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Description
Title of Invention: A NOVEL COMBINATION OF A HOST
COMPOUND AND A DOPANT COMPOUND AND AN
ORGANIC ELECTROLUMINESCENCE DEVICE COMPRISING

THE SAME

Technical Field
[1] The present invention relates to anovel combination of ahost compound and a
dopant compound and an organic electroluminescence device comprising the same.

Background Art

[2] An electroluminescent (EL) device is a self-light-emitting device which has ad-
vantages in that it provides awider viewing angle, agreater contrast ratio, and afaster
response time compared to LCDs. An organic EL device was first developed by
Eastman Kodak, by using small aromatic diamine molecules, and aluminum complexes
asmaterials for forming alight-emitting layer [Appl. Phys. Lett. 51, 913, 1987].

[3] The most important factor determining luminous efficiency in an organic EL device
isthe light-emitting material. The electroluminescent material includes ahost material
and a dopant material for purposes of functionality. Typically, adevice that has very
superior electroluminescent properties isknown to have astructure in which ahost is
doped with adopant to form an electroluminescent layer. Recently, the development of
an organic EL device having high efficiency and long lifespan isbeing urgently called
for. Particularly, taking into consideration the electroluminescent properties required of
medium to large OLED panels, the development of materials very superior to con-
ventional electroluminescent materials isurgent. In order to achieve such, ahost
material which functions as the solvent in a solid phase and plays arole in transferring
energy should be of high purity and must have amolecular weight appropriate to
enabling vacuum deposition. Also, the glass transition temperature and heat decom-
position temperature should be high to ensure thermal stability, and high electro-
chemical stability isrequired to attain along lifespan, and the formation of an
amorphous thin film should become simple, and the force of adhesion to materials of
other adjacent layers must be good but interlay er migration should not occur.

[4] Until now, fluorescent materials have been widely used as alight-emitting material.
However, in view of electroluminescent mechanisms, developing phosphorescent
materials is one of the best methods to theoretically enhance luminous efficiency by
four (4) times. Iridium(l11) complexes have been widely known as dopant compounds
of phosphorescent substances, including
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(9]

(6]

[7]

(8]

[9]

[10]

bis(2-(2'-benzothienyl)-pyridinato-N,C3")iridium(acetyl acetonate) [(acac)Ir(btp) ,],
tris(2-phenylpyridine)iridium  [Ir(ppy) 5] and
bis(4,6-difluorophenylpyridinato-N,C2)picolinato  iridium [Firpic] asred, green and
blue materials, respectively. Until now, 4,4' -N,N'-dicarbazol-biphenyl (CBP) was the
most widely known host material for phosphorescent substances. Further, an organic
EL device using bathocuproine (BCP) and

aluminum(l11)bis(2-methyl-8-quinolinate) (4-phenylphenolate)  (BAIQ) for ahole
blocking layer is also known.

However, there were problems affecting power efficiency, operational life span, and
luminous efficiency, when applying alight-emitting material comprising conventional
dopant and host compounds to an organic EL device. Further, there were difficulties
with obtaining ayellow-green light emitting luminous material having excellent per-
formance.

Korean Patent Applin. Laying-Open Nos. KR 10-2005-0050489 A, and KR
10-2011-0065496 A disclose iridium complexes introducing an aryl group, €tc., to an
Ir(ppy) 5 structure, which is aconventional dopant compound, as adopant compound
comprised in alight-emitting material of an organic electroluminescent device.
However, the above references do not disclose a combination with a specific host
compound.

Korean Patent AppIn. Laying-Open No. KR 10-2012-0012431 A discloses com-
binations of iridium complex dopant compounds, and various host compounds.
However, this reference does not disclose aluminous material emitting yellow-green
light.

The present inventors found that a specific combination of aluminous material
containing adopant compound and ahost compound emits yellow-green light, and is
suitable for manufacturing organic EL devices having high color purity, high
luminance, and along lifespan.

Disclosur e of Invention

Technical Problem

The objective of the present invention isto provide anovel dopant and host com-
bination and an organic electroluminescent device comprising the same which lowers
the driving voltage of the device by improving the current characteristic of the device;
improves power efficiency and operational lifespan; and emits yellow-green light.
Solution to Problem

In order to achieve said purposes, the present invention provides a combination of
one or more dopant compounds represented by the following formula 1, and one or
more host compounds represented by the following formula 2:
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[11] [~ R, Ry |

Rs—g_:-_§~|a2
A
Re ——=Ir-L;.,
R; Re
| R L s— (1)

[12] wherein

[13] L is selected from the following structures:

[14]

|24 .
e
R
and

[15] Ri to Ry each independently represent hydrogen, deuterium, ahalogen, a substituted
or unsubstituted (Cl-C30)alkyl, asubstituted or unsubstituted (C3-C30)cycloakyl, a
cyano, or asubstituted or unsubstituted (Cl-C30)alkoxy;

[16] Ry t0 R, each independently represent hydrogen, deuterium, ahalogen, a sub-
stituted or unsubstituted (Cl-C30)alkyl, or asubstituted or unsubstituted
(C3-C30)cycloakyl; and

[17] n represents an integer of 1to 3;

I N (o 19) S Y L — @)

[19] wherein

[20] Cz is selected from the following structures:

[21] R

?__EE(E/(RM: C:%[-E/(Rss)d C(R&E/(R&)d
— T $ = T P N :
Rs, * l

[22] ring E represents a substituted or unsubstituted (C6-C30)cycloalkyl, a substituted or
unsubstituted (C6-C30)aryl, or a substituted or unsubstituted 3- to 30- membered
heteroaryl;

[23] Rg to R, each independently represent hydrogen, deuterium, ahalogen, a substituted

or unsubstituted (Cl-C30)alkyl, asubstituted or unsubstituted (C6-C30)aryl, a sub-
stituted or unsubstituted 3- to 30- membered heteroaryl, a substituted or unsubstituted
5- to 7- membered heterocycloalkyl, asubstituted or unsubstituted (C6-C30)aryl fused
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[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

with at least one substituted or unsubstituted (C3-C30)alicyclic ring, a5- to 7-
membered heterocycloalkyl fused with at least one substituted or unsubstituted
(C6-C30)aromatic ring, a substituted or unsubstituted (C3-C30)cycloakyl, a
(C3-C30)cycloakyl fused with at least one substituted or unsubstituted

(C6-C30)aromatic ring, or a substituted or unsubstituted (C6-C30)aryl(Cl-C30)alkyl;
Li and L, each independently represent asingle bond, a substituted or unsubstituted

(C6-C40)arylene, asubstituted or unsubstituted 3- to 30- membered heteroarylene, a
substituted or unsubstituted 3- to 30- membered heteroarylene fused with a
(C3-C30)cycloakyl ring, or a substituted or unsubstituted (C6-C30)cycloalkylene;

M represents a substituted or unsubstituted (C6-C30)aryl, or a substituted or unsub-
stituted 3- to 30- membered heteroaryl;

arepresents 1or 2; where ais 2, each of Cz may be same or different, and each of L,
may be same or different;

¢ and d each independently represent an integer of O to 4; where c or dis an integer

of 2 or more, each of R, and each of R, may be same or different.

