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(57)
ABSTRACT
Provided is a novel donor-acceptor type compound which
emits light even in a solid state. The present invention
provides an organic optical material comprising a complex
formed from (1) a conjugated molecule having (a) at least
one electron donating site, (b) at least one electron accepting
site, and (c) at least one conjugated site in the same molecule
and (2) a compound having a proton donating property or an
electron pair accepting property, the complex having a
non-covalent interaction at the electron accepting site,
wherein the complex is solid at ordinary temperature; and
the organic optical material has a property of emitting light
having a maximum fluorescence wavelength which causes a
Stokes shift having a value corresponding to 5% or more of
the value of a maximum absorption wavelength from the
maximum absorption wavelength toward the long wavelength side.
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ORGANIC OPTICAL MATERIAL

SUMMARY OF THE INVENTION

FIELD OF THE INVENTION

Problem to be Solved by the Invention

10001] The present invention relates to a complex and an
organic optical material which intensely emit light not only
in a solution state but in a solid state.

10011] An object of the present invention is to provide a
novel donor-acceptor type organic optical material which
emits light even in a solid state.

BACKGROUND OF THE INVENTION

Means for Solving the Problem

10002] Light emitting organic compounds are used in a
wide range of fields such as biological labeling materials,
organic electronics materials, chemical sensors, and organic
lasers. Novel light emitting materials are under active
research and development. In particular, fluorescent organic
compounds which emit light by irradiation with X-ray,
ultraviolet ray, or visible light may be utilized in organic
fluorescent coatings, etc., in addition to the purposes
described above.
10003] However, most of molecules generally used as light
emitting organic materials are robust and highly planar
molecules. Therefore, such molecules intensely emit light in
a solution because of less contact or interference between
the molecules. By contrast, the molecules in a solid state
such as a crystalline state often drastically reduce light
emission efficiency because the energy of a released electromagnetic wave is attenuated by the influence of its
neighboring planar molecules. Since the light emitting
organic materials may be used in a solid state in terms of
application, an important challenge thereto is to develop
materials which intensely emit light not only in a solution
but in a solid state.
10004] Many donor-acceptor type compounds have been
reported and are known to exhibit diverse characteristics.
10005] Patent Literature 1 discloses a fluorescence emitting compound comprising a nitrogen-containing aromatic
ring having high light emission efficiency not only in a
solution state but in a solid state.
10006] Non Patent Literature 1 states that the fluorescence
wavelength of a so-called donor-acceptor type compound in
which the donor and the acceptor are conjugated with each
other can be controlled by causing hydrochloric acid, trifluoroacetic acid, or boron tribromide as an activator to react
with the compound.
10007] Non Patent Literature 2 describes various analyses
conducted by allowing a boron-containing compound to act
on a compound consisting of a dimethylamino group and a
pyridine ring, which results in a finding that a dipole
moment is increased through the reaction of the nitrogen
atom of the pyridine ring with the boron atom. However, the
literature does not disclose influence on a fluorescence
wavelength.

10012] In order to attain the object, the present inventors
reacted a compound of the pi-conjugated system comprising
an electron donating site acting as a donor and an electron
accepting site acting as an acceptor, with a compound having
a proton donating property or an electron pair accepting
property, such as a Bronsted acid, a Lewis acid, or a
substance producing a halogen bonding cross-linked structure. As a result, the present inventors found that: a complex
is easily produced at the electron accepting site through a
non-covalent interaction; and the complex emits light not
only in a solution state but in a solid state and is useful as
an organic optical material, thereby achieving the completion of the present invention.
10013] Specifically, the present invention relates to the
following aspects [1] to [66].
10014] [1] An organic optical material comprising a complex formed from (1) a conjugated molecule having (a) at
least one electron donating site, (b) at least one electron
accepting site, and (c) at least one conjugated site in the
same molecule and (2) a compound having a proton donating property or an electron pair accepting property, the
complex having a non-covalent interaction at the electron
accepting site, wherein the complex is solid at ordinary
temperature: and the organic optical material exhibits a
property of emitting light having a maximum fluorescence
wavelength which causes a Stokes shift having a value
corresponding to 5% or more of the value of a maximum
absorption wavelength from the maximum absorption wavelength toward the long wavelength side.
10015] [2] An organic optical material comprising a complex formed from (1) a conjugated molecule having (a) at
least one electron donating site, (b) at least one electron
accepting site, and (c) at least one conjugated site in the
same molecule and (2) a compound having a proton donating property or an electron pair accepting property, the
complex having a non-covalent interaction at the electron
accepting site, wherein
10016] the conjugated molecule does not have both one
hydrogen atom and one disubstituted amino group at the
same time on one of carbon atoms constituting an aliphatic
carbon-carbon double bond in its molecule; the complex is
solid at ordinary temperature; and the organic optical material exhibits a property of emitting light having a maximum
fluorescence wavelength which causes a Stokes shift having
a value corresponding to 5% or more of the value of a
maximum absorption wavelength from the maximum
absorption wavelength toward the long wavelength side.
10017] [3] The organic optical material according to [1] or
[2], wherein the organic optical material further has a
property of emitting light which exhibits a fluorescence
quantum yield value of 0.01 or more by at least one
excitation wavelength in the range of from 280 nm to 400
nm in a solid state.
10018] [4] An organic optical material comprising a complex formed from (1) a conjugated molecule having (a) at
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least one electron donating site, (b) at least one electron
accepting site, and (c) at least one conjugated site in the
same molecule and (2) a compound having a proton donating property or an electron pair accepting property, the
complex having a non-covalent interaction at the electron
accepting site, wherein
10019] the complex is solid at ordinary temperature; and
the organic optical material exhibits a property of emitting
light having a maximum fluorescence wavelength which
causes a Stokes shift of 15 nm or more from a maximum
absorption wavelength toward the long wavelength side.
10020] [5] An organic optical material comprising a complex formed from (1) a conjugated molecule having (a) at
least one electron donating site, (b) at least one electron
accepting site, and (c) at least one conjugated site in the
same molecule and (2) a compound having a proton donating property or an electron pair accepting property, the
complex having a non-covalent interaction at the electron
accepting site, wherein
10021] the conjugated molecule does not have both one
hydrogen atom and one disubstituted amino group at the
same time on one of carbon atoms constituting an aliphatic
carbon-carbon double bond in its molecule; the complex is
solid at ordinary temperature; and the organic optical material exhibits a property of emitting light having a maximum
fluorescence wavelength which causes a Stokes shift of 15
nm or more from a maximum absorption wavelength toward
the long wavelength side.
10022] [6] The organic optical material according to [4] or
[5], wherein the organic optical material further has a
property of emitting light which exhibits a fluorescence
quantum yield value of 0.01 or more by at least one
excitation wavelength in the range of from 280 nm to 400
nm in a solid state.
10023] [7] An organic optical material comprising a complex formed from (1) a conjugated molecule having (a) at
least one electron donating site, (b) at least one electron
accepting site, and (c) at least one conjugated site in the
same molecule and (2) a compound having a proton donating property or an electron pair accepting property, the
complex having a non-covalent interaction at the electron
accepting site, wherein
10024] the complex is solid at ordinary temperature; and
the organic optical material exhibits a property of emitting
light having a maximum fluorescence wavelength which
causes a Stokes shift of 1.5x10; cm' or more from a
maximum absorption wavelength toward the long wavelength side.
10025] [8] An organic optical material comprising a complex formed from (1) a conjugated molecule having (a) at
least one electron donating site, (b) at least one electron
accepting site, and (c) at least one conjugated site in the
same molecule and (2) a compound having a proton donating property or an electron pair accepting property, the
complex having a non-covalent interaction at the electron
accepting site, wherein
10026] the conjugated molecule does not have both one
hydrogen atom and one disubstituted amino group at the
same time on one of carbon atoms constituting an aliphatic
carbon-carbon double bond in its molecule; the complex is
solid at ordinary temperature; and the organic optical material exhibits a property of emitting light having a maximum
fluorescence wavelength which causes a Stokes shift of

1.5x103 cm' or more from a maximum absorption wavelength toward the long wavelength side.
10027] [9] The organic optical material according to [7] or
[8], wherein the organic optical material further has a
property of emitting light which exhibits a fluorescence
quantum yield value of 0.01 or more by at least one
excitation wavelength in the range of from 280 nm to 400
nm in a solid state.
10028] [10] The organic optical material according to any
of [1] to [9], wherein the complex is a complex represented
by the following formula (la):
W:X

(la)

wherein W represents a conjugated molecule represented by
the compositional formulas (A)1, (B)m and (C),; each A is the
same or different and represents an electron donating site;
each B is the same or different and represents a conjugated
site; each C is the same or different and represents an
electron accepting site; : represents a non-covalent interaction; X represents a compound having a proton donating
property or an electron pair accepting property; 1 and n each
represent a number of ito 6; m represents a number of 0 to
6; and C and X are non-covalently bonded.
10029] [U] The organic optical material according to [10],
wherein each A is the same or different and represents a
hydroxy group, an alkoxy group, an alkyl group, an alkenyl
group, a silyloxy group, a silyl group, an amino group, a
monosubstituted amino group, a disubstituted amino group,
an alkoxycarbonyl group, a monovalent or divalent aromatic
hydrocarbon group, a monovalent or divalent fused polycyclic aromatic hydrocarbon group, a monovalent or divalent
saturated or unsaturated heterocyclic group, or a monovalent
or divalent saturated or unsaturated fused polycyclic heterocyclic group, wherein at least one hydrogen atom of each of
these groups is optionally replaced with a substituent, and
when a plurality of the same or different groups are present
as to each of these groups, the groups are optionally linked
through a divalent atom or a divalent substituent.
10030] [12] The organic optical material according to [10],
wherein each A is the same or different and represents a
hydroxy group, an alkoxy group, an alkyl group, an alkenyl
group, a silyloxy group, a silyl group, an amino group, an
alkylamino group, a dialkylamino group, an arylamino
group, a diarylamino group, a pyrrole group, a phenyl group,
a phenylene group, a phenylphenylene group, an anthracene
ring group, a phenanthrene ring group, a naphthacene ring
group, a triphenylene ring group, a pyrene ring group, a
chrysene ring group, a perylene ring group, an oxazole ring
group, a thiazole ring group, a porphyrin ring group, a
piperazine ring group, or an alkoxycarbonyl group, wherein
at least one hydrogen atom of each of these groups is
optionally replaced with a substituent, and when a plurality
of the same or different groups are present as to each of these
groups, the groups are optionally linked through a divalent
substituent.
10031] [13] The organic optical material according to [10],
wherein each A is the same or different and represents a
hydroxy group, an optionally alkoxy group-substituted
alkoxy group, an optionally alkyl group-substituted silyloxy
group, an optionally hydroxy group-substituted phenyl
group, a phenylphenylene group, or a substituent having an
electron donating property in which at least one hydrogen
atom of an aromatic hydrocarbon group is optionally
replaced with a substituent.
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10032] [14] The organic optical material according to [10],
wherein each B is the same or different and represents a
conjugated site having a chemical structure where multiple
bonds are linked through a carbon-carbon single bond.
10033] [15] The organic optical material according to [10],
wherein each B is the same or different and represents an
alkenylene group, an alkynylene group, a phenylene group,
a biphenylene group, a substituent in which at least one of
these substituents is bonded to a phenylene group, or a
substituent having an electron donating property in which at
least one hydrogen atom of each of these groups is optionally replaced with a substituent.
10034] [16] The organic optical material according to [10],
wherein each B is the same or different and represents an
alkenylene group, or an optionally diphenylene-substituted
vinylene group.
10035] [17] The organic optical material according to [10],
wherein each C is the same or different and represents
(1) a halogen atom,
(2) a nitro group, a phenylamino group, carbene, N-heterocyclic carbene, silylene, N-heterocyclic silylene, nitrene,
N-heterocyclic nitrene, a BF2 group, a cyano group, a
pyridyl group, a pyridine N-oxy group, an acridine ring
group, an acridine N-oxy group, a diazo group, a triazole
group, a benzotriazole group, an oxazole group, a benzoxazole group, a thiazole group, a benzothiazole group, a
diazole group, a benzodiazole group, an amino group, a
monosubstituted amino group, a disubstituted amino group,
a pyrazine ring group, a phenazine ring group, a pyrrolidone
ring group, a pyridone ring group, an aromatic heterocyclic
group, a fused polycyclic aromatic heterocyclic group, or a
substituent having an electron accepting property even
though at least one hydrogen atom bonded to a carbon atom
on each of these groups is replaced with a substituent, or
(3) a formyl group, a carbonyl group, a carbodiimide group,
a pyrrolidone ring group, a pyridone ring group, a formyl
group, a quinone ring group, a quinoline ring group, a
naphthoquinone ring group, an anthraquinone ring group, a
lactone ring group, an oxycarbonyl group, or a substituent
having an electron accepting property even though at least
one hydrogen atom bonded to a carbon atom on each of
these groups is replaced with a substituent.
10036] [18] The organic optical material according to [10],
wherein each C is the same or different and represents a
cyano group, a pyridyl group, an acridine ring group, or a
lactone ring group.
10037] [19] The organic optical material according to [10],
wherein X is a compound selected from the group consisting
of a Bronsted acid, a Lewis acid and a halogen bonding
donor.
10038] [20] The organic optical material according to [10],
wherein X is p-toluenesulfonic acid, trifluoromethanesulfonic acid, methanesulfonic acid, triphenylborane, N,N-dialkylimidazolinium-2-halide, halogenoisoindolyl-1,3-dione,
2-halogenobenz[d]isothiazol-3(2H)-one 1,1-dioxide, 2-halogeno-5-nitroisoindolyl-1,3-dione, or 2-halogeno-3,4-dimethylthiazol-3-inium trifluorosulfonate.
10039] [21] The organic optical material according to [10],
wherein X is a Bronsted acid.
10040] [22] The organic optical material according to [21],
wherein the Bronsted acid is a substance capable of losing
or donating a proton.
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10041] [23] The organic optical material according to [21],
wherein the Bronsted acid is
(1) carboxylic acid,
(2) sulfonic acid,
(3) phosphonic acid or
(4) phosphinic acid.
10042] [24] The organic optical material according to [10],
wherein X is a Lewis acid.
10043] [25] The organic optical material according to [24],
wherein the Lewis acid is trifluoroborane, tribromoborane,
triphenylboraine, tris(dimethylamino)borane, tris(pyrrolidino) borane, tris(2,4,6,-trimethylphenyl)borane, tris(pentafluorophenyl)borane, triethyl borate, tributyl borate, alpineborane, A1C13, FeC13, FeBr3, ZnC12, InC13, TiC14, or metal
triflate salt (provided that when X is trifluoroborane or
tris(pentafluorophenyl)borane, W is not a conjugated molecule wherein A is a phenyl group having a methoxy group
at position 4 or a phenyl group having a dimethylamino
group at position 4, B is -CH=CH---- or -CC---, m is 0
or 1, and C is a pyridine group).
10044] [26] The organic optical material according to [10],
wherein X is a halogen bonding donor.
10045] [27] The organic optical material according to [26],
wherein the halogen bonding donor is a halide capable of
losing or donating a halogen cation which has an unoccupied
orbital for acceptance of an electron pair and is capable of
accepting an unpaired electron from another compound.
10046] [28] The organic optical material according to [27],
wherein the halide is optionally substituted benzo(di)carboxyimide halide, substituted 1,3-diazol-2-yl halide, optionally substituted thiazole halide, phenyl halide, pentafluorophenyl halide, or an inorganic compound of a halogen atom
and an element having lower electronegativity therethan.
10047] [29] The organic optical material according to [27],
wherein the halide is perfluoroiodobenzene, a halogen molecule, a halogen cation, perfiuoroiodoalkane, N-halogenodicarboxylic acid imide, 1,2,3-triazolinium-5-halide, N,Ndialkylimidazolinium-2-halide, 2-halogenoisoindolyl-1,3dione, 2-halogenobenz[d]isothiazol-3(2H)-one 1,1-dioxide,
2-halogeno-5-nitroisoindolyl-1,3-dione, or 2-halogeno-3,4dimethylthiazol-3-inium trifluorosulfonate.
10048] The organic optical material according to any of [1]
to [9], wherein the complex is a complex represented by the
following formula (ib):
W:X

