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AZINE DERIVATIV’E, PROCESS FOR THE PREPARATION THEREQF,
NEMATIC LIQUID CRYSTAL COMPOSITION AND
LIQUID CRYSTAL DISPLAY SYSTEM COMPRISING SAME
FIELD.OF THE INVENTION .

The piesent invention relates to an azine derivative
useful as an organic electronic material, medicine or
agricultural chemicals, particularly as a nematic liquid
crystal material for electro-optical liquid crystal display
device, a process for the preparation of such an azine
derivative, a nematic liquid crystal composition comprising
such an azine derivative and a liquid crystal display system

comprising such an azine derivative.

BACKGROUND OF THE INVENTION

Liguid crystal display devices have been used in
watch and electronic calculator as well as in various
measuring instrument, automobile panels, word processors,
electronic notebooks, printers, computers and television sets
more and more. As typical liquid crystal display systems
there are employed TN (twisted nematic) system, STN (super
twisted nematic) system, DS (dynamic light scattering)
system, GH (guest host) system, FLC (ferroelectric liquid
crystal) system, etc. Referring to driving system, multiplex
driving system has been popular in place of conventional
static driving system. Further, simple matrix system has

been popular. In recent years, active matrix system has been
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put into practical use. Various properties have been

required for liquid crystal materials depending on the

display system or driving.system. Thus, a large number of

liquid crystal compounds have been synthesized so far.
Among these liquid crystal compounds, azine

derivatives represented by the general formula (A):

O _~O—= a)

wherein R®* represents an alkyl group have been known for a

relatively long period of time. These liquid crystal
materials are excellent as follows:

(1) The upper liquid crystal phase temperature limit
Ty.; is high;

(ii) The chemical stability of these liquid crystal
naterials is relatively high; and

(iii) These liquid crystal materials can be prepared
easlly at a low cost.

However, the compounds (A) are disadvantageous in
that they have a high melting point.

As a compound which can give solution to these
problems there has been reported in JP-A-54-87688 (The term
"JP-A" as used herein means an "unexamined published Japanese
patent application") an asymmetrical azine represented by the

following general formula (B):
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wherein R* represents an alkyl group; and R® represents an
alkyl group different from R*. The compound (B) exhibits an
upper liquid crystal phase temperature limit as high as the
compound (A). In addition, the compound (B) exhibits a lower
melting point than the compound (A).

Further, the above cited JP-A-54-87688 discloses an
asymmetrical azine as a cyanobenzene derivative represented

by the following general formula (C):

wherein R* represents an alkyl group.

However, azine derivatives having alkenyl groups as
side chains, azine derivatives containing trans-1,4-
cyclohexylene group or fluorine-substituted 1,4-phenylene
group, azine derivatives having fluorine atom or -OCF; as a
polar grouop which are expected to exhibit a lower viscosity
or azine derivatives of three ring system which are expected
to exhibit higher clearing point have never been known.

No processes for the preparation of an asymmetrical

azine compound such as the foregoing compounds (B) and (C)
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have been established. For example, the above cited JP-A-54-
87688 merely discloses an ordinary process for the
preparation of azines but .doesn’t disclose detailed examples
of preparation. According to the ordinary process for the
preparation of azines, a hydrazone represented by the

following general formula (Al):

Ra -
7 VY (1)

wherein R* is as defined above is reacted with a benzaldehyde

derivative represented by the following general formula (A2):

HC O‘@Rb (A2)

wherein R is as defined above to prepare an azine.
However, during the reaction or post-treatment,
disproportionation occurs to produce symmetrical azines

represented by the following general formula (A3):

Ra—<: :>_Q _/7—<: :}—Ra (33)

wherein R* is as defined above or the following general

formula (A4):
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Oy O (3)

wherein R® is as defined above in a relatively large amount
as by-products besides the desired azines. Further, the
preparation of the hydrazone (Al) is often liable to the
production of symmetrical azines (A3) during the post-
treatment. These symmetrical azines exhibit a good
crystallinity and a high melting point similar to the
foregoing compound (A) and thus can often hardly be separated
and removed away by recrystallization. Further, these
symmetrical azines have a poor miscibility with other liquid
crystal compounds. Therefore, if the azine derivative thus
obtained is used with these symmetrical azines left
unseparated, these symmetrical azines can separate out in the
composition. In particular, if as R* or R® there is used a
cyanc group or halogen atom, the properties of the product
are drastically deteriorated, causing a big problem. Thus,
in order to practically use the azines, it is preferred that
the azines be free of symmetrical azines (A3) or (A4). Thus,
preparation processes which produce no symmetrical azines as
by-products are required.

In recent years, for the purpose of improving the
response of STN-LCD, an active addréssing driving system

{Proc. 12th IDRC p. 503, 1992] and a multiline addressing
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driving system {SID ’92 Digest, p. 232, 1992] have been
proposed. These driving systems require liquid crystal
materials having an elastic constant ratio K;3/K;; of about
1.5 and a relatively small dielectric anisotropy and
viscosity as well as a great birefringence index in
particular. Further, for the purpose of accomplishing a
brighter display or a higher contrast ratio, a novel
reflective type color liquid crystal display system utilizing
the birefringence of liquid crystal and phase difference
plate instead of a color filter layer [Technical Report of
Society of Television Engineering, vol. 14, No. 10, p. 51,
1990] and a liquid display system having a reflective surface
provided with small parabolic surfaces on the substrate
electrode side have been proposed. -These display devices
require a liquid crystal material having birefringence
properties which produce a greater phase difference due to
difference in the wavelength of light or optical
birefringence properties which maintain a high contrast even
in a wide viewing angle. Further, for various purposes such
as miniaturization, portability and increase of the number of
pixels, liquid display devices having a broader operating
temperature range have been required. These liquid display
devices require a liquid crystal material having an elastic

- constant K;; of from 10 to 25, a good chemical stability and
a broader nematic temperature and capable of shortening its

switching time. Thus, a liquid crystal material having
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various physical properties which are comprehensively
optimized has been required. The proposal of new liquid
crystal compositions is still required.

Because of their excellent display quality, active
matrix liquid crystal display systems have been on the market
of portable terminals, flat panel display, projector,
computer, etc. In the active matrix display system, TFT
(thin film transistor), MIM (metal insulator metal) or the
like is provided every pixel. Inlthis system, emphasis has
been placed on the high voltage holding ratio. Further,
Kondo et al. proposed a super TFT combined with IPS mode to
obtain an even wider viewing angle [Asia Display ‘95 Digest,
p- 707, 1995] (The liguid crystal display device of these
active matrix display systems will be hereinafter generically
referred to as "TFT-LCD"). 1In order to cope with such a
display device, new liquid crystal compounds or liquid
crystal compositions have been still proposed as in JP-A-6-
312949 and U.S. Patent 5,480,581.

As a liquid crystal device requiring no polarizer ox
alignment treatment and producing a bright image with a high
contrast there has been known a liquid crystal display device
having polymer-encapsulated ligquid crystal type. U.S.
Patents 4,605,284 and 4,435,047 propose gelatin, gum arabic,
polyvinyl alcohol, etc. as capsulating substance. These
liquid crystal display devices are also known in WO 8504262

and EP-A-205261. These liquid crystal display devices are
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disadvantageous in that the coincidence or discordance of the
individual refractive index of liquid crystal material with
the refractive index of polymer must be optimized and a
voltage as high as not lower than 25 V is required to obtain
a sufficient transparency.

A technique realizing low voltage driving properties,
high contrast and multiplex driving properties required for
liquid crystal display has been proposed in U.S. Patent
5,304,323. These patents disclose a liquid crystal display
device configured such that a liquid crystal material forms a
continuous layer in which a polymer substance is distributed
in a three-dimensional network.

Referring to liquid crystal materials relating to the
foregoing object, European Patent 359,146 discloses a method
for optimizing the birefringence index or dielectric
anisotropy of liquid crystal materials and JP-A-6-222320
discloses a technique for identifying the elastic constant of
liquid crystal materials. Further, U.S. Patent 5,523,127 and
EP-A-541912 disclose a liquid crystal material which
comprises a fluoro compound to exhibit a contrast of about 40
when used in projection display. However, such a liquid
crystal material finds difficulty in satisfying all the
requirements, i.e., high resistivity, excellent voltage
holding ratio, low driving voltage, strong light scattering
that gives a high contrast ratio, fast switching time and

good temperature characteristics. Thus, new proposals are
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still made.

In order to improve the foregoing liquid crystal
display properties, a liquid crys£al material having a
desired birefringence index is required. Further, such a
liquid crystal material also needs to have a higher chemical
stability, a lower viscosity, a fast response time and a
broader driving temperature range. The technique concerning
the azine derivative of the general formula (I) of the
present invention and its analogous compounds is referred to
in, e.g., JP-A-54-87688. However, the knowledge of a mixture
containing an azine derivative of the general formula (I) is
not yet fully reported. Further, no liquid crystal materials
or mixtures having properly adjusted birefringence index,
dielectric anisotropy, elastic constant and other properties
useful for TN-LCD, STN-LCD and TFT-LCD have been reported.

Further expléining, JP-A-54-87688 proposes the use of
a compound represented by any one of the following general

formulae (a-1) to (a-4):

e Wac (1)
{000~ ) (a-2)
R )-CH=NN —@—C
RLQ—CEC‘Q—R” . (a—4)

-9 - Sheet Has Been Re laced

R

(a=3)




wherein R’ and R" each independently represent an alkyl group
or alkoxyl group as a compound having a positive dielectric
anisotropy. However, the-foregoing problems are left

unsolved.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
azine as a novel liquid crystal compound which can accomplish
the foregoing objects. Another object of the present
invention is to provide a novel process for the preparation
of an asymmetrical azine in a high reaction yield with an
extremely small amount of by-products such as symmetrical
azines,

A further object of the present invention is to give
solution to the foregoing problems, i.e., provide a nematic
liquid crystal composition containing an azine derivative
which exhibits a broad driving temperature range and an
excellent response for the desired high birefringence index.
A still further object of the present invention is to provide
a liquid crystal display device such as TN-LCD, STN-LCD and
TFT-LCD having improved electro-optical properties comprising
such a liquid crystal composition as a constituent material.

A further object of the present invention is to
provide a light-scattering type liquid crystal display system
which exhibits a suppressed memory phenomenon, a higher

uniformity in turbidity for display and improved display
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properties and response against temperature change while
maintaining and improving the required display properties
such as fast switching time, lower voltage driving, higher
light-control layer resistivity and higher contrast ratio
even in the foregoing light-scattering type liquid crystal
display system.

The present invention will be further described
hereinafter.

The present invention provides a compound,

represented by the following general formula (I):

R I
O RO O O~ =

wherein

m and n each independently represent an integer of 0
or 1;

rings A, B, C and D each independently represent 1,4-
phenylene group which may be substituted by fluorine atom,
trans-1,4-cyclohexylene group, pyrimidine-2,5-diyl group,
pyridine-2,5-diyl group, pyrazine-2,5-diyl group, pyridazine-
3,6-diyl group or trans-1,3-dioxane-2,5-diyl group;

R represents a C;.;; alkyl group or alkoxyl group, C,.;;
alkenyl group or alkoxylalkyl group or C;.;; alkenyloxy group;
and

Z represents a fluorine atom, chlorine atom, bromine
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atom, cyano group, -OCF;, -OCF;H, -CF;, -OCH,CF;, C,.;, alkyl
group or alkoxyl group, C,.; alkenyl group or alkoxylalkyl
group or Cj.;; alkenyloxy group,

with the proviso that 2 is not an alkyl group, cyano
group, fluorine atom, chlorine atom or bromine atom when m
and n each are 0 and rings B and C each are 1,4-phenylene

group and R is an alkyl group.

DETAILED DESCRIPTION OF THE INVENTION
An example of the azine derivative represented by the
general formula (I) will be described hereinafter.
The azine derivative represented by the general
formula (I) is preferably one represented by the following

general formula (Ia):

OO =

wherein R’ represents a C,,;, alkyl group or alkoxyl group; and

2’ represents a fluorine atom, chlorine atom, -OCF;, -OCF,H, -
CF; or -OCH,CF;. Preferably, Z*> is a fluorine atom or -OCF;.
More preferably, R® is a C,; straight-chain alkyl group.

This compound exhibits a lower viscosity than the compound of
the foregoing general formula (C) and thus is suitable for
fast response.

Similarly, the azine derivative of the present
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invention is preferably one represented by the following

general formula (Ib):

V4 x4

Ré (Ib)

N/ z4

wherein R* represents a C,;, alkyl group or alkoxyl group; V',
w4, x4 and Y* each independently represent a fluorine atom or
hydrogen atom, with the proviso that at least one of V¢, W4,
X% and Y* represents a fluorine atom; and Z‘ represents a
fluorine atom, chlorine atom, -OCF,, ~OCF,H, -CF;, -OCH,CF,,
cyano group, C;,;; alkyl group, alkoxyl group or Cs.;
alkenyloxy group.

In the foregoing compound, R® is preferably a C;;
alkyl group or alkoxyl group, more preferably a C,s straight-
chain alkyl group. 2% is preferably a fluorine atom,
chlorine atom, -OCF; or cyano group if the compound of the
present invention is used as a P type liquid crystal or is
preferably a C;.; alkyl group or alkoxyl group, more
preferably a straight-chain alkyl group, if the compound of
the present invention is used as an N type liquid crystal.
At least one of V¥, W%, X* and Y* represents a fluorine atom.
In particular, X* is preferably a fluorine atom. In order to

drive at a lower voltage, it is preferred that at least two
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of V¥, W X* and Y* are a fluorine atom.
Similarly, the azine derivative of the present
invention is preferably one represented by the following

general formula (Ic):

w35 pe)
(Ic)
WA 6%[@’
Y5

wherein R® represents a hydrogen atom or C;.;, alkyl group,
with the proviso that the double bond is trans-positioned
when R’ is an alkyl group; m’ represents an integer of from 1
to 10; n° represents an integer of 0 or 1; X°, Y° and W each
independently represent a fluorine atom, chlorine atom,
methyl group, cyano group or hydrogen atom; and Z° represents
a fluorine atom, thorine atom, cyano group, C,.;; alkyl group
or alkoxyl group or C,,; alkenyl group or alkenyloxy group,
with the proviso that one or more hydrogen atoms contained in
these groups may be replaced by fluorine atoms.

In the foregoing compound, R®> is more preferably a
hydrogen atom or C;.; alkyl group, particularly a hydrogen
atom. The suffix m’ is preferably an integer of from 2 to 6,
particularly 2. The suffix n’ is preferably 0. X3, Y and W
each independently is preferably a fluorine atom or hydrogen
atom. It is preferred that at least one of X%, Y’ and W’ is a

hydrogen atom. 32° is preferably a fluorine atom, C,;
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straight-chain alkyl group, C,.; straight-chain alkenyl group,
trifluoromethoxy group, trifluoromethyl group,
difluoromethoxy group or 2,2,2-trifluoromethoxy group, more
preferably a C;; straight-chain alkyl group or C,; straight-
chain 3-alkenyl group. This compound exhibits a low
viscosity, a good solubility and an upper nematic phase
temperature limit and thus is useful for liquid crystal
material requiring a fast response.

Similarly, the azine derivative of the present
invention is preferably one represented by the following

general formula (Id):

(-~

X6b

wherein R® represents a C;,, alkyl group or alkoxyl group;
ring A represents 1,4-phenylene group which may be
substituted by fluorine atom, trans-1,4-cyclohexylene group,
pyrimidine-2,5-diyl group, pyridine-2,5-diyl group, pyrazine-~
2,5-diyl group, pyridazine-3,6-diyl group or trans-1,3-
dioxane-2,5-diyl group; X% to X® each independently
represent a hydrogen atom or fluorine atom; Z represents a
fluorine atom, chlorine atom, bromine atom, hydrogen atom,
cyano group, -OCF;, -OCF,H, -CFi;, -OCH,CF,, C;, alkyl group,
alkoxyl group, C;.; alkenyl group or C;;, alkenyloxy group.
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Ring A is preferably 1l,4-phenylene group which may be
substituted by fluorine atom or trans-1,4-cyclohexylene
group. Further, X% to X%.each are preferably a fluorine
atom. R® is preferably a C,; straight-chain alkyl group. 1In
the foregoing compound, Z more preferably represents a
fluorine atom, trifluoromethoxy group, C,; straight-chain
alkyl group or C,; straight-chain alkenyl group. This
compound exhibits higher clearing point and hence a broad
temperature range in which nematic phase can exhibit. Thus,
this compound can extend the nematic phase temperature range
when added to a liguid crystal material in a small amount.
This compound can occur in the form of éarious compounds
depending on the selection of ring A, R®, %® and X! to XxS.
Preferred among these compounds are those represented by the

following general formulae (Id-1) to (Id-9):
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wherein R* represents a C;; straight-chain alkyl group; R®
represents a C,; straight-chain alkyl group or C,; straight-
chain alkenyl group. Particularly preferred among these
compounds are those represented by the general formulae (Id-
1) to (Id-3).

Similarly, the azine derivative of the present
invention is preferably one represented by the following

general formula (Ie):

wherein R’ represents a C;.12 alkyl group or C,.;, alkenyl group
or alkoxyl group; n’ represents an integer of 0 or 1; ring C
represents 1,4-phenylene group which may be substituted by
fluorine atom, trans-1,4-cyclohexylene group, pyrimidine-2,5-
diyl group, pyridine-2,5-diyl group, pyrazine-2,5-diyl group,
pyridazine-3,6-diyl group or tranmns-1,3-dioxane-2,5-diyl
group; and %’ represents a fluorine atom, chlorine atom,
bromine atom, hydrogen atom, cyano group, ~-OCF;, -OCF,H, -CF,,
-OCH,CF3, C;.;; alkyl group, alkoxyl group, C;,, alkenyl group,
alkoxylalkyl group or Cs.;; alkenyloxy group. While the
conventional azine derivatives assume a light yellow color,
this compound is colorless.

The present invention provides a novel process for

the preparation of the azine derivative of the general
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formula (I). In particular, the preparation process of the
present invention is suitable for the preparation of an
asymmetrical azine derivative.

In accordance with the preparation process of the
present invention, a compound represented by the general

formula (I):

R

wherein m and n each independently represent an
integer of 0 or 1; rings A, B, C and D each
independently represent 1,4-phenylene group which may
be substituted by fluorine atom, trans-1,4-
cyclohexylene group, pyrimidine-2,5-diyl group,
pyridine-2,5-diy}l group, pyrazine-2,5-diyl group,
pyridazine-B,S-diyl group or trans-1,3-dioxane-2,5-
diyl group; R represents a C;.;; alkyl group or
alkoxyl group, C,.;; alkenyl group or alkoxylalkyl
group or Cj3.;; alkenyloxy group; and Z represents a
fluorine atom, chlorine atom, bromine atom, cyano
group, -OCF;, -OCF,H, -CF;, -OCH,CF.;, C;.;; alkyl group
or alkoxyl group, C;.;; alkenyl group or alkoxylalkyl
group or Cs.;;, alkenyloxy group,

can be easily prepared by allowing a compound represented by

the following general formula (II):

aﬁH%Bamehwd
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O30 I
m

H,N—N

wherein Z represents a fluorine atom, chlorine atom,
bromine atom, cyano group, -0OCF,;, -OCF,H, -CF;, -
OCH,CF;, Cj.j; alkyl group or alkoxyl group, C;.;;
alkenyl group or alkoxylalkyl group or Cj_;,
alkenyloxy group; rings C and D each independently
represent 1,4-phenylene group which may be
substituted by fluorine atom, trans-1,4-cyclohexylene
group, pyrimidine-2,5-diyl group, pyridine-2,5-diyl
group, pyrazine-2,5-diyl group, pyridazine-3,6-diyl
group or trans-1,3-dioxane-2,5-diyl group; and m
represents an integer of 0 or 1

and a compound represented by the following general formula

(III):

(e

wherein R represents a C;,;, alkyl group or alkoxyl

group, C,;; alkenyl group or alkoxylalkyl group or Cs.
12 alkenyloxy group; rings A and B each independently
represent 1,4-phenylene group which may be
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substituted by fluorine atom, trans-1,4-cyclohexylene
group, pyrimidine-2,5-diyl group, pyridine-2,5-diyl
group, pyrazine-2,5-diyl group, pyridazine-3,66-diyl
group or trans-1,3-dioxane-2,5-diyl group; and n
represents an integer of 0 or 1
to undergo reaction in the presence of an amine.
In accordance with the preparation process described
in JP-A-54-87688, a symmetrical azine derivative represented

by the following general formula (A5) or (A6) is produced:

O~ ~O-Kkx
N (25)
Z
O~ ~OKrp)t-2 26)

wherein R, Z, rings A, B, C and D, m and n are as defined in
the general formula (I). However, these symmetrical azines
exhibit'a good crystallinity and a high melting point and
thus can often be hardly separated and removed away by
recrystallization. Further, since these symmetrical azines
exhibit a poor miscibility with other liquid crystal
compounds, they, if left unremoved, can separate out in the
composition. In particular, if as R or Z there is used a
cyano group or halogen atom, these symmetrical azines exhibit
drastically deteriorated properties which cause a big

problem.
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Accordingly, the preparation process of the present
invention comprising the actual use of the compound of the
general formula (I) requires a high yield reaction process
involving the production of an extremely small amount of by-
products such as the foregoing symmetrical azines. In order
to inhibit the production of symmetrical azines, the reaction
is preferably effected in the presence of an amine.

As the foregoing amine there is preferably used a
secondary amine or tertiary amine, particularly tertiary
amine. Examples of the tertiary amine employable herein
include trialkylaminé such as triethylamine, trimethylamine
and tributylamine, aromatic amine such as N,N-dimethylaniline
and N,N-diethylaniline, and cyclic amine such as pyridine.
Particularly preferred among these amines is trialkylamine
such as triethylamine.

The amount of the amine to be used is preferably from
0.1 to 20 mols, more preferably from 0.5 to 10 mols per mol
of the hydrazone of the general formula (II).

Such an amine may be added to the system during the
reaction of the hydrazone of the general formula (II) with
the benzaldehyde of the general formula (III).

Alternatively, such an amine may be added to the system
during the treatment after the preparation of the hydrazone
of the general formula (II) so that the hydrazone containing
an amine can be reacted with the benzaldehyde of the general

formula (III). In some detail, a benzaldehyde derivative
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represented by the following general formula (IV):

oes{ D
m

wherein 2, m, and rings C and D are as defined in the general
formula (II) is reacted with a large excess of the hydrazine
in a solvent such as dichloromethane to prepare the hydrazone
of the general formula (II). After the termination of the
reaction, the reaction product is repeatedly washed with an
aqueous basic solution such as saturated aqueous solution of
sodium bicarbonate to remove excess hydrazine. To the
solution is then added a tertiary amine. To the solution is
then added a dehydrating agent such as anhydrous sodium
sulfate so that it is dehydrated. The solution thus
dehydrated is then added to a dichloromethane solution of the
benzaldehyde of the general formula (III) in the presence of
a basic alumina so that they are reacted. This reaction may
be effected under cooling or heating. 1In practice, however,
this reaction is preferably effected in the vicinity of room
temperature. After the termination of the reaction, the
reaction product is immediately purified through column
chromatography with a basic alumina to give a purified
product which is then optionally recrystallized from a polar
solvent such as ethanol to obtain the desired compound.

Alternatively, the compound of the general formula
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(I) of the present invention can also be obtained by reacting

a hydrazone of the following general formula (V):

S One
o \-nm, V)

wherein R, n, and rings A and B are as_defined in the general
formula (III) instead of the hydrazone of the general formula
(II) with the benzaldehyde of the general formula (IV) in the
same manner as described above.

Many of benzaldehyde derivatives to be used as
starting material are commercially and easily available.
Those which are not commercially available, if necessary, can
be easily obtained by reacting a Grignard reagent prepared
from the corresponding phenyl bromide derivative with a
formylating agent such as N,N-dimethylformaldehyde (DMF).
These benzaldehyde derivatives can also be obtained by
converting the corresponding bengzoic acid derivative to an
acid chloride, and then reducing the acid chloride.

Examples of the azine derivative of the present
invention containing those of general formula (I) thus
prepared will be set forth in Table 1 below with their phase

transition temperature.
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No R n @ A Phase transition temperatures
No. 1 C.Hs |0 @ @ F Cr 63.5 N 68 I
No.2|n—CyH, |0 @ @ F Cr 70.5 N 96. 65 I
No.3|n~CyH, |0 @ @ F Cr 56.5 N 84 1
'No.d |n—=CyH,; |o @ @ OCF, S 93 S 95 SA 98 N 105 |
No.5|n~CyH,; |0 @ @ CH, Cr 68.5 N 102 1.
No.6|n—C,H, [0 @ @ C.Hg Cr 62 N 95. 5 |
No.7|n~C,uH,; {0 F F Cr 50 N 59. 5 1
© |0
No.8|[n—C;H; {0 F F Cr 44 N 51 1
ejfe]
No.9 |n—CyH,; |0 @ @ CH,4 Cr 82 N 103

L
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No.

R

- 92 -

n @ @ m | Z Phase transition temperatures
No.10|n—=C,H, [0 ]| - @ @ O | ™\ _/ |Cr 57 N 116 1
No.ll|n—C,H, |o| - @ @ 0 |F Cr 66 N 99 |
No.12|n—C,H, |1 O @ @ 0 | CH, Cr 112.5 N 245 |
No.13|n—CyH. |1 O @ @ 0 | C,H, Cr 97 N 227 1
No.d|n—CyH. |1 <:> @ @ 0O | 7™\ _/ |Cr 93 N 265.5 I
No.15| n—C,H, |1 O @ @ 0o |F Cr 119 N 242 1
No.16|n—C,H, |1 O F o |F Cr 92.5 N 245 1

©|o

No.17 /— 1 O @ @ 0 |cH, 1cr 110 N 266 1
No.18 /“ 1 <:> @ @ 0 |cyHs Cr 95 N 264 1
No.19 /- 1 O @ @ 0 |F Cr 106 N 255 |

1l
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{In the table above, Cr stands for crystalline phase, S
stands for smectic phase, SA stands for smectic A phase, N
stands for nematic phase,-and I stands for isotropic liquid
phase. Phase transition temperature is represented in °C.)

Excellent features of the present invention will be
described hereinafter.

The compound represented by the formula (D-1)

n_CSH—I‘@N N//——@—F (D-1)

as a known compound in JP-A-54-87688 has the following
transition temperature: Cr 70.5 N 96.5 I

fhe comparison of the compound (D-1) with the
corresponding compound Nos. 7 and 8 of the present invention
set forth in Table 1 in phase transition temperature shows
that the compound Nos. 7 and 8 have a melting point as low as
about 20°C and 25°C lower than that of the compound (D-1).
In general, compounds having a high melting point can often
undergo phase separation or crystallization in a iiquid
crystal composition. From this standpoint of view, too, it
can be easily appreciated that the compound of the general
formula (I) of the present invention is superior to the
corresponding compound of the general formula (D-1) in
miscibility with conventional liquid crystals.

Further, excellent effects obtained by adding the
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compound of the general formula (I) to conventional liquid

crystal compositions are obvious as follows:

A general-purpose-host liquid crystal (H):

F

F
IO OO oo

wherein % indicates % by weight was prepared. The host
liquid crystal (H) had the following properties:
Ty-12 116.7°C
Tons 11°C
Switching time: 21.5 msec. (cell thickness: 4.5 um)
32.5 msec. (cell thickness: 6.0 um)
Vs 1.88 (cell thickness: 4.5 um)
2.14 (cell thickness: 6.0 um)
Az 0.09

A liquid crystal composition (M-7) consisting of 80%

by weight of the host liquid crystal (H) and 20% by weight of

the compound No. 7 of the present invention set forth in

Table 1:
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was then prepared.

The liquid crystal composition (M-7) thus prepared
exhibited an upper nematic phase temperature limit (Ty.,) of
98°C, which is about 20°C lower than that of the host liquid
crystal (H). This composition was allowed to stand at a
temperature of 0°C for 24 hours. As a result, no
crystallization was observed. This composition was allowed
to stand at a temperature of -20°C so that it was solidified.
While being heated, the composition was then measured for
temperature (Tjy) at which it again turns to uniform nematic
phase. The results were 9°C. This composition was used to
prepare a 4.5 pum cell thickness. The device was then
measured for switching time. The results were 14.3 msec.,
which demonstrates that the response is very fast. The
device was also measured for threshold voltage. The results
were 1.83 V, which is a slight decrease from that of the host
liguid crystal (H).

Similarly, a liguid crystal composition (M-8)
consisting of 80% by weight of the general-purpose host

liquid crystal (H) and 20% by weight of the compound No. 8:

F

set forth in Table 1 was prepared.

The liquid crystal composition (M-8) thus prepared
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exhibited an upper nematic phase temperature limit (Ty.,) of
91.2°C, which is a decrease from that of the liquid crystal
composition (M-7). This composition was then allowed to
stand at a temperature of 0°C for 24 hours. As a result, no
crystallization was observed. The composition was then
solidified in the same manner as in (M-7). The composition
was then measured for T,y in the same manner as in (M-7).

The results were 13°C. The composition was then used to
prepare an device in the same manner as mentioned above. The
device was then measured for switching time. The results
were 17.8 msec., which demonstrates that the response is very
fast, thought not so high as (M-7). The device was then

- measured for threshold voltage. The results were 1.54 V,
which is a drastic decrease as great as not less than 0.3 V
from that of the host liquid crystal (H).

These facts show that the compound of the present
invention can exhibit drastically improved miscibility with
conventional liquid crystals and switching time when it has
fluorine atom incorporated therein as a side substituent.
This compound is more useful for the preparation of a liquid
crystal composition which can operate in a broad temperature
range and exhibits a fast response.

The compounds represented by the following general

formulae (A-1), (A-2) and (A-3):
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n—C4H9‘©—\\' \J//‘"@_‘Cﬂ'b (A-2)

-{

n—@Hr@—\\J V//—©—-F (A-3)
~i

set forth as known compounds in JP-A-54-87688 have the
following transition temperatures:

(A-1) Cr 58 N 87 I

(A-2) Cr 60.5 N 84 I

(a-3) Cr 56.5 N 84 I

The comparison of the compounds of the general
formulae (A-1), (A-2) and (A-3) with the corresponding
compound Nos. 9, 10 and 11 of the present invention set forth
in Table 1 in phase transition temperature shows that the
compound of the general formula (I) of the present invention
exhibits a sufficiently upper nematic phése temperature limit
than the corresponding compound of the general formula (A).
In some detail, the compounds No. 9 and No. 11 each exhibit
an upper nematic phase temperature limit as high as about
15°C higher than that of the compound of the general formula
(A). The compound No. 10 exhibits an upper nematic phase
temperature limit as high as about 30°C higher than that of
the compound of the general formula (A). The introduction of

a double bond provides a Ty., increase of about 15°C.
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A liquid crystal composition (M-9) consisting of 80%
by weight of the host liquid crystal (H) and 20% by weight of

the compound No. 9:

O~ —~O)n

set forth in Table 1 was then prepared. The liquid crystal
composition (M-%) thus prepared exhibited an upper nematic
phase temperature limit (Ty,) of 118°C, which is a slight
increase from that of the host liquid crystal (H). This
liquid crystal composition was then allowed to stand at a
témperature of 0°C for 24 hours. As a result, no
crystallization was observed. This liquid crystal
composition was allowed to stand at a temperature of -20°C so
that it was solidified. While being heated, this liquid
crystal composition was measured for temperature at which it
again turns to uniform nematic phase (T.,). The results were
as low as -12°C. A 6.0 um thick device was prepared from
this liquid crystal composition in the same manner as
mentioned above. The device thus prepared was then measured
for switching time. The results were 30.1 msec., which
demonstrates that the response is very fast. The device was
also measured for threshold voltage. The results were 2.69
V.

A liquid crystal composition (M-10) consisting of 80%
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by weight of the host liquid crystal (H) and 20% by weight of
the compound No. 10:

1

set forth in Table 1 was then prepared. This liquid crystal
composition (M-10) exhibitedlén upper nematic phase
temperature limit (Ty.,) of 119°C, which is a greater increase
from that of the host liquid crystal (H) than the liquid
crystal composition (M-9). This liquid crystal composition
was then allowed to stand at a temperature of 0°C for 24
hours. As a result, no crystallization was observed. This
liquid crystal composition was then solidified in the same
manner as in the liquid crystal composition (M-9)}. This
liquid crystal.composition was then measured for T in the
same manner as in the liquid crystal composition (M-9). The
results were 5°C. A 6.0 um thick device was then prepared
from this liquid crystal composition in the same manner as
mentioned above. The device thus prepared was then measured
for switching time. The results were 29.7 msec., which
demonstrates that the response is further very fast. This
device exhibited a threshold voltage of 2.67 V.

These facts show that the compound of the present
invention can exhibit drastically improved miscibility with

conventional liquid crystals and switching time when it has
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an alkenyl group incorporated therein as a side chain. This
compound is more useful for the preparation of a liquid
crystal composition which.can operate in a broad temperature
range and exhibits a fast response.

It was already described that the two-ring azine
compound of the present invention has an upper nematic phase
temperature limit (Ty.,). However, as shown in Table 1, a
three-ring azine derivative is preferred to obtain a higher
Ty-.1- The comparison of these compounds shows that the three-
ring compound of the present invention exhibits an upper
nematic phase temperature limit of not lower than 150°C
higher than that of the corresponding two-ring azine
derivative.

