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(57) ABSTRACT

The present invention relates to a spiro-compound for an
electroluminescence display device and an electrolumines-

cence display device including the same. More particularly,
the present invention relates to a spiro-compound compris-
ing at least one selected from the group consisting of a
compound represented as the following Formulae 1 and 2
and an electroluminescence display device including the
same:

M

In the above Formulae 1 and 2, the definition of the
substituents is the same as in the specification. The
spiro-compounds represented by the above Formulae 1
and 2 are applicable to any one of a hole injection layer
(HIL), a hole transport layer (HTL), an electrolumi-
nescent layer, an electron transport layer (ETL), and an
electron injection layer (EIL) of the electrolumines-
cence display device. The spiro-compound can realize
various colors with low energy, emit blue light even at
a low voltage, and have an advantage of excellently
increasing luminance and luminous efficiency.
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FIG. 11
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FIG. 13
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FIG. 15
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SPIRO-COMPOUND FOR
ELECTROLUMINESCENT DISPLAY DEVICE AND
ELECTROLUMINESCENT DISPLAY DEVICE
COMPRISING THE SAME

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to spiro-compounds
for an electroluminescence display device and an electrolu-
minescence display device including the same. More par-
ticularly, the present invention relates to spiro-based com-
pounds applicable to any one of a hole injection layer (HIL),
a hole transport layer (HTL), an electroluminescent layer
(EML), an electron transport layer (ETL), and an electron
injection layer (EIL), and a highly efficient organic elec-
troluminescence display device including the same.

[0003] (b) Description of the Related Art

[0004] These days, as development within the information
and communication industry is accelerated, higher perfor-
mance display devices are required. Such display devices
may be classified into luminescence types and non-lumines-
cence types.

[0005] For the former devices, a Cathode Ray Tube
(CRT), an Electroluminescence Display (ELD), a Light
Emitting Diode (LED), a Plasma Display Panel (PDP), etc.,
are exemplified. For the latter devices, a Liquid Crystal
Display (LCD), etc., are exemplified.

(a) Field of the Invention

[0006] The luminescence type and non-luminescence type
display devices have basic characteristics such as working
voltage, consumption power, brightness, contrast, response
time, lifetime, and color display, etc. However, liquid crystal
display devices, which have largely been used until now,
have problems in terms of response time, contrast, and
viewing angle among the basic characteristics described
above,

[0007] Displays using a luminescence diode are expected
as the next generation display devices that can solve the
problems of liquid crystal displays since they have a short
response time and do not require a backlight due to having
self-luminescence properties, and they also have improved
brightness, etc.

[0008] An electroluminescence diode has difficulties in
application to a large area electroluminescence display
device because an inorganic material with crystalline form is
mainly used. Furthermore, in the case of an electrolumines-
cence display device using an inorganic matetial, there are
disadvantages that more than 200 V of driving voltage is
required and it is expensive. Active research on electrolu-
minescence display devices including an organic material
has been undertaken since the Eastman Kodak Company
disclosed a device made from a material having a m-conju-
gated structure in 1987. In the case of an organic material,
there are advantages that a synthetic pathway is relatively
simpler and various forms of materials can be synthesized,
and thus color tuning is possible. On the contrary, the
organic material has disadvantages in that crystallization by
heat occurs due to low mechanical strength.

[0009] Organic materials used in an electroluminescence
display device are classified into low molecular organic
materials and high molecular organic materials. For low

May 24, 2007

molecular organic materials diamine, diamine derivatives
such as N,N'-bis-(4-methylphenyl)-N,N'-bis(phenyl)benzi-
dine (TPD), etc., derivatives of perylene tetracarboxylic
acid, oxadiazole derivatives, 1,1,4,4-tetraphenyl-1,3-butadi-
ene (TPB), etc., are exemplified.

[0010] In 1990, the Cambridge group reported that poly(1,
4-phenylenevinylene) (PPV) m-conjugated polymers emit
lights when electricity is applied thereto. Since then, there
are active researches for polymers used in an electrolumi-
nescence display device.

[0011] m-conjugated polymers have an alternate structure
of single bonds (o-bonds) and double bonds (z-bond), and
include m-electrons that are not locally distributed and are
free to move along bond chains. Since m-conjugated poly-
mers have such semiconductor characteristics, the polymers
can be obtained through molecular designs to emit lights at
all visible areas corresponding to HOMO-LUMO band-gaps
when they are applied to an electroluminescent layer of an
electroluminescence display device. Since the polymers are
easily formed in a thin layer using spin coating or a printing
method, a device manufacturing process becomes easy and
the costs low. They also have merits to provide a thin layer
having excellent mechanical properties due to their high
glass transition temperature. However, the polymers may
have defects to facilitate deterioration in a molecular chain
depending on their synthesizing methods, and are difficult to
purify to obtain high purity products.

SUMMARY OF THE INVENTION

[0012] One embodiment of the present invention provides
a spiro-compound with excellent light emitting characteris-
tics for an electroluminescence display device.

[0013] The spiro-compound is a spiro-based compound
including a heteroatom, which can be applied to any of a
hole injection layer (HIL), a hole transport layer (HTL), an
electroluminescent layer, an electron transport layer (ETL),
and an electron injection layer (EIL) of an electrolumines-
cence display device. Another embodiment of the present
invention provides an electroluminescence display device
that includes the spiro-compound.

[0014] According to an embodiment of the present inven-
tion, a spiro-compound for an electroluminescence display
device is provided that is at least one selected from the group
consisting of compounds represented by the following For-
mulae 1 and 2, an oligomer thereof, and a polymer thereof.

M
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-continued

@

[0015] Wherein, in the above Formulae, A; to A, are
independently an element selected from the group consisting
of C,N, O, S, and Si, and at least one of A| to Ag and at least
one A, 0 A are not carbon (C),

[0016] R, to R, are independently selected from the group
consisting of hydrogen, deuterium, halogen, a substituted or
unsubstituted linear or branched alkyl, a substituted or
unsubstituted cycloalkyl, a substituted or unsubstituted alk-
enyl, a substituted or unsubstituted alkynyl, a substituted or
unsubstituted alkoxy, a substituted or unsubstituted aryl, and
a substituted or unsubstituted heteroaryl,

[0017] Rs to Ry are selected from the group consisting of
hydrogen, deuterium, halogen, a substituted or unsubstituted
linear or branched alkyl, a substituted or unsubstituted
cycloalkyl, a substituted or unsubstituted alkenyl, a substi-
tuted or unsubstituted alkynyl, a substituted or unsubstituted
alkoxy, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl, —CN, —NO,, a substituted or
unsubstituted fluoroalkyl, —SiRR (R;;, —NR,R,;, and
—CR,~CR;s—Ry6,

[0018] R, to R, are independently selected from the
group consisting of hydrogen, a substituted or unsubstituted
linear or branched alkyl, a substituted or unsubstituted
cycloalkyl, a substituted or unsubstituted alkenyl, a substi-
tuted or unsubstituted alkynyl, a substituted or unsubstituted
alkoxy, a substituted or unsubstituted aryl, and a substituted
or unsubstituted heteroaryl, and

[0019]

[0020] According to another embodiment of the present
invention, an electroluminescence display device is pro-
vided that includes: a substrate; an anode; a hole injection
layer (HIL); a hole transport layer (HTL); an electrolumi-
nescent layer; an electron transport layer (ETL); an electron
injection layer (EIL); and a cathode. At least one of the hole
injection layer (HIL), the hole transport layer (HTL), the
electroluminescent layer, the electron transport layer (ETL),
and the electron injection layer (EIL) include the above
spiro-compound.

X, V, Z, and w are integers ranging from 0 to 4.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a schematic cross-sectional view of an
organic electroluminescence display device according to a
first embodiment of the present invention.

[0022] FIG. 2 is a schematic cross-sectional view of an
electroluminescence display device according to a second
embodiment of the present invention that further adds a
buffer layer to the device of the first embodiment.
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[0023] FIG. 3 is a schematic cross-sectional view of an
electroluminescence display device according to a third
embodiment of the present invention that further adds an
electron injection layer (EIL) to the device of the first
embodiment.

[0024] FIG. 4 shows proton nuclear magnetic resonance
(‘H-NMR) spectrum of a dibromo compound 7 according to
Example 1 of the present invention.

[0025] FIG. 5 shows proton nuclear magnetic resonance
(‘H-NMR) spectrum of a dibromo compound 11 according
to Example 2 of the present invention.

[0026] FIG. 6 shows proton nuclear magnetic resonance
(‘*H-NMR) spectrum of a dibromo compound 13 according
to Example 4 of the present invention.

[0027] FIG. 7 shows proton nuclear magnetic resonance
(‘"H-NMR) spectrum of a polymer 1 according to Example
25 of the present invention.

[0028] FIG. 8 shows proton nuclear magnetic resonance
(‘"H-NMR) spectrum of a polymer 2 according to Example
26 of the present invention.

[0029] FIG. 9 shows TGA analysis data of a compound 12
according to Example 3 of the present invention.

[0030] FIG. 10 shows TGA analysis data of a compound
13 according to Example 4 of the present invention.

[0031] FIG. 11 shows TGA analysis data of a polymer 1
according to Example 25 of the present invention.

[0032] FIG. 12 shows TGA analysis data of a polymer 2
according to Example 26 of the present invention.

[0033] FIG. 13 is a graph showing UV-visible ray absorp-
tion (UV-vis) spectrum of a compound 12 according to
Example 3 of the present invention.

[0034] FIG. 14 is a graph showing a PL (photolumines-
cence) spectrum of a compound 12 according to Example 3
of the present invention.

[0035] FIG. 15 is a graph showing UV-visible ray absorp-
tion (UV-vis) spectrum of a compound 13 according to
Example 4 of the present invention.

[0036] FIG. 16 is a graph showing a PL (photolumines-
cence) spectrum of a compound 13 according to Example 4
of the present invention. FIG. 17 shows UV-vis spectrum
and PL (photoluminescence) spectrum of a polymer 1
according to Example 25.

[0037] FIG. 18 is a graph showing electroluminescence
characteristics (current-voltage) of a compound 12 accord-
ing to Example 3 of the present invention.

[0038] FIG. 19 is a graph showing electroluminescence
characteristics (voltage-brightness) of a compound 12
according to Example 3 of the present invention.

[0039] FIG. 20 is a graph showing an EL spectrum of a
compound 12 according to Example 3 of the present inven-
tion.

[0040] FIGS. 21 to 23 show light-emitting characteristics
(for example, current-voltage, voltage-luminance, and cur-
rent-luminance) of the polymer 1 according to Example 25.
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[0041] FIG. 24 shows luminance efficiency characteristics
of the polymer 1 according to Example 25 depending on a
current increase.

[0042] FIG. 25 is a graph showing EL spectrum of the
polymer 1 according to Example 25 of the present invention.

