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(57) ABSTRACT

The invention is directed to an amine-based compound rep-
resented by Formula 1, an organic light emitting device with
an organic film including the same, and a flat panel display
device including the organic light emitting device.
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AMINE-BASED COMPOUND, ORGANIC
LIGHT EMITTING DEVICE COMPRISING
THE AMINE-BASED COMPOUND, AND FLAT
PANEL DISPLAY DEVICE INCLUDING THE
ORGANIC LIGHT EMITTING DEVICE

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2008-0074713, filed on
Jul. 30, 2008 in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to amine-based com-
pounds and organic light emitting devices with an organic
film including the same.

[0004] 2. Description of the Related Art

[0005] Organic light emitting diodes are self light-emitting
devices that have wide viewing angles, excellent contrast, and
quick response time, and thus have received a lot of attention.
In addition, organic light emitting diodes have high lumi-
nance, low operating voltage, and can display a full range of
color. Therefore, research in organic light emitting diodes
continues to grow.

[0006] Organic light emitting diodes conventionally have
an anode/organic layer/cathode structure. The organic layer
may include at least one of a hole injection layer, a hole
transport layer, an emissive layer, an electron transport layer,
and an electron injection layer.

[0007] Materials for forming the hole injection layer and
the hole transport layer include polyphenyl compounds, and
anthracene derivatives. However, organic light emitting
diodes including a hole injection layer and/or a hole transport
layer formed from conventional materials do hot have satis-
factory life span, efficiency, and power consumption, thus
leaving room for improvement.

SUMMARY OF THE INVENTION

[0008] According to an embodiment of the present inven-
tion, an amine-based compound represented by Formula 1 is
provided.

Formula 1

[0009] where Ar is a substituted or unsubstituted C4-Cs,
aryl group, a substituted or unsubstituted C4-C,, aryloxy
group, a substituted or unsubstituted C,-C,, heteroaryl
group, or a substituted or unsubstituted C,-C,, condensed
polycyclic group, R, is hydrogen, a substituted or unsubsti-
tuted C,-C,, alkyl group, a substituted or unsubstituted
C,-C,, alkoxy group, a substituted or unsubstituted C4-Cs,
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aryl group, a substituted or unsubstituted C,-C,, heteroaryl
group, or a substituted or unsubstituted C,-C,, condensed
polycyclic group,

[0010] each of R, and R; is independently hydrogen, a
substituted or unsubstituted C, -C,, alkyl group, a substituted
or unsubstituted C,-C,, alkoxy group, a substituted or unsub-
stituted C4-C,, aryl group, a substituted or unsubstituted
C,-C,, condensed polycyclic group, fluorine, a cyano group,
or an amino group, and

[0011] each of R,, Ry, Ry, and R, is independently hydro-
gen, a substituted or unsubstituted C,-C,, alkyl group, a sub-
stituted or unsubstituted C,-C,, alkoxy group, or a substi-
tuted or unsubstituted C4-C,, aryl group.

[0012] According to another embodiment of the present
invention, an organic light emitting device includes a first
electrode, a second electrode, and an organic film interposed
between the first electrode and the second electrode. In one
embodiment, the organic film includes the amine-based com-
pound.

[0013] The organic layer may be a hole injection layer, a
hole transport layer, or an emissive layer.

[0014] According to another embodiment of the present
invention, a flat panel display device is provided. The flat
panel display device includes the organic light emitting
device and a thin-film transistor, where the electrode of the
organic light emitting device is electrically connected to a
source electrode or a drain electrode of the thin-film transis-
tor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] These and other features of the present invention
will be better understood by reference to the following
detailed description when considered in conjunction with the
attached drawings in which:

[0016] FIG. 1 is a diagram illustrating a structure of an
organic light emitting device according to an embodiment of
the present invention; and

[0017] FIG. 2 is a graph comparing the life spans of an
organic light emitting device according to an embodiment of
the present invention and a conventional organic light emit-
ting device.

DETAILED DESCRIPTION OF THE INVENTION

[0018] The present invention will now be described in
detail with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown.

[0019] Anamine-based compound represented by Formula
1 below has a carbazolyl group and a fluorenyl group.

Formula |
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[0020] The amine-based compound of Formula 1 having
both a carbazolyl group and a fluorenyl group may function as
a hole injecting material, a hole transporting material, and/or
a light emitting material.

[0021] Theamine-based compound of Formula 1 has a high
glass transition temperature (Tg) or melting point due to the
presence of the carbazolyl group. As a result, it is highly
resistant to Joule’s heat produced inside the organic layers,
between the organic layers or between an organic layer and a
metal electrode. Therefore, an organic light emitting device
including the amine-based compound of Formula 1 is highly
durable under all kind of conditions, including manufactur-
ing, storing, and operating conditions.

[0022] In addition, the presence of the fluorenyl group in
the amine-based compound of Formula 1 further improves
the film properties. As a result, organic light emitting devices
with an organic film having the amine-based compound of
Formula 1 have improved performance and overall film char-
acteristics.

[0023] In Formula 1, Ar may be a substituted or unsubsti-
tuted C4-C,, aryl group, a substituted or unsubstituted C4-C,,
aryloxy group, a substituted or unsubstituted C,-C,, het-
eroaryl group, or a substituted or unsubstituted C,-C,, con-
densed polycyclic group.

[0024] In particular, Ar may be a phenyl group, a biphenyl
group, a terphenyl group, a naphthyl group, a pentalenyl
group, an indenyl group, an anthracenyl group, an azulenyl
group, a heptalenyl group, an acenaphthylenyl group, a fluo-
renyl group, a penanthrenyl group, a triphenylenyl group, a
naphthacenyl group, a phenalenyl group, a pyrenyl group, a
pentaphenyl group, a hexaphenyl group, a pyridinyl group, a
quinolinyl group, a pyrazinyl group, a pyrimidinyl group, or
a carbazolyl group; all of which mentioned groups may be
unsubstituted or substituted with a substituent. The substitu-
ent may be selected from halogen atoms, cyano groups,
amino groups, (C,-C,, alkyl)amino groups, di(C,-C,, alkyl)
amino groups, (C4-C,, aryl)amino groups, di(C4-C,, aryl)
amino groups, C,-C,, alkyl groups, C,-C,, alkoxy groups,
C4-C,, aryloxy groups, C4-C,, aryl groups, and C4-C,, aryl
groups substituted with a C4-C,, aryl substituent. However,
Ar is not limited thereto.

[0025] Other suitable materials for Ar include phenyl
groups, lower alkyl phenyl groups, lower alkoxy phenyl
groups, cyanophenyl groups, phenoxyphenyl groups, fluo-
rophenyl groups, naphthyl groups, lower alkyl naphthyl
groups, lower alkoxy naphthyl groups, cyanonaphthyl
groups, halonaphthyl groups, fluorenyl groups, carbazolyl
groups, lower alkyl carbazolyl groups, biphenyl groups,
lower alkyl biphenyl groups, lower alkoxy biphenyl groups,
terphenyl groups, pyridyl groups, and quinolinyl groups. The
lower alkyl and lower alkoxy groups may have a carbon
number ranging from 1 to 5.

[0026] Other nonlimiting examples of suitable materials
for Ar may include phenyl groups, ethylphenyl groups, eth-
ylbiphenyl groups, o-, m-, or p-fluorophenyl groups, dichlo-
rophenyl groups, cyanophenyl groups, trifluorophenyl
groups, methoxyphenyl groups, o-, m-, or p-tolyl groups,
mesityl groups, phenoxyphenyl groups, (o, a-dimethyl ben-
zene)phenyl groups, (N,N'-dimethyl)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, naphthacenyl groups, pyrenyl
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groups, biphenyl groups, methylbiphenyl groups, pentaphe-
nyl groups, hexaphenyl groups, carbazolyl groups, pyridyl
groups, and quinolyl groups.

[0027] According to certain embodiments, Ar may be a
monocyclic, bicyclic, or tricyclic aryl group selected from
phenyl groups, naphthyl groups, biphenyl groups, terphenyl
groups, fluorenyl groups, and carbazolyl groups, and mono-
cyclic, bicyclic, and tricyclic aryl groups thereof substituted
with 1 to 3 substituents selected from C,-Cs alkyl groups,
C,-C; alkoxy groups, cyano groups, amino groups, phenoxy
groups, phenyl groups, and halogen atoms.

[0028] According to still further embodiments, Ar may be
any one of the groups represented by Formulae 2a through 2q
below, but is not limited thereto:

. Formula 2a
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[0029] Each of Q, and Q, in Formulae 2a through 2q may
independently be hydrogen, fluorine, a cyano group, an
amino group, a C,-C, , alkyl group, a C,-C, , alkoxy group, a
C4-C,, aryl group, or a C-C |, aryl group substituted with a
C4-C,, aryl substituent. The symbol, *, in Formulae 2a
through 2q represents a binding site with N of Formula 1. The
C4-C,, aryl group substituted with a C4-C, , aryl substituent
may be, for example, a biphenyl group or terphenyl group
substituted with a C,-C,, alkyl substituent, or a C,-C,,
alkoxy group.