Further, excellent effects obtained by adding these
three-ring azine compounds to conventional liquid crystal
compositions are obvious as follows:

Liquid crystal compositions (M-12), (M-13), (M-14),
(M-15) and (M-16) consisting of 80% by weight of the host
liquid crystal (H) and 20% by weight of the compounds No. 12,

No. 13, No. 14, No. 15 and No. 16:
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n-C3H';"'*<::>>—--<::>-—v\\\\I qy—%<::>—~CEb No.12

N-1

n-C3H7‘O——-©——\\ J—@—C;;HS No.13
N-

n~C}H'/“O"_<C)‘*\~I /—@_\—/ No.14

N /

n-C3H7—O—©_\\ N//——@>—F No.1l5
N...

F
n—C3H7“O—©——\\\, \y—@—\}‘ No.16
-1

, respectively, were prepared.

The upper nematic phase temperature limit (Ty.,),
melting point (T.y), threshold voltage (V.), birefringence
index (An) and switching time (t) of the liquid crystal
compositions thus prepared and the host liquid crystal (H)

are set forth in Table 2.
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Table 2: Various physical properties of host liquid crystal

{H) and liquid crystal compositions

Ty.I(°C) Tm(;C) Ven(V) T{msec.) An
M-12 157.2 -8 2.64 16.0 0.139
M-13 152.6 -5 2.54 17.4 0.137
M-14 153.3 - 2.69 16.3 0.136
M-15 144.1 - 2.42 17.0 0.131
M-16 146.3 - 2.07 | 21.0 0.128
(H) 116.7 11 1.88 21.5 0.090

The liquid crystal composition (M-12) comprising the
compound No. 12 as an n-type azine derivative exhibited an
upper nematic phase temperature limit of 157.2°C, which is a
great increase from that of the host liquid crystal, i.e.,
116.7°C. The liquid crystal composition (M-12) exhibited a
melting point of -8°C as compared with that of the host
liquid crystal, i.e., 11°C. Thus, the incorporation of 20%
by weight of the compound No. 12 as an n-type azine
derivative in the host liquid crystal provides a drastic
extension of nematic phase temperature range by 59.5°C. This
liquid crystal composition was then allowed to stand at a
temperature of 0°C for 24 hours. As a result, no

crystallization was observed. A 4.5 um thick device was
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prepared from this liquid crystal composition in the same
manner as mentioned above. The device thus prepared was then
measured for switching time. The results were 16.0 msec.,
which demonstrates that the response is very fast. The
device was also measured for threshold voltage. The results
were slightly higher than that of the host liquid crystal
(H). The device further exhibited a birefringence index (An)
as high as 0.1389.

The liquid crystal composition (M-15) was prepared
from 20% by weight of the compound No. 15 as a p-type azine
derivative and 80% by weight of the host liquid crystal (H).
The liquid crystal composition (M-15) thus prepared exhibited
an upper nematic phase temperature limit (Ty.;) of about 30°C
higher than that of the host liquid crystal, i.e., 116.7°C.

A liquid crystal device was then prepared from this liquid
crystal composition in the same manner as mentioned above.
The liquid crystal device thus prepared was then measured for
switching time. The results show that the device can respond
more rapidly than the host liquid crystal (H), though
slightly inferior to those comprising an n-type azine
derivative. The device also exhibited a birefringence index
(An) as high as 0.131. The device was then measured for
threshold voltage. The results show that the device exhibits
an improvement in threshold voltage as compared with the
liquid crystal compositions (M-12), (M-13) and (M-14)

consisting of 80% by weight of the host liquid cxrystal (H)
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and 20% by weight of the compounds No. 12, No. 13 and No. 14
as n-type.azine derivatives, respectively, though showing a
slight increase from that-of the host liquid crystal (H).

These facts show that the three—ring compound of the
present invention exhibits an excellent miscibility with
conventional liquid crystals and a large birefringence index
and is very useful for the drastic extension of nematic phase
temperature range and the drastic improvement in switching
time without increasing the threshold voltage so much.

An example of the nematic liquid crystal composition
of the present invention and a liquid crystal display system
comprising it will be described below. }

The ligquid crystal composition of the present
invention is a nematic liquid crystal composition comprising
as a liquid crystal component A a compound represented by the

general formula (I):

2 OROaWEON O
T \. 7 ~Z (1)

wherein m and n each independently represent an integer of 0
or 1; rings A, B, C and D each independently represent 1,4-
phenylene group which may be substituted by fluorine atom,
trans-1,4-cyclohexylene group, pyrimidine-2,5-diyl group,
pyridine-2,5-diyl group, pyrazine-2,5-diyl group, pyridazine-

3,6~diyl group or trans-1,3-dioxane-2,5-diyl group; R
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represents a C,.;; alkyl group or alkoxyl group, C,.; alkenyl
group or alkoxylalkyl group or Cs.;; alkenyloxy group; and 2
represents a fluorine atom, chlorine atom, bromine atom,
cyano group, -0CF,;, -OCF,H, -CF;, -OCH,CF;, C;.;; alkyl group or
alkoxyl group, C,.;; alkenyl group or alkoxylalkyl group or C;.
12 alkenyloxy group, with the proviso that Z is not an alkyl
group, cyano group, fluorine atom, chlorine atom or bromine
atom when m and n each are 0 and rings B and C each are 1,4-
phenylene group and R is an alkyl group. A preferred example
of the nematic liquid crystal composition of the present
invention is a nematic liquid crystal composition essentially
comprising as a liquid crystal component A a compound

represented by the general formula (I):

O ROaWa 2@~
- \ - (1)

wherein m and n each independently represent an integer of 0
or 1; rings A, B, C and D each independently represent 1,4-
phenylene group which may be substituted by fluorine atom,
trans-1,4-cyclchexylene group, pyrimidine-2,5-diyl group,
pyridine-2,5-diyl group, pyrazine-2,5-diyl group, pyridazine-
3,6-diyl group or trans-1,3-dioxane-2,5-diyl group; R
represents a C;,;; alkyl group or alkoxyl group, C,;; alkenyl
group or alkoxylalkyl group or Cs;.;, alkenyloxy group; and 2

represents a fluorine atom, chlorine atom, bromine atom,

i



cyano group, -OCF;, -OCF,H, -CF,, -OCH,CF,;, C,.;; alkyl group or
alkoxyl group, C,.;; alkenyl group or alkoxylalkyl group or Cs.
12 alkenyloxy group and as-a liquid crystal component B a

compound having a dielectric anisotropy of not less than +2.

This liquid crystal component A exhibits a relatively
low viscosity, a larger birefringence index and a larger
elastic constant. Therefore, ligquid crystal compositions
comprising the liquid crystal component A of the present
invention can control a birefringence index and elastic
constant in a broad range and can be driven at a fast
response.

Further, it was found that the liquid crystal
composition of the present invention comprises the liquid
crystal component A made of a compound of the general formula
(I) in an amount of from 1 to 50% by weight and the liquid
crystal component B made of a compound having a dielectric
anisotropy of not less than +2 in an amount of from 10 to 90%
by weight to have a faster response.

The liquid crystal component A can shift the upper
nematic phase temperature limit to a relatively high
temperature and exhibit an excellent miscibility when mixed
with other liquid crystal materials besides the foregoing
properties. Thus, the liquid crystal component A can further
extend the display temperature range. Further, the liquid
crystal component A exhibits a higher chemical stability.

From this standpoint of view, a preferred embodiment of the
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compound represented by the general formula (I) is one
represented by the general formula (I) wherein R represents a
methyl group, ethyl group; propyl group, butyl group, pentyl
group or 3-butenyl group and/or Z represents a fluorine atom,
methyl group, ethyl group, propyl group, butyl group, pentyl
group or 3-butenyl group. Specific examples of such a
compound include those represented by the following formulae

(I-1) to (I-13):
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CaHr<_)-CH=N-N=CH—{_)—CHz —(-1)
CaHr_)-CHAN-N=CH—_)—CoHs —(1-2)
CaHir<_)-CHaN-N=CH—_)—C3Hy —(-3)
CoHs<_)~CH=N-N=CH—_)~CH; —(~4)
CoHs—~_)-CH=N-N=CH—_)—CsHs —(-5)
CoHs—~_)~CH=N-N=CH—~_)—\_/ —(-7)
Cattr{_)-CHANN=CH=_)\_/ — (-9
\_/ ) OHNNCHS )/ (-9
C?;H7—'®'CH=N—N=CH~@—F —(-10)
Cng—Q—CH=N~N=CH—GF:F —(1-11)
C3H7‘@—CH=N-N=CH4C£F —(-12)
Cair<_)-CHaN-N=CH—_)~0CF35—([-13)
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Nematic liquid crystal compositions comprising as the liquid
crystal component A one or more such compounds in an amount
of from 30 to 100% by weight gave favorable results,

As the liguid crystal component A there may be used
one or more compounds of the general formula (I). Even if
one compound of the general formula (I) is used, the
foregoing effects can be exerted. The liquid crystal
composition comprising as the liquid crystal component A at
least one compound represented by the general formula (I)
provides a liquid crystal display system such as TN-LCD and
STN-LCD with improved electro-optical properties,
particularly better response time, sharpness and temperature
dependence of driving voltage at low temperatures, when
incorporated therein as a constituent material.

The liguid crystal composition of the present
invention may be in the form of a liquid crystal composition
comprising a liquid crystal component B made of one or more
compounds having a dielectric anisotropy of not less than +2
in addition to the foregoing liquid crystal.component A. The
term "liquid crystal compound having a dielectric anisotropy
of greater than 2" as used herein has the following meaning.
In other words, such a liquid crystal compound has a rod-
shaped chemical structure. Such a liquid crystal compound
has a core structure having from 1 to 4 6-membered rings at
the central portion. The 6-membered rings positioned at both

longitudinal ends of the central portion have terminal groups
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substituted at positions corresponding to the longitudinal
position of liquid crystal molecule. At least one of the
terminal groups positioned at both ends is a poclar group such
as -CN, -OCN, -NCS, -F, -Cl, -NO,. -CF;, -OCF; and -OCHF,. 1In
this arrangement, the optical anisotropy of the liquid
crystal layer can be adjusted to a predetermined value that
can render the liquid crystal device electrically drivable
and operable in a broader temperature range.

As the liquid crystal component B there should be
used at least one, preferably from 3 to 15 compounds having a
dielectric anisotropy of not less than +2. Further, it is
preferred that the liquid crystal component B be properly
selected from the group consisting of compounds having a
dielectric anisotropy of from +8 to +13, compounds having a
dielectric anisotropy of from +14 to +18 and compounds having
a dielectric anisotropy of not less than +18. 1In this
manner, predetermined driving voltage and response
characteristics can be obtained. 1In this case, not more than
10 compounds having a dielectric anisotropy of from +8 to +13
are preferably used in admixture, not more than 8 compounds
having a dielectric anisotropy of from +14 to +18 are
preferably used in admixture, and not more than 10 compounds
having a dielectric anisotropy of not less than +18 are
preferably used in admixture. The use of the liquid crystal
component B in this manner provides a favorable effect on the

temperature characteristics of display, i.e., better
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temperature dependence of driving voltage, contrast related
to sharpness, response, etc.

The liquid crystal composition of the present
invention preferably comprises as the liquid crystal
component B a compound selected from the group consisting of
compounds represented by the following general formulae (II-

1) to (II-4):

wherein R* to R* each independently represent a C, j
straight-chain alkyl group, alkenyl group or C.H,.,-0-C.H; in
which s and t each independently represent an integer of from
1 to 5; X to X* each independently represent a fluorine

atom, chlorine atom, -OCF,, -OCHF,, -CF; or -CN; Y?' to Y»
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each independently represent a hydrogen atom or fluorine
atom; W2 to W?* each independently represent a hydrogen atom
or fluorine atom; Z?!' to 2% each independently represent a
single bond, -COO-, ~CH,CH,~ or -{(CH;);~; Z?!' may also
represent -C=C- or -CH=CH-; 2% and Z% each independently
represent a single bond, -C00-, -C=C- or -CF=CF-; and m! to
m* each independently represent an integer of from 0 or 1,
with the proviso that m’ + m* make an integer of 0 or 1, and
hydrogen atoms (H) in the cyclohexane ring in the various
compounds may be replaced by deuterium atoms (D).

The liquid crystal component B may comprise one
compound, preferably from 3 to 15 compounds. Further, the
liquid crystal component B preferably comprises compounds
selected from the group consisting of compounds of the
general formula (II-1) having a dielectric anisotropy of from
+8 to +17, compounds of the general formula (II-2) having a
dielectric anisotropy of from +25 to +60, compounds of the
general formula (II-3) having a dielectric anisotropy of from
+10 to +25 and compounds of the general formula (II-4) having
a dielectric anisotropy of from +18 to +30. In this manner,
predetermined driving voltage and response characteristics
can be obtained. In this case, not more than 8 compounds of
the general formula (II-1) are preferably used in admixture,
not more than 10 compounds of the general formula (II-2) are
preferably used in admixture, not more than 8 compounds of

the general formula (II-3) are preferably used in admixture,

G
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and not more than 6 compounds of the general formula (II-4)
are preferably used in admixture. The use of the liquid
crystal component B in this manner provides a favorable
effect on the temperature characteristics of display, i.e.,
better temperature dependence of driving voltage, contrast
related to sharpness, response, etc.

The liquid crystal component B of the present
invention may comprise compounds represented by one or more
of the foregoing general formulae (II-1) to {(II-4). 1In this
case, the various compounds (II-1) to (II-4) are each
incorporated in an amount of from 10 to 100% by weight.
Particularly preferred examples of the compounds represented
by the foregoing general formulae (II-1) to (II-4) include
those represented by the following general formulae (II-la)

to (II-4d):

T
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—O—c _O_C o—{gi\ —(I-11)

23
R22 (II-2a)
‘Cg’ﬁ O_Cg 22 (II-2b)
W22 v
RZZ‘dC%‘QiXZZ (I-2¢)
22 24

W Y

\’VZI
22 (1-2.4d)
O -
21 23
RZZ—O‘CZPMZZ 29

W Y
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2 23
RZZ‘O‘Q/—COO_C?XZZ —(II-21)
24
W%*QY—K —(I-2g)
2 ) @C{—QY—X” (I1-2h)
22 24

o2 23 (1-32)
Y26

25
o2 23 (11-3b)
26 '
R 25
o2 EC{?*% ——(11-3¢)
| Y26 _
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wherein R* to R%*, X to x2*, Y2 to Y, W, and W2 are as
defined above.

The foregoing various compounds were used in the form
of fully purified product obtained by removing impurities
through distillation, column purification and
recrystallization. The liquid crystal component B comprising
these compounds can be well mixed with the liquid crystal
component A as an essential component and is particularly
useful for the adjustment of driving voltage depending on the
purpose or the improvement of temperature dependence of
driving voltage or response.

In particular, the compounds represented by the
general formulae (II-la) to (II-lh) and (II-2a) to (II-4d)
can exert excellent such effects even if incorporated in an
amount as small as from 1 to 25%.

Preferred embodiments will be further described.

In the foregoing compounds represented by the general
formulae (II-1) to (II-4), R* is preferably a C,; alkyl group
or an alkenyl group represented by the general formula:
CH;=CH-(CH;), (in which p is 0 or 2). The compounds
represented by the general formulae (II-la) to (II-1c)
preferably have these groups. In particular, it is preferred
that the liquid crystal component B comprise at least one
compound containing such an alkenyl group incorporated
therein. In this manner, the viscosity or viscoelasticity of

the composition can be reduced. Similarly, R is preferably

- 53 -

T



a C,5 alkyl group or an.alkenyl group represented by the
general formula: CH,=CH-(CH;), (in which p is 2 or 4). The
compounds represented by the general formulae (II-2a) to (II-
2f) preferably have these groups.

Compounds represented by the general formulae (II-1)
to (II-4) wherein X?' to X?* each represent F, Cl, -OCF; or -CN
are preferably often used. If fast response is regarded as
important, compounds represented by the general formulae (II-
la), (II-1d), (II-2a), (II-2c), (II-2d), (II-2g) and (II-3g)
wherein X?! to X?* each are F or -OCF; are preferably often
incorporated in the liquid crystal component B. If a higher
birefringence index is needed, compounds represented by the
general formulae (II-2a) to (II-4d) wherein X** to X* each
are Cl, -OCF; or -CN are preferably often incorporated in the
liquid crystal component B. If a lower driving voltage is
needed, compounds represented by the general formulae (II-la)
to (II-1lg) wherein X*! is -CN and Y?! is H or F, compounds
represented by the general formulae (II-2a) to (II-2f)
wherein X*2 is F, €1 or -CN and Y® is H or F, compounds
represented by the general formulae (II-3a) to (II-3c)
wherein X* is F, Cl or -CN and Y® is F and compounds
represented by the general formulae (II-4a) to (II-4d)
wherein X** is F, Cl or -CN and Y¥ is F are preferably often
incorporated in the liquid crystal component B.

In particular, compounds represented by the general

formulae (II-1) to (II-4) wherein X*' to X** each are F are
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preferably often used in an active matrix display systen,
TFT-LCD, MIM~LCD, super TFT combined with IPS mode or light-
scattering type liquid crystal display system having an
active matrix technique (e.g., display system having a light-
control layer containing a liquid crystal material and a
transparent solid substance).

In order to improve the temperature properties of
driving voltage, particularly at low temperatures, it is
particularly preferred that the liquid crystal composition
comprise the foregoing compound wherein at least one of Y%,
Y*#, W and W?2 is F. Compounds represented by the general
formulae (II-1) to (II-4) wherein R? is a C,; alkyl group or
an alkenyl group represented by the general formula: CH,=CH-
(CHz), (in which p is 2 to 5) are preferably used. The
compounds represented by the general formulae (II-3a) to (II-
3c) preferably contain these groups. ' R* may be a C,_;, alkyl
group, preferably a C,; compound.

If a smaller birefringence index is needed, the
compounds represénted by the general formulae (II-la) to (II-
1g) are preferably often incorporated in the liquid crystal
component B. If a greater birefringence index is needed, the
compounds represented by the general formulae (II-3a) to (II-
4c) are preferably often incorporated in the liquid crystal
component B. If a lower driving voltage is needed, one or
more of the compounds represented by the general formulae

(II-1) to (II-3) wherein at least one of Y* to Y¥ and W to
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W2 is a fluorine atom are preferably incorporated in the
liquid crystal component B.

If a fast response is regarded as important, the
compounds represented by the general formulae (II-1) to (II-
4) wherein Y*! to Y*® each are H and/or W!! to W?* each are H
may be often used. If it is desired to improve the
- temperature dependence of driving voltage, compounds
represented by the general formulae (II-1) to (II-4) wherein
Y?* to ¥*® and W to W¥, particularly Y, Y®, Y®, Y¥, and wW"
to W* each are F, each are F are preferably often used. 1In
particular, if W* and W??* each are F, the selection of a
compound represented by any one of the general formulae (II-
1) to (II-4) wherein Y** is H can improve miscibility. 1If a
compound represented by the general formula (II-3) is used,
the selection of such a compound wherein W» and/or W is F
provides further improvement in miscibility.

In the general formula (II-1), at least one of z%
and %?? is preferably a single bond compound. In order to
improve the response and miscibility at low temperatures, it
is preferable to use a liquid crystal component B comprising
a single bond compound and -C00-, -CH,CH;~ or -(CH;)4;~ in
combination.

If it is required that the birefringence index is
larger, compounds represented by the general formulae (II-2)
and (II-3) wherein Z?* and %% each are -C=C- and/or compounds

represented by the general formula (II-4) wherein X* is CN
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are preferably often incorporated in the liquid crystal
component B.

The mixing proportion of the compound represented by
the general formula (II-1), (II-2) or (II-4) wherein m! to m‘
each are 0, the compound represented by the general formula
(II-1) or (II-2) wherein m!' and m’ each are 1, the compound
represented by the general formula (II-4) wherein m® + m*
make 1 and/or the compound represented by the general formula
(I1-3) in the liquid crystal component B can be properly
selected from the range of 0/100 to 100/CG. If an even higher
nematic phase-isotropic liquid phase transition temperature
is needed, compounds represented by the general formulae (II-
1) and (II-2) wherein m' and m? each are 1, compounds
represented by the general formula (II-3) and/or compounds
represented by the general formula (II-4) wherein m* + m*
make 1 are preferably often used.

If a smaller birefringence index is needed, compounds
represented by the general formulae (II-la) to (II-1lg) are
preferably often incorporated in the liquid crystal component
B. If a greater birefringence index is needed, compounds
represented by the general formulae (II-3a) to (II-4c) are
preferably often incorporated in the liquid crystal component
B. If a lower driving voltage is needed, one or more |
compounds represented by the general formulae (II-1) to (II-
3) wherein at least one of Y*! to Y® and W# to W® is F are

preferably often incorporated in the liquid crystal component
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Compounds represented by the general formulae (II-1)
and (II-2) wherein hydrogen atoms (H) in the cyclochexane ring
are replaced by deuterium atoms (D) may be used. These
compounds are useful for the adjustment of the elastic
constant of the liquid crystal composition or the adjustment
of pretilt angle corresponding to alignment film. Thus, at
least one compound having hydrogen atoms substituted by
deuterium atoms (D) is preferably incorporated in the liquid
crystal component B.

The effects of the liquid crystal component B which
has been described can be obtained also when the content of
the liquid crystal component C described later is very small.
For the purpose of lowering the driving voltage particularly,
the content of the liquid crystal component C can be lowered
to not more than 10% bf weight. In this case, it is
preferable to lower the viscosity of the liquid crystal
component C as much as possible. In this manner, the rise in
the driving voltage is little or none or limited to only a
small range, enabling an efficient improvement in response
time. For example, if the content of the liquid crystal
component C is small, the realization of this effect with the
liquid crystal component B preferably involves the
incorporation of any one of compounds represented by the
general formulae (II-1) to (II-4) wherein X¥ to X?* each are

F, C1 or -0OCF;, compounds represented by the general formulae
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(II-1) to (I1II-4) wherein Y* to Y?** each are F, represented by
the general formulae (II-1) to (II-4) wherein %** and z® each
are -CO0- or -C=C~ and compounds represented by the general
formulae (II-1) to (II-4) wherein m* is 1 in the liquid
crystal component B. In particular, compounds represented by
the general formulae (II-1) to (II-4) wherein X*! to X?** each
are F, Cl, -OCF; or -CN and/or Y* to Y» each are F are
desirable.

The liquid crystal composition of the present
invention preferably a liqﬁid crystal component C made of a
compound having a dielectric anisotropy of from -2 to +2 in
an amount of not more than 70% by weight in addition to the
liguid crystal component A as an essential component. A
preferred example of the liquid crystal compound having a
dielectric anisotropy of from -2 to +2 referred to herein
will be described hereinafter. 1In other words, such a liquid
crystal compound has a rod-shaped chemical structure. Such a
liquid crystal compound has a core structure having from 1 to
4 6-membered rings at the central portion. The 6-membered
rings positioned at both longitudinal ends of the central
portion have terminal groups substituted at positions
corresponding to the longitudinal position of liquid crystal
molecule. The terminal groups positioned at both ends are
nonpolar groups such as alkyl group, alkoxy group,
alkoxyalkyl group, alkenyl group, alkenyloxy group and

alkanoyloxy group. The liquid crystal composition of the
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present invention preferably comprises from 1 to 20, more
preferably from 2 to 12 such liquid crystal components C.
The liquid crystal component C of the present
invention preferably contains one or more compounds selected
from the group consisting of compounds represented by the

general formulae (III-1) to (III-4):

R31 [ Z31Jl 1< > Z32 < >_R35“——(HI“1)
{ n

R32233{@}—Q—R — (-2
[

36
18
Ysz

R3] Q‘qu} 235,@_R37 —(1I1-3)

28 ——(11-4)

wherein R to R% each independently represent a C,;
straight-chain alkyl group or alkenyl group; R* to R*®® each
independently represent a C;; straight-chain alkyl group,
alkoxy group, alkenyl group, alkenyloxy group or CuHz.;-0-C¢Hje
in which u and v each independently represent an integer of

from 1 to 5; Y represents a hydrogen atom, fluorine atom or

e ———
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-CH3;; Y3 and Y*? each independently represent a hydrogen atom
or fluorine atom; 23! to 2% each independently represent a
single bond, -C00-, -CH,CH;- or -(CH;),~; Z?' may also
represent -C=C- or -CH=CH-; 2% represents a single bond, -
C=C-, -C00-, or -CF=CF-; rings A*' and A* each independently
represent a cyclohexane ring or cyclohexene ring; rings A%
and A%* each independently represent a cyclohexane ring or
benzene ring; and n! to n’ each independently represent an
integer of 0 or 1, with the proviso that n* + n’ make an
integer of 0 or 1, and hydrogen atoms (H) in the cyclohexane
ring in the various compounds may be replaced by deuterium
atoms (D), in an amount of from 10 to 100% by weight.
Particularly preferred examples of the compounds represented
by the general formulae (III-1) to (III-4) in the liquid
crystal component C of the present invention include those
represented by the following general formulae (III-la) to

(III-4e):
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R“‘O—@ﬁ{s ' (l11-1a)
R o J—
R~ coo~< )r" (i-1c)

R OO )= (1-1d)
R~ O~ o< )5 —1-1e)
R~ O~ coo~< =" — (-1

R~ »re (I1-2a)

R >~ »w (I11-2b)

R )~ w (II-2¢)

R~ ot~ RS — (11-24)

R )coo~_ »g® (1-2e)

(III-2f)
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R3337 (II-3a)
R~ o O—Q_P —— (-3
&’ _QC#«Q_R (I11-3c)

333* (1-3d)
_O‘szﬂ‘km s

«Qdfcﬁ—g” —(II-39)
R oy —@—CJ\J‘Q—R (-39
_O_c O*Q‘C%"Q‘R — (I-3h)
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wherein R*» to R® and Y* to Y*® are as defined above.

The liquid crystal component C containing such a
compound can be well mixed with the liquid crystal component
A containing a compound of the general formula (I) and thus
is useful for the improvement of nematic phase at low
temperatures.

The liquid crystal composition can comprise as liquid
crystal component C compounds represented by the general
formulae (III-1) to (III-4) incorporated therein to lower its
viscosity or viscoelasticity and hence exhibit a relatively
high specific resistivity and/or voltage holding ratio. The
viscosity of the liquid crystal component C is preferably as
low as possible, e.g., not more than 45 cp, more preferably
not more than 30 cp, even more preferably not more than 20
cp, particularly not more than 15 cp in the present
invention. Preferred among these compouhds represented by
the general formulae (III-1) to (III-4) as liquid crystal
component C are those represented by the general formulae
(III-la) to (III-3a), (III-3c) to (III-3g), (III-4a), and
(III-4d) to (III-4e). Further, a liquid crystal component C
containing at least one such compound wherein R*! to R* each
are a C, s straight-chain alkyl group or an alkenyl group
represented by the general formula: CH,=CH-(CH;), (in which q
is 0 or 2) provides a better effect. In particular,
compounds represented by the general formulae (III-la), (III-

1d), and (III-2a) to (III-2c), compounds represented by the
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general formulae (III-3c) to (III-3f) wherein Y% is a
hydrogen atom and/or compounds represented by the general
formula (III-4a) wherein R¥® is an alkyl group can exert this
effect even when incorporated in an amount as small as from 3
to 30% and thus are useful for the improvement of response
time for STN-LCD for example.

A preferred example of the compound, if it is
represented by the general formula (III-1), which should be
incorporated in the liquid crystal component C to exert the
foregoing effects is one wherein R3! represents a C,;
straight-chain alkyl group or alkenyl group, R*> represents a
C;.4 straight-chain alkyl group, alkoxy group, alkenyl group
or alkenyloxy group; ring A* represents a cyclohexane ring;
z* represents a single bond or -C00- if n! is 0; and 2! and
73?2 each represent a single bond if n! is 1. A preferred
example of the compound, if it is represented by the general
formula (III-2), which should be incorporated in the liquid
crystal component C to exert the foregoing effects is one
wherein R’? represents a C,s straight-chain alkyl group or
alkenyl group; R represents a C;, straight-chain alkyl
group, alkoxy group, alkenyl group or alkenyloxy group; ring
A% represents a cyclohexane ring or cyclohexene ring and 2%
represents a single bond, -COO- or -CH,CH,- if n’ is 0; and
ring A% represents a cyclohexane ring and %** represents a

single bond or -CH,CH,- if n? is 1.
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The liquid crystal component C of the present
invention may be formed by compounds represented by the
general formulae (IXI-1), - -(III-2), (III-3) and (III-4),
singly for each. By using a compound represented by the
general formula (III-1l) and/or a compound represented by the
general formula (III-2) and a compound represented by the
general formula (III-3) and/or a compound represented by the
general formula (III-4), particularly one wherein Z¥
represents -C=C-, in combination, the birefringence index of
the liquid crystal composition can be easily optimized
depending on the purpose. By using compounds represented by
the general formulae (III-1) and (III-2), e.g., (III-la) to
(III-2f), as much as possible, the birefringence index of the
liquid crystal composition can be lowered, making it easy to
realize the reduction of color unevenness, the enhancement of
viewing angle and the increase of contrast ratio in liquid
crystal display systems. By using compounds represented by
the general formula (III-3), e.g., (I1I-3a) to (III-3h), or
compounds represented by the general formula (III-4), e.g.,
(III-4a) to (III-4e), as much as possible, the birefringence
index of the liquid crystal composition can be increased,

- making it possible to prepare a liquid crystal display device
having a liquid crystal layer which is as thin as from 1 to 5
pm.

The liquid crystal composition of the present

, invention, if it is intended to respond to the magnitude of
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driving voltage at fast response, may be arranged as follows.
If it is intended to operate at a middle driving voltage, the
liquid crystal composition of the present invention
preferably exhibits a dielectric anisotropy of from 3 to 15
and a viscosity of from 8 to 20 cp at 20°C. 1In this case,
the viscosity of the liquid crystal component C itself is
preferably not more than 25 cp, more preferably not more than
15 cp, particularly not more than 10 cp. If it is intended
to operate at a low driving voltage, the liquid crystal
composition of the present invention preferably exhibits a
dielectric anisotropy of from 15 to 30, particularly from 18
to 28.

The nematic liquid crystal composition of the present
invention, if the liquid crystal component A incorporated
therein is mainly composed of a so-called p-type compound
having a great dielectric anisotropy, may be free of or may
optionally contain a liquid crystal component B, i.e.,
compound having a dielectric anisotropy of not less than +2.
Further, the nematic liquid crystal composition of the
present invention, if the liquid crystal component A
incorporated therein is mainly composed of a so-called n-type
compound having a small dielectric anisotropy, preferably
comprises a liquid crystal component B, i.e., compound having
a dielectric anisotropy of not less than +2. Further, the
nematic liquid crystal composition may comprise a liquid

crystal component C as necessary.
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At present, alignment films used for TN-LCD, STN-LCD
or TFT-LCD are often made of polyimide-based compounds. For
example, LX1400, SE150, SE610, AL1051, AL3408, etc. are used.
~ The specification of alignment film is related to liquid
crystal display properties, display quality, reliability and
productivity. For example, pretilt angle is important for
liguid crystal material. The magnitude of pretilt angle
needs to be properly adjusted to obtain desired liquid
crystal display properties or uniform alignment. For
example, if the pretilt angle is large, unstable alignment
can easily occur. On the contrary, if the pretilt angle is
small, sufficient display properties cannot be satisfied.

The inventors found that a liquid crystal material
having a large pretilt angle and a liquid crystal material
having a small pretilt angle can be sorted from each other.
It was also found that the application of this technique
makes it possible to realize desired liquid crystal display
properties or uniform alignment from liquid crystal
materials. This technique can be applied to the present
invention. For example, if the liquid crystal component B
contains compounds represented by the general formulae (II-1)
to (II-4), the foregoing technique can be applied as follows.
In some detail, a large pretilt angle can be obtained by
increasing the content of the compounds represented by the
general formulae (II-1) to (II-4) wherein R? is an alkenyl

group, X*! is F, Cl or -CN, and Y* and Y** each are F and/or
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compounds represented by the general formulae (II-1) to (II-
4) wherein R* is an alkyl group, X* is F, Cl or -CN, and 2z%
is -CH,CH,~ or —(CH;),-- A small pretilt angle can be
obtained by increasing the content of the compounds
represented by the general formulae (II-1l) to (II-4) wherein
R? is an alkenyl group or C.H,.-0-C.H,., X* is F, Y* is F,
and Y? is H and/or compounds represented by the general
formulae (II-1) to (II-4) wherein 2z??* is -COO-. In the case
of the compounds represented by the general formulae (II-1),
(III-1) and (III-2) wherein hydrogen atoms (H) in the
cyclohexane ring are replaced by deuterium atoms (D),
different pretilt angles can be obtained with different
substitution positions. Thus, these compounds make it
possible to adjust pretilt angle in a broad range. This
effect, if a large pretilt angle is required for example, can
be almost obtained by incorporating the foregoing compounds
in the liquid crystal composition in an amount of from 10 to
40% by weight or more based on the total weight of the liquid
crystal composition.

