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Description
Technical Field

[0001] The present invention relates to the use of an oxadiazole-based compound as a host material in an emissive
layer and an organic light-emitting device comprising the oxadiazole-based compound. The presentinvention also relates
to a process for manufacturing the organic light-emitting device.

Background

[0002] Recently, various display devices have been under active study and development, particularly those based on
electroluminescence (EL) from organic materials.

[0003] Organic light emitting devices (OLEDs) can be classified into fluorescence-based OLEDs and phosphores-
cence-based OLEDs according to the luminescent process of materials. The process of fluorescence occurs between
states of equal symmetry, i.e., between excited state and ground state of singlet excitons. On the contrary, the process
of phosphorescence occurs through the transition between singlet state and triplet state. Phosphorescence may persist
up to several seconds after excitation due to the low probability of the transition, in contrast to fluorescence which shows
rapid decay. Because excitons exist as singletand triplet states in the ratio of 1 to 3, the maximum efficiency of fluorescence
is limited to 25 %, while that of phosphorescence is 75 %. While the energy contained in the triplet state is mostly wasted
in the fluorescent materials, the phosphorescent materials allow for the simultaneous harvesting of both singlet and
triplet excitons.

[0004] As such, the use of phosphorescent materials has been a major breakthrough in boosting electroluminescence
efficiency of OLEDs.

[0005] The most widely used preparation process of OLED is carried out by vacuum evaporation, in which layers of
OLED are formed on a substrate using a mask. In said process, the mask may be distorted due to the high temperature
applied. Thus, it is difficult to obtain a layer with uniform surface, and the production cost for preparing large area OLEDs
is highly increased. To solve the above problems, a solution process can be used, in which organic materials may be
printed at a desired position without using the mask, thereby reducing the number of steps for preparation and the cost.
[0006] Itis required to formulate the active components as inks for the solution process. The active components must
be soluble in solvents, and polymer or small molecules may be used as the active components. However, polymers
have several disadvantages. Purification of polymers is tedious. Defects in the polymeric backbone can act as charge
traps, thus resulting in low efficiency. As such, small molecules are preferred because they can be purified by sublimation,
as well as being designable to have a high Tg (low tendency to crystallize) and a high solubility without any impact on
the electronic levels.

[0007] To enjoy both high efficiency and low production costs, phosphorescent emissive materials may be dispersed
in a small molecules matrix. The matrix may comprise a hole transport molecule and an electron transport molecule to
guarantee a good charge balance in the emissive layer.

[0008] Several host molecules are already known in the art. However, since most of them have a low solubility, they
are used in vacuum processed OLEDs. Further, most of them have good hole mobility but low electron mobility.
[0009] Well-known host materials for guest-host systems include hole-transporting 4,4’-N,N’-dicarbazol-biphenyl
(CBP) and electron-transporting aluminum 8-hydroxyquinoline (AlQs3), which have both been used in OLEDs. However,
the known host materials are not suitable for all phosphorescent guests. For example, the host compound for phospho-
rescent emitters must fulfil an important condition that the triplet energy of the host be higher than that of the phospho-
rescent emitter. To provide efficient phosphorescence from the phosphorescent emitter, the lowest excited triplet state
of the host has to be higher in energy than the lowest emitting state of the phosphorescent emitter. Since emission from
the phosphorescent emitter is desired, the lowest excited state has to be from the phosphorescent emitter, not the host
compound. As such, there continues to be a need in the art for suitable host materials for guests, which have short
emission wavelengths in the light spectrum, e.g., in the blue region of the spectrum.

[0010] However, none of the known host materials meet all the requirements necessary for OLED application, e.g.,
suitable energy level, hole and electron transporting ability, processibility from a solution with uniform film formation,
ability to form an amorphous phase, ability for good dopant dispersion, morphological stability (high Tg), thermal and
electrochemical stabilities under operational conditions of the device. Thus, there has been a need to develop new host
materials, which are capable of satisfying all of the requirements indicated above.

Brief Description of Drawings

[0011]
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Fig. 1 shows an exemplary cross-sectional view of an OLED comprising an oxadiazole-based compound of the
present invention.

Fig. 2 shows the |-V-L characteristics of the OLED of the presentinvention and the OLED of the comparative reference.
Fig. 3 shows the luminous efficiency of the OLED of the presentinvention and the OLED of the comparative reference
as a function of the luminance.

Disclosure of the Invention

[0012] One aspect of the present invention relates to the use of an oxadiazole-based compound as a host material,
especially as an electron transporting material in an emissive layer of an OLED. The oxadiazole-based compound can
transport electrons in an emissive layer so that electrons can be combined with holes to produce excitons.