[0030] In one embodiment, Ar is a group represented by
Formula 2a, 2b, 2c, or 2h.

[0031] InFormula 1, R, may be hydrogen, a substituted or
unsubstituted C,-C,, alkyl group, a substituted or unsubsti-
tuted C,-C,, alkoxy group, a substituted or unsubstituted
C,-C5, aryl group, a substituted or unsubstituted C,-C,, het-
eroaryl group, or a substituted or unsubstituted C,-C,, con-
densed polycyclic group.

[0032] In particular, R, may be a substituted or unsubsti-
tuted C4-C,, aryl group.

[0033] More particularly, R, may be a phenyl group, a
naphthyl group, a pentalenyl group, an indenyl group, an
anthracenyl group, an azulenyl group, a heptalenyl group, an
acenaphthylenyl group, a fluorenyl group, a penanthrenyl
group, a triphenylenyl group, a naphthacenyl group, a phe-
nalenyl group, a pyrenyl group, a pentaphenyl group, or a
hexaphenyl group, all of which mentioned groups may be
unsubstituted or substituted with a substituent. The substitu-
ent can be selected from halogen atoms, cyano groups, amino
groups, (C,-C,, alkyl)amino groups, di(C,-C,, alkyl)amino
groups, (C4-C,, aryl)amino groups, di(C4-C,, aryl)amino
groups, C,-C,, alkyl groups, C,-C,, alkoxy groups, C4-C,,
aryloxy groups, C4-C,, aryl groups, and C.-C, , aryl groups
substituted with a C4-C, , aryl substituent. However, R, is not
limited thereto.

[0034] In one embodiment, R; may be a phenyl group, a
naphthyl group, a halophenyl group, or a phenyl group sub-
stituted with a phenyl substituent (biphenyl group).

[0035] InFormula 1, each of R, and R; may independently
be hydrogen, a substituted or unsubstituted C,-C,, alkyl
group, a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C4-C,, aryl group, a substituted
or unsubstituted C,-C,, condensed polycyclic group, fluo-
rine, a cyano group, or an amino group.

[0036] In particular, each of R, and R; may independently
be hydrogen, fluorine, a cyano group, an amino group, a
C,-C,, alkyl group, or a C,-C,, alkoxy group. More particu-
larly, R, and R; can be both hydrogen.

[0037] InFormula 1, each of Ry, Ry, Rg, and R, may inde-
pendently be hydrogen, a substituted or unsubstituted C,-C,,,
alkyl group, a substituted or unsubstituted C,-C,, alkoxy
group, or a substituted or unsubstituted C4-Cs;, aryl group.
[0038] In particular, each of R, through R, may indepen-
dently be hydrogen, a C,-C,, alkyl group, a C,-C,, alkoxy
group, or a C4-C, , aryl group. More particularly, each of R,
through R, may independently be hydrogen, a C,-C,, alkyl
group, a phenyl group, or a naphthyl group.

[0039] The unsubstituted C,-C,, alkyl group may be linear
or branched. Nonlimiting examples of suitable unsubstituted
C,-C,, alkyl groups include methyl groups, ethyl groups,
propyl groups, isobutyl groups, sec-butyl groups, pentyl
groups, iso-amyl groups, hexyl groups, heptyl groups, octyl
groups, nonyl groups, and dodecyl groups. At least one
hydrogen atom of the alkyl group may be substituted with a
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halogen, a hydroxyl group, a nitro group, a cyano group, an
amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,
alkyl group, a C,-C,, alkoxy group, a C,-C,, alkenyl group,
a C,-C,, alkynyl group, a C4-C, 4 aryl group, or a C,-C,4
heteroaryl group.

[0040] The unsubstituted C,-C,, alkoxy group is a group
that may have a —OA structure, where A is an unsubstituted
C,-C,, alkyl group as described above. Nonlimiting
examples of suitable unsubstituted C,-C,,, alkoxy groups
include methoxy groups, ethoxy groups, propoxy groups,
isopropoxy groups, butoxy groups, and pentoxy groups. At
least one hydrogen atom of the alkoxy group may be substi-
tuted with the same substituent groups as previously
described for the alkyl groups.

[0041] In one embodiment, the unsubstituted C4-C,, aryl
group is a C4-C,,, carbocyclic aromatic system containing at
least one ring. In a two-ring system, at least two rings can be
fused with each other or attached to each other by single bond.
In one embodiment, at least one hydrogen atom of the aryl
group is substituted with the same substituent groups as pre-
viously described for the alkyl groups.

[0042] Nonlimiting examples of suitable substituted or
unsubstituted C,-C;, aryl groups include phenyl groups,
C,-C,, alkylphenyl groups (for example, ethyl phenyl
groups), halophenyl groups (for example, o-, m- or p-fluo-
rophenyl groups, dichlorophenyl groups), cyanophenyl
groups, dicyanophenyl groups, trifluoromethoxyphenyl
groups, biphenyl groups, halobiphenyl groups, cyanobiphe-
nyl groups, C,-C,, alkyl biphenyl groups, C,-C,, alkoxybi-
phenyl groups, o-, m- or p-tolyl groups, o-, m- or p-cumenyl
groups, mesityl groups, phenoxyphenyl groups, (o,a-dim-
ethylbenzene)phenyl groups, (N,N'-dimethyl)aminophenyl
groups, (N,N'-diphenyl)aminophenyl groups, pentalenyl
groups, indenyl groups, naphthyl groups, halonaphthyl
groups (for example, fluoronaphthyl groups), C,-C,, alkyl-
naphthyl groups (for example, methylnaphthyl groups),
C,-C,, alkoxynaphthyl groups (for example, methoxynaph-
thyl groups), cyanonaphthyl groups, anthracenyl groups, azu-
lenyl groups, heptalenyl groups, acenaphthylenyl groups,

Formula 3
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phenalenyl groups, fluorenyl groups, anthraquinolyl groups,
methylanthryl groups, phenanthryl groups, triphenylene
groups, pyrenyl groups, chrysenyl groups, ethyl-chrysenyl
groups, picenyl groups, perylenyl groups, chloroperylenyl
groups, pentaphenyl groups, pentacenyl groups, tetraphe-
nylenyl groups, hexaphenyl groups, hexacenyl groups, rubi-
cenyl groups, coroneryl groups, trinaphthylenyl groups, hep-
taphenyl groups, heptacenyl groups, pyranetrenyl groups,
and ovalenyl groups.

[0043] In one embodiment, the unsubstituted C4-Cs, ary-
loxy group has a formula —OB, where B is a C4-C;, aryl
group as described above. Nonlimiting examples of suitable
C,4-C5, aryloxy groups include phenoxy groups and naphthy-
loxy groups. At least one hydrogen atom of the aryloxy group
may be substituted with the same substituent groups as pre-
viously described for the alkyl groups.

[0044] In one embodiment, the unsubstituted C,-C,, het-
eroaryl group includes an atom selected from the group con-
sisting of N, O, P, and S, and at least one aromatic ring. At
least two rings may be fused with each other or attached to
each other by a single bond. At least one hydrogen atom of the
heteroaryl group may be substituted with the same substituent
groups as previously described for the alkyl groups.

[0045] Nonlimiting examples of suitable unsubstituted
C,-C,, heteroaryl groups include pyrazolyl groups, imida-
zolyl groups, oxazolyl groups, thiazolyl groups, triazolyl
groups, tetrazolyl groups, oxadiazolyl groups, pyridyl
groups, pyridazinyl groups, pyrimidinyl groups, triazinyl
groups, carbazolyl groups, indolyl groups, quinolyl groups,
and isoquinolyl groups. These groups may be substituted with
the same substituent groups as previously described for the
alkyl groups.

[0046] In one embodiment, the unsubstituted C,-C,, con-
densed polycyclic group is a substituent including at least two
rings, where at least one aromatic ring and/or at least one
non-aromatic ring are fused with each other. In another
embodiment, they aryl group or heteroaryl group as described
above may be included in the condensed polycyclic group.
[0047] Nonlimiting examples of suitable amine-based
compounds of Formula 1 include Compounds 1 through 96
represented by Formula 3 below.
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[0048] Referring now to FIG. 1, an organic light emitting
device of an embodiment of the present invention includes a
first electrode, a second electrode, and an organic film includ-
ing the amine-based compound represented by Formula 1
between the first electrode and the second electrode. The
organic film including the amine-based compound of For-
mula 1 may be a hole injection layer or a hole transport layer,
and may also be a single film having both hole injection and
hole transport capabilities. Alternatively, the organic film
including the amine-based compound of Formula 1 may be an
emissive layer. The amine-based compound of Formula 1
may also be used as a host material for phosphorescent or
fluorescent materials of blue, green, or red colors.

[0049] In one embodiment, the organic film including the
amine-based compound represented by Formula 1 may be a
hole transport layer.

