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independently a hydrogen atom, alkyl, cycloalkyl, aryl, het-
eroaryl, or the like; and I is an integer of 1 to 4.
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FLUORANTHENE COMPOUND AND
ORGANIC ELECTROLUMINESCENCE
DEVICE USING SAME

TECHNICAL FIELD

[0001] The invention relates to a fluoranthene compound,
an organic electroluminescence material-containing solution,
and an organic electroluminescence device using the same. In
particular, the invention relates to a fluoranthene compound
capable of fabricating an organic electroluminescence device
having a high luminous efficiency and a long life.

BACKGROUND ART

[0002] An organic electroluminescence (EL) device is a
self-emission device utilizing the principle that a fluorescent
compound emits light by the recombination energy of holes
injected from an anode and electrons injected from a cathode
when an electric field is impressed. Such an organic EL
device comprises a pair of electrodes, i.e. an anode and a
cathode, and an organic light-emitting medium therebetween.
[0003] The organic light-emitting medium is formed of a
stack of layers having each function. For example, it is a stack
in which an anode, a hole-injecting layer, a hole-transporting
layer, an emitting layer, and an electron-transporting layer
and an electron-injecting layer are sequentially stacked.
[0004] As the emission material of the emitting layer, a
material which emits light in each color (for example, red,
green and blue) has been developed. For example, a fluoran-
thene compound is disclosed in Patent Document 1 and Patent
Document 2 as a blue-emitting compound.

[0005] However, the fluoranthene compound disclosed in
Patent Document 1 and Patent Document 2 has a problem that
it is not satisfactory in respect of luminous efficiency and
lifetime.

[0006] [Patent Document 1] JP-A-H10-189247

[0007] [Patent Document 2] JP-A-2005-068087
DISCLOSURE OF THE INVENTION

[0008] An object of the invention is to provide a fluoran-

thene compound capable of fabricating an organic EL device
having high luminous efficiency and long lifetime can be
obtained.

[0009] According to the invention, the following fluoran-
thene compound, etc. are provided.

1. A fluoranthene compound represented by the formula (1):

)

Ry R¢
Z o
Ry~ \ Ry
SO
) =
R
sRats

Zp
wherein
[0010] Z,andZ,, areindependently a substituted or unsub-

stituted aryl group having 5 to 50 carbon atoms that form a
ring (hereinafter referred to as the “ring carbon atoms™), or a

May 10, 2012

substituted or unsubstituted heteroaryl group having 5 to 50
atoms that form a ring (hereinafter referred to as the “ring
atoms”);

[0011] Ar, is a single bond, a substituted or unsubstituted
aryl group having 5 to 50 ring carbon atoms, or a substituted
or unsubstituted heteroaryl group having 5 to 50 ring atoms,
and Ar,, is a linking group bonding to any one of R, to R, and
RgtoRg;

[0012] R, toR,and R toR, are independently a hydrogen
atom, an alkyl group, a cycloalkyl group, a substituted or
unsubstituted aryl group, a substituted or unsubstituted het-
eroaryl group, or a substituted silyl group, or at least one pair
ofR, andR,,R,andR;, R, andR,, R and R, R, and R, and
Rg and R, independently bonds to each other to form a satu-
rated or unsaturated ring structure which may have a further
substituent; and

[0013] Tis aninteger of 1 to 4; and

[0014] when I is 2 or more, plural Ar,s are the same or
different, and substituents of adjacent Arys may bond to each
other.

2. The fluoranthene compound according to 1, wherein the
fluoranthene compound is represented by the formula (2):

Z;
O AT
OOO “
Zi

wherein

[0015] Z,,7,,,R, toR,, and R, to R, are the same as in the
formula (1),

[0016] Ar, and Ar, are independently a substituted or
unsubstituted aryl group having 5 to 50 ring carbon atoms, or
a substituted or unsubstituted heteroaryl group having 5 to 50
ring atoms, and Ar, is a linking group bonding to any one of
R, toR,and R, to Ry; and

[0017] a substituent of Ary and a substituent of Ar, may
bond (crosslink) to each other.

3. The fluoranthene compound according to 1, wherein the
fluoranthene compound is represented by the formula (3):

)

77
‘ O Ary
Zp
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wherein

[0018] Z,,7,,, R, toR;,and R, to R, are the same asinthe
formula (1); and Ar, is a single bond, a substituted or unsub-
stituted aryl group having 5 to 50 ring carbon atoms, or a
substituted or unsubstituted heteroaryl group having 5 to 50
ring atoms.

4. The fluoranthene compound according to 1, wherein the
fluoranthene compound is represented by the formula (4):

*

Rs
Ry 0
7 Ry
. R
O o Y 9
Zyp

wherein

[0019] Z,,7Z,,,R;, R, R, and R to R, are the same as in
the formula (1); and

[0020] Ar, is a single bond, a substituted or unsubstituted
aryl group having 5 to 50 ring carbon atoms, or a substituted
or unsubstituted heteroaryl group having 5 to 50 ring atoms.
5. The fluoranthene compound according to 1, wherein the
fluoranthene compound is represented by the formula (5):

®
R, R3

Z;
O Arl R4
Zy
Rg
Rg
Ry

wherein
[0021] Z,,Z,,, R,to R, and R, to R, are the same asinthe

formula (1); and

[0022] Ar, is a single bond, a substituted or unsubstituted
aryl group having 5 to 50 ring carbon atoms, or a substituted
or unsubstituted heteroaryl group having 5 to 50 ring atoms.
6. The fluoranthene compound according to 1, wherein the
fluoranthene compound is represented by the formula (6):

(6)

R; Ry
Z;
sosden¥s
CO O R
Zp Rg R,
Rg
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wherein

[0023] Z,,7,,, R, R;,R,, and Rg to R, are the same as in
the formula (1); and

[0024] Ar, is a single bond, a substituted or unsubstituted
aryl group having 5 to 50 ring carbon atoms, or a substituted
or unsubstituted heteroaryl group having 5 to 50 ring atoms.
7. The fluoranthene compound according to 6, wherein
[0025] Ar, is a single bond, a substituted or unsubstituted
heteroaryl group having 5 to 50 ring atoms, or one of linking
groups represented by the following formulas; and

[0026] when Ar, is a single bond, atleast one of R, R5, R,
Re, R,, Rg and R, is an alkyl group, a cycloalkyl group, a
substituted or unsubstituted aryl group, a substituted or
unsubstituted heteroaryl group, or a substituted silyl group.

X2 X3 X

LS
2

X5 X3 X X3
b a O ®
X X
X X3 X3
a O a O .
X7 Xs Xs
) O s
Xs X X4 X
X9 X10
) O i
Xs Xs X4 X5
Xio

X Xs Xy
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-continued
Xi Y l\i iYZ Xs
X3 X4 X5 X
Xi X X X4
Xs X7 X6 Xs
X X

wherein

[0027] X, toX,,,Y, andY, are independently a hydrogen
atom, a fluorine atom, a cyano group, an alkyl group, a
cycloalkyl group, a substituted or unsubstituted aryl group, a
substituted or unsubstituted heteroaryl group, or a substituted
silyl group.

8. The fluoranthene compound according to any one of 1 to 7,
wherein

[0028] 7, and Z,, are independently a phenyl group, a
naphthyl group, a fluorenyl group, a 9,9'-dimethylfluorenyl
group, a diethylfluorenyl group, a dipropylfluorenyl group, a
diisopropylfluorenyl group, a dibutylfluorenyl group, a
diphenylfiuorenyl group, or a phenanthryl group.

9. An organic electroluminescence device which comprises:
[0029]

[0030] one or a plurality of organic compound layers com-
prising at least an emitting layer between the pair of elec-
trodes, wherein

[0031] at least one of the organic compound layers com-
prises at least one of the fluoranthene compound according to
any one of 1 to 8.

a pair of electrodes, and

10. The organic electroluminescence device according to 9,
wherein the emitting layer comprises the fluoranthene com-
pound.
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11. The organic electroluminescence device according to 10,
wherein the content of the fluoranthene compound in the
emitting layer is 0.01 to 20 mass %.

12. The organic electroluminescence device according to 10
or 11, wherein the emitting layer further comprises a com-
pound having an anthracene central skeleton represented by
the formula (2a):

2a)
Ry Rg
* O "
Ry Rs
wherein
[0032] A, and A, areindependently a group derived froma

substituted or unsubstituted aromatic ring having 6 to 20 ring
carbon atoms, and the aromatic ring may be substituted by
one or two or more substituents;

[0033] the substituent is a substituted or unsubstituted aryl
group having 6 to 50 ring carbon atoms, a substituted or
unsubstituted alkyl group having 1 to 50 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to 50
carbon atoms, a substituted or unsubstituted alkoxy group
having 1 to 50 carbon atoms, a substituted or unsubstituted
aralkyl group having 6 to 50 carbon atoms, a substituted or
unsubstituted aryloxy group having 5 to 50 ring atoms, a
substituted or unsubstituted arylthio group having 5 to 50 ring
atoms, a substituted or unsubstituted alkoxycarbonyl group
having 1 to 50 carbon atoms, a substituted or unsubstituted
silyl group, a carboxy group, a halogen atom, a cyano group,
a nitro group, or a hydroxy group;

[0034] when the aromatic ring is substituted by two or more
substituents, the substituents may be the same or different,
and adjacent substituents may bond to each other to form a
saturated or unsaturated ring structure; and

[0035] R, to R, are independently a hydrogen atom, a sub-
stituted or unsubstituted aryl group having 6 to 50 ring carbon
atoms, a substituted or unsubstituted heteroaryl group having
510 50 ring atoms, a substituted or unsubstituted alkyl group
having 1 to 50 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 50 carbon atoms, a substituted or
unsubstituted alkoxy group having 1 to 50 carbon atoms, a
substituted or unsubstituted aralkyl group having 6 to 50
carbon atoms, a substituted or unsubstituted aryloxy group
having 5 to 50 ring atoms, a substituted or unsubstituted
arylthio group having 5 to 50 ring atoms, a substituted or
unsubstituted alkoxycarbonyl group having 1 to 50 carbon
atoms, a substituted or unsubstituted silyl group, a carboxy
group, a halogen atom, a cyano group, a nitro group, or a
hydroxy group.

13. The organic electroluminescence device according to 12,
wherein A, and A, are substituents different from each other.
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14. The organic electroluminescence device according to 12,
wherein at least one of A and A, is a substituent having a
substituted or unsubstituted fused ring group having 10 to 30
ring atoms.

15. The organic electroluminescence device according to 14,
wherein the substituted or unsubstituted fused ring group
having 10 to 30 ring atoms is a substituted or unsubstituted
naphthalene ring.

16. The organic electroluminescence device according to 10
or 11, wherein the emitting layer further comprises a com-

pound having a pyrene central skeleton represented by the
formula (2b):

(2b)
(Lp)p—Ar))y

'Afé

((La)s——Arz);

wherein

[0036] Ar, and Ar, are independently a substituted or
unsubstituted aryl group having 6 to 50 ring carbon atoms;
[0037] L, andL, are independently a substituted or unsub-
stituted phenylene group, a substituted or unsubstituted naph-
thalene group, a substituted or unsubstituted fluorenylene
group, or a substituted or unsubstituted dibenzosilolylene
group;

[0038] misan integer of 0 to 2, nis an integer of 1 to 4, s is
an integer of 0 to 2, and t is an integer of 0 to 4; and

[0039] L, orAr, bondsto one of the 1- to S-positions of the
pyrene, and L, or Ar, bonds to one of the 6- to 10-positions of
the pyrene.

17. The organic electroluminescence device according to 10
or 11, wherein the emitting layer further comprises a com-
pound having a triphenylamine skeleton represented by the
formula (2¢):

2¢)

A Ry
|\/§/\
e
N
7N ‘ x
RZ_ _AI3
|
Y X
Ary Rs
wherein
[0040] Ar,, Ar, and Ar, are independently a group having

an anthrathene structure, a group having a phenanthrene
structure, or a group having a pyrene structure; and

[0041] R,,R,andR, areindependently ahydrogen atom or
a substituent.
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18. The organic electroluminescence device according to 10
or 11, wherein the emitting layer further comprises a com-
pound represented by the formula (2d):

(2d)
Aty

Ar,
~
Arsl/ Ary)

wherein

[0042] Ar,,,Ar,, and Ar;, are independently an aryl group
having 6 to 50 ring carbon atoms;

[0043] the aryl group may be substituted by one or two or
more substituents;

[0044] atleast one of Ar,,, Ar,, and Ar;,, and the substitu-
ents of these aryl groups has a fused aryl structure having 10
to 20 ring carbon atoms or a fused heteroaryl structure having
6 to 20 ring carbon atoms; and

[0045] Aris atrivalent group derived from an aromatic ring
or a heteroaromatic ring.

19. An organic electroluminescence material-containing
solution which comprises:

[0046] the fluoranthene compound according to any one of
1 to 8 which is an organic electroluminescence material, and
[0047] asolvent.

20. The organic electroluminescence material-containing
solution according to 19, wherein

[0048] the organic electroluminescence material comprises
a host material and a dopant material;

[0049] the dopant material is the fluoranthene compound
according to any one of 1 to 8; and

[0050] the host material is at least one selected from the
compounds represented by the formula (2a) according to 12,
the compound represented by the formula (2b) according to
16, the compound represented by the formula (2¢) according
to 17, and the compound represented by the formula (2d)
according to 18.

