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7) ABSTRACT

The present invention relates to a novel organic electrolumi-
nescent compound, layer and an organic electroluminescent
device using the same. Said organic luminescent compound
provides an organic light emitting layer and/or device which
has high luminous efficiency and a long, operation lifetime
and requires a low driving voltage improving power effi-
ciency and power consumption.
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NOVEL ORGANIC ELECTROLUMINESCENT
COMPOUNDS, LAYERS AND ORGANIC
ELECTROLUMINESCENT DEVICE USING
THE SAME

CLAIM OF BENEFIT OF FILING DATE

[0001] The present application is a continuation-in-part of
U.S. patent application Ser. No. 14/624,835 (filed Feb. 18,
2015), which is a continuation of U.S. patent application Ser.
No. 14/004,089 (filed Nov. 25, 2013), which is a National
application tiling based upon PCT Application No. PCT/
KR12/01712 (filed Mar. 8, 2012), which claims the benefit of
the filing date of Korean Patent Application No. 10-2011-
0020492 (filed Mar. 8, 2011).

TECHNICAL FIELD

[0002] The present invention relates to novel combinations
including organic electroluminescent compounds, and
organic electroluminescent device using the same.

BACKGROUND

[0003] 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 has a faster response time. An
organic EL device was first developed by Eastman Kodak, by
using small molecules (aromatic diamines) and aluminum
complexes in a light-emitting layer [ Appl. Phys. Lett. 51,913,
1987].

[0004] The most important factor to determine luminous
efficiency in an organic EL device is a light-emitting materi-
als. Until now, fluorescent materials have been widely used as
light-emitting material. However, in view of electrolumines-
cent mechanisms, phosphorescent materials theoretically
show four (4) times higher luminous efficiency than fluores-
cent materials. Thus, recently, phosphorescent materials have
been investigated.

[0005] Iridium(III) complexes have been widely known as
phosphorescent material, including bis(2-(2-benzothienyl)-
pyridinato-N,C3"iridium(acetylacetonate) ((acac)lr(btp),),
tris(2-phenylpyridine)iridium (Ir(ppy);) and bis(4,6-diffuo-
rophenylpyridinato-N,C2)picolinate iridium (Firpic) as red,
green and blue materials, respectively.

[0006] Inorderto improve color purity, luminous efficiency
and stability, light-emitting materials can be used as one
prepared by mixing a dopant with a host material. in the host
material/dopant system, the host material has a great influ-
ence on the efficiency and performance of an EL device, and
thus is important.

[0007] At present, 4,4'-N,N'-dicarbazol-biphenyl (CBP) is
the most widely known host material for phosphorescent
materials. Further, Pioneer (Japan) developed a high perfor-
mance organic EL, device employing, as a host material,
bathocuproine (BCP) or aluminum(IID)bis(2-methyl-8-
quinolinate)(4-phenylphenolate) (BAlq) which had been a
material used for a hole blocking layer.

[0008] Though these phosphorous host materials provide
good light-emitting characteristics, they have the following
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disadvantages: (1) Due to their low glass transition tempera-
ture and poor thermal stability, their degradation may occur
during a high-temperature deposition process in a vacuum.
(2) The power efficiency of an organic EL device is given by
[(mw/voltage)xcurrent efficiency], and thus the power effi-
ciency is inversely proportional to the voltage. Though an
organic EL device comprising phosphorescent materials pro-
vides better current efficiency (cd/A) than one comprising
fluorescent materials, a significantly high driving voltage is
required to be applied to an organic EL device, thereby result-
ing in poor power efficiency (ImyW). (3) Further, the opera-
tion lifetime of an organic EL device is short and luminous
efficiency is still required to be improved.

[0009] International Patent Application Publication No.
WO 2006/049013 discloses compounds for organic elec-
troluminescent materials whose backbone has a condensed
bicycle group. However, it does not disclose compounds hav-
ing a nitrogen-containing condensed bicyclic group, which is
formed by condensing two 6-membered rings; a carbazolic
group; and an aryl or heteroaryl group. Further, an organic EL
device comprising said compounds fails to provide good
luminous efficiency, operation lifetime and driving voltage.
[0010] An object of the present invention is to provide
organic electroluminescent compounds imparting excellent
luminous efficiency, long operation lifetime and low driving
voltage to a device; improved layer combinations using said
compounds; and an organic electroluminescent device using
said compounds (e.g., in the form of a layer that includes at
least one of said compounds as a host material, and also
includes a metal complex dopant, specifically an iridium
metal complex dopant).

SUMMARY OF THE INVENTION

[0011] The present inventors found that the above object
can be achieved by use of a unique combination of materials
thatare employed to provide an improved light emitting layer.
Such layer may be disposed between an anode and a cathode.
Thus, the layer may be such that an applied driving voltage
causes electroluminescence by the layer. The layer may have
therein (e.g., the layer may include or consist of) a host
material and a metal complex (e.g., an iridium complex). The
metal complex may be an iridium complex including an alky-
lated ligand. For instance it may be an iridium complex
including an alkylated phenyl quinoline ligand. The alkyl
group for the alkylated ligand may be to C1-C30 alkyl roup.
For example, it may be a C1 alkyl group, a C2 alkyl group, or
any alkyl having a number of carbon atoms given by any other
integer between 1 and 30. For a metal complex (e.g., an
iridium complex) including an alkylated phenyl quinoline
ligand, the alkylation may be of a phenyl moiety, a quinoline
moiety or both.

[0012] Without limitation, an aspect of the invention may
be described as a light emitting layer, including an organic
electroliuninescent compound as a host material in the layer;
and

[0013] an iridium complex dopant,

[0014] wherein the organic electroluminescent com-
pound is represented by the following Formula 1; and
the iridium complex dopant is represented by the fol-
lowing Formula 2:



US 2015/0357583 Al

[Formula 1]
/Arz
Ary
e‘RS)\
N\
[0015] wherein:
[0016] L, represents a single bond;
[0017] X, represents N;
[0018] Y represents —NR,;—;
[0019] Ar, represents a single bond, a substituted or

unsubstituted 5- to 30-membered heteroarylene group, a
substituted or unsubstituted (C6-C30)arylene group;
[0020] Ar, represents hydrogen, deuterium a substituted
or unsubstituted (C1-C30)alkyl group, a substituted or
unsubstituted (C6-C30)aryl group, or a substituted or
unsubstituted 5- to 30-membered heteroaryl group:

[0021] R, to R, each independently represent hydrogen,
deuterium, a halogen, a substituted or unsubstituted (C1-
C30)alkyl group, a substituted or unsubstituted (C6-
C30)aryl group, a substituted or unsubstituted 5- to
30-membered heteroaryl group, a substituted or unsub-
stituted (C3-C30)cycloalky group, a substituted or
unsubstituted 5- to 7-membered beterocycloalkyl group,
a substituted or unsubstituted (C6-C30)aryl(C1-C30)
alkyl group, to substituted or unsubstituted (C6-C30)
aryl group fused with at least one (C3-C30)cycloalkyl
group, a 5-or 7-membered heterocycloalkyl group fused
with at least one substituted or unsubstituted (C6-C3)
aromatic ring, (C3-C30)cycloalkyl group fused with at
least one substituted or unsubstituted (C6-C30)aromatic
ring, —NR,,R,5, —SiR,R;-R 5, —SR 5, —OR,,, a
substituted or unsubstituted (C2-C30)alkenyl group, a
substituted or unsubstituted (C2-C30)alkynl group, a
cyano group, a nitro group, or a hydroxyl group; or are
linked to an adjacent substituent via a substituted or
unsubstituted (C3-C30)alkylene group or a substituted
or unsubstituted (C3-C30)alkenylene group to form a
mono- or polycyclic alicyclic ring or a mono- or poly-
cyclic aromatic ring whose carbon atom(s) may be sub-
stituted by at least one hetero atom selected from nitro-
gen, oxygen and sulfur;

[0022] R, to R* have the same meaning as one of R, to

53

[0023] a,bandeeachindependently represent an integer
of 1to 4; where a, b or e is an integer of 2 or more, each
of R;, each of R, or each of Ry is the same or different;

[0024] cand deach independently represent an integer of
1to 3; where c or d is an integer of 2 or more, each of R
or each of R, is the same or different; and

[0025] the heterocycloalky]l group and the heteroat-
ykene) group contain at east one hetero atom selected
from B, N, O, §, P(=0), Si and P, and

ML, 10t 102 103 [Formula 2]
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[0026] wherein
[0027] M'isIr;
[0028] L['°' and [*°* are the same and represent

Raog

Rao7

Raos;

and
[0029] L' represents

Roo
O
/
. \ Ryo3;
o
R0
[0030] wherein R, to R,,; each independently repre-

sent hydrogen, deuterium, or a (C1-C30)alkyl group;
[0031] R,y to R,o8, Ry 0, and R, to R, 5 each inde-
pendently represent hydrogen, deuterium, a substituted
or unsubstituted (C1-C30)alkyl group, or a substituted
or unsubstituted (C6-C30)aryl group; and
[0032] R, and R,,; each independently represent a
substituted or unsubstituted (C1-C30)alkyl group.

DETAILED DESCRIPTION

[0033] With attention now to the general teachings herein,
there are envisioned combinations of an organic electrolumi-
nescent host material and a complex dopant to form a light
emitting layer.

[0034] The host material may he a compound represented
by the following formula 1:

[Formula 1]

p =
e‘\RS) ~— —u
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[0035] wherein

[0036] L, represents a single bond, a substituted or
unsubstituted 5- to 30-membered heteroarylene group,
at substituted or unsubstituted (C6-C30)arylene group,
or a substituted or unsubstituted (C6-C30)cycloalkylene

group:

[0037] X, represents CH or N;

[0038] Y represents —O—, —S—, —CR,,R;,— or
—NR,;—;

[0039] Ar, represents a single bond, a substituted or

unsubstituted 5- to 30-membered heteroarylene group, a
substituted or unsubstituted (C6-C30)arylene group, or
a substituted or unsubstituted (C1-C30)alkylene group;

[0040] An represents hydrogen, deuterium, a substituted
or unsubstituted (C1-C30yalkyl group, a substituted. or
unsubstituted (C6-C30)aryl group, or a substituted or
unsubstituted 5- to 30-membered heteroaryl group;

[0041] R, to R, each independently represent hydrogen,
deuterium, a halogen, a substituted or unsubstituted (C1-
C30)alkyl group, a substituted or unsubstituted (C6-
C30)aryl group, a substituted or unsubstituted 5- to
30-membered heteroaryl group, a substituted or unsub-
stituted (C3-C30)cycloalkyl group, a substituted or
unsubstituted 5- to 7-membered heterocycloalkyl group,
a substituted or unsubstituted (C6-C30)aryl(C1-C30)
alkyl group, a substituted or unsubstituted (C6-C30)
aryl. group fused with at least one (C3-C30)cycloalkyl
group, a 5-or 7-membered heterocycloalkyl group fused
with at least one substituted or unsubstituted (C6-C30)
aromatic ring, (C3-C30)cycloalkyl group fused with at
least one substituted or unsubstituted (C6-C30)aromatic
ring, —NRR;5, —SiR,(R;;R,5, —SR;5, —ORy,, a
substituted or unsubstituted (C2-C30)alkenyl group, a
substituted or unsubstituted (C2-C30)alkynyl group, a
cyano group, as nitro group, or as hydroxyl group: or are
linked to an adjacent substituent via a substituted or
unsubstituted (C3-C30)alkylene group or a substituted
or unsubstituted (C3-C30)alkenylene group to form a
mono- or polycyclic Acyclic ring or a mono- or polycy-
clic aromatic ring whose carbon atom(s) may be substi-
tuted by at least one hetero atom selected front nitrogen,
oxygen and sulfur;

[0042] R, to R,, have the same meaning as one of R to
R, (or in the case in which Y represents NR |, then R 5
to R, have the same meaning as one of R, to Rs);

[0043] a,bandeeach independently represent an integer
of 1to 4; where a, b or e is an integer of 2 or more, each
of R,, each of R, or each of R is the same or different;

[0044] cand deachindependently represent an integer of
1to3; where c or d is an integer of 2 or more, each of R,
or each of R, is the same or different; and

[0045] the heterocycloalkyl group and the heteroaryl
(ene) group contain at least one hetero atom selected
from B, N, O, S, P(=0), Si and P.

