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- POLYMERIZABLE COMPOUND, POLYMERIZABLE LIQUID CRYSTAL
COMPOSITICN CONTAINING THE SAME, AND OPTICALLY

ANISOTROPIC MEDIUM MADE FROM THE COMPOSITION

FIELD OF THE INVENTION
This invention relates to a novel compound useful
to make an optically anisotropic medium such as a wave
plate and an optical low pass filter, a polymerizable
liquid crystal composition comprising the compound, and
an optically anisotropic medium obtained by polymerizing

the composition.

BACKGROUND OF THE INVENTION

Optically anisotropic media having a fixed
oriented structure can be produced by subjecting a
polymerizable liquid crystal composition comprising a
compound having a polymerizable functional'group to
orientation processing in its liquid crystal state and
then polymerizing the oriented composition, while
maintaining in its oriented state, by irradiation with
active energy rays such as ultraviolet (UV) rays or
electron beams. The optically anisotropic media thus
produced show anisotropy in physical properties, such as
refractive index, dielectric constant, magnetic

susceptibility, elastic modulus, and thermal expansion
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coefficient, and are useful as a wave plate, a polarizer,
a polarizing prism, a waveguide, etc.

JP-A-8-3111 (correspondiﬁg to US Patent
5,863,457) (The term “JP-A” as used herein means an
“unexamined published Japanese patent application”)
discloses a polymerizable liquid crystal composition for
these applications. The composition disclosed therein
has a feature that it exhibits liquid crystalline
properties at room temperature but has a drawback of
insufficient transparency after polymerization.

JP-A-9-40585 (corresponding to US Patent
5,800,733} teaches that compounds having a folding
molecular structure having long chains bonded to éhe 1-
and 2-positions of a benzene ring, respectively, are
effective in developing liquid crystalline properties at
low temperature, and discloses, as an example, a
compound having a -CH,CH;COO~- bond represented by formula

{(I-d):

xz

/—{ o‘(cuzi—ocnzcuzcoo X
\_<0-(CH11-0 @ @ . CH,CH,CO ! R™

0

" {I-d)

wherein s represents an integer of 3 to 12; R

represents a fluorine atom, a chlorine atom, a cyano



. group or an alkoxycarbonyl group; and X!, X? and X3 each
represent a hydrogen étom.

Because of the two long chains introduced for
facilitating development of liquid crystalline
properties, these compounds have a high molecular weight
and a very high viscosity. As a result, in case
orientation defects such as disclination occur in
orientation, it needs a lot of time to eliminate the

defects, resulting in poor productivity.

SUMMARY OF THE INVENTIGON

Accordingly, an object of the present invention
is to provide an optically anisotropic medium having
excellent transparency with a small haze.

Another object of the invention is to provide a
polymerizable compound useful for the production of the
optically anisotropic medium.

A still other object of the invention is to
provide a polymerizable liquid crystal composition
comprising the polymerizable compound.

Other objects and effects of the invention will
become apparent from the following description.

The above-described objects of the invention has
been achieved by providing a novel polymerizable

compound of a linear molecule in which three phenylene



groups are linked via a 1,4-bond with one of the two
linking groups that link the 1,4-phenylene groups being
~CH,CH,CO0- or -CH,CH,0CO-. The inventors found that the
compound has a low under limit temperature of liquid
crystalline phase owing to this structure and that a
polymerizable liquid crystal composition containing the
compound has a low under limit temperature of liguid
crystalline phase as well. The inventors also found that
an optically anisotropic medium obtained by subjecting
the composition to orientation processing in its crystal
state and then polymerizing the resulting composition
with active energy ray irradiation while maintaining the
oriented state has high transparency with a small haze.
That is, the present invention provides a

polymerizable compound represented by formula (I):

I i
CHy=C—CO-{ CHy}- X' L! 12 x’—(cuzz- 0C—C=CH, (T)
Q! o
' Y! Y Y

wherein Q' and Q? each independently represent a hydrogen
atom or a methyl group; p and g each independently
represent an integer of 2 to 18; X! and X® each
independently represent a single bond, -0-, -CO0O- or -
0CO-; L' represents -COO- or -0CO-; L? represents -
CH,CH,COO- or ~CH,CH,0CO-; and Y!, Y% and Y® each

independently represent a hydrogen atom, an alkyl group



having 1 to 7 carbon atoms, an alkoxy group having 1 tol
7 carbon atoms, an alkanoyl group having 2 to 7 carbon
atoms, a cyano group or a halogen atom.

In addition, the present invention also provides
a polymerizable liquid crystal composition for producing
an optically anisotropic medium, which comprises:

a polymerizable compound represented by the above
formula (I); and

a compound represented by formula (II):

