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(57) ABSTRACT

The present invention provides an organic light emitting
device comprising a first electrode, at least one organic layer
and a second electrode, laminated successively, in which at
least one layer of the organic layer has a polycyclic aromatic
hydrocarbon as a core and comprises at least one of a
derivative in which a substituted or unsubstituted C, 5,
cycloalkane, or a substituted or unsubstituted Cs_s, polycy-
cloalkane is directly fused to the core or fused to a substitu-
ent of the core; and a new organic compound usable in the
organic light emitting device. Furthermore, the present
invention provides a charge carrier extracting, injecting or
transporting material which has a polycyclic aromatic
hydrocarbon as a core and comprises a derivative in which
a substituted or unsubstituted C,_5, cycloalkane, or a sub-
stituted or unsubstituted Cs 5, polycycloalkane is directly
fused to the core or fused to a substituent of the core.
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ORGANIC COMPOUND AND ORGANIC LIGHT
EMITTING DEVICE USING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to a new compound
usable in an organic layer of an organic light emitting device
and an organic light emitting device using the same.

[0002] The present application claims the benefit of
Korean Patent Application No. 2005-0086501 (filed on Sep.
15, 2005), which is incorporated herein by its entirety for
reference.

BACKGROUND ART

[0003] In general, the term “organic light emitting phe-
nomenon” refers to a phenomenon in which electric energy
is converted to light energy by means of an organic material.
Particularly, when an organic layer is disposed between an
anode and a cathode and then a voltage is applied between
both electrodes, holes from the anode and electrons from a
cathode are injected into the organic layer, the holes and the
electrons injected are combined together to form excitons.
Further, when the excitons drop to a ground state, lights are
emitted.

[0004] In addition to the above-described organic light
emitting phenomenon in which light emission is made by
recombining of charges injected from both electrodes, there
is another mechanism in which holes and electrons are not
injected from external electrodes but are generated by an
amphoteric charge-generating layer under the application of
alternating current voltage, as in the case of an inorganic thin
film light emitting device, and the holes and electrons move
to an organic thin film layer, resulting in light emission
(Appl. Phys. Lett., 85(12), 2382-2384).

[0005] Since Pope, Kallman and Magnate have found
electro-luminescence in anthracene single crystal in 1963,
active research and development into OLEDs (Organic
Light Emitting Devices) have been made up to now.
Recently, organic light emitting devices have been used in
various applied products such as flat panel display devices
and lighting devices.

[0006] In order to manufacture more efficient organic light
emitting devices, an attempt has been made to manufacture
an organic layer in the device in the form of a multilayer
structure instead of a monolayer structure. Most of currently
used organic light emitting devices have a structure in which
an organic layer and electrodes are deposited. The organic
layer generally has a multilayer structure including a hole
injecting layer, a hole transporting layer, a light emitting
layer, an electron transporting layer and an electron injecting
layer.

[0007] It is known that organic light emitting devices are
characterized by high brightness, high efficiency, low drive
voltage, color changeability, low cost, etc. However, in order
to meet such characteristics, each layer forming an organic
layer in a device (for example, a hole injecting layer, a hole
transporting layer, a light emitting layer, an electron trans-
porting layer and an electron injecting layer) must be formed
of more stable and efficient materials.

DISCLOSURE

Technical Problem

[0008] The present inventors have attempted molecular
design to solve problems caused by the intermolecular
interaction of polycyclic aromatic hydrocarbon derivatives
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such as anthracene, naphthalene, pyrene, rubrene and
perylene, which is capable of carrying out hole transporta-
tion, light emission and/or electron transportation in an
organic light emitting device.

TECHNICAL SOLUTION

[0009] Accordingly, it is an object of the present invention
to provide a new organic compound having a structure in
which at least one cycloalkane or polycycloalkane is directly
linked to a polycyclic aromatic hydrocarbon as a core or is
linked to a substituent thereof.

ADVANTAGEOUS EFFECTS

[0010] According to the invention, a derivative having a
structure in which at least one cycloalkane or polycycloal-
kane is directly fused to a polycyclic aromatic hydrocarbon
as a core or is fused to a substituent of the polycyclic
aromatic hydrocarbon, can maximally decrease interaction
between compounds by bulky cycloalkane or polycycloal-
kane moieties (steric protection), and can further exhibit
induction effect and hyperconjugative effect.

[0011] Therefore, it is possible to efficiently exhibit a
light-emitting color having a low reduction in light emitting
efficiency and having high color purity due to a reduction in
the interaction between compounds and it is also possible to
enhance the life span, the efficiency and the thermal stability
of a device and to drive it at low voltage when the compound
according to the invention is used in an organic light
emitting device.

DESCRIPTION OF DRAWINGS

[0012] FIGS. 1 to 5 are cross-sectional views illustrating
a structure of a general organic light emitting device usable
in the present invention.

REFERENCE NUMERALS
[0013]

2: anode
4: hole transporting layer
6: electron transporting layer

1: substrate

3: hole injecting layer

5: organic light emitting layer
7: cathode

BEST MODE

[0014] The present invention provides an organic light
emitting device comprising a first electrode, at least one
organic layer, and a second electrode, laminated succes-
sively, in which at least one layer of the organic layer has a
polycyclic aromatic hydrocarbon as a core and comprises at
least one of a derivative in which a substituted or unsubsti-
tuted C,_;, cycloalkane, or a substituted or unsubstituted
C.__ polycycloalkane is directly fused to the core.

5-50

[0015] Further, the present invention provides an organic
light emitting device comprising a first electrode, at least one
organic layer, and a second electrode, laminated succes-
sively, in which at least one layer of the organic layer has a
polycyclic aromatic hydrocarbon as a core and comprises at
least one of a derivative in which a substituted or unsubsti-
tuted C,_;, cycloalkane, or a substituted or unsubstituted
C, ,, polycycloalkane is fused to a substituent of the polycy-
clic aromatic hydrocarbon as the core.
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[0016] Furthermore, the present invention provides a
charge carrier extracting, injecting or transporting material
which has a polycyclic aromatic hydrocarbon as a core and
comprises a derivative in which a substituted or unsubsti-
tuted C,_5, cycloalkane, or a substituted or unsubstituted
C, , polycycloalkane is directly fused to the core or fused to
a substituent of the core.

[0017] Still furthermore, the present invention provides a
compound of the following formula (1), a compound of the
following formula (2) and a compound of the following
formula (3), which are capable of carrving out at least one
function of a light emitting material, a hole transporting
material and an electron transporting material:

@

Ri Ryl

@

I AN
Ry (A3),; and
(Re)q
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I X x
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ya Va

( ) )
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4]

[0018] wherein

means a substituted or unsubstituted C,_,, cycloalkane, or a
substituted or unsubstituted Cs_5, polycycloalkane directly
fused to a benzene ring of a polycyclic aromatic hydrocar-
bon (wherein A' means A, A, and A;);

_/\”
N

means a substituted or unsubstituted C, 5, cycloalkane, or a
substituted or unsubstituted C,_;, polycycloalkane fused to
a substituent of a polycyclic aromatic hydrocarbon (wherein
R means R, and R; and A" means A, and A,). In this case,
the benzene ring is contained in the substituent moiety of the
polycyclic aromatic hydrocarbon to which cycloalkane or
polycycloalkane is fused; and
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[0019] the substituents R, to R, , are the same or different
from each other and are each selected from the group
consisting of a hydrogen, a halogen, a nitrile group (—CN),
a nitro group (—NO,), a sulfonyl group (—SO,R"), a
sulfoxide group (—SOR'), a sulfonamide group
(—SO,NR',), a sulfonate group (—SO;R"), a trifluorom-
ethyl group (—CF3), an ester group (—COOR'), an amide
group (—CONHR' or —CONR'R"), a substituted or unsub-
stituted and linear or branched C,_,, alkoxy group, a sub-
stituted or unsubstituted and linear or branched C,_,, ali-
phatic hydrocarbon group, a substituted or unsubstituted and
aromatic or nonaromatic heterocyclic group, a substituted or
unsubstituted aryl group, a substituted or unsubstituted and
mono- or diarylamine group and a substituted or unsubsti-
tuted aralkylamine group, two R’s may form a fused ring, or
two R’s may linearly linked to each other to form a poly-
cyclic aromatic hydrocarbon derivative as a polymer, pro-
vided that R, and R, are not simultaneously a hydrogen
atom.

