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Description

Technical Field

[0001] The present invention relates to a new polymerizable compound having a linear array of rings terminated with
(meth)acrylic groups connected via different spacers at both ends. In detail, the invention relates to a polymerizable
compound that provides, as a cured film formed by polymerizing the (meth)acrylic groups, an optically anisotropic material
excellent in heat resistance, solvent resistance, and optical properties. The present invention also relates to a homopol-
ymer, a copolymer, and a composition using the polymerizable compound; and an optically anisotropic material that is
a cured product formed from at least one substance selected from the homopolymer, the copolymer, and the composition.
The optically anisotropic material is useful for retardation plates, polarization plates, polarizing prisms, various optical
filters, and others.

Background Art

[0002] Recently, liquid crystals have been investigated, besides in application to display media based on reversible
movement of liquid crystal molecules such as display elements representatively exemplified by TN-type and STN-type
liquid crystals, towards application to optically anisotropic materials for retardation plates, polarization plates, polarizing
prisms, various optical filters, and others due to their oriented nature and anisotropy in physical properties such as
refractive index, dielectric constant, and magnetic susceptibility.
[0003] In order to provide stable and uniform optical properties to such optically anisotropic materials using liquid
crystal substances as source components, it is essential to form mechanically and thermally stable polymers with high
glass transition temperature (referred to as "Tg" hereinafter) and excellent orientation by semipermanently fixing uniform
orientation of the liquid crystal molecules in a liquid crystal state.
[0004] As a strategy to semipermanently fix uniform orientation of liquid crystal molecules in a liquid crystal state, it
is already known, for example, a method of uniformly orienting a liquid crystalline compound with a polymerizable
functional group or a polymerizable liquid crystal composition containing such a compound in its liquid crystal state,
followed by photo-polymerizing by irradiation with energy beam such as ultraviolet light while keeping the liquid crystal
state to semipermanently fix the uniform orientation.
[0005] As liquid crystalline compounds with polymerizable functional group, (meth)acrylic group-containing polymer-
izable compounds are known (for example, see Patent Document 1, Patent Document 2, Patent Document 3, Patent
Document 4, and Patent Document 5). The temperature at which the polymerizable compounds described in these
documents exist in a liquid crystal phase was high, and hence the polymerization-curing had to be conducted at high
temperatures.
[0006] Since polymerization at a high temperature causes thermal polymerization concurrently with photo-polymeri-
zation, the cured products tend to exhibit uneven physical properties, and it is difficult to fix the orientation. Also, for
easier temperature control in curing, there has been awaited compounds that provide liquid crystal compositions existing
in a liquid crystal phase at lower temperatures.
[0007]

Patent Document 1: Japanese Patent Laid-Open Publication H9-40585
Patent Document 2: Japanese Patent Laid-Open Publication H11-116534
Patent Document 3: Japanese Patent Laid-Open Publication H11-513360
Patent Document 4: Japanese Patent Laid-Open Publication 2002-145830
Patent Document 5: Japanese Patent Laid-Open Publication 2004-041129

[0008] JP 11-130729 discloses a polymerizable compound having a tri(meth)acrylic structure, which compound is
useful for optical applications, as a display, recording material or the like.
[0009] WO 93/22397 discloses an electrooptical system with improved switching time, especially at low temperature,
which between 2 electrode layers contains a PDLC film comprising a liquid crystal mixture forming microdroplets in an
optically isotropic, transparent polymer matrix, the precursor of the PDLC film comprises one or more monomers, oli-
gomers and/or prepolymers and a photoinitiator, and is cured photoradically, the liquid crystal mixture of which comprises
one or more particular compounds and additionally one or more reactive liquid crystalline compounds preferably con-
taining terminal ene-group.
[0010] US 2003/0224175 discloses a polymerizable compound having a low melting point and a wide temperature
range of a nematic liquid crystal phase and an optical compensator comprising a layer formed from said compound.
[0011] JP 55-033424 discloses certain acryloyl or methacryloyl derivatives, which can be used as flame-retardants.
[0012] US 4,452,993 discloses heat-curable acrylic-terminated monomers which exhibit an optically anisotropic melt
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phase at a temperature which enables it to undergo melt processing in the formation of molded articles. The monomers
are capable of being heat-cured at temperatures in excess of the melt processing temperatures to produce a thermoset
self-reinforced composite. The monomer may consist essentially of the reaction product of p-acryloyloxybenzoic acid
and difunctional aromatic moiety in a molar ratio of about 2:1.

Disclosure of the Invention

Problems to be Solved by the Invention

[0013] An object of the present invention is to provide a new polymerizable compound that exhibits excellent orientation
behavior and exists in a liquid crystal phase at lower temperatures; and a composition containing the polymerizable
compound.

Means for Solving Problems

[0014] The present invention achieves the object by providing a polymerizable compound represented by general
formula (1) below and a composition containing the polymerizable compound.
[0015]

wherein each of R1 and R2 independently represents a hydrogen atom, methyl group, or halogen atom;
each of rings A1, A2, and A3 independently represents a benzene or naphthalene ring;
each of X, Y, and Z independently represents an alkyl group having 1 to 8 carbon atoms and optionally having (a)
substituent(s), alkoxy group having 1 to 8 carbon atoms and optionally having (a) substituent(s), alkenyl group having
2 to 6 carbon atoms and optionally having (a) substituent(s), halogen atom, or cyano group;
each of L1 and L2, which are linkages, is independently -COO-, -OCO-, -(CH2)2COO-, or -OCO(CH2)2-;
L3, which is a linkage, is -O(CH2)f- or -(CH2)eO- wherein each of f and e independently represents an integer of 1 to 8;
n represents 1; and
a, b, and c are the number of substituents on rings A1, A2, and A3, respectively, each of a, b, and c independently
represents an integer equal to or less than 2t+2, provided that t is the number of six-membered rings involved in the
monocyclic or condensed ring to which each substituent bonds, and at least one of a, b, and c is 1 or larger.
[0016] The present invention also provides a homopolymer obtained by polymerizing the polymerizable compound.
[0017] The present invention also provides a copolymer obtained by copolymerizing the polymerizable compound(s)
with (an)other compound(s) with an ethylenic unsaturated bond.
[0018] The present invention also provides a copolymer obtained by copolymerizing the polymerizable compound(s)
with (a) monomer(s) with an optically active group.
[0019] The present invention also provides an optically anisotropic material as a cured product formed from at least
one substance selected from the group consisting of the homopolymer, the copolymer, and the composition.

Best Mode for Carrying Out the Invention

[0020] Hereinafter, the present invention will be detailed based on preferable embodiments thereof.
[0021]  In general formula (1), the halogen atom represented by R1, R2, X, Y, or Z includes fluorine, chlorine, bromine,
and iodine atoms; the optionally substitued C1-8 alkyl group represented by X, Y, or Z includes methyl, chloromethyl,
trifluoromethyl, cyanomethyl, ethyl, dichloroethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl, isobutyl, amyl, isoamyl,
tert-amyl, hexyl, 2-hexyl, 3-hexyl, cyclohexyl, 1-methylcyclohexyl, heptyl, 2-heptyl, 3-heptyl, isoheptyl, tert-heptyl, n-
octyl, isooctyl, tert-octyl, 2-ethylhexyl, and others; the optionally substitued C1-8 alkoxy group includes methoxy, chlo-
romethoxy, trifluoromethoxy, cyanomethoxy, ethoxy, dichloroethoxy, propoxy, isopropoxy, butoxy, sec-butoxy, tert-bu-
toxy, isobutoxy, amyloxy, isoamyloxy, tert-amyloxy, hexyloxy, cyclohexyloxy, heptyloxy, isoheptyloxy, tert-heptyloxy, n-
octyloxy, isooctyloxy, tert-octyloxy, 2-ethylhexyloxy, and others; and the optionally substitued C2-6 alkenyl group includes
vinyl, 1-methylethenyl, propenyl, butenyl, isobutenyl, pentenyl, hexenyl, and others.
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[0022] When ring A1, A2, or A3 in general formula (1) is a condensed ring, the positions of substituents are as follows:
for example, CH2=CR1-COO- and L1 bond to ring A1 so as to keep the linearity in molecular structure of the polymerizable
compound. That is, when ring A1 is a naphthalene ring, CH2=CR1-COO- and L1 bond to ring A1 in such a parallel fashion
that bonding of CH2=CR1-COO- to the 1-position of the naphthalene ring makes L1 bond to the 5-position whereas
bonding of CH2=CR1-COO- to the 2-position makes L1 bond to the 6-position.
Linkages L1, L2, and L3 bond to rings A2 and/or A3 so as to keep the linearity in molecular structure of the polymerizable
compound, applied the rule for the case of ring A1 correspondingly.
[0023] The polymerizable compound of the present invention represented by general formula (1) includes, for example,
polymerizable compounds represented by general formula (4) below:

wherein each of X1’, X3’, X2 , X4 , Y1 to Y4, and Z1 to Z4 independently represents a hydrogen atom, alkyl group having
1 to 8 carbon atoms, alkoxy group having 1 to 8 carbon atoms, alkenyl group having 2 to 6 carbon atoms and optionally
having (a) substituent(s), halogen atom, or cyano group; each of rings A1, A2, and A3 represents a benzene ring; R1,
R2, L1, L2, L3, and n are identical with those in general formula (1); and at least one of X1’, X3’, X2, X4, Y1 to Y4, and Z1
to Z4 represents the substituent other than hydrogen atom.
[0024] The polymerizable compound of the present invention represented by general formula (1) also includes po-
lymerizable compounds represented by general formula (6) below.
[0025]

