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The present invention is related to a cyclopentaphenan-
threne-based compound and an organic electroluminescence
device using the same. In particular, the cyclopentaphenan-
threne-based compound offers several advantages, including
easy processibility, high solubility, superior color purity,
color stability and thermal stability. Moreover, the cyclo-
pentaphenanthrene-based compound may be used not only
as a material for forming an organic layer of an organic
electroluminescence device, particularly, a light-emitting
layer, but also as a material of an organic pigment or
nonlinear optical substance.
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CYCLOPENTAPHENANTHRENE-BASED
COMPOUND AND
ORGANOELECTROLUMINESCENT DEVICE
EMPLOYING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Korean Patent Appli-
cation No. 2003-68613, filed Oct. 2, 2003, in the Korean
Intellectual Property Office, the disclosure of which is
incorporated herein in its entirety by reference.

FIELD OF THE INVENTION

The present invention is related to a cyclopentaphenan-
threne-based compound and an organic electroluminescence
device using the same. More particularly, the present inven-
tion is directed to an organic layer composed of a cyclo-
pentaphenanthrene-based compound, and an organic elec-
troluminescence device employing the same.

BACKGROUND

In general, organic electroluminescence (EL) devices
comprise an anode, an organic light emitting layer and a
cathode. Within the organic light emitting layer, excitons are
formed in a process called exciton formation or polaron
recombination whereby oppositely charged carriers, i.e.,
electrons and holes, recombine. The radiative decay of the
excited excitons produced by the recombination process to
their ground state results in electroluminescence.

The organic light emitting layer may be formed using low
molecular weight electroluminescent materials. Conse-
quently, this will enable luminescence over a wide wave-
length range from the UV region to the IR region. For
example, Welter et al., 421(6918) Narure, 54-57 (2003)
describes an EL device comprising a film of a conjugated
polyphenylenevinylene (PPV) polymer as the light-emitting
layer. Additionally, PPV-type polymers have been developed
which are soluble in an organic solvent, have high chemical
stability and a high luminous efficiency.

Although poly(fluorene) compounds having better perfor-
mance than the PPV-type polymer as the light-emitting layer
material have been developed, color purity, however, is still
unsatisfactory. See U.S. Pat. No. 5,900,327. Therefore,
electroluminescence materials capable of improving the
color purity of EL devices are being developed. For
example, U.S. Pat. Nos. 5,763,636, 5,621,131 and 5,859,
211, disclose spirobifluorene or a hetero atom containing
spirofluorene as electroluminescence materials capable of
improving the property profile of EL devices.

Organic electroluminescence devices manufactured using
the existing light-emitting materials, however, are still
required to be further improved, particularly for efficiency,
color purity and the like.

SUMMARY OF THE INVENTION

The present invention is related to a cyclopentaphenan-
threne-based compound having a cyclopentaphenanthrene
structure, which has improved luminous efficiency, thermal
stability and color purity. Furthermore, the present invention
is related to an organic electroluminescence device employ-
ing the cyclopentaphenanthrene-based compound.

In one aspect of the present invention, a cyclopen-
taphenanthrene-based compound represented by Formula 1:
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Formula 1

Rpa Ry
/

where X may be C, N, O or S: when X is C, a and b may
be both 1; when X is N, one of a and b may be 0; and when
X is Oor S, a and b may both be 0 is provided.

Furthermore, R, and R, may each independently be a
hydrogen, a substituted or unsubstituted C;-C,, alkyl, a
substituted or unsubstituted C5-C;, cycloalkyl, a substituted
or unsubstituted C,-C,, alkoxy, a substituted or unsubsti-
tuted C4-Cyy aryl, a substituted or unsubstituted Cq-Cy
aryloxy, a substituted or unsubstituted C,-C;, arylalkyl, a
substituted or unsubstituted C,-C,, heteroaryl, a substituted
or unsubstituted C,-C,,, heteroaryloxy. and a substituted or
unsubstituted C,-C,, heteroaryloxy. Alternatively, R, and R,
may be linked to form a saturated or unsaturated C5-C;, ring
system. Additionally, R;, Ry, R, R, R and RS' may each
independently be a hydrogen, a hydroxy, a substituted or
unsubstituted amino, a cyano, a halogen atom, a substituted
or unsubstituted C, -C,,, alkyl, a substituted or unsubstituted
C;-Cy cycloalkyl, a substituted or unsubstituted C,;-C;,
alkoxy, a substituted or unsubstituted C-C;, aryl, a substi-
tuted or unsubstituted C4-C5, arylalkyl, and a substituted or
unsubstituted C,-C;,, heteroary. Moreover, m may be a real
number in the range of about 2 to about 5,000.