0
CHy= (l:y:o(—CHZ—}XL—B‘—' UL L B —X 2! (II)

Q? |
wherein Q® represents a hydrogen atom or a methyl group;
X3 represents a single bond or -0-; X! represents a
single bond, -0-, -0CO-, -COO- or -CH=CH-COO-; B!, B? and
B? each independently represent a 1,4-phenylene group, a
1,4-phenylene group in which one CH group or not
adjoining two CH groups thereof are displaced with a
nitrogen atom, a 1,4-cyclohexylene group, a 1,4-
cyclohexylene group in which one CH; group or not
adjoining two CH; groups thereof are displaced with an
‘oxygen atom or a sulfur atom, a 1,4-cyclohexenylene
group, or a 1l,4-cyclohexenylene group in which one CH;
group or not adjoining two CH; groups thereof are

displaced with an oxygen atom or a sulfur atom, and B!,



B? and B® each may have one or more substituents selected
from an alkyl group having 1 to 7 carbon atoms, an
alkoxy group having 1 to 7 carbon atéms, an alkanoyl
group having 2 to 7 carbon atoms, a cyano group, and a
halogen atom; L® and L* each independently represent a
single bond, -CH;CH;-, -CH,0-, -OCH,-, -C00-, -0CO~, -C=C-,
~CH=CH-, -CF=CF-, =-(CHz)4-, =-CH2CH2CH,0-, -OCH,CHCH;-, -
CH=CH-CH,CHy~, =-CH,CH;~-CH=CH-, ~-CH=CH-COO- or -0OCO-CH=CH-;
z! represents a hydrogen atom, a halogen atom, a cyano
group, an alkyl group having 1 to 20 carbon atoms or an
alkenyl group héving 2 to 20 ‘carbon atoms, wherein one
or more CH; groups of the alkyl group or the alkenyl
group may be displaced with -0-, -C0O-, -COO-, —océ- or -
0CO0~-, provided that the displacement does not make an
0-0 bond; r represents 0 or an integer of 1 to 18; and s
represents 0 or 1.

Since the polymerizable liquid crystal
composition contains the compound of formula {I), the
under limit temperature of liguid crystalline phase
thereof is low. Therefore, it is not necessary to
excessively raise a temperature upon produciné an
optically anisotropic medium by orienting the
polymerizable liquid crystal composition in its liquid
crystal state and then polymerizing the same while

maintaining the oriented state. This affords convenience



in handling and suppresses an increase in haze, caused
by thermal polymerization or oxidation due to heating,

in the resulting optically anisotropic medium. Hence, an
optically anisotropic medium having high transparency
can be produced from the polymerizable liquid crystal

composition of the invention.

DETAILED DESCRIPTION OF THE INVENTION

In formula (I), p and g are each preferably 3 to
12, particularly preferably 3 t§ 8. X! and X? are each
preferably -0-. Y¥!, Y% and Y® are each preferably a
hydrogen atom, a fluorine atom, an alkyl group having 1
to 3 carbon atoms or an alkoxy group having 1 to 3
carbon atoms. Of the alkyl and alkoxy groups preferred
are a methyl group and a méthoxy group. A hydrogen atom
and a fluorine atom are particularly preferred as Y!, Y2
and Y3.

The compounds represented by formula (I} include
those represented by formulae (1) through (12) shown
blow, in which p and q each independently represent an

integer of 2 to 18:



CH cncoomﬂz)po_@coo_Q_,
z OCO-@-O(CHz)qOCOCH=CH2 )

ChHz=CHE00(CHIp—{((D)-C00~(O)—
s fcha 0CO(D)-(CHIOC0CH=CHz (4

CHz=CHCOO(CH p_<@>,co
z (cHa Q \_oco_©_(CH2)qococ:H=cnz )
CHFCHCOO(CHz)V-@-COO—Q—\_
oc CH2)OCOCH=CH
o0 o-(O)-(CHa e ®

CHe=CHCOO(CH0{D)-0c0~(D)—
z (CHap coo_©_0(cnz)qococn=cnz @

CH2=CHCOO(CH2) o_©_oco_§©>_

(CHdp COO—@—O(CHg]qOCOCH—_-CHz @)
CH2=CHCOO(CHy) o_@oc

(CHi2y COO—@—O(CHz)qOCOCH=CH2 ®

CHi0

CHz=CHC00(CHa—~(D)-0CO~( D)
z (cHa c00(()-(CHAOCOCH=CHz  (10)

CHa=CHCOO(CH—(D)-0C
= e Q \-coo(D)-(CHa0C0CH=CHz ()
CH2=CHCOO(CH2)V—©-OCO—©—\_
co CH2){OCOCH=CH 12
a0 o) (CHaq : Q)

Of the above compounds preferred are those of
formula (1) in which p and g are each independently an
integer of 3 to 8.

An example of the synthesis method of the
compound according to the present invention is shown

below.



OH—<::>-COOH

HO({THy)p—Cl
l Base

HO(CHQPO—@COOH

Q1
1
l CH=CCOOH H*

Q1
CHFCCOO(CHQPO—@—COOH
l HO—@—CHchZOH Coupling reagent
CHZ—CCOO-(CHZ)VO—©— —@—CHZCHZOH

QZ
l HOCO—@— O(CH,),0COC=CH, Coupling reagent
CHZ—CCOO- cmo—@— —©—CHZCH2000~©— O(CHz)qOCOC- c:H2

In the above formulae, p, 4, Q' and Q@ are as
defined in formula (I).

The compound of the invention is structurally
characterized in that rings are linked via a group
represented by -CHCH,CO0- or -CH,CH,0CO-. Synthesis of
the chemical structures other than this linking part can
be performed by known processes established in the art
of liquid crystal compounds in combination with the
above-described processes.

The polymerizable liquid crystal composition
according to the present invention comprises the

compound of formula (I} and the compound of formula (II}.



