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AZINE DERIVATIVE, PROCESS FOR THE PREPARATION THEREOF, 
NEMATIC LIQUID CRYSTAL COMPOSITION AND 

LIQUID CRYSTAL DISPLAY SYSTEM COMPRISING SAME 

FIELD OF THE INVENTION 

The present 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 

Liquid 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): 

-' 

wherein Ra represents an alkyl group have been known for a 

relatively long period of time. These liquid crystal 

materials are excellent as follows: 

(A) 

(i) The upper liquid crystal phase temperature limit 

TN-1 is high; 

(ii) The chemical stability of these liquid crystal 

materials is relatively high; and 

(iii) These liquid crystal materials can be prepared 

easily 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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( B) 

wherein Ra represents an alkyl group; and Rb represents an 

alkyl group different from Ra. 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): 

(C) 

wherein Ra represents an alkyl group. 

However, azine derivatives having alkenyl groups as 

side chains, azine derivatives containing trans-1,4-

cyclohe.xylene group or fluorine-substituted 1,4-phenylene 

group, azine derivatives having fluorine atom or -OCF3 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): 

(Al) 

wherein Ra is as defined above is reacted with a benzaldehyde 

derivative represented by the following general formula (A2}: 

HC0-0-Rb 

wherein Rb is as qefined 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): 

wherein Ra is as defined above or the following general 

formula ( A4) : 

- 4 -

(A2) 

(A3) 



(A4} 

wherein Rb 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 synunetrical 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 Ra or Rb there is used a 

cyano 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 addressing 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 K33 /K11 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 K11 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. In this 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 liquid crystal display device of these 

active matrix display systems will be hereinafter generically 

referred to as "TFT-LCD"). In 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 or 

alignment treatment and producing a bright image with a high 

contrast there has been known a liquid crystal display device 

having polymer-encapsulated liquid 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 f luoro 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 crystal 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 explaining, JP-A-54-87688 proposes the use of 

a compound represented by any one of the following general 

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

------1a-l) R~N 

R~oo-Q-cN ---(a-2) 

R~H==N-N=C-Q-cN 
CH3 

-(a-3) 

R'-Q-c==c-Q--R'' ---(a-4) 
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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 electr9-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 c.rystal 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 

wherein 

(I) 

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 C1_12 alkyl group or alkoxyl group, C2-12 

alkenyl group or alkoxylalkyl group or C3 _12 alkenyloxy group; 

and 

Z represents a fluorine atom, chlorine atom, bromine 
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atom, cyano group, -OCF3 , -OCF2H, -CF3 , -OCH2CF3 , C1_12 alkyl 

group or alkoxyl group, C2_12 alkenyl group or alkoxylalkyl 

group or C3_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. 

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): 

(Ia) 

wherein R3 represents a C1_12 alkyl group or alkoxyl group; and 

Z3 represents a fluorine atom, chlorine atom, -OCF3 , -OCF2H, -

CF3 or -OCH2CF3 • Preferably, Z3 is a fluorine atom or -OCF3 • 

More preferably, R3 is a C1_7 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): 

R4 (Ib) 

wherein R4 represents a C1_12 alkyl group or alkoxyl group; v4, 

W4 , X4 and Y4 each independently represent a fluorine atom or 

hydrogen atom, with the proviso that at least one of v4, W4 , 

X4 and Y4 represents a fluorine atom; and z4 represents a 

fluorine atom, chlorine atom, -OCF3 , -OCF2H, -CF3 , -OCH2CF3 , 

cyano group, C1_12 alkyl group, alkoxyl group or C3_12 

alkenyloxy group. 

In the foregoing compound, R4 is preferably a C1_7 

alkyl group or alkoxyl group, more preferably a C1_5 straight­

chain alkyl group. z4 is preferably a fluorine atom, 

chlorine atom, -OCF3 or cyano group if the compound of the 

present invention is used as a P type liquid crystal or is 

preferably a C1_5 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 v4, W4 , X4 and Y4 represents a fluorine atom. 

In particular, X4 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 v4, W4 , X4 and Y4 are a fluorine atom. 

Similarly, the azine derivative of the present 

invention is preferably one represented by the following 

general formula (Ic): 

ws 

zs (Ic) 

wherein Rs represents a hydrogen atom or C1_12 alkyl group, 

with the proviso that the double bond is trans-positioned 

when Rs is an alkyl group; ms represents an integer of from 1 

to 10; ns represents an integer of 0 or l; xs, Y5 and W5 each 

independently represent a fluorine atom, chlorine atom, 

methyl group, cyano group or hydrogen atom; and Z5 represents 

a fluorine atom, chlorine atom, cyano group, C1_12 alkyl group 

or alkoxyl group or C3_12 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, R5 is more preferably a 

hydrogen atom or C1_3 alkyl group, particularly a hydrogen 

atom. The suffix m5 is preferably an integer of from 2 to 6, 

particularly 2. The suffix n5 is preferably O. X5 , Y5 and W5 

each independently is preferably a fluorine atom or hydrogen 

atom. It is preferred that at least one of X5 , Y5 and w5 is a 

hydrogen atom. Z5 is preferably a fluorine atom, C1_7 
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straight-chain alkyl group, C4_7 straight-chain alkenyl group, 

trifluoromethoxy group, trifluoromethyl group, 

difluoromethoxy group or 2,2,2-trifluoromethoxy group, more 

preferably a C1_7 straight-chain alkyl group or C4_7 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): 

(Id) 

wherein R6 represents a C1_20 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,S-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; x6a to X6f each independently 

represent a hydrogen atom or fluorine atom; z represents a 

fluorine atom, chlorine atom, bromine atom, hydrogen atom, 

cyano group, -OCF3, -OCF2H, -CF3, -OCH2CF3 , C1_20 alkyl group, 

alkoxyl group, C2_12 alkenyl group or C3_12 alkenyloxy group. 
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Ring A is preferably 1,4-phenylene group which may be 

substituted by fluorine atom or trans-1,4-cyclohexylene 

group. Further, X6c to X6f.each are preferably a fluorine 

atom. R6 is preferably a C1_7 straight-chain alkyl group. In 

the foregoing compound, Z more preferably represents a 

fluorine atom, trifluoromethoxy group, C1_7 straight-chain 

alkyl group or C4_7 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 liquid crystal material in a small amount. 

