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DESCRIPTION
COMPOUND, COMPOSITION AND THIN FILM

TECHNICAL FIELD

The present invention relates to a compound having a
benzene skeleton with 5-membered heterocyclic groups in the
side branches thereof, to a composition and to a thin £film. In
particular, the invention relates to a liquid-crystalline

compound favorable for fabrication of retarders, and to its use.

BACKGROUND ART

Heretofore, it is known that discotic liquid-crystalline
compounds are extremely important compounds for a material for
optically-compensatory films, for example, as described in
JP-A-8-50206. As a liquid-crystalline compound that expresses
discotic liquid-crystallinity, disclosed is 2,3,6,7,10,11-
hexa{4-(4-acryloyloxyhexyloxy)benzoyloxy}triphenylene
(JP-A-7-306317). The liquid-crystalline compound is used in

many optically-compensatory sheets heretofore known in the art.

On the other hand, the wavelength dispersiveness of
optically-compensatory sheets must be controlled in accordance
with the liquid-crystal display devices, as disclosed in
JP-A-2004-184864. However, nothing has heretofore been
reported, relating to liquid-crystalline compounds of which the
wavelength dispersiveness is smaller than that of
2,3,6,7,10,11-hexa{4-(4-acryloyloxyhexyloxy)benzoyloxy}trip
henylene (that is, those having a smaller value of Re (at short
wavelength (e.g., 450 nm)/Re (at long wavelength (e.g., 650
nm) ) .

The retardation (And) of optically~-compensatory sheets
must be determined depending on the optical properties of the
liguid-crystal cells to be compensated by the sheet. The
retardation (And) as referred to herein is a prbduct of the

refractivity anisotropy (An) of an optically-anisotropic layer
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and the thickness (d) of the optically-anisotropic layer. When
the refractivity anisotropy (An) of an optically-anisotropic
layer is large, then the 1liquid-crystal cell could be
compensated even though the thickness (d) of the layer is thin.
On the contrary, when the refractivity anisotropy (An) of an
optically-anisotropic layer is small, then the thickness (d)
of the layer must be large, and, as a result, there may often
occur a defective problem in point of the alignment of
liquid-crystalline compounds.

As a discotic liquid-crystalline compound having a large
refractivity anisotropy (An), known is 2,3,6,7,10,11-hexa{4-
(4—acryloyloxyhexyloxy)cihnamoyloxy}triphenylene as
disclosed in JP-A-2001-166147. However, it has become obvious
that the wavelength dispersiveness of this liquid-crystalline
compound is larger than that of 2,3,6,7,10,11-hexa{4-(4-
acryloyloxyhexyloxy)benzoyloxy}triphenylene.

Heterocyclic group-having tri-substituted benzenes are
reported in Molecular Crystals and Liquid Crystals, 2001, Vol.
370, page 391. As a result of our studies, however, we, the
present inventors have found that the compounds having that
skeleton could not readily attain a lower wavelength dispersion
than that of 2,3,6,7,10,11-hexa{4-alkyloxybenzoyloxy}tri-
phenylene as so described in the Examples given hereinunder.

In consideration of the situation as above, an object of
the invention is to provide a compound having a low wavelength
dispersiveness that could not be realized by any conventional
discotic liquid-crystalline compounds. Another object of the
invention is to provide a liquid-crystalline compound capable
of satisfying both low wavelength dispersiveness and high An.
Still another object of the invention is to provide a
composition containing the compound, and to provide a thin film

formed by the use of the compound.
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SUMMARY OF THE INVENTION

The above-mentioned objects can be attained by the

invention mentioned below.

(1) A compound represented by the following formula (DI):

(DI)
R1
l
L
Y1§//L§§>Y11
I 49L\\
L3)\Y12 L2
H3/ \HZ
R3// \\Rz

wherein Y, Y'? and Y*} each independently represent a methine
group or a nitrogen atom; L', 1L? and L*® each independently
represent a single bond or a divalent linking group; H', H? and
H® each independently represent a group represented by the
following formula (DI-A) or (DI-B); R% R? and R?® each
independently represent a group represented by the following
formula (DI-R):

(DI-A)
YA! .
i
XA—YA?

whereinYAlandYAzeachindependentlyrepresentzamethinegroup
or a nitrogen atom; XA represents an oxygen atom, a sulfur atom,
a methylene group or an imino group; * indicates the position
at which the group of formula (DI-A) bonds to any of ! to L3
in formula (DI); ** indicates the position at which the group

of formula (DI-A) bonds to any of R' to R® in formula (DI),
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(DI-B)
YB] -
*\< Y
\
YB?—XB

wherein YB! and YB? each independently represent a methine group
or a nitrogen atom; XB represents an oxygen atom, a sulfur atom,
a methylene group or an imino group; * indicates the position
at which the group of formula (DI-B) bonds to any of L' to L3
in formula (DI); ** indicates the position at which the group
of formula (DI-B) bonds to any of R' to R® in formula (DI),
(DI-R)
*o (-1 o0?) ,-122-1,23 Q!
wherein * indicates the position at which the group of formula
(DI-R) bonds to any of 4! to H® in formula (DI) ; 1.2} represents
a single bond or a divalent linking group; Q® represents a
divalent group having at least one cyclic structure; nl

indicates an integer of from 0 to 4; L22 represents **-0-,

 **-0-CO-, **-CO~0~, **-0-CO-0-, **=S-, ¥*—NH—, **-S0,—, **—CH,—,

**_-CH=CH- or **-C=C-; ** indicates the position at which the
group bonds to Q?; L*? represents a divalent linking group
selected. from ~-0-, -S-, -C{(=0)-, -S05-, -NH-, -CHy;-, -CH=CH-
and -C=C- and their combinations, and when the divalent linking
group contains a hydrogen atom, then the hydrogen atom may be
substituted with a substituent; Q' represents a polymerizable
group or a hydrogen atom, and when the polymerizable group
contains a hydrogen atom, then the hydrogen atom may be
substituted with a substituent; whennl is 2 or more, then plural
(—LZl—Qz) 's may be the same or different.

(2) A compound represented by the following formula (DII),

inparticular, a liquid-crystalline compound represented by the

following formula (DII):
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(DII)
R31

PN

Y33

A

wherein Y?!, Y3 and Y** each independently represent a methine

Y31

I§

R33 Y32 R32

group or a nitrogen atom; R*, R*? and R*) each independently

represents the following formula (DII-R):

(DII-R)
31
\\\\\Y;;;/\ 31__ 31 32 32
;>—QIE—L —L*—Q

XQ\AM
wherein A* and A*? each independently represent a methine group
or a nitrogen atom; X3 represents an oxygen atom, a sulfur atom,
a methylene group or an imino group; Q”’represents a 6-membered

cyclic structure-having divalent linking group; n3 indicates

‘an integer of from 1 to 3;2L”‘represents *-Q0-, *-0-CO-, *-CO-0-,

*-0-CO-0-, *=S-, *-NH-, *-SO,-, *-CHy-, *-CH=CH- or *-C=C-; *
indicates the position at which the group bonds to Q3t; 132
represents a divalent linking group selected from -0-, -S-,
-C(=0)-, -802-, -NH-, -CH;-, -CH=CH-~ and -C=C- and their
combinations, and when the divalent linking group contains a
hydrogen atom, then the hydrogen atom may be substituted with
a substituent; Q*? represents a polymerizable group or a
hydrogen atom, and when the polymerizable group contains a
hydrogen atom, then the hydrogen atom may be substituted with

a substituent; when n3 is 2 or more, then plural Q*!'

s may be
the same or different.

(3) A composition containing the liquid-crystalline
compound of (1) and/or (2). '

(4) A thin film where the liquid—crystallihe compounds

of (1) and/or (2) are uniformly aligned.
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(5) A thin film of (4) where the alignment is fixed.

According to the invention, it has become possible to
provide a compound (preferably a liquid-crystalline compound)
satisfying both high An and low wavelength dispersiveness that
could not be realized by conventional discotic
liquid-crystalline compounds. In addition, it has also become
possible to provide a composition (preferably a liquid-crystal

composition) and a thin film comprising the compound.

BEST ‘MODE FOR CARRYING OUT THE INVENTION
The invention is described in detail hereinunder. 1In
this description, the numerical range expressed by the wording
"a number to another number"” means the range that falls between
the former number indicating the lowermost limit of the range
and the latter number indicating the uppermost limit thereof.
The compound of the invention is represented by the

following formula (DI):

(DI)

R1
l
l

Y13J\Yu

l 4i\\

LS/ky12 L2
H3/ \H2
~ ~

In formula (DI), Y“, ¥*? and Y each independently
represent a methine group or a nitrogen atom.

When Y'', Y*? and Y'® are a methine group, then the hydrogen
atom of the methine (CH) may be substituted with a substituent.
Preferred examples of the substituent that the methine may have
are an alkyl group, an alkoxy group, an aryloxy group, an acyl

group, an alkoxycarbonyl group, an acyloxy group, an acylamino
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group, an alkoxycarbonylamino group, an alkylthio group, an
arylthio group, a halogen atom (preferably, fluorine atom,
chlorine atom) and a cyano group. Of those substituents, more
preferred are an alkyl group, an alkoxy group, an alkoxycarbonyl
group, an acyloxy group, a halogen atom and a cyano group; and
most preferred are an alkyl group having from 1 to 12 carbon
atoms, an alkoxy group having from 1 to 12 carbon atoms, an
alkoxycarbonyl group having from 2 to 12 carbon atoms, an
acyloxy group having from 2 to 12 carbon atoms, a halogen atom
and a cyano group.

More preferably, Y', Y'? and _Y13 are all methine groups:;
and most preferably, the methine for them is unsubs'titute‘d.

In formula (DI), Ll, L2 and L.} each independently represent
a single bond or a divalent linking group. When L', L? and L’
are a divalent linking group, then it is preferably a divalent
linking group selected from -O-, -S-, -C(=0) -, —NR7—, -CH=CH-,
-C=C-, a divalent cyclic group and their combinations. R’
represents an alkyl group having from 1 to 7 carbon atoms, or
a hydrogen atom, preferably an alkyl group having from 1 to 4
carbon atoms, or a hydrogen atom, more preferably a methyl group,
an ethyl group or a hydrogen atom, most preferably a hydrogen
atom.

The divalent cyclic group for L}, L? and L® is a divalent
linking group having at least one cyclic structure (hereinafter
this may be referred to as a cyclic group). The cyclic group
is preferably 5-membered, 6-membered or 7-membered, more
preferably b5-membered or 6-membered, most preferably
6-membered. The ring in the cyclic group may be a condensed
ring. However, the ring is more preferably a single ring than
a condensed ring. The ring in the cyclic group may be any of
aromatic ring, aliphatic ring or heterocyclic ring. Preferred
examples of the aromatic ring are benzene ring and naphthalene
ring. A preferred example of the aliphatic ring 1s cyclohexane

ring. Preferred examples of the hetero ring are pyridine ring
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and pyrimidine ring. More preferably, the cyclic group is an
aromatic ring or hetero ring. The divalent cyclic group in the
invention is more preferably a divalent linking group of a
cyclic structure alone (which, however, may have a substituent),
and the same shall apply hereinunder.

Of the divalent cyclic group represented by L', 1? and
L?, the cyclic group having a benzene ring is preferably a
1,4-phenylene group. The cyclic group having a naphthalene
ring 1is preferably a naphthalene-1,5-diyl group and a
naphthalene-2,6-diyl group. The <cyclic group having a
cyclohexane ring is preferably a 1,4-cyclohexylene group. The
cyclic group having a pyridine ring 1is preferably a
pyridine-2,5-diyl group. The cyclic group having a pyrimidine
ring is preferably a pyrimidine-2,5-diyl group.

The divalent cyclic group representediby]f,'Lzand.L3may
have a substituent. The substituent includes a halogen atom
(preferably, fluorine atom, chlorine atom), a cyano group, a
nitro group, an alkyl group having from 1 to 16 carbon atoms,
an alkenyl group having from 2 to 16 carbon atoms, an alkynyl
group having from 2 to 16 carbon atoms, a halogen-substituted
alkyl group having from 1 to 16 carbon atoms, an alkoxy group
having from 1 to 16 carbon atoms, an acyl group having from 2
toA 16 carbon atoms, an alkylthio group having from 1l to 16 carbon
atoms, an acyloxy group having from 2 to 16 carbon atoms, an
alkoxycarbonyl group having from 2 to 16 carbon atoms, a
carbamoyl group, an alkyl group-substituted carbamoyl group
having from 2 to 16 carbon atoms, and an acylamino group having
from 2 to 16 carbon atoms.

Preferably, L*, L? and 1} are a single bond, *-0-CO-,
*-CO-0-, *-CH=CH-, *-C=C~-, *-divalent cyclic group-,
*-0~-CO-divalent cyclic group-, *-CO-O-divalent cyclic group-,
*-CH=CH~-divalent cyclic group-, *-C=C-divalent cyclic group-,
*-divalent cyclic group-0-CO-, *-divalent cyclic‘group—CO—O—,

*-divalent cyclic group-CH=CH- or *-divalent cyclic
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group-C=C-; more preferably, a single bond, *-CH=CH-, *-C=C-,
*-CH=CH-divalent cyclic group- or *-C=C-divalent cyclic group;
most preferably a single bond. In these, * indicates the
position at which the group bonds to the 6-membered ring that
contains Y, Y2 and Y®® in formula (DI).

H', H? and H® each independently represent the following
formula (DI-A) or (DI-B):

(DI-A)
YA! .

