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(57) ABSTRACT 

A polymeriZable liquid crystal composition containing com 
pounds represented by the formula (1-1) and the formula 
(1-2), compounds represented by the formula (2-1) and the 
formula (2-2), and a compound represented by the formula 
(3-1): 

(1-1) 

0 

(1-2) 

0 

(Z- 1) 
W3 

(3-1) 

W7 

O 

the polymeriZable liquid crystal composition having 
homogeneous, homeotropic, or hybrid alignment, Which can 
be coated on a support substrate, for example, of a transpar 
ent plastic ?lm such as a triacetyl cellulose ?lm or cycloole 
?n polymer ?lm, or glass, and is aligned on a substrate as a 
polymer ?lm While maintaining the alignment. 

32 Claims, 1 Drawing Sheet 
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POLYMERIZABLE LIQUID CRYSTAL 
COMPOSITION AND POLYMER THEREOF 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority under 35 U.S.C. § 119 to 
Japanese Patent Application No. JP 2005-169337, ?led Jun. 
9, 2005 and Japanese Patent Application No. 2006-118810, 
?led Apr. 24, 2006, Which applications are expressly incor 
porated herein by reference in their entirety, 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention concerns a compound having 4C(CF3)2i 
(hexa?uoroisopropylidene) or iSOZi (sulfonyl), a poly 
merizable liquid crystal composition containing the same, a 
polymer obtained from the composition, and application use 
thereof. 

2. Description of the Related Art 
It has been known that a polymer having optical aniso 

toropy is obtained by polymerizing a polymerizable com 
pound When it has liquid crystallinity (as disclosed in JP-A 
No. 2001-55573). This is because the alignment of liquid 
crystal molecules is ?xed by polymerization. An example of 
such a compound is a liquid crystal compound having 
-OCOCH:CH2 (disclosed in JP-A No. 2001-154019). A 
liquid crystal compound polymerized at a room temperature 
under irradiation of UV-light has also been known (disclosed 
in JP-A No. 2005-60373). Such a polymerizable liquid crys 
tal compound copolymerizes With a polymerizable com 
pound not having liquid crystallinity. The non-liquid crystal 

20 

25 

30 

35 

2 
compound has a role of controlling the characteristics of the 
obtained copolymer. Accordingly, development of the poly 
merizable non-liquid crystal compound is important for 
obtaining a polymer having an appropriate optical isomer 
1sm. 

SUMMARY OF THE INVENTION 

The invention provides a polymerizable liquid crystal 
composition that can be coated on a support substrate, for 
example, a transparent plastic ?lm such as a triacetyl cellu 
lose ?lm or cycloole?n polymer ?lm, or glass, and has an 
alignment property such as homogeneous, homeotropic, or 
hybrid alignment. The invention also provides a ?lm formed 
by aligning and polymerizing a polymerizable liquid crystal 
composition on a substrate While keeping the alignment as it 
is. The invention further provides a polymer ?lm capable of 
satisfying a plurality of characteristics including, for 
example, having optical anisotoropy, colorless transparency, 
loW photoelasticity, less peeling property from a support 
substrate, su?icient hardness, high heat resistance, high light 
fastness, etc. Furthermore, the invention provides a polymer 
izable compound capable of stabilizing alignment and 
obtaining a coating ?lm With less alignment defects by add 
ing to a polymerizable liquid crystal composition. 
The invention includes (i) a polymerizable liquid crystal 

composition containing at least one compound selected from 
the group of compounds represented by the formula (1-1) 
and the formula (1-2) as a ?rst ingredient, at least one com 
pound selected from the group of compounds represented by 
the formula (2-1) and the formula (2-2) as a second 
ingredient, and at least one compound selected from the 
group of compounds represented by the formula (3-1) as a 
third ingredient, (ii) a polymer obtained by polymerizing the 
composition, (iii) the application use of the polymer, and (iv) 
polymerizable compounds represented by the formula (7), 
(8), (9), (10), and (11): 

(1-1) 

0 

(1-2) 

O 

2 
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in Which, Y1 and Y2 each represents independently a single 
bond, i(CH2)2i or iCH:CHi, W1 and W2 each repre 
sents independently hydrogen or ?uorine, ml, m2, n1, and 112 
each represents independently an integer of from 2 to 15 in 
the formula (1 -1) and the formula (1-2); W3 represents 
hydrogen or ?uorine, W4 and W5 each represents indepen 
dently hydrogen or methyl, W6 represents hydrogen or 
methyl, X1 represents a group represented by iOi or the 
formula Gil-2), 