[0051] According to the invention, a fluoranthene com-
pound capable of fabricating an organic EL device which has
a high luminous efficiency and a long life can be provided.
[0052] Also, according to the invention, an organic EL
device having a high luminous efficiency and a long life can
be provided.

MODE FOR CARRYING OUT THE INVENTION
[0053] The fluoranthene compound of the invention is rep-

resented by the formula (1):

@

Z;
R; Ry
O 0~
R R

7
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[0054] 1In the formula, 7, and Z,, are independently a sub-
stituted or unsubstituted aryl group having 5 to 50 ring carbon
atoms, or a substituted or unsubstituted heteroaryl group hav-
ing 5 to 50 ring atoms.

[0055] Ar, is a single bond, a substituted or unsubstituted
aryl group having 5 to 50 ring carbon atoms, or a substituted
or unsubstituted heteroaryl group having 5 to 50 ring atoms,
and Ar, is a linking group bonding to any one of R, to R, and
R, toR,. Here, when any one of R, toR, and R, to R,, which
bonds to Ar, is a hydrogen atom, the bond between Ar, and
the dibenzofuran skeleton is a single bond.

[0056] R, toR,and Ry to Ry are independently a hydrogen
atom, an alkyl group, a cycloalkyl group, a substituted or
unsubstituted aryl group, a substituted or unsubstituted het-
eroaryl group, or a substituted silyl group, or at least one pair
of R, andR,,R,andR;, Ry andR,,Rsand R, R, and Ry, and
R; and R, independently bond to each other to form a satu-
rated or unsaturated ring structure which may have a further
substituent; and

[0057] 1is aninteger of 1 to 4;and

[0058] when I is 2 or more, plural Ar,s are the same or
different, and substituents of adjacent Arys may bond to each
other.

[0059] In the benzofluoranthene compounds known so far,
the conjugation length in the benzofluoranthene skeleton
which mainly contributes to emission is long, and the planar-
ity of the skeleton is high, so that stacking is likely to occur
and may result in decrease in luminous efficiency.

[0060] On the contrary, in the fluoranthene compound of
the invention, it is considered that introduction of the diben-
zofuran skeleton having an oxygen atom around the benzof-
luoranthene skeleton brings about an effect to prevent the
fluoranthene compound from assembly due to stacking,
whereby the luminous efficiency is improved.

[0061] As mentioned above, R, and R,, R, and R5, R; and
R,,Rs;and R, R, and R, and R, and R, may independently
bond to each other to form a saturated or unsaturated ring
structure.

[0062] Examples of the ring structures include:
Ry R¢
(0]
R3 Q O R7
\ h

R

eyt
Ry R

7

atte

R
Rg
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-continued

[0063] In the formulas, R is a hydrogen atom, a fluorine
atom, a substituted silyl group, a cyano group, a substituted or
unsubstituted aryl group, a substituted or unsubstituted het-
eroaryl group, an alkyl group or a cycloalkyl group.

[0064] When the number of Ar,, is 2 or more, adjacent Ar,s
may be the same or different, the adjacent Ar,s may crosslink
to each other via a substituent of one of the Arys, and sub-
stituents of the Ar,s may crosslink to each other.

[0065] Forexample, whenIis 2 and both of the two Ar s are
phenylene groups, the crosslinked structure includes:

X5 X

X3 X X Xs

) . i
i O O X—/

&

X

o

X3 X X5 Xs

[0066] In the formulas, X, to X, and Y, to Y, are indepen-
dently a hydrogen atom, a fluorine atom, a substituted silyl
group, a cyano group, a substituted or unsubstituted aryl
group, a substituted or unsubstituted heteroaryl group, an
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alkyl group or a cycloalkyl group. The bonds to the benzof-
luoranthene skeleton, and any one of R to R, and R to Ry are
formed at the positions of X, to XgandY, to'Y,,.

[0067] Here, when each of X to X, andY, to 'Y, which is
bonded to the benzofluoranthene skeleton or any one of R, to
R, and R to R, is a hydrogen atom, the bond to the benzof-
luoranthene skeleton or any one of R, to R, and R, to Ry is a
single bond. When any one of R, to R, and R, to R, which
bonds to X, to X, and Y, to'Y, is a hydrogen atom, the bond
between Ar, and the dibenzofuran skeleton is a single bond.
[0068] The fluoranthene compound represented by the for-
mula (1) is preferably fluoranthene compounds represented
by the following formulas (2), (3), (4), (5), and (6).

Z; Rz
O RN
OOO B

Zy

[0069] Inthe formula, Z,,7Z,,, R, toR,, and R to R, arethe
same as in the formula (1).

[0070] Ar, and Ar, are independently a substituted or
unsubstituted aryl group having 5 to 50 ring carbon atoms, or
a substituted or unsubstituted heteroaryl group having 5 to 50
ring atoms, and Ar, is a linking group bonding to any one of
R, toR,and Rsto R,

[0071] Ar, and Ar, may crosslink to each other via a sub-
stituent of either Ar; or Ar,, and a substituent of Ar; and a
substituent of Ar,, may crosslink to each other.

[0072] Here, when any one of R, to R, and R, to R, which
is bonded to the crosslinking structure formed by Ar, and Ar,
is a hydrogen atom, the bond between the crosslinking struc-
ture and the dibenzofuran structure is a single bond.

&)

R;
R¢ Ry
O
Ry
Z; i
OO l ’ Rl
O Ry R,

Zyp

[0073] Inthe formula, Z,,7,,, R, toR;, and R to Ry arethe
same as in the formula (1).

[0074] Ar, is a single bond, a substituted or unsubstituted
aryl group having 5 to 50 ring carbon atoms, or a substituted
or unsubstituted heteroaryl group having 5 to 50 ring atoms.
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Rg
R4 O R7
Z;
’ A
R
712

[0075] Inthe formula, Z,,Z,,, R}, R,,R,, and R, to R, are
the same as in the formula (1).

[0076] Ar, is a single bond, a substituted or unsubstituted
aryl group having 5 to 50 ring carbon atoms, or a substituted
or unsubstituted heteroaryl group having 5 to 50 ring atoms.

©)

R, R;
Z7
’ o Q R4
Zp
Rg
Rg
R;

[0077] Inthe formula, Z,,Z,,,R,t0R,, and R to Ry arethe
same as in the formula (1).

[0078] Ar, is a single bond, a substituted or unsubstituted
aryl group having 5 to 50 ring carbon atoms, or a substituted
or unsubstituted heteroaryl group having 5 to 50 ring atoms.

©)

R Ry
Z;
’. avs
Zp
Ro
Ry
Rg

[0079] Inthe formula, 7, 7,,, R, R;,R,, and R, to Ry are
the same as in the formula (1).

[0080] Ar, is a single bond, a substituted or unsubstituted
aryl group having 5 to 50 ring carbon atoms, or a substituted
or unsubstituted heteroaryl group having 5 to 50 ring atoms.
[0081] In the fluoranthene compound represented by the
formula (6), Ar, is preferably a single bond, a substituted or
unsubstituted heteroaryl group having 5 to 50 ring atoms, or
any one of linking groups represented by the following for-
mulas. When Ar, is a single bond, at least one of R, R5, R,
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Re, R;, Rg and R, is an alkyl group, a cycloalkyl group, a
substituted or unsubstituted aryl group, a substituted or
unsubstituted heteroaryl group, or a substituted silyl group.

X X5 X X3
Q QX“
Xs Xs Xs
. Xz X3
X5 X3

X
X; 5

) O Xl

X6 X5 X4
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-continued
Xi X X X

[0082] In the formulas, X, to X,,, Y, and Y, are indepen-
dently a hydrogen atom, a fluorine atom, a substituted silyl
group, a cyano group, a substituted or unsubstituted aryl
group, a substituted or unsubstituted heteroaryl group, an
alkyl group, or a cycloalkyl group. Here, a bonding line
having no symbol indicates a single bond to the fluoranthene
skeleton or the dibenzofuran skeleton.

[0083] In the fluoranthene compound represented by the
formula (6), when Ar, is a single bond, at least one of R, R;,
R, Rg R, Ry and R, s a substituted aryl group, a substituted
heteroaryl group, or a substituted silyl group, a substituent
which further substitutes these substituents is preferably a
substituted silyl group, an alkyl group, a cycloalkyl group, an
aryl group, or a heteroaryl group.

[0084] Now, each of the substituents of the fluoranthene
compound of the invention will be explained below.

[0085] Here, in the invention, the term “an aryl group”
indicates “a group derived from an aromatic compound from
which at least one hydrogen atom is removed”, and includes
not only an aryl group of monovalent but also “an arylene
group” of divalent and the like. The same meaning is applied
to “a heteroaryl group”.

[0086] In the invention, “a hydrogen atom” includes deu-
terium and tritium.

[0087] The substituted or unsubstituted aryl group having 5
to 50 ring carbon atoms in Z.,, 7, , and Ar, to Ar,, is preferably
a substituted or unsubstituted aryl group having 5 to 20 ring
carbon atoms, and more preferably a substituted or unsubsti-
tuted aryl group having 5 to 14 ring carbon atoms. Examples
thereof include a phenyl group, a naphthyl group. a phenan-
thryl group, an anthryl group, a benzanthryl group, a pyrenyl
group, a chrysenyl group, a fluorenyl group, a 9,9-dimeth-
ylfluorenyl group, a diethylfluorenyl group, a dipropylfluo-
renyl group, a diisopropylfluorenyl group, a dibutylfluorenyl
group, a diphenylfluorenyl group, a biphenyl group, and a
triphenylene group. Preferred are a phenyl group, a naphthyl
group, a phenanthryl group, a biphenyl group and a 9,9-
dimethylfluorenyl group.

[0088] The substituted or unsubstituted heteroaryl group
having 5 to 50 ring atoms in Z,, Z,, and Ar, is preferably a
substituted or unsubstituted heteroaryl group having 5 to 20
ring atoms, and more preferably a substituted or unsubstituted
heteroaryl group having 5 to 14 ring atoms. Examples thereof
include a pyrrolyl group, a pyrazinyl group, a pyridinyl group,
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an indolyl group, an isoindolyl group, a furyl group, a diben-
zofuranyl group, a benzofuranyl group, an isobenzofuranyl
group, a quinolyl group, an isoquinolyl group, a quinoxalinyl
group, a carbozolyl group, a phenanthridinyl group, an acridi-
nyl group, a phenanthrolinyl group, a phenazinyl group, a
phenothiazinyl group, a phenoxazinyl group, an oxazolyl
group, a benzoxazolyl group, an oxaziazolyl group, a furaza-
nyl group, thienyl group, a thiophenyl group, a benzothiophe-
nyl group, a dibenzothiophenyl group, an imidazolyl group, a
benzoimidazolyl group, a pyralozinyl group and piperidinyl
group. Preferred are a pyrazinyl group, a pyridinyl group, a
quinolyl group, an isoquinolyl group, a dibenzofuranyl
group, and a benzoxazolyl group.

[0089] The substituted or unsubstituted aryl group in R, to
R, Rs to Ry, X, to X, and Y, to Y, includes the same
substituents in the above-mentioned substituted or unsubsti-
tuted aryl group having 5 to 50 ring carbon atoms.

[0090] The substituted or unsubstituted heteroaryl group in
R, toR,, Rsto Ry, X, t0 X, and Y, to Y, includes the same
substituents as the above-mentioned substituted or unsubsti-
tuted heteroaryl group having 5 to 50 ring atoms.

[0091] Thealkyl groupinR, to R,,Rsto Ry, X to X, and
Y, toY, includes a methyl group, an ethyl group, a propyl
group, an isopropyl group, an-butyl group, a s-butyl group, an
isobutyl group, a t-butyl group, a n-pentyl group, a n-hexyl
group, a n-heptyl group, and a n-octyl group. Preferred are a
methyl group, an ethyl group, a propyl group, an isopropyl
group, an-butyl group, a s-butyl group, an isobutyl group, and
at-butyl group, and particularly preferred are a methyl group,
an ethyl group, a propyl group, an isopropyl group, and a
t-butyl group.

[0092] Thecycloalkyl groupinR; toR,, RstoRq, X, 0 X,
and Y, to Y, includes a cyclopropyl group, a cyclobutyl
group, a cyclopentyl group, a cyclohexyl group, a 4-methyl-
cyclohexyl group, a l-adamantyl group, a 2-adamantyl
group, a 1-norbornyl group, and a 2-norbornyl group. Pre-
ferred are a cyclopentyl group and a cyclohexyl group.
[0093] The substituted silyl group inR; to R, Rgto Ry, X
to X, and Y, to Y, includes a trimethylsilyl group, a trieth-
ylsilyl group, a t-butyldimethylsilyl group, a vinyldimethyl-
silyl group, a propyldimethylsilyl group, a triphenylsilyl
group, and a triisopropylsilyl group. Preferred are a trimeth-
ylsilyl group, a triethylsilyl group, and a t-butyldimethylsilyl
group.