This compound can occur in the form of various compounds 

depending on the selection of ring A, R6 , Z6 and x1 to x6 • 

Preferred among these compounds are those represented by the 

following general formulae (Id-1} to (Id-9): 
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R6l ~_r@-R62 

R6I ~ _r-©;-F 
R61 ~ _r-©--F 

F 

R61 

F 
R61 ~ _r-Q--ocF, 

F 

R6I ~_r@-R62 
F 

R61 ~_r@-F 
F F 

R61 ~ _r-©--F 
F 

R61 ~_r@-R62 

-
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wherein R61 represents a C1_7 straight-chain alkyl group; R62 

represents a C1_7 straight-chain alkyl group or C4_7 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): 

(Ie} 

wherein R7 represents a C1_12 alkyl group or C2_12 alkenyl group 

or alkoxyl group; n7 represents an integer of 0 or l; 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 trans-1,3-dioxane-2,5-diyl 

group; and Z7 represents a fluorine atom, chlorine atom, 

bromine atom, hydrogen atom, cyano group, -OCF3 , -OCF2H, -CF3 , 

-OCH2CF3 , C1_12 alkyl group, alkoxyl group, C2 _12 alkenyl group, 

alkoxylalkyl group or C3_12 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): 

(I) 

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,S­

diyl group; R represents a C1_12 alkyl group or 

alkoxyl group, C2_12 alkenyl group or alkoxylalkyl 

group or C3_12 alkenyloxy group; and Z represents a 

fluorine atom, chlorine atom, bromine atom, cyano 

group, -OCF3 , -OCF2H, -CF3 , -OCH2CF3f C1_12 alkyl group 

or alkoxyl group, C2_12 alkenyl group or alkoxylalkyl 

group or C3_12 alkenyloxy group, 

can be easily prepared by allowing a compound represented by 

the following general formula (II): 
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z (II) 

wherein z represents a fluorine atom, chlorine atom, 

bromine atom, cyano group, -OCF3 , -OCF2H, -CF3 , -

OCH2CF3 , C1• 12 alkyl group or alkoxyl group, C2• 12 

alkenyl group or alkoxylalkyl group or C3• 12 

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): 

R CHO (III) 

wherein R represents a C1• 12 alkyl group or alkoxyl 

group, C2-12 alkenyl group or alkoxylalkyl group or C3_ 

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-3,6-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. 

In accordance with the preparation process described 

in JP-A-54-87688, a symmetrical azine derivative represented 

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

R 

z 

h 
-N 

R 

(M) 

z 
(A6) 

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 trialkylamine 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 rnols 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): 

ocH-0--f0};-z (IV) 

wherein z, 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. In 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): 

R 
(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 benzoic 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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fol.) 

U1 

No. 

No. 1 

No. 2 

No. 3 

'No. 4 

No. 5 

No. 6 

No. 7 

No. 8 

No. 9 

R 

C2I-ls 

11 - Ca I-I 7 

n-C 3 H 7 

n-C:iH; 

n -C 3 I-I; 

n-C 3 1-11 

11-C 3 I-I; 

n - Ca I-I 1 

n - C :1 I-I1 

n 0 
0 -

0 -

0 -

0 -

0 -

0 -

0 -

0 -

0 -

0 0 G m 

(Q) (Q) - 0 

(Q) (Q) - 0 

(Q) (Q) - 0 

(Q) © - 0 

(Q) © - 0 

(Q) (Q) - 0 

F - 0 

(Q) © 
F - 0 

(Q) <q 
(Q) (Q) - 0 

z Phase transition l.cmperal.urcs 

F Cr 6 3. 5 N 6 8 1 
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(In the table above, Cr stands for crystalline phase, S 

stands for srnectic 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) 

as a known compound in JP-A-54-87688 has the following 

transition temperature: Cr 70.5 N 96.5 I 

(D-1) 

The 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 ~os. 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 liquid 

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 50wt% 

F 

F 50wt% 

wherein % indicates % by weight was prepared. The host 

liquid crystal (H) had the following properties: 

116.7°C 

11°C 

Switching time: 21.5 msec. (cell thickness: 4.5 µm} 

32.5 msec. {cell thickness: 6.0 µrit) 

1. 88 (cell thickness: 4.5 µm) 

2.14 (cell thickness: 6.0 µm) 

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: 

F 

!>-C,H~_r-0-F 
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was then prepared. 

The liquid crystal composition (M-7) thus prepared 

exhibited an upper nematic phase temperature limit (TN-i) 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 (T~N) at which it again turns to uniform nematic 

phase. The results were 9°C. This composition was used to 

prepare a 4.5 µm 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 

liquid crystal (H). 

Similarly, a liquid 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 

F 

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 {TN-i) 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~N 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-C4!J9~_rQ-cH, 

n-C4Jl9~_rQ-C41l9 

n-C4!J9~_rQ-F 

(A-1) 

(A-2) 

(A-3) 

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.S N 84 I 

(A-3) Cr 56.S N 84 I 

The comparison of the compounds of the general 

formulae (A-1) I (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 phase 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 TN-l 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: 

set forth in Table 1 was then prepared. The liquid crystal 

composition (M-9) thus prepared exhibited an upper nematic 

phase temperature limit (TN-d 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 

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 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~N)· The results were 

as low as -12°C. A 6.0 µm 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: 

set forth in Table 1 was then prepared. This liquid crystal 

composition (M-10) exhibited an upper nematic phase 

temperature limit (TN-i) 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~N in the 

same manner as in the liquid crystal composition (M-9). The 

results were 5°C. A 6.0 µm 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 (TN_1). However, as shown in Table 1, a 

three-ring azine derivative is preferred to obtain a higher 

TN-l· 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 ad~ing 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-C3H7 ~ _r-@-cH3 No.12 

n-C3H7~ i,--1(5\-c2H5 No.13 
N -if "\:::::!/ --

n-C 3H1 ~ -J~ No.14 

n-C3H1~_r-@-F No.15 

F 

n-C3H1 ~ _rd--F No.16 

, respectively, were prepared. 

The upper nematic phase temperature limit (TN-d, 

melting point (T_N), threshold voltage (Vth), birefringence 

index (An) and switching time (~) 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 

TN_I(°C} T~N( oc) Vth(V} i: (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 µm 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 0.139. 

