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(57) ABSTRACT 

A liquid crystal composition is provided containing a first 
liquid crystal compound represented by formula (1): 

(1) 

O O O O 

and a second liquid crystal compound represented by for 
mula (2): 

(2) 

O O 

Also provided is a method for producing the liquid crystal 
composition having a desired wavelength dispersion char 
acteristic. 
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LIQUID CRYSTAL COMPOSITION 

BACKGROUND OF THE INVENTION 

0001 Field of the Invention 
0002 The present invention relates to a liquid crystal 
composition, an optical film, and a method for producing the 
optical film. 
0003. Description of the Related Art 
0004. A flat panel display device (FPD) includes a mem 
ber using an optical film Such as a polarizing plate and a 
retardation plate. Examples of the optical film include an 
optical film obtained by applying to a Supporting Substrate a 
Solution which is prepared by dissolving a polymerizable 
compound in a solvent, followed by polymerization. It is 
known that the retardation (Re(v)) of the optical film which 
light having a wavelength of W nm generates is determined 
by the product of a birefringence index An and a film 
thickness d (Re(v)=Anxd). Furthermore, it is known that the 
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requires repeated experiments. Furthermore, even if the 
synthesis is repeatedly conducted, such desirable compound 
may not be obtained in some cases. Therefore, it is not 
economically or technically easy to produce a film having a 
desired wavelength dispersion characteristic. 
0008. An object of the present invention is to provide a 
liquid crystal composition which yields a desired wave 
length dispersion characteristic. Another object of the pres 
ent invention is to provide a production method capable of 
easily producing Such liquid crystal composition. 

Means for Solving the Problem 

0009. The present invention provides the following pre 
ferred embodiments 1 to 18. 
1 A liquid crystal compound containing a liquid crystal 
compound (1) represented by formula (1) and a liquid 
crystal compound (2) represented by formula (2). 

(1) 

O 

(2) 

O 

wavelength dispersion characteristic is usually expressed as 
the value (Re(W)/Re(550)) obtained by dividing the retarda 
tion value Re(v) at a wavelength w by the retardation value 
Re (550) at 550 nm, and that uniform conversion of polar 
ized light is possible over the wavelength band where the 
quotient of (Re(s)/Re (550)) is near 1 or over the wavelength 
band which exhibits a reverse wavelength dispersion char 
acteristic satisfying the following relations: Re 450)/Re 
(550)<1 and Re(650)/Re(550)>1. 
0005 For example, LC242 (manufactured by BASF 
A.G.) is commercially available as the polymerizable com 
pound (Non Patent Literature 1). 

PRIOR ART DOCUMENTS 

Non Patent Literature 

0006 Non Patent Literature 1: Cordula Mock-Knob 
lauch, Olivier S. Enger, Ulrich D. Schalkowsky, “L-7 Novel 
Polymerisable Liquid Crystalline Acrylates fortheManufac 
turingof Jltrathin Optical Films, SID Symposium Digest of 
Technical Papers, 2006, vol. 37, p. 1673 

SUMMARY OF THE INVENTION 

Problems to be Solved 

0007. The wavelength dispersion characteristic of the 
optical film varies depending on the compounds which 
compose the film. Therefore, in order to produce an optical 
film having a desired wavelength dispersion characteristic, it 
is necessary to synthesize a compound which yields the 
desired wavelength dispersion characteristic. However, Syn 
thesis of a compound often involves too much labor and 

O 

wherein Ar is a divalent aromatic group, and at least one 
atom selected from the group consisting of a nitrogen atom, 
an oxygen atom and a Sulfur atom may be contained in the 
aromatic group; 
0010 G represents a divalent alicyclic hydrocarbon 
group, where a hydrogen atom contained in the alicyclic 
hydrocarbon group is optionally Substituted with a halogen 
atom, an alkyl group having 1 to 4 carbon atoms, a fluoro 
alkyl group having 1 to 4 carbon atoms, an alkoxy group 
having 1 to 4 carbon atoms, a cyano group or a nitro group, 
and —CH2— contained in the alicyclic hydrocarbon group 
is optionally substituted with —O— —S— or —NH : 
0011 B represents a single bond or a divalent linking 
group; 

0012. A represents a divalent alicyclic hydrocarbon 
group having 3 to 20 carbon atoms or a divalent aromatic 
hydrocarbon group having 6 to 20 carbon atoms, the hydro 
gen atom contained in the alicyclic hydrocarbon group and 
the aromatic hydrocarbon group is optionally substituted 
with an alkyl group having 1 to 4 carbon atoms optionally 
Substituted with a halogen atom, an alkoxy group having 1 
to 4 carbon atoms optionally substituted with a fluorine 
atom, a cyano group or a nitro group, —CH2— contained in 
the alicyclic hydrocarbon group is optionally substituted 
with -O-, -S-, or—NR'—, and —CH(-)-contained in 
the alicyclic hydrocarbon group may be substituted with 
—N(-)-; 
(0013 R' represents a hydrogen atom or an alkyl group 
having 1 to 4 carbon atoms; 
00.14 k represents an integer of 0 to 3, where when k is 
an integer of 2 or more, a plurality of AS and BS may be the 
same or different from each other; 



