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(54) Title: ORGANIC LUMINESCENT DEVICE AND BENZO[k]FLUORANTHENE COMPOUND

(R1)a

(57) Abstract: An organic luminescent
device having organic-compound layers
is provided which takes on luminous
hues with very good purity and has
optical power with high efficiency, high
luminance and a long life. At least
one of the organic-compound layers
contains a benzo[k]fluoranthene compound
represented by the following general
formula (1): wherein R; is a group selected
from the group consisting of alkyl, aralkyl
and a heterocyclic group which may be
substituted, and R;’s may be the same or
different; Ry to Ry are each independently
a group selected from the group consisting
of hydrogen, halogen, alkyl, aralkyl,

[1]

phenyl, a condensed bicyclic aromatic group and a heterocyclic group which may be substituted; and a is an integer of 0 or more to

9 or less.
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DESCRIPTION

ORGANIC LUMINESCENT DEVICE AND BENZO [k ] FLUORANTHENE

" COMPOUND

TECHNICAL FIELD

This invention relates to an organic luminescen£
device (ofgaﬁic EL(electroluminescent) device) using a
benzo[k]fluoranthene compound, and relates to the |

benzo[k] fluoranthene compound.

BACKGROUND ART

Organic'lumineécent devices are devices in which
a thin film containing a fluorescent organic cémpound
is held between an anode and a cathode, electrons and
holes are injected from each electrode to produce
excitons of the fluorescent organic compound, and the
light . is utilized that is emitted when the excitons
return to the ground state.

Recent progress seen in such organic luminescent
devices is noticeable, and théy have charactefistics
capable of realizing luminescent devices which can
achieving high luminance at a.low applied voltage, a
variety of luminescent wavelengths and high-speed
fesponse, and are thin and light-weight. Thus, there
is a possibility that they are applied to a wide

variety of uses. However, they still have many



WO 2008/015945 : - PCT/JP2007/064615

10 -

15

20

25

problems in respect of durability, such as changes over

time caused by long-time service and deterioration due

to oxygen-containing environmental gases and(humidity.~'

Considering that they are applied to full-color
displays, blue, green and red light emissions with much
longer lifetime, much higher conversion efficiency and
much higher.color purity-ére required uﬁder existiﬁg
circumstances. Accofdingly, various proposals have
beéen made.

Japanese Patent Application Laid-Open No. 2002-
025776, Japanese Patent Application Laid-Open No. H1l1l-
012205 and Japanese Patent Applicatibn Laid-Open No.
2000-178212 may bé cited as patent/documen£s relating
to the compound concerning the'présent invention.
However, in these dobuments there is no disclosure

concerning the present invention.

DISCLOSURE OF THE INVENTION

An objecf of the present invention is to provide
a compound for an organic luminescent device which
takes onvluminous hues with a very high degree of
purity and has optical power with high efficiency, high
luminance and a long life, and to provide an organic
luminescent device using such a compound.

A further object of the present invention is to
provide an organic luﬁinescént device which can be:

fabricated with ease and can be manufactured at
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The bresent inventors have cpnducted extensive
researéﬁ in order to solve the problems stated above;
As.a result, they have accomplished the present
invention. | |

The present invention provides an organic
luminescent device constituted of ah anode and a
cathode at least one of which isAtransparent or
semitfansparent, and a layer containing an organic
compound, held between a pair of electrodes consisfing
of the anode and the cathode, wherein;

~the layer containing an organic compound contains

a benzol[k]fluoranthene compound’represented by the

following general formula (1).

(R1)a

(1]

In the general formula (1), R; is a group
selected from the group consisting of a substituted or
unsubstituted aikyl group, a.substituted or
unsubstituted aralkyl group apd a substituted or
unsubstituted heterocyclic ring group, and R;’s may be

the same or different;
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Ryg té Ryo are each indepeﬁdently a group selectedr
from the group consisting of a hydrogen atQm,la halogen
atom, a substituted or unsubstituted alkyl group, a
substituted or unsubstitutéd aralkyl group, a |

5 substituted or unsubstituted phenyl group, a
substituted or unsubstituted condensed bicyclic
aromatic group and a substituted or unsubstituted
heterocyclic group; and

a 1is an integer of 0 or more and 9 or less.

10 The present invention also provides a
benzo[k] fluoranthene compound represented by the

following general'fqrmula (3).

15
In the general formula (3), R, is a group
selected from the group consisting of a subsfituted or
unsubstituted alkyl group, a substituted or
unsubstituted aralkyl group and a substituted or
20 unsubsfitﬁted heterocyclic group, and R;’s may be the
~same or different; |
Ripo to Ry are each independently a group selected
from the group consisting of a hydrogen atom, a halogen

atom, a substituted or unsubstituted alkyl group, a
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- substituted or unsubstituted aralkyl group, a
substituted or unsubstituted alkoxyl group, a
substituted or unsubstituted phenyl group, a
substituted or unsubstituted condensed bicyclic

5 atomatic group and a substituted or unsubstituted
héterocyclic group; and
a 1s an integer of 0 or more aud,9 ur léss;
The organic luminescent device and compound of

. the present inveution affords highly efficient light

1Q emission at a low applied voltage, and also has High

thermal stability and ensure superior durability.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a sectional view showing an example of
15 the organic luminescent deviue in the present inveution.
FIG. 2 is a graph showing a 'H-NMR (CDCls)
spectrum of Exemplary Compound 101.
FIG. 3 is a graph showiﬁg a PL spectrum
(excitation wavelength: 420 nm) of a toluene sulution‘
‘20 containing Exemplary Compound 101 in a concentration of
1 x 10 mol/1.
FIG. 4 is a graph showing a 'H-NMR (CDCl;)
spectrum of Exemplary Compound H2-3.
FIG. 5 is a graph show;ng a lH—NMR (CDC13)
25 spectrum of Exemplary Compound H4-2.
FIG. 6 is a graph showing a 'H-NMR (CDCls)

spectrum of Exemplary Compound H9-1.
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'FIG. 7 is a graph showing a 'H-NMR (CDCl;)

spectrum of Exemplary Compound H14-3.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention is described below in
detail.

In the first place, the benzolk]fluoranthene
compound used in the organic luminescent device of the
présent invention is.described.

The benzo[k]fluoranthene compound of the pfesent
inVention'is répresented byAthe general forﬁula (1) .
This compound‘can bé(used without regard to the
substitution position of the fluoranthene ring at which
the fluorantheﬁe ring is bonded to the 3-position of
the benzol[k]fluoranthene fing, and is specifically
represented by any one of the following general

formulas (2) and (3) and the general formulas (11) to
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In the general formulas (2) and (3) and (11) to

(13), Ri, Rio to Ry and a are as defined in the general
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formula (1).

-Where the substituent on the benzo[k]fluoranthene
ring is a substituted phenyl group, a compound having
the substituent at the ortho-position is partidularly

preferred in order to control concentration quenching

.due to cohesion. This is because the compound has a

structure in which the phenyl rises from the plane of

* the benzofluoranthene ring in virtue of steric

repulsion attributable to the substituent at the ortho-
position.

The benzolk]fluoranthene compound used in the
present invention can be used as a material for érganic

luminescent devices. In particular, when used for a

light-emitting layer, it can be used alone in the

light—emitting layer, and can be used as a dopant
(guest) material or .a host material. Thus, a device
can be obtained which emits light at high efficiency/
keeps high luminance over a long period of time and is
reduced in deterioration due to electrification.

Where the light-emitting layer is formed of
carrier—transporting host and guest materials, the main
course that comes up with light emission cénsists_of
the folloWing several steps.

1. Transport‘of electrons and holes in the.light—
emittiﬁg layer.
2. Formation of excitons of the host.

3. Transmission of excitation energy between host
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molecules.
4. Movement of excitation energy from the host to the
guest.

The desired energy movement and light emission in
the respective steps take place through various
deactivation processes and competitions.

In order to improve lumiﬁous efficijncy of EL
devices, it is needless to say that a luminescent
cénter materiai itself has a large light emission
quantum yield. However, it is also a gréat question
how efficiently.the‘host—to—host or host-to-guest
energy movement can be made. In addition, the cause of
deterioration in light emission due to electrification
is unclear at preSent, is presumed to correlate with
the luminescent éenter matefial itself or environmental
changes Caused by its peripheral molecules.

Accordingly, the presént inventors have made
various studies, and have discovered that a device
using a compound in which fluoranthene and
benzofluoranthene are combined with each othef»through
one single bond especially as the host or guest of the
light-emitting layer, emifs blue light at high
efficiency; keeps high luminance over a long period of
time and is reduced in deterioration due to
electrification. |

The molecular orbital has been calculated for 3-

(8-fluoranthenyl)-benzo[k]fluoranthene which is a
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compound having the basic skeleton of the
benzo[k] fluoranthene compound used in the present
invention. As a result, it has been indicated that the

LUMO orbital spreads from the fluoranthene to the

‘benzofluoranthene and the HOMO orbital is localized at

the‘benzofluoranthenel On account of thisncalculation,
the present invehtérs conceived that it is possible to
improve luminescent colors in virtue of the electron
trapping performance and CT (charge transfer)
performance attributable to the LUMO spreading from the
fluoranthene to the benzoflﬁoranthene.

Furthgr, in order to control the concentration
quenching due to the mutual action of intermolecular
condensed-ring aromatic groups, it is preferable for

improving a quantum yield that steric hindrance groups

‘such as tert-butyl groups are introduced into the

condensed-ring aromatic groups.

