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(57) Abstract: Provided isan organic light-emitting device capable of outputting light with high efficiency and high luminance. The
organic light-emitting device includes an anode, a cathode, an emission layer placed between the anode and the cathode, and an or -
ganic compound layer placed between the anode and the emission layer, in which the organic compound layer contains the following
compound A and compound B: [Compound A] an organic compound free of anitrogen atom and a metal atom, the compound hav -
ing SP2 carbon atoms and SP3 carbon atoms, and having aratio of the number of the SP3 carbon atoms to the number of the SP2car-
bon atoms of 40% or more; and [Compound B] a compound having atertiary amine structure.
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DESCRI PTI ON
Title of Invention: ORGAN C COVPOUND AND
ORGANI C LI GHT- EM TTI NG DEVI CE

Technical Field

[0001] The present invention relates to an organic conmpound

and an organic light-emtting device using the conpound.
Background Art

[0002] An organic light-emtting device is an electronic

device including a pair of electrodes and an organic
conpound | ayer placed between the electrodes. An
electron and a hole are injected from the pair of

el ectrodes, the electron and the hole reconbine in the
organi c conpound |ayer to produce an exciton of a

| um nous organic compound, and the organic |I|ight-
emtting device emts light when the exciton returns to
its ground state.

[0003]Multiple elenents for an inprovenent in em ssion

[ 0004]

efficiency of the organic light-emtting device exist,
and one of the elenents is to inprove charge (hole and
electron) injection/transport properties. I n addition,
the research and devel opment of a material and device
construction intended for the inmprovenent of the charge
injection/transport properties have heretofore been
performed .

Patent Literature 1 proposes that an inprovement in
hol e transport property be achieved by forming a hole
transport layer from a mxture of different hole
transportable materials. In addition, Patent
Literature 2 discloses an organic light-emtting device
including a layer obtained by doping a tertiary amne
conpound with rubrene or an anthracene conpound.
Further, Patent Literature 3 and Patent Literature 4
propose conpounds shown bel ow
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[ 0005]

[ 0006]

[ 0007]

928 928
99
)
C
O

C-3
C-2

Ctation List
Patent Literature
PTL 1: Japanese Patent Application Laid-QOpen No. 2000-

68064

PTL 2: Japanese Patent Application Laid-Open No. 2003-
77676 ‘

PTL 3: Japanese Patent Application Laid-Open No. 2007-
314510

PTL 4: Japanese Patent Application Laid-Cpen No. 2007_,
314506

Summary of | nvention

Techni cal Probl em

The present invention has been made to solve the

probl ems and an object of the present invention is to
provide an organic light-emtting device capable of
outputting light with high efficiency and high

[ um nance .

Sol ution to Problem

[0008] An organic light-emtting device according to one

enbodi nrent of the present invention includes: an anode;
a cathode; an em ssion |ayer placed between the anode
and the cathode; and an organic conmpound |ayer placed
between the. anode and the em ssion layer, wherein the
organi ¢ conpound |ayer contains the follow ng conpound
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A and conpound B:
[ Conpound A] an organic conmpound free of a nitrogen
atom and a netal atom the conpound having SP2 carbon
atons and SP3 carbon atons, and having a ratio of the
nunber of the SP3 carbon atons to the nunber of the SP2
carbon atons of 40% or nore; and
[ Conpound B] a conmpound having a tertiary anne
structure .
Advant ageous Effects of I|nvention

[0009] According to one enbodiment of the present invention,
it is possible to provide the organic light-emtting
device that outputs light with high efficiency and high
| um nance. It should be noted that the organic
compound of the present invention does not cause
associ ation between its nolecules and has a w de band
gap in a film

[0010] Further features of the present invention wll becone
apparent from the following description of exenplary
enbodi mrents with reference to the attached draw ngs.
Brief Description of Draw ngs

[0011] FIG 1 is a schematic sectional view of a display
apparatus including an organic light-emtting device
and a switching device connected to the organic |ight-
emtting device.
Descri ption of Enbodi nents

[0012 ] Hereinafter , the present invention is described in
detail.

[0013] (1) Organic light-emtting device
First, an organic light-emtting device of the present
invention is described. The organic light-emtting
device of the present invention includes: an anode; a
cathode; an em ssion |ayer placed between the anode and
the cathode; and an organic conmpound |ayer placed
between the anode and the em ssion |ayer.

[0014] In the present invention, the organic conmpound | ayer
contains the following conpound A and conpound B:
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[ 0015]

[ 0016]

[0017]

[ 0018]

[ Conpound A] an aromatic hydrocarbon conmpound having
SP2 carbon atoms and SP3 carbon atons, and having a
ratio of the nunber of the SP3 carbon atoms to the
nunber of the SP2 carbon atons of 40% or nore:; and

[ Conpound B] a compound having a tertiary an ne

structure .
In the present invention, specific constructions of the
organic light-emtting device include at l|east the

following constructions (A to (©

(A (Substrate/) anode/hole transport |ayer/em ssion

| ayer/electron transport |ayer/cathode

(B) (Substrate/) anode/hole injection |ayer/hole
transport |ayer/em ssion |ayer/electron transport

| ayer/ cat hode

(0 (Substrate/) anode/hole transport |ayer/em ssion

| ayer/ hol e -exciton-blocking |ayer/electron transport

| ayer/ cat hode

It should be noted that the present invention is not
limted to the aspects (A to (9 . |In particular, for
exanple, the following aspects (p and (g can also be
included in the specific constructions of the organic
light-emtting device depending on the conpound A in
the organic conpound | ayer.

(D (Substrate/) anode/em ssion |ayer/cathode

() (Substrate/) anode/hole transport |ayer/electron
transport | ayer/cathode.

It should be noted that specific exanples of the
compound A capable of adopting not only the aspects (A
to (o but also the aspects (p and (g are described

| at er. In addition, in the case of the construction

() , an interface between the hole transport |[|ayer and

the electron transport |ayer emts |ight.
In the present invention, the followng may be adopted:
the cathode constituting the organic light-emtting

device is forned on the substrate as an electrode close
to the substrate before the respective |ayers are
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[ 0019]

[ 0020]

[ 0021]

[ 0022]

[ 0023]

f or med. o

In the present invention, the organic conmpound | ayer
incorporated into the organic light-emtting device as
a layer different from the emssion layer is a layer
formed between the anode and the emssion |ayer as
descri bed above. At this tinme, the layer construction
of the organic conpound layer is not limted to a
single layer and nay be a lamnate forned of multiple

| ayers. In the present invention, the organic conpound
layer in the organic light-enmtting device is
preferably a layer having a function of transporting a
hole, and is specificall y’ a hole injection Ilayer, a
hole transport Jlayer, or a lamnate obtained by
lamnating a hole injection layer and a hole transport

| ayer .

Here, the SP2 carbon atons in the conpound A are carbon
atons for formng an unsaturated carbon-carbon bond
(C=C) and are carbon atoms constituting nainly the main
skel eton of the aromatic hydrocarbon conpound. I n
addition, the SP3 carbon atons in the conpound A are
carbon atons for forming a saturated carbon-carbon bond
(GO and are carbon atoms constituting mainly an alkyl
group bonded to the main skeleton of the aromatic
hydrocar bon conpound.

In the present invention, the conpound A is preferably

a compound represented by the following general formula

(11 or [2]
Z— (' A f1) n [ l]
Ar,—Arg [ 2]

In the general formula [1], Zz; represents an aryl group
(aromatic hydrocarbon group) , an aliphatic condensed

pol ycyclic group, a carbon atom or an oxygen atom

[0024 ] Exanpl es of .the aryl group represented by Z; include: a
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[ 0025]

[ 0026]

[0027]

nmonoval ent aryl group such as a phenyl group, a

napht hyl group, a pentalenyl group, 'an indenyl gr oup,
an azul enyl group, an anthryl group, a pyrenyl group,
an indacenyl group, an acenaphthenyl group, a

phenant hryl group, a phenalenyl group, a fluoranthenyl
group, an acephenant hryl group, an aceanthryl group, a
tri phenylenyl group, a chrysenyl group, a naphthacenyl
group, a perylenyl group, a pentacenyl group, a

bi phenyl group, a terphenyl group, or a fluorenyl

group; and a 2- to 6-valent aryl group derived from the
nmonoval ent aryl group (that is, a 2- to 6-valent aryl
group obtained by renmoving 1 to 5 hydrogen atons from
t he nonovalent aryl group) .

Exanpl es of the aliphatic condensed polycyclic group
represented by zi include ring structures listed bel ow

mﬁ&ﬁ%_

Tt should be noted that the substituent (aryl group,

al i phatic condensed polycyclic group, carbon atom or
oxygen atom represented by zi may further have: an

al kyl group such as a nmethyl group, an ethyl group, an
n- propyl group, an isopropyl group, an n-butyl group, a
tert-butyl group, a sec-butyl group, an octyl group, a
1-adamantyl group, a 2-adamantyl group, a cycl ohexyl
group, a cyclopentyl group, or a cyclohexyl nethyl

group; an alkoxy group such as a nethoxy group, an

et hoxy group, an isopropoxy group, an n-propoxy group,
a sec-butoxy group, a tert-butoxy group, or an octoxy
group; an aryl group such as a phenyl group or a phenyl
group having an alkyl group; or a halogen atom such as
chlorine, bromne, or fluorine. Here, when the aryl
group further has an alkyl group, the alkyl group is
preferably an alkyl group having 10 or |ess carbon
atons such as an isopropyl group, an n-propyl group, an
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n-butyl group, a sec-butyl group, a tert-butyl group,
an isoanyl group, an adamantyl group, a cyclohexyl
group, a cyclopentyl group, or a cyclohexylnethyl group.
Any such substituent pronpotes the |engthening of the
lifetime of the organic light-emtting device because
the substituent has good heat stability, plays a ‘
considerable role in preventing nolecular association
in a film and suppresses the crystallization of the
film Of those, a branched alkyl group such as an

i sopropyl group, a tert-butyl group, an isoanyl group,
an adamantyl group, a cyclohexyl group, a cyclopentyl
group, or a cyclohexylnethyl group is nore preferred.
The presence of any such substituent inproves the heat
stability of the conpound itself. Here, when the aryl
group further has an al koxy group, the aryl group is
preferably substituted with an alkoxy group having 10
or less carbon atons such as an isopropoxy group, an n-
propoxy group, a sec-butoxy group, or a tert-butoxy
group as the al koxy group, and an al koxy group having a
branched al kyl group such as an isopropoxy group, a
sec-butoxy group, or a tert-butoxy group is nore
preferred. In addition, when the aryl group further
has a hal ogen atom the halogen atom is preferably
fluorine .

[0028]1n the general fornmula [1], Ari represents an aryl
group, an aliphatic condensed polycyclic group, a
carbon atom or an oxygen atom Specific exanples of
the aryl group and aliphatic condensed polycyclic group
each represented by Ari are the sanme as the specific
exanmples of the aryl group and aliphatic condensed
pol ycyclic group each represented by z. In addition,
when Ari represents an aryl group, the aryl group may
further have a substituent and specific exanples of the
substituent are the sane as the specific exanples of
the substituent which the aryl group represented by z;
may further have. In the general formula [1], Ar,
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preferably represents a phenyl group having an alkyl
group, a fluorenyl group having an alkyl group, a

bi phenyl group having an al kyl group, or a naphthyl
group having an al kyl group.

[0029] In the general formula [1], n represents an integer of
1to s, provided that when 2z, represents a carbon atom
n represents an integer of 1 to 4, and when zi
represents an oxygen atom n represents 1 or 2. Wen n
represents 2 or nore, structures Ar;'s in parentheses
may be identical to or different from each other.

[0030] In the general fornmula [2], Ar, and Ar; each represent
an aryl group or an aliphatic condensed polycyclic
group.‘ Specific exanples of the aryl group and
al i phatic condensed polycyclic group represented by Ar,
and Arg are the same as the specific exanples of the
aryl group and aliphatic condensed polycyclic group
each represented by Z; in the formula [1]. In addition,
when ‘any one of Ar, and Ar; represents an aryl group,
the aryl group may further have a substituent and
specific exanples of the substituent are the sane as
the specific exanples of the substituent which the aryl
group represented by Z; in the formula [1] may further
have. The substituent represented by Ar, or Ar; in the
general fornmula [2] is preferably a phenyl group having
an al kyl group, a fluorenyl group having an alkyl group,
a bi phenyl group having an alkyl group, or a naphthyl
group having an al kyl group.

[0031] Next, the compound B is descri bed. The tertiary anine
structure of the compound B refers to a structure
formed of a nitrogen atom and three kinds of
substituents except hydrogen bonded to the nitrogen
atom The conpound B is a conpound containing one or
nore tertiary amne structures of this type. In
addition, the conpound may be a | ow nolecular weight
conpound or may be a high-nolecular weight conpound.

[0032] when the conmpound having a tertiary amne structure
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serving as the conmpound B is,
t he conpound
gener al

nol ecul ar

t he conpounds

[11] to [17].
[0033]

\
Ary

General formula [11]

Arag Ay
N-Ars-N
Arag Ar;i7
N— Ar4 1
Argo

General formula [14]

Area~ \ X Ares—N

wei ght
listed

conmpound,
in the follow ng

f or

Ar 25
\N A N/Ar27
—Aroa—
/ =N
Arg, Arag

General formula [12]

Ar,;\s \ /Ar51
/N—Ar43-N\
Araz Argq
N—Ar45-N
A r4/8

m Algg

Arss ‘
\

Arsa’N\A’m/N

General formula [17]

[0034] In the general

to Arg, each represent

nonoval ent aryl group,

nonoval ent heterocyclic group, or

unsubstituted, nonoval ent alkyl

forml a [17], m represents an integer
[0035]In addition,

wei ght conmpound, the conpound is,

pol ymer

Ares

formul ae
to Args, Argg to Ary,, Argg to Ars,, Arsg to Arg,,
a substituted or
a substituted or

General formula [15]

[11] to

exanpl e,

PCT/JP2014/060350

a | ow

is any one of

f or mul ae

Afss\N/Af34
Ar /I\ A
30+ r r
/N ~ 2QN < 33
Ar3y Arzp

General formula [13]

Arso\ /Ar5g

h
/I\fsz

’ \A
r

~
I 1
Arse 57

General formula [16]

[17], Ar,i to Ar,,, Arg

and Ar g

unsubsti t ut ed,
unsubsti t ut ed,

a substituted or

group.

for
conpound having any one of the general

In the general

1 to 5.

when the conpound B is a high-nolecul ar
exanple, a

f or mul ae
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[11] to [17] as a repeating unit.

