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(57) ABSTRACT

Provided are a dimethylenecyclohexane compound repre-
sented by Formula 1 below, a method of preparing the same
and an organic light emitting device comprising the dimeth-
ylenecyclohexane compound:

Formula (1)

R X Ar,.
2 / 2‘); 2

R; Rg
R{ Ry
Arl—(-Xl " R5R5

The organic light emitting device comprising the dimethyl-
enecyclohexane compound represented by Formula 1 has a
low driving voltage, excellent efficiency and improved color
purity.

20 Claims, 1 Drawing Sheet
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FIG. 1A
SECOND ELECTRODE T— 1M1
ELECTRON INJECTION LAYER -T— 109
ELECTRON TRANSPORT LAYER —+— 107
EMISSIVE LAYER -T— 105
HOLE INJECTION LAYER -T— 103
FIRST ELECTRODE +— 101

FIG. 1B
SECOND ELECTRODE 111
ELECTRON INJECTION LAYER 109
ELECTRON TRANSPORT LAYER 107
EMISSIVE LAYER 105
HOLE TRANSPORT LAYER 104
HOLE INJECTION LAYER 103
FIRST ELECTRODE 101

FIG. 1C
SECOND ELECTRODE T— 11
ELECTRON INJECTION LAYER —+— 109
ELECTRON TRANSPORT LAYER |— 107
HOLE BLOCKING LAYER T— 106
EMISSIVE LAYER 1— 105
HOLE TRANSPORT LAYER +— 104
HOLE INJECTION LAYER +— 103
FIRST ELECTRODE +— 101
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1
DIMETHYLENECYCLOHEXANE
COMPOUND, METHOD OF PREPARING THE
SAME AND ORGANIC LIGHT EMITTING
DEVICE COMPRISING THE
DIMETHYLENECYCLOHEXANE
COMPOUND

CROSS-REFERENCE TO RELATED PATENT
APPLICATION AND CLAIM OF PRIORITY

This application claims the benefit of Korean Patent Appli-
cation Nos. 10-2006-0041970, filed on May 10, 2006 and
10-2006-0129657, filed on Dec. 18, 2006 in the Korean Intel-
lectual Property Office, the disclosure of which is incorpo-
rated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a dimethylenecyclohexane
compound, a method of preparing the same, and an organic
light emitting device comprising the dimethylenecyclohex-
ane compound, and more particularly, to a dimethylenecyclo-
hexane compound which has excellent electrical properties,
thermal stability and photochemical stability such that an
organic light emitting device comprising the dimethylenecy-
clohexane compound has a low driving voltage, and excellent
efficiency and color purity, a method of preparing the dim-
ethylenecyclohexane compound, and an organic light emit-
ting device including an organic layer comprising the dim-
ethylenecyclohexane compound.

2. Description of the Related Art

Light emitting devices, which are self-emitting devices,
have wide viewing angles, excellent contrast, and quick
response. Light emitting devices can be classified as inor-
ganic light emitting devices, which include emitting layers
formed of an inorganic compound, and organic light emitting
devices, which include emitting layers formed of an organic
compound. Organic light emitting devices are brighter, and
have a lower operating voltage and quicker response com-
pared to inorganic light emitting devices. Furthermore,
organic light emitting devices can realize multi colors. Due to
these advantages of organic light emitting devices, extensive
research into organic light emitting devices has been con-
ducted.

Typically, an organic light emitting device has an anode/
organic emissive layer/cathode structure. An organic light
emitting device can also have various other structures, such as
an anode/hole injection layer/hole transport layer/emissive
layer/electron transport layer/electron injection layer/cath-
ode structure or an anode/hole injection layer/hole transport
layer/emissive layer/hole blocking layer/electron transport
layer/electron injection layer/cathode structure.

A material that is used to form the emissive layer or the hole
injection layer can be, for example, an anthracene substituted
by two naphthyl groups disclosed in Japanese Patent Laid-
Open Publication No. 1999-003782. However, the driving
voltage, efficiency and color purity of an organic light emit-
ting device using such a conventional compound do not meet
desired levels. Accordingly, a material is required that can
improve the driving voltage, efficiency and color purity of an
organic light emitting device.

SUMMARY OF THE INVENTION
The present invention provides a dimethylenecyclohexane

compound that can improve the driving voltage, efficiency
and color purity of an organic light emitting device.
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The present invention also provides a method of preparing
the dimethylenecyclohexane compound.

The present invention also provides an organic light emit-
ting device including the dimethylenecyclohexane com-
pound.

According to an aspect of the present invention, there is
provided a dimethylenecyclohexane compound represented
by Formula 1 below:

Formula (1)

R X Ar
2 / 2‘); 2

R; Rg
R{ Ry
Arl—(-Xl Py R5R5

where R, R,, R;, R, R, R4, R, and Ry may each inde-
pendently be a hydrogen atom, a halogen atom, a cyano
group, a hydroxyl group, an amino group, a substituted or
unsubstituted C,-C,, alkyl group, a substituted or unsubsti-
tuted C,-C,, alkoxy group, a substituted or unsubstituted
C4-C5, aryl group, a substituted or unsubstituted C,-C;, het-
eroaryl group or a substituted amino group represented by
—N(Z'(Z"). Z' and Z" are each independently a substituted
or unsubstituted C,-C,, alkyl group, a substituted or unsub-
stituted C4-C,, aryl group, a substituted or unsubstituted
C,-C,;, heteroaryl group, a substituted or unsubstituted
C5-C,q cycloalkyl group, or a substituted or unsubstituted
C;-C5, heterocycloalkyl group;

each of X, and X, is independently a single bond, a double
bond, a substituted or unsubstituted C, -C,, alkylene group, a
substituted or unsubstituted C,-C,, alkenylene group, a sub-
stituted or unsubstituted C,-C,, alkynylene group, a substi-
tuted or unsubstituted C,-C,, heteroalkylene group, a substi-
tuted or unsubstituted C,-C,, alkylenearylene group, a
substituted or unsubstituted C,4-C,,, arylene group, or a sub-
stituted or unsubstituted C,-C;,, heteroarylene group;

n, and n, may each independently be an integer in the range
of0to 5, and when n, orn, is 2 or greater, the X s or X,s can
be respectively identical or different;

Ar, and Ar, may each independently be a substituted or
unsubstituted C4-C,,, aryl group, a substituted or unsubsti-
tuted C,-C;, heteroaryl group, a substituted or unsubstituted
C,-C;, cycloalkyl group or a substituted or unsubstituted
C,-C;, cycloheteroalkyl group; and

atleastone of Ar, and Ar, includes at least two substituents,
the at least two substituents included in Ar, or Ar, are each
independently a substituted or unsubstituted C4-C,,, aryl
group, a substituted or unsubstituted C,-C,, heteroaryl
group, a substituted or unsubstituted Cs-C,, cycloalkyl
group, a substituted or unsubstituted C5-C,, heterocycloalkyl
group, or a substituted amino group represented by —N(R")
(R"), where R' and R" are each independently a hydrogen
atom, a substituted or unsubstituted C,-C,, alkyl group, a
substituted or unsubstituted C4-C,, aryl group, a substituted
or unsubstituted C,-C;, heteroaryl group, a Cs5-C,,
cycloalkyl group, or a C5-C;, heterocycloalkyl group.

According to another aspect of the present invention, there
is provided a method of preparing the dimethylenecyclohex-
ane compound represented by Formula 1 comprising: react-
ing the compound represented by Formula 1A with the com-
pound represented by Formula 1B and the compound
represented by Formula 1C to obtain the compound repre-
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sented by Formula 1D; and reacting the compound repre-
sented by Formula 1D with compounds including at least one
of (1) a compound represented by Formula 1E and the com-
pound represented by 1F, and (2) a compound represented by
Formula 1G and a compound represented by Formula 1H to
obtain the compound represented by Formula 1:

Formula (1A)
RRi 0

R; Rs

o} ReR7

m Ha -Ar,(X,}-PO(OEY), Formula (1B)
myHay- Aty ~X5)PO(OED), Formula (1C)

Formula (1D)

R,Ri

X, -)? Ary'—m,Ha,

R;
Ry Ry

miHaj— Ar)'—¢ X

m

Li-Q; Formula (1E)
1,-Q» Formula (1F)
L3-Qs Formula (1G)
L,4-Qu Formula (1H)

where R, R,, R;, R, Rs, Ry, R+, Rg, X, X5, n; and n, are
the same as defined in Formula 1;

each of Ar, and Ar, is independently a substituted or unsub-
stituted C4-C;, aryl group, a substituted or unsubstituted
C,-C;, heteroaryl group, a substituted or unsubstituted
C,-C5, cycloalkyl group or a substituted or unsubstituted
C,-C;, cycloheteroalkyl group;

each of Ha, and Ha, is a halogen atom;

each of m, and m, is an integer in the range of O to 5, and at
least either one of m; and m, is an integer of 1 or more;

Formula 1B and Formula 1C are the same or different from
each other;

L,,L,, Ly and L, are each independently a substituted or
unsubstituted C,-C,, aryl group, a substituted or unsubsti-
tuted C,-C;, heteroaryl group, a substituted or unsubstituted
Cs5-C,, cycloalkyl group, a substituted or unsubstituted
C5-C;, heterocycloalkyl group, or a substituted amino group
represented by —N(R")(R") where each of R' and R" is inde-
pendently a hydrogen atom, a substituted or unsubstituted
C,-C,,alkyl group, a substituted or unsubstituted C4-C,, aryl
group, a substituted or unsubstituted C,-C,, heteroaryl
group, a substituted or unsubstituted Cs5-C,, cycloalkyl
group, or a substituted or unsubstituted C5-C,, heterocy-
cloalkyl group; and

each of Q,, Q,, Q5 and Q, is independently a B-containing
group or Hwhen L, L,, L; and L, are the substituted amino
groups represented by —N(R")(R"), L,, and L, are substitu-
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4

ents included in Ar,, and L, and L, are substituents included
inAr,. Q1, Q2, Q3 and Q4 may be the same or different, and
L1, L2, L3 and .4 may be the same or different.

According to another aspect of the present invention, there
is provided an organic light emitting device comprising a first
electrode; a second electrode; and at least one organic layer
disposed between the first electrode and the second electrode,
wherein the organic layer comprises the dimethylenecyclo-
hexane compound represented by Formula 1 as described
above.