* z 7/

XA—YA?

In formula (DI-A), YA' and YA? each independently
represent a methine group or a nitrogen atom. Preferably, at
least one of YA! and YA? is a nitrogen atom; more preferably
both are nitrogen atoms. XA represents an oxygen atom, a sulfur
atom, a méthylene group or an imino group, preferably an oxygen
atom. * indicates the position at which the group bonds to any
of L' to L2 in formula (DI); ** indicates the position at which

the group bonds to any of R' to R® in formula (DI)).

(DI-B)
YB! *
*\< Y
\
YB2—XB

In formula (DI-B), YB' and YB? each independently
represent a methine group or a nitrogen atom. Preferably, at
least one of YB' and YB®? is a nitrogen atom; more preferably
both are nitrogen atoms. XB represents an oxygen atom, a sulfur
atom, a methylene group or an imino group, preferably an oxygen
atom. * indicates the position at which the group bonds to any
of L' to L® in formula (DI); ** indicates the position at which
the group bonds to any of R! to R?® in formula (DI)).

R!, R? and R® each independently represent the following
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formula (DI-R):

(DI-R) '

% (—12loQ?) ,-1.22-1.23-Ql

In formula (DI-R), * indicates the position at which the
group bonds to any of H' to H® in formula (DI).

Lm'represents a single bond or a divalent linking group.
When L?' is a divalent linking group, it is preferably a divalent
linking group selected from -0-, -S-, -C(=0)-, —NR7—, ~CH=CH-
and -C=C- and their combinations. R7represents an alkyl group
having from 1 to 7 carbon atoms, or a hydrogen atom, pfeferably
an alkyl group having from 1 to 4 carbon atoms, or a hydrogen
atom, mbre preferably a methyl grdup, an ethyl group or a
hydrogen atom, most preferably a hydrogen atom.

Preferably, 1 is any of a single bond, ***-0-CO-,
*%**_CO-~0-, ***-CH=CH- or ***-C=C- (in which *** indicates the
position at which the group bonds to the side of * in formula
(DI-R) ), more preferably a single bond.

Q® represents a divalent group having at least one cyclic
structure (cyclic group). The cyclic group is preferably a
5-membered, 6-membered or 7-membered cyclic group, more
preferably a 5-membered or 6-membered cyclic group, most
preferably a 6-membered cyclic group. The cyclic structure in
the cyclic group may be a condensed ring. However, it is more
preferably a single ring than a condensed ring. The ring in
the cyclic group may be any of aromatic ring, aliphatic ring
or heterocyclic ring. Preferred examples of the aromatic ring
are benzene ring, naphthalene ring, anthracene ring and
phenanthrene ring. A preferred example of the aliphatic ring
is cyclohexane ring. Preferred examples of the hetero ring are
pyridine ring and pyrimidine ring.

For Q% the cyclic group having a benzene ring is
preferably a 1,4-phenylene group. The éyclic group having a
naphthalene ring is preferably a naphthalene—1,4;diyl group,
a naphthalene-1,5-diyl group, a naphthalene-1,6-diyl group, a

10
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naphthalene-2, 5-diyl group, a naphthalene-2, 6-diyl group and
a naphthalene-2,7-diyl group. The cyclic group having a
cyclohexane ring is preferably a 1,4-cyclohexylene group. The
cyclic group having a pyridine ring is preferably a
pyridine-2,5-diyl group. The cyclic group having a pyrimidine
ring is preferably a pyrimidine-2,5-diyl group. Of those,
especially preferred are a 1, 4-phenylene group, a
naphthalene-2, 6-diyl group and a 1,4-cyclchexylene group.

Qzlnay have a substituent. Examples of the substituent
are a halogen atom (preferably, fluorine atom, chlorine atom,
bromine atom, iodine atom), a cyano group, a nitro group, an
alkyl group having from 1 to 16 carbon atoms, an alkenyl group
having from 2 to 16 carbon atoms, an alkynyl group having from
2 to 16 carbon atoms, a halogen-substituted alkyl group having
from 1 to 16 carbon atoms, an alkoxy group having from 1 to 16
carbon atoms, an acyl group having from 2 to 16 carbon atoms,
an alkylthio group having from 1 to 16 carbon atoms, an acyloxy
group having from 2 to 16 carbon atoms, an alkoxycarbonyl group
having from 2 to 16 carbon atoms, a carbamoyl group, an alkyl
group-substituted carbamoyl group having from 2 to 16 carbon
atoms, and an acylamino group having from 2 to 16 carbon atoms.
Of those, preferred are a halogen atom, a cyano group, an alkyl
group having from 1 to 6 carbon atoms, a halogen-substituted
alkyl group having from 1 to 6 carbon atoms; more preferred are
a halogen atom, an alkyl group having from 1 to 4 carbon atoms,
a halogen-substituted alkyl group having from 1 to 4 carbon
atoms; even more preferred are a halogen atom, an alkyl group
having from 1 to 3 carbon atoms, and a trifluoromethyl group.

nl indicates an integer of from 0 to 4, preferably an
integer of from 1 to 3, more preferably 1 or 2.

122 represents **-0-, **-0-CO-, **-CO-0O-, **-0-CO-O-,
*%_§-, **-NH-, %%-50,=, **-CHp-, **-CH=CH- or **-C=C-; **
indicates the position at which the group bondsﬂto Q2.

Preferably, L?? is **-0-, **-0-CO-, **-CO-0-, **-0-CO-0O-,

11
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**-CHy-, **-CH=CH- or **-C=C-; more preferably **-0-, **-0-CO-,
*%-0-CO-0- or **-CHp—. When L?* is a group containing a hydrogen
atom, then the hydrogen atom may be substituted with a
substituent. Preferred examples of the substituent are a
halogen atom, a cyano group, a nitrogroup, an alkyl group having
from 1 to 6 carbon atoms, a halogen-substituted alkyl group
having from 1 to 6 carbon atoms, an alkoxy group having from
1 to 6 carbon atoms, an acyl group having from 2 to 6 carbon
atoms, an alkylthio group having from 1 to 6 carbon atoms, an
acyloxy group having from 2 to 6 carbon atoms, an alkoxycarbonyl
group having from 2 to 6 carbon atoms, a carbamoyl group, an
alkyl-substituted carbamoyl group having from 2 to 6 carbon
atoms, and an acylamino group having from 2 to 6 carbon atoms;
and more preferred are a halogen atom, and an alkyl group having
from 1 to 6 carbon atoms.

L% represents a divalent linking group selected from -0O-,
-8~, -C(=0)-, =S0,-, -NH-, -CH,-, -CH=CH- and -C=C- and their
combinations. The hydrogen atom in -NH-, -CH,;~ and —-CH=CH- may
be substituted with a substituent. Preferred examples of the
substituent are a halogen atom, a cyano group, a nitro group,
an alkyl group having from 1 to 6 <carbon atoms, a
halogen-substituted alkyl group having from 1l to 6 carbon atoms,
an alkoxy group having from 1 to 6 carbon atoms, an acyl group
having from 2 to 6 carbon atoms, an alkylthio group having from
1 to 6 carbon atoms, an acyloxy group having from 2 to 6 carbon
atoms, an alkoxycarbonyl group having from 2 to 6 carbon atoms,
a carbamoyl group, an alkyl-substituted carbamoyl group having
from 2 to 6 carbon atoms, and an acylamino group having from
2 to 6 carbon atoms; and more preferred are a halogen atom, and
an alkyl group having from 1 to 6 carbon atoms. Substituted
with any of these substituents, the liquid-crystalline compound
of the invention may have an increased sblubility in solvents
used in preparing liquid-crystalline compositioﬁs containing

the compound.

12
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Preferably, 1?® is selected from a group consisting of
-0-, -C(=0)-, -CH;~, -CH=CH- and -C=C- and their combinations.
More preferably, L2 contains from 1 to 20 carbon atoms, even
more preferably from 2 to 14 carbon atoms. Also preferably,
L?® contains from 1 to 16 (-CHz-)s, more preferably from 1 to
12 (-CHz-)s.

Q' represents a polymerizable group or a hydrogen atom.
When the liquid-crystalline compound of the invention is used
in optical films such as optically-compensatory films of which
the retardation is desired to be unchangeable by heat, then Q1
is preferably a polymerizable group. Preferably, the
polymerization for the group is addition polymerization
(incluazhg ring-cleavage polymerization) or condensation
polymerization. Specifically, it 1is desirable that the
polymerizable group is a functional group that may undergo
addition polymerization or condensation polymerization.

Examples of the polymerizable group are mentioned below.

. “H
H H H
n-CsH7 ..C
HZC’/C\ H3C\C//C\ csz\C’/C\ 3 7 C/ ~
H H H
H
CH, cl
1 ! H C\ ,C PA
’/C\ H C’/C\ 3 CII ~ HC’C\
H
N
¢ H»C EH
H,C CH\ 2 ~
—SH —OH —NH;
o)
12 /7
—C, =3, N=C=0 N=C=§
OH O OH / /
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More preferably, the polymerizable group is a functional
group that may undergo addition polymerization. As the
polymerizable group of the type, preferred is a polymerizable
ethylenic unsaturated group or a ring-cleavage polymerizable
group.

Examples of the polymerizable ethylenic unsaturated

group are the following formulae (M-1) to (M-6):

CHj /CHS
CHF=CH CH2:'< CH7= C\Z " CHF==C
c—0— C—O0— Ve C—N—
Y, 7 /
4 J g |\ J |
M-1) M-2) M-3) (M-4)
CH
_ cH
CHZ—C{:) ——C//O
\
(M-5) (M-6)

In formulae (M-3) and (M-4), R represents a hydrogen atom
or an alkyl group, preferably a hydrogen atom or a methyl group.

Of formulae (M-1) to (M-6), preferred is formula (M-1)
or (M-2), and more preferred is formula (M-1).

The ring-cleavage polymerizable group is preferably a
cyclic ether group, more preferably an epoxy group Or an
oxetanyl group, and most preferably an epoxy group.

As the compounds of the invention, preferred are those
of the following formula (DII):

(DIT)

14
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In formula (DII), Yn, Y3 and Y** each independently
represent a methine group or a nitrogen atom, and these have
the same meanings as Yn, Y2 and Y® in formula (DI). Their
preferred ranges are also the same as therein.

In formula (DII), R, R*? and R*®® each independently
represents the following formula (DII-R):

(DII-R)
31
//A
>_Q3L3_L31_L32_Q32

X?’\Aaz

In formula (DII-R), A% and A*? each independently
represent a methine group or a nitrogen atom. Preferably, at
least one of them is a nitrogen atom, more preferably both are
nitrogen atoms. X° represents an oxygen atom, a sulfur atom,
a methylene group or an imino group, preferably'an oXygen atom.

Q3! represents a 6—meﬁbered cyclic structure-having
divalent linking group (this may be hereinafter referred to as
a 6-membered cyclic group). The 6-membered ring may be a
condensed ring. However, the ring is more preferably a single
ring than a condensed ring. The ring in the 6-membered cyclic
group may be any of aromatic ring, aliphatic ring or
heterocyclic ring. Preferred examples of the aromatic ring are
benzene ring, naphthalene ring, anthracene ring and
phenanthrene ring. A preferred example of the aliphatic ring
is cyclohexane ring. Preferred examples of the hetero ring are
pyridine ring and pyrimidine ring.

For Q°', the 6-membered cyclic group having a benzene ring
is preferably a 1,4-phenylene group. The cyclic structure
having a naphthalene ring is preferably a naphthalene-1, 4-diyl
group, a naphthalene-1,5-diyl group, a naphthalene-1,6-diyl
group, a naphthalene-2,5-diyl group, a'naphthalene—2,6—diyl
group and a naphthalene-2,7-diyl group. The cyciic structure

having a cyclohexane ring is preferably a 1,4-cyclohexylene
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group. The cyclic structure having a pyridine ring is
preferably a pyridine-2,5-diyl group. The cyclic structure
having a pyrimidine ring is preferably a pyrimidine-2,5-diyl
group. Of those, especially preferred are a 1,4-phenylene
group, a naphthalene-2,6-diyl group and a 1,4-cyclohexylene
group.

The cyclic structure for Q! may have a substituent.
Examples of the substituent are a halogen atom (fluorine atom,
chlorine atom, bromine atom, iodine atom), a cyano group, a
nitro group, an alkyl group having from 1 to 16 carbon atoms,
an alkenyl group having from 2 to 16 carbon atoms, an alkynyl
group having from 2 to 16 carbon atoms, a halogen-substituted
alkyl group having from 1 to 16 carbon atoms, an alkoxy group
having from 1 to 16 carbon atoms, an acyl group having from 2
to 16 carbon atoms, an alkylthio group having from 1 to 16 carbon
atoms, an acyloxy group having from 2 to 16 carbon atoms, an
alkoxycarbonyl group having from 2 to 16 carbon atoms, a
carbamoyl group, an alkyl group-substituted carbamoyl group
having from 2 to 16 carbon atoms, and an acylamino group having
from2 to 16 carbon atoms. Asthe substituent for the 6-membered
cyclic group, preferred are a halogen atom, a cyano group, an
alkyl group having from 1 to 6 carbon atoms, a
halogen—substitutedalkylgrouphavingftom11x>6carbonatoms;
more preferred are a halogen atom, an alkyl group having from
1 to 4 carbon atoms, a halogen-substituted alkyl group having
from 1l to 4 carbon atoms; even more preferred are a halogen atom,
an alkyl group having from 1 to 3 carbon atoms, and a
trifluoromethyl group.

n3 indicates an integer of from 1 to 3, preferably 1 or

L“‘represents *-Q0-, *-0-CO-, *-CO-0-, *-0-CO-0-, *-S-,
*-N(R)-, *-CH-~, *-CH=CH- or *-C=C-; * indicates the position
at which the group bonds to Q. Concretely, this has the same

meaning as L%? in formula (DI-R), and its preferred range is
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also the same as therein.

