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(57) ABSTRACT

A polysilsesquinone-based compound with an organometal-
lic complex, which is bonded to a side chain of polysilses-
quinoxane, enabling highly efficient phospholuminescence
and an organic electroluminescent device using the same.
The organometallic complex, which is suitably used for
forming an organic layer of the organic electroluminescent
device, provides a luminescence maximum emission in the
wavelength range of 400-650 nm, and induces white elec-
troluminescence when combined with green or red lumines-
cent materials.
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POLYSILSESQUIOXANE-BASED COMPOUND
AND ORGANIC ELECTROLUMINESCENCE
DEVICE USING THE SAME

CLAIM OF PRIORITY

[0001] This application claims the priority of Korean
Patent Application No. 2004-4985, filed Jan. 27, 2004, in the
Korean Intellectual Property Office, the disclosure of which
is incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a polysilsesquiox-
ane-based luminescent material and to an organic electrolu-
minescence (EL) device using the same, and more particu-
larly, to a polysilsesquioxane-based luminescent material
capable of emitting light over a wide range from a blue
region to a red region through triplet metal-to-ligand charge
transfer (MLCT) and an organic electroluminescence device
using the same as an organic layer forming material.

[0004] 2. Description of the Related Art

[0005] A general organic EL device includes an anode, a
hole injection layer, a hole transport layer, a light-emitting
layer, an electron transport layer, an electron injection layer,
and a cathode sequentially formed on a substrate. The hole
transport layer, the light-emitting layer, and the electron
transport layer are organic layers made of organic com-
pounds. The organic EL device having the above-described
configuration is driven as follows. When a voltage is applied
between the anode and the cathode, holes injected from the
anode migrate to the light-emitting layer via the hole trans-
port layer. Electrons emitted from the cathode are injected
into the light-emitting layer via the electron transport layer.
The electrons and the holes recombine in the light-emitting
layer to generate excitons. While the excitons radioactively
decay, light corresponding to a band gap of the molecules is
emitted.

1. Field of the Invention

[0006] Materials for forming the light-emitting layer of the
organic EL device are classified into a fluorescent material
which uses a singlet and a phosphorescent material which
uses a triplet, according to a light-emitting mechanism. The
fluorescent material or the phosphorescent material forms a
light-emitting layer itself or by being doped to an appropri-
ate host material. As a result of electron excitation, singlet
excitons and triplet excitons are produced in the host.
Statistically, the singlet excitons and the triplet excitons in
an OLED (organic light emitting diode (or device)) are
created in a ratio of about 1:3. Conventional organic EL
devices using a fluorescent material as a material for form-
ing a light-emitting layer are disadvantageous in that triplets
are consumed from the host. However, conventional organic
EL devices using a phosphorescent material as a material for
forming a light-emitting layer are advantageous in that
singlet excitons and triplet excitons are both utilized to
achieve the internal quantum efficiency of 100%. Thus, an
organic EL device using a phosphorescent material as a
material for forming a light-emitting layer has a high emis-
sion efficiency compared with an organic EL device using a
fluorescent material.

[0007] Introduction of a heavy metal such as Ir, Pt, Rh, or
Pd to organic molecules has led to spin-orbital coupling due
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to a heavy atom effect so that a triplet state and a singlet state
coexist, allowing phospholuminescence to occur even at
room temperature.

[0008] More recently, development has led to the discov-
ery of highly efficient green and red luminescent materials
using photoelectroluminescence of up to 100%. In particu-
lar, a green phospholuminescent (PL) material using fac
tris(2-phenylpyridine)iridium (Ir(ppy);) has an external
quantum efficiency of 17.6+0.5%. Bis(2-(2'-benzo[4,5-a]
thienyl)pyridinato-N,C) Iridium (acetylacetonate)
(Btp2Ir(acac)) has been reported as a red EL material having
a high emission efficiency of 7.0£0.5%. As described above,
as highly efficient luminescent materials using phospholu-
minescence, various materials employing various transition
metal complexes containing a transition metal such as
iridium or platinum, have been being reported. However,
materials satisfying requirements for realizing a full-color
display of high emission efficiency or white electrolumines-
cence with low power consumption are only restricted to
ones emitting in the green and red ranges, and blue phos-
phorescent materials have not been reported, making it
difficult to achieve a full-color display, which is, in turn,
becoming a barrier to development of phospholuminescent
full-color display devices.

[0009] To address the above-described problems, inten-
sive development of blue luminescent materials is under
way. Also, there have been proposed organometallic com-
plexes having a bulky functional group or a functional group
having a high intensity ligand field, e.g., a cyano group,
introduced thereto to increase a difference between HOMO
(Highest Occupied Molecular Orbital: HOMO)-LUMO
(Lowest Unoccupied Molecular Orbital: LUMO) energy
levels by transforming the molecular geometry. The above-
stated materials are typically subjected to chemical vapor
deposition to manufacture organic electroluminescence
devices. Alternatively, there have been proposed compounds
used in manufacturing organic electroluminescence device
by spin coating. Those compounds include organometallic
complexes bonded to side chains of hydrocarbon polymers
such as styrene-based polymers and acryl-based polymers,
as disclosed in Japanese Laid-Open Publication No. 2003-
77675 A, JP Japanese Laid-Open Publication No. 2003-
73666 A, Japanese Laid-Open Publication No. 2003-77675
A, Japanese Laid-Open Publication No. 2003-119179 A,
Japanese Laid-Open Publication No. 2003-113246 A, Japa-
nese Laid-Open Publication No. 2003-147021 A, Japanese
Laid-Open Publication No. 2003-171391 A, Japanese Laid-
Open Publication No. 2003-73480 A, Japanese Laid-Open
Publication No. 2003-73479 A, and so on, or dendrimers, as
described in WO 99/21935 and WO 02/066552 Al. Despite
extensive research, development of high-efficiency phos-
pholuminescent materials is still much required.

SUMMARY OF THE INVENTION

[0010] Tt is therefore an object of the present invention to
provide an improved luminescent material and an improved
organic electroluminescent device.

[0011] It is further an object of the present invention to
provide a polysilsesquioxane-based compound capable of
emitting light over a wide range from a blue region to a red
region through ftriplet metal-to-ligand charge transfer
(MLCT).
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[0012] It is another object of the present invention to
provide an organic electroluminescence device using the
polysilsesquioxane-based compound as an organic layer
forming material.

[0013] In order to achieve above and other objects, the
present invention may be constructed with a polysilsesqui-
oxane-based compound.

[0014] In an aspect of the present invention, there is
provided a polysilsesquinone-based compound having a unit
represented by Formula 1a:

—(Ry3Si04 5)— (1a)
[0015] wherein R, represents an organometallic
complex containing group having a metal selected

from the group consisting of Ir, Os, Pt, Pb, Re, Ru
and Pd;

[0016]

[0017] In another aspect of the present invention, there is
provided a polysilsesquinone-based compound with an
organometallic complex bonded to a side chain of polysils-
esquioxane, represented by Formula 1b:

n is an integer not less than 2.

——(R,8i0, 5);—(Ry; Si0; s)y—l— (1b)

[0018] wherein R, is independently selected from the
group consisting of a hydrogen atom, a hydroxy
group, a C1-C15 alkyl group, a C1-C15 alkoxy
group, a C6-C20 aryl group, a C7-C25 alkylaryl
group and a C7-C25 arylalkyl group;

[0019] R, represents an organometallic complex-
containing group having a metal selected from the
group consisting of Ir, Os, Pt, Pb, Re, Ru and Pd;

[0020]
[0021]

n is an integer not less than 2; and
a mixing molar ratio of a and b is 1:99 to 99:1.

[0022] In other feature of an embodiment of the present
invention, there is provided an organic electroluminescent
device comprising an organic layer between a pair of elec-
trodes, wherein the organic layer comprises the polysilses-
quioxane-based compound.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0023] Reference will now be made in detail to the present
preferred embodiments of the present invention.

[0024] The term “organometallic complex” used in the
present invention refers o a metal complexed with at least
one of a monoanionic ligand, a monodentate ligand, a
bidentate ligand, and a carbon-coordination ligand. Here, at
least one electron-donating or electron-withdrawing sub-
stituent is bonded to the ligand(s).

[0025] The present invention provides a polysilses-
quinone-based compound with an organometallic complex
bonded to a side chain of polysilsesquioxane, represented by
Formula 1a:

_(Rllsiol.S)n_

[0026] wherein R, represents an organometallic com-
plex-containing group having a metal selected from the
group consisting of Ir, Os, Pt, Pb, Re, Ru and Pd; and

[0027]

[Formula 1a]

n is an integer greater than or equal to 2.
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[0028] The present invention provides a polysilses-
quinone-based compound with an organometallic complex
bonded to a side chain of polysilsesquioxane, represented by
Formula 1b:

_[_(Rl Siol.s)a_(Rllsiol.S)b_]n_

[0029] wherein R, is independently selected from the
group consisting of a hydrogen atom, a hydroxy
group, a C1-C15 alkyl group, a C1-C15 alkoxy
group, a C6-C20 aryl group, a C7-C25 alkylaryl
group and a C7-C25 arylalkyl group;

0030] R,; represents an organometallic complex-
11 Tep g p
containing group having a metal selected from the
group consisting of Ir, Os, Pt, Pb, Re, Ru and Pd,

[0031]
[0032]

[0033] In Formula 1a or 1b, n is preferably an integer of
greater than or equal to 2, more preferably, from 10 to 3,000,
and most preferably from 10 to 1,000,

[Formula 1b]

n is an integer not less than 2; and

a mixing molar ratio of a and b is 1:99 to 99:1.