[0043] FIG. 26 is a graph showing EL spectrum of the
polymer 3 according to Example 27 of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0044] Exemplary embodiments of the present invention
will hereinafter be described in detail with reference to the
accompanying drawings.

[0045] The present invention makes up for drawbacks of
convential low molecule polymers while including their
merits, and thereby, provides an electro-chromophore mate-
rial that can be easily purified, has no molecule drawback,
and can form a thin membrane by using a soluble solvent
regardless of small molecular weight.

[0046] The electro-chromophore material is structurally
based on spiro-based compounds including a heteroatom,
but is still new because it includes various substitutes, and
thereby, may be easily used in a vacuum or wet process
spiro-compound.

[0047] According to the embodiments of the present
invention, a spiro-compound for an electroluminescence
display device is at least one selected from the group
consisting of compounds represented by the following For-
mulae 1 and 2, an oligomer thereof, and a polymer thereof.

&)

@

[0048] Wherein, in the above Formulae, A; to A, are
independently an element selected from the group consisting
of C,N, O, S, and Si, and at least one of A | to Ag and at least
one A, to A are not carbon (C). According to one embodi-
ment, in the Chemical Formula 1, at least one of A; to A, and
at least one of A5 to A, are selected from the group consist-
ing of N, O, S, and Si, and in the Chemical Formula 2, at
least one of A to A, and at least one of A, to A5 are
selected from the group consisting of N, O, S, and Si. At
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least one of A, to A5 is a heteroatom, and 1 to 4 of A, to A 5
is more preferably a heteroatom.

[0049] In the above Formulae 1 and 2, R, to R, are
independently selected from the group consisting of hydro-
gen, deuterium, halogen, a substituted or unsubstituted lin-
ear or branched alkyl, a substituted or unsubstituted
cycloalkyl, a substituted or unsubstituted alkenyl, a substi-
tuted or unsubstituted alkynyl, a substituted or unsubstituted
alkoxy, a substituted or unsubstituted aryl, and a substituted
or unsubstituted heteroaryl.

[0050] Rs to R, are selected from the group consisting of
hydrogen, deuterium, halogen, a substituted or unsubstituted
linear or branched alkyl, a substituted or unsubstituted
cycloalkyl, a substituted or unsubstituted alkenyl, a substi-
tuted or unsubstituted alkynyl, a substituted or unsubstituted
alkoxy, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl, —CN, —NO,, a substituted or
unsubstituted fluoroalkyl, —SiRoR,(R;;, —NR,R 5, and
—CR,~CR;s—Rye.

[0051] R, to R,y are independently selected from the
group consisting of hydrogen, a substituted or unsubstituted
linear or branched alkyl, a substituted or unsubstituted
cycloalkyl, a substituted or unsubstituted alkenyl, a substi-
tuted or unsubstituted alkynyl, a substituted or unsubstituted
alkoxy, a substituted or unsubstituted aryl, and a substituted
or unsubstituted heteroaryl.

[0052] The halogen of Rs to Ry may be selected from the
group consisting of F, Cl, Br, and 1,

[0053] InR, to R, the alkyl may be a C1 to C12 alkyl,
preferably a C1 to C8 lower alkyl; the cycloalkyl may be a
C3 to C12 cycloalkyl, and preferably a C5 to C8 cycloalkyl;
the alkenyl may be a C2 to C8 alkenyl, and preferably a C2
to C4 alkenyl; the alkynyl may be a C2 to C4 alkynyl, and
preferably a C2 to C4 alkynyl; the alkoxy may be a C1 to
C12 alkoxy, and preferably C1 to C8 alkoxy; the aryl may
be C4 to C30 aryl, and preferably C4 to C20 aryl; and the
heteroaryl may be a C4 to C30 heteroaryl including an
aromatic ring including a 1 to 3 heteroatom of N, S, P, 8i, or
O, and preferably a C4 to C20 heteroaryl including an
aromatic ring including a 1 to 3 heteroatom of N, S, P, 8i, or
0.

[0054] In the Chemical Formulae 1 and 2, the term “sub-
stituted” means at least one hydrogen is substituted with an
alkyl, a cycloalkyl, an alkoxy, an alkenyl, an alkynyl, an
aryl, a heteroaryl, a halogen such as F, Cl, Br, or I, aliphatic
amine, aromatic amine, or an aryloxy.

[0055] 1In the Chemical Formulae 1 and 2, the heteroaryl
is preferably substituted or unsubstituted carbazole, substi-
tuted or unsubstituted phenothiazine, substituted or unsub-
stituted phenoxazine, substituted or unsubstituted phenox-
athin, substituted or unsubstituted acridine, substituted or
unsubstituted phenazasiline, or substituted or unsubstituted
9-aza-10-germa-anthracene.

[0056] Since the spiro-compound has an excellent thermal
characteristic and a three dimensional structure, it has small
interaction among molecules, and thereby, excellent char-
acteristics in terms of luminescent stability and the like.
Therefore, it can be applied to anything of a hole injection
layer (HIL), a hole transport layer (HTL), an electrolumi-
nescent layer, an electron transport layer (ETL), and an
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electron injection layer (EIL) of an electroluminescence
(EL) device. In particular, since it has an excellent lumines-
cent characteristic, it can be used as a host or a dopant of an
electroluminescent layer.

[0057] However, the present invention may even include
an oligomer, a homopolymer, or a copolymer prepared by
using a compound represented in the above Chemical For-
mulae 1 or 2 as a monomer. The oligomer or polymer
including a monomer of the Chemical Formulae 1 and 2 are
represented as the following Formulae 3 and 4:

)

[0058] Inthe above Chemical Formulae 3 and 4, A, to Aq,
R, and R are the same as in the above Formula 1, and n and
m may be in a range of 1 to 10000 and preferably, in a range
of 1 to 2000. As for the oligomer, n and m may be in a range
of 1 to 10, while as for the polymer. n and m may be in a
range of 10 to 2000.

[0059] The oligomer or copolymer can be prepared
through a solution polymerization by using a compound of
Chemical Formulae 1 or 2 as a monomer and Ni (O), Pd (O),
or the like, as a metal catalyst. The catalyst may include
Ni(COD), [bis(1,5-cyclooctadiene)nickel 0], Pd(Ph,), [tet-
rakis(triphenylphosphine)palladiom 0], PdCl, [palla-
dium(II) chloride], FeCl, [Iron(III) chloride], and the like.

[0060] Whena compound of the above Chemical Formula
1 or 2 is polymerized, another compound of the following
Chemical Formulae 5 and 6 can also be polymerized
together. In general, the polymerization method may include
Yamamoto or Suzuki polymerization.

®)

Rip—Ar—Rys
(©))
@] O
[ \ / j
B—Ar—B
/ \
(6] (6]

[0061] In the above formulae, Ar may include a substi-
tuted or an unsubstituted aromatic group or a heteroaromatic
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group including more than one hetero atom in an aromatic
ring. R, and R, as a reactive functional group may inde-
pendently include halogen, borate, boronic acid
(—B(OH),), and OTf. In addition, R, and R,y may be
selected from the group consisting of hydrogen, an unsub-
stituted linear or branched alkyl group, a cyclo alkyl group,
an alkenyl group, an alkynyl group, an alkoxy group, an aryl
group, and a hetero aryl group. Their number of a carbon can
be defined as illustrated above. When R, and R, are not a
reactive functional group, an oxidant or a reducing agent can
be added for the polymerization.

[0062] The aromatic group may have the number of a
carbon ranging 4 to 30 and preferably, 4 to 20. The het-
eroaromatic group may have the number of a carbon ranging
4 to 14. The aromatic group and the heteroaromatic group
can have more than one substitute such as an alkyl group
having the number of a carbon ranging 1 to 12, an alkoxy
group, or an amine group. The Ar may be illustrated as
follows.
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-continued
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-continued

[0063] Intheabove formulae, R is respectively a hydrogen
atom, a branch- or cyclic-type alkyl group or alkoxy group,
and an aromatic group having the number of a carbon
ranging 4 to 20, and preferably, 4 to 14. The aromatic group
can have a substitute selected from the group consisting of
an alkyl group having the number of a carbon ranging 1 to
12, an alkoxy group, or an amine group. X is selected from
the group consisting of N, O, S, and Si.

[0064] At least either of a monomer of Chemical Formula
1 or 2 and a monomer of Chemical Formula 5 or 6 may be
regulated to have a mole ratio in a range of 1:0.01 to 100,
and preferably in a range of 1:0.03 to 10.

[0065] According to the embodiment of the present inven-
tion, a spiro-compound is applied between an anode for
inserting a hole made of indium tinoxide (ITO) with a big
work function and a cathode for inserting an electron made
of a metal with various work functions such as aluminum,
lithiumfluoride/aluminum, lithiumfluoride/calcium, barium-
fluoride/calcium, copper, silver, calcium, gold, magnesium,
and the like, an alloy of magnesium and silver, and an alloy
of aluminum and lithium.

[0066] FIG. 1 is a cross-sectional view showing an elec-
troluminescence display device according to one embodi-
ment. Referring to FIG. 1, an electroluminescence display
device of the present invention includes an anode 2, a hole
injection layer (HIL) 3, a hole transport layer (HTL) 4, an
electroluminescent layer 5, an electron transport layer (ETL)
6, and a cathode 7, which are sequentially stacked on a
substrate 1. At least one of the hole injection layer (HIL) 3,
the hole transport layer (HTL) 4, the electroluminescent
layer 5, the electron transport layer (ETL) 6, and the cathode
7 includes the spiro-compound according to the present
invention.

[0067] As shown in FIG. 2, an electroluminescence dis-
play device of the present invention may further include a
buffer layer 11 between an anode 2 and a hole injection layer
(HIL) 3.

[0068] Inaddition, the electroluminescence display device
may include an electron injection layer (EIL) 12 between an
electron transport layer (ETL) 6 and a cathode 7.

[0069] The substrate 1 includes a material, such as a glass,
a plastic, quartz, a ceramic, or silicon, that has transparency,
a flat-surface, and water-repellency, and is easy to handle,
but is not limited thereto.

[0070] The anode 2 has a function of injecting holes, and
includes an anode material having a large work function.
The anode material may include transparent and highly
conductive indium tin oxide (ITO), indium zinc oxide (IZ0),
tin oxide (Sn0,), zinc oxide (ZnO), and so on.
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[0071] The buffer layer 11 exists to compensate the sur-
face of the anode 2 and helps the injection and flow of the
holes. Materials used as the buffer are exemplified by a
conductive polymer material such as doped polyaniline
(PANI) doped polyethylenedeoxythiopene (PEDOT), and
low molecular materials such as alpha-copper ferrocyanine
(CuPc). A thin film having a thickness from 20 nm to 150 nm
was formed by spin coating PANI and PEDOT. Alterna-
tively, a thin film having thickness from 20 nm to 100 nm
might be formed by vacuum-deposition of alpha-CuPc. The
above description for the buffer layer 11 refers to one
embodiment, but is not limited to as above described.

