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PHENANTHROCARBAZOLE COMPOUND,
AND ORGANIC ELECTROLUMINESCENT

DEVICE USING SAME

TECHNICAL FIELD

The present invention relates to a phenanthrocarbazole-
based material for an organic electroluminescent device, hav-
ing a specific structure, and an organic electroluminescent
device comprising the material in one or more organic layers
to improve various properties such as light emitting effi-
ciency, luminance, thermal stability, driving voltage, and life-
time.

BACKGROUND ART

In a study on an organic electroluminescent (EL) device
(hereinafter, referred to as ‘organic EL device’), which has
continued from an organic thin film light emission observa-
tion by Bernanose in 1950 to blue electroluminescence using
an anthracene single crystal in 1965, an organic EL device
having a lamination structure including functional layers of a
hole layer and a light emitting layer was proposed by Tang in
1987. Subsequently, the organic EL, device has been devel-
oped in a form of introduction of a specific organic layer into
a device and a specific material used therein has been devel-
oped in order to manufacture the organic EL device having
high efficiency and long lifetime.

The organic EL device is formed of an ITO (indium tin
oxide) substrate, an anode, a hole injection layer selectively
receiving holes from an anode, a hole transport layer selec-
tively transporting the holes, a light emitting layer emitting
light by re-bonding the holes and the electrons, an electron
transport layer selectively transporting the electrons, an elec-
tron injection layer selectively receiving the electrons from a
cathode, and the cathode. As described above, the reason why
the organic EL device is manufactured to have multilayers is
because moving speeds of the holes and the electrons are
different from each other, and if the appropriate hole injection
layer, hole transport layer, electron transport layer, and elec-
tron injection layer are manufactured, the holes and the elec-
trons can be efficiently transported, and a balance of the holes
and the electrons in the device may be ensured, thus increas-
ing light emitting efficiency. The electrons injected into the
electron injection layer and the holes transported to the hole
injection layer are re-bonded in the light emitting layer to
form an exciton, light emission by falling from a singlet
excited state to a bottom state is called fluorescence and light
emission by falling from a triplet excited state to a bottom
state is called phosphorescence. Theoretically, when carriers
are re-bonded in the light emitting layer to generate the exci-
ton, a ratio of the singlet exciton and the triplet exciton may
become 1:3, and in the case where phosphorescence is used,
internal quantum efficiency may be 100%.

Meanwhile, generally, a carbazole-based compound such
as CBP (4.4-dicarbazolybiphenyl) is used as a phosphores-
cent host material, and a metal complex compound including
heavy atoms such as Ir and Pt is extensively used as a phos-
phorescent dopant material. However, in the case of CBP that
is the currently used phosphorescent host material, there are
problems in that a glass transition temperature (Tg) is about
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110° C., which is low, and lifetime of the organic EL device is
about 150 hours, which is very short, because crystallization
easily occurs in the device.

DISCLOSURE
Technical Problem

The present invention has been made to solve the above-
mentioned problems and intends to provide a material of an
organic light emitting device, having improved various prop-
erties such as light emitting efficiency, luminance, thermal
stability, driving voltage, and lifetime, and an organic EL
device using the material.

Technical Solution

In accordance with a first aspect of the present invention,
there are provided a compound represented by the following
Chemical Formula 1, a compound represented by Chemical
Formula 2, a compound represented by Chemical Formula 3,
a compound represented by Chemical Formula 4, and pref-
erably a phenanthrocarbazole compound-based material for
an organic electroluminescent device.

[Chemical Formula 1]

wherein,

Ar is an aromatic hydrocarbon ring group or an aromatic
amine ring group, and selected from the group consist-
ing of benzene, naphthalene, biphenyl, anthracene,
phenanthrene, pyrene, perylene, triphenylene, and triph-
enyl amine,

R, to R, are each independently selected from the group
consisting of hydrogen, deuterium, a halogen atom, an
alkyl group having 1 to 40 carbon atoms, a hetero-ring
group having 3 to 40 nucleus atoms, an alkoxy group
having 1 to 40 carbon atoms, an aromatic hydrocarbon
group having 6 to 40 nucleus carbon atoms, an aryloxy
group having 6 to 40 carbon atoms, an arylalkyl group
having 7 to 40 carbon atoms, an alkenyl group having 2
to 40 carbon atoms, an alkylamino group having 1 to 40
carbon atoms, an arylamino group having 6 to 40 carbon
atoms, an arylalkylamino group having 7 to 40 carbon
atoms, an alkylsilyl group having 3 to 20 carbon atoms,
an arylsilyl group having 8 to 40 carbon atoms, a
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ketoaryl group having 7 to 40 carbon atoms, a haloge-
nated alkyl group having 1 to 40 carbon atoms, and a
cyano group, and

R, to R, may each independently bind with adjacent sub-
stituents, or the substituents introduced to Ar may each
independently bind with adjacent substituents to form a
saturated or unsaturated ring structure (cyclic structure).

[Chemical Formula 2]

wherein,

Ar, and Ar, may be the same as or different from each
other, and are each independently selected from the
group consisting of benzene, naphthalene, biphenyl,
anthracene, phenanthrene, pyrene, perylene, and triph-
enylene, and Ar; and Ar, may each independently bind
with the adjacent substituents to form a saturated or
unsaturated ring structure,

R, to R, , are the same as definitions of Chemical Formula
1; and

R, to R,, Rs to Ry, Ry to Ry,, and R, 5 to R, may each
independently bind with adjacent substituents, or R,,
and R ; may be bonded to each other to form a saturated
or unsaturated ring structure (cyclic structure).

[Chemical Formula 3]

wherein,

R, to R, are the same as definitions of R, to R, , of Chemi-
cal Formula 1; and

R, to Rg,Rgto Ry5, and Rg to R, , may each independently
bind with adjacent substituents to form a saturated or
unsaturated ring structure (cyclic structure).
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[Chemical Formula 4]

wherein,

R, to R, 5 are each independently the same as definitions of
R, to Ry, of Chemical Formula 1; and

aplurality of Zs are each independent and may be the same
as or different from each other even though a plurality of
Zs are identically represented, and at least one of a
plurality of Zs is a nitrogen atom and others are a carbon
atom.

In accordance with a second aspect of the present inven-
tion, an organic light emitting device comprises: an anode; a
cathode; and one or more organic layers interposed between
the anode and the cathode, wherein at least one of the organic
layers comprises one or more compounds selected from the
group consisting of a compound represented by Chemical
Formula 1, a compound represented by the following Chemi-
cal Formula 2, a compound represented by the following
Chemical Formula 3, and a compound represented by the
following Chemical Formula 4.