[0034] An average molecular weight of the polysilsesqui-
oxane-based compound represented by Formula 1a or 1b is
preferably in a range of 1,000 to 500,000, more preferably
in a range of 3,000 to 200,000.

[0035] The organometallic complex-containing group is
represented by Formula 2 or 3:

[Formula 2|

oNJ L
JE%e
Cyc/ Y
) i [Formula 3]
CyN\ M
| PM—1
Cyc/
[0036] wherein M is Ir, Os, Pt, Pb, Re, Ru or Pd; and

[0037] CyNis a substituted or unsubstituted C3-C60
heterocyclic group containing nitrogen bonded to M,
or a substituted or unsubstituted C3-C60 heteroaryl
group containing nitrogen bonded to M;

[0038] CyC is a substituted or unsubstituted 4 to 60
carbocyclic group containing carbon bonded to M,
substituted or unsubstituted C3-C60 heterocyclic
group containing carbon bonded to M, a substituted
or unsubstituted C3-C60 aryl group containing car-
bon bonded to M or a substituted or unsubstituted
C3-C60 heteroaryl group containing carbon bonded
to M;

[0039] CyN-CyC represents a cyclometalating ligand
bonded to M through nitrogen (N) and carbon (C);

[0040] L is a monodentate or bidentate ligand;
[0041] Y is a monoanionic or monodentate ligand,
[0042] mis1or2;

[0043] the asterisk (*) symbol indicates a bonding
position for Si.
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3
[0044] In Formulas 2 and 3, CyN-CyC ligands are repre-
sented by the following Formulas (a) through (p): -continued
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[0045] wherein L is one of ligands represented by the
following Formulas (q) through (z), and (a') through
(p), or derived from one selected from the group
consisting of a substituted or unsubstitued triethy-
lamine, a substituted or unsubstitued propylamine, a
substituted or unsubstituted cyclohexylamine, a sub-
stituted or unsubstitued pyrrolidine, a substituted or
unsubstitued pyrroline, a substituted or unsubstitued
piperidine, a substituted or unsubstitued pyrimidine,
a substituted or unsubstitued indole, a substituted or
unsubstitued azaindole, a substituted or unsubstitued
carbazole, a substituted or unsubstitued indazole, a
substituted or unsubstitued norharman, a substituted
or unsubstitued harman, a substituted or unsubstitued
aniline, a substituted or unsubstitued imidazole, a
substituted or unsubstitued oxazole, a substituted or
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unsubstitued thiazole, a substituted or unsubstitued
pyrazole, a substituted or unsubstitued pyrrole, a
substituted or unsubstitued benzimidazole, a substi-
tuted or unsubstitued benzotriazole, a substituted or
unsubstitued benzoxazole, a substituted or unsub-
stitued benzothiazole, a substituted or unsubstitued
benzoselenazole, a substituted or unsubstitued ben-
zothiadiazole, a substituted or unsubstitued isox-
azole, a substituted or unsubstitued isothiazole, a
substituted or unsubstitued oxadiazole, a substituted
or unsubstitued thiadiazole, a substituted or unsub-
stitued anthranyl, a substituted or unsubstitued tri-
azine, a substituted or unsubstitued benzisoxazole, a
substituted or unsubstitued pyrazine, a substituted or
unsubstitued quinoline, a substituted or unsubstitued
benzoquinoline, a substituted or unsubstitued acri-
dine, a substituted or unsubstitued thiazoline, a sub-
stituted or unsubstitued quinuclidine, a substituted or
unsubstitued imidazoline, a substituted or unsub-
stitued oxazoline, a substituted or unsubstitued thia-
zoline, and a substituted or unsubstitued isoquino-
line; and

[0046] Y is —F, —Cl, —Br, —I, —CN, —CN(R™),
—SCN or —OCN, where R'™ is a substituted or
unsubstituted C1-C20 alkyl group.

®

©
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[0047] wherein R, R,,R;,R,, R, Ry, R, and Ry are
each independently a monosubstituted or multisub-
stituted substituent, and are e¢ach selected from the
group consisting of hydrogen, a halogen atom,
—OR, —N(R"),, —P(R"),, —POR', —PO,R,
—PO4R', —SR', —Si(R");, —B(R’),, —B(OR"),,
—C(O)R, —C(0O)OR, —C(O)N(R"), —CN,
—NO,,—S0,,—SOR,—SO,R',—SO,R', C1-C20
alkyl, or C6-C20 aryl, where R’ is a hydrogen atom,
substituted or unsubstituted C1-C20 alkyl, substi-
tuted or unsubstituted C1-C10 alkoxy, substituted or
unsubstituted C2-C20 alkenyl, substituted or unsub-
stituted C2-C20 alkynyl, substituted or unsubstituted
C1-C20 heteroalkyl, substituted or unsubstituted
C6-C40 aryl, substituted or unsubstituted C7-C40
arylalkyl, substituted or unsubstituted C7-C40 alky-
laryl, substituted or unsubstituted C2-C40 het-
eroaryl, and substituted or unsubstituted C3-C40
heteroarylalkyl;

[0048] XisCH,S, O or NR", where R" is a hydrogen
atom or a C1-C20 alkyl group; and

[0049] Eis O, S, Se or Te.

[0050] Preferably, L is a ligand derived from pyrazole,
2-pyridinemethanol, imidazole, or 4-hydroxyphenylacety-
lacetonate.

[0051] Specific examples of the ligand represented by
Formula (b) include the ligands represented by Formulae
(b-1), (b-2) and (b-3). Example of the ligand represented by
Formula (f) includes the ligand represented by Formula
(f-1). Examples of the ligand represented by Formula (q)
include the ligands represented by Formulae (g-1) through

(g-4).
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[0052] InFormulas 2 and 3, the heterocyclic group and the
heteroaryl group are the cyclic group and the aryl groups
containing at least one hetero atom, such as N, O, or S,
respectively.

[0053] In CyN of Formulas 2 and 3, specific examples of
the substituted or unsubstituted C3-C60 heterocyclic group
containing carbon bonded to M include pyrrolidine, mor-
pholine, thiomorpholine, thiazolidine and the like, and spe-
cific examples of the substituted or unsubstituted C3-C60
heteroaryl containing carbon bonded to M include pyridine,
4-methoxy pyridine, quinonoline, pyrorrole, indole, pyri-
dine, pyrazine, pyrazole, imidazole, pyrimidine, quinazo-
line, thiazole, oxazole, triazine, 1,2,4-triazole and the like.

[0054] In CyC of Formulas 2 and 3, specific examples of
the substituted or unsubstituted C4-C60 carbocyclic bonded
to M include cyclohexane, cyclopentane and the like. Spe-
cific examples of the substituted or unsubstituted C3-C60
heterocyclic group include tetrahydrofuran, 1,3-dioxane,
1,3-dithiane, 1,3-dithiolane, 1,4-dioxa-8-azaspiro[4,5]de-
cane, 1,4-dioxaspiro[4,5]decan-2-one and the like. Specific
examples of the substituted or unsubstituted C4-C60 aryl
group containing carbon bonded to M include phenyl, 1,3-
benzodioxole, biphenyl, naphthalene, anthracene, azulene
and the like. Specific examples of the substituted or unsub-
stituted C3-C60 heteroaryl group containing carbon bonded
to M include thiophene, furan2(5H)-furanone, pyridine,
coumarin, imidazole, 2-phenylpyridine, 2-benzothiazole,
2-benzooxazole, 1-phenylpyrazole, 1-naphthylpyrazole,
5-(4-methoxyphenyl)pyrazole, 2,5-bisphenyl-1,3,4-oxadia-
zole, 2,3-benzofuran2-(4-biphenyl)-6-phenyl benzooxazole
and the like.
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[0055] In Formulas 2 and 3, the respective substituents of
CyN-CyC are interconnected to form a substituted or unsub-
stituted 4- to 7-membered cyclic ring or a substituted or
unsubstituted 4- to 7-membered heterocyclic group, in par-
ticular, a fused 4- to 7-membered cyclic or heterocyclic
group. Here, the cyclic group or hetero cyclic group repre-
sents a C1-C30 cycloalkyl, C1-C30 heterocycloalkyl,
C6-C30 aryl or C4-C30 heteroallyl, each cyclic group or
heterocyclic group can be substituted by one or more
substituents. The term “hetero” used herein is intended to
encompass a hetero atom such as N, O, P, or S.

[0056] The substituent represents a halogen atom, —O
Ry, —N(R,), —P(R,),, —POR,, —PO.R, —PO.R},
_SR1'> —Si(Rl')3, _B(Rl‘)zﬂ _B(OR1V)2> _C(O)Rly’
—C(0)OR;', —C(O)N(R,"), —CN, —NO,, —SO,,
—SOR,', —SO,R,',or —SOR ', and R,' is as defined as in
R'.

[0057] A method of preparing the polysilsesquioxane rep-
resented by Formula 1a or 1b according to the present
invention will now be described.

[0058] The polysilsesquioxane represented by Formula 1a
or 1b can be prepared by two methods.