The technique concerning the compound of the general
formula (I) according to the present invention is referred to
in, e.g., JP-A-54-87688. For example, a mixture containing
compounds represented by the general formulae (a-1) and (a-2)
is disclosed. This technique is allegedly useful for the
improvement of miscibility or response characteristics.

However, the composition disclosed in the above cited patent

ML
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finds difficulty in response time and requires improvement.
For example, TN-LCD is now required to have a response time
of 60 msec. or less, preferably 50 msec. or less, more
preferably 40 msec. or less, particularly 30 msec. or less
and thus requires improvement. In particular, the compounds
represented by the general formulae (a-1) and (a-2) tend to
deteriorate response. Thus, new improvements are needed.

The present invention gives solution to the foregoing
problems. In some detail, the following countermeasures have
been found. (1) The liquid crystal component A is not used
in excess. The content of the liquid crystal component A is
restricted to not more than 50% by weight. (2) If the
content of the liquid crystal component A is particularly
great, 4 or more compounds constituting the liquid crystal
component B are used. (3) The liquid crystal component B
contains one or more cyclohexane ring-containing compounds.
(4) If the liquid crystal component B contains compounds
represented by the general formulae (II-2) and (II-3),
compounds represented by the general formula (II-1) are used
- as well. (5) If the content of the liquid crystal component
A is particularly great, a liquid crystal component C is used
as well. (6) If the liquid crystal component B contains
compounds represented by the general formula (II-2) and/or
compounds represented by the general formula (II-3), a liquid
crystal component C is used as well even in a slight amount.

In the case of the countermeasure (3), even more desirable
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results are obtained by incorporating a compound of the
general formula (II-1) in the liquid crystal component B. 1In
the case of the countermeasure (6), even more desirable
results are obtained by incorporating compounds represented
by the general formulae (III-1) to (III-3) in the liquid
crystal component C. |

The content of the various liquid crystal components
in the nematic liquid crystal composition of the present
invention may be predetermined as follows. The content of
the liquid crystal component A is predetermined to a range of
from 1 to 50% by weight, preferably from 3 to 40% by weight.
The content of the liquid crystal component B is
predetermined to a range of from 10 to 90% by weight,
preferably from 25 to 90% by weight, more preferably from 25
to 80% by weight. The content of the liquid crystal
component C is predetermined to not more than 70% by weight,
preferably from 3 to 65% by weight, more preferably from 5 to
60% by weight, even more preferably from 10 to 55% by weight.
The content of the compound represented by the general
formula (I), if it is used singly, is preferably less than
20% by weight. If the content of the compound represented by
the general formula (I) exceeds this range, two or more such
compounds are preferably used. The content of the compounds
represented by the general formulae (I-1} to (I-13) in the
liquid crystal component A is predetermined to a range of

from 50 to 100% by weight, preferably from 70 to 100% by
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weight. The content of the compounds represented by the
general formulae (II-1) to (II-4) or the compounds
represented by the general formulae (II-la) to (II-4d), if
they are used singly, is preferably not more than 30% by
weight, more preferably not more than 25% by weight. If the
content of these compounds exceeds this range, two oOr more
such compounds are preferably used. The content of the
compounds represented by the general formulae (II-la) to (II-
4d) in the liquid crystal component B is predetermined to a
range of from 10 to 100% by weight, preferably from 50 to
100% by weight, more preferably from 75 to 100% by weight.
The content of the compounds represented by the general
formulae (III-1l) to (III-4)} or the compounds represented by
the general formulae (III-la) to (III-4e), if they are used
singly, is preferably not more than 30% by weight, more
preferably not more than 25% by weight. 1If the content of
these compounds exceeds this range, two or more such
compounds are preferably used. The content of the compounds
represented by the geheral formulae (III-la) to (III-4e) in
the liquid crystal component C is predetermined to a range of
from 10 to 100% by weight, preferably from 50 to 100% by
weight, more preferably from 75 to 100% by weight.

The crystal phase-~ or smectic phase-nematic phase
transition temperature is preferably not higher than -10°C,
more preferably not higher than -20°C, particularly not

higher than -30°C. The nematic phase-isotropic liquid phase
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transition temperature is not lower than 60°C, preferably not
lower than 70°C, more preferably from 80°C to 130°C. The
liquid crystal composition of the present invention needs to
have a dielectric anisotropy of not less than 3, preferably
from 4 to 40, more preferably from 4 to 16 if fast response
is regarded as important or from 17 to 30 if a lower driving
voltage is needed. The smaller or middle birefringence index
is preferably predetermined to a range of from not less than
0.08 to less than 0.18. The higher birefringence index is
preferably predetermined to a range of from not less than
0.18 to less than 0.33. The properties of such a nematic
liquid crystal composition are useful in active matrix,
twisted nematic or super twisted nematic liquid crystal
display systems.

The foregoing'nematic liquid crystal composition is
useful for fast response TN-LCD or STN-LCD. The foregoing
nematic liquid crystal composition is also useful for liquid
crystal display devices which can utilize birefringence of a
liquid crystal layer and a phase difference plate to make
color display without using any color filter layer. The
nematic liquid crystal composition of the present invention
can be incorporated in a transparent or reflective liquid
crystal display device. These liquid crystal display devices
have a transparent electrode layer and two substrates at
least one of which is transparent. Between the two
substrates the molecules of the nematic liquid crystal
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composition are twist-aligned. Depending on the purpose, the
angle of twist can be predetermined to a range of from 30° to
360°, preferably from 90°.-to 270°, particularly from 45°¢ to
135° or from 180° to 260°. Therefore, the liquid crystal
composition of the present invention may comprise a compound
containing an optically active group which gives an induced
helical pitch of from 0.5 to 1,000 um. The pretilt angle
given by the alignment film provided on the transparent
electrode substrate is preferably predetermined to a range of
from 1° to 20°, more preferably from 1° to 4° if the angle of
twist is from 30° to 100°, from 2° to 6° if the angle of
twist is from 100° to 180°, from 3° to 12° if the angle of
twist is from 180° to 260° or from 6° to 20° if the angle of
twist is from 260° to 360°.

In order to improve its properties, the liquid
crystal composition of the present invention may comprise
other nematic liquid crystal compounds, smectic liquid
crystal compounds and/or cholesteric liquid crystal compounds
which can be recognized as a liquid crystal compound besides
the compounds represented by the foregoing general formulae
(I-1) to (III-4). However, the use of a large amount of
these compounds causes deterioration of the properties of the
nematic liquid crystal composition. .Accordingly, the amount
of these compounds to be added is restricted depending on the
requirements for the nematic liquid crystal composition.

A preferred example of the liquid crystal composition
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of the present invention will be described hereinafter.
For example, a nematic liquid crystal composition
comprising a liquid crystal component A consisting of

compounds represented by the following general formula (If):

X13a -

R13—©—CH=N—N=CH Z13 (If)

13b

wherein R represents a €., straight-chain alkyl group or
alkoxyl group; 2Z® represents a fluorine atom, chlorine atom,
cyano group or -CF;; and X!** and X“® each independently
represent a fluorine'atom or hydrogen atom and at least one
of a liquid crystal component B consisting of compounds
having a dielectric anisotropy of not less than +2 and a
liquid crystal component C consisting of compounds having a
dielectric anisotropy of from -2 to +2 is desirable. 1In the
foregoing nematic liquid crystal composition, the foregoing
liguid crystal component A is preferably used in combination
with a compound represented by the following general formula

(Ig):

R14—©—CH=N-N=CH—©—-RI4 (Ig)

wherein R"‘s each independently represent a C; 0 straight-
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chain alkyl group or alkoxyl group. More preferably, the
liquid crystal component A comprises a compound represented
by the general formula (If) wherein R!* represents an ethyl
group or propyl group and/or a compound represented by the
general formula (If) wherein Z!* represents a fluorine atom
and/or a compound represented by the general formula (If)
wherein X'* and X each are a fluorine atom in an amount of
from 30 to 100% by weight. Even more preferably, the liguid
crystal composition comprises the liquid crystal component A
in an amount of from 1 to 95% by weight.

Further, the nematic liquid crystal composition of
the present invention preferably comprises as the liquid
crystal component A a compound represented by the following

general formula (Ih):

RIO—@—CH N—N—CH@—ZIO (Ih)

wherein R¥ represents a C, ), straight-chain alkyl group,
alkoxyl group or C,,, straight-chain alkenyl group; and 2%
represents a Cbm'straight-chain alkyl group.

More preferably, the nematic liquid crystal
composition comprises a liquid crystal material B consisting
of compounds having a dielectric anisotropy of not less than
+2. Even more preferably, the nematic liquid crystal

composition exhibits a dielectric anisotropy of not less than
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3, a nematic phase-isotropic liquid phase transition
temperature of not lower than 60°C and a crystalline phase or
smectic phase-nematic phase transition temperature of not
higher than 0°C. Further, in the nematic liquid crystal
composition of the present invention, the liquid crystal
component A preferably comprises a compound represented by
the general formula (Ih) wherein R! represents a methyl
group, ethyl group, propyl group or butenyl group and/or a
compound represented by the general formula (Ih) wherein 2%
represents a butenyl group in an amount of from 30 to 100% by
weight. More preferably, the liquid crystal composition
comprises the foregoing liquid crystal component A in an
amount of from 1 to 50% by weight.

Similarly, the nematic liquid crystal composition
preferably comprises as the liquid crystal component A a
compound selected from the group consisting of compounds

represented by the following general formulae (Ii) and (Ij):

xl12f xl12d X12c X12a
“CH=N-—N—-—CH zZ12 (&)
X12e 12b

RlS—O—Q—CHzN—NzCHZIS (5)

k

N Been 1ac;1_
i

- 78 -



wherein R and RY each independently represent a Cj
straight-chain alkyl group, alkoxyl group or C,.,, straight-
chain alkenyl group; Y to Y each independently represent
a hydrogen atom or fluorine atom; 2!2 and 2! each
independently represent a C,.,;, straight-chain alkyl group,
alkoxyl group, C,.;, straight-chain alkenyl group, fluorine
atom, chlorine atom, -CF,;, -OCF; or cyano group; k represents
an integer of from 0 or 1; rings A!? and A each
independently represent 1,4-phenylene group which may be
substituted by fluorine atom or trans-1,4-cyclohexylene
group; and k! represents an integer of from 0 or 1.

More preferably, the nematic liquid crystal
composition comprises a liquid crystal material B made of a
compound having a dielectric anisotropy of not less than +2.
Even more preferably, the nematic liqqid crystal composition
exhibits a dielectric anisotropy of not less than 3, a
nematic phase-isotropic liquid phase transition temperature
of not lower than 60°C and a crystalline phase or smectic
phase-nematic phase transition temperature of not higher than
0°C. Further, in the nematic liquid crystal composition of
the present invention, the liquid crystal component A
preferably is used in combination with a compound represented

by the following general formula (Ik):
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R15—©—CH=N~N=CH©—R15 (%)

wherein RY¥‘’s each independently represent a C,;, straight-
chain alkyl group, alkoxyl group or C,,, straight-chain
alkenyl group. Further, the liquid crystal composition of
the present invention preferably comprises the foregoing
liquid crystal component A in an amount of from 1 to 50% by
weight:

Similarly, the nematic liquid crystal composition of
the present invention preferably comprises a liguid crystal
component A consisting of compounds represented by the

following general formula (Im):

1~{(O)—ca=nn=cu~O)y—x17 . (im)

wherein RY represents a C,.;, straight-chain alkyl group or
alkoxyl group; and X" represents a C,.,, straight-chain alkyl
group, alkoxyl group; fluorine atom, chlorine atom or cyano
group and a liquid crystal component B consisting of
compounds having a dielectric anisotropy of not less than +2.
The liquid crystal composition of the present
invention preferably comprises 5 to 40 compounds. The

foregoing liquid crystal component A preferably comprises a
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compound represented by the general formula (Im) wherein XV
represents a fluorine atom in an amount of from 30 to 100% by
weight. More preferably, -the liquid crystal component A
comprises a compound represented by the generai formula (Im)
wherein RY represents a methyl group, ethyl group, propyl
group, butyl group or pentyl group and/or a compound
represented by the general formula (Im) wherein 2zV
represents a methyl group, ethyl group, propyl group, butyl
group or pentyl group in an amount of from 30 to 100% by
weight. Further, the nematic liquid crystal composition of
the present invention comprises the foregoing liquid crystal
component A in an amount of from 1 to 50% by weight.
Similarly, the nematic liquid crystal composition of
the present invention preferably comprises a liquid crystal
component A consisting of compounds represented by the

following general formula (In):

R1 8—©—CH=N——N=CH—©—R18 (In)

wherein R'®’'s each independently represent a hydrogen atom or
C;.10 straight-chain alkyl group or alkoxyl group and a ligquid
crystal component B consisting of compounds having a
dielectric anisotropy of not less than +2. Even more
preferably, the nematic liquid crystal composition exhibits a

dielectric anisotropy of not less than 3, a nematic phase-
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isotropic liquid phase transition temperature of not lower
than 60°C and a crystalline phase or smectic phase-nematic
phase transition temperature of not higher than 0°C.

The foregoing liquid crystal component A preferably
comprises a compound represented by the general formula (In)
wherein R!® represents a methyl group, ethyl group or propyl
group in an amount of from 30 to 100% by weight. More
- preferably, the liquid crystal composition of the present
invention comprises the foregoing liquid crystal component A
in an amount of from 1 to 50% by weight.

Further, the liquid crystal composition of the
present invention may comprise other compounds besides the
foregoing liquid components B and C as necessary.
Preferably, the foregoing liquid crystal composition
comprises one or more compounds having a core structure
containing four 6-membered rings, the liquid crystal phase-
isotropic liquid phase transition temperature of not lower
than 100°C.

The foregoing liquid crystal composition preferably
comprises a compound having an optically active group which
gives an inductive helical pitch of from 0.5 to 1,000 um.

Further, the present invention also provides an
active matrix, twisted nematic or super twisted nematic
liquid crystal display device comprising the foregoing
nematic liquid crystal composition. The thickness of the

liguid crystal layer is preferably from 1 to 30 um.
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The present invention further provides a light-
scattering type liquid crystal display system comprising the
foregoing nematic liquid crystal composition and a light-
control layer containing a transparent solid substance. 1In
the light-control layer, the foregoing liquid crystal
coméosition preferably forms a continuous layer in which the
foregoing transparent solid substance forms a uniform three-
dimensional network structure. The foregoing transparent
solid substance is preferably formed by a polymerizable
composition containing a polymer-forming bifunctional monomer
and a monofunctional monomer.

The inventors found that because of its high
birefringence index the foregoing liquid crystal composition
can also be effectively incorporated in a light-scattering
type liquid crystal display device comprising a light-control
layer containing a liquid crystal material and a transparent
solid substance sandwiched by a pair of substrates having a
transparent electrode layer at least one of which sheets is
transparent so that the liquid crystal display device is
provided with a high contrast given by favorable light-
scattering properties.

In general, a liquid crystal material having a large
birefringence index is disadvantageous in that an induced
crystal phase or a-partly crystallized smectic phase often
appears while narrowing its liquid crystal phase. Further,

such a liquid crystal material exhibits a great birefringence
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index and a broad liquid crystal temperature range but cannot
realize a particularly high voltage holding ratio essential
for active matrix system.- Further; a light-scattering type
liquid crystal display device prepared from such a liquid
crystal material shows a memory phenomenon in which the light
transmittance T, (determined when no voltage is applied)
measured shortly after the switching from application of
voltage to application of no voltage is greater than that
measured shortly after prepared or after a prolonged period
of time of voltage application, eventually deteriorating the
contrast in the liquid crystal display. The sample use of a
fluorotelan~-based compound doesn’t always give favorable
results. The liquid crystal composition of the present
invention can avoid or lessen these problems.

Further, the present inventidn is based on the
discovery that the liquid crystal composition of the present
invention is a liquid crystal material which exhibits a
higher miscibility due to the occurrence of a polymer-forming
compound which forms a transparent solid substance. Such a
transparent solid substance is preferably formed by the
polymerization of a polymer-forming compound. For example,
the preparation of such a tfansparent solid substrate may
involve a process which inserts a light-control layer-forming
material comprising an ultraviolet-curing resin composition
containing a compound having an ultraviolet-curing vinyl

group and a liquid crystal material between a pair of
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substrates, and then curing the ultraviolet-curing resin
composition. If the miscibility of the polymer-forming
compound and the liquid crystal material is higher, a more
uniform solution can be obtained in a broader temperature
range. When the polymer-forming compound is cured under
these conditions, a liéht—control layer having light-
scattering properties can be prepared free of or almost
without offset, providing display properties free of
unevenness of driving voltage or contrast ratio as well as a
light-scattering type liquid crystal display device which
realizes display with a more uniform opaqueness.

Accordingly, a liquid crystal material was foﬁﬁd which can be
subjected to vacuum injection or the like to prepare a liquid
crystal display device having more uniform light-scattering
properties or a relatively large~sized 1i§uid crystal display
device.

The liquid crystal material preferably comprises a
cyano group-free liquid crystal compound to.exhibit a high
voltage holding ratio or a birefringence index as high as not
less than 0.200 necessary for active matrix system. As the
liquid c¢crystal compound to be used herein there may be
preferably used an azine derivative represented by the
general formula (I), more preferably in combination with
fluolotolan-based compounds represented by the general
formulae (II-2) and (II-3). In particular, a fluorotolan-

based compound having three rings is preferably used as an
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essential component. The incorporation of an azine
derivative represented by the general formula (I) makes it
possible to provide a light-scattering type liquid crystal
display system having an improved fast response useful for
animated display. 1In order to prepare a liquid crystal
device having a higher voltage holding ratio, it is preferred
to use a liquid crystal material having a higher specific
resistivity, preferably not less than 10 Q.cm, more
preferably not less than 10" Q.cm, most preferably not less
than 109 Q.cm.

The inventors disclose in JP-A-6-222320 that the
relationship between the physical properties of the liquid
crystal material and the display characteristics of the
liquid crystal display device is represented by the following
equation (VI):

d ZKll 1/2

Vthoc —(VD

ro+kii/h N De

wherein Vth represents a threshold voltage; 'Kii and %Kii

each represent an elastic constant; ii represents 11, 22 or
33; Ae represents a dielectric anisotropy; <r> represents the
average space on mesh size; A represents the anchoring energy
of the transparent solid substance with respect to the liguid
crystal molecule; and d represents the distance between the
substrates having a transparent electrode.

This equation means that the force given to the
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liquid crystal molecule by the interface of transparent solid
substance changes with the ratioc of elastic constant !Kii to
anchoring enexrgy A. In particular, this equation means that
this effect substantially widens the actual average space <r>
by !Kii/A, effectively reducing the driving voltage. This
relationship can also be applied to the present invention.

By selecting the dielectric anisotropy and elastic constant
of the liquid crystal material depending on the liquid
crystal compound constituting the liquid crystal material, a
better liquid crystal display device which can be driven at a
low voltage can be obtained. To be more concrete, the
following arrangement is preferred. The transparent solid
substance can be formed by a polymerizable composition
containing a bifunctional monomer and a monofunctional
monomer as a polymer-forming compound to obtain better liquid
crystal display properties. It is thought that the use of a
composition comprising a bifunctional monomer and a
monofunctional monomer in combination as a polymer-forming
compound provides a transparent solid substance with a more
uniform structure that makes it easier to control the
properties of the interface with the liquid crystal material
in the process for the formation of a transparent solid
substance from a éolymer-forming compound. To be more
concrete, the average space <r> and anchoring energy A in the
foregoing equation (IV) can be predominant over the other

factors. 1In this manner, the driving voltage can be reduced
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while maintaining the opaqueness and transparency. Further,
the liquid crystal material containing the foregoing compound
represented by the general formula (I) for example may
comprise a polymerizable composition having a bifunctional
monomer and a monofunctional monomer in combination as a
polymer-forming compound to eliminate or lessen the memory
phenomenon.

The liquid crystal material to be used in the present
invention is expected to be useful for a display device
comprising liquid crystal droplets formed by
microencapsulating a liquid crystal material, dispersed in a
transparent solid substance between a pair of substrates
having a transparent electrode. The transparent solid
substance to be formed between the substrates may be
dispersed in fibrous or particulate form or may be in the
form of film having droplets of a liquid crystal material
dispersed therein. Preferably, the transparent solid
substance has a three-dimensional network structure. The
liquid crystal material preferably forms a continuous layer.
By forming a disordered liquid crystal material, an optical
interface is formed to cause light scattering. If the
average diameter of the three-dimensional network structure
formed by such a transparent solid substance is too great or
small as compared with the wavelength of light, it tends to
deteriorate light scattering properties. Thus, it is

preferably from 0.2 to 2 pm. The thickness of the light-
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control layer is preferably from 2 to 30 pm, particularly
from 5 to 20 um, depending on the purpose.

On the basis of the inventors’ discovery of preferred
constitution of miscibility with liquid crystal compound and
polymer-forming compound constituting the liquid crystal
material and polymerizable composition from extensive studies
of liquid crystal material and transparent solid substance
constituting a liquid crystal display device utilizing light-
scattering state (off-state) and highly transparent state
(on-state), the liquid crystal display device of the present
invention thus prepared exhibits a lessened memory phenomenon
and display properties with a more uniform opaqueness while
maintaining fast response, low driving voltage, high light-
control layer resistivity and high contrast ratio and
enhancing these properties. Thus, the liquid crystal display
device of the present invention exhibits properties required
for active matrix system. Further, the liquid crystal
display device of the present invention can be used for
projection display devices or direct view type portable
terminal display devices {personal digital assistance).

Preferred embodiments for the azine derivative,
process for the preparation thereof, namatic liquid crystal
composition containing the same and liquid crystal display
system using the same of the present invention are as
follows:

(1) A compound, represented by the following general

—_————— .
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formula (I):

Z I
S nOaWa O \O)= &

wherein

m and n each independently represent an integer of 0
or 1;

rings A, B, C and D each independently represent 1,4-
phenylene group which may be substituted by fluorine atom,
trans-1,4-cyclohexylene group, pyrimidine-2,5-diyl group,
pyridine-2,5-diyl group, pyrazine-2,5-diyl group, pyridazine-
3,6-diyl group or trans-1,3-dioxane-2,5-diyl group;

R represents a C,.;; alkyl group or alkoxyl group, C;;
alkenyl group or alkoxylalkyl group or Ci.;, alkenyloxy group;
and

Z represents a fluorine atom, chlorine atom, bromine
atom, cyano group, -OCF;, ~OCF,H, -CF,, ~OCH,CF;, C;,, alkyl
group or alkoxyl group, C,;; alkenyl group or alkoxylalkyl
group or C;.;; alkenyloxy group,

with the proviso that Z is not an alkyl group, cyano
- group, fluorine atom, chlorine atom or bromine atom when m
and n each are 0 and rings B and C each are 1,4-phenylene
group and R is an alkyl group,

(2) The compound described in Clause (1), wherein m
and n are 0 at the same time and rings B and C each

independently represent 1,4-phenylene group which may be
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substituted by fluorine atom, with the provisoc that at least
one of rings B and C is substituted by fluorine atom when R
represents a C;_;; alkyl group and Z represents a fluorine
atom, chlorine atom, bromine atom or C;,;;, alkyl group. |

(3) The compound described in Clause (2), wherein R
represents a C,.;, alkenyl group, Z represents a C,; straight-
chain alkyl group, C,.;; alkenyl group or fluorine atom and
rings B and C each represent 1,4-phenylene group which may be
substituted by fluorine atom,

(4) The compound described in Clause (2), wherein R
represents a C,.; straight-chain alkyl group, Z represents a
fluorine atom or -~OCF; and rings B and C each represents 1,4-
phenylene group which may be substituted by fluorine atom.

(5) The compound described in Clause (1), wherein n
represents 1, m represents 0, R represents a C;; straight-
chain alkyl group or C,; straight-chain alkenyl group, rings
B and C each represent 1,4-phenylene group which may be
substituted by fluorine atom and Z represents a fluorine
atom, trifluoromethoxy group, C,; straight-chain alkyl group
or C,.; straight-chain alkenyl group.

(6) The compound described in Clause (1), wherein m
and n are 0 at the same time, ring B represents trans-1,4-
cyclohexylene group and ring C represents 1,4-phenylene group
which may be substituted by fluorine atom or trans-1,4-
cyclohexylene group.

(7) A process for the preparation of a compound
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represented by the general formula (I):

O nOSWa 02 O/x g

wherein m and n each independently represent an
integer of 0 or 1; rings A, B, C and D each
independently represent 1,4-phenylene group which may
be substituted by fluorine atom, trans-1,4-
cyclohexylene group, pyrimidine-2,5-diyl group,
pyridine-2,5-diyl group, pyrazine-2,5-diyl group,
pyridazine-3,6-diyl group or trans-1,3-dioxane-2,5-
diyl group; R represents a C, ;, alkyl group or
alkoxyl group, C,.;; alkenyl group or alkoxylalkyl
group or C;.;; alkenyloxy group; and Z represents a
fluorine atom, chlorine atom, bromine atom, cyano
group, -0OCF,, ~OCF,H, -CF;, -OCH,CF;, C;.;» alkyl group
or alkoxyl group, C,;; alkenyl group or alkoxylalkyl
group or C,.;;' alkenyloxy group,

which comprises allowing a compound represented by the

following general formula (II):

YO

H;N—N (1I1)

wherein Z represents a fluorine atom, chlorine atom,

bromine atom, cyano group, ~OCF;, -OCF,H, ~CF;, -

- 92 - eet Has Been Reilaced

- \\ll\l\\\lll\\\\\l\l\\l\



OCH,CF,;, C;.;; alkyl group or alkoxyl group, C,.;;
alkenyl group or alkoxylalkyl group or Ci.;;
alkenyloxy group; ‘rings C and D each independently
represent 1,4-phenylene group which may be
substituted by fluorine atom, trans-1,4-cyclchexylene
group, pyrimidine-2,5-diyl group, pyridine-2,5-diyl
group, pyrazine-2,5-diyl group, pyridazine-3,6-diyl
group or trans-1,3-dioxane-2,5-diyl group; and m
represents an integexr of 0 or 1

and a compound represented by the following general formula

K0

wherein R represents a C,,, alkyl group or alkoxyl

(III):

group, C,.;; alkenyl group or alkoxylalkyl group or C,.
12 alkenyloxy group; rings A and B each independently
represent 1,4-phenylene group which may be
substituted by fluorine atom, trams-1,4-cyclohexylene
group, pyrimidine-2,5-diyl group, pyridine-2,5-diyl
group, pyrazine-2,5-diyl group, pyridazine-3,6-diyl
group or trans-1,3-dioxane-2,5-diyl group; and n
represents an integer of 0 or 1

to undergo reaction in the presence of an amine.
{(8) A process for the preparation of a compound

represented by the general formula (I): B
This gy,
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O N OaWa OO ~ BT

wherein m and n each independently represent an
integer of 0 or l;.‘ rings A, B, C and D each
independently represent 1,4-phenylene group which may
be substituted by fluorine atom, trans-1,4-
cyclohexylene group, pyrimidine-2,5-diyl group,
pyridine-2,5-diyl group, pyrazine-2,5-diyl group,
pyridazine-3,6-diyl group or trans-1,3-dioxane-2,5-
diyl group; R represents a C;.;; alkyl group or
alkoxyl group, C,;.;, alkenyl group or alkoxylalkyl
group or Cj.;; alkenyloxy group; and % represents a
fluorine atom, chlorine atom, bromine atom, cyano
group, -OCF,;, -OCF,H, -CF;, -OCH,CF;, C;.;; alkyl group
or alkoxyl group, C,; alkenyl group or alkoxylalkyl
group or Cs.;; alkenyloxy group,

which comprises allowing a compound represented by the

following general formula (IV):

m

wherein Z represents a fluorine atom, chlorine atom,
bromine atom, cyano group, -OCF;, -OCF,H, -CF;, -
OCH,CF;, C,.;; alkyl group or alkoxyl group, C,,;

alkenyl group or alkoxylalkyl group or Ci_;,
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alkenyloxy group; rings C and D each independently
represent l,4-phenylene group which may be
substituted by fluorine atom, trans-1l,4-cyclchexylene
group, pyrimidine-2,5-diyl group, pyridine-2,5-diyl
group, pyrazine-2,5-diyl group, pyridazine-3,6-diyl
group or trans-1,3-dioxane-2,5-diyl group; and m
represents an integer of 0 or 1

and a compound represented by the following general formula

(V):

)V w

wherein R represents a C;.; alkyl group or alkoxyl
group, C,;; alkenyl group or alkoxylalkyl group ox Ci.
12 alkenyloxy group; rings A and B each independently
represent 1l,4-phenylene group which may be
substituted by fluorine atom, trans-1,4~cyclchexylene
group, pyrimidine-2,5-diyl group, pyridiné—Z,S-diyl
group, pyrazine-2,5~-diyl group, pyridazine-3,6-diyl
group or trans-~1,3-dioxane-2,5-diyl group; and n
represents an integer of 0 oxr 1

to undergo reaction in the presence of an amine.
(9) A nematic liquid crystal composition, comprising

a compound represented by the general formula (I):
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R [
OnOaWe O8O/~

wherein

m and n each independently represent an integer of 0
or 1;

rings A, B, C and D each independently represent 1,4-
phenylene group which may be substituted by fluorine atom,
trans-1,4-cyclohexylene group, pyrimidine-2,5-diyl group,
pyridine-2,5-diyl group, pyrazine-2,5-diyl group, pyridazine-
3,6-diyl group or trans-1,3-dioxane-2,5-diyl group;

R represents a C,;; alkyl group or alkoxyl group, C,.);
alkenyl group or alkoxylalkyl group or C;.;; alkenyloxy group;
and

Z represents a fluorine atom, chlorine atom, bromine
atom, cyano group, -OCF;, -OCF,H, -CF;, -OCH,CF;, C,,;; alkyl
group or alkoxyl group, C,,;; alkenyl group or alkoxylalkyl
group or C; ;; alkenyloxy group,

with the proviso that Z is not an alkyl group, cyano
group, fluorine atom, chlorine atom or bromine atom when m
and n each are 0 and rings B and C each are 1,4-phenylene
group and R is an alkyl group.

(10) The nematic liquid crystal composition described
in Clause (9), comprising a compound defined in any one of
Clauses (2) to (6).

(11) A nematic liquid crystal composition, comprising
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as a liquid crystal component A a compound represented by the

general formula (I):

S OnOaWa 02 O~ -

wherein

m and n each independently represent an integer of 0
or 1;

rings A, B, C and D each independently represent 1,4-
phenylene group which may be substituted by fluorine atom,
trans-1,4-cyclohexylene group, pyrimidine-2,5-diyl group,
pyridine-2,5-diyl group, pyrazine-2,5-diyl group, pyridazine-
3,6-diyl group or trans-l,3-dioxane-2,5-diyl group;

R represents a C;.;; alkyl group or alkoxyl group, Cj.;,
alkenyl group or alkoxylalkyl group or C,.;; alkenyloxy group;
and

Z represents a fluorine atom, chlorine atom, bromine
atom, cyano group, ~-OCF;, -OCFH, ~CF;, -OCH,CF;, C,, alkyl
group or alkoxyl group, C,.,, alkenyl group or alkoxylalkyl
group or C;.;; alkenyloxy group

and as a liquid crystal component B a compound having
a dielectric anisotropy of not less than +2.

(12) The nematic liquid crystal composition described
in any one of Clauses (9) to (11), wherein as said liquid
crystal component B there is incorporated a compound selected

from the group consisting of compounds represented by the
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following general formulae (II-1) to (II-4):

' 21
R2L] O‘ZZL*O’ZZZ‘C?XZL—*(H“D (II-1)
1! 22
- " VVZi

R21_<C:j>_zzq_ 2 __([[-2) (II-2)

(II-3)

(II-4)

wherein

R* to R* each independently represent a Cj.jo
straight-chain alkyl group, alkenyl group or CH;,-O-C.H,. in
which s and t each independently represent an integer of from
1 to 5;

X2! to ¥** each independently represent a fluorine
atom, chlorine atom, -0OCF,, -OCHF,, -CF; or -CN;

Y* to Y® each independently represent a hydrogen
atom or fluorine atom;

W to W* each independently represent a hydrogen

atom or fluorine atom;
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22! to %% each independently represent a single bond,
-C00-, -CH,CH;- or -(CHp)4~;

22! may also represent -CsC- or -CH=CH-;

%% and 2% each independently represent a single
bond, -C00-, -C=C- or -CF=CF-; and

m! to m* each independently represent an integer of
from 0 or 1, with the proviso that m® + n‘ make an integer of
0 or 1,

and hydrogen atoms in the cyclohexane ring in the
various compounds may be replaced by deuterium atoms (D).

{13) The nematic liquid crystal composition described
in any one of Clauses (%) to (12), comprising as a liquid
crystal component C a compound having a dielectric anisotropy
of from -2 to +2.

