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flat display apparatus includes the organic light-emitting

device.
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1
COMPOUND AND ORGANIC
LIGHT-EMITTING DEVICE INCLUDING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0076597, filed on
Jul. 1, 2013 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

1. Technical Field

One or more embodiments of the present invention relate
to a compound and an organic light-emitting device includ-
ing the same.

2. Description of the Related Art

Organic light-emitting devices (OLEDs) are self-emitting
devices having advantages such as wide viewing angles,
good contrast, quick response speeds, high brightness, and
good driving voltage characteristics. Also, OLEDs can pro-
vide full color images.

A typical OLED has a structure including a substrate, and
an anode, a hole transport layer, an emission layer, an
electron transport layer, and a cathode sequentially stacked
on the substrate. The hole transport layer, the emission layer,
and the electron transport layer are organic thin films formed
of organic compounds.

A driving principle of an organic light-emitting device
having such a structure is as follows. When a voltage is
applied between the anode and the cathode, holes injected
from the anode pass through the hole transport layer and
migrate toward the emission layer, and electrons injected
from the cathode pass through the electron transport layer
and migrate toward the emission layer. The holes and
electrons are recombined with each other in the emission
layer to generate excitons. Then, the excitons transition from
an excited state to a ground state, thereby generating light.

SUMMARY

One or more embodiments of the present invention
include a material that has good electric characteristics, high
charge transporting capabilities, high light-emitting capa-
bilities, a high glass transition temperature, and crystalliza-
tion-preventing capabilities. The material is suitable for use
as a material for a full color (such as red, green, blue, or
white) fluorescent or phosphorescent devices. An organic
light-emitting device that includes the material has high
efficiency, low voltage, high brightness, and a long lifespan.

Additional aspects will be set forth in part in the descrip-
tion that follows and, in part, will be apparent from the
description, or may be learned by practice of the presented
embodiments.

According to one or more embodiments of the present
invention, a compound is represented by Formula 1, For-
mula 2, or Formula 3 below.
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Formula 1
Formula 2
Formula 3
Ry’ Rs! RSt Ry’
R34 ' R37 R3 ) O R3 ’
R35 R36 R3 13 R3 12

In Formulae 1, 2, and 3:

R,! to R,*, R,' to R,*® and R,' to R,'* are each
independently a hydrogen atom, a deuterium atom, a halo-
gen atom, a nitro group, a cyano group, a substituted or
unsubstituted C, to Cy, alkyl group, a substituted or unsub-
stituted C, to Cy, alkenyl group, a substituted or unsubsti-
tuted C; to Cg, cycloalkyl group, a substituted or unsubsti-
tuted Cy to Cgp aryl group, a substituted or unsubstituted C,
to Cg, hetero aryl group, or a substituted or unsubstituted C
to Cg, condensed polycyclic group; and

o

or
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-continued

\ //
TN/

at least one of R," to R,*S, at least one of R, to R,*°, and
at least one of R, to R,'* may include one or more L. L is,
where the definition of R, is the same as the definition
(above) of R,* to R, 'S, R2? to R,'® and R, to R,

According to another aspect of the present invention, an
organic light-emitting device includes a first electrode, a
second electrode, and an organic layer between the first
electrode and the second electrode. The organic layer
includes the compound of Formula 1, 2 or 3.

According to another aspect of the present invention, a flat
panel display apparatus includes the organic light-emitting
device, and the first electrode of the organic light-emitting
device is electrically connected to a source electrode or a
drain electrode of a thin film transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

PN

These and/or other aspects will become apparent and
more readily appreciated from the following description of
certain embodiments when taken in conjunction with the
FIGURE, which is a schematic view of an organic light-
emitting device according to an embodiment of the present
invention.

DETAILED DESCRIPTION

Reference will now be made to certain embodiments,
examples of which are illustrated in the accompanying
drawings. Like reference numerals refer to like elements
throughout. It is understood, however, that the disclosed
embodiments may be modified in different ways, and there-
fore should not be construed as limiting the present inven-
tion to the described embodiments. Accordingly, the pre-
sented embodiments are merely described below, by
reference to the FIGURE, to explain certain aspects of the
present invention. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items. Expressions such as “at least one of,” when
preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the
list.

According to an aspect of the present invention, a com-
pound is represented by Formula 1, Formula 2, or Formula
3.

Formula 1
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-continued

Formula 2

Formula 3

In Formulae 1, 2, and 3:

R, !-R,;*% R,*-R,'®, and R,'-R,'* are each independently
a hydrogen atom, a deuterium atom, a halogen atom, a nitro
group, a cyano group, a substituted or unsubstituted C, to
Ceo alkyl group, a substituted or unsubstituted C, to Cg,
alkenyl group, a substituted or unsubstituted C; to C,
cycloalkyl group, a substituted or unsubstituted Cg to Cy,
aryl group, a substituted or unsubstituted C, to C,, hetero
aryl group, or a substituted or unsubstituted C, to C
condensed polycyclic group; and

at least one of R,'-R,*S, at least one of R,*-R,'*, and at
least one of R,'-R,'* may include one or more L. L is

or

and the definition of R, is the same as the definition (above)
of R,*R,*%, R,'-R,'®, and R,"-R, ™.

Light-emitting devices are self-emission display devices
that have wide viewing angles, high contrast ratios, and
short response times. Accordingly, light-emitting devices are
receiving a lot of attention. Light-emitting devices are
categorized into inorganic light-emitting devices (in which
the emission layer includes an inorganic compound) and
organic light-emitting devices (in which the emission layer
includes an organic compound). Also, organic light-emitting
devices are capable of displaying full-color images. In
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general, an organic light-emitting device has an anode/
organic emission layer/cathode stacked structure. Addition-
ally, a hole injection layer and/or a hole transport layer and
an electron injection layer may be further stacked between
the anode and the emission layer or between the emission
layer and the cathode. In the latter case, the organic light-
emitting device may have an anode/hole transport layer/
organic emission layer/cathode structure, or an anode/hole
transport layer/organic emission layer/electron transport
layer/cathode structure.

Anthracene derivatives have been used as the material of
the organic emission layer. For example, some organic
light-emitting devices use a dimer or trimer compound of
phenylanthracene. However, devices using this compound
include two or three anthracenes linked through a conju-
gated system, and the organic light-emitting devices there-
fore have a narrow energy gap and low color purity of blue
emission. Also, this compound is highly susceptible to
oxidation and thus, impurities may be easily formed, which
makes the purification process difficult. These problems may
be reduced or overcome by developing an anthracene com-
pound substituted with naphthalene at sites 1 and 9, and a
diphenylanthracene compound substituted with an aryl
group at the meta position of the phenyl groups. However,
organic light-emitting devices using these compounds have
low luminescent efficiency.

Also, organic light-emitting devices have used a naph-
thalene-substituted mono anthracene derivative. However,
the luminescent efliciency of such an OLED is as low as 1
cd/A, and thus, the organic light-emitting device is not
practical. Also, organic light-emitting devices have used
compounds having a phenylanthracene structure. However,
this compound is substituted with an aryl group at the meta
position, and therefore, while organic light-emitting devices
using this compound may have good heat resistance, they
have luminescent efficiency characteristics as low as 2 cd/A.

A blue emission compound having a central diphenylan-
thracene structure and a terminal aryl group has been used
as blue emission material, and organic light-emitting devices
have used such blue emission compounds. However, the
luminescent efficiency and brightness of such organic light-
emitting devices are not satisfactory. Also, although organic
light-emitting devices have used a substituted pyrene-based
compound, the blue color purity of such OLEDs is low, and
thus, it is difficult to display deep blue and to achieve a
full-color display.

The compounds represented by Formulae 1, 2, and 3,
described above, act as an emission material for an organic
light-emitting device. Also, the compounds represented by
Formulae 1, 2, and 3 have high glass transition temperatures
(Tg) or high melting points, due to the introduction of a
hetero ring. Accordingly, the durability under high tempera-
tures, and the heat resistance against Joule’s heat (which
occurs within an organic layer, between organic layers, or
between an organic layer and a metal electrode during
emission) increase. An organic light-emitting device manu-
factured using a compound according to an embodiment of
the present invention has high durability during storage and
driving.

According to an embodiment of the present invention, the
compound represented by Formula 1 may be represented by
one of Formulae 4 to 7 below.
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Formula 4

\ / \ /"
RlS‘%:éiRls R19 R112
R16 R17 RIIO Rlll

Formula 5

In Formulae 4 to 7, R, to R, are each independently a
hydrogen atom, a deuterium atom, a halogen atom, a nitro
group, a cyano group, a substituted or unsubstituted C, to
Ceo alkyl group, a substituted or unsubstituted C, to C,
alkenyl group, a substituted or unsubstituted C; to Cg,
cycloalkyl group, a substituted or unsubstituted Cg to Cg,
aryl group, a substituted or unsubstituted C, to C, hetero
aryl group, or a substituted or unsubstituted C4 to Cq,
condensed polycyclic group.
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According to an embodiment of the present invention, the
compound represented by Formula 2 may be represented by
Formula 8 or 9 below.

Formula 8
R, R, R, R,
Ry Ry R, Q RM
\ ¢ \ /7
st4§:§7sz; Ry’ ' R,
RS R, R0 R,
Formula 9
R Ry RS R,
R{“Qﬁ&l R,!7 Q RyM
\ / \ /7
RS RS R O R,
RS R, R0 RN

In Formulae 8 and 9, R, to R,'® are each independently
a hydrogen atom, a deuterium atom, a halogen atom, a nitro
group, a cyano group, a substituted or unsubstituted C, to
Ceo alkyl group, a substituted or unsubstituted C, to C,
alkenyl group, a substituted or unsubstituted C; to Cg,
cycloalkyl group, a substituted or unsubstituted C to Cg,
aryl group, a substituted or unsubstituted C, to Cg, hetero
aryl group, or a substituted or unsubstituted C4 to Cq,
condensed polycyclic group.

According to an embodiment of the present invention, the
compound represented by Formula 3 may be represented by

Formulae 10 or 11 below.
Formula 10
R32 Rgl R313 R312
\_/ \ /¥
RS R Rs'0
R Ry® R;® Ry’
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Formula 11
R32 R31 R313 R312
\ / \ /Y
R36 R37 R310
Rs* Ry R;® Ry’

In Formulae 10 and 11, R,' to R,** are each indepen-
dently a hydrogen atom, a deuterium atom, a halogen atom,
a nitro group, a cyano group, a substituted or unsubstituted
C, to Cg, alkyl group, a substituted or unsubstituted C, to
Cyo alkenyl group, a substituted or unsubstituted C; to Cg,
cycloalkyl group, a substituted or unsubstituted Cg to Cy,
aryl group, a substituted or unsubstituted C, to Cg, hetero
aryl group, or a substituted or unsubstituted C, to Cg,
condensed polycyclic group.