(XI-2) 

and m3, m4, n3 and 114 each represents independently an 
integer of from 2 to 15 in the formula (2-1) and the formula 
(2-2); Rl represents cyano, tri?uoromethoxy, alkyl of 1 to 10 
carbon atoms, or alkoxy of 1 to 10 carbon atoms, W7 repre 
sents hydrogen or ?uorine, X2 represents a single bond, 
iCOOi, or 4OCOi, and m5 represents an integer of 
from 2 to 15 in the formula (3-1). 
The invention provides a polymerizable liquid crystal 

composition containing a non-liquid crystal polymerizable 
compound. When the composition is coated on a substrate, it 
exhibits alignment such as homeotropic, homogeneous or 
hybrid alignment. The polymer obtained from the composi 
tion satis?es a plurality of characteristics such as having 
optical anisotoropy, colorless transparency, loW 
photoelasticity, less peeling property from support substrate, 
suf?cient hardness, high heat resistance, high light fastness, 
etc. The invention provides a compound having polymeriz 
ability and not having liquid crystallinity. The compound 
satis?es a plurality of characteristics including easy poly 
merizability even at room temperature, easy 
photopolymerizability, high solubility to solvent, colorless, 
chemical stability, good compatibility With polymerizable 
liquid crystal compound, good Wettability With the support 
substrate, etc. The compound stabilizes the polymerizable 
liquid crystal composition to Which the compound is added 
for a long time and, further, controls the alignment of liquid 
crystal molecules. The compound has an appropriate bal 
ance With respect to the plurality of characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of this speci?cation, illustrate 
embodiments of the invention and together With the descrip 
tion serve to explain the principles of the invention. In the 
draWings: 
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(3-1) 

FIG. 1 shoWs homogeneous alignment, Which is a result 
of measuring retardation of a polymer ?lm (F-l) obtained in 
Example 17; and 

FIG. 2 shoWs homeotropic alignment, Which is a result of 
measuring retardation of a polymer ?lm (F-6) obtained in 
Example 22. 

DETAILED DESCRIPTION OF THE INVENTION 

Reference Will noW be made in detail to the preferred 
embodiments of the invention. This invention may, hoWever, 
be embodied in many different forms and should not be 
construed as limited to the embodiments set forth herein. In 
addition and as Will be appreciated by one of skill in the art, 
the invention may be embodied as a method, system or pro 
cess. 

The terminology in the speci?cation is as described 
beloW. The liquid crystal compound is a general term for 
compounds having a liquid crystal phase and compounds not 
having the liquid crystal phase but useful as an ingredient for 
liquid crystal compositions. The liquid crystal phase 
includes a nematic phase, smectic phase, cholesteric phase, 
etc. and often means the nematic phase. The polymerizabil 
ity means an ability of a monomer Which is polymerized by 
light, heat, catalyst or like other to form a polymer. The 
compound represented, for example, by the formula (1-1) 
may sometimes be expressed, for example, as a compound 
(1-1). The term “% by Weight” for the polymerizable com 
pound is a ratio based on the entire Weight of the polymeriz 
able compound contained in the composition. The term “% 
by Weight” for the additive is a ratio based on the entire 
Weight of the polymerizable composition. 
A polymer obtained from a polymerizable liquid crystal 

compound has optical anisotoropy. This is because the align 
ment of liquid crystal molecules is ?xed by polymerization. 
We have found that by adding the compound (1 -1), the com 
pound (1-2), the compound (5-1), or the compound (5-2) 
Which is a non-liquid crystal polymerizable compound to a 
polymerizable liquid crystal composition, alignment of the 
polymerizable liquid crystal composition is stabilized to 
obtain a polymerizable liquid crystal coating ?lm With no 
alignment defects and that When the coating ?lm is 
polymerized, polymerization proceeds While ?xing the 
alignment of the liquid crystal molecules to obtain an opti 
cally anisotoropic ?lm With no alignment defects. Further, as 
a result of revieWing the molecular structure of the non 
liquid crystalline polymerizable compound, We have found a 
compound excellent in compatibility With a polymerizable 
liquid crystal composition and, further, capable of stabiliz 
ing the polymerizable liquid crystal composition to Which 
the compound is added for a long time and have accom 
plished the invention, including: 
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(1 ) A polymeriZable liquid crystal composition containing 
at least one compound selected from the group of com 
pounds represented by the formula (1-1) and the formula 
(1-2) as a ?rst ingredient, at least one compound selected 
from the group of compounds represented by the formula 
(2-1) and the formula (2-2) as a second ingredient, and at 
least one compound selected from the group of compounds 
represented by the formula (3-1) as a third ingredient, 

6 
4COOi, or 4OCOi, and m5 represents an integer of 
from 2 to 15 in the formula (3-1). 

