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ORGANIC ELECTROLUMINESCENT COMPOUNDS AND DISPLAY DEVICE USING

THE SAME

[ Field of the Invention ]

The present invention relates to novel organic
electroluminescent compounds represented by Chemical Formula 1
and display devices employing the same as an

electroluminescent material.

[Chemical Formula 1]

[ Background of the Related Art ]

The most 1mportant issue in developing an organic
electroluminescent device having high efficiency and long life
is development of electroluminescent material of high
performance. In view of current development of
electroluminescent material, it is the fact that red or blue
electroluminescent materials show even lower
electroluminescent property as compared to green
electroluminescent materials. In order to realize a full color
display, three electroluminescent materials (red, green and

blue) are employed, and the material having the lowest
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property .among the three materials eventually determines the

performance of the entire panel. Thus, development of blue or

red electroluminescent material having high efficient and long

life is an important matter to enhance the properties of an
5 entire organic electroluminescent device.

As a blue electroluminescent material, diphenylanthracene,
tetraphenylbutadiene, distyrylbenzene derivatives and the like
have been developed, but the compounds have been known to have
low stability of thin film so that they tend to be readily

10  crystallized. Diphenyldistyryl type blue electroluminescent
materials having improved stability of thin film where the
phenyl group of side chain inhibits crystallization have been
developed by Idemitsu [H. Takailin, H. Higashi, C. Hosokawa,
EP 388,768 (1990)]. Distyrylanthracene derivatives having

15 improved stability of thin film due to electron withdrawers
and electron donors have been developed by Kyushu University
[Pro. SPIE, 1910, 180 (1993)].

In addition, DPVBi of Chemical Formula A from Idemitsu
Kosan, arylethylene derivatives such as DPVDPAN of Chemical

20 Formula B, dinaphthylanthracene of Chemical Formula C from
Kodak Company and tetra(t-butyl)perylene system of Chemical
Formula D, as disclosed in EP 1063869 Al (Idemitsu Kosan
Company Limited), Korean Patent Laid-Open 2000-6048006
(Eastman Kodak Company, USA) and Japanese Patent Laid-Open

25 1996-333569, have been widely used as blue electroluminescent
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materials.

[Chemical Formula A]

[Chemical Formula B]

O

[Chemical Formula C]

[Chemical Formula D]

O Y
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Since DPVBi of Chemical Formula 2 involves problem of
thermal stability having low glass transition temperature of
100C or less, DPVDPAN of Chemical Formula B where anthracene
is incorporated inside the biphenyl of said DPVBi has improved
thermal stability by raising the glass transition temperature
to 105C The color purity and electroluminescent efficiency as
a blue electroluminescent material, however, were not in a
quite satisfactory level.

In the meanwhile, blue electroluminescence, when the
electroluminescent wavelength is shifted from the present
state to a longer wavelength, becomes advantageous in terms of
electroluminescent efficiency, but it does not fulfill pure
blue color so that it involves difficulties to be applied to a
full-colored organic electroluminescent display requiring an
electroluminescent material of pure blue color.

Thus, development of novel blue electroluminescent
material 1s an urgent subject in order to develop a blue
electroluminescent device or a full-colored electroluminescent
device, because conventional blue electroluminescent compounds
have lower electroluminescent efficiency than that of other

colors.

[ Disclosure ]
[ Technical Problem ]

The present invention noticeably improves the properties
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of a host which serves as a solvent or an energy carrier in
electroluminescent materials as compared to the conventional
materials. The object of the invention is to provide organic
electroluminescent compounds having excellent
electrolumineécent efficiency and very good operative 1life.
Another object of the invention 1s to provide an organic
electroluminescent device containing the novel organic

electroluminescent compound.

[ Technical Solution ]
The present invention relates to a novel organic

electroluminescentcompound represented by Chemical Formula 1:

[Chemical Formula 1)

wherein, H represents :’C(Qr

A and B independently represent a chemical bond,

R12 R14
R14 Ria

R; and R; independently represent an aromatic ring or a

fused multi-cyclic aromatic ring having two or more aromatic
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rings,

Rz through Rgs independently represent a linear or branched
C1-Cz0 alkyl group with or without halogen substituent(s), a Cs-
Cg cycloalkyl group, or an aromatic group with or without
halogen substituent (s),

Ri1 through Ri4 independently represent a hydrogen, a C;-Cg
alkyl group, a Cs-Cg cycloalkyl group or an aromatic group with
or without halogen substituent (s),

Ar; through Ar, independently represent an aromatic ring
or a fused multi-cyclic aromatic ring having two or more
aromatic rings: and a display device employing the same as an
electroluminescent material.

In the Chemcal Formulas of the present invention, it is
referred to as “chemical bond” when there 1is no element in A
or B but R; or R; is simply connected.

The organic electroluminescent compounds according to the
present invention are advantageous in that they can be easily
prepared 1in a high yield with high electroluminescent
properties.

The compounds of Chemical Formula 1 according to the
present invention include the compounds represented by

Chemical Formulas 2 to 6:
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In the compounds represented Dby Chemical Formula 2
through Chemical Formula 6, R; and R; independently represent
an aromatic group or a fused multi-cyclic aromatic ring having
two or more aromatic rings, Rs; through Rg independently
represent a linear or branched C;-Cyy alkyl group with or
without halogen substituent(s), a Cs-Cg cycloalkyl group, or an
aromatic group with or without halogen substituent(s), Ry
through Ri4y independently repreéent a hydrogen, a C;-Cg alkyl
group, a Cs—Cg cycloalkyl group or an aromatic group with or
without halogen substituent (s), and Arq through Ary,
independently represent an aromatic ring or a fused multi-
cyclic aromatic ring having two or more aromatic rings.

