syn-
thesis Example 1, except that N-phenylnaphthalen-2-amine
was used instead of Intermediate 3-A. The obtained com-
pound was confirmed by MS/FAB and 'H NMR.

C,,H,;D,N: cal. 449.21. found 450.22.

'H NMR (CDCl,, 400 MHz) 5 (ppm) 7.86-7.82 (m, 4H),
7.79-7.76 (m, 1H), 7.68-7.64 (m, 2H), 7.57-7.38 (m, 9H),
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7.13-7.06 (m, 3H), 6.99-6.96 (m, 2H), 6.86-6.83 (m, 1H),
6.45-6.42 (m, 2H), deuterium substitution rate: 91.8%

Synthesis Example 4

Synthesis of Compound 5

Compound 5 was prepared in the same manner as in Syn-
thesis Example 1, except that 2-bromonaphthalene was used
instead of 9-bromophenathrene, and Intermediate 5-A-(1)
was used instead of aniline in the synthesis of Intermediate
3-A. The obtained compound was confirmed by MS/FAB and
"HNMR.

C,6H;0D,FN: cal. 619.26. found 620.24.

'H NMR (CDCl,, 400 MHz) 8 (ppm) 7.87-7.83 (m, 4H),
7.78-7.76 (m, 1H), 7.74-7.69 (m, 2H), 7.67-7.60 (m, 5H),
7.56-7.38 (m, 14H), 7.14-7.09 (m, 2H), 6.93-6.89 (m, 2H)

5-A-(1)

F
NIL

Synthesis Example 5

Synthesis of Compound 6

Compound 6 was prepared in the same manner as in Syn-
thesis Example 1, except that 4-bromobenzonitrile was used
instead of 9-bromophenathrene and naphtalene-2-amine was
used instead of aniline in the synthesis of Intermediate 3-A.
The obtained compound was confirmed by MS/FAB and 'H
NMR.

C5Hy,D N, cal. 474.21. found 445.22.

'H NMR (CDCl,, 400 MHz) 8 (ppm) 7.81-7.76 (m, 4H),
7.71-7.64 (m, 2H), 7.59-7.53 (m, 4H), 7.48-7.44 (m, 2H),
7.42-731 (m, 4H), 7.13-7.09 (m, 1H), 7.02-6.99 (m, 1H),
6.94-6.88 (m, 4H), deuterium substitution rate: 93.4%

Synthesis Example 6

Synthesis of Compound 9

Compound 9 was prepared in the same manner as in Syn-
thesis Example 2, except that 2-bromonaphthalene was used
instead of 9-bromophenathrene in the synthesis of Compound
33-2H. The obtained compound was confirmed by MS/FAB
and 'H NMR.

C,3H;,D,N: cal. 565.27. found 566.29.

'HNMR (CDCl,, 400 MHz) & (ppm) 7.90-7.82 (m, 5H),
7.78-7.62 (m, 6H), 7.58-7.43 (m, 3H), 7.35-7.30 (m, 2H),
7.13-7.06 (m, 4H), 6.90-6.83 (m, 2H), 6.65-6.63 (m, 1H),
6.42-6.40 (m, 2H), 1.68 (s, 6H) deuterium substitution rate:
86.4%
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Synthesis Example 7

Synthesis of Compound 12

Compound 12 was prepared in the same manner as in
Synthesis Example 2, except that 2,7-dibromo-9,9-dimethyl-
9H-fluorene was used instead of 2,6-dibromonaphthalene in
the synthesis of Intermediate 33-A, N-phenylnaphthalen-2-
amine was used instead of 9,9-dimethyl-N-phenyl-9H-fluo-
ren-2-amine in the synthesis of Intermediate 33-B, and 2-bro-
monaphthalene was used instead of 9-bromophenathrene in
the synthesis of Compound 33-2H. The obtained compound
was confirmed by MS/FAB and "H NMR.

C,;H,,D,N: cal. 565.27. found 566.28.

"HNMR (CDCl;, 400 MHz) § (ppm) 7.89-7.83 (m, 4H),
7.78-7.64 (m, 6H), 7.58-7.51 (m, 4H), 7.46-7.33 (m, 3H),
7.20-7.15 (m, 3H), 6.91-6.83 (m, 2H), 6.73-6.71 (m, 1H),
6.42-6.40 (m, 2H), 1.67 (s, 6H) deuterium substitution rate:
84.4%

Synthesis Example 8
Synthesis of Compound 18

Compound 18 was prepared in the same manner as in
Synthesis Example 1, except that 4-bromobenzonitrile was
used instead of 9-bromophenathrene and naphtalene-2-amine
was used instead of aniline in the synthesis of Intermediate
3-A, and 9-bromophenathrene was used instead of 2-bro-
monaphthalene in the synthesis of Compound 3-2H. The
obtained compound was confirmed by MS/FAB and 'HNMR

C;oH,,D,N,: cal. 524.22. found 525.24.

'H NMR (CDCl,, 400 MHz) 8 (ppm) 8.67-8.64 (m, 1H),
8.46-8.44 (m, 1H), 8.10-8.08 (m, 1H), 7.85-7.76 (m, 3H),
7.69-7.63 (m, 4H), 7.57-7.36 (m, 8H), 7.18-6.98 (m, 6H),
deuterium substitution rate: 91.3%

Synthesis Example 9
Synthesis of Compound 19

Compound 19 was prepared in the same manner as in
Synthesis Example 1, except that 9,9-dimethyl-N-phenyl-
9H-fluoren-2-amine was used instead of Intermediate 3-A,
and 9-bromophenathrene was used instead of 2-bromonaph-
thalene in the synthesis of Compound 3-2H. The obtained
compound was confirmed by MS/FAB and ‘H NMR.

C,3H;,D,N: cal. 565.27. found 566.26.

'H NMR (CDCl,, 400 MHz) 3 (ppm) 8.67-8.64 (m, 1),
8.46-8.44 (m, 1H), 8.10-8.08 (m, 1H), 7.85-7.81 (m, 2H),
7.78-7.76 (m, 1H), 7.69-7.64 (m, 2H), 7.56-7.46 (m, 4H),
7.36-7.30 (m, 1H), 7.14-7.04 (m, 5H), 6.96-6.83 (m, 4H),
6.59-6.58 (m, 1H), 6.43-6.40 (m, 2H), 1.67 (s, 611), deuterium
substitution rate: 85.8%

Synthesis Example 10
Synthesis of Compound 25

Compound 25 was prepared in the same manner as in
Synthesis Example 1, except that 3-iodo-9-phenyl-9H-carba-
zole was used instead of 9-bromophenathrene in the synthesis
of Intermediate 3-A, and 9-bromophenathrene was used
instead of 2-bromonaphthalene in the synthesis of Compound
3-2H. The obtained compound was confirmed by MS/FAB
and 'H NMR.
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C,6H;0D,N,: cal. 614.27. found 615.28.

'HNMR (CDCl,, 400 MHz) 8 (ppm) 8.67-8.64 (m, 1H),
8.46-8.44 (m, 1H), 8.22-8.19 (m, 1H), 8.11-8.09 (m, 1H),
7.85-7.81 (m, 2H), 7.69-7.64 (m, 2H), 7.52-7.22 (m, 13H),
7.18-7.14 (m, 2H), 7.06-7.04 (m, 1H), 6.97-6.94 (m, 3H),
6.86-6.83 (m, 1H), 6.52-6.50 (m, 2H), deuterium substitution
rate: 89.4%

Synthesis Example 11
Synthesis of Compound 29

Compound 29 was prepared in the same manner as in
Synthesis Example 1, except that Intermediate A-29-(1)
below was used instead of 9-bromophenathrene in the syn-
thesis of Intermediate 3-A, and 9-bromophenathrene was
used instead of 2-bromonaphthalene in the synthesis of Com-
pound 3-2H. The obtained compound was confirmed by
MS/FAB and 'H NMR.

C,oH,5D,NS: cal. 555.20. found 556.23.

'"HNMR (CDCl,, 400 MHz) 8 (ppm) 8.67-8.64 (m, 1H),
8.46-8.44 (m, 1H), 8.12-8.04 (m, 2H), 7.85-7.81 (m, 3H),
7.72-7.58 (m, 5H), 7.50-7.42 (m, 4H), 7.18-7.14 (m, 2H),
7.06-7.04 (m, 1H), 6.97-6.94 (m, 3H), 6.86-6.83 (m, 1H),
6.51-6.49 (m, 2H), deuterium substitution rate: 86.9%

-0

Br

29-A-(1)

Synthesis Example 12
Synthesis of Compound 30

Compound 30 was prepared in the same manner as in
Synthesis Example 1, except that Intermediate 30-A-(1)
below was used instead of 9-bromophenathrene and naphtal-
ene-2-amine was used instead of aniline in the synthesis of
Intermediate 3-A, and 9-bromophenathrene was used instead
of 2-bromonaphthalene in the synthesis of Compound 3-2H.
The obtained compound was confirmed by MS/FAB and 'H
NMR.

C,.H,,D,NO: cal. 589.24. found 590.27.

'"HNMR (CDCl,, 400 MHz) 8 (ppm) 8.67-8.64 (m, 1H),
8.46-8.44 (m, 1H), 8.12-8.09 (m, 1H), 7.85-7.36 (m, 19H),
7.28-7.08 (m, 5H)

O

Br

30-A-(1)

Synthesis Example 13
Synthesis of Compound 34

Compound 34 was prepared in the same manner as in
Synthesis Example 2, except that 1,4-dibromonaphthalene
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was used instead of 2,6-dibromonaphthalene in the synthesis
of Intermediate 33-A, and bis(9,9-dimethyl-9H-fluoren-2-y1)
amine was used instead of 9,9-dimethyl-N-phenyl-9H-fluo-
ren-2-amine in the synthesis of Intermediate 33-B. The
obtained compound was confirmed by MS/FAB and 'H
NMR.

Cs¢H, D,N: cal. 731.35. found 732.36.

'"HNMR (CDCl,, 400 MHz) 8 (ppm) 8.66 (d, 1H), 8.46 (d,
1H), 8.11 (d, 1H), 7.93-7.76 (m, SH), 7.69-7.63 (m, 3H),
7.55-7.46 (m, 4H), 7.36-7.24 (m, 3H), 7.14-7.08 (m, SH),
6.98-6.92 (m, 2H), 6.86-6.84 (m, 2H), 6.61-6.59 (m, 2H),
1.67 (s, 12H), deuterium substitution rate: 82%

Synthesis Example 14
Synthesis of Compound 36

Compound 36 was prepared in the same manner as in
Synthesis Example 1, except that 9.10-di-tert-butyl-2-bro-
moanthracene was used instead of 2-bromonaphthalene in the
synthesis of Compound 3-2H. The obtained compound was
confirmed by MS/FAB and "H NMR.

CsoH.3D,N: cal. 661.37. found 662.35.