(2) A polymeriZable liquid crystal composition according 
to (1) described above, Wherein the second ingredient is at 
least one compound selected from the group of compounds 
represented by the formula (2-1), the ratio of the ?rst ingre 
dient is Within a range from approximately 1% to approxi 
mately 25% by Weight, the ratio of the second ingredient is 

(1-1) 

W7 

O 

in Which Y1 and Y2 each represents independently a single 
bond, i(CH2)2i or CH:CHi, W1 and W2 each repre 
sents independently hydrogen or ?uorine, ml, m2, n1, and n2 
each represents independently an integer of from 2 to 15 in 
the formula (1 -1) and the formula (1-2); W3 represents 
hydrogen or ?uorine, W4 and W5 each represents indepen 
dently hydrogen or methyl, W6 represents hydrogen or 
methyl, X1 is a group represented by iOi or the folloWing 
formula Gil-2), 

(XI-2) 

and m3, m4, n3, and n4 each represents independently an 
integer of from 2 to 15 in the formula (2-1) and the formula 
(2-2); and R1 represents cyano, tri?uoromethoxy, alkyl of 1 
to 10 carbon atoms, or alkoxy of 1 to 10 carbon atoms, W7 
represents hydrogen or ?uorine, X2 represents a single bond, 

50 

5 m 

60 

65 

o 

| 
s 

(1-2) 

(Z-1) 

0 

(2-2) 

(3-1) 

Within a range from approximately 50% to approximately 
98% by Weight, and the ratio of the third ingredient is Within 
a range from approximately 1% to approximately 25% by 
Weight based on the polymeriZable liquid crystal composi 
tion; Y1 and Y2 each represents independently a single bond 
or i(CH2)2i, W1 and W2 each represents independently 
hydrogen or ?uoride, and ml, m2, n1, and n2 each represents 
independently an integer of from 2 to 10 in the formula (1 -1) 
and the formula (1-2); W3 represents hydrogen, W4 repre 
sents hydrogen, W5 represents methyl, and m3 and n3 each 
represents independently an integer of from 2 to 10 in the 
general formula (2-1); and X2 represents a single bond, 
4COOi, or iOCOi, W7 represents hydrogen, m5 repre 
sents an integer of from 2 to 10, and R1 represents cyano, 
alkyl of 2 to 8 carbon atoms, or alkoxy of 2 to 8 carbon 
atoms in the formula (3-1). 

(3) A polymeriZable liquid crystal composition according 
to (2) described above, Wherein the ratio of the ?rst ingredi 
ent is Within a range from approximately 7% to approxi 
mately 22% by Weight, the ratio of the second ingredient is 
Within a range from approximately 56% to approximately 
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86% by Weight, and the ratio of the third ingredient is Within 
the range from approximately 7% to approximately 22% by 
Weight based on the polymeriZable liquid crystal composi 
tion; Y1 and Y2 each represents independently a single bond 
or i(CH2)2i, W1 and W2 each represents hydrogen, and 
ml, m2, n1, and n2 each represent independently an integer 
of from 4 to 6 in the formula (1 -1) and the formula (1-2); W3 
represents hydrogen, W4 represents hydrogen, W5 repre 
sents methyl, and m3 and n3 each represents independently 
an integer of from 4 to 6 in the general formula (2-1); and X2 
represents a single bond, W7 represents hydrogen, m5 repre 
sents an integer of from 4 to 6, and R1 represents cyano in 
the formula (3-1). 

(4) A polymeriZable liquid crystal composition according 
to (1) described above, Wherein the second ingredient is at 
least one compound selected from the group of compounds 
represented by the formula (2-2), the ratio of the ?rst ingre 
dient is Within a range from approximately 1% to approxi 
mately 25% by Weight, the ratio of the second ingredient is 
Within a range from approximately 50% to approximately 
98% by Weight, and the ratio of the third ingredient is Within 
a range from approximately 1% to approximately 25% by 
Weight based on the polymeriZable liquid crystal composi 
tion; Y1 and Y2 each represents independently a single bond 
or i(CH2)2i, W1 and W2 each represents independently 
hydrogen or ?uoride, and ml, m2, n1, and n2 each represents 
independently an integer of from 2 to 10 in the formula (1 -1) 
and the formula (1-2); X1 is a group represented by iOi 
or the folloWing formula (XI-2), 

(XI-2) 

W6 represents hydrogen or methyl, m4 and n4 each repre 
sents independently an integer of from 2 to 10 in the formula 
(2-1); and X2 represents a single bond, iCOOi, or 
iOCOi, W7 represents hydrogen, m5 represents an inte 
ger of from 2 to 10, and R1 represents cyano, alkyl of 2 to 8 
carbon atoms, or alkoxy of 2 to 8 carbon atoms in the for 
mula (3-1). 