Specific examples of R; and Ry, in Chemical Formulas 2
through 6 include phenylene, naphthalene, anthracene,
naphthacene, pyrene, fluorene and biphenyl, Rs; through Re are
methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, t-butyl,
n-pentyl, i-amyl, n-hexyl, n-heptyl, n-octyl, 2-ethylhexyl, n-
nonyl, trifluoromethyl, pentafluoroethyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, phenyl, tolyl, l-naphthyl,
2-naphthyl, 2-fluorophenyl or 4-fluorophenyl, Ri;: through Rig
are hydrogen, methyl, ethyl, n-propyl, i-propyl, n-butyl, i-
butyl, t-butyl, n-pentyl, n-hexyl, n-heptyl, n~octyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, phenyl,
tolvl, l-naphthyl, 2-naphthyl, 2~fluorophenyl or 4-

fluorophenyl, and Ar; through Ars; are phenyl, tolyl, =xylyl,



10

15

20

WO 2007/061218 PCT/KR2006/004922

pyridyl, biphenyl, naphthyl, anthryl, phenanthryl,
naphthacenyl, acenaphthenyl, pyrenyl, fluorenyl or perylenyl.
The organic electroluminescent compounds according to each one

of Chemical Formulas 2 to 6 can be specifically exemplified as

the compounds having the structures as follows:

eyt ee vy
A
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group, and Ris

phenyl group.

16

Rs through Rg represent methyl

to Rig

represent methyl group,

PCT/KR2006/004922

group or ethyl

ethyl group or

Each compound represented by Chemical Formulas 2, 3 or 5,
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as an organic electroluminescent compound can be prepared via
a reaction route represented by Reaction Scheme 1, a compound
of Chemical Formula 4 via a reaction route of Reaction Scheme

2, and a compound of Chemical Formula 6 via that of Reaction

5 Scheme 3.

[Reaction Scheme 1]
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[Reaction Scheme 3]

P(OEY),

10

[ Brief Description of Drawings ]

Fig. 1 is a graph showing the EL spectrum of an OLED

15 employing IF2-1 as an electroluminescent material of the
present invention and that of Comparative Example 1,

Fig. 2 is a graph showing the change of current density
with respect to voltage of an OLED employing IF2-1 as an
electroluminescent material of the present invention,

20 Fig. 3 1s a graph showing the change of luminance with
respect to the operating voltage of an OLED employing IF2-1 as
an electroluminescent material of the present invention, and

Fig. 4 is a graph showing the change of
electroluminescent efficiency with respect to current density

25 of an OLED employing IF2-1 element as an electroluminescent
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material of the present invention.
Other and further objects, features and advantages of the
invention will appear more fully from the following

description.

Examples
The present invention is further described with respect
to the electroluminescent compounds according to the invention,
a process for preparing the same and the electroluminescent
10 properties of the device employing the same by referring to
representative compounds according to the present invention,
which are provided for illustration only and are not intended
to be limiting in any way.

[Synthetic Example 1] Synthesis of IF1-1

15 By Br O Br. O
Br ‘ . 0 .
po s "—*’——* “‘
> J g
Br Br Br
112 113 114

111

s O
0 1) BuLi @ Q .O O O N
SRR T Sa et
748K o O

301(IF1-1)

In 50 ml of THF, 2,5-dibromoxylene (2.0 g, 7.60 mmol) as
Compound (111) was dissolved and tert-butyl lithium (1.5

25 equivalent) was added to the THF solution of 2,5-dibromoxylene
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(50 ml) at -80C and the resultant solution was stirred at -
40 Cunder nitrogen atmosphere for 12 hours. After the stirring
completed, 2~1sopropoxy-4,4,5,5~tetramethyl-1,3,2-
dioxaborolane (4.3 g, 23.1 mmeol) was added thereto, while
maintaining the temperature of the reaction mixture at -80Tto
provide a boronic ester compound of Compound (111) (2.31 g,
6.42 mmol), and the resultant Dboronic ester compound of
Compound ({111) (2.3 g) was dissolved in 50 ml of THF. To the
solution, added were l-bromo-4-iodobenzene (3.80 g, 13.4 mmol),
Pd(PPhs)s (1.5 g, 1.29 mmol) and aqueous 2M sclution of calcium
carbonate (20 ml), and the resultant mixture was heated under
reflux for 10 hours. From the precipitate thus formed,
Compound (112) (2.14 g, 5.14 mmol) was obtained.

Compound (112) (2.14 g) was dissolved in 20 ml of
pyridine, and an adgueous 2M potassium permanganate solution
(15 ml) was added thereto to provide a carboxylic acid at the
end of Compound (112). The solid obtained from extraction of-
the organic layer was put into sulfuric acid, and the mixture
was heated at 80T for 12 hours. After lowering the temperature
of said sulfuric acid solution to ambient temperature, the
solution was poured into crushed ice. The solid thus formed
was extracted to obtain Compound (113) (1.70 g, 3.86 mmol).

