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1
ORGANIC ELECTROLUMINESCENT
COMPOUNDS AND ORGANIC
ELECTROLUMINESCENT DEVICE
COMPRISING THE SAME

TECHNICAL FIELD

The present invention relates to novel organic electrolu-
minescent compounds and an organic electroluminescent
device comprising the same.

BACKGROUND ART

An electroluminescent (EL) device is a self-light-emitting
device with the advantages of providing a wider viewing
angle, a greater contrast ratio, and a faster response time.
The first organic EL device was developed by Eastman
Kodak, by using small aromatic diamine molecules and
aluminum complexes as materials for forming a light-
emitting layer (see Appl. Phys. Lett. 51, 913, 1987).

An organic EL device changes electric energy into light
by the application of electric current to an organic light-
emitting material, and commonly comprises an anode, a
cathode, and an organic layer formed between the two
electrodes. The organic layer of the organic EL device may
be composed of a hole injection layer (HIL), a hole transport
layer (HTL), an electron blocking layer (EBL), a light-
emitting layer (EML) (containing host and dopant materi-
als), an electron buffer layer, a hole blocking layer (HBL),
an electron transport layer (ETL), an electron injection layer
(FIL), etc.; the materials used in the organic layer can be
classified into a hole injection material, a hole transport
material, an electron blocking material, a light-emitting
material, an electron buffer material, a hole blocking mate-
rial, an electron transport material, an electron injection
material, etc., depending on functions. In the organic EL
device, holes from an anode and electrons from a cathode
are injected into a light-emitting layer by the application of
electric voltage, and an exciton having high energy is
produced by the recombination of holes and electrons. The
organic light-emitting compound moves into an excited state
by the energy and emits light from energy when the organic
light-emitting compound returns to the ground state from the
excited state.

The most important factor determining luminous effi-
ciency in an organic EL device is light-emitting materials.
The light-emitting materials are required to have the fol-
lowing features: high quantum efficiency, high movement
degree of an electron and a hole, and formability of a
uniform and stable layer. The light-emitting materials are
classified into blue light-emitting materials, green light-
emitting materials, and red light-emitting materials accord-
ing to the light-emitting color, and further include yellow
light-emitting materials or orange light-emitting materials.
Furthermore, the light-emitting material is classified into a
host material and a dopant material in a functional aspect.
Recently, an urgent task is the development of an organic EL
device having high efficiency and long lifespan. In particu-
lar, the development of highly excellent light-emitting mate-
rial compared to conventional light-emitting materials is
urgently required considering the EL properties necessary
for medium- and large-sized OLED panels. For this, pref-
erably, as a solvent in a solid state and an energy transmitter,
a host material should have high purity and a suitable
molecular weight in order to be deposited under vacuum.
Furthermore, a host material is required to have high glass
transition temperature and pyrolysis temperature for guar-
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anteeing thermal stability, high electrochemical stability for
long lifespan, easy formability of an amorphous thin film,
good adhesion with adjacent layers, and no movement
between layers.

Until now, Iridium(IlT) complexes have been widely
known as phosphorescent materials, including bis(2-(2'-
benzothienyl)-pyridinato-N,C3"iridium(acetylacetonate)
((acac)lr(btp),). tris(2-phenylpyridine)iridium (Ir(ppy);),
and  bis(4,6-difluorophenylpyridinato-N,C2)picolinatoir-
idium (Firpic) as red, green, and blue light-emitting mate-
rials, respectively.

A mixed system of dopant/host materials can be used as
light-emitting materials to improve color purity, luminous
efficiency, and stability. If the dopant/host material system is
used, the selection of the host materials is important since
the host materials greatly influence the efficiency and per-
formance of a light-emitting device. In conventional tech-
nique, 4,4'-N,N'-dicarbazol-biphenyl (CBP) is the most
widely known phosphorescent host material. Pioneer (Ja-
pan) et al., currently developed a high performance organic
EL device by employing bathocuproine (BCP), aluminum
419) bis(2-methyl-8-quinolinato)(4-phenylphenolate)
(BAlg), etc., which were used in a hole blocking layer, as
host materials.

Although these phosphorescent host materials provide
good light-emitting characteristics, they have the following
disadvantages: (1) Due to their low glass transition tempera-
tures and poor thermal stability, their degradation may occur
during a high-temperature deposition process in a vacuum.
(2) The power efliciency of an organic EL device is given by
[(mw/voltage)xcurrent efficiency], and the power efficiency is
inversely proportional to voltage. An organic EL device
comprising phosphorescent host materials provides higher
current efficiency (cd/A) and has a higher driving voltage
than one comprising fluorescent host materials. Thus, the
organic EL device using conventional phosphorescent host
materials has no advantage in terms of power efliciency
(Im/W). (3) Furthermore, the operating lifespan and lumi-
nous efficiency of the organic EL device are not satisfactory.