(In the formula, R1, R2, X1’, X3’, X2, X4, Y1 to Y4, Z1 to Z4, A1, A2, and A3 are identical with those in general formula
(4); and f is identical with that in general formula (1).)
[0026]  The polymerizable compound of the present invention represented by general formula (1) also includes po-
lymerizable compounds represented by general formula (7) below.
[0027]

[0028] In the formula, R1, R2, X1’, X3’, X2, X4, Y1 to Y4, Z1 to Z4, A1, A2, and A3 are identical with those in general
formula (4); and f is identical with that in general formula (1).
[0029] Specific examples of the polymerizable compound of the present invention represented by general formula (1)
include Compounds No. 1 to 4, 11, 13, 15, 16, 18 to 22, and 25 to 29 below. The present invention is, however, not
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limited by the following compounds.
[0030]

[0031]

[0032]

[0033]

[0034]
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[0035]

[0036]

[0037]

[0038]
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[0039]

[0040]

[0041]

[0042]
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[0043]

[0044]

[0045]

[0046]
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[0047]

[0048] The polymerizable compound of the present invention represented by general formula (1) can be manufactured,
for example, according to the reaction scheme given in [Formula 37] below.
[0049]

[0050] The polymerizable compound of the present invention may be polymerized singly or in combination of two or
more as (a) polymerizable liquid crystalline monomer(s). The polymerizable compound of the present invention may be
also copolymerized with (a) compound(s) with an ethylenic unsaturated bend. The compound with an ethylenic unsatu-
rated bond includes, for example, liquid crystalline monomers with an ethylenic unsaturated bond other than the polym-
erizable compound of the present invention (referred to as "other liquid crystalline monomer" hereinafter), monomers
with an optically active group, and compounds such as (meth)acrylic esters. Such compounds with an ethylenic unsatu-
rated bond are used in an amount properly chosen according to their structures, but a preferred range is such that the
polymerizable compound of the present invention is 1 wt% or higher, particularly 3 wt% or higher in all the monomers.
[0051] Specific examples of other liquid crystalline monomers described above include Compounds H-1 to H-24 below.
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[0052]

[0053]

[0054]

[0055]

[0056]
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[0057]

[0058]

[0059]

[0060]

[0061]

[0062]
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[0063]

[0064]

[0065]

[0066]

[0067]
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[0068]

[0069]

[0070]

[0071]

[0072]
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[0073]

[0074]

[0075]

[0076] The monomers with an optically active group include, for example, compounds with an ethylenic unsaturated
bond among the compounds illustrated hereinafter as the optically active compounds, compounds having both one or
more groups selected from maleimide, epoxy, and oxetane groups and an optically active group, and others.
[0077] The compounds with an ethylenic unsaturated bond such as (meth)acrylates include (meth)acrylates such as
methyl (meth)acrylate, ethyl (meth)acrylate, propyl (meth)acrylate, butyl (meth)acrylate, sec-butyl (meth)acrylate, tert-
butyl (meth)acrylate, hexyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, tetrahydrofurfuryl (meth)acrylate, glycidyl (meth)
acrylate, allyl (meth)acrylate, allyloxy(meth)acrylates, cyclohexyl (meth)acrylate, benzyl (meth)acrylate, 1-phenylethyl
(meth)acrylate, 2-phenylethyl (meth)acrylate, furfuryl (meth)acrylate, diphenylmethyl (meth)acrylate, naphthyl (meth)
acrylate, pentachlorophenyl (meth)acrylate, 2-chloroethyl (meth)acrylate, methyl α-chloro(meth)acrylate, phenyl α-bro-
mo(meth)acrylate, trifluoroethyl (meth)acrylate, tetrafluoropropyl (meth)acrylate, polyethylene glycol di(meth)acrylate,
1,4-butanediol di(meth)acrylate, 1,6-hexanediol di(meth)acrylate, trimethylolpropane tri(meth)acrylate, pentaerythritol
tri(meth)acrylate, pentaerythritol tetra(meth)acrylate, dipentaerythritol penta(meth)acrylate, and dipentaerythritol hexa
(meth)acrylate, diacetoneacrylamide, styrene, vinyltoluene, divinylbenzene, and others.
[0078] As described above, the polymerizable compound of the present invention can be converted to a liquid crystalline
polymer or liquid crystalline copolymer by polymerization or copolymerization.
[0079] The composition of the present invention contains the polymerizable compound of the present invention, the
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content of which is preferably 10 to 80 mass%. When an optical element is formed from the composition of the present
invention, it is preferred that the composition exists in a liquid crystal phase at least around ambient temperature, desirably
at 15°C or below.
[0080] The composition of the present invention may contain a liquid crystalline compound other than the polymerizable
compound of the present invention, for example, the aforementioned other liquid crystalline monomer. The content of
the liquid crystalline compound is, however, preferably 50 mass% or less, particularly 30 mass% or less in the composition
of the present invention in order to keep heat resistance of polymers prepared using the composition of the present
invention.
[0081] Polymerization initiators such as thermal polymerization initiators and photo-polymerization initiators may be
added to the composition of the present invention in order to accelerate the polymerization reaction. The thermal po-
lymerization initiators include, for example, benzoyl peroxide, 2,2’-azobisisobutyronitrile, and others. The photo-polym-
erization initiators include, for example, benzoin ethers, benzophenones, acetophenones, benzil ketals, and others.
When added, the amount of such initiator is preferably 10 mass% or less, further preferably 5 mass% or less, most
preferably in a range of 0.5 mass% to 3 mass% relative to the composition of the present invention.
[0082] Stabilizers may be added to the composition of the present invention to improve the storage stability. The
usable stabilizers include, for example, hydroquinone, hydroquinone monoalkyl ethers, tert-butylcatechols, pyrogallols,
thiophenols, nitro compounds, 2-naphthylamines, 2-hydroxynaphthalenes, and others. When added, the amount of such
compounds is preferably 1 mass% or less, especially preferably 0.5 mass% or less, relative to the composition of the
present invention.
[0083] Optically active compounds may be added to the composition of the present invention in order to obtain a
polymer having a helical structure as the liquid crystal backbone. The optically active compounds include, for example,
the following compounds.
[0084]
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[0085] When the composition of the present invention is used for polarizing films or oriented films as a raw material,
printing inks and paints, protective films, and others, there may be added, according to purposes thereof, metals, metal
complexes, dyes, pigments, colorants, fluorescers, phosphorescers, surfactants, leveling agents, thixotropic agents,
gelators, polysaccharides, ultraviolet absorbers, infrared absorbers, antioxidants, ion exchange resins, metal oxides
such as titanium oxide, polymerization inhibitors, photosensitizers, crosslinkers, auxiliaries for orienting liquid crystals,
and others.
[0086] The composition of the present invention can be cured by polymerization or copolymerization. For example, a
cured film formed from the (co)polymer made of the composition of the present invention can be manufactured by
applying the composition of the present invention, which is dissolved in a solvent if needed, to a support, followed by
drying and polymerization by irradiation with ultraviolet or another beam. Preferred examples of the support include,
although not limited to, plates made of glass, polyethylene terephthalate, polycarbonate, polyimide, polyamide, polyme-
thyl methacrylate, polystryene, polyvinyl chloride, polytetrafluoroethylene, cellulose, or silicon, reflective plates, calcite
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plates, and others. As a method for applying the composition of the present invention to the support, there may be
employed a known method including, for example, curtain coating, extrusion coating, roll coating, spin coating, dip
coating, bar coating, spray coating, slide coating, print coating, and others.
[0087] In manufacturing the (co)polymer from the composition of the present invention, solvents to be used include,
for example, tetrahydrofuran, cyclohexanone, methyl ethyl ketone, and others.
[0088] In preparing the cured film formed from the (co)polymer made of the composition of the present invention, a
method to orient the polymerizable compound of the present invention includes, for example, a preceding orientation
treatment of the support. A preferred method for the orientation treatment of the support includes a method of providing
a layer for orienting liquid crystal made of oriented polyimide films, oriented polyvinyl alcohol films, or others on the
support, followed by performing rubbing or other treatment. The method to orient the polymerizable liquid crystalline
compound in the composition of the present invention also includes, for example, application of magnetic field, electric
field, or others to the liquid crystal composition on the support. The film thickness of the cured film is properly chosen
according to application or others of the cured film, but preferably chosen from a range of 0.1 to 10 Pm.
[0089] The composition of the present invention can be polymerized by a known method using heat or electromagnetic
wave. A preferred polymerization reaction induced by electromagnetic wave is radical polymerization with ultraviolet
irradiation using the above-mentioned photo-polymerization initiators. Forming crosslink by applying a magnetic field or
electric field is also preferred. The liquid crystal (co)polymer formed on the support may be used as it is or may be used
after separated from the support or transferred to another support as needed.
[0090] The cured products of the composition of the present invention can be used as optically anisotropic materials
including retardation films for liquid crystal displays, optical compensation plates (retardation plates) for liquid crystal
displays, orientation films for liquid crystal displays, optical elements such as polarization plates, wide view films, reflective
films, color filters, holographic elements, polarizing prisms, and optical heads, low-pass filters, polarizing beam splitters,
and others. The above-described polymer and copolymer of the polymerizable compound of the present invention can
be also used as such optically anisotropic materials.

