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7) ABSTRACT

A pyrrole compound, polymers thereof and EL element
using the same are disclosed. The pyrrole compound and
polymers thereof can be used as a material for an organic and
polymeric electroluminescence element and/or other optical
devices such as an optical switch, sensor, module,
waveguide, transistor, laser, light-absorbing body, dielectric
substance, membrane and the like.
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PYRROLE COMPOUNDS, POLYMERS THEREOF
AND EL ELEMENT USING THE SAME

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to pyrrole com-
pounds, polymers thereof which can be used as a material
for an organic polymer semiconductor and optical electronic
material, and in particular, as a core material for an organic
and polymeric electroluminescence (referred to as “EL”,
hereinafter) element, and to an EL element using the same.

[0003]

[0004] Poly(phenylenevinylene) (referred to as “PPV?,
hereinafter), polythiophene (referred to as “PTh”, hereinaf-
ter) and polyphenylene group polymers (d 2F Nature, 47,
P549 (1990), Synth. Met, 50(1-3), p491 (1992); Adv. Mater,
4, p36 (1992); Adv. Mater., 6, p190 (1994); and Chem. Rev.,
99, p1747 (1999)) have been widely and representatively
known as organic polymer semiconductor and optical elec-
tronic materials (See Semiconducting Polymers: Chemistry,
Physics and Engineering, Edited by G. Hadziioannou and P.
F. van Hutten, WILEY-VCH (2000)) or as polymer light-
emitting materials (Angew, Chem, Int. Ed., 37, p402 (1998);
Nature, 397, p121 (1999); Prog. Polym. Sci., 25, p1089
(2000); and Adv. Mater,, 12, p1737 (2000)). However, such
polymer materials in which researches have been conducted
into up to now have shortcomings that final products are not
dissolved in an organic solvent.

[0005] There have been known PPV or PTh derivatives
which emit lights of blue, green and red, and have an
improved processibility by introducing a suitable substituent
thereto (Synth. Met., 62, p35 (1994); Adv. Mater, 4, p36
(1992); and Macromolecules, 28, p7525 (1995)), and some
of which exhibit an excellent processibility since they can be
easily dissolved in an organic solvent even though they have
a large molecular weight (Adv. Mater, 10, p1340 (1998)).

[0006] Recently, fluorene group polymers have been
reported frequently as light-emitting materials (See Jpn. J.
Appl. Phys., 30, pL1941 (1991); J. Polym. Sci. Polym.
Chem. Ed., 31, p2465 (1993);J. Am. Chem. Soc., 118, 7416
(1996); Adv. Mater, 9, p326 (1997); Adv. Mater, 10, p993
(1998); Macromolecules, 32, p1476 (1999); Nature, 405,
p661 (2000); Synth. Mer.,, 111-112, p397 (2000); Synih.
Met., 122, p79 (2001) and J. Am. Chem. Soc., 123, 946
(2001)).

[0007] In addition, there are U.S. Pat. Nos. 5,621,131,
5,708,130 and 5,900,327 which disclose fluorene group
polymers having a single bond, and U.S. Pat. No. 5,807,974
which discloses a fluorene group alternate copolymer having
a conjugate double bond as a light-emitting material for an
EL element.

[0008] Polymers having an acetylene group have been
presented as an organic polymer semiconductor and optical
electronic material (See Makromol. Chem., 191, p857
(1990); Macromolecules, 27, p562 (1994); J. Chem. Soc.,
Chem. Commun., p1433 (1995); and Macromolecules, 29,
p5157 (1996)), which mostly relate to a nonlinear optical
material, a photoconductivity and photoluminescence (here-
inafter referred to as “PL”) material. Among them, Synth.
Mer., 102, p933 (1999) discloses an example used as an EL
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material, and researches into other applications have been
also reported (See Science, 297, p835 (1998)). Polymers
having a diacetylene group have been also reported (See
Prog. Polym. Sci., 20, p943 (1995); CHEMTECH, October,
P32 (1993); Macromolecules, 29, p2885 (1996); Synth. Met,
111-112, p429 (2000); and Synth. Met., 119, p105 (2001)).
These polymers are so sensitive to heat or light, like the
above acetylene group polymers, that they can be easily
cross-linked, so as to enable to obtain stable cross-linked
polymers. Applications of polymers having an acetylene or
diacetylene group as EL materials have been patented to the
applicant of the present invention (U.S. Pat. Nos. 5,876,864
and 6,344,286).

[0009] However, until now, organic light-emitting diodes
using organic complex such as Alg3 or Ir(Ppy)3, rather than
polymers, have been commercialized as organic EL mate-
rials (U.S. Pat. Nos. 4,356,429 and 5,061,569; Appl. Phys.
Lett., 51, p913 (1987); SID Digest, 27, p849 (1996); Nature,
395, p161 (1998); and Nature, 403, p750 (2000)).

[0010] There have not been reported any blue light emit-
ting polymers, including a fluorene group polymer, which
shows good enough performances in efficiency and life of
element to be commercialized, except for some green and
orange color emitting PPV group polymers exhibiting excel-
lent characteristics (Adv. Mater, 10, p1340 (1998)). There-
fore, it is still expected a novel organic and polymer EL
material, which can ensure highest efficiency and maximize
stable life of an element, to be presented.

[0011] Polyaniline, polypyrrole and derivatives thereof
which have been known as conducting materials (Handbook
of Conducting Polymers, Edited by T. A. Skotheim, Marcel
Dekker (1986)) are only subjected to researches for using
antistatic, electrode and chromic materials, and their appli-
cations as light emitting materials can be rarely found.

SUMMARY OF THE INVENTION

[0012] Therefore, an object of the present invention is to
provide novel pyrrole compounds and polymers thereof, in
which their structure can be identified, and which can be
well dissolved in an organic solvent and can be applied as
EL and other optical electronic materials.

[0013] Another object of the present invention is to pro-
vide an EL element using the above pyrrole compounds
and/or polymers thereof as a core material.

[0014] The foregoing and other features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

DETAILED DESCRIPTION OF THE
INVENTION

[0015] A pyrrole compound and polymers thereof accord-
ing to the present invention are represented by the following
chemical formula (1):
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[0016] wherein, m is O or an integer of above 1, and
n is an integer of above 1;

[0017] R, and R, are substituents which are the same
with or different from each other, and includes
hydrogen, C;-C,, aliphatic alkyl, C;-C,, alicyclic
alkyl, C,-C,, acyl and C,-C,, alkoxy, C,-C,, aryl or
aryloxy, a halogen containing substituent, silicon
containing substituents, organic acid and ester of
organic acid, but not limited thereto, and in more
detail, R, and R, can be independently selected from
the group consisting of hydrogen, methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, pentyl, hexyl, eth-
vlhexyl, heptyl, octyl, isooctyl, nonyl, decyl, dode-
cyl, hexadecyl, octadecyl, docodecyl, cyclopropyl,
cyclopentyl, cyclohexyl, acetyl, octanoyl, benzoyl,
methoxy, ethoxy, etylenedioxy, buthoxy, hexyloxy,
methoxyethoxyethyl, methoxyethoxyethoxyethyl,
cyanoethyl, carboxymethyl, phenyl, phenoxy, tolyl,
benzyl, naphthyl, anthracenyl, terphenyl, pyrenyl,
diphenylanthracenyl, pentacenyl and derivatives
thereof, chloride, bromide, i0dide, bromomethyl, tri-
methylsilyl, dimethyloctylsilyl, and butylsulfonic
acid, propionic acid and methyl esters thereof;

[0018] Ar,, Ar, and Ar; are the same or different aromatic
group, respectively selected from the group consisting of
C-Cy, aromatic group, or halogen, metal or hetero atom-
containing C¢-C,, aryl group, and examples include phenyl,
tolyl, naphthyl, stilbenyl, fluorenyl, anthracenyl, terphenyl,
pyrenyl, diphenylanthracenyl, dinaphthylanthracenyl, pen-
tacenyl and derivatives thereof, bromophenyl, hydroxyphe-
nyl, thienyl, pyridyl, azobenzenyl, ferrocenyl, carbazoyl,
porphyrinyl and derivatives thereof; and

[0019] Ar'is an aromatic or heterocyclic group such as
phenyl, naphthyl, anthracenyl, fluorenyl, thiopenyl, pyrrolyl,
pyridinyl, aryloxadiazolyl, triazolyl, carbazolyl, arylamino,
arylsilano or derivatives thereof, but not limited thereto, and
especially preferable examples include the groups repre-
sented by the following chemical formulae:

A=Y

OR;

O
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[0020] wherein, R1 and R2 are the same substituents
as described in the above chemical formula (1).

[0021] The pyrrole compounds and polymers thereof of
the present invention include a reaction or polymerization
product between the same or different pyrrole compounds of
the present invention, and a reaction or polymerization
product between the pyrrole compounds of the present
invention and other organic compound. The kinds of the
compounds and polymers thereof of the present invention
are not specially limited, and any pyrrole compounds and
polymers thereof are included so long as it can be easily
prepared and have excellent EL properties.
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[0022] The pyrrole compounds and polymers thereof
according to the present invention can be prepared through
the following reaction schemes 1 to 14:

Reaction Scheme 1:

7\

CuCl/TMEDA

[M-1]

\ CuCl/TMEDA
0

NBS/DMF
_—

%
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Reaction Scheme 2:
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Reaction Scheme 6:
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Reaction Scheme 7:
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Reaction Scheme 8:
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(PPhy)4Pd
(HO),B B(OH)2  Toluene/K,CO;

CH,

X7 paoagyTop
Y

OC¢Hys

(PPhy)4Pd
(HO),B B(OH)2  Toluene/K,COs

HisCs  Celys

CH,

[P-5]

HyCe CeHyps . L. .
e e [0023] However, in addition to the above-described
method, if final products are the same, any known methods

can be applied to prepare pyrrole compounds and polymers
thereof of the present invention. That is, in preparation of the
pyrrole compounds and/or polymers thereof according to the
present invention, a solvent, reaction temperature, concen-
tration of reactants, catalyst or the like may not be specifi-
cally limited to those as shown in the above reaction
schemes, and likewise the preparation yield.

OCsHj3
[P-3]

Reaction Scheme 14:

[0024] The organic and polymer EL element and/or other

| | optical devices of the present invention can be fabricated
Br Br + using the compound and polymers thereof having structures
N as shown in the Reaction Schemes 1 through 14 as a core

material.

[0025] The pyrrole compounds or polymers thereof of the
present invention can be made into a thin film by a know
method such as vacuum-deposition, spin-coating, roll-coat-
ing, bar-coating, ink-jet printing or the like, and then can be

CeHys . .
directly used as an EL material.

[0026] In the structure, the EL element of the present

Pd(PPhy) invention include not only an EL element of a typical

(HO):B BOH); ———— single-layered structure consisting of anode/light-emitting
Toluene/K,CO5 . . . o L

layer/cathode in which a light-emitting layer material is

inserted between an anode and a cathode, but also an EL
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element of a multi-layered structure consisting of anode/hole
transporting layer/light-emitting layer/electron transporting
layer/cathode in which a hole transporting layer and an
electron transporting layer material (Japanese Laid Open
No. 2-135361, 3-152184 and 6-207170) are additionally
used.

[0027] In one embodiment of the present invention, an EL
element can be made to have a structure of anode/hole
injection layer/hole transporting layer/light-emitting layer/
electron transporting layer/cathode, in which poly(cthylene-
dioxy)thiophene (PEDOT), polyaniline, copper phthalocya-
nine (CuPc) or the like widely known as a hole injection
layer material is located between the anode and the hole
transporting layer. That is, in the present invention, there is
no limitation on structures of the EL element.

[0028] Furthermore, in addition to as a material for the
light-emitting layer, the pyrrole compounds and/or polymers
thereof according to the present invention can be used as a
core material for a hole transporting layer and/or electron
transporting layer, or a hole injection layer of an EL element.

[0029] In the EL eclement of the present invention, a
material in which a metal or metallic oxide such as indium-
tin oxide (ITO), gold, copper, tin oxide or zinc oxide, or an
organic semi-conducting compound such as polypyrrole,
polyaniline or polythiopene is coated onto a transparent
support substrate such as glass, transparent plastic or quartz,
usually at a thickness of 10 nm to 1 gm, can be used as an
anode. As a cathode, a metal such as sodium, magnesium,
calcium, aluminum, indium, silver, gold or copper, or alloys
thereof can be used.