[0046] Herein, “(C1-C30)alkyl(ene)” is a linear or
branched alkyl(ene) having 1 to 30, preferably 1 to 20, more
preferable 1 to 10 carbon atoms and includes methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, etc.; “(C2-
C30) alkenyl(ene)” is a linear or branched alkenyl(ene) hav-
ing 2 to 30, preferably 2 to 20, more preferably 1 to 10 carbon
atoms and includes vinyl, 1-propenyl, 2-propenyl, 1-butenyl,
2-butenyl, 3-butenyl, 2-methylbut-2-enyl, etc.; “(C2-C30)
alkynyl” is a linear or branched alkynyl having 2 to 30, pref-
erably 2 to 20, more preferably 1 to 10 carbon atoms and
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includes ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-buty-
nyl, 3-butynyl, 1-methylpent-2-ynyl, etc.; “(C1-C30)alkoxy”
is a linear or branched alkoxy having 1 to 30, preferably 2 to
20, more preferably 2 to 10 carbon atoms and includes meth-
oxy, ethoxy, propoxy, isopropoxy, 1-ethylpropoxy, etc.;
“(C3-C30)cycloalkyl” is a mono- or polycycelic hydrocarbon
having 3 to 30, preferably 3 to 20, more preferably 3 to 7
carbon atoms and includes cyclopropyi, cyclobutyl, cyclo-
pentyl, cyclohexyl, etc,; “(C6-C30)cycloalkylene” is one
formed by removing hydrogen from cycloalkyl having 6 to
30. preferably 6 to 20, more preferably 6 or 7 carbon atoms;
and “S- to 7-membered heterocycloalkyl” is a cycloalkyl
having at least one hetero atom selected from B, N, O, S,
P(=0), Si and P, preferably N, O and S, and carbon atoms as
remaining ring backbone atoms other than said hetero atom
and includes tetrahydrofuran, pyrrolidine, tetrahydropyran,
etc. Further, “(C6-C30)aryl(ene)” is a monocyclic ring Or
fused ring derived from an aromatic hydrocarbon and having
preferably 6 to 20 ring backbone carbon atoms; and includes
phenyl, biphenyl, terphenyl, naphthyl. fluorenyl, phenanthre-
nyl, anthracenyl, indenyl, triphenylenyl, pyrenyl, tetracenyl,
perylenyl, chrysenyl, naphthacenyl, fluoranthenyl, etc. Fur-
ther, “5- or 30-membered heteroaryl(ene)” is an aryl having at
least one, preferably 1 to 4 hetero atom selected from the
group consisting of B, N, O, S, P(=0), Si and P, and carbon
atoms as remaining ring backbone atoms other than said
hetero atom; is a monocyclic ring or fused ring condensed
with at least benzene ring: has preferably 5 to 21 ring back-
bone 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.

[0047]

[0048] L, represents preferably a single bond, a substituted
or unsubstituted 5- or 30-membered heteroarylene group or a
substituted or unsubstituted (C6-C30)arylene group, more
preferably a single bond or a substituted or unsubstituted
(C6-C30)arylene group.

[0049] X represents preferably N.

[0050] Y represents preferably —O— —S—,
—CR, R, ,— (wherein R, and R, each independently rep-
resent a substituted or unsubstituted (C1-C30)alkyl group) or
—NR, ;— (wherein R represents a halogen, deuterium, a
substituted or unsubstituted (C6-C30)ary] group, or a substi-
tuted or unsubstituted 5- or 30-membered heteroaryl group).

[0051] R, andR, eachindependently represent hydrogen, a
substituted or unsubstituted (C6-C30)aryl group, a substi-
tuted or unsubstituted 5- or 30-membered heteroaryl group,
—NR, 4R, (wherein R, and R, 5 each independently repre-
sent a substituted or unsubstituted (C1-C30)alkyl group or a
substituted or unsubstituted (C6-C30)aryl group) or a
hydroxyl group, more preferably hydrogen or a substituted or
unsubstituted (C6-C30)aryl group.

Preferably, substiments of formula 1 are as follows:
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[0052] R, toR,eachindependently representhydrogen ora _continued
substituted or unsubstituted (C1-C30)alkyl group, more pref-
erably hydrogen.

[0053] a to e each independently represent an integer of 1.

[0054] *—Ar,—Ar, is selected from the following struc-
tures:

PRSP
o~ (0 (3O
® @

CO BCC
DY

(0
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[0055] Herein, substituents of the substituted (C1-C30)
alkyl group, the substituted (C2-C30)alkenyl group, the sub-
stituted. (C2-C30)alkynyl group, the substituted (C6-C30)
cycloalkylene group, the substituted (C3-C30)cycloalkyl
group, the substituted 5- to 7-membered beterocycloalkyl
group, the substituted (C6-C30)aryl(ene) group, the substi-
tuted 5- to 30-membered beteroatyl(ene) group and the sub-
stituted aromatic ring represented by said L,, Ar,. Ar,, R, to
Rs and R, to R,, each independently is at least one selected
from the group consisting of deuterium, a halogen, a cyano
group, a carboxyl group, a nitro group, a hydroxyl group, a
(C1-C30)alkyl group, a halo(C1-C30)alkyl group, a (C2-
C30)alkenyl group, a (C2-C30)alkynyl group, a (C1 -C30)
alkoxy group, a (C1-C30)alkylthio group, a (C3-C30)cy-
cloalkyl group, a (C3-C30)cycloalkenyl group, a 5- to
7-membered beterocycloalkyl group, a (C6-C30)aryl group,
a (C6-C30)aryloxy group, a (C6-C30)arylthio group, a 5- to
30-membered heteroaryl group, a 5- to 30-membered het-
eroaryl group substituted by a (C6-C30)aryl group, a (C6-
C30)atyl group substituted by a 5- to 30-membered
beteroaryi group, a tri(C1-C30)allsylsilyl group, a tri(C6-
C30)arylsilyl group, a di(C1-C30)alkel(C6-C30)arylsilyl
group, a (C1-C30)alkyldi(C6-C30)arylsilyl group, an amino
group, a mono or di(C1-30)alkylamino group, a mono or
di(C6-C30)alylarnino group, a (C1-C30)alkyl(C6-C30)ary-
lamino group, a (C1-C30)alkylcarbonyl group, a (C1-C30)
alkoxycarbonyl group, a (C1-C30)arylcarbonyl group, a
di(C6-C30)arylbornyl group, a di(C6-C30)alkylbornyl
group, a (C1-C30)alkyl(C6-C30)arylbornyl group, a (C6-30)
aryl(C1-C30)alky! group and a (C1-C30)alkyl(C6-C30)aryl
group, Preferably, said substituents are at least one selected
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from the group consisting of deuterium, a halogen, a (C1-
C30)alkyl group, a halotC1-C30)alkyl group, a (C6-30)aryl
group, a 5- to 30-membered heteroaryl group, a tri(C1-C30)
alkylsilyl group, a tri(C6-C30), arylsilyl group, a di(C1-C30)
alkyl(C6-C30)arylsilyl group, a (C1-C30)alkyldi(C6-C30)
aryisilyl group, a hydroxyl group and a (C1-C30)alkoxy
group.

[0056] By way of more particularillustration, one preferred
representation of Formula 1 is the following:

[Formula 1]

[0057] wherein:

[0058] L, represents a single bond,

[0059] X, represents N;

[0060] represents —NR,;

[0061] Ar, represents a single bond, a substituted or unsub-

stituted 5- to 30-membered heteroarylene group, a substituted
or unsubstituted (C6-C3))arylene group;

[0062] Ar , represents hydrogen, deuterium, a substituted
orunsubstituted (C1-C30)alkyl group, a substituted or unsub-
stituted. (C6-C30)aryl group, or a substituted or unsubstituted
5- to 30-membered heteroaryl group;

[0063] R, to Ry each independently represent hydrogen,
deuterium, a halogen, a substituted or unsubstituted (C1-C30)
alkyl group, a substituted or unsubstituted (C6-30)arvl group,
a substituted or unsubstituted 5- to 30-membered heteroaryl
group, a substituted or unsubstituted (C3-C30)cycloalkyl
group, a substituted or unsubstituted 5- to 7-membered
beterocycloalkyl group, a substituted or unsubstituted (C6-
C30)aryl(C1-C30)alkyl group, a substituted or unsubstituted
(C6-C30)aryl group fused with at least one (C3-(30)cy-
cloalkyl group, a 5- or 7-membered heterocycloalkyl group

Q.