Examples

[0091] Hereinafter, the present invention will be further detailed with Synthesis Examples, Examples, and others. The
present invention is, however, not limited by the Synthesis Examples, Examples, and others below.
In Synthesis Examples and others below, the structures of the compounds were confirmed by nuclear magnetic resonance
(1H-NMR) spectra, infrared absorption (IR) spectra and others. Thermal phase transition behavior of the compounds
was also observed with a DSC and a polarization microscope. In schemata illustrating the thermal phase transition
behavior below, C, N, and I denote crystal, nematic, and isotropic liquid phases, respectively.

[Synthesis Example 1] Synthesis of Compound No. 1

[0092] Compound No. 1 was synthesized according to the procedures of Steps 1 to 4 below.

<Step 1> Synthesis of acrylic ester

[0093] The following acrylic ester was synthesized according to the reaction formula given by [Formula 63] in the
following manner.
[0094]

[0095] To a stirred mixture of 18.36 g (110 mmol) of 3-(4-hydroxyphenyl)propionic acid, 11.05 g (276 mmol) of sodium
hydroxide, and 100 g of water, was added 10 g (110 mmol) of acryloyl chloride dropwise at 20°C, and the reaction was
conducted for 2 hours. After the reaction, the mixture was acidified by adding 4-mol/l hydrochloric acid dropwise, and
the precipitate was collected by filtration and air-dried. This precipitate was recrystallized from methanol-water (3:4)
mixed solvent to give white solid (11.68 g; Yield 48%).
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[0096] The results of infrared (IR) spectrometry for the white solid obtained are as follows, confirming that the white
solid is the desired acrylic ester.
[IR] (cm-1)
2920, 1740, 1697, 1508, 1447, 1408, 1366, 1296, 1254, 1200, 1173, 1150, 1018

<Step 2> Synthesis of benzyl ether derivative

[0097] The following benzyl ether derivative was synthesized according to the reaction formula given by [Formula 64]
in the following manner.
[0098]

[0099] To a stirred mixture of 1.20 g (5.6 mmol) of the acrylic ester obtained in Step 1, 1.00 g (4.7 mmol) of 4-benzyloxy-
2-methylphenol, 0.171 g (1.4 mmol) of N,N-dimethylaminopyridine (DMAP), and 12 g of chloroform, was added 1.16 g
(5.6 mmol) of dicyclohexylcarbodiimide dissolved in 12 g of chloroform dropwise at 20°C, and the mixture was stirred
for 3 hours. Precipitate was removed by filtration, the solvent was evaporated from the filtrate, and the residue was
purified by column chromatography (ethyl acetate:n-hexane = 1:3, SiO2) to give the desired benzyl ether derivative as
white crystals (1.83 g, Yield: 94%).

<Step 3> Synthesis of phenol derivative

[0100] The following phenol derivative was synthesized according to the reaction formula given by [Formula 65] in the
following manner.
[0101]

[0102] In 9 g of anisole was dissolved 1.76 g (13 mmol) of anhydrous aluminum chloride and the solution was chilled
with ice-water. Here was added 1.83 g (4.4 mmol) of the benzyl ether derivative obtained in Step 2 dissolved in 9 g of
anisole dropwise. After stirring for 30 minutes, hydrochloric acid was added dropwise to the reaction mixture to dissolve
the precipitate. The organic layer was washed with water, the solvent was evaporated, and the residue was purified by
column chromatography (ethyl acetate:n-hexane = 1:5, SiO2) to give the desired phenol derivative as white crystals
(1.00 g, Yield: 70%).



EP 1 813 594 B1

19

5

10

15

20

25

30

35

40

45

50

55

<Step 4> Synthesis of Compound No. 1

[0103] Compound No. 1 was synthesized according to the reaction formula given by [Formula 66] in the following
manner.
[0104]

[0105] To an ice-cooled solution containing 0.90 g (3.1 mmol) of 4-(6-acryloyloxy-hexa-1-yloxy)benzoic acid in 10 g
of tetrahydrofuran (THF), 0.42 g (3.7 mmol) of methanesulfonyl chloride was added, and 0.74 g (7.4 mmol) of triethylamine
was added dropwise at 10°C or below. After stirring for 30 minutes, 38 mg (0.31 mmol) of DMAP was added to the
reaction mixture, here was added dropwise 1.00 g (3.1 mmol) of the phenol derivative obtained in Step 3 dissolved in
10 g of THF, and the mixture was stirred for 30 minutes. The precipitate was removed by filtration, the solvent was
evaporated from the filtrate, and the residue was purified by column chromatography (ethyl acetate:n-hexane = 1:3,
SiO2). The resultant solid was dissolved in chloroform and this solution was poured into chilled methanol to yield white
crystals (0.18 g, Yield: 10%). Analysis of the white crystals obtained confirmed that this white crystalline substance was
the desired product, Compound No. 1. The analytical results are shown below.
[0106] When a homopolymer of Compound No. 1 obtained was prepared, the polymer showed different refractive
indices depending on the direction, confirming that this polymer functions as an optically anisotropic material.

(Analytical results)

[0107]

(1) IR (cm-1)
2939, 2866, 1728, 1605, 1508, 1408, 1300, 1246, 1165, 1080, 1007.

(2) NMR (ppm)
8.2 (d; 2H), 7.3-6.9 (m; 9H), 6.6-5.7 (m; 6H), 4.3-3.9 (m; 4H), 3.2-2.8 (m; 4H), 2.1 (s, 3H), 1.7-1.4 (m; 8H).

(3) Thermal phase transition behavior
Thermal phase transition behavior is shown in [Formula 67] below.

[0108]
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[Synthesis Example 2] Synthesis of Compound No. 2

[0109] Compound No. 2 was synthesized according to the following procedure of Steps 1 to 3.

<Step 1> Synthesis of benzyl ether derivative

[0110] The following benzyl ether derivative was synthesized according to the reaction formula given by [Formula 68]
in the following manner.
[0111]

[0112] To an ice-cooled solution containing 6.29 g (21 mmol) of 4-(6-acryloyloxy-hexa-1-yloxy)benzoic acid in 30 g
of THF, 2.86 g (25 mmol) of methanesulfonyl chloride was added, and 5.06 g (50 mmol) of triethylamine was added
dropwise at 10°C or below. After stirring for 30 minutes, 254 mg (2.1 mmol) of DMAP was added to the reaction mixture,
5.00 g (23 mmol) of 4-benzyloxy-3-fluorophenol dissolved in 10 g of THF was added dropwise, and the mixture was
stirred for 30 minutes. The precipitate was removed by filtration, the solvent was evaporated from the filtrate, and the
residue was recrystallized from THF-methanol (1:2) mixed solvent to yield the desired benzyl ether derivative as white
crystals (9.39 g, Yield: 92%).

