
(19) United States 
US 2004019 1563A1 

(12) Patent Application Publication (10) Pub. No.: US 2004/0191563 A1 
Iwakuma et al. (43) Pub. Date: Sep. 30, 2004 

(54) NOVELAROMATIC COMPOUNDS AND 
ORGANIC ELECTROLUMNESCENT 
DEVICES MADE BY USING THE SAME 

(76) Inventors: Toshihiro Iwakuma, Chiba (JP); 
Takashi Arakane, Chiba (JP); Tadashi 
Kusumoto, Chiba (JP) 

Correspondence Address: 
OBLON, SPIVAK, MCCLELLAND, MAIER & 
NEUSTADT, P.C. 
1940 DUKE STREET 
ALEXANDRIA, VA 22314 (US) 

(21) Appl. No.: 10/483,990 

(22) PCT Filed: Jul. 12, 2002 

(86) PCT No.: PCT/JP02/07103 

(30) Foreign Application Priority Data 

Jul. 23, 2001 (JP)...................................... 2001-220.946 

Publication Classification 

(51) Int. Cl." ......................... H05B 33/12; CO7C 211/54 
(52) U.S. Cl. ......................... 428/690; 428/917; 313/504; 

313/506; 564/426 

(57) ABSTRACT 

A novel aromatic compound represented by following gen 
eral formula (I): 

-continued 

X3 X18 

X4 X17 

Xs X16 
X6 X15 

X7 X14 

X8 X13 

among X to X in general formula (I), (1) at least four each 
independently represent a linear or branched alkoxyl group 
having 1 to 6 carbon atoms, and others each represent 
hydrogen atom; (2) at least one represents a linear or 
branched alkyl group having 1 to 6 carbon atoms, at least 
one represents a linear or branched alkoxyl group having 1 
to 6 carbon atoms, a total of a number of the alkyl group and 
a number of the alkoxyl group being 4 or greater, and others 
each represent hydrogen atom; (3) at least six each inde 
pendently represent a linear or branched alkyl group having 
1 to 6 carbon atoms, and others each represent hydrogen 
atom; or (4) at least four each independently represent a 
linear or branched alkyl group having 1 to 6 carbon atoms, 
two among Said alkyl groups having 3 to 6 carbon atoms, 
and others each represent hydrogen atom; and an organic 
electroluminescence device using the aromatic compound, 
are provided. The device exhibits excellent purity of color, 
provides great luminance of emitted light and efficiency of 
light emission even at a Small driving Voltage, has a long 
lifetime and emits reddish light. 
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NOVELAROMATIC COMPOUNDS AND ORGANIC 
ELECTROLUMNESCENT DEVICES MADE BY 

USING THE SAME 

TECHNICAL FIELD 

0001. The present invention relates to a novel aromatic 
compound and an organic electroluminescence device using 
the compound and, more particularly, to an organic elec 
troluminescence device which exhibits excellent purity of 
color, provides great luminance of emitted light and effi 
ciency of light emission, has a long lifetime and emits 
reddish light and a novel aromatic compound utilized for the 
electroluminescence device. 

BACKGROUND ART 

0002 Organic electroluminescence (“electrolumines 
cence” will be referred to as “EL, hereinafter) devices 
which utilize organic Substances are expected to be useful 
for application as an inexpensive full color display device of 
the Solid light emission type having a great size, and various 
developments on the organic EL devices are being con 
ducted. In general, an organic EL device has a construction 
comprising a light emitting layer and a pair of electrodes 
disposed at both sides of the light emitting layer. When an 
electric field is applied between the two electrodes, electrons 
are injected from the cathode Side and holes are injected 
from the anode side. The electrons are recombined with the 
holes in the light emitting layer to form an excited State, and 
the energy generated when the excited State returns to the 
ground State is emitted as light. 
0003. At present, the device for a full-color display is still 
under development even though the actual use of organic EL 
devices has started. In particular, a light emitting material for 
organic EL devices which exhibits excellent purity of color 
of emitted light, provides a great efficiency of light emission, 
has a long lifetime and emits reddish light has been desired. 
0004. As the attempt to satisfy the above desire, a device 
emitting red light in which a derivative of naphthacene or 
pentacene is added to a light emitting layer is disclosed in 
Japanese Patent Application Laid-Open No. Heisei 8(1996)- 
311442. Although this device exhibits an excellent purity of 
red light, the device requires an applied Voltage as great as 
11 V and has an insufficient half luminance lifetime of about 
150 hours. A device in which a compound derived from 
dicyanomethylene (DCM) is added to a light emitting layer 
is disclosed in Japanese Patent Application Laid-Open No. 
Heisei 3(1991)-162481. However, this device exhibits an 
insufficient purity of red light. In Japanese Patent Applica 
tion Laid-Open No. 2001-81451, a device emitting red light 
in which an amine-based aromatic compound is added to a 
light emitting layer is disclosed. However, this light emitting 
device requires a high applied Voltage although the device 
exhibits excellent purity of color such as a CIE chromaticity 
of (0.64, 0.33). In WO 01/23497, a device in which a 
compound represented by general formula (I) shown below, 
in which four of X to Xo each represent methyl group, is 
added to the light emitting layer is disclosed. However, the 
color of the emitted light is reddish orange, and the chro 
maticity is insufficient. 

