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(7) 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 dim-
ethylenecyclohexane compound:

Formula (1)
R,R Xy 3— Ary.
ny

Ar—tX, RsRs

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.
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FIG. 1A
SECOND ELECTRODE +— 111
ELECTRON INJECTION LAYER —— 109
ELECTRON TRANSPORT LAYER —+— 107
EMISSIVE LAYER 4 — 105
HOLE INJECTION LAYER 4— 103
FIRST ELECTRODE 1101
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 31— 111
ELECTRON INJECTION LAYER —+— 109
ELECTRON TRANSPORT LAYER —+— 107
HOLE BLOCKING LAYER +— 106

EMISSIVE LAYER T— 105
HOLE TRANSPORT LAYER —— 104
HOLE INJECTION LAYER — 103 .

FIRST ELECTRODE +— 101
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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

[0001] This application claims the benefit of Korean
Patent Application Nos. 10-2006-0041970, filed on May 10,
2006 and 10-2006-0129657, filed on Dec. 18, 2006 in the
Korean Intellectual Property Office, the disclosure of which
is incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a dimethylenecy-
clohexane compound, a method of preparing the same, and
an organic light emitting device comprising the dimethyl-
enecyclohexane compound, and more particularly, to a dim-
ethylenecyclohexane compound which has excellent elec-
trical properties, thermal stability and photochemical
stability such that an organic light emitting device compris-
ing the dimethylenecyclohexane compound has a low driv-
ing voltage, and excellent efficiency and color purity, a
method of preparing the dimethylenecyclohexane com-
pound, and an organic light emitting device including an
organic layer comprising the dimethylenecyclohexane com-
pound.

[0004] 2. Description of the Related Art

[0005] Light emitting devices, which are self-emitting
devices, have wide viewing angles, excellent contrast, and
quick response. Light emitting devices can be classified as
inorganic 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 compared to inorganic light emitting devices. Fur-
thermore, 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 conducted.

[0006] 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/cathode structure or an anode/hole injection layer/hole
transport layer/emissive layer/hole blocking layer/electron
transport layer/electron injection layer/cathode structure.

[0007] 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 emitting device using such a conventional compound
do not meet desired levels. Accordingly, a material is
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required that can improve the driving voltage, efficiency and
color purity of an organic light emitting device.

SUMMARY OF THE INVENTION

[0008] The present invention provides a dimethylenecy-
clohexane compound that can improve the driving voltage,
efficiency and color purity of an organic light emitting
device.

[0009] The present invention also provides a method of
preparing the dimethylenecyclohexane compound.

[0010] The present invention also provides an organic
light emitting device including the dimethylenecyclohexane
compound.

[0011] According to an aspect of the present invention,
there is provided a dimethylenecyclohexane compound rep-
resented by Formula 1 below:

Formula (1)

[0012] where R}, R,, R5, R, Ry, R¢, R, and R may each
independently 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
C-C;, aryl group, a substituted or unsubstituted C,-C;,
heteroaryl group or a substituted amino group represented
by —N(Z')(Z"). Z' and Z" are each independently a substi-
tuted or unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C,-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.-C5, heterocycloalkyl group;

[0013] each of X, and X, is independently a single bond,
a double bond, a substituted or unsubstituted C,-C,, alky-
lene group, a substituted or unsubstituted C,-C,, alkenylene
group, a substituted or unsubstituted C,-C,, alkynylene
group, a substituted or unsubstituted C,-C,,, heteroalkylene
group, a substituted or unsubstituted C,-C,, alkylenearylene
group, a substituted or unsubstituted C4-C,, arylene group,
or a substituted or unsubstituted C,-C,, heteroarylene
group;

[0014] n, and n, may each independently be an integer in
the range of 0 to 5, and when n, orn, is 2 or greater, the X s
or X,s can be respectively identical or different;

[0015] Ar, and Ar, may each independently be a substi-
tuted or unsubstituted C,-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

[0016] at least one of Ar, and Ar, includes at least two
substituents, the at least two substituents included in Ar, or
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Ar, are each independently a substituted or unsubstituted
C-Cs, aryl group, a substituted or unsubstituted C,-C;,
heteroaryl group, a substituted or unsubstituted C;-C,,
cycloalkyl group. a substituted or unsubstituted Cs-Cs,
heterocycloalkyl group, or a substituted amino group rep-
resented by —N(R')(R"), where R' and R" are each inde-
pendently a hydrogen atom, a substituted or unsubstituted
C,-Cy, alkyl group, a substituted or unsubstituted C4-C;,
aryl group, a substituted or unsubstituted C,-C,, heteroaryl
group, a C5-C,, cycloalkyl group, or a Cs-C,, heterocy-
cloalkyl group.

[0017] According to another aspect of the present inven-
tion, there is provided a method of preparing the dimethyl-
enecyclohexane compound represented by Formula 1 com-
prising: reacting the compound represented by Formula 1A
with the compound represented by Formula 1B and the
compound represented by Formula 1C to obtain the com-
pound represented by Formula 1D; and reacting the com-
pound represented by Formula 1D with compounds includ-
ing at least one of (1) a compound represented by Formula
1E and the compound represented by 1F, and (2) a com-
pound represented by Formula 1G and a compound repre-
sented by Formula 1H to obtain the compound represented
by Formula 1:

Formula (1A)
R o
R; Rs
Ry Rg
0o R}
myHa-Ar "X} PO(OEL), Formula (1B)

m;Has-Ar, X )5 PO(OEL), Formula (1C)

Formula (1D)

RZRI / Xz‘);AIz'_mzHaz

Rs Rg

Ry Ry
mHa;—Ar)—tX| ” R5R6
LiQ Formula (1E)
L,-Q, Formula (1F)
L:-Qs Formula (1G)
LsQu Fommula (1H)

[0018] Where Rls R25 RSs R4: RSs R6a R7s RSs Xls Xz: n, and
n, are the same as defined in Formula 1;
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[0019] 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 unsubsti-
tuted C,-C,, cycloalkyl group or a substituted or unsubsti-
tuted C,-C,, cycloheteroalkyl group;

