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(57) ABSTRACT 

A novel soluble compound Which is a distyrylarylene deriva 
tive having a soluble substituent and a speci?c central group 
and having a solubility of 0.5% by Weight or greater at 200 C. 
in an organic solvent; and an organic electroluminescence 
device having an organic thin ?lm layer Which has a single 
layer or a plurality of layers, is disposed between a cathode 
and an anode and has at least one layer containing the novel 
soluble compound. The organic thin ?lm layer can be formed 
in accordance With a Wet process, and the organic electrolu 
minescence device exhibiting a great ef?ciency of light emis 
sion can be produced easily. 
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NOVEL SOLUBLE COMPOUND AND 
ORGANIC ELECTROLUMINESCENT 

DEVICES 

TECHNICAL FIELD 

[0001] The present invention relates to a novel soluble com 
pound and organic electroluminescence devices and, more 
particularly, to a novel soluble compound Which can be 
formed into an organic thin ?lm layer in accordance With a 
Wet process and enables producing electroluminescence 
devices exhibiting a great ef?ciency of light emission easily 
and an electroluminescence device utiliZing the compound. 

BACKGROUND ART 

[0002] An organic electroluminescence (electrolumines 
cence Will be referred to as EL, hereinafter) is a spontaneous 
light emitting device Which utiliZes the principle that a ?uo 
rescent substance emits light by energy of recombination of 
holes injected from an anode and electrons injected from a 
cathode When an electric ?eld is applied. 
[0003] Since an organic EL device of the laminate type 
driven under a loW electric voltage Was reported by C. W. 
Tang of Eastman Kodak Company (C. W. Tang and S. A. 
Vanslyke, Applied Physics Letters, Volume 51, Pages 913, 
1987), many studies have been conducted on organic EL 
devices using organic materials as the constituting materials. 
Tang et al. used a laminate structure using tris(8-hydrox 
yquinolinol)aluminum for the light emitting layer and a triph 
enyldiamine derivative for the hole transporting layer. Advan 
tages of the laminate structure are that the ef?ciency of hole 
injection into the light emitting layer can be increased, that 
the ef?ciency of forming excitons Which are formed by block 
ing and recombining electrons injected from the cathode can 
be increased, and that excitons formed Within the light emit 
ting layer can be enclosed. As the structure of the organic EL 
device, a tWo-layered structure having a hole transporting 
(injecting) layer and an electron transporting and light emit 
ting layer and a three-layered structure having a hole trans 
porting (injecting) layer, a light emitting layer and an electron 
transporting (injecting) layer are Well known. To increase the 
ef?ciency of recombination of injected holes and electrons in 
the devices of the laminate type, the structure of the device 
and the process for forming the device have been studied. 
[0004] As the light emitting material, chelate complexes 
such as tris(8-quinolinolato)aluminum, coumarine deriva 
tives, tetraphenyl-butadiene derivatives, bisstyrylarylene 
derivatives and oxadiaZole derivatives are known. It is 

Rl_Arl / 
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reported that light in the visible region ranging from blue light 
to red light can be obtained by using these light emitting 
materials, and development of a device exhibiting color 
images is expected (For example, Japanese Patent Applica 
tion Laid-Open Nos. Heisei 8 (1996)-239655, Heisei 7 
(1995)-138561 and Heisei 3 (1991)-200289). 
[0005] Devices using anthracene derivatives as the hole 
transporting material or the light emitting material are dis 
closed in Japanese Patent No. 3175816. HoWever, although 
an excellent device emitting blue light can be made by using 
the anthracene derivatives, an ink in Which the anthracene 
derivatives are dissolved cannot be prepared since the used 
compounds are not easily soluble in solvents. The device 
cannot be produced in accordance With a Wet process such as 
the spin coating process, the printing process and the ink-jet 
process and is produced in accordance With the vacuum vapor 
deposition process. Therefore, a compound Which can be 
easily formed into a ?lm in accordance With a Wet process, 
Which does not require vacuum, and a device using the com 
pound have been desired. 
[0006] On the other hand, in Japanese Patent Application 
Laid-Open No. 2000-143569, a distyryl compound having a 
soluble substituent is disclosed. HoWever, this compound has 
a poor light emitting property since this compound does not 
have the anthracene nucleus or the ?uorene nucleus as the 
central group, and the improvement has been desired. 

DISCLOSURE OF THE INVENTION 

[0007] The present invention has been made to overcome 
the above draWbacks and has an object of providing a novel 
soluble compound Which can be formed into an organic thin 
?lm layer in accordance With a Wet process and enables 
producing electroluminescence devices exhibiting a great 
ef?ciency of light emission easily and an electrolumines 
cence device utiliZing the compound. 
[0008] As the result of intensive studies by the present 
inventors to overcome the above draWbacks, it Was found that 
the above draWbacks could be overcome by using a distyry 
larylene derivative Which is soluble in organic solvents and 
has a speci?c central group as the material of the organic thin 
?lm layer. The present invention has been completed based on 
this knoWledge. 
[0009] The present invention provides a novel soluble com 
pound Which is a distyrylarylene derivative represented by 
general formula (1) and has a solubility (200 C.) of 0.5% by 
Weight or greater in an organic solvent, general formula (1) 
being: 

R3 (1) 

R5 R7 Ar4 
Ars _ R4 

Ar3 / 
q 

R6 R8 
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wherein Arl , Ar2, Ar4 and Ar5 each independently represent a 
substituted or unsubstituted phenylene group, a substituted or 
unsubstituted naphthalene group, a substituted or unsubsti 
tuted anthracene group, a substituted or unsubstituted diphe 
nylanthracene group, a substituted or unsubstituted phenan 
threne group, a substituted or unsubstituted acenaphthene 
group, a substituted or unsubstituted biphenylene group, a 
substituted or unsubstituted ?uorene group, a substituted or 
unsubstituted carbaZolyl group, a substituted or unsubstituted 
thiophene group, a substituted or unsubstituted triaZole group 
or a substituted or unsubstituted thiadiaZole group; 

[0010] R1 to R4 each independently represent hydrogen 
atom, an alkyl group having 1 to 20 carbon atoms, an alkoxyl 
group having 1 to 20 carbon atoms, an aryl group having 6 to 
20 carbon atoms, a trialkylsilyl group having 3 to 20 carbon 
atoms or cyano group; 

[0011] Ar3 represents a substituted or unsubstituted anthra 
cendiyl group or a substituted or unsubstituted ?uorendiyl 
group; 
[0012] R5 to R8 each independently represent hydrogen 
atom, a halogen atom, hydroxyl group, a substituted or unsub 
stituted amino group, nitro group, cyano group, a substituted 
or unsubstituted alkyl group having 1 to 30 carbon atoms, a 
substituted or unsubstituted alkenyl group having 2 to 30 
carbon atoms, a substituted or unsubstituted cycloalkyl group 
having 5 to 30 carbon atoms, a substituted or unsubstituted 
alkoxyl group having 1 to 30 carbon atoms, a substituted or 
unsubstituted aromatic hydrocarbon group having 6 to 30 
carbon atoms, a substituted or unsubstituted aromatic hetero 
cyclic group having 2 to 30 carbon atoms, a substituted or 
unsubstituted aralkyl group having 7 to 30 carbon atoms, a 
substituted or unsubstituted aryloxyl group having 6 to 30 
carbon atoms, a substituted or unsubstituted alkoxycarbonyl 
group having 2 to 30 carbon atoms or carboxyl group, groups 
represented by R6 and R5 or R7 and R8 may be bonded to each 
other and form a cyclic structure Which may have substitu 
ents; 
[0013] p represents 0 or 1, q represents 0 or 1, m represents 
0 or an integer of l to 3, and n represents an integer of l to 3. 

[0014] It is suf?cient that at least one organic solvent Which 
dissolves 0.5% by Weight or more of the novel soluble com 
pound at 200 C. exists. 

[0015] The present invention also provides an organic elec 
troluminescence device Which comprises a cathode, an anode 
and an organic thin ?lm layer comprising a single layer or a 
plurality of layers and disposed betWeen the cathode and the 
anode, Wherein at least one layer in the organic thin ?lm layer 
comprises a novel soluble compound described above. 

THE MOST PREFERRED EMBODIMENT TO 
CARRY OUT THE INVENTION 

[0016] In the present invention, the soluble compound is a 
compound Which has a soluble substituent, is represented by 
general formula (1) shoWn above and has a solubility (200 C.) 
of 0.5% by Weight or greater in an organic solvent. It is 
suf?cient that at least one organic solvent Which dissolves 
0.5% by Weight or more of the novel soluble compound at 200 
C. exists. 

[0017] It is preferable that the organic solvent is at least one 
solvent selected from toluene, xylene, N-methylpyrrolidone, 
y-butyrolactone, 1,3 -dimethyl-2-imidaZoline, carbitol 
acetate, butylcarbitol acetate, dichloromethane, dichloroet 
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hane, chlorobenZene tetralin and alcohols having 1 to 10 
carbon atoms, and more preferably dichloroethane, toluene, 
xylene or tetraline. 

[0018] In general formula (1) shoWn above, Arl, Ar2, Ar4 
and A15 each independently represent a substituted or unsub 
stituted phenylene group, a substituted or unsubstituted naph 
thalene group, a substituted or unsubstituted anthracene 
group, a substituted or unsubstituted diphenylanthracene 
group, a substituted or unsubstituted phenanthrene group, a 
substituted or unsubstituted acenaphthene group, a substi 
tuted or unsubstituted biphenylene group, a substituted or 
unsubstituted ?uorene group, a substituted or unsubstituted 
carbaZolyl group, a substituted or unsubstituted thiophene 
group, a substituted or unsubstituted triaZole group or a sub 
stituted or unsubstituted thiadiaZole group. 