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 (TN-i) 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 crystal (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 liquid 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): 

R z (I) 

wherein rn 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,S-diyl group; R 
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represents a C1_12 alkyl group or alkoxyl group, C2_12 alkenyl 

group or alkoxylalkyl group or C3_12 alkenyloxy group; and Z 

represents a fluorine atom, chlorine atom, bromine atom, 

cyano group, -OCF3 , -OCF2H, -CF3 , -OCH2CF3 , C1_12 alkyl group or 

alkoxyl group, C2_12 alkenyl group or alkoxylalkyl group or C3_ 

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): 

R z (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,S-diyl group; R 

represents a C1_12 alkyl group or alkoxyl group, C2_12 alkenyl 

group or alkoxylalkyl group or C3_12 alkenyloxy group; and Z 

represents a fluorine atom, chlorine atom, bromine atom, 
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cyano group, -OCF3 ,. -OCF2H, -CF3 , -OCH2CF3 , C1_12 alkyl group or 

alkoxyl group, C2_12 alkenyl group or alkoxylalkyl group or C3_ 

12 alkenyloxy group and as·a liquid crystal component Ba 

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, liquid 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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C3HrQ-cH=N-N=CH-Q-cH3 -(I-1) 

C3HrQ--cH=N-N=CH-Q-c2Hs -(I-2) 

C3HrQ--cH=N-N=CH-Q-c3H7 -(J-3) 

C2H-O-cH=N-N=CH-Q-cH3 -(I-4) 

C2H-O-cH=N-N=CH-Q-c2Hs -(1-5) 

CH3-Q-cH=N-N=CH~ -(I-6) 

CzH-0-cH=N-N=CH~ -. (I-7) 

C3HrQ--cH=N-N=cH-D--L; -(I-8) 

LrD-cH=N-N=CH~ -(I-9) 

C3H1-QCH=N-N=CH--Q-F -(I-10) 

F 
C3HrQ--cH=N-N=CH~ -(J-11) 

F 
C3H1-Q-cH=N-N=CH ~-# -(I-12) 

C3Ht0--cH=N-N=CH--{)--ocFr-{l- l 3) 
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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 liquid 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 liquid 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 ~nisotropy 

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 polar group such 

as -CN, -OCN, -NCS, -F, -Cl, -N02 • -CF3 , -OCF3 and -OCHF2 • In 

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 +a to +13 1 compounds having a 

dielectric anisotropy of from +14 to +18 and compounds having 

a dielectric anisotropy of not less than +18. In this 

manner, predetermined driving voltage and response 

characteristics can be obtained. In 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) : 

R2~211-r-\__,,22--cf 21_(II-l) 
l Jmt--J 

6 

y22 

w21 l ;=(23 

Rz~2310 =z~-;J X22 -(II-Z) 
l ~ y24 

24~25 
25 23 

~ ;j 
y26 

27 

----1(H-3) 

24 -(II-4) 
28 

wherein R21 to R24 each independently represent a C2_10 

straight-chain alkyl group, alkenyl group or C8 Hzs+1-0-CtHzt in 

which s and t each independently represent an integer of from 

1 to 5; X21 to X24 each independently represent a fluorine 

atom, chlorine atom, -OCF2 , -OCHF2 , -CF3 or -CN; Y21 to Y28 

-------
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each independently represent a hydrogen atom or fluorine 

atom; W21 to W24 each independently represent a hydrogen atom 

or fluorine atom; z21 to z23 each independently represent a 

single bond, -COO-, -CH2CHz- or -(CH2 )4-; Z21 may also 

represent -c=c- or -CH=CH-; Z24 and Z25 each independently 

represent a single bond, -COO-, -C=C- or -CF=CF-; and m1 to 

m4 each independently represent an integer of from 0 or 1, 

with the proviso that m3 + m4 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) havi~g 

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, 
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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). In 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): 

------------
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----·--·- .... -· .. ----------····- ·------~~~ ..................... ~~===-==~=~-_:___ 

2l ----(II-la) 

--(II-lb) 

--(II-le) 

--(II-ld) 

21 

R2LQ-0-c2HrQ;21 - (II-le) 
y22 

21 

R2LQ-0-c4Ha--Q;21 - (II-If) 
y22 

){21 

R
21
-Q-c2H4 -# X21 - (II-lg) 

-22 

---------
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21 

R2LQ-0-coo-Q;21 (II-lh) 

. y2~2! 
R2~2H4-Q-co~-/) X21 -(II-li) 

. y22 

-----(II-2a) 

---(II-2b) 

---(II-2c) 

---(II-2d) 

R2
LQ-c2H4 22 -(II-2e) 
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23 ---(II-3a) 

23 ---(II-3b) 
26 

--(II-3c) 
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-----(II-4a) 

---(II-4b) 

---(II-4c) 

---(II-4d) 



wherein R21 to R24 , x21 to x24 , Y21 to Y28 , W21
, and W22 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), R21 is preferably a C2_5 alkyl group 

or an alkenyl group represented by the general formula: 

CH2=CH-(CH2 )p (in which pis 0 or 2). The compounds 

represented by the general formulae (II-la} to (II-le) 

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, R22 is preferably 
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a C2_5 alkyl group or an alkenyl group represented by the 

general formula: CH2=CH-(CH2 )p (in which pis 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 X21 to X24 each represent F, Cl, -OCF3 or -CN 

are preferably often used. If fast response is regarded as 

important, compounds represented by the general formulae (II-

la), ( II-ld), ( II-2a), ( II-2c), ( II-2d), ( II-2g) and ( II-3g) 

wherein X21 to X24 each are F or -OCF3 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 X22 to X24 each 

are Cl, -OCF3 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-lg) wherein X21 is -CN and Y21 is H or F, compounds 

represented by the general formulae (II-2a) to (II-2f) 

wherein X22 is F / Cl or -CN and Y23 is H or F, compounds 

represented by the general formulae (II-3a) to (II-3c) 

wherein X23 is F, Cl or -CN and Y25 is F and compounds 

represented by the general formulae (II-4a) to {II-4d) 

wherein X24 is F, Cl or -CN and Y27 is F are preferably often 

incorporated in the liquid crystal component B. 

In particular, compounds represented by the general 

formulae ( I I-1) to ( I I-4) wherein x21 to X24 each are F are 
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preferably often used in an active matrix display system, 

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 Y23
, 

Y24 , ·w21 and W22 is F. Compounds represented by the general 

formulae (II-1) to (II-4) wherein R23 is a C2_5 alkyl group or 

an alkenyl group represented by the general formula: CH2=CH­

(CH2)p (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. · R24 may be a C2_10 alkyl 

group, preferably a C4_7 compound. 

If a smaller birefringence index is needed, the 

compounds represented by the general formulae (II-la) to (II­

lg) 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 Y21 to Y25 and w21 to 
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W23 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 Y21 to Y28 each are H and/ or W21 to W24 each are H 

may be often used. If it is desired to improve the 

temperature dependence of driving voltage, compounds 

repres_ented by the general formulae ( II-1) to ( II-4} wherein 

Y21 to Y28 and W21 to W24 , particularly Y21 , Y23 , Y25
, Y27

, and W21 

to W24 each are F, each are F are preferably often used. In 

particular, if W21 and W22 each are F, the selection of a 

compound represented by any one of the general formulae (II-

1) to (II-4) wherein Y24 is H can improve miscibility. If a 

compound represented by the general formula (II-3) is used, 

the selection of such a compound wherein W23 and/ or W24 is F 

provides further improvement in miscibility. 