In this case, the compounds represented by Chemical For-
mulas 1 to 4 may be used in one or more selected from the
group consisting of a light emitting layer, a hole injection
layer, and a hole transport layer.

Advantageous Effects

In the present invention, various properties such as light
emitting efficiency, luminance, thermal stability, driving volt-
age, and lifetime of an organic electroluminescent device can
be improved by applying a predetermined material for an
organic electroluminescent device having a symmetric or
asymmetric molecular structure to a phosphorescent organic
electroluminescent device, preferably a hole transport layer
material, an electron transport layer material, or a phospho-
rescent light emitting layer, and particularly a green or red
host material.

BEST MODE

The present invention provides a phenanthrocarbazole
compound having a predetermined structure having a
molecular weight that is higher than that of a material for a
known organic light emitting device having a wide energy
band gap [for example, N4,N4'-di(naphthalen-1-y1)-N4,N4'-
diphenylbiphenyl-4,4'-diamine (hereinafter, referred to as
“0-NPB”) and 4,4-dicarbazolybipheny] (hereinafter, referred
to as “CBP”)].

As the molecular weights of compounds represented by
Chemical Formulas 1 to 4 are increased, a glass transition
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temperature (Tg) may be improved to ensure thermal stabil-
ity, thus improving durability and lifetime. Further, a steric
hindrance may occur due to the asymmetric molecular struc-
ture to disturb crystallinity, accordingly, excellent perfor-
mance may be exhibited in terms of lifetime.

In the case where the compound is adopted as a hole trans-
port layer and blue, green and/or red phosphorescent host
material or fluorescent host material of the organic electrolu-
minescent device, performance may be largely improved in
terms of efficiency and lifetime as compared to ¢-NPB and
CBP. Accordingly, the compound according to the present
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invention represented by Chemical Formula 1 and preferably
Chemical Formulas 1 to 4 may largely contribute to improv-
ing performance and lifetime of the organic electrolumines-
cent device, and particularly, improvement in device lifetime
largely affects maximization of performance in a full-color
organic light emitting panel.

The following Chemical Formulas are representative
examples of the compounds represented by Chemical Formu-
las 1 to 4 of the present invention, but the compounds repre-
sented by Chemical Formulas 1 to 4 of the present invention
are not limited to the following examples.
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The compounds represented by Chemical Formulas 1 to 4
of the present invention may be synthesized according to a
general synthesis method (see Chem. Rev., 60:313 (1960); J.
Chem. SOC. 4482 (1955); Chem. Rev. 95: 2457 (1995)). A
detailed synthesis procedure of the compound of the present
invention will be specifically described in Synthetic
Examples as described below.

Another aspect of the present invention relates to an
organic electroluminescent device comprising the compound
represented by Chemical Formulas 1 to 4 according to the
present invention.

Specifically, the present invention is an organic electrolu-
minescent device comprising an anode; a cathode; and one or
more organic layers interposed between the anode and the
cathode, wherein at least one of one or more organic layers
comprises the compound represented by Chemical Formulas
1to 4.

The compounds of Chemical Formula 1 to Chemical For-
mula 4 may be included alone or in combination.

The organic layer comprising the compound represented
by Chemical Formulas 1 to 4 of the present invention may be
one or more of a hole injection layer, a hole transport layer,
and a light emitting layer. Preferably, the compounds repre-
sented by Chemical Formulas 1 to 4 may be included as
materials of the hole injection layer and the hole transport
layer in the organic EL device, and in this case, the organic EL
device may maximize hole injection/transport abilities. Fur-
ther, the compound may be used as the material of the light
emitting layer of the organic EL device to provide improved
efficiency and lifetime.

In the present invention, the light emitting layer may
include a phosphorescent guest material or a fluorescent guest
material. Preferably, the compounds represented by Chemi-
cal Formulas 1 to 4 may be included as the blue, green and/or
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red phosphorescent host, fluorescent host, hole transport
material and/or hole transferring material in the organic elec-
troluminescent device.

Further, the compounds represented by Chemical Formu-
las 1 to 4 according to the present invention have the glass
transition temperature of 150° C. or more. Therefore, in the
case where the compound is used as the organic layer of the
organic electroluminescent device, since occurrence of crys-
tallization in the organic electroluminescent device is mini-
mized, a driving voltage of the device may be reduced, and
light emitting efficiency, luminance, thermal stability, and
lifetime properties may be improved.

A non-limiting example of the organic EL device structure
according to the present invention may be a matter where a
substrate, an anode, a hole injection layer, a hole transport
layer, a light emitting layer, an electron transport layer, and a
cathode are sequentially laminated. In this case, one or more
of the light emitting layer, the hole injection layer, and the
hole transport layer may include the compounds represented
by Chemical Formulas 1 to 4. The electron injection layer
may be positioned on the electron transport layer.

Further, the organic electroluminescent device according
to the present invention, as described above, may have the
structure where the anode, one or more organic layers, and the
cathode are sequentially laminated, and an insulating layer or
an adhesion layer may be interposed at an interface between
the electrode and the organic layer.

In the organic electroluminescent device of the present
invention, the organic layer comprising the compounds of
Chemical Formulas 1 to 4 may be formed by a vacuum
deposition method or a solution coating method. Examples of
the solution coating include spin coating, dip coating, doctor
blading, inkjet printing, a heat transferring method, and the
like, but are not limited thereto.
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The organic electroluminescent device of the present
invention may be manufactured by forming the organic layer
and the electrode by using a material and a method known in
the art, except that one or more organic layers in the device
include the compounds represented by Chemical Formulas 1
to 4 of the present invention.

For example, a silicon wafer, quartz, a glass plate, a metal
plate, a plastic film, a sheet, or the like may be used as the
substrate.

Examples of the anode material include metal such as
vanadium, chrome, copper, zinc, and gold or an alloy thereof;
metal oxides such as zinc oxides, indium oxides, indium tin
oxides (ITO), and indium zinc oxides (IZO); acombination of
metal and oxides such as ZnO:Al or SnO,:Sb; conductive
polymers such as polythiophene, poly(3-methylthiophene),
poly[3,4-(ethylene-1,2-dioxy)thiophene] (PEDT), polypyr-
role, and polyaniline; carbon blacks, and the like, but are not
limited thereto.