[0094] The substituent which further substitutes the sub-
stituent of the above-mentioned fluoranthene compound (for
example, as the substituent, the substituents in the substituted
or unsubstituted aryl group having 5 to 50 ring carbon atoms
may be mentioned, and the substituent is applied to all the
substituents in the expression of “substituted or unsubsti-
tuted”) includes a fluorine atom, a substituted silyl group, a
cyano group, a substituted or unsubstituted aryl group, a
substituted or unsubstituted heteroaryl group, an alkyl group,
and a cycloalkyl group. Preferred are a substituted silyl group,
a substituted or unsubstituted aryl group, an alkyl group, and
a cycloalkyl group. (Substitution repeats.)

[0095] Examples of these substituents are as mentioned
above.
[0096] Examples of the fluoranthene compound of the

invention will be shown below.
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-continued

[0097] The fluoranthene compound of the invention can be
synthesized by a method described in . Org. Chem., 55,4190
(1990), I. Org. Chem., 68, 883 (2003) or by a carbon-carbon
bond generation reaction (Suzuki reaction, Kumada-Tamao
coupling reaction, Still reaction, Sonogashira reaction, or the
like) and an annulation reaction.

[0098] Itis preferred that the fluoranthene compound of the
invention be used as a material for an organic EL device. It is
particularly preferable to use it as an emitting material for an
organic EL device, especially as a doping material.

[0099] Regarding the organic EL device of the invention, in
an organic electroluminescence device in which organic com-
pound layers comprising one layer or a plurality of layers
containing at least an emitting layer between a pair of elec-
trodes, at least one of the above-mentioned organic com-
pound layers comprises the fluoranthene compound of the
invention.

[0100] In the organic EL device of the invention, it is pre-
ferred that the emitting layer contain a fluoranthene com-
pound and that the emitting layer contain the fluoranthene
compound of the invention preferably in an amount of 0.1 to
20 wt %, further preferably 0.5 to 20 wt %, particularly
preferably 1 to 18 wt % and most preferably 2.5 to 15 wt %.

[0101] The organic EL. device using the material for an
organic EL device containing the fluoranthene compound of
the invention can emit blue light.

[0102] When the fluoranthene compound ofthe invention is
used as an emitting material of the organic EL device, it is
preferred that the emitting layer contain at least one kind of
the fluoranthene compound and at least one kind selected
from the compounds represented by the general formulas
(2a), (2b), (2c) and (2d). It is preferred that at least one kind
selected from the compounds represented by the following
general formulas (2a), (2b), (2¢) and (2d) be a host material.

[0103] An explanation will be made on the compounds
represented by the formulas (2a), (2b), (2¢) and (2d).
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Formula (2a)

(2a)
R, Rg
e s
<
<5
Ry Rs

[0104] In the formula (2a), A, and A, are independently a
group induced from a substituted or unsubstituted aromatic
ring having 6 to 20 ring carbon atoms. The aromatic ring may
be substituted by one or two or more substituents. The sub-
stituent is selected from a substituted or unsubstituted aryl
group having 6 to 50 ring carbon atoms, a substituted or
unsubstituted alkyl group having 1 to 50 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to 50
carbon atoms, a substituted or unsubstituted alkoxy group
having 1 to 50 carbon atoms, a substituted or unsubstituted
aralkyl group having 6 to 50 carbon atoms, a substituted or
unsubstituted aryloxy group having 5 to 50 ring atoms, a
substituted or unsubstituted arylthio group having 5 to 50 ring
atoms, a substituted or unsubstituted alkoxycarbonyl group
having 1 to 50 carbon atoms, a substituted or unsubstituted
silyl group, a carboxy group, a halogen atom, a cyano group,
a nitro group and a hydroxyl group. If the above-mentioned
aromatic ring is substituted by two or more substituents, the
substituents may be the same or different, and adjacent sub-
stituents may be bonded together to form a saturated or unsat-
urated ring structure.

[0105] R, toRgareindependently selected from a hydrogen
atom, a substituted or unsubstituted aryl group having 6 to 50
ring carbon atomns, a substituted or unsubstituted heterocyclic
group having 5 to 50 ring atoms, a substituted or unsubsti-
tuted alkyl group having 1 to 50 carbon atoms, a substituted or
unsubstituted cycloalkyl group having 3 to 50 carbon atoms,
a substituted or unsubstituted alkoxy group having 1 to 50
carbon atoms, a substituted or unsubstituted aralkyl group
having 6 to 50 carbon atoms, a substituted or unsubstituted
aryloxy group having 5 to 50 ring atoms, a substituted or
unsubstituted arylthio group having 5 to 50 ring atoms, a
substituted or unsubstituted alkoxycarbonyl group having 1
to 50 carbon atoms, a substituted or unsubstituted silyl group,
acarboxy group, ahalogen atom, a cyano group, a nitro group
and a hydroxyl group.

[0106] In the formula (2a), it is preferred that A, and A,
mentioned above be different groups.

[0107] Inthe formula(2a), itis preferred that at least one of
A, and A, be a substituent having a substituted or unsubsti-
tuted fused ring group having 10 to 30 ring atoms.

[0108] Itis preferred that the above-mentioned substituted
or unsubstituted fused ring group having 10 to 30 ring atoms
be a naphthalene ring.

[0109] The substituted or unsubstituted aryloxy group and
arylthio group having 5 to 50 ring atoms for R, to Ry and the
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substituent of the aromatic ring in the formula (2a) are rep-
resented by —OY' and —SY", respectively. Examples of
—Y" and Y" include the same examples as those for the
substituted or unsubstituted aryl group having 6 to 50 ring
atoms of the substituent of R, to Ry and the aromatic ring.

[0110] The substituted or unsubstituted alkoxycarbonyl
group having 1 to 50 carbon atoms for R, to Ry and the
substituent of the aromatic ring in the formula (2a) is repre-
sented by —COOZ. Examples of 7 include the same
examples as those of the substituted or unsubstituted alkyl
group having 1 to 50 carbon atoms for R; to Ry and the
substituent of the aromatic ring.

[0111] Examples of the silyl group for R, to Ry and the
substituent of the aromatic ring in the formula (2a) include a
trimethylsilyl group, a triethylsilyl group, a t-butyldimethyl-
silyl group, a vinyldimethylsilyl group, a propyldimethylsilyl
group and a triphenylsilyl group.

[0112] Asthe halogen atom for R, to R, and the substituent
of the aromatic ring in the formula (2a), fluorine or the like
can be given.

[0113] Asthesubstituent forR, to Ry and the substituent for
the aromatic ring, a halogen atom, a hydroxyl group, a nitro
group, a cyano group, an alkyl group, an aryl group, a
cycloalkyl group, an alkoxy group, an aromatic heterocyclic
group, an aralkyl group, an aryloxy group, an arylthio group,
an alkoxycarbonyl group. a carboxy group or the like can be
given.

[0114] It is preferred that the anthracene derivative repre-
sented by the formula (2a) be a compound having a structure
shown by the following formula (2a").

(2a)

[0115] In the formula (2a), A, and A,, R, to R, are inde-
pendently the same as that in the formula (2a), and the same
specific examples can be given,

[0116] provided that groups do not symmetrically bond to
9- and 10-positions of the central anthracene with respect to
X-Y axis.

[0117] Specific examples of the anthracene derivative to be
used in the organic EL device of the invention, represented by
the formula (2a) include known various anthracene deriva-
tives such as those having two anthracene skeletons in the
molecule shown in JP-A-2004-356033, [0043] to [0063] and
compounds having one anthracene skeleton shown in
WO02005/061656, pages 27 to 28.
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Formula (2b)
[0118]

(2b)
(L)m—Arpy

(L2)s—Ar),

[0119] Inthe formula(2b), Ar, and Ar, are independently a
substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms.

[0120] L, andL, are independently a group selected from a
substituted or unsubstituted phenylene group, a substituted or
unsubstituted naphthalenylene group, a substituted or unsub-
stituted fluorenylene group and a substituted or unsubstituted
dibenzosilolylene group.

[0121] misanintegerof Oto 2, nis anintegerof 1to4,sis
an integer of 0 to 2 and t is an integer of 0 to 4

[0122] L, or Ar, bonds to any position of the 1% to 5%
positions of pyrene, and L, or Ar, bonds to any position of the
6" 10 10" positions of pyrene.

[0123] L, andL, intheformula (2b)are preferably selected
from a substituted or unsubstituted phenylene group and a
substituted or unsubstituted fluorenylene group.

[0124] As the substituent thereof, substituents similar to
those exemplified in the above-mentioned aromatic ring
group can be given.

[0125] m in the formula (2b)is preferably an integer of 0 to
1, and n in the formula (2b) is preferably an integer of 1 to 2.
s in the formula (2b) is preferably an integer of O to 1.
[0126] t in the formula (2b) is preferably an integer of 0 to
2.

Formula (2¢)
()
Ary Ry
D,
YA

A

NN
Rz_l// ‘ /\/)—Am

[0127] In the formula (2¢), Ar,, Ar, and Ar; are indepen-
dently selected from a group having an anthracene structure,
a group having a phenanthrene structure, a group having a
perylene structure and a group having a pyrene structure.

[0128] R,,R,andR,areindependently ahydrogen atom or
a substituent.
[0129] Ar,, Ar, and Ar; in the formula (2¢) is preferably

selected from a substituted or unsubstituted anthrylphenyl
group, an anthryl group, a phenanthrenyl group, a perylenyl
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group and a pyrenyl group, more preferably selected from an
alkyl-substituted or unsubstituted anthrylphenyl group and a
pyrenyl group, and particularly preferably selected from a
pyrenyl group and a phenanthrenyl group.

