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(57) ABSTRACT

The present invention relates to an organic electrolumines-
cent device comprising a combination of specific host com-
pounds and specific dopant compounds. The organic elec-
troluminescent device according to the present invention
shows a blue emission; and has a long operating lifespan, high
efficiency, high brightness, good color purity, low driving
voltage, and improved operational stability.
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ORGANIC ELECTROLUMINESCENT
DEVICE COMPRISING THE ORGANIC
ELECTROLUMINESCENT COMPOUNDS

TECHNICAL FIELD

[0001] The present invention relates to an organic elec-
troluminescent device comprising specific dopant com-
pounds and specific host compounds.

BACKGROUND ART

[0002] An electroluminescent (EL) device is a self-light-
emitting device with advantages in that it provides a wider
viewing angle, a greater contrast ratio, and a faster response
time compared with LCD. An organic EL. device was first
developed by Eastman Kodak, by using small aromatic
diamine molecules, and aluminum complexes as materials for
forming a light-emitting layer [Appl. Phys. Lett. 51, 913,
1987].

[0003] The organic EL device emits a light by the injection
of a charge into an organic film formed between an electron
injection electrode (cathode) and a hole injection electrode
(anode) and by extinction of a pair of the electron and the
hole. The organic EL device has advantages as follows: it can
be formed onto a flexible transparent substrate, such as a
plastic; can be driven at a lower voltage, for example, 10V or
less, over a plasma display panel or an inorganic EL display;
has relatively low power consumption; and provides good
color. Further, the organic EL device provides tricolor light-
emitting, i.e., green, blue or red light-emitting, and thus there
is interest from many people as a next generation color dis-
play device.

[0004] The preparation process of an organic EL device can
be briefly summarized as follows:

[0005] (1) An anodic material is coated onto a transparent
substrate. ITO (indium tin oxide) is commonly used as an
anodic material.

[0006] (2) A hole injection layer (HIL) is coated onto the
anodic material layer. As the HIL, for example, copper phtha-
locyanine (CuPc) is commonly coated in a thickness of 10 nm
to 30 nm.

[0007] (3) A hole transport layer (HTL) is applied onto the
HIL layer. As the HTL, 4,4'-bis[N-(1-naphthyl)-N-pheny-
lamino]-biphenyl (NPB), for example, is vapor deposited in a
thickness of 30 nm to 60 nm.

[0008] (4) Anorganic emitting layer is coated onto the HTL
layer, while adding a dopant, if needed. In case of green
light-emitting, tris(8-hydroxyquinolate)aluminum (Alq,) is
commonly vapor deposited in a thickness of 30 nm to 60 nm
as the organic emitting layer, and N-methylquinacridone
(MQD) is used as a dopant.

[0009] (5) An electron transport layer (ETL) and an elec-
tron injection layer (EIL) are continuously coated or an elec-
tron injection-transport layer is coated onto the organic emit-
ting layer. In case of green light-emitting, additional EIL and
ETL may not be used, since Algs instep (4) has good electron
transport capacity.

Nov. 27,2014

[0010] (6) A cathodic material is coated onto the layer
formed in step (5). Subsequently, a protection layer is finally
coated.

[0011] The green, blue or red light-emitting device can be
prepared depending on how a light-emitting layer is formed in
the device structure. Meanwhile, a light-emitting material
used as a green light-emitting compound in a conventional
green light-emitting device has disadvantages in terms of
lifespan and luminescent efficiency.

[0012] The most important factor determining properties,
such as luminescent efficiency, lifespan, etc.. is a light-emit-
ting material in an organic EL, device. The light-emitting
material is required to have the following features: high fluo-
rescence quantum yield in a solid state, high movement
degree of an electron and a hole, non-breakdown in vacuum
deposition, formability of a uniform thin film, and stability.
[0013] An organic light-emitting material can be largely
divided into a high molecular material and a low molecular
material. The low molecular material is a pure organic light-
emitting material in view of a molecular structure, which does
not contain metal complexes and metals. As said light-emit-
ting material, a chelate complex, such as tris(8-quinolinolato)
aluminum complex, coumarin derivatives, tetraphenylbutadi-
ene derivatives, bistyrylarylene derivatives, oxadiazole
derivatives, etc., were known. It was reported that visible
region light-emitting from blue to red light-emitting can be
obtained from said materials.

[0014] However, when a light-emitting material compris-
ing conventional dopant compounds and host compounds is
used in an organic electroluminescent device, the device did
not provide high current efficiency and satisfactory operating
lifespan, and had a problem in luminescent efficiency. Fur-
ther, it was difficult to achieve a blue light-emitting material
having excellent properties.

DISCLOSURE OF INVENTION

Technical Problem

[0015] Thepresentinventors exerted to solve said problems
and found that the light-emitting material comprising a com-
bination of specific dopant compounds and specific host com-
pounds exhibits a blue emission and is suitable for preparing
an organic electroluminescent device having high color
purity, high brightness, and a long lifespan.