Iﬁzrepresentsacﬁwalentlinkinggroupselectedfrom—o—,
-S-, -C(=0)-, =-NH-, -CH;-, -CH=CH- and -C=C- and their
combinations. Concretely, this has the same meaning as L?? in
formula (DI-R), and its preferred range is also the same as
therein.

In formula (DII-R), Q32 has the same meaning as Q1 in
formula (DI-R).

Specific examples of the compounds of formula (DI) are
mentioned below, to which, however, the invention should not

be limited.
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R
. O-N X= —O0CqHy D-1
\
. < R= /(\N)\Q\x —OC5H14 D-2
—OCgHy3 D-3
—OC;Hss D-4
—OCgHy; D-5

—OCH,CH(CH3)C4Ho D-6
—O(CH,);,0COCH=CH,  D-7
—O(CH;);0COCH=CH,  D-8
—O(CH2)40COCH=CH,  D.9
—O(CH)sOCOCH=CH,  D-10
—O(CH2s0COCH=CH,  D.1]
—O(CH,)/;0COCH=CH, D-12

—O(CH,)s0COCH=CH, . D-13
—O(CH,),CH(CH3)OCOCH=CH,  D-14

—O(CHg);CH(CH3)OCOCH=CH,  D-15

—O(CH;CH,0),COCH=CH, D-16
—O(CH,)0COC=CH, D17
CHs
—O(CH3){0COCH=CHCHs D-18
—O(CH2)4OCH=CH, D-19
"“"O(CHz),"’Ct‘ —/C Hz D_20
(o]
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' O-N X= —0COCHs D-21
R/©\R R= /(\N»\Qx —O0COCsHi  D-22
—OCOCgH13 D-23
—OCO(CH,);0COCH=CH, D-24
—OCO(CH2)30COCH=CH; D-25
—OCO(CHy)40COCH=CH, D-26
—OCO(CH,)s0COCH=CH; D-27
—OCO(CH,)s0COCH=CH, D-28
—OCO(CH_);OCOCH=CH, D-29
—OCO(CH,),CH(CH3)OCOCH=CH, D-30
—OCO(CH,),0COC=CH, D-31
CHa
—OCO(CH;),0COCH=CHCH; D-32
—OCO(CHg)4OCH=CH, D-33
—OCO(Cth—Cl\-I—/CHz D-34
R

O-N X= —0COOCHg D-35

\
. A R= /(\N)\O\X —OCO0CsHyy  D-36
—O0COOCgH;3  D-37

—OCOO(CH,),0COCH=CH,  D-38
—OCOO(CH,);0COCH=CH,  D-39

—OCOO(CH,),0COCH=CH,  D-40
—OCOO(CH,)sOCOCH=CH,  D-41
—OCOO(CH,)sOCOCH=CH,  D-42
;OCOO(CH2)7OCOCH=CH2 D-43
—QCOOCH(CH3)CH,CH;,0COCH=CH, D-44

—0COO0C(CH,CH,0),COCH=CH, D-45

—OCOO(CHZ)ZOCO(I:=CH2 D-46
CHs
—0COO(CH,),0COCH=CHCH3 D-47
—OCOO(CH2)4OCH=CH2 ' D-48
—OCOO(CH2)4—Cti-/CH2 D-49

o]
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R

i : /2_N X= —OC4Hg D-50
\
R= N —OC5H11 -

- . N)\D\x D-51
F —006H13 D-52
—OC;H;5 D-53
—OCgH7 D-54

—OCH;CH(CH3;)C4Hg D-55
—O(CH,),0COCH=CH,  D-56

—O(CH,);0COCH=CH,  D-57
—O(CH)40COCH=CH,  p.58
—O(CH,)sOCOCH=CH, -D-59
—O(CH2)sOCOCH=CH, .0
—O(CH,);OCOCH=CH,  D-61

—O(CH2)gOCOCH=CH, D-62
—O(CHy),CH(CH3)OCOCH=CH,  D-63

—O(CH,)4CH(CH3)OCOCH=CH,  D-64

—O(CH,CH,0),COCH=CH, D-65
—O(CH2)4OCOCIZ=CH2 D-66
CHs3
—O(CH2)s0COCH=CHCH D-67
—O(CHp)4OCH=CH, D-68
—Q(CH5)4—CH-CH
(CH2)4 H-CH, D-69
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R
O-N X= —0OCOC,Hg D-70
- !
R= /QN —0COCsHy4 D-71
R R X
F —OCOCgHq3 D-72
—OCO(CH,);0COCH=CH, D-73
-~0OCO(CH,)30COCH=CH, D-74
~—OCO(CH,)sOCOCH=CH, D-76
—'OCO(CHz)sOCOCH=CH2 D-77
—OCO(CH,);OCOCH=CH, D-78
~—OCO(CH,),CH(CH3)OCOCH=CH, D-79
—OCO(CH,),;0COC=CH, D-80
CH,
—OCO(CH,),0COCH=CHCHjZ D-81
—OCO(CH,)4,OCH=CH, ' D-82
—OCO(CH2)4—Ct1-}CH2 D-83
o
R
O-N X= —0C00CHy D-84
\
R= /(\N —0C00CsHy;  D-85
R R X :
F —OCOOCgH13 D-86

—OCOO(CH,),0COCH=CH,  D-87
—OCOO(CH,);0COCH=CH,  D.-88

—OCOO(CHy){0COCH=CH,  D-89
—OCOO(CH,)sOCOCH=CH,  D-90
—QCOO(CH,)§0COCH=CH,  D-91
*“—OCOOCH(CH3)CH,0COCH=CH,  D-92
—OCOOCH(CH3)CH,CH,0COCH=CH, D-93

—OCOOC(CH,CH,0),COCH=CH,  D-94

—0CO0(CH;)20C0C=CH, D-95
CH,
—OCOO(CH2),0COCH=CHCH;, D-96
—OCOO(CH,)40CH=CH, ' D-97
—OCOO(CHz)s~CH-CH, D-98
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R

. O-N X= —0C4Hg D-99
A
R R X 1 D-100
E —OCgHs3 D-101
—OC7Hss D-102
—OCgH47 D-103

—OCH2CH(CH;)C4Hg D-104
—0O(CH;);0COCH=CH,  D-105
—O(CH2)30COCH=CH,  D-106
—O(CH2);0COCH=CH, p.107
—O(CH,)sOCOCH=CH,  D-108
—O(CHz)sOCOCH=CH,  p.109
—O(CH,);OCOCH=CH, D-110

—O(CH)gOCOCH=CH,  D-111
~—O(CH,),CH(CH;)OCOCH=CH, ~ D-112

—O(CH2)3CH(CH3)OCOCH=CH,  D-113

—O(CHZCH,0),COCH=CH, D-114
—O(CH =
( 2)4OCO(|: CH; D-115
CHj
—O(CH3)40COCH=CHCH3 D-116
—O(CHZ)4OCH=CH;, D-117
—O(CHz)rC'\'lo—/CHz ' D-118
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D-122
D-123
D-124
D-125
D-126

D-127

—OCO(CH,),CH(CH3)OCOCH=CH, D-128

—OCO(CH,),0COC=CH,
CH3

—OCO(CH,),0COCH=CHCHj
—OCO(CH,)40CH=CH,

—OCO(CH,)4s~CH-CH,
\/

—0CO0CH;  D-133
—OCOOCsH4 ‘D-134
—OCOOCgH;a D-135
—OCOO(CHZ),0COCH=CH,
—OCOO(CH,);0COCH=CH,

—OCOO0(CH,)s0COCH=CH,

—OCOO(CH,)s0COCH=CH,

—O0COO(CH,)s0COCH=CH,

—OCOO(CH,);0COCH=CH,

D-129

D-130

D-131

D-132

D-136
D-137
D-138
D-139
D-140

D-141

—OCOOCH(CH3)CH,CH,0COCH=CH, D-142

—OCOOC(CH,CH,0),COCH=CH, D-143

—OCOO(CH,);,0C0C=CH;
. CHs,
—OCOO(CH,),0COCH=CHCH,

—OCOO(CH2)4—CtI ~CHy
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—OCgH13 D-148
—OCOCsH,4 D-149
—OCOO0CHg D-150
—0(CH,);0COCH=CH,

—O(CH,)s0COCH=CH,

—OCO(CH,);0COCH=CH,
—OCO(CH2)40COCH=CH;,

—OCOO0(CH,),0GOCH=CH,

—0COO(CH,)sO0COCH=CH,

—OCgH13 D-157
—OCOCsH,4 D-158
—OCOOC4Hg D-159
—O(CH,)s0COCH=CH,
—O(CHy)gOCOCH=CH,
—OCO(CH,)30COCH=CH,

—OCO(CH2)40COCH=CH;

—0COO(CH,),0COCH=CH,

—OCOO(CH2)40COCH=CH,

—OCgH43 D-166
—OCOCsH,¢ - D-167
—OCOOC4Hg D-168
—O(CH,);0COCH=CH,

" —O(CH2)s0COCH=CH,
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. O_N X= _OCSH13 D'175
A\
R= /<\N —OCOCgHy4 D-176
R R X

CF3
—O(CHg)40COCH=CH, D-179
—O(CH,)sOCOCH=CH, D-180
—OCO(CH,);0COCH=CH, D-181
—OCO(CH,),0COCH=CH, D-182

—O0COO(CH,),0COCH=CH;,; D-183

—OCOO(CH,)sO0COCH=CHj, D-184
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R . O-N X= —O0CgH;3 D-185
R/@R R=/<\N)\©\X —OCOCsH; D-186
Cl —OCOOC Hqg D-187

—0(CH,)40COCH=CH, D-188

—O(CH,)gOCOCH=CH, D-189

—OCO(CH,)3;0COCH=CH, D-190

—0CO(CH,),0COCH=CH, D-191

—0OCOO(CH;),0COCH=CH, D-192

—OCOO(CH,)40COCH=CH,  D-193

R

O-N - X= —0CgHq3 D-194

) @LR R= /QN»\Q\X —0COCsHy  D-195

F —0CO0CH,  D-196
—O(CH3)4,OCOCH=CH, . D-197
—O(CH,)§OCOCH=CH, D-198
—0CO(CH,)s0COCH=CH, D-199
—OCO(CH5);0COCH=CH, D-200
—OCOO(CH,),0COCH=CH, D-201

—OCOO(CH,)40COCH=CH,  D-202

X= —0CgHs3 D-203

» |
R= /<N/)\©\ —0COCsHy;  D-204
R R X

—OCOOC,4Hg D-205

—0(CH,)40COCH=CH, D-206
—O(CH,)sOCOCH=CH, D-207
—OCO(CH,)30COCH=CH, D-208
—OCO(CH,)sOCOCH=CH, D-209

—0COO(CH,),0COCH=CH, D-210

—OCOO(CH,),0COCH=CH,  D-211
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i N-O X= —0CgHs3 D-212
< ,@R R= /QN/)_\Q\X —0COCsH14 D213
L —0CO0C,Hy D-214
—O(CH,)40COCH=CH, D-215
—O(CH,)sOCOCH=CH, D-216
—OCO(CH,);0COCH=CH, D-217
—0OCO(CH,)s0COCH=CH, D-218
—0COO0O(CH,),0COCH=CH, D-219
—O0COO(CHZ)40COCH=CH,  D-220
R

S_N X— _OC5H13 D"221
R= /QN»\Q —0COCsH D-222
R R X sH11 -
—O(CH,)sOCOCH=CH, D224
—O0CO(CH,)30COCH=CH, D-225

—OCOO(CH,),OCOCH=CH,  D-226
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l | R= "X —0COC;H g
R R X 511 D-228
—OCO(CH,);0COCH=CH, D-231
—OCOO(CH,);0COCH=CH,  D-232
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0 \ X—_ _OCBH13 D'233
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—O(CH3)sOCOCH=CH, D-236

~—0CO(CH2)30COCH=CH, D-237

—OCOO(CH,){0COCH=CH,  D-238
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—OCOO(CH,CH,0),COCH=CH,

—O(CH,)s0COCH=CH,
—0CO0(CH,),0COCH=CH,
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R
: O-N X X= —O(CH,)4OCOCH=CH, D-328

re A ) ‘i; .
R R N —OCOO(CH,)4OCOCH=CH D-329
—OCOO(CH,CH,0),COCH=CH, D-330

The uniform alignment as referred to herein is meant to
indicate uniform monodomain alignment with no defect. To
realize the alignment state, preferred is a liquid phase showing
a good monodomain state. A liquid phase having a bad monodomain
state may have a polydomain structure, in which the interface
between the domains may have an alignment defect and may
therefore scatter light. When a liquid phase having a good
monodomain state is used, for example in a retarder, then the
resulting retarder may readily have a high 1light transmittance.

The liquid phase which the liquid-crystalline compound
of the invention may express includes a columnar phase and a
discotic nematic phase (Np phase). Of those ligquid-crystal
phases, preferred is a discotic nematic phase (Np phase) that
shows a good monodomain state.