The dimethylenecyclohexane compound represented by
Formula 1 has excellent thermal stability, photochemical sta-
bility and optical property, and an organic light emitting
device comprising the same has a low driving voltage, excel-
lent efficiency and improved color purity.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the present invention, and
many of the above and other features and advantages of the
present invention, will be readily apparent as the same
becomes better understood by reference to the following
detailed description when considered in conjunction with the
accompanying drawings in which like reference symbols
indicate the same or similar components, wherein:

FIGS. 1A through 1C are schematic cross-sectional views
of organic light emitting devices according to embodiments
of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the present invention will be described more
fully with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown.

A dimethylenecyclohexane compound according to an
embodiment of the present invention is represented by For-
mula 1 below:

Formula (1)

Ar—tX,

where the two double bonds and the dimethylenecyclohex-
ane group connected to the two double bonds increase the
solubility of the dimethylenecyclohexane compound repre-
sented by Formula 1, and the Ar,—(X,),,— and Ar,—
(X,),.o— improve the film proccessibility, quantum yield,
thermal stability, photo chemical stability and photolumines-
cence (PL) properties of the dimethylenecyclohexane com-
pound represented by Formula 1, due to substituents included
in Ar, and/or Ar,. Accordingly, the dimethylenecyclohexane
compound represented by Formula 1 is suitable for a material
forming an organic layer interposed between first and second
electrodes in an organic light emitting device. The dimethyl-
enecyclohexane compound represented by Formula 1 is suit-
able for an organic layer, in particular, a hole injection layer,
a hole transport layer or an emissive layer.

InFormula 1, R, R,, R5, Ry, Ry, Ry, R, and Ry may each
independently be a hydrogen atom, a halogen atom, a cyano
group, a hydroxyl group, an amino group, a substituted or
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unsubstituted C,-C,, alkyl group, a substituted or unsubsti-
tuted C,-C,, alkoxy group, a substituted or unsubstituted
C4-C5, aryl group, a substituted or unsubstituted C,-C;, het-
eroaryl group or a substituted amino group having —N(Z')
(Z"). 7' and Z" are each independently a substituted or unsub-
stituted C,-C,, alkyl group, a substituted or unsubstituted
C4-C5, aryl group, a substituted or unsubstituted C,-C,, het-
eroaryl group, a substituted or unsubstituted Cs-C,,
cycloalkyl group, or a substituted or unsubstituted Cs-C,,
heterocycloalkyl group.

In the current embodiment, when at least one hydrogen
atom included in the alkyl group, the alkoxy group, the aryl
group, the heteroaryl group, the cycloalkyl group or the het-
erocycloalkyl group is substituted, the substituents may each
independently be at least one selected from the group con-
sisting of —F, —Cl, —Br, —CN, —NO,, —OH; a C,-C,,
alkyl group that is unsubstituted or substituted with —F,
—Cl, —Br, —CN, —NO,, or —OH; a C,-C,, alkoxy group
that is unsubstituted or substituted with —F, —CIl, —Br,
—CN, —NO, or —OH; a C4-C5, aryl group that is unsubsti-
tuted or substituted with a C,-C,, alkyl group, a C,-C,,
alkoxy group, —F, —Cl, —Br, —CN, —NO, or —OH; a
C,-C;, heteroaryl group that is unsubstituted or substituted
with a C,-C,, alkyl group, a C,-C, alkoxy group, —F, —Cl,
—Br, —CN, —NO, or —OH; a C5-C, cycloalkyl group that
is unsubstituted or substituted with a C,-C,, alkyl group, a
C,-C,, alkoxy group, —F, —Cl, —Br, —CN, —NO,, or
—OH; and a C;-C;,, heterocycloalkyl group that is unsubsti-
tuted or substituted with a C,-C,, alkyl group, a C,-C,,
alkoxy group, —F, —Cl, —Br, —CN, —NO, or —OH.

In Formula 1, each of X, and X, is independently a single
bond, a double bond, a substituted or unsubstituted C,-C,,,
alkylene group, a substituted or unsubstituted C,-C,, alk-
enylene group, a substituted or unsubstituted C,-C,,, alky-
nylene group, a substituted or unsubstituted C,-C,, het-
eroalkylene group, a substituted or unsubstituted C,-C;,
alkylenearylene group, a substituted or unsubstituted C4-C;,
arylene group, a substituted or unsubstituted C,-C;, het-
eroarylene group.

The alkylene group represents a branched or straight biva-
lent alkylene group, and the heteroalkylene group represents
that at least one carbon atom existing in the alkylene group is
substituted with N, O, S, or P.

The arylene group is a bivalent group having aromatic
rings, 2 or more of which can be bound to or fused with each
other. The heteroarylene group is a bivalent group having
aromatic rings substituted with at least one of N, O, S and P in
at least one carbon atom of the arylene groups.

When at least one hydrogen atom included in the alkylene
group, the heteroalkylene group, the arylene group or the
heteroarylene group is substituted, the substituents may each
independently be at least one selected from the group con-
sisting of —F, —Cl, —Br, —CN, —NO,, —OH; a C,-C,,
alkyl group that is unsubstituted or substituted with —F,
—Cl, —Br, —CN, —NO, or —OH; a C,-C,, alkoxy group
that is unsubstituted or substituted with —F, —CI, —Br,
—CN, —NO, or —OH; a C4-C5, aryl group that is unsubsti-
tuted or substituted with a C,-C,, alkyl group, a C,-C,,
alkoxy group, —F, —Cl, —Br, —CN, —NO, or —OH; a
C,-C;, heteroaryl group that is unsubstituted or substituted
witha C,-C,, alkyl group, a C, -C,, alkoxy group, —F, —Cl,
—Br, —CN,—NO, or—OH; a C;-C, cycloalkyl group that
is unsubstituted or substituted with a C,-C,, alkyl group, a
C,-C,, alkoxy group, —F, —Cl, —Br, —CN, —NO, or
—OH; and a C5-C;, heterocycloalkyl group that is unsubsti-
tuted or substituted with a C,-C,, alkyl group, a C,-C,,
alkoxy group, —F, —Cl, —Br, —CN, —NO, or —OH.
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In particular, in Formula 1, X, and X, may each indepen-
dently be one ofa single bond, a methylene group, an ethylene
group, a —O— methylene group, a phenylene group, a
C,-C,, alkylphenylene group, a C,-C,, alkoxyphenylene
group, a halophenylene group, a cyanophenylene group, a
dicyanophenylene group, a trifluoromethoxyphenylene
group, an o-, m-, or p-tolylene group, an o-, m- or p-cume-
nylene group, a mesitylene group, a phenoxyphenylene
group, a (a,o-dimethylbenzene)phenylene group, a (N,N'-
dimethyl)aminophenylene group, a (N,N'-diphenyl)ami-
nophenylene group, a (C,-C,, alkylcyclohexyl)phenylene
group, a (anthracenyl)phenylene group, a pentalenylene
group, an indenylene group, a naphthylene group, a C,-C,,
alkylnaphthylene group, a C,-C,, alkoxynaphthylene group,
ahalonaphthylene group, a cyanonaphthylene group, a biphe-
nylenylene group, a C,-C,, alkyl biphenylenylene group, a
C,-C,, alkoxy biphenylenylene group, an anthracenylene
group, an azulenylene group, a heptalenylene group, an
acenaphthylenylene group, a phenalenylene group, a fluore-
nylene group, a methylanthrylene group, a phenanthrenylene
group, a triphenylenylene group, a pyrenylene group, a chry-
senylene group, an ethyl-chrysenylene group, a picenylene
group, a perylenylene group, a chloroperylenylene group, a
pentaphenylene group, a pentacenylene group, a tetraphe-
nylenylene group, a hexaphenylene group, a hexacenylene
group, a rubicenylene group, a coronenylene group, a trinaph-
thylenylene group, a heptaphenylene group, a heptacenylene
group, a pyranthrenylene group, an ovalenylene group, a car-
bazolylene group, a C,_, alkyl carbazolylene group, a
thiophenylene group, an indolylene group, a purinylene
group, a benzimidazolylene group, a quinolinylene group, a
benzothiophenylene group, a parathiazinylene group, a pyr-
rolylene group, a pyrazolylene group, an imidazolylene
group, an imidazolinylene group, an oxazolylene group, a
thiazolylene group, a triazolylene group, a tetrazolylene
group, an oxadiazolylene group, a pyridinylene group, a
pyridazinylene group, a pyrimidinylene group, a pyrazi-
nylene group, and a thianthrenylene group. However, X, and
X, are not limited to these groups.

Among the above examples, X, and X, may be a single
bond, a phenylene group or an anthracenylene group.

X, and X, can be different or identical, and preferably
identical.

InFormula 1, n, and n, are respectively the repeating num-
ber of X, and X,. n, and n, may each independently be an
integer in the range of 0 to 5, and preferably, in the range of 0
to 3.

When n, is 2 or greater, the X s can be identical or different
and when n, is 2 or greater, the X,s can be identical or
different.

In Formula 1, Ar, and Ar, may be each independently a
substituted or unsubstituted C4-C,, aryl group, a substituted
or unsubstituted C,-C;,, heteroaryl group, a substituted or
unsubstituted C,-C;, cycloalkyl group or a substituted or
unsubstituted C,-C,, cycloheteroalkyl group, and at least one
of Ar, and Ar, includes at least two substituents. At least two
substituents included in Ar, include L, and L,, and at least
two substituents included in Ar, include L5 and L,.

L,,L,, L, and L, may each independently be a substituted
or unsubstituted C4-C,,, aryl group, a substituted or unsubsti-
tuted C,-C;, heteroaryl group, a substituted or unsubstituted
C5-C,o cycloalkyl group, a substituted or unsubstituted
C;5-C5q heterocycloalkyl group or a substituted amino group
represented by —N(R")(R") where R' and R" may each inde-
pendently be a hydrogen atom, a substituted or unsubstituted
C,-C,qalkyl group, a substituted or unsubstituted C4-C,, aryl
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group, a substituted or unsubstituted C,-C;, heteroaryl
group, a C5-C,,, cycloalkyl group, a C,-C,, heterocycloalkyl
group.