DISCLOSURE OF THE INVENTION 

0005 The present invention has been made to overcome 
the above problems and has an object of providing an 
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organic EL device which exhibits excellent purity of color, 
provides great luminance of emitted light and efficiency of 
light emission even at a Small driving Voltage, has a long 
lifetime and emits reddish light and a novel aromatic com 
pound utilized for the organic EL device. 
0006. As the result of intensive studies by the present 
inventors to achieve the above object, it was found that a 
device which could exhibit excellent purity of color, pro 
vides great luminance of emitted light and efficiency of light 
emission even at a Small driving Voltage and has a long 
lifetime could be provided by further introducing an elec 
tron-donating Substituent into diphenylamino group bonded 
to the mother skeleton Structure having a specific Structure. 
The present invention has been completed based on this 
knowledge. 
0007. The present invention provides a novel aromatic 
compound represented by following general formula (I): 

X3 
X18 

X4 

X17 
Xs 
X 
6 X16 

X15 
X7 

X X14 
8 

X13 
X3 X18 

X4 X17 

Xs X16 
X6 X15 

X7 X14 

X8 X13 

0008 wherein general formula (I) satisfies any one of 
following conditions (1) to (4): 
0009 (1) Among X to Xo, at least four each indepen 
dently represent a linear or branched alkoxyl group having 
1 to 6 carbon atoms, and others each represent hydrogen 
atom, 

0010 (2) Among X to Xo, at least one represents a 
linear or branched alkyl group having 1 to 6 carbon atoms, 
at least one represents a linear or branched alkoxyl group 
having 1 to 6 carbon atoms, a total of a number of the alkyl 
group and a number of the alkoxyl group being 4 or greater, 
and others each represent hydrogen atom; 
0011 (3) Among X to Xo, at least Six each indepen 
dently represent a linear or branched alkyl group having 1 to 
6 carbon atoms, and others each represent hydrogen atom; 
and 

0012 (4) Among X to Xo, at least four each indepen 
dently represent a linear or branched alkyl group having 1 to 
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6 carbon atoms, two alkyl groups among Said alkyl groups 
having 3 to 6 carbon atoms, and others each represent 
hydrogen atom. 

0013 The present invention also provides an organic 
electroluminescence device which comprises a pair of elec 
trodes and an organic compound layer which comprises a 
light emitting layer or a plurality of layers comprising a light 
emitting layer and is disposed between the pair of electrodes, 
wherein at least one layer in the organic compound layer 
comprises an aromatic compound represented by general 
formula (I) described above. 

THE MOST PREFERRED EMBODIMENT TO 
CARRY OUT THE INVENTION 

0.014. The novel aromatic compound of the present 
invention satisfies one of the following conditions (1) to (4) 
in general formula (I) described above: 
0.015 (1) Among X to Xo, at least four each indepen 
dently represent a linear or branched alkoxyl group having 
1 to 6 carbon atoms, and others each represent hydrogen 
atOm. 

0016 (2) Among X to Xo, at least one represents a 
linear or branched alkyl group having 1 to 6 carbon atoms, 
at least one represents a linear or branched alkoxyl group 
having 1 to 6 carbon atoms, a total of a number of the alkyl 
group and a number of the alkoxyl group being 4 or greater, 
and others each represent hydrogen atom. 
0017 (3) Among X to X, at least six each indepen 
dently represent a linear or branched alkyl group having 1 to 
6 carbon atoms, and others each represent hydrogen atom. 
0018 (4) Among X to Xo, at least four each indepen 
dently represent a linear or branched alkyl group having 1 to 
6 carbon atoms, two alkyl groups among Said alkyl groups 
having 3 to 6 carbon atoms, and others each represent 
hydrogen atom. 
0019. In general formula (I) described above, examples 
of the alkyl group having 1 to 6 carbon atoms include methyl 
group, ethyl group, n-propyl group, isopropyl group, n-butyl 
group, t-butyl group, S-butyl group, isobutyl group, n-pentyl 
group, 1-methylbutyl group, 2-methylbutyl group, 3-meth 
ylbutyl group, 1-ethylpropyl group, 2-pentyl group, 3-pentyl 
group, 2,2-dimethylpropyl group and n-hexyl group. Among 
these groups, methyl group, ethyl group, n-propyl group, 
isopropyl group, n-butyl group, t-butyl group, S-butyl group 
and isobutyl group are preferable. 
0020 Examples of the alkoxyl group having 1 to 6 
carbon atoms include methoxy group, ethoxy group, n-pro 
poxy group, isopropoxy group, n-butoxy group, t-butoxy 
group, S-butoxy group, isobutoxy group, n-pentoxy group, 
2-pentoxylgroup, 3-pentoxy group 2,2-dimethylpropoxy 
group and n-heXOXy group. Among these groups, methoxy 
group, ethoxy group, n-propoxy group, isopropoxy group, 
n-butoxy group, t-butoxy group, S-butoxy group and isobu 
toxy group are preferable. 
0021 Specific examples of the aromatic compounds rep 
resented by general formula (I) of the present invention are 
shown in the following. However, the aromatic compound of 
the present invention is not limited to the compounds shown 
as the examples. In the following formulae, Me represents 
methyl group, Et represents ethyl group, Pr represents 
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propyl group, Bu represents butyl group, and HeX represents 
hexyl group. 
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-continued -continued 
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-continued -continued 
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-continued 

(713) 

t-Bu O-Pr 

t-Bu O O-Pr 

0022. The organic EL device of the present invention 
comprises an organic compound layer comprising one or a 
plurality of layers formed between the anode and the cath 
ode, and at least one of the layers in the organic compound 
layer comprises the aromatic compound represented by 
general formula (I) described above. When the device com 
prises a single layer, the layer is a light emitting layer formed 
between the anode and the cathode. The light emitting layer 
comprises a light emitting material and may further com 
prise a hole injection material for transporting holes injected 
from the anode to the light emitting material or an electron 
injection material for transporting electrons injected from 
the cathode to the light emitting material. It is preferable that 
the light emitting material exhibits a very excellent fluores 
cence quantum efficiency, has a great ability of transporting 
both holes and electrons and forms a uniform thin layer. 
Examples of the organic EL device of the multi-layer type 
include organic EL devices comprising a laminate having a 
multi-layer construction Such as (the anode/the hole injec 
tion layer/the light emitting layer/the cathode), (the anode/ 
the light emitting layer/the electron injection layer/the cath 
ode) and (the anode/the hole injection layer/the light 
emitting layer/the electron injection layer/the cathode). 
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0023. In the present invention, it is preferable that the 
organic compound layer is at least one of the hole transport 
layer and the light emitting layer. 
0024. It is preferable that the organic compound layer 
comprises 1 to 70% by weight of the aromatic compound 
represented by general formula (I). When the content is 
smaller than 1% by weight, the effect of the invention cannot 
be obtained. When the content exceeds 70% by weight, the 
durability and the efficiency of light emission tend to 
decrease. 