[0016] The object of the present invention is to provide an
organic electroluminescent device having high Iuminescent
efficiency, excellent color purity, low driving voltage, and a
long operating lifespan.

Solution to Problem

[0017] Inorder to achieve said object, the present invention
provides an organic electroluminescent device, comprising a
combination of at least one host compound represented by the
following formula 1 and at least one dopant compound rep-
resented by the following formula 2:
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Rie Rys

wherein

[0018]
[0019] R, to R,, each independently represent hydrogen,
deuterium, a halogen, asubstituted or unsubstituted (C1-C30)
alkyl group, a substituted or unsubstituted (C1-C30)alkoxy
group, a substituted or unsubstituted (C6-C30)aryl group, a
substituted or unsubstituted 3- to 30-membered heteroaryl
group, —SiR;, R,R;5, a cyano group or a hydroxyl group; or
R, to R,, are linked each other to form a substituted or
unsubstituted mono- or polycyclic, 3- to 30-membered alicy-
clic or aromatic ring whose carbon atom(s) may be replaced
with at least one hetero atom selected from nitrogen, oxygen
and sulfur;

[0020] R, to R; each independently represent hydrogen,
deuterium, a halogen, asubstituted or unsubstituted (C1-C30)
alkyl group, a substituted or unsubstituted (C6-C30)aryl
group, or a substituted or unsubstituted 3- to 30-membered
heteroaryl group; and

[0021] the heteroaryl group contains at least one hetero
atom selected from the group consisting of B, N, O, §,
P(=0),Siand P.

Arp
Ary L—N<
Ars
n

[0022] wherein

[0023] Ar, represents a substituted or unsubstituted pyrene
ring, or a substituted or unsubstituted chrycene ring;

[0024] L represents a single bond, a substituted or unsub-
stituted (C6-C30)aryl group, or a substituted or unsubstituted
3- to 30-membered heteroaryl group;

[0025] Ar,and Ar, eachindependently represent hydrogen,
deuterium, a halogen, asubstituted or unsubstituted (C1-C30)
alkyl group, a substituted or unsubstituted (C6-C30)aryl
group, or a substituted or unsubstituted 3- to 30-membered
heteroaryl group; or are linked with an adjacent substituent(s)
to form a substituted or unsubstituted mono- or polycyclic, 3-
to 30-membered alicyclic or aromatic ring whose carbon
atom(s) may be replaced with at least one hetero atom
selected from nitrogen, oxygen and sulfur;

[0026] nrepresents an integer of 1to2; wheren is an integer
of 2, the structural units within the square brackets are the
same or different; and

[0027] the heteroaryl group contains at least one hetero
atom selected from the group conmsisting of B, N, O, §,
P(=0), Siand P.

[0028] Preferably, in formula 1, R, to R,, each indepen-
dently represent hydrogen, deuterium, fluorine, a substituted
orunsubstituted (C1-C10)alkyl group, a substituted or unsub-
stituted (C1-C10)alkoxy group, a substituted or unsubstituted
(C6-C15)aryl group, a substituted or unsubstituted 3- to
15-membered heteroaryl group, —SiR;,R;,R5;5, a cyano
group or a hydroxyl group; or R, to R, are linked together to
form a substituted or unsubstituted mono- or polycyclic, 3- to
30-membered 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;, to R;; each inde-
pendently represent an unsubstituted (C1-C10)alkyl group or
an unsubstituted (C6-C15)aryl group.

[0029] Preferably, in formula 2, L represents a single bond
or anunsubstituted (C6-C15)aryl group; and Ar, and Ar; each
independently represent a substituted or unsubstituted (C6-
C15)aryl group, or are linked with an adjacent substituent(s)
to form a substituted or unsubstituted mono- or polycyclic, 3-
to 15-membered alicyclic or aromatic ring whose carbon
atom(s) may be replaced with at least one hetero atom
selected from nitrogen, oxygen and sulfur.

Advantageous Effects of Invention

[0030] The organic electroluminescent device according to
the present invention has high luminescent efficiency, a long
operating lifespan, high brightness, good color purity, low
driving voltage, and enhanced current efficiency.

MODE FOR THE INVENTION

[0031] 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.

