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(57) ABSTRACT 

Provided is an organic electroluminescent device (organic EL 
device) that is improved in luminous efficiency, fully secured 
of driving stability, and simply constructed. The EL device 
has a light-emitting layer disposed between an anode and a 
cathode stacked one upon another on a Substrate and the 
light-emitting layer comprises a phosphorescent dopant and 
an indolocarbazole derivative as a host material. Examples of 
the indolocarbazole compounds include a compound repre 
sented by the following formula (2) or (3), wherein X is Nor 
CH, at least one of Xs is N, and Arto Ars each is a substituted 
or unsubstituted aromatic group. 

(2) 

(3) 

10 Claims, 1 Drawing Sheet 
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INDOLOCARBAZOLE COMPOUND FOR USE 
IN ORGANICELECTROLUMNESCENT 

DEVICE AND ORGANIC 
ELECTROLUMNESCENT DEVICE 

FIELD OF TECHNOLOGY 

This invention relates to a novel compound for use in an 
organic electroluminescent device and to an organic elec 
troluminescent device (hereinafter referred to as organic EL 
device) and, more particularly, relates to an organic EL device 
which uses a phosphorescent dopant and a host compound 
having a specific structure together to emit light of high 
luminance. 

BACKGROUND TECHNOLOGY 

An organic EL device of the simplest structure is generally 
constituted of a light-emitting layer sandwiched between a 
pair of counter electrodes and utilizes the following light 
emitting phenomenon. Upon application of an electrical field 
between the electrodes, electrons are injected from the cath 
ode and holes are injected from the anode and they recombine 
in the light-emitting layer; the energy level after recombina 
tion goes back from the conduction band to the Valence band 
with release of energy in the form of light. 

In recent years, organic thin films have been used in the 
development of EL devices. In particular, in an effort to 
enhance the luminous efficiency, the kind of electrodes has 
been optimized for the purpose of improving the efficiency of 
injecting carriers from the electrodes and a device has been 
developed in which a hole-transporting layer of an aromatic 
diamine and a light-emitting layer of 8-hydroxyquinoline 
aluminum complex (hereinafter referred to as Alq3) are dis 
posed in thin film between the electrodes. This device has 
brought about a marked improvement in the luminous effi 
ciency over the conventional devices utilizing single crystals 
of anthracene and the like and thereafter the developmental 
works of organic EL devices have been focused on commer 
cial application to high-performance flat panels featuring 
self-luminescence and high-speed response. 

In another effort to enhance the luminous efficiency of the 
device, the use of phosphorescence in place of fluorescence is 
investigated. The aforementioned device comprising a hole 
transporting layer of an aromatic diamine and a light-emitting 
layer of Alq3 and many other devices utilize fluorescence. 
The use of phosphorescence, that is, emission of light from 
the excited triplet state is expected to enhance the luminous 
efficiency approximately three times that of the conventional 
devices utilizing fluorescence (emission of light from the 
excited singlet state). To achieve this objective, coumarin 
derivatives and benzophenone derivatives have been investi 
gated as a material for the light-emitting layer, but they 
merely produced luminance at an extremely low level. There 
after, europium complexes were tried to utilize the excited 
triplet state, but failed to emit light at high efficiency. 

Patent document 1: JP2003-5 15897 A 
Patent document 2: JP2001-313178 A 
Patent document 3: JP2002-305.083 A 
Patent document 4: JP2002-352957 A 
Patent document 5: JPH11-162650 A 
Patent document 6: JPH11-176578 A 
A large number of phosphorescent dopants useful for the 

light-emitting layer of an organic EL device are disclosed in 
the patent document 1 and elsewhere. A typical example is 
tris(2-phenylpyridine)iridium complex (hereinafter referred 
to as Ir(ppy)3). 
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2 
A carbazole compound or CBP described in the patent 

document 2 is proposed as a host material for use in the 
light-emitting layer of an organic EL device. Since CBP has a 
special property of facilitating the flow of holes and obstruct 
ing the flow of electrons, the use of CBP as a host material for 
Ir(ppy)3 that is a green light-emitting phosphorescent mate 
rial destroys the balanced injection of charges thereby caus 
ing excess holes to flow out to the side of the electron-trans 
porting layer and, as a result, the luminous efficiency from 
Ir(ppy)3 drops. 
As a means to solve the aforementioned problems, a hole 

blocking layer may be disposed between the light-emitting 
layer and the electron-transporting layer, for example, in the 
manner described in the patent document 3. The hole-block 
ing layer accumulates holes efficiently in the light-emitting 
layer thereby improving the probability of recombination of 
holes and electrons in the light-emitting layer and enhancing 
the luminous efficiency. Examples of the hole-blocking mate 
rials currently in general use include 2,9-dimethyl-4,7-diphe 
nyl-1,10-phenanthroline (hereinafter referred to as BCP) and 
p-phenylphenolato-bis(2-methyl-8-quinolinolato-N1, 
O8)aluminum (hereinafter referred to as BAlq). The hole 
blocking layer can prevent electrons and holes from recom 
bining in the electron-transporting layer. However, BCP lacks 
reliability as a hole-blocking material as it tends to crystallize 
easily even at room temperature and a device comprising BCP 
shows an extremely short service life. On the other hand, 
BAlq is reported to have a Tg of approximately 100° C. and 
help to show a relatively long service life when incorporated 
in a device; however, BAlq does not have a sufficient hole 
blocking ability and the luminous efficiency from Ir(ppy)3 
drops. 
Now, 3-phenyl-4-(1-naphthyl)-5-phenyl-1,2,4-triazole 