R3 o 

O KWCHWOQK O 
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(5) A polymeriZable liquid crystal composition according 

to (4) described above, Wherein the ratio of the ?rst ingredi 
ent is Within a range from approximately 7% to approxi 
mately 22% by Weight, the ratio of the second ingredient is 
Within a range from approximately 56% to approximately 
86% by Weight, and the ratio of the third ingredient is Within 
the range from approximately 7% to approximately 22% by 
Weight based on the polymeriZable liquid crystal composi 
tion; Y1 and Y2 each represents independently a single bond 
or i(CH2)2i, W1 and W2 each represents hydrogen, and 
ml, m2, n1, and n2 each represents independently an integer 
of from 4 to 6 in the formula (1 -1) and the formula (1 -2); W6 
represents methyl, X1 represents 40*, and m4 and n4 each 
represents independently an integer of from 4 to 6 in the 
general formula (2-2); and X2 represents a single bond, W7 
represents hydrogen, m5 represents an integer of from 4 to 6, 
and R1 represents cyano in the formula (3-1). 

(6) A polymeriZable liquid crystal composition containing 
a polymeriZable liquid crystal composition according to any 
one of (1) to (5) described above and a silane coupling agent 
represented by the folloWing formula (4), 

(4) 
0R4 

Wherein the ratio of the polymeriZable liquid crystal compo 
sition to the silane coupling agent is Within a ration range 
from approximately 100:1 (by Weight) to approximately 
100:10 (by Weight), and R4 represents methyl or ethyl, and 
n8 represents an integer of from 1 to 5 in the formula (4). 

(7) A polymeriZable liquid crystal composition containing 
at least one compound selected from the group of com 
pounds represented by the formula (5-1) and the formula 
(5-2) as a ?rst ingredient, at least one compound selected 
from the group of compounds represented by the formula 
(6-1) and the formula (6-2) as a second ingredient, and at 
least one compound selected from the group of compounds 
represented by the formula (7-1) as a third ingredient, 

(5-1) 

(5-2) 

(6-1) 
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-continued 

in Which R2 and R3 each represents independently methyl or 
ethyl, Y3 and Y4 each represents independently a single 
bond, i(CH2)2i or iCH:CHi, W8 and W9 each repre 
sents independently hydrogen or ?uorine, Q1 and Q2 each 
represents a single bond, 4Oi(CH2),1i, or i(CH2),li 
0*, rl represents an integer of from 1 to 15 in the formula 
(5-1) and the formula (5-2); W10 and W11 each represents 
independently hydrogen or methyl, m6, m7, n6, and n7 each 
represents independently an integer of from 2 to 15 in the 
formula (6-1) and the formula (6-2); X3 represents a single 
bond, 4COOi, or 4OCOi, R5 represents cyano, alkyl of 
2 to 8 carbon atoms, or alkoxy of 2 to 8 carbon atoms, and 
m8 represents an integer of from 2 to 15 in the formula (7-1). 

(8) A polymeriZable liquid crystal composition according 
to (7) described above, Wherein the ?rst ingredient is at least 
one compound selected from the group of compounds repre 
sented by the general formula (5-1), and the second ingredi 
ent is at least one compound selected from the group of 
compounds represented by the general formula (6-1), the 
ratio of the ?rst ingredient is Within a range from approxi 
mately 1% to approximately 20% by Weight, the ratio of the 
second ingredient is Within a range from approximately 60% 3 
to approximately 98% by Weight, and the ratio of the third 
ingredient is Within a range from approximately 1% to 
approximately 20% by Weight based on the polymeriZable 
liquid crystal composition; R2 represents methyl or ethyl, Y3 
represents a single bond or i(CH2)2i, W8 represents 
hydrogen or ?uorine, Ql represents a single bond, iOi 

25 

30 

(6-2) 

(7-1) 

(9) A polymeriZable liquid crystal composition according 
to (8) described above Wherein the ratio of the ?rst ingredi 
ent is Within a range from approximately 7% to approxi 
mately 20% by Weight, the ratio of the second ingredient is 
Within a range from approximately 60 to approximately 86% 
by Weight, and the ratio of the third ingredient is Within a 
range from approximately 7% to approximately 20% by 
Weight based on the polymeriZable liquid crystal composi 
tion; R2 represents ethyl, Y3 represents a single bond, W8 
represents hydrogen, and Q1 represents a single bond in the 
formula (5-1); W10 and W11 each represents independently 
hydrogen or methyl, m6 and n6 each represents indepen 
dently an integer of from 4 to 6 in the formula (6-1); and X3 
represents a single bond, R5 represents cyano, and m8 repre 
sents an integer of from 2 to 4 in the formula (7-1). 

(10) A polymer obtained by polymeriZing the polymeriZ 
able liquid crystal composition according to any one of (1) to 
(9) described above. 

(11) A polymer ?lm having optical anisotoropy obtained 
by polymerizing the composition according to any one of (1) 
to (9) described above. 

(12) Use of the polymer ?lm having the optical aniso 
toropy according to (11) described above as a phase differ 
ence plate. 