[0030] In the EL element of a multi-layered structure, a
material in which polyvinylcarbazole, 2,5-bis(4'-diethylami-
nophenyl)-1,3,4-oxadiazole, N,N'-diphenyl-N,N'-(3-meth-
ylphenyl)-1,1'-biphenyl-4,4'-diamine (TPD) or the like is
coated by a known thin film forming method such as a
vacuum-depositing, spin-coating, casting or an LB method
can be used as a hole transporting layer, and a material in
which a known compound such as tris(8-hydroxyquinolyna-
to)aluminum (referred to as “Alq3”, hereinafter), 2-(4'-t-
butylphenyl)-5-(4"-biphenyl)-1,3,4-oxadiazole, 2,4,7-trini-
tro-9-florenone or the like is coated by a known thin film
forming method such as a vacuum-depositing, spin-coating,
casting or LB method can be used as an electron transporting
layer.

[0031] An EL material comprising different kind of pyr-
role compounds or polymers thereof according to the present
invention can be used by being blended with the material for
the hole transporting layer or electron transporting layer as
described above; a soluble PPV or PTh, or derivatives
thereof; known light-emitting material such as dinaphthyl
anthracene compounds, tetra-t-butyl pyrene, spyrofluorene
compounds or fluorene polymer, a doping material; or
polymers thereof.

[0032] For example, a polymer according to the present
invention can be dissolved together with polyvinylcarba-
zole, poly(1,4-dihexyloxy-2,5-phenylenevinylene), poly(9,
9'-dioctylfluorene) or the like in an organic solvent such as
chloroform, and then the resulting solution can be coated
onto an anode, hole injection layer or hole transporting layer
depending on the desired element structure by a spin-coating
or casting method as a thin film. In this case, the amount of
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the light-emitting polymer of the present invention can be in
the range of 0.001 to 99% and preferably, 0.1 to 50% of
polyvinylcarbazole, and the thickness of the thin film can be
in the range of 5 nm to 0.5 yum and preferably, 50 nm to 1
um, but not limited thereto.

[0033] The EL material of the present invention can be
used by being blended with a polymer that can be dissolved
in a typical organic solvent in the above concentration and
then can be made into a thin film in the above thickness
range. Examples of the polymer which can be blended with
the EL material of the present invention include a thermo-
plastic polymer such as polymethylmethacrylate, polyacry-
late, polystyrene, polycarbonate, polyvinylchloride, poly-
ethylene, polypropylene, polyacrylonitrile,
polyvinylpyrrolidone, polyvinylalcohol, polyvinylacetate,
polyvinylbutylal, polyvinylamine, polycaprolactone, poly-
ethyleneterephtalate, polybutyleneterephtalate, polyure-
thane, ABS, polysulfone and polyvinylfluoride, and a com-
monly used resin such as acetal, polyamide, polyimide,
polyester, alkid, urea, furan, nylon, melamine, phenol, sili-
cone and epoxy.

EXAMPLES

[0034] The present invention will be now described in
more detail with reference to the following examples. How-
ever, the examples are to illustrate the present invention and
not to limit the scope of the present invention thereto.

[0035] Syntheses of Monomers

Example 1
[0036] Synthesis of 1,4-diphenyl Butadiyne [M-1]

[0037] 50 g (0.49 mol) of phenylacetylene, 2.42 g (24
mmol) of copper (I) chloride and 2.84 g (24 mmol) of N,N,
N',N'-tetramethylethylenediamine (TMEDA) were put into a
1 L round-bottomed flask containing 400 ml of acetone and
equipped with a mechanical stirrer. The resulting mixture
was vigorously stirred at room temperature for one hour
while bubbling oxygen gas. After the reaction was com-
pleted, solvent was removed under a reduced pressure. The
residue was precipitated in 5% hydrochloric acid, to give
white solid, which was then filtered. The solid was recrys-
tallized from ethanol and then dried to give 43.8 g (88.5%)
of colorless crystal having a melting point of 87-88° C.

[0038] 'H-NMR(CDCL,): & 7.3-7.56 (m, 10H, aromatic)

Example 2
[0039] Synthesis of 1,4-bis(4-bromophenyl)butadiyne
[M-2]
[0040] 40.75 g (225 mmol) of p-bromophenylacetylene,

1.11 g (14 mmol) of copper (I) chloride and 1.31 g (14
mmol) of N,N, N',N'-tetramethylethylenediamine were put
into a 1 L round-bottomed flask containing 500 ml of
acetone and equipped with a mechanical stirrer. The result-
ing mixture was vigorously stirred at room temperature for
one hour while bubbling oxygen gas. After the reaction was
completed, acetone was removed. The residue was precipi-
tated in 5% hydrochloric acid to obtain pale yellow-colored
solid, which was recrystallized from chloroform and then
dried to give 39.8 g (98.2%) of pale yellow-colored solid
having a melting point of 264-265° C.

[0041] 'H-NMR(CDCL): 8 7.38-7.58 (m, 8H, aromatic)
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Example 3
[0042] Synthesis of  N-(p-tolyl)-2,5-diphenylpyrrole
[M-3]
[0043] Under an argon atmosphere, 30 g (148 mmol) of

[M-1], 15.9 g (148 mmol) of p-toluidine and 0.25 g (37
mmol) of copper (I) chloride were put into a 250 ml
round-bottomed flask. The resulting mixture was then stirred
at 150° C. for 5 hours. After the reaction was completed, the
reaction mixture was cooled down, diluted with 100 ml of
chloroform and then washed with 5% hydrochloric acid
several times. The organic layer was washed with water
several times and then dried with anhydrous magnesium
sulfate. The solvent was removed to give solid, which was
recrystalized from ethyl acetate/ethanol, to obtain white
solid having a melting point of 207-208° C.

[0044] 'H-NMR(CDCL): & 2.36 (s, 3H, —CHS,), 6.50 (s,
2H, —CH—), 6.90-7.20 (m, 14H, aromatic)

Example 4
[0045] Synthesis of N-(p-tolyl)-2,5-diphenyl-3-bromopy-
rrole [M-4]
[0046] 3.0 g (7.7 mmol) of [M-3] and 50 ml of dimeth-

ylformamide were put into a 500 ml round-bottomed flask at
0° C. While stirring, a solution in which 1.76 g (7.8 mmol)
N-bromosuccinimide was dissolved in 50 ml of dimethyl-
formamide was slowly dropped into the above mixture with
a dropping funnel. The resulting mixture was then reacted at
room temperature for 4 hours. After the reaction was com-
pleted, the reaction mixture was precipitated in 1 L of water
to give pale yellow powders, which was then filtered. The
powder was washed with water and ethanol sufficiently, and
then recrystallized from chloroform, to give 2.71 g (91%) of
white solid having a melting point of 201-202° C.

[0047] ‘H-NMR(CDCL): & 2.27 (s, 3H, —CH,), 6.52 (s,
1H, —CH—), 6.78-7.26 (m, 14H, aromatic H)

Example 5

[0048] Synthesis of N-(p-tolyl)-2,5-diphenyl-3,4-dibro-
mopyrrole [M-5]

[0049] 3.05 g (10 mmol) of [M-3] and 100 ml of dimeth-
ylformamide were put into a 1 L round-bottomed flask at
room temperature. While stirring, 3.6 g (20.2 mmol) N-bro-
mosuccinimide dissolved in 50 ml of dimethylformamide
was slowly dropped into the resulting mixture with a drop-
ping funnel. The obtained mixture was then reacted at room
temperature for 24 hours. After the reaction was completed,
the reaction mixture was precipitated in 1 L of water to
obtain pale yellow powder, which was filtered, washed with
water and ethanol sufficiently and then recrystallized from
chloroform, to give 3.97 g (86.3%) of white solid having a
melting point of 227-228° C.

[0050] 'H-NMR(CDCL): 8 221 (s, 3H, —CH,), 6.70-
7.25 (m, 14H, aromatic)
Example 6

[0051] Synthesis of N-(p-tolyl)-2,5-bis(p-bromophenyl)-
3,4-dibromopyrrole [M-6]

[0052] 13.68 g (442 mmol) of [M-3] and 500 ml of
chloroform were put into a 1 L round-bottomed flask and

Feb. 19, 2004

stirred to dissolve. At room temperature, a small amount of
lIodine was added to the resulting solution for activating.
6.14 ¢ (185.7 mmol) bromine diluted with 200 ml of
chloroform was added dropwise to the resulting mixture
with a dropping funnel at 0° C. The reaction mixture was
reacted at room temperature for 24 hours and then neutral-
ized by adding 20% aqueous potassium hydroxide. The
organic layer was then separated, washed with water several
times and then dried with anhydrous magnesium sulfate.
Solvent was removed to give solid, which was then recrys-
tallized from ethyl acetate, to obtain 25.3 g (91.6%) of white
solid having a melting point of 240-242° C.

[0053] 'H-NMR(CDCL): & 2.22 (s, 3H, —CH,), 6.70-
7.25 (m, 16H, aromatic)
Example 7

[0054] Synthesis  of
tanoylpyrrole [M-7]

N-(p-tolyl)-2,5-diphenyl-3-oc-

[0055] 0.68 g (5.1 mmol) of aluminum trichloride and 50
ml of chloroform were put into a 500 ml round-bottomed
flask equipped with a reflux condenser and dropping funnel.
While stirring, 0.83 g (5.1 mmol) of octanoyl chloride
diluted with 10 ml of chloroform was added to the resulting
mixture with a dropping funnel at room temperature. 1.5 g
(4.8 mmol) of [M-3] dissolved in 20 ml of chloroform was
dropped into the obtained mixture with a dropping funnel,
and the resulting reaction mixture was then reacted at 50° C.
for 24 hours. After the reaction was completed, the reaction
mixture was poured onto 10 g of ice. The organic layer was
combined, washed with water several times, and then dried
with anhydrous magnesium sulfate, from which the solvent
was removed. The residue was purified by column chroma-
tography (ethyl acetate/hexane (1/5) to give 1.97 g (93.4%)
of pure pale yellow viscous oil.

[0056] 'H-NMR(CDCL): & 0.86 (i, 3H, —CHS,), 1.13-
1.75 (m, 10H, —CH,—), 2.21 (s, 3H, —CH,), 2.38 (t, 2H,
—COCH,—), 6.81-7.23 (m, 15H, —CH— and aromatic)

Example 8

[0057] Synthesis
ctanoylpyrrole [M-8]

[0058] 1.42 g (10.7 mmol) of aluminum trichloride and 50
ml of chloroform were put into a 500 ml round-bottomed
flask equipped with a reflux condenser and dropping funnel.
While stirring, 1.74 g (10.7 mmol) of octanoyl chloride
diluted with 10 ml of chloroform was added the resulting
solution with a dropping funnel at room temperature. 1.5 g
(4.8 mmol) of [M-3] dissolved in 20 ml of chloroform was
dropped into the obtained mixture with a dropping funnel,
and the reaction mixture was then reacted at 50° C. for 24
hours. After the reaction was completed, the reaction mix-
ture was poured onto 10 g of ice. The organic layer was
combined, washed with water several times, and then dried
with anhydrous magnesium sulfate, from which the solvent
was removed. The residue was purified by column chroma-
tography (ethyl acetate/hexane (1/5) to obtain yellow-col-
ored solid, which was recrystallized from hexane, to give
2.15 g (78.9%) of pure pale yellow-colored solid having a
melting point of 51-53° C.

of N-(p-tolyl)-2,5-diphenyl-3,4-dio-
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[0059] 'H-NMR(CDCL): & 0.83 (t, 6H, —CH,), 1.12-
1.60 (m, 20H, —CH,—), 2.21 (s, 3H, —CH,), 2.38 (t, 41,
—COCH,—), 6.71-7.30 (m, 14H, aromatic)

Example 9

[0060] Synthesis
ctylpyrrole [M-9]

of N-(p-tolyl)-2,5-diphenyl-3,4-dio-

[0061] 0.5 g (8.9 mmol) of potassium hydroxide and 10 ml
of ethylene glycol were put into a round-bottomed flask
equipped with a thermometer and reflux condenser under an
atmosphere, and the resulting mixture was stirred to dissolve
at 100° C. for one hour. At the same temperature, 1.0 g (1.8
mmol) of [M-8] and 0.2 g (4.0 mmol) of hydrazine mono-
hydrate were slowly added in portions to the above mixture,
respectively. After completing the addition, the resulting
reaction mixture was heated to 150° C. and refluxed for 24
hours. After the reaction was completed, the reaction mix-
ture was cooled down to room temperature, and then the
reaction was quenched with water. The reaction mixture was
then washed with 6N hydrochloric acid, washed with water
several times and then extracted with chloroform. The
combined organic extract was dried with anhydrous mag-
nesium sulfate, and then solvent was removed therefrom to
obtain oily product, which was purified by column chroma-
tography (ethyl acetate/hexane (1/10)) and recrystallized
from hexane, to give 0.4 g (42%) of yellow-colored solid
having a melting point of 100-101° C.