[0013] Another aspect of the present invention relates to an OLED comprising the oxadiazole-based compound.
[0014] The oxadiazole-based compound of the present invention can be represented by the following Formula I:

Y N
A; o)\ A o) As

/ A, N
(Ro)m | (Ra)

(Rq),
Formula (1)

wherein:

A,, A, and A; are same or different at each occurrence and independently selected from the group consisting of
five- or six-membered (hetero)aryl rings and fused rings;

R, is selected from the group consisting of halogen, nitro, cyano, straight or branched C,_,q-(hetero)alkyl, straight
or branched C,_5o-(hetero)alkenyl, straight or branched C,_,, -(hetero)alkynyl, C5 5 -cyclic alkyl, straight or branched
C4.0p-alkoxy, C,_pg-dialkylamino, C,_44-(hetero)aryl and C,_44-aryloxy, which are substitutable by one or more hal-
ogens or non-aromatic radicals;

R, and Rj are same or different at each occurrence and independently selected from the group consisting of -H,
halogen, nitro, cyano, straight or branched C,_,4-alkyl, straight or branched C,_, -alkenyl, straight or branched C,_,,
-alkynyl, C5_5q -cyclic alkyl, straight or branched C,_5g -alkoxy, C4_o-dialkylamino, C4_14 -aryl, C4_q4 -aryloxy and
C,4.14 -heteroaryl, which are substitutable by one or more non-aromatic radicals, wherein a plurality of Ry, R, and
R3 may in turn together form a mono- or polycyclic ring, optionally aromatic; and

1, m and n are same or different at each occurrence and represent an integer of 1 or more.

[0015] The term "alkyl" as used herein refers to hydrocarbon radicals containing preferably 1 to 20, more preferably
1 to 10, most preferably 1 to 6 carbon atoms. Specific examples thereof include, but are not limited to, methyl, ethyl,
propyl, isopropyl, butyl, t-butyl, pentyl, hexyl and heptyl groups.

[0016] The term "alkenyl" as used herein refers to hydrocarbon radicals having at least one double bond, containing
preferably 2 to 20, more preferably 2 to 10, most preferably 2 to 6 carbon atoms. The term "alkynyl" as used herein
refers to hydrocarbon radicals having at least one triple bond, containing preferably 2 to 20, more preferably 2 to 10,
most preferably 2 to 6 carbon atoms.

[0017] The term "cyclic alkyl" as used herein refers to cyclic hydrocarbon radicals containing preferably 3 to 20, more
preferably 3 to 10, most preferably 5 or 6 carbon atoms, which do not give steric hindrance. Specific examples thereof
include, but are not limited to, cyclopentyl and cyclohexyl groups.

[0018] The term "alkoxy" as used herein refers to an alkyl group containing preferably 1 to 20, more preferably 1 to
10, most preferably 1 to 6 carbon atoms, covalently bound to an oxygen atom. Specific examples thereof include, but
are not limited to, methoxy, ethoxy, propyloxy, isopropyloxy, butoxy, t-butoxy, pentyloxy, hexyloxy and heptyloxy groups.
[0019] The term "aryl" as used herein refers to carbocyclic rings with the degree of unsaturation present as to impart
aromaticity to the ring. Specific examples thereof include, but are not limited to, phenyl, naphthyl, anthracenyl, biphenyl,
pyrenyl and perylene groups.

[0020] The term "heteroaryl" as used herein refers to a heterocyclic aromatic ring, which can be a five-member ring
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heterocycle, a six-member ring heterocycle and ring-fused bicyclic heterocycle. Specific examples thereof include, but
are not limited to, pyridyl, bipyridyl, thiophene, imidazole, oxazole, thiazole and quinolinyl groups.

[0021] In some embodiments of the present invention, A, is selected from the group consisting of phenyl, naphthyl,
anthryl, phenanthryl, benzimidazolyl, carbazolyl, fluorenyl, pyridazinyl, quinolinyl, isoquinolinyl, quinoxalinyl, benzothi-
ophenyl, phthalazinyl, quinazolinyl, benzimidazolyl, benzoxazolyl and phenanthridinyl. In certain embodiments, A, is
phenyl.

[0022] In some embodiments of the present invention, A, and A5 are same or different at each occurrence and
independently selected from the group consisting of phenyl, naphthyl, anthryl, phenanthryl, pyridyl, bipyridyl, thiophenyl,
imidazolyl, oxazolyl, thiazolyl and quinolinyl. In certain embodiments, A, and A3 are phenyl.

[0023] In other embodiments of the present invention, Ry is straight or branched C_,q-(hetero)alkyl, C5_»q -cyclic alkyl
and C,_44-(hetero)aryl, which are substitutable by one or more halogen, hydroxyl, nitro, cyano, alkoxy, amino and op-
tionally-esterified carboxyl. In certain embodiments of the present invention, R, is a tert-alkyl, fluorinated alkyl or fluor-
inated ether, and 1 is 1. In other embodiments of the present invention, fluorinated alkyl may contain alkyl spacer (e.g.,
ethyl) between A, (e.g., phenyl) and the fluorine-substituted carbon atom of Ry.

[0024] In other embodiments of the present invention, R, and R are same or different at each occurrence and
independently straight or branched C,_p-alkyl, C5 5y -cyclic alkyl, straight C,_44-aryl and C,4_q4 -heteroaryl. In certain
embodiments, R, and Rj are tert-butyl, and m and n are 1.