[0072] The hole injection layer (HIL) 3 is formed on the
anode 2 or the buffer layer 11 by coating a hole injection
material using vacuum heat deposition, or a spin coating
method. In the case of a low molecular electroluminescence
display device, examples of the hole injection material are
not particularly limited, but copper ferrocyanine (CuPc) or
starburst-type amine such as 4,4'.4"-tris-(N-carbazolyl)-
triphenyl amine (TCTA), 4,4',4"-tris(3-methylphenylpheny-
lamino)triphenyl amine (m-MTDATA), 1,3,5-tris[4-(3-me-
thylphenylphenylamino)phenylJbenzene  (m-MTDAPB),
and so on, can be used.

[0073] Theholetransport layer (HTL) 4 may be formed on
the hole injection layer 3 using vacuum heat decomposition
or spin coating of hole transport materials. The method of
forming the hole transport layer is not limited thereto. The
hole transport material is not limited to specific materials,
and may be a material generally used in an electrolumines-
cence display device. In the case of a low molecular elec-
troluminescence display device, the hole transport material
may be selected from the group consisting of N,N'-bis(3-
methylphenyl)-N,N'-diphenyl-[ 1,1-biphenyl]-4,4'-diamine
(TPD), N N'-di(naphthalene-1-y1)-N ,N'-dipheny] benzidine
and  N,N'-bis(naphthalene-1-y1)-N,N'-diphenyl-benzidine
(-NPB). In the case of a polymer electroluminescence dis-
play device, a doped PEDOT may simultaneously be
included in the hole injection layer (HIL) 3 and the hole
transport layer (HIL) 4.

[0074] An electroluminescent layer (EML) 5 is formed on
the hole transport layer 4 using vacuum heat deposition or
spin coating of an electroluminescence material.

[0075] The electron transport layer (ETL) 6 formed on the
electroluminescent layer 5 using vacuum deposition or spin
coating. The electron transport layer may include at least one
selected from the group consisting of aluminum tris(8-
hydroxyquinoline)(Alg3), and 2-(4'-bisphenyl)-5-(4"-t-bu-
tylphenyl)-1,3,4-oxadiazole (t-Bu-PBD). The method of
forming the electron transport layer and electron transport
material are not limited to specific examples.

[0076] The electron injection layer (EIL) 12 may option-
ally be formed on the electron transport layer 6

[0077] The electron injection layer (EIL) may include
generally used materials in an electroluminescence display
device, and for example may be selected from the group
consisting of LiF, BaF,, NaCl, CsF, Li,0, and BaO.

[0078] A cathode is formed on the electron transport layer
(ETL) 6 or electron injection layer (EIL) 12 by coating a
cathode material using vacuum heat deposition. The cathode
may include a metal such as lithium (Li), magnesium (Mg),
aluminum (Al), aluminum-lithium (Al—Li), calcium (Ca),
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magnesium-indium (Mg—In), magnesium-silver (Mg—
Ag), and so on. A front electroluminescence display device
may be obtained by using a transparent conductive material
such as at least one selected from the group consisting of
ITO and 170 to form a light-transmitting cathode.

[0079] The spiro-compound selected from the group con-
sisting of the compound represented by the above Formulae
1 and 2, an oligomer and a polymer thereof are applicable to
any one of a hole injection layer (HIL) 3, a hole transport
layer (HTL) 4, an electroluminescent layer 5, an electron
transport layer (ETL) 6, and an electron injection layer (EIL)
12 of the electroluminescence display device. According to
preferred embodiment, the spiro-compound selected from
the group consisting of the compound represented by the
above Formula 1 or 2, an oligomer and a polymer thereof is
applied to an electroluminescent layer 5.

[0080] When the spiro-compounds are applied to an elec-
troluminescent layer 5, the spiro-compounds of the present
invention can be used along with another chromophore
material, a dopant, or another chromophore material and a
dopant. When the spiro-compounds are used with another
chromophore material, the spiro-compounds act as a dopant.
When the spiro-compounds are used with a dopant, the
spiro-compounds act as an electroluminescent host. When
the spiro-compounds are used with another chromophore
material and a dopant, they act as both host and dopant.

[0081] The chromophore material used with the spiro-
compound has no particular limit and includes any chro-
mophore materials. According to the preferred embodiment,
it may be selected from the group consisting of aluminum
tris(8-hydroxyquinilone) (Alg3) for emitting green, red, or
yellow, 4,4'-bis(carbazole-9-yl)biphenyl (CBP) for emitting
blue, 4'-bis(2,2-diphenyl-ethene-1-yl)-diphenyl (DPVBI),
4.4"-bis(2,2-diphenylvinyl-1-yl)-p-terphenylene (DPVTP),
Spiro-DPVBI, and the like, depending on a dopant.

[0082] A dopant included in the electroluminescent layer
5 may include an organic compound with a conjugated
double bond that has smaller energy gap than the spiro-
compound as a material for being doped, and thereby, the
dopant has a smaller maximum wavelength than the spiro-
compound, transfers energy better, and has good chro-
mophore characteristics.

[0083] A polymer electro-luminescence system can opti-
mize luminescent characteristics such as luminescent color,
efficiency, and operation voltage decrease by physically
mixing at least 1 to 2 or at most 4 to 5 polymers. However,
these blending systems can fundamentally optimize perfor-
mance through copolymerization, which is a chemical bond,
due to deteriorated durability of a thin polymer film such as
phase separation and the like.

[0084] As for a low molecular electroluminescence dis-
play device, at least one compound selected from the group
consisting of dicarbazolyl azobenzene (DCAB), fluorenyl
diacetylene (FDA), perylene, carbazole, carbazole deriva-
tives, coumarine compounds, and 4-(dicyanomethylene)-2-
methyl-6-(1,1,7,7-tetramethyljulodinyl-9-enyl)-4H-pyran
(DCJT) may be used as a dopant.

[0085] The dicarbazolyl azobenzene (DCAB) is repre-
sented as the following Formula 3, the fluorenyidiacetylene
(FDA) as the following Formula 4, the perylene as the
following Formula 5, the 4-(dicyanomethylene)-2-methyl-
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6-(1,1,7,7-tetramethyljulodinyl-9-enyl)-4H-pyran as the fol-
lowing Formula 6, and the coumarin-based compound as the
following Formula 7 (Exciton Co.).

™

)

O =N N
@@

Rip Ry

[0086] Wherein, in the above formulae, R, and R, are
independently selected from the group consisting of hydro-
gen, an alkyl, an aryl, a cycloalkyl, and an acetyl.

(10)

(11

[0087] The dopants may have more than one substituent to
obtain desirable properties, such as crystallization degree,
thermal stability, and solubility.
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[0088] Dicarbazolyl azobenzene (DCAB), fluorenyl
diacetylene (FDA), perylene, carbazole and carbazole
derivatives serve as blue dopants, coumarines compounds as
green dopants, and 4-(dicyanomethylene)-2-methyl-6-(1,1,
7,7-tetramethyljulodinyl-9-enyl)-4H-pyran serves as a red
dopant.

[0089] The amount of the dopants is preferably 0.1 to 30%
by weight, more preferably 5 to 30% by weight, and most
preferably 5 to 10% by weight, based on the total weight of
the chromophore material and dopants in an electrolumi-
nescent layer. Within this range, excellent electrolumines-
cent properties can be obtained.

[0090] Hereinafter, preferred embodiments of the present
invention will be described. However, these are presented
only for better understanding of the present invention, and
the present invention is not limited thereto.

EXAMPLE 1

Synthesis of Dibromo Compound 7

[0091] A dibromo compound 7 was synthesized according
to the following Reaction Scheme 1.

OH OR

OH OR
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—_—
Br OR
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-continued

RO
RO O \ Vi vii
Setes

(R: n-Octyl)
(i) Preparation of 1,2-bisoctylaxybenzene (Compound 1)

[0092] 19 g of catechol was dissolved in 200 ml of
acetonitrile, and then, 2.5 eq of 1-bromooctane, 2.5 eq of
K,CO;, and 0.1 eq of KI were added thereto. The resulting
mixture was heated and refluxed for 24 hours.

[0093] When the reaction was complete, the reactant was
filtered to get an organic layer. Then, the filtered organic
layer was concentrated under a reduced pressure. Then, the
residue gained from the reduced pressure concentration was
dissolved in 200 ml of ethylether. The gained organic layer
was washed with 100 ml of water and salt-saturated water,
so that it could be clearly separated. Then, it was dehydrated
with 20 g of MgSO,, and the remaining solution was
concentrated under a reduced pressure, gaining 57.17 g of a
white-solid compound 1 (yield=99%). The compound 1 was
examined regarding its structure through a 'H-NMR.

(ii) Preparation of 4-bromo-1,2-bis-octyloxybenzene
(Compound 2)

[0094] 57.17 g of compound 1 was dissolved in 400 ml of
methylene chloride. Separately, 1.1 eq of N-bromosuccin-
imide (NBS) was dissolved in 100 ml of N.N-dimethylfor-
mamide (DMF) at 0° C. Then, this solution was added in a
dropwise fashion to the compound 1 solution. The mixture
solution was heated up to room temperature and then reacted
for 2 hours. When the reaction was complete, the reacting
solution was twice washed with 200 m1 of water. Then, the
organic layer was washed with a Na,S,0;.5H,0 solution, a
NaHCO, saturated solution, and brine in order, and there-
after, treated with MgSO, and filtered. The solvent was
concentrated under a reduced pressure, gaining 69.01 of a
compound 2 (yield=98%). The produced compound 2 was
examined regarding its structure through a 'H-NMR.

(iii) Preparation of 1-(3,4-bisoctyloxyphenyl)-3,3.4,
4-tetramethyl-borolane (Compound 3)

[0095] 69.03 g of a compound 2 was dissolved into 500 ml
of anhydrous tetrahydrofuran (THF) in a 2 L-flask, and 1.2
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eq of n-Bul.i was added thereto in a dropwise fashion at 78°
C. Then, the resulting mixture was agitated for ten minutes,
and thereafter, 1.1 eq of 2-isoproxy-4.4,5,5-tetramethyl-1,3,
2-dioxaborolane was slowly added thereto at the same
temperature.

[0096] When the reaction was complete after agitating it
for one hour, 300 ml of ethyl acetate and 300 ml of water
were added thereto to separate an organic layer. The organic
layer was washed with 150 ml of a saturated NaHCO,
solution and 150 ml of salt water, and thereafter treated with
MgSO, and filtered. The remaining solution was concen-
trated under a reduced pressure, gaining 46.26 g of a
compound 3 (yield=60%).