"HNMR (CDCls, 400 MHz) & (ppm) 8.58 (d, 1H), 8.43 (d,
1H), 8.20-8.07 (d,4H),7.95-7.93 (m, 1H), 7.71-7.68 (m, 2H),
7.61-7.56 (m, 3H), 7.48-7.39 (m, 5H), 7.07-7.03 (m, 3H),
6.97-6.91 (m, 3H), 6.52-6.49 (m, 2H), 1.72 (s, 9H), 1.71 (s,
9H), deuterium substitution rate: 84.6%

Synthesis Example 15
Synthesis of Compound 44

Compound 44 was prepared in the same manner as in
Synthesis Example 1, except that Intermediate 44-A-(1)
below was used instead of 9-bromophenathrene in the syn-
thesis of Intermediate 3-A, and 9.10-di-tert-butyl-2-bro-
moanthracene was used instead of 2-bromonaphthalene in the
synthesis of Compound 3-2H. The obtained compound was
confirmed by MS/FAB and ‘H NMR.

C,,H,,D,N,: cal. 638.36. found 639.37.

'"HNMR (CDCls, 400 MHz) 8 (ppm) 8.68 (d, 1H), 8.43 (d,
1H), 8.20-8.07 (d, 4H), 7.60(dd, 1H), 7.50-7 .41 (m, 7H), 7.17
(t, 1H), 7.10-7.04 (m, 3H), 6.99-6.96 (m, 2H), 6.86-6.83 (m,
1H), 6.54-6.48 (m, 3H), 1.72 (s, 9H), 1.71 (s, 9H), deuterium
substitution rate: 82.6%

44-A-(1)

\

Br.

/

Synthesis Example 16
Synthesis of Compound 45

Compound 45 was prepared in the same manner as in
Synthesis Example 1, except that bromobenzene was used
instead of 9-bromophenathrene, and Intermediate 5-A-(1)
was used instead of aniline in the synthesis of Intermediate
3-A, and 9,10-di-tert-butyl-2-bromoanthracene was used
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instead of 2-bromonaphthalene in the synthesis of Compound
3-2H. The obtained compound was confirmed by MS/FAB
and 'H NMR.

C5H,cD,FN: cal. 731.38. found 732.37.

'HNMR (CDCl,, 400 MHz) 8 (ppm) 8.43 (t, 1H), 8.19 (d,
1H), 8.14-8.06 (d, 2H), 7.72-7.39 (m, 16H), 7.14-7.04 (m,
3H), 6.97-6.90 (m, 3H), 6.64-6.62 (m, 2H), 1.71 (s, 9H), 1.70
(s, 9H)

Synthesis Example 17

Synthesis of Compound 47

Compound 47 was prepared in the same manner as in
Synthesis Example 1, except that diphenylamine was used
instead of Intermediate 3-A, and Intermediate 47-2H-(1)
below was used instead of 2-bromonaphthalene in the syn-
thesis of Compound 3-2H. The obtained compound was con-
firmed by MS/FAB and ‘H NMR.

C,¢H;,D,N: cal. 601.27. found 602.24.

'HNMR (CDCly, 400 MHz) 3 (ppm) 8.22 (d, 1H), 8.01 (d,
1H), 7.82-7.65 (m, 6H), 7.57-7.28 (m, 11H), 7.08-7.04 (m,
4M), 6.99-6.93 (m, 4H), 6.56-6.53 (m, 41

O O B

Synthesis Example 18

47-20-(1)

T

Synthesis of Compound 52

Compound 52 was prepared in the same manner as in
Synthesis Example 1, except that diphenylamine was used
instead of Intermediate 3-A, and Intermediate 52-2H-(1)
below was used instead of 2-bromonaphthalene in the syn-
thesis of Compound 3-2H. The obtained compound was con-
firmed by MS/FAB and ‘H NMR.

C,oH,,D,N: cal. 530.27. found 531.24.

'"H NMR (CDCl,, 400 MHz)  (ppm) 8.03 (dd, 2H), 7.93
(dd, 2H), 7.46-7.44 (m, 2H), 7.35-7.31 (m, 2H), 7.08-7.03 (m,
4H), 6.95-6.91 (m, 2H), 6.89-6.86 (m, 2H), 6.76-6.73 (m,
2H), 6.56-6.53 (m, 4H), deuterium substitution rate: 90.7%

52-2H-(1)
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Synthesis Example 19

Synthesis of Compound 54

Compound 54 was prepared in the same manner as in
Synthesis Example 1, except that diphenylamine was used
instead of Intermediate 3-A, and Intermediate 54-2H-(1)
below was used instead of 2-bromonaphthalene in the syn-
thesis of Compound 3-2H. The obtained compound was con-
firmed by MS/FAB and 'H NMR.

C,4H;5D,N: cal. 581.30. found 582.31.

'"H NMR (CDCl,, 400 MHz)  (ppm) 8.18 (dd, 2H), 7.96
(dd, 2H), 7.70-7.63 (m, 4H), 7.52-7.49 (m, 2H), 7.44-7.40 (m,
2H), 7.06-7.02 (m, 6H), 6.89-6.83 (m, 4H), 6.56-6.52 (m,
4H), 1.68 (s, 9H), deuterium substitution rate: 83.2%

54-210-(1)

Synthesis Example 20
Synthesis of Compound 56

Compound 56 was prepared in the same manner as in
Synthesis Example 1, except that diphenylamine was used
instead of Intermediate 3-A, and Intermediate 56-2H-(1) was
used instead of 2-bromonaphthalene in the synthesis of Com-
pound 3-2H. The obtained compound was confirmed by
MS/FAB and 'H NMR.

C,H,5D,N: cal. 575.25. found 576.27.

"H NMR (CDCl,, 400 MHz) 3 (ppm) 8.02 (dd, 2H), 7.83
(d, 1H), 7.75-7.64 (m, 5H), 7.46-7.26 (m, 6H), 7.08-6.94 (m,
7TH), 6.89-6.86 (m, 2H), 6.76-6.73 (m, 2H), 6.56-6.52 (m,
4H), deuterium substitution rate: 94.6%

56-2H-(1)

Synthesis Example 21
Synthesis of Compound 60

Compound 60 was prepared in the same manner as in
Synthesis Example 1, except that bis(4-fluorophenyl)amine
was used instead of Intermediate 3-A, and 1-bromopyrene
was used instead of 2-bromonaphthalene in the synthesis of
Compound 3-2H. The obtained compound was confirmed by
MS/FAB and 'H NMR.
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C;6H,,D,F,N: cal. 509.19. found 510.21.

'"HNMR (CDCl,, 400 MHz) 3 (ppm) 8.37 (d, 1H), 8.17 (d,
2H), 8.11-8.10 (m, 2H), 8.04-7.95 (m, 3H), 7.86 (d, 1H),
7.45-7.41 (m, 2H), 7.22-7.03 (m, 6H), 6.86-6.80 (m, 4H),
deuterium substitution rate: 90.1%

Synthesis Example 22

Synthesis of Compound 61

Compound 61 was prepared in the same manner as in
Synthesis Example 1, except that N-phenylnaphthalen-2-
amine was used instead of Intermediate 3-A, and 1-bromopy-
rene was used instead of 2-bromonaphthalene in the synthesis
of Compound 3-2H. The obtained compound was confirmed
by MS/FAB and 'H NMR.

C,oH,5D,N: cal. 523.22. found 524.21.

'HNMR (CDCl,, 400 MHz)  (ppm) 8.37 (d, 1H), 8.17 (d,
2H), 8.04-7.95 (m, 3H), 7.86 (d, 1H1), 7.79-7.77 (m, 1H), 7.65
(d, 1H), 7.58-7.38 (m, 6H), 7.13-7.04 (m, 3H), 6.86-6.83 (m,
1H), 6.54-6.52 (m, 21)

Synthesis Example 23

Synthesis of Compound 64

Compound 64 was prepared in the same manner as in
Synthesis Example 2, except that 5-bromo-2-fluoropyridine
was used instead of 2,6-dibromonaphthalene in the synthesis
of Intermediate 33-A, diphenylamine was used instead of
9,9-dimethyl-N-phenyl-9H-fluoren-2-amine in the synthesis
of Intermediate 33-B, and 1-bromopyrene was used instead of
9-bromophenathrene in the synthesis of Compound 33-2H.
The obtained compound was confirmed by MS/FAB and "H
NMR.

C45H,,D,N,: cal. 474.20. found 475.21.

'HNMR (CDCl,, 400 MHz) 8 (ppm) 8.45 (d, 1H), 8.29 (d,
1H), 8.17 (d, 2H), 8.10-7.88 (m, 6H), 7.35-7.33 (m, 1H),
7.18-7.08 (m, SH), 7.06-7.03 (m, 2H), 6.73-6.71 (m, 4H),
deuterium substitution rate: 91.5%

Synthesis Example 24

Synthesis of Compound 69

Compound 69 was prepared in the same manner as in
Synthesis Example 1, except that 2,7-dibromo-9,9-dimethyl-
9H-fluorene was used instead of 2,6-dibromonaphthalene in
the synthesis of Intermediate 33-A, diphenylamine was used
instead of 9,9-dimethyl-N-phenyl-9H-fluoren-2-amine in the
synthesis of Intermediate 33-B, and Intermediate 69-2H-(1)
below was used instead of 9-bromophenathrene in the syn-
thesis of Compound 33-2H. The obtained compound was
confirmed by MS/FAB and ‘H NMR.

Cs3H,,D,N: cal. 691.32. found 692.29.

'HNMR (CDCl,, 400 MHz) 8 (ppm) 8.99 (s, 1H), 8.69 (s,
1H), 8.33-8.31 (m, 2H), 8.13-8.05 (m, 4H), 7.75-7.61 (m,
6H), 7.50-7.35 (m, 4H), 7.18-7.03 (m, 5H), 6.85-6.83 (m,
3H), 6.77-6.75 (m, 1H), 6.55-6.52 (m, 4H), 1.68 (s, 6H)



US 9,288,869 B2

123

62-2H-(1)

Q O )

Synthesis Example 25

Synthesis of Compound 71

Compound 71 was prepared in the same manner as in
Synthesis Example 1, except that 4-bromobenzonitrile was
used instead of 9-bromophenathrene in the synthesis of Inter-
mediate 3-A and Intermediate 69-2H-(1) was used instead of
2-bromonaphthalene in the synthesis of Compound 3-2H.
The obtained compound was confirmed by MS/FAB and 'H
NMR.

C,sH,D,N,: cal. 600.25. found 601.24.

'"HNMR (CDCl,, 400 MHz) 8 (ppm) 8.80 (s, 1H), 8.69 (s,
1H), 8.33-8.31 (m, 2H), 8.13-8.05 (m, 3H), 7.71-7.63 (m,
3H), 7.50-7.35 (m, 7H), 7.18-7.03 (m, 4H), 6.92-6.73 (m,
5H), 6.52-6.50 (m, 2H), deuterium substitution rate: 90.6%

Synthesis Example 26

Compound 74

Compound 74 was prepared in the same manner as in
Synthesis Example 1, except that diphenylamine was used
instead of Intermediate 3-A, and 2-bromotriphenylene was
used instead of 2-bromonaphthalene in the synthesis of Com-
pound 3-2H. The obtained compound was confirmed by
MS/FAB and 'H NMR.

C, H,sD,N: cal. 499.22. found 450.21.