=N

)/N

C-1
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fused with at least one substituted or unsubstituted (C6-C30)
aromatic ring, (C3-C30)cycloalkyl group fused with at least
one substituted or UnSubstituted (C6-C30)aromatie ring,
—NR, R |5, —SiR; R, R;5, —SR, 5, —OR,, a substituted
or unsubstituted (C2-C30)alkenyl group, a substituted or
unsubstituted (C2-C30)alkynyl group, a cyano gaoup a nitro
group, or a hydroxyl group; or are linked to an adjacent
substituent via a substituted or unsubstituted (C3-C30)alky-
lene group or a substituted or unsubstituted (C3-C30)alker-
tylene group to form a mono- or polycyclic alicyclic ring or a
mono- or polycyclic aromatic ring whose carbon atom(s) may
be substituted by at least one hetero atom selected from nitro-
gen, oxygen and sulfur;

[0064] R, toR,,have thesame meaningasoneof R, toRs,
[0065] a,bandeeach independently represent an integer of
1to4;where a, b or eis aninteger of 2 or more, each ofR, each
of R, or each of R is the same or different

[0066] candd each independently represent an integer of 1
to 3; where ¢ or d is an integer of 2 or more, each of R, or each
of R, is the same or di fierent; and

[0067] the heterocycloalkyl group and the heteroaryl(ene)
group contain at least one hetero atom selected from B, N, O,
S, P(=0), Si and P.

[0068] With more particularity, R, to R may each indepen-
dently represent hydrogen or a substituted or unsubstituted
(C6-C30)aryl group. By way of illustration, either or both of
R, or R, may represent a substituted or unsubstituted (Cé6-
C30)aryl group.

[0069] With more particularity. R, ; may be a substituted or
unsubstituted (C1-C30)alkyl group, a substituted or unsub-
stituted (C6-C30)aryl group, a substituted or unsubstituted 5-
to 30-membered heteroaryl group, a substituted or unsubsti-
tuted (C6-C30)aryl group fused with at least one (C3-C30)
cycloalkyl group, a 5- or 7-membered heterocycloalkyl group
fused with at least one substituted or unsubstituted (C6-C30)
aromatic ring, or a (C3-C30)cycloalkyl group fused with at
least one substituted or unsubstituted (C6-C30)aromatic ring.
For instance, R ; may be a substituted or unsubstituted (C1-
C30)alkyl group, a substituted or unsubstituted (C6-C30)aryl
group, or a substituted or unsubstituted 5- to 30-membered
heteroaryl group. One particularly preferred approach con-
templates that is substituted. or unsubstituted (C6-C30)aryl
group.

[0070] Organic elearoluminescent compounds according
to the present invention include the following, but are not
limited thereto:

C-2
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[0071] Of the above, without intending to be limited
thereby, particularly preferred compounds are one or more of
those depicted as compound C-1, C-5, C-9, C-77, C-135,
C-136 or C-137. Particularly preferred compounds may be
selected from C-1, C-5, C-9, or C-77. Particularly preferred
compounds may be selected, from C-135, C-136 or C-137.

[0072] Another feature of the present teachings is the pos-
sibility to realize a glass transition temperature (T, )(as mea-
sured by differential scanning calorimetry) for the compound

C-137

OOQ
ale

of Formula 1 (namely, the host material of a light emitting
layer of the invention) in excess of about 80° C., about 90° C.,
or about 100° C. The glass transition temperature for the host
material may be below about 350° C., below about325°C., or
below about. 300° C.

[0073] Organic electroluminescent compounds according
to the present invention (e.g., for use as a host material) can be
prepared by well-known methods in the art, for example,
according to the followinu scheme 1.
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Scheme 1
B(OH),
O~L \_/
U \ P
— Y/, .
Y (R3)c
+ R —
H
N.
7\ ] D
\@
SN \ =
X (Ra)a
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[0074] wherein, R, to Rg, Ar), Ar,, Y, X, L,,a,h,c,dand
e are as defined in formula 1 above. and X represents a
halogen.

[0075] Further, the present invention provides a light emit-
ting layer, and/or an organic electroluminescent device com-

prising the organic electrolurninescent compound of formula
1.

[0076] Said organic electroluminescent device comprises a
first electrode, a second electrode and at least one organic
layer, namely a light emitting layer, between said first elec-

trode and said second electrode. Said organic layer comprises
at least one organic electroluminescent compound of formula
1. Further, said organic layer comprises a light-emitting layer
in which the organic electroluminescent compound of for-
mula 1 is comprised as a host material, Where the organic
electroluminescent compound of formula 1 is comprised as a
host material in the light-emitting layer, said light-emitting
layer further comprises atleast one phosphorescent dopant. In
the organic electroluminescent device of the present inven-
tion, said phosphorescent dopant is not particularly limited,



US 2015/0357583 Al Dec. 10, 2015

33

but may be selected from compounds represented b the fol-

-continued
lowing formula 2:

ML, 1017 1027 103 [Formula 2]

[0077] wherein

[0078] M is selected from the group consisting of Ir, Pt, Pd

and Os; L*°*, 1'% and 1.'® each independently are selected
from the following structures:

Roy

Ros
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Rys  Russ
Raos Raos

Ry Ryss
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Rapp
Rayy Rago

’ Raog

Ran Raos;