[0019] In general formula (1) shoWn above, Rl to R4 each 
independently represent hydrogen atom, an alkyl group hav 
ing 1 to 20 carbon atoms, an alkoxyl group having 1 to 20 
carbon atoms, an aryl group having 6 to 20 carbon atoms, a 
trialkylsilyl group having 3 to 20 carbon atoms or cyano 
group. 
[0020] Examples of the alkyl group having 1 to 20 carbon 
atoms include methyl group, ethyl group, propyl group, iso 
propyl group, n-butyl group, s-butyl group, isobutyl group, 
t-butyl group, n-pentyl group, n-hexyl group, n-heptyl group, 
n-octyl group, hydroxymethyl group, l-hydroxyethyl group, 
2-hydroxyethyl group, 2-hydroxyisobutyl group, l,2-dihy 
droxyethyl group, 1,3-dihydroxyisopropyl group, 2,3-dihy 
droxy-t-butyl group, 1,2,3-trihydroxypropyl group, chlorom 
ethyl group, l-chloroethyl group, 2-chloroethyl group, 
2-chloroisobutyl group, l,2-dichloroethyl group, 1,3-dichlor 
oisopropyl group, 2,3-dichloro-t-butyl group, 1,2,3-trichlo 
ropropyl group, bromomethyl group, l-bromoethyl group, 
2-bromoethyl group, 2-bromoisobutyl group, l,2-dibromoet 
hyl group, 1,3-dibromoisopropyl group, 2,3-dibromo-t-butyl 
group, 1,2,3-tribromopropyl group, iodomethyl group, l-io 
doethyl group, 2-iodoethyl group, 2-iodoisobutyl group, 1,2 
diiodoethyl group, 1,3-diiodoisopropyl group, 2,3-diiodo-t 
butyl group, 1,2,3-triiodopropyl group, aminomethyl group, 
l-aminoethyl group, 2-aminoethyl group, 2-aminoisobutyl 
group, l,2-diaminoethyl group, 1,3-diaminoisopropyl group, 
2,3-diamino-t-butyl group, 1,2,3-triaminopropyl group, cya 
nomethyl group, l-cyanoethyl group, 2-cyanoethyl group, 
2-cyanoisobutyl group, l,2-dicyanoethyl group, 1,3-dicy 
anoisopropyl group, 2,3-dicyano-t-butyl group, 1,2,3-tricy 
anopropyl group, nitromethyl group, l-nitroethyl group, 
2-nitroethyl group, 2-nitroisobutyl group, l,2-dinitroethyl 
group, 1,3-dinitroisopropyl group, 2,3-dinitro-t-butyl group 
and 1,2,3-trinitropropyl group. 
[0021] The alkoxyl group having 1 to 20 carbon atoms is a 
group represented by 4OY. Examples of the group repre 
sented byY include methyl group, ethyl group, propyl group, 
isopropyl group, n-butyl group, s-butyl group, isobutyl group, 
t-butyl group, n-pentyl group, n-hexyl group, n-heptyl group, 
n-octyl group, hydroxymethyl group, l-hydroxyethyl group, 
2-hydroxyethyl group, 2-hydroxyisobutyl group, l,2-dihy 
droxyethyl group, 1,3-dihydroxyisopropyl group, 2,3-dihy 
droxy-t-butyl group, 1,2,3-trihydroxypropyl group, chlorom 
ethyl group, l-chloroethyl group, 2-chloroethyl group, 
2-chloroisobutyl group, l,2-dichloroethyl group, 1,3-dichlor 
oisopropyl group, 2,3-dichloro-t-butyl group, 1,2,3-trichlo 
ropropyl group, bromomethyl group, l-bromoethyl group, 
2-bromoethyl group, 2-bromoisobutyl group, l,2-dibromoet 
hyl group, 1,3-dibromoisopropyl group, 2,3-dibromo-t-butyl 
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group, 1,2,3-tribromopropyl group, iodomethyl group, l-io 
doethyl group, 2-iodoethyl group, 2-iodoisobutyl group, 1,2 
diiodoethyl group, 1,3-diiodoisopropyl group, 2,3-diiodo-t 
butyl group, 1,2,3-triiodopropyl group, aminomethyl group, 
l-aminoethyl group, 2-aminoethyl group, 2-aminoisobutyl 
group, 1,2-diaminoethyl group, 1,3-diaminoisopropyl group, 
2,3-diamino-t-butyl group, 1,2,3-triaminopropyl group, cya 
nomethyl group, l-cyanoethyl group, 2-cyanoethyl group, 
2-cyanoisobutyl group, 1,2-dicyanoethyl group, 1,3-dicy 
anoisopropyl group, 2,3-dicyano-t-butyl group, 1,2,3-tricy 
anopropyl group, nitromethyl group, l-nitroethyl group, 
2-nitroethyl group, 2-nitroisobutyl group, 1,2-dinitroethyl 
group, 1,3-dinitroisopropyl group, 2,3-dinitro-t-butyl group 
and 1,2,3-trinitropropyl group. 
[0022] Examples of the aryl group having 6 to 20 carbon 
atoms include phenyl group, naphthyl group, anthryl group, 
phenanthryl group, naphthacenyl group and pyrenyl group. 
Examples of the substituent to the aryl group include halogen 
atoms, hydroxyl group, substituted and unsubstituted amino 
groups described above, nitro group, cyano group, substituted 
and unsubstituted alkyl groups described above, substituted 
and unsubstituted alkenyl groups described above, substi 
tuted and unsubstituted cycloalkyl groups described above, 
substituted and unsubstituted alkoxyl groups described 
above, substituted and unsubstituted aromatic hydrocarbon 
groups described above, substituted and unsubstituted aro 
matic heterocyclic groups described above, substituted and 
unsubstituted aralkyl groups described above, substituted and 
unsubstituted aryloxyl groups described above, substituted 
and unsubstituted alkoxycarbonyl groups described above 
and carboxyl group. 
[0023] Examples of the trialkylsilyl group having 3 to 20 
carbon atoms in include trimethylsilyl group, triethylsilyl 
group, tripropylsilyl group, tributylsilyl group, tripentyl silyl 
group and trihexylsilyl group. 
[0024] In general formula (1) shoWn above, Ar3 represents 
a substituted or unsubstituted anthracendiyl group or a sub 
stituted or unsubstituted ?uorendiyl group. 
[0025] It is preferable that Ar3 represents: 

[0026] anthracendiyl group or ?uorendiyl group having 
at least one group selected from: 

[0027] (1) linear and branched alkyl groups having 5 
or more carbon atoms and an ole?nic unsaturated 

bond, 
[0028] (2) linear, branched and cyclic substituted and 

unsubstituted alkyl groups having 4 or more carbon 
atoms, 

[0029] (3) linear, branched and cyclic substituted and 
unsubstituted alkyloxyl groups having 5 or more car 
bon atoms, 

[0030] (4) linear, branched and cyclic substituted and 
unsubstituted alkylthio groups having 5 or more car 
bon atoms, 

[0031] (5) linear, branched and cyclic substituted and 
unsubstituted alkylsilyl groups having 5 or more car 
bon atoms, 

[0032] (6) linear, branched and cyclic substituted and 
unsubstituted dialkylsilyl groups having 5 or more 
carbon atoms, 

[0033] (7) linear, branched and cyclic substituted and 
unsubstituted trialkylsilyl groups having 5 or more 
carbon atoms, 

[0034] (8) alkylamino groups and dialkylamino 
groups, 
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[0035] (9) linear and branched cyano-substituted alkyl 
groups having 4 or more carbon atoms and l or 2 
cyano groups, and 

[0036] (10) polyethers having 2 to 5 ether oxygen 
atoms Which are separated from each other With an 
alkyl crosslinking having 1 to 3 carbon atoms, or 

[0037] anthracendiyl group or ?uorendiyl group having 
a group selected from aryl groups having 6 to 30 carbon 
atoms, arylalkyl groups having 7 to 30 carbon atoms, 
heteroarylalkyl groups having at least one of nitrogen 
atom, oxygen atom and sulfur atom and 2 to 30 carbon 
atoms, heterocyclic groups having 2 to 30 carbon atoms, 
alkanoyl groups having 1 to 20 carbon atoms, cycloal 
kanoyl groups having 6 to 30 carbon atoms, acryloyl 
groups having 6 to 30 carbon atoms and heteroaryloxyl 
groups having at least one of oxygen atom and sulfur 
atom and 2 to 30 carbon atoms, Which are substituted 
With at least one group selected from aforesaid (l) to 

(10). 
[0038] It is also preferable thatAr3 represents anthracendiyl 
group substituted With at least tWo substituted or unsubsti 
tuted t-butyl groups. 
[0039] In general formula (1) shoWn above, R5 to R8 each 
independently represent hydrogen atom, a halogen atom, 
hydroxyl group, a substituted or unsubstituted amino group, 
nitro group, cyano group, a substituted or unsubstituted alkyl 
group having 1 to 30 carbon atoms, a substituted or unsubsti 
tuted alkenyl group having 2 to 30 carbon atoms, a substituted 
or unsubstituted cycloalkyl group having 5 to 30 carbon 
atoms, a substituted or unsubstituted alkoxyl group having 1 
to 30 carbon atoms, a substituted or unsubstituted aromatic 
hydrocarbon group having 6 to 30 carbon atoms, a substituted 
or unsubstituted aromatic heterocyclic group having 2 to 30 
carbon atoms, a substituted or unsubstituted aralkyl group 
having 7 to 30 carbon atoms, a substituted or unsubstituted 
aryloxyl group having 6 to 30 carbon atoms, a substituted or 
unsubstituted alkoxycarbonyl group having 2 to 30 carbon 
atoms or carboxyl group, groups represented by R6 and R5 or 
R7 and R8 may be bonded to each other and form a cyclic 
structure Which may have substituents. 