Compound (113) (1.70 g) was put into diethylene glycol
(30 ml), and hydrazine hydrate (0.58 g, 11.6 mmol) and

potassium hydroxide (0.5 g) were added thereto, and the
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resultant mixture was heated under reflux for 48 hours. After
completion of heating under reflux, the reaction mixture was
cooled to ambient temperature and extracted from ethyl acetate
to provide indinofluorene compound. After drying, the compound
was dissolved in 30 ml of THF, and under nitrogen atmosphere,
methyl iodide (2.20 g, 15.5 mmol) was added thereto at -78T
and then 1.8 M solution of n-butyllithium in THF (15 ml) was
Slowly added thereto. After stirring the mixture for 1 hour,
the temperature was raised to ambient temperature, and the
mixture was again stirred and the reaction quenched by slowly
adding 50 ml of water. After completion of the reaction, the
reaction mixture was extracted from the organic layer and
completely dried to obtain Compound (114) (1.17 g, 2.50 mmol).
Compound (114) (1.17 g) was dissolved in THF (30 ml), and
1.5 equivalent of tert-butyl lithium was added thereto. By the
use of 2-isopropoxy-4,4,5,5~tetramethyl-1, 3, 2-dioxaborolane
(1.4 g, 7.53 mmol), a boronic ester compound (1.33 g, 2.37
mmol) as Compound (114) was prepared. The boronic ester
compound o¢f Compound (114) (1.33 g) thus obtained was
dissolved in 30 ml of THF solution, and Compound (201) (1.56 g,
4.81 mmol) and Pd(PPhs), (0.56 g, 0.48 mmol) and agueous 2M
solution of calcium carbonate (10 ml) were added thereto.
After heating the reaction mixture under reflux for 12 hour,
the precipitate thus formed was extracted with ethyl acetate.

After recrystallization and drying, Compound (301, IFl-1)
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(1.50 g, 1.88 mmol) was obtained as the title compound in
total yield of 24.7%.

'H NMR(200MHz, CDCls): & 1.65(s, 12H), 6.45-6.55(m, 12H),
6.6-6.65(m, 4H), 7.0-7.05(m, 8H), 7.2-7.25(d, 4H), 7.65(d, 2H),
7.73(d, 2H), 7.80(s, 2H), 8.0-8.1(d, 2H)

MS/FAB: 796 (found), 797.06(calculated)

[Synthetic Example 2] Synthesis of IF1-2

Br QNBr
O.Q 1) Buli C; 202
SN
9 B Hoo Q

N

QO &

N

@ 302(IF1-2)

Compound (302, IF1~-2) (1.16 g, 1.30 mmol) as the title
compound was obtained in total yield of 19.0% according to the
same procedure as Synthetic Example 1, but Compound 114 (1.0 g,
2.14 mmol), and Compound 202 (1.61 g, 4.30 mmol) instead of
Compound 201 were employed.

'H NMR(200MHz, CDCl3): & 1.65(s, 12H), 6.45-6.5(m, B8H),
6.6-6.65(m, 4H), 6.75-6.8(m, 4H), 7.0-7.05(m, 8H), 7.45-7.55(m,

6H), 7.65(d, 2H), 7.75-7.85(m, 6H), 8.0-8.05(d, ZH)
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MS/FAB: 896 (found), 897.19(calculated)

[Synthetic Example 3] Synthesis of IF1-3

Brﬂ‘; N—‘i}—{i’—&

"Z!b 1) BuLi
Yy LK
i'ls oBo
114

r

303(IF1-3)

Compound (303, IF1-3) (1.12 g, 1.18 mmol) as the title
compound was obtained in total yield of 17.2% according to the
same procedure as Synthetic Example 1, but Compound 114 (1.0 g,
2.14 mmol), and Compound 203 (1.72 g, 4.30 mmol) instead of
Compound 201 were employed.

'H NMR(200MHz, CDCls): & 1.65(s, 12H), 6.45-6.55(m, 12H),
6.6-6.65(m, 4#), 7.0-7.05(m, 8H), 7.2-7.25(d, 4H), 7.55-7.57(d,
8H), 7.65(d, 2H), 7.75(s, 2H), 7.8(s, 2H), 8.0-8.05(d, 2H)

MS/FAB: 948 (found), 949.26(calculated)
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[Synthetic Example 4] Synthesis of IF1-4

o O. | g* ’
6 g
i']Br /LQ&O

O o - athe

304{IF1-4)

Compound (304, IFl-4) (0.95 g, 0.92 mmol) as the title
compound was obtained in total yield of 13.4% according to the
same procedure as Synthetic Example 1, but Compound 114 (1.0 g,
2.14 mmol), and Compound 204 (1.90 g, 4.32 mmol) instead of
Compound 201 were employed.

'H NMR(200MHz, CDCls): & 1.63-1.65(d, 24H), 6.45-6.50(d,
8H), 6.55-6.65(m, 6H), 6.75(s, 2H), 7.0-7.05(m, 8H), 7.58~-
7.65(m, 6H), 7.73-7.85(m, 6H), 8.0-8.05(d, 2H)

MS/FAB: 1028 (found), 1029.39%(calculated)
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[Synthetic Example 5] Synthesis of IF2-1

111 115

Br O (E10),P
RS
P(OED),

118 119

305(IF2-1)

In 50 ml of THF, 2,5-dibromoxylene (2.0 g, 7.60 mmol)‘was
dissolved, and phenyl boronic acid (1.95 g, 16.0 mmol) and
Pd (PPh3)s (1.95 g, 1.68 mmol), aqueous 2M calcium carbonate
solution (25 ml) were added to the THF solution of 2,5-
dibromoxylene (50 ml), and the resultant mixture was heated
under reflux for 10 hours. From the precipitate thus formed,
Compound (115) (1.86 g, 7.2 mmol) was obtained.

Compound (115) (1.86 g) was dissolved in 20 ml of
pyridine, and an agqueous 2Z2M potassium permanganate solution

(15 ml) was added thereto to provide carboxylic acid at the
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end of the compound. The solid obtained from extraction of the
organic layer was put into sulfuric acid, and the mixture was
heated at 80Cfor 12 hours. After lowering the temperature of
said sulfuric acid solution to ambient temperature, the
solution was poured into crushed ice. The solid thus formed
was extracted to obtain Compound (116) (1.64 g, 5.82 mmol).