In the general formula (II-1), at least one of Z21 

and Z22 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 -COO-, -CH2CH2- or -(CH2 ) 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 Z24 and Z25 each are -C=C- and/or compounds 

represented by the general formula (II-4) wherein X24 is CN 
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are preferably of ten 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 m1 to m4 

each are O, the compound represented by the general formula 

(II-1) or (II-2) wherein m1 and m2 each are 1 1 the compound 

represented by the general formula {II-4) wherein m3 + m4 

make 1 and/or the compound represented by the general formula 

(II-3) in the liquid crystal component B can be properly 

selected from the range of 0/100 to 100/0. If an even higher 

nematic phase-isotropic liquid phase transition temperature 

is needed, compounds represented by the general formulae (Il­

l) and (II-2) wherein m1 and m2 each are 1, compounds 

represented by the general formula (II-3) and/or compounds 

represented by the general formula (II-4) wherein m3 + m4 

make 1 are preferably often used. 

If a smaller birefringence index is needed, compounds 

represented by the general formulae (II-la) to (II-lg) 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 of ten 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 Y21 to Y25 and W21 to W23 is F are 

preferably often incorporated in the liquid crystal component 
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B. 

Compounds represented by the general formulae (II-1) 

and (II-2) wherein hydrogen atoms (H) in the cyclohexane 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% by 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 X21 to X24 each are 

F, Cl or -OCF3 , compounds represented by the general formulae 
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(II-1) to (II-4) wherein Y21 to Y24 each are F, represented by 

the general formulae (II-1) to (II-4) wherein Z24 and Z25 each 

are -COO- or -c=c- and compounds represented by the general 

formulae (II-1) to (II-4) wherein m1 is 1 in the liquid 

crystal component B. In particular, compounds represented by 

the general formulae ( I I-1} to ( I I-4) wherein X21 to X24 each 

are F, Cl, -OCF3 or -CN and/or Y21 to Y23 each are F are 

desirable. 

The liquid crystal composition of the present 

invention preferably a liquid 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 

liquid 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. 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 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): 

R32-@-z33 36 --(III-2) 

~(III-4:) 

wherein R31 to R34 each independently represent a C2• 7 

straight-chain alkyl group or alkenyl group; R35 to R38 each 

independently represent a C1_7 straight-chain alkyl group, 

alkoxy group, alkenyl group, alkenyloxy group or CuH2u+1-0-CvH2v 

in which u and v each independently represent an integer of 

from 1 to 5; Y31 represents a hydrogen atom, fluorine atom or 

---- ·-·----
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-CH3 ; Y32 and Y33 each independently represent a hydrogen atom 

or fluorine atom; Z31 to Z34 each independently represent a 

single bond, -COO-, -CH2CH-z- or -(CH2 ) 4-; Z21 may also 

represent -c=c- or -CH=CH-; z35 represents a single bond, -

c=c-, -COO-, or -CF=CF-; rings A31 and A32 each independently 

represent a cyclohexane ring or cyclohexene ring; rings A33 

and A34 each independently represent a cyclohexane ring or 

benzene ring; and n1 to n5 each independently represent an 

integer of 0 or 1, with the proviso that n4 + n5 make an 

integer of O 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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R3~35 ·----(HI-la) 

R:31-Q-c2H4--0--R35 ---(III-1 b) 

R3LQ-coo-Q-R35 ---(III-le) 

---(III-1 d) 

R3LQ-0c2H4-0-R35 -(III-le) 

R3LQ-0coo-Q-R35 -(III-If) 

R3LQ-0R36 (III-2a) 

R32-D--Q--R36 (III-2b) 

R3LQ-0R36 (III-2c) 

R3~2H4--Q--R36 (III-2d) 

R32-Q-coo-Q--R36 (III-2e) 

R3~2H4-0-Q-R36 -(III-2t) 

(III-2f) 
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R:3~37 ___ _ (III-3a) 

R3:LQ-coo-Q--R37 __ _ (III-3b) 

R:3:3-Q-c=c~37 )31 ., ---,(III-3c) 

32 

37 ---(III-3d) 

37 -(III-3e) 

-·------. ·---
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R3'L[9"\ ~ -38 ----(III-4a) ~~r-v-t< . 
R3L[\__/9'\ /\ -38 \__/ ~~r-v-t< 

R3~3a 

38 

38 

---(III-4b) 

---(III-4c) 

---(III-4d) 

---;(III-4e) 
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wherein R31 to R38 and Y31 to Y33 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 compounds 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 R31 to R34 each 

are a C2_5 straight-chain alkyl group or an alkenyl group 

represented by the general formula: CH2=CH-(CH2)q (in which q 

is O or 2) provides a better effect. In particular, 

compounds represented by the general formulae (III-la), (III­

ld), and (III-2a) to (III-2c), compounds represented by the 

. --·- -- . -----
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general formulae (III-3c) to (III-3f) wherein Y31 is a 

hydrogen atom and/or compounds represented by the general 

formula (III-4a) wherein R38 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 R31 represents a C2_5 

straight-chain alkyl group or alkenyl group, R35 represents a 

C1_4 straight-chain alkyl group, alkoxy group, alkenyl group 

or alkenyloxy group; ring A31 represents a cyclohexane ring; 

Z32 represents a single bond or -coo- if n1 is 0; and Z31 and 

Z32 each represent a single bond if n1 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 R32 represents a C2_5 straight-chain alkyl group or 

alkenyl group; R36 represents a c1_4 straight-chain alkyl 

group, alkoxy group, alkenyl group or alkenyloxy group; ring 

A32 represents a cyclohexane ring or cyclohexene ring and Z33 

represents a single bond, -coo- or -CH2CH2- if n2 is O; and 

ring A32 represents a cyclohexane ring and Z33 represents a 

single bond or -CH2CHz- if n2 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 ( III-1), · ( III-2), ( III-3) and ( III-4), 

singly for each. By using a compound represented by the 

general formula (III-1) 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 Z35 

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., (III-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 

µm. 

