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NOVEL ORGANIC ELECTROLUMINESCENT
COMPOUNDS AND ORGANIC
ELECTROLUMINESCENT DEVICE
COMPRISING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to novel organic elec-
troluminescent compounds which are useful as a phospho-
rescent host material and an organic electroluminescent
device (hereinafter referred to as ‘OLED device’ or ‘organic
EL device’) comprising the same.

BACKGROUND ART

[0002] An electroluminescent (EL) device is a self-light-
emitting device which has advantages over other types of
display devices in that it provides a wider viewing angle, a
greater contrast ratio, and a faster response time. Thus, the
electroluminescent (EL) device receives attention as a light-
emitting device of various display devices. 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]. Thereafter, since an organic electrolumines-
cent device possesses the advantages of high visibility, excel-
lent shock resistance, and low applied voltage, the study of'its
practical use as a display device of the next generation is
actively conducted.

[0003] Generally, an organic electroluminescent device
comprises an organic compound layer containing a light-
emitting layer, a pair of electrodes supporting the organic
compound layer, and a hole transport layer or an electron
transport layer, and can have for example, a constitution of an
anode/a hole injection layer/a hole transport layer/a light-
emitting layer/an electron transport layer/an electron injec-
tion layer/a cathode. When an electric field is applied to the
organic electroluminescent device having such layers, alight-
emitting compound of the light-emitting layer emits light by
the recombination energy of holes injected from the anode
and electrons injected from the cathode.

[0004] Meanwhile, the most important factor determining
luminous efficiency in an organic EL device is the light-
emitting material. Until now, fluorescent materials which
show fluorescent light-emission by singlet exciton have been
widely used as a light-emitting material. However, phospho-
rescent materials have newly received attention as a light-
emitting material, since the phosphorescent materials which
show phosphorescent light-emission by triplet exciton can
theoretically enhance luminous efficiency by four (4) times
compared to fluorescent materials, in view of electrolumines-
cent mechanisms. For example, the occurrence of the phos-
phorescent light-emission was reported in an organic elec-
troluminescent device including an organic light-emitting
layer comprising 4,4'-N,N'-dicarbazole-biphenyl which is a
host material of a phosphorescent light-emitter (hereinafter
referred to as “a phosphorescent host material”), and an iri-
dium complex which is a phosphorescent light-emitting
dopant.

[0005] In this regard, iridium(Ill) complexes have been
widely known as phosphorescent materials, including bis(2-
(2'-benzothienyl)-pyridinato-N,C3")iridium(acetylaceto-
nate) ((acac)lr(btp),), tris(2-phenylpyridine)iridium (Ir(ppy)
;) and bis(4,6-difluorophenylpyridinato-N,C2)picolinate
iridium (Firpic)as red, green and blue materials, respectively.
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4 4'-N,N'-dicarbazole-biphenyl (CBP) is the most widely
known phosphorescent light-emitting host material. How-
ever, when CBP is used as a host material for tris(2-phenylpy-
ridine) iridium complex (Ir(ppy),) of a green phosphorescent
light-emitting material, injection balance is lost due to the
characteristics of CBP which make it easy to flow holes, and
difficult to flow electrons. Thus, excess holes flow to the
electron transport layer, and finally luminous efficiency from
Ir(ppy), is decreased.

[0006] Inorder to solve such problems, a method to achieve
high light-emitting efficiency by preparing a hole blocking
layer between the light-emitting layer and the electron trans-
port layer to accumulate holes efficiently in the light-emitting
layer was proposed. In this regard, an organic electrolumi-
nescent device which has high efficiency by preventing the
electrons and the holes from being recombined in the electron
transport layer by anhole blocking layer using materials such
as 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline (herein-
after referred to as “BCP; Bathocuproine”) and BAIq (alumi-
num(II)  bis(2-methyl-8-quinolinato)(4-phenylphenolate))
was developed. Further, Pioneer (Japan) et al. developed a
high performance organic EL device employing a derivative
of BAlIq which has suitable electron transport ability as a host
material. However, BCP has low reliability since it easily
crystallizes even at room temperature, and the lifespan is very
short. BAIq, of which Tg is about 100° C., is reported as
having a relatively good device lifespan. However, BAlq has
problems of decreasing luminous efficiency from Ir(ppy),
due to insufficient hole blocking ability.

[0007] Although these phosphorescent host materials have
some advantages in view of light-emitting characteristics,
they have the following disadvantages: (1) Due to their low
glass transition temperature and poor thermal stability, they
may be degraded during a high-temperature deposition pro-
cess in a vacuum. (2) The power efficiency of an organic EL
device is given by [(m/voltage)xcurrent efficiency], and
power efficiency is inversely proportional to voltage. An
organic EL device comprising phosphorescent host materials
provides a higher current efficiency (cd/A) than one compris-
ing fluorescent materials. However, it has a higher driving
voltage, and thus, there is no substantial merit in terms of
power efficiency (Im/W). (3) Further, when the phosphores-
cent host materials are used in an OLED device, the operating
lifespan of the device is unsatisfactory, and luminous effi-
ciency still needs improvement.

[0008] Thus, considering such problems, green host mate-
rials having improved stability and performance are
demanded.

[0009] Korean Patent Appln. Laying-Open No. 10-2004-
0094842 discloses a device comprising a light-emitting layer
using compounds in which a nitrogen-containing hetero ring
is bonded to an arylcarbazolyl group, and iridium metal com-
plex derivatives. However, the color of the emitted light is
bluish-green.

[0010] Japanese Patent Appln. Laying-Open No. 2002-
193952 discloses a compound in which a nitrogen-containing
heteroaryl group or a diarylamino group, etc. is bonded to
diaryl- or diheteroaryl triazine via an aryl group, and a device
using solely said compound in a light-emitting layer. How-
ever, the color of the emitted light is blue.

[0011] Korean Patent Appln. Laying-Open No. 10-2006-
0127059 discloses host materials for an organic electrolumi-
nescent device, in which two carbazole groups are bonded to
each other at nitrogen atom positions via an arylene group, in
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order to obtain an organic electroluminescent device which
emits light effectively at a triplet excited state, and which has
a long light-emitting lifespan and excellent thermal resis-
tance.

[0012] However, in the same manner as other technical
fields, technologies in which the present invention is involved
can be developed constantly. Further, demands for novel
organic electroluminescent compounds of green emission,
having better luminous efficiency and device lifespan than the
conventional phosphorescent host materials, still remain.

DISCLOSURE OF INVENTION

Technical Problem

[0013] The objective of the present invention is to provide
an organic electroluminescent compound having high lumi-
nous efficiency and superior lifespan over conventional phos-
phorescent host materials, and thus provide an organic elec-
troluminescent device which is excellent in operational
lifespan, and induces increased power efficiency and
improves power consumption.

Solution to Problem

[0014] As a result of efforts to solve the above problems,
the present inventors found that an organic electrolumines-
cent device having high green luminous efficiency can be
obtained by using novel carbazole compounds substituted
with a carbazolyl group at the 2- or 3-position, wherein a
substituted or unsubstituted nitrogen-containing hetero ring
is bonded to the nitrogen atom ofthe core carbazole structure,
as phosphorescent host materials.