Compound (116) (1.64 g) was put into diethylene glycol
(30 ml), and hydrazine hydrate (0.85 g, 17.0 mmol) and
potassium hydroxide (0.8 g) were added thereto, and the
resultant mixture was heated under reflux for 48 hours. After
completion of heating under reflux, the reaction mixture was
cooled to ambient temperature and extracted from ethyl acetate
to provide indinofluorene compound. After drying, the compound
was dissolved in 30 ml of THF, and under nitrogen atmosphere,
methyl iodide (1.65 g, 11.6 mmol) was added thereto at -78T
and then 1.8 M solution of n-butyllithium in THF (12 ml) was
slowly added thereto. After stirring the mixture for 1 hour,
the temperature was raised to ambient temperature, and the
mixture was again stirred for 24 hours and the reaction was
guenched by slowly adding 50 ml of water. After completion of
the reaction, the reaction mixture was extracted from organic
layer and completely dried to obtain Compound (117) (1.25 g,
4.03 mmol).

Compound (117) (1.25 g, 4.03 mmecl) and paraformaldehyde

(1.8 g) were added to 35% HBr solution in acetic acid (15 ml),
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and the mixture was heated at 60C for 24 hours. The
temperature of the reaction mixture was then lowered to
ambient temperature, extracted and dried to obtain Compound
(118) (1.34 g, 2.70 mmol), which was charged in a reaction
vessel. Triethylphosphite (2.0 g, 12.0 mmol) was added thereto
at 0°C and the mixture was heated at 150C for 4 hours. After
completion of the reaction, residual triethylphosphite was
removed by vacuum distillation, and the residue was extracted
from ethyl acetate to obtain Compound (119) (1.4 g, 2.30 mmol).
Compound (119) (1.4 g) and Compound (205) (1.30 g, 4.76 mmol)
were dissolved in THF (30 ml), and 1.6 M solution of potassium
tert-butoxide in THF (5 ml) was added dropwise to the mixed
solution. The temperature was slowly raised to ambient
temperature to complete the reaction. Then an excess amount of
water was poured thereto to generate solid, which was then
filtered. After recrystallization from THF-methanol, Compound
(305, IF2-1) (1.23 g, 1.45 mmol) was obtained as the title
compound in total yield of 19.1%.

'H NMR(200MHz, CDCls): & 1.65(s, 12H), 6.45-6.5(m, 12H),
6.6-6.65(m, A4H), 6.95-7.05(m, 12H), 7.15-7.2(d, 4H), 7.37-
7.6(d, 24), 7.7-7.75(d, 4H), 7.9-8.0(d, ZH)

MS/FAB: 848 (found), 849.14 (calculated)
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[Synthetic Example 6] Synthesis of IF2-2

306(1F2-2)

Compound (306, IF2-2) (0.95 g, 0.91 mmol) as the title
compound was obtained in total yield of 16.8% according to the
same procedure as Synthetic Example 5, but Compound 119 (1.0 g,
1.64 mmol), and Compound 206 (1.28 g, 3.43 mmol) instead of
Compound 205 were employed.

'H NMR(200MHz, CDCls): & 1.65(s, 12H), 6.45-6.50(d, 4H), 6.75-
6.8(m, 8H), 7.0(d, 4H), 7.15-7.3(m, 12H), 7.4-7.6(m, 14H),
7.7-7.75(d, 4H), 7.9-8.0(d, 2H)

MS/FRB: 1048 (found), 1049.38(calculated)
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[Synthetic Example 7] Synthesis of IF2-3

(Et0)P O N‘@'CHO
) .Q or
N o

O P(OEY),

119

307(IF2-3)

Compound (307, IF2-3) (0.92 g, 1.08 mmol) as the title
compound was obtained in total yield of 20.0% according to the
same procedure as Synthetic Example 5, but Compound 119 (1.0 g,
1.64 mmol), and Compound 207 (1.10 g, 3.41 mmol) instead of
Compound 205 were employed.

'H NMR(200MHz, CDCls): & 1.65(s, 12H), 6.45-6.5(d, 8H),
6.6-6.65(m, 2H), 6.75-6.8(m, 4H), 6.95-7.25(m, 16H), 7.4-7.6(m,
8H), 7.7-7.75(d, 4H), 7.9-8.0(d, 2H)

MS/FAB: 948 (found), 949.26(calculated)
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[Synthetic Example 8] Synthesis of IF2-4

(EtO),P O
(@]
& .

308(1F2-4)

Compound (308, IF2-4) (0.71 g, 0.68 mmol) as the title

compound was obtained in total yield of 12.6% according to the
same procedure as Synthetic Example 5, but Compound 119 (1.0 g,
1.64 mmol), and Compound 208 (1.28 g, 3.43 mmol) instead of
Compound 205 were employed.