(ib)

wherein W represents a conjugated molecule consisting of
(A)ii (B)mi (C), i,
mi (C), i or
(A), 1; A represents an electron donating site; B represents a
conjugated site; C represents an electron accepting site;
represents a non-covalent interaction; X represents a compound having a proton donating property or an electron pair
accepting property; 11 and ni each represent 1; ml represents a number of 0 to 2; 12 and n2 each represent 1; m2
represents a number of 0 to 2; m3 represents 1; and C and
X are non-covalently bonded.
10049] [31] The organic optical material according to any
of [1] to [9], wherein the complex is a complex represented
by the following formula (ib):
W:X

(ib)

wherein W represents a conjugated molecule consisting of
(A)ii (B)mi (C), i,
mi (C), i or
(A),1;
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10050] each A is the same or different and represents a
hydroxy group, an alkoxy group, an alkyl group, an alkenyl
group, a silyloxy group, a silyl group, an amino group, a
monosubstituted amino group, a disubstituted amino group,
an alkoxycarbonyl group, a monovalent or divalent aromatic
hydrocarbon group, a monovalent or divalent fused polycyclic aromatic hydrocarbon group, a monovalent or divalent
saturated or unsaturated heterocyclic group, or a monovalent
or divalent saturated or unsaturated fused polycyclic heterocyclic group, wherein at least one hydrogen atom of each of
these groups is optionally replaced with a substituent, and
when a plurality of the same or different groups are present
as to each of these groups, the groups are optionally linked
through a divalent atom or a divalent substituent;
10051] each B is the same or different and represents a
conjugated site having a chemical structure where multiple
bonds are linked through a carbon-carbon single bond;
10052] each C is the same or different and represents
(1) a halogen atom,
(2) a nitro group, a phenylamino group, carbene, N-heterocyclic carbene, silylene, N-heterocyclic silylene, nitrene,
N-heterocyclic nitrene, a BF2 group, a cyano group, a
pyridyl group, a pyridine N-oxy group, an acridine ring
group, an acridine N-oxy group, a diazo group, a triazole
group, a benzotriazole group, an oxazole group, a benzoxazole group, a thiazole group, a benzothiazole group, a
diazole group, a benzodiazole group, a primary amino
group, a secondary amino group, a tertiary amino group, a
pyrazine ring group, a phenazine ring group, a pyrrolidone
ring group, a pyridone ring group, an aromatic heterocyclic
group, a fused polycyclic aromatic heterocyclic group, or a
substituent having an electron accepting property even
though at least one hydrogen atom bonded to a carbon atom
on each of these groups is replaced with a substituent, or
(3) a formyl group, a carbonyl group, a carbodiimide group,
a pyrrolidone ring group, a pyridone ring group, a formyl
group, a quinone ring group, a quinoline ring group, a
naphthoquinone ring group, an anthraquinone ring group, a
lactone ring group, an oxycarbonyl group, or a substituent
having an electron accepting property even though at least
one hydrogen atom bonded to a carbon atom on each of
these groups is replaced with a substituent;
10053] X represents a compound selected from the group
consisting of a Bronsted acid, a Lewis acid and a halogen
bonding donor (provided that when X is trifluoroborane or
tris(pentafluorophenyl)borane, W is not a conjugated molecule wherein A is a phenyl group having a methoxy group
at position 4 or a phenyl group having a dimethylamino
group at position 4, B is —CH=CH---- or -CC---, m is 0
or 1, and C is a pyridine group);
10054] 11 andnl eachrepresent 1; ml represents anumber
of 0 to 3; 12 and n2 each represent 1; m2 represents a
number of 0 to 3; m3 represents 1; and C and X are
non-covalently bonded.
10055] [32] The organic optical material according to any
of [1] to [9], wherein the complex is a complex represented
by the following formula (ib):
W:X

(ib)

wherein
10056] W represents a conjugated molecule consisting of
(A)ii (B)mi (C), i,
mi (C), i or

10057] each A is the same or different and represents a
hydroxy group, an alkoxy group, an alkyl group, an alkenyl
group, a silyloxy group, a silyl group, an amino group, an
alkylamino group, a dialkylamino group, an arylamino
group, a diarylamino group, a pyrrole group, a phenyl group,
a phenylene group, a phenylphenylene group, an anthracene
ring group, a phenanthrene ring group, a naphthacene ring
group, a triphenylene ring group, a pyrene ring group, a
chrysene ring group, a perylene ring group, a diethylamino
group, an oxazole ring group, a thiazole ring group, a
porphyrin ring group, a piperazine ring group, or an alkoxycarbonyl group, wherein at least one hydrogen atom of each
of these groups is optionally replaced with a sub stituent, and
when a plurality of the same or different groups are present
as to each of these groups, the groups are optionally linked
through a divalent sub stituent;
10058] each B is the same or different and represents a
conjugated site having a chemical structure where multiple
bonds are linked through a carbon-carbon single bond;
10059] each C is the same or different and represents
(1) a halogen atom,
(2) a nitro group, a phenylamino group, carbene, N-heterocyclic carbene, silylene, N-heterocyclic silylene, nitrene,
N-heterocyclic nitrene, a BF2 group, a cyano group, a
pyridyl group, a pyridine N-oxy group, an acridine ring
group, an acridine N-oxy group, a diazo group, a triazole
group, a benzotriazole group, an oxazole group, a benzoxazole group, a thiazole group, a benzothiazole group, a
diazole group, a benzodiazole group, an amino group, a
monosubstituted amino group, a disubstituted amino group,
a pyrazine ring group, a phenazine ring group, a pyrrolidone
ring group, a pyridone ring group, an aromatic heterocyclic
group, a fused polycyclic aromatic heterocyclic group, or a
substituent having an electron accepting property even
though at least one hydrogen atom bonded to a carbon atom
on each of these groups is replaced with a substituent, or
(3) a formyl group, a carbonyl group, a carbodiimide group,
a pyrrolidone ring group, a pyridone ring group, a formyl
group, a quinone ring group, a quinoline ring group, a
naphthoquinone ring group, an anthraquinone ring group, a
lactone ring group, an oxycarbonyl group, or a substituent
having an electron accepting property even though at least
one hydrogen atom bonded to a carbon atom on each of
these groups is replaced with a substituent;
10060] X represents a compound selected from the group
consisting of a Bronsted acid, a Lewis acid and a halogen
bonding donor (provided that when X is trifluoroborane or
tris(pentafluorophenyl)borane, W is not a conjugated molecule wherein A is a phenyl group having a methoxy group
at position 4 or a phenyl group having a dimethylamino
group at position 4, B is -CH=CH---- or -CC---, m is 0
or 1, and C is a pyridine group);
10061] 11 andnl each represent 1; ml represents 0; 12 and
n2 each represent 1; m2 and m3 each represent 0; and C and
X are non-covalently bonded.
10062] [33] The organic optical material according to [10],
wherein the organic optical material is a complex wherein
10063] W represents a conjugated molecule wherein
10064] each A is the same or different and is a hydroxy
group, an optionally alkoxy group-substituted alkoxy
group, an optionally alkyl group-substituted silyloxy
group, an optionally hydroxy group-substituted phenyl
group, a phenylphenylene group, or a substituent having an electron donating property in which at least one
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hydrogen atom of an aromatic hydrocarbon group is
optionally replaced with a substituent;
10065] each B is the same or different and is an alkenylene group, or an optionally diphenylene-substituted vinylene group;
10066] each C is the same or different and is a cyano
group, a pyridyl group, an acridine ring group, or a
lactone ring group;
10067] lis 1,2or3;nis 1 or2;andmisOorl;
10068] X represents p-toluenesulfonic acid, trifluoromethanesulfonic acid, methanesulfonic acid, triphenylborane,
N,N-dialkylimidazolinium-2-halide, 2-halogenoisoindolyl1,3-dione, 2-halogenobenz[d]isothiazol-3(2H)-one 1,1-dioxide, 2-halogeno-5-nitroisoindolyl-1,3-dione, or 2-halogeno-3,4-dimethylthiazol-3-inium trifluorosulfonate; and C
and X are non-covalently bonded.
10069] The organic optical material according to [13],
wherein the conjugated site having a chemical structure
where multiple bonds are linked through a carbon-carbon
single bond, represented by B is an aromatic hydrocarbon
compound having a carbonyl group or a carbonyloxo group,
or an aromatic heterocyclic compound having a carbonyl
group or a carbonyloxo group.
10070] [35] Use of an organic optical material according to
any of [1] to [34] as an optical material which is contained
in an optical composition selected from the composition
group consisting of a fluorescence emitting composition, a
fluorescent coating composition, a wavelength conversion
member composition, an organic EL member composition,
an organic laser member composition, an organic transistor
member composition, an organic solar cell member composition, and a chemical sensor member composition.
10071] [36] A mixture comprising two or more organic
optical materials according to any of [1] to [35] mixed with
each other, or an organic optical material according to any
of [1] to [35] mixed with an additional organic optical
material.
10072] [37] A method for adjusting the color of emitted
light, comprising using one or two or more organic optical
materials according to any of[1] to [34], or a mixture of the
one or two or more organic optical materials with an
additional organic optical material.
10073] [38] A pi-conjugated compound complex comprising a complex formed from a conjugated molecule having an
electron donating site and an electron accepting site in the
same molecule and a compound having a proton donating
property or an electron pair accepting property, the complex
having a non-covalent interaction at the electron accepting
site, wherein the conjugated molecule does not have both of
one hydrogen atom and one disubstituted amino group at the
same time on one of carbon atoms constituting an aliphatic
carbon-carbon double bond in its molecule.
10074] [39] The complex according to [38], wherein the
complex is a complex represented by the following formula
(la):
W:X

(la)

wherein W represents a conjugated molecule represented by
the compositional formulas (A)1, (B)m and (C),; each A is the
same or different and represents an electron donating site;
each B is the same or different and represents a conjugated
site; each C is the same or different and represents an
electron accepting site; : represents a non-covalent interaction; X represents a compound having a proton donating