[0036] Exanples of the nonovalent aryl group include

nmonoval ent  substituents such as a phenyl group, a
napht hyl group, a pentalenyl group, an indenyl group,
an azul enyl group, an anthryl group, a pyrenyl group,
an indacenyl group, an acenaphthenyl group, a

phenant hryl group, a phenalenyl group, a fluoranthenyl
group, an acephenanthryl group, an aceanthryl group, a
tri phenylenyl group, a chrysenyl group, a naphthacenyl
group, a perylenyl group, a pantacenyl group, a

bi phenyl group, a terphenyl group, and a fluorenyl
group .

[0037 ] Exanpl es of the nonoval ent heterocyclic group include

nmonoval ent  substituents such as a thienyl group, a
pyrrolyl group, a pyridyl group, an oxazolyl group, an
oxadi azolyl group, a thiazolyl group, a thiadiazolyl
group, a terthienyl group, a dibenzothiophenyl group, a
di benzofuryl group, and a phenanthryl group.

[0038 ] Exanpl es of the nonoval ent al kyl group include

[ 0039]

nonoval ent  al kyl groups such as a nethyl group, an
ethyl group, an n-propyl group, an isopropyl group, an
n-butyl group, a tert-butyl group, a sec-butyl group,
an octyl group, a 1-adamantyl group, and a 2-adanmantyl
group. Of those, an alkyl group having 4 or |ess
carbon atons such as a nethyl group, an ethyl group, an
n- propyl group, an isopropyl group, an n-butyl group, a
tert-butyl group, or a sec-butyl group is preferred.

As a substituent that the nonovalent aryl group, the
monoval ent heterocyclic group, or the nonovalent alkyl
group may have, there are given, for exanple: an alkyl
group such as a nethyl group, an ethyl group, an n-
propyl group, an isopropyl group, an n-butyl group, a
tert-butyl group, a sec-butyl group, an octyl group, a
1-adamantyl group, or a 2-adamantyl group; an aryl
group such as a phenyl group, a naphthyl group, a
pental enyl group, an indenyl group, an azulenyl group,
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an anthryl group, a pyrenyl group, an indacenyl group,
an acenaphthenyl group, a phenanthry.l ‘gr'oup, a

phenal enyl group, a fluoranthenyl group, an
acephenanthryl group, an aceanthryl group, a

tri phenylenyl group, a chrysenyl group, a naphthacenyl
group, a perylenyl group, a pentacenyl group, a

bi phenyl group, a terphenyl group, or a fluorenyl

group; a heterocyclic group such as a thienyl group, a
pyrrolyl group, a pyridyl group, an oxazolyl group, an
oxadi azolyl group, an thiazolyl group, a thiadiazolyl
group, a terthienyl group, a dibenzothiophenyl group, a
di benzofuryl group, or a phenanthryl group; a
substituted amino group such as a dinethylamno group,
a diethylamno group, a dibenzylamno group, a

di phenylam no group, a ditolylamno group, or a

di ani soyl ami no group; an alkoxy group such as a nethoxy
group, an ethoxy group, or a propoxy group (preferably
an al koxy group having 4 or . less carbon atons, e.g., a
met hoxy group, an ethoxy group, a propoxy group, Or an
n- butoxy group) ; an aryloxy group such as a phenoxy
group; a halogen atom such as fluorine, chlorine,
bromine, or iodine (preferably a fluorine atonm ; and a
cyano group.

[0040] In the general formulae [11] to [17], Ar,g, Ar,g, Afrge,
Arg;, Ar,, to Arys, Arg, to Ar.y, and Arg, to Args each
represent a substituted or unsubstituted, di val ent aryl
group, a substituted or unsubstituted, di val ent
heterocyclic group, or a substituted or unsubstituted,
di val ent al kyl group.

[0041] Exanpl es of the divalent aryl group include divalent
substituents derived from a phenyl group, a naphthyl
group, a pentalenyl group, an indenyl group, an
azul enyl group, an anthryl group, a pyrenyl group, an
i ndacenyl group, an acenaphthenyl group, a phenanthryl
group, a phenalenyl group, a fluoranthenyl group, an
'acephenanthryl group, an aceanthryl group, a
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tri phenylenyl group, a chrysenyl group, a naphthacenyl
group, a perylenyl group, a pantacenyl group, a
bi phenyl group, a terphenyl group, and a fluorenyl

group .

[0042 ] Exanpl es of the divalent heterocyclic group include

[ 0043]

[ 0044]

di val ent substituents derived from a thienyl group, a
pyrrolyl group, a pyridyl group, an oxazolyl group, an
oxadi azolyl group, a thiazolyl group, a thiadiazolyl
group, a terthienyl group, a dibenzothiophenyl group, a
di benzofuryl group, and a phenanthryl group

Exampl es of the divalent alkyl group include divalent
al kyl groups derived from a nethyl group, an ethyl
group, an n-propyl group, an isopropyl group, an n-
butyl group, a tert-butyl group, a sec-butyl group, an
octyl group, a 1-adamantyl group, and a 2-adamantyl
group. Of those, a divalent substituent derived from
an al kyl group having 4 or less carbon atoms such as a
met hyl group, an ethyl group, an n-propyl group, an

i sopropyl group, an n-butyl group, a tert-butyl group
or a sec-butyl group is preferred.

As a substituent that the aryl group, the heterocyclic
group, or the alkyl group may have, there are given,
for exanple: an alkyl group such as a nethyl group, an
ethyl group, an n-propyl group, an isopropyl group, an
n-butyl group, a tert-butyl group, a sec-butyl group
an octyl group, a 1-adamantyl group, or a 2-adamantyl
group; an aryl group such as a phenyl group, a naphthyl
group, a pentalenyl group, an indenyl group, an

azul enyl group, an anthryl group, a pyrenyl group, an
i ndacenyl group, an acenapht henyl group, a phenanthryl
group, a phenalenyl group, a fluoranthenyl group, an
acephenant hryl group, an aceanthryl group, a

tri phenylenyl group, a chrysenyl group, a naphthacenyl
group, a perylenyl group, a pentacenyl group, a

bi phenyl group, a terphenyl group, or a fluorenyl

group; a heterocyclic group such as a thienyl group, a
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[ 0045]

[ 0046]

[0047]

[ 0048]

pyrrolyl group, a pyridyl group, an oxazolyl group, an
oxadi azolyl group, an thiazolyl group, a thiadiazolyl
group, a terthienyl group, a dibenzothiophenyl group, a
di benzofuryl group, or a phenanthryl group; a
substituted am no group such as a dinethylamno group,
a diethylamino group, a dibenzylanino group, a

di phenyl am no group, a ditolylamno group, or a

di ani soyl ami no group; an alkoxy group such as a nethoxy
group, an ethoxy group, or a propoxy group (preferably
an al koxy group having 4 or less carbon atons, e.g., a
met hoxy group, an ethoxy group, a propoxy group, Or an
n- but oxy group) ; an aryloxy group such as a phenoxy
group; a halogen atom such as fluorine, chlorine,
bromine, or iodine (preferably a fluorine aton) ; and a
cyano group.

In the general fornula [11], Ar,, to Ar,;, may be
identical to or different from one another. In
addition, any one of the conbi nations of Ar,i and Ar,,,
As2i and Ar,,, and Ar,, and Ar,, may wind in a ring (that
is, for exanple, Ar,, and Ar,, may be bonded to turn
into -Ar -Ar,,-, thereby forning a ring with N) to form
a nitrogen-containing heterocyclic skeleton such as a
car bazol e skel et on.

In the general formula [12], Ar,, to Ar,, may be
identical to or different from one another. In
addition, any one of the conbinations of Ar,, and Ar .,
and Ar,s and Ar,, my wind in a ring to form a nitrogen-
containing heterocyclic skeleton such as a carbazole

skel et on.
In the general formula [13], Ar,;, to Ar,; may be
identical to or different from one another. In

addition, any one of the conbinations of Ar,, and Arg,
Ar,, and Ar,,, and Ar,, and Ar,s may wind in a ring to
form a nitrogen-containing heterocyclic skeleton such
as a carbazole skel eton.

In the general formula [14], Arg and Ar,, may be
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[ 0049]

[ 0050]

[ 0051]

[ 0052]

identical to or different from each dther. I'n addition,
in the general fornula [14], Ar,, to Ar,, may be
identical to or different from one another. In
addition, any one of the conbinations of Ar,s and Ar g,
and Ar,o and Ar,, may wind in a ring to form a nitrogen-
containing heterocyclic skeleton such as a carbazole
skel eton .

In the general formula [15], Ar,; to Ary, may be

identical to or different from one. another. In
addition, in the general formula [15], Arg to Argi may
be identical to or different from one another. In

addition, any one of the conbinations of Args, and Arg,,,
and Ar,g and Ar ., may wind in a ring to form a nitrogen-
containing heterocyclic skeleton such as a carbazole
skel et on.

In the general formula [16], Ars, to Argy may be

identical to or different from one another. In
addition, in the general formula [16], Arsg to Arg, may
be identical to or different from one another. In

addition, any one of the conbinations of Args and Ar g,
Arg; and Arg,, and Arsg and Argo may wind in a ring to
form a nitrogen-containing heterocyclic skeleton such
as a carbazole skeleton.

In the general formula [17], Argi to Arg, may be

identical to or different from one another. In
addition, in the general fornula [17], Arg to Arg, may
be identical to or different from one another. In

addition, a conpound according to the general fornula
[17] conprehends a polyner conpound having a |arge |
nunber (m value) of repeating units.

The organic light-enmitting device of the present
invention includes at |east one organic conpound | ayer
(such as a - hole transport |ayer or an electron-bl ocking
| ayer) between the anode and the emnission |ayer. In
addition, the organic conpound |ayer contains the
compound A and the conpound B. Thus, the organic
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light-emitting device of the present invention has good
em ssion efficiency.

[0053] The inventors of the present invention have produced an
organic light-emtting device having a device
construction shown in Table 1 below by using compounds
shown below with a view to investigating the operation
and effect of the incorporation of the conpound A and
the conpound B into the organic conpound |I|ayer forned
between the anode and the em ssion |ayer. It should be
noted that multiple conmpounds different from each other
in SP3 carbon atom content were prepared as conpounds
each serving as the compound A. Details about the
foregoing are described below.

[0054 ] <Conpound used as conpound A>
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[ 0055] Table 1

16

used as compound B>

PCT/JP2014/060350

Constituent material Thickness [nm]
Anode ITO -
Compound A
. Compound B (BC-4)
Organic compound layer (compound A: compound B 30
=2:1 (weight ratio))
c-2 (host)
. , c-1 (guest)
Emission layer (host :guest=95:5 20
(weight ratio))
Hole-blocking layer c-3 40
Electron transport layer | c-4 20
First electrode layer .
{cathode) LiF 0.5
Second electrode layer
(cathode) Al 1,500
[0056] The produced organic light-emtting device was
evaluated for its em ssion efficiency, external quantum
yield, and chromaticity coordinates when caused to emt
light under the condition of 2,000 cd/ m2.
[0057] By the way, the relative ratio (% of the SP3 carbon
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atons in the conpound A can be determned from the
following equation. It should be noted that the
resultant value is rounded off to the nearest integer.

[ Nunber of SP3 carbon atoms in conpound A]/ [nunber of
SP2 carbon atons in conmpound A]*100
[0058] Table 2 below shows the results of the evaluations of
the enmission efficiency, the external quantum vyield,
and the chromaticity coordinates.
[ 0059] Table 2
Compound SP? carbon atom Emission External Chromaticity
used as [relative efficiency quantum yield coordinates
compound A ratio, %] [cd/A] (%] (x, v]
AC-6 109 13.0 7.0 (0.15, 0.26)
AA-1 92 11.7 6.5 (0.16, 0.26)
AA-T7 87 11.3 6.3 (0.16, 0.26)
AR-9 65 11.1 6.2 (0.16, 0.26)
AB-3 53 | 12.3 6.9 (0.16, 0.25)
AB-7 44 11.5 6.6 (0.15, 0.25)
AB-6 42 12.1 6.8 (0.15, 0.25)
AZ-1 25 8.8 4.9 (0.16, 0.24)
Az_z O _ [Note 1]
AZ-3 0 7.8 4.3 (0.15, 0.25
(None) - 8.3 4.7 (0.15, 0.25)
[Note 1] AZ-2 emits light.
[0060] It is understood from Table 2 that the enission
efficiency is inproved by incorporating, into the
organic conpound l|ayer fornmed between the anode and the
em ssion layer, a conpound having a relative ratio (%
of the SP3 carbon atoms of 40% or nore out of the
organi c conpounds each used as the conpound A together
with the conpound B as a hole transportable conpound.
[0061] The result probably originates from the .fact that an
operation and effect described below are exhibited.
[0062] SP3 carbon atons generally have the following features
(la-1) and (la-2)
(la-1) a feature that an SP3 carbon atom suppresses
i nt ermol ecul ar stacking in a film to suppress the
contraction of a band gap; and
(la-2) a feature that there is no absorption (derived
from a substituent (such as an alkyl group or an
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al i phatic condensed polycyclic group) constituted of an
SP3 carbon aton)) in a visible region.

