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ABSTRACT

(2006.01)

The present disclosure relates to an organic electrolumines-
cent compound and an organic electroluminescent device
comprising the same. The organic electroluminescent com-
pound of the present disclosure is effective in preparing an
organic electroluminescent device having low driving volt-
age and good current and power efliciencies.
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ORGANIC ELECTROLUMINESCENT
COMPOUNDS AND ORGANIC
ELECTROLUMINESCENT DEVICE
COMPRISING THE SAME

TECHNICAL FIELD

[0001] The present disclosure relates to an organic elec-
troluminescent compound and an organic electrolumines-
cent device comprising the same.

BACKGROUND ART

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

[0003] The organic EL device(OLED) converts electric
energy into light when electricity is applied to an organic
light-emitting material(s). Generally, the organic EL device
has a structure comprising an anode, a cathode, and an
organic layer disposed between the anode and the cathode.
The organic layer of the organic EL device comprises a hole
injection layer, a hole transport layer, an electron blocking
layer, a light-emitting layer (comprising a host material and
a dopant material), an electron buffering layer, a hole
blocking layer, an electron transport layer, an electron injec-
tion layer, etc. Depending on its function, materials for
forming the organic layer can be classified as a hole injection
material, a hole transport material, an electron blocking
material, a light-emitting material, an electron buffering
material, a hole blocking material, an electron transport
material, an electron injection material, etc. When a voltage
is applied to the organic EL device, holes and electrons are
injected from an anode and a cathode, respectively, to the
light-emitting layer. Excitons having high energy are formed
by recombinations between the holes and the electrons, the
energy puts the organic light-emitting compound in an
excited state, and the decay of the excited state results in a
relaxation of the energy level into a ground state, accom-
panied by light-emission.

[0004] The most important factor determining luminous
efficiency in the organic EL device is light-emitting mate-
rials. The light-emitting material needs to have high quan-
tum efliciency, high electron mobility, and high hole mobil-
ity. Furthermore, the light-emitting layer formed by the
light-emitting material needs to be uniform and stable.
Depending on the colors visualized by light-emission, the
light-emitting materials can be classified as a blue-, green-,
or red-emitting material, and can additionally include a
yellow- or orange-emitting material. Furthermore, the light-
emitting material can be classified according to its function,
as a host material and a dopant material. Recently, the
development of OLED providing high efficiency and a long
lifespan is urgent. In particular, considering EL requirements
for a middle or large-sized OLED panel, materials showing
better performance than conventional ones must be urgently
developed. In order to achieve the development, a host
material which plays a role as a solvent in a solid state and
transfers energy, should have high purity, and an appropriate
molecular weight for being deposited under a vacuum. In
addition, a host material should have high glass transition
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temperature and high thermal decomposition temperature to
ensure thermal stability; high electrochemical stability to
have a long lifespan; ease of preparation for amorphous thin
film; and good adhesion to materials of adjacent layers.
Furthermore, a host material should not move to an adjacent
layer.

[0005] Japanese Patent Application Laying-Open No.
2014-160813 discloses a nitrogen-containing heterocyclic
compound formed by condensing a pyrrole ring, an aromatic
ring, and a 7-membered ring, and an organic electrolumi-
nescent element comprising the same. However, it does not
disclose the compounds of the present disclosure, but dis-
closes the compounds wherein aryl is fused to the backbone
or that have the fusion positions different from those of the
compounds of the present disclosure.

[0006] As a result of a study for finding new compounds
that can provide an organic electroluminescent device with
superior performance compared to the conventional organic
light-emitting compounds, the present inventors found that
compounds of the present disclosure can provide good
device performances including high Iuminous and power
efficiencies.

DISCLOSURE OF THE INVENTION

Problems to be Solved

[0007] The objective of the present disclosure is to provide
an organic electroluminescent compound, which is effective
in preparing an organic electroluminescent device having
low driving voltage, good luminous and power efficiencies,
and a remarkably improved lifespan.

Solution to Problems

[0008] As a result of an earnest study for solving the
above-described problems, the present inventors found that
the above objective can be achieved by an organic electrolu-
minescent compound represented by the following formula
1 and have come to complete the present disclosure.

@
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[0009] In formula 1,
[0010] each of two adjacent * of one phenyl ring of

formula 1 is bonded to each of two * of formula 2, and

[0011] in formulae 1 and 2,
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[0012] R, to Ry, each independently, represent hydrogen,
deuterium, a halogen, a cyano, a carboxy, a nitro, a hydroxy,
a substituted or unsubstituted (C1-C30)alkyl, a substituted
or unsubstituted (C3-C30)cycloalkyl, a substituted or unsub-
stituted (C3-C30)cycloalkenyl, a substituted or unsubsti-
tuted (3 to 7-membered)heterocycloalkyl, a substituted or
unsubstituted (C6-C30)aryl, a substituted or unsubstituted (3
to 30-membered)heteroaryl, —NR R, or —SiR;RgR,, or
may be linked to an adjacent substituent(s) to form a
substituted or unsubstituted (C3-C30), mono- or polycyclic,
alicyclic or aromatic ring, whose carbon atom(s) may be
replaced with at least one hetero atom selected from nitro-
gen, oxygen, and sulfur; and

[0013] R, to R, cach independently, represent hydrogen,
deuterium, a halogen, a cyano, a carboxy, a nitro, a hydroxy,
a substituted or unsubstituted (C1-C30)alkyl, a substituted
or unsubstituted (C3-C30)cycloalkyl, a substituted or unsub-
stituted (C3-C30)cycloalkenyl, a substituted or unsubsti-
tuted (3 to 7-membered)heterocycloalkyl, a substituted or
unsubstituted (C6-C30)aryl, or a substituted or unsubstituted
(3 to 30-membered)heteroaryl;

[0014] Ar, represents a substituted or unsubstituted (C6-
C30)aryl, or a substituted or unsubstituted (3 to 30-mem-
bered)heteroaryl;

[0015] a, c, d and e, each independently, represent an
integer of 1 to 4; b represents an integer of 1 to 3; and
[0016] the heteroaryl contains at least one hetero atom
selected from B, N, O, S, Si and P.

Effects of the Invention

[0017] The organic electroluminescent compounds of the
present disclosure have an advantage in that when they are
used as a host of a light-emitting layer, they can provide an
organic electroluminescent device having low driving volt-
age, and remarkably improved luminous efficiency and
lifespan, compared to conventional organic light-emitting
compounds. In particular, the organic electroluminescent
compounds of the present disclosure can provide an organic
electroluminescent device having low driving voltage and
high current and power efficiencies.

Embodiments of the Invention

[0018] Hereinafter, the present disclosure will be
described in detail. However, the following description is
intended to explain the disclosure, and is not meant in any
way to restrict the scope of the disclosure.