Preferably, the 1ligquid-crystalline compound of the
invention expresses a liquid-crystal phase within a range of
from 20°C. to 300°C, more preferably from 40°C to 280°C, most
preferably from 60°C to 250°C. The wording that the compound
expresses a liquid phase within a range of from 20°C to 300°C
is meant to indicate that the liquid-crystal temperature range
of the compound broadly covers around 20°C (concretely, for
example, from 10°C to 22°C) and around 300°C (concretely, for
example, from 298°C to 310°C) and between them. The same shall
apply to the range of from 40°C to 280°C and to the range of
from 60°C to 250°C.

For obtaining a thin film of uniform alignment of the
invention, some additive may be optionally added to the
liquid-crystalline compound to prepare a liquid-crystalline

composition, and the resulting liquid-crystalline composition
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may be applied onto a substrate and uniformly aligned thereon
to have a liquid-crystal state. Examples of the additive that
may be added to the 1liquid-crystalline compound are
air-interface alignment-controlling agent, cissing inhibitor,
polymerization initiator and polymerizable monomer.

For realizing the uniform alignment of the thin film, it
is desirable that an orientation film is provided on the thin
filh. However, when the optical axis direction of the discotic
liquid-crystalline compound is in parallel to the normal line
direction of the thin film surface (homeotropic alignment), the
orientation film is not always necessary.’

The orientation film may be provided by a method of
rubbing treatment of an organic compound (preferably a polymer),
a method of oblique vapor deposition of an inorganic compound,
amethod of formation of a layer having microgrooves, or a method
of accumulation of an organic compound (e.g., ®-tricosanoic
acid, methyl stearate) according to a Langmuir-Blodgett's
technique (LB film). Further, also known is anorientation film
that may have an orientation function through electric field

application thereto, magnetic field application thereto or

‘light irradiation thereto.

The orientation film may be any and every layer capable
of imparting a -desired alignment to the liquid-crystalline
composition of the invention. In the invention, however,
preferred is an orientation film capable of being formed through
rubbing treatment or light irradiation. Especially preferred
is an orientation film that may be formed through polymer
rubbing treatment. In general, the rubbing treatment may be
effected by rubbing the surface of a polymer layer a few times
with paper or cloth in a predetermined direction. Preferably,
in the invention, the rubbing treatment is effected according
to the method described in Handbook of Liquid Crystals (by
Maruzen). Preferably, the thickness of the orientation film

is from 0.01 to 10 pm, more preferably from 0.05 to 3 um.
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One typical and preferred embodiment of the fixed
alignment as referred to herein is that the aligned state of
liquid—crystallihe compounds is kept long as such, but this is
not limitatively interpreted. Under ordinary conditions, a
temperature range of from 0°C to 50°C is preferred; and under
severer conditions, a temperature range of from -30°C to 70°C
is preferred. Within the temperature range, the fixed
liquid-crystal composition loses flowability and its alignment
state does not change owing to the external field condition or
the external force applied to the composition, and therefore,
the fixed alignment of the liquid-crystalline compounds can be
kept stably as such for long. When an optically-anisotropic
layer of which the alignment state has been finally fixed is
formed of the liquid-crystalline composition of the invention,
then the composition may no more exhibit liquid crystallinity.
For example, since a polymerizable group-having compound is
used as the liquid-crystalline compound, the compound may be
finallypolymerized and crosslinked through reaction under heat
or light and, as a result, the compound could be a polymer
therefore losing its liquid crystallinity.

Examples of the additive that may be added to the
liquid-crystalline composition of the invention for forming an
optically-anisotropic layer are air-interface alignment-
controlling agent, cissing inhibitor, polymerization
initiator and polymerizable monomer.

[Air-Interface Alignment-Controlling Agent]

At an air-interface, the liquid-crystalline composition
is aligned at the tilt angle of the air-interface. The tilt
angle varies, depending on the type of the liquid-crystalline
compound and the type of the additives in the liquid~-crystalline
composition, and therefore, the tilt angle of the air~interface
must be controlled suitably in accordance with the object of
the composition. '

For controlling the tilt angle, for example, an external
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field such asanelectric field or amagnetic fieldmay be applied
to the .composition, or an additive may be added to the
composition. Preferably, an additive is used. The additive
is preferably a compound having at least one substituted or
unsubstituted aliphatic group having from 6 to 40 carbon atoms,
or substituted or unsubstituted aliphatic-substituted
oligosiloxanoxy group in the molecule, more preferably having
at least two such groups in the molecule. For example, as the
air-interface alignment-controlling agent, usable are
hydrophobic excluded volume effect compounds such as those
described in JP-A-2002-20363.

The amount of the air-interface alignment-controlling
agent to be added to the liquid-crystalline composition of the
invention is preferably from 0.001 % by mass to 20 % by mass,
more preferably from 0.01 % by mass to 10 % by mass, most
preferably from 0.1 % by mass to 5 % by mass of the composition.
[Cissing Inhibitor]

As the «c¢issing inhibitor that is added to the
liquid-crystalline composition of the invention for the purpose

of preventing the composition from being repelled in its

application to a substrate, in general, a polymer compound is

preferably used.

The polymer is not specifically defined so far as it does
not have any significant negative influence on the tilt angle
change or the alignment of the liquid-crystal composition of
the invention.

Examples of the polymer are described in JP-A-8-95030.
Especially preferred examples of the polymer are cellulose
esters. Examples of the cellulose esters are cellulose acetate,
cellulose acetate propionate, hydroxypropyl cellulose and
cellulose acetate butyrate.

The amount of the polymer to be used for the purpose of
cissing inhibition not interfering with the alignment of the

liguid-crystalline composition of the invention is generally
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from 0.1 to 10 % by mass, but preferably from 0.1 to 8 % by mass,
more preferably from 0.1 to 5 % by mass of the composition.
[Polymerization'Initiator]

For alignment fixation in the invention, for example, the
liéuid—crystallinecompoundjj;onceheatedataatemperaturefor
liquid-crystal phase formation, and then cooled with its
alignment state kept as such, whereby the liquid crystal may
be aligned and fixed as such not interfering with the original
alignment thereof. The liquid-crystalline composition of the
invention that contains a polymerization initiator added
thereto may be heated up to a temperature for liquid-crystal
phase formation, then polymerized and codled[ whereby the
liquid crystal alignment may also be fixed as such. For the
alignment fixation in the invention, the latter polymerization
method is preferred. The polymerization includes thermal
polymerization using a thermal polymerization initiator and a
photopolymerization using a photopolymerization initiator and
an electron beam irradiation polymerization. For the purpose
of preventing the support from being deformed and denatured by

heat, herein preferred is photopolymerization or electron beam

‘irradiation polymerization.

Examples of the photopolymerization initiator are
a-carbonyl compounds (described in USP Nos. 2,367,661,
2,367,670), acyloin ethers (described in USP No. 2,448,828),
a-hydrocarbon-substituted aromatic acyloin compounds
(described in USP No. 2,722, 512), polynuclear quinone compounds
(described in USP Nos. 3,046,127, 2,951,758), combination of
triarylimidazole dimer and p-aminophenyl ketone (described in
USP No. 3,549,367), acridine and phenazine compounds (described
in JP-A-60-105667, USP No. 4,239,850) and oxadiazole compounds
(described in USP No. 4,212,970).

The amount of the photopolymerization initiator for use
herein is preferably from 0.01 to 20 % by mass, more preferably

from 0.5 to 5 % by mass of the solid content of the coating
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solution for the optically-anisotropic layer.

For light irradiation for polymerization, preferably
used are UV rays. The irradiation energy is preferably from
10 mJ/cm? to 50 J/cm?, more preferably from 50 mJ/cm’® to 800 mJ/cm?.
For promoting photopolymerization, the light irradiation may
be effected under heat. The oxygen concentration in the
atmosphere participates in the degree of polymerization.
Therefore, when the desired degree of polymerization could not
be attained in air, then it is desirable that the oxygen
concentration is lowered according to a method of purging with
nitrogen. Preferably, the oxygen concentrationisatmost 10 %,
more preferably at most 7 %, most preferably at ﬁost 3 %.
[Polymerizable Monomer]

A polymerizable monomer may be added to the
liquid-crystalline composition of the invention. The
polymerizable monomer usable in the invention is not
specifically defined, so far as it is miscible with the
liquid-crystalline compound of the invention and it does not
significantly detract from the alignment of the
liguid-crystalline composition. Preferred are compounds
having a polymerizable active ethylenic unsaturated group such
as a vinyl group, a vinyloxy group, an acryloyl group or a
methacryloyl group. The amount of the polymerizable monomer
to be added may be generally from 0.5 to 50 % by mass, preferably
from1l to 30 % by mass of the liquid-crystalline compound. When
a monomer having two or more reactive functional groups is used,
it 1s more preferable since it may be effective for enhancing
the adhesiveness between the orientation film and the
optically-anisotropic layer.

[Coating Solvent]

The solvent for use in preparing the liquid-crystalline
composition of the invention is preferably an organic solvent.
Examples of the organic solvent are amides (e.qg.,

N,N-dimethylformamide), sulfoxides (e.g., dimethylsulfoxide)
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heterocyclic compounds (e.g., pyridine), hydrocarbons (e.g.,
toluene, hexane), alkyl halides (e.g., chloroform,
dichloromethane), esters (e.g., methyl acetate, butyl acetate),
ketones (e.g., acetone, methyl ethyl ketone, methyl isocbutyl
ketone, cyclohexanone), ethers (e.qg., tetrahydrofuran,
1,2-dimethoxyethane). Preferredare alkyl halides, esters and
ketones. Two or more organic solvents may be used as combined.
(Coating Method]

The thin film of the invention may be formed by preparing
a coating solution of the liquid-crystalline composition of the
invention by the use of the above-mentioned solvent, the
applying the solution onto an orientation film and processing
it for alignment of the liquid-crystalline composition. The
coating solution may be applied to the film in any known method
(for example, according to a wire bar coating method, an
extrusion coating method, a direct gravure coating method, a
reverse gravure coating method, a die coating method).

The invention is described more concretely with reference
to the following Examples. The material, the amount used, the
ratio, the treatment and the treatment process shown in the
following Examples may be suitably changed and modified not
overstepping the scope and the sprit of the invention.
Accordingly, the scope of the invention should not be limited

by the following Examples.

[Example 1]
[Production of D-3]

D-3 was produced according to the following scheme:
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(Production of D-3A)

15.0 g of 4-cyanophenol was dissolved in 300 ml of
dimethylformamide, to which were added 20.9 g of potassium
carbonate and 18.5 ml of l-bromohexane, and then this was
stirred under nitrogen atmosphere at 110°C for 5 hours. Water
was added to the reaction solution, and this was then extracted
with ethyl acetate and washed with saturated saline. The
organic layer was concentrated under reduced pressure, and then
purified through column chromatography to obtain 25.0 g of D-3A.
(Production of D-3B)

o 25.0 gof D-3A was dissolved in 200 ml of ethanol, to which
was added 26.0 ml of 50 % hydroxylamine solution, and this was
then stirred at 90°C for 3 hours. After coocled, methanol was
added to the reaction solution, and the precipitated crystal
was taken out through filtration and dried whereby 29.0 g of
a crystal, D-3B was obtained.

(Production of D-3)

29.0 g of D-3B was dissolved in 300 ml of 1,4-dioxane,

to which were added 10.2 g of trimesic acid chloride and 10.9

ml of pyridine, and this was stirred at 90°C for 7 hours. After

‘cooled, methanol was added to it, and the precipitated crystal

was taken out through filtration. This was purified through
column chromatography and 25 g of D-3 was thus obtained. The
NMR spectrum of the thus-obtained D-3 was as follows:

'H-NMR (solvent: CDCls, standard: tetramethylsilane) & (ppm)

0.85 (9H, t)
1.25-1.35 (12H, m)
1.35-1.45 (6H, m)
1.70-1.80 (6H, m)
3.95 (6H, t)
6.95 (6H, d)
8.05 (6H, d)
9.10 (3H, s)

The phase transition temperature of the thus-obtained D-3
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was determined through texture observation with a polarization
microscope. First, the temperature was elevated, and the
crystal phase of the compound changed to an isotropic liquid
phase at around 139°C. Next, the temperature was gradually
5 loweredfroml39%3,andataround123°c,thephaseofthecompound
changed to a discotic nematic phase; and when the temperature
was further lowered to 98°C, the phase of the compound again
changed to a crystal phase. Specifically, it was found that,
whilecooled,thecompoundD—Bexhibitsacﬁscoticnematicphase

10 within a temperature range of from 123°C to 98°C.

[Example 2]
[Production of D-7]
D-7 was produced according to the following scheme:
15

CeH130 HO,

Sy %

N
%é)\ BBr, vék KoCO;
—N - 2 oy
"Pr'« OJ—OOCan NC; N,>_®—OH Br(CH,),0COCH=CH,

N 0]
\J CICOCH=CH,
CeHy30 D3 HO . ,
Trihydroxy Br(CHy),0H
Compound

HaC=HCOCO(H,C),0

=N

N.O
n/ékr—N O(CH,),0COCH=CH
N o,\f’O = 2

HoC=HCOCO(H,C),0 D-7
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11.0 g of D-3 was dissolved in 100 ml of CH,;Cl,, to which
was added 135 ml of boron tribromide (1.0 M CHyCl, solution).
This was stirred at 40°C for 8 hours, then water was added to
the reaction solution, and the precipitated crystal was taken
out through filtration. The crystal was dried to obtain 7.5
g of a trihydroxy compound as above.