Examples of the cathode material include metal such as
magnesium, calcium, sodium, potassium, titanium, indium,
yttrium, lithium, gadolinium, aluminum, silver, tin, or lead or
an alloy thereof; a multilayered structure material such as
LiF/Al or LiO,/Al and the like, but are not limited thereto.

The hole injection layer, the hole transport layer, the elec-
tron transport layer, and the electron injection layer are not
particularly limited, and a general material known in the art
may be used.

MODE FOR THE INVENTION

Hereinafter, the present invention will be described in
detail through the Examples. However, the following
Examples are set forth to illustrate but are not to be construed
to limit the present invention.

Synthetic Example 1

Synthesis of 2-bromo-9H-carbazole

NO,

P(OEt)3
—

17.93 g (64.47 mmol) of 4'-bromo-2-nitrobiphenyl and
56.09 mL (322.37 mmol) of triethyl phosphate were put into
a round bottom flask under nitrogen, and then refluxed and
agitated for 5 hours. After the reaction was finished, the
solvent was removed by distillation, and the column was used
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at a ratio of hexane: MC=3:2 (v/v) to obtain 7.2 g of 2-bromo-
9H-carbazole and 4.26 g of 2-bromo-9-ethyl-9H-carbazole.

2-bromo-9H-carbazole *H NMR: 7.13 (t, 1H), 7.25 (dd,
1H),7.34 (t,1H),7.40 (d, 1H), 7.57(d. 1H), 7.94(d, 1H), 8.02
(d, 1H), 10.42 (s, 1H).

GC-Mass (theoretical value: 244.98 g/mol, measured
value: 245 g/mol).

2-bromo-9-ethylcarbazole ‘H NMR: 1.35 (t, 3H), 4.37 (dd,
2H), 7.17 (t, 1H), 7.28 (dd, 1H), 7.42 (m, 2H), 7.70 (d, 1H),
7.95 (d, 1H), 8.04 (d, 1H).

GC-Mass (theoretical value: 273.02 g/mol, measured
value: 273 g/mol).

Synthetic Example 2

Synthesis of 2-bromo-9-phenylcarbazole

)t
1 N Pd,(dbajs,
NaO(t-Bu)
+ - .
P(t-Bu)s,
Br Toluene

Ty

30.51 g (149.56 mmol) of iodobenzene, 18.32 g (74.78
mmol) of 2-bromo-9H-carbazole, 14.37 g (149.56 mmol) of
sodium t-butoxide, and 1.81 ml (7.48 mmol) of tritertbu-
tylphosphine were dissolved in 300 ml of toluene, and 0.68 g
(0.75 mmol) of Pd,(dba), was added thereto, and refluxed and
agitated for 12 hours. After the reaction was finished, extrac-
tion was performed by dichloromethane, filtering was per-
formed by silica gel, and the column was used at a ratio of
hexane:MC=9:1 (v/v) to obtain 8.99 g of 2-bromo-9-phenyl-
carbazole (yield 37%).

'HNMR: 7.24 (t, 1H), 7.36 (m, 3H), 7.50 (dd, 2H), 7.58 (¢,
2H), 7.65 (t, 2H), 8.06 (d, 1H), 8.13 (d, 1H).

GC-Mass (theoretical value: 321.02 g/mol, measured
value: 321 g/mol).

Synthetic Example 3

Synthesis of 9-ethyl-2-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)carbazole

7y



US 9,017,829 B2

31

-continued

L i
{ﬁ

4.26 g (15.60 mmol) of 2-bromo-9-ethylcarbazole, 5.15 g
(20.28 mmol) of 4,4,4'4',5,55' 5"-octamethyl-2,2'-bi(1,3,2-
dioxaborolane), 3.06 g (31.21 mmol) of potassium acetate,
and 0.25 g (0.31 mmol) of Pd(dppf)Cl, were dissolved in 50
ml of 1,4-dioxane, and then refluxed and agitated for 12
hours. After the reaction was finished, extraction was pet-
formed by dichloromethane, filtering was performed by silica
gel, and the column was used at a ratio of hexane:MC=7:3
(v/v) to obtain 4.8 g of 9-ethyl-2-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)carbazole (yield 96%).

'HNMR: 1.36 (s, 12H), 1.39 (1, 3H), 4.45 (dd, 2H), 7.14 (1,
1H),7.41 (1, 1H), 7.47 (d, 1H),7.60 (d, 1H), 7.90 (s, 1H), 8.07
(dd, 2H).

GC-Mass (theoretical value: 321.19 g/mol, measured
value: 321 g/mol).

Pd(dppf)Cl2 KOAc

1 4-Dioxane

Synthetic Example 4

Synthesis of 9-phenyl-2-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)carbazole

Y
%

Pd(dppf)CLy, KOAc
_—
1,4-Dioxane

G
B<j

8.3 g (25.86 mmol) of 2-bromo-9-phenylcarbazole, 8.54 g
(33.61 mmol) of 4,4,4'4'5,5,5',5"-octamethyl-2,2'-bi(1,3,2-
dioxaborolane), 5.08 g (51.71 mmol) of potassium acetate,
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and 0.42 g (0.52 mmol) of Pd(dpp)CI, were dissolved in 100
ml of 1,4-dioxane, and then refluxed and agitated for 12
hours. After the reaction was finished, extraction was per-
formed by dichloromethane, filtering was performed by silica
gel, and the column was used at a ratio of hexane:MC=7:3
(v/v) to obtain 9.2 g of 9-phenyl-2-(4,4,5,5-tetramethyl-1,3,
2-dioxaborolan-2-yl)carbazole (yield 94%).

'HNMR: 1.31 (s, 12H), 7.23 (t, 1H), 7.36 (m, 2H), 7.49 (z,
1H), 7.58 (dd, 2H), 7.64 (t, 2H), 7.67 (d, 1H), 7.79 (s, 1H),
8.14 (dd, 2H).

GC-Mass (theoretical value: 369.19 g/mol, measured
value: 369 g/mol).

