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7) ABSTRACT

The present invention provides an oligofluorenylene com-
pound represented by the general formula below, which
enables production of an organic light-emitting device that
exhibits an extremely pure luminescent hue and has a light
emission of high efficiency, high brightness, and long life-
time.
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OLIGOFLUORENLYLENE COMPOUNDS

TECHNICAL FIELD

[0001] The present invention relates to an oligofluore-
nylene compound. Also, the invention relates to an organic
light-emitting device comprising the compound, and more
specifically, a device that emit light by applying an electric
field to a thin film composed of an organic compound.

BACKGROUND ART

[0002] Organic light-emitting devices are devices that
utilize light emitted when excitons of fluorescent organic
compounds return to the ground state, the excitons being
generated by sandwiching between an anode and a cathode
a thin film that contains a fluorescent compound and inject-
ing electrons and holes (positive holes) from the respective
electrodes.

[0003] A study by Eastman Kodak Company in 1987
(Non-patent reference 1) has reported that a light emission
of about 1000 cd/m? was observed under an applied voltage
of about 10 V. In the study, the device had a separated-
function type bilayer structure and used ITO as the anode,
magnesium-silver alloy as the cathode, an aluminum quino-
linol complex as an electron-carrying material and light-
emitting material, and a triphenylamine derivative as a
hole-carrying material. Related patent documents include
the patent references 1 to 3.

[0004] Moreover, various light emissions from ultraviolet
to infrared can be accomplished by using various different
fluorescent organic compounds. Recently, active studies
have been conducted on various compounds. Such studies
are disclosed, for example, in the Patent references 4 to 11.

[0005] In addition to the organic light-emitting devices
using small molecular materials as described above, organic
light-emitting devices using conjugated polymers have been
reported by a group of Cambridge University (non-patent
reference 2). This report has disclosed that a film of polyphe-
nylenevinylene (PPV) was formed by a coating method and
it was confirmed that a single layer of the film emitted light.
Related patent documents on organic light-emitting devices
using conjugated polymers include the patent references 12
to 16.

[0006] As described above, a remarkable progress has
been made in the field of organic light-emitting devices. The
characteristic feature of such progress is that it enables
production of light-emitting devices that exhibit high bright-
ness even with a low application voltage, diversity in terms
of emission wavelengths, and rapid response, with a thin and
lightweight construction, which suggests a wide range of
possible applications of the devices.

[0007] There are, however, still many problems with
regard to durability, such as change with time due to
prolonged use and deterioration due to moisture and the
atmospheric gas containing oxygen. Moreover, for applica-
tions to a full-color display etc., light emissions exhibiting
higher brightness or higher conversion efficiency, as well as
blue, green, and red light emissions with higher color
purities, are necessary with the current state of the art. For
example, the patent reference 17 discloses diamine com-
pounds as high emission efficiency materials, but blue-light
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emission showing high color purity (chromaticity coordi-
nates: (%, y)=(0.14-0.15, 0.09-0.12)) has not been obtained
yet.

[0008]
[0009]
[0010]
[0011]
[0012]
[0013]
[0014]
[0015]
[0016]
[0017]
[0018]
[0019]
[0020]

[0021] Japanese Patent Application Laid-Open No.
2-247278

[0022]

[0023] Japanese Patent Application Laid-Open No.
3-255190

[0024]

[0025] Japanese Patent Application Laid-Open No.
5-202356

[0026]

[0027] Japanese Patent Application Laid-Open No.
9-202878

[0028]

[0029] Japanese Patent Application Laid-Open No.
9-227576

[0030] (Patent Reference 12)
[0031] U.S. Pat. No. 5,247,190
[0032] (Patent Reference 13)
[0033]
[0034]
[0035]
[0036]

[0037] Japanese Patent Application Laid-Open No.
4-145192

[0038]

[0039] Japanese Patent Application Laid-Open No.
5-247460

(Patent Reference 1)

U.S. Pat. No. 4,539,507
(Patent Reference 2)

U.S. Pat. No. 4,720,432
(Patent Reference 3)

U.S. Pat. No. 4,885,211
(Patent Reference 4)

U.S. Pat. No. 5,151,629
(Patent Reference 5)

U.S. Pat. No. 5,409,783
(Patent Reference 6)

U.S. Pat. No. 5,382,477

(Patent Reference 7)

(Patent Reference 8)

(Patent Reference 9)

(Patent Reference 10)

(Patent Reference 11)

U.S. Pat. No. 5,514,878
(Patent Reference 14)

U.S. Pat. No. 5,672,678
(Patent Reference 15)

(Patent Reference 16)
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[0040] (Patent Reference 17)

[0041] Japancse Patent Application Laid-Open No.
2001-52868

[0042] (Non-Patent Reference 1)
[0043] Appl. Phys. Lett. 51, 913 (1987)

[0044] (Non-Patent Reference 2)
[0045] Nature, 347, 539 (1990)
DISCLOSURE OF THE INVENTION
[0046] The present invention has been made to solve the

above problems of the prior art. An object thereof is to
provide an oligofluorenylene compound that enables pro-
duction of an organic light-emitting device that exhibits an
extremely pure luminescent hue and has a light emission of
high efficiency, high brightness, and long lifetime. Another
object of the invention is to provide an oligofluorenylene
compound with which there can be obtained an organic
light-emitting device that can be not only easily manufac-
tured but also produced at a relatively low cost.

[0047] According to the present invention, there is pro-
vided an oligofluorenylene compound represented by the
following general formula (1).

May 19, 2005

[0052] FIG. 2 is a sectional view showing another
example of the organic light-emitting devices of the present
invention.

[0053] FIG. 3 is a sectional view showing still another
example of the organic light-emitting devices of the present
invention.

[0054] FIG. 4 is a sectional view showing yet another
example of the organic light-emitting devices of the present
invention.

[0055] FIG. 5 is a sectional view showing yet still another
example of the organic light-emitting devices of the present
invention.

BEST MODES FOR CARRYING OUT THE
INVENTION

[0056] The present invention will be explained in detail
below.

[0057] First, an oligofluorenylene compound of the
present invention will be explained.

