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(57) Abstract: The present invention relates to an organic electroluminescent compound and a display device using the same. The
electroluminescent compound according to the present invention has good luminous efficiency and excellent lifetime of the material,
so that an OLED device having very good operation lifetime can be prepared.
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[DESCRIPTION]
[Invention Title]
ORGANIC ELECTROLUMINESCENT COMPOUNDS AND DISPLAY DEVICE

CONTAINING THE SAME

[Technical Field]
The present invention relates to novel organic
electroluminescent compound represented and a display device

comprising the same.

[Background Art]

The most important factor to develop an organic
electroluminescent (EL) device having high efficiency and long
lifetime 1is development of an electroluminescent material
having high performances.

In case of Dblue luminescence, it becomes advantageous
from the aspect of the luminous efficiency, if the 1light
emitting wavelength is shifted a little toward long wavelength.
However, it is not easy to apply the material to a display of
high quality because of unsatisfactory pure blue color. In
addition, there are problems of color purity, efficiency and
thermal stability.

For blue materials, a number of materials have been
developed and commercialized since the development of DPVBi

(Compound a) was disclosed in European Patent Laid-Open



10

15

WO 2009/066814 PCT/KR2007/005942

Publication No. 1063869 by Idemitsu-Kosan Company Limited. The
distryl compound system by Idemitsu-Kosan, which has been
known to have highest efficiency up to now, has 6 1lm/W of
power efficiency and beneficial device lifetime of more than
30,000 hr. However, when 1t is applied to a full-colored
display, owing to the reduction of color purity over driving

time, the lifetime is merely several thousand hours.

[Compound a]

In the meanwhile, dinaphthylanthracene compounds
(Compound b) disclosed in US Patent No. 6,465,115 by Kodak are
compounds claimed as HTL substances, which have been also
utilized as blue electroluminescent compounds. However, those
compounds have problems to be solved in view of luminous
efficiency and color purity.

[Compound b]
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Recently, the electroluminescent derivatives (Compound c)
within the similar scope of compound b have been disclosed in
W02006/25700 by LG Chem. However, compound ¢ also has
limitations in luminous efficiency and color purity.

[Compound c]

In the meanwhile, as a green fluorescent material, a
system wherein a coumarine derivative (Compound d, C545T), a
quinacridone derivative (Compound e), DPT (Compound f) or the
like is doped to Algq (a host), as a dopant, in a concentration
from several % to not more than 20 % has been developed and
widely used. However, the conventional electroluminescent

materials suffer from significant problem in view of lifetime
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with noticeable reduction of initial efficiency, though they
show good performance in view of initial luminous efficiency
at the 1level of practical use. Thus, the materials have
limitations to be employed for a high performance panel of
larger screen.

It has been reported that this is resulted from short
life of cationic species of Alg which was used as a host. 1In
order to overcome the problem, development of a host with
amphoteric property, which simultaneously has stability to
cationic species and anionic species, is very urgent.

[Compound d]

[Compound e]

[Compound f]
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[Disclosure]
[Technical Problem]

The object of the present invention is to overcome the
problems as described above, and to provide electroluminescent
compounds having noticeably improved properties of the host
which serves as a solvent or an energy carrier in the
electroluminescent material, as compared to those of the
conventional materials. In addition, the object of the present
invention 1is to provide a blue or green electroluminescent
material with improved luminous efficiency and lifetime of the
device, and an organic electroluminescent device comprising

the same.

[Technical Solution]

The present invention relates to organic
electroluminescent compounds represented by Chemical Formula
1:

[Chemical Formula 1]

wherein R1 to R3 independently represent phenyl group or
Cl0~C20 fused multi-cyclic aromatic ring, and the phenyl group

or Cl0~C20 fused multi-cyclic aromatic ring of R1 to R3 may be
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further substituted by C1~C20 alkyl group, C1~C20 alkoxy group,
halogen, C5~C7 cycloalkyl group, phenyl group or a fused
multi-cyclic aromatic group: and a display device using the
same.

The electroluminescent materials mentioned in the present
invention include, in a broad sense, any material employed as
the organic substance in an organic electroluminescent device
comprised of a first electrode, a second electrode and an
organic substance interposed between the first and the second
electrode; while they imply, 1in a narrow sense, what 1is
applied to an electroluminescent host which serves as an
electroluminescent medium in an electroluminescent layer.

In the compound represented by Chemical Formula 1
according to the present invention, Rl through R3 are
independently selected from the group consisting of phenyl,
naphtyl, anthryl, fluorenyl, phenanthryl, fluorancenyl,
pyrenyl, perylenyl or naphthacenyl; and phenyl, naphthyl,
anthryl, fluorenyl, phenanthryl, flurorancenyl, pyrenyl,
perylenyl and naphthacenyl are optionally substituted by
Cl~C20 alkyl groups, Cl~C20 alkoxy groups, halogen atoms,
C5~C7 cycloalkyl groups, phenyl group, or a fused multicyclic
aromatic group. The organic electroluminescent compounds
represented by Chemical Formula 1 according to the present
invention can be represented by the following formulas, but

these formulas cannot 1limit the scope of +the ©present
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The present invention also provides an organic

electroluminescent device comprised of a first electrode; a

second electrode; and one or more organic layer(s) interposed
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between the first electrode and the second electrode, wherein
the organic layer comprises one or more compound (s)
represented by Chemical Formula 1:

[Chemical Formula 1]

wherein R1 to R3 independently represent phenyl group or
Cl0~C20 fused multi-cyclic aromatic ring, and the phenyl group
or Cl0~C20 fused multi-cyclic aromatic ring of R1 to R3 may be
further substituted by C1~C20 alkyl group, C1~C20 alkoxy group,

10 halogen, C5~C7 cycloalkyl group, phenyl group or a fused
multi-cyclic aromatic group.