property or an electron pair accepting property; 1 and n each
represent a number of ito 6; m represents a number of 0 to
6; and C and X are non-covalently bonded.
10075] [40] The complex according to [39], wherein each
A is the same or different and represents a hydroxy group,
an alkoxy group, an alkyl group, an alkenyl group, a silyloxy
group, a silyl group, an amino group, a monosubstituted
amino group, a disubstituted amino group, an alkoxycarbonyl group, a monovalent or divalent aromatic hydrocarbon
group, a monovalent or divalent fused polycyclic aromatic
hydrocarbon group, a monovalent or divalent saturated or
unsaturated heterocyclic group, or a monovalent or divalent
saturated or unsaturated fused polycyclic heterocyclic
group, wherein at least one hydrogen atom of each of these
groups is optionally replaced with a substituent, and when a
plurality of the same or different groups are present as to
each of these groups, the groups are optionally linked
through a divalent atom or a divalent substituent.
10076] [41] The complex according to [39], wherein each
A is the same or different and represents a hydroxy group,
an alkoxy group, an alkyl group, an alkenyl group, a silyloxy
group, a silyl group, an amino group, an alkylamino group,
a dialkylamino group, an arylamino group, a diarylamino
group, a pyrrole group, a phenyl group, a phenylene group,
a phenylphenylene group, an anthracene ring group, a
phenanthrene ring group, a naphthacene ring group, a triphenylene ring group, a pyrene ring group, a chrysene ring
group, a perylene ring group, an oxazole ring group, a
thiazole ring group, a porphyrin ring group, a piperazine ring
group, or an alkoxycarbonyl group, wherein at least one
hydrogen atom of each of these groups is optionally replaced
with a substituent, and when a plurality of the same or
different groups are present as to each of these groups, the
groups are optionally linked through a divalent substituent.
10077] [42] The complex according to [39], wherein each
A is the same or different and represents a hydroxy group,
an optionally alkoxy group-substituted alkoxy group, an
optionally alkyl group-substituted silyloxy group, an optionally hydroxy group-substituted phenyl group, a phenylphenylene group, or a substituent having an electron donating
property in which at least one hydrogen atom of an aromatic
hydrocarbon group is optionally replaced with a substituent.
10078] [43] The complex according to [39], wherein each
B is the same or different and represents a conjugated site
having a chemical structure where multiple bonds are linked
through a carbon-carbon single bond.
10079] [44] The complex according to [39], wherein each
B is the same or different and represents an alkenylene
group, an alkynylene group, a phenylene group, a biphenylene group, a substituent in which at least one of these
substituents is bonded to a phenylene group, or a substituent
having an electron donating property in which at least one
hydrogen atom of each of these groups is optionally replaced
with a substituent.
10080] [45] The complex according to [39], wherein each
B is the same or different and represents an alkenylene
group, or an optionally diphenylene-substituted vinylene
group.
10081] [46] The complex according to [39], wherein each
C is the same or different and represents
(1) a halogen atom,
(2) a nitro group, a phenylamino group, carbene, N-heterocyclic carbene, silylene, N-heterocyclic silylene, nitrene,
N-heterocyclic nitrene, a BF2 group, a cyano group, a
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pyridyl group, a pyridine N-oxy group, an acridine ring
group, an acridine N-oxy group, a diazo group, a triazole
group, a benzotriazole group, an oxazole group, a benzoxazole group, a thiazole group, a benzothiazole group, a
diazole group, a benzodiazole group, an amino group, a
monosubstituted amino group, a disubstituted amino group,
a pyrazine ring group, a phenazine ring group, a pyrrolidone
ring group, a pyridone ring group, an aromatic heterocyclic
group, a fused polycyclic aromatic heterocyclic group, or a
substituent having an electron accepting property even
though at least one hydrogen atom bonded to a carbon atom
on each of these groups is replaced with a substituent, or
(3) a formyl group, a carbonyl group, a carbodiimide group,
a pyrrolidone ring group, a pyridone ring group, a formyl
group, a quinone ring group, a quinoline ring group, a
naphthoquinone ring group, an anthraquinone ring group, a
lactone ring group, an oxycarbonyl group, or a substituent
having an electron accepting property even though at least
one hydrogen atom bonded to a carbon atom on each of
these groups is replaced with a substituent.
10082] [47] The complex according to [39], wherein each
C is the same or different and represents a cyano group, a
pyridyl group, an acridine ring group, or a lactone ring
group.
10083] [48] The complex according to [39], wherein X is
a compound selected from the group consisting of a Bronsted acid, a Lewis acid and a halogen bonding donor.
10084] [49] The complex according to [39], wherein X is
p-toluenesulfonic acid, trifluoromethanesulfonic acid, methanesulfonic acid, triphenylborane, N,N-dialkylimidazolinium-2-halide, halogenoisoindolyl-1,3-dione, 2-halogenobenz[d]isothiazol-3(2H)-one 1,1-dioxide, 2-halogeno-5nitroisoindolyl-1,3-dione,
or
2-halogeno-3,4dimethylthiazol-3-inium trifluorosulfonate.
10085] [50] The complex according to [39], wherein X is
a Bronsted acid.
10086] [51] The complex according to [50], wherein the
Bronsted acid is a substance capable of losing or donating a
proton.
10087] [52] The complex according to [49], wherein the
Bronsted acid is
(1) carboxylic acid,
(2) sulfonic acid,
(3) phosphonic acid or
(4) phosphinic acid.
10088] [53] The complex according to [39], wherein X is
a Lewis acid.
10089] [54] The complex according to [53], wherein the
Lewis acid is trifluoroborane, tribromoborane, triphenylborane, tris(dimethylamino)borane, tris yrrolidino)borane,
tris(2,4,6,-trimethylphenyl)borane, tris(pentafluorophenyl)
borane, triethyl borate, tributyl borate, alpine-borane, A1C13,
FeC13, FeBr3, ZnC12, InC13, TiC14, or metal triflate salt
(provided that when X is trifluoroborane or tris(pentafluorophenyl)borane, W is not a conjugated molecule wherein A
is a phenyl group having a methoxy group at position 4 or
a phenyl group having a dimethylamino group at position 4,
B is -CH=CH---- or -CC---, m is 0 or 1, and C is a
pyridine group).
10090] [55] The complex according to [39], wherein X is
a halogen bonding donor.
10091] [56] The complex according to [55], wherein the
halogen bonding donor is a halide capable of losing or
donating a halogen cation which has an unoccupied orbital
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for acceptance of an electron pair and is capable of accepting
an unpaired electron from another compound.
10092] [57] The complex according to [56], wherein the
halide is optionally substituted benzo(di)carboxyimide
halide, substituted 1,3-diazol-2-yl halide, optionally substituted thiazole halide, phenyl halide, pentafluorophenyl
halide, or an inorganic compound of a halogen atom and an
element having lower electronegativity therethan.
10093] [58] The complex according to [57], wherein the
halide is perfiuoroiodobenzene, a halogen molecule, a halogen cation, perfluoroiodoalkane, N-halogenodicarboxylic
acid imide, 1,2,3-triazolinium-5-halide, N,N-dialkylimidazolinium-2-halide, 2-halogenoisoindolyl-1,3-dione, 2-halogenobenz[d]isothiazol-3(2H)-one 1,1-dioxide, 2-halogeno-5-nitroisoindolyl-1,3-dione,
or
2-halogeno-3,4dimethylthiazol-3-inium trifluorosulfonate.
10094] [59] The complex according to [39], wherein the
complex is a complex represented by the following formula
(ib):
W:X

(ib)

wherein W represents a conjugated molecule consisting of
(A)ii (B)mi (C), i,
mi (C), i or
(A), 1; A represents an electron donating site; B represents a
conjugated site; C represents an electron accepting site;
represents a non-covalent interaction; X represents a compound having a proton donating property or an electron pair
accepting property; 11 and ni each represent 1; ml represents a number of 0 to 2; 12 and n2 each represent 1; m2
represents a number of 0 to 2; m3 represents 1; and C and
X are non-covalently bonded.
10095] [60] The complex according to [39], wherein the
complex is a complex represented by the following formula
(ib):
W:X

(ib)

wherein
10096] W represents a conjugated molecule consisting of
(A)ii (B)mi (C), i,
mi (C), i or
(A), 1;
10097] each A is the same or different and represents a
hydroxy group, an alkoxy group, an alkyl group, an alkenyl
group, a silyloxy group, a silyl group, an amino group, a
monosubstituted amino group, a disubstituted amino group,
an alkoxycarbonyl group, a monovalent or divalent aromatic
hydrocarbon group, a monovalent or divalent fused polycyclic aromatic hydrocarbon group, a monovalent or divalent
saturated or unsaturated heterocyclic group, or a monovalent
or divalent saturated or unsaturated fused polycyclic heterocyclic group, wherein at least one hydrogen atom of each of
these groups is optionally replaced with a substituent, and
when a plurality of the same or different groups are present
as to each of these groups, the groups are optionally linked
through a divalent atom or a divalent substituent;
10098] each B is the same or different and represents a
conjugated site having a chemical structure where multiple
bonds are linked through a carbon-carbon single bond;
10099] each C is the same or different and represents
(1) a halogen atom,
(2) a nitro group, a phenylamino group, carbene, N-heterocyclic carbene, silylene, N-heterocyclic silylene, nitrene,
N-heterocyclic nitrene, a BF2 group, a cyano group, a
pyridyl group, a pyridine N-oxy group, an acridine ring
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group, an acridine N-oxy group, a diazo group, a triazole
group, a benzotriazole group, an oxazole group, a benzoxazole group, a thiazole group, a benzothiazole group, a
diazole group, a benzodiazole group, a primary amino
group, a secondary amino group, a tertiary amino group, a
pyrazine ring group, a phenazine ring group, a pyrrolidone
ring group, a pyridone ring group, an aromatic heterocyclic
group, a fused polycyclic aromatic heterocyclic group, or a
substituent having an electron accepting property even
though at least one hydrogen atom bonded to a carbon atom
on each of these groups is replaced with a substituent, or
(3) a formyl group, a carbonyl group, a carbodiimide group,
a pyrrolidone ring group, a pyridone ring group, a formyl
group, a quinone ring group, a quinoline ring group, a
naphthoquinone ring group, an anthraquinone ring group, a
lactone ring group, an oxycarbonyl group, or a substituent
having an electron accepting property even though at least
one hydrogen atom bonded to a carbon atom on each of
these groups is replaced with a substituent;
10100] X represents a compound selected from the group
consisting of a Bronsted acid, a Lewis acid and a halogen
bonding donor (provided that when X is trifluoroborane or
tris(pentafluorophenyl)borane, W is not a conjugated molecule wherein A is a phenyl group having a methoxy group
at position 4 or a phenyl group having a dimethylamino
group at position 4, B is —CH=CH---- or -CC---, m is 0
or 1, and C is a pyridine group);
10101] 11 andnl eachrepresent 1; ml represents anumber
of 0 to 3; 12 and n2 each represent 1; m2 represents a
number of 0 to 3; m3 represents 1; and C and X are
non-covalently bonded.
10102] [61] The complex according to [39], wherein the
complex is a complex represented by the following formula
(ib):
W:X

(ib)

wherein
10103] W represents a conjugated molecule consisting of
(A)ii (B)mi (C), i or
mi (C), i or
10104] each A is the same or different and represents a
hydroxy group, an alkoxy group, an alkyl group, an alkenyl
group, a silyloxy group, a silyl group, an amino group, an
alkylamino group, a dialkylamino group, an arylamino
group, a diarylamino group, a pyrrole group, a phenyl group,
a phenylene group, a phenylphenylene group, an anthracene
ring group, a phenanthrene ring group, a naphthacene ring
group, a triphenylene ring group, a pyrene ring group, a
chrysene ring group, a perylene ring group, a diethylamino
group, an oxazole ring group, a thiazole ring group, a
porphyrin ring group, a piperazine ring group, or an alkoxycarbonyl group, wherein at least one hydrogen atom of each
of these groups is optionally replaced with a substituent, and
when a plurality of the same or different groups are present
as to each of these groups, the groups are optionally linked
through a divalent sub stituent;
10105] each B is the same or different and represents a
conjugated site having a chemical structure where multiple
bonds are linked through a carbon-carbon single bond;
10106] each C is the same or different and represents
(1) a halogen atom,
(2) a nitro group, a phenylamino group, carbene, N-heterocyclic carbene, silylene, N-heterocyclic silylene, nitrene,

N-heterocyclic nitrene, a BF2 group, a cyano group, a
pyridyl group, a pyridine N-oxy group, an acridine ring
group, an acridine N-oxy group, a diazo group, a triazole
group, a benzotriazole group, an oxazole group, a benzoxazole group, a thiazole group, a benzothiazole group, a
diazole group, a benzodiazole group, an amino group, a
monosubstituted amino group, a disubstituted amino group,
a tertiary amino group, a pyrazine ring group, a phenazine
ring group, a pyrrolidone ring group, a pyridone ring group,
an aromatic heterocyclic group, a fused polycyclic aromatic
heterocyclic group, or a substituent having an electron
accepting property even though at least one hydrogen atom
bonded to a carbon atom on each of these groups is replaced
with a substituent, or
(3) a formyl group, a carbonyl group, a carbodiimide group,
a pyrrolidone ring group, a pyridone ring group, a formyl
group, a quinone ring group, a quinoline ring group, a
naphthoquinone ring group, an anthraquinone ring group, a
lactone ring group, an oxycarbonyl group, or a substituent
having an electron accepting property even though at least
one hydrogen atom bonded to a carbon atom on each of
these groups is replaced with a substituent;
10107] X represents a compound selected from the group
consisting of a Bronsted acid, a Lewis acid and a halogen
bonding donor (provided that when X is trifluoroborane or
tris(pentafluorophenyl)borane, W is not a conjugated molecule wherein A is a phenyl group having a methoxy group
at position 4 or a phenyl group having a dimethylamino
group at position 4, B is -CH=CH---- or -CC---, m is 0
or 1, and C is a pyridine group);
10108] 11 andnl each represent 1; ml represents 0; 12 and
n2 each represent 1; m2 and m3 each represent 0; and C and
X are non-covalently bonded.
10109] [62] The complex according to [39], wherein the
complex is a complex wherein
10110] W represents a conjugated molecule wherein
10111] each A is the same or different and is a hydroxy
group, an optionally alkoxy group-substituted alkoxy
group, an optionally alkyl group-substituted silyloxy
group, an optionally hydroxy group-substituted phenyl
group, a phenylphenylene group, or a substituent having an electron donating property in which at least one
hydrogen atom of an aromatic hydrocarbon group is
optionally replaced with a substituent;
10112] each B is the same or different and is an alkenylene group, or an optionally diphenylene-substituted vinylene group;
10113] each C is the same or different and is a cyano
group, a pyridyl group, an acridine ring group, or a
lactone ring group;
10114] lis l,2or3;nis 1 or2;andmis0orl;
10115] X represents p-toluenesulfonic acid, trifluoromethanesulfonic acid, methanesulfonic acid, triphenylborane,
N,N-dialkylimidazolinium-2-halide, 2-halogenoisoindolyl1,3-dione, 2-halogenobenz[d]isothiazol-3(2H)-one l,l-dioxide, 2-halogeno-5-nitroisoindolyl-1,3-dione, or 2-halogeno-3,4-dimethylthiazol-3-inium trifluorosulfonate; and C
and X are non-covalently bonded.
10116] [63] The complex according to [43], wherein the
conjugated site having a chemical structure where multiple
bonds are linked through a carbon-carbon single bond,
represented by B is an aromatic hydrocarbon compound
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having a carbonyl group or a carbonyloxo group, or an
aromatic heterocyclic compound having a carbonyl group or
a carbonyloxo group.
10117] [64] The complex according to [39], wherein the
pi-conjugated molecule represented by W is a compound
represented by the following formula (2):
(2)