[0015] The organic electroluminescent compounds are rep-

resented by the following formula 1:
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[0016] wherein

[0017] L represents a substituted or unsubstituted (C6-
C30)arylene group, or a substituted or unsubstituted 3- to
30-membered heteroarylene group;

[0018] A, toA,, each independently represent CR*! or N;

[0019] B, to B, each independently represent CR,,; or N,
provided that B, to B; are not simultaneously CR,;

[0020] Ar, to Ar, each independently represent hydrogen,
deuterium, a halogen, a cyano group, a nitro group, a
hydroxyl group, a substituted or unsubstituted (C1-C30)alkyl
group, a substituted or unsubstituted (C3-C30)cycloalkyl
group, a substituted or unsubstituted (C6-C30)aryl group, a
substituted or unsubstituted 3- to 30-membered heteroaryl
group, —NR ;R 5, —SiR LR 5R, 6, —SR,; or —OR g
[0021] R,, to R4 and R,, each independently represent
hydrogen, deuterium, a halogen, a substituted or unsubsti-
tuted (C1-C30)alkyl group, a substituted or unsubstituted
(C3-C30)cycloalkyl group, a substituted or unsubstituted
(C6-C30)ary] group, or a substituted or unsubstituted 3- to
30-membered heteroaryl group; or are linked to 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 by at least one het-
eroatom selected from nitrogen, oxygen and sulfur;

[0022] o represents an integer of 0 to 2; where o is 2, each
of L is the same or different;

[0023] m and n each independently represent 0 or 1, and
m+n=1;
[0024] 1represents an integer of 1 to 4; wherel is an integer

of 2 or more, each of A, to A, is the same or different; and

[0025] the heteraryl(ene) group contains at least one hetero
atom selected from B, N, O, S, P(—0), Si and P.

@
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Advantageous Effects of Invention

[0026] The organic electroluminescent compound accord-
ing to the present invention has high green luminous effi-
ciency and superior material lifespan characteristics, com-
pared with conventional phosphorescent host materials, and
thus can provide an organic electroluminescent device which
is excellent in operational lifespan, and induces increased
power efficiency and improves power consumption.

MODE FOR THE INVENTION

[0027] 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.

[0028] The present invention relates to an organic elec-
troluminescent compound represented by formula 1, above,
an organic electroluminescent material comprising the com-
pound, and an organic electroluminescent device comprising
the material.

[0029] Hereinafter, the organic electroluminescent com-
pound represented by the above formula 1 will be described in
detail.

[0030] 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; more preferably
1 to 6; and includes methyl, ethyl, n-propyl, isopropyl, n-bu-
tyl, isobutyl and tert-butyl, etc.; “(C2-C30)alkenyl” is meant
to be alinear or branched alkenyl having 2 to 30 carbon atoms,
in which the number of carbon atoms is preferably 2 to 20;
more preferably 2 to 10; and includes vinyl, 1-propenyl,
2-propenyl, 1-butenyl, 2-butenyl, 3-butenyl and 2-methylbut-
2-enyl, etc.; “(C2-C30)alkynyl” is a linear or branched alky-
nyl having 2 to 30 carbon atoms, in which the number of
carbon atoms is preferably 2 to 20; more preferably 2 to 10;
and includes ethynyl, 1-propynyl, 2-propynyl, 1-butynyl,
2-butynyl, 3-butynyl, 1-methylpent-2-ynyl, etc.; “(C3-C30)
cycloalkyl” is a mono- or polycyclic hydrocarbon having 3 to
30 carbon atoms, in which the number of carbon atoms is
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preferably 3 to 10; more preferably 3 to 7; and includes
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, etc.; “3- to
30-membered heterocycloalkyl” is a cycloalkyl having at
least one heteroatom selected from B, N, O, S, P(=0), Siand
P; preferably O, S and N, and 3 to 30 ring backbone atoms, in
which the number of ring backbone atoms is preferably 3 to 7,
more preferably 5 to 7; and includes tetrahydrofurane, pyrro-
lidine, thiolan, tetrahydropyran, etc.; “(C6-C30)aryl(ene)” is
a monocyclic or fused ring derived from an aromatic hydro-
carbon having 6 to 30 carbon atoms, in which the number of
carbon atoms is preferably 6 to 20; more preferably 6 to 15;
and includes phenyl, biphenyl, terphenyl, naphthyl, binaph-
tyl, phenylnaphtyl, naphtylphenyl, fluorenyl, phenylfluore-
nyl, benzofluorenyl, dibenzofluorenyl, phenanthrenyl, phe-
nylphenanthrenyl, anthracenyl, indenyl, triphenylenyl,
pyrenyl, tetracenyl, perylenyl, chrysenyl, naphthacenyl, fluo-
ranthenyl, etc.; “3- to 30-membered heteroaryl(ene)” is an
aryl group having at least one, preferably 1 to 4 heteroatom
selected from the group consisting of B, N, O, S, P(—=0), S1
and P, and 3 to 30 ring backbone atoms; is a monocyclic ring,
or a fused ring condensed with at least one benzene ring; has
preferably 3 to 20; more preferably 3 to 15 ring backbone
atoms; may be partially saturated; may be one formed by
linking at least one heteroaryl or aryl group to a heteroaryl
group via a single bond(s); and includes a monocyclic ring-
type heteroaryl including furyl, thiophenyl, pyrrolyl, imida-
zolyl, pyrazolyl, thiazolyl, thiadiazolyl, isothiazolyl, isox-
azolyl, oxazolyl, oxadiazolyl, triazinyl, tetrazinyl, triazolyl,
tetrazolyl, furazanyl, pyridyl, pyrazinyl, pyrimidinyl,
pyridazinyl, etc., and a fused ring-type heteroaryl including
benzofuranyl, benzothiophenyl, isobenzofuranyl, dibenzo-
furanyl, dibenzothiophenyl, benzoimidazolyl, benzothiaz-
olyl, benzoisothiazolyl, benzoisoxazolyl, benzoxazolyl,
isoindolyl, indolyl, indazolyl, benzothiadiazolyl, quinolyl,
isoquinolyl, cinnolinyl, quinazolinyl, quinoxalinyl, carba-
zolyl, phenoxazinyl, phenanthridinyl, benzodioxolyl, etc.
Further, “halogen” includes F, CI, Br and I.

[0031] Thepresent invention provides an organic electrolu-

minescent compound represented by the following formula 2,
as one embodiment.
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[0032] Wherein
[0033] L' represents a substituted or unsubstituted, nitro-
gen-containing 3- to 30-membered heteroarylene;

[0034] m, nandAr, to Arg are as defined in formula 1;
[0035] Ar,, to Ar,, are as defined in R, of formula 1;
[0036] L, and L, each independently are selected from the

group consisting of —CRs; Ry;,—, —O—, —NR;— and
—S—, wherein R, to Ry; are as defined in R || of formula 1;

[0037] q and r each independently represent O or 1, and
q+r=1.
[0038] 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.