The organic electroluminescent (EL) device according to
the present invention 1is characterized in that the organic
layer comprises EL region which comprises one or more EL

15 dopant with one or more compound(s) represented by Chemical
Formula (1) as an EL host. The EL dopants applied to the
organic EL device of the present invention are not
particularly restricted, but exemplified by the compounds
represented by one of Chemical Formulas 2 to 4:

20 [Chemical Formula 2]
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[Chemical Formula 3]

Ar, Ar ¢
\ /
N— Ary—C=C—Arn—N
A / H H N
rg Ar g

[Chemical Formula 4]

In the Chemical Formula 3 and the Chemical Formula 4, Arl
and Ar2 are independently indenofluorene, fluorene or spiro-

fluorene, represented by following chemical formulas:

Ry Rz

o LS
O GO 0

wherein R11 to R16 are independently selected from the
group consisting of C1~C20 alkyl, and phenyl or naphthyl with
or without C1~C5 alkyl substituent(s); and

Ar3 to Ar6 are independently selected from C5~C20
aromatic or multi-cyclic aromatic ring; provided that Arl and

Ar2 are identical, Ar3 and Ar5 are identical, and Ar4 and Aré6
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are identical.

H represents Di or ‘

Ra4
SN
A and B independently represent a chemical bond, or Res
RZG
avs
or Ras ;

R17 and R18 independently represent an aromatic ring or a
multi-cyclic aromatic ring wherein two or more aromatic rings
have been fused;

R19 to R22 independently represent a linear or branched
Cl1~C20 alkyl group with or without halogen substituent (s);

R23 to R26 independently represent hydrogen or an
aromatic group; and

Ar7 to Arl0 independently represent an aromatic ring or a
multi-cyclic aromatic ring wherein two or more aromatic rings
have been fused.

The compounds of Chemical Formula 3 or Chemical Formula 4
may be specifically exemplified by compounds represented by

one of the following formulas:

£
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wherein, R19 to R22 represent methyl group or ethyl group.
The green EL compounds can be exemplified by the

compounds represented by one of Chemical Formulas 5 to 7:

5 [Chemical Formula 5]
O
!
S
N o 0

Rae Roz
_N
WO
.R
N 32
Rog R34

Rae Ra7 Ra
N N.
L
10 Ras

In the Chemical Formula 6 and the Chemical Formula

7, R27 and R28 independently represent a multicyclic aromatic

ring wherein two more aromatic rings have been fused; R29 to

15 R32 independently represent an aromatic ring; and each

aromatic ring of R27 to R32 may be further substituted by
C1~C20 alkyl group(s).

The compounds of Chemical Formula 6 and Chemical
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Formula 7 «can be specifically exemplified Dby compounds

represented by one of the following formulas:

oge

39
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[Description of Drawingsl

Fig. 1 shows luminous efficiency - current density
property of Comparative Example 1;

Fig. 2 shows current density - voltage property of a blue
OLED according to Example 9;

Fig. 3 shows luminous efficiency - current density
property of the blue OLED according to Example 9;

Fig. 4 shows luminous efficiency - luminance property of
a green OLED, to which conventional electroluminescent
material was applied, according to Comparative Example 2;

Fig. 5 shows luminous efficiency - current density

property of a green OLED according to Example 22;
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Fig. 6 shows luminous efficiency - current density
property of green OLEDs according to Example 22, Comparative
Example 3 and Comparative Example 4; and
Fig. 7 is a curve to compare color purity of green OLEDs

according to Example 22 and Comparative Example 2.

[Best Model

The present invention is further described with respect
to the ©process for preparing novel organic EL compounds
according to the present invention, by referring to Examples,
which are provided for illustration only but are not intended
to limit the scope of the invention by any means.

[Preparation Example] Preparation of Compound represented

by Chemical Formula 1
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-78 C, n-Buli
2) J\

B(OH),  Pd(PPh
O Br + | _Pd(PPh3)s Ry
O R3 reﬂux
9, i
O\B O R, + “ Pd(PPhg),, aliquat 336
o ? toluene, reflux
W, I
2

11
NTHE
R 4Bf 2) 78T, n-BuLi

1) THF
R,—Br 72y778C, n-Bulli

5
Ra
o9 g
Kl, NaH,PO,H,C
AcOH, reflux

Preparation of Compound 12

In a mixed solution of toluene:ethanol (2:1 v/v),

5 dissolved were O9-bromoanthracene (58.3 mmol), boronic acid

derivative (Compound 11, 70.0 mmol) and
tetrakis (triphenylphosphine) palladium (0) (Pd (PPh3)4) (5.8
mmol) . After adding aqueous 2M sodium carbonate solution

thereto, the resultant mixture was stirred under reflux at
10 120C for 5 hours. Then, the temperature was lowered to 25T,
and the reaction was quenched by adding distilled water.
Extraction with ethyl acetate, drying under reduced pressure,

and recrystallization from tetrahydrofuran and methanol gave
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Compound (12).

Preparation of Compound (13)

Under nitrogen atmosphere, dissolved were Compound (12)

(46.0 mmol) obtained as above and N-bromosuccinimide (50.6

mmol) in dichloromethane. The resultant solution was then
stirred at 25C for 5 hours. The reaction was quenched by
adding distilled water. Extraction with dichloromethane,

drying under reduced pressure, and recrystallization from

tetrahydrofuran and methanol gave Compound (13).