[0032] Herein, “(C1-C30)alkyl” is meant to be a linear or
branched alkyl having 1 to 30 carbon atoms, in which the
number of carbon atoms is preferably 1 to 10, and includes
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-bu-
tyl, etc. “(C3-C30)cycloalkyl” is a mono- or polycyclic
hydrocarbon having 3 to 30 carbon atoms, in which the num-
ber of carbon atoms is preferably 3 to 20, more preferably 3 to
7, and includes cyclopropyl, cyclobutyl, cyclopentyl, cyclo-
hexyl, etc. “(C6-C30)aryl” is a monocyclic or fused ring
derived from an aromatic hydrocarbon having 6 to 30 carbon
atoms, in which the number of carbon atoms is preferably 6 to
15, and includes phenyl, biphenyl, terphenyl. naphthyl, fluo-
renyl, phenanthrenyl, anthracenyl, indenyl, triphenylenyl,
pyrenyl, tetracenyl, perylenyl, chrycenyl, naphthacenyl, fluo-
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ranthenyl, etc. “3- to 30-membered heteroaryl” is an aryl
group having at least one, preferably 1 to 4 hetero atom(s)
selected from the group consisting of B, N, O, S, 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 5 to 15 ring backbone atoms; may be partially
saturated; may be one formed by linking at least one het-
eroaryl or aryl group to a heteroaryl group via a single bond
(s); and includes a monocyclic ring-type heteroaryl such as
furyl, thiophenyl, pyrrolyl, imidazolyl, pyrazolyl, thiazolyl,
thiadiazolyl, isothiazolyl, isoxazolyl, oxazolyl, oxadiazoly],
triazinyl, tetrazinyl, triazolyl, tetrazolyl, furazanyl, pyridyl,
pyrazinyl, pyrimidinyl, pyridazinyl, etc., and a fused ring-
type heteroaryl such as benzofuranyl, benzothiophenyl,
isobenzofuranyl, dibenzofuranyl, dibenzothiophenyl, ben-
zoimidazolyl, benzothiazolyl, benzoisothiazolyl, benzoisox-
azolyl, benzoxazolyl, isoindolyl, indolyl, indazolyl, ben-
zothiadiazolyl,  quinolyl,  isoquinolyl,  cinnolinyl,
quinazolinyl, quinoxalinyl, carbazolyl, phenoxazinyl,
phenanthridinyl, benzodioxolyl, etc. Further, “Halogen”
includes F, Cl, Br and 1.

[0033] 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 (C1-C30)alkyl
group, the substituted (C1-C30)alkoxy group, the substituted
(C6-C30)aryl group, the substituted 3- to 30-membered het-
eroaryl group, and the substituted mono- or polycyclic, 3- to
30-membered alicyclic or aromatic ring in R, to R,,, Ry, to
R;5, L, and Ar, to Ar; groups of formulae 1 and 2 are inde-
pendently at least one selected from the group consisting of
deuterium; a halogen; a (C1-C30)alkyl group; a halo(C1-
C30)alkyl group; a (C1-C30)alkoxy group; a (C6-C30)ary-
loxy group; a (C6-C30)aryl group; a 3- to 30-membered
heteroaryl group; a 3- to 30-membered heteroaryl group sub-
stituted with a (C6-C30)aryl group; a (C6-C30)aryl group
substituted with a 3- to 30-membered heteroaryl group; a
(C3-C30)cycloalkyl group; a 5- to 7-membered heterocy-
cloalkyl 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; a (C2-C30)alkenyl
group; a (C2-C30)alkynyl group; a cyano group; a (C1-C30)
alkylthio group; a (C6-C30)arylthio group; an N-carbazolyl
group; a mono- or di(C1-C30)alkylamino group; a mono- or
di(C6-C30)arylamino group; a (C1-C30)alkyl(C6-C30)ary-
lamino 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; a (C1-C30)alkyl
(C6-C30)aryl group; a carboxyl group; a nitro group; and a
hydroxyl group.

[0034] The organic electroluminescent device according to
the present invention has an efficient energy transport mecha-
nism between hosts and dopants, and thus can achieve high
efficiency luminescence based on the effect of improved elec-
tron density distribution. Further, the device can overcome
the disadvantages found in conventional material, such as
reduced initial efficiency, a short operating lifespan, etc., and
can achieve high luminescent efficiency and a long operating
lifespan for each color.

[0035] TheAr, of formula 2 can be selected from the group
consisting of the following structures, but is not limited
thereto:
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wherein

[0036]
[0037] A represents deuterium, a halogen, a (C1-C30)alkyl
group, a halo(C1-C30)alkyl group, a (C6-C30)aryl group, a
3- to 30-membered heteroary! group, a 3- to 30-membered
heteroaryl group substituted with a (C6-C30)aryl group, a
(C6-C30)aryl group substituted with a 3- to 30-membered
heteroaryl group; a (C3-C30)cycloalkyl group; a 5- to
7-membered heterocycloalkyl 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; a (C2-C30)alkenyl group; a (C2-C30)alkynyl group; a
cyano group; an N-carbazolyl group; a di(C1-C30)alky-
lamino group; a di(C6-C30)arylamino group; a (C1-C30)
alkyl(C6-C30)arylamino 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; a (C1-C30)alkyl(C6-C30)aryl group; a carboxyl
group; a nitro group; and a hydroxyl group; and

[0038] m represents an integer of 0 to 4.
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[0039] The host compounds of formula 1 can be specifi- -continued
cally exemplified as the following compounds, but are not -6
limited thereto:
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-continued -continued
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[0040] Further, the dopant compounds of formula 2 can be
specifically exemplified as the following compounds, but are

not limited thereto:
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[0041] The light-emitting layer in the present invention,
which emits a light, may be a mono-layer, or a multiple layer
wherein two or more layers are laminated. When hosts and
dopants are used in a mixture in the organic electrolumines-
cent device of the present invention, the doping concentration
of the dopant of formula 2 based on the host of formula 1 may
be 1 to 10 wt %.

