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rial for a hole injection layer, a hole transport layer, and an
emission layer of phosphorescent and fluorescent devices for
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COMPOUND FOR FORMING ORGANIC
FILM, AND ORGANIC LIGHT EMITTING
DEVICE AND FLAT PANEL DISPLAY DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2008-0012206, filed on
Feb. 11, 2008 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to compounds for forming
organic films, to organic light emitting devices including the
organic films, and to flat panel display devices including the
organic light emitting devices.

2. Description of the Related Art

Organic light emitting diodes are selflight emitting devices
which have wide viewing angles, excellent contrast, and
quick response times. As such, organic light emitting diodes
are receiving a lot of attention. Moreover, organic light emit-
ting diodes have excellent driving voltage characteristics and
response speeds, and can emit light of many colors.

A conventional organic light emitting diode has an anode/
emissive layer/cathode structure. The organic light emitting
diode may further include at least one of a hole injection layer,
a hole transport layer, and an electron injection layer between
the anode and the emissive layer, or between the emissive
layer and the cathode, to form an anode/hole transport layer/
emissive layer/cathode structure, or an anode/hole transport
layer/emissive layer/cathode structure.

As materials for forming the hole transport layer, polyphe-
nyl compounds or anthracene derivatives have been used.
However, organic light emitting devices including hole injec-
tion layers and/or hole transport layers formed of these con-
ventional materials do not have satisfactory life spans, effi-
ciency, and power consumption.

SUMMARY OF THE INVENTION

In one embodiment of the present invention, a compound
for forming an organic film has high electrical stability, good
charge transporting characteristics, and a high glass transition
temperature, thereby preventing crystallization. The com-
pound is suitable for use in phosphorescent and fluorescent
organic light emitting devices for emitting light of all colors
including red, green, blue, and white.

According to another embodiment of the present invention,
an organic light emitting device includes the organic film, has
high efficiency, low voltage, and high brightness.

In yet another embodiment of the present invention, a
flat-panel display device includes the organic light-emitting
device.

According to one embodiment of the present invention, a
compound is represented by Formula 1 below.

aadbars

Ary Ary

Formula 1
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2

In Formula 1, X is selected from substituted and unsubstituted
C4-C,q aryl groups, and substituted and unsubstituted C,-C,,
condensed polycyclic groups. Each of Ar; and Ar, is indepen-
dently selected from substituted and unsubstituted C4-C,,
aryl groups, substituted and unsubstituted C4-C,, aryloxy
groups, substituted and unsubstituted C,-C,, heteroaryl
groups, and substituted and unsubstituted C,-C,, condensed
polycyclic groups. Y is selected from substituents represented
by Formulae 2 and 3 below.

Formula 2
S
Ry |
/
N Rs
/ \ =X
Rz/\ \ /
Formula 3
Ry Rs

In Formulae 2 and 3, each of R}, R,, R;, R, and Rs is
independently selected from hydrogen, substituted or unsub-
stituted C,-C,, alkyl groups, a substituted or nonsubstituted
C,4-C,p aryl group, substituted orunsubstituted C, -C, , alkoxy
groups, fluorine, cyano groups, and amine groups. In some
embodiments, adjacent R groups among R,, R, R;, R, and
R5 may bond with one another to form a saturated or unsat-
urated carbon ring.

According to another embodiment of the present invention,
an organic light-emitting device includes a first electrode, a
second electrode, and an organic film between the first and
second electrodes, the organic film including the compound
of Formula 1.

In one embodiment, the organic film may be a hole injec-
tion layer, a hole transport layer, or an emissive layer.

The organic light emitting device including the organic
film including the compound of Formula 1 may have a low
driving voltage, high brightness, high efficiency, high current
density and the like.

According to another embodiment of the present invention,
a flat-panel display device 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

The above and other features and advantages of the present
invention will become more apparent by reference to the
following detailed description when considered in conjunc-
tion with the attached drawings in which:

FIG. 1 is a diagram of a structure of an organic light
emitting device according to an embodiment of the present
invention;

FIG. 2 is a graph comparing the life span of the organic
light emitting device prepared according to Example 1 to the
life span of the organic light emitting device prepared accord-
ing to Comparative Example 1; and
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FIG. 3 is a graph comparing the brightness characteristics
with respect to driving voltage of the organic light emitting
devices prepared according to Examples 6 through 9 to the
brightness characteristics with respect to driving voltage of
the organic light emitting device prepared according to Com-
parative Example 2.

DETAILED DESCRIPTION OF THE INVENTION

According to an embodiment of the present invention, a
compound is represented by Formula 1 below.

e

Ary Ary

Formula 1

InFormula 1, X is selected from substituted and unsubstituted
C4-C,, aryl groups, and substituted and unsubstituted C,-C,,
condensed polycyclic groups. Eachof Ar, and Ar, is indepen-
dently selected from substituted and unsubstituted C,-C,,
aryl groups, substituted and unsubstituted C,-C,, aryloxy
groups, substituted and unsubstituted C,-C,, heteroaryl
groups, and substituted and unsubstituted C,-C,, condensed
polycyclic groups. Y is selected from substituents represented
by the below structures.

Formula 2
S
/
N R
7\ = X
Rz/\ /
Formula 3
R4y Rs

In Formula 2 and 3, each of R}, R,, R;, R, and Ry is
independently selected from hydrogen, substituted and
unsubstituted C,-C,,, alkyl groups, a substituted or nonsub-
stituted C4-C,, aryl group, substituted and unsubstituted
C,-C,, alkoxy groups, fluorine, cyano groups, and amine
groups. In some embodiments, adjacent R groups among R,
R,, R;, R, and R may bond with one another to form a
saturated or unsaturated carbon ring.

When any one of R}, R, R;, R, R, Ary, Ar,, X, and Y is
an aryl group or a condensed polycyclic group with 21 or
more carbon atoms, the molecular weight of the compound
may be too large for easy deposition.
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According to some embodiments of the present invention,
the compound of Formula 1 may have a hole injection, hole
transport, and/or emission function. In particular, if Y is a
phenylcarbazole structure, the compound of Formula 1 will
include at least two rigid phenylcarbazole structures, thereby
increasing the glass transition temperature (Tg) or melting
point. Moreover, if Y is a fluorene compound, and in particu-
lar, if a naphthalene group or an anthracene group is intro-
duced, the glass transition temperature (Tg) or melting point
increases, which is desirable.

According to embodiments of the present invention, the
glass transition temperature (Tg) or melting point of the com-
pound of Formula 1 is high. As a result, during field-emission,
heat resistance is increased against Joule’s heat produced
inside the organic layers, between organic layers or between
an organic layer and a metal electrode, and resistance is
increased against a high temperature environment. Such
organic light emitting devices manufactured using the com-
pounds of Formula 1 are highly durable under both storing
and operating conditions.

In some embodiments, X of Formula 1 is selected from
substituents represented by the below structures.

OO €0
L
i
:_: =
) g\/;

W

In one embodiment, the compound of Formula 1 may be a
phenylcarbazole compound represented by Formula 4 or For-
mula 5 below.
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In Formula 6 through 8, each of R 5, R4, Ry5, R4, R;; and

5 6
Formula 4
x
T Rio
P
Afz
Formula 5
X
T R
P
R N
9,
X\ [ D
JRi
Sy e
N
\
Ar
In Formulae 4 and 5, each of R4, R, Rg, Ro, R o, R, and R, 3° -continued
is independently selected from hydrogen, substituted and Formula 7
unsubstituted C,-C,,, alkyl groups, a substituted or nonsub- Ry Ruq
stituted C4-C,, aryl group, substituted and unsubstituted
C,-C,, alkoxy groups, fluorine, cyano groups, and amine 20 .
groups. In some embodiments, adjacent R groups among R, O Ris Rig
R,, Rg, Ry, Rjp, R;; and R, may bond with one another to
form a saturated or unsaturated carbon ring. Each of Ar, and N Q.O
Ar, is independently selected from substituted and unsubsti- Ar/1 \ /
tuted C4-C,, aryl groups, substituted and unsubstituted 44
C4-C,, aryloxy groups, substituted and unsubstituted C,-C,,, Aty
heteroaryl groups, and substituted and unsubstituted C,-C,,, Formula 8
condensed polycyclic groups. Ry R
14 Ris Ris
In some embodiments, the compound of Formula 1 may be ° .
a fluorene compound represented by one of Formulae 6 to 8 O .
below.
Formula 6 33
Rz R
13 K14 Rys Rye
o L oD

R, is independently selected from hydrogen, substituted and
unsubstituted C,-C,,, alkyl groups, a substituted or nonsub-
stituted C4-C,, aryl group, substituted and unsubstituted
C,-C,, alkoxy groups, fluorine, cyano groups, and amine
groups. In some embodiments, adjacent R groups among R, 5,
R4 Rys, R 6, R ;and R, g may bond with one another to form
a saturated or unsaturated carbon ring. Each of Ar; and Ar, is
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independently selected from substituted and unsubstituted
C4-C,p aryl groups, substituted and unsubstituted C4-C, ary-
loxy groups, substituted and unsubstituted C,-C,, heteroaryl
groups, and substituted and unsubstituted C,-C,, condensed
polycyclic groups.

In one embodiment, each of Ar; and Ar, is independently
selected from substituted and unsubstituted C4-C,, aryl
groups, and substituted and unsubstituted C,-C,, heteroaryl
groups. In another embodiment, each of Ar, and Ar, is inde-
pendently selected from phenyl groups, C,-C5 alkylphenyl
groups, C,-C, alkoxyphenyl groups, cyanophenyl groups,
phenoxyphenyl groups, fluorophenyl groups, naphthyl
groups, C,-Cs alkylnaphthyl groups, C,-C5 alkoxynaphthyl
groups, cyanonaphthyl groups, halonaphthyl groups, fluore-
nyl groups, carbazolyl groups, C, -C alkyl carbazolyl groups,
biphenyl groups, C,-Cs alkyl biphenyl groups, C,-C5 alkoxy
biphenyl groups and pyridyl groups.