Preparation of Compound (2)

In carefully purified tetrahydrofuran, dissolved was
Compound (13) (39.0 mmol) obtained as above. The resultant
solution was chilled to -78C, and n-butyl lithium (1.6M in
hexane) (46.8 mmol) was slowly added thereto. After stirring
the mixture for 1 hour, added was 2-isopropoxy-4,4,5,5~
tetramethyl-1, 3,2-dioxaborolane (78.0 mmol). The temperature
was slowly raised to 25T, and the mixture was stirred for one
day. After quenching the reaction by adding distilled water,
the mixture was extracted with ethyl acetate and dried under
reduced pressure. Recrystallization from tetrahydrofuran and

methanol gave Compound (2).

Preparation of Compound (3)
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In toluene, dissolved were 2-chloro-9,10-anthraquinone

(29.7 mmol), Compound (2) (35.5 mmol),
tetrakis (triphenylphosphine) palladium (0) (Pd (PPh3)4) (3.0
mmol) and Aliquat 336 (3.0 mmol). After adding agqueous 2M

potassium carbonate solution thereto, the resultant mixture
was stirred under reflux for 3 hours. Then, the temperature
was lowered to 25C, and the reaction was quenched by adding
distilled water. Extraction with ethyl acetate, drying under
reduced pressure, and recrystallization from methanol and

tetrahydrofuran gave Compound (3).

Preparation of Compound (6)

To the bromo-compound (Compound 4 oOr 5) (54.3 mmol),
added was tetrahydrofuran, and the mixture was stirred at 25T
for 10 minutes to achieve complete dissolution. After chilling
to -72C, n-butyl lithium (2.5M in hexane) (65.1 mmol) was
slowly added dropwise. After 1 hour, Compound (3) (21.7 mmol)
was added thereto, and the temperature was slowly raised to
25TC. After stirring the reaction mixture for 26 hours,
saturated aqueous ammonium chloride solution was added thereto,
and the resultant mixture was stirred for 1 hour. Filtration
under reduced pressure, separation of organic layer, and

evaporation gave Compound (6).

Preparation of Compound (1)
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Compound (6) (21.7 mmol) obtained as above, potassium
icdide (KI) (86.8 mmol) and sodium phosphate monohydrate
(NaH2P02+ H20) (130.2 mmol) were dissolved in acetic acid, and
the solution was stirred under reflux for 21 hours. After
cooling the solution to 25C, water was added with stirring,
and the solid generated was filtered. The solid obtained was
washed sequentially with methanol, ethyl acetate and
tetrahydrofuran, to provide the target compound (1) as pale

ivory solid.

[Preparation Example 1] Preparation of Compound (101)

200 300 400 500

Preparation of Compound (300)

In a mixed solution of toluene (300 mL) and ethanol (150
ml), dissolved were 9-bromoanthracene (15.0 g, 58.3 mmol),
phenylboronic acid (Compound 200) (8.5 g, 70.0 mmol) and
tetrakis (triphenylphosphine) palladium (0) (Pd(PPh3)4) (6.7 g,
5.8 mmol). After adding aqueous 2M sodium carbonate solution

(145 mL) thereto, the resultant mixture was stirred under



10

15

20

25

WO 2009/066814 PCT/KR2007/005942
31

reflux at 120C for 5 hours. Then, the temperature was lowered
to 25C, and the reaction was quenched by adding distilled
water (150 mL). Extraction with ethyl acetate (200 mL), drying
under reduced pressure, and recrystallization from
tetrahydrofuran (20 mL) and methanol (300 mL) gave Compound

(300) (12.0 g, 47.2 mmol).

Preparation of Compound (400)

Under nitrogen atmosphere, Compound (300) (11.7 g, 46.0

mmol) and N-bromosuccinimide (9.0 g, 50.6 mmol) were dissolved

in dichloromethane (360 mL). The resultant solution was then
stirred at 25C for 5 hours. The reaction was quenched by
adding distilled water (300 ml) . Extraction with

dichloromethane (200 mL), drying under reduced pressure, and
recrystallization from tetrahydrofuran (20 mL) and methanol

(200 mL) gave the target compound (400) (13.0 g, 39.0 mmol).

Preparation of Compound (500)

In carefully purified tetrahydrofuran (200 mL), Compound
(400) (13.0 g, 39.0 mmol) was dissolved. The resultant
solution was chilled to -78TC, and n-butyl lithium (1.6M in
hexane) (29.3 mL, 46.8 mmol) was slowly added thereto. After
stirring the mixture for 1 hour, added was 2-1sSOpropoxy-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (15.9 mL, 78.0 mmol).

The temperature was slowly raised to 25C, and the mixture was
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stirred for one day. After quenching the reaction by adding
distilled water (200 mL), the mixture was extracted with ethyl
acetate (300 mL) and dried under reduced pressure.
Recrystallization from tetrahydrofuran (20 mL) and methanol

(200 mL) gave the target compound (500) (13.5 g, 35.5 mmol).

Preparation of Compound (600)

In toluene (300 mL), dissolved were 2-chloro-9,10-
anthraquinone (7.2 g, 29.7 mmol), Compound (500) (13.5 g, 35.5
mmol), tetrakis(triphenylphosphine) palladium (0) (Pd(PPh3)4)
(3.5 g, 3.0 mmol) and Aliquat 336 (1.4 mL, 3.0 mmol). After
adding aqueous 2M potassium carbonate solution (150 mL)
thereto, the resultant mixture was stirred under reflux for 3
hours. Then, the temperature was lowered to 25C, and the
reaction was quenched by adding distilled water (100 mL).
Extraction with ethyl acetate (200 mL), drying under reduced
pressure, and recrystallization from methanol (200 mL) and
tetrahydrofuran (50 mL) gave the target compound (600) (10.0 g,

21.7 mmol).