The comboﬁnd of the present invention can be used
without regafd“to.the substitution positioﬁ of the
fluoranthene'ring at which the fluoranthene is bonded
to the 3-position of the benzo[k]fluoranthene ring.
Taking into account steric hindrance due to the péri—
pdsition, an effect on rotation restraint and further
the proéess of synthesizing the compound, it is
preferable that the fluoranthene ring is substituted at
its 3-position.

In the above general formulas (1) to (3) and
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general formulas (11) to (13), the hydrogen
subsfituents may be replaced with heavy hydrogen.
The substituted or unsubstituted alkyl group
includes, but is not limited to, e.g., the:following:
A methyl group, a methyl-dl group, a methyl—dj‘

group, an ethyl group, an ethyl-d5 group, a n-propyl

.group, a n-butyl group, a n-pentyl group, a n-hexyl

.group, a n-heptyl -group, a n-octyl group, a n-decyl

group, an iso-propyl group, an iso-propyl-d7 group, an
iso-butyl group, a sec-butyl group, a fert—butyl group,
a tert-butyl-d9 group, an iso-pentyl group, a neopentyl
group, a tert-octyl group, a fluofomethyl group, a
difluorométhyl group, a trifluoromethyl group, a 2-
fluofoethyl group, a 2,2,2-trifluoroethyl group, a
perfluoroethyl group, a 3-fluoropropyl group, a
perfluoropropyl group, a 4—fluorobﬁtyl group, a
perfluorobutyl group, a 5—fluor§pentyl group, a 6-
fluorohexyl group, a chloromethyl group, a

trichloromethyl group, a 2—chloroethy1 group, a 2,2,2-

-trichloroethyl group, a 4-chlorobutyl group, a 5-

chloropentyl group, a 6-chlorohexyl group, a
bromomethyl group, a Z2-bromoethyl group, an iodomethyl
group, an iodoethyl group, a hydroxymethyl group, a

hydroxyethyl group, a cyclopropyl group, a cyclobutyl

‘group, a cyclopentyl group, a cyclohexyl group, a

cyclopentyl methyl group, a .cyclohexyl methyl group, a

cyclohexyl ethyl group, a 4-fluorocyclohexyl group, a
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porbornyl group and an adamantyl group. |

The substituted or unsubstituted aralkyl group
includes, but - is not limited to, e.g., the following:

A benzyl group, a 2-phenylethyl group,.a 2-
phenylisopropyl group, a l—naphthylmethyi group, a 2-
naphthylmethyl groﬁb, a 2—(1—naphthyl)ethyl group, a 2-
(2-naphthyl)ethyl group, a 9-anthrylmethyl group, a 2-
(9-anthryl)ethyl group, a 2-fluorobenzyl group, a 3-
fluofobenzyl group, a 4-fluorobenzyl group, a 2;
chlorobenzyl group, a 3-chlorobenzyl group, a 4-
chlorobenzyl group, a 2-bromobenzyl group, é 3-
bromobeﬁzyl group and a 4-bromobenzyl gréup.-

The substituted of unsubstituted phenyl group
includes, but is not limited fo, e.g., the following:

A phényl group, a phenYl—dS group, a 2-
methylphenyl group, a 3-methylphenyl group, a 4-
methylphenyl group, a 4-methoxyphenyl group, a 4-
ethylphenyl group, a 2-fluorophenyl group, a 3-
fluorophenyl group, a 4-fluorophenyl group, a 4-
trifluoromethylphenyl -group, a 3,5—dimethylphenyl‘group,
a 2,6-dimethylphenyl group, a 2,6-diethylphenyl group,
a mesityl.group, a 3—iso—propylphényl group, a 3-tert-
butylphenyl group, a 4-iso-propylphenyl group, a 4-
;ert—butylphenyl group; a 4—¢yanophenyl group, a 4-(di-
p;tolylamino)phenyl group, a biphenyl group and a
terphenyl group.

The substituted or unsubstituted condensed
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bicyclic aromatic group includes, but is not limited to,
a naphthyl group, an aiulenevgroup and a heptaleneJ
group. |

The substituted or unsubstituted heterocyclic
group include, but is nqt limited to, e.g., the
fol;bwing:

A pyrrolyl group, a pyridyl group, a pyridyl-d5
group, a bipyridyl group, a methylpyridyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl
group, a terpyrrolyl group, a thienyl group, a tﬁienyl—
d4 group, a terthienyl group, a propylthienyl group, a
benzothienyl group, a dibenzothienyl group, a
dibenzothienyl-d7 groub, a furyl group, a furyl-d4 -
group, a benzofuryl group, a isobenzofuryl groﬁé, a

dibenzofuryl group, a dibenzofuryl-d7 group, a quinolyl

‘group, a quinolyl-dé group, an isoquinolyl group, a

quinoxalinyl group, a naphthyridinyligroup, a
quinazolinyl group, a phenanthridinyl group, an
indolizinyl group, a phenazinyl group, a carbazolyl
group, an ogazolyl group, an oxadiazolyl group, a
thiazolyl group, a thiadiazolyl group, an acridinyl
group and a phenazinyl group. |

The halogen atom includes a fluorine atom, a

chlorine atom, a bromine atom and an iodine atom.

A substituent(s) the above substituents may each
further have include(s), but is (are) not limited to,

e.g., the following:
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Alkyl groUpé such as a methyllgroup; an ethyl
group,aﬁd a propyl group, aryl groups such és a'bhenyl
group and a biphenyl group, heterocyclic groups such as
a thiényl group, a pyrrolyl group and a pyridyl group,
amino groups such as:a dimethylamino group, a
diéthylamino group, a dibenzylamino group, a
diphenylamino group, a ditolylamino éroup and‘a
dianisolylamino group, ahd the substituted or
unsubstituted alkyl groups listed above; éubstituted or
unsubstituted alkoxyl groups, alkyloxyl groups having
an aralkyl group, aralkyloxyl groups, substituted br
unsubstituted éryl.groups, and aryloxyl groups having a
heterocyclic group, as exemplified by a methoxyl group,
an ethoxyl group; a propoxyl group, a 2-ethyl-octyloxyl
group, a phenoxyl group, a 4-tert-butylphenoxyl group,
a benzyloxyl group and a thienyloxyl group; halogen
atoms sﬁch as fluorine, chlorine, bromine and iodine;
and a hydroxyl group, a cyano group, and a nitro group.

The beﬁzo[klfluoranthene compound used'in the
present inventibn specifically include, but is not
limited to, those shown in the following fables.” In
the following tables, the.benzo[kjfluoranthene chpound
used in the present invention is represented by A-B.

In each of A and B, the position at which these are
combined with.each othér is shown. More specifically,

as to Exemplary Compound 101, the combination is

expressed as follows:
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As to the benzolk]fluoranthene compound,
synthesis methods therefor are disclosed from old times.
For example, a document “J. Am. Chem. Soc., 74, 1075

(1952)” may be cited. This document discloses

'Synthesis of 7,12-diphenylbenzolk] fluoranthene by the

Diels-Alder reaction of diphenylisobenzofuran with
acenaphthylene.

3—Bromobenzo[k]fluorénthene,'which is a precursor
material of the benzo[k] fluoranthene compound used in
the present invention, can be synthesized by using a
bromine compound of acenaphthylene. The bromine
compound of acenaphthylene can be synthesized by
oxidation reaction of 5-bromoacenaphthene as disclosed
in,‘e.g;; a document “Can. J. Chem., 70, 1015 (1992)".
Similarly, 5L6—dibroﬁoacenaphthene may be synthesized
from 5,6—dibromoacénaphthylene.

The benzol[k]fluoranthene compound used in the
present invention may be synthesized by, e.g., Suzuki-
Miyauré coupling reaction of a bromine compound of
corresponding benzo[k] fluoranthene with a pinacol
borane compound;derived ffom bromofluoranthene. It may
similarly be synthesiéed by reacting a pinacol boraﬁe
compound of benzofluoranthene with a bromine compound
of fluoranthene. In blace of the pinacol borane
compound, boric acid may be used. Einacol borane may

be formed by reacting a halogen compound with 4,4,5,5-

_tetramethyl—[l,3,2]dioxabororane in, e.g., a toluene
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sblvent and in the presence of triethylamine and a
catalyst Ni (dppp)Cl.

A tert-butyl group-substituted fluoranthene unit
can be‘synthesized by Friedel-Crafts alkylation of
bromofluoranthene.

All the above methods are similarly applicable to
synthesis of a second compound described later.

The organic luminescent device of fhe present
invention is described below in detéil.

The organic luminescent device éf the present
inventibn has at least a pair of electrodes consisting
of an anode and a cathode at least one of which is
transparent or semitransparent, and one or two or more
layers containing an organic compoﬁnd, held between the
pair of electrodes. In this case, at least one of the
layer(s) containingVan organic compound, prefefably at
least one layer having a luminescent region,,énd more
preferably a luminescent layer, contains at least one
bénzo[kifluoranthene compound of the.present invention,
described above.

The layer céntainihg the benzolk]fluoranthene
compound may contain a second compound (a host
material). The host material is preférably a compound
having a larger energy gap than the
benzo[klfluoranthene compound.

The second compound includes, but is not limited

to, e.g., such materials having a pyrene skeleton as
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shown below.
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The second compound further. includes, but is not
limited to, e.g., such materials having a condensed-

ring aromatic group as shown below.