[0058] The oligofluorenylene compound of the present
invention is represented by the above general formula (1).

[0059] In the oligofluorenylene compound of the present
invention, n in the above general formula (1) is preferably an

@

[0048] (wherein X* to X* are each a group selected from
the group consisting of a substituted or unsubstituted alkyl
group, aralkyl group, aryl group, and heterocyclic group, a
substituted or unsubstituted alkenyl group, alkynyl group,
amino group, alkoxy group, and sulfide group which have a
connecting group comprising a substituted or unsubstituted
arylene group or divalent heterocyclic group, and a substi-
tuted silyl group and carbonyl group which have a connect-
ing group comprising a substituted or unsubstituted arylene
group or divalent heterocyclic group, which may be the
same or different, and X* and X?, and X> and X* may be
linked to each other to form a ring,

[0049] wherein R* and R are each a group sclected
from the group consisting of a hydrogen atom and a
substituted or unsubstituted alkyl group, aralkyl
group, and aryl group, R* and R* may be the same or
different, and respective R*s and R*’s on different
fluorenylene rings may be the same or different, and

[0050] wherein n is an integer of 1 to 20.)
BRIEF DESCRIPTION OF THE DRAWINGS

[0051] FIG. 1 is a sectional view showing an example of
the organic light-emitting devices of the present invention.

integer from 1 to 4. That is, the compound is preferably one
of a trifluorenylene compound, a tetrafluorenylene com-
pound, a pentafluorenylene compound, and a hexafluore-
nylene compound.

[0060] Additionally, either of the substituents on each
nitrogen atom is preferably a phenyl group having a sub-
stituent in at least the para or ortho position, which is
represented by the following general formula (2).

R’ RO
R7

R? R®

[0061] (R®to R® each are a group selected from the group
consisting of a hydrogen atom, halogen atom, cyano group,
nitro group, substituted or unsubstituted alkyl group, aralkyl
group, aryl group, heterocyclic group, alkenyl group, alky-
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nyl group, amino group, alkoxy group, and sulfide group,
and substituted silyl group and carbonyl group, which may
be the same or different.)

[0062] Moreover, either of the substituents on each nitro-
gen atom is preferably an aromatic polycyclic condensed-
ring group or a heterocyclic group.

[0063] Furthermore, it is preferred that one of the sub-
stituents on each nitrogen atom is a phenyl group that has at
least one substituent in the para- or ortho-position and is
represented by the above general formula (2), and the other
substituent is an aromatic polycyclic condensed-ring group
or a heterocyclic group.

[0064] Specific examples of the substituents in the above
general formulae (1) and (2) are cited below.

[0065] The substituted or unsubstituted alkyl group may
be either linear or cyclic. Examples thereof include a methyl
group, ethyl group, n-propyl group, n-butyl group, n-hexyl
group, n-decyl group, iso-propyl group, iso-butyl group,
tert-butyl group, tert-octyl group, trifluoromethyl group,
cyclohexyl group, cyclohexylmethyl group, etc., although of
course they are not limited to the above.

[0066] Examples of substituted or unsubstituted aralkyl
groups include a benzyl group, phenethyl group, etc.,
although of course they are not limited to those.

[0067] Examples of substituted or unsubstituted aryl
groups include a phenyl group, 4-methylphenyl group,
4-methoxyphenyl group, 4-ethylphenyl group, 4-fluorophe-
nyl group, 3,5-dimethylphenyl group, ditolylaminopheynyl
group, biphenyl group, terphenyl group, naphthyl group,
anthracenyl group, phenanthrenyl group, pyrenyl group,
tetracenyl group, pentacenyl group, fluorenyl group, triph-
enylenyl group, perylenyl group, etc., although of course
they are not limited to those.

[0068] Examples of substituted or unsubstituted heterocy-
clic groups include a pyrrolyl group, pyridyl group, bipy-
ridyl group, methylpyridyl group, terpyrrolyl group, thienyl
group, terthienyl group, propylthienyl group, furil group,
quinolyl group, carbazolyl group, oxazolyl group, oxadiaz-
olyl group, thiazolyl group, thiadiazolyl group, etc.,
although of course they are not limited to those.

[0069] Examples of substituted or unsubstituted arylene
groups include a phenylene group, biphenylene group, 2,3,
5,6-tetrafluorophenylene  group, 2,5-dimethylphenylene
group, naphthylene group, anthracenylene group, phenan-
threnylene group, tetracenylene group, pentacenylene
group, perylenylene group, etc., although of course they are
not limited to those.

[0070] Examples of substituted or unsubstituted divalent
heterocyclic groups include a furanylene group, pyrrolylene
group, pyridinylene group, terpyridinylene group, thiophe-
nylene group, terthiophenylene group, oxazolylene group,
thiazolylene group, carbazolylene group, etc., although of
course they are not limited to those.

[0071] Examples of substituted or unsubstituted alkenyl
groups include a vinyl group, allyl group (2-propenyl
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group), 1-propenyl group, iso-propenyl group, 2-butenyl
group, etc., although of course they are not limited to those.

[0072]
groups include an acetylenyl group, phenylacetylenyl group,

Examples of substituted or unsubstituted alkynyl
1-propynyl group, etc., although of course they are not
limited to those.

[0073]
groups include an amino group, methylamino group, ethy-

Examples of substituted or unsubstituted amino

lamino group, dimethylamino group, diethylamino group,
methylethylamino group, benzylamino group, methylbenzy-
lamino group, dibenzylamino group, anilino group, diphe-
nylamino group, phenyltolylamino group, ditolylamino
group, dianisolylamino group, etc., although of course they
are not limited to those.

[0074] Examples of substituted or unsubstituted alkoxy
groups include a methoxy group, ethoxy group, propoxy
group, 2-ethyl-octyloxy group, phenoxy group, 4-butylphe-
noxy group, benzyloxy group, etc., although of course they
are not limited to those.

[0075]
groups include a methylsulfide group, ethylsulfide group,

Examples of substituted or unsubstituted sulfide

phenylsulfide group, 4-methylphenylsulfide group, etc.,
although of course they are not limited to those.