[0062] 'H-NMR(CDCL): & 0.82-1.70 (m, 30H, —CIH,
and —CH,—), 2.21 (t, 4H, —CCH,—), 2.26 (s, 3H,
—CH,), 6.79-7.41 (m, 14H, aromatic)

Example 10
[0063] Synthesis of N-(p-tolyl)-2,5-diphenyl-3-octylpyr-
role [M-10]
[0064] Under an atmosphere, 0.5 g (8.9 mmol) of potas-

sium hydroxide and 10 ml of ethylene glycol were put into
a round-bottomed flask equipped with a thermometer and
reflux condenser. The resulting mixture was stirred to dis-
solve potassium hydroxide at 100° C. for one hour. At the
same temperature, 1 g (2.3 mmol) of [M7] and 0.15 g (3.0
mmol) of hydrazine monohydrate were slowly added in
portions to the above mixture, respectively. After completing
the addition, the resulting mixture was heated to 150° C. and
refluxed for 24 hours. After the reaction was completed, the
reaction mixture was cooled down to room temperature, and
the reaction was quenched with water. The reaction mixture
was washed with 6N hydrochloric acid, washed with water
several times and then extracted with chloroform. The
combined organic extract was dried with anhydrous mag-
nesium sulfate, from which the solvent was removed, to
obtain oily product, which was purified by column chroma-
tography (ethyl acetate/hexane (1/10)) and then recrystal-
lized from hexane, to give 0.8 g (82%) of pale yellow oil.

[0065] "H-NMR(CDCL): & 0.88-1.80 (m, 15H, —CH,
and —CH,—),2.23 (s, 3H, —CHy), 2.35 (t, 2H, —CCH,—
), 6.38 (s, 1H, —CH—), 6.77-7.28 (m, 14H, aromatic)
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Example 11
[0066] Synthesis of N-(p-tolyl)-2,5-diphenyl-3-hexylpyr-
role [M-11]
[0067] Under an argon atmosphere, 3 g (7.7 mmol) of

[M-4] and 0.21 g of [1,3-bis(diphenylphosphino)propane]
dichloro nickel (II) were put into a round-bottomed flask
equipped with a reflux condenser, and then dissolved in 100
ml THF. 9 ml of 2.0M magnesium hexylbromide (18 mmol)
was slowly added dropwise to the resulting solution at 0° C.,
and then the temperature was raised to room temperature.
The reaction mixture was reacted at room temperature for 3
hours and then refluxed for 24 hours. After the reaction was
completed, the reaction mixture was cooled down to room
temperature, diluted with ice water and then extracted with
chloroform several times. The combined organic extract was
dried with anhydrous magnesium sulfate, from which the
solvent was removed, to obtain an oily product, which was
purified by column chromatography (hexane) to give 3.06 g
(87.7%) of pale yellow oil.

[0068] 'H-NMR(CDCL): & 0.89 (t, 30, —CH,), 1.29-
1.70 (m, 8H, —CH,—), 2.23 (s, 3H, —CH,), 2.51 (t, 2H,
—CCH,—), 6.40 (s, 1H, —CH—), 6.78-7.15 (m, 14H,
aromatic)

Example 12

[0069] Synthesis of N-(p-tolyl)-2,5-diphenyl-3-hexyl-4-
bromopyrrole [M-12]

[0070] Under an argon atmosphere, 10 g (21.4 mmol) of
[M-5] and 250 ml of THF were put into a round-bottomed
flask, into which 25 ml of 2.5M n-butyllithium (64.2 mmol)
was slowly dropped at —-78° C. The temperature was then
allowed to reach to room temperature. About one hour later,
the temperature was cooled down to —78° C. and then 10.6
g (64.2 mmol) of bromohexane was slowly dropped into the
reaction flask. The temperature was then raised to room
temperature, and the reaction mixture was reacted for 24
hours. The reaction mixture was poured onto 300 g of ice to
quench the reaction and then extracted with chloroform
several times. The combined organic extract was washed
with water and then completely dried with anhydrous mag-
nesium sulfate. The solvent was removed to give an oily
product, which was purified by column chromatography
(cthyl acetate/hexane (1/10)) and then recrystallized from
ethanol, to give 7.95 g (77.8%) of yellow-colored solid
having a melting point of 86-89° C.

[0071] "H-NMR(CDCL): & 0.85 (1, 3H, —CH,), 1.27-
1.70 (m, 8H, —CH,—), 2.23 (s, 3H, —CH,), 2.51 (t, 2H,
—CCH,—), 6.78-7.15 (m, 14H, aromatic)

Example 13
[0072] Synthesis of N-(4-bromophenyl)-2,5-diphenylpyr-
role [M-13]
[0073] Under an argon atmosphere, 15 g (74 mmol) of

1,4-di-phenylbutadiyne, 12.76 g (74 mmol) of p-bromoa-
niline and 1.84 g (18 mmol) copper (I) chloride were put into
500 ml round-bottomed flask, and the resulting mixture was
reacted at 150° C. for 5 hours while stirring. After the
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reaction was completed, the reaction mixture was cooled
down to room temperature, dissolved in chloroform and then
washed with 5% hydrochloric acid several times. The com-
bined organic extract was washed with water several times
and then dried with anhydrous magnesium sulfate. The
solvent was removed to obtain solid, which was recrystal-
lized from ethyl acetate to give 20.4 g (73.5%) white solid
having a melting point of 218-219° C.

[0074] 'H-NMR(CDCL): § 6.48 (s, 2H, —CH—), 6.86~
7.36 (m, 14H, aromatic)

Example 14

[0075] Synthesis of N-(4-trimethylsilylethynylphenyl)-2,
5-di-phenylpyrrole [M-14]

[0076] Under a nitrogen atmosphere, log (26.7 mmol) of
[M-13], 0.57 g (0.8 mmol) of bis(triphenylphosphine) pal-
ladium(II) dichloride and 0.16 g (0.8 mmol) of copper iodide
were dissolved in 250 ml of diisopropylamine in a 500 ml
3-necked flask equipped with a stirrer, thermometer and
reflux condenser. 7.87 g (80 mmol) of trimethylsilylacety-
lene (TMSA) was slowly dropped into the resulting solution
at room temperature. The reaction mixture was then slowly
heated to 70-80° C. and then refluxed for 12 hours. After the
reaction was completed, the reaction mixture was cooled
down to room temperature. Precipitated salt was filtered off,
and the solvent was removed under a reduced pressure. The
residue was dissolved in methylene chloride, washed with
water several times and then dried with anhydrous magne-
sium sulfate. The solvent was removed under a reduced
pressure. The residue was purified by column chromatog-
raphy (methylene chloride/hexane (1/10)) and then recrys-
tallized from ethyl acetate, to give 9.16 g (87.6%) of white
solid having a melting point of 183-184° C.

[0077] 'H-NMR(CDCL): § 0.22 (s, 9H, —CH,), 6.48 (s,
2H, —CH—), 6.86-7.36 (m, 14H, aromatic)

Example 15

[0078] Synthesis of N-(4-ethynylphenyl)-2,5-diphe-

nylpyrrole [M-15)

[0079] 6.76 g (0.017 mol) of [M-14] was putinto a 1 L
round-bottomed flask equipped with a stirrer and dissolved
in a mixture of 300 ml of THF and 200 ml of methanol, into
which 10 ml of 20% aqueous KOH solution was dropped at
room temperature. The resulting mixture was then reacted
for 24 hours. After the reaction was completed, the reaction
mixture was dried under a reduced pressure to remove the
solvent and then extracted with methylene chloride several
times. The combined extract was washed with water several
times and then dried with anhydrous magnesium sulfate. The
solvent was removed under a reduced pressure. The residue
was recrystallized from ethyl acetate, to give 5.19 g (94.2%)
of white solid having a melting point of 208-209° C.

[0080] "H-NMR(CDCL): d 3.12 (s, 2H, —CCH), 6.48 (s,
2H, —CH—), 7.38-6.90 (m, 12H, aromatic)

Example 16
[0081] Synthesis of N-(p-tolyl)-2,5-bis(4-bromophenyl)
pyrrole [M-16]
[0082] Under an argon atmosphere, 31.6 g (88 mmol) of

[M-2], 15 g (88 mmol) of p-toluidine and 2.17 g (22 mmol)
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of copper (I) chloride were put into a 500 ml round-
bottomed flask, and the resulting mixture was stirred at 200°
C. for 5 hours. After the reaction was completed, the reaction
mixture was cooled down to room temperatue and dissolved
in chloroform. The organic layer was washed with 5%
hydrochloric acid several times, washed with water several
times and then dried with anhydrous magnesium sulfate. The
solvent was removed to obtain solid, which was recrystal-
lized from ethyl acetate and chloroform to give 285 g
(69.6%) white solid having a melting point of 262-264° C.

[0083] 'H-NMR(CDCLy): 8 2.35 (s, 3H, —CH,), 6.46 (s,
2H, —CH—), 6.88-7.30 (m, 12H, aromatic)

Example 17

[0084] Synthesis of N-(4-n-hexyloxyphenyl)-2,5-bis(4-
bromophenyl)pyrrole [M-17]

[0085] Under an argon atmosphere, 5.02 g (14 mmol) of
[M-2], 2.7 g (14 mmol) of p-hexyloxyaniline and 0.35 g (3
mmol) of copper (I) chloride were put into a 250 ml
round-bottomed flask, and the resulting mixture was stirred
at 170° C. for a 5 hours. After the reaction was completed,
the reaction mixture was cooled down to room temperature
and then dissolved in chloroform. The organic layer was
washed with 5% hydrochloric acid several times, washed
with water several times and then dried with anhydrous
magnesium sulfate, from which the solvent was removed to
obtain solid. After the obtained solid was recrystallized from
ethyl acetate, to give 1.64 g (21.3%) of white solid having
a melting point of 201-202° C.

[0086] 'H-NMR(CDCL): d 0.94 (t, 3H, —CIL,), 1.34-
1.83 (m, 8H, —CH,—), 3.95 (t, 2H, —OCH,—), 6.47 (s,
2H, —CH—), 6.77-7.33 (m, 12H, aromatic)

Example 18

[0087] Synthesis of N-(4-n-hexylphenyl)-2,5-bis(4-bro-
mophenyl)pyrrole [M-18]

[0088] Under an argon atmosphere, 4.19 g (11.6 mmol) of
[M-2], 2.07 g (11.6 mmol) of p-hexylaniline and 0.29 g (2.9
mmol) of copper (I) chloride were put into a 100 ml
round-bottomed flask, and the resulting mixture was stirred
at 180° C. for 5 hours. After the reaction was completed, the
reaction mixture was cooled down to room temperature and
then dissolved in chloroform. The organic layer was washed
with 5% hydrochloric acid several times, washed with water
several times and then dried with anhydrous magnesium
sulfate, from which the solvent was removed. The residual
solid was recrystallized from ethyl acetate, to give 1.9 g
(30.4%) of white solid having a melting point of 198-199°
C.

[0089] 'H-NMR(CDCL,): & 0.87 (t, 3H, —CH,), 1.30-
1.68 (m, SH, —CH,—), 2.62 (t, 2H, —CCH,—), 6.46 (s,
2H, —CH—), 6.89-7.31 (m, 12H, aromatic)

Example 19

[0090] Synthesis of N-(4-n-hydroxphenyl)-2,5-bis(4-bro-
mophenyl)pyrrole [M-19]

[0091] Under an argon atmosphere, 3.55 g (9.9 mmol) of
[M-2], 1.18 g (9.9 mmol) of p-hydroxyaniline and 0.25 g
(2.5 mmol) of copper (I) chloride were put into a 100 ml
round-bottomed flask. The resulting mixture was stirred at
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180° C. for 10 hours. After the reaction was completed, the
reaction mixture was cooled down to room temperature and
then dissolved in chloroform. The organic layer was washed
with 5% hydrochloric acid several times, washed with water
several times and then dried with anhydrous magnesium
sulfate, from which the solvent was removed. The residual
solid was recrystallized from ethyl acetate/ethanol, to give
1.1 g (24%) of pale yellow-colored solid having a melting
point of 284-285° C.