-In particular, a compound represented by the
following general formula (4), preferably a compound
wherein Y:; and .Y, of the general formula (4) are each

independently represented by the following general

. formula (5), (6) or (7), and more preferably a compound

represented by .the following general formula (8) or
further by the folldwing general formﬁla (9) or (10),
may be used as‘the second compound, whereby the |
continuation of géod light emission can be achieved
with high luminous efficiency and feduced-deterioration

in luminance.

Radp -
/ [41

In the general formula (4), R; and R, are each

independently a group selected from the group
consisting of a hydrogen atom, a halogen atom, a
substituted or unsubstituted alkyl group, a substituted

or\unsubstituted aralkyl group, a substituted or
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unsubstituted alkoxyl group,:a substituted or
unsubstituted aryl group'and a substituted or

unsubstituted heterocyclic group, R;’s may be the same

or different, and R,'s may be the same or different;

R; and R, are each independently a group selected
from the group consisting of a halogen atom, a
substituted or unsubstituted alkyl group, a substituted
or unsubstituted aralkyl group, a substituted or |
unsubstituted alkoxyl group, a substituted or
unsubstituted aryl group and a substituted or
unsubstituted heterocyclic group, Ri’'s may be the same
or different, and Ry's may be the same or different;

X, and X; are each independently a substituted or
unsubstituted eryl group ot'a substituted or
unsubstituted heterocyclie ring group;

a and b are each independently an integer of 0 to

Y, and Y, are each independently a substituted‘or
unsubstituted phenylene group, Y:'s may be the same or
different, and Yz’s.may be the same or different;

m and n are each independently an integer of 1 to
3;

t is 0 or 1, and, when t is 0, the terminal
fluorenyl group may be substituted,.at its position
where it is substituted with Y,, with a group selected
ftom the group consisting of a halogen atom, a

substituted or unsubstituted alkyl group, a substituted
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or unsubstituted aralk?l group,'a substituted or
unsubstituted alkoxyl gfoup and. a substituted or
unsubstituted phenyl group; and

r-is an integer of 1 to 5.

@ [5]

: (Rs)c

@ 6

(Re)g

In the géneral formulas (5) and (6), Rs and Rg are
each independently a group selected from the‘group
cousisting of a halogen atom; a substituted or
unsubstituted alkyl group, é substituted or
unsubstituted aralkyl group, a substituted or
unsubstituted alkoxyl group, a substituted or
unsubstituted aryl group and a substituted or
unsubstituted héterocyclic group, Rs’'s may be the same
or different} and R¢'s may be the same or different;
and

¢ and d are each independently an integer of 0 to

/N
Y 7]

(R7)e

In the general formula (7), Ry is a group
selected from the group consisting of a halogen atom, a

substituted or unsubstituted alky1 group, a substituted

or unsubstituted aralkyl group, a substituted or
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unsubstituted alkoxyl group, a substituted or

unsubstituted aryl group and a substituted or

unsubstituted heterocyclic ring group, R;'s may be the

same or different; and

e 1is an'integer of 0 to 4.

[8]
t

[10]

In the general formula (8), Rl‘tp Ra, Yi, Y., a, b,
m, n, r and t, and, in the géneral formulas.(9) and
(10), Ry to Rs, a, b, c and t are as defined in the
general formulas (4) and (5).

In the above general formulas (4) to (10), the
hydrogen substituents may be heavy ﬁydrogen. Specific
examples of the substituted or unSub;tituted alkyl

group, aralkyl group and heterocyclic group and the
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haldgén atom may include those listed in regard to the
above general formulas (1) to (3) and (11) to (13).

Besides, the substituted or unsubsfituted alkoxyl
group may include.alkyloxyl groups having an alkyl
group or an aralkyl group, 5ralkyloxyl groups, the
substituted or{unsubstituted aryl group described in
regard to the above general formulas (1) to (3) and
(11) to (13), and alkoxyl groupé having a heterocyclic
group. The substituted or unsubstituted alkoxyl group
more specifically iﬁcludes, but is not limited to, a
methoxyl group, an ethoxyl group, a propoxyi group, a
2-ethyl-octyloxyl group, a phenoxyl g%oup, a.4—tert—
butylphenoxyl group, a benzyloxyl group and a
thienyloxyl group.

The substituted or unsubstituted aryl group
includes the phenyl group and condensed bicyclic
aromatic group described previously, énd besides a
sﬁbstituted or unsubstituted tricyclic or higher
condensed-ring aromatic group. The substituted or

unsubstituted, condensed tri or more cyclic aromatic

‘group includes, but is not limited to, an

acehaphthylehyl group, an anthryl group, a phenanthryi
group, a pyfenyl group, a flﬁoranthenyl group, a
benzofluoranthenyl group,.an acephenanthrylenyl group,
an aceanthrylenyl group, a chrysenyl group, a
dibenzochrysenyl gfoup, a benzoanthryl group, a

naphthacenyl group, a picenyl group, a fluorenyl group
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and a triphenylenyl group.

Of the compound represénted by the general
formula (4), the compound wherein Y; and Y, are each
independently a group selected from the groups

5 represented by the general formulas (5) and (6) and at
least one of X; and X, is a substituted or
unsubstituted pyrene ring includes, but is not limited

to, e.g., the following materials.

H1

PO | ' o0

H1-1' O‘OQ | ‘H1-2 | 606]‘
<O K OO0

O 1-3 38 ‘ H1-4 "8
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Further, of the compound represented by the
general formula (4),.the compound wherein Y; and Y, are
5 each independently a groﬁp selebted from the.groups
represented by the general formulas (5) and (6) and at

least one of X; and X; is a group other than the pyrene
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ring includes, but is not limited to, e.g., the

following materials.
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 Still further, of the compound represented by the -

_general formula (4), the compound wherein one of X; and
X, is a substifuted or unsubstituted pyrene ring and

5 the other is a condensed-ring hydrocarbon skeleton
other than the pyrene ring.includes, but is not limited

to, e.g., the following materials.
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Of the compound representedvby.the'geheral

formula (4), the compound wherein Y; and Y, are each
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independently a‘group selected ffom the groups
represented by the general formula (7) and at least one
of'Xl and X; is a substituted or unéubstituted pyrene
ring includes, but is not limitéd to, e.g., the

5 following materials.
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Further, of the compound represented by the
general formula (4), the compound wherein Y; and Y, are

each independently a group selected from the groups

- represented by the general formulas (5) to (7) and at

least one of X; and X; is a pyrene ring includes, but

is not limited to, e.g., the following materials.
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Still further, of the compound represented by the

general formula (4), the compound wherein Y; and Y, are
each independently a group selected from the groups
represented by the general formula (7) and'at least ohe
of X; and X; is a group other than a pyrene ring
iﬁcludes, but is not limited to, é.g., tﬁe following

materials.
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Still further, of the compound represented by the
general formula (4), the compound wherein Y; and Y, are

each independently a group selected from the groups

represented by the general formula (7) and one of X;

and X, is a substituted or unsubstituted pyrene ring
and the other is a condensed-ring hydrocarbon skeleton
other than a pyrene ring may include, but is not

limited to, e.g., the following materials.
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Where the benzo[k]fluoranthene compound of the
present invention is used as a dopant material, the
dopant concentration is 0.01% by mass or more and 80%
by mass or less, and preferably 1% by mass or more and
40% by mass or less; based on the mass of the host
material. The dopant material may be contained
uniformly, or with a concentration gradient, in the
whole layer formed of the host material;'oi may
partially be contained in some regions to‘form regions
of a host material layer containing no dopant material.

FIG. 1 illgstrates a preferred example of‘the
organic luminescent device of the present invention.

Reference charaéters shown in the drawings
denote; 1, a substrate; 2, an anode; 3, a iuminescent
layer; 4, a cathode; 5, a hole transport layer; and 6,
an electron transport layer.

FIG. 1 is a sectional view showing an example of

. the organic luminescent device of the present invention,

which is constituted of a substrate 1, and an anode 2,



WO 2008/015945 » . PCT/JP2007/064615

10

15

20

25

67

a hole transport layer 5, a luminescent layer 3, an
electron transport layer 6 and a cathode 4 in this

order provided on the substrate. This device is one in

which the functions of carrier transport and

luminescence are separated, and is used in appropriate

combination with a compound having éach of alhole'
transport property, an electrOn transport pfoperty and.
a luminescence property. .The degree of freedom of
material selectiqn is increased and various compounds
different in luminescence wavelength can be used, and
Hence, a variety of luminescence hues can be achieve.
In addition, carriers or eXciﬁoné can be effectively'
confined in.the central luminescent layer 3 to achieve
an improvement in luminous efficiency.

As an example other than what is shown in FIG. 1,
a device may be cited which is constituted of a
substrate 1, and an anode 2, a luminescent layer 3 and
a cathode 4 in this order provided on the substrate.

The luminescent device used in this case is useful

where the device itself has hole transportability,

~electron transportability and luminescence performance,

or where compounds having the respective properties are
used in the form of a mixture.

VIn the case of what is constituted_of a substrate
1, énd an anode 2, a hole transport layer 5, an
electron transport layer 6 and a cathode 4 in this

order provided on the substrate, a material having
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either oflhole transport funcfion or electron transport
function or both of them is used as a luminescent
material in any one of the layers This device is
useful where such a materlal is used in comblnatlon
with a mere hole transporting material or electron
transporting material having no luminescent property.
Also in this case, theiluminescent layer consists of
either of the héle transport layer 5 or the electron
transport layer 6.