[0076] Examples of substituted carbonyl groups include
an acetyl group, propionyl group, isobutyryl group, meth-
acryloyl group, benzoyl group, naphthoyl group, anthroyl
group, toluoyl group, etc., although of course they are not
limited to those.

[0077]
groups may have include: alkyl groups and aralkyl groups

Examples of substituents that the above substituted

such as a methyl group, ethyl group, n-propyl group, iso-
propyl group, tert-butyl group, octyl group, benzyl group,
and phenethyl group; alkoxy groups such as a methoxy
group, ethoxy group, propoxy group, 2-ethyl-octyloxy
group, phenoxy group, 4-butylphenoxy group, and benzy-
loxy group; aryl groups such as a phenyl group, 4-meth-
ylphenyl group, 4-ethylphenyl group, 3-chlorophenyl group,
3,5-dimethylphenyl group, triphenylamino group, biphenyl
group, terphenyl group, naphthyl group, anthryl group,
phenanthryl group, and pyrenyl group; heterocyclic groups
such as a pyridyl group, bipyridyl group, methylpyridyl
group, thienyl group, terthienyl group, propylthienyl group,
furil group, quinolyl group, carbazolyl group, and N-ethyl-
carbazolyl group; halogen groups; cyano group; and nitro
group, although of course they are not limited to those.

[0078] Next, typical examples of the fluorenylene com-
pounds represented by the general formula (1) are shown
below. However, the compounds of the present invention are
not limited to these compounds.
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[0079] The compound of the present invention represented
by the general formula (1) is suitable for use in a layer
containing an organic compound in organic light-emitting
devices, especially as a light-emitting layer, an electron-
carrying layer, and a hole-carrying layer. Moreover, a layer
that is formed by a vacuum vapor deposition method,
solution coating method, etc., seldom suffers from crystal-
lization and excels in stability with time.

[0080] The compound represented by the general formula
(1) enables light emission that exhibits an emission spectrum
with a narrower half peak width, that is, even further
superior color purity, by introducing fluorenylene molecules
that have rigid-rod structures to the main chain of the
molecules. Moreover, the introduction of the structure sup-
presses Stokes shift, so that the absorption wavelength can
be shifted to a longer wavelength while suppressing a shift
of the emission wavelength, by adjusting the length of the
fluorenylene chain. Thus, when the compound is used as a
dopant material, this allows use of a host material that has
a light emission spectrum on the relatively long wavelength
side. Furthermore, emission colors can be adjusted by
adjusting the substituents on nitrogen atoms, X* to X*,

[0081] An estimation of oscillator strength by AM1/CN-
DOS calculations suggested that the oscillator strength could
be increased by increasing the length of a fluorenylene chain
from 2 to 3 or greater as in the present invention (calcula-
tions are performed on fluorenylene compounds composed
of —N(Tol), group and 9,9-dimethylfluorenylene chain:

May 19, 2005

oscillator strength 2.126527 for n=2; oscillator strength
2.974588 for n=3; oscillator strength 4.118244 for n=5).
Calculations were carried out by means of Gaussian 98
software. The ground states of the molecules were deter-
mined by using semiempirical AM1 technique, and the
energy level at the excited state was calculated while main-
taining the molecular structure, by calculating configuration
interactions using CNDOS method. Since an increase in
oscillator strength leads to an increase in absorption inten-
sity (Abs), energy transfer smoothly takes place between the
compound and the host material that has an emission spec-
trum at a longer wavelength.

[0082] The compound represented by the general formula
(1) can be used as both a dopant material and a host material
in a light-emitting layer and therefore can provide a device
that exhibits a high color purity, high emission efficiency,
and long lifetime. In particular, when the compound is used
as a dopant material and is combined with a suitable host
material that easily causes energy transfer to take place
between it and the dopant compound, a device that maintains
a high color purity and has higher emission efficiency as well
can be obtained.

[0083] When using the compound represented by the
general formula (1) as a dopant material in a light-emitting
layer, the concentration ratio of the dopant material to the
host material is preferably 0.01% to 50%, more preferably
1% to 10%. Moreover, examples of preferred host materials
include the following compounds, although of course they
are not limited to these.

114
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-continued

[0084] Next, the organic light-emitting device of the
present invention will be explained in detail.

[0085] The organic light-emitting device of the present
invention comprises a pair of electrodes comprising an
anode and a cathode, and one or more layers that are
sandwiched between the pair of electrodes and contain
organic compounds, in which at least one of the layers
containing the organic compounds, preferably a light-emit-
ting layer, contains at least one of the fluorenylene com-
pounds represented by the general formula (1).

[0086] Preferred examples of the organic light-emitting
device of the present invention are shown in FIGS. 1 to §.

[0087] FIG. 1 is a sectional view showing an example of
the organic light-emitting device of the present invention.
FIG. 1 shows a structure comprising a substrate 1 on which
an anode 2, a light-emitting layer 3, and a cathode 4 are
provided in this order. This type of light-emitting device is
suitable for use in the case where the light-emitting device
has that respectively have these characteristics are mixed for
use in the device.

[0088] FIG. 2 is a sectional view showing another
example of the organic light-emitting device of the present

140

invention. FIG. 2 shows a structure comprising a substrate
1 on which an anode 2, a hole-carrying layer S, an electron-
carrying layer 6, and a cathode 4 are provided in this order.
This type of light-emitting device is useful when materials
that have hole-carrying ability or electron-carrying ability,
or both of these abilities are used in the respective layers and
light-emitting materials are combined with hole-carrying
materials or electron-carrying materials that have no light-
emitting property. In this case, a light-emitting layer 3 is
formed of either the hole-carrying layer 5 or the electron-
carrying layer 6.