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. In 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 

liquid 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 R21 is an alkenyl 

group, X21 is F, Cl or -CN, and Y21 and Y22 each are F and/ or 
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compounds represented by the general formulae (II-1) to (II-

4) wherein R21 is an alkyl group, X21 is F / Cl or -CN, and Z22 

is -CH2CHr or -(CH2 ) 4-. A· small pretilt angle can be 

obtained by increasing the content of the compounds 

represented by the general formulae (II-1} to (II-4) wherein 

R21 is an alkenyl group or CsHzs+1-0-Ct:Hzt 1 X21 is F, Y21 is F, 

and Y22 is H and/or compounds represented by the general 

formulae (II-1) to (II-4) wherein Z22 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 

·-· - ------r-
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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 conte~t 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. In 

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 or 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-1} 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. If the content of 

these compounds exceeds this range, two or more such 

compounds are preferably used. The content of the compounds 

represented by the general 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 µm. 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): 

Xl3a 

RIJ-Q-ca=N-N=CH--d-z13 (If) 

\I3b 
wherein R13 represents a C1_10 straight-chain alkyl group or 

alkoxyl group; Z13 represents a fluorine atom, chlorine atom, 

cyano group or -CF3 ; and X13a and X13b 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. In the 

foregoing nematic liquid crystal composition, the foregoing 

liquid crystal component A is preferably used in combination 

with a compound represented by the following general formula 

(Ig): 

Rl4-0--CH=N-N=CH-O-Rl4 (lg) 

wherein R14
' s each independently represent a C1_10 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 R13 represents an ethyl 

group or propyl group and/or a compound represented by the 

general formula (If) wherein Z13 represents a fluorine atom 

and/or a compound represented by the general formula (If) 

wherein X13a and X13b each are a fluorine atom in an amount of 

from 30 to 100% by weight. Even more preferably, the liquid 

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): 

Ri0-0-cH=N-N=CH-0-z10 (Th) 

wherein R10 represents a C1_10 straight-chain ;:tlkyl group, 

alkoxyl group or C2_10 straight-chain alkenyl group; and z10 

represents a C2_10 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 R10 represents a methyl 

group, ethyl group, propyl group or butenyl group and/or a 

compound represented by the general formula (Ih) wherein z10 

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): 

Xl2f 

R12 

Xl2c 

CH=N-N=CH 

Xl2e 

212 

CH=N-N=CH-®-215 
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wherein R12 and R15 each independently represent a C1_10 

straight-chain alkyl group, alkoxyl group or C2_10 straight­

chain alkenyl group; Y12a to Y12£ each independently represent 

a hydrogen atom or fluorine atom; z12 and Z15 each 

independently represent a C1_10 straight-chain alkyl group 1 

alkoxyl group, C2_10 straight-chain alkenyl group, fluorine 

atom, chlorine atom, -CF3 , -OCF3 or cyano group; k represents 

an integer of from 0 or 1; rings A12 and A15 each 

independently represent 1,4-phenylene group which may be 

substituted by fluorine atom or trans-1,4-cyclohexylene 

group; and k15 represents an integer of from 0 or 1. 

More preferably, the nematic liquid crystal 

c.ornposition comprises a liquid crystal material B made of a 

compound 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-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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Rl6--©-CH=N-N=CH-O-Rl6 ( Ik) 

wherein R16 ' s each independently represent a C1_10 straight­

chain alkyl group, alkoxyl group or C2_10 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 liquid crystal 

component A consisting of compounds represented by the 

following general formula (Im): 

Rl7--©-CH=N-N=CH-O-Xl7 (Im) 

wherein R17 represents a C1_10 straight-chain alkyl group or 

alkoxyl group; and X17 represents a C1_10 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 com~rises 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 X17 

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 general formula (Im) 

wherein R17 represents a methyl group, ethyl group, propyl 

group, butyl group or pentyl group and/or a compound 

represented by the general formula (Im) wherein Z17 

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): 

R18--©-CH=N-N=CH--©-Rl8 (In) 

wherein R18 's each independently represent a hydrogen atom or 

C1_10 straight-chain alkyl group or alkoxyl group and a liquid 

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-

- 81 -



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 R18 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 µm. 

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 

liquid crystal layer is preferably from 1 to 30 µm. 
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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. In 

the light-control layer, the foregoing liquid crystal 

composition 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 compri~ing 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 To (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 

fluorotolan-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 invention 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 transparent 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 light-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 found 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 liquid 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 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. In 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 1011 Q•cm, more 

preferably not less than 1012 Q•cm, most preferably not less 

than 1013 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): 

Vthoc __ d __ ( 2~i~ )l/2 
<r> +1Kii/ A u. 0 

--(VI) 

wherein Vth represents a threshold voltage; 1Kii and 2Kii 

each represent an elastic ·constant; ii represents 11, 22 or 

33; Ae represents a dielectric anisotropy; <r> represents the 

average space on mesh siz-e; A represents the anchoring energy 

of the transparent solid substance with respect to the liquid 

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 ratio of elastic constant 1Kii to 

anchoring energy A. In particular, this equation means that 

this effect substantially widens the actual average space <r> 

by 1Kii/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 polymer-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. In 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 µm. The thickness of the light-
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control layer is preferably from 2 to 30 µm, particularly 

from 5 to 20 µm, 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): 

R z (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,S-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 C1_12 alkyl group or alkoxyl group, C2_12 

alkenyl group or alkoxylalkyl group or C3• 12 alkenyloxy group; 

and 

Z represents a fluorine atom, chlorine atom, bromine 

atom, cyano group, -OCF3 , -OCF2H, -CF3 , -OCH2CF3 , C1_1z alkyl 

group or alkoxyl group, C2• 12 alkenyl group or alkoxylalkyl 

group or C3• 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. 

(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 proviso that at least 

one of rings B and C is substituted by fluorine atom when R 

represents a C1_12 alkyl gr.cup and z represents a fluorine 

atom, chlorine atom, bromine atom or C1_12 alkyl group. 

(3) Th~ compound described in Clause (2), wherein R 

represents a C2_12 alkenyl group, Z represents a C1_7 straight­

chain alkyl group, C2_12 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 C1_7 straight-chain alkyl group, Z represents a 

fluorine atom or -OCF3 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 C1_7 straight­

chain alkyl group or C2_7 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, C1_7 straight-chain alkyl group 

or C4_7 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): 

(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 C1_12 alkyl group or 

alkoxyl group, C2_12 alkenyl group or alkoxylalkyl 

group or C3_ 12 alkenyloxy group; and z represents a 

fluorine atom, chlorine atom, bromine atom, cyano 

group, -OCF3 , -OCF2H, -CF3 , -OCH2CF3 , C1_12 alkyl group 

or alkoxyl group, C2_12 alkenyl group or alkoxylalkyl 

group or C3_12 • alkenyloxy group, 

which comprises allowing a compound represented by the 

following general formula (II): 

z 
(II) 

wherein Z represents a fluorine atom, chlorine atom, 

bromine atom, cyano group, -OCF3 , -OCF2H, -CF3 , -
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OCH2CF3 , C1_12 alkyl group or alkoxyl group, C2_12 

alkenyl group or alkoxylalkyl group or C3_12 

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, pyri~ine-2,5-diyl 

group, pyrazine-2,5-diyl group, pyridazine-3,6-diyl 

group or trans-l,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}: 