[0019] The present disclosure provides the organic elec-
troluminescent compound of formula 1 above, an organic
electroluminescent material comprising the same, and an
organic electroluminescent device comprising the material.
[0020] In formulae 1 and 2, R, to Ry, each independently,
represent hydrogen, deuterium, a halogen, a cyano, a car-
boxy, a nitro, a hydroxy, a substituted or unsubstituted
(C1-C30)alkyl, a substituted or unsubstituted (C3-C30)cy-
cloalkyl, a substituted or unsubstituted (C3-C30) cycloalk-
enyl, a substituted or unsubstituted (3 to 7-membered)
heterocycloalkyl, a substituted or unsubstituted (C6-C30)
aryl, a substituted or unsubstituted (3 to 30-membered)
heteroaryl, —NRR, or —SiR4R¢R 4, or may be linked to
an adjacent substituent(s) to form a substituted or unsubsti-
tuted (C3-C30), mono- or polycyclic, 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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preferably, each independently, may represent hydrogen,
deuterium, a substituted or unsubstituted (C1-C20)alkyl, a
substituted or unsubstituted (C3-C20)cycloalkyl, a substi-
tuted or unsubstituted (C3-C20)cycloalkenyl, a substituted
or unsubstituted (C6-C20)aryl, a substituted or unsubstituted
(3 to 20-membered)heteroaryl, or —NR R, or may be
linked to an adjacent substituent(s) to form a substituted or
unsubstituted (C3-C20), mono- or polycyclic, alicyclic or
aromatic ring, whose carbon atom(s) may be replaced with
at least one hetero atom selected from nitrogen, oxygen, and
sulfur; more preferably, each independently, may represent
hydrogen, or an unsubstituted (C6-C18)aryl, or may be
linked to an adjacent substituent(s) to form an unsubstituted
(C3-C18) mono- or polycyclic, aromatic ring; and specifi-
cally, each independently, may represent hydrogen or an
unsubstituted phenyl, or may be linked to an adjacent
substituent(s) to form an unsubstituted benzene ring.

[0021] In formulae 1 and 2, Rito R, each independently,
represent hydrogen, deuterium, a halogen, a cyano, a car-
boxy, a nitro, a hydroxy, a substituted or unsubstituted
(C1-C30)alkyl, a substituted or unsubstituted (C3-C30)cy-
cloalkyl, a substituted or unsubstituted (C3-C30)cycloalk-
enyl, a substituted or unsubstituted (3 to 7-membered)
heterocycloalkyl, a substituted or unsubstituted (C6-C30)
aryl, or a substituted or unsubstituted (3 to 30-membered)
heteroaryl; preferably, each independently, may represent a
substituted or unsubstituted (C1-C20)alkyl, a substituted or
unsubstituted (C3-C20)cycloalkyl, a substituted or unsub-
stituted (C3-C20)cycloalkenyl, a substituted or unsubsti-
tuted (C6-C20)arvl, or a substituted or unsubstituted (3 to
20-membered)heteroaryl.

[0022] Informula 2, Ar, represents a substituted or unsub-
stituted (C6-C30)aryl, or a substituted or unsubstituted (3 to
30-membered)heteroaryl; preferably, a substituted or unsub-
stituted (C6-C25)aryl, or a substituted or unsubstituted (3 to
25-membered)heteroaryl; more preferably, a substituted or
unsubstituted (C6-C25)aryl, or a substituted or unsubsti-
tuted, nitrogen-, oxygen- or sulfur-containing (5 to 20-mem-
bered)heteroaryl; specifically, a substituted or unsubstituted
phenyl, a substituted or unsubstituted naphthyl, a substituted
or unsubstituted biphenyl, a substituted or unsubstituted
anthracenyl, a substituted or unsubstituted terphenyl, a sub-
stituted or unsubstituted phenylnaphthyl, a substituted or
unsubstituted naphthylphenyl, a substituted or unsubstituted
fluorenyl, a substituted or unsubstituted spiro bifluorenyl, a
substituted or unsubstituted pyridyl, a substituted or unsub-
stituted pyrimidinyl, a substituted or unsubstituted triazinyl,
a substituted or unsubstituted quinolyl, a substituted or
unsubstituted isoquinolyl, a substituted or unsubstituted
quinoxalinyl, a substituted or unsubstituted quinazolinyl, a
substituted or unsubstituted dibenzofuranyl, or a substituted
or unsubstituted dibenzothiophenyl, wherein the substitu-
ents thereof may be at least one selected from a (C1-C10)
alkyl, phenyl, biphenyl, naphthyl, anthracenyl, terphenyl,
phenylnaphthyl, naphthylphenyl, fluorenyl substituted or
unsubstituted with a (C1-Cl0)alkyl or a (C6-C30)aryl,
pyridyl substituted or unsubstituted with a (C1-C10)alkyl or
a (C6-C30)aryl, pyrimidinyl substituted or unsubstituted
with a (C1-C10)alkyl or a (C6-C30)aryl, triazinyl substi-
tuted or unsubstituted with a (C1-C10)alkyl or a (C6-C30)
aryl, quinoly! substituted or unsubstituted with a (C1-C10)
alkyl or a (C6-C30)aryl, isoquinolyl substituted or
unsubstituted with a (C1-C10)alkyl or a (C6-C30)aryl, qui-
noxalinyl substituted or unsubstituted with a (C1-C10)alkyl
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or a (C6-C30)aryl, quinazolinyl substituted or unsubstituted
with a (C1-Cl10)alkyl or a (C6-C30)aryl, and a di(C6-C30)
arylamino.

[0023] In formulae 1 and 2, a, ¢, d and e, each indepen-
dently, represent an integer of 1 to 4, and b represents an
integer of 1 to 3. Preferably, a to e, each independently, may
represent 1 or 2.

[0024] The compound of formula 1 of the present disclo-
sure may be represented by the following formulae 3 to 6:

&)

S

)

[0025] In formulae 3 to 6, f and g, each independently,
represent an integer of 1 or 2.