<Step 2> Synthesis of phenol derivative

[0113] The following phenol derivative was synthesized according to the reaction formula given by [Formula 69] in the
following manner.
[0114]

[0115] To an ice-cooled solution containing 7.63 g (57 mmol) of anhydrous aluminum chloride in 50 g of anisole, was
added dropwise 9.39 g (19 mmol) of the benzyl ether derivative obtained in Step 1 dissolved in 50 g of anisole. After
stirring for 30 minutes, hydrochloric acid was added dropwise to the reaction mixture to dissolve the precipitate, and the
organic layer was washed with water. The solvent was evaporated, and the residue was added to n-hexane. The
precipitate was collected by filtration, purified by column chromatography (ethyl acetate:n-hexane = 1:5, SiO2), and
recrystallized from methanol to yield the desired phenol derivative as white crystals (6.57 g, Yield: 86%).
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<Step 3> Synthesis of Compound No. 2

[0116] Compound No. 2 was synthesized according to the reaction formula given by [Formula 70] in the following
manner.
[0117]

[0118] To an ice-cooled solution containing 3.26 g (15 mmol) of 3-(4-acryloyloxyphenyl)propionic acid in 16 g of THF,
2.04 g (18 mmol) of methanesulfonyl chloride was added, and 3.60 g (36 mmol) of triethylamine was added dropwise
at 10°C or below. After stirring for 30 minutes, 169 mg (1.4 mmol) of DMAP was added to the reaction mixture, 6.57 g
(17 mmol) of the phenol derivative obtained in Step 2 dissolved in 13 g of THF was added dropwise, and the mixture
was stirred for 30 minutes. The precipitate was removed by filtration and the solvent was evaporated from the filtrate.
The residue was purified by column chromatography (ethyl acetate:n-hexane = 1:3, SiO2) and recrystallized by dissolving
in chloroform and pouring to a chilled acetone-methanol (3:4) mixed solvent to yield white crystals (1.42 g, Yield: 16%).
Analysis of the white crystals obtained confirmed this white crystalline substance is the desired product, Compound No.
2. The analytical results are shown below.
[0119] When a homopolymer of Compound No. 2 obtained was prepared, the polymer showed different refractive
indices depending on the direction, confirming that this polymer functions as an optically anisotropic material.

(Analytical results)

[0120]

(1) IR (cm-1)
2936, 2862, 1766, 1732, 1605, 1512, 1404, 1254, 1200, 1173, 1150, 1126, 1065, 1003

(2) NMR (ppm)
8.2 (d; 2H), 7.5-6.9 (m; 9H), 6.6-5.7 (m, 6H), 4.3-3.9 (m; 4H), 3.2-2.8 (m; 4H), 1.7-1.4 (m; 8H)

(3) Thermal phase transition behavior
Thermal phase transition behavior is shown in [Formula 71].

[0121]
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[Synthesis Example 3] Synthesis of Compound No. 14

[0122] Compound No. 14 was synthesized according to the procedure of Steps 1 to 3 in the following manner.

<Step 1> Synthesis of benzyl ether derivative

[0123] The following benzyl ether derivative was synthesized according to the reaction formula given by [Formula 72]
in the following manner.
[0124]

[0125] To an ice-cooled solution containing 25.00 g (130 mmol) of 4-acryloyloxybenzoic acid in 125 g of THF, 16.39
g (143 mmol) of methanesulfonyl chloride was added, and 28.96 g (286 mmol) of triethylamine was added dropwise at
10°C or below. The mixture was stirred for 30 minutes, here were added 1.59 g (13 mmol) of DMAP, and then dropwise
29.27 g (137 mmol) of 4-benzyloxy-2-methylphenol dissolved in 150 g of THF, and the resultant mixture was stirred for
30 minutes. The precipitate was removed by filtration, the filtrate was washed with water, and the solvent was evaporated.
The residue was purified by column chromatography (ethyl acetate:n-hexane = 1:3, SiO2) to yield the desired benzyl
ether derivative as white solid (42.25 g, Yield: 84%).

<Step 2> Synthesis of phenol derivative

[0126] The following phenol derivative was synthesized according to the reaction formula given by [Formula 73] in the
following manner.
[0127]

[0128] To an ice-cooled solution containing 44.96 g (337 mmol) of anhydrous aluminum chloride in 210 g of anisole,
42.25 g (109 mmol) of the benzyl ether derivative obtained in Step 1 dissolved in 210 g of anisole was added dropwise.
After stirring for 30 minutes, hydrochloric acid was added dropwise to the reaction mixture to dissolve the precipitate,
and the organic layer was washed with water. The solvent was evaporated, and the residue was purified by column
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chromatography (ethyl acetate:toluene = 1:10, SiO2) to yield the desired phenol derivative as light-yellow solid (24.50
g, Yield: 75%).

<Step 3> Synthesis of Compound No. 14

[0129] Compound No. 14 was synthesized according to the reaction formula given by [Formula 74] in the following
manner.
[0130]

[0131] To an ice-cooled solution containing 10.00 g (34 mmol) of 4-[6-(acryloyloxy)-hexa-1-yloxy]benzoic acid in 50
g of THF, 4.70 g (41 mmol) of methanesulfonyl chloride was added, and 8.31 g (82 mmol) of triethylamine was added
dropwise at 10°C or below. After stirring for 30 minutes, 418 mg (3.4 mmol) of DMAP was added to the reaction mixture,
10.71 g of the phenol derivative obtained in Step 2 dissolved in 55 g of THF was added dropwise, and the mixture was
stirred for 30 minutes. The precipitate was removed by filtration and the solvent was evaporated from the filtrate. The
residue was purified by column chromatography (ethyl acetate:toluene = 1:10, SiO2) and recrystallized from acetone-
methanol (1:2) mixed solvent to yield white powder (10.76 g, Yield: 55%). Analysis of the white powder obtained confirmed
that the white powder was the desired product, Compound No. 14. The analytical results are shown below.
[0132] When a homopolymer of Compound No. 14 obtained was prepared, the polymer showed different refractive
indices depending on the direction, confirming that this polymer functions as an optically anisotropic material.

(Analytical results)

[0133]

(1) IR (cm-1)
2947, 2862, 1732, 1636, 1605, 1508, 1412, 1258, 1204, 1161, 1072, 1015

(2) 1H-NMR(ppm)
8.1-8.4 (m; 4H), 6.9-7.4 (m; 7H), 5.7-6.6 (m; 6H), 3.9-4.3 (m; 4H), 2.2 (s, 3H), 1.5-1.8 (m; 8H)

(3) Thermal phase transition behavior
Thermal phase transition behavior is given in [Formula 75] below.

[0134]
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[Synthesis Example 4] Synthesis of Compound No. 15

[0135] Compound No. 15 was synthesized according to the procedure of Steps 1 to 7 in the following manner.

<Step 1> Synthesis of 6-acroyloxy-2-naphthoic acid

[0136] 6-Acroyloxy-2-naphthoic acid was synthesized according to the reaction formula given by [Formula 76] in the
following manner.
[0137]

[0138] To a stirred mixture of 3.00 g (16 mmol) of 6-hydroxy-2-naphthoic acid, 40 mmol of sodium hydroxide, and 16
g of water, 1.59 g (18 mmol) of acryloyl chloride was added at 20°C, and the reaction was performed for 3 hours. After
the reaction, the mixture was acidified by adding 4-mol/l hydrochloric acid dropwise and chilled with ice-water. The
resultant precipitate was collected by filtration, dried in an oven at 40°C, and recrystallized from methanol-THF (2:3)
mixed solvent to yield the desired product, 6-acryloyloxy-2-naphthoic acid, as while solid (2.07 g, Yield: 53.6%).