'H NMR (CDCl,, 400 MHz) § (ppm) 8.86-8.81 (m, 5H),
8.50-8.49 (m, 1H), 7.70-7.60 (m, SH), 7.47-7.44 (m, 2H),
7.08-7.04 (m, 4H), 6.89-6.83 (m, 4H), 6.56-6.52 (m, 4H),
deuterium substitution rate: 91%

Synthesis Example 27

Synthesis of Compound 80

Compound 80 was prepared in the same manner as in
Synthesis Example 1, except that diphenylamine was used
instead of Intermediate 3-A, and Intermediate 80-2H-(1) was
used instead of 2-bromonaphthalene in the synthesis of Com-
pound 3-2H. The obtained compound was confirmed by
MS/FAB and '"H NMR.

C,oH;5sD,N: cal. 641.30. found 642.31.

'H NMR (CDCl,, 400 MHz) d (ppm) 8.64 (d, 1), 8.42 (¢,
1H), 7.89-7.86 (m, 2H), 7.79-7.77 (m, 1H), 7.68-7.63 (m,
6H), 7.54-7.34 (m, SH), 7.15-7.03 (m, 5H), 6.89-6.83 (m,
4H), 6.56-6.54 (m, 4H), 1.69 (s. 6H)
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80-2H-(1)
ATy
Synthesis Example 28

Synthesis of Compound 83

Compound 83 was prepared in the same manner as in
Synthesis Example 1, except that diphenylamine was used
instead of Intermediate 3-A, and Intermediate 83-2H-(1)
below was used instead of 2-bromonaphthalene in the syn-
thesis of Compound 3-2H. The obtained compound was con-
firmed by MS/FAB and 'H NMR.

C,,H,,D,N: cal. 549.24. found 550.21.

'"H NMR (CDCl,, 400 MHz) 8 (ppm) 8.16-7.98 (m, 7H),
7.85(d, 1H), 7.73-7.70 (m, 2H), 7.63-7.54 (m, 3H), 7.44-7.40
(m, 2H), 7.08-7.04 (m, 4H), 6.99-6.93 (m, 4H), 6.56-6.54 (m.
4H), deuterium substitution rate: 90.8%

QQ O )

Synthesis Example 29

83-21-(1)

Synthesis of Compound 86

Compound 86 was prepared in the same manner as in
Synthesis Example 1, except that N-phenylnaphthalen-2-
amine was used instead of Intermediate 3-A, and Intermedi-
ate 86-2H-(1) below was used instead of 2-bromonaphtha-
lene in the synthesis of Compound 3-2H. The obtained
compound was confirmed by MS/FAB and 'H NMR.

Cs5,H,5sD,N: cal. 687.38. found 688.37.

'H NMR (CDCl,, 400 MHz) 8 (ppm) 8.22-8.21 (m, 1H),
8.13-8.07 (m, 2H), 7.78-7.73 (m, 3H), 7.66-7.39 (m, 13H),
7.13-7.05 (m, 3H), 6.99-6.95 (m, 2H), 6.86-6.83 (m, 1H),
6.64-6.62 (m, 2H), 1.74 (s, 9H), 1.71 (s. 9H)

86-21-(1)
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Synthesis Example 30

Synthesis of Compound 88

Compound 88 was prepared in the same manner as in
Synthesis Example 1, except that diphenylamine was used
instead of Intermediate 3-A, and Intermediate 88-2H-(1)
below was used instead of 2-bromonaphthalene in the syn-
thesis of Compound 3-2H. The obtained compound was con-
firmed by MS/FAB and ‘H NMR.

C,sH;;D,N: cal. 591.28. found 592.31.

"H NMR (CDCl,, 400 MHz) 8 (ppm) 8.06-8.04 (m, 1H),
7.93-7.86 (m, 3H), 7.79-7.75 (m, 2H), 7.65-7.43 (m, 8H),
7.36-7.34 (m, 1H), 7.08-7.03 (m, 4H), 6.99-6.93 (m, 4H),
6.66-6.64 (m, 4H), 1.69 (s. 6H), deuterium substitution rate:
82%

88-21-(1)

s ot

Synthesis Example 31
Synthesis of Compound 91

Compound 91 was prepared in the same manner as in
Synthesis Example 2, except that 2,7-dibromophenathrene
was used instead of 2,6-dibromonaphthalene in the synthesis
of Intermediate 33-A, diphenylamine was used instead of
9,9-dimethyl-N-phenyl-9H-fluoren-2-amine in the synthesis
of Intermediate 33-B, and Intermediate 91-2H-(1) below was
used instead of 9-bromophenathrene in the synthesis of Com-
pound 33-2H. The obtained compound was confirmed by
MS/FAB and 'H NMR.

C,,H,sD,N: cal. 575.25. found 576.24.

'H NMR (CDCl,, 400 MHz) § (ppm) 8.48-8.44 (m, 2H),
8.15-8.14 (m, 1H), 7.97-7.96 (m, 1), 7.91-7.81 (m, 5H).
7.75-7.49 (m, 9H), 7.08-7.03 (m, 4H), 6.99-6.97 (m, 1H),
6.86-6.83 (m, 2H), 6.68-6.66 (m. 4H), deuterium substitution
rate: 92.5%

QQ Q )

Synthesis Example 32

91-2H-(1)

Synthesis of Compound 93

Compound 93 was prepared in the same manner as in
Synthesis Example 2, except that 2,7-dibromo-9,9-dimethyl-
9H-fluorene was used instead of 2,6-dibromonaphthalene in
the synthesis of Intermediate 33-A, diphenylamine was used
instead of 9,9-dimethyl-N-phenyl-9H-fluoren-2-amine in the
synthesis of Intermediate 33-B, and Intermediate 88-2H-(1)
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was used instead of 9-bromophenathrene in the synthesis of
Compound 33-2H. The obtained compound was confirmed
by MS/FAB and 'H NMR.

C,,H,,D,N: cal. 707.35. found 708.36.

'H NMR (CDCl,, 400 MHz) 8 (ppm) 8.05-8.04 (m, 1H),
7.96-7.93 (m, 3H), 7.79-7.73 (m, 3H), 7.68-7.49 (m, 8H),
7.36-7.33 (m, 2H), 7.08-7.03 (m, 4H), 6.97-6.93 (m, 3H),
6.86-6.83 (m, 1H), 6.45-6.43 (m. 4H), 1.69 (s. 6H), 1.67 (s.
6H)

Synthesis Example 33
Synthesis of Compound 101

Compound 101 was prepared in the same manner as in
Synthesis Example 1, except that diphenylamine was used
instead of Intermediate 3-A, and 2-bromo-9,9-dimethyl-9H-
fluorene was used instead of 2-bromonaphthalene in the syn-
thesis of Compound 3-2H. The obtained compound was con-
firmed by MS/FAB and 'H NMR.

C;5H,,D,N: cal. 465.24. found 466.25.

'HNMR (CDCl,, 400 MHz) & (ppm) 7.85 (dd, 1H), 7.74
(dd, 1H), 7.46-7.44 (m, 2H), 7.38-7.33 (m, 2H), 7.28-7.27 (m,
1H), 7.20-7.04 (m, 6H), 6.99-6.93 (m, 4H), 6.66-6.63 (m,
4H), 1.67 (s. 6H), deuterium substitution rate: 85.6%

Synthesis Example 34
Synthesis of Compound 106

Compound 106 was prepared in the same manner as in
Synthesis Example 1, except that 4-bromobenzonitrile was
used instead of 9-bromophenathrene and naphtalene-2-amine
was used instead of aniline in the synthesis of Intermediate
3-A, and 2-bromo-9,9-dimethyl-9H-fluorene was used
instead of 2-bromonaphthalene in the synthesis of Compound
3-2H. The obtained compound was confirmed by MS/FAB
and "H NMR.

C.sHyD,N,: cal. 540.25. found 541.26.

'"H NMR (CDCl,, 400 MHz) d (ppm) 7.87-7.83 (m, 1H),
7.78-7.76 (m, 1H), 7.72 (d, 1H), 7.65 (d, 1H), 7.58-7.53 (m,
3H), 7.48-7.45 (m, 2H), 7.41-7.27 (m, 6H), 7.20-7.18 (m,
1H), 7.13-7.09 (m. 1H), 7.02-6.99 (m. 1H), 6.93-6.88 (m.
4H), 1.68 (s. 6H), deuterium substitution rate: 87.4%

Synthesis Example 35
Synthesis of Compound 110

Compound 110 was prepared in the same manner as in
Synthesis Example 1, except that 9,9-dimethyl-N-phenyl-
9H-fluoren-2-amine was used instead of Intermediate, and
2-bromo-9,9-dimethyl-9H-fluorene was used instead of
2-bromonaphthalene in the synthesis of Compound 3-2H.
The obtained compound was confirmed by MS/FAB and 'H
NMR.

C,,H;sD,N: cal. 581.30. found 582.31.

'"H NMR (CDCl,, 400 MHz) § (ppm) 7.86-7.84 (m, 1H),
7.78-1.76 (m, 1H), 7.72 (d, 1H), 7.72 (d, 1H), 7.55 (d, 1H),
7.48-7.45 (m, 2H), 7.36-7.31 (m, 3H), 7.28-7.27 (m, 1H),
7.14-7.04 (m. 5H), 6.93-6.83 (m. 4H), 6.69-6.67 (m. 1H),
6.53-6.51 (m. 2H), 1.68 (s. 6H), 1.65 (s. 6H), deuterium
substitution rate: 82.1%

Synthesis Example 36
Synthesis of Compound 112

Compound 112 was prepared in the same manner as in
Synthesis Example 1, except that 3-i0do-9-phenyl-9H-carba-
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zole was used instead of 9-bromophenathrene in the synthesis
of Intermediate 3-A, and 2-bromo-9,9-dimethyl-9H-fluorene
was used instead of 2-bromonaphthalene in the synthesis of
Compound 3-2H. The obtained compound was confirmed by
MS/FAB and ‘H NMR.

C,,H;,D,N,: cal. 630.30. found 631.32.

'"H NMR (CDCl,, 400 MHz) § (ppm) 8.22-8.20 (m, 1H),
7.86-7.84 (m, 1H), 7.73-7.71 (m, 1H), 7.54-7.04 (m, 19H),
6.87-6.82 (m, 3H), 6.76-6.73 (m, 1H), 6.61-6.59 (m, 2H),
1.68 (5. 6H)

Synthesis Example 37
Synthesis of Compound 118

Compound 118 was prepared in the same manner as in
Synthesis Example 1, except that N-phenylnaphthalen-2-
amine was used instead of Intermediate 3-A, and Intermedi-
ate 118-2H-(1) below was used instead of 2-bromonaphtha-
lene in the synthesis of Compound 3-2H. The obtained
compound was confirmed by MS/FAB and 'H NMR.

C,oH;, D,N: cal. 637.27. found 638.24.

'"H NMR (CDCl,, 400 MHz) d (ppm) 8.11-8.10 (m, 1H),
7.96 (d, 1H), 7.92-7.90 (m, 1H), 7.78-7.76 (m, 1H), 7.73-7.71
(m, 1H),7.65(d, 1H), 7.58-7.34 (m, 10H), 7.24-7.04 (m, 6H),
6.93-6.86 (m. 6H), 6.80-6.78 (m. 1H), 6.54-6.52 (m. 2H)

e
Oo: Br

Synthesis Example 38

118-2H-(1)

Synthesis of Compound 121

Compound 121 was prepared in the same manner as in
Synthesis Example 1, except that 9,9-dimethyl-N-phenyl-
9H-fluoren-2-amine was used instead of Intermediate 3-A,
and 3-Todo-9-phenyl-9H-carbazole was used instead of
2-bromonaphthalene in the synthesis of Compound 3-2H.
The obtained compound was confirmed by MS/FAB and *H
NMR.