In an alternate aspect, the cyclopentaphenanthrene-based
compound may further comprise an arylene (Ar) repeating
unit such as represented by Formula 2 below:

Formula 2

Rp)a Ry
\/

where Ar may be a substituted or unsubstituted Cq-Cy,
arylene, or a substituted or unsubstituted C,-C,, het-
eroarylene group. Furthermore, X may be C, N, O or S.
Specificially, when X is C, a and b may be both 1; when X
is N, one of a and b may be 0; and when X is O or S, a and
b may both be 0.

Addtionally, R, and R, may each independently be a
hydrogen, a substituted or unsubstituted C,-C,, alkyl, a
substituted or unsubstituted C,-C;,, cycloalkyl, a substituted
or unsubstituted C,-C,, alkoxy, a substituted or unsubsti-
tuted C4-Cyp aryl, a substituted or unsubstituted Cg-Cyy
aryloxy, a substituted or unsubstituted C,-C;, arylalkyl, a
substituted or unsubstituted C,-C,, heteroaryl, a substituted
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or unsubstituted C¢-C,, heteroaryloxy, and a substituted or
unsubstituted C,-C,, heteroaryloxy. Alternatively, R and R,
may be linked to form a saturated or unsaturated C,-C,, ring
system. Additionally, R,, R;', R,, R,', R and R,' may each
independently be a hydrogen, a hydroxy. a substituted or
unsubstituted amino, a cyano, a halogen atom, a substituted
or unsubstituted C,-C,, alkyl, a substituted or unsubstituted
C;-C5, cycloalkyl, a substituted or unsubstituted C,-Cs,
alkoxy, a substituted or unsubstituted C,-C,,, aryl, a substi-
tuted or unsubstituted C4-C,,, arylalkyl, and a substituted or
unsubstituted C,-C, heteroary. Additionally, m may be a
real number in the range of about 2 to about 5,000 and n may
be a real number in the range of about 0.01 to about 1.

In a further aspect of the present invention, an organic
electroluminescent device comprising an organic layer
between a pair of electrodes, where the organic layer com-
prises the cyclopentaphenanthrene-based compound is pro-
vided.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the
present invention will become more apparent by describing
in detail exemplary embodiments thereof with reference to
the attached drawings.

FIG. 1 depicts the photoluminescence (PL) spectrum of
poly(dioctylcyclopentaphenanthrene-CO-phenoxazine)
according to Example 4 of the present invention.

FIG. 2 shows the color purity characteristic of poly
(dioctyleyclopentaphenanthrene-CO-phenoxazine) accord-
ing to Example 4 of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention is directed to a cyclopentaphenan-
threne-based compound represented by Formula 1. In addi-
tion, the present invention also provides a cyclopen-
taphenanthrene-based compound represented by Formula 2,
which further comprises arylene repeating units. Referring
to Formula 2, n may be defined as a mixed proportion of the
cyclopentaphenanthrene repeating units comprised in the
overall polymer, and 1-n may be defined as a mixed pro-
portion of the arylene repeating units comprised in the
overall polymer.

Referring to Formula 1, n may be a real number in the
range of about 0.01 to about 1. Specifically, n may be a
number in the range of about 0.5 to about 1. In Formula 1,
when R, and R, form a ring, a C,-C,, substituted or unsub-
stituted ring may be formed. In this case, the ring may
contain a hetero atom such as N, O or S.

According to an embodiment of the present invention,
examples of the one or more substituted alkyl, cycloalkyl,
alkoxy, aryl, arylalkyl, heteroaryl, amino and/or correspond-
ing ring of Formula 1 may include, but are not limited to, a
C,-C,, alkyl, C,-C,, alkoxy, halogen atom, C,-C,, lower
alkylamino, hydroxy, nitro, cyano, substituted or unsubsti-
tuted amino(—NH,, —NH(R), —N(R')(R"), where R' and
R" may each independently be a C,-C,, alkyl, a carboxyl,
sulfonic acid, phosphoric acid, a C,-C,, halogenated alkyl,
a C,-C,, alkenyl, a C,-C,, alkynyl, a C,-C,, heteroalkyl, a
Ce-Cs, aryl, a Cy-Cyy arylalkyl, a C,-C,, heteroaryl, or a
C,-C,, heteroarylalkyl group.

In a particular embodiment, the arylene (Ar) unit of
Formula 1 may have a structure represented by Formula 3,
as shown below. Specifically, the structure may be a phe-
noxazine.
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-continued

where Y may be 0 or S; Rg, R, Rg and R, may each
independently be a hydrogen, a hydroxy. a substituted or
unsubstituted amino, a cyano, a halogen atom, a substituted
or unsubstituted C,-C;, alkyl, substituted or unsubstituted
C;-C5, cycloalkyl, a substituted or unsubstituted C,-C;,
alkoxy, a substituted or unsubstituted C,-C,, aryl, or a
substituted or unsubstituted C,-C,, heteroaryl group, for
example.