[0020] each of Ha, and Ha, is a halogen atom;

[0021] each of m; and m, is an integer in the range of 0 to
5, and at least either one of m,; and m, is an integer of 1 or
more;

[0022] Formula 1B and Formula 1C are the same or
different from each other;

[0023] L, L,, L, and L, are each independently a substi-

tuted or unsubstituted C,-C,, aryl group, a substituted or
unsubstituted C,-C,, heteroaryl group, a substituted or
unsubstituted C5-C,, cycloalkyl group, a substituted or
unsubstituted Cs-C,,, heterocycloalkyl group, or a substi-
tuted 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 unsub-
stituted C4-C,, aryl group, a substituted or unsubstituted
C,-Cy, heteroaryl group, a substituted or unsubstituted
C,-Cy, cycloalkyl group, or a substituted or unsubstituted
C,-C5p heterocycloalkyl group; and

[0024] each of Q,, Q,, Q; and Q, is independently a
B-containing group or H when L, [,, L; and L, are the
substituted amino groups represented by —N(RHR"), L,
and [, are substituents included in Ar;, and L5 and [ are
substituents included in Ar,. Q1, Q2, Q3 and Q4 may be the
same or different, and L1, 1.2, L3 and [.4 may be the same
or different.

[0025]
tion, there is provided an organic light emitting device

According to another aspect of the present inven-

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 dimethylenecyclohexane compound represented by For-
mula 1 as described above.

[0026] The dimethylenecyclohexane compound repre-
sented by Formula 1 has excellent thermal stability, photo-
chemical stability and optical property, and an organic light
emitting device comprising the same has a low driving
voltage, excellent efficiency and improved color purity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]
tion, and many of the above and other features and advan-

A more complete appreciation of the present inven-

tages of the present invention, will be readily apparent as the
same becomes better understood by reference to the follow-
ing detailed description when considered in conjunction
with the accompanying drawings in which like reference
symbols indicate the same or similar components, wherein:
[0028] FIGS. 1A through 1C are schematic cross-sectional
views of organic light emitting devices according to embodi-
ments of the present invention.
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DETAILED DESCRIPTION OF THE
INVENTION

[0029] Hereinafter, the present invention will be described
more fully with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
[0030] A dimethylenecyclohexane compound according
to an embodiment of the present invention is represented by
Formula 1 below:

Formula (1)

[0031] where the two double bonds and the dimethyl-
enecyclohexane group connected to the two double bonds
increase the solubility of the dimethylenecyclohexane com-
pound represented by Formula 1, and the Ar,—(X,),,,—and
Ar,—(X,),,— improve the film proccessibility, quantum
vield, thermal stability, photo chemical stability and photo-
luminescence (PL) properties of the dimethylenecyclohex-
ane compound represented by Formula 1, due to substituents
included in Ar, and/or Ar,. Accordingly, the dimethylenecy-
clohexane 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 dimethylenecyclohexane compound represented
by Formula 1 is suitable for an organic layer, in particular,
a hole injection layer, a hole transport layer or an emissive
layer.

[0032] In Formula 1, R}, Ry, R;, Ry, Rs, 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 unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C4-C,, aryl group, a substituted or unsubsti-
tuted C,-C,,, heteroaryl group or a substituted amino group
having —N(Z"(7Z"). 7' and 7" are each independently a
substituted or unsubstituted C,-C,, alkyl group, a substi-
tuted 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 C,-C,, heterocycloalkyl group.

[0033] 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 heterocycloalkyl group is substituted, the
substituents may each independently be at least one selected
from the group conmsisting 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
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—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, —CI, —Br. —CN,
—NO, or —OH; a C,-C5, heteroaryl group that is unsub-
stituted or substituted with a C,-C,, alkyl group, a C,-C,,
alkoxy group, —F, —Cl, —Br, —CN, —NO, or —OH; a
C,-Cygeycloalkyl 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,,, hetero-
cycloalkyl group that is unsubstituted or substituted with a
C,-C,palkyl group, a C,-C,0alkoxy group, —F, —Cl, —Br,
—CN, —NO, or —OH.

[0034] 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,-Cs,
alkenvlene group, a substituted or unsubstituted C,-C,,
alkynylene group, a substituted or unsubstituted C,-C,,
heteroalkylene group, a substituted or unsubstituted C.-Cj,
alkylenearylene group, a substituted or unsubstituted C4-Cs,
arylene group, a substituted or unsubstituted C,-C,, het-
eroarylene group.

[0035] The alkylene group represents a branched or
straight bivalent 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.

[0036] 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.

[0037] 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 consisting of —F, —Cl, —Br, —CN, —NO,, —OH;
a C,-C,galkyl group that is unsubstituted or substituted with
—F, —CI, —Br, —CN, —NO, or —OH; a C,-C,, alkoxy
group that is unsubstituted or substituted with —F, —Cl,
—Br, —CN, —NO, or —OH; a C,-C,garyl group that is
unsubstituted or substituted with a C,-C,jalkyl group, a
C,-Cypalkoxy 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-Cygeyeloalkyl 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,, heterocy-
cloalkyl group that is unsubstituted or substituted with a
C -Cyq alkyl group, a C,-Cypalkoxy group, —F, —Cl, —Br,
—CN, —NO, or —OH.