(14) The nematic liquid crystal composition described
in Clause (13), wherein as said liquid crystal component C
there is incorporated a compound selected from the group
consisting of compounds represented by the following general

formulae (III-1) to (ITI-4):
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1l
R3zz33[ ¥ ——(1-2) (112

R3] O__ZMJ_Q _QRSY —(1I-3) (111-3)
31
34__ 38

wherein

R*! to R* each independently represent a Co.y
straight-chain alkyl group or alkenyl group;

R*¥ to R3® each independently represent a Ciz
straight-chain alkyl group, alkoxy group, alkenyl group,
alkenyloxy group or C.H,,;-0-C,H,, in which u and v each
independently Tepresent an integer of from 1 to 5;

Y*! represents a hydrogen atom, fluorine atom or ~CH;;

Y2 and Y each independently represent a hydrogen
atom_or fluorine atom;

2! to 2% each independently represent a single bond,

-C00-, -CH,CH,- or ~(CH;) 4-;
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z?! may also represent -C=C- or -CH=CH-;

2% represents a single bond, -C=C-, -C0O- or -CF=CF-

rings A% and A3? each independently represent a
cyclohexane ring or cyclohexene ring;

rings A* and A** each independently represent a
cyclohexane ring or benzene ring; and

n! to n® each independently represent an integer of 0
or 1, with the proviso that n‘ + n® make an integer of 0 or
1,

and hydrogen atoms in the cyclohexane ring in the
various compounds may be replaced by deuterium atoms (D).

(15) The nematic liquid crystal composition described
in any one of Clauses (9) to (14), comprising a compound

represented by the general formula (I"):

wherein R! represénts a Cy.10 alkyl group, alkoxyl group or
hydrogen atom; and %! represents a C,,, alkyl group, alkoxyl
group, fluorine atom, chlorine atom, cyano group or hydrogen
atom.

(16) The nematic liquid crystal composition described
in any one of Clauses (9) to (15), comprising a compound

represented by the general formula (I"):

T




Rm__@__\, {_@___Zm ( Im)
N~

wherein R and Z" each independently represent a C,.;, alkyl
group or C,; alkenyl group.

(17) An active matrix, twisted nematic or super
twisted nematic liquid crystal display system, comprising a
nematic liquid crystal compositidn described in any one of
Clauses (9) to (16).

(18) A light-scattering type liquid crystal display
system, comprising a light-control layer having a nematic
liquid crystal composition described in any one of Clauses
(3) to (16) and a transparent solid substance incorporated
therein.

EXAMPLES

The present invention will be further described in
the following examples, but the present invention should not
be construed as being limited thereto.

The structure of various compounds was identified by
nuclear magnetic resonance spectrum (NMR), mass spectrum (MS)
and infrared absorption spectrum (IR). The measurement of
phase transition temperature was effected by means of a
_polarizing microscope equipped with a temperature-controlling
stage and a differential scanning calorimeter (DSC) in
combination. The term *%" as used for composition is meant

to indicate "% by weight".
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(Example 1) Synthesis of 1-(4-fluorobenzylidene)-2-(4-
propylbenzylidene)hydrazine (Compound No. 2 set forth in

Table 1)

To 140 g of a monohydrate of hydrazine was added a
solution of 50 g of 4-propylbenzaldehyde in 250 m¢ of
ethanol. The mixture was stirred at room temperature for 1
hour. To the mixture was then added 400 m{ of
dichloromethane. The mixture was then washed with 300 m{ of
saturated agqueous solution of sodium hydrogencarbonate three
times. To the resulting organic phase was then added 15 m¢
of triethylamine. The mixture was then dehydrated and dried
over anhydrous sodium sulfate. The solvent was then
distilled off under reduced pressure. To the residue was
then added 15 m{ of triethylamine. To the mixture were then
added 250 m{ of ethanol and 43 g of 4-fluorobenzaldehyde.

The mixture was then stirred at room temperature for & hours.
To the mixture was then added 400 m¢ of dichloromethane. The
mixture was then washed with 300 m¢ of saturated agueous
solution of sodium bicarbonate. The solvent was then
distilled off under reduced pressure. The reéidue was
purified through alumina (basic) column chromatography

{dichloxromethane), and then recrystallized from methanol to
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obtain 26.9 g of 1-(4-fluorobenzylidene)-2-(4-
propylbenzylidene)hydrazine. The compound thus obtained had
a melting point of 70.5°C and exhibited nematic phase up to
96.5°C.

The foregoing procedure was followed except that 4-
methylbenzaldehyde, 4-ethylbenzaldehyde, 4-butylbenzaldehyde,
4-pentylbenzaldehyde, 4-heptylbenzaldehyde or 4- |
methoxybenzaldehyde was used instead of 4-propylbenzaldehyde.
As a result, the following compounds were obtained:
1-(4~fluorobenzyl idene)-2-(4-methylbenzyl idene yhydrazine
1-(4-fluorobenzylidene)-2-(4-ethylbenzylidene )hydrazine( I -1)
1-(4-fluorobenzyl idene)~2-(4-butylbenzylidene )hydrazine( I -3)

1-(4-fluorobenzylidene)-2-(4-pentylbenzylidene Jhydrazine

1-(4-fluorobenzylidene)-2-(4-heptylbenzyl idene )hydrazine

1-(4~fluorobenzylidene)-2-(4-methoxybenzylidene Jhydrazine

(Example 2) Synthesis of l-(4-trifluoromethoxybenzylidene)-
2-(4-propylbenzylidene)hydrazine (Compound No. 4 set forth in

Table 1)

The procedure of Examéle 1 was followed except that
4-trifluoromethoxybenzene was used instead of 4~

fluorobenzaldehyde. As a result, 1-(4-trifluoromethoxy
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benzylidene)-2-(4-propylbenzylidene)hydrazine was obtained.
The phase transition temperature of this compound was set
forth in Table 1.

Similarly, the following compounds were obtained:
1-{4~trifluoromethoxybenzylidene)-2-(4~methylbenzyl idene)hydrazine
1~(4—trifluorome£hoxybenzy1idene)-2-(4—ethy1benzy1idene)hydrazine
1~(4-trifluoromethoxybenzyl idene)~2-(4-butylbenzylidene)hydrazine
1-(4-trifluoromethoxybenzylidene)-2-(4-pentylbenzylidene)hydrazine
1-(4-trifluoromethoxybenzylidene)-2~(4~heptylbenzylidene)hydrazine
1-(4-trifluoromethoxybenzylidene)-2-(4-nethoxybenzylidene)hydrazine
1-(4-trifiuoromethylbenzylidene)-2-(4-methylbenzylidene)hydrazine
1-(4-trifluoromethylbenzylidene)-2-(4~ethylbenzylidene)hydrazine
1~(4-trifluoromethylbenzylidene)-2-(4-propylbenzyl idene)hydrazine
1-(4-trifluoromethylbenzylidene )-2-(4-butylbenzylidene hydrazine
1-(4~trifluoromethylbenzylidene)-2-(4-pentylbenzylidene)hydrazine

1-(4-trifluoromethylbenzylidene)-2-(4-heptylbenzylidene)hydrazine

N 1T



1-(4-trifluoromethylbenzylidene)-2-(4-methoxybenzylidene )hydrazine
1-(4-difluoromethoxybenzylidene)-2-(4-methylbenzylidene )hydrazine
1-(4~-difluoromethoxybenzyl idene )-2-(4-ethylbenzylidene )hydrazine
1-(4~difluoromethoxybenzylidene)-2-(4-propylbenzylidene )hydrazine
1-(4-difluoromethoxybenzylidene )-2-(4-butylbenzyl idene )hydrazine
1-(4-difluoromethoxybenzylidene )-2-{4-pentylbenzylidene )hydrazine
1-(4-difluoromethoxybenzylidene)-2-(4-heptylbenzyl idene )hydrazine
1-(4-difluoromethoxybenzyl idene)~2-(4~methoxybenzylidene )hydrazine
1-[4~(2,2, 2-trifluoroethoxy)benzylidene]-2-(4-methyl benzyl idene Jhydrazine
1-[4—(2,2,2-trif1uoroethoxy)benzy1idene]-z-(4-ethy1£enzy1idene)hydrazine
1-[4-(2,2, 2-trifluoroethoxy)benzyl idene]-2-(4~propylbenzylidene )hydrazine
1-14-(2,2,2-trifluorcethoxy)benzyl idene]-2-(4-butylbenzylidene)hydrazine
1-{4-(2,2,2-trifluorcethoxy }benzyl idene]-2-(4-pentylbenzyl idene )hydrazine
1-[4-(2,2,2-trifluoroethoxy)benzyl idene ]-2-(4-heptylbenzyl idene Jhydrazine

1~[4-(2,2,2-trifluoroethoxy)benzyl idene]-2-(4-methoxybenzyl idene Jhydrazine
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{Example 3} Preparation of liquid crystal composition (1)
The host liquid crystal (H) having a low viscosity

and a broad liquid crystal phase temperature range

F

F

exhibits nematic phase at a temperature of not higher than
116.7°C and shows a melting point of 11°C. This host liquid
crystal was then packed into a 4.5 pum thick TN cell to
prepare a liquid crystal device. The liquid crystal device
thus prepared was then measured for switching time. The
results were 21.5 msec. (Under the application of voltage
when the decay time and the rise time are equal), the liquid
crystal device exhibited a threshold voltage of 1.88 V.

A composition (M-2) consisting of 80% of this host
liquid crystal (H) and 20% of Compound No. 2 obtained in
Example 1 was prepared. The composition (M-2) exhibited an
upper nematic phase temperature limit (Ty.,) of 104°C, which
is not too a great drop from that of the host liquid crystal
(H). A liquid crystal device was then prepared from this
composition in the same manner as mentioned above. The
liquid crystal device thus prepared was then measured for

switching time. The results were 14.0 msec., which
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demonstrates that the response rate is very fast. This
device exhibited a threshold voltage of 2.07 V, which is not
too a great increase from-that of the host liquid crystal
(H).

This composition was allowed to stand at a
temperature of 0°C for 24 hours. As a result, no
crystallization was observed.

A liquid crystal composition (M-4) consisting of 80%
of the host liguid crystal (H) and the same amount (20%) of
Compound No. 4 obtained in Example 2 as in Compound No. 2 was
prepared. This liquid crystal composition (M-4) exhibited an
upper nematic phase temperature limit (Ty,) of 98°C, which is
a slight drop from that of the composition (M-2). A liquid
crystal device was then prepared from this composition in the
same manner as mentioned above. The liquid crystal device
thus prepared was then measured for switching time. The
results were 15.8 msec., which demonstrates that the response
rate is very fast, though slightly lower than that of the
composition (M-2). This device exhibited a threshold voltage
of 1.85 V, which is a drop from that of the composition (M-
2).

This composition was allowed to stand at a
temperature of 0°C for 24 hours. As a result, this
composition, too, showed no crystallization.

(Example 4) Synthesis of 1-(3,4-difluorobenzylidene)-2-(4-

propylbenzylidene)hydrazine (Compound No. 7 set forth in

T il i



Table 1)

F

To 40 g of a monohydrate of hydrazine was added a
solution of 10 g of 4-propylbenzaldehyde in 50 m¢ of ethanol.
The mixture was stirred at room temperature for 30 minutes.
To the mixture was then added 150 m¢ of saturated aqueous
solution of sodium bicarbonate. To the mixture was then
added 100 m¢ of dichloromethane. The mixture was then washed
with 150 m¢ of saturated aqueous solution of sodium
bicarbonate twice. To the resulting organic phase was then
added 5 m¢ of triethylamine. The mixture was then dehydrated
and dried over anhydrous sodium sulfate. The solvent was
then distilled off under reduced pressure. To the residue
was then added 5 m¢ of triethylémine. To the mixture were
then added 50 m¢ of ethanol and 8.5 g of 3,4-
difluorobenzaldehyde. The mixture was then stirred at room
temperature for 6.5 hours. To the mixture was then added 150
m¢ of saturated aqueous solution of sodium bicarbonate. To
the mixture was then added 100 m{ of dichloromethane. The
mixture was then washed with 150 m¢ of saturated aqueous
solution of sodium bicarbonate twice. The solvent was then
distilled off under reduced pressure. The residue was
purified through alumina (basic) column chromatography

(dichloromethane), and then recrystallized from methanol to

T
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obtain 5.7 g of 1-(3,4-difluorobenzylidene)-2-(4-
propylbenzylidene)hydrazine. The compound thus obtained had

a melting point of 50°C and exhibited nematic phase up to

59.5°C.

The foregoing procedure was followed except that 4-
methylbenzaldehyde, 4-ethylbenzaldehyde, 4-butylbenzaldehyde,
4-pentylbenzaldehyde, 4-heptylbenzaldehyde or 4~
methoxybenzaldehyde was used instead of 4-propylbenzaldehyde.
As a result, the following compounds were obtained:
1-(3,4-difluorobenzylidene)~2-(4-methylbenzylidene )hydrazine
1-(3,4~difluorobenzyl idene )-2~(4-ethylbenzyl idene )hydrazine
1-(3,4~difluorobenzyl idene)~2-(4-butylbenzyl idene }hydrazine
1-(3,4~difluorohenzylidene)-z-(4~pentylhenzy1idéne)hydrazine
1-(3,4~difluorobenzyl idene)~2-(4-heptylbenzylidene }hydrazine
1-(3,4-difluorobenzylidene )-2-(4-methoxybenzylidene )hydrazine
(Example 5) Synthesis of 1-(3,4,5-trifluorobenzylidene)-2-
(4-propylbenzylidene)hydrazine (Compound No. 8 set forth in

Table 1)

F

The procedure of Example 4 was followed except that
3,4,5-trifluorobenzaldehyde was used instead of 3,4-
difluorobenzaldehyde. As a result, 1-(3,4,5-trifluoro

benzylidene)-2-(4-propylbenzylidene)hydrazine (Compound No. 8

aced

i
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set forth in Table 1) was obtained. The phase transition
temperature of this compound was set forth in Table 1.
-Similarly, the following compounds were obtained:

1-(3,4,5-trifluorobenzylidene}-2-(4-methylbenzyl idene }hydrazine
1-(3,4,5-trifluorobenzylidene)-2-(4-ethylbenzyl idene )hydrazine
1-(3, 4, 5-trifluorobenzylidene)-2-(4-butylbenzyl idene )hydrazine
1-(3,4,5-trifluorcbenzyl idene)-2-(4-pentylbenzylidene hydrazine
1-(3,4,5-trifluorobenzyl idene }-2-(4-heptylbenzyl idene )hydrazine
1-(3,4,5-trifluorobenzylidene)~2-(4-methoxybenzyl idene)hydrazine
1—(3-f1uoro—4~trifluoromethoxybenzylidene)-z-(4-methy1benzy1idene)hydrazine
1-(3-fluoro-4-trifluoromethoxybenzylidene)-2-(4-ethylbenzylidene)hydrazine
1-(3~fluoro-4-trifluoromethoxybenzylidene )-2-(4-propylbenzyl idene Jhydrazine
1-(3-f1uoro-4—trifluordmethoxybenzylidene)-z-(4~huty1benzy1idene)hydrazine_
1-(3-fiuoro~4-trifluoromethoxybenzylidene)-2-(4~-pentylbenzylidene )hydrazine
1-(3-fluoro-4-trifluoromethoxybenzylidene)-2-(4-heptylbenzylidene)hydrazine
1-(3-fluore—4-trifluoromethoxybenzyl i dene )~2-(4-methoxybenzylidene )hydrazine
1-(3, 5-difluore~4-trifluoromethoxybenzylidene)-2-(4-

methylbenzyl idene )hydrazine
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1-(3,5-difluoro-4-trifluoromethoxybenzylidene)-2-(4-ethylbenzylidene)hydrazine
1-(3,5-difluoro-4-trifluoromethoxybenzylidene)-2-(4-

propylbenzylidene )hydrazine
1-{3,5-difluoro-4-trifluoromethoxybenzylidene)-2-(4-butylbenzylidene)hydrazine
1-(3,5-difluoro-4-trifluoromethoxybenzylidene)-2-(4-

pentylbenzylidene)hydrazine
1-(3,5-difluoro-4-trifluoromethoxybenzylidene)-2-(4-

heptylbenzylidene)hydrazine
1-(3,5~-difluoro-4-trifluoromethoxybenzylidene)-2-(4-

methoxybenzylidene )hydrazine
1-(3-fluoro-4-trifluoromethylbenzylidene)~2-(4-methylbenzylidene)hydrazine
1-(3-fluoro-4-trifluoromethylbenzylidene)-2-(4-ethylbenzyl idene }hydrazine
1-(3~fluoro~4-trifluoromethylbenzylidene)-2-(4-propylbenzylidene )hydrazine
1-(3-fluoro-4-trifluoromethylbenzyl idene )-2-(4-butylbenzylidene )hydrazine
1-(3-fluoro-4~trifluoromethylbenzyl idene )-2-(4-pentylbenzylidene Yhydrazine
1-(3-fluoro-4-trifluoromethylbenzylidene)-2-(4-heptylbenzylidene Jhydrazine
1-(3-fluoro-4-trifluoromethylbenzylidene)-2-(4-methoxybenzyl idene Jhydrazine
1-(3,5-difluoro-4-triflucromethylbenzyl idene)-2-(4-methylbenzylidene)hydrazine
1-(3,5-difluoro-4-trifluoromethylbenzylidene }-2-(4-ethylbenzylidene )hydrazine
1-(3,5-difluoro-4-trifluoromethylbenzylidene)-2-(4-propylbenzylidene hydrazine
1~(3,5~difluoro~4jtrifluoromethylbenzylidene)-z-(4—butylbenzy1idene)hydrazine
1-(3,5-difluoro~4-trifluoromethylbenzylidene)-2-(4-pentylbenzylidene ))hydrazine
1-(3,5-difluore-4-trifluoromethylbenzylidene)-2-(4-heptylbenzylidene)hydrazine

1-(3,5-difluoro-4-trifluoromethylbenzylidene)-2-(4- .
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methoxybenzylidene)hydrazine
1-(3, 5-difluoro-4-trifluoromethylbenzylidene)-2-{4-methylbenzylidene jhydrazine
1—(3,5~difluoro—4-trifluoromethylbenzyiidene)-z—(4-ethy1benzylidene)hydrazine
1-(3,5-difluoro-4-trifluoromethylbenzylidene)-2-{4~propylbenzyl idene Yhydrazine
1-(3,5-difluoro-4-trifluoromethylbenzylidene)-2-(4-butylbenzylidene)hydrazine
1-(3,5-difluoro-4-trifluoromethylbenzylidene)-2-{4-pentylbenzylidene)hydrazine
1-(3, 5-difluoro-4-trifluoromethylbenzyl idene)-2-(4-heptylbenzylidene)hydrazine
1-(3,5-difluoro-4-trifluoromethylbenzylidene)-2-(4-

methoxybenzylidene )hydrazine
1-(3-fluoro-4-difluoromethoxybenzylidene)-2-(4-methylbenzylidene )hydrazine
1-(3-fluoro-4-difluoromethoxybenzylidene}~2-(4-ethylbenzylidene }hydrazine
'1—(3-f1uoro~4-difluoromethoxybenzylidene)-Z-(4—propylbenzy1idene)hydrazine
1-(3-fluoro-4-difluoromethoxybenzylidene }-2~-(4-butylbenzylidene )hydrazine
1-(3-fluoro-4-difluoromethoxybenzyl idene )-2-(4-pentylbenzylidene )hydrazine
1-(3-fluoro-4-difluoromethoxybenzylidene )-2-(4-heptylbenzylidene )hydrazine
1-(3-fluoro-4-difluoromethoxybenzylidene)-2~(4-methoxybenzyl idene Yhydrazine
1-(3, 5-difluoro-4-difluoromethoxybenzylidene )-2-(4~nethylbenzyl idene )hydrazine
1-(3,5-difluoro-4-difluoromethoxybenzyl idene)-2-(4-ethylbenzylidene )hydrazine
1-(3, 5-difluoro-4-difluoromethoxybenzylidene )-2-(4~propylbenzylidene )hydrazine
1-(3,5-difluoro-4-difluoromethoxybenzylidene)-2-(4-butylbenzylidenehydrazine
1-(3,5-difluoro-4-difluoromethoxybenzyl idene )-2-(4-pentylbenzylidene)hydrazine
1-(3, 5-difluoro-4-diflucromethoxybenzylidene }-2-(4-heptylbenzylidene )hydrazine
1-(3,5-difluoro-4-difluoromethoxybenzylidene )-2-(4-

nethoxybenzyl idene )hydrazine
This Sheet Has Been R laced
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1-(3-fluore-4-chlorobenzylidene )-2-(4-methylbenzyl idene Jhydrazine
1-(3-fluoro-4-chlorobenzyl idene)-2-(4-ethylbenzylidene Jhydrazine
1-(3-fluoro-4-chlorobenzylidene)-2-(4-propylbenzylidene )hydrazine
1-(3-fluoro-4-chlorobenzyl idene }-2-(4-butylbenzylidene)hydrazine
1-(3-fluoro-4-chlorobenzylidene}-2-(4-pentylbenzyl idene)hydrazine
1-(3-fluoro-4-chlorobenzylidene)-2-(4-heptylbenzylidene )hydrazine
1-(3-fluoro-4-chlorobenzylidene)-2-(4-methoxybenzylidene )hydrazine
1-(3, 5-difluoro-4-chlorcbenzyl idene)-2-(4-methylbenzylidene )hydrazine
1-(3,5-difluoro-4-chlorobenzyl idene )-2-(4-ethylbenzylidene )hydrazine
1-(3, 5-difluore-4-chlorobenzyl idene }-2-(4~propylbenzylidene )hydrazine
1-(3, 5-difluoro-4-chlorobenzyl idene )-2-(4-butylbenzyl idene)hydrazine
1-(3,5-dif1uoro-4—ch1orobenzylidene)—z-(4-pentylbenzy1idene)hydrgzine
1-(3,5-difluoro-4-chlorobenzylidene)-2~(4-heptylbenzyl idene )hydrazine
1-(3, 5-difluoro-4-chlorobenzyl idene)-2-(4-methoxybenzyl idene )hydrazine
1-[3-fluoro-4-(2,2, 2-trifluoroethoxy)benzyl idene ]-2-(4-
methylbenzylidene }hydrazine
1-{3-fluoro-4-(2,2, 2-trifluorcethoxy)benzylidene]-2-(4-
ethylbenzylidene)hydrazine
1-[3-fluoro-4-(2,2, 2-trifluoroethoxy Ybenzylidene]-2-(4-
propylbenzylidene)hydrazine
1-[3-fluoro-4~(2,2,2-trifluoroethoxy)benzylidene]-2-(4-
butylbenzylidene )hydrazine

1-[3-fluoro-4-(2, 2, 2-triflucroethoxy)benzyl idene]-2- (4~

pentylbenzylidene )hydrazine This Sheet Has Been Replaceg
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1-[3-fluoro-4-(2,2,2-trifluorcethoxy)benzylidene]-2-(4-
heptylbenzylidene)hydrazine
1-{3-fluoro-4-(2, 2, 2-trifluoroettioxy)benzyl idene J-2-(4-
methoxybenzyl idene )hydrazine |
1-{3,5-difluoro-4-(2,2, 2-trifluoroethoxy)benzyl idene}-2-(4-
methylbenzylidene )hydrazine
1-[3,5-difluoro-4-(2,2,2-trifluoroethoxy)benzyl idene}-2-(4-
ethylbenzylidene)hydrazine
1-[3;5-dif1uoro-4-(2,2,2-trif1uoroethoxy)benzy1idene]-2~(4-
propylbenzylidene)hydrazine
1-[3,5-difluoro-4-(2,2,2-trifluoroethoxy)benzyl idene]-2-(4-
butylbenzylidene)hydrazine
1-(3,5-difluore-4-(2,2,2-trifluoroethoxy)benzylidene]~2-(4-
pentylbenzylidene )hydrazine
1-{3,5-difluoro-4-(2,2,2-trifluoroethoxy)benzyl idene}-2-(4-
heptylbenzylidene)hydrazine |
1-[3,5-difluoro-4-(2,2,2-trifluoroethoxy)benzyl idene]-2-{4-

nethoxybenzyl idene )hydrazine

1-(3-fluoro-4-cyanobenzylidene }-2~(4-methylbenzylidene)hydrazine
1-(3-fluoro-4-cyanobenzyl idene }~2-(4-ethylbenzyl idene yhydrazine
1-(3-fluoro-4-cyanobenzylidene)-2-(4~propylbenzylidene )hydrazine
1~(3-fluoro-4~cyanobenzyl idene )-2~(4-butylbenzylidene )hydrazine
1-(3-fluoro-4-cyanobenzyl idene)-2-{4-pentylbenzylidene }hydrazine

1-(3-fluoro-4-cyanobenzyl idene )-2-(4-heptylbenzylidene )hydrazine
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1-(3-fluoro-4-cyanohenzyl idene)-2-(4-nethoxybenzylidene )hydrazine
1-(3,5-difluoro-4-cyancbenzyl idene)-2-(4-methylbenzylidene Jhydrazine
1-(3,5-dif1uoro-4—cyanobenzylidene)-Z-(4—ethylhenzy1idené)hydrazine
1-(3, 5-difluoro-4-cyanobenzyl idene )-2~(4-propylbenzyl idene Jhydrazine
1-(3,5~-difluoro-4-cyanobenzylidene }-2-(4-butylbenzylidene Jhydrazine
1-(3,5-difluoro-4~cyanobenzylidene)-2-(4-pentylbenzylidene)hydrazine
1-(3,5-dif1uoro—4—cyanobenzy1idene)-2~(4~hepty1bénzy1idene)hydrazine
1-(3,5-difluoro-4-cyanobenzylidene )-2-(4-methoxybenzylidene Jhydrazine
1-(3-fluorc-4-methylbenzylidene )-2-(4-methylbenzylidene)hydrazine
1-(3-fluoro-4-methylbenzylidene)-2-(4-ethylbenzylidene )hydrazine
1-(3-fluoro-4-methylbenzylidene)-2-{4~propylbenzyl idene Jhydrazine
1-(3-fluoro-4-methylbenzylidene)-2-(4-butylbenzylidene)hydrazine
1-(3-fluoro-4-methylbenzyl idene)-2-(4-pentylbenzylidene )hydrazine
1-(3-fluoro-4-methylbenzylidene )-2-(4-heptylbenzylidene }hydrazine
1-(3-fluoro-4-methylbenzylidene )-2- (4~methoxybenzyl idene )hydrazine
1-(3,5-difluoro-4-methylbenzylidene }~2-(4-methylbenzyl idene )hydrazine
1-(3,5-difluoro-4-methylbenzylidene)-2~(4-ethylbenzylidene hydrazine
1-(3,S-difluoro-4—methy1benzy1idene)—z—(4—§ropylhenzy1idene)hydrazine
1-(3,5-difluoro-4-methylbenzylidene)}-2-(4-butylbenzylidene Yhydrazine
1-(3,5-difluoro-4-methylbenzyl idene )-2-(4-pentylbenzyl idene)hydrazine
1-(3,5-difluoro-4-methylbenzyl idene)-2-(4-heptylbenzylidene)hydrazine
1—(3,S—difluoro-4-methylbenzylidene)-2-(4—me£hoxybenzylidene)hydrazine
1-(3-fluoro-4-methoxybenzylidene )-2-(4-methylbenzylidene )hydrazine

1-(3-fluoro-4-methoxybenzyl idene)-2-(4-ethylbenzylidene)hydrazine
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1-(3-fluoro-4-methoxybenzylidene )-2-(4-propylbenzyl idene )hydrazine
1-(3~fluoro-4-methoxybenzylidene }-2-(4-butylbenzylidene Jhydrazine
1-(3-fluoro-4-methoxybenzylidene)-2-(4-pentylbenzyl idene Jhydrazine
1-(3-fluoro-4-methoxybenzylidene)-2-(4-heptylbenzylidene hydrazine
1-(3-fluoro-4-methoxybenzyl idene )-2-(4-methoxybenzyl idene }hydrazine
1-(3, 5-difluoro-4-methoxybenzylidene )»2-(4-methylbenzyl idene )hydrazine
1-(3,5~difluoro-4-methoxybenzyl idene }-2-(4-ethylbenzylidene Jhydrazine
1-(3, 5~difluoro-4-methoxybenzyl idene)-2-(4-propylbenzylidene}hydrazine
1-(3,5~difluoro-4-methoxybenzylidene)-2-(4-butylbenzylidene)hydrazine
1-(3,5-difluoro-4-methoxybenzyl idene )-2-(4-pentylbenzylidene Jhydrazine
1-(3,5-difluoro~4-methoxybenzylidene )-2-(4-heptylbenzylidene )hydrazine
1-(3, 5-difluoro-4-methoxybenzyl idene )-2-(4-nmethoxybenzyl idene Yhydrazine
1-(3-fluoro-4-ethylbenzylidene)-2-(4-methylbenzylidene )hydrazine
1-(3-fluoro-4-ethylbenzylidene)-2-(4-ethylbenzylidene )hydrazine
1-(3-fluoro-4-ethylbenzylidene)-2-(4-propylbenzylidene)hydrazine
1-(3-fluoro-4-ethylbenzylidene)~2-(4-butylbenzylidene Jhydrazine
1-(3-fluoro-4~ethylbenzyl idene)-2~(4-pentylbenzylidene)hydrazine
1-(3-fluoro-4-ethylbenzylidene)-2-(4-heptylbenzylidene Yhydrazine
1-(3-fluoro-4-ethylbenzylidene }-2-(4~methoxybenzyl idene )hydrazine
1~(3,5-difluoro-4-ethylbenzylidene)-2-(4-methylbenzylidene )hydrazine
1-(3,5-difluoro-4-ethylbenzyl idene )-2-(4-ethylbenzylidene Jhydrazine
1—(3,5—dif1uoro—4—ethy1benzy1idene)-z-(4-pro§ﬁ1benzy1idene)hydrazine
1-(3,5-difluoro-4~ethylbenzylidene)-2-(4-butylbenzylidene )hydrazine

1-(3, 5-difluoro-4-ethylbenzylidene)-2-(4-pentylbenzylidene )hydrazine
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1-(3,5-difluoro-4-ethylbenzylidene)-2~(4-heptylbenzylidene)hydrazine
1-(3,5-difluoro-4-ethylbenzylidene)-2-(4-nethoxybenzyl idene yhydrazine
1-(3-fluoro-4-propylbenzylidene)-2-(4-methylbenzylidene Jhydrazine
1-{3-fluoro-4-propylbenzyl idene)-2~(4-ethylbenzyl idene )hydrazine
1-(3~fluoro~4-propylbenzylidene )-2~(4-propylbenzyl idene Jhydrazine
1-(3-fluoro-4-propylbenzylidene )-2-(4-butylbenzylidene)hydrazine
1-(3-fluoro-4-propylbenzylidene)-2-(4-pentylbenzylidene Jhydrazine
1-(3-f1uoro—4-propy1benzy1idene)-2~(4-hepty1henzy1idene)hyd;gzine
1-(3-fluoro-4-propyibenzyl idene)-2-(4-methoxybenzylidene }hydrazine
1-(3, 5-difluoro-4-propylbenzyl idene )-2-(4-methylbenzylidene )hydrazine
1-(3,5-difluoro-4-propylbenzyl idene }-2- (4~ethylbenzylidene hydrazine
1-(3, 5-difluoro-4-propylbenzylidene )-2-(4-propylbenzylidene )hydrazine
1-(3,5-difluoro-4-propylpropylbenzylidene }-2-(4-butylbenzylidene)hydrazine
1-(3,5~difluoro-4-propylbenzyl idene )-2-(4-pentylbenzylidene )hydrazine
1-(3,5-difluoro-4-propylbenzyl idene )-2-(4-heptylbenzylidene Jhydrazine
1-(3,5-difluoro-4-propylbenzyl idene }-2-(4-mnethoxybenzyl idene Jhydrazine
1-(3~fluoro-4-allyloxybenzylidene }-2-(4-methylbenzyl idene )hydrazine
1-(3-fluoro-4-allyloxybenzyl idene)-2-{4-ethylbenzylidene )hydrazine
1-(3-fluoro-4-allyloxybenzylidene)-2-(4-propylbenzyl idene hydrazine
l-(3-f1uoro-4-a1lyloxyhenzylidene)-z-(4-butylbenzylidene)hydrazin;
1-(3-fluoro~4-allyloxybenzylidene)-2-(4-pentylbenzyl idene )hydrazine
1-(3-f1uoro-4~a1lyloxybenzylidene)-z-(4-hept§lbenzylidene)hydrazine