N,
\N/ >
\\ /\/ Rage

Rojo Rogo

[0079] R,,, to R,,; each independently represent hydro-
gen, deuterium, a (C1-C30)alkyl group unsubstituted or sub-
stituted by a halogen(s), a (C6-C30)aryl group unsubstituted
or substituted by a (C1-C30)alkyl group(s), or ahalogen; R,q,
to R, each independently represent hydrogen, deuterium, a
substituted or unsubstituted (C1-C30)alkyl group, a substi-
tuted or unsubstituted (C1-C30)alkoxy group, a substituted or
unsubstituted (C3-C30)cycloalkyl group, a substituted or
unsubstituted (C2-C30)alkenyl group, a substituted or unsub-
stituted (C6-C30)aryl group, a substituted or unsubstituted
mono- or di-(C1-C30)alkylamino group, a substituted or
unsubstituted mono- or di-(C6-C30)arylamino group. SFs, a
substituted or unsubstituted tri(C1-C30)alkylsilyl group, a
substituted or unsubstituted di(C1-C30)alkyl(C6-C30)atylsi-
lyl group, a substituted or unsubstituted tri(C6-C30)arylsilyl
group, a cyano group or a halogen; R,,, to R, each inde-
pendently represent hydrogen, deuterium, a (C1-C30)alkyl
group unsubstituted or substituted by a halogen(s), or a (C6-
C30)aryl group unsubstituted or substituted by a (C1-C30)
alkyl group(s); R,,, and R, 5 each independently represent
hydrogen, deuteri urn, a substituted or unsubstituted (C1-
C30)alkyl group, a substituted or unsubstituted (C6-C30)aryl
group, ot a halogen, or R,,, and R, may be linked to each
other via a (C3-Cl12)alkylene group or (C3-C12)alkenylene
group with or without a fused ring, to form a mono- or
polycyclic alicyclic ring or a mono- or polycyclic aromatic
ring; R,,¢ represents a substituted or unsubstituted (C1-C30)
alkyl group, a substituted, or unsubstituted (C6-C30)aryl
group, a substituted or unsubstituted 5- or 30-membered
beteroaryl group or a halogen; R,,, to R,,, each indepen-
dently represent hydrogen, deuterium, a substituted or unsub-
stituted (C1-C30)alkyl group, a substituted or unsubstituted
(C6-C30)ary] group or a halogen; Q represents

Ry Rom Ry33 Ross

Ra3s Rags

Ra37 Razs Roar Rows

Ry Rasgp
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R231 to R242 each independently represent hydrogen, deu-
terium, a (C1-C30)alkyl group unsubstituted or substituted
by a halogen(s), a (C1-C30)alkoxy group, a halogen, a sub-
stituted or unsubstituted (C6-C30)aryl group, a cyano group,
a substituted or unsubstituted (C5-C30)cycloalkyl group, or
each of R,;, to R,,, may be linked to an adjacent substituent
via (C2-C30) alkylene group or (C2-C30)alkenylene group to
form a spiro ring or a fused rinv, or may be linked to Ry, or
R,y via (C2-C30) alkylene group or (C2-30)alkenylene
group to form a saturated or unsaturated fused ring.

[0080] With more particularity, Formula 2 may be repre-
sented by the following:

MILIOLLI02T, o [Formula 2]

[0081]
[0082]

wherein M is Ir;

LIOI and L102

are the same and represent

Raos

Roozs

Raos

and

[0083] L' represents

Rao)

[0084] wherein R, to R,; each independently represent
hydrogen, deuterium, or a C1-C30)alkyl group;

[0085] R,p6 to Roge, Ryjo, and R, ;5 to Ry, 5 each indepen-
dently represent hydrogen, deuterium, a substituted or unsub-
stituted (C1-C30)alkyl group, or a substituted or unsubsti-
tuted (C6-C30)aryl group; and

[0086] R, andR,,, each independently represent a subs-
tinned or unsubstituted (C1-C30)alkyl group.

[0087] Forexample, in Fornula 2, R, and R,,, may each
independently represent unsubstituted (C1-C10)alkyl group.
By way of further example, R,,7, Ryos, Ry 10y Rajs and R, 5
may each independently represent hydrogen or deuterium.

Dec. 10, 2015

[0088] Examples of the iridium complex dopants of for-
mula 2 include the following, but are not limited thereto:
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[0089] Of the above, without intending to be limited
thereby, particularly preferred complexes are one or both of
those depicted as complex D-7 or D-29.

[0090] For the light emitting layer herein, the amount by
weight of the host material to the metal complex (e.g., iridium
complex) may be below about 100:1, 90:1, 80:1, 70:1, or
60:1, The amount by weight of the host material to the metal
complex (e.g., iridium complex as described herein) may be
above about 10:1, 20:1, or 30: 1. For example, the amount by
weight of the host material to the metal complex (e.g., iridium
complex as described herein) may be range from about 100:1
to about 10:1.

[0091] A possible approach to manufacture a layer is to
deposit each of the host material and the metal complex
dopant in their respective amounts by a suitable deposition
(e.g., vapor deposition) process. The relative amounts can be
varied as desired, for example, by selecting different deposi-
tion rates for each. The layers are deposited to a desired
thickness. For example the thickness may be greater than
about 1 nm, greater than about 5 nm, or greater than about 10.
The thickness may be less than about 300 nm, less than about:
200 nm, or less than about 100 nm.
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[0092] With more particularity, for a light emitting layer
having a combination of a host of formula 1 and a metal
complex of formula 2, the Ar, may be a single bond or it can
be a substituted or unsubstituted C6-C30 arylene (e.g., a
substituted or unsubstituted C6 arylene). For such combina-
tion, Ar, may be a substituted or unsubstituted C6-C30 aryl
(e.g., a C6 aryl). For such combination, R,,, may be hydro-
gen, deuterium, a substituted or unsubstituted C1-C30 alkyl
or a substituted or unsubstituted C6-C30 aryl (e.g., R, , may
be hydrogen or a substituted or unsubstituted C1-C30 alkyl).
For such a combination. R | ; may be a substituted or unsub-
stituted C5-C20 aryl (e.g., R; 3 may be a substituted or unsub-
stituted C6, C10, C12, C16 or other aryl).

[0093] The organic electroluminescent device according to
the present invention may forther comprise, in addition to the
organic electroluminescent compound according to the
present invention, at least one amine-based compound
selected from the group consisting of arylamine-based com-
pounds and styrylarylamine-based compounds.

[0094] 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 comprise a light-emitting layer and a
charge generating layer.

[0095] The organic electroluminescent device according to
the present invention may emit a white light by further com-
prising in addition to the organic electroluminescent com-
pound according to the present invention, at least one light-
emitting layer which comprises a blue electroluminescent
compound, a red electroluminescent compound or a green
electroluminescent compound. If necessary, the organic elec-
troluminescent device may further comprise a yellow light-
emitting layer or an orange light-emitting layer.

[0096] Preferred combinations of host and metal complex
are such that they provide an organic layer, namely a light
emitting layer, which exhibits a peak intensity ata wavelength
within a range of about 600 nm to about 700 nm as measured
by spectrophotometry (e.g., using a Varian brand Carry
Eclipse Fluorescence spectrophotometer according to its
standard operating parameters). A light emitting layer that
includes a host material and a metal complex (e.g., an iridium
complex as described herein) of the present teachings may
iliMilletiee red upon application of as driving voltage. The
driving voltage may be a voltage of at least about 2 volts (V),
at least about 4V, at least about €V, or at least about 8V. The
driving voltage may be a voltage below about 20V, below
about 18V, below about 16V or below about 14V.