[0092] H-NMR(CDCL): d 4.78 (s, 1H, —OH), 6.46 (s,
2H, —CH—), 6.72-7.50 (m, 12H, aromatic)

Example 20

[0093] Synthesis of N-(p-tolyl)2.5-bis(4-trimethylsilyl-
ethynylphenyl)pyrrole [M-20]

[0094] Under a nitrogen atmosphere, 10 g (20 mmol) of
[M-16], 0.75 g (1 mmol) of bis (triphenylphosphine) palla-
dium(I) dichloride and 0.21 g (1 mmol) of copper iodide
were dissolved in 250 ml of diisopropylamine in a 500 ml
3-necked flask equipped with a stirrer, thermometer and
reflux condenser. 10.52 g (0.1 mol) of trimethylsilylacety-
lene was then slowly dropped into the resulting mixture at
room temperature. The reaction mixture was slowly heated
to 70° C. and refluxed for 12 hours. After the reaction was
completed, the reaction mixture was cooled down to room
temperature, the precipitated salt was filtered off, and the
solvent was then removed under a reduced pressure. The
residue was dissolved in methylchloride again. The resulting
organic solution was washed with water several times and
then dried with anhydrous magnesium sulfate, from which
the solvent was removed. The residual solid was recrystal-
lized from ethyl acetate, to give 7.63 g (71%) of white solid
having a melting point of 223-224° C.

[0095] "H-NMR(CDCL): & 0.22 (s, 18H, —SiCH,), 2.38
(s, 3H, —CH,), 6.50 (s, 2H, —CH—), 6.86-7.32 (m, 121,
aromatic)

Example 21
[0096] Synthesis of N-(p-tolyl)-2.5-bis(4-ethynylphe-
nyl)pyrrole [M-21]
[0097] 6.93 g (14 mmol) of [M-20] was dissolved in a

mixture of 400 ml of THF and 200 ml of methanolina 1 L
round-bottomed flask equipped with a stirrer, into which 10
ml of 20% KOH in water was dropped at room temperature.
The resulting mixture was reacted for 24 hours. After the
reaction was completed, the solvent was removed under a
reduced pressure. The reaction mixture was extracted with
methylene chloride several times. The combined organic
extract was washed with water several times and then dried
with anhydrous magnesium sulfate, from which the solvent
was removed to obtain solid. The residual solid was recrys-
tallized from ethyl acetate, to give 3.38 g (68.6%) of white
solid having a melting point of 235-237° C.

[0098] "H-NMR(CDCL,): § 2.38 (s, 3H, —CH), 3.08 (s,
2H, —CCH—), 6.52 (s, 2H, —CH—), 6.90-7.33 (m, 12H,
aromatic)
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Example 22

[0099] Synthesis of N-(p-tolyl)-2,5-bis(4-stilbenyl)pyr-
role [M-22]

[0100] Under an argon atmosphere, 3.01 g (6.4 mmol) of
[M-16], 1.96 g (19.3 mmol) of triethylamine, 80 mg (0.3
mmol) of paladium (II) acetate and 0.59 g (1.9 mmol) of
tri-o-tolylphosphine (TOP) were dissolved in 20 ml of
dimethylformamide in a 100 ml 3-necked flask equipped
with a stirrer, thermometer and reflux condenser. 2.68 g
(25.7 mmol) of styrene was then added into the resulting
mixture. The reaction mixture was reacted at 100° C. for 24
hours, cooled down to room temperature and then slowly
dropped into a 500 ml of 2.0 N aqueous hydrochloric acid
to precipitate solid, which is recovered. The recovered solid
was sufficiently washed with water and ethanol, dried and
then recrystallized from toluene, to give 2.64 g (79.8%) of
pale yellow-colored solid having a melting point of 297-
298° C.

[0101] 'H-NMR(CDCL): & 2.34 (s, 3H, —CH), 6.50 (s,
2H, —CH—), 6.94-7.48 (m, 26H, aromatic and vinyl)

Example 23

[0102] Synthesis of N-(p-tolyl)-2.5-bis(4-methylstilbe-
nyl)pyrrole [M-23]

[0103] Under an argon atmosphere, 2.31 g (4.9 mmol) of
[M-16], 1.5 g (14.8 mmol) of tricthylamine, 56 mg (0.2
mmol) of paladium (II) acetate and 0.45 g (1.5 mmol) of
tri-o-tolylphosphine (TOP) were dissolved in 20 ml of
dimethylformamide in a 100 ml 3-necked flask equipped
with a stirrer, thermometer and reflux condenser. 2.65 g
(19.8 mmol) of p-methoxystyrene was added into the result-
ing mixture. The reaction mixture was reacted at 100° C. for
24 hours and then cooled down to room temperature. The
reaction mixture was slowly dropped into a 500 ml of 2.0 N
aqueous hydrochloric acid to precipitate solid. The precipi-
tated solid was sufficiently washed with water and ethanol,
dried and then recrystallized from toluene, to give 0.63 g
(52.8%) of solid having a melting point of 314-316° C.

[0104] "H-NMR(CDCL): § 2.35 (s, 3H, —CH,), 2.36 (s,
6H, —CH,), 6.5 (s, 2H, —CH—), 7.00-7.38 (m, 24H,
aromatic and vinyl)

Example 24

[0105] Synthesis of N-(p-tolyl)-2.5-bis(4-methoxystilbe-
nyl)pyrrole [M-24]

[0106] Under an argon atmosphere, 1.14 g (1.8 mmol) of
[M-16], 1.11 g (10.9 mmol) of triethylamine, 40 mg (0.2
mmol) of paladium (IT) acetate and 0.34 g (1.1 mmol) of
tri-o-tolylphosphine were dissolved in 20 ml of dimethyl-
formamide in a 100 ml 3-necked flask equipped with a
stirrer, thermometer and reflux condenser. 1.96 g (14.6
mmol) of p-methoxystyrene was then added into the result-
ing mixture. The reaction mixture was reacted at 100° C. for
24 hours, cooled down to room temperature and then slowly
dropped into a 500 ml of 2.0 N aqueous hydrochloric acid
to precipitate solid. The precipitated solid was sufficiently
washed with water and ethanol, dried and then recrystallized
from ethyl acetate/ethanol, to give 1.92 g (67.7%) of solid
having a melting point of 303-305° C.
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[0107] "H-NMR(CDCL,):  2.36 (s, 3H, —CH,), 3.83 (s,
6H, —OCH,), 6.5 (s, 2H, —CH—), 6.80-7.42 (m, 24H,
aromatic and vinyl)

Example 25
[0108] Synthesis of 9-trimethylsilyl Ethynyl Anthracene
[M-25]
[0109] Under an argon atmosphere, 40 g (0.155 mol) of

9-bromoanthracene, 3.3 g (4.6 mmol) of bis (triphenylphos-
phine) palladium(II) dichloride and 0.87 g (3 mmol) of
copper lodide were dissolved in 500 ml of diisopropylamine
in a 1 L 3-necked flask equipped with a stirrer, thermometer
and reflux condenser. 23 g (0.233 mol) of trimethylsilyl
acetylene was then slowly dropped into the resulting mixture
at room temperature. The reaction mixture was slowly
heated to 80° C. and refluxed for 12 hours. After the reaction
was completed, the reaction mixture was cooled down to
room temperature, and then the precipitated salt was filtered
off. The solvent was removed under a reduced pressure, and
then the residue was dissolved in methylene chloride. The
organic layer was washed with water several times and then
dried with anhydrous magnesium sulfate. The solvent was
removed to obtain orange-colored liquid, which was purified
by silica gel column chromatography using hexane as an
eluent, and then recrystallized from ethanol to give vellow
crystal. The yellow crystal was recovered and sufficiently
dried in a vacuum oven at 40° C., to give 32 g (83.3% yicld)
of the desired product having a melting point of 66-68° C.

[0110] *H-NMR(CDCL,),d 0.41 (s, 9H, SiCH,), 7.42-7.61
(m, 4H, aromatic), 7.96-8.00 (2H, aromatic), 8.41-8.58 (m,
3H, aromatic)

Example 26
[0111] Synthesis of 9-ethynyl Anthracene [M-26]

[0112] 27 g (0.098 mol) of 9-trimethylsilyl ethynyl
anthracene was put into a 1 L round-bottomed flask
equipped with a stirrer and dissolved in a mixture of 100 ml
of THF and 200 ml of methanol. A solution in which 0.7 g
of KOH was dissolved in 7 ml of water was dropped into the
resulting solution. The reaction mixture was stirred at room
temperature for 12 hours. After the reaction was completed,
THF and methanol were removed under a reduced pressure.
The reaction mixture was then extracted with methylene
chloride. The organic layer was washed with water several
times and then dried with anhydrous magnesium sulfate. The
solvent was removed to obtain yellow viscous liquid, which
was then purified by silica gel column chromatography
using hexane as an eluent, to give 17 g (85.8% yield) of the
desired product.

[0113] H-NMR(CDCL,): & 3.82 (s, 1H, acetylene), 7.42-
7.61 (m, 4H, aromatic), 7.96-8.00 (2H, aromatic), 8.41-8.58
(m, 3H, aromatic)

Example 27
[0114] Synthesis of  1,4-bis(9-anthracenyl)butadiyne
[M-27]
[0115] 15 g (0.074 mol) of 9-ethynyl anthracene, 0.36 g

(3.7 mmol) copper (I) chloride, 0.43 g (3.7 mmol) of
N,N,N',N'-tetramethylethylenediamine were put into a 500
ml round-bottomed flask equipped with a stirrer, and then
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dissolved in 200 ml of acetone. The resulting mixture was
then vigorously stirred for two hours while purging oxygen
gas, to give red-colored solid. After the reaction was com-
pleted, the solvent was mostly removed with a small amount
remaining. The residue was then precipitated in 5% aqueous
hydrochloric acid to obtain red-colored solid. The solid was
filtered, washed sufficiently with water and ethanol, and then
recrystallized from ethyl acetate, to give red-colored crystal.
The red-colored crystal was recovered and then sufficiently
dried in a vacuum oven at 40° C., to give 13 g (87.2% yield)
of the desired product having a melting point of 280-282° C.

[0116] 'H-NMR(CDCL): & 7.51-7.74 (m, 8H, aromatic),
8.04-8.10 (d, 4H, aromatic), 8.51 (s, 2H, aromatic), 8.70-
8.78 (d, 4H, aromatic)

Example 28
[0117] Synthesis of N-(p-tolyl)-2.5-bis(9-anthracenyl)pyr-
role [M-28]
[0118] Under an argon atmosphere, 2.0 g (3.96 mmol) of

[M-27], 1.6 g (14.8 mmol) of p-toluidine and 0.12 g (12.4
mmol) of copper (I) chloride were put into a 500 ml
round-bottomed flask, and the resulting mixture was reacted
at 200° C. for 5 hours. After the reaction was completed, the
reaction mixture was cooled down to room temperature, into
which chloroform was added in order to dissolve it. The
organic layer was washed with 5% aqueous hydrochloric
acid several times, washed with water several times and then
dried with anhydrous magnesium sulfate, from which the
solvent was removed to give red-colored solid. The solid
was purified by silica gel column chromatography using
chloroform as an eluent and then recrystallized from chlo-
roform/ethyl acetate, to give yellow crystal. The yellow
crystal was recovered and then sufficiently dried in a vacuum
oven at 40° C,, to give 1.6 g (64% yield) of the desired
product having a melting point of 262-263° C.