527
Advantageous Effects of Invention

The organic electroluminescent device comprising the dopant and host combination
of the present invention emits yellow-green light; lowers the driving voltage of the
device by improving the current characteristic of the device; and improves power ef-
ficiency and operational lifespan.

Mode for the Invention

Hereinafter, the present invention will be described in detail. However, the following
description isintended to explain the invention, and isnot meant in any way to restrict
the scope of the invention.

The present invention relates to acombination of one or more dopant compounds
represented by formula 1, and one or more host compounds represented by formula 2;
and an organic electroluminescent device comprising the same.

The dopant compound represented by formula 1is preferably represented by formula
3or4:
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[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]

[41]

wherein Ri b Ry, L, and n are as defined in formula 1.

In formulae 1, 3, and 4, Ri to R, preferably each independently represent hydrogen,
deuterium, a (CI-ClO)akyl unsubstituted or substituted with ahalogen, an unsub-
stituted (C3-C7)cycloalkyl, or a (Cl-ClO)alkoxy unsubstituted or substituted with a
halogen. R, i to R,n preferably each independently represent hydrogen, or an unsub-
stituted (CI-ClO)alkyl.

The representative compounds of formula 1include the following compounds, but
are not limited thereto:
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[42]
[43]

[44]

[45]

[46]
[47]

[48]
[49]
[50]
[51]
[52]

[53]
[54]

[55]
[56]

D-29 D-30 D-31

In formulae 2, Czis preferably selected from the following structures:

> SN
c(Rsz)_&m(Rss)d c(Rsz)‘W(Rﬂ)‘,
‘ Rsy

*\ /*
X (, DS
& c(Rsz)_: | cRe g Il
c(Rs2)_ | N’ N

YN ¢ L TRalg R, 7Rl

+ v Raly ‘ 51

' g 2 2N

f’\' | 5~ (Rs3) y (Rs3)g * : E(Rss)g
C(R52) N bll c(R52)_\ I N C(RSZ) ~ | N

(]
Rsy

Y%

wherein R, , R, R, ¢, and d are as defined in formula 2.
In formula 2, when L, is asingle bond, formula 2 may be represented by formula 2,
and when L | isasingle bond, formula 2 may be represented by formula 2":

H-(Cz-L1).-M )
H-(Cz) 1.22M e @)

wherein Cz, L, L,, M, and aare as defined in formula 2.
The compound represented by formula 2 may be represented by formula 5:

AI"\L'3
) (R12)
N 121g
W TS . oy
. = + - (R
f(R11)_L(/ "/-’ \ l
n(R13)

e (5)

wherein

Ar represents a substituted or unsubstituted (C6-C30)aryl, or a substituted or unsub-
stituted 5- to 30- membered heteroaryl;

X represents -C(R ¢R7)-, -N(R.)-, -S-, or -0-;

L;and L , each independently represent a single bond, a substituted or unsubstituted
(C6-C40)arylene, asubstituted or unsubstituted 5- to 30- membered heteroarylene, or a
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substituted or unsubstituted 5- to 30- membered heteroarylene fused with a
(C3-C30)cycloakyl ring;

[57] RutoR,,
halogen, acyano, anitro, ahydroxyl, asubstituted or unsubstituted amino, a sub-
stituted or unsubstituted silyl, a substituted or unsubstituted (CI-C30)alkyl, a sub-
stituted or unsubstituted (Cl-C30)alkoxy, a substituted or unsubstituted
(C3-C30)cycloakyl, asubstituted or unsubstituted (C6-C30)aryl, or a substituted or
unsubstituted 5- to 30- membered heteroaryl, or are linked to each other to form a
saturated or unsaturated ring;

and R ¢ to R each independently represent hydrogen, deuterium, a

[58] e represents an integer of 0 to 1;

[59] f and i each independently represent an integer of 1to 4; where f or i isan integer of
2 or more, each of R.» and each of R, may be same or different; and

[60] g and h each independently represent an integer of 1to 3; where g or h isan integer
of 2 or more, each of Ry, and each of R, may be same or different.

[61] The host compound represented by formula 5is preferably selected from formulae 6
to 9:

[62]

[63]

(Ryg)id
e (7)

[64]

f(R11)_L(

[65]
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[66]
[67]

[68]

[69]

[70]

[71]

(R14)i e ) (9)

wherein Ar, X, Ly Ly R toR

In formulae 5to 9, Ar preferably represents a substituted or unsubstituted
(C6-C20)aryl, or asubstituted or unsubstituted 5- to 20- membered heteroaryl;

X preferably represents -C(RisRn)-, -N(Ris)-, -0-, or -S-, where R ¢ to R, preferably
each independently represent a substituted or unsubstituted silyl, a substituted or un-
substituted (CI-ClO)alkyl, asubstituted or unsubstituted (C3-C10)cycloalkyl, a sub-
stituted or unsubstituted (C6-C20)aryl, or asubstituted or unsubstituted 5- to 20-
membered heteroaryl, and more preferably each independently represent an unsub-
stituted tri(Cl-C6)alkylsilyl; an unsubstituted (CI-ClO)akyl; an unsubstituted
(C3-C10)cycloakyl; a (C6-C20)aryl unsubstituted or substituted with ahalogen or a
(Cl-C6)alkyl; or an unsubstituted 5- to 20- membered heteroaryl.

L;and L, preferably each independently represent asingle bond, a substituted or un-
substituted (C6-C20)arylene, asubstituted or unsubstituted 5- to 20- membered het-
eroarylene, or asubstituted or unsubstituted 5- to 20- membered heteroarylene fused

w & f,0,h,and i are as defined in formula 5.

with a (C3-C10)cycloakyl ring, and more preferably each independently represent a
single bond; a (C6-C20)arylene unsubstituted or substituted with a (CI-C6)alkyl; a5-
to 20- membered heteroarylene unsubstituted or substituted with a (C6-C20)aryl, a
(Cl-C6)alkyl(C6-C20)aryl, or a5-to 20- membered heteroarylene; or an unsubstituted
5- to 20- membered heteroarylene fused with a (C3-C10)cycloalkyl ring.