[0063 ] Meanwhi |l e, SP2 carbon atonms generally have the

[ 0064]

[ 0065]

[ 0066]

followng features (lb-1) and (lb-2):

(Ib-1) a feature that the SP2 carbon atoms each
generally have absorption in the visible region (an
absorption region shifts to |onger wavelengths as the
linking nunber of their aromatic rings increases or the
nunber of their condensed rings increases) ; and

(Ib-2) a feature that a band gap contraction effect in
which a band gap in a thin-film state narrows as
compared with that in a dilute solution state occurs.

It should be noted that the feature (Ib-2) is a feature
caused by the fact that a stacking interaction is
strengthened by the presence of a |arge anount of

el ectrons delocalized by n-electron systens on a rigid
pl anar structure and SP2 hybrid orbital. In addition,
the feature (I1b-2) becones nore significant as the
number of n-electrons increases. _

In view of the foregoing, increasing the relative ratio
(w of (the nunmber of) the SP3 carbon atonms in the
conpound A to the number of the SP2 carbon atons in the
corrpbund A leads to a preventing effect on the
contraction of the band gap of the conpound B as a
compound containing a tertiary amne structure. Thus,
the diffusion and injection of an exciton and electron
from the em ssion |ayer can be suppressed. As a result,
the em ssion efficiency inproves.

In contrast, when a conpound having a low (less than
40% relative ratio of (the nunber of) SP3 carbon atons
or a relative ratio of zero, e.g., Conpound AZ-2 is
used as the conpound A, the band gap additionally
narrows and hence light emssion from AZ-2 is observed.
Accordingly, an em ssion spectrum derived from Conpound
c-1 incorporated into the emssion |ayer as a dopant is
not obt ai ned. In addition, when any one of Conpounds
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[ 0067]

AZ-1 and AZ-3 is used, the resultant efficiency is
substantially the sanme as that of an organic |ight-
emtting device that does not contain a conpound
serving as the compound A and hence no inprovenment is
observed.

The matters described above are summarized as follows:
the emission efficiency inproves as an SP3 carbon atom
in an alkyl group or the l|like of an organic conpound
corresponding to the compound A is incorporated in a
certain amount or nore, in other words, the ratio of a
substituent (such as an alkyl group) forned of an SP3
carbon atom in a nolecule increases. In addition, as
shown in Table 2, the inproving effect- on the enission
efficiency appears when the relative ratio (% of the
SP3 carbon atons is 40% or nore. In the present
invention, the relative ratio (% of the nunber of the
SP3 carbon atonms in the conpound A to the nunber of the
SP2 carbon atons in the conpound A is preferably 80% or
nore .

[0068 ] However, it is not preferred to use a compound forned

[ 0069]

[ 0070]

only of an SP3 carbon atom as the conmpound A because
the conmpound inhibits carrier transpbrt. Accordi ngly,
a carrier-transporting function needs to be secured by
incorporating a certain anmount of an SP2 carbon atom
into the conmpound.

The structure and substituent of the conpound A are not
particularly limted as long as the conmpound has a
relative ratio (% of the SP3 carbon atons of 40% or
nor e. However, the conpound is preferably of a
structure free of a nitrogen atom and a netal atom
because the difficulty wth which the conmpound
interacts with the conpound B is preferably high.

In addition, Ar,; and Z; in the general formula [1], and
Ar, and Ar; in the general fornmula [2] are each nore
preferably of a structure having a w de band gap.
Specifically, the structure contains an aryl group such
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[ 0071]

[0072]

[0073]

as a phenyl group, a fluorenyl group, a biphenyl group,
or a naphthyl group. This is because the structure has
suppressing effects on the novenent of an exciton and
the injection of an electron.

In addition, a mxing ratio between the conpound A and
conpound B in the organic conpound |ayer is not
particularly limted. However, a higher ratio of the
conpound A may inprove the emission efficiency and a
hi gher ratio of the conpound B may reduce the driving
voltage of the device. Accordingly, when conpatibility
between high efficiency and |lowvoltage driving is to
be achieved, the ratio (mxing ratio, weight base) of
the conpound B in the organic conpound layer is
preferably 10wt% to 90wt % nore preferably 20wm% to
70m % with reference to the total of the conmpound A and
t he conmpound B.

It should be noted that in the present invention, an
assist material that may pronote carrier injection may
be incorporated into the organic conpound |ayer in
addition to the conpound A and the conpound B.

Specif ic exanples of the compound A are shown bel ow
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[0074)]

AAAT AA-18

w Q'O oG age
0.0 O.Q >°<

AA-20 AA-21 AA-22 AA-23



WO 2014/163211 29 PCT/JP2014/060350

[0075
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[ 0079]

S NS Y
-0

AE-3

AE-1 AE-2

[o080] Of the listed conmpounds, Exenplified Conmpounds AA-1 to
AA-35 are each a conpound havi ng the followng feature:
the conpound has a wide band gap and a high gl ass
transition tenperature.

[0081] Of the listed compounds, Exenplified Conpounds AB-1 to
AB-11 are a group of conpounds in each of which Ari
represents, or Ar, and Ar,; each represent, a biphenyl
group. Each conpound belonging to the conpound group
has a wide band gap and a low sublimation tenperature
because the compound has a rotation axis in a biphenyl
skel eton .

[0082] Of the l|isted conpounds, Exenplified Conpounds AC-1 to

~ AC-17 are a group of conpounds in each of which Ar;
represents, or Ar, and Ar; each represent, a phenyl

group. Here, in the compound group, a conpound having
a wide band gap is easily designed because the band gap
of a phenyl group is wde. In addition, the

sublimation tenperature of the conpound can be reduced
because its nolecular weight can be reduced.

[0083] Of the l|isted conpounds, Exenplified Conpounds AD-1 to
AD-5 are a group of conpounds in each of which Ari
represents, or Ar, and Ar; each represent, a naphthyl
group. Each compound belonging to the conpound group
has the following feature: the conpound has a w de band
gap and a high glass transition tenperature.

[0084] Of the l|isted conpounds, Exenplified Conpounds AE-1 to
AE-3 are a group of conpounds in each of which Ari
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represents, or Ar, and Ar; each represent, a phenanthryl
group. Each conmpound belonging to the conpound group
has the following feature: the conpound has a w de band
gap and a high glass transition tenperature, though
having a large nolecular weight.

[0085] Next, specific exanples of the compound B are shown.

[ 0086]
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(q represents an integer of 1 or more.)

[0090] The organic light-emtting device of the present
invention, in particular, the conpound A (orgahic
conpound free of a nitrogen atom and a netal atom) and
t he compound B (compound having a tertiary am ne
structure) as main constituent materials have been
descri bed above. However, the constituent nmterials
for the organic light-emtting device of the present
invention are not limted to the conmpound A and the
conpound B. It should be noted that any other
constituent nmaterial to be incorporated into the
organic light-emitting device of the present invention
is separately described.

[0091] (2) Organic conpound
Next, an organic conmpound of the present invention is
descri bed. The organic conpound of the present
invention is a conpound represented by the follow ng
general formula [3] or [4]
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[ 0092]
R1 R9 Rg Ry
Rz ' R
O O ° [3)
R3 R
R 5
4 m
Z7
[4]
[0093].In the general formula [3], Z, represents a naphthyl
group, a fluorenyl group, a phenanthryl group, a
tri phenyl enyl group, an aliphatic condensed polycyclic

group, a carbon atom or an oxygen atom That is, Z,

represents a nonovalent group, i.e., a naphthyl group,
a fluorenyl group, a phenanthryl group, or a
tri phenyl enyl group, a 2- to 6-valent group derived

from the nonovalent group, an aliphatic condensed
polycyclic group, a carbon atom or an oxygen atom It
should be noted that the substituent represented by Z,
may further have an alkyl group, an alkoxy group, an
aryl group, or a halogen atom It is preferred that Z,
represent an aliphatic condensed polycyclic group,
carbon atom or oxygen atom that nmay further have an
al kyl group, an alkoxy group, an aryl group, or a
hal ogen atom

[0094] Exanpl es of the aliphatic condensed polycyclic group
represented by Z, include substituents derived from
aliphatic condensed polycyclic conmpounds shown bel ow.
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[ 0095]

[ 0096]

[ 0097]

[ 0098]

[ 0099]

[ 0100]

[0101]

6? Y-S

It should be noted that the substituent represented by
Z, may further have: an alkyl group such as a nethyl
group, an ethyl group, an n-propyl group, an isopropyl
group, an n-butyl group, a tert-butyl group, a sec-
butyl group, an octyl group, a 1l-adamantyl group, a 2-
adamantyl group, a cyclohexyl group, a cyclopentyl
group, or a cycl ohexyl et hyl group; an al koxy group
such as a nethoxy group, an ethoxy group, an isopropoxy
group, an n-propoxy group, a sec-butoxy group, a tert-
but oxy group, or an octoxy group; an aryl group such as
a phenyl group or a phenyl group having an al kyl group;
or a halogen atom such as chlorine, bromne, or
fluorine .

In the general formula [3], R; to Ry each represent a
hydrogen atom an alkyl group, an alkoxy group, or a
hal ogen atom provided that at least two of the
substituents represented by Ri to Ry are al kyl groups.
In the general fornmula [3], m represents an integer of
1 to s, provided that when Z, represents a carbon atom
m represents 1 to 4, and when Z, represents an oxygen
atom m represents 1 or 2. Wen m represents 2 or nore,
structures in parentheses may be identical to or
different from each other.

m preferably represents 2 or nore because crystallinity
is reduced and film property is inproved.

In the general formula [4], Ri;; to R,g each represent a
hydrogen atom an alkyl group, an al koxy group, or a
hal ogen atom provided that at least two of the
substituents represented by R;; to R,8 are alkyl groups.
The al kyl group represented by any one of R; to Ry and
Rn to R,8 is preferably an alkyl group having 10 or'

| ess carbon atons. Exanmpl es thereof include a nethyl
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[ 0102]

group, an ethyl group, an n-propyl group, an isopropyl
group, an n-butyl group, a tert-butyl group, a sec-
butyl group, an octyl group, an isoanyl group, a 1-
adamantyl group, a 2-adamantyl group, a cycl ohexyl
group, a cyclopentyl group, and a cycl ohexyl net hyl

group. The introduction of any such substituent

i nproves the heat stability of the compound itself. In
addition, the introduction of any such substituent can
prevent internolecular association when the compound is
formed into a film and hence can suppress the
crystallization of the film and provide a long-lifetine
organic light-emtting device. Of those, a branched

al kyl group such as an isopropyl group, a tert-butyl
group, an isoanyl group, an adamantyl group, a

cycl ohexyl group, a cyclopentyl group, or a

cycl ohexyl et hyl group is nore preferred. This is
because the introduction of any one of those
substituents additionally inproves the heat stability
of the conpound itself. |

The al koxy group represented by any one of R; to Rg and
Ri; to rRe8 is preferably an alkoxy group havi ng 10 or

| ess carbon atons. Exanpl es thereof include a methoxy
group, an ethoxy group, an isopropoxy group, an n-
propoxy group, a sec-butoxy group, a tert-butoxy group,
and an octoxy group. Of those, an alkoxy group in
which a branched alkyl is introduced such as an

i sopropoxy group, a sec-butoxy group, or a tert-butoxy
group is nore preferred.

[0103 ] Exanpl es of the halogen atom represented by any one of

[ 0104]

Ri to Ry and Ry; to Ry include chlorine, bromne, and
fluorine. Of those, fluorine is preferred because it
has a large preventing effect on the association of
fluorene skeletons in the nolecules.

In the present invention, the organic conpound
represented by the general formula [3] is preferably an
organi c conpound represented by the follow ng general
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formula 1[5 . In addition, the organic conpound
represented by the general forrmula 1[4 is preferably an
organi ¢ conpound represented by the follow ng general
formula [6].

[ 0105]

Rg.Rs

Rz O'Q Re (5]

[6]

[0106] In the general formula [5], Z;; represents a naphthyl
group, a fluorenyl group, a phenanthryl group, a
tri phenylenyl group, an aliphatic condensed polycyclic
group, a carbon atom or an oxygen atom It should be
noted that the substituent represented by Z;; may
further have an al kyl group, an alkoxy group, an aryl
group, or a halogen atom It is preferred that Z;,
represent an aliphatic condensed polycyclic group,
carbon atom or oxygen atom that may further have an
al kyl group, an alkoxy group, an aryl group, or a
hal ogen atom

[0107] Specif ic exanples of the aliphatic condensed polycyclic
group represented by Z,; are the same as the specific
exanpl es of the aliphatic condensed polycyclic group
represented by Z, in the general forrmula [31 . In
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[ 0108]

[ 0109]

[0110]

addition, specific exanples of the alkyl group, alkoxy
group, aryl group, or halogen atom which the
substituent represented by Z;; may further have are the
same as the specific exanples of the alkyl group,

al koxy group, aryl group, or halogen atom which the
substituent represented by Z, in the general fornula

(3] may further have.

In the general formula [5], mrepresents an integer of
1to e, provided that when Z;; represents a carbon atom
m represents 1 to 4, and when Z;; represents an oxygen
atom m represents 1 or 2. Wen m represents 2 or nore,
structures in parentheses may be identical to or
different from each other.

R,, Rg., Rs, Ro, R;,, Riz, Rig, Rig, R1, R4, R27, and Ry,
each represent an alkyl group or an al koxy group, and
may be identical to or different from one another. In
the present invention, R,, R¢. Ry, and Ry in the general
formula [5], and R,,, Rig, Rig, Ry9, R,;, Ry, R7, and R,
in the general fornula [6 each preferably represent an
al kyl group or an al koxy group. The reason for the
foregoing is that the substitution of any one of the 2-,
7-, and 9-positions of a fluorene skeleton with an

al kyl group or an alkoxy group can surely prevent the
associ ation of fluorene skeletons between nolecules.