Preparation of Compound (700)

Tetrahydrofuran (250 mL) was added to 2-bromonaphthalene

(11.2 g, 54.3 mmol), and the mixture was stirred at 25C for 10

minutes to achieve complete dissolution. After chilling to -

72C, n-butyl lithium (2.5M in hexane) (26.0 mL, 65.1 mmol) was
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slowly added dropwise. After 1 hour, Compound (600) (10.0 g,
21.7 mmol) was added thereto, and the temperature was slowly
raised to 25T. After stirring the reaction mixture for 26
hours, saturated agqueous ammonium chloride solution was added
thereto, and the resultant mixture was stirred for 1 hour.
Filtration under reduced pressure, separation of organic layer,
and evaporation gave the target compound (700) (15.6 g, 21.7

mmol) .

Preparation of Compound (101)

Compound (700) (15.6 g, 21.7 mmol), potassium iodide (K1)
(14.4 g, 86.8 mmol) and sodium phosphate monohydrate
(NaH2PO2- H20) (13.8 g, 130.2 mmol) were dissolved in acetic
acid (250 mL), and the solution was stirred under reflux for
21 hours. After cooling the solution to 25T, water (400 mL)
was added with stirring, and the solid generated was filtered.
The solid obtained was washed sequentially with methanol (300
mL), ethyl acetate (100 mL) and tetrahydrofuran (50 mL), to
provide the target compound (101) (10.0 g, 68%) as pale 1ivory
solid.

'y NMR (CDC13, 200 MHz) & = 7.22 (m, 1H), 7.32-7.35 (m,
12H), 7.48-7.54 (m, 5H), 7.67-7.73 (m, 13H), 7.89 (m, 3H)

MS/FAB: 682 (found), 682.85 (calculated)

[Preparation Example 2~36]
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Organic EL compounds shown in Table 1 were prepared
according to the procedure described in Preparation Example 1.
The NMR data of each compound are shown in Table 2.

[Table 1]

F@reparation Compound R1 R? R3
| Ex. No.
T " ) R R =
1 101 1 L L
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. e o
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[Table 2]
Compound MS/FAB
oo 1H NMR(CDC13, 200 MHz) found | ealouiated]
§ 7.22(m, 1H), 7.32-7.35(m, 12H),
101 7.48-7.54(m, 5H), 7.67-7.73(m, 13H), | 682 682.85
7.89(m, 3H)
105 § 7.32(m, 12H), 7.54-7.57(m, 4H), | 55, 132 91
7.67-7.73(m, 16H), 7.88(m, 4H)
§ 1.67(s, 6H), 7.28-7.33(m, 12H)
103 ’ ’ ' | 798 799.01
7.54-7.77(m, 19H), 7.84-7.90(m, 5H) _
§ 7.32-7.38(m, 13H), 7.54-7.56(m
104 ’ ’ v 733 732.91
| 4H), 7.67-7.73(m, 16H), 7.86(m, 3H) N
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§ 7.22(m, 1H) 7.32-7.34(m, 12H), O
105 7.48-7.54(m, OH), 7.65-7.73(m, 13H), | 758 758.94
7.88(m, 3H)
o6 § 7.21(m, 1H) 7.32-7.54(m, 20H), | qgq 159 94
7.67-7.73(m, 14H), 7.90(m, 3H)
§ 7.28-7.34(m, 15H), 7.48-7.54(m
107 ‘ ' r | 758 758. 94
7H), 7.68-7.74(m, 13H), 7.87(m, 3H)
§ 7.24(m, 2H) 7.33-7.34(m, 14H),
108 7.48-7.54(m, TH), 7.66-7.73(m, 16H), | 834 835.04
- 7.89(m, 3H)
109 § 7.30-7.33(m, 12H), 7.52-7.54(m, | g4q 809,00
8H), 7.67-7.74(m, 16H), 7.86(m, 3H)
10 § 7.32-7.38(m, 15H), 7.54(m, 4H), | gq, 809,00
7.67-7.75(m, 17H), 7.88(m, 4H)
11 § 7.28-7.32(m, 14H), 7.54-7.56(m, | gq 809,00
6H), 7.67-7.74(m, 16H), 7.91(m, 4H)
10 § 7.32-7.38(m, 13H), 7.52-7.55(m, | g1 505,00
8H), 7.65-7.75(m, 16H), 7.87(m, 3H)
113 § 1.68(s, 12H) 7.28-7.38(m, 13H), | g1, 615 05
7.48-7.77(m, 16H), 7.84-7.90(m, 5H)
114 § 1.67(s, 12H) 7.28-7.35(m, 12H), | g4 665 11
7.54-7.77(m, 18H), 7.84-7.90(m, 6H)
15 § 7.22-7.32(m, 15H), 7.48-7.54(m, | g, -
7H), 7.65-7.75(m, TH), 7.89(s, 1H)
§ 7.22(m, 2H) 7.32-7.35(m, 12H), |
116 7.49-7.55(m, 6H), 7.65-7.72(m, 10H), | 633 632.79
7.88(s, 2H)
§ 7.21(m, 1H) 7.32-7.40(m, 14H),
117 7.45-7.55(m, 5H), 7.63-7.67(m, 13H), | 683 682.85
7.87(s, 1H)
18 & 7.30-7.38(m, 14H), 7.54(m, 4H), | 55, —
7.63-7.73(m, 16H), 7.89(s, 2H)
119 § 7.22-7.32(m, 15H), 7.48-7.54(n, | 5, 134,99
15H), 7.67-7.73(m, 7H), 7.86(s, 1H)
-
§ 7.20(m, 2H) 7.32(m, 12H), 7.46-
120 7.56(m, 14H), 7.65-7.74(m, 10H), | 784 784.98
7.89(m, 2H)
_ .
o1 § 7.20-7.38(m, 17H), 7.44-7.54(m, | 55, 13492
B 11H), 7.67-7.70(m, 9H), 7.89(s, 1H)
92 § 7.22-7.34(m, 21H), 7.46-7.53(m, | go¢ 687 11
i 11H), 7.66-7.74(m, 13H), 7.85(s, 1H)
123 § 7.28-7.32(m, 19H), 7.50-7.54(m, | 55, 34,92
11H), 7.65-7.67(m, 7H), 7.88(s, 1H)
o4 § 7.20(m, 1H) 7.32-7.35(m, 12H), | gs, 835 04
7.46~7.54(m, 13H), 7.65-7.72(m, 13H),
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7.90 (m, 3H)
§ 7.32-7.44(m, 18H), 7.54(m, A4H)
125 ' ’ ’ ' | 886 885.10
7.67-7.70 (m, 18H), 7.88(s, 4H)
§ 7.28-7.32(m, 17H), 7.48-7.54(m
126 ’ ' | 834 835.04
9H), 7.67-7.73(m, 13H), 7.87(m, 3H)
197 § 1.67(s, 6H) 7.22-7.33(m, 13H), | 5,4 48,95
7.48-7.73(m, 17H), 7.84-7.90(m, 4H) |
§ 1.68(s, 6H), 7.28-7.38(m, 12H)
128 ’ ' ' r | 798 799.01
7.55-7.73(m, 19H), 7.84-7.90(m, 5H)
§ 1.67(s, 12H) 7.21-7.38(m, 12H)
129 ’ ’ r | 864 865.11
7.55-7.73(m, 18H), 7.85-7.91(m, 6H)
130 6§ 1.67(s, 6H), 7.32-7.38(m, 13H), | 5qg 199 .01
7.54-7.74(m, 19H), 7.84-7.93(m, 4H) r
§ 1.68(s, 6H) 7.23-7.40(m, 13H),
131 7.48-7.60(m, 10H), 7.67-7.77(m, 11H), | 824 825.04
7.85-7.90(m, 4H)
132 § 1.67(s, 6H) 7.22-7.33(m, 13H), | 4,4 14895
|- 7.48-7.73(m, 17H), 7.84-7.90(m, 4H)
133 § 1.68(s, 6H), 7.28-7.38(m, 12H), | -gq 19901
7.55-7.73(m, 19H), 7.84-7.90(m, 5H)
134 § 1.67(s, 12H) 7.21-7.38(m, 12H), | g¢, 865 11
_ 7.55-7.73(m, 18H), 7.85-7.91(m, 6H)
138 § 1.67(s, 6H), 7.32-7.38(m, 13H), | -gg 19901
7.54-7.74(m, 19H), 7.84-7.93(m, 4H)
§ 1.68(s, 6H) 7.23-7.40(m, 13H),
136 7.48-7.60(m, 10H), 7.67-7.77(m, 11H), | 824 825.04
7.85-7.90 (m, 4H)