(hereinafter referred to as TAZ) described in the patent docu 
ment 4 is also proposed as a host material for a phosphores 
cent organic EL device; however, TAZ has a property of 
facilitating the flow of electrons and obstructing the flow of 
holes and displaces the light-emitting range toward the side of 
the hole-transporting layer. Hence, it is conceivable that the 
luminous efficiency from Ir(ppy)3 may drop depending upon 
the compatibility of Ir(ppy)3 with the material of choice for 
the hole-transporting layer. For example, 4,4'-bisN-(1-naph 
thyl)-N-phenylaminobiphenyl (hereinafter referred to as 
NPB) is a material most widely used in the hole-transporting 
layer on account of its excellent performance, high reliability, 
and long service life; however, it is poorly compatible with 
Ir(ppy)3 and energy transition occurs from Ir(ppy)3 to NPB to 
lower the luminous efficiency. 
The indolocarbazole compounds disclosed in the patent 

documents 5 and 6 are recommended for use as hole-trans 
porting materials and their stability is admired. However, 
these documents do not teach the use as a phosphorescent host 
material. Moreover, the disclosed compounds differ in struc 
ture from those to be provided by this invention. 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

In applications of organic EL devices to display devices 
Such as flat panel displays, it is necessary to improve the 
luminous efficiency of the device and, at the same time, to 
fully secure the driving stability of the device. Under the 
aforementioned circumstances, an object of this invention is 
to provide an organic EL device that performs at high effi 
ciency with good driving stability and can be put to practical 
use and to provide a compound Suitable therefor. 
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Means to Solve the Problems 

The inventors have conducted intensive studies, found that 
the aforementioned problems can be solved by the use of a 
compound of specified structure in an organic EL device, and 
completed this invention. 

Accordingly, this invention provides an organic EL device 
that performs at high efficiency with good driving stability 
and is practically useful by the use of a compound having a 
specified indolocarbazole skeleton. 
A compound for use in an organic electroluminescent 

device according to this invention is represented by the fol 
lowing general formula (1): 

(1) 

(1a) 

wherein, ring A is a heterocyclic ring represented by for 
mula (1a) and is condensed with the adjacent rings at 
arbitrary positions: X is N or CH and at least one of Xs 
is a nitrogen atom; Ar to Ars each is independently a 
Substituted or unsubstituted non-condensed aromatic 
hydrocarbon group or a Substituted or unsubstituted 
non-condensed aromatic heterocyclic group and Arand 
Ars each may form a condensed ring with the X-con 
taining ring; R is hydrogen or a monovalent Substituent. 

The compounds for use in an organic electroluminescent 
device represented by general formula (1) include the com 
pounds represented by the following general formula (2) or 
(3): 

(2) 
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4 
-continued 

(3) 

X and Ari to Ar in general formulas (2) and (3) have the 
same meaning as X and Arto Ars in general formula (1). 

This invention further relates to an organic electrolumines 
cent device having an organic layer comprising the aforemen 
tioned compound for use in an organic electroluminescent 
device. Advantageously, the organic electroluminescent 
device has a light-emitting layer disposed between an anode 
and a cathode stacked one upon another on a Substrate and the 
said light-emitting layer comprises a phosphorescent dopant 
and a compound for use in an organic electroluminescent 
device represented by the aforementioned general formula 
(1), (2), or (3) as a host material. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 schematically shows the cross section of an example 
of organic EL device. 

EXPLANATION OF SYMBOLS 

1 Substrate, 2 anode, 3 hole-injecting layer, 4 hole-trans 
porting layer, 5 light-emitting layer, 6 electron-trans 
porting layer, 7 cathode 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

The mode of reduction to practice of this invention will be 
described in detail below. 
A compound for use in an organic EL device according to 

this invention is represented by the aforementioned general 
formula (1). Any of the compounds represented by general 
formula (1) has a skeleton formed by the condensation of a 
carbazole ring with an indole ring. A ring containing 3 Xs 
(referred to as an X-containing ring) is linked to the Natom of 
the carbazole ring and Rand Arto Ars are Suitably linked to 
individual rings. The indole ring is formed by the condensa 
tion of ring A with a benzene ring. 

In general formula (1), ring A denotes a heterocyclic ring 
represented by formula (1) and it is condensed with the adja 
cent rings. Here, the heterocyclic ring represented by formula 
(1a) may be condensed with the adjacent carbazole ring at an 
arbitrary position. Concretely, the condensation may occurat 
the 2.3-, 3.4-, or 4.5-position. 

In the X-containing ring linked to the Natom of the carba 
Zole ring, X is CH or N and at least one of Xs is a nitrogen 
atom. Preferably, one, two, or three of Xs are nitrogenatoms. 

  

  



US 8,062,769 B2 
5 

The groups Arto Ars each is a Substituted or unsubstituted 
non-condensed aromatic hydrocarbon group or a substituted 
or unsubstituted non-condensed aromatic heterocyclic group. 
Preferable unsubstituted aromatic hydrocarbon groups 
include a phenyl group, a biphenylyl group, a terphenylyl 
group, and quaterphenylyl group. Preferable unsubstituted 
aromatic heterocyclic groups include a pyridyl group, pyrim 
idyl group, a triaZyl group, an imidazolyl group, and a thienyl 
group. 