Substituents of the compounds of Formula 1 through
Formula 11 will now be described.

According to an embodiment of the present invention,
RS RARE RS R R, and R,'® of Formula 1, R,
R.% R.% R, Ry, R, R,Y7, and R,*® of Formula 2, and
R.%, RS R, R.% R.'%, and R,'* of Formula 3 may each
independently be a hydrogen atom or a deuterium atom.

According to an embodiment of the present invention, R, !
to R,*°, and R,"® of Formulae 4 and 5, and R,* to R,* R,°
to R,", and R,"® of Formulae 6 and 7 may each indepen-
dently be a hydrogen atom or a deuterium atom.

According to an embodiment of the present invention, R,
to R,'°, R,'% and R,'” of Formulae 8 and 9 may each
independently be a hydrogen atom or a deuterium atom.

According to an embodiment of the present invention, R,
to R.%, and R, of Formulae 10 and 11 may each indepen-
dently be a hydrogen atom or a deuterium atom.

According to an embodiment of the present invention,
R,'-R,*% R,*-R,'® R,'-R,'*, and R, of Formulae 1, 2, and
3, R, and R,'¢ of Formulae 4 and 5, R,® and R,'¢ of
Formulae 6 and 7, R,** and R,"® of Formulae 8 and 9, and
R," and R,'* of Formulae 10 and 11 may each indepen-
dently be a hydrogen atom, a deuterium atom, a cyano
group, a trihalomethyl group, or any one of Formulae 2a to
2¢ below.

—SiRs1RsoRs3

)

- Ep

<

=
-7

@np

<

In Formulae 2a through 2¢, R5 |, Rs,, Rs5, and 7, are each
independently a hydrogen atom, a deuterium atom, a sub-
stituted or unsubstituted C, to C,,, alkyl group, a substituted



US 10,256,416 B2

9

or unsubstituted C, to C,, aryl group, a substituted or
unsubstituted C, to C,, heteroaryl group, a substituted or
unsubstituted C4 to C,, condensed polycyclic group, an
amino group substituted with a Cg to C,, aryl group ora C,
to C,, heteroaryl group, a halogen atom, a cyano group, a
nitro group, a hydroxyl group, or a carboxyl group. Also, p
is an integer of 1 to 5, and * indicates a binding site to one
of Formulae 1 through 11.

Definitions of representative substituents will now be
presented. However, if is understood that the number of
carbon atoms listed for a particular substituent is not limit-
ing, and therefore does not limit the properties of the
substituent. Also, unless defined otherwise, the definitions of
the substituents are consistent with the general definitions of
those terms, as would be understood by those of ordinary
skill in the art.

As used herein, the unsubstituted C, to Cg, alkyl group
may be a linear or branched alkyl group. Non-limiting
examples thereof include a methyl group, an ethyl group, a
propy! group, an isobutyl group, a sec-butyl group, a pentyl
group, an iso-amyl group, a hexyl group, a heptyl group, an
octyl group, a nonanyl group, and a dodecyl group. The
substituted C, to Cy,, alkyl group refers to the substitution of
at least one hydrogen atom of the alkyl group with a
deuterium atom, a halogen atom, a hydroxyl group, a nitro
group, a cyano group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxyl group or
salt thereof, a sulfonic acid group or salt thereof, a phos-
phoric acid group or salt thereof, a C, to C,, alkyl group, a
C, to C,, alkoxy group, a C, to C,, alkenyl group, a C, to
C,, alkynyl group, a C4 to C,4 aryl group, or a C, to Cj,
heteroaryl group.

As used herein, the unsubstituted C, 1o Cg, alkeny! group
refers to an unsubstituted alkyl group having one or more
carbon-carbon double bonds at the center or a terminal end.
Non-limiting examples thereof include ethenyl, propenyl,
and butenyl. The substituted C, to Cg, alkenyl group refers
to the substitution of at least one hydrogen atom of the
unsubstituted alkenyl group with the substituents described
above in connection with the substituted alkyl group.

As used herein, the unsubstituted C, to Cg, alkynyl group
refers to an unsubstituted alkyl group having one or more
carbon-carbon triple bonds at the center or terminal end.
Non-limiting examples thereof include acetylene, propyl-
ene, phenylacetylene, naphthylacetylene, isopropylacety-
lene, t-butylacetylene, and diphenylacetylene. The substi-
tuted C, to Cy, alkynyl group refers to the substitution of at
least one hydrogen atom of the unsubstituted alkynyl group
with the substituents described above in connection with the
substituted alkyl group.

As used herein, the unsubstituted C; to Cg, cycloalkyl
group refers to a C; to Cg, cyclic alkyl group. The substi-
tuted C; to Cg, cycloalkyl group refers to the substitution of
at least one hydrogen atom of the cycloalkyl group with the
substituents described above in connection with the C, to
Cyo alkyl group.

As used herein, the unsubstituted C, to C, alkoxy group
refers to a group represented by —OA where A is the
unsubstituted C, to Cg, alkyl group. Non-limiting examples
thereof include ethoxy, ethoxy, isopropyloxy, butoxy, and
pentoxy. The substituted C, to C, alkoxy group refers to the
substitution of at least one hydrogen atom of the unsubsti-
tuted alkoxy group with the substituents described above in
connection with the alkyl group.

As used herein, the unsubstituted Cq to Cy, aryl group
refers to a carbocyclic aromatic system having at least one
aromatic ring. When the number of rings is two or more, the
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rings may be fused to each other or may be linked to each
other via, for example, a single bond. The term ‘aryl’
includes aromatic systems, such as phenyl, naphthyl, or
anthracenyl. The substituted Cg to Cq, aryl group refers to
the substitution of at least one hydrogen atom of the aryl
group with the substituents described above in connection
with the C, to Cy, alkyl group.

Non-limiting examples of a substituted or unsubstituted
C, to Cy, aryl group include a phenyl group, a C, to C,
alkylphenyl group (for example, an ethylphenyl group), a
biphenyl group, a C, to C,, alkylbiphenyl group, a C, to C,,
alkoxybiphenyl group, 0-, m-, and p-tolyl groups, o-, m- and
p-cumenyl groups, a mesityl group, a phenoxyphenyl group,
a (o,a-dimethylbenzene)phenyl group, a (N,N'-dimethyl)
aminophenyl group, a (N,N'-diphenyl)aminophenyl group, a
pentalenyl group, an indenyl group, a naphthyl group, a C,;
to C,, alkylnaphthyl group (for example, methylnaphthyl
group), a C, to C,, alkoxynaphthyl group (for example,
methoxynaphthyl group), an anthracenyl group, an azulenyl
group, a heptalenyl group, an acenaphthalenyl group, a
phenalenyl group, a fluorenyl group, an anthraquinolinyl
group, a methylanthryl group, a phenanthryl group, a triph-
enylenyl group, a pyrenyl group, a chrysenyl group, an
ethyl-chrysenyl group, a picenyl group, a perylenyl group, a
chloroperylenyl group, a pentaphenyl group, a pentacenyl
group, a tetraphenylenyl group, a hexaphenyl group, a
hexacenyl group, a rubicenyl group, a coronenyl group,
trinaphthalenyl group, a heptaphenyl group, a heptacenyl
group, a pyranthrenyl group, and an ovalenyl group.

As used herein, the unsubstituted C,-Cy, heteroaryl group
refers to an aryl group (as defined above) that includes at
least one ring hetero atom, such as nitrogen (N), oxygen (O),
phosphorous (P), or sulfur (S). When the heteroaryl group
has two or more rings, the rings may be fused to each other
or may be linked to each other via, for example, a single
bond. Non-limiting examples of the unsubstituted C,-Cg,
heteroaryl group include a pyrazolyl group, an imidazolyl
group, a 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, and a dibenzothiophenyl group. The
substituted C,-Cy, heteroaryl group refers to the substitution
of at least one hydrogen atom of the heteroaryl group with
the substituents described above in connection with the C,
to Cg, alkyl group.

As used herein, the unsubstituted C, to C, aryloxy group
refers to a group represented by —OA |, where A, is the Cg
to Cq, aryl group. A non-limiting example of the aryloxy
group is a phenoxy group. The substituted C, to C,, aryloxy
group refers to the substitution of at least one hydrogen atom
of the aryloxy group with the substituents described above
in connection with the C, to Cg, alkyl group.

As used herein, the C; to C, unsubstituted arylthio group
refers to a group represented by —SA,, where A, is the Cg
to Cg, aryl group. Non-limiting examples of the arylthio
group include a benzenethio group and a naphthylthio
group. The substituted arylthio group refers to the substitu-
tion of at least one hydrogen atom of the arylthio group with
the substituents described above in connection with the C,
to Cg, alkyl group.

As used herein, the unsubstituted C; to C4, condensed
polycyclic group refers to a substituent having two or more
rings formed by fusing at least one aromatic ring and/or at
least one non-aromatic ring, or to a substituent in which an
unsaturated group is present in a ring but that is not a
conjugated system. The condensed polycyclic group does
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not have overall aromaticity, which is how the condensed
polycyelic group is distinguished from the aryl group or the
heteroaryl group.

Non-limiting examples of compounds represented by
Formula 1, Formula 2, and Formula 3 include Compounds
1-66 below.
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An organic light-emitting device according to an embodi-
ment of the present invention includes a first electrode, a
second electrode, and an organic layer between the first
electrode and the second electrode. The organic layer
includes the compound represented by any one of Formulae
1-9, discussed above.

The organic layer may include at least one of a hole
injection layer, a hole transport layer, a functional layer
having a hole injection function and a hole transport func-
tion (hereinafter referred to as an “H-functional layer”), a
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buffer layer, an electron blocking layer, an emission layer, a
hole blocking layer, an electron transport layer, an electron
injection layer, and/or a functional layer having an electron
transport function and an electron injection function (here-
inafter referred to as an “E-functional layer”).

For example, the organic layer may be an emission layer,
an electron injection layer, an electron transport layer, and/or
a functional layer having electron injection capability and
electron transportation capability. For example, the organic
layer may be a blue emission layer or an electron injection
layer.

According to an embodiment of the present invention, the
organic layer may further include an electron igjection layer,
an electron transport layer, a functional layer having electron
injection capability and electron transportation capability, an
emission layer, a hole injection layer, a hole transport layer,
or a functional layer having hole injection capability and
hole transportation capability. The emission layer may
include an anthracene-based compound, an arylamine-based
compound, or a styryl-based compound.