[0050] The first electrode may be an anode, and the second
electrode may be a cathode, or vice versa.

[0051] The organic light emitting device may further
include a layer selected from hole injection layers, hole trans-
port layers, electron blocking layers, emissive layers, hole
blocking layers, electron transport layers, electron injection
layers, and combinations thereof. In one embodiment, the
organic light emitting device includes an organic layer having
two layers listed above.

[0052] The organic light emitting device according to an
embodiment 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 film with both hole injection and hole transport capa-
bilities/emissive layer/electron transport layer/second elec-
trode structure, or a first electrode/single film with both hole
injection and hole transport capabilities/emissive layer/elec-
tron transport layer/electron injection layer/second electrode
structure.

[0053] The organic light emitting device according to vari-
ous embodiments of the present invention may be used in top
emission type organic light emitting devices or bottom emis-
sion type organic light emitting devices.

[0054] A method of preparing the organic light-emitting
device according to an embodiment of the present invention
will now be described with reference to FIG. 1. The organic
light-emitting device of FIG. 1 includes a substrate, a first
electrode (anode), a hole injection layer, a hole transport
layer, an emissive layer, an electron transport layer, an elec-
tron injection layer, and a second electrode (cathode).

[0055] First, the first electrode is formed by depositing 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
substrate material conventionally used in the art. In one
embodiment, the substrate is a glass substrate or a transparent
plastic substrate, which has excellent mechanical strength,
thermal stability, transparency, surface planarity, handling
convenience, and water resistance. Nonlimiting examples of
suitable first electrode-forming materials include indium tin
oxide (ITO), indium zinc oxide (IZO), tin oxide (Sn0O,), zinc
oxide (ZnO), Al, Ag, Mg, and combinations thereof; all of
which have excellent conductivity, and may be used to form a
transparent or reflective electrode.

[0056] Next, the hole injection layer (HIL) may be formed
on the first electrode, for example, by vacuum deposition,
spin coating, casting, or Langmuir-Blodget (LB) deposition.
[0057] When the HIL is formed by vacuum deposition, the
deposition conditions may vary according to the compound
used, and the structure and thermal properties needed for
different purposes. Generally, the deposition conditions are
conducted at a deposition temperature ranging from 100 to
500° C., a vacuum pressure ranging from 107% to 107> torr,
and at a deposition rate ranging from 0.01 to 100 A/sec.
[0058] When the HIL is formed by spin coating, the coating
conditions may vary according to the compound used, and the
structure and thermal properties of the HIL needed for differ-
ent purposes. Generally, the coating conditions are conducted
at a coating speed ranging from about 2000 to about 5000
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rpm, and a heat-treatment temperature for removing a solvent
after coating ranging from 80 to 200° C. -continued

[0059] The HIL material may be the amine-based com-

pound represented by Formula 1 as previously described

Alternatively, other HIL materials known in the art may also

be used. Nonlimiting examples of suitable HIL. materials

include phthalocyanine compounds such as copper phthalo- O
cyanine, 4,4',4"-tris (3-methylphenylphenylamino) tripheny- N

lamine(m-MTDATA), N,N'-di(1-naphthyl)-N,N'-diphenyl-
benzidine) (NPB), TDATA, 2-TNATA, polyaniline/
dodecylbenzenesulfonic acid (Pani/DBSA), poly(3.4-
ethylenedioxythiophene)/poly(4-styrenesulfonate (PEDOT/
PSS), polyaniline/camphor sulfonicacid (Pani/CSA), and

PANI/PSS (polyaniline)/poly(4-styrenesulfonate). ll .l /©/ N\©\ :
N N

2-TNATA

[0060] The thickness of'the HIL may range from about 100
to 10000 A, or more specifically, from 100 to 1000 A. If the
thickness of the HIL is within the above range, the HIL can
have excellent hole injection properties without an increase in

N driving voltage.
[0061] Next, the hole transport layer (HTL) may be formed
on the HIL, for example, by vacuum deposition, spin coating,
casting, or LB deposition. When the HTL is formed by
vacuum deposition or spin coating, the deposition or coating
m-MTDATA conditions may vary according to the compounds used. Gen-
erally, the conditions for forming the HTL may be similar to
those for forming the HIL.
[0062] The HTL material may be the amine-based com-
pound represented by Formula 1 as previously described.
Alternatively, other HTL materials known in the art may be

used. Nonlimiting examples of suitable HTL materials
include carbazol derivatives such as N-phenylcarbazol, poly-
vinylcarbazol, and amine derivatives having aromatic con-
densed cycles such as NPB, N,N'-bis(3-methylphenyl)-N,N'-
diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD), and N,N'-di

(naphthalene-1-yl) —N,N'-diphenyl benzidine (a-NPD).

a-NPD
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[0063] The thickness of the HTL may range from about 50
to about 1000 A, or more specifically, from 100 to 600 A. If
the thickness of the HTL is within the above range, the HTL
can have excellent hole transport properties without a sub-
stantial increase in driving voltage.

[0064] Next, the emissive layer (EML) may be formed on
the HTL, for example, by vacuum deposition, spin coating,
casting, or LB deposition. When the EML is formed by
vacuum deposition or spin coating, the deposition or coating
conditions may vary according to the compounds used, but
the conditions may be similar to the conditions used to form
the HIL.

[0065]
represented by Formula 1 as previously described. In particu-
lar, the amine-based compound represented by Formula 1
may be used as a host or a dopant. The EML material can be
any light-emitting materials, including host and dopant mate-
rials known in the art. The dopant may be either a fluorescent
or a phosphorescent dopant material well known to those of
ordinary skill in the art.

~ )

The EML may include the amine-based compound

[0066] Nonlimiting examples of suitable host materials
include Alq,, CPB (4,4'-N,N'-dicarbazole-biphenyl), 9,10-di
(naphthalene-2-yl)anthracene (ADN), and DSA (distyry-
larylene).

[0067] Nonlimiting examples of suitable red dopant mate-
rials include PtOEP, Ir(piq),, Btp,Ir(acac), and 4-(dicyanom-
ethylene)-2-t-butyl-6-(1,1,7,7-tetramethyljulolidyl-9-enyl)-
4H-pyran (DCJTB).
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x

PtOEP

O D
/N\

Ir(piq)s

Btp,Ir(acac)

[0068]

materials include Ir(ppy); (ppy=phenylpyridine), Ir(ppy),
(acac), Ir(mpyp)s, and C545T.

Nonlimiting examples of suitable green dopant

Ir(ppy)s
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C545T
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Ir(ppy)a(acac) Ir(mpyp)3 [0069] Nonlimiting examples of suitable blue dopant mate-
rials include F,lrpic, (F, ppy),lr(tmd), Ir(dfppz);, ter-fluo-
rene, 4,4'-bis(4-diphenylaminostyryl)biphenyl (DPAVBI),
and 2,5,8,11-tetra-tert-butylperylene (TBP).
H;CO F F
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-continued

TBP

[0070] The content of the dopant may range from 0.1 to 20
parts by weight, or more specifically, from 0.5 to 12 parts by
weight based on 100 parts by weight of the EML-forming
material. That is, 100 parts by weight of the host and the
dopant. When the content of the dopant is within the above
range, concentration quenching may be substantially pre-
vented.

[0071] The thickness of the EML may range from 100 to
1000 A, or more specifically, from 200 to 600 A. If the
thickness of the EML is within the above range, the EML can
have excellent light-emitting properties without a substantial
increase in driving voltage.

[0072] Ifthe EML includes a phosphorescent dopant, ahole
blocking layer (HBL) may be formed on the EML to prevent
triplet excitons or holes from diffusing to the electron trans-
port layer. The HBL material can be any HBL materials
known in the art. Nonlimiting examples of suitable HBL
materials include oxadiazole derivatives, triazole derivatives,
phenanthroline derivatives, Balq, and BCP.

[0073] The thickness of the HBL range from 50 to 1000 A,
or more specifically, from 100 to 300 A. If the thickness of the
HBL is less than 50 A, the hole-blocking properties may
deteriorate, and if the thickness of the HBL is greater than
1000 A, the driving voltage may increase.

[0074] Next, the electron transport layer (ETL) may be
formed on the HBL or EML, for example, by vacuum depo-
sition, spin coating, or casting. When the ETL is formed by
vacuum deposition or spin coating, the deposition or coating
conditions may vary according to the compounds used. Gen-
erally, the process conditions for forming the ETL may be
similar to those for forming the HIL.

[0075] The material used for the ETL can be any ETL-
forming materials known in the art. Nonlimiting examples of
suitable ETL materials include quinoline derivatives, tris(8-
quinolinolate)aluminum (Alq,), TAZ, and Balqg.

O
O

TAZ
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BAlg

[0076] The thickness of the ETL may range from 100 to
1000 A, or more specifically, from 100 to 500 A. If the
thickness of the ETL is within the above range, the ETL may
have excellent electron transport properties without a sub-
stantial increase in driving voltage.