[0038] In particular, in Formula 1, X, and X, may each
independently be one 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-
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nylene group, a (a,a-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,, alkylnaphthylene group, a C,-C,, alkoxynaphthyl-
ene group, a halonaphthylene group, a cyanonaphthylene
group, a biphenylenylene group, a C,-C,, alkyl biphenyle-
nylene group, a C,-C,, alkoxy biphenylenylene group, an
anthracenylene group, an azulenylene group, a heptal-
enylene group, an acenaphthylenylene group, a phenale-
nylene group, a fluorenylene group, a methylanthrylene
group, a phenanthrenylene group, a triphenylenylene group,
a pyrenylene group, a chrysenylene group, an ethyl-chryse-
nylene group, a picenylene group, a perylenylene group, a
chloroperylenylene group, a pentaphenylene group, a pen-
tacenylene group, a tetraphenylenylene group, a hexaphe-
nylene group, a hexacenylene group, a rubicenylene group,
a coronenylene group, a trinaphthylenylene group, a hep-
taphenylene group, a heptacenylene group, a pyranthre-
nylene group, an ovalenylene group, a carbazolylene group,
aC,_, 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 pyrrolylene group, a pyra-
zolylene group, an imidazolylene group, an imidazolinylene
group, an oxazolylene group, a thiazolylene group, a triaz-
olylene group, a tetrazolylene group, an oxadiazolylene
group, a pyridinylene group, a pyridazinylene group, a
pyrimidinylene group, a pyrazinylene group, and a thian-
threnylene group. However, X, and X, are not limited to
these groups.

[0039] Among the above examples, X, and X, may be a
single bond, a phenylene group or an anthracenylene group.

[0040] X, and X, can be different or identical, and pref-
erably identical.
[0041] InFormula 1, n, and n, are respectively the repeat-
ing number of X, and X,. n, and n, may each independently
be an integer in the range of O to 5, and preferably, in the
range of 0 to 3.

[0042] Whenn, 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.

[0043] In Formula 1, Ar, and Ar, may be each indepen-
dently a substituted or unsubstituted C4-Cs, aryl group, a
substituted or unsubstituted C,-C;,, heteroaryl group, a sub-
stituted or unsubstituted C,-C,,, cycloalkyl group or a sub-
stituted 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 L, and
L,.

[0044] L, L,, L,, and [, may each independently be a
substituted or unsubstituted C4-C;, aryl group, a substituted
or unsubstituted C,-C,, heteroaryl 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"
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may each independently be a hydrogen atom, a substituted
or unsubstituted C,-C,,, alkyl group, a substituted or unsub-
stituted C,-C,, aryl group, a substituted or unsubstituted
C,-Cs heteroaryl group, a C5-Cs, cycloalkyl group, a C -Cs,
heterocycloalkyl group.

[0045] 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.

[0046] 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
unsubstituted or substituted with —F, —Cl, —Br, —CN,
—NO, or —OH; a C, -C,, alkoxy group that is unsubstituted
or substituted 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 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 unsub-
stituted 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.

[0047] In particular, in Formula 1, L, L,, L5, and [, may
each independently be one of a phenyl group, a C,-C,
alkylphenyl group, aC,-C, , alkoxyphenyl group, a halophe-
nyl 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 phenox-
yphenyl group, a (a,c-dimethylbenzene)phenyl group, a
(N.N'-dimethyl)aminophenyl group, a (N,N'-diphenyl)ami-
nophenyl group, a (C,-C, 4 alkylcyclohexyl)phenyl group, a
bipheny! group, a C,-C,, alkylbiphenyl group, a C,-C,,
alkoxybiphenyl group, a pentaleny] group, an indenyl group,
a naphthyl group, a C,-C,, alkylnaphthyl group, a C,-C,,
alkoxynaphthyl group, a halonaphthyl group, a cyanonaph-
thyl group, a biphenylenyl group, a C,-C,, alkyl biphenyle-
nyl group, a C,-C,, alkoxy biphenylenyl group, an anthra-
cenyl group, C,-C,, alkyl anthracenyl group, a C,-C,,
alkoxy anthracenyl group, an azulenyl group, a heptalenyl
group, an acenaphthylenyl group, a phenalenyl group, a
fluorenyl group, a methylanthryl group, a phenanthrenyl
group, a triphenylenyl group, a pyrenyl group, a chrysenyl
group, an ethyl-chrysenyl group, a picenyl group, a peryle-
nyl 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
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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 pyra-
zolyl group, an imidazolyl group, an imidazolinyl group, an
oxazolyl group, a thiazolyl group, a triazolyl group, a
tetrazolyl 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,, alkoxycy-
clohexyl group, an oxyranyl group, a pyrrolidinyl group, a
pyrazolidinyl group, an imidazolidinyl group, a piperidinyl
group, a piperazinyl group, a morpholinyl group, 9,9-diphe-
nyl-9H-fluorene-2-yl, a spirofluorenyl group and an amino
group represented by —N(R')(R") where R' and R" may
each independently 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 dicy-
anophenyl 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'-diphenyl)aminophenyl group, a (C,-C,, alkyleyclo-
hexyl)phenyl group, an anthracenyl phenyl group, a biphe-
nyl group, a C,-C,, alkylbiphenyl group, a C,-C,, alkoxy-
biphenyl group, a pentalenyl group, an indenyl group, a
naphthyl group, a C,-C,, alkylnaphthyl group, a C,-C,,
alkoxynaphthyl group, a halonaphthyl group, a cyanonaph-
thyl group, a biphenylenyl group and a C,-C, , alkyl biphe-
nylenyl group. However, R' and R" are not limited to these
groups, and L, L,, L, and L, are not limited to these
groups.

[0048] Among the above groups, L;, L,, L, and [,, 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.
[0049] An exemplary example of the dimethylenecyclo-
hexane compound of Formula 1 includes a compound rep-
resented by Formula 2 below:

Formula (2)
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[0050] where R,, Ro, Ry, R., Rs, Re, R, Ry, X, X,, 1,
n,, L, L,, L, and [, are the same as defined in Formula 1.
[0051]
clohexane compound of Formula 2 includes compounds

A more exemplary example of the dimethylenecy-

represented by Formula 3 or 4.

Formula (3)

DA

\

Ly

[0052] whereR,,R,, Ry, R, R, R, R, R, Ly, L, Ly and
L, are the same as defined in Formula 1.