Nonlimiting examples of suitable substituents for Ar, or
Ar, include phenyl groups, ethylphenyl groups, ethylbiphe-
nyl groups, o-, m-, or p-fluorophenyl groups, dichlorophenyl
groups, dicyano groups, trifluorophenyl groups, methox-
yphenyl groups, o-, m-, or p-toryl groups, mesityl groups,
phenoxyphenyl groups, (o, o-dimethyl benzene)phenyl
groups, (N,N'-dimethyl)aminophenyl groups, (N,N'-diphe-
nyl)aminophenyl groups, pentalenyl groups, naphthyl
groups, methylnaphthyl groups, anthracenyl groups, azulenyl
groups, heptalenyl groups, acenaphthylenyl groups, fluorenyl
groups, anthraquinolyl groups, phenanthryl groups, triph-
enylene groups, pentaphenyl groups, hexaphenyl groups, car-
bazolyl groups, and the like.

In another embodiment, each of Ar; and Ar, may be inde-
pendently selected from aryl groups including from 1 to 3
rings selected from fluorenyl groups, carbazolyl groups, phe-
nyl groups, naphthyl groups and biphenyl groups. Alterna-
tively, the aryl group may be an aromatic ring substituted with
one to three substituents selected from C,-C, alkyl groups,
C,-C; alkoxy groups, cyano group, amine groups, phenoxy
groups, phenyl groups, and halogen atoms.

Nonlimiting examples of suitable unsubstituted alkyl
groups for use in the Formulae according to embodiments of
the present invention include methyl groups, ethyl groups,
propyl groups, isobutyl groups, sec-butyl groups, pentyl
groups, iso-amyl groups, and hexyl groups. In some embodi-
ments, at least one hydrogen of the alkyl group may be sub-
stituted with a substituent selected from halogen atoms,
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hydroxyl groups, nitro groups, cyano groups, amino groups,
amidino groups, hydrazine groups, hydrazone groups, car-
boxylic acid groups and salts thereof, sulfonic acid groups
and salts thereof, phosphoric acid groups and salts thereof,
C,-C,, alkyl groups, C,-C,, alkenyl groups, C,-C,, alkynyl
groups, C4-C, , aryl groups, C,-C, , arylalkyl groups, C,-C,,
heteroaryl groups, and Cs-C, , heteroarylalkyl groups.

Nonlimiting examples of suitable unsubstituted alkoxy
groups for use in the Formulae according to embodiments of
the present invention include methoxy groups, ethoxy groups,
phenyloxy groups, cyclohexyloxy groups, naphthyloxy
groups, isopropyloxy groups, and diphenyloxy groups. In
some embodiments, at least one hydrogen atom of the alkoxy
group may be substituted with the same substituent groups as
previously described with respect to the alkyl groups.

The unsubstituted aryl group, either by itself or in combi-
nation, refers to an aromatic carbon ring including at least one
ring, wherein the rings may be attached in a pendant configu-
ration, or may be fused. Atleast one hydrogen atom of the aryl
group may be substituted with the same substituent groups as
previously described with respect to the alkyl groups.

Nonlimiting examples of suitable unsubstituted aryloxy
groups for use in the Formulae according to embodiments of
the present invention include phenyloxy groups, naphthyloxy
groups, and diphenyloxy groups. In some embodiments, at
least one hydrogen atom of the aryloxy group may be substi-
tuted with the same substituent groups as previously
described with respect to the alkyl groups.

The unsubstituted heteroaryl group refers to a monovalent
monocyclic or divalent bicyclic aromatic organic compound
with from 4 to 30 ring atoms including 1, 2, or 3 heteroatoms
selected from N, O, P, and S, and wherein the remaining ring
atoms are C. In some embodiments, at least one hydrogen
atom of'the heteroaryl group may be substituted with the same
substituent groups as previously described with respect to the
alkyl groups.

Nonlimiting examples of suitable heteroaryl groups
include pyrazolyl groups, imidazolyl groups, oxazolyl
groups, thiazolyl groups, triazolyl groups, tetrazolyl groups,
oxadiazolyl groups, pyridinyl groups, pyridazinyl groups,
pyrimidinyl groups, triazinyl groups, carbazolyl groups, and
indolyl groups.

Nonlimiting examples of suitable compounds satisfying
Formula 1 included Compounds 1 to 242 below.
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In some embodiments, for example, the compound satis-
fying Formula 1 is selected from Compounds 1, 2, 3, 32, 105,
153,157,159, 173, 184 and 213 above.

According to another embodiment of the present invention,
an organic light-emitting device includes a first electrode, a
second electrode, and an organic film between the first elec-
trode and the second electrode. The organic film includes a
compound represented by Formula 1 and may be a hole
injection layer or a hole transport layer. The organic film may
also be a single film having both a hole injection function and
a hole transport function. Alternatively, the organic film may
be an emissive layer. The compound represented by Formula

55

60

65

1 may be used as a host material for phosphorescent or fluo-
rescent blue, green, or red color materials.

In one embodiment, the organic film may be a hole injec-
tion layer or a hole transport layer.

The first electrode may be an anode, and the second elec-
trode may be a cathode. Alternatively, the first electrode may
be a cathode, and the second electrode may be an anode.

The organic light emitting device may further include,
whenever necessary or desired, at least one additional layer
selected from hole injection layers, hole transport layers,
electron blocking layers, emissive layers, hole blocking lay-
ers, electron transport layers, and electron injection layers. In
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addition, the organic light emitting device may include a
double-layered organic layer including two of the above
organic layers, whenever necessary or desired.

For example, an organic light emitting device according to
embodiments of the present invention may have a first elec-
trode/hole injection layer/emissive layer/second electrode
structure, a first electrode/hole injection layer/hole transport
layer/emissive layer/electron transport layer/second elec-
trode structure, or a first electrode/hole injection layer/hole
transport layer/emissive layer/electron transport layer/elec-
tron injection layer/second electrode structure. Alternatively,
the organic light emitting device may have a first electrode/
single organic film with both hole injection and hole transport
functions/emissive layer/electron transport layer/second
electrode structure, or a first electrode/single organic film
with both hole injection and hole transport functions/emis-
sive layer/electron transport layer/electron injection layer/
second electrode structure.

The organic light emitting devices according to embodi-
ments of the present invention may be used in various appli-
cations such as top emission type organic light emitting
devices and bottom emission type organic light emitting
devices.

A method of preparing an organic light emitting device
according to an embodiment of the present invention will now
be described with reference to the organic light emitting
device illustrated in FIG. 1. As shown in FIG. 1, an organic
light emitting device according to one embodiment of the
present invention includes a substrate, a first electrode (e.g.,
an anode), a hole injection layer, a hole transport layer, an
emissive layer, an electron transport layer, and a second elec-
trode (e.g., a cathode).

The first electrode is formed by applying a first electrode
forming material having a high work function on a substrate
by deposition or sputtering. The first electrode may either be
an anode or a cathode. The substrate may be any conventional
substrate used in organic light emitting devices. For example,
the substrate may be a glass substrate or a transparent plastic
substrate, both of which have excellent mechanical strength,
thermal stability, transparency, surface planarity, conve-
nience in handling, and water resistance. The first electrode
forming material may include a material selected from
indium tin oxide (ITO), indium zinc oxide (IZO), tin oxide
(SnO,), zinc oxide (Zn0O), Al, Ag, Mg, and combinations
thereof. The first electrode forming material has excellent
conductivity and may be used to form a transparent or reflec-
tive electrode.

The hole injection layer (HIL) may be formed on the first
electrode using a variety of methods such as vacuum deposi-
tion, spin coating, casting, and Langmuir-Blodget (LB) depo-
sition. When forming the HIL using vacuum deposition, the
deposition conditions may differ depending on the compound
used as the material for the HIL and the desired structure and
thermal properties of the HIL. However, in some embodi-
ments, the deposition conditions may include a deposition
temperature ranging from about 100 to about 500° C., a
vacuum pressure ranging from about 10~ to about 107> torr,
a deposition rate ranging from about 0.01 to about 100 A/sec,
and a film thickness ranging from about 10 A to about 5 um.

When forming the HIL by spin coating, the coating condi-
tions may differ depending on the compound used as the
material for the HIL and the desired structure and thermal
properties of the HIL. However, in some embodiments, the
spin coating conditions may include a coating speed ranging
from about 2000 to about 5000 rpm, and a heat-treatment
temperature for removing a solvent after coating ranging
from about 80 to about 200° C.
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The HIL material may be the compound represented by
Formula 1, as described above. Alternatively, any known HIL
material may be used. For example, a phthalocyanine com-
pound (such as copper phthalocyanine) may be used. Addi-
tionally, TCTA (shown below), m-MTDATA (shown below)
and m-MTDAPB, which are starburst-type amine derivatives
can be used. Soluble conductive polymers, such as Pani/
DBSA (polyaniline/dodecylbenzenesulfonic acid), PEDOT/
PSS (poly(3,4-ethylenedioxythiophene)/poly(4-styrene-
sulfonate), Pani/CSA (polyaniline/camphor sulfonic acid),
and PANI/PSS (polyaniline)/poly(4-styrene-sulfonate) may

also be used.

Sl

QL L

oBoasle
e

m-MTDATA

The thickness of the HIL, may range from about 100 to
about 10000 A. For example, in one embodiment, the thick-
ness may range from about 100 to about 1000 A. If the
thickness of the HIL is less than about 100 A, the hole injec-
tion properties may deteriorate, and if the thickness of the
HIL is greater than about 10000 A, the driving voltage may
increase.

The hole transport layer (HTL) may be formed on the HIL,
by a variety of methods, such as vacuum deposition, spin
coating, casting, and LB deposition. When the HTL is formed
using vacuum deposition or spin coating, the deposition or
coating conditions may differ depending on the compounds
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used, but may generally include the deposition and coating
conditions described above with respect to the HIL.

The HTL material may be a compound represented by
Formula 1 described above. Alternatively, any known HTL
material may be used, for example, carbazole derivatives
(such as N-phenylcarbazole and polyvinylcarbazole) and
conventional amine derivatives having condensed aromatic
condensed rings (such as 4,4'-bis[N-(1-naphthyl)-N-pheny-
lamino]biphenyl (NPB), N,N'-bis(3-methylphenyl)-N,N'-
diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD) (shown below),
and N,N'-di(naphthalene-1-y1)-N,N'-diphenyl benzidine
(0-NPD) (shown below)).

avavsa
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The thickness of the HTL may range from about 50 to
about 1000 A. For example, in one embodiment, the thickness
ranges from about 100 to about 600 A. If the thickness of the
HTL is less than about 50 A, the hole transporting properties
may deteriorate, and if the thickness of the HTL is greater
than about 1000 A, the driving voltage may increase.