In other words, when a conmpound is formed into a film
the occurrence of internolecular association |engthens
the wavel ength of its band gap as conpared with that in
a dilute solution state, but each of the organic
conpounds represented by the general formulae [3] and
[4 can prevent the lengthening of the wavelength of
its band gap because internolecular association is
suppressed even when the conmpound is forned into a film
Each of the organic conpounds represented by the
general formulae ([3] to [6] has such features as

descri bed bel ow

(i) the conpound has a wide band gap and the first peak
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value (peak value at the |ongest wavelength) of its
absorption spectrum in a dilute solution is less than
400 nm; and .
(ii) the conmpound has a high |owest excited triplet
state (Ti) and the first peak value (peak value at the
shortest wavelength) of its phosphorescence em ssion
spectrum in a lowtenperature dilute solution is less
than 520 nm

[OI1jAs described later, the fluorene skeleton as a nother
skel eton in the organic conmpound of the present
invention is a skeleton having a first peak value of
its absorption spectrum in a dilute solution state of
303 nm and having a w de band gap. In addition, the
organi ¢ conpound represented by the general fornula [3]
is such a conpound that a carbon atom at the 4-position
of the fluorene skeleton is substituted with the
substituent Z,, but the introduction of a substituent
to the 4-position of the fluorene skeleton enlarges
steric hindrance. In that case, conjugation between
the substituent Z, and the fluorene skeleton is broken,
and hence the band gap of the conpound itself
originates from the structure of one havi ng the
narrower band gap out of Z, and the fluorene skeleton.

[0112] By the way, Z, represents a divalent or nore aronmatic
hydrocarbon group, aliphatic condensed polycyclic group,
carbon atom or oxygen atom that nmay have a substituent
(an al kyl group, an al koxy group, an aryl group, or a
hal ogen aton) . |In particular, when Z, represents an
aromatic hydrocarbon group, the conpound is selected
from aromati ¢ hydrocarbon conpounds each having a first
peak value of its absorption spectrum in a dilute
solution in a dilute solution state of less than 400 nm
and each having a w de band gap.

[0113] Here, as shown in Table 3 below, for exanple, the
absorption first peak wavelengths of triphenylene and
phenanthrene are 336 nm and 352 nm respectively.
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[0114] Table 3

Absorption first peak T

Compound waselength [nm? [nm]

c-11 (Triphenylene) 336 435
c—-12 (Phenanthrene) 352 462
c-13 (Fluorene) 303 429
c-21 (Fluoranthene) 362 540
c-22 (Benzofluoranthene) 405 | 566

[0115] Thus, the organic conpound of the present invention has
a wide band gap and the first peak value of its
absorption spectrum in a dilute solution is maintained
at less than 400 nm In addition, the organic conmpound
represented by the general fornmula [3] is of a _
structure in which each of multiple fluorene skeletons
has a bonding hand with Z, at its 4-position.
Accordingly, the first peak value of its absorption
spectrum in a dilute solution i s maintained at |ess
than 400 nm

[0116] Here, the organic conpound of the present invention,
and organic conmpounds (Compounds C-I to C3) according
to Patent Literatures 3 and 4 listed below are conpared
from the viewpoint of the first peak value of an
absorption spectrum in a dilute solution.
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[0117]

[0118]

[0119]

[ 0120]
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Compounds C-1 to C3 above each have a fluoranthene
skel eton or a benzof | uoranthene skeleton in itself.
However, fluoranthene and benzof | uoranthene have narrow
band gaps, and hence the first peak value of the
absorption spectrum of .each of the conpounds in a
dilute solution is 400 nm or nore. For exanple, the
first peak value of Conmpound C-1 is 405 nm

The tendency concerning the band gap described above
holds true for the Ti as well.

The first peak value of the phosphorescence em ssion
spectrum of fluorene, which is the nother skeleton of
the organic compound of the present invention, in a

| ow-tenperature dilute solution is 429 nm In addition,
each (divalent or nore) aromatic hydrocarbon group
represented by Z, is selected from skeletons each
having a first peak value of its phosphorescence
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em ssion spectrum in a lowtenperature dilute solution
of less than 520 nm and each having a high 11 .

Thus, the organic conpound of the present invention has
a high 1i and the first peak value of its
phosphorescence emission spectrum in a |owtenperature
dilute solution is maintained at less than 520 nm On
the other hand, each of Compounds CI, C2, and C3 has
a skeleton (a fluoranthene skeleton or a

benzof | uoranthene skeleton) having a Ti |lower than that
of the (divalent or nore) aromatic hydrocarbon group
represented by Z,. Accordingly, the first peak value of
t he phosphorescence em ssion spectrum of each of the
conpounds in a lowtenperature dilute solution is 520
nm or nore. For exanple, the first peak values of
fluoranthene and benzof |uoranthene are 540 nm and 566
nm respectively. For information, the Ti of Conpound
C | having a fluoranthene skeleton is 557 nm

Here, Table 4 below shows an absorption first peak
wavel ength (first peak at |onger wavelengths) in an
absorption spectrum in a toluene dilute solution and a
phosphorescence em ssion peak wavelength at 77 Kin a
toluene dilute solution.

[0123] Table 4

, Absorption first peak T,
Compound wavelength (nm) (nm)
Exemplified
Compound AA-1 308 444
Exemplified
Compound AA~9 308 505
Exemplified -
Compound AA-20 303 443
Compound c-1 405 557
Compound c-11 336 435
Compound c-12 352 462
Compound c-13 303 429
Compound c-21 362 540
Compound c-22 405 566

(Note 1) The absorption first peak wavelength is
defined from the peak wavel ength of the toluene
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solution (IxICT® nol/1) at the |ongest wavel ength. It
should be noted that a spectrophotonmeter U 3010
manufactured by Htachi, Ltd. is used in the

measur enent

(Note 2) The toluene solution (1X104 nol/1) is cooled
to 77 K, its phosphorescence em ssion conmponent is
nmeasured at an excitation wavelength of 320 nm and the
peak wavel ength at the shortest wavelength is defined
as the 1y. It should be noted that a spectrophbtometer
U- 3010 manufactured by Hitachi, Ltd. is used in the
measur enent

By the way, the structure of the entire nolecule of
each of the organic conmpounds represented by the
general fornmulae [3] and [4] is non-planar because the
conpound is bonded to an adjacent substituent at the 4-
position of its fluorene skeleton. When the organic
conpound of the present invention is brought into a
thin-film state, the film becones an anorphous film
that hardly crystallizes and is stable by virtue of the
presence of the foregoing feature. In addition, the
presence of the feature can suppress the occurrence of
an excimer because the presence suppresses the
occurrence of internolecular stacking.

By virtue of the foregoing features, the organic
conpound of the present invention is useful as a
constituent material for an organic light-emtting
device, specifically, a host to be incorporated into
its em ssion |ayer. In addition, the organic conpound
of the present invention can provide an organic Ii'ght-
emitting device having high device durability because
an anorphous film that hardly crystallizes and is
stable can be formed from the conpound.

In addition, the conpound has a wide band gap and a T;
of less than 520 nm Accordingly, when the conpound is
used as a host for a blue fluorescent |Ilight-emtting
material or for a blue or green phosphorescent [|ight-
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emtting material out of the hosts, light em ssion
derived froma light-emtting dopant can be output.
Here, its features, i.e., a wide band gap and a T; of
less than 520 nm exhibit a large suppressing effect on
the diffusion of an exciton from the enission Iayer,
and hence the conpound is also useful as a transport
| ayer such as a hole transport |ayer or an electron
transport layer, or a layer for blocking a charge such
as an electron-blocking |layer or a hol e-blocking Iayer.
[0127] Specific exanples of the organic conpound of the
present invention are |isted below



WO 2014/163211 40 PCT/JP2014/060350

[ 0128]

AA-3S
[0129] Of the listed compounds, Exenplified Conpounds AA-1 to
AA-4 are a group of conpounds each corresponding to the

organi c conpound represented by the general formula 1[4] .
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Each of those compounds has a high deposition speed at
the time of its vacuum deposition because of the
following reason: the conpound has a small nolecular
wei ght, and hence has high sublimability and sublimates
at a | ow tenperature.

Of the listed conpounds, Exenplified Conpounds AA-9 to
AA-11 are a group of compounds each corresponding to
the organic conpound represented by the general fornula
[3] and are a group of conpounds in each of which Z,
represents a naphthyl group or a fluorenyl group. The
Ti's of the compounds thenselves are high because each
of a naphthyl group and a fluorenyl group is a
substituent having a 11 of 500 nm or less. Accordingly,
the use of any such conpound as a host to be
incorporated into an em ssion |ayer constituting an
organic light-emtting device or as a constituent
material for a charge transport |ayer or charge-

bl ocking layer may inprove its emission efficiency.

The conmpounds are particularly preferred in green
phosphorescent light-emtting devices.

Of the listed conpounds, Exenplified Conpounds AA-17 to
AA-19 are a group of conpounds each corresponding to
the organic conpound represented by the general formula
[3] and are a group of conmpounds in each of which Z,
represents a carbon atom or an aliphatic condensed

pol ycyclic group. Each conpound belonging to the
conpound group is of such a structure that conjugation
with a fluorene skeleton does not occur. .Acc'ordi ngly,
both of its band gap and Ti enl arge. Therefore, the
conpound is preferred in a blue phosphorescent device.
Of the listed compounds, Exenplified Conpounds AA-20 to
AA-23 are a group of conpounds each corresponding to
the organic conpound represented by the general formula
[3] and are a group of conpounds in each of which Z,
represents an oxygen atom Each conpound belonging to
the compound group has a |ow ionization potential
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because the conpound has an electron-donating effect
based on an oxygen atom Accordingly, the use of the
conpound as a host to be incorporated into an em ssion

| ayer constituting an organic light-emtting device or
as a constituent material for a hole transport |ayer or
el ectron-bl ocking |layer pronotes the injection of a
hol e and reduces its driving voltage.

Of the listed conmpounds, Exenplified Conpounds AA-28 to
AA-35 are a group of conmpounds each corresponding to
the organic conpound represented by the general fornula
[31 and are a group of conpounds in each of which Z,
represents an aromatic condensed polycyclic group

obtai ned by condensing three or nore rings. Here, the
aromati c condensed polycyclic group obtained by
condensing three or nore rings is a substituent having
a T, of 580 nm or less and high planarity, specifically,
a phenanthryl group or a triphenylenyl group. Each
conpound belonging to the compound group has a high T,
and hence its use as a host to be incorporated into an
em ssion |ayer constituting an organic light-emtting
device or as a constituent material for a hole
transport | ayer or el ectron-bl ocki ng layer may inprove
its em ssion efficiency.  The conpound is particularly
preferably used as a constituent material for a green
or red phosphorescent light-emtting device. In
addition, each conmpound belonging to the conpound group
has a substituent having high planarity, and hence
carrier hopping between its nolecules nmay be pronoted
and its carrier nobility may be high.

The organic compound of the present invention, which is
mainly used as a constituent material for an organic
light-emitting device, can be used as a material not
only for the organic light-emtting device but also for
a living organism internal indicator or filter film
when the organic conpound of the present invention is
used as a constituent material for the organic |ight-
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emtting device, enbodinments of the organic |ight-
emtting device including the organic conpound of the
present invention are roughly classified into two
enbodi ments, specifically, +the followi ng enbodinents
(2A) and (2B)

(2A) an organic light-emtting device including at

| east an anode, a cathode, an emssion |ayer formed
between the anode and the cathode, and an organic
compound | ayer forned between the anode and the

em ssion |ayer, the organic compound |ayer containing a
compound having a tertiary amine structure; and

(2B) an organic light-emtting device including an
anode, a cathode, and an organic conpound |ayer forned
between the anode and the cathode.

When the organic conpound of the present invention is
used as a constituent material for the organic |ight-
emtting device according to the aspect (24 , the
organi c conmpound of the present invention is
incorporated into the organic conpound |ayer together
with the conpound having a tertiary amine structure
("Conmpound B" described in the section "(1) Oganic
light-emitting device"). Here, the organic conpound

| ayer constituting the organic light-emtting device
according to the aspect (24 is a layer formed between
the anode and the em ssion layer. Accordingly, the
organi c conpound of the present invention is
incorporated into a layer formed between the anode and
the em ssion layer such as a hole transport |Ilayer, a
hole injection layer, or an electron-blocking |ayer.

By the way, the aspect (2B) can be subdivided into the
followng (2B-1) to (2B-3)

(2B-1) an organic light-emtting device including an
anode, a cathode,‘ an emssion |layer fornmed between the
anode and the cathode, and an organic conmpound | ayer
(hole injection/transport | ayer) formed bet ween the
anode and the em ssion |ayer;
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(28—2)' an organic light-emtting device including an
anode, a cathode, an em ssion |layer fornmed between the
anode and the cathode, and an organic conmpound | ayer
(electron injection/transport | ayer) formed between the
cathode and the em ssion |ayer; and

(2B-3) an organic light-emtting device including an
anode, a cathode, and an emi ssion |ayer formed between
the anode and the cathode (an organic light-emtting
device including an em ssion |layer as the "organic
conpound layer" in the aspect (2B) ).

When the organic conmpound of the present invention is
used as a constituent material for the organic 1ight-
emtting device according to the aspect (2B) , exanples
of the organic conmpound |ayer containing the organic
conpound of the present invention include an em ssion

| ayer, a hol e i nj ection/transport | ayer (a hole
injection layer, a hole transport |ayer, or an

el ectron-blocking layer) , and an el ectron
injection/transport | ayer (an electron injection |ayer,
an electron transport |layer, or a hole -exciton-blocking
layer) . In addition, when the organic conpound of the
present invention is used as a constituent material for
the organic light-emtting device according to the
aspect (2B) , the layer containing the organic conmpound
of the present invention may be a single |ayer or my
be multiple layers. Further, when the organic conpound

~of the present invention is used as a constituent

[ 0139]

material for the organic light-emtting device
according to the aspect (2B), the layer containing the
organi ¢ conmpound of the present invention may be a

| ayer forned only of the organic conmpound of the
present invention, or may be a layer obtained by m xing
the organic compound of the present invention and any
ot her conpound.

The basic construction of the organic light-emtting
device including the organic conpound of the present
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invention is, for exanple, described in each of the
following constructions (a) to (e , provided that the
present invention is not limted thereto.