'H NMR(200MHz, CDCls): & 1.65(s, 12H), 6.45-6.5(d, 4H),
6.6-6.65(m, 2H), 6.75-6.8(m, 8H), 6.95-7.1(m, 10H), 7.2~7.25(m,
2H), 7.35-7.6(m, 14H), 7.7-7.75(d, 6H), 7.9-8.0(d, 2ZH)

MS/FAB: 1048 (found), 1049.38(calculated)
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[Synthetic Example 9] Synthesis of DFl-1

<:::j§ 308(DF1-1)

In 50 ml of THF, 2-bromo-9,9-dimethylfluorene (2.0 g,

15

7.33 mmol) as Compound (120) was dissolved and tert-butyl
lithium (1.5 equivalent) was added to the THF solution of 2-
bromo~9, 9-dimethylfluorene (50 ml) at -80C¢ and the resultant
20 solution was stirred at -40Cunder nitrogen atmosphere for 12
hours.
After the stirring completed, 2-isopropoxy-4,4,5,5-
tetramethyl-1, 3,2-dioxaborolane (4.3 g, 23.1 mmol) was added
thereto, while maintaining the temperature of the reaction

25 mixture at -80TC to provide a boronic ester compound of
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Compound (120) (2.16 g, 6.75 mmol), and the resultant boronic
ester compound of Compound (120) (2.16 g) was dissolved in 50
ml of THF. To the solution, 2~bromo-9,9~dimethylfluorene (1.92
g, 7.03 mmol), Pd(PPh3)s (0.97 g, 0.84 mmol) and agueous 2ZM
solution of calcium carbonate (15 ml) were added and the
resultant mixture was heated under reflux for 10 hours. From
the precipitate thus formed, Compound (121) (2.26 g, 5.85
mmol) was obtained.

Compound (121) (2.26 g) and paraformaldehyde (2.6 g) were
added to 35% HBr solution in acetic acid (20 ml), and the
mixture was heated at 60°C for 24 hours. Then the temperature
of the reaction mixture was lowered to ambient temperature,
extracted and dried to obtain Compound (122) (2.64 g, 4.62
mmol) . Compound (122) (2.64 g) was charged to a reaction
vessel. Triethylphosphite (3.42 g, 20.6 mmol) was added
thereto at 0G and the mixture was heated at 150 C for 4 hours.
After completion of the reaction, residual triethylphosphite
was removed by vacuum distillation, and the residue was
extracted from ethyl acetate to obtain Compound (123) (2.13 g,
3.10 mmol).

Compound (123) (2.13 g) and Compound (205) (1.86 g, ©6.81
mmol) were dissolved in THEF (40 ml), and 1.6 M solution of
potassium tert-butoxide in THF (10 ml) was added dropwise to
the mixed solution at 0C The temperature was slowly raised to

ambient temperature to complete the reaction. Then an excess
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amount of water was poured thereto to generate solid, which
was then filtered. After recrystallization form THF-methanol,
Compound (309, DFl-1) (1.54 g, 1.67 mmol) was obtained as the
title compound in total yield of 22.8%.

'H NMR(200MHz, CDCls): & 1.65(s, 12H), 6.45-6.5(m, 12H),
6.6-6.65(m, 4H), 6.95-7.05(m, 12H), 7.15-7.2(d, 4H), 7.5-
7.65(m, 4H), 7.7-7.8(m, 4H), 7.85-7.9(d, 4H)

MS/FAB: 924 (found), 925.24(calculated)

[Synthetic Example 10] Synthesis of DF1-2

N
310(DF1-2)

Compound (310, DFl1-2) (0.88 g, 0.86 mmol) as the title

compound was obtained in total yield of 24.9% according to the
same procedure as Synthetic Example 9, but Compound 123 (1 g,
1.46 mmol), and Compound 207 (1.03 g, 3.19 mmol) instead of
Compound 205 were employed.

'H NMR(200MHz, CDCls): & 1.65(s, 12H), 6.45-6.5(m, B8H),

6.6-6.65(m, 2H), 6.75~6.8(m, 4H), 6.95-7.25(m, 16H), 7.35-
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7.6(m, 10H), 7.7-7.8(d, 4H), 7.8-7.9(d, 4H)
MS/FAB: 1024 (found), 1025.36(calculated)

[Synthetic Example 11] Synthesis of DF1-3

ot
(EL0),P

0

. 9
<:::j§ 311(DF1-3)

123

Compound (311, DF1-3) (0.56 g, 0.55 mmol) as the title

compound was obtained in total yield of 15.9% according to the

15 same procedure as Synthetic Example 9, but Compound 123 (1

1.46 mmol), and Compound 209 (1.03 g, 3.19 mmol) instead of

Compound 205 were employed.

'H NMR(200MHz, CDCls): & 1.65(s, 12H), 6.45-6.5(m,

6.6-6.65(m, 4H), 6.75~6.8(m, 4H), 6.95~-7.05(m, 12H), 7.35-

20 7.6(m, 10H), 7.7-7.8(t, 6H), 7.8-7.9(d, 4H)

MS/FAB: 1024 (found), 1025.36(calculated)

0o
at
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[Synthetic Example 12] Synthesis of IF3-1

i § )
O O O. P(OEN, Q 207

N
312(IF3-1)

To a solution of Compound (114) (2.0 g, 4.27 mmol) in THF
(50 ml), added were phenyl boronic acid (1.10 g, 9.02 mmol),
Pd(PPhs)s (1.04 g, 0.90 mmol), and aqueous 2M calcium carbonate
solution (15 ml), and the resultant mixture was heated under
reflux for 10 hours. From the precipitate thus formed,
obtained was Compound (124} (1.80 g, 3.90 mmol).

Compound (124) (1.80 g) and paraformaldehyde (1.7 g) were
added to 35% HBr solution,‘in acetic acid (20 ml), and the
mixture was heated at 60°C for 24 hours. Then the temperature

of the reaction mixture was lowered to ambient temperature,
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extracted and dried to obtain a bromomethyl derivative, which
was then charged to a réaction vessel. Triethylphosphite (2.57
g, 15.5 mmol) was added thereto at 0C and the mixture was
heated at 150Cfor 4 hours. After completion of the reaction,
residual triethylphosphite was removed by wvacuum distillation,
and the residue was extracted from ethyl acetate to obtain
Compound (125) (1.66 g, 2.18 mmol).