[0042] The host compounds and dopant compounds of the
present invention have a high conductivity to holes and elec-
trons, and have high stability to materials. Thus, they can
improve luminescent efficiency and operating lifespan of the
device.

[0043] The organic electroluminescent device according to
the present invention comprises the host compounds of for-
mula 1 and the dopant compounds of formula 2; and may
further include at least one compound selected from the group

consisting of arylamine-based compounds and styrylary-
lamine-based compounds. The specific arylamine-based
compounds or styrylarylamine-based compounds are exem-
plified in paragraphs <212>to <224> of Korean Patent Appli-
cation No. 10-2008-0060393 (Korean Patent Application
Laying-Open No. 10-2010-0000772), but are not limited to
them.

[0044] The organic electroluminescent device according to
the present invention comprises the host compounds of for-
mula 1 and the dopant compounds of formula 2 in an organic
layer; and further comprises 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 ele-
ments of the Periodic Table, or at least one complex com-
pound comprising said metal. The organic layer may com-
prise a light-emitting layer and a charge-generating layer.
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[0045] 1In addition, the organic layer can form an organic
electroluminescent device, which emits white light by further
comprising a blue electroluminescent compound, a red elec-
troluminescent compound or a green electroluminescent
compound, in addition to the host compounds of formula 1
and the dopant compounds of formula 2. The blue, green or
red electroluminescent compounds are disclosed in Korean
Patent Application Nos. 10-2008-0123276 and 10-2008-
0107606 (corresponding to Korean Patent Application Lay-
ing-Open Nos. 10-2010-0064712 and 10-2010-0048447,
respectively) or Korean Patent Application Laying-Open No.
10-2010-0059653, but are not limited thereto.

[0046] In the organic electroluminescent device of the
present invention, at least one layer (hereinafter, “a surface
layer”) selected from a chalcogenide layer, a metal halide
layer, and a metal oxide layer may be preferably placed on an
inner surface(s) of one or both electrode(s). Specifically, a
chalcogenide (including oxides) layer of silicon or aluminum
is preferably placed on an anode surface of an electrolumi-
nescent medium layer, and a metal halide layer or metal oxide
layer is preferably placed ona cathode surface of an electrolu-
minescent medium layer. Said surface layer provides opera-
tional stability for the organic electroluminescent device.
Preferably, said chalcogenide includes Si0, (1=X<2), AlO,
(1=X<0.5), SiON, SiAION, etc.; said metal halide includes
LiF, MgF,, CaF,, a rare earth metal fluoride, etc.; and said
metal oxide includes Cs,O, Li,0, MgO, SrO, BaO, CaO, etc.
[0047] Further, in the organic electroluminescent device
according to the present invention, 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. By this way, the electron transport compound is
reduced to an anion, and thus it becomes easier to inject and
transport electrons from the mixed region to an electrolumi-
nescent 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 the electrolumines-
cent medium. Preferably, the oxidative dopant includes vari-
ous Lewis acids and acceptor compounds; and the reductive
dopant includes alkali metals, alkali metal compounds, alka-
line earth metals, rare-earth metals, and mixtures thereof, A
reductive dopant layer may be employed as a charge-gener-
ating layer to prepare an electroluminescent device having
two or more electroluminescent layers and emitting white
light.

[0048] In order to form each layer constituting the organic
electroluminescent device according to the present invention,
dry film-forming methods, such as vacuum evaporation, sput-
tering, plasma, ion plating methods, etc., or wet film-forming
methods, such as spin coating, dip coating, flow coating
methods, etc., can be used.

[0049] When using a wet film-forming method, a thin film
is formed by dissolving or dispersing the material constitut-
ing each layer in suitable solvents, such as ethanol, chloro-
form, tetrahydrofuran, dioxane, etc. The solvents are not spe-
cifically limited unless the material constituting each layer is
soluble or dispersible and there is no problem in forming a
layer.

[0050] Hereinafter, the preparation method of the host and
dopant compounds of the present invention, and the lumines-
cent properties of the device will be explained in detail with
reference to the representative compounds of the present
invention:

Nov. 27,2014

Example 1

Preparation of Compound C-1

0 -

B(OH),

[0051]

o)
rq

C-1

Preparation of Compound 1-1

[0052] After adding 1,4-dibromonaphthalene (60.0 g, 0.20
mol), phenyl boronic acid (30.0 g, 0.24 mol), tetrakis(triph-
enylphosphine)palladium(0) [Pd(PPh,),] (9.6 g, 8.3 mmol),
and Na,CO; (66.0 g,0.60 mol) to a flask, 1200 mL of toluene,
300 mL of ethanol (EtOH), and 300 mL of H,O were added to
the reaction mixture and said ingredients were dissolved. The
reaction mixture was stirred for 12 hours at 100° C. Afier the
reaction, the reaction was completed by slowly adding H,O
and the organic layer was extracted with ethyl acetate (EA).
The obtained organic layer was dried over MgSO,, to remove
residual moisture. The organic layer was separated through
column to obtain compound 1-1 (26 g, Yield: 43%).