Formula (4)

[0053] whereR|,R,, Ry, R, R, R, R, Ry, L), L,, Ly and
L, are the same as defined in Formula 1; each of Rq, Ry,
R, Rys Rys Ry, Rys, and R, 4 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 substi-
tuted or unsubstituted C,-C;, aryl group, a substituted or
unsubstituted C,-C;, heteroaryl group or a substituted
amino group represented by —N(Z')(Z"); and each of 7' and
7" is 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 C,-C,, cycloalkyl
group, or a substituted or unsubstituted C;-C,, heterocy-
cloalkyl group.

[0054] According to an embodiment of the present inven-
tion, the dimethylenecyclohexane compound of Formula 1
can be represented by one of Formulae 5 through 8 below,
but is not limited thereto:
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Formula 5

Formula 6

Formula 7
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-continued

Formula 8

[0055] The dimethylenecyclohexane compound repre-
sented by Formula 1 can be synthesized using a conven-
tional organic synthesis method. A method of preparing the
dimethylenecyclohexane 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 com-
pound represented by Formula 1:

Formula (1A)
RR o

m,Ha,-Ar) X )7;PO(OEL), Formula (1B)

m,Hay-Ar,-X5),;;PO(OEL), Formula (1C)

Formula (1D)

RRi / Xza;Arz'—mzHaz

Ry Rg

Ry R;
miHa— Ar)/—tX; o R5R6
Li-Q Formula (1E)
L-Q, Formula (1F)
L3-Qs3 Formula (1G)

L4 Qu Formula (1H)

[0056] where R, R,, R;, R, Rs, Rg, R, R, X, X,,, 1y,
and n, are the same as defined in Formula 1;

[0057]
unsubstituted C,-C;, aryl group, a substituted or unsubsti-

Ar, and Ar, are each independently a substituted or

tuted C,-C,, heteroaryl group, a substituted or unsubstituted
C,-Cyy cycloalkyl group or a substituted or unsubstituted
C,-Cs, cycloheteroalkyl group;

[0058] In Formulae 1B and 1C, each of Ha, and Ha, is
independently a halogen group such as F, Cl, Br or I, and
preferably, Br; and

[0059] 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.
[0060] Formula 1B and Formula 1C may be the same or

different from each other.

[0061] In Formulae L,-Q,, L,-Q,, L;-Q;, and L,-Q,, L,,
L,,L; and L, are the same as defined in Formula 1, wherein
Q., Qs, Q;, and Q, are each independently a B-containing
group, or H when L, [,, L; and [, are substituted amino
groups represented by —N(R")(R"). Q1, Q2, Q3 and Q4 may
be different or identical, and L1, L.2, L3 and L4 are different
or identical.

[0062] Examples of the B-containing group include

OH 0 O Q
6, S«
Qg
M~
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-continued

0
/
—5
\
0

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

[0063] Reaction Scheme 1 below illustrates a detailed
mechanism for synthesizing the dimethylenecyclohexane
compound represented by Formula 1 according to an
embodiment of the present invention.

Reaction Seheme (1)
RRY 0
R Rg
4
Ry Ry
[0) Rs Ry
Formula 1A

miHa— Ary'—t X3 —PO(OEt)

Formula 1B
and/or
myHay—Ar'—tX, 7; PO(OEt)y

Formula 1C
R —
Ry™1 / Xz‘):AIz myHay L—Q
L—Q
R3 Rg _—
L;—Q;
R Ry Lyi—Q
etc
myHa;— Ar/'—t X o R5R6
Formula 1D
R2R1 / XzTAQ
R3 Rg
Ry Ry
Ar—tX| " RsRs

Formula 1

[0064] 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 compound represented by Formula 1A can be a com-
mercially available compound and the compounds repre-
sented by Formulae 1B and 1C can be obtained by reacting
triethyl phosphite (P(OEt),) with an aryl compound substi-
tuted with methyl halide (for example, by reacting triethyl
phosphite with bromobenzylbromide). However, methods of
preparing the compounds are not limited thereto. Subse-
quently, the compound represented by Formula 1D is reacted
with compounds represented by Formulae [;-Q,, L,-Q,,
L-Q; and L,-Q,to obtain the dimethylenecyclohexane com-
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pound represented by Formula 1. This reaction can be
performed, for example, in the presence of K,CO, and
Pd(PPh;),. Compounds represented by Formulae L,-Q,,
L,-Q,, L;-Q5 and L,-Q,, can be boronic acids or dioxaboro-
lanes having L., L,, L, or L, or amines having L., 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.

[0065] In the method of preparing the dimethylenecyclo-
hexane 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.

[0066] 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 electrode, a second electrode, and at least one
organic layer disposed between the first electrode and the
second electrode. The organic layer can comprise the dim-
ethylenecyclohexane 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.

[0067] 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.

[0068] In particular, organic light emitting devices accord-
ing to embodiments of the present invention are schemati-
cally illustrated 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/emissive 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 injection layer 103/hole transport layer
104/emissive layer 105/hole blocking layer 106/electron
transport layer 107/electron injection layer 109/second elec-
trode 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 Formula 1.

[0069] 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
fluorescent 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.

[0070] 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.

[0071] First, a first electrode is formed by depositing or
sputtering a high work-function material on a substrate. The
first electrode 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,
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thermal stability, transparency, and surface smoothness, can
be easily treated, and is waterproof. The first electrode can
be formed of ITO, IZ0, SnO,, ZnO, or any transparent
material which has high conductivity.

[0072] Then, a hole injection layer (HIL) can be formed on
the first electrode by vacuum deposition, spin coating,
casting, Langmuir Blodgett (LB) deposition, or the like.
[0073] 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, however, the vacuum deposition may be performed
at a deposition temperature of 100° C.-500° C., under a
pressure of 107%-107>torr, at a deposition speed of 0.01-100
Asec, and to a layer thickness of 10 A-5 um.

[0074] When the HIL is formed by spin coating, coating
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, 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 per-
formed to remove a solvent after coating, may be in the
range of about 80 to 200° C.

