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(57) ABSTRACT

The present invention discloses a novel compound of For-
mula 1, and an organic electroluminescent device using the
same. In Formula 1, X and Y independently represents an
aromatic or a hetero aromatic hydrocarbon having a carbon
number of from 5 to 10. Ar, to Ar, each independently rep-
resents an unsubstituted or substituted aromatic hydrocarbon
having a carbon number of from 4 to C12, or an unsubstituted
or substituted condensed polycyclic aromatic hydrocarbon
having a carbon number of from 4 to 12; Ar, to Ar, can form
an annulated or fused aromatic ring system with the adjacent
aromatic hydrocarbons. When the compound of Formula I is
used in the device, high luminous efficiency, longer lifetime
and low driving voltage can be achieved.

Formula I

100

180

170._—

160~

150

140

130

120

110




Patent Application Publication  Jun. 12,2014 Sheet 1 of 8 US 2014/0163233 Al

100

180

170

150

140~

130

120

FIG. 1



Patent Application Publication  Jun. 12,2014 Sheet 2 of 8 US 2014/0163233 Al

200

280

260 —

250

245

240

230

220

210 —

FIG. 2



Patent Application Publication  Jun. 12,2014 Sheet 3 of 8 US 2014/0163233 Al

300

380

360

355

350

340

330

320

310

FIG. 3



US 2014/0163233 Al

Jun. 12,2014 Sheet 4 of 8

Patent Application Publication

widd o !

I

OOV IORRORON OB U S S RIS BN AN N NN N NN OO OOV -1 =D ORI
ARl B NCY—IN LU NI 00U N AON-J000CAONDOOU R NO-1 111000\ C— =D AKX ——bD
ORI IND R CO~JUCO~IOOMNO—~J WIS~ INOD - P RN IO U BOOND S~ X RANDN I NCO DNIND—



US 2014/0163233 Al

Jun. 12,2014 Sheet 5 of 8

Patent Application Publication

S S S N S ] 0000 0000 00000000

............................

WP BN AN T-J00 I INI LD B
OV IO UL 1O—ONOAO—N LA IO BA\ONMNOUWIONOCOD
= IO U Pt OONTAO R P IOO~INO0ONNO~IWIO



US 2014/0163233 Al

Jun. 12,2014 Sheet 6 of 8

Patent Application Publication

S e O S T SOy N e T LT oS

[oploalo pTo At L e e o et Rt L L B o e e i [ o]

NI B B ACNONON I
bt U= B OO COND = U X e~ INO\DO = OOUIUNNOWUN
LANIOO R LICTNO= O It N~ QNI OO



Patent Application Publication  Jun. 12,2014 Sheet 7 of 8 US 2014/0163233 Al

1.0+ 0
0.8
g ~{1— device example 1
g - device example 2
:—‘? 0.6+ = comparative example
=
2
€ 0.4-
1 )
w
0.2
0.0 P g L TITYYYY
400 450 500 550 600 650 700

Wavelength (nm)

FIG. 7



Patent Application Publication  Jun. 12,2014 Sheet 8 of 8 US 2014/0163233 Al

5000
of Cl) &
4000 - / 1[ 0
- | /
o= £l
- 3000 - ! /
L
@ [
e 2000 4/ /
£ _
g ;—‘! d ]
3 /7
- 1000+ g &A 1:1/ —U=—device example 1
O Pl ’U{j{:‘ (== device example 2
0 (@? Aﬁ@'ﬁdﬂ —A—comparative example
0 2 4 6 8 10 12
Voltage (V)

FIG. 8



US 2014/0163233 Al

ELECTRON TRANSPORTING COMPOUNDS
AND ORGANIC ELECTROLUMINESCENT
DEVICES USING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to compounds com-
prising benzothiophene moieties linked to a fluoranthene
molecular skeleton and electroluminescent devices using the
same, and more particularly, to a compound comprising a
substituted or unsubstituted dibenzothiophene linked directly
to substituted or unsubstituted benzofluoranthene and an
electroluminescent device using the same.

[0003] 2. Description of Related Art

[0004] There has been an increasing interest in developing
novel organic materials that cater to organic light emitting
device (OLED) applications. Such devices are commercially
attractive because they offer the cost-advantageous fabrica-
tion of high density pixeled displays exhibiting brilliant lumi-
nance with long life times, high efficiency, low driving volt-
ages and wide color range.