wherein R' represents a hydroxy group, an alkoxy group, a
siloxy group, or an aromatic hydrocarbon group having 6 to
14 carbon atoms optionally substituted by 1 to 6 groups
selected from the group consisting of a hydroxy group, an
alkoxy group and a siloxy group, (wherein when X in the
formula (1) is BF3 or B(C6F5)3, R' is not a p-methoxyphenyl
group or a p-dimethylaminophenyl group); R2 and R3 each
represent a hydrogen atom, or R2 and R3 together optionally
form an aromatic hydrocarbon group having 6 to 14 carbon
atoms; Py represents an optionally substituted monocyclic or
polycyclic aromatic group having 1 to 3 ring-constituting
nitrogen atoms; and p represents a number of 0 to 3.
10118] [65] The complex according to [39], wherein the
pi-conjugated molecule represented by W is a compound
represented by the following formula (3):
(3)

wherein R' represents a hydroxy group, an alkoxy group, a
siloxy group, or an aromatic hydrocarbon group having 6 to
14 carbon atoms optionally substituted by 1 to 6 groups
selected from the group consisting of a hydroxy group, an
alkoxy group and a siloxy group; and p represents a number
of 0 to 3.
10119] [66] A fluorescent agent comprising a complex
according to any of [39] to [65].
Effects of the Invention
10120] The complex of the present invention intensely
emits light not only in a solution state but in a solid state. A
complex having strong fluorescence intensity can be easily
obtained, without a complicated structure, by merely reacting a conjugated compound having an electron donating site
and an electron accepting site in the same molecule with a
compound such as a Bronsted acid. The complex compound
has a longer maximum emission wavelength, a higher fluorescence quantum yield, and a prolonged fluorescence lifetime as compared with the conjugated molecule before
formation of the complex. Thus, the complex of the present
invention is useful as an organic optical material which is
contained in an optical composition selected from the composition group consisting of a fluorescence emitting composition, a fluorescent coating composition, a wavelength
conversion member composition, an organic EL member
composition, an organic transistor member composition, an
organic solar cell member composition, and a composition
for a chemical sensor member and an organic laser member.
10121] In the present invention, the organic optical material refers to a general material which exploits the conversion of energy levels of electrons constituting the material in
response to light. Such a material exerts its functions in
response to light and, for example, produces color or emits
fluorescence. Specifically, the organic optical material can
therefore be used as organic EL, organic solid laser, an
organic non-linear optical material, ink, and the like, and in
addition, can be used in an organic solar cell, an organic
solid sensor, and the like. Furthermore, the organic optical
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material can also be used in an opto-electronics material
such as a photoresponsive electron transport layer, an
organic waveguide, a diode, or a transistor.
BRIEF DESCRIPTION OF THE DRAWINGS
10122] FIG. 1 shows an emission spectrum of a compound
obtained in Example 1.
10123] FIG. 2 shows an emission spectrum of a compound
obtained in Example 8.
10124] FIG. 3 shows an emission spectrum of a compound
obtained in Example 13.
10125] FIG. 4 shows an emission spectrum of a compound
obtained in Example 2.
10126] FIG. S shows an emission spectrum of a compound
obtained in Example 9.
10127] FIG. 6 shows an emission spectrum of a compound
obtained in Example 11.
10128] FIG. 7 shows an emission spectrum of a compound
obtained in Example 14.
10129] FIG. 8 shows an emission spectrum of a compound
obtained in Example 3.
10130] FIG. 9 shows an emission spectrum of a compound
obtained in Example 10.
10131] FIG. 10 shows an emission spectrum of a compound obtained in Example 12.
10132] FIG. 11 shows an emission spectrum of a compound obtained in Example 15.
10133] FIG. 12 shows an emission spectrum of a compound obtained in Example 7.
10134] FIG. 13 shows an emission spectrum of a compound obtained in Example 16.
10135] FIG. 14 shows an emission spectrum of a compound obtained in Example 17.
10136] FIG. 15 shows an emission spectrum of a compound obtained in Example 18.
10137] FIG. 16 shows an emission spectrum of a compound obtained in Example 19.
10138] FIG. 17 shows an emission spectrum of a compound obtained in Example 20.
10139] FIG. 18 shows an emission spectrum of a compound obtained in Example 21.
10140] FIG. 19 shows an emission spectrum of a compound obtained in Example 22.
10141] FIG. 20 shows emission spectra in a solution of the
compounds obtained in Examples 1 and 8.
10142] FIG. 21 shows emission spectra in a solution of the
compounds obtained in Examples 1 and 13.
10143] FIG. 22 shows emission spectra in a solution of the
compounds obtained in Examples 2 and 9.
10144] FIG. 23 shows emission spectra in a solution of the
compounds obtained in Examples 2 and 11.
10145] FIG. 24 shows emission spectra in a solution of the
compounds obtained in Examples 2 and 14.
10146] FIG. 25 shows emission spectra in a solution of the
compounds obtained in Examples 10 and 15.
10147] FIG. 26 shows emission spectra in a solution of the
compounds obtained in Examples 3 and 12.
10148] FIG. 27 shows emission spectra in a solution of the
compounds obtained in Examples 3 and 15.
10149] FIG. 28 shows emission spectra in a solution of the
compounds obtained in Examples 7 and 16.
10150] FIG. 29 shows an emission spectrum in a solvent of
the compound obtained in Example 17.
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10151] FIG. 30 shows an emission spectrum in a solvent of
the compound obtained in Example 18.
10152] FIG. 31 shows an emission spectrum in a solvent of
the compound obtained in Example 19.
10153] FIG. 32 shows an emission spectrum in a solvent of
the compound obtained in Example 20.
10154] FIG. 33 FIG. 33 shows an emission spectrum in a
solvent of the compound obtained in Example 21.
10155] FIG. 34 shows an emission spectrum in a solvent of
the compound obtained in Example 22.
10156] FIG. 35A shows 2,3-bis(4-((triisopropylsilylsilyl)
oxy)phenylfumaronitrile and FIG. 35B shows 2,3-bis(4((triisopropylsilyl)oxy)phenyl)fumaronitrile and tris(pentafluorophenyl)borane. In the drawings, crystal structures
determined by X-ray structural analysis before complex
formation (FIG. 35A) and after complex formation (FIG.
35B) are presented in an associated state of two molecules
in terms of models when a double bond is laterally viewed.
For simplification, however, hydrogen atoms are omitted.
DETAILED DESCRIPTION OF THE
INVENTION
10157] The complex of the present invention is a piconjugated compound complex comprising a complex
formed from (1) a conjugated molecule having (a) at least
one electron donating site, (b) at least one electron accepting
site, and (c) at least one conjugated site in the same molecule
and (2) a compound having a proton donating property or an
electron pair accepting property, the complex having a
non-covalent interaction at the electron accepting site.
10158] However, it is preferred for the organic optical
material of the present invention that the conjugated molecule should exclude a conjugate molecule having both of
one hydrogen atom and one disubstituted amino group at the
same time on one of carbon atoms constituting an aliphatic
carbon-carbon double bond in its molecule.
10159] The complex of the present invention is solid at
ordinary temperature. In this context, the ordinary temperature refers to a temperature in the range of from 5 to 35° C.
10160] In the complex, one or more long-wavelength
shifts, so-called Stokes shifts, from a maximum absorption
wavelength toward the long wavelength side are observed
even in a solid state, as compared with the conjugated
molecule before formation of the complex. When the Stokes
shift is represented by fluorescence wavelength (nm)—maximum absorption wavelength (m excitation wavelength)
(rim), the size thereof is 15 nm or more, preferably 30 nm or
more, more preferably 60 nm or more. When the size of the
Stokes shift (nm) is represented by a size with respect to a
fluorescence wavelength (rim), the size is 5% or more,
preferably 15% or more, more preferably 20% or more, of
the value of the maximum absorption wavelength. The
Stokes shift originally refers to a difference in energy and is
a function of a wave number. As the Stokes shift may
typically have to be indicated in wave number, the size is
represented by (1/fluorescence wavelength) (cm' )—(1/
maximum absorption wavelength) (cm'). This Stokes shift
is 1.5x10 cm' or more, preferably 3.0x103 cm' or more,
more preferably 4.5x103 cm' or more. If fluorescence is
difficult to observe in a solid state, a measurement using a
solution can be performed instead.
10161] In this context, the Stokes shift occurs by light
having at least one excitation wavelength in the range of
from 280 nm to 400 nm.

10162] Thus, the complex of the present invention is
useful as various organic light emitting materials which
exploit a chemical phenomenon in which energy levels of
electrons constituting the material are converted in response
to light.
10163] The fluorescence quantum yield of the complex in
a solid state is 0.01 or more, preferably 0.1% or more, more
preferably 0.15% or more, by at least one excitation wavelength in the range of from 280 nm to 400 nm.
10164] The conjugated molecule (1) having (a) at least one
electron donating site, (b) at least one electron accepting
site, and (c) at least one conjugated site in the same molecule
is a molecule with a conjugated pi bond as a rule and is a
compound having at least one electron donating site and at
least one electron accepting site. The electron donating site
and the electron accepting site of the present invention form
one pi-conjugated system, and these two sites may be
bridged through a pi-conjugated structure. The electron
donating site and the electron accepting site may be bonded
directly.
10165] The conjugated molecule constituting a portion of
the complex of the present invention can be produced in
accordance with an approach known in the art or Examples
mentioned later, etc.
10166] The "electron accepting site" of the present invention refers to a site at which a non-covalently bonded
complex is formed by the direct action of a compound
having a proton donating property or an electron pair
accepting property on the site. In the present invention, the
electron to be donated in this manner is an electron involved
in a pi-resonance structure and may bias the electron density
of the whole molecule in a state where a non-covalently
bonded complex has been formed. When the electron
accepting site is locally present in a portion of the chemical
structure, a structure where an electron is donated from its
surrounding structure may be adopted.
10167] Thus, for example, an aromatic hydrocarbon or an
aromatic heterocycle serves as a conjugated system and is
also capable of becoming either the electron donating site or
the electron accepting site. Therefore, each of the complex
and the organic optical material of the present invention is
preferably, for example, a compound represented by the
following formula (la):
W:X

(la)

wherein W represents a conjugated molecule consisting of
(A)1, (B)m and (C),; each A is the same or different and
represents an electron donating site; each B is the same or
different and represents a conjugated site; each C is the same
or different and represents an electron accepting site; represents a non-covalent interaction; X represents a compound
having a proton donating property or an electron pair
accepting property; 1 and n each represent a number of 1 to
6; m represents a number of 0 to 6; and C and X are
non-covalently bonded.
10168] W in the formula (la) is a conjugated molecule
consisting of (A)1, (B)m and (C),. This W may be described
by a so-called chemical compositional formula of l:m:n as
the composition of A, B and C, or may be represented by a
chemical structure of (A)i (B)m _(C),. More specifically, W
can be illustrated by
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A —B—C

C

C

A —C —C —A or A —B—B—A A —B—A.
A —C

C

C

10169] Each electron donating site (A) is the same or
different and is a hydroxy group, an alkoxy group, an alkyl
group, an alkenyl group, a silyloxy group, a silyl group, an
amino group, a monosubstituted amino group, a disubstituted amino group, an alkoxycarbonyl group, a monovalent
or divalent aromatic hydrocarbon group, a monovalent or
divalent fused polycyclic aromatic hydrocarbon group, a
monovalent or divalent saturated or unsaturated heterocyclic
group, or a monovalent or divalent saturated or unsaturated
fused polycyclic heterocyclic group, wherein at least one
hydrogen atom of each of these groups is optionally replaced
with a substituent, and when a plurality of the same or
different groups are present as to each of these groups, the
groups are optionally linked through a divalent atom or a
divalent substituent.
10170] Examples of the alkoxy group include linear or
branched alkoxy groups having ito 8 carbon atoms. Specific
examples thereof include a methoxy group, an ethoxy group,
a n-propyloxy group, an isopropyloxy group, a butyloxy
group, a pentyloxy group, and a hexyloxy group.
10171] Examples of the alkyl group include linear or
branched alkyl groups having i to 8 carbon atoms. Specific
examples thereof include a methyl group, an ethyl group, a
n-propyl group, an isopropyl group, a n-butyl group, a
tert-butyl group, a n-pentyl group, and a n-hexyl group.
10172] Examples of the alkenyl group include linear or
branched alkenyl groups having 2 to 8 carbon atoms. Specific examples thereof include a vinyl group and a propenyl
group.
10173] Examples of the silyloxy group include trialkylsilyloxy groups, for example, a trimethylsilyloxy group and a
triisopropylsilyloxy group.
10174] Examples of the monosubstituted amino group
include alkylamino groups and arylamino groups. Specific
examples thereof include a methylamino group, an ethylamino group, a propylamino group, and a phenylamino
group. Examples of the disubstituted amino group include
dialkylamino groups and diarylamino groups. Specific
examples thereof include a dimethylamino group, a dipropylamino group, and a diphenylamino group.
10175] Examples of the monovalent or divalent aromatic
hydrocarbon group and the monovalent or divalent fused
polycyclic aromatic hydrocarbon group include a phenyl
group, a phenylene group, an indene ring group, a naphthyl
group, a naphthalene ring group, a phenylphenylene group
(a biphenyl group), an anthracene ring group, a phenanthrene ring group, a naphthacene ring group, a triphenylene
ring group, a pyrene ring group, a chrysene ring group, and
a perylene ring group.
10176] Examples of the monovalent or divalent saturated
or unsaturated heterocyclic group and the monovalent or
divalent saturated or unsaturated fused polycyclic heterocyclic group include a pyrrole ring group, a furan ring group,
a thiophene ring group, an oxazole ring group, a thiazole
ring group, a diazole ring group, a triazole ring group, a
pyrimidine ring group, a pyrazine ring group, a piperidine
ring group, a piperazine ring group, a benzoxazole ring
group, a benzothiazole ring group, an indole ring group, a