C,,H;,D,N,: cal. 449.21. found 450.22.

'H NMR (CDCl,, 400 MHz) 8 (ppm) 8.28-8.24 (m, 1H),
8.02-8.00 (m, 1H), 7.77 (dd, 1H), 7.55 (d, 1H), 7.51-7.26 (m,
13H), 7.14-7.05 (m, 4H), 6.93-6.83 (m, 4H), 6.79-6.77 (m,
1H), 6.63-6.61 (m. 2H), 1.68 (s. 6H)

Synthesis Example 39
Synthesis of Compound 125

Compound 125 was prepared in the same manner as in
Synthesis Example 1, except that 4-bromobenzonitrile was
used instead of 9-bromophenathrene and naphtalene-2-amine
was used instead of aniline in the synthesis of Intermediate
3-A, and 3-i0do-9-phenyl-9H-carbazole was used instead of
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2-bromonaphthalene during synthesis of Compound 3-2H.
The obtained compound was confirmed by MS/FAB and H
NMR.

C,3H,,D,N;: cal. 589.24. found 590.24.

'HNMR (CDCl,, 400 MHz) & (ppm) 8.26-8.24 (m, 1H),
8.02-8.00 (m, 1H), 7.78-7.76 (m, 1H), 7.65 (d, 1H), 7.57-7.52
(m, 3H), 7.50-7.25 (m, 15H), 7.12-7.10 (m, 1H), 6.93-6.88
(m, 4H), deuterium substitution rate: 88.1%

Synthesis Example 40

Synthesis of Compound 127

Compound 127 was prepared in the same manner as in
Synthesis Example 1, except that 3-i0do-9-phenyl-9H-carba-
zole was used instead of 9-bromophenathrene in the synthesis
of Intermediate 3-A, and 3-iodo-9-phenyl-9H-carbazole was
used instead of 2-bromonaphthalene in the synthesis of Com-
pound 3-2H. The obtained compound was confirmed by
MS/FAB and 'H NMR.

CoH133D.N,: cal. 679.29. found 680.28.

'H NMR (CDCl,, 400 MHz) 8 (ppm) 8.26-8.20 (m, 2H),
8.02-8.01 (m, 1H), 7.54-7.23 (m, 22H), 7.08-7.04 (m, 2H),
6.97-6.91 (m, 3H), 6.86-6.83 (m, 1H), 6.61-6.59 (m, 2H),
deuterium substitution rate: 90.5%

Synthesis Example 41

Synthesis of Compound 128

Compound 128 was prepared in the same manner as in
Synthesis Example 1, except that N,9,9-triphenyl-9H-fluo-
ren-2-amine was used instead of Intermediate 3-A, and
3-i0do-9-phenyl-9H-carbazole was used instead of 2-bro-
monaphthalene in the synthesis of Compound 3-2H. The
obtained compound was confirmed by MS/FAB and 'H
NMR.

Cs7H:D,N,;: cal. 754.33. found 755.34.

'H NMR (CDCl,, 400 MHz)  (ppm) 8.26-8.24 (m, 1H),
8.02-8.00 (m, 1H), 7.85 (dd, 1H), 7.57 (d, 1H), 7.51-7.26 (m,
13H), 7.19-7.04 (m, 13H), 6.91-6.89 (m, 1H), 6.83-6.73 (m,
4H), 6.68-6.67 (m, 1H), 6.53-6.51 (m, 2H)

Synthesis Example 42

Synthesis of Compound 133

Compound 133 was prepared in the same manner as in
Synthesis Example 1, except that 9,9-dimethyl-N-(naphtha-
len-3-y1)-9H-fluoren-2-amine was used instead of Intermedi-
ate 3-A, and Intermediate 133-2H-(1) below was used instead
of 2-bromonaphthalene in the synthesis of Compound 3-2H.
The obtained compound was confirmed by MS/FAB and *H
NMR.

Cs5,H,5D,FN,: cal. 698.30. found 699.31.

'H NMR (CDCl,, 400 MHz) § (ppm) 8.14-8.12 (m, 1),
7.93-7.91 (m, 1H), 7.79-7.76 (m, 2H), 7.69 (d, 1H), 7.58-7.54
(m, 4H), 7.49-7.23 (m, 1H), 7.16-7.05 (m, 5H), 6.99-6.91 (m,
3H), 6.79-6.78 (m, 1H), 1.67 (s, 6H)
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133-2H-(1)
F
5
N,
10
15
Synthesis Example 43

Synthesis of Compound 136

Compound 136 was prepared in the same manner as in 20
Synthesis Example 1, except that 1-bromo-4-fluorobenzene
was used instead of 9-bromophenathrene and naphtalene-2-
amine was used instead of aniline in the synthesis of Inter-
mediate 3-A, and Intermediate 136-2H-(1) below was used
instead of 2-bromonaphthalene in the synthesis of Compound
3-2H. The obtained compound was confirmed by MS/FAB
and "H NMR.

C46H,,D,FNS: cal. 523.17. found 524.27.

'"H NMR (CDCl,, 400 MHz) 5 (ppm) 8.29 (d, 1H), 8.10-
8.04 (m, 2H), 7.80-7.76 (m, 2H), 7.65 (d, 1H), 7.58-7.54 (m,
4H), 7.48-7.35 (m, SH), 7.25-7.20 (m, 3H), 7.04-7.01 (m,
2H), 6.84-6.81 (m, 2H), deuterium substitution rate: 91.3%

O

Synthesis Example 44
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136-2H-(1)

40

Synthesis of Compound 138 45

Compound 138 was prepared in the same manner as in
Synthesis Example 1, except that Intermediate 29-A-(1)
above was used instead of 2-bromonaphthalene in the syn-
thesis of Compound 3-2H. The obtained compound was con-
firmed by MS/FAB and ‘H NMR.

C,oH,sD,NS: cal. 555.19. found 556.17.

'"H NMR (CDCl,, 400 MHz) 5 (ppm) 8.58 (d, 1H), 8.27-
8.26 (m, 1H), 8.21-8.11 (m, 2H), 7.95-7.92 (m, 1H), 7.86 (d,
1H), 7.79 (d, 1H), 7.72-7.54 (m, 6H), 7.46-7.39 (m, 4H),
7.07-7.03 (m, 3H), 6.97-6.91 (m, 3H), 6.52-6.49 (m, 2H),
deuterium substitution rate: 90%

50
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Synthesis Example 45
60
Synthesis of Compound 139

Compound 139 was prepared in the same manner as in
Synthesis Example 1, except that Intermediate 118-2H-(1)
above was used instead of 9-bromophenathrene and naphtal-
ene-2-amine was used instead of aniline in the synthesis of
Intermediate 3-A, and Intermediate 29-A-(1) above was used

65

130
instead of 2-bromonaphthalene in the synthesis of Compound
3-2H. The obtained compound was confirmed by MS/FAB
and "H NMR.

Cs5,H;,D,NS: cal. 693.24. found 694.21.

'H NMR (CDCl,, 400 MHz) § (ppm) 8.27-8.26 (m, 1H),
8.12 (d, 1H), 7.93-7.85 (m, 4H), 7.79 (d, 1H), 7.64-7.41 (m,
9H), 7.21-7.15 (m, 3H), 7.09-7.04 (m, 2H), 6.93-6.73 (m,
7H), 6.67-6.66 (m, 1H), 6.53-6.51 (m, 2H)

Synthesis Example 46
Synthesis of Compound 142

Compound 142 was prepared in the same manner as in
Synthesis Example 1, except that bromobenzene was used
instead of 9-bromophenathrene, and Intermediate 5-A-(1)
above was used instead of aniline in the synthesis of Interme-
diate 3-A, and Intermediate 29-A-(1) above was used instead
of 2-bromonaphthalene in the synthesis of Compound 3-2H.
The obtained compound was confirmed by MS/FAB and "H
NMR.

C,H,D,FNS: cal. 625.22. found 626.23.

'H NMR (CDCl,, 400 MHz) d (ppm) 8.27-8.26 (m, 1H),
8.12 (d, 1H), 7.86 (d, 1H), 7.79 (d, 1H), 7.72-7.70 (m, 2H),
7.66-7.40 (m, 14H), 7.13-7.03 (m, 3H), 6.98-6.90 (m, 3H),
6.54-6.52 (m, 2H), deuterium substitution rate: 92.8%

Synthesis Example 47
Synthesis of Compound 147

Compound 147 was prepared in the same manner as in
Synthesis Example 1, except that 9,9-dimethyl-N-(naphtha-
len-3-y1)-9H-fluoren-2-amine was used instead of Intermedi-
ate 3-A, and Intermediate 147-2H-(1) below was used instead
of 2-bromonaphthalene in the synthesis of Compound 3-2H.
The obtained compound was confirmed by MS/FAB and *H
NMR.

C,sH;,D,NO: cal. 605.26. found 606.24.

'H NMR (CDCl,, 400 MHz) d (ppm) 7.96-7.94 (m, 1H),
7.78-7.68 (m, SH), 7.57-7.30 (m, 12H), 7.16-7.10 (m, 4H),
6.99-6.97 (m, 2H), 6.93-6.91 (m, 1H), 6.69-6.68 (m, 1H).
1.67 (s, 6H), deuterium substitution rate: 93%

O

Synthesis Example 48

147-2H-(1)

Synthesis of Compound 150

Compound 150 was prepared in the same manner as in
Synthesis Example 1, except that N,9,9-triphenyl-9H-fluo-
ren-2-amine was used instead of Intermediate 3-A, and Inter-
mediate 30-A-(1) above was used instead of 2-bromonaph-
thalene in the synthesis of Compound 3-2H. The obtained
compound was confirmed by MS/FAB and 'H NMR.

C5,H;5D,NO: cal. 679.28. found 680.29.

'HNMR (CDCl,, 400 MHz) 8 (ppm) 7.99-7.97 (m, 1H),
7.93-7.92 (m, 1H), 7.86-7.84 (m, 1H), 7.72 (d, 1H), 7.58-7.35
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(m, 8H), 7.19-7.04 (m, 13H), 6.90 (dd, 1H), 6.83-6.73 (m,
4H), 6.67-6.66 (m, 1H), 6.53-6.51 (m, 2H)

Synthesis Example 49
Synthesis of Compound 157

Compound 157 was prepared in the same manner as in
Synthesis Example 2, except that 2,7-dibromo-9,9-dimethyl-
9H-fluorene was used instead of 2,6-dibromonaphthalene in
the synthesis of Intermediate 33-A, N-phenylnaphthalen-1-
amine was used instead of 9,9-dimethyl-N-phenyl-9H-fluo-
ren-2-amine in the synthesis of Intermediate 33-B, and
2-bromo-9,9-dimethyl-9H-fluorene was used instead of
9-bromophenathrene in the synthesis of Compound 33-2H.
The obtained compound was confirmed by MS/FAB and 'H
NMR.