[0077] Inaddition, an electron injection layer (EIL), which
has a function of facilitating the injection of electrons from
the cathode may be formed on the ETL.

[0078] Nonlimiting examples of suitable EIL. materials
include LiF, NaCl, CsF, Li,O, and BaO. The deposition or
coating conditions may vary according to the compounds
used, but may be similar to the conditions that are used to
form the HIL.

[0079] Thethickness of the EIL may range from 1 to 100 A,
or more specifically, from 5 to 90 A. If the thickness of the EIL
is within the above range, the EIL may have excellent electron
injection properties without a substantial increase in driving
voltage.

[0080] Finally, the second electrode may be formed on the
EIL by vacuum deposition or sputtering. The second elec-
trode may be used as 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, the second
electrode may be formed of a transparent material such as
ITO or IZO to provide a top-emission type organic light
emitting device.

[0081] The organic light-emitting device according to vari-
ous embodiments of the present invention may be used in
various forms of flat-panel display devices, such as passive



US 2010/0025669 A1

matrix organic light emitting display devices or active matrix
organic light emitting display devices. When the organic light
emitting device is included in an active matrix organic light
emitting display device including a thin-film transistor, the
first electrode on the substrate is a pixel electrode, which is
electrically connected to a source electrode or a drain elec-
trode of the thin-film transistor. The organic light emitting
device may also be included in a flat panel display device
having a double-sided screen.

[0082] The following Experimental Examples are provided
for illustrative purposes only, and do not limit the scope of the
present invention.

EXAMPLES
Synthesis Example 1
Synthesis of Intermediate 1

[0083] 2.433 g of phenylcarbazole (10 mmol) was added
into 100 ml of 80% acetic acid, and 1.357 g of Iodine (I,)
(5.35 mmol) and 0.333 g of ortho-periodic acid (HsIO) (1.46
mmol) in a solid state were added thereto to form a mixture.
The mixture was stirred at 80° C. for 2 hours in a nitrogen
atmosphere. A reaction was allowed to take place and termi-
nated.

[0084] After the reaction was terminated, the mixture was
extracted with 50 ml of ethylether three times. An organic
layer was collected and dried using magnesium sulfate to
evaporate the solvent. The residue was separately purified by
silica gel column chromatography to obtain 3.23 g (yield
87%) of white solid of Intermediate 1. Intermediate 1 was
evaluated by NMR, and the result thereof is shown below.
[0085] 'HNMR (CDCl,, 300 MHz) & (ppm) 8.43 (d, 1H),
8.05(d, 1H), 7.62 (dd, 1H), 7.61-7.75 (m, 2H), 7.51-7.43 (m,
3H), 7.41-7.35 (m, 2H), 7.27 (dd, 1H), 7.14 (d, 1H)

Synthesis Example 2
Synthesis of Intermediate 2

[0086] Intermediate 2 was synthesized to obtain a yield of
85% in the same manner as in the synthesis of Intermediate 1,
except that naphthylcarbazole was used instead of phenylcar-
bazole. Intermediate 2 was evaluated by NMR, and the result
thereof is shown below.

[0087] 'HNMR (CDCl,, 300 MHz)  (ppm) 8.29 (s, 1H),
8.13 (d, 1H), 7.92 (d, 1H), 7.80-7.73 (m, 3H), 7.59-7.49 (m,
5H), 7.37-7.29 (m, 3H)

Synthesis Example 3
Synthesis of Intermediate 3

[0088] Intermediate 3 was synthesized to obtain a yield of
83% in the same manner as in the synthesis of Intermediate 1,
except that 4-fluorophenylcarbazole was used instead of phe-
nylcarbazole. Intermediate 3 was evaluated by NMR, and the
result thereof is shown below.

[0089] 'H NMR (CDCl,, 300 MHz) 8 (ppm) 8.30 (s, 1H),
8.13-8.11 (m, 1H), 7.74 (d, 1H), 7.56-7.52 (m, 3H), 7.37-7.29
(m, 3H), 7.08-7.03 (m, 2H)

Synthesis Example 4
Synthesis of Intermediate 4

[0090] Intermediate 4 was synthesized to obtain a yield of
62% in the same manner as in the synthesis of Intermediate 1,
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except that biphenylcarbazole was used instead of phenylcar-
bazole. Intermediate 4 was evaluated by NMR, and the result
thereof is shown below.

[0091] 'HNMR (CDCl,, 300 MHz) & (ppm) 8.30 (s, 1H),
8.13-8.11 (m, 1H), 7.74 (d, 1H), 7.59-7.53 (m, 3H), 7.40-7.28
(m, 8H), 6.64-6.60 (m, 2H)

Intermediate |

Intermediate 2

Intermediate 3

Intermediate 4

O

O Q. Q. O
GO0 JOo- By JO
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Synthesis Example 5
Synthesis of Intermediate 5

[0092] 17.6 g of 2,7-dibromo-9,9-dimethylfluorene (50
mmol) was dissolved in 150 ml of diethyl ether, and a normal
butyl lithium (20 ml, 2.5 M in hexane) solution maintained at
-78° C. was added thereto. 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 maintained at -78° C. was
slowly added thereto to form a mixture. The mixture was
stirred for 5 hours at room temperature, and water was added
thereto, and the resulting mixture was washed three times
with diethyl ether (200 ml). The washed diethyl ether layer
was dried with MgSO,, and was further dried under reduced
pressure to obtain a product, which was recrystallized with
normal hexane to obtain 10.3 g (yield: 65%) of white solid
Intermediate 5. Intermediate 5 was evaluated by NMR, and
the result thereof is shown below.

[0093] 'HNMR (CDCls, 400 MHz) § (ppm)-8.09 (s, 20H),
7.84-7.81 (dd, 1H), 7.75-7.72 (m, 2H), 7.67-7.65 (dd, 1H),
7.49-7.46 (dd, 1H), 7.40 (d, 1H), 1.85 (s, 6H)

Synthesis Example 6
Synthesis of Intermediate 6

[0094] Intermediate 6 was synthesized to obtain a yield of
58% in the same manner as in the synthesis of Intermediate 5,
except that 2,7-dibromo-9,9-diphenylfluorene was used
instead of 2,7-dibromo-9,9-dimethylfluorene. Intermediate 6
was evaluated by NMR, and the result thereofis shown below.
[0095] 'HNMR (CDCls, 400 MHz) § (ppm)-8.27 (d, 1H),
8.09 (s, 20H), 7.94-7.92 (dd, 1H), 7.81 (d, 1H), 7.74 (d, 1H),
7.69 (d, 1H), 7.60-7.51 (m, 5H), 7.18 (t, 4H), 7.02-6.97 (m,
2H)

Intermediate 5
H;C  CHj

. Q.O o
Q&

B Q.O B(OI),

Synthesis Example 7

Intermediate 6

Synthesis of Intermediate 7

[0096] 8.2 g (30 mmol) of 2-bromo-9,9-dimethylfluorene,
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 to form a mix-
ture. The mixture was stirred at 90° C. for 3 hours. A reaction
was allowed to take place and after the reaction was com-
pleted, the reaction mixture was cooled to room temperature.
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The mixture was extracted three times with 100 ml of distilled
water and diethyl ether. An organic layer was collected and
was dried using magnesium sulfate to evaporate the solvent.
The residue was separately purified by silica gel column
chromatography to obtain 7.87 g (yield 92%) of Intermediate
7. Intermediate 7 was evaluated by NMR, and the results
thereof are shown below.

[0097] 'HNMR (CDCl,, 400 MHz) 8 (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)

[0098] !*CNMR (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 Example 8
Synthesis of Intermediate 8

[0099] Intermediate 8 was synthesized to obtain a yield of
78% in the same manner as in the synthesis of Intermediate 7,
except that 4-fluoroaniline was used instead of aniline. Inter-
mediate 8 was evaluated by NMR, and the results thereof are
shown below.

[0100] 'HNMR (CDCl,, 400 MHz) 8 (ppm)-7.95-7.91 (m,
2H),7.82 (d, 1H), 7.54-7.49 (m, 2H), 7.24-7.19 (m, 3H), 7.12
(d, 1H), 6.97-6.93 (m, 1H), 6.59-6.56 (dd, 1H), 5.44 (s, NH),
1.85 (s, 6H)

[0101] '3CNMR (CDCL,, 100 MHz) 8 (ppm)-161.0, 154.5,
149.1, 146.8,140.0, 138.3, 134.6, 132.5, 127.8, 127.1,126.8,
1204, 119.7, 116.5, 115.8, 1123, 112.1, 109.6, 107.5, 44.9,
24.5

Synthesis Example 9
Synthesis of Intermediate 9

[0102] Intermediate 9 was synthesized to obtain a yield of
83% in the same manner as in the synthesis of Intermediate 7,
except that 1-bromonaphthalene was used instead of aniline.
Intermediate 9 was evaluated by NMR, and the results thereof
are shown below.