Besides, what is ‘shown in FIG. 1 may be so
constituted as to be provided with a hole injection
layer inserted on the anode 2 side. This is effective
in improving'adherence between the anode 2 and the hole
transport layer 5 and improving hole injection, and is
effective in low-voltage luminescence.

vFurther,-what is shown in FIG. 1 may be so
coﬂstituted as to be provided with a layer
(hole/exciton blocking layer) which is inserted between
the luminescent layer 3 and the electron transport
layer 6 to prevent holes or excitons from passing
through toward the catﬁode‘4 side, . A compound having
a very high ionizatioh potential may be used in the
hole/exciton blockingvlayer to provide a constitution
very effecfive in impering luminous efficiéncy.

The device conStitutiqn given in FIG. 1 and the
foregoing show very basic constitutioné, and the

constitution of the organic luminescent device using
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the compound of the present invention is by nofmeans

limited thereto. For example, the device may have

- various constitutions such that an insulating layer is

provided at the interface between an electrode and an

organic layer, an_adhesive layer or an interference

-léyer is provided, and the hole transport layer is

constituted of two layers different in iohization
potential.

The organic luminescent device of the present
invention may be used in any forms of the device
constitution given in FIG. 1 and the, foregoing.

In particular, an organic layer using the
benzo{k]flgorantheﬁe.compound of the present invention
is useful as the luminescent layer, the electron
transport layer or the hole transport‘layér. A layer
formed by vacuum deposition (vacuum evaporation) or
solution éoatiné can not easily be crystallized and has
a superior stability over time. -

In the present invention, the above
benzo[k] fluoranthene compound is used as alconstituent
of, in particular, the luminescent layer, and may
optionally be)used together with a hole transporting
compound, a luminescent compound and/or an electron
transporting compound which ére/is of a low molecular
type or polymer type hitherto known in the art.

Examples of such compounds are given below.

It is preferable that a hole injecting and
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transporting material facilitates the injection of

holes from the anode and has mobility good enough to

transport the injected holes to the luminescent layer.

Low-molecular and high-molecular materials having hole
injection and transport functions include, but is not
limited to, the following:

‘'Triarylamine derivatives, phenylenediamine

“derivatives, triazole derivatives, oxadiazole

derivatives, imidazole derivatives, pyrazoline
derivatives, pyrazolone derivatives, oxazole

derivatives, fluorenone derivatives, hydrazone

-derivatiVes, stilbene derivatives, phthalocyanine

derivatives, porphyrin derivatives,
poly(vinylcarbazole), poly(silylene), poly(thiophene),
and other conductive high—mdlecular materials.
Materials concerned chiefly in a luminescence
function which are usablé besides tﬁé compounds used in
the organic luminescent device of the present invention
includes, but are not limited to, the following:
High-molecular derivativés such as polyCyclic.
condensation aromatic compouhds (e.g., naphthalene
derivatives, phenanthrene derivatives, fluorene
derivatives, pyrene derivatives, tetracene derivatives,
coronene derivatives, chrysene derivatiﬁes, perylene
derivatives, 9,10—dipheny1anthracene derivatives, and

rubrene), quinacridone derivatives, acridone

derivatives, coumarine derivatives, pyrane derivatives,
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'Nile Red, pyrazine derivatives, benzoimidazole

derivatives, benzothiazole derivatives, benzdxazole
derivatives, stilbene derivatives, organometallic
complexes (e.g., organoaluminum complexes such as
tris(8—qﬁinolinolato)aluminum, and organoberyllium
complexes), poly(phenylenevinylene) derivatives,

poly (fluorene) derivatives, poly(phenylene) derivatives,
polY(thienyleneVinylene) derivatives, and
poly(acetylene) derivatives.

An electron injecting and transporting material
may be seleéted from materials which facilitate the
injection of electrons from the cathode and have a,
function to transport injected electrons to the
lumineécent layer, taking into account, e.g., a balance

with the carrier mobility of the hole transportingA

" material. Materials having electron injection and

transport functions inciude, but is not limited to, the
following:

Oxadiazole derivatives, oxazole derivatives,
thiazole derivatives, thiadiazole derivatives, pyrazine
derivatives, triazole derivatives} triazine derivatives,
perylene derivaﬁives, quinoline derivatives,
guinoxaline derivatives, fluorenone derivatives,
anthrone derivatives, phenanthroline derivatives, and
organometallic complexes.

In the organic luminescent device of the present

invention, the layer containing the
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benzo[k]fluoranthene compound of the present invention

- and the layers formed of other organic compounds are

formed by any of methods shown below. The layers are
commonly formed by forming thin films by means of

vacuum deposition, ionization deposition, sputtering,

. plasma deposition or known application (e.g., spin

coating, dipping, casting, the LB (Langmuir Blodgett)
process, or ink-jet printing) of a coating material
prepared by dissolving a material in a suitable solvent.
Especially when the films are formed by coating, they
may be formed using‘materials in combination with a
suitable binder resin.

The binder resin may be selected from extensive
binding resins, and includes, but is not limited to,
the following: |

Polyvinyl carbazole resins, polycarbonate resins,
polyester reéins, polyarylate resins, polystyrene
resins, ABS resins, pélybutadiene rgsins, polyurethane
resins, acrylic resins, methacrylic resins, butyral
resins; polyvinyl acetal resins, polyamide resins,
polyimide resins, polyethylene resins, polyether
sulfone resins, diallyl phthalate resins, phenol resins,

epoxy resins, silicone resins, polysulfone resins, and

urea resins.

These may be used alone or in the form of a
mixture of two or more types as copolymers. Additives

such as known plasticizers, antioxidants and
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ultraviolet absorbers may optioﬁally be used in
combination.

Materials for.the anqdélhaving a work function as
large as poésible are favorable. For example, the
followihg is usable: metal simple substances such as
gold, platinum, silvér, copper, nickel, palladium,
cobalt, selenium, vanadium and tungsten, or alloys of
any of these; and metal oxides such as tin oxide, zinc
oxide, indium oxide, indium-tin oxide (ITO), and

indium-zinc oxide. Also, it is possible to use

~conductive polymers such as polyaniline, polypyrrole,

polythiophene, and polyphenylené sulfide. Any of these
electrode materials may be used alone or in a
combination of two or more typeé; The anode may be
constituted of a sihgle layer or a multiple layer.
Materials for the cafhode having a small work
function are favorable. For examﬁle, the following are
usable: metal simple substances such as lithium, sodium,
potassium, calcium, magnesium, aluminum, indium,
ruthenium, titanium, manganese, yttrium, silver, lead,
tin, and chromium; or alloys of two or more of thesé;
such aé litﬁium—indium, sodium-potassium,
magnesium—silver, alﬁminum—lithium, aluminum-magnesium,
and magnesium-indium. Metal oxides such as indium—tin.
oxide (ITO) may also be used. Any of these.eleqtrode
materials may be used alone or in a combination of two

or more types. The cathode may be constituted of a
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single layer or a\multiple layer.
| As for the substrate used in the pfesent
invention, there are no particular limitations thereon.
It is possible to use opague substrates made of, for
example, metal or ceramics/ and transparent substrates
made of, for examplé;‘glass, quartz and plastic sheets.
A color filter‘film, a fluorescent colorbconversion
filter film, or a dielectric reflecting film may also
be used as the sﬁbstrafe to control lumineséence light.
On the device produced, a protective layer or a
sealing layer may be‘provided in order to prevent.
contact with oxygen or moisture. - The protective layer
may include diamond thin films; films of inorganic
materials such as metal oxides and metal nitrideS}
films of high-molecular materials such as fluorine
resins, polyparaxylene, polyethylene, silicéne resins
and polystyrene resiné; and photocurable resins. The
device may be covered with glass} a gas—-impermeable

film or metal, and packaged with a suitable sealing

. resin.

"The organic luminescént device of the present
invention may be so produced as to be connected with
thin-film transistors (TFTs) fabricéted on the
substrate. |

In regard to the directibn‘in which light is
taken out, the device may be of eithe; bottom emission

(a constitution in which-:light is taken out from the
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substrate side) or top emission (a constitution in
which light is taken out from the opposite side of the

substréte.)

EXAMPLES

The present invention is further described in
greater detail by way of working examplés. The‘present
invention ié by no means limited to these working

examples.

'Production Example 1

(Production of Exemplary Compound No. 101)

"‘Exemplary Compouna No. 101 of the present
invéntion can-be produced by, e.g., a process described
below.

(1) Synthesis of 4-bromo-7,12-
diphenylbenzo[k] fluoranthene:

200 ml of xylene was added to a mixturé of 5-
bromoacenaphthylene (14.5 g, 62.8 mmol) and
diphenylisobenzofuran (17.1 g, 63.3 mmol), aﬁd stirred
for 5 hours under reflux of.xylene. The mixture |
obtained was cooled to room temperature, and thereafter

the solvent was distilled off, and 26 ml of

‘trifluorocacetic anhydride and 260 ml of chloroform were

added thereto '‘and stirred for 1 hour under reflux. The
mixture obtained was cooled to room temperature, and
thereafter the solvent was distilled off, and then the

resultant residue was purified by silica gel column
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chromatography (mobile phase; toluene : heptane = 1:3)
to producé as a yellow solid 16 g of 4—bromo—7,12—
diphenyibenzo[k]fluoranthene.
(25 Synthesis of Exemplary'Compqﬁnd No. 101:

In an atmosphere of nitrogen, the following
compounds were dissolved in a mixed solvent of toluene

(100 ml) and ethanol (50 ml). To the solution formed,

an aqueous solution prepared by dissolving 0.95 g (2.90

mmol) of cesium carbonate in 15 ml of distilled water
was added, and stirréd at 50°C for 30-minutes.
4—Bromo;7,12—diphenylbenzo[k]fluoranthene (0.7 g, 1.45
mmol) . | '
2-(Fluoranthen-3-yl)-4,4,5,5-tetramethyl-
[1,3,2]dioxabororane (0.48 g, 1.45 mmol).