US 2017/O 1453 12 A1 

00.15 E represents an alkanediyl group having 1 to 17 
carbon atoms, where the hydrogen atom contained in an 
alkanediyl group is optionally substituted with a halogen 
atom, and —CH- contained in the alkanediyl group is 
optionally substituted with —O— or —CO—; and 
0016 P represents a polymerizable group. 
2 The liquid crystal composition according to 1, in which 
G, A, B, E, P and k in the formula (1) are the same as G, A, 
B, E, P and k in the formula (2), respectively. 
3 The liquid crystal composition according to 1 or 2, in 
which the optical film obtained by orienting the liquid 
crystal compound (i) exhibits a reverse wavelength disper 
sion characteristic. 
4 The liquid crystal composition according to any of 1 to 
3, in which the optical film obtained by orienting the liquid 
crystal compound (2) exhibits a positive wavelength disper 
sion characteristic. 
5 The liquid crystal composition according to any of 1 to 
4, in which the aromatic group in Ar has 10 to 30 L 
electrons. 
6. The liquid crystal composition according to any of 1 to 
5. in which the maximum absorption wavelength (W) of 
the liquid crystal compound (1) is from 300 to 400 nm. 
7. The liquid crystal composition according to any of 1 to 
6, in which the optical film obtained by orienting the liquid 
crystal composition has a degree of wavelength dispersion 
Re (450 nm)/Re(550 nm) of 0.65 or more and less than 1. 
8The liquid crystal composition according to any of 1 to 
7, in which Ar is an aromatic group having a heterocyclic 
ring. 
9The liquid crystal composition according to 8, in which 
the aromatic group having a heterocyclic ring is an aromatic 
group having a benzothiazole ring. 
10 The liquid crystal composition according to any of 1 

to 9. in which the content of the liquid crystal compound 
(2) in the liquid crystal composition is in the range of 0.1 to 
70 parts by mass relative to 100 parts by mass of the liquid 
crystal compound (1). 
11 An optical film comprising a polymer of the liquid 
crystal composition as defined in any of 1 to 10. 
12. The optical film according to (11), in which the retar 
dation value (Re(550)) at a wavelength of 550 nm is from 
113 to 163 nm. 
13 A circularly polarizing plate comprising the optical film 
as defined in 11 or 12 and a polarizing film. 
14 An organic electro-luminescence (EL) display device 
comprising an organic electro-luminescence panel contain 
ing the circularly polarizing plate as defined in 13. 
15 A method for producing a liquid crystal composition 
comprising a liquid crystal compound (1) represented by 
formula (1): 

Chem. 2 
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and a liquid crystal compound (2) represented by formula 
(2): 

Chem. 3 

(2) 

p-----0----0----- 
O O 

including a step of allowing an alcohol compound (3) 
represented by formula (3): 

Chem. 4 

and a dicarboxylic acid compound (4) represented by for 
mula (4): 

Chem. 5 

(4) 
HO-C-G-C-OH 

O O 

to react each other to thereby obtain a mixture containing a 
carboxylic acid compound (5) represented by formula (5): 

Chem. 6 

(5) 
P-E--B-A--O-G-G-G-OH 

O O 

and the liquid crystal compound (2). 
16. The method according to 15, including a step of 
allowing the mixture containing the carboxylic acid com 
pound (5) and the liquid crystal compound (2) to react with 
an alcohol compound (6) represented by formula (6): 

Chem. 7 

HO Air OH (6) 

to thereby obtain a liquid crystal composition containing 
liquid crystal compounds (1) and (2). 
17. The method according to 15 or 16, in which the 
amount of dicarboxylic acid compound (4) used is from 1 to 
50 moles, relative to 1 mole of the alcohol compound (3). 
18. The method according to any of 15 to 17, in which 
a reaction of the alcohol compound (3) and the dicarboxylic 
acid compound (4), and/or a reaction of the mixture con 
taining the carboxylic acid compound (5) and the liquid 
crystal compound (2) with the alcohol compound (6) is/are 
conducted in the presence of a condensing agent. 

(1) 

p-i-ti-aro----0--0---------- 
O O O 
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Effect of the Invention 

0017. According to the present invention, it is possible to 
provide a liquid crystal composition which yields a desired 
wavelength dispersion characteristic. Further, according to 
the present invention, it is possible to provide a production 
method capable of easily producing such liquid crystal 
composition. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

<Liquid Crystal Compound> 
0018. The liquid crystal composition of the present 
invention contains a liquid crystal compound (1) represented 
by formula (1): 

Chem. 8 

P-E--B-A--O-C-G- 

and a liquid crystal compound (2) represented by formula 
(2): 

Chem.9 

(2) 

O O 

0019. In formulae (1) and (2), Ar is a divalent aromatic 
group, and at least one atom selected from the group 
consisting of a nitrogen atom, an oxygen atom and a Sulfur 
atom can be contained in the aromatic group. 
0020 G represents a divalent alicyclic hydrocarbon 
group, where a hydrogen atom contained in the alicyclic 
hydrocarbon group is optionally Substituted with a halogen 
atom, an alkyl group having 1 to 4 carbon atoms, a fluoro 
alkyl group having 1 to 4 carbon atoms, an alkoxy group 
having 1 to 4 carbon atoms, a cyano group, or a nitro group, 
and —CH2— (methylene group) contained in the alicyclic 
hydrocarbon group is optionally Substituted with —O—, 
—S , or —NH-. 
0021 B represents a single bond or a divalent linking 
group. 