[0075] The HIL can be formed of the dimethylenecyclo-
hexane compound represented by Formula 1 described
above. Alternatively, 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-
styrenesulfonate (PEDOT/PSS): polyaniline/camphor sul-
fonic acid (Pani/CSA); (polyaniline)/poly(4-styrene-
sulfonate) (PANI/PSS); or the like.

R
O=?=O
i i
|
-
¥ X
H H
!
O0=S=0
R
Pani/DBSA
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-continued

PEDOT/PSS

[0076] 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.

[0077] 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 deposition and coating may vary according to the
material that is used to form the HTL.

[0078] The HTL can be formed of the dimethylenecyclo-
hexane 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 a carbazole derivative, such as N-phenyl-
carbazole, polyvinylcarbazole; a typical amine derivative
having an aromatic condensation 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
(0-NPD); or the like.

[0079] 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 thickness of the HTL is greater than 1,000 A, the driving
voltage of the organic light emitting device may increase.
[0080] Then, an emissive layer (EML) can be formed on
the HTL by vacuum deposition, spin coating, casting, LB
deposition, or the like. 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.

[0081] The EML may be formed of the dimethylenecy-
clohexane compound represented by Formula 1 according to
an embodiment 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 com-



US 2007/0264526 A1l

pound represented by Formula 1, or the dimethylenecyclo-
hexane compound represented 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 phosphorescent dopant include a red
phosphorescent dopant PtOEP, RD 61 obtained from UDC
Co., a green phosphorescent dopant Ir(PPY), (PPy=2-phe-
nylpyridine), a blue phosphorescent dopant F2Irpic, and the
like. The structure of DPAVBI represented by Formula 9
used as a dopant is shown below:
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hand, when the thickness of the HBL is greater than 1,000
A, the driving voltage of the organic light emitting device
may increase.

[0086] 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-quinolinorate)aluminum (Alg,),

Formula 9

G URes o avs

[0082] The concentration of the dopant is not limited, but
is conventionally in the range of 0.01 to 15 parts by weight
based on 100 parts by weight of the host.

[0083] 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.

[0084] 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 diffusion 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 for deposition and coating may vary
according to the material that 1s used to form the HBL. The
HBL may be formed of, for example, an oxadiazole deriva-
tive, a triazole derivative, a phenanthroline derivative, or a
hole blocking material disclosed in JP No. 11-329734(A1)
which is incorporated herein by reference, or 2,9-dimethyl-
4,7-diphenyl-1,10-phenanthroline (BCP).

[0085] 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

3-phenyl-4-(1"-naphthyl)-5-phenyl-1,2,4-triazole ~ (TAZ),
aluminum(IIT)bis(2-methyl-8-quinolinato)4-phenylpheno-
late (Balq) or the like, which is known in the art.

Balg

[0087] The thickness of the ETL may be in the range of
about 100-1,000 A, and preferably, 200 to 500 A. When the
thickness 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.

[0088] Then, an electron injection layer (EIL), which is
formed of a material allowing easy injection of electrons
from a cathode, can be formed on the ETL. The material that
1s used to form the EIL is not limited.
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[0089] The EIL may be formed of LiF, NaCl, CsF, Li,0,
BaO, or the like, which is known in the art. Conditions for
the formation 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.

[0090] 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.

[0091] Finally, a second electrode can be formed on the
EIL. by vacuum deposition, sputtering, or the like. The
second electrode 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 combina-
tion thereof. In particular, 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
170 can be used to produce a front surface light emitting
device.

[0092] The organic light emitting device may have the first
electrode/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.)

[0093] 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

[0094] A compound represented by Formula 5 was syn-
thesized through Reaction Scheme 2 below:

Reaction Scheme (2)
(0]
o]

Br,
t-BuOK
—_—

THF
PO(OEL),
Br

Intermediate A
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-continued
Br

Intermediate B

Formula 5

[0095] Synthesis of Intermediate Compound A

[0096] g of 1,3-dibromotoluene (4 mmol), 1.07 g of
N-bromosuccinimide (NBS) (6 mmol,) and 96 mg of ben-
7oyl peroxide (0.4 mmol) were added to 100 ml of benzene,
and the reaction mixture was refluxed for five hours. Then,
the reaction mixture was purified using column chromatog-
raphy and recrystallization, and vacuum-dried to obtain 881
mg of 1,3-dibromo-5-bromomethyl-benzene (yield 67%).
The resultant was mixed again with 3.5 g of triethylphos-
phite [P(OCH,CH,);] (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%).

[0097] 'H-NMR (CDCl,, 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).
[0098] Synthesis of Intermediate Compound B

[0099] 3.86 gofIntermediate 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
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removed. Thereafter, 100 ml of methanol was added to the
resulting product, and the resultant was filtered and then
washed again with methanol. Subsequently, the resultant
was separated and purified using silica gel column chroma-
tography (CHCI,) to obtain 9.7 g of Intermediate Compound
B (Yield 58%).

[0100] 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%).
[0101] 'H-NMR (CDCI,, 300 MHz, ppm): 7.85 (s, 2H),
7.10 (d, 4H), 6.25 (s, 2H), 2.53-2.31 (m, 8H).

AOUSA®
Vs

Intermediate D

0

N

P(OE1),
B < > THF

Intermediate C
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[0102] Synthesis of Compound of Formula 5

[0103] 5.76 g of Intermediate Compound B (10 mmol)
was dissolved in 200 ml of 0-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 puri-
fied using silica gel column chromatography and recrystal-
lization to obtain 4.1 g of a white powder represented by
Formula 5 (Yield 45%).

[0104] '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

[0105] A compound of Formula 7 was synthesized
through Reaction Scheme 3 below:

t-BuOK

Br

Formula 7
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[0106] Synthesis of Intermediate Compound C

[0107] 10 g of 4-bromobenzyl bromide (40 mmol) was
mixed with 13.3 g of triethylphosphite (P(OCH,CHs,),) (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 tem-
perature to obtain 11.8 g of white solid powder (yield: 96%).