[0097] Preferably, in the organic electroluminescent device
according to the present invention, at least one layer (herein-
after, “a surface layer”) selected from a chalcouenide layer, a
metal halide layer and a metal oxide layer may be placed on
an inner surface(s) of one or both electrode(s). Specifically, it
is preferred that a Chalcogenide layer of silicon or aluminum
is placed on an anode surface of an electroluminescent
medium layer, and a metal halide layer or metal oxide layer is
placed on a cathode surface of an electroluminescent medium
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layer. Such a surface layer provides operation stability for the
organic electroluminescent device. Preferably, said chalco-
genide includes SiO,(1=X<2), AlO,(1=X<1.5), SiON,
SiAION, etc.: said metal halide includes LiF, MgF,. CaF,, a
rare earth metal fluoride, etc.; and said metal oxide includes
Cs,0, Li,0, MgO, SrO, BaO, Ca0, etc.

[0098] Preferably,in the organic electroluminescent device
according to the present invention, a mixed region of an
electron transport compound 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 that case, the
electron transport compound is reduced to an anion, and thus
facilitates injecting and transporting electrons to an electrolu-
minescent medium. Further, the hole transport compound is
oxidized to a cation, and thus facilitates injecting and trans-
porting holes to an electroluminescent medium. Preferably,
the oxidative dopant includes various Lewis acids and accep-
tor compounds; and the reductive dopant includes alkali met-
als, alkali metal compounds, alkaline earth metals, rare-earth
metals, and mixtures thereof. A reductive dopant layer may be
employed as a charge generating layer to prepare an electrolu-
minescent device having two or more light emitting layers
and emitting a white light.

[0099] The organic electroluminescent compound accord-
ing to the present invention provides an organic light emitting
layer and device, which has high luminous efficiency and a
long operation lifetime and requires a low driving voltage
improving power efficiency and power consumption.

[0100] For instance, a light emitting layer of the present
invention, which may be employed for an OLED device, may
show red emission. The red. emission may have a luminance
of at least 1,000 cd/m? at a driving voltage of 3.8 V and as
current. density of 3.4 mA/ecm®. For instance, the layer may
show red emission (with a peak intensity at a wavelength
within a range of about 600 nm to about 700 nm as measured
by spectrophotometry as described) having a luminance of at
least about 800, at least about 900, or at least about 1,000
cd/m? at a driving voltage of below about 8V, below about 6V,
or below about 4V (e.g., about 3.8V) and a current density of
about 1 to about 10, about 2 to about 6, or about 3 to about 4
mA/cm?. Further, the minimum time for a luminance of 5,000
nit to be reduced to 97% of the luminance may be at least 170
hours.

[0101] Ttis also possible that by use of the combination of
the compounds of the invention and the metal complexes of
the invention (e.g., an iridium complex, and particularly one
as described, in the present teachings, such as an alkylated
complex as described), that operational lifetime (e.g., atabout
a 5000 nit level) can be surprisingly substantially higher than
other combinations that have been employed. For example, it
is believed possible that alkylated metal complex dopants of
formula 2 as described in the teachings) when used in com-
bination with an organic electroluininescent compound (e.g,,
those of Formula 1 of the teachings) as a host material may be
able to achieve at least about 1.3 times, about 1.5 times, about
1.8 times or about 2 times the operational lifetime as com-
pared with a similar combination, but where the metal com-
plex dopant is not alkylated.

[0102] In general, other aspects of the invention are that
either or both of the metal complex or the host material of the
organic layer (namely the light emitting layer) may be free of
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any halogen (e.g., in the form of a substituent), as may also be
the situation for the light emitting layer as a whole. The
organic electroluminescent compounds according to the
present invention have superior properties than those of con-
ventional electroluminescent compounds, and thus provide
an organic electroluminescent device which has high lumi-
nous efficiency and a long operation lifetime and requires a
low driving voltage improving power efficiency and power
consumption.

[0103] Hereinafter, examples are provided for preparing
the organic electroluminescent compounds, and properties of
the organic electrol tuninescent devices using them.

B(OH),
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[0104] The abbreviations used in the examples have the
following meanings:

[0105] Ph: phenyl, MeOH: methanol, EtOH: ethanol, MC:
methylene chloride, EA: ethyl acetate,

[0106] DMF: dimethylformamide, n-Bu: normal-butyl,
i-Pr: isopropyl, Me: methyl, THF: tetrahydrofuran, FDA: eth-
ylene diamine, NBS: N-bromosuccinimide it is believed that
the resulting Compounds C-9 of the preparation examples
could exhibit a T, of from about 140° C. to about 150° C.

[Preparation Example 1] Preparation of Compound C-9

[0107]

C9
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Preparation of Compound C-2-1 -continued
Br

[0108] 9-phenyl-9H-carbazol-3-yl boronic acid (14

48.76 mmol), 3-bromo-9H-carbazole (10 g, 40.63 mmol),

K,CO, (13.5 g, 97.52 mmol) and Pd(PPh,), (2.35 g, 2.03 Q
mmol) were added to toluene 200 mL, EtOH 50 mL and

purified water 50 mL. After stirring the reaction mixture for 3

hours at 90 to 100° C. the mixture was cooled to room tem- Q
perature. An aqueous layer was removed from the mixture by

a gravity separation. The obtained organic layer was concen- O

trated, was triturated with MC, and then was filtered to obtain
compound C-2-1 (12 g, 72%).

C-4-1

Preparation of Compound C-2-2

[0109] 2.4-dichloroquinazoline (20 g, 0.1 mol), biphenyl-
4-y1 boronic acid (18.9 g, 0.1 mol), Pd(PPh;), (3.5 g, 3.01
mmol) and Na,CO, (31.9 g, 0.3 mol) were added to toluene
800 mL, EtOH 200 ml, and petrified water 200 mL. After
stirring the reaction mixture for 3 hours at 70 to 80° C., an
aqueous layer was removed from the mixture by a gravity
separation. The obtained organic layer was concentrated, and
then was purified by silica column chromatography to obtain
compound C-2-2 (15 g, 47%).

Preparation of Compound C-9

[0110] After suspending compound C-2-2 (4.6 g. 14.7 )\ -
mmol) and compound C-2-1 (5 g, 12.2 mmol)inDMF 80 mL, N/ l

60% NaH (881 g, 22 mmol) was added to the mixture at room

temperature. The obtained reaction mixture was stirred for 12

hours. After adding purified Water (1 L), the mixture was

filtered under reduced pressure, The obtained solid was tritu-

rated with Me.Off/EA, was dissolved in MC, was filtered

through silica, and then was triturated with MC/n-hexane to

obtain compound C-9 (4 g, 47.4%). n

[Preparation Example 2] Preparation of Compound C-15

[0111] N)\

Br

’ O
B(OH),
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-continued

N N
s \l( N
O N @
Preparation of Compound C-4-1

[0112]  After dissolving biphenyl-4-yl boronic acid (157 g,
554 mmol), 1,3-dibromobenzene (100 g, 581.7 mmol). Pd(P-
Phhd 3), (13 g, 11.08 mmol) and NaCO; (150 g, 1.385 mol)
in toluene(3.5 L), EtOH (0.7 L) and distilled water (0.7 L), the
reaction mixture was stirred for 3 hours at 90° C. The mixture
was extracted with EA and distilled water, was dissolved in
chloroform (10 L) by heat, and then was filtered through
silica. After triturating the resultant with EA and hexane, the
resultant was triturated with EA and MeOH to obtain com-
pound C-4-1 (94 g, 60%).