The aryl group is a monovalent group having aromatic
rings, 2 or more of which can be bound to or fused with each
other. The heteroaryl group is a group having aromatic rings
substituted with at least one of N, O, S and P in at least one
carbon atom of the aryl groups. The cycloalkyl group is an
alkyl group having a ring and the heterocycloalkyl group is a
group substituted with at least one of N, O, S and P in at least
one carbon atom of the cycloalkyl group.

When at least one hydrogen atom included in the aryl
group, the heteroaryl group, the cycloalkyl group and the
heterocycloalkyl group is substituted, the substituents may
each independently include at least one of —F; —Cl; —Br;
—CN; —NO,; —OH; a C,-C,, alkyl group that is unsubsti-
tuted or substituted with —F, —Cl, —Br, —CN, —NO,, or
—OH; a C,-C,, alkoxy group that is unsubstituted or substi-
tuted with —F, —Cl, —Br, —CN, —NO, or —OH; a C4-C;,
aryl group that is unsubstituted or substituted with a C,-C,,
alkyl group, a C,-C,, alkoxy group, —F, —Cl, —Br, —CN,
—NO, or —OH; a C,-C,, heteroaryl group that is unsubsti-
tuted or substituted with a C,-C,, alkyl group, a C,-C,,
alkoxy group, —F, —Cl, —Br, —CN, —NO, or —OH; a
C5-C,, cycloalkyl group that is unsubstituted or substituted
with a C,-C,, alkyl group, a C,-C,, alkoxy group, —F, —Cl,
—Br, —CN, —NO, or—OH; and a C5-C;, heterocycloalkyl
group that is unsubstituted or substituted with a C,-C,, alkyl
group, a C,-C,, alkoxy group, —F, —Cl, —Br, —CN,
—NO, or —OH.

In particular, in Formula 1, L, L,, L;, and L, may each
independently be one ofa phenyl group, a C,-C,, alkylphenyl
group, a C,-C,, alkoxyphenyl group, a halophenyl group, a
cyanophenyl group, a dicyanophenyl group, a trifluo-
romethoxyphenyl group, an o-, m-, or p-tolyl group, an o-, m-
or p-cumenyl group, a mesityl group, a phenoxyphenyl
group, a (a,o-dimethylbenzene)phenyl group, a (N,N'-dim-
ethyl)aminophenyl group, a (N,N'-diphenyl)aminophenyl
group, a (C,-C,, alkylcyclohexyl)phenyl group, a biphenyl
group, a C,-C,, alkylbiphenyl group, a C,-C,, alkoxybiphe-
nyl group, a pentalenyl group, an indenyl group, a naphthyl
group, a C,-C,, alkylnaphthyl group, a C,-C,,, alkoxynaph-
thyl group, a halonaphthyl group, a cyanonaphthyl group, a
biphenylenyl group, a C,-C,, alkyl biphenylenyl group, a
C,-C,, alkoxy biphenylenyl group, an anthracenyl group,
C,-C,, alkyl anthracenyl group, a C,-C, , alkoxy anthracenyl
group, an azulenyl group, a heptalenyl group, an acenaphth-
ylenyl group, a phenalenyl group, a fluorenyl group, a methy-
lanthryl group, a phenanthrenyl group, a triphenylenyl group,
apyrenyl group, a chrysenyl group, an ethyl-chrysenyl group,
a picenyl group, a perylenyl group, a chloroperylenyl group,
a pentaphenyl group, a pentacenyl group, a tetraphenylenyl
group, a hexaphenyl group, a hexacenyl group, a rubicenyl
group, a coronenyl group, a trinaphthylenyl group, a hep-
taphenyl group, a heptacenyl group, a pyranthrenyl group, an
ovalenyl group, a carbazolyl group, a C,-C,, alkyl carbazolyl
group, a thiophenyl group, an indolyl group, a purinyl group,
a benzimidazolyl group, a quinolinyl group, a benzothiophe-
nyl group, a parathiazinyl group, a pyrrolyl group, a pyrazolyl
group, an imidazolyl group, an imidazolinyl group, an
oxazolyl group, a thiazolyl group, a triazolyl group, a tetra-
zolyl group, an oxadiazolyl group, a pyridinyl group, a
pyridazinyl group, a pyrimidinyl group, a pyrazinyl group, a
thianthrenyl group, a cyclopentyl group, a cyclohexyl group,
a C,-C,, alkylcyclohexyl group, a C,-C,, alkoxycyclohexyl
group, an oxyranyl group, a pyrrolidinyl group, a pyrazolidi-
nyl group, an imidazolidinyl group, a piperidinyl group, a
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piperazinyl group, a morpholinyl group, 9,9-diphenyl-9H-
fluorene-2-yl, a spirofluorenyl group and an amino group
represented by —N(R")(R") where R' and R" may each inde-
pendently be one of a hydrogen atom, a phenyl group, a
C,-C,, alkyl phenyl group, a C,-C,, alkoxyphenyl group, a
halophenyl group, a cyanophenyl group, a dicyanophenyl
group, a trifluoromethoxyphenyl group, an o-, m-, or p-tolyl
group, an o-, m- or p-cumenyl group, a mesityl group, a
phenoxyphenyl group, a (o,a-dimethylbenzene)phenyl
group, a (N,N'-dimethyl)aminophenyl group, a (N,N'-diphe-
nyl)aminopheny! group, a (C,-C,, alkylcyclohexyl)phenyl
group, an anthracenyl phenyl group, a biphenyl group, a
C,-C,, alkylbiphenyl group, a C,-C, , alkoxybiphenyl group,
a pentalenyl group, an indenyl group, a naphthyl group, a
C,-C,alkylnaphthyl group, a C,-C, , alkoxynaphthyl group,
ahalonaphthyl group, a cyanonaphthyl group, a biphenylenyl
group and a C,-C,, alkyl biphenylenyl group. However, R’
and R" are not limited to these groups,and L, L,, L;,and L,
are not limited to these groups.

Among the above groups, L, L,, L, and L,, may each
independently be one of a carbazole group, a phenyl group, a
naphthyl group, an anthracenyl group, or N(R")(R") in which
R'and R" are each independently a naphthyl group or a phenyl
group, and more preferably, a carbazole group.

An exemplary example of the dimethylenecyclohexane
compound of Formula 1 includes a compound represented by
Formula 2 below:

Formula (2)
L
o &
Ry Rg
R; e
Ry ©T\ _/
)

where R, R,, R3, Ry, R, R, Ry, R, X, X5y, 15, L, Ly,
L, and L, are the same as defined in Formula 1.

A more exemplary example of the dimethylenecyclohex-
ane compound of Formula 2 includes compounds represented
by Formula 3 or 4.

Formula (3)

Ll 4
VA

.

L4

where R, R,, R;, Ry, Rs, R, Ry, R, L), Ly, Lyand L, are
the same as defined in Formula 1.
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Formula (4)

Ris L4

where Rls st Rss R4s RSs R65 R7s RSa Lls L25 L3 and L4 are
the same as defined in Formula 1; each of Ry, R, R;1, R},

10

15

10

Ry3, R4, Rys, and R, ¢ is independently hydrogen, a halogen
atom, a cyano group, a hydroxyl group, an amino group, a
substituted or unsubstituted C, -C,, alkyl group, a substituted
or unsubstituted C,-C,, alkoxy group, a substituted or unsub-
stituted C4-C,,, aryl group, a substituted or unsubstituted
C,-C5 heteroaryl group or a substituted amino group repre-
sented by —N(Z')(Z"); and each of Z' and Z" is independently
a substituted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C4-C;,, aryl group, a substituted or
unsubstituted C,-C;, heteroaryl group, a substituted or
unsubstituted Cs-C,, cycloalkyl group, or a substituted or
unsubstituted C;-C;,, heterocycloalkyl group.

According to an embodiment of the present invention, the
dimethylenecyclohexane compound of Formula 1 can be rep-
resented by one of Formulae 5 through 8 below, but is not
limited thereto:

Formula 5

Formula 6
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-continued

The dimethylenecyclohexane compound represented by
Formula 1 can be synthesized using a conventional organic
synthesis method. A method of preparing the dimethylenecy-
clohexane compound represented by Formula 1 according to
an embodiment of the present invention includes reacting a
compound represented by Formula 1A with the compound
represented by Formula 1B and the compound represented by
Formula 1C to obtain a compound represented by Formula
1D, and reacting the compound represented by Formula 1D
with compounds including at least one of (1) a compound
represented by Formula 1E, and a compound represented by
Formula 1F, and (2) a compound represented by Formula 1G,
and a compound represented by Formula 1H to obtain the
dimethylenecyclohexane compound represented by Formula
1:

Formula (1A)
R R 0

R; Rs

o} ReR7

mHa-Ar)'«X )7 PO(OEL), Formula (1B)
myHay-Ary' (X3 PO(OEL), Formula (1C)
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Formula 7
Formula &
Formula (1D)
R R / Xz-)UArz’—mzHaz
R3 Rg
Ry Ry

miHa—Ar'—tX - RsRs

L-Q; Formula (1E)
L,-Q, Formula (1F)
L3-Qs Formula (1G)
L4-Qu Formula (1H)

where R, R,, R;, R4, Rs, Rg, R, Rg, X, X5, ), and n, are
the same as defined in Formula 1;

Ar,' and Ar,' are each independently a substituted or
unsubstituted C4-Cs, aryl group, a substituted or unsubsti-
tuted C,-C;, heteroaryl group, a substituted or unsubstituted
C,-C;, cycloalkyl group or a substituted or unsubstituted
C,-C;, cycloheteroalkyl group;

In Formulae 1B and 1C, each of Ha, and Ha, is indepen-
dently a halogen group such as F, Cl, Br or I, and preferably,
Br; and

Each of m, and m, is an integer in the range of 0 to 5,
wherein either m; or m, is an integer of 1 or more.

Formula 1B and Formula 1C may be the same or different
from each other.

In Formulae L,-Q,, L,-Q,, L;-Q;, and L,-Q,, L, L,, L5
and L, are the same as defined in Formula 1, wherein Q,, Q,,



US 7,879,463 B2

13

Q;, and Q, are each independently a B-containing group, or H
when L, L,, L; and L, are substituted amino groups repre-
sented by —N(R")(R™). Q1, Q2, Q3 and Q4 may be different
oridentical, and L1, L2, L3 and L4 are different or identical.

Examples of the B-containing group include

ols

L X0
Qe
-0

or

and the like, but the B-containing group is not limited thereto.