[0119] 'H-NMR(CDCL): & 2.03 (s, 3H, CH,), 6.10-6.14
(d, 2H, phenyl), 6.49-6.53 (d, 2H, phenyl), 6.74 (s, 2H,
pyrrole —CH) 7.43-7.57 (m, 10H, aromatic), 7.97-8.01 (d,
3H, aromatic), 8.16-8.20 (d, 3H, aromatic), 8.44 (s, 2H,
aromatic)

Example 29
[0120] Synthesis of 1-trimethylsilyl Ethynyl Naphthalene
[M-29]
[0121] Under an argon atmosphere, 50 g (0.241 mol) of

1-bromonaphthalene, 2.5 g (3.6 mmol) of bis (triph-
enylphosphine) palladium(Il) dichloride and 0.68 g (3.6
mmol) of copper lodide were dissolved in 500 ml of
diisopropylamine in a 1 L 3-necked flask equipped with a
stirrer, thermometer and reflux condenser. 35.6 g (0.362
mol) of trimethylsilyl acetylene was slowly dropped into the
resulting mixture at room temperature. The reaction mixture
was slowly heated to 80° C. and refluxed 12 hours. After the
reaction was completed, the reaction mixture was cooled
down to room temperature. The precipitated salt was filtered
off, and the solvent was removed from the filtrate under a
reduced pressure. The residue was dissolved in methylene
chloride. The organic layer was washed with water several
times and then dried with anhydrous magnesium sulfate. The
solvent was removed, to obtain a liquid. The obtained liquid
was purified by silica gel column chromatography using
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hexane as an eluent, to give a colorless viscous liquid. The
liquid was recrystallized from ethanol to give white crystal
in needle-shape. The white crystal was recovered and then
sufficiently dried at room temperature, to give 48 g (88.9%
yield) of the desired product having a melting point of
41-43° C.

[0122] 'H-NMR(CDCL): 8 0.39 (s, 9H, SiCH,), 7.25-7.9
(m, 6H, aromatic), 8.25-8.45 (m, 1H, aromatic)

Example 30
[0123] Synthesis of 1-ethynylnaphthalene [M-30]
[0124] 46 g (0.20 mol) of [M-29] was dissolved in 2 L of

methanol in a 3 L round-bottomed flask equipped with a
stirrer. A solution in which 7.8 g of KOH was dissolved in
280 ml of water was dropped into the resulting solution. The
reaction mixture was then stirred at room temperature for 12
hours. After the reaction was completed, the methanol was
removed under a reduced pressure, and then the reaction
mixture was extracted with diethyl ether. The organic extract
was washed with water several times and then dried with
anhydrous magnesium sulfate. The solvent was removed to
give viscous liquid, which was then purified by silica gel
column chromatography using hexane as an eluent, to obtain
28 g (89.7% yield) of colorless viscous liquid.

[0125] 'H-NMR(CDCL): & 3.55 (s, 1H, acetylene), 7.25-
7.9 (m, 6H, aromatic), 8.25-8.45 (m, 1H, aromatic)

Example 31
[0126] Synthesis of 1,4-bis(1-naphthyl)butadiyne [M-31]
[0127] 26 g (0.170 mol) of [M-30], 0.84 g (8.54 mmol) of

copper (I) chloride and 0.99 g (8.54 mmol) of N,N,N')N'-
tetramethylethylenediamine were put into a 500 ml round-
bottomed flask equipped with a stirrer, and dissolved in 200
ml of acetone. While oxygen gas purging, the reaction
mixture was vigorously stirred for 2 hours, to generate
yellow-colored solid. After the reaction was completed, the
solvent was mostly removed with only a small amount
remaining. The residue was precipitated in 5% aqueous
hydrochloric acid, to obtain yellow-colored solid. The solid
was filtered, washed with water and methanol sufficiently,
and then recrystallized from methylene chloride/ethyl
acetate, to give yellow crystal. The crystal was recovered
and then dried sufficiently in a vacuum oven at 40° C., to
give 22 g (85.3% vyield) of the desired product having a
melting point of 176-177° C.

[0128] 'H-NMR(CDCL): § 7.41-7.67 (m, 6H, aromatic),
7.81-7.90 (t, 6H, aromatic), 8.40-8.42 (d, 2H, aromatic)

Example 32
[0129] Synthesis of N-(p-tolyl)-2,5-bis(1-naphthyl)pyr-
role [M-32]
[0130] Under an argon atmosphere, 2.0 g (6.61 mmol) of

[M-31], 1.06 g (9.92 mmol) of p-toluidine and 0.16 g (1.65
mmol) of copper (I) chloride were put into a 500 ml
round-bottomed flask, and the resulting mixture was reacted
at 170° C. for 5 hours. After the reaction was completed, the
reaction mixture was cooled down to room temperature and
dissolved in chloroform. The organic layer was washed with
5% aqueous hydrochloric acid several times, washed with
water several times and then dried with anhydrous magne-
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sium sulfate. The solvent was removed to obtain yellow
viscous solution, which was purified by silica gel column
chromatography using chloroform as an eluent and then
recrystallized from hexane, to give yellow crystal. The
crystal was recovered and then dried sufficiently in a vacuum
oven at 40° C,, to give 2.0 g (74% yield) of the desired
product having a melting point of 105-106° C.

[0131] 'H-NMR(CDCL): 8 2.0 (s, 3H, CHs), 6.60 (s, 2H,
pyrrole —CH), 7.20-8.20 (m, 18H, aromatic)

Example 33
[0132] Synthesis of 4-trimethylsilyl Ethynyl Methylben-
zoate [M-33]
[0133] Under an argon atmosphere, 5 g (22 mmol) of ethyl

4-bromobenzoate, 0.31 g (0.44 mmol) of bis (triphenylphos-
phine) palladium(II) dichloride and 84 mg (0.44 mmol) of
copper iodide were put into a 250 ml 3-necked flask
equipped with a stirrer, thermometer and reflux condenser,
and dissolved in 80 ml of diisopropylamine. 4.3 g (0.044
mol) of trimethylsilyl acetylene was then slowly dropped
into the resulting solution at room temperature. The reaction
mixture was slowly heated to 80° C. and refluxed for 12
hours. After the reaction was completed, the reaction mix-
ture was cooled down to room temperature. The generated
salt was filtered off, and the solvent was removed under a
reduced pressure. The residue was dissolved in methylene
chloride. The organic layer was washed with water several
times and then dried with anhydrous magnesium sulfate. The
solvent was removed to obtain liquid, which was then
purified by silica gel column chromatography using hexane/
ethyl acetate 3:1 as an eluent, to give 4.5 g (83.3% yield) of
pale brown viscous liquid.

[0134] 'H-NMR(CDCL): 80.28 (s, 911, SiCIL,), 1.38-1.42
(t, 3H, CHs), 4.37-4.42 (q, 2H, OCH,), 7.51-7.57 (d, 2H,
aromatic), 7.99-8.10 (d, 2H, aromatic)

Example 34
[0135] Synthesis of 4-cthynyl Methylbenzoate [M-34]
[0136] 16 g (65 mmol) of [M-33] and 0.93 g (6.7 mmol)

of potassium carbonate were put into a 500 ml round-
bottomed flask equipped with a stirrer, into which 200 ml of
methanol was added. The resulting mixture was stirred at
room temperature for 5 hours. After the reaction was com-
pleted, methanol was removed under a reduced pressure.
The reaction mixture was extracted with methylene chloride.
The extract was washed with water several times and then
dried with anhydrous magnesium sulfate. The solvent was
removed, to give yellow viscous liquid. The liquid was then
recrystallized from hexane to give yellow crystal, which was
recovered and then dried sufficiently in a vacuum oven at
30° C,, to give 6.7 g (64.4% yield) of the desired product
having a melting point of 90-92° C.

[0137] 'H-NMR(CDCL,). 8 3.24 (s, 1H, acetylene), 3.95
(s, 3H, OCH;), 7.53-7.58 (d, 2H, aromatic), 7.97-8.03 (d,
2H, aromatic)
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Example 35
[0138] Synthesis of 1,4-bis(4-carboxymethylphenyl)b-

utadiyne [M-35]

[0139] Under an atmosphere, 6.5 g (40 mmol) of [M-34],
0.2 g (2.02 mmol) of copper (I) chloride and 0.23 g (2.02
mmol) of N,N,N',N'-tetramethylethylenediamine were put
into a 500 ml round-bottomed flask equipped with a stirrer,
and dissolved in 200 ml of acetone. While oxygen gas
purging, the reaction mixture was vigorously stirred for 2
hours, to generate solid. After the reaction was completed,
the solvent was mostly removed with only a small amount
remaining. The residue was precipitated in 5% aqueous
hydrochloric acid to obtain yellow-colored solid. The solid
was filtered, washed sufficiently with water and methanol,
and then dried sufficiently in a vacuum oven at 40° C,, to
give 6.0 g (92.8% yield) of the desired product having a
melting point of 91° C.

[0140] 'H-NMR(CDCL): 3.93 (s, 3H, OCH,), 7.57-7.61
(d, 2H, aromatic), 8.00-8.04 (d, 2H, aromatic)

Example 36

[0141] Synthesis of N-(p-tolyl)-2,5-bis(4-carboxymeth-
ylphenyl)pyrrole [M-36]

[0142] Under an argon atmosphere, 2.0 g (6.28 mmol) of
[M-35], 0.74 g (6.91 mmol) of p-toluidine and 0.15 g (1.57
mmol) of copper (I) chloride were put into a 500 ml
round-bottomed flask. The resulting mixture was reacted at
170° C. for 5 hours. After the reaction was completed, the
reaction mixture was cooled down to room temperature and
then dissolved in chloroform. The organic layer was washed
with 5% aqueous hydrochloric acid several times, washed
with water several times and then dried with anhydrous
magnesium sulfate. The solvent was removed to give solid,
which was purified by silica gel column chromatography
using a methylene chloride as an eluent and then recrystal-
lized from chloroform/ethanol, to give white crystal. The
crystal was recovered and then dried sufficiently in a vacuum
oven at 40° C,, to give 0.53 g (20% yield) of the desired
product having a melting point of 193-195° C.

[0143] ‘H-NMR(CDCL,): 82.35 (s, 3H, CH,), 3.87 (s, 31,
OCH,), 6.57 (s, 2H, pyrrole —CH), 6.90-7.84 (m, 12H,
aromatic)

Example 37

[0144] Synthesis of N-(4-n-hexylphenyl)-2,5-bis(4-car-
boxymethylphenyl)pyrrole [M-37]

[0145] Under an argon atmosphere, 6.0 g (19 mmol) of
[M-36], 3.68 g (20 mmol) of 4-hexylaniline and 0.47 g (4.74
mmol) of copper (I) chloride were put into a 500 ml
round-bottomed flask, and the resulting mixture was reacted
at 170° C. for 5 hours. After the reaction was completed, the
reaction mixture was cooled down to room temperature and
then dissolved in chloroform. The organic layer was washed
with 5% aqueous hydrochloric acid several times, washed
with water several times and then dried with anhydrous
magnesium sulfate, from which the solvent was removed to
give solid. The solid was purified by silica gel column
chromatography using methylene chloride as an eluent and
then recrystallized from ethanol, to give white crystal. The
crystal was recovered and then dried sufficiently in a vacuum
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oven at 40° C,, to give 1.8 g (19.1% yield) of the desired
product having a melting point of 129-130° C.

[0146] 'H-NMR(CDCL,): & 0.86 (br, 3H, CHs), 1.26 (br,
6H, CH,), 1.55 (s, 2H, CIL,), 3.84 (s, 6H, OCH,), 6.56 (s,
2H, pyrrole —CH), 6.88-6.92 (d, 2H, aromatic), 7.03-7.09
(m, 6H, aromatic), 7.77-7.81 (d, 4H, aromatic)

Example 38
[0147] Synthesis of 4-trimethylsilyl Ethynyl Toluene
[M-38]
[0148] Under an argon atmosphere, 33 g (0.193 mol) of

4-bromotoluene, 2.7 g (3.85 mmol) of bis (triphenylphos-
phine) palladium(II) dichloride and 0.735 mg (3.85 mmol)
of copper lodide were put into a 1 L 3-necked flask equipped
with a stirrer, thermometer and reflux condenser, and dis-
solved in 500 ml of diisopropylamine. 37.9 g (0.385 mol) of
trimethylsilyl acetylene was slowly dropped into the reslut-
ing solution at room temperature. The reaction mixture was
slowly heated to 80° C. and refluxed for 12 hours. After the
reaction was completed, the reaction mixture was cooled
down to room temperature. The precipitated salt was filtered
off, and then the solvent was removed under a reduced
pressure. The residue was dissolved in methylene chloride.
The organic solution was washed with water several times
and then dried with anhydrous magnesium sulfate. The
solvent was removed to obtain liquid, which was purified by
silica gel column chromatography using hexane as an eluent,
to give 35 g (99.3% yield) of pale brown viscous liquid.