[Example 1~13] Manufacture of OLED device by employing

the compounds according to the present invention
An OLED device was made by using the electroluminescent

material according to the present invention.

First, a transparent electrode ITO thin film (15 Q/0)

obtained from glass for OLED (manufactured by Samsung-Corning)

was subjected to ultrasonic washing with trichloroethylene,

acetone, ethanol and distilled water, sequentially, and stored

in isopronanol before use.
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Then, an ITO substrate was equipped in a substrate folder

of wvacuum vapor-deposit device, and 4,4’ ,4"-tris(N,N-(2-
naphthyl)-phenylamino) triphenylamine (2-TNATA) represented by
following chemical formula was placed in a cell of the vacuum
vapor-deposit device, which was then ventilated up to 10-6
torr of vacuum in the chamber. Electric current was applied to
the cell to evaporate 2-TNATA to vapor-deposit a hole

injection layer having 60 nm of thickness on the ITO substrate.

L

58

-TNATA

Then, to another cell of the vacuum vapor-deposit device,
charged was N,N’-bis (a-naphthyl)-N, N’ -diphenyl-4,4’-diamine
(NPB) represented by following chemical formula, and electric
current was applied to the cell to evaporate NPB to vapor-
deposit a hole transport layer having 20 nm of thickness on

the hole injection layer.
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GO
O~
& &
-
NPB
After forming the hole injection layer and the hole
transport layer, an electroluminescent layer was vapor-
deposited thereon as follows. In one cell of the vacuum vapor-
5 deposit device, charged was a compound according to the
present invention (for example, Compound 121), and in another
cell charged was perylene, having the structure shown below,
as a dopant material. By evaporating the two substances in a
different rate, an electroluminescent layer was vapor-

10 deposited by doping of perylene in a concentration from 2 to 5

mol% with a thickness of 35 nm, on the hole transport layer.

15 Then, tris(8-hydroxyquinoline)aluminum (II1) (Alqg)
represented by following chemical formula was vapor-deposited

as an electron transport layer with a thickness of 20 nm, and



10

15

20

WO 2009/066814 PCT/KR2007/005942
42

lithium quinolate (Liqg) represented by following chemical
formula was vapor-deposited as an electron injection layer
with a thickness from 1 to 2 nm. Thereafter, an Al cathode was

vapor~deposited with a thickness of 150 nm by using another

vapor~deposit device, to manufacture an OLED.

Lig

Each substance employed in the OLED device was used after
being purified by sublimation in vacuo at 10-6 torr.