1-(3~fluoro-4-allyloxybenzyl idene)-2-{4-methoxybenzylidene)hydrazine

1-(3,5-diflvoro-4-allyloxybenzylidene)-2-{4-methylbenzylidene )hydrazine
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1-(3,5-difluoro-4-allyloxybenzyl idene)-2-(4-ethylbenzylidene)hydrazine
1-(3,5-difluoro-4-allyloxybenzylidene)-2-(4-propylbenzylidenehydrazine
1-(3,5-difluoro-4-allyloxybenzylidene)-2-(4-butylbenzylidene)hydrazine
1-(3,5~difluoro-4-allyloxybenzylidene)-2-(4-pentylbenzylidene Jhydrazine
1-(3,5-difluoro-4-allyloxybenzylidene)-2-(4-heptylbenzylidene)hydrazine
1-(83,5-difluoro-4~allyloxybenzylidene )-2-(4-methoxybenzylidene Yhydrazine
1-(4-fluorobenzylidene )~2~(2-fluoro-4-methylbenzylidene Yhydrazine
1-(4-fluorobenzylidene)-2-(2-fluoro-4-ethylbenzyl idene Jhydrazine
1-(4~fluorobenzylidene )-2-(2-fluoro-4-propylbenzylidene )hydrazine
1-(4-fluorcbenzylidene)-2-(2~fluoro-4-butylbenzylidene Jhydrazine
1-(4-fluorobenzylidene}-2-(2-fluoro-4-pentylbenzylidene hydrazine
1-(4-fluorobenzylidene)-2-(2-fluoro-4-heptylbenzylidene )hydrazine
1-(4~fluorobenzylidene)~2~(2-fluoro-4-methoxybenzylidene )hydrazine
1-(3,4-difluorobenzylidene )-2-(2-fluoro-4-methylbenzyl idene Jhydrazine
1-(3,4-difluorobenzylidene)-2-(2-fluoro-4-ethylbenzyl idene )hydrazine
1-(3,4-difluorobenzylidene }~2-(2-fluoro-4-propylbenzyl idene )hydrazine
1-(3,4-difluorobenzylidene)-2-(2-fluoro-4-butylbenzylidene)hydrazine
1-(3,4-difluorobenzylidene)-2-(2~fluoro-4-pentylbenzylidene)hydrazine
1-(3,4-difluorobenzylidene }-2-(2-fluoro-4-heptylbenzyl idene )hydrazine
1-(3,4-difluorobenzylidene )-2-(2-fluoro-4-methoxybenzylidene Jhydrazine
1-(3,4, 5-trifluorobenzylidene )~2-(2-fluoro-4-methylbenzylidene }hydrazine
1*(3,4,5—trifluorobenzy1idene)-2-(2-fluoro—4;ethylbenzy1idene)hydrazine
1-(3,4,5-trifluorcbenzyl idene)~2-(2-fluoro~-4-propylbenzyl idene Jhydrazine

1-(3,4,5-trifluorobenzylidene )-2-(2-fluoro~4-butylbenzylidene }hydrazine
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1-(3,4,5-trifluorcbenzylidene }-2-(2-fluore~4-pentylbenzyl idene Jhydrazine
1-(3,4,5-trifluorobenzylidene)~2-(2-fluoro-4-heptylbenzyl idene Jhydrazine
1-(3,4,5-trifluorobenzylidene)-2-(2-fluoro-4-methoxybenzylidene }hydrazine
1-(4-fluorcbenzylidene)-2-(2, 6 ~dif Iuoro—é-methylbenzyl idene)hydrazine
1-(4-fluorobenzylidene)-2-(2, 6 -difluoro-4-ethylbenzylidene}hydrazine
1-(4-fluorobenzylidene)-2-(2, 6 -difluoro-4-propylbenzylidenehydrazine
1-(4-fluorobenzyl idene)-2-(2, 6 -difluoro-4-butylbenzy!idene)hydrazine
1-(4-fluorobenzylidene)-2-(2, 6 -difluoro-4-pentylbenzylidene)hydrazine
1-(4-fluorobenzylidene)-2-(2, 6 -difluoro-4-heptylbenzylidene)hydrazine
1-(4-fluorobenzylidene)-2-(2, 6 -difl uoro—4—méthoxybenzy1 idene)hydrazine
1-(3,4-difluorobenzylidene)-2-(2, 6 ~difluoro-4-methylbenzylidene )hydrazine
1-(3,4-difluorobenzylidene)-2-(2, 6 ~difluoro-4-ethylbenzylidene )hydrazine
1-(3,4-difluorobenzylidene)-2~(2, 6 -difluoro-4-propylbenzylidene)hydrazine
1-(3,4-difluorobenzylidene)-2-(2, 6 -difluoro~4-butylbenzylidene Jhydrazine
1-(3,4-difluorobenzylidene)-2-(2, 6 ~difluoro-4-pentylbenzylidene)hydrazine
1-(3,4~difluorobenzylidene)-2-(2, 6 -difluoro-4-heptylbenzylidene Jhydrazine
1-(3,4-difluorobenzyl idene )-2-(2, 6 -difluoro-4-nethoxybenzyl idene Yhydrazine
1-(3,4,5-trifluorobenzylidene)-2-(2, 6 -difluoro-4-methylbenzylidene )hydrazine
1-(3,4,5-trifluorobenzylidene)-2-(2, 6 -difluoro-4-ethylbenzylidene Yhydrazine
1-(3,4, 5-trifluorobenzyl idene)-2-(2, 6 -difluoro-4-propylbenzylidene)hydrazine
1-(3,4,5-trifluorobenzylidene)-2-(2, 6 -difluoro-4-butylbenzylidene hydrazine
1-(3,4,5-trifluorobenzyl idene)-2-(2, 6 -dif 1u6ro—4—penty1henzy1 idene)hydrazine
1-(3,4, 5-trifluorobenzylidene)~2-(2, 6 ~difluoro-4-heptylbenzylidene)hydrazine

1-(3,4,5-trifluorcbenzyl idene)-2-(2, 6 ~difluoro-4-methoxybenzyl idene )hydrazine
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1-{4-trifluoromethoxybenzylidene)-2-{2-f1uoro-4-methylbenzyl idene )hydrazine
1-(4-trifluoromethoxybenzyl idene )-2-(2-fluoro-4-ethylbenzyl idene )hydrazine
1-(4-trifluoromethoxybenzyl idene )-2-(2-fluoro-4-propylbenzyl idene )hydrazine
1—(4-trifluoromethoxybenzylidene)-2-(2-f1uoro—4—huty1benzylidene)hydraziné
1-(4~trifluoromethoxybenzylidene)-2-(2-fluoro-4-pentylbenzylidene )hydrazine
1-(4-trifluoromethoxybenzylidene)-2~(2-fluoro~-4-heptylbenzylidene)hydrazine
1-(4-trifluoromethoxybenzylidene )-2~(2-fluoro-4-methoxybenzylidene )hydrazine
1-(4-trifluoromethoxybenzylidene)-2-(2, 6 -difluoro-4-methylbenzylidene)-
hydrazine
1-(4-trifluoromethoxybenzyl idene)-~2-(2, 6 -difluoro-4-ethylbenzylidene)-
hydrazine
1-(4-trifluoromethoxybenzylidene)-2-(2, 6 -difluoro-4-propylbenzylidene)-
hydrazine
1-{4-trifluoromethoxybenzylidene)-2-(2, 6 -difluoro-4-butylbenzylidene)-
hydraziné
1—(4—trifluoromethoxybenzylidene)-Z-(Z,fi-difluoro-4—penty1benzy1idene)—
hydrazine
1-{4-trifluoromethoxybenzylidene)-2-(2, 6 -difluoro-4-heptylbenzylidene)-
hydrazine
1-(4-trifluoromethoxybenzylidene)-2-(2, 6 -difluoro-4-methoxybenzylidene)-
hydrazine

1-(4-cyanobenzylidene)-2-(2-quoro—4—methbeénzy1idene)hydrazine
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1-(4-cyanobenzylidene)-2-(2-fluoro-4-propylbenzyl idene Yhydrazine
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1-(4-cyanobenzylidene)-2-(2-fluoro-4-butylbenzylidene)hydrazine
1-(4~cyanobenzylidene)-2-(2-fluoro-4-pentylbenzylidene )hvdr;azine
1-{4-cyanobenzyl idene)-2-(2-f1uoro-4-heptylbenzylidene Jhydrazine
1-{4-cyanobenzylidene)-2-(2-fluoro-4-nethoxybenzyl idene Yhydrazine
1-(4-cyanobenzylidene)-2-(2, 6 ~difluoro-4-methylbenzylidene)hydrazine
1~{4-cyanobenzylidene)-2-(2, 6 -difluoro-4-ethylbenzylidene Yhydrazine
1-(4~cyanobenzyl idene )-2-(2, 6 -difluoro-4-propylbenzylidene )hydrazine
1-(4-cyanobenzyl idene)-2-(2, 6 -difluorc-4-butylbenzylidene)hydrazine
1-(4~cyancbenzyl idene)-2~(2, 6 ~difluoro-4-pentylbenzylidene )hydrazine
1-(4-cyanobenzylidene)-2-(2, 6 -difluoro-4-heptylbenzylidene )hydrazine
1-(4~cyanobenzylidene)-2-(2, 6 -difluoro-4-methoxybenzylidene )hydrazine
1-{4-trifluoromethylbenzylidene)-2-(2-fluoro-4-rethylbenzylidene)hydrazine
1-(4-trifluoromethylbenzylidene )-2-(2-fluoro-4-ethylbenzylidene )hydrazine
1-(4~trifluoromethylbenzylidene)-2-(2-f1luoro-4-propylbenzylidene Jhydrazine
1-(4-trifluoromethylbenzylidene)-2-(2-fluoro-4-butylbenzy!lidene )hydrazine
1~(4-trifluoromethylbenzylidene )-2-(2-fluoro-4-pentylbenzyl idene )hydrazine
1-(4-trifluoromethylbenzylidene)-2-(2-fluoro-4-heptylbenzylidene)hydrazine
1-(4-trifluoromethylbenzyl idene)-2-(2-fluoro-4-methoxybenzyl idene Jhydrazine
1-(4-trifluoromethylbenzylidene)-2-(2, 6 -diflucro-4-methylbenzylidene)-
hydrazine
1~(4-trifluoromethylbenzylidene)-2-(2, 6 -difluoro-4-ethylbenzylidene )hydrazine
1-(4-trifluoromethyibenzylidene)-2-(2, 6 -dif I.uoro-4~propylbenzyl idene)-
hydrazine
1~(4-trifluoromethylbenzylidene)-2-(2, 6 -difluoro-4- butylbenzylldene )hydrazme e
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1-(4-trifluorometbylbenzylidene)-2-(2, 6 -difluoro-4-pentylbenzylidene)-
hydrazine
1-(4-trifluoromethylbenzylidene)-2-(2, 6 -difluoro-4-heptylbenzylidene)-
hydrazine
1-{4-trifluoromethylbenzylidene)-2-(2, 6 -difluoro-4-methoxybenzylidene)-
hydrazine
1-(4-chlorobenzyl idene )-2-(2-f1uoro-4-methylbenzylidene )hydrazine
1-(4~chlorobenzyl idene )-2-(2-fluoro~4-ethylbenzylidene )hydrazine
1-(4-chlorobenzylidene)-2-(2-f1uoro-4-propylbenzylidene Jhydrazine
1-{4-chlorobenzylidene)~2-(2-fluoro-4-butylbenzyl idene Jhydrazine
1-(4-chlorobenzyl idene )-2-(2~fluoro-4-pentylbenzyl idene }hydrazine
1-(4-chlorobenzylidene)~2-(2-fluoro-4-heptylbenzyl idene )hydrazine
1-(4-chlorobenzylidene)-2-(2-fluoro-4-methoxybenzylidene )hydrazine
1~(4-ch1orobenzylidene)-Z-(Z,Ei-difluoro-4—methy1benzylidene)hydragine
1-(4-chlorobenzyl idene)-2-(2, 6 -difluoro-4-ethylbenzylidene )hydrazine
1-(4-chlorobenzylidene)-2-(2, 6 ~difluoro-4-propylbenzyl idene)hydrazine
1-(4-chlorobenzylidene)-2-(2, 6 ~-difluoro-4-butylbenzylidene))hydrazine
1-(4-chlorobenzylidene)~2-(2, 6 ~difluoro-4-pentylbenzylidene }hydrazine
1-(4-chlorobenzylidene)-2-(2, 6 -difluoro-4-heptylbenzylidene )hydrazine
1-(4-chlorobenzylidene)-2-(2, 6 -difluoro-4-methoxybenzyl idene )hydrazine
1-(4-methoxybenzylidene )-2-(2-fluoro-4-methylbenzylidene Jhydrazine
1-(4—methoxybenzylidene)-2-(2—f1uoro—4-ethy15enzylidene)hydrazine
{-(4-methoxybenzylidene)-2-(2-fluoro-4-propylbenazyl idene }hydrazine .

1-(4-methoxybenzyl idene }~2-(2-f1luoro-4-butylbenzylidene Jhydrazine e
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1-(4-methoxybenzyl idene)-2~(2-fluoro-4-pentylbenzylidene Jhydrazine
1~(4-methoxybenzyl idene)-2-(2-fluoro-4-heptylbenzylidene)hydrazine
1-(4-methoxybenzylidene )-2-(2-fluoro-4-nethoxybenzylidene )hydrazine
1-(4-methoxybenzyl idene)-2-(2, 6 -difluoro-4-methylbenzylidene yhydrazine
1-(4-methoxybenzylidene)-2-(2, 6 _—dif luoro-4-ethylbenzylidene }hydrazine
1-(4-nethoxybenzylidene)-2-(2, 6 ~difluoro-4-propylbenzylidene)hydrazine
1- (4-methoxybenzyl idene)-2-(2, 6 ~difluoro-4-butylbenzylidene )hydrazine
1~(4-methoxybenzylidene)-2-(2, 6 ~difluoro-4-pentylbenzylidene )Md@ine
1-{4-methoxybenzylidene)-2-(2, 6 -difluoro-4-heptylbenzylidene )hydrazine
1-(4;methoxyhenzy1 idene)-2-(2, 6 -difluoro-4-methoxybenzylidene )hydrazine
1-(4-methylbenzylidene )-2-(2-fluoro-4-methylbenzylidene )hydrazine
1-(4-nethylbenzylidene)-2-(2-fluoro-4-ethylbenzylidene )hydrazine
1-{4-nethylbenzylidene)-2-(2-fluoro-4-propylbenzylidene hydrazine
1-(4-methylbenzylidene)-2~(2-fluoro-4-butylbenzylidene}hydrazine
1-(4-methylbenzylidene)-2-(2~fluoro-4-pentylbenzylidene Jhydrazine
1-(4-methylbenzylidene)-2-(2-fluoro-4-heptylbenzyl idene Jhydrazine
1-(4-methylbenzylidene)-2-{2-fluoro-4-methoxybenzylidene Jhydrazine
1~(4-methylbenzylidene)-2-(2, 6 ~difluoro-4-methylbenzylidene jhydrazine
1-(4-methylbenzylidene)-2-(2, 6 ~difluoro-4-ethylbenzylidene)hydrazine
{-(4-methylbenzylidene)-2-(2, 6 ~difluoro-4-propylbenzylidene )hydrazine
1-(4-methylbenzyl idene)-2-(2, 6 ~difluoro-4-butylbenzylidene)hydrazine
1-(4-methylbenzylidene)-2~(2, 6 -dif 1uoro—4-péntylhenzyl idene )hydrazine
1-{4-methylbenzylidene)-2-(2, 6 -difluoro-4-heptylbenzylidene)hydrazine
1~{4-methylbenzyl idene)-2-(2, 6 -difluoro-4-methoxybenzylidene }hydrazine _.
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1-(4-ethylbenzylidene)-2-(2-fluoro-4-nethylbenzylidene )hydrazine
1-(4-ethylbenzyl idene)-2-(2-fluoro-4-ethylbenzyl idene hydrazine
1-(4~ethylbenzylidene)~2-(2-fluoro-4-propylbenzyl idene )hydrazine
1-(4-ethylbenzyl idene)-2-(2-f1uoro-4-butylbenzylidene)hydrazine
1~(4-ethylbenzyl idene)-2-(2-fluoro-4-pentylbenzyl idene )hydrazine
1-(4-ethylbenzylidene )-2-(2-f1luoro-4-heptylbenzylidene )hydrazine

| 1-(4-ethylbenzylidene)-2-(2-fluoro-4-methoxybenzylidene Jhydrazine
1-(4~ethylbenzylidene)-2-(2, 6 ~difluoro-4-methylbenzylidene)hydrazine
1-(4-ethylbenzylidene)-2-(2, 6 ~difluoro-4-ethylbenzylidene)hydrazine
1-(4-ethylbenzylidene)-2-(2, 6 -difluoro-4-propylbenzylidene )hydrazine
1-(4-ethylbenzylidene)-2-(2, 6 -difluoro-4-butylbenzylidene )hydrazine
1-(4~-ethylbenzylidene)-2-(2, 6 -difluorc-4-pentylbenzylidene hydrazine
1-(4~ethylbenzylidene )-2-(2, 6 -difluoro-4-heptylbenzyl idene Jhydrazine
1-(4-ethylbenzylidene)-2-(2, 6 ~difluoro-4-methoxybenzylidene Jhydrazine
1-(4-propylbenzylidene)-2-(2-fluoro-4-methylbenzylidene )hydrazine
1-(4-propylbenzylidene }-2-(2~fluoro-4-ethylbenzylidene )hydrazine
1-(4~propylbenzylidene }-2-(2-fluoro-4-propylbenzyl idene }hydrazine
1-(4-propylbenzylidene)-2-(2-fluoro-4-butylbenzyl idene)hydrazine
1-(4-propylbenzylidene)-2-(2-fluoro-4-pentylbenzyl idene Jhydrazine
1-(4-propylbenzylidene)-2-(2-fluoro-4-heptylbenzylidene )hydrazine
1-(4-propylbenzylidene)-2-(2~fluoro-4-methoxybenzylidene Jhydrazine
1-(4-propylbenzyl idene)-2-(2, 6 -difluoro-4-methylbenzyl idene )hydrazine
1-(4-propylbenzylidene)-2-(2, 6 -difluoro-4-ethylbenzylidene)hydrazine

1-(4-propylbenzylidene)-2-(2, 6 ~difluoro-4~propylbenzylidene )hydrazine
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1-(4-propylbenzylidene)-2-(2, 6 -difluoro-4-butylbenzyl idene hydrazine
1-(4-propylbenzylidene)-2-(2, 6 ~difluoro-4-pentylbenzylidene Yhydrazine
1-(4-propylbenzylidene )-2- (2, 6 ~difluoro-4-heptylbenzyl idene Jhydrazine

1-(4-propylbenzylidene)-2-(2, 6 ~di fluoro-4-methoxybenzylidene Yhydrazine

(Example 6) Preparation of liquid crystal composition (2}

F

A composition (M-7) consisting of 80% of the host
liquid crystal (H) and 20% of Compound No. 7 obtained in
Example 4 was prepared. The composition thus prepared
exhibited an upper nematic phase temperature limit (Ty,;)} of
98°C, which is a drop of about 20°C from that of the host
liquid crystal (H). This composition was then allowed to
stand at a temperature of 0°C for 24 hours. As a result, no
crystallization was observed. This liquid crystal
composition was allowed to stand at a temperature of.-20°C
for a prolonged period of time so that it was solidified.
While being heated, this liquid crystal composition was
measured for temperature at which it again turns to uniform
nematic phase (T.;). The results were 9°C. A liquid crystai
device was then prepared from this composition in the same
manner as mentioned above. The liquid crystal device thus

prepared was then measured for switching time. The results
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were 14.3 msec., which demonstrates that the response is very
fast. The liquid crystal device was then measured for
threshold voltage. The results were 1.83 V, which is a
slight drop from that of the host liquid crystal (H).
(Example 7) Preparation of liquid crystal composition (3)

A liquid crystal composition (M-8) consisting of 80%

of the host liquid crystal (H) and 20% of Compound No. 8:

F
n- C3H7—.—‘\ \N N/}_' < : j g F
- F

obtained in Example 5 was prepared. The liquid crystal
composition (M-8) thus prepared exhibited an upper nematic
phase temperature limit (Ty,) of 91.2°C, which is a drop from
that of the liquid crystal composition (M-7). The liquid
crystal composition (M-8) was then allowed to stand at a
temperature of 0°C for 24 hours or longer. No
crystallization was observed. The liquid crystal composition
(M-8) was then solidified in the same manner as (M-7). The
liquid crystal composition was then measured for T,y. The
results were 13°C.

A liguid crystal device was then prepared from this
liguid crystal composition in the same manner as mentioned
above. The liquid crystal device thus prepared was then
measured for switching time. The results were 17.8 msec.,
which demonstrates that the response rate is very fast,

though inferior to that of the liquid crystal composition (M-
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7). The liquid crystal device was then measured for
threshold voltage. The results were 1.54 V, which is a
decrease as great as not less than 0.3 V from that of the
host liquid crystal (H).

(Example 8) Synthesis of 1-{4-(3-butenyl)}benzylidene]}-2-(4-
methylbenzylidene)hydrazine (Compound No. 9 set forth in

Table 1)
N—-N

To 15.6 g of a monohydrate of hydrazine was added a
solution of 5.0 g of 4-(3-butenyl)benzaldehyde (synthesized
by reacting 1l-(3-butenyl)-4-bromobenzene with magnesium to
prepare a Grignard reagent which is then reacted with DMF) in
20 m¢ of ethanol. The mixture was stirred at roon
temperatufe for 30 minutes. To the mixture was then added 20
m¢ of saturated aqueous solution of sodium bicarbonate. To
the mixture was then added 10 m¢ of dichloromethane. The
mixture was then washed with 10 m¢ of saturated agueous
solution of sodium bicarbonate twice. To the resulting
organic phase was then added 3.5 m¢ of triethylamine. The
mixture was then dehydrated and dried over anhydrous sodium
sulfate. The solvent was then distilled off under reduced
pressure. To the residue was then added 3.5 m¢ of
triethylamine. To the mixture were then added 20 m{ of

ethanol and 3.75 g of 4-methylbenzaldehyde. The mixture was
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then stirred at room temperature for 3 hours. To the mixture
was then added 20 m¢ of saturated aqueous solution of sodium
bicarbonate. To the mixture was then added 10 m¢ of
dichloromethane. The mixture was then washed with 10 m{¢ of
saturated agqueous solution of sodium bicarbonate. The

. solvent was then distilled off under reduced pressure. The
residue was purified through alumina (basic) column
chromatography (dichloromethane), and then recrystallized
from methanol to obtain 7.0 g of 1-{4-(3-butenyl)benzylidene]
-2-(4-methylbenzylidene)hydrazine. The compound thus
obtained had a melting point of 82°C and exhibited nematic
phase up to 103°C.

The foregoing procedure was followed except that 4-
ethylbenzaldehyde, 4-propylbenzaldehyde, 4-butylbenzaldehyde,
4-pentylbenzaldehyde, 4-heptylbenzaldehyde, 2,4-
dimethylbenzaldehyde, 4-methoxybenzaldehyde, 2,3-difluoro-4-
ethoxybenzaldehyde, 4-fluorobenzaldehyde, 3,4-
difluorobenzaldehyde, 3,4,5-trifluorobenzaldehyde, 4-
chlorobenzaldehyde, 4-trifluoromethoxybenzaldehyde or 4-

cyanobenzaldehyde was used instead of 4-methylbenzaldehyde.
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As a result, the following compounds were obtained:

1-[4~(3-butenyl )benzyl idene}~2~(4-ethylbenzyl idene )hydrazine
1-[4-(3-butenyl )benzylidene]~2-(4-propylbenzylidene)hydrazine
1-[4-(3-butenyl )benzyl idene]-2-(4-butylbenzyl idene )hydrazine
1-[4~(3-butenyl )benzylidene]-2-(4-pentylbenzylidene }hydrazine
1-[4-(3-butenyl Ybenzylidene]-2-(4-heptylbenzylidene )hydrazine
1-[4-(3-butenyl )benzylidene]-2-(2, 4-dimethylbenzylidene)hydrazine
1-[4-(3-butenyl )benzylidene]-2-(4-methoxybenzyl idene )hydrazine
1-[4-(3-buteny! )benzylidene]-2-(2, 3-difluoro-4-ethoxybenzylidene)hydrazine
1-[4—(3—huteny1)benzylidene]-z-(4~flu6robenzy1idene)hydrazine
1-{4-(3-butenyl )benzylidene]-2-(3, 4-difluorchenzylidene)hydrazine
1-[4~(3-butenyl )benzylidene]-2-(3, 4, 5-trifluorchenzylidene)hydrazine
1-{4-(3-butenyl }benzylidene]-2-(4-chlorobenzyl idene Jhydrazine
1-[4~(3-butenyl )benzyl idene]-2-(4-trifluoromethoxybenzyl idene Jhydrazine

1-[4-(3-buteny!l }benzylidene]-2-(4-cyanobenzyl idene Jhydrazine
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Further, the foregoing procedure was followed except
that 4-(trans-3-pentenyl)benzaldehyde, 4-(4-pentenyl)
benzaldehyde, 4-(trans-3-hexenyl)benzaldehyde, 4-(5-hexenyl)
benzaldehyde, 4-allyloxybenzaldehyde or 4-allylbenzaldehyde
was used instead of 4-(3-butenyl)benzaldehyde. As a result,

the following compounds were obtained:

——
Cotme——
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1-[4-{trans-3-pentenyl )benzy] idene]-2-(4-methylbenzyl idene Yhydrazine
1-[4-(trans-3-pentenyl )benzyl idene]-2-(4-ethylbenzylidene)hydrazine
1-[4-(trans-3-pentenyl )benzyl idene]-2-(4-propylbenzylidene )hydrazine
1-[4-(trans-3-pentenyl )benzyl idene]-2-(4-butylbenzylidene)hydrazine
1-{4-(trans-3-pentenyl Ybenzylidene}-2-(4-pentylbenzyl idene )hydrazine
1-[4~(trans-3-pentenyl )benzylidene]-2-(4-heptylbenzylidene)hydrazine
1-[4-(trans-3-pentenyl )benzylidene]-2-(2, 4-dimethylbenzylidene)hydrazine
1-[4~-(trans-3-pentenyl )benzylidene]-2-(4-methoxybenzylidene)hydrazine
1-[4~(trans-3-pentenyl Jbenzylidene]-2-(2, 3-difluoro-4-ethoxybenzylidene)-
hydrazine
1-[4-(trans-3-pentenyl Ybenzylidene]-2-(4-fluorobenzylidene}hydrazine
1-{4-(trans-3-pentenyl )benzylidene]-2-(3, 4-difluorobenzylidene)hydrazine
1-[4-(trans-3-pentenyl )benzylidene]-2-(3, 4, 5-trifluorobenzylidene)hydrazine
1-{4-(trans-3-pentenyl Jbenzyl idene}-2-(4-chlorobenzylidene )hydrazine
1-{4~(trans-3-pentenyl Ybenzylidene}-2-(4-trifluoromethoxybenzyl idene hydrazine
1—[4—(trans—3—penteny1)benzyliﬁene]—z-(4-cyanobenzy1idene)hydrazine
1-[4-(4-pentenyl )benzylidene]-2-(4-methylbenzyl idene)hydrazine
1~[4~(4-pentenyl )benzyl idene}-2-(4-ethylbenzylidene hydrazine
i—[4~(4—penteny1)henzylidene]~2—(4—propylbenzylidene)hydrazine
1-[4~{4~pentenyl Jbenzylidene]-2-(4-butylbenzylidene)hydrazine
1-[4—(4—penteny1)benzylidene]~2-(4—penty1beniy1idene)hydrazine
1-{4-(4-pentenyl )benzylidene]-2-(4-heptylbenzylidene )hydrazine
1-{4-(4-pentenyl )benzylidene]-2-(2, 4-dimethylbenzylidene)hydrazine
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1-[4-(4-pentenyl Ybenzyl idene]-2-(4-methoxybenzylidene)hydrazine
1-[4-{4-pentenyl )benzylidene]-2-(2, 3-difluoro-4-ethoxybenzylidene)hydrazine
1-[4-(4~pentenyl )benzyl idene]-2-(4-fluorobenzylidene)hydrazine
1-[4-(4-pentenyl )benzylidene]-2-(3, 4-difluorobenzylidene)hydrazine
1-(4-(4-pentenyl )benzylidene]-2-(3, 4, 5-trifluorobenzylidene)hydrazine
1-[4-(4-pentenyl )benzylidene ]-2-(4-chlorobenzyl idene )hydrazine
1-[4-(4-pentenyl )benzyl idene]-2~-(4-trifluoromethoxybenzyl idene )hydrazine
1-[4-(4-pentenyl Ybenzylidene]}-2-(4-cyanobenzylidene)hydrazine
1-[4-(trans-3-hexenyl )benzyl idene 1-2-(4-methylbenzylidene Jhydrazine
1-[4—(trans—3—hexeny1)benzylidene]-Z—(4—eththeﬁzy1idene)hydrazine
1-[4-(trans-3-hexenyl )benzylidene]-2-(4-propylbenzyl idene Jhydrazine
1-[4-(trans-3-hexenyl )benzylidene]-2-(4-butylbenzylidene)hydrazine
1-[4-({rans-3-hexenyl )benzylidene]-2-(4-pentylbenzylidene }hydrazine
1-[4-(trans-3-hexenyl )benzylidene]-2-(4-heptylbenzylidene)hydrazine
1~[4-(trans-3-hexenyl Jhenzylidene]-2-(2, 4-dimethylbenzylidene)hydrazine
1-[4~(trans-3-hexeny! )benzyl idene ]-2-(4-methoxybenzyl idene )hydrazine
1-{4-(trans-3-hexenyl )benzylidene]-2-(2, 3-difluoro-4-ethoxybenzylidene)-
hydrazine |
1-[4~(trans-3-hexeny! Jbenzyl idene ]-2-(4-fluorobenzyl idene )hydrazine
1-{4~(trans-3-hexenyl )benzylidene]-2-(3, 4-difluorobenzylidene)hydrazine
1-[4-(trans-3-hexenyl )benzylidene]-2-(3, 4, 5-trifluorobenzylidene)hydrazine
1-[4-(trans-3-hexeny1)henzylidene]~2-(4—chlofobenzylidene)hydrazine
1-{4~(trans-3-hexenyl )benzylidene}-2-(4-trifluoromethoxybenzylidene Jhydrazine

1-[4-(trans-3-hexenyl )benzylidene]-2-(4~cyanobenzylidene )hydrazine

- 133 - This Sheet Has Been ﬂrlaced

[ Illlﬂ |||I Il



1-[4-(5-hexeny! }benzylidene]-2-(4-methylbenzylidene)hydrazine
1-{4-(5-hexzenyl )benzylidene]-2-(4-ethylbenzylidene)hydrazine
1-{4-(5-hexenyl )benzylidene]-2-(4-propylbenzylidene Jhydrazine
1-[4-(5-hexenyl Ybenzylidene]-2-(4-butylbenzylidene )hydrazine
1-[4—(5—hexeny1)henzylidene]-2~(4-penty1benzy1idene)hydrazine
1-{4-(5-hexenyl )benzylidene]~2-(4-heptylbenzyl idene )hydrazine
1-[4-(5-hezenyl)benzylidene]-2-(2, 4-dimethylbenzylidene)hydrazine
1-[4-(5-hexenyl Jbenzylidene]-2-(4-methoxybenzylidene Jhydrazine
1-[4-(5-hexenyl )benzylidene]-2-(2, 3-difluoro-4-ethoxybenzylidene)hydrazine
1-{4-(5-hexenyl )benzylidene]-2~(4~fluorobenzylidene)hydrazine
1~[4-(5-hexenyl Jbenzylidene]-2~(3, 4-difluorobenzylidene)hydrazine
1-[4~(5-hexenyl )benzylidenel-2-(3, 4, 5-trifluorobenzylidene)hydrazine
1~[4-(5~hexenyl )benzylidene ]-2-(4-chlorobenzyl idene Jhydrazine
1-{4-(5-hexenyl }benzylidene]-2-(4-trifluoromethoxybenzylidene Jhydrazine
1-[4~(5-hexenyl }benzylidene ]-2~(4~cyanobenzyl idene )hydrazine
1-[4~allyloxybenzylidene]-2-(4-methylbenzylidene )hydrazine
1-[4-allyloxybenzylidene]-2-(4-ethylbenzylidene )hydrazine
1-[4-allyloxybenzylidene)-2~{4-propylbenzyl idene)hydrazine
1-[4-allyloxybenzyl idene}-2-(4-butylbenzyl idene )hydrazine
1-[4-allyloxybenzylidene]-2~(4-pentylbenzylidene Yhydrazine
1-[4-allyloxybenzylidene)-2-(4~heptylbenzylidene)hydrazine -
1-[4-allyloxybenzylidene]-2-(2, 4—dimethy1bex£zyl idene)hydrazine mﬁi
1-{4-allyloxybenzylidene]-2~{4-methoxybenzylidene )hydrazine

1-[4-allyloxybenzylidenel-2-(2, 3-difluoro-4-ethoxybenzylidene)hydrazine
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1-{4-allyloxybenzylidene]-2-(4-fluorcbenzyl idene Jhydrazine
1-[4-allyloxybenzylidene]-2-(3, 4-diflucrobenzylidene)hydrazine
1-[4~allyloxybenzylidene]-2-(3, 4, 5-trifluorobenzylidene)hydrazine
1-[{4~allyloxybenzyl idene ]-2-(4-chlorobenzyl idene Jhydrazine

1-[4-al 1yloxybenzyl idene]~2-(4-trifluoromethoxybenzylidene Yhydrazine
1-[4-allyloxybenzylidene]-2-(4-cyanobenzyl idene)hydrazine
1-[4-allylbenzylidene]-2-(4-methylbenzylidene Jhydrazine
1-{4-allylbenzylidene]~2-(4-ethylbenzylidene)hydrazine
1-[4-allylbenzylidene]-2-(4-propylbenzyl idene)hydrazine
1-[4—31lylbenzylidene}-2-(4—hutylhenzy1idene)hjdrazine
1-[4-allylbenzylidene]-2-(4-pentylbenzylidene )hydrazine
1-[4-allylbenzylidene]-2-(4-heptylbenzylidene)hydrazine
1-[4-allylbenzylidene]-2-(2, 4-dimethylbenzylidene)hydrazine
1-{4-allylbenzylidene]~-2~(4-methoxybenzylidene )hydrazine
1-[4-allylbenzylidene]-2-(2, 3-difluoro-4-ethoxybenzylidene)hydrazine
1-[4-allylbenzylidene]-2-(4~fluorobenzyl idene )hydrazine
1-[4-allylbenzylidene}-2-(3, 4-difluorobenzylidene)hydrazine
1-[4-allylbenzylidene]-2-(3, 4, 5-trifluorobenzylidene)hydrazine
1-[4—allylbenzylidene]—Z—(4—chlorohenzy1idene)hydrézine
1-{4~allylbenzylidene]-2-(4-trifluoromethoxybenzylidene}hydrazine

1-{4-allylbenzyl idene]-2-(4-cyanobenzyl idene )hydrazine

1
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(Example 9) Synthesis of 1,2-bis{4-(3-butenyl)benzylidene]

hydrazine (Compound No. 10 set forth in Table 1)

OOy v

8.4 g of a monohydrate of hydrazine and 45 g of 4-(3-
butenyl)benzaldehyde were dissolved in 80 m? of methanol.
The mixture was stirred at room temperature for 2 hours. To
the mixture was then added 150 m¢ of dichloromethane. The
mixture was then washed with saturated aqueous solution of
sodium bicarbonate twice. The mixture was then dehydrated
and dried over anhydrous sodium sulfate. The solvent was
then distilled off under reduced pressure. The resulting
crude reaction product was purified through basic alumina
column chromatography, and then recrystallized from methanol
to obtain 42 g of 1,2-bis[4-(3-butenyl)benzylidene]
hydrazine. The compound thus obtained had a melting point of
57°C and exhibited nematic phase up to 116°C.
The following compounds were obtained in the same
manner as mentioned above.
1,2-Bis[4-(trans-3-pentenyl)benzylidene]hydrazine
1,2-Bis[4-(4-pentenyl)benzylidene]hydrazine
1,2—Bis[4—(trans—3—hexenyl)benzylidene]hydrazine
1,2-Bis[4-({5-hexenyl)benzylidene]hydrazine
1,2-Bis(4-allyloxybenzylidene)hydrazine
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1,2-Bis(4-allylbenzylidene}hydrazine
(Example 10) Preparation of liquid crystal composition (4)

The host liquid crystal (H) was then packed into a
6.0 pum thick TN cell to prepare a liquid crystal device. The
liquid crystal device thus prepared was then measured for
switching time. The results were 32.5 msec. (Under the
application of voltage when the decay time and the rise time
are equal), the liquid crystal device exhibited a threshold
voltage of 2.14 V.