Reaction Scheme 1 below illustrates a detailed mechanism
for synthesizing the dimethylenecyclohexane compound rep-
resented by Formula 1 according to an embodiment of the
present invention.

Reaction Scheme (1)
RR1 0
Rs Rg
+
Ry Ry
o RsRe
Formula 1A

mHa— Ar'—t X;7,—PO(OEr),

Formula 1B
and/or
mpHa,— A —tX, 7; PO(OEt),

Formula IC

R -
Roy%1 / XZTAIZ' mpHa, L—Q
L —
R Rg 2—Q
L;—Q;
Ry Ry Ly—Qq
etc
m Ha;—Ar'—X, R¢
ny Rs
Formula 1D
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-continued
RR / X2 An
n2
R; R¢
Ry / Ry
Ar—tX| ” RsRé
Formula |

First, the compound represented by Formula 1A is reacted
with the compounds represented by Formulae 1B and 1C to
obtain the compound represented by Formula 1D. The com-
pound represented by Formula 1A can be a commercially
available compound and the compounds represented by For-
mulae 1B and 1C can be obtained by reacting triethyl phos-
phite (P(OEt),) with an aryl compound substituted with
methyl halide (for example, by reacting triethyl phosphite
with bromobenzylbromide). However, methods of preparing
the compounds are not limited thereto. Subsequently, the
compound represented by Formula 1D is reacted with com-
pounds represented by Formulae L,-Q,, L,-Q,, [;-Q; and
L,-Q, to obtain the dimethylenecyclohexane compound rep-
resented by Formula 1. This reaction can be performed, for
example, in the presence of K,CO; and Pd(PPh,),. Com-
pounds represented by Formulae L,-Q,, L,-Q,, L;-Q; and
L,-Q, can be boronic acids or dioxaborolanes having L, L,,
L;orL, oramines havingL,, L,, L; or L, but are not limited
thereto. The structures of all of the resulting compounds can
be identified using 1H NMR and Mass Spectrometer.

In the method of preparing the dimethylenecyclohexane
compound represented by Formula 1, Ar, and Ar, can be
identical, n; and n, can be identical, Ha, and Ha, can be
identical and L., and L, can be identical.

The dimethylenecyclohexane compound according to the
above-described embodiment can be used in an organic light
emitting device. An organic light emitting device according to
an embodiment of the present invention includes a first elec-
trode, a second electrode, and at least one organic layer dis-
posed between the first electrode and the second electrode.
The organic layer can comprise the dimethylenecyclohexane
compound represented by Formula 1 as described above. In
particular, the organic layer can be a hole injection layer, a
hole transport layer, or an emissive layer.

The organic layer may have various structures. In other
words, at least one of a hole injection layer, a hole transport
layer, a hole blocking layer, an electron blocking layer, an
electron transport layer, and an electron injection layer can be
formed between the first electrode and the second electrode.

In particular, organic light emitting devices according to
embodiments of the present invention are schematically illus-
trated in FIGS. 1A, 1B, and 1C. In FIG. 1A, the organic light
emitting device has a first electrode 101/hole injection layer
103/emissive layer 105/electron transport layer 107/electron
injection layer 109/second electrode 111 structure. In FIG.
1B, the organic light emitting device has a first electrode
101/hole injection layer 103/hole transport layer 104/emis-
sive layer 105/electron transport layer 107/electron injection
layer 109/second electrode 111 structure. In FIG. 1C, the
organic light emitting device has a first electrode 101/hole
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injection layer 103/hole transport layer 104/emissive layer
105/hole blocking layer 106/electron transport layer 107/
electron injection layer 109/second electrode 111 structure.
Here, at least one of the hole injection layer 103, the hole
transport layer 104 and the emissive layer 105 may include
the dimethylenecyclohexane compound represented by For-
mula 1.

The emissive layer of an organic light emitting device
according to an embodiment of the present invention may
include a red, green, blue or white phosphorescent or fluo-
rescent dopant. The phosphorescent dopant can be an organic
metal compound which contains at least one of Ir, Pt, Os, Ti,
Zr, Hf, Eu, Tb, and Tm.

Hereinafter, a method of manufacturing an organic light
emitting device according to an embodiment of the present
invention will be described with reference to the organic light
emitting device illustrated in FIG. 1C.

First, a first electrode is formed by depositing or sputtering
a high work-function material on a substrate. The first elec-
trode can be an anode. The substrate, which can be any
substrate that is used in conventional organic light emitting
devices, may be a glass substrate or a transparent plastic
substrate that has excellent mechanical strength, thermal sta-
bility, transparency, and surface smoothness, can be easily
treated, and is waterproof. The first electrode can be formed
of ITO, 1ZO, SnO,, ZnO, or any transparent material which
has high conductivity.

Then, ahole injection layer (HIL) can be formed on the first
electrode by vacuum deposition, spin coating, casting, Lang-
muir Blodgett (LB) deposition, or the like.

When the HIL is formed by vacuum deposition, vacuum
deposition conditions may vary according to the compound
that is used to form the HIL, and the desired structure and
thermal properties of the HIL to be formed. In general, how-
ever, the vacuum deposition may be performed at a deposition
temperature of 100° C.-500° C., under a pressure of 1073-
1073 torr, at a deposition speed of 0.01-100 A/sec, and to a
layer thickness of 10 A-5 um.

When the HIL is formed by spin coating, coating condi-
tions may vary according to the compound that is used to form
the HIL, and the desired structure and thermal properties of
the HIL to be formed. In general, however, the coating speed
may be in the range of about 2,000 to 5,000 rpm, and a
temperature for heat treatment, which is performed to remove
a solvent after coating, may be in the range of about 80 to 200°
C.

The HIL can be formed of the dimethylenecyclohexane
compound represented by Formula 1 described above. Alter-
natively, the material may be a phthalocyanine compound,
such as copperphthalocyanine disclosed in U.S. Pat. No.
4,356,429; a star-burst type amine derivative, such as TCTA,
m-MTDATA, and m-MTDAPB, disclosed in Advanced
Material, 6, p. 677 (1994); soluble and conductive polymer
such as polyaniline/Dodecylbenzenesulfonic acid (Pani/
DBSA); poly(3,4-ethylenedioxythiophene)/poly(4-styrene-
sulfonate (PEDOT/PSS): polyaniline/camphor sulfonic acid
(Pani/CSA); (polyaniline)/poly(4-styrenesulfonate) (PANI/
PSS); or the like.
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The thickness of the HIL may be in the range of about
100-10,000 A, and preferably, in the range of 100-1,000 A.
When the thickness of the HIL is less than 100 A, the hole
injecting ability of the HIL. may be reduced. On the other
hand, when the thickness of the HIL is greater than 10,000 A,
the driving voltage of the organic light emitting device can be
increased.

Then, a hole transport layer (HTL) can be formed on the
HIL using a vacuum deposition method, a spin coating
method, a casting method, LB deposition, or the like. When
the HTL is formed by vacuum deposition or spin coating, the
conditions for deposition and coating are similar to those for
the formation of the HIL, although conditions for the depo-
sition and coating may vary according to the material that is
used to form the HTL.

The HTL can be formed of the dimethylenecyclohexane
compound 9 represented by Formula 1 described above. The
HTL may be formed of any material that is conventionally
used to form an HTL. For example, the HTL can be formed of
acarbazole derivative, such as N-phenylcarbazole, polyvinyl-
carbazole; a typical amine derivative having an aromatic con-
densation ring such as N,N'-bis(3-methylphenyl)-N,N'-
diphenyl-[1,1-biphenyl]-4,4'-diamine(TPD), N,N'-di
(naphthalene-1-y1)-N,N'-diphenyl benzidine (a-NPD); or the
like.
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The thickness of the HTL may be in the range of about
50-1,000 A, and preferably, 100-600 A. When the thickness
of the HTL is less than 50 A, the hole transporting ability of
the HTL may be reduced. On the other hand, when the thick-
ness of the HTL is greater than 1,000 A, the driving voltage of
the organic light emitting device may increase.

Then, an emissive layer (EML) can be formed on the HTL
by vacuum deposition, spin coating, casting, LB deposition,
orthelike. When the EML is formed by vacuum deposition or
spin coating, the conditions for deposition and coating are
similar to those for the formation of the HIL, although the
conditions for deposition and coating may vary according to
the material that is used to form the EML.

The EML may be formed of the dimethylenecyclohexane
compound represented by Formula 1 according to an embodi-
ment of the present invention. In this case, a proper host
material or dopant that is known in the art can be used together
with the dimethylenecyclohexane compound represented by
Formula 1, or the dimethylenecyclohexane compound repre-
sented by Formula 1 can be used by itself. The host material
may be, for example, Alq,, 4,4'-N,N'-dicarbazole-biphenyl
(CBP), or poly(n-vinylcarbazole) (PVK). As for the dopant
material, examples of a fluorescent dopant include IDE102
and IDE105 obtained from Idemitsu Co., C545T obtained
from Hayashibara Co., and the like, and examples of a phos-
phorescent dopant include a red phosphorescent dopant
PtOEP, RD 61 obtained from UDC Co., a green phosphores-
cent dopant Ir(PPY), (PPy=2-phenylpyridine), a blue phos-
phorescent dopant F2Irpic, and the like. The structure of
DPAVBiI represented by Formula 9 used as a dopant is shown
below:

5
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for deposition and coating may vary according to the material
that is used to form the HBL. The HBL may be formed of, for
example, an oxadiazole derivative, a triazole derivative, a
phenanthroline derivative, or a hole blocking material dis-
closed in JP No. 11-329734(A1) which is incorporated herein
by reference, or 2,9-dimethyl-4,7-diphenyl-1,10-phenan-
throline (BCP).

The thickness of the HBL may be in the range of about
50-1,000 A, and preferably, in the range of 100-300 A. When
the thickness of the HBL is less than 50 A, the hole blocking
ability of the HBL may be reduced. On the other hand, when
the thickness of the HBL is greater than 1,000 A, the driving
voltage of the organic light emitting device may increase.