(13) A liquid crystal display device using the polymer ?lm 
having optically anisotoropy according to (12) described 
above. 

(14) A compound represented by the formula (7): 

(7) 

(CH2),l-, or i(CH2),1-Oi, rl represents an integer of from 
1 to 10 in the formula (5-1); W10 and W11 each represents 
independently hydrogen or methyl, m6, and n6 each repre 
sents independently an integer of from 2 to 10 in the formula 

in Which Y5 represents 4CH2CH2i, or 4CH:CHi, and 
m8 and n8 each represents independently an integer of from 
2 to 15 in the formula (7). 

(15) A compound represented by the formula (8): 

(3) 
F CFs F 

— {woo — ‘>iO1-CHZWO i123 O-(-CH2mO‘<i 
O O O 0 

(6-1); and X3 represents a single bond, R5 represents cyano, 
and m8 is an integer of from 2 to 10 in the formula (7-1). 

65 

in Which m9 and n9 each represents independently an integer 
of from 2 to 15 in the formula (8). 
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(16) A compound represented by the formula (9): 

(9) 

in Which Y6 represents 4CH2CH2i, or iCH:CHi, and (20) A compound according to (19) described above, 
In10 and n10 each represents independently an integer of Wherein R8 represents ethyl, A5 represents 1,4-phenylene, 
from 2 to 15 in the formula (9). Y8 represents a single bond, and Q4 represents a single bond 

(17) A compound represented by the formula (10): in the formula (11). 

(10) 

C113 

in Which R7 represents hydrogen, methyl, or ethyl, A4 repre- 35 (21) A compound according (19) described above, 
SeIlIS 1,4-pheny1ene, 2-?uoro-L4-phenylene, 3-?110r0-1,4- Wherein R8 represents methyl, or ethyl, A5 represents 1,4 
Phenylene, n§Phtha1ene'2,6'diy1 or Pyridine-2,5-diy1, Y7 phenylene, Y8 represents a single bond, Q4 represents iOi 
represents a Smgle bond’ 4CH2CH2i, or ‘CHICHi, (CH2)r3- or i(CH2)r3-Oi, and r3 represents an integer of 
Q represents a single bond, 4Oi(CH2)r2- or i(CH2)r2- from 1 to 10 in the formula (11)' 
0*, and r2 represents an integer of from 1 to 15 in the 
formula (10)' 40 The polymeriZable composition of the invention can be 

(18) A Compound according to (17) described above, classi?ed into ?ve groups of compositions depending on the 
Wherein R7 represents methyl or ethyl, A4 represents 1,4- klnd Ofthe group of the Compounds Consmunng the 5ame~ 
phenylene, Y7 represents a single bond, and Q3 represents a The ?rst composition group (hereinafter sometimes 
single bond in the formula (10). referred to as “MIX1”) is a polymeriZable liquid crystal 

(19) A compound represented by the formula (11): composition containing at least one compound selected from 

(11) 

‘i 

(I; Rs 0 0 Rs 

in Which R8 represents hydrogen, methyl, or ethyl, A5 repre- 60 the group of compounds represented by the formula (1-1) 
sents 1,4-phenylene, 2-?uoro-1,4-phenylene, 3-?uoro-1,4- and the formula (1-2) as a ?rst ingredient, at least one com 
phenylene, naphthalene-2,6-diyl or pyridine-2,5-diyl, Y8 pound selected from the group of compounds represented by 
represents a single bond, 4CH2CH2i, or 4CH:CHi, the formula (2-1) and formula the (2-2) as a second 
Q4 represents a single bond, iOi(CH2)r3- or i(CH2)r3- 65 ingredient, and at least one compound selected from the 
0*, and r3 represents an integer of from 1 to 15 in the group of compounds represented by the formula (3-1) as a 
formula (1 1). third ingredient. 
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MlXl 

o o 

(1-1) 

o o 

(1-2) 

0 

(2-1) 

W6 

_ _ 

VWHH‘QK @X‘WWWF O O O 0 

(2-2) 

W7 

0 

(3-1) 

The second composition group (hereinafter sometimes at least one compound selected from the group of com 
referred to as “MIX2”) is a polymeriZable liquid pounds represented by the formula (2-1) as a second 
crystal composition containing at least one compound ingredient, and at least one compound selected from the 
selected from the group of compounds represented by the 50 group of compounds represented by the formula (3-1) as a 
formula (1-1) and the formula the (1-2) as a ?rst ingredient, third ingredient. 

MIXZ 

0 

(1-1) 

0 

(1-2) 
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W7 

0 

(3-1) 

The third composition group (hereinafter sometimes 
referred to as “MIX3”) is a polymeriZable liquid crystal 
composition containing at least one compound selected from 
the group of compounds represented by the formula (1-1) 
and the formula the (1-2) as a ?rst ingredient, at least one 
compound selected from the group of compounds repre 
sented by the formula (2-2) as a second ingredient, and at 
least one compound selected from the group of compounds 
represented by the formula (3-1) as a third ingredient. 