In a further embodiment, the cyclopentaphenanthrene-
based compound represented by Formula 1 may include a
compound represented by Formula 6, as depicted below:

Formula 6
R

(7
age

where R, and R, may each independently be a substituted or
unsubstituted C,-C,, alkyl; and where m may be a real
number in the range of about 2 to about 5,000.

Ry

In the cyclopentaphenanthrene-based compound repre-
sented by Formula 1, examples of the ring produced by R,
and R, may include a compound represented by Formula 5,
as illustrated below:
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Formula 5

where Ry, Ry, Rs, Ry, R, R, Ryo, Ry, Ry, Ris, Ris Ry,
R,¢, and R, -, and m are defined as described above.

In an additional embodiment, examples of the compound
represented by Formula 6 may include a compound repre-
sented by Formula 7, as shown below:

Formula 7

CgHyy  CeHyr

According to an embodiment of the present invention, in
the cyclopentaphenanthrene-based compound represented
by Formula 2, the ring produced by interconnecting R, and
R, may be a compound represented by Formula 4, as shown
below:

Formula 4

where Ar, R, Ry, Ry, R, Rs, Rs', X, nand m are defined
as described above; and where R o, R;;, R 5, Ry 5, Ry Ry,
R, and R,, may each independently be a hydrogen, a
hydroxy, a substituted or unsubstituted amino, a cyano, a
halogen atom, a substituted or unsubstituted C,-C;, alkyl, a

substituted or unsubstituted C;-C;, cycloalkyl, a substituted
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or unsubstituted C,-C,, alkoxy, a substituted or unsubsti-
tuted C,-Cs, aryl, a substituted or unsubstituted C,-C,,
aryloxy, a substituted or unsubstituted C4-C;, arylalkyl, a
substituted or unsubstituted C,-Cs, heteroaryl, or a substi-
tuted or unsubstituted C,-C;, heteroaryloxy group, for
example.

Further examples of the compound represented by For-
mula 4 may include a compound represented by Formula 8§,
as illustrated below:

N

Rg

where R, R, and R, may each independently be a substi-
tuted or unsubstituted C,-C,, alkyl group; where n may be
a real number in the range of about 0.01 to about 0.99; and
where m may be a real number in the range of about 2 to
about 5,000.

Examples of the compound represented by Formula 8
may include a compound represented by Formula 9, as
shown below:

Formula 9

CqHo
0
NCH,—CH—C,H;

where n may be a real number in the range of about 0.01 to
about 0.99; and where m may be a real number in the range
of about 2 to about 5,000.

The cyclopentaphenanthrene-based compound of the
present invention may offer several processing advantages,
including easy processibility, high solubility, supetior color
purity, color stability and thermal stability. The cyclopen-
taphenanthrene-based compound according to the present
invention may be obtained by polymerizing single sub-
stances made from novel cyclopentaphenanthrene-based
compounds or spirocyclopentaphenanthrene-based com-
pounds, or by copolymerizing the same with an arylene (Ar)
monomer having a halide. The degree of polymerization of
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the cyclopentaphenanthrene-based compound containing
the repeating unit represented by Formula 1 may be 15 or
more, and in particular, between 15 and 350. 1n a specific
embodiment, the average molecular weight of the compound
may not be less than 10,000. Moreover, the average molecu-
lar weight of the compound may be in the range of about
10,000 to about 200,000. In this case, the compound exhibits
good film formability.

The organic electroluminescence device according to the
present invention is manufactured by forming an organic
layer, particularly a light-emitting layer, using the cyclopen-
taphenanthrene-based compound represented by Formula 1.
The cyclopentaphenanthrene-based compound represented
by Formula 1 may be used as a material for forming a
light-emitting layer, particularly, a blue light-emitting mate-
rial. Also, the cyclopentaphenanthrene-based compound
may be used as a material for forming a organic layer such
as a hole transport layer.

Specifically, the cyclopentaphenanthrene-based com-
pound represented by Formula 1 may be present in an
amount in the range of about 1 part to about 30 parts by
weight based on the total weight of the material for forming
the light-emitting layer. Examples of methods useful to
introduce the cyclopentaphenanthrene-based compound to
the light-emitting layer include vacuum deposition, sputter-
ing, coating, ink-jet printing, and electron-beam radiation.

In particular, the thickness of the organic layer may in a
range of about 50 nm to about 100 nm. The term “organic
layer” used herein refers to a layer made of an organic
compound formed between a pair of electrodes in an organic
electroluminescent device, for example, a light-emitting
layer, an electron transport layer, a hole transport layer, and
the like.