[0059] First, a ligand (L) containing compound (L is a
ligand represented by (q) through (z) and (a') through (p'))
and chlorotrialkoxysilane CISi(ORj"),, where R5'is a hydro-
gen atom or a C1-C15 alkyl, are reacted to obtain a com-
pound represented by Formula 11:

L-Si(ORy);

[0060] wherein R;' is a hydrogen atom or a C1-C15
alkyl group.

[Formula 11]

[0061] The compound represented by Formula 11 under-
goes, singly or in combination with R,,'SiX, X, X, compound
(where, X;, X,, and X are each independently selected from
the group consisting of a hydrogen, halogen atom, hydroxy,
C1-C15 alkyl, C1-C15 alkoxy, C6-C20 aryl, C7-C25 alky-
laryl and C7-C25 arylalkyl), hydrolysis, dehydration and
polycondensation in the presence of an acid or base catalyst
and water, to give a compound represented by Formula 12a
or 12b:

—R,'SiO, 5],—{Formula 12a]
[-(LSi0, 5).—(R,SiOy s)—]i—

[0062] wherein R, is selected from the group con-
sisting of a hydrogen atom, a halogen atom, hydroxy,
C1-C15 alkyl, C1-C15 alkoxy, C6-C20 aryl, C7-C25
alkylaryl and C7-C25 arylalkyl,

[Formula 12b]

[0063] L is a ligand represented by (q) through (z)
and (a') through (p");

[0064] 1 is a number greater than or equal to 2; and
[0065] amixing molar ratio of a and b is 1:99 to 99:1.
[0066] The compound of Formula 12a or 12b is reacted

with an organometallic complex represented by Formula 13
or 14 to obtain the compound represented by Formula 1a or
1b:
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[Formula 13]

[ew] L
M

Cyl \Y

_ [Formula 14|
CyN

| Pv—r

Cyc

[0067] wherein M is Ir, Os, Pt, Pb, Re, Ru or Pd;

[0068] CyN is a substituted or unsubstituted C3-C60
heterocyclic group containing nitrogen bonded to M,
or a substituted or unsubstituted C3-C60 heteroaryl
group containing nitrogen bonded to M;

[0069] CyC is a substituted or unsubstituted 4 to 60
carbocyclic group containing carbon bonded to M,
substituted or unsubstituted C3-C60 heterocyclic
group containing carbon bonded to M, a substituted
or unsubstituted C3-C60 aryl group containing car-
bon bonded to M or a substituted or unsubstituted
C3-C60 heteroaryl group containing carbon bonded
to M;

[0070] CyN-CyC represents a cyclometalating ligand
bonded to M through nitrogen (N) and carbon (C);

[0071] L is a monodentate or bidentate ligand;

[0072] Y is a monoanionic or monodentate ligand;
and

[0073] mis1or?2.

[0074] Another possible preparation method of the pol-

ysilsesquioxane represented by Formula la or 1b will now
be described.

[0075] The organometallic complex represented by For-
mula 13 or 14 is reacted with chlorotrialkoxysilane
CISi(OR;");, wherein R4' is a hydrogen atom or a C1-C15
alkyl group, to obtain a compound represented by Formula
15 or 16:

) } [Formula 15]
CyN{ ~_ L—Si(ORs)s
M

rN
od Y
- “m
) } [Formula 16]
CyN |
|/,M—L—S1(OR3 Y
Cyc

“m

[0076] wherein R,' is a hydrogen atom or a C1-C15
alkyl group, and CyN, CyC, M, L, Y, and m are as
defined as above.

[0077] The compound represented by Formula 15 or 16
undergoes, singly or in combination with R,SiX;X,X;
compound, where X, X, and X, are independently selected
from the group consisting of a hydrogen, halogen atom,
hydroxy, C1-C15 alky, C1-C15 alkoxy, C6-C20 aryl,
C7-C25 alkylaryl and C7-C25 arylalkyl, hydrolysis, dehy-

Oct. 27, 2005

dration and polycondensation in the presence of an acid or
base catalyst and water, to give a compound represented by
Formula 1a or 1b.

[0078] InFormula laor 1b,R; and R, are groups derived
from R;' of chlorotrialkoxysilane CISi(OR;"),, R,' of
R 'SiX;X,X; and the organometallic complex represented
by Formula 14 or 15.

[0079] The organic electroluminescence device according
to the present invention is manufactured by forming an
organic layer, particularly a light-emitting layer, using the
polysilsesquioxane-based compound represented by For-
mula la or 1b. The polysilsesquioxane-based compound
represented by Formula 1a or 1b can be used as a material
for forming a light-emitting layer, particularly, a blue light-
emitting material. Also, the polysilsesquioxane-based com-
pound can be used as a material for forming a organic layer
such as a hole transport layer or an electron transport layer.

[0080] When the polysilsesquioxane-based compound
represented by Formula 1a or 1b is used as a phospholumi-
nescent dopant, the organic layer may further include at least
one selected form the group consisting of a high molecular
host, a high molecular and low molecular mixture host, a
low molecular host, and a non-emitting high molecular
matrix. Here, as the high molecular host, the low molecular
host, and the non-emitting high molecular matrix, any host
material that is commonly used in forming a light-emitting
layer for an organic EL device, can be used. Examples of the
high molecular host include, but are not limited to, poly(vi-
nylcarbazole) (PVK), and polyfluorene, and examples of the
low molecular host include, but are not limited to, CBP
(4,4'-N,N'-dicarbazole-biphenyl), 4,4'-bis[9-(3,6-biphenyl-
carbazolyl)]-1-1,1"-biphenyl4,4'-bis[ 9-(3,6-biphenylcar-
zoly)}1-1,1-bi phenyl,9,10-bis[(2',7'-t-butyl)-9',9"-(spiro-
bifluorenyl)anthracene, tetrafluorene. Examples of the non-
emitting high molecular matrix include, but are not limited
to, polymethylmethacrylate and polystyrene.

[0081] Preferably, the polysilsesquioxane-based com-
pound represented by Formula 1a or 1b is contained in an
amount of about 1 to 50 parts by weight based on 100 parts
by weight of the total weight of the light-emitting layer
forming material. Examples of methods useful to introduce
the polysilsesquioxane-based compound to the light-emit-
ting layer include vacuum deposition, sputtering, printing,
coating, inkjet printing, electron-beam application, and so
on. The polysilsesquioxane-based compound represented by
Formula 1a or 1b can induce white electroluminescence
when combined with green or red luminescent materials.

[0082] Here, the thickness of the organic layer is prefer-
ably in a range of about 30 to 100 nm. The term “organic
layer” used herein means 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 has a known
structure selected from the group consisting of anode/light-
emitting layer/cathode, anode/buffer layer/light-emitting
layer/cathode, anode/hole transport layer/light-emitting
layer/cathode, anode/buffer layer/hole transport layer/light-
emitting layer/cathode, anode/buffer layer/hole transport
layer/light-emitting layer/electron transport layer/cathode,
and anode/buffer layer/hole transport layer/light-emitting
layer/hole blocking layer/cathode, but is not particularly
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limited to these structures. Examples of the buffer layer
include any materials commonly used in the art, and pre-
ferred are copper phthalocyanine, polythiophene, polya-
niline, polyacetylene, polypyrrole, polyphenylene vinylene,
and derivatives thereof but not limited thereto. Examples of
the hole transport layer include any materials commonly
used in the art, and preferred is polytriphenylamine but not
limited thereto. Examples of the electron transport layer
include any materials commonly used in the art, and pre-
ferred is polyoxadiazole but not limited thereto. Examples of
the hole blocking layer include any materials commonly
used in the art, and preferred are LiF, BaF, or MgF, but not
limited thereto.

[0083] The organic electroluminescence device according
to the present invention can be manufactured in accordance
with conventional apparatus and methods in the art without
any limitations.

[0084] The polysilsesquioxane-based compound can emit
light of wavelengths in a range from 400 to 650 nm. LEDs
using such a polysilsesquioxane-based compound can be
used in applications such as light sources for a full color
display, backlighting, signboards, optical communication,
indoor decoration, and the like.

[0085] Hereinafter, the present invention will now be
described in more detail with reference to the following
Examples. However, these examples are given for the pur-
pose of illustration and not of limitation.

EXAMPLE 1

Synthesis OF F,PPY Dimer

[0086]
F
F BOW),
2M-NaCO«EtOH
o \ / Pd(0)
N
F
F \ /
N
FoppyH
X
/N
+ IrCly*nHO 2-methoxymethanol/water
E 130° C.
F
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N N
F N /CI\I ye Va
E N o N F

F F

L 1, L _,

Foppy dimer

[0087] To a 500 mL branched flask was added a 2M
aqueous solution of sodium carbonate solution prepared by
mixing 19.85 g (1.25x104 mmol) of 2-bromopyridine, 25.00
g (1.58x104 mmol) of 2,4-difluorophenyl boronic acid, 100
mL toluene, 48 mL ethanol 48 mL and 95 mL water, and
stirred under a nitrogen atmosphere at room temperature.

[0088] Then, to the reaction mixture was added 4.53 g
(3.92 mmol) of tetrakis(triphenylphosphine) palladium(0)

and refluxed for 15 hours under a nitrogen atmosphere with
light shielded.

[0089] After the reaction was completed, the temperature
of the reaction mixture was adjusted to room temperature,
followed by extracting using ethyl acetate and water and
isolating by column chromatography eluting with 10:1 volu-
metric ratio toluene/hexane, giving a pale brown liquid (F,

ppyID).