(iv) Preparation of
3-(3,4-bisoctyloxyphenyl)-pyridine (Compound 4)

[0097] 57.55 g of a compound 3 and 19.75 g of 3-bro-
mopyridine were dissolved in 300 m1 of a mixed solution of
dimethoxyethane (DME) and H,O, which were mixed in a
ratio of 1.5:1, and 0.1 eq of Pd(OAc), and 0.1 eq of
tris-o-tolyl phosphine were added thereto. Then, 2.5 eq of
K €O, was dissolved in 150 ml of a mixed solution of DME
and H,O, which were mixed in a ratio of 1.5:1. This solution
was added to the former solution in a dropwise fashion. The
resulting solution was heated for one hour and refluxed for
a reaction.

[0098] When the reaction was complete, 300 ml of ethyl
acetate and 200 ml of water were added thereto to separate
an organic layer. The organic layer was dehydrated by using
30 g of MgSO, and then filtered. The remaining solution was
concentrated under a reduced pressure.

[0099] A solution of n-hexane and ethylacetate mixed in a
ratio 10:1 was used as a development solvent to perform a
silica gel column chromatography, gaining 35.90 g of a
compound 4 (yield=70%).

(v) Preparation of
3-(2-bromo-4,5-bisoctyloxyphenyl )pyridine
(Compound 5)

[0100] 40.19 g of a compound 4 was dissolved in 350 ml
of methylene chloride, and thereafter, cooled down to 0 to 5°
C. Then, 1.1 eq of NBS was added to the solution in a
smally-divided amount. The resulting mixture was allowed
to stand for a reaction at room temperature for 2 hours.

[0101] When the reaction was complete, 200 ml of water
was added thereto and then, agitated together to separate an
organic layer. The organic layer was washed with 100 ml of
a saturated NaHCO, solution and 100 ml of salt water, and
thereafter dehydrated with 30 g of MgSO, and filtered. The
remaining solution was concentrated under a reduced pres-
sure. When the reaction was complete, a mixed solution of
n-hexane and ethylacetate, which were mixed in a ratio of
10:1, was used as a development solvent to perform a silica
gel column chromatography, gaining 35.62 g of a compound
5 (yield=83%).

(vi) Preparation of 9-(4,5-bisoctyloxy-2-pyridine-3-
yl-phenyl)-2,7-dibromo-9H-fluorene-9-0l (Com-
pound 6)

[0102] 35.62 g of a compound 5 was dissolved in 500 ml
of anhydrous THF and cooled down to -78° C. 35 ml (1.7
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M) of t-BuLi was slowly added to the reaction solution in a
dropwise fashion and then, agitated together. Also, a solu-
tion prepared by dissolving 10.00 g (0.0296 mol) of 2,7-
dibromo-9-fluorene in 300 ml1 of anhydrous THF was added
to the reaction solution in a dropwise fashion for 30 minutes.

[0103] When the reaction was complete, the reaction solu-
tion was concentrated under a reduced pressure. 200 ml of
ethyl and 200 ml of acetate salt-saturated water were added
to the residue to separate an organic layer. The organic layer
was dehydrated by using 30 g of MgSO, and then filtered.
The remaining solution was concentrated under a reduced
pressure. A mixed solution of n-hexane and ethylacetate,
which was prepared in a ratio of 3:1, was used as a
development solvent to perform a silica gel column chro-
matography to the concentrated residue, gaining 25.04 g of
a compound 6 (yield=46%).

(vii) Preparation of 6,7-bis(n-octyloxy)-9H-indeno
[2,1-b]pyridine-9-spiro-9'-2,7-dibromo-9H-fluoren
(Compound 7)

[0104] 25.04 g of compound 6 was dissolved in 250 g of
polyphosphoric acid and thereafter, was heated up to 100-
110° C. Then, the reaction solution was reacted at the same
temperature for 2 hours and then, cooled down to a room
temperature.

[0105] When the reaction was complete, the reaction solu-
tion was added to 300 ml of ice water in a dropwise fashion,
so that it could be crystallized and thereafter, filtered. The
gained solid was dissolved in a mixed solution of 300 ml of
CHCI, and 300 ml of water and then, regulated to have pH10
to 11 by using a 40%-NaOH solution. Then, an organic layer
was separated and then, washed with salt-saturated water.
Then, it was dehydrated and decolorized with 20 g of
MgSO, and 10 g of activated carbon and then, filtered.

[0106] The remaining solution was concentrated under a
reduced pressure to gain a residue. The residue was recrys-
tallized by using 500 ml of acetone, obtaining 14.5 g of a
compound 7 (yield=58%).

[0107] Compound 7 was examined regarding its structure
through a ‘H-NMR, and the result was provided in FIG. 4.

EXAMPLE 2

Preparation of a Dibromo Compound 11

[0108] A dibromo compound 11 was synthesized accord-
ing to the following Reaction Scheme 2.

Reaction Scheme 2
OH OR
— —
OH OR
1 2
OR
e —
Br OR
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(R: n-Octyl)
(1) Preparation of 3-(3,4-bisoctyloxypheny!)thiophene (Compound 8)

[0109] 39.13 g of a compound 4 of Example 1 and 39.13
g of 3-bromothiophene were dissolved in 300 ml of a mixed
solution of DME and H,O, which was prepared in a ratio of
1.5:1, and then, 0.1 eq of Pd(OAc), and 0.1 eq of tris-o-tolyl
phosphine were added thereto. In addition, 2.5 eq of K,CO,
was dissolved in 150 ml of a mixed solution of DME and
H,O, which was prepared in a ratio of 1.5:1. Then, this
solution was added to the former solution in dropwise
fashion. The mixture solution was heated and refluxed for a
reaction for one hour.

[0110] When the reaction was complete, 300 ml of ethyl
acetate and 200 ml of water were added thereto to separate
an organic layer. The organic layer was dehydrated with 30
g of MgSO,, and then, filtered. The remaining solution was
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concentrated under a reduced pressure. A mixture of n-hex-
ane and ethylacetate, which was prepared in a ratio of 10:1,
was used as a development solvent to perform a silica gel
column chromatography, gaining 28.10 g of a compound 8
(vield=79%).

(i1) Preparation of
3-(3,4-bis-octyloxy-phenyl)-2-bromo-thiophene
(Compound 9)

[0111] 28.10 g of compound 8 was dissolved in 200 ml of
acetic acid and 200 ml of CHCI,, and then cooled down to
=78° C. 35 ml (1.7 M) of t-BuLi was slowly added to the
reaction solution in a dropwise fashion and then, agitated for
an hour. Another solution prepared by dissolving 10.00 g
(0.0296 mol) of 2,7-dibromo-9-fluorene in 300 ml of anhy-
drous THF was added to this reaction solution in a dropwise

fashion.

[0112] When the reaction was complete, the reaction solu-
tion was concentrated under a reduced pressure. The residue
was treated with 200 ml of ethyl acetate and 200 ml of
salt-saturated water to separate an organic layer. The organic
layer was dehydrated with 30 g of MgSQO,, and then, filtered.
The remaining solution was concentrated under a reduced
pressure again. Then, a mixture of n-hexane and ethylac-
etate, which was prepared in a ratio of 3:1, was used as a
development solvent to perform a silica gel column chro-
matography, gaining 29.50 g of a compound 9 (yield=88%).

(iii) Preparation of 9-[3-(3,4-bis-octyloxy-phenyl)-
thiophene-2-yl]-2,7-dibromo-9H-fluorene-9-ol
(Compound 10)

[0113] 12.39 g of a compound 9 was dissolved in 250 g of
polyphosphoric acid, and thereafter heated up to 100 to 110°
C. The reactant mixture was reacted at the same temperature

for 2 hours and cooled down to a room temperature.

Pd(PPh;)4, 2M K,CO3 (aq)
Toluene/THF
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[0114] When the reaction was complete, the reactant mix-
ture was added to 300 ml of ice water in a dropwise fashion,
so that it could be crystallized. The produced solid was
filtered.

[0115] The filtered solid was dissolved in 300 ml of CHCI,
and 300 ml of water. Then, a NaOH solution was added
thereto to regulate a pH level into 10 to 11. Then, an organic
layer was separated and washed with salt-saturated water. It
was dehydrated and decolorized with 20 g of MgSO,, and 10
g of activated carbon and thereafter, filtered.

[0116] The remaining solution was concentrated under a
reduced pressure. Then, a mixture of n-hexane and ethyl
acetate, which was prepared in a ratio of 15:1, was used as
a development solvent to perform a silica gel column
chromatography, gaining 12.45 g of a compound 10 (yield=
66%).

(iv) Preparation of 5,6-bis(n-octyloxy)-8H-indeno[2,
1-bJthiophene-9-spiro-9'-2,7-dibromo-9H-fluorene
(Compound 11)

[0117] 12.45 g of a compound 10 was used in the same
method as a compound 7 of Example 1 was prepared. The
other reagents were used in the same equivalent number.
When the reaction was complete, 200 ml of MeOH was
added to the reaction solution for crystallization and then,
filtered. Then, 400 ml of acetone was added thereto to
perform recrystallization regarding it, gaining 10.57 g of a

compound 11 (yield=87%).
[0118] Compound 11 was examined regarding its structure
through a '‘H-NMR. The result is provided in FIG. 5.

EXAMPLES 3 TO 7

Preparation of Compounds 12 to 16

[0119] Compounds 12 to 16 were respectively prepared
according to the following Reaction Scheme 3.
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(i) EXAMPLES 3, 5, AND 6

Preparation of Compounds 12, 14, and 15

[0120] Compound 7 of Example 1 was used in a Pd
0-mediated Suzuki Aryl Coupling method according to the
Reaction Scheme 3 to synthesize compounds 5 12, 14, and
15.

[0121] For example, a compound 12 was synthesized as
follows.
[0122] 4.67 g (6.38 mmol) of a compound 7, 4.08 g (13.4

mmol, 2.1 eq) of 2-(anthracene-9-yl)-4,4,5,5-tetramethyl-1,
3,2-dioxaborolane as an anthracene Borate derivative, and 1
mol % (73.7 mg) of Pd(PPh;), were dissolved in 30 mL of
anhydrous toluene and 30 mL of THF, and thereafter, 16 mL
(5 eq) of 2MK,CO, was added thereto. Then, the mixture
solution was reacted at 100° C. for 36 hours. When the
reaction was complete, the reaction solution was extracted
with water and ethylacetate. Then, the extract was dried and
thereafter, recrystallized with diethyl ether and chloroform,
gaining 4.91 g of a product (yield=83%). The produced
compound 12 was examined regarding its structure through
a 'H-NMR.

[0123] Compound 12 of Example 3 had 925.49 of m/z.
The CHN element analysis of CgH,NO, was as follows:
C=88.18; H=6.86; N=1.51, and its experiment analysis was
as follows: C=88.16; H=6.88; N=1.52.

[0124] Compound 14 of Example 5 had 1081.58 of m/z.
The CHN element analysis of CyH,sNO, was as follows:
C=88.77; H=6.98; N=1.29, and its experiment analysis was
as follows: C=88.77; H=6.99; N=1.30.