0.025. Where necessary, the light emitting layer or the 
organic compound layer may further comprise conventional 
light emitting materials, other doping materials, hole injec 
tion materials and electron injection materials in combina 
tion with the compound represented by general formula (I) 
of the present invention. By using a multi-layer Structure for 
the organic EL device, decreases in the luminance and the 
lifetime due to quenching can be prevented. Using other 
doping materials, the luminance of emitted light and the 
efficiency of light emission can be improved, and emission 
of red light or white light can be obtained. By using other 
doping materials contributing to the light emission of the 
phosphorescence in combination, the luminance of emitted 
light and the efficiency of light emission can be improved. 
0026. The hole injection layer, the light emitting layer 
and the electron injection layer may each have a multi-layer 
structure. When the hole injection layer has a multi-layer 
structure, the layer into which holes are injected from the 
electrode is called the hole injection layer, and the layer 
which receives holes from the hole injection layer and 
transports holes to the light emitting layer is called the hole 
transport layer. Similarly, when the electron injection layer 
has a multi-layer Structure, the layer into which electron are 
injected from the electrode is called the electron injection 
layer, and the layer which receives electrons from the 
electron injection layer and transports electrons to the light 
emitting layer is called the electron transport layer. The 
layers are Selected in accordance with energy levels of the 
material, heat resistance and adhesion with the organic thin 
film layers or the metal electrodes. 
0.027 Examples of the light emitting material and the 
host material which can be used for the organic compound 
layer in combination with the compound represented by 
general formula (I) include anthracene, naphthalene, 
phenanthrene, pyrene, tetracene, coronene, chrysene, fluo 
resceine, perylene, phthaloperylene, naphthaloperylene, 
pery none, phthalopery none, naphthalopery none, diphenylb 
utadiene, tetrapheny-butadiene, coumarine, oxadiazole, 
aldazine, bis-benzoxazoline, bis-Styryl, pyrazine, cyclopen 
tadiene, metal complexes of quinoline, metal complexes of 
aminoquinoline, metal complexes of benzoquinoline, imi 
nes, diphenylethylene, Vinylanthracene, diaminocarbazole, 
pyrane, thiopyrane, polymethine, melocyanine, OXinoid 
compounds chelated with imidazole, quinacridone, rubrene, 
Stilbene-based derivatives and fluorescence pigments. 
0028. As the hole injection material, compounds which 
have the ability to transport holes, exhibits the excellent 
effect of receiving holes injected from the anode and the 
excellent effect of injecting holes to the light emitting layer 
or the light emitting material, prevents transfer of excitons 
formed in the light emitting layer to the electron injection 
layer or the electron injection material and has the excellent 
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ability of forming a thin film, are preferable. Examples of the 
hole injection compound include phthalocyanine deriva 
tives, naphthalocyanine derivatives, porphyrin derivatives, 
Oxazoles, oxadiazoles, triazoles, imidazoles, imidazolones, 
imidazolethiones, pyrazolines, pyrazolones, tetrahydroimi 
dazoles, oxazoles, oxadiazoles, hydrazones, acylhydra 
Zones, polyarylalkanes, Stilbene, butadiene, triphenylamine 
of the benzidine type, triphenylamine of the Styrylamine 
type, triphenylamine of the diamine type, derivatives of the 
above compounds and macromolecular materials Such as 
polyvinyl-carbazoles, polysilanes and electrically conduc 
tive macromolecules. 

0029. Among these hole injection materials, the more 
effective hole injection materials are aromatic tertiary amine 
derivatives and phthalocyanine derivatives. Examples of the 
aromatic tertiary amine derivative include triphenylamine, 
tritolylamine, tolyldiphenylamine, N,N'-diphenyl-N,N'-(3- 
methylphenyl)-1,1'-biphenyl-4,4'-diamine, N.N.N',N'-(4- 
methylphenyl)-1,1'-phenyl-4,4'-diamine, N.N.N',N'-(4-me 
thyl-phenyl)-1,1'-biphenyl-4,4'-diamine, N,N'-diphenyl-N, 
N'-dinaphthyl-1,1'-biphenyl-4,4'-diamine, N,N'- 
(methylphenyl)-N,N'-(4-n-butylphenyl)-phenanthrene-9,10 
diamine, N,N-bis(4-di-4-tolylaminophenyl)-4-phenyl 
cyclohexane and oligomers and polymers having the 
skeleton Structure of these aromatic tertiary amines. 
Examples of the phthalocyanine (Pc) derivative include 
phthalocyanine derivatives and naphthalocyanine deriva 
tives such as HPc, CuPc, CoPc, NiPc, ZnPc, PdPc, FePc, 
MnPc, CIAlPc, CIGaPc, CInPc, CISnPc, ClSiPc, 
(HO)AlPc, (HO)GaPc, VOPc, TiOPc, Mo.OPc and GaPe 
O-GaPC. 

0030. As the electron injection material, compounds 
which have the ability to transport electrons, exhibits the 
excellent effect of receiving electrons injected from the 
anode and the excellent effect of injecting electrons to the 
light emitting layer or the light emitting material, prevents 
transfer of excitons formed in the light emitting layer to the 
hole injection layer and has the excellent ability of forming 
a thin film, are preferable. Examples of the electron injection 
compound include fluorenone, anthraquinodimethane, 
diphenoquinone, thiopyrane dioxide, oxazoles, oxadiazoles, 
triazoles, imidazoles, perylenetetracarboxylic acid, quinoxa 
line, fluorenylidenemethane, anthraquinodimethane, 
anthrone and derivatives of these compounds. The charge 
injection property can be improved by adding an electron 
accepting Substance to the injecting hole material and an 
electron donating Substance to the electron injection mate 
rial. 