The emissive layer (EML) may be formed on the HTL by
a variety of methods, such as vacuum deposition, spin coat-
ing, casting, and LB deposition. When the EML is formed by
vacuum deposition or spin coating, the deposition or coating
conditions may differ depending on the compounds used, but
may generally include the deposition and coating conditions
described above with respect to the HIL.

The EML may include a compound represented by For-
mula 1 described above. In particular, the compound repre-
sented by Formula 1 may be used as a host. The EML may be
formed using a variety of known light emitting materials, and
may be formed using known hosts and dopants. The dopant
may be any known dopant and may be either a phosphores-
cent dopant or a fluorescent dopant.

Nonlimiting examples of suitable hosts include Alq;, CPB
(4,4'-N,N'-dicarbazole-biphenyl), PVK (poly(n-vinylcarba-
zole)), DSA (distyrylarylene), or IDE215 (from Idemitsu
Co.).

Nonlimiting examples of suitable phosphorescent dopants
include IDE102, IDE105 and IDE118 (available from Ide-
mitsu Co.). Nonlimiting examples of suitable fluorescent
dopants include Ir(ppy); (ppy is an abbreviation of phenylpy-
ridine)(green), 4,6-F2(ppy),Irpic, TEBOO2 (from Cobion
Co.), PtOEP (platinum(II)octaethylporphyrin), compounds

aals

a-NPD
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represented by Formula 3 below, Firpric (shown below), and
RD61 (which is a red fluorescent dopant from UDC Co.).

Formula 3

Firpic

The content of the dopant may range from about 0.1 to
about 20 parts by weight based on 100 parts by weight of the
EML forming material (i.e., the total weight of the host and
the dopant is 100 parts by weight). In one embodiment, for
example, the dopant is present in an amount ranging from
about 0.5 to about 12 parts by weight based on 100 parts by
weight of the EML forming material. If the dopant is present
in an amount less than about 0.1 parts by weight based on the
total weight of the host and the dopant, the effect of adding the
dopant is minute. If the dopant is present in an amount greater
than about 20 parts by weight based on the total weight of the
host and the dopant, concentration extinction (e.g. concentra-
tion quenching) of both the phosphorescent and the fluores-
cent components may occur.

The thickness of the EML may range from about 100 to
about 1000 A. In one embodiment, for example, the thickness
ranges from about 200 to about 600 A. If the thickness of the
EML is less than about 100 A, the light emitting properties
may deteriorate, and if the thickness of the EML is greater
than about 1000 A, the driving voltage may increase.

When the EML includes a phosphorescent dopant, a hole
blocking layer (HBL) may be formed on the EML to prevent
triplet excitons or holes from diffusing to the electron trans-
port layer (not shown in FIG. 1). The HBL material is not
particularly limited, and may be selected from any known
HBL materials. Nonlimiting examples of suitable HBL mate-
rials include oxadiazole derivatives, triazole derivatives,
phenathroline derivatives, Balq and BCP.

The thickness of the HBL may range from about 50 to
about 1000 A. In one embodiment, for example, the thickness
may range from about 100 to about 300 A. If the thickness of
the HBL is less than about 50 A, the hole-blocking properties
may deteriorate, and if the thickness of the HBL is greater
than about 1000 A, the driving voltage may increase.

The electron transport layer (ETL) may be formed on the
HBL or on the EML by a variety of methods, such as vacuum
deposition, spin coating, and casting. When the ETL is
formed by vacuum deposition or spin coating, the deposition



US 8,394,511 B2

169

or coating conditions may differ depending on the com-
pounds used, but may generally include the deposition and
coating conditions described above with respect to the HIL.

The ETL material is not particularly limited, and may be
selected from any known ETL forming materials. Nonlimit-
ing examples of suitable ETL materials include quinoline
derivatives, and in particular, tris(8-quinolinolate)aluminum
(Algy) and TAZ.

The thickness of the ETL may range from about 100 to
about 1000 A. In one embodiment, for example, the thickness
ranges from about 100 to about 500 A. If the thickness of the
ETL is less than about 100 A, the electron transporting prop-
erties may deteriorate, and if the thickness of the EML is
greater than about 1000 A, the driving voltage may increase.

In addition, an electron injection layer (EIL) may be depos-
ited on the ETL. The EIL facilitates the injection of electrons
from the cathode. The EIL may be formed of any known EIL
material, nonlimiting examples of which include LiF, NaCl,
CsF, Li,O, and BaO. The deposition or coating conditions
may differ depending on the compounds used, but may gen-
erally include the deposition and coating conditions
described above with respect to the HIL.

The thickness of the EIL, may range from about 1 to about
100 A. In one embodiment, for example, the thickness may
range from about 5 to about 90 A. If the thickness of the EIL
is less than about 1 A, the electron injecting properties may
deteriorate, and if the thickness of the EIL is greater than
about 100 A, the driving voltage may increase.

Finally, the second electrode may be formed on the EIL by
any suitable method, such as vacuum deposition or sputter-
ing. The second electrode may be a cathode or an anode. The
material for forming the second electrode may be a metal, an
alloy, or an electrically conductive compound with a low
work function. Nonlimiting examples of such materials
include Li, Mg, Al, Al—Li, Ca, Mg—In, and Mg—Ag. In
addition, a transparent cathode, such as ITO or IZO may be
used in order to obtain a top emission device.

The organic light emitting device according to embodi-
ments of the present invention may be used in many applica-
tions, including flat panel display devices such as passive
matrix organic light emitting display devices and active
matrix organic light emitting display devices. In particular,
when the organic light emitting device is included in an active
matrix organic light emitting display device, the first elec-
trode on the substrate is a pixel electrode and is electrically
connected to a source electrode or a drain electrode of a thin
film transistor. Moreover, the organic light-emitting device
may also be included in a flat panel display device having a
double-sided screen.

The following Examples and Synthesis Examples describe
compounds 1, 2, 3, 32, 105, 153, 173, 184, and 242 and the
synthesis thereof. However, the Examples and Synthesis
Examples are presented for illustrative purposes only and do
not limit the scope of the present invention.

SYNTHESIS EXAMPLE 1

Preparation of Compound 1

Compound 1 was synthesized by the reaction pathway
represented by Reaction Scheme 1 below.
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Synthesis of Intermediate A

20.7 g (100 mmol) of 1-bromonaphthalene was dissolved
in 300 ml dichloromethane, and was maintained at a tempera-
ture of -30° C. A solution of 2.56 g (50 mmol) of bromine
dissolved in 30 ml of dichloromethane was adjusted to a
temperature of =30° C. and then slowly added to the 1-bro-
monaphthalene solution. The resulting product was blocked
from light, and incubated in a freezer at =30° C. for 48 hours.
After the reaction was complete, 10% sodium thiosulfate
solution was added to the solution, and an organic layer was
collected from the solution. The collected organic layer was
dried with magnesium sulfate, and the residue obtained by
evaporating the solvent was recrystallized with diethyl ether
and normal hexane to obtain 24.3 g of Intermediate A, a white
solid (yield: 85%). The structure of the product was con-
firmed by 'H and **C NMR. (*H NMR (CDCl,, 400 MHz) §
(ppm) -8.26-8.24 (m, 2H), 7.66-7.63 (m, 4H); *C NMR
(CDCl,, 100 MHz) § (ppm) -132.9, 130.0, 128.2, 127.8,
122.6).

Synthesis of Intermediate B

14.3 g (50 mmol) of Intermediate A was dissolved in 150
ml diethyl ether, and held at -78° C. while adding 20 ml
(2.5M in hexane) of normal butyl lithium. The temperature
was slowly raised to room temperature after 30 minutes. After
30 minutes, a solution of 23 ml of triisopropylborate (100
mmol) dissolved in 50 ml of diethy] ether was maintained at
-78° C. and slowly added to the Intermediate A solution. The
mixture was stirred for 5 hours at room temperature, water
was added thereto, and the mixture was washed with 200 ml
of diethyl ether 3 times. The washed diethy] ether layer was
dried with MgSO,, and dried under reduced pressure to
obtain a product, which was recrystallized with normal hex-
ane to obtain 9.6 g of Intermediate B, a white solid (yield
77%). The structure of the product was confirmed by 'H and
13C NMR. (‘"H NMR (CDCl,, 400 MHz) d (ppm) -8.05 (d,
1H), 7.85 (d, 1H), 7.73 (m, 4H), 7.35 (s, 2H); *C NMR
(CDCl,, 100 MHz) § (ppm) -141.4, 131.0, 130.8, 130.4,
130.1, 127.0, 126.2, 102.2, 101.0).

Synthesis of Intermediate C

7.53 g (30 mmol) of Intermediate B, 17 g (60 mmol) of
4-bromoiodobenzene, 1.7 g (1.5 mmol) of Pd(PPh,), and 20
g of K,CO; were dissolved in 100 ml of a THF/H,O (2:1)
mixed solution, and then stirred for 5 hours at 80° C. The
reaction solution was extracted 3 times with 600 ml of diethyl
ether. The collected organic layer was dried with magnesium
sulfate, and the residue obtained by evaporating the solvent
was recrystallized with dichloromethane and normal hexane
to obtain 7.38 g of Intermediate C (yield: 68%). The structure
of the product was confirmed by "HNMR. (‘HNMR (CDCl,,
400 MHz) 6 (ppm) -8.32 (d, 1H), 7.83-7.80 (m, 2H), 7.63-
7.59 (m, 3H), 7.51-7.46 (m, 1H), 7.32 (d, 2H), 7.22 (d, 1H)).
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Synthesis of Intermediate D

36.9 g (100 mmol) of 3-iodo-9-phenylcarbazole, 13.7
mL(150 mmol) of aniline, 14 g (150 mmol) of t-BuONa, 1.83
g(2mmol) of Pd,(dba);, 400 mg(2 mmol) of P(t-Bu), were
dissolved in 250 ml of toluene, and then stirred for 3 hours at
90° C. After the reaction was complete, the product was
cooled to room temperature, and then extracted 3 times with
deionized water and 200 ml of diethyl ether. The collected
organic layer was dried with magnesium sulfate, and the
residue obtained by evaporating the solvent was separated
and purified by silica gel column chromatography to obtain
3.07 g of Intermediate D (yield 92%). The structure of the
product was confirmed by 'H and *C NMR. (*H NMR
(CDCl;, 400 MHz) 8 (ppm) -8.03-7.99 (m, 1H), 7.67 (d, 1H),
7.49 (d, 5H), 7.43 (d, 1H), 7.36-7.32 (m, 3H), 7.20-7.16 (m,
2H), 7.02 (dd, 2H), 6.96 (dd, 1H), 6.75-6.71(m, 1H), 5.68
(NH); "*C NMR (CDCl,, 100 MHz) 8 (ppm) -144.7, 139.9,
137.4,135.7,129.8,129.4,128.1,127.4,127.1,126.3,119.1,
119.0, 118.7,118.5,116.8, 113.1, 111.2, 109.4, 102.5).