0.34 g of 2-bromobutanol was dissolved in 5 ml of
dimethylacetamide, to which was dropwise added 0.26 ml of
acrylic acid chloride, and this was stirred at room temperature
for 1 hour. Then, 20 ml of water and 20 ml of hexane were added
toit towash the organic layer. After liquid-liquid separation,
the hexane layer was removed, and 0.3 g of the above trihydroxy

compound, 0.44 g of potassium carbonate and 30 ml of
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dimethylformamide were added to it, and this was stirred at 90°C
for 5 hours. Water was added to the reaction solution and this
was extracted with CHzCl;. The organic layer was concentrated
and purified through column chromatography to obtain 0.36 g of
a crystal of D-7. The NMR spectrum of the thus-obtained D-7

was as follows:

'H-NMR (solvent: CDCli, standard: tetramethylsilane) 8 (ppm)

4.33 (6H, t)
4.60 (6H, t)
5.89 (3H, dd)
6.20 (3H, dd)
6.50 (3H, dd)
7.05 (6H, d)
8.15 (6H, d)
9.20 (3H, s)

The phase transition temperature of the thus-obtained D-7
was determined through texture observation with a polarization
microscope. First, the temperature was elevated, and the
crystal phase of the compound changed to an isotropic liquid
phase at around 173°C. Next, the temperature was gradually
lowered from 173°C, and at around 89°C, the phase of the compound
changed to a discotic nematic phase; and when the temperature
was further lowered to room temperature, the phase of the
compound again changed to a crystal phase. Specifically, it
was found that, while cooled, the compound D-7 exhibits a
discotic nematic phase within a temperature range of from 89°C

to room temperature.
[Example 3]

[Production of D-8]

D-8 was produced according to the following scheme:
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HO H,C=HCOCO(H,C):0,
N,
Yé\r KoCO3
N OH  Br(CH,);0COCH=CH . N O(CH,)30COCH=CH,
\ Nr*@' (CH)3 2 N9N O'N)—O—
CICOCH=CH,
HO H,C=HCOCO(H,C):0 D-8
Br(CHg)30H

0.3 g of D-8 was obtained according to the same process
as in Example 2, for which, however, the starting compound was
changed as in the above. The NMR spectrum of the thus-obtained
D-8 was as follows:

'H-NMR (solvent: CDCls;, standard: tetramethylsilane) & (ppm)
2.15-2.25 (6H, m)

4.15 (6H, t)
4.40 (6H, t)
5.85 (3H, dd)
6.25 (3H, dd)
6.45 (3H, dd)
7.05 (6H, d)
8.20 (6H, d)
9.25 (3H, s)

The phase transition temperature of the thus-obtained D-8
was determined through texture observation with a polarization
microscope. First, the temperature was elevated, and the
crystal phase of the compound changed to an isotropic liquid
phase at around 141°C. Next, the temperature was gradually
lowered from 141°C, and at around 104°C, the phase of the compound
changed to a discotic nematic phase; and when the temperature
was further lowered to room temperature, the phase of the
compound again changed to a crystal phase. Specifically, it
was found that, while cooled, the compound D-8 exhibits a
discotic nematic phase within a temperature range of from 104°C

to room temperature.
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[Example 4]
[Production of D-9]

D-9 was produced according to the following scheme:

HO H,C=HCOCO(H,C),O

:<= LN
NO N.O
g&g e ﬁ
,N - ,N =
N(\)N itk OH  Br(CH,),O0COCH=CH, N‘?N O_N)-—@‘O(CHz)4OCOCH CH,
CICOCH=CH, D-9
Br(CHy),OH

0.3 g of D-9 was obtained according to the same process
as in Example 2, for which, however, the starting compound was
changed as in the above. The NMR spectrum of the thus-obtained
D-9 was as follows:

'H-NMR (solvent: CDCli, standard: tetramethylsilane) & (ppm)

1.90-2.00 (12H, m)
4.10 (6H, t)
4.30 (6H, t)
5.85 (3H, dd)
6.15 (3H, dd)
6.45 (3H, dd)
7.05 (6H, d)
8.15 (6H, d)
9.25 (3H, s)

The phase transition temperature of the thus-obtained D-9
was determined through texture observation with a polarization
microscope. First, the temperature was elevated, and the
crystal phase of the compound changed to an isotropic liquid
phase at around 119°C. Next, the temperature was gradually
lowered from 119°C, and at around 106°C, the phase of the compound
changed to a discotic nematic phase; and when the temperature

was further lowered to 72°C, the phase of the compound again
changed to a crystal phase. Specifically, it was found that,
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while cooled, the compound D-9 exhibits a discotic nematic phase

within a temperature range of from 106°C to 72°C.

[Example 5]
[Production of D-10]

D-10 was produced according to the following scheme:
HO : H,C=HCOCO(H,C)s0

;——N =N
N_O N O
7/(5\( KoCOs
. N OH  Br(CH H=CH . N O(CH,)sOCOCH=CH,
N(‘)N ON r(CH;)s0COC > N‘ON ON)-O’ 2)s
CICOCH=CH, D-10
HO H,C=HCOCO(H,C)sO
Br(CH,)sOH

0.35 g of D-10 was obtained according to the same process
as in Example 2, for which, however, the starting compound was
changed as in the above. The NMR spectrum of the thus-obtained
D-10 was as follows:

1H-NMR (solvent: CDCls;, standard: tetramethylsilane) & (ppm)

1.55-1.65 (6H, m)
1.75-1.85 (6H, m)
1.85-1.95 (6H, m)
4.05 (6H, t)
4.20 (6H, t)
5.80 (3H, dd)
6.13 (3H, dd)
6.40 (3H, dd)
7.03 (6H, d)
8.15 (6H, d)
9.25 (3H, s)

The phase transition temperature of the thus-obtained
D-10 was determined through texture observation with a
polarizationmicroscope. First, the temperature was elevated,
and the crystal phase of the compound changed to an isotropic

liquid phase at around 144°C. Next, the temperature was
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gradually lowered from 144°C, and at around 106°C, the phase

of the compound changed to a discotic nematic phase; and when
the temperature was further lowered to 72°C, the phase of the
compound again changed to a crystal phase. Specifically, it
was found that, while cooled, the compound D-10 exhibits a
discotic nematic phase within a temperature range of from 106°C

to 72°C.

[Example 6]
[Production of D-11]
D-11 was produced according to the following scheme:

HO H2C=HCOCO(H,C)60,

N_% Nt% .
{é\( ‘ K,COs3
) N OH  Br(CH,)sOCOCH=CH . N /™) O(CH,)sOCOCH=CH
"PN on r(CHo)e 2 N?N ON)——O’ 2)e 2
d CICOCH=CH, d
HO H,C=HCOCO(H,C)sO
Br(CH,)eOH o1

0.35 g of D-11 was obtained according to the same process
as in Example 2, for which, however, the starting compound was
changed as in the above. The NMR spectrum of the thus-obtained

D-11 was as follows:

1H-NMR (solvent: CDCli, standard: tetramethylsilane) 8 (ppm)

1.40-1.60 (12H, m)
1.70-1.80 (6H, m)
1.80-1.90 (6H, m)
4.05 (6H, t)
4.20 (6H, t)
5.80 (3H, dd)
6.13 (3H, dd)
6.40 (3H, dd)
7.05 (6H, d)
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8.15 (6H, d)
9.20 (3H, s)

The phase transition temperature of the thus-obtained
D-11 was determined through texture observation with a
polarizationmicroscope. First, the temperature was elevated,
and the crystal phase of the compound changed to an isotropic
liquid phase at around 90°C. Next, the temperature was
gradually lowered from 90°C, and at around 87°C, the phase of
the compound changed to a discotic nematic phase; and when the
temperature was further lowered to room temperature, the phase
of the compound again changed to a crystal phase. Specifically,
it was found that, while cooled, the compound D-11 exhibits a
discotic nematic phase within a temperature range of from 87°C

to room temperature.

[Example 7]
[Production of D-38]

D-38 was produced according to the following scheme:
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HO,

%,

N

NOY@N, OH

N ON

HO/\/OY\ (C13C0),CO ,HO

S o
QNMez pyridine

H,C=HCOCO(H,C),00C0

ND
Now/é\r, ()~ OCOO(CH,);0C0CH=CH,
N

W\ | (o}

H,C=HCOCO(H,C),00C0 D-38

0.73 g of 2-hydroxyethyl acrylate was dissolved in 10 ml

5 of tetrahydrofuran, and with cooling with ice, 0.84 ml of
dimethylaniline was dropwise added thereto, and 0.62 g of
triphosgene was added thereto. This was restored to room
temperature and stirred for 2 hours, and then with cooling with
ice, 0.35 g of a trihydroxy compound as above was added to it.

10 Then, 0.31 ml of pyridine was dropwise added to it, and this
was stirred at room temperature for 2 hours. After the

reaction,
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methanol was added to it, and the precipitated crystal was taken
out through filtration. This was purified through column
chromatography, and 0.38 g of D-38 was thus obtained. The NMR
spectrum of the thus-obtained D-38 was as follows:

lH-NMR (solvent: CDCls, standard: tetramethylsilane) d (ppm)
4.40-4.60 (12H, m)

5.90 (3H; dd)
6.20 (3H, dd)
6.50 (3H, dd)
7.45 (6H, d)
8.30 (6H, d)
9.30 (3H, s)

The phase transition tempefature of the thus-obtained
D-38 was determined through texture observation with a
polarizationmicroscope. First, the temperature was elevated,
and the crystal phase of the compound changed to an isotropic
liquid phase at around 114°C. Next, the temperature was
gradually lowered from 114°C, and at around 94°C, the phase of
the compound changed to a discotic nematic phase; and when the
temperature was further lowered to room temperature, the phase
of the compound again changed to a crystal phase. Specifically,
it was fopnd that, while cooled, the compound D-38 exhibits a
discotic nematic phase within a temperature range of from 94°C

to room temperature.
[Example 8]

[Production of D-25]

D-25 was produced according to the following scheme:
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HO

3,

N,

%é\r PrNEt
; N OH  CICO(CH,),0COCH=
N ON@ (CHa)s CH,

& D-25B
SOCl,

HO

D-25A
CI’Oa

HO(CH,)4OCOCH=CH,

H,C=HCOCO(H,C);0CO

-N
7::5;1
; N OCO(CH,)s0COCH=CH
NS)N ON?O 2)3 2

D-25

H2C=HCOCO(H2C)3OCO
13 g of 4-hydroxybutyl acrylate was dissolved in 450 ml
of acetone, and with cooling with ice, a solution prepared by
5 adding 180 ml of water and 60 ml of sulfuric acid to chromium
trioxide was dropwise added to the resulting solution. This
was stirred at room temperature for 5 hours, and then acetone
was evaporated away under reduced pressure. Water was added
to the reaction solution, and this was extracted with ethyl
10 acetate. The organic layer was concentrated under reduced
pressure, and purified through column chromatography to obtain
10.9 gof D-25A. 3.2 gof D-25A was dissolved in 10 ml of toluene,
to which were added 4.5 ml of thionyl chloride and a catalytic
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amount of dimethylformamide, and this was stirred at 40°C for

20 minutes. Toluene was evaporated away under reduced pressure
to obtain D-25B. 0.35 g of a trihydroxy compound as above was
dissolved in 10 ml of tetrahydrofuran, to which were added 0.43
ml of diisopropylethylamine, a catalytic amount of
dimethylaminopyridine and 0.88 g of D-25B, and this was stirred
at room temperature for 1 hour. After the reaction, methanol
was added to it, and the precipitated crystal was taken out
through - filtration. This was purified through column
chromatography to obtain 0.40 g of D-25. The NMR spectrum of
the thus-obtained D-25 was as follows:

14-NMR (solvent: CDCl;, standard: tétramethylsilane) d (ppm)
2.15-2.25 (6H, m)

2.75 (6H, t)
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4.30 (6H, t)
5.85 (3H, dd)
6.25 (3H, dd)
6.45 (3H, dd)
7.30 (6H, d)
8.28 (6H, d)
9.23 (3H, s)

The phase transition temperature of the thus-obtained
D-25 was determined through texture observation with a
polarizationmicroscope. First, the temperature was elevated,
and the crystal phase of the compound changed to an isotropic
ligquid phase at around 140°C. Next, the temperature was
gradually lowered from 140°C, and at around 78°C, the phase of
the compound changed to a discotic nematic phase; and when the
temperature was further lowered to 69°C, the phase of the
compound again changed to a crystal phase. Specifically, it
was found that, while cooled, the compound D-25 exhibits a
discotic nematic phase within a temperature range of from 78°C

to 69°C.

[Example 9]
[Production of D-52]

D-52 was produced according to the following scheme:
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BrCgH13 NH,OH
NC OH —————— NC OCgHqq — 22—
Q KaCO4 Q o T EOH
F

F
CocCl
CeH130

NH CioC COCl N

HO—H OCgH FNJO
6713 pyridine \/é\r R

F ) «Nk@oc H
N? X o 813
F

CeHysO D-52

35 g of D-52 was obtained according to the same process
as in Example 1, for which, however, the starting compound was
changed as in the above. The NMR spectrum of the thus-obtained
D-52 was as follows:

'H-NMR (solvent: CDCli, standard: tetramethylsilane) & (ppm)
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0.85 (%H, t)
1.25-1.35 (12H, m)
1.35-1.45 (6H, m)
1.70-1.80 (6H, m)
4.10 (6H, t)
6.80 (3H, dd)
6.90 (3H, dd)
8.15 (3H, t)
9.20 (3H, s)

The phase transition temperature of the thus-obtained
D-52 was determined through texture observation with a
polarization microscope. The temperature was elevated, and
the crystal phase of the compound changed to a discotic nematic
liquid-crystal phase at around 141°C. At over 142°C, the phase
changed to an isotropic liquid phase. Specifically, it was
found that D-52 exhibits a discotic nematic liquid-crystal

phase within a temperature range of from 141°C to 142°C.