C,sH;,D,N: cal. 631.32. found 632.33.

'"HNMR (CDCl,, 400 MHz) § (ppm) 8.13-8.10 (m, 1H),
7.87-7.84 (m, 2H), 7.73-7.64 (m, 5H), 7.49-7.43 (m, 3H),
7.36-7.02 (m, 8H), 6.93 (d, 1H), 6.85-6.78 (m, 2H), 6.55-6.54
(m, 1H), 6.46-6.44 (m, 2H), 1.69 (s, 6H), 1.67 (s, 6H)

Synthesis Example 50
Synthesis of Compound 161

Compound 161 was prepared in the same manner as in
Synthesis Example 2, except that diphenylamine was used
instead of 9,9-dimethyl-N-phenyl-9H-fluoren-2-amine in the
synthesis of Intermediate 33-B and 3-iodo-9-phenyl-9H-car-
bazole was used instead of 9-bromophenathrene in the syn-
thesis of Compound 33-2H. The obtained compound was
confirmed by MS/FAB and "H NMR.

C,,H,3D,N,: cal. 564.25. found 565.24.

'H NMR (CDCl,, 400 MHz) 8 (ppm) 8.26-8.24 (m, 1H),
8.01-8.00 (m, 1H), 7.88-7.87 (m, 1H), 7.76-7.67 (m, 3H),
7.63-7.62 (m, 1H), 7.52-7.26 (m, 10H), 7.09-7.04 (m, 4H),
6.97-6.95 (m, 1H), 6.86-6.83 (m, 2H), 6.58-6.56 (m, 4H),
deuterium substitution rate: 90%

Synthesis Example 51
Synthesis of Compound 163

Compound 163 was prepared in the same manner as in
Synthesis Example 2, except that 2,7-dibromo-9,9-dimethyl-
9H-fluorene was used instead of 2,6-dibromonaphthalene in
the synthesis of Intermediate 33-A, N-phenylnaphthalen-2-
amine was used instead of 9,9-dimethyl-N-phenyl-9H-fluo-
ren-2-amine in the synthesis of Intermediate 33-B, and
3-i0do-9-phenyl-9H-carbazole was used instead of 9-bro-
mophenathrene in the synthesis of Compound 33-2H. The
obtained compound was confirmed by MS/FAB and 'H
NMR.

Cs,H;6D,N,: cal. 680.31. found 681.34.

'H NMR (CDCl,, 400 MHz) 8 (ppm) 8.26-8.24 (m, 1H),
8.01-8.00 (m, 1H), 7.78-7.64 (m, 5H), 7.58-7.26 (m, 15H),
7.10-7.05 (m, 3H), 6.91-6.83 (m, 2H), 6.74-6.73 (m, 1H),
6.52-6.50 (m, 2H), 1.68 (s, 6H)

Synthesis Example 52
Synthesis of Compound 164

Compound 164 was prepared in the same manner as in
Synthesis Example 2, except that 5-bromo-2-iodopyridine
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was used instead of 2,6-dibromonaphthalene in the synthesis
of Intermediate 33-A, diphenylamine was used instead of
9,9-dimethyl-N-phenyl-9H-fluoren-2-amine in the synthesis
of Intermediate 33-B, and Intermediate 164-2H-(1) below
was used instead of 9-bromophenathrene in the synthesis of
Compound 33-2H. The obtained compound was confirmed
by MS/FAB and 'H NMR.

C,oH,oD,N,: cal. 591.26. found 592.27.

'"H NMR (CDCl,, 400 MHz) 8 (ppm) 8.14-8.12 (m, 111),
8.08-8.07 (m, 1H), 7.92-7.89 (m, 2H), 7.82-7.80 (m, 2H),
7.70-7.67 (m, 2H), 7.54-7.48 (m, 4H), 7.39-7.26 (m, 4H),
7.21-7.19 (m, 2H), 7.14-7.08 (m, 5H), 6.96-6.93 (m, 2H),
6.73-6.71 (m, 4H), deuterium substitution rate: 93.5%

164-2H-(1)

O N O Br
Synthesis Example 53

Synthesis of Compound 167

Compound 167 was prepared in the same manner as in
Synthesis Example 1, except that diphenylamine was used
instead of Intermediate 3-A, and Intermediate 167-2H-(1)
below was used instead of 2-bromonaphthalene in the syn-
thesis of Compound 3-2H. The obtained compound was con-
firmed by MS/FAB and 'H NMR.

C,,H,,D,NS: cal. 581.21. found 582.24.

'H NMR (CDCl,, 400 MHz) 8 (ppm) 8.36 (d, 1H), 8.16-
8.06 (m, 2H), 7.98-7.97 (n1, 1H), 7.89-7.78 (m, 3H), 7.63-
7.58 (m, 2H), 7.46-7.35 (m, 4H), 7.12-6.94 (m, 6H), 6.85-
6.73 (m, 4H), 6.66-6.63 (m, 4H)

167-2H-(1)

Synthesis Example 54
Synthesis of Compound 169

Compound 169 was prepared in the same manner as in
Synthesis Example 2, except that 2,7-dibromo-9,9-dimethyl-
9H-fluorene was used instead of 2,6-dibromonaphthalene in
the synthesis of Intermediate 33-A, N-phenylnaphthalen-2-
amine was used instead of 9,9-dimethyl-N-phenyl-9H-fluo-
ren-2-amine in the synthesis of Intermediate 33-B, and Inter-
mediate 30-A-(1) was used instead of 9-bromophenathrene in
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the synthesis of Compound 33-2H. The obtained compound
was confirmed by MS/FAB and 'H NMR.

C,sH;,D,NO: cal. 605.26. found 606.27.

'HNMR (CDCl,, 400 MHz) 8 (ppm) 7.99-7.97 (m, 1H),
7.93-7.92 (m, 1H), 7.78-7.64 (m, 6H), 7.58-7.51 (m, 6H),
7.42-7.34 (m, 3H), 7.10-7.06 (m, 3H), 6.91-6.87 (m, 2H),
6.74-6.73 (m, 1H), 6.52-6.50 (m, 2H), 1.68 (s, 6H)

Synthesis Example 55

Synthesis of Compound 176

Compound 176 was prepared in the same manner as in
Synthesis Example 1, except that N-phenylnaphthalen-2-
amine was used instead of Intermediate 3-A, and Intermedi-
ate 176-2H-(1) below was used instead of 2-bromonaphtha-
lene in the synthesis of Compound 3-2H. The obtained
compound was confirmed by MS/FAB and ‘H NMR.

Cs5H,0D,N,: cal. 756.34. found 757.34.

'H NMR (CDCl,, 400 MHz) d (ppm) 8.24-8.22 (m, 1H),
8.00-7.99 (m, 1H), 7.90-7.85 (m, 2H), 7.80-7.76 (m, 2H),
7.66-7.64 (m, 3H), 7.59-7.04 (m, 20H), 6.99-6.96 (m, 2H),
6.86-6.83 (m, 1H), 6.54-6.52 (m, 2H), 1.67 (s, 6H)

176-2H-(1)

D

Synthesis Example 56

N

9

Synthesis of Compound 179

Compound 179 was prepared in the same manner as in
Synthesis Example 2, except that diphenylamine was used
instead of 9,9-dimethyl-N-phenyl-9H-fluoren-2-amine dur-
ing synthesis of Intermediate 33-B, and Intermediate 179-
2H-(1) below was used instead of 9-bromophenathrene in the
synthesis of Compound 33-2H. The obtained compound was
confirmed by MS/FAB and "H NMR.

C,sH;35D,N: cal. 591.28. found 592.29.

'H NMR (CDCl,, 400 MHz) 3 (ppm) 7.83-7.79 (m, 2H),
7.75-7.67 (m, 6H), 7.63-7.62 (m, 1H), 7.57-7.55 (m, 1H),
7.50-7.46 (m, 2H), 7.35-7.31 (m, 1H), 7.28-7.27 (m, 1H),
7.15-7.04 (m, 6H), 6.96 (dd, 1H), 6.86-6.83 (m, 2H), 6.68-
6.66 (m, 4H), 1.64 (s, 6H), deuterium substitution rate: 82%

179-2H-(1)

stass
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Synthesis Example 57

Synthesis of Compound 180

Compound 180 was prepared in the same manner as in
Synthesis Example 2, except that 2,7-dibromo-9,9-dimethyl-
9H-fluorene was used instead of 2,6-dibromonaphthalene in
the synthesis of Intermediate 33-A, N-phenylnaphthalen-2-
amine was used instead of 9,9-dimethyl-N-phenyl-9H-fluo-
ren-2-amine in the synthesis of Intermediate 33-B, Interme-
diate  180-2H-(1) below was used instead of
9-bromophenathrene in the synthesis of Compound 33-2H.
The obtained compound was confirmed by MS/FAB and *H
NMR.

Ces4H,sD,N: cal. 831.38. found 832.40.

'HNMR (CDCl,, 400 MHz) & (ppm) 7.90-7.88 (m, 1H),
7.85-7.64 (m, 8H), 7.58-7.33 (m, 10H), 7.22-7.05 (m, 14H),
6.94-6.92 (m, 1H), 6.81-6.73 (m, 2H), 6.73-6.72 (m, 1H),
6.53-6.50 (m, 2H), 1.67 (s, 6H)

Q0
9%0ss

Comparative Synthesis Example A

180-2H-(1)

Compound A was synthesized according to Reaction
Scheme A below:

Reaction Scheme A

Br

|

D
n
D N

NatShoel

D 33-A
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-continued

Synthesis of Intermediate 1-5

Intermediate I-5 was prepared in the same manner as in the
synthesis of Intermediate 3-A of Synthesis Example 1, except
that bromobenzene-ds was used instead of 9-bromophenath-
rene, and 9,9-dimethyl-9H-fluoren-2-amine was used instead
of aniline in the synthesis of Intermediate 3-A

Synthesis of Intermediate 1-6

Intermediate I-6 was prepared in the same manner as in the
synthesis of Intermediate 33-B of Synthesis Example 2,
except that Intermediate 1-5 was used instead of 9,9-dim-
ethyl-N-phenyl-9H-fluorene-2-amine.

Synthesis of Compound A

Compound A was prepared in the same manner as in the
synthesis of Compound 33-2H of Synthesis Example 2,
except that Intermediate I-6 was used instead of Intermediate
33-B. The obtained compound was confirmed by MS/FAB
and *H NMR.

C,,H;,D;N: cal. 618.31. found 619.32.

'"HNMR (CDCls, 400 MHz) 8 (ppm) 8.66 (d, 1H), 8.46 (d,
1H), 8.15-8.06 (m, 3H), 7.92 (s, 1H), 7.83-7.56 (m, 9H), 7.48
(dt,1H),7.36-7.27 (m, 3H), 7.14-7.08 (m, 2H), 7.02 (dt, 1H),
6.97-6.95 (m, 1H), 6.89 (s, 1H), 1.66 (s, 6H)

Example 1

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

2-TNATA was deposited on the ITO glass substrate to form
a HIL having a thickness of 600 A and 4,4'-bis[N-(1-naph-
thyl)-N-phenyl amino]biphenyl (NPB) was then deposited on
the HIL to form a HTL having a thickness of 300 A.