R, to R, preferably each independently represent hydrogen, ahalogen, a substituted
or unsubstituted amino, a substituted or unsubstituted silyl, a substituted or unsub-
stituted (CI-ClO)alkyl, asubstituted or unsubstituted 5- to 20- membered heteroaryl,
or asubstituted or unsubstituted (C6-C20)aryl; or are linked to each other to form a
mono- or polycyclic, 5- to 30- membered alicyclic or aromatic ring, and more
preferably each independently represent hydrogen; ahalogen; an unsubstituted
di(C6-C12)arylamino; an unsubstituted di(C6-C12)aryl(CI-C6)akylsilyl; an unsub-
stituted tri(C6-C12)arylsilyl; an unsubstituted (CI-ClO)alkyl; a5-to 20- membered
heteroaryl unsubstituted or substituted with a (C6-C20)aryl; or a (C6-C20)aryl unsub-
stituted or substituted with a (CI-C6)akyl or a (C6-C20)aryl, or are linked to each
other to form amonocyclic, 5-to 12- membered aromatic ring.

The representative compounds of formula 2 include the following compounds, but
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are not limited thereto:
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Herein, "(CI-C30)alkyl(ene)" is meant to be alinear or branched akyl(ene) having 1
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[117]

to 30 carbon atoms, in which the number of carbon atoms is preferably 1to 20, more
preferably 1to 10, and includes methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
tert-butyl, etc.; "(C2-C30) akenyl" 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, 2-methylbut-2-enyl, etc.; "(C2-C30)alkynyl" isalinear or branched akynyl
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, |-methylpent-2-ynyl, etc.; "(C3-C30)cycloalkyl" is amono- or
polycyclic hydrocarbon having 3 to 30 carbon atoms, in which the number of carbon
atoms is preferably 3to 20, more preferably 3 to 7, and includes cyclopropyl, cy-
clobutyl, cyclopentyl, cyclohexyl, etc.; "3- to 7-membered heterocycloakyl” isa cy-
cloakyl having at least one heteroatom selected from B, N, O, S, P(=0), Si and P,
preferably O, Sand N, and 3 to 7 ring backbone atoms, and includes tetrahydrofuran,
pyrrolidine, thiolan, tetrahydropyran, etc.; "(C6-C40)aryl(ene)" is amonocyclic or
fused ring derived from an aromatic hydrocarbon having 6 to 40 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, fluorenyl, phenanthrenyl, anthracenyl,
indenyl, triphenylenyl, pyrenyl, tetracenyl, perylenyl, chrysenyl, naphthacenyl, fluo-
ranthenyl, etc.; "3- to 30-membered heteroaryl(ene)" isan aryl group having at least
one, preferably 1to 4 heteroatom selected from the group consisting of B, N, O, S,
P(=0), S and P, and 3to 30 ring backbone atoms; is a monocyclic ring, or afused ring
condensed with at least one benzene ring; has preferably 5 to 20, more preferably 5 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 asingle bond(s); and
includes amonocyclic ring-type heteroaryl such as furyl, thiophenyl, pyrrolyl, im-
idazolyl, pyrazolyl, thiazolyl, thiadiazolyl, isothiazolyl, isoxazolyl, oxazolyl, oxa
diazolyl, triazinyl, tetrazinyl, triazolyl, tetrazolyl, furazanyl, pyridyl, pyrazinyl,
pyrimidinyl, pyridazinyl, etc., and afused ring-type heteroaryl such as benzofuranyl,
benzothiophenyl, isobenzofuranyl, dibenzofuranyl, dibenzothiophenyl, benzoim-
idazolyl, benzothiazolyl, benzoisothiazolyl, benzoisoxazolyl, benzoxazolyl, isoindolyl,
indolyl, indazolyl, benzothiadiazolyl, quinolyl, isoquinolyl, cinnolinyl, quinazolinyl,
quinoxalinyl, carbazolyl, phenoxazinyl, phenanthridinyl, benzodioxolyl, etc. Further,
"halogen” includes F, CI, Br and I.

Herein, "substituted” in the expression "substituted or unsubstituted" means that a
hydrogen atom in acertain functional group isreplaced with another atom or group,
i.e., asubstituent.

The substituents of the substituted alkyl(ene), the substituted aryl(ene), the sub-
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[118]

[119]

[120]

[121]

[122]

[123]

stituted heteroaryl(ene), the substituted cycloalkyl, and the substituted heterocycloalkyl
in the above formulae each independently are preferably at least one selected from the
group consisting of deuterium; ahalogen; a (Cl-C30)alkyl unsubstituted or substituted
with ahalogen; a (C6-C30)aryl; a3- to 30- membered heteroaryl unsubstituted or sub-
stituted with a (C6-C30)aryl; a5- to 7- membered heterocycloalkyl; a5-to 7-
membered heterocycloalkyl fused with at least one (C6-C30)aromatic ring; a
(C3-C30)cycloalkyl; a (C6-C30)cycloakyl fused with at least one (C6-C30)aromatic
ring; R,R,R.Si-; a (C2-C30)akenyl; a (C2-C30)akynyl; acyano; acarbazolyl; -NR R
—BRng; -PR,Ri; -P(=0)R ij; a (C6-C30)aryl(Cl-C30)akyl; a
(CI-C30)akyl(C6-C30)aryl;  ¥aZ-; R C(=0)-; R, C(=0)0-; acarboxyl; anitro; and a
hydroxyl, wherein R, to R, each independently represent a (CI-C30)akyl, a
(C6-C30)aryl, or a3-to 30- membered heteroaryl; or are linked to an adjacent sub-
stituent(s) to form amono- or polycyclic, 5-to 30- membered alicyclic or aromatic
ring whose carbon atom(s) may be replaced with at least one hetero atom selected from
the group consisting of nitrogen, oxygen and sulfur; Z represents Sor O; and R |
represents a (CI-C30)akyl, a (Cl-C30)alkoxy, a (C6-C30)aryl, or a (C6-C30)aryloxy.

Specifically, said organic electroluminescent device comprises afirst electrode; a
second electrode; and at least one organic layer between said first and second
electrodes. Said organic layer comprises alight-emitting layer, and said light-emitting
layer comprises acombination of one or more dopant compounds represented by
formula 1, and one or more host compounds represented by formula 2.

Said light-emitting layer is alayer which emits light, and it may be asingle layer, or
it may be amulti layer of which two or more layers are laminated.

The doping concentration, the proportion of the dopant compound to the host
compound may be preferably less than 20 wt%.

Another embodiment of the present invention provides adopant and host com-
bination of one or more dopant compounds represented by formula 1, and one or more
host compounds represented by formula 2, and an organic EL device comprising the
dopant and host combination .

Still another embodiment of the present invention provides an organic layer
consisting of the combination of one or more dopant compounds represented by
formula 1, and one or more host compounds represented by formula 2. Said organic
layer comprises plural layers. Said dopant compound and said host compound can be
comprised in the same layer, or can be comprised in different layers. In addition, the
present invention provides an organic EL device comprising the organic layer.