[Example 10]
[Production of D-58]

D-58 was produced according to the following scheme:
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(ka?;kk H?;:;
FoNed FoNaD
R BBr, F K;CO,
N N .
N?l'\l S N,_b-OCan N?N O'N@OH Br(CH2)40COCH=CH,
F D.52 F cncoc:H:cnzI
CgH1a0 HO Tri
rihydroxy Br(CH),OH
Compound 24
Hzc=HCOCO(H2C)4O
F NO
F
s J“,,_@»O(CHZ)‘,OCOCWCHZ
>N ON 2
F
H,C=HCOCO(H,C),0 D-58

8.0 g of D-58 was obtained according to the same process
as in Example 2, which, however, started from 4-bromo-1-butanol.
The NMR spectrum of the thus-obtained D-58 was as follows:
'H-NMR (solvent: CDClj3, standard: tetramethylsilane) 8 (ppm)
1.90-2.00 (12H, m)

4.10 (6H, t)
4.30 (6H, t)
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.85
.15
.45
.80
.90
.15
.20

O W OO0 & & & U

D-58

RO/JP 229 20(

w W w
r T =
Qa o Q
(ST o N o}

w
T
Q.
(o8

3H, t)
3H, s)

The phase transition temperature of the thus-obtained

w
o
-
Q
Q.

was determined through texture observation with a

polarization microscope. The temperature was elevated, and

the crystal phase of the compound changed to a discotic nematic

liquid-crystal phase at around 127°C. At over 139°C, the phase

changed to an isotropic liquid phase. Specifically, it was

found that D-58 exhibits a discotic nematic liquid-crystal

phase within a temperature range of from 127°C to 139°C.

[Example 11]
[Production of D-63]

D-63 was produced according to the following scheme:
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OH HO A
c
/K/\OH ¢ cl

NEt, K,CO;

H,C=HGOCO(H3C)HC(H,C),0

-N
F N.O
w/é\r F
N ’N,,,bO(CHg)gCH(CHs)OCOCH=CH2
~N ON
F

D-63
H,C=HCOCO(H;C)HC(H,C),0

A solution prepared by dissolving 9.6 g of
p-toluenesulfonyl chloride in 10 ml of acetone was dropwise
added to a mixture of 9.0 ml of 1,3-butanediol and 7.7 ml of

triethylamine, and this was stirred at 40°C for 4 hours, and

then 50 ml of water and 50 ml of toluene were added to it to

wash the organic layer. After liquid-liquid separation, the
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toluene layer was evaporated away, and 3.1 g of a trihydroxy
compound as above, 8.3 g of potassium carbonate, 4.5 g of sodium
iodide and dimethylformamide were added to it, and stirred at
80°C for 8 hours. Water was added to the reaction solution,
and the précipitated crystal was recrystallized from
tetrahydrofuran and acetonitrile. The resulting crystal was
dissolved in dimethylacetamide, and 2.1 ml of acrylic acid
chloride was'dropwise added thereto, and stirred at 40°C for
4 hours. Then, 500 ml of methanol was added, and the
precipitated crystal was taken out through filtration. The
precipitated<:rysta1.was'thuS'taken out through filtration, and
this crystal was purified through column chromatography to
obtain 1.8 g of a crystal D-68. The NMR spectrum of the
thus-obtained D-68 was as follows:

1H-NMR (solvent: CDCl3, standard: tetramethylsilane) & (ppm)
1.40 (9H, d)

2.15 (6H, m)
4.10 (6H, t)
5.25 (3H, m)
5.85 (3H, dd)
6.15 (3H, dd)
6.45 (3H, dd)
6.80 (3H, d)
6.85 (3H, d)
8.15 (3H, t)
9.20 (3H, s)

The phase transition temperature of the thus-obtained
D-68 was determined through texture observation with a
polarization microscope. The temperature was elevated, and
the crystal phase of the compound changed to a discotic nematic
liquid-crystal phase at around 84°C. At over 135°C, the phase
changed to an isotropic liquid phase. 'Specifically, it was
found that D-68 exhibits a discotic nematic -liquid-crystal

phase within a temperature range of from 84°C to 135°C.
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[Example 12]
[Production of D-89]

D-89 was produced according to the following scheme:

H O/\/\/om/\ (Cl3C0),CO HO

0 @NMez pyridine

H,C=HCOCO(H,C),00C0

F
Nofé\pN,__@OCOO(CHZ)“OCOCH:CHZ

N ON

D-89
H2C=HCOCO(H,C),00C0O

20 g of D-89 was obtained according to the same process
as in Example 7, which, however, started from 4-hydroxybutyl
10 acrylate. The NMR spectrum of the thus-obtained D-89 was as
follows:
'H-NMR (solvent: CDCls, standard: tetramethylsilane) & (ppm)
1.80-2.00 (12H, m)
4.25 (6H, t)
15 4.35 (6H, t)
5.85 (3H, dd)
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.45
.25
.30
.25

W O 1 O O

D-89

(3H,
(3H,
(6H,
(3H,
(3H,

The

was

RO/JP 22.9. 200

dd)
dd)
d)
t)
s)
phase transition temperature of the thus-obtained

determined through texture observation with a

polarization microscope. The temperature was elevated, and

the crystal phase of the compound changed to a discotic nematic

liquid-crystal phase at around 85°C. At over 104°C, the phase

changed to an isotropic liquid phase. Specifically, it was

found that D-89 exhibits a discotic nematic liquid-crystal

phase within a temperature range of from 85°C to 104°C.
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[Example 13]

"[Production of D-101]

D-101 was produced according to the following scheme:

NaH
NC F NC OCgHy3 NHZOH
CeH130H EtOH
F F
D-101A

COCl
CeH130,

F
CloC i COCl =
NH P%

N,
H
. >0, OCgH
F NPN oNk<:>k 6713
ﬁ D-101

C5H130 F

100 ml of tetrahydrofuran and 11.7 ml of hexanol were
added to 5.18 g of sodium hydride. This was stirred at room
temperature for 20 minutes, and then with cooling with ice, a
solution prepared by dissclving 10 g of
3,4-difluorobenzonitrile in 80 ml of tetrahydrofuran was
dropwise added to it. This was stirred at room temperature for
5 hours, and water was dropwise added to the reaction solution,
and extracted with ethyl acetate. The organic layer was
concentrated and purified through column chromatography to
obtain 15.5 g of a crystal of D-101A. Next, this was processed
in the same manner as in Example 1, and D-101 was thus obtained.
The NMR spectrum of D-101 was as follows:

!4-NMR (solvent: CDCl;, standard: tetramethylsilane) 8 (ppm)
0.95 (SH, t)
1.30-1.40 (12H, m)
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.40-1.50 (6H, m)
.85-1.95 (6H, m)
.20 (6H, t)

.10 (3H, dd)
.90-8.00 (6H, m)
.20 (3H, s)

O ~J 3 & = B

PCT/JP2005/015102

KUs7 J Y

22, 9. ZUUT

The phase transition temperature of the thus-obtained

D-101 was determined through texture observation with a

polarization microscope.
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the crystal phase of the compound changed to a discotic nematic

liquid-crystal phase at around 135°C. At over 162°C, the phase
changed to an isotropic liquid phase. Specifically, it was

found that D-101 exhibits a discotic nematic liquid-crystal

5 phase within a temperature range of from 135°C to 162°C.

[Example 14]
[Production of D-109]

D-109 was produced according to the following scheme:

10
CgH130 HO
F‘{ 2 F){ 2
N_r\é) N—%
¥(T>\( F_ BB F KoCO4
' 'N>—Ooc H ; N OH _
NE)N oN sH13 N?N 5 Br(CH,)gOCOCH=CH,
d CICOCH=CH,

CeHysO F HO F
Br(CH,)gOH

HoC=HCOCO(H,C)¢0

F )—-

NT%

w/é\ (

; N O(CH,)gOCOCH=CH
NPN Oﬁk<:>_( 2)e 2
H,C=HCOCO(H,C)sO F D-109

0.35 g of D-109 was obtained according to the same process
15 as in Example 2, which, however, started from 6-bromo-1-hexanol.
The NMR spectrum of the thus-obtained D-109 was as follows:
lH-NMR (solvent: CDCls;, standard: tetramethylsilane) 8 (ppm)
1.40-1.60 (12H, m)
1.65-1.75 (6H, m)
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phase transition temperature of the thus-obtained

D-109 was determined through texture observation with a

polarization microscope. The temperature was elevated, and

the crystal phase of the compound changed to a discotic nematic
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liquid-crystal phase at around 79°C. At over 120°C, the phase
changed to an isotropic liquid phase. Specifically, it was

found that D-109 exhibits a discotic nematic liquid-crystal

phase within a temperature range of from 79°C to 120°C.

[Example 15]
[Production of D-112]

D-112 was produced according to the following scheme:

HO
F
>\=N
N.O
%é\r F
NC: »N@»OH
ZN ON
0
/OKHA Tsci HO °F \)QC,
OH -
NEts K>COs

HaC=HCOCO(H3C)HC(H2C)20
F

N
N.O
YL{lY F
N J‘L.C}O(CHz)zCH(CHg)OCOCH=CH2
N ON
d D-112

HC=HCOCO(H3C)HC(H2C),0 F

1.8 g of D-112 was obtained according to the same process
as in Example 11. The NMR spectrum of the thus-obtained D-112
was as follows:
'H-NMR (solvent: CDCls, standard: tetramethylsilane) & (ppm)
1.40 (9H, d)
2.20 (6H, m)
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4.20 (6H,
5.25 (3H,
5.85 (3H,
6.15 (3H,
6.45 (3H,
7.10 (3H,
7.95 (6H,
9.20 (3H,

The

RO/TP  22.9.200%

phase transition temperature of the thus-obtained

D-112 was determined through texture observation with a

polarization microscope. The temperature was elevated, and

the crystal phase of the compound changed to a discotic nematic
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liquid-crystal phase at around 124°C. At over 147°C, the phase
changed to an isotropic liquid phase. Specifically, it was

found that D-112 exhibits a discotic nematic liquid-crystal

phase within a temperature range of from 124°C to 147°C.

5
[Example 16]
[Production of D-136]
D-136 was produced according to the following scheme:
HQ,
F
;N
N, O
jb\/ F
N ’N,r’O' OH
N O-N
O Clcopco HO F
HO O
0 .
@—NMez pyridine
10

H,C=HCOCO(H,C),00CO
F

=N
N O

F
Nov/é\,oN,}__O—OCOO(CHz)ZOCOCH=CH2
N ON

D-136
H,C=HCOCO(H,C),00c0 F

0.35 gof D-136 was obtained according to the same process

as in Example 7. The NMR spectrum of the thus-obtained D-136

15 was as follows:

'H~NMR (solvent: CDCls, standard: tetramethylsilane) & (ppm)
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4.50 (6H, t)

4.60 (6H, t)

5.92 (3H, dd)
6.20 (3H, dd)
6.50 (3H, dd)
7.45 (3H, dd)
8.10-8.20 (6H, m)
9.30 (3H, s)

The phase transition temperature of the thus-obtained
D-136 was determined through texture observation with a
polarization microscope. The temperature was elevated, and
the crystal phase of the compound changed to a discotic nematic

liquid-crystal phase at around 128°C. At over 129°C, the phase
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changed to an isotropic liquid phase. Specifically, it was
found that D-136 exhibits a discotic nematic liquid-crystal

phase within a temperature range of from 128°C to 129°C.
[Example 17]

[Production of D-148]

D-148 was produced according to the following scheme:

NaH
NC cl NC OCgHg —H20H |
CeHy3OH EtOH

Cl Cl

cocl
C6H13O
Cl
N cloc cocl Nf%
HO—NLQ*OCSHW —_— Yé\r cl
pyridine
. N,.{: >—oc H
cl N N  ON e

CeH1a0 €I p.148

2.5 g of D-148 was obtained according to the same process
as in Example 12. The NMR spectrum of the thus-obtained D-148
was as follows:

1H-NMR (solvent: CDCl;3, standard: tetramethylsilane) & (ppm)

0.90 (9H, t)
1.30-1.40 (12H, m)
1.40-1.50 (6H, m)
1.85-1.95 (6H, m)
4.10 (6H, t)

7.02 (3H, d)

8.10 (3H, dd)

8.25 (3H, d)

9.20 (3H, s)
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The phase transition temperature of the thus-obtained
D-148 was determined through texture observation with a
polarization microscope. The temperature was elevated, and
the crystal phase of the compound changed to a discotic nematic
liquid-crystal phase at around 145°C. At over 167°C, the phase
changed to an isotropic liquid phase. Specifically, it was
found that D-148 exhibits a discotic nematic liquid-crystal

phase within a temperature range of from 145°C to 167°C.
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[Example 18]
[Production of D-157]

D-157 was produced according to the following scheme:

C6H1gBI’
NG OH NC OCgHys —20H
KoCO3 EtOH

Br Br
cocl
CeH130
BP{ 2

N cloc cocl N’.%

HO—N—“—QfOCeHw W Yé\r
N OCgH
Br \ k@' 613

CeH1a0 Br p.157

6.5 g of D-157 was obtained according to the same process
as in Example 1, for which, however, the starting compound was
changed as in the above. The NMR spectrum of the thus-obtained
D-157 was as follows:

1H-NMR (solvent: CDClz, standard: tetramethylsilane) & (ppm)

0.90 (9H, t)
1.30-1.40 (12H, m)
1.40-1.50 (6H, m)
1.85-1.95 (6H, m)
4.10 (6H, t)

7.00 (3H, d)

8.10 ( dd)

8.40 (3H, d)

9.20 ( s)

The phase transition temperature of the thus-obtained

D-157 was determined through texture observation with a
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polarization microscope. The temperature was elevated, and

the crystal phase of the compound changed to a liquid-crystal
phase at around 166°C. At over 168°C, the phase changed to an

isotropic liquid phase. Next, when the compound was gradually
cooled from 170°C, then its phase changed to a discotic nematic

phase at around 157°C. Further cooled to 140°C, its phase again
changed to a crystal phase. Specifically, it was found that,
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while heated, D-157 exhibits a columnar phase within a

temperature range of from 166°C to 168°C, and while cooled, it

exhibits a discotic nematic phase within a temperature range

of from 157°C to 1l40°C.