According to another embodiment of the present inven-
tion, the organic layer may include an electron injection
layer, an electron transport layer, a functional layer having
electron injection capability and electron transportation
capability, an emission layer, a hole injection layer, a hole
transport layer, or a functional layer having hole injection
capability and hole transportation capability. The emission
layer may include a red layer, a green layer, a blue layer, and
a white layer, and any one of these layers may include a
phosphorescent compound. The hole injection layer, the hole
transport layer, or the functional layer having hole injection
capability and hole transportation capability may include a
charge-generation material. The charge-generation material
may be a p-dopant, and the p-dopant may be a quinone
derivative, a metal oxide, or a cyano group-containing
compound.

According to another embodiment of the present inven-
tion, the organic layer may include an electron transport
layer that includes an electron-transportable organic com-
pound and a metal complex. The metal complex may be a Li
complex.

The term “organic layer,” as used herein, refers to a single
layer and/or a plurality of layers between the first electrode
and the second electrode of an organic light-emitting device.

The organic layer includes an emission layer, and the
emission layer may include the compound represented by
Formula 1. The organic layer may include at least one
additional layer, such as, for example, a hole injection layer,
a hole transport layer, or a H-functional layer. The at least
one additional layer (e.g., a hole injection layer, a hole
transport layer, or a H-functional layer) may include the
compound.

The FIGURE is a schematic cross-sectional view of an
organic light-emitting device according to an embodiment of
the present invention. The structure of an organic light-
emitting device according to an embodiment of the present
invention, and a method of manufacturing the organic light-
emitting device according to an embodiment of the present
invention, will be described with reference to the FIGURE.

A substrate (not shown) of the OLED may be any one of
various substrates commonly used in organic light-emitting
devices, and may be, for example, a glass substrate or a
transparent plastic substrate with mechanical strength, ther-
mal stability, transparency, surface smoothness, ease of
handling, and water resistance.

A first electrode may be formed on the substrate by
depositing or sputtering a first electrode material on the
substrate. When the first electrode is an anode, the first
electrode material may be selected from materials having a
high work function to facilitate easy hole injection. The first
electrode may be a reflective electrode or a transmission
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(i.e., transparent) electrode. The first electrode material may
be a transparent material with high conductivity, non-limit-
ing examples of which include indium tin oxide (ITO),
indium zinc oxide (IZ0), tin oxide (SnQ,), and zinc oxide
(Zn0). According to an embodiment of the present inven-
tion, the first electrode may be formed as a reflective
electrode using magnesium (Mg), aluminum (Al), alumi-
num-lithium (Al—Li), calcium (Ca), magnesium-indium
(Mg—In), or magnesium-silver (Mg—Ag).

The first electrode may be a single- or multi-layered
structure. For example, the first electrode may have a
three-layered structure, e.g., ITO/Ag/ITO, but the structure
of the first electrode is not limited thereto.

An organic layer is disposed on the first electrode. The
organic layer may include a hole injection layer, a hole
transport layer, a buffer layer (not shown), an emission layer,
an electron transport layer, or an electron injection layer.

The hole injection layer (HIL) may be formed on the first
electrode by various methods, such as vacuum deposition,
spin coating, casting, LB deposition, or the like. When the
HIL is formed by vacuum deposition, the deposition condi-
tions may vary according to the material that is used to form
the HIL, and the desired structural and thermal characteris-
tics of the HIL. For example, the deposition conditions may
include a deposition temperature of about 100 to about 500°
C., a vacuum pressure of about 107% to about 10~ torr, and
a deposition rate of about 0.01 to about 100 A/sec. However,
the deposition conditions are not limited thereto.

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

The hole injection material may be any suitable hole
injection material, non-limiting examples of which include
N,N'-diphenyl-N,N'-bis-[4-(phenyl-m-tolyl-amino)-phe-
nyl]-biphenyl-4,4'-diamine (DNTPD), a phthalocyanine
compound such as copper phthalocyanine, 4,4'.4"-tris(3-
methylphenylphenylamino)triphenylamine (m-MTDATA),
N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine (NPB),
TDATA, 2-TNATA, a polyaniline/dodecylbenzenesulfonic
acid (pani/DBSA), poly(3.4-ethylenedioxythiophene)/poly
(4-styrenesulfonate) (PEDOT/PSS), polyaniline/camphor
sulfonicacid (pani/CSA), and (polyaniline)/poly(4-styrene-
sulfonate) (PANI/PSS).
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2-TNATA

The thickness of the HIL, may be about 100 A to about
10,000 A, for example, about 100 A to about 1000 A. When
the thickness of the HIL is within either of these ranges, the
HIL may have satisfactory hole injection characteristics
without a substantial increase in a driving voltage.

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

The hole-transportation material may be any suitable hole
transport material, non-limiting examples of which include
a carbazole derivative, such as N-phenylcarbazole or poly-
vinylcarbazole, N,N'-bis(3-methylphenyl)-N,N'-diphenyl-
[1,1-biphenyl]-4,4'-diamine (TPD), 4,4',4"-tris(N-carba-
zolyDtriphenylamine (TCTA), and N,N'-di(1-naphthyl)-N,
N'-diphenylbenzidine (NPB).
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TPD

OQ QO

The thickness of the HTL may be about 50 A to about
2,000 A, for example, about 100 A to about 1,500 A. When
the thickness of the HTL is within either of these ranges, the
HTL may have satisfactory hole transportation properties
without a substantial increase in a driving voltage.

An H-functional layer (i.e., a functional layer having a
hole injection capability and a hole transport capability) may
include one or more HIL materials and HTL materials. The
thickness of the H-functional layer may be about 500 A to
about 10,000 A, for example, about 100 A to about 1,000 A.
When the thickness of the H-functional layer is within either
of these ranges, satisfactory hole injection and transportation
properties may be obtained without a substantial increase in
driving voltage.

In addition, 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 and a compound represented by
Formula 350.
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Formula 300

Rsg
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Formula 350

/N . . N\
Any Arp

In Formulae 300 and 350, Ar,,, Ar,,, Ar,,, and Ar,, are
each independently a substituted or unsubstituted C5-Cg,
arylene group.

e and f in Formula 300 may each independently be an
integer of 0 to 5, or 0, 1 or 2. For example, e may be 1 and
f may be 0, but e and f are not limited thereto.

Rs; to Rsg, Rg; to Rgo, and R, and R, in Formulae 300
and 350 may each independently be a hydrogen atom, a
deuterium atom, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
hydrazine group, a hydrazone group, a carboxyl group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a substituted or
unsubstituted C,-Cy, alkyl group, a substituted or unsubsti-
tuted C,-Cy, alkenyl group, a substituted or unsubstituted
C,-Cy, alkynyl group, a substituted or unsubstituted C,-C,
alkoxy group, a substituted or unsubstituted C;-Cg,
cycloalkyl group, a substituted or unsubstituted C5-Cy, aryl
group, a substituted or unsubstituted Cs-Cg, aryloxy group,
or a substituted or unsubstituted C5-Cy, arylthio group. For
example, Rs, to Ry, Ry, to Ry, R, and R,, may each
independently be a hydrogen atom; a deuterium atom; a
halogen atom; a hydroxyl group; a cyano group; a nitro
group; an amino group; an amidino group; a hydrazine
group; a hydrazone group; a carboxyl group or a salt thereof;
a sulfonic acid group or a salt thereof; a phosphoric acid
group or a salt thereof; a C;-C,, alkyl group (for example,
a methyl group, an ethyl group, a propyl group, a butyl
group, a pentyl group, a hexyl group, or the like); a C,-C,
alkoxy group (for example, a methoxy group, an ethoxy
group, a propoxy group, a butoxy group, a pentoxy group, or
the like); a C,-C,, alkyl group or a C,-C,, alkoxy group
substituted with at least one of a deuterium atom, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, a hydrazine group, a
hydrazone group, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, or a phosphoric acid
group or a salt thereof; a phenyl group; a naphthyl group; an
anthryl group; a fluorenyl group; a pyrenyl group; or a
phenyl group, a naphthyl group, an anthryl group, a fluore-
nyl group, or a pyrenyl group substituted with at least one of
a deuterium atom, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, or a
C,-C,, alkoxy group. However, Rs; to Rgg, R t0 Rgg, Ry
and R, are not limited thereto.

Ry, in Formula 300 may be a phenyl group; a naphthyl
group; an anthryl group; a biphenyl group; or a pyridyl
group; or a phenyl group, a naphthyl group, an anthryl
group, a biphenyl group, or a pyridyl group substituted with
at least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, hydrazine, hydrazone, a carboxyl group or a
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salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a substituted or
unsubstituted C,-C,, alkyl group, or a substituted or unsub-
stituted C,-C,, alkoxy group.

According to an embodiment of the present invention, the
compound represented by Formula 300 may be represented
by Formula 300A, but the chemical structure of the com-
pound is not limited thereto.

Formula 300A
Rs;
\
N
Rso
N ~
Rg
Re

In Formula 300A, Ry, Ry, Re,, and Ry, are described
above with respect to Formula 300.

In some exemplary embodiments, at least one of the HIL,
the HTL, and the H-functional layer may include at least one
of Compounds 301 to 320 below, but the HIL, HTL and
H-functional layer are not limited thereto, and may include
other materials.
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To increase conductivity of the layer, at least one of the
HIL, the HTL, and the H-functional layer may further
include a charge-generation material in addition to the hole
injecting materials, hole transport materials, and/or materi-
als having both hole injection and hole transport capabilities.

The charge-generation material may be, for example, a
p-dopant. The p-dopant may be one of a quinone derivative,
a metal oxide, or a cyano group-containing compound, but
is not limited thereto. Non-limiting examples of the p-dop-
ant include a quinone derivative, such as tetracyanoqui-
nonedimethane (TCNQ) and 2,3,5,6-tetrafluoro-tetracyano-
1,4-benzoquinonedimethane (F4-TCNQ), or the like; a
metal oxide, such as a tungsten oxide or a molybdenum
oxide; and a cyano group-containing compound, such as
Compound 200.
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Compound 200
CN
NC
)
N N CN
Va
I\i N CN
N
NC 7
CN
F F
NC CN
NC CN
F F
F4-TCNQ

When the HIL, the HTL or the H-functional layer further
includes the charge-generation material, the charge-genera-
tion material may be homogeneously dispersed or non-
homogeneously distributed in the HIL, the HTL, or the
H-functional layer.

A buffer layer may be disposed between the emission
layer and at least one of the HIL, the HTL, and the
H-functional layer. The buffer layer may compensate for an
optical resonance distance according to a wavelength of
light emitted from the emission layer. As such, the efficiency
of a resulting organic light-emitting device may be
improved. The buffer layer may include a hole injection
material and a hole transportation material. Also, the buffer
layer may include a material that is the same as the material
included in the hole injection layer, the hole transport layer,
or the H-functional layer beneath the buffer layer.