[0005] A typical OLED comprises at least one organic
emissive layer sandwiched between an anode and a cathode.
When a current is applied, the anode injects holes and the
cathode injects electrons into the organic layer(s). The
injected holes and electrons each migrate toward the oppo-
sitely charged electrode. When an electron and hole localize
on the same molecule, an “exciton”, which is a localized
electron-hole pair having an excited energy state, is formed.
Light is emitted when the exciton relaxes through a photo-
emissive mechanism. To improve the charge transport capa-
bilities and also the luminous efficiency of such devices,
additional layers around the emissive layer, such as an elec-
tron transport layer and/or a hole transport layer, or an elec-
tron blocking and/or hole blocking layer(s) have been incor-
porated. Doping the host material with another material (i.e.,
guest) has been well demonstrated in literature to enhance the
device performance and to tune the chromaticity. Several
OLED materials and device configurations are described in
U.S. Pat. Nos. 4,769,292, 5,844,363, and 5707745, which are
incorporated herein by reference in their entirety.

[0006] Thereason for manufacturing an organic EL display
with a multi-layered thin film structure includes stabilization
of the interfaces between the electrodes and the organic lay-
ers. Inaddition, in organic materials, the mobility of electrons
and holes significantly differ, and thus, if appropriate hole
transportation and electron transportation layers are used,
holes and electrons can be efficiently transferred to the lumi-
nescent layer. Also, if the density of the holes and electrons
are balanced in the emitting layer, luminous efficiency can be
increased. The proper combination of organic layers
described above can enhance the device efficiency and life-
time. However, it has been very difficult to find an organic
material that satisfies all the requirements for use in practical
display applications.

[0007] Tris(8-hydroxyquinoline)aluminum (Alg,)is one of
the widely used electron transporting material; however, it
has an intense green emission and devices using the same
exhibits higher driving voltages. Therefore, it is crucial to find
an electron transporting molecule that has excellent proper-
ties compared to the conventional material in all practical
aspects, such as high efficiency, reduced driving voltage and
operational stability.
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[0008] Organic small molecules having imidazole groups,
oxazole groups and thiazole groups have been frequently
reported as materials for electron injection and transportation
layers, as described in the literature Chem. Mater. 2004, No.
16, p. 4556.

[0009] U.S.Pat.No. 5,645,948 and U.S. Pat. No. 5,766,779
discloses a representative material, 1,3,5-tris(1-phenyl-1H-
benzimidazol-2-yl)benzene (TPBI), for electron transporta-
tion having blue emission. TPBT has three N-phenyl benzimi-
dazole groups, in 1,3,5-substitution sites of benzene and
functions both as an electron transporting and an emitting
material. However, TPBI has lower operational stability.
[0010] U.S. Pat. No. 6,878,469 discloses a compound,
wherein the 2-phenyl benzimidazolyl group is linked to the
C-2, C-6 positions of anthracene framework.
US20080125593, KR20100007143 discloses electron trans-
porting materials comprising imidazopyridyl or benzimida-
zolyl groups in its molecular skeleton, exhibiting low driving
voltage and high efficiency. However, these materials also
lack operational stability.

[0011] Fluoranthene derivatives are well known in the art as
being useful as light emitting compounds, have been dis-
closed in JP2002069044, JP2005320286, US20070243411,
WO02008059713, W0O2011052186. U.S. Pat. No. 7,879,465
and U.S. Pat. No. 8,076,009 disclose the use of annulated
fluoranthene in the electron injection and electron transport
layers. However, these devices do not have all desired EL
characteristics in terms of high luminance, operational stabil-
ity and reduced driving voltage.

[0012] Dibenzothiophenes (DBT) are classified as chalco-
genophenes and are cheap and commercial available, which
has been reported to be one of the most abundant compounds
in gas oil. DBT has ahigh ionization potential (IP) and a large
band gap, which does not show have intense absorptions in
the visible region. Its co-planarity is favorable for intermo-
lecular interaction. KR20110085784 discloses ben-
zodithiophenes used in the light emitting devices. US
20120187381 discloses the use of azadibenzo moieties linked
to anthracene as electron transporting materials, and they still
need to improve in terms of stability and driving voltage.
[0013] Accordingly, there remains aneed to develop a com-
pound for use in an organic light emitting device that can
overcome the above drawbacks.