Of the compounds of formula (I) for use in the
polymerizable liquid crystal composition, those

represented by the following formula are preferred:

CH;CHCOO(CHﬂpO-@— 00O _ 000 {0)-olcH 4 00CCH=CHe

wherein p and g each independently represent 3 to 8.

The polymerizable liquid crystal composition
preferably contains the compound of formula {I) in a
proportion of 30% by weight or more, more preferably 50%
by weight or more, particularly preferably 70% by weight
or more.

Of the compounds of formula (II); preferred are
those in which X® is a single bond, and r is 0, i.e.,

compounds represented by formula (II-1):

O
H
CHy=CCOL-CHp ) X*—B'— L B — L B3 —x*— 27! (II-1)
@ ’

(wherein Q°, x*, B!, B%, B? 13 1% 2! and s are as
defined in formula (II), X® represents a single bond, and
r represents 0}; and those in which X® is -0-, and r is
an integer of 1 to 18, i.e., compounds represented by

formula (II-2):

0
i

CH,= CI:CO-GCHZ—)I-XL—BI— S R A (I11-2)
Q3
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wherein @3, x*, B!, B?, B3 13, 1%, z! and s are as defined
in formula (I), X° represents -0-, and r represents an
integer of 1 to 18.

In formula (II-2), r is preferably 2 to 12, more
preferably 2 to 8, particularly preferably 2 to 6. Of
the compounds represented by formula (II-1), further
preferred are those represented by formulae (III) and

{IV):

C cooo{}-{ >—R‘
Hz:i (III)Y

a?

wherein Q° represents a hydrogen atom or a methyl group;
and R! represents an alkyl group having 1 to 10 carbon

atoms;

CHFZ:C:OO-@-CEC—@Rz (IV)

wherein Q° represents a hydrogen atom or a methyl group;
and R® represents an alkyl group having 1 to 10 carbon
atoms. The compound of formula (III) and the compound of
formula (IV) can be used either singly or in combination.
In other words, the polymerizable liquid crystal
composition of the present invention preferably

comprises the polymerizable compound of formula {1} and

- 11 -



at least one of the compound of formula (III) and the
compound of formula (IV). Where the compound of formula
{III) and the compound of formula (IV) are used in
combination, it is preferred that the proportions of
these compounds be equal for decreasing the under limit
temperature of liquid crystalline phase of the
polymerizable liquid crystal composition.

Specific examples of the compound of formula (II-
2} include those represented by formulae {a-1) through
(a-15) shown below, in which r and Q® are as defined in
formula (II); and R® represents a hydrocarbon group

having 1 to 20 carbon atoms:
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CH2=(13000(CH2)CN (1)
Q3

CH;ﬁ:OO(CHﬂ,O—@>—COO-©—CN (a-2)

CH2=CCOO(CH co CN -
= 7 cHao~O)- 0—@; (a-3)

cr+2=c|:co<')(cr42)0R3 (a-4)

03
CHg:?COO(CHz)Rs (a-5)
03
3 -
CH2=§:(:OO(CH2),O—©-COO—©—OR (a-6)

cra;gomcw@coo@ﬁ (a-1)
CH;E:OO(CHQ,O—@-COCN (2-8)
CHg:ESCOO(CHz),O—Q—COF@ ()
CHz:ClJ:OO(CHz)rO—Q—COORa (a-10)

Q
CHgZSOO(CHﬂ,O—@-COO—@—O— p:  f(a-11)
CHpEfOO(CHﬂ@-@—OCO—@—O—R‘* (a-12)
CH2=§3000(CH2)COO—©—CN (a-12)
CHF?QSOO(CHngCOO—@—R:’ (a-14)

c;Hz=éc;;:oomz),000—©>—on3 @19
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The proportion of the compound of formula (II) in
the polymerizable liquid crystal composition is
preferably 30 to 70% by weight, more preferably 30 to
50% by weight.

The polymerizable liquid crystal composition can
further comprise known polymerizable liquid crystal
compositions in addition to the compounds (I) and (II).

The liquid crystalline phase temperature range of
the polymerizable liquid crystal composition according
to the invention usually is from 20 to 80°C. The liquid
crystalline phase is preferably a nematic phase which
shows satisfactory alignment.

Since the liguid crystal composition of the
invention keeps its liquid crystalline phase even in a
low temperature, a high degree of orientation can be
fixed in low temperatures in which thermal fluctuations
are suppressed. As a result, satisfactory uniformity of
orientation can be secured, which is highly advantageous
for making optically anisotropic media having excellent
transparency with a small haze. From this viewpoint, it
is preferred that the composition of the invention be
designed to have an under limit temperature of liquid
crystalline phase of 40°C or lower, especially around

room temperature {(i.e., 25°C).
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Next, the method for orienting the polymerizable
liquid crystal composition of the invention is described
below.

The polymerizable liquid crystal composition can
be oriented by applying the composition to (1) a
substrate having been rubbed with cloth, etc., (2} a
substrate having an organic thin film formed thereon
which has been rubbed with cloth, etc. or (3) a
substrate having an Si0O; layer formed by oblique vacuum
deposition, or by filling the composition into a gap
between a pair of these substrates.

The composition can be applied to a substrate by
spin coating, die coating, extrusion coating, roll
coating, wire bar coating, gravure coating, spray
coating, dip coating, printing or a like coating method.