[Example 14~26]

Manufacture of OLED device by employing the compounds
according to the invention

A hole injection layer and a hole transport layer were
formed as 1in Example 1, and an EL layer was vapor-deposited
thereon as follows. In one cell of the vacuum vapor-deposit
device, charged was a compound according to the present
invention (for example, Compound 121), and in another cell
charged was Coumarin 545T (C545T), having the structure shown
pbelow. By evaporating the two substances in a different rate,
an EL layer was vapor-deposited by doping ovaoumarine 545T
(C545T) in a concentration from 2 to 5 mol% with a thickness

of 35 nm, on the hole transport layer.
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C545T

According to the same procedure as in Example 1, an
electron transport layer and an electron injection layer were
vapor-deposited, and Al cathode was vapor-deposited with a
thickness of 150 nm by using another vapor-deposition device,

to manufacture an OLED.

[Comparative Example 1] Manufacture of OLED device by
using conventional EL material

A hole injection layer and a hole transport layer were
formed as in Example 1. In one cell of the vacuum vapor-
deposit device, charged was dinaphthylanthracene (DNA) as a
blue EL material, and in another cell charged was perylene as
another blue EL material. An electrcluminescent layer was
vapor-deposited with a thickness of 35 nm, on the hole

transport layer by using the vapor-deposit rate of 100:1.
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perylene
DNA

According to the same procedure as in Example 1, an
electron transport layer and an electron injection layer were
vapor-deposited, and Al cathode was vapor-deposited in a
thickness of 150 nm by using another vapor-deposition device,

to manufacture an OLED.

[Comparative Example 2] Manufacture of OLED device by
using conventional EL material

A hole injection layer and a hole transport layer were

formed as in Example 1. To another cell in the vapor-
deposition device, charged was tris (8-
hydroxyquinoline)aluminum (III) (Alg) as an EL host material,

and to still another cell, charged was Coumarin 545T (C545T).
By evaporating the two substances in a different rate, an EL
layer was vapor-deposited by doping with a thickness of 30 nm,
on the hole transport layer. The doping concentration was

preferably from 2 to 5 mol% on the basis of Alqg.
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C545T

According to the same procedure as in Example 1, an
electron transport layer and an electron injection layer were
vapor-deposited, and Al cathode was vapor-deposited in a
thickness of 150 nm by using another vapor-deposition device,

to manufacture an OLED.

[Comparative Example 3] Manufacture of OLED device by
using conventional EL material

A hole injection layer and a hole transport layer were
formed as in Example 1. To another cell 1in the vapor-
deposition device, charged was dinaphthylanthracene (DNA) as a
blue EL material, and to still another <cell, charged was
Coumarin 545T (C545T). By evaporating the two substances in a
different rate, an EL layer was vapor-deposited by doping,
with a thickness of 30 nm, on the hole transport layer. The
doping concentration was preferably from 2 to 5 mol% on the

basis of Alqg.

[Comparative Example 4] Manufacture of OLED device by
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using conventional EL material
A hole injection layer and a hole transport layer were
formed as in Example 1. To another c¢ell in the vapor-
deposition device, charged was Compound (A) disclosed by US
Patent Publication No. 20060046097A1, having the structure
shown below as a blue EL material, and to still another cell,
charged was Coumarin 545T (C545T). By evaporating the two
substances in a different rate, an EL layer was vapor-
deposited by doping, with a thickness of 30 nm, on the hole
transport layer. The doping concentration was preferably from

2 to 5 mol% on the basis of Alg.

Compound A

According to the same procedure as in Example 1, an
electron transport layer and an electron injection layer were
vapor-deposited, and Al cathode was vapor-deposited in a
thickness of 150 nm by using another vapor-deposition device,

to manufacture an OLED.

[Experimental Example 1] Blue EL property of the OLED

devices manufactured
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Blue luminous efficiencies of OLEDs manufactured from
Examples 1 to 13 and Comparative Example 1, comprising an
organic EL compound according to the present invention and a
conventional electroluminescent compound, respectively, were
measured at 500 cd/m2 and 2,000 cd/m2, individually, of which

the results are shown in Table 3.

[Table 3]
Luminous ]
Doping efficiency
No. Host Dopant conc. (cd/Bn) cooigig;te
(mol%) @500 | @2,000
cd/m2 | cd/m2
Ex. 1 gngound perylene 2.0 |5.72 |5.30 | (0.16, 0.21)
-_——1~_—__( | —_
Ex. 2 iggpound perylene 2.0 5.43 5.04 (0.16, 0.22)
Ex. 3 iggpound perylene 3.0 5.60 5.17 (0.16, 0.21)
F*éx. 444 %ggpound perylene 3.0 5.93 5.46 (0.16, 0.21)
Ex. 5 Sggpound perylene 3.0 6.27 5.88 (0.1l6, 0.22)
Ex. © Compound perylene 5.0 5.36 4,97 (0.15, 0.18)
113
Ex. 7 gigpound perylene 3.0 5.26 4.80 (0.15, 0.17)
Ex. 8 gggpound perylene 3.0 5.54 5.12 (0.16, 0.20)
44
Ex. 9 gngound perylene 3.0 ©6.30 5.86 (0.15, 0.19)44
-
Compound
Ex. 10 122 perylene 3.0 5.80 5.42 (0.16, 0.20)
Ex. 11 ggﬁpound perylene 3.0 6.03 5.63 (0.15, 0.19)
IR
Ex. 12 Compound perylene 3.0 5.99 5.64 (0.15, 0.19)
129
Ex. 13 Sggpound perylene 3.0 5.88 5.51 (0.15, 0.18)
comp - Ex- | owa perylene 2.0 [4.45 |3.62 | (0.16, 0.20)
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Table 3 shows the results of applying the material
according to the present invention to a blue EL device. As can
be seen from Table 3, the luminous efficiency of the EL
material according to the invention was 5.26~6.30 cd/A at low
luminance, and 4.80~5.88 cd/A at high luminance, while that of
the EL material of Comparative Example 1 was 4.45 cd/A and 3.6
cd/A at low luminance and high luminance, respectively. Thus,
the EL device employing the organic EL compound according to
the present invention showed higher luminous efficiency by 1.5
cd/A or more, as compared to that of Comparative Example. In
particular, improvement in luminous efficiency by 2 cd/A or
more was confirmed at high luminance for each compound.