[0130] Examples of R, R, and R, in the formula (2c)
include a hydrogen atom, an alkyl group (preferably one
having 1 to 30 carbon atoms, more preferably 1 to 20 carbon
atoms, and particularly preferably 1 to 10 carbon atoms;
specific examples thereof include methyl, ethyl, isopropyl,
t-butyl, n-octyl, n-decyl, n-hexadecyl, cyclopropyl, cyclopen-
tyl and cyclohexyl), an alkenyl group (preferably one having
2 to 30 carbon atoms, more preferably 2 to 20 carbon atoms,
and particularly preferably 2 to 10 carbon atoms; specific
examples thereof include vinyl, allyl, 2-butenyl and 3-pente-
nyl), an alkynyl group (preferably one having 2 to 30 carbon
atoms, more preferably 2 to 20 carbon atoms, and particularly
preferably 2 to 10 carbon atoms; specific examples thereof
include propargyl and 3-pentynyl), an aryl group (preferably
one having 6 to 30 carbon atoms, more preferably 6 to 20
carbon atoms, and particularly preferably one having 6 to 12
carbon atoms; the specific examples thereof include phenyl,
p-methylphenyl, naphthyl and anthranyl), an amino group
(preferably one having 0 to 30 carbon atoms, more preferably
0 to 20 carbon atoms, and particularly preferably 0 to 10
carbon atoms; the specific examples thereof include amino,
methylamino, dimethylamino and diethylamino, dibenzy-
lamino, diphenylamino and ditolylamino group), an alkoxy
group (preferably one having 1 to 30 carbon atoms, more
preferably 1 to 20 carbon atoms, and particularly preferably 1
to 10 carbon atoms; the specific examples thereof include
methoxy, ethoxy, butoxy, and 2-ethylhexyloxy), an aryloxy
group (preferably one having 6 to 30 carbon atoms, more
preferably 6 to 20 carbon atoms, and particularly preferably 6
to 12 carbon atoms; the specific examples thereof include
phenyloxy, 1-naphthyloxy and 2-naphthyloxy), a heteroary-
loxy group (preferably one having 1 to 30 carbon atoms, more
preferably 1 to 20 carbon atoms, and particularly preferably 1
to 12 carbon atoms; the specific examples thereof include
pyridyloxy, pyrazyloxy, pyrimidyloxy and quinolyloxy); an
acyl group (preferably one having 1 to 30 carbon atoms, more
preferably 1 to 20 carbon atoms, and particularly preferably 1
to 12 carbon atoms; the specific examples thereof include
acetyl, benzoyl, formyl and pivaloyl), an alkoxycarbonyl
group (preferably one having 2 to 30 carbon atoms, more
preferably 2 to 20 carbon atoms, and particularly preferably 2
to 12 carbon atoms; the specific examples thereof include
methoxycarbonyl and ethoxycarbonyl); an aryloxycarbonyl
group (preferably one having 7 to 30 carbon atoms, more
preferably 7 to 20 carbon atoms and particularly preferably 7
to 12 carbon atoms; the specific examples thereof include
phenyloxycarbonyl); an acyloxy group (preferably one hav-
ing 2 to 30 carbon atoms, more preferably 2 to 20 carbon
atoms and particularly preferably 2 to 10 carbon atoms; the
specific examples thereof include acetoxy and benzoyloxy),
an acylamino group (preferably one having 2 to 30 carbon
atoms, more preferably 2 to 20 carbon atoms, and particularly
preferably 2 to 10 carbon atoms; the specific examples thereof
include acetylamino and benzoylamino), an alkoxycarbony-
lamino group (preferably one having 2 to 30 carbon atoms,
more preferably 2 to 20 carbon atoms, and particularly pref-
erably 2 to 12 carbon atoms; the specific examples thereof
include methoxycarbonylamino), an aryloxycarbonylamino
group (preferably one having 7 to 30 carbon atoms, more
preferably 7 to 20 carbon atoms, particularly preferably 7 to
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12 carbon atoms; the specific examples thereof include phe-
nyloxycarbonylamino), a sulfonylamino group (preferably
onehaving 1 to 30 carbon atoms, more preferably one having
1 to 20 carbon atoms and particularly preferably one having 1
to 12 carbon atoms; the specific examples thereof include
methanesulfonylamino and benzenesulfonylamino), a sulfa-
moylamino group (preferably one having 0 to 30 carbon
atoms, more preferably 0 to 20 carbon atoms and particularly
preferably 0 to 12 carbon atoms; the specific examples thereof
include sulfamoyl, methylsulfamoyl, dimethylsulfamoyl and
phenylsulfamoyl), a carbamoyl group (preferably one having
1 to 30 carbon atoms, more preferably one having 1 to 20
carbon atoms and particularly preferably one having 1 to 12
carbon atoms; the specific examples thereof include carbam-
oyl, methylcarbamoyl, diethylcarbamoyl and phenylcarbam-
oyl), an alkylthio group (preferably one having 1 to 30 carbon
atoms, more preferably 1 to 20 carbon atoms and particularly
preferably 1 to 12 carbon atoms; the specific examples
include methylthio and ethylthio), an arylthio group (prefer-
ably one having 6 to 30 carbon atoms, more preferably one
having 6 to 20 carbon atoms and particularly preferably one
having 6 to 12 carbon atoms; the specific examples thereof
include phenylthio), a heteroarylthio group (preferably one
having 1 to 30 carbon atoms, more preferably one having 1 to
20 carbon atoms, and particularly preferably one having 1 to
12 carbon atoms; the specific examples thereof include
pyridylthio, 2-benzoimidazolylthio, 2-benzoxazolylthio and
2-benzothiazolylthio); a sulfonyl group (preferably one hav-
ing 1 to 30 carbon atoms, more preferably 1 to 20 carbon
atoms and particularly preferably 1 to 12 carbon atoms; the
specific examples thereofinclude mesyl and tosyl); a sulfinyl
group (preferably one having 1 to 30 carbon atoms, more
preferably 1 to 20 carbon atoms and particularly preferably 1
to 12 carbon atoms; the specific examples thereof include
methanesulfinyl and benzenesulfinyl), an ureido group (pref-
erably one having 1 to 30 carbon atoms, more preferably 1 to
20 carbon atoms and particularly preferably 1 to 12 carbon
atoms; the specific examples thereof include ureido, methy-
lureido and phenylureido), a phosphoric amide group (pref-
erably one having 1 to 30 carbon atoms, more preferably 1 to
20 carbon atoms and particularly preferably 1 to 12 carbon
atoms; the specific examples thereof include diethylphospho-
ric amide and phenylphosphatoric amide), a hydroxyl group,
a mercapto group, a halogen atom (for example, a fluorine
atom, a chlorine atom, a bromine atom, an iodine atom or the
like can be given), a cyano group, a sulfo group, a carboxy
group, a nitro group, a hydroxamic acid group, a sulfino
group, a hydrazino group, an imino group, a heterocyclic
group (preferably one having 1 to 30 carbon atoms, more
preferably 1 to 12 carbon atoms, and as the hetero atom, a
nitrogen atom, an oxygen atom and a sulfur atom can be
given, the specific examples thereof include imidazolyl,
pyridyl, quinolyl, furyl, thienyl, piperidyl, morpholino, ben-
zoxazolyl, benzimidazolyl and benzothiazolyl), and a substi-
tuted or unsubstituted silyl group (preferably one having 3 to
40 carbon atoms, more preferably 3 to 30 carbon atoms and
particularly preferably 3 to 24 carbon atoms; the specific
examples thereof include trimethylsily]l and triphenylsilyl).
These substituents may further be substituted.

[0131] R,, R, and R; in the formula (2¢) are preferably
selected from an alkyl group and an aryl group.

[0132] Specific examples of the amine derivative to be used
in the organic EL device of the invention represented by the
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formula (2¢) include known various amine derivatives such as
those shown in JP-A-2002-324678 [0079] to [0083].

Formula (2d)

2d)

[0133] Inthe formula (2d), Ar,,, Ar,, and Ar;, areindepen-
dently an aryl group having 6 to 50 ring carbon atoms. The
aryl group may be substituted by one or two or more substitu-
ents.

[0134] Atleast one of Ar,,, Ar,, and Ar,, and the substitu-
ents of these aryl groups has a fused ring aryl structure having
10to 20 ring carbon atoms or a fused ring heteroaryl structure
having 6 to 20 ring carbon atoms.

[0135] Ar is a trivalent group induced from the aromatic
ring or the heterocyclic aromatic ring,

[0136] The aryl group having 6 to 50 ring carbon atoms of
Ar,,,Ar,, and Ar;, in the formula (2d) preferably has 6 to 30,
more preferably 6 to 20, further preferably 6 to 16 ring carbon
atoms. These aryl groups may further have a substituent.

[0137] Examples of the substituent on the aryl group
include an alkyl group, an alkenyl group, an alkynyl group, an
aryl group, an amino group, an alkoxy group, an aryloxy
group, a heteroaryloxy group, an acyl group, an alkoxycar-
bonyl group, an aryloxycarbonyl group, an acyloxy group, an
acylamino group, an alkoxycarbonylamino group, an aryloxy
carbonylamino group, a sulfonylamino group, a sulfamoyl
group, a carbamoyl group, an alkylthio group, an arylthio
group, a heteroarylthio group, a sulfonyl group, a sulfinyl
group, an ureido group, a phosphoric amide group, a hydroxy
group, a mercapto group, a halogen atom (for example, a
fluorine atom, a chlorine atom, a bromine atom, an iodine
atom, etc. can be given), a cyano group, a sulfo group, a
carboxy group, a nitro group, a hydroxamic acid group, a
sulfino group, a hydrazino group, an imino group, a hetero-
cyclic group, a silyl group, etc. can be given. These substitu-
ents may be further substituted.

[0138] As the fused ring aryl structure having 10 to 20 ring
carbon atoms of at least one of Ar, |, Ar,,, Ary, and the
substituent of these aryl groups in the formula (2d), a naph-
thalene structure, an anthracene structure, a phenanthrene
structure, a pyrene structure and a perylene structure or the
like can be given. Of these, a naphthalene structure, an
anthracene structure, a pyrene structure and a phenanthrene
structure are preferable. A phenanthrene structure and an aryl
structure with four or more rings are preferable, with a pyrene
structure being particularly preferable.

[0139] As the fused ring heteroaryl structure having 6 to 20
ring carbon atoms of Ar,,, Ar,,, Ar;, and the substituent of
these aryl groups in the formula (2d), a quinoline structure, a
quinoxaline structure, a quinazoline structure, an acrylidine
structure, a phenanthridine structure, a phthalazine structure,
a phenanthroline structure or the like can be given. Of these,
a quinoline structure, a quinoxaline structure, a quinazoline
structure, a phthalazine structure and a phenanthroline struc-
ture are preferable.
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[0140] A trivalent group induced from the aromatic ring of
Ar in the formula (2d) preferably has 6 to 30 carbon atoms,
more preferably 6 to 20 carbon atoms and further preferably
6 to 16 carbon atoms.

[0141] The trivalent group induced from the heterocyclic
aromatic ring of Ar in the formula (2d) preferably contains an
atom selected from a nitrogen atom, a sulfur atom and an
oxygen atom as the hetero atom. More preferably it contains
a nitrogen atom.

[0142] In the organic EL device of the invention, each
organic layer such as the emitting layer or the like can be
formed by a dry film forming method such as the vacuum
vapor deposition method, the molecular beam epitaxy (MBE)
method, sputtering, plasma and ion plating and a coating
method such as spin coating, dipping, casting, bar coating,
roll coating, flow coating, ink jetting or the like of a solution.
[0143] In particular, when an organic EL device is fabri-
cated by using the fluoranthene compound of the invention,
the organic compound layer and the emitting layer can be
formed not only by deposition but also by a wet method.
[0144] Although there are no particular restrictions on the
film thickness of each layer of the organic compound layer, it
is required to set it to a suitable film thickness. Generally, if
the film thickness is too small, pinholes or the like are gener-
ated, and a sufficient luminance may not be obtained even
though an electric field is applied. On the other hand, if the
film thickness is too large, a high voltage is required to be
applied in order to obtain a certain optical output, resulting in
apoor efficiency. In general, a suitable film thickness is in the
range of 5 nm to 10 pm, with the range of 10 nm to 0.2 pm
being further preferable.

[0145] In the case of the wet film forming method, as the
material for an organic EL device, an organic EL. material
containing solution which contains the fluoranthene com-
pound of the invention and a solvent can be used. It is pref-
erable to use an organic EL material containing solution
containing the fluoranthene compound of the invention and at
least one selected from the compounds shown by the formulas
(2a), (2b), (2¢) and (2d).

[0146] In this case, an organic EL, material forming each
layer is dissolved or dispersed in a suitable solvent to prepare
a solution containing an organic EL, material to form a thin
film. Any solvent may be used. Examples of the solvent
include halogen-based hydrocarbon-based solvents such as
dichloromethane, dichloroethane, chloroform, carbon tetra-
chloride, tetrachloroethane, trichloroethane, chlorobenzene,
dichlorobenzene, chlorotoluene and trifluorotoluene; an
ether-based solvent such as dibutyl ether, tetrahydrofuran,
tetrahydropyrane, dioxane, anisole and dimethoxyethane, an
alcohol-based solvent such as methanol, ethanol, propanol,
isopropanol, butanol, pentanol, hexanol, cyclohexanol, meth-
ylcellosolve, ethylcellosolve and ethylene glycol, a ketone-
based solvent such as acetone, methyl ethyl ketone, dieth-
vlketone, 2-hexanone, methylisobutylketone, 2-heptanone,
4-heptanone, diisobutylketone, acetonylacetone, isophorone,
cyclohexanone, methylhexanone and acetophenone, a hydro-
carbon-based solvent such as benzene, toluene, xylene, eth-
ylbenzene, hexane, cyclohexane, octane, decane and tetralin,
an ester-based solvent such as ethyl acetate, butyl acetate and
amyl acetate, a branched carbonate ester-based solvent such
as dimethyl carbonate, methyl ethyl carbonate and diethyl
carbonate, and a cyclic carbonate ester-based solvent such as
ethylene carbonate and propylene carbonate. Of these, a
hydrocarbon-based solvent or an ether-based solvent such as
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toluene and dioxane are preferable. Further, these solvents
may be used singly or in combination of two or more. Usable
solvents are not limited thereto.

[0147] In each organic compound layer, a suitable resin or
additive may be used for improvement of film-forming prop-
erties, prevention of pinhole generation in the film or the like.
Usable resins include insulating resins such as polystyrene,
polycarbonate, polyarylate, polyester, polyamide, polyure-
thane, polysulfone, polymethyl methacrylate, polymethyl
acrylate and cellulose, and copolymers thereof, photoconduc-
tive resins such as poly-N-vinylcarbazole and polysilane, and
conductive resins such as polyaniline, polythiophene and
polypyrrole. As the additive, antioxidants, UV absorbers,
plasticizers or the like can be given.

[0148] Inorder to improve stability to temperature, humid-
ity, atmosphere or the like of the organic EL device of the
invention, it is possible to provide a protective layer on the
surface of the device, or to protect the entire device with
silicone oil, a resin or the like.

[0149] In the organic EL device of the invention, it is pre-
ferred that a layer selected from a calcogenide layer, a metal
halide layer and a metal oxide layer on at least one surface of
the pair of electrode.

(Constitution of Organic EL Device)

[0150] (1) Structure of organic EL device

[0151] The representative device structure of the organic
EL device of the invention is given below.

(1) Anode/emitting layer/cathode

(2) Anode/hole-injecting layer/emitting later/cathode

(3) Anode/emitting layer/electron-injecting layer/cathode
(4) Anode/hole-injecting layer/emitting layer/electron-in-
jecting layer/cathode

(5) Anode/organic semiconductor layer/emitting layer/cath-
ode

(6) Anode/organic semiconductor layer/electron blocking
layer/emitting layer/cathode

(7) Anode/organic semiconductor layer/emitting layer/adhe-
sion-improving layer/cathode

(8) Anode/hole-injecting layer/hole-transporting layer/emit-
ting layer/electron-injecting layer/cathode

(9) Anodefinsulating layer/emitting layer/insulating layer/
cathode

(10) Anode/inorganic semiconductor layer/insulating layer/
emitting layer/insulating layer/cathode

(11) Anode/organic semiconductor layer/insulating layer/
emitting layer/insulating layer/cathode

(12) Anode/insulating layer/hole-injecting layer/hole-trans-
porting layer/emitting layer/insulating layer/cathode

(13) Anode/insulating layer/hole-injecting layer/hole-trans-
porting layer/emitting layer/electron-injecting layer/cathode
[0152] Of'these, the structure (8) is preferably used.
[0153] Thefluoranthene compound ofthe invention may be
used in any of the above-mentioned organic layers. However,
it is preferred that it be contained in the emission region or in
the hole-transporting region of these constituent elements.