[0089] FIG. 3 is a sectional view showing another
example of the organic light-emitting device of the present
invention. FIG. 3 shows a structure comprising a substrate
1 on which an anode 2, a hole-carrying layer 5, a light-
emitting layer 3, an electron-carrying layer 6, and a cathode
4 are provided in this order. In this case, carrier transfer
function and light emission function are separated. This type
of the light-emitting device is combined appropriately with
compounds respectively having hole-carrying ability, elec-
tron-carrying ability, and light-emitting ability. Therefore, in
addition to an extremely increased freedom in terms of
selection of materials, the diversity of luminescent hues can
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be achieved because various compounds that have different
emission wavelengths can be used. Moreover, it is possible -continued
to improve emission efficiency because the respective car-
riers or excitons are enclosed effectively in the light-emitting
layer 3 provided in the center of the structure.

[0090] FIG. 4 is a sectional view showing another
example of the organic light-emitting device of the present ' i

O
O

invention. In contrast with FIG. 3, FIG. 4 shows a structure
in which a hole-injecting layer 7 is inserted between an
anode 2 and a hole-carrying layer 5. This structure is
effective for improving the adhesion between the anode 2
and the hole-carrying layer 5 or the hole injecting property,
thus effectively achieving a reduction in required voltage.

e’

a-NPD
[0091] FIG. 5 is a sectional view showing another
example of the organic light-emitting device of the present
invention. In contrast with FIG. 3, FIG. 5 shows a structure
comprising a layer (hole-blocking layer 8) that prevents
holes or excitons from passing toward a cathode 4 is inserted = =
between a light-emitting layer 3 and an electron-carrying
layer 6. This structure effectively enables an improvement in N
emission efficiency by the use of a compound having a very
high ionization potential as the hole-blocking layer 8.

[0092] However, FIGS. 1 to 5 merely show very basic

device structures, to which structures of the organic light-

emitting device using the compound of the present invention H,C
are not limited. For example, various layer structures can be N
prepared, such as providing an insulating layer in the inter-
face between an electrode and an organic layer, providing a | |
adhesion layer or an interfering layer, preparing a hole- N
carrying layer composed of two layers having different

ionization potentials, etc.

/
\
4

CH,

W

/
\
/
/

\
\

[0093] The compound represented by the general formula
(1) can be used in any of the forms depicted in FIGS. 1 to HC
5

as

[0094] The present invention is particularly directed to a

case where the compound represented by the general for- m-MTDATA
mula (1) is used as a constituent of a light-emitting layer and

further, if needed, host materials such as the above exem-

plified compounds 114 to 140 are used. However, hole-

carrying compounds, light-emitting compounds, or electron-

carrying compounds that have already been known can be

used together therewith if needed.

[0095] Examples of these compounds are cited below.

[0096] Hole-Carrying Compounds

A
!

Z|
z---z|---z
Z

—

Z
4

Pc-M

M: Cu, Mg, AIC, TiO, SiCly, Zn, Sn,
MnCl, GaCl, et
TPD
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[0097] Electron-Carrying Compounds
-continued

CHjy CHj
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M: Zn, Mg, Be

TPAC

o]
@]
@]
jas]
fig

3

9290
N
~,
CH, : | N\ i

M; Zn, Mg, Be

et
&
et

H,yC

PDA



US 2005/0106414 A1l May 19, 2005
41

-continued -continued

5
8
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M: Zn, Mg, Be

C0-0

M; Zn, Mg, Be

M: Al, Ga

[0098] Light-Emitting Materials
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C,Hs CoHs
Coumarin6 DCM-1

CoHs
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V
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Nile red Quinacridone
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4?2
-continued
DTPABVi
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Rubrene Coronene
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[0099] Light-Emitting Layer Matrix Materials and Elec-
tron-Carrying Materials

CH,
CH CH{
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[0100] Polymeric Hole-Carrying Materials

—t CH——CHy5— —tCH——CHy— _(.lc_CHﬁn_

0 g
oD

TPA-PMMA

CH,

—tC

C=0

CHyy—

Tpd-PMMA
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-continued
CH,

—6<|:—CH27n—

C=0

NH

Ao
9

O

CH,
CH,
l | I
~ CH,CH,—0CO (lj 0CO——
C

Tpd-PMAA

atats

— —n

TPD-PCA

S

CH;
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R

R: CgHy3,CgHy7,C12Has
Poly thiophene

[0101] Polymeric Light-Emitting Materials and Charge-
Carrying Materials -continued
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-continued

CpHys  CooHos

[0102] In the organic light-emitting device of the present
invention, a layer containing the compound represented by
the general formula (1) and a layer containing another
organic compound can be formed into a thin film generally
by a vacuum vapor deposition method or by a coating
method after dissolving the compound in a suitable solvent.
In particular, when film formation is performed by a coating
method, the compounds can be combined with a suitable
binding resin to form a film.

[0103] The above binding resin can be selected from
various binding resins, such as polyvinylcarbazole resin,
polycarbonate resin, polyester resin, polyarylate resin, poly-
styrene resin, acrylic resin, methacrylic resin, butyral resin,
poly(vinyl acetal) resin, diallyl phthalate resin, phenol resin,
epoxy resin, silicone resin, polysulfone resin, urea resin,
etc., although they are not limited to the above. Moreover,
those resins may be used singly, or one or more resins may
be mixed with each another as a copolymer.

May 19, 2005

example, metal simple substances such as gold, platinum,
nickel, palladium, cobalt, selenium, and vanadium, or alloys
of these, metal oxides such as tin oxide, zinc oxide, indium-
tin oxide (ITO), and indium-zinc oxide can be used. Fur-
thermore, conductive polymers such as polyaniline, poly-
pyrrole, polythiophene, and polyphenylene sulfide can also
be used. These electrode materials may be used singly or in
combination with each another.

[0105] On the other hand, the cathode materials are pref-
erably selected from materials having a small work function.
For example, metal simple substances such as lithium,
sodium, potassium, cesium, calcium, magnesium, alumi-
num, indium, silver, lead, tin, and chromium, or alloys of
these can be used. Metal oxides such as indium-tin oxide
(ITO) can also be used. Additionally, the cathode may be
structured as a single layer or multiple layers.

[0106] The substrates for use in the present invention are
not particularly limited. For example, opaque substrates
such as metal substrates and ceramic substrates, or trans-
parent substrates such as a glass, quartz, and plastic sheet are
used. Moreover, emitted light can be controlled by applying
a color filter film, a fluorescent color conversion filter film,
a dielectric reflection film, etc. to the substrate.