Then, 9,10-di(naphthalene-2-yl)anthracene (ADN) and
Compound 3 were co-deposited on the HTL at a weight ratio
of 98:2 to form an EML having a thickness of 300 A.

Then, Alq, was deposited on the EML to form an ETL
having a thickness of 300 A, LiF was deposited on the ETL to
form an EIL having a thickness of 10 A, and Al was deposited
on the EIL to form a second electrode (cathode) having a
thickness of 3,000 A, thereby completing the manufacture of
an OLED.
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Example 2

An OLED was manufactured in the same manner as in
Example 1, except that Compound 19 was used instead of
Compound 3 in the formation of the EML.

Example 3

An OLED was manufactured in the same manner as in
Example 1, except that Compound 33 was used instead of
Compound 3 in the formation of the EML.

Example 4

An OLED was manufactured in the same manner as in
Example 1, except that Compound 45 was used instead of
Compound 3 in the formation of the EML.

Example 5

An OLED was manufactured in the same manner as in
Example 1, except that Compound 47 was used instead of
Compound 3 in the formation of the EML.

Example 6

An OLED was manufactured in the same manner as in
Example 1, except that Compound 54 was used instead of
Compound 3 in the formation of the EML

Example 7

An OLED was manufactured in the same manner as in
Example 1, except that Compound 69 was used instead of
Compound 3 in the formation of the EML.

Example 8

An OLED was manufactured in the same manner as in
Example 1, except that Compound 74 was used instead of
Compound 3 in the formation of the EML.

Example 9

An OLED was manufactured in the same manner as in
Example 1, except that Compound 80 was used instead of
Compound 3 in the formation of the EML.

Example 10

An OLED was manufactured in the same manner as in
Example 1, except that Compound 92 was used instead of
Compound 3 in the formation of the EML.

Example 11

An OLED was manufactured in the same manner as in
Example 1, except that Compound 106 was used instead of
Compound 3 in the formation of the EML.

Example 12

An OLED was manufactured in the same manner as in
Example 1, except that Compound 118 was used instead of
Compound 3 in the formation of the EML.
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Example 13

An OLED was manufactured in the same manner as in
Example 1, except that Compound 128 was used instead of
Compound 3 in the formation of the EML.

Example 14

An OLED was manufactured in the same manner as in
Example 1, except that Compound 136 was used instead of
Compound 3 in the formation of the EML.

Example 15

An OLED was manufactured in the same manner as in
Fxample 1, except that Compound 161 was used instead of
Compound 3 in the formation of the EML.

Example 16

An OLED was manufactured in the same manner as in

2
Example 1, except that Compound 169 was used instead of

Compound 3 in the formation of the EML.
Example 17
An OLED was manufactured in the same manner as in

Example 1, except that Compound 180 was used instead of
Compound 3 in the formation of the EML.
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Example 18

An OLED was manufactured in the same manner as in
Example 1, except that Compound 3 was used instead of NPB
in the formation of the HTL and Compound DPAVBi was
used instead of Compound 3 in the formation of the EML.

Example 19

An OLED was manufactured in the same manner as in
Example 1, except that Compound 136 was used instead of
NPB in the formation of the HTL and Compound DPAVBi
was used instead of Compound 3 in the formation of the EML.

Example 20

An OLED was manufactured in the same manner as in
Example 1, except that Compound 161 was used instead of
NPB in the formation of the HTL and Compound DPAVBi

0 wasused instead of Compound 3 in the formation of the EML.

Comparative Example 1

An OLED was manufactured in the same manner as in
Example 1, except that 1,4-bis-2,2-diphenylvinyl)biphenyl
(DPAVBI) was used instead of Compound 3 in the formation
of the EML.

DPAVBI

Comparative Example 2

45
An OLED was manufactured in the same manner as in
Example 1, except that Compound A was used instead of
Compound 3 in the formation of the EML.
30 Evaluation Example 1
Driving voltage, current density, brightness, emission
color, efficiency, and half lifetime (@100 mA/cm®) of each of
the OLEDs of Examples 1 through 20 and Comparative
55 BExamples 1 and 2 were evaluated using PR650 Spectroscan
Source Measurement Unit (available from PhotoResearch),
and the results are shown in Table 1 below.
TABLE 1
Driving  Current Half
Hole transport  Dopant of voltage  density  Brightness efficiency Emission  lifetime
layer Emission layer (V)  (mAlem®) (cdim?) (cd/A)  color (hr)
Example ]  NPB Compound 3 6.39 50 3,075 6.15 Blue 259
Example2  NPB Compound 19 6.41 50 3,045 6.09  Blue 263
Example3  NPB Compound 33 6.42 50 3,085 6.17  Blue 269
Example4  NPB Compound 45 6.36 50 3,205 641  Blue 287
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TABLE 1-continued

140

Driving  Current

Half

Hole transport  Dopant of voltage  density  Brightness efficiency Emission  lifetime
layer Emission layer V) (mAem?)  (cd/m?) {ed/A)  color (hr)

Example 5 NPB Compound 47 6.38 50 3,260 6.52  Blue 322
Example 6 NPB Compound 54 6.39 50 3,120 6.24  Blue 271
Example 7 NPB Compound 69 6.37 50 3,055 6.11  Blue 254
Example 8  NPB Compound 74 6.36 50 2,985 5.97  Blue 322
Example9 NPB Compound 80 6.40 50 3,235 6.47  Blue 307
Example 10 NPB Compound 92 6.38 50 3,035 6.07  Blue 297
Example 11 NPB Compound 106 6.37 50 3,105 6.21  Blue 264
Example 12 NPB Compound 118 6.41 50 3,290 6.58  Blue 326
Example 13 NPB Compound 128 6.28 50 3,160 6.32  Blue 302
Example 14 NPB Compound 136 6.31 50 3,165 6.33  Blue 273
Example 15 NPB Compound 161 6.29 50 3,140 6.28  Blue 267
Example 16 NPB Compound 169 6.28 50 3,305 6.61  Blue 279
Example 17 NPB Compound 180 6.39 50 3,330 6.66  Blue 286
Example 18 Compound 3 DPVABI 5.72 50 2,680 5.36  Blue 209
Example 19 Compound 136 DPVABI 5.53 50 2,710 5.42  Blue 219
Example 20 Compound 161 DPVABI 5.54 50 2,880 5.76  Blue 226
Comparative NPB DPVABI 7.35 50 2,065 4.13  Blue 145

Example 1

Comparative NPB Compound A 6.43 50 3,050 6.10  Blue 152

Example 2

From the results shown in Table 1, it is confirmed that the
OLEDs of Examples 1 through 20 each generally have excel-
lent driving voltage, higher luminance, higher efficiency,
higher color purity, and longer lifetime, as compared to the
OLEDs of Comparative Examples 1 and 2.

In detail, it may be confirmed that the OLED of Example 3
using Compound 33 as a dopant of an EML has long lifetime
compared to the OLED of Example 2 using Compound A as
a dopant of an EML. The Compound A is different from
Compound 33 in that a phenyl group bonded to nitrogen
instead of a styryl group is substituted with deuterium. Thus,
it may be confirmed that the lifetime properties of an OLED
is increased by substituting carbon of the styryl group with
deuterium styryl group.

It may be confirmed that the OLEDs of Examples 18
through 20 including Compounds 3, 136, and 161 as a hole
transport material each have low driving voltage while having
long lifetime compared to the OLED of Comparative
Example 1.

As described above, according to the one or more embodi-
ments of the present invention, a styryl-based compound may
exhibit high heat resistance and thus an OLED including the
same may have low driving voltage, high brightness, high
efficiency, and long lifetime.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
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 styryl-based compound represented by any one of
Formulae 1A through 11 below:

Formula 1A

D

P O T
Pl | L1773
A ymb_Nf

Ar)
\
Ar

D

55 -continued

Formula 1B
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Formula 1C

Formula 1D
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-continued
Formula 1F
(Z1)p
A
| &
D
—tL7; \ /AI 1
L,9¥—N
AN
D Ar)
q(ZZ)
Formula 1G
(Zs),
\_/ ’
. T\ /"
L, ﬁb— N\
22 Zl D AI2
Formula 1H
(Za),
\ / ’
—+L o \ /AI 1
/N L, -)b— N\
Z, D Ary
Formula 11
@)y
\ / ’
—t L3 \ /AI 1
Tj L, -)b— N\
D Aty

wherein Z, through 7, are each independently selected
from the group consisting of hydrogen; deuterium; a
halogen atom; a hydroxyl group; a cyano group; a nitro
group; an amino group; an amidino group; hydrazine;
hydrazone; a carboxyl group or a salt thereof; a sulfonic
acid group or a salt thereof; a phosphoric acid or a salt
thereof; a C,-C,, alkyl group; a C,-C, , alkoxy group; a
phenyl group; a naphthyl group; a fluorenyl group; a
phenanthrenyl group; an anthryl group; an triphenylenyl
group; a pyrenyl group; a chrysenyl group; an imida-
zolyl group: an imidazolynyl group; an imidazopyridi-
nyl group; an imidazopyrimidinyl group; a pyridinyl
group; a pyrazinyl group; a pyrimidinyl group; an
indolyl group; and a phenyl group, a naphthyl group, a
fluorenyl group, a phenanthrenyl group, an anthryl
group, an triphenylenyl group, a pyrenyl group, a chry-
senyl group, an imidazolyl group, an imidazolynyl
group, an imidazopyridinyl group, an imidazopyrimidi-
nyl group, a pyridinyl group, a pyrazinyl group, a pyri-
midinyl group, and an indolyl group that are substituted
with at least one of deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a car-
boxyl group or a salt thereof, a sulfonic acid group or a
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salt thereof, a phosphoric acid or a salt thereof, a C,-C |,
alkyl group, and a C,-C, ; alkoxy group;

two or more neighboring substituents from among 7,
through Z, are optionally fused with each other or are
optionally connected by a single bond;

T,isOorS;

pis an integer of 1 to 7; and

q is an integer of 1 to 4;

Ar, and Ar, are each independently a substituted or unsub-
stituted C4-Cg, aryl group, or a substituted or unsubsti-
tuted C,-Cy, heteroaryl group;

L, and L, are each independently a substituted or unsub-
stituted C4-Cy, arvlene group, or a substituted or unsub-
stituted C,-Cy, heteroarylene group; and

aand b are each independently an integer of O to 5.