The organic electroluminescent device may have a struc-
ture such as an anode/light-emitting layer/cathode, an anode/
buffer layer/light-emitting layer/cathode, an anode/hole
transport layer/light-emitting layer/cathode, an anode/buffer
layerfhole transport layer/light-emitting layer/cathode, an
anode/buffer layer/hole transport layer/light-emitting layer/
electron transport layer/cathode, and an anode/buffer layer/
hole transport layer/light-emitting layer/hole blocking layer/
cathode, for example.

In additional embodiments, the buffer layer may include
any materials commonly used in the art, and may be, for
example, copper phthalocyanine, polythiophene, polya-
niline, polyacetylene, polypyrrole, polyphenylene vinylene,
and derivatives thereof. The hole transport layer may include
any materials commonly used in the art, and specifically
may be polytriphenylamine. The electron transport layer
may include any materials commonly used in the art, and in
particular may be polyoxadiazole. The hole blocking layer
may include any materials commonly used in the art, and
specifically may be LiF, BaF, or MgF,.

Hereinafter, the present invention will now be described
in more detail with reference to the following Examples.
These examples, however, are given for the purpose of
illustration and not of limitation.

EXAMPLES
Specific Example 1

Synthesis of
4 4-dioctyl-cyclopenta[def]phenanthrene

3 g (15.76 mmol) of cyclopenta|def]phenanthrene and
7.74 ml (44.80 mmol) of octylbromide were dissolved in
300 ml of tetrahydrofuran. 94.68 ml of 1M potassium
t-butoxide was slowly added dropwise thereto, heated at 50°
C., stirred for 1 hour, and concentrated under reduced
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pressure to remove tetrahydrofuran. Then, 300 ml of ethy-
lacetate was added 1o the reaction mixture for extraction, and
then washed with brine. The resultant product was washed
once with distilled water, and an ethylacetate layer was
dehydrated using MgSO,, followed by filtering and concen-
trating under reduced pressure. The produced mixture was
1solated by silica gel column chromatography (eluent: hex-
ane), giving 4.68 g of the target product, 4,4-dioctyl-cyclo-
penta[def]phenanthrene, at a yield of 71.67%.

The compound was characterized using proton NMR as
follows: *H-NMR(CDC,): ppm, 0.80(m, 10H, octyl), 1.07-
1.25(m, 20H, octyl), 2.10-2.17(m, 4H, octyl), 7.49(m, 2H,
aromatic), 7.60(m, 2H, aromatic), 7.79(m, 4H, aromatic).
Additionally, the compound was characterized using mass
spectroscopy as follows: Mass: 414(M+), 301, 189.

Specific Example 2

Synthesis of
4 4-dioctyl-2,6-dibromocyclopentaldef]phenanthrene

3 g (7.2 mmol.) of 4,4-dioctyl-cyclopenta|def]phenan-
threne as prepared in Example 1 was added to a reaction
flask and was dissolved in 50 ml of methylene chloride.
Then, as the reaction was kept in the dark, a solution
obtained by diluting 0.74 ml of bromine in 37 ml of
methylene chloride at room temperature was slowly added
dropwise to the reaction mixture. After adding dropwise, the
reaction mixture was stirred for about 30 minutes and then
concentrated under reduced pressure. The produced mixture
was isolated by silica gel column chromatography (eluent:
hexane), giving 2.17 g of the target product, 4,4-dioctyl-2,
6-dibromocyclopental def]phenanthrene at 52.5% yield.

The compound was characterized using proton NMR as
follows: "H-NMR(CDCI,): ppm, 0.80(m, 10H, octyl), 1.07-
1.21(m, 20H, octyl), 2.10-2.14(m, 4H, octyl), 7.35(d, 1H,
aromatic), 7.53(d, 1H, aromatic), 7.65(t,H, aromatic), 7.79
(d, 1H, aromatic), 7.82,7.93(dd, 2H, aromatic). Moreover,
the compound was characterized using mass spectroscopy as
follows: Mass: 572(M+), 494, 381, 300, 215, 201.

Specific Example 3

Synthesis of poly(dioctycyclopentaphenanthrene)

First, a Schlenk flask was vacuumed and refluxed with
nitrogen gas several times to completely remove the mois-
ture. Then, 480 mg (1.7 mmol) of bis(1,5-cyclooctadiene)
nickel(O) and 273 mg (1.7 mmol) of 2,2'-bipyridine were
charged into the Schlenk flask in a glove box. The flask was
then vacuumed and refluxed several times using nitrogen
gas. 4 ml of anhydrous dimethyl formamide (DMF), 0.2 ml
of 1,5-cyclooctadie (COD) and 5 ml of anhydrous toluene
were then added to the flask under a nitrogen atmosphere.
After the mixture was stirred at 70° C. for 30 minutes, a
solution obtained by diluting 500 mg (0.873 mmol) of
4 4-dioctyl-2,6-dibromocyclopenta[def]phenanthrene ~  as
prepared in Example 2 in 8 ml of toluene was added to the
reaction mixture. The reaction mixture was refluxed at 70°
C. for 24 hours and cooled to room temperature.