SUMMARY OF THE INVENTION

[0014] An object of the present invention is to provide a
compound for use in an electron transport layer or a light
emitting layer of an organic light emitting device to provide
the device with high luminous efficiency, longer lifetime and
low driving voltage, and an electroluminescent device using
the same.

[0015] The present invention provides a benzothiophene
linked to a fluoranthene molecular skeleton having the fol-
lowing Formula (I):

Formula I
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[0016] wherein X and Y independently represents an aro- _continued
matic or a hetero aromatic hydrocarbon having a carbon
number of from 5 to 10, and

[0017] Ar, toAr, each independently represents an unsub- Formula VI
stituted or substituted aromatic hydrocarbon having a carbon
number of from 4 to 12, or an unsubstituted or substituted
condensed polycyclic aromatic hydrocarbon having a carbon
number of from 4 to 12; Ar, to Ar, can form an annulated or
fused aromatic ring system with the adjacent aromatic hydro-
carbons.

[0018] In one embodiment, the compound has a formula
selected from the group consisting of Formula (IT) to Formula
(X1I):

Formula [T

Formula VII

R,

Formula VIII

Formula IX

Formula V
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-continued

Formula X
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Formula XI

R3

R

Formula XII

Formula XIII

wherein X and Y independently represents an aromatic or a
hetero aromatic hydrocarbon having a carbon number of from

Jun. 12,2014

5to 10, and R, to R, are independently selected from the
group consisting of hydrogen, deuterium, alkyl, alkoxy,
amino, silyl, cyano, aryl, and heteoaryl.

[0019] Inone embodiment, X and Y are selected from the
group consisting of phenyl, 2-tolyl, 3-tolyl, 4-tolyl, 4-pyridyl,
1-naphthyl, and 2-naphthyl.

[0020] The present invention further provides a process for
producing a compound represented by a formula selected
from the group consisting of Formulae (II) to (XIII).

[0021] Inoneembodiment, the compound represented by a
formula selected from the group consisting of Formulae (I1)
to (XIII) is capable of being made into an amorphous thin film
for organic electroluminescent devices, by means of a
vacuum deposition method or a spin coating method.

[0022] The present invention further provides an organic
electroluminescent device that utilizes a compound repre-
sented by a formula selected from the group consisting of
Formulae (1) to (XIII).

[0023] In one embodiment, the compound is used in an
electron transport layer or an electron injection layer as a
single material or in combination with an n-type dopant mate-
rial.

[0024] In another embodiment, the compound is used in
one selected from the group consisting of a light emitting
layer, a hole block layer and an electron block layer.

[0025] Ina further embodiment, the compound is used ina
light emitting layer used in combination with a fluorescent or
a phosphorescent emitter.

[0026] Inoneembodiment, the organic electroluminescent
device is one of a fluorescent organic electroluminescent
device and a phosphorescent organic electroluminescent
device.

[0027] Organic electroluminescent devices of the present
invention exhibit a longer lifetime and better thermal stability
with high efficiency and low driving voltage. In addition, by
using the organic compounds of the present invention, it
becomes possible to provide an organic electroluminescent
device which can emit white light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The objects, spirits, and advantages of the preferred
embodiments of the present invention will be readily under-
stood by the accompanying drawings and the detailed
descriptions, wherein:

[0029] FIG. 1 is a cross-sectional view illustrating an
organic light emitting according to an embodiment of the
present invention;

[0030] FIG. 2 is a cross-sectional view illustrating an
organic light emitting device according to another embodi-
ment of the present invention;

[0031] FIG. 3 is a cross-sectional view illustrating an
organic light emitting device according to yet another
embodiment of the present invention;

[0032] FIG. 4 shows the "H-NMR spectrum of Compound
Al;

[0033] FIG. 5 shows the "H-NMR spectrum of Compound
A2;

[0034] FIG. 6 shows the "H-NMR spectrum of Compound
A5,

[0035] FIG. 7 shows the electroluminescent spectrum of an
organic electroluminescent device according to the present
invention; and
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[0036] FIG. 8 shows the plot of luminance against current
density of the organic electroluminescent device according to
the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0037] The detailed description of the present invention is
illustrated by the following specific examples. Persons skilled
in the art can conceive the other advantages and effects of the
present invention based on the disclosure contained in the
specification of the present invention.

[0038] A compound for an organic electroluminescent
device according to this invention is represented general For-
mula (T). Preferably, the compound of Formula (I) is one of
compounds represented by Formula (1) to (XIII).