[0090] 2-(4,6-difluorophenylpyridine) obtained by the
above, and IrCI3.nH20 were used to prepare a F, ppy dimer
as a yellow powder. The preparation method was described
in J. Am. Che. Soc., 1984, 106, 6647-6653 which is incor-
porated herein by reference. The product was identified
through ‘H-NMR spectroscopy. 'H-NMR(CD,Cl,, ppm):
9.1[d, 4H], 8.3[d, 4H], 7.9 [t, 4H], 6.9 [m, 4H], 6.5 [m, 4H],
53 [d, 4H].

EXAMPLE 2

Synthesis OF Fppy Dimer

+ [rCly*nH,O 2-methoxymethanol/water

130° C.
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-continued
AN | AN
N, N
Vi \Ir/Cl\Ir// a
AN

L \Cl

F F
Fppy DIMER

[0092] AFppy dimer was synthesized by the same method
as in Example 1 except that 4-fluorophenylboronic acid was
used instead of 2,4-difluorophenylboronic acid.

[0093] 'H-NMR(CD,CL, ppm): 8.9 [d, 4H], 8.1 [s, 4H],
6.6 [d, 4H], 6.3 [m, 4H], 5.3 [d, 4H], 2.6 [s, 12H]

EXAMPLE 3

Synthesis OF F,pmp Dimer

[0094]
@
zN
+ [:Cly*nH,0 2-methoxymethanol/water
F. 130° C.
F

\ | AN
N N
S \Ir/Cl\Ir// ya
N
E L \Cl/ F
F F
- -2 L —2
Fypmp DIMER

[0095] A F, pmp dimer was synthesized by the same
method as in Example 1 except that 2-bromo 4-methylpy-
ridine was used instead of 2-bromopyridine.

[0096] “H-NMR(CD,CL, ppm): 8.9 [d, 4H], 8.1 [s, 4H],
6.6 [d, 4H], 6.3 [m, 4H], 5.3 [d, 4H], 2.6 [s, 12H]
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EXAMPLE 4

Synthesis of DMAF, ppy Dimer

[0097]
N
/ N
+ [:Cly*nH,0 2-methoxymethanol/water
. 130° C.
F
N N
g
Z \II/CI\Ir// P
F. - F
N al N
F F
— —I2 L —12
DMAF,ppy DIMER

[0098] A DMATF, ppy dimer was synthesized by the same
method as in Example 1 except that 2-bromo N,N'-dimeth-
ylpyridine was used instead of 2-bromo pyridine.

[0099] 'H-NMR(CD,CL, ppm): 8.7 [d, 4H], 7.5 [, 4H],
6.3 [m, 4H], 6.1 [m, 4H], 5.4 [d, 4H], 32 [s, 24H]

EXAMPLE 5

Synthesis OF Polysilsesquioxane-Based Compound

[0100] To a 500 mL branched flask was added 10 g (0.147
mol) of pyrazole and dissolved in 300 mL of tetrahydrofu-
ran. To the resultant product was slowly added 16.37 g
(0.162 mol) of tricthyl amine at 0° C. After about 10
minutes, 32.11 g (0.162 mol) of triethoxychlorosilane was
slowly added thereto 0° C., and then reacted at room
temperature for about 15 hours.

[0101] After the reaction was completed, the reaction
mixture was filtered using a filter under a nitrogen atmo-
sphere, to remove solid constituents from the resultant
product to afford only liquid constituents. Then, only con-
stituents that are volatile at a temperature of not greater than
200° C. were removed from the liquid constituents under
reduced pressure. Thereafter, 200 ml of hexane was added to
the reactant product, stirred at room temperature for about
one hour, filtered fine solid constituents to be removed,
followed by removing only volatile constituents under
reduced pressure, thereby synthesizing a pyrazole com-
pound (A) having a triethoxysilyl group:
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A
OFt

OBt | OBt

[0102] 0.00434 mol of the compound (A) and 9 g (0.07365
mol) of methyltrimethoxysilane were added to a 100 ml
flask under nitrogen atmosphere. Then, 4.4 ml of a diluted
aqueous solution of hydrochloric acid obtained by mixing
0.001021 mol of hydrochloric acid with 1 ml of deionized
water was transferred to the flask and stirred at room
temperature for 20 minutes. Thereafter, a mixed solution of
100 ml of tetrahydrofuran and 50 ml of diethylether 50 ml
was added to the reactant product and stirred for 10 minutes,
and the resultant solution was transferred to a separatory
funnel and washed with 20 ml of deionized water three
times, followed by adding 10 g of anhydrous sodium sulfate
thereto and storing the resultant product at low temperature
overnight to be evaporated. The resultant product was fil-
tered to remove only solid constituents, and volatile mate-
rials contained in liquid constituents were removed under
reduced pressure, thereby synthesizing a pyrazole contain-
ing compound having ligands capable of having organome-
tallic complex coordinated to the side chain of polysilses-
quioxane. To 1 g of the pyrazole containing compound was
added 0.1 g of Fppy dimer, 20 ml of tetrahydrofuran was
added thereto and reacted while stirring at room temperature
for 15 hours. After the reaction is completed, the reaction
mixture was passed through a pad of celite for filtration,
giving yellow powder.

[0103] The compound was dissolved in 10 ml of tetrahy-
drofuran, and the resultant solution was passed through 2 0.2
um filter to remove fine solid constituents, followed by
removing volatile constituents under reduced pressure,
yielding a polysilsesquioxane-based compound. The pol-
ysilsesquioxane-based compound has a structure in which
—CH,;, —OCH,CH,;, —OH, pyrazole, or a group repre-
sented by Formula 4 is linked to Si of SiO, .

_ _ [Formula 4]
N /
L |
7 \Ir/ \
’ \Cl
- F — i }

[0104] Emission characteristics of the obtained polysils-
esquioxane-based compound were evaluated by dissolving
the compound in a methylenechloride solution. The evalu-
ation result showed that the compound had an emission
wavelength peak at 483 nm. Also, the CIE (Commission
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Internationale de I"Eclairage) color coordinate (x, y) of the
compound was (0.165, 0.444).

EXAMPLE 6

Synthesis of Polysilsesquioxane-Based Compound

[0105] The polysilsesquioxane-based compound was syn-
thesized in the same manner as in Example 5, except that F,
ppy dimer, instead of Fppy dimer, was used.

[0106] The polysilsesquioxane-based compound has a
structure in which —CH3, —OCH2CH3, —OH, pyrazole
group, or a group represented by Formula 5 is linked to Si
of a Si0; 5 bond.

_ _ / [Formula 5]
N N
| AN ¥ |
F :Ir< \
Cl
F
= —2
[0107] Emission characteristics of the obtained polysils-

esquioxane-based compound were evaluated by dissolving
the compound in a methylenechloride solution. The evalu-
ation result showed that the compound had an emission
wavelength peak at 472 nm. Also, the CIE color coordinate
(%, y) of the compound was (0.141, 0.236).

EXAMPLE 7

Synthesis OF Polysilsesquioxane-Based Compound

[0108] The polysilsesquioxane-based compound was syn-
thesized in the same manner as in Example 5, except that F,
pmp dimer, instead of Fppy dimer, was used.

[0109] The polysilsesquioxane-based compound has a
structure in which —CH3, —OCH2CH3, —OH, pyrazole
group, or a group represented by Formula 6 is linked to Si
of a Si01.5 bond.

_ _ | [Formula 6]
H;C
\ N
| /
N N /N\ |
F L f
\Cl
F
L —2
[0110] Emission characteristics of the obtained polysils-

esquioxane-based compound were evaluated by dissolving
the compound in a methylenechloride solution. The evalu-
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ation result showed that the compound had an emission
wavelength peak at 468 nm. Also, the CIE color coordinate
(x, y) of the compound was (0.144, 0.206).

EXAMPLE 8

Synthesis of Polysilsesquioxane-Based Compound

[0111] The polysilsesquioxane-based compound was syn-
thesized in the same manner as in Example 5, except that
DMAF, pmp dimer, instead of Fppy dimer, was used.

[0112] The polysilsesquioxane-based compound has a
structure in which —CH,, —OCH,CH,;, —OH, pyrazole
group, or a group represented by Formula 7 is linked to Si
of a Si0, 5 bond.

[Formula 7]
I
H;C—N. N N/
A Y |
F. ¢ \\Ir/ \
\Cl
F

[0113] Emission characteristics of the obtained polysils-
esquioxane-based compound were evaluated by dissolving
the compound in a methylenechloride solution. The evalu-
ation result showed that the compound had an emission
wavelength peak at 458 nm. Also, the CIE color coordinate
(x, y) of the compound was (0.144, 0.186).

EXAMPLE 9

Synthesis of Polysilsesquioxane-Based Compound

[0114] The polysilsesquioxane-based compound was syn-
thesized in the same manner as in Example 5, except that
4-pyridinemethanol, instead of pyrazole, was used.

[0115] The polysilsesquioxane-based compound has a
structure in which —CH,;, —OCH,CH,;, —OH, 4-py-
ridinemethanol group, or a group represented by Formula 8
is linked to Si of a SiO, 5 bond.

. _ [Formula 8]
‘ AN
7\
N N CH,0—

7 Ir/ Q :

F.
f \Cl
F

[0116] Emission characteristics of the obtained polysils-
esquioxane-based compound were evaluated by dissolving
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the compound in a methylenechloride solution. The evalu-
ation result showed that the compound had an emission
wavelength peak at 471 nm. Also, the CIE color coordinate
(x, y) of the compound was (0.147, 0.315).