[0025] Specifically, in some embodiments of the present invention, host materials may comprise a substituted oxadi-
azole-7 (OXD7) as an electron transporting material. In certain embodiments, the substituted OXD7 can be represented
by the following Formulae (Il) (tBu-OXD7) and (lll) (C¢F43-OXD7):

4 o) Q
O o<

N—N
Formula (II)

Formula (1II)

[0026] Surprisingly, it has been found that when the oxadiazole based compounds of the present invention is used in
an emissive layer,

a solution deposition method is available in the preparation of the device due to its high solubility and high electron
mobility in the emissive layer can be achieved.

[0027] Suitable solvents used in the solution deposition method can be selected from those known in the art. In some
embodiments, non-chlorinated solvents such as acetone, dimethylbenzene, ethanol and toluene can be used. In certain
embodiments, toluene can be used as the solvent.

[0028] In some embodiments of the present invention, the emissive layer may comprise an additional host material,
which can transport the holes in the layer. In certain embodiments, the emissive layer may comprise a carbazole derivative
as a hole transporting material. The carbazole derivative may be selected from the compounds of Formula 1V:
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(Ra)y  (Rg);

o
splige

(Rs)q (Ry)s
Formula (IV)

wherein:

B is an organic divalent radical;
R4, Rs, Rg and R are non-conjugate substituents, same or different at each occurrence and selected from the group
consisting of:

-H

trityl

halogen;

nitro;

cyano;

-COORg;

alkoxy or dialkylamino group having from 1 to 20 carbon atoms wherein one or more nonadjacent -CH,- groups
are replaceable by -O-, -S-, -NRg-, -CONR,- or

-COO-, and wherein at least one hydrogen atom is replaceable by halogen; and

-SiR41R12R43;

wherein Rg, Rg, Ryg, Ry4, Rq2, and R5 are same or different at each occurrence and independently selected from
the group consisting of -H, halogen, nitro, cyano, straight or branched C,_,p-alkyl, C5_ 5y -cyclic alkyl, straight or
branched C,_sg-alkoxy, C,_po-dialkylamino, C,4_q4-aryl, C4_14-aryloxy and C,_14-heteroaryl, which are substitutable
by one or more non-aromatic radicals, wherein a plurality of R4, Rg, Rg, Rz, Rq¢, Ry5 and Ry3 may in turn together
form a mono- or polycyclic ring, optionally aromatic; and

p, g, r and s are same or different at each occurrence and represent an integer from 0 to 4.

[0029] In some embodiments of the present invention, B is a divalent radical comprising at least one structural unit
selected from the group consisting of five-or six-membered (hetero)aryl rings and fused rings. Specifically, B is a divalent
radical selected from the group consisting of phenyl, naphthyl, anthryl, phenanthryl, benzimidazolyl, carbazolyl, fluorenyl,
pyridazinyl, quinolinyl, isoquinolinyl, quinoxalinyl, benzothiophenyl, phthalazinyl, quinazolinyl, benzimidazolyl, benzox-

azolyl and phenanthridinyl.
[0030] In other embodiments, B is a divalent radical of Formula V:

2§
(L

Formula (V).

[0031] In other embodiments, B is a divalent radical of Formula VI:
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Ry

|
N

Formula (VI)

wherein Ry, is selected from the group consisting of straight or branched C,_pg-alkyl, C3_,, -cyclic alkyl, straight or
branched C4_p-alkoxy, C,4_q4-aryl, C4_44-aryloxy and C,_44 -heteroaryl, which are substitutable by one or more non-
aromatic radicals such as, but not limited to, halogen, hydroxyl, nitro, cyano, alkoxy, amino and optionally-esterified
carboxyl.

[0032] In some embodiments of the present invention, a hole transporting material can be a triscarbazole (TCz)
derivative including, but not limited, the following compounds represented by Formulae (VII) (TCzF) and (VIII) (TCzl):

o
o d

Formula (VII)

2 ()

N

NN
0 U

Formula (VIIT)

& ()

[0033] Further, certain embodiments of the present invention may be the following compounds represented by For-
mulae (IX) to (XVI):



EP 2 282 358 A1

>4 v
ho Yok

SVaget®
- O‘O
Formula (IX),

F

N

v
ﬁ;
Ny W_

)
7 .
30 /K >z/8<\r

Formula (X),

OCH3

. e
VONY .
T

Formula (XI),
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OCH3

Si O
TAX
e

Formula (XIII),
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L
(S

Formula (X1V),

O > ()
Si O

Formula (XV), and

VAN A<
X 7»0’

Formula (XVI).
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[0034] The present invention is also directed to an OLED comprising an emissive layer, wherein the emissive layer
comprises the oxadiazole-based compound as the host material described above. The OLED can also comprise an
emissive material (where the light emissive material is present as a dopant), wherein the emissive material is adapted
to luminescence when voltage is applied across the device.

[0035] Suitable guest emissive materials (dopant) can be selected from those known in the art and then developed
including, without limitation, Ir or Pt complexes. In certain embodiments, bis(2-phenylpyridine)iridium complexes such
as bis(3,5-difluoro-2-(2-pyridyl)phenyl-(2-carboxypyridyl))iridium 1l (FIrpic), which exhibit a phosphorescent emission in
the blue region of the spectrum, can be used. In specific embodiments, the guest exhibits a phosphorescent emission
in the pure blue region of the spectrum.