Thus, in order to embody excellent properties of the
organic EL device, materials constituting the organic layers
in the device, in particular host or dopant materials consti-
tuting a light-emitting material, should be suitably selected.
In this regard, Korean Patent Application Laying-open Nos.
10-2012-0087935 and 10-2012-0095997 disclose fused het-
erocyclic compounds used as a matrix material, a hole
transport or an electron blocking material, an exciton block-
ing material, or an electron transport or a hole blocking
material of a phosphorescent OLED. In addition, U.S. Patent
Application Laying-open No. 2011-0303901 discloses
indole-quinoline derivatives used as a host or dopant mate-
rial, a hole transport material, an electron transport material,
a hole blocking material, an electron blocking material, a
hole injection material, or an electron injection material.
However, the organic EL devices comprising the compounds
recited in the above publications still do not satisfy power
efficiency, luminous efficiency, lifespan, etc. Thus, the pres-
ent inventors have tried to find organic electroluminescent
compounds that can provide an organic EL device with
properties superior to the compounds recited in the above
publications and have found compounds providing a device
with high luminous efficiency and excellent device proper-
ties.
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DISCLOSURE OF THE INVENTION

Problems to be Solved

The object of the present invention is to provide organic
electroluminescent compounds which can provide an
organic EL device with long lifespan and improved lumi-
nous efficiency.

Solution to Problems
The present inventors found that the above objective can

be achieved by a compound represented by the following
formula 1 or 2:

M

Rl Rll
Rio
Ry
g¢d
/\V/ _ Ry
Ry =
X
Y\ /
Rs
Rg
R¢

@

Ry

wherein

X and Y each independently represent —CR ;— or
—N—, with the proviso that X and Y do not simultaneously
represent —CR,;—;

W and V each independently represent a single bond, 0 or
S; and

R, to R}; each independently represent hydrogen, deute-
rium, a halogen, a cyano group, a substituted or unsubsti-
tuted (C1-C30)alkyl group, a substituted or unsubstituted
(C6-C30)aryl group, a substituted or unsubstituted 3- to
30-membered heteroaryl group, a substituted or unsubsti-
tuted (C3-C30)cycloalkyl group, a substituted or unsubsti-
tuted (C1-C30)alkoxy group, a substituted or unsubstituted
tri(C1-C30)alkylsilyl group, a substituted or unsubstituted
di(C1-C30)alkyl(C6-C30)arylsilyl group, a substituted or
unsubstituted (C1-C30)alkyldi(C6-C30)arylsilyl group, a
substituted or unsubstituted tri(C6-C30)arylsilyl group, a
substituted or unsubstituted mono- or di(C1-C30)alky-
lamino group, a substituted or unsubstituted mono- or di(C6-
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C30)arylamino group, or a substituted or unsubstituted
(C1-C30)alkyl(C6-C30)arylamino group; or are linked to an
adjacent substituent(s) to form a substituted or unsubstituted
mono- or polycyclic (C3-C30) alicyclic or aromatic ring
whose carbon atom(s) may be replaced with at least one
hetero atom selected from nitrogen, oxygen, and sulfur.

Effects of the Invention

The organic electroluminescent compounds according to
the present invention have better luminous efficiency than
that of conventional compounds. Thus, an organic EL device
comprising the organic electroluminescent compounds of
the present invention as a host material for light-emitting has
long operating lifespan, provides improved current effi-
ciency and power efficiency, reduces electric power con-
sumption, and gives colors having high purity.

EMBODIMENTS OF THE INVENTION

Hereinafter, the present invention will be described in
detail. However, the following description is intended to
explain the invention, and is not meant in any way to restrict
the scope of the invention.

The present invention relates to an organic electrolumi-
nescent compound represented by formula 1 or 2 above, an
organic electroluminescent material comprising the organic
electroluminescent compound, and an organic EL device
comprising the material.

In formulae 1 and 2 above, each of R, to R,; may
preferably represent hydrogen, a substituted or unsubstituted
(C6-C20)ary] group, or a substituted or unsubstituted 5- to
20-membered heteroaryl group; and more preferably, hydro-
gen, or a substituted or unsubstituted (C6-C12)aryl group.