[0039] Substituents of the substituted alkyl group, the sub-
stituted cycloalkyl group, the substituted aryl(ene) group, and
the substituted heteroaryl(ene) group in L, L', Ar, to Arg, R |
to R, and R, of formula 1 and formula 2, each indepen-
dently are at least one selected from the group consisting of
deuterium; a halogen; a (C1-C30)alkyl group; a (C1-C30)
alkyl group substituted with ahalogen; a (C6-C30)aryl group;
a (C6-C30)aryloxy group; a 3- to 30-membered heteroaryl
group unsubstituted or substituted with a (C6-C30)aryl; a
(C3-C30)cycloalkyl group; a 3- to 30-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 carbazolyl
group; a di(C1-C30)alkylamino group; a di(C6-C30)ary-
lamino 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, specifically each independently are at least one
selected from the group consisting of deuterium, chlorine, a
methyl group, an ethyl group, an n-propyl group, an i-propyl
group, an n-butyl group, an i-butyl group, a t-butyl group, an
n-pentyl group, an i-pentyl group, an n-hexyl group, an
n-heptyl group, an n-octyl group, a 2-ethylhexyl group, an
n-nonyl group, a decyl group, a dodecyl group, a hexadecyl
group, a trifluoromethyl group, a perfluoroethyl group, a tri-
fluoroethyl group, a perfluoropropyl group, a perfluorobutyl
group, a phenyl group, a naphthyl group, a biphenyl group, a
fluorenyl group, a phenanthryl group, an anthryl group, a
fluoranthenyl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a naphthacenyl group, a perylenyl group,
a trimethylsilyl group, a triethylsilyl group, a tripropylsilyl
group, atri(t-butyl)silyl group, a t-butyldimethylsilyl group, a
dimethylphenylsilyl group and a triphenylsilyl group, prefer-
ably each independently are at least one selected from the
group consisting of deuterium, a halogen, a (C1-C6)alkyl
group, a (C6-C15)aryl group, a (C6-C15)aryloxy group, and
3- to 15-membered heteroaryl group.

[0040] In formula 1, above, L represents a substituted or
unsubstituted (C6-C30)arylene group, or a substituted or
unsubstituted 3- to 30-membered heteroarylene group; pref-
erably a substituted or unsubstituted (C6-C20)arylene group;
more preferably a (C6-Cl15)arylene group unsubstituted or
substituted with a (C1-C6)alkyl group.

[0041]

[0042] B, to B, each independently represent CR,, or N,
provided that B, to B; are not simultaneously CR,;.

A, to A, each independently represent CR, or N.
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[0043] Ar, to Ar, each independently represent hydrogen,
deuterium, a halogen, a cyano group, a nitro group, a
hydroxyl group, a substituted or unsubstituted (C1-C30)alkyl
group, a substituted or unsubstituted (C3-C30)cycloalkyl
group, a substituted or unsubstituted (C6-C30)aryl group, a
substituted or unsubstituted 3- to 30-membered heteroaryl
group,—NR ,R,:,—SiR,,R ;R | ,—SR,,or—OR ; pref-
erably hydrogen, a halogen, an unsubstituted (C1-C10)alkyl
group, an unsubstituted (C3-C10)cycloalkyl group, a substi-
tuted or unsubstituted (C6-C20)aryl group, a substituted or
unsubstituted 3- to 20-membered heteroaryl group, or
—SiR,,RsR, 4 more preferably hydrogen, a halogen, an
unsubstituted (C1-C6)alkyl group, an unsubstituted (C3-C7)
cycloalkyl group; a (C6-C15)aryl group unsubstituted or sub-
stituted with deuterium, a halogen, a (C1-C6)alkyl group, a
(C6-C15)aryl group, a (C6-C15)aryloxy group, or a 3- to
15-membered heteroaryl group; a 3- to 15-membered het-
eroaryl group unsubstituted or substituted with a (C6-C15)
aryl group; or —SiR,,R sR .

[0044] R, to R4 and R,, each independently represent
hydrogen, deuterium, a halogen, a substituted or unsubsti-
tuted (C1-C30)alkyl group, a substituted or unsubstituted
(C3-C30)cycloalkyl group, a substituted or unsubstituted
(C6-C30)aryl group, or a substituted or unsubstituted 3- to
30-membered heteroaryl group; or are linked to 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 by at least one het-
eroatom selected from nitrogen, oxygen and sulfur; prefer-
ably hydrogen, a halogen, an unsubstituted (C1-C10)alkyl
group, an unsubstituted (C3-C10)cycloalkyl group, a substi-
tuted or unsubstituted (C6-C20)aryl group, or an unsubsti-
tuted 3- to 20-membered heteroaryl group; or are linked to an
adjacent substituent(s) to form a substituted or unsubstituted
mono- or polycyclic 3- to 20-membered aromatic ring whose
carbon atom(s) may be replaced by at least one heteroatom
selected from nitrogen, oxygen and sulfur; more preferably
hydrogen, a halogen, an unsubstituted (C1-C6)alkyl group,
an unsubstituted (C3-C7)cycloalkyl group; a (C6-C15)aryl
group unsubstituted or substituted with deuterium, a halogen,
or a (C1-C6)alky! group; or an unsubstituted 3- to 15-mem-
bered heteroaryl group; or are linked to an adjacent substitu-
ent(s) to form a mono- or polycyclic 3- to 15-membered
aromatic ring unsubstituted or substituted with a (C1-C6)
alkyl group or a (C6-C15)aryl group, whose carbon atom(s)
may be replaced by at least one heteroatom selected from
nitrogen, oxygen and sulfur.

[0045] o represents an integer of 0 to 2; where o is 2, each
of L is the same or different.

[0046] m and n each independently represent 0 or 1, and
m+n=1.
[0047] 1represents an integer of 1 to 4; wherel is an integer

of 2 or more, each of A; 10 A,, is the same or different;
preferably 1 or 2; wherelis 2, each of Agto A, is the same or
different.

[0048] According to an embodiment of the present inven-
tion in formula 1, above, L represents a substituted or unsub-
stituted (C6-C20)arylene group; A, to A, each indepen-
dently represent CR,, or N; B, to B; each independently
represent CR,; or N, provided that B, to B, are not simulta-
neously CR,,; Ar, to Ar, each independently represent
hydrogen, a halogen, an unsubstituted (C1-C10)alkyl group,
an unsubstituted (C3-C10)cycloalkyl group, a substituted or
unsubstituted (C6-C20)aryl group, a substituted or unsubsti-
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tuted 3- to 20-membered heteroaryl group, or
—SiR 4R R R;; o R4 and R,; each independently rep-
resent hydrogen, a halogen, an unsubstituted (C1-C10)alkyl
group, an unsubstituted (C3-C10)cycloalkyl group, a substi-
tuted or unsubstituted (C6-C20)aryl group, or an unsubsti-
tuted 3- to 20-membered heteroaryl group; or are linked to an
adjacent substituent(s) to form a substituted or unsubstituted
mono- or polycyclic 3- to 20-membered aromatic ring whose
carbon atom(s) may be replaced by at least one heteroatom
selected from nitrogen, oxygen and sulfur; o represents an
integer of 0 to 2; where o is 2, each of L is the same or
different; m and n each independently represent 0 or 1, and
m+n=1; and I represents 1 or 2; whereI is 2, each of A0 A ||
is the same or different According to another embodiment of
the present invention in formula 1 above, L. represents a
(C6-C15)arylene group unsubstituted or substituted with a
(C1-C6)alkyl group; A, to A, each independently represent
CR,, orN; B, to B; each independently represent CR,, or N,
provided thatB, to B, arenot simultaneously CR,,; Ar, to Ar,
each independently represent hydrogen, a halogen, an unsub-
stituted (C1-Cé)alkyl group, an unsubstituted (C3-C7)cy-
cloalkyl group; a (C6-C15)aryl group unsubstituted or sub-
stituted with deuterium, a halogen, a (C1-Cé)alkyl group, a
(C6-C15)aryl group, a (C6-Cl5)aryloxy group, or a 3- to
15-membered heteroaryl group; a 3- to 15-membered het-
eroaryl group unsubstituted or substituted with a (C6-C15)
aryl group; or—SiR R ;R ;R to R 3 and R, eachinde-
pendently represent hydrogen, a halogen, an unsubstituted
(C1-C6)alkyl group, an unsubstituted (C3-C7)cycloalkyl
group; a (C6-Cl15)aryl group unsubstituted or substituted
with deuterium, a halogen, or a (C1-C6)alkyl group; or an
unsubstituted 3- to 15-membered heteroaryl group; or are
linked to an adjacent substituent(s) to form a mono- or poly-
cyclic 3- to 15-membered aromatic ring unsubstituted or sub-
stituted with a (C1-C6)alky! group or a (C6-C15)aryl group,
whose carbon atom(s) may be replaced by at least one het-
eroatom selected from nitrogen, oxygen and sulfur; o repre-
sents an integer of 0 to 2; where o is 2, each of L is the same

C-1
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or different; m and n each independently represent O or 1, and
m+n=1; and I represents 1 or 2; where1is 2, each of Agto A,
is the same or different.