[0036] If the emissive material is used as a dopant in a host layer comprising the oxadiazole-based compound of the
present invention, it is generally used in an amount of at least 1 wt%, specifically at least 3 wt%, and more specifically
at least 5 wt%, with respect to the total weight of the host and the dopant. Further, it is generally used in an amount of
at most 25 wt%, specifically at most 20 wt%, and more specifically at most 15 wt%.

[0037] The OLED generally comprises:

a glass substrate;

a generally transparent anode such as an indium-tin oxide (ITO) anode;
a hole transporting layer (HTL) and/or a hole injection layer (HIL);

an emissive layer (EML);

an electron transporting layer (ETL); and

a generally metallic cathode such as an Al layer.

[0038] For the hole conducting emissive layer, an exciton blocking layer, notably a hole blocking layer (HBL), may be
present between the emissive layer and the electron transporting layer. For the electron conducting emissive layer, an
exciton blocking layer, notably an electron blocking layer (EBL), may be present between the emissive layer and the
hole transporting layer.

[0039] Optionally, the emissive layer may also contain a polarization molecule that is present as a dopant in the host
material and has a dipole moment, which generally affects the wavelength of the light emitted when the light emitting
material is used as a dopant luminescence.

[0040] The ETL may be used to transport electrons into the emissive layer comprising the light emitting material and
the optional host material. The ETL may comprise an electron-transporting matrix selected from the group consisting of
metal quinoxolates (e.g., Alg; and Liq), oxadiazoles, triazoles and imidazoles. Suitable examples of the electron trans-
porting material are, without limitation, 2,2’,2"-(1,3,5-benzinetriyl)-tris(1-phenyl-1-H-benzimidazole) ("TPBi") or tris-(8-
hydroxyquinoline)aluminum ("Alg;") of the following formula:

[0041] The HTL or HIL may be used to transport holes into the emissive layer comprising the light emitting material
and the optional host material. The HTL or HIL may comprise, without limitation, polyethylenedioxythiophene:polystyrene
sulfonate (PEDOT:PSS) or 4,4’-bis[N-(1-naphthyl)-N-phenylamino]biphenyl ("o-NPD") of the following formula:

10
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[0042] The use of the exciton blocking layer ("barrier layer") to confine excitons within the luminescent layer ("lumi-
nescent zone") may be advantageous. For a hole-transporting host, the blocking layer may be placed between the
emissive layer and the electron transport layer. A suitable example of the material for the barrier layer, without limitation,
is 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline (also referred to as bathocuproine or "BCP"), which has the following
formula:

BCP

[0043] As depicted in Figure 1, in some embodiments, the OLED of the present invention has a multilayer structure,
wherein: 1 is a glass substrate; 2 is an ITO layer; 3 is an HIL layer comprising PEDOT:PSS; 4 is an EML comprising
host materials and the light emitting material as dopant; 5 is an ETL comprising TPBi; and 6 is an Cs,CO4/Al cathode layer.
[0044] Another aspect of the present invention relates to a process for manufacturing the organic light emitting device.
According to the present methods, an emissive layer can be obtained by a solution deposition method. In some embod-
iments, the solution deposition method uses non-chlorinated solvents, such as acetone, dimethylbenzene, ethanol and
toluene. In certain embodiments, toluene can be used as the solvent.

Examples

[0045] Hereinafter, the present invention will be explained in detail with reference to the examples and comparative
examples. These examples, however, should not in any way be interpreted as limiting the scope of the present invention.
Further, units are expressed by weight unless otherwise described.

Example 1 - Synthesis of tBu-OXD7 (Compound of Formula (ll))

[0046]

11
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o)
_NH; EtOH 1.CDI, THF i
" HaN — ’ 2 PPha.CBIy N
HO OH 2.PPh3,CBT4 N
MeQ” O HN—HN” 0 0 0 o ¥
N

[0047] This synthesis has been formed in two steps, from commercially available methyl 4-tert-butylbenzoate ester
and 5-tert-butylisophthalic acid.

Step 1: Synthesis of 4-tert-butylbenzohydrazide:

[0048]

HoN—HNT S0

[0049] To 23 g of methyl 4-tert-butylbenzoate (120 mmol) in 250 mL of ethanol are added 40 g of hydrazine hydrate
(600 mmol). The reaction mixture is heated to reflux during 20 hours. Half of the ethanol is removed under a reduced
pressure and 500 mL of water is added. The extraction with CH,Cl, (3*500 mL) and the evaporation of the organic
phases afford 20 g of crude hydrazide.

[0050] Recrystallization from toluene affords 18 g of 4-tert-butylbenzohydrazide (yield = 78 %, NMR purity = 100 %).

Step 2: Synthesis of tBu-OXD7:

[0051]

[0052] To 15 g of 5-tert-butylisophthalic acid (67.5 mmol) in 1 L of anhydrous THF (tetrahydro-furan) are added 24.1
g of 1,1’-carbonyldiimidazole (CDI - 148 mmol, 2.2 eq). After one hour at room temperature, 26 g of hydrazide are
introduced (2 eq, 135 mmol) and the reaction medium is warmed to reflux. After one night, the medium is allowed to
stand at room temperature. 71 g of PPh5 (270 mmol) and 90 g of CBr, (270 mmol) are then added and the medium is
warmed to 45 °C during 5 hours. The reaction mixture is then filtrated on silica gel and washed with THF. Purification
by flash chromatography affords 22 g of crude tBu-OXD7. After recrystallization from toluene and vacuum sublimation,

12
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15 g of pure tBu-OXD?7 are collected (yield =42 %, NMR purity >99.9 %, HPLC purity >99.9 %).