In the organic electroluminescent device according to the present invention, amixed
region of an electron transport compound and an reductive dopant, or amixed region
of ahole transport compound and an oxidative dopant may be placed on at least one
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[124]

[125]

[126]

[127]
[128]

[129]
[130]

[131]
[132]

surface of apair 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 electroluminescent medium. Further, the hole transport compound is
oxidized to acation, and thus it becomes easier to inject and transport holes from the
mixed region to the electroluminescent medium. Preferably, the oxidative dopant
includes various Lewis acids and acceptor compounds; and the reductive dopant
includes akali metals, alkali metal compounds, alkaline earth metals, rare-earth metals,
and mixtures thereof. A reductive dopant layer may be employed as acharge
generating layer to prepare an electroluminescent device having two or more electrolu-
minescent layers and emitting white light.

In order to form each layer of the organic electroluminescent 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, flow coating methods can be used.

When using awet film-forming method, athin film can be formed by dissolving or
diffusing materials forming each layer into any suitable solvent such as ethanol,
chloroform, tetrahydrofuran, dioxane, etc. The solvent can be any solvent where the
materials forming each layer can be dissolved or diffused, and where there are no
problems in film-formation capability.

Hereinafter, the compound, the preparation method of the compound, and the 1u-
minescent properties of the device will be explained in detail with reference to the
following examples. However, these arejust for exemplifying the embodiment of the
present invention, so the scope of the present invention cannot be limited thereto.

Example 1: Preparationofcompound D-1

11 1-2

Preparationofcompound  1-1

After adding 2,4-dichloropyridine 5 g (34 mmol), phenyl boronic acid 16 g (135
mmol), Pd(PPh,), 3.9 g (2.4 mmol), K,C0 ;23 g (135 mmoal), toluene 100 mL, ethanol
50 mL, and H,0 50 mL in aflask, the mixture was stirred at 120°C for 6 hours. Then,
the reaction mixture was dried, and separated with a column to obtain compound 1-1
6.4 g (82 %).

Preparation of compound 1-2

After adding compound 1-1 4 g (17 mmol), IrCl;2.3 g (7.8 mmol), 2-ethoxy ethanol
60 mL, and H,0 20 mL (2-ethoxyethanol/ H,0=3/l) in aflask, the mixture was stirred
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[133]
[134]

[135]
[136]

[137]
[138]

[139]
[140]

[141]
[142]

[143]
[144]

[145]
[146]

[147]

at 120°C for 24 hours under reflux. After completing the reaction, the mixture was
washed using H,0/MeOH/Hex, and dried to obtain compound 1-2 3.0 g (56 %).

Preparation of compound 1-3

After adding compound 1-2 3.0 g (2.2 mmol), 2,4-pentanedion 0.6 g (6.5 mmoal), Na,
C0 ;1.4 g (13 mmoal), and 2-ethoxyethanol 10 mL in aflask, the mixture was stirred at
110°C for 12 hours. After completing the reaction, the produced solid was dried, and
separated with acolumn to obtain compound 1-3 3g (75 %).

Preparation of compound D-|

After adding compound 1-3 2.44 g (3.25 mmol), and compound 1-1 1.5 g (6.49
mmol) in aflask, glycerol was added to the mixture, and stirred for 16 hours under

reflux. After the reaction, the produced solid was filtered, dried, and separated with a
column to obtain compound D-1 2.5 g (87 %).
Example 2: Preparation_of compound D-2 and D-8

r B(OH), IB\r O

+\© —>\"$—>N. : —_—

21

Preparation of compound 2-1

After adding 2,5-dibromopyridine 20 g (84 mmoal), 2,4-dimethylbenzene boronic acid
15 g (101 mmol), Pd(PPh,), 4 g (3.4 mmol), Na,C0 ;27 g (253 mmoal), toluene 240
mL, and H,0 120 mL in aflask, the mixture was stirred at 100°C for 12 hours. Then,
the reaction mixture was extracted with ethylacetate (EA), and the moisture was
removed using MgS0 ,, and distilled under reduced pressure. Then, the reaction
mixture was dried, and separated with a column to obtain compound 2-1 18 g (70 %).

Preparation of compound 2-2

Compound 2-2 18 g (99 %) was prepared by using compound 2-1 18 g (70 mmoal),
and phenyl boronic acid 13 g (105 mmol) in aflask in the same manner as the
synthetic method of compound 1-1.

Preparation of compound 2-3

Compound 2-3 13 g (72 %) was prepared by using compound 2-2 14 g (54 mmoal),
and IrCl; 7.5 g (24.3 mmol) in aflask in the same manner as the synthetic method of

Z=
\N/

o
3

2

compound 1-2.

Preparation of compound D-2

Compound D-2 2.4 g (74 %) was prepared by using compound 2-3 3g (2 mmol) ina
flask in the same manner as the synthetic method of compound 1-3.

Preparation_of compound D-8
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[148] Compound D-8 1.5 g (50 %) was prepared by using compound D-2 2.4 g (3 mmol) in
aflask in the same manner as the synthetic method of compound D-l.

[149] Example 3: Preparation of compound D-9 and D-10

[150]

H
3

[151] Preparation of compound 3-1

[152] Compound 3-1 16 g (79 %) was prepared by using 2,5-dibromopyridine 20 g (84
mmol), and phenyl boronic acid 12 g (101 mmol) in aflask in the same manner as the
synthetic method of compound 2-1.

[153] Preparation of compound 3-2

[154] Compound 3-2 17 g (97 %) was prepared by using compound 3-1 16 g (67 mmol),
and 3,5-dimethylphenyl boronic acid 15 g (101 mmol) in aflask in the same manner as
the synthetic method of compound 2-2.

[155] Preparation of compound 3-3

[156] Compound 3-3 6 g (65 %) was prepared by using compound 3-2 7 g (27 mmol), and
IrCl;3.7 g (12 mmol) in aflask in the same manner as the synthetic method of
compound 2-3.

[157] Preparation of compound D-10

[158] Compound D-10 59 (81 %) was prepared by using compound 3-3 6 g (4 mmol), and
24-pentanedion 1.2 g (12 mmol) in aflask in the same manner as the synthetic method
of compound D-2.

[159] Preparation of compound D-9

[160] Compound D-9 1.6 g (45 %) was prepared by using compound D-10 3 g (3.7 mmal),
and compound 3-2 2 g (7.4 mmol) in aflask in the same manner as the synthetic
method of compound D-8.

[161] Example 4: Preparation of compound D-II and D-12

[162]

B\r B(OH), O
o2& —
Br clr
S , ,
41 4-2
[163] Preparation of compound 4-1
[164] Compound 4-1 60 g (87 %) was prepared by using 2,5-dibromopyridine 70 g (295.5

mmol), and phenyl boronic acid 83 g (679.6 mmol) in aflask in the same manner as
the synthetic method of compound 1-1.
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[167]
[168]
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[170]

[171]
[172]

[173]
[174]

[175]
[176]

[177]
[178]

Preparation of compound 4-2

Compound 4-2 44 g (92 %) was prepared by using compound 4-1 40 g (380.5
mmol), and IrCl;23.5 g (173 mmol) in aflask in the same manner as the synthetic
method of compound 1-2.