When these aromatic hydrocarbon groups or aromatic het 
erocyclic groups have substituents, preferable examples of 
Such Substituents include alkyl groups of 1 to 4 carbonatoms, 
alkoxyl groups of 1 to 4 carbon atoms, a phenoxyl group, 
alkylthio groups, Substituted amino groups, and an acetyl 
group. The examples further include aromatic hydrocarbon 
groups of 5 to 18 carbon atoms and aromatic heterocyclic 
groups of 3 to 17 carbon atoms. 
The group Ar or Ars may condense with the X-containing 

ring to form a condensed ring. 
In the case where the X-containing ring linked to the N 

atom of the carbazole ring is a pyridine ring in general for 
mula (1), one of three XS is a nitrogen atom and preferably 
located in the p-position to the carbon atom linked to the N 
atom in the carbazole ring. Where the X-containing ring is a 
pyrimidine ring, two of three XS are nitrogen atoms and 
preferably located at both of the o-positions. 
The group R is hydrogenora monovalent Substituent. To be 

specific, R is independently hydrogen, an alkyl group, an 
aralkyl group, an alkenyl group, an alkynyl group, a cyano 
group, a dialkylamino group, a diarylamino group, a diaralky 
lamino group, an amino group, a nitro group, an acyl group. 
analkoxycarbonyl group, a carboxyl group, analkoxyl group, 
an alkylsulfonyl group, a haloalkyl group, a hydroxyl group, 
an amide group, a Substituted or unsubstituted aromatic 
hydrocarbon group, or a Substituted or unsubstituted aromatic 
heterocyclic group. Preferable monovalent substituents 
includealkyl groups of 1 to 4 carbonatoms, alkoxyl groups of 
1 to 4 carbon atoms, a phenoxyl group, alkylthio groups, 
Substituted amino groups, and an acetyl group. They further 
include substituted or unsubstituted aromatic hydrocarbon 
groups of 5 to 18 carbon atoms and substituted or unsubsti 
tuted aromatic heterocyclic groups of 3 to 17 carbon atoms. 
Of the compounds represented by the aforementioned gen 

eral formula (1), the compounds represented by the afore 
mentioned general formulas (2) and (3) are preferable. The 
groups X, Ar to Ars, and R in general formulas (2) and (3) 
correspond to X, Ari to Ars, and Ringeneral formula (1) and 
have the same meaning. The same is true of the preferable 
groups of X, Ar to Ars, and R. The groups have the same 
meaning here means that the groups are defined in the same 
way. In the case where the groups X, Ari to Ars, and R are 
present in plurality, they may be varied mutually within the 
range of the aforementioned definition. 
The compounds for use in an organic EL device of this 

invention can be prepared easily by a known method. For 
example, a compound represented by general formula (2) is 
prepared by a sequence of reactions shown below with refer 
ence to a synthetic example described in Synlett., 2005, No. 1, 
pp. 42-48. 
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s N N R-H --R - es. 
2NN NHNea 

A compound represented by general formula (3) can be 
prepared by a sequence of reactions shown below with refer 
ence to a synthetic example described in Archiv der Pharma 
zie (Weinheim, Germany), 1987,320 (3), pp. 280-282. In the 
chemical formulas here, L has the same meaning as Ar to 
Ars. 

R (s =y-R 

NH NH 

HC(OC2H5)3 -> 

1. n 
=y-R N N 

I N L 

/ \ NH 
-S ere 

  



Preferable examples of the compounds represented by gen 
eral formulas (1), (2), and (3) are shown below, but are not 
limited thereto. 
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An excellent organic electroluminescent device is pro 

vided by incorporating the compound of this invention in its 
organic layer. Preferably, the said compound is incorporated 
in at least one organic layer selected from a light-emitting 
layer, a hole-transporting layer, an electron-transporting 
layer, and a hole-blocking layer. More preferably, the said 
compound is incorporated as a host material in a light-emit 
ting layer containing a phosphorescent dopant. 
An organic electroluminescent device to be provided by 

this invention advantageously contains a light-emitting layer 
disposed between an anode and a cathode stacked one upon 
another on a Substrate and the said light-emitting layer con 
tains a phosphorescent dopant and the aforementioned com 
pound for use in an organic EL device as a host material. An 
organic EL device constituted of a Substrate, an anode, a 
cathode, and a light-emitting layer manages to function; how 
ever, it is preferable that a hole-injecting/transporting layer is 
disposed between the anode and the light-emitting layer and 
an electron-injecting/transporting layer is disposed between 
the cathode and the light-emitting layer and, further, a hole 
blocking layer is disposed between the light-emitting layer 
and the electron-injecting/transporting layer. 

Phosphorescent dopants to be used in the light-emitting 
layer are preferably organic metal complexes containing at 
least one metal selected from ruthenium, rhodium, palladium, 
silver, rhenium, osmium, iridium, platinum, and gold. Such 
organic metal complexes are known in the aforementioned 
patent documents and elsewhere and a suitable material can 
be chosen from them and used in this invention. 

Preferable phosphorescent dopants include complexes 
having a noble metal element such as Irin the center, typically 
Ir(ppy)3, complexes such as Ir(bt)2 acac3, and complexes 
such as PtCEts. Examples of these complexes are shown 
below, but are not limited thereto. 
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50 

The content of the aforementioned phosphorescent dopant 
in the light-emitting layer is preferably in the range of 5 to 10 

55 wt %. 
The structure of an organic EL device to be provided by this 

invention will be explained with reference to the drawing, but 
is not limited thereto. 

FIG. 1 schematically shows the structure of an example of 
60 organic EL device generally used in this invention and the 

numbers in FIG. 1 respectively designate the following: 1 
Substrate, 2 anode, 3 hole-injecting layer, 4 hole-transporting 
layer, 5 light-emitting layer, 6 electron-transporting layer, 
and 7 cathode. The organic EL device of this invention com 

65 prises a Substrate, an anode, a light-emitting layer, and a 
cathode as essential layers; in addition to the essential layers, 
the device preferably has a hole-injecting/transporting layer 
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and an electron-injecting/transporting layer and, further, has 
a hole-blocking layer disposed between the light-emitting 
layer and the electron-injecting/transporting layer. The term 
hole-injecting/transporting layer means a hole-injecting layer 
and/or a hole-transporting layer and the term electron-inject- 5 
ing/transporting layer means an electron-injecting layer and/ 
or an electron-transporting layer. 