[0026] In formulae 3 to 6, R, to R, Ary, a,b,c,dand e
are as defined in formula 1 above.
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[0027] Herein, “(C1-C30)alkyl” indicates a linear or
branched alkyl having 1 to 30, preferably 1 to 20, and more
preferably 1 to 10 carbon atoms, and includes methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, etc. “(C2-
C30) alkenyl” indicates a linear or branched alkenyl having
2 to 30, preferably 2 to 20, and more preferably 2 to 10
carbon atoms and includes vinyl, 1-propenyl, 2-propenyl,
1-butenyl, 2-butenyl, 3-butenyl, 2-methylbut-2-enyl, etc.
“(C2-C30)alkyny]” indicates a linear or branched alkynyl
having 2 to 30, preferably 2 to 20, and more preferably 2 to
10 carbon atoms and includes ethynyl, 1-propynyl, 2-pro-
pynyl, 1-butynyl. 2-butynyl, 3-butynyl, I-methylpent-2-
ynyl, etc. Herein, “(C1-C30)alkoxy” indicates a linear or
branched alkoxy having 1 to 30, preferably 1 to 20, and more
preferably 1 to 10 carbon atoms, and includes methoxy,
ethoxy, propoxy, isopropoxy, 1-ethylpropoxy, etc. Herein,
“(C3-C30)cycloalkyl” indicates a mono- or polycyclic
hydrocarbon having 3 to 30, preferably 3 to 20, more
preferably 3 to 7 ring backbone carbon atoms. The
cycloalkyl includes cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, etc. Herein, “(3 to 7-membered)heterocy-
cloalkyl” indicates a cycloalkyl having 3 to 7 ring backbone
atoms including at least one hetero atom selected from B, N,
0O, S, Si, and P, preferably O, S, and N, and includes
pyrrolidine, thiolan, tetrahydropyran, etc. Herein, “(C6-
C30)aryl(ene)” indicates a monocyclic ring-type or fused
ring-type radical derived from aromatic hydrocarbon having
6 to 30, preferably 6 to 20, more preferably 6 to 15 ring
backbone carbon atoms. The aryl may include aryl having a
spiro structure. The aryl includes phenyl, biphenyl, terphe-
nyl, naphthyl, fluorenyl, phenanthrenyl, anthracenyl, inde-
nyl, triphenylenyl, pyrenyl, tetracenyl, perylenyl, chrysenyl,
naphthacenyl, fluoranthenyl, etc. Herein, “(3 to 30-mem-
bered)heteroaryl(ene)” indicates an aryl group having 3 to
30, preferably 3 to 20, more preferably 3 to 15 ring backbone
atoms including at least one, preferably 1 to 4, hetero atom
selected from the group consisting of B, N, O, S, Si, and P;
may be a monocyclic ring, or a fused ring condensed with
at least one benzene ring; 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
monocyclic ring-type heteroaryl such as furyl, thiophenyl,
pyrrolyl, imidazolyl, pyrazolyl, thiazolyl, thiadiazolyl, iso-
thiazolyl, isoxazolyl, oxazolyl, oxadiazolyl, triazinyl, tet-
razinyl, 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. Further, “halogen” includes F, CI, Br, and 1.

[0028] Furthermore, herein, “substituted” in the expres-
sion, “substituted or unsubstituted,” means that a hydrogen
atom in a certain functional group is replaced with another
atom or group, i.e. a substituent. In R, to R, and Ar,, the
substituent of the substituted (C1-C30)alkyl, the substituted
(C3-C30)cycloalkyl, the substituted (C3-C30)cycloalkenyl,
the substituted (3 to 7-membered)heterocycloalkyl, the sub-
stituted (C6-C30)arvl, the substituted (3 to 30-membered)
heteroaryl, and the substituted (C3-C30) mono- or polycy-
clic alicyclic or aromatic ring, each independently, is at least
one selected from the group consisting of deuterium, a
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halogen, a cyano, a carboxy, a nitro, a hydroxy, a (C1-C30)
alkyl, a halo(C1-C30)alkyl, a (C2-C30)alkenyl, a (C2-C30)
alkynyl, a (C1-C30)alkoxy, a (C1-C30)alkylthio, a (C3-C30)
cycloalkyl, a (C3-C30)cycloalkenyl, a (3 to 7-membered)
heterocycloalkyl, a (C6-C30)aryloxy. a (C6-C30)arylthio, a
(5 to 30-membered)heteroaryl substituted or unsubstituted
with a (C6-C30)aryl, a (C6-C30)aryl substituted or unsub-
stituted with a (5 to 30-membered)heteroaryl, a tri(C1-C30)
alkylsilyl, a tri(C6-C30)arylsilyl, a di(C1-C30)alkyl(C6-
C30arylsilyl, a (C1-C30)alkyldi(C6-C30)arylsilyl, an
amino, a mono- or di-(C1-C30)alkylamino, a mono- or
di-(C6-C30)arylamino, a  (C1-C30)alkyl(C6-C30)ary-
lamino, a (C1-C30)alkylcarbonyl, a (C1-C30)alkoxycarbo-
nyl, a (C6-C30)arylcarbonyl, a di(C6-C30)arylboronyl, a
di(C1-C30)alkylboronyl, a (C1-C30)alkyl(C6-C30)arylbo-
ronyl, a (C6-C30)aryl(C1-C30)alkyl, and a (C1-C30)alkyl
(C6-C30)aryl; preferably, each independently, may be an
unsubstituted (C6-C20)aryl, a (5 to 20-membered)heteroaryl
substituted with a (C6-C20)aryl, a di(C6-C20)arylamino, or
a di(C1-C20)alkyl(C6-C20)aryl; more preferably, each inde-
pendently, may be an unsubstituted (C6-C18)aryl, a (5 to
18-membered)heteroaryl substituted with a (C6-C12)aryl, a
di(Co6-Cl18)arylamino, or a di(C1-C10)alkyl(C6-C18)ary;
and more specifically, each independently, may be an unsub-
stituted phenyl, an unsubstituted biphenyl, triazinyl substi-
tuted with phenyl, quinoxalinyl substituted with phenyl, a
di(C6-C18)arylamino, or dimethylfluorenyl.

[0029] According to one embodiment of the present dis-
closure, in formulae 1 and 2, R, to R, each independently,
may represent hydrogen, deuterium, a substituted or unsub-
stituted (C1-C20)alkyl, a substituted or unsubstituted (C3-
C20)cycloalkyl, a substituted or unsubstituted (C3-C20)
cycloalkenyl, a substituted or unsubstituted (C6-C20)aryl, a
substituted or unsubstituted (3 to 20-membered)heteroaryl,
or —NR(R, or may be linked to an adjacent substituent(s)
to form a substituted or unsubstituted (C3-C20), mono- or
polycyelic, alicyclic or aromatic ring, whose carbon atom(s)
may be replaced with at least one hetero atom selected from
nitrogen, oxygen, and sulfur; wherein Ry and R, each
independently, may represent a substituted or unsubstituted
(C1-C20)alkyl, a substituted or unsubstituted (C3-C20)cy-
cloalkyl, a substituted or unsubstituted (C3-C20)cycloalk-
enyl, a substituted or unsubstituted (C6-C20)aryl, or a
substituted or unsubstituted (3 to 20-membered)heteroaryl,
Ar, may represent a substituted or unsubstituted (C6-C25)
aryl, or a substituted or unsubstituted (3 to 25-membered)
heteroaryl; and a to e, each independently, may be 1 or 2.

[0030] According to another embodiment of the present
disclosure, in formulae 1 and 2, R, to R,, each indepen-
dently, may represent hydrogen; R may represent hydrogen,
or an unsubstituted (C6-Cl18)ary, or may be linked to an
adjacent substituent(s) to form an unsubstituted (C3-C18)
mono- or polycyclic, aromatic ring: Ar, may represent a
substituted or unsubstituted (C6-C25)aryl, or a substituted or
unsubstituted (5 to 20-membered)heteroaryl; a, ¢, d and e
may be 1; and b may be 2.

[0031] More specifically, the organic electroluminescent
compound of formula 1 of the present disclosure includes
the following, but is not limited thereto:
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-continued

C-66

[0032] Furthermore, the present disclosure provides an
organic electroluminescent material comprising the organic
electroluminescent compound of formula 1, and an organic
electroluminescent device comprising the material.

[0033] The material may consist of the organic electrolu-
minescent compound alone of the present disclosure. Oth-
erwise, the material may further comprise a conventional

15
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compound(s) which has been comprised in an organic elec-
troluminescent material, in addition to the compound of the
present disclosure.