Synthesis of Compound 1

3.62 g(10 mmol) of Intermediate C, 7.36 g(22 mmol) of
Intermediate D, 2.9 g(30 mmol) of t-BuONa, 366 mg(0.4
mmol) of Pd,(dba),, and 80 mg(0.4 mmol) of P(t-Bu); were
dissolved in 60 ml of toluene, and stirred for 3 hours at 90° C.
After the reaction was complete, the product was cooled to
room temperature, and then extracted 3 times with deionized
water and 50 ml of diethyl ether. The collected organic layer
was dried with magnesium sulfate, and the residue obtained
by evaporating the solvent was separated and purified by
silica gel column chromatography to obtain 7.13 g of Com-
pound 1 (yield 82%). The structure of the product was con-
firmed by 'H and '*C NMR. (*H NMR (CDCl,, 400 MHz) §
(ppm) -8.21 (d, 2H), 7.93 (d, 2H), 7.65-7.28 (m, 32H), 6.64-
6.59 (m, 2H), 6.43-6.40 (m, 2H), 5.70-5.64 (m, 4H); °C
NMR (CDCl;, 100 MHz) & (ppm) -153.3, 151.4, 150.6,
148.3,146.1,142.5,137.9,137.7,136.4, 134.8, 133.9, 131.6,
131.4,129.8,129.4,129.2,128.1,127.4,127.1,126.3,126.1,
125.9,124.1,123.6,123.4,122.9,122.3,121.3,120.4,118.1,
117.3,117.2,117.0,116.7,116.4,116.2,114.4,111.7,111.5,
108.4).

SYNTHESIS EXAMPLE 2

Preparation of Compound 2

Compound 2 was synthesized by the reaction pathway
represented by Reaction Scheme 2 below.

Reaction Scheme 2

NH,
Pd,(dba)s, P(tBu);z
N _—
t-BuONa, Toluene
Q O CH3
I
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Pdy(dba)z, P(tBu);
NaOtBu

‘1)

; N E
Synthesis of Intermediate E

36.9 g (100 mmol) of 3-iodo-9-phenylcarbazole, 16 g (150
mmol) of toluidine, 14 g (150 mmol) of t-BuONa, 1.83 g (2
mmol) of Pd,(dba),, and 400 mg (2 mmol) of P(t-Bu); were
dissolved in 250 ml of toluene, and stirred for 3 hours at 90°
C. After the reaction was complete, the product was cooled to
room temperature, and then extracted 3 times with deionized
water and 200 ml of diethy] ether. The collected organic layer
was dried with magnesium sulfate, and the residue obtained
by evaporating the solvent was separated and purified by
silica gel column chromatography to obtain 33.5 g of Inter-
mediate E (yield: 96%). The structure of the product was
confirmed by 'Hand **C NMR. ("H NMR (CDCl,, 400 MHz)
d (ppm) -8.02-7.99 (m, 1H), 7.66 (s, 1H), 7.49 (d, 4H), 7.43
(d, 1H), 7.36-7.31 (m, 4H), 7.01 (d, 2H), 6.96 (dd, 1H), 6.87
(d, 2H), 5.68 (NH), 2.25 (s, 3H); >*C NMR (CDCl;, 100
MHz) 6 (ppm) -140.2, 139.9, 137.4, 135.7, 129.8, 129.7,
128.1,127.4,127.1,126.3,119.1,118.7,118.5,113.1, 111.2,
109.4,102.5, 20.4).

Synthesis of Compound 2

3.62 g (10 mmol) of Intermediate C, 7.7 g (22 mmol) of
Intermediate E, 2.9 g (30 mmol) of t-BuONa, 366 mg (0.4
mmol) of Pd,(dba);, and 80 mg (0.4 mmol) of P(t-Bu); were
dissolved in 60 ml of toluene, and stirred for 3 hours at 90° C.
After the reaction was complete, the product was cooled to
room temperature, and then extracted 3 times with deionized
water and 50 ml of diethyl ether. The collected organic layer
was dried with magnesium sulfate, and the residue obtained
by evaporating the solvent was separated and purified by
silica gel column chromatography to obtain 7.62 g of Com-
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pound 2 (yield: 85%). The structure of the product was con-
firmed by 'H and '*C NMR. (‘"H NMR (CDCl;, 400 MHz) &
(ppm) -8.21 (d, 1H), 7.93 (d, 2H), 7.63-7.31 (m, 29H), 7.05
(dd, 4H), 6.42 (d, 2H), 6.25 (t, 4H), 2.27 (s, 6H); *C NMR
(CDCl;, 100 MHz) § (ppm) -153.3, 151.4, 151.3, 147.8,
146.1,142.5,137.9,137.7,136.4, 134.8, 134.6, 133.9, 132.7,
131.4,129.8,129.2,128.1,127.4,127.1,126.3,126.1,125.9,
124.1,123.6,122.3,121.2,121.0,120.4,118.1,117.3,117.0,
116.7,116.4,116.2,111.7,114.4,111.7,111.5, 108.4, 20.4).

SYNTHESIS EXAMPLE 3
Preparation of Compound 3

Compound 3 was synthesized by the reaction pathway
represented by Reaction Scheme 3 below.

Reaction Scheme 3
NH,

N Pd,(dba)s, P(tBu)z

—_—
t-BuONa, Toluene
Q D F

>
oQ

sz(dba)g P(tBu);
NaOtBu

&
o9
.,
o Q

Synthesis of Intermediate F
18.45 g (50 mmol) of 3-iodo-9-phenylcarbazole, 8 g (75
mmol) of toluidine, 7 g (75 mmol) of t-BuONa, 920 mg (1
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mmol) of Pd,(dba),, and 200 mg (1 mmol) of P(t-Bu), were
dissolved in 150 ml of toluene, and stirred for 3 hours at 90°
C. After the reaction was complete, the product was cooled to
room temperature, and then extracted 3 times with deionized
water and 100 ml of diethyl ether. The collected organic layer
was dried with magnesium sulfate, and the residue obtained
by evaporating the solvent was separated and purified by
silica gel column chromatography to obtain 16.39 g of Inter-
mediate F (yield 93%). The structure of the product was
confirmed by 'Hand '>*C NMR. ("H NMR (CDCl,, 400 MHz)
d (ppm) -8.03-8.01 (m, 1H), 7.96-7.92 (m, 2H), 7.67 (d, 1H),
7.49 (d, 4H), 7.43 (d, 1H), 7.37-7.32 (m, 4H), 7.23-7.18 (m,
2H), 6.95 (dd, 1H), 5.68 (s, 1H); >*C NMR (CDCl,, 100
MHz) & (ppm) -161.0, 154.5, 140.8, 139.9, 1374, 135.7,
129.8,127.4,127.1,126.5,119.1,118.7,118.5,116.5, 115.8,
113.1,111.7,111.5, 111.2, 109.4, 102.5).

Synthesis of Compound 3

3.62 g (10 mmol) of Intermediate C, 7.75 g (22 mmol) of
Intermediate F, 2.9 g (30 mmol) of t-BuONa, 366 mg (0.4
mmol) of Pd,(dba);, and 80 mg (0.4 mmol) of P(t-Bu), were
dissolved in 60 ml of toluene and stirred for 3 hours at 90° C.
After the reaction was complete, the product was cooled to
room temperature, and then extracted 3 times with deionized
water and 50 ml of diethyl ether. The collected organic layer
was dried with magnesium sulfate, and the residue obtained
by evaporating the solvent was separated and purified by
silica gel column chromatography to obtain 7.96 g of Com-
pound 3 (yield: 88%). The structure of the product was con-
firmed by 'H and '*C NMR. (*H NMR (CDCl,, 400 MHz) §
(ppm) -8.21 (d, 1H), 7.93 (d, 2H), 7.65-7.31 (m, 29H), 7.11-
7.05 (m, 4H), 6.79-6.73 (m, 4H), 6.44-6.40 (m, 2H); *C
NMR (CDCl,, 100 MHz) § (ppm) -162.0, 155.5, 152.3,
150.4,149.3,149.2,145.1,144.2,144.1,141.5,137.9,137.7,
136.4,134.8,133.9,131.4,129.8,129.2,128.1,127.4,127.1,
126.3,126.1,126.0,125.9,125.8,125.6,124.1,123.6, 122.3,
121.3,120.4,118.1,118.0,117.3,117.2,117.0,116.7, 116 .4,
116.2,115.5,114.4,111.7, 111.5, 108.4).

SYNTHESIS EXAMPLE 4

Preparation of Compound 32

Compound 32 was synthesized by the reaction pathway
represented by Reaction Scheme 4 below.