[0049] Specifically, L represents a phenylene, naphthylene,
biphenylene, fluorenylene, phenanthrenylene, anthrace-
nylene, pyridinylene, pyrimidinylene, triazinylene, fura-
nylene, thiophenylene, dibenzothiophenylene, dibenzofura-
nylene or phenylene-dibenzothiophenylene group;

[0050] Ar, to Ar, each independently represent hydrogen,
deuterium, chlorine, fluorine, a phenyl group, a naphthyl
group, a biphenyl group, a fluorenyl group, a phenanthryl
group, an anthryl group, a fluoranthenyl group, a triphenyle-
nyl group, a pyrenyl group, a chrysenyl group, a naphthacenyl
group, a pherylenyl group, a pyridyl group, a pyrrolyl group,
a furanyl group, a thiophenyl group, an imidazolyl group, a
benzoimidazolyl group, a pyrazinyl group, a pyrimidinyl
group, a pyridazinyl group, a quinolyl group, a triazinyl
group, a benzofuranyl group, a dibenzofuranyl group, a ben-
zothiophenyl group, a dibenzothiophenyl group, a pyrazolyl
group, an indolyl group, a carbazolyl group, a thiazolyl
group, an oxazolyl group, a benzothiazolyl group, a benzox-
azolyl group, a phenanthrolinyl group or an N-carbazolyl
group,

[0051] R,, to R, and R,, each independently represent
hydrogen, deuterium, a phenyl group, a naphthyl group, a
biphenyl group, a fluorenyl group, a phenanthryl group, an
anthryl group, a fluoranthenyl group, a triphenylenyl group, a
pyrenyl group, a chrysenyl group, a naphthacenyl group, a
pherylenyl group, a pyridyl group, a pyrrolyl group, a furanyl
group, a thiophenyl group, an imidazolyl group, a benzoimi-
dazolyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, a quinolyl group, a triazinyl group, a ben-
zofuranyl group, a dibenzofuranyl group, a dibenzothiophe-
nyl group, a benzothiophenyl group, a pyrazolyl group, an
indolyl group, a carbazolyl group, a thiazolyl group, an
oxazolyl group, a benzothiazolyl group, a benzoxazolyl
group, a phenanthrolinyl group or an N-carbazolyl group.
[0052] Therepresentative organic electroluminescent com-
pounds of the present invention include the following com-
pounds, but not limited thereto:
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[0053] The organic electroluminescent compounds of the
present invention can be prepared according to reactions
well-known in the art, for example, the following reaction
schemes:

Reaction Scheme 1

Lo

base (e.g. NaH)
—_—

solvent
(e.g. DMI)
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Reaction Scheme 2

[0054]

Wherein, in Reaction Schemes 1 and 2, L, I', L}, L,,
A, 10A,, B, toB;, Ar, to Ar,, Ay, to Ary,0,m, 1,1, g and
rare as defined in formulas 1 and 2 above, and Hal represents
a halogen atom.

[0055] In addition, the present invention provides an
organic electroluminescent material comprising the organic
electroluminescent compound of formulas 1 or 2, and an
organic electroluminescent device comprising the material.

[0056] The above material can be comprised of the organic
electroluminescent compound according to the present
invention alone, or can further include conventional materials
generally contained in organic electroluminescent materials.

36

Apr. 23, 2015

base (e.g. NaH)
———
solvent (e.g. DMF)

[0057] Said organic electroluminescent device comprises a
first electrode, a second electrode, and at least one organic
layer between said first and second electrodes. Said organic
layer may comprise at least one organic electroluminescent
compound of formulas 1 and 2 according to the present inven-
tion.

[0058] One of the first and second electrodes is an anode,
and the other is a cathode. The organic layer comprises a
light-emitting layer, and at least one layer selected from the
group consisting of a hole injection layer, a hole transport
layer, an electron transport layer, an electron injection layer,
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an interlayer, a hole blocking layer and an electron blocking
layer.

[0059] The organic electroluminescent compound of for-
mulas 1 and 2 according to the present invention can be
comprised of in the light-emitting layer. Where used in the
light-emitting layer, the organic electroluminescent com-
pound of formulas 1 and 2 according to the present invention
can be comprised as a host material.

[0060] Preferably, the light-emitting layer can further com-
prise at least one dopant and, if needed, another compound as
a second host material in addition to the organic electrolumi-
nescent compound of formulas 1 and 2 according to the
present invention, wherein the ratio of the organic electrolu-
minescent compound according to the present invention (a
first host material) to the second host material can be in the
range of 1:99 to 99:1.

[0061] The second host material can be from any of the
known phosphorescent dopants. Specifically, the phospho-
rescent dopant selected from the group consisting of the com-
pounds of formulas 3 to 5 below is preferable in view of
luminous efficiency.

&)
4
)

H—(Cz—Ly—M

H—(Cz);—L4y—M

a4

Rs1) "\
Ra)k
[0062] wherein
[0063] Cz represents the following structure;

[0064] 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, a substituted or unsubstituted 3- to 30-membered het-
eroaryl group, or RysR5R;5,Si—; R5 to R;; each indepen-
dently represent a substituted or unsubstituted (C1-C30)alkyl
group, or a substituted or unsubstituted (C6-C30)aryl group;
L, represents a single bond, a substituted or unsubstituted
(C6-C30)arylene group, or a substituted or unsubstituted 3- to
30-membered heteroarylene group; M represents a substi-

Apr. 23, 2015

tuted or unsubstituted (C6-C30)ary! group, or a substituted or
unsubstituted 3- to 30-membered heteroaryl group; Y, and Y,
represent —O—, —S—, —N(R,,)}— or —C(R,,)(Ru3)—,
provided that Y, and Y, do not simultaneously exist; R,; to
R,; each independently represent a substituted or unsubsti-
tuted (C1-C30)alkyl group, a substituted or unsubstituted
(C6-C30)aryl group, or a substituted or unsubstituted 3- to
30-membered heteroaryl group, and R, and R are the same
or different; h and i each independently represent an integer of
1to 3;],k, a and b each independently represent an integer of
0to4;and whereh, i,j,k,a or bis aninteger of 2 or more, each
of (Cz-L,), each of (Cz), each of R4, each 0f R3,, each of R4
or each of R, is the same or different.