Further, when the host material of the present invention
was applied, somewhat improvement was observed in terms of
color purity. The result of simultaneous improvement in color
purity and luminous efficiency as shown above proves that the
EL material according to the present invention has excellent
properties.

Fig. 1 shows luminous efficiency - current density
property of Comparative Example 1 employing DNA:perylene as a
conventional EL material, and Fig. 2 and Fig. 3 show current
density - voltage property and luminous efficiency - current
density property of Example 9 employing Compound (121)
according to the present invention as an EL material. The

results shown in the figures confirmed noticeable improvement
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in performances.

[Experimental Example 2]
devices manufactured

Green luminous efficiencies

PCT/KR2007/005942

Green EL property of the OLED

of OLEDs manufactured from

Examples 14 to 26 and Comparative Example 1, comprising an
organic EL compound according to the invention and a
conventional electroluminescent compound, respectively, were
measured at 5,000 cd/m2 and 20,000 cd/m2, individually, of
which the results are shown in Table 4.
[Table 4]
Fﬁ Dobin Luminous ]
N Host D | e ping efficiency (cd/A) Color
° ° opant | Coolsy | €5,0001€20,000] coordinate
° cd/m2 cd/m2
Ex. 14 Compound | gy 2.0 17.5 17.0 | (0.28, 0.64)
B 101
Ex. 15 Coﬂpoozund C545T 2.0 17.2 16.8 | (0.28, 0.64)
Ex. 16 Con‘lpoo3und C545T 3.0 18.2 17.7 | (0.28, 0.64)
Ex. 17 Comlpoo7und C545T 3.0 18.5 17.9 | (0.28, 0.64)
.- |
Ex. 18 Comfoogund C545T 3.0 18.7 18.0 | (0.27, 0.63)
Ex. 19 Coﬂplo;nd C545T 5.0 17.2 16.8 | (0.26, 0.64)
Ex. 20 Comflogmd C545T 3.0 17.3 16.8 | (0.26, 0.62)
Ex. 21 Comlpzoound C545T 3.0 19.2 18.4 | (0.27, 0.64)
Ex. 22 C°m1p2°1u“d C545T 3.0 20.1 19.5 | (0.27, 0.64)
—
Ex. 23 comlpz"Zund C545T 3.0 17.9 16.7 | (0.28, 0.65)
| Ex. 24 Compound | C545T 3.0 18.0 17.4 [(0.27, 0.63)
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T T 126 |
Ex. 25 Comf;g‘md C545T 3.0 18.7 18.0 | (0.28, 0.63)
Ex. 26 Comlp3°6und C545T 3.0 18.6 17.9 | (0.28, 0.63)
Comg-EX- Alq C545T 2.0 10.3 9.1 | (0.29, 0.65)
comp. B DNA C545T | 2.0 15.8 | 14.0 | (0.27, 0.61)
Comp.Ex. | Compound| csgsr | 2.0 16.7 | 14.8 | (0.25, 0.62)

Table 4 shows the results of properties from the green EL
device to which the material according to the present
invention was applied. Alike the blue EL devices according to
Experimental Example 1, excellent properties were confirmed at
low luminance and high luminance, as compared to conventional
EL material.

Improvements in efficiency by 70% or more as compared to
Alg host of Comparative Example 2, and by 40% or more as
compared to conventional host of Comparative Example 3 were
confirmed. This result shows prominent overcoming of
limitations of conventional green EL materials. In particular,
it is estimated that the excellent improvement of performance
at high luminance sufficiently enables the compounds to be
used in practical use for large screen OLED’s, or manual
OLED’s of 2-inch level which require critical properties.

With respect to color coordinate, there was no
significant difference. Thus the EL material of the present
invention having improved luminous efficiency while

maintaining the color purity as such can be referred to as an
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epoch-making invention which surpasses one stage beyond the
conventional materials.

Fig. 4 shows luminous efficiency - luminance property of
Comparative Example 2 employing Alg:C545T as a conventional
green EL material, and Fig. 5 shows luminous efficiency -
current density property of the green EL device of Example 22
employing Compound (121) according to the present invention as
an EL material. Fig. 6 shows luminous efficiency - current
density property of the green EL devices of Comparative
Example 3 and 4 employing conventional EL material, and
Example 22 employing Compound (121) according to the present
invention as an EL material.

The EL material according to the present invention can be
applied to both a blue OLED and a green OLED, and showed
excellent results in view of performances. Those results show
prominent characteristics of excellent EL material. The
invention of the material having those characteristics leads
simplification of the structure of an OLED panel, to result in
subsidiary result of reducing the production cost of an OLED.
Due to the excellent features, innovative results may occur in
development in the field of OLED’s.

Fig. 7 shows the comparison of color purity of a green EL
device according to Example 22 employing Compound (121) of the
present invention as an EL material with that of a green EL

device according to Comparative Example 2. The EL material of
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the invention showed good EL color property, as showing no
significant difference as compared to a conventional pure
green EL material. In the EL spectrum of the EL device
according to Example 22, a typical green EL peak at 520 nm was
confirmed. This exhibits the fact that the organic EL compound
having blue EL property according to the present invention has
very good electric property to induce the feature of an EL
dopant up to a maximum level.