Subsequently, an emission layer (EML) may be formed on
the hole transport layer, the H-functional layer, or the buffer
layer by vacuum deposition, spin coating, casting, LB depo-
sition, etc. If the EML is formed by vacuum deposition or
spin coating, the deposition or coating conditions may be
similar to those used to form the HIL, although the depo-
sition or coating conditions may vary according to the
material that is used to form the EML.

The EML may include the compound according to an
embodiment of the present invention, or various hosts and
dopants. The dopant for use in the EML may be a fluorescent
dopant or a phosphorescent dopant.

Non-limiting examples of suitable hosts include Algs,,
4,4'-N,N'-dicarbazole-biphenyl (CBP), poly(n-vinylcarba-
zole)(PVK), 9,10-di(naphthalene-2-yl)anthracene (ADN),
TCTA, 1,3,5-tris(N-phenylbenzimidazole-2-yl)benzene
(TPBI),  3-tert-butyl-9,10-di(naphth-2-yl)  anthracene
(TBADN), E3, distyrylarylene (DSA), dmCBP (see the
following chemical structure), Compounds 501 to 509 illus-
trated below, or the like. However, other materials may also
be used as the host.
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Also, the host may be an anthracene-based compound
represented by Formula 400 below.

50
Formula 400
(AI 115)i
55
Aryy——(Ar1y (Aryy)g—Ari3
60
(Arus)j

In Formula 400, Ar,,, and Ar,,, may each independently 45
be a substituted or unsubstituted C5-Cq, arylene group. Ar, 5
to Ar,,¢ may each independently be a substituted or unsub-

40

stituted C,-C,, alkyl group, or a substituted or unsubstituted
Cs-Cy, aryl group. Also, g, h, 1, and j are each independently
an integer of 0 to 4.

For example, Ar,;; and Ar,,, in Formula 400 may each
independently be a phenylene group, a naphthalene group, a
phenanthrenyl group, or a pyrenylene group; or a phenylene
group, a naphthalene group, a phenanthrenyl group, a fluo-
renyl group, or a pyrenylene group substituted with at least
one of a phenyl group, a naphthyl group, or an anthryl group.
However, Ar,,, and Ar, |, are not limited thereto.

g, h, 1, and j in Formula 400 may each independently be
0,1, or 2.

Ar,, 5 to Ar;, in Formula 400 may each independently be
aC,-C,, alkyl group substituted with at least one of a phenyl
group, a naphthyl group, or an anthryl group; a phenyl
group; a naphthyl group; an anthryl group; a pyrenyl group;
a phenanthreny! group; a fluorenyl group; or a phenyl group,
a naphthyl group, an anthryl group, a pyrenyl group, a
phenanthrenyl group, or a fluorenyl group substituted with at
least one of a deuterium atom, a halogen atom, a hydroxyl
group, a cyano group, a hitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxyl group or salt thereof, a sulfonic acid group or salt
thereof, a phosphoric acid group or salt thereof, a C,-C,
alkyl group, a C,-Cg, alkenyl group, a C,-C, alkynyl group,
a C,-Cg, alkoxy group, a phenyl group, a naphthyl group, an
anthryl group, pyrenyl group, a phenanthrenyl group, a
fluorenyl group, or

C’QQ

However, Ar,;; to Ar;,¢ are not limited thereto.

For example, the anthracene-based compound repre-
sented by Formula 400 may be one of the following com-
pounds, but is not limited thereto.
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Also, the host may be an anthracene-based compound O
represented by Formula 401 below.

Formula 401

/

50 |

/

\

55
Ar,,, to Ar,,5 in Formula 401 are the same as Ar, 5 in
Formula 400, and the description of Ar,, 5 in Formula 400 is |
fully incorporated here.

N

S

\

Ar,,¢ and Ar, ,, in Formula 401 may each independently
be a C,-C,, alkyl group (for example, a methyl group, an
ethyl group, or a propyl group).

60

g

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

For example, the anthracene-based compound repre- 65 |
sented by Formula 401 may be one of the following com-
pounds, but is not limited thereto.

/
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When the organic light-emitting device is a full color
organic light-emitting device, the EML may be patterned
into a red EML, a green EML, and a blue EML. The red
EML, green EML, and blue EML may include the following

dopants (ppy=phenylpyridine). 55

Non-limiting examples of suitable blue dopants include
the following compounds.

(F2ppy)2lr(tmd)

F |
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/N\\ /N\\Ir

| ; /Ir E v
x | N

P N

F

F — oo

Ir(dfppz);



US 10,256,416 B2

51 52
-continued
x B N ] \N
| U
7 7NN
Ir
L e
\o 0 ' | N \O O
N A
L Foo_ R

\N (RN 2 N \N )

I\ [\

J f %jf/f

\o 0 ' \o 0

8 G 0
N ¢ C

2 9, &

DPVBi

DPAVBI

TBPe



US 10,256,416 B2

53 54
Non-limiting examples of suitable red dopants include the _continued
following compounds.
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B ] 55
t-Bu
S N
7.
\Ir/ \ 60
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DCITB
- — 65
Ir(BT),(acac)

Non-limiting examples of suitable green dopants include
the following compounds.
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The dopant in the EML may also be a Pd-complex or a
Pt-complex, but the dopant is not limited thereto. Non-
limiting examples of suitable Pd-complexes and Pt-com-
plexes include the following compounds.
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65 The dopant in the EML may also be an Os-complex, but
the dopant is not limited thereto. Non-limiting examples of
suitable Os-complexes include the following compounds.
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When the EML includes a host and a dopant, the amount
of the dopant may be about 0.01 to about 15 parts by weight
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based on about 100 parts by weight of the host. However, the
amount of the dopant is not limited thereto.

The thickness of the EML may be about 100 A to about
10,000 A, for example, about 200 A to about 600 A. If the
thickness of the EML is within either of these ranges, good
luminescent characteristics may be obtained without a sub-
stantial increase in driving voltage.

Next, an electron transport layer (ETL) is formed on the
EML by various methods, for example, by vacuum deposi-
tion, spin coating, casting, or the like. When the ETL is
formed using vacuum deposition or spin coating, the depo-
sition or coating conditions may be similar to those used to
form the HIL, though the conditions for deposition or
coating may vary according to the material that is used to
form the ETL.

Any material capable of stably transporting electrons
injected from an electron injection electrode (cathode) may
be used as the material for the ETL. Non-limiting examples
of suitable electron transportation materials include a qui-
noline derivative, such as tris(8-hydroxyquinolinato)alumi-
num (Alg3), TAZ, Balqg, beryllium bis(benzoquinolin-10-
olate) (Bebq,), ADN, Compound 201, or Compound 202,

7NI{

TAZ

X

F
N

O\“Al/
N \O

. Compound 201
7

N\ | N

'\/ L,
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N |\/ A
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The thickness of the ETL, may be about 100 A to about
1,000 A, for example, about 150 A to about 500 A. When the
thickness of the ETL is within either of these ranges, the
ETL may have satisfactory electron transportation charac-
teristics without a substantial increase in driving voltage.

In addition to an electron transporting organic compound,
the ETL may further include a metal-containing material.
The metal-containing material may include a lithium (Li)
complex. Non-limiting examples of the Li complex include
lithium quinolate (LiQ) and Compound 203.

Compound 203

Then, an electron injection layer (EIL), which facilitates
injection of electrons from the cathode, may be formed on
the ETL. Any suitable electron-injecting material may be
used to form the EIL. Non-limiting examples of suitable EIL
materials include LiF, NaCl, CsF, 11,0, and BaO. The
deposition conditions of the EIL. may be similar to those
used to form the HIL, although the deposition conditions
may vary according to the material that is used to form the
EIL.
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The thickness of the EIl. may be about 1 A to about 100
A, for example, about 3 A to about 90 A. When the thickness
of the EIL is within either of these ranges, the EIL, may have
satisfactory electron transportation characteristics without a
substantial increase in a driving voltage.

The second electrode may be disposed on the organic
layer. The second electrode may be a cathode, which is an
electron injection electrode. The second electrode material
may be a low work function material, such as a metal, an
alloy, an electrically conductive compound, or a mixture
thereof. For example, lithium (Li), magnesium (Mg), alu-
minum (Al), aluminum-lithium (Al—Li), calcium (Ca),
magnesium-indium (Mg—In), magnesium-silver (Mg—
Ag), etc. may be used to form a thin film transmissive
electrode. In some embodiments, a top-emission light-emit-
ting device may be made using indium tin oxide (ITO) or
indium zinc oxide (IZO) to form a transmissive electrode.

Although the organic light-emitting device has been
described with reference to the FIGURE, the OLED is not
limited thereto.

Also, when the EML includes a phosphorescent dopant, to
prevent diffusion of triplet excitons or holes into the ETL a
hole blocking layer (HBL) may be formed between the ETL
and the EML or between the E-functional layer and the EML
by vacuum deposition, spin coating, casting, LB deposition,
etc. When the HBL is formed by vacuum deposition or spin
coating, the deposition or coating conditions may be similar
to those used to form the HIL, although the deposition or
coating conditions may vary according to the material that is
used to form the HBL. The hole blocking material may be
any suitable hole blocking material, non-limiting examples
of which include an oxadiazole derivative, a triazole deriva-
tive, a phenanthroline derivative, etc. For example, BCP
(illustrated below) may be used as the hole blocking mate-
rial.

BCP

The thickness of the HBL may be about 20 A to about
1,000 A, for example, about 30 A to about 300 A. If the
thickness of the HBL is within either of these ranges, good
hole blocking properties may be obtained without a sub-
stantial increase in driving voltage.

An organic light-emitting device according to an embodi-
ment of the present invention may be used in various flat
panel display apparatuses, such as passive matrix organic
light-emitting display apparatuses or active matrix organic
light-emitting display apparatuses. In particular, when the
organic light-emitting device is included in an active matrix
organic light-emitting display apparatus, the first electrode
(disposed on the substrate) functions as a pixel and may be
electrically connected to a source electrode or a drain
electrode of a thin film transistor. In addition, the organic
light-emitting device may be included in a flat panel display
apparatus that emits light in opposing directions.
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The organic layer of an organic light-emitting device
according to an embodiment of the present invention may be
formed by depositing a compound according to an embodi-
ment of the present invention, or by coating a solution
including the compound according to an embodiment of the
present invention. The latter method is referred to as a wet
method.