Herein, “(C1-C30)alkyl(ene)” is meant to be a linear or
branched alkyl(ene) having 1 to 30 carbon atoms, in which
the number of carbon atoms is preferably 1 to 20, more
preferably 1 to 10, and includes methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, tert-butyl, etc. “(C2-C30)alk-
enyl” is meant to be a linear or branched alkenyl having 2
to 30 carbon atoms, in which the number of carbon atoms is
preferably 2 to 20, more preferably 2 to 10, and includes
vinyl, 1-propenyl, 2-propenyl, 1-butenyl, 2-butenyl, 3-bute-
nyl, 2-methylbut-2-enyl, etc. “(C2-C30)alkynyl” is a linear
or branched alkynyl having 2 to 30 carbon atoms, in which
the number of carbon atoms is preferably 2 to 20, more
preferably 2 to 10, and includes ethynyl, 1-propynyl, 2-pro-
pynyl, 1-butynyl, 2-butynyl, 3-butynyl, 1-methylpent-2-
ynyl, etc. “(C3-C30)cycloalkyl” is a mono- or polycyclic
hydrocarbon having 3 to 30 carbon atoms, in which the
number of carbon atoms is preferably 3 to 20, more pref-
erably 3 to 7, and includes cyclopropyl, cyclobutyl, cyclo-
pentyl, cyclohexyl, etc. “3- to 7-membered heterocy-
cloalkyl” is a cycloalkyl having at least one heteroatom
selected from the group consisting of B, N, O, S, P(=0). Si,
and P, preferably O, S, and N, and 3 to 7, preferably 5 to 7
ring backbone atoms, and includes tetrahydrofuran, pyrro-
lidine, thiolan, tetrahydropyran, etc. “(C6-C30)aryl(ene)” is
a monocyclic or fused ring derived from an aromatic hydro-
carbon having 6 to 30 carbon atoms, in which the number of
carbon atoms is preferably 6 to 20, more preferably 6 to 15,
and includes phenyl, biphenyl, terphenyl, naphthyl, fluore-
nyl, phenanthrenyl, anthracenyl, indenyl, triphenylenyl,
pyrenyl, tetracenyl, perylenyl, chrysenyl, naphthacenyl,
fluoranthenyl, etc. “3- to 30-membered heteroaryl(ene)” is
an aryl group having at least one, preferably 1 to 4 heteroa-
tom selected from the group consisting of B, N, O, S,
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P(=0), Si, and P, and 3 to 30 ring backbone atoms; is a
monocyclic ring, or a fused ring condensed with at least one
benzene ring; has preferably 3 to 20, more preferably 3 to 15
ring backbone atoms; may be partially saturated; may be one
formed by linking at least one heteroaryl or aryl group to a
heteroaryl group via a single bond(s); and includes a mono-
cyclic ring-type heteroaryl, such as furyl, thiophenyl, pyr-
rolyl, imidazolyl, pyrazolyl, thiazolyl, thiadiazolyl, isothi-
azolyl, isoxazolyl, oxazolyl, oxadiazolyl, triazinyl,
tetrazinyl, triazolyl, tetrazolyl, furazanyl, pyridyl, pyrazinyl,
pyrimidinyl, pyridazinyl, etc., and a fused ring-type het-
eroaryl, such as benzofuranyl, benzothiophenyl, isobenzo-
furanyl, dibenzofuranyl, dibenzothiophenyl, benzoimida-
zolyl, benzothiazolyl, benzoisothiazolyl, benzoisoxazolyl,
benzoxazolyl, isoindolyl, indolyl, indazolyl, benzothiadiaz-
olyl, quinolyl, isoquinolyl, cinnolinyl, quinazolinyl, quinox-
alinyl. carbazolyl, phenoxazinyl, phenanthridinyl, benzodi-
oxolyl, etc. “Halogen” includes F, Cl, Br, and 1.