The orientation of the polymerizable liquid
crystal composition can also be achieved by other
methods used for liquid crystal materials such as flow-
induced orientation, electric field orientation or

magnetic field orientation. These means can be used

either singly or as a combination of two of more thereof.

Photo-induced orientation can be used instead of the
rubbing technique.
A polyimide film, which is used in usual twisted

nematic (TN) or supertwisted nematic (STN) devices, can
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be used to align the polymerizable liquid crystal
composition at a tilt angle with respect to the
substrate. Orientation processing using a polyimide film
is preferred -because the molecular orientation
structures inside an optically anisotropic medium can be
further precisely controlled. Where the alignment is
controlled in an electric field, it is preferred to use
a substrate having an electrode layer. A substrate
having an organic thin film on the electrode layer is
particularly preferred. The organic thin film is
preferably a polyimide thin film.

The direction of orientation with respect to the
substrate is of choice according to the intended use or
desired functions of the aiticle to be made.

A photopolymerization initiator is usually added
to the polymerizable liquid crystal composition of the
invention to improve the polymerization reactivity.

The polymerizable liquid crystal composition is
polymerized by irradiation with active enerqgy rays for
securing rapid progress of polymerization. UV light is
preferably used as active energy rays. Either a
polarized light source or a non-polarized light source
can be used. The intensity of UV rays is preferabiy
0.1 mW to 2 W/cm?. With an intensity lower than

0.1 mW/cm?®, a very long time will be needed to complete

- 16 -



photopolymerization, resulting in poor productivity.
Light intensities higher than 2 W/cm? tend to deteriorate
the liquid crystal composition.

The temperature at the time of the irradiation is
preferably within a range in which the liquid crystal
composition retains its liquid crystal state. The
temperature is preferably as close as possible to room
temperature, typically at 25°C, for avoiding induction of
unintended thermal polymerization.

Next, the optically anisotropic medium of the
present invention is described below.

The optically anisotropic media according to the
present invention can be obtained by orienting thé
polymerizable liquid crystal composition in its liquid
crystal state by the above-described methods and
irradiating the composition with the above-described
active energy rays to cause the composition to
polymerize while retaining its oriented state.

An optically anisotropic medium that is used to
widen the viewing angle of a liquid crystal display is
obtained by orienting the molecules in the direction
making 10 to 80° preferably 20 to 70°, with the
substrate or by making hybrid alignment.

An optically anisotropic medium that is used as a

polarizer or an optical low pass filter is obtained by
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orienting the molecules in the direction making 30 to 60°,
preferably 40 to 50°, still preferably 45°, with the
substrate or by hybrid alignment.

In applications as a polarizer or an optical low
pass filter, the film is often made thicker (50 pm or
greater) than for use as a wave plate. The material
being the same, a thicker film involves larger light
scattering. Therefore, an optically anisotropic medium
for making a practical optical device is required to
cause little light scattering, i.e., to have a small
haze. The polymefizable liquid crystal composition of
the invention can provide an optically anisotropic
medium having a reduced haze of 3% or less. 1In
applications as a compensator to be integrated into a
liquid crystal cell of a reflection type liquid crystal
device, it is important to reduce a haze to increase
transparency. This is particularly important for use as
a quarter wave plate.

The optically anisotropic medium thus prepared
can be used either as formed on the substrate or as
stripped off the substrate used for alignment control. A
plurality of the resulting optically anisotropic media
can be used as stacked, or the medium can be adhered to

another substrate.
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The present invention will now be illustrated in
greater detail with reference to the following Examples,
but the invention should not be construed as being
limited thereto. All the “parts” are given by weight

unless otherwise indicated.

EXAMPLE 1

Synthesis of polymerizable compound - 1:

A mixture consisting of 138.1 g of 4-
hfdroxybenzoic acid, 136.1 g of 6-chloro-l-hexanol,
84.0 g of sodium hydroxide, 25.0 g of potassium iodide,
440 ml of ethanol, and 440 ml of water was hea£ed at 80°C
for 32 hours while stirring. After cooling to room
temperature, 1000 ml of a saturated agueous solution of
sodium chloride was added to the reaction mixture, and
diluted hydrochloric acid was added thereto until the
aqueous layer of the reaction mixture became weakly
acidic. The reaction mixture was extracted with 1000 ml
of ethyl acetate. The organic layer was washed with
water, and the organic solvent was removed by
evaporation under reduced pressure. The residue was air-
dried to give 223.9 g of a compound represented by

formula (s-1):

HO(CH2)50—©— COOH (s—-1)
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A mixture consisting of 110.0 g of compound-(s—l),
133.1 g of acrylic acid, 27.0 g of p-toluenesulfonic
acid, 6.0 g of hydroquinone, 420 ml of tolﬁene, 180 ml
of n-hexane, and 260 ml of tetrahydrofuran was heated
with stirring under reflux for 6 hours while distilling
off produced water. The reaction mixture was cooled to
room temperature, and 1000 ml of a saturated aqueous
sodium éhloride solution and 800 ml of ethyl acetate
were added thgreto to conduct extraction. The organic
layer was washed with water, and the organic solvents
were evaporated under reduced pressure to give 231.4 g
of a crude product, which was recrystallized twice_each
from a mixture of 400 ml of n-hexane and 100 ml of
toluene to give 111.8 g of a compound represented by

formula (s-2):