0022. A represents a divalent alicyclic hydrocarbon 
group having 3 to 20 carbon atoms or a divalent aromatic 
hydrocarbon group having 6 to 20 carbon atoms; the hydro 
gen atom contained in the alicyclic hydrocarbon group and 
the aromatic hydrocarbon group is optionally substituted 
with an alkyl group having 1 to 4 carbon atoms optionally 
Substituted with a halogen atom, an alkoxy group having 1 
to 4 carbon atoms optionally substituted with a fluorine 
atom, a cyano group or a nitro group; and —CH2— con 
tained in the alicyclic hydrocarbon group is optionally 
substituted with —O , —S , or NR'—. The group 
—CH(-)-contained in the alicyclic hydrocarbon group may 
be substituted with —N(-)- (amino group). 
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(0023) R' represents a hydrogen atom or an alkyl group 
having 1 to 4 carbon atoms. 
0024 k represents an integer of 0 to 3, where when k is 
an integer of 2 or more, a plurality of AS and BS may be the 
same or different from each other. 

0025 E represents an alkanediyl group having 1 to 17 
carbon atoms, where the hydrogen atom contained in an 
alkanediyl group is optionally substituted with a halogen 
atom, and —CH2— contained in the alkanediyl group is 
optionally substituted with —O— or —CO—. 
0026 
0027. The divalent aromatic group represented by Ar 
herein refers to a divalent group which has at least one 
aromatic ring like the example to be described later. 

P represents a polymerizable group. 

Examples of the divalent group may has a Substituent. 
Examples of the Substituent include the groups or atoms to 
be described later. 
0028. In formula (1), the divalent aromatic group repre 
sented by Ar preferably contains at least one atom selected 
from the group consisting of a nitrogen atom, an oxygen 
atom, and a Sulfur atom. This means that these hetero atoms 
are contained in Ar, and Ar may or may not have a 
heterocyclic ring. The divalent aromatic group represented 
by Ar is preferably an aromatic group having a heterocyclic 
ring, from the viewpoint of exhibiting a reverse wavelength 
dispersion characteristic. The aromatic group having a het 
erocyclic ring implies that the divalent group to be bonded 
to two oxygen atom ( O—) bonding to Ar of the liquid 
crystal compound may be a heterocyclic ring and the Sub 
stituent of the divalent group may be a heterocyclic ring. 
Examples of the heterocyclic ring include a furan ring, a 
benzofuran ring, a pyrrole ring, a thiophene ring, a pyridine 
ring, a thiazole ring, a benzothiazole ring, and a phenan 
throline ring. That is, examples of the aromatic group having 
a heterocyclic ring include a compound in which the diva 
lent group to be bonded to two oxygen atom (—O—) 
bonding to Ar of the liquid crystal compound is the above 
mentioned heterocyclic ring, and a compound in which the 
substituent of the divalent group is the above-mentioned 
heterocyclic ring. Of these compounds, the aromatic group 
having a heterocyclic ring is more preferably an aromatic 
group having a thiazole ring and a benzothiazole ring, and 
even more preferably an aromatic group having a benzothi 
azole ring. Further, of these compounds, the divalent group 
to be bonded to two oxygen atom (—O—) bonding to Ar of 
the liquid crystal compound is more preferably a thiazole 
ring and a benzothiazole ring, and even more preferably a 
benzothiazole ring. 
0029 When the aromatic ring in Ar has a nitrogen atom, 
the nitrogen atom contained in the aromatic ring in Ar 
preferably has a telectron. 
0030. When Ar is a divalent aromatic group having a 
heterocyclic ring as an aromatic ring, Ar may bond to the one 
of or both two oxygen atoms (-O-) bonding to Ar via the 
heterocyclic ring or may bond to the one of or both two 
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oxygen atoms (—O—) bonding to Ar via an atom other than 
the atom comprising the heterocyclic ring. 

0031. A total number N of then electron contained in the 
aromatic ring in Aris preferably 10 or more, more preferably 
12 or more, and even more preferably 14 or more; preferably 
30 or less, and more preferably 25 or less, from the view 
point of exhibiting a reverse wavelength dispersion charac 
teristic. 

0032 Examples of the divalent group in Ar to be bonded 
to two oxygen atom ( O—) bonding to Ar of the liquid 
crystal compound include the following groups represented 
by formulae (Ar-1) to (Ar-22). 

Chem. 10 

o (Ar-1) 

\ | / 
Q Q? 

(Z). 

o (Ar-2) 

\ | / 
Q Q? 

... / \ . 

(Z). 

o (Ar-3) 

\ | / 
Q Q? 

... / | \ . 

(Z). 
(Ar-4) 

-continued 
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(Ar-5) 

(Ar-6) 

(Ar-7) 

(Ar-8) 

(Ar-9) 
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-continued 
(Ar-20) 

(Ar-21) 

(Ar-22) 

0033. In formulae (Ar-1) to (Ar-22), * represents a 
linking unit, Z, Z', and Z each independently represent a 
hydrogen atom, a halogen atom, an alkyl group having 1 to 
6 carbon atoms, a cyano group, a nitro group, an alkylsulfi 
nyl group having 1 to 6 carbon atoms, an alkylsulfonyl 
group having 1 to 6 carbon atoms, a carboxyl group, a 
fluoroalkyl group having 1 to 6 carbon atoms, an alkoxy 
group having 1 to 6 carbon atoms, a fluoroalkyl group 
having 1 to 6 carbon atoms, an alkoxy group having 1 to 6 
carbon atoms, an alkylthio group having 1 to 6 carbon 
atoms, an N-alkylamino group having 1 to 6 carbon atoms, 
an N,N-dialkylamino group having 2 to 12 carbon atoms, an 
N-alkylsulfamoyl group having 1 to 6 carbon atoms, or an 
N,N-dialkylsulfamoyl group having 2 to 12 carbon atoms. 
0034) Q', Q, and Q each independently represent 
CRR -, - S -, -NR , —CO , or -O-. 