[0039] In the Formula (IT) to (XIII), X and Y represents an
aromatic or a hetero aromatic hydrocarbon having carbons
from C5 to C10; X and Y may be the same or different; X and
Y may be selected from a group consisting of phenyl, tolyl,
pyridyl, naphthyl. R1 to R7 are independently selected from
the group consisting of hydrogen, deuterium, alkyl, alkoxy,
amino, silyl, cyano, aryl, heteoaryl.

[0040] Preferable examples of the compounds represented
by the aforementioned Formula (II) to (XIII) are shown below
(A1-A24; B1-B24; C1-C24; D1-D24; E1-E24; F1-F24;
G1-G24; H1-H24) but not limited to.
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-continued
H24

[0041] Various arylated fluoranthene derivatives may be
prepared by following similar literature procedures given in
Journal of the American Chemical Society 1949, vol. 71 (6),
p- 1917; Journal of Nanoscience and Nanotechnology 2008,
8(9), p. 4787.

[0042] Various dibenzothiophene derivatives may be pre-
pared by following the procedures given in the literature cited
elsewhere.

[0043] One of the typical synthetic schemes to synthesize
one of the exemplary Compounds A2 is given below:

B(OH),
_—
Pd(PPh3)4/K>CO;
g Toluene/EtOH/H,O
n-BuLi/THF@ -78° C.;
O (MeO);B
N

2
R

O Pd(PPh3)y/K>CO;
S

B(OH), Toluene/EtOH/H,0O

(

J
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A2

[0044] The compound represented by formula (1) as previ-
ously described may be included in an organic layer of an
organic electroluminescent device (EL), according to one
embodiment of the present invention. Therefore the organic
electroluminescent device of the present invention has at least
one organic layer disposed between an anode and a cathode
piled one upon another on a substrate, wherein the organic
layer comprises a compound represented by the formula (I) as
described earlier. As described herein, the organic layer may
be an emitting layer, a hole bock layer, an electron transport
layer, an electron injection layer or a hole transport layer. The
organic layer including the compound represented by the
formula (I) may preferably be included in the electron trans-
port/injection layer, and in combination with electrically
injecting dopants (n/p type).

[0045] Electrically conducting (i.e., n/p type) dopants to be
used in the electron transport layer are preferably organic
alkali/alkaline metal complexes, oxides, halides, carbonates,
phosphates of alkali/alkaline group metals containing at least
one metal selected from lithium and cesium. Such organic
metal complexes are known in the aforementioned patent
documents and elsewhere and a suitable complex can be
selected from them and used in this invention.

[0046] The content of the aforementioned electrically
injecting dopant in the electron transport/electron injection
layer is preferably in the range of 25 wt % to 75 wt %.
[0047] Further, the compound represented by any of for-
mula (I) may be included in the layer between emitting layer
and electron transport layer. The emitting layer may include
fluorescent and phosphorescent dopants and their corre-
sponding fluorescent and phosphorescent host emitters,
respectively.

[0048] Furthermore, the compounds represented by any of
formulae (I) to (XIII) may be used in an electron injecting/
transporting layer or hole blocking layer and/or electron
blocking layer.

[0049] The structure of the organic electroluminescent
device of this invention will be explained with reference to the
drawing, but not limited thereto.

[0050] FIG. 1 is a schematic view showing an organic light
emitting device according to an embodiment of the present
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invention. An organic light emitting device 100 includes a
substrate 110, an anode 120, a hole injection layer 130, a hole
transport layer 140, an emissive layer 150, an electron trans-
port layer 160, an electron injection layer 170, and a cathode
180. The organic light emitting device 100 may be fabricated
by depositing the layers described in order. FIG. 2 a schematic
view showing an organic light emitting device according to
another embodiment of the present invention, which is similar
to that of FIG. 1. However, in the organic light emitting device
of FIG. 2, an exciton 245 is interposed between a hole trans-
port layer 240 and a light emitting layer 250. FIG. 3, which is
schematic view showing an organic light emitting device
according to yet another embodiment of the present inven-
tion, is also similar to FIG. 1, except for an exciton block layer
355 interposed between a light emitting layer 350 and an
electron transport layer 360.