C-15

Preparation of Compound C-4-2

[0113]  After dissolving compound C-4-1 (55 g, 178 mmol)
in THF (800 mL), 2.5 M n-BulLi in hexane (106 mL, 267
mmol) was added to the reaction mixture at =78° C., and then
the mixture was stirred for 1 hour. B(Oi-Pr), (82 mL, 356
mmol) was added slowly to the mixture, and then the mixture
was stirred for 2 hours. The mixture was quenched by adding
2 M HCI, was extracted with distilled water and EA, and then
was recrystallized with hexane and acetone, Compound
C-4-2 (43 g. 88.0%) was obtained.

Preparation of Compound C-4-3

[0114] 2.4-dichloroquinazoline (20 g, 73 mmol), com-
pound. C-4-2 (15 g, 73 mmol), Pd(PPh,), (2.5 g, 2.2 mmol)
and Na,COj; (23 g, 241 mmol) were dissolved in toluene (500
mL), EtOH (100 mL) and distilled water (100 mL), and then
was stirred for 5 hours at 100° C. The reaction mixture was
distillated under reduced pressure to obtain an organic layer,
and then was triturated with MeOH. The obtained solid was
dissolved in MC, was filtered through silica, and then was
triturated with MC and hexane to obtain compound C-4-3
(19.5 g, 68%).

Preparation of Compound C-15

[0115]  After suspending compound C-2-1 (5 g, 12,2 mmol)
and compound C-4-3 (4.6 g, 11.6 mmol) in DMF 80 mL, 60%
NaH (881 mg, 22 mmol) was added to the mixture at room
temperature. The obtained reaction mixture was stirred for 12
hours. After adding purified water (1 L), the mixture was

42
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filtered under reduced pressure. The obtained solid was tritu-
rated with MeOH/EA, was triturated with DMF, and then was
triturated with EA/THF. The resultant was dissolved in MC,

was filtered through silica, and then was triturated with
MeOH/EA. Compound C-15 (5.1 g, 57%) was obtained.

[Preparation Example 3] Preparation of Compound C-29

[0116]

(HO),B I
+
Br
—_—
C-5-1
Q +
C-5-2
Cl
+

C-2-3
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-continued

@

Preparation of Compound C-5-1

[0117]  After dissolving 2-naphthylboronic acid (157 g, 554
mmol), 1-bromo-4-iodobenzene (100 g, 581.7 mmol),
Pd(PPh,), (13 g, 11.08 mmol) and Na,CO; (150 g, 1.385
mol) in toluene (3.5 L), EtOH (0.7 L) and distilled water (0.7
L), the reaction mixture was stirred for 3 hours at 90° C. The
mixture was extracted with EA and distilled water, was dis-
solved in chloroform (10 L) by heat, and then was filtered
through silica. After triturating the resultant with EA and
hexane, the resultant was triturated with EA and MeOH to
obtain compound C-5-1 (94 g, 60%).

C-29

Preparation of Compound C-5-2

[0118] After dissolving compound C-5-1 (94 g, 332 mmol)
in THF (800 mL), 2.5 M n-Bul.i in hexane (80 mL., 386.4
mmol) was added to the reaction mixture at -78° C., and then
the mixture was stirred for 1 hour. B(OMe); (28 mL, 498
mmol) was added slowly to the mixture, and then the mixture
was stirred for 2 hours. The mixture was quenched by adding
2 M HCl, was extracted with distilled water and EA, and then
was recrystallized with hexane and acetone. Compound
C-5-2 (57 g, 67.0%) was obtained.

Preparation of Compound C-5-3

[0119] 2.4-dichloroquinazoline (46 g, 230 mmol), com-
pound C-5-2 (57 g, 230 mmol), Pd(PPh,), (10.6 g, 9.2 mmol)
and Na,CO; (73 g, 690 mmol) were dissolved in toluene (1.1
L EtOH (230 mL) and distilled water (350 mL ), and then was
stirred for § hours at 100° C. The reaction mixture was dis-
tillated under reduced pressure to obtain an organic layer, and
then was triturated with MeOH. The obtained solid was dis-
solved in MC, was filtered through. silica, and then was
triturated with MC and hexane to obtain compound C-5-3 (51
g, 99.9%).

Preparation of Compound C-29

[0120] After suspending compound C-2-1 (5 g, 12.2 mmol)
and compound C-5-3 (4.5 g, 12.2 mmol) in DMF 80 mL.. 60%
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NaR (881 mg, 22 mmol) was added to the mixture at room
temperature. The obtained reaction mixture was stirred for 12
hours. After adding purified water (1 L), the mixture was
filtered under reduced pressure. The obtained solid was tritu-
rated with MeOH/EA, was triturated with DME, and then was
triturated with EA/THF. The resultant was dissolved in MC,
was filtered through silica, and then was triturated with
MeOH/EA. Compound C-29 (1.8 g, 20%) was obtained.
[0121] In general, as to all teachings herein, the use of the
terms “comprising” or “including” to describe combinations
of elements, ingredients, components or steps herein also
contemplates embodiments that consist essentially of, or even
consist of the elements, ingredients, components or steps.
Many embodiments, as well as many applications besides the
examples provided, will be apparent to those of skill in the art
upon reading the above description. The scope of the inven-
tion should, therefore, he determined not with reference to the
above description, but should instead be determined with
reference to the appended claims, along with the full scope of
equivalents to which such claims are entitled.
What is claimed is:
1. A light emitting layer, comprising:
an orgainc electroluminescent corripound as a host mate-
rial M the layer; and
an iridium complex dopant,
wherein the organic electroluminescent compound is rep-
resented by the following Formula 1; and the iridium
complex dopant is represented by the following Formula
2:

[Formula 1]

wherein:

L, represents a single bond;

X, represents N;

Y represents —NR  ;—;

Ar, represents a single bond, a substituted or unsubstituted
5-10 30-membered beteroarylene group, a substituted or
unsubstituted (C6-C30)arylene group;

Ar, represents hydrogen, deuterium, a substituted or
unsubstituted (C1-C30)alkyl group, a substituted or
unsubstituted (C6-C30)aryl group, or a substituted or
unsubstituted 5- to 30-membered heteroaryl group;