W1 CF3 W1 

— ootoo a>io+cnzmo Yl~< i133 )iYl 
o o o 

(2-1) 

R1 

20 

25 

The fourth composition group (hereinafter sometimes 
referred to as “MIX4”) is a polymeriZable liquid crystal 
composition containing at least one compound selected from 
the group of compounds represented by the formula (5-1) 
and the formula the (5-2) as a ?rst ingredient, at least one 
compound selected from the group of compounds repre 
sented by the formula (6-1) and the formula (6-2) as a sec 
ond ingredient, and at least one compound selected from the 
group of compounds represented by the formula (7-1) as a 
third ingredient. 

MIX3 

0 

(1-1) 

0 

0-2) 

(2-2) 

W7 

0 

(3-1) 
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(6-2) 

(7-1) 

The ?fth composition group (hereinafter sometimes 
referred to as “MIX5”) is a polymeriZable liquid crystal 
composition containing at least one compound selected from 
the group of compounds represented by the formula (5-1) as 
a ?rst ingredient, at least one compound selected from the 
group of compounds represented by the formula (6-1) as a 
second ingredient, and at least one compound selected from 
the group of compounds represented by the formula (7-1) as 
a third ingredient. 

(6-1) 

40 

45 

First, description is to be made for the polymeriZable liq 
uid crystal composition comprising a compound having an 
acryloyloxy group. MlXl, MIX2, and MIX3 shoW liquid 
crystallinity and have polymeriZability. The polymeriZable 
liquid crystal compositions may further contain additives 
such as polymeriZation catalysts, sensitiZers, ?ne particles, 
solvents, polymeriZation initiators, UV-absorbents, anti 
oxidants, surfactant, silane coupling agents and non-liquid 
crystal poly-functional monomers. 

MIXS 

(5-1) 
W10 W11 

0 

O KHWOQK 0 
(6-1) 
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(7-1) 

The ?rst ingredient used for M1Xl, M1X2, and M1X3 is a 
non-liquid crystalline polymeriZable compound. The ?rst 
ingredient is a compound represented by the formula (1-l) or 
the formula (l-2). The compound has a core structure of 
iPhiC(CF3)2iPhi or iPhisOziPhi. Ph repre 
sents 1,4-phenylene. Both of the skeletons have a strong 
electron attracting groups. Accordingly, it is expected that 
they can control the alignment of the liquid crystal mol 
ecules since they have a large dipole moment. Further, since 
the compounds have a ?exed molecular structure, it is esti 
mated that the ability of controlling the alignment is 
increased. It seems that the compound having iPhiC 
(CF3)2iPhihas better compatibility With other polymeriZ 
able compounds compared With the compound having 
iPhiSO2iPhi. The compound having iPhi 
SO2Phi can be synthesized relatively inexpensively com 

0 

20 

pared With the compound having iPhiC(CF3)2iPhi. 
As the compound having the ?exed structure, compounds 
not having polymeriZable groups are disclosed in Molecules, 
5, 383 (2000), and Chem. Mater., 15, 3443 (2003). Further, 
the compound having the polymeriZable group is disclosed 
in EP No. 703287. HoWever, this is not a compound synthe 
siZed With an aim of controlling the alignment by addition to 
the polymeriZable liquid crystal composition. 

In the compound (l-l) and the compound (1 -2) having the 
acryloyloxy groups on both terminal ends, Y1 and Y2 each 
represents independently a single bond, iCH2)2i, or 
4CH:CHi, W1 and W2 represents independently hydro 
gen or ?uorine, ml, m2, n1, and 112 each represents indepen 
dently an integer of from 2 to 15. Among them, preferred 
compounds are illustrated beloW. 

(1-1-5) 

0 

(1-1-6) 

(1-1-7) 

0 

(1-1-8) 

0 

(1-1-9) 

(1-1-10) 
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(1-1-11) 
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(1-2-5) 
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OHSHO 41 
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WOWOKjRZQ 
0 

Then, the synthesis method for the compounds are to be 
described. The compounds used in the invention can be syn 
thesiZed by properly combining the synthesis methods in 
“Organic Chemistry” described, for example, by Houben 
Wyle, METHODEN DER ORGANISCHEN CHEMIE (George Thi 
eme Verlag, Stuttgart), Organic Reactions (John Wily & 

Scheme 1: Synthesis ofcoInpound (l-l) 

O m=O 

15 

Q: 
(1-2-14) 

O 

The second ingredient is a compound having tWo acryloy 
loxy groups and shoWing a liquid crystal phase. The second 
ingredient is represented by the formula (2-1) or the formula 
(2-2). The compound shoWs the liquid crystal phase in a 
Wide temperature range. The temperature for the NI point 
(nematic 

TF3 
CE3 

[3] 

Sons Inc.), Organic Syntheses (John Wily & Sons, Inc.), 
COMPREHENSIVE ORGANIC SYNTHESIS (Pergamon Press) and 

NEW EXPERIMENTAL CHEMISTRY CoURsE (MaIuZen). 