[0040] The amino group is represented by iNXlX2. X1 
and X2 each independently represent hydrogen atom, methyl 
group, ethyl group, propyl group, isopropyl group, n-butyl 
group, s-butyl group, isobutyl group, t-butyl group, n-pentyl 
group, n-hexyl group, n-heptyl group, n-octyl group, 
hydroxymethyl group, l-hydroxyethyl group, 2-hydroxy 
ethyl group, 2-hydroxyisobutyl group, 1,2-dihydroxyethyl 
group, 1,3-dihydroxy-isopropyl group, 2,3-dihydroxy-t-bu 
tyl group, 1,2,3-trihydroxypropyl group, chloromethyl 
group, l-chloroethyl group, 2-chloroethyl group, 2-chlor 
oisobutyl group, 1,2-dichloroethyl group, 1,3-dichloroiso 
propyl group, 2,3-dichloro-t-butyl group, 1,2,3-trichloropro 
pyl group, bromomethyl group, l-bromoethyl group, 
2-bromoethyl group, 2-bromoisobutyl group, 1,2-dibromoet 
hyl group, 1,3-dibromoisopropyl group, 2,3-dibromo-t-butyl 
group, 1,2,3-tribromopropyl group, iodomethyl group, l-io 
doethyl group, 2-iodoethyl group, 2-iodoisobutyl group, 1,2 
diiodoethyl group, 1,3-diiodoisopropyl group, 2,3-diiodo-t 
butyl group, 1,2,3-triiodopropyl group, aminomethyl group, 
l-aminoethyl group, 2-aminoethyl group, 2-aminoisobutyl 
group, 1,2-diaminoethyl group, 1,3-diaminoisopropyl group, 
2,3-diamino-t-butyl group, 1,2,3-triaminopropyl group, cya 
nomethyl group, l-cyanoethyl group, 2-cyanoethyl group, 
2-cyanoisobutyl group, 1,2-dicyanoethyl group, 1,3-dicy 
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anoisopropyl group, 2,3-dicyano-t-butyl group, 1,2,3-tricy 
anopropyl group, nitromethyl group, 1-nitroethyl group, 
2-nitroethyl group, 2-nitroisobutyl group, 1,2-dinitroethyl 
group, 1,3-dinitroisopropyl group, 2,3-dinitro-t-butyl group, 
1,2,3-trinitropropyl group, phenyl group, 1-naphthyl group, 
2-naphthyl group, l-anthryl group, 2-anthryl group, 9-anthryl 
group, l-phenanthryl group, 2-phenanthryl group, 3-phenan 
thryl group, 4-phenanthryl group, 9-phenanthryl group, 
1-naphthacenyl group, 2-naphthacenyl group, 9-naphthace 
nyl group, 4-styrylphenyl group, 1-pyrenyl group, 2-pyrenyl 
group, 4-pyrenyl group, 2-biphenylyl group, 3-biphenylyl 
group, 4-biphenylyl group, p-terphenyl-4-yl group, p-terphe 
nyl-3-yl group, p-terphenyl-2-yl group, m-terphenyl-4-yl 
group, m-terphenyl-3-yl group, m-terphenyl-2-yl group, 
o-tolyl group, m-tolyl group, p-tolyl group, p-t-butylphenyl 
group, p-(2-phenylpropyl)phenyl group, 3-methyl-2-naph 
thyl group, 4-methyl-1-naphthyl group, 4-methyl-1-anthryl 
group, 4'-methyl-biphenylyl group, 4"-t-butyl-p-terphenyl-4 
yl group, 2-pyrrolyl group, 3-pyrrolyl group, pyradinyl 
group, 2-pyridinyl group, 3-pyridinyl group, 4-pyridinyl 
group, 2-indolyl group, 3-indolyl group, 4-indolyl group, 
5-indolyl group, 6-indolyl group, 7-indolyl group, 1-isoin 
dolyl group, 3-isoindolyl group, 4-isoindolyl group, 5-isoin 
dolyl group, 6-isoindolyl group, 7-isoindolyl group, Z-furyl 
group, 3-furyl group, 2-benZofuranyl group, 3-benZofuranyl 
group, 4-benZofuranyl group, 5-benZofuranyl group, 6-ben 
Zofuranyl group, 7-benZofuranyl group, l-isobenzofuranyl 
group, 3-isobenZofuranyl group, 4-isobenZofuranyl group, 
5-isobenzofuranyl group, 6-isobenzofuranyl group, 
7-isobenZofuranyl group, 2-quinolyl group, 3-quinolyl 
group, 4-quinolyl group, 5-quinolyl group, 6-quinolyl group, 
7-quinolyl group, 8-quinolyl group, l-isoquinolyl group, 
3-isoquinolyl group, 4-isoquinolyl group, 5-isoquinolyl 
group, 6-isoquinolyl group, 7-isoquinolyl group, 8-iso 
quinolyl group, 2-quinoxanyl group, 5-quinoxanyl group, 
6-quinoxanyl group, 1-carbaZolyl group, 2-carbaZolyl group, 
3-carbaZolyl group, 4-carbaZolyl group, 1-phenanthridinyl 
group, 2-phenanthridinyl group, 3-phenanthridinyl group, 
4-phenanthridinyl group, 6-phenanthridinyl group, 
7-phenanthridinyl group, 8-phenanthridinyl group, 
9-phenanthridinyl group, 10-phenanthridinyl group, 
1-acridinyl group, 2-acridinyl group, 3-acridinyl group, 
4-acridinyl group, 9-acridinyl group, 1,7-phenanthrolin-2-yl 
group, 1,7-phenanthrolin-3-yl group, 1,7-phenanthrolin-4-yl 
group, 1,7-phenanthrolin-5-yl group, 1,7-phenanthrolin-6-yl 
group, 1,7-phenanthrolin-8-yl group, 1,7-phenanthrolin-9-yl 
group, 1,7-phenanthrolin-10-yl group, 1,8-phenanthrolin-2 
yl group, 1,8-phenanthrolin-3 -yl group, 1,8-phenanthrolin-4 
yl group, 1,8-phenanthrolin-5-yl group, 1,8-phenanthrolin-6 
yl group, 1,8-phenanthrolin-7-yl group, 1,8-phenanthrolin-9 
yl group, 1,8-phenanthrolin-10-yl group, 1,9-phenanthrolin 
2-yl group, 1,9-phenanthrolin-3-yl group, 1,9-phenanthrolin 
4-yl group, 1,9-phenanthrolin-5-yl group, 1,9-phenanthrolin 
6-yl group, 1,9-phenanthrolin-7-yl group, 1,9-phenanthrolin 
8-yl group, 1,9-phenanthrolin-10-yl group, 1,10 
phenanthrolin-2-yl group, 1,10-phenanthrolin-3-yl group, 
1 ,10-phenanthrolin-4-yl group, 1, 10-phenanthrolin-5 -yl 
group, 2,9-phenanthrolin-1-yl group, 2, 9-phenanthrolin-3 -yl 
group, 2,9-phenanthrolin-4-yl group, 2,9-phenanthrolin-5-yl 
group, 2,9-phenanthrolin-6-yl group, 2,9-phenanthrolin-7-yl 
group, 2,9-phenanthrolin-8-yl group, 2,9-phenanthrolin-10 
yl group, 2,8-phenanthrolin-1-yl group, 2,8-phenanthrolin-3 
yl group, 2,8-phenanthrolin-4-yl group, 2,8-phenanthrolin-5 
yl group, 2,8-phenanthrolin-6-yl group, 2,8-phenanthrolin-7 
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yl group, 2,8-phenanthrolin-9-yl group, 2,8-phenanthrolin 
10-yl group, 2,7-phenanthrolin-1-yl group, 2,7 
phenanthrolin-3 -yl group, 2,7-phenanthrolin-4-yl group, 2,7 
phenanthrolin-5-yl group, 2,7-phenanthrolin-6-yl group, 2,7 
phenanthrolin-8-yl group, 2,7-phenanthrolin-9-yl group, 2,7 
phenanthrolin- 1 O-yl group, 1 -phenaZinyl group, 
2-phenaZinyl group, 1-phenothiaZinyl group, 2-phenothiaZi 
nyl group, 3-phenothiaZinyl group, 4-phenothiaZinyl group, 
1-phenoxaZinyl group, 2-phenoxaZinyl group, 3-phenoxaZi 
nyl group, 4-phenoxaZinyl group, 2-oxaZolyl group, 4-ox 
aZolyl group, 5-oxaZolyl group, 2-oxadiaZolyl group, 5-oxa 
diaZolyl group, 3-furaZanyl group, 2-thienyl group, 3-thienyl 
group, 2-methylpyrrol-1-yl group, 2-methylpyrrol-3-yl 
group, 2-methylpyrrol-4-yl group, 2-methylpyrrol-5-yl 
group, 3-methylpyrrol-1-yl group, 3-methyl-pyrrol-2-yl 
group, 3-methylpyrrol-4-yl group, 3-methylpyrrol-5-yl 
group, 2-t-butylpyrrol-4-yl group, 3-(2-phenylpropyl)pyrrol 
1-yl group, 2-methyl-1-indolyl group, 4-methyl-1-indolyl 
group, 2-methyl-3-indolyl group, 4-methyl-3-indolyl group, 
2-t-butyl-1-indolyl group, 4-t-butyl-1-indolyl group, 2-t-bu 
tyl-3-indolyl group or 4-t-butyl-3-indolyl group. 
[0041] Examples of the alkyl group having 1 to 30 carbon 
atoms include methyl group, ethyl group, propyl group, iso 
propyl group, n-butyl group, s-butyl group, isobutyl group, 
t-butyl group, n-pentyl group, n-hexyl group, n-heptyl group, 
n-octyl group, hydroxymethyl group, 1-hydroxyethyl group, 
2-hydroxyethyl group, 2-hydroxyisobutyl group, 1,2-dihy 
droxyethyl group, 1,3-dihydroxyisopropyl group, 2,3-dihy 
droxy-t-butyl group, 1,2,3-trihydroxypropyl group, chlorom 
ethyl group, 1-chloroethyl group, 2-chloroethyl group, 
2-chloroisobutyl group, 1,2-dichloroethyl group, 1,3-dichlor 
oisopropyl group, 2,3-dichloro-t-butyl group, 1,2,3-trichlo 
ropropyl group, bromomethyl group, 1-bromoethyl group, 
2-bromoethyl group, 2-bromoisobutyl group, 1,2-dibromoet 
hyl group, 1,3-dibromoisopropyl group, 2,3-dibromo-t-butyl 
group, 1,2,3-tribromopropyl group, iodomethyl group, 1-io 
doethyl group, 2-iodoethyl group, 2-iodoisobutyl group, 1,2 
diiodoethyl group, 1,3-diiodoisopropyl group, 2,3-diiodo-t 
butyl group, 1,2,3-triiodopropyl group, aminomethyl group, 
1-aminoethyl group, 2-aminoethyl group, 2-aminoisobutyl 
group, 1,2-diaminoethyl group, 1,3-diaminoisopropyl group, 
2,3-diamino-t-butyl group, 1,2,3-triaminopropyl group, cya 
nomethyl group, 1-cyanoethyl group, 2-cyanoethyl group, 
2-cyanoisobutyl group, 1,2-dicyanoethyl group, 1,3-dicy 
anoisopropyl group, 2,3-dicyano-t-butyl group, 1,2,3-tricy 
anopropyl group, nitromethyl group, 1-nitroethyl group, 
2-nitroethyl group, 2-nitroisobutyl group, 1,2-dinitroethyl 
group, 1,3-dinitroisopropyl group, 2,3-dinitro-t-butyl group 
and 1,2,3-trinitropropyl group. 
[0042] Examples of the alkenyl group having 2 to 30 carbon 
atoms include vinyl group, allyl group, 1-butenyl group, 
2-butenyl group, 3-butenyl group, 1,3-butadienyl group, 
1-methylvinyl group, styryl group, 2,2-diphenylvinyl group, 
1,2-diphenylvinyl group, 1-methylallyl group, 1,1-dimethy 