[0125] Compound 15 of Example 6 had 1081.58 of m/z.
The CHN element analysis of CgoH,sNO,was as follows
C=88.77; H=6.98; N=1.29, and its experiment analysis was
as follows: C=88.75; H=6.98; N=1.28.

(ii) EXAMPLES 4 AND 7

Preparation of Compounds 13 and 16

[0126] Compounds 13 and 16 were synthesized from a
compound 7 of Example 1 according to Reaction Scheme 3
in a Pd(O)-mediated C—N Aryl Coupling method.

i

Pd(PPhs)y, 2M K,CO3 (aq)
Toluene/THF
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[0127] For example, a compound 13 was synthesized as
follows.

[0128] 1.17 g (1.6 mmol) of a compound 7, 0.724 g (3.3
mmol) of N-phenyl-1-naphthylamine, 0.059 g (0.64x10™*
mol) of Pd,(dba),, 0.465 g (4.835 mmol) of t-BuONa, and
0.016 g (0.81x10™* mol) of (t-Bu),P were all putin a 100 mL
round flask under a nitrogen atmosphere, and then, 40 mL of
anhydrous toluene was added thereto. Its temperature was
slowly increased up to 110° C. by using an oil bath while
agitating it.

[0129]
hours. When the reaction was complete, the organic layer

Then, the reactant mixture was reacted for 48

was treated with water and CHCl; and thereafter, washed
with 500 mL of an 1 N hydrochloric acid aqueous solution.
After the organic solvent was all removed under a reduced
pressure, a gained solid was purified by using a Train
sublimation device.

[0130]
95%) and examined regarding its structure through a
'H-.NMR. The 'H-NMR spectrum of compound 13 was
provided in FIG. 6.

About 1.53 g of a compound 13 was gained (yield=

[0131] Compound 13 of Example 4 had 1007.54 of m/z.
The CHN element analysis of C,,Hg N3O, was C=85.76;
H=6.90; N=4.17, and its experiment analysis was C=85.79;
H=6.93; N=4.16.

[0132] Compound 16 of Example 7 had 903.48 of m/z.
The CHN element analysis of Cg,Hg; N3O, was C=85.01;
H=6.80; N=4.63, and its experiment analysis was C=85.02;
H=6.82; N=4.64.

EXAMPLES 8 TO 12

Preparation of Compounds 17 to 21

[0133] Compounds 17 to 21 were respectively prepared
according to the following Reaction Scheme 4.




US 2007/0116984 A1l May 24, 2007
13

-continued

RO
H ‘
: N l :
R
Pd,(dba);, t-BuONa
(t-Bu)sP/Toluene

Pd(PPhy)y, 2M K,CO5 (aq)
Toluene/THF

Pd(PPh3)y, 2M K»CO3 (aq)
Toluene/THF

H
I N I
Pd,(dbajs, t-BuONa
(t-Bu)3P/Toluene

21



US 2007/0116984 A1l

(i) EXAMPLES 8, 10 AND 11

Preparation of Compounds 17, 19, and 20

[0134] Compounds 17, 19, and 20 were synthesized from
acompound 11 of Example 2 according to Reaction Scheme
4 in a Pd(0)-mediated Suzuki Aryl Coupling method.

[0135] For example, a compound 17 was synthesized as
follows.
[0136] 4.70 g (6.38 mmol) of a compound 11, 4.08 g (2.1

eq, 13.4 mmol) of 2-(anthracene-9-y1)-4.4,5,5-tetramethy]-
1,3,2-dioxaborolane as an anthracene Borate derivative, and
73.7 mg (1 mol %) of PA(PPh,), were dissolved in 30 mL of
anhydrous toluene and 30 mL of THF, and then, 16 mL (5
eq) of 2M K,CO, was added thereto. The mixture was
reacted at 100° C. for 36 hours.

[0137] When the reaction was complete, the reactant solu-
tion was extracted with water and ethylacetate. Then, the
extract was dried and recrystallized with diethy! ether and
chloroform, gaining 5.20 g of a product (yield=88%). The
produced compound 17 was examined regarding its struc-
ture through a ‘H-NMR.

[0138] Compound 17 of Example 8 had 930.45 of m/z.
The element analysis of C4,Hg,0,S was C=86.41; H=6.71,
and its experiment analysis was C=86.43; H=6.72,

[0139] Compound 19 of Example 10 had 1086.54 of m/z.
The element analysis of C,oH,,0,S was C=87.25; H=6.86,
and its experiment analysis was C=87.26; H=6.87.

[0140] Compound 20 of Example 11 had 1086.54 of m/z.
The element analysis of C,,H,,0,S was C=87.25; H=6.86,
and its experiment analysis was C=87.23; H=6.89.

[0141] (ii) EXAMPLES 9 AND 12

Preparation of Compounds 18 and 21

[0142] Compounds 18 and 21 were synthesized from a
compound 11 of Example 2 according to Reaction Scheme
4 in a Pd(0)-mediated C—N Aryl Coupling method.

1) 1 eq. n-BuLi/THF
2) Fe(acac)s

Torll

May 24, 2007

[0143] For example, a compound 18 was synthesized as
follows.

[0144] 1.18 g (1.6 mmol) of a compound 11, 0.724 g (3.3
mmol) of N-phenyl-1-naphthylamine, 0.059 g (0.64x10~*
mol) of Pd,(dba),, 0.465 g (4.835 mmol) of t-BuONa, and
0.016 g (0.81x10™* mol) of (t-Bu),P were all put in a 100 mL
round flask under a nitrogen atmosphere, and then, 40 mL of
anhydrous toluene was added thereto.

[0145] Then, its temperature was slowly increased up to
110° C. by using an oil bath while agitating it. The reactant
mixture was reacted for 48 hours. When the reaction was
complete, the mixture was worked up with water and
CHCI,. Then, an organic layer was washed with 500 mL of
an 1 N hydrochloric acid aqueous solution. Then, an organic
solvent was all removed under a reduced pressure, gaining
a solid. The solid was purified by using a Train sublimation
device.

[0146] 1.50 g of a compound 18 was gained (yield=93%).
Compound 18 was examined regarding its structure through
a 'H-NMR.

[0147] Compound 18 of Example 9 had 1012.50 of m/z.
The CHN element analysis of C; H,N,O,S was C=84.15;
H=6.76; N=2.76, and its experiment analysis was C=84.16;
H=6.79; N=2.77.

[0148] Compound 21 of Example 12 had 908.44 of m/z.
The CHN element analysis of CgsHgN,0,S was C=83.22;
H=6.65; N=3.08, and its experiment analysis was C=83.20;
H=6.63; N=3.06.

EXAMPLES 13 AND 14

Preparation of Compounds 22 and 23

[0149] Compounds 7 and 11 prepared in Examples 1 and

2 were treated with 1 equivalent of n-butyl lithium to
substitute lithium for bromine atoms at one side, and there-
after, prepared into compounds 22 and 23 according to the
following Reaction Scheme 5 through a coupling reaction
using Fe(acac),.
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[0150] The yield rate of compounds 22 and 23 was respec- EXAMPLES 15 TO 19
tively about 60% and 72%. Their structure was examined
through an NMR.

[0151] Compound 22 of Example 13 had 1302.52 of my/z.
The element analysis of Cg HooBr,N,Q, was C=73.72;

H=6.96, and its experiment analysis was C=73.70; H=6.71. [0153] Compounds 24 to 28 were respectively prepared
[0152] Compound 23 of Example 14 had 1312.45 of m/z. according to the following Reaction Scheme 6 in the same

The element analysis of C,4HgsBr,0,S, was C=71.33; method as in Example 3 except that a compound 22 of
H=6.75, and its experiment analysis was C=71.30; H=6.79. Example 13 was used instead of a compound 7.

Preparation of Compounds 24 to 28

Pd(PPh3)4, 2M K,CO3 (aq)
Toluene/THF

Pd,(dba)s, t-BuONa
(t-Bu)sP/Tcoluene
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Pd(PPh3)4, 2M K»CO3 (aq)
Toluene/THF

Pd(PPhs)4, 2M K,CO3(aq)
Toluene/THF

H
O N O
Pd,(dba)s, t-BuONa
(t-Bu)sP/Toluene

[0154] The compounds 24 to 28 were examined regarding
their structure through an NMR.

[0155] Compound 24 of Example 15 had 1043.29 of m/z.
The element analysis of C,;H,,N,O, was C=87.42; H=3.76;
N=2.68, and its experiment analysis was C=87.43; H=3.80;
N=2.65.

[0156] Compound 25 of Example 16 had 1579.89 of m/z.
The element analysis of C,,H;,,N,O, was C=85.13;
H=7.27; N=3.55, and its experiment analysis was C=85.10;,
H=7.23; N=3.54.

[0157] Compound 26 of Example 17 had 1653.93 of m/z.
The element analysis of C,,,H;,,N,O, was C=87.13;
H=7.31; N=1.69, and its experiment analysis was C=87.10;
H=7.39; N=1.62.

[0158]
The element analysis of C,,oH;,,N,O,was C=87.13;
H=7.31; N=1.69, and its experiment analysis was C=87.14;
H=7.32; N=1.68.

Compound 27 of Example 18 had 1653.93 of m/z.

[0159] Compound 28 of Example 19 had 1475.82 of nv/z.
The element analysis of C,,,H,(N,O, was C=84.63;
H=7.24; N=3.80, and its experiment analysis was C=84.62;
H=7.25; N=3.81.

EXAMPLES 20 TO 24

Preparation of Compounds 29 to 33

[0160] Compounds 29 to 33 were prepared according to
the following Reaction Scheme 7 in the same method as in
Example 8 except that a compound 23 of Example 14
instead of a compound 11 was used.
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[0161] The compounds 29 to 33 were examined about

their structure through an NMR.

[0162] Compound 29 of Example 20 had 1507.76 of m/z.
The element analysis of C,,cH;,60,S, was C=84.42;
H=7.08, and its experiment analysis was C=84.40; H=7.12.

[0163] Compound 30 of Example 21 had 1589.81 of m/z.
The element analysis of C,  H,,N,0,S, was C=83.08;
H=7.10; N=1.76, and its experiment analysis was C=83.09;

H=7.14; N=1.75.

[0164] Compound 31 of Example 22 had 1663.85 of m/z.
The element analysis of C,gH;;30,S,was C=85.16;
H=7.15, and its experiment analysis was C=85.17; H=7.16.

[0165] Compound 32 of Example 23 had 1663.85 of m/z.
The element analysis of C, H,;;.0,S, was C=85.16;
H=7.15, and its experiment analysis was C=85.12; H=7.15.

[0166] Compound 33 of Example 24 had 1485.75 of m/z.
The element analysis of C,3,H;q4N,0,S, was C=82.44;
H=7.05; N=1.89, and its experiment analysis was C=82.46;

H=7.07; N=1.88.