Example 2 - Synthesis of CgF;-OXD7 (Compound of Formula (llI))

[0053]
HOW/OYOH
o} o}
NBS
HZSO.,
. _NH, EtOH_ EtOH 1CDI THF N
HaN OH 2PPh3,CBr4
MeO 0 HaN—HN

| Cu
DMF
¢ CgF1al
CeF1s
) ]
N—N N™N

[0054] Thebromoisophthalicacidis notcommercially available and has to be prepared with NBS (N-bromosuccinimide)
in HySOy,.

Synthesis of 4-tert-butylbenzohydrazide

[0055] This compound has been synthesised as described in Example 1.

Synthesis of 5-bromoisophthalic acid

[0056]

Br

HO OH

[0057] To 150 mL of H,SO, in a 500 mL flask are added 60 g of isophthalic acid (361 mmol) and the reaction mixture
is warmed to 50 °C. When this temperature is reached, 80 g of NBS (450 mmol) are added in three portions and the
temperature is increased to 80 °C. The medium is then allowed to stand one night at room temperature. At the end of
the reaction, ice is added (800 g) and the solid is recovered by filtration (110 g). This acid is purified by crystallization
in 4.5 L of water. 75 g of pure 5-bromoisophthalic acid are then collected (yield = 85 %, NMR purity >98 %).

13
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Synthesis of Br-OXD7

[0058]

Br o)
SN
O
N
N

[0059] To 4 g of 5-bromoisophthalic acid (16.3 mmol) in 1 L of THF are added 6.7 g of CDI (35 mmol, 2.15 eq). After
4 hours at room temperature, 6.4 g of hydrazide are introduced (32.6 mmol, 2 eq) and the reaction medium is warmed
to reflux. After one night, the medium is allowed to stand at room temperature. 17.1 g of PPh5 (65.3 mmol) and 21.7 g
of CBr, (65.3 mmol) are then added and the medium is warmed to 45 °C for 5 hours. The reaction mixture is then filtrated
on silica gel and washed with THF. Purification by flash chromatography (CH,Cl,/THF) affords 7.7 g of crude Br-OXD7.
Recrystallization from toluene/EtOH (5/4) affords 6.5 g of pure Br-OXD7 (11.7 mmol, yield = 71 %, NMR purity >99 %).

Synthesis of C¢F,3-OXD7

[0060]

CeF13

* O A0
I
N

[0061] To 1 g of Br-OXD7 (1.8 mmol) and 350 mg of Cu (5.4 mmol) in 10 mL of dry DMF (dimethylformamide) at 130
°C are added 1.2 g of CgF43l (2.7 mmol). After 20 hours at 130 °C, the reaction mixture is diluted with 20 mL of THF
and filtrated over a silica gel pad. After evaporation and flash chromatography, 1.25 g of C4F5-OXD7 are recovered
(1.6 mmol, yield = 87 %). A highly pure material can be obtained by sublimation (sublimation yield = 70 %, NMR purity
>99.9 %, HPLC purity > 99.9 %).

Example 3 - Synthesis of TCzF (Compound of Formula (VII))

Step 1: Synthesis of N-(4-fluorophenyl)-carbazole:

[0062]

14
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ZT

1,2-dichlorobenzene
178°C

* o5

[0063] Ina 2L of three necked round bottom flask equipped with a condenser and a mechanical stirrer, 106.4 g (1.674
mol, 14 eq) of copper powder, 115.7 g (0.837 mol, 7 eq) of potassium carbonate, 1.58 g (60 mmol, 5 mol%) of 18-crown-
6 ether, 39.83 g (0.179 mol, 1.5 eq) of 4-iodofluorobenzene and 20.0 g (0.120 mol, 1.0 eq) of carbazole are mixed in 1
L ofdry 1,2-dichlorobenzene. The reaction medium is then stirred for 18 hours at 178°C. After cooling atroom temperature,
the solid is filtered off through a path of Celite ® 545, which is rinsed by 500 mL of toluene. The solvent is then removed
from the filtrate under vacuum to give a light brown solid. This crude product is crystallized in ethanol to afford 24.1 g
(0.0922 mol, yield = 77 %) of a white solid (99 % pure).

Step 2: Synthesis of N-(4-fluorophenyl)-3,6-diiodocarbazole:

[0064]

N KI, KIO; N

e~ (3L

[0065] In a 500 mL of three necked round bottom flask equipped with a condenser and a mechanical stirrer, 20.0 g
(0.0765 mol, 1.0 eq) of N-(4-fluorophenyl)-carbazole is dissolved in 200 mL of refluxing acetic acid. After cooling at
100°C, 16.77 g (0.0101 mol, 1.32 eq) of potassium iodide and 12.78 g (0.0597 mol, 0.78 eq) of potassium iodate are
added. The reaction medium is stirred at 100°C for 2 hours and then cooled down at room temperature. The white
precipitate is filtered, washed by 100 mL of 5 % aqueous sodium thiosulfate and 200 mL of water. After vacuum drying,
39.11 g (0.0762 mol, quantitative yield) of a white solid (92 % pure) is isolated and used without further purification in
the next step.