Preparation of Compound C-1

[0053] After adding the obtain compound 1-1 (26.0 g, 0.09
mol), 10-phenylanthracen-9-yl boronic acid (30.0 g, 0.11
mol), Pd(PPh,), (6.3 g, 5.51 mmol), and K,CO, (38.0 g, 0.30
mol) to a flask, 280 mL of toluene, 140 mL of EtOH, and 140
mL of H,O were added to the reaction mixture and said
ingredients were dissolved. The reaction mixture was stirred
for 12 hours at 120° C. After the reaction, the reaction was
completed by slowly adding H,O and the organic layer was
extracted with EA. The obtained organic layer was dried over
MgSQ, to remove residual moisture. The organic layer was
separated through column to obtain compound C-1 (18 g,
Yield: 42%).
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Example 2

Preparation of Compound C-24

[0054]
Br D
D D
olbod
D D
Br B(OH);
D D

Preparation of Compound 2-1

[0055] Compound 2-1 was prepared in the same synthesis
method as in the preparation of compound 1-1 by using 1,4-
dibromonaphthalene and d5-phenyl boronic acid.

Preparation of Compound C-24

[0056] Compound C-24 was prepared (5 g, Yield: 52%) in
the same synthesis method as in the preparation of compound
C-1 by using compound 2-1 and 10-phenylanthracen-9-yl
boronic acid.

Example 3

Preparation of Compound D-8

[0057]
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-continued

N O
D-8

[0058] 1.6-dibromopyrene (5.0 g, 13.8 mmol), dipheny-
lamine (5.8 g, 34.2 mmol), palladium(II) acetate [Pd(OAc),]
(0.16 g, 0.71 mmol) and sodium t-butoxide (NaOtBu) (6.7 g,
69.7 mmol) were placed in a flask in the vacuum state under
nitrogen atmosphere. Tri-t-butylphosphine [P(t-Bu),] (1 mL,
2.0 mmol) and toluene (80 mL) were added to the reaction
mixture. The reaction mixture was stirred for 5 hours at 120°
C. under reflux. After completing the reaction, the organic
layer was extracted with EA and distilled water. The obtained
organic layer was recrystallized using EA/methanol (MeOH)
to obtain compound D-8 (2.5 g, 9.3 mmol, Yield: 30%).

Example 4
Preparation of Compound D-9

[0059]

Br

Br

(L)

: .CN
O‘ |

[0060] Compound D-9 was prepared (4 g, Yield: 50%) in
the same synthesis method as in the preparation of compound
D-8 by using 1,6-dibromopyrene and 4-(phenylamino)ben-
zonitrile.
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Example 5

Preparation of Compound D-10

[0061]

Br

Yo

SR oDk

D-10

[0062] Compound D-10 was prepared (5.6 g, Yield: 40%)
in the same synthesis method as in the preparation of com-
pound D-8 by using 6-bromo-N,N-diphenylpyrene-1-amine
and N-phenyl-4-(triphenylsilyl)aniline.
Example 6
Preparation of Compound D-21

[0063]

Br

Nov. 27,2014
-continued
NC
N\'\
Br
6-1
CN

ON

Preparation of Compound 6-1

[0064] 1.6-dibromopyrene (13.0 g, 0.068 mol), 4-(pheny-
lamino )benzonitrile (52.0 g, 0.144 mol), Cu (7.6 g,0.12 mol),
Cs,CO; (54.0 g, 0.167 mol) and 18-crown-6 (2.1 g, 0.008
mol) were added to a flask and were dissolved by adding 300
mL of 1,2-dichlorobenzene. The reaction mixture was stirred
for 12 hours at 190° C. under reflux. After completing the
reaction, 1,2-dichlorobenzene was removed by means of a
distillation apparatus, and the organic layer was extracted
with EA. The obtained organic layer was dried over MgSQO, to
remove residual moisture. The organic layer was separated
through column to obtain compound 6-1 (15.5 g, Yield: 50%).

Preparation of Compound D-21

[0065] After adding the obtain compound 6-1 (6.0 g, 0.012
mol), 3-(9H-carbazol-9-yl)phenyl boronic acid (5.4 g, 0.019
mol), Pd(PPh;), (732 mg, 0.63 mmol) and K,CO, (5.2 g,
0.036 mol) to a flask, 40 mL of toluene, 20 mL of EtOH and
20 mL of H,O were added to the reaction mixture and said
ingredients were dissolved. The reaction mixture was stirred
for 7 hours at 120° C. After the reaction, the reaction was
completed by slowly adding H,O and the organic layer was
extracted with EA. The obtained organic layer was dried over
MgSQ, to remove residual moisture. The organic layer was
separated through column to obtain compound D-21 (4 g,
Yield: 50%).
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Example 7 ate (27 g, 83.3 mmol) were dissolved in toluene. The reaction
mixture was stirred for 24 hours at 120° C. under reflux. After
Preparation of Compound D-25 completing the reaction, the organic layer was extracted with

EA and was rinsed with distilled water. The obtained organic

layer was dried over MgSO, and was distilled under the

reduced pressure. The organic layer was separated through
NC column to obtain compound D-32 (5 g, Yield: 41%).