Preparation of compound D-II

Compound D-Il 42 g (87.4 %) was prepared by using compound 4-2 44 g (48
mmol), and 2,4-pentanedion 9.6 g (96 mmol) in aflask in the same manner as the

synthetic method of compound 1-3.

Preparation of compound D-12

Compound D-12 20 g (38 %) was prepared by using compound D-Il 42 g (80.5
mmol), and compound 4-1 20 g (161 mmol) in aflask in the same manner as the

synthetic method of compound D-I.
Example 5: Preparation of compound H-1

Br B(OH),
; ¢ ® 9
R, — 6] ey IR
9 9 N
N
@ © 5-1 N© 5-2 N© H-1

Preparation of compound 5-1

After adding 9-phenyl-9H,9'H-3,3-bicarbazole 20 g (0.049 mol),
I-bromo-3-iodobenzene 28 g (0.098 moal), Cul 9.32 g (0.049 mal), K,;P0 ,26 g (0.12
mol), ethylenediamine 3.3 mL, and toluene 300 mL in aflask, the mixture was stirred

at 120°C for 12 hours. After completing the reaction, the mixture was filtered, washed
with methanol, and filtered using a column. Then, the solvent was removed under
reduced pressure, and recrystallized with EA/methanol to obtain compound 5-1 14 g
(52 %).

Preparation of compound 5-2

After adding compound 5-1 20 g (0.035 mol), and tetrahydrofuran (THF) 190 mL in
aflask, n-buLi 15 mL (2.25 M in hexane) was slowly added to the mixture at -78°C.
After dtirring the mixture a -78°C for 1hour, B(OMe); 16 mL (0.07 mol) was slowly
added to the mixture at -78°C, and heated to room temperature to react for 12 hours.
After completing the reaction, the mixture was extracted with ethylacetate, the organic

layer was dried with MgS0 ,, filtered, and the solvent was removed under reduced
pressure. Then, the remaining product was recrystallized to obtain compound 5-2 10 g
(75 %).

Preparation of compound H-1

After adding 2-bromo-6-phenylpyridine 6.5 g (0.03 mol), compound 5-2 19.2 g
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[179]
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[185]
[186]

[187]

(0.036 moal), Pd(PPh ), 1.6 g (0.001 mol), K,C0 511 g (0.08 mol), toluene 140 mL,
EtOH 35 mL, and H,0 40 mL in aflask, the mixture was stirred at 120°C for 12 hours.
After completing the reaction, the mixture was extracted with ethylacetate, the organic
layer was dried with MgS0 p filtered, and the solvent was removed under reduced
pressure. Then, the remaining product was separated with a column to obtain
compound H-I 8.7 g (49 %).

Example 6: Preparation of compound H-17

[od

s 8
L g

~© ) N o @ g

/,

H-17

Preparation _of compound 6-1

After adding 9-phenyl-9H,9'H-3,3-bicarbazole  12.5 g (30.51 mmoal) in aflask, it
was dissolved using dimethylforaiamide (DMF) 150 mL, and NaH 1.8 g (45.77 mmol)
was added to the mixture. After 30 minutes, 2,5-dichloropyrimidine 5g (33.56 mmol)

was added to the reaction mixture. After stirring the mixture for 4 hours at room tem-
perature, methanol was added to the mixture. Then, the produced solid was filtered
under reduced pressure, and separated with a column to obtain compound 6-1 13.3 g
(84 %).

Preparation of compound H-17

After adding compound 6-1 6.5 g (12.48 mmol), 4-phenyl boronic acid 3 g (14.97
mmol), 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl (S-phos) 0.51 g (1.25
mmol), Pd(OAc),0.28 g (1.25 mmoal), Cs,C0O ; 12.2 g (37.44 mmol), o-xylene 65 mL,
ethanol 30 mL, and distilled water 30 mL in aflask, the mixture was stirred under
reflux. After 4 hours, the mixture was cooled to room temperature, and methanol was

added. Then, the produced solid was filtered under reduced pressure, and separated
with acolumn to obtain compound H-17 3.5 g (44 %).
Example 7: Preparation of compound H-33

®

% 5 %
cahe &
' .

Compound H-33 6.5 g (54 %) was prepared by using
9-phenyl-9H,9'H-3,3-bicarbazole 10 g (22.4 mmoal), and
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2-chloro-4,6-diphenyl-1,3,5-triazine 5 g (18.6 mmol) in aflask in the same manner as
the synthetic method of compound 6-1.
Example 8: Preparation of compound H-66

E? i ‘Nw 0
oo Mo P

After adding 9-phenyl-9H,9'H-3,3-bicarbazole 36.2 g (93.2 mmoal),
2-(3-bromophenyl)-4,6-diphenyl-1,3,5-triazine 40 g (97.9 mmol), Pd(OAc), 1.25 g
(5.59 mmal), S-phos 4.6 g (11.18 mmol), NaOt-bu 26.8 g (279.7 mmol), and o-xylene
450 mL in aflask, the mixture was stirred under reflux. After 6 hours, the mixture was
cooled to room temperature, and the produced solid was filtered under reduced
pressure. Then, the remaining product was separated with a column to obtain
compound H-66 34.8 g (52.1 %).

Example 9: Preparation of compound H-97

@

Q@@ ©A)\©——> 0
2

Compound H-97 9.5 g (86 %) was prepared by using
9'-phenyl-9H,9'H-2,3-bicarbazole 7 g (17.14 mmol), and
2-chloro-4,6-diphenyl-1,3,5-triazine 5.1 g (18.85 mmol) in aflask in the same manner
asthe synthetic method of compound 6-1.

Example 10: Preparation of compound H-100

>

H-100

Compound H-100 4 g (28.5 %) was prepared by using
9-phenyl-9H,9'H-2,3-bicarbazole 4 g (9.8 mmol), and
2-(3-bromophenyl)-4,6-diphenyl-I,3,5-triazine 4.6 g (11.75 mmol) in aflask in the
same manner as the synthetic method of compound H-66.

Example 11: Preparation of compound H-219
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[199] Compound H-219 4 g (47.4 %) was prepared by using
4-(biphenyl-4-yl)-2-chloroquinazoline 4.6 g (14.7 mmol), and
9-phenyl-9H,9'H-2,3"-bicarbazole 5 g (12.2 mmol) in aflask in the same manner as
the synthetic method of compound 6-1.

[200] The detailed data of the dopant compounds prepared in Examples 1to 4, and the
dopant compounds easily prepared using Examples 1to 4 are shown in table 1 below.