(2) Transparent Substrate

[0154] The organic EL device is formed on a transparent
substrate. The transparent substrate as referred to herein is a
substrate for supporting the organic EL device, and is prefer-
ably a flat and smooth substrate having a 400-to-700-nm-
visible-light transmittance of 50% or more.



US 2012/0112179 Al

[0155] Specific examples thereof include glass plates and
polymer plates. Examples of the glass plate include soda-lime
glass, barium/strontium-containing glass, lead glass, alumi-
nosilicate glass, borosilicate glass, barium borosilicate glass,
and quartz. Examples of the polymer plate include polycar-
bonate, acrylic polymer, polyethylene terephthalate, poly-
ethersulfone, and polysulfone.

(3) Anode

[0156] The anode of the organic EL device plays a role for
injecting holes into its hole-transporting layer or emitting
layer. The anode effectively has a work function of 4.5 eV or
more. Indium tin oxide alloy (ITO), tin oxide (NESA), gold,
silver, platinum, copper, and the like may be used as the
material for the anode. As the anode, in order to inject elec-
trons into the electron-transporting layer or the emitting layer,
a material having a small work function is preferable.
[0157] Theanode canbe formed by forming these electrode
materials into a thin film by vapor deposition, sputtering or
the like.

[0158] Inthe case where emission from the emitting layer is
outcoupled through the anode, the transmittance of the anode
to the emission is preferably more than 10%. The sheet resis-
tance of the anode is preferably several hundred /[ or less.
The film thickness ofthe anode, which varies depending upon
the material thereof, is usually selected from 10 nm to 1 pm,
preferably from 10 to 200 nm.

(4) Emitting Layer

[0159] The emitting layer of the organic EL device has the
following functions (1), (2) and (3) in combination. That is,
(1) Injection function: function of allowing injection of holes
from the anode or hole-injecting layer and injection of elec-
trons from the cathode or electron-injecting layer upon appli-
cation of an electric field

(2) Transporting function: function of moving injected carri-
ers (electrons and holes) due to the force of an electric field
(3) Emitting function: function of allowing electrons and
holes to recombine to emit light Note that electrons and holes
may be injected into the emitting layer with different degrees,
or the transportation capabilities indicated by the mobility of
holes and electrons may differ. It is preferable that the emit-
ting layer move either electrons or holes.

[0160] As the method of forming the emitting layer, a
known method such as deposition, spin coating, or an LB
method may be applied. It is preferable that the emitting layer
be a molecular deposition film.

[0161] The molecular deposition film as referred to herein
means a thin film which is formed by deposition of a raw
material compound in the vapor-phase state or a film which is
formed by solidification of a raw material compound in the
solution state or in the liquid-phase state and is distinguished
from a thin film (molecular accumulation film) formed using
the LB method by the difference in aggregation structure or
higher order structure or the difference in function due to the
difference in structure.

[0162] The emitting layer may also be formed by dissolv-
ing a binder such as a resin and a material compound in a
solvent to obtain a solution, and forming a thin film from the
solution by spin coating or the like.

[0163] When using the fluoranthene compound of the
invention for the emitting layer, the fluoranthene compound
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of the invention can be used as both of the dopant material and
the host material. However, it is particularly preferably used
as the dopant material.

[0164] In the invention, if desired, known emitting materi-
als other than the emitting materials formed of the compound
of the invention having a fluoranthene structure and a fused
ring containing compound may be contained in the emitting
layer insofar as the object of the invention is not impaired. An
emitting layer containing other known emitting materials
may be stacked on the emitting layer containing the emitting
materials of the invention.

[0165] Thethicknessofanemitting layeris preferably from
5 to 50 nm, more preferably from 7 to 50 nm and most
preferably from 10 to 50 nm. When it is less than 5 nm, the
formation of an emitting layer and the adjustment of chroma-
ticity may become difficult. When it exceeds 50 nm, the
driving voltage may increase.

(5) Hole-Injecting/Transporting Layer (Hole-Transporting
Zone)

[0166] The hole-injecting/transporting layer is a layer for
helping the injection of holes into the emitting layer to trans-
port the holes to a light emitting region. The hole mobility
thereof is large and the ionization energy thereof'is usually as
small as 5.5 eV or less. Such a hole-injecting/transporting
layer is preferably made of a material which can transport
holes to the emitting layer at a low electric field intensity. The
hole mobility thereofis preferably at least 10~ cm*/V-second
when an electric field of, e.g. 10* to 10° V/em is applied.
[0167] If the fluoranthene compound is used in the hole-
transporting region, the hole-injecting/transporting layer may
be formed by using the fluoranthene compound alone or in a
mixture with other materials.

[0168] As the material for forming the hole-injecting/trans-
porting layer in a mixture with the fluoranthene compound of
the invention, any materials which have the above preferable
properties can be used as the material for forming the hole-
injecting/transporting layer without particular limitation. The
material for forming the hole-injecting/transporting layer can
be arbitrarily selected from materials which have been widely
used as a material transporting carriers of holes in photocon-
ductive materials and known materials used in a hole-inject-
ing transporting layer of organic EL devices.

[0169] Specific examples thereof include a triazole deriva-
tive, an oxadiazole derivative, and an imidazole derivative, a
polyarylalkane derivative, apyrazoline derivative, and a pyra-
zolone derivative, a phenylene diamine derivative, an ary-
lamine derivative, an amino-substituted chalcone derivative,
an oxazole derivative, a styrylanthracene derivative, a fluo-
renone derivative, a hydrazone derivative, a stilbene deriva-
tive, a silazane derivative, a polysilane-based copolymer and
an aniline-based copolymer.

[0170] Although the above-mentioned materials are used
as the material for the hole-injecting/transporting layer, a
porphyrin compound, an aromatic tertiary amine compound
and a styrylamine compound are preferable, with an aromatic
tertiary amine compound being preferable.

[0171] Itis preferable to use a compound having two fused
aromatic rings in the molecule thereof, for example, 4,4'-bis
(N-(1-naphthyl)-N-phenylamino)biphenyl (abbreviated by
NPD, hereinafter), and 4,4',4"-tris(N-(3-methylphenyl)-N-
phenylamino)triphenylamine (abbreviated by MTDATA,
hereinafter) wherein three triphenylamine units are linked in
a star-burst form.
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[0172] Inadditionto the aromatic dimethylidene type com-
pounds mentioned above as the material for an emitting layer,
inorganic compounds, p-type Si and p-type SiC can also be
used as the material of the hole-injecting layer.

[0173] Thehole-injecting/transporting layer can be formed
from the above-mentioned compounds by a known method
such as vacuum vapor deposition, spin coating, casting or LB
technique. The film thickness of the hole-injecting/transport-
ing layer is not particularly limited, and is usually from 5 nm

to 5 um.
(6) Electron-Injecting Layer

[0174] The electron-injecting layer is a layer which assists
injection of electrons into the emitting layer, and exhibits a
high electron mobility. An adhesion-improving layeris a type
of the electron-injecting layer formed of a material which
exhibits excellent adhesion to the cathode. The material used
in the electron-injecting layer is preferably a metal complex
of 8-hydroxyquinoline or a derivative thereof.

[0175] As specific examples of a metal complex ofan 8-hy-
droxyquinoline or a derivative thereof, metal chelate oxynoid
compounds including a chelate of oxine (generally, 8-quino-
linol or 8-hydroxyquinoline) can be given.

[0176] Forexample, Alq described as the emitting material
can be used for the electron-injecting layer.

[0177] An electron-transmitting compound of the follow-
ing formula can be given as the oxadiazole derivative.

gy
N S
I

wherein Ar', Ar*, Ar’, Ar°, ArS, and Ar® are independently
substituted or unsubstituted aryl groups and may be the same
or different. Ar*, Ar’, and Ar® are independently substituted or
unsubstituted arylene groups and may be the same or differ-
ent.

[0178] The electron-transmitting compound is preferably
one from which a thin film can be formed.

[0179] A preferred embodiment of the invention is a device
containing a reducing dopant in an electron-transferring
region or in an interfacial region between the cathode and the
organic layer. The reducing dopant is defined as a substance
which can reduce an electron-transferring compound.
Accordingly, various substances which have given reducing
properties can be used. For example, at least one substance
can be preferably used which is selected from the group
consisting of alkali metals, alkaline earth metals, rare earth
metals, alkali metal oxides, alkali metal halides, alkaline
earth metal oxides, alkaline earth metal halides, rare earth
metal oxides, rare earth metal halides, alkali metal organic
complexes, alkaline earth metal organic complexes, and rare
earth metal organic complexes.

[0180] More specific examples of the preferred reducing
dopants include at least one alkali metal selected from the
group consisting of Li (work function: 2.9 eV), Na (work
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function: 2.36 eV), K (work function: 2.28 V), Rb (work
function: 2.16 e¢V) and Cs (work function: 1.95 eV), and at
least one alkaline earth metal selected from the group con-
sisting of Ca (work function: 2.9 €V), Sr (work function: 2.0
to 2.5 eV), and Ba (work function: 2.52 V). One having a
work function of 2.9 eV or less is particularly preferable.
Among these, a more preferable reducing dopant is at least
one alkali metal selected from the group consisting of K, Rb
and Cs. Even more preferable is Rb or Cs. Most preferable is
Cs. These alkali metals are particularly high in reducing abil-
ity. Thus, the addition of a relatively small amount thereof to
an electron-injecting zone improves the luminance of the
organic EL device and makes the lifetime thereof long. As a
reducing agent having a work function of 2.9 eV or less,
combinations of two or more alkali metals are preferable,
particularly combinations including Cs, such as Cs and Na,
Cs and K, Cs and Rb, or Cs, Na and K are preferable. The
combination containing Cs makes it possible to exhibit the
reducing ability efficiently. The luminance of the organic EL
device can be improved and the lifetime thereof can be made
long by the addition thereof to its electron-injecting zone.

[0181] Inthe invention, an electron-injecting layer made of
an insulator or a semiconductor may further be provided
between a cathode and an organic layer. By forming the
electron-injecting layer, current leakage can be effectively
prevented and electron-injecting properties can be improved.
As the insulator, at least one metal compound selected from
the group consisting of alkali metal calcogenides, alkaline
earth metal calcogenides, halides of alkali metals and halides
of alkaline earth metals can be preferably used. When the
electron-injecting layer is formed of the alkali metal calco-
genide or the like, the injection of electrons can be preferably
further improved. Specifically preferable alkali metal calco-
genides include Li,0, K,O, Na,S, Na,Se and Na,O and
preferable alkaline earth metal calcogenides include CaO,
BaO, SrO, BeO, BaS and CaSe. Preferable halides of alkali
metals include LiF, NaF, KF, LiCl, KCl and NaCl. Preferable
halides of alkaline earth metals include fluorides such as
CaF,, BaF,, SrF,, MgF, and BeF, and the halides other than
the fluorides.

[0182] Semiconductors forming an electron-transporting
layer include one or combinations of two or more of oxides,
nitrides, and oxidized nitrides containing at least one element
ofBa, Ca, Sr,Yb, Al, Ga, In, Li, Na, Cd, Mg, Si, Ta, Sband Zn.
An inorganic compound forming an electron-transporting
layer is preferably a microcrystalline or amorphous insulating
thin film. When the electron-transporting layer is formed of
the insulating thin films, more uniformed thin film is formed
whereby pixel defects such as a dark spot are decreased.
Examples of such an inorganic compound include the above-
mentioned alkali metal calcogenides, alkaline earth metal
calcogenides, halides of alkali metals, and halides of alkaline
earth metals.

(7) Cathode

[0183] As the cathode, a metal having a small work func-
tion (4 eV or less), an alloy, an electroconductive compound
or a mixture thereof are used as an electrode material in order
to inject electrons to an electron-injecting/transporting layer.
Specific examples of the electrode substance include sodium,
sodium-potassium alloy, magnesium, lithium, magnesium/
silver alloy, aluminum/aluminum oxide, aluminunylithium
alloy, indium, and rare earth metals.



US 2012/0112179 Al

[0184] This cathode can be formed by making the electrode
substances into a thin film by vapor deposition, sputtering or
some other method.

[0185] Inthe case where light is emitted from the emitting
layer through the cathode, the cathode preferably has a light
transmittance of larger than 10%.

[0186] The sheet resistance of the cathode is preferably
several hundreds €/[Jor less, and the film thickness thereofis
usually from 10 nm to 1 pm, preferably from 50 to 200 nm.

(8) Insulating Layer

[0187] In the organic EL device, pixel defects based on
leakage or a short circuit are easily generated since an electric
field is applied to the super thin film. In order to prevent this,
it is preferred to insert an insulating thin layer between the
pair of electrodes.

[0188] Examples ofthe material used in the insulating layer
include aluminum oxide, lithium fluoride, lithium oxide,
cesium fluoride, cesium oxide, magnesium oxide, magne-
sium fluoride, calcium oxide, calcium fluoride, aluminum
nitride, titanium oxide, silicon oxide, germanium oxide, sili-
con nitride, boron nitride, molybdenum oxide, ruthenium
oxide, and vanadium oxide.

[0189] A mixture or laminate thereof may be used.