[0020] In this case, R' and R" are each selected from the
group consisting of a substituted or unsubstituted C,_, alkyl
group, a substituted or unsubstituted aryl group and a
substituted or unsubstituted 5-7 membered heterocyclic
group.

[0021] InR'andR",the C, 4, alkyl group, the aryl group
and the heterocyclic group each may be substituted with one
or more optional group selected from one or more amine
group, an amide group, an ether group and an ester group.

[0022] Inthe formula, the aryl group may be selected from
the group consisting of a phenyl group, a biphenyl group, a
terphenyl group, a benzyl group, a naphthyl group, an
anthracenyl group, a tetracenyl group, a pentacenyl group, a
perylenyl group and a coronenyl group and these may be
monosubstituted, polysubstituted or unsubstituted.

[0023] In this case, when the substituent is a substituted
aryl group, particularly a substituted phenyl group, it may
contain a double bond or triple bond.

[0024] Examples of the substituted aryl group include a
stilbenyl group of

AN

and an acetylenyl group of

=

and the substituted aryl group is preferably substituted at the
9-position of an anthracene core.
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[0025] Examples of the aromatic heterocyclic group in the
formula include groups derived from thiophene, furan, pyt-
role, imidazole, thiazole, oxazole, oxadiazole, thiadiazole,
triazole, pyridine, pyridazine, pyrazine, quinoline and iso-
quinoline.

[0026] Examples of the C,_,, aliphatic hydrocarbon group
in the formula include an alkyl group such as a methyl
group, an ethyl group, n-propyl group, an isopropyl group,
n-butyl group, a sec-butyl group, an isobutyl group, a
tert-butyl group, a pentyl group, a hexyl group; an alkenyl
group having a double bond, such as a styryl group; and an
alkynyl group having a triple bond, such as an acetylene
group.

[0027] Inthe formula (1), k and | are an integer of 0, 1 or
2 (provided that k+1=1); and m and n are an integer of 1 to
4.

[0028] In the formula (2), o is an integer of 1 or 2; and p
and q are an integer of 1 to 4.

[0029] In the formula (3), rand s are an integer of 1 to 4;
and t and u are an integer of 0 to 2, provided that t+uz1.

[0030] In the case thatk, 1, o, p, q, 1, s, t and u are an
integer of 2 or more, there are substituted at several positions
of the aromatic ring with not only same substituents but also
different substituents.

[0031] Unrestricted examples of substituents for the sub-
stituted cycloalkane or substituted bicycloalkane include a
C,  alkyl group.

MODE FOR INVENTION

[0032] Hereinafter, the present invention will be described
in more detail.
[0033] Polycyclic aromatic hydrocarbons such as

anthracene, naphthalene, pyrene, rubrene and perylene can a
function as a chromophore. In particular, an organic com-
pound having anthracene as a core is widely used for a hole
transporting material, a light emitting material (including a
dopant), an electron transporting material, etc. in an organic
electronic device such as an organic light emitting device.

[0034] As illustrated in the formulae (1), (2) and (3), the
present invention is characterized by providing a derivative
that has as a core the polycyclic aromatic hydrocarbon such
as anthracene, naphthalene, pyrene, rubrene and perylene, in
which sterically bulky cycloalkane or polycycloalkane is
directly fused to the core or is fused to a substituent of the
core.

[0035] In the invention, polycycloalkane is preferably
bicycloalkane.
[0036] According to the invention, the derivative that has

the polycyclic aromatic hydrocarbon as a core, in which a
substituted or unsubstituted C, ,, cycloalkane, or a substi-
tuted or unsubstituted C,, polycycloalkane is directly
fused to the core or is fused to a substituent of the core, can
be used as a light emitting material and as a light emitting
host or a light emitting dopant in an organic light emitting
device. In particular, the polycyclic aromatic hydrocarbon
derivative according to the invention can emit blue, green
and red light by controlling the substituents introduced or
the conjugation length.
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[0037] Examples of the polycyclic aromatic hydrocarbon
derivative according to the invention include compounds of
the formulae (1) to (3).

[0038] The polycyclic aromatic hydrocarbon derivative
according to the invention performs light absorption or light
emission, thereby determining its main wavelength band.

[0039] On the other hand, a substituted or unsubstituted
C,,, cycloalkane, or a substituted or unsubstituted Cs s,
bicycloalkane directly fused to the polycyclic aromatic
hydrocarbon core can move the wavelength of the chro-
mophore to a longer wavelength.

[0040] Since anthracene itself has amphoteric properties,
holes or electrons can be selectively transported depending
on the introduction of the substituents.

[0041] The cycloalkane or polycycloalkane fused to the
polycyclic aromatic hydrocarbon can give a nonplanar struc-
ture (e.g., chair type) similar to an independent cycloalkane
or polycycloalkane to the polycyclic aromatic hydrocarbon,
unlike a flat aromatic ring. Therefore, by further exhibiting
amorphous characteristics, a device can be prevented from
breakdown that occurs due to crystallization caused by Joule
heat generated upon operation of an organic electronic
device such as an organic light emitting device.

[0042] Further, since the cycloalkane or polycycloalkane
fused to the polycyclic aromatic hydrocarbon is relatively
sterically bulky, a melting point and a glass transition
temperature of the compound can be increased; the com-
pound has a strong molecular structure and thus has high
quantum efficiency; and quenching effects and adverse
effects generated by the intermolecular interaction, such as
deterioration in color purity caused by the broad light
emission band, can be reduced to enhance characteristics of
the molecule itself, by subjecting to a steric hindrance due
to a bulky molecular structure. Further, the polycyclic aro-
matic hydrocarbon can improve a function as a dopant
capable of inhibiting the intermolecular interaction between
the hosts by the introduction of sterically bulky cycloalkane
or polycycloalkane into a molecule.

[0043] In particular, in a structure in which the aromatic
core is surrounded by cycloalkane or polycycloalkane
framework, the electronic density of the aromatic core is
varied due to an inductive effect and hyperconjugative effect
of the cycloalkane or polycycloalkane framework, thereby
greatly stabilizing cation radicals. Specifically, the polycy-
clic aromatic hydrocarbon has p-type behavior stronger than
that of the core itself because of the cycloalkane or poly-
cycloalkane framework. Further, from electrochemical oxi-
dation measurements, it can be confirmed that the more the
number of cycloalkane or polycycloalkane framework, the
easier the oxidation and the more stable the cation radical
(see J. Am. Chem. Soc. 1998, 120, 6012-6018 and Tetrahe-
dran Letters (1997), 38 (19), 3427-3430).

[0044] Therefore, the polycyclic aromatic hydrocarbon to
which the cycloalkane or polycycloalkane is directly fused
can be used as a hole transporting material. Unlike an
anthracene derivative disclosed in U.S. Pat. No. 6,465,115,
a structure surrounded by cycloalkane or polycycloalkane is
more electrochemically stable (cationic radical) and the
energy level (HOMO) thereof can be optimized. Therefore,
the polycyclic aromatic hydrocarbon is improved in stability
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as the hole transporting material to thus attain a stable
morphology and to facilitate hole injection.

[0045] The number of the cycloalkane or polycycloalkane
fused to the polycyclic aromatic hydrocarbon is preferably 1
to 4.

[0046] The cycloalkane fused according to the invention
has 2 to 30, preferably 3 to 8 carbon atoms.

[0047] The polycycloalkane fused according to the inven-
tion has 5 to 50, preferably 5 to 25 carbon atoms.

[0048] The polycyclic aromatic hydrocarbon as the core in
the invention may be a derivative that is substituted with at
least one substituent (R) such as R1 to R6, R9 and R10
described in the formulae (1) to (3).

[0049] On the other hand, when the substituted ot unsub-
stituted C,_5, cycloalkane, or substituted or unsubstituted
C, , polycycloalkane is fused to the substituent of the core of
the polycyclic aromatic hydrocarbon, a benzene ring is
preferably contained in the substituent moieties fused.