[0149] "H-NMR(CDCL): & 0.23 (s, 9H, SiCH,), 2.33 (s,
3H, CH,), 7.06-7.11 (d, 2H, aromatic), 7.33-7.37 (d, 21,
aromatic)

Example 39
[0150] Synthesis of 4-tolyl Acetylene [M-39]

[0151] 34.7 g (0.184 mol) of 4-trimethylsilyl ethynyl
toluene was dissolved in 500 ml of methanol in a 1 L
round-bottomed flask equipped with a stirrer. 10 ml of 20%
KOH in water was added to the resulting solution. The
reaction mixture was then stirred at room temperature for 5
hours. After the reaction was completed, water were poured
into the flask. The reaction mixture was then extracted with
cthyl ether several times. The combined extract was washed
with water several times, and then dried with anhydrous
magnesium sulfate. The solvent was removed, to give 21 g
(98% yield) of yellow liquid.

[0152] 'H-NMR(CDCl,): 82.34(s, 3H, CH,), 3.01 (s, 1H,
acetylene), 7.10-7.13 (d, 2H, aromatic), 7.35-7.40 (d, 2H,
aromatic)

Example 40
[0153] Synthesis of 1,4-bis(p-tolyl) Butadiyne [M-40]
[0154] 20 g (0.17 mol) of tolylacetylene, 0.85 g (8.58

mmol) of copper (I) chloride and 1.0 g (8.58 mmol) of
N,N,N',N'-tetramethylethylenediamine were put into a 500
ml round-bottomed flask equipped with a stirrer, and dis-
solved in 200 ml of acetone. While oxygen gas purging, the
reaction mixture was vigorously stirred for 2 hours, to
produce solid. After the reaction was completed, the solvent
was mostly removed with only a small amount remaining.
The residue was precipitated in 5% aqueous hydrochloric
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acid to obtain yellow-colored solid. The solid was filtered,
washed sufficiently with water and methanol, and then dried
sufficiently in a vacuum oven at 40° C., to give 14.5 g (74%
yield) of the desired product having a melting point of
182-183° C.

[0155] ‘H-NMR(CDCL): d 2.36 (s, 3H, CHy), 7.10-7.15
(d, 2H, aromatic), 7.40-7.42 (d, 2H, aromatic)

Example 41

[0156] Synthesis of  N-(4-n-hexylphenyl)-2,5-bis(p-

tolyl)pyrrole [M-41]

[0157] Under an argon atmosphere, 14 g (60 mmol) of
[M-40], 11.85 g (66 mmol) of 4-hexylaniline and 1.5 g (15
mmol) of copper (I) chloride were put into a 500 ml
round-bottomed flask, and the resulting mixture was reacted
at 180° C. for 5 hours. After the reaction was completed, the
reaction mixture was cooled down to room temperature and
dissolved in chloroform. The organic solution was washed
with 5% hydrochloric acid several times, washed with water
several times and then dried with anhydrous magnesium
sulfate to obtain solid. The solid was purified by silica gel
column chromatography using chloroform as an eluent and
then recrystallized from acetone to obtain white crystal. The
crystal was recovered and then dried sufficiently in a vacuum
oven at 40° C,, to give 17 g (68.8% yield) of the desired
product having a melting point of 147-148° C.

[0158] 'H-NMR(CDCL): & 0.90 (br, 3H, CH,), 1.30 (br,
6H, CH,), 1.60 (br, 2H, CH,), 2.28 (s, 6H, CH,), 2.58-2.62
(t, 2H, CH,), 6.42 (s, 2H, pyrrole —CH), 6.95-7.02 (m, 12H,
aromatic)

Example 42

[0159] Synthesis of N-(4-hydroxyphenyl)-2,5-bis(p-

tolyl)pyrrole [M-42]

[0160] Under an argon atmosphere, 13 g (56 mmol) of
[M-40], 7.36 g (66 mmol) of 4-aminophenol and 1.39 g (14
mmol) of copper (I) chloride were put into a 500 ml
round-bottomed flask, and the resulting mixture was reacted
at 190° C. for 5 hours. After the reaction was completed, the
reaction mixture was cooled down to room temperature and
dissolved in chloroform. The organic solution was washed
with 5% aqueous hydrochloric acid several times, washed
with water several times and then dried with anhydrous
magnesium sulfate, to obtain solid. The solid was purified by
silica gel column chromatography using chloroform as an
eluent and then recrystallized from ethyl acetate to obtain
white crystal. The crystal was recovered and then dried
sufficiently in a vacuum oven at 40° C., to give 10 g (52.6%
yield) of the desired product having a melting point of
221-222° C.

[0161] H-NMR(CDCL): 82.25 (s, 6H, CHs),4.79 (s, 1H,
OH), 6.41 (s, 2H, pyrrole —CH), 6.65-6.70 (d, 2H, aro-
matic), 6.90-6.98 (t, 10H, aromatic)

Example 43
[0162] Synthesis of N-(4-n-hyxylphenyl)-2,5-bis(p-tolyl)-
3,4-dibromopyrrole [M-43]

[0163] 3.0 g (7.36 mmol) of [M-41], 2.75 g (15.4 mmol)
of N-bromosuccinimide (NBS) and 0.013 g of benzoyl
peroxide (BPO) were put into a 250 ml round-bottomed
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flask equipped with a reflux condenser and stirrer, and
dissolved in 80 ml of tetramethylene chloride. The resulting
mixture was stirred at 100° C. for 48 hours. After the
reaction was completed, the reaction mixture was cooled
down to room temperature and filtered to remove succin-
imide. The filtrate was washed with water sufficiently and
then dried with anhydrous magnesium sulfate. The solvent
was removed to obtain solid, which was recrystallized from
chloroform/ethanol to obtain white crystal. The crystal was
recovered and then dried sufficiently in a vacuum oven at
40° C,, to give 3.3 g (82.5% yield) of the desired product
having a melting point of 130-132° C.

[0164] 'H-NMR(CDCL): 8 0.86 (br, 31, CI), 1.22 (br,
6H, CH,), 1.52 (br, 2H, CH,), 2.28 (s, 6H, CH,), 2.48-2.55
(t, 2H, CH,), 6.71-6.76 (d, 2H, aromatic), 6.90-6.95 (d, 2H,
aromatic), 7.02 (s, 8H, aromatic)

Example 44
[0165] Synthesis of N{(4-n-hexylphenyl)-2,5-bis(p-tolyl)-
3-bromopyrrole [M-44]

[0166] 8.0 g (19.6 mmol) of [M-41] was dissolved in 100
ml of dimethylformamide in a 500 m1 round-bottomed flask
equipped with a stirrer, and its temperature was lowered to
0-5° C. A solution in which 3.56 g (0.02 mol) of N-bromo-
succinimide was dissolved in 50 ml of dimethylformamide
was slowly dropped into the resulting solution. After the
reaction was completed, the reaction mixture was cooled
down to room temperature and then precipitated in 800 ml
of water, to obtain white solid. The solid was filtered,
washed sufficiently with water and methanol, and then
recrystallized from chloroform/ethanol, to obtain white crys-
tal. The crystal was recovered and then dried sufficiently in
a vacuum oven at 40° C,, to give 8.2 g (89.1% yield) of the
desired product having a melting point of 134-135° C.

[0167] 'H-NMR(CDCL): 8 0.86 (br, 31, CIL,), 1.22 (br,
6H, CH,), 1.52 (br, 2H, CH,), 2.28 (s, 6H, CH,), 2.50-2.59
(t, 2H, CH,), 6.45 (s, 1H, pyrrole —CH), 6.80-6.82 (d, 2H,
aromatic), 6.95-7.02 (t, 10H, aromatic)

Example 45
[0168] Synthesis of N<(4-n-hexylphenyl)-2.5-bis(p-tolyl)-
3-methoxypyrrole [M-45]

[0169] Under an argon atmosphere, 0.47 g (0.02 mol) of
sodium was put into a 100 ml 3-necked round-bottomed
flask equipped with a reflux condenser and stirrer, into which
5 ml of pure methanol was added. When the sodium was
completely dissolved, residual methanol was removed com-
pletely under a reduced pressure. 2 ml of pure methanol was
added to the generated sodium methoxide. 5.0 g (10 mmol)
of [M-44] and 0.14 g (1 mmol) of copper (I) bromide were
add to the resulting solution, and then 10 ml of dimethyl-
formamide was added thereto. The resulting mixture was
reacted at 110° C. for 12 hours. After the reaction was
completed, the reaction mixture was cooled down to room
temperature. Water and chlororm were added to the reaction
mixture to extract organic substances. The organic layer was
washed sufficiently with water and then dried with anhy-
drous magnesium sulfate. The solvent was removed to
obtain solid, which was recrystallized from hexane/ethyl
acetate to obtain yellow-colored solid. The solid was recov-
ered and then dried sufficiently in a vacuum oven at 40° C.,
to give 2.5 g (57.2% yield) having a melting point of
128-130° C.
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[0170] 'H-NMR(CDCL,): 8 0.86 (br, 3H, CH,), 1.27 (br,
6H, CH,), 1.52 (b, 2H, CH,), 2.26 (s, 6H, CH), 2.50-2.59
(t, 2H, CH,), 3.83 (s, 3H, —OCH,), 6.24 (s, 1H, pyrrole
—CH), 6.80-6.82 (d, 2H, aromatic), 6.95-7.02 (t, 10H,
aromatic)

Example 46

[0171] Synthesis of N-(p-tolyl)-2,5-diphenyl-3,4-diphe-
nylpyrrole [M-46]

[0172] Under an argon atmosphere, 5.0 g (10 mmol) of
[M-5], 3 g (24.6 mmol) of phenylboronic acid and 0.23 g (20
mmol) of tetrakis(triphenylphosphine) palladium(0) were
put into a 250 ml round-bottomed flask equipped with a
thermometer, reflux condenser and stirrer, and dissolved in
100 ml of toluene. 50 ml of 2M potassium carbonate was
added to the resulting solution. The reaction mixture was
slowly heated and refluxed for 48 hours. After the reaction
was completed, the reaction mixture was cooled down to
room temperature and then extracted with toluene several
times. The combined extract was washed with water several
times and then dried with anhydrous magnesium sulfate. The
solvent was then removed to obtain solid, which was recrys-
tallized from methylene chloride/ethanol, to give white
solid. The solid was recovered and then dried sufficiently in
a vacuum oven at 40° C., to give 1.0 g (20.2% yield) of the
desired product having a melting point of 259-260° C.

[0173] 'H-NMR(CDCL): d 2.26 (s, 3H, CHy), 6.80-7.25
(m, 24H, aromatic)

Example 47

[0174] Synthesis of N-(p-tolyl)-2,5-diphenyl-3-methoxy-
pyrrole [M-47]

[0175] Under an argon atmosphere, 0.12 g (5 mmol) of
sodium was put into a 50 ml 2-necked round-bottomed flask
equipped with a reflux condenser and stirrer, into which 2 ml
of pure methanol was added. When the sodium was com-
pletely dissolved, residual methanol was removed com-
pletely under a reduced pressure. 0.5 ml of pure methanol
was added to the generated sodium methoxide. 1.3 g (3.32
mmol) of [M-4] and 48 mg (0.33 mmol) of copper (I)
bromide were added to the resulting solution, and then 3 ml
of dimethylformamide was added thereto. The resulting
mixture was reacted at 110° C. for 12 hours. After the
reaction was completed, the reaction mixture was cooled
down to room temperature, into which water was added, and
then organic substances were extracted with chloroform.
The organic extract was washed with water sufficiently and
dried with anhydrous magnesium sulfate, from which the
solvent was removed to obtain solid. The solid was recrys-
tallized from hexane/ethyl acetate to obtain white solid. The
solid was recovered and then dried sufficiently in a vacuum
oven at 40° C,, to give 0.8 g (70.8% yield) of the desired
product having a melting point of 157-158° C.