Compound (125) (1.66 g) and Compound (207) (1.48 g, 4.58
mmol) were dissolved in THF (50 ml), and 1.6 M solution of
potassium tert-butoxide in THF (8 ml) was added dropwise to
the mixed solution at 0'C The temperature was slowly raised to
ambient temperature to complete the reaction. Then an excess
amount of water was poured thereto to generate solid, which
was then filtered. After recrystallization from ethanol,
Compound (312, IF3-1) (1.65 g, 1.65 mmol) was obtained as the
title compound in total yield of 38.6%.

'H NMR(200MHz, CDCls): & 1.65(s, 12H), 6.45-6.5(m, 8H),
6.6-6.65(m, 2H), 6.75-6.8(m, 4H), 6.95-7.3(m, 16H), 7.4-7.6(m,
14H), 7.65(d, 2H), 7.75(s, 2H), 7.8(s, 2H), 7.95-8.05(d, 2H)

MS/FAB: 1100 ({found), 1101.46(calculated)
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[Synthetic Example 13] Synthesis of IF3-2

e e
o}
(EtO),P Q O‘O.Q O E’ (OEt), 209
8

125 §:>

<::j§ 313(IF3-2)

Compound (313, IF3-2) (0.86 g, 0.78 mmol) as the title
compound was obtained in total yield of 30.4% according to the
same procedure as Synthetic Example 12, but Compound 125 (1 g,
1.31 mmol), and Compound 209 (0.90 g, 2.79 mmol) 1instead of
Compound 207 were employed.

'y NMR(200MHz, CDCls): & 1.65(s, 12H), 6.45-6.5(m, B8H),
6.6-6.65(m, 4H), 6.75-6.8(m, 4H), 6.95-7.05(m, 12H), 7.4-
7.55(m, 14H), 7.65(d, 2H), 7.7-7.75(d, 4H), 7.8(s, 2H), 7.95-
8.05(d, 2H)

MS/FAB: 1100 (found), 1101.46(calculated)
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[Synthetic Example 14] Synthesis of DF2-1

—_—

Oy, L
9 proey, 2t
O

9

o)
O~
12

To a solution of 2,7-dibromo-9, 9-dimethylfluorene (2.0 g,
5,68 mmol) as Compound (126) in THF (50 ml), added was 1.5
equivalent of tert-butyl lithium at -80C and the resultant
solution was stirred at -40Cunder nitrogen atmosphere for 12
hours.

After the stirring completed, 2-isopropoxy-4,4,5,5-
tetramethyl-1, 3,2-dioxaborolane (0.85 g, 5.11 mmol) was added
thereto, while maintaining the temperature of the reaction

mixture at -80C to provide a boronic ester compound of
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Compound (126) (1.86 g, 4.66 mmol), and the resultant boronic
ester compound of Compound (126) (1.86 g) was dissolved in 50
ml of THF. To the solution, added were 2,7-dibromo-9, 9-
dimethylfluorene (1.56 g, 4.43 mmol), Pd(PPh3), (0.67 g, 0.58
mmol) and aqueous 2ZM solution of calcium carbonate (10 ml),
and the resultant mixture was heated under reflux for 10 hours.
From the precipitate thus formed, obtained was Compound (127)
(2.12 g, 3.90 mmol).

To a solution of Compound (127) (2.12 g, 4.27 mmol) in
THF (50 ml), added were phenyl boronic acid (1.00 g, 8.20
mmol), Pd(PPhis)gs (1.18 g, 1.0Z2 mmol) and aqueocus 2M calcium
carbonate solution (20 ml), and the resultant mixture was
heated under reflux for 10 hours. From the precipitate thus
formed, obtained was Compound (128) (1.87 g, 3.48 mmol).
Compound (128) (1.87 g) and paraformaldehyde (1.8 g) were
added to 35% HBr solution in acetic acid (15 ml), and <the
mixture was heated at 60°C for 24 hours. Then the temperature
of the reaction mixture was lowered to ambient temperature,
extracted and dried to obtain a bromethyl derivative, which
was then charged to a reaction vessel. Triethylphosphite (2.30
g, 13.9 mmol) was added dropwise thereto at 0¢ and the
mixture was heated at 150C for 4 hours. After completion of
the reaction, residual triethylphosphite was removed by wvacuum
distillation, and the residue was extfacted from ethyl acetate

to obtain Compound (129) (1.32 g, 1.57 mmol).
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Compound (129) (1.32 g) and Compound (205) (0.90 g, 3.30
mmol) were dissolved in THF (30 ml), and 1.6 M solution of
potassium tert-butoxide in THE (6 ml) was added to the mixed
solution dropwise at 0C The temperature was slowly raised to
ambient temperature to complete the reaction. Then an excess
amount of water was poured thereto to generate solid, which
was then filtered. After recrystallization from ethanol,
Compound (314, DF2-1) (1.28 g, 1.19 mmol) was obtained as the
title compound in total yield of 21.0%.

'H NMR(200MHz, CDCls): & 1.65(s, 12H), 6.45-6.5(m, 12H),
6.6-6.65(m, 4H), 6.95-7.05(m, 12H), 7.15-7.2(m, 4H), T7.45-
7.5(d, 8H), 7.55—7.6(5, 4H4), 7.75-7.8(d, 4H), 7.85~7.9(d, 4H)

[Synthetic Example 15] Synthesis of DF2-2

O~ "’
&

315(DF2-2)

Compound (315, DF2-2) (0.86 g, 0.73 mmol) as the title
compound was obtained in total yield of 17.0% according to the

same procedure as Synthetic Example 14, but Compound 129 (1.0
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g, 1.19 mmol), and Compound 209 (0.93 g, 2.88 mmol) instead of
Compound 205 were employed.