EXAMPLE 25

Svnthesis of the Polymer 1

OCel7

[0167)
Reaction Scheme 8
OH
.
OH
Br OC8H17
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Polymer 1
(1) Preparation of 1,2-bisoctyloxybenzene

[0168] 19 g of catechol was dissolved in 200 ml of
acetonitrile, and then, 2.5 eq of 1-bromooctane, 2.5 eq of
K,CO;, and 0.1 eq of KI were added thereto. The mixture
was heated and refluxed for 24 hours. When the reaction was
complete, the resulting mixture was filtered. Then, the
obtained organic layer was concentrated under reduced
pressure. Next, the residue was dissolved in 200 ml of
ethylether, and then washed with 100 ml of water and
salt-saturated water to separate the organic layer. The sepa-
rated organic layer was dehydrated with 20 g of MgSO,. The
remaining solution was concentrated under a reduced pres-
sure, obtaining 57.17 g of a white solid compound (yield=
99%). The produced compound was examined regarding the
structure through a "H-NMR.

(ii) Preparation of 4-bromo-1,2-bis-octyloxybenzene
(Compound 2 in Reaction Scheme 8)

[0169] 57.17 g of the compound 1 was dissolved in 400 ml
of methylene chloride. In addition, 1.1 eq of NBS was
dissolved in 100 ml of DMF at 0° C. The latter solution was
added to the former one in a dropwise fashion, and there-
after, its temperature was increased and reacted for 2 hours.
When the reaction was complete, the reaction solution was
twice washed with 200 ml of water. Then, the organic layer
was washed with a Na,S,0;. 5H,O solution, a NaHCO,
saturated solution, and brine in order, and thereafter treated
with MgSQ, and filtered. Then, the solvent was concentrated
under a reduced pressure, gaining 69.01 g of a compound
(vield=98%). The produced compound was examined
regarding its structure through a ‘H-NMR.

(ii1) 1-(3,4-bisoctyloxyphenyl)-3,3,4,4-tetramethyl-
borolane (Compound 3 in Reaction Scheme 8)

[0170] 69.03 g of compound 2 was put in a 2 L flask,
dissolved in 500 ml of anhydrous THF, and then, 1.2 eq of
n-BuLi was slowly added thereto at 78° C. in a dropwise
fashion. Then, the mixture was agitated for 10 minutes, and
thereafter, 1.1 eq of 2-isoproxy-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane was added thereto at the same temperature in
a dropwise fashion. The resulting mixture was agitated for
one hour. When the reaction was complete, 300 ml of ethyl
acetate and 300 ml of water were added to the reaction
solution to separate an organic layer. The organic layer was
washed with 150 ml of a saturated NaHCO, solution and 150
ml of salt water, and thereafter treated with MgSO,. Then,
it was filtered, and the remaining solution was concentrated
under a reduced pressure to gain 46.26 g of a desired
compound (yield=60%).

(iv) 3-(3.,4-bisoctyloxyphenyl)-pyridine (Compound
4 in Reaction Scheme 8)

[0171] 57.55 g of the compound 3 and 19.75 g of 3-bro-
mopyridine were dissolved in 300 ml of DME and H,O

19
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mixed in a ratio of 1.5:1, and 0.1 eq Pd(OAc), and 0.1 eq of
tris-o-tolyl phosphine were added thereto. In addition, 2.5 eq
of K,CO; was dissolved in 150 ml of DME and H,O mixed
in a ratio of 1.5:1. The solution was added in a dropwise
fashion to the above mixture. The resulting mixture was
heated and refluxed for one hour for a reaction. When the
reaction was complete, 300 ml of ethyl acetate and 200 ml
of water were added to the reaction solution to separate an
organic layer. The organic layer was dehydrated with 30 g of
MgSO,, and then filtered. The remaining solution was
concentrated under a reduced pressure. Then, a silica gel
column was performed to the resulting solution by using a
solution of n-hexane and ethylacetate mixed in a ratio of
10:1 as a development solvent, gaining 35.90 g of a com-
pound (yield=70%).

(v) 3-(2-bromo-4,5-bisoctyloxyphenyl)pyridine
(Compound 5 in Reaction Scheme 8)

[0172] 40.19 g of the compound 4 was dissolved in 350 ml
of methylene chloride, and then cooled down to 0 to 5° C.
On the other hand, 1.1 eq of NBS was minutely ground, and
thereafter added to the reaction solution. Then, it was
allowed to stand for a reaction at room temperature for 2
hours. When the reaction was complete, 200 ml of water was
added to the reaction solution. Then, the mixture solution
was agitated, and thereafter, an organic layer was separated.
The separated organic layer was washed with 100 ml of a
saturated NaHCO; solution and 100 ml of salt water, there-
after dehydrated with 30 g of MgSO,, and filtered. The
remaining solution was concentrated under a reduced pres-
sure. When the reaction was complete, a silica gel column
was performed by using a solution of n-hexane and ethy-
lacetate mixed in a ratio of 10:1 as a development solvent,
gaining 35.62 g of a compound (yield=83%).

(vi) 9-(4,5-bisoctyloxy-2-pyridine-3-yl-phenyl)-2,7-
dibromo-9H-fluorene-9-al (Compound 6 in Reac-
tion Scheme 8)

[0173] 35.62 g of the compound 5 was dissolved in 500 ml
of anhydrous THF, and then cooled down to -78° C. 35 ml
(1.7 M) of t-BuLi was slowly added to the reaction in a
dropwise fashion and agitated for one hour. In addition,
10.00 g (0.0296 mol) of 2,7-dibromo-9-fluorene was dis-
solved in 300 ml of anhydrous THF. The solution was added
to the above reaction solution for 30 minutes in a dropwise
fashion. When the reaction was complete, the reaction
solution was concentrated under a reduced pressure. The
residue was treated with 200 ml of ethyl acetate and 200 ml
of salt-saturated water to separate an organic layer. The
organic layer was dehydrated with 30 g of MgSO,, then
filtered and concentrated under a reduced pressure again.
Then, a silica gel column was performed regarding the
gained residue by using a solution of n-hexane and ethylac-
etate mixed in a ratio of 3:1 as a development solvent,
gaining 25.04 g of a compound (yield=46%).

(vii) 6,7-bis(n-octyloxy)-9H-indeno[2,1-b Jpyridine-
9-spiro-9'-2,7-dibromo-9H-fluorene (Compound 7
in Reaction Scheme 8)

[0174] 25.04 g of a compound 6 was dissolved in 250 g of
polyphosphoric acid, and then heated up to 100 to 110° C.
The solution was reacted at the same temperature for 2
hours. Then, the reaction mixture was cooled down to room
temperature. When the reaction was complete, the reaction
mixture was added to 300 ml of ice water in a dropwise
fashion for crystallization. The produced solid was filtered.
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The gained solid was dissolved in 300 ml of CHCI, and 300
ml of water and thereafter, its pH was regulated to be in a
range of 10 to 11 with a 40% NaOH solution. Then, an
organic layer was separated. The separated organic layer was
washed with salt-saturated water, dehydrated and decolored
by adding 20 g of MgSQO, and 10 g of activated carbon, and
then filtered. The remaining solution was concentrated under
areduced pressure. The gained residue was recrystalyzed by
using 500 ml of acetone, obtaining 14.5 g of a compound
(vield=58%). The produced compound was examined
regarding its structure through a ‘H-NMR. The result was
provided in FIG. 2.

(viii) Preparation of the Polymer 1

[0175] A Schlenk flask was internally several times vacu-
umed and refluxed with nitrogen to completely remove
moisture therein. Then, 880 mg of Ni(COD), (3.2 mmol)
and 500 mg of bipyridal (3.2 mmol) were put in the flask
inside a glove box, and then several times vacuumed and
refluxed with nitrogen again. Next, 10 ml of anhydrous
DMEF, 34 6 mg (3.2 mmol) of COD, and 10 ml of anhydrous
toluene were added thereto under a nitrogen current. The
resulting mixture was agitated at 80° C. for 30 minutes, and
1.60 mmol of compound 7 was diluted, and then added to 10
ml of toluene. After 10 ml of toluene was added to wash all
the materials on the wall of the flask, the mixture was
agitated at 80° C. for 4 days. Four days later, 1 ml of bromo
pentafluorobenzene was added to the resulting mixture, and
then agitated at 80° C. for about a day again. When the
agitation was complete, the resulting mixture was cooled
down to 60° C. The reaction mixture was poured into a
solution of HCI, acetone, and methanol mixed in a ratio of
1:1:2 to produce precipitations, and thereafter, agitated for
more than 12 hours. The precipitations were obtained by
using a gravity filter and then dissolved in a small amount of
chloroform. The solution was reprecipitated in methanol.
The precipitations were obtained with a gravity filter, and
thereafter, a soxhlet was sequentially performed by using
methanol and chloroform. The obtained chloroform solution
was appropriately concentrated and thereafter, reprecipitated
in methanol, obtaining a final product, that is, a polymer 1
(vield: 85%). The produced compound was identified
through a 'H-NMR. The result was provided in FIG. 7. The
prepared polymer respectively had a number average
molecular weight of 79,000 and a weight average molecular
weight of 156,000.

EXAMPLE 26

Preparation of a Polymer 2

[0176]
Reaction Scheme 9
OH OCgH 5
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Polymer 2

(i) 3-(3,4-bisoctyloxyphenyl)thiophene (Compound 8 in Rreaction Scheme 9)

[0177] 39.13 g of a compound 3 according to Example 25
and 13.86 g of 3-bromopyridine were dissolved in 300 ml of
a DME and H,O solution mixed in a ration of 1.5:1, and 0.1
eq of Pd(OAc), and 0.1 eq of tris-o-tolyl phosphine were
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added thereto. On the other hand, 2.5 eq of K,CO;was
dissolved in 150 ml of a DME and H,O solution mixed in
a ratio of 1.5:1. This solution was added to the former
solution in a dropwise fashion, and then heated and refluxed
for an hour. When the reaction was complete, 300 ml of ethyl
acetate and 200 ml of water were added to the reaction
solution to separate an organic layer. The organic layer was
dehydrated with 30 g Of MgSO,, filtered, and concentrated
under reduced pressure. Then, a silica gel column was
performed by using a solution of n-hexane and ethylacetate
mixed in a ratio of 10:1 as a development solvent, obtaining
28.10 g of a compound (yield=79%).