Synthetic Example 5

Synthesis of 2-bromo-3'-methoxybiphenyl

HO\ N /OH

Br Pd(PPhg)s,
NazCO3

+ T ——
Toluene/
B EtOH

i
o
\O
| Br

20.0 g (85.52 mmol) of 1,2-dibromobenzene, 11.70 g
(76.97 mmol) of 3-methoxyphenylboronic acid, 0.99 g (0.86
mmol) of PA(PPh,),, and 18.13 g (171.04 mmol) of sodium
carbonate were put, suspended in 300 ml of toluene and 100
ml of ethanol, and refluxed and agitated for 12 hours. After the
reaction was finished, extraction was performed by dichlo-
romethane, filtering was performed by silica gel, and the
column was used at a ratio of hexane:MC=4:1 (v/v) to obtain
14.12 g of 2-bromo-3'-methoxybiphenyl that was the target
compound (yield 63%).

IH NMR: 3.47 (s, 3H), 6.73 (t, 1H), 7.13 (t, 1H), 7.35 (t,
1H), 7.40 (m, 4H), 7.54 (d, 1H).

GC-Mass (theoretical value: 262.00 g/mol, measured
value: 262 g/mol).

Synthetic Example 6

Synthesis of
9-ethyl-2-(3'-methoxybiphenyl-2-yl)carbazole

I '

Br



US 9,017,829 B2

33

-continued

Pd(PPh3)y, 5
NazCO3

—_—
Toluene/H,O

(¢} 10

/ON/\

3.93 g (15.00 mmol) of 2-bromo-3'-methoxybiphenyl, 5.3
2 (16.50 mmol) of 9-ethyl-2-(4,4.5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)carbazole, and 0.35 g (030 mmol) of
Pd(PPh,), were dissolved in 50 ml of toluene, and 4.77 g
(45.00 mmol) of Na,CO; was put into 25 ml of distilled water
and then refluxed and agitated for 5 hours. After the reaction
was finished, extraction was performed by dichloromethane,
filtering was performedby silica gel, and the column was used
at aratio of hexane:MC=7:3 (v/v) to obtain 3.90 g of 9-ethyl-
2-(3'-methoxybiphenyl-2-yl)carbazole (yield 69%).

'HNMR: 1.17 (t, 3H), 3.48 (s, 3H), 4.23 (dd, 2H), 6.65 (dd,
1H), 6.67 (dd, 2H), 7.03 (m, 2H), 7.11 (t, 1H), 7.21 (s, 1H),
7.36 (1, 1H),7.41 (m,4H),7.54 (dd, 1H), 7.93 (d. 1H), 8.00 (d,
1H).

GC-Mass (theoretical value: 377.18 g/mol, measured
value: 377 g/mol).
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Synthetic Example 7

Synthesis of
10-ethyl-3-methoxy-10H-phenanthro[9,10-b]carbazole

FeCl
—_—
CH;Clh

65
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-continued

3.90 g (10.34 mmol) of 9-ethyl-2-(3'-methoxybiphenyl-2-
yl)carbazole was dissolved in 50 ml of dichloromethane 50
ml, and 3.52 g (21.71 mmol) of FeCl, was slowly put there-
into at normal temperature and agitated for 12 hours. After
agitation, 3.52 g (21.71 mmol) of FeCl; was further put there-
into and agitated for 1 hour. After the reaction was finished,
quenching was performed by distilled water and ethanol, the
organic layer was separated, filtering was performed by silica
gel, and the column was used at a ratio of hexane:MC=7:3
(v/v) to obtain 2.5 g of 10-ethyl-3-methoxy-10H-phenanthro
[9,10-b]carbazole (yield 64%).

"HNMR: 1.51 (t, 3H), 4.00 (s, 3H), 4.61 (dd, 2H), 7.23 (¢,
1H), 7.28 (dd, 1H), 7.48 (m, 2H), 7.61 (m, 2H), 8.12 (d, 1H),
8.32(d, 1H), 8.67 (dd, 1H), 8.69 (s, 1 H), 8.81 (d, 1H), 8.88 (d,
1H), 9.38 (s, 1H).

GC-Mass (theoretical value: 375.16 g/mol, measured
value: 375 g/mol).

Synthetic Example 8

Synthesis of
10-ethyl-10H-phenanthro[9,10-b]carbazol-3-o0l

2.5 g (6.66 mmol) of 10-ethyl-3-methoxy-10H-phenanthro
[9,10-b)]carbazole and 3.85 g (33.32 mmol) of pyridine
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hydrochloride were put into a reaction vessel, and refluxed
and agitated at 220° C. for 2 hours. After the reaction was
finished, distilled water was slowly added, the generated solid
was filtered, and the column was used at a ratio of hexane:
EA=4:1 (v/v) to obtain 2.2 g of 10-ethyl-10H-phenanthro[9,
10-b]carbazol-3-0l that was the target compound (yield
91%).

"HNMR: 1.50 (t, 3H), 4.60 (dd, 2H), 7.15 (dd, 1H), 7.21 (t,
1H), 7.48 (m, 2H), 7.58 (m, 2H), 7.99 (d, 1H), 8.30 (d, 1H),
8.46 (s, 1H), 8.55 (t, 1He), 8.68 (s, 1H), 8.74 (d, 1H), 8.86 (d,
1H), 9.34 (s, 1H).

GC-Mass (theoretical value: 361.15 g/mol, measured
value: 361 g/mol).

Synthetic Example 9

Synthesis of
10-ethyl-10H-phenanthro[9,10-b]carbazol-3-yl
trifluoromethansulfonate

Trifluoromethanesulfonyl
anhydride

Pyridine

2.2 g (6.09 mmol) of 10-ethyl-10H-phenanthro[9,10-b]
carbazol-3-ol and 35 ml of pyridine were put into the reaction
vessel and agitated. 1.23 ml (7.31 mmol) of trifluoromethane-
sulfonyl anhydride was slowly put into the reactant and agi-
tated for 12 hours. After the reaction was finished, pyridine
was removed, washing was performed three times by metha-
nol, hexane/MC recrystallization was performed to obtain
2.69 g of 10-ethyl-10H-phenanthro[9,10-b]carbazol-3-yl tri-
fluoromethanesulfonate that was the target compound (yield
90%).

'"HNMR: 1.47 (t, 3H), 4.62 (dd, 2H), 7.17 (dd, 1H), 7.20 (z,
1H), 7.45 (m, 2H), 7.56 (m, 2H), 7.95 (d, 1H), 8.25 (d, 1H),
8.42 (s, 1H), 8.58 (t, 1H), 8.71 (d, 1H), 8.88 (d, 1H). 9.32 (s,
1H).

GC-Mass (theoretical value: 493.10 g/mol, measured
value: 493 g/mol).