Then, an electron transport layer (ETL) is formed by
vacuum deposition, spin coating, casting, or the like. When
the ETL is formed by vacuum deposition or spin coating, the
conditions for deposition and coating are, in general, similar
to those for the formation of the HIL, although the conditions
for the deposition and coating conditions may vary according
to the material that is used to form the ETL. The ETL may be
formed of a quinoline derivative which stably transports
injected electrons from a cathode, in particular, tris(8-quino-
linorate)aluminum (Alqs), 3-phenyl-4-(1'-naphthyl)-5-phe-
nyl-1,2,4-triazole (TAZ), aluminum(III)bis(2-methyl-8-
quinolinato)4-phenylphenolate (Balq) or the like, which is
known in the art.

Formula 9

The concentration of the dopant is not limited, but is con-
ventionally in the range 0f 0.01 to 15 parts by weight based on
100 parts by weight of the host.

The thickness of the EML may be in the range of about
100-1,000 A, and preferably, in the range of 200-600 A.
When the thickness of the EML is less than 100 A, the
emissive ability of the EML may be reduced. On the other
hand, when the thickness of the EML is greater than 1,000 A,
the driving voltage of the organic light emitting device may
increase.

A hole blocking layer (HBL) can be formed on the HTL
using a vacuum deposition method, a spin coating method, a
casting method, LB deposition, or the like, to prevent diffu-
sion of triplet excitons or holes into an electron transport layer
when the phosphorescent dopant is used to form the EML.
When the HBL is formed by vacuum deposition or spin
coating, the conditions for deposition and coating are similar
to those for the formation of the HIL, although the conditions
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The thickness of the ETL may be in the range of about
100-1,000 A, and preferably, 200 to 500 A. When the thick-
ness of the ETL is less than 100 A, the electron transporting
ability of the ETL may be reduced. On the other hand, when
the thickness of the ETL is greater than 1,000 A, the driving
voltage of the organic light emitting device may increase.

Then, an electron injection layer (EIL), which is formed of
a material allowing easy injection of electrons from a cath-
ode, can be formed on the ETL. The material that is used to
form the EIL is not limited.

The EIL may be formed of LiF, NaCl, CsF, Li,O, BaO, or
the like, which is known in the art. Conditions for the forma-
tion of the EIL are, in general, similar to conditions for the
formation of the HIL, although they may vary according to
the material that is used to form the EIL.

The thickness of the EIL may be in the range of about 1-100
A, and preferably, 5-50 A. When the thickness of the EIL is
less than 1 A, the electron injecting ability of the EIL may be
reduced. On the other hand, when the thickness of the EIL is
greater than 100 A, the driving voltage of the organic light
emitting device may increase.

Finally, a second electrode can be formed on the EIL by
vacuum deposition, sputtering, or the like. The second elec-
trode can be used as a cathode. The second electrode may be
formed of a low work-function metal, an alloy, an electrically
conductive compound, or a combination thereof. In particu-
lar, the second electrode may be formed of Li, Mg, Al,
Al—Li, Ca, Mg—In, Mg—Ag, or the like. Alternatively, a
transparent cathode formed of ITO or IZO can be used to
produce a front surface light emitting device.

The organic light emitting device may have the first elec-
trode/HIL/HTL/EML/HBL/ETL/EIL/second electrode
structure as illustrated in FIG. 1C according to an embodi-
ment of the present invention. However, the structure of the
organic light emitting device according to the present inven-
tion may vary (for example, the structure of the organic light
emitting device illustrated in FIG. 1A, which will be
described in greater detail in Examples below.)

Hereinafter, Synthesis Examples and Examples of the
compounds represented by Formulae 5, 7 and 8 of the present
invention will be described in detail. However, the Examples
are provided to facilitate the understanding of the present
invention only, and are not intended to limit the scope of the
present invention.

EXAMPLES

Synthesis Example 1

A compound represented by Formula 5 was synthesized
through Reaction Scheme 2 below:

Reaction Scheme (2)
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-continued
Br,
t-BuOK
—
THF
PO(OEY),
Br

Intermediate A

Intermediate B

Formula 5

Synthesis of Intermediate Compound A

g of 1,3-dibromotoluene (4 mmol), 1.07 g of N-bromosuc-
cinimide (NBS) (6 mmol,) and 96 mg of benzoyl peroxide
(0.4 mmol) were added to 100 ml of benzene, and the reaction
mixture was refluxed for five hours. Then, the reaction mix-
ture was purified using column chromatography and recrys-
tallization, and vacuum-dried to obtain 881 mg of 1,3-di-
bromo-5-bromomethyl-benzene (yield 67%). The resultant
was mixed again with 3.5 g of triethylphosphite[P
(OCH,CH;)5] (20 mmol), and stirred for twelve hours while
being refluxed. The solvent was removed by decompression,
and then cooled to room temperature to obtain 2.15 g of
Intermediate Compound A represented by Formula 5 (yield
87%).

'H-NMR (CDCls, 300 MHz, ppm): 7.41 (s, 1H), 7.16 (s,
2H), 5.22 (s, 2H), 3.11-3.32 (m, 4H), 1.21 (t, 6H).

Synthesis of Intermediate Compound B

3.86 g of Intermediate Compound A (10 mmol) and 0.5 g of
cyclohexane-1,4-dione (4.5 mmol) were dissolved in 300 ml
of tetrahydrofuran (THF), and then 1.25 g of t-BuOK (11
mmol) was added to the reaction mixture and reacted at 60° C.
for one day. Then, the resultant was left sit, a supernatant
thereof was collect, and the solvent was removed. Thereafter,
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100 ml of methanol was added to the resulting product, and
the resultant was filtered and then washed again with metha-
nol. Subsequently, the resultant was separated and purified
using silica gel column chromatography (CHCl,) to obtain
9.7 g of Intermediate Compound B (Yield 58%).

5 g (40 mmol) of 1,4-cyclohexadion was added to the
mixture and reacted at 70° C. for one day. After 20 ml of
ethanol was added to the mixture and dried in a vacuum, 200
ml of methylene chloride was added to the dried mixture. An
organic layer collected from the mixture was washed twice
with 200 ml of water and dried over anhydrous magnesium
sulfate to evaporate the solvent. The dried result was purified
using silica gel column chromatography to obtain 2.2 g of
Intermediate Compound B (Yield 83%).

'H-NMR (CDCl,, 300 MHz, ppm): 7.85 (s, 2H), 7.10 (d,
4H), 6.25 (s, 2H), 2.53-2.31 (m, 8H).

Intermediate D

15

RN
A P(OEt),
+ BI‘Q_/

Intermediate C
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7 B
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Synthesis of Compound of Formula 5

5.76 g of Intermediate Compound B (10 mmol) was dis-
solved in 200 ml of o-Xylene, and 10 g of carbazole (60
mmol), 3.7 g of Pd, dba, (4.0 mmol), 0.6 g of P(t-Bu), (3.0
mmol) and 5.8 g of sodium t-butoxide (60 mmol) were added
to the reaction mixture. Then, the mixture was stirred for
twenty four hours at a reflux temperature. The resultant was
cooled to room temperature, and then the solvent was
removed and the resulting product was separated and purified
using silica gel column chromatography and recrystallization
to obtain 4.1 g of a white powder represented by Formula 5
(Yield 45%).

'H-NMR (CDCl,, 300 MHz, ppm): 8.15 (m, 8H), 7.6-7.2
(m, 30H), 6.15 (s, 2H), 2.53-2.30 (m, 8H).

Synthesis Example 2

A compound of Formula 7 was synthesized through Reac-
tion Scheme 3 below:

t-BuOK.
—_—
THF

)
TS0

T

Formula 7
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Synthesis of Intermediate Compound C

10 g of 4-bromobenzyl bromide (40 mmol) was mixed with
13.3 g of triethylphosphite (P(OCH,CHj;);) (80 mmol), and
the mixture was stirred at 185° C. for 6 hours. The solvent was
removed by drying the mixture under pressure, and then the
resultant was cooled to room temperature to obtain 11.8 g of
white solid powder (yield: 96%).

'H-NMR (CDCl,, 300 MHz, ppm): 7.42 (d, 2H), 7.18 (d,
2H), 4.02 (m, 4H), 3.12 (s, 1H), 3.05 (s, 1H), 1.25 (t, 6H)

Synthesis of Intermediate Compound D

31.6 g of Intermediate Compound C (100 mmol) was dis-
solved in 300 ml of tetrahydrofuran (THF), and then 12.5 g of
t-BuOK (110 mmol) was added to the mixture and the result-
ant was reacted at 20° C. for 1 hour. Then, 5 g of 1,4-cyclo-
hexanedione (40 mmol) was added to the resultant and the
resulting mixture was reacted at 70° C. for one day, and 20 ml
ofethanol was added to the mixture and the mixture was dried
under a vacuum. Thereafter, 200 ml of methylene chloride
was added to the resultant. An organic layer collected from
the resultant was washed twice with 200 ml of water, dried by
adding anhydrous magnesium sulfate, and then filtered to dry

O
E/ +
O

5
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Intermediate C
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a compound of Formula 11 (14.9 mmol), 0.5 g of tri(diben-
zylideneacetone)dipalladium(0) (Pd,(dba);) (0.54 mmol),
0.083 g of t-butylphosphine (0.41 mmol) and 2.88 g of NaO-
t-Bu (30 mmol) were added to the mixture and the mixture
was stirred at room temperature for 4 hours. After the reaction
was terminated, 100 ml of dichloromethane was added to the
resultant and the mixture was washed twice using 100 ml of
water. Then, an organic layer was collected and dried with
anhydrous magnesium sulfate, and then the solvent was
vaporized to obtain a product. Thereafter, the product was
separated and purified using silica gel column chromatogra-
phy and recrystallized to obtain 3.7 g of a compound of
Formula 7 (Yield 55%).

'H-NMR (CDCl,, 300 MHz, ppm): 7.81 (m, 4H), 7.64 (m,
4H), 7.54-7.52 (m, 6H), 7.41 (m, 6H), 7.3-7.2 (m, 22H), 6.34
(s, 2H), 2.61-2.37 (m, 8H)

Synthesis Example 3
A compound of Formula 8 was synthesized through Reac-
tion Scheme 4 below:

Reaction Scheme 4

OK
THF

Br

60
only the solvent. Subsequently, the resultant product was
separated and purified using silica gel column chromatogra-
phy to obtain 9.7 g of Intermediate Compound D (Yield 58%).