[0051] Materials used in hole injection layer, hole transport
layer, electron blocking layer, hole blocking layer, light emit-
ting layer, electron injecting layer may those conventionally
used. For example, an electron-transporting material for
forming the electron-transporting layer differs from that for
forming the light emitting layer, and has hole-transporting
properties, so as to facilitate hole mobility in the electron-
transporting layer, and to prevent accumulation due to the
difference in ionization potential between the light emitting
layer and the electron-transporting layer.

[0052] Inaddition, U.S.Pat. No. 5,844,363 discloses a flex-
ible and transparent substrate-anode combination. An
example of a p-doped hole transport layer is m-MTDATA
doped with F,-TCNQ at a molar ratio of 50:1, as disclosed in
US Patent Application Publication No. 20030230980. An
example of an n-doped electron transport layer is BPhen
doped with Li at amolar ratio of 1:1, as disclosed in US Patent
Application Publication No. 20030230980. U.S. Pat. Nos.
5,703,436 and 5,707,745 disclose examples of cathodes
including compound cathodes having a thin layer of metal
such as Mg:Ag with an overlying transparent, electrically-
conductive, sputter-deposited ITO layer. The theory and use
of blocking layers is described in U.S. Pat. No. 6,097,147 and
US Patent Application Publication No. 20030230980, which
are incorporated by reference in their entireties. Examples of
injection layers are provided in US Patent Application Pub-
lication No. 20040174116. A description of protective layers
may be found in US Patent Application Publication No.
20040174116.

[0053] Structures and materials not specifically described
may also be used, such as OLEDs comprised of polymeric
materials (PLED) such as disclosed in U.S. Pat. No. 5,247,
190. Further, OLEDs having a single organic layer may be
used. OLEDs may be stacked as described in U.S. Pat. No.
5,707,745.

[0054] Unless otherwise specified, any of the layers of the
various embodiments may be deposited by any suitable
method. For the organic layers, preferred methods include
thermal evaporation, ink-jet, such as described in U.S. Pat.
Nos. 6,013,982 and 6,087,196, organic vapor phase deposi-
tion (OVPD), such as described in U.S. Pat. No. 6,337,102,
and deposition by organic vapor jet printing (OVIP), such as
described in U.S. patent application Ser. No. 10/233,470.
Other suitable deposition methods include spin coating and
other solution-based processes. Solution-based processes are
preferably carried out in nitrogen or an inert atmosphere. For
the other layers, preferred methods include thermal evapora-
tion. Preferred patterning methods include deposition
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through a mask, cold welding such as described in U.S. Pat.
Nos. 6,294,398 and 6,468,819, and patterning associated with
deposition methods such as ink-jet and OVID. Certainly,
other methods may be used. The materials to be deposited
may be modified to make them compatible with a particular
deposition method.

[0055] An organic electroluminescent device of this inven-
tion is applicable to a single device, a device with its structure
arranged in array, or a device having the anode and the cath-
ode arranged in an X-Y matrix. The present invention signifi-
cantly improves luminous efficiency and driving stability of
an organic electroluminescent device over the conventional
devices, when used in combination of phosphorescent
dopants in the light emitting layer, and furthermore the
organic electroluminescent device of the present invention
can perform better when applied to full-color or multicolor
panels.

EXAMPLES

[0056] This invention will be described in more detail
below with reference to the examples; however, it will not be
limited to these examples.

Synthesis Example 1

Synthesis of Compound A1

[0057] 3-bromo-7,12-diphenylbenzo[k]fluoranthene (6 g)
and 4-dibenzothiophenyl boronic acid (3.2 g) were stirred
together in 30 ml of toluene. 0.06 g of tetrakis(triphenylphos-
phine)palladium, 6.0 g of potassium carbonate and 15 ml of
aqueous ethanol were added thereto, and refluxed under nitro-
gen for 6 h. The reaction was quenched with water. and the
toluene layer was removed and passed through a celite col-
umn.

[0058] The organic layers were combined and then evapo-
rated in a rotary evaporator under vacuum to yield compound
Al as a light yellow solid.

[0059] Compound Al showed a melting point of 307° C.
and a glass transition temperature of 176° C.

[0060] The major UV absorption peaks of Compound Al
were 313 nm, 394 nm, and 417 nm.

[0061] Thephotoluminescence spectrum of Compound A 1
showed an emission at 435 nm.