[0103] 'HNMR (CDCl,, 400 MHz) & (ppm)-8.41 (dd, 1H),
7.82(d, 1H), 7.72 (d, 1H), 7.59-7.36 (m, 5H), 7.24-7.09 (m,
4H), 6.97-6.93 (m, 1H), 6.55 (dd, 1H), 5.83 (s, NH), 1.85 (s,
6H)

[0104] '*CNMR (CDCl,, 100 MHz) § (ppm)-149.1, 148.7,
1443, 140.0,137.2,134.6,133.3,128.8,128.2, 127.8,127.1,
126.8,125.0,124.5,122.4,122.3,121.3,119.7,116.8,109.2,
107.7, 99.0, 44.9,24.5

Synthesis Example 10
Synthesis of Intermediate 10

[0105] Intermediate 10 was synthesized to obtain a yield of
85% in the same manner as in the synthesis of Intermediate 7,
except that 4-aminobiphenyl was used instead of aniline.
Intermediate 10 was evaluated by NMR, and the results
thereof are shown below.
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[0106] 'HNMR (CDCl,, 400 MHz) d (ppm)-7.82 (d, 1H),
7.60-7.49 (m, 6H), 7.40-7.29 (m, 3H), 7.24-7.20 (m, 1H), ~continued .
7.12 (d, 1H), 6.95 (t, 1H), 6.79-6.75 (m, 2H), 6.59-6.56 (m, Intermediate 9

1H), 5.44 (s, NH), 1.85 (s, 6H)

[0107] '*CNMR (CDCl,, 100 MHz)  (ppm)-149.1, 146.8,
140.0, 138.8, 137.4, 134.9, 134.6,132.9,129.9, 128.8, 127.8,
127.2,127.1,126.8, 120.4, 119.7, 116.3, 109.0, 107.5, 44.9,

24.5

T

Synthesis Example 11
Synthesis of Intermediate 11

[0108] Intermediate 11 was synthesized to obtain a yield of
74% in the same manner as in the synthesis of Intermediate 7,
except that N,N'-dibiphenyl-1,4-phenylenediamine was used
instead of aniline. Intermediate 11 was evaluated by NMR,
and the results thereof are shown below.

[0109] 'HNMR (CDCl,, 400 MHz) § (ppm)-7.82 (d, 1H),
7.76-7.64 (m, 8H), 7.54-7.49 (m, 2H), 7.40-7.11 (m, 10H),
6.97-6.93 (m, 1H), 6.60-6.43 (m, 7H), 5.44 (s, NH), 1.85 (s,
6H)

[0110] '*CNMR (CDCls, 100 MHz) § (ppm)-149.1, 147.9,
146.8,143.8,140.0, 136.9, 136.4,135.4,134.6, 134.2, 132.3,
128.9,128.8.127.8,127.2,127.1,126.8,120.4,119.7,117.7,
114.6,109.0, 107.5, 44.9, 24.5

.

Intermediate 10

Intermediate 7

Intermediate 11

o ~ Q.Q%

OC

Intermediate 8

.

Yoo
3

Synthesis Example 12

Synthesis of Intermediate 12

oC

[0111] 9.51 g (30 mmol) of Intermediate 5, 16.6 g (60
mmol) of Intermediate 1, 1.7 g (1.5 mmol) of Pd(PPhs,),, and
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20 g (150 mmol) of K,CO; were dissolved in 100 ml of a
mixed solution of THF/H,O (2:1) to form a mixture. The
mixture was stirred at 80° C. for 5 hours, and a reaction was
allowed to take place. The reaction mixture was extracted
with 600 ml of diethyl ether three times. An organic layer was
collected and dried using magnesium sulfate, and the residue
obtained by evaporating the solvent was recrystallized with
dichloromethane and normal hexane to obtain 10.03 g (yield
65%) of Intermediate 12. Intermediate 12 was evaluated by
NMR, and the results thereof are shown below.

[0112] 'HNMR (CDCl,, 400 MHz) 8 (ppm)-8.16-8.14 (m,
1H), 7.94 (d, 1H), 7.68 (d, 1H), 7.63 (s, 1H), 7.50-7.46 (m,
5H), 7.36-7.27 (m, 5H), 7.07-6.94 (m, 4H), 1.85 (s, 6H) *C
NMR (CDCl;, 100 MHz) 8 (ppm)-163.3,150.7,144.7,144.2,
141.6,141.0,137.0,136.0,134.0,131.8,131.6,129.8,129.3,
129.2,127.4,127.1,126.8,126.3,121.8,121.2,120.6, 120.4,
119.9,119.5,118.6, 115.4, 114.5, 109.0, 49.6, 24.5

Synthesis Example 13
Synthesis of Intermediate 13

[0113] Intermediate 13 was synthesized to obtain a yield of
63% in the same manner as in the synthesis of Intermediate
12, except that Intermediate 2 was used instead of Interme-
diate 1. Intermediate 13 was evaluated by NMR, and the
results thereof are shown below.

[0114] 'HNMR (CDCl;, 400 MHz) § (ppm)-8.15 (d, 1H),
7.95-7.91 (m, 2H), 7.81-7.46 (m, 9H), 7.36-7.27 (m, 4H),
7.06 (d, 1H), 7.00-6.94 (m, 4H), 1.85 (s, 6H)

[0115] '*CNMR (CDCl,, 100 MHz) 8 (ppm)-163.3,150.7,
144.9,144.2,141.6,140.0,136.1,136.0, 134.0, 131.8, 131.6,
129.5,129.3,129.2,128.2,127.9,127.6,126.8,126.7, 126.2,
124.3,122.5,122.3,121.8,121.4,121.2,120.6,119.9, 118.6,
117.3,116.6, 114.5, 110.2, 105.1, 49.6, 24.5

Synthesis Example 14
Synthesis of Intermediate 14

[0116] Intermediate 14 was synthesized to obtain a yield of
62% in the same manner as in the synthesis of Intermediate
12, except that Intermediate 3 was used instead of Interme-
diate 1. Intermediate 14 was evaluated by NMR, and the
results thereof are shown below.

[0117] ‘HNMR (CDCl,, 400 MHz) 8 (ppm)-8.16-8.14 (m,
1H), 7.95 (d, 1H), 7.69 (d, 1H), 7.63 (s, 1H), 7.56-7.46 (m,
3H), 7.36-7.27 (m, 4H), 7.08-6.94 (m, 6H), 1.85 (s, 6H)
[0118] '3CNMR (CDCl,, 100 MHz) d (ppm)-163.3, 162.0,
155.5,150.7,144.2, 143.8, 141.6, 140.0, 136.1, 136.0, 134.0,
131.6,129.3,129.2,126.8,126.3,125.5,125.3,121.8,121.2,
120.6,120.4,119.9,119.5,118.6, 115.4,114.5,113.8, 113.1,
109.0, 49.6, 24.5

Synthesis Example 15
Synthesis of Intermediate 15

[0119] Intermediate 15 was synthesized to obtain a yield of
58% in the same manner as in the synthesis of Intermediate
12, except that Intermediate 4 was used instead of Interme-
diate 1. Intermediate 15 was evaluated by NMR, and the
results thereof are shown below.

[0120] 'HNMR (CDCl,, 400 MHz) 8 (ppm)-8.16-8.14 (m,
1H), 7.95 (d, 1H), 7.69 (d, 1H), 7.63 (s, 1H), 7.60-7.56 (m,
2H), 7.49-7.45 (m, 1H), 7.41-7.27 (m, 9H), 7.07-6.94 (m,
4H), 6.64-6.60 (m, 2H), 1.85 (s, 6H)
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[0121] '*CNMR (CDCl,, 100 MHz) 8 (ppm)-163.3, 150.7,
144.2,144.1,141.6, 1403, 139.3, 136.9, 136.0, 135.4, 134.0,
131.9, 131.8,131.6, 129.3,129.2, 128.9, 128.8, 127.2, 126.8,
126.3,121.8,121.2,120.6,120.4, 119.9,119.5, 118.6, 116.8,
115.4, 114.5, 109.0, 49.6, 24.5

Synthesis Example 16
Synthesis of Intermediate 16

[0122] Intermediate 16 was synthesized to obtain a yield of
55% in the same manner as in the synthesis of Intermediate
12, except that Intermediate 6 was used instead of Interme-
diate 5. Intermediate 16 was evaluated by NMR, and the result
thereof is shown below.