0031. Among these electron injection materials, the more 
effective electron injection materials are metal complex 
compounds and five-membered derivatives having nitrogen. 
Examples of the metal complex compound include 8-hy 
droxyquinolinatolithium, bis(8-hydroxy-quinolinato)Zinc, 
bis(8-hydroxyquinolinato)copper, bis(8-hydroxy-quinoli 
nato)manganese, tris(8-hydroxyquinolinato)aluminum, 
tris(2-methyl-8-hydroxyquinolinato)aluminum, tris(8-hy 
droxyquinolinato)-gallium, bis(10-hydroxybenzohlquinoli 
nato)beryllium, bis(10-hydroxy-benzoh-quinolinato)Zinc, 
bis(2-methyl-8-quinolinato)chlorogallium, bis(2-methyl-8- 
quinolinato)(o-cresolato)gallium, bis(2-methyl-8-quinoli 
nato)(1-naphtholato)aluminum and bis(2-methyl-8-quinoli 
nato)-(2-naphtholato)gallium. 
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0032. As the five-membered derivative having nitrogen, 
Oxazoles, thiazoles, oxadiazoles, thiadiazoles, triazoles and 
derivatives of these compounds are preferable. Examples of 
the five-membered derivative having nitrogen include 2.5- 
bis(1-phenyl)-1,3,4-oxazole, dimethylPOPOP, 2,5-bis(1- 
phenyl)-1,3,4-thiazole, 2,5-bis(1-phenyl)-1,3,4-oxadiazole, 
2-(4'-tert-butylphenyl)-5-(4"-biphenyl)-1,3,5-oxadiazole, 
2,5-bis(1-naphthyl)-1,3,4-oxadiazole, 1,4-bis(2-(5-pheny 
loxadiazolyl)benzene, 1,4-bis(2-(5-phenyl-oxadiazolyl)-4- 
tert-butylbenzene), 2-(4'-tert-butyl-phenyl)-5-(4"-biphenyl)- 
1,3,4-thiadiazole, 2,5-bis(1-naphthyl)-1,3,4-thiadiazole, 1,4- 
bis(2-(5-phenylthiadiazolyl)benzene, 2-(4'-tert-butyl 
phenyl)-5-(4"-biphenyl)-1,3,4-triazole, 2,5-bis(1-naphthyl)- 
1,3,4-triazole and 1,4-bis(2-(5-phenyl-triazolyl)benzene. 
0033. The organic EL device of the present invention 
may comprise an inorganic compound layer between the 
electrode and the above organic compound layer. Examples 
of the preferable inorganic compound used for the inorganic 
compound layer include various types of oxides, nitrides and 
oxide nitrides Such as alkali metal oxides, alkaline earth 
metal oxides, rare earth oxides, alkali metal halides, alkaline 
earth metal halides, rare earth halides, SiO) AlO, SiN 
SiON, AlON, GeO, LiO, LiON, TiO, TiON, Tao, TaON, 
TaN and C. In particular, as the component contacting the 
anode, SiO, AIO, SiN, SiON, AlON, GeO and C are 
preferable Since a stable interface layer of injection is 
formed. AS the component contacting the cathode, LiF, 
MgF2, CaF, MgF and NaF are preferable. 

0034. In the organic EL device of the present invention, 
it is possible that a protective layer is formed on the Surface 
of the device or the entire device is covered with a silicone 
oil or a resin So that Stability to the temperature, the humidity 
and the atmosphere is improved. 

0035. As the electrically conductive material used for the 
anode of the organic EL device of the present invention, a 
material having a work function greater than 4 eV is Suitable, 
and carbon, aluminum, Vanadium, iron, cobalt, nickel, tung 
Sten, Silver, gold, platinum, palladium, alloys of these met 
als, metal oxides Such as tin oxides and indium oxide used 
for ITO substrates and NESA substrates and organic elec 
trically conductive resins Such as polythiophene and poly 
pyrrol are used. AS the electrically conductive material used 
for the cathode, a material having a work function Smaller 
than 4 eV is Suitable, and magnesium, calcium, tin, lead, 
titanium, yttrium, lithium, ruthenium, manganese, alumi 
num and alloys of these metals are used. However, the 
electrically conductive material used for the electrodes is not 
limited to these materials. Examples of the alloy include 
magnesium/silver, magnesium/indium and lithium/alumi 
num. The composition of the alloy is controlled by the 
temperature of the Source of vaporization, the atmosphere 
and the degree of vacuum, and a Suitable composition is 
selected. The anode and the cathode may be formed with a 
Structure having two or more layers, where necessary. 

0036). In the organic EL device of the present invention, 
it is preferable that at least one face is Sufficiently transparent 
in the region of the wavelength of the light emitted by the 
device So that the light emission is achieved efficiently. It is 
preferable that the Substrate is also transparent. For the 
transparent electrode, the conditions in the vapor deposition 
or the Sputtering are Set So that the prescribed transparency 
is Surely obtained using the above electrically conductive 
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material. It is preferable that the electrode of the light 
emitting face has a transmittance of light of 10% or greater. 
The Substrate is not particularly limited as long as the 
Substrate has the mechanical and thermal Strength and is 
transparent. Examples of the Substrate include glass Sub 
Strates and transparent films of resins. Examples of the 
transparent film of a resin include films of polyethylene, 
ethylene-Vinyl acetate copolymers, ethylene-Vinyl alcohol 
copolymers, polypropylene, polystyrene, polymethyl meth 
acrylate, polyvinyl chloride, polyvinyl alcohol, polyvinyl 
butyral, nylon, polyether ether ketones, poly Sulfones, poly 
ether sulfones, tetrafluoroethylene-perfluoroalkyl vinyl ether 
copolymers, polyvinyl fluoride, tetrafluoroethylene-ethylene 
copolymers, tetrafluoroethylene- hexafluoropropylene 
copolymers, polychlorotrifluoroethylene, polyvinylidene 
fluoride, polyesters, polycarbonates, polyurethanes, polyim 
ides, polyether imides, polyimides and polypropylene. 