EXAMPLE 10

Synthesis of Polysilsesquioxane-Based Compound

[0117] The polysilsesquioxane-based compound was syn-
thesized in the same manner as in Example 5, except that F,
pmp dimer was used instead of Fppy dimer and imidazole
was used instead of pyrazole.

[0118] The polysilsesquioxane-based compound has a
structure in which —CH;, —OCH,CH,, —OH, imidazole
group, or a group represented by Formula 9 is linked to Si
of a Si0O, 5 bond.

[Formula 9]
- rN/
| N N\}
7 Ir/
F
\Cl
F

[0119] Emission characteristics of the obtained polysils-
esquioxane-based compound were evaluated by dissolving
the compound in a methylenechloride solution. The evalu-
ation result showed that the compound had an emission
wavelength peak at 474 nm. Also, the CIE color coordinate
(x, y) of the compound was (0.145, 0.326).

EXAMPLE 11

Synthesis of Polysilsesquioxane-Based Compound
[0120] The polysilsesquioxane-based compound was syn-
thesized in the same manner as in Example 5, except that F2
pmp dimer was used instead of Fppy dimer and 4-hydrox-
yphenylacetylacetonate was used instead of pyrazole.

[0121] The polysilsesquioxane-based compound has a
structure in which —CH,, —OCH,CH,, —OH, 4-hydrox-
yphenylacetylacetonate group, or a group represented by
Formula 10 1s linked to Si of a SiO,  bond.

[Formula 10]

H,C
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[0122] Emission characteristics of the obtained polysils-
esquioxane-based compound were evaluated by dissolving
the compound in a methylenechloride solution. The evalu-
ation result showed that the compound had an emission
wavelength peak at 555 nm. Also, the CIE color coordinate
(%, y) of the compound was (0.445, 0.556).

EXAMPLE 12

Synthesis of Polysilsesquioxane-Based Compound

[0123] To a 500 mL branched flask was added 10 g (0.147
mol) of pyrazole and dissolved in 300 mL of tetrahydrofu-
ran. To the resultant product was slowly added 1637 g
(0.162 mol) of tricthyl amine at 0° C. After about 10
minutes, 32.11 g (0.162 mol) of triethoxychlorosilane was
slowly added thereto 0° C., and then reacted at room
temperature for about 15 hours.

[0124] After the reaction was completed, the reaction
mixture was filtered using a filter under a nitrogen atmo-
sphere, to remove solid constituents from the resultant
product to afford only liquid constituents. Then, only vola-
tile constituents were removed from the liquid constituents
under reduced pressure. Thereafter, 200 ml of hexane was
added to the reactant product, stirred at room temperature for
about one hour, filtered fine solid constituents to be
removed, followed by removing only volatile constituents
under reduced pressure, thereby synthesizing a pyrazole
compound (A) having a triethoxysilyl group

[0125] 0.250 mmol of the compound and 30 ml of meth-
ylene chloride was added to a 250 ml branched flask under
nitrogen atmosphere, 0.5 mmol of F2 pmp dimer was added
thereto and reacted at room temperature for 1 hours. After
the reaction was completed, the reaction mixture was passed
through a pad of celite for filtration and precipitated in 100
ml of hexane, giving an organometallic complex having a
ligand substituted with trilethoxysilyl group. Thereafter,
1.17 mmol and 0.07365 mol of methyltrimethoxysilane
were added to 100 ml flask under a nitrogen atmosphere.
Thereafter, 2 ml of a diluted aqueous solution of hydrochlo-
ric acid obtained by mixing 0.001021 mol of hydrochloric
acid with 1 ml of deionized water was transferred to the flask
and stirred at room temperature for 20 minutes. Thereafter,
a mixed solution of 100 ml of tetrahydrofuran and 50 ml of
diethylether 50 ml was added to the reactant product and
stirred for 10 minutes, and the resultant solution was trans-
ferred to a separatory funnel and washed with 20 ml of
deionized water three times, followed by adding 10 g of
anhydrous sodium sulfate thereto and storing the resultant
product at low temperature overnight to be evaporated. The
resultant compound was filtered to remove only solid con-
stituents to afford liquid constituents, and volatile materials
contained in the liquid constituents were removed under
under reduced pressure. The compound was dissolved in 10
ml of tetrahydrofuran, and the resultant solution was passed
through a 0.2 um filter to remove fine solid constituents,
followed by removing volatile constituents under reduced
pressure, yielding a polysilsesquioxane-based compound.
The polysilsesquioxane-based compound has the same
structure as in Example 7.

[0126] Emission characteristics of the obtained polysils-
esquioxane-based compound were evaluated by dissolving
the compound in a methylenechloride solution. The evalu-
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ation result showed that the compound had an emission
wavelength peak at 468 nm. Also, the CIE color coordinate
(x, y) of the compound was (0.144, 0.207).

EXAMPLE 13

Manufacture of Organic Electroluminescence
Device

[0127] An ITO substrate (10 ©/cm?) was used as an
anode, PEDOT (poly(3, 4-ethylenedioxythiophene)) was
spin coated on the substrate to form a hole injection layer to
a thickness of 500 A. The hole injection layer was spin
coated with 70 parts by weight of polysilsesquioxane-based
compound prepared in Example 7 and 30 parts by weight of
CBP (4,4"-bis(carbazol-9-yl)-biphenyl) having the following
structure, thereby forming an emission layer to a thickness
of 300 A.

(CBP)

abats

[0128] Then, bis(2-methyl-8-quinolinolato)(4-phenylphe-
nolato)aluminum (BAlg,) used for transporting electrons
and blocking holes was vacuum-deposited on the emission
layer to form a layer having a thickness of 400 A. LiF 10 A
thick LiF and 1000 A thick Al were sequentially vacuum-
deposited on the resultant layer to form LiF/Al electrodes,
thereby completing an organic electroluminescence device.

[0129] The organic electroluminescence device manufac-
tured in Example 12 was tested for evaluation of CIE color
coordinate, emission efficiency and emission profile charac-
teristics.

[0130] The CIE color coordinate (x, y) of the electrolu-
minescence device was (0.198, 0.326), the emission effi-
ciency was 0.34 cd/A @10.0V, and the maximum emission
peak was 480 nm.

[0131] The electroluminescent substance having an orga-
nometallic complex bonded to a side chain of polysilses-
quioxane can efficiently emit light of wavelengths from a
blue range to a red range using triplet MLCT can efficiently
emit light of wavelengths from a blue range to a red range
using triplet MLCT. The electroluminescent substance,
which is a highly efficient phospholuminescent material, can
be suitably used for forming an organic layer of the organic
electroluminescent device, and can emit light in a wave-
length range of 400-650 nm. Also, it can induce white
electroluminescence when combined with green or red lumi-
nescent materials.

[0132] The electroluminescent substance having an orga-
nometallic complex bonded to a side chain of polysilses-
quioxane according to the present invention can be used in
forming an organic layer in an organic electroluminescent
device.
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What is claimed is:
1. A polysilsesquinone-based compound having a unit
represented by Formula 1a:

—(Ry;Si0; 5)— (1a)

wherein R;; represents an organometallic complex-con-
taining group having a metal selected from the group
consisting of Ir, Os, Pt, Pb, Re, Ru and Pd; and

n is an integer not less than 2.

2. The polysilsesquinone-based compound of claim 1,
wherein the compound further comprises a —(R;Si0; 5),—
repeating unit and represented by Formula 1b:

_[_(RlSio1.5)3_(Rllsiol.5)b_]n_ (1b)

wherein R, is independently selected from the group
consisting of a hydrogen atom, a hydroxy group, a
C1-C15 alkyl group, a C1-C15 alkoxy group, a C6-C20
aryl group, a C7-C25 alkylaryl group and a C7-C25
arylalkyl group;

R,, represents an organometallic complex-containing

group having a metal selected from the group consist-
ing of Ir, Os, Pt, Pb, Re, Ru and Pd;

n is an integer not less than 2; and

a mixing molar ratio of a and b is 1:99 to 99:1.

3. The polysilsesquinone-based compound of claim 1,
wherein the organometallic complex-containing group is
represented by one of Formulas 2 and 3:

2
CyNJ L
Cyc/ Y

- @
CyN

Cyc

wherein M is selected from the group consisting of Ir, Os,
Pt, Pb, Re, Ru and Pd;

CyN is a substituted or unsubstituted C3-C60 heterocyclic
group containing nitrogen bonded to M, or a substituted
or unsubstituted C3-C60 heteroaryl group containing
nitrogen bonded to M,

CyC is selected from the group consisting of a substituted
or unsubstituted 4 to 60 carbocyclic group containing
carbon bonded to M, a substituted or unsubstituted
C3-C60 heterocyclic group containing carbon bonded
to M, a substituted or unsubstituted C3-C60 aryl group
containing carbon bonded to M and a substituted or
unsubstituted C3-C60 heteroaryl group containing car-
bon bonded to M;

CyN-CyC represents a cyclometalating ligand bonded to
M through nitrogen (N) and carbon (C);

L is a monodentate ligand or a bidentate ligand;
Y is a monoanionic ligand or a monodentate ligand,
mis 1 or 2; and

the asterisk mark, *, represents a bonding position for Si.
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4. The polysilsesquinone-based compound of claim 2,
wherein the organometallic complex-containing group is
represented by one of Formulas 2 and 3:

CyNJ] L
| Pm
Cyc/ Y

N7

/ N\

L ®
CyN |
- *

| M—L

Cyc

wherein M is selected from the group consisting of Ir, Os,
Pt, Pb, Re, Ru and Pd;

CyN is a substituted or unsubstituted C3-C60 heterocyclic
group containing nitrogen bonded to M, or a substituted
or unsubstituted C3-C60 heteroaryl group containing
nitrogen bonded to M;

CyC is selected from the group consisting of a substituted
or unsubstituted 4 to 60 carbocyclic group containing
carbon bonded to M, a substituted or unsubstituted
C3-C60 heterocyclic group containing carbon bonded
to M, a substituted or unsubstituted C3-C60 aryl group
containing carbon bonded to M and a substituted or
unsubstituted C3-C60 heteroaryl group containing car-
bon bonded to M;

CyN-CyC represents a cyclometalating ligand bonded to
M through nitrogen (N) and carbon (C);

L is a monodentate ligand or a bidentate ligand,
Y is a monoanionic ligand or a monodentate ligand;
mis 1 or 2; and

the asterisk mark, *, represents a bonding position for Si.