(a) (Substrate/) anode/em ssion |ayer/cathode

(b) (Substrate/) anode/hole transport |ayer/electron
transport | ayer/cathode

(c) (Substrate/) anode/hole transport |ayer/em ssion

| ayer/electron transport |ayer/cathode

(d) (Substrate/) anode/hole injection |ayer/hole
transport |ayer/em ssion |layer/electron transport

| ayer/ cat hode

(e) (Substrate/) anode/hole transport |ayer/em ssion

| ayer/hol e -exciton-blocking I|ayer/electron transport

| ayer/ cat hode

Al t hough each of the constructions (a) to (e) is a
construction in the .case where an electrode close to
the substrate is the anode, the present invention is
not limted thereto and a construction in the case
where the electrode close to the substrate is the
cathode is of course included in the present invention.
(3y Other constituent materials for organic |ight-
emtting device

Next, other constituent materials for the organic
light-emitting device of the present invention
(materials except the compound A (including a conpound
corresponding to the organic conpound of the present
invention) and the compound B) are described. In the
organic light-emtting device of the present invention,
conventionally known | ow ol ecul ar wei ght and hi gh-
nol ecul ar weight materials can be used as required.
More specifically, a hole injectable/transportable

material, an enmssion assist material, an electron
injectable/transportable material, or the like can be
used.

[0142 | Herei nafter, exanples of these materials are described.

[0143]

Exanpl es of the hole injectable/transportable material
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include a triarylamne derivative, a phenylenedian ne
derivati ve, | a stilbene derivative, a pht hal ocyani ne
derivative, a porphyrin derivative, poly (vinyl
carbazole) , poly (thiophene) , and any other conductive
pol ymer . It should be noted that the present invention
is not limted to these materials.

As a light-emtting material (guest) mainly involved in
light-emtting function, there are given,v for exanple:
a fluorescent light-emitting material that emts blue,
green, or red light such as a triarylanmne derivative,
a phenyl ene derivative, a condensed ring aromatic
compound (e.g., a fluoranthene derivative, a

benzof | uorant hene derivative, a pyrene derivative, a
chrysene derivative, or a derivative obtained by
substitution thereof with a diarylamne) , or a stilbene
derivative; and a phosphorescent |light-emtting

material that emts blue, green, or red light such as
an organic netal conplex (e.g., an organic iridium
conpl ex, an organic platinum conplex, or a rare earth
metal conpl ex)

In the present invention, the content of the guest is
preferably 0.1 mass% or nore and 30 mass% or less, nore
preferably 0.5 mass% or nore and 10 mass% or less with
reference to the total anount of the em ssion |ayer.
The host in the emssion layer is a material having the
hi ghest weight ratio in the emssion layer. Exanples
of the host include, but of course not limted to, a
triarylam ne derivative, a phehyl ene derivative, a
condensed ring aromatic conpound (e.g., a naphthal ene
derivative, a phenanthrene derivative, a fluorene
derivative, or a chrysene derivative) , an organic nmnetal
conplex (e.g., an organic alumnum conplex such as
tris (8-quinolinolato) alumnum an organic beryllium
conplex, an organic iridium conplex, or an organic

pl ati num complex), and a polymer derivative such as a
poly (phenyl ene vinylene) derivative, a poly (fluorene)
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derivative, a poly (phenylene) derivative, a
poly (thi enyl ene vinylene) derivative, or a
poly (acetyl ene ) derivative.
[0147] More specific exanples of the host include the group of
compounds represented in Table 5.
[0148] Table 5

H2 H3 H4

H
P -0
H5

[0149] Exanples of the host include, but of course not limted
to: condensed ring compounds (such as a fluorene
derivative, a naphthal ene derivative, an ant hracene
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derivati ve, a pyrene derivative, a carbazole derivative,
a qui noxaline derivative, and a quinoline derivative) ;
an organic alum num conplex such as tris(8-

qui nol i nol ato) alum num an organic zinc conplex; a
triphenylam ne derivative; and polyner derivatives such
as a poly (fluorene) derivative and a poly (phenylene)
derivative in addition to the group of conpounds
represented in Table 5 above. _

The electron injectable/transportable material can be
arbitrarily selected from materials that allow

el ectrons to be easily injected from the cathode and
can transport the injected electrons to the em ssion

|l ayer in consideration of, for exanple, the bal ance
with the hole nobility of the hole transportable

mat eri al . Exanpl es of the material having electron-
injecting performance and electron-transporting
performance include an oxadi azole derivative, an

oxazol e derivative, a pyrazine derivative, a triazole
derivative, a triazine derivative, a quinoline

deri vati ve, a quinoxaline derivative, a phenant hroline
derivative, and an organic alum num conpl ex.

[0151] A constituent material for the anode desirably has as

[0152]

large a work function as possible. Exanpl es t her eof
may include: netal sinple substances such as gold,
plati num silver, copper, nickel, palladium cobalt,

sel enium vanadium and tungsten or alloys obtained by
conbining these netal sinple substances; et al oxides.
such as tin oxide, zinc oxide, indium oxide, indium tin
oxide (ITO, and indium zinc oxide; and conductive

pol ymers such as polyaniline, polypyrrole, and

pol yt hi ophene

One kind of those electrode substances may be used
alone, or two or nore kinds thereof may be used in
conbi nati on. In addition, the anode may be of a

singl e-layer construction or may be of a multil ayer
construction
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On the other hand, a constituent nmterial for the

cathode desirably has as small a work function as
possi bl e. Exanpl es thereof include: netal sinple
substances such as alkali netals such as |ithium

alkaline earth netals such as calcium and al um num
titanium nmanganese, silver, lead, and chron um

Al ternatively, all oys obtained by conbining those netal
sinmpl e substances can be used. For example, a

magnesi um si | ver alloy, an alumnumlithium alloy, or
an alum num magnesium alloy can be used. A netal oxide
such as indium tin oxide (1TO <can also be utilized.
One kind of those electrode substances nmy be used
alone, or two or nore kinds thereof may be used in
conbi nati on. In addition, the cathode may be of a
single-layer construction or nmay be of a nultilayer
construction

The organic conmpound |ayer (such as the hole injection
| ayer, the hole transport I|ayer, the electron-blocking

| ayer, the emission l|ayer, the hole-blocking layer, the
el ectron tr‘ansport | ayer, or the electron injection
layer) for formng the organic light-emtting device of
the present invention is fornmed by the follow ng nethod..
A dry process such as a vacuum deposition nethod, an

i oni zed vapor deposition nethod, sputtering, or a

pl asma process can be used for the formation of the
organi ¢ conpound layer for formng the organic 1ight-
enmitting device of the present invention. In addition,
a wet process involving dissolving the constituent
materials in an appropriate solvent and forming a |ayer
by a known application nethod (such as spin coating,

di pping, a casting nmethod, an LB nmethod, or an ink jet
nmet hod) can be used instead of the dry process.

Here, when the layer is forned by the vacuum deposition
nmet hod, the solution application nethod, or the Iike,
the layer hardly undergoes crystallization or the 1ike
and is excellent in stability over tine. In addition,
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when the layer is forned by the application mnethod, the
film can be formed in conmbination wth an appropriate
bi nder resin.

[0157 ] Exanpl es of the binder resin include, but not limted

[ 0158]

[ 0159]

[ 0160]

[0161]

to, a polyvinyl carbazole resin, a polycarbonate resin,
a polyester resin, an ABS resin, an acrylic resin, a
polyimde resin, a phenol resin, an epoxy resin, a
silicone resin, and a urea resin.

In addition, one kind of those binder resins may be
used alone as a honopolyner or a copolyner, or tw or
nmore kinds thereof may be used as a mxture. Furt her,

a known additive such as a plasticizer, an anti oxi dant,
or a UV absorber may be used in conbination as required.

(4 Application of organic light-emtting device

The organic light-emtting device of the present
invention can be used as a constituent nenber for a
di splay apparatus or lighting apparatus. In addition,
the organic light-emtting device finds use in
applications such as an exposure |light source for an

i mmge-form ng apparatus of an el ectrophotographic
system a backlight for a liquid crystal display
apparatus, and a light-emtting apparatus including a

white light source and a color filter. Examjl es of the
color filter include filters that transmt |ight beans
having three colors, i.e., red, green, and blue colors.
A display apparatus of the present invention includes
the organic light-emtting device of the present
invention in its display portion. It should be noted

that the display portion includes multiple pixels.

In addition, the pixels each include the organic |ight-
emtting device of the present invention and a
transistor as an exanple of an active device (swtching
device) or anplifying device for controlling emnission

| um nance, and the anode or cathode of the organic
light-emtting device and the drain electrode or source
el ectrode of the transistor are electrically connected
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to each other. Here, the display apparatus can be used
as an image display apparatus for a PC or the like.

The transistor is, for exanmple, a TFT device and the
TFT device is provided on, for exanple, the insulating
surface of a substrate. In addition, the TFT device
preferably includes an electrode forned of a
transparent oxide semnm conductor.

The display apparatus may be an imagé i nformati on
processing apparatus that includes an inmage input
portion for inputting image information from for
exanple, an area CCD, a linear CCD, or a nenory card,
and displays an input inmage on its display portion.

In addition, the display portion of an imaging
apparatus or inkjet printer may have a touch panel
functi on. The drive system of the touch panel function
is not particularly [limted.

In addition, the display apparatus may be used in the
di splay portion of a nultifunction printer.

[0165] A lighting apparatus is an apparatus for lighting, for

[ 0166]

[0167]

exanple, the inside of a room The Ilighting apparatus
may emt |ight having any one of the follow ng colors:
a white color (having a color tenperature of 4,200 k),
a daylight color (having a color tenperature of 5,000
K), and colors ranging from blue to red colors.

A lighting apparatus of the present invention includes
the organic light-emtting device of the present
invention and an AC/DC converter circuit (circuit for
converting an AC vbltage into a DC voltage) connected
to the organic light-emtting device and supplying a
driving voltage to the organic light-emtting device.
It should be noted that the lighting apparatus nmay
further include a color filter. _

An image-formng apparatus of the present invention is
an image-formng apparatus including: a photosensitive
menber; a charging portion for charging the surface of
the photosensitive nenber; an exposure portion for
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exposi ng the photosensitive nmenber to form an
electrostatic latent inmage; and a developing wunit for
developing the electrostatic latent imge fornmed on the
surface of the photosensitive nenber. Here, the
exposing unit to be provided in the inmage-formng
apparatus includes the organic light-emtting device of
the present invention.

In addition, the organic light-emtting device of the
present invention can be used as a constituent menber
(light-emtting menber) for an exposing mnmachine for
exposing a photosensitive nenber. An exposing nmachine
including the organic light-emtting device of the
present invention is, for exanple, an exposing machine
in which a plurality of the organic light-emtting
devices of the present invention are placed to form a

line along a predetermned |inear direction.

Next , the display apparatus of the present invention is
described with reference to the draw ng. FIG 1is a
schematic sectional view illustrating an exanple of a

di splay apparatus including an organic light-emtting

device and a switching device connected to the organic

light-emtting device. It should be noted that the
organic light-emtting device of the present invention
is used as the organic light-enitting device

constituting a display apparatus 1 of FIG 1.

The display apparatus 1 of FIG 1 includes a substrate
11 made of glass or the like and a noisture-proof film
12 for protecting a TFT device 18 or organic conmpound

| ayer as the switching device, the film being formed on
t he substrate. In addition, a netal gate electrode 13
is represented by reference nuneral 13, a gate
insulating film 14 is represented by reference nuneral
14, and a sem conductor layer is represented by
reference nuneral 15. _

The TFT device 18 includes the seniconductor |ayer 15,
a drain electrode 16, and a source electrode 17. An
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insulating film 19 is forned on the TFT device 18. An
anode 21 constituting the organic light-emtting device
and the source electrode 17 are connected to each other
through a contact hole 20.

It should be noted that a system for the electrical
connection between the electrode (anode or cathode) in
the organic light-emtting device and the electrode
(source electrode or drain electrode) in the TFT is not
l[imted tothe>aspect illustrated in FIG 1. 1In other
words, one of the anode and the cathode, and one of the
source electrode and drain electrode of the TFT device
have only to be electrically connected to each other.

[0173]Al t hough multiple organic conpound |ayers are

[0174]

illustrated like one layer in the display apparatus 1
of FIG 1, an organic conpound layer 22 may be multiple
layers. A first protective layer 24 and second
protective layer 25 for suppressing the deterioration

of the organic light-emtting device are formed on a
cat hode 23.

When the display apparatus 1 of FIG 1 is a display
apparatus that emts white light, an em ssion layer in
the organic conmpound layer 22 in FIG 1 may be a |ayer
obtained by mixing a red light-emtting naterial, a
green light-emtting material, and a blue |ight-
emtting material. In addition, the layer may be a
am nated em ssion layer obtained by lamnating a |ayer
formed of the red light-emtting material, a |ayer
formed of the green light-emtting material, and a
layer fornmed of the blue light-emtting nmaterial.

Further, alternatively, the following aspect is
permtted: the layer fornmed of the red light-emtting
material, the layer formed of the green light-emtting
material, and the layer formed of the blue Iight-
emtting material ére, for exanple, arranged side by
side to form domains in one emssion |ayer.

[0175]A though the transistor is used as the switching device
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in the display apparatus 1 of FIG 1, an MIM device may
be used instead of the transistor as the switching
devi ce.

[0176] In addition, the transistor to be used in the display
apparatus 1 of FIG 1 is not limted to a transistor
using a nmonocrystalline silicon wafer and may be a
thin-film transistor including an active layer on the
insulating surface of a substrate. A thin-film
transistor wusing nonocrystalline silicon as the active
layer, a thin-film transistor using non-nonocrystalline
silicon such as anorphous silicon or macrocrystalline
silicon as the active layer, or a thin-film transistor
using a non-nonocrystalline oxide sem conductor such as
an indium zinc oxide or an indium gallium zinc oxide as
the active layer is also permtted. It should be noted
that the thin-film transistor is also called a TFT
devi ce .