The reactant was treated with an acid solution, e.g., a
mixed solution comprising HCl, acetone and methanol in a
volume ratio of 1:1:2, giving precipitates. The precipitates
were purified with toluene and methanol, followed by a
treatment using a soxhlet extractor, resulting in the final
product at 70% yield. Using a gel permeation chromatog-
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raphy analysis, the average molecular weight (MW) of the
final product was approximately 50,000.

Specific Example 4

Synthesis of
poly(dioctylcyclopentaphenanthrene-CO-phenoxazine)
(90:10 mole ratio)

CsHyz Csllys
S_J 0

Br Br Brﬁ QBI
Q N

CiHs
1
O
CH,—C—GH
n e

C4Ho

N

CH,—(C—GCH
2T 2Hs

A Schlenk flask was first vacuumed and refluxed with
nitrogen gas several times to completely remove the mois-
ture. Then, 534 mg (1.9 mmol) of bis(1,5-cyclooctadiene)
nickel(O) and 300 mg (1.9 mmol) of 2.2'-bipyridine were
charged into the Schlenk flask in a glove box, and then the
flask was vacuumed and refluxed using nitrogen gas several
times again. 4 ml of anhydrous dimethyl formamide (DMF),
0.2 ml of 1,5-cyclooctadie (COD) and 8 ml of anhydrous
toluene, were added to the flask under a nitrogen atmo-
sphere. The reaction mixture was stirred at 70° C. for 30
minutes. A solution obtained by diluting 500 mg (0.9 mmol)
of 44-dioctyl-2,6-dibromocyclopentadef]phenanthrene as
prepared in Example 2 and 53 mg (0.1 mmol) of 3,7-
dibromo-10-[4-(2-ethyl-hexyloxy)-phenyl]-10,10a-dihydro-
4aH-phenoxazine, which is a dibromophenoxazine deriva-
tive in 8 ml of toluene was added to the reaction mixture.
The reaction mixture was refluxed at 70° C. for 24 hours and
cooled to room temperature. The reactant was treated with
an acid solution, e.g., a mixed solution comprising HCl,
acetone and methanol in a volume ratio of 1:1:2, giving
precipitates. The precipitates were purified with toluene and
methanol, followed by treatment using a soxhlet extractor,
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giving the final product at 65% yield. Using GPC analysis,
the number average molecular weight of the final product
was approximately 56,000.

PL and color purity characteristics of the poly(dioctylcy-
clopentaphenanthrene-CO-phenoxazine) is shown FIGS. 1
and 2. Referring to FIG. 1, the poly(dioctylcyclopen-
taphenanthrene-CO-phenoxazine) has a maximum emission
peak at 365 nm. The color purity of the poly(dioctylcyclo-
pentaphenanthrene-CO-phenoxazine) at this wavelength is
CIE(x,y): 0.16, 0.25 in an NTSC chromaticity coordinate
system.

The cyclopentaphenanthrene-based compound offers sig-
nificant processing advantages, such as easy processibility,
high solubility, superior color purity, color stability, thermal
stability and so on. Furthermore, the compound of the
present invention may be advantageously used not only as a
material for forming an organic layer of an organic elec-
troluminescence device, particularly, a light-emitting layer,
but also as a material of an organic pigment or nonlinear
optical substance.

What is claimed is:
1. A cyclopentaphenanthrene-based compound repre-
sented by Formula 1,

Formula 1

Rp)a Roko

wherein X is C, N, O, or S, where when X is C, aand b
are both 1, when X is N, one of a and b is 0, and when
X is O or S, a and b are both 0;

wherein R; and R, are each selected from the group
consisting of hydrogen, a substituted or unsubstituted
C,-C4, alkyl, a substituted or unsubstituted C;-C;,
cycloalkyl, a substituted or unsubstituted C,-Cj,
alkoxy, a substituted or unsubstituted Cy-C,, aryl, a
substituted or unsubstituted C,-C,, arvloxy, a substi-
tuted or unsubstituted C-C,,, arylalkyl, a substituted or
unsubstituted C,-C;,, heteroaryl, a substituted or unsub-
stituted C4-C,, heteroaryloxy, and a substituted or
unsubstituted C,-C;, heteroaryloxy group, or wherein
R, and R, are interconnected to form a saturated or
unsaturated C,-C,, ring; Ry, Ry, Ry, R, Rsand R, are
each independently selected from the group consisting
of a hydrogen, a hydroxy, a substituted or unsubstituted
amino, a cyano, a halogen atom, a substituted or
unsubstituted C,-C;, alkyl, a substituted or unsubsti-
tuted C;-C,, cycloalkyl, a substituted or unsubstituted
C,-C5, alkoxy, a substituted or unsubstituted C¢-C,,
aryl, a substituted or unsubstituted C,-C,, arylalkyl,
and a substituted or unsubstituted C,-Cs, heteroaryl
group;

wherein R, and R, are not both hydrogen; and

wherein m is an integer in the range of 2 to about 5,000.