Step 3: Synthesis of N-(4-fluorophenyl)-3,6-bis(carbazol-9-yl)-carbazole:

[0066]
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F
F
H N
N N Cu, K;,CO4
Q O N 18-crown-6 cat.
1,2- dlchlorobenzene
] ] 178°C I I

[0067] Ina 1L of three necked round bottom flask 104.0 g (1.637 mol, 28 eq) of copper powder, 96.97 g (0.702 mol,
12 eq) of potassium carbonate, 1.54 g (58 mmol, 10 mol%) of 18-crown-6 ether, 37.58 g (0.134 mol, 2.3 eq) of carbazole
and 30.0g(0.0585 mol, 1.0 eq) of N-(4-fluorophenyl)-3,6-diiodocarbazole are mixed in 500 mL of dry 1,2-dichlorobenzene.
The reaction medium is stirred for 18 hours at 178°C.

[0068] After cooling at room temperature, the solid is filtered off through a path of Celite ® 545, which is rinsed by 200
mL of toluene. The solvent is then removed from the filtrate under vacuum to give a yellow-brown solid. This crude
product is precipitated in chloroform/ethanol to collect 28.4 g (0.0480 mol, 82 % yield) of a pale white powder. Further
sublimation affords N-(4-fluorophenyl)-3,6-bis(carbazol-9-yl)-carbazole as a >99 % pure white product.

Example 4 - Synthesis of TCz1 (Compound of Formula (VIIl))
Step 1: Synthesis of N-(2-ethylhexyl)-3,6-dibromocarbazole:

[0069]

KOH N

foiall = O

Br Br Br

[0070] In a 500 mL of three necked round bottom flask equipped with a mechanical stirrer, 20.0 g (0.0615 mol, 1.0
eq) of 3,6-dibromocarbazole and 13.8 g (0.246 mol, 4.0 eq) of potassium hydroxide are stirred for 1h in 250 mL of N,N-
dimethylformamide before addition of 14.26 g (0.0738 mol, 1.2 eq) of 2-ethylhexylbromide. The reaction is then me-
chanically stirred for 14 hours at room temperature and then poured in 100 mL of half saturated aqueous sodium
bicarbonate solution. The aqueous layer is extracted by 2x200 mL of dichloromethane, the combined organic layers are
dried over sodium sulfate and concentrated to give a crude light brown oil and further purified by flash chromatography
to afford 23.39 g (0.0535 mol, 87% vyield) of a colorless oil >99% pure.

Step 2: Synthesis of N-(2-ethylhexyl)-3,6-bis(carbazol-9-yl)-carbazole:

[0071]
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ZT

N

N Pd,(dba); P'Buy cat.
:
Br Br ‘BuONa O N N
toluene reflux

[0072] In a 250 mL of three necked round bottom flask equipped with a condenser and a mechanical stirrer, 5.15 g
(0.0118 mol, 1.0 eq) ofN-(2-ethylhexyl)-3,6-dibromocarbazole, 4.92 g (0.0294 mol, 2.5 eq) of carbazole, 3.40 g (0.0353
mol, 3.0 eq) of sodium tert-butoxide, 270 mg (0.294 mmol, 2.5 mol%) of tris(dibenzylideneacetone)dipalladium(0) and
477 mg (2.36 mmol, 20 mol%) of tris(tert-butyl)phosphine are mixed in 150 mL of dry toluene. The reaction is then stirred
at 110°C for 14 hours under nitrogen atmosphere and then cooled down at room temperature. The solid is filtered off
through a path of Celite ® 545 which is rinsed by 200 mL of toluene. The solvent is then removed from the filtrate under
vacuum to give a light brown solid and further purified by flash chromatography to afford 5,90 g (9,67 mmol, 82 % yield)
of N-(2-ethylhexyl)-3,6-bis(carbazol-9-yl)-carbazole as a white solid >99 % pure.

{

Example 5 - Solubility Tests

[0073] As shown in the solubility measurement results in the table below, the compounds of Formulae Il (tBu-OXD7)
and Il (C4F43-OXD7) have good solubilities toward chlorobenzene and toluene, while the control compound (OXD7)
lacks solubility for most organic solvents.

[0074] The compounds of the present invention have been found to be promising for large-scale light emitting devices
since they allow for solvent-processing techniques such as spin-coating, (ink-jet) printing, etc., while maintaining the
other necessary properties for OLEDs.