CHFCHCOO(CHz)sb—@COOH (s-2)

A mixture consisting of 10.6 g of compound (s-2),
4.0 g of 2-{4-hydroxyphenyl)ethyl alcohol, 0.5 g of 4-
dimethylaminopyridine, 7.0 g of 1-[3-
(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride,
0.5 g of 4-dimethylaminopyridine, and 150 ml of
methylene chloride was stirred at room temperature for

20 minutes. To the reaction mixture was added a mixture
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consisting of 10.6 g of compound (s-2), 7.0 g of 1-(3-
(dimethylamino)propyl] -3-ethylcarbodiimide hydrochloride,
0.5 g of 4-dimethylaminopyridine, and 50 ml of methylene
chloride, followed by stirring at room temperature for

. 8- hours. After completién of the reaction, the reaction
mixture was washed with water. The organic layer was
evaporated under reduced pressure to give 24.5 g of a
crude product. The crude product was purified by column
chromatography on silica gel using ethyl acetate as a
developing solvent (Rf=1.0) and recrystallization from

- 60 ml of ethanol and then from a mixed sclvent of 60 ml
of methanol and 25 ml of methylene chloride to yield
13.5 g of a polymerizable compound represented by.

formula (s-3):

CH2=CHCOO(CH2)d0-©-COO‘©—\_OOC @_o(cuz)sooccu=cuz (s-3)

When the polymerizable liquid crystal compound
{s—-3) was heated, it turned into a nematic phase at 61°C
(under limit of nematic phase: 61°C) and to an isotropic

liqdid phase at 81°C.

EXAMPLE 2

Synthesis of polymerizable compound - 2:
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A mixture consisting of 91.3 g of methyl 4-
hydroxybenzoate, 68.1 g of 3-chloro-l-propanol, 99.0 g
of potassium carbonate, and 360 ml of dimethylformamide
was heat-refluxed at 80°C while stirring for 16 hours.
After cooling to room temperature, 800 ml of a saturated
aqueous sodium chloride solution was added to the
reaction mixture, and diluted hydrochloric acid was
added thereto until the aqueous layer turned weakly
acidic. The resulting reaction solution was extracted
with 1000 ml of tetrahydrofuran, and the extract was
evaporated under reduced pressure to remove the organic
solvent to give 133.1 g of a crude product represented

by formula (s-4}):

HO(CH2)30—©— COOCH3 (s-4)

A mixture consisting of 133.1 g of the crude
compound ({s-4), 50.0 g of sodium hydroxide, 100 ml of
methanol, and 100 ml of water was heated under reflux
with stirring for 4 hours. The reaction mixture was
cooled to room temperature and neutralized with
hydrochloric acid. To the reaction mixture were added
1000 ml of a saturated aqueous solution of sodium
chloride and then 1000 ml of tetrahydrofuran to carry

out extraction. The organic solvents were evaporated off
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under reduced pressure to give 118.5 g of a crude
product. Recrystallization from a mixed solvent of
200 ml of toluene and 100 ml of tetrahydrofuran afforded

88.0 g of a compound represented by formula (s-5):

HO(CH2)50—©—COOH (s-5)

A mixture of 44.0 g of compound (s-5}, 96.8 g of
acrylic acid, 20.0 g of p-toluenesulfonic acid, 4.0 g of
hydroquinone, 200 ml of toluene, 150 ml of hexane, and
150 ml of tetrahydrofuran was heated under reflux for
8 hours with stirring while removing produced water by
means of a Dean-Stark apparatus. The reaction mi#ture
was cooled to room temperature and washed with 1000 ml
of a éaturated agueous solution of sodium chloride. To
the organic layer was added 900 ml of ethyl acetate, and
the organic layer was further washed with 300 ml of a
saturated aqueous solution of sodium hydrogencarbonate
twice. The organic layer was washed finally with three
1000 ml portions of water. The organic solvents were
removed by evaporation under reduced pressure to give-
54.2 g of a crude product. Recrystallization from a
nixed solvent of 300 ml of toluene and 200 ml of hexane

and then from a mixed solvent of 200 ml of toluene and
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100 ml of hexane gave 45.3 g of a compound represented

by formula (s-6}:

CHFCHCOO(CHz)aO—@— COOH (s-6)

A mixture consisting of 12.3 g of compound (s-6),
3.2 g of 2-(4-hydroxyphenyl)ethyl alcohol, 0.6 g of 4-
dimethylaminopyridine, 9.4 g of 1-{[3-
(dimetbylamino)propyl]—3—ethylcarbodiimide hydrochloride,
and 150 ml of tetrahydrofuran was stirred at room
temperature for 6 hours. The reaction mixture was
extracted with a mixed solvent of 200 ml of a saturated
agueous solution of sodium chloride and 400 ml of ethyl
acetate. The organic layer was washed with water, and
the organic solvent was removed by evaporation under
reduced pressure to obtain 15.7 g of a crude product.
The crude product was purified by column chromatography
on silica gel using a mixed solvent of ethyl acetate and
toluene (1:1 by volume; Rf=0.50} and recrystallization
from 40 ml of methanol to yield 3.0 g of a polymerizable

liquid crystal compound having formula (s-7):

CH2=CHCOO(CH2)30-©—COO"@_\_OOC@_O(CH,?);;OOCCHr-CHz (s=7)
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When the polymerizable liquid crystal compound
{s~7) was heated, it changed into a nematic phase at 60°C
{under limit of nematic phase: 60°C) and to an isotropic

liquid phase at 84°C.