[0065] Specifically, preferable examples of the second host
material are as follows:

e
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[0066] When the compounds of formulas 1 and 2 are used

in the light-emitting layer as phosphorescent host materials,
the light-emitting layer can comprise one or more phospho-

rescent dopants.
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[0067] Specifically, the light-emitting layer can comprise
the phosphorescent dopant material selected from com-
pounds represented by the following formulas 6 to 7.

(6)

—=Ir—7r;,

©)

R; Ry

Ry
=Ir—7p;.
Rio—— | RQ
\/
Re
Rs
R;

[0068] wherein
[0069] PisL is an organic ligand;

[0070] R, to R,, each independently represent hydrogen,
deuterium, a halogen; a substituted or unsubstituted (C1-
C30)alkyl group, a (C1-C30)alkyl group unsubstituted or
substituted with a halogen, a substituted or unsubstituted
(C3-C30)cycloalkyl group, a substituted or unsubstituted
(C1-C30)alkoxy group, a substituted or unsubstituted (C6-
C30)aryl group, or a substituted or unsubstituted 3- to
30-membered heteroaryl group;

[0071] cis an integer of 1 to 3.

[0072] The phosphorescent dopant applied to an organic
electroluminescent device according to one embodiment of
the present invention is not limited especially. However,
phosphorescent dopants selected from the group consisting of
the following compounds are preferable:

2N
7 |,
PN
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B - [0073] The organic layer of the organic electroluminescent

device according to the present invention may further com-
prise, in addition to the organic electroluminescent com-
pounds represented by formula 1, at least one amine-based
compound selected from the group consisting of arylamine-
based compounds and styrylarylamine-based compounds.
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[0074] The representative arylamine-based compounds or
styrylarylamine-based compounds are exemplified in Korean
Patent Appln. No. 10-2008-0123276, No. 10-2008-0107606,
and No. 10-2009-0042825, but not limited thereto, and vari-
ous arylamine-based compounds and styrylarylamine-base
compounds known in the art can be used.

[0075] In the organic electroluminescent device according
to the present invention, the organic layer may further com-
prise at least one metal selected from the group consisting of
metals of Group 1, metals of Group 2, transition metals of the
4" period, transition metals of the 5 period, lanthanides and
organic metals of d-transition elements of the Periodic Table,
or at least one complex compound comprising said metal. The
organic layer may further comprise a light-emitting layer and
a charge generating layer.

[0076] In addition, the organic electroluminescent device
according to the present invention may emit white light by
further comprising at least one light-emitting layer which
comprises a blue electroluminescent compound, a red elec-
troluminescent compound or a green electroluminescent
compound known in the field, besides the organic electrolu-
minescent compound according to the present invention. The
blue electroluminescent compound, the red electrolumines-
cent compound and the green electroluminescent compound
are exemplified in Korean Appln. No. 10-2008-0123276, No.
10-2008-0107606, and No. 10-2008-0118428, but not lim-
ited thereto, and various blue electroluminescent compounds,
various ted electroluminescent compounds and various green
electroluminescent compounds well-known in the art can be
used. Also, if needed, a yellow or orange light-emitting layer
can be comprised in the device.

[0077] According to the present invention, at least one layer
(hereinafter, “a surface layer”) of the organic electrolumines-
cent device preferably selected from a chalcogenide layer, a
metal halide layer and a metal oxide layer; may be placed on
an inner surface(s) of one or both electrode(s). Specifically, a
chalcogenide (includes 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 a metal
oxide layer is placed on a cathode surface of an electrolumi-
nescent medium layer. Such a surface layer provides opera-
tion stability for the organic electroluminescent device. Pref-
erably, said chalcogenide includes SiO (1=X<2), AlO,
(1=X<1.5), SiON, or 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.

Reaction 1
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[0078] Preferably,in the organic electroluminescent device
according to the present invention, a mixed region of an
electron transport compound and an reductive dopant, or a
mixed region of a hole transport compound and an oxidative
dopant may be placed on at least one surface of a pair of
electrodes. In this case, the electron transport compound is
reduced to an anion, and thus it becomes easier to inject and
transport electrons from the mixed region to 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.

[0079] 1In order to form each layer of the organic electrolu-
minescent device according to the present invention, dry film-
forming methods such as vacuum evaporation, sputtering,
plasma and ion plating methods, or wet film-forming methods
such as spin coating, dip coating, and flow coating methods
can be used.

[0080] When applying a wet film-forming method, a thin
film can be formed by dissolving or diffusing materials which
will form each layer into any suitable solvent such as ethanol,
chloroform, tetrahydrofuran, dioxane, etc. The solvent can be
any solvent which dissolves or diffuses the materials, unless
the solvent has problems in film formation properties.
[0081] Hereinafter, the representative organic electrolumi-
nescent compound, the preparation method of the compound,
and the luminescent properties of the device comprising the
compound of the present invention will be explained in detail
with reference to the following examples, but not limited
thereto:

EXAMPLE 1

Preparation of Compound C-5

[0082] Compound C-5, which is the organic electrolumi-
nescent compound of the present invention, wherein a nitro-
gen-containing hetero ring is bonded to a carbazolyl group
substituted with a 3-carbazolyl group was prepared according
to the following Reaction 1.

NO, NO, NO,
1-1 12

ssaciissacl
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Preparation of Compound 1-1

[0083] After dissolving bromonitrobenzene (30 g, 148.5
mmol), phenylboronic acid (27 g, 222. 7 mmol), Pd(PPh,),
(5.14 g, 4.45 mmol), Na,CO; (2 M, 190 mL) and ethanol 100
mL in toluene 500 mL, the mixture was stirred under reflux
for 5 hours. After terminating the reaction, the mixture was
cooled to room temperature, and distilled water was added.
The mixture was extracted with ethyl acetate, and dried with
magnesium sulfate. Then, the resulting product was distilled
under reduced pressure, and separated through a column to
obtain compound 1-1 (26 g, 130.5 mmol, 87.87%).

Preparation of Compound 1-2

[0084] Compound 1-1(26g,130.5 mmol) was dissolved in
carbon tetrachloride 400 mL, and FeCl, (2.1 g, 13.05 mmol)
was added. Then, Br, (6 mL, 117.4 mmol) was added at0° C.,
and the mixture was stirred at room temperature for 12 hours.
Then, after adding distilled water and neutralizing the mix-
ture by adding KOH, the mixture was extracted with methyl-
ene chloride (MC). The extracted solution was dried with
magnesium sulfate. Then, the extracted solution was distilled
under reduced pressure, and separated through a column to
obtain compound 1-2 (28 g, 100.6 mmol, 77.08%).

Preparation of Compound 1-3

[0085] After dissolving compound 1-2 (28 g, 100.6 mmol)
in triethyl phosphate 300 mL, the mixture was reacted at 150°
C. for 7 hours. After terminating the reaction, the mixture was
cooled to room temperature, and distilled under reduced pres-
sure. The mixture was extracted with methylene chloride
(MC), and washed with distilled water. The remaining mois-
ture was removed with magnesium sulfate. After drying, the
resulting product was distilled under reduced pressure, and
separated through a column to obtain compound 1-3 (10 g,
40.63 mmol, 40.38%).

Preparation of Compound 1-4

[0086] After mixing compound 1-3 (10 g, 40.63 mmol),
Cul (3.8 g, 20.3 mmol), K PO, (21.56 g, 101.58 mmol),
toluene 300 mL, iodobenzene 9.09 mL, and ethylenediamine

(2.7 mL, 40.63 mmol), the mixture was stirred under reflux
for 12 hours. Then, the mixture was cooled to room tempera-
ture and filtered under reduced pressure. The remaining solu-
tion was washed with distilled water and extracted with meth-
ylene chloride (MC). Then, the resulting product was dried
with magnesium sulfate, distilled under reduced pressure,
and separated through a column to obtain compound 1-4 (12
g, 37.24 mmol, 91.65%).