lallyl group, 2-methylallyl group, 1-phenylallyl group, 
2-phenylallyl group, 3-phenylallyl group, 3,3-diphenylallyl 
group, 1,2-dimethylallyl group, 1-phenyl-1-butenyl group 
and 3 -phenyl-1 -butenyl group. 
[0043] Examples of the cycloalkyl group having 5 to 30 
carbon atoms include cyclopropyl group, cyclobutyl group, 
cyclopentyl group, cyclohexyl group and 4-methylcyclo 
hexyl group. 
[0044] The alkoxyl group having 1 to 30 carbon atoms is 
represented by ‘DY. Examples of the group represented by 
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Y include methyl group, ethyl group, propyl group, isopropyl 
group, n-butyl group, s-butyl group, isobutyl group, t-butyl 
group, n-pentyl group, n-hexyl group, n-heptyl group, n-octyl 
group, hydroxymethyl group, l-hydroxyethyl group, 2-hy 
droxyethyl group, 2-hydroxyisobutyl group, 1,2-dihydroxy 
ethyl group, 1,3-dihydroxy-isopropyl group, 2,3-dihydroxy 
t-butyl group, 1,2,3-trihydroxypropyl group, chloromethyl 
group, l-chloroethyl group, 2-chloroethyl group, 2-chlor 
oisobutyl group, 1,2-dichloroethyl group, 1,3-dichloroiso 
propyl group, 2,3-dichloro-t-butyl group, 1,2,3-trichloropro 
pyl group, bromomethyl group, l-bromoethyl group, 
2-bromoethyl group, 2-bromoisobutyl group, 1,2-dibromoet 
hyl group, 1,3-dibromoisopropyl group, 2,3-dibromo-t-butyl 
group, 1,2,3-tribromopropyl group, iodomethyl group, l-io 
doethyl group, 2-iodoethyl group, 2-iodoisobutyl group, 1,2 
diiodoethyl group, 1,3-diiodoisopropyl group, 2,3-diiodo-t 
butyl group, 1,2,3-triiodopropyl group, aminomethyl group, 
l-aminoethyl group, 2-aminoethyl group, 2-aminoisobutyl 
group, 1,2-diaminoethyl group, 1,3-diaminoisopropyl group, 
2,3-diamino-t-butyl group, 1,2,3-triaminopropyl group, cya 
nomethyl group, l-cyanoethyl group, 2-cyanoethyl group, 
2-cyanoisobutyl group, 1,2-dicyanoethyl group, 1,3-dicy 
anoisopropyl group, 2,3-dicyano-t-butyl group, 1,2,3-tricy 
anopropyl group, nitromethyl group, l-nitroethyl group, 
2-nitroethyl group, 2-nitroisobutyl group, 1,2-dinitroethyl 
group, 1,3-dinitroisopropyl group, 2,3-dinitro-t-butyl group 
and 1,2,3-trinitropropyl group. 
[0045] Examples of the aromatic hydrocarbon group hav 
ing 6 to 30 carbon atoms include phenyl group, l-naphthyl 
group, 2-naphthyl group, l-anthryl group, 2-anthryl group, 
9-anthryl group, l-phenanthryl group, 2-phenanthryl group, 
3-phenanthryl group, 4-phenanthryl group, 9-phenanthryl 
group, l-naphthacenyl group, 2-naphthacenyl group, 9-naph 
thacenyl group, l-pyrenyl group, 2-pyrenyl group, 4-pyrenyl 
group, 2-biphenylyl group, 3-biphenylyl group, 4-biphenylyl 
group, p-terphenyl-4-yl group, p-terphenyl-3 -yl group, p-ter 
phenyl-2-yl group, m-terphenyl-4-yl group, m-terphenyl-3 
yl group, m-terphenyl-2-yl group, o-tolyl group, m-tolyl 
group, p-tolyl group, p-t-butylphenyl group, p-(2-phenylpro 
pyl)phenyl group, 3-methyl-2-naphthyl group, 4-methyl-l 
naphthyl group, 4-methyl-l-anthryl group, 4'-methylbiphe 
nylyl group and 4"-t-butyl-p-terphenyl-4-yl group. 
[0046] Examples of the aromatic heterocyclic group having 
2 to 30 carbon atoms include l-pyrrolyl group, 2-pyrrolyl 
group, 3-pyrrolyl group, pyradinyl group, 2-pyridinyl group, 
3-pyridinyl group, 4-pyridinyl group, l-indolyl group, 2-in 
dolyl group, 3-indolyl group, 4-indolyl group, 5-indolyl 
group, 6-indolyl group, 7-indolyl group, l-isoindolyl group, 
2-isoindolyl group, 3-isoindolyl group, 4-isoindolyl group, 
5-isoindolyl group, 6-isoindolyl group, 7-isoindolyl group, 
2-furyl group, 3-furyl group, 2-benZofuranyl group, 3-benZo 
furanyl group, 4-benZofuranyl group, S-benzofuranyl group, 
6-benZofuranyl group, 7-benZofuranyl group, l-isobenZo 
furanyl group, 3-isobenZofuranyl group, 4-isobenZofuranyl 
group, 5-isobenZofuranyl group, 6-isobenZofuranyl group, 
7-isobenZofuranyl group, 2-quinolyl group, 3-quinolyl 
group, 4-quinolyl group, 5-quinolyl group, 6-quinolyl group, 
7-quinolyl group, 8-quinolyl group, l-isoquinolyl group, 
3-isoquinolyl group, 4-isoquinolyl group, 5-isoquinolyl 
group, 6-isoquinolyl group, 7-isoquinolyl group, 8-iso 
quinolyl group, 2-quinoxanyl group, 5-quinoxanyl group, 
6-quinoxanyl group, l-carbaZolyl group, 2-carbaZolyl group, 
3-carbaZolyl group, 4-carbaZolyl group, 9-carbaZolyl group, 
1 -phenanthridinyl group, 2-phenanthridinyl group, 
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3-phenanthridinyl group, 4-phenanthridinyl group, 
6-phenanthridinyl group, 7-phenanthridinyl group, 
8-phenanthridinyl group, 9-phenanthridinyl group, 
l0-phenanthridinyl group, l-acridinyl group, 2-acridinyl 
group, 3-acridinyl group, 4-acridinyl group, 9-acridinyl 
group, 1,7-phenanthrolin-2-yl group, 1,7-phenanthrolin-3-yl 
group, 1,7-phenanthrolin-4-yl group, 1,7-phenanthrolin-5-yl 
group, 1,7-phenanthrolin-6-yl group, 1,7-phenanthrolin-8-yl 
group, 1,7-phenanthrolin-9-yl group, 1,7-phenanthrolin-l0 
yl group, 1,8-phenanthrolin-2-yl group, 1,8-phenanthrolin-3 
yl group, 1,8-phenanthrolin-4-yl group, 1,8-phenanthrolin-5 
yl group, 1,8-phenanthrolin-6-yl group, 1,8-phenanthrolin-7 
yl group, 1,8-phenanthrolin-9-yl group, 1,8-phenanthrolin 
lO-yl group, 1 ,9-phenanthrolin-2-yl group, 1 ,9 
phenanthrolin-3-yl group, 1,9-phenanthrolin-4-yl group, 1,9 
phenanthrolin-5-yl group, 1,9-phenanthrolin-6-yl group, 1,9 
phenanthrolin-7-yl group, 1,9-phenanthrolin-8-yl group, 1,9 
phenanthrolin-lO-yl group, l,l0-phenanthrolin-2-yl group, 
l,l0-phenanthrolin-3-yl group, l,l0-phenanthrolin-4-yl 
group, l,l0-phenanthrolin-5-yl group, 2,9-phenanthrolin-l 
yl group, 2,9-phenanthrolin-3-yl group, 2,9-phenanthrolin-4 
yl group, 2,9-phenanthrolin-5-yl group, 2,9-phenanthrolin-6 
yl group, 2,9-phenanthrolin-7-yl group, 2,9-phenanthrolin-8 
yl group, 2,9-phenanthrolin-l0-yl group, 2,8-phenanthrolin 
l-yl group, 2,8-phenanthrolin-3 -yl group, 2,8-phenanthrolin 
4-yl group, 2,8-phenanthrolin-5-yl group, 2,8-phenanthrolin 
6-yl group, 2,8-phenanthrolin-7-yl group, 2,8-phenanthrolin 
9-yl group, 2,8-phenanthrolin- l O-yl group, 2,7 
phenanthrolin-l -yl group, 2,7-phenanthrolin-3-yl group, 2,7 
phenanthrolin-4-yl group, 2,7-phenanthrolin-5-yl group, 2,7 
phenanthrolin-6-yl group, 2,7-phenanthrolin-8-yl group, 2,7 
phenanthrolin-9-yl group, 2,7-phenanthrolin-l0-yl group, 
l-phenaZinyl group, 2-phenaZinyl group, l-phenothiaZinyl 
group, 2'-phenothiaZinyl group, 3-phenothiaZinyl group, 
4-phenothiaZinyl group, lO-phenothiaZinyl group, l-phenox 
aZinyl group, 2-phenoxaZinyl group, 3-phenoxaZinyl group, 
4-phenoxaZinyl group, l0-phenoxaZinyl group, 2-oxaZolyl 
group, 4-oxaZolyl group, 5-oxaZolyl group, 2-oxadiaZolyl 
group, 5-oxadiaZolyl group, 3-furaZanyl group, 2-thienyl 
group, 3-thienyl group, 2-methylpyrrol-l-yl group, 2-meth 
ylpyrrol-3-yl group, 2-methylpyrrol-4-yl group, 2-methyl 
pyrrol-5-yl group, 3-methylpyrrol-l-yl group, 3-methylpyr 
rol-2-yl group, 3-methylpyrrol-4-yl group, 3-methylpyrrol 
5-yl group, 2-t-butylpyrrol-4-yl group, 3-(2-phenylpropyl) 
pyrrol-l-yl group, 2-methyl-l-indolyl group, 4-methyl-l 
indolyl group, 2-methyl-3-indolyl group, 4-methyl-3-indolyl 
group, 2-t-butyl-l-indolyl group, 4-t-butyl-l-indolyl group, 
2-t-butyl-3-indolyl group and 4-t-butyl-3-indolyl group. 
[0047] Examples of the aralkyl group having 7 to 30 carbon 
atoms include benZyl group, l-phenylethyl group, 2-phenyl 
ethyl group, l-phenyl-isopropyl group, 2-phenylisopropyl 
group, phenyl-t-butyl group, ot-naphthylmethyl group, l-(X 
naphthylethyl group, 2-0t-naphthylethyl group, l-ot-naphth 
ylisopropyl group, 2-0t-naphthylisopropyl group, [3-naphth 
ylmethyl group, 1 -[3 -naphthyl ethyl group, 2- [3-naphthylethyl 
group, l-[3-naphthylisopropyl group, 2-[3-naphthylisopropyl 
group, l-pyrrolylmethyl group, 2-(l-pyrrolyl)ethyl group, 
p-methylbenZyl group, m-methylbenZyl group, o-methylben 
Zyl group, p-chlorobenZyl group, m-chlorobenZyl group, 
o-chlorobenZyl group, p-bromobenZyl group, m-bromoben 
Zyl group, o-bromobenZyl group, p-iodobenZyl group, m-io 
dobenZyl group, o-iodobenZyl group, p-hydroxybenZyl 
group, m-hydroxybenZyl group, o-hydroxybenZyl group, 
p-aminobenZyl group, m-aminobenZyl group, o-aminoben 
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Zyl group, p-nitrobenZyl group, m-nitrobenZyl group, o-ni 
trobenZyl group, p-cyanobenZyl group, m-cyanobenZyl 
group, o-cyanobenZyl group, 1-hydroxy-2-phenylisopropyl 
group and 1-chloro-2-phenylisopropyl group. 