It is possible to construct a device with a structure that is the 
reverse of the one shown in FIG. 1 by stacking the cathode 7. 
the electron-transporting layer 6, the light-emitting layer 5, 
the hole-transporting layer 4, and the anode 2 one upon 
another in this order on the substrate 1 and, as described 
earlier, it is possible to dispose the organic EL device of this 
invention between two substrates at least one of which is 
highly transparent. In this case of the reverse structure, a layer 15 
or layers may be added or omitted if necessary. 
The organic EL device of this invention is applicable to a 

single device, a device with its structure arranged in array, or 
a device in which the anode and the cathode are arranged in 
X-Y matrix. The organic EL device of this invention produces 
remarkable improvements in luminous efficiency and driving 
stability over the conventional devices utilizing emission of 
light from the excited singlet state by incorporating a com 
pound of specific skeleton and a phosphorescent dopant in its 
light-emitting layer and it can perform excellently when 
applied to full-color or multicolor panels. 

10 
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EXAMPLES 

This invention will be described in more detail below with 30 
reference to the examples; however, it will not be limited to 
these examples and it can be reduced to practice in various 
modes unless Such practice exceeds the Substance of the 
invention. The compound numbers used in the examples cor 
respond to the numbers assigned to the indolocarbazole 
derivatives listed earlier together with their chemical formu 
las. 

35 
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In a 2000-ml three-necked flask that had been deaerated 
and filled with nitrogen were placed 33.3 g (297.0 mmoles) of 
1.2-cyclohexanedione and 86.0 g (594.7 mmoles) of phenyl 
hydrazine hydrochloride, then 1000 ml of ethanol was added, 
and the mixture was stirred. To the flask was added dropwise 45 
3.0 g (30.6 mmoles) of concentrated sulfuric acid over 5 
minutes. The mixture was then heated to 65° C. and stirred at 
this temperature for 4 hours. The mixture was cooled to room 
temperature and the violet brown crystals formed were col 
lected by filtration, reslurried twice with 500 ml of ethanol, 50 
and dried under reduced pressure to give 80.0 g (280.5 
mmoles, 96.3% yield) of a violet brown powder. 

Then, 72.0 g (261.5 mmoles) of the violet brown powder 
obtained above was placed in a 1000-ml three-necked flask, 
720g of acetic acid and 72.0 g of trifluoroacetic acid were 55 
added, and the mixture was stirred. The mixture was then 
heated to 100° C. and stirred at this temperature for 15 hours. 
The mixture was cooled to room temperature, the yellow 
crystals formed were collected by filtration, rinsed with 200 
ml of acetic acid, then rinsed with 200 ml of hexane, and dried 60 
under reduced pressure to give 30.0 g (117.1 millimoles, 
44.8% yield) of white powder A' or indolo2,3-acarbazole. 

In a 1000-ml three-necked flask that had been deaerated 
and filled with nitrogen were placed 26.0 g (101.4 mmoles) of 
the white powder obtained above, 122.7 g (601.4 mmoles) of 65 
iodobenzene, 54.7 g (287.2 mmoles) of copper iodide, and 
66.7 g (482.6 mmoles) of potassium carbonate, then 800 ml of 

52 
quinoline was added, and the mixture was stirred. The mix 
ture was then heated to 190° C. and stirred at this temperature 
for 72 hours. The mixture was cooled to room temperature, 
500 ml of water and 500 ml of dichloromethane were added, 
the mixture was stirred, and the yellow crystals formed were 
filtered. The filtrate was transferred to a 2000-ml separatory 
funnel and separated into an organic layer and an aqueous 
layer. The organic layer was washed three times with 500 ml 
of water and dried over magnesium sulfate, the magnesium 
sulfate was filtered off, and the solvent was distilled offunder 
reduced pressure. The residue was purified by column chro 
matography to give 13.7 g (41.2 mmoles, 40.6% yield) of 
white solid A or 11-phenylindolo2,3-acarbazole. 

Then, 12.5 g (0.068 mole) of cyanuric chloride and 55 ml 
of dehydrated THF were placed in a 200-ml three-necked 
flask that had been deaerated and filled with nitrogen and the 
mixture was stirred in an ice bath in a stream of nitrogen. 
Then, to the flask was added dropwise 105.6 g (0.186 mole) of 
a 32% THF solution of phenylmagnesium bromide over 2 
hours while keeping the temperature at 15° C. or below during 
the addition. Upon completion of the dropwise addition, the 
mixture was stirred continuously for 1.5 hours. Thereafter, 80 
g of toluene was added to the flask, the mixture was cooled in 
an ice bath, and 76.5 g (0.254 mole) of a 12% aqueous 
solution of HCl was added dropwise to the flask over 15 
minutes while keeping the temperature at 30° C. or below 
during the addition. The contents of the flask were transferred 
to a 500-ml separatory funnel and separated into an organic 
layer and an aqueous layer. The organic layer was washed 
three times with 100 ml of water and dried over magnesium 
sulfate, the magnesium sulfate was filtered off, the solvent 
was distilled offunder reduced pressure, and 21.1 g of a crude 
product was obtained. Then, 110 g of methanol was added to 
the crude product, the mixture was stirred for 1 hour, the 
precipitate was filtered off, and the filtrate was dried in a 
vacuum dryer to give 14.5 g (6.5 mmoles, 50.2% yield) of 
white solid B or 2-chloro-4,6-diphenyl-1,3,5-triazine. 