Example 9
Preparation of Compound D-69
— [0070]
Br

A -
()

[0066]

NC

Ay —
e / A
S Yo

[0067] Compound D-25 was prepared (1.9 g, Yield: 30%) O

e

in the same synthesis method as in the preparation of com-
pound D-21 by using compound 6-1 and 9-phenyl-9H-carba-
70l1-3-yl boronic acid.

D-69
Example 8
[0071] Compound D-69 was prepared (3.2 g, Yield: 36%)
Preparation of Compound D-32 in the same synthesis method as in the preparation of com-
pound D-8 by using 6,12-dibromochrycene and dipheny-
[0068] lamine.
[0072] Host compound Nos. C-1 to C-51 and dopant com-
ar pound Nos. D-1 to D-77 for an organic electroluminescent
device were prepared in the same method as in Examples 1 to
9. Yield (%), MS/EIMS, UV (nm) and PL (nm) of the pre-
pared compounds are provided in the table 1 below:
> TABLE 1
Compound MS/EIMS
Nos. Yiled(%) Found Calculated UV(nm) PL(nm)
Br C-1 4 456.6 4573 395 438
C-24 52 4623 4612
D-8 30 5362 5366 248,299,422 469
N D9 50 5862 586.6 317,416 446
N D-10 40 7943 7950 310,426 456
D-14 39 6222 6226
D-16 45 6082 608.6
D-17 27 7382 7388 246,314,416 452
D-19 34 7323 7329 340 461
D-32 D-21 137 6352 6357
D-22 30 9163 917 246,273,317, 565
419
[0069] 1,6-dibr0mopyrene (100 £, 27.8 mmol), indoline D-23 60 8183 819.0 243,280, 332, 476
(6.9 mL, 61.1 mmol), palladium acetate (318 mg, 1.4 mmol), 419

tri-t-butyl phosphine (0.7 mL, 2.8 mmol) and cesium carbon-
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TABLE 1-continued

Compound MS/EIMS

Nos. Yiled(%) Found Caleulated UV(nm) PL(nm)

D-23 30 635.2 635.7 250 448

D-26 25 672.2 672.6 240,260,303, 453
409

D-27 49.5 890.3 691.0 248,324,409 453

D-28 28 756.3 756.9

D-29 34 463.2 464.6 354 502

D-30 51 976.4 9772

D-31 32 886.4 887.1

D-32 41 437.2 436.5 354 502

D-33 34 832.2 833.0

D-69 36 562.7 363.4 269 446

D-77 40 688.3 688.8

Device Example 1

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

[0073] An OLED device was produced using the light-
emitting material according to the present invention. A trans-
parent electrode indium tin oxide (ITO) thin film (15 ©/sq) on
a glass substrate for an organic light-emitting diode (OLED)
device (Samsung Corning, Republic of Korea) was subjected
to an ultrasonic washing with trichloroethylene, acetone,
ethanol and distilled water, sequentially, and then was stored
in isopropanol. Then, the ITO substrate was mounted on a
substrate holder of a vacuum vapor depositing apparatus.
4,4' 4"-tris(N,N-(2-naphthyl)-phenylamino )triphenylamine
was introduced into a cell of said vacuum vapor depositing
apparatus, and then the pressure in the chamber of said appa-
ratus was controlled to 107° torr. Thereafter, an electric cur-
rent was applied to the cell to evaporate said introduced
material, thereby forming a hole injection layer having a
thickness of 60 nm on the ITO substrate. Then, N,N'-bis(c-
naphthyl)-N,N'-diphenyl-4,4'-diamine was introduced into
another cell of said vacuum vapor depositing apparatus, and
was evaporated by applying electric current to the cell,
thereby forming a hole transport layer having a thickness of
20 nm on the hole injection layer. The hole injection layer and
the hole transport layer were formed, and then a light-emit-
ting layer was vapor deposited thereon. Thereafter, com-
pound C-1 was introduced into one cell of the vacuum vapor
depositing apparatus, as a host material, and compound D-17
was introduced into another cell as a dopant. The two mate-
rials were evaporated at different rates and deposited in a
doping amount of 3 wt % of the dopant based on the host, to
form a light-emitting layer having a thickness of 30 nm on the
hole transport layer. Then, tris(8-hydroxyquinoline)-alumi-
num (I1T) was deposited as an electron transport layer having
a thickness of 30 nm onto the light-emitting layer. Then, after
depositing lithium quinolate as an electron injection layer
having a thickness of 2 nm on the electron transport layer, an
Al cathode having a thickness of 150 nm was deposited by
another vacuum vapor deposition apparatus on the electron
injection layer. Thus, an OLED device was produced. All the
materials used for producing the OLED device were purified
by vacuum sublimation at 10~° torr prior to use.