I0035) R' and Reach independently representahydrogen 
atom or an alkyl group having 1 to 4 carbon atoms. 
0036) Y', Y', and Y each independently represent an 
aromatic hydrocarbon group or an aromatic heterocyclic 
group, which is optionally Substituted. 
0037 W' and W each independently represent a hydro 
gen atom, a cyano group, a methyl group, or a halogen atom. 
0038 m represents an integer of 0 to 6. 
0039 Examples of the halogen atom include a fluorine 
atom, a chlorine atom, a bromine atom, and an iodine atom. 
Of these, a fluorine atom, a chlorine atom, or a bromine atom 
is preferable. 
0040. Examples of the alkyl group having 1 to 6 carbon 
atoms include a methyl group, an ethyl group, a propyl 
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group, an isopropyl group, a butyl group, an isobutyl group. 
sec-butyl group, tert-butyl group, a pentyl group, and a hexyl 
group. Of these, an alkyl group having 1 to 4 carbon atoms 
is preferable, an alkyl group having 1 to 2 carbon atoms is 
more preferable, and a methyl group is especially preferable. 
0041. Examples of the alkylsulfinyl group having 1 to 6 
carbon atoms include a methyl sulfinyl group, an ethyl 
Sulfinyl group, a propyl Sulfinyl group, an isopropyl Sulfinyl 
group, a butyl sulfinyl group, an iso-butyl sulfinyl group, a 
sec-butyl Sulfinyl group, a tert-butyl sulfinyl group, a pentyl 
Sulfinyl group, and a hexyl Sulfinyl group. Of these, an 
alkylsulfinyl group having 1 to 4 carbon atoms is preferable, 
an alkylsulfinyl group having 1 or 2 carbon atoms is more 
preferable, and a methylsulfinyl group is especially prefer 
able. 
0042 Examples of the alkylsulfonyl group having 1 to 6 
carbon atoms include a methylsulfonyl group, an ethylsul 
fonyl group, a propylsulfonyl group, an isopropylsulfonyl 
group, a butylsulfonyl group, an isobutylsulfonyl group, a 
sec-butylsulfonyl group, a tert-butylsulfonyl group, a pentyl 
Sulfonyl group, and a hexyl Sulfonyl group. Of these, an 
alkylsulfonyl group having 1 to 4 carbon atoms is preferable, 
an alkylsulfonyl group having 1 to 2 carbon atoms is more 
preferable, and a methylsulfonyl group is especially prefer 
able. 
0043. Examples of the fluoroalkyl group having 1 to 6 
carbon atoms include a fluoromethyl group, a trifluorom 
ethyl group, a fluoroethyl group, a pentafluoroethyl group, a 
heptafluoropropyl group, and a nonafluorobutyl group. Of 
these, a fluoroalkyl group having 1 to 4 carbon atoms is 
preferable, a fluoroalkyl group having 1 to 2 carbon atoms 
is more preferable, and a trifluoromethyl group is especially 
preferable. 
0044 Examples of the alkoxy group having 1 to 6 carbon 
atoms include a methoxy group, an ethoxy group, a propoxy 
group, an isopropoxy group, a butoxy group, an isobutoxy 
group, a sec-butoxy group, a tert-butoxy group, a pentyloxy 
group, and a hexyloxy group. Of these, an alkoxy group 
having 1 to 4 carbon atoms is preferable, an alkoxy group 
having 1 to 2 carbon atoms is more preferable, and a 
methoxy group is especially preferable. 
0045 Examples of the alkylthio group having 1 to 6 
carbon atoms include a methylthio group, an ethylthio 
group, a propylthio group, an isopropylthio group, a butyl 
thio group, an isobutylthio group, a sec-butylthio group, a 
tert-butylthio group, a pentylthio group, and a hexylthio 
group. Of these, an alkylthio group having 1 to 4 carbon 
atoms is preferable, an alkylthio group having 1 to 2 carbon 
atoms is more preferable, and a methylthio group is espe 
cially preferable. 
0046 Examples of the N-alkylamino group having 1 to 6 
carbon atoms include an N-methylamino group, an N-eth 
ylamino group, an N-propylamino group, an N-isopropy 
lamino group, an N-butylamino group, an N-isobutylamino 
group, an N-sec-butylamino group, an N-tert-butylamino 
group, an N-pentylamino group, and an N-hexylamino 
group. Of these, an N-alkylamino group having 1 to 4 carbon 
atoms is preferable, N-alkylamino group having 1 to 2 
carbon atoms is more preferable, and an N-methylamino 
group is especially preferable. 
0047. Examples of the N,N-dialkylamino group having 2 
to 12 carbon atoms include an N,N-dimethylamino group, an 
N-methyl-N-ethylamino group, an N,N-diethylamino group, 
an N,N-dipropylamino group, an N,N-diisopropylamino 
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group, an N,N-dibutylamino group, an N,N-diisobutylamino 
group, an N,N-dipentylamino group, and an N,N-dihexy 
lamino group. Of these, an N,N-dialkylamino group having 
2 to 8 carbon atoms is preferable, an N, N-dialkylamino 
group having 2 to 4 carbon atoms is more preferable, and an 
N,N-dimethylamino group is especially preferable. 
0048 Examples of the N-alkylsulfamoyl group having 1 
to 6 carbon atoms include an N-methylsulfamoyl group, an 
N-ethylsulfamoyl group, an N-propylsulfamoyl group, an 
N-isopropylsulfamoyl group, an N-butylsulfamoyl group, an 
N-isobutyl sulfamoyl group, an N-sec-butylsulfamoyl 
group, an N-tert-butylsulfamoyl group, an N-pentylsulfa 
moyl group, and N-hexylsulfamoyl group. Of these, an 
N-alkylsulfamoyl group having 1 to 4 carbon atoms is 
preferable, an N-alkylsulfamoyl group having 1 to 2 carbon 
atoms is more preferable, and an N-methylsulfamoyl group 
is especially preferable. 
0049. Examples of the N,N-dialkylsulfamoyl group hav 
ing 2 to 12 carbon atoms include an N,N-dimethylsulfamoyl 
group, an N-methyl-N-ethylsulfamoyl group, an N, N-di 
ethylsulfamoyl group, an N,N-dipropylsulfamoyl group, an 
N,N-diisopropylsulfamoyl group, an N,N-dibutylsulfamoyl 
group, an N,N-diisobutylsulfamoyl group, an N,N-dipentyl 
Sulfamoyl group, and an N,N-dihexylsulfamoyl group. Of 
these, an N,N-dialkylsulfamoyl group having 2 to 8 carbon 
atoms is preferable, an N,N-dialkylsulfamoyl group having 
2 to 4 carbon atoms is more preferable, and an N.N- 
dimethylsulfamoyl group is especially preferable. 
0050. It is preferable that Z, Z', and Z7 are each inde 
pendently a hydrogen atom, a halogen atom, a methyl group, 
a cyano group, a nitro group, a carboxyl group, a methyl 
Sulfonyl group, a trifluoromethyl group, a methoxy group, a 
methylthio group, an N-methylamino group, an N,N-dim 
ethylamino group, an N-methylsulfamoyl group, or a N.N- 
dimethylsulfamoyl group. 
0051 Examples of the alkyl group having 1 to 4 carbon 
atoms in R' and R include a methyl group, an ethyl group, 
a propyl group, an isopropyl group, a butyl group, an 
isobutyl group, and a tert-butyl group. Of these, an alkyl 
group having 1 to 2 carbon atoms is preferable, and a methyl 
group is more preferable. 
I0052 Q' and Q are each independently preferably 
S , —CO , NH , or N(CH) , and Q is pref 