0037 For the formation of each layer of the organic EL 
device of the present invention, any of the dry processes of 
film formation Such as the vacuum vapor deposition, the 
Sputtering, the plasma plating and the ion plating and the wet 
processes of film formation Such as the Spin coating, the 
dipping and the flow coating, can be applied. The thickness 
of each film is not particularly limited. However, it is 
necessary that the thickness of the film be set at a Suitable 
value. When the thickness is excessively great, application 
of a higher Voltage is necessary to obtain the same output of 
the light, and the efficiency of light emission decreases. 
When the thickness is excessively small, pin holes are 
formed, and Sufficient light emission cannot be obtained 
even when an electric field is applied. In general, a thickness 
in the range of 5 nm to 10 um is Suitable, and a thickneSS in 
the range of 10 nm to 0.2 um is preferable. 

0038. When the wet process of film formation is used, the 
material forming each layer is dissolved or Suspended in a 
Suitable Solvent Such as ethanol, chloroform, tetrahydrofu 
ran and dioxane, and a thin film is formed from the obtained 
Solution or Suspension. Any of the above Solvents can be 
used. For any of the layers, Suitable resins and additives may 
be used to improve the property for film formation and to 
prevent formation of pin holes in the film. Examples of the 
resin which can be used include insulating resins Such as 
polystyrene, polycarbonates, polyarylates, polyesters, 
polyamides, polyurethanes, polysulfones, polymethyl meth 
acrylate, polymethyl acrylate, cellulose and copolymers of 
these resins, photoconductive resins Such as poly-N-Vinyl 
carbazole and polysilanes, and electrically conductive resins 
Such as polythiophene and polypyrrol. Examples of the 
additive include antioxidants, ultraViolet light absorbents 
and plasticizers. 

0039. In the organic EL device of the present invention, 
the property for Sublimation of the aromatic compound is 
enhanced without adverse effects on the purity of color of 
the organic EL device by utilizing the aromatic compound of 
the present invention having the alkyl group exhibiting a 
great eXcluded Volume effect. Therefore, the device can be 
prepared under a milder condition, and the prepared device 
exhibits excellent purity of color, provides great luminance 
of emitted light and efficiency of light emission, has a long 
lifetime and emits reddish light. 
0040. The organic EL device of the present invention 
exhibits more excellent purity of color and provides greater 
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luminance of emitted light and efficiency of light emission 
even at a Small driving Voltage than those of conventional 
devices Since the aromatic compound in which electron 
donating Substituents are further introduced to dipheny 
lamino group bonded to the mother skeleton Structure is 
utilized. Moreover, the property for Sublimation of the 
aromatic compound is enhanced without adverse effects on 
the purity of color Since the bulky alkyl Substituents are 
introduced into the aromatic compound described above, 
and the device can be prepared under a milder condition. 

0041. The organic EL device can be advantageously used 
for a planar light emitting member Such as a flat panel 
display of wall televisions, a back light of copiers, printers 
and liquid crystal displays, a light Source for instruments, a 
display panel, a marking light and an accessory. 

0042. The present invention will be described more spe 
cifically with reference to examples in the following. 

PREPARATION EXAMPLE 1. 

Synthesis of Compounds (101) and (101") 
0043. The equation exhibiting the chemical reaction in 
the route of synthesis of Compounds (101) and (101") is 
shown in the following. 

MeO 

NH 

Br S) 
MeO 

SSR 
Pd(dba)3, 

(S)-(-)-BINAP, 
NaOtBu, toluene 

3, 10-/3, 11- = 7/3 mixture 

O 

o 
O 

OMe O 
- )-( ) {3 RSC RS 

MeO O 
OMe 
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-continued 
MeO OMe 

MeO OMe 

0044) Into a 100 ml three-necked flask, 3.0 g (4.72 mmol) 
of a mixture of 3,10-dibromo-7,14-diphenylacenaphtho1.2- 
kfluoranthene and 3,11-dibromo-7,14-diphenylacenaphtho 
1.2-kfluoranthene (the ratio of the amounts: 7:3), 2.38 g 
(10.38 mmol) of 4,4'-dimethoxydiphenylamine, 64 mg (0.07 
mmol) of tris(dibenzylideneacetone)dipalladium(0), 88 mg 
(0.14 mmol) of (S)-(-)-BINAP (2,2'-bis(diphenylphos 
phino)-1,1'-binaphthyl) and 1.1 g (11.4 mmol) of Sodium 
t-butoxide were placed. After the flask was purged with 
argon, 50 ml of dehydrated toluene was added. The tem 
perature of the resultant mixture was elevated to 110° C. 
under stirring, and the mixture was stirred further for 7 
hours. After the reaction was completed, the reaction mix 
ture was cooled to the room temperature, and 50 ml of 
dichloromethane was added. After being Stirred at the room 
temperature for Some time, the resultant mixture was fil 
tered. The filtrate was concentrated, and the object com 
pound was separated in accordance with the Silica gel 
column chromatography using dichloromethane as the Sol 
vent. The solvent was removed, and the obtained residue 
was recrystallized from a mixed Solvent containing toluene 
and ethanol. The formed crystals were separated by filtration 
and dried, and 3.6 g (3.86 mmol) of Compounds (101) and 
(101") were obtained (the yield: 82%). Compounds (101) 
and (101") obtained above were purified by degassing at 
350° C. under 5.0x10° Torr, and a purple powder was 
obtained. 