To the mixture obtained,_tetrakis(triphenylphos¥
phine)palladium (0.17 g,’1.45 mmol) was added, and
heated and stirred for 5 hours on a silicdne oil bath
heatéd to 90°C. The mixture obtained was cooled to
room temperature, followed by addition of Qater,
toluene and ethyi acetate to separate an organic layer.
The aqueous layer was further extracted (twice) with
the mixed solvent of toluene and ethyl acetate, and the
extract obtained was added to the organic layer |
solution having been separated first. This organic
layer was washed with saturatéd brine, followed by
drying with sodium sulfate. The solvent was distilled

off, and then the resultant residue was purified by
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silica gel column chromatogréphy (mobile phase;
toluene : heptane = 1:3). The purified product was

dried in vacuo at 120°C to obtain as a pale—yellow

solid 0.6 g of Exemplary Compound No. 101.

MALDI-TOF MS (matrix-assisted laser desorption/

‘ionization time-of-flight mass spectrometfy)

ascertained 668.3 which was M' of this compound.

‘Further, 'H-NMR measurement ascertained the
structure of this compound (see FIG. 2) .

Thé PL (photoluminescence) spectrum (excitation-
wavelength: 420 nm) of a toluene solutioh containing
Exemplary‘Compound No. 101 in a concentration of 1 x
10™ mol/l1 was measured. A blﬁe light emission spectrum
was observed (see FIG. 3).

Production Examples 2 to 7
(Production of Exemblary Compoﬁnds Nos. 102, 106-1, 110,
125, 130 & 131) |

The following Exemplary Compounds can bé
synthesized in the same manner aé in Production Example
1 except that the following'compounds are uéed,
respectively, in place of the 4-bromo-7,12-
diphenylbenzo[k] fluoranthene used in Production Example
1.

In Production Example 2, Exemplary Compound No.
102: 4—bromo—7,12—di(4—tert—butylpﬁenyl)benzo[k]fluo—
ranthene. |

"In Production Example 3, Exemplary Compound No.



WO 2008/015945 ‘ : . PCT/JP2007/064615

10

15

20

25

78

106-1: 4-bromo-7,12-di(2-methylphenyl)benzo[k]fluo-
ranthene.
In Production Example 4, Exemplary Compound No.
110: 4—bromo—7,12—di(4—fluorophenyl)benzo[k]fluo—
ranthene. '
In Production Example- 5, Exemplary Compound No.
125: 4-bromo-7,12-di-tert-butylbenzo[k]fluoranthene.
In Production Example 6, Exemplafy Compound No.
130: 4—bromo—7,12—diphenyl—34methylbenzo[k]fluoranthene.
In Production Exémple 7, Exemplary‘Cohpound No.
131: 4—brom§—7,12—diphenyl43—phenylbenzd[k]fluoranthéne.
Production Example'8
(Pfdduction of Exemplary ComeUnd No. 118)

- Exemplary Compound No. 118 can be synthesized in
thé same manner as in Production Example 1 except that
the following compound is used in place of the 2-
(fluoranthen-3-yl1)-4,4,5,5-tetramethyl-
[1,3,2]dioxabororane used in‘Production Example 1.
2-(5,8-di-tertbutylfluoranthen-3-yl)-4,4,5,5-
tetramethyl-[1,3,2]dioxabororane.

Production Examples 9 to 12

(Productibn of Exemplary Compounds Nos. 201) 219, 223-2

& 229)

The following Exemplary Compounds can-be
synthesized in the same manner as in Production Example

1 except that the following compounds are used,

respectively, in place of the 2-(fluoranthen-3-yl)-
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4,4,5,5-tetramethyl-[1,3,2]dioxabororane used in
Production Example 1.
In Production Example 9, Exemplary Compdund No.
201: 2—(fluoranthen—8—y1)—4,4,5,5—tetramethyl— |
5 [1,3,2]dioxabororane.
In Production Example 10, Exemplary Cbmpound No.
219: 2-(fluoranthen-7-yl)-4,4,5,5-tetramethyl-
[1,3,2]dioxabororane.
In Production EXample 11, Exemplary Compound No.
10 223-2: 2—(fluoranthen—l-yl)—4,4,5,5—tetramethyl—
[1,3,2]dioxabqrorane.
In Production Example 12, Exemplary Compound No.
229: 2—(fluoranthen—2—yl)—4,4,5,5—tetramethyl—
{1,3,2}dioxabororane.
15 Pfoduction Example 13
(Production of Exemplary Coﬁpound No. H2-3)
Exemplary Compound No. H2-3 of the present

invention can be produced by, e.g., a process described

below.
20 (1) Synthesis of intermediate’
Qj*k r

Intermediate (I) Intermediate (II)
In an atmosphere of nitrogen, 2.58 g (9.11 mmol)
of l-bromo-3-iodobenzene and 3.5 g (9.11 mmol) of an

25 intermediate (I) shown above were dissolved'in almixed
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solvent of toluene (100 ml) and ethanol (50 ml). To
the soldtion formed, an aqueous solution prepared by
dissolving 1.84 g (18.2 mmol) of sodium carbonate in 15
ml of distilled water was added, and stirred at 50°C

for 30 minutes. To the mixture obtained,

"tetrakis(triphenylphosphine)palladium (1.05 g, 0.911

mmol) was added, and heated and stirred for 4 hours on
a silicone o0il bath heated to 70°C. The mixture
obtained was cooled to room temperature, followed by
adding wafer, toluene and ethyl acetate to separa?e an
organic layer. The aqueous layér was further extracted
(twice) with the mixed solvent of toluene and ethyl
acetate, and the extract obtained was added to the
organic layer solution having been separated first.
This organic layer was washed with saturated brine,

followed by drying with sodium sulfate. The solvent

was distilled off, and then the resultant residue was

purified by silica gel column chromatography (mobile
phase; toluene : heptane = 1:4) to produce 2.9 g of an
intermediate (II).

(2) Synthesis of Exemplary Compound H2-3:

0
B Exemplary
s OOk —— B,
Intermediate (III) |

In an atmosphere of nitrogen, 1.6 g (3.74 mmol)

of the intermediate (II) and 1.91 g (3.74 mmol) of an
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intermediate (III) shown above were dissolved in a
mixed solvent of toluene (100 ml) and ethanol (50 ml).’
To the solution formed, an aqueous solution prepared by

dissolving 2.44 g (7.48 mmol) of cesium carbonate in 15

ml of distilled water was added, and stirred at 50°C

for 30 minutes. To the mixture obtained,

tetrakis(triphenylphosphine)palladium/(432.mg, 0.374
mmol) was added, and heated and stirred fof 5 hours on
a silicone oil bath heated to 90°C. The mixture
obtained was cooled to room témperature, followed by
adding water, toluene and ethyl acetate to separate an
ofganic layer. The aqueous layer was further extracted
(twice) with the mixed solvent of toluene and-ethyl
acetate, and the extract obtained was added to the
organic layer solutioﬁ having been separated first.
This organic layer was washed with saturated brine,
followed by drying with sodium sulfate. The solvent
was distilled off, ahd then the resultant reéidue was .
purified by silica gel column chromatography (mobile
phase; toluene : heptane = 1:3) to obtain 2.1 g of
EXemplary Coﬁpound H2-3. |

MALDI-TOF MS (matrix-assisted laser desorption/

" ionization time—of—flight mass spectrometry)

ascertained 718.4 which was M’ of this compound.
Further, 'H-NMR measurement ascertained the
structure of this compound (see FIG. 4).

Glass transition temperature of the compound in a
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glass state was measured with a DSC (differential
scanning calorimeter) PYRIS 1, manufactured by Perkin-
Elmer Corporation, at a heating rate of 10°C/min from .
roomrtemperafure and found to be 155°C.

Production Examples 14 to 20

(Production of Exemplary Compounds Nos. H2-1, H2-2, H2-
6, H2-13, H10-2, H11-2 & H12-1) ‘

The_folldwing_Exempiary Compoundé can be
synthesizea in the same manner as in Production Example
13 except that the following compounds are used,
respectively, in place of the intermediate (I) used in
Production Example 13.

>In Production_Example 14; Exemplary Compound No.
H2-1: 2—(pyren—1—yl)—4,4;5,54tetramethyl—
[1,3,2]dioXabororane.

In Production Example 15, Exemplary Cémpound No.
H2—2:A2—(7—tert—bﬁtyl-3;methylpyren—l—yl)—4,4,5,5—
tetramethyl-[1,3,2]dioxabororane.

In Production‘Exampie 16, Exemplary Compound No.
H2-6: 2-(pyren-4-yl)-4,4,5,5-tetramethyl-
[1,3,2]dioxabororane. | |

| In Production EXamplé 17, Exemplary Compound No.
H2-13: 2—(7—iéo—propylpyren;1—yl)—4,4,5,5—tetramethyl—
tl,B,Z]dioxabororane, | |

In Production Example'18, Exempléry Compound No.
HlO—2:v2—(10—phenylanthracen—9—yl)—4;4,5,5—tétramethyl;

[1,3,2]dioxabororane.
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In Produétion Example 19, Exemplary‘Compound‘No.
H11-2: 2-(phenan£hren—9—yl)—4,4,5,5—tetramethyl—
[1,3,2]dioxabororane. |

In Production Example 20, Exemplary Compound No.
H1i2-1: 2—(Chrysen—6—yl)—4,4,5;5—tetramethyl—
[1,3,2]dioxabororane. |
Production Example 21
(Production of Exempléry Compounds No. H2-4)

Exemplary Compound No; H2-4 can be synthesized in
the same manner as in Production Example 13 except that
2-[2-(9',9"-diethylfluoren-2'-y1)-9,9-diethylfluoren-7-
yl-4,4,5,5—tetramethyl-[1,3,2]dioxabororane is used in
piace of the intermediate (III) used in Production
Example 13.