[0050] Specific examples of the compound represented by
the formula (1) include, but are not limited to, the com-
pounds represented by the following formulae (1-1) to

(1-13):
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N NN [0051] In an example of the general production method of
the compound of the formula (1), an anthraquinone deriva-
N tive can be synthesized and reduced to anthracene by a
NN general reduction reaction anthracene, and various substitu-
| | ents can be introduced into a general chemical reaction
A A through a halogenation reaction including bromination at the
g 2 2

9- or 10-position of anthracene (e.g., Suzuki coupling reac-
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tion, amine reaction). The production method can be repre-
sented by the following reaction scheme A: -continued

Br
A —
2-3)

o0)
e

[0052] Specific examples of the compound represented by
the formula (2) include, but are not limited to, the com-
pounds represented by the following formulae (2-1) to (2-6):

2-1) (2-4)

‘ |
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-continued -continued

OQ\\ X1 )= —

; and
Br
(2-6)
OO Br
Br

[0053] Inan example of the general production method of
the compound of the formula (2), the maximum number of
the reaction site through a general fused cyclization can be

»

AL
¢
00

@

3 and various derivatives can be prepared by a general X
chemical reaction as in the formula (1). Specifically, various N
fused ring compounds can be synthesized by the introduc- |
tion of various dichito (e.g., camphorquinone) derivatives as p
starting materials.
[0054] The production method can be represented by the N X R
following reaction scheme B: |
N
[Reaction scheme B]
Br Br 7
0 |
N AN
R

[0055] Specific examples of the compound represented by
0 the formula (3) include, but are not limited to, the com-
pounds represented by the following formulae (3-1) to (3-6):
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-continued
G-D (3-5)

OOCI ; and
N
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[0056] Further, the compounds of the formulae (1-7) and
(1-8) can be included in the compound of the formula (3).

3-2) (3-6)

(33

[0057] An example of the general production method of
the compound of the formula (3) can be represented by the
following reaction scheme C. In this case, when a halogen
derivative including bromine is used instead of
anthraquinone, the compound of the formula (3) can be
synthesized by the same synthesis method.

[Reaction scheme C]

(34) —

Br
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-continued

HO

OH

[0058] The production method of the compounds of the
formulae (1), (2) and (3) will be explained in more detail in
Preparative Examples to be described below.

[0059] On the other hand, the derivative that has the
polycycelic aromatic hydrocarbon as a core, in which a
substituted or unsubstituted C, 5, cycloalkane, or a substi-
tuted or unsubstituted C,, polycycloalkane is directly
fused to the core or is fused to a substituent of the core, can
carry out a function as a charge carrier extracting, injecting
or transporting material. In this case, the charge carrier may
be holes or electrons.

[0060] The organic electronic device requiring hole trans-
portation between electrodes and an organic layer usually
comprises two or more electrodes and one or more organic
layer interposed therebetween. The organic electronic
device can be largely classified into two types according to
its operational principle as follows.

[0061] One type is an organic electronic device having a
configuration in which an exciton is formed in an organic
layer by energy flown from external energy into the device
and the exciton is separated into an electron and a hole, the
electron and the hole formed are used as a current source
(voltage source). Examples of this type of the organic
electronic device include an organic solar cell and a sensor
such as an organic photoconductor (OPC).

[0062] The other type is an electronic device operated by
a hole and/or electron directly injected into a semiconduc-
tive organic layer forming an interface with an electrode by
applying a voltage to two or more electrodes. Examples of
this type of the electronic device include an organic light
emitting device carrying out light emission by simulta-
neously injecting an electron and a hole from two electrodes
and an organic transistor having a switch function in which
holes formed in an organic layer are transported from a
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source electrode (hereinafter referred to as a “source”) to a
drain electrode (hereinafter referred to as a “drain”) by a
voltage applied to a diode or gate.

[0063] In order to improve the device performance of the
organic electronic device requiring hole transportation
between the electrodes and the organic layer, it is important
to enhance hole injection and extraction efliciency between
the electrodes and the organic layer, and/or to efficiently
transport holes formed in the organic layer to an electrode or
other organic layers. To this end, the improvement in the
device performance of most electronic devices has been
attempted by forming at least one of an organic layer
primarily required, which a main reaction takes place (for
example, in the case of an organic solar cell, an organic layer
forming an electron and a hole by photons from an external
light source and in the case of an organic transistor, an
organic layer forming a hole by a voltage applied to a gate),
and an additional organic layer such as a charge injecting
organic layer (hereinafter referred to as a “charge injecting
layer”), a charge extracting organic layer (hereinafter
referred to as a “charge extracting layer”) and a charge
transporting organic layer (hereinafter referred to as a
“charge transporting layer”).

[0064] Therefore, the charge carrier extracting, injecting
or transporting material according to the invention can be
used in an organic layer of an organic electronic device such
as an organic light emitting diode, an organic solar cell, an
organic transistor and an organic photoconductor (OPC).

[0065] In this case, according to the invention, the deriva-
tive that has the polycyclic aromatic hydrocarbon as a core,
in which a substituted or unsubstituted C, 5, cycloalkane, or
a substituted or unsubstituted Cs_, polycycloalkane is
directly fused to the core or is fused to a substituent of the
core, may be also mixed with 0.1 to 99.0% by weight of an
inorganic metal, inorganic salt, or a different organic mate-
rial.

[0066] Hereinafter, the organic light emitting device
according to the invention will be described.

[0067] The organic light emitting device has a structure
comprising a substrate, an anode, a cathode and at least one
organic layer interposed between the anode and the cathode.
The organic layers interposed between the anode and the
cathode, can be further subdivided according to functions, if
necessary, to thus increase the number of the organic layer,
and to the contrary, one layer can has various functions to
thus decrease the number of the organic layer.

[0068] Preferably, the organic light emitting device
according to the invention may has a structure comprising a
substrate, an anode, a hole injecting layer, a hole transport-
ing layer, a light emitting layer, an electron transporting
layer and a cathode, sequentially stacked from bottom to top
in this order. Further, if desired, a hole blocking layer may
be interposed between the electron transporting layer and the
light emitting layer in order to prevent holes from moving
into the electron transporting layer.

[0069] Examples of a structure of the organic light emit-
ting device are shown in FIGS. 1 to 5, but are not limited
thereto. In FIG. 1, the organic layers are divided into four
portions. FIG. 2 shows an example of the light emitting layer
simultaneously performing functions as the electron trans-
porting layer and the light emitting layer. FIG. 3 shows an
example of a hole transporting layer simultaneously per-
forming functions of hole injection and hole transportation.
FIG. 4 shows an example of a light emitting layer simulta-
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neously performing three functions as a hole injecting layer,
a hole transporting layer and a light emitting layer. FIG. 5
shows an example of a light emitting layer simultaneously
performing functions as a hole injecting layer, a hole trans-
porting layer, an electron transporting layer and a light
emitting layer.

[0070] In the organic light emitting device according to
the invention, each layer may be in the form of a thin film
and the thin film may be formed by a conventional produc-
tion method according to the materials used. For example,
the thin film may be formed by CVD (chemical vapor
deposition), EB (electron beam vapor deposition), thermal
vapor deposition, sputtering, or thermal evaporation in high
vacuum, or alternatively by spin-coating, roll-coating,
screen-printing, dip-coating, doctor-blading, inkjet printing
or thermal transfer after dissolving the derivative in a
solution.

[0071] According to the invention, the derivative that has
the polycyclic aromatic hydrocarbon as a core, in which a
substituted or unsubstituted C, 5, cycloalkane, or a substi-
tuted or unsubstituted Cs., polycycloalkane is directly
fused to the core or is fused to a substituent of the core, may
be used as a light emitting material in the organic light
emitting device having the above-mentioned structure, or as
a light emitting host or dopant for excited energy movement,
for assisting light emission of other dopants. The polycyclic
aromatic hydrocarbon derivative according to the invention
may be used in combination of two or more types, and in
combination with other light emitting dyes within the range
of not damaging the performance of the invention.

[0072] When the polycyclic aromatic hydrocarbon deriva-
tive according to the invention is used as a dopant having an
energy band gap smaller than a host forming a light emitting
layer, the excitons generated on a host are transported to a
dopant, thereby emitting light having high efficiency.

[0073] When the polycyclic aromatic hydrocarbon deriva-
tive according to the invention is used as a dopant, the
derivative may be doped in the whole or part of the layer
containing it, and may be doped uniformly or doped to have
a concentration distribution in the direction of the film
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thickness thereof. The doping amount of the compound is
preferably 107> to 15% by weight, more preferably 0.1 to
10% by weight relative to the host material.

[0074] Further, the polycyclic aromatic hydrocarbon
derivative according to the invention may have, in addition
to the above-mentioned light emitting properties, other
properties necessary for an organic layer of an organic light
emitting device, such as hole injecting, hole transporting,
electron transporting and electron injecting properties.