[0108] ‘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)

[0109] Synthesis of Intermediate Compound D

[0110] 31.6 g of Intermediate Compound C (100 mmol)

was dissolved in 300 ml of tetrahydrofuran (THF), and then
12.5 g of t-BuOK (110 mmol) was added to the mixture and
the resultant was reacted at 20° C. for 1 hour. Then, 5 g of
1,4-cyclohexanedione (40 mmol) was added to the resultant
and the resulting mixture was reacted at 70° C. for one day,
and 20 ml of ethanol 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 only the solvent. Subse-
quently, the resultant product was separated and purified
using silica gel column chromatography to obtain 9.7 g of
Intermediate Compound D (Yield 58%).

ROUSA®
A

Intermediate D

A
P(OEt),
. FBuOK
Br THE

Intermediate C
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[0111] 'H-NMR (CDCl,, 300 MHz, ppm): 7.42 (d, 4H),
7.10 (d, 4H), 6.25 (s, 2H), 2.53-2.31(m, 8H)

[0112] 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 a compound of Formula 11 (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
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 m] 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
chromatography and recrystallized to obtain 3.7 g of a
compound of Formula 7 (Yield 55%).

[0113] '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

[0114] A compound of Formula 8 was synthesized through
Reaction Scheme 4 below:

t-BuOK

Br

Formula 8



US 2007/0264526 A1l

[0115] The Intermediate Compound C and Intermediate
Compound 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 of NaO-t-Bu (30 mmol) were added
to the mixture and the mixture was stirred at room tempera-
ture 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 mag-
nesium sulfate, and then the solvent was vaporized to obtain
a product. Thereafter, the product was separated and purified
using silica gel column chromatography and recrystallized
to obtain 2.9 g of a compound of Formula 8 (Yield 44%).
[0116] '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

[0117] Using the compound of Formula 7 as a host of an
emissive layer, an organic light emitting device having the
following structure was manufactured:

[0118] TTO/a-NPD(750 A)Y5 weight % Ir(piq)3 (Com-
pound 7) (350 A)/Balq(50 A/Alq,(180 A)/LiF(10 AyAl
(2000 A)

[0119] 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. a-NPD was vacuum deposited on
Substrate 1 to form a hole transport layer with a thickness of
750 A. The host and guest compound, Ir(piq)s, was vacuum
deposited on the hole transport 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 sequen-
tially 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

[0120] 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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[0121] ITO/PEDOT (500 AY5 weight % Ir(pig)3 (Com-
pound 7) (550 A)Balq (50 A)/Alq3 (180 A)/LiF (10 AyAl
(2000 A)

[0122] 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. PEDOT was deposited on Sub-
strate 1, and then the resultant was heat-treated under the
ambient environment conditions 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, Balg 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 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 3

[0123] 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
L.

Example 4

[0124] 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

[0125] With respect to the organic light emitting devices
manufactured using the compound of Formula 7 and the
compound of Formula 8, and the organic light emitting
devices manufactured in Examples 1 through 4, the driving
voltage, color purity, emission efliciency, 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]
\4 X y 100 cd 600 cd 1200 cd

Compound 7 6 0.2565 04369 112V 0056 — — — —
Compound 8 12.6 — — — — — — — —
Example 1 42 06654 03198 6V 5.64 7.6V 673 &4V 8
Example 2 9.2 06713 03264 16V 0426 188V 0.65 20V 05
Example 3 3.8 06705 03216 52V 645 68V 764 T8V 944
Example 4 5.6 06739 03242 146V 0.59 18V 071 196V 051
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TABLE 2
Best Current density EL spectrum
luminance (@100 cd) (@100 cd)
Compound 7 158 5.94 (mA/om?2) —
Compound 8 92 164.5 (mAlem2) —
Example 1 >7231 1.77 (mAfem2) 630 nm
Example 2 1929 234 (mA/om2) 628 nm
Example 3 >7466 1.55 (mAfem2) 630 nm
[0126] From the results in Tables 1 and 2, it can be

confirmed that since Compound 7, Compound 8 and the
organic light emitting 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.

[0127] The dimethylenecyclohexane compound repre-
sented by Formula 1 according to the present invention has
excellent luminous characteristics and thermal stability.
Accordingly, an organic light emitting device using the
dimethylenecyclohexane compound according to the present
invention exhibits a low driving voltage, excellent color
purity and high efficiency.

[0128] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments 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:

@

An—tX,

where R, R,, R;, Ry, R, Ry, R, and Ry are each
independently a hydrogen atom, a halogen atom, a
cyano group, a hydroxyl group, an amino group, a
substituted or unsubstituted C,-C,, alkyl group, a sub-
stituted or unsubstituted C,-C,, alkoxy group, a sub-
stituted or unsubstituted C4-C,, aryl group, a substi-
tuted or unsubstituted C,-C,, heteroaryl group or a
substituted amino group represented by —N(Z')(Z")
where 7' and 7" are each independently a substituted or
unsubstituted C,-C,jalkyl group, a substituted or
unsubstituted C-C, aryl group, a substituted or unsub-
stituted C,-C;, heteroaryl group, a substituted or
unsubstituted C,-C,, cycloalkyl group, or a substituted
or unsubstituted C,-C,, heterocycloalkyl group;
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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,,
heteroalkylene group, a substituted or unsubstituted
C -Cy, alkylenearylene group, a substituted or unsub-
stituted C4-Cy, arylene group, or a substituted or
unsubstituted C,-C,, heteroarylene group;