(9) Method for Forming an Organic El Device

[0190] Theorganic EL device can be fabricated by forming
an anode, an emitting layer, optionally a hole-injecting layer,
and optionally an electron-injecting layer, and further form-
ing a cathode using the materials and methods exemplified
above. The organic EL device can be fabricated in the order
reverse to the above, i.¢., the order from a cathode to an anode.
[0191] An example of the fabrication of the organic EL
device will be described below wherein the following layers
are successively formed on a transparent substrate: anode/
hole-injecting layer/emitting layer/electron-injecting layer/
cathode.

[0192] First, a thin film made of an anode material is
formed into a thickness of 1 pm or less, preferably 10 to 200
nm on an appropriate transparent substrate by vacuum vapor
deposition, sputtering or some other method, thereby forming
ananode. Next, a hole-injecting layer is formed on this anode.
As described above, the hole-injecting layer canbe formed by
vacuum vapor deposition, spin coating, casting, LB tech-
nique, or some other method. Vacuum vapor deposition is
preferred since a homogenous film is easily obtained and
pinholes are not easily generated. In the case where the hole-
injecting layer is formed by vacuum vapor deposition, con-
ditions for the deposition vary depending upon a compound
used (a material for the hole-injecting layer), a desired crystal
structure or recombining structure of the hole-injecting layer,
and others. In general, the conditions are preferably selected
from the following: deposition source temperature of 50 to
450° C., vacuum degree of 1077 to 1073 torr, deposition rate of
0.01 to 50 nm/second, substrate temperature of -50 to 300°
C., and film thickness of 5 nm to 5 um.

[0193] The emitting layer can also be formed on the hole-
injecting layer by making a desired organic luminescent
material into a thin film by vacuum vapor deposition, sput-
tering, spin coating, casting or some other method. Vacuum
vapor deposition is preferred since a homogenous film is
easily obtained and pinholes are not easily generated. In the
case where the emitting layer is formed by vacuum vapor
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deposition, conditions for the deposition, which vary depend-
ing on a compound used, can be generally selected from
conditions similar to those for the hole-injecting layer.

[0194] Next, an electron-injecting layer is formed on this
emitting layer. Like the hole-injecting layer and the emitting
layer, the layer is preferably formed by vacuum vapor depo-
sition because a homogenous film is required to be obtained.
Conditions for the deposition can be selected from conditions
similar to those for the hole-injecting layer and the emitting
layer.

[0195] The compound of the invention, depending on the
layer where it is contained, i.e. the emission region or the
hole-transporting region, can be co-deposited with other
materials when vacuum vapor deposition is used. If the spin
coating method is used, it can be contained by mixing with
other materials.

[0196] Lastly, a cathode is stacked thereon to obtain an
organic EL device.

[0197] The cathode is made of a metal, and deposition or
sputtering may be used. However, vacuum vapor deposition is
preferred in order to protect underlying organic layers from
being damaged when the cathode film is formed.

[0198] For the organic EL device fabrication that has been
described above, it is preferred that the formation from the
anode to the cathode be continuously carried out, using only
one vacuuming operation.

[0199] The film thickness of each of the organic layers in
the organic EL device of the invention is not particularly
limited. In general, defects such as pinholes are easily gener-
ated when the film thickness is too small. Conversely, when
the film thickness is too large, a high applied voltage becomes
necessary, leading to low efficiency. Usually, the film thick-
ness is preferably in the range of several nanometers to one
micrometer.

[0200] IfaDC voltage is applied to the organic EL device,
emission can be observed when the polarities of the anode and
the cathode are positive and negative, respectively, and a DC
voltage of 5 to 40 V is applied. When a voltage with an
opposite polarity is applied, no electric current flows and
hence, emission does not occur. If an AC voltage is applied,
uniform emission can be observed only when the cathode and
the anode have a positive polarity and a negative polarity,
respectively. The waveform of the AC applied may be arbi-

trary.
(Application of Organic EL Device)

[0201] The organic EL device of the invention can be
applied to products which require a high luminous efficiency
even at a low driving voltage. As application examples, a
display apparatus, a display, a lighting apparatus, a printer
light source, and the back light of a liquid crystal display, etc.
can be given. It can also be applied to fields such as a sign, a
signboard and interiors. As a display apparatus, an energy-
saving, highly visible flat panel display can be given. More-
over, as a printer light source, the organic EL device can be
used as a light source of a laser beam printer. Moreover, the
volume of an apparatus can be reduced sharply by using the
device of the invention. As for the lighting apparatus or the
back light, energy-saving effects can be expectable by using
the organic EL device of the invention.
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EXAMPLES

[0202] Now, the invention will be explained in detail based
on examples. However, the invention is not limited to the
following examples without departing from the scope and
spirit of the invention.

Synthesis Example 1
Synthesis of 5-bromoacenaphthylene

[0203] 29.2 g(128.7 mmol) of 2,3-dichloro-5,6-dicyano-1,
4-benzoquinone (DDQ) was added to 25.4 g (107.3 mmol) of
5-bromoacenaphthene and 500 mL of anhydrous benzene,
and the mixture was stirred with heat under reflux for 6 hours.
To the reaction mixture, 6.0 g (26.4 mmol) of DDQ were
further added, and stirred with heat for 4 hours. After the
reaction mixture was left to cool, precipitates were removed
by filtration and washed with chloroform. The filtrates were
mixed together and washed with 10% aqueous sodium
hydroxide solution and water. After liquid separation, the
organic phase was dried with anhydrous sodium sulfate, and
the solvent was distilled off. The resultant substance was
dried under reduced pressure to obtain 13.0 g of 5-bro-
moacenaphthylene as a brown solid (yield: 51.6%).

Synthesis Example 2
Synthesis of 3-bromo-7,12-dibenzo[k]fluoranthene

[0204] A mixture of 14.9 g (55.2 mmol) of 1,3-diphenyl-
isobenzofuran, 12.8 g (55.2 mmol) of 5-bromo-acenaphthyl-
ene synthesized in Synthesis Example 1 and 50 mL of toluene
was stirred with heat under reflux for 16 hours. After distil-
lation of the solvent, 1200 mL of acetic acid was added, and
the mixture was heated at a temperature of 80° C. To the
mixture, 150 mL of 48% HBr aqueous solution was added,
and the mixture was stirred at a temperature of 80° C. for one
hour. After cooling the mixture to room temperature, precipi-
tates were obtained by filtration and washed with methanol.
The resulting yellow solid was recrystallized from 200 mL of
toluene. Crystals were obtained by filtration, and 19.8 g of
3-bromo-7,12-dibenzo[k]fluoranthene as a yellow solid
(vield: 74%).

Synthesis Example 3

Synthesis of 7,12-dibenzo[k[fluoranthen-3-ylboronic
acid

[0205] 30.8 g (64.0 mmol) of 3-bromo-7,12-dibenzo[k]
fluoranthene synthesized in Synthesis Example 2 was dis-
solved in 400 mL of anhydrous tetrahydrofuran and 300 mL
of anhydrous toluene, and the solution was cooled to a tem-
perature of =70° C. To the solution, 44.6 mL (70.4 mmol) of
n-butyl lithium was dropwise added, and the mixture was
stirred for one hour. To the mixture, 44.0 mL (192 mmol) of
triisopropyl boronic acid ester was added, and allowed to
warm to room temperature over two hours. Precipitates were
obtained by filtration, washed with toluene, and dried under
reduced pressure to obtain 25.14 g of 7,12-diphenylbenzo[k]
fluoranthen-3-ylboronic acid as a yellow solid (yield: 88%).

Example 1

[0206] Compound 1 was synthesized in accordance with
the following reaction scheme.
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o]
=

Intermediate B
Intermediate B +

,OH

Compound 1

[Synthesis of Intermediate A]

[0207] A 500mL round bottom flask was charged with 20.5
g of dibenzofuran and 90 mL of anhydrous tetrahydrofuran
under a flow of argon, and cooled to a temperature of -68° C.
Then, 77.3 mL (1.57M) of a solution of n-butyl lithium in
hexane was added to the flask, and the mixture was warmed to
a temperature of -20° C., and stirred for one hour. The mix-
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ture was again cooled to a temperature of -68° C., and 83.4
mL of triisopropyl boronic acid ester was dropwise added
thereto. Then, the temperature of the reaction mixture was
gradually increased, and the reaction was carried out at room
temperature for 5 hours. 3N hydrochloric acid and ethyl
acetate were added to the reaction mixture, followed by liquid
separation and extraction. Then, the organic phase was
washed with clean water and saturated saline solution, dried
with sodium sulfate and concentrated to obtain a crude prod-
uct. The crude product was recrystallized from toluene. The
resulting solid was dried under reduced pressure to obtain
16.1 g of a white solid. The white solid was identified as
Intermediate A by the FD-MS (Field Desorption Mass Spec-
trometry) analysis.

[Synthesis of Intermediate B]

[0208] 4.0 g of Intermediate A, 7.1 g of 6-bromo-2-naph-
thyl trifluoromethanesulfonate, 660 mg of tetrakis(triph-
enylphosphine)palladium(0) [Pd(PPh,).], 6.0 g (in 29 mL of
clean water) of sodium carbonate and dimethoxyethane were
added under a flow of argon, and the reaction was carried out
under reflux for 7 hours. After cooling, the reaction solution
was subjected to filtration. The resulting solid was washed
with methanol and clean water. The solid was purified by
silica gel chromatography (toluene/hexane (15/85)) and dried
under reduced pressure to obtain 3.0 g of a white solid. The
white solid was identified as Intermediate B by the FD-MS
analysis.

[Synthesis of Compound 1]

[0209] In the synthesis of Intermediate B, the reaction was
carried out in the same manner except that 7,12-diphenyl-
benzo[k|fluoranthen-3-ylboronic acid prepared in Synthesis
Fxample 3 was used in place of Intermediate A, Intermediate
B was used in place of 6-bromo-2-naphthyl trifluoromethane-
sulfonate, and a solvent mixture of toluene and dimethoxy-
ethane was used in place of dimethoxyethane, to obtain Com-
pound 1.

[0210] For the resulting Compound 1, the FDMS, and the
maximum wavelength Amax of UV absorption and the maxi-
mum wavelength of fluorescence emission in a toluene solu-
tion of are indicated below.

[0211] FDMS, caled for C54H320=696. found m/z=696
M+).
[0212] UV (PhMe); Amax, 423 nm, FL. (PhMe, Aex=380

nm); max, 441 nm

Example 2

[0213] Compound 2 was synthesized in accordance with
the following reaction scheme.

Intermediate A+ Br4©71 —_—
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-continued

Intermediate C

Intermediate C  +

‘ I B(OH),
O

[0)

Sreterat

Compound 2

[Synthesis of Intermediate C]

[0214] Inthe synthesis of Intermediate B in Example 1, the
reaction was carried out in the same manner except that
1-bromo-4-iodobenzene was used in place of 6-bromo-2-
naphthyl trifluvoromethanesulfonate, to obtain Intermediate
C.

[0215] The product was identified as Intermediate C by the
FD-MS analysis.

[Synthesis of Compound 2]

[0216] Inthe synthesis of Intermediate B in Example 1, the
reaction was carried out in the same manner except that
7,12-diphenylbenzo[k]fluoranthen-3-ylboronic acid was
used in place of Intermediate A, Intermediate C was used in
place of 6-bromo-2-naphthyl trifluoromethanesulfonate, and
a solvent mixture of toluene and dimethoxyethane was used
in place of dimethoxyethane, to obtain Compound 2.

[0217] For the resulting compound 2, the FD-MS, and the
maximum wavelength Amax of UV absorption and the maxi-
mum wavelength of fluorescence emission in a toluene solu-
tion are indicated below.
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[0218] FDMS, calcd for C50H300=646. found m/z=646
(M+).
[0219] UV (PhMe); Amax, 422 nm, FL. (PhMe, Aex=380

nm); Amax, 439 nm

Example 3

[0220] Compound 3 was synthesized in accordance with
the following reaction scheme.

Br,

0} 0
FeCls
—
CHCl3
Br
Intermediate D
(0]
Q O
Br
(0]

B(OH),
Intermediate E
Intermediate E + BrOI  —
+
Intermediate F
Intermediate F~ +
|/\
:i
B(OH
O g u
—_—

/
>~

4
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-continued
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[Synthesis of Intermediate D]

Compound 3

[0221] 13.5 gofdibenzofuran, 389 mg ofiron chloride (III)
and 135 mL of anhydrous chloroform were added under a
flow of argon, and the mixture was cooled to a temperature of
140° C. Then, 12.9 g of bromine was dropwise added to the
mixture over 30 minutes. The mixture was gradually
increased to room temperature and reacted for 5 hours. A
saturated sodium sulfite aqueous solution was added to the
reaction solution, followed by liquid separation. A crude
product obtained by concentration of the organic layer was
dissolved with super heat in hexane to precipitate crystals,
followed by filtration. This recrystallization treatment was
repeated four times, and activated carbon treatment was car-
ried out. The resulting solid was dried under reduced pressure
to obtain 8.2 g of a white solid. The white solid was identified
as Intermediate D by the FD-MS analysis.

[Synthesis of Intermediate E]

[0222] Inthe synthesis of Intermediate A in Example 1, the
reaction was carried out in the same manner except that
Intermediate D was used in place of dibenzofuran, to obtain
Intermediate E.