[0034] The organic electroluminescent device of the pres-
ent disclosure may comprise a first electrode, a second
electrode, and at least one organic layer disposed between
the first and second electrodes. The organic layer may
comprise at least one organic electroluminescent compound
of formula 1.

[0035] One of the first and second electrodes may be an
anode, and the other may be a cathode. The organic layer
may comprise a light-emitting layer, and may further com-
prise at least one layer selected from a hole injection layer,
a hole transport layer, a hole auxiliary layer, an auxiliary
light-emitting layer, an electron transport layer, an electron
buffering layer, an electron injection layer, an interlayer, a
hole blocking layer, and an electron blocking layer, wherein
the hole auxiliary layer or the auxiliary light-emitting layer
is interposed between the hole transport layer and the
light-emitting layer, and modulates hole mobility. The hole
auxiliary layer or the auxiliary light-emitting layer has the
effects to provide improved efficiency and lifespan of the
organic electroluminescent device.

[0036] The organic electroluminescent compound of for-
mula 1 of the present disclosure may be comprised in the
light-emitting layer as a host material. Preferably, the light-
emitting layer may further comprise at least one dopant, and
if needed, a compound other than the organic electrolumi-
nescent compound of formula 1 of the present disclosure
may be comprised additionally as a second host material.

[0037] According to another aspect of the present disclo-
sure, a material for preparing an organic electroluminescent
device is provided. The material may comprise a first host
material and a second host material, wherein the first host
material comprises the organic electroluminescent com-
pound of the present disclosure. The weight ratio between
the first host material and the second host material is in the
range of 1:99 to 99:1.

[0038] The second host material may be from any of the
known phosphorescent host materials. Preferably, the sec-
ond host material may be selected from the group consisting
of the phosphorescent hosts of formulae 7 to 11 below.
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-continued

(10)

M
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Ly
7 A
Rap)—— |
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Rax)k
[0039] Wherein
[0040] Cz has the following structure:
[0041] A represents —O— or —S—;
[0042] R,, to R,, eachindependently, represent hydrogen,

deuterium, a halogen, a substituted or unsubstituted (C1-
C30)alkyl, a substituted or unsubstituted (C6-C30)aryl, a
substituted or unsubstituted (5 to 30-membered)heteroaryl
or —SiR,sR,sR,-; Ry to R4, each independently, represent
a substituted or unsubstituted (C1-C30)alkyl, or a substi-
tuted or unsubstituted (C6-C30)aryl; La represents a single
bond, a substituted or unsubstituted (C6-C30)arylene, or a
substituted or unsubstituted (5 to 30-membered)het-
eroarylene; M represents a substituted or unsubstituted (C6-
C30)aryl, or a substituted or unsubstituted (5 to 30-mem-
bered)heteroaryl; Y, and Y, each independently, represent
—0—,—S— —NR,, ) —or—C(R,,)(R,3)— and Y, and
Y, do not occur concurrently; R,, to R,;, each indepen-
dently, represent a substituted or unsubstituted (C1-C30)
alky, a substituted or unsubstituted (C6-C30)aryl, or a sub-
stituted or unsubstituted (5 to 30-membered)heteroaryl, R,,
and R ; may be the same or different; i and j, each inde-
pendently, represent an integer of 1 to 3; k, 1, m and n, each
independently, represent an integer of 0 to 4; when i, j, k, 1,
m or n is an integer of 2 or more, each of (Cz-L,), each of
(Cz), each of R,,, each of R,,, each of R,; or each of R,,
may be the same or different.
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[0043] Specifically, the second host material preferably
includes the following:
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[wherein TPS represents triphenylsilyl.]
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[0044]

[0045] The dopant to be comprised in the organic elec-
troluminescent device of the present disclosure is preferably
at least one phosphorescent dopant. The phosphorescent
dopant material for the organic electroluminescent device of
the present disclosure is not limited, but may be preferably
selected from metallated complex compounds of iridium
(Ir), osmium (Os), copper (Cu) or platinum (Pt), more
preferably selected from ortho-metallated complex com-
pounds of iridium (Ir), osmium (Os), copper (Cu) or plati-
num (Pt), and even more preferably ortho-metallated iridium
complex compounds.

[0046] The compounds represented by the following for-
mulae 101 to 103 may be used as the dopant to be comprised
in the organic electroluminescent device of the present
disclosure.
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[0047] wherein L, is selected from the following struc-
tures:

Ragg
Roo
7~ © \ Raos
*~ o Raoy
0=
Rao

Raos

Raos

[0048] R,,, represents hydrogen, a substituted or unsub-
stituted (C1-C30)alkyl, or a substituted or unsubstituted
(C3-C30)cycloalkyl,

[0049] R, to R,ys and Ry, to Ry,3, each independently,
represent hydrogen, deuterium, a halogen, a (C1-C30)alky
substituted or unsubstituted with a halogen, a cyano, a
substituted or unsubstituted (C1-C30)alkoxy, a substituted
or unsubstituted (C6-C30)aryl, or a substituted or unsubsti-
tuted (C3-C30)cycloalkyl; R, o6 to R0, €ach independently,
may be linked to an adjacent substituent(s) to form a
substituted or unsubstituted fused ring, for example, a fluo-
rene substituted or unsubstituted with an alkyl, a dibenzo-
thiophene substituted or unsubstituted with an alkyl, or a
dibenzofuran substituted or unsubstituted with an alkyl;
R,,, to R,,;, each independently, may be linked to an
adjacent substituent(s) to form a substituted or unsubstituted
fused ring, for example, a quinoline substituted or unsub-
stituted with an alkyl or aryl;

[0050] R,., to R,,,, each independently, represent hydro-
gen, deuterium, a halogen, a substituted or unsubstituted
(C1-C30)alkyl, or a substituted or unsubstituted (C6-C30)
aryl; Ry, to R},-, each independently, may be linked to an
adjacent substituent(s) to form a substituted or unsubstituted
fused ring, for example, a fluorene substituted or unsubsti-
tuted with an alkyl, a dibenzothiophene substituted or
unsubstituted with an alkyl, or a dibenzofuran substituted or
unsubstituted with an alkyl;

[0051] R,,, to R,,,, each independently, represent hydro-
gen, deuterium, a halogen, a (C1-C30)alkyl substituted or
unsubstituted with a halogen, a substituted or unsubstituted
(C3-C30)cycloalkyl, or a substituted or unsubstituted (C6-
C30)aryl; R, to R,;, each independently, may be linked to
an adjacent substituent(s) to form a substituted or unsubsti-
tuted fused ring, for example, a fluorene substituted or
unsubstituted with an alkyl, a dibenzothiophene substituted
or unsubstituted with an alkyl, or a dibenzofuran substituted
or unsubstituted with an alkyl,

[0052] rand s, each independently, represent an integer of
1 to 3; when r or s is an integer of 2 or more, each of R,
may be the same or different; and

[0053] t represents an integer of 1 to 3.