n, and n, are each independently an integer in the range
of 0 to 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 C,-C,, aryl group, a substituted or unsub-
stituted 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 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-Cs,
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 unsub-
stituted C,-C,, alkyl group, a substituted or unsubsti-
tuted C4-C,, aryl group, a substituted or unsubstituted
C,-Cygheteroaryl group, a Cs-C,, cycloalkyl group, or
a C5-C;, heterocycloalkyl 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,0-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,, alkylnaphthylene group, a C,-C,, alkoxynaphthyl-
ene group, a halonaphthylene group, a cyanonaphthylene
group, a biphenylenylene group, a C,-C, , alkyl biphenyle-
nylene group, a C,-C,, alkoxy biphenylenylene group, an
anthracenylene group, an azulenylene group, a heptal-
enylene group, an acenaphthylenylene group, a phenale-
nylene group, a fluorenylene group, a methylanthrylene
group, a phenanthrenylene group, a triphenylenylene group,
a pyrenylene group, a chrysenylene group, an ethyl-chryse-
nylene group, a picenylene group, a perylenylene group, a
chloroperylenylene group, a pentaphenylene group, a pen-
tacenylene group, a tetraphenylenylene group, a hexaphe-
nylene group, a hexacenylene group, a rubicenylene group,
a coronenylene group, a trinaphthylenylene group, a hep-
taphenylene group, a heptacenylene group, a pyranthre-
nylene group, an ovalenylene group, a carbazolylene group,
aC,_,, 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 pyrrolylene group, a pyra-
zolylene group, an imidazolylene group, an imidazolinylene
group, an oxazolylene group, a thiazolylene group, a triaz-
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olylene group, a tetrazolylene group, an oxadiazolylene
group, a pyridinylene group, a pyridazinylene group, a
pyrimidinylene group, a pyrazinylene group, and a thian-
threnylene group.

3. The dimethylenecyclohexane compound of claim 1,

wherein n; and n, are each independently an integer of 0, 1,
2 or 3.

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 con-
sisting of a phenyl group, a C,-C,, alkylphenyl group, a
C-Cyy 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 acenaph-
thylenyl group, a phenalenyl group, a fluorenyl group, a
methylanthryl group, a phenanthrenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, an ethyl-chry-
senyl group, a picenyl group, a perylenyl group, a chlorop-
erylenyl group, a pentaphenyl group, a pentacenyl group, a
tetraphenylenyl group, a hexaphenyl group, a hexacenyl
group, a rubicenyl group, a coronenyl group, a trinaphthyl-
enyl 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 benzimidazolyl 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 tetrazolyl 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 pyrazolidinyl group, an imidazolidinyl
group, a piperidinyl group, a piperazinyl group, a morpholi-
nyl group, a carbazole group and an amino group repre-
sented by —N(R')(R") where R' and R" are each indepen-
dently one selected from the group consisting 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 (c,o-
dimethylbenzene)phenyl group, a (N,N'-dimethyl)ami-
nophenyl group, a (N,N'-diphenyl)aminopheny! group, a
(C -C,, alkylcyclohexyl)phenyl group, an anthracenyl phe-
nyl 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, 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.
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6. The dimethylenecyclohexane compound of claim 1,
wherein the compound represented by Formula 1 is a
compound represented by Formula 2:

where R1> R2> RS: R4> R5> R6> R7> R8> X1> Xz: n, and n,
are the same as defined in Formula 1; and
eachofL,,L,, L; and [, is independently a substituted or
unsubstituted C4-Cs, aryl group, a substituted or unsub-
stituted C,-C,, heteroaryl group, a substituted or
unsubstituted C,-C,, cycloalkyl group, a substituted or
unsubstituted Cs-C,,, heterocycloalkyl group, or an
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 Cs-C,, heterocycloalkyl group.
7. The dimethylenecyclohexane compound of claim 1,
wherein the compound represented by Formula 1 is a
compound represented by Formula 3 or 4:

&)
Ll\/
4

\

&

where R1> R2> RS: R4> R5> R6> R7> R8> X1> Xz: n, and n,
are the same as defined in claim 1;
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each of L;, L,, L; and I, is independently a substituted or
unsubstituted C,-Cs, aryl group, a substituted or unsub-
stituted C,-Cs, heteroaryl group, a substituted or
unsubstituted C,-C,, cycloalkyl group, a substituted or
unsubstituted C5-C;, heterocycloalkyl group, or an
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 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; and
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substituted or unsubstituted C,-C,,, alkyl group, a sub-
stituted or unsubstituted C,-C,, alkoxy group, a sub-
stituted or unsubstituted C4-C,, aryl group, a substi-
tuted or unsubstituted C,-C,, heteroaryl group or a
substituted amino group represented by —N(Z)(Z");
and each of 7' and 7" is independently a substituted or
unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C4-Cs, aryl group, a substituted or unsub-
stituted C,-C;, heteroaryl group, a substituted or
unsubstituted Cs-C,, cycloalkyl group, or a substituted
or unsubstituted C5-C,, heterocycloalkyl group.

8. The dimethylenecyclohexane compound of claim 1,

each of Ry, Ry, Ry, Ryp, Ryzy Rygy Rys and Ryq is
independently a hydrogen atom, a halogen atom, a
cyano group, a hydroxyl group, an amino group, a

wherein the compound represented by Formula 1 is a
compound represented by one selected from the group
consisting of Formulae 5 through 8:

)

®)
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-continued

9. A method of preparing a dimethylenecyclohexane
compound represented by Formula 1, the method compris-
ing:

reacting a compound represented by Formula 1A with a

compound represented by Formula 1B and a 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 the compound repre-
sented 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:

(14)
RRY 0o
Rs Rs
Ry R¢
0 Ry
m;Ha,-Ar; X );;PO(OEL), (1B)
mHag-Ary4X 37PO(OEL), (1C)
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M
®)
(1D)
R2R1 / Xzﬁ;AIz'_mzHaz
Rs Rg
Ry Ry
miHa;— Ar/'—¢ X 0 / RsRs
L-Q (1E)
LQ, (1F)
L3-Qs3 (16)