erably —S or —CO—. 
0053 Examples of the aromatic hydrocarbon group in 
Y', Y, and Y include an aromatic hydrocarbon group 
having 6 to 20 carbon atoms such as a phenyl group, a 
naphthyl group, an anthryl group, a phenanthryl group, and 
a biphenyl group. Of these, a phenyl group and a naphthyl 
group are preferable, and a phenyl group is more preferable. 
The aromatic heterocyclic group contains at least one of 
hetero atoms such as nitrogen atom, oxygen atom, and Sulfur 
atom, including a furyl group, a pyrrolyl group, a thienyl 
group, a pyridinyl group, a thiazolyl group, and a benzothi 
azolyl group. Examples thereof include aromatic heterocy 
clic group having 4 to 20 carbon atoms, and a furyl group, 
a pyrrolyl group, a thienyl group, a pyridinyl group, and a 
thiazolyl group are preferable. 
0054 The aromatic hydrocarbon group and the aromatic 
heterocyclic group optionally have at least one Substituent, 
and examples of the Substituent include a halogen atom, an 
alkyl group having 1 to 6 carbon atoms, a cyano group, a 
nitro group, an alkylsulfinyl group having 1 to 6 carbon 
atoms, an alkylsulfonyl group having 1 to 6 carbon atoms, 
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a carboxyl group, a fluoroalkyl group having 1 to 6 carbon 
atoms, an alkoxy group having 1 to 6 carbon atoms, an 
alkylthio group having 1 to 6 carbon atoms, an N-alky 
lamino group having 1 to 6 carbon atoms, an N,N-dialky 
lamino group having 2 to 12 carbon atoms, an N-alkylsul 
famoyl group having 1 to 6 carbon atoms, and an N. 
N-dialkylsulfamoyl group having 2 to 12 carbon atoms. Of 
these, a halogen atom, an alkyl group having 1 to 2 carbon 
atoms, a cyano group, a nitro group, an alkylsulfinyl group 
having 1 to 2 carbon atoms, a fluoroalkyl group having 1 to 
2 carbonatoms, an alkoxy group having 1 to 2 carbon atoms, 
an alkylthio group having 1 to 2 carbon atoms, an N-alky 
lamino group having 1 to 2 carbon atoms, an N,N-dialky 
lamino group having 2 to 4 carbon atoms, and an N-alkyl 
Sulfamoyl group having 1 to 2 carbon atoms are preferable. 
0055 Examples of the halogen atom, alkyl group having 
1 to 6 carbon atoms, cyano group, nitro group, alkylsulfinyl 
group having 1 to 6 carbon atoms, alkylsulfonyl group 
having 1 to 6 carbon atoms, carboxyl group, fluoroalkyl 
group having 1 to 6 carbon atoms, alkoxy group having 1 to 
6 carbon atoms, alkylthio group having 1 to 6 carbon atoms, 
N-alkylamino group having 1 to 6 carbon atoms, N.N- 
dialkylamino group having 2 to 12 carbon atoms, N-alkyl 
Sulfamoyl group having 1 to 6 carbon atoms, and N.N- 
dialkylsulfamoyl group having 2 to 12 carbon atoms include 
the same groups as those described above. 
0056. In formula (Ar-14), Y' may form an aromatic 
heterocyclic group together with the nitrogen atom to which 
Y' bonds and Z'. Examples of the aromatic heterocyclic 
group include a pyrrole ring, an imidazole ring, a pyridine 
ring, a pyrimidine ring, an indole ring, a quinoline ring, an 
isoquinoline ring, a purine ring, a pyrrolidine ring, and a 
piperidine ring. Such aromatic heterocyclic group optionally 
has a substituent. Further, Y may be a polycyclic aromatic 
hydrocarbon group or a polycyclic aromatic heterocyclic 
group which is optionally substituted, to be described later, 
together with the nitrogen atom to which Y' bonds, and Z'. 
0057 Y', Y, and Y may be each independently a 
polycyclic aromatic hydrocarbon group or a polycyclic 
aromatic heterocyclic group which is optionally Substituted. 
The polycyclic aromatic hydrocarbon group refers to a 
group derived from a fused polycyclic aromatic hydrocarbon 
group or an aromatic ring assembly. The polycyclic aromatic 
heterocyclic group refers to a group derived from a fused 
polycyclic aromatic heterocyclic group or an aromatic ring 
assembly. For example, Y', Y and Y are each indepen 
dently preferably any of the groups represented by formulae 
(Y-1) to (Y-7), and more preferably any of the groups 
represented by formulae (Y-1) to (Y-4). 