[0048] The aryloxyl group having 6 to 30 carbon atoms is 
represented by iOZ. Examples of the group represented by 
Z include phenyl group, 1-naphthyl group, 2-naphthyl group, 
1 -anthryl group, 2-anthryl group, 9-anthryl group, 1-phenan 
thryl group, 2-phenanthryl group, 3-phenanthryl group, 
4-phenanthryl group, 9-phenanthryl group, 1-naphthacenyl 
group, 2-naphthacenyl group, 9-naphthacenyl group, 1-pyre 
nyl group, 2-pyrenyl group, 4-pyrenyl group, 2-biphenylyl 
group, 3-biphenylyl group, 4-biphenylyl group, p-terphenyl 
4-yl group, p-terphenyl-3-yl group, p-terphenyl-2-yl group, 
m-terphenyl-4-yl group, m-terphenyl-3-yl group, m-terphe 
nyl-2-yl group, o-tolyl group, m-tolyl group, p-tolyl group, 
p-t-butylphenyl group, p-(2-phenylpropyl)phenyl group, 
3-methyl-2-naphthyl group, 4-methyl-1-naphthyl group, 
4-methyl-1-anthryl group, 4'-methylbiphenylyl group, 4"-t 
butyl-p-terphenyl-4-yl group, 2-pyrrolyl group, 3-pyrrolyl 
group, pyradinyl group, 2-pyridinyl group, 3-pyridinyl group, 
4-pyridinyl group, 2-indolyl group, 3-indolyl group, 4-in 
dolyl group, 5-indolyl group, 6-indolyl group, 7-indolyl 
group, 1-isoindolyl group, 3-isoindolyl group, 4-isoindolyl 
group, 5-isoindolyl group, 6-isoindolyl group, 7-isoindolyl 
group, 2-furyl group, 3-furyl group, 2-benZofuranyl group, 
3-benZofuranyl group, 4-benZofuranyl group, 5-benZofura 
nyl group, 6-benZofuranyl group, 7-benZofuranyl group, 
1 -isobenZofuranyl group, 3 -isobenZofuranyl group, 
4-isobenZofuranyl group, 5 -isobenZofuranyl group, 
6-isobenZofuranyl group, 7-isobenZofuranyl group, 
2-quinolyl group, 3-quinolyl group, 4-quinolyl group, 
5-quinolyl group, 6-quinolyl group, 7-quinolyl group, 
8-quinolyl group, l-isoquinolyl group, 3-isoquinolyl group, 
4-isoquinolyl group, 5-isoquinolyl group, 6-isoquinolyl 
group, 7-isoquinolyl group, 8-isoquinolyl group, 2-quinoxa 
nyl group, 5-quinoxanyl group, 6-quinoxanyl group, 1-carba 
Zolyl group, 2-carbaZolyl group, 3-carbaZolyl group, 4-car 
baZolyl group, l-phenanthridinyl group, 2-phenanthridinyl 
group, 3-phenanthridinyl group, 4-phenanthridinyl group, 
6-phenanthridinyl group, 7-phenanthridinyl group, 
8-phenanthridinyl group, 9-phenanthridinyl group, 
10-phenanthridinyl group, 1-acridinyl group, 2-acridinyl 
group, 3-acridinyl group, 4-acridinyl group, 9-acridinyl 
group, 1,7-phenanthrolin-2-yl group, 1,7-phenanthrolin-3-yl 
group, 1,7-phenanthrolin-4-yl group, 1,7-phenanthrolin-5-yl 
group, 1,7-phenanthrolin-6-yl group, 1,7-phenanthrolin-8-yl 
group, 1,7-phenanthrolin-9-yl group, 1,7-phenanthrolin-10 
yl group, 1,8-phenanthrolin-2-yl group, 1,8-phenanthrolin-3 
yl group, 1,8-phenanthrolin-4-yl group, 1,8-phenanthrolin-5 
yl group, 1,8-phenanthrolin-6-yl group, 1,8-phenanthrolin-7 
yl group, 1,8-phenanthrolin-9-yl group, 1,8-phenanthrolin 
10-yl group, 1,9-phenanthrolin-2-yl group, 1,9 
phenanthrolin-3-yl group, 1,9-phenanthrolin-4-yl group, 1,9 
phenanthrolin-5-yl group, 1,9-phenanthrolin-6-yl group, 1,9 
phenanthrolin-7-yl group, 1,9-phenanthrolin-8-yl group, 1,9 
phenanthrolin-10-yl group, 1,10-phenanthrolin-2-yl group, 
1 ,10-phenanthrolin-3 -yl group, 1, 10-phenanthrolin-4-yl 
group, 1,10-phenanthrolin-5-yl group, 2,9-phenanthrolin-1 
yl group, 2,9-phenanthrolin-3 -yl group, 2,9-phenanthrolin-4 
yl group, 2,9-phenanthrolin-5-yl group, 2,9-phenanthrolin-6 
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yl group, 2,9-phenanthrolin-7-yl group, 2,9-phenanthrolin-8 
yl group, 2,9-phenanthrolin-10-yl group, 2,8-phenanthrolin 
1-yl group, 2,8-phenanthrolin-3 -yl group, 2,8-phenanthrolin 
4-yl group, 2,8-phenanthrolin-5-yl group, 2,8-phenanthrolin 
6-yl group, 2,8-phenanthrolin-7-yl group, 2,8-phenanthrolin 
9-yl group, 2,8-phenanthrolin-10-yl group, 2,7 
phenanthrolin-1 -yl group, 2 ,7 -phenanthrolin-3 -yl group, 2 ,7 - 
phenanthrolin-4-yl group, 2,7-phenanthrolin-5-yl group, 2,7 
phenanthrolin-6-yl group, 2,7-phenanthrolin-8-yl group, 2,7 
phenanthrolin-9-yl group, 2,7-phenanthrolin-10-yl group, 
1-phenaZinyl group, 2-phenaZinyl group, 1-phenothiaZinyl 
group, 2-phenothiaZinyl group, 3-phenothiaZinyl group, 
4-phenothiaZinyl group, 1-phenoxaZinyl group, 2-phenox 
aZinyl group, 3-phenoxaZinyl group, 4-phenoxaZinyl group, 
2-oxaZolyl group, 4-oxaZolyl group, 5-oxaZolyl group, 
2-oxadiaZolyl group, 5-oxadiaZolyl group, 3-furaZanyl 
group, 2-thienyl group, 3 -thienyl group, 2-methylpyrrol- 1 -yl 
group, 2-methylpyrrol-3-yl group, 2-methylpyrrol-4-yl 
group, 2-methylpyrrol-5-yl group, 3-methylpyrrol-1-yl 
group, 3-methyl-pyrrol-2-yl group, 3-methylpyrrol-4-yl 
group, 3-methylpyrrol-5-yl group, 2-t-butylpyrrol-4-yl 
group, 3-(2-phenylpropyl)pyrrol-1-yl group, 2-methyl-1-in 
dolyl group, 4-methyl-1-indolyl group, 2-methyl-3-indolyl 
group, 4-methyl-3-indolyl group, 2-t-butyl-1-indolyl group, 
4-t-butyl-1-indolyl group, 2-t-butyl-3-indolyl group and 4-t 
butyl-3-indolyl group. 
[0049] The alkoxycarbonyl group having 2 to 30 carbon 
atoms is represented by iCOOY. Examples of the group 
represented by Y include methyl group, ethyl group, propyl 
group, isopropyl group, n-butyl group, s-butyl group, isobutyl 
group, t-butyl group, n-pentyl group, n-hexyl group, n-heptyl 
group, n-octyl group, hydroxymethyl group, 1-hydroxyethyl 
group, 2-hydroxyethyl group, 2-hydroxyisobutyl group, 1,2 
dihydroxyethyl group, 1,3-dihydroxy-isopropyl group, 2,3 
dihydroxy-t-butyl group, 1,2,3-trihydroxypropyl group, 
chloromethyl group, 1-chloroethyl group, 2-chloroethyl 
group, 2-chloroisobutyl group, 1,2-dichloroethyl group, 1,3 
dichloroisopropyl group, 2,3-dichloro-t-butyl group, 1,2,3 
trichloropropyl group, bromomethyl group, 1-bromoethyl 
group, 2-bromoethyl group, 2-bromoisobutyl group, 1,2-di 
bromoethyl group, 1,3-dibromoisopropyl group, 2,3-di 
bromo-t-butyl group, 1,2,3-tribromopropyl group, iodom 
ethyl group, 1-iodoethyl group, 2-iodoethyl group, 
2-iodoisobutyl group, 1,2-diiodoethyl group, 1,3-diiodoiso 
propyl group, 2,3-diiodo-t-butyl group, 1,2,3-triiodopropyl 
group, aminomethyl group, 1-aminoethyl group, 2-aminoet 
hyl group, 2-aminoisobutyl group, 1,2-diaminoethyl group, 
1,3-diaminoisopropyl group, 2,3-diamino-t-butyl group, 1,2, 
3-triaminopropyl group, cyanomethyl group, 1-cyanoethyl 
group, 2-cyanoethyl group, 2-cyanoisobutyl group, 1,2-di 
cyanoethyl group, 1,3-dicyanoisopropyl group, 2,3-dicyano 
t-butyl group, 1,2,3-tricyanopropyl group, nitromethyl group, 
1-nitroethyl group, 2-nitroethyl group, 2-nitroisobutyl group, 
1,2-dinitroethyl group, 1,3-dinitroisopropyl group, 2,3-dini 
tro-t-butyl group and 1,2,3-trinitropropyl group. 
[0050] Examples of the divalent group forming the ring 
include tetramethylene group, pentamethylene group, hex 
amethylene group, diphenylmethane-2,2'-diyl group, diphe 
nylethane-3,3'-diyl group and diphenylpropane-4,4'-diyl 
group. 
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[0051] 
sents: 