<Step 2> Synthesis of benzyloxy-2-ethylbenzene

[0139] Benzyloxy-2-ethylbenzene was synthesized according to the reaction formula given by [Formula 77] in the
following manner.
[0140]

[0141] To a reactor were charged 8.77 g (71 mmol) of 2-ethylphenol, 10.00 g (79 mmol) of benzyl chloride, 8.06 g
(144 mmol) of KOH, and 30 g of DMF, and the mixture was stirred at 65°C to 85°C for 3 hours. To this mixture, 55 g of
hydrochloric acid and 50 g of toluene were added, the organic layer was washed with water, and the solvent was
evaporated. The residue was purified by column chromatography (n-hexane) to yield the desired product, 1-benzyloxy-
2-ethylbenzene, as colorless liquid (9.23 g, Yield: 61%).

<Step 3> Synthesis of 4-benzyloxy-3-ethylbenzaldehyde

[0142] 4-Benzyloxy-3-ethylbenzaldehyde was synthesized according to the reaction formula given by [Formula 78] in
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the following manner.
[0143]

[0144] In 25 g of 1,2-dichloroethane was dissolved 3.25 g (28 mmol) of dichloromethyl methyl ether, and the solution
was chilled with ice-water. Here was added dropwise 7.36 g (28 mmol) of anhydrous tin (IV) chloride, and the mixture
was stirred for 10 minutes. Here was added dropwise 5.00 g (23.55 mmol) of 1-benzyloxy-2-ethylbenzene obtained in
Step 2 dissolved in 1,2-dichloroethane, and the mixture was stirred at ambient temperature for 5 hours. To the reaction
mixture, aqueous solution of calcium chloride was added dropwise at 20°C or below, 15 g of hexane was added, the
organic layer was washed with water, and the solvent was evaporated. The residue was purified by column chromatog-
raphy (ethyl acetate:hexane = 1:10, SiO2) to yield the desired product, 4-benzyloxy-3-ethylbenzaldehyde, as yellow
liquid (3.17 g, Yield: 56%).

<Step 4> Synthesis of 4-benzyloxy-3-ethylphenol

[0145] 4-Benzyloxy-3-ethylphenol was synthesized according to the reaction formula given by [Formula 79] in the
following manner..
[0146]

[0147] To a reactor were charged 2.50 g (10 mmol) of 4-benzyloxy-3-ethylbenzaldehyde obtained in Step 3, 3.09 g
(14 mmol) of ammonium persulfate, 0.96 g (21 mmol) of formic acid, 0.40 g (4.0 mmol) of acetic anhydride, and 15 g of
toluene, here was added aqueous solution of phosphoric acid dropwise at 60°C, and the mixture was stirred for 20 hours.
After the reaction mixture was cooled to ambient temperature, 0.094 g (0,55 mmol) of p-toluenesulfonic acid dissolved
in water was added dropwise, and the mixture was stirred for 9 hours. To the reaction mixture, 20 g of saturated aqueous
solution of sodium bisulfite was added, and the mixture was stirred for 30 minutes. The organic layer was washed with
water, the solvent was evaporated, and the residue was purified by column chromatography (ethyl acetate:hexane = 1:
10, SiO2) to yield the desired product, 4-benzyloxy-3-ethylphenol, as red liquid (0.92 g, Yield: 39%).

<Step 5> Synthesis of benzyl ether derivative

[0148] The following benzyl ether derivative was synthesized according to the reaction formula given by [Formula 80]
in the following manner
[0149]
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[0150] In 5g of THF was dissolved 1.10 g (3.8 mmol) of 4-[6-(acryloyloxy)-hexa-1-yloxy]benzoic acid, and the solution
was chilled to -30°C. Here were added 0.52 g (4.5 mmol) of methanesulfonyl chloride and dropwise 0.91 g (9.0 mmol)
of triethylamine. After the reaction mixture was stirred for 30 minutes, here were added 46 mg (0.4 mmol) of DMAP and
then dropwise 0.90 g (3.9 mmol) of 4-benzyloxy-3-ethylphenol obtained in Step 4 dissolved in 5 g of THF, and the mixture
was stirred for 30 minutes. The precipitate was removed by filtration, the filtrate was washed with water, and the solvent
was evaporated. The residue was purified by column chromatography (ethyl acetate:hexane = 1:3, SiO2) to yield the
desired benzyl ether derivative as red liquid (1.94 g, Yield: 98%).

<Step 6> Synthesis of phenol derivative

[0151] The following phenol derivative was synthesized according to the reaction formula given by [Formula 81] in the
following manner.
[0152]

[0153] To an ice-cooled solution containing 1.60 g (12 mmol) of anhydrous aluminum chloride dissolved in 10 g of
anisole, 1.94 g (3.9 mmol) of the benzyl ether derivative obtained in Step 5 dissolved in 10 g of anisole was added
dropwise. After stirring for 30 minutes, hydrochloric acid was added dropwise to the reaction mixture to dissolve the
precipitate, and the organic layer was washed with water. The solvent was evaporated and the residue was purified by
column chromatography (ethyl acetate:toluene = 1:10, SiO2) to yield the desired phenol derivative as red liquid (1.22 g,
Yield: 77%).

<Step 7> Synthesis of Compound No. 15

[0154] Compound No. 15 was synthesized according to the reaction formula given by [Formula 82] in the following
manner.
[0155]
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[0156] In 4 g of THF was dissolved 0.68 g (2.8 mmol) of 6-acryloyloxy-2-naphthoic acid obtained in Step 1, and the
solution was chilled to -30°C. Here were added 0.38 g (3.4 mmol) of methanesulfonyl chloride, and then dropwise 0.68
g (6.8 mmol) of triethylamine. After stirring for 1 hour, 34 mg (0.3 mmol) of DMAP was added to the reaction mixture,
0.68 g of the phenol derivative obtained in Step 6 dissolved in 4 g of THF was added dropwise, and the mixture was
stirred for 30 minutes. The precipitate was removed by filtration and the solvent was evaporated from the filtrate. The
residue was purified by column chromatography (ethyl acetate:hexane = 1:3, SiO2) and then recrystallized from acetone-
methanol (2:1) mixed solvent to yield white solid (0.70 g, Yield: 39%). Analysis of the white solid obtained confirmed
that the white solid was the desired product, Compound No. 15. The analytical results are given below.
[0157] When a homopolymer of Compound No. 15 obtained was prepared, the polymer showed different refractive
indices depending on the direction, confirming that this polymer functions as an optically anisotropic material.

(Analytical results)

[0158]

(1) IR (cm-1)
2947, 2869, 1736, 1631, 1608, 1581, 1512, 1492, 1473, 1447, 1408, 1280, 1253, 1188, 1165, 1080, 1007.

(2) 1H- NMR (ppm)
8.8 (s; 1H), 7.7-8.3 (m; 6H), 6.8-7.5 (m; 6H), 5.7-6.6 (m; 6H), 3.9-4.3 (m; 4H), 2.7 (q, 2H), 1.5-1.9 (m; 8H), 1.3 (t, 3H).

(3) Thermal phase transition behavior
Thermal phase transition behavior is shown in [Formula 83] below.

[0159]

[Synthesis Example 5] Synthesis of Compound No. 16

[0160] Compound No. 16 was synthesized according to the procedure of Steps 1 to 5 in the following manner.



EP 1 813 594 B1

28

5

10

15

20

25

30

35

40

45

50

55

<Step 1> Synthesis of 6-(6-hydroxy-hexa-1-yloxy)-2-naphthoic acid

[0161] 6-(6-Hydroxy-hexa-1-yloxy)-2-naphthoic acid was synthesized according to the reaction formula given by [For-
mula 84] in the following manner.
[0162]

[0163] To a stirred mixture of 25.00 g (133 mmol) of 6-hydroxy-2-naphthoic acid, 2.21 g (13 mmol) of potassium iodide,
4.28 g (13 mmol) of tetrabutylammonium bromide, and 77 g of ethanol, was added dropwise 18.63 g (332 mmol) of
potassium hydroxide dissolved in 38 g of water. The mixture was heated to 60°C, 19.07 g (140 mmol) of 6-chloro-1-
hexanol was added dropwise here, and the solution was refluxed for 34 hours. After adding hydrochloric acid dropwise,
the reaction mixture was chilled with ice-water, and the precipitate was collected by filtration. Water was added to the
precipitate, and the mixture was stirred for 30 minutes and filtered to recover the precipitate, which was dried in an oven
at 40°C overnight. The dried product was recrystallized from THF to yield the desired product, 6-(6-hydroxy-hexa-1-
yloxy)-2-naphthoic acid as white solid (21.63 g, Yield: 56.5%).