[0176] H-NMR(CDCL,): 82.30 (s, 3H, CH,), 3.85 (s, 3H,
—OCH,), 6.28 (s, 1H, pyrrole —CH), 6.85-7.15 (m, 14H,
aromatic)
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Example 48

[0177] Synthesis of N-(p-tolyl)-2,5-diphenyl-3-methoxy-
pyrrole [M-47]—Method 2

[0178] Under an argon atmosphere, 0.3 g (12.8 mmol) of
sodium is put into a 50 ml 2-necked round-bottomed flask
equipped with a reflux condenser and stirrer, into which 3 ml
of pure methanol was added, to generate sodium methoxide.
When the sodium was completely dissolved, residual metha-
nol was removed completely under a reduced pressure. 0.7
ml of pure methanol was added to the generated sodium
methoxide. 2.0 g (4.28 mmol) of [M-5] and 0.06 g (0.43
mmol) of copper (I) bromide were added to the resulting
solution, and then 4 ml of dimethylformamide was added
thereto. The resulting mixture was reacted at 110° C. for 12
hours. After the reaction was completed, the reaction mix-
ture was cooled down to room temperature, and water was
added thereto. Organic substances were extracted with chlo-
roform. The organic extract was washed with water suffi-
ciently and dried with anhydrous magnesium sulfate, and
then the solvent was removed to obtain solid. The solid was
recrystallized from hexane/ethyl acetate to obtain white
solid. The white solid was recovered and then dried suffi-
ciently in a vacuum oven at 40° C,, to give 1.1 g (77.8%
yield) of the desired product having a melting point of
157-158° C.

[0179] ‘H-NMR(CDCL,): §2.30 (s, 3H, CH,), 3.85 (s, 3H,
—OCH,), 6.28 (s, 1H, pyrrole —CH), 6.85-7.15 (m, 14H,
aromatic)

Example 49

[0180] Synthesis  of  N-(p-tolyl)-2,5-diphenyl-3,4-
dimethoxypyrrole [M-48]—Method 1

[0181] Under an argon atmosphere, 0.3 g (12.8 mmol) of
sodium is put into a 50 ml 2-necked round-bottomed flask
equipped with a reflux condenser and stirrer, into which 3 ml
of pure methanol was added, to generate sodium methoxide.
When the sodium was completely dissolved, residual metha-
nol was removed completely under a reduced pressure. 0.7
ml of pure methanol was added to the generated sodium
methoxide. 2.0 g (4.28 mmol) of [M-5] and 0.12 g (0.856
mmol) of copper (I) bromide were added to the resulting
solution, and then 4 ml of 1-methylpyrrolidinone was added
thereto. The reaction mixture was then reacted at 110° C. for
12 hours. After the reaction was completed, the reaction
mixture was cooled down to room temperature, and then
water was added thereto. Organic substances were extracted
with chloroform. The organic extract was washed with water
sufficiently and dried with anhydrous magnesium sulfate,
and then the solvent was removed to obtain solid. The solid
was recrystallized from hexane/ethyl acetate to obtain white
solid. The white solid was recovered and then dried suffi-
ciently in a vacuum oven at 40° C,, to give 0.6 g (37.9%
yield) of the desired product having a melting point of
192-193° C.

[0182] 'H-NMR(CDCL,): 82.30(s, 3H, CHs), 3.85 (s, 3H,
—OCH,), 6.28 (s, 1H, pyrrole —CH), 6.85-7.15 (m, 14H,
aromatic)
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Example 50
[0183] Synthesis  of  N-(p-tolyl)-2,5-diphenyl-3,4-

dimethoxypyrrole [M-48]—Method 2

[0184] Under an argon atmosphere, 0.3 g (12.8 mmol) of
sodium was put into a 50 ml 2-necked round-bottomed flask
equipped with a reflux condenser and stirrer, into which 3 ml
of pure methanol was added, to generate sodium methoxide.
When the sodium was completely dissolved, residual metha-
nol was removed completely under a reduced pressure. 0.7
ml of pure methanol was added to the generated sodium
methoxide. 2.0 g (4.28 mmol) of [M-5], 0.34 g (4.27 mmol)
of copper (IT) oxide and 7.6 mg (0.045 mmol) of potassium
iodide were added to the resulting solution, and then 4 ml of
1-methylpyrrolidinone was added thereto. The reaction mix-
ture was then reacted at 110° C. for 3 days. After 7.6 mg
(0.045 mmol) of potassium iodide was added again, the
reaction was continued for one more day. After the reaction
was completed, the reaction mixture was cooled down to
room temperature, and water was added thereto. Organic
substances were extracted with chloroform. The organic
extract was washed with water sufficiently and dried with
anhydrous magnesium sulfate, and then the solvent was
removed to obtain solid. The solid was recrystallized from
hexane/ethyl acetate to obtain white solid. The white solid
was recovered and then dried sufficiently in a vacuum oven
at 40° C., to give 0.7 g (44.3% yield) of the desired product
having a melting point of 192-193° C.

[0185] 'H-NMR(CDCL,): 82.30 (s, 3H, CH,), 3.85 (s, 3H,
—OCH,), 6.28 (s, 1H, pyrrole —CH), 6.85-7.15 (m, 14H,
aromatic)

[0186] Syntheses of Polymers
Example 51
[0187] Polymerization of [M-16]
[0188] Under an argon atmosphere, 0.482 g (1.0 mmol) of

[M-16], 0.217 g (0.8 mmol) of triphenylphosphine, 0.203 g
(3.1 mmol) of zinc, 0.016 g (0.1 mmol) of 2,2'-dipyridine
and 0.013 g (0.1 mmol) of nickel (IT) chloride were put into
a 50 ml round-bottomed flask, into which 5 ml of dimeth-
ylformamide was added. The reaction mixture was stirred
for 48 hours while maintaining the temperature at 100° C. A
small amount of iodobenzene was added to quench the
reaction. The reaction mixture was cooled down to room
temperature, precipitated in 500 ml of methanol and then
filtered to recover the product. The obtained polymer was
dissolved in a minimum amount of chloroform, passed
through a 1 um filter and then reprecipitated in methanol.
The reprecipitated solid was filtered and then dried under a
reduced pressure, to give 0.21 g (66.2%) of pure polymer.
The polymer in chloroform has an UV absorption maximum
wavelength of 306 nm and a maximum PL wavelength of
424 nm.

[0189] 'H-NMR(CDCL): d 2.32 (3H, —CHs), 6.46 (2H,
—CH—), 6.88-7.18 (18H, aromatic)
Example 52

[0190] Copolymerization of [M-16] and 9,9'-n-dihexy-
Ifluorene-2,7-diboronic Acid [P-2]

[0191] Under an argon atmosphere, 0.47 g (1.0 mmol) of
[M-16], 0.44 g (1.0 mmol) of 9.9-n-dihexyl fluorene-2,7-
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diboronic acid and 3 mg of tetrakis(triphenylphosphine)
palladium(0) were put into a 50 ml round-bottomed flask
equipped with a reflux condenser, and dissolved in 10 ml of
toluene. 5 ml of 2M sodium carbonate was added to the
resulting solution, and the reaction mixture was stirred for
48 hours while maintaining the temperature at 110° C. A
small amount of iodobenzene was added to quench the
reaction. The reaction mixture was cooled down to room
temperature, precipitated in 500 ml of methanol and then
filtered to recover the product. The obtained polymer was
dissolved in a minimum amount of chloroform, passed
through a 1 um filter and then reprecipitated in methanol.
The reprecipitated polymer was filtered and then dried under
a reduced pressure, to give 0.63 g (98%) of pure polymer.
The polymer in chloroform has an UV absorption maximum
wavelength of 370 nm and a maximum PL wavelength of
446 nm.

[0192] 'H-NMR(CDCL,): d 0.82-1.35 (m, 22H, —CH,—
and —CH;), 1.98-2.20 (m, 4H, —CCH,—), 2.38 (s, 3H,
—CH,), 6.66 (s, 2H, —CH—), 6.96-7.88 (m, 18H, aro-
matic)

Example 53

[0193] Copolymerization of [M-17] and 9,9'-n-dihexy-
Ifluorene-2,7-diboronic Acid [P-3]

[0194] Under an argon atmosphere, 0.31 g (0.56 mmol) of
[M-17], 0.24 g (0.56 mmol) of 9.9"-n-dihexylfluorene-2,7-
diboronic acid and 2 mg of tetrakis(triphenylphosphine)
palladium(0) were put into a 50 ml round-bottomed flask
equipped with a reflux condenser, and dissolved in 10 ml of
toluene. 5 ml of 2M sodium carbonate was added to the
resulting solution, and the reaction mixture was stirred for
48 hours while maintaining the temperature at 110° C. A
small amount of iodobenzene was added to quench the
reaction. The reaction mixture was cooled down to room
temperature, precipitated in 500 ml of methanol and then
filtered to recover the product. The obtained polymer was
dissolved in a minimum amount of chloroform, passed
through a 1 um filter and then reprecipitated in methanol.
The reprecipitated polymer was filtered and then dried under
a reduced pressure, to give 0.26 g (65%) of pure polymer.
The product in chloroform has an UV absorption maximum
wavelength of 370 nm and a maximum PL wavelength of
444 nm.

[0195] 'H-NMR(CDCL): 8 0.75-2.15 (37H, —CCH,—,
—CH,— and —CH,), 3.95 (2H, —OCH,—), 6.57 (2H,
—CH—), 6.83-7.78 (m, 18H, aromatic)

Example 54

[0196] Co-polymerization of [M-18] and 1,4-benzenedi-
boronic Acid [P-4]

[0197] Under an argon atmosphere, 0.337 g (0.6 mmol) of
[M-18], 0.109 g (0.6 mmol) of 1,4-benzenediboronic acid
and 1 mg of tetrakis(triphenylphosphine) palladium(0) were
put into a 50 ml round-bottomed flask equipped with a reflux
condenser, and dissolved in 10 ml of toluene. 5 ml of 2M
sodium carbonate was added to the resulting solution, and
the reaction mixture was stirred for 48 hours while main-
taining the temperature at 110° C. A small amount of
iodobenzene was added to quench the reaction. The reaction
mixture was cooled down to room temperature, precipitated
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in 500 ml of methanol and then filtered to recover the
product. The obtained polymer was dissolved in a minimum
amount of chloroform, passed through a 1 um filter and then
reprecipitated in methanol. The reprecipitated polymer was
filtered and then dried under a reduced pressure, to give 0.14
g (49.3%) of pure polymer. The product in chloroform has
an UV absorption maximum wavelength of 314 nm and a
maximum PL wavelength of 392 nm.

[0198] 'H-NMR(CDCL): & 0.94 (3H, —CH,—), 1.30-
1.85 (8H, —CH,—), 2.65 (2H, —CCH,—), 650 (2H,
—CH—), 6.9-7.38 (16H, aromatic)

Example 55
[0199] Co-polymerization of [M-16] and divinylbenzene
[P-5]
[0200] Under an argon atmosphere, 0.49 g (1.0 mmol) of

[M-16], 032 g (3.1 mmol) of triethylamine, 12 mg (0.05
mmol) of paladium (IT) acetate and 0.01 g (0.3 mmol) of
tri-o-tolylphosphine were put into a 50 ml round-bottomed
flask, and dissolved in 10 ml of dimethylformamide. 0.14 g
(1.0 mmol) of divinylbenzene was added to the resulting
solution, and the reaction mixture was reacted at 100° C. for
24 hours. The reaction mixture was cooled down to room
temperature, precipitated in 500 ml of methanol and then
filtered to recover the precipitated product. The obtained
polymer was dissolved in a minimum amount of chloroform,
passed through a 1 um filter and then reprecipitated in
methanol. The reprecipitated polymer was filtered and then
dried under a reduced pressure, to give 0.2 g (43.8%) of pure
polymer. The polymer in chloroform has an UV absorption
maximum wavelength of 316 nm and a maximum PL
wavelength of 460 nm.

[0201] 'H-NMR(CDCL): d 2.33 (3H, —CH,), 6.45 (2,
—CH—), 6.84-7.42 (20H, aromatic and vinyl)

Example 56

[0202] Examination of Ultraviolet-Visible Absorption, PL
and EL Properties

[0203] FIG. 1 shows 'H NMR spectrum of the monomer
[M-16] prepared in Example 16. FIGS. 2 and 3 show an
ultraviolet-visible (referred to as ‘UV-Vis’, hereinafter) and
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PL spectra of the monomer [M-32] prepared in Example 32
and the polymer [P-3] prepared in Example 53. FIG. 4
shows an EL spectrum of the monomer [M-24] prepared in
Example 24, of which the EL element was constructed in the
structure of ITO/CuPc/M-24/A1q3/LiF/Al FIG. 5 shows an
EL spectrum of the polymer [P-3] prepared in Example 53,
of which the EL element was constructed in the structure of
ITO/PVK:P-3=8:2/Al.