R CHO (III) 

wherein R represents a C1_12 alkyl group or alkoxyl 

group, C2_12 alkenyl group or alkoxylalkyl group or C3_ 

12 alkenyloxy group; rings A and B 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; 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): 
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R ( I ) 
-1 

wherein rn 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 1 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 C1_12 alkyl group or 

alkoxyl group / C2_ 12 alkenyl group or alkoxylalkyl 

group or C3_ 12 alkenyloxy group; and z represents a 

fluorine atom, chlorine atom, bromine atom, cyano 

group, -OCF3 , -OCF2H, -CF3 , -OCH2CF3 , C1_12 alkyl group 

or alkoxyl group, C2_12 alkenyl group or alkox.ylalkyl 

group or C3_12 alkenylox.y group, 

which comprises allowing a compound represented by the 

following general formula (IV): 

ocH--0--f©};-z (IV} 

wherein z represents a fluorine atom, chlorine atom, 

bromine atom, cyano group, -OCF3 , -OCF2H, -CF3 , -

OCH2CF3, C1-12 alkyl group or alkoxyl group, C2_12 

alkenyl group or alkoxylalkyl group or C3_12 
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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 1 5-diyl group, pyridazine-3,6-diyl 

group or trans-1,3-dioxane-2,5-diyl group; and rn 

represents an integer of 0 or 1 

and a compound represented by the following general formula 

(V): 

(V) 

wherein R represents a C1_12 alkyl group or alkoxyl 

group, C2_12 alkenyl group or alkoxylalkyl group or C3_ 

12 alkenyloxy group; rings A and B 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; 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): 
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R z (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, pyrirnidine-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 C1_12 alkyl group or alkoxyl group, C2-12 

alkenyl group or alkoxylalkyl group or C3_12 alkenyloxy group; 

and 

Z represents a fluorine atom, chlorine atom, bromine 

atom, cyano group, -OCF3 , -0CF2H, -CF3 , -OCH2CF31 C1_12 alkyl 

group or alkoxyl group, C2_12 alkenyl group or alkoxylalkyl 

group or C3_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 O 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): 

R (I) 

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,S-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 C1_12 alkyl group or alkoxyl group, C2_12 

alkenyl group or alkoxylalkyl group or C3_12 alkenyloxy group; 

and 

Z represents a fluorine atom, chlorine atom, bromine 

atom, cyano group, -OCF3 , -OCF2H, -CF3 , -OCH2CF3 , C1_12 alkyl 

group or alkoxyl group, C2_12 alkenyl group or alkoxylalkyl 

group or C3_12 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 

Rz~21~22-Q-;21_(II-l) 
l J m}-1 '-' y22 

":YV21 
1 

. r=f 23 

Rz2b--z2316-~2~-# x22 -(II-Z) 
l ~ y24 

ry24~25 
25 :v23 

\;} \#./\. 
y26 

--(II-3) 

24 -(II-4) 

wherein 

R21 to R24 each independently represent a C2-10 

(II-1) 

(II-2) 

(II-3) 

(II-4) 

straight-chain alkyl group, alkenyl group or c.H2.+i-O-CtH2t in 

which s and t each independently represent an integer of from 

1 to 5; 

X21 to X24 each independently represent a fluorine 

atom, chlorine atom, -OCF3 , -OCHF2 , -CF3 or -CN; 

Y21 to Y~ each independently represent a hydrogen 

atom or fluorine atom; 

W21 to W24 each independently represent a hydrogen 

atom or fluorine atom; 
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Z21 to Z23 each independently represent a single bond, 

-COO-, -CH2CHi- or - ( CH2) 4-; 

z21 may also represent -c=c- or -CH=CH-; 

Z24 and z25 each independently represent a single 

bond, -COO-, -c=c- or -CF=CF-; and 

m1 to m4 each independently represent an integer of 

from O or 1, with the proviso that m3 + m4 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 (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 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 (III-4): 
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(III-1) 

36 --(III-2) (III-2) 

(III-3) 

-(III-4) 
(III-4) 

wherein 

R31 to R34 each independently represent a C2_1 

straight-chain alkyl group or alkenyl group; 
R35 to R38 each independently represent a C1-1 

straight-chain alkyl group, alkoxy group, alkenyl group, 
alkenyloxy group or CuHzu+1-0-CvH2v in which u and v each 
independently represent an integer of from 1 to 5; 

Y31 represents a hydrogen atom, fluorine atom or -CH3 ; 

Y32 and Y33 each independently represent a hydrogen 
atom or fluorine atom; 

z31 to Z34 each independently represent a single bond, 
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z21 may also represent -c=c- or -CH=CH-; 

Z35 represents a single bond, -c=c-, -COO- or -CF=CF-

i 

rings A31 and A32 each independently represent a 

cyclohexane ring or cyclohexene ring; 

rings A33 and A34 each independently represent a 

cyclohexane ring or benzene ring; and 

n1 to n5 each independently represent an integer of 0 

or 1, with the proviso that n4 + n5 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"): 

Rl~_r@-zl (I") 

wherein R1 represents a C1_10 alkyl group, alkoxyl group or 

hydrogen atom; and Z1 represents a C1_10 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'") : 
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(I"') 

wherein R"' and Z"' each independently represent a C1• 10 alkyl 

group or C2_7 alkenyl group. 

(17) An active matrix, twisted nematic or super 

twisted nematic liquid crystal display system, comprising a 

nematic liquid crystal composition 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 

(9) 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 me of 

ethanol. The mixture was stirred at room temperature for 1 

hour. To the mixture was then added 400 me of 

dichloromethane. The mixture was then washed with 300 me of 

saturated aqueous solution of sodium hydrogencarbonate three 

times. To the resulting organic phase was then added 15 me 

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 me of triethylamine. To the mixture were then 

added 250 me of ethanol and 43 g of 4-fluorobenzaldehyde. 

The mixture was then stirred at room temperature for 6 hours. 

To the mixture was then added 400 mf of dichloromethane. The 

mixture was then washed with 300 me of saturated aqueous 

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 
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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 10.s 0 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: 

l-(4-fluorobenzylidene)-2-(4-methylbenzylidene)hydrazine 

1-( 4-fluorobenzylidene)-2-( 4-ethylbenzylidene)hydrazine( I -1) 

1-( 4-fl uorobenzy l i dene )-2-( 4-buty 1benzy1 idene )hydrazine( I -3) 

l-(4-fluorobenzylidene)-2-(4-pentylbenzylidene)hydrazine 

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

1-(4-fluorobenzylidene)-2-(4-methoxybenzylidene)hydrazine 

(Example 2) Synthesis of l-(4-trifluoromethoxybenzylidene)-

2-(4-propylbenzylidene)hydrazine (Compound No. 4 set forth in 

Table 1) 