[0052] at least one group selected from: 

[0053] (1) linear and branched alkyl groups having 5 
or more carbon atoms and an ole?nic unsaturated 

bond, 
[0054] (2) linear, branched and cyclic substituted and 

unsubstituted alkyl groups having 4 or more carbon 
atoms, 

[0055] (3) linear, branched and cyclic substituted and 
unsubstituted alkyloxyl groups having 5 or more car 
bon atoms, 

[0056] (4) linear, branched and cyclic substituted and 
unsubstituted alkylthio groups having 5 or more car 
bon atoms, 

[0057] (5) linear, branched and cyclic substituted and 
unsubstituted alkylsilyl groups having 5 or more car 
bon atoms, 

[0058] (6) linear, branched and cyclic substituted and 
unsubstituted dialkylsilyl groups having 5 or more 
carbon atoms, 

[0059] (7) linear, branched and cyclic substituted and 
unsubstituted trialkylsilyl groups having 5 or more 
carbon atoms, 

[0060] (8) alkylamino groups and dialkylamino 
groups, 

It is preferable that at least one of R5 to R8 repre 
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[0061] (9) linear and branched cyano-sub stituted alkyl 
groups having 4 or more carbon atoms and l or 2 
cyano groups, and 

[0062] (10) polyethers having 2 to 5 ether oxygen 
atoms Which are separated from each other With an 
alkyl crosslinking having 1 to 3 carbon atoms, or 

[0063] a group selected from aryl groups having 6 to 30 
carbon atoms, arylalkyl groups having 7 to 30 carbon 
atoms, heteroarylalkyl groups having at least one of 
nitrogen atom, oxygen atom and sulfur atom and 2 to 30 
carbon atoms, heterocyclic groups having 2 to 30 carbon 
atoms, alkanoyl groups having 1 to 20 carbon atoms, 
cycloalkanoyl groups having 6 to 30 carbon atoms, acry 
loyl groups having 6 to 30 carbon atoms and heteroary 
loxyl groups having at least one of oxygen atom and 
sulfur atom and 2 to 30 carbon atoms, Which are substi 
tuted With at least one group selected from aforesaid (l) 
to (10). 

[0064] In general formula (1) shoWn above, p represents 0 
or 1, q represents 0 or 1, m represents 0 or an integer of l to 3, 
and n represents an integer of l to 3. 
[0065] Examples of the distyrylarylene derivative repre 
sented by general formula (1) of the present invention Will be 
shoWn in the folloWing. HoWever, the distyrylarylene deriva 
tive of the present invention is not limited to the compounds 
shoWn as the examples. In the folloWing, C5 means n-pentyl 
group. The compounds shoWn in the folloWing as the 
examples are all dissolved into 1,2-dichloroethane at 20° C. in 
an amount of 0.5% by Weight or more. 

(A1) 
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(A22) 
C5 

[0066] The organic EL device of the present invention com 
prises a cathode, an anode and an organic thin ?lm layer 
comprising a single layer or a plurality of layers and disposed 
betWeen the cathode and the anode, and at least one layer in 
the organic thin ?lm layer comprises the novel soluble com 
pound described above. 
[0067] It is preferable that, in the organic electrolumines 
cence device Which comprises a cathode, an anode and at least 
a light emitting layer and an electron transporting layer Which 
are disposed betWeen the cathode and the anode, the electron 
transporting layer comprises a novel soluble compound 
described above. It is also preferable that, in the organic 
electroluminescence device Which comprises a cathode, an 
anode and at least a light emitting layer and a hole transport 
ing layer Which are disposed betWeen the cathode and the 
anode, the hole transporting layer comprises a novel soluble 
compound described above. 
[0068] It is preferable that the light emitting layer com 
prises an arylamine compound or a distyrylarylene derivative. 

[0069] As the arylamine compound or the distyrylarylene 
derivative, it is preferable that a compound represented by the 
folloWing general formula (2) or (3) is used. 
[0070] General formula (2) is: 

(2) 

wherein Ar6 represents an aromatic group having 6 to 40 
carbon atoms, Ar7 and Ar8 each independently represent 

hydrogen atom or an aromatic group having 6 to 40 carbon 
atoms, the groups represented by Ar6 to Ar8 may be substi 
tuted, and a represents an integer of l to 6, Which is the 
number of condensation. 

[0071] 

Wherein Ar9 and Ar15 each represent an aromatic group hav 
ing 6 to 40 carbon atoms, Arl0 to Arl4 each independently 
represent hydrogen atom or an aromatic group having 6 to 40 
carbon atoms, the groups represented by Ar9 to Arl5 may be 
substituted, and b to e each represent 0 or 1, Which is the 
number of condensation. 