(i1) 3-(3,4-Bis-octyloxy-phenyl)-2-bromo-thiophene
(Compound 9 in Reaction Scheme 9)

[0178] 28.01 g of a compound 8 was dissolved in 200 ml
of acetic acid and 200 ml of CHCl,, and thereafter cooled
down to =78° C. 35 ml (1.7 M) of t-BuLi was slowly added
in a dropwise fashion to the reaction solution, and thereafter
agitated for 1 hour. In addition, 10.00 g (0.0296 mol) of
2,7-dibromo-9-fluorene was dissolved in 300 ml of anhy-
drous THF. The solution was added to the reaction solution
for 30 minutes in a dropwise fashion. When the reaction was
complete, the reaction solution was concentrated under a
reduced pressure. The residue was treated with 200 ml of
ethyl acetate and 200 ml of salt-saturated water to separate
an organic layer. The organic layer was dehydrated with 30
g of MgSO,, filtered, and concentrated under a reduced
pressure. Then, a silica gel column was performed regarding
the concentrated residue by using a solution of n-hexane and
ethylacetate mixed in a ratio of 3:1 as a development
solvent, gaining 29.50 g of a compound (yield=88%).

(iil) 9-[3-(3,4-Bis-octyloxy-phenyl)-thiophen-2-y1]-
2,7-dibromo-9H-fluoren-9-o01 (Compound 10 in
Reaction Scheme 9)

[0179] 12.39 g of a compound 9 was dissolved in 250 g of
polyphosphoric, and thereafter heated up to 100 to 110° C.
The solution was reacted for 2 hours at the same temperature
and cooled down to a normal temperature. When the reac-
tion was complete, the reaction mixture was added to 300 ml
of ice water in a dropwise fashion for crystallization. The
crystalyzed solid was filtered. The filtered solid was dis-
solved in 300 ml of CHCI, and 300 ml of water, and its pH
level was regulated to be in a range of 10 to 11 with a 40%
NaOH solution. The organic layer was separated and washed
with salt-saturated water, dehydrateand and decolored with
20 g of MgSO, and 10 g of activated carbon, and filtered.
Then, a silica gel column was performed regarding the
residue by using a solution of n-hexane and ethyl acetate
mixed in a ratio of 15:1 as a development solvent, gaining
12.45 g of a product (yield=66%).

(iV) 5,6-bis(n-octyloxy)-8H-indeno[2,1-b]
thiophene-9-spiro-9'-2,7-dibromo-9H-fluorene
(Compound 11 in Reaction Scheme 9)

[0180] 12.45 g of a compound 10 and the same number of
an equivalent of the other specimens were reacted in the
same method as compound 7 of Example 25 was prepared.
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When the reaction was complete, the reaction solution was
treated with 200 ml of MeOH for crystallization. The
produced solid was filtered, and then, recrystalized by using
400 ml of acetone, obtaining 10.57 g of a desired compound
(vield=87%). The produced compound was identified
through a 'H-NMR. The result is provided in FIG. 4.

(v) Preparation of the Polymer 2

[0181] The polymer 2 was synthesized in the same method
as the polymer 1 of Example 25 was prepared. The produced
polymer 2 was identified through a 'H-NMR. The result was
provided in FIG. 8. The polymer respectively had 67,000 of
a number average molecular weight and 134,000 of weight
average molecular weight.

EXAMPLE 27
Preparation of a Polymer 3
[0182]
Reaction Scheme 10
Ryy— Ar—Ryg Ni(O)-mediated
or
Compound 7 or 11 + or W
O\ /O Polymerization
e
/ \
(6} (6]
0183] A compound 7 or 11 prepared according to
Y prep g

Examples 25 and 26 could be reacted with comonomers
such as various dihaloaromatices, aromatic diborate, and the
like, to produe a copolymer (refer to a reaction scheme 10).
The following reaction scheme 11 shows a representative
copolymerization, which is a manufacturing process of a
polymer 3.

Br

CgHyz  CeHyp
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-continued

Polymer 3

[0184] A Schlenk flask was internally vacuumized and
refluxed with nitrogen several times to completely remove
moisture. 880 mg (3.2 mmol) of Ni(COD)2 and 500 mg (3.2
mmol) of bipyridal were put into the flask in a glove box,
and thereafter, the flask was several times vacuumed and
refluxed with nitrogen again. Next, 10 ml of anhydrous
toluene was added to 10 ml of anhydrous DMF and 346 mg
(3.2 mmol) of COD under a nitrogen current. The nitrogen
solution was agitated at 80° C. for 30 minutes. On the other
hand, 1.52 mmol of a compound 11 and 834 mg (1.52 mmol)
of 2,6-dibromo-9,9'- dioctylfluorene were diluted in 10 ml of
toluene, and thereafter, added to the agitated nitrogen solu-
tion. After 10 ml of toluene was added to wash away all the
materials on the flask wall, the mixture solution was agitated
at 80° C. for 4 days. 4 days later, 1 ml of bromo pentafluo-
robenzene was added thereto and agitated at 80° C. for about
a day. When the agitation was complete, the resulting
solution was cooled down to 60° C. Then, the reaction
mixture was poured into a solution of HCI, acetone, and
methanol mixed in a ratio of 1:1:2 for precipitation, and
thereafter, agitated for more than 12 hours. The precipita-
tions were obtained with a gravity filter. The obtained
precipitations were dissolved in a small amount of cloro-
form. The solution was reprecipitated in methanol. The
precipitations were obtained with a gravity filter again.
Then, a soxhlet was performed to gain the precipitations by
sequentially using methanol and chloroform. The resulting
chloroform solution was appropriately concentrated, and
thereafter, reprecipitated in methanol, gaining a final prod-
uct, a polymer 3. The produced compound was identified
through a 'H-NMR. The prepared polymer had respectively
a number average molecular weight of 89,000 and a weight
average molecular weight of 204,000.

[0185] Evaluation of Thermal Characteristics of Prepared
Spiro-Compounds

[0186] TGA and DSC analyses were performed regarding
compound 12 of Example 3 and compound 13 of Example
4. The TGA result of compound 12 is provided in FIG. 9, and
that of compound 13 in FIG. 10.

[0187] As shown in FIGS. 9 and 10, spiro-compounds 12
and 13 of the present invention turned out to be respectively
stable nearly up to 389° C. and 415° C.

[0188] As for the DSC analysis, the compound 12 was
observed to have a melting point at 196.5° C.

[0189] Polymers 1 and 2 synthesized in Examples 25 to 26
were analyzed regarding the thermal characteristics through
TGA and DSC. The TGA analysis result regarding polymer
1 is provided in FIG. 11, and the one regarding polymer 2
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was provided in FIG. 12. As shown in FIGS. 11 and 12,
polymers 1 and 2 turned out to be stable near to 400° C.
However, two polymers did not show any thermal transfer
phenomenon up to 300° C. in DSC.

[0190] Evaluation of Optical Characteristics of Spiro-
Compounds
[0191] Compound 12 of Example 3 and compound 13 of

Example 4 were individually dissolved in toluene. The
solution was coated on a quartz substrate in a spin coating
method to form a thin membrane. Then, an UV-vis spectrum
and a PL (photoluminescence) spectrum were estimated
regarding the membranes. The UV-vis spectra of compounds
12 and 13 are respectively provided in FIGS. 13 and 15.
FIGS. 14 and 16 respectively show PL spectra of com-
pounds 12 and 13.

[0192] As shown in FIG. 13, compound 12 had a maxi-
mum UV absorption peak at 262 nm. As shown in FIG. 14,
compound 12 had a PL peak at 433 nm when the maximum
absorption wavelength of compound 12 was regarded as an
excitation wavelength. In addition, as shown in FIG. 15,
compound 13 had a maximum UV absorption peak at 224
nm. As shown in FIG. 16, it had a maximum PL peak at
about 449 nm when the maximum absorption wavelength of
compound 13 was regarded as an excitation wavelength.

[0193] Polymers 1 to 3 according to Examples 25 to 27
were respectively dissolved in toluene. The solution was
spin-coated in on a quartz substrate to form a polymer thin
film. Then, it was measured regarding UV-vis spectrum and
PL (photoluminescence) spectrum. The measurement result
regarding polymer 1 is provided in FIG. 17. As shown in
FIG. 17, polymer 1 had a maximum UV absorption peak at
396 nm. Considering the maximum absorption wavelength
as an excitation wavelength, it had a maximum PL peak at
about 429 nm. In addition, polymer 2 had a maximum UV
absorption peak at 380 nm. Considering the maximum
absorption wavelength as an excitation wavelength, it had a
maximum PL peak at about 484 nm.

[0194] Fabrication of an Electroluminescence Display
Device and Evaluation of its Characteristics

[0195] Electroluminescence display devices were fabri-
cated by using compound 12 according to Example 3 and
polymers 1 to 3 according to Examples 25 to 27, respec-
tively.

[0196] First of all, a transparent electrode substrate, which
is formed by coating ITO (indium-tin oxide) on a glass
substrate, was washed. Then, the ITO was patterned to have
a predetermined pattern by using a photoresist resin and
etchant, and thereafter, washed again.

[0197] Next, Batron P 4083 made from Bayer Co. was
coated thereon as a conductive buffer layer, and thereafter
baked at 140° C. for about one hour.

[0198] An organic electroluminescence polymer solution,
which was dissolved in chlorobenzene or toluene, was
coated on the buffer layer by a spin coating method, and
thereafter baked in a vacuum oven to completely remove a
solvent, forming a compound membrane. When the polymer
solution was coated by the spin coating method, it was
filtered through a 0.2 mm-filter. The thickness of the com-
pound membrane was regulated through the concentration of
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the solution and spinning speed. The compound membrane
had a thickness ranging from about 50 to 100 nm.

[0199] Then, a Ca—Al metal electrode was vacuum-
deposited on the luminescent compound membrane, main-
taining less than 4x107° torr of a vacuum degree. Herein, a
membrane thickness and a membrane growth speed were
regulated by using a crystal sensor. It had 6 mm® of a
luminescent area, and a forward bias voltage, which was a
direct current voltage, was used as its driving voltage.

[0200] The aforementioned electroluminescence display
device was formed as a single layer by forming ITO/PEDOT
(poly (3,4-ethylenedioxy thiophene))/a compound12/Ca/Al
in order. The compound 12 according to Example 3 and
polymers 1 to 3 according to Examples 25 to 27 were
examined regarding the electroluminescence characteristics.
Their current-voltage graph is provided in FIG. 18, and their
voltage-luminance graph is provided in FIG. 19.

[0201] The electroluminescence display devices all
revealed rectifying diode characteristics.

[0202] The devices started from about 3.2 to 3.4 V of a
turn-on voltage. Their luminescent color was blue, and their
maximum luminance was about 3800 cd/m?. Their quantum
efficiency was 2.23 cd/A. In addition, after the electrolumi-
nescence display devices were repeatedly operated several
times, they maintained a first voltage-current density char-
acteristic, securing safety.

[0203] An EL spectrum of compound 12 is provided in
FIG. 20. As shown in FIG. 15, compound 12 had an
excellent CIE 1931 color coordinate at (151, 0.106) and
respectively a maximum luminescent wavelength at 434 nm.
Furthermore, even if its voltage was increased, it had the
same luminescent wavelength.