[0075] The polycyclic aromatic hydrocarbon derivative
according to the invention is preferably contained in a light
emitting layer of an organic light emitting device. When a
hole transporting layer and/or electron transporting layer
have (has) a function as a light emitting layer without
separately forming the light emitting layer, the derivative
may be contained in the hole transporting layer and/or
electron transporting layer.

[0076] The organic light emitting device comprising the
polycyclic aromatic hydrocarbon derivative according to the
invention can be enhanced in terms of the life span and the
thermal stability. The reason is in that, by introducing a
sterically bulky cycloalkyl group thereto, (1) a melting point
and a glass transition temperature of the polycyclic aromatic
hydrocarbon derivative can be increased to enhance thermal
stability; and (2) by further exhibiting amorphous charac-
teristics, a device can be prevented from breakdown that
occurs due to crystallization caused by Joule heat generated
upon operation of an organic light emitting device.

[0077] The following Preparative Examples and Examples
are presented for the purpose of giving better understanding
of the present invention. However, the following Preparative
Examples and Examples are presented simply for the pur-
pose of giving better understanding of the present invention,
and thus the present invention is not limited thereto.

PREPARATIVE EXAMPLE 1

Synthesis of Compound of Formula 1-1
[0078]

[Reaction scheme 1]

0]
(0]
+ 0 e e
O,
0
OH

la

0} Br
OO
le
0} Br
1b 1d
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[0079] (1) Synthesis of Compound la

[0080] Tetralin (50.5 mL, 371 mmol) and phthalic anhy-
dride (50.0 g, 338 mmol) were dissolved in dichloromethane
(60 mL), AIC1; was slowly added thereto at 0° C.; and the
mixture was stirred at 0° C. for 30 minutes and was slowly
warmed to normal temperature to proceed the reaction for 4
hours. The solution of the reaction mixture was poured into
iced water, the organic phase was separated, and the water
phase was twice extracted with dichloromethane. The
organic phase was combined, dried on anhydrous MgSO,,
filtered, and then concentrated under reduced pressure. The
residue was recrystallized from dichloromethane and petro-
leum ether to obtain a compound of Formula 1a (84 g, 89%).

[0081] MS [M+H] 281
[0082] (2) Synthesis of Compound 1b

[0083] Compound 1a (10 g, 35 mmol) was dissolved in
dichloromethane (30 mL.), and SOCI, (3.9 mL, 53.4 mmol)
was added thereto to proceed the reaction for 12 hours. The
reaction mixture was concentrated under reduced pressure to
remove SOCIL,, and the residue was then dissolved in
dichloromethane (30 mL). The solution was cooled to 0° C.,
AlCl; was slowly added thereto, and the mixture was
warmed to normal temperature and then allowed to proceed
the reaction for 3 hours. The reaction mixture was poured
into iced water, the organic phase was separated, and the
water phase was twice extracted with dichloromethane. The
organic phase was combined, dried on anhydrous MgSO,,
filtered, and then concentrated under reduced pressure. The
residue was purified by column chromatography to obtain
Compound 1b (3.0 g, 32%).

[0084] MS[M+H] 262
[0085] (3) Synthesis of Compound 1c¢

[0086] Compound 1b (4.0 g, 15 mmol) was put to glacial
acetic acid (250 mL), HI (40 mL) was slowly added thereto,
and the mixture was refluxed for 8 hours. After termination
of the reaction, the mixture was cooled to normal tempera-
ture, and the reaction mixture was poured into an aqueous

le

siat & 1]

sodium thiosulfate solution, and then extracted from ethyl
ether. The organic phase was dried on anhydrous MgSO,,
filtered, and then concentrated under reduced pressure. The
residue was purified by column chromatography to obtain
Compound 1c (1.1 g, 31%).

[0087] MS [M+H] 233
[0088] (4) Synthesis of Compound 1D

[0089] Compound lc (1.5 g, 6.4 mmol) was dissolved in
DMF (30 mL), and NBS (N-bromosuccinimide) (2.87 g,
16.1 mmol) was added thereto to proceed the reaction for 10
hours. The reaction mixture was poured into water, and
extracted from dichloromethane. The organic phase was
dried on anhydrous MgSQO,, and then concentrated under
reduced pressure. The residue was recrystallized from
dichloromethane and ethanol to obtain Compound 1d (1.2 g,
47%).

[0090] MS [M] 390
[0091] (5) Synthesis of Compound of Formula 1-1

[0092] Compound 1d (1.3 g, 2.5 mmol) was dissolved in
THF (tetrahydrofuran), 2-naphthyl boronic acid (0.9 g, 5.0
mmol) and 4 M K,CO, (2.56 mL) were sequentially added
thereto, and the mixture was refluxed. After termination of
the reaction, the organic phase was separated and the water
phase was extracted from ecthyl acetate. The organic phase
was combined, dried on anhydrous MgSO,, filtered, and
then concentrated under reduced pressure. The residue was
purified by column chromatography and then recrystallized
from ethyl acetate and ethanol to obtain a compound of
Formula 1-1 (1.1 g, 87%).

[0093] 1H NMR (500 MHz, CDCL,) 8.08 (d, 2H), 8.05-
8.02 (m, 2H), 7.98 (s, 2H), 7.96-7.92 (m, 2H), 7.68-7.58 (m,
8H), 7.42 (s, 2H), 7.25-7.22 (m, 2H), 2.81-2.76 (br, 4H),
1.78-1.73 (quintet, 4H); MS [M+H] 485

PREPARATIVE EXAMPLE 2

Synthesis of Compound of Formula 1-2

[0094] The same procedure as in Preparative Example 1
was used until the step of synthesizing Compound 1d.
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Further, in the same manner as in Preparative Example 1
except that 1-naphthyl boronic acid was used instead of -continued
2-naphthyl boronic acid in the step of synthesizing the
compound of Formula 1-1 from Compound 1d, the com-

pound of Formula 1-2 was synthesized. 00

[0095] 1H NMR (500 MHz, CDC,) 8.12-8.02 (m, 4H), o OO.{
7.78-7.72 (m, 2H), 7.68-7.62 (m, 2H), 7.55-7.48 (m, 2H), 4 .

7.39-7.35 (m, 2H), 7.3-7.18 (m, 6H), 7.14-7.11 (m, 2H), OOO 0

2.72-2.62 (q, 4H), 1.74-1.64 (m, 4H); MS [M+H] 485 O

PREPARATIVE EXAMPLE 3

Synthesis of Compound of Formula 2-1 2%
[0096]
/\|
[Reaction scheme 2]
Br
O - 99
COoO X
¢}
| A
O A
OO st A 2
HO
Br
[0097] (1) Synthesis of Compound 2a (2-Bromo-9,10-di-
OH naphthalen-1-y1-9,10-dihydro-anthracene-9,10-diol)
O [0098] 5-Bromo-1,2,3 4-tetrahydro-naphthalene  (13.7
ml, 88.0 mmol) was dissolved in anhydrous THF (tetrahy-
2a drofuran) (100 mL), the solution was maintained at -78° C.

with stirring, and n-Buli (42.6 mL, 106 mmol) was slowly
added dropwise to the solution. After 30 minutes, 2-bromo-
9,10-anthraquinone (10.2 g, 35.5 mmol) was added thereto,
and the mixture was stirred. After 2 hours, the reaction

mixture was washed with a NH,Cl solution, and further
twice with distilled water, and then water was removed in
anhydrous MgSO,. The solvent was removed with a rotary
evaporator. The residue was recrystallized from diethyl ether
Br and petroleum ether to obtain Compound 2a (8.7 g, 45%).
Analysis results of this compound are as follows.
[0099] 1H NMR (500 MHz, CDCL,) 7.78 (dd, 4H), 7.38
(dd, 4H), 6.82 (dd, 2H), 6.73 (dd, 2H), 6.46 (dd. 2H), 2.60
(t, 4H), 2.37 (t, 4H), 1.64 (m, 8H); MS [M+1-H20] 526
[0100] (2) Synthesis of Compound 2b (2-Bromo-9,10-di-
naphthalen-1-yl-anthracene)

2b [0101] 2-Bromo-9,10-di-naphthalen-1-y1-9,10-dihydro-
anthracene-9,10-diol (8.74 g, 16.1 mmol) was dissolved in
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glacial acetic acid (100 mL), the solution was stirred, KI
(2.67 g, 16.1 mmol) and NaPO,H, (17.1 g, 161 mmol) were
added thereto, and the mixture was refluxed. As the reaction
proceeded, the reactants started to be molten therein, and
after 2 hours, white precipitates were generated to complete
the reaction. Glacial acetic acid was filtered off, the precipi-
tate was dispersed in ethanol, and H,O was added thereto to
generate the precipitates, which were further filtered to
obtain a white solid compound 2b (7.5 g, 92%). Analysis
results of this compound are as follows.