Chem. 11 
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-continued 
(Y1-2) 
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0058. In formulae (Y-1) to (Y-7), * represents a link 
ing unit, and Z independently represents a halogen atom, an 
alkyl group having 1 to 6 carbon atoms, a cyano group, a 
nitro group, a nitroxide group, a Sulfone group, a Sulfoxide 
group, a carboxyl group, a fluoroalkyl group having 1 to 6 
carbon atoms, an alkoxy group having 1 to 6 carbon atoms, 
a thioalkyl group having 1 to 6 carbon atoms, an N. 
N-dialkylamino group having 2 to 8 carbon atoms, or an 
N-alkylamino group having 1 to 4 carbon atoms. 
0059 V and V each independently represent –CO , 
S , NR , —O-, -Se- or SO -. 

0060 W' to W each independently represent -C= or 
- N=, where at least one of V, V, and W' to W 
represents a group containing S, N, O or Se. 

May 25, 2017 

I0061) R' represents a hydrogen atom or an alkyl group 
having 1 to 4 carbon atoms. 
0062) a independently represents an integer of 0 to 3. 
0063 b independently represents an integer of 0 to 2. 
I0064.) Any of the groups represented by formulae (Y-1) 
to (Y'-7) is preferably any of the groups represented by 
formulae (Y-1) to (Y-16), and more preferably any of the 
groups represented by formulae (Y-1) to (Y-6), and espe 
cially preferably the group represented by formula (Y-1) or 
formula (Y-3). 

Chem. 12 

3 (Y2-1) 
V1 (Z)a / X 

S. Vl 
S1 

3 (Y2-2) 
V-(Z)a / X 

WyS S. 

3 (Y2-3) 
V-(Z)a / X 

WSy V 
: W1 

(Y2-4) 
W y-(7)a 

W3 W 

S. Vl 
S^1 
4 (Y2-5) 
W 2 V-(Z)a / X 

WS -V. 
: W1 

5 (Y2-6) 
W V-(Z)a A x 





US 2017/O 1453 12 A1 

-continued 

(Z) (Y3-4) 
4y. 

Y-(Z), 

s 
(Y-5) 

- y-(z), 

Y-(Z), 
YN2 

(Y-6) 
/ ly-(Z); 
YN2 

(Z) 
as 
S 

2 

0066. In formulae (Y-1) to (Y-6), Z, a, b, V, V and 
W' are the same as defined above. 
I0067. Examples of Z include a halogen atom, an alkyl 
group having 1 to 6 carbon atoms, a cyano group, a nitro 
group, an alkylsulfinyl group having 1 to 6 carbon atoms, an 
alkylsulfonyl group having 1 to 6 carbon atoms, a carboxyl 
group, a fluoroalkyl group having 1 to 6 carbon atoms, an 
alkoxy group having 1 to 6 carbon atoms, an alkylthio group 
having 1 to 6 carbon atoms, an N-alkylamino group having 
1 to 6 carbon atoms, an N,N-dialkylamino group having 2 to 
12 carbon atoms, an N-alkylsulfamoyl group having 1 to 6 
carbon atoms, and an N,N-dialkylsulfamoyl group having 2 
to 12 carbon atoms. Of these, a halogen atom, a methyl 
group, an ethyl group, an isopropyl group, a sec-butyl group. 
a cyano group, a nitro group, a Sulfone group, a nitroxide 
group, a carboxyl group, a trifluoromethyl group, a methoxy 
group, a thiomethyl group, an N,N-dimethylamino group, 
and an N-methylamino group are preferable; a halogen 
atom, a methyl group, an ethyl group, an isopropyl group, a 
sec-butyl group, a cyano group, a nitro group, a trifluorom 
ethyl group are more preferable; and a methyl group, an 
ethyl group, an isopropyl group, a sec-butyl group, a pentyl 
group, and a hexyl group are especially preferable. 
0068 Examples of the halogen atom, alkyl group having 
1 to 6 carbonatoms, alkylsulfinyl group having 1 to 6 carbon 
atoms, alkylsulfonyl group having 1 to 6 carbon atoms, 
fluoroalkyl group having 1 to 6 carbon atoms, alkoxy group 
having 1 to 6 carbon atoms, alkylthio group having 1 to 6 
carbon atoms, N-alkylamino group having 1 to 6 carbon 
atoms, N,N-dialkylamino group having 2 to 12 carbon 
atoms, N-alkylsulfamoyl group having 1 to 6 carbon atoms, 

10 
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and N. N-dialkylsulfamoyl group having 2 to 12 carbon 
atoms include the same groups as those described above. 
0069. It is preferable that V and V* are each indepen 
dently —S , —NR or —O—. 
0070. It is preferable that W to W are each indepen 
dently —C or N=. 
(0071. It is preferable that at least one of V, V, and W. 
to W represents a group containing S, N or O. 
(0072. It is preferable that a is 0 or 1. It is preferable that 
b is 0. 