Production Example 22
(Production of Exemplary Compounds .No. H6-2)

Exemplary Compound No. H6-2 can be synthesized in
the same manner-és in Production Example 13 except that
l-bromo-2-iodobenzene  is ﬁsed in place of the 1l-bromo-
3—iodobenzene)'used in Production Example 13.
Production Example 23
(Production of Exemplary Compound No. H4-2)

Exemplary Compound No..H4—2 of the present
invention can be produced by, e.g., a process described

below.
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Intermediate + CzB B;) ' Exemplary
(ITI) O/ 0.0 \O ™ Comp. H4-2

Intermediate (IV)

In an atmosphere of nitrogen, 2.28.g (5.52 mmol)
of the intermediate (III) and 1.12 g (2.51 mmol) of an
intermediate kIV) shown ébove were dissolved in a mixed
solvent of toluene (120 ml) and ethanol (60 ml). To
the éolution formed, an aqueous solution prepared by
dissolving 3.6 g (11.0 mmol) of cesium carbonate in 15
ml of distilled water was added,land stirred at 50°C
for 30.minute§. To the mixture obtained,
tetrakis(triphenylphosphine)palladiﬁm (580 mg, 0.502
mmol) was added, and heated and stirred for 5 hours on
a silicone oil bath heated to 90°C. The mixture
obtained was cooled to room temperature, followed by
adding water, toluene and ethyl acetéte to separate ah
organic layer. The aquéous layer was further extracted
(twice) with the mixed solvent of toluene and ethyl
acetate, and the extract obtained was added to the
organic layer solution having béen separated first.
This organic layer was washed with saturated brine,
followed by drying with sodium sulfate. The solvent
was distilled off, and then the resultant residue was
purified by silica gel column chromatography (mobile
phase; toluéne : hepténe = 1:3) to'produce 1.4 g of

Exemplary Compound H4-2.
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MALDI-TOF MS (matrix-assisted laser désorption/,
ionization time-of-flight mass spectrometry)
ascertained 858.4 which was M" of this compound.

Further, 1H_NMR measurement ascertained the
stfﬁcture of this compound (see FIG. 5).

Glass transition temperature of the compound in a

glass state was measured with a DSC (differential

scanning calorimeter) PYRIS 1, manufactured by Perkin-

Elmer Corporatioﬁ, at a heating rate of 10°C/min from
room temperature and found to be 182?C;

Production Examples 24 to 30

(Production of Exemplary Compounds Noé. H4-1, H4-4, H4-
5, H4-8, H10-9, H11—8 & H12-3)

The following Exemplary Compounds can be
synthesized in the same manner as in Production Example
13 éxcept that ﬁhe’following compounds are used,
respectivgly, in place of the intermediate (III) used
in Production Example 13. .

In Production Example 24, Exemplary Compound No.
H4éi: 2—(pyrén—l—yl)—4/4,5,5—tetramethyl—
[1,3,2]dioxabororane. ' |

In Production Example 25, Exemplary Compound No.

" H4-4: 2-(7-tert-butyl-3-methylpyren-1-yl)-4,4,5,5-

tetramethyl-[1,3,2]dioxabororane.
In Production Example 26, Exemplary Compound No.
H4-5: 2-(pyren-4-yl)-4,4,5,5-tetramethyl-

[1,3,2]dioxabororane.
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In Production Example 27, Exemplary Compound No..
H4—8: 2—(7—iso—propylpyren—1—yl)—4L4,5,5—tetramethyl—
.[1,3,2]dioxabororaﬁe.

In Production Example 28, Exemplary Compound No.

5 H10-9: 2-(10-phenylanthracen-9-yl)-4,4,5, 5-tetramethyl-

[i,3,2]dioxabororane. ’
In Production Example 29, Exemplary COmpound No.
H11-8: 2—(phenanthren—9—yl)—4,4,5,5—tetramethyl—
[1,3,2]dioxabororane.

10 In Production Example 30, Exemplary_Compound No.
H12-3: 24(chrysen—6—yl)—4,4,5,5—tetramethyl—
[1,3;2]dioxabororane.

Production Example 31
(Production of Exemplary Compound No. ﬁ9—l)

15 Exemplary Compound No. H9-1 of the present

invention can be produced by, e.g., a proceSs described

below.

(1) Synthesis of intermediate (VI):

B R R e s

Intermediate Intermediate Intermediate

(V) (VI) (VII)
In an atmosphere of nitrogen, 3.08 g (10.9 mmol)
of 1—bromo—3*iodqbenzene and 3.5 g (10.9 mmol) of an

25 intermediate (V) shown above were dissolved in a mixed
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solvent of toluene (120 ml) and ethanol (60 ml). To
the solution formed, an aqueous solution prepared by

dissolving 2.2 g (21.8 mmol) of sodium carbonate in 20

‘ml of distilled water was added, and stirred at 50°C

for 30 minutes. To the mixture obtained,

tetrakis (triphenylphosphine)palladium (882 mg, 0.763 .
mmol) was added, and heated and stirred for 4 hours on
a silicone oil bath heated to 90°C. The mixture
obtained was cooled to room temperature, followed by
adding water, toluene and ethyl acetate to separate an
ofganic layer. The aqueous layer was further extracted
ktwice) withAthe mixed solvent of toluéne and ethyl
acetate, and the exfract obtainednwas added to the
organib layef‘sblution having been separated first.
This organic layef was washed with saturated brine,

followed by drying with sodium sulfate. The solvent

was distilled off, and then the resultant residue was

purified by’silica gel column chromatograbhy (mobile
phase; toluene : heptane = 1:4) to obtain 3.3 g of an
intermediate (VI).

(2) Synthesis of Exemplary Compound H9-1:

O o Exemplary
‘O + Intermediate ' Comp. H9-1
O : (VI1) '
Br ~Br

Intermediate (VIII)
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In an atmosphére of nitrogen, 0.5 g (1.20 mmol)
of an intermediate (VIII) derived from 7-tert-
butylpyrene and 1 g (2.52 mmol) of the intermediate
(VII) derived from the intermediate (VI) were dissolved
in a mixed solvent of toluene (100 ml) and ethanol (50
ml); To the.solution.formed, an agueous solution
prepared by dissolving 1.64 g (5.04 mmol) of cesium
cérboﬁate in 15 ml of distilled water was addéd, and
stirred at 50°C for 30 minutes. To the mixture
obtained, tetrakis(triphenylphosphine)paliadium (222 mg,
0.192vmmol) was added, aﬂd heated and stirred for 5
hours on a silicone oil bath heated to 90°C. The
mixture\obtéined was cooled to room temperature,
followed by adding water,” toluene and ethyl acetate to

separate an organic layer. The agqueous layer was

- further extracted (twice) with the mixed solvent of

toluene and ethyl acetate, and the extract obtained was
added to the organic layer solution having been
Separated first. This organic layer was washed with
saturated brine, followed by drying with sodium sulfate.
The solvent was distilled off, and then the resultant
residue was purified by silica gel column
chromatography (mobile phase; toluene : héptane = 1:3)
to thaih 1.4'g of Exemplary Compound H9—1;

'MALDI-TOF MS (matrix-assisted laser desorpfion/
ionization time-of-flight mass spectrometry)

ascertained 794.4 which was M' of this compound.
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Further, 'H-NMR measurement ascertained the

structufe of this compound (see FIG. 6).
| Glass transition temperature of the compound in a

glass state was measured with a DSC (differential
scanning calorimeter) PYRIS 1, manufactured by Perkin-
Elmer Corporation, at a heating rate of 10°C/min from
room temberature and found to be 161°C.

Production Example 32

(Production‘of Exemplary Compounds No. H9-6)

Exemplary Compound No. H9-6 can be synthesized in
fhe‘same manner as in Production Example 31 except that
l-bromo-2-iodobenzene is used in place of l-bromo-3-
iodobenzene used in Production Exémple 31.

Prodﬁction Example 33

(Production of Exemplary Compound No. H14-3)

Exemplary Compound No. H14-3 used in the present

‘invention can be produced by, e.g., a process described

below.

(1) Synthesis of intermediate (IX):

An intermediate (IX) was produced in the same
manner as in the intermediate (II) except that 1l-bromo-

4-iodobenzene was used in place of 1l-bromo-3-

iodobenzene.

Intermediate - Intermediate

(1) (IxX)
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(2)4Synthesis of intermediate (X):

An intermediate (X) was produced in the same

‘manner as in the intermediate (VII) except that 1-

bromo-4-iodobenzene was used in place of the l-bromo-3-

iodobenzene) .