[0072] In general formulae (2) and (3) shoWn above, 
examples of the aromatic group having 6 to 40 carbon atoms 
include aryl groups such as phenyl group, naphthyl group, 
anthranyl group, phenanthryl group, pyrenyl group, coronyl 
group, biphenyl group, terphenyl group, pyrrolyl group, fura 
nyl group, thiophenyl group, benZothiophenyl group, 
oXathiaZolyl group, diphenylanthranyl group, indolyl group, 
carbaZolyl group, pyridyl group, benZoquinolyl group, ?uo 
ranthenyl group and acenaphtho?uoranthenyl group; and 
arylene groups such as phenylene group, naphthylene group, 
anthranylene group, phenanthrylene group, pyrenylene 
group, coronylene group, biphenylene group, terphenylene 
group, pyrrolylene group, furanylene group, thiophenylene 
group, benZothiopheylene group, oXadiaZolylene group, 
diphenylanthranylene group, indolylene group, carba 

General formula (3) is: 
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Zolylene group, pyridylene group, benZoquinolylene group, 
?uoranthenylene group and acenaphtho-?uoranthenylene 
group. The aromatic group having 6 to 40 carbon atoms may 
be substituted. Examples of the substituent include alkyl 
groups having 1 to 6 carbon atoms such as ethyl group, methyl 
group, i-propyl group, n-propyl group, s-butyl group, t-butyl 
group, pentyl group, hexyl group, cyclopentyl group and 
cyclohexyl group; alkoxyl groups having 1 to 6 carbon atoms 
such as ethoxyl group, methoxyl group, i-propoxyl group, 
n-propoxyl group, s-butoxyl group, t-butoxyl group, pentoxyl 
group, hexyloxyl group, cyclopentoxyl group and cyclohexy 
loxyl group; aryl groups having a nucleus having 5 to 40 
atoms; amino groups substituted With an aryl group having a 
nucleus having 5 to 40 atoms; ester groups having an aryl 
group having a nucleus having 5 to 40 atoms; ester groups 
having an alkyl group having 1 to 6 carbon atoms; cyano 
group; nitro group; and halogen atoms. 
[0073] It is preferable that the light emitting layer com 
prises an aromatic cyclic compound having styryl group. 
Examples of the aromatic cyclic compound include N,N' 
diphenyl-N,N'-bis(4-styrylphenyl)-1 ,4-diamino -naphtha 
lene, N,N'-diphenyl-N,N'-bis(4-styrylphenyl)-1,4-diamino 
2,3-dimethylnaphthalene, N,N'-diphenyl-N,N'-bis(4 
styrylphenyl)-3,8-diaminopyrene, N,N'-diphenyl-N,N'-bis 
(4-styrylphenyl)-9,10-diamino-anthracene and N,N' 
diphenyl-N,N'-bis(4-styrylphenyl)-3,9-diamino perylene. 
[0074] The organic EL device of the present invention has a 
laminate structure having one or more organic layers lami 
nated betWeen the electrodes. Examples of the structure 
include structures of an anode/a light emitting layer/a cath 
ode, an anode/a hole transporting layer/ a light emitting layer/ 
an electron transporting layer/a cathode, an anode/a hole 
transporting layer/a light emitting layer/a cathode and an 
anode/ a light emitting layer/an electron transporting layer/ a 
cathode. The compound described in the present invention 
may be used in any of the above organic thin ?lm layers and 
may also be used by doping into other hole transporting 
materials, light emitting materials and electron transporting 
materials. 

[0075] The electron transporting material used for the elec 
tron transporting layer in the organic EL device of the present 
invention is not particularly limited, and compounds conven 
tionally used as the electron transporting material can be used 
Without particular restrictions. Examples of such compounds 
include oxadiaZole derivatives and triaZole derivatives such 
as 2-(4 -biphenylyl)-5 -(4-t-butylphenyl)-1,3,4-oxadiaZole 
and bis {2-(4 -t-butylphenyl)- 1 ,3 ,4-oxadiaZole} -m-phenylene 
and quinolinol-based metal complexes. As an inorganic com 
pound constituting the electron transporting layer, insulating 
materials and semiconductors are preferable. When the elec 
tron transporting layer is constituted With the insulating mate 
rial or the semiconductor, leak of electric current can be 
effectively prevented, and the electron injecting property can 
be improved. It is preferable that at least one metal compound 
selected from the group consisting of alkali metal chalco 
genides, alkaline earth metal chalcogenides, alkali metal 
halides and alkaline earth metal halides is used as the insu 
lating material. It is preferable that the electron transporting 
layer is constituted With the alkali metal chalcogenide or the 
like material since the electron injecting property can be 
further improved. 
[0076] Examples of the alkali metal chalcogenide include 
Li2O, LiO, NaZS, Na2Se and NaO. Preferable examples of the 
alkaline earth metal chalcogenide include CaO, BaO, SrO, 
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BeO, BaS and CaSe. Examples of the alkali metal halide 
include LiF, NaF, KF, LiCl, KCl and NaCl. Examples of the 
alkaline earth metal halide include ?uorides such as CaF2, 
BaF2, SrF2, MgF2 and Bel:2 and halides other than the ?uo 
rides. 
[0077] Examples of the semiconductor constituting the 
electron transporting layer include oxides, nitrides and oxide 
nitrides containing at least one element selected from Ba, Ca, 
Sr,Yb, Al, Ga, In, Li, Na, Cd, Mg, Si, Ta, Sb and Zn, Which are 
used singly or as a combination of tWo or more. It is preferable 
that the inorganic compound constituting the electron trans 
porting layer is in the form of a ?ne crystalline or amorphous 
insulating thin ?lm. When the electron transporting layer is 
constituted With the above insulating thin ?lm, a more uni 
form thin ?lm can be formed and defective pixels such as dark 
spots can be decreased. Examples of the inorganic compound 
include the alkali metal chalcogenides, the alkaline earth 
metal chalcogenides, the alkali metal halides and the alkaline 
earth metal halides Which are described above. 

[0078] In the organic EL device of the present invention, it 
is preferable that a region transporting electrons or an inter 
face region betWeen the cathode and a layer of an organic thin 
?lm comprises a reducing dopant having a Work function of 
2.9 eV or smaller. The reducing dopant is de?ned as a sub 
stance Which can reduce the electron transporting compound. 
Therefore, various types of substances can be used as long as 
the substance has the speci?c reducing property. For example, 
at least one substance selected from the group consisting of 
alkali metals, alkaline earth metals, rare earth metals, oxides 
of alkali metals, halides of alkali metals, oxides of alkaline 
earth metals, halides of alkaline earth metals, oxides of rare 
earth metals, halides of rare earth metals, organic complexes 
of alkali metals, organic complexes of alkaline earth metals 
and organic complexes of rare earth metals, can be used. 
[0079] Speci?c examples of the reducing dopant include at 
least one alkali metal selected from the group consisting of Na 
(the Work function: 2.36 eV), K (the Work function: 2.28 eV), 
Rb (the Work function: 2.16 eV) and Cs (the Work function: 
1.95 eV) and at least one alkaline earth metal selected from 
the group consisting of Ca (the Work function: 2.9 eV), Sr (the 
Work function: 2.0 to 2.5 eV) and Ba (the Work function: 2.52 
eV). Among these reducing dopants, reducing dopants having 
a Work function of 2.9 eV or smaller are preferable. The more 
preferable reducing dopants are at least one alkali metal 
selected from the group consisting of K, Rb and Cs. The still 
more preferable reducing dopants are Rb and Cs, and the mo st 
preferable reducing dopant is Cs. These alkali metals have 
particularly great reducing ability, and the luminance of emit 
ted light and the life of the organic EL device are improved by 
adding these alkali metals in a relatively small amount into 
the region of electron injection. 
[0080] As the reducing dopant having a Work function of 
2.9 eV or smaller, combinations of tWo or more alkali metals 
are also preferable, and combinations including Cs such as 
combinations of Cs and Na, Cs and K, Cs and Rb, and Cs, Na 
and K are more preferable. When Cs is include in the combi 
nation, the reducing ability can be ef?ciently exhibited, and 
the luminance of emitted light and the life of the organic EL 
device can be improved by adding the combination into the 
region of electron injection. 
[0081] The anode ofthe organic EL device plays the role of 
injecting holes into the hole transporting layer or the light 
emitting layer. It is effective that the anode has a Work func 
tion of 4.5 eV or greater. Examples of the material of the 
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anode used in the present invention include indium tin oxide 
alloys (ITO), tin oxides (NESA), gold, silver, platinum and 
copper. As the cathode, a material having a small Work func 
tion is preferable so that electrons can be injected into the 
electron transporting layer or the light emitting layer. The 
material of the cathode is not particularly limited. Examples 
of the material of the cathode include indium, aluminum, 
magnesium, magnesium-indium alloys, magnesium-alumi 
num alloys, aluminum-lithium alloys, aluminum-scandium 
lithium alloys and magnesium-silver alloys. 
[0082] The process for forming the layers in the organic EL 
device of the present invention is not particularly limited. A 
conventional process such as the vacuum vapor deposition 
process and the spin coating process can be used. 
[0083] The organic thin ?lm layer comprising the com 
pound represented by the above general formula (l) which is 
used in the organic EL device of the present invention can be 
formed in accordance With the vacuum vapor deposition pro 
cess, the molecular beam epitaxy process (the MBE process) 
or, using a solution prepared by dissolving the compound into 
a solvent, in accordance With a conventional coating process 
such as the dipping process, the spin coating process, the 

HO 
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casting process, the bar coating process and the roll coating 
process. lnparticular, the organic EL device exhibiting a great 
ef?ciency of light emission can be obtained in accordance 
With a Wet process such as the spin coating process and the 
dipping process. 
[0084] The thickness of each layer in the organic thin ?lm 
layer in the organic EL device of the present invention is not 
particularly limited. In general, an excessively thin layer 
tends to have defects such as pin holes, and an excessively 
thick layer requires a high applied voltage to decrease the 
e?iciency. Therefore, a thickness in the range of several nm to 
1 pm is preferable. 
[0085] The present invention Will be described more spe 
ci?cally With reference to examples in the folloWing. HoW 
ever, the present invention is not limited to the examples. 

Synthesis Example 1 

Synthesis of Compound (A1) 

[0086] The route of synthesis of Compound (Al) (9,10-bis 
[4 - (2 ,2 -diphenyl -ethenyl)phenyl] -2 , 6 -di (2 -ethylhexyloxy) 
anthracene) is shoWn in the following. 