EXAMPLE 3

Preparation of polymerizable liquid crystal composition

- 1:

Composition (A) was prepared from 50 parts of

polymerizable liquid crystal compound (a-1):

CHFCHCOO—©—C>~03H7 (a-1)

and 50 parts of polymerizable liquid crystal compound

(a~4):

CHFCHCOO-@CEC—@—CSHﬁ (a-4)

Composition (A) showed a nematic liquid crystalline
phase at room temperature {25°C). The nematic phase-
isotropic liquid phase transition temperature was 46°C.
Composition (A) had refractive indices ne {(for
extraordinary rays) and ng (for ordinary rays) of 1.662
and 1.510, respectively, at 589 nm, giving a

birefringence of 0.152.
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Composition (B) was prepared from 30 parts of the
polymerizable liquid crystal compound (s-7) synthesized
in Example 2 and 70 parts of composition {(A).
Composition {B) showed a nematic phase at room
temperature and had a nematic-isotropic liquid

transition temperature of 56°C. No crystals were

precipitated for more than 3 hours.

EXAMPLE 4

Preparation of polymerizable liquid crystal composition

- 2:

Composition (C) was prepared from 40 parts of the
polymerizable liquid crystal compound (s-7) synthésized
in Example 2 and 60 parts of composition (A}.
Composition (C}) showed a nematic phase at room
temperature and had a nematic-isotropic liquid
transition temperature of 60°C. No crystals were

precipitated for more than 1 hour.

EXAMPLE 5

Preparafion of polymerizable liquid crystal composition

- 3:
Composition (D) was prepared from 50 parts of the
polymerizable liquid crystal compound (s-7) synthesized

in Example 2 and 50 parts of composition (A).
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Composition (D) showed a nematic phase at room
temperature and had a nematic-isotropic liquid

transition temperature of 64°C. No crystals were

precipitated for more than 1 hour.

EXAMPLE 6

Preparation of polymerizable liquid crystal composition

- 4:

Composition (E) was prepared from 60 parts of the
polymerizable liquid crystal compound (s-7) synthesized
in Example 2 and 40 parts of composition (A).
Composition (E) showed a nematic phase at room
temperature and had a nematic-isotropic liquid

transition temperature of 67°C. No crystals were

precipitated for more than 30 minutes.

EXAMPLE 7

Preparation of polymerizable liquid crystal composition

- 5

Composition (F) was prepared from 70 parts of the
polymerizable liquid crystal compound (s-7) synthesized
in Example 2 and 30 parts of composition (A).

Composition (F) showed a nematic phase at room

temperature and had a nematic-isotropic liquid
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transition temperature of 71°C. No crystals were

precipitated for more than 30 minutes.

EXAMPLE 8

Preparation of polymerizable liquid crystal composition

- _6:

Composition {G) was prepared from 20 parts of the
polymerizable liquid crystal compound (s-3) synthesized
in Example 1 and 80 parts of composition (A).
Composition (G) showed a nematic phase at room
temperature and had a nematic-isotropic liquid
transition temperature of 56°C. No crystals were
precipitated for more than 48 hours. The refractive
indices ne {for extraordinary rays) and ng (for ordinary
rays) of composition {(G) measured at 589 nm were 1.671

and 1.507, respectively, giving a birefringence of 0.164.

The viscosity at 20°C was 56.3 mPa-s.

EXAMPLE 9

Preparation of polymerizable liquid crystal composition

- 7:
Composition (H} was prepared from 40 parts of the
polymerizable liquid crystal compound ({s-3) synthesized

in Example 1 and 60 parts of composition (A).

Composition (H) showed a nematic phase at room
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temperature and had a nematic-isotropic liquid
transition temperature of 62°C. No crystals were
precipitated for more than 1 hour. The refractive
indices n. and ng of composition (H) measured at 589 nm
were 1.675 and 1.504, respectively, giving a

birefringence of 0.171.

EXAMPLE 10

Preparation of polymerizable liquid crystal composition

- 8:

Composition (I) was prepared from 60 parts of the
polymerizable liquid crystal compound (s-3) synthesized
in Example 1 and 40 parts of composition (A).
Composition (I} showed a nematic phase at room
temperature and had a nematic-isotropic liquid

transition temperature of 68°C. No crystals were

precipitated for more than 30 minutes.

EXAMPLE 11

Preparation of polymerizable liquid crystal composition

- 9:

Polymerizable liquid crystal composition (J) was
prepared from 99 parts of the polymerizable liquid
crystal composition (D) prepared in Example 5 and 1 part

of a photopolymerization initiator {Irgacure 651,
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available from Ciba Specialties Chemicals). Composition
(J) showed a nematic phase at room temperature and had a

nematic-isotropic liquid transition temperature of 62°C.

No crystals were precipitated for more than 1 hour.