Reaction Scheme 4

Br

Br

nBuLi
B(iOPr)3
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-continued

H
E Pd;(dba)s,
P(tBu);
NaOtBu
N,
O N
HiC

CH;

Synthesis of Intermediate G

143 g (50 mmol) of 1,5-dibromonaphthalene was dis-
solved in 150 ml of diethyl ether, and held at —-78° C. while
adding normal butyl lithium (20 ml, 2.5 M in hexane). The
temperature was raised slowly to room temperature after 30
minutes. After another 30 minutes, a solution of 23 ml (100
mmol) triisopropyl borate dissolved in 50 ml of diethyl ether
was maintained at —78° C., and the solution of 1,5-dibro-
monaphthalene was slowly added thereto. The mixture was
stirred for 5 hours at room temperature, and water was added
thereto. The mixture was washed three times with diethyl
ether (200 ml). The washed diethy] ether layer was dried with
MgSO,, and was dried under reduced pressure to obtain a
product, which was recrystallized with normal hexane to
obtain 9.15 g (yield: 88%) of white solid Intermediate G
(yield: 88%). The structure of the product was confirmed by
'H and *C NMR. ("H NMR (CDCl;, 400 MHz) & (ppm)
-8.06-8.01 (m, 2H), 7.85 (dd, 1H), 7.65 (dd, 1H), 7.52-7.48
(t, 1H), 7.35 (s, 1H), 7.20 (t, 1H); *C NMR (CDCl,, 100
MHz) § (ppm) -141.4, 138.6, 138.1, 137.7, 137.2, 130.8,
130.6, 130.4, 129.8, 129.7, 126.2, 101.0).
Synthesis of Intermediate H

7.53 g (30 mmol) of Intermediate G, 17 g (60 mmol) of
4-bromoiodobenzene, 1.7 g (1.5 mmol) of Pd(PPh,), and 20
g (150 mmol) of K,CO; were dissolved in 100 ml of a THF/
H,O (2:1) mixed solution, and stirred for Shours at 80° C. The
reactant solution was extracted three times with 600 ml of
diethyl ether. The collected organic layer was dried with
magnesium sulfate, and the residue obtained by evaporating
the solvent was recrystallized with dichloromethane and nor-
mal hexane to obtain 7.06 of Intermediate H (yield: 65%).
The structure of the product was confirmed by 'H and '*C
NMR. (*H NMR (CDCl,, 400 MHz) 8 (ppm) -8.14 (d, 1H),
7.94 (dd, 1H), 7.79 (dd, 1H), 7.66 (d, 1H), 7.45 (t, 1H),
7.28-7.20 (m, 5H); *C NMR (CDCl;, 100 MHz) § (ppm)
-139.1, 136.8, 133.2, 132.8, 132.1, 131.4, 130.4, 1284,
127.8,127.2,126.3, 125.0, 123.5).
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Synthesis of Compound 32

7.66 g (22 mmol) of Intermediate E, 3.62 g (10 mmol) of
Intermediate H, 2.9 mg (30 mmol) of t-BuONa, 183 mg (0.2
mmol) of Pd,(dba),, and 40 mg (0.2 mmol) of P(t-Bu), were
dissolved in 40 ml of toluene, and stirred for 3 hours at 90° C.
After the reaction was complete, the product was cooled to
room temperature, and then extracted 3 times with deionized
water and 40 ml of diethyl ether. The collected organic layer
was dried with magnesium sulfate, and the residue obtained
by evaporating the solvent was separated and purified by
silica gel column chromatography to obtain 7.62 g of Com-
pound 32 (yield 85%). The structure of the product was con-
firmed by 'H and '*C NMR. (*H NMR (CDCl;, 400 MHz) §
(ppm) -8.52 (d, 1H), 8.19(d, 1H), 7.93 (d, 2H), 7.66-7.42 (m,
23H), 7.36-7.32 (m, 4H), 7.05 (d, 4H), 6.42 (d, 2H), 6.25 (t,
4H) 6.17 (s, 1H), 2.27 (s, 6H); '*C NMR (CDCl;, 100 MHz)
d (ppm) -153.3, 151.4, 151.3, 149.8, 146.1, 142.5, 137.8,
137.7,136.4,134.8,134.6,133.9,132.7,131.4,129.8, 129.7,
129.2,128.7,127.4,127.1,126.3,123.6,122.6,122.3,121.2,
121.0,120.4,118.1,117.9,117.3,116.9,116.7,116.3,116.2,
114.4,111.9,111.7, 111.5, 20.4).

SYNTHESIS EXAMPLE 5

Preparation of Compound 105

Compound 105 was synthesized through the reaction path-
way represented by Reaction Scheme 5 below.

Reaction Scheme 5

Pd(PPh3)s, KoCO5
THF

Pd(dba)s,
P(tBu)s
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-continued

NN - 8 NN
O " O

Synthesis of Intermediate I

3 g (10 mmol) of 9-bromoanthracene-10-boric acid, 4.24 g
(15 mmol) of 4-bromoiodobenzene, 580 mg (0.5 mmol) of
Pd(PPh;).,, and 6.9 g (50 mmol) of K,CO; were dissolved in
50 ml of a THF/H,O (2:1) mixed solution, and stirred for 5
hours at 80° C. The reactant solution was extracted 3 times
with 50 ml of diethyl ether. The collected organic layer was
dried with magnesium sulfate, and the residue obtained by
evaporating the solvent was recrystallized with dichlo-
romethane and normal hexane to obtain 2.47 g of Intermedi-
ate I (yield: 60%). The structure of the product was confirmed
by 'Hand '*C NMR. (*H NMR (CDCl,, 400 MHz) 8 (ppm)
-8.61 (d,2H),7.72 (d, 2H), 7.62-7.57 (m, 4H), 7.41-7.37 (m,
2H), 7.29-7.25 (m, 2H); **C NMR (CDCl,, 100 MHz) §
(ppm) -137.3, 136.2, 132.8, 131.7, 130.8, 130.2, 128.0,
127.0, 125.8,123.2, 122.1).

Synthesis of Compound 105

2.06 g (5 mmol) of Intermediate I, 3.68 g (11 mol) of
Intermediate C, 1.44 g (15 mmol) of t-BuONa, 183 mg (0.2
mmol) of Pd,(dba),, and 40 mg (0.2 mmol) of P(t-Bu), were
dissolved in 40 ml of toluene, and stirred for 3 hours at 90° C.
After the reaction was complete, the product was cooled to
room temperature, and then extracted 3 times with deionized
water and 40 ml of diethyl ether. The collected organic layer
was dried with magnesium sulfate, and the residue obtained
by evaporating the solvent was separated and purified by
silica gel column chromatography to obtain 3.9 g of Com-
pound 105 (yield: 85%). The structure of the product was
confirmed by ‘Hand '*C NMR. (*H NMR (CDCl,, 400 MHz)
d (ppm) -8.55 (d, 2H), 8.04 (d, 2H), 7.93 (d, 2H), 7.63-7.23
(m, 32H), 6.64-6.59 (m, 2H), 6.41-6.38 (m, 2H), 5.69 (dd,
2H), 5.64 (dd, 2H); *C NMR (CDCl;, 100 MHz) 8 (ppm)
-154.1, 153.2, 149.8, 1483, 142.5, 137.9, 137.7, 137.6,
136.7,136.4,133.4,133.2,131.7,130.7,129.8, 129.4, 127 4,
127.1,126.3,126.2,124.6,124.3,124.1,123.6,123.4,123 .2,
122.9,121.7,120.4,118.1,117.5,117.4,117.0,116.8, 114 .4,
111.9,111.5, 108.4).

SYNTHESIS EXAMPLE 6

Preparation of Compound 153

Compound 153 was synthesized through the reaction path-
way represented by Reaction Scheme 6 below.
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Synthesis of Intermediate J

27.3 g (100 mmol) of 1-bromofluorene was dissolved in
300 ml of tetrahydrofuran, and maintained at 0° C. 31.4 g
(110 mmol) of NaOtBu was slowly added to the solution, and
14 ml (220 mmol) of iodomethane was added at the same
temperature. After the addition, the mixture was incubated for
5 hours at room temperature. After the reaction was complete,
an aqueous solution was added to the solution to extract the
organic layer. The collected organic layer was dried with
magnesium sulfate, and the residue obtained by evaporating
the solvent was separated and purified by silica gel column
chromatography to obtain 24.6 g of Intermediate J (yield
90%). The structure of the product was confirmed by 'H and
*C NMR. (‘"H NMR (CDCl,, 400 MHz) § (ppm) -7.88 (d,
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1H), 7.73 (d, 1H), 7.58 (d, 1H), 7.49-7.46 (m, 1H), 7.40 (d,
1H), 7.24-7.20 (m, 1H), 6.97-6.93 (m, 1H), 1.85 (s, 6H); '*C
NMR (CDCl;, 100 MHz) & (ppm) -151.6, 150.2, 142.6,
141.1,132.2,129.2,127.8,127.3,126.8,121.2, 119.9, 48 4,
24.5).
Synthesis of Intermediate K

8.2 g (30 mmol) of Intermediate J, 4.1 mL (45 mmol) of
aniline, 4.3 g (45 mmol) of t-BuONa, 0.55 g (0.6 mmol) of
Pd,(dba),, and 0.12 g (0.6 mmol) of P(t-Bu); were dissolved
in 100 ml of toluene, and stirred for 3 hours at 90° C. After the
reaction was complete, the product was cooled to room tem-
perature, and then extracted 3 times with deionized water and
100 ml of diethyl ether. The collected organic layer was dried
with magnesium sulfate, and the residue obtained by evapo-
rating the solvent was separated and purified by silica gel
column chromatography to obtain 7.87 g of Intermediate K
(yield: 92%). The structure of the product was confirmed by
'H and C NMR. ("H NMR (CDCl;, 400 MHz) & (ppm)
-7.82 (d, 1H), 7.54-7.49 (m, 2H), 7.27-7.21 (m, 3H), 7.12-
7.08 (m, 3H), 6.97-6.93 (m, 1H), 6.90-6.86 (m, 1H), 6.59-
6.56 (m, 1H), 5.44(NH), 1.85(s, 6H); >*C NMR (CDCl,, 100
MHz) § (ppm) -149.1, 146.8, 142.2, 140.0, 134.6, 133.5,
129.4,127.8,127.1,126.8,120.4,119.7,119.1, 117.4,109.0,
107.5, 44.9, 24.5).
Synthesis of Compound 153

3.62 g (10 mmol) of Intermediate C, 6.28 g (22 mmol) of
Intermediate K, 2.9 g (30 mmol) of t-BuONa, 366 mg (0.4
mmol) of Pd,(dba);, and 80 mg (0.4 mmol) of P(t-Bu); were
dissolved in 60 ml of toluene, and stirred for 3 hours at 90° C.
After the reaction was complete, the product was cooled to
room temperature, and then extracted 3 times with deionized
water and 50 ml of diethyl ether. The collected organic layer
was dried with magnesium sulfate, and the residue obtained
by evaporating the solvent was separated and purified by
silica gel column chromatography to obtain 6.55 g of Com-
pound 153 (yield: 85%). The structure of the product was
confirmed by 'Hand >*C NMR. ("H NMR (CDCl,, 400 MHz)
d (ppm) -8.19 (d, 2H), 7.98 (d, 1H), 7.69-7.57 (m, 5H),
7.49-7.08 (m, 14H), 6.97-6.93 (m, 2H), 6.64-6.60 (m, 2H),
6.43-6.39 (m, 2H), 6.34-6.32 (m, 2H), 5.68-5.61 (m, 4H),
1.85 (s, 6H), 1.77 (s, 6H); "*C NMR (CDCl,, 100 MHz) &
(ppm) -158.4, 154.5, 150.4, 148.9, 148.1, 147.9, 147.1,
145.8,141.3,140.9, 139.0,138.0, 136.5, 134.8, 133.9, 131.6,
130.9,130.8,129.4,129.2,128.1,127.8,126.8, 126.5,126.1,
125.9,125.6,124.7,124.1,124.0,123.6,123.2,122.9,121.7,
119.9, 118.7, 117.9, 117.8, 117.4, 117.3, 116.7, 45.3, 44.9,
25.3,24.5).