[0102] MS [M+1]510

[0103] (3) Synthesis of Compound 2¢ (2-(9,10-Di-naph-
thalen-1-yl-anthracen-2-y1)-4,4,5,5-tetramethyl-[ 1,3,2]diox-
aborolane)

[0104] Compound 2a (3 g, 5.9 mmol) was dissolved in
anhydrous THF (tetrahydrofuran) (30 mL), the solution was
maintained at =78° C. with stirring, and n-BulLi (3.1 mL, 7.7
mmol) was slowly added dropwise to the solution. After 30
minutes, 2-isopropoxy-4,4,5,5-tetramethyl-[ 1,3,2]diox-
aborolane (1.6 ml, 7.7 mmol) was added thereto, and the
mixture was stirred. After 1 hour, an aqueous NH,CI solu-
tion was added thereto, and the mixture was extracted from
ethyl acetate, and further washed twice with distilled water,
and then water was removed in anhydrous MgSO,. The
solvent was removed with a rotary evaporator. The residue
was recrystallized from diethyl ether and petroleum ether to
obtain Compound 2¢ (1.7 g, 52%).

[0105] (4) Synthesis of Compound of Formula 2-1:

[0106] Compound 2¢ (1.7 g, 3.06 mmol) was dissolved in
THF (20 mL), and Compound 3b (1.57 g, 3.36 mmol) was
added to the solution. Pd(PPh,), (176 mg, 0.15 mmol), and
an aqueous 2 M K,CO; solution (6.12 mL, 12.2 mmol) were
sequentially added thereto, and the mixture was refluxed
with stirring. After 2 hours, THF (tetrahydrofuran) was
added to the solution, and the mixture was extracted from
ether, and further washed twice with distilled water. Water
was removed from the solution in anhydrous MgSO,. The
solvent was removed with a rotary evaporator. The residue
was purified by column chromatography to obtain a white
solid. The solid was recrystallized from diethyl ether and
petroleum ether and filtered under reduced pressure to obtain
a white compound of Formula 2-1 (1.0 g, 39%).

[0107] MS [M+1]817
PREPARATIVE EXAMPLE 4

Synthesis of compound of Formula 2-3

[0108]
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-continued
O —_—

3a

3b

oO—

X

[0109] (1) Synthesis of Compound 3a (4,8,8-Trimethyl-1,
3-diphenyl-4,5,6,7-tetrahydro-4,7-methano-inden-2-one)
[0110] DL-camphorquinone (10 g, 60 mmol) and diphenyl
acetone (12.7 g, 60 mmol) were added to triethylene glycol
(50 mL), the mixture was slightly heated to be molten,
benzyl trimethylammonium hydroxide in methanol (40%)
(6.5 mL, 14.3 mmol) was added thereto, and the mixture was
heated to 120° C. and stirred. After the reaction proceeded,
the mixture turned red, and after 24 hours and thus comple-
tion of the reaction, H,O was added thereto, and the mixture
was extracted from ethyl acetate. Water was removed from
the solution in anhydrous MgSO,. The solvent was removed
with a rotary evaporator. The residue was purified by column
chromatography to obtain a red oily compound 3a (10 g,
49%).

[0111] MS [M+1] 341
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[0112] (2) Synthesis of Compound 3b

[0113] Compound 3a (10 g, 29 mmol) and 5-bromoan-
thranilic acid (6.89 g, 31.9 mmol) were dissolved in 1,2-
dichloroethane (100 mL), isoamyl nitrate (6.1 mL, 43.5
mmol) was added to the solution, and the mixture was
refluxed at 90° C. After 1 hour, and thus completion of the
reaction, H,O was added thereto, and the mixture was
extracted from ethyl acetate. Water was removed from the
solution in anhydrous MgSQ,. The solvent was removed
with a rotary evaporator. The residue was purified by column
chromatography to obtain a transparent oily compound 3b
(6.7 g, 49%).

[0114]

[0115] (3) Synthesis of Compound 3c (4,4,5,5-Tetram-
ethyl-2-pyren-1-yl-{1,3,2]dioxaborolane)

MS [M+1] 468

[0116] 2-Bromo-pyrene (5 g, 17.8 mmol) was dissolved in
anhydrous THF (100 mL), the solution was maintained at
-78° C. with stirring, and n-Buli (9.7 mL, 23.2 mmol) was
slowly added dropwise to the solution. After 30 minutes,
2-isopropoxy-4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolane (4.8
ml, 23.1 mmol) was added thereto and the mixture was
stirred. After 1 hour, an aqueous NH,CI solution was added
thereto, and the mixture was extracted from ethyl acetate,
and further washed twice with distilled water, and then water
was removed from the solution in anhydrous MgSO,. The
solvent was removed with a rotary evaporator to obtain a
transparent oily mixed compound 3¢ (6.0 g, 99%).

[0117] MS [M+1]329
[0118] (4) Synthesis of Compound of Formula 2-3
[0119] Compound 3¢ (2.4 g, 7.3 mmol) was dissolved in

THF (30 mL), and Compound 3b (3.4 g, 7.3 mmol) was
added to the solution. Pd(PPh;), (421 mg, 0.365 mmol) and
an aqueous 2 M K,CO, solution (14.6 mL, 29.2 mmol) were
sequentially added thereto, and the mixture was refluxed
with stirring. After 2 hours, THF was added to the solution,
and the mixture was extracted from ether. Water was
removed from the solution in anhydrous MgSO,. The sol-
vent was removed with a rotary evaporator. The residue was
purified by column chromatography to obtain a white solid.
The solid was recrystallized from methanol and H,O, and
filtered under reduced pressure to obtain a white Compound
of Formula 2-3 (2.5 g, 58%)).

[0120] MS[M+1] 589
PREPARATIVE EXAMPLE 5
Synthesis of Compound of Formula 3-1
[0121]
[Reaction scheme 4]

Mar. 15, 2007

-continued
(€]
I l Br

9]

)

\

/

)

o
f]
=
w

[0122] (1) Synthesis of Compound 4a (5-Bromo-1,2,3,4-
tetrahydro-naphthalene)

[0123] To one flask, alumina (Al,O;) (100 g) was added,
and tetralin (13.2 g, 100 mmol) was slowly added dropwise
for adsorption. To the other flask, alumina (100 g) was
added, and bromine (5.17 mL, 100 mmol) was slowly added
dropwise with stirring for adsorption. The flask having
tetralin adsorbed thereon was put into an ice-bath at 0° C,,
and alumina having bromine adsorbed thereon was slowly
added thereto with stirring while maintaining the tempera-
ture. As the reddish brown color of bromine disappeared, the
reaction proceeded rapidly. The mixture was immediately
separated by flash column chromatography to obtain a
transparent oily compound 4a (11.5 g, 54.0%).

[0124] 1H NMR (500 MHz, CDCL,) 7.08 (m, 1), 7.05
(m, 1H), 7.03 (m, 1H), 2.75 (m, 4H), 1.78 (m, 4H); MS
[M+1] 212
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[0125] (2) Synthesis of Compound 4b (9,10-Bis-(5,6,7,8-
tetrahydro-naphthalen-1-y1)-9,10-dihydro-anthracene-9,10-
diol)

[0126] Compound4a (11.5g, 54.4 mmol) was dissolved in
anhydrous THF (100 mL), the solution was maintained at
-78° C. with stirring, and then n-BuLi (30 mL, 65.1 mmol)
was slowly added dropwise to the solution. After 30 min-
utes, 9,10-anthraquinone (3.77 g, 18.13 mmol) was added
thereto and the mixture was stirred. After 1 hour, the reaction
mixture was washed with a NH,CI solution, and further
twice with distilled water, and then water was removed from
the solution in anhydrous MgSO,. The solvent was removed
with a rotary evaporator. The residue was purified by column
chromatography to obtain Compound 4b (1.3 g, 15%).