[0062] 'H-NMR spectrum of Compound Al is shown in
FIG. 4
[0063] 'HNMR (CDCL, 8):8.21 (dd, 1H) =8.20 (dd, 1H);

7.72-7.57 (m, 14H); 7.56-7.54 (m, 3H); 7.48 (d, 1H); 7.45-7.
41 (m, 3H); 7.27-7.23 (m, 1H); 6.74 (d, 1H): 6.65 (d, 1H).

Synthesis Example 2

Synthesis of Compound A2

[0064] 2-bromo-dibenzo[b,d]thiophene (10 g), phenylbo-
ronic acid (5.1 g) tetrakis(triphenylphosphine)palladium (2.2
g) and potassium carbonate (18.38 g) were refluxed in a
mixture of toluene (110 mL), ethanol (20 mL) and water (90
mL) overnight. The reaction was quenched with water and the
toluene layer was removed and passed through a celite col-
umn and the toluene layer was evaporated in a rotary evapo-
rator to yield 5.2 g 2-phenyl-dibenzo[b,d]thiophene. 2-phe-
nyldibenzo[b,d]thiophene (5.2 g) was dissolved in anhydrous
tetrahydrofuran (50 mL) under nitrogen atmosphere, and the
solution was then cooled to -78° C. 20.0 mL of n-butyl
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lithium (1.6 M solution) was added dropwise into the reaction
mixture, and continuously stirred to equilibriate to room tem-
perature. The reaction mixture was then cool to =60° C., and
trimethyborate (5.67 mL) was added and the reaction was
allowed to stir overnight. The reaction was then quenched
with 20% aqueous hydrochloric acid, and extracted the
organic layer with ethyl acetate; ethyl acetate layer was then
washed thoroughly with water and dried over anhydrous
sodium sulfate, and was evaporated to dryness to yield 4.2 g
of 8-phenyldibenzo|[b,d]thiophene-4-boronic acid.

[0065] 3-bromo-7,12-diphenylbenzo[k]fluoranthene,
(4.63 g), prepared by procedures known in the art, and 8-phe-
nyl dibenzo[b,d]thiophene-4-boronic acid (3.5 g) were stirred
together in 50 ml of toluene. 0.553 g of tetrakis(triph-
enylphosphine)palladium, 4.62 g of potassium carbonate,
and 50 mL of aqueous ethanol were added thereto, and
refluxed under nitrogen. The reaction was monitored by thin
layer chromatography for 6 h. The reaction was quenched
with water and the toluene layer was further extracted with
water and was passed through a silica gel column chromatog-
raphy. The organic layers were combined and then evaporated
in a rotary evaporator under vacuum to yield 3.5 g of Com-
pound A2 as a yellow-white solid.

[0066] Compound A2 did not show any observable melting
point. Compound A2 showed a uv-vis absorption peaks at
395, 417 nm, and its photoluminescence in tetrahydrofuran
showed an emission peak at 440 nm.

[0067] 'H-NMR of compound A2 is shown in FIG. 5.
[0068] H NMR (CDCl,, §): 8.45-8.39 (m, 1H); 8.25 (dd,
1H); 7.83-7.56 (m, 17H); 7.51-7.36 (m, 8H); 7.27-7.24 (m,
1H); 6.73 (d, 1H); 6.63 (d, 1H).

Synthesis Example 3

Synthesis of compound A5

[0069] 2,8-dibromo-dibenzo[b,d]thiophene (14 g), phenyl-
boronic acid (11.0 g) tetrakis(triphenylphosphine)palladium
(3.8 g) and potassium carbonate (20 g) were refluxed together
in a mixture of toluene (110 mL), ethanol (20 mL) and water
(90 mL) overnight. The reaction was quenched with water
and the toluene layer was removed and passed through a celite
column and the toluene layer was evaporated in a rotary
evaporator 1o yield 6.0 g 2.8-diphenyl-dibenzo[b,d]
thiophene.

[0070] 2,8-diphenyldibenzo[b,d]thiophene (6.0) was dis-
solved in anhydrous tetrahydrofuran (80 mL.) under nitrogen
atmosphere and the solution was then cooled to =78 C. 20.0
mL of n-butyl lithium (1.6 M solution) was added dropwise
into the reaction mixture and continuously stirred to equili-
brate to room temperature. The reaction mixture was then
cool to -60° C. and trimethyborate (5.67 mL) was added and
the reaction was allowed to stir overnight. The reaction was
then quenched with 20% aqueous hydrochloric acid, and
extracted the organic layer with ethyl acetate; ethyl acetate
layer was then washed thoroughly with water and dried over
anhydrous sodium sulfate, and was evaporated to dryness to
vield 4.5 g of 2,8-diphenyldibenzo[b,d]thiophene-4-boronic
acid.