EXAMPLE 12

Preparation of polymerizable liquid crystal composition

- 10:

Polymerizable iiquid crystal composition (k) was
prepared from 99 parts of the polymerizable liquid
crystal composition (E) prepared in Example 6 and 1 part
of a photopolymerization initiator Irgacure 651.
Composition (K) showed a nematic phase at room
temperature and had a nematic-isotropic liquid
transition temperature of 65°C. No crystals were

precipitated for more than 30 minutes.

EXAMPLE 13

Preparation of polymerizable liquid crystal composition

- 11:

The polymerizable liquid crystal compound (s-3)
obtained in Example 1 and the polymerizable liquid
crystal compound (s-7) obtained in Example 2 were mixed

at a varied ratio. They exhibited good compatibility at

any mixing ratio. A composition made up of 50 parts of
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compound (s-3) and 50 parts of compound (s-7) showed a
nematic phase at room temperature and underwent no

precipitation for more than 30 minutes.

COMPARATIVE EXAMPLE 1

Preparation of polymerizable liquid crystal composition:

Composition (L) was prepared from 20 parts of a

compound having formula (s-8):

Cl

CHg:CHCOO(CHg)@—@—COO—@-OCO-@—O(CHQGOCOCH=CH_2 (s-8)

and 80 parts of composition (A). The compound {s-8)
showed a crystal phase at room temperature and had a
crystal—smectic phase transition temperature of 87°C, a
smectic-nematic phase transition temperature of 91°C, and
a nematic-isotropic liquid phase transition temperature
of 110°C.

Composition (L) showed a nematic liquid
crystalline phase at room temperature (25°C) and had a
nematic-isotropic liquid phase transition temperature of
64°C. Composition (L) began to precipitate crystals
within 15 minutes.

Composition (M) was prepared from 99 parts of the
composition (L) and 1 part of a photopolymerization

initiator Irgacure 651. This composition showed a
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nematic phase at room temperature, had a nematic-
isotropic liquid phasé transition temperature of 60°C,
and began to precipitate within 15 minutes.

Examples 3 to 13 in comparison with Comparative
Example 1 prove that the polymerizable liquid crystal
compositions comprising the compound of formula (I} and
the polymerizable liquid crystal compositions comprising
the compound of formula (I) and the compound of formula
(II) have a low under limit temperature of liquid

crystalline phase and hardly precipitate into crystals.

EXAMPLE 14

Preparation of optically anisotropic medium - 1:

Composition (J)} prepared in Example 11 was filled
into a glass cell for antiparallel alignment (a cell for
uniaxial alignment of liquid crystals) having a gap of
50 ym at room temperature. After the completion thereof,
uniform uniaxial alignment was confirmed. The
composition in the cell was irradiated with UV rays of
1 mW/cm® for 10 minutes by use of an ultraviolet lamp
UVGZ—ZS, supplied by Ultraviolet Inc., at room
temperature (25°C), whereupon the composition (J)}
polymerized to make an optically anisotropic medium. The
resulting medium had different refractive indices

according to the direction of incident light, verifying
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the functionality as an optically anisottropic material.
The optically anisotropic medium as in the glass cell
had a haze of 1.8%. The optically anisotropic medium
.taken apart from the glass cell was subjected to a heat
resistance'test. It was confirmed that the orientation

is not disturbed even at 150°C.

EXAMPLE 15

Preparation of optically anisotropic medium - 2:

Composition (K) prepared in Example 12 was filled
into a glass cell for antiparallel alignment having a
gap of 50 pm at room temperature. After the completion
thereof, it was confirmed that uniform uniaxial
alignment was created rapidly. The composition in the

2

cell was irradiated with UV rays of 1 mW/cm® for

10 minutes by use of UVGL-25 at room temperature (25°C),
whereupon the composition (K) polymerized to make an
optically anisotropic medium. The resulting meédium had
different refractive indices according to the direction
of incident light, verifying the functionality as an
optically anisotropic material. The optically
anisotropic medium as in the glass cell had a haze of
1.7%. The optically anisotropic medium taken apart from

the glass cell was subjected to a heat resistance test.
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It was confirmed that the orientation is not disturbed

even at 150°C.

COMPARATIVE EXAMPLE 2

Preparation of optically anisotropic medium:

Composition (M} prepared in Comparative Example 1
was filled into a glass cell for antiparallel alignment
having a gap of 50 pm at room temperature. After the
completion thereof, uniform uniaxial alignment was
confirmed. The composition in the cell was irradiated
with UV rays of 1 mW/cm® for 10 minutes by use of UVGL-25
at room temperature (25°C), whereupon the composition (M)
polymerized to make an optically anisotropic medium. The
resulting medium had different refractive indices
according to the direction of incident light, verifying
the functionality as an optically anisotropic material.
However, the optically anisotropic medium as in the
glass cell had a haze of 13.5%, indicating poor
transparency.

It is seen from Examples 14 and 15 and
Comparative Example 2 that the opticallj anisotropic -
media prepared from the polymerizable liquid crystal
compositions of the present invention have a small haze

and exhibit high transparency.
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The polymerizable liquid crystal compositions
comprising the polymerizable compound of formula (I) of
the invention and the compound of formula (II) have a
low under limit iemperature of liquid crystalline phase
and hardly precipitaté. Optically anisotropic media
obtained by orienting the polymerizable liquid crystal
composition of the invention and polymerizing while
maintaining the oriented state have a small haze and
excellent transparency. Therefore, the polymerizable
compound of the invention and the polymerizable liquid
crystal composition comprising the same are useful for
the production of optically anisotropic media, such as
wave plates and optical low pass filters.