[0127] 1H NMR (500 MHz, CDCL,) 7.78 (dd, 4H), 7.38
(dd, 4H), 6.82 (dd, 2H), 6.73 (dd, 2H), 6.46 (dd, 2H), 2.60
(1, 4H), 2.37 (t, 4H), 1.64 (m, 8H); MS [M+1-H,0] 455
[0128] (3) Synthesis of compound of Formula 3-1 (Aro-
matization of Compound 4b)

[0129] 9,10-Bis-(5,6.7,8-tetrahydro-naphthalen-1-y1)-9,
10-dihydro-anthracene-9,10-diol (Compound 4b) (1.3 g, 2.7

Mar. 15, 2007

mmol) was dissolved in glacial acetic acid (30 mL), the
solution was stirred, KI (448 mg, 2.70 mmol) and NaPO,H,
(2.86 g, 27.0 mmol) were added thereto, and the mixture was
refluxed. As the reaction proceeded, the reactants started to
be molten therein. After about 1 hour, white precipitates
were generated to complete the reaction. Glacial acetic acid
was filtered off, the precipitate was dispersed in ethanol, and
H,O was added thereto to generate a precipitate, which was
further filtered. Thus obtained white solid was separated by
column chromatography to obtain a white solid compound
of Formula 3-1 (0.47 g, 40%).

[0130] Melting point 388° C.; 1H NMR (500 MHz,
CDCL,) 7.76 (dd, 4H), 7.30 (dd, 4H), 7.27 (d, 4H), 7.17 (m,
4H), 2.94 (t, 4H), 2.86 (t, 4H), 1.92 (m, 8H); MS [M+1] 439
PREPARATIVE EXAMPLE 6
Synthesis of Compound of Formula 3-2
[0131]

[Reaction scheme 5]

B(OH),
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Br
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[0132] (1) Synthesis of Compound 5a (9-Naphthalen-1-
yl-anthracene)

[0133] 9-Bromoanthracene (0.64 g, 2.50 mmol) was dis-
solved in THF, 1-naphthyl boronic acid (0.45 g, 2.50 mmol),
and 4 M K,COj, (2.56 mL) were sequentially added thereto,
and the mixture was refluxed. After termination of the
reaction, the organic phase was separated and the water
phase was extracted from ethyl acetate. The organic phase
was combined, dried on anhydrous MgSQO,, filtered, and
then concentrated under reduced pressure. The residue was
purified by column chromatography and then recrystallized
from ethyl acetate and ethanol to obtain Compound 5a (0.64
g, 84.0%).

[0134] (2) Synthesis of Compound 5b (9-Bromo-10-naph-
thalen-1-yl-anthracene)

[0135] 9-Naphthalen-1-yl-anthracene (2.3 g, 7.56 mmol)
was dissolved in DMF (30 mL), and the solution was stirred.
NBS (N-Bromosuccinimide) (1.48 g, 8.32 mmol) was added
thereto, and the mixture was stirred. After 30 minutes, and
thus completion of the reaction, water (H,0) and a small
amount of ethanol were added thereto to obtain a precipitate,
which was filtered under reduced pressure to obtain an pale
yellow compound 5b (2.6 g, 89%).

[0136] MS [M+H] 384

[0137] (3) Synthesis of Compound 5¢ (Trifluoro-methane-
sulfonic acid 5,6,7,8-tetrahydro-naphthalen-1-yl ester)

[0138] 5,6,7,8-Tetrahydro-naphthalen-1-ol (10 g, 67.6
mmol) was added to dry pyridine (55 mL), and the mixture
cooled with iced water with stirring. Triflic anhydride (13.6
ml, 81.1 mmol) was added thereto and the mixture was
stirred. After 1 hour, water was added thereto, and the
mixture was extracted from ethyl acetate. Water was
removed from the solution in anhydrous MgSO,. The sol-
vent was removed with a rotary evaporator. The residue was
separated by column chromatography to obtain a white oily
compound 5S¢ (18 g, 99%).

[0139] (4) Synthesis of Compound 5d (4,4,5,5-Tetram-
ethyl-2-(5,6,7,8-tetrahydro-naphthalen-1-y1){1,3,2]  diox-
aborolane)

[0140] Compound 5¢ (19 g, 67.8 mmol) was dissolved in
DMSO, and bis(pinacolato)diboron (18.9 g, 74.6 mmol) was
added to the solution. PdCl, (dppf)/CH,CIL, (2.97 g, 3.39
mmol), dppf (bis(diphenylphosphino)ferrocene) (1.88 g,
3.39 mmol), and KOAc (potassium acetate) (19.9 g, 203.4
mmol) were added thereto and the mixture was refluxed.
After 3 hours, THF (tetrahydrofuran) and water were added
thereto, and the mixture was extracted with ether. Water was
removed from the solution in anhydrous MgSO,, and the
residue was treated with fuller’s earth and filtered under
reduced pressure. The solvent was removed with a rotary
evaporator. The residue was separated by column chroma-
tography to obtain an pale yellow oily compound 5d (10 g,
57%).

[0141] MS [M+1] 258

[0142] (5) Synthesis of Compound 3-2 (9-Naphthalen-1-
yl-10-(5,6,7,8-tetrahydro-naphthalene-1-yl)-anthracene)

[0143] Compound 5b (1.5 g, 3.92 mmol) was dissolved in
THF, and Compound 5d (5 g, 19.6 mmol) was added to the
solution. Pd(PPh,), (226 mg, 0.196 mmol) and an aqueous
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2 M K,CQj; solution (16 mL, 31.4 mmol) were sequentially
added thereto, and the mixture was refluxed with stirring.
After 2 hours, THF was added to the solution, and the
mixture was extracted from ether. Water was removed from
the solution in anhydrous MgS8O,, and the residue was
treated with fuller’s earth, and filtered under reduced pres-
sure. The solvent was removed with a rotary evaporator, the
product was dispersed in EtOH, and H,0O was added thereto
to form a precipitate, which was further filtered to obtain a
white solid compound of Formula 3-2 (1.1 g, 65%).

[0144] MS [M+1]435
PREPARATIVE EXAMPLE 7
Synthesis of Compound of Formula 3-3
[0145]
[Reaction scheme 6]
(0]
Cl
(0]
(0]
(0]
6a
O OH
6b
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-continued

[0146] (1) Synthesis of Compound 6a (2-Naphthalen-1-
yl-anthraquinone)

[0147] 2-Chloro-anthraquinone (5.6 g, 23 mmol) was dis-
solved in THF (100 mL), 1-naphthyl boronic acid (5.15 g,
2.9 mmol) was added to the solution, Pd(PPh,), (1.33 g, 1.15
mmol) and an aqueous 2 M K,CO; solution (92 mL, 184
mmol) were further added thereto, and the mixture was
refluxed with stirring. After 2 hours, THF was added to the
solution, and the mixture was extracted from ethyl acetate.
Water was removed from the solution in anhydrous MgSO,,,
and the residue was treated with fuller’s earth, and filtered
under reduced pressure. The solvent was removed with a
rotary evaporator, and the product was recrystallized from
ethyl ether and petroleum ether to obtain yellow solid
Compound 6a (7.2 g, 94%).

[0148] MS [M+1] 335

[0149] (2) Synthesis of Compound 6b (2-Naphthalen-1-
y1-9,10-bis-(5,6,7 8-tetrahydro-naphthalen-1-y1)-9,10-dihy-
dro-anthracene-9,10-diol)

[0150] Compound 6a (1.6 g, 4.73 mmol) was dissolved in
anhydrous THF (25 mL), the solution was maintained at
-78° C. with stirring, and then n-Bul.i (4.73 mL, 11.8 mmol)
was slowly added dropwise to the solution. After 30 min-
utes, S-bromo-1,2,3 4-tetrahydro-naphthalene (2.3 g, 10.8
mmol) was added thereto and the mixture was stirred. After
1 hour, the reaction mixture was washed with a NH,Cl
solution, and further twice with distilled water, and then
water was removed from the solution in anhydrous MgSO,,.
The solvent was removed with a rotary evaporator. The
residue was separated by column chromatography to obtain
Compound 6b (1.6 g, 56%).