Then, 2.18 g (50.0 mmoles) of a 55% dispersion of sodium 
and 70 ml of dehydrated N,N-dimethylformamide were 
placed in a 2000-ml three-necked flask that had been deaer 
ated and filled with nitrogen and the mixture was stirred in a 
stream of nitrogen. A solution of 13.5 g (40.6 mmoles) of 
white solid A obtained above in 150 ml of dehydrated N,N'- 
dimethylformamide was prepared and added dropwise to the 
flask over 10 minutes. Upon completion of the dropwise 
addition, the mixture was stirred continuously for 1 hour. 
Thereafter, 10.4 g (39.0 mmoles) of white solid B obtained 
above was dissolved in 150 ml of dehydrated N,N-dimethyl 
formamide and the resulting solution was added dropwise to 
the flask over 1 hour. Upon completion of the dropwise addi 
tion, the mixture was stirred continuously for 3 hours. Then, 
600 g of water was added and the crystals separated were 
collected by filtration, reslurried twice with 300 g of water, 
then reslurried with 300 g of methanol, and dried in a vacuum 
dryer to give 21.0 g of yellow crystals. 

Then, 21.0 g of the yellow crystals was dissolved in 108.6 
g of THF in a 1000-ml flaskand 660 g of methanol was added 
dropwise to the flask. The precipitate was filtered off and the 
filtrate was dried in a vacuum dryer to give 12.7 g (22.6 
mmoles, 54.6% yield) of a yellow solid or Compound 3. 
Compound 3 gave a molecular ion with a mass of 563 by 

EI-MS (M+1) and its melting point was 263°C. 

Example 2 

Compound 3 was deposited on a glass Substrate from an 
evaporation source at a rate of 0.1 nm/sec to a thickness of 50 
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nm by the vacuum deposition process at a degree of vacuum 
of 40x10 Pa. The thin film thus formed was evaluated by a 
fluorometer and emission of light was observed. 

Separately, Compound 3 and Ir(ppy)3 were co-deposited 
on a glass Substrate from different evaporation sources at a 
rate of 0.1 nm/sec to a thickness of 50 nm by the vacuum 
deposition process at a degree of vacuum of 4.0x10 Pa 
while controlling the concentration of Ir(ppy)3 at 7.0%. The 
thin film thus formed was evaluated by a fluorometer. The 
maximum absorption wavelength of Compound 3 was used 
as the excitation wavelength and the light then emitted was 
observed and compared with the light emitted from the thin 
film of Compound 3 alone. The results are shown in Table 1. 

Comparative Example 1 

A thin film was formed and evaluated as in Example 2 with 
the exception of replacing Compound 3 with Alq3 as a host 
material. The results are shown in Table 1. 

TABLE 1. 

Emission of light Emission of light from 
from host dopant 

Example 2 X O 
Comparative O X 
example 1 

When Compound 3 is used as a host material in the light 
emitting layer, transition of energy occurs to Ir(ppy)3 and 
emission of light from Ir(ppy)3 is observed. When Alq3 is 
used instead, transition of energy does not occur to Ir(ppy)3 
and Alq3 itself emits light. 

Example 3 

An organic EL device was fabricated as in FIG. 1 with 
omission of a hole-injecting layer and addition of an electron 
injecting layer. Applying the vacuum deposition process at a 
degree of vacuum of 40x10 Pa, the constituent layers were 
stacked one upon another on a glass Substrate having a 150 
nm-thick ITO anode formed thereon. First, NPB was depos 
ited on the ITO anode to a thickness of 60 nm to form a 
hole-transporting layer. 

Next, Compound 3 and Ir(ppy)3 were co-deposited from 
different evaporation sources on the hole-transporting layer 
to a thickness of 25 nm to form a light-emitting layer. The 
concentration of Ir(ppy)3 at this point was 7.0 wt %. Then, 
Ald3 was deposited to a thickness of 50 nm to form an 
electron-transporting layer. Further, lithium fluoride (LiF) 
was deposited on the electron-transporting layer to a thick 
ness of 0.5 nm to form an electron-injecting layer. Finally, 
aluminum (Al) as an electrode was deposited on the electron 
injecting layer to a thickness of 170 nm to complete the 
fabrication of an organic EL device. 
The organic EL device thus fabricated was connected to an 

outside power source and, upon application of direct current 
Voltage, emission of light with the characteristics shown in 
Table 2 was confirmed. In Table 2, the luminance, Voltage, 
and luminous efficiency are measured at 10 mA/cm. The 
maximum wavelength of the spectrum of light emitted from 
the device is 517 nm and this proves that light is emitted from 
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Comparative Example 2 

An organic EL device was fabricated as in Example 3 with 
the exception of using HMTPD in the hole-transporting layer 
and TAZ as a host material in the light-emitting layer. 

Comparative Example 3 

An organic EL device was fabricated as in Example 3 with 
the exception of using TAZ as a host material in the light 
emitting layer. 