0O T =0

Intermediate

I Oo0

Intermediate

(X)

(3) Synthesis of Exemplary Compound H14-3:

o ‘ .
+ ?: B O 0.0 — = Exemplary
o : Comp. H14-3
Intermediate Intermediate
(1x) ' (X)

" In an atmosphere of nitrogen, 2.33 g (5.65 mmol)
of the intermediate (IX) and 2.28 g (5.76 mmol) of the
intermediate (X) were dissolved in a mixed solvent of
toluene (60 ml) and ethanol (30 ml). To the solution
formed, an aqueous solution prepared by dissolving 1.51
g (14.2 mmol) of sodium carbonate in 15 ml of distilled .
water was added, and stirred at 50°C for 30 minutes.

To the mixture obtained,
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tetrakis (triphenylphosphine)palladium (339 mg, 0.29
mmol) was added, and heated and stirred fof 4 hours on
a silicone o0il bath heated to 90°C. The mixture
obtained was cooled to room temperature, followed by
adding water, toluene and ethyl acetate to separate an
organic layer. The aqueous layer was further extracfed
(twice) with the mixed solvent of toluene and ethyl
acetate> and the extract obtained was added to the

organic layer solution having been separated first.

‘This organic layer was washed with saturated brine,

followed by drying with sodium.sulfafe. The solvent
was distilled off, and then the resultant residue was
purified by silica gel column chromatography (mobile
phase; toluene : heptane = 1:3) to obtain 2.1 g of
Exemplary Compound H14-3. |

'~ MALDI-TOF MS (matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry)
ascertained 602.3 which was M' of this compound.

‘Further, 'H-NMR measurement ascertained the

- structure of this compound (sée FIG. 7).

Glass transition temperature of fhe compound in a
glass stéfe was.measured with a DSC (differential
scanning éalorimeter) PYRIS 1, manufactured by Perkin-
Elmer Corporation, at a heating rate of 10°C/min from
room temperature and found to be 123°C.

Example 1

An organic . luminescent device having the
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structure shown in FIG. 1 was fabricated in the

following way.

On a glass substrate as the substrate 1, an
indium-tin oxide (ITO) film as the anode 2 was formed
by sputtering in a layer thickness of 120 nm, and was

used as a transparent conductive support substrate.

- This substrate was subjected to ultrasonic cleaning

‘successively_with acetone and isopropyl alcohol (IPA),

and subsequently to cleaning with pure water, followed

by drying. It was further subjected to UV/ozone

cleaning, and was used as the transparent conductive

support éubstrate.

Using as a hole tranéporting material Compound 1
repreéented'by the following structural formula, its
chloroform solution was prepared in a concentration of

0.1% by mass.



WO 2008/015945 : PCT/JP2007/064615

10

15

20

93

Compound 1

This solution was.dropped on the above ITO
electrode, and spin-coating was performed first at the
number of revolutions of 500 rpm for 10 éeconds and
then.at the number of revolutions of 1,000 rpm for 40
seconds to feorm a thin film. Thereafier, the film was
dried for 10 minutes in a 80°C vacuum oven to
completely remove the solvent.femaining in the thin
film to form the hole transport layer 5.

Next, on the hole transport layer 5, Exemplafy
Compoﬁnd No. 101 and Compound 2, as a second compound,
représented by the following structural formula were
vacuum-deposited together (mass fatio: 5:9) to form the
luminescent layer 3 of~30 nm in thickness. The film
formation by Vaéuum deposition was performed undef
conditions of a degree of vacuum of 1.0 x 107" Pa and a
rate of film formatibn of 0.1 nm/sec or more and 0.2

nm/sec or less.
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Compound 2

Further, as the electron transport layer 6,'a
2,9—bis[2—(9,9’—diméthylfluorenyl)—1,10—pheﬁanthroliﬁe
film was formed by vacUum'deposition in a layer
thickness of 30 nm. The film formation by vacuum
deposition was perfofmed under conditions of a degree
of vacuum of 1.0 x 107* Pa and a rate of film formation
of 0.1 nm/sec or moreland 0.2 nm/sec or less. f

Next, on_the above organic layer, a lithium
fluoride (LiF) film was formed by vacuum deposition in
a layer thickness of 0.5 nm, ahd an aluminum film of
100 nm in thickness was further formed by vacuum
depésition. An organic luminescent device (orgénic,EL
device) was fabricated having the aluminum-lithium film
as an electron injection electrode (cathqde 4) . The
film formation by vacuum deposition was performed under
conditions of a degree of vacuum of 1.0 x 10™* Pa and a
rate of film formation of 0.1 nm/sec for the lithium
fluoride filmband 0.5 nm/sec or more and 1.0 nm/sec or
less for the aluminum film. |

The organic EL device thus obtained was covered

. with a protecting glass plate in an atmosphere of dry
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air and sealed with an acrylic-resin adhesive so as not
to‘cause device déterioratioﬁ.due to adsorption of
moisture.

To the device thus obtained, a voltage was
applied setting the ITO electrode (anode 2) as a
positive pole and the Al-Li electrode (caﬁhode 4) as a
negative pole, where light emission of 6.4 cd/A in
current efficiency was observed at ‘an applied voltage
of 4 V.

Compound 2 had an energy gap of 3.06 eV, and

Exemplary Compound No. 101 had an energy gap of 2.81 eV.

To examine the energy gaps, a method was used in which

absorption spectra were measured with an ultraviolet-

visible spectrophotometer Hitachi U-3010 and the values

were calculated from~absorption ends of the spectra.
Example 2

 An organic luminescent device was fabricated in
the same mannef as in Example 1 except that Compbund 3
represented by the following structural formula Qas

used in place of Compound 1.
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Compound 3

In the device of this Example, light emission of
7.6 cd/A in current efficiency was observed at an

applied voltage of 4 V.

Example 3

| An example is shown below in which a second

compound represented by the general formula (45 is used.
An organié lumineécent device was fabricated in

the same manner as in'Example 1 except that Compbund 4
répresented by the following sﬁructufal formula was
used in place of Compound 1, alfilm of the above
Compound 3 was formed by &acuum deposition'in,a layer
thickness of 15 nm to form the hole transport layer 5
and Exemplary Compound No. H2-3 was used as the second

compound in place of the above Compound 2.

Exemplary Compound No.. H2-3 had an energy gap of
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3.18 eV and EXemplary Compound No. 101 had an enerqgy
gap of 2.81 eV. Té examine the energy gaps, a method
was used in which absorption spectra were measured with
an ultraviolet-visible spectrophotometer Hitachi U-3010
and the values were calculatéd from absorption ends of

the spectra.

.Compound 4

o O
o 9
Q Q

SV

In the device of this Example, light emission of
6.8 cd/A in current efficiency was observéd at an
applied voltage of 4 V.

.The voltage was further applied to this device

for 100 hours in an atmosphere of nitrogen to ascertain

" that good light emission continued.

Example 4
An example is shown below in which a second
compound represented by the general formula (4) is used.

An organic luminescent device was fabricated in

' the same manner as in Example 3 except that Exemplary'

Compound No. H14-3 was used as the second compound in

place of the above'Compéund 2.
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Exemplary Compound No. H14-3 had an energy éap of
3.03 eV. To examine the energy gap, a method was used
in which an absorption spectrum waé measured with an
ultraviolet-visible spectrophotometer Hitachi U-3010
andAthe value was calculated from an absorption end of
the spectrum.

'In the device of this Example, light emission of

8.3 cd/A in current efficiency was observed at an

applied voltage of 4 V.

The voltage was further applféd to this device
for 100 hoﬁrs in an atmosphere of nitrogen to ascertain
that good light emission continued.

Example 5

An example is shown below in which a second
compound represented by the general formula (4) is used.

An organic luminescent deviée was fabricated in
the same manner as in Example 3 except that Compound 5
represented by the following structural formula was
used as the second compound in place of the above
Compound 2.

Compound 5 had an energy gap of 3.06 eV. To
examine the energy gap, a method was used in which an

absorption spectrum was measured with an ultraviolet-

‘visible spectrophotometer Hitachi U-3010 and the value

was calculated from an absorption end of the spectrum.
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Compound 5

In the device of this Example, light emission of
7.7 cd/A in current efficiency was observed at an
applied Voltaoe of 4 V.

The voltage was further applied to this device
for 100 hours in an atmosphere of nitrogen to ascerfain
that good light emission continued.

Example 6 |

An organic luminescent device was fabricated in
the same mannen as in Example 3 except that Compound -6
repreéented by the folloning structural forhula-was
used as the second compound. in place of the above
Compound 2.

Compound 6 had an enérgy gap.of 2.99 ev. To
examine the energy gap, a method was used in which an

absorption spectrum was measured with an ultraviolet-

vvisible spectrophotometer Hitachi U-3010 and the wvalue

was calculated from an absorption end of the spectrum.

Compound 6

In the device of this Example, light emission of

5.2 cd/A in current efficiency was observed at an
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applied voltage of 4 V.

The voltage was further applied to this device
for 100 hours in an atmosphere of nitrogen to ascertain
that good light emission continued.

Example 7

An organic luminescent device was fabricated in
the same manner as in Example 3 except that Compound 7
represented by the following structural formula was
used as the second compound in place of the above
Compound 2. a

Compound 7 had an energy gap 6f 2.99 eV. To
examine the energy gap, a method was used in which an
absorption spectrum was measured with an ultraviolet-
visible spectrophotometer Hitachi U-3010 and the value
was calculated from an absorption end of the spectrum.

Compound 7

In the device of this Example, light emission of

7.2 cd/A in current efficiency was observed at an

.applied voltage of 4 V.

The voltage was further applied to this device

for 100. hours in an atmosphere of nitrogen to ascertain

" that good light emission continued.
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Example 8

An organic luminescent device was'fabricated in
the same manner és‘in Example 3 except that‘Compoﬁnd 8
represented by the following structural formula was
used as the second compdund in place of the abové‘
Compound 2.