<Step 2> Synthesis of 6-(6-acryloyloxy-hexa-1-yloxy)-2-naphthoic acid

[0164] 6-(6-Acryloyloxy-hexa-1-yloxy)-2-naphthoic acid was synthesized according to the reaction formula given by
[Formula 85] in the following manner.
[0165]

[0166] In 270 g of 1,2-dichloroethane were added 108.11 g (1.5 mol) of acrylic acid, 21.63 g (75 mmol) of 6-(6-hydroxy-
hexa-1-yloxy)-2-naphthoic acid obtained in Step 1, 4.28 g (25 mmol) of p-toluenesulfonic acid monohydrate, and 0.83
g (7.5 mmol) of hydroquinone, and the solution was refluxed for 4 hours. After evaporation of the solvent, 270 g of water
was added to the residue, and the precipitate was collected by filtration and dried in an oven at 40°C overnight. The
dried product was recrystallized from acetone to yield the desired product, 6-(6-acryloyloxy-hexa-1-yloxy)-2-naphthoic
acid, as light-yellow powder (16.97 g, Yield: 65%).

<Step 3> Synthesis of benzyl ether derivative

[0167] The following benzyl ether derivative was synthesized according to the reaction formula given by [Formula 86]
in the following manner.
[0168]
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[0169] In 30g of THF was dissolved 4.85 g (26 mmol) of 4-acryloyloxybenzoic acid, and the solution was chilled to
-30°C. Here were added 3.47 g (30 mmol) of methanesulfonyl chloride and then dropwise 6.12 g (61 mmol) of triethyl-
amine. After stirring for hour, 308 mg (2.5 mmol) of DMAP was added to the reaction mixture, 6.05 g (26,5 mmol) of 4-
benzyloxy-3-ethylphenol dissolved in 30 g of THF was added dropwise, and the mixture was stirred for 1 hour. The
precipitate was removed by filtration, the solvent was evaporated from the filtrate, and the residue was purified by column
chromatography (ethyl acetate:hexane = 1:3, SiO2) to yield the desired benzyl ether derivative as reddish-brown solid
(8.38 g, Yield: 82.5%).

<Step 4> Synthesis of phenol derivative

[0170] The following phenol derivative was synthesized according to the reaction formula given by [Formula 87] in the
following manner.
[0171]

[0172] To an ice-cooled solution containing 9.72 g (73 mmol) of anhydrous aluminum chloride dissolved in 33 g of
anisole, was added dropwise 8.38 g (21 mmol) of the benzyl ether derivative obtained in Step 3 dissolved in 33 g of
anisole. After the mixture was stirred for 1 hour, hydrochloric acid was added dropwise to dissolve the precipitate, and
the organic layer was washed with water. The solvent was evaporated and the residue was purified by column chroma-
tography (ethyl acetate:toluene = 1:5, SiO2) to yield the desired phenol derivative as brown liquid (5.71 g, Yield: 88%).

<Step 5> Synthesis of Compound No. 16

[0173] Compound No. 16 was synthesized according to the reaction formula given by [Formula 88] in the following
manner.
[0174]
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[0175] In 30 g of THF was dissolved 5.33 g (16 mmol) of 6-(6-acryloyloxy-hexa-1-yloxy)-2-naphthoic acid obtained in
Step 2, the solution was chilled to -30°C. Here was added 2.14 g (19 mmol) of methanesulfonyl chloride, and 3.78 g (37
mmol) of triethylamine was further added dropwise. After the reaction mixture was stirred for 1 hour, 190 mg (1.6 mmol)
of DMAP was added, 5.71 g of the phenol derivative obtained in Step 4 dissolved in 30 g of THF was added dropwise,
and the mixture was stirred for 2 hours. The precipitate was removed by filtration, the filtrate was washed with water,
and the solvent was evaporated. The residue was purified by column chromatography (ethyl acetate:hexane = 1:3, SiO2)
and recrystallized from acetone-methanol (2:1) mixed solvent to yield white solid. Analysis of the white solid obtained
confirmed that the white solid was the desired product, Compound No. 16. The analytical results are given below.

(Analytical results)

[0176]

(1) IR (cm-1)
2936, 2862, 1732, 1624, 1601, 1481, 1408, 1273, 1200, 1173, 1138, 1076, 1015

(2) 1H-NMR (ppm)
1.2 (t; 3H), 1.5-1.8 (m; 8H), 2.6 (q; 2H), 4.0-4.3 (m; 4H), 5.7-6.7 (m; 6H), 7.2-7.4 (m; 7H), 7.8-8.3 (m; 5H), 8.7 (s; 1H)

(3) Thermal phase transition behavior
Thermal phase transition behavior is shown in [Formula 89].

[0177]

[Synthesis Example 6] Synthesis of Compound No. 29

[0178] Compound No. 29 was synthesized according to the procedure of Steps 1 to 3 in the following manner.
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<Step 1> Synthesis of benzyl ether derivative

[0179] The following benzyl ether derivative was synthesized according to the reaction formula given by [Formula 90]
in the following manner.
[0180]

[0181] In 10 g of THF was dissolved 1.90 g (7.86 mmol) of 6-acryloyloxy-2-naphthoic acid, the solution was chilled to
-30°C, here was added 0.99 g (8.65 mmol) of methanesulfonyl chloride, and 1.91 g (18.87 mmol) of triethylamine (TEA)
was added dropwise. After the reaction mixture was stirred for 1 hour, 10 mg (0.08 mmol) of 4-dimethylaminopyridine
(DMAP) was added, 2.00 g (8.25 mmol) of 4-benzyloxy-2-propylphenol dissolved in 7 g of THF was added dropwise,
and the mixture was stirred for 1 hour. The precipitate was removed by filtration and the filtrate was washed with water,
and the solvent was evaporated. The residue was purified by column chromatography (dichloromethane, SiO2) and
recrystallized from acetone to yield the desired benzyl ether derivative as white solid (2.27 g, Yield: 61.9%).

<Step 2> Synthesis of phenol derivative

[0182] The following phenol derivative was synthesized according to the reaction formula given by [Formula 91] in the
following manner.
[0183]

[0184] To an ice-cooled solution containing 2.01 g (15.08 mmol) of anhydrous aluminum chloride dissolved in 9 g of
anisole, 2.27 g (4.87 mmol) of the benzyl ether derivative obtained in Step 1 dissolved in 9 g of anisole was added
dropwise. After stirring for 1 hour, hydrochloric acid was added dropwise to the reaction mixture to dissolve the precipitate,
the organic layer was washed with water, and the solvent was evaporated. The residue was purified by column chro-
matography (ethyl acetate:toluene = 1:5, SiO2) and recrystallized from acetone-methanol mixed solvent to yield the
desired phenol derivative as white solid (1.20 g, Yield: 65.6%).

<Step 3> Synthesis of Compound No. 29

[0185] Compound No. 29 was synthesized according to the reaction formula given by [Formula 92] in the following
manner.
[0186]
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[0187] In 12 g of THF was dissolved 1.04 g (3.04 mmol) of 6-(6-acryloyloxyhexyloxy)-2-naphthoic acid and the solution
was chilled to -30°C. Here was added 0.38 g (3.34 mmol) of methanesulfonyl chloride, and 0.74 g (7.29 mmol) of
triethylamine was added dropwise. After the reaction mixture was stirred for 1 hour, 4 mg (0.03 mmol) of DMAP was
added, 1.20 g (3.19 mmol) of the phenol derivative obtained in Step 2 dissolved in 8 g of THF was added dropwise, and
the mixture was stirred for 1 hour. The precipitate was removed by filtration, the filtrate was washed with water, and the
solvent was evaporated. The residue was purified by column chromatography (ethyl acetate:toluene = 1:5, SiO2) and
recrystallized from ethyl acetate-hexane mixed solvent to yield white solid (0.67 g, Yield: 31.5%). Analysis of the white
solid obtained confirmed that the white solid was the desired product, Compound No. 29. The analytical results are given
below.
[0188] When a homopolymer of Compound No. 29 obtained was prepared, the polymer showed different refractive
indices depending on the direction, confirming that the polymer functions as an optically anisotropic material.

(Analytical results)

[0189]

(1) IR (cm-1)
2936, 2866, 1624, 1474, 1404, 1339, 1273, 1246, 1200, 1169, 1150, 1065, 1022

(2) 1H-NMR (ppm)
0.9 (t; 3H), 1.5-1.9 (m; 10H), 2.6 (q; 2H), 3.9-4.3 (m; 4H), 5.7-6.6 (m; 6H), 7.1-7.5 (m; 6H), 7.7-8.3 (m; 7H), 8.7 (s;
1H), 8.9 (s; 1H)

(3) Thermal phase transition behavior
Thermal phase transition behavior is shown in [Formula 93] below.