Table 1
Solubility in chlorobenzene | Solubility in toluene
Comparative example (OXD7) <1.5wt% Not soluble
tBu-OXD7 > 7.2 wt% > 5 wt%
CgF13-OXD7 > 4.5 wt% 2.5 wt%

Example 6 - HOMO and LUMO measurement

[0075] The LUMO (lowest unoccupied molecular orbital) levels are estimated from cyclic voltammetry. Voltammetric
measurements are performed using a PC-controlled Autolab PGSTAT128N electrochemical workstation coupled with
a 663 VA Stand measure unit. Cyclic voltammograms are recorded at room temperature under an argon atmosphere
in anhydrous tetrahydrofuran using 0.1 M tetrabutylammonium hexafluorophosphate (Fluka electrochemical grade) as
supporting electrolyte. The working electrode is a glassy carbon disk and the counter electrode is a platinum wire or a
glassy carbon rod. A silver/silver chloride electrode filled with a methanolic saturated KCI solution or a platinum wire
pseudo-reference has been used as reference electrode. The sample solutions (0.5 mM) are outgassed with argon for
10 minutes before measurement. Measurements are performed with a sweep rate fixed to 0.1 V/s. Ferrocene is used
as internal standard.

[0076] The LUMO level is estimated from the peak potential of the 15t observed reduction wave (E reduct.) using the
following equation:

ELumo = (“‘“ 48) = - [ E1 reduct. — Eox s (FC/FC+)]
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where Eyoyo (ferrocene) has been taken equal to -4.8 eV below the vacuum level and Eqy 4, (Fc/Fc*) corresponds to
the half-wave oxidation potential of the ferrocene internal standard.

[0077] The HOMO level could not be estimated directly from CV measurements because the 15t oxidation wave lies
beyond the stability window of the two tested solvents (tetrahydrofuran and dichloromethane). The HOMO level is thus
estimated from the LUMO level and optical energy gap (Eq; g):

Enomo = ELumo — Eopt g,

the optical energy gap being determined from the absorption onset in the UV-visible absorption spectrum.
[0078] As shown in the measurement results in the table below, the compounds (tBu-OXD7 and CgF43-OXD7) of the
present invention have comparable electronic levels to the control compound (OXD7).

Table 2
HOMO | LUMO
Comparative example (OXD7) | -6.0eV | -2.3eV
tBu-OXD7 -6.0eV | -2.3eV
CgF13-OXD7 -6.1eV | -25eV

Example 7 - Preparation of OLED and Performance Measurement

[0079] Figure 1 shows the general structure used to prepare OLEDs based on the inventive formulation.

[0080] To measure the effect of the tert-butyl substitution of OXD7, 2 devices with identical structure are fabricated.
A reference device wherein the EML is spin-coated from an OXD7 formulation in chlorobenzene is compared to a test
device wherein the EML is spin-coated from a tBu-OXD7 formulation in toluene.

[0081] The above devices are prepared as follows:

[0082] A HIL based on polyethylenedioxythiophene:polystyrene sulfonate (PEDOT:PSS purchased form HC Stack)
is deposited by spin coating on indium tin oxide (ITO) coated glass substrates to a thickness of 60 nm. The obtained
film is dried on a hot plate at 200°C for 10 minutes.

[0083] For the test device, the EML formulation comprises 35 % of TCzl (N-(2-ethylhexyl)-3,6-bis(carbazol-9-yl)-car-
bazole) as a hole transporting matrix, 60 % of tBu-OXD7 as an electron transporter matrix, 5 % of bis(3,5-difluoro-2-(2-
pyridyl)phenyl-(2-carboxypyridyl))iridium 111 (Firpic purchased from Lumtec) as a blue phosphorescent emissive material
and toluene as a solvent.

[0084] For the reference device, the EML formulation comprises 35 % of TCzl, 60 % of OXD7, 5 % of Firpic and
chlorobenzene as a solvent. The total solid content is 1.5 wt%. Such formulation is deposited on top of the HIL by spin
coating to a thickness of 70 nm and subsequently dried on a hot plate at 80°C for 10 minutes.

[0085] An 30 nm thick ETL, namely 2,2’,2"-(1,3,5-benzinetriyl)-tris(1-phenyl-1-H-benzimidazole) (TPBi, purchased
from Lumtec), is deposited by vacuum deposition onto the EML at a rate of 2 A/s.

[0086] Finally, cathode layers comprising 1 nm of Cs,CO5 and 100 nm of Al are deposited by thermal evaporation at
arate of 0.1 and 2 A/s, respectively.

[0087] Electronic and photometric characterizations are conducted with a Hamamatsu C9920-12 measurement system
coupled to a Keithley 2400 source measure unit.

[0088] All device preparation and characterization steps after deposition of PEDOT:PSS by spin coating are carried
out in an inert atmosphere.

[0089] Figure 2 shows the I-V-L characteristics of the two devices. Both devices show similar current density and
luminance with slightly higher values for the OXD7 formulation. Turn-on voltages are 3.4V and 3.6V for the OXD7 and
tBu-OXD7 formulation, respectively.

[0090] Figure 3 shows the luminous efficiency as a function of the luminance.