quinoline ring group, an isoquinoline ring group, a benzothiadiazole ring group, and a porphyrin ring group.
10177] In the electron donating group, at least one hydrogen atom may be replaced with a substituent (e.g., an alkyl
group, an alkoxy group, and a halogen atom). The substituent is preferably an electron donating group. When a plurality of groups are present as to each of these groups, the
groups may be linked through a divalent atom (e.g., an
oxygen atom and a sulfur atom) or a divalent sub stituent
(e.g., methylene and vinylene).
10178] Each A is the same or different and preferably
represents a hydroxy group, an alkoxy group, an alkyl group,
an alkenyl group, a silyloxy group, a silyl group, an amino
group, an alkylamino group, a dialkylamino group, an
arylamino group, a diarylamino group, a pyrrole group, a
phenyl group, a phenylene group, a phenylphenylene group,
an anthracene ring group, a phenanthrene ring group, a
naphthacene ring group, a traphenylene ring group, a pyrene
ring group, a chrysene ring group, a perylene ring group, an
oxazole ring group, a thiazole ring group, a porphyrin ring
group, a piperazine ring group, or an alkoxycarbonyl group,
wherein at least one hydrogen atom of each of these groups
is optionally replaced with a substituent, and when a plurality of the same or different groups are present as to each
of these groups, the groups are optionally linked through a
divalent sub stituent.
10179] Each A is the same or different and more preferably
represents a hydroxy group, an optionally alkoxy groupsubstituted alkoxy group, an optionally alkyl group-substituted silyloxy group, an optionally hydroxy group-substituted phenyl group, a phenylphenylene group, or a
sub stituent having an electron donating property in which at
least one hydrogen atom of an aromatic hydrocarbon group
is optionally replaced with a substituent.
10180] In the formula (ia), each conjugated site (B) is the
same or different and preferably represents a conjugated site
having a chemical structure where multiple bonds are linked
through a carbon-carbon single bond.
10181] Each B is the same or different and preferably
represents an alkenylene group, an alkynylene group, a
phenylene group, a biphenylene group, a substituent in
which at least one of these substituents is bonded to a
phenylene group, or a substituent having an electron donating property in which at least one hydrogen atom of each of
these groups is optionally replaced with a substituent.
10182] Each B is the same or different and more preferably
represents an alkenylene group, or an optionally diphenylene-substituted vinylene group. More specific examples
thereof include phenylene, biphenylene, vinylene, i ,3-butadienylene, acetylene, i ,3-diacetylene, silylene, nitrene,
naphthylene, pyrenylene, perylenylene, thiophenylene, and
bithiophenylene. The pi-conjugated site may be absent when
the electron donating site or the electron accepting site has
a conjugated system such as an aromatic hydrocarbon group
or a nitrogen-containing aromatic group. Specifically, m in
the formula (ia) may be 0.
10183] Each electron accepting site (C) is the same or
different and is preferably
(i) a halogen atom,
(2) a nitro group, a phenylamino group, carbene, N-heterocyclic carbene, silylene, N-heterocyclic silylene, nitrene
[R —N(:):], N-heterocyclic nitrene, a BF2 group, a cyano
group, a pyridyl group, a pyridine N-oxy group, an acridine
ring group, an acridine N-oxy group, a diazo group, a
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triazole group, a benzotriazole group, an oxazole group, a
benzoxazole group, a thiazole group, a benzothiazole group,
a diazole group, a benzodiazole group, an amino group, a
monosubstituted amino group, a disubstituted amino group,
a pyrazine ring group, a phenazine ring group, a pyrrolidone
ring group, a pyridone ring group, an aromatic heterocyclic
group, a fused polycyclic aromatic heterocyclic group, or a
substituent having an electron accepting property even
though at least one hydrogen atom bonded to a carbon atom
on each of these groups is replaced with a substituent, or
(3) a formyl group, a carbonyl group, a carbodiimide group,
a pyrrolidone ring group, a pyridone ring group, a formyl
group, a quinone ring group, a quinoline ring group, a
naphthoquinone ring group, an anthraquinone ring group, a
lactone ring group, an oxycarbonyl group, or a substituent
having an electron accepting property even though at least
one hydrogen atom bonded to a carbon atom on each of
these groups is replaced with a substituent.
10184] Each C is the same or different and preferably
represents a cyano group, a pyridyl group, an acridine ring
group, or a lactone ring group.
10185] For the form of W, a complex represented by the
following formula (ib) is preferred:
W:X

10188] Among the conjugated molecules represented by
W, examples of the A-B --C type compound can include the
following compounds.

MeO

OMe

MeO

OMe
OMe

MeO

___?

(ib)

wherein W represents a conjugated molecule consisting of
(A)ii (B)mi (C), i,
or
(A), 1; A represents an electron donating site; B represents a
conjugated site; C represents an electron accepting site;
represents a non-covalent interaction; X represents a compound having a proton donating property or an electron pair
accepting property; 11 and ni each represent 1; ml represents a number of 0 to 2; 12 and n2 each represent 1; m2
represents a number of 0 to 2; m3 represents 1; and C and
X are non-covalently bonded.
10186] The pi-conjugated molecule represented by W is
preferably a compound represented by the following formula (2):

CN

10189] The site C causes a non-covalent interaction with a
Lewis acid or the like so that a resonance structure where an
electron from the electron donating site A passes through the
bridge moiety B is formed to produce a new pi-conjugated
system.
10190] Examples of the A-C--C-A type compound
include the following compounds:

o

o

(2)

wherein R' represents a hydroxy group, an alkoxy group, a
siloxy group, or an aromatic hydrocarbon group having 6 to
14 carbon atoms optionally substituted by 1 to 6 groups
selected from the group consisting of a hydroxy group, an
alkoxy group and a siloxy group (wherein when X in the
formula (1) is BF3 or B(C6F5)3, R' is not a p-methoxyphenyl
group or a p-dimethylaminophenyl group); R and R each
represent a hydrogen atom, or R2 and R3 together optionally
form an aromatic hydrocarbon group having 6 to 14 carbon
atoms; Py represents an optionally substituted monocyclic or
polycyclic aromatic group having 1 to 3 ring-constituting
nitrogen atoms; and p represents a number of 0 to 3.
10187] Also, the pi-conjugated molecule represented by W
is preferably a compound represented by the following
formula (3):

0

10191] Examples of the C—B-A-B---C type compound
include the following compound:

OMe
N

\

(3)

wherein R' represents a hydroxy group, an alkoxy group, a
siloxy group, or an aromatic hydrocarbon group having 6 to
14 carbon atoms optionally substituted by 1 to 6 groups
selected from the group consisting of a hydroxy group, an
alkoxy group and a siloxy group; and p represents a number
of 0 to 3.

MeO"

10192] The compound described above has a structure
where the pyridine ring corresponds to C; the alkenylene
group corresponds to B; the site where the anisole type
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methoxy group is present at the para position corresponds to
A; and two B -C moieties are presumably bridged through
A.
10193] Examples of the A-C type compound include the
following compounds:

QQ

10194]

/ N

lactone ring or a carboxylic acid ester structure in the
structure include compounds having a coumarin structure,
compounds having a fluorescein structure, compounds having a picolinic acid structure, compounds having a niacin
structure, compounds having a melanin structure, compounds having a phycocyanin structure, compounds having
a guanine structure, and compounds having a caffeine structure.
10198] Examples of such a compound include the following compounds:

CN

Examples of

MeO

0

MeO

11

0

Me

C
A —B—A
C

10195]

include the following compound:

10196] In the compound described above, the nitrile group
corresponds to C, the alkenylene group corresponds to B,
and the siloxybenzene corresponds to A. The moiety B is a
site common in two moieties A and two moieties C.
10197] Examples of the pi-conjugated molecule (W)
include an aromatic hydrocarbon compound having a carbonyl group, a lactone ring or a carboxylic acid ester
structure in the structure and an aromatic heterocyclic compound having a carbonyl group, a lactone ring or a carboxylic acid ester structure in the structure, the compounds
being each substituted by at least ito 6 groups selected from
the group consisting of a hydroxy group, an alkoxy group
and a siloxy group. Examples of the aromatic hydrocarbon
compound having a carbonyl group, a lactone ring or a
carboxylic acid ester structure in the structure include compounds having a benzophenone structure, compounds having a quinoid structure, compounds having a flavone skeleton, compounds having an indigo structure, compounds
having a quinacridon structure, compounds having a merocyanine structure, compounds having a chalcone structure,
and compounds having an aurone structure. Examples of the
aromatic heterocyclic compound having a carbonyl group, a

10199] X is a compound having a proton donating property
or an electron pair accepting property and is a compound
which causes a non-covalent interaction with the electron
accepting site. Specifically, a Bronsted acid, a Lewis acid,
and a halogen bonding donor are known. In the present
invention, X refers to an electron acceptor in the broad
sense. In the present specification, the halogen bonding
donor is also referred to as a halogen donor.
10200] The electron acceptor has an unoccupied orbital
capable of accepting an electron pair and interacts with the
pi-conjugated molecule represented by W so that the electron acceptor accepts an electron pair from the compound to
form a complex. Examples of the electron acceptor include
Lewis acids as well as cation species. The cation species is
typified by a proton or a halogen cation. Usually, the proton
is provided by a Bronsted acid, and the halogen cation is
provided by a halogen bonding donor.
10201] The halogen cation has an unoccupied orbital for
acceptance of an electron pair and can accept an electron
pair through interaction with the pi-conjugated molecule
represented by W to form a complex. According to the
detailed studies, the mechanism can be classified into three
types as illustrated below, except for the case where the
halogen cation is provided in any manner.
(i) A compound I-Cl in which halogen atoms are bonded
to each other is polarized into I(o+) -Cl(o-) due to large
difference in electronegativity to create a state where an
unoccupied orbital for acceptance of an electron pair is
present on the iodine. Therefore, the compound forms a
complex with the pi-conjugated molecule represented by W.
(2) In I-C6F5, an electron density on the benzene ring is
decreased due to large electronegativity ofF. Anon-covalent
electron pair present on the iodine works to compensate for
the electron density on the benzene ring. The compound is
stabilized by the resonance structure of the strongly positively polarized iodine. Since an unoccupied orbital for
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acceptance of an electron pair is formed on the iodine, the
compound forms a complex with the pi-conjugated molecule
represented by W.
(3) lodoimidazolinium salt is stable because a trifluoromethane sulfonate anion and an imidazole cation form a salt. A
non-covalent electron pair present on the iodine works to
compensate for the electron density on the imidazole ring.
The compound is stabilized by the resonance structure of the
strongly positively polarized iodine. Since an unoccupied
orbital for acceptance of an electron pair is formed on the
iodine, the compound forms a complex with an unpaired
electron of the pi-conjugated molecule represented by W.
10202] The compound X having a proton donating property or an electron pair accepting property may form a
complex with the pi-conjugated molecule W, thereby exhibiting an effect as an organic optical material. In this case, an
effect as described below may be produced. For example, (1)
the compound X of the present invention in crystals of its
complex with the pi-conjugated molecule W prevents stacking of sub stituents of W accompanied by quenching due to
steric hindrance, etc., or formation of other structures inappropriate for fluorescence observation. (2) The compound X
of the present invention in its complex with the pi-conjugated molecule W decreases the difference between HOMO
and LUMO energy levels in W after complex formation as
compared with the difference between HOMO and LUMO
energy levels in W before complex formation.
10203] The present inventors do not think that the mechanisms (1) and/or (2) exhibit specific fluorescence characteristics in all events, but believe that the pi-conjugated molecule W of the present invention can decrease the HOMOLUMO energy gap through formation of a complex with the
compound X having a proton donating property or an
electron pair accepting property, and thereby shift a fluorescence wavelength to a longer wavelength than that before
complex formation. Specifically, the pi-conjugated molecule
W of the present invention can control a fluorescence
wavelength through the compound X having a proton donating property or an electron pair accepting property.
10204] Examples of the Bronsted acid can include carboxylic acid, sulfonic acid, phosphonic acid, and phosphinic
acid. Specific examples thereof include: carboxylic acid
such as acetic acid and trifluoroacetic acid; sulfonic acid
such as fluorosulfonic acid, methanesulfonic acid, ethylsulfonic acid, 4-dodecylbenzenesulfonic acid, heptadecafluorooctanesulfonic acid, camphorsulfonic acid, p-toluenesulfonic
acid,
2,4-dinitrobenzenesulfonic
acid,
1-naphthalenesulfonic acid, and mesitylenesulfonic acid;
phosphonic acid such as methylphosphonic acid, ethylphosphonic acid, propylphosphonic acid, tert-butylphosphonic
acid, octylphosphonic acid, and hexadecylphosphonic acid;
and phosphinic acid such as dimethylphosphinic acid, phenylphosphinic acid, diphenylphosphinic acid, and diisooctylphosphinic acid.
10205] Examples of the Lewis acid include BF3, BBr3,
B(NMe2)3, tris(pyrrolidino)borane, tris(mesityl)borane, tnethyl borate, tributyl borate, alpine-borane, triphenylborane,
B(C6F5)3, A1C13, FeCl3, FeBr3, ZnCl2, InCl3, TiCl4, and
metal triflate salt.
10206] The halogen bonding donor can accept a noncovalent electron pair of a Lewis base functional group to an
unoccupied orbital resulting from the structure of the halogen bonding donor itself. Specific examples thereof include
perfluoroiodobenzene, halogen molecules, halogen cations,

perfluoroiodoalkane, N-halogenodicarboxylic acid imide,
1,2,3-triazolinium-5-halide, N,N-dialkylimidazolinium-2halide, 2-halogenoisoindolyl-1,3-dione, 2-halogenobenz[d]
isothiazol-3 (2H)-one 1,1-dioxide, 2-halogeno-5-nitroisoindolyl-1,3-dione, and 2-halogeno-3,4-dimethylthiazol-3inium trifluorosulfonate.
10207] In the complex of the present invention, the electron accepting site in the conjugated molecule, and the
compound having a proton donating property or an electron
pair accepting property are bonded through a non-covalent
bond. Examples of such a bond include the coordinate bond
between a cyano group and a Lewis acid, and the ionic bond
or the coordinate bond between a nitrogen atom in an
aromatic group (e.g., a nitrogen atom in a pyridine ring) and
a Bronsted acid, a Lewis acid, or a halogen bonding donor.
10208] The complex of the present invention excludes
p-CH3O--C6H5----CH=CH--05H4NBF3,
p-CH3O---C6H5 -CH=CH-05H4NB(C6F5)3, p-(CH3)2N---C6H5--CH=CH—05H4NBF3
and
p-(CH3)2N---C6H5--CH=CH—05H4NB(C6F6)3.
10209] Specific examples of the pi-conjugated molecule
constituting the complex of the present invention will be
shown below.