The compounds (1-1) or compound (1-2) of the invention 
are synthesized as described beloW. The carboxylic acid 

derivative having iOCOCH:CH2 [b-l] is synthesiZed in 
accordance With the method described in Polymer Journal, 
Vol. 35, No. 2, 160-66 (2003). The method of forming the 
diester is disclosed in JP-A No. 2003-277359 (cols. 0040 
0053). Description is to be provided While illustrating the 
synthesis scheme of the compound. 
Scheme 1 illustrates the synthesis for the compound (1-1). 

The compound (1-1) is synthesiZed by esteri?cation of 2,2 
bis(4-hydroxyphenyl)-hexa?uoro propane [a] and 2 equiva 
lent amount of an acid derivative [b-l]. For synthesiZing the 
compound (1-2), the same esterifying reaction is carried out 
by using the folloWing 2,2-bis(4-hydroxyphenyl)sulfone [S]: 

instead of 2,2-bis(4-hydroxyphenyl)-hexa?uoropropane [a]. 

[S] 

O 

40 

45 

50 

55 

60 

65 

phase-isotropic phase transition point) of the polymeriZable 
liquid crystal composition of the invention is controlled by 
controlling the amount of the compound. 

In the compound (2-1) and the compound (2-2) having the 
acryloyloxy group on both terminal ends, W3 represents 
hydrogen or ?uorine, W4 and W5 each represents indepen 
dently hydrogen or methyl, W6 represents hydrogen or 
methyl, X1 is a group represented by -O- or the folloWing 
formula Gil-2): 

(XI-2) 

and m3 , m4, n3 , and n4 each represent independently an inte 
ger of from 2 to 15. 

At ?rst, preferred compound (2-1-1) to compound (2-1-8) 
among the compounds (2-1), are illustrated. 
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The compounds are synthesized by the method described 
in JP-A No. 2003-238491. 
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-continued 
(2-2-10) 

CH3 

_ _ 

O \H/ O O \H/ O 
O 0 

Among the compounds (2-2), preferred compound (2-2-1) 
to compound (2-2-10) are illustrated. 

The compound (2-2-1) and the compound (2-2-7) are syn 
thesiZed in accordance With the method described in Makro 

mol. Chem., 190, 3201-15 (1998). The compound (2-2-9) 
and the compound (2-2-10) are synthesized according to the 
method described in WO97/ 00600. 

The third ingredient is a compound having one acryloy 
loxy group. The group of the compounds may either shoW or 
not shoW the liquid crystal phase. The third ingredient is 
represented by the formula (3-1). The melting point of the 
compound is approximately 1000 C. or loWer. The com 
pound is used With an aim of controlling the melting point of 
the polymeriZable liquid crystal composition of the inven 
tion. 

In the compound (3-1) having an acryloyloxy group, R1 
represents cyano, tri?uoromethoxy, alkyl of 1 to 10 carbon 
atoms, or alkoxy of 1 to 10 carbon atoms, W7 represents 
hydrogen or ?uorine, X2 represents a single bond, 
iCOOi, or 4OCOi, and m5 represents an integer of 
from 2 to 15. Among them, preferred compound (3-3-1) to 
compound (3-1-7) among them are illustrated. 

(3-1-1) 

% 
(3-1-2) 

% 
(3-1-3) 

(3-1-4) 

CN @ 
(3-1-5) 

CN @ 
@K: 

@K: 

20 
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-continued 
(3-1-6) 

(3-1-7) 

The compound (3-1-1) to the compound (3-1-3) are syn 
thesiZed in accordance With the method as described in 

Macromolecules, 26, 6132-34 (1993). The compound (3-1 
4) to the compound (3-1-7) are synthesiZed in accordance 
With the method as described in Makromol Chem., 183, 
2311-21 (1982). 