0.045. The results of the field desorption (FD) mass 
analysis and the measurement of the purity in accordance 
with HPLC of Compounds (101) and (101") obtained above 
are shown in the following. 

0046) FD mass analysis: 932 (M", bp), 466 (M) Purity 
in accordance with HPLC: 95% 

PREPARATION EXAMPLE 2 

Synthesis of Compounds (108) and (108) 

0047 The equation exhibiting the chemical reaction in 
the route of synthesis of Compounds (108) and (108) is 
shown in the following. 
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Me 

OOC) NH 

3, 10-/3, 11- = 9/1 mixture M9 - 
Pd2(dba)3, 

(S-(-)-BINAP, 
NaOtBu, toluene 

Br o 
O 

O Me 

SSR {3 RSC RS 
MeO O 

OMe 
Me Me 

O 

333. 3 a 
0048 Into a 100 ml three-necked flask, 3.0 g (4.72 mmol) 
of a mixture of 3,10-dibromo-7,14-diphenylacenaphtho1.2- 
kfluoranthene and 3,11-dibromo-7,14-diphenylacenaphtho 
1.2-kfluoranthene (the ratio of the amounts: 9:1), 2.21 g 
(10.38 mmol) of (4-methoxyphenyl)-p-tolylamine, 64 mg 
(0.07 mmol) of tris(dibenzylideneacetone)dipalladium(0), 
88 mg (0.14 mmol) of (S)-(-)-BINAP and 1.1 g (11.4 mmol) 
of Sodium t-butoxide were placed. After the flask was purged 
with argon, 50 ml of toluene was added. The temperature of 
the resultant mixture was elevated to 110° C. under stirring, 
and the mixture was stirred further for 7 hours. After the 
reaction was completed, the reaction mixture was cooled to 
the room temperature, and 50 ml of dehydrated toluene was 

Me Me 
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added. After being Stirred at the room temperature for Some 
time, the resultant mixture was filtered. The residue was 
washed with Small amounts of water and dichloromethane, 
successively, and dried at 60° C. The filtrate was washed 
with water, and the organic layer was separated and dried 
with magnesium Sulfate. The organic layer was filtered and 
concentrated. The obtained residue was combined with the 
residue separated and dried above. The combined residues 
were recrystallized from a mixed Solvent containing toluene 
and ethanol. The formed crystals were separated by filtration 
and dried, and 3.2 g (3.56 mmol) of Compounds (108) and 
(108) were obtained (the yield: 75%). Compounds (108) 
and (108) obtained above were purified by degassing at 
350° C. under 6.4x10, Torr, and a dark red powder was 
obtained. 

0049. The results of the FD mass analysis and the mea 
surement of the purity in accordance with HPLC of Com 
pounds (108) and (108) obtained above are shown in the 
following. 
0050 FD mass analysis: 900 (M', bp), 450 (Mt) Purity 
in accordance with HPLC: 98% 

PREPARATION EXAMPLE 3 

Synthesis of Compounds (504) and (504) 
0051. The equation exhibiting the chemical reaction in 
the route of synthesis of Compounds (504) and (504) is 
shown in the following. 

-Pr 

COO NH 

3, 10-f3, 11- = 8/2 mixt - M - s , 11- = 8/2 mixture Pd(dba)3, 

(S-(-)-BINAP, 
NaOtBu, toluene O 

or 
O 

Me O 
( )---( ) 

-Pr O 
-Pr 
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-continued 

O 
N ( ) ( ) N 

S} OCR 5 
-Pr O -Pr 

0.052 Into a 100 ml three-necked flask, 2.0 g (3.15 mmol) 
of a mixture of 3,10-dibromo-7,14-diphenylacenaphtho1.2- 
kfluoranthene and 3,11-dibromo-7,14-diphenylacenaphtho 
1.2-kfluoranthene (the ratio of the amounts: 8:2), 1.80 g 
(7.99 mmol) of (4-isopropylphenyl)-p-tolylamine, 44 mg 
(0.047 mmol) of tris(dibenzylideneacetone)dipalladium(0), 
59 mg (0.095 mmol) of (S)-(–)-BINAP and 848 mg (8.82 
mmol) of sodium t-butoxide were placed. After the flask was 
purged with argon, 50 ml of dehydrated toluene was added. 
The temperature of the resultant mixture was elevated to 
115 C. under stirring, and the mixture was stirred further for 
7.5 hours. After the reaction was completed, the reaction 
mixture was cooled to the room temperature, and 50 ml of 
dichloromethane was added. After being Stirred at the room 
temperature for Some time, the resultant mixture was fil 
tered. The residue was washed with water and dichlo 
romethane, Successively. The filtrate was transferred to a 
Separation funnel. The Separated organic layer was dried 
with magnesium Sulfate and filtered, and the Solvent was 
removed by distillation. The obtained residue was separated 
and purified in accordance with the chromatography using 
50 g of Silica gel and a mixed Solvent containing dichlo 
romethane and toluene in relative amounts of 3:1. After 
being concentrated, the obtained fraction was recrystallized 
from a mixed Solvent containing toluene and ethanol. The 
formed crystals were separated by filtration and dried, and 
2.3 g (2.49 mmol) of Compounds (504) and (504) were 
obtained (the yield: 79%). Compounds (504) and (504) 
obtained above in an amount of 1.0 g were sublimed at 450 
C. under 5.6x10, Torr. The compounds were quickly sub 
limed in 1.5 hours, and a red product purified by Sublimation 
was obtained. 

0053. The results of the FD mass analysis and the mea 
surement of the purity in accordance with HPLC of Com 
pounds (504) and (504) obtained above are shown in the 
following. 