MeO

OMe

MeO

\Me
OMe

OMe

MeO
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10210] In the complex of the present invention, a preferred
combination of A, B, C and X is as follows:
W:X

(ib)

wherein
10211] W represents a conjugated molecule consisting of
(A)ii (B)mi (C), i,
mi (C), i or
(A), 1;
10212] each A is the same or different and represents a
hydroxy group, an alkoxy group, an alkyl group, an alkenyl
group, a silyloxy group, a silyl group, an amino group, a
monosubstituted amino group, a disubstituted amino group,
an alkoxycarbonyl group, a monovalent or divalent aromatic
hydrocarbon group, a monovalent or divalent fused polycyclic aromatic hydrocarbon group, a monovalent or divalent
saturated or unsaturated heterocyclic group, or a monovalent
or divalent saturated or unsaturated fused polycyclic heterocyclic group, wherein at least one hydrogen atom of each of
these groups is optionally replaced with a substituent, and
when a plurality of the same or different groups are present
as to each of these groups, the groups are optionally linked
through a divalent atom or a divalent substituent;
10213] each B is the same or different and represents a
conjugated site having a chemical structure where multiple
bonds are linked through a carbon-carbon single bond;
10214] each C is the same or different and represents
(1) a halogen atom,
(2) a nitro group, a phenylamino group, carbene, N-heterocyclic carbene, silylene, N-heterocyclic silylene, nitrene,
N-heterocyclic nitrene, a BF; group, a cyano group, a
pyridyl group, a pyridine N-oxy group, an acridine ring
group, an acridine N-oxy group, a diazo group, a triazole
group, a benzotriazole group, an oxazole group, a benzoxazole group, a thiazole group, a benzothiazole group, a
diazole group, a benzodiazole group, a primary amino
group, a secondary amino group, a tertiary amino group, a
pyrazine ring group, a phenazine ring group, a pyrrolidone
ring group, a pyridone ring group, an aromatic heterocyclic
group, a fused polycyclic aromatic heterocyclic group, or a
substituent having an electron accepting property even
though at least one hydrogen atom bonded to a carbon atom
on each of these groups is replaced with a substituent, or
(3) a formyl group, a carbonyl group, a carbodiimide group,
a pyrrolidone ring group, a pyridone ring group, a formyl
group, a quinone ring group, a quinoline ring group, a
naphthoquinone ring group, an anthraquinone ring group, a
lactone ring group, an oxycarbonyl group, or a substituent
having an electron accepting property even though at least
one hydrogen atom bonded to a carbon atom on each of
these groups is replaced with a substituent;
10215] X represents a compound selected from the group
consisting of a Bronsted acid, a Lewis acid and a halogen
bonding donor (provided that when X is trifluoroborane or
tris(pentafluorophenyl)borane, W is not a conjugated molecule wherein A is a phenyl group having a methoxy group
at position 4 or a phenyl group having a dimethylamino
group at position 4, B is —CH=CH---- or -CC---, m is 0
or 1, and C is a pyridine group);
10216] 11 and ni each represent 1; ml represents a number
of 0 to 3; 12 and n2 each represent 1; m2 represents a
number of 0 to 3; m3 represents 1; and C and X are
non-covalently bonded.

10217]
(ib):

A complex represented by the following formula

W:X

(ib)

wherein
10218] W represents a conjugated molecule consisting of
(A)ii (B)mi (C), i,
mi (C), i or
10219] each A is the same or different and represents a
hydroxy group, an alkoxy group, an alkyl group, an alkenyl
group, a silyloxy group, a silyl group, an amino group, an
alkylamino group, a dialkylamino group, an arylamino
group, a diarylamino group, a pyrrole group, a phenyl group,
a phenylene group, a phenylphenylene group, an anthracene
ring group, a phenanthrene ring group, a naphthacene ring
group, a triphenylene ring group, a pyrene ring group, a
chrysene ring group, a perylene ring group, a diethylamino
group, an oxazole ring group, a thiazole ring group, a
porphyrin ring group, a piperazine ring group, or an alkoxycarbonyl group, wherein at least one hydrogen atom of each
of these groups is optionally replaced with a sub stituent, and
when a plurality of the same or different groups are present
as to each of these groups, the groups are optionally linked
through a divalent atom;
10220] each B is the same or different and represents a
conjugated site having a chemical structure where multiple
bonds are linked through a carbon-carbon single bond;
10221] each C is the same or different and represents
(1) a halogen atom,
(2) a nitro group, a phenylamino group, carbene, N-heterocyclic carbene, silylene, N-heterocyclic silylene, nitrene,
N-heterocyclic nitrene, a BF2 group, a cyano group, a
pyridyl group, a pyridine N-oxy group, an acridine ring
group, an acridine N-oxy group, a diazo group, a triazole
group, a benzotriazole group, an oxazole group, a benzoxazole group, a thiazole group, a benzothiazole group, a
diazole group, a benzodiazole group, an amino group, a
monosubstituted amino group, a disubstituted amino group,
a pyrazine ring group, a phenazine ring group, a pyrrolidone
ring group, a pyridone ring group, an aromatic heterocyclic
group, a fused polycyclic aromatic heterocyclic group, or a
substituent having an electron accepting property even
though at least one hydrogen atom bonded to a carbon atom
on each of these groups is replaced with a substituent, or
(3) a formyl group, a carbonyl group, a carbodiimide group,
a pyrrolidone ring group, a pyridone ring group, a formyl
group, a quinone ring group, a quinoline ring group, a
naphthoquinone ring group, an anthraquinone ring group, a
lactone ring group, an oxycarbonyl group, or a substituent
having an electron accepting property even though at least
one hydrogen atom bonded to a carbon atom on each of
these groups is replaced with a substituent;
10222] X represents a compound selected from the group
consisting of a Bronsted acid, a Lewis acid and a halogen
bonding donor (provided that when X is trifluoroborane or
tris(pentafluorophenyl)borane, W is not a conjugated molecule wherein A is a phenyl group having a methoxy group
at position 4 or a phenyl group having a dimethylamino
group at position 4, B is -CH=CH---- or -CC---, m is 0
or 1, and C is a pyridine group);
10223] 11 andnl each represent 1; ml represents 0; 12 and
n2 each represent 1; m2 and m3 each represent 0; and C and
X are non-covalently bonded.

US 2020/0284946 Al

5ep. 10, 2020
16

10224]

A complex of the formula (b) wherein

10225]

W represents a conjugated molecule wherein

10226] each A is the same or different and is a hydroxy
group, an optionally alkoxy group-substituted alkoxy
group, an optionally alkyl group-substituted silyloxy
group, an optionally hydroxy group-substituted phenyl
group, a phenylphenylene group, or a substituent having an electron donating property in which at least one
hydrogen atom of an aromatic hydrocarbon group is
optionally replaced with a substituent;

Br

2b +p-TsOH (Y)
0

10227] each B is the same or different and is an alkenylene group, or an optionally diphenylene-substituted vinylene group;
10228] each C is the same or different and is a cyano
group, a pyridyl group, an acridine ring group, or a
lactone ring group;
10229]

3a + B(C6F5)3 (X)

lis 1,2or3;nisO.1 or2;andmisOorl;

10230] X represents p-toluenesulfonic acid, trifluoromethanesulfonic acid, methanesulfonic acid, triphenylborane,
N,N-dialkylimidazolinium-2-halide, 2-halogenoisoindolyl1,3-dione, 2-halogenobenz[d]isothiazol-3(2H)-one 1,1-dioxide, 2-halogeno-5-nitroisoindolyl-1,3-dione, or 2-halogeno-3,4-dimethylthiazol-3-inium trifluorosulfonate; and C
and X are non-covalently bonded.
10231] FIG. 35A shows 2,3-bis(4-((triisopropylsilyl)oxy)
phenyl)fumaronitrile and FIG. 35B shows a complex of
2,3-bis(4-((triisopropylsilyl)oxy)phenyl)fumaronitrile and
tris(pentafluorophenyl)borane. In the drawings, crystals
determined by X-ray structural analysis are presented in an
associated state of two molecules. At a stage before complex
formation, the stacking of dicyanodiphenylalkene skeletons
is suppressed by a bulky OTIPS group. After complex
formation, the distance between double bonds is markedly
widened by the steric hindrance of the Lewis acid. The
Lewis acid is considered to have an effect of decreasing
LUMO energy level after complex formation as compared
with the LUMO energy level before complex formation, and
a shift of the absorption wavelength of visible light to a
longer wavelength is observed.
10232] The complex of the present invention emits fluorescence without quenching even in a solid state. Molecules
which emit light in a solution emit light in a dilute solution,
but no longer emit light when concentrated. This is so-called
quenching. The quenching occurs by a radiationless deactivation process such as internal conversion or energy transfer
when molecules of the pi-conjugated system come close so
as to overlap each other (H-aggregate). Specifically, the
stacking of the molecules of the pi-conjugated system
through H-association causes a loss of the ability to emit
light. On the other hand, it is known that a small mismatch
of molecular overlap (J-aggregate) is capable of causing a
shift to a longer wavelength and light emission. In addition,
it is generally known that since a longer pi-conjugated
system causes absorption at a longer wavelength, fluorescence is emitted with a longer wavelength. The complex of
the present invention emits light with a longer wavelength
by use of a longer pi-conjugated system. The following
compounds exhibit particularly marked change in a solid
state.

3c +p-TsOH (Y)
0

3d +p-TsOH (Y)
0

3f+p-TsOH (Y)

4b + B(C6F5)3 (X)

N

O

4c +p-TsOH (Y)

O
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-continued

c J o
4d +p-TsOH (Y)

//\_/\_j\
6b + B(C6F5)3 (X)

cic bc
6b +p-TsOH (Y)

6c + B(C6F5)3 (X)
6c +p-TsOH (Y)

10233] These compounds are considered to directly make
no significant change in the resonance structure of the
pi-conjugated system by forming a complex with the compound X having a proton donating property or an electron
pair accepting property. However, a shift to a longer wavelength probably occurs as the gap between energy levels of
the HOMO of a donor and the LUMO of an acceptor is
decreased.
10234] The complex of the present invention can be easily
produced by reacting the conjugated compound with the
Bronsted acid, the Lewis acid, or the halogen bonding donor.
The reaction is sufficiently performed by merely stirring the
mixture at 00 C. to 1000 C. for 5 minutes to 1 hour in an inert
solvent such as methylene chloride.
10235] The obtained complex can be isolated by a usual
separation and purification operation such as silica gel
column chromatography or recrystallization. The method for
producing the complex of the present invention will be
specifically described in Examples of the present specification. Those skilled in the art can therefore readily synthesize
the complex of the present invention by appropriately selecting starting compounds and reaction conditions with reference to these Examples.
10236] The present invention also provides a method for
adjusting the color of emitted light, comprising using one or
two or more organic optical materials of the present invention, or a mixture of the one or two or more organic optical
materials with an additional organic optical material. One or
two or more miscible organic optical materials of the present
invention can be selected and mixed by pulverization and
kneading methods known in the art to obtain a new complex
composition. The color of emitted light can be adjusted by
the type, mixing ratio, etc. of the organic optical material of
the present invention. Also, the color of emitted light can be

adjusted using a composition of the starting materials before
complex formation and the organic optical material after
complex formation.
10237] The complex of the present invention has a property of emitting intense fluorescence not only in a solution
state but in a solid state. In the present specification, the term
"fluorescence" means a phenomenon as one mode of light
emission in which electrons are excited by absorbing energy
upon irradiation with X-ray, ultraviolet ray, and/or visible
light, and release extra energy as an electromagnetic wave
when returning to the ground state. The fluorescence should
not be interpreted in a limited manner by any means and
should be interpreted in the broadest sense. Fluorescence
measurement in a solid state can generally be performed
using Absolute PL Quantum Yield Spectrometer C-9920-02
(multichannel detector PMA-11, Hamamatsu Photonics
K.K.) or the like, though not limited by such a specific
apparatus and method.
10238] More specifically, in the complex of the present
invention, one or more long-wavelength shifts, so-called
Stokes shifts, toward the long wavelength side from a
maximum absorption wavelength are observed in a solid
state, as compared with the conjugated molecule before
formation of the complex, and the size thereof is 5% or
more, preferably 15% or more, more preferably 20% or
more, of the value of the maximum absorption wavelength.
Also, the Stokes shift is 15 nm or more, preferably 30 nm or
more, more preferably 60 nm or more. The Stokes shift is
further 1.5x103 cm' or more, preferably 4.5x10 cm' or
more, more preferably 3.0x103 cm' or more.
10239] In this context, the Stokes shift occurs by light
having at least one excitation wavelength in the range of
from 280 nm to 400 nm.
10240] Thus, the complex of the present invention is
useful as various organic light emitting materials which
exploit the conversion of energy levels of electrons constituting the material in response to light.
10241] Specifically, the complex of the present invention
can be used as organic EL, organic solid laser, an organic
non-linear optical material, ink, and the like, and in addition,
can be used in an organic solar cell, an organic solid sensor,
and the like. Furthermore, the complex of the present
invention can also be used in an opto-electronics material
such as a photoresponsive electron transport layer, an
organic waveguide, a diode, or a transistor.
EXAMPLES
10242] Hereinafter, the present invention will be described
further specifically with reference to Examples. However,
the scope of the present invention is not limited by Examples
described below.
[Example 1] (E)-4-(4-Methoxystyryl)pyridine
10243]

(1.0 equiv.)
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MeO___Q____I

Pd(OAc)2 (20 mol %)
PPh3 (20 mol %)
NEt3, 115° C., 14 h

(1.05 equiv.)
MeO

then hexane:ethyl acetate:methylene chloride=3:7:2 as a
developing solvent) and further recrystallized with a mixed
solvent of methylene chloride and hexane. The obtained
solid was dissolved in methylene chloride, followed by
extraction with 1 N hydrochloric acid. The combined aqueous layer was rendered basic with sodium hydroxide, and the
resulting aqueous layer was subjected to extraction with
methylene chloride. The combined organic layer was concentrated under reduced pressure and dried in vacuum to
obtain the target compound as a white solid (630 mg, 55%).