R, to R, each independently represent hydrogen, deute-
rium, a halogen, as stibstituted or unsubstituted (C1-
C30)alkyl group, a substituted or unsubstituted (C6-
C30)aryl group, a substituted or unsubstituted 5- to
30-membered heteroutyl group, a substituted or unsub-
stituted (C3-C30)cycloalkyl group, a substituted. or
unsubstituted 5- to 7-membered heterocycloalkyl group,
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a substituted or unsubstituted (C6-C30)aryl(C1-C30)
alkyl group, a substituted or unsubstituted (C6-C30)aryl
group fused with at least one (C3-C30)cycloalkyl group,
a5-or7-membered heterocycloalkyl group fused with at
least one substituted or unsubstituted (C6-C30)aromatic
ring, (C3-C30)cycloalkyl group fused with at least one
substituted or unsubstituted (C6-C30)aromatic ring,
—NR,R,5,—SiR, ;R""R 4, —SR,4,—OR, a substi-
tuted or unsubstituted (C2-C30)alkenyl group, a substi-
tuted or unsubstituted (C2-C30)alkynyl croup, a cyano
group, a nitro group, or a hydroxyl group: or are linked
to an adjacent substituent via a substituted or unsubsti-
tuted (C3-C30)alkylene group or a substituted or unsub-
stituted (C3-C30)alkenylerte group to form a mono- or
polycyclic alicydic ring or a mono- or polycyclic aro-
matic ring whose carbon atoints) may be substituted by
at least one hetero atom selected from nitrogen, oxygen
and sulfur;

R,; to R,, have the same meaning as one of R, to R,

a, b and e each independently represent an integer of 1 to 4;
where a, b or eis an integer of 2 or more, eachof R |, each
of R, or each of RS is the same or different;

¢ and d each independently represent an integer of 1 to 3;
where ¢ or d is an integer of 2 or more, each of R; or each
of R, is the same or different; and

the heterocycloalkyl group and the heteroaryl(ene) group
contain at least one hetero atom selected from B, N, O, S,
P(=0), Si and P, and

MILtOL 1027 103 [Formula 2]

wherein
M!isIr;
101 102
L™ and L' are the same and represent

Ryjo

and
L' represents

Rao2
(0]
/

\
~

0=

Rao3;

Raol

wherein R, to R, each independently represent hydro-
gen, deuterium, or a (C1-C30)alkyl group;
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R, 10 Raggs Ry o, and Ry, to R, 5 each independently
represent hydrogen, deuterium, a substituted or unsub-
stinned (C1-C30)alkyl group, or a substituted or unsub-
stituted (C6-C30)aryl group, and

R, and R, each independently represent a substituted
or unsubstituted (C1-C30)aryl group.

2. The light emitting layer of claim 1, wherein R,, and
R,;; each independently represent unsubstituted (C1-C10)
alkyl group, and wherein R, Re, R*% R**and R, 5 each
independently represent hydrogen or deuterium.

3. The light emitting layer of claim 1, wherein the iridium
complex dopant is selected from:

4. The light emitting layer of claim , wherein the iridium
complex dopant is:

®
=N O=—
\\Ir/ :
e \O /

5. The light emitting layer of claim 1, wherein R 5 is a
substituted or unsubstituted (C1-C30)alkyl group, a substi-
tuted or unsubstituted (C6-C30)aryl group, or a substituted or
unsubstituted 5- to 30-membered heteroaryl group, a substi-
tuted or unsubstituted (C6-C30)aryl group fused with at least
one (C3-C30)cycloalkyl group, a 5- or 7-membered hetero-
cycloalkyl group fused with at least one substituted or unsub-
stituted (C6-C30)aromatic ring, or a (C3-C30)cycloalkyl
group fused with at least one substituted or unsubstituted
(C6-C30)aromatic ring.
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6. The light emitting layer of claim 2, wherein R; is a _continued

substituted or unsubstituted (C1-C30)alkyl group, a substi-
tuted or unsubstituted (C6-C30)aryl group, or a substituted or O Q
unsubstituted 5- to 30-membered heteroaryl group. N
7. The light emitting layer of claim 2, wherein R, 5 is sub- = \/7/N
stituted or unsubstituted (C6-C30)aryl group. N O O
8. The light emitting layer of claim 1, wherein the organic O O O .
N
Cc-77

electroluminescent compound as a host material is selected
from the following compounds C-1, C-5, C-9, or C-77,

N
= \7/N
/ N | | |
N 9. The light emitting layer of claim 3, wherein the organic
electroluminescent compound as a host material is selected
from the following compounds C-1, C-5, C-9, or C-77,
N
SRS
W/ O
N
A O
/
U7 M :
O 9
C
C-5
QO -
N,
. v
N
e O
O (A0
® ;
- 9
C-5
C9
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8 h AR
. o
O ) O O ) N\>—N
N@ e aat

.
Jetug)

()
S N' N\»N
s AR

C-137
Cc-77

10. The light emitting layer of claim 1, wherein the organic

electroluminescent compound as a host material is selected ) . ) _ )
from the following compounds C-135, C-136 or C-137; 11. The light emittinglayer of claim 4, wherein the organic
electroluminescent compound as a host material is selected

from the following compounds C-135, C-136 of C-137;

&
=, &
9, V
- e
0 %

C-135

C-135
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-continued

()
QQ N
/ N\>_N
Sale

C-136

C-137

12. The light emitting layer of claim 3, wherein one of (a)
R, to R, each independently represent hydrogen or a substi-
tuted or unsubstituted (C6-C30)aryl group; (b)R; represents a
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substituted or unsubstituted (C6-C30)aryi group; or (¢) R,
represents a substituted or unsubstituted (C6-C30)arvl group.

13. The light emitting layer of claim 4, wherein one of (a)
R, to R, each independently represent hydrogen or a substi-
tuted or unsubstituted (C6-C30)aryl group; (b) R, represents
a substituted or unsubstituted (C6-C30)aryl group; or (e) R,
represents a substituted or unsubstituted (C6-C30)aryl group.

14.The light emitting layer of claim 3, wherein a ratio of an
amount by weight of the host material to the iridium complex
ranges from about 100:1 to about 10:1.

15. The light emitting layer of claim 14, wherein the layer
luminesces red upon application of a driving vohage, and
wherein the light emitting layer exhibits a peak intensity at a
wavelength within a range of about 600 nm to about 700 nm
and the host exhibits a glass transition temperature (T,) of at
least about 80° C.

16. The light emitting layer of claim 4, wherein a ratio of an
amount by weight of the host material to the iridium complex
ranges from about 100:1 to about 10:1.

17. The light emitting layer of claim 16, wherein the layer
luminesces red upon application of a driving voltage, and
wherein the light emitting layer exhibits a peak intensity at a
wavelength within a range of about 600 nm to about 700 nm
and the host exhibits a glass transition temperature (T,) of at
least about 80° C.

18. An organic electrolumineseent device comprising an
anode, a cathode, and the light emitting layer according to
claim 3 disposed between the anode and the cathode.

19. An organic electrolurninescent device comprising an
anode, a cathode, and the light emitting layer according to
claim 4 disposed between the anode and the cathode.

20. An organic electrohninescent device comprising an
anode, a cathode, and the light emitting layer according to
claim 9 disposed between the anode and the cathode.

* #* * #* #®
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