[0123] 'HNMR (CDCl,, 400 MHz) 8 (ppm)-8.16-8.14 (m,
1H), 7.95 (d, 1H), 7.77 (d, 1H), 7.65-7.63 (m, 2H), 7.59 (dd,
1H), 7.52-7.46 (m, 9H), 7.37-7.27 (m, 4H), 7.20-7.13 (m,
5H), 7.06 (dd, 1H), 7.02-6.97 (m, 3H)

[0124] '*CNMR (CDCl;, 100 MHz) § (ppm)-164.2, 151.5,
145.4,144.7,142.9,141.0,140.7,137.0, 135.7, 135.1, 132.8,
131.3,130.1,129.8,128.8,127.8,127.4,127.1, 126.3,126.0,
125.1,122.9,122.3,121.7,120.4,119.9,119.5, 118.6, 115 4,
114.1, 109.0, 72.9

Intermediate 12
H;C  CHj
N Q .
Q O )
Intermediate 13
O H;C  CHj;
N
Q O )

Intermediate 14

sala>
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-continued
Intermediate 15

9,
o82a0

Intermediate 16

QOQQ
O Br

H;C CHj
Br

Synthesis Example 17
Synthesis of Compound 1

[0125] 5.14 g (10 mmol) of Intermediate 12, 3.42 g (12
mmol) of Intermediate 7, 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 to form a mixture.
The mixture was stirred at 90° C. for 3 hours, and a reaction
was allowed to take place. After the reaction was completed,
the reaction mixture was cooled to room temperature, and
extracted with distilled water and 50 ml of diethyl ether three
times. An organic layer was collected and dried using mag-
nesium sulfate, and the residue obtained by evaporating the
solvent was separately purified by silica gel column chroma-
tography to obtain 5.9 g (yield 82%) of Compound 1. Com-
pound 1 was evaluated by NMR, and the results thereof are
shown below.

[0126] 'HNMR (CDCl,, 400 MHz) § (ppm)-8.16-8.14 (m,
1H), 7.99-7.93 (m, 2H), 7.69-7.46 (m, 8H), 7.37-7.27 (m,
6H), 7.24-6.93 (m, 8H), 6.64-6.59 (m, 1H), 6.31 (dd, 2H),
5.65 (dd, 2H), 1.85 (s, 12H)

[0127] '*CNMR (CDCl,, 100 MHz) § (ppm)-158.7, 148.6,
148.1,147.1,147.0, 144.9, 144.7,141.0, 139.6, 138.0, 137.0,
136.5,134.8,134.0,131.8,129.8,129.4,129.3,127.8, 127 4,
127.1,126.8,126.3,126.1,124.0,122.9,121.7,121.1, 120.5,
120.4,119.9,119.5,118.7,118.6,117.8,117.2,115.4,114.5,
112.7,109.0, 46.1, 44.9, 24.5

Synthesis Example 18
Synthesis of Compound 6

[0128] Compound 6 was synthesized to obtain a yield of
75% in the same manner as in the synthesis of Compound 1,
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except that Intermediate 8 was used instead of Intermediate 7.
Compound 6 was evaluated by NMR, and the results thereof
are shown below.

[0129] 'HNMR (CDCl,, 400 MHz) 8 (ppm)-8.16-8.14 (m,
1H), 7.99-7.93 (m, 2H), 7.69-7.46 (m, 8H), 7.37-6.93 (m,
14H), 6.73 (dd, 2H), 6.31 (dd, 2H), 1.85 (s, 12H)

[0130] '*CNMR (CDCl,, 100 MHz) 8 (ppm)-162.0, 158.7,
155.5,148.1,147.1,146.0, 144.7, 141.0, 140.7, 139.6, 138.0,
137.0,136.5,134.8,134.0,131.8,129.8,129.3,127.8,127 4,
127.1,126.8,126.4,126.3,126.2,126.1,121.7,121.1,120.5,
120.4,119.9,119.5,118.7,118.6,117.8,117.2,116.2,115.5,
115.4,114.5,112.7,109.0, 46.1, 44.9, 24.5

Synthesis Example 19
Synthesis of Compound 7

[0131] Compound 7 was synthesized to obtain a yield of
80% in the same manner as in the synthesis of Compound 1,
except that Intermediate 9 was used instead of Intermediate 7.
Compound 7 was evaluated by NMR, and the results thereof
are shown below.

[0132] 'HNMR (CDCls, 400 MHz) d (ppm)-8.50 (dd, 1H),
8.16-8.14 (m, 1H), 7.99-7.93 (m, 2H), 7.85 (dd, 1H), 7.69-6.
93 (m, 24H), 6.29 (dd, 2H), 6.08 (dd, 1H), 1.85 (s, 12H)
[0133] '*CNMR (CDCl,, 100 MHz) § (ppm)-158.7, 150.6,
150.5,150.0,147.1, 144.7,141.0, 139.6, 138.0, 137.0, 136.5,
134.8,134.0,131.8,129.8,129.3,128.6, 127.8, 127.6, 127 4,
127.1,126.8,126.7,126.3,126.1,126.0,124.1, 123.5,122.9,
121.7,121.5,120.5,120.4,119.9,119.5,118.7, 118.6, 118.0,
117.4,116.4,115.4,114.5, 112.9,109.0, 46.1, 44.9, 24.5

Synthesis Example 20
Synthesis of Compound 9

[0134] Compound 9 was synthesized to obtain a yield of
77% in the same manner as in the synthesis of Compound 1,
except that Intermediate 10 was used instead of Intermediate
7. Compound 9 was evaluated by NMR, and the results
thereof are shown below.

[0135] 'HNMR (CDCl,, 400 MHz) 8 (ppm)-8.16-8.14 (m,
1H), 7.99-7.93 (m, 2H), 7.76-6.93 (m, 27H), 6.43-6.29 (m,
4H), 1.85 (s, 12H)

[0136] '*CNMR (CDCl;, 100 MHz) 8 (ppm)-158.7, 148.6,
148.1,147.1,146.3,145.5,144.7,141.0, 139.6, 138.0, 137.0,
136.9,136.5,135.4,134.8,134.2,134.0,131.8,129.8,129.3,
128.9,128.8,127.7,127.4,127.2,127.1,126.8,126.3,126.1,
117.8,117.7, 117.2, 115.4, 114.5, 112.7, 109.0, 46.1, 44.9,
24.5

Synthesis Example 21
Synthesis of Compound 22

[0137] Compound 22 was synthesized to obtain a yield of
72% in the same manner as in the synthesis of Compound 1,
except that Intermediate 11 was used instead of Intermediate
7. Compound 22 was evaluated by NMR, and the results
thereof are shown below.

[0138] 'HNMR (CDCl,, 400 MHz) & (ppm)-8.16-8.14 (m,
1H), 7.99-7.93 (m, 2H), 7.76-7.63 (m, 10H), 7.56 (dd, 2H),
7.49 (dd, 4H), 7.41-7.07 (m, 15H), 7.00-6.93 (m, 3H), 6.47-
6.43 (m, 4H), 6.32-6.19 (m, 6H), 1.85 (s, 12H) *C NMR
(CDCl;, 100 MHz) § (ppm)-158.7, 148.6, 148.1, 147.1, 146.
8, 145.7, 144.7, 143.8, 141.0, 139.6, 138.0, 137.0, 136.9,
136.5,135.4,134.8,134.2,134.0,131.8,129.8,129.3,128.9,
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128.8,127.8,127.4,127.2,127.1,126.8,126.3,126.1, 121.7,
121.1,120.5,119.9,119.7,119.6,118.7,117.8,117.7, 117.2,
115.4, 114.5, 112.7, 109.0, 46.1, 44.9, 24.5

Synthesis Example 22
Synthesis of Compound 46

[0139] Compound 46 was synthesized to obtain a yield of
75% in the same manner as in the synthesis of Compound 9,
except that Intermediate 13 was used instead of Intermediate
12. Compound 46 was evaluated by NMR, and the results
thereof are shown below.

[0140] 'HNMR (CDCL,, 400 MHz)  (ppm)-8.15 (d, 1H),
7.99-7.91 (m, 3H), 7.80-7.49 (m, 13H), 7.41-7.07 (m, 11H),
7.00-6.93 (m, 3H), 6.43-6.39 (m, 2H), 6.31 (dd, 2H), 1.85 (s,
12H)

[0141] *CNMR (CDCl, 100 MHz) & (ppm)-158.7, 148.6,
148.1,147.1,146.3, 145.5, 144.9, 140.0, 139.6, 138.0, 137.0,
136.9, 136.5,136.1, 135.4, 134.8, 134.2, 134.0, 131.8, 129.5,
129.3,128.9,128.8, 128.2, 127.8, 127.6,127.2, 126.8, 126.7,
126.2,126.1,124.3,122.5,122.3,121.7,121 .4, 121.1, 120.5,
119.9,118.7,118.6,117.8,117.7,117.3,117.2,116.6, 114.5,
112.7,110.2, 105.1, 46.1, 44.9, 24.5

Synthesis Example 23
Synthesis of Compound 60

[0142] Compound 60 was synthesized to obtain a yield of
78% in the same manner as in the synthesis of Compound 9,
except that Intermediate 14 was used instead of Intermediate
12. Compound 60 was evaluated by NMR, and the results
thereof are shown below.