[0223] The product was identified as Intermediate D by the
FD-MS analysis.

[Synthesis of Intermediate F]

[0224] Inthe synthesis of Intermediate B in Example 1, the
reaction was carried out in the same manner except that
Intermediate E was used in place of Intermediate A, and
1-bromo-4-iodobenzene was used in place of 6-bromo-2-
naphthyl trifluoromethanesulfonate, to obtain Intermediate F.

[0225] The product was identified as Intermediate D by the
FD-MS (Field Desorption Mass Spectrometry) analysis.

[Synthesis of Compound 3]

[0226] Inthe synthesis of Intermediate B in Example 1, the
reaction was carried out in the same manner except that
7,12-diphenylbenzo[k]fluoranthen-3-ylboronic acid was
used in place of Intermediate A, Intermediate F was used in
place of 6-bromo-2-naphthyl trifluoromethanesulfonate, and
a solvent mixture of toluene and dimethoxyethane was used
in place of dimethoxyethane, to obtain Compound 3.
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[0227] For the resultant Compound 3, the FDMS, and the
maximum wavelength Amax of UV absorption, and the maxi-
mum wavelength of fluorescence emission in a toluene solu-
tion are shown below.

[0228] FDMS, caled for CSOH300=646. found m/z=646
(M+).
[0229] UV (PhMe); Amax, 422 nm, FL. (PhMe, hex=378

nm); Amax, 439 nm

Example 4

[0230] Compound 4 was synthesized in accordance with
the following reaction scheme.

Intermediate E + Br Q O Br —

Intermediate G

Intermediate G +

o
e O VaUav,
c:nQ

Cempound 4

[Synthesis of Intermediate G]

[0231] Inthe synthesis of Intermediate B in Example 1, the
reaction was carried out in the same manner except that
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4 4'-dibromobiphenyl was used in place of 6-bromo-2-naph-
thyl trifluoromethanesulfonate, and Intermediate E was used
in place of Intermediate A, to obtain Intermediate G.

[0232] The product was identified as Intermediate G by the
FD-MS analysis.

[Synthesis of Compound 4]

[0233] Inthe synthesis of Intermediate B in Example 1, the
reaction was carried out in the same manner except that
7,12-diphenylbenzo[k]fluoranthen-3-ylboronic acid was
used in place of Intermediate A, Intermediate G was used in
place of 6-bromo-2-naphthyl trifluoromethanesulfonate, and
a solvent mixture of toluene and dimethoxyethane was used
in place of dimethoxyethane, to obtain Compound 4.

[0234] For the resulting Compound 4, the FDMS, and the
maximum wavelength Amax of UV absorption and the maxi-
mum wavelength of fluorescence emission in a toluene solu-
tion are shown.

[0235] FDMS, calcd for C56H340=722. found m/z=722
M+).
[0236] UV (PhMe); Amax, 423 nm, FL. (PhMe, Aex=380

nm); Amax, 440 nm

Example 5

[0237] Compound 5 was synthesized in accordance with
the following reaction scheme.

Intermediate A+ O e

Intermediate H
Intermediate H +

)

A
a

O B(OH'Z —_—
O

/
>~

4
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-continued

Compound 5

T

[Synthesis of Intermediate H]

[0238] Inthe synthesis of Intermediate B in Example 1, the
reaction was carried out in the same manner except that
1,4-dibromonaphthalene was used in place of 6-bromo-2-

naphthyl trifluoromethanesulfonate, to obtain Intermediate
H.

[0239] The product was identified as Intermediate H by the
FD-MS analysis.

[Synthesis of Compound 5]

[0240] Inthe synthesis of Intermediate B in Example 1, the
reaction was carried out in the same manner except that
7,12-diphenylbenzo[k]fluoranthen-3-ylboronic acid was
used in place of Intermediate A, Intermediate H was used in
place of 6-bromo-2-naphthy! trifluoromethanesulfonate, and
a solvent mixture of toluene and dimethoxyethane was used
in place of dimethoxyethane, to obtain Compound 5.

[0241] For the resulting Compound 5, the FD-MS, and the
maximum wavelength A max of UV absorption and the maxi-
mum wavelength of fluorescence emission in a toluene solu-
tion are shown.

[0242] FDMS, caled for C54H320=696. found m/z=696
M+).
[0243] UV (PhMe); Amax, 417 nm, FL. (PhMe, hex=375

nm); 2max, 436 nm

Exaniple 6

[0244] Compound 6 was synthesized in accordance with
the following reaction scheme.

Br O Br
Intermediate E  + O —_—
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-continued

Intermediate 1

Br

O O

Intermediate I+

O

@
LR
J

Compound 6

[Synthesis of Intermediate 1]

[0245] Inthe synthesis of Intermediate B in Example 1, the
reaction was carried out in the same manner except that
Intermediate E was used in place of Intermediate A, and
1,4-dibromonaphthalene was used in place of 6-bromo-2-
naphthyl trifluoromethanesulfonate, to obtain Intermediate I.
[0246] The product was identified as Intermediate I by the
FD-MS analysis.

[Synthesis of Compound 6]

[0247] Inthe synthesis of Intermediate B in Example 1, the
reaction was carried out in the same manner except that
7,12-diphenylbenzo[k]fluoranthen-3-ylboronic acid was
used in place of Intermediate A, Intermediate I was used in
place of 6-bromo-2-naphthyl trifluoromethanesulfonate, and
a solvent mixture of toluene and dimethoxyethane was used
in place of dimethoxyethane, to obtain Compound 6.

[0248] For the resulting Compound 6, the FDMS, and the
maximum wavelength Amax of UV absorption and the maxi-
mum wavelength of fluorescence emission in a toluene solu-
tion are shown. FDMS, calcd for C54H320=696. found
m/z=696 (M+) UV (PhMe); Amax, 417 nm, FL. (PhMe,
Aex=375 nm); Amax, 436 nm
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Example 7

[0249] Compound 7 was synthesized in accordance with
the following reaction scheme.

Intermediate A+ Br

[ntermediate J

Intermediate ] +

OO o

®
A
9

[Synthesis of Intermediate J]

[0250] Inthe synthesis of Intermediate B in Example 1, the
reaction was carried out in the same manner except that
1-bromo-3-iodobenzene was used in place of 6-bromo-2-
naphthyl trifluoromethanesulfonate, to obtain Intermediate J.
[0251] The product was identified as Intermediate J by the
FD-MS analysis.

(0]

ase

Compound 7

[Synthesis of Compound 7]

[0252] Inthe synthesis of Intermediate B in Example 1, the
reaction was carried out in the same manner except that
7,12-diphenylbenzo[k]fluoranthen-3-ylboronic acid was
used in place of Intermediate A, Intermediate J was used in
place of 6-bromo-2-naphthyl trifluoromethanesulfonate, and

24
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a solvent mixture of toluene and dimethoxyethane was used
in place of dimethoxyethane, to obtain Compound 7.

[0253] For the resulting Compound 7, the FDMS, and the
maximum wavelength A max of UV absorption and the maxi-
mum wavelength of fluorescence emission in a toluene solu-
tion are shown.

[0254] FDMS, caled for C50H300=646. found m/z=646
M+).
[0255] UV (PhMe); Amax, 420 nm, FL. (PhMe, hex=375

nm); Amax, 433 nm

Example 8

[0256] Compound 8 was synthesized in accordance with
the following reaction scheme.

Intermediate E + Br

0]

Intermediate K

Intermediate K

+
O

oav,
¢oslt
e

s

Compound 8

[Synthesis of Intermediate K]

[0257] Inthe synthesis of Intermediate B in Example 1, the
reaction was carried out in the same manner except that
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Intermediate E was used in place of Intermediate A, and
1-bromo-3-iodobenzene was used in place of 6-bromo-2-
naphthyl trifluoromethanesulfonate, to obtain Intermediate
K.

[0258] The product was identified as Intermediate K by the
FD-MS analysis.

[Synthesis of Compound 8]

[0259] Inthe synthesis of Intermediate B in Example 1, the
reaction was carried out in the same manner except that
7,12-diphenylbenzo[k]fluoranthen-3-ylboronic acid was
used in place of Intermediate A, Intermediate K was used in
place of 6-bromo-2-naphthy! trifluoromethanesulfonate, and
a solvent mixture of toluene and dimethoxyethane was used
in place of dimethoxyethane, to obtain Compound 8.

[0260] For the resulting Compound 8, the FDMS, and the
maximum wavelength A max of UV absorption and the maxi-
mum wavelength of fluorescence emission in a toluene solu-
tion are shown.

[0261] FDMS, caled for CSOH300=646. found m/z=646
M+).
[0262] UV (PhMe); Amax, 420 nm, FL. (PhMe, Aex=375

nm); max, 434 nm
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Example 9

[0263] A glass substrate (GEOMATEC CO., LTD.) of 25
mm by 75 mm by 1.1 mm thick with an ITO transparent
electrode (anode) was subjected to ultrasonic cleaning in
isopropyl alcohol for 5 minutes, and cleaned with ultraviolet
rays and ozone for 30 minutes. The washed glass substrate
with transparent electrode lines was mounted on a substrate
holder in a vacuum deposition device. First, a film of Com-
pound A-1 was formed by deposition, as a 60 nm-thick hole-
injecting layer, on the surface of the transparent electrode on
which the transparent electrode lines were formed, so as to
cover the surface. Following the formation of A-1 film, on the
A-1 film, as a hole-transporting layer, a 20 nm-thick film of
compound A-2 was formed by deposition.

[0264] On the A-2 film, Compound H-1 of a host material
and Compound 1 of a dopant material which was prepared in
Example 1 were co-deposited in a film thickness ratio of 40:2
to form a 40 nm-thick film. On the film, a film of Compound
A-3 was formed in a thickness of 40 nm by deposition as an
electron-transporting layer. Subsequently, a film of lithium
fluoride was formed in a thickness of 1 nm by deposition,
followed by formation of a film of aluminum in a thickness of
150 nm by deposition. The aluminum/lithium fluoride serves
as a cathode. Thus, an organic EL device was fabricated.

Compound A-1

g o

Qo of
F

Compound A-2
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-continued

26

Compound A-3

oot

[0265] For the fabricated organic EL device, a power-on
test was carried out, and the driving voltage was 3.8 V under
a current density of 10 mA/cm? the luminous peak wave-
length (EL Amax) was 452 nm, and the luminous efficiency
was 8.2 cd/A. The device was driven in a constant current at
an initial luminous intensity of 1000 ed/m?, and the half-life
was 6800 hours or longer. It was confirmed that the device
was sufficiently practically usable. Table 1 shows the results.

Examples 10 to 16 and Comparative Example 1

[0266] Organic EL devices were fabricated and evaluated
in the same manner as in Example 9 except that compounds
indicated in Table 1 were used as a dopant material in place of
Compound 1, respectively. Table 1 shows the results.

TABLE 1

ool
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Compound H-1

Compound A

Example 9 Example 10  Example 11 Example 12 Example 13 Example 14 Example 15

Example 16

Comp.
Example 1

Host H-1 H-1 H-1 H-1

material

Dopant Compound Compound Compound  Compound

material 1 2 3
Driving 3.8 4.0 3.9
voltage

W

4

3.8

EL hmax (nm) 452 450 450 451

Luminous 82 7.8 7.9
efficiency

(ed/A)

8.0

Lifetime 6800< 5000< 5500< 6500<

(b

H-1

Compound

5
4.0

446
7.6

4200<

H-1

Compound

6
39

447
7.6

4500<

H-1

Compound

7
38

444
75

4000<

H-1

Compound

8
3.8

445
75

4200<

H-1

Compound
A
4.1

446
2.0

2000>
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INDUSTRIAL APPLICABILITY

[0267] Organic EL devices which use the fluoranthene
compound of the invention as a material for an organic EL
device, in particular, an emitting material for an organic EL
device, have a high luminous efficiency and a long life.
[0268] The organic EL device of the invention is highly
practical and is useful as light sources such as a plane lumi-
nous body of a wall-hanging television and a backlight of a
display. The fluoranthene compound of the invention can be
used as a hole-injecting or -transporting material of an
organic EL device, and further as a photoconductor for an
electrophotography and a charge-transporting material of an
organic semiconductor.

[0269] Several embodiments and/or examples of the inven-
tion were explained above in detail. A person skilled in the art
can easily add many modifications to these embodiments
and/examples, without essentially deviating from the novel
teachings and advantageous effects of the invention. Accord-
ingly, these many modifications are included in the scope of
the invention.

[0270] The documents described in the specification are
incorporated herein by reference in its entirety.