Preparation of Compound 1-5

[0087] Compound 1-4 (20 g, 62.07 mmol) was dissolved in
tetrahydrofuran (THF) 200 mL, and n-buli (29 mL, 74.48
mmol) in 2.5 M hexane was slowly added to the mixture at
-78° C. After one hour, triisopropylborate (19.9 mL, 86.90
mmol) was added. After stirring the mixture at room tempera-
ture for 12 hours, distilled water was added and the mixture
was extracted with ethyl acetate (EA). Then, the resulting
product was dried with magnesium sulfate, and distilled
under reduced pressure. The resulting product was recrystal-
lized with ethyl acetate (EA) and hexane to obtain compound
1-5 (12 g, 41.79 mmol, 67.33%).

Preparation of Compound 1-6

[0088] Carbazole (20 g, 119.6 mmol) was dissolved in dim-
ethylformamide (DMF) 200 mL, and N-bromosuccinimide
(NBS) (21.2 g, 119.6 mmol) was added at 0° C. After stirring
for 12 hours, distilled water was added, and the obtained solid
was filtered under reduced pressure. The obtained solid was
added to methanol, and after stirring, the solution was filtered
under reduced pressure. The re-obtained solid was added to
ethyl acetate (EA) and methanol, and stirred. Then, the mix-
ture was filtered under reduced pressure to obtain compound
1-6 (17 g, 69.07 mmol, 58.04%).

Preparation of Compound 1-7

[0089] After mixing compound 1-5 (12 g, 41.79 mmol),
compound 1-6 (11.3 g, 45.97 mmol), Pd(PPh,), (1.4 g, 1.25
mmol), K,CO; (2 M, 52 mL), toluene 150 mL and ethanol 30
mL, the mixture was stirred under reflux. After 5 hours, the
mixture was cooled to room temperature and distilled water
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was added. The mixture was extracted with ethyl acetate (EA)
and dried with magnesium sulfate. The resulting product was
distilled under reduced pressure, and recrystallized with ethyl
acetate (EA) and methanol to obtain 1-7 (10 g, 24.48 mmol,
58.57%).

Preparation of Compound 1-8

[0090] After mixing 1,3,5-tribromobenzen (40 g, 127.06
mmol), phenyl boronic acid (17.04 g, 139.7 mmol), PdCl1
(PPhy), (1.78 g, 2.54 mmol), toluene 500 mL, and Na,CO; (2
M, 130 mL), the mixture was stirred under reflux. After 3
hours, the mixture was cooled to room temperature, and dis-
tilled water was added. The mixture was extracted with ethyl
acetate (EA) and dried with magnesium sulfate. After drying
under reduced pressure, the resulting product was separated
through a column to obtain compound 1-8 (24 g, 76.9 mmol,
60.56%).

Preparation of Compound 1-9

[0091] Compound 1-8 (24 g, 76.9 mmo.), 4-biphenylbo-
ronic acid (16.75 g, 84.6 mmol), PACI(PPh,), (1.07 g, 1.53
mmol), toluene 200 mL, and Na,CO, (2 M, 75 mL) were
dissolved in ethanol 20 mL. After stirring under reflux for 5
hours, the mixture was cooled to room temperature, and dis-
tilled water was added. The mixture was extracted with ethyl
acetate (EA) and dried with magnesium sulfate. After distill-
ing under reduced pressure, the resulting product was sepa-
rated through a column to obtain compound 1-9 (19 g, 49.15
mmol, 64.12%).

Preparation of Compound 1-10

[0092] Compound 1-9 (19 g,49.35 mmol) was dissolved in
THF 200 mL, and n-buLi (23.6 mL, 59.22 mmol) in 2.5 M
hexane was slowly added at -78° C. After one hour, trimeth-
ylborate (8.2 mL, 73.96 mmol) was added. After stirring the
mixture at room temperature for 12 hours, distilled water was

Br Br
—
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added, and the mixture was extracted with ethyl acetate (EA).
The resulting product was dried with magnesium sulfate and
distilled under reduced pressure. The resulting product was
recrystallized with ethyl acetate and hexane to obtain com-
pound 1-10 (14 g,39.97 mmol, 80.99%).

Preparation of Compound 1-11

[0093] After mixing compound 1-10 (14 g, 39.97 mmol),
2.4-dichloropyrimidine (7.14 g, 47.96 mmol), Pd(PPh,),
(1.38 g, 1.19 mmol), toluene 200 mL, Na,CO; (2 M, 40 mL)
and ethanol 20 mL, the mixture was stirred under reflux. After
Shours, the mixture was cooled to room temperature, distilled
water was added, and the mixture was extracted with ethyl
acetate (EA). The resulting product was dried with magne-
sium sulfate and distilled under reduced pressure. The result-
ing product was separated through a column to obtain com-
pound 1-11 (11 g, 31.82 mmol, 79.62%).

Preparation of Compound C-5

[0094] After dissolving compound 1-7 (5 g, 12.24 mmol),
compound 1-11 (6.15 g, 14.68 mmol) in DMF 300 mL, NaH
(0.73 g, 18.36 mmol; dissolved in mineral oil in concentration
of 60%) was slowly added. After stirring the mixture at room
temperature for 12 hours, distilled water was added, and the
obtained solid was filtered under reduced pressure. The
resulting product was separated through a column to obtain
compound C-5 (5 g, 6.32 mmol, 51.64%).

[0095] MS/FAB: found 790.95; calculated 790.31
EXAMPLE 2
Preparation of Compound C-14
[0096] Compound C-14 which is the organic electrolumi-

nescent compound of the present invention wherein nitrogen-
containing hetero ring is bonded to a carbazolyl group sub-
stituted with a 3-carbazolyl group can be prepared according
to the following Reaction 2.

Reaction 2

2-1 2-2
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Preparation of Compound 2-1

[0097] Afterdissolving 1,3-dibromobenzen (36.5 mL, 302.
98 mmol), 4-biphenylboronic acid (40 g, 201.98 mmol),
Pd(PPh;), (4.25 g, 6.05 mmol), Na,CO, (2 M, 250 mL) and
ethanol 100 mL in toluene 400 mL, the mixture was stirred
under reflux. After 12 hours, the mixture was cooled to room
temperature, and distilled water was added. The mixture was
extracted with ethyl acetate (EA) and dried with magnesium
sulfate. The resulting product was distilled under reduced
pressure and separated through a column to obtain compound
2-1 (25 g, 80.85 mmol, 40.12%).

Preparation of Compound 2-2

[0098] Compound2-1 (25 g, 80.85 mmol) was dissolved in
THF, and n-bulLi (42 mL, 105.10 mmol) in 2.5 M hexane was
slowly added at -78° C. After one hour, trimethylborate (14.
42 mL, 129.3 mmol) was added. The mixture was stirred at
room temperature for 12 hours, and distilled water was added.
The mixture was extracted with ethyl acetate (EA) and dried
with magnesium sulfate. The resulting product was distilled
under reduced pressure and recrystallized with methyl-
enechloride (MC) and hexane to obtain compound 2-2 (20 g,
72.96 mmol, 90.24%).