[0190]
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[Examples 1 to 5 and Comparative Examples 1 to 4] Synthesis of copolymer

[0191] Each blend was prepared by mixing the polymerizable compounds of the present invention synthesized above
in Synthesis Examples 1 and 2 or synthesized by methods similar to Synthesis Examples 1 and 2 and other liquid
crystalline monomers synthesized by methods similar to Synthesis Examples 1 and 2 in amounts (unit: g) in Table 1.
One gram of the blend was dissolved in 5 g of dichloromethane with stirring and the solvent was evaporated to prepare
a composition. To the composition obtained, 0.05 g of a photo-polymerization initiator (Irgacure 651; manufactured by
Chiba Specialty Chemicals Co., Ltd.) was added, and the mixture was dissolved in 2 g of cyclohexanone. This solution
prepared was applied with a spin coater to a glass plate having a rubbed oriented polyimide film, and the solvent was
removed under reduced pressure at ambient temperature to form a cast film. The cast film obtained was irradiated with
a mercury lamp having ultraviolet energy of 330 mJ/cm2 to give a cured film (copolymer). Thickness of the cured film
obtained was 0.9 to 1.2 Pm as determined by a stylus method.
[0192]

[0193] For each of the copolymers, the phase transition temperature (transition point from N to C) before copolymer-
ization was measured. The heat resistance of the copolymers was evaluated as follows: after kept at 150°C for 24 hours,
each copolymer was observed with a polarization microscope to rate as "Good" if the anisotropy of the refractive index
was retained, "Intermediate" if it was slightly lost, or "Poor" if it was completely lost. The solvent resistance was evaluated
as follows: cyclohexanone was dripped by one drop on each cured film to rate as "Good" if it showed no changes such
as swelling, " Intermediate" if it was somewhat swelled, or "Poor" if the film was obviously swelled or peeled off. The
results are shown in Table 2.
[0194]

[Table 1]

Compound
Examples Comparative Examples

1 2 3 4 5 1 2 3 4

Polymerizable compounds of the 
present invention

No.1 0.2 0.25 0.3 0.25 0.3

No. 2 0.2

No. 3 0.2 0.25

No. 5 0.1

No.6 0.3 0.25 0.25 0.2

Other liquid crystalline monomers

H-1 0.3 0.25 0.25

H-2 0.1 0.3

H-4 0.25 0.25 0.2 0.25

H-6 0.25 0.2 0.15 0.25 0.2 0.25

H-7 0.25 0.25

H-8 0.25 0.25 0.25 0.3

H-9 0.1

H-10 0.15 0.2 0.15

H-11 0.1 0.15 0.1

[Table 2]

Phase transition
temperature (°C)

(before copolymerization)
Heat resistance Solvent resistance

Example 1 14 Good Good

Example 2 27 Good Good

Example 3 20 Good Good
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[0195] As clearly seen in the results given in Table 2, for the copolymers of Examples 1 to 5, which were the polymers
of the compositions containing the polymerizable compounds of the present invention, the temperature ranges of the
liquid crystal phase were low and the cured films obtained exhibited excellent heat resistance and solvent resistance,
whereas for the copolymers of Comparative Examples 1 to 4 the temperature ranges of the liquid crystal phase were
high and the cured films were poor in heat resistance and solvent resistance.

[Examples 6 to 9 and Comparative Examples 5 and 6] Comparison of optical (refractive index) anisotropy (∆n)

[0196] For each of the polymerizable compounds of the present invention synthesized in Synthesis Examples 3, 4, 5,
and 6 above described and the liquid crystalline monomer (H-4), which was synthesized according to a similar procedure
to that in Synthesis Example 3, An was determined. Here, An was calculated by extrapolating the physical properties
of the composition in which each compound was added to an ester-type nematic liquid crystal in an amount of 10 mass%.
The results are shown in Table 3.
[0197]

[0198] As clearly seen in the results given in Table 3, the polymerizable compounds of the present invention are higher
in optical (refractive index) anisotropy ∆n than liquid crystalline monomer in Comparative Example 5 (H-4), indicating
the followings: preparation of a (co)polymer (liquid crystal material) using the polymerizable compound of the present
invention as a monomer has excellent effects that a liquid crystal material in a form of a thinner film can be made and
that a cholesteric liquid crystal made of the resultant (co)polymer shows wider selective reflection wavelength.

Industrial Applicability

[0199] The polymerizable compound of the present invention can provide a composition that is polymerizable near
ambient temperature and exists in a liquid crystal phase at low temperatures. The homopolymer and copolymer of the
present invention are also useful as liquid crystal materials, and owing to high optical (refractive index) anisotropy (∆n)
of the polymerizable compound of the present invention used as a monomer, such liquid crystal materials have advantages
of applicability as thinner films and widening of selective reflection wavelength in the cholesteric liquid crystal. These
polymers also have high heat resistance and high solvent resistance.

(continued)

Phase transition
temperature (°C)

(before copolymerization)
Heat resistance Solvent resistance

Example 4 29 Intermediate Intermediate

Example 5 10> Intermediate Intermediate

Comparative Example 1 35 Good Good

Comparative Example 2 46 Good Good

Comparative Example 3 38 Intermediate Intermediate

Comparative Example 4 40 Intermediate Intermediate

[Table 3]

Compound
Optical (reactive index)

anisotropy ∆n

Example 6 Compound No. 14 0.206

Example 7 Compound No. 15 0.216

Example 8 Compound No. 16 0.228

Example 9 Compound No. 29 0.246

Comparative Example 5 H-4 0.170

Comparative Example 6 - 0.096
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Claims

1. A polymerizable compound represented by general formula (1) below:

wherein each of R1 and R2 independently represents a hydrogen atom, methyl group, or halogen atom;
each of rings A1, A2, and A3 independently represents a benzene or naphthalene ring;
each of X, Y, and Z independently represents an alkyl group having 1 to 8 carbon atoms and optionally having (a)
substituent(s), alkoxy group having 1 to 8 carbon atoms and optionally having (a) substituent(s), alkenyl group having
2 to 6 carbon atoms and optionally having (a) substituent(s), halogen atom, or cyano group;
each of L1 and L2, which are linkages, is independently -COO-, -OCO-, -(CH2)2COO-, or -OCO(CH2)2-;
L3, which is a linkage, is -O(CH2)f- or -(CH2)eO- wherein each of f and e independently represents an integer of 1 to 8;
n represents 1; and
a, b, and c are the number of substituents on rings A1, A2, and A3, respectively, each of a, b, and c independently
represents an integer equal to or less than 2t+2, provided that t is the number of six-membered rings involved in
the monocyclic or condensed ring to which each substituent bonds, and at least one of a, b, and c is 1 or larger.

2. The polymerizable compound according to claim 1, represented by general formula (4) below:

wherein each of X1’, X3’, X2, X4, Y1 to Y4, and Z1 to Z4 independently represents a hydrogen atom, alkyl group
having 1 to 8 carbon atoms, alkoxy group having 1 to 8 carbon atoms, alkenyl group having 2 to 6 carbon atoms
and optionally having (a) substituent(s), halogen atom, or cyano group; each of rings A1, A2, and A3 represents a
benzene ring; R1, R2, L1, L2, L3, and n are identical with those in general formula (1); and at least one of X1’ X3’,
X2, X4, Y1 to Y4, and Z1 to Z4 represents the substituent other than hydrogen atom.

3. The polymerizable compound according to claim 2, represented by following general formula (6).

wherein R1, R2, X1’, X3’, X2, X4, Y1 to Y4, Z1 to Z4, A1, A2, and A3 are identical with those in general formula (4) and
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f is identical with that in general formula (1).

4. The polymerizable compound according to claim 2, represented by general formula (7) below:

wherein R1, R2, X1’, X3’, X2, X4, Y1 to Y4, Z1 to Z4, A1, A2, and A3 are identical with those in general formula (4) and
f is identical with that in general formula (1).

5. A homopolymer obtained by polymerizing the polymerizable compound according to claim 1.

6. A copolymer obtained by copolymerizing the polymerizable compound according to claim 1 with (an)other compound
(s) with an ethylenic unsaturated bond.

7. A copolymer obtained by copolymerizing the polymerizable compound according to claim 1 with (a) monomer(s)
with an optically active group.