[0107] Besides, a protection layer or a seal layer may be
provided in a prepared device for the purpose of preventing
the device from coming into contact with oxygen or mois-
ture. Examples of the materials for use in the protection
layer include: inorganic material films such as a diamond
thin film, metal oxides, and metal nitrides; polymer films
such as a fluororesin, poly(p-xylene), polyethylene, silicone
resin, and polystyrene resin; and further light-setting resins,
etc. Furthermore, the prepared device can be packaged with
a suitable seal resin by covering the device with a glass, a
gas-impermeable film, metal, etc.

EXAMPLES

[0108] The present invention will be specifically
explained with reference to the following examples, but the
present invention is not limited to these examples.

Example 1

[0104] The anode material is preferably sclected from  [0109] Method for Producing the Exemplified Compound
materials having the greatest work function possible. For ~ No. 40a)
HiC CHy H;C CHj
Pd(PPh3)4/NayCOs aq.
I Q.O [ ' 2 Q O B(OH)Z tOluene/EtOH

H,C CH,
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CH,
HN
Pd(dba),/P(tBu)3/NaOtBu
Xylene l
CHj CHj3

[0110] Under nitrogen flow, 5 g (11.2 mmol) of 2,7-
diiodo-9,9-dimethylfluorene, 9 g (24.7 mmol) of 9,9-dim-
ethylfluorene-2-boronic acid were dissolved in a mixed
solvent of 200 ml of degassed toluene and 100 ml of ethanol
and were stirred. To this solution, 245 ml of an aqueous
sodium carbonate solution prepared by dissolving 51 g of
sodium carbonate anhydride in 250 ml of water was added
dropwise. After stirring for 30 minutes, 1.42 g (1.23 mmol)
of tetrakis(triphenylphosphine) palladium was added. The
mixture was then heated and stirred for about 3 hours on an
oil bath heated to 80° C. After cooling the reaction solution
down to room temperature, 100 ml of water and 100 ml of
ethyl acetate were added thereto, and then the water phase
and the organic phase were separated. The water phase was
then extracted with toluene and ethyl acetate. The extract
was added to the organic phase obtained previously and was
dried with sodium sulfate. After distilling away the solvents,
the residue was purified by column chromatography on
silica gel (toluene:hexane=1:2) and thus 4.9 g of tris(9,9-
dimethylfluorenylene) was obtained.

[0111] Under nitrogen atmosphere, 4.5 g (7.79 mmol) of
tris(9,9-dimethylfluorenylene) was heated and dissolved in
150 ml of nitrobenzene. Then, 2.5 g (15.6 mmol) of bromine
was added dropwise thereto slowly on an oil bath heated to
60° C. and were further stirred for about 2 hours. After
cooling the reaction solution with an ice bath and then

G CH,

stirring for a while, to room temperature, precipitates were
filtrated. The precipitates were recrystallized from toluene,
and after filtration and drying thereof, 3.4 g of dibromide of
tris(9,9-dimethylfluorenylene) was obtained.

[0112] Under nitrogen atmosphere, 156 mg (0.272 mmol)
of palladium bis(benzylidene acetone) and 330 mg (1.63
mmol) of tri-tert-butylphosphine were dissolved in 20 ml of
xylene and were stirred for 15 minutes at room temperature.
To this solution, 1 g (1.36 mmol) of dibromide of tris(9,9-
dimethylfluorenylene) dissolved in 50 ml of xylene was
added dropwise and stirred for 30 minutes on an oil bath
heated to 50° C. Then, 1.15 g (4.08 mmol) of N-(4-
methylphenyl)-N-(9-phenanthryl)amine was dissolved in 20
ml of xylene and added dropwise to the solution. Subse-
quently, 588 mg (6.12 mmol) of sodium tert-butoxide was
added thereto. The mixture was then heated and stirred for
about 5 hours on an oil bath heated to 130° C. After cooling
the reaction solution down to room temperature, 50 ml of
water was added and then the water phase and the organic
phase were separated. The water phase was then extracted
with toluene and ethyl acetate. The extract was added to the
organic phase obtained previously and was dried with mag-
nesium sulfate. After distilling away the solvents, the residue
was purified by column chromatography on silica gel (tolu-
enc:hexane=1:2) and thus 1.2 g of the exemplified com-
pound No. 40a was obtained.
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Example 2

[0113] (Method for Producing the Exemplified Compound

No. 71b)

—

2
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G CH,

Pd(PPh3)4/N8.2CO3 aq.
toluene / EtOH

4

[0114] Under nitrogen flow, 5 g (7.84 mmol) of bis(2-
i0do-9,9-dimethylfluorene), 6.26 g (17.2 mmol) of 9,9-
dimethylfluorene-2-boronic acid were dissolved in a mixed
solvent of 200 ml of degassed toluene and 100 ml of ethanol,
and were stirred. To this solution, 170 ml of an aqueous
sodium carbonate solution prepared by dissolving 36 g of
sodium carbonate anhydride in 180 ml of water was added
dropwise. After stirring this for 30 minutes, 994 mg (0.86
mmol) of tetrakis(triphenylphosphine) palladium was
added. The mixture was then heated and stirred for about 3
hours on an oil bath heated to 80° C. After cooling the
reaction solution down to room temperature, 100 ml of water

+ 2
; H,C 3 ;
H Q
Br

<\
t 4

CH,
Br;
H —_—
PhNO,
4
Pd(dba),/P(tBu)3/NaOtBu
Xylene l

H:C  CHs

-0y

71b

and 100 ml of ethyl acetate were added, and then the water
phase and the organic phase were separated. The water phase
was then extracted with toluene and ethyl acetate. The
extract was added to the organic phase obtained previously
and was dried with sodium sulfate., After distilling away the
solvents, the residue was purified by column chromatogra-
phy on silica gel (toluene:hexane=1:2) and thus 3.92 g of
tetrakis(9,9-dimethylfluorenylene) was obtained.