/
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Specifically, the phosphorescent dopant includes
the following:
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[0055] The organic electroluminescent device of the pres-
ent disclosure comprises an organic electroluminescent
compound of formula 1, and may further comprise at least
one compound selected from the group consisting of arylam-
ine-based compounds and styrylarylamine-based com-
pounds.

[0056] In the organic electroluminescent device of the
present disclosure, the organic layer may further comprise,
in addition to the compound of formula 1, 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 the d-transition elements of the Periodic Table, or
at least one complex compound comprising the metal. The
organic layer may further comprise a light-emitting layer
and a charge generating layer.
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[0057] 1In addition, the organic electroluminescent device EXAMPLE 1
of the present disclosure may emit white light by further
comprising at least one light-emitting layer, which com-
prises a blue electroluminescent compound, a red electrolu-
minescent compound or a green electroluminescent com- [0063]
pound known in the field, besides the compound of the
present disclosure. If necessary, it may further comprise an
orange light-emitting layer or a yellow light-emitting layer. cl

Preparation of Compound C-13

[0058] In the organic electroluminescent device of the

Br
present disclosure, preferably, at least one layer (hereinafter,
“a surface layer”) may be placed on an inner surface(s) of
one or both electrode(s), selected from a chalcogenide layer,

B(OH

NH
a metal halide layer and a metal oxide layer. Specifically, a :

2 )
chalcogenide (includes oxides) layer of silicon or aluminum N Pd(PPhs)y/aq. NayCO;
is preferably placed on an anode surface of an electrolumi- Toluene, BtOIL, 120° C.
nescent medium layer, and a metal halide layer or a metal
oxide layer is preferably placed on a cathode surface of an
A

electroluminescent medium layer. Such a surface layer pro-
vides operation stability for the organic electroluminescent
device. Preferably, the chalcogenide includes SiOx
(1=X=<2), AlOx (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,0, MgO, SrO,

BaO, Ca0, etc.

[0059] In the organic electroluminescent device of the

present disclosure, a mixed region of an electron transport

compound and a reductive dopant, or a mixed region of a NaNOyKIPTSA
L -

hole transport compound and an oxidative dopant may be ACN, 0° C. to 1t
placed on at least one surface of a pair of electrodes. In this

case, the electron transport compound is reduced to an Q O

anion, and thus it becomes easier to inject and transport “

electrons from the mixed region to an electroluminescent

medium. Furthermore, the hole transport compound is oxi-

dized to a cation, and thus it becomes easier to inject and

transport holes from the mixed region to the electrolumi-

nescent medium. Preferably, the oxidative dopant includes

various Lewis acids and acceptor compounds, and the reduc-
tive dopant includes alkali metals, alkali metal compounds,

alkaline earth metals, rare-earth metals, and mixtures B(OH),

thereof. A reductive dopant layer may be employed as a

charge generating layer to prepare an electroluminescent

device having two or more light-emitting layers and emitting

white light. Pd(PPhy)y/aq. Na;CO;
_—m

[0060] In order to form each layer of the organic elec- THF, 80° C.
troluminescent device of the present disclosure, dry film-
forming methods such as vacuum evaporation, sputtering,
plasma and ion plating methods, or wet film-forming meth-

ods such as spin coating, dip coating, and flow coating
methods can be used.

(.

[0061] When using a wet film-forming method, a thin film

can be formed by dissolving or diffusing materials forming

each layer into any suitable solvent such as ethanol, chlo-

roform, tetrahydrofuran, dioxane, etc. The solvent can be

any solvent where the materials forming each layer can be

dissolved or diffused, and where there are no problems in Pd(OAc), Ligand/Cs;CO;
film-formation capability.

o-Xylene, reflux
[0062] Hereinafter, the organic electroluminescent com-
pound of the present disclosure, the preparation method of
the compound, and the luminescent properties of the organic

electroluminescent device comprising the compound will be
explained in detail with reference to the following examples.
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[0064] 1) Preparation of Compound 1-1

[0065] After introducing compound A(22 g, 74.88 mmol),
4-bromo-3-chloroaniline(13 g, 62.40 mmol), tetrakis(triph-
enylphosphine)palladium(2.2 g, 1.87 mmol), sodium car-
bonate(17 g, 156.00 mmol), toluene(310 mL), EtOH(80
mL), and distilled water(80 mL) into a reaction vessel, the
mixture was stirred at 120° C. for 6 hours. After completion
of the reaction, the mixture was washed with distilled water
and extracted with ethyl acetate. The obtained organic layer
was dried with magnesium sulfate, and the solvent was
removed therefrom by a rotary evaporator. The products
were purified by column chromatography to obtain com-
pound 1-1 (14 g, yield: 61%).

[0066] 2) Preparation of Compound 1-2

[0067] After introducing compound 1-1 (14 g, 37.95
mmol) to acetonitrile(380 mL) of a reaction vessel, para-
toluenesulfonic acid monohydrate(22 g, 113.86 mmol) was
added at 0° C. After 10 minutes, sodium nitrite(5 g, 75.90
mmol) and potassium iodide(16 g, 94.88 mmol) were dis-
solved in distilled water(280 mL ), and this solution was then
slowly added dropwise to the mixture. After completion of

Aug. 9, 2018

the dropwise addition, the mixture was warmed slowly to
room temperature, and then additionally stirred for 4 hours.
After completion of the reaction, sodium thiosulfate was
added thereto to stop the reaction. The mixture was then
extracted with ethyl acetate. The obtained organic layer was
dried with magnesium sulfate, and the solvent was removed
therefrom by a rotary evaporator. The products were purified
by column chromatography to obtain compound 1-2 (9.6 g,
vield: 53%).

[0068]

[0069] After introducing compound 1-2 (8.5 g, 17.72
mmol), 2-nitrophenyl boronic acid(4.4 g, 26.85 mmol),
tetrakis(triphenylphosphine)palladium(0.6 g, 0.53 mmol),
sodium carbonate(4.7 g, 44.30 mmol), tetrahydrofuran(90
mL) and distilled water(22 mL) into a reaction vessel, the
mixture was stirred at 80° C. for 4 hours. After completion
of the reaction, the mixture was washed with distilled water
and extracted with ethyl acetate. The obtained organic layer
was dried with magnesium sulfate, and the solvent was
removed therefrom by a rotary evaporator. The products
were purified by column chromatography to obtain com-
pound 1-3 (7.5 g, yield: 89%).

[0070]

[0071] After introducing compound 1-3 (7 g, 14.74
mmol), palladium(Il) acetate(0.4 g, 1.47 mmol), tricyclo-
hexylphosphonium tetrafluoroborate(1.1 g, 2.94 mmol),
cesium carbonate(15 g, 44.22 mmol) and o-xylene(74 mL)
into a reaction vessel, the mixture was stirred under reflux
for 4 hours. After completion of the reaction, the mixture
was washed with distilled water and extracted with ethyl
acetate. The obtained organic layer was dried with magne-
sium sulfate, and the solvent was removed therefrom by a
rotary evaporator. The products were purified by column
chromatography to obtain compound 1-4 (6.3 g, yield: 91%.