[Example 19]
[Production of D-166]

D-166 was produced according to the following scheme:

CgH43Br NH,0S05H
OHC OH OHC OCeHis  ~gon NC OCgH13
K,CO4

Me Me D-166A Me
cocl
CeH130
MeQ
o N cloc cocl NT%
“Eon ”°‘NLQ°°6”W pyrdine e
) -N OCgH
Me hPN ONI)"@ 67113

CeHi30 Me p.166

5.5 g of 3-methyl-4-hydroxybenzaldehyde was dissolved in
50 ml of dimethylformamide, to which were added 8.4 g of
potassium carbonate and 6.8 g of 1-bromohexane. Then, this was
stirred under nitrogen atmosphere at 110°C for 5 hours. Water
was added to the reaction solution, extracted with ethyl acetate,
and washed with saturated saline. The organic layer was
concentrated under reduced pressure, and 100 ml of ethanol was
added to the resulting oily product. With cooling with ice,
an aqueous solution of 9.0 g of hydroxylamine-O-sulfonic acid

was dropwise added to it. This was reacted at 55°C for 6 hours,

and water was added to the reaction solution, extracted with
62
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ethyl acetate and washed with saturated saline. The organic
layer was concentrated under reduced pressure and purified
through column chromatography to obtain 5.6 g of D-166A.

Next, D-166A was converted into D-166 in the same manner
as in Example 1. The yield of D-166 was 3.0 g. The NMR spectrum
of the thus-obtained D-166 was as follows:
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'!H-NMR (solvent: CDCls;, standard: tetramethylsilane) 8 (ppm)

0.90 (9H, t)
1.30-1.40 (12H, m)
1.50-1.60 (6H, m)
1.80-1.90 (6H, m)
2.32 (9H, s)

4.05 (6H, t)

6.92 (3H, d)

8.00 (3H, d)

8.02 (3H, dd)

9.20 (3H, s)

The phase transition temperature of the thus-obtained
D-166 was determined through texture observation with a
polarization microscope. The temperature was elevated, and
the crystal phase of the compound changed to a discotic nematic
liquid-crystal phase at around 135°C. At over 160°C, the phase
changed to an isotropic liquid phase. Specifically, it was
found that D-166 exhibits a discotic nematic liquid-crystal

phase within a temperature range of from 135°C to 160°C.

[Example 20]
[Production of D-175]

D-175 was produced according to the following scheme:
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BrCgH13 NH,OH
NC OH ————— NC OCgHqz —2——»
Q K2CO3 < ? M T EtoH

CF3 CF3

COCI CgH130

cloc cocl NT%

H NH oF
HO-N OCgH —_— 3
‘“—< \>— sH13 pyridine Nl N POOCBH13
CF, N ON
D-175

C5H13O CF3

5.2 g of D-175 was obtained according to the same process
as in Example 1, for which, however, the starting compound was
changed as in the above. The NMR spectrum of the thus-obtained

D-175 was as follows:
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'H-NMR (solvent: CDCl;, standard: tetramethylsilane) & (ppm)

0.90 (%H, t)
1.30-1.40 (12H, m)
1.50-1.60 (6H, m)
1.80-1.90 (6H, m)
4.15 (6H, t)
7.15 (3H, d)
8.35 (3H, dd)
8.45 (3H, d)
9.25 (3H, s)

The phase transition temperature of the thus-obtained
D-175 was determined through texture observation with a
polarizationmicroscope. First, the temperature was elevated,
and the crystal phase of the compound changed to an isotropic
liquid phase at around 131°C. Next, the temperature was
gradually lowered from 131°C, and the phase of the compound
changed to a discotic nematic phase at around 124°C. At around
106°C, the discotic nematic phase of the compound changed to

a columnar phase. Further cooled to 88°C, the phase of the

compound again changed to a crystal phase. Specifically, it
was found that D-175 exhibits a discotic nematic phase within

a temperature range of from 124°C to 106°C.

(Example 21]
[Production of D-194]

D-194 was produced according to the following scheme:
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NC OCgHy3 —NH2OH
EtOH
F F
cocl  CeHis0
F
F =N
cioc cocl N O

H
HO_N‘U‘_Q"OCSI"h 3 W F F
N ’N,}'@’OCGHH

FF

N O-N

D-194
CeHisO F

1.0 g of D-194 was obtained according to the same process

as in Example 1, for which, however, the starting compound was
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changed as in the above.. The NMR spectrum of the thus-obtained
D-194 was as follows:

lH-NMR (solvent: CDCls, standard: tetramethylsilane) & (ppm)
.95 (9H, t)

.30-1.40 (12H, m)

.50-1.60 (6H, m)

.85-1.95 (6H, m)

.15 (eH, t)

.85-6.95 (3H, m)

.90-8.00 (3H, m)

.25 (3H, s)

The phase transition temperature of the thus-obtained

O <3 & & P = B O

D-194 was determined through texture observation with a
polarizationmicroscope. The ambient temperature was elevated,
and the crystal phase of the compound changed to a discotic
nematic liquid-crystal phase at around 119°C. At over 149°C,
the phase changed to an isotropic liquid phase. Specifically,
it was found that D-194 exhibits a discotic nematic
liquid-crystal phase within a temperature range of from 119°C
to 149°C.

[Example 22]
[Production of D-201]

D-201 was produced according to the following scheme:
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H O/\/O\H/\ (CI3C0),CO

o) @-—NMeg pyridine

H,C=HCOCO(H,C),00CO
F

F N
%éw b
NS fN,kOOCOO(CHz)ZOCOCWCHz
F

D-201
H,C=HCOCO(H,C),00C0 F
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A trihydroxy compound was produced in the same manner as
in Example 2, fof which, however, the starting compound was
changed as in the above. Using this, 0.35 g of D-201 was
obtained in the same manner as in Example 7. The NMR spectrum
of the thus-obtained D-201 was as follows:

'H-NMR (solvent: CDCls, standard: tetramethylsilane) & (ppm)
.50 (6H, t)
.60 (6H, t)
.90 (3H, dd)

.20 (3H, dd)

.50 (3H, dd)

.20-7.30 (3H, m)

.00-8.10 (3H, m)

.30 (3H, s)

The phase transition temperature of the thus-obtained
D-201 was determined through texture observation with a
polarizationmicroscope. The ambient temperature was elevated,
and the crystal phase of the compound changed to a discotic
nematic liquid-crystal phase at around 75°C. At over 117°C, the
phase changed to an isotropic liquid phase. Specifically, it
was found that D-201 exhibits a discotic nematic liquid-crystal

phase within a temperature range of from 75°C to 117°C.

[Example 23]
[Production of D-250]

D-250 was produced according to the following scheme:
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COCi

Cloc CocCl

NH
NH;0H H
M Eton S T oyridine

CsH4

NCO
Nol'\l 6-:WCSH11
CsHy4

D-250

0.3 g of D-250 was obtained according to the same process

as in Example 1. The NMR spectrum of the thus-obtained D-250

was as follows:

'H-NMR (solvent: CDCl;, standard: tetramethylsilane) & (ppm)

0.90 (9H,
1.00-1.10
1.20-1.40
1.50-1.60
1.90-2.00
7.40 (6H,
8.15 (6H,
9.23 (3H,

The
D-250 was

t)

(6H, m)
(24H, m)
(6H, m)
(12H, m)

d)

d)

s)

phase transition temperature of the thus-obtained

determined through texture observation with a
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polarizationmicroscope. The ambient temperature was elevated,
and the crystal phase of the compound changed to an isotropic
liquid phase at around 232°C. Then, the temperature was

gradually lowered from 232°C, and the phase of the compound
changed to a discotic nematic phase at around 199°C. Further
lowered to 169°C, the phase again changed to a crystal phase.

Specifically, it was found that, while cooled, D-250 exhibits

a discotic nematic phase within a temperature range of from 199°C

to 169°C.

[Example 24]
[Production of D-298]
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D-298 was produced according to the following scheme:

coct HO

&

CicC CocCl O

=N
NC O NHOH N_O K,CO3
MeOH ridine
Q OH 24 Yéy Br{CH,);OCOCH=CH,

g
N8 OH
‘ N CICOCH=CH,
=" Trihydroxy Br(CH),OH
HO Compound

H,C=HCOCO(H,C)40

&,
9

N
N_O
w/é‘YN
N?,Q ON-O(CHZ).,OCOCH:CHz

4
H,C=HCOCOM,C)0 D-258
21 g of 6-cyano-2-naphthol was dissolved in 210 ml of
methanol, and 66 ml of an aqueous solution of 50 % hydroxylamine
was dropwise added thereto. This was stirredat 40°C for 5 hours,
and water with ice was added to the reaction solution. The
precipitated crystal was taken out through filtration. The
crystal was dissolved in 250 ml of dimethylacetamide, and 11
ml of pyridine was added thereto. A solution prepared by
dissolving 9.8 g of trimesic acid chloride in 25 ml of
acetonitrile was dropwise added to it, stirred at 100°C for 2
hours. Then, water with ice was added to the reaction solution,
and the precipitated crystal was taken out through filtration.

The crystal was dried, and 20 g of a trihydroxy compound as above

was obtained.

68

SUBSTITUTE SHEET(RULEZ)



WO 2006/016724 PCT/JP2005/015102
AU/ J T lalhy o LUU A

Next, using 4-bromo-l-butanol as the starting compound,
0.53 g of D-298 was obtained in the same manner as in Example
2. The NMR spectrum of the thus-obtained D-298 was as follows:
1H-NMR (solvent: CDCls, standard: tetramethylsilane) & (ppm)

1.90-2.05 (12H, m)
4.15 (6H, t)

4.20 (eH, t)

5.85 (3H, dd)

6.15 (3H, dd)

6.45 (3H, dd)
7.15-7.30 (6H, m)
7.85 (3H, d)

7.95 (3H, d)
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8.25 (3H, d)
8.70 (3H, s)
9.30 (3H, s)

The phase transition temperature of the thus-obtained
D-298 was determined through texture observation with a
polarizationmicroscope. The ambient temperature was elevated,
and the crystal phase of the compound changed to a nematic
liquid-crystal phase at around 166°C. At over 215°C, the phase
changed to an isotropic liquid phase. Specifically, it was
found that D-298 exhibits a nematic liquid-crystal phase within

a temperature range of from 166°C to 215°C.

[Example 25]
[Production of D-303]

D-303 was produced according to the following scheme:
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N0
fﬁé\gﬁm

QO Trihydroxy
Ho/\/\/o\(‘\ (CCORCO  HJ Compound

o] QNMez pyridine

H,C=HCOCO(H,C);00CO

(2
W,

ND
{é\,,N =
N?N mjoco0(<:H,3),,ococH=CH2

OQ D-303

H,C=HCOCO(H,C),00C0

0.78 g of D-303 was obtained according to the same process
5 as in Example 7, which, however, started 'from 4-hydroxybutyl
acrylate. The NMR spectrum of the thus-obtained D-303 was as
follows:
'H-NMR (solvent: CDCls;, standard: tetramethylsilane) & (ppm)
1.85-2.00 (12H, m)

10 4.25 (6H, m)
4.35 (6H, m)
5.85 (6H, d)
6.15 (3H, dd)
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6.45 (3H, d)
7.45 (3H, d)
7.70 (3H, s)
7.95 (3H, d)
8.05 (3H, d)
8.30 (3H, d)
8.80 (3H, s)
9.30 (3H, s)

The phase transition temperature of the thus-obtained
D-303 was determined through texture observation with a
polarizationn&croscope. The ambient temperature was elevated,
and the crystal phase of the compound changed to a discotic
nematic liquid-crystal phase at around 170°C. At over 220°C,
the phase changed to an isotropic liquid phase. Specifically,
it was found that D-303  exhibits a discotic nematic
ligquid-crystal phase within a temperature range of from 170°C

to 220°C.