Herein, “substituted” in the expression “substituted or
unsubstituted” means that a hydrogen atom in a certain
functional group is replaced with another atom or group, i.e.,
a substituent. Substituents of the substituted alkyl group, the
substituted cycloalkyl group, the substituted aryl group, the
substituted heteroaryl group, the substituted alkoxy group,
the substituted alkylsilyl group, the substituted arylsilyl
group, the substituted alkylamino group, the substituted
arylamino group, or the substituted mono- or polycyclic
(C3-C30) alicyclic or aromatic ring in formulae 1 and 2
above are each independently at least one selected from the
group consisting of deuterium; a halogen; a cyano group; a
carboxyl group; a nitro group; a hydroxyl group; a (C1-C30)
alkyl group; a halo(C1-C30)alkyl group; a (C2-C30)alkenyl
group; a (C2-C30)alkynyl group; a (C1-C30)alkoxy group;
a (C1-C30)alkylthio group; a (C3-C30)cycloalkyl group; a
(C3-C30)cycloalkenyl group; a 3- to 7-membered heterocy-
cloalkyl group; a (C6-C30)aryloxy group; a (C6-C30)aryl-
thio group; a 3- to 30-membered heteroaryl group which is
unsubstituted or substituted with a (C6-C30)aryl group; a
(C6-C30)aryl group which is unsubstituted or substituted
with a 3- to 30-membered heteroaryl group; a tri(C1-C30)
alkylsilyl group; a tri(C6-C30)arylsilyl group; a di(C1-C30)
alkyl(C6-C30)arylsilyl group; a (C1-C30)alkyldi(C6-C30)
arylsilyl group; an amino group; a mono- or di(C1-C30)
alkylamino group; a mono- or di(C6-C30)arylamino group;
a (C1-C30jalkyl(C6-C30)arylamino group; a (C1-C30)alky-
Icarbonyl group; a (C1-C30)alkoxycarbonyl group; a (C6-
C30)arylcarbonyl group; a di(C6-C30)arylboronyl group; a
di(C1-C30)alkylboronyl group; a (C1-C30)alkyl(C6-C30)
arylboronyl group; a (C6-C30)aryl(C1-C30)alkyl group; and
a (C1-C30)alkyl(C6-C30)aryl group.

The compound of formula 1 or 2 above may be selected
from the group consisting of the following compounds, but
is not limited thereto:
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The organic electroluminescent compounds according to
the present invention can be prepared by known methods to
one skilled in the art, and can be prepared, for example,

according to the following reaction scheme 1:

Reaction scheme 1
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wherein, 25 |
R, to Ry, X, Y, V, and W are as defined in formula 1. La
The present invention further provides an organic elec- 7 A
troluminescent material comprising the organic electrolumi- Ry )—— |
nescent compound of formula 1 or 2, and an organic EL 30 ) N / \
device comprising the material. The material can be com-
prised of the organic electroluminescent compound of for- =/ Rk

mula 1 or 2 of the present invention alone, or can further
include conventional materials generally used in organic

electroluminescent materials. 35 wherein

. . . ) Cz represents the following structure:
The organic EL device of the present invention may

comprise an anode, a cathode, and at least one organic layer

disposed between the two electrodes, wherein the organic %
layer comprises a light-emitting layer, and may further 4 /\/
comprise at least one layer selected from the group consist- 1(Ra3) | | —— Row;
ing of a hole injection layer (HIL), a hole transport layer N F

(HTL), an electron blocking layer (EBL), an electron buffer |
layer, a hole blocking layer (HBL), an electron transport *
layer (ETL), an electron injection layer (EIL), etc. 45

/

The organic electroluminescent compound of formula 1 A represents O or S;
or 2 according to the present invention may be included in R,, to Ry, each independently represent hydrogen, deu-
a light-emitting layer. If used in a light-emitting layer, the ~ ferium, a halogen, a substituted or unsubstituted (C1-C30)
organic electroluminescent compound of formula 1 or 2 of alkyl group, a substituted or unsubstituted (C6-C30)aryl

th . . be included as a host material. Th 50 group, a substituted or unsubstituted 5- or 30-membered
he present invention may be included as a host material. The  jooriarvi group, or R,sR,(R,,Si—; or are linked to an
light-emitting layer may preferably comprise at least one

. adjacent substituent(s) to form a mono- or polycyclic (C5-
dopant and further comprise other compounds as the second (30) alicyclic or aromatic ring whose carbon atom(s) may

host material, in addition to the organic electroluminescent  pe replaced with at least one hetero atom selected from
compound of formula 1 or 2 of the present invention. 55 nitrogen, oxygen, and sulfur;

The second host material can be any of the known Rs to R,, each independently represent a subs?ituted or
phosphorescent hosts and preferably, is selected from the ~ unsubstituted (C1-C30)alkyl group, or a substituted or

group consisting of the compounds of the following formu- unsubstituted (C6'C30)3W 1 group; ) )
lae 3 to 7 in view of luminous efficiency: L, represents a single bond, a substituted or unsubstituted

60 (C6-C30)arylene group, or a substituted or unsubstituted 5-
or 30-membered heteroarylene group;
M represents a substituted or unsubstituted (C6-C30)aryl
&) group, or a substituted or unsubstituted 5- or 30-membered
heteroaryl group;
® 65 Y, and Y, each independently represent —O—, —S—,
—N(R;,)—, or —C(R;,)(R3;)—; and Y, and Y, are not
simultaneously present;