The procedure of Example 1 was followed except that 

4-trif luoromethoxybenzene was used instead of 4-

f luorobenzaldehyde. 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: 

l-(4-trifluoromethoxybenzylidene)-2-(4-methylbenzylidene)hydrazine 

1-(4-trifluoromethoxybenzylidene)-2-(4-ethylbenzylidene)hydrazine 

1-(4-trifluoromethoxybenzylidene)-2-(4-butylbenzylidene)hydrazine 

1-(4-trifluoromethoxybenzylidene)-2-(4-pentylbenzylidene)hydrazine 

l-(4-trifluoromethoxybenzylidene)-2-(4-heptylbenzylidene)hydrazine 

l-(4-trifluoromethoxybenzylidene)-2-(4-methoxybenzylidene)hydrazine 

l-(4-trifluoromethylbenzylidene)-2-(4-methylbenzylidene}hydrazine 

l-(4-trifluoromethylbenzylidene)-2-(4-ethylbenzylidene)hydrazine 

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

l-(4-trifluoromethylbenzylidene)-2-(4-butylbenzylidene)hydrazine 

l-(4-trifluoromethylbenzylidene)-2-(4-pentylbenzylidene)hydrazine 

l-(4-trifluoromethylbenzylidene)-2-(4-heptylbenzylidene)hydrazine 
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1-(4-trifluoromethylbenzylidene)-2-(4-metho.xybenzylidene)hydrazine 

1-(4-difluoromethoxybenzylidene)-2-(4-methylbenzylidene)hydrazine 

1-(4-difluoromethoxybenzylidene)-2-(4-ethylbenzylidene)hydrazine 

1-(4-difluorometho.xybenzylidene)-2-(4-propylbenzylidene)hydrazine 

1-(4-difluoromethoxybenzylidene)-2-(4-butylbenzylidene)hydrazine 

l-(4-difluorometho.xybenzylidene)-2-(4-pentylbenzylidene)hydrazine 

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

1-(4-difluorometho.xybenzylidene)-2-(4-methoxybenzylidene)hydrazine 

1-[4-{2,2,2-trifluoroethoxy)benzylidene)-2-(4-methylbenzylidene)hydrazine 

1-[4-(2,2,2-trifluoroethoxy)benzylidene]-2-(4-ethylbenzylidene)hydrazine 

1-(4-(2,2,2-trifluoroethoxy)benzylideneJ-2-(4-propylbenzylidene)hydrazine 

1-[4-(2,2,2-trifluoroetho.xy)benzylidene]-2-(4-butylbenzylidene)hydrazine 

1-(4-(2,2,2-trifluoroetho.xy)benzylidene]-2-(4-pentylbenzylidene)hydrazine 

1-[4-{2,2,2-trifluoroetho.xy)benzylideneJ-2-(4-heptylbenzylidene)hydrazine 

1-[4-(2,2,2-trifluoroethoxy)benzylidene]-2-(4-methoxybenzylidene)hydrazine 
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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 50% 

F 

F 50% 

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 µm 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.S 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 (TN-i) 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 liquid 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 (TN-I) 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 l-(3,4-difluorobenzylidene)-2-(4-

propylbenzylidene)hydrazine (Compound No. 7 set forth in 
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Table 1) 

To 40 g of a monohydrate of hydrazine was added a 

solution of 10 g of 4-propylbenzaldehyde in 50 me of ethanol. 

The mixture was stirred at room temperature for 30 minutes. 

To the mixture was then added 150 me of saturated aqueous 

solution of sodium bicarbonate. To the mixture was then 

added 100 me of dichloromethane. The mixture was then washed 

with 150 me of saturated aqueous solution of sodium 

bicarbonate twice. To the resulting organic phase was then 

added 5 me 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 me of triethylamine. To the mixture were 

then added SO me 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 

me of saturated aqueous solution of sodium bicarbonate. To 

the mixture was then added 100 me of dichloromethane. The 

mixture was then washed with 150 me 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 
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obtain 5.7 g of l-(3,4-difluorobenzylidene)-2-(4-

propylbenzylidene)hydrazine. The compound thus obtained had 

a melting point of S0°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: 

l-(3,4-difluorobenzylidene)-2-(4-methylbenzylidene)hydrazine 

l-(3,4-difluorobenzylidene)-2-(4-ethylbenzylidene)hydrazine 

1-(3,4-difluorobenzylidene)-2-{4-butylbenzylidene)hydrazine 

l-(3,4-difluorobenzylidene)-2-(4-pentylbenzylidene)hydrazine 

1-(3,4-difluorobenzylidene)-2-{4-heptylbenzylidene)hydrazine 

l-(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) 

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 
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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-methylbenzylidene)hydrazine 