Preparation of Compound 2-3

[0099] After dissolving compound 2-2 (20 g, 72.96 mmol),
2,4-dichloropyrimidine (9.8 g, 80.25 mmol), Pd(PPh;), (2.28
2, 2.18 mmol), Na,CO, (2 M, 80 mL) and ethanol 50 mL in
toluene 150 mL, the mixture was stirred under reflux for 5
hours. The mixture was cooled to room temperature, and
distilled water was added. The mixture was extracted with
ethyl acetate (EA) and dried with magnesium sulfate. The
resulting product was distilled under reduced pressure, and
recrystallized with ethyl acetate (EA) and methanol to obtain
compound 2-3 (11 g, 32.08 mmol, 43.97%).
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Preparation of Compound C-14

[0100] Compound 1-7 (5.2 g, 12.83 mmol) and compound
2-3 (4 g, 11.66 mmol) was dissolved in DMF 150 mL, and
NaH (0.7 g, 17.50 mmol; dissolved in mineral oil in concen-
tration of 60%) was added. The mixture was stirred at room
temperature for 12 hours, and methanol and distilled water
were added. The obtained solid was filtered under reduced
pressure, and separated through a column to obtain com-
pound C-14 (4.5 g, 6.29 mmol, 53.98%).

[0101] MS/FAB: found 714.85; calculated 714.28.

DEVICE EXAMPLE 1

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

[0102] An OLED device using the organic electrolumines-
cent compound according to the present invention was pro-
duced as follows, and then data of device characteristics was
measured for the resulting OLED device.

[0103] First, a transparent electrode indium tin oxide (ITQ)
thin film (15 €2/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 trichlo-
roethylene, 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 depos-
iting apparatus. N',N"-([1,1-bi phenyl]-4,4"-diyl)bis(N'-
(naphthalene-1-y1)-N*N*-diphenylbenzen-1,4-diamine)
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 the above introduced
material, thereby forming a hole injection layer having a
thickness of 60 nm on the ITO substrate. Then, N,N'-di(4-
biphenyl)-N,N'-di(4-bipheny1)-4,4'-diaminobiphenyl ~ was
introduced into another cell of said vacuum vapor depositing
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apparatus, and was evaporated by applying an electric current
to the cell, thereby forming a hole transport layer having a
thickness of 20 nm on the hole injection layer. After the hole
injection layer and the hole transport layer were formed as
above, a light-emitting layer was deposited on said layers as
follows.

[0104] Compound C-111 was introduced into one cell of
the vacuum vapor depositing apparatus, as a host material,
and D-5 was introduced into another cell as another host
material, as a dopant material, and the two materials were
evaporated at different rates, and deposited in a doping
amount of 15 wt % based on the total amount of the host and
dopant to form a light-emitting layer having a thickness of 30
nm on the hole transport layer. Then, in order to form an
electron transport layer on the formed light-emitting layer,
2-(4-(9,10-di(naphthalen-2-yl)anthracen-2-yl)phenyl)-1-
phenyl-1H-benzo[d]imidazole was introduced into a cell, and
lithium quinolate was introduced into another cell, and the
two materials were evaporated at the same rate to depositina
doping amount of 50 wt %, respectively. Thus, an electron
transport layer having a thickness of 30 nm was formed on the
light-emitting layer. Then, in order to form an electron injec-
tion layer, after depositing lithium quinolate in a thickness of
2 nm, an Al cathode having a thickness of 150 nm was depos-
ited by another vacuum vapor deposition apparatus. Thus, an
OLED device was produced. All the materials used for pro-
ducing the OLED device were purified by vacuum sublima-
tion at 10~° torr prior to use.

[0105] On the test of the finally obtained organic electrolu-
minescent device according to the present invention, the pro-
duced OLED device showed a green emission having a lumi-
nance of 600 cd/m and a current density of 1.36 mA/cm®.
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COMPARATIVE EXAMPLE 1

Production of an OLED Device Using Conventional
Electroluminescent Compounds

[0106] AnOLED device was produced in the same manner
as in Device Example 1, except that 4,4'-bis(carbazol-9-y1)
bipheny! (CBP), instead of the compound according to the
present invention, was introduced into the cell of the vacuum
vapor depositing apparatus as a host material, and compound
D-5 was used as a dopant; and a hole blocking layer was
deposited by using aluminum(III)bis(2-methyl-8-quinoli-
nato),-phenylphenolate (BAlq).

[0107] On the test of the finally obtained organic electrolu-
minescent device, the OLED device showed a green emission
having a luminance of 600 cd/m? and a current density of 1.76
mA/cm?,

[0108] Itis confirmed that the organic electroluminescent
compounds according to the present invention have high
luminous efficiency of green color, compared with conven-
tional phosphorescent host materials, and thus have an advan-
tage of providing an organic electroluminescent device which
induces increased power efficiency and improves power con-
sumption.

[0109] Although the invention is explained with reference
to the above examples, the present invention is not limited to
the above examples. One skilled in the art can modify or
change the invention within the purpose or scope of the
present invention, and such modification and change are also
included in the present invention.

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

(0
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wherein

L represents a substituted or unsubstituted (C6-C30)
arylene group, or a substituted or unsubstituted 3- to
30-membered heteroarylene group;

A, to A, each independently represent CR,, or N;

B, to B; each independently represent CR,; or N, provided
that B, to B, are not simultaneously CR,;;

Ar, 1o Ar, each independently represent hydrogen, deute-
rium, a halogen, a cyano group, a nitro group, a hydroxyl
group, a substituted or unsubstituted (C1-C30)alkyl
group, a substituted or unsubstituted (C3-C30)cy-
cloalkyl group, a substituted or unsubstituted (C6-C30)
aryl group, a substituted or unsubstituted 3- to 30-mem-
bered heteroaryl group, —NR,R;;, —SiR R ;R
—SR,, or —ORg;

R,,toR,;andR,, eachindependently represent hydrogen,
deuterium, a halogen, a substituted or unsubstituted (C1-
C30)alkyl group, a substituted or unsubstituted (C3-
C30)cycloalkyl group, a substituted or unsubstituted
(C6-C30)aryl group, or a substituted or unsubstituted 3-
to 30-membered heteroaryl group; or are linked to 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 by at least one heteroatom selected from nitro-
gen, oxygen and sulfur;

o represents an integer of 0 to 2; where o is 2, each of L is
the same or different;

m and n each independently represent 0 or 1, and m+n=1;

I represents an integer of 1 to 4; where 1 is an integer of 2 or
more, each of A to A, is the same or different; and

the heteraryl(ene) group contains at least one hetero atom
selected from B, N, O, S, P(—0), Si and P.

2. The organic electroluminescent compound according to
claim 1, wherein L represents a substituted or unsubstituted
(C6-C20)arylene group; A, to A, each independently repre-
sent CR,, or N; B, to B, each independently represent CR,,
or N, provided that B, to B, are not simultaneously CR,; Ar,
to Ar, each independently represent hydrogen, a halogen, an
unsubstituted (C1-C10)alkyl group, an unsubstituted (C3-
Cl0)cycloalkyl group, a substituted or unsubstituted (C6-
C20)aryl group, a substituted or unsubstituted 3- to 20-mem-
bered heteroaryl group, or—SiR, ,R ;R ;R toR,gand R,
each independently represent hydrogen, a halogen, an unsub-
stituted (C1-C10)alkyl group, an unsubstituted (C3-C10)cy-
cloalkyl group, a substituted or unsubstituted (C6-C20)aryl
group, or an unsubstituted 3- to 20-membered heteroaryl
group; or are linked to an adjacent substituent(s) to form a
substituted or unsubstituted mono- or polycyclic 3- to
20-membered aromatic ring whose carbon atom(s) may be
replaced by at least one heteroatom selected from nitrogen,
oxygen and sulfur; o represents an integer of 0 to 2; where o
is 2, each of L is the same or different; m and n each inde-
pendently represent 0 or 1, and m+n=1; and I represents 1 or
2; where 1 is 2, each of A, to A | is the same or different.