Among others, excellent 1life property of the material
according to the invention as compared to conventional EL
materials achieves utmost benefit of the inventive material,
in contrast with conventional materials having good electron
conductivity.

By incorporating 10-position of 9-arylanthryl to 2-
position of anthracene, the overlapping effect of
intermolecular orbitals is improved, and the relation of
energy level with the dopant 1is made more advantageous, ¢to
make up the disadvantages of the simple conventional 9,10-

diarylanthracene structure.

[Industrial Applicabilityl]

The electroluminescent compound according to the
invention has good luminous efficiency and excellent lifetime
of the material, so that an OLED device having very good

operation lifetime can be prepared.
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[cLAaTIMS])

[Claim 1]

An organic electroluminescent material represented by
following Chemical Formula 1:

5 [Chemical Formula 1]

wherein R1 through R3 independently represent phenyl group or

Cl0~C20 fused multi-cyclic aromatic ring, and the phenyl group

or Cl10~C20 fused multi-cyclic aromatic ring of R1 to R3 may be

10  further substituted by C1~C20 alkyl group, CI1~C20 alkoxy group,

halogen, C5~C7 cycloalkyl group, phenyl group or a fused
multi-cyclic aromatic group.

[Claim 2]

An organic electroluminescent material according to claim

15 1, wherein Rl through R3 of Chemical Formula (1) are

independently selected from the group consisting of phenyl,

naphtyl, anthryl, fluorenyl, phenanthryl, fluorancenyl,

pyrenyl, perylenyl or naphthacenyl; and phenyl, naphthyl,

anthryl, fluorenyl, phenanthryl, flurorancenyl, pyrenyl,

20 perylenyl and naphthacenyl are optionally substituted by

Cl~C20 alkyl groups, Cl~C20 alkoxy groups, halogen atoms,

C5~C7 cycloalkyl groups, phenyl group, or a fused multicyclic
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[claim 3]
An organic electroluminescent material according to claim
2, which 1is =selected from the compounds represented by

5 following chemical formulas:
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[Claim 4]

5 An organic electroluminescent device comprised of a first
electrode; a second electrode; and one or more organic
layer(s) interposed between the first electrode and the second
electrode, wherein the organic layer comprises one or more
compound (s) represented by Chemical Formula (1):

10 [Chemical Formula 1]

wherein R1 to R3 independently represent phenyl group or

Cl0~C20 fused multi-cyclic aromatic ring, and the phenyl group
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or Cl0~C20 fused multi-cyclic aromatic ring of R1 to R3 may be
further substituted by C1~C20 alkyl group, C1~C20 alkoxy group,

halogen, C5~C7 cycloalkyl group.

[claim 5]

An organic electroluminescent device according to claim 4,

wherein the organic layer comprises electroluminescent region

which comprises one or more compound(s) represented by
Chemical Formula (1) and one or more electroluminescent
dopant (s) .
[claim 6]

An organic electroluminescent device according to claim 5,
wherein the electroluminescent dopant 1s selected from the
compounds represented by one of Chemical Formulas (2) to (4):

[Chemical Formula 2]

[Chemical Formula 3]

Ar, Ar ¢

\ /
N— Ar, —ﬁ:E—Ar2—N\

Ar 4/ Ar g
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[Chemical Formula 4]

/
Arg

5 wherein, Arl and Ar2 are selected from indenofluorene,
fluorene and spiro-fluorene, represented by following chemical

formulas:

10
wherein R1l1 to R16 are independently selected from the
group consisting of C1~C20 alkyl, and phenyl or naphthyl with
or without C1~C5 alkyl substituent(s);
Ar3 to Ar6 are independently selected from C5~C20
15 aromatic or multi-cyclic aromatic ring; provided that Arl and
Ar2 are identical, Ar3 and Ar5 are identical, and Ar4 and Aro6

are identical;

group H represents :©i or O
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A and B independently represent a chemical bond, or group

Ro4 RZG
\/\ m
23 or R ;

R17 and R18 independently represent an aromatic ring or a
multi-cyclic aromatic ring wherein two or more aromatic rings
have been fused;

R19 to R22 independently represent a linear or branched
C1~C20 alkyl group with or without halogen substituent (s);

R23 to R26 independently represent hydrogen or an
aromatic group; and

. Ar7 to Arl0 independently represent an aromatic ring or a
multi-cyclic aromatic ring wherein two or more aromatic rings

have been fused.

[claim 7]
An organic electroluminescent device according to claim 6,
wherein the electroluminescent dopant 1is selected from the

compounds represented by one of the following formulas:

o
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5 where in, R19 to R22 represent methyl group or ethyl

group.

[claim 8]

An organic electroluminescent device according to claim 5,
10 wherein the electroluminescent dopant 1is selected from the
compounds represented by one of Chemical Formulas (5) to (7):

[Chemical Formula 5]
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[Chemical Formula 6]
Rae R27
_N
A 00®
R
N 32
Ras R34
[Chemical Formula 7]
Roe Ra27 Ray
_N N.
~C
Ras
wherein, R27 and R28 independently represent a

multicyclic aromatic ring wherein two more aromatic rings have
been fused; R29 to R32 independently represent an aromatic
ring; and each aromatic ring of R27 to R32 may be further

substituted by C1~C20 alkyl group(s).

[cilaim 9]
An organic electroluminescent device according to claim 8§,
wherein the electroluminescent dopant is selected from the compounds

represented by one of the following formulas:
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[DRAWINGS]
[Figure 1]
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[Figure 2]
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[Figure 3]
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[Figure 4]
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[Figure 5]
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[Figure 6]
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[Figure 7]
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