H—(Cz—Ly,—M

H—(C2)—Ls—M
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R;, to Ry, each independently represent a substituted or _continued
unsubstituted (C1-C30)alkyl group, a substituted or unsub-
stituted (C6-C30)aryl group, or a substituted or unsubsti-
tuted 5- or 30-membered heteroaryl group; or are linked to

an adjacent substituent(s) to form a mono- or polycyclic 3
(C5-C30) alicyclic or aromatic ring whose carbon atom(s)
may be replaced with at least one hetero atom selected from
nitrogen, oxygen, and sulfur; and R, and R,; may be the

same or different;
. . , 10
h and i each independently represent an integer of 1 to 3;

J» k, 1, and m each independently represent an integer of
0to 4,

=
where h, i, j, k, 1, or m is an integer of 2 or more, each
(Cz-L,), each (Cz), each R,,, each R,,, each R,;, or each 15
R,, may be the same or different.
Specifically, the second host material preferably includes
the following: O

20

N/ )
» “Q m @
o
e N

Q 45
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N wherein TPS represents a triphenylsilyl group.

The dopants included in the organic EL device of the

5 present invention may be selected from the group consisting

of the compounds represented by the following formulae 8
to 10:

(=)
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Ryg3
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L is selected from the following structures:

Roor

Raio

Raos

Rapo

Raos;
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186

R, represents hydrogen, a substituted or unsubstituted
(C1-C30)alkyl group, or a substituted or unsubstituted (C3-
C30)cycloalkyl group;

R,o; to Rjge and Ry;; to R, ,; each independently repre-
sent hydrogen, deuterium, a halogen, a (C1-C30)alkyl group
which is unsubstituted or substituted with a halogen(s), a
substituted or unsubstituted (C3-C30)cycloalkyl group, a
cyano group, a substituted or unsubstituted (C1-C30)alkoxy
group, or a substituted or unsubstituted (C6-C30)aryl group;
R, t0 R,,; may be linked to an adjacent substituent(s) to
form a substituted or unsubstituted fused ring, for example,
quinoline;

R4 t0 R, each independently represent hydrogen, deu-
terium, a halogen, a substituted or unsubstituted (C1-C30)
alkyl group, or a substituted or unsubstituted (C6-C30)aryl
group; when R ,, to Ry, are aryl groups, they may be linked
to an adjacent substituent(s) to form a substituted or unsub-
stituted fused ring, for example, fluorene, benzofuran, or
benzothiophene;

R,0; 0 R,;; each independently represent hydrogen, deu-
terium, a halogen, a (C1-C30)alkyl group which is unsub-
stituted or substituted with a halogen(s), or a substituted or
unsubstituted (C6-C30)aryl group; R,oe to R,;; may be
linked to an adjacent substituent(s) to form a substituted or
unsubstituted mono- or polycyclic (C3-C30) alicyclic, aro-
matic, or heteroaromatic ring, for example, fluorene, diben-
zothiophene, or dibenzofuran;

fand g each independently represent an integer of 1 to 3;
where for g is an integer of 2 or more, each of R, , may be
the same or different; and

n represents an integer of 1 to 3.

The dopant material includes the following:

D-1

D-2
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The organic EL device of the present invention may
comprise the organic electroluminescent compound of for-
mula 1 or 2 in an organic layer and further include at least
one compound selected from the group consisting of arylam-
ine-based compounds and styrylarylamine-based com-
pounds in the organic layer.

In the organic EL device of the present invention, the
organic layer may further comprise at least one metal
selected from the group consisting of metals of Group 1,
metals of Group 2, transition metals of the 4% period,
transition metals of the 5” period, lanthanides, and organic
metals of d-transition elements of the Periodic Table, or at
least one complex compound comprising the metal, in
addition to the organic electroluminescent compound of
formula 1 or 2.

In addition, the organic EL device of the present invention
may emit white light by further comprising at least one
light-emitting layer which comprises a blue electrolumines-
cent compound, a red electroluminescent compound, or a
green electroluminescent compound, besides the organic
electroluminescent compound of the present invention; and
may further include a yellow or orange light-emitting layer,
if necessary.