2. A cyclopentaphenanthrene-based compound repre-

sented by Formula 2, wherein the compound comprises an
arylene repeating unit (Ar),
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Formula 2

Rp)a Ry

wherein X is C, N, O or S, where when X is C, aand b

are both 1, when X is N, one of a and b is 0, and when
XisOor S, aand b are both 0;

wherein R, and R, are each selected from the group

consisting of hydrogen, a substituted or unsubstituted
C,-C,, alkyl, a substituted or unsubstituted C,-C,,
cycloalkyl, a substituted or unsubstituted C;-C;,
alkoxy, a substituted or unsubstituted C,-C,, aryl, a
substituted or unsubstituted C4-C;, aryloxy, a substi-
tuted or unsubstituted C¢-C,, arylalkyl, a substituted or
unsubstituted C,-C,, heteroaryl, a substituted or unsub-
stituted C4-C,, heteroaryloxy, and a substituted or
unsubstituted C,-C,, heteroaryloxy group, or wherein
R, and R, are interconnected to form a saturated or
unsaturated C5-Cs, ring: Rs, Ry, Ry, R*, Ry and R.' are
each independently selected from the group consisting
of a hydrogen, a hydroxy, a substituted or unsubstituted
amino, a cyano, a halogen atom, a substituted or
unsubstituted C,-C;, alkyl, a substituted or unsubsti-
tuted C,-C,, cycloalkyl, a substituted or unsubstituted
C,-C;, alkoxy, a substituted or unsubstituted C4-Cs;,
aryl, a substituted or unsubstituted C,-C,, arylalkyl,
and a substituted or unsubstituted C,-C,, heteroaryl

group;

wherein R, and R, are not both hydrogen;
wherein m is an integer in the range of 2 to about 5,000;
wherein Ar is a substituted or unsubstituted C,-C,,

arylene, or a substituted or unsubstituted C,-C,, het-
eroarylene group; and

wherein n is a real number in the range of about 0.01 to

about 1.

3. The cyclopentaphenanthrene-based compound of claim
2, wherein the Ar unit has a structure selected from the group
consisting of structures represented by Formula 3:

Formula 3

aista

~ A

OO0
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-continued -continued
Re 0
| ||
80 | C
N 0 X
R7 Rg
10
4
X x
e )
Ry Rg
4
| \ ‘ \ 20
/ A N X
Ry | Ro
Re 25

wherein Y is O or S; and

/o \ wherein Ry, R;,, Ry and R, are each independently
o selected from the group consisting of a hydrogen, a

30 hydroxyl, a substituted or unsubstituted amino, a
N 8 N cyano, a halogen atom, a substituted or unsubstituted
- alkyl, a substituted or unsubstitute: E
C,-C,, alkyl bstituted bstituted C5-Cy,
/ P /\/ cycloalkyl, a substituted or unsubstituted C,-C,,
R, § Re . alkoxy, a substituted or unsubstituted C,-C,, aryl, and
a substituted or unsubstituted C,-C;, heteroaryl group.
X s AN 4. The cyclopentaphenanthrene-based compound of claim

| ‘ 2 represented by Formula 4,

R, Rg 40
Formula 4

| wherein Rp, Ry, Rip, Rysy Ryg, Rys, Ry, and R, ; are
N 60 each independently selected from the group consisting

O of a hydrogen, a hydroxy, a substituted or unsubstituted
amino, a cyano, a halogen atom, a substituted or
\ unsubstituted C,-C;, alkyl, a substituted or unsubsti-

tuted C,-C,, cycloalkyl, a substituted or unsubstituted
65 C,-C;, alkoxy, a substituted or unsubstituted C4-Csq
aryl, a substituted or unsubstituted C,-C,, aryloxy, a
substituted or unsubstituted C4-C,,, arylalkyl, a substi-
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tuted or unsubstituted C,-C, heteroaryl, and a substi-
tuted or unsubstituted C,-C,, heteroaryloxy group.