[0177] The transistor in the display apparatus 1 of FIG 1 may
be forned in a substrate such as an Si substrate. Her e,
the phrase "formed in a substrate" neans that the
transistor is produced by processing the substrate
itself such as an Si substrate. In other words, the
presence of the transistor in the substrate can be
regarded as follows: the substrate and the transistor
are integrally forned.

[0178 ]Whether the transistor is provided in the substrate is
sel ected depending on definition . |In the case of, for
‘exarrpl e, a definition of about a QVGA per inch, the
organié light-emitting device is preferably provided in
the Si substrate.

[0179] As described above, the driving of the display
apparatus wusing the organic light-emtting device of
the present invention enables display that has good
image quality and is stable over a long time period.
Exanpl es

[0180] Hereinafter, the present invention is described in
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detail by way of Exanples, but the present invention is
not limted to Exanples described below

[0181] [Exanple 1] Synthesis of Exenplified Compound AA-1
Exemplified Conpound AA-1 was synthesized according to
the following synthesis schene.

[0182]
;to
“BH
b2

Ni(dppp).Cl,

— 1T

hr B0 Cs,CO, O.Q

AA-1

GO

]

[0183] The details of the synthesis schene are described bel ow
[0184] (1) Synthesis of Conpound b-3
The following reagents and solvents were |oaded into a
100-m three-necked flask.
Compound b-1: 10.3 g (34.3 mmol)
[1,1' -Bis (di phenyl phosphi no) propane] dichl oroni ckel
1.88 g (3.43 muol)
Compound b-2: 9.9 m (68.5 muol)
Tol uene: 200 ml
Triethylamne : 30 ml
[0185] Next, in a nitrogen atnosphere, the tenperature of the
reaction solution was increased to 90°C and then the
solution was stirred at the tenperature (90°C) for 6
hour s. After the conpletion of the reaction, 200 ml of
water were added to the resultant, and then an organic
| ayer was extracted with toluene and dried with
anhydrous sodium sul fate. Next, a crude product
obtai ned by concentrating the organic |ayer under
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reduced pressure was purified by silica gel colum

chr omat ogr aphy (devel oping solvent: a nixed solvent of
toluene and heptane) to provide 12.2 g (yield: 82% of
Compound b-3 as a white crystal.

[0186] (2) Synthesis of Exenplified Conmpound AA-1
The following reagents and solvents were l|loaded into a
100-m three-necked flask.

Compound b-1: 2.50 g (6.50 mmol)
Compound b-3: 3.65 g (8.43 mmol)
Cesium carbonate: 6.35 ¢

Tol uene: 30 ml

Et hanol: 10 ml

Water: 30 ml

[0187] Next, in a nitrogen atnosphere, 376 mg of
tetrakis (triphenyl phosphine )palladium (0) were added
while the reaction solution was stirred at room
t enper at ur e. Next, the tenperature of the reaction
solution was increased to 80°C and then the solution
was stirred at the tenperature (80°C) for 5 hours.
After the conpletion of the reaction, an organic |ayer
was extracted with toluene and dried with anhydrous
sodi um sul fate. Next, a crude product obtained by
concentrating the organic |ayer under reduced pressure
was purified by silica gel colum chronmatography
(devel oping solvent: a mixed solvent of toluene and
heptane) to provide 3.70 g (yield: 93% of Conmpound AA-
1l as a white crystal.

[0188] Mass spectronetry confirmed 611 as the MY of
Exenplified Conpound AA-1. In addition, H NWR
nmeasurenent confirmed the structure of Exenplified
Compound AA-1.

[0189] 'H-NMR (CDCl 5, 400 MHz) o (ppm) : 7.51 (s, 2H , 7.34-
7.33 (m 4H , 6.86 (d, 2H) , 6.36 (s, 2H , 1.56 (s, 6H ,
1.52 (s, 6H) , 1.41 (s, 18H) , 1.27 (s, 18H)

[ 0190] [Ex.arrple 2] Synthesis of Exenplified Conpound AA-6
Exemplified Conpound AA-6 was synthesized ‘accor di ng to
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the following synthesis schene.
[0191]

Pd(PPh3)

y

Cs 2003

F F 0.0
Br Ol)d b-3

[0192] The details of the synthesis schene are described bel ow

AA- 6

[0193] The following reagents and solvents were l|loaded into a
100-m three-necked fl ask.
1,4-Dibromp-2 ,3,5,6,-tetraf |luorobenzene : 1.0 g (3.3

nmol )
Compound b-3: 3.1 g (7.2 mmol)
Cesi um carbonat e: 9.3 ¢

Tol uene: 30 ml

Et hanol : 15 ml
Water: 15 ml
[ 0194] Next , in a nitrogen atnosphere, 0.23 g of

tetrakis (triphenyl phosphine) pal | adium (0) was added
while the reaction solution was stirred at room
t enper at ure. Next, the tenperature of the reaction
solution was increased to 90°C and then the solution
was stirred at the tenperature (90°C) for 5 hours.
After the conpletion of the reaction, an organic |ayer
was extracted with toluene and dried w th anhydrous
sodium sul fate. Next, a crude product obtained by
concentrating the organic |ayer wunder reduced pressure
was purified by silica gel colum chromatography
(developing solvent: a mixed solvent of toluene and
heptane) to provide 1.9 g (yield: 77% of Exenplified
Conpound AA-6 as a white crystal.

[0195] Mass spectronetry confirmed 759 as the M+ of
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Exenmplified Conpound AA-6.

[0196] [Exanple 3] Synthesis of Exenplified Conpound AA-8
Exenmplified Conmpound AA-8 was synthesized according to
the following synthesis schene.

[0197]

S Pd(PPhs), _ 0.0
O, WO Xy B

(
A b [
X QY

AA-8

[0198] The details of the synthesis schene are described below
[0199] The following reagents and solvents were |oaded into a
100-m three-necked flask.
1,3,5-Tri bronobenzene : 0.630 g (2.00 mmol)
Compound b-3: 3.46 g (8.00 mmol)
Cesium carbonate: 7.0 ¢
Tol uene: 30 ml
Et hanol: 10 ml
Water: 30 ml
[0200] Next, in a nitrogen atnosphere, 231 mg of
tetrakis (triphenyl phosphine )palladium (0) were added
while the reaction solution was stirred at room
t enper at ur e. Next, the tenperature of the reaction
solution was increased to 80°C and then the solution
was stirred at the temperature (80°C) for 5 hours.
After the conpletion of the reaction, an organic |ayer
was extracted with toluene and dried w th anhydrous
sodi um sul fate. Next, a crude product obtained by
concentrating the ofganic | ayer under reduced pressure
was purified by silica gel colum chromatography
(devel oping solvent: a mxed solvent of chloroform and
heptane) to provide 0.85 g (yield: 43% of Exenplified
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Compound AA-8 as a white crystal.

[0201] Mass spectronetry confirnmed 991 as the M" of
Exemplified Conpound AA-8.

[0202] [Exanple 4] Synthesis of Exenplified Conpound AA-9
Exenmplified Conmpound AA-9 was synthesized according to
the following synthesis schene.

[ 0203]

G0

b TGN
Br d7<o\\ s O.Q

[0204] The details of the synthesis schene are described bel ow
[0205] The following reagents and solvents were |oaded into a
100-m three-necked flask.
1, 4-Di bromonapht hal ene:  0.66 g (2.31 mol)
Compound b-3: 2 g (4.62 nmol)
Cesium carbonate: 3.01 ¢
Tol uene: 40 ml
Et hanol : 20 ml
Water: 7 ml
[0206] Next, in a nitrogen atnosphere, 267 mg of
tetrakis (triphenyl phosphine )palladium (0) were added
while the reaction solution was stirred at room
. tenperature. Next, the tenperature of the reaction
solution was increased to 80°C and then the solution
was stirred at the tenperature (80°C) for 5 hours.
After the conpletion of the reaction, an organic |ayer
was extracted with toluene ahd dried with anhydrous
sodi um sul fate. Next, a crude product obtained by
concentrating the organic |ayer under reduced pressure
was purified by silica gel colum chromatography
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(devel opi ng sol vent: a nixed
heptane) to provide 1.65 ¢
Compound AA-9 as a white

‘[0207]

60
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solvent of toluene and

(yield: 97% of Exenplified

crystal. _
confirmed 737 as the M of

Mass spectronetry
Exenplified Conpound AA-9. In addition, *“H NWR
nmeasur enment confirmed the structure of Exenplified
Conmpound AA-9.
[0208] 'H NMVR (CDCl4, 400 MHz) o (ppm 7.70-7.67 (q, 2H) ,
7.63 (s, 2H), 7.54 (s, 2H) , 7.42 (s, 2H , 7.37 (s, 2H ,
7.32-7.28 (g, 2H) , 6.90 (d, 2H) , 6.48 (d, 2H , 1.61 (s,
64 , 1.59 (s, 6H , 1.44 (s, 18H) , 1.30 (s, 18H)
[0209] [Exanple 5] Synthesis of Exenplified Conpound AA-7
Exenplified Conpound AA-7 was synthesized according to
_ the following synthesis schene.
[ 0210] ' '
0
" 0.0 Pd({PPhs), _ Q
] B Cs,C0;
r © b-3 O.Q
AA-7
[0211] The details of the synthesis scheme are described bel ow
[0212] The following reagents and solvents were |oaded into a
100-m three-necked fl ask.

1- tert-Butyl-3

Compound b-3: 2 g (4.62 nmol

Cesi um carbonate: 3.0 ¢
Tol uene: 40 ml
Et hanol: 20 ml
Water: 7 ml
[0213] Next, in a nitrogen atnosphere,

tetrakis (triphenyl phosphine

while the reaction solution

, 5-di bronobbenzene

0.675 g (2.31 nmol)
)

267 mg of
Jpal l adium (0) were added
at

was stirred room
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[ 0214]

[ 0215]

[ 0216]

[0217]
[0218]

[0219]

t enper at ure. Next, the tenperature of the reaction
solution was increased to 80°C and then the solution
was stirred at the tenperature (80°C) for 4 hours.
After the conpletion of the reaction, an organic |ayer
was extracted with toluene and dried wth anhydrous
sodi um sul fate. Next, a crude product obtained by
concentrating the organic |ayer under reduced pressure
was purified by silica gel colum chromatography

(devel oping solvent: a mxed solvent of chloroform and
heptane) to provide 1.42 g (yield: 83% of Exenplified
Compound AA-7 as a white crystal.

Mass spectronetry confirnmed 743 as the Mf of
Exemplified Conpound AA-7 .

[Exanple 6] Synthesis of Exenplified Compound AA-20
Exenmplified Conpound AA-20 was synthesized according to
the followi ng synthesis schene. It should be noted
that tBu represents a tert-butyl group.

Gox T 70D
i &SI Ci$

P,tBu

|
B ba AA-20
K3PO,

The details of the synthesis scheme are described below
The follow ng reagents and solvents were |oaded into a
100-m three-necked flask.

Compound b-1: 1.0 g (2.60 nmol)

Compound b-4: 0.11 g (0.26 mol)

Pot assi um phosphate: 0.55 ¢

D oxane: 10 ml

Water: 10 ml

Next, in a nitrogen atnosphere, 75 mg of palladium
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di benzyl i deneacet one were added while the reaction
solution was stirred at room tenperature. Next, the
tenperature of the reaction solution was increased to
80°C and then the solution was stirred at the
tenperature (80°C) for 5 hours. After the conpletion
of the reaction, an organic layer was extracted wth
toluene and dried with anhydrous sodium sulfate. Next ,
a crude product obtained by concentrating the organic
| ayer under reduced pressure was purified by silica gel
col um chronmat ogr aphy (devel oping solvent: a mxed
solvent of chloroform and heptane) to provide 33 mg of
Exenmplified Conmpound AA-20 as a white crystal.

[0220] Mass spectronetry confirned 627 as the M of
Exenplified Conpound AA-20. In addition, *H NWR
nmeasurenent confirnmed the structure of Exenplified
Compound AA- 20. .

[0221] 'H-NMR (CDClz, 400 MHz) o (ppm): 8.04 (d, 2H , 7.44 (s,
2H) , 7.28 (d, 2H), 7.16 (s, 2H , 6.94 (s, 2H) , 1.56 (s,
6H , 1.54 (s, 6H) , 1.37 (s, 18H , 1.27 (s, 18H)

[0222] [Exanmple 71 Synthesis of Exenplified Conpound AA-2

[0223]
O~ OISy _Peemh

Cs,C04
b-9 d;\\ b-10

[0224] Exenplified Conpound AA-2 was synthesized by the sane

nmethod as that of Exanple 1 except that: Conpound b-10
was synthesized by using Conpound b-9 instead of
Compound b-1 in the section (1) of Exanple 1; and
Compound b-9 was used instead of Conpound b-1 and
Conmpound b-10 was used instead of Conmpound b-3 in the
section (2) of Exanple 1. '

[0225] Mass spectronetry confirmed 923 as the M of
Exenplified Conmpound AA-2.

[0226] [Exanmple 8] Synthesis of Exenplified Conpound AA-13
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[0227]

Br Br Pd(PPhs)s

3
b-11 )(v b-3

[0228 ] Exenpl i fied Conmpound AA-13 was synthesized by the sane

AA-13

met hod as that of Exanple 1 except t hat Compound b-11
(1, 4-di brononapht hal ene) was used instead of Corrpou.nd
b-1 in the section (20 of Example 1.

[0229] Mass spectrometry confirmed 763 as the M of
Exenplified Conmpound AA-13.

[0230] [Exanple 9] Synthesis of Exenplified Conpound AA-28

[ 0231] '

o Pd(PPh;),
| . . o *o Cs,CO;

b-12 Oﬂ b-3

[0232 ] Exenplified Compound AA-28 was synthesized by the sane

met hod as that of Exanple 1 except that Conmpound b-12
was used instead of Conpound b-1 in the section (2) of
Example 1.

[0233] Mass spectronmetry confirmed 538 as the M" of
Exenmplified Conpound AA-28.