Preferably, in the organic EL device of the present inven-
tion, at least one layer (hereinafter, “a surface layer”)
selected from a chalcogenide layer, a metal halide layer, and
a metal oxide layer may be placed on an inner surface(s) of
one or both electrode(s). Specifically, it is preferred that a
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chalcogenide (including oxides) layer of silicon or alumi-
num is placed on an anode surface of a light-emitting
medium layer, and a metal halide layer or metal oxide layer
is placed on a cathode surface of a light-emitting medium
layer. The surface layer provides operating stability for the
organic EL device. Preferably, the chalcogenide includes
Si0(1=X<2), AlO,{1=X<1.5), SiON, SiAION, etc.; the
metal halide includes LiF, MgF,, CaF,, a rare earth metal
fluoride, etc.; and the metal oxide includes Cs,O, Li,O,
MgO, SrO, Ba0O, CaQ, etc.

A hole injection layer, a hole transport layer, an electron
blocking layer, or their combinations can be used between an
anode and a light-emitting layer. The hole injection layer
may be multi-layers in order to lower a hole injection barrier
(or hole injection voltage) from an anode to a hole transport
layer or electron blocking layer, wherein each of the multi-
layers simultaneously may use two compounds. The hole
transport layer or the electron blocking layer may also be
multi-layers.

An electron buffer layer, a hole blocking layer, an electron
transport layer, an electron injection layer, or their combi-
nations can be used between a light-emitting layer and a
cathode. The electron buffer layer may be multi-layers in
order to control the injection of an electron and improve
interface properties between the light-emitting layer and the
electron injection layer, wherein each of the multi-layers
simultaneously may use two compounds. The hole blocking
layer or the electron transport layer may also be multi-layers,
wherein each of the multi-layers may use a multi-component
of compounds.

Preferably, in the organic EL device of the present inven-
tion, a mixed region of an electron transport compound and
a reductive dopant, or a mixed region of a hole transport
compound and an oxidative dopant may be placed on at least
one surface of a pair of electrodes. In this case, the electron
transport compound is reduced to an anion, and thus it
becomes easier to inject and transport electrons from the
mixed region to a light-emitting medium. Further, the hole
transport compound is oxidized to a cation, and thus it
becomes easier to inject and transport holes from the mixed
region to a light-emitting medium. Preferably, the oxidative
dopant includes various Lewis acids and acceptor com-
pounds; and the reductive dopant includes alkali metals,
alkali metal compounds, alkaline earth metals, rare-earth
metals, and mixtures thereof. A reductive dopant layer may
be employed as a charge-generating layer to prepare an
organic EL device having two or more light-emitting layers
and emitting white light.

In order to form each layer constituting the organic EL
device of the present invention, dry film-forming methods,
such as vacuum deposition, sputtering, plasma, ion plating
methods, etc., or wet film-forming methods, such as spin
coating, dip coating, flow coating methods, etc., can be used.

When using a wet film-forming method, a thin film is
formed by dissolving or dispersing the material constituting
each layer in suitable solvents, such as ethanol, chloroform,
tetrahydrofuran, dioxane, etc. The solvents are not specifi-
cally limited as long as the material constituting each layer
is soluble or dispersible in the solvents and the solvents do
not cause any problems in forming a layer.

Hereinafter, the organic electroluminescent compound of
the present invention, the preparation method of the com-
pound, and the luminous properties of the device comprising
the compound will be explained in detail with reference to
the following examples:
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Example 1

Preparation of Compound A-333

N,

A\
N
p

N

Cl

Cl

NaH
DMF, 0° C. to rt

Pd(OAc)/PCy;HBF,/Cs,C05

Xylene, reflux

A-333

1) Preparation of Compound 1-1

SH-Benzofuro|3,2-c|carbazole (20.0 g, 77.52 mmol) was
dissolved in N,N-dimethylformamide (DMF) (390.0 mL) in
a flask, and NaH (60% in a mineral oil) (4.7 g, 116.28 mmol)
was then slowly added dropwise to the mixture at 0° C. After
stirring the mixture for 30 min, 2,3-dichloroquinoxaline
(18.5 g, 93.03 mmol) was slowly added dropwise to the
mixture. The mixture was stirred at room temperature for 3
hrs, and methanol and distilled water were added thereto.
The obtained solid was filtered under reduced pressure and
separated through column chromatography to produce com-
pound 1-1 (20.0 g, Yield: 62%).

2) Preparation of Compound A-333

O-xylene (180.0 mL) was added to compound 1-1 (15.0
g, 35.73 mmol), palladium(Il) acetate (Pd(OAc),) (1.2 g,
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536 mmol), tricyclohexylphosphine tetrafluoroborate
(PCy,HBF,) (2.0 g, 536 mmol), and Cs,CO, (35.0 g,
107.19 mmol), and the mixture was stirred under reflux at
180° C. for 5 hrs. After completing the reaction, an organic
layer was extracted with ethyl acetate and dried by removing
the remaining moisture with MgSO,. The product was

separated through column chromatography to obtain com-
pound A-333 (4.4 g, Yield: 32%).