Compound 8 had an energy gap of 3.12 eV. To
examine the energy gap, a method was used in which an
absorption spectrum was measuréd with an ultraviolet-
Visiblevspectroéhotoﬁeter Hitachi U-3010 and the value

was calculated from an absorption end of the specﬁrum.

Compound 8.

’

In the device of this Example, light emission of
6.8 ﬁd/A in current effiqiency was observed at an
applied voltage of 4 V.

The voitage was furthér applied to this device
for 100 hours in an atmosphefe of nitrogen to ascertain
that good'ligﬁt emission continued.

Example 9

An organic luminescent device was fabricated in
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the same manner as in Example 3 except that Compound 9
represented by the folleing.structural_formula was
used as the second éompound in place of the above
Compound 2.

Compound 9 had an energy gap of 2.88 eV. To

- examine the energy gap, a method was used in which an

absorption spectrum was measured with an ultraviolet-
visible spectrophotometer Hitachi U-3010 and the value
was calculated from an absorption end of the spectrum.

Compound 9

In the device of'this Example, light emission of
6.4 cd/A in current efficiency was observed at an
applied voltage of 4 V.

The voltage was further applied to this device
for 100 hours in an atmosphere of nitrogen to éscertain

that good light emission continued.

Example 10

An organic luminescent device was fabricated in
the same manner as in Example 3 except that Compound 10
represented by the following-strﬁctUral-formula was
used as the second compound in place of the above
Compéund 2.

Compéund 10 had an energy gap of 2.99 eV. To
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examine the energy gap, a method was used in which an
absorption spectrum was meaéured with an ultraviolet-
visible spectrophotometer Hitachi U-3010 and the valueée
was calculated from an absorption end of the spectrum.

Compound 10

in the device of this Example, light emission of
4.4 cd/A in current efficieﬁcy,was observed at an
applied voltage of 4 V.

The voitage was further applied to this device
for 100 hours in an atmosphere of nitrogen to ascertain
that good light emission continued.
| The present invention is not limited to the above
embodiments and various changes and modifications can
be made within the spirit and scope of the present
invention. Therefore to apprise the public of the
scope of the present invention, the following claims

are made.

This applicatidn claims~priorities from Japanese

Patent Applications No. 2006-213606, filed August 4,
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2006, and No. 2007-120565, filed May 1, 2007, which are

hereby incorporated by reference herein.
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CLAIMS

1. An organic luminescent device which comprises
an anode and a cathode at least one of which is
transparent or semitransparent, and a layer containing
an organic compound, held between a pair of electrodes
consisting of the anode and the cathode, wherein;

the layer containing an ofganic compound contains
a benzo[k]fluoranthene compound represented by the

following general formula (1):

.(Rj)a

(1]

wherein R; is a group seleéted from the group
consisting of a substituted or unsubstituted alkyl
group, a substituted or unsubstituted aralkyl group and
a substituted or unsubstituted heterocyclic ring group,
and R;’s may be the saﬁe or different; Rj; to Ry, are
each ihdependently a group selected from the group
consisting of a hydrogen afom, a halogen atom, a
substituted or unsubstituted alkyl group, a substituted
or unsubstituted aralkyl group, a substituted or

unsubstituted phenyl group, a substituted or
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unsubstituted condensed bicyclic aromatic group and a
substituted or unsubstituted heterocyclic group; and a
is an integef of 0 or moré and 9 or less.

2. The organic luminescent device according to
claim 2,'wherein the benzol[k]fluoranthene compound is

represented by the following general formula (2):

wherein R;, Ryp to Ry and a are as defined in the

general formulas (1).
3. The organic luminescent device according to
claim 1, wherein the‘benZO[k]fluoranthene compound is

represented by the following general formula (3):

- wherein R; is a group selected from the group

consisting of a substituted or unsubstituted alkyl

group, a substituted or unsubstituted aralkyl group and

_ @ substituted or unsubstituted heterocyclic group, and

Ri;’s may be the same or different; Rjy to Ry, are each
‘ ‘ .
independently a group selected from the group

consisting of a hydrogen atom, a halogen atom, a



WO 2008/015945 ) ' PCT/JP2007/064615

10

15

20

107

substituted or unsubstituted alkyl group, a substituted

or unsubstiﬁuted aralkyl group, a substituted or
ﬁnsubstituted alkoxyl group, a substituted or
unsubstituted phenyl group, a substitutedlor
unsubstituted condensed bicyclic aromatic group and a
substituted or unsubstituted heterocyclic group; and a
is an integer of 0 or more and 9 or less.

4. The organic luminescent device according to
claim 1, wherein the layer containing the
benzo[k]fluoranthene compoﬁnd further Céntainsva second
compound having a larger energy gap than the
benzol[k] fluoranthene cbmpound(

5. The organic luminescent device according to
claim 4, wherein the second compound is representea by

the following general formula (4):

[4]

wherein R; and R, are each independently a group

selected from the group consisting of a hydrogen atom,

a halogen atom, a substituted or unsubstituted alkyl

group, a substituted or unsubstituted aralkyl group, a
substituted or unsubstituted alkoxyl group, a
substituted or unsubstituted aryl group and a
substituted or unsubstituted heterocyclic group, R;’s

may be the same or different, R;’s may be the same or
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different; R3 and Ry are'each independently a group
selected from the group consisting of a halogen atom, a
substituted er unsubstituted alkyl group, a substituted
or unsubstituted aralkyl gfoup, a substituted or

unsubstituted alkoxyl group, a substituted or

unsubstituted aryl group and a substituted or

unsubstituted heterocyclic group, R;’s may be the same

or different, Rs's may be the same or different; X; and

. X, are each independentiy a substituted or

unsubstituted aryl group or a substituted or
unsubstituted heterocyclic ring group; a and b are each
independently an integer of 0 to 3; Y; and Y, are each
independently a substituted or unsubstituted phenylene
group, Y;’'s may be the same.or different, Y,’s may be
the same or different; m and n are.each independently
an integer of 1 to 3; t is 0 or 1, and, when t is 0,
the terminal fluorenyl group may be substituted, at its
position where it is substituted with Y,, with a group
selected from the group consisting.of a halogen atom, a
substituted or unsubstituted alkyl group, a substituted
or unsubstituted aralkyl group, a substituted or
unsubstituted alkoxyl group and a substituted or
unsubstituted phenyl group; and r is‘ an integer of 1 to
5.

6. The organic luminescent deviee according to
claim 5, wherein the second compound 1s a compound

wherein Y; and Y, of the general formula (4) are each
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independently a group represented by the following
general formulas (5) or (6):

‘Q [5]

(Rs)e

(Re)g

wherein Rs and Re¢ are each independently a group’

5 sélected from the group consisting of a halogen atom, a
substituted or unsubstituted alkyl group, a substituted
or unsubstituted éralkyl group, a substituted or
unsubstituted.alkoxyl group, a substituted or
unsubstituted'aryl group and a subétituted or

10 unsubstituted heterocyclic group, Rs’é‘may be the same
or different, énd Re’s may be the same or different;
-and'c and d are each an integer of 0 to 4.

7. The organic luminescent device according to
claim‘S, wherein the second compound is a compound

15 wherein Y; and Y, of the general formula (4) are each
independently a group represented by the following
general formula (7):

—Ro)e

wherein R; is a group selected from the group

[7]

20 consisting of a halogen atom, a substituted or
‘unsubstituted alkyl group, a substituted or

| unéubstituted aralkyl group, a substituted or
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unsubstituted alkoxyl group, a substituted or
unsubstituted aryl group and a substifuted or
unsubstituted héterocyclic group, and R;'s may be the
same or different; and e is an integer of 0 to 4.

8. The organic luminescent device according to
claim 6 or 7, whereiﬁ the se;ond compound is
"represented by the following general formula (8):

Ri R,

fooWmc2c Ny

wherein R; to Ry, Yi, Y2, a, b, m, n, r and t are as

[8]

defined in the general formula (4).
9. The organic luminescent device according to
claim 8, wherein the second compound is represented by

the following general formula (9):

wherein R; to Ry, a, b aﬁd t are as defined in the
general formula (4) and Rs and ¢ are as defined in the
_general formula (5).
10. The organic luminescent device according to
claim 8, wherein the second compound is represented by

the following general formula (10):
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whepein Rlvto Ry, a, b and t are as defined in the
general formula (4) and Rs and c are as defined in the
general formula (5).

11. The organic luminescent device according to
plaim‘l} wherein the layer containing the
benzolk] fluoranthene compound is at least one layef
having a luminescent region.

12. The organic luminescent device according to
claim 11, wherein said at least one layer having a
luminescent region is a luminescent layer.

13. A benzo[k]fluoranthene compound represented

by the following general formula (3):

[3]

whefein Ry is a group selected from the group
consisting of a substituted or unsubstituted alkyl
group, a substituted or unsubstituted aralkyl group and
a substituted or unsubstitufed heterocyclic group, and
R;"s may be the same or different; Ry to Rm are each
independently a grbup selected from the group

consisting of a hydrogen atom, a halogen atom, a
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substituted or unsubstituted alkyl'group, a substituted
or ﬁnsubstitﬁted aralkyl group, a substituted or
ﬁnsubstituted alkoxyl group, a substituted or
unsubstituted phenyl group, a substituted or

5 unsubstituted condensed bicyclic aromatic group and a
substituted or»unsubstituted heterocyclic group; and a

is an integer of 0 or more to 9 or less.
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