[0204] UV-Vis and PL properties were examined as fol-
lows:
[0205] 0.1 g of polymer [P-3] was dissolved in 5 ml of

chloroform. The resulting solution was filtered through a
micro filter of 0.2 micron in size and then spin-coated in
order to prepare a polymer thin film, while adjusting the
spinning rate so as the polymer thin film to have a thickness
of about 100 nm. After the resulting polymer thin film was
dried at room temperature, its UV-Vis spectrum was
observed, and then a PL spectrum was observed at a wave-
length where the UV-Vis spectrum exhibited a maximum
value.

[0206] Next, a most generally used EL element consisting
of ITO/light-emitting layer/electrode was fabricated, and
then its EL property was observed.

[0207] As the light-emitting layer, a polymer prepared in
Examples as described above, or a material in which a
polymer of the present invention was blended with a com-
monly used polymer, for example, polyvinylcarbazole, poly-
methylmethacrylate, polystyrene, an epoxy resin or the like,
in chloroform was used. Aluminum was used as the elec-
trode. The EL element was prepared in the same manner as
in preparing the polymer thin film for observing UV-Vis or
the PL spectrum. That is, the light-emitting layer was
spin-coated onto an ITO glass substrate at a thickness of 100
nm, and then aluminum was vacuum-deposited onto the
light-emitting layer. FIG. 5 shows an EL spectrum of the EL
element comprising a material in which the polymer [P-3]
was blended with polyvinylcarbazole.

[0208] Tables 1a-1d shows structures and EL properties of
the pyrrole group monomers and polymers thereof which
can be included in the scope of the present invention.

TABLE 1a
UV(CHCl,)  PL(CHCL,)
Mg 7z e Popar(01) Amax(om) MR C)
[M-4] Br CyaH, BIN 298 37 201-202
(388.30)

ye
e
|

W/

<

CH,
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TABLE 1a-continued
UV(CHCL,) PL(CHCI,)
LK TE Agax(012) Apax(nim) MP(° C)
[M-5] Br Br Cy;H, ,Br,N 288 368 227-228
| | (467.20)
< > \N/ < >
CH;
[M-6] Br Br CyH,sBr,N 208 367 240-242
‘ | (624.99)
Br Br
< > \N/ < >
)\|
\(
CH;
[M-7] COC-Hjs C3,H33NO 280 418 —
| | (435.60)
< > \N/ < >
/A|
\(
CH,
[M-8] H,;C,0C COC-Hjs CyoH,NO, 280 414 51-53
| | (561.80)
Q N O
CH,
[M-9] H,-Cq Gl C,oHy, N 274 450 100-101
(533.83)

5

CH,
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TABLE 1a-continued
UV(CHCL,) PL(CHCI)
Ll T "‘v';" }“max(nm) }“max(nm) l\d'P'(O C)
[M-10] foh: C, H N 280 450 —
/ \ | | __ (421.62)
_ N\ /
CH,
[M-11] Cellja Col N 302 374 —
| | — (393.56)
(A
CH,
[M-12] Br CeHys C,oH,oBIN 296 382 86-89
| | (472.46)
Q N O
CH,
[0209]
TABLE 1b
[M-13] C,H,BIN 300 390  218-219

¢
_\>_Z\_
|

W/

_{

(37427
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TABLE 1b-continued
[M-14] ' CpH,Nsi 282 366  183-184
(391.58)
~
G, N 298 38  208-209
(319.40)
[M-16] C,H BN 317 388  262-264
| | (467.20)
Br Br
N
CH,
[M-17] Cyel,BL,NO 317 38  201-202
| | (553.33)
Br Br
N
OC¢Hys
[M-18] CH,Br,N 314 388  198-199

Br | | Br
N

CeHis

(537.33)
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TABLE 1b-continued

C,H,Br,NO 318 388 28485

| | (469.17)
Br Br
N

—_
=
[\
=
[t}

|
|
\—

| CHLNSi, 333 435 223024
(501.81)

i =si—

| N |

CH N 333 407 235237
(357.45)

)—

\—
7
~
|

[M-21] :

N

CooH, N 368 454 297-298

[M-22] —
Q | (513.67)
O / ~NN N\

N\

CHs

[0210]

TABLE 1c

[M-23] C,Hy N 368 456 314-316

H,C

CH,
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TABLE 1c¢-continued
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[M-28]

/\

\ /

(/
)\| \_/

CHs

o O

4

—
N\

H—

_<

CH,

—
N\

[M-37]
HﬁOﬁO

/_\>_Z

O
=

CH,

\ 7/

\_/

C41HysNO,
(573.72)

C39H27N
(509.64)

C3 1H23N
(40952)

C27H23NO4
(425.43)
CO,CH,3

C32H33N04
(495.61)
CO,CH;

368 454 303-305
390 464  262-263
330 416  105-106
352 418 193-195
350 420 129-130
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TABLE 1c¢-continued
[M-41] Col,N 306 385  147-148
| | (407.59)
H,C CH,
N
CgHys
[M-42] C,H,NO 304 386 221222
| | (339.43)
H,C CH,
N
OH
[M-43] Br Br Cyolly, BN 200 370 130-132
| | (565.38)
HyC CH,
N
CeHys
[M-44] Br CooHypBIN 208 376 134-135
| | (486.49)
H;C CH;
N
CeHys
[0211]
TABLE 1d
[M-45] CH, CHL,NO 314 387 128-130

o
0,C | | CH,
N

.

CsHys

(437.62)
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TABLE 1d-continued
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[M-46] = / \

\
=
|

CH,

[M-47] OCH;

\ /

|
-

_{

CH,

[M-48] H;CO OCH,

$

[B-1]

A

CH,

[p-2]

HisCe  Cellys

C35H27N
(461.60)

C34H3NO
(339.43)

C55H,.NO,
(369.17)

316

310

306

370

391

386

424

446

259-260

157-158

192-193
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TABLE 1d-continued

[p-3] — 30 444 —
®
P
n
Hi3Cs CeHis
OCeH 3
[P-4] | | — 314 392 —
Q N O O
CeHis
[P-5] | | __ — 316 460 —
_ ¥ N/ \ % \
)\|
\(
CHs

[0212] Asso far described, a pyrrole compound, polymers
thereof and EL element using the same as a core material
were provided in the present invention. Due to its excellent Ry R,
light-emitting and transporting properties, the pyrrole com-
pounds and polymers thereof can be used as a material for / \
an organic and polymeric EL element. In addition, as the AN An—tAlH
pyrrole compounds and polymers thereof according to the T
present invention have optical and electrical activities, they Any

are expected to be applied to an optical switch, sensor,
module, waveguide, organic transistor, laser, light-absorbing
body, dielectric substance, membrane and the like.

[0213] As the present invention may be embodied in
several forms without departing from the spirit or essential
characteristics thereof, it should also be understood that the
above-described embodiments are not limited by any of the
details of the foregoing description, unless otherwise speci-
fied, but rather should be construed broadly within its spirit
and scope as defined in the appended claims, and therefore
all changes and modifications that fall within the metes and
bounds of the claims, or equivalence of such metes and
bounds are therefore intended to be embraced by the
appended claims.

What is claimed is:

1. A pyrrole group polymer represented by the following
chemical formula:

wherein, R; and R, are the same or different substituents
independently selected from the group consisting of
hydrogen, C,-C,, aliphatic alkyl, C,-C,, alicyclic
alkyl, C,-C,, acyl, C;-C,, alkoxy, C4-Cs, aryl, Cs-Cy,
aryloxy, halogen containing substituent, silicon con-
taining substituent, organic acid and organic acid ester;

Ar,, Ar, and Ar, are the same or different substituents
independently selected from the group consisting of
C -C5y aromatic groups which are not substituted or
substituted with halogen, metal or hetero atom;

Ar' represents a substituent selected from the group con-
sisting of aromatic and heterocyclic groups including
phenyl, naphthyl, anthracenyl, fluorenyl, thiophenyl,
pyrrolyl, pyridinyl, aryloxadiazolyl, triazolyl, carba-
zolyl, arylamino, arylsilano and derivatives thereof;
and



US 2004/0034189 Al

m is 0 or an integer of above 1, and n is an integer of
above 1.

2. The polymer according to claim 1, wherein R; and R,
are independently selected from the group consisting of
hydrogen, methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
pentyl, hexyl, ethylhexyl, heptyl, octyl, isooctyl, nonyl,
decyl, dodecyl, hexadecyl, octadecyl, docodecyl, cyclopro-
pyl, cyclopentyl, cyclohexyl, acetyl, octanoyl, benzoyl,
methoxy, ethoxy, ethylenedioxy, buthoxy, hexyloxy, meth-
oxyethoxyethyl, methoxyethoxyethoxyethyl, cyanoethyl,
carboxymethyl, phenyl, phenoxy, tolyl, benzyl, naphthyl,
anthracenyl, terphenyl, pyrenyl, diphenylanthracenyl, pen-
tacenyl and derivatives thereof, chlroride, bromide, iodide,
bromomethyl, trimethylsilyl, dimethyloctylsilyl, and butyl-
sulfonic acid, propionic acid and methyl esters thereof;

Ar,, Ar, and Ar, are independently selected from the
group consisting of phenyl, tolyl, naphthyl, stilbenyl,
fluorenyl, anthracenyl, terphenyl, pyrenyl, diphenylan-
thracenyl, dinaphthyl anthracenyl, pentacenyl and
derivatives thereof, bromophenyl, hydroxyphenyl, thie-
nyl, pyridyl, azobenzenyl, ferrocenyl, carbazoyl, por-
phyrin and derivatives thereof; and

Ar' is selected from the group consisting of phenyl,
naphthyl, anthracenyl, fluorenyl, thiopenyl, pyrrolyl,
pyridinyl, aryloxadiazolyl, triazolyl, carbazolyl, ary-
lamino, arylsilano and derivatives thereof.

3. The polymer according to claim 1, wherein n is an
integer of 1-1000.

4. The polymer according to claim 1, wherein Ar' is
selected from the group represented by the following chemi-
cal formulae:
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-continued
XK
C
R; R
/X
N
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-continued
N N
||
x s AN

/

5. The polymer according to claim 1, having the same or
different repeat unit which is represented by the following
formula:

Ry

/)
|

Ar3

R

—t Ary A=A

6. The polymer according to claim 1, which is used as a
core material for an organic polymer semiconductor, or
organic or polymeric EL element.

35
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7. An EL element comprising the pyrrole group polymer
which is represented by the following chemical formula:

Ry

/

N

Ary

Ro

—tAry An—CAr'—-

wherein, R; and R, are the same or different substituents
independently selected from the group consisting of
hydrogen, C,-C,, aliphatic alkyl C,-C,, alicyclic alkyl,
C;-C,, acyl, C;-C,, alkoxy, C4-Cy aryl, Cy-Cy ary-
loxy, halogen containing substituents, silicon contain-
ing substituents, organic acid and organic acid ester;

Ar,, Ar, and Ar; are the same or different substituents
independently selected from the group consisting of
C-C;, aromatic groups which are not substituted or
substituted with halogen, metal or hetero atom;

Ar' represents a substituent selected from the group con-
sisting of aromatic and heterocyclic groups including
phenyl, naphthyl, anthracenyl, fluorenyl, thiophenyl,
pyrrolyl, pyridinyl, aryloxadiazolyl, triazolyl, carba-
zolyl, arylamino, arylsilano and derivatives thereof;
and

m is O or an integer of above 1, and n is an integer of
above 1.

8. The EL element according to claim 7, which has a
structure of anode/light-emitting layer/cathode, anode/hole
transporting layer/light-emitting layer/electron transporting
layer/cathode or anode/hole injection layer/hole transporting
layer/light-emitting layer/electron transporting layer/elec-
tron injection layer/cathode.

9. The EL element according to claim 8, wherein the
light-emitting layer consists of a material in which the
pyrrole group polymer is doped into a compound selected
from the group consisting of Alq3, dinaphthyl anthracene
compound, tetra-t-butyl pyrene and spyrofluorene.

10. The EL element according to claim 8, wherein the
light-emitting layer consists of a material in which the
pyrrole group polymer is blended with at least one com-
monly used polymer selected from the group consisting of
polyvinylcabazole, polymethylmethacrylate, polystyrene
and epoxy resin.
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