[0091] Thedevice based ontBu-OXD7 shows a clearimprovement of the performance when compared to the reference
device based on OXD7. At 1000 cd/m2, both luminous efficiency and power efficiency are increased from 13.6 cd/A and
5.9 Im/W with OXD7 to 16.3 cd/A and 7.0 Im/W with tBu-OXD7. Further, external quantum efficiency (EQE) is increased
from 6.3 % with OXD7 to 7.7 % with tBu-OXD7. The results of the performance measurements are summarized in the
following table. The parameters "x" and "y" represents the color indexes.
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Table 3
ETM HTM Solution \Y EQE | Lm/W | Cd/A X y
Comparative example (60 % OXD7) | TCzl | Chlorob enzene | 7.3 | 6.3 5.9 13.6 | 0.17 | 0.37
60 % tBu-OXD7 TCzI Toluene 74 | 7.7 7.0 16.3 | 0.16 | 0.36

[0092] Replacing TCzl by TCzF in the EML formulation (60 % of tBu-OXD7, 35 % of TCzF, 5 % of Flirpic) in toluene
gives a similar luminous efficiency (16.0 cd/A at 1000 cd/m?2) and a slightly higher power efficiency (7.2 Im/W) compared
to those of TCz1. Additional results of the performance measurements (at 1000 cd/m?2) with varying the solution, the
electron transporting material (ETM) and the hole transporting material (HTM) are summarized in the following table.

Table 4
ETM HTM Solution \Y, EQE | Lm/W | Cd/A
tBu-OXD7 TCzF Toluene 69 |74 7.2 16.0
Comparative example (OXD7) | TCzF | Chlorobenzene | 7.5 | 6.0 5.6 13.3
tBu-OXD7 TCzF | Chlorobenzene | 7.7 | 6.5 57 14.0

[0093] It will be apparent to those skilled in the art that various modifications and variations can be made to the present
invention without departing from the spirit and scope of the invention. Thus, it is intended that the present disclosure
covers the modifications and variations of this invention, provided they come within the scope of the appended claims
and their equivalents.

Claims

1. An organic light emitting device comprising a compound of Formula | as an electron transporting material in an
emissive layer:

J ‘Ix\l '\i"\{%

A; 0)\ /Lo As
/ A, AN
(Ro)m | (R3)n
(Ry)y

Formula (T)

wherein:

A, A, and A3 are same or different at each occurrence and independently selected from the group consisting
of five- or six-membered (hetero)aryl rings and fused rings;

R, is selected from the group consisting of halogen, nitro, cyano, straight or branched C,_,y-(hetero)alkyl,
straight or branched C,_,,-(hetero)alkenyl, straight or branched C,_5o -(hetero)alkynyl, C5_,q -cyclic alkyl, straight
or branched C,_5g alkoxy, C_5q -dialkylamino, C4_44 -(hetero)aryl and C,_44 -aryloxy, which are substitutable
by one or more halogens or non aromatic radicals;

R, and R5 are same or different at each occurrence and independently selected from the group consisting of
-H, halogen, nitro, cyano, straight or branched C,_,, -alkyl, straight or branched C,_,, -alkenyl, straight or
branched C,_5 -alkynyl, C5_5g -cyclic alkyl, straight or branched C,_5 -alkoxy, C_og -dialkylamino, C4_q4 -aryl,
Cy4.14 -aryloxy and Cy4_44 -heteroaryl, which are substitutable by one or more non aromatic radicals, wherein a
plurality of R4, Ry, and Rz may in turn together form a mono- or polycyclic ring, optionally aromatic; and

1, m and n are same or different at each occurrence and represent an integer of 1 or more.
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The organic light emitting device of Claim 1, wherein A, is phenyl.
The organic light emitting device of Claim 1 or 2, wherein A, and A5 are phenyl.
The organic light emitting device of any one of the preceding Claims, wherein R, is straight or branched C,_,, -
(hetero)alkyl, C5_»q -cyclic alkyl and C,_44 -(hetero)aryl, which are substitutable by one or more halogen, hydroxyl,

nitro, cyano, alkoxy, amino and optionally-esterified carboxyl.

The organic light emitting device of Claim 4, wherein R, is a tert-alkyl, fluorinated alkyl or fluorinated ether and
wherein 1is 1.

The organic light emitting device of any one of the preceding Claims, wherein R, and R5 are same or different at
each occurrence and independently straight or branched C,_,, -alkyl, C5_5q -cyclic alkyl, straight C4_¢4 -aryl and
Cy4._14-heteroaryl.

The organic light emitting device of Claim 6, wherein R, and Rj are tert-butyl, and wherein m and n are 1.

The organic light emitting device of any of the preceding Claims, wherein the compound has the following formula:

N—N N~

Formula (II), or

CesF13
@OVQWO}—O’Q
=/ NN N~
Formula (III).

The organic light emitting device of any one of the preceding Claims, wherein the emissive layer further comprises
a phosphorescent emissive material.

The organic light emitting device of Claim 9, wherein the phosphorescent emissive material is an Ir or Pt complex.

The organic light emitting device of any one of the preceding Claims, wherein the emissive layer further comprises
a carbazole derivative as a hole transporting material.

The organic light emitting device of Claim 11, where the carbazole derivative is a triscarbazole (TCz) derivative.

The organic light emitting device of Claim 12, where the TCz is TCzF (compound of formula VII) or TCzl (compound
of formula VIII):
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o
PG

Formula (VII)

2 &

O NN

Formula (VIII)

14. A process for manufacturing an organic light emitting device of any one of the preceding Claims, according to which
the emissive layer is obtained by a solution deposition method.

15. The process according to Claim 14, wherein the solution deposition method uses a non chlorinated solvent.
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