[0234] [Exanple 10] Synthesis of Exenplified Conpound AA-35

[ 0235]

Br
O Pd(PPh3)
———————— -
Sy O -

o
b13 o 7(\\ b-3

AA-35

[0236] Exenplified Conmpound AA-35 was synthesized by the same
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met hod as that of Exanple 1 except that Conmpound b-13
(1, 3, 5-tri bronmobenzene) was used instead of Conpound b-
1 in the section (2 of Exanple 1.

[0237] Mass spectrometry confirmed 1,141 as the Mf of
Exemplified Compound AA-35.

[0238 ] Synthesis of Conparative Conpound AZ-1

[ 0239]
O, Pd(PPhs),
=0 55D :
Br. b-32 Br ‘

Cs,C0;
b-31

[0240] Conparative Conmpound AZ-1 was synthesized by the sane
met hod as that of Exanple 4 except that Conpound b-32
was used instead of 1,4-dibromnaphthal ene and Compound
b-31 was used instead of Conpound b-3 in Exanple 4.
Mass spectronetry confirmed 578 as the M of
Comparative Conpound AZ-1.

[0241] [Synthesis Exanple 1] Synthesis of Exenplified Conpound
AB- 3
Exenmplified Compound AB-3 was synthesized according to
the following synthesis schene.

[ 0242]

| (O
o TQOX-T- D
SR g OO

AB- 3

[0243] The details of the synthesis schene are described bel ow
[0244] The follow ng reagents and solvents were |oaded into a
100-m three-necked flask.
3, 5-Di bronobenzene : 0.708 g (3.00 mmol)
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Compound b-5: 2.71 g (7.00 mol)
Cesium carbonate: 3.9 g
Tol uene: 30 ml
Et hanol: 10 ml
Water: 30 ml

[0245] Next, in a nitrogen atnosphere, 173 mg of
tetrakis (tri phenyl phosphine )palladium (0) were added
while the reaction solution was stirred at room
tenperature. Next, the tenperature of the reaction
solution was increased to 80°C and then the sol ution
was stirred at the tenperature (80°C) for 5 hours.
After the conpletion of the reaction, an organic |ayer
was extracted with toluene and dried w th anhydrous
sodium sulfate. Next, a crude product obtained by
concentrating the organic |ayer under reduced pressure
was purified by silica gel columm chromatography
(devel oping solvent: a mxed solvent of chloroform and
heptane) to provide 1.56 g (yield: 86% of Compound AB-
3 as a white -crystal.

[0246] Mass spectrometry confirmed 607 as the M" of
Exenplified Conmpound AB-3.

[0247] [Synthesis Exanple 2] SyntheSis of Exenplified Conpound
AC 6
Exenmplified Compound AC-6 was synthesized according to
the followi ng synthesis schene.

[ 0248]

Br
B
.————-——.—»
oy, —— C0, e
Cs,CO
Br 7 O

AC-6
[0249] The details of the synthesis schenme are described bel ow
[0250] (1) Synthesis of Conpound b-6

b-6
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[ 0251]

[ 0252]

[ 0253]

The followi ng reagents and sol vent weré | oaded into a
100-m three-necked flask.

2,6-Di-tert-butyl naphthalene : 1.0 g (4.17 mol)
Bromne : 9.60 ml

Chloroform 30 ml

Next, the tenperature of the reaction solution was
increased to 65°C and then the solution was stirred at
the tenperature (65°C) for 3.5 hours. After the
completion of the reaction, an organic |ayer was
extracted with chloroform and dried wi th anhydrous
sodi um sul fate. Next, the organic |ayer was
concentrated under reduced pressure and then 30 ml of
met hanol were added to the concentrate to precipitate a
crystal. The crystal was filtered to provide 1.23 g
(yield: 76% of Conpound b-6 as a white crystal.

(2) Synthesis of Exenplified Conpound AC-6

The following reagents and solvents were |oaded into a
100-m three-necked flask.

Compound b-6: 0.750 g (1.89 mol)

Compound b-7: 1.80 g (3.16 mol)

Cesium carbonate: 3.69 ¢

Tol uene: 20 ml

Et hanol: 10 ml

Water: 20 ml

Next, in a nitrogen atnosphere, 109 mg of tetrakis

(tri phenyl phosphi ne) pal | adium (o) were added while the
reaction solution was stirred at room tenperature.
Next, the tenperature of the reaction solution was
increased to 80°C and then the solution was stirred at

~the tenmperature (80°C) for 5 hours. After the

compl etion of the reaction, an organic |ayer was
extracted with toluene and dried with anhydrous sodium
sul fate. Next, a crude product obtained by
concentrating the organic |ayer under reduced pressure
was purified by silica gel columm chromatography

(devel oping solvent: a mxed solvent of chloroform and
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heptane) to provide 0.75 g (yield: 65% of Exenplified
Compound AC-6 as a white crystal.

[0254] Mass spectronetry confirned 617 as the M- of
Exenplified Conpound AC-6. In addition, H NWR
measurement confirmed the structure of Exemplifi ed
Compound AC- 6.

[0255] 'H-NVR (CDCl,, 400 MHz) o (ppm): 7.88 (s, 2H , 7.55 (s,
2H) , 7.49 (s, 2H) , 7.42 (s, 2H , 7.41 (s, 2H , 1.41 (s,
36H) , 1.33 (s, 18H)

[0256] [Synthesis Exanple 3] Synthesis of Exenplified Conmpound
AB- 7

[ 0257]

Pd({PPhg), O 0
() -
pg o= Foaf

b-14 b-5
AB-7

[0258 ] Exenplified Conmpound AB-7 was synthesized by the sane
nmethod as that of Synthesis Exanple 1 except that
Compound b-14 was used instead of 1, 3-dibronobenzene in

A Synthesis Exanple 1.

[0259] Mass spectronetry confirmed 683 as the M" of
Exenmplified Conpound AB-7.

[0260] [Synthesis Exanple 4] Synthesis of Exenplified Conmpound
AB- 6
Exerfpl ified Conpound AB-6 was synthesized according to
the following synthesis schene.

[ 0261]
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[ 0262]
[ 0263]

[ 0264]

The details of the synthesis schene are described below
The following reagents and solvents were |oaded into a
100-m three-necked flask.

Compound b-15: 0.25 g (1.0 nmol)

Compound b-5: 1.0 g (2.60 nmol)

Compound b-4: 0.11 g (0.26 mol)

Pot assi um phosphate: 0.55 ¢

D oxane: 10 ml

Water: 10 ml

Next, in a nitrogen atnosphere, 75 mg of palladium

di benzyl i deneacetone were added while the reaction

solution was stirred at room t enper at ure. Next, the

[ 0265]

[ 0266]

tenperature of the reaction solution was increased to
80°C and then the solution was stirred at the
tenperature (80°C) for 5 hours. After the conpletion
of the reaction, an organic |ayer was extracted wth

t ol uené and dried with anhydrous sodium sulfate. Next ,
a crude product obtained by concentrating the organic
| ayer under reduced pressure was purified by silica gel
colum chromat ography (devel oping solvent: a m xed
solvent of chloroform and heptane) to provide 0.37 ¢
(yield: 53% of Exenplified Conpound AB-6 as a white
crystal

Mass spectrometry confirmed 707 as the M of
Exenplified Conpound AB-6.

[ Exanpl e 11]

In this exanple, an organic light-emtting device in
whi ch an anode, a hole transport |layer, an enission

| ayer, a hole-blocking l|ayer, an electron transport

| ayer, and a cathode were fornmed in the stated order on
a substrate was produced by a nmethod described bel ow
Here, part of the conpounds used in this exanple are
listed bel ow



WO 2014/163211 69 PCT/JP2014/060350

[ 0267]

[0268] Indium tin oxide (1ITO was formed into a film on a

[ 0269]

gl ass ‘substrate by a sputtering rmethod. Thus, the
anode was fornmed. At this tinme, the thickness of the
anode was set to 120 nm Next, the substrate with the
anode formed thereon was sequentially subjected to
ultrasonic washing with acetone and ultrasonic washing
with isopropyl alcohol (I1PA), and was then subjected to
boil washing with IPA followed by drying. Furt her,

the dried product was subjected to UV/ ozone washing,

and the resultant was used as a transparent conductive
Supporting substrate in the followi ng steps.

Next, Exenplified Conmpound AC-6 (hereinafter referred
to as "conmpound A') and chloroform were mixed to
prepare a material solution A having a concentration of
0.25 W% In addition, BC4 (hereinafter referred to
as "conmpound B') and chloroform were mxed to prepare  a
material solution B having a concentration of 0.25 w%
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[ 0270]

[0271]

[0272]

Next, a mxed liquid was prepared by mxing the
material solution A and the material solution B so that
their weight ratio becanme 2:1.

Next, the mxed liquid was dropped onto the anode (ITO
el ectrode) and then a thin film was forned by spin
coating at 500 RPM for 10 seconds and then at 1,000 RPM
for 1 m nute. After that, the solvent in the thin film
was conpletely renoved by drying the thin filmin a
vacuum oven at 80°C for 10 m nutes. Thus, the hol e
transport layer was forned. At this tine, the
thickness of the hole transport Ilayer was 30 nm

Next, organic conpound |ayers and electrode |ayers
shown in Table 6 below were continuously fornmed on the
hole transport I|ayer by a vacuum deposition nethod
involving using resistance heating in a vacuum chanber
at IxlO-5 Pa to produce the organic light-emtting

devi ce. '

[0273] Table 6

Constituent material Thickness [nm]
c-2 (host)
. . c-1 (guest)
Emission layer (host:guest=95:5 K.20
(weight ratio))
Hole-blocking layer c-3 10
Electron transport layer c-4 50
First electrode layer .
(cathode) LiF 0.5
Second electrode layer
Al 150
(cathode)

[0274] A current was passed through the resultant organic

[ 0275]

light-emitting device, and then its em ssion
characteristics when its emssion |um nance was set‘ to
2,000 cd/m?2 were neasured and eval uated. As a result,
the device had an emssion efficiency (cd/A) of 13.0
cd/A and an external quantum yield of 7.5% In
addition, the device had CIE chromaticity coordinates
of (0.16, 0.26) and was observed to emt blue [|ight
satisfactorily.

[ Exanples 12 to 17]
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devices were each produced by
that the

conpound A and the conpound B were changed to conpounds

shown in Table 7 below in Exanple 11.

resultant organic light-emtting
by the sane nmethod as that of Exanple 11.
shows the results.

[0276] [Exanples 18 to 20]
Organi c

the same nethod as that of Exanple 11 except

In addition, the
devi ces were eval uated
Table 7

light-emtting devices were each produced by
t hat

Exenplified Conmpound AA-1 was used as the conpound A

and the conmpound B was changed to a conpound shown in

Table 7 below in Exanple 11.

In addition, the

resultant organic light-emtting devices were eval uated
by the sane nmethod as that of Exanple 11. Table 7
shows the results.
[0277] Table 7
. . External ..
Compound | Compound E'.m%s§1on quantum Chromalt1c1ty
2 B efficiency ield coordinates
[cd/A] e (%, v]
Example 11 AC-6 BC-4 13.0 7.5 (0.15, 0.26)
Example 12 ARA-1 BC~4 11.7 6.5 (0.16, 0.26)
Example 13 AR-7 BC-4 11.3 6.3 (0.16, 0.26)
Example 14 BR-9 BC-4 11.1 6.2 (0.15, 0.26)
Example 15 AB-3 BC-4 12.3 6.9 (0.16, 0.25)
Example 16 AB-7 BC-4 11.5 6.6 (0.15, 0.25)
Example 17 AB-6 BC-4 12.1 6.8 (0.15, 0.25)
Example 18 AA-1 BB-4 8.7 4.7 (0.16, 0.26)
Example 19 AR-1 BF-1 8.9 5.0 (0.16, 0.26)
Example 20 AA-1 BF-2 8.8 4.9 (0.16, 0.26)
[0278] [Conparative Exanples 1 to 3]

Organi c

the same nethod as that of Exanple 11 except

light-emtting devices were each produced by
that the

conpound A and the conpound B were changed to conpounds

shown in Table 8 below in Exanple 11.

resultant organic light-emtting
by the sane nethod as that of Exanple 11.
shows the results.

[0279] [Conparative Exanple 4]

In addition, the
devi ces were eval uated
Table 8
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Organic

| ayer
B in Exanple

light-emtting
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light-emtting

light-emtting
of Exanple

of Example 11.
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device was produced by the

was formed using only
11.

In addition,

5to 7]

11 except

t hat

the hole

the material
t he
device was evaluated by the sane

Tabl e 8 shows

resul t ant

t he

devices were each produced by

the same nethod as that

of Conparative

Exanpl e 4 except

that the compound B was changed to a conpound shown in
Table 8 below in Conparative Exanmple 4. |In addition
the resultant organic light-emtting devices were
evaluated by the sanme nmethod as that of Exanple 11.
Table 8 shows the results.

[0281] Table 8

cat hode were forned
was produced by a nethod described below.

of

t he conpounds

used

in the stated order

on

in this exanple are |

Her e,

a substrate
part
i sted bel ow.

. . External -
Emission Chromaticity
Compound | Compound .. quantum .
A efficiency ield coordinates
[cd/A] e [x, v]
Comparative
Example 1 AzZ-1 BC-4 8.8 4.9 (0.16, 0.24)
Comparative AZ-2 BC-4 AZ-2 emitted light.
Example 2
Comparative | ., 3 BC-4 7.8 4.3 (0.15, 0.25)
Example 3
Comparative _
Example 4 BC-4 8.3 4.7 (0.15, 0.25)
Comparative
Example 5 BB-4 3.2 1.8 (0.15, 0.25)
Comparative _
Example 6 BF-1 2.4 1.3 (0.15, 0.25)
Comparative _
Example 7 BF-2 2.2 1.2 (0.15, 0.25)
[0282] [ Exanple 21]
In this exanple, an organic light-emtting device was
pr oduced. An organic light-emtting device in which an
anode, a hole transport |layer, an emssion l|ayer, a
hol e-bl ocking layer, an electron transport |layer, and a
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[ 0283]

[0284] First, a transparent conductive supporting substrate
was produced by the sanme nethod as that of Exanple 11.