(2) 

NBS 

(3) 

(4) 
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-continued 

(1) Synthesis of 
2,6-di(2-ethylhexyloxy)anthraquinone 

[0087] Into a 500 ml ?ask, 10 g (42 mmole) of 2,6-dihy 
droxyanthraquinone, 16.5 g (86 mmole) of 2-ethylhexyl bro 
mide, 12 g (87 mmole) of anhydrous potassium carbonate and 
200 ml of dimethylformamide (DMF) Were placed, and the 
resultant mixture Was heated at 90° C. under stirring for one 
night. After the reaction Was completed, DMF Was removed 
by distillation, and 50 ml of Water Was added. The reaction 
solution Was treated by extraction With diethyl ether, Washed 
With a saturated aqueous solution of sodium chloride and 
dried With magnesium sulfate. After the concentration under 
a reduced pressure, the obtained crude product Was recrystal 
liZed from methanol, and 12.5 g of the quinone compound of 
the object compound Was obtained (the yield: 65%; a yelloW 
poWder). 

(2) Synthesis of 2,6-di(2-ethylhexyloxy)anthracene 

[0088] Into a 200 ml ?ask, 7.5 g (16 mmole) of 2,6-di(2 
ethylhexyloxy)-anthraquinone, 8 g (67 mmole) of tin and 
37.5 ml of acetic acid Were placed, and the resultant mixture 
Was heated under the re?uxing condition for 2 hours.After the 
reaction solution Was cooled to the room temperature, the 
uppermost layer Was separated by decantation, and the solid 
components Were Washed With methylene chloride. The 
obtained organic layers Were combined, Washed With Water, a 
saturated aqueous solution of sodium hydrogencarbonate and 
a saturated aqueous solution of sodium chloride and dried 
With magnesium sulfate. After the solvent Was removed, 7.2 g 
of a yelloW solid Was obtained. 
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[0089] In a 200 ml three-necked ?ask, the obtained yelloW 
solid Was dissolved into 20 ml of isopropyl alcohol (IPA). To 
the resultant solution, a solution prepared by dissolving 0.65 
g (17 mmole) of NaBH4 into 30 ml of IPA Was sloWly added 
dropWise, and the obtained solution Was heated under stirring 
for one night. After the reaction Was completed, Water Was 
added to the reaction solution. The formed precipitates Were 
separated by ?ltration and Washed With Water and ethanol, 
and 5.5 g of the anthracene compound of the object com 
pound Was obtained (the yield: 78%; a yelloW poWder). 

(3) Synthesis of 
9,10-dibromo-2,6-di(2-ethylhexyloxy)anthracene 

[0090] Into a 200 ml three-necked ?ask, 2.7 g (6 mmole) of 
2,6-di(2-ethylhexyloxy)anthracene and 20 ml of DMF Were 
placed and cooled to 0° C. To the obtained suspension, a 
solution prepared from 2.3 g (12 mmole) of N-bromosuccin 
imide (NBS) into 5 ml of DMF Was sloWly added dropWise, 
and the resultant mixture Was stirred at the room temperature 

for one night. After the reaction Was completed, the reaction 
solution Was poured into 100 ml of Water, and the resultant 
mixture Was treated by extraction With methylene chloride. 
The organic layer Was Washed With a saturated solution of 
sodium hydrogencarbonate and a saturated solution of 
sodium chloride and dried With magnesium sulfate. After the 
concentration under a reduced pressure, the obtained dark 
broWn residual product Was puri?ed in accordance With the 
silica gel chromatography (the developing solvent: hexane), 
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and 1.1 g of the dibromo compound of the object compound 
Was obtained (the yield: 30%; a yellow powder). 

(4) Synthesis of 9,l0-bis[4-(2,2-diphenylethenyl) 
phenyl] -2,6-di-(2-ethyl-hexyloxy)anthracene (Com 

pound (Al)) 
[0091] Into a 500 ml three-necked ?ask equipped With a 
condenser, 0.16 g (6.6 mmole) of magnesium, a small piece of 
iodine and 10 ml of tetrahydrofuran (THF) Were placed under 
a stream of argon. After the resultant mixture Was stirred at the 
room temperature for 30 minutes, a solution prepared by 
dissolving l g (3 mmole) of l-(4-bromophenyl)-2,2-diphe 
nylethylene into 10 ml of THF Was added dropWise. After the 
addition Was completed, the resultant mixture Was stirred at 
600 C. for 1 hours, and a Grignard reagent Was prepared. 
[0092] Into a 500 ml ?ask equipped With a condenser, 0.6 g 
(l mmole) of 9, l0-dibromo-2,6-di(2-ethylhexyloxy)an 
thracene, 0.04 g (5% by mole) of dichlorobis(triphenylphos 
phine)palladium, 0.1 ml (1 M; 0.1 mmole) of a toluene solu 
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tion of diisobutylaluminum hydride and 10 ml of THF Were 
placed under a stream of argon. After the Grignard reagent 
prepared above Was added dropWise to the obtained solution 
at the room temperature, the resultant mixture Was heated 
under stirring for one night. After the reaction Was completed, 
the reaction solution Was cooled With ice Water. The formed 
crystals Were separated by ?ltration and Washed With 50 ml of 
methanol and 50 ml of acetone successively, and 0.56 g of a 
yelloW poWder Was obtained. The obtained yelloW poWder 
Was identi?ed to be Compound (Al) by the measurements in 
accordance With NMR, IR and the ?led desorption mass 
spectroscopy (FD-MS) (the yield: 60%). 

Synthesis Example 2 

Synthesis of Compound (A2) 

[0093] The route of synthesis of Compound (A2) (9,10-bis 
[4-(2,2-diphenyl-ethenyl)phenyl]-2,6/2,7-di-t-butylan 
thracene) is shoWn in the folloWing. 

t-Bu 

O O 

t-Bu t_Bu 
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O 4> —> 
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O COZH 
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-continued 

(1) Synthesis of 
4-t-butyl-2-(4-t-butylbenzoyl)benzoic acid 

[0094] Into a 500 ml three-necked ?ask, 36 g (176 mmole) 
of 4-t-butyl-phthalic anhydride, 27 g (200 mmole) of t-butyl 
benzene and 100 ml of dichloroethane Were placed under a 
stream of argon and cooled to 0° C. To the obtained mixture, 
56 g (420 mmole) of aluminum chloride Was slowly added. 
After the addition Was completed, the resultant mixture Was 
stirred at the room temperature for one night. After the reac 
tion Was completed, ice Was added sloWly, and then concen 
trated hydrochloric acid Was added. The formed precipitates 
Were separated by ?ltration and Washed Well With Water, and 
32 g of the benzoic acid compound of the object compound 
Was obtained (the yield: 54%; a White poWder). 

(2) Synthesis of 2,6/2,7-di-t-butylanthraquinone 

[0095] Into a 500 ml ?ask having the egg plant shape 
equipped With a condenser, 200 ml of polyphosphoric acid 
Was placed and heated at 150° C. Then, 32 g (95 mmole) of 
4-t-butyl-2-(4-t-butylbenzoyl)benzoic acid Was added in 
small portions, and the resultant mixture Was stirred at the 
same temperature for 3 hours. After the reaction Was com 
pleted, the reaction mixture Was poured into ice Water, and the 
resultant mixture Was treated by liquid-liquid extraction With 
chloroform. After being dried With magnesium sulfate, the 
extract Was concentrated under a reduced pres sure by a rotary 
evaporator. The obtained crude crystals Were recrystallized 
from hexane, and 21 g of the anthraquinone compound of the 
object compound Was obtained (the yield: 69%; yelloW crys 
tals). 

(3) Synthesis of 2,6/2,7-di-t-butylanthracene 

[0096] Into a 300 ml ?ask, 10 g (313 mmole) of di-t-buty 
lanthraquinone, 18 g (151 mmole) of tin and 50 ml of glacial 
acetic acid Were placed, and the resultant mixture Was heated 

(A2) 

under stirring. After the reaction Was completed, the reaction 
solution Was poured into ice Water, and the resultant mixture 
Was stirred for 30 minutes and treated by extraction With 
methylene chloride. After being dried With magnesium sul 
fate, the extract Was concentrated under a reduced pressure by 
a rotary evaporator. The obtained oily solid substance Was 
used for the reaction of the next step Without puri?cation. 
[0097] In a 500 ml three-necked ?ask, the oily solid sub 
stance obtained above Was dissolved into 110 ml of IPA. To 
the resultant solution, 13 g (333 mmole) of NaBH4 Was 
sloWly added, and the obtained mixture Was heated under 
stirring for one night. After the reaction Was completed, Water 
Was added to the reaction solution. The formed precipitates 
Were separated by ?ltration and Washed With Water and etha 
nol, and 8.8 g of the anthracene compound of the object 
compound Was obtained (the yield: 97%; a yelloW poWder). 

(4) Synthesis of 
2,6/2,7-di-t-butyl-9,10-dibromoanthracene 

[0098] Into a 300 ml ?ask, 4 g (13.8 mmole) of di-t-buty 
lanthracene and 150 ml of carbon tetrachloride Were placed, 
and 1.42 ml (27 mmole) of bromine Was added dropWise. 
After the resultant mixture Was stirred at the room tempera 
ture for one night, the reaction solution Was poured into 200 
ml of Water, and the resultant mixture Was treated by extrac 
tion With methylene chloride. The organic layer Was Washed 
With Water, a saturated aqueous solution of sodium hydro gen 
carbonate and a saturated aqueous solution of sodium chlo 
ride and dried With magnesium sulfate. After the organic layer 
Was concentrated under a reduced pressure, the obtained yel 
loW solid Was recrystallized from ethanol, and 6 g of the 
dibromoanthracene compound of the object compound Was 
obtained (the yield: 97%; a yelloW poWder). 

(5) Synthesis of 9,10-bis[4-(2,2-diphenylethenyl) 
phenyl]-2,6/2,7-di-t-butylanthracene (Compound 

[0099] Into a 500 ml three-necked ?ask equipped With a 
condenser, 0.16 g (6.6 mmole) of magnesium, a small piece of 