70% yield

[Example 3] 9-Methoxyacridine
10244] In an argon atmosphere, palladium acetate (44.9
mg, 0.2 mmol), triphenylphosphine (52.5 mg, 0.2 mmol),
4-vinylpyridine (105.1 mg, 1.0 mmol), and 4-iodoanisole
(245.7 mg, 1.05 mmol) were added to triethylamine (1.5
mL). The obtained mixture was heated and stirred at 1150 C.
for 14 hours. After cooling of the reaction mixture to room
temperature, the mixture was filtered through silica gel using
methylene chloride. The filtrate was concentrated under
reduced pressure to obtain a crude product. The obtained
crude product was purified by silica gel chromatography
(using hexane:ethyl acetate:triethylamine=50:50: 1 as a
developing solvent) and further recrystallized with a mixed
solvent of methylene chloride and hexane to obtain the target
compound as a pale yellow solid (147.9 mg, 70%).

10247]

Cl
NaOMe (3.0 equiv.)
MeOH, reflux, 9 h
N
OMe

[Example 2] 4-([1 1'-Biphenyl] -4-yl)pyridine

56%

,

10245]

CI___GN

•HCI

+

(1.0 equiv.)

Q__Q__OH).

Pd(OAc)2 (1 mol %)
SPhos (2 mol %)
K3PO4 (3 equiv.)
H20/H20 4:1,
100°C., 14h
=

(1.1 equiv.)

55% yield

10246] In an argon atmosphere, palladium acetate (11.2
mg, 0.05 mmol), 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl (41.0 mg, 0.1 mmol), 4-chloropyridine hydrochloride (750 mg, 5.0 mmol), 4-biphenylboronic acid (1.09 g,
5.5 mmol), and tripotassium phosphate (3.18 g, 15.0 mmol)
were added to a mixture of water (20 mL) and acetonitrile
(5 mL). The obtained mixture was heated and stirred at 1000
C. for 14 hours. After cooling of the reaction mixture to
room temperature, the aqueous layer was subjected to
extraction three times in total, using 30 mL of methylene
chloride per one extraction. The combined organic layer was
washed with saturated saline and dried over sodium sulfate.
After removal of the solid by filtration, the filtrate was
concentrated under reduced pressure to obtain a crude
product. The obtained crude product was purified by silica
gel chromatography (using hexane:ethyl acetate=1:1 and

10248] In an argon atmosphere, 9-chioroacridine (641 mg,
3.00 mmol) was added to and dissolved in methanol (10
mL). To the solution, a solution of sodium methoxide in
methanol (5.0 M, 1.8 mL, 9.0 mmol) was further added. The
obtained mixture was stirred by heating to ref lux for 9
hours. After cooling of the reaction mixture to room temperature, the mixture was concentrated under reduced pressure. The obtained residue was separated into an organic
layer and an aqueous layer by the addition of water (30 mL)
and methylene chloride (30 mL). The aqueous layer was
subjected to extraction three times in total, using 30 mL of
methylene chloride per one extraction. The combined
organic layer was washed with saturated saline and dried
over sodium sulfate. After removal of the solid by filtration,
the filtrate was concentrated under reduced pressure to
obtain a crude product. The obtained crude product was
purified by silica gel chromatography (using methylene
chloride:methanol=20:1 as a developing solvent) to obtain
the target compound as a pale yellow solid (351 mg, 56%).
[Example 4]
2-(4-(Methoxymethoxy)phenyl)acetonitrile
10249]

CN

HO

NaH (1.2 equiv.)

MOMCI (1.5 equiv.)

THF, 0°C., 30 mill

THF, 1 h
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[Example 6] 2,3-Bis(4-hydroxyphenyl)fumaronitrile

-continued
CN

10253]

OMOM
CN

MOMO

HCI
DCM/MeOH
(1:1),rt

90%

10250] In an argon atmosphere, 4-hydroxybenzyl cyanide
(4.0 g, 30 mmol) was added to tetrahydrofuran (60 mL), and
sodium hydride (powder dispersed in 60% liquid paraffin,
1.44 g, 36 mmol) was further added thereto at 00 C. The
obtained mixture was stirred at room temperature for 30
minutes. To the reaction mixture, chloromethyl methyl ether
(3.39 mL, 45.0 mmol) was added at 00 C., and the mixture
was stirred at room temperature for 1 hour. Water (20 mL)
was added to the reaction mixture to terminate the reaction.
After separation into an organic layer and an aqueous layer,
the aqueous layer was subjected to extraction three times in
total, using 20 mL of methylene chloride per one extraction.
The combined organic layer was washed with saturated
saline and dried over sodium sulfate. After removal of the
solid by filtration, the filtrate was concentrated under
reduced pressure to obtain a crude product. The obtained
crude product was purified by silica gel chromatography
(using hexane: ethyl acetate=100:1, subsequently hexane:
ethyl acetate=5:1, subsequently hexane:ethyl acetate=4:1,
and subsequently hexane:ethyl acetate=2:1 as a developing
solvent) to obtain the target compound as a colorless liquid
(4.80 g, 90%).
[Example 5]
2,3-Bis(4-(methoxymethoxy)phenyl)fumaronitrile

CN
MOMO
CN

N
HO)

10254] In
an
argon
atmosphere,
2,3-bis(4(methoxymethoxy)phenyl)fumaronitrile (2.8 g, 8 mmol)
was added to and dissolved in methylene chloride (24 mL).
A solution of hydrochloric acid in methanol (5%, 24 mL)
was further added to the solution. The obtained mixture was
stirred at room temperature for 22 hours. The reaction
mixture was filtered through filter paper. The obtained solid
was washed with diethyl ether to obtain the target compound
as an orange solid (308 mg). The solid deposited in the
filtrate was filtered through filter paper to further obtain the
target compound as an orange solid (866 mg). The filtrate
was concentrated under reduced pressure, and the deposited
solid was washed with a small amount of chloroform to
further obtain the target compound as an orange solid (804
mg). The total of the obtained solids was 1.98 g, and the
yield was 94%.

10251]

Example 7
10255]
CN
'2(1.0 equiv.)
MeONa (2.1 equiv.)

OH
CN

Et2O/MeOH 27:11
-78° C. to rt, 2 h
=

imidazole (3.5 equiv.)
TIPS—Cl (3.0 equiv)
DCM, 0°C. tort

MOMO
OMOM
CN

CN
HO
OTIPS
CN

MOMO
68%

CN
TIPSO

10252] In an argon atmosphere, a solution of sodium
methoxide in methanol (5.0 M, 11.3 mL, 56.7 mmol) was
added to a solution of 2-(4-(methoxymethoxy)phenyl)acetonitrile (4.80 g, 27.0 mmol) and iodine (6.86 g, 27 mmol)
added to diethyl ether (27 mL) at —78° C. over 5 minutes.
The obtained mixture was stirred at room temperature for 2
hours. The reaction mixture was filtered through filter paper.
The obtained solid was washed with a mixed solution of cold
water and methanol (1:1) and subsequently washed with a
small amount of diethyl ether to obtain the target compound
as a pale yellow powder (3.23 g, 68%).

10256] In an argon atmosphere, 2,3-bis(4-hydroxyphenyl)
fumaronitrile (1.05 g, 4 mmol), imidazole (953 mg, 14
mmol), and triisopropylsilyl chloride (2.31 g, 12 mmol)
were added to methylene chloride (40 mL) at 0° C. The
obtained mixture was stirred at room temperature for 8
hours. Water was added to the reaction mixture to terminate
the reaction, followed by separation into an organic layer
and an aqueous layer. The aqueous layer was subjected to
extraction three times in total, using 30 mL of methylene
chloride per one extraction. The combined organic layer was
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washed with saturated saline and dried over sodium sulfate.
After removal of the solid by filtration, the filtrate was
concentrated under reduced pressure to obtain a crude
product. The obtained crude product was filtered through
silica gel and recrystallized with a mixed solvent of methylene chloride and methanol to obtain the target compound
as a light green solid (1.82 g, 79%).

ture for 5 minutes. The solvent in the reaction mixture was
distilled off under reduced pressure to obtain the target
compound as a yellow solid.
Example 11
10263]

Example 8
10257]

-

Meo___Q___\

0 Ts

10258] In the atmosphere, (E)-4-(4-methoxystyryl)pyridine (21.1 mg, 0.1 mmol) and p-toluenesulfonic acid monohydrate (1.9.0 mg, 0.1 mmol) were added to and dissolved
in methylene chloride. The obtained mixture was stirred at
room temperature for 5 minutes. The solvent in the reaction
mixture was distilled off under reduced pressure to obtain
the target compound as a yellow solid.

-B(c6F5)3

10264] In the atmosphere, 4-([1,1'-biphenyl]-4-yl)pyridine
(23.1 mg, 0.1 mmol) and tris(pentafluorophenyl)borane
(51.2 mg, 0.1 mmol) were added to and dissolved in
methylene chloride. The obtained mixture was stirred at
room temperature for 5 minutes. The solvent in the reaction
mixture was distilled off under reduced pressure to obtain
the target compound as a white solid.
Example 12
10265]

I- '

Example 9
10259]
MeO

-

--

OTs

10260] In the atmosphere, 4-([1 1'-biphenyl]-4-yl)pyridine
(23.1 mg, 0.1 mmol) and p-toluenesulfonic acid monohydrate (19.0 mg, 0.1 mmol) were added to and dissolved in
methylene chloride. The obtained mixture was stirred at
room temperature for 5 minutes. The solvent in the reaction
mixture was distilled off under reduced pressure to obtain
the target compound as a yellow solid.
,

Example 10

-B(C6F5)3

s-i

10266] In the atmosphere, 9-methoxyacridine (20.9 mg,
0.1 mmol) and tris(pentafluorophenyl)borane (51.2 mg, 0.1
mmol) were added to and dissolved in methylene chloride.
The obtained mixture was stirred at room temperature for 5
minutes. The solvent in the reaction mixture was distilled off
under reduced pressure to obtain the target compound as a
yellow solid.
Example 13
10267]

10261]
Me

\

MeO

I-'

N

-

N

I

j

OTs
MeO

\/
\/

®N —H

e

10262] In the atmosphere, 9-methoxyacridine (20.9 mg,
0.1 mmol) and p-toluenesulfonic acid monohydrate (19.0
mg, 0.1 mmol) were added to and dissolved in methylene
chloride. The obtained mixture was stirred at room tempera-

i
Me'

e
OTf

10268] In the atmosphere, (E)-4-(4-methoxystyryl)pyridine (21.1 mg, 0.1 mmol) and 2-iodo-1,3-dimethyl-1Himidazol-3-ium trifluoromethanesulfonate (37.2 mg, 0.1
mmol) were added to and dissolved in methylene chloride.
The obtained mixture was stirred at room temperature for 5
minutes. The solvent in the reaction mixture was distilled off
under reduced pressure to obtain the target compound as a
yellow solid.
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to and dissolved in methylene chloride. The obtained mixture was stirred at room temperature for 5 minutes. The
solvent in the reaction mixture was distilled off under
reduced pressure to obtain the target compound as a yellow
solid.

Example 14
10269]

Me

Example 17

N
QQ

N

10275]

i e
Me'

OTf

MeO

0

O
B(C6F5)3

10270] In the atmosphere, 4-([1 1'-biphenyl]-4-yl)pyridine
(23.1 mg, 0.1 mmol) and 2-iodo-1,3-dimethyl-1H-imidazol3-ium trifluoromethanesulfonate (37.2 mg, 0.1 mmol) were
added to and dissolved in methylene chloride. The obtained
mixture was stirred at room temperature for 5 minutes. The
solvent in the reaction mixture was distilled off under
reduced pressure to obtain the target compound as a white
solid.
,

Example 15
10271]

MeO

10276] In the atmosphere, 6,7-dimethoxy-4-methylcoumann (20.6 mg, 0.1 mmol) and tris(pentafluorophenyl)
borane (51.2 mg, 0.1 mmol) were added to and dissolved in
acetone and methylene chloride. The obtained mixture was
stirred at room temperature for 5 minutes. The solvent in the
reaction mixture was distilled off under reduced pressure to
obtain the target compound as a yellow solid.
Example 18
10277]

Me

\

N

MeO

I

j

Me'

OTf

10272] In the atmosphere, 9-methoxyacridine (20.9 mg,
0.1 mmol) and 2-iodo-1,3-dimethyl-1H-imidazol-3-ium tnfluoromethanesulfonate (37.2 mg, 0.1 mmol) were added to
and dissolved in methylene chloride. The obtained mixture
was stirred at room temperature for 5 minutes. The solvent
in the reaction mixture was distilled off under reduced
pressure to obtain the target compound as a yellow solid.
Example 16
10273]

10278] In the atmosphere, fluorescein (33.2 mg, 0.1 mmol)
and tris(pentafluorophenyl)borane (51.2 mg, 0.1 mmol)
were added to and dissolved in acetone and methylene
chloride. The obtained mixture was stirred at room temperature for 5 minutes. The solvent in the reaction mixture was
distilled off under reduced pressure to obtain the target
compound as a yellow solid.
Example 19
10279]

MeO

-

-

I

-

0

10274] In the atmosphere, 2,3-bis(4-((triisopropylsilyl)
oxy)phenyl)fumaronitrile (28.7 mg, 0.05 mmol) and tris
(pentafluorophenyl)borane (51.2 mg, 0.1 mmol) were added

10280] (E)-4-(4-Methoxystyryl)pyridine (21.1 mg, 0.1
mmol) and 2-iodoisoindoline-1,3-dione (27.3 mg, 0.1
mmol) were added to and dissolved in a mixed solvent of
acetone and methylene chloride. The obtained mixture was
stirred at room temperature for 5 minutes. The solvent in the
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reaction mixture was distilled off under reduced pressure to
obtain the target compound as a grayish white solid.
Example 20
10281]

solved in acetone and methylene chloride. The obtained
mixture was stirred at room temperature for 5 minutes. The
solvent in the reaction mixture was distilled off under
reduced pressure to obtain the target compound as a yellow
solid.
Example 23

MeO

-

-

I

°1
10282] In the atmosphere, (E)-4-(4-methoxystyryl)pyridine (21.1 mg, 0.1 mmol) and 2-iodobenz[d]isothiazol-3
(2H)-one 1,1-dioxide (30.9 mg, 0.1 mmol) were added to
and dissolved in a mixed solvent of acetone and methylene
chloride. The obtained mixture was stirred at room temperature for 5 minutes. The solvent in the reaction mixture was
distilled off under reduced pressure to obtain the target
compound as a yellow solid.
Example 21

10287] The compound obtained in Example 1 was subjected to a measurement of a fluorescence spectrum and a
fluorescence quantum yield.
10288] The fluorescence spectrum measurement was performed using Hitachi F-7000. The fluorescence quantum
yield measurement was performed using Absolute PL Quantum Yield Spectrometer C11347, Quantaurus-QY (Hamamatsu Photonics K.K.). The fluorescence lifetime was measured using Quantaurus-Tau Cli 367-24 (Hamamatsu
Photonics K.K.). The emission spectrum in a solid state
using a wavelength of 300 nm as an excitation wavelength
is shown in FIG. 1.
Example 24
10289] The same measurements as in Example 23 were
performed on the compound obtained in Example 8. The
emission spectrum in a solid state using a wavelength of 300
nm as an excitation wavelength is shown in FIG. 2.