In MlXl, MIX2, and MlX3, the respective content ratios 
of the ?rst ingredient, the second ingredient, and the third 
ingredient are not particularly restricted and it is preferred in 
the invention that the content ratio of the ?rst ingredient is 
Within a range from approximately 1% to approximately 
25% by Weight, the content ratio of the second ingredient is 
Within a range from approximately 50% to approximately 
98% by Weight and the content ratio of the third ingredient is 
Within a range from approximately 1% to approximately 
25% by Weight. Particularly preferably, the content ratio of 
the ?rst ingredient is Within a range from approximately 7% 
to approximately 22% by Weight, the content ratio of the 
second ingredient is Within a range from approximately 56% 
to approximately 86% by Weight and the content ratio of the 
third ingredient is Within a range from approximately 7% to 
approximately 22% by Weight. 
Among MlXl, MIX2, and MIX3 described above, MIX2 

and MIX3 tend to exhibit a homogeneous alignment. 
Further, When a silane coupling agent is added to MIX2 or 
MIX3, respective alignments can be changed into a homeo 
tropic alignment. 
The addition ratio of the silane coupling agent is, 

preferably, at a ratio of from approximately 1 to approxi 
mately 10 parts by Weight based on 100 parts by Weight of 
the polymeriZable liquid crystal composition. That is, it is 
preferred that the range of polymeriZable liquid crystal com 
pound: silane coupling agent equals approximately 100:1 to 
approximately 100:10 (Weight ratio). 
The silane coupling agent used in the invention is not 

particularly restricted and the silane coupling agent repre 
sented by the folloWing formula (4) is preferred: 
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(4) 
0R4 

OR4 

in Which, R4 represents methyl or ethyl and n8 represents an 
integer of 1 to 5 in the formula (4). 

Preferred compositions in the polymerizable liquid crystal 
composition of the invention are shoWn in Table 1. 

TABLE 1 

Second Third 
First Ratio Ingre- Ratio Ingre- Ratio 

Composition Ingredient (Wt %) dient (Wt %) dient (Wt %) 

MIX2 (1-1) or 1 to 25 (2-1) 50 to 98 (3-1) 1 to 25 
(1-2) 

MIX3 (1-2) or 1 to 25 (2-2) 50 to 98 (3-1) 1 to 25 
(1-2) 

In Table 1, MIX2 and MIX3 Were polymerized at a room 
temperature by irradiating UV-light or the like under the 
presence of a photoradical polymerization catalyst in a nitro- 2 
gen atmosphere. 

Homogenously Aligned MIX2 or MIX3 
MIX2 or MIX3 Was coated on a transparent support sub 

strate applied With a rubbing treatment. The support sub 
strate is a triacetyl cellulose ?lm applied With a saponi?ca 
tion treatment or a norbornene resin ?lm applied With a 
hydrophilic treatment. The hydrophilic treatment Was con 
ducted by corona treatment or plasma treatment. Alignment 
of liquid crystal molecules in the composition Was homoge 
neous. After adding from approximately 1% to approxi 
mately 15% by Weight of a photoradical polymerization 
catalyst based on the entire Weight of the polymerizable 
compound to the composition, by irradiating UV-light under 

0 

10 

15 

20 

34 
a nitrogen atmosphere, a polymer Was obtained easily. The 
polymer maintained alignment in the composition. 

Polymerizable Liquid Crystal Composition Aligned 
Homeotropically 

Aminopropyltriethoxy silane Was added to MIX2 or 
MIX3 such that the ratio of aminopropyltriethoxy silane Was 
from approximately 1 to approximately 10 parts by Weight 
based on 100 parts by Weight of the polymerizable com 
pound. The obtained composition Was coated on the support 
substrate not applied With the rubbing treatment. The align 
ment in the composition Was homeotropic. The alignment 
Was maintained also after polymerization in the same man 
ner described as in (1) above. Also in a case of coating on a 
glass substrate not applied With an alignment treatment, the 
alignment Was homeotropic. 

Then, MIX4 and MIXS are to be described. MIX4 com 
prises a compound having an oxetanyl group or an oxiranyl 
group as a polymerizable functional group. The composition 
exhibits liquid crystallinity and has polymerizability. The 
polymerizable liquid crystal composition may further con 
tain additives such as polymerization catalyst, sensitizing 
agent, ?ne particle, solvent, polymerization inhibitor, 
UV-absorbent, surfactant, silane coupling agent, non-liquid 
crystalline polyfunctional monomer, etc. 
The ?rst ingredient used for MIX4 and MIXS is a non 

5 liquid crystalline polymerizable compound. The ?rst ingre 
dient is a compound represented by the formula (5-1) or the 
formula (5-2). The compound has a core structure of -Ph 
C(CF3)2iPhi or iPhisOziPhi. Ph represents 1,4 
phenylene. The compounds have an ability of controlling 
and stabilizing the alignment. 

In the compounds (5-1) and (5-2), R2 and R3 each repre 
sents independently methyl or ethyl, Y3 and Y4 each repre 
sents independently a single bond, i(CH2)2i or 
4CH:CHi, W8 and W9 each represents independently 
hydrogen or ?uorine, Q1 and Q2 each represents indepen 
dently a single bond, 4Oi(CH2)r1- or i(CH2)r1-Oi, and 
r1 is an integer from 1 to 15. Preferred compounds among 
them are illustrated beloW. 

(5-2-6) 
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