TABLE 2 

Luminous 
Luminance Voltage efficiency 
(cd/m) (V) (lm/W) 

Example 3 2720 5.2 16.4 
Comparative 2OSO 13.2 4.9 
Example 2 
Comparative 1270 9.5 4.2 
Example 3 

Example 4 

(Synthesis of Compound 114) 
In a 2000-ml three-necked flask that had been deaerated 

and filled with nitrogen were placed 50.69 g (0.2058 mole) of 
3,3'-methylenediindole and 30.55 g (0.2061 mole) of triethyl 
orthoformate, then 640 g of methanol was added, and the 
mixture was stirred. To the mixture was added dropwise 5.0 g 
(0.0515 mole) of concentrated sulfuric over 3 minutes and the 
mixture was heated under reflux for 1 hour. The mixture was 
cooled to room temperature and the reddish brown crystals 
formed were collected by filtration and reslurried twice with 
500 ml of methanol. The solvent was distilled off under 
reduced pressure and 36.81 g of solid C or indolo 3.2-b 
carbazole (0.1438 mole, 69.9% yield) was obtained as a red 
dish brown powder. 

Next, 4.36 g (100.0 mmoles) of a 55% dispersion of 
sodium hydride and 70 ml of dehydrated DMF were placed in 
a 2000-ml three-necked flaskand the mixture was stirred in a 
stream of nitrogen. To this mixture was added dropwise a 
solution of 10.4 g (40.6 mmoles) of the aforementioned solid 
C in 150 ml of dehydrated DMF over 10 minutes. Upon 
completion of the dropwise addition, the mixture was stirred 
continuously for 1 hour. Then, to the mixture was added 
dropwise a solution of 20.9 g (78.0 mmoles) of 2-chloro-4,6- 
diphenyl-1,3,5-triazine in 300 ml of dehydrated over 1 hour. 
Upon completion of the dropwise addition, the mixture was 
stirred continuously for 3 hours. Thereafter, 900 g of water 
was added, the crystals separated were collected by filtration, 
reslurried twice with 450 g of water, further reslurried with 
450 g of methanol, the solvent was distilled off under reduced 
pressure, and 42.0 g of brown crystals was obtained. The 
brown crystals were purified by crystallization from THF and 
methanol and stripped of the solvent under reduced pressure 
to give 13.4 g (18.6 mmoles, 46% yield) of a light brown solid 
or Compound 114: APCI-MS, m/z 719 M+1": melting 
point, 498° C. 

Example 5 

(Synthesis of Compound 116) 
In a 200-ml three-necked flask that had been deaerated and 

filled with nitrogen were placed 1.3 g (5.1 mmoles) of indolo 
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3.2-bcarbazole, 1.4 g (14.6 mmoles) of sodium tert-butox 
ide, 8.2 mg (0.037 mmoles) of palladium acetate, 6.4 g (17.9 
mmoles) of 2,6-diphenyl-4-iodopyridine, and 80 ml of xylene 
and the mixture was stirred at room temperature for 1 hour. To 
this mixture was added 64 mg (0.32 mmole) of tri-tert-bu 
tylphosphine and the resulting mixture was heated at 120° C. 
with stirring for 40 hours. The mixture was cooled to room 
temperature, 70 ml of water was added, and the precipitate 
was collected by filtration. The solid thus obtained was puri 
fied by reslurrying under heat successively with methanol, 
toluene, and chloroform to give 1.0 g (1.4 mmoles, 27.5% 
yield) of a pale brown solid or Compound 116: APCI-MS, 
m/Z 715 M+1": melting point, 426°C. 

Example 6 

(Synthesis of Compound 2) 
In a 1000-ml three-necked flask that had been deaerated 

and filled with nitrogen were placed 2.18 g (0.056 mole) of a 
55% dispersion of sodium hydride and 240 ml of dehydrated 
DMF and the mixture was stirred in a stream of nitrogen. To 
this mixture was added dropwise a solution of 13.3 g (0.04 
mole) of 11-phenylindolo2,3-acarbazole in 25 ml of dehy 
drated DMF over 10 minutes and thereafter the stirring was 
continued for 1 hour. Further, a solution of 8.8 g (0.048 mole) 
of 2,4,6-trichloro-1,3-pyrimidine in 150 ml of dehydrated 
DMF was added dropwise over 1 hour. Upon completion of 
the dropwise addition, the stirring was continued for 3 hours, 
then 500 ml of water was added, and the crystals separated 
were collected by filtration. The crystals were reslurried twice 
with 300 g of water and further reslurried with 300 g of 
methanol. The solvent was distilled off under reduced pres 
sure and 18.2 g of light yellow crystals was obtained. The 
crystals were used in the next reaction without purification. 

In a 2000-ml three-necked flask were then placed 18.2 g 
(0.038 mole) of the light yellow crystals obtained above, 9.73 
g (0.08 mole) of phenylboronic acid, 1.84 g (0.0016 mole) of 
tetrakis(trisphenylphosphine)palladium, 150 ml of ethanol, 
and 450 ml of toluene and the mixture was stirred. To the 
mixture was added an aqueous solution of 29.8 g (0.28 mole) 
of sodium carbonate in 140 ml of water and the resulting 
mixture was heated at 85°C. with stirring for 4 hours. The 
mixture was cooled to room temperature, 200 ml of water and 
200 ml of toluene were added, the mixture was separated into 
an organic layer and an aqueous layer, and the organic layer 
was washed with 200 ml of water. The organic layer was 
dehydrated over magnesium sulfate, the magnesium sulfate 
was filtered off, and the solvent was distilled off under 
reduced pressure. The residue was purified by crystallization 
from dichloromethane and ethanol, the solvent was distilled 
off under reduced pressure, and 5.2 g (0.0092 mole, 23% 
yield) of a white solid or Compound 2 was obtained: APCI 
MS, m/z 563 M+1": melting point, 252°C. 