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

EXAMPLES
Synthesis Example 1

Synthesis of Compound 1
L4

Pd(PPhs),

Pd(OAc),
PPh3

C52C03

MeO

B Brg

Synthesis of Intermediate I-1

3.13 g (10 mmol) of 2-bromo-1-iodo-4-methoxybenzene,
1.58 g (11 mmol) of 1-naphthol, 0.112 g (0.5 mmol) of

10

15

20

40

50

60

65

70

palladium acetate, 0.651 g (2.0 mmol) of triphenylphos-
phine, and 13 g (40 mmol) of cesium carbonate were
dissolved in 60 mL of dimethylformamide (DMF), and then,
the mixture was stirred at a temperature of 140° C. for 24
hours. The reaction solution was cooled to room tempera-
ture, and then, 60 mL of water was added thereto, and an
extraction process was performed three times using 60 mL
of ethylether. The collected organic layer was dried using
magnesium sulfate, and the residue obtained by evaporating
the solvent was separation-purified by silica gel column
chromatography to obtain 1.64 g (yield 66%) of Intermedi-
ate I-1. The obtained compound was identified by MS/FAB.
C,;H,,0,: calc. 248.08. found 248.10.

Synthesis of Intermediate -2

1.64 g (6.6 mmol) of Intermediate I-1 was dissolved in 60
mL of methylene chloride (MC), and then, 0.93 mL (9.9
mmol) of BBr, was slowly added dropwise thereto at a
temperature of -78° C. The reaction solution was heated to
room temperature and then stirred for 24 hours at room
temperature. When the reaction was completed, 15 mL of
MeOH and 30 mL of H,O were added thereto, and an
extraction process was performed three times using 30 mL
of MC. The collected organic layer was dried using mag-
nesium sulfate, and then the residue obtained by evaporating
the solvent was separation-purified by silica gel column
chromatography to obtain 1.41 g (yield 91%) of Intermedi-
ate [-2. The obtained compound was identified by MS/FAB.
C,¢H;00,: calc. 234.07. found 234.11.

Synthesis of Intermediate 1-3

1.41 g (6.0 mmol) of Intermediate I-2 was dissolved in 20
mL of toluene and 20 mL of 30% potassium phosphate, and
then, at a temperature of 0° C., 2.03 g (7.2 mmol) of
trifluoromethanesulfonic acid anhydride was slowly added
dropwise thereto. The reaction solution was heated to room
temperature, and then stirred for 3 hours. Then, 30 mL of
water was added thereto, and an extraction process was
performed three times using 30 mL of ethylether. The
collected organic layer was dried using magnesium sulfate
and the residue obtained by evaporating the solvent was
separation-purified by silica gel column chromatography to
obtain 1.63 g (vield 81%) of Intermediate I-1. The obtained
compound was identified by MS/FAB. C,,H,F;0,S: calc.
336.02. found 336.0.

Synthesis of Compound 1

1.63 g (4.4 mmol) of Intermediate I-3, 1.89 g (4.4 mmol)
of Intermediate 1I-4, 0.25 g (0.22 mmol) of tetrakis(triph-
enylphosphine)palladium (Pd(PPh,),), and 1.40 g (6.6
mmol) of potassium phosphate were dissolved in 50 mL of
THF solution, and then, at a temperature of 70° C., the
mixture was stirred for 6 hours. The reaction solution was
cooled to room temperature, and then, 40 mL of water was
added thereto. Then, an extraction process was performed
three times using 40 mL of ethylether. The collected organic
layer was dried using magnesium sulfate and the residue
obtained by evaporating the solvent was separation-purified
by silica gel column chromatography to obtain 1.95 g (yield
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85%) of Compound 1. The obtained compound was identi-
fied by MS/FAB. C, H,,0O: cale. 520.18. found 520.21.

Synthesis Example 2

Synthesis of Compound 5

1.88 g (yield 82%) of Compound 5 was obtained as in the
synthesis of Compound 1, except that 2-bromoiodobenzene
was used instead of 2-bromo-1-iodo-4-methoxybenzene,
and 4-methoxy-1-naphthol was used instead of 1-naphthol.
The obtained compound was identified by MS/FAB.
C,oH,,0: cale. 520.18. found 520.20.

Synthesis Example 3

Synthesis of Compound 12

Cl

Pd(OAc)
PPh;
e e—
Cs,CO;
Cl OMe
BBI‘3
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’ O
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Cl OH
THO
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’ O
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-continued

O O

CN

Synthesis of Intermediate I-5

3.17 g (10 mmol) of 2-bromo-4-chloro-1-iodobenzene,
1.92 g (11 mmol) of 5-methoxy-1-naphthol, 0.112 g (0.5
mmol) of palladium acetate, 0.651 g (2.0 mmol) of triph-
enylphosphine, and 13 g (40 mmol) of cesium carbonate
were dissolved in 60 mL of DMF, and then the mixture was
stirred at a temperature of 140° C. for 24 hours. The reaction
solution was cooled to room temperature, and then 60 mL of
water was added thereto. Then, an extraction process was
performed three times using 60 ml of ethylether. The
collected organic layer was dried using magnesium sulfate
and the residue obtained by evaporating the solvent was
separation-purified by silica gel column chromatography to
obtain 1.64 g (yield 58%) of Intermediate 1-5. The obtained
compound was identified by MS/FAB. C,,H,,C10,: calc.
282.04. found 282.01.

Synthesis of Intermediate I-6

1.64 g (5.8 mmol) of Intermediate I-5 was dissolved in 60
mL of MC, and then, at a temperature of -=78° C., 0.82 mL
(8.7 mmol) of BBr; was slowly added dropwise thereto. The
reaction solution was heated to room temperature and then
stirred for 24 hours at room temperature. When the reaction
was completed, 15 mL of MeOH and 30 mL of H,O were
added thereto, and then an extraction process was performed
three times using 30 mL of MC. The collected organic layer
was dried using magnesium sulfate, and then the residue
obtained by evaporating the solvent was separation-purified
by silica gel column chromatography to obtain 1.43 g (yield
92%) of Intermediate I-6. The obtained compound was
identified by MS/FAB. C,H,C10,: calc. 268.03. found
268.01.

Synthesis of Intermediate I-7

1.43 g (5.3 mmol) of Intermediate I-6 was dissolved in 20
mL of toluene and 20 mL of 30% potassium phosphate, and
then, at a temperature of 0° C., 1.79 g (6.4 mmol) of
trifluoromethanesulfonic acid anhydride was slowly added
dropwise thereto. The reaction solution was heated to room
temperature, and then stirred for 3 hours. Then, 30 mL of
water was added thereto, and an extraction process was
performed three times using 30 mL of ethylether. The
collected organic layer was dried using magnesium sulfate
and the residue obtained by evaporating the solvent was
separation-purified by silica gel column chromatography to
obtain 1.70 g (yield 80%) of Intermediate 1-7. The obtained
compound was identified by MS/FAB. C,.H,CIF,0,S: calc.
399.98. found 400.01.

Synthesis of Intermediate [-8

1.70 g (4.2 mmol) of Intermediate 1-7, 4.7 mg (0.021
mmol) of palladium acetate, 0.39 g (0.92 mmol) of K,[Fe
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(CN),].3H,0, and 0.58 g (4.2 mmol) of potassium carbonate
were dissolved in 20 mL of H,O/1,4-dioxane (1:1). Then, at
a temperature of 140° C., the mixture was stirred for 10
hours. The reaction solution was cooled to room tempera-
ture, and then extracted three times with 30 mL of water and
30 mL of diethylether. The collected organic layer was dried
using magnesium sulfate, and then the residue obtained by
evaporating the solvent was separation-purified by silica gel
column chromatography to obtain 0.96 g (vield 82%) of
Intermediate 1-8. The obtained compound was identified by
MS/FAB. C,,H;CINO: calc. 277.03. found 277.01.

Synthesis of Compound 12

0.96 g (3.4 mmol) of Intermediate I-8, 1.46 g (3.4 mmol)
of Intermediate I-4, 0.046 g (0.05 mmol) of Pd,(dba),, 0.02
g (0.1 mmol) of PtBu,, and 1.66 g (5.1 mmol) of cesium
carbonate were dissolved in 30 mL of a 1,4-dioxane solu-
tion. Then, at a temperature of 90° C., the mixture was
stirred for 20 hours. The reaction solution was cooled to
room temperature, and then 40 mL of water was added
thereto. Then, an extraction process was performed three
times using 40 mL of ethylether. The collected organic layer
was dried using magnesium sulfate and the residue obtained
by evaporating the solvent was separation-purified by silica
gel column chromatography to obtain 1.54 g (yield 83%) of
Compound 12. The obtained compound was identified by
MS/FAB. C,,H,;NO: calc. 545.18. found 545.20.
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Synthesis Example 4

Synthesis of Compound 15

o
QOO

B

\

9XON

2.28 g (vield 82%) of Compound 15 was obtained as in
the synthesis of Compound 1, except that 1-bromo-2-iodo-
4-methoxybenzene was used instead of 2-bromo-1-iodo-4-
methoxybenzene, and Intermediate 1-9 was used instead of
Intermediate 1-4. The obtained compound was identified by
MS/FAB. C,H,4O: cale. 596.21. found 596.18.

19

Synthesis Example 5

Synthesis of Compound 59

cl
O 00 .
I-5 110

113
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Synthesis of Intermediate I-10

1.70 g (4.2 mmol) of Intermediate 1-5, 19 mg (0.084
mmol) of palladium acetate, 60 mg (0.13 mmol) of Xphos,
0.44 g (1.05 mmol) of K,[Fe(CN)4].3H,0, and 0.58 g (4.2
mmol) of potassium carbonate were dissolved in 20 mL of
H,0/1,4-dioxane (1:1). Then, at a temperature of 120° C,,
the mixture was stirred for 10 hours. The reaction solution
was cooled to room temperature, and then extracted three
times with 30 mL of water and 30 mL of diethylether. The
collected organic layer was dried using magnesium sulfate,
and then the residue obtained by evaporating the solvent was
separation-purified by silica gel column chromatography to
obtain 0.99 g (yield 86%) of Intermediate I-10. The obtained
compound was identified by MS/FAB. C, H, NO,: calc.
273.08. found 273.11.

Synthesis of Intermediate 1-11

0.99 g (3.6 mmol) of Intermediate I-10 was dissolved in
20 mL of MC, and then, at a temperature of -78° C., 0.51
mL (5.4 mmol) of BBr; was slowly added dropwise thereto.
The reaction solution was heated to room temperature and
then stirred for 24 hours at room temperature. When the
reaction was completed, 10 mL of MeOH and 20 mL of H,O
were added thereto, and then an extraction process was
performed three times using 20 mL of MC. The collected
organic layer was dried using magnesium sulfate, and then
the residue obtained by evaporating the solvent was sepa-
ration-purified by silica gel column chromatography to
obtain 0.87 g (yield 93%) of Intermediate I-11. The obtained
compound was identified by MS/FAB. C,,H,NO,: calc.
259.06. found 259.10.