0073 Specific examples of Y' to Y include the groups 
represented by formulae (ar-1) to (ar-840). 
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0074. In formulae (1) and (2), G is a divalent alicyclic 
hydrocarbon group, and the number of carbon atoms thereof 
is, for example, from 3 to 30, preferably from 3 to 20, more 
preferably from 4 to 15, and even more preferably from 5 to 
10. Examples of the divalent alicyclic hydrocarbon group 
include a cycloalkanediyl group. The hydrogen atom con 
tained in the alicyclic hydrocarbon group is optionally 
Substituted with a halogen atom, an alkyl group having 1 to 
4 carbon atoms, a fluoro alkyl group having 1 to 4 carbon 
atoms, an alkoxy group, a cyano group, or a nitro group 
having 1 to 4 carbon atoms, and —CH2-(methylene group) 

May 25, 2017 

contained in the alicyclic hydrocarbon group is optionally 
substituted with —O— —S , or —NH-. 
0075 Examples of the alkyl group having 1 to 4 carbon 
atoms include a methyl group, an ethyl group, a propyl 
group, an isopropyl group, a butyl group, an isobutyl group. 
a sec-butyl group, and a tert-butyl group. Of these, an alkyl 
group having 1 to 3 carbon atoms is preferable, an alkyl 
group having 1 to 2 carbon atoms is more preferable, and a 
methyl group is especially preferable. 
0076 Examples of the fluoroalkyl group having 1 to 4 
carbon atoms include a fluoromethyl group, a trifluorom 
ethyl group, a fluoroethyl group, a pentafluoroethyl group, a 
heptafluoropropyl group, and a nonafluorobutyl group. Of 
these, a fluoroalkyl group having 1 to 3 carbon atoms is 
preferable, a fluoroalkyl group having 1 to 2 carbon atoms 
is more preferable, and a trifluoromethyl group is especially 
preferable. 
0077. Examples of the alkoxy group having 1 to 4 carbon 
atoms include a methoxy group, an ethoxy group, a propoxy 
group, an isopropoxy group, a butoxy group, an isobutoxy 
group, a sec-butoxy group, and a tert-butoxy group. Of 
these, an alkoxy group having 1 to 3 carbon atoms is 
preferable, an alkoxy group having 1 to 2 carbonatoms, and 
a methoxy group is especially preferable. 
0078 Examples of the divalent alicyclic hydrocarbon 
group include the groups represented by formulae (g-1) to 
(g-4). Examples of the divalentalicyclic hydrocarbon group 
in which —CH2— contained in the alicyclic hydrocarbon 
group is replaced by -O-, -S , or -N(R)— include 
the groups represented by formulae (g-5) to (g-8). R 
represents a hydrogen atom or an alkyl group having 1 to 4 
carbon atoms. Examples of the divalent alicyclic hydrocar 
bon group in which the methine group (-CH(-)-) contained 
in the alicyclic hydrocarbon group is replaced by an amino 
group include the groups represented by formulae (g-9) to 
(g-10). Of these, a 5- or 6-membered alicyclic hydrocarbon 
group is preferable. 
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007.9 The divalent alicyclic hydrocarbon group is pref 
erably a group represented by formula (g-1), more prefer 
ably a 1,4-cyclohexanediyl group, and especially preferably 
a trans-1,4-cyclohexanediyl group. 
0080. In formulae (1) and (2), B is a single bond or a 
divalent linking group. Examples of the divalent linking 
group include —O— —S—, —CO-O-, -O-CO—, 
C(S)—O , O—C(S)—, CRR7, CRR7 

CRR O CRR7 CRR O , CRR7 
O CRR , CRR O CO , O CO 
CRR7 CRR O CO CRR , CRR7 
CO. O. CRR , NRO CRR7 CRR7 
NR' , CO NR' NR CO - O S 
NR' , and CR-CR7 - R, R7, R and R each 

independently represent a hydrogen atom, a fluorine atom, 
or an alkyl group having 1 to 4 carbon atoms. R" represents 
a hydrogen atom or an alkyl group having 1 to 4 carbon 
atOmS. 

0081) B is preferably —O— —S —O CO . 
O C(=S) O CRR7 NR CRR7 , or 

-NR' CO-. D" and D are each more preferably 
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O—, S , —O CO. , —O C(=S)—or NR' 
CO-. R. R. Rand Rare each independently preferably 
a hydrogen atom or an alkyl group having 1 to 4 carbon 
atoms, and more preferably a hydrogen atom, a methyl 
group or an ethyl group. R' is preferably a hydrogen atom, 
a methyl group or an ethyl group. 
I0082 In formulae (1) and (2), A represents a divalent 
alicyclic hydrocarbon group having 3 to 20 carbon atoms or 
a divalent aromatic hydrocarbon group having 6 to 20 
carbon atoms, preferably a divalent alicyclic hydrocarbon 
group having 4 to 15 carbon atoms or a divalent aromatic 
hydrocarbon group having 6 to 15 carbon atoms, more 
preferably a divalent alicyclic hydrocarbon group having 5 
to 12 carbon atoms or a divalent aromatic hydrocarbon 
group having 6 to 12 carbon atoms, and even more prefer 
ably a divalent alicyclic hydrocarbon group having 6 to 10 
carbon atoms or a divalent aromatic hydrocarbon group 
having 6 to 10 carbon atoms. Of these, a 5- or 6-membered 
alicyclic hydrocarbon group is preferable. 
I0083. The hydrogen atom contained in the alicyclic 
hydrocarbon group and the aromatic hydrocarbon group is 
optionally Substituted with a halogen atom such as a fluorine 
atom, a chlorine atom, a bromine atom, and an iodine atom; 
an alkyl group having 1 to 4 carbon atoms such as a methyl 
group, an ethyl group, an isopropyl group, and a tert-butyl 
group; a fluoroalkyl group having 1 to 4 carbon atoms Such 
as a trifluoromethyl group; a cyano group; or a nitro group. 
—CH2— contained in the alicyclic hydrocarbon group is 
optionally substituted with —O , S , or NR' , 
and the methine group (-CH(-)-) contained in the alicyclic 
hydrocarbon group is optionally replaced by —N(-)-, where 
R' represents a hydrogen atom or an alkyl group having 1 
to 4 carbon atoms. 