[0071] 3-bromo-7,12-diphenylbenzo[k]fluoranthene, (3.8
), prepared by procedures known in the art, and 2,8-diphe-
nyldibenzo[b,d]thiophene-4-boronic acid (3.5 g) were stirred
together in 50 ml of toluene. 0.5 g of tetrakis(triphenylphos-
phine)palladium, 3.8 g of potassium carbonate, and 50 mL of
aqueous ethanol were added thereto, and refluxed under nitro-
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gen. The reaction was monitored by thin layer chromatogra-
phy for 6 h. The reaction was quenched with water and the
toluene layer was further extracted with water and was passed
through a silica gel column chromatography. The organic
layers were combined and then evaporated in a rotary evapo-
rator under vacuum to yield 3.0 g of Compound A5 as a
yellow solid.

[0072] Compound AS showed a glass transition tempera-
ture of 194° C. Compound AS showed a uv-vis absorption
peaks at 397, 419 nm, and its photoluminescence in tetrahy-
drofuran showed an emission peak at 446 nm.

[0073] 'H-NMR of compound A5 is shown in FIG. 6.

[0074] 'H NMR (CDCl,, d): 8.46-8.42 (m, 2H); 7.807.56
(m, 20H); 7.51-7.36 (m, 9H); 7.29-7.24 (m, 1H); 6.74 (d, 1H);
6.63 (d, 1H).

Device Example 1

Fabrication of Organic Electroluminescent Device

[0075] Prior to use, the substrate was degreased with sol-
vents and cleaned in a UV ozone before it was loaded into the
evaporation system. The substrate was then transferred into a
vacuum deposition chamber for deposition of all other layers
on top of the substrate. By evaporation from a heated boat
under a vacuum of approximately 10~¢ Torr, the following
layers were deposited in the following sequence, as shown in
FIG. 2:

[0076]

[0077] D) a hole transporting layer, 110 nm thick, N,N'-
di-1-naphthyl-N,N'-diphenyl-4,4'-diaminobiphenyl
(NPB);

[0078] c) alight emitting layer, 30 nm thick, comprising
BH doped with 3% BD by volume; (BH and BD from
E-ray optoelectronics Tech Co. Ltd, Taiwan)

[0079] e)anelectrontransport layer, 15 nm thick, includ-
ing compound Al;

[0080]

[0081] g) a cathode: approximately 150 nm thick,
including Compound Al.

Device structure may be denoted as: ITO/HAT-CN (30 nm)/
NPB (110 nm)/BH-3% BD (30 nm)/Compound A1 (15 nm)/

LiF (1 nm)/ Al (150 nm).
. . "
NPB

a) a hole injecting layer, 30 nm thick, HAT-CN,

f) an electron injection layer, 1 nm thick, LiF; and
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-continued

[0082] After the deposition of these layers, the device was
transferred from the deposition chamber into a dry box for
encapsulation, and were subsequently encapsulated using an
UV-curable epoxy and a glass lid containing a moisture getter.
The organic EL has an emission area of 3 mm?. The organic
EL device thus obtained was connected to an outside power
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source, and upon application of direct current voltage, emis-
sion of light with the characteristics shown in Table 2 was
confirmed.

[0083] The EL characteristics of all the fabricated devices
were evaluated using a constant current source (KEITHLEY
2400 Source Meter, made by Keithley Instruments, Inc.,
Cleveland, Ohio) and a photometer (PHOTO RESEARCH
SpectraScan PR 650, made by Photo Research, Inc., Chat-
sworth, Calif.) at room temperature.

[0084] Operational lifetime (or stability) of the devices
were tested at the room temperature and at various initial
luminance depending on the color of the emitting layer, by
driving a constant current through the devices. The color was
reported using Commission Internationale de 1’Eclairage
(CIE) coordinates.

Device Example 2

Fabrication of Organic EL Device

[0085] Organic fluorescent EL device was fabricated simi-
lar to the layer structure as example 1, except that a n-dopant
of Lithium quinoate, Liq, is used with the compound A1 inthe
ratio of 1:1, in the electron transport layer. The device struc-
ture may be denoted as: ITO/HAT-CN (30 nm)/NPB (110
nm)/BH-3% BD (30 nm)/Liq doped Compound Al (15 nm)/
LiF (1 nm) Al (150 nm).