5. The polysilsesquinone-based compound of claim 3,
wherein the CyN-CyC is represented by one of the following
formulas (a) through (p):

®

Ry
|
ENPAN
Rj A
R4
(b)
Ry
)
F N\
7~
Rl_ |
X
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-continued

®

wherein L is one of a ligand represented by one of the
following formulas (q) through (z), and (a") through (p")
and a substituted or unsubstitued derivative of one
selected from the group consisting of a substituted or
unsubstitued triethylamine, a substituted or unsub-
stitued propylamine, a substituted or unsubstittued
cyclohexylamine, a substituted or unsubstitued pyrro-
lidine, a substituted or unsubstitued pyrroline, a sub-
stituted or unsubstitued piperidine, a substituted or
unsubstitued pyrimidine, a substituted or unsubstitued
indole, a substituted or unsubstitued azaindole, a sub-
stituted or unsubstitued carbazole, a substituted or
unsubstitued indazole, a substituted or unsubstitued
norharman, a substituted or unsubstitued harman, a
substituted or unsubstitued aniline, a substituted or
unsubstitued imidazole, a substituted or unsubstitued
oxazole, a substituted or unsubstitued thiazole, a sub-
stituted or unsubstitued pyrazole, a substituted or
unsubstitued pyrrole, a substituted or unsubstitued ben-
zimidazole, a substituted or unsubstitued benzotriazole,
a substituted or unsubstitued benzoxazole, a substituted
or unsubstitued benzothiazole, a substituted or unsub-
stitued benzoselenazole, a substituted or unsubstitued
benzothiadiazole, a substituted or unsubstitued isox-
azole, a substituted or unsubstitued isothiazole, a sub-
stituted or unsubstitued oxadiazole, a substituted or
unsubstitued thiadiazole, a substituted or unsubstitued
anthranyl, a substituted or unsubstitued triazine, a sub-

16
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stituted or unsubstitued benzisoxazole, a substituted or
unsubstitued pyrazine, a substituted or unsubstitued
quinoline, a substituted or unsubstitued benzoquino-
line, a substituted or unsubstitued acridine, a substi-
tuted or unsubstitued thiazoline, a substituted or unsub-
stitued quinuclidine, a substituted or unsubstitued
imidazoline, a substituted or unsubstitued oxazoline, a
substituted or unsubstitued thiazoline, and a substituted
or unsubstitued isoquinoline; and

Y is —F, —Cl, —Br, —I, —CN, —CN(R'"), —SCN or
—OCN, where R™ is a substituted or unsubstituted
C1-C20 alkyl group:

®

®

R Ry

R Ry

PR3R,

Ri R

\N/
B

PRsR, PRsR,
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wherein R, R,, R;, R, R5; Rg, R, and Ry are each
independently a monosubstituted or multisubstituted
substituent, and are each selected from the group con-
sisting of hydrogen, a halogen atom, —OR', —N(R"),,
—P(R"),, —POR', —PO.R, —PO,R, —SR,
—SiR),, —B(R), —BOR), —COR,
—C(0)OR', —C(O)N(R"), —CN, —NO,, —SO0,,
—SOR,—SO,R',—SO;R/, C1-C20 alkyl, and C6-C20
aryl, where R' is selected from the group consisting of
a hydrogen atom, a substituted or unsubstituted C1-C20
alkyl, substituted or unsubstituted C1-C10 alkoxy, sub-
stituted or unsubstituted C2-C20 alkenyl, substituted or
unsubstituted C2-C20 alkynyl, substituted or unsubsti-
tuted C1-C20 heteroalkyl, substituted or unsubstituted
C6-C40 aryl, substituted or unsubstituted C7-C40 ary-
lalkyl, substituted or unsubstituted C7-C40 alkylaryl,
substituted or unsubstituted C2-C40 heteroaryl, and
substituted or unsubstituted C3-C40 heteroarylalkyl;

X is CH, S, O or NR", where R" is a hvdrogen atom or a
C1-C20 alkyl group; and

Eis O, S, Se or Te.

6. The polysilsesquinone-based compound of claim 4,
wherein the CyN-CyC is represented by one of the following
formulas (a) through (p):

Ry
|
NG
Ry
Ry
®)
R,
)
/N\
z
oL ]
x

18

\Rl
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/
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[
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wherein L is one of a ligand represented by one of the
following formulas (q) through (z), and (a") through (p")
and a substituted or unsubstitued derivative of one
selected from the group consisting of a substituted or
unsubstitued triethylamine, a substituted or unsub-
stitued propylamine, a substituted or unsubstittued
cyclohexylamine, a substituted or unsubstitued pyrro-
lidine, a substituted or unsubstitued pyrroline, a sub-
stituted or unsubstitued piperidine, a substituted or
unsubstitued pyrimidine, a substituted or unsubstitued
indole, a substituted or unsubstitued azaindole, a sub-
stituted or unsubstitued carbazole, a substituted or
unsubstitued indazole, a substituted or unsubstitued
norharman, a substituted or unsubstitued harman, a
substituted or unsubstitued aniline, a substituted or
unsubstitued imidazole, a substituted or unsubstitued
oxazole, a substituted or unsubstitued thiazole, a sub-
stituted or unsubstitued pyrazole, a substituted or
unsubstitued pyrrole, a substituted or unsubstitued ben-
zimidazole, a substituted or unsubstitued benzotriazole,
a substituted or unsubstitued benzoxazole, a substituted
or unsubstitued benzothiazole, a substituted or unsub-
stitued benzoselenazole, a substituted or unsubstitued
benzothiadiazole, a substituted or unsubstitued isox-
azole, a substituted or unsubstitued isothiazole, a sub-
stituted or unsubstitued oxadiazole, a substituted or
unsubstitued thiadiazole, a substituted or unsubstitued
anthranyl, a substituted or unsubstitued triazine, a sub-
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stituted or unsubstitued benzisoxazole, a substituted or

unsubstitued pyrazine, a substituted or unsubstitued -continued

quinoline, a substituted or unsubstitued benzoquino- (x)

line, a substituted or unsubstitued acridine, a substi- / }\Rl

tuted or unsubstitued thiazoline, a substituted or unsub-

stitued quinuclidine, a substituted or unsubstitued —

imidazoline, a substituted or unsubstitued oxazoline, a

substituted or unsubstitued thiazoline, and a substituted y4

or unsubstitued isoquinoline; and L
0

Y is —F, —Cl, —Br, —I, —CN, —CN(R'™), —SCN or
—OCN, where R™ is a substituted or unsubstituted / N
C1-C20 alkyl group:

)]

< > RoRP /coz

PR,RY O,

R
/1\/ | / \\/R2
\ N /—\P =
N/
=
s [
) RN J e
Ry
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R, Ry
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1\B / 2 N
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\ 4 /=
N/ —N/_
W \ /
R, R,
\N/ @)
NS ’ \/Rl
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N/ =
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Ry R —p /
\B/ \ /\R2
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wherein Ry, R,, R, R, Rs, R, and Ry are each indepen-
dently a monosubstituted or multisubstituted substitu-
ent, and are each selected from the group consisting of
hydrogen, a halogen atom, —OR', —N(R'),, —P(R"),,

—POR, —PO,R, —POJR, —SR, —Si(R),,
—B(R),, —B(OR),, —C(O)R, —C(O)OR,
—C(ON(R), —CN, —NO,, —S0,, —SOR,

—SO0,R', —SO;R', C1-C20 alkyl, and C6-C20 aryl,
where R' is selected from the group consisting of a
hydrogen atom, a substituted or unsubstituted C1-C20
alkyl, substituted or unsubstituted C1-C10 alkoxy, sub-
stituted or unsubstituted C2-C20 alkenyl, substituted or
unsubstituted C2-C20 alkynyl, substituted or unsubsti-
tuted C1-C20 heteroalkyl, substituted or unsubstituted
C6-C40 aryl, substituted or unsubstituted C7-C40 ary-
lalkyl, substituted or unsubstituted C7-C40 alkylaryl,
substituted or unsubstituted C2-C40 heteroaryl, and
substituted or unsubstituted C3-C40 heteroarylalkyl;

X is CH, S, O or NR", where R" is a hydrogen atom or a
C1-C20 alkyl group; and

Eis O, S, Se or Te.