[0143] 'HNMR (CDCL, 400 MHz) § (ppm)-8.16-8.14 (m,
1H), 7.99-7.93 (m, 2H), 7.76-7.52 (m, 10H), 7.41-6.93 (m,
16H), 6.43-6.39 (m, 2H), 6.31 (dd, 2H), 1.85 (s, 12H)
[0144] '*CNMR (CDCl,, 100 MHz)  (ppm)-161.9, 158.7,
155.5,148.6,148.1, 147.1, 146.3, 145.5, 143.8, 140.0, 139.6,
138.0, 137.0, 136.9, 136.5, 136.1, 135.4, 134.8, 134.2, 134.0,
131.8,129.3,128.9, 128.8,127.8, 127.2, 126.8, 126.3, 126.1,
125.5,125.3,121.7,121.1,120.5,120.4,119.9, 119.5, 118.7,
118.6,117.8,117.7,117.2,115.4,114.5,113.8, 113.1, 112.7,
109.0, 46.1, 44.9, 24.5

Synthesis Example 24
Synthesis of Compound 72

[0145] Compound 72 was synthesized to obtain a yield of
81% in the same manner as in the synthesis of Compound 7,
except that Intermediate 15 was used instead of Intermediate
12. Compound 72 was evaluated by NMR, and the results
thereof are shown below.

[0146] 'HNMR (CDCL, 400 MHz) 8 (ppm)-8.50 (dd, 1H),
8.16-8.14 (m, 1H), 7.99-7.93 (m, 2H), 7.85 (dd, 1H), 7.69-6.
93 (m, 26H), 6.64-6.60 (m, 2H), 6.29 (dd, 2H), 6.09 (dd, 1H),
1.85 (s, 12H)

[0147] '3CNMR (CDCl,, 100 MHz) 8 (ppm)-158.7, 150.6,
150.5,150.0, 147.1, 144.1, 140.3, 139.6, 139.3, 138.0, 137.0,
136.9, 136.5,135.4, 134.8,134.0, 131.8,129.3, 128.9, 128.8,
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128.6,127.8,127.6,127.2,126.8, 126.7, 126.3, 126.1, 126.0,
124.1,123.5,122.9,121.7,121.5, 120.5, 120.4, 119.9,119.5,
1187, 109.0, 46.1, 44.9, 24.5

Synthesis Example 25
Synthesis of Compound 74

[0148] Compound 74 was synthesized to obtain a yield of
83% in the same manner as in the synthesis of Compound 9,
except that Intermediate 15 was used instead of Intermediate
12. Compound 74 was evaluated by NMR, and the results
thereof are shown below.

[0149] 'HNMR (CDCl,, 400 MHz) 8 (ppm)-8.16-8.14 (m,
1H), 7.99-7.93 (m, 2H), 7.76-7.53 (m, 10H), 7.41-6.93 (m,
18H), 6.64-6.60 (m, 2H), 6.43-6.39 (m, 2H), 6.31 (dd, 2H),
1.85 (s, 12H)

[0150] '*CNMR (CDCl,, 100 MHz) § (ppm)-158.7, 148.6,
148.1,147.1,146.3, 145.5,144.1, 140.3,139.6, 139.3, 138.0,
137.0,136.9,136.5, 135.4,134.8, 134.2,134.0, 131.8,129.3,
128.9,128.8,127.8,127.2,126.8,126.3,126.1,121.7,121.1,
120.5,119.9,119.5,118.7,118.6,117.8,117.7,117.2,116.8,
115.4,114.5,112.7,109.0, 46.1, 44.9, 24.5

Synthesis Example 26
Synthesis of Compound 83

[0151] Compound 83 was synthesized to obtain a yield of
69% in the same manner as in the synthesis of Compound 1,
except that Intermediate 16 was used instead of Intermediate
12. Compound 83 was evaluated by NMR, and the results
thereof are shown below.

[0152] 'HNMR (CDCl,, 400 MHz) 8 (ppm)-8.16-8.14 (m,
1H), 7.99-7.93 (m, 2H), 7.69-7.56 (m, 10H), 7.49 (d, 4H),
7.37-6.93 (m, 18H), 6.64-6.59 (m, 1H), 6.42 (dd, 1H), 6.31
(dd, 1H), 5.67-5.63 (m, 2H), 1.85 (s, 6H)

[0153] '*CNMR (CDCl;, 100 MHz) 8 (ppm)-159.7, 149.5,
148.1, 147.1,146.5,144.7,144.4,141.0, 140.8, 138.3, 138.0,
137.0,136.5,136.2,135.1,134.5,132.8,129.8,129.4, 128 8,
128.6,127.8,127.4,127.1,126.8,126.3,126.1, 126.0,125.1,
124.0,122.9,122.2,121.7,120.4,119.9,119.5,118.7, 118.6,
117.8, 116.9, 115.4, 114.1, 113.6, 112.7, 109.0, 69.5, 44.9,
24.5

Example 1

[0154] An anode was prepared by cutting a 15 Qcm? (1200
A) ITO Corning™ glass substrate into a size of 50 mmx50
mmx0.7 mm, ultrasonic cleaning the substrate using isopro-
pyl alcohol and pure water for 5 minutes each, and then
irradiating the substrate under UV light for 30 minutes and
exposing it to ozone to clean. The prepared anode was then
installed in a vacuum deposition apparatus.

[0155] 2-TNATA, was vacuum-deposited on the anode to a
thickness of 600 A to form a HIL, and Compound 1 as a hole
transporting compound was vacuum-deposited on the HIL to
a thickness of 300 A to form a HTL.

[0156] A green fluorescent host Alq; and a green fluores-
cent dopant C545T were deposited simultaneously with a
weight ratio of 98:2 on the HTL to form an EML with a
thickness of 300 A.

[0157] Next, Alq; was deposited on the EML to a thickness
0f300 A to form an ETL, and 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 to form a LiF/Al
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electrode (cathode), thereby completing the manufacture of
an organic light emitting device.

[0158] The device had a driving voltage of 6.42 V, a high
emission brightness of 8,303 cd/m?, color coordinates of
(0.310, 0.644), and an emission efficiency of 16.6 cd/A, at a
current density of 50 mA/cm?.

Example 2

[0159] An organic light emitting device was manufactured
in the same manner as in Example 1, except that Compound
6 was used instead of Compound 1 in forming the HTL.
[0160] The device had a driving voltage of 6.28 V, a high
emission brightness of 8,485 cd/m?, color coordinates of
(0.310, 0.643), and an emission efficiency of 17.0 cd/A, at a
current density of 50 mA/cm?.

Example 3

[0161] An organic light emitting device was manufactured
in the same manner as in Example 1, except that Compound
7 was used instead of Compound 1 in forming the HTL.
[0162] The device had a driving voltage of 6.16 V, a high
emission brightness of 8,590 cd/m? color coordinates of
(0.309, 0.642), and an emission efficiency of 17.2 cd/A, at a
current density of 50 mA/cm?.

Example 4

[0163] An organic light emitting device was manufactured
in the same manner as in Example 1, except that Compound
9 was used instead of Compound 1 in forming the HTL.
[0164] The device had a driving voltage of 6.45 V, a high
emission brightness of 7,634 cd/m?, color coordinates of
(0.310, 0.642), and an emission efficiency of 15.3 cd/A, ata
current density of 50 mA/cm®.

Example 5

[0165] An organic light emitting device was manufactured
in the same manner as in Example 1, except that Compound
22 was used instead of Compound 1 in forming the HTL.
[0166] The device had a driving voltage of 6.34 V, a high
emission brightness of 8,036 cd/m?, color coordinates of
(0.309, 0.641), and an emission efficiency of 16.1 cd/A, ata
current density of 50 mA/cm?.

Example 6

[0167] An organic light emitting device was manufactured
in the same manner as in Example 1, except that Compound
46 was used instead of Compound 1 in forming the HTL.
[0168] The device had a driving voltage of 6.39 V, a high
emission brightness of 8,126 c¢d/m?, color coordinates of
(0.310, 0.643), and an emission efficiency of 16.3 cd/A, at a
current density of 50 mA/cm?.

Example 7

[0169] An organic light emitting device was manufactured
in the same manner as in Example 1, except that Compound
60 was used instead of Compound 1 in forming the HTL.

[0170] The device had a driving voltage of 6.29 V, a high
emission brightness of 7,914 cd/m?, color coordinates of
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(0.311, 0.644), and an emission efficiency of 15.8 cd/A, ata
current density of 50 mA/cm?.

Example 8

[0171] An organic light emitting device was manufactured
in the same manner as in Example 1, except that Compound
72 was used instead of Compound 1 in forming the HTL.
[0172] The device had a driving voltage of 6.24 V, a high
emission brightness of 8,393 cd/m?, color coordinates of
(0.309, 0.643), and an emission efficiency of 16.8 cd/A, ata
current density of 50 mA/cm?.

Example 9

[0173] An organic light emitting device was manufactured
in the same manner as in Example 1, except that Compound
74 was used instead of Compound 1 in forming the HTL.
[0174] The device had a driving voltage of 6.30 V, a high
emission brightness of 8,090 cd/m? color coordinates of
(0.309, 0.641), and an emission efficiency of 16.2 cd/A, ata
current density of 50 mA/cm?.