10283]
Example 25

NO2
MeO

-

-

-

I —N

10290] The same measurements as in Example 23 were
performed on the compound obtained in Example 13. The
emission spectrum in a solid state using a wavelength of 300
nm as an excitation wavelength is shown in FIG. 3.
Example 26
10291] The same measurements as in Example 23 were
performed on the compound obtained in Example 2. The
emission spectrum in a solid state using a wavelength of 300
nm as an excitation wavelength is shown in FIG. 4.

10284] In the atmosphere, 9-methoxyacridine (20.9 mg,
0.1 mmol) and 2-iodo-5-nitroisoindoline-1,3-dione (31.8
mg, 0.1 mmol) were added to and dissolved in acetone and
methylene chloride. The obtained mixture was stirred at
room temperature for 5 minutes. The solvent in the reaction
mixture was distilled off under reduced pressure to obtain
the target compound as a yellow solid.

Example 27
10292] The same measurements as in Example 23 were
performed on the compound obtained in Example 9. The
emission spectrum in a solid state using a wavelength of 300
nm as an excitation wavelength is shown in FIG. 5.
Example 28

Example 22
10285]

Me

10293] The same measurements as in Example 23 were
performed on the compound obtained in Example 11. The
emission spectrum in a solid state using a wavelength of 300
nm as an excitation wavelength is shown in FIG. 6.
Example 29

S

10294] The same measurements as in Example 23 were
performed on the compound obtained in Example 14. The
emission spectrum in a solid state using a wavelength of 300
nm as an excitation wavelength is shown in FIG. 7.
Example 30

10286] In the atmosphere, 9-methoxyacridine (20.9 mg,
0.1 mmol) and 2-iodo-3,4-dimethylthiazol-3-inium trifluorosulfonate (39.9 mg, 0.1 mmol) were added to and dis-

10295] The same measurements as in Example 23 were
performed on the compound obtained in Example 3. The
emission spectrum in a solid state using a wavelength of 300
nm as an excitation wavelength is shown in FIG. 8.
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Example 31

Example 41

10296] The same measurements as in Example 23 were
performed on the compound obtained in Example 10. The
emission spectrum in a solid state using a wavelength of 300
nm as an excitation wavelength is shown in FIG. 9.

10306] The same measurements as in Example 23 were
performed on the compound obtained in Example 22. The
emission spectrum in a solid state using a wavelength of 365
nm as an excitation wavelength is shown in FIG. 19.

Example 321

Examples 42 to 83

10297] The same measurements as in Example 23 were
performed on the compound obtained in Example 12. The
emission spectrum in a solid state using a wavelength of 300
nm as an excitation wavelength is shown in FIG. 10.

10307] The following complexes 42 to 83 were produced
in the same way as in Examples described above.

42

Example 331
10298] The same measurements as in Example 23 were
performed on the compound obtained in Example 15. The
emission spectrum in a solid state using a wavelength of 300
nm as an excitation wavelength is shown in FIG. 11.

Ph2N

-

-

B(C6F5)3
43

Example 341
10299] The same measurements as in Example 23 were
performed on the compound obtained in Example 7. The
emission spectrum in a solid state using a wavelength of 400
nm as an excitation wavelength is shown in FIG. 12.
Example 35
10300] The same measurements as in Example 23 were
performed on the compound obtained in Example 16. The
emission spectrum in a solid state using a wavelength of 400
nm as an excitation wavelength is shown in FIG. 13.

Ph2N
-

-B(C6F5)3
44

e
TSO

Ph2N___Q____\Q

CN- -H
-

45
B(C6F5)3
O

H

Example 36
10301] The same measurements as in Example 23 were
performed on the compound obtained in Example 17. The
emission spectrum in a solid state using a wavelength of 280
nm as an excitation wavelength is shown in FIG. 14.

46
B(C6F5)3

Example 37
10302] The same measurements as in Example 23 were
performed on the compound obtained in Example 18. The
emission spectrum in a solid state using a wavelength of 280
nm as an excitation wavelength is shown in FIG. 15.
Example 38
10303] The same measurements as in Example 23 were
performed on the compound obtained in Example 19. The
emission spectrum in a solid state using a wavelength of 365
nm as an excitation wavelength is shown in FIG. 16.

47
B(C6F5)3
0

Example 39
10304] The same measurements as in Example 23 were
performed on the compound obtained in Example 20. The
emission spectrum in a solid state using a wavelength of 365
nm as an excitation wavelength is shown in FIG. 17.
Example 40
10305] The same measurements as in Example 23 were
performed on the compound obtained in Example 2:1. The
emission spectrum in a solid state using a wavelength of 365
nm as an excitation wavelength is shown in FIG. 18.

48

e

o:Ix
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-continued

-continued
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C
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U
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-continued

TABLE 1-continued
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MeO___Q____

____çN

-
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-

MeO

N- -Sm(OTf)3

\

-

/

10308] The emission spectra (peak wavelengths), fluorescence quantum yields, and fluorescence lifetimes of the
complexes obtained in Examples described above are summanzed in Table 1. The notation within the parentheses in
the column "Lifetime" indicating the fluorescence lifetime
represents the lifetime of the two-component system in a
fluorescence decay curve. As is evident the obtained complexes exhibit a very high fluorescence quantum yield. In the
table, the term "starting material" denotes a compound
before complex formation.
TABLE 1
Example No.
of complex
Example 1 (Starting
material of
Example 8, 13)
Example 8
Example 13
Example 5 (Starting
material of
Example 10, 12, 15)
Example 12
Example 10
Example 15
Example (Starting
material of
Example 9, 11, 14)
Example 11
Example 9
Example 14
Example 7 (Starting
material of
Example 16)
Example 16
Example 17
Example 18
Example 19
Example 20
Example 21
Example 22
(Starting material
of 42)

Fluorescence
(nm)
433, 457

477
482
466

Quantum
yield
0.16

478, 502
ND.
470
393, 413

0.34
<0.02
0.03
0.46

441
444
394, 413
479

0.99
0.62
0.4
0.99

Lifetime
(ns)

T

1.12 (0.66, 1.92)

0.30
0.24
0.07

Fluo

0.96 (0.61, 1.22)
6.1 (2.2, 7.1)
11.0 (3.8, 12.8)

15.8 (7.3, 18.5)

1.41 (1.2, 4.4)

5.94 (2.4 8.4)
1.86 (1.6, 7.2)
3.34

0.5
0.11
0.02
0.01
0.06
0.02
0.03
0.01

Q;m

Lif

(Starting material
of 43, 44)
43
44
(Starting material

500

0.09

637
587
536

0.02
0.08
0.19

45
(Starting material
46)

745
557

<0.01
0.04

783
395

<0.01
<0.01

500
421
546

<0.01
001
0.02

540
543

<0.01
0.05

675
432

0.07
0.02

423
471

0.01
0.07

517
486
513

0.02
0.01
<0.01

560
745
486

0.07
<0.01
0.02

498
<300

0.02

471
444

0.08
0.17

482
493
755

0.73
0.03
<0.01

796
789
669

<0.01
<001
0.02

824
824
433, 457

<0.01
<0.01
0.16

(Starting material
of 47)
47
48
(Starting material
of 49)
(Starting material
of 50)
50
(Starting material
of 51)
51
(Starting material
of 51, 53)
52
53
(Starting material
of 54, 55)
54
55
(Starting material
of 56)
56
(Starting material
of 57)
57
(Starting material
of 58, 59)
58
59
(Starting material
of 60, 61)
60
61
(Starting material
of 62 63)
62
63
(Starting material
of 64, 65)
64
65
'

625
445
541
460
530
546
480
588

ence

e

T

-Dy(OT3

6.05

0.24
1.10
3.83
0.38

(0.19,
(0.20,
(0.96,
(0.30,

0.55)
2.10)
6.85)
0.77)

560
479

0.06
0.01

10309] The emission spectra of the complexes obtained in
Examples described above were measured in a dichloromethane (DCM) or acetone solution. The results are
shown in FIGS. 20 to 28 and Table 2.

TABLE 2

Absorbance
Example No. or complex
Example 1

(1E

©cn
3.20

)

Maximum
absorption
wavelength

Maximum
fluorescence
wavelength

Excitation
wavelength

©(nm)

©(nm)

#Z,899 (nm)

320

393

320

5805

73

Stokes shift
(cn

)

Stokes shift

Ratio

(nm)
22.8

(starting material of Example 8, 13)
Example 8

2.39

380

473

380

5174

93

24.5

Example 13

3.37

321

397

321

5964

76

23.7
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TABLE 2-continued
Absorbance

©
Example No. or complex
Example 2
(Starting material of Example 9, 11, 14)
Example 9
Example 11
Example 14
Example 3
(starting material Examplel0, 12, 15
Example 10
Example 12
Example 15
Example 7
(Starting material of Examplel6)
Example 16
Example 17
Example 18
Example 19
Example 20
Example 21
Example 22
(Starting material of 42)
42
(Starting material of 42,44)
43
44
(Starting material of 45)
45
(Starting material of 49)
49
(Starting material of 50)
50
(Starting material of 52, 53)
52
(Starting material of 56)
56
(Starting material of 58, 59)
58

©

(l(©Mcn©)

Maximum
absorption
wavelength
(nm)

Maximum
fluorescence
wavelength
(nm)

Excitation
wavelength
#Z,899 (nm)

Stokes shift
(cn©)

Stokes shift
(nm)

Ratio

3.19

273

347

273

7812

74

27.1

1.73
1.85
2.39
0.857

324
327
284
357

418
409
348
412

324
327
284
357

6941
6131
6476
3739

94
82
64
55

29.0
25.1
22.5
15.4

0.607
0.807
0.571
2.17

389
389
369
380

441
471
420
484

389
389
369
380

3031
4476
3291
5655

52
82
51
104

13.4
21.1
13.8
27.4

448
322
472
441
471
401
422
515
517
515
517
515
484
558
411
516
423
522
406
445, 466
423
479
427
479

381
280
439
335
355
335
355
382
463
394
398
382
400
500
381
460
400
490
395
395
355
440
370
430

3925

67

17.6

1.86
2.54
3.66
3.66
0.444
0.962
1.80
2.38
2.39
2.81
1.94
7.35
0.03
7.07
0.01
2.30
0.04
2.42
[overflow]
2.29
0.18
5.53
0.37

381
<340
439
335
355
368
355
382
463
394
398
382
403
499
381
459
400
489
395
395
354
440
372
433

1593
7175
6938
2236
4473
6760
2256
5963
5783
6761
4339
2079
1916
2407
1359
1293
686
3857
4608
1850
3352
2218

33
106
116
33
67
133
54
121
119
133
81
59
30
57
23
33
11
50, 71
69
39
53
46

7.5
31.6
31.6
9.0
18.9
34.8
11.7
30.7
29.9
34.8
20.1
11.8
7.9
12.4
5.8
6.7
2.8
12.7, 18.0
19.5
8.9
14.2
10.5

hdicates text misshg or illegible when filed

10310] Each complex exhibited almost the same fluorescence wavelength when measured in a solid state (Table 1)
and when measured in a solution (Table 2), though the
numeric values were not in complete agreement. This does
not deny use of measurement in a solution instead of difficult
measurement in a solid state. However, the numeric values
were not in complete agreement probably because a solid
and a liquid differ in the contribution of the electron acceptor
X to the HOMO and LUMO electron levels of the piconjugated molecule W. These results further indicate that
the fluorescence wavelength can be adjusted by the type of
the electron acceptor X even if the same pi-conjugated
molecule W is used.
1: An organic optical material comprising a complex
formed from (1) a conjugated molecule having (a) at least
one electron donating site, (b) at least one electron accepting

site, and (c) at least one conjugated site in the same molecule
and (2) a compound having a proton donating property or an
electron pair accepting property, the complex having a
non-covalent interaction at the electron accepting site,
wherein
the complex is solid at ordinary temperature; and the
organic optical material exhibits a property of emitting
light having a maximum fluorescence wavelength
which causes a Stokes shift of 5% or more of the value
of a maximum absorption wavelength from the maximum absorption wavelength toward the long wavelength side when the conjugated molecule and the
compound having a proton donating property or an
electron pair accepting property form the complex.
2-34. (canceled)
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*
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