SYNTHESIS EXAMPLE 7
Preparation of Compound 173

Compound 173 was synthesized through the reaction path-
way represented by Reaction Scheme 7 below.

Reaction scheme 7

NaZCrZO7
AcOH 50°C.

(¢]

0

PhMgBr
—_—
THEF, -78° C.
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—_—

NaOtBu
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Synthesis of Intermediate L

13 g (53 mmol) of 2-bromofluorene was dissolved in 60 ml
ofacetic acid, and 60 g (200 mmol) of sodium dichromate was
slowly added to the solution at 0° C. After 12 hours, 200 ml of
deionized water was added to the mixture, and stirred thor-
oughly. The resulting yellow solid product was filtered and
dried to obtain 10 g of Intermediate L (yield: 78%).
Synthesis of Intermediate M

8 g (31.6 mmol) of Intermediate [ was dissolved in 60 ml
of THF, and 38 ml (38 mmol) of 1M phenyl magnesium
bromide was slowly added to the solution at -78° C. After 2
hours, the temperature was raised to room temperature, and
the mixture was stirred for 5 hours. The mixture was diluted
with 50 ml ammonium chloride solution, and extracted 3
times with ethyl acetate (40 ml). The collected organic layer
was dried with magnesium sulfate, and the residue obtained
by evaporating the solvent was separated and purified by
silica gel column chromatography to obtain 10 g of Interme-
diate M (yield: 95%). The structure was confirmed by 'H
NMR. (‘"H NMR (CDCl;, 400 MHz) 8 (ppm) 7.64 (d, 1H),
7.54-7.47 (m, 2H), 7.44 (d, 1H), 7.39-7.33 (m, 3H), 7.30-7.23
(m, SH), 2.46 (s, 1H)).
Synthesis of Intermediate N

10 g (30 mmol) of Intermediate M was dissolved in 60 ml
of benzene, and 2.4 ml (45 mmol) of concentrated sulfuric
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acid diluted with a small amount of benzene was added to the
solution. The mixture was stirred for 5 hours at 80° C., and
after evaporating the benzene, 1 N sodium hydroxide solution
was added to the remaining solution to a pH of around 7. The
mixture was extracted 3 times with ethyl acetate (40 ml). The
collected organic layer was dried with magnesium sulfate,
and the residue obtained by evaporating the solvent was sepa-
rated and purified by silica gel column chromatography to
obtain 6 g of Intermediate N (yield: 50%).
Synthesis of Intermediate O

3.97 g (10 mmol) of Intermediate N, 1.37 ml (15 mmol) of
aniline, 1.4 g (15 mmol) of t-BuONa, 0.183 g (0.2 mmol) of
Pd,(dba);, and 40 mg (0.2 mmol) of P(t-Bu); were dissolved
in 30 ml of toluene, and stirred for 3 hours at 90° C. After the
reaction was complete, the product was cooled to room tem-
perature, and then extracted 3 times with deionized water and
30 ml of diethyl ether. The collected organic layer was dried
with magnesium sulfate, and the residue obtained by evapo-
rating the solvent was separated and purified by silica gel
column chromatography to obtain 3.68 g of Intermediate O
(yield: 90%). The structure of the product was confirmed by
'H and *C NMR. (*H NMR (CDCl,, 400 MHz) & (ppm)
-8.05 (d, 1H), 7.90 (d, 1H), 7.69 (d, 1H), 7.58 (d, 1H),
7.48-7.46 (m, 4H), 7.35-7.31 (m, 1H), 7.27-6.98 (m, 10H),
6.90-6.86 (m, 1H), 6.69-6.67 (m, 2H), 5.44(NH); *C NMR
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(CDCL,, 100 MHz) & (ppm) -150.0, 147.7, 141.8, 141.2,
137.7,135.8,134.6, 130.2, 129.4, 128.7, 128.1, 128.0, 126.0,
125.1,120.8, 119.1, 117.4, 108.7, 108.4, 68.3).

Synthesis of Compound 173

3.62 g (10 mmol) of Intermediate C, 9.0 g (22 mmol) of
Intermediate O, 2.9 g (30 mmol) of t-BuONa, 366 mg (0.4
mmol) of Pd,(dba),, and 80 mg (0.4 mmol) of P(t-Bu), were
dissolved in 60 ml of toluene, and were stirred for 3 hours at
90° C. After the reaction was complete, the product was
cooled to room temperature, and then extracted 3 times with
deionized water and 50 ml of diethyl ether. The collected
organic layer was dried with magnesium sulfate, and the
residue obtained by evaporating the solvent was separated
and purified by silica gel column chromatography to obtain
7.95 g of Compound 173 (yield: 78%). The structure of the
product was confirmed by 'H and '>)C NMR. (‘"H NMR
(CDCl,, 400 MHz) & (ppm) -8.21 (m, 2H), 8.06 (d, 2H),
7.74-7.60 (m, 10H), 7.53-6.98 (m, 28H), 6.64-6.60 (m, 4H),
6.45-6.38 (m, 4H), 5.68-5.64 (m, 4H); '*CNMR (CDCl,, 100
MHz) & (ppm) -152.7, 150.9, 150.4, 149.1, 149.0, 148.5,
148.0, 147.6,145.3,139.3,137.8,135.7,134.5,133.9, 131.6,
131.4,129.4,129.2,128.7,128.1,127.0,126.1,126.0, 125.9,
125.1,124.8,124.7,124.2,124.0,123.6,122.9,122.8, 121.3,
119.8,117.9,117.7,117.5,117.1, 113.8, 113.6).

SYNTHESIS EXAMPLE 8

Preparation of Compound 184

Compound 184 was synthesized through the reaction path-
way represented by Reaction Scheme 8 below.
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H
Pd;(dba)s, P(tBu)s
R —
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Q+R P(tBu)3
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Synthesis of Intermediate P

143 g (50 mmol) of 1,5-dibromonaphthalene was dis-
solved in 150 ml diethyl ether, and held at -78° C. while
adding 20 ml (2.5M in hexane) of normal butyl lithium. The
temperature was slowly raised to room temperature after 30
minutes. After another 30 minutes, a solution of 23 ml of
triisopropylborate (100 mmol) dissolved in 50 ml of diethyl
ether was maintained at —78° C. and slowly added to the
1,5-dibromonaphthalene solution. The mixture was stirred
for 5 hours at room temperature, and water was added thereto.
The mixture was then washed with 200 ml of diethyl ether 3
times. The washed diethyl ether layer was dried with MgSO,,
and dried under reduced pressure to obtain a product which
was recrystallized with normal hexane to obtain 9.15 g of
white solid Intermediate P (yield 73%). The product was
confirmed by 'Hand *CNMR. ("H NMR (CDCl,, 400 MHz)
d (ppm) -8.06-8.00 (m, 2H), 7.85 (dd, 1H), 7.65 (dd, 1H),
7.52-7.48 (t, 1H), 7.35 (s, OH), 7.20 (t, 1H); '*C NMR
(CDCl;, 100 MHz) § (ppm) -141.4, 140.1, 139.6, 1394,
138.6,138.4,137.9,137.3,137.1,136.4,136.2, 135.6, 130.8,
130.6, 130.4, 129.8, 129.7, 126.2, 101.0).
Synthesis of Intermediate Q

7.53 g (30 mmol) of Intermediate P, 17 g (60 mmol) of
4-bromoiodobenzene, 1.7 g (1.5 mmol) of Pd(PPh,), and 20
g of K,CO; were dissolved in 100 ml of a THF/H,O (2:1)
mixed solution, and then stirred for 5 hours at 80° C. The
reaction solution was extracted 3 times with 600 ml of diethyl
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ether. The collected organic layer was dried with magnesium
sulfate, and the residue obtained by evaporating the solvent
was recrystallized with dichloromethane and normal hexane
to obtain 7.06 g of Intermediate Q (yield: 65%). The product
was confirmed by *H and **C NMR. (*H NMR (CDCl,, 400
MHz) § (ppm) -8.14 (d, 1H), 7.94 (dd, 1H), 7.79 (dd, 1H),
7.66 (d, 1H), 7.45 (t, 1H), 7.28-7.20 (m, 5H); *C NMR
(CDCl,, 100 MHz) 6 (ppm) -139.1, 136.8, 133.2, 132.8,
132.1, 131.4, 1304, 128.4, 127.8, 127.2, 126.3, 125.0,
123.5).

Synthesis of Intermediate R

2.73 g (10 mmol) of Intermediate C, 1.65 ml (15 mmol) of
para-toluidine, 14 g (15 mmol) of t-BuONa, 183 mg (0.2
mmol) of Pd,(dba);, and 40 mg (0.2 mmol) of P(t-Bu); were
dissolved in 30 ml of toluene, and stirred for 3 hours at 90° C.
After the reaction was complete, the product was cooled to
room temperature, and then extracted 3 times with deionized
water and 30 ml of diethyl ether. The collected organic layer
was dried with magnesium sulfate, and the residue obtained
by evaporating the solvent was separated and purified by
silica gel column chromatography to obtain 2.84 g of Inter-
mediate R (yield: 95%). The product was confirmed by 'H
and >C NMR. ("H NMR (CDCl,, 400 MHz) 8 (ppm) —7.83-
7.81 (m, 1H), 7.54-7.49 (m, 2H), 7.24-7.21 (m, 1H), 7.12 (d,
1H), 7.02-6.93 (m, 3H), 6.87 (d, 2H), 6.58 (dd, 2H), 5.44
(NH), 2.25 (s, 3H), 1.85 (s, 6H); *C NMR (CDCl,, 100
MHz) & (ppm) -149.1, 146.8, 140.0, 137.7, 134.6, 133.5,
129.7,127.8,127.1,126.8,120.4,119.7,119.3,109.0, 107.5,
44.9,24.5,20.4).