'H-NMR (CDCl,, 300 MHz, ppm): 7.42 (d, 4H), 7.10 (d,
4H), 6.25 (s, 2H), 2.53-2.31 (m, 8H)

4.45 g of the obtained Intermediate Compound D (10.6
mmol) was dissolved in 80 ml of o-xylene, and then 6.62 g of

65

Formula 8

The Intermediate Compound C and Intermediate Com-
pound D were prepared in the same manner as in Synthesis
Example 2. 4.45 g of the obtained Intermediate Compound D
(10.6 mmol) was dissolved in 80 ml of o-xylene, and then
6.59 g of a compound of Formula 12 (14.9 mmol), 0.5 g of
tri(dibenzylideneacetone)dipalladium(0) (Pd,(dba),) (0.54
mmol), 0.083 g of t-butylphosphine (0.41 mmol) and 2.88 g
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of NaO-t-Bu (30 mmol) were added to the mixture and the
mixture was stirred at room temperature for 4 hours. After the
reaction was terminated, 100 ml of dichloromethane was
added to the resultant and the mixture was washed twice using
100 ml of water. Then, an organic layer was obtained and
dried with anhydrous magnesium sulfate, and then the solvent
was vaporized to obtain a product. Thereafter, the product
was separated and purified using silica gel column chroma-
tography and recrystallized to obtain 2.9 g of a compound of
Formula 8 (Yield 44%).

'"H-NMR (CDCl;, 300 MHz, ppm): 8.13 (m, 4H), 7.84 (m,
4H), 7.60-7.50 (m, 4H), 7.39 (m, 6H), 7.3-7.2 (m, 22H), 6.32
(s, 2H), 2.59-2.39 (m, 8H)

Example 1

Using the compound of Formula 7 as a host of an emissive
layer, an organic light emitting device having the following
structure was manufactured:

ITO/a-NPD(750 A)/5 weight % Ir(piq)3 (Compound 7)
(350 A)/Balq(50 A/Alq,(180 A)/LiF(10 A)/A1(2000 A)

As an anode, a 15 Q/cm? (1000 A) ITO glass substrate was
cut to a size of 50 mmx500 mmx0.7 mm, ultrasonic washed
with acetone, isopropyl alcohol and pure water for 15 minutes
each respectively, and then washed with UV ozone for 15
minutes. The resulting substrate was referred to as Substrate
1. o-NPD was vacuum deposited on Substrate 1 to form ahole
transport layer with a thickness of 750 A. The host and guest
compound, Ir(piq),, was vacuum deposited on the hole trans-
port layer to form an emissive layer with a thickness of 350 A.
Then, Alq, was vacuum deposited on the emissive layer to
form an electron transport layer with a thickness of 180 A. LiF
and Al were sequentially vacuum deposited on the electron
transport layer to form an electron injection layer with a
thickness of 10 A and a cathode with a thickness of 2,000 A,
respectively. As a result, an organic light emitting device as
illustrated in FIG. 1A was manufactured.

Example 2
Using the compound of Formula 7 as a host of an emissive

layer, an organic light emitting device having the following
structure was manufactured:
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ant was heat-treated under the ambient environment condi-
tions at 110° C. for 5 minutes, and heat-treated again under a
nitrogen atmosphere at 200° C. for 10 minutes to form a hole
transport layer with a thickness of 500 A. A mixed solution of
a host compound and a guest compound (1. Compound 7
(neat), 2. CH24+red dopant (5 weight %), 3. CH25+red
dopant (5 weight %)=1 wt % in dichloromethane) was spin
coated on the hole transport layer, and then the resultant was
heat-treated at 110° C. for 30 minutes to form an emissive
layer with a thickness of 550 A. Then, Balq and Alq, were
vacuum deposited on the emissive layer to thicknesses of 50
A and 180 A, respectively, to form an electron transport layer.
LiF and Al were sequentially vacuum deposited on the elec-
tron transport layer to form an electron injection layer with a
thickness of 10 A and a cathode with a thickness of 2,000 A,
respectively. As a result, an organic light emitting device as
illustrated in FIG. 1A was manufactured.

Example 3

An organic light emitting device was manufactured in the
same manner as in Example 1, except that a compound of
Formula 8 was used as a host compound of an emissive layer
instead of the compound of Formula 7 used in Example 1.

Example 4

An organic light emitting device was manufactured in the
same manner as in Example 2, except that a compound of
Formula 8 was used as a host compound of an emissive layer
instead of the compound of Formula 7 used in Example 2.

Experimental Example

With respect to the organic light emitting devices manu-
factured using the compound of Formula 7 and the compound
of Formula 8, and the organic light emitting devices manu-
factured in Examples 1 through 4, the driving voltage, color
purity, emission efficiency, best luminance, current density
and EL peak wavelength of each of the organic light emitting
devices were measured using a PR650 (Spectroscan) source
measurement unit. The results are shown in Tables 1 and 2
below.

TABLE 1
CIE color Driving voltage [V]
Turn on coordinate and
Voltage [100 cd basis efficiency [cd/A]
V] X y 100 cd 600 cd 1200 cd
Compound 7 6 0.2565 0.4369 11.2V  0.056 — — — —
Compound 8 12.6 — — — — — — — —
Example 1 4.2 0.6654 03198 6V 5.64 7.6V 673 84V 8
Example 2 9.2 0.6713 03264 16V 0426 188V 0.65 20V 05
Example 3 3.8 0.6705 03216 5.2V 645 6.8V 7.64 7.8V 9.44
Example 4 5.6 0.6739 03242 146V 0.59 18V 071 196V 051
ITO/PEDOT (500 A)/5 weight % Ir(piq)3 (Compound 7) 6
(550 A)/Balq (50 A)/Alg3 (180 A)/LiF (10 A)/Al (2000 A) TABLE 2
As an anode, a 15 Q/cm? (1000 A) ITO glass substrate was ]
cut to a size of 50 mmx500 mmx0.7 mm, ultrasonic washed Best Current density EL spectrum
. . . luminance (@100 cd) (@100 cd)
with acetone, isopropyl alcohol and pure water for 15 minutes
each respectively, and then washed with UV ozone for 15 65 Compound 7 158 5.94 (mA/em2) —
minutes. The resulting substrate was referred to as Substrate Compound 8 92 164.5 (mA/em2) —

1. PEDOT was deposited on Substrate 1, and then the result-
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TABLE 2-continued
Best Current density EL spectrum
luminance (@100 cd) (@100 cd)
Example 1 >7231 1.77 (mA/em2) 630 nm
Example 2 1929 234 (mA/cm2) 628 nm
Example 3 >7466 1.55 (mA/em2) 630 nm

From the results in Tables 1 and 2, it can be confirmed that
since Compound 7, Compound 8 and the organic light emit-
ting devices manufactured using the same used a red light
emitting material for deposition, they exhibited better results
in a deposition process compared with a spin process, but
Compound 7 and Compound 8 can be a host material of a red
light emitting material both in a spin process and deposition
process.

The dimethylenecyclohexane compound represented by
Formula 1 according to the present invention has excellent
luminous characteristics and thermal stability. Accordingly,
an organic light emitting device using the dimethylenecyclo-
hexane compound according to the present invention exhibits
a low driving voltage, excellent color purity and high effi-
ciency.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

What is claimed is:

1. A dimethylenecyclohexane compound represented by
Formula 1:

N AR

Rs Re
Ry Ry
Ar—tX, - RsR6

where R, R,, R;, R,, Rs, Rg, R, and Ry are each indepen-
dently a hydrogen atom, a halogen atom, a cyano group,
a hydroxyl group, an amino group, a substituted or
unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C,-C;, aryl group, a substituted or unsub-
stituted C,-C;, heteroaryl group or a substituted amino
group represented by —N(Z')(Z") where Z' and Z" are
each independently a substituted or unsubstituted
C,-C,, alkyl group, a substituted or unsubstituted
C,-C,, aryl group, a substituted or unsubstituted C,-C,,,
heteroaryl group, a substituted or unsubstituted C5-C,,,
cycloalkyl group, or a substituted or unsubstituted
C5-C;, heterocycloalkyl group;

each of X, and X, is independently a single bond, a double
bond, a substituted or unsubstituted C,-C,, alkylene
group, a substituted or unsubstituted C,-C,, alkenylene
group, a substituted or unsubstituted C,-C,, alkynylene
group, a substituted or unsubstituted C, -C,, heteroalky-
lene group, a substituted or unsubstituted C,-C;, alky-
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lenearylene group, a substituted or unsubstituted C4-C;,
arylene group, or a substituted or unsubstituted C,-C,,
heteroarylene group;

n, and n, are each independently an integer in the range of
0to 5, and when n, or n, is 2 or greater, the X s or X,s
can be respectively identical or different;

Ar, and Ar, are each independently a substituted or unsub-
stituted C4-C,, aryl group, a substituted or unsubstituted
C,-C; heteroaryl group, a substituted or unsubstituted
C,-C5, cycloalkyl group or a substituted or unsubsti-
tuted C,-C,, cycloheteroalkyl group; and

atleastone of Ar, and Ar, includes at least two substituents,
the substituents included in Ar, or Ar, are each indepen-
dently a substituted or unsubstituted C4-C;, aryl group,
a substituted or unsubstituted C,-C;, heteroaryl group, a
substituted or unsubstituted C,-C,, cycloalkyl group, a
substituted or unsubstituted C5-C,, heterocycloalkyl
group, or a substituted amino group represented by
—N(R")(R"), where R' and R" are each independently a
hydrogen atom, a substituted or unsubstituted C,-C,,
alkyl group, a substituted or unsubstituted C,-C,,, aryl
group, a substituted or unsubstituted C,-C,, heteroaryl
group, a C,-C,,, cycloalkyl group, or a C5-C,, heterocy-
cloalkyl group.