[0115] Under nitrogen atmosphere, 3 g (3.90 mmol) of
tetrakis(9,9-dimethylfluorenylene) was heated and dissolved
in 150 ml of nitrobenzene. Then, 1.4 g (7.80 mmol) of
bromine was added dropwise thereto slowly on an oil bath
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heated to 60° C. and were further stirred for about 2 hours.
After cooling the reaction solution with an ice bath and then
stirring for a while, precipitates were filtrated. The precipi-
tates were recrystallized from xylene, and after filtration and
drying thereof, 2 g of dibromide of tetrakis(9,9-dimeth-
ylfluorenylene) was obtained.

[0116] Under nitrogen atmosphere, 124 mg (0.216 mmol)
of palladium bis(benzylidene acetone) and 130 mg (0.648
mmol) of tri-tert-butylphosphine were dissolved in 20 ml of
xylene and were stirred for 15 minutes at room temperature.
To this solution, 1 g (1.08 mmol) of dibromide of tetrakis(9,
9-dimethylfluorenylene) dissolved in 50 ml of xylene was
added dropwise and stirred for 30 minutes on an oil bath
heated to 50° C. Then, 694 mg (2.59 mmol) of N-(1-
anthracenyl)-N-(phenyl)amine was dissolved in 20 ml of
xylene and added dropwise to the solution. Subsequently,
374 mg (3.89 mmol) of sodium tert-butoxide was added. The
mixture was then heated and stirred for about 7 hours on an
oil bath heated to 130° C. After cooling the reaction solution
down to room temperature, 50 ml of water was added and
then the water phase and the organic phase were separated.
The water phase was then extracted with toluene and ethyl
acetate. The extract was added to the organic phase obtained
previously and was dried with magnesium sulfate. After
distilling away the solvents, the residue was purified by
column chromatography on silica gel (toluene:hexane=1:2)
and thus 900 mg of the exemplified compound No. 71b was
obtained.

Example 3

[0117] An organic light-emitting device having a structure
shown in FIG. 3 was produced by the following method.

[0118] A transparent and conductive supporting substrate
was used which was produced by forming a film of indium-
tin oxide (ITO) as an anode 2 on a glass substrate as a
substrate 1, the film having a film thickness of 120 nm by
means of sputtering method. This substrate was cleaned
ultrasonically with acetone and isopropyl alcohol (IPA) in
this order. After a boiling cleaning with IPA, the substrate
was then dried. The substrate was further cleaned with
UV/ozone and then was used as a transparent and conduc-
tive supporting substrate.

[0119] Using the compound represented by the following
structural formula as a hole-carrying material, a chloroform
solution was prepared so that the concentration thereof was
0.5% by weight.
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[0120] This solution was added dropwise onto the above-
mentioned anode 2, so that spin coating was carried out to
form a film, firstly with the revolutions kept at 500 rpm for
10 seconds, secondly with the revolutions kept at 1000 rpm
for 1 minute. After forming the film, the film was dried for
10 minutes in a vacuum oven at 80° C., so that the solvents
in the thin film were fully removed. The thickness of the
hole-carrying layer thus formed was 50 nm.

[0121] Then, the above exemplified compound No. 2a was
deposited as a light-emitting layer 3 on a hole-carrying layer
5, so that a light-emitting layer 3 having a thickness of 20 nm
was provided. The degree of vacuum at the vapor deposition
was 1.0x10~* Pa, and the film forming rate was 0.2 to 0.3nm
per second.

[0122] Furthermore, a film of aluminum quinolinol (Alg3)
as an electron-carrying layer 6 was formed by vacuum vapor
deposition method so as to have a thickness of 40 nm. The
degree of vacuum at the vapor deposition was 1.0x10™* Pa,
and the film forming rate was 0.2 to 0.3 nm per second.

[0123] Next, using a deposition material comprising an
aluminum-lithium alloy (having a lithium concentration of 1
atom %), a metal film layer having a thickness of 10 nm was
formed on the above organic layer by means of vacuum
vapor deposition method. Subsequently, an aluminum film
was further provided so as to have a thickness of 150 nm by
vacuum vapor deposition method. Thus, an organic light-
emitting device having an aluminum-lithium alloy film as an
electron-injecting electrode (cathode 4) was prepared. The
degree of vacuum at the vapor deposition was 1.0x107* Pa,
and the film forming rate was 1.0 to 1.2 nm per second.

[0124] The organic electroluminescent device thus
obtained was covered with a protection glass in a dry air
atmosphere and sealed with an acrylic resin adhesive, so that
it is not deteriorated due to moisture adsorption.

[0125] Using an ITO electrode (anode 2) as a positive
electrode and an Al—Li electrode (cathode 4) as a negative
electrode, a voltage of 6 V was applied to the device thus
obtained, so that a light emission having an emission bright-
ness of 1600 cd/m?, a maximum brightness of 9100 c¢d/m?,
and an emission efficiency of 1.25 Im/W was observed.

Examples 4 to 9

[0126] Devices were prepared and examined in a similar
manner as in Example 3 except for using the compounds
shown in Table 1 instead of the exemplified compound No.
2a. The results are shown in Table 1.



US 2005/0106414 A1l

TABLE 1

Exemplified Applied Maximum
Compound  Voltage Brightness brightness Efficiency

Example No. V) (cd/m?)  (cd/m?)  (Imyw)
4 13¢ 6 1830 10500 1.35
5 40a 6 1640 9870 1.28
6 50a 6 1960 11200 1.40
7 71b 5 1260 13150 1.46
8 80a 5 1430 14250 1.49
9 108a 6 2090 11310 1.41
Example 10
[0127] The organic light-emitting device that has a struc-

ture shown in FIG. 3 was prepared by the following method.

[0128] A hole-carrying layer § was formed on a transpar-
ent and conductive supporting substrate in a similar manner
as in Example 3.

[0129] Subsequently, the above exemplified compound
No. 6b was deposited as a light-emitting layer on the
hole-carrying layer 5, so that a light-emitting layer 3 having
a thickness of 20 nm was provided. The degree of vacuum
at the vapor deposition was 1.0x10™* Pa, and the film
forming rate was 0.2 to 0.3 nm per second.