7. The polysilsesquinone-based compound of claim 5,
wherein L is a ligand derived from one selected from the
group consisting of pyrazole, 2-pyridinemethanol, imida-
zole, and 4-hydroxyphenylacetylacetonate.

8. The polysilsesquinone-based compound of claim 6,
wherein L is a ligand derived from one selected from the
group consisting of pyrazole, 2-pyridinemethanol, imida-
zole, and 4-hydroxyphenylacetylacetonate.

9. The polysilsesquinone-based compound of claim 1,
wherein the compound is obtained by the process compris-
ing the steps of:

reacting a compound containing a ligand of said L with
chlorotrialkoxysilane CISi(OR,"); where R3' is a
hydrogen atom or a C1-C15 alkyl to obtain a compound
represented by Formula 11:
L-Si(OR;); (an;

subjecting the compound represented by Formula 11 to,
singly or in combination with, a R,'SiX;X,X; com-
pound, where X,, X, and X, are each independently
selected from the group consisting of a hydrogen, a
halogen atom, hydroxy, C1-C15 alkyl, C1-C15 alkoxy,
C6-C20 aryl, C7-C25 alkylaryl and C7-C25 arylalkyl,
hydrolysis, dehydration and polycondensation in the
presence of water and one of an acid catalyst and a base
catalyst to obtain a compound represented by Formula
12a;
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—R,Si0, 5], — (12a)

wherein R,' is selected from the group consisting of a
hydrogen atom, a halogen atom, hydroxy, C1-C15
alkyl, C1-C15 alkoxy, C6-C20 aryl, C7-C25 alkylaryl
and C7-C25 arylalkyl,

n is a number greater than or equal to 2; and

reacting the compound of Formula 12a with the organo-
metallic complex represented by one of Formulae 13
and 14:

(13

[Formula 14]
_ (14)
CyN
| PM—r
Cyc

m

wherein M is selected from the group consisting of Ir,
Os, Pt, Pb, Re, Ru and Pd;

CyN is a substituted or unsubstituted C3-C60 hetero-
cyclic group containing nitrogen bonded to M, or a
substituted or unsubstituted C3-C60 heteroaryl
group containing nitrogen bonded to M;

CyC is selected from the group consisting of a substi-
tuted or unsubstituted 4 to 60 carbocyclic group
containing carbon bonded to M, substituted or
unsubstituted C3-C60 heterocyclic group containing
carbon bonded to M, a substituted or unsubstituted
C3-C60 aryl group containing carbon bonded to M
and a substituted or unsubstituted C3-C60 heteroaryl
group containing carbon bonded to M;

CyN-CyC represents a cyclometalating ligand bonded
to M through nitrogen (N) and carbon (C);

L is a monodentate ligand or a bidentate ligand,
Y is a monoanionic ligand or a monodentate ligand; and

mis 1 or 2.
10. The polysilsesquinone-based compound of claim 2,
wherein the compound is obtained by the process compris-
ing the steps of:

reacting a compound containing a ligand of said L with
chlorotrialkoxysilane CISi(OR,"); where R3' is a
hydrogen atom or a C1-C15 alkyl to obtain a compound
represented by Formula 11:

L-Si(OR,), aD);

subjecting the compound represented by Formula 11 to,
singly or in combination with, a R,'SiX,X,X; com-
pound, where X;, X, and X; are each independently
selected from the group consisting of a hydrogen, a
halogen atom, hydroxy, C1-C15 alkyl, C1-C15 alkoxy,
C6-C20 aryl, C7-C25 alkylaryl and C7-C25 arylalkyl,
hydrolysis, dehydration and polycondensation in the
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presence of water and one of an acid catalyst and a base
catalyst to obtain a compound represented by Formula
12b;

[-(LSiO1 5),—R4'SI0 s)—h— (12b)

wherein R, is selected from the group consisting of a
hydrogen atom, a halogen atom, hydroxy, C1-C15
alkyl, C1-C15 alkoxy, C6-C20 aryl, C7-C25 alkylaryl
and C7-C25 arylalkyl,

L is a ligand represented by (q) through (z) and (a)
through (p");

n is a number greater than or equal to 2; and
a mixing molar ratio of a and b is 1:99 to 99:1; and

reacting the compound of Formula 12b with the organo-
metallic complex represented by one of Formulae 13
and 14:

(13)
CyN L
P
Cyc Y

m

[Formula 14]

CyN
[ | M—L

14

Cyc

m

wherein M is selected from the group consisting of Ir,
Os, Pt, Pb, Re, Ru and Pd;

CyN is a substituted or unsubstituted C3-C60 hetero-
cyclic group containing nitrogen bonded to M, or a
substituted or unsubstituted C3-C60 heteroaryl
group containing nitrogen bonded to M;

CyC is selected from the group consisting of a substi-
tuted or unsubstituted 4 to 60 carbocyclic group
containing carbon bonded to M, substituted or
unsubstituted C3-C60 heterocyclic group containing
carbon bonded to M, a substituted or unsubstituted
C3-C60 aryl group containing carbon bonded to M
and a substituted or unsubstituted C3-C60 heteroaryl
group containing carbon bonded to M;

CyN-CyC represents a cyclometalating ligand bonded
to M through nitrogen (N) and carbon (C);

L is a monodentate ligand or a bidentate ligand;
Y is a monoanionic ligand or a monodentate ligand; and

mis 1 or 2.
11. The polysilsesquinone-based compound of claim 9,
wherein the compound is obtained by the process compris-
ing the steps of:

reacting the organometallic complex represented by one
of Formulae 13 and 14 with chlorotrialkoxysilane
(CISi(OR); wherein Ry’ is a hydrogen atom or a
C1-C15 alkyl group to obtain a compound represented
by one of Formulae 15 and 16:
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(13)

“m

wherein M is selected from the group consisting of Ir,
Os, Pt, Pb, Re, Ru and Pd;

CyN is a substituted or unsubstituted C3-C60 hetero-
cyclic group containing nitrogen bonded to M, or a
substituted or unsubstituted C3-C60 heteroaryl
group containing nitrogen bonded to M;

CyC is selected from the group consisting of a substi-
tuted or unsubstituted 4 to 60 carbocyclic group
containing carbon bonded to M, substituted or
unsubstituted C3-C60 heterocyclic group containing
carbon bonded to M, a substituted or unsubstituted
C3-C60 aryl group containing carbon bonded to M
and a substituted or unsubstituted C3-C60 heteroaryl
group containing carbon bonded to M;

CyN-CyC represents a cyclometalating ligand bonded
to M through nitrogen (N) and carbon (C);

L is a monodentate ligand or a bidentate ligand,
Y is a monoanionic ligand or a monodentate ligand; and
mis 1 or 2; and

subjecting the compound represented by one of Formulae
15 and 16 to, singly or in combination with
R,'5iX, X,X; compound where X, X, and X; are inde-
pendently selected from the group consisting of a
hydrogen atom, a halogen atom, hydroxy, C1-C15
alkyl, C1-C15 alkoxy, C6-C20 aryl, C7-C25 alkylaryl
and C7-C25 arylalkyl, hydrolysis, dehydration and

23
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13

CyT M/L CyT M/L
Cyc \Y Cyc \Y
- m - m
) (14) ) (14)
CyN CyN
| Pv—r | Pm—1
Cyc Cyc
- m - m
15 15
CYT\M _-L—Si(OR3))s CYT\M _ L—Si(ORs)s
N L
Cy<”] Y Cye] \Y
- =m - =m
) l (16) ) i (16)
CyNy o ONY_ o
I M—L—Si(OR3")s | PM—1—si(0Rs)s
Cyc/ Cyc/

“m

wherein M is selected from the group consisting of Ir,
Os, Pt, Pb, Re, Ru and Pd;

CyN is a substituted or unsubstituted C3-C60 hetero-
cyclic group containing nitrogen bonded to M, or a
substituted or unsubstituted C3-C60 heteroaryl
group containing nitrogen bonded to M;

CyC is selected from the group consisting of a substi-
tuted or unsubstituted 4 to 60 carbocyclic group
containing carbon bonded to M, substituted or
unsubstituted C3-C60 heterocyclic group containing
carbon bonded to M, a substituted or unsubstituted
C3-C60 aryl group containing carbon bonded to M
and a substituted or unsubstituted C3-C60 heteroaryl
group containing carbon bonded to M;

CyN-CyC represents a cyclometalating ligand bonded
to M through nitrogen (N) and carbon (C);

L is a monodentate ligand or a bidentate ligand;
Y is a monoanionic ligand or a monodentate ligand; and
m is 1 or 2; and

subjecting the compound represented by one of Formulae
15 and 16 to, singly or in combination with
R 'SiX,X,X; compound where X, X, and X; are inde-
pendently selected from the group consisting of a
hydrogen atom, a halogen atom, hydroxy, C1-C15
alkyl, C1-C15 alkoxy, C6-C20 aryl, C7-C25 alkylaryl
and C7-C25 arylalkyl, hydrolysis, dehydration and
polycondensation in the presence of one of an acid
catalyst and a base catalyst and water.

13. An organic electroluminescent device comprising an

organic layer containing the polysilsesquinone-based com-
pound of claim 1 between a pair of electrodes.

14. An organic electroluminescent device comprising an
organic layer containing the polysilsesquinone-based com-
pound of claim 2 between a pair of electrodes.