MW uv PL M.P

A-333 383.40 404 nm 497 nm 306° C.

Device Example 1

Production of an OLED Device by Using the
Organic Electroluminescent Compound According
to the Present Invention

An OLED device comprising the organic electrolumines-
cent compound of the present invention was produced as
follows: A transparent electrode indium tin oxide (ITO) thin
film (10 €2/sq) on a glass substrate for an OLED device
(GEOMATEC CO., LTD., Japan) was subjected to an ultra-
sonic washing with trichloroethylene, acetone, ethanol, and
distilled water, sequentially, and was then stored in isopro-
panol. Next, the ITO substrate was mounted on a substrate
holder of a vacuum vapor depositing apparatus. N*,N*-
Diphenyl-N* N*-bis(9-phenyl-9H-carbazole-3-y1)-[ 1,1'-bi-
phenyl]-4,4'-diamine was introduced into a cell of the
vacuum vapor depositing apparatus, and the pressure in the
chamber of the apparatus was then controlled to 10~ torr.
Thereafter, an electric current was applied to the cell to
evaporate the introduced material, thereby forming a first
hole injection layer having a thickness of 80 nm on the ITO
Dipyrazino[2,3-f:2',3"-h]quinoxaline-2,3,6,7,10,
11-hexacarbonitrile was then introduced into another cell of

substrate.

the vacuum vapor depositing apparatus, and an electric
current was applied to the cell to evaporate the introduced
material, thereby forming a second hole injection layer
having a thickness of 5 nm on the first hole injection layer.
N-([1,1'-Biphenyl]-4-y1)-9,9-dimethyl-N-(4-(9-phenyl-9H-
carbazole-3-yl)phenyl)-9H-fluorene-2-amine  was  intro-
duced into a cell of the vacuum vapor depositing apparatus.
Afterward, an electric current was applied to the cell to
evaporate the introduced material, thereby forming a first
hole transport layer having a thickness of 10 nm on the
second hole injection layer. N,N-di([1,1'-biphenyl]-4-y1)-4'-
(9H-carbazole-9-y1)-[1,1'-biphenyl]-4-amine
duced into another cell of the vacuum vapor depositing
apparatus. Afterward, an electric current was applied to the

was  intro-

cell to evaporate the introduced material, thereby forming a
second hole transport layer having a thickness of 60 nm on
the first hole transport layer. After forming the hole injection
layer and the hole transport layer, a light-emitting layer was
then deposited as follows. Compound A-333 as a host was
introduced into a cell of the vacuum vapor depositing
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apparatus and compound D-96 was introduced into another
cell. The two materials were evaporated at a different rate,
and the dopant was deposited in a doping amount of 3 wt %,
based on the total weight of the host and dopant, to form a
light-emitting layer having a thickness of 40 nm on the hole
transport layer. Next, 2.4-bis(9,9-dimethyl-9H-fluorene-2-
y1)-6-(naphthalene-2-y1)-1,3,5-triazine and lithium quino-
late were evaporated at the rate of 1:1 on another two cells
to form an electron transport layer having a thickness of 30
nm on the light-emitting layer. After depositing lithium
quinolate having a thickness of 2 nm as an electron injection
layer on the electron transport layer, an Al cathode having a
thickness of 80 nm was then deposited by another vacuum
vapor deposition apparatus on the electron injection layer.
Thus, an OLED device was produced.

The produced OLED device showed red emission having
an efliciency of 27.3 cd/A at 3.7 V, CIE color coordinate
(X,Y)at 1000 cd/m? of (0.670, 0.330), and the time taken for

the light-emission to be reduced from 100% to 90% at a
luminance of 5,000 nit of 17 hrs or more.

Comparative Example 1

Production of an OLED Device by Using
Conventional Organic Electroluminescent
Compound

An OLED device was produced in the same manner as in
Device Example 1, except that compound B-1 below was
used as a host in a light-emitting material.

B-1
O N
0]

The produced OLED device showed red emission having
an efliciency of 7.7 c¢d/A at 9.6 V, CIE color coordinate
(X,Y) at 1000 cd/m? of (0.657, 0.336), and the time taken for
the light-emission to be reduced from 100% to 90% at a
luminance of 5,000 nit of 1 hr or more.