Synthesis of Intermediate 1-12

0.87 g (3.3 mmol) of Intermediate I-6 was dissolved in 10
mL of toluene and 10 mL of 30% potassium phosphate, and
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then, at a temperature of 0° C., 1.09 g (3.9 mmol) of
trifluoromethanesulfonic acid anhydride was slowly added
dropwise thereto. The reaction solution was heated to room
temperature, and then stirred for 3 hours. Then, 20 mL of
water was added thereto, and an extraction process was
performed three times using 20 ml of ethylether. The
collected organic layer was dried using magnesium sulfate
and the residue obtained by evaporating the solvent was
separation-purified by silica gel column chromatography to
obtain 1.06 g (yield 82%) of Intermediate I-12. The obtained
compound was identified by MS/FAB. C, ;H F,NO,S: calc.
391.01. found 391.05.

Synthesis of Compound 59

1.06 g (2.7 mmol) of Intermediate 1-12, 1.37 g (2.7 mmol)
of Intermediate 1-13, 0.16 g (0.14 mmol) of tetrakis(triph-
enylphosphine)jpalladium (Pd(PPh;),), and 0.87 g (4.1
mmol) of potassium phosphate were dissolved in 40 mL of
a THF solution. Then, at a temperature of 70° C., the mixture
was stirred for 6 hours. The reaction solution was cooled to
room temperature, and then 30 mL of water was added
thereto. Then, an extraction process was performed three
times using 30 mL of ethylether. The collected organic layer
was dried using magnesium sulfate and the residue obtained
by evaporating the solvent was separation-purified by silica
gel column chromatography to obtain 1.04 g (vield 82%) of
Compound 59. The obtained compound was identified by
MS/FAB. C,,H,,0: cale. 621.21. found 621.24.

Additional compounds were synthesized using analogous
synthesis methods to those described above, and appropriate
intermediate materials. ‘I NMR and MS/FAB results of the
synthetic compounds are shown in Table 1 below.

Also, methods for synthesizing compounds other than the
compounds shown in Table 1 would be determinable by
those of ordinary skill in the art by reference to the synthesis
paths and source materials described above.

TABLE 1
MS/FAB
Compound 'H NMR (CDCls, 400 MHz) found  cale.
1 6 =8.02-8.00 (dd, 1H), 7.94 (d, 2H), 7.84-7.82 (m, 2H), 520.21 52018
7.80 (d, 1H), 7.78 (d, 1H), 7.76 (d, 1H), 7.73-7.69 (m, 2H),
7.60-7.57 (m, 3H), 7.55-7.51 (m, 2H), 7.47-7.44 (m, 1H),
7.38-7.29 (m, 6H), 7.08-7.04 (m, 1H), 7.02-7.00 (dd, 1H)
5 0 =8.12-8.10 (dd, 1H), 8.03-8.01 (dd, 1H), 7.85-7.80 (m,  520.20 320.18

ST0), 7.73-7.69 (m, 2H), 7.64-7.62 (m, 11), 7.54-7.52 (dd,

1H),

(
7.46-7.44 (m, 1H), 7.40-7.38 (m, 1H), 7.35-7.30 (m,
(

6H), 7.25-7.21 (m, 2H), 7.12-7.09 (m, 2H), 7.03-7.01 (m,

1H)
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TABLE 1-continued

Compound 'H NMR (CDCly, 400 MHz)

found

MS/FAB

cale.

7

10

21

26

28

31

38

48

53

57

59

8 = 824-822 (m, 1H), 7.91 (t, 2H), 7.84-7.82 (m, 31),
7.80 (d, 1H), 7.78 (d, 1H), 7.75 (d, 1H), 7.72-7.66 (m, 3H),
7.56-7.53 (m, 2H), 7.46-744 (dd, 1H), 7.37-7.26 (m, 7H),
7.02-6.99 (m, 1H), 0.39 (s, 9H)

8 =821-8.19 (m, 1H), 7.99-7.92 (m, 3H), 7.85-7.82 (m,
2M), 7.81 (d, 1H), 7.79 (d, 1H), 7.77 (d, 1H), 7.72-7.69 (m,
2H), 7.58-7.51 (m, 3H), 7.46-7.44 (dd, 1H), 7.37-7.28 (m,
6H), 7.04-7.01 (m, 1H), 6.99-6.98 (dd, 1H)

8 = 8.08-8.04 (m, 2H), 7.95-7.90 (m, 2H), 7.84-7.81 (m,
2H), 7.80 (d, 1H), 7.77 (d, 1H), 7.76-7.74 (m, 2H),
7.73-7.69 (m, 3H), 7.55-7.52 (dd, 1H), 747-7.45 (dd, 1H),
7.36-7.27 (m, 6H), 7.10-7.08 (dd, 1H), 7.01-6.99 (m, 1H)
d = 8.34-8.33 (dd, 1H), 8.19-8.16 (m, 1H), 8.04-8.01 (m,
2H), 7.93-7.91 (d, 1H), 7.83 (d, 1H), 7.81 (d, 1H),
7.71-7.68 (m, SH), 7.60-7.57 (m, 3H), 7.50-7.45 (m, 3H),
7.40-7.35 (m, 4H), 7.32-7.28 (m, 3H), 7.06-7.01 (m, 3H)
d=2.18-8.16 (dd, 1H), 8.09-8.08 (dd, 1H), 8.03-8.01 (m,
2H), 7.94-7.92 (d, 1H), 7.84-7.79 (m, 4H), 7.72-67 (m,
3H), 7.65-7.63 (m, 1H), 7.50-7.45 (m, 2H), 7.41-7.31 (m,
7H), 7.25-7.21 (m, 2H), 7.15-7.10 (m, 2H), 7.07-7.03 (m,
2H)

d = 8.41-8.39 (m, 1H), 8.30-8.28 (m, 1H), 8.15-8.14 (dd,
1H), 8.08-8.07 (dd, 1H), 7.93-7.91 (m, 1H), 7.85-7.80 (m,
SH), 7.75-7.70 (m, 2H), 7.62 (t, 1H), 7.40-7.24 (m, 10H),
7.13-7.09 (m, 3H), 7.06-7.03 (m, 15T

8 =821 (d, 1H), 8.10-8.08 (dd, 1), 7.88 (d, 1H),
7.82-7.80 (m, 2H), 7.69-7.67 (dd, 1H), 7.65-7.56 (m, 4H),
7.54-7.49 (m, 2H), 7.45-7.43 (m, 1H), 7.35-7.32 (1, 1H),
7.29-7.21 (m, 3H), 7.11-7.09 (tt, 1H), 7.06-7.01 (m, 4H),
8 = 8.13-8.11 (dd, 1H), 8.00-7.98 (m, 1H), 7.82-7.80 (m,
1H), 7.70-7.67 (m, 2H), 7.66-7.55 (m, 6H), 7.51-7.48 (m,
2H), 7.44-7.42 (dd, 1H), 7.33-7.21 (m, 3H), 7.12-7.10 (dd,
1H), 7.07-7.03 (m, 3H)

8 = 8.05-8.01 (m, 1H), 7.97-7.96 (m, 2H), 7.92-7.89 (m,
1H), 7.78-7.76 (m, 15), 7.70 (s, 2H), 7.63-7.55 (m, 12H),
7.51-7.48 (m, 2H), 7.39-7.38 (m, 1H), 7.31-7.22 (m, 11H),
7.04-7.00 (m, 2H), 6.98-6.96 (m, 1H)

8 = 8.04-8.01 (m, 3H), 7.97-7.96 (m, 2H), 7.91-7.89 (m,
1H), 7.72-7.68 (m, 2H), 7.65-7.64 (m, 2H), 7.61-7.57 (m,
4H), 7.53-7.45 (m, 4H), 7.41-7.35 (m, 3H), 7.06-7.03 (m,
41), 7.00-6.97 (m, 11

8 = 8.23-8.20 (m, 2H), 8.05-8.02 (m, 2H), 7.98-7.96 (m,
M), 7.91-7.89 (m, 1H), 7.73-7.70 (m, 1H), 7.64-7.63 (m,
2H), 7.59-7.55 (m, 3H), 7.53-7.50 (m, 2H), 7.39 (¢, 1H),
7.17-7.13 (tt, 1H), 7.06-6.99 (m, 4H)

8 = 8.34-8.32 (m, 1), 8.25-8.23 (dd, 1H), 8.13-8.11 (dd,
2H), 8.09-8.08 (m, 1H), 7.94-7.91 (m, 2H), 7.85-7.83 (m,
2H), 7.71 (d, 1H), 7.57-7.53 (m, 1H), 7.47-7.40 (m, 2H),
7.38-7.32 (m, 6H), 7.25-7.23 (m, 1H), 7.16-7.10 (m, 5H),
7.03-7.01 (m, 1H)

8 = 833-832 (m, 1H), 8.23-8.21 (m, 1H), 8.14-8.13 (m,
2H), 8.12-8.11 (m, 1H), 8.03-8.01 (dd, 1H), 7.95-7.93 (m,
2H), 7.92-7.91 (m, 2H), 7.66-7.55 (m, 5H), 7.47-7.43 (m,
2H), 7.40-7.36 (m, 1H), 7.33-7.29 (m, 2H), 7.23-7.21 (dd,
1H), 7.16-7.09 (m, SH)

8 =28.31 (d, 1H), 8.21-8.17 (m, 1H), 7.96-7.95 (m, 2H),
7.94-7.93 (m, 2H), 7.81 (d, 1H), 7.80-7.77 (m, 3H),
7.60-7.54 (m, 7H), 7.50-746 (m, 3H), 7.41-7.35 (m, 4H),
7.33-7.27 (m, SH), 7.04-7.02 (m, 15

8 = 8.41-8.39 (m, 1H), 8.26 (d, 1H), 8.13-8.11 (dd, 1H),
8.02-8.00 (dd, 2H), 7.95-7.91 (m, 3H), 7.83-7.80 (m, 3I),
7.70 (d, 1H), 7.57-7.53 (m, 1H), 7.42-7.33 (m, 10H),
7.26-7.23 (m, 2H), 7.13-7.07 (m, 3H), 7.01-6.99 (m, 1H)
= 28.11-8.00 (m, 1H), 8.03-8.01 (m, 1H), 7.97-7.96 (dd,
2H), 7.83 (d, 1H), 7.81 (d, 1H), 7.79-7.77 (m, 2H),
7.69-7.63 (m, 2H), 7.60-7.58 (m, 2H), 7.57-7.56 (m, 2H),
7.54 (d, 1H), 7.50-746 (m, 4H), 7.41-7.29 (m, 6H),
7.09-7.05 (m, 2H), 6.99-6.96 (m, 11T

8 = 8.09-8.07 (dd, 1H), 8.06-8.04 (dd, 111), 7.99-7.97 (m,
1H), 7.86-7.84 (m, 1H), 7.83-7.82 (dd, 1H), 7.81-7.80 (dd,
1H), 7.79-7.76 (m, 2H), 7.69-7.63 (m, 4H), 7.58-7.54 (m,
3H), 7.51-7.46 (m, 4H), 7.40-7.26 (m, 6H), 7.06-7.02 (m,
1H), 6.99-6.95 (m, 1H)

592.22

601.21

545.20

596.23

596.25

597.26

470.20

538.19

728.23

546.18

636.18

570.23

570.25

646.27

647.25

596.20

621.19

592.19

601.24

545.18

596.21

596.21

597.21

470.17

538.15

728.25

546.20

636.15

570.20

570.20

646.23

647.22

596.21

621.21

78
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TABLE 1-continued

80

Compound 'H NMR (CDCly, 400 MHz)

MS/FAB

found cale.