[0204] Polymer 1 was examined regarding the light emit-
ting characteristics, and the results are provided in FIGS. 21
to 23. The electroluminescence display devices all revealed
typical rectifying diode characteristics. Each device had a
turn-on voltage at about 5.5 to 7.5 V (refer to FIG. 21). Its
light emitting color was blue (FIG. 22), its maximum
luminance was in a range of 300 to 1000 cd/m” (FIG. 23),
and its maximum quantum efliciency was in a range of 0.1
to 0.34 c¢d/A (FIG. 24). In addtion, the electroluminescence
display devices had stability of maintaining initial voltage-
current density characteristic after they were repeatedly
operated several times. Refering to a CIE 1931 color coor-
dinate, polymer 1 was located at (0.21, 0.22), and polymer
3 at (0.16, 0.07), which is an excellent color coordinate that
is, deep blue.

[0205] The EL spectrum of polymer 1 is illustrated in FIG.
25, and the EL spectrum of polymer 3 is illustrated in FIG.
26. As shown in FIGS. 25 and 26, polymers 1 and 3 had a
maximum light emitting wavelength respectively at 431 nm
and 432 nm. In addition, even when a voltage range was
changed from the result of FIG. 26, its light emitting
wavelength was not changed.

[0206] According to the embodiment of the present inven-
tion, a spiro-compound for an electroluminescence display
device can be applied to at least one or all of a hole transport
layer (HTL), a hole injection layer (HIL), an electrolumi-
nescent layer, an electron injection layer (EIL), and an
electron transport layer (ETL).
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[0207] Accordingly, an electroluminescence display
device including the spiro-compound can realize various
colors with low energy, emit blue light even at a low voltage,
and have an advantage of excellently increasing luminance
and luminous efficiency.

[0208] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention
is not limited to the disclosed embodiments, but, on the
contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:

1. A spiro-compound for an electroluminescence display
device that comprises at least one selected from the group
consisting of a compound represented as the following
Formulae 1 and 2,

M

wherein, in the above formulae:

A, to A5 are elements independently selected from the
group consisting of C, N, O, S and Si, herein, at least
one among A, to Ag and at least one among Ag to A5
are not C;

R, to R, are independently selected from the group
consisting of hydrogen, deuterium, halogen, a substi-
tuted or unsubstantiated linear or branched alkyl, a
substituted or unsubstantiated cycloalkyl, a substituted
or unsubstantiated alkenyl, a substituted or unsubstan-
tiated alkynyl, a substituted or unsubstantiated alkoxy,
a substituted or unsubstantiated aryl, and a substituted
or unsubstituted heteroaryl,

R to Ry are selected from the group consisting of hydro-
gen, deuterium, halogen, a substituted or unsubstanti-
ated linear or branched alkyl, a substituted or unsub-
stantiated cycloalkyl, a substituted or unsubstituted
alkenyl, a substituted or unsubstituted alkynyl, a sub-
stituted or unsubstituted alkoxy, a substituted or unsub-
stituted aryl, a substituted or unsubstituted heteroaryl,
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CN, NO,, a substituted or unsubstituted fluoroalkyl,
—SiRgR R}, —NR,R 5, and —CR,=CR,5—R

Ry to Ry are independently selected from the group
consisting of hydrogen, a substituted or unsubstituted
linear or branched alkyl, a substituted or unsubstituted
cycloalkyl, a substituted or unsubstituted alkenyl, a
substituted or unsubstituted alkynyl, a substituted or
unsubstituted alkoxy, a substituted or unsubstituted
aryl, and a substituted or unsubstituted heteroaryl; and

X, ¥, Z, and w are respectively integers ranging from 0 to
4,

2. The spiro-compound of claim 1, wherein, in the R to
R, the alkyl is a C1 to C12 alkyl, the cycloalkyl is a C3 to
C12 cycloalkyl, the alkenyl is a C2 to C8 alkenyl, the
alkynyl is a C2 to C4 alkynyl, the alkoxy is a C1 to C12
alkoxy, the aryl is C4 to C30 aryl, the heteroaryl is a C4 to
C30 heteroaryl including an aromatic ring including a 1 to
3 heteroatom of N, S, P, Si or O, and

the substitutents mean that at least one hydrogen is
substituted with an alkyl, a cycloalkyl, an alkoxy, an
alkenyl, an alkynyl, an aryl, a heteroaryl, halogen,
aliphatic amine, aromatic amine, or an aryloxy.

3. The spiro-compound of claim 1, wherein, in the R, to
R,s a substituted or unsubstituted heteroaryl comprises
substituted or unsubstituted cabazole, substituted or unsub-
stituted phenothiazine, substituted or unsubstituted phenox-
azine, substituted or unsubstituted phenoxathin, substituted
or unsubstituted acridine, substituted or unsubstituted
phenazasiline, or substituted or unsubstituted 9-aza-10-
germa-anthracene.

4. A spiro-compound for an electroluminescence display
device, which comprises at least one selected from the group
consisting of a compound represented as the following
Formulae 3 and 4,

)

wherein, in the above formulae, A| to A5 are an element
independently selected from the group consisting of C,
N, O, S, and Si, and at least one among A, to Ag and at
least one among Ag to A, 5 are not C,
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R, to R, are independently selected from the group
consisting of hydrogen, deuterium, halogen, a substi-
tuted or unsubstantiated linear or branched alkyl, a
substituted or unsubstantiated cycloalkyl, a substituted
or unsubstantiated alkenyl, a substituted or unsubstan-
tiated alkynyl, a substituted or unsubstantiated alkoxy,
a substituted or unsubstantiated aryl, and a substituted
or unsubstituted heteroaryl;

R, to Ry are selected from the group consisting of hydro-
gen, deuterium, halogen, a substituted or unsubstanti-
ated linear or branched alkyl, a substituted or unsub-
stantiated cycloalkyl, a substituted or unsubstituted
alkenyl, a substituted or unsubstituted alkynyl, a sub-
stituted or unsubstituted alkoxy, a substituted or unsub-
stituted aryl, a substituted or unsubstituted heteroaryl,
CN, NO,, a substituted or unsubstituted fluoroalkyl,
—SiRoR Ry, —NR R, 5, and —CR,=CR,s—R;

Ry to R4 are independently selected from the group
consisting of hydrogen, a substituted or unsubstituted
linear or branched alkyl, a substituted or unsubstituted
cycloalkyl, a substituted or unsubstituted alkenyl, a
substituted or unsubstituted alkynyl, a substituted or
unsubstituted alkoxy, a substituted or unsubstituted
aryl, and a substituted or unsubstituted heteroaryl,

X, ¥, 7, and w are respectively integers ranging from 0 to
4, and

n is in a range of 1 to 10000.

5. A compound for an electroluminescence display device
prepared by copolymerizing a first monomer selected from
a group consiting of a compound of the following Formula
1, another compound of the following Formula 2, and a
mixture thereof and a second monomer selected from a
group consiting of a compound of the following Formula 5,
another compound of the following Formula 6, and a mix-
ture thereof:

M

wherein, in the above formula, A to A5 are an element
independently selected from the group consisting of C,
N, O, S, and Si, and at least one among A, to Ag and at
least one among Ag to A, 5 at least are not C,
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25
R, to R, are independently selected from the group 6. The compound of claim 5, which includes the first
consisting of hydrogen, deuterium, halogen, a substi- monomer and the second monomer in a mole ratio ranging
tuted or unsubstantiated linear or branched alkyl, a 1:0.01 to 100.
substituted or unsubstantiated cycloalkyl, a substituted 7. An electroluminescence disp]ay device comprisjng;
or unsubstantiated alkenyl, a substituted or unsubstan-
tiated alkynyl, a substituted or unsubstantiated alkoxy, a substrate;

a substitu@d or unsubstantiated aryl, and a substituted an anode;
or unsubstituted heteroaryl;

. a hole injection layer (HIL);
R, to Ry are selected from the group consisting of hydro-

gen, deuterium, halogen, a substituted or unsubstanti- a hole transport layer (HTL);
ated linear or branched alkyl, a substituted or unsub-

stantiated cycloalkyl, a substituted or unsubstituted an electroluminescent layer;

alkenyl, a substituted or unsubstituted alkynyl, a sub- an electron transport layer (ETL); and
stituted or unsubstituted alkoxy, a substituted or unsub- ] L
stituted arvl, a substituted or unsubstituted heteroaryl, a cathode, wherein, at least one of the hole injection layer
CN, NOz,‘ a substituted or unsubstituted fluoroalkyl, (HIL), the hole transport layer (HTL), the electrolumi-
_GiR.R. R, .—NR..R...and—CR..—CR.—R. .- nescent layer, and the electron transport layer (ETL)
7o H.’ e 14 B comprises a spiro-compound according to claim 1.
Ry to Ry are independently selected from the group 8. The electroluminescence display device of claim 7,

consisting of hydrogen, a substituted or unsubstituted  wherein the electroluminescent layer comprises the spiro-
linear or branched alkyl, a substituted or unsubstituted  compound.

cycloalkyl, a substituted or unsubstituted alkenyl, a
substituted or unsubstituted alkynyl, a substituted or
unsubstituted alkoxy, a substituted or unsubstituted
aryl, and a substituted or unsubstituted heteroaryl;

9. The electroluminescence display device of claim 8,
wherein the electroluminescent layer further comprises a
dopant that has less energy gap than a spiro-compound and
a conjugated double bond.

X, ¥, Z, and w are indepencantly an integer ranging from 10. The electroluminescence display device of claim 9,
0to 4 wherein the dopant is selected from the group consisting of
dicarbazolylazobenzene (DCAB), fluorenyldiacetylene
(FDA), perylene, carbazole, carbazolederivative, a cou-
()  marin-based compound, and 4-(dicyanomethylene)-2-me-

Ry Ar—Ryg thyl-6-(1,1,7,7-tetramethyljulodinyl-9-enyl)-4H-pyran

(DCIT).

11. The electroluminescence display device of claim 7,
0 © which further comprises a buffer layer between the anode

O
\ / and the hole injection layer (HIL).
/B—AI—B\

12. The electroluminescence display device of claim 7,

© 0 which further comprises an electron injection layer (EIL)
between the electron transport layer (ETL) and the cathode,
and

wherein, in the above formulae, Ar is an aromatic group wherein at least one of the hole injection layer (HIL), the
or a heteroaromatic group including more than one hole transport layer (HTL), the electroluminescent
heteroatom in an aromatic ring, R,, and R, are layer, the electron transport layer (ETL), and the elec-
selected from the group consisting of a reactive func- tron transport layer (ETL) comprises a spiro-compound

tional group, hydrogen, unsubstituted linear or according to claim 1.

branched alkyl, cycloalkyl, alkenyl, alkynyl, alkoxy, an
aryl, and heteroaryl. ¥ % x x %
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