LyQq

M

where each of R, R,, R;, R,, R5, R, R, and R, is
independently a hydrogen atom, a halogen atom, a
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cyano group, a hydroxyl group, an amino group, a
substituted or unsubstituted C,-C,, alkyl group, a sub-
stituted or unsubstituted C,-C,, alkoxy group, a sub-
stituted or unsubstituted C,-C,, aryl group, a substi-
tuted or unsubstituted C,-C;, heteroaryl group or a
substituted amino group represented by —N(Z')(Z"),
and each of 7' and 7" is independently 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
unsubstituted C5-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,,
alkenylene group, a substituted or unsubstituted C,-C,,
alkynylene group, a substituted or unsubstituted C,-C,,
heteroalkylene group, a substituted or unsubstituted
C -Cy, alkylenearylene group, a substituted or unsub-
stituted Cg-Cy, arylene group, or a substituted or
unsubstituted C,-C;, heteroarylene group;

each of n; and n, is independently an integer in the range
of 0 to 5, and when n; or n, 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 C,-C,, aryl group, a substituted or unsub-
stituted C,-C;, heteroaryl group, a substituted or
unsubstituted 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 0 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-Cs, aryl group, a substituted or unsub-
stituted C,-C,, heteroaryl group, a substituted or
unsubstituted Cs-C,, cycloalkyl group, a substituted or
unsubstituted Cs-C;,, heterocycloalkyl group, or a sub-
stituted 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 sub-
stituted or unsubstituted C,-C,, aryl group, a substi-
tuted or unsubstituted C,-C,, heteroaryl group, a sub-
stituted or unsubstituted C,-C,,, cycloalkyl group, or a
substituted or unsubstituted C-C;, heterocycloalkyl
group;

Q,, Q,, Q5. Q, are each independently a B-containing
group, or H when L, L,, L, and L, are substituted
amino groups represented by —N(R")R™);

Ar, and Ar, are each independently a substituted or
unsubstituted C4-C,, aryl group, a substituted or unsub-
stituted 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 substitu-
ents, the substituents included in Ar, or Ar, are each
independently a substituted or unsubstituted Cg-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-Cs,
heterocycloalkyl group, or a substituted amino group
represented by —N(R")(R"), where R' and R" are each

19
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independently a hydrogen atom, a substituted or unsub-
stituted C,-C,, alkyl group, a substituted or unsubsti-
tuted C4-C,, aryl group, a substituted or unsubstituted
C,-C;, heteroaryl group, a C;-C,, cycloalkyl group, or
a C5-C;, heterocycloalkyl group.

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

Qi
;t Ty
sy,
D50

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
electrode and the second electrode, said at least one
organic layer comprising a layer comprised of a dim-
ethylenecyclohexane compound represented by For-

mula 1:
M)
R R Xz‘);Arz
R; Rg
Ry Ry
Ar—tX) RsRs

where R;, R,, R;, Ry, Rs, R, R, and Ry are each
independently a hydrogen atom, a halogen atom, a
cyano group, a hydroxyl group, an amino group, a
substituted or unsubstituted C,-C,,, alkyl group, a sub-
stituted or unsubstituted C,-C,, alkoxy group, a sub-
stituted or unsubstituted C,-C,, aryl group, a substi-
tuted or unsubstituted C,-C,, heteroaryl group or a
substituted amino group represented by —N(Z")(Z"). Z'
and Z" are each independently a substituted or unsub-
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stituted C,-C,qalkyl group, a substituted or unsubsti-
tuted C4-Cs, aryl group, a substituted or unsubstituted
C,-C,,, heteroaryl group, a substituted or unsubstituted
C,-C,, cycloalkyl group, or a substituted or unsubsti-
tuted 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,,
heteroalkylene group, a substituted or unsubstituted
C7'C30 alkylenearylene group, a substituted or unsub-
stituted C4-Cy, arylene group, or a substituted or
unsubstituted C,-C;, heteroarylene group;

n, and n, are each independently an integer in the range
of 0 to 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-Cs, aryl group, a substituted or unsub-
stituted C,-C,, heteroaryl group, a substituted or
unsubstituted C,-C5, cycloalkyl group or a substituted
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,-Cs,, 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 unsub-
stituted C,-C,, alkyl group, a substituted or unsubsti-
tuted C4-Cs, aryl group, a substituted or unsubstituted
C,-Cy, heteroaryl group, a C5-C,,, cycloalkyl group, or
a C5-C5 heterocycloalkyl 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 hole transport layer, optionally a hole trans-
port 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 dimethylenecyclo-
hexane compound represented by Formula 1.

20. The organic light emitting device of claim 13, wherein
the dimethylenecyclohexane compound represented by For-
mula | is a compound represented by one of Formulae 2 to
4
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where Rl: RZ: RS’ R47 RS: R67 R77 RS: Xl: Xz: n, and n,
are the same as defined in Formula 1; and

eachofL,,L,, L, and [, is independently a substituted or
unsubstituted C-C,, aryl group, a substituted or unsub-
stituted C,-C;, heteroaryl group, a substituted or
unsubstituted C5-C,, cycloalkyl group, a substituted or
unsubstituted Cs-C,,, heterocycloalkyl group, or an
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 C5-C,,, cycloalkyl group, or a substituted
or unsubstituted Cs-C;, heterocycloalkyl group; and

each of Ry, Ry, Ryy, Ry, Ry, Ris, Rys and Ry is
independently a hydrogen atom, a halogen atom, a
cyano group, a hydroxyl group, an amino group, a
substituted or unsubstituted C,-C,,, alkyl group, a sub-
stituted or unsubstituted C,-C,, alkoxy group, a sub-
stituted or unsubstituted C4-C,, aryl group, a substi-
tuted or unsubstituted C,-C,, heteroaryl group or a
substituted amino group represented by —N(Z)(Z");
and each of 7' and 7" is independently a substituted or
unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C4-Cs,, aryl group, a substituted or unsub-
stituted C,-C;, heteroaryl group, a substituted or
unsubstituted Cs-C,, cycloalkyl group, or a substituted
or unsubstituted C5-C,, heterocycloalkyl group.
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