[0072]

[0073] After introducing compound 1-4 (6.3 g, 14.37
mmol), triphenylphosphine(11.3 g, 43.10 mmol) and 1,2-
dichlorobenzene(72 mL) into a reaction vessel, the mixture
was stirred at 200° C. for 8 hours. After completion of the
reaction, the mixture was distilled under reduced pressure to
remove the solvent. The mixture was then washed with
distilled water and extracted with ethyl acetate. The obtained
organic layer was dried with magnesium sulfate, and the
solvent was removed therefrom by a rotary evaporator. The
products were purified by column chromatography to obtain
compound 1-5 (1.2 g, yield: 21%).

[0074]

[0075] After dissolving compound 1-5 (1.2 g, 2.95 mmol)
in dimethyl formaldehyde(15 mL) of a reaction vessel,
sodium hydride (0.2 g, 4.43 mmol) was slowly added
dropwise to the mixture at 0° C. After the mixture was
stirred for 30 minutes, 2-chloro-4-phenylquinazoline(0.9 g,
3.54 mmol) was added dropwise thereto. After completion
of the dropwise addition, the mixture was warmed to room
temperature, and additionally stirred for 7 hours. After
completion of the reaction, methanol was added thereto to
stop the reaction. The mixture was then extracted with ethyl
acetate. The obtained organic layer was dried with magne-
sium sulfate, and the solvent was removed therefrom by a
rotary evaporator. The products were purified by column
chromatography to obtain compound C-13 (0.8 g, yield:
44%).

3) Preparation of Compound 1-3

4) Preparation of Compound 1-4

5) Preparation of Compound 1-5

6) Preparation of Compound C-13
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by a rotary evaporator. The products were purified by

Mw MP column chromatography to obtain compound C-6 (0.8 g,
(Molecular Weight) uv PL (Melting Point) y1e1d 18%).
C-13 610.70 404nm 507 nm 260° C.
MW uv PL M.P
EXAMPLE 2 C-6 713.84 406 mm 453 mm 356° C.
Preparation of Compound C-6
[0076] EXAMPLE 3
5 Preparation of Compound C-48
i
[0079]
NZN
a | Br
) O
O R Cal DACYHRC5,C05
Pd(OAc),/ s-Phos/ N
Q NaOt-Bu o-Xylene, reflux
N Q
Q o-Xylene, reflux
O :
N
X
N,
. N
N O
N C-48
N Q O [0080] 1) Preparation of Compound C-48

C-6

[0077]

[0078] After introducing compound B (2.5 g, 6.15 mmol),
2-(4-bromophenyl)-4,6-diphenyl-1,3,5-triazine(2.9 g, 7.38
mmol), palladium(lI) acetate (0.07 g, 0.31 mmol), 2-dicy-
clohexylphosphino-2',6'-dimethoxybiphenyl(0.3 g, 0.62
mmol), sodium tert-butoxide(1.5 g, 15.38 mmol), and o-xy-
lene(31 mL) into a reaction vessel, the mixture was stirred
under reflux for 10 hours. After completion of the reaction,
the mixture was washed with distilled water and extracted
with ethyl acetate. The obtained organic layer was dried with
magnesium sulfate, and the solvent was removed therefrom

1) Preparation of Compound C-6

[0081] After introducing compound B (2 g, 4.90 mmol),
3-bromo-1-1'-biphenyl (1.7 g, 7.30 mmol), Cul (0.5 g, 15.04
mmol), diaminocyclohexane (1.2 mL, 9.80 mmol), cesium
carbonate (3.2 g, 9.80 mmol) and o-xylene(25 mL) into a
reaction vessel, the mixture was stirred under reflux for 7
hours. After completion of the reaction, the mixture was
washed with distilled water and extracted with ethy] acetate.
The obtained organic layer was dried with magnesium
sulfate, and the solvent was removed therefrom by a rotary
evaporator. The products were purified by column chroma-
tography to obtain compound C-48 (1.2 g, yield: 89%).

MW uv PL M.P

C-48 558.67 386 nm 457 nm 221° C.
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EXAMPLE 4

Preparation of Compound C-49
[0082]

B(OH),

NO,
Br
Pd(PPh3)4/aq. KoCO3
Toluene, EtOH, 120° C.
F
C
I Br
N
I
NaH -

DMF, 0° C. to 1t

F

B(OH),

Cl
Pd(PPh3)4/aq Nﬁ.2C03

Toluene, EtOH, 120° C.

o-Xylene, reflux

ON
Q PPhy
_— 0
N 1,2-DCB, 200° C.
44

4-1
NO,
Br
“
4.2
O NO,
O O Pd(OAc),/PCy,-HBF4/Cs,CO5
N Cl
4-3
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[0083] 1) Preparation of Compound 4-1

[0084] After introducing compound C (30 g, 136.36
mmol), phenylboronic acid (20 g, 163.64 mmol), tetrakis
(triphenylphosphine)palladium (4.7 g, 4.09 mmol), potas-
sium carbonate (47.1 g, 340.90 mmol), toluene (680 mL),
EtOH (170 mL) and distilled water (170 mL) into a reaction
vessel, the mixture was stirred at 120° C. for 4 hours. After
completion of the reaction, the mixture was washed with
distilled water and extracted with ethyl acetate. The obtained
organic layer was dried with magnesium sulfate, and the
solvent was removed therefrom by a rotary evaporator. The
products were purified by column chromatography to obtain
compound 4-1 (28 g, yield: 96%).

[0085] 2) Preparation of Compound 4-2

[0086] After dissolving compound 4-1 (28 g, 128.91
mmol), 1-bromo-9H-carbazole (24 g, 97.52 mmol) in dim-
ethyl formaldehyde (600 mL) of a reaction vessel, sodium
hydride (6 g, 146.28 mmol, 60% in mineral oil) was added
to the mixture at 0° C. The mixture was stirred at room
temperature for 3 hours. After completion of the reaction,
methanol and distilled water were added thereto. The
obtained solid was filtered under reduced pressure, and
subjected to column chromatography to obtain compound
4-2 (19 g, yield: 46%).

[0087] 3) Preparation of Compound 4-3

[0088] After introducing compound 4-2 (19 g, 45.20
mmol), 2-chlorophenylboronic acid (8.5 g, 54.24 mmol),
tetrakis(triphenylphosphine)palladium (1.6 g, 4.09 mmol),
sodium carbonate (12 g, 113.00 mmol), toluene (230 mL),
EtOH (56 mL), and distilled water (56 mL) into a reaction
vessel, the mixture was stirred at 120° C. for 2 hours. After
completion of the reaction, the mixture was washed with
distilled water and extracted with ethyl acetate. The obtained



US 2018/0223184 Al

organic laver was dried with magnesium sulfate, and the
solvent was removed therefrom by a rotary evaporator. The
products were purified by column chromatography to obtain
compound 4-3 (20 g, yield: 93%).