0054 FD mass analysis: 940 (M", bp) Purity in accor 
dance with HPLC: 98% 

PREPARATION EXAMPLE 4 

Synthesis of Compounds (501) and (501) 
0.055 The equation exhibiting the chemical reaction in 
the route of synthesis of Compounds (501) and (501") is 
shown in the following. 
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O 

o 
O 

3, 10-/3, 11- = 9/1 mixture 
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Me O Me 
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Pd(dba)3, 
(S-(-)-BINAP, 
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Me O Me 

- RSCRS ). 
Me O OMe 

0056 Into a 100 ml three-necked flask, 2.0 g (3.15 mmol) 
of a mixture of 3,10-dibromo-7,14-diphenylacenaphtho1.2- 
kfluoranthene and 3,11-dibromo-7,14-diphenylacenaphtho 
1.2-kfluoranthene (the ratio of the amounts: 8:2), 1.63 g 
(7.25 mmol) of bis(3,4-dimethyldiphenyl)amine, 44 mg 
(0.047 mmol) of tris(dibenzylideneacetone)dipalladium(0), 
59 mg (0.095 mmol) of (S)-(–)-BINAP and 757 mg (7.88 
mmol) of sodium t-butoxide were placed. After the flask was 
purged with argon, 50 ml of dehydrated toluene was added. 
The temperature of the resultant mixture was elevated to 
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120° C. under stirring, and the mixture was stirred further for 
7 hours. After the reaction was completed, the reaction 
mixture was cooled to the room temperature, and 50 ml of 
dichloromethane was added. After being Stirred at the room 
temperature for Some time, the resultant mixture was fil 
tered. The residue was washed with water and dichlo 
romethane, Successively. The filtrate was transferred to a 
Separation funnel. The Separated organic layer was dried 
with magnesium Sulfate and filtered, and the Solvent was 
removed by distillation. The obtained residue was recrys 
tallized from a mixed Solvent containing toluene and etha 
nol. The formed crystals were separated by filtration and 
dried, and 1.77 g (1.92 mmol) of Compounds (501) and 
(501") were obtained (the yield: 61%). Compounds (501) 
and (501') obtained above were sublimed at 420° C. under 
4.6x10, Torr. The compounds were quickly sublimed in 1.5 
hours, and a red product purified by Sublimation was 
obtained. 

0057 The results of the FD mass analysis and the mea 
surement of the purity in accordance with HPLC of Com 
pounds (501) and (501') obtained above are shown in the 
following. 

0.058 FD mass analysis: 924 (M', bp) Purity in accor 
dance with HPLC: 98% 

Comparative Example 1 

0059 A compound represented by general formula (I) in 
which four of X to X represent methyl group and the 
otherS represent hydrogen atom was prepared. The purifi 
cation by Sublimation of the prepared compound was 
attempted at 460° C. under 4.2x10 Torr. The rate of the 
Sublimation was Small, and the Sublimation of the entire 
amount was difficult after 3 hours. Thus, the above com 
pound had the property of Sublimation inferior to that of 
Compounds (504), (504), (501) and (501') of the com 
pounds of the present invention. 

Example 1 

Preparation of an Organic EL Device (Compounds 
(101) and (101") 

0060 A transparent electrode composed of indium tin 
oxide was formed on a glass substrate of a size of 25mmx75 
mmx1.1 mm thickness. The glass Substrate was cleaned by 
application of ultraSonic wave and exposure to OZone, and 
the cleaned glass Substrate was attached to a vacuum vapor 
deposition apparatus. 

0061. After the compound TPD 74 shown in the follow 
ing was vapor deposited on the Surface of the cleaned 
Substrate in a manner Such that the formed film had a 
thickness of 60 nm, the compound NPD shown in the 
following was vapor deposited on the formed film in a 
manner Such that the formed film had a thickness of 20 nm. 
Then, Compounds (101) and (101") obtained in Preparation 
Example 1 and Alq (an aluminum complex of 8-hydrox 
yguinoline) as the light emitting materials in amounts Such 
that the ratio of the amounts by weight was 3:10, i.e., the 
content of Compounds (101) and (101") was 12.9% by 
weight, were simultaneously vapor deposited in a manner 
Such that the formed film had a thickness of 50 nm. On the 
formed film, Alq was vapor deposited in a manner Such that 
the formed film had a thickness of 10 nm. The films of TPD 
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74, NPD, Compounds (101) and (101"):Alq and Alq worked 
as the hole injection layer, the hole transport layer, the light 
emitting medium layer and the electron injection layer, 
respectively. 

0062 On the films formed above, LiF as an alkali metal 
halide was vapor deposited in a manner Such that the formed 
film had a thickness of 0.2 nm, and then aluminum was 
Vapor deposited in a manner Such that the formed film had 
a thickness of 150 nm. The films of Al/LiF worked as the 
cathode. Thus, an organic EL device was prepared. 

0063. The obtained device was tested by passing an 
electric current. Red light was emitted at a luminance of 104 
cd/m under a voltage of 6.7 V and a current density of 8.6 
mA/cm'. The chromaticity coordinates were (0.67, 0.33), 
and the current efficiency of light emission was 1.20 ccd/A. 

TPD-74 

Me Me 

)- N-( )- N-( )- N 

Me Me 

NPD 

Co. 
Example 2 

Preparation of an Organic EL Device (Compounds 
(108) and (108) 

0064. An organic EL device was prepared in accordance 
with the same procedures as those conducted in Example 1 
except that, in place of Compounds (101) and (101"), Com 
pounds (108) and (108) obtained in Preparation Example 2 
were used in amounts Such that the content of Compounds 
(108) and (108) was 13.3% by weight. 

0065. The obtained device was tested by passing an 
electric current. Red light was emitted at a luminance of 96.6 
cd/m under a voltage of 5.2 V and a current density of 4.80 
mA/cm. The chromaticity coordinates were (0.66, 0.34), 
and the current efficiency of light emission was 2.01 cd/A. 
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Example 3 

Preparation of an Organic EL Device (Compounds 
(504) and (504) 

0.066 An organic EL device was prepared in accordance 
with the same procedures as those conducted in Example 1 
except that, in place of Compounds (101) (101"), Com 
pounds (504) and (504) obtained in Preparation Example 3 
were used in amounts Such that the content of Compounds 
(504) and (504) was 13.0% by weight. 