Comparative Example 1

Fabrication of Organic EL Device

[0086] Organic EL device was fabricated similar to the
layer structure as example 1, except that Alq; was used in
place of Compound Al in the electron transport layer. The
device structure may be denoted as: ITO/HAT-CN (30 nm)/
NPB (110 nm)BH-3% BD (30 nm)/Alq, (15 nm)/LiF (1
nm)/Al (150 nm).

[0087] Thepeak wavelength ofthe emitted light, maximum
luminance efficiency, driving voltage, and power efficiency of
the organic EL devices fabricated in the examples are shown
in Table 2. EL spectra of the device examples 1-2 are shown
in FIG. 7, and a plot of voltage versus luminance is shown in
FIG. 8.

TABLE 2

Max. luminance

Driving Peak efficiency
voltage Wavelength (cd/A) Tso@Lo=
%] (nm) @ 10 mA/cm? 1000 nits
Device 7.31 468 8.77 990
Example 1
Device 3.37 468 10.31 11339
Example 2
Comparative 5.53 468 9.90 5637
Example 1
INDUSTRIAL APPLICABILITY

[0088] As described above in detail, the organic EL device

in which the material for the EL device of the present inven-
tion is used is extremely practical because it has high lumi-
nous efficiency, high thermal stability, sufficiently low driv-
ing voltage and long lifetime. Therefore, the organic EL
device of this invention is applicable to flat panel displays,
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mobile phone displays, light sources utilizing the character- _continued
istics of planar light emitters, sign-boards and has a high
technical value.

[0089] Although the invention has been disclosed and illus-
trated with reference to particular embodiments, the prin-
ciples involved are susceptible for use in numerous other
embodiments that will be apparent to persons skilled in the
art. This invention is, therefore, to be limited only as indicated
by the scope of the appended claims.

Formula IV

1. A compound of formula (I):

Formula I

Formula V

wherein X and Y independently represents an aromatic or
a hetero aromatic hydrocarbon having a carbon number
of from 5 to 10, and
Ar, to Ar, each independently represents an unsubstituted
or substituted aromatic hydrocarbon having a carbon
number of from 4 to 12, or an unsubstituted or substi-
tuted condensed polycyclic aromatic hydrocarbon hav-
ing a carbon number of from 4 to 12, or Ar, to Ar,
optionally form an annulated or fused aromatic ring
system with the adjacent aromatic hydrocarbons.
2. The compound of claim 1, which is a compound of a
formula selected from the group consisting of Formula (II) to
Formula (XIII):

Formula [T

Formula VIII
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-continued

Formula IX

Formula X

Formula XI

R;

Ry

Formula XII
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-continued

Formula XIIT

wherein X and Y independently represents an aromatic or
a hetero aromatic hydrocarbon having a carbon number
of from 5to 10, and R, to R, are independently selected
from the group consisting ofhydrogen, deuterium, alkyl,
alkoxy, amino, silyl, cyano, aryl, and heteoaryl.

3. The compound of claim 1, wherein X and Y are selected
from the group consisting of phenyl, 2-tolyl, 3-tolyl, 4-tolyl,
4-pyridyl, 1-naphthyl, and 2-naphthyl.

4. A process for producing a compound represented by a

formula selected from the group consisting of Formulae (I1)
to (XIII).

5. The process of claim 4, wherein the compound is
adapted to be made into an amorphous thin film for organic
electroluminescent devices, by means ofa vacuum deposition
method or a spin coating method.

6. An organic electroluminescent device that utilizes a
compound represented by a formula selected from the group
consisting of Formulae (II) to (X1II).

7. The organic electroluminescent device of claim 6,
wherein the compound is adapted to be a material in an
electron transport layer or an electron injection layer as a
single material or in combination with an n-type dopant mate-
rial.

8. The organic electroluminescent device of claim 6,
wherein the compound is adapted to be a material in one
selected from the group consisting of a light emitting layer, a
hole block layer and an electron block layer.

9. The organic electroluminescent device of claim 6,
wherein the compound is adapted to be a material in a light
emitting layer used in combination with a fluorescent or a
phosphorescent emitter.

10. The organic electroluminescent device of claim 6,
which is one of a fluorescent organic electroluminescent
device and a phosphorescent organic electroluminescent
device.
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