[0074] Theproduced OLED device showed a blue emission
having a luminance of 720 cd/m?” and a current density of 17.2
mA/cm?,

Nov. 27,2014

Device Example 2

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

[0075] An OLED device was produced in the same manner
as in Device Example 1, except for using compound C-45 as
a host material and compound D-22 as a dopant.

[0076] Theproduced OLED device showed a blue emission
having a luminance of 420 cd/m? and a current density of 11.3
mA/cm?,

Device Example 3

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

[0077] AnOLED device was produced in the same manner
as in Device Example 1, except for using compound C-45 as
a host material and compound D-23 as a dopant.

[0078] Theproduced OLED device showed a blue emission
having a luminance of 1370 cd/m?® and a current density of
25.7 mA/cm?.

Device Example 4

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

[0079] AnOLED device was produced in the same manner
as in Device Example 1, except for using compound C-1 as a
host material and compound D-26 as a dopant.

[0080] Theproduced OLED device showed a blue emission

having a luminance of 1340 cd/m” and a current density of
35.9 mA/cm?.

Device Example 5

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

[0081] AnOLED device was produced in the same manner
as in Device Example 1, except for using compound C-45 as
a host material and compound D-27 as a dopant.

[0082] Theproduced OLED device showed a blue emission
having a luminance of 620 cd/m? and a current density of 17.8
mA/em?,

Device Example 6

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

[0083] AnOLED device was produced in the same manner
as in Device Example 1, except for using compound C-1 as a
host material and compound D-29 as a dopant.

[0084] Theproduced OLED device showed a blue emission
having a luminance of 1300 cd/m* and a current density of
21.1 mA/em?.
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Device Example 7

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

[0085] An OLED device was produced in the same manner
as in Device Example 1, except for using compound C-45 as
a host material and compound D-32 as a dopant.

[0086] Theproduced OLED device showed a blue emission
having a luminance of 2900 cd/m? and a current density of
38.8 mA/cm®.

Comparative Example 1

Production of an OLED Device Using Conventional
Light-Emitting Material

[0087] Afteraholeinjection layer and ahole transport layer
were produced in the same manner as in Device Example 1,
dinaphthylanthracene (DNA) was introduced into one cell of
the vacuum vapor depositing apparatus as a host material, and
compound D-17 was introduced into another cell as a dopant.
By using 100:1 of the deposition rate, a light-emitting layer
having a thickness of 30 nm was deposited on the hole trans-
port layer. Then, as in the same method as in Device Example
1, an electron transport layer and an electron injection layer
were deposited on the light-emitting layer. An Al cathode
having a thickness of 150 nm was deposited by another
vacuum vapor deposition apparatus on the electron injection
layer. Thus, an OLED device was produced.
[0088] Theproduced OLEDdevice showed a blue emission
having a luminance of 1330 cd/m? and a current density of
54.2 mA/em’.
[0089] The combination of dopant compounds and host
compounds of the present invention possesses superior lumi-
nescent efficacy over conventional materials. The organic
electroluminescent device comprising the combination of
dopant compounds and host compounds of the present inven-
tion shows a blue emission and has high current efficiency.
1. An organic electroluminescent device, comprising at
least one host compound represented by the following for-
mula 1 and at least one dopant compound represented by the
following formula 2:

26
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aryl group, a substituted or unsubstituted 3- to
30-membered heteroaryl group, —SiR; R;,R55, a
cyano group or a hydroxyl group, orR,, to R, are linked
each other to form a substituted or unsubstituted mono-
or polycyclic, 3- to 30-membered alicyclic or aromatic
ring whose carbon atom(s) may be replaced with at least
one hetero atom selected from nitrogen, oxygen and
sulfur;

R;, to R;; each independently represent hydrogen, deute-
rium, a halogen, a substituted or unsubstituted (C1-C30)
alkyl group, a substituted or unsubstituted (C6-C30)aryl
group, or a substituted or unsubstituted 3- to 30-mem-
bered heteroaryl group; and

the heteroaryl group contains at least one hetero atom
selected from the group consisting of B, N, O, S, P(—0),

Siand P,
Ar,
Ary L—N<
"Arz
wherein

Ar, represents a substituted or unsubstituted pyrene ring,
or a substituted or unsubstituted chrycene ring;

L represents a single bond, a substituted or unsubstituted
(C6-C30)aryl group, or a substituted or unsubstituted 3-
to 30-membered heteroaryl group;

Ar, and Ar, each independently represent hydrogen, deu-
terium, a halogen, a substituted or unsubstituted (C1-
C30)alkyl group, a substituted or unsubstituted (C6-
C30)aryl group, or a substituted or unsubstituted 3- to
30-membered heteroaryl group; or are linked with an
adjacent substituent(s) to form a substituted or unsub-
stituted mono- or polycyclic, 3- to 30-membered alicy-
clic or aromatic ring whose carbon atom(s) may be
replaced with at least one hetero atom selected from
nitrogen, oxygen and sulfur,

nrepresents an integer of 1 to 2; where n is an integer of 2,
the structural units within the square brackets are the
same or different; and

n

@

Rs Ry3
Ry Ry Ry Ry Ry Rig
/2 /A )
Ry Rs Rg Rii Ry Rig
Ry Rio Rie Ry7
wherein

R, to R,, each independently represent hydrogen, deute-
rium, a halogen, a substituted or unsubstituted (C1-C30)
alkyl group, a substituted or unsubstituted (C1-C30)
alkoxy group, a substituted or unsubstituted (C6-C30)

the heteroaryl group contains at least one hetero atom

selected from the group consisting of B, N, O, S, P(=0),
Siand P.