0067. The obtained device was tested by passing an 
electric current. Red light was emitted at a luminance of 117 
cd/m under a voltage of 5.5 V and a current density of 4.08 
mA/cm. The chromaticity coordinates were (0.64, 0.36), 
and the current efficiency of light emission was 2.87 ccd/A. 

Example 4 

Preparation of an Organic EL Device (Compounds 
(501) and (501) 

0068 An organic EL device was prepared in accordance 
with the same procedures as those conducted in Example 1 
except that, in place of Compounds (101) and (101"), Com 
pounds (501) and (501) obtained in Preparation Example 4 
were used in amounts Such that the content of Compounds 
(501) and (501) was 13.0% by weight. 

0069. The obtained device was tested by passing an 
electric current. Red light was emitted at a luminance of 127 
cd/m under a voltage of 5.8 V and a current density of 5.74 
mA/cm'. The chromaticity coordinates were (0.65, 0.35), 
and the current efficiency of light emission was 2.21 ccd/A. 

Comparative Example 2 

Preparation of an Organic EL Device (Compound 
Ru2) 

0070 An organic EL device was prepared in accordance 
with the same procedures as those conducted in Example 1 
except that Compound Ru2 shown in the following and Alq 
were used as the light emitting materials and Simultaneously 
Vapor deposited in amounts Such that the ratio of the 
amounts by weight was 1:40, i.e., the content of Compound 
Ru2 was 2.0% by weight. 

0071. The obtained device was tested by passing an 
electric current. A current of 28.0 mA/cm' flowed under a 
voltage of 10 V This shows that the above device required 
a greater applied Voltage than that of the devices in 
Examples 1 to 4. 

0072) The luminance was 116 cd/m, the current effi 
ciency of light emission was 0.41 cd/A and the chromaticity 
coordinates were (0.67, 0.32). The efficiency of light emis 
Sion was markedly Smaller than those of the devices in 
Examples 1 to 4. 
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Ru2 

Comparative Example 3 

Preparation of an Organic EL Device (the 
Compound of Comparative Example 1) 

0073. An organic EL device was prepared in accordance 
with the same procedures as those conducted in Example 1 
except that the compound represented by general formula (I) 
in which four of X to X represent methyl group and the 
others represent hydrogen atom and Alq as the light emitting 
materials were Simultaneously vapor deposited in amounts 
Such that the ratio of the amounts by weight was 10:1, i.e., 
the content of the compound of Comparative Example 1 was 
5.29% by weight. 

0074 The obtained device was tested by passing an 
electric current. Reddish orange light was emitted at a 
luminance of 106 cd/m under a voltage of 6.5 V and a 
current density of 3.78 mA/cm°. The chromaticity coordi 
nates were (0.62, 0.38), and the current efficiency of light 
emission was 2.8 cd/A. The color was reddish orange and 
the purity of color was inferior to those in Examples 1 to 4 
although the applied Voltage and the efficiency of light 
emission were about the same. 

Industrial Applicability 

0075 AS described in detail in the above, the organic EL 
device of the present invention can be prepared under mild 
conditions since the novel aromatic compound in which the 
electron donating Substituent is introduced to diphenylamino 
group bonded to the mother skeleton Structure and the bulky 
alkyl Substituents is introduced is utilized, and the prepared 
device exhibits excellent purity of color, provides great 
luminance of emitted light and efficiency of light emission, 
has a long lifetime and emits reddish color. 
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1. A novel aromatic compound represented by following 
general formula (I): 

wherein general formula (I) satisfies any one of following 
conditions (1) to (4): 

(1) Among X to X, at least four each independently 
represent a linear or branched alkoxyl group having 1 
to 6 carbon atoms, and others each represent hydrogen 
atom, 

(2) Among X to Xo, at least one represents a linear or 
branched alkyl group having 1 to 6 carbon atoms, at 
least one represents a linear or branched alkoxyl group 
having 1 to 6 carbon atoms, a total of a number of the 
alkyl group and a number of the alkoxyl group being 4 
or greater, and others each represent hydrogen atom; 

(3) Among X to Xo, at least six each independently 
represent a linear or branched alkyl group having 1 to 
6 carbon atoms, and others each represent hydrogen 
atom; and 

(4) Among X to Xo, at least four each independently 
represent a linear or branched alkyl group having 1 to 
6 carbon atoms, two alkyl groups among Said alkyl 
groups having 3 to 6 carbon atoms, and others each 
represent hydrogen atom. 

2. An organic electroluminescence device which com 
prises a pair of electrodes and an organic compound layer 
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which comprises a light emitting layer or a plurality of layers 
comprising a light emitting layer and is disposed between 

the pair of electrodes, wherein at least one layer in the 
organic compound layer comprises an aromatic compound 
represented by general formula (I) described in claim 1. 

3. An organic electroluminescence device according to 
claim 2, wherein the organic compound layer is at least one 
of a hole transport layer and a light emitting layer. 

4. An organic electroluminescence device according to 
claim 2, wherein the organic compound layer comprises 1 to 
70% by weight of the aromatic compound represented by 
general formula (I). 

5. An organic electroluminescence device according to 
claim 2, which comprises an inorganic compound layer 
disposed between the organic compound layer and the 
electrode. 

6. An organic electroluminescence device according to 
claim 2, which emits reddish light. 

7. An organic electroluminescence device according to 
claim 3, which emits reddish light. 

8. An organic electroluminescence device according to 
claim 4, which emits reddish light. 

9. An organic electroluminescence device according to 
claim 5, which emits reddish light. 
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