[0151] MS [M+1-H,0]581

[0152] (3) Synthesis of Compound 6¢ (2-Naphthalen-1-
y1-9,10-bis-(5,6,7 8-tetrahydro-naphthalen-1-yl)-an-
thracene)

[0153] Compound 6b (1.6 g, 2.67 mmol) was dissolved in
acetic acid (20 mL), the solution was stirred, KI (530 mg, 3.2
mmol) and NaPO,H, (2.83 g, 26.7 mmol) were added
thereto, and the mixture was refluxed. As the reaction
proceeded, the reactants started to be molten therein, and
after about 30 minutes, white precipitates were generated,
thus leading to completion of the reaction. Glacial acetic

17
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acid was filtered off, the precipitate was dispersed in ethanol,
and H,O was added thereto to generate a precipitate, which
was further filtered to obtain a white solid compound of
Formula 3-3 (1.0 g, 66%).

[0154] MS [M+1] 565
PREPARATIVE EXAMPLE 8
Synthesis of Compound of Formula 3-4
[0155]

O (0}
\B/
Br
I — I . Br
|O _— -
Br

[0156] (1) Synthesis of Compound 7a (2,9,10-Tribromo-
anthracene)

[0157] 2-Bromo-anthracene (2 g, 7.78 mmol) was dis-
solved in DMF(30 mL), and the solution was stirred. NBS
(N-Bromosuccinimide) (3.32 g, 18.7 mmol) was added
thereto, and the mixture was stirred. After 30 minutes, and
thus completion of the reaction, H,O and a small amount of
EtOH were added thereto to obtain a precipitate, which was
filtered under reduced pressure and dried in vacuo to obtain
an pale yellow Compound 7a (3.0 g, 93%).

[0158] MS [M+1] 416
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[0159] (2) Synthesis of Compound of Formula 3-4 (2,9,
10-Tris-(5,6,7,8-tetrahydro-naphthalen-1-yl)-anthracene)

[0160] Compound 7a (3.0 g, 7.2 mmol) was dissolved in
THF (30 mL), and Compound 5d (13 g, 50 mmol) was added
to the solution. Pd(PPh,), (1.25 mg, 1.08 mmol) and an
aqueous 2 M K,CO,; solution (28 mL, 57.6 mmol) were
added thereto, and then the mixture was refluxed with
stirring. After 2 hours, THF was added to the solution, and
the mixture was extracted from ether. Water was removed
from the solution in anhydrous MgSO,, and the residue was
treated with fuller’s earth, and filtered under reduced pres-
sure. The solvent was removed with a rotary evaporator, and
the product was separated by column chromatography to
obtain a white solid compound of Formula 3-4 (1.1 g, 27%).

[0161] MS [M+1] 569

[0162] Hereinbelow, Examples are presented, wherein the
compounds prepared in the above Preparative Examples
were applied in the organic light emitting devices.

EXAMPLE 1

[0163] A glass substrate coated with the ITO (indium tin
oxide) having a thickness of 1000 A was ultrasonically
washed in a distilled water in which a detergent was melted.
The product manufactured by Fischer Co. was used as the
detergent, and the distilled water was twice filtered with the
filter manufactured by Millipore Co. After washing the glass
substrate for 30 minutes, the glass substrate was further
ultrasonically washed in the distilled water for 10 minutes,
which was repeated twice. After washing, the glass substrate
was sequentially ultrasonically washed in an isopropyl alco-
hol solvent, an acetone solvent, and a methanol solvent,
dried, and then transported to a plasma cleaner.

[0164] Then, the substrate was washed for 5 minutes by
using nitrogen plasma, and then transported to a vacuum
deposition device.

[0165] Hexanitrile hexaazatriphenylene of the following
Formula 4 was thermally vacuum deposited on the ITO
transparent electrode to a thickness of 80 A to form a hole
injection layer.

[Formula 4]
CN
P | CN
NCIN ‘ N
NC \N N
N | CN
CN

[0166] A layer (80 A) formed of the compound of the
following Formula 5, which is capable of injecting and
transporting holes, was formed on the layer formed of the
compound of the Formula 4 by vacuum deposition.
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Formula 5

o0
a8

[0167] A layer (300 A) formed of NPB of the following
Formula 6, which is capable of transporting holes, was
formed on the layer formed of the compound of the Formula
5 by vacuum deposition.

Ry
[/\/ | X : :
7\ S

R

X x
R, R,
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[0168] The compound of the Formula 7 as a green dopant
was co-deposited at a concentration of 2% on the layer
formed of the Formula 6 with the compound of the following
Formula 1-1 as a light emitting host, to form a light emitting
layer having a thickness of 300 A.

[Formula 1—1]

host

[Formula 7]

dopant
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[0169] The compound of the following Formula 8, which
is capable of injecting and transporting electron, was
vacuum deposited on the light emitting layer to a thickness
of 200 A to complete the film formation of an organic layer.

[Formula §]

[0170] Lithium fluoride (LiF) having a thickness of about
12 A and aluminum having a thickness of 2500 A were
sequentially vacuum deposited on the electron injecting and
transporting layer to form a cathode. During the above step,
the vacuum deposition rate of the organic compounds was
maintained at 0.3 to 0.8 A/sec, and the vacuum deposition
rate of lithium fluoride and the vacuum deposition rate of
aluminum were maintained at 0.3 A/sec and 1.5t0 2.5 A/sec,
respectively.

[0171] 100 mA/cm* of forward current was run on thus
prepared organic light emitting device to form an electric
field of 5.8 V. At this time, for emission color, a spectrum
having a brightness of 6500 nit which corresponds to
x=0.262 and y=0.590 based on a 1931 CIE color coordinate
was observed. Upon application of a constant DC at a
current density of 100 mA/ecm?, a time taken until the
luminance was lowered to 50% of the initial luminance
(LO.5) was 420 hours.

EXAMPLES 2 TO 10

[0172] In the same manner as in Example 1 except that
upon formation of the light emitting layer, the hosts and the
dopants as described in Table 1 were used, organic light
emitting devices were prepared. The results of the tests on
the performances of the organic light emitting device as
prepared in each of Examples are shown in Table 1.

COMPARATIVE EXAMPLE 1

[0173] In the same manner as in Example 1 except that
upon formation of the light emitting layer, 9,10-(2-naphthy-
Danthracene was used as a host, an organic light emitting
device was prepared.
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TABLE 1
Luminous
Dopant Voltage*  Emission  sfficiency
Example Host (Concentration %) V) color {ed/A)
Example 1 ~ Formula 1-1 Formula 7 (2%) 5.8 Green 6.6
Example 2 Formula 1-1 None 6.0 Blue
Example 3 Formula 1-2 Formula 7 (2%) 6.3 Green
Example 4  Formula 1-2 None 6.2 Blue
Example 5 Formula 2-2 Formula 7 (2%) 69 Green
Example 6  Formula 2-2 None 6.8 Blue
Example 7 Formula 3-1 Formula 7 (2%) 6.5 Green
Example8 Formula 3-1 None 6.5 Blue
Example 9 Formula 3-2 Formula 7 (2%) 6.2 Green
Example 10  Formula 3-2 None 6.4 Blue
Comparative 9,10-(2- None 6.5 Blue

Example 1 ~ Naphthyl)anthracene

*Voltage was measured at a current density of 100 mA/em?2.

[0174]
-continued

O0—(CHy),

= Oy Oy — O Oy
; g oo D 0O L
e}
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[0175] As shown in Table 1, if the compound according to
the present invention is applied to an organic light emitting
device, it is possible to drive the device at low voltage and
to enhance the life span.

C

ez
o

CF;

Q.99
sgpege

[0176] The compound according to the present invention,
to which various dopants are applied, can emit blue, green
or red light, and in particular, provide a high efficiency light
emitting material with excellent thermal stability. Further,
the compound according to the present invention is used in
the light emitting host in the organic light emitting device,
it is possible to enhance the life span of the device and to
drive

135
:%ﬁ

the device at low voltage.
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1. An organic light emitting device comprising a first
electrode, at least one organic layer, and a second electrode,
laminated successively, wherein at least one layer of organic
layers comprises at least one of derivatives which have a
polycyclic aromatic hydrocarbon as a core and in which a
substituted or unsubstituted C, 5, cycloalkane, or a substi-
tuted or unsubstituted Cs_, polycycloalkane is directly
fused to the core.

2. The organic light emitting device according to claim 1,
wherein the polycyclic aromatic hydrocarbon in itself carries
out a function as a chromophore.