5. The cyclopentaphenanthrene-based compound of claim
1 represented by Formula 5,

Formula §

wherein R, Ry;, Ri5, Ry3, Risy Ris, Rig, and Ry are
each independently selected from the group consisting
of ahydrogen, a hydroxy, a substituted or unsubstituted
amino, a cyano, a halogen atom, a substituted or
unsubstituted C,-C;, alkyl, a substituted or unsubsti-
tuted C;-C,,, cycloalkyl, a substituted or unsubstituted
C,-C,, alkoxy, a substituted or unsubstituted C,-C,
aryl, a substituted or unsubstituted C4-C,,, aryloxy, a
substituted or unsubstituted C4-C, arylalkyl, a substi-
tuted or unsubstituted C,-C, heteroaryl, and a substi-
tuted or unsubstituted C,-C,, heteroaryloxy group.

6. The cyclopentaphenanthrene-based compound of claim

1 represented by Formula 6,

Formula 6
Ry R

7
0

wherein R, and R, are each independently a substituted or
unsubstituted C,-C,, alkyl group.
7. The cyclopentaphenanthrene-based compound of claim
6 represented by Formula 7,

m

Formula 7
CgHy;  CeHys

8. The cyclopentaphenanthrene-based compound of claim
2 represented by Formula 8,
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Formula 8

N

Rg

wherein R, R,and Ry are each independently a substi-
tuted or unsubstituted C,-C,, alkyl group; and

wherein n is a real number in the range of about 0.01 to
about 0.99.

9. The cyclopentaphenanthrene-based compound of claim

8 represented by Formula 9,

Formula 9

Formula 9

CgHy7 CeHyy

Cy4Hp

0
NCH, —CH—C,H;

10. An organic electroluminescent device, comprising: an

organic layer between a pair of electrodes, wherein the
organic layer comprises a cyclopentaphenanthrene-based
compound of:

Formula 1

Rp)a R

wherein X is C, N, O or S, where when X is C, aand b
are both 1, when X is N, one of a and b is 0, and when
XisOorS, aandb are both 0;

wherein R, and R, are each independently selected from
the group consisting of a hydrogen, a substituted or
unsubstituted C,-C,, alkyl, a substituted or unsubsti-
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tuted C;-C,, cycloalkyl, a substituted or unsubstituted 13. The organic electroluminescence device of claim 12,
C,-C,, alkoxy, a substituted or unsubstituted C,-C,, wherein the Ar unit has a structure selected from the group
aryl, a substituted or unsubstituted C4-C;, aryloxy, a consisting of:
substituted or unsubstituted C4-Cs, arylalkyl, a substi-
tuted or unsubstituted C,-C;, heteroaryl, a substituted 5 Formula 3
or unsubstituted C,4-C;, heteroaryloxy, and a substi- < > < >
. N
tuted or unsubstituted C,-C,, heteroaryloxy group, or
R, and R, are interconnected to form a saturated or
unsaturated C,-C,, ring; where R, R,', R,, R.', R and
R,' are each independently selected from the group 10
consisting of a hydrogen, a hydroxy, a substituted or

unsubstituted amino, a cyano, a halogen atom, a sub-

stituted or unsubstituted C,-C, alkyl, a substituted or N N

unsubstituted C,-C,, cycloalkyl, a substituted or | |
Rg Ry

unsubstituted C,-C;, alkoxy, a substituted or unsubsti- 15

tuted C,-C,, aryl, a substituted or unsubstituted C,-C,,

arylalkyl, and a substituted or unsubstituted C,-C;, \|I Il‘I

heteroaryl group; and Rg Ry
Rg

wherein m is an integer in the range of 2 to about 5,000.

11. The organic electroluminescence device of claim 10, 20 |
wherein the organic layer is a light-emitting layer or a hole N N AN
transport layer. |