I0084 Examples of the divalent alicyclic hydrocarbon 
group include the groups represented by the above formulae 
(g-1) to (g-10). 
I0085. The divalent alicyclic hydrocarbon group is pref 
erably a group represented by formula (g-1), more prefer 
ably 1.4-cyclohexanediyl group, and especially preferably 
trans-1,4-cyclohexanediyl group. 
I0086 Examples of the divalent aromatic hydrocarbon 
group include the groups represented by formulae (a-1) to 
(a-8). 
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0087. The divalent aromatic hydrocarbon group is pref 
erably 1.4-phenylene group. 
0088. In formulae (1) and (2), k represents an integer of 
0 to 3, preferably 1 or 2, and more preferably 1. When k is 
an integer of 2 or more, a plurality of AS and BS may be the 
same or different from each other. From the viewpoint of 
industrially easily producing liquid compounds (1) and (2), 
it is preferable that a plurality of As and Bs are the same as 
each other. 

0089. In formulae (1) and (2), E represents an alkanediyl 
group having 1 to 17 carbon atoms, preferably 2 to 15 carbon 
atoms, more preferably 3 to 12 carbon atoms, and even more 
preferably 4 to 10 carbon atoms. The hydrogen atom con 
tained in the alkanediyl group is optionally substituted with 
a halogen atom, and —CH2— contained in the alkanediyl 
group is optionally Substituted with —O— or —CO—. 
0090 Informulae (1) and (2), P is a polymerizable group. 
The polymerizable group contains a group capable of being 
involved in polymerization reaction. Examples thereof 
include a vinyl group, a p-(2-phenylethenyl) phenyl group, 
an acryloyl group, an acryloyloxy group, a methacryloyl 
group, a methacryloyloxy group, a carboxy group, a meth 
ylcarboxy group, a hydroxyl group, a carbamoyl group, an 
alkylamino group having 1 to 4 carbon atoms, an amino 
group, a formyl group, —N=C=O. —N=C=S, an oxi 
ranyl group, and an oxetanyl group. 
0091. Of these, the polymerizable group is preferably a 
radical polymerizable group or a cationic polymerizable 
group from the viewpoint of suitability for photo polymer 
ization; preferably an acryloyl group, an acryloyloxy group, 
a methacryloyl group, and a methacryloyloxy group, from 
the viewpoint of easy handling and easy production; and 
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more preferably an acryloyl group and an acryloyloxy group 
from the viewpoint of high polymerizing ability. 

<Liquid Crystal Composition and Method for Producing the 
Same> 

0092. The liquid crystal composition of the present 
invention contains the liquid crystal compounds (1) and (2). 
G, A, B, E, P and k in formula (1) representing liquid crystal 
compound (1) may be different from or the same as G, A, B, 
E, P and k in the formula (2) representing liquid crystal 
compound (2), respectively. In the preferred embodiment of 
the present invention, G, A, B, E, P and k in the formula (1) 
are the same as G, A, B, E, P and k in the formula (2), 
respectively. In this case, it is possible to simultaneously 
prepare liquid crystal compounds (1) and (2) contained in 
the liquid crystal composition of the present invention in one 
pot. Therefore, it is possible to prepare the liquid crystal 
composition of the present invention very conveniently, 
which is economically advantageous. 
0093. The optical film obtained by orienting the liquid 
crystal compound (1) preferably exhibits a reverse wave 
length dispersion characteristic. When it exhibits such char 
acteristic, uniform conversion of polarized light is possible 
over a wide range of wavelength region, which is preferable. 
In the case of satisfying the relation: Re(450)/Re(550)<1, 
a reverse wavelength dispersion characteristic is exhibited 
while in the case of satisfying the relation: Re(450)/Re 
(550)=1, a positive wavelength dispersion characteristic is 
exhibited. The optical film obtained by orienting the liquid 
crystal compound refers to an optical film formed from 
oriented liquid crystal compounds. 
I0094. The maximum absorption wavelength (W) of the 
liquid crystal compound (1) is preferably from 300 to 400 
nm, more preferably from 315 to 385 nm, and even more 
preferably from 330 to 360 nm. When the maximum absorp 
tion wavelength (W) of the liquid crystal compound (1) is 
not less than the lower limit, the optical film obtained by 
orienting liquid crystal compound (1) tends to exhibit a 
reverse wavelength dispersion characteristic. When it is not 
more than the upper limit, light absorption in the visible light 
region is Suppressed and coloring of the film can be avoided, 
which is preferable. 
0.095 Examples of the liquid crystal compound (1) 
include the following compounds. 
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