3. The organic light emitting device according to claim 1,
wherein the polycyclic aromatic hydrocarbon is selected
from the group consisting of anthracene, naphthalene,
pyrene, rubrene and perylene.

4. The organic light emitting device according to claim 1,
wherein the number of the cycloalkane or polycycloalkane
fused is 1 to 4.

5. The organic light emitting device according to claim 1,
wherein the polycycloalkane is bicycloalkane.

6. The organic light emitting device according to claim 1,
wherein the organic layer containing the derivative is mixed
with 0.1 to 99.0% by weight of an inorganic metal, inorganic
salt, or a different organic material.

7. An organic light emitting device comprising a first
electrode, at least one organic layer, and a second electrode,
laminated successively, wherein at least one layer of the
organic layer comprises at least one of derivatives which
have a polycyclic aromatic hydrocarbon as a core and in
which a substituted or unsubstituted C, 5, cycloalkane, or a
substituted or unsubstituted Cs_s, polycycloalkane is fused
to a substituent of the polycyclic aromatic hydrocarbon as
the core.

8. The organic light emitting device according to claim 7,
wherein the polycyclic aromatic hydrocarbon in itself carries
out a function as a chromophore.

9. The organic light emitting device according to claim 7,
wherein the polycyclic aromatic hydrocarbon is selected
from the group consisting of anthracene, naphthalene,
pyrene, rubrene and perylene.

10. The organic light emitting device according to claim
7, wherein the number of the cycloalkane or polycycloal-
kane fused is 1 to 4.

11. The organic light emitting device according to claim
7, wherein the polycycloalkane is bicycloalkane.

12. The organic light emitting device according to claim
7, wherein the organic layer containing the derivative is
mixed with 0.1 to 99.0% by weight of an inorganic metal,
inorganic salt, or a different organic material.
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13. A compound of the following formula (1):

M
Ry R

(A2 (A

(R4)n R

wherein A means a substituted or unsubstituted C, 5,
cycloalkane, or a substituted or unsubstituted Cs_s,
polycycloalkane directly fused to a benzene ring of a
polycyclic aromatic hydrocarbon;

R, to R, are each selected from the group consisting of a
hydrogen, a halogen, a nitrile group (—CN), a nitro
group (—NQO,), a sulfonyl group (—SO,R"), a sulfox-
ide group (—SOR'), a sulfonamide group
(—SO,NR',), a sulfonate group (—SO,R"), a trifluo-
romethyl group (—CF,), an ester group (—COOR"), an
amide group (—CONHR' or —CONR'R"), a substi-
tuted or unsubstituted and linear or branched C, ,
alkoxy group, a substituted or unsubstituted and linear
or branched C, ,, aliphatic hydrocarbon group, a sub-
stituted or unsubstituted and aromatic or nonaromatic
heterocyclic group, a substituted or unsubstituted aryl
group, a substituted or unsubstituted and mono- or
diarylamine group and a substituted or unsubstituted
aralkylamine group, wherein R' and R" are each
selected from the group consisting of a substituted or
unsubstituted C,;-60 alkyl group, a substituted or
unsubstituted aryl group and a substituted or unsubsti-
tuted 5-7 membered heterocyclic group, provided that
R1 and R2 are not simultaneously a hydrogen atom;

kand] are an integer of 0 to 2 (provided that k+1=1); and

m and n are an integer of 1 to 4.

14. The compound according to claim 13, wherein the
compound represented by the formula (1) is selected from
the group consisting of the compounds represented by the
following formulae (1-1) to (1-13):

-1

\ 7/

\

/

A

A
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15. The compound according to claim 13, wherein the
compound performs at least one of any functions among
light emission, hole injection, hole transporting, and electron
transporting in an organic electronic device.

16. The compound according to claim 13, wherein the
compound is mixed with 0.1 to 99.0% by weight of an
inorganic metal, inorganic salt, or a different organic mate-
rial.

17. A compound of the following formula (2):

@

Rs) (As)o

)

(Re)g

wherein A means a substituted or unsubstituted C, 5,
cycloalkane, or a substituted or unsubstituted Cs_s,
polycycloalkane directly fused to a benzene ring of a
polycyclic aromatic hydrocarbon;

R, and Ry are each selected from the group consisting of
a hydrogen atom, a halogen atom, a nitrile group
(—CN), a nitro group (—NO,), a sulfonyl group
(—SO,R"), a sulfoxide group (—SOR"), a sulfonamide
group (—SO,NR',), a sulfonate group (—SO;R'), a
trifluoromethyl group (—CF;), an ester group
(—COOR"), an amide group (—CONHR' or
—CONR'R"), a substituted or unsubstituted and linear
or branched C, _| , alkoxy group, a substituted or unsub-
stituted and linear or branched C, ,, aliphatic hydro-
carbon group, a substituted or unsubstituted and aro-
matic or nonaromatic heterocyclic group, a substituted
or unsubstituted aryl group, a substituted or unsubsti-
tuted and mono- or diarylamine group and a substituted
or unsubstituted aralkylamine group, wherein R' and R"
are each selected from the group consisting of a sub-
stituted or unsubstituted C, ¢, alkyl group, a substituted
or unsubstituted aryl group and a substituted or unsub-
stituted 5-7 membered heterocyclic group;

0 is an integer of 1 to 2; and

p and q are an integer of 1 to 4.
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18. The compound according to claim 17, wherein the
compound represented by the formula (2) is selected from
the group consisting of the compounds represented by the
following formulae (2-1) to (2-6):

-

@3
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19. The compound according to claim 17, wherein the
compound performs at least one of any functions among
light emission, hole injection, hole transporting, and electron
transporting in an organic electronic device.

20. The compound according to claim 17, wherein the
compound is mixed with 0.1 to 99.0% by weight of an
inorganic metal, inorganic salt, or a different organic mate-
rial.

25
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21. A compound of the following formula (3):

3

wherein A means a substituted or unsubstituted C, 5,
cycloalkane, or a substituted or unsubstituted C,_s,
polycycloalkane directly fused to a benzene ring of a
polycyclic aromatic hydrocarbon;

R, to R, are each selected from the group consisting of
a hydrogen atom, a halogen atom, a nitrile group
(—CN), a nitro group (—NO,), a sulfonyl group
(—SO,R"), a sulfoxide group (—SOR'), a sulfonamide
group (—SO,NR',), a sulfonate group (—SO;R"), a
trifluoromethyl group (—CF,), an ester group
(—COOR"), an amide group (—CONHR' or
—CONR'R"), a substituted or unsubstituted and linear
or branched C,_,, alkoxy group, a substituted or unsub-
stituted and linear or branched C, ,, aliphatic hydro-
carbon group, a substituted or unsubstituted and aro-
matic or nonaromatic heterocyclic group, a substituted
or unsubstituted aryl group, a substituted or unsubsti-
tuted and mono- or diarylamine group and a substituted
or unsubstituted aralkylamine group, wherein R' and R"
are each selected from the group consisting of a sub-
stituted or unsubstituted C, ¢, alkyl group, a substituted
or unsubstituted aryl group and a substituted or unsub-
stituted 5-7 membered heterocyclic group;

r and s are an integer of 1 to 4; and

t and u are an integer of 0 to 2, provided that t+uZ1.
22. The compound according to claim 12, wherein the
compound represented by the formula (3) is selected from

the group consisting of the compounds represented by the
following formulae (3-1) to (3-6):

G-



US 2007/0059556 A1l

-continued

26

G-

G-4)

Mar. 15, 2007

-continued

OO‘ /O; .
N

L)
0 3

23. The compound according to claim 21, wherein the
compound performs at least one of any functions among
light emission, hole injection, hole transporting, and electron
transporting in an organic electronic device.

24. The compound according to claim 21, wherein the
compound is mixed with 0.1 to 99.0% by weight of an
inorganic metal, inorganic salt, or a different organic mate-
rial.

25. A charge carrier extracting, injecting or transporting
material comprising a derivative which has a polycyclic
aromatic hydrocarbon as a core and in which a substituted or
unsubstituted C, 5, cycloalkane, or a substituted or unsub-
stituted C5_s, polycycloalkane is directly fused to the core or
fused to a substituent of the core.

26. The material according to claim 25, wherein the
compound is used in at least one organic layer of an organic
solar cell, an organic photoconductor (OPC) or an organic
transistor.

(-9)

(3-6)
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