8. A composition containing the polymerizable compound according to claim 1.

9. An optically anisotropic material formed from at least one substance selected from the group consisting of the
homopolymer according to claim 5, the copolymer according to claim 6, the copolymer according to claim 7, and
the compositions according to claim 8.

Patentansprüche

1. Polymerisierbare Verbindung, dargestellt durch die allgemeine Formel (1) unten:

wobei jeder der Reste R1 und R2 unabhängig ein Wasserstoffatom, eine Methylgruppe, oder ein Halogenatom
darstellt;
jeder der Ringe A1, A2, und A3 unabhängig einen Benzol- oder Naphthalinring darstellt;
jeder der Reste X, Y, und Z unabhängig eine Alkylgruppe mit 1 bis 8 Kohlenstoffatomen und, optional, einem oder
mehreren Substituenten, eine Alkoxygruppe mit 1 bis 8 Kohlenstoffatomen und, optional, einem oder mehreren
Substituenten, eine Alkenylgruppe mit 2 bis 6 Kohlenstoffatomen und, optional, einem oder mehreren Substituenten,
ein Halogenatom, oder eine Cyanogruppe darstellt;
jede der Linkergruppen L1 und L2 unabhängig -COO-, -OCO-, - (CH2)2COO-, oder -OCO(CH2)2- ist;
die Linkergruppe L3 -O(CH2)f- oder -(CH2)eO- ist, wobei f und e jeweils unabhängig eine ganze Zahl von 1 bis 8
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darstellen;
n 1 darstellt; und
a, b, und c die Anzahl der Substituenten am Ring A1, A2, bzw. A3 ist, wobei a, b und c jeweils unabhängig eine
ganze Zahl darstellen, die gleich oder weniger als 2t+2 ist, vorausgesetzt, dass t die Anzahl der sechsgliedrigen
Ringe ist, die beteiligt sind an dem monozyklischen oder kondensierten Ring, an welchen die Substituenten jeweils
binden, und mindestens eines von a, b und c ist 1 oder größer.

2. Polymerisierbare Verbindung nach Anspruch 1, dargestellt durch die allgemeine Formel (4) unten:

wobei jeder der Reste X1’, X3’, X2, X4, Y1 bis Y4, und Z1 bis Z4 unabhängig ein Wasserstoffatom, eine Alkylgruppe
mit 1 bis 8 Kohlenstoffatomen, eine Alkoxygruppe mit 1 bis 8 Kohlenstoffatomen, eine Alkenylgruppe mit 2 bis 6
Kohlenstoffatomen und, optional, einem oder mehreren Substituenten, ein Halogenatom, oder eine Cyanogruppe
darstellt; jeder der Ringe A1, A2, und A3 einen Benzolring darstellt; R1, R2, L1, L2, L3, und n identisch zu jenen in
der allgemeinen Formel (1) sind; und zumindest einer der Reste X1’, X3’, X2, X4, Y1 bis Y4, und Z1 bis Z4 einen
Substituenten darstellt, der etwas anderes als Wasserstoffatom ist.

3. Polymerisierbare Verbindung nach Anspruch 2, dargestellt durch die folgende allgemeine Formel (6):

wobei R1, R2, X1’, X3’, X2, X4, Y1 bis Y4, Z1, bis Z4, A1, A2, und A3 identisch zu jenen in der allgemeinen Formel (4)
sind und f identisch zu dem in der allgemeinen Formel (1) ist.

4. Polymerisierbare Verbindung nach Anspruch 2, dargestellt durch die allgemeine Formel (7) unten:
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wobei R1, R2, X1’, X3’, X2, X4, Y1 bis Y4, Z1 bis Z4, A1, A2, und A3 identisch zu jenen in der allgemeinen Formel (4)
sind und f identisch zu dem in der allgemeinen Formel (1) ist.

5. Homopolymer, erhalten durch Polymerisieren der polymerisierbaren Verbindung gemäß Anspruch 1.

6. Copolymer, erhalten durch Copolymerisieren der polymerisierbaren Verbindung gemäß Anspruch 1 mit einer an-
deren Verbindung, oder anderen Verbindungen, mit einer ethylenisch ungesättigten Bindung.

7. Copolymer, erhalten durch Copolymerisieren der polymerisierbaren Verbindung gemäß Anspruch 1 mit einem Mo-
nomer, oder Monomeren, mit einer optisch aktiven Gruppe.

8. Zusammensetzung, enthaltend die polymerisierbare Verbindung gemäß Anspruch 1.

9. Optisch anisotropes Material, gebildet aus mindestens einer Substanz, ausgewählt aus der Gruppe, bestehend aus
dem Homopolymer gemäß Anspruch 5, dem Copolymer gemäß Anspruch 6, dem Copolymer gemäß Anspruch 7,
und der Zusammensetzung gemäß Anspruch 8.

Revendications

1. Composé polymérisable représenté par la formule générale (1) ci-dessous :

où chacun de R1 et de R2 représente indépendamment un atome d’hydrogène, un groupe méthyle, ou un atome
d’halogène ;
chacun des anneaux A1, A2, et A3 représente indépendamment un anneau de benzène ou de naphtalène ;
chacun de X, Y, et Z représente indépendamment un groupe alkyle ayant 1 à 8 atomes de carbone et ayant
facultativement un/des substituant(s), un groupe alcoxyle ayant 1 à 8 atomes de carbone et ayant facultativement
un/des substituant(s), un groupe alcényle ayant 2 à 6 atomes de carbone et ayant facultativement un/des substituant
(s), un atome d’halogène, ou un groupe cyano ;
chacun des L1 et L2, qui sont des liaisons, est indépendamment -COO-, -OCO-, -(CH2)2COO-, ou -OCO(CH2)2- ;
L3, qui est une liaison, est -O(CH2)f- ou -(CH2)eO- où chacun de f et e représente indépendamment un entier de 1 à 8 ;
n représente 1 ; et
a, b, et c sont le nombre de substituants sur les anneaux A1, A2, et A3, respectivement, chacun de a, b, et c représente
indépendamment un entier inférieur ou égal à 2t+2, à condition que t soit le nombre d’anneaux à six membres
impliqué dans l’anneau monocyclique ou condensé auquel se lie chaque substituant, et au moins l’un de a, b, et c
est 1 ou plus.

2. Composé polymérisable selon la revendication 1, représenté par la formule générale (4) ci-dessous :
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où chacun de X1’, X3’, X2, X4 Y1 à Y4, et Z1 à Z4 représente indépendamment un atome d’hydrogène, un groupe
alkyle ayant de 1 à 8 atomes de carbone, un groupe alcoxy ayant 1 à 8 atomes de carbone, un groupe alcényle
ayant 2 à 6 atomes de carbone et ayant facultativement un/des substituant(s), un atome d’halogène, ou un groupe
cyano; chacun des anneaux A1, A2, et A3 représente un anneau de benzène; R1, R2, L1, L2, L3, et n sont identiques
avec ceux de la formule générale (1), et au moins l’un de X’1, X3’, X2, X4, Y1 à Y4, et Z1 à Z4 représente le substituant
autre que l’atome d’hydrogène.

3. Composé polymérisable selon la revendication 2, représenté par la formule générale (6) suivante.

où R1, R2, X1’, X3’, X2, X4 Y1 à Y4, et Z1 à Z4, A1, A2, et A3 sont identiques à ceux de la formule générale (4) et f
est identique à celui de la formule générale (1).

4. Composé polymérisable selon la revendication 2, représenté par la formule générale (7) ci-dessous :

où R1, R2, X1’, X3’, X2, X4, Y1 à Y4, et Z1 à Z4, A1, A2, et A3 sont identiques à ceux de la formule générale (4) et f
est identique à celui de la formule générale (1).

5. Homopolymère obtenu par polymérisation du composé polymérisable selon la revendication 1.

6. Copolymère obtenu par copolymérisation du composé polymérisable selon la revendication 1 avec un autre com-
posé/d’autres composés avec une liaison éthylénique insaturée.
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7. Copolymère obtenu par copolymérisation du composé polymérisable selon la revendication 1 avec un/des monomère
(s) avec un groupe optiquement actif.

8. Composition contenant le composé polymérisable selon la revendication 1.

9. Matière optiquement anisotrope formée à partir d’au moins une substance sélectionnée du groupe composé de
l’homopolymère selon la revendication 5, du copolymère selon la revendication 6, du copolymère selon la revendi-
cation 7, et des compositions selon la revendication 8.
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