[0130] Furthermore, an electron-carrying layer 6 was
formed by forming a film of bathophenanthroline (Bphen)
having a thickness of 40 nm by vacuum vapor deposition
method. The degree of vacuum at the vapor deposition was
1.0x10~* Pa, and the film forming rate was 0.2 to 0.3 nm per
second.

[0131] Next, after forming a cathode 4 in a similar manner
as in Example 1, the device was sealed.

[0132] Using an ITO electrode (anode 2) as a positive
electrode and an Al—Li electrode (cathode 4) as a negative
electrode, a voltage of 6 V was applied to the device thus
obtained, so that a light emission having an emission bright-
ness of 2250 cd/m?, a maximum brightness of 11750 cd/m?,
and an emission efficiency of 1.39 Im/W was observed.

Examples 11 to 14

[0133] Devices were prepared and examined in a similar
manner as in Example 10 except for using the compounds
shown in Table 2 instead of the exemplified compound No.
6b. The results are shown in Table 2.

TABLE 2
Exemplified  Applied Maximum
Compound Voltage Brightness brightness Efficiency
Example No. ) (cd/mz) (cd/mz) (Im/w)
11 23 6 2140 11230 1.38
12 47a 6 1970 10140 1.30
13 6la 6 2230 12500 1.43
14 Tda 5 2180 14200 1.58
Example 15

[0134] A device was prepared in a similar manner as in
Example 3 except for providing a light-emitting layer having

50
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a thickness of 20 nm by co-depositing the above exemplified
compound No. 23 and the above exemplified compound No.
120 (4:100 by weight) as a light-emitting layer 3.

[0135] Using an ITO electrode 2 as a positive electrode
and an Al—Li electrode 4 as a negative electrode, a voltage
of 4 V was applied to the device thus obtained, so that a light
emission having an emission brightness of 1100 cd/m®, a
maximum brightness of 27700 cd/m? and an emission
efficiency of 2.25 Im/W was observed.

Examples 16 to 18

[0136] Devices were prepared and examined in a similar
manner as in Example 15 except for using the compounds
shown in Table 3 instead of the exemplified compound No.
23. The results are shown in Table 3.

TABLE 3

Exemplified Applied Maximum
Compound ~ Voltage Brightness brightness Efficiency

Example No. v (edm®  (ed/m®  (Im/w)
16 40a 4 1240 27200 2.36
17 71b 4 2150 30300 3.20
18 92a 4 2670 32400 3.45
Examples 19 to 21
[0137] Devices were prepared and examined in a similar

manner as in Example 15 except for using the compounds
shown in Table 4 instead of the exemplified compound No.
120. The results are shown in Table 4.

TABLE 4

Exemplified Applied Maximum
Compound ~ Voltage Brightness brightness Efficiency

Example No. ) (cd/mz) (cd/mz) (Im/w)
19 129 4 3720 34300 3.65
20 130 4 3800 33100 3.62
21 132 4 3350 31600 3.24
Example 22
[0138] A device was prepared in a similar manner as in

Example 10 except for providing a light-emitting layer
having a thickness of 20 nm by co-depositing the above
exemplified compound No. 23 and the above exemplified
compound No. 120 (4:100 by weight) as a light-emitting
layer 3.

[0139] Using an ITO electrode 2 as a positive electrode
and an Al—Li electrode 4 as a negative electrode, a voltage
of 4 V was applied to the device thus obtained, so that a light
emission having an emission brightness of 1890 cd/m?, a
maximum brightness of 29200 cd/m®, and an emission
efficiency of 2.501 Im/W was observed.

Examples 23 to 25

[0140] Devices were prepared and examined in a similar
manner as in Example 15 except for using the compounds
shown in Table 5 instead of the exemplified compound No.
23. The results are shown in Table 5.
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TABLE 5
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TABLE 7-continued

Exemplified Applied Maximum
Compound  Voltage Brightness brightness Efficiency

Example No. V) (cd/m?)  (cd/m?)  (Imyw)
23 43a 4 1950 28900 2.66
24 49a 4 2350 34200 3.53
25 6la 4 3100 32300 3.45

Examples 26 to 28

[0141] Devices were prepared and examined in a similar
manner as in Example 15 except for using the compounds
shown in Table 6 instead of the exemplified compound No.
120. The results are shown in Table 6.

Example of CIE chromaticity coordinates
Example devices x.v)
33 19 0.15, 0.11
34 22 0.15,0.11
Comparative Example 1
[0144] A device was produced in a similar manner as in

Example 10 except for using the following comparative

compound in a light-emitting layer 3.

TABLE 6

Exemplified Applied Maximum
Compound ~ Voltage Brightness brightness Efficiency

Example No. % (cdm®  (edm®)  (Im/w)
26 129 3 500 38300 5.64
27 130 3 530 39100 5.68
28 132 3 470 34700 4.20
Example 29
[0142] A voltage was applied to the device produced in

Example 26 for 100 hours with the current density kept at
7.0 mA/cm® in a nitrogen atmosphere. As a result, the initial
brightness was 400 cd/m” and the brightness after 100 hours
was 380 cd/M* and thus deterioration in brightness was
small.

Examples 30 to 34

[0143] The emission spectra of the devices produced in
Examples 4, 5, 11, 19, and 22 were observed by using
MCPD-7000 and the CIE chromaticity coordinates were
measured. The results are shown in Table 7.

TABLE 7
Example of CIE chromaticity coordinates
Example devices X,
30 4 0.15,0.13
31 5 0.15,0.12
32 11 0.15,0.12

[0145] Using an ITO electrode 2 as a positive electrode
and an Al—Li electrode 4 as a negative electrode, a voltage
of 6 V was applied to the device thus obtained, so that a light
emission having an emission brightness of 940 cd/m?, a
maximum brightness of 5050 c¢d/m>, and an emission effi-
ciency of 0.63 Im/W was observed.

[0146] In addition, the emission spectrum of this device
was observed with MCPD-7000 and CIE chromaticity coor-
dinates were measured. The result was (x, y)=(0.16, 0.29).