60 d = 8.24-8.22 (dd, 1H), 8.05-8.02 (m, 4H), 7.93-7.90 (m,
M), 7.83 (d, 1H), 7.81 (d, 1H), 7.79-7.76 (m, 3H),
7.71-7.68 (m, 3H), 7.64-7.60 (m, 1H), 7.48-7.45 (m, 2),
7.41-7.28 (m, 6H), 7.23 (d, 1H), 7.04-6.96 (m, 2H)

63 8 = 8.45-8.44 (dd, 117, 8.32-8.30 (m, 1H), 8.19 (d, 11T),
8.02-7.90 (m, 5H), 7.85-7.82 (m, 5H), 7.80-7.76 (m, 3H),
7.67-7.60 (m, 3H), 7.48-7.32 (m, 10H), 7.09-7.06 (tt, 1H),
7.01-6.99 (dd, 1H)

621.26 621.21

673.27 673.24

Example 1

An anode was manufactured as follows: a corning 15
Q/cm® (1200 A) ITO glass substrate was cut to a size of 50
mmx50 mmx0.7 mm, sonicated with isopropyl alcohol and
pure water each for 5 minutes, and then washed by UV
irradiation for 30 minutes and ozone. The resultant glass
substrate was loaded into a vacuum deposition apparatus.

15

2-TNATA was vacuum deposited on the substrate to form
a HIL having a thickness of 600 A. Then, 4,4'-bis[N-(1-
naphthyl)-N-phenylaminobiphenyl (NPB) was vacuum
deposited thereon to form a HTL having a thickness of 300

On the HTL, Compound 1 (as a blue fluorescent host) and
4,4'bis[2-(4-(N,N-diphenylamino )phenyl)vinyl|biphenyl
(DPAVRBI) were co-deposited at a weight ratio of 98:2 to
form an EML having a thickness of 300 A.

oy

SOUGAGES

O Q

()
NN

2-TNATA

NPB
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-continued

82

DPAVBI

Subsequently, Alg; was deposited on the EML to form an
ETL having a thickness of 300 A, and then LiF, which is a
halogenated alkali metal, was deposited on the ETL to form
an EIL having a thickness of 10 A. Al was vacuum deposited
to form a cathode having a thickness of 3,000 A to form a
LiF/Al electrode, thereby completing the manufacture of an
organic light-emitting device.

At a current density of 10 mA/cm?, the device had a
driving voltage of 5.12 V, a luminescence brightness of
3,535 cd/m?, a luminescence efficiency of 7.07 cd/A, and a
half-lifespan (hr @100 mA/cm?) of 295 hours.

Example 2

An organic light-emitting device was manufactured as in
Example 1, except that Compound 7 was used instead of
Compound 1 to form the EML.

At a current density of 10 mA/cm? the device had a
driving voltage of 5.21 V, a luminescence brightness of
3,620 cd/m?, a luminescence efficiency of 7.24 cd/A, and a
half-lifespan (hr @100 mA/cm?) of 308 hours.

Example 3

An organic light-emitting device was manufactured in
Example 1, except that 9,10-di-naphthalene-2-yl-anthracene
(DNA) was used instead of Compound 1 to form the EML,
and Compound 12 was used instead of Alq; to form the ETL.

At a current density of 10 mA/em? the device had a
driving voltage of 5.37 V, a luminescence brightness of
3,725 cd/m?, a luminescence efficiency of 7.45 cd/A, and a
half-lifespan (hr @100 mA/cm?) of 378 hours.

Example 4

An organic light-emitting device was manufactured as in
Example 1, except that Compound 18 was used instead of
Compound 1 to form the EML.

At a current density of 10 mA/em? the device had a
driving voltage of 5.17 V, a luminescence brightness of
3,575 cd/m”, a luminescence efficiency of 7.15 cd/A, and a
half-lifespan (hr @100 mA/ecm?) of 324 hours.

Example 5

An organic light-emitting device was manufactured as in
Example 1, except that Compound 25 was used instead of
Compound 1 to form the EML.

At a current density of 10 mA/cm? the device had a
driving voltage of 5.26 V, a luminescence brightness of

20

25

30

35

40

45

50

55

60

65

3,380 cd/m?, a luminescence efficiency of 6.76 cd/A, and a
half-lifespan (hr @100 mA/cm?) of 276 hours.

Example 6

An organic light-emitting device was manufactured as in
Example 1, except that Compound 31 was used instead of
Compound 1 to form the EML.

At a current density of 10 mA/cm?, the device had a
driving voltage of 5.29 V, a luminescence brightness of
3,455 cd/m?, a luminescence efficiency of 6.91 cd/A, and a
half-lifespan (hr @100 mA/cm?) of 295 hours.

Example 7

An organic light-emitting device was manufactured as in
Example 1, except that Compound 42 was used instead of
Compound 1 to form the EML.

At a current density of 10 mA/cm?, the device had a
driving voltage of 5.33 V, a luminescence brightness of
3,665 cd/m?, a luminescence efficiency of 7.33 cd/A, and a
half-lifespan (hr @100 mA/cm?) of 276 hours.

Example 8

An organic light-emitting device was manufactured as in
Example 1, except that Compound 53 was used instead of
Compound 1 to form the EML.

At a current density of 10 mA/cm?, the device had a
driving voltage of 5.25 V, a luminescence brightness of

3,645 cd/m?, a luminescence efficiency of 7.28 cd/A, and a
half-lifespan (hr @100 mA/ecm?) of 283 hours.

Example 9

An organic light-emitting device was manufactured as in
Example 3, except that Compound 60 was used instead of
Compound 12 to form the ETL.

At a current density of 10 mA/cm? the device had a
driving voltage of 5.34 V, a luminescence brightness of
3,790 cd/m?, a luminescence efficiency of 7.58 cd/A, and a
half-lifespan (hr @100 mA/cm?) of 385 hours.

Comparative Example 1

An organic light-emitting device was manufactured as in
Example 1, except that DNA (depicted below) was used
instead of Compound 1 as a blue fluorescent host in the
EML.
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DNA

At a current density of 10 mA/cm?, the device had a
driving voltage of 7.35 V, a luminescence brightness of
2,065 cd/m?, a luminescence efficiency of 4.13 cd/A, and a
half-lifespan (hr @100 mA/cm?) of 145 hours.

In Examples 1 through 9, compounds represented by
Formulae 1 through 3 were used as host materials for blue
EMLs. Compared with DNA, the compounds represented by
Formulae 1 through 3 had low driving voltages, high effi-
ciency, and good I-V-L characteristics. In particular, OLEDs
using the compounds represented by Formulae 1 through 3
exhibited significant lifespan improvement effects, thereby
substantially prolonging lifespan. Representative character-
istics and lifespan results were summarized and the results
are shown in Table 1.

TABLE 1

5

10

15

20

25

84

the described embodiments without departing from the spirit
and scope of the present invention as defined by the follow-
ing claims.

What is claimed is:

1. A compound represented by Formula 1, Formula 2, or
Formula 3:

Formula 1

Emission
material and

Electron Driving  Current

transport voltage

material (V) (mA/em?)  (cdim?®) (cd/A)

density  Brightness Efficiency Emission

Half lifespan

color (hr@100 mA/cm?)

50
50
50
7 50
50
50
50
50
50
50

7.07
7.24
7.45
7.15
6.76
6.91
7.33
7.29
7.58
4.13

Example 1~ Compound 1 3,535
3,620
3,725
3,575
3,380
3455
3,665
3,640
3,790

2,065

Example 2 Compound 7

Example 3 Compound 12 5.
Example 4  Compound 18 5.1

Compound 25 5.26
Compound 31 5.29

Compound 42 5.33

Example 5
Example 6
Example 7
Example 8 Compound 53
Example 9  Compound 60 5.
Comparative DNA 7.35

Example 1

Blue
Blue
Blue
Blue
Blue
Blue
Blue
Blue
Blue
Blue

205 hir
308 hr
378 hir
324 hr
276 hir
295 hr
276 hr
283 hr
385 hr
145 hr

As described above, according to one or more embodi-
ments of the present invention, compounds represented by
Formulae 1 through 3 are suitable for use in a full color
device, such as red, green, blue, or white fluorescent or
phosphorescent devices. Due to the inclusion of the com-
pound of one of Formulae 1 through 3, the organic light-
emitting device has high efficiency, low voltage, high bright-
ness, and a long lifespan.

It should be understood that the exemplary embodiments
described herein are presented for descriptive purposes only,
and not for purposes of limitation. Accordingly, descriptions
of features or aspects within each embodiment should typi-
cally be considered as available for other similar features or
aspects in other embodiments.