Example 10

[0175] An organic light emitting device was manufactured
in the same manner as in Example 1, except that Compound
83 was used instead of Compound 1 in forming the HTL.
[0176] The device had a driving voltage of 6.34 V, a high
emission brightness of 7,898 cd/m? color coordinates of
(0.310, 0.642), and an emission efficiency of 15.8 cd/A, ata
current density of 50 mA/cm?.

Comparative Example 1

[0177] An organic light emitting device was manufactured
in the same manner as in Example 1, except that 4,4'-bis[N-
(1-naphthyl)-N-phenylamino|biphenyl (NPB) was used
instead of Compound 1 in forming the HTL.

[0178] The device had a driving voltage of 7.45V, a high
emission brightness of 6,102 cd/m?, color coordinates of
(0.309, 0.642), and an emission efficiency of 12.2 cd/A, ata
current density of 50 mA/cm?.

[0179] Each of the organic light emitting devices of
Examples 1 through 10 had a driving voltage of about at least
1V lower than the organic light emitting device of Compara-
tive Example 1, and improved efficiency, as well as excellent
I-V-L characteristics.

[0180] Half life-span values of the organic light emitting
devices of Examples 1, 3, 4, 6, 7, and 9 and Comparative
Example 1 are shown in Table 1 below:

TABLE 1

Hole transporting Half life-span

material (hr @100 mA/cm?)
Example 1 Compound 1 268 hr
Example 3 Compound 7 291 hr
Example 4 Compound 9 258 hr
Example 6 Compound 46 295 hr
Example 7 Compound 60 353 hr
Example 9 Compound 74 321 hr
Comparative NPB 113 hr
Example 1

[0181] Referring to Table 1, it can be seen that the organic

light emitting devices of Examples 1, 3, 4, 6, 7, and 9 have
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improved life-span compared with the organic light emitting
device of Comparative Example 1.

[0182] As described above, the amine-based compound
represented by Formula 1 has excellent electrical properties
and charge transporting capability, and thus is suitable for use
as ahole injecting material, hole transporting material, and/or
a light emitting material of an organic light emitting device.
[0183] While the present invention has been described with
reference to certain exemplary embodiments, it will be under-
stood by those of ordinary skill in the art that various changes
may be made to the described embodiments without depart-
ing from the spirit and scope of the present invention, as
defined in the appended claims and their equivalents.

What is claimed is:
1. An amine-based compound represented by Formula 1,

Formula 1

wherein Ar is a substituted or unsubstituted C4-C,, aryl
group, a substituted or unsubstituted C4-C,, aryloxy
group, a substituted or unsubstituted C,-C,, heteroaryl
group, or a substituted or unsubstituted C,-C,, con-
densed polycyclic group,

R, is hydrogen, a substituted or unsubstituted C,-C,, alky]
group, a substituted or unsubstituted C,-C,, alkoxy
group, a substituted or unsubstituted C4-C,, aryl group,
a substituted or unsubstituted C,-C,, heteroaryl group,
orasubstituted or unsubstituted C,-C,,, condensed poly-
cyclic group,

each of R, and R; is independently hydrogen, a substituted
or unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C4-C,, aryl group, a substituted or unsub-
stituted C,-C,, condensed polycyclic group, fluorine, a
cyano group, or an amino group, and

each of R,, R, Rq, and R, is independently hydrogen, a
substituted or unsubstituted C,-C,, alkyl group, a sub-
stituted or unsubstituted C,-C,,, alkoxy group, or a sub-
stituted or unsubstituted C4-C;, aryl group.

2. The amine-based compound of claim 1, wherein Ar is a
substituted or unsubstituted C4-C, 4 aryl group, or a substi-
tuted or unsubstituted C,-C, ; heteroaryl group.

3. The amine-based compound of claim 1, wherein Ar is a
phenyl group, a biphenyl group, a terphenyl group, anaphthyl
group, a pentalenyl group, an indenyl group, an anthracenyl
group, an azulenyl group, a heptalenyl group, an acenaphth-
ylenyl group, a fluorenyl group, a penanthrenyl group, a triph-
enylenyl group, a naphthacenyl group, a phenalenyl group, a
pyrenyl group, a pentaphenyl group, a hexaphenyl group, a
pyridinyl group, a quinolinyl group, a pyrazinyl group, a
pyrimidinyl group, or a carbazolyl group, each of which may
be unsubstituted or substituted with a halogen atom, a cyano
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group, an amino group, a (C, -C, ; alkyl)amino group, a di(C, -
C,, alkyl)amino group, a (C4-C,, aryl)amino group, a di(Cy-
C,, aryl)amino group, a C,-C,, alkyl group, a C,-C, , alkoxy
group, a C,-C,, aryloxy group, a C4-C,, aryl group, or a
C4-C,, aryl group substituted with a C4-C |, aryl substituent.

4. The amine-based compound of claim 1, wherein Ar is
represented by any of Formulae 2a through 2q:

. Formula 2a
&
—-]Q
(o
. Formula 2b
2NN
| -T—Q
x F
. Q Formula 2¢
TN K
O~
. Q Formula 2d
TN (5"
TN/
. Q Formula 2e
SN\ X
4
<_> < > <\ />
. Formula 2f
™
A /_ Qi
. Formula 2g
2NN
| T-Q
"~ F
Formula 2h
Y i ~
* -1 Q
o Xy F l
N Formula 2i
\ / \
—/ Q
. Formula 2j
\_/ \
—/ Q
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-continued
Formula 2k
Formula 21
Formula 2m
QA Q
|\ X
/
Formula 2n
*\/ /Ql
_ \
Q
Formula 20
AQ1
/X
* 4 —
D
_\Qz
Q Formula 2p
\ 1
/%
*, / —
Ny
_\Qz
Formula 2q

wherein each of Q, and Q, is independently hydrogen,

fluorine, a cyano group, an amino group, a C,-C,, alkyl

group, a C,-C,, alkoxy group, or a C4-C,, aryl group,

and * represents a binding site with the N of Formula 1.

5. The amine-based compound of claim 1, wherein R, is a
substituted or unsubstituted C4-C,, aryl group.

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

phenyl group, a naphthyl group, a pentalenyl group, an inde-

nyl group, an anthracenyl group, an azulenyl group, a heptal-
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enyl group, an acenaphthylenyl group, a fluorenyl group, a
penanthrenyl group, a triphenylenyl group, a naphthacenyl
group, a phenalenyl group, a pyrenyl group, a pentaphenyl
group, or a hexaphenyl group, each of which may be unsub-
stituted or substituted with a halogen atom, a cyano group, an
amino group, a (C, -C, 5 alkyl)amino group, adi(C,-C,, alkyl)
amino group, a (C4-C,, aryl)amino group, a di(C4-C,, aryl)
amino group, a C,-C, , alkyl group, a C,-C, , alkoxy group, a
Cy-C,, aryloxy group, a C4-C,, aryl group, or a C4-C, aryl
group substituted with a C4-C, , aryl substituent.

7. The amine-based compound of claim 1, wherein R isa
phenyl group, a naphthyl group, a halophenyl group, or a
phenyl group substituted with a phenyl substituent.

8. The amine-based compound of claim 1, wherein each of
R, and R; is independently hydrogen, fluorine, a cyano group,
an amino group, a C,-C,, alkyl group, or a C,-C,, alkoxy
group.

9. The amine-based compound of claim 1, wherein each of
R, through R, is independently hydrogen, a C,-C,, alkyl
group, a C,-C,, alkoxy group, or a C4-C, , aryl group.

10. The amine-based compound of claim 1, wherein For-
mula 1 is represented by any one of the following formulae:

a &
SOy

N Q
Salsas NQ
a )
SRASaSAS

H;C CH;

H;C CHj
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-continued
H;C CH;

i

O
O
M‘b

H;C CHs

h‘
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)

OQ
Q

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 amine-based compound according to
claim 1.

12. The organic light emitting device of claim 11, wherein
the organic film comprises a hole injection layer or a hole
transport layer.

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

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 11, wherein
the organic film further comprises a layer selected from the
group consisting of hole injection layers, hole transport lay-
ers, electron blocking layers, emissive layers, hole blocking
layers, electron transport layers, electron injection layers, and
combinations thereof.

16. The organic light emitting device of claim 15, wherein
the organic light emitting device has a first electrode/hole
injection layer/emissive layer/second electrode structure, a
first electrode/hole injection layer/hole transport layer/emis-
sive layer/electron transport layer/second electrode structure,
or a first electrode/hole injection layer/hole transport layer/
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emissive layer/electron transport layer/electron injection trically connected to a source electrode or a drain electrode of
layer/second electrode structure. the thin-film transistor.

17. A flat panel display device comprising the organic light
emitting device of claim 11 and a thin-film transistor, wherein
the first electrode of the organic light emitting device is elec-
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