Comparative Example 2

[0147] A device was prepared in a similar manner as in
Example 10 except for providing a light-emitting layer 3
having a thickness of 20 nm by co-depositing the above
comparative compound and the above exemplified com-
pound No. 129 (4:100 by weight) as a light-emitting layer 3.

[0148] Using an ITO clectrode 2 as a positive electrode
and an Al—Li electrode 4 as a negative electrode, a voltage
of 6 V was applied to the device thus obtained, so that a light
emission having an emission brightness of 1060 cd/m>, a
maximum brightness of 9270 ¢d/m?, and an emission effi-
ciency of 0.82 Im/W was observed.

[0149] In addition, the emission spectrum of this device
was observed with MCPD-7000 and CIE chromaticity coor-
dinates were measured. The result was (x, y)=(0.16, 0.27).

INDUSTRIAL APPLICABILITY

[0150] As explained above, organic light-emitting devices
using the compounds represented by the general formula (1)
exhibit extremely pure luminescent hue, and have light
emission characterized by high efficiency, high brightness,
and long lifetime. In particular, an organic layer containing
the compound represented by the general formula (1) is
excellent as a light-emitting layer.
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[0151] Moreover, the devices can be produced by the use
of vacuum vapor deposition method, casting method or the
like. Large-area devices, therefore, can be produced at a
relatively low cost.

1-7. (canceled)
8. A trifluorenylene light-emitting material represented by
the following general formula:
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a substituted carbonyl group,

any of which has a connecting group comprising a
substituted or unsubstituted arylene group or a sub-
stituted or unsubstituted divalent heterocyclic group,

a substituted or unsubstituted alkyl group,

a substituted or unsubstituted aralkyl group,

wherein X' and X* may be linked to each other to form a
ring;

wherein X® and X* may be linked to each other to form a
ring;

wherein when at least one of X" and X or X and X* does
not form a ring, at least one substituent on each
nitrogen atom is a phenyl group having a substituent in
at least the para- or ortho-position, said phenyl group
substituent being selected from the group consisting of
hydrogen, halogen atom, cyano group, nitro group,
substituted or unsubstituted alkyl group, substituted or
unsubstituted aralkyl group, substituted or unsubsti-
tuted aryl group, substituted or unsubstituted heterocy-
clic group, substituted or unsubstituted alkenyl group,
substituted or unsubstituted alkynyl group, substituted
or unsubstituted amino group, substituted or unsubsti-
tuted alkoxy group, substituted or unsubstituted sulfide
group, subsituted silyl group, substituted carbonyl

group;

wherein X!, X2, X® and X" are otherwise the same or
different and are selected from the group consisting of:

a substituted or unsubstituted alkenyl group,

a substituted or unsubstituted alkynyl group,

a substituted or unsubstituted aryl group, and
a substituted or unsubstituted heterocyclic group; and

wherein R' and R* are the same or different and are
selected from the group consisting of a hydrogen atom,
a substituted or unsubstituted alkyl group, a substituted
or unsubstituted aralkyl group, and a substituted or
unsubstituted aryl group, and respective R*’s and R*’s
on different fluorenylene rings may be the same or
different.

9. The trifluorenylene light-emitting material according to
claim 8, wherein at least one substituent on each nitrogen
atom is an aromatic polycyclic condensed-ring group or
heterocyclic group.

10. The trifluorenylene light-emitting material according
to claim 8, wherein at least one substituent on each nitrogen
atom is a phenyl group having a substituent in at least the
para- or ortho-position, and the other substituent is an
aromatic polycyclic condensed-ring group or a heterocyclic
group.

11. An oligofluorenylene compound represented by the
following general formula (1):

)

a substituted or unsubstituted amino group,
a substituted or unsubstituted alkoxy group,
a substituted or unsubstituted sulfide group,

a substituted silyl group, and

wherein X® and X° and X7 and X® may be linked to each
other to form a ring;

wherein X°, X%, X’ and x® are otherwise the same or
different and are selected from the group consisting of:

a substituted or unsubstituted alkenyl group,
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a substituted or unsubstituted alkynyl group,
a substituted or unsubstituted amino group,

a substituted or unsubstituted alkoxy group,
a substituted or unsubstituted sulfide group,

a substituted silyl group,

a substituted carbonyl group,

any of which has a connecting group comprising a
substituted or unsubstituted arylene group or a sub-
stituted or unsubstituted divalent heterocyclic group,

a substituted or unsubstituted alkyl group,

a substituted or unsubstituted aralkyl group,

a substituted or unsubstituted aryl group, and

a substituted or unsubstituted heterocyclic group;

wherein R and R* are the same or different and are
selected from the group consisting of a hydrogen atom,
a substituted or unsubstituted alkyl group, a substituted
or unsubstituted aralkyl group, and a substituted or
unsubstituted aryl group, and respective R*’s is and
R*s on different fluorenylene rings may be the same or
different; and

wherein n is an integer of 2 to 20.

12. The oligofluorenylene compound according to claim
11, wherein the compound is a tetra-, penta-, or hexafluo-
renylene compound in which n is an integer of 2 to 4.
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13. An organic light-emitting device comprising an anode
and a cathode, and one or more layers containing an organic
compound which are sandwiched between a pair of the
electrodes, in which at least one of the layers containing an
organic compound contains at least one kind of the oligof-
luorenylene compound according to claim 8.

14. An organic light-emitting device comprising an anode
and a cathode, and one or more layers containing an organic
compound which are sandwiched between a pair of the
electrodes, in which a light-emitting layer contains at least
one kind of the trifluorenylene compound according to claim
8.

15. An organic light-emitting device comprising an anode
and a cathode, and one or more layers containing an organic
compound which are sandwiched between a pair of the
electrodes, in which at least one of the layers containing an
organic compound contains at least one kind of the oligof-
luorenylene compound according to claim 11.

16. An organic light-emitting device comprising an anode
and a cathode, and one or more layers containing an organic
compound which are sandwiched between a pair of the
electrodes, in which a light-emitting layer contains at least
one kind of the oligofluorenylene compound according to
claim 11.
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