36
Example 1

Synthesis of Inv-35
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Pd(DAc),, K-CO5
I_IN ——

i Binap, Toluene

2.69 g (5.46 mmol) of 10-ethyl-10H-phenanthro[9,10-b]
carbazol-3-yl trifluoromethanesulfonate synthesized in Syn-
thetic Example 9, 2.63 g (8.18 mmol) of dibiphenyl-4-
ylamine, 0.04 g (0.16 mmol) of Pd(OAc),, 0.20 g (0.33
mmol) of Binap, and 1.51 g (10.91 mmol) of K,CO; were put,
suspended in 30 ml of toluene, and refluxed and agitated for
12 hours. After the reaction was finished, extraction was
performed by dichloromethane, filtering was performed by
silica gel, and the column was used at a ratio of hexane:
MC=4:1 (v/v) to obtain 2.83 g of N,N-di(biphenyl-4-y1)-10-
ethyl-10H-phenanthro[9,10-b]carbazol-3-amine that was the
target compound (yield 78%).

'"H NMR: 1.48 (t, 3H), 4.61 (dd, 2H), 6.57 (dd, 4H), 7.16
(dd, 1H), 7.19 (t, 1H), 7.46 (m, 12H), 7.55 (m, 2H), 7.78 (dd,
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4H),7.93 (d, 1H),8.21 (d, 1H), 8.44 (s, 1H), 8.56 (1, 1H), 8.73
(d, 1H), 8.85 (d, 1H), 9.17 (s, 1H).
GC-Mass (theoretical value: 664.29 g/mol, measured
value: 664 g/mol).

Example 2

Synthesis of Inv-1

OH
| Pd(PPhy)s,
B N3.2C03

B
Toluene/H,O

10
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10.0 g (20.28 mmol) of 10-ethyl-10H-phenanthro[9,10-b]
carbazol-3-yl trifluoromethanesulfonate synthesized in Syn-
thetic Example 9, 3.71 g (30.42 mmol) of phenylboronic acid,
and 0.23 g (0.20 mmol) of Pd(PPh,), were dissolved in 150
ml of toluene, and 4.30 g (40.56 mmol) of Na,CO; was put
into 50 ml of distilled water, and then refluxed and agitated for
5 hours. After the reaction was finished, extraction was per-
formed by dichloromethane, filtering was performed by silica
gel, and the column was used at a ratio of Hexane:MC=7:3
(v/v) to obtain 5.81 g of 10-ethyl-3-phenyl-10H-phenanthro
[9,10-b]carbazole (yield 68%).

'HNMR: 1.45 (1, 3H), 4.63 (dd, 2H), 7.16 (dd, 1H), 7.22 (1,
1H), 7.45 (m, SH), 7.55 (m, 2H), 7.79 (dd, 2H), 7.98 (d, 1H),
8.21 (d, 1H), 8.41 (s, 1H), 8.59 (t, 1H), 8.68 (d, 1H), 8.89 (d,
1H), 9.31 (s, 1H).

GC-Mass (theoretical value: 421.18 g/mol, measured
value: 421 g/mol).

Example 3
Synthesis of Inv-6
Synthesis was performed by the same method as Example
210 obtain 6.96 g of Inv-6 that was the target compound (yield

69%), except that 6.03 g (30.42 mmol) of biphenyl-3-ylbo-
ronic acid was put thereinto.
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"HNMR: 1.46 (t, 31), 4.64 (dd, 2F1), 7.18 (dd, 1), 7.23 (¢,
1H), 7.46 (m, 8H), 7.56 (m, 2H), 7.80 (dd, 3H), 7.99 (d, 1H),
8.22(d, 1H), 8.43 (s, 1H), 8.61 (t, 1H), 8.67 (d, 1H), 8.88 (d,
1H), 9.33 (s, 1H).
GC-Mass (theoretical value: 497.21 g/mol, measured
value: 497 g/mol).

Example 4
Synthesis of Inv-12

Synthesis was performed by the same method as Example
2 to obtain 8.32 g of Inv-12 that was the target compound
(yield 70%), except that 11.23 g (30.42 mmol) of 9-phenyl-
3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)carbazole
was put thereinto.

'H NMR: 1.46 (t, 3H), 4.63 (dd, 2H), 7.16 (dd, 1H), 7.21
(m, 3H), 7.46 (m, 10H), 7.61 (m, 3H), 7.96 (d, 1H), 8.23 (m,
2H), 8.43 (s, 11-1), 8.59 (t, 1H), 8.70 (d, 1H), 8.90 (d, 1H),
9.28 (s, 1H).

GC-Mass (theoretical value: 586.24 g/mol, measured
value: 586 g/mol).

Example 5
Synthesis of Inv-17

Synthesis was performed by the same method as Example
2 to obtain 8.32 g of Inv-12 that was the target compound
(yield 70%), except that 11.23 g (30.42 mmol) of N,N-diphe-
nyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline
was put thereinto.

"HNMR: 1.46 (t, 3H), 4.62 (dd, 2H), 6.51 (m, 5H), 6.65 (d,
1H), 6.89 (t, 1H), 7.03 (m, 7H), 7.16 (dd, 1H), 7.20 (t, 1H),
7.42 (m,2H),7.58 (m, 2H), 7.98 (d, 1H),8.21 (d, 1H), 8.40 (s,
1H), 8.59 (t, 1H), 8.73 (d, 1H), 8.92 (d, 1H), 9.29 (s, 1H).

GC-Mass (theoretical value: 588.26 g/mol, measured
value: 588 g/mol).

Example 6
Synthesis of Inv-23

Synthesis was performed by the same method as Example
2 to obtain 7.79 g of Tnv-23 that was the target compound
(vield 59%), except that 13.21 g (30.42 mmol) of 2,4-diphe-
nyl-6-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phe-
nyl)pyrimidine was put thereinto.

"HNMR: 1.46 (t, 3H), 4.61 (dd, 2H), 7.18 (dd, 1H), 7.21 (,
1H), 7.44 (m, 11H), 7.55 (m, 2H), 7.71 (m, 3H), 7.96 (d, 1H),
8.26 (m, 4H), 8.43 (s, 1H), 8.57 (t, 1H), 8.73 (d, 1H), 8.89 (d,
1H), 9.34 (s, 1H).

GC-Mass (theoretical value: 651.27 g/mol, measured
value: 651 g/mol).