[0089] 4) Preparation of Compound 4-4

[0090] After introducing compound 4-3 (20 g, 41.90
mmol), palladium(II) acetate (1 g, 4.19 mmol), tricyclohex-
ylphosphonium tetrafluoroborate (3.1 g, 8.38 mmol), cesium
carbonate (41 g, 125.70 mmol), and o-xylene (210 mL) into
a reaction vessel, the mixture was stirred under reflux for 3
hours. After completion of the reaction, the mixture was
washed with distilled water and extracted with ethyl acetate.
The obtained organic layer was dried with magnesium
sulfate, and the solvent was removed therefrom by a rotary
evaporator. The products were purified by column chroma-
tography to obtain compound 4-4 (14 g, yield: 78%).
[0091] 5) Preparation of Compound 4-5

[0092] After introducing compound 4-4 (14 g, 32.75 mol),
triphenylphosphine (26 g, 98.25 mmol), and 1,2-dichlo-
robenzene (165 mL) into a reaction vessel, the mixture was
stirred at 200° C. for 8 hours. After completion of the
reaction, the mixture was distilled under reduced pressure to
remove the solvent, and then the mixture was washed with
distilled water and extracted with ethyl acetate. The obtained
organic laver was dried with magnesium sulfate, and the
solvent was removed therefrom by a rotary evaporator. The
products were purified by column chromatography to obtain
compound 4-5 (10 g, yield: 75%).

[0093] 6) Preparation of Compound C-49

[0094] After introducing compound 4-5 (2 g, 4.90 mmol),
2-chloro-3-phenylquinoxaline (1.8 g, 7.30 mmol), 4-dimeth-
ylaminopyridine (0.3 g, 2.45 mmol), potassium carbonate
(1.0 g, 7.30 mmol), and dimethylformamide (25 mL) into a
reaction vessel, the mixture was stirred at 150° C. for 9
hours. After completion of the reaction, methanol was added
thereto to stop the reaction. The mixture was then extracted
with ethyl acetate. The obtained organic layer was dried with
magnesium sulfate, and the solvent was removed therefrom
by a rotary evaporator. The products were purified by
column chromatography to obtain compound C-49 (0.9 g,
yield: 30%).

MW uv PL M.P
C-49 610.70 401 mm 513 om 231° C.
EXAMPLE 5

Preparation of Compound C-50
[0095]

O - |
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[0096] 1) Preparation of Compound 3-1

[0097] After dissolving compound D (5.0 g, 10.95 mmol)
in dimethyl formaldehyde (55 mL) of a reaction vessel,
sodium hydride (0.7 g, 16.43 mmol) was slowly added
dropwise to the mixture at 0° C. After the mixture was
stirred for 30 minutes, 2,3-dichloroquinoxaline (3.3 g, 16.43
mmol) was added dropwise thereto. After completion of the
dropwise addition, the mixture was warmed to room tem-
perature, and additionally stirred for 4 hours. After comple-
tion of the reaction, methanol was added thereto to stop the
reaction. The mixture was then extracted with ethyl acetate.
The obtained organic layer was dried with magnesium
sulfate, and the solvent was removed therefrom by a rotary
evaporator. The products were purified by column chroma-
tography to obtain compound 5-1 (5.1 g, yield: 75%).

[0098]

[0099] After introducing compound 5-1 (5.1 g, 8.24
mmol), phenylboronic acid (1.2 g, 9.89 mmol), tetrakis
(triphenylphosphine)palladium (0.3 g, 0.25 mmol), sodium
carbonate (2.2 g, 20.60 mmol), toluene (42 mL), EtOH (10
mL), and distilled water (10 mL) into a reaction vessel, the
mixture was stirred at 120° C. for 4 hours. After completion
of the reaction, the mixture was washed with distilled water
and extracted with ethyl acetate. The obtained organic layer
was dried with magnesium sulfate, and the solvent was
removed therefrom by a rotary evaporator. The products

2) Preparation of Compound C-50
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were purified by column chromatography to obtain com-
pound C-50 (2.5 g, vield: 46%).
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rator. The products were purified by column chromatogra-
phy to obtain compound C-51 (1.4 g, yield: 33%).

MW uv PL M.P
C-30 660.78 406 1m 519 nm 280° C.
EXAMPLE 6

Preparation of Compound C-51

[0100]

‘ Q Cl N
NaH

[0101] 1) Preparation of Compound C-51

[0102] After dissolving compound D (3.0 g, 6.57 mmol) in
dimethy] formaldehyde (33 mL) of a reaction vessel, sodium
hydride (0.4 g, 9.86 mmol) was slowly added dropwise to
the mixture at 0° C. After the mixture was stirred for 30
minutes, 2-chloro-4-phenylquinazoline (1.9 g, 7.89 mmol)
was added dropwise thereto. After completion of the drop-
wise addition, the mixture was warmed to room temperature,
and additionally stirred for 6 hours. After completion of the
reaction, methanol was added thereto to stop the reaction.
The mixture was then extracted with ethyl acetate. The
obtained organic layer was dried with magnesium sulfate,
and the solvent was removed therefrom by a rotary evapo-

MW uv PL M.P

C-51 660.78 416 nm 527 nm 308° C.

DEVICE EXAMPLE 11

OLED Produced by the Organic Electroluminescent
Compound of the Present Disclosure

[0103] OLED was produced using the organic electrolu-
minescent material of the present disclosure as follows. A
transparent electrode indium tin oxide (ITO) thin film (10
Q/sq) on a glass substrate for an organic electroluminescent
device (OLED) (Geomatec) was subjected to an ultrasonic
washing with acetone, ethanol, and distilled water sequen-
tially, and was then stored in isopropanol. The ITO substrate
was then mounted on a substrate holder of a vacuum vapor
depositing apparatus. Compound HI-1 was introduced into a
cell of the vacuum vapor depositing apparatus, and then the
pressure in the chamber of the apparatus was controlled to
107° torr. Thereafter, an electric current was applied to the
cell to evaporate compound HI-1, thereby forming a first
hole injection layer having a thickness of 80 nm on the ITO
substrate. Compound HI-2 was then introduced into another
cell of the vacuum vapor depositing apparatus, and evapo-
rated by applying electric current to the cell, thereby forming
a second hole injection layer having a thickness of 5 nm on
the first hole injection layer. Compound HT-1 was intro-
duced into one cell of the vacuum vapor depositing appa-
ratus, and evaporated by applying electric current to the cell,
thereby forming a first hole transport layer having a thick-
ness of 10 nm on the second hole injection layer. Compound
HT-3 was then introduced into another cell of the vacuum
vapor depositing apparatus, and evaporated by applying
electric current to the cell, 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 deposited
thereon as follows. Compound C-13 was introduced, as a
host material, into a cell of the vacuum vapor depositing
apparatus, and compound D-71 was introduced into another
cell. The two compounds were then evaporated at different
rates, so that the dopant was deposited in a doping amount
of 3 wt % based on the total amount of the host and dopant
to form a light-emitting layer having a thickness of 40 nm on
the hole transport layer. Compounds ET-1 and EI-1 were
then introduced into another two cells of the vacuum vapor
depositing apparatus, respectively, and evaporated at the
same rate of 1:1, thereby forming an electron transport layer
having a thickness of 30 nm on the light-emitting layer. After
depositing compound EI-1 as an electron injection layer
having a thickness of 2 nm 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 to produce OLED.
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C-13
Device Example Voltage Efficiency
No. Host W) (cd/A)
/ N
N\
[0104] The produced OLED showed red emission having
efficiency of 24.1 cd/A at 4.2V of voltage and a luminance
of 1,000 cd/m>.
DEVICE EXAMPLES 2,3, 4,5
OLED Produced by the Organic Electroluminescent
Compound of the Present Disclosure
[0105] OLED was produced in the same manner as in
Device Example 1, except that the compound shown in
Table 1 below was used as a host for a light-emitting layer.
Device Example Voltage Efficiency
No. Host V) (cd/A)
2 C-6 3.3 27.6
3 C49 3.7 28.6
4 C-50 4.1 28.1
5 c-51 4.2 23.8
N,
/A
N
=N
O N COMPARATIVE DEVICE EXAMPLE