While the invention has been deécribed in detail
and with reference to specific examples thereof, it will
be apparent to one skilled in the art that various
changes and modifications can be made therein without

departing from the spirit and scope thereof.
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WHAT IS CLAIMED IS: ”""IJ’HI[”“JI"I]S”” l

*

1. A polymerizable compound represented by

formula {(I):

0 | 0
: i i
CHy=C~CO{ CHz) X* L! L xz—écnzz- OC—C=CH,
1 L2
Q ) Q
v Y Y

wherein Q! and Q? each independently represent a hydrogen
atom or a methyl group; p and g each independently
represent an integer of 2 to 18; X' and X% each
independently represent a single bond, -0-, -CO0- or -
oco-; L! represents -CO00- or -0CO-; L2 represents ;
CH,CH,COO- or -CH,CH,0CO-; and Y!, Y? and Y? each
independently represent a hydrogen atom, an alkyl group
having 1 to 7 carbon atoms, an alkoxy group having 1 to
7 carbon atoms, an alkanoyl group having 2 to 7 carbon

atoms, a cyano group or a halogen atom.

2. A polymerizable liquid crystal composition
for producing an optically anisotropic medium,.which
comprises:

a polymerizable compound represented by formula

{I):
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R

0 o)
il I
CHy=C—CO-{CH} X" L 12 X*{CH,}- 0C—C=CH,
0, [, (I)
Q Q .
Y! Y? Y :

wherein Q' and Q? each independently represent a hydrogen
atom or a methyl group; p and g each independently
represent an integer of 2 to 18; X! and X? each
independently represent a single bond, -0-, -COO- or -
0CO-; L' represents -COO- or -0CO-; L? represents -
CH2CH2CO0- or -CH,CH,0CO-; and Y!, Y2 and Y® each
independently represent a hydrogen atom, an alkyl group
having 1 to 7 carbon atoms, an alkoxy group having 1 to
7 carbon atoms, an alkanoyl group having 2 to 7 carbon
atoms, a cyano group or a halogen atom; and

a compound represented by formula (II):

O
CHy= Icgo(—CHf}rxLBl—L-”—éBz— LB —Xx*—7! (1)
Q® .
wherein Q° represents a hydrogen atom or a methyl group;
X3 represents a single bond or -0-; X' represents a
single bond, -0-, -0CO-, -CO0- or -CH=CH-C00-; B!}, B? and
B®> each independently represent a 1,4-phenylene group, a
1,4-phenylene group in which one CH group or not
adjoining two CH groups thereof are displaced with a
nitrogen atom, a 1,4-cyclohexylene group, a 1,4-

cyclohexylene group in which one CH, group or not
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R 0 o

adjoining two CH3 groups thereof are displaced with an
oxygen atom or a sulfur atom, a 1,4-cyclohexenylene
_group, or a 1,4-cyclohexenylene group in which one CH
group or not adjoining two CH; groups thereof are
displaced with an oxygen atom or a sulfur atom, and B!,
B® and B? each may have one or more substituents selected
from an alkyl group having 1 to 7 carbon atoms, an
alkoxy group having 1 to 7 carbon atoms, an alkanoyl
group having 2 to 7 carbon atoms, a cyano group, and a

halogen atom; IL? and L* each independently represent a

single bond, -CHCHy-, -CH,0-, -OCH,-, -CO0-, -0CO-, -C=C-,

-CH=CH-, ~CF=CF-, -(CHy}4—, -CHyCH,CH,0-, =-OCH,CH,CHz-, -
CH=CH-CH3CH;~, -CH,CHy;—-CH=CH-, —-CH=CH-COO- or -OCO;CH=CH—;
z! represents a hydrogen atom, a halogen atom, a cyano
group, an alkyl group having 1 to 20 carbon atoms or an
alkenyl group having 2 to 20 carbon atoms, wherein one
or more CH groups of the alkyl group or the alkenyl
group may be displaced with -0-, -CO-, -C00-, -0CO- or -
0C00-, provided that the displacement does not make an

0-0 bond; r represents 0 or an integer of 1 to 18; and s

represents 0 or 1.

3. The polymerizable liquid crystal composition

according to claim 2,
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R

wherein said compound represented by formula (I)

is a compound represented by the following formula:

- CH2=CHCOO(CHﬂpO—@-COO—@—CHQCHZ-OOC-Q—O(CHz)qOOCCH=CH2

wherein p and g each independently represent an integer
of 3 to 8, and
wherein said compound represented by formula (II)

is a compound represented by formula (III):
CHz=CCO R!
T O~ (III)

wherein Q°® represents a hydrogen atom or a methyl group:;
and R! represents an alkyl group having 1 to 10 carbon

atoms, or a compound represented by formula {(IV):
CHx=CCO = 2
Fla 0—<>-c c—@-n (IV)
Q

wherein Q® represents a hydrogen atom or a methyl group:
and R? represents an alkyl group having 1 to 10 carbon

atoms.
4. An optically anisotropic medium obtained by

orienting a polymerizable liquid crystal composition

according to claim 2 in its liquid crystal state and
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polymerizing the oriented composition with active energy

ray irradiation while maintaining the oriented state.
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