Example 7
Synthesis of Inv-46

Synthesis was performed by the same method as Example
2 to obtain 6.65 g of Inv-46 that was the target compound
(yield 66%), except that 10.0 g (18.48 mmol) of 10-phenyl-
10H-phenanthro[9,10-b]carbazol-3-yl  trifluoromethane-
sulfonate obtained by synthesizing the material synthesized
in Synthetic Example 4 by using the same method as Syn-
thetic Examples 6 to 9 and 6.03 g (27.72 mmol) of biphenyl-
3-ylboronic acid were put thereinto.
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"M NMR 7.15 (dd, 1H), 7.26 (m, 3H), 7.45 (m, 8H), 7.55
(m, 5H), 7.79 (dd, 3H), 7.97 (d, 1H), 8.21 (d, 1H), 8.45 (s,
1H), 8.60 (t, 1H), 8.69 (d, 1H), 8.89 (d, 1H), 9.31 (s, 1H).
GC-Mass (theoretical value: 54521 g/mol, measured
value: 545 g/mol).

Examiple 8
Synthesis of Inv-52

Synthesis was performed by the same method as Example
2 to obtain 8.20 g of Inv-52 that was the target compound
(vield 70%), except that 10.0 g (18.48 mmol) of 10-phenyl-
10H-phenanthro[9,10-b]carbazol-3-yl  trifluoromethane-
sulfonate obtained by synthesizing the material synthesized
in Synthetic Example 4 by using the same method as Syn-
thetic Examples 6 to 9 and 10.23 g (27.72 mmol) of 9-phenyl-
3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)carbazole
were put thereinto.

'"HNMR: 7.17 (dd, 1H), 7.26 (m, 5H), 7.46 (m, 10H), 7.60
(m, 6H),7.95(d, 1H), 8.22 (m, 2H), 8.42 (s, 1H), 8.61 (t, 1H),
8.75 (d, 1H), 8.91 (d, 1H), 9.29 (s, 1H).

GC-Mass (theoretical value: 634.24 g/mol, measured
value: 634 g/mol).

Example 9
Synthesis of Inv-63

Synthesis was performed by the same method as Example
2 to obtain 8.40 g of Inv-63 that was the target compound
(vield 65%), except that 10.0 g (18.48 mmol) of 10-phenyl-
10H-phenanthro[9,10-b]carbazol-3-yl trifluoromethane-
sulfonate obtained by synthesizing the material synthesized
in Synthetic Example 4 by using the same method as Syn-
thetic Examples 6 to 9 and 12.04 g (27.72 mmol) of 2,4-
diphenyl-6-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)
phenyl)pyrimidine were put thereinto.

'HNMR: 7.17 (dd, 1H), 7.26 (m, 3H), 7.42 (m, 11H), 7.55
(m, 5H), 7.76 (m, 3H), 7.98 (d, 1H), 8.21 (m, 4H), 8.44 (s,
1H), 8.59 (t, 1H), 8.74 (d, 1H), 8.90 (d, 1H), 9.26 (s, 1H).

GC-Mass (theoretical value: 699.27 g/mol, measured
value: 699 g/mol).

Example 10
Synthesis of Inv-72

Synthesis was performed by the same method as Example
1 to obtain 8.66 g of Inv-72 that was the target compound
(vield 71%), except that 10.0 g (18.48 mmol) of 10-phenyl-
10H-phenanthro[9,10-b]carbazol-3-yl  trifluoromethane-
sulfonate obtained by synthesizing the material synthesized
in Synthetic Example 4 by using the same method as Syn-
thetic Examples 6 to 9 and 7.46 g (27.72 mmol) of dinaph-
thalen-1-ylamine were put thereinto.

'H NMR: 6.61 (d, 2H), 7.17 (dd, 1H), 7.25 (m, 7H), 7.44
(m, 6H), 7.57 (m, 7H), 7.96 (d, 1H), 8.21 (m, 3H), 8.44 (s,
1H), 8.56 (t, 1H), 8.69 (d, 1H), 8.85 (d, 1H), 9.35 (s, IH).

GC-Mass (theoretical value: 660.26 g/mol, measured
value: 660 g/mol).

Example 11
Synthesis of Inv-75

Synthesis was performed by the same method as Example
1 to obtain 9.21 g of Inv-75 that was the target compound
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(vield 70%), except that 10.0 g (18.48 mmol) of 10-phenyl-
10H-phenanthro[9,10-b]carbazol-3-yl trifluoromethane-
sulfonate obtained by synthesizing the material synthesized
in Synthetic Example 4 by using the same method as Syn-
thetic Examples 6 to 9 and 8.76 g (27.72 mmol) of dibiphenyl-
4-ylamine were put thereinto.

"HNMR: 6.59 (dd, 4H), 7.17 (dd, 1H), 7.26 (m, 3H), 7.45
(m, 12H), 7.55 (m, 5H), 7.77 (dd, 4H), 7.94 (d, 1H), 8.23 (d,
1H), 8.42 (s, 1H), 8.57 (t, 1H),8.71 (d, 1H). 8.86 (d, 1H), 9.19
(s, 1H).

GC-Mass (theoretical value: 712.29 g/mol, measured
value: 712 g/mol).

Example 12
Synthesis of Inv-80

Synthesis was performed by the same method as Example
1 to obtain 14.18 g of Inv-80 that was the target compound
(yield 68%), except that 10.0 g (18.48 mmol) of 10-phenyl-
10H-phenanthro[9,10-b]carbazol-3-yl  trifluoromethane-
sulfonate obtained by synthesizing the material synthesized
in Synthetic Example 4 by using the same method as Syn-
thetic Examples 6 to 9 and 10.01 g (27.72 mmol) of N-(bi-
phenyl-4-y1)-9,9-dimethyl-9H-fluoren-2-amine were put
thereinto.

"HNMR: 1.58 (s, 6H), 6.53 (dd, 4H), 7.16 (dd, 1H), 7.25
(m, 3H), 7.44 (m, 10H), 7.54 (m, 5H), 7.78 (m, 4H), 7.95 (d,
1H), 8.21(d, 1H), 8.43 (s, 1H),8.55 (t, 1H). 8.72 (d, 1H), 8.89
(d, 1H), 9.17 (s, 1H).

GC-Mass (theoretical value: 752.32 g/mol, measured
value: 752 g/mol).

Examples 13 to 17

Manufacturing and Evaluation of the Organic EL
Device

The glass substrate on which ITO (Indium tin oxide) was
applied in a thin film in a thickness of 1500 A was subjected
to ultrasonic wave washing by distilled water. After the wash-
ing by distilled water was finished, the substrate was sub-
jected to the ultrasonic wave washing by the solvent such as
isopropyl alcohol, acetone, and methanol, dried, transported
to the plasma washing machine, washed by using the oxygen
plasma for 5 min, and transported to the vacuum deposition
machine.