The organic electroluminescent compounds according to
the present invention have high luminous efficiency, in
particular current efficiency and power efliciency compared
with conventional compounds, and give colors having high
purity.
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The invention claimed is:
1. An organic electroluminescent compound represented
by the following formula 1 or formula 2:

M

R Ry R
10
[ Xk
S V/ > Ry
R3 N
Ry = <
Y\ /
Rs
Rg
Rs
Ry
@
Rp Ry
Ru
Ry
\/\W} SN
R \ /\V/ /
N Rs
R /
9 . Ry
Y\ /
Rs
Rg
R¢
R;
wherein

X and Y each independently represent —CR ;— or
—N—, with the proviso that X and Y do not simulta-
neously represent —CR ;—;

W and V each independently represent a single bond, O
or S; and

R, to R ; each independently represent hydrogen, deute-
rium, a halogen, a cyano group, a substituted or unsub-
stituted (C1-C30)alkyl group, a substituted or unsub-
stituted (C6-C30)aryl group, a substituted or
unsubstituted 3- to 30-membered heteroaryl group, a
substituted or unsubstituted (C3-C30)cycloalkyl group,
a substituted or unsubstituted (C1-C30)alkoxy group, a
substituted or unsubstituted tri(C1-C30)alkylsilyl
group, a substituted or unsubstituted di(C1-C30)alkyl
(C6-C30)arylsilyl group, a substituted or unsubstituted
(C1-C30)alkyldi(C6-C30)arylsilyl group, a substituted
or unsubstituted tri(C6-C30)arylsilyl group, a substi-
tuted or unsubstituted mono- or di(C1-C30)alkylamino
group, a substituted or unsubstituted mono- or di(C6-
C30)arylamino group, or a substituted or unsubstituted
(C1-C30)alkyl(C6-C30)arylamino group; or are linked
to an adjacent substituent(s) to form a substituted or
unsubstituted mono- or polycyclic (C3-C30) alicyclic
or aromatic ring whose carbon atom(s) may be replaced
with at least one hetero atom selected from nitrogen,
oxygen, and sulfur.
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2. The organic electroluminescent compound according to
claim 1, wherein R, to R,, in formulae 1 and 2 each
independently represent hydrogen, a substituted or unsub-
stituted (C6-C20)aryl group, or a substituted or unsubsti-
tuted 5- to 20-membered heteroaryl group.

3. The organic electroluminescent compound according to
claim 1, wherein R, to R,; in formulae 1 and 2 each
independently represent hydrogen, or a substituted or unsub-
stituted (C6-C12)aryl group.

4. The organic electroluminescent compound according to
claim 1, wherein the substituents of the substituted alkyl
group, the substituted cycloalkyl group, the substituted aryl
group, the substituted heteroaryl group, the substituted
alkoxy group, the substituted alkylsilyl group, the substi-
tuted arylsilyl group, the substituted alkylamino group, the
substituted arylamino group, or the substituted mono- or
polycyclic (C3-C30) alicyclic or aromatic ring in formulae
1 and 2 are each independently at least one selected from the
group consisting of deuterium; a halogen; a cyano group; a
carboxyl group; a nitro group; a hydroxyl group; a (C1-C30)
alkyl group; a halo(C1-C30)alkyl group; a (C2-C30)alkenyl
group; a (C2-C30)alkynyl group; a (C1-C30)alkoxy group;
a (C1-C30)alkylthio group; a (C3-C30)cycloalkyl group; a
(C3-C30)cycloalkenyl group; a 3- to 7-membered heterocy-
cloalkyl group; a (C6-C30)aryloxy group; a (C6-C30)aryl-
thio group; a 3- to 30-membered heteroaryl group which is
unsubstituted or substituted with a (C6-C30)aryl group; a
(C6-C30)ary] group which is unsubstituted or substituted
with a 3- to 30-membered heteroaryl group; a tri(C1-C30)
alkylsilyl group; a tri(C6-C30)arylsilyl group; a di(C1-C30)
alkyl(C6-C30)arylsilyl group; a (C1-C30)alkyldi(C6-C30)
arylsilyl group; an amino group; a mono- or di(C1-C30)
alkylamino group; a mono- or di(C6-C30)arylamino group;
a (C1-C30)alkyl(C6-C30)arylamino group; a (C1-C30)alky-
a (C1-C30)alkoxycarbony! group; a (C6-
C30)arylcarbonyl group; a di(C6-C30)arylboronyl group; a
di(C1-C30)alkylboronyl group; a (C1-C30)alkyl(C6-C30)
arylboronyl group; a (C6-C30)aryl(C1-C30)alkyl group; and
a (C1-C30)alkyl(C6-C30)aryl group.

lcarbonyl group;

5. The organic electroluminescent compound according to
claim 1, wherein the compound represented by formula 1 or
2 is selected from the group consisting of the following
compounds:

A-l
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