Example 7 

(Synthesis of Compound 29) 
In a 100-ml three-necked flask were placed 0.21 g (0.94 

mmole) of palladium(II) acetate, 20 ml of xylene, and 0.76 g 
(3.76 mmoles) of tri-tert-butylphosphine and the mixture was 
heated at 60° C. with stirring for 30 minutes. The resulting 
Solution was sent into a solution that had been prepared by 
dissolving 4.61 g (0.0180 mole) of indolo2,3-acarbazole, 
5.8 g (0.018 mole) of 4-carbazolylbromobenzene, and 7.7g 
(0.080 mole) of sodium tert-butoxide in 180 ml of xylene and 
heated at 60° C. in a stream of nitrogen and the combined 
solution was heated up to 130° C. and kept at this temperature 
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for 5 hours with stirring. The solution was cooled to room 
temperature, 200 ml of water was added, and the organic layer 
was separated and concentrated under reduced pressure to 
give a crude product. The crude product was purified by 
crystallization from dichloromethane and ethanol, the solvent 
was distilled off under reduced pressure, and 4.2 g (0.0084 
mole, 47% yield) of 11-(4-carbazolylphenyl)indolo2,3-a 
carbazole was obtained. 

Then, 0.42 g (0.0096 mole) of a 55% dispersion of sodium 
hydride and 10 ml of dehydrated DMF were placed in a 
200-ml three-necked flask that had been deaerated and filled 
with nitrogen and the mixture was stirred in a stream of 
nitrogen. To this mixture was added dropwise a solution of 4.0 
g (0.008 mole) of 11-(4-carbazolylphenyl)indolo2,3-acar 
bazole obtained above in 20 ml of dehydrated DMF over 10 
minutes. Upon completion of the dropwise addition, the mix 
ture was stirred for 1 hour or so and to this mixture was added 
dropwise a solution of 2.14 g (0.008 mole) of 2-chloro-4,6- 
diphenyl-1,3,5-triazine in 20 ml of dehydrated DMF over 1 
hour. Upon completion of the dropwise addition, the mixture 
was stirred for 3 hours, 100 g of water was added, and the 
crystals separated were collected by filtration. The crystals 
were reslurried twice with 100g of water, then reslurried with 
100 g of methanol. The solvent was distilled off under 
reduced pressure and the residue was purified by crystalliza 
tion from THF/methanol to give 3.0 g (0.0041 mole, 51% 
yield) of a yellow solidor Compound 29: APCI-MS, m/z. 729 
M+1": melting point, 319°C. 

Example 8 

(Synthesis of Compound 37) 
In a 2000-ml three-necked flask that had been deaerated 

and filled with nitrogen were placed 4.80 g (110.0 mmoles) of 
a 55% dispersion of sodium hydride and 70 ml of dehydrated 
DMF and the mixture was stirred in a stream of nitrogen. To 
this mixture was added dropwise a solution of 13.5 g (52.7 
mmoles) of indolo2,3-acarbazole in 150 ml of dehydrated 
DMF over 10 minutes. Upon completion of the dropwise 
addition, the mixture was stirred for 1 hour or so and to this 
mixture was added dropwise a solution of 29.4 g (110.0 
mmoles) of 2-chloro-4,6-diphenyl-1,3,5-triazine in 150 ml of 
dehydrated DMF over 1 hour. Upon completion of the drop 
wise addition, the mixture was stirred for 3 hours, 900 g of 
water was added, and the crystals separated were collected by 
filtration. The crystals were reslurried twice with 450 g of 
water, further reslurried with 450 g of methanol, the solvent 
was distilled off under reduced pressure, and 35.0 g of crys 
tals was obtained. Purification of the crystals by crystalliza 
tion from THF/methanol gave 24 g (33.4 mmoles, 63.4% 
yield) of a yellow solidor Compound 37: APCI-MS, m/z 719 
M+1": melting point, 426°C. 

Example 9 

(Synthesis of Compound 1) 
In a 20-ml three-neck flask that had been deaerated and 

filled with nitrogen were placed 0.071 g (0.32 mmoles) of 
palladium(II) acetate, 5 ml of xylene, and 0.32 ml (1.26 
mmoles) of tri-tert-butylphosphine and the mixture was 
heated at 60° C. with stirring for 30 minutes. The resulting 
Solution was sent into a solution that had been prepared by 
dissolving 1.99 g (0.0060 mole) of 11-phenylindolo2,3-a 
carbazole, 2.46 g (0.0069 mole) of 2,6-diphenyl-4-iodopyri 
dine, and 2.57 g (0.0267 mole) of sodium tert-butoxide in 60 
ml of xylene and heated at 60°C. in a stream of nitrogen. The 
mixture was heated up to 130°C. and kept at this temperature 
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for 5 hours with stirring. The mixture was cooled to room 
temperature, 70 ml of water was added, and the organic layer 
was separated and concentrated under reduced pressure to 
give 4.85g of a crude product. The crude product was purified 
by crystallization from dichloromethane and ethanol, the sol 
vent was distilled off under reduced pressure, and 1.43 g 
(0.0025 mole, 36% yield) of a white solidor Compound 1 was 
obtained: APCI-MS, m/z,562 M+1": melting point, 277°C., 
2870 C. 