N O O OLED Produced by a Conventional Organic
O Q Electroluminescent Compound

[0106] OLED was produced in the same manner as in the
-6 Device Examples, except for using compound B as a host for

a light-emitting layer.
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Compound B

N

(-0
g,
ons

[0107] The produced OLED showed red emission having
efficiency of 3.3 cd/A at 8.2V of voltage and a luminance of
1,000 cd/m?>.
[0108] As confirmed by the Device Examples and Com-
parative Device Example, the organic electroluminescent
compound of the present disclosure has better luminous
efficiency than conventional compounds and especially
shows excellence in current and power efficiencies.

1. An organic electroluminescent compound represented
by the following formula 1:

M

In formula 1,

each of two adjacent * of one phenyl ring of formula 1 is
bonded to each of two * of formula 2, and

in formulae 1 and 2,

R, to Rs, each independently, represent hydrogen, deute-
rium, a halogen, a cyano, a carboxy, a nitro, a hydroxy,
a substituted or unsubstituted (C1-C30)alkyl, a substi-
tuted or unsubstituted (C3-C30)cycloalkyl, a substi-
tuted or unsubstituted (C3-C30)cycloalkenyl, a substi-
tuted or unsubstituted (3 to 7-membered)
heterocycloalkyl, a substituted or unsubstituted (C6-
C30)aryl, a substituted or unsubstituted (3 to

61
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30-membered)heteroaryl, —NR R, or —SiRRgR,,
or may be linked to an adjacent substituent(s) to form
a substituted or unsubstituted (C3-C30), mono- or
polycyclic, alicyclic or aromatic ring, whose carbon
atom(s) may be replaced with at least one hetero atom
selected from nitrogen, oxygen, and sulfur; and

Rg to R}, each independently, represent hydrogen, deu-
terium, a halogen, a cyano, a carboxy, a nitro, a
hydroxy, a substituted or unsubstituted (C1-C30)alkyl,
a substituted or unsubstituted (C3-C30)cycloalkyl, a
substituted or unsubstituted (C3-C30)cycloalkenyl, a
substituted or unsubstituted (3 to 7-membered)hetero-
cycloalkyl, a substituted or unsubstituted (C6-C30)aryl,
or a substituted or unsubstituted (3 to 30-membered)
heteroaryl;

Ar, represents a substituted or unsubstituted (C6-C30)
aryl, or a substituted or unsubstituted (3 to 30-mem-
bered)heteroaryl;

a, ¢, d and e, each independently, represent an integer of
1 to 4; b represents an integer of 1 to 3; and

the heteroaryl contains at least one hetero atom selected
from B, N, O, S, Si and P.

2. The organic electroluminescent compound according to

claim 1, wherein the organic electroluminescent compound
is represented by any of the following formulae 3 to 6:

&)

O

©)
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_continued 5. The organic electroluminescent compound according to
(6) claim 1, wherein the compound represented by formula 1 is
selected from the group consisting of:

(R3i)c

C-1

In formulae 3 to 6, O

N
fand g, each independently, represent an integer of 1 or O
2, and N

R, to Rs, Ar, a, b, ¢, d and e are as defined in claim 1. O Q

3. The organic electroluminescent compound according to
claim 1, wherein in R, to R, and Ar,, the substituent of the
substituted (C1-C30)alkyl, the substituted (C3-C30)cy-
cloalkyl, the substituted (C3-C30)cycloalkenyl, the substi-
tuted (3 to 7-membered)heterocycloalkyl, the substituted
(C6-C30)aryl, the substituted (3 to 30-membered)heteroaryl,
and the substituted (C3-C30) mono- or polycyclic alicyclic ©2
or aromatic ring, each independently, is selected from the
group consisting of deuterium, a halogen, a cyano, a car- O ‘
boxy, a nitro, a hydroxy, a (C1-C30)alkyl, a halo(C1-C30) N
alkyl, a (C2-C30)alkenyl, a (C2-C30) alkynyl, a (C1-C30) I
alkoxy, a (C1-C30)alkylthio, a (C3-C30)cycloalkyl, a (C3- =N
C30)cycloalkenyl, a (3 to 7-membered)heterocycloalkyl, a
(C6-C30)aryloxy, a (C6-C30)arylthio, a (5 to 30-membered)
heteroaryl substituted or unsubstituted with a (C6-C30)ary],

a (C6-C30)aryl substituted or unsubstituted with a (5 to O
30-membered)heteroaryl, a tri(C1-C30)alkylsilyl, a tri(C6- N

C30)arylsilyl, a di(C1-C30)alkyl(C6-C30)arylsilyl, a (C1-

C30)alkyldi(C6-C30)arylsilyl, an amino, a mono- or di-(C1- O

C30)alkylamino, a mono- or di-(C6-C30)arylamino, a (C1-

C30)alkyl(C6-C30)arylamino, a (C1-C30)alkylcarbonyl, a

(C1-C30)alkoxycarbonyl, a (C6-C30)arylcarbonyl, a di(C6-

C30)arylboronyl, a di(C1-C30)alkylboronyl, a (C1-C30)

alkyl(C6-C30)arylboronyl, a (C6-C30)aryl(C1-C30)alkyl,

and a (C1-C30)alkyl(C6-C30)aryl.

4. The organic electroluminescent compound according to o3
claim 1, wherein Ar, is selected from a substituted or

unsubstituted phenyl, a substituted or unsubstituted naph-

thyl, a substituted or unsubstituted biphenyl, a substituted or

unsubstituted anthracenyl, a substituted or unsubstituted l
terphenyl, a substituted or unsubstituted phenylnaphthyl, a

substituted or unsubstituted naphthylphenyl, a substituted or O

N.
unsubstituted fluorenyl, a substituted or unsubstituted spiro
bifluorenyl, a substituted or unsubstituted pyridyl, a substi-
tuted or unsubstituted pyrimidinyl, a substituted or unsub- O
stituted triazinyl, a substituted or unsubstituted quinolyl, a N
substituted or unsubstituted isoquinolyl, a substituted or
unsubstituted quinoxalinyl, a substituted or unsubstituted Q
quinazolinyl, a substituted or unsubstituted dibenzofuranyl,
or a substituted or unsubstituted dibenzothiophenyl.
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-continued

6. An organic electroluminescent device comprising the
organic electroluminescent compound according to claim 1.

* % % k¥
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