[Example 26]
[Production of D-304]

0.60 g of D-304 was obtained according to the same process
as in  Example 7, which, however, started from
2-(2-hydroxyethyl)ethyl acrylate. The NMR spectrum of the

thus-obtained D-304 was as follows:

'H-NMR (solvent: CDCli;, standard: tetramethylsilane) & (ppm)

3.80-3.90 (12H, m)
4.35 (6H, t)

4.45 (6H, t)

5.85 (3H, dd)

6.20 (3H, dd)

6.45 (3H, dd)

7.45 (3H, d)

7.70 (3H, s)

7.95 (3H, d)
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8.05 (3H, d)
8.25. (3H, d)
8.75 (3H, s)
9.30 (3H, s)

The phase transition temperature of the thus-obtained
D-304 was determined through texture observation with a
polarizationmicroscope. The ambient temperature was elevated,
and the crystal phase of the compound changed to a columnar
liquid-crystal phase at around 108°C. Further heated, the
columnar phase changed to a discotic nematic liquid-crystal
phase at around 111°C. At over 197°C, the phase changed to an
isotropic liquid phase. Specifically, it was found that D-304
exhibits a discotic nematic liquid-crystal phase within a

temperature range of from 111°C to 197°C.

[Example 27]
[Fabrication of Thin Film of uniformly-aligned D-89]

An aqueous solution of PVA-203 (by Kuraray) was applied
onto a glass substrate, and dried at 100°C for 3 minutes. The
thickness of PVA-203 was 0.5 um. A coating solution mentioned
below was applied onto the substrate coated with the thin film
of PVA-203 in a mode of spin coating, and put into a thermostat
tank at 90°C. After 5 minutes, 600 mJ UV rays were applied to
it, and the alignment of the liquid-crystalline film was thereby
fixed. After left cooled to room temperature, the alignment
of the film was observed with a polarization microscope, which
confirmed that the discotic liquid-crystalline compound was
homeotropically aligned with no defect. The thickness of the
liquid-crystalline compound layer was 3.3 pm.

(Coating Solution)
Liquid-Crystalline Compound D-89 - 100 mas.pts.
Air-Interface Alignment-Controlling Agent V-(1)

0.2 mas.pts.
Irgacure 907 (by Nagase Sangyo) 3.0 mas.pts.
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Diethylthioxanthone 1.0 mas.pt.
Methyl Ethyl Ketone 250 mas.pts.

Air-Interface Alignment-Controlling Agent V-(1):

NH-R OC12Hzs
R-NH—-(N— N R= OCqHos
N
N
NH-R

[Example 28]
[Fabrication of Thin Film of uniformly-aligned D-109]

A coating solution mentioned below was applied onto the
substrate coated with the thin film of PVA-203 in a mode of spin
coating, and put into a thermostat tank at 100°C. After 5
minutes, 600 mJd UV rays were applied to it, and the alignment
of the liquid-crystalline film was thereby fixed. After left
cooled to room temperature, the alignment of the film was
observed with a polarization microscope,.which confirmed that

the discotic liquid~crystalline compound was homeotropically

‘aligned with no defect. The thickness of the

liquid~-crystalline compound layer was 3.0 pm.
(Coating Solution)
Liquid-Crystalline Compound D-109 100 mas.pts.
Air-Interface Alignment-Controlling Agent V- (1)
0.2 mas.pts.

Irgacure 907 (by Nagase Sangyo) 3.0 mas.pts.
Diethylthioxanthone 1.0 mas.pt.
Methyl Ethyl Ketone 250 mas.pts.

[Comparative Example 1]
[Fabrication of Thin Film of uniformly-aligned, conventional
discotic liquid-crystalline compound]

A coating solution mentioned below was applied onto the

substrate coated with the thin film of PVA-203 in a mode of spin
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coating, and put into a thermostat tank at 190°C. After 5
minutes, 600 mJ UV rays were applied to it, and the alignment
of the liquid-crystalline film was thereby fixed. After left
cooled to room temperature, the alignment of the film was
observed with a polarization microscope, which confirmed that
the discotic liquid-crystalline compound was homeotropically
aligned with no defect. The thickness of the
liquid-crystalline compound layer was 3.0 um.
(Coating Solution)
Liguid-Crystalline Compound JD-1 mentioned below

V 100 mas.pts.
Air-Interface Alignment-Controlling Agent V- (1)

0.2 mas.pts.

Irgacure 907 (by Nagase Sangyo) 3.0 mas.pts.

Diethylthioxanthone 1.0 mas.pt.

Methyl Ethyl Ketone 250 mas.pts.
OR

JD-1
OR

[Comparison in point of An and wavelength dispersiveness]

The wavelength dispersion value (Re (478 nm)/Re (748 nm))
of the thin film obtained in Examples 27 and 28 and Comparative
Example 1 was determined by the use of KOBRA (by O0ji Keisokuki),
derived from the retardation thereof measured at 478 nm and 748
nm at an oblique angle of 40°.

Also using KOBRA (by O0ji Keisokuki), An of the thin film
was determined as follows: At a wavelength of 589 nm, the
retardation of the thin film was measured at different angles.
On the supposition that the film is an index ellipsoid model,
An-d of the film was computed according to the method described

in Designing Concepts of the Discotic Negative Compensation
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Films SID98 DIGEST. This was divided by the film thickness (d)

separately measured, and An was thus obtained. The results are

given in Table 1.

Table 1
Wavelength
An Dispersion
Value
Liquid-Crystalline
Example 27 Compound D-89 of the 0.11 1.10
Invention
. Liquid-Crystalline
Example 28 Compound D-109 of the 0.14 1.12
Invention
Comparative . anventionall
Example 1 Liquid-Crystalline 0.09 1.18
Compound JD-1

The results in Table 1 confirm that the
liquid-crystalline compounds of the invention have the

advantages of higher An and lower wavelength dispersiveness as

compared with the conventional liquid-crystalline compound.

[Comparative Example 2]

The following compound JD-2, which had been produced
accordiné to a method described in a reference (Kim, Bong Gi
et al's report, Molecular Crystals and Liquid Crystals, 2001,
Vol. 370, p. 391), was injected into a horizontal alignment cell
(EHC's KSRP-10/A107MINSS (ZZ)) with a cell gap of 10 um, at 150°C,
and homeotropically aligned therein at 130°C. Next, its
wavelength dispersion value was determined according to the

method mentioned above, and it was 1.109.
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CeH430,
=N
O__N
N\ ‘ o}_—_@_OCSHu
O N-N
JD-2

[Comparative Example 3]

The following' liquid-crystalline compound JD-3 was
injected into a horizontal alignment cell (EHC's
KSRP-10/A107MINSS (ZZ)) with a cell gap of 10 um, at 200°C, and
homeotropically aligned therein at 190°C. Next,itswavelength
dispersion value was determined according to the method

mentioned above, and it was 1.18.

OR
o8
e QU
OR ’

OR

JD-3

The results of Comparative Example 2 and Comparative
Example 3 confirm that the liquid-crystalline compounds of the
inventionhavetheadvantageof10werwavelengthdispersiveness
thanthatcﬁfnotonlytheconventional,non—polymerization—type
liquid-crystalline compound JD-3 but also the conventional
ligquid-crystalline compound JD-2 having a similar skeleton to

that of the compound of the invention.
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Claims

1.. A compound represented by the following formula (DI):

(DI)
R1
|
|
Y1§//L§§>Y11
| %l\
g//L\\wz L2
H3 \H2
R3/ \RZ

12 and Y™ each independently represent a methine

wherein Yn, Y
group or a nitrogen atom; L', 1? and 1} each independently
represent a single bond or a divalent linking group:; H', H? and
H® each independently represent a group represented by the
following formula (DI-A) or (DI-B):; R% R? and R® each
independently represent a group represented by the following

formula (DI-R):

(DI-A)
YA1 ik
N ~ y/
XA—YA?

wherein YA! and YA? each independently represent a methine group
or a nitrogen atom; XA'represents an oxygen atom, a sulfur atom,
a methylene group or an imino group; * indicates the position
at which the group of formula (DI-A) bonds to any of L' to L?
in formula (DI); ** indicates the position at which the group

of formula (DI-A) bonds to any of R! to R® in formula (DI),
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(DI-B)
YB! -
*\< Y
\
YB?—XB

whereinYBlandYBzeachindependentlyrepresenteamethinegroup
or a nitrogen atom; XB represents an oxygen atom, a sulfur atom,
a methylene group or an imino group; * indicates the position
at which the group of formula (DI-B) bonds to any of L' to L
in formula (DI); ** indicates the position at which the group
of fofmula (DI-B) bonds to any of R! to R® in formula (DI),

(DI-R) '

- (-121-Q?) ,~1.22-123-0!

wherein * indicates the position at which the group of formula
(DI-R) bonds to any of H! to H® in formula (DI); Lm'represents
a single bond or a divalent linking group; Q2 represents a
divalent group having at least one cyclic structure; nl
indicates an integer of from 0 to 4; L2? represents **-0-,
**—O—CO—,**—CO—O—,**—O—CO—O—,**—S—,**—NH—,**—SOrq **-CH,-,
**-CH=CH- or **-C=C-; ** indicates the position at which the
group bonds to Q2%; 123 represents a divalent linking group
selected from -0-, -S-, -C(=0)-, -S0;-, -NH-, -CHy-, -CH=CH-
and -C=C- and their combinations, and when the divalent linking
group contains a hydrogen atom, then the hydrogen atom may be
substituted with a substituent; Q! represents a polymerizable
group or a hydrogen atom, and when the polymerizable group
contains a hydrogen atom, then the hydrogen atom may be
substitutedvnjjlasubstituent;whenrﬂ_i32<n:more,thenplural
(-L2'-Q%) 's may be the same or different.

2. The compound of claim 1, wherein in formula (DI), Y“y‘
Y'? and Y are all methine groups.-

3. The compound of claim 1 or 2, wherein in formula (DI),
1, LzandL3eachindependentlyrepresentzasinglebond,*—O—CO—

*-C0O-0-, *-CH=CH-, *-C=C-, *-divalent cyclic group-,
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*-0~CO-divalent cyclic group-, *-CO-O-divalent cyclic group-,
*-CH=CH-divalent cyclic group-, *-C=C-divalent cyclic group-,
*-divalent cyclié group-0-CO-, *-divalent cyclic group-C0O-0-,
*—divalent cyclic group-CH=CH- or *-divalent cyclic group-C=C-
in which * indicates the position at which the group bonds to
the 6-membered ring that contains Y, Y'? and Y** in formula (DI).

4. The compound of any one of claims 1 to 3, wherein in
formula (DI-A), at least one of YA and YA? is a nitrogen atom.

5. The compound of any one of claims 1 to 4, wherein in
formula (DI-A), XA is an oxygen atom.

6. The compound of any one of claims 1 to 5, wherein in
formula (DI-B), at least one of YB! and YB? is a nitrogen atom.

7. The compound of any one of claims 1 to 6, wherein in
formula (DI-B), XB is an oxygen atom.

8. The compound of any one of claims 1 to 7, wherein in
formula (DI-R), 1* is a single bond, ***-0-CO-, ***-C0-0-,
***-CH=CH- or ***-C=C- in which *** indicates the position at
which the group bonds to the side of * in formula (DI-R).

9. The compound of any one of claims 1 to 8, wherein in
formula (DI-R), Q% is a benzene ring, a ﬁaphthalene ring, an
anthracene ring, a phenanthrene ring, a cyclohexane ring, a
pyridine ring or a pyrimidine ring.

10. The compoﬁnd of any one of claims 1 to 9,'wherein
in formula (DI-R), L% is **-0-, **-0-CO-, **-0-CO-0- or **-CHy~
in which ** indicates the position at which the group bonds to
Q.

11. The compound of any one of claims 1 to 10, wherein
in formula (DI-R), L*’ is -0-, -C(=0)-, -CHz-, -CH=CH-, -C=C-
or their combination.

12. The compound of any one of claims 1 to 11, wherein
in formula (DI), Q' is a polymerizable group.

13. A compound represented by the following formula
(DII) :
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(DII)

R31
Y”/L§Ym
/”\ /J\
2 R32

R33 Y3

wherein ¥?', Y32 and Y** each independently represent a methine
group or a nitrogen atom; R, R and R®} each independently

represents the following formula (DII-R):

(DII-R)
31
//A
>‘Q3 :1_5__ L31___L32___Q32

XQ\A&
wherein A% and A% each independently represent a methine group
or a nitrogen atom; X3 represents an oxygen atom, a sulfur atom,
a methylene group or an imino group; Q”‘represents a 6-membered
cyclic structure-having divalent linking group; n3 indicates
an integer of from1l to 3;2L“‘represents *-0-, *-0-CO-, *-CO-0-,
*-0-CO-0-, *-3-, *-NH-, *-S0,-, *-CH,-, *-CH=CH- or *-C=C-; *
indicates the position at which the group bonds to Q*'; 132
represents a divalent linking group selected from -0-, -S-,
-C(=0)-, -S0,—-, -NH-, ~-CH;-, -CH=CH- and -~-C=C- and their
combinations, and when the divalent linking group contains a
hydrogen atom, then the hydrogen atom may be substituted with
a substituent; Q%% represents a polymerizable group or a
hydrogen atom, and when the polymerizable group contains a
hydrogen atom, then the hydrogen atom may be substituted with
a substituent; when n3 is 2 or more, then plural Q*''s may be
the same or different.

14. The compoundof claim 13, wherein in formula (DII-R),
2% and A** are both nitrogen atoms, and X’ is an oxygen atom.

15. The compound of claim 13 or 14, wherein in formula

(DII-R), Q*! has a benzene ring.
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16. The compound of any one of claims 1 to 12, which is
a liquid-crystalline compound.

17. The compound of any one of claims 13 to 15, which
is a liquid-crystalline compound.

18. A composition containing at least one compound of
claim 16 or 17.

19. A thin film where the compound of claim 16 or 17 is
uniformly aligned.

20. The thin film of claim 19, wherein the alignment is

fixed.
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