'"H NMR(200MHz, CDCls): & 1.65(s, 12H), 6.45-6.5(m, B8H),
6.6-6.8(m, 8H), 6.95-7.05(m, 12H), 7.35-7.6(m, 18H), 7.7-7.8(t,
6H), 7.85-7.9(d, 4H)

MS/FAB: 1176 (found), 1177.56(calculated)

[Example 1] Manufacture of OLED device by using the
compound according to the present invention

An OLED device having the structure employing the
electroluminescent material was manufactured.

First, a transparent electrode ITO thin film (15 Q/0)
obtained from a glass for OLED was subjected to ultrasonic
washing by trichloroethylene, acetone, ethanol and distilled
water, subsequently, and stored in isopronanol before use.

Then, an ITO substrate was equipped in a substrate folder
of vacuum vapor deposition equipment, and 4,4',4"-tris(N,N-(2-
naphthyl)-phenylamino)triphenylamine (2-TNATA) represented by
following structural formula was placed in a cell of the
vacuum vapor deposition equipment, which was then ventilated
up to 107® 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.
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oe¥es

2-TNATA

O

Then, to another cell Qf the wvacuum vapor deposition
equipment, charged was N,N’-bis (x-naphthyl)-N,N’~diphenyl-
4,4" -diamine (NPB), and electric current was applied to the
cell to evaporate NPB to vapor-deposit a hole transport layer

of 20 nm of thickness on the hole injection layer.

S
@N

NPB

After forming the hole injection layer and hole transport
layer, an electroluminescent layer was vapor-deposited thereon
as follows. In one cell of the vacuum vapor deposition
equipment, charged was dinaphthylanthracene (DNA) represented

by following structural formula, and in another <cell, an
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electroluminescent material of a compound according to the
present invention (ex. Compound Ir2-1), and an
electroluminescent layer having 30 nm of thickness was vapor-
deposited on said hole transport layer with the vapor

deposition rate of 100:1.

DNA

IF2-1

Then, tris(8-hydroxyquinoline)aluminum (ITT) (Alg)
represented by following structural formula was vapor-
deposited as an electron transport layer having 20 nm of
thickness, and lithium qguinolate (Liqg) represented Dby
followihg structural formula was vapor-deposited as an

electron injection layer having from 1 to 2 nm of thickness.
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Thereafter, an Al cathode was vapor-deposited with 150 nm of
thickness by using another vapor-deposit device to manufacture

an OLED.

L

/

Lig

Each material employed in the OLED device was purified by
vacuum sublimation under 107°® torr, and employed as an
electroluminescent material for OLED.

[Comparative Example 1] Preparation of an OLED employing
conventional electroluminescent material

A hole injection layer and hole transport layer were
created according to the same procedure as described 1in
Example 1, and dinaphthylanthracene (DNA) as a blue
electroluminescent material was charged in one cell of said
vapor deposition equipment, while perylene having the
following structural formula in another cell as another blue
electroluminescent material. Then, an electroluminescent layer
with 30 nm thickness was vapor-deposited on =said hole

transport layer with the vapor deposition rate of 100:1.

perylene
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Then, an electron transport layer and an electron
injection layer were vapor-deposited according to the same
procedure as described in Example 1, and an Al cathode was
vapor~deposited by using another vacuum vapor deposition
equipment with a thickness of 150 nm, to manufacture an OLED.

[Example 2] Electroluminescent properties of the OLED
manufactured

Electroluminescent efficiencies of OLEDs comprising the
organic electroluminescent compound according to the invention
prepared from Example 1 and the conventional
electroluminescent compound prepared from Comparative Example
1 were measured at 500 cd/m® and 2,000 cd/m?, respectively, of
which the results are shown in Table 1. Since the luminescent
properties in the range of low luminance and those applied on
a panel are very important in case of blue electroluminescent
material, in particular, the data of luminance of about 2,000

cd/m* was established as the standard in order to reflect those

properties.
[Table 1]
EL EfficiencylColor
EL L
EL Material EL peaki (cd/A) coordinate
No. Material Efficienc
1 (nm) @500 @2,000
2 X Y v/Y
cd/m* | cd/nf
1 DNA IFl-1 451 3.67 |2.89 0.155 {0.137[26.8
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2 DNA IF1-2 435 2.90 [2.04 0.151 0.092[31.5
3 DNA IF1-3 435 3.01 |2.32 0.151 (0.094 32.0
4 DNA IF1-4 438 2.95 12.20 0.151 |0.093|31.7
5 DNA IF2-1 465 11.27 (12.81 {0.154 |0.195(65.7
6 DNA IF2-2 465 11.71 |12.37 ]0.166 |0.202 61.2
7 DNA IF2-3 465 10.33 {12.87 (0.169 0;208 61.9
8 DNA IFr2-4 461 8.02 ]10.90 |0.158 |0.192 |56.8
9 DNA DF1-1 456 7.70 |8.35 0.149 {0.146|57.2
10 DNA DF1-2 456 7.07 |8.41 0.158 |0.155{54.3
11 DNA DF1-3 455 6.73 [7.81 0.147 10.128 |61.0
12 DNA IF3-1 453 6.61 16.76 0.155 |0.132 51.2
13 DNA IF3-2 452 5.60 1]5.80 0.150 |0.126144.5
14 DNA DF2-1 450 5.11 1{5.09 0.168 ([0.104 49.1
15 DNA DF2-2 448 4.50 |4.62 0.157 10.103 |44.8

456,
Comp. 1|DNA Perylene 4.45 13.62 0.160 |0.200 22.3

484

As can be seen from Table 1, the OLED device employing
the organic electroluminescent compounds as the
electroluminescent material was compared to the OLED device of
Comparative Example which employs widely known DNA:perylene as
a conventional electroluminescent material, on the basis of
“luminous efficiency/Y” value which shows similar tendency to
proton efficiency. As the result, the OLED device employing

the organic electroluminescent compound according to the
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present invention showed higher “luminous efficiency/Y” value
than that of Comparative Example.