Synthesis of Compound 184

3.62 g (10 mmol) of Intermediate Q, 6.59 g (22 mmol) of
Intermediate R, 2.9 g (30 mmol) of t-BuONa, 366 mg (0.4
mmol) of Pd,(dba),, and 80 mg (0.4 mmol) of P(t-Bu), were
dissolved in 60 ml of toluene, and stirred for 3 hours at 90° C.
After the reaction was complete, the product was cooled to
room temperature, and then extracted 3 times with deionized
water and 50 ml of diethyl ether. The collected organic layer
was dried with magnesium sulfate, and the residue obtained
by evaporating the solvent was separated and purified by
silica gel column chromatography to obtain 7.03 g of Com-
pound 184 (yield 88%). The product was confirmed by 'H and
C NMR. ("H NMR (CDCl,, 400 MHz) § (ppm) -8.51 (d,
1H), 8.19 (d, 1H), 7.98 (d, 2H), 7.69-7.44 (m, 9H), 7.24-6.93
(m, 10H), 6.43-6.15 (m, 9H), 2.27 (s, 6H), 1.85 (s, 12H); >C
NMR (CDCl,, 100 MHz) & (ppm) -151.6, 150.8, 150.0,
149.0,148.9,148.1,147.9,147.1,145.4,138.0, 136.5, 134.8,
134.6,133.9,132.7,131.4,129.7,129.2,128.7,127.8, 126 .8,
126.1,123.6,123.5,122.6,121.9,121.7,121.3,120.4, 118.7,
118.0,117.9,117.8,116.9, 112.9, 112.7, 44.9, 24.5, 20.4).

SYNTHESIS EXAMPLE 9

Preparation of Compound 213

Compound 213 was synthesized through the reaction path-
way represented by Reaction Scheme 9 below.

Reaction Scheme 9
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(HO),B O Br

Br Q Q Br

Pd(PPhy)s, K>CO;
THF

Pdy(dba)s,
P(tBu);
NaOtBu

H;

K+ S

S

O (e
CH;
SN O~ 3
213

Synthesis of Intermediate S

3 g (10 mmol) of 9-bromoanthracene-10-boric acid, 4.24 g
(15 mmol) of 4-bromoiodobenzene, 580 mg (0.5 mmol) of
Pd(PPh;),, and 6.9 g (50 mmol) of K,CO3 were dissolved in
50 ml of a THF/H,O (2:1) mixed solution, and stirred for 5
hours at 80° C. The reactant solution was extracted 3 times
with 50 ml of diethyl ether. The collected organic layer was
dried with magnesium sulfate, and the residue obtained by
evaporating the solvent was recrystallized with dichlo-
romethane and normal hexane to obtain 2.47 g of Intermedi-
ate S (yield: 60%). The product was confirmed by ‘Hand '*C
NMR. (*H NMR (CDCl,, 400 MHz) 8 (ppm) -8.61 (d, 2H),
7.72(d, 2H), 7.62-7.57 (m, 4H), 7.41-7.37 (m, 2H), 7.29-7.25
(m, 2H); >*C NMR (CDCl;, 100 MHz) § (ppm) -137.3136.2,
132.8, 131.7, 130.8, 130.2, 128.0, 127.0, 125.8, 123.2,
122.1).
Synthesis of Compound 213

4.12 g (10 mmol) of Intermediate S, 6.28 g (22 mmol) of
Intermediate K, 2.9 g (30 mmol) of t-BuONa, 366 mg (0.4
mmol) of Pd,(dba);, and 80 mg (0.4 mmol) of P(t-Bu); were
dissolved in 60 ml of toluene, and stirred for 3 hours at 90° C.
After the reaction was complete, the product was cooled to
room temperature, and then extracted 3 times with deionized
water and 50 ml of diethyl ether. The collected organic layer
was dried with magnesium sulfate, and the residue obtained
by evaporating the solvent was separated and purified by
silica gel column chromatography to obtain 5.99 g of Com-
pound 213 (vield: 73%). The product was confirmed by ‘H
and '*C NMR. (*H NMR (CDCl;, 400 MHz) 8 (ppm) —8.55
(d, 2H), 8.01 (dd, 4H), 7.68 (d, 2H), 7.63-7.53 (m, 7H),
7.33-7.21 (m, 7H), 7.15-7.10 (m, 2H), 6.97-6.93 (m, 2H),



US 8,394,511 B2

187
6.62 (, 2H), 6.40-6.27 (m, 4H), 5.68-5.62 (m, 4H), 1.85 (s,
12H); '*C NMR (CDCl,, 100 MHz) 8 (ppm) -155.2, 151.8,
151.7,150.8,148.1, 147.9, 147.1, 145.8, 138.0, 137.6, 136.5,
134.3,133.4,133.2, 131.7,130.7, 129.4, 127.8, 126.8, 126.3,
126.2,126.1,125.4,125.0, 124.6,124.0, 123.6,123.2, 122.9,
121.7,118.7, 118.2, 118.1, 117.8, 113.1, 112.7, 44.9, 24.5).

EXAMPLE 1

An anode was prepared by cutting a Corning 15 Qcm?
(1200 A) ITO glass substrate to a size of 50 mmx50 mmx0.7
mm, sonicating for 5 minutes using isopropyl alcohol and
deionized water, and then irradiating with UV light for 30
minutes and exposing to ozone to clean. Then, the prepared
anode was installed on a vacuum deposition apparatus.

Compound 1 was vacuum deposited on the anode to a
thickness of 600 A to form an HIL, and 4,4'-bis[N-(1-naph-
thyl)-N-phenylamino]biphenyl (NPB) as a hole transporting
compound was vacuum deposited on the HIL to a thickness of
300 A to form a HTL.

Then, a blue fluorescent host (IDE215 from Idemitsu Co.)
and a blue fluorescent dopant (IDE118 from Idemitsu Co.)
were deposited simultaneously (at a weight ratio of 98:2) on
the HTL to form an EML with a thickness of 200 A.

Next, Alq; was deposited on the EML to a thickness of 300
A to form an ETL, and a halogenated alkaline metal LiF was
deposited to a thickness of 10 A on the ETL to form an EIL.
Finally, Al was vacuum deposited on the EIL to a thickness of
3000 A (cathode), thereby completing the manufacture of an
organic light emitting device.

The device had a driving voltage of 6.68 V, a high emission
brightness of 7,898 cd/m? color coordinates of
(0.144,0.232), and an emission efficiency of 7.9 cd/A, at a
current density of 100 mA/cm?,

EXAMPLE 2

An organic light-emitting device was prepared as in
Example 1, except that Compound 2 was used instead of
Compound 1 when forming the HIL. The device had a driving
voltage of 6.72 V, a high emission brightness of 7,733 cd/m?,
color coordinates of (0.144,0.236), and an emission effi-
ciency of 7.73cd/A, at a current density of 100 mA/cm?.

EXAMPLE 3

An organic light-emitting device was prepared as in
Example 1, except that Compound 3 was used instead of
Compound 1 when forming the HIL. The device had a driving
voltage of 6.79 V, a high emission brightness of 7,490 cd/m?,
color coordinates of (0.143,0.237), and an emission effi-
ciency of 7.49 cd/A, at a current density of 100 mA/cm?>.

EXAMPLE 4

An organic light-emitting device was prepared as in
Example 1, except that Compound 32 was used instead of
Compound 1 when forming the HIL. The device had a driving
voltage of 6.64 V, a high emission brightness of 7,289 cd/m?,
color coordinates of (0.145,0.241), and an emission effi-
ciency of 7.29 cd/A, at a current density of 100 mA/cm?.

EXAMPLE 5

An organic light-emitting device was prepared as in
Example 1, except that Compound 105 was used instead of
Compound 1 when forming the HIL. The device had a driving
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voltage of 6.75V, a high emission brightness of 7,406 cd/m?,
color coordinates of (0.145,0.236), and an emission effi-
ciency of 7.41 cd/A, at a current density of 100 mA/cm?.

EXAMPLE 6

An anode was prepared by cutting a Corning 15 Qcm?
(1200 A) ITO glass substrate to a size of 50 mmx50 mmx0.7
mm, sonicating for 5 minutes using isopropyl alcohol and
deionized water, and then irradiating with UV light for 30
minutes and exposing to ozone to clean. Then, the prepared
anode was installed on a vacuum deposition apparatus.

First, 2-TNATA (shown below) was vacuum deposited on
the anode to a thickness of 600 A to form a HIL, and then
Compound 153 was vacuum deposited on the HIL to a thick-
ness of 300 A to form a HTL.

oY

SOVSAGYS
g

2-TNATA

Then, a blue fluorescent host IDE215 from Idemitsu Co.)
and a blue fluorescent dopant (IDE118 from Idemitsu Co.)
were deposited simultaneously (at a weight ratio of 98:2) on
the HTL to form an EML with a thickness of 200 A.

Next, Alq; was deposited on the EML to a thickness of 300
A to form an ETL, and a halogenated alkaline metal LiF was
deposited on the ETL to a thickness of 10 A to form an EIL.
Finally, Al was vacuum deposited on the EIL to a thickness of
3000 A (cathode), thereby completing the manufacture of an
organic light-emitting device.

The device had a driving voltage 0£ 6.57 V, a high emission
brightness of 8,340 cd/m? color coordinates of
(0.144,0.233), and an emission efficiency of 8.34 cd/A, at a
current density of 100 mA/cm?.

EXAMPLE 7

An organic light-emitting device was prepared as in
Example 6, except that Compound 173 was used instead of
Compound 153 when forming the HTL. The device had a
driving voltage of 6.72 V, a high emission brightness of 7,950
cd/m?, color coordinates of (0.143,0.231), and an emission
efficiency of 7.95 cd/A, at a current density of 100 mA/cm?.
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EXAMPLE 8

An organic light emitting device was prepared as in
Example 6, except that Compound 184 was used instead of
Compound 153 when forming the HTL. The device had a
current density of 100 mA/cm?, a driving voltage of 6.83V, a
high emission brightness of 7,890 cd/m?, color coordinates of
(0.144,0.229), and an emission efficiency of 7.89 cd/A at a
current density of 100 mA/cm?.

EXAMPLE 9

An organic light emitting device was prepared as in
Example 6, except that Compound 213 was used instead of
Compound 153 when forming the HTL. The device had a
driving voltage of 7.05V, a high emission brightness of 7,896
cd/m?, color coordinates of (0.145,0.234), and an emission
efficiency of 7.90 cd/A at a current density of 100 mA/cm?.