After NPB (40 nm)/Inv+10% Ir(ppy); (20 nm)/BCP (10
nm)/Alg; (40 nm)/LiF (1 nm)/Al were sequentially consti-
tuted on the ITO transparent electrode prepared as described
above to form the light emitting device, light emitting prop-
erties thereof were evaluated, and the results thereof are
described in the following Table 1. Herein, the compounds
applied to Inv are described in the following Table 1.

Examples 18 to 24

Manufacturing and Evaluation of the Organic EL
Device

The glass substrate on which ITO (Indium tin oxide) was
applied in a thin film in a thickness of 1500 A was subjected
to ultrasonic wave washing by distilled water. After the wash-
ing by distilled water was finished, the substrate was sub-
jected to the ultrasonic wave washing by the solvent such as
isopropyl alcohol, acetone, and methanol, dried, transported
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to the plasma washing machine, washed by using the oxygen
plasma for 5 min, and transported to the vacuum deposition
machine.

After Inv (40 nm)/CBP+10% Ir(ppy); (20 nm)/BCP (10
nm)/Alg; (40 nm)/LiF (1 nm)/Al were sequentially consti-
tuted on the ITO transparent electrode prepared as described
above to form the light emitting device, light emitting prop-
erties thereof were evaluated, and the results thereof are
described in the following Table 2. Herein, the compounds
applied to Inv are described in the following Table 2.

Comparative Example 1

After NPB (40 nm)/CBP+10% Ir(ppy); (20 nm)/BCP (10
nm)/Alg; (40 nm)/LiF (1 nm)/Al were sequentially consti-
tuted on the electrode prepared in Examples 13 to 24 to form
the light emitting device, light emitting properties thereof
were evaluated by the same method as Example 1.

For reference, the structures of NPB, CBP, Ir(ppy),, and
BCP are as follows.

NPB
~ )
CBP
0]
SN
= |N "o
AN

BCP
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TABLE 1

Voltage Luminance Efficiency
V) (cd/m2)  Color (cd/A)
Inv-1 (Example 13) 6.43 212 Green 21.2
Inv-6 (Example 14) 6.03 265 Green 26.5
Inv-23 (Example 15) 5.65 325 Green 325
Inv-46 (Example 16) 6.01 273 Green 273
Inv-63 (Example 17) 5.54 336 Green 33.6
Comparative Example 1 7.94 174 Green 174
TABLE 2
Luminance Efficiency
Voltage (V) (cd/m2)  Color (cd/A)
Inv-12 (Example 18) 6.13 1835 Green 18.5
Inv-17 (Example 19) 6.35 179 Green 17.9
Inv-35 (Example 20) 5.86 204 Green 204
Inv-52 (Example 21) 6.02 187 Green 18.7
Inv-72 (Example 22) 5.98 199 Green 19.9
Inv-75 (Example 23) 5.64 235 Green 235
Tnv-80 (Example 24) 571 213 Green 21.3
Comparative 7.94 174 Green 174
Example 1

From the test results, it could be confirmed that the organic
light emitting device of Examples 13 to 24 adopting the
phenanthrocarbazole-based compound according to the
present invention exhibited largely better performance in
terms of voltage and efficiency as compared to the known
organic light emitting device of Comparative Example 1
adopting CBP (see Tables 1 to 2).

While this invention has been described in connection with
what is presently considered to be practical exemplary
embodiments, it is to be understood that the invention is not
limited to the disclosed embodiments, but, on the contrary, is
intended to cover various modifications and equivalent
arrangerments included within the spirit and scope of the
appended claims.

The invention claimed is:
1. A material for an organic electroluminescent device
represented by the following Chemical Formula 1:

[Chemical Formula 1]

wherein,

Ar is an aromatic hydrocarbon ring group or an aromatic
amine ring group, and selected from the group consist-
ing of benzene, naphthalene, biphenyl, anthracene,
phenanthrene, pyrene, perylene, triphenylene, and triph-
enyl amine,

R, to R,, are each independently selected from the group
consisting of hydrogen, deuterium, a halogen atom, an
alkyl group having 1 to 40 carbon atoms, a hetero-ring
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group having 3 to 40 nucleus atoms, an alkoxy group
having 1 to 40 carbon atoms, an aromatic hydrocarbon
group having 6 to 40 nucleus carbon atoms, an aryloxy
group having 6 to 40 carbon atoms, an arylalkyl group
having 7 to 40 carbon atoms, an alkenyl group having 2
to 40 carbon atoms, an alkylamino group having 1 to 40
carbon atoms, an arylamino group having 6 to 40 carbon
atoms, an arylalkylamino group having 7 to 40 carbon
atoms, an alkylsilyl group having 3 to 20 carbon atoms,
an arylsilyl group having 8 to 40 carbon atoms, a
ketoaryl group having 7 to 40 carbon atoms, a haloge-
nated alkyl group having 1 to 40 carbon atoms, and a
cyano group,

R, to R, may each independently bind with adjacent sub-
stituents, or the substituents introduced to Ar may each
independently bind with adjacent substituents to form a
saturated or unsaturated ring structure.

2. A material for an organic electroluminescent device

represented by the following Chemical Formula 2:

[Chemical Formula 2]

Rp

wherein,

Ar, and Ar, may be the same as or different from each
other, and are each independently selected from the
group consisting of benzene, naphthalene, biphenyl,
anthracene, phenanthrene, pyrene, perylene, and triph-

10

15

20

25

30

35

40

enylene, and in Ar, and Ar,, the adjacent substituents 45

may be bonded to each other to form a saturated or
unsaturated ring structure,

R, to R, are each independently selected from the group
consisting of hydrogen, deuterium, a halogen atom, an
alkyl group having 1 to 40 carbon atoms, a hetero-ring
group having 3 to 40 nucleus atoms, an alkoxy group
having 1 to 40 carbon atoms, an aromatic hydrocarbon
group having 6 to 40 nucleus carbon atoms, an aryloxy
group having 6 to 40 carbon atoms, an arylalkyl group
having 7 to 40 carbon atoms, an alkenyl group having 2
to 40 carbon atoms, an alkylamino group having 1 to 40
carbon atoms, an arylamino group having 6 to 40 carbon
atoms, an arylalkylamino group having 7 to 40 carbon
atoms, an alkylsilyl group having 3 to 20 carbon atoms,
an arylsilyl group having 8 to 40 carbon atoms, a
ketoaryl group having 7 to 40 carbon atoms, a haloge-
nated alkyl group having 1 to 40 carbon atoms, and a
cyano group, and

R, toR,, Rs to Ry, Ry to Ry5, and R, 5 to R, may each
independently bind with adjacent substituents, or R,
and R ; may be bonded to each other to form a saturated
or unsaturated ring structure.