1. A fluoranthene compound having a formula (1):

M

Ry o Rg
a R \ Ry
Oyt
OO’O R R; R Rs
Zy

wherein

Z, and Z,, are each independently a substituted or
unsubstituted aryl group having 5 to 50 ring carbon
atoms, or a substituted or unsubstituted heteroaryl
group having 5 to 50 ring atoms;

Ar, is a single bond, a substituted or unsubstituted aryl
group having 5 to 50 ring carbon atoms, or a substi-
tuted or unsubstituted heteroaryl group having 5 to 50
ring atoms, and Ar,, is a linking group bonding to one
of the group consisting of R}, R,, R3, R4, R, R, Ry,
and Ry;

R;,R,, R5, R, Re, R, Ry, and R, are each independently
selected from the group consisting of a hydrogen
atom, an alkyl group, a cycloalkyl group, a substituted
or unsubstituted aryl group, a substituted or unsubsti-
tuted heteroaryl group, and a substituted silyl group,
optionally wherein one or more pairs selected from
the group consisting of R, and R, R, and R,, R; and
R,,RgandR,, R, and Ry, and Rg and R, is bonded to
form a saturated or unsaturated ring structure which
may have a further substituent; and

1 is an integer of 1 to 4; and

when 1 is 2 or more, plural Arys are the same or different,
and substituents of adjacent Ar,s may bond to each
other.
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2. The fluoranthene compound of claim 1, wherein the
fluoranthene compound has a formula (2):

Ry
o Rs = 0 Re
O Ar—Ary |
O Y
) :
713 Ry Rg

wherein
Ar; and Ar, are each independently a substituted or
unsubstituted aryl group having 5 to 50 ring carbon
atoms, or a substituted or unsubstituted heteroaryl
group having 5 to 50 ring atoms, and Ar, is a linking
group bonding to one of the group consisting of R,
R,,R;, Ry, Re, R, Ry, and Ry and
a substituent of Ar; and a substituent of Ar, may bond
(crosslink) to each other.
3. The fluoranthene compound of claim 1, wherein the
fluoranthene compound has a formula (3):

&)

Ry
Re
Re
(0]
Re
7y
O“ i O Rl

7y

wherein

Ar, is a single bond, a substituted or unsubstituted aryl
group having 5 to 50 ring carbon atoms, or a substi-
tuted or unsubstituted heteroaryl group having 5 to 50
ring atoms.

4. The fluoranthene compound of claim 1, wherein the
fluoranthene compound has a formula (4):

@

ol
O :
oliat

Zn
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wherein

Ar, is a single bond, a substituted or unsubstituted aryl
group having 5 to 50 ring carbon atoms, or a substi-
tuted or unsubstituted heteroaryl group having 5 to 50
ring atoms.

5. The fluoranthene compound of claim 1, wherein the
fluoranthene compound has a formula (5):

)

Z;
OO “” Q B

Zp

Ry

wherein
Ar, is a single bond, a substituted or unsubstituted aryl
group having 5 to 50 ring carbon atoms, or a substi-
tuted or unsubstituted heteroaryl group having 5 to 50
ring atoms.
6. The fluoranthene compound of claim 1, wherein the
fluoranthene compound has a formula (6):

(6)

R; Ry
77
R
71 R
5
R;
Rg

wherein

Ar, is a single bond, a substituted or unsubstituted aryl
group having 5 to 50 ring carbon atoms, or a substi-
tuted or unsubstituted heteroaryl group having 5 to 50
ring atoms.

7. The fluoranthene compound of claim 6, wherein Ar, is:
(1) a single bond wherein at least one of R |, R5, R4, Rg, R4,

Ry and Ry, is an alkyl group, a cycloalkyl group, a sub-

stituted or unsubstituted aryl group, a substituted or

unsubstituted heteroaryl group, or a substituted silyl
group, or

(ii) a substituted or unsubstituted heteroary! group having 5
to 50 ring atoms, or
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(iii) a linking group having a formula of (7a) to (7m):

(Ta)
X5 X3
X, Xs
(7b)
X5 X3
AQi X4
X
(Te)
X X,
‘Qi&
Xs
(7d)
X, X3
X5
X X6
(Te)
X X3
O x
X5 X¢
(79
X3
. O b
: O *
X6
(Tg)
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-continued
(Th)
X X0
) O s
Xs X X X3
()
)]
X3 X X X
(7k)
X X X3 Xy
Xg X X X;
(7
X X5
Xy
Xs
X Xs
(7m)

wherein

X, to X4, Y, and Y, are each independently a hydrogen
atom, a fluorine atom, a cyano group, an alkyl group, a

May 10, 2012

cycloalkyl group, a substituted or unsubstituted aryl
group, a substituted or unsubstituted heteroaryl group,
or a substituted silyl group.

8. The fluoranthene compound claim 1, wherein

7. and 7, are each independently selected from the group

consisting of a phenyl group, a naphthyl group, a fluo-
renyl group, a 9,9'-dimethylfluorenyl group, a dieth-
ylfluorenyl group, a dipropylfluorenyl group, a diisopro-
pylfluorenyl group, a dibutylfluorenyl group, a
diphenylfluorenyl group, and a phenanthryl group.

9. An organic electroluminescence device comprising:

a pair of electrodes, and

one or more organic compound layers comprising an emit-

ting layer between the pair of electrodes, wherein

at least one of the organic compound layers comprises the

fluoranthene compound of claim 1.

10. The organic electroluminescence device of claim 9,
wherein the emitting layer comprises the fluoranthene com-
pound.

11. The organic electroluminescence device of claim 10,
wherein a content of the fluoranthene compound in the emit-
ting layer is 0.01 to 20 mass %.

12. The organic electroluminescence device of claim 10,
wherein the emitting layer further comprises a compound
having an anthracene central skeleton of formula (2a):

(24)
R, Re
g
S8
L5
Ry Rs

wherein

A and A, are each independently a group derived from
a substituted or unsubstituted aromatic ring having 6
to 20 ring carbon atoms, and the aromatic ring may
comprise a substituent;

the substituent is a substituted or unsubstituted aryl
group having 6 to 50 ring carbon atoms, a substituted
or unsubstituted alkyl group having 1 to 50 carbon
atoms, a substituted or unsubstituted cycloalkyl group
having 3 to 50 carbon atoms, a substituted or unsub-
stituted alkoxy group having 1 to 50 carbon atoms, a
substituted or unsubstituted aralkyl group having 6 to
50 carbon atoms, a substituted or unsubstituted ary-
loxy group having 5 to 50 ring atoms, a substituted or
unsubstituted arylthio group having 5 to 50 ring
atoms, a substituted or unsubstituted alkoxycarbonyl
group having 1 to 50 carbon atoms, a substituted or
unsubstituted silyl group, a carboxy group, a halogen
atom, a cyano group, a nitro group, or a hydroxy
group;

when the aromatic ring comprises two or more substitu-
ents, the substituents may be the same or different,
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and adjacent substituents may bond to each other to
form a saturated or unsaturated ring structure; and

R, to R4 are each independently a hydrogen atom, a sub-
stituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, a substituted or unsubstituted heteroaryl
group having 5 to 50 ring atoms, a substituted or unsub-
stituted alkyl group having 1 to 50 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to
50 carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 50 carbon atoms, a substituted or
unsubstituted aralkyl group having 6 to 50 carbon atoms,
a substituted or unsubstituted aryloxy group having 5 to
50 ring atoms, a substituted or unsubstituted arylthio
group having 5 to 50 ring atoms, a substituted or unsub-
stituted alkoxycarbonyl group having 1 to 50 carbon
atoms, a substituted or unsubstituted silyl group, a car-
boxy group, a halogen atom, a cyano group, a nitro
group, or a hydroxy group.

13. The organic electroluminescence device of claim 12,
wherein A and A, are different from each other.

14. The organic electroluminescence device of claim 12,
wherein at least one of A, and A, comprises a substituted or
unsubstituted fused ring group having 10 to 30 ring atoms.

15. The organic electroluminescence device of claim 14,
wherein the substituted or unsubstituted fused ring group
having 10 to 30 ring atoms is a substituted or unsubstituted
naphthalene ring.

16. The organic electroluminescence device of claim 10,
wherein the emitting layer further comprises a compound
having a pyrene central skeleton of formula (2b):

(2b)
(L)n—Arpa

wherein

Ar, and Ar, are each independently a substituted or
unsubstituted aryl group having 6 to 50 ring carbon
atoms;

L, and L, are each independently a substituted or unsub-
stituted phenylene group, a substituted or unsubsti-
tuted naphthalene group, a substituted or unsubsti-
tuted fluorenylene group, or a substituted or
unsubstituted dibenzosilolylene group;

m is an integer of 0 to 2, n is an integer of 1 to 4, s is an
integer of 0 to 2, and t is an integer of 0 to 4; and

L, or Ar, bonds to a 1- to 5-position of the pyrene central
skeleton, and L, or Ar, bonds to a 6- to 10-position of
the pyrene central skeleton.

17. The organic electroluminescence device of claim 10,
wherein the emitting layer further comprises a compound
having a triphenylamine skeleton of formula (2¢):
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Aty R o
|\A\/J
F
N N | AN
Roy— —Ar
2 m / //) 3
N o

wherein
Ar,, Ar, and Ar, are each independently a group having
an anthrathene structure, a group having a phenan-
threne structure, or a group having a pyrene structure;
and
R}, R, and R; are each independently a hydrogen atom
or a substituent.
18. The organic electroluminescence device of claim 10,

wherein the emitting layer further comprises a compound of
formula (2d):

(2d)
Ar
Afsl/ \AIZJ

wherein

Ar, |, Ar,, and Ar;, areeachindependently an aryl group
having 6 to 50 ring carbon atoms;
each aryl group may be substituted by one or more
substituents;
atleastoneof Ar,,, Ar,, and Ar; |, and the substituents of
these aryl groups has (i) a fused aryl structure having
10 to 20 ring carbon atoms or (ii) a fused heteroaryl
structure having 6 to 20 ring carbon atoms; and
Ar is a trivalent aromatic ring group or a trivalent het-
eroaromatic ring group.
19. An organic electroluminescence material-containing
solution which comprises:
the fluoranthene compound of claim 1 which is an organic
electroluminescence material, and
a solvent.
20. The solution of claim 19, comprising a host material
and a dopant material, wherein
the dopant material is the fluoranthene compound; and
the host material is atleast one compound selected from the
group consisting of a compound of formula (2a), a com-
pound of formula (2b), a compound of formula (2¢), and
a compound of formula (2d):
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(22)
R, Rg
Bed
el
Be8
Ry Rs

wherein

A, and A, are each independently a group derived from a
substituted or unsubstituted aromatic ring having 6 to 20
ring carbon atoms, and the aromatic ring may comprise
a substituent;

the substituent is a substituted or unsubstituted aryl group
having 6 to 50 ring carbon atorns, a substituted or unsub-
stituted alkyl group having 1 to 50 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to
50 carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 50 carbon atoms, a substituted or
unsubstituted aralky! group having 6 to 50 carbon atoms,
asubstituted or unsubstituted aryloxy group having 5 to
50 ring atoms, a substituted or unsubstituted arylthio
group having 5 to 50 ring atoms, a substituted or unsub-
stituted alkoxycarbonyl group having 1 to 50 carbon
atoms, a substituted or unsubstituted silyl group, a car-
boxy group, a halogen atom, a cyano group, a nitro
group, or a hydroxy group;

when the aromatic ring comprises two or more substitu-
ents, the substituents may be the same or different, and
adjacent substituents may bond to each other to form a
saturated or unsaturated ring structure; and

R, to Ry are each independently a hydrogen atom, a sub-
stituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, a substituted or unsubstituted heteroaryl
group having 5 to 50 ring atoms, a substituted or unsub-
stituted alkyl group having 1 to 50 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to
50 carbon atoms, a substituted or unsubstituted alkoxy
group having 1 to 50 carbon atoms, a substituted or
unsubstituted aralkyl group having 6 to 50 carbon atoms,
a substituted or unsubstituted aryloxy group having 5 to
50 ring atoms, a substituted or unsubstituted arylthio
group having 5 to 50 ring atoms, a substituted or unsub-
stituted alkoxycarbonyl group having 1 to 50 carbon
atoms, a substituted or unsubstituted silyl group, a car-
boxy group, a halogen atom, a cyano group, a nitro
group, or a hydroxy group;
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(2b)
(L)w—Arp)y

wherein

Ar, and Ar, are each independently a substituted or unsub-
stituted aryl group having 6 to 50 ring carbon atoms;

L, and L, are each independently a substituted or unsub-
stituted phenylene group, a substituted or unsubstituted
naphthalene group, a substituted or unsubstituted fluo-
renylene group, or a substituted or unsubstituted diben-
zosilolylene group;

m is an integer of 0 to 2, nis an integer of 1 to 4, s is an
integer of 0 to 2, and t is an integer of 0 to 4; and

L, or Ar, bonds to a 1- to 5-position of a pyrene central
skeleton, and [, or Ar, bonds to a 6- to 10-position of the
pyrene central skeleton;

An N (2c)
N4
| 7

e : | N L

JZ K

wherein

Ar,, Ar, and Ar, are each independently a group having an
anthrathene structure, a group having a phenanthrene
structure, or a group having a pyrene structure; and

R,, R, and R, are each independently a hydrogen atom or
a substituent;

(2d)
Arpy

Ar
Arsl/ Ary,

wherein

Ar,,, Ar,, and Ar,, are each independently an aryl group
having 6 to 50 ring carbon atoms;

each aryl group may be substituted by one or more sub-
stituents;
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at least one of Ar,,, Ar,; and Ar;, and the substituents of Ar is a trivalent aromatic ring group or a trivalent het-
these aryl groups has (i) a fused aryl structure having 10 eroaromatic ring group.
to 20 ring carbon atoms or (ii) a fused heteroaryl struc-
ture having 6 to 20 ring carbon atoms; and ok oEoE %
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