[0285] Next, a chloroform solution having a concentration of
0.25 wt % was prepared by mxing Exenplified Conpound
AA-1 and chloroform Next, the chloroform solution was
dropped onto the anode (ITO electrode) and then a thin
film was fornmed by spin coating at 500 RPM for 10
seconds and then at 1,000 RPM for 1 m nute. After that,
the solvent in the thin film was conpletely renoved by
drying the thin film in a vacuum oven at 80°C for 10
m nut es. Thus, the hole transport layer was formed. At
this time, the thickness of the hole transport |[|ayer
was 30 nm

[0286] Next, organic compound |ayers and electrode |ayers
shown in Table 9 below were continuously formed on the
hole transport |ayer by a vacuum deposition method
involving using resistance heating in a vacuum chanber
at IxI0™ Pa to produce the organic light-enmitting

devi ce .
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[0287] Table 9

Constituent material Thickness [nm]
c-5 (host)
. . c-1 (guest)
Emission layer (host : guest=95:5 20
(weight ratio))
Hole-blocking layer c-6 40
Electron transport layer | c-7 40
First electrode layer .
(cathode) L1F 0.5
Second electrode layer
(cathode) Al 150

[0288] A current was passed through the resultant organic
light-emitting device, and then its em ssion
characteristics when its emssion |unmnance was set to
2,000 cd/m? were neasured and eval uated. As a result,
the device had an em ssion efficiency (cd/A) of 7.2

cd/A and was observed to emt blue light satisfactorily.
[0289] [ Exampl e 22]
An organic light-emtting device was produced by the

same nethod as that of Exanple 21 except that
Exenplified Conmpound AA-20 was used instead of
Exenplified Conmpound AA-1 in Exanple 21. The enission
characteristics of the organic light-emtting device
were neasured and evaluated by the sane nmethod as that
of Exanple 21. As a result, the device had an em ssion
efficiency (cd/A) of 8.0 cd/A and was observed to emt
blue light satisfactorily. '

[0290] [ Exampl e 23]
An organic light-emtting device was produced by the
same nethod as that of Exanple 21 except that
Exenplified Conpound AA-35 was used instead of
Exenplified Conpound AA-1 in Exanple 21. The enission
characteristics of the organic light-emtting device
were neasured and evaluated by the same nethod as that
of Exanple 21. As a result, the device had an em ssion
efficiency (cd/A) of 7.1 cd/A and was observed to emt
blue light satisfactorily.

[0291] [ Exampl e 24]
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Part of the conpounds used in this exanple are listed

bel ow.
[ 0292]

[0293] Indium tin oxide (ITO was forned into a film on a
glass substrate by a sputtering nethod. Thus, an anode
was forned. At this tine, the thickness of the anode
was set to 120 nm Next, the substrate wth the anode

~ formed thereon was sequentially subjected to ultrasonic
washing with acetone and ultrasonic washing wth
i sopropyl alcohol (I1PA), and was then subjected to boil
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washing with IPA followed by drying. Further, the
dried product was subjected to UV/ ozone washing, and
the resultant was used as a transparent conductive
supporting substrate in the follow ng steps.

[0294] Next , organic conpound |ayers and electrode |ayers
shown in Table 10 below were continuously forned by a
vacuum deposition nethod involving using resistance
heating in a vacuum chamber at 1x10™> Pa to produce an

organic light-emtting device.
[0295] Table 10
Constituent material Thickness [nm]
Hole injection layer d-1 40
Hole transport layer d-2 10
Exemplified Compound
AA-1 (host)
Emission layer d-3 (guest) 30

host:guest=95:5
weight ratio))

(
{
Hole-blocking layer d
d

-4 10
Electron transport layer -5 30
First electrode layer .
(cathode) LiF 0.5
Second electrode layer
(cathode) Al 150

[0296] A predetermined voltage was applied to the resultant
organic light-emtting device while its |ITO el ectrode
was defined as a positive electrode and its Al
el ectrode was defined as a negative electrode. As a
result, the device was observed to emt blue I|ight

- having CIE chromaticity coordinates of (0.21, O0.48).

[0297] [ Exanpl e 25] ‘

An organic light-emitting device was produced by the
same nethod as that of Exanple 24 except that
Exenplified Compound AA-20 was used instead of
Exenplified Compound AA-1 in Exanple 24. The em ssion
characteristics of the organic light-enmitting device
were neasured and evaluated by the sanme nmethod as that
of Exanmple 24. As a result, the device was observed to
emt blue light having CIE chromaticity coordinates of
(0.21, 0.48)
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[0298] While the present invention has been described wth

reference to exenplary enbodinents, it is to be
understood that the invention is not limted to the
di scl osed exenplary enbodinments. The scope of the

followng clains is to be accorded the broadest
interpretation so as to enconpass all such
nmodi fications and equival ent structures and functions.
[0299] This application clains the benefit of Japanese Patent
Application No. 2013-077439, filed April 3, 2013, and
Japanese Patent Application No. 2014-076287, filed
April 2, 2014, which are hereby incorporated by
reference herein in their entirety.
Ref erence Signs Li st
[0300] 17: TFT device, 20: anode, 21: organic conpound |ayer,
22: cat hode
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CLAI M5
[Caim 1] An organic light-enmitting device, conprising:
an anode;
a cat hode;

an emssion |ayer placed between the anode and the
cat hode; and
an organic compound - layer placed between the anode and
the enission |ayer,
wherein the organic conpound |ayer contains the
following conpound A and conpound B:
[ Conpound A] an organic conpound free of a nitrogen
atom and a nmetal atom the conpound having SP?2 carbon
atoms and SP3 carbon atons, and having a ratio of the
nunber of the SP3 carbon atons to the nunber of the SP2
carbon atons of 40% or nore; and
[ Conpound B] a conmpound having a tertiary am ne
structure .

[Caim 2]An organic light-enmtting device according to claim 1,
wherein the conmpound A conprises a conpound represented

by one of the following general formulae [1] and [2]

Ary,—Ary, [2]
in the general fornula [1], Zi represents an aryl group,

an aliphatic condensed polycyclic group, a carbon atom
or an oxygen atom and a substituent represented by z;
may further have an alkyl group, an alkoxy group, an
aryl group, or a halogen atom

in the general formula [1], Ar,; represents an aryl

group or an aliphatic condensed polycyclic group, and a
substituent represented by Ar, may further have an

al kyl group, an alkoxy group, or a halogen atom

in the general formula [1], n represents an integer of
from 1 to 6, provided that when Zz;, represents a carbon

atom n represents an integer of from 1 to 4, and when
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Z; represents an oxygen atom n represents 1 or 2, and
when n represents 2 or nore, structures Ari's in

parent heses may be identical to or different from each
ot her; and

in the general formula [2], Ar, and Ar; each represent
an aryl group or an aliphatic condensed polycyclic
group, and substituents represented by Ar, and Arz may
each further have an al kyl group, an alkoxy group, or a
hal ogen atom and Ar, and Ar; may be identical to or
different from each other.

[Caim3]An organic light-emtting device according to claim 2,
wherein :
the Ari in the general fornmula [1] represents a phenyl
group having an al kyl group, a fluorenyl group having
an al kyl group, a biphenyl group having an al kyl group,
or a naphthyl group having an al kyl group; and
the Ar, and Ar; in the general fornmula [2] each
represent a phenyl group having an alkyl group, a
fluorenyl group having an al kyl group, a biphenyl group
having an al kyl group, or a naphthyl group having an
al kyl group.

[aim4]An organic light-emtting device according to claim 2
or 3, wherein the Z; represents a phenyl group or
oxygen atom t hat \may have a fluorine atom or an alkyl
group.

[Caims]An organic light-emtting device according to any one
of claims 1 to 4, wherein the ratio of the nunber of
the SP3 carbon atons of the conpound A to the nunber of
the SP2 carbon atons of the conpound A is 80% or nore.

[Caime]An organic light-emtting device according to any one
of claims 1 to 5, wherein a ratio of the conpound B in
the organic conpound |ayer wth reference to a total of
the conmpound A and the compound B is from 10m% to
90w %.

[CQaim 7]An organic light-emtting device according to any one
of clains 1 to 6, wherein a ratio of the conpound B in
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the organic conpound layer with reference to a total of
the conmpound A and the conpound B is from 20w % to
70wt %

[Caim 8] An organic conmpound, conprising a conmpound represented
by one of the following general fornulae [3] and [4]:

R> O.Q Rs‘ | (3]

(4]

in the general formula [3], Z, represents a naphthyl
group, a fluorenyl group, a phenanthryl group, a

tri phenyl enyl group, an aliphatic condensed polycyclic
group, a carbon atom or an oxygen atom and a
substituent represented by Z, may further have an alkyl
group; an al koxy group, an aryl group, or a hal ogen
atom

in the general formula [3], % to Ry, each represent a
hydrogen atom an al kyl group, an alkoxy group, or a
hal ogen atom provided that at |east two of
substituents represented by Ri to Ry conprise alkyl

gr oups;

in the general fornula [3], m represents an integer of
from 1l to 6, provided that when Z, represents a carbon
atom m represents an integer of from 1 to 4, and when
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Z2 represents an oxygen atom m represents 1 or 2, and
when m represents 2 or nore, structures in parentheses
may be identical to or different from each other; and
in the general formula [4], Ri; to Ry each represent a
hydrogen atom an al kyl group, an alkoxy group, or a
hal ogen atom provided that at least two of
substituents represented by R;; to res conprise alkyl
groups .

[Caim 9] An organic conpound according to claim 8, wherein the
Z, represents an aliphatic condensed polycyclic group,
carbon atom or oxygen atom that may further have an
al kyl group, an al koxy group, an aryl group, or a
hal ogen atom

[C aim 10] An organic compound according to claim 8 or o9,
wherein the compound conprises a conmpound represented
by one of the following general fornmula [5 and the
follow ng general formula [6]:

Rg.Rs

R2 O'O Re (5]

(6]

in the general fornmula [5, Zi;; represents a naphthyl
group, a fluorenyl group, a phenanthryl group, a
tri phenylenyl group, an aliphatic condensed
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pol ycyclic group, a carbon atom or an oxygen atom
and a substituent represented by Z,; may further have
an al kyl group, an alkoxy group, an aryl group, or a
hal ogen atom
in the general formula [5], R,, R¢, Rs, and Rg each
represent an alkyl group or an al koxy group, and may
be identical to or different from one another;
in the general fornmula [5 , m represents an ihteger
of from1l to 6, provided that when Z;; represents a
carbon atom m represents an integer of from 1 to 4,
and when Z;; represents an oxygen atom m represents 1
or 2, and when m represents 2 or nore, structures in
parentheses may be identical to or different from
each other; and
in the general formula [6], R,,, Ris, Rig, Rily, R,i, Ry,
R,7, and R,s each represent an alkyl group or an al koxy
group, and may be identical to or different from one
anot her .

[CaimIl]An organic conpound according to claim 10, wherein
t he ‘le represents an aliphatic condensed polycyclic
group, carbon atom or oxygen atom that may further
have an al kyl group, an al koxy group, an aryl group,
or a hal ogen atom

[Caim 12] An organic conpound according to any one of clains 8
to 11, wherein the conpound has SP2 carbon atons and
SP3 carbon atons, and has a ratio of the nunber of the
SP3 carbon atons to the nunber of the SP2 carbon atons
of 40% or nore.

[Caim 13]An organic light-emtting device, conprising:
an anode;
a cat hode;
an em ssion |ayer placed between the anode and the
cat hode; and
an organi c conpound |ayer placed between the anode and
the em ssion |ayer,
wherein the organic conpound |ayer contains the
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organi ¢ conpound according to any one of clains 8 to
12. ‘

[Caim 14] An organic light-emtting device according to claim
13, wherein the organic conmpound |ayer further
contains a conpound having a tertiary amne structure.

[Caim 15] An organic light-emtting device, conprising:
an anode;

a cat hode;

an em ssion |ayer placed between the anode and the
cat hode; and

an organic conpound |ayer placed between the cathode
and the em ssion |ayer,

wherein the organic conpound |ayer contains the
organi ¢ conmpound according to any one of clains 8 to
12.

[Caim 16] An organic light-emtting device, conprising:

an anode;

a cat hode; and

an em ssion |ayer placed between the anode and the
cat hode,

wherein the em ssion |ayer contains the organic
conmpound according to any one of clains 8 to 12.

[Caim 17] A display apparatus, conprising nultiple pixels
wherein at |east one of the nmultiple pixels includes
the organic light-emtting device according to any
one of claime 1 to 7 and 13 to 16, and an active

device connected to the organic light-emtting device.
[Caim 18] An inmage information procesSing appar at us,

conprising :

an input portion for inputting inmage i nformation;

and

a display portion for displaying an inmage,
wherein the display portion conprises the display
apparatus according to claim 17.
[Caim 19] A lighting apparatus, conprising:
the organic light-emtting device according to any one
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of claims 1 to 7 and 13 to 16; and
an AC/DC converter circuit for supplying a driving
voltage to the organic light-emtting device.

[Caim 20] An image-form ng apparatus, conprising:

a photosensitive nenber;

a charging portion for charging a surface of the
phot osensitive nmenber; '

an exposure portion for exposing the photosensitive
menber; and

a developing unit for developing an electrostatic

| atent image formed on the surface of the

phot osensitive nenber,

wherein the exposure portion includes the organic
[ight-emtting device according to any one of clains 1
to 7 and 13 to 16.

[Caim 21] An exposure machine, conprising a light-emtting
menber, the exposure machine being configured to
expose a photosensitive nmenber with the light-emtting
menber, wherein the light-emtting nenber conprises a
menber obtained by placing a plurality of the organic
l[ight-emtting devices according to any one of clains
1to 7 and 13 to 16 along a predeterm ned |[inear
direction so that the devices form a line.
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