[201] [Table 1

[202]

Compound Yield (%) Melting Point (°C) UV (nm) PL (nm)
D-1 87 273 308 459
D-2 82 360 334 550
D-3 81 154 308 541
D-5 62 265 312 534
D-7 35 297 298 568
D-8 34 over 400 320 556
D-9 81 360 326 541

D-10 45 N/A N/A N/A
D-11 92 N/A N/A N/A
D-12 61 360 326 541
D-18 36 360 334 550

[203] The detailed data of the host compounds prepared in Examples 5to 11, and the host
compounds easily prepared using Examples 5to 11 are shown in table 2 below.

[204] [Table 2]

[205]
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Compound | Yield (%) | Melting Point (°C) uv (nm) PL (nm) Mass
H-1 49 140 326 407 638.77
H-2 21 290 352 500 715.8
H-3 24 285 356 485 581.7
H-4 41 300 308 459 658
H-5 12 233.7 294 412.9 638.7
H-6 29 192 360 433 640
H-9 32 170 344 465 640
H-10 36 143 307 435 639.7
H-13 38 212 304 479 730.8
H-17 44 265 372 423 639.76
H-18 82 219 350 499 565
H-20 66 180 296 385 668.8
H-21 54 215 322 403 668.8
H-28 51 212 354 479 679.82
H-29 64 180 306 477 577.7
H-30 42 132 340 - 477 563.66
H-31 55 220 334 495 669.81
H-33 54 237 318 512 640.24
H-35 78 215 362 492 639.25
H-36 23 175 340 483 639.76
H-37 22 198 348 489 715.85
H-38 23 219 345 404 714.8
H-39 36 243 308 472 715.9
H-40 11 260 338 511 792.9
H-42 46 230 304 479 667.2
H-43 62 222 331 477 733.84
H-45 38 214 342 475 715.85
H-47 45 195 338 485 792
H-48 13 169 304 478 729.9
H-50 21 138 304 478 729.9

[206]
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H-51 15 223 304 471 733.8
H-58 42 199 344 481 745.9
H-60 51 251 362 434 715.8
H-63 52 206 358 482 639.7

"H-66 52 282 366 478 716.8
H-67 31 254 348 493 715.85
H-68 25 130 324 482 729.9
H-74 71 292 334 . 414 654.77
H-75 84 244 368 487 696.88
H-81 17 160 324 374 730.87
H-82 17 250 324 374 730.87
H-85 71 207 302 385 654.77
H-87 66 264 372 493 654.77
H-90 49 245 356 493 668.8
H-94 48 145 335 463 715.85
H-97 86 280 381 481 640.75
H-98 57 230 324 461 716.8

H-100 29 250 345 466 716.84

H-105 15 281 340 513 701

H-113 14 228 356 515 689

H-115 65 292 310 513 689

H-154 33 250 332 513 689

H-155 22 235 336 521 668

H-160 39 304 457 244 612.7

H-163 59 304 467 181 688.8

H-165 20 196 391 451 689

H-219 47 264 342 523 689

H-222 76 311 340 488 689

H-223 17 282 346 497 778

H-224 60 234 308 381 703

[207]
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H-239 37 168 304 446 689
H-240 20 262 342 531 739
H-241 32 168 304 383 689
H-242 66 204 304 517 689
H-243 35 187 305 448 765
H-244 65 264 306 384 719
H-245 60 235 340 488 815
H-246 75 208 344 468 795
H-248 38 22 310 522 765
H-250 41 237 310 517 779
H-251 40 307 326 520 779
H-252 53 V 197 306 465 739
H-255 23 215 358 521 795
H-256 71 227 304 517 765
H-257 44 187 334 516 779
H-258 39 267 282 515 778
H-259 40 219 306 516 613
H-260 19 234 324 525 663
H-261 51 211 352 537 795
H-264 48 243 296 502 719
H-265 32 248 296 492 613
H-266 37 234 300 494 689
H-267 71 131 304 427 536
H-269 19 196 332 491 537
H-270 61 248 308 511 729
H-271 43 196 306 508 617
H-272 49 210 306 467 593
H-275 22 177 304 470 689
H-276 58 235 308 515 627
H-277 58 245 356 513 663
H-283 56 250 334 486 703
H-290 59 283 296 513 613
H-291 32 270 304 470 779

[208] DeviceExample 1: ProductionofanOL EDdeviceusingtheorganic

[209] electroluminescent_compoundaccordingtothepresentinvention

[210] An OLED device was produced using the light emitting material according to the
present invention. A transparent electrode indium tin oxide (ITO) thin film (15 Q/sq)
on aglass substrate for an organic light-emitting diode (OLED) device (Samsung




27

WO 2014/014310 PCT/KR2013/006487

[211]
[212]
[213]
[214]

[215]

[216]

Corning, Republic of Korea) was subjected to an ultrasonic washing with
trichloroethylene, acetone, ethanol and distilled water, sequentialy, and then was
stored in isopropanol. Then, the ITO substrate was mounted on a substrate holder of a
vacuum vapor depositing apparatus. N!,N*-([l,I'-biphenyl]-4,4'-diyl)bis(N 1-
(naphthalen-I-yl)-N 4,N4-diphenylbenzen-I,4-diamine) was introduced into a cell of
said vacuum vapor depositing apparatus, and then the pressure in the chamber of said
apparatus was controlled to 106torr. Thereafter, an electric current was applied to the
cell to evaporate the above introduced material, thereby forming ahole injection layer
having athickness of 120 nm on the ITO substrate. Then,
N4,N4,N4' N4' -tetra([ 1,1'-biphenyl]-4-yl)-[ 1,1'-biphenyl]-4,4'-diamine was in-
troduced into another cell of said vacuum vapor depositing apparatus, and was
evaporated by applying an electric current to the cell, thereby forming a hole transport
layer having athickness of 20 nm on the hole injection layer. Thereafter, compound H-
56 was introduced into one cell of the vacuum vapor depositing apparatus, as a host
material, and compound D-| was introduced into another cell as adopant. The two
materials were evaporated at different rates and were deposited in adoping amount of
12 wt% based on the total amount of the host and dopant to form alight-emitting layer
having athickness of 40 nm on the hole transport layer. Then,
2-(4-(9,10-di (naphthal en-2-yl)anthracen-2-yl) phenyl)-I-phenyl-IH-benzo[ <i]imidazole
was introduced into one cell and lithium quinolate was introduced into another cell.
The two materials were evaporated at the same rate and were deposited in a doping
amount of 50 wt% each to form an electron transport layer having athickness of 30 nm
on the light-emitting layer. Then, after depositing lithium quinolate as an electron
injection layer having athickness of 2 nm on the electron transport layer, an Al
cathode having athickness of 150 nm was deposited by another vacuum vapor de-
position apparatus on the electron injection layer. Thus, an OLED device was
produced. All the materials used for producing the OLED device were purified by
vacuum sublimation at 10-6torr prior to use.