12. An organic electroluminescent device, comprising:

an organic layer between a pair of electrodes, wherein the ¥, R
organic layer comprises a cyclopentaphenanthrene- 25 R
based compound of: |
_ Formula 2 AN N AN
Ry (Rl | |
T
7 8
Rg
x IL X
3 | |
e’
SN N
m 7 | Ry
wherein X is C, N, O or S, where when X is C, a and b N—N
are both 1, when X is N, one of a and b is 0, and when 40 i ) {/ \) : :
X is O or S, a and b are both 0;
wherein R, and R, are each independently selected from 0
the group consisting of a hydrogen, a substituted or N S N
unsubstituted C,-C,, alkyl, a substituted or unsubsti-
tuted C;-C;, cycloalkyl, a substituted or unsubstituted 4 | | P
C,-C;, alkoxy, a substituted or unsubstituted C4-C;, / & S /\
aryl, a substituted or unsubstituted C,-C,, aryloxy, a R; Rg
substituted or unsubstituted C4-C,, arylalkyl, a substi- S
tuted or unsubstituted C,-C,, heteroaryl, a substituted N N
or unsubstituted C,-C, heteroaryloxy and a substituted | | P
or unsubstituted C,-C,, heteroaryloxy group, or R, and 50 / s o /\
R, are interconnected to form a saturated or unsaturated Ry Rg
C,-Cy, ring; where R5, R, Ry, R,', R and R, are each 0
independently selected from the group consisting of a x A
hydrogen, a hydroxy, a substituted or unsubstituted | |
amino, a cyano, a halogen atom, a substituted or 55 / Y /\/
unsubstituted C,-C,, alkyl, a substituted or unsubsti- & 0 Re N N
tuted C;-C,, cycloalkyl, a substituted or unsubstituted Ny
C,-C,, alkoxy, a substituted or unsubstituted C,-C;, /A /R S
aryl, a substituted or unsubstituted C,-C;, arylalkyl, N/ \N N/ \N N
and a substituted or unsubstituted C,-C,, heteroaryl go
group;
wherein m is an integer in the range of 2 to about 5,000,
wherein Ar is a substituted or unsubstituted C¢-C;,
arylene, or a substituted or unsubstituted C,-C;, het- \ 7\ / \
eroarylene group; and 65 NG N N N N N
wherein n is a real number in the range of about 0.01 to Y \=/ Y

about 1.
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-continued

wherein Y is O or S; and

wherein Rq, R, Ry and Ry are each independently
selected from the group consisting of a hydrogen, a
hydroxyl, a substituted or unsubstituted amino, a
cyano, a halogen atom, a substituted or unsubstituted
C,-C4, alkyl, a substituted or unsubstituted C;-C;,
cycloalkyl, a substituted or unsubstituted C,-C;,
alkoxy, a substituted or unsubstituted C,-C,, aryl, and
a substituted or unsubstituted C,-C;, heteroaryl group.

20

amino, a cyano, a halogen atom, a substituted or
unsubstituted C,-C,, alkyl, a substituted or unsubsti-
tuted C;-C;,, cycloalkyl, a substituted or unsubstituted
C,-C,, alkoxy, a substituted or unsubstituted C4-C,,
aryl, a substituted or unsubstituted C,-C,, aryloxy, a
substituted or unsubstituted C,-C,,, arylalkyl, a substi-
tuted or unsubstituted C,-Cs,, heteroaryl, and a substi-
tuted or unsubstituted C,-C;, heteroaryloxy group.

10
15. The organic electroluminescence device of claim 10,
wherein the cyclopentaphenanthrene-based compound is

represented by Formula 5,

15
Formula 5

20

25

30
wherein Ryo, Ryy, Rpo, Ry, Rigs Rys, Ryg, and Ry are
35 each independently selected from the group consisting

of a hydrogen, a hydroxy, a substituted or unsubstituted
amino, a cyano, a halogen atom, a substituted or
unsubstituted C,-C;, alkyl, a substituted or unsubsti-
tuted C;-C5,, cycloalkyl, a substituted or unsubstituted
C,-C;, alkoxy, a substituted or unsubstituted C4-C,,
aryl, a substituted or unsubstituted C,-C,, aryloxy, a
substituted or unsubstituted C4-C,,, arylalkyl, a substi-

40

14. The organic electroluminescence device of claim 12,
wherein the cyclopentaphenanthrene-based compound is
represented by Formula 4,

45

tuted or unsubstituted C,-C,, heteroaryl, and a substi-
tuted or unsubstituted C,-C,, heteroaryloxy group.

Formula 4

wherein R, R;;, Rj,, Rj5, R, Ry, Ry, and R, are
each independently selected from the group consisting
of a hydrogen, a hydroxy, a substituted or unsubstituted

16. The organic electroluminescence device of claim 10,
wherein the cyclopentaphenanthrene-based compound is
represented by Formula 6,

50
Formula 6
Ri R
Q )
60

wherein R, and R, are each independently a substituted or
unsubstituted C,-C,, alkyl group.

s 17 The organic electroluminescence device of claim 16,

wherein the cyclopentaphenanthrene-based compound is
represented by Formula 7,
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Formula 7
CsHy7  CsHly
() 5

18. The organic electroluminescence device of claim 12,
wherein the cyclopentaphenanthrene-based compound is
represented by Formula 8,

15
Formula 8
20
I-n
m 25
30
O\

22
wherein R, R,and Ry are each independently a substi-
tuted or unsubstituted C,-C, , alkyl group; and
wherein n is a real number in the range of about 0.01 to
about 0.99.
19. The organic electroluminescence device of claim 18,
wherein the cyclopentaphenanthrene-based compound is
represented by Formula 9,

Formula 9

CgHy7 CsHyr

SOy

CiHy

SN

CHZ_CH_C2H5

where n is a real number in the range of about 0.01 to
about 0.99; and m is an integer in the range of 2 to
about 5,000.
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