A liquid crystal composition {M~-9) consisting of B0%

of the host liquid crystal (H) and 20% of Compound No. 9:

O~ O

obtained in Example 8 was prepared. The liquid crystal
composition {(M-9) exhibited an upper nematic phase
temperature limit (Ty.,) of 118°C, which is a slight increase
from that of the host liquid crystal (H). The liquid crystal
composition was then allowed to stand at a temperature of 0°C
for 24 hours. As a result, no crystallization was obserxrved.
This liquid crystal composition was allowed to stand at a
temperature of -20°C'for a prolonged period of time so that
it was solidified. While being heated, this liquid crystal
composition was measured for temperature at which it again
turns to uniform nematic phase (T,). The results were as

low as -12°C. A liquid crystal device was then prepared from
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this composition in the same manner as in the host liquid
crystal (H). The liquid crystal device thus prepared was
then measured for switching time. The results were 30.1
msec., which demonstrates that the response is fast. The
liquid crystal device was then measured for threshold
voltage. The results were 2.69 V.

Accordingly, the incorporation of Compound No. 9
makes it possible to extend the nematic phase temperature
range of the host liquid crystal as well as shorten the
switching time of the host liquid crystal.

(Example 11) Preparation of liquid crystal composition (5)

A liquid crystal composition (M-10) consisting of 80%
of the host liquid crystal (H) and the same amount (20%) of
Compound No. 10 obtained in Example 9 as mentioned above was
prepared. This liquid crystal composition (M-10) exhibited
an upper nematic phase temperature limit (Ty.;) of 119°C,
which is an increase from that of the liquid crystal
composition (M-9). This liquid crystal composition was
allowed to stand at a temperature of 0°C for 24 hours. As a
result, no crystallization was observed. This liquid crystal
composition was then solidified in the same manner as (M-9).
This liquid crystal composition was then measured for T..
The results were 5°C.

A liquid crystal device was then prepared from this
composition in the same manner as mentioned above. Thel

liquid crystal device thus prepared was then measured for

——
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switching time. The results were 29.7 msec., which
demonstrates that the response is fast. The ligquid crystal
device was then measured for threshold voltage. The results
were 2.67 V.

(Example 12) Synthesis of 1-(4-ethylbenzylidene)-2-[4-
(trans-4-propyl)cyclohexylbenzylidene}hydrazine (Compound No.

13 set forth in Table 1)

N_..

To 242 g of a monohydrate of hydrazine was added a
solution of 65 g of 4-ethylbenzaldehyde in 300 m¢ of
dichloromethane. The mixture was then stirred at room
temperature for 1 hour. The mixture was then washed with 300
m{ of saturated aqueous solution of sodium bicarbonate twice
to remove excess hydrazine. To the resulting organic phase
was then added 40 m{¢ of triethylamine. The mixture was then
dehydrated and dried over anhydrous sodium sulfate. Sodium
sulfate was then removed by filtration. The resulting
filtrate was then added dropwise to 300 m¢ of dichloromethane
and 121 g of 4-(trans-4-propyl)cyclohexylbenzaldehyde in the
presence of 240 g of basic alumina. The mixture was then
stirred at room temperature for 3 hours. The reaction
solution was directly purified through alumina (basic) column
chromatography (dichloromethane)}, and then recrystallized

from ethanol to obtain 44 g of 1-(4-ethylbenzylidene)-2-{4-
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{(trans-4~propyl)cyclohexylbenzylidene Jhydrazine. The
compound thus obtained had a melting point of 97°C and

exhibited nematic phase up to 227°C.

The foregoing procedure was followed except that 4-
methylbenzaldehyde, 4-propylbenzaldehyde, 4-butyl
benzaldehyde, 4-pentylbenzaldehyde, 4-heptylbenzaldehyde, 4-
{3-butenyl)benzaldehyde, 4-(4-pentenyl)benzaldehyde, 4-(5-
hexenyl)benzaldehyde or 4-(6-heptenyl}benzaldehyde instead of

4-ethylbenzaldehyde. As a result, the following compounds

were obtained:

1-(4-nethylbenzyl idene)-2-[4-(trans-4-

propyl )cyclohexylbenzylidene lhydrazine( I -1)
1-(4-propylbenzylidene)-2-{4-(trans-4-

propyl)cyclohexylbenzylidene]hydrazine(II-3)
1-(4-hutylhenzylidene)-Z—[4—(trans-4—propyl)cyclohexylbenzylidene]hydrazine
1-(4-penty1benzy1idene)-Z—[4-(trans~4-propy1)cyclohexylhenzylidene]hydrazine
1-(4—hepty1benzy1idene)-Z-[4-(trans-4-propy1)cyclohexylbenzylidene]hydrazine
1-(4~hexy1benzy1idene)—2—[4-(trans~4~propy1)cyclohexylbenzylidene]hydrazine
1-[4-(3-butenyl benzylidene]-2- [4-(trans-4-

propyl)cyclohexylbenzyl idene Jhydrazine
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1-[4-(4-pentenyl )benzyl idene]-2-[4-(trans-4-
propyl Jeyclohexylbenzylidene Jhydrazine

1-[4-(5-hexenyl Ybenzylidene]-2-[4~(trans-4-
propyl Jeyclohexylbenzylidene Jhydrazine

1-[4-(6-heptenyl Ybenzylidene]-2-{4-(trans-4-

propyl )eyclohexylbenzylidene]hydrazine

Further, the foregoing procedure was followed except
that 4-(trans-4-methyl)cyclohexylbenzaldehyde, 4-{trans-4-
ethyl)cyclohexylbenzaldehyde, 4-(trans-4-butyl)cyclohexyl
benzaldehyde, 4-(trans-5-hexyl)cyclohexylbenzaldehyde or 4-
(trans-6-heptyl)cyclohexylbenzaldehyde instead of 4-(trans-4-
propyl)cyclohexylbenzaldehyde. As a result, the following

compounds were obtained:
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1-(4-methylbenzylidene)-2-[4~(trans-4-methyl Jcyclohexylbenzylidene]hydrazine
1-(4-ethylbenzylidene)~2-[4-(trans-4-methyl )cyclohexylbenzylidenehydrazine
1-(4-propylbenzylidene )-2-[4~(trans-4-methyl)cyclohexylbenzylidenelh
ydrazine
1-(4-butylbenzyl idene)-2-{4-(trans-4-methyl )cyclohexylbenzylidenehydrazine
1-(4-pentylbenzylidene)-2-[4-(trans-4-methyl )cyclohexylbenzyl idenelhydrazine
1-{4-hexylbenzylidene)-2-{4-{trans-4-methyl )cyclohexylbenzyl idene Jhydrazine
1-{4-heptylbenzylidene)-2-{4-({rans-4-methyl Jcyclohexylbenzyl idenelhydrazine
1-[4~(3-butenyl )benzylidene}-2-[4-(trans-4-
methy! JcyclohexylbenzylideneJhydrazine
1-[4-(4-pentenyl )benzyl idene]-2-[4-(trans-4-
methyl)cyclohexylbenzylidene Jhydrazine

1-[4~(5-hexeny!l )benzyl idene]-2-[{4-(trans-4-
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nethyl Jeyclohexylbenzylidene Jhydrazine
1-[4-(6-heptenyl benzylidene]-2-[4-(trans-4-
methyl)cyclohexylbenzylidene Jhydrazine
1-(4-methylbenzylidene)~2-[4-(trans-4-ethyl )cyclohexylbenzylidene Jhydrazine
1-(4-ethylbenzylidene)-2-{4-(trans-4~ethyl Jcyclohexylbenzylidene Jhydrazine
1-(4-propylbenzylidene)-2-[4-(trans-4-ethyl Jcyclohexylbenzylidene Jhydrazine
1-(4-butylbenzylidene )-2~[4-(trans-4-ethyl )cyclohexylbenzylidene Jhydrazine
1-(4-pentylbenzylidene)-2-[4-(trans-4-ethyl )cyclohexylbenzyl idene Jhydrazine
1-(4-hexylbenzylidene )-2~{4-(trans-4-ethyl )cyclohexylbenzylidene Jhydrazine
1-(4-heptylbenzylidene)-2-[4-(trans-4-ethyl )cyclohexylbenzyl idene Jhydrazine
1-{4-(3-butenyl )benzylidene]-2-[4-(trans-4-
ethyl )cyclohexylbenzylidene thydrazine
1-[4-(4-pentenyl Ybenzylidene]-2-[4-(trans-4-
ethyl )cyclohexylbenzylidene lhydrazine

1-[4-(5-hexenyl }benzyl idene]-2-[4-(trans-4- Sheet Has Been Reﬂlaced
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ethyl Jcyclohexylbenzylidenehydrazine l III“
1-[4~(6-heptenyl Jbenzylidene]-2-[4-(trans-4-

ethyl )cyclohexylbenzylidene Jhydrazine
1-(4-methylbenzylidene)-2-[4-(trans-4-butyl Jcyclohexylbenzyl ideneJhydrazine
1~(4~ethy1benzy1idene)-Z-[44(trans-4-buty1)cyclohexylhenzylidene]hyd

razine
1-(4-propy1benzylidene)—2—[4-(trans~4-butyl)éyclohexylbenzylidene}hydrazine
1-{4-butylbenzylidene)-2-{4-(trans-4-butyl Jcyclohexylbenzyl idene)hydrazine

1-(4-pentylbenzylidene)-2-[4-(trans-4-butyl JcyclohexylbenzylideneJhydrazine
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1-(4-hexylbenzylidene)-2-[4-(trans-4-butyl )cyclohexylbenzylidene Jhydrazine
1—(4—hepty1benzy1idene)-z—[4*(trahs-4—butyl)cyclohexylbenzylidene]hydrazine
1-[4-(3-buteny! )benzylidene]-2~[4-(trans-4-
butyl)cyclohexylbenzylideneJhydrazine
1-[4-(4-pentenyl )benzylidene]-2-[4-(trans-4-
butyl Jcyclohexylbenzylidene Jhydrazine
1-[4-(5-hexenyl )benzylidene]-2-[4-(trans-4-
butyl )cyclohexylbenzylidene Jhydrazine
1-[4-(6-heptenyl Ybenzylidene]-2-[4-(trans-4-
butyl Jeyclohexylbenzylidenethydrazine
1~(4-methylbenzylidene)-2-{4-(trans-4-pentyl Jcyclobexylbenzylidene Jhydrazine
1-{4-ethylbenzyl idene)-2-[4-(trans~4-pentyl JcyclohexylbenzylideneJhydrazine
1-(4-propylbenzylidene }-2-{4-(trans-4-pentyl Jcyclohexylbenzylidene lhydrazine
1-{4-butylbenzyl idene }-2-[4-(trans-4-pentyl)cyclohexylbenzylidene]hydrazine
1~(4-pentylbenzylidene)-2-{4-(trans-4-pentyl Jcyclohexylbenzylidene Jhydrazine
1-{4-hexylbenzylidene)}-2-{4~(trans-4-pentyl Jeyclohexylbenzylidenelhydrazine
1-(4-heptylbenzylidene)-2-[4-(trans-4-pentyl Jcyclohexylbenzylidenelhydrazine
1-{4-(3-butenyl )benzylidene]-2-[4-(trans-4-
pentyl)cyclohexylbenzylidene]hydrazine
1-[4-(4~penteny! )benzylidene }-2-{4-(trans-4~
pentyl )cyclohexylbenzylideneJhydrazine
1-[4-{5-hexenyl )benzylidene]-2-[4-(trans-4- .

pentyl)eyclohexylbenzylidenehydrazine
This Sheer 1,

1-[4-(6-hepteny1)henzylidene]-2~[4‘(t“ans"4-_ :I l”/’// /’iiﬁmﬁ eﬁﬁw
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pentyl Jeyclohexylbenzylidene Jhydrazine
1-(4-methylbenzylidene)-2-{4-(trans-4-hexyl )cyclohexylbenzylidene Jhydrazine
1-(4-ethylbenzylidene)-2-[4~(trans-4-hexyl )cyclohexylbenzylidene Jhydrazine
1-(4-propylbenzylidene)-2-[4-(trans-4-hexyl )cyclohexylbenzylidenelhy

drazine
1~(4-butylbenzylidene)-2-{4-(trans-4-hexyl Jcyclohexylbenzyl idene]bydrazine
1-(4-pentylbenzylidene)-2-[4~(trans-4-hexyl Jcyclohexylbenzylidene Jhydrazine
1-(4-hexylbenzylidene )-2-{4-(trans-4-hexyl )cyclohexylbenzylidene Jhydrazine
1-(4-heptylbenzylidene)-2-[4-(trans-4-hexyl Jcyclohexylbenzylidene Jhydrazine
1-[4-(3-butenyl Ybenzylidene}-2-[4-(trans-4-

hexyl )eyclohexylbenzylideneJhydrazine
I—[4-(4—penteny1)benzylidene]-2~[4-(trans—4-

hexyl )cyclohexylbenzyl idene Jhydrazine

1-[4~(5-hexenyl )benzylidene]-2-[4~(trans-4- This Sheey Has Been,

hexy])cyclohexylbenzylidene Jhydrazine / /”/I// /” // ///’ l’ﬁiﬁm

1-[4—(6—hepteny1)bénzylidene]—z—[4-(trans-4-

hexyl )cyclohexylbenzylidene Jhydrazine
1-(4-methylbenzylidene)-2~[4~(trans-4-heptyl JcyclohexylbenzylideneJhydrazine
1-{4-ethylbenzyl idene)-2-[4-(trans-4-heptyl Jcyclohexylbenzylidene Jhydrazine
1-(4-propylbenzylidene)-2-[4-(trans-4-heptyl)cyclohexylbenzylidene]h

ydrazine
1-(4—buty1benzylidene)-Z-[4~(trans-4—hepty1)éyclohexylbenzylidene]hydrazine
1-(4-pentylbenzylidene)-2-[4-(trans-4-heptyl Jcyclohexylbenzylidenelhydrazine

1-(4-hexylbenzyl idene )-2~{4-{trans-4-heptyl Jeyclohexylbenzylidene thydrazine
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1-(4-heptylbenzylidene)-2-[4-(trans-4-heptyl Jcyclohexylbenzylidenethydrazine
1-[4-(3-butenyl )benzylidene]-2-[4-(trans-4-
heptyl Jeyclohexylbenzyl idene Jhydrazine
1-{4-(4-penteny! Ybenzylidene]-2-{4~(trans-4-
heptyl)cyclohexylhenzylidene]hydrazine
1-{4-(5-hexenyl )benzylidene]-2-[4-(trans-4-
heptyl JeyclohexylbenzylideneJhydrazine
1-[4-(6-heptenyl )benzylidene]-2-[4-(trans-4-

heptyl Jeyclohexylbenzyl idene Jhydrazine

—_—
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(Example 13) Synthesis of 1-(4-fluorobenzylidene)-2-[4-
(trans-4-propyl)cyclohexylbenzylidene]hydrazine (Compound No.

15 set forth in Table 1)

N—N

The procedure of Example 12 was followed except that
4-fluorobenzaldehyde was used instead of 4-ethylbenzaldehyde.
As a result, 1-(4-fluorobenzylidene)-2-{4-(trans-4-propyl)
cyclohexylbenzylidene]hydrazine was obtained. The phase
transition temperature of this compound is set forth in Table

1.

Similarly, the following compounds were obtained:

1-(4-fluorobenzylidene)-2-[4-(trans-4-methyl )cyclohexylbenzylidene Jhydrazine
1—(4-f1uorobenzylidene)-z-[4—(trans—4—ethyl)cyclohexylbenzylidene]hydrazine

1-(4-fluorobenzylidene )-2- [4-{trans-4-buty] )cyclohexylbenzy}idene Jhydrazine
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1-(4~fluorobenzyl idene)~2-[4~(trans-4-pentyl )cyclohexylbenzylidene Jhydrazine
1-(4-fluorobenzyl idene)-2-[4-(trans-4-hexyl Jcyclohexylbenzyl idene Jhydrazine
1~(4-fluorobenzyl idene)-2-[4-(trans-4-heptyl )cyclohexylbenzylidene lhydrazine
1-(3,4-difluorobenzylidene)-2-[4-(trans-4-

methyl JcyclohexylbenzylideneJhydrazine
1-(3,4-difluorobenzylidene)-2-[4~(trans-4-

ethyl )cyclohexylbenzylidene Jhydrazine
1-(3,4-difluorobenzylidene)-2-[4-(trans-4-

propyl Jcyclohexylbenzylidene Jhydrazine
1-(3,4-difluorobenzylidene )-2-[4-(trans-4-

pentyl )cyclohexylbenzylidenelhydrazine
1-(3,4-difluorobenzyl idene )-2-[4-(trans-4-

hexyl )cyclohexylbenzylidene Jhydrazine
1-(3,4-difluorobenzyl idene )-2-[4-(trans-4-

heptyl )cyclohexylbenzylidene Jhydrazine
1-(3,4, 5-trifluorobenzylidene )-2-[4-(trans-4-

methyl )cyclohexylbenzylidene Jhydrazine
1-(3,4,5-trifluorobenzylidene )-2-[4-(trans-4-

ethyl )cyclohexylbenzyl idene thydrazine
1-(3,4,5-trifluorobenzyl idene )-2-[4-(trans-4-

propyl )cyclohexylbenzylidene Jhydrazine
1~(3,4,5-trifluorobenzyl idene )-2-[4-(trans-4-

butyl Ycyclohexylbenzyl ideneJhydrazine

1-(3,4,5-trifluorobenzylidene )-2-{4-(trans-4- -
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pentyl)cyclohexylbenzylidene Jhydrazine
1-(3,4,5-trifluorobenzylidene)-2-[4~(trans-4-
hexyl)eyclohexylbenzylidene Jhydrazine
1-(3,4,5-trifluorobenzyl idene)~2-[4~(trans-4-
heptyl JcyclohexylbenzylideneJhydrazine
1-(4-triflucromethoxybenzylidene }-2~[4-(trans-4-
methyl)cyclohexylbenzylidene Jhydrazine
1-(4-trifluoromethoxybenzylidene)-2-[4-(trans-4-
ethyl )cyclohexylbenzylidene Jhydrazine
1-(4-trifluoromethoxybenzylidene )-2-[4-(trans-4-
propyl )cyclohexylbenzyl idene Jhydrazine
1-{4-trifluoromethoxybenzylidene)-2-{4-(trans-4-
buty!)cyclohexylbenzylidene Jhydrazine
1-(4-trifluoromethoxybenzylidene )-2-[4~(trans-4-
pentyl )cyclohexylbenzylidene Jhydrazine
1-(4-trifluoromethoxybenzyl idene)-2~[4-(trans-4-
hexyl )cyclohexylbenzylidene]hydrazine
1-{4-trifluoromethoxybenzylidene)-2-[4-(trans-4-
heptyl)cyclohexylbenzylidene Jhydrazine
1-[4-(2-fluoro-4-methyl )phenylbenzylidene]-2-(4-methy!l Jbenzylidenehydrazine
1-[4-(2-fluoro-4-ethyl )phenylbenzyl idene]-2- (4-methyl Ybenzylidenehydrazine
1-[4-(2-f1uoro—4-propy1)phenylbenzylidene]—2;(4~methyl)benzylidenehydrazine
{-[4-(2-fluoro-4-butyl )phenylbenzyl idene ]-2-(4-methyl }benzyl idenehydrazine

1-{4-(2-fluoro-4-pentyl )phenylbenzylidene]-2-(4-methyl Ybenzylidenehydrazine
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1-[4-(2-fluoro-4-hexy! Jphenylbenzyl idene]-2-(4-methy! Jbenzylidenehydrazine
1-[4-(2-fluoro-4-heptyl )phenylbenzylidene ]-2-(4-methyl )benzylidenehydrazine
1-[4-(2-fluoro-4-methyl )phenylbenzyl idene]~2~(4-ethyl Ybenzylidenehydrazine
1-{4-(2-fluoro-4-ethyl Jphenylbenzyl idene]-2-(4-ethyl Ybenzylidenehydrazine
1-{4-(2-fluoro-4-propyl )phenylbenzyl idene ]-2-(4-ethyl )benzylidenehydrazine
1-{4~(2-f1luoro-4-buty!l )phenylbenzylidene]-2-{4-ethyl Jbenzylidenehydrazine
1-{4~(2-fluoro-4-penty!l Jphenylbenzyl idene]-2-(4-ethyl )benzyl idenehydrazine
1-[4~(2-fluoro-4-hexyl )phenylbenzylidene]-2-(4-ethyl )benzylidenehydrazine
1-{4-(2-Tluoro-4-heptyl )phenylbenzylidene]-2-(4-ethyl Ybenzylidenehydrazine
1-[4-(2-fluoro-4-methyl )phenylbenzylidene)-2-(4-propyl Ybenzylidenehydrazine
1-[4-(2-fluoro-4-ethyl )phenylbenzylidene]-2~(4-propyl )benzylidenehydrazine
1-[4-(2-fluoro-4-propyl Jphenylbenzylidene ]-2-(4-propyl )benzyl idenehydrazine
1~[4-(2~fluoro-4-butyl Jphenylbenzylidene]-2-(4-propyl Ybenzylidenehydrazine
1-[4~(2-fluoro-4-pentyl )phenylbenzylidene]-2-(4-propyl Jbenzyl idenehydrazine
1-{4-(2-fluoro~4-hexyl yphenylbenzylidene}-2-(4-propyl )benzylidenehydrazine
1-[4~(2-fluoro-4-heptyl Jphenylbenzylidene]-2-(4-propyl Jbenzyl idenehydrazine
1-[4—(2—fluoro—4-methyl)phenylhenzylidene]-z-(4-butyl)henzylidenehydrazine
1-[4~{2-fluoro-4-ethyl )phenylbenzylidene]-2-(4-butyl )benzylidenehydrazine
1-[4-(2-fluoro-4-propy! )phenylbenzylidene]-2-{4-butyl Ybenzyl idenehydrazine
1-{4~-(2-fluoro-4-butyl Jphenylbenzylidene]-2-(4-butyl )benzylidenehydrazine
1-[4-(2-fluoro-4-pentyl Jphenylbenzylidene]-2-(4-butyl Jbenzyl idenehydrazine
1-[4—(2—fluoro—4—hexyl)phenylbenzylidene]—Z;(4-huty1)benzylidenehydrazine
1-[4-(2-fluoro-4-heptyl )phenylbenzylidene]-2-(4-butyl )benzylidenehydrazine
1-[4~(2-fluoro-4-methyl )phenylbenzylidene}-2~{4-pentyl )benzylidenehydrazine
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1-[4-(2-fluoro-4-ethyl )phenylbenzyl idene]~2-(4-pentyl )benzyl idenehydrazine
[-[4-(2-flucro-4-propyl Jphenylbenzylidene]-2-(4-pentyl )benzylidenehydrazine
1-[4-(2-fluoro-4-butyl )phenylbenzylidene]-2-(4-pentyl )benzylidenchydrazine
1-[4-(2-fluoro-4-pentyl )phenylbenzylidene}-2-(4~pentyl Jbenzylidenehydrazine
1-[4-(2-fluoro-4-hexyl )phenylbenzyl idene]-2-(4-pentyl )benzyl idenehydrazine
1-[4~{2-f1uoro-4-heptyl )phenylbenzyl idene]-2-(4-pentyl )benzylidenehydrazine
1~[4-(2-fluoro-4-methyl )phenylbenzylidene ]-2-(4-hexyl )benzylidenehydrazine
1-{4-(2-fluoro-4-ethyl )phenylbenzyl idene]-2-(4-hexyl Jbenzyl idenehydrazine
1-{4-(2-fluoro-4-propyl Jphenylbenzyl idene]-2-(4-hexyl Jbenzyl idenehydrazine
1-{4-(2-fluoro-4-buty! )phenylbenzylidene]-2-(4-hexyl )benzyl idenehydrazine
1-{4~(2-fluoro-4-pentyl )phenylbenzylidene]-2-(4-hexyl )benzylidenehydrazine
1-[4-(2-fluoro-4-hexyl )phenylbenzylidene ]-2-(4-hexyl )benzyl idenehydrazine
1-[4-(2-fluoro-4-heptyl )phenylbenzylidene]-2-(4-hexyl )benzyl idenehydrazine
1-[4-(2-fluoro-4-methyl )phenylbenzylidene]-2~-(4-heptyl Jbenzyl idenehydrazine
1-[4-(2-fluoro-4-ethyl )phenylbenzylidene]-2-(4~hepty! Jbenzyl idenehydrazine
1~[4-(2~fluoro-4-propyl Jphenylbenzylidene]-2-(4-heptyl Ybenzylidenehydrazine
1-[4-(2-fluoro-4-butyl )phenylbenzyl idene]-2-(4-heptyl Ybenzylidenehydrazine
1-[4—(2—f1uoro-4~pentyl)phenylbenzylidege]-z-(4-hepty1)benzylidenehydrazine
1-{4-(2-fluoro-4-hexyl )phenylbenzyl idene]-2-(4-heptyl )henzyl idenehydrazine
1~[4-(2—f1uoro;4-heptyl)phenylbenzylidene]-z—(4-heptyl)henzylidenehydrazine
1-[4-(2-fluoro-4~methyl Jphenylbenzylidene]-2-{4-(3-

butenyl )benzylidene Jhydrazine .
1-[4-(2-fluoro-4~ethyl )phenylbenzyl idene]-2-[4-(3~ This Sheet Has Been R ]acea
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1-{4-(2-fluoro-4-propy! )phenylbenzylidene}-2-[4-(3-
buteny! Ybenzylidene Jhydrazine
- 1-[4-(2-fluoro-4-butyl )phenylbenzylidene]-2-[4-(3-
butenyl Jbenzylidene Jhydrazine

1-[4-(2-fluoro-4-pentyl )phenylbenzylidene]~2-[4-(3-
buteny! }benzyl idene Jhydrazine

1-[4-(2-fluoro-4-hexyl )phenylbenzyl idene}-2-[4-(3-
butenyl )benzylidene Jhydrazine

1-[4-(2-fluoro-4-heptyl )phenylbenzylidene]-2-[4-(3-
butenyl )benzyl idene]hydrazine

1-{4-(2~fluoro-4-methyl Jphenylbenzylidene]-2-{4-(4-
pentenyl JbenzylideneJhydrazine

1-[4-{2-fluoro-4-ethyl )phenylbenzylidene]-2-{4-(4-
pentenyl )benzylideneJhydrazine

1~[4~(2-fluoro-4-propyl )phenylbenzylidene}-2-[4-(4-
pentenyl Ybenzylidene Jhydrazine

1-[4-(2~fluoro-4-butyl )phenylbenzylidene]-2-[4-(4-
pentenyl Jbenzylidenelhydrazine

1-{4-(2~fluoro-4-pentyl Jphenylbenzylidene ]-2-{4-(4-
pentenyl Ybenzylidene Jhydrazine

1-[4-(2-f1luoro-4-hexyl Jphenylbenzylidene]-2-[4-(4-~
pentenyl }benzylidene Jhydrazine .