COMPARATIVE EXAMPLE 1

An organic light emitting device was prepared as in
Example 1, except that a material represented by the structure
below was used instead of Compound 1 when forming the
HIL.

@2:5
02%@

The device had a driving voltage of 6.81 V, an emission
brightness of 7,134cd/m®, color coordinates of (0.144,
0.237), and an emission efficiency of 7.13 cd/A at a current
density of 100 mA/cm?.

COMPARATIVE EXAMPLE 2

An organic light emitting device was prepared as in
Example 1, except that 2-TNATA (shown below) was used
instead of Compound 1 when forming the HIL.

10

—
w

20

25

35

40

45

50

55

60

65

190

oY

SSVUSASGEE

2-TNATA
The device had a driving voltage of 7.45 V, an emission
brightness of 6,102 cd/m? color coordinates of

(0.144,0.232), and an emission efficiency of 6.1 cd/A at a
current density of 100 mA/cm?.

The compounds represented by Formula 1 according to
embodiments of the present invention had superior device
properties than the compounds used in the Comparative
Examples. In particular, when compared to the compound
used in Comparative Example 1 (which had a structure simi-
larto Compound 1, the device prepared with Compound 1 had
a lower driving voltage, improved efficiency, and a life span
1.5 times longer (see FIG. 2). This is due to an effect caused
by the naphthyl group located in the core structure of Com-
pound 1 (as opposed to a phenyl group), which functions to
stabilize the radicals produced during hole injection or trans-
portation.

Moreover, as can be seen from the results above, when used
as hole injection or hole transportation materials of organic
light emitting devices, the compounds represented by For-
mula 1 according to embodiments of the present invention
have lower driving voltages compared to the conventional
material, 2-TNATA. In particular, based on their superior hole
injection and hole transportation characteristics, the com-
pounds represented by Formula 1 according to embodiments
of the present invention showed excellent I-V-L properties
with 30% or more improved efficiency (See FIG. 3), and can
be used to prepare organic light emitting devices with low
voltage, high efficiency, high brightness, and long life span.

The compounds represented by Formula 1 according to
embodiments of the present invention have excellent electri-
cal properties and charge transporting characteristics, and are
therefore useful as materials for hole injection layers, hole
transport layers, and emission layers of phosphorescent and
fluorescent devices for emitting light of all colors, including
red, green, blue, and white. Using these compounds, an
organic light-emitting device with high efficiency, low driv-
ing voltage, and high brightness can be prepared.

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

What is claimed is:
1. A compound comprising a material represented by For-

mula 1:
Formula 1
Y_T@X_T_Y
Ary Ary
wherein:
X is selected from the group consisting of structures
represented by:
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Formula 2
| AN
R1_|
¥
N
— R3
2 A
v\
Formula 3
Ry Rs

»
J

wherein each of R, R,, R;, R, and Rs is indepen-
dently selected from the group consisting of hydro-
gen, substituted and unsubstituted C,-C,, alkyl
groups, a substituted or nonsubstituted C6-C20
aryl group, substituted and unsubstituted C,-C,,
alkoxy groups, fluorine, cyano groups, and amine
groups.

2. The compound of claim 1, wherein at least two adjacent
R groups selected from the group consistingof R, R,, R;, R,
and R bond with one another to form a saturated or unsatur-
ated carbon ring.

3. The compound of claim 1, wherein the material repre-
sented by Formula 1 is a material represented by Formula 5:

Formula 5

each of Ar, and Ar, is independently selected from the
group consisting of substituted and unsubstituted
Cs-C,, aryl groups, substituted and unsubstituted
C,-C,, aryloxy groups, substituted and unsubstituted
C,-C, heteroaryl groups, and substituted and unsub-
stituted C,-C,, condensed polycyclic groups; and

Y is selected from the group consisting of materials
represented by Formulae 2 and 3

wherein each of Rg, R, Rg, Ro, Ry, R;; and R, is inde-
pendently selected from the group consisting of hydro-
gen, substituted and unsubstituted C,-C, , alkyl groups,
a substituted or nonsubstituted C6-C20 aryl group, sub-
stituted and unsubstituted C,-C,,, alkoxy groups, fluo-
rine, cyano groups, and amino groups; and

each of Ar, and Ar, is independently selected from the
group consisting of substituted and unsubstituted
Cs-Cyo aryl groups, substituted and unsubstituted
Cy-C,q aryloxy groups, substituted and unsubstituted
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C,-C,, heteroaryl groups, and substituted and unsubsti-
tuted C,-C,, condensed polycyclic groups.
4. The compound of claim 3, wherein at least two adjacent
R groups selected from the group consisting of R¢, R/, Rg, Ro,
R0, R, and R, , bond with one another to form a saturated or
unsaturated carbon ring.
5. A compound comprising a material represented by For-
mula 8:

Formula 8
o R Ry Ris Ris
9 |
O Q / N\ Q.O

P Gavad
\l/

Risg

wherein each of R,5, R4, R;5, R;4, R;; and R4 is inde-
pendently selected from the group consisting of hydro-
gen, substituted and unsubstituted C,-C, , alkyl groups,
a substituted or nonsubstituted C6-C20 aryl group, sub-
stituted and unsubstituted C,-C,, alkoxy groups, fluo-
rine, cyano groups, and amino groups; and

each of Ar, and Ar, is independently selected from the

group consisting of substituted and unsubstituted
Cy-C,, aryl groups, substituted and unsubstituted
Cs-C, aryloxy groups, substituted and unsubstituted
C,-C,, heteroaryl groups, and substituted and unsubsti-
tuted C,-C,, condensed polycyclic groups.

6. The compound of claim 5, wherein at least two adjacent
R groups selected from the group consisting of R;5, R, 4, R 5,
R, Ry;and R, ¢ bond with one another to form a saturated or
unsaturated carbon ring.

7. The compound of claim 1, wherein each of Ar; and Ar,
is independently selected from the group consisting of phenyl
groups, C,-C5 alkylphenyl groups, C,-Cs alkoxyphenyl
groups, cyanophenyl groups, phenoxyphenyl groups, fluo-
rophenyl groups, naphthyl groups, C,-Cs alkylnaphthyl
groups, C,-C5 alkoxynaphthyl groups, cyanonaphthyl
groups, halonaphthyl groups, fluorenyl groups, carbazolyl
groups, C,-Cs alkyl carbazolyl groups, biphenyl groups,
C,-C; alkyl biphenyl groups, C,-C, alkoxy biphenyl groups
and pyridyl groups.

8. The compound of claim 1, wherein each of Ar; and Ar,
is independently selected from the group consisting of phenyl
groups, ethylphenyl groups, ethylbiphenyl groups, o-, m-,
p-fluorophenyl groups, dichlorophenyl groups, dicyano
groups, trifluorophenyl groups, methoxyphenyl groups, o-,
m-, and p-tolyl groups, mesityl groups, phenoxyphenyl
groups, (o, a-dimethyl benzene)phenyl groups, (N,N'-dim-
ethyl)aminophenyl groups, (N,N'-diphenyl) aminophenyl
groups, pentalenyl groups, naphthyl groups, methylnaphthyl
groups, anthracenyl groups, azulenyl groups, heptalenyl
groups, acenaphthylenyl groups, fluorenyl groups,
anthraquinolyl groups, phenanthryl groups, triphenylene
groups, pentaphenyl groups, hexaphenyl groups, and carba-
zolyl groups.

9. The compound of claim 1, wherein each of Ar, and Ar,
is independently selected from the group consisting of aryl
groups comprising from 1 to 3 rings selected from the group

5

10

15

20

25

30

35

40

45

50

55

60

65

194

consisting of fluorenyl groups, carbazolyl groups, phenyl
groups, naphthyl groups, biphenyl groups, and aromatic rings
thereof substituted with one to three groups selected from the
group consisting of C,-C, alkyl groups, C, -C, alkoxy groups,
cyano groups, amino groups, phenoxy groups, phenyl groups,
and halogen atoms.

10. The compound of claim 1, wherein the material repre-
sented by Formula 1 is selected from the group consisting of
Compounds 105 and 213:

105

0 (50
@'gg

®
O - ’ O

11. An organic light emitting device comprising a first
electrode, a second electrode, and an organic film between the
first electrode and the second electrode, wherein the organic
film comprises the compound of claim 1.

12. The organic light emitting device of claim 11, wherein
the organic film comprises a layer selected from the group
consisting of hole injection layers and hole transport layers.

13. The organic light emitting device of claim 11, wherein
the organic film comprises a single film comprising a hole
injection layer and a hole transport layer.

14. The organic light emitting device of claim 11, wherein
the organic film comprises an emissive layer.

15. The organic light emitting device of claim 14, wherein
the emissive layer comprises the compound of claim 1 as a
host, and further comprises a dopant selected from the group
consisting of phosphorescent and fluorescent dopants.

16. The organic light emitting device of claim 11, wherein
the device comprises a structure selected from the group
consisting of first electrode/hole injection layer/emissive
layer/second electrode structures, first electrode/hole injec-
tion layer/hole transport layer/emissive layer/electron trans-
port layer/second electrode structures, and first electrode/
hole injection layer/hole transport layer/emissive layer/
electron transport layer/electron injection layer/second
electrode structures.

17. The organic light emitting device of claim 16, further
comprising at least one of a hole blocking layer and an elec-
tron blocking layer.

18. A flat panel display device comprising the organic light
emitting device according to claim 11, wherein the first elec-
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trode of the organic light emitting device is electrically con-
nected to a source electrode or a drain electrode of a thin film
transistor.

19. A compound comprising a material represented by
Formula 1:

Formula 1
Y_T@X_T_Y
Ary Arp
wherein:
X is selected from the group consisting of structures
represented by:

each of Ar, and Ar, is independently selected from the
group consisting of substituted and unsubstituted
Cy-C,, aryl groups, substituted and unsubstituted
C4-C,, aryloxy groups, substituted and unsubstituted
C,-C,, heteroaryl groups, and substituted and unsub-
stituted C,-C,, condensed polycyclic groups; and
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represented by Formulae 2 and 3

Ry Rs

SS0s

Y is selected from the group consisting of materials

Formula 2

Formula 3

wherein each of R, R,, R, R, and R; is indepen-
dently selected from the group consisting of hydro-
gen, substituted and unsubstituted C,-C,,, alkyl
groups, a substituted or nonsubstituted C6-C20
aryl group, substituted and unsubstituted C,-C,,
alkoxy groups, fluorine, cyano groups, and amine

groups.
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