3. The organic electroluminescent compound according to
claim 1, wherein L represents a (C6-Cl5)arylene group
unsubstituted or substituted with a (C1-C6)alkyl group; A, to
A, each independently represent CR,, or N; B, to B; each
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independently represent CR,; or N, provided that B, to B; are
not simultaneously CR,,; Ar, to Ar, each independently rep-
resent hydrogen, a halogen, an unsubstituted (C1-C6)alkyl
group, an unsubstituted (C3-C7)cycloalkyl group; a (C6-
C15)aryl group unsubstituted or substituted with deuterium, a
halogen, a (C1-C6)alkyl group, a (C6-C15)aryl group, a (C6-
C15)aryloxy group, or a3-to 15-membered heteroaryl group;
a 3- to 15-membered heteroaryl group unsubstituted or sub-
stituted with a (C6-C15)aryl group; or—SiR ,R ;R ;R to
R, and R, each independently represent hydrogen, a halo-
gen, an unsubstituted (C1-C6)alkyl group, an unsubstituted
(C3-CT)cycloalkyl group; a (C6-C15)aryl group unsubsti-
tuted or substituted with deuterium, a halogen, or a (C1-C6)
alkyl group; or an unsubstituted 3- to 15-membered het-
eroaryl group; or are linked to an adjacent substituent(s) to
form a mono- or polycyclic 3- to 15-membered aromatic ring
unsubstituted or substituted with a (C1-C6)alkyl group or a
(C6-C15)aryl group, whose carbon atom(s) may be replaced
by at least one heteroatom selected from nitrogen, oxygen and
sulfur; o represents an integer of 0 to 2; where o is 2, each of
L is the same or different; m and n each independently rep-
resent 0 or 1, and m+n=1; and I represents 1 or 2; where 11s 2,
each of A, to A is the same or different.

4. The organic electroluminescent compound according to
claim 1, wherein L. represents a phenylene, naphthylene,
biphenylene, fluorenylene, anthracenylene, pyridinylene,
pyrimidinylene, triazinylene, furanylene, thiophenylene,
dibenzothiophenylene, dibenzofuranylene or phenylene-
dibenzothiophenylene group;

whereinAr, to Ar, each independently represent hydrogen,
deuterium, chlorine, fluorine, a phenyl group, a naphthyl
group, a biphenyl group, a fluorenyl group, a phenan-
thryl group, an anthryl group, a fluoranthenyl group, a
triphenylenyl group, a pyrenyl group, a chrysenyl group,
a naphthacenyl group, a pherylenyl group, a pyridyl
group, a pyrrolyl group, a furanyl group, a thiophenyl
group, an imidazolyl group, a benzoimidazolyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, a quinolyl group, a triazinyl group, a benzofura-
nyl group, a dibenzofuranyl group, a benzothiophenyl
group, a dibenzothiophenyl group, a pyrazolyl group, an
indolyl group, a carbazolyl group, a thiazolyl group, an
oxazolyl group, a benzothiazolyl group, a benzoxazolyl
group, a phenanthrolinyl group or an N-carbazolyl
group;

wherein R, | to R4 and R, each independently represent
hydrogen, deuterium, a pheny! group, a naphthyl group,
a biphenyl group, a fluorenyl group, a phenanthryl
group, an anthryl group, a fluoranthenyl group, a triph-
enylenyl group, a pyrenyl group, a chrysenyl group, a
naphthacenyl group, a pherylenyl group, a pyridyl
group, a pyrrolyl group, a furanyl group, a thiophenyl
group, an imidazolyl group, a benzoimidazolyl group, a
pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, a quinolyl group, a triazinyl group, a benzofura-
nyl group, a dibenzofuranyl group, a dibenzothiophenyl
group, a benzothiophenyl group, a pyrazolyl group, an
indolyl group, a carbazolyl group, a thiazolyl group, an
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oxazolyl group, a benzothiazolyl group, a benzoxazolyl
group, a phenanthrolinyl group or an N-carbazolyl

group.

5. The organic electroluminescent compound according to
claim 1, wherein the substituents on [, Ar; to Ars, R, toR ¢
and R, each independently are at least one selected from the
group consisting of deuterium, a halogen, a (C1-C30)alkyl
group, a (C1-C30)alkyl group substituted with a halogen, a
(C6-C30)aryl group, a (C6-C30)aryloxy group, a 3- to
30-membered heteroaryl group, a 3- to 30-membered het-
eroaryl group substituted with a (C6-C30)aryl group, a (C3-
C30)cycloalkyl group, a 3- to 30-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, a carbazolyl
group, a di(C1-C30)alkylamino group, a di(C6-C30)ary-
lamino 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)ar(C1-C30)alkyl group, a (C1-C30)alkyl(C6-C30)aryl
group, a carboxyl group, a nitro group and a hydroxyl group.

6. The organic electroluminescent compound according to
claim 1, wherein the substituents on L, Ar, to Ar,, R | toR ¢
and R,; each independently are at least one selected from the
group consisting of deuterium, chlorine, a methyl group, an
ethyl group, an n-propyl group, an i-propyl group, an n-butyl
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group, an i-butyl group, a t-butyl group, an n-pentyl group, an
i-pentyl group, an n-hexyl group, an n-heptyl group, an n-oc-
tyl group, a 2-ethylhexyl group, an n-nonyl group, a decyl
group, a dodecyl group, a hexadecyl group, a trifluoromethyl
group, a perfluoroethyl group, a trifluoroethyl group, a per-
fluoropropyl group, a perfluorobutyl group, a phenyl group, a
naphthyl group, a biphenyl group, a fluorenyl group, a
phenanthryl group, an anthryl group, a fluoranthenyl group, a
triphenylenyl group, a pyrenyl group, a chrysenyl group, a
naphthacenyl group, a perylenyl group, a trimethylsilyl
group, a triethylsilyl group, a tripropylsilyl group, a tri(t-
butyl)silyl group, a t-butyldimethylsilyl group, a dimeth-
vlphenylsilyl group and a triphenylsilyl group.

7. An organic electroluminescent compound represented
by the following formula 2:

@

Wherein

L' represents a substituted or unsubstituted, nitrogen-con-
taining 3- to 30-membered heteroarylene;

m, n and Ar, to Ary are as defined in claim 1,
Ar , t0Ar areas definedin R, of claim 1;

L, and L, each independently are selected from the group
consisting of —CR;,Rs,—,—O— —NR,;and—S—,
wherein Ry, to R, are as defined in R, of claim 1;

q and r each independently represent 0 to 1, and g+r=1.

8. The organic electroluminescent compound according to
claim 1, wherein the compound is selected from the group
consisting of:
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9. The organic electroluminescent compound according to
claim 7, wherein the compound is selected from the group
consisting of:
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10. An organic electroluminescent device comprising the
organic electroluminescent compound according to claim 1.
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