1-[4-(2-fluoro-4-heptyl )phenylbenzylidene]-2-[4-(4-
pentenyl Jbenzylidene Jhydrazine
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1-[4~(2-fluoro-4-methyl )phenylbenzyl idene]-2-{4-(5-
hexenyl Jbenzylidene Jhydrazine

1-[4-(2-fluoro-4-ethyl )phenylbenzylidene]-2-[{4-(5-
hexenyl )benzylidene Jbydrazine

1-[4-(2-fluoro-4-propyl )phenylbenzyl idene]-2-{4-(5-
hexzenyl JbenzylideneJhydrazine

1-[4~(2-fluoro-4-butyl )phenylbenzylidene]-2-{4-(5-
hexenyl )benzylidene lhydrazine

1-{4-(2-fluoro-4-pentyl )phenylbenzyl idene}-2-(4~(5-
hexenyl )benzylidenelhydrazine

1-[4-(2-fluoro-4-hexyl )phenylbenzylidene]-2-[4~(5-
hexenyl Ybenzylidene Jhydrazine

1-[4-(2-fluoro-4-heptyl )phenylbenzylidene ]-2-[4-(5-
hexenyl )benzylidene Jhydrazine

1-[4-(2-fluoro-4-methyl }phenylbenzylidene ]-2-{4-(6-
heptenyl }benzylidene Jhydrazine

1-[4-{2~fluoro-4-ethyl )phenylbenzylidene]-2-[4-(6-
heptenyl )benzylideneJhydrazine

1-{4~(2-fluoro-4-propyl Jphenylbenzyl idene]~2-[4-(6-
heptenyl Jbenzylidene Jhydrazine

1-[4-(2-fluoro-4-butyl )phenylbenzyl idene}-2-[4-(6-
heptenyl )benzylidene Jhydrazine ‘

1-[4-{2-fluora-4-pentyl }phenylbenzyl idene]-2-[4-(6-
heptenyl Ybenzylidene Jhydrazine
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1-[4~(2-fluoro-4-hexyl )phenylbenzyl idene]-2-[4-(6-
heptenyl Jbenzylidene hydrazine
1~[4-(2-f1uoro—4—heptyl)ﬁhenylbenzylidene]-z-[4~(6-
heptenyl )benzylidene Jhydrazine
1-(4-(2-fluoro-4-methyl )phenylbenzylidene]-2-(4-fluoro)benzyl idenehydrazine
1-[4-(2-fluoro-4-ethyl Jphenylbenzyl idene}-2-(4-fluoro)benzylidenehydrazine
1-[4-(2-fluoro-4-propy! )phenylbenzylidene]-2-(4-fluoro)benzyl idenehydrazine
1-[4-(2-fluoro-4-butyl )phenylbenzylidene]-2-(4-fluorc)benzylidenehydrazine
1-[4-(2-fluoro-4-pentyl )phenylbenzylidene]-2-(4~fluorc)benzylidenehydrazine
1-[4~(2-fluoro-4-hexyl )phenylbenzyl idene]-2-(4-fluoro)benzylidenehydrazine
1-[4-(2-fluoro-4-heptyl )phenylbenzylidene]-2-(4~fluoro)benzylidenchydrazine
1-{4-(2-fluoro-4-methyl )phenylbenzylidene]-2-(3, 4~
difluoro)benzylidenehydrazine
1-{4-(2-fluoro-4-ethyl )phenylbenzylidene]-2-(3,4-difluoro)benzylidenehydrazine
1-{4~-(2-fluoro-4-propyl Jphenylbenzylidene}-2-(3,4~
difluoro)benzylidenehydrazine
1-[4~(2~fluoro-4-butyl )phenylbenzyl idene}-2-(3,4-difluoro)benzyl idenehydrazine
1-[4~(2-fluoro-4-pentyl )phenylbenzyl idene]-2-(3,4~
difluoro)benzylidenehydrazine
1-[4~(2-fluoro-4-hexyl )phenylbenzylidene]-2-(3,4~difluoro)benzylidenehydrazine
1-[4-(2-fluoro-4-heptyl Jphenylbenzylidene]-2-(3, 4-
difluoro)benzylidenehydrazine '
1-[4-(4-methylphenyl )-3-fluorobenzylidene]-2-(4-methyl Ybenzylidenehydrazine

1-[4-{4-methylphenyl)-3-fluorcbenzylidene]-2-(4-ethy! )benzylidenehydrazine
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1-{4-(4-methylphenyl )-3-fluorcbenzylidene]-2-(4-propyl Jbenzylidenehydrazine
1-{4~(4-uethylphenyl )-3-fluorobenzyl idene]-2-(4-butyl Jbenzylidenehydrazine
1-{4-(4-methylphenyl )-3-fluorobenzylidene}-2-(4-pentyl )benzylidenehydrazine
1-{4-(4-methylphenyl )-3-fluorobenzylidene}-2-(4-hexyl )benzylidenehydrazine
1-{4~(4-methylphenyl )-3-fluorobenzyl idene]-2-(4-heptyl )benzyl idenehydrazine
1-{4~(4-methylphenyl)-3-fluorobenzylidene]-2-{4-(3-
butenyl ) Jbenzylidenehydrazine
1-[4-(4-methylphenyl }~3-fluorobenzylidene]-2-[4-(4-
pentenyl ) Jbenzylidenehydrazine
1~[4-(4-methylpheny! )-3-fluorcbenzylidene]~2-[4-(5~
hexenyl)Jbenzylidenehydrazine
1-[4-(4-methylphenyl }-3-fluorobenzyl idene]-2-[4~(6-
heptenyl ) ]benzylidenehydrazine
1-{4-(4-ethylphenyl )-3-fluorobenzylidene}-2-(4-nethyl )benzylidenehydrazine
1-[4-(4-ethylphenyl )-3-fluorobenzylidene]~2-(4~ethyl Jbenzylidenehydrazine
1-[4-(4-ethylphenyl }-3-fluorobenzylidene]-2-(4-propyl )benzyl idenehydrazine
1-{4-(4-ethylphenyl }-3-fluorobenzyl idene]-2-(4-butyl Jbenzylidenehydrazine
1~[4-(4-ethylphenyl )-3-fluorobenzyl idene ]-2-(4-pentyl Ybenzylidenehydrazine
1-[4-(4-ethylphenyl )-3-fluorobenzyl idene]-2-(4-hexyl )benzylidenehydrazine
1-[4-(4~ethylphenyl )-3~fluorobenzyl idene]-2-(4-heptyl )benzyl idenehydrazine
1-[4-(4-ethylphenyl )-3-fluorobenzylidene]-2-{4~(3-
butenyl) Jbenzylidenehydrazine '

1-(4-(4-ethyl phenyl )-3-fluorobenzylidene}-2-[4-(4-

penteny!))benzylidenehydrazine O
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1-[4-(4-ethylphenyl }-3-fluorobenzylidene]-2-[4-(5-
hexenyl ) Jbenzylidenehydrazine
1-[4-(4-ethylphenyl )-3-fluorobenzylidene]-2-[4-(6~
heptenyl ) Ibenzylidenehydrazine
1~[4~(4~propylphenyl }-3-fluorchenzylidene}-2-(4-methyl )benzylidenehydrazine
1-{4~(4~propylphenyl }-3-fluorobenzylidene}-2-(4-ethyl )benzyl idenehydrazine
1~[4-(4~propylphenyl )-3~fluorobenzylidene]-2-(4~propyl )benzylidenehydrazine
1-[4-{(4-propylphenyl)~3~fluorobenzylidene]-2-(4-butyl )benzyl idenehydrazine
1-[4-{4-propylphenyl }-3-fluorobenzylidene]-2-{4-pentyl Jbenzyl idenehydrazine
1-[4-(4-propylphenyl)-3~fluorobenzylidene]-2-(4-hexyl )benzylidenehydrazine
1-[4-(4-propylphenyl )-3-fluorobenzylidene]-2-(4-heptyl }benzyl idenehydrazine
1-[4-(4-propylphenyl )-3-fluorobenzylidene]-2-[4-(3-
butenyl) lbenzyl idenehydrazine
1-[4—(4—propy1pheny1)-3-f1uorobenzylidene]~2—[4—(4;
pentenyl ) Jbenzylidenehydrazine
1-[4-(4~propylphenyl )-3-fluorobenzylidene]-2-[4~(5-
hexenyl ) ]benzyl idenehydrazine
{-{4-{4-propylphenyl }-3-fluorobenzylidene]-2-[4-(6-
heptenyl ) Jbenzylidenehydrazine
1-[4-(4-butylphenyl )-3-fluorobenzylidene]-2-(4-methyl )benzyl idenehydrazine
1-[4-(4-butylphenyl )-3-fluorobenzylidene]~2-(4-ethyl )benzyl idenehydrazine
1-[4—(4—buty1pheny1)-3-f1uorobenzylidene]-z—(4—propyl)benzylidenehydrazine
1—[4~(4-butylpheny1)-3-fluorobenzy1idene]-z-(4-butyi)benzylidenehydrazine

1-[4-{4-butylphenyl }-3-fluorobenzylidene]-2-(4-pentyl )benzyl idenehydrazine
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1-{4-(4-butylpbenyl )-3-fluorobenzylidene]~2-(4-hexyl )benzyl idenehydrazine
1-[4~(4-butylphenyl )-3-fluorobenzylidene]-2-(4-heptyl )benzylidenehydrazine
1-[4~(4-butylphenyl }-3~f luorobenzylidene]-2-[4-(3-

buteny!) Jbenzylidenehydrazine
1-[4-(4-butylphenyl)-3-fluorobenzylidene]-2-[4-(4~

pentenyl) Jbenzylidenehydrazine
1-[4-(4-butylphenyl )-3-fluorobenzylidene ]-2-{4~(5-

hexenyl ) Jbenzylidenehydrazine
1-[4-(4-butylphenyl )-3~fluorobenzyl idene]-2-[4~(6-

heptenyl ) Ibenzyl idenehydrazine
1-[4-(4-pentylphenyl }-3-fluorcbenzylidene]-2-(4-methyl )benzylidenehydrazine
1-[4~(4-pentylphenyl)-3-fluorobenzylidene]-2-(4-ethyl Jbenzylidenehydrazine
1*[4-(4~penty1phgny1)-3-f1uorobenzy1idene]~2’(4~propyl)benzylidenehydrazine

- 1-[4~(4-pentylphenyl )-3-fluorobenzyl idene]-2-(4-butyl )benzylidenehydrazine
1-[4-(4-pentylphenyl )-3-fluorcbenzyl idene]-2-(4-pentyl Ybenzylidenehydrazine
1-[4-(4-pentylphenyl }-3-fluorobenzylidene]-2-(4-hexyl Jbenzyl idenehydrazine
1-[4—(4—pentylpheny1)-3-quorohenzyIidene]-z—(4—hepty1)henzylidenehydrazine
1-{4~(4-pentylphenyl }-3-fluorobenzyl idene]-2-[4-(3-

butenyl ) Jbenzylidenehydrazine
1-[4~(4-pentylphenyl )-3-fluorobenzyl idene]-2-[4-(4-

‘penteny})]benzyl idenehydrazine
1—{4—(4—penty1pheny1)—3-f1uorobenzylidene]—i—[4—(5—

hexenyl ) Jbenzylidenehydrazine

1-[4-(4-pentylphenyl }-3~fluorobenzylidene]-2-[4-(6-
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hepteny! ) Jbenzylidenehydrazine
1-{4-(4-hexylphenyl )-3-fluorobenzylidene}-2-(4-methyl Ybenzylidenehydrazine
1-[4-(4-hexylphenyl )-3-fluorobenzylidene]-2-(4-ethyl Ybenzylidenehydrazine
1-[4-{4-hexylpheny! }-3-fluorobenzyl idene]-2-(4-propyl )benzylidenehydrazine
1-[4-(4-hexylphenyl )-3-fluorobenzylidene]-2-(4-butyl )benzylidenehydrazine
1—[4—(4—hexy1pheny1)-3—f1uorobenzy1idene]—z-(4-penty1)benzylidenehydrazine
1-[4~-(4-hexylphenyl }-3-fluorobenzylidene]-2-(4-hexyl )benzylidenehydrazine
1-[4-(4-hexylphenyl }-3-fluorobenzyl idene]-2-(4-heptyl )benzyl idenehydrazine
1-{4-(4-hexylpheny] )-3-fluorcbenzyl idene]-2-[4~(3-

butenyl ) Jbenzylidenehydrazine
1-[4~(4-hexylphenyl }-3-fluorobenzylidene}-2-[4-(4-

pentenyl ) Jhenzylidenehydrazine
1-[4-(4-hexylphenyl }-3-f1luorobenzylidene ]-2-[4-(5-

hexenyl ) Jbenzyl idenehydrazine
1~[4~-(4-hexylphenyl )-3-fluorobenzylidene]-2-[4-(6-

heptenyl ) Jbenzylidenehydrazine
1-{4~(4-heptylphenyl }-3-fluorobenzyl idene]-2-(4-methyl Ybenzylidenehydrazine
1-[4-(4-beptylphenyl })-3-fluorobenzylidene}-2-(4-ethyl Ybenzyl idenehydrazine
1-[4-(4-heptylphenyl )-3-fluorobenzyl idene]~2-(4-propyl )benzylidenchydrazine
1-[4~{4-heptylphenyl )-3-fluorobenzylidene]~2-(4-butyl )benzylidenehydrazine
1-[4-(4-heptylpheny! )-3-fluorobenzylidene]-2-(4-pentyl )benzylidenehydrazine
1—[4—(4-hepty1phenyl)-3-f1uorobenzy1idene]—z;(4—hexy1)benzylidenehydrazine
1-[4-{4-heptylphenyl)-3-fluorcbenzylidene]-2-(4~heptyl )benzyl idenehydrazine

1-[4-(4-heptylphenyl)-3-fluorobenzylidene}-2-[4-(3- T
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buteny!)]benzylidenchydrazine

1-[4-(4-heptyipheny1)-3—f1uorobenzy1idene]—z-[4-(4-
pentenyl ) ]benzylidenehydrazine

1-[4-(4-heptylphenyl )-3-fluorobenzylidene]-2-[4-(5-
hexenyl) Jbenzylidenehydrazine

1-{4-(4-heptylphenyl )-3-fluorobenzylidene]-2-[4-(6-

heptenyl) Jbenzylidenehydrazine
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(Example 14) Preparation of liquid crystal composition (6)
A liquid crystal composition (M-12) consisting of 80%

of the host liquid crystal (H) and 20% of Compound No. 12:

N—N

was prepared. The liquid crystal composition (M-12)
exhibited an upper nematic phase temperature limit (Ty.;) of
157.2°C, which is a drastic increase from that of the host
liquid crystal (H). The liquid crystal composition was then
allowed to stand at a temperature of 0°C for 24 hours. As a
result, no crystallization was observed. This liquid crystal
composition was allowed to stand at a temperature of -78°C
for a prolonged period of time so that it was solidified.
While being heated, this liquid crystal composition was
measured for temperature at which it again turns to uniform
nematic phase (T.,). The results were as low as -8°C. This
demonstrates that the incorporation of Compound No. 12 as an
n-type azine derivative in the host liquid crystal in an
amount of 20% by weight provides extension of nematic phase
temperature range by as great as 59.5°C.

A 4.5 um thick liquid crystal device was then
prepared from this composition in the same manner as
mentioned above. The liquid crystal device thus prepared was
then measured for switching time. The results were 16.0

msec., which-demonstrates that the response is very fast.
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The liquid crystal device was then measured for threshold

voltage (Vth). The results were 1.88 V. The liquid crystal

device exhibited a birefringence index (An) as great as

0.131.

(Example 15) Preparation of liguid crystal composition (7)
A liquid crystal composition (M-15) consisting of 80%

of the host liquid crystal (H) and the same amount (20% by

weight) of Compound No. 15 as an azine derivative:

O, O

was prepared. The liquid crystal composition (M-15)

exhibited an upper nematic phase temperature limit (Ty.,) of
144.1°C, which is an increase of about 30°C from that of the
host liquid crystal (H) (116.7°C). A liquid crystal device
was then prepared from this liguid crystal composition in the
same manner as mentioned above. The liquid crystal device
thus prepared was then measured for switching time. The
results were 17.0 msec., which demonstrates that the device
can ;espond at a higher rate than the host liquid crystal
(H), though slightly inferior to the liquid crystal
composition (M-12), which comprised 20% by weight of Compound
No. 12 as an n-type azine derivative incorporated therein.
Further, the liquid crystal device exhibited a birefringence

index (An) as great as 0.131. The liquid crystal device was

——————
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measured for threshold voltage. The results were 2.42 V,
which is an improvement over that of the liquid crystal
composition (M-12), which comprised 20% by weight of Compound
No. 12 as an n-type azine derivative incorporated therein,
though slightly higher than that of the host liquid crystal
(H). |
(Example 16} Preparation of liquid crystal composition (8)
To 80% of the host liguid crystal (H) was added

Compound No. 13 as an n-type azine derivative:

-

N—N

in the same amount és mentioned above (20% by weight) to
prepare a liquid cxrystal composition (M-13). The liquid
crystal composition (M-13) exhibited an upper nematic phase
. temperature limit (Ty,) of 152.6°C. A liquid crystal device
was prepared from this liquid crystal composition in the same
manner as mentioned above. The liquid crystal device thus
prepared was then measured for switching time. The results
were 17.4 msec. The liquid crystal device also exhibited a
birefringence index (An) of 0.137. The liquid crystal device
was measured for threshold voltage. The results were 2.54 V.
(Example 17) Preparation of liquid crystal composition (9)

A liquid crystal composition (M-14) consisting of 80%

of the host liquid crystal (H) and 20% of Compound No. 14 as

I}
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an n-type azine derivative:

was prepared. The liquid crystal composition (M-14)
exhibited an upper nematic phase temperature limit (Ty.,) of
153.3°C. A liquid crystal device was then prepared from this
liquid crystal composition in the same manner as mentioned
above. The liquid crystal device thus prepared was then
measured for switching time. The results were 16.3 msec.
The liquid crystal device also exhibited a birefringence
index (An) of 0.136. The liquid crystal device was then
measured for threshold voltage. The results were 2.69 V.
(Example 18) Preparation of liquid crystal composition (10)
A liquid crystal composition (M-16) consisting of 80%
by weight of the host liquid crystal (H) and 20% by weight of

Compound No. 16 as a p-type azine derivative:

F

N—N

was prepared. The liquid crystal composition (M-16)
exhibited an upper nematic phase temperature limit (Ty,) of
146.3°C. A liquid crystal device was then prepared from this

liquid crystal composition in the same manner as mentioned
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above. The liquid crystal device thus prepared was then
measured for switching time. The results were 21.0 msec.
The liquid crystal device also exhibited a birefringence
index (An) of 0.128. The liquid crystal device was then
measured for threshold voltage. The results were 2.07 V.

The nematic liguid crystal composition of the present
invention will be further described in the following
examples, but the present invention should not be construed
as being limited thereto. The term "%" as used for
composition is meant to indicate "% by weight”.

For the evaluation of the chemical stabil;ty of the
composition, 2 g of the liquid crystal composition was
charged in an ampoule. The air in the ampoule was then
replaced by nitrogen. The ampoule was then sealed. The
specimen was then subjected to heat acceleration test at a
temperature of 150°C for 1 hour. The liquid crystal
composition was then measured for specific resistivity. The
properties measured in the examples were as follows:

Ty-12 Nematic phase-isotropic liquid phase

transition temperature (°C)

Ty Solid phase or smectic phase-nematic phase

transition temperature (°C)

Vet Threshold voltage (V) in the form of TN-LCD

having a cell thickness of 6 um

Y Sharpness

Ae: Dielectric anisotropy

A 11



n: Viscosity (c.p.) at 20°C
(Example 19)

A nematic liguid crystal composition (2-1) consisting

of the following components:

CsHr_)CH=N-N=CH—~_)—CsH; 2%
CsHr{_)~CH=N-N=C 2Hs 208
CsHr<_)-CH=N-N=CH— )—CH3 .
Catiar_)—)-CN

was prepared. The liquid crystal composition was measured

20%

for various properties. The results were as follows:
TN-I: 93.6°C
T-y: -1.0°C

Vth: 2.59 v

y: 1.15
As: 4.9
An: 0.281

This nematic liguid crystal composition was used to
prepare TN-LCD having a cell thickness d of 1.8 um. TN-LCD
thus prepared was then measured for display properties. As a

result, a liquid crystal display system which exhibits a
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threshold voltage of 2.28 V and a switching time of 1.1 msec.
was obtained.

The foregoing nematic liquid crystal composition was
also measured for wavelength dispersion of birefringence
index. As a result, the ratio of birefringence index at a
wavelength of 400 nm to that at a wavelength of 650 nm was
not less than 1.15. Since this liquid crystal material
exhibits a greater phase difference with different light
wavelength, it is understood that this 1iquid crystal
material is useful for a novel reflective type color liquid
crystal display system utilizing birefringence of liquid
crystal and retardation film which performs color display
without any color filter layer.

To this nematic liquid crystal composition was then
added a chiral substance "S-811" (available from Merck Co.,
Ltd.) to prepare a mixed liquid crystal. Separately, an
organic film of “Sunever 610" (available from Nissan Chemical
Industries, Ltd.) provided on opposing flat transparent
electrodes was rubbed to form an alignment film. Thus, an
STN-LCD display cell having a twist angle of 220° was
prepared. The foregoing mixed liquid crystal was poured into
the cell to prepare a liquid crystal display system which was
then measured for display properties. As a result, a liguid
crystal display system which exhibits excellent STN-LCD
display properties, i.e., high multiplexing properties and

improved fast response was obtained. The addition of the

e
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chiral substance was effected in such a manner that the
inherent helical pitch P of the mixed liquid crystal and the
cell thickness d of the display cell satisfy the following
relationships: |

An.d = 0.85

d/P = 0.53
(Example 20)

A nematic liquid crystal composition (2-2) consisting

of the following components:

This Sheet Has Been Relil,
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20% by weight

13.6% by weight

13.2% by weight'
C5H1rC>—@'“CN
o, S‘O—@‘CN ’ | 13.2% by weight
CgHrO—COO —@-—QCZHS 6.8% by weight
C4H9'—<:>>COO *@“OCsz  6.8% by weight
C5H11—O—COO OOCH? 6.8% by weight

6.8% by weight
6.4% by weight

6.4% by weight

e il



was prepared. The liquid crystal composition was measured
for various properties. The results were as follows:

Ty.1: 67.3°C

T-y: =70°C

Va: 1.85 V

y: 1.12

Ae: 6.6

An: 0.145

7t 24.1 c.p.

Specific resistivity before test: 6.0 x 10! Q.cm

Specific resistivity

after heat acceleration test: 4.3 x 10!! Qe.cm

This nematic liquid crystal composition exhibits y of
1.12, which is the same as the limit of the optical sharpness
of liquid crystal display devices disclosed in "High Speed
Liquid Crystal Technology”, page 63, CMC. Accordingly, it
can be understood that this liquid crystal composition is
useful for high multiplex driving.

Since this nematic liquid crystal composition
exhibits a high specific resistivity after heat acceleration
test, it can be understood that this nematic liquid cxrystal
composition is high stability to heat. A new nematic liquid
crystal composition comprising this composition as an
essential constituent material was prepared. This nematic
liquid crystal composition was then used to prepare a twisted

nematic and super twisted nematic liquid crystal display

- 169 - .
This Sheet Has Been

LTI



systems. These nematic liquid crystal display systems were
confirmed to be excellent liquid crystal display systems
which show no flickering.

The foregoing nematic liquid crystal composition (2-
2) comprises an azine compound incorporated in the following
host liquid crystal (b-1). The host liquid crystal (b-1) was
then measured for various properties. The results were as

follows:
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Host liquid crystal (b-1)
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17.0% by weight
16.5% by weight
16.5% by weight
8.5% by weight
8.5% by weight
8.5% by weight
8.5% by weight
8.0% by weight

8.0% by weight
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Ty.;t 54.5°C

T-y: -40°C

Vet 1.60 V

y: 1.13

Ae: 6.7

An: 0.092

n: 21.0 c.p.

The comparison of the foregoing liquid crystal
compositions in properties shows that the liquid crystal
composition of the present invention exhibits a larger
birefringence index, a broader nematic phase temperature
range and a smaller ratio y of saturated voltage to threshold
voltage and thus gives better results. However, the
foregoing azine compound exhibited a higher viscosity and
thus showed a tendency to increase the viscosity of the host
liguid crystal (b-1).

Despite the foregoing viscosity properties, a
surprising fact was found. In other words, the liquid
crystal composition (2-2) of the present invention and the
host liquid crystal (b-1) were measured for response time.
The comparison of the response time of these liquid crystals
shows that the host liquid crystal composition (b-1) exhibits
a switching time of 39.2 msec. while the liquid crystal
composition (2-2) exhibits a switching time of 35.6 msec. and
gives better results.

It can be seen in the fact that despite its high

e i



viscosity the foregoing azine compound exerts an effect of
shortening the switching time. This effect gives an
expectation that physical properties such as elastic constant
and rotational viscosity of the azine compound have a
specific tendency.
(Example 21)

A nematic liquid crystal composition (2-3) consisting

of the following components:
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Nematic liquid crystal composition (2-3)

CsHr—_)~CH=N-N=CH—~_)~CH3 )
csr<_p-Cu=N-N=CHL pF
s~ O~ O-cst o
O~ 108
O~ O~0ems .
OO

Cattr<_)—_)-o=c~)-Cats
ca{ )~ )roc~ o ™

8%

10%
~O=Oow
WaGa - 108
C5H1N | a3
‘C4Hig{_)—C00 ~®F—CN .
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was prepared. The liquid crystal composition was measured
for various properties. The results were as follows:

Ty.1t 96.1°C

T-ys =70.0°C

Vent 1.89 V

y: 1.15

Ae: 8.9

An: 0.171

To this nematic liquid crystal composition was then
added a chiral substance "S-811" (available from Merck Co.,
Ltd.) to prepare a mixed liquid crystal. Separately, an
organic film of “"Sunever 610" (available from Nissan Chemical
Industries, Ltd.) provided on opposing flat transparent
electrodes was rubbed to form an alignment film. Thus, an
STN-LCD display cell having a twist angle of 220° was
prepared. The foregoing mixed liquid crystal was poured into
the cell to prepare a liquid crystal display system which was
then measured for display properties. As a result, a liquid
crystal display system which exhibits excellent STN-LCD
display properties, i.e., high multiplexing properties and
improved fast response was obtained. The addition of the
chiral substance was effected in such a manner that the
inherent helical pitch P of the mixed liquid crystal and the
cell thickness d of the display cell satisfy the following
relationships:

An.d = 0.85
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d/p = 0.53
(Example 22)
A nematic liquid crystal composition (2-4) consisting

of the following components:

Nematic liguid crystal composition (2-4

C3H7—©—CH=N—N=CH‘®—CH3 20% by weight

O~ o oy i

K

was prepared. The liquid crystal composition was measured
for various properties. The results were as follows:
Ty.1t 115.6°C
T-y: =8.0°C
Vet 2.70 V
y: 1.13
Ag: 3.9
An: 0.143
a: 23.1 c.p.
Specific resistivity before test: 6.0 x 10! Q.cm
Specific resistivity
after heat acceleration test: 6.3 x 10! Q.cm

Voltage holding ratio before test: 98.4%

"

e
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Voltage holding ratio

after heat acceleration test: 98.0%

This nematic liquid crystal composition exhibits ¥y
close to the limit (1.12) of the optical sharpness of liquid
crystal display devices disclosed in "High Speed Liquid
Crystal Technology", page 63, CMC. Accordingly, it can be
understood that this liquid crystal composition is useful for
high multiplex driving.

Since this nematic liquid crystal composition
exhibits a high specific resistivity and a high voltage
holding ratio after heat acceleration test, it can be
understood that this nematic liquid crystal composition is
higher stability to heat. A new nematic liguid crystal
composition comprising this composition as an essential
constituent material was prepared. This nematic liquid
crystai composition was then used to prepare an active matrix
liquid crystal display system. The liquid crystal display
system was confirmed to be an excellent liquid crystal
display system which show little current leakage and no
flickering. Similarly, another nematic liquid crystal
composition of the present invention comprising this
composition as an essential constituent material was
prepared.

The foregoing nematic liquid crystal composition (2-
4) comprises an az;ne compound incorporated in the following

host liquid crystal (H):

T




Host liguid crysta H

OO0+ .
/

50% by weight

\

The host liquid crystal (H) was then measured foxr
various properties. The results were as follows:

Ty.1: 116.7°C

T-y: +11.0°C

Veps 2.14 ¥V

y: 1.23

Ae: 4.8

An: 0.090

n: 19.8 c.p.

The comparison of the foregoing liquid crystal
compositions in properties shows that the liquid crystal
composition of the present invention exhibits a larger
birefringence index, a broader nematic phase temperature
range and a smaller sharpness and thus gives better results.
However, the foregoing azine compound exhibited a higher
viscosity and thus showed a tendency to increase the
viscosity of the host liquid crystal (H).

Despite the foregoing viscosity properties, a

LT




surprising fact was found. In other words, the liquid
crystal composition (2-4) of the present invention and the
host liquid crystal (H) were measured for response. The
comparison of the response of these liquid crystals shows
that the host liquid crystai composition (H) exhibits a
switching time of 25.3 msec. while the liguid crystal
composition (2-4) exhibits a switching time of 21.3 msec. and
gives better results. It can be seen in the fact that
despite its higher viscosity the foregoing azine compound
exerts an effect of shortening the switching time. This
effect gives an expectation that physical properties such as
elastic constant and rotational viscosity of the azine
compound have a specific tendency.
(Example 23)

A nematic liquid crystal composition (2-5) consisting

of the following components:
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Nematic liguid crvstal composition (2-

C3HEC‘©"C2H5

CHj

CSHi—Q‘CH—‘-N—N—CH—@-CZHS

8% by weight
8% by weight
10% by weight
10% by weight .
9% by weight
9% by ﬁeight
8% by weight
8% by weight
10% by weight
10% by weight
4% by weight

6% by weight
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was prepared. The liquid crystal composition was measured
for various properties. The results were as follows:

Tya: 100.1°C

T-y: -=70.0°C

Ver: 2.01 V

y: 1.15

Ae: 8.6

An: 0.173

To this nematic liquid crystal composition was then
added a chiral substance "S-811" (available from Merck Co.,
1td.) to prepare a mixed liguid crystal. Separately, an
organic film of “Sunever 610" (available from Nissan Chemical
Industries, Ltd.) provided on opposing flat transparent
electrodes was rubbed to form an alignment film. Thus, an
STN-LCD display cell having a twist angle of 220° was
prepared. The foregoing mixed liquid crystal was poured into
the cell to prepare a liquid crystal display system which was
then measured for display properties. As a result, a liquid
crystal display system which exhibits excellent STN-LCD
display properties, i.e., high multiplexing properties and
improved fast response was obtained. The addition of the
chiral substance was effected in such a manner that the
inherent helical pitch P of the mixed liquid crystal and the
cell thickness d of the display cell satisfy the following
relationships:

An<d = 0.85

"l




d/Pp = 0.53
(Example 24)
A nematic liquid crystal composition (2-6) consisting

of the following components:

Nematic liguid cryvstal composition (2-6

20% by weight
H=N-N=CH

H_.N_N-—C —@—c 20% by weight
H=N-N= CHO_C 20% by weight

CaHl T‘O—@‘CE’C 15% by weight
CsH “=‘C 15% by weight

CaH O O =C 10% by weight

CsH

CsH

%?59

CoH

<19

was prepared. This liquid crystal composition exhibits a
larger birefringence index, a broader nematic phase
temperature range, a smaller ratio y of saturated voltage to
threshold voltage and a fast response and thus gives better
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results.

The light-scattering type liquid crystal display
device comprising this liquid crystal composition will be
further described hereinafter, but the present invention
should not be construed as being limited thereto.

The liquid crystal composition (2-6) as a liquid
crystal material, a polymer-forming compound "HX-220*
{available from Nippon Kayaku Co., Ltd.), lauryl acrylate,
and 2-hydroxy-2-methyl-l-phenylpropane-~l-one were mixed in a
proportion of 80%, 13.86%, 5.94% and 0.2%, respectively, to
prepare a uniform solution of light-control layer-forming
material. The light-control layer-forming material was then
vacuum-injected into a 50 x 50 mm vacant cell, prepared from
a pair of ITO electrode glass substrates having spacers with
an average particle diameter of 10 um, interposed
therebetween at a temperature of more than 10°C higher than
the transition temperature of the uniform solution. While
being kept at a temperature of more than 3°C higher than the
transition temperature of the uniform solution, the cell was
passed under a metal halide lamp (80 W/cm?) at a rate of 3.5
m/min. In this manner, the cell was irradiated with
ultraviolet rays having an energy of 500 mJ/cm? so that the
polymer-forming compound was cured to obtain a liquid crystal
device having a light-control layer comprising a liquid
crystal material and a transparent solid substance. A

section of the cured material formed between the substrates
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in the liquid crystal device was observed under a scanning
electron microscope. As a result, a transparent solid
substance having a three-dimensional network structure formed
by a polymer was recognized.

The light-scattering type liquid crystal display
device thus obtained exhibited a wide operating temperature
range, a response favorable for animation, a high contrast
and a uniform display as compared with the conventional
light-scattering type liquid crystal display devices. Thus,
the light-scattering type liguid crystal display device thus
obtained is useful for decorative display plate such as
advertising display, display system such as watch, and
projection display system.

(Example 29)
A nematic liquid crystal composition (2-10)

consisting of the following components:

Nematic liquid crystal composition (2-10)

CHr@’CI—FN—N:CH_@“\_/ 20% by weight
F

F

was prepared. The liquid crystal composition was measured

W



for various properties. The results were as follows:

Ty;¢ 118.1°C

T-ys =12.0°C

Vent 2.77 V

y: 1.13

Ag: 4.0

An: 0.144

n: 21.4 c.p.

Specific resistivity before test: 6.1 x 10" Q-cm

Specific resistivity

after heat acceleration test: 5.2 x 10! Q.cm

Voltage holding ratio before test: 98.4%

Voltage holding ratio‘

after heat acceleration test: 97.9%

This nematic liguid crystal composition exhibits vy
close to the limit (1.12) of the optical sharpness of liquid
crystal display devices disclosed in "High Speed Liquid
Crystal Technology", page 63, CMC. Accordingly, it can be
understood that this liquid crystal composition is useful for
high multiplexing driving.

.Since this nematic liquid crystal composition
exhibits a high specific resistivity and a high voltage
holding ratio after heat acceleration test, it can be
understood that this nematic liquid crystal composition is
high stability to heat. A new nematic liquid crystal

composition comprising this composition as an essential
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constituent material was prepared. This nematic liquid
crystal composition was then used to prepare an active matrix
liquid crystal display system. The liguid crystal display
system was confirmed to be an excellent liquid crystal
display system which show little current leakage and no
flickering. Similarly, another nematic liquid crystal
composition of the present invention comprising this
composition as an essential constituent material was
prepared. This nematic ligquid crystal composition was then
used to prepare a twisted nematic and super twisted nematic
liquid crystal display systems. These nematic liquid crystal
display systems were confirmed to be excellent liquid crystal
display systems which show no flickering.

The foregoing nematic liquid crystal composition (2-
11) comprises an azine compound incorporated in the following
host liquid crystal (H).

The comparison of the foregoing liquid crystal
compositions in properties shows that the liquid crystal
composition of the present inventibn exhibits a greater
birefringence index, a broader nematic phase temperature
range and a smaller sharpness y and thus gives better
results.