15. An organic electroluminescent device, comprising:

polycondensation in the presence of one of an acid
catalyst and a base catalyst and water.

12. The polysilsesquinone-based compound of claim 10,
wherein the compound is obtained by the process compris-
ing the steps of:

reacting the organometallic complex represented by one
of Formulae 13 and 14 with chlorotrialkoxysilane
(CISi(OR,); wherein Ry’ is a hydrogen atom or a
C1-C15 alkyl group to obtain a compound represented
by one of Formulae 15 and 16:

a pair of electrodes; and

an organic layer between said pair of electrodes, the
organic layer comprising a polysilsesquinone-based
compound represented by Formula 1a:
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—(RysS10, 5),— (1a)
wherein R, represents an organometallic complex-con-
tainir.lg. group having a metal selected from the group - . @
consisting of Ir, Os, Pt, Pb, Re, Ru and Pd; and on] L
n is an integer not less than 2. oyl M\Y
16. The organic electroluminescent device of claim 1, R
wherein the polysilsesquinone-based compound further @
comprises a —(R,SiO, 5),— repeating unit and represented [cyN]
by Formula 1b: |/:M—L*
Cy
R, SI0, Ry IO, ol — (1t S
wherein R; is independently selected from the group
consisting of a hydrogen atom, a hydroxy group, a
C1-C15 alkyl group, a C1-C15 alkoxy group, a C6-C20 wherein M is selected from the group consisting of Ir, Os,
aryl group, a C7-C25 alkylaryl group and a C7-C25 Pt, Pb, Re, Ru and Pd;
arylalkyl group; . . . .
) o CyN is a substituted or unsubstituted C3-C60 heterocyclic
R, represents an organometallic complex-containing group containing nitrogen bonded to M, or a substituted
group having a metal selected from the group consist- or unsubstituted C3-C60 heteroaryl group containing
ing of Ir, Os, Pt, Pb, Re, Ru and Pd; . i
nitrogen bonded to M,
n is an integer not less than 2; and
. . . CyC is selected from the group consisting of a substituted
a mixing mola.r ratio of a ar}d bis 1:99 o 99:L. . or unsubstituted 4 to 60 carbocyclic group containing
17. The organic electroluminescent device of claim 15, carbon bonded fo M. substituted or unsubstituted
the organometallic complex containing group is represented .0 .
by one of Formulae 2 and 3: C3-C60 heterocyclic group containing carbon bonded
to M, a substituted or unsubstituted C3-C60 aryl group
containing carbon bonded to M and a substituted or
@ unsubstituted C3-C60 heteroaryl group containing car-
CyT /L* bon bonded to M;
M
o v CyN-CyC represents a cyclometalating ligand bonded to
@) M through nitrogen (N) and carbon (C);
CyN
yl M—L" L is a monodentate ligand or a bidentate ligand,
Cyc
o Y is a monoanionic ligand or a monodentate ligand;
mis 1 or 2; and
wherein M is selected from the group consisting of Ir, Os,
Pt, Pb, Re, Ru and Pd; the asterisk mark, *, represents a bonding position for Si.
CyN is a substituted or unsubstituted C3-C60 heterocyclic 19. The organic electroluminescent device of claim 17,

group containing nitrogen bonded to M, or a substituted wherein the CyN-CyC is represented by one of the following
or unsubstituted C3-C60 heteroaryl group containing  formulas (a) through (p):
nitrogen bonded to M,

CyC is selected from the group consisting of a substituted

or unsubstituted 4 to 60 carbocyclic group containing R,
carbon bonded to M, substituted or unsubstituted [
C3-C60 heterocyclic group containing carbon bonded Ron N\
to M, a substituted or unsubstituted C3-C60 aryl group
containing carbon bonded to M and a substituted or §
unsubstituted C3-C60 heteroaryl group containing car- R;
bon bonded to M; N
4
CyN-CyC represents a cyclometalating ligand bonded to ®)
M through nitrogen (N) and carbon (C); Ry
L is a monodentate ligand or a bidentate ligand; |\\
Y is a monoanionic ligand or a monodentate ligand, AN

mis 1 or 2; and

18. The organic electroluminescent device of claim 16, Ry
the organometallic complex containing group is represented
by one of Formulae 2 and 3:

the asterisk mark, *, represents a bonding position for Si. Z |
X
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-continued

®

2N

wherein L is one of a ligand represented by one of the
following formulas (q) through (z), and (a") through (p")
and a substituted or unsubstituted derivative of one
selected from the group consisting of triethylamine,
propylamine, cyclohexylamine, pyrrolidine, pyrroline,
piperidine, pyrimidine, indole, azaindole, carbazole,
indazole, norharman, harman, aniline, imidazole,
oxazole, thiazole, pyrazole, pyrrole, benzimidazole,
benzotriazole, benzoxazole, benzothiazole, benzosel-
enazole, benzothiadiazole, isoxazole, isothiazole, oxa-
diazole, thiadiazole, anthranyl, triazine, benzisoxazole,
pyrazine, quinoline, benzoquinoline, acridine, thiazo-
line, quinuclidine, imidazoline, oxazoline, thiazoline,
and isoquinoline;

Y is —F, —Cl, —Br, —I, —CN, —CN(R"), —SCN or
—OCN, where R™ is a substituted or unsubstituted
C1-C20 alkyl group:

@
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wherein R;, R,, R;, Ry, R5, Rg, R, and Ry are each
independently a monosubstituted or multisubstituted
substituent, and are each selected from the group con-
sisting of hydrogen, a halogen atom, —OR', —N(R"),,
—P(R"),, —POR', —PO,R, —PO,R, —SR,
—SiR),, —B(R), —B(OR), —C(O)R,
—C(0)OR', —C(O)N(R'), —CN, —NO,, —SO0,,
—SOR, —SO0,R',—SO0O4R", C1-C20 alkyl, and C6-C20
aryl, where R' is selected from the group consisting of
a hydrogen atom, a substituted or unsubstituted C1-C20
alkyl, substituted or unsubstituted C1-C10 alkoxy, sub-
stituted or unsubstituted C2-C20 alkenyl, substituted or
unsubstituted C2-C20 alkynyl, substituted or unsubsti-
tuted C1-C20 heteroalkyl, substituted or unsubstituted
C6-C40 aryl, substituted or unsubstituted C7-C40 ary-
lalkyl, substituted or unsubstituted C7-C40 alkylaryl,
substituted or unsubstituted C2-C40 heteroaryl, and
substituted or unsubstituted C3-C40 heteroarylalkyl;

X is CH, S, O or NR", where R" is a hydrogen atom or a
C1-C20 alkyl group; and

Eis O, S, Se or Te.

20. The organic electroluminescent device of claim 18,
wherein the CyN-CyC is represented by one of the following
formulas (a) through (p):

Ry
|
Ry /N\
Ry N
Ry
(b)
Ry
)
/N\
i
R |
A
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wherein L is one of a ligand represented by one of the
following formulas (q) through (2), and (a') through (p")
and a substituted or unsubstituted derivative of one
selected from the group consisting of triethylamine,
propylamine, cyclohexylamine, pyrrolidine, pyrroline,
piperidine, pyrimidine, indole, azaindole, carbazole,
indazole, norharman, harman, aniline, imidazole,
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oxazole, thiazole, pyrazole, pyrrole, benzimidazole,
benzotriazole, benzoxazole, benzothiazole, benzosel-
enazole, benzothiadiazole, isoxazole, isothiazole, oxa-
diazole, thiadiazole, anthranyl, triazine, benzisoxazole,
pyrazine, quinoline, benzoquinoline, acridine, thiazo-
line, quinuclidine, imidazoline, oxazoline, thiazoline,
and isoquinoline;

Y is —F, —Cl, —Br, —I, —CN, —CN(R"), —SCN or
—OCN, where R™ is a substituted or unsubstituted
C1-C20 alkyl group:

@

®

Ry R

N\~

Ry Ra
\/

~ PR3R,

PR3Ry PR3Ry
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wherein R;, R,, R;, R,, Rs, Rs, R, and R, are each
independently a monosubstituted or multisubstituted
substituent, and are each selected from the group con-
sisting of hydrogen, a halogen atom, —OR', —N(R"),,
—PR"),, —POR', —PO,R, —PO,R, —SR,
—SiR);, —BR), —B(OR), —COR,
—C(0O)OR', —C(O)N(R"), —CN, —NO,, —SO,,
—SOR, —SO,R',—SO,4R', C1-C20 alkyl, and C6-C20
aryl, where R’ is selected from the group consisting of
a hydrogen atom, a substituted or unsubstituted C1-C20
alkyl, substituted or unsubstituted C1-C10 alkoxy, sub-
stituted or unsubstituted C2-C20 alkenyl, substituted or
unsubstituted C2-C20 alkynyl, substituted or unsubsti-
tuted C1-C20 heteroalkyl, substituted or unsubstituted
C6-C40 aryl, substituted or unsubstituted C7-C40 ary-
lalkyl, substituted or unsubstituted C7-C40 alkylaryl,
substituted or unsubstituted C2-C40 heteroaryl, and
substituted or unsubstituted C3-C40 heteroarylalkyl;

Xis CH, S, O or NR", where R" is a hydrogen atom or a
C1-C20 alkyl group; and

Eis O, S, Se or Te.
21. The organic electroluminescent device of claim 15,

wherein the organic layer is an electroluminescent layer.
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