50

55

60

65

44

3. A material for an organic electroluminescent device

represented by the following Chemical Formula 3:

[Chemical Formula 3]

wherein,

R, to R19 are each independently selected from the group
consisting of hydrogen, deuterium, a halogen atom, an
alkyl group having 1 to 40 carbon atoms, a hetero-ring
group having 3 to 40 nucleus atoms, an alkoxy group
having 1 to 40 carbon atoms, an aromatic hydrocarbon
group having 6 to 40 nucleus carbon atoms, an aryloxy
group having 6 to 40 carbon atoms, an arylalkyl group
having 7 to 40 carbon atoms, an alkenyl group having 2
to 40 carbon atoms, an alkylamino group having 1 to 40
carbon atoms, an arylamino group having 6 to 40 carbon
atoms, an arylalkylamino group having 7 to 40 carbon
atoms, an alkylsilyl group having 3 to 20 carbon atoms,
an arylsilyl group having 8 to 40 carbon atoms, a
ketoaryl group having 7 to 40 carbon atoms, a haloge-
nated alkyl group having 1 to 40 carbon atoms, and a
cyano group, and

R, t0Rg, Ry to Ry 5, and R to R, may each independently
bind with adjacent substituents to form a saturated or
unsaturated ring structure.

4. A material for an organic electroluminescent device

represented by the following Chemical Formula 4:

[Chemical Formula 4]

wherein,
R, to R, 5 are each independently selected from the group
consisting of hydrogen, deuterium, a halogen atom, an
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alkyl group having 1 to 40 carbon atoms, a hetero-ring
group having 3 to 40 nucleus atoms, an alkoxy group
having 1 to 40 carbon atoms, an aromatic hydrocarbon
group having 6 to 40 nucleus carbon atoms, an aryloxy
group having 6 to 40 carbon atoms, an arylalkyl group
having 7 to 40 carbon atoms, an alkenyl group having 2
to 40 carbon atoms, an alkylamino group having 1 to 40
carbon atoms, an arylamino group having 6 to 40 carbon
atoms, an arylalkylamino group having 7 to 40 carbon
atoms, an alkylsilyl group having 3 to 20 carbon atoms,
an arylsilyl group having 8 to 40 carbon atoms, a
ketoaryl group having 7 to 40 carbon atoms, a haloge-
nated alkyl group having 1 to 40 carbon atoms, and a
cyano group, and

aplurality of Zs are each independent and may be the same
as or different from each other even though the plurality
of Zs are identically represented, and at least one of the
plurality of Zs is a nitrogen atom and others are a carbon
atom.

5. An organic light emitting device comprising:

an anode;

a cathode; and

one or more organic layers interposed between the anode
and the cathode,

wherein at least one of the organic layers comprises one or
more compounds selected from the group consisting of
acompound represented by the following Chemical For-
mula 1, a compound represented by the following
Chemical Formula 2, a compound represented by the
following Chemical Formula 3, and a compound repre-
sented by the following Chemical Formula 4:

[Chemical Formula 1]

wherein,

Ar is an aromatic hydrocarbon ring group or an aromatic
amine ring group, and selected from the group consist-
ing of benzene, naphthalene, biphenyl, anthracene,
phenanthrene, pyrene, perylene, triphenylene, and triph-
enyl amine;

R, to R,, are each independently selected from the group
consisting of hydrogen, deuterium, a halogen atom, an
alkyl group having 1 to 40 carbon atoms, a hetero-ring
group having 3 to 40 nucleus atoms, an alkoxy group
having 1 to 40 carbon atoms, an aromatic hydrocarbon
group having 6 to 40 nucleus carbon atoms, an aryloxy
group having 6 to 40 carbon atoms, an arylalkyl group
having 7 to 40 carbon atoms, an alkenyl group having 2
to 40 carbon atoms, an alkylamino group having 1 to 40
carbon atoms, an arylamino group having 6 to 40 carbon
atoms, an arylalkylamino group having 7 to 40 carbon
atoms, an alkylsilyl group having 3 to 20 carbon atoms,
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an arylsilyl group having 8 to 40 carbon atoms, a
ketoaryl group having 7 to 40 carbon atoms, a haloge-
nated alkyl group having 1 to 40 carbon atoms, and a
cyano group, and

R, to R,, may each independently bind with adjacent sub-
stituents, or the substituents introduced to Ar may each
independently bind with adjacent substituents to form a
saturated or unsaturated ring structure;

[Chemical Formula 2]

wherein,

Ar, and Ar, may be the same as or different from each
other, and are each independently selected from the
group consisting of benzene, naphthalene, biphenyl,
anthracene, phenanthrene, pyrene, perylene, and triph-
enylene, and Ar, and Ar, may each independently bind
with the adjacent substituents to form a saturated or
unsaturated ring structure,

R, to R, are the same as definitions of Chemical Formula

R, to R,, R5 to Rg, Ry to Ry,, and R 5 to R, may each
independently bind with adjacent substituents, or R,
and R ; may be bonded to each other to form a saturated
or unsaturated ring structure;

[Chemical Formula 3]

wherein,

R, to R, are the same as definitions of R, to R, of Chemi-
cal Formula 1;

R;t0Rg, Rgto Ry 5, and Rq to R, may each independently
bind with adjacent substituents to form a saturated or
unsaturated ring structure;
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[Chemical Formula 4]

7—7
V3 10
AY
R =7
15

wherein,

R, toR,; are the same as definitions of R to R, , of Chemi- 5

cal Formula 1; and

aplurality of Zs are each independent and may be the same

as or different from each other even though the plurality
of Zs are identically represented, and at least one of the
plurality of Zs is a nitrogen atom and others are a carbon
atom.

6. The organic light emitting device of claim 5, wherein the
compound is included in one or more organic layers selected
from the group consisting of a light emitting layer, a hole
injection layer, and a hole transport layer.
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[Chemical Formula 1]