The produced OLED device showed ayellow-green emission having aluminance of
1020 cd/m2 and acurrent density of 3.0 mA/cm2.

Device Example 2: Production of an OLED device using the organic

€l ectroluminescent_compound_according to the present_invention

An OLED device was produced in the same manner asin Device Example 1, except
for using compound H-97 as ahost, and using compound D-3 as a dopant of the light
emitting material.

The produced OLED device showed ayellow-green emission having aluminance of
2540 cd/m2 and acurrent density of 5.34 mA/cmZ2

Device Example_3: Production of an OLED device using_the organic
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[217] electroluminescent compound according b _the present invention

[218] An OLED device was produced in the same manner asin Device Example 1, except
for using compound H-98 as a host, and using compound D-4 as a dopant of the light
emitting material.

[219] The produced OLED device showed ayellow-green emission having aluminance of
520 cd/m2and acurrent density of 1.02 mA/cm?2.

[220] Device Example 4: Production of an OLED device using the organic

[221] electroluminescent compound according to the present invention

[222] An OLED device was produced in the same manner asin Device Example 1, except
for using compound H-56 as a host, and using compound D-5 as a dopant of the light
emitting material.

[223] The produced OLED device showed ayellow-green emission having aluminance of
1895 cd/m2 and a current density of 6.86 mA/cm2

[224] Device Example 5: Production of an OLED device using the organic

[225] electroluminescent compound _according to the present invention

[226] An OLED device was produced in the same manner asin Device Example 1, except
for using compound H-35 as a host, and using compound D-12 as a dopant of the light
emitting material.

[227] The produced OLED device showed ayellow-green emission having aluminance of
3030 cd/m2and acurrent density of 19.2 mA/cm2

[228] Device Example 6: Production of an OLED device using the organic

[229] electroluminescent compound according to the present invention

[230] An OLED device was produced in the same manner asin Device Example 1, except
for using compound H-100 as a host, and using compound D-9 as a dopant of the light
emitting material.

[231] The produced OLED device showed ayellow-green emission having aluminance of
760 cd/m2and acurrent density of 1.62 mA/cm2

[232] Device Example 7: Production of an OLED device using the organic

[233] electroluminescent compound according to the present invention

[234] An OLED device was produced in the same manner asin Device Example 1, except
for using compound H-66 as a host, and using compound D-9 as a dopant of the light
emitting material.

[235] The produced OLED device showed ayellow-green emission having aluminance of
920 cd/m2and acurrent density of 2.38 mA/cm2

[236] Device Example 8: Production of an OLED device using the organic

[237] electroluminescent_compound according to the present invention

[238] An OLED device was produced in the same manner asin Device Example 1, except

for using compound H-66 as a host, and using compound D-12 as a dopant of the light
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[239]
[240]

[241]
[242]

[243]

[244]

[245]

[246]

[247]

[248]

[249]

[250]

[251]

[252]

[253]

[254]

[255]

[256]

[257]
[258]

[259]

emitting material.

The produced OLED device showed ayellow-green emission having aluminance of
1110 cd/m2 and acurrent density of 2.57 mA/cm?2,

Device Example 9: Production of an OLED device using the organic

electroluminescent compound according to the present invention

An OLED device was produced in the same manner asin Device Example 1, except
for using compound H-33 as ahost, and using compound D-9 as a dopant of the light
emitting material.

The produced OLED device showed ayellow-green emission having aluminance of
1915 cd/m2and acurrent density of 4.34 mA/cm2

Device Example _10: Production of an OLED device using the organic

electroluminescent_compound _according to the present invention

An OLED device was produced in the same manner asin Device Example 1, except
for using compound H-33 as ahost, and using compound D-12 as a dopant of the light
emitting material.

The produced OLED device showed ayellow-green emission having aluminance of
4010 cd/m2and acurrent density of 8.91 mA/cm2,

Device Example _11: Production of an OLED device using the organic

electroluminescent_compound _according to_the present _invention

An OLED device was produced in the same manner asin Device Example 1, except
for using compound H-156 as ahost, and using compound D-18 as a dopant of the
light emitting material.

The produced OLED device showed ayellow-green emission having aluminance of
520 cd/m2 and acurrent density of 4.73 mA/cm2.

Device Example 12: Production of an OLED device using the organic

electroluminescent compound according to the present invention

An OLED device was produced in the same manner asin Device Example 1, except
for using compound H-160 as a host, and using compound D-9 as a dopant of the light
emitting material.

The produced OLED device showed ayellow-green emission having aluminance of
882 cd/m2and acurrent density of 2.15 mA/cm2.

Device Example_13: Production_of an OLED device using the organic

electroluminescent_compound _according to_the present _invention

An OLED device was produced in the same manner asin Device Example 1, except
for using compound H-259 as ahost, and using compound D-18 as a dopant of the
light emitting material.

The produced OLED device showed ayellow-green emission having aluminance of
4055 cd/m2 and acurrent density of 7.51 mA/cm?2,
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[260]

As shown above, the organic EL device of the present invention contains a specific
combination of adopant compound and ahost compound, and thus emits yellow-green
light, and provides excellent current efficiency. In general, an organic EL device can
emit white light by mixing 3 colors, i.e., red, green, and blue. On the other hand, when
using the dopant compound and the host compound according to the present invention,
the CIE X value appears to be 0.45, which is ayellow-green light. Thus, it ispossible
to emit white color by bicolor combination with blue light when using the organic EL
device comprising the dopant and host combination according to the present invention.
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Claims

[Claim 1] A combination of one or more dopant compound represented by the
following formula 1, and one or more host compound represented by
the following formula 2:

[ R, R; |

Rs‘Q‘Rz
<1 Ry

|
fN\

Re [——=Ir-L,.,

Ry Ro

R dn (1)

wherein
L is selected from the following structures:

and

Ri to Ry each independently represent hydrogen, deuterium, ahalogen,
asubstituted or unsubstituted (Cl-C30)alkyl, asubstituted or unsub-
stituted (C3-C30)cycloalkyl, acyano, or a substituted or unsubstituted
(CI-C30)a koxy;

R, tOR,ii each independently represent hydrogen, deuterium, a
halogen, asubstituted or unsubstituted (CI-C30)alkyl, or a substituted
or unsubstituted (C3-C30)cycloalkyl; and

n represents an integer of 1to 3;

H-(Cz-L1)a-L-M (2)
wherein

Cz is selected from the following structures:

C(RSZ) c(R52) (R)
= *T
e s
Rs4 * l

ring E represents a substituted or unsubstituted (C6-C30)cycloakyl, a

substituted or unsubstituted (C6-C30)aryl, or a substituted or unsub-
stituted 3- to 30- membered heteroaryl;
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Ry b R, each independently represent hydrogen, deuterium, a
halogen, a substituted or unsubstituted (Cl-C30)alkyl, a substituted or
unsubstituted (C6-C30)aryl, asubstituted or unsubstituted 3- to 30-
membered heteroaryl, a substituted or unsubstituted 5- to 7- membered
heterocycloalkyl, a substituted or unsubstituted (C6-C30)aryl fused
with at least one substituted or unsubstituted (C3-C30)alicyclic ring, a
5- to 7- membered heterocycloalkyl fused with at least one substituted
or unsubstituted (C6-C30)aromatic ring, a substituted or unsubstituted
(C3-C30)cycloakyl, a(C3-C30)cycloakyl fused with at least one sub-
stituted or unsubstituted (C6-C30)aromatic ring, or a substituted or un-
substituted (C6-C30)aryl(Cl-C30)alkyl;

Li and L, each independently represent asingle bond, asubstituted or
unsubstituted (C6-C40)arylene, asubstituted or unsubstituted 3- to 30-
membered heteroarylene, a substituted or unsubstituted 3- to 30-
membered heteroarylene fused with a (C3-C30)cycloakyl ring, or a
substituted or unsubstituted (C6-C30)cycloalkylene;

M represents a substituted or unsubstituted (C6-C30)aryl, or a sub-
stituted or unsubstituted 3- to 30- membered heteroaryl;

arepresents 1or 2; where ais 2, each of Cz may be same or different,
and each of L, may be same or different;

¢ and d each independently represent an integer of O to 4; where cor d

is an integer of 2 or more, each of R_,, and each of R_, may be same or

527
different.
The combination according to claim 1, wherein the compound rep-

resented by formula 1lisrepresented by formula 3 or 4:




33

WO 2014/014310 PCT/KR2013/006487

wherein % to Ry, L, and n are as defined in claim 1.
[Claim 3] The combination according to claim 1, wherein in formula 2, Cz is
selected from the following structures:

% *
P B 3 %
c(Rsz)_('\| N | _(Rss)g cRe2 | \ | /]—(R53)d
: Ret

5 o e I %
{Re) _(z\l ) c(Rs2 [ I I :l (Rs) c(Rs2 N Ve
v IRl e R 7T
: f } 5(Rs3)y (ng)d *\_ (Rss)d
c(Re2) g C(R52) c(Rsz) \

R51
wherein R R, R, C, and d are as defined in clam 1.
[Claim 4] The combination according to claim 1, wherein the compound rep-
resented by formula 2 isrepresented by formula 5:

Ar<

(Rq2)
N g
>

Y - - - /(R14)I
f(R11)_L( / Q_Q

n(Rfz) X

wherein

Ar represents a substituted or unsubstituted (C6-C30)aryl, or a sub-
dtituted or unsubstituted 5- to 30- membered heteroaryl;

X represents -C(R R )-, -N(R.)-, -S-, or -0-;

L;and L, each independently represent asingle bond, a substituted or
unsubstituted (C6-C40)arylene, asubstituted or unsubstituted 5- to 30-
membered heteroarylene, or asubstituted or unsubstituted 5- to 30-
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membered heteroarylene fused with a (C3-C30)cycloakyl ring;
RutoR,,
deuterium, ahalogen, acyano, anitro, ahydroxyl, asubstituted or un-
substituted amino, a substituted or unsubstituted silyl, a substituted or
unsubstituted (CI-C30)alkyl, asubstituted or unsubstituted
(Cl-C30)alkoxy, a substituted or unsubstituted (C3-C30)cycloakyl, a
substituted or unsubstituted (C6-C30)aryl, or a substituted or unsub-
dtituted 5- to 30- membered heteroaryl, or are linked to each other to
form a saturated or unsaturated ring;

erepresents an integer of Oto 1,

and R c to R each independently represent hydrogen,

f and i each independently represent an integer of 1to 4; where f oriis

an integer of 2 or more, each of R, and each of R , may be same or

1r
different; and

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

The combination according to clam 4, wherein the compound rep-

resented by formula 5 is selected from formulae 6 to 9:

)




35
WO 2014/014310 PCT/KR2013/006487

(R14)i e v (9)

wherein Ar, X, L, L, R;toRy,, €, f,g,h,and i are as defined in clam
4.

[Clam 6] The combination according to clam 1, wherein in formula 1, Ri to Ry
each independently represent hydrogen, deuterium, a (Cl-ClO)alkyl
unsubstituted or substituted with ahalogen, an unsubstituted
(C3-C7)cycloakyl, or a(CI-ClO)akoxy unsubstituted or substituted
with ahalogen; and
R0 to Ry, each independently represent hydrogen, or an unsubstituted
(Cl-ClO)alkyl.

[Clam 7] The combination according to clam 4, wherein in formula 5, Ar
represents a substituted or unsubstituted (C6-C20)aryl, or a substituted
or unsubstituted 5- to 20- membered heteroaryl;

X represents -C(RigRn)-, -N(Ris)-, -0-, or -S-, where R s to R, each in-
dependently represent asubstituted or unsubstituted silyl, a substituted
or unsubstituted (Cl-ClO)alkyl, asubstituted or unsubstituted
(C3-C10)cycloakyl, asubstituted or unsubstituted (C6-C20)aryl, or a
substituted or unsubstituted 5- to 20- membered heteroaryl;

L;and L, each independently represent asingle bond, a substituted or
unsubstituted (C6-C20)arylene, asubstituted or unsubstituted 5- to 20-
membered heteroarylene, or asubstituted or unsubstituted 5- to 20-
membered heteroarylene fused with a (C3-C10)cycloalkyl ring;

Rn to Ry, each independently represent hydrogen, ahalogen, a sub-
stituted or unsubstituted amino, a substituted or unsubstituted silyl, a
substituted or unsubstituted (CI-ClO)alkyl, asubstituted or unsub-
stituted 5- to 20- membered heteroaryl, or a substituted or unsubstituted
(C6-C20)aryl; or are linked to each other to form a mono- or
polycyclic, 5-to 30- membered alicyclic or aromatic ring.

[Claim 8] The combination according to clam 1, wherein the compound rep-
resented by formula 1is selected from the group consisting of:
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D-29 D-30 D-31

[Claim 9] The combination according to claim 1, wherein the compound rep-

resented by formula 2 is selected from the group consisting of:

s Sa,, "8, P s e o
‘U’©”" "(251" &%Cng

H-4

a ’.‘f’ "”

" ) /@m«@ @»~«©

_C\‘\‘ :\9‘\‘ H11 H-12 y H13é H14é

\/\z

z'_\-z
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An organic electroluminescent device which comprises the com-
bination according to claim 1, and emits yellow-green light.
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