(Example 30)
A nematic liquid crystal composition (2~11)

consisting of the following components:

T




Nematic liquid crystal composition (2-11)

Csz_@— CH=N—N=CH~@—M 16% by weight
/—<:>—_—<—_—>—CSH11 10% by weight
\J_O_O_C3H7 10% by weight
~ OO~ on: N

\t_4/——<C::>—_<C::>——<C::>_%:}{3 9% by weight
— >—< >—( 3%—< >—C H
CZBP{7 ams 8% by weight

10% by weight

10% by weight

4% by weight
6% by weight
CH3063H6@~O-CV
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was prepared. The liquid crystal composition was measured
for various properties. The results were as follows:

Ty.p¢ 101.1°C

T-y: =70.0°C

Vet 2.19 V

Ae: 7.8

An: 0.172

To this nematic liquid crystal composition was then
added a chiral substance "“S-811" (available from Merck Co.,
Ltd.) to prepare a mixed liquid crystal. Separately, an
organic film of "Sunever 610" (available from Nissan Chemical
Industries, Ltd.) provided on opposing flat transparent
electrodes was rubbed to form an alignment film. Thus, an
STN-LCD display cell having a twist angle of 240° was
prepared. The foregoing mixed liquid crystal was poured into
the cell to prepare a liquid crystal display system which was
then measured for display properties. As a result, a liguid
crystal display system which exhibits excellent STN-LCD
display properties, i.e., high multiplexing properties and
improved fast response was obtained. The addition of the
chiral substance was effected in such a manner that the
inherent helical pitch P of the mixed liquid crystal and the
cell thickness d of the display cell satisfy the following
relationships:

An-d = 0.85

d/P = 0.53
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STN-LCD display properties at twist angle of 240°
Ven s 2.40 V

y: 1.024

Response (tr = td): 15.6 msec. (static driving)
(Example 31)

A nematic ligquid crystal composition (2-12)

consisting of the following components:
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CoHs<_)\, < )C
NN oHs 3% by weight
NN 2Hs 6% by weight
CsHr{_)), )
NN sH7 3% by weight
\ ~\
}¢T6 / 12% by weight

CH30C —<:j>ﬁ<:§i
3H CN 7% by weight
/ CN
12% by weight
—/r<:>H<:>PCN
10% by weight
CaHr{ )<y
/ 19% by weight
4 < > < >—< —CHs
4% by weight
\ / <~ = >
CHs 13%
by weigh
CsH—~ ) > <:> O\_/'— o
/ 4% by weight

C3H
3 7@-(:0@—@- —@—(}[3 7% by weight
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was prepared. The liquid crystal composition was measured
for various properties. The results were as follows:

Typ: 101.7°C

T-y: =~30.0°C

V! 2.16 V

Ae: 5.7

An: 0.167

To this nematic liquid crystal composition was then
added a chiral substance "S-811" (available from Merck Co.,
Ltd.) to prepare a mixed liquid crystal. Separately, an
organic film of *Sunever 610" (available from Nissan Chemical
Industries, Ltd.) provided on opposing flat transparent
electrodes was rubbed to form an alignment f£ilm. Thus, an
STN-LCD display cell having a twist angle of 240° was
‘prepared. The foregoing mixed liquid crystal was poured into
the cell to prepare a liquid crystal display system which was
then measured forldisplay properties. As a result, a liquid
crystal display system which exhibits excellent STN-LCD
display properties, i.e., high multiplexing properties and
improved fast response was obtained. The addition of the
chiral substance was effected in such a manner that the
inherent helical pitch P of the mixed liquid crystal and the
cell thickness d of the display cell satisfy the following
relationships:

An.d = 0.85

d/P = 0.51

- - heet Has Been Replaced

TR



STN-LCD display properties at twist angle of 240°
Vth= 2046 V

y: 1.024

Response (tr = 1td): 19.0 msec. (static driving)
(Example 32)

A nematic liquid crystal composition (2-13)

consisting of the following components:

This Sheet Has Been Relilaced
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Nematic liquid crvstal composition (2-1

CZHS_Q—\I\H \f 2Hs 6% by weight
Cng@_—\}\H\f C2Hs 3% by weight
63H7—©—\} \H\f/—QC?’H? 6% by weight
CQHQ;\’_@_\\ W@\J 3% by weight
CBH?@__\T\H\{_Q_\“/ . 3% by weight
W W O N

F
CH30C3H5‘<:>_©‘CN 7% by weight
/—O_Q_CN ' 12% by w;ight
_//—O—Q CN 10% by weight
C3H7O—O_\J 18% by weight
CSHII—O_O_\ _ 18% by weight

F

CgHz._ O O CN 7% by weight
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was prepared. The liquid crystal composition was measured
for various properties. The results were as follows:

Ty.:: 83.8°C

T-ys =31.0°C

Vert 1.89 V

vy: 1.14

Ae: 7.0

An: 0.172

To this nematic liquid crystal composition was then
added a chiral substance "S-811" (available from Merck Co.,
Ltd.) to prepare a mixed liquid crystal. Separately, an
organic film of "Sunever 610" (available from Nissan Chemical
Industries, Ltd.) provided on opposing flat transparent
electrodes was rubbed to form an alignment film. Thus, an
STN-LCD display cell having a twist angle of 240° was
prepared. The foregoing mixed liquid crystal was poured into
the cell to prepare a liquid crystal display system which was
then measured for display properties. As a result, a liquid
crystal display system which exhibits excellent STN-LCD
display properties, i.e., high multiplexing properties and
improved fast response was obtained. The addition of the
chiral substance waé effected in such a manner that the
inherent helical pitch P of the mixed liquid crystal and the
cell thickness d of the display cell satisfy the following
relationships:

An.d = 0.85

——
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d/P = 0.51
STN-ICD display properties at twist angle of 240°
Vet 2.26 V
y: 1.034
Response (tr = td): 13.2 msec. (static driving)
55.0 msec. (1/240 duty driving)
(Example 33)
A nematic liguid crystal composition (2-14)

consisting of the following components:
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CZHS—Q—\\N—I\{_@—\_/ 10% by weight
C3H7‘@—\\ N—i\fﬁ@—\-/ 10% by weight
CHs CE —Q’\J/ 15% by weight
CoHs C= —Q—\_// ' 15% by weight
CgHrO—Q—CEC@’CLLHQ 10% by weight

F
C3H7C‘=‘C—@—\_/ 10% by weight

£ 5% by weight
C3H7CEC~®—CN
C4H9‘®‘CEC—©—F

. F
catir<{ )~y )-on

15% by weight

10% by weight
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was prepared. The liguid crystal composition was measured
for various properties. The results were as follows:

Ty.1: 95.4°C

T-ys <-10.0°C

Vet 2.48 V

y: 1.15

As: 4.7

An: 0.290

This nematic liquid crystal composition was used to
prepare TN-LCD having a cell thickness d of 1.7 pum. TN-LCD
thus prepared was then measured for display properties. As a
result, a liquid crystal display system which exhibits a
threshold voltage of 2.20 V and a switching time of 1.2 msec.
was obtained.

The foregoing nematic liquid crystal composition was
also measured for wavelength dispersion of birefringence
index. As a result, the ratio of birefringence index at a
wavelength of 400 nm to that at a wavelength of 650 nm was
not less than 1.15. Since this liquid crystal material
exhibits a greater phase difference with different light
wavelength, it is understood that this liquid crystal
material is useful for a novel reflective type color liquid
crystal display system utilizing birefringence of liquid
crystal and retardation film which performs color display
without any color filter layer.

(Example 34)
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The light-scattering type liquid crystal display
device comprising the nematic liquid crystal composition (2-
14) will be further described hereinafter, but the present
invention should not be construed as being limited to these
examples.

The liquid crystal composition (2-14) as a liquid
crystal material, a polymer-forming compound "HX-220*"
(available from Nippon Kayaku Co., Ltd.), lauryl acrylate,
and 2-hydroxy-2-methyl-l-phenylpropane-l-one were mixed in a
proportion of 80%, 13.86%, 5.94% and 0.2%, respectively, to
prepare a uniform solution of light-control layer-forming
material. The light-control layer-forming material was then
vacuum-injected into a 50 x 50 mm vacant cell, prepared from
a pair of ITO electrode glass substrates having spacers with
an average particle diameter of 10 um, interposed
therebetween at a temperature of more than 10°C higher than
the transition temperature of the uniform solution. While
being kept at a temperature of more than 3°C higher than the
transition temperature of the uniform solution, the cell was
passed under a metal halide lamp (80 W/cm?) at a rate of 3.5
m/min. In this manner, the cell was irradiated with
ultrgviolet rays having an energy of 500 mJ/cm? so that the
polymer-forming compound was cured to obtain a liquid crystal
device having a light-control layer comprising a liquid
crystal material and a transparent solid substance. A

section of the cured material formed between the substrates

———
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in the liquid crystal device was observed under a scanning

electron microscope. As a result, a transparent solid

substance having a three-dimensional network structure formed

by a polymer was recognized.

The light-scattering type liquid crystal display
device thus obtained exhibited a wide operating temperature
range, a response favorable for animation, a high contrast
and a uniform display as compared with the conventional
light-scattering type liquid crystal display devices. Thus,
the light-scattering type liquid crystal display device thus
obtained is useful for decorative display plate such as
advertising display, display system such as watch and
projection display system.

{Example 35)
A nematic liguid crystal composition (2-15)

consisting of the following components:

—
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CsH
CsHy7
CoH

CoH

2993

Nematic liguid c tal composition (2-1

20% by weight
sH7

H=N-N=CH

2}{5 . 20% by weight

H=N-N=CH
oHs 20% by weight

H=N-N=CH

20% by weight

6999

H=N-N=CH

(:5}{1f—*<::j>——<:::>_{zpd 20% by weight

was prepared. The liquid crystal composition was measured

for various properties. The results were as follows:

Ty.12 92.4°C
T-y: -0.0°C
Ve 2.55 ¥V
vz 1.15

Ae: 5.1

An: 0.280

This nematic liquid crystal composition was used to

prepare TN-LCD having a cell thickness d of 1.8 um. TN-LCD

thus prepared was then measured for display properties. As a

result, a liquid crystal display system which exhibits a

threshold voltage of 2.23 V and a switching time of 1.0 msec.
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was obtained.

The foregoing nematic liquid crystal composition was
also measured for wavelength dispersion of birefringence
index. As a result, the ratio of birefringence index at a
wavelength of 400 nm to that at a wavelength of 650 nm was
not less than 1.15. Since this liquid crystal material
exhibits a greater phase difference with different light
wavelength, it is understood that this liquid crystal
material is useful for a novel reflective type color liguid
crystal display system utilizing birefringence of liquid
crystal and retardation film which performs color display
without any color filter layer.

To this nematic liquid crystal composition was then
added a chiral substance "S-811" (available from Merck Co.,
Ltd.) to prepare a mixed liquid crystal. Separately, an
organic film of "“Sunever 610" (available from Nissan Chemical
Industries, Ltd.) provided on opposing flat transparent
electrodes was rubbed to form an alignment film. Thus, an
STN-LCD display cell having a twist angle of 220° was
prepared. The foregoing mixed liquid crystal was poured into
the cell to prepare a liquid crystal display system which was
then measured for display properties. As a result, a liquid
crystal display system which exhibits excellent STN-LCD
display properties, i.e., high multiplexing properties and
improved fast response was obtained. The addition of the

chiral substance was effected in such a manner that the

T —
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inherent helical pitch P of the mixed liquid crystal and the

cell thickness d of the display cell satisfy the following

relationships:
An.d = 0,85
d/P = 0.53

(Example 36)
A nematic liquid crystal composition (2-16)

consisting of the following components:

Nematic liguid crvstal composition (2-16

CsHy (:}{=P¢—P¢=(:}{“—<<:::>*T? 20% by weight

40% by weight

ys

[

\ . \_7/

40% by weight

was prepared. The liquid crystal composition was measured
for various properties. The results were as follows:

Ty.;: 103.9°C

T-y: =0.0°C

Vth= 2:28 V

y: 1.13
Ae: 4.8
An: 0.143
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n: 21.9 c.p.

Specific resistivity before test: 4.7 x 10! Q.cm

Specific resistivity

after heat acceleration test: 3.9 x 10! Q<cm

Voltage holding ratio before test: 98.0%

Voltage holding ratio

after heat acceleration test: 97.2%

This nematic liquid crystal composition exhibits y
close to the limit (1.12) of the optical sharpness of liquid
crystal display devices disclosed in "High Speed Liquid
Crystal Technology®, page 63, CMC. Accordingly, it can be
understood that this liquid crystal composition is useful for
high multiplex driving.

Since this nematic liguid crystal composition
exhibits a high specific resistivity and a high voltage
holding ratio after heat acceleration test, it can be
understood that this nematic liquid crystal composition is
fast to heat. A new nematic ligquid crystal composition
comprising this composition as an essential constituent
material was prepared. This nematic liquid crystal
composition was then used to prepare an active matrix liquid
crystal display system. The liquid crystal display system
was confirmed to be an excellent liquid crystal display
system which show little current leakage and no flickering.
Similarly, another nematic liguid crystal composition of the

present invention comprising this composition as an essential

—_—_—
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constituent material was prepared. This nematic liquid
crystal composition was then used to prepare a twisted
nematic and super twisted nematic liquid crystal display
systems. These nematic liquid crystal display systems were
confirmed to be excellent liguid crystal display systems
which show no flickering.

The foregoing nematic liquid crystal composition (2-
16) comprises an azine compound incorporated in the following
host liquid crystal (H).

The comparison of the foregoing liquid crystal
compositions in properties shows that the liquid crystal
composition of the present invention exhibits a large
birefringence index, a broader nematic phase temperature
range and a smaller sharpness and thus gives better results.
However, the foregoing azine compound exhibited a higher
viscosity and thus showed a tendency to increase the
viscosity of the host liquid crystal (H).

Despite the foregoing viscosity properties, a
surprising fact was found. In other words, the liquid
crystal composition (2-16) of the present invention and the
host liquid crystal (H) were measured for response
characteristics.. The comparison of the response of these
liquid crystals shows that the. host liquid crystal
composition (H) exhibits a switching time of 25.3 msec. while
the liquid crystal composition (2-16) exhibits a switching

time of 18.5 msec. and gives better results. It can be seen
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in the fact that despite its higher viscosity the foregoing
azine compound exerts an effect of shortening the switching
time. This effect gives an expectation that physical
properties such as elastic constant and rotational viscosity
of the azine compound have a specific tendency.
(Example 37)

A nematic liquid crystal composition (2-17)

consisting of the following components:
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CaHs—~_)—CH=N-N= CH—@—F
CaHr<_)~CH=N-N=CH—_)-F

/—O“O‘Can

cw{}—@f
CHgochs—O-O—c
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8% by weight

8% by weight

10% by weight

10% by weight

9% by weight

9% by weight

8% by weight

10% by weight

10% by weight

4% by weight

6% by weight
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was prepared. The liquid crystal composition was measured
for various properties. The results were as follows:

Tyr:  95.3°C

T-y: -70.0°C

Vet 1.88 V

y: 1.15

Ae: 9.0

An: 0.165

To this nematic liguid crystal composition was then
added a chiral substance "S-811" (available from Merck Co.,
Ltd.) to prepare a mixed liquid crystal. Separately, an
organic film of "Sunever 610" (available from Nissan Chemical
Industries, Ltd.) provided on opposing flat transparent
electrodes was rubbed to form an alignment f£ilm. Thus, an
STN-LCD display cell having a twist angle of 220° was
prepared. The foregoing mixed liquid crystal was poured into
the cell to prepare a liquid crystal display system which was
then measured for display properties. As a result, a liquid
crystal display system which exhibits excellent STN-LCD
display properties, i.e., high multiplexing properties and
improved fast response was obtained. The addition of the
chiral substance was effected in such a manner that the
inherent helical pitch P of the mixed liquid crystal and the
cell thickness d of the display cell satisfy the following
relationships:

An-.d = 0.85

———
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d/P = 0.53
(Example 38)
A nematic liquid crystal composition (2-18)

consisting of the following components:

Nematic liquid crystal composition (2-18

C?H?"@"CH N-N= CH‘O—F ' 20% by weight
CaHr~_)~CHAN-N=CH—_)~CaHs

Hs—_)—CH=N-N=CH—_)—CaHs
20% by weight

' F
C3H7-C>—®—CECQF 15% by weight
D F F 15% by weight
CsH7 - EC‘O“F

10% by weight
F -
i< re- Qf -

20% by weight

———
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was prepared. This liquid crystal composition exhibits a
greater birefringence index, a broader nematic phase
temperature range, a smaller sharpness and a fast response
and thus gives better results.

The liquid crystal composition {(2-18) as a liquid
crystal material, a polymer-forming compound *HX-220"
(available from Nippon Kayaku Co., Ltd.), lauryl acrylate,
and 2-hydroxy-2-methyl-l-phenylpropane-l-one were mixed in a
proportion of 80%, 13.86%, 5.94% aﬁd 0.2%, respectively, to
prepare a uniform solution of light-control layer-forming
material. Thé light-control layer-forming material was then
vacuum-injected into a 50 x 50 mm vacant cell, prepared from
a pair of ITO electrode glass substrates having spacers with
an average particle diameter of 10 um, interposed
therebetween at a temperature of more than 10°C higher than
the transition temperature of the uniform solution. While
being kept at a temperature of more than 3°C higher than the
transition temperature of the uniform solution, the cell was
passed under a metal halide lamp (80 W/cm?) at a rate of 3.5
m/min. In this manner, the cell was irradiated with
ultraviolet rays having an energy of 500 mJ/cm? so that the
polymer-forming compound was cured to obtain a liquid crystal
device having a light-control layer comprising a liquid
crystal material and a transparent solid substance. A
section of the cured material formed between the substrates

in the liquid crystal device was observed under a scanning
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electron microscope. As a result, a transparent solid
substance having a three-dimensional network structure formed
by a polymer was recognized.

The light-scattering type liquid crystal display
device thus obtained exhibited a wide operating temperature
range, a response favorable for animation, a high contrast
and a uniform display as compared with the conventional
light-scattering type liquid crystal display devices. Thus,
the light-scattering type liquid crystal display device thus
obtained is useful for decorative display plate such as
advertising display, display system such as watch and
projection display system.

(Example 39)
A nematic liquid crystal composition (2-19)

consisting of the following components:
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CZH : OO—C}—CN 5% by weight
< > <::j 5% by weight
(:3}{6 - 00 N 5% by weight
CeH *.WN 5% by weight
o . 10% by weight
CSHII—Q—Q—CN 10% by weight
N
__Ay-"<:::>—“<z::>‘13PJ 10% by weight
CSHI : =C S 621_15 15% by weight
CSH : = : CZHS 13% by weight
e OaUaWass
csH ) )\
5% by weight
Catr<_ )~ )-CH=N-N=CH—_)F
Catr<_ < )—CH=N-N=CH—{_)~CsHs
’ ] 5: by weight
H=N-N=CH—_ )~CsHj
~ ot

7% by weight

5% by weight

¢

CsH

5% by weight

S g

¢

CBH? H=N-N=CH



was prepared. The liquid crystal composition was measured
for various properties. The results were as follows:

Tyt 90.0°C

T-y: =70.0°C

Vepte 1.99 V

¥y: 1.15

Ae: 8.8

An: 0.191

To this nematic liquid crystal composition was then
added a chiral substance "S-811" (available from Merck Co.,
Ltd.) to prepare a mixed liquid crystal. Separately, an
organic film of "Sunever 610" (available from Nissan Chemical
Industries, Ltd.) provided on opposing flat transparent
electrodes was rubbed to form an alignment film. Thus, an
STN-LCD display cell having a twist angle of 240° was
prepared. The foregoing mixed liquid crystal was poured into
the cell to prepare a liquid crystal display system which was
then measured for display properties. As a result, a liquid
crystal display system which exhibits excellent STN-LCD
display properties, i.e., high multiplexing properties and
improved fast response was obtained. The addition of the
chiral substance was effected in such a manner that the
inherent helical pitch P of the mixed liquid crystal and the
cell thickness d of the display cell satisfy the following
relationships:

An-d = 0.85 [
) raced

R



d/pP = 0.50
STN-LCD display properties at twist angle of 240°
Vent 2.22 V
y: 1.028
Response (txr = td): 15.4 msec. (static driving)

81.0 msec. (1/240 duty driving)

The novel azine liquid crystal compound provided by
the present invention exhibits a broad liquid crystal
temperature range and an excellent solubility that causes
little crystallization, can reduce the threshold voltage and
respond at a high speed and causes no coloring as compared
with known azine derivatives. 1In particular, the novel azine
liquid crystal compound of the present invention can be used
as a component of a practical liguid cxrystal material
requiring a broad operatin§ temperature range and a fast
response.

Further, the preparation process of the present
invention makes it possible to easily and selectively produce
asymmetric azines containing these novel azine compounds.

Moreover, the nematic liquid crystal composition of
the present invention exhibits a great birefringence index
An, a high voltage holding ratio and a high chemical
stability, stays in nematic phase in a broad temperature
range and exerts an excellent effect of improving fast

response and thus can be used in twisted nematic or super
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twisted nematic liquid crystal display systems.

Further, a liquid crystal display device which
utilizes birefringence of liquid crystal layer and
retardation film to make color display can be provided. In
particular, because of its great birefringence'index, the
liquid crystal dyisplay device of the present invention can
comprise a liquid crystal layer héving a reduced thickness
that can improve fast response, making it possible to make
display of a large amount of data. Moreover, a device can be
provided useful for a light-scattering type liquid crystal
displ&& system having a light-control layer comprising a

liquid crystal material and a transparent solid substance.
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WHAT IS CLAIMED IS:
1. A compound, represented by the following general

formula (I):

Z
O ROaWE OO ®

wherein

m and n each independently represent an integer of 0
or 1;

rings A, B, C and D each independently represent 1,4-
phenylene group which maj be substituted by fluorine atom,
trans-1,4-cyclohexylene group, pyrimidine-2,5-diyl group,
pyridine-2,5-diyl group, pyrazine-2,5-diyl group, pyridazine-
3,6-diyl group or trans-1,3-dioxane-2,5-diyl group;

R represents a C,,, alkyl group or alkoxyl group, C,.;
alkenyl group or alkoxylalkyl group or C;.;; alkenyloxy group;
and

Z represents a fluorine atom, chlorine atom, bromine
atom, cyano group, -OCF;, -OCF,H, -CF;, -OCH,CF3, C;.;; alkyl
group or alkoxyl group, C,;; alkenyl group or alkoxylalkyl
group or C,;; alkenyloxy group,-

with the proviso that Z is not an alkyl group, cyano
group, fluorine atom, chlorine atom or bromine atom when m

and n each are 0 and rings B and C each are 1,4-phenylene
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group and R is an alkyl group.

2. The compound according to Claim 1, wherein m and
n are 0 at the same time and rings B and C each independently
represent 1,4-phenylene group which may be substituted by
fluorine atom, with the proviso that at least one of rings B
and C is substituted by fluorine atom when R represents a C,_
12 alkyl group and Z represents a fluorine atom, chlorine
atom, bromine atom or C; ,; alkyl group.

3. The compound according to Claim 2, wherein R
represents a C,,; alkenyl group, 2 represents a C;; straight-
chain alkyl group, C,,; alkenyl group or fluorine atom and
rings B and C each represent 1,4-phenylene group which may be
substituted by fluorine atom. |

4. The compound according to Claim 2, wherein R
represents a C;; straight-chain alkyl group, Z represents a
fluorine atom or -OCF,; and rings B and C each represents 1,4-
phenylene group which may be substituted by fluorine atom.

5. The compound according to Claim 1, wherein n
represents 1, m represents 0, R represents a C,; straight-
chain alkyl group or C,; straight-chain alkenyl group, rings
B and C each represent 1,4-phenylene group which may be
substituted by fluorine atom and Z represents a fluorine
atom, trifluoromethoxy group, C,;.; straight-chain alkyl group
or C,.; straight-chain alkenyl group.

6. The compound according to Claim 1, wherein m and

n are 0 at the same time, ring B represents trans-1,4-

Ce——
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cyclohexylene group and ring C represents 1,4-phenylene group
which may be substituted by fluorine atom or trans-1,4-~
cyclohexylene group.

7. A process for the preparation of a compound

represented by the general formula (I}:

wherein m and n each independently represent an
integer of 0 or 1; rings A, B, € and D each
independently represent 1,4-phenylene group which may
be substituted by fluorine atom, trans-1,4-
cyclohexylene group, pyrimidine-2,5-diyl group,
pyridine-2,5-diyl group, pyrazine-2,5-diyl group,
pyridazine-3,6-diyl group or trans-1,3-dioxane-2,5-
diyl group; R represents a C;_,, alkyl group or
alkoxyl group, C,.;; alkenyl group or alkoxylalkyl
group or Ci.;; alkenyloxy group; and 2 represents a
fluorine atom, chlorine atom, bromine atom, cyano
group, -O0CF,;, -OCF,H, -CF,, ~-OCH,CF,;, C;.;; alkyl group
or alkoxyl group, C,,;; alkenyl group or alkoxylalkyl
group or Cj.; alkenyloxy group,

which comprises allowing a compound represented by the

following general formula (II):
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A ]

ata\tr )

H,N—N

wherein Z represents a fluorine atom, chlorine atom,
bromine atom, cyano group, -OCF,, -OCF,H, -CF;, -
OCH,CF;, C;.;; alkyl group or alkoxyl group, Ci.;;
alkenyl group br alkoxylalkyl group or C; ),
alkenyloxy group; rings C and D each independently
represent 1,4-phenylene group which may be
substituted by fluorine atom, trans-1,4-cyclohexylene
group, pyrimidine-2,5-diyl group, pyridine-2,5-diyl
group, pyrazine-2,5-diyl group, pyridazine-3,6-diyl
group or trans-1l,3-dioxane-2,5-~diyl group; and m
represents an integer of 0 or 1

and a compound represented by the following general formula

(III):

f A )—cto -
n

wherein R represents a C,.;; alkyl group or alkoxyl
group, C,.;; alkenyl group or alkoxylalkyl group or Cs.
12 alkenyloxy group; rings A and B each independently

—
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represent 1,4-phenylene group which may be
substituted by fluorine atom, trans-1,4-cyclohexylene
group, pyrimidine-2,5-diyl group, pyridine-2,5-diyl
group, pyrazine-2,5-diyl group, pyridazine-3,6-diyl
group or trans-1,3-dioxane-2,5-diyl group; and n
represents an integer of 0 or 1

to undergo reaction in the presence of an amine.
8. A process for the preparation of a compound

represented by the general formula (I):

A1) O30 =T
. \_ o/ (I)

wherein m and n each independently represent an
integer of 0 or 1; rings A, B, C and D each
independently represent 1,4-phenylene group which may
be substituted by fluorine atom, trans-1,4-
cyclohexylene group, pyrimidine-2,5-diyl group,
pyridine-2,5-diyl group, pyrazine-2,5-diyl group,
pyridazine-3,6-diyl group or trans-1,3-dioxane-2,5-
diyl group; R represents a C;.;; alkyl group or
alkoxyl group, C,.;; alkenyl group or alkoxylalkyl
group or Cj;.;; alkenyloxy group; and Z represents a
fluorine atom, chlorine atom, bromine atom, cyano
group, -O0CF,;, -OCF,H, -CF;, -OCH,CF,, C,., alkyl group
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or alkoxyl group, C,;.;; alkenyl group or alkoxylalkyl
group or C;.;; alkenyloxy group,
which comprises allowing a compound represented by the

following general formula (IV):

ocn({D s
m

wherein Z represents a fluorine atom, chlorine atom,
bromine atom, cyano group, ~OCF;, -OCF,H, -CF;, -
OCH,CF;, C,.;; alkyl group or alkoxyl group, C, i,
alkenyl group or alkoxylalkyl group or C;.;
alkenyloxy group; rings C and D each independently
represent 1,4-phenylene group which may be
substituted by fluorine atom, trans-1,4-cyclohexylene
group, pyrimidine-2,5-diyl group, pyridine-2,5-diyl
group, pyrazine-2,5-diyl group, pyridazine-3,6-diyl
group or trans-1l,3-dioxane-2,5-diyl group; and m
represents an integer of 0 or 1

and a compound represented by the following general formula

(V)=

KR,
in ~NH, (V)
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wherein R represents a C;.;; alkyl group or alkoxyl
group, C,.;; alkenyl group or alkoxylalkyl group or C,.
12 alkenyloxy group; rings A and B each independently
represent 1,4-phenylene group which may be
substituted by fluorine afom, trans-1,4~-cyclohexylene
group, pyrimidine~2,5-diyl group, pyridine-2,5-diyl
group, pyrazine-2,5-diyl group, pyridazine-3,6-diyl
group or trans-1,3-dioxane-2,5-diyl group; and n
represents an integer of 0 or 1

to undergo reaction in the presence of an amine.
9. A nematic liquid crystal composition, comprising

a compound represented by the general formula (I):

Int, (KR @
n m

wherein

m and n each independently represent an integer of 0
or 1;

rings A, B, C and D each independently represent 1,4-
phenylene group which may be substituted by fluorine atom,
trans-1,4-cyclohexylene group, pyrimidine-2,5-diyl group,
pyridine-2,5-diyl group, pyrazine-2,5-diyl group, pyridazine-
3,6-diyl group or trans-1,3-dioxane-2,5-diyl group;

R represents a C,,; alkyl group or alkoxyl group, C,.;,
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alkenyl group or alkoxylalkyl group or C;.;; alkenyloxy group;
and |

Z represents a fluorine atom, chlorine atom, bromine
atom, cyano group, -OCF;, -OCF,H, -CF3, -OCH,CF;, C;.,; alkyl
group or alkoxyl group, C;.;; alkenyl group or alkoxylalkyl
group or Cj;.;; alkenyloxy group,

with the proviso that Z is not an alkyl group, cyano
group, fluorine atom, chlorine atom or bromine atom when m
and n each are 0 and rings B and C each are 1,4-phenylene

group and R is an alkyl group.

10. The nematic liguid crystal composition according
to Claim 9, comprising a compound defined in any one of

Claims 2 to 6.
11. A nematic liquid crystal composition, comprising
as a liquid crystal component A a compound represented by the

general formula (I):

R Z
R OaWa s &= g

wherein

m and n each independently represent an integer of 0

or 1;

rings A, B, C and D each independently represent 1,4-

phenylene group which may be substituted by fluorine atom,
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trans-1,4-cyclohexylene group, pyrimidine-2,5-diyl group,
pyridine-2,5-diyl group, pyrazine-2,5-diyl group, pyridazine-
3,6-diyl group or trans-1,3-dioxane-2,5-diyl group;

R represents a C,.;; alkyl group or alkoxyl group, C;
alkenyl group or alkoxylalkyl group or Ci., alkenyloxy group;
and

Z represents a fluorine atom, chlorine atom, bromine
atom, cyano group, ~OCF;, -OCF,H, -CF,;, -OCH,CF;, C;.;; alkyl
group or alkoxyl group, C,.; alkenyl group or alkoxylalkyl
group or Cj.;, alkenyloxy group

and as a liquid crystal component B a compound having
a dielectric anisotropy of not less than +2.

12. The nematic liquid crystal composition according
to any one of Claims 9 to 11, wherein as said liquid crystal
component B there is incorporated a compound selected from
the group consisting of compounds represented by the

following general formulae (II-1) to (II-4):
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R

(II-1)

(11-2)

(1I-3)

(II-4)

wherein

R* to R* each independently represent a C,_j,
straight-chain alkyl group, alkenyl group oxr C.H,;.-0-C.H;. in
which s and t each independently represent an integer of from
1 to 5;

X?' to X** each independently represent a fluorine
atom, chlorine atom, -0OCF;, -OCHF,, -CF; or -CN;

Y?! to Y?*® each independently represent a hydrogen
atom or fluorine atom;

W to W* each independently represent a hydrogen
atom or fluorine atom;

z?! to 2® each independently represent a single bond,

-C00-, -CH,CHy- or -(CHy)4-;
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22! may also represent -C=C- or -CH=CH-;

2?* and 2% each independently represent a single
bond, -C00-, -C=C- or -CF=CF-; and

m! to m* each independently represent an integer of
from 0 or 1, with the proviso that m’ + m* make an integer of
0 or 1,

and hydrogen atoms in the cyclohexane ring in the
various compounds may be replaced by deuterium atoms (D).

13. The nematic liquid crystal composition according
to any one of Claims 9 to 12, comprising as a liquid crystal
component C a compound having a dielectric anisotropy of from
-2 to +2.

14. The nematic liquid crystal composition according
to Claim 13, wherein as said iiquid crystal component C there
is incorporated a compound selected from the group consisting
of compounds represented by the following general formulae

(III-1) to (III-4):
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- (III-1)
31 31 32 35
Al
32—.——2 ‘@}QR% (III-2)

R3L O_z 7% 37 (111-3)
31

RM" \ / '
N [ s (111-4)
n-

wherein

R to R* each independently represent a C,;
straight-chain alkyl group or alkenyl group;

R¥ to R*® each independently represent a C,;
straight-chain alkyl group, alkoxy group, alkenyl group,
alkenyloxy group or C.H,.,,,-0-C,H,, in which u and v each
independently represent an integer of from 1 to 5;

Y*! represents a hydrogen atom, fluorine atom or -CH;;

Y2 and Y¥* each independently represent a hydrogen
atom or fluorine atom;

23! to 23* each independently represent a single bond,
-C00-~, —CH,CH,~ oxr ~(CHy)},-;

23! may also represent -C=C- or -CH=CH-;
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z% represents a single bond, -C=C-, -COO- or -CF=CF-

-a

rings A and A% each independently represent a
cyclohexane ring or cyclcohexene ring;

rings A* and A% each independently represent a
cyclohexane ring or benzene ring; and

n' to n’ each independently represent an integer of 0
or 1, with the proviso that n* + n° make an integer of 0 or
1,

and hydrogen atoms in the cyclohexane ring in the
various compounds may be replaced by deuterium atoms (D).

15. The nematic liquid crystal composition according
to any one of Claims 9 to 14, comprising a compound

represented by the general formula (I"):

RI‘—©—\\\1~I\//—©—‘ZI (In )

wherein R! represents a C,.,, alkyl group, alkoxyl group or
hydrogen atom; and 2! represents a C;;, alkyl group, alkoxyl
group, fluorine atom, chlorine atom, cyano group or hydrogen
atom.

16. The nematic liquid crystal composition accoxrding
to any one of Claims 9 to 15, comprising a compound

represented by the general formula (I”): .
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Rm——@\\q-{—@_zm ( Im)

wherein R” and Z"” éach independently represent a C;;, alkyl
group or C, ; alkenyl group.

17. An active matrix, twisted nematic or super
twisted nematic liguid crystal display system, comprising a
nematic liquid crystal composition according to any one of
Claims 9 to 16.

18. A light-scattering type liquid crystal display
system, comprising a light-control layer having a nematic
liquid crystal composition according to any one of Claims 9

to 16 and a transparent solid substance incorporated therein.
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