2. The organic electroluminescent device according to

claim 1, wherein in formula 1, R, to R,, each independently
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represent hydrogen, deuterium, fluorine, a substituted or
unsubstituted (C1-C10)alkyl group, a substituted or unsub-
stituted (C1-C10)alkoxy group, a substituted or unsubstituted
(C6-C15)aryl group, or a substituted or unsubstituted 3- to
15-membered heteroaryl group, —SiR;,R;,R;;, a cyano
group or a hydroxyl group; or R, to R, are linked together to
form a substituted or unsubstituted mono- or polycyclic, 3- to
30-membered 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, to R,; each inde-
pendently represent an unsubstituted (C1-C10)alkyl group or
an unsubstituted (C6-C15)aryl group; and in formula 2, L
represents a single bond or an unsubstituted (C6-C15)aryl
group; and Ar, and Ar; each independently represent a sub-
stituted or unsubstituted (C6-C15)aryl group, or are linked
with an adjacent substituent(s) to form a substituted or unsub-
stituted mono- or polycyclic, 3- to 15-membered alicyclic or
aromatic ring whose carbon atom(s) may be replaced with at
least one hetero atom selected from nitrogen, oxygen and
sulfur.

3. The organic electroluminescent device according to
claim 1, wherein the substituents of the substituted (C1-C30)
alkyl group, the substituted (C1-C30)alkoxy group, the sub-
stituted (C6-C30)aryl group, the substituted 3- to 30-mem-
bered heteroaryl group, and the substituted mono- or
polycyelic, 3- to 30-membered alicyclic or aromatic ring in
R, 0 R,,, R, toR;;, L, and Ar, to Ar, groups of formulae 1
and 2 are independently at least one selected from the group
consisting of deuterium; a halogen; a (C1-C30)alkyl group; a
halo(C1-C30)alkyl group; a (C1-C30)alkoxy group; a (C6-
C30)aryloxy group; a (C6-C30)aryl group; a 3- to 30-mem-
bered heteroaryl group; a 3- to 30-membered heteroaryl
group substituted with a (C6-C30)aryl group; a (C6-C30)aryl
group substituted with a 3- to 30-membered heteroaryl group;
a (C3-C30)cycloalkyl group; a 5- to 7-membered heterocy-
cloalkyl 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; a (C2-C30)alkenyl
group; a (C2-C30)alkynyl group; a cyano group; a (C1-C30)
alkylthio group; a (C6-C30)arylthio group; an N-carbazolyl
group; a mono- or di(C1-C30)alkylamino group; a mono- or
di(C6-C30)arylamino group; a (C1-C30)alkyl(C6-C30)ary-
lamino 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; a (C1-C30)alkyl
(C6-C30)aryl group: a carboxyl group; a nitro group; and a
hydroxyl group.

4. The organic electroluminescent device according to

claim 1, wherein Ar, is selected from the group consisting of
the following structures:

(A (A)p
N 1/
0 T

%
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-continued
£ 3

wherein

A represents deuterium, a halogen, a (C1-C30)alkyl group,
a halo(C1-C30)alkyl group, a (C6-C30)aryl group, a 3-
to 30-membered heteroaryl group, a 3- to 30-membered
heteroaryl group substituted with a (C6-C30)arvl group,
a (C6-C30)aryl group substituted with a 3- to 30-mem-
bered heteroaryl group; a (C3-C30)cycloalkyl group; a
5-to 7-membered heterocycloalkyl 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: a (C2-C30)alkenyl group; a
(C2-C30)alkynyl group; a cyano group; an N-carbazolyl
group; a di(C1-C30)alkylamino group; a di(C6-C30)
arylamino group; a (C1-C30)alkyl(C6-C30)arylamino
group; a di(C6-C30)arylboronyl group; a di(C1-C30)
alkylboronyl group; a (C1-C30)alkyl(C6-C30)arylboro-
nyl group; a (C6-C30)aryl(C1-C30)alkyl group; a (C1-
C30)alkyl(C6-C30)aryl group; a carboxyl group; a nitro
group; and a hydroxyl group; and

m represents an integer of 0 to 4.

5. The organic electroluminescent device according to
claim 1, wherein the host compound is selected from the
group consisting of’
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6. The organic electroluminescent device according to
claim 1, wherein the dopant compound is selected from the
group consisting of’
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