In view of the fact that the organic electroluminescent
compound according to the invention showed higher “luminous
efficiency/Y” wvalue, it 1is found that indenofluorene which is
the basic skeletal of the organic electroluminescent compounds
of the present invention 1is a material having high proton
efficiency. In addition, it is found that the organic
electroluminescent compounds of the present invention can
realize higher efficiency and color purity as compared to
conventional electroluminescent compounds. In particular, in
case of the series of IF2, DFl and IF3, the “luminous
efficiency/Y” value was enhanced 3-folds or more as compared
to conventional electroluminescent compound.

In general, 1in case of a structure comprising a double
bond primarily based on stilbene, noticeable enhancement of
performances was confirmed. It 1s assumed that the enhancement
of performances in case that the molecular structure wherein
the chemical bonds are formed via double bond(s) rather than
those wherein only aromatics are simply connected is due to
improvement of overlaps between the orbitals of respective
aromatic ring in the molecular structure.

From Table 1, it is confirmed that “luminous
efficiency/Y” wvalue of the compounds of the invention showed

at least two-folds of improvement of the performance as
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compared to conventional materials, and this comes from the
effect of indenofluorene and difluorene skeletal of the
present invention to improve by far the valuable properties.

As described above, the organic electroluminescent
compounds according to the present inventionvcan be employed
as a Dblue electroluminescent material of high efficiency,
thereby having great advantages in terms of luminance of OLED,

power consumption and life as compared to conventional ones.

[ Industrial Applicability ]

The organic electroluminescent compounds according to the
present invention have good electroluminescent efficiency and
excellent life properties, thereby providing OLED having very

long lifetime of operation.
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[ what is claimed is: ]
1. An organic electroluminescent compound represented by

Chemical Formula 1:

[Chemical Formula 1]

wherein, H represents j@i or O ,

A and B independently represent a chemical bond,

R12 R
\/K m\
Ri, or Rys P

R; and R, independently represent an aromatic ring or a
fused multi-cyclic aromatic ring having two or more aromatic
rings,

R3 through Rg independently represent a linear or branched
C1-Cz0 alkyl group with or without halogen substituent(s), a Cs-
Cg cycloalkyl group, or an aromatic group with or without
halogen substituent (s),

Ri1 through Ris independently represent a hydrogen, a C;~Csg
alkyl group, a Cs~Cg cycloalkyl group or an aromatic group with

or without halogen substituent(s),
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Ar; through Ar, independently represent an aromatic ring
or a fused multi-cyclic aromatic ring having two or more
aromatic rings.

2. An organic electroluminescent compound according to claim 1,
which i1s represented by one of Chemical Formulas 2 to 6:

[Chemical Formula 2]

[Chemical Formula 3]
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(Chemical Formula 5]

[Chemical Formula 6]

wherein, R; and R, independently represent an aromatic group or
a fused multi-cyclic aromatic ring having two or more aromatic
rings,

Rz through Rg independently represent a linear or branched
C1-Cso alkyl group with or without halogen substituent(s), a Cs-
Cg cycloalkyl group, or an aromatic group with or without
halogen substituent (s},

Ri: through Ri;s independently represent hydrogen, a C;-Cg
alkyl group, a Cs-Cg cycloalkyl group or an aromatic group with
or without halogen substituent(s), and

Ar, through Ars independently represent an aromatic ring
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or a fused multi-cyclic aromatic ring having two or more
aromatic rings.

3. An organic electroluminescent compound according to claim 2,
wherein R; and R; in Chemical Formulas 2 through 6 are selected
from phenylene, naphthalene, anthracene, naphthacene, pyrene,
fluorene and biphenyl,

R; through R¢ represent methyl, ethyl, n-propyl, i-propyl, n-
butyl, i-butyl, t-butyl, n-pentyl, i-amyl, n-hexyl, n-heptyl,
n-octyl, 2-ethylhexyl, n-nonyl, trifluoromethyl,
pentafluoroethyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, phenyl, tolyl, l-naphthvyl, 2-naphthyl, 2~
fluorophenyl or 4-fluorophenyl,

Ry, through R4 represent a hydrogen, methyl, ethyl, n-
propyl, i-propyl, n-butyl, i-butyl, t-butyl, n-pentyl, n-hexyl,
n-heptyl, n-octyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, phenyl, tolyl, l-naphthyl, 2-naphthyl, 2~
fluorophenyl or 4-fluorophenyl, and

Ar; through Ars; represent phenyl, tolyl, xylyl, pyridyl,
biphenvl, naphthyl, anthryl, phenanthryl, naphthacenyl,
acenaphthenyl, pyrenyl, fluorenyl or perylenyl.

4. An organic electroluminescent compound according to claim 3,
which is selected from the compounds represented by following

chemical formulas:
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wherein, Rz through R¢ represent methyl group or ethyl group,

and Ris

to Rig

represent methyl group,

ethyl group or phenyl
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group.
5. An organic electroluminescent device comprising an anode; a
cathode; and an organic electroluminescent compound according

to any one of claims 1 to 4 between the anode and the cathode.
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[Figure 1]
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[Figure 2]
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