2. The dimethylenecyclohexane compound of claim 1,
wherein X, and X, are each independently one selected from
the group consisting of a single bond, a methylene group, an
ethylene group, a —O— methylene group, a phenylene
group, a C,-C,, alkylphenylene group, a C,-C,, alkoxyphe-
nylene group, a halophenylene group, a cyanophenylene
group, a dicyanophenylene group, a trifluoromethoxyphe-
nylene group, an o-, m-, or p-tolylene group, an o-, m- or
p-cumenylene group, a mesitylene group, a phenoxyphe-
nylene group, a (a,ca-dimethylbenzene)phenylene group, a
(N,N'-dimethyl)aminophenylene group, a (N,N'-diphenyl)
aminophenylene group, a (C,-C,, alkylcyclohexyl)phe-
nylene group, a (anthracenyl)phenylene group, a pental-
enylene group, an indenylene group, a naphthylene group, a
C,-C,yalkylnaphthylene group, a C,-C, ; alkoxynaphthylene
group, a halonaphthylene group, a cyanonaphthylene group, a
biphenylenylene group, a C,-C,, alkyl biphenylenylene
group, a C,-C, , alkoxy biphenylenylene group, an anthrace-
nylene group, an azulenylene group, a heptalenylene group,
an acenaphthylenylene group, a phenalenylene group, a fluo-
renylene group, a methylanthrylene group, a phenanthre-
nylene group, a triphenylenylene group, a pyrenylene group,
a chrysenylene group, an ethyl-chrysenylene group, a picen-
ylene group, a perylenylene group, a chloroperylenylene
group, a pentaphenylene group, a pentacenylene group, a
tetraphenylenylene group, a hexaphenylene group, a hexace-
nylene group, a rubicenylene group, a coronenylene group, a
trinaphthylenylene group, a heptaphenylene group, a hepta-
cenylene group, a pyranthrenylene group, an ovalenylene
group, a carbazolylene group, a C,_;, alkyl carbazolylene
group, a thiophenylene group, an indolylene group, a puri-
nylene group, a benzimidazolylene group, a quinolinylene
group, a benzothiophenylene group, a parathiazinylene
group, a pyrrolylene group, a pyrazolylene group, an imida-
zolylene group, an imidazolinylene group, an oxazolylene
group, a thiazolylene group, a triazolylene group, a tetra-
zolylene group, an oxadiazolylene group, a pyridinylene
group, a pyridazinylene group, a pyrimidinylene group, a
pyrazinylene group, and a thianthrenylene group.

3. The dimethylenecyclohexane compound of claim 1,
wherein n, and n, are each independently an integer of 0, 1, 2
or3.
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4. The dimethylenecyclohexane compound of claim 1,
wherein said at least two substituents included in Ar, or Ar,
are each independently one selected from the group consist-
ing of a phenyl group, a C,-C,, alkylphenyl group, a C,-C,,
alkoxyphenyl group, a halophenyl group, a cyanophenyl
group, a dicyanophenyl group, a trifluoromethoxyphenyl
group, an o-, m-, or p-tolyl group, an o-, m- or p-cumenyl
group, a mesityl group, a phenoxyphenyl group, a (a,o-dim-
ethylbenzene)phenyl group, a (N,N'-dimethyl)aminophenyl
group, a (N,N'-diphenyl)aminophenyl group, a (C,-C,, alky-
Icyclohexyl)phenyl group, a biphenyl group, a C,-C,, alkyl-
biphenyl group, a C,-C, , alkoxybiphenyl group, a pentalenyl
group, an indenyl group, a naphthyl group, a C,-C,, alkyl-
naphthyl group, a C,-C, , alkoxynaphthyl group, a halonaph-
thyl group, a cyanonaphthyl group, a biphenylenyl group, a
C,-C,,alkyl biphenylenyl group, a C,-C,, alkoxy biphenyle-
nyl group, an anthracenyl group, C,-C,, alkyl anthracenyl
group, aC,-C, , alkoxy anthracenyl group, an azulenyl group,
a heptalenyl group, an acenaphthylenyl group, a phenalenyl
group, a fluorenyl group, a methylanthryl group, a phenan-
threnyl group, a triphenylenyl group, a pyrenyl group, a chry-
senyl group, an ethyl-chrysenyl group, a picenyl group, a
perylenyl group, a chloroperylenyl group, a pentaphenyl
group, a pentacenyl group, a tetraphenylenyl group, a
hexaphenyl group, a hexacenyl group, a rubicenyl group, a
coronenyl group, a trinaphthylenyl group, a heptaphenyl
group, a heptacenyl group, a pyranthrenyl group, an ovalenyl
group, a carbazolyl group, a C,-C, , alkyl carbazolyl group, a
thiophenyl group, an indolyl group, a purinyl group, a benz-
imidazolyl group, a quinolinyl group, a benzothiophenyl
group, a parathiazinyl group, a pyrrolyl group, a pyrazolyl
group, an imidazolyl group, an imidazolinyl group, an
oxazolyl group, a thiazolyl group, a triazolyl group, a tetra-
zolyl group, an oxadiazolyl group, a pyridinyl group, a
pyridazinyl group, a pyrimidinyl group, a pyrazinyl group, a
thianthrenyl group, a cyclopentyl group, a cyclohexyl group,
a C,-C,, alkylcyclohexyl group, a C,-C,, alkoxycyclohexyl
group, an oxyranyl group, a pyrrolidinyl group, a pyrazolidi-
nyl group, an imidazolidinyl group, a piperidinyl group, a
piperazinyl group, a morpholinyl group, a carbazole group
and an amino group represented by —N(R")(R") where R' and
R" are each independently one selected from the group con-
sisting of a hydrogen atom, a phenyl group, a C,-C,, alkyl
phenyl group, a C,-C,, alkoxyphenyl group, a halophenyl
group, a cyanophenyl group, a dicyanophenyl group, a trif-
luoromethoxyphenyl group, an o-, m-, or p-tolyl group, an o-,
m- or p-cumenyl group, a mesityl group, a phenoxyphenyl
group, a (a,a-dimethylbenzene)phenyl group, a (N,N'-dim-
ethyl)aminophenyl group, a (N,N'-diphenyl)aminophenyl
group, a (C,-C, , alkylcyclohexyl)phenyl group, an anthrace-
nyl phenyl group, a biphenyl group, a C,-C, , alkylbiphenyl
group, aC,-C,, alkoxybiphenyl group, a pentalenyl group, an
indenyl group, a naphthyl group, a C,-C,, alkylnaphthyl
group, aC, -C, , alkoxynaphthyl group, a halonaphthyl group,
a cyanonaphthyl group, a biphenylenyl group and a C,-C,,
alkyl biphenylenyl group.

5. The dimethylenecyclohexane compound of claim 1,
wherein said at least two substituent included in Ar, or Ar, are
each a carbazole group.

6. The dimethylenecyclohexane compound of claim 1,
wherein the compound represented by Formula 1 is a com-
pound represented by Formula 2:
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where R;, R,, R3, Ry, R, Ry, Ry, Ry, X, X, ny and n, are
the same as defined in Formula 1; and
eachofL,, L,, L; and L, is independently a substituted or
unsubstituted C-C, aryl group, a substituted or unsub-
stituted C,-C,, heteroaryl group, a substituted or unsub-
stituted C5-C,, cycloalkyl group, a substituted or unsub-
stituted Cs5-C,, heterocycloalkyl group, or an amino
group represented by —N(R")(R") where each of R' and
R" is independently a hydrogen atom, a substituted or
unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C4-C, aryl group, a substituted or unsub-
stituted C,-C,,, heteroaryl group, a substituted or unsub-
stituted C5-C,,, cycloalkyl group, or a substituted or
unsubstituted C;-C;,, heterocycloalkyl group.
7. The dimethylenecyclohexane compound of claim 1,
wherein the compound represented by Formula 1 is a com-
pound represented by Formula 3 or 4:

)]
@
Ro Rio
Ling
l<
2
Ris R Ls
where R, R,, R;, R, R, R, R, Rg, X, X, n; and n, are

the same as defined in claim 1;

eachofL,, L,, L; and L, is independently a substituted or
unsubstituted C4-C,, aryl group, a substituted or unsub-
stituted C,-C;,, heteroaryl group, a substituted or unsub-
stituted C5-C,, cycloalkyl group, a substituted or unsub-
stituted C5-C;, heterocycloalkyl group, or an amino
group represented by —N(R")(R") where each of R and
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R" is independently a hydrogen atom, a substituted or
unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C4-C,, aryl group, a substituted or unsub-
stituted C,-C;, heteroaryl group, a substituted or unsub-
stituted C5-C,, cycloalkyl group, or a substituted or
unsubstituted C5-C,, heterocycloalkyl group; and

32
stituted C,-C;, heteroaryl group or a substituted amino
group represented by —N(Z')(Z"); and each of Z' and 7"
is independently a substituted or unsubstituted C,-C,,
alkyl group, a substituted or unsubstituted C4-C,, aryl
group, a substituted or unsubstituted C,-C;, heteroaryl
group, a substituted or unsubstituted C5-C,, cycloalkyl

each of Ry, R o, R;1, Ry5. Ry3, R4y Ry5 and R 4 is inde-
pendently a hydrogen atom, a halogen atom, a cyano
group, a hydroxyl group, an amino group, a substituted

group, or a substituted or unsubstituted Cs-C,,, hetero-

cycloalkyl group.
8. The dimethylenecyclohexane compound of claim 1,

or unsubstituted C,-C,,, alkyl group, a substituted or 10 wherein the compound represented by Formula 1 is a com-
unsubstituted C,-C,, alkoxy group, a substituted or pound represented by one selected from the group consisting
of Formulae 5 through 8:

unsubstituted C4-C;, aryl group, a substituted or unsub-

®)

©
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-continued

O]