Example 10 

An organic EL device was fabricated as in FIG. 1 with 
addition of an electron-injecting layer. Applying the vacuum 
deposition process at a degree of vacuum of 40x10 Pa, the 
constituent layers in thin film were stacked one upon another 
on a glass Substrate having formed thereon a 150 nm-thick 
ITO anode. First, copper phthalocyanine (CuPC) was depos 
ited on the ITO anode to a thickness of 20 nm to form a 
hole-injecting layer. Then, NPB was deposited to a thickness 
of 40 nm to form a hole-transporting layer. Next, Compound 
3 and Ir(ppy)3 were co-deposited on the hole-transporting 
layer from different evaporation sources to a thickness of 35 
nm to form a light-emitting layer. The concentration of 
Ir(ppy)3 at this point was 7.0 wt %. Then, Alq3 was deposited 
to a thickness of 40 nm to forman electron-transporting layer. 
Further, lithium fluoride (LiF) was deposited on the electron 
transporting layer to a thickness of 0.5 nm as an electron 
injecting layer. Finally, aluminum (Al) was deposited as an 
electrode on the electron-injecting layer to a thickness of 170 
nm to complete the fabrication of an organic EL device. 
The organic EL device thus fabricated was connected to an 

outside power source and, upon application of direct current 
voltage, emission of light from the device with the character 
istics shown in Table 3 was confirmed. The luminance, volt 
age, and luminous efficiency are measured at 10 mA/cm. The 
maximum wavelength of the spectrum of light emitted from 
the device is 517 nm and this proves that light is emitted from 
Ir(ppy)3. 
An organic EL device was fabricated as in Example 10 with 

the exception of using Compound 114, 116, 2, 29, 37, or 1 as 
the main component of the light-emitting layer. The luminous 
characteristics are shown in Table 3. All the devices fabricated 
by using Compounds 114, 116, 2, 29, 37, and 1 that were 
respectively synthesized in Examples 4 to 8 were confirmed 
to emit light from Ir(ppy)3. 

TABLE 3 

Luminous 
Compound Luminance Voltage efficiency 

No (cd/m) (V) (lm/W) 

Example 10 3 28SO 4.9 18.3 
Example 11 114 1970 6.1 10.1 
Example 12 116 31OO 7.9 12.3 
Example 13 2 2900 5.5 16.6 
Example 14 29 332O 6.3 16.6 
Example 15 37 228O 6.5 11.O 
Example 16 1 2740 6.7 12.8 

INDUSTRIAL APPLICABILITY 

This invention enables an organic EL device to emit light of 
high luminance at high efficiency with application of low 
Voltage. Accordingly, the organic EL device of this invention 
is applicable to flat panel displays (for example, office com 
puters and wall-hanging television sets), vehicle display 
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devices, mobile phone displays, light sources utilizing the 
characteristics of planar light emitters (for example, light 
Sources of copying machines and backlight sources of liquid 
crystal displays and instruments), signboards, and beacon 
lights and has a high technical value. 
The invention claimed is: 
1. A compound for use in an organic electroluminescent 

device represented by the following general formulas (2)-(7): 

(2) 

(3) 

(4) 

(5) 
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-continued 
(6) 

(7) 

wherein: 
X is CH or N and at least one of Xs is a nitrogen atom; 
Arto Ars each is independently a Substituted or unsubsti 

tuted non-condensed aromatic hydrocarbon group or a 
Substituted or unsubstituted non-condensed aromatic 
heterocyclic group and Ar or Ars may form a condensed 
ring with the X-containing ring; 

R is hydrogen or a monovalent Substituent. 
2. A compound for use in an organic electroluminescent 

device as described in claim 1 wherein R in formulas (2)-(7) 
is independently hydrogen, an alkyl group, an aralkyl group, 
an alkenyl group, an alkynyl group, a cyano group, a dialky 
lamino group, a diarylamino group, a diaralkylamino group, 
an amino group, a nitro group, an acyl group, an alkoxycar 
bonyl group, a carboxyl group, an alkoxyl group, an alkylsul 
fonyl group, a haloalkyl group, a hydroxyl group, an amide 
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group, a Substituted or unsubstituted aromatic hydrocarbon 
group, or a Substituted or unsubstituted aromatic heterocyclic 
group. 

3. A compound for use in an organic electroluminescent 
device as described in claim 1 wherein R in formulas (2)-(7) 
is independently hydrogen, a Substituted or unsubstituted aro 
matic hydrocarbon group of 5 to 18 carbon atoms, or a Sub 
stituted or unsubstituted aromatic heterocyclic group of 3 to 
17 carbon atoms. 

4. A compound for use in an organic electroluminescent 
device as described in claim 1 wherein Ari to Ars each in 
formulas (2)-(7) is independently a substituted or unsubsti 
tuted phenyl group or a Substituted or unsubstituted aromatic 
heterocyclic group of 2 to 5 carbon atoms. 

5. A compound for use in an organic electroluminescent 
device as described in claim 1 wherein the said compound is 
represented by formula (2) or by formula (3). 

6. An organic electroluminescent device which contains an 
organic layer comprising the compound for use in an organic 
electroluminescent device described in any one of claims 1 to 
5. 

7. An organic electroluminescent device as described in 
claim 6 wherein the organic layer comprising the compound 
for use in an organic electroluminescent device is at least one 
layer selected from a light-emitting layer, a hole-transporting 
layer, an electron-transporting layer, and a hole-blocking 
layer. 

8. An organic electroluminescent device as described in 
claim 6 wherein the organic layer comprising the compound 
for use in an organic electroluminescent device is a light 
emitting layer of the said device disposed between an anode 
and a cathode stacked one upon another on a substrate and the 
said light-emitting layer comprises a phosphorescent dopant 
and the said compound for use in an organic electrolumines 
cent device as a host material. 

9. An organic electroluminescent device as described in 
claim 8 wherein a hole-injecting/transporting layer is dis 
posed between the anode and the light-emitting layer and an 
electron-injecting/transporting layer is disposed between the 
cathode and the light-emitting layer. 

10. An organic electroluminescent device as described in 
claim 9 wherein the hole-blocking layer is disposed between 
the light-emitting layer and the electron-injecting/transport 
ing layer. 

  