2. The styryl-based compound of claim 1, wherein Ar, and
Ar, are each independently a substituted or unsubstituted
phenyl group, a substituted or unsubstituted pentalenyl
group, a substituted or unsubstituted indenyl group, a substi-
tuted or unsubstituted naphthyl group, a substituted or unsub-
stituted azulenyl group, a substituted or unsubstituted heptal-
enyl group, a substituted, or unsubstituted indacenyl group, a
substituted or unsubstituted acenaphthyl group, a substituted
or unsubstituted fluorenyl group, a substituted or unsubsti-
tuted spiro-fluorenyl group, a substituted or unsubstituted
phenalenyl group, a substituted or unsubstituted phenanthre-
nyl group, a substituted or unsubstituted anthryl group, a
substituted or unsubstituted fluoranthenyl group, a substi-
tuted or unsubstituted triphenylenyl group, a substituted or
unsubstituted pyrenyl group, a substituted or unsubstituted
chrysenyl group, a substituted or unsubstituted naphthacenyl
group, to substituted or unsubstituted picenyl group, a sub-
stituted or unsubstituted perylenyl group, a substituted or
unsubstituted pentaphenyl group, a substituted or unsubsti-
tuted hexacenyl group, a substituted or unsubstituted pyrrolyl
group, a substituted or unsubstituted imidazolyl group, a sub-
stituted or unsubstituted pyrazolyl group, a substituted or
unsubstituted pyridinyl group, a substituted or unsubstituted
pyrazinyl group, a substituted or unsubstituted pyrimidinyl
group, a substituted or unsubstituted pyridazinyl group, a
substituted or unsubstituted isoindolyl group, a substituted or
unsubstituted indolyl group, a substituted or unsubstituted
indazolyl group, a substituted or unsubstituted purinyl group,
a substituted or unsubstituted quinoliny] group, a substituted
or unsubstituted benzoquinolinyl group, a substituted or
unsubstituted phthalazinyl group, a substituted or unsubsti-
tuted naphthyridinyl group, a substituted or unsubstituted
quinoxalinyl group, a substituted or unsubstituted quinazoli-
nyl group, a substituted or unsubstituted cinnolinyl group, a
substituted or unsubstituted carbazolyl group, a substituted or
unsubstituted phenanthridinyl group, a substituted or unsub-
stituted acridinyl group, a substituted or unsubstituted
phenanthroliny] group, a substituted or unsubstituted phena-
zinyl group, a substituted or unsubstituted benzoxazolyl
group, a substituted or unsubstituted benzoimidazolyl group,
a substituted or unsubstituted furanyl group, a substituted or
unsubstituted benzofuranyl group, a substituted or unsubsti-
tuted thiophenyl group, a substituted or unsubstituted ben-
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 isoxazolyl group, a substituted or
unsubstituted oxazolyl group, a substituted or unsubstituted
triazolyl group, a substituted or unsubstituted tetrazolyl
group, a substituted or unsubstituted oxadiazolyl group, a
substituted or unsubstituted triazinyl group, a substituted or
unsubstituted benzoxazolyl group, a substituted or unsubsti-
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tuted dibenzofuranyl group, a substituted or unsubstituted
dibenzothiophenyl group, or a substituted or unsubstituted
benzocarbazolyl group.

3. The styryl-based compound of claim 1, wherein Ar, and
Ar, are each independently a substituted or unsubstituted
phenyl group, a substituted or unsubstituted naphthyl group,
a substituted or unsubstituted phenanthrenyl group, a substi-
tuted or unsubstituted pyrenyl group, a substituted or unsub-
stituted carbazolyl group, a substituted or unsubstituted fluo-
renyl group, a substituted or unsubstituted dibenzofuranyl
group, a substituted or unsubstituted dibenzothiophenyl
group, or a substituted or unsubstituted benzocarbazolyl
group.

4. The styryl-based compound of claim 1, wherein Ar, and
Ar, are each independently represented by any one of For-
mulae 2A through 2] below:

Formula 2A
le 215
AT Ziy
Zp;
Formula 2B
YN
| /' — @
Formula 2C
/I—/(le)r
X
Z12)s
Formula 2D
| /' —
(Z12)s
X Xy
Formula 2E
Zyy L
e \
L ¥ 72w
\\// - 14)s
Z13)r
Formula 2F
Zy
|
N,
e \
/\ I
* \\\¢\< Z13)s
Z1n)r
Formula 2G
| PSS
—Z12)s
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-continued
Formula 2H
Formula 21
Formula 2J

wherein Z,, through Z, 5 are each independently selected
from the group consisting of hydrogen; deuterium; a
halogen atom; a hydroxyl group; a cyano group; a nitro
group; an amino group; an amidino group; hydrazine;
hydrazone; a carboxyl group or a salt thereof; a sulfonic
acid group or a salt thereof; a phosphoric acid or a salt
thereof; a C,-C,, alkyl group; a C,-C, , alkoxy group; a
phenyl group; a naphthyl group; a fluorenyl group; a
phenanthrenyl group; an anthryl group; a triphenylenyl
group; a pyrenyl group; a chrysenyl group; an imida-
zolyl group; an imidazolynyl group; an imidazopyridi-
nyl group; an imidazopyrimidinyl group; a pyridinyl
group; a pyrazinyl group; a pyrimidinyl group; an
indolyl group; and a pheny! group, a naphthyl group, a
fluorenyl group, a phenanthrenyl group, an anthryl
group, a triphenylenyl group, a pyrenyl group, a chryse-
nyl group, an imidazolyl group, an imidazolynyl group,
an imidazopyridinyl group, an imidazopyrimidinyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidi-
nyl group, and an indolyl group that are substituted with
at least one of deuterium, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amid no group, hydrazine, hydrazone, a carboxyl group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C,, alkyl group,
and a C,-C, , alkoxy group;

two or more neighboring substituents from among 7,

through 7,5 are optionally fused with each other or are
optionally connected by a single bond,

T,,1s00rS;

ris an integer of 1 to 7; and

s 1s an integer of 1 to 5.

5. The styryl-based compound of claim 1, wherein L, and
L, are each independently a substituted or unsubstituted phe-
nylenyl group, a substituted or unsubstituted pentalenylene
group, a substituted or unsubstituted indenylene group, a
substituted or unsubstituted naphthylene group, a substituted
or unsubstituted azulenylene group, a substituted or unsub-
stituted heptalenylene group, a substituted or unsubstituted
indacenylene group, a substituted or unsubstituted acenaph-
thylene group, a substituted or unsubstituted fluorenylene
group, a substituted or unsubstituted phenalenylene group, a
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substituted or unsubstituted phenanthrenylene group, a sub-
stituted or unsubstituted anthrylene group, a substituted or
unsubstituted fluoranthenylene group, a substituted or unsub-
stituted triphenylenylene group, a substituted or unsubsti-
tuted pyrenylene group, a substituted or unsubstituted chry-
senylene group, a substituted or unsubstituted
naphthacenylene group, a substituted or unsubstituted picen-
ylene group, a substituted or unsubstituted perylenylene
group, a substituted or unsubstituted pentaphenylene group, a
substituted or unsubstituted hexacenylene group, a substi-
tuted or unsubstituted pyrrolylene group, a substituted or
unsubstituted pyrazolylene group, a substituted or unsubsti-
tuted imidazolylene group, a substituted or unsubstituted imi-
dazolinylene group, a substituted or unsubstituted imida-
zopyridinylene group, a substituted or unsubstituted
imidazopyrimidinylene group, a substituted or unsubstituted
pyridinylene group, a substituted or unsubstituted pyrazi-
nylene group, a substituted or unsubstituted pyrimidinylene
group, a substituted or unsubstituted indolylene group, a sub-
stituted or unsubstituted purinylene group, a substituted or
unsubstituted quinolinylene group, a substituted or unsubsti-
tuted phthalazinylene group, a substituted or unsubstituted
indolizinylene group, a substituted or unsubstituted naphthy-
ridinylene group, a substituted or unsubstituted quinazoli-
nylene group, a substituted or unsubstituted cinnclinylene
group, a substituted Or unsubstituted indazolylene group, a
substituted or unsubstituted carbazolylene group, a substi-
tuted or unsubstituted phenazinylene group, a substituted or
unsubstituted phenanthridinylene group, a substituted or
unsubstituted pyranylene group, a substituted or unsubsti-
tuted chromenylene group, a substituted or unsubstituted
furanyl group, a substituted or unsubstituted benzofuranylene
group, a substituted or unsubstituted thiophenylene group, a
substituted or unsubstituted benzothiophenyl group, a substi-
tuted or unsubstituted isothiazolylene group, a substituted or
unsubstituted benzoimidazolylene group, a substituted or
unsubstituted isoxazolylene group, a substituted or unsubsti-
tuted dibenzothiophenylene group, a substituted or unsubsti-
tuted dibenzofuranylene group, a substituted or unsubstituted
triazinylene group, or a substituted or unsubstituted oxadia-
zolylene group.

6. The styryl-based compound of claim 1, wherein L, and
L, are each independently a substituted or unsubstituted phe-
nylenyl group, a substituted or unsubstituted naphthylene
group, a substituted or unsubstituted fluorenylene group, a
substituted or unsubstituted phenanthrenylene group, a sub-
stituted or unsubstituted pyridinylene group, or a substituted
or unsubstituted pyrazinylene group.

7. The styryl-based compound of claim 1, wherein L, and
L, are each independently represented by any one of Formu-
lae SA through 5K:

Formula 5A

Formula 5B
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-continued
Formula 5C
Formula 5D
@31
Formula SE
Formula 5F
Formula 5G
* &'
Z32)u

Formula 5SH

N—7 s
Formula 51

—N

~

N—// 23y
Formula 57

"

N—7 )

Formula 5K
®l
N

wherein 7, through Z,, are each independently selected
from the group consisting of hydrogen; deuterium; a
halogen atom; a hydroxyl group; a cyano group; a nitro
group; an amino group; an amidino group; hydrazine;
hydrazone; a carboxyl group or a salt thereof; a sulfonic
acid group or a salt thereof; a phosphoric acid or a salt
thereof; a C,-C, , alkyl group; a C,-C, , alkoxy group; a
phenyl group; a naphthyl group; a fluorenyl group; a
phenanthrenyl group; an anthryl group; a triphenylenyl
group; a pyrenyl group; a chrysenyl group; an imida-
zolyl group; an imidazolinyl group; an imidazopyridinyl
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group; an imidazopyrimidinyl group; a pyridinyl group;
a pyrazinyl group; a pyrimidinyl group; an indolyl
group; and a phenyl group, a naphthyl group, a fluorenyl
group, a phenanthrenyl group, an anthryl group, a triph-
enylenyl group, a pyrenyl group, a chrysenyl group, an
imidazolyl group, an imidazolinyl group, an imidazopy-
ridinyl group, an imidazopyrimidinyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, and an
indolyl group that are substituted with at least one of
deuterium, a halogen atom, a hydroxyl group, a cyano
group, anitro group, an amino group, an amidino group,
hydrazine, hydrazone, a carboxyl group or a salt thereof,
a sulfonic acid group or a salt thereof, a phosphoric acid
or a salt thereof, a C,-C,, alkyl group, and a C,-C,,
alkoxy group;

two or more neighboring substituents from among 75,
through 7, are optionally fused with each other or are
optionally connected by a single bond,

tis an integer of 1 to 6; and
u is an integer of 1 to 3.

8. The styryl-based compound of claim 1, wherein the
styryl-based compound is represented by any one of Formu-
lae 1A-1 through 11-3 below:

Formula 1A-1

C D
Ol S
Lﬁb—N\
D Ary
Formula 1A-2
D
Q AN /"
Lo
O ’ AIZ
Formula 1B-1
C D
e S,
Lﬁb—N\
O 0 .