®

9. A method of preparing a dimethylenecyclohexane com-
pound represented by Formula 1, the method comprising:

. . ID
reacting a compound represented by Formula 1A with a 33 (D)
compound represented by Formula 1B and a compound R R Xz-);Arz’—mzHaz
represented by Formula 1C to obtain a compound rep- /
resented by Formula 1D; and Ry Rg
reacting the compound represented by Formula 1D with 40 Ry R;
compounds including at least one of (1) a compound /
represented by Formula 1E and the compound repre- mHa——Ar —C Xy RsRs
sented by 1F, and (2) a compound represented by For-
mula 1G and a compound represented by Formula 1H to
. . 45
obtain the compound represented by Formula 1: L-Q, (1E)
LrQ; (1F)
(14) 5 L3-Qs (16)
RoRu 0
Ly Q4
R; Rs
Ry Rg )
55 R, R XZT Ar,
(6] R3R7 /
R3 Rg
Ry Ry
60
Ar—t Xy RsRs
(1H)
m,Ha,-Ar, X 37;PO(OEt), (1B)
mHay Aty (X3);PO(OE), ac) 65  where each of Ry, Ry, R;, Ry, Ry, Ry, R; and Ry is inde-

pendently a hydrogen atom, a halogen atom, a cyano
group, a hydroxyl group, an amino group, a substituted
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or unsubstituted C,-C,,, alkyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C4-C,, aryl group, a substituted or unsub-
stituted C,-C;, heteroaryl group or a substituted amino
group represented by —N(Z")(Z"), and each of Z' and Z"
is independently a substituted or unsubstituted C,-C,,
alkyl group, a substituted or unsubstituted C4-C,, aryl
group, a substituted or unsubstituted C,-C,, heteroaryl
group, a substituted or unsubstituted C,-C,, cycloalkyl
group or a substituted or unsubstituted C5-C, heterocy-
cloalkyl group;

each of X, and X, is independently a single bond, a double
bond, a substituted or unsubstituted C,-C,, alkylene
group, a substituted or unsubstituted C,-C,,, alkenylene
group, a substituted or unsubstituted C,-C,, alkynylene
group, a substituted or unsubstituted C, -C,, heteroalky-
lene group, a substituted or unsubstituted C,-C,,, alky-
lenearylene group, a substituted or unsubstituted C4-C,,
arylene group, or a substituted or unsubstituted C,-C;,,
heteroarylene group;

each of'n, and n, is independently an integer in the range of
0to5,and whenn, orn, is 2 or greater, the X ;s or X ;s are
each independently identical or different;

each of Ar,' and Ar,' is independently a substituted or
unsubstituted C4-C,, aryl group, a substituted or unsub-
stituted C,-C;,, heteroaryl group, a substituted or unsub-
stituted C,-C,, cycloalkyl group or a substituted or
unsubstituted C,-C;, cycloheteroalkyl group;

each of Ha, and Ha, is a halogen atom;

each of m, and m, is an integer in the range of O to 5, and at
least either one of m, and m, is an integer of 1 or greater;

Formula 1B and Formula 1C are the same or different from
each other;

L,,L,, L; and L, are each independently a substituted or
unsubstituted C4-C,, aryl group, a substituted or unsub-
stituted C,-C;, heteroaryl group, a substituted or unsub-
stituted C5-C,, cycloalkyl group, a substituted or unsub-
stituted Cs-C;, heterocycloalkyl group, or a substituted
amino group represented by —N(R")(R") where each of
R'and R" is independently a hydrogen atom, a substi-
tuted or unsubstituted C,-C,, alkyl group, a substituted
or unsubstituted C,-C;,, aryl group, a substituted or
unsubstituted C,-C;, heteroaryl group, a substituted or
unsubstituted Cs-C,, cycloalkyl group, or a substituted
or unsubstituted C;-C,,, heterocycloalkyl group;

Q,, Q,, Qs, Q4 are each independently a B-containing
group,orHwhenL,, L,, L;and L, are substituted amino
groups represented by —N(R)(R™);

Ar, and Ar, are each independently a substituted or unsub-
stituted C4-C,,, aryl group, a substituted or unsubstituted
C,-C5, heteroaryl group, a substituted or unsubstituted
C,-C5, cycloalkyl group or a substituted or unsubsti-
tuted C,-C;,, cycloheteroalkyl group; and

atleast one of Ar, and Ar, includes at least two substituents,
the substituents included in Ar, or Ar, are each indepen-
dently a substituted or unsubstituted C4-C;, aryl group,
a substituted or unsubstituted C,-C,, heteroaryl group, a
substituted or unsubstituted Cs-C,,, cycloalkyl group, a
substituted or unsubstituted C5-C,;, heterocycloalkyl
group, or a substituted amino group represented by
—N(R")(R"), where R' and R" are each independently a
hydrogen atom, a substituted or unsubstituted C,-C,,
alkyl group, a substituted or unsubstituted C¢-C;, aryl
group, a substituted or unsubstituted C,-C,, heteroaryl
group, a C5-C,, cycloalkyl group, or a C5-Cs, heterocy-
cloalkyl group.
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10. The method of claim 9, wherein R, through R are each
hydrogen, Ar,' and Ar,' are each a phenyl group, X, and X,
are each a methylene group, m; and m, are each 2, Ha, and
Ha, are each Br, and the compounds represented by Formulae
1D to 1H are each carbazole.

11. The method of claim 9, wherein R, through R are each
hydrogen, Ar,' and Ar,' are each a phenyl group, X, and X,
are each a methylene group, m, and m, are each 1, Ha, and
Ha, are each Br, and the compounds represented by Formulae
1D to 1H are the same and are represented by

s
RO
L0

12. The dimethylenecyclohexane compound prepared by
the method of claim 9.

13. An organic light emitting device, comprising:

a first electrode;

a second electrode; and

at least one organic layer interposed between the first elec-
trode and the second electrode, said at least one organic
layer comprising a layer comprised of a dimethylenecy-
clohexane compound represented by Formula 1:

M
R,R X —An
AR

Rs Rg
R4 Ry
An—tX; . RsRe

where R}, R,, R;, R, Ry, R, R, and R, are each inde-
pendently a hydrogen atom, a halogen atom, a cyano
group, a hydroxyl group, an amino group, a substi-
tuted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C,-C,,, alkoxy group, a substi-
tuted or unsubstituted C4-C;, aryl group, a substituted
or unsubstituted C,-Cs,, heteroaryl group or a substi-
tuted amino group represented by —N(Z')(Z"), Z' and
7" are each independently a substituted or unsubsti-
tuted C,-C,, alkyl group, a substituted or unsubsti-
tuted C4-C,, aryl group, a substituted or unsubstituted
C,-C5, heteroaryl group, a substituted or unsubsti-
tuted C,-C,, cycloalkyl group, or a substituted or
unsubstituted Cs5-C,, heterocycloalkyl group;

each of X, and X, is independently a single bond, a
double bond, a substituted or unsubstituted C,-C,,,
alkylene group, a substituted or unsubstituted C,-C,,,
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alkenylene group, a substituted or unsubstituted
C,-C,, alkynylene group, a substituted or unsubsti-
tuted C,-C,, heteroalkylene group, a substituted or
unsubstituted C,-C,, alkylenearylene group, a substi-
tuted or unsubstituted C4-C;,, arylene group, or a sub-
stituted or unsubstituted C,-C;, heteroarylene group;

n, and n, are each independently an integer in the range
of 0to 5, and when n, or n, is 2 or greater, the X, s or
X,s can be respectively identical or different;

Ar, and Ar, are each independently a substituted or
unsubstituted C4-C,, aryl group, a substituted or
unsubstituted C,-C;, heteroaryl group, a substituted
or unsubstituted C,-C;, cycloalkyl group or a substi-
tuted or unsubstituted C,-C;, cycloheteroalkyl group;
and

at least one of Ar; and Ar, includes at least two substitu-
ents, the substituents included in Ar, or Ar, are each
independently a substituted or unsubstituted C4-Cs,
aryl group, a substituted or unsubstituted C,-C;, het-
eroaryl group, a substituted or unsubstituted C5-C,,
cycloalkyl group, a substituted or unsubstituted
C5-C;, heterocycloalkyl group, or a substituted
amino group represented by —N(R")(R") where R’
and R" are each independently a hydrogen atom, a
substituted or unsubstituted C,-C,, alkyl group, a
substituted or unsubstituted C4-C,, aryl group, a sub-
stituted or unsubstituted C,-C;,, heteroaryl group, a
Cs5-C,, cycloalkyl group, or a C5-C,, heterocy-
cloalkyl group.

14. The organic light emitting device of claim 13, wherein
the layer comprised of the dimethylenecyclohexane com-
pound is a hole injection layer.

15. The organic light emitting device of claim 13, wherein
the layer comprised of the dimethylenecyclohexane com-
pound is a hole transport layer.

16. The organic light emitting device of claim 13, wherein
the layer comprised of the dimethylenecyclohexane com-
pound is an emissive layer.

17. The organic light emitting device of claim 13, wherein
the organic layer further comprises at least one layer selected
from the group consisting of a hole injection layer, a hole
transport layer, an electron blocking layer, a hole blocking
layer, an electron transport layer and an electron injection
layer.

18. The organic light emitting device of claim 13, wherein
said at least one organic layer comprises a hole injection layer
formed on the first electrode, an emissive layer formed on the
hole injection layer, an electron transport layer formed on the
emissive layer, and an electron injection layer formed on the
electron transport layer, optionally a hole transport layer
formed between the hole injection layer and the emissive
layer, and optionally a hole blocking layer formed between
the emissive layer and the electron transport layer.

19. The organic light emitting device of claim 18, wherein
at least one of the hole injection layer, the hole transport layer
and the emissive layer include the dimethylenecyclohexane
compound represented by Formula 1.

20. The organic light emitting device of claim 13, wherein
the dimethylenecyclohexane compound represented by For-
mula 1 is a compound represented by one of Formulae 2 to 4:
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Ris Ris Ly

where R;, R,, R;, Ry, R5, R, R, Rg, X, X, n; and n, are

the same as defined in Formula 1; and

eachofL,, L,, L; and L, is independently a substituted or

unsubstituted C4-C,, aryl group, a substituted or unsub-
stituted C,-C,,, heteroaryl group, a substituted or unsub-
stituted C5-C,, cycloalkyl group, a substituted or unsub-
stituted Cs5-C,, heterocycloalkyl group, or an amino
group represented by —N(R")(R") where each of R and
R" is independently a hydrogen atom, a substituted or
unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C4-C;, aryl group, a substituted or unsub-
stituted C,-C,, heteroaryl group, a substituted or unsub-
stituted C5-C,,, cycloalkyl group, or a substituted or
unsubstituted C;-C;,, heterocycloalkyl group; and

each of Ry, Ry, Ryj, Ry5, Ry5, Riu, Rys and Ry is inde-

pendently a hydrogen atom, a halogen atom, a cyano
group, a hydroxyl group, an amino group, a substituted
or unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C4-C,, aryl group, a substituted or unsub-
stituted C,-C;, heteroaryl group or a substituted amino
group represented by —N(Z')(Z"); and each of Z' and Z"
is independently a substituted or unsubstituted C,-C,,
alkyl group, a substituted or unsubstituted C4-Cs, aryl
group, a substituted or unsubstituted C,-C;,, heteroaryl
group, a substituted or unsubstituted C;-C,,, cycloalkyl
group, or a substituted or unsubstituted C5-C;, hetero-
cycloalkyl group.
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