While one or more embodiments of the present invention
have been described, it will be understood by those of
ordinary skill in the art that various changes may be made to

50

60

65

-continued

Formula 2
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Formula 3 Formula 4
R3? R;! R5® Rs’
A R2
5 Ry I \ l
|
R33 O O R310 O /
R#*
R34 ' R37 ‘ ) O R311
13
10 R,
R35 R36 R313 R 12
RIS RIIZ
15 Rls Rl7 RIIO Rlll

wherein, in Formulae 1, 2, and 3,

R,' to R,'S, R, to R,*® and R,' to Ry™* are each
independently a hydrogen atom, a deuterium atom, a
halogen atom, a nitro group, a cyano group, a substi-
tuted or unsubstituted C, to Cg4, alkyl group, a substi- 20
tuted or unsubstituted C, to Cg, alkenyl group, a sub-
stituted or unsubstituted C, to C, cycloalkyl group, a
substituted or unsubstituted Cq to Cg, aryl group, a
substituted or unsubstituted C, to Cg, hetero aryl group,

Formula 5

a substituted or unsubstituted C, to C,, condensed 2>
polycyclic group, or L, provided that at least one of R,
to R, 'S, at least one of R, to R,'®, and at least one of
R,' to Ry is L,
wherein: 30
L is,
35
or
40
45
Ry — ,
>\ </
0 \ / 50
and

R, is a hydrogen atom, a deuterium atom, a halogen 55
atom, a nitro group, a cyano group, a substituted or
unsubstituted C, to C, alkyl group, a substituted or
unsubstituted C, to Cy, alkenyl group, a substituted
or unsubstituted C; to Cg, cycloalkyl group, a sub- wherein in Formulae 4 to 7,

stituted or unsubstituted Cg to Cy aryl group, a ® R,! to R,'¢ are each independently a hydrogen atom, a
substituted or unsubstituted C, to Cg, hetero aryl deuterium atom, a halogen atom, a nitro group, a cyano

group, or a substituted or unsubstituted Cs to Cgo group, a substituted or unsubstituted C, to Cg, alkyl
condensed polycyclic group. group, a substituted or unsubstituted C, to Cy, alkenyl

2. The compound of claim 1, wherein the compound g5 group, a substituted or unsubstituted C; to Cg,
represented by Formula 1 is represented by one of Formulae cycloalkyl group, a substituted or unsubstituted C to

4 through 7: Cgo aryl group, a substituted or unsubstituted C, to Cq,
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hetero aryl group, or a substituted or unsubstituted C,
to Cg, condensed polycyclic group.

3. The compound of claim 1, wherein the compound

represented by Formula 2 is represented by Formula 8 or 9:

Formula 8
R R, R,'6 R,
Rj“QﬁRﬁ R,\7 Q Ry
\ / \ /%
RZSAQR; Ry R,
Ry R, R,10 Ry!!

wherein, in Formulae 8 and 9,

R,' to R,'® are each independently a hydrogen atom, a
deuterium atom, a halogen atom, a nitro group, a cyano
group, a substituted or unsubstituted C, to Cg, alkyl
group, a substituted or unsubstituted C, to C, alkenyl
group, a substituted or unsubstituted C; to Cg
cycloalkyl group, a substituted or unsubstituted C, to
Ceo aryl group, a substituted or unsubstituted C, to Cs,
hetero aryl group, or a substituted or unsubstituted Cg
to Cg, condensed polycyclic group.

4. The compound of claim 1, wherein the compound
represented by Formula 3 is represented by Formula 10 or
11:

Formula 10
R313 R3 12
\ / Rg“
R310

10

15

20

40
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-continued
Formula 11
R32 R31 R313 R312
\ / \ /%
R36 R37 R310
Rs* Ry R;® Ry’

Wherein, in Formulae 10 and 11,

R,' to R, are each independently a hydrogen atom, a
deuterium atom, a halogen atom, a nitro group, a cyano
group, a substituted or unsubstituted C, to Cg, alkyl
group, a substituted or unsubstituted C, to Cg, alkenyl
group, a substituted or unsubstituted C; to Cg,
cycloalkyl group, a substituted or unsubstituted C; to
C, aryl group, a substituted or unsubstituted C, to Cy,
hetero aryl group, or a substituted or unsubstituted Cg
to Cg, condensed polycyclic group.

5. The compound of claim 1, wherein R,*, R %, R %, R °,
R,',R,*, and R, *9 of Formula 1, R,*, R,%, R,%, R,%, R, ™,
R,"™, R,", and R,"® of Formula 2, and R,', R;%, R.7, R.®,
R,'%, and R;'* of Formula 3 are each independently a
hydrogen atom or a deuterium atom.

6. The compound of claim 2, wherein R,* to R,'°, and
R, of Formulae 4 and 5, and R,' to R,*, R,* to R,"", and
R,* of Formulae 6 and 7 are each independently a hydrogen
atom or a deuterium atom.

7. The compound of claim 3, wherein R, to R,'%, R,
and R,'7 of Formulae 8 and 9 are each independently a
hydrogen atom or a deuterium atom.

8. The compound of claim 4, wherein R,' to R, %, and R, "
of Formulae 10 and 11 are each independently a hydrogen
atom or a deuterium atom.

9. The compound of claim 1, wherein at least one of
R,*-R,'S, at least one of R,'-R,'®, and at least one of
R,'-R,'% in Formulae 1, 2 and 3 is L, and R,, and remaining
ones of R,*-R, "%, R,"-R,'®, R,'-R,'* of Formulae 1, 2, and
3 are each independently a hydrogen atom, a deuterium
atom, a cyano group, a trihalomethyl group, or any one of
Formulae 2a through 2c:

—SiRs5RRs3

wherein, in Formulae 2a through 2c:

Rs,, Rsy, Rs;, and Z, are each independently a hydro-
gen atom, a deuterium atom, a substituted or unsub-
stituted C, to C,, alkyl group, a substituted or unsub-
stituted Cq to C,, aryl group, a substituted or
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unsubstituted C, to C,,, heteroaryl group, a substi-
tuted or unsubstituted C to C,, condensed polycy-
clic group, an amino group substituted with a C; to
C,, aryl group or a C, to C,, heteroaryl group, a
halogen atom, a cyano group, a nitro group, a
hydroxyl group, or a carboxyl group;

p in Formula 2b is an integer of 1 to 5, and p in Formula
2c is an integer of 1 to 4; and

* indicates a binding site to Formula 1, 2 or 3.

10. The compound of claim 2, wherein R,** and R, *° of
Formulae 4 and 5 are each independently a hydrogen atom,
a deuterium atom, a cyano group, a trihalomethyl group, or
any one of Formulae 2a to 2¢:

2a
—SiRs | RspRs3
2b
Y
= ——@vp
N
N Jc
X
:( \l(ZI)P
A
wherein, in Formulae 2a through 2c:
Rs,, Rss, Rsj, and 7, are each independently a hydro-

gen atom, a deuterium atom, a substituted or unsub-
stituted C, to C,,, alkyl group, a substituted or unsub-
stituted C,4 to C,, aryl group, a substituted or
unsubstituted C, to C,, heteroaryl group, a substi-
tuted or unsubstituted C, to C,, condensed polycy-
clic group, an amino group substituted with a C; to
C,, aryl group or a C, to C,, heteroaryl group, a
halogen atom, a cyano group, a nitro group, a
hydroxyl group, or a carboxyl group;

p in Formula 2b is an integer of 1 to 5, and p in Formula
2c is an integer of 1 to 4; and

* indicates a binding.

11. The compound of claim 3, wherein R,> and R,'® of
Formulae 6 and 7 are each independently a hydrogen atom,
a deuterium atom, a cyano group, a trihalomethyl group, or
any one of Formulae 2a through 2c:

2a
—SiRs)RsoRs3
2b
N
= ——@pp
P
2¢
N,
“/ N
T T @y
LA

wherein, in Formulae 2a through 2c:

Rs,, Rss, Rs;, and Z, are each independently a hydro-
gen atom, a deuterium atom, a substituted or unsub-
stituted C, to C,,, alkyl group, a substituted or unsub-
stituted Cq to C,, aryl group, a substituted or
unsubstituted C, to C,,, heteroaryl group, a substi-
tuted or unsubstituted C to C,, condensed polycy-
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clic group, an amino group substituted with a C, to
C,, aryl group or a C, to C,, heteroaryl group, a
halogen atom, a cyano group, a nitro group, a
hydroxyl group, or a carboxyl group;

pin Formula 2b is an integer of 1 to 5, and p in Formula
2c¢ is an integer of 1 to 4; and

* indicates a binding.

12. The compound of claim 4, wherein R,"* and R,'* of
Formulae 10 and 11 are each independently a hydrogen
atom, a deuterium atom, a cyano group, a trihalomethyl
group, or any one of Formulae 2a through 2c:

—SiRs5;RsRs3

wherein, in Formulae 2a through 2c:

Rs,, Rsy, Rs;, and Z) are each independently a hydro-
gen atom, a deuterium atom, a substituted or unsub-
stituted C, to C, alkyl group, a substituted or unsub-
stituted Cq4 to C,, aryl group, a substituted or
unsubstituted C, to C,, heteroaryl group, a substi-
tuted or unsubstituted C, to C,, condensed polycy-
clic group, an amino group substituted with a C; to
C,, aryl group or a C, to C,, heteroaryl group, a
halogen atom, a cyano group, a nitro group, a
hydroxyl group, or a carboxyl group;

p in Formula 2b is an integer of 1to 5, and p in Formula
2¢ is an integer of 1 to 4; and

* indicates a binding.

13. The compound of claim 1, wherein the compound
represented by Formula 1 is one of Compounds 1, 7, 12, 18,
25, 31, 42, 53 and 60:

SiMes
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-continued -continued
12 60
O 5
)~ O Y
50 -
13 14. An organic light-emitting device comprising;

a first electrode;
15 asecond electrode; and
an organic layer between the first electrode and the second
O O O 0 electrode, and comprising the compound of claim 1.
15. The organic light-emitting device of claim 14, wherein
20 the organic layer is an emission layer, an electron injection
layer, an electron transport layer, or a functional layer having
2

5 electron injection capability and electron transportation

capability.
O 0, 16. The organic light-emitting device of claim 14, wherein
»5 the organic layer comprises:

Q an emission layer comprising an anthracene-based com-
pound, an arylamine-based compound; or a styryl-
based compound, and

an electron injection layer, an electron transport layer, a
functional layer having electron injection capability
and electron transportation capability, a hole injection
layer, a hole transport layer, or a functional layer having
hole injection capability and hole transportation capa-
bility.

17. The organic light-emitting device of claim 14, wherein

the organic layer comprises:

an emission layer comprising a red layer, a green layer, a
blue layer, and a white layer, and one of the red layer,
the green layer, the blue layer or the white layer
comprises a phosphorescent compound, and

an electron injection layer, an electron transport layer, a
functional layer having electron injection capability
and electron transportation capability, a hole injection
layer, a hole transport layer, or a functional layer having
hole injection capability and hole transportation capa-
bility.

18. The organic light-emitting device of claim 17, wherein
the hole injection layer, the hole transport layer, or the
functional layer having hole injection capability and hole
transport capability comprises a charge-generation material.

19. The organic light-emitting device of claim 14, wherein
the organic layer is formed by a wet process using the
compound of claim 1.

20. A flat display apparatus comprising the organic light-
emitting device of claim 14, wherein the first electrode of the
organic light-emitting device is electrically connected to a
source electrode or a drain electrode of a thin film transistor.

I S S T
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