Formula 1B-2

O D
Ol S
Q TN
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-continued
Formula 1C-1
C Zl
C D
e
7 Lz-)b—N\
D Ar,y
Formula 1C-2
O D
i Q R
szb N
O \
D Ar,
Formula 1D-1
D
(-~
LZTN
Q \
D Ar,

Formula 1E-1

O )
O TN /"
g ' T
O D i

Formula 1F-1
O D
OO
Lz-)b—N
\
D Ary
Fomula 1G-1

7y

7y
) :
Q Lﬁ”_g\_6 /"
Lﬁb—N\
D Ar
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-continued

s
G0, WV

Formula 1G-2>

Lﬁb—N
\
D AI2
Formula 1H-1
D
Z
\
N L \ /Ar1
LZ-)b—N
\
D Ary
Formula 1H-2
VA
/
N
D
Q SN /"
Lz‘)b_N
\
D Ar
Formula 11-1

D
CLi Ar
Q \ /
Lﬁb—N\
D Ary
Formula 11-2
T
D
L1 - \ /Arl
LZTN\
D ‘Ar,

Formula 11-3

D
Ly—N
\

D A

wherein Z, and 7, are each independently selected from
the group consisting of hydrogen; deuterium; a halogen
atom; a hydroxyl group; a cyano group; a nitro group; an
amino group; an amidino group; hydrazine; hydrazone;
a carboxyl group or a salt thereof; a sulfonic acid group
or a salt thereof; a phosphoric acid or a salt thereof; a
C,-C,, alkyl group; a C,-C,,, alkoxy group; a phenyl
group; a naphthyl group; a fluorenyl group; a phenan-
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threnyl group; an anthryl group; a triphenylenyl group; a
pyrenyl group; a chrysenyl group; an imidazolyl group;
an imidazolynyl group; an imidazopyridiny! group; an
imidazopyrimidinyl group; a pyridinyl group; a pyrazi-
nyl group; a pyrimidinyl group; an indolyl group; and a
phenyl group, a naphthyl group, a fluorenyl group, a
phenanthrenyl group, an anthryl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, an imidazolyl
group, an imidazolynyl group, an imidazopyridinyl
group, an imidazopyrimidinyl group, a pyridinyl group,
a pyrazinyl group, a pyrimidiny] group, and an indolyl
group that are substituted with at least one of deuterium,
ahalogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, as sulfonic
acid group or a salt thereof, a phosphoric acid or a salt
thereof, a C,-C,, alkyl group, and a C,-C,, alkoxy
group;

T,isOQorS;

Ar, and Ar, are each independently a substituted or unsub-
stituted phenyl group, a substituted or unsubstituted
naphthyl group, a substituted or unsubstituted phenan-
threnyl group, a substituted or unsubstituted pyrenyl
group, a substituted or unsubstituted carbazolyl group, a
substituted or unsubstituted fluorenyl group, a substi-
tuted or unsubstituted dibenzofuranyl group, a substi-
tuted or unsubstituted dibenzothiophenyl group, or a
substituted or unsubstituted benzocarbazolyl group;

L, and L, are each independently a substituted or unsub-
stituted phenylenyl group, as substituted or unsubsti-
tuted naphthylene group, a substituted or unsubstituted
fluorenylene group, a substituted or unsubstituted
phenanthrenylene group, a substituted or unsubstituted
pyridinylene group, or a substituted or unsubstituted
pyrazinylene group;

aisOor1;and

bislor2.

9. The styryl-based compound of claim 8, wherein Ar, and

Ar, are each independently represented by any one of For-

mulae 2A through 2] below:
Formula 2A
Zy Zss
Zp Zy
Zp
Formula 2B
| e
\/\/
Formula 2C
N
| /'—/au»
X
(Z12)s
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Formula 2D
o Z1r
SN
T Zn)s
Formula 2E
Zyy Zpp
S \
/\ // S~
*
\\\//\ ] (2
Z3)r
Formula 2F
Zy
|
N,
e \
¥ )
\\//\\ e 13)s
Z1n2)r
Formula 2G
N
|
| @)y
a4
—Z12)s
Formula 2H
Formula 21
Formula 2J

wherein 7, | through Z  ; are each independently hydrogen;
deuterium; a halogen atom; a hydroxyl group; a cyano
group; a intro group; an amino group; an amidino group;
hydrazine; hydrazone; a carboxyl group or a salt thereof;
a sulfonic acid group or a salt thereof; a phosphoric acid
or a salt thereof; a C,-C,, alkyl group; a C,-C,, alkoxy
group; a phenyl group; a naphthyl group; a fluorenyl
group; a phenanthrenyl group; an anthryl group; a triph-
enylenyl group; a pyrenyl group; a chrysenyl group; an
imidazolyl group; an imidazolinyl group; an imidazopy-
ridinyl group; an imidazopyrimidinyl group; a pyridinyl
group; a pyrazinyl group; a pyrimidinyl group; an
indolyl group; and a phenyl group, a naphthyl group, a
fluorenyl group, as phenanthrenyl group, an anthryl
group, a triphenylenyl group, a pyrenyl group, a chryse-
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nyl group, an imidazolyl group, an imidazolinyl group,
an imidazopyridinyl group, an imidazopyrimidinyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidi-
nyl group, and an indolyl group that are substituted with
at least one of deuterium, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, hydrazine, hydrazone, a carboxyl group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C,, alkyl group,
and a C,-C, , alkoxy group;

two or more neighboring substituents from among 7,
through Z, 5 are fused with each other or optionally are
connected by a single bond,;

T,,isOorS;
ris an integer of 1 to 7; and
s 1s an integer of 1 to 5.

10. The styryl-based compound of claim 8, wherein L, and

L, are each independently represented by any one of Formu-

lae 5A through 5K below:
Formula 5A
* £ 3
/
\ 7>,
Formula 5B
G
* O
/\(231)1
Formula 5C
* \ —
N *
I,
Formula 5D
w!
N
. T30,
Formula 5E
Formula 5F
Formula 5G

(Z32)u
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Formula 5H
N—T @),
Formula 51
—N
~
N—7 @
Formula 57
!
N— 2
Formula 5K
s
*

/
\ TN,

wherein Z, through 7, are each independently hydrogen;
deuterium; a halogen atom; a hydroxyl group; a cyano
group; anitro group; an amino group; an amidino group;
hydrazine; hydrazone; a carboxyl group or a salt thereof;
a sulfonic acid group or a salt thereof; a phosphoric acid
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or a salt thereof; a C,-C,, alkyl group; a C,-C,, alkoxy
group; a phenyl group; a naphthyl group; a fluorenyl
group; a phenanthrenyl group; an anthryl group; a triph-
enylenyl group: a pyrenyl group; a chrysenyl group; an
imidazolyl group; animidazolinyl group; an imidazopy-
ridinyl group; an imidazopyrimidiny] group; a pyridinyl
group; a pyrazinyl group; a pyrimidinyl group; an
indolyl group; and a phenyl group, a naphthyl group, a
fluorenyl group, a phenanthrenyl group, an anthryl
group, a triphenylenyl group, a pyrenyl group, a chryse-
nyl group, an imidazolyl group, an imidazolinyl group,
an imidazopyridinyl group, an imidazopyrimidinyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidi-
nyl group, and an indolyl group that are substituted with
at least one of deuterium, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, hydrazine, hydrazone, a carboxyl group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid or a salt thereof, a C,-C,, alkyl group,
and a C,-C, , ail group;

two or more neighboring substituents from among 75,
through 7, are optionally fused with each other or are
optionally connected by a single bond,

tis an integer of 1 to 6; and

u is an integer of 1 to 3.

11. The styryl-based compound of claim 1, wherein the

styryl-based compound is any one of Compounds 1 through

o
OQO

D
oAts
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-continued

182

12. A composition, comprising:
a styryl-based compound represented by Formula 1:

[Formula 1]

and

at least one of a styryl-based compound represented by
Formula 1-1H-1, a styryl-based compound represented
by Formula 1-1H-2, and a styryl-based compound rep-
resented by Formula 1-2H:

[Formula 1-1H-1]

D
A—tLpg Ary
\ /
Lzab—N\
H Ary
[Formula 1-1H-2]
H
A—tLy Ary
a \ /
Lzﬁb—N\
D Aty
[Formula 1-2H]
J28
A—tLy Ary
a \ /
Lﬁb—N\
H Aty

wherein Ar; is a substituted or unsubstituted Cg-C,, aryl
group having two ore more rings fused with each other,
or a substituted, or unsubstituted C,-C,, heteroaryl
group having two or more rings fused with each other;

Ar, and Ar, are each independently a substituted or unsub-
stituted Cs5-Cy,, aryl group or a substituted or unsubsti-
tuted C,-Cg, heteroaryl group;

L, and L, are each independently a substituted or unsub-
stituted C5-C,,, arylene group or a substituted or unsub-
stituted C,-Cg, heteroarylene group; and

aand b are each independently an integer of O to 5, wherein

a deuterium substitution rate represented by Equation 1
below is 70% or more:

deuterium substitution rate(%)=Np/Np,, ;%100 0y

wherein Ny, is the number of deuterium atoms bonded to
carbon atoms of the styryl group in Formulae 1, 1-1H-1,
and 1-1H-2 above; and
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N, zr1s the total number of deuterium atoms and hydrogen
atoms that are bonded to carbon atoms of the styryl
group in Formulae 1, 1-1H-1, 1-1H-2, and 1-2H above.

13. An organic light-emitting diode (OLED) comprising;
a first electrode;
a second electrode facing the first electrode; and

an organic layer interposed between the first electrode and
the second electrode, the organic layer comprising at
least one of the styryl-based compound of claim 1 or a
composition containing the styryl-based compound of
claim 1.

14. The OLED of claim 13, wherein the organic layer
comprises at least one selected from the group consisting of'a
hole injection layer, a hole transport layer, a functional layer
having hole injection and transport abilities, a buffer layer, an
electron blocking layer, an emission layer, a hole blocking
layer, an electron transport layer, an electron injection layer,
and a functional layer having electron injection and transport
abilities.

15. The OLED of claim 14, wherein the organic layer
comprises the emission layer, and the emission layer com-
prises the styryl-based compound or the composition contain-
ing the styryl-based compound.

16. The OLED of claim 15, wherein the emission layer
further comprises at least one selected from the group con-
sisting of an anthracene-based compound represented by For-
mula 400 below and an anthracene-based compound repre-
sented by Formula 401 below as a host:

Formula 400
/ \/(Arlls)i
A\
Aryyy—— (A (Aryy1)g—Arps
/
\ /\(Arlls)j
Formula 401
Arp
\/(Arlzs)x

(Arpp4)
Arp;

wherein Ar,,, and Ar,,, are each independently a substi-
tuted or unsubstituted C5-Cq, arylene group;
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Ar, 5 through Ar, | s and Ar | ,, through Ar , 5 are each inde-
pendently a substituted or unsubstituted C,-C,, alkyl
group or a substituted or unsubstituted Cs-Cy,, aryl
group;

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

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

17. The LED of claim 14, wherein the organic layer com-
prises at least one selected from the group consisting ofahole 10
injection layer, a hole transport layer, and a functional layer
having hole transport and injection abilities, and at least one
selected from the hole injection layer, the hole transport layer,
and the functional layer having hole transport and injection
abilities comprises the styryl-based compound or the compo- 15
sition containing the styryl-based compound.
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