1-(3,4,5-trifluorobenzylidene)-2-(4-ethylbenzylidene)hydrazine 

1-(3,4,5-trifluorobenzylidene)-2-(4-butylbenzylidene)hydrazine 

1-(3,4,5-trifluorobenzylidene)-2-(4-pentylbenzylidene)hydrazine 

1-(3,4,5-trifluorobenzylidene)-2-(4-heptylbenzylidene}hydrazine 

1-(3,4,5-trifluorobenzylidene)-2-(4-methoxybenzylidene)hydrazine 

1-(3-fluoro-4-trifluoromethoxybenzylidene)-2-(4-methylbenzylidene)hydrazine 

1-(3-fluoro-4-trifluoromethoxybenzylidene)-2-(4-ethylbenzylidene)hydrazine 

1-(3-fluoro-4-trifluoromethoxybenzylidene)-2-(4-propylbenzylidene)hydrazine 

1-(3-fluoro-4-trifluoromethoxybenzylidene)-2-(4-butylbenzylidene)hydrazine 

1-(3-fluoro-4-trifluoromethoxybenzylidene)-2-(4-pentylbenzylidene)hydrazine 

l-(3-fluoro-4-trifluoromethoxybenzylidene)-2-(4-heptylbenzylidene)hydrazine 

l-(3-fluoro-4-trifluoromethoxybenzylidene)-2-(4-methoxybenzylidene)hydrazine 

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

methylbenzylidene)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 

l-(3,5-difluoro-4-trifluoromethoxybenzylidene)-2-(4-

pentylbenzylidene)hydrazine 

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

heptylbenzylidene)hydrazine 

l-(3,5-difluoro-4-trifluoromethoxybenzylidene)-2-(4-

methoxybenzylidene)hydrazine 

1-(3-fluoro-4-trifluorom.ethylbenzylidene)-2-(4-methylbenzylidene)bydrazine 

1-(3-fluoro-4-trifluoromethylbenzylidene)-2-(4-ethylbenzylidene)hydrazine 

l-(3-fluoro-4-trifluoromethylbenzylidene)-2-(4-propylbenzylidene)hydrazine 

1-(3-fluoro-4-trifluoromethylbenzylidene)-2-(4-butylbenzylidene)hydrazine 

1-(3-fluoro-4-trifluorometbylbenzylidene)-2-(4-pentylbenzylidene)hydrazine 

l-{3-fluoro-4-trifluoromethylbenzylidene)-2-(4-heptylbenzylidene)hydrazine 

1-(3-fluoro-4-trifluoromethylbenzylidene)-2-(4-methoxybenzylidene)hydrazine 

1-{3,5-difluoro-4-trifluoromethylbenzylidene)-2-(4-methylbenzylidene)hydrazine 

l-(3,5-difluoro-4-trifluoromethylbenzylidene)-2-(4-ethylbenzylidene)hydrazine 

l-(3,5-difluoro-4-trifluoromethylbenzylidene)-2-(4-propylbenzylidene)hydrazine 

l-(3,5-difluoro-4-trifluoromethylbenzylidene)-2-(4-butylbenzylidene)hydrazine 

l-(3,5-difluoro-4-trifluoromethylbenzylidene)-2-(4-pentylbenzylidene)hydrazine 

l-(3,5-difluoro-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)hydrazine 

1-{3,5-difluoro-4-trifluoromethylbenzylidene)-2-(4-ethylbenzylidene}hydrazine 

1-(3,5-difluoro-4-trifluoromethylbenzylidene)-2-(4-propylbenzylidene)hydrazine 

l-(3,5-difluoro-4-trifluoromethylbenzylidene)-2-(4-butylbenzylidene)hydrazine 

l-(3,5-difluoro-4-trifluoromethylbenzylidene)-2-(4-pentylbenzylidene)hydrazine 

l-(3,5-difluoro-4-trifluoromethylbenzylidene)-2-(4-heptylbenzylidene)hydrazine 

1-(3,5-difluoro-4-trifluoromethylbenzylidene)-2-(4-

methoxybenzylidene)hydrazine 

l-(3-fluoro-4-difluoromethoxybenzylidene)-2-(4-methylbenzylidene)hydrazine 

1-(3-fluoro-4-difluoromethoxybenzylidene}-2-(4-ethylbenzylidene)hydrazine 

l-(3-fluoro-4-difluoromethoxybenzylidene)-2-(4-propylbenzylidene)hydrazine 

1-(3-fluoro-4-difluoromethoxybenzylidene)-2-(4-butylbenzylidene)hydrazine 

1-(3-fluoro-4-difluoromethoxybenzylidene)-2-(4-pentylbenzylidene)hydrazine 

1-(3-fluoro-4-difluoromethoxybenzylidene)-2-(4-heptylbenzylidene)hydrazine 

1-(3-fluoro-4-difluoromethoxybenzylidene)-2-(4-methoxybenzylidene)hydrazine 

l-(3,5-difluoro-4-difluoromethoxybenzylidene)-2-(4-methylbenzylidene)hydrazine 

l-(3,5-difluoro-4-difluoromethoxybenzylidene)-2-(4-ethylbenzylidene)hydrazine 

l-(3,5-difluoro-4-difluoromethoxybenzylidene)-2-(4-propylbenzylidene)hydrazine 

1-(3,5-difluoro-4-difluoromethoxybenzylidene)-2~(4-butylbenzylidene)hydrazine 

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

l-(3,5-difluoro-4-difluoromethoxybenzylidene)-2-(4-heptylbenzylidene)hydrazine 

l-(3,5-difluoro-4-difluoromethoxrbenzylidene)-2-(4-

methoxybenzylidene)hydrazine 
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l-(3-fluoro-4-chlorohenzylidene)-2-(4-methylbenzylidene)hydrazine 

1-(3-fluoro-4-chlorobenzylidene)-2-(4-ethylbenzylidene)hydrazine 

1-(3-fluoro-4-chlorobenzylidene)~2-(4-propylbenzylidene)hydrazine 

1-(3-fluoro-4-chlorobenzylidene)-2-(4-butylbenzylidene)hydrazine 

l-(3-fluoro-4-chlorobenzylidene)-2-(4-pentylbenzylidene)hydrazine 

l-(3-fluoro-4-chlorobenzylidene)-2-(4-heptylbenzylidene)bydrazine 

l-(3-fluoro-4-chlorobenzylidene)-2-(4-methoxybenzylidene)hydrazine 

l-(3,5-difluoro-4-chlorobenzylidene)-2-(4-methylbenzylidene)hydrazine 

l-(3,5-difluoro-4-chlorobenzylidene)-2-(4-ethylbenzylidene)hydrazine 

l-(3,5-difluoro-4-chlorobenzylidene)-2-(4-propylbenzylidene)hydrazine 

l-(3,5-difluoro-4-chlorobenzylidene)-2-(4-butylbenzylidene)hydrazine 

l-(3,5-difluoro-4-chlorobenzylidene)-2-(4-pentylbenzylidene)hydrazine 

l-(3,5-difluoro-4-chlorobenzylidene)-2-(4-heptylbenzylidene)hydrazine 

l-(3,5-difluoro-4-chlorobenzylidene)-2-(4-methoxybenzylidene)hydrazine 

l-[3-fluoro-4-(2,2,2-trifluoroethoxy)benzylidene]-2-(4-

methylbenzylidene)hydrazine 

1-(3-fluoro-4-(2,2,2-trifluoroethoxy)benzylidene]-2-(4-

ethylbenzylidene)hydrazine 

1-[3-fluoro-4-(2,2,2-trifluoroethoxy)benzylidene]-2-{4-

propylbenzylidene)hydrazine 

1-[3-fluoro-4-(2,2,2-trifluoroethoxy)benzylidene)-2-(4-

butylbenzylidene)hydrazine 

1-[3-fluoro-4-(2,2,2-trifluoroethoxy)benzylideneJ-2-(4-

pentylbenzylidene)hydrazine 
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l-[3-fluoro-4-(2,2,2-trifluoroetho.xy)benzylidene]-2-(4-

heptylbenzylidene)hydrazine 

l-[3-fluoro-4-(2,2,2-trifluoroetlioxy}benzylidenel-2-(4-

methoxybenzylidene)hydrazine 

1-[3,5-difluoro-4-(2,2,2-trifluoroethoxy)benzylideneJ-2-(4-

methylbenzylidene)hydrazine 

1-[3,5-difluoro-4-(2,2,2-trifluoroethoxy)benzylidene)-2-{4-

ethylbenzylidene)hydrazine 

1-[3,5-difluoro-4-{2,2,2-trifluoroethoxy)benzylideneJ-2-(4-

propylbenzylidene)hydrazine 

1-[3,5-difluoro-4-(2,2,2-trifluoroethoxy)benzylidene]-2-(4-

butylbenzylidene)hydrazine 

l-[3,5-difluoro-4-(2,2,2-trifluoroethoxy)benzylidene]-2-(4-

pentylbenzylidene)hydrazine 

1-[3,5-difluoro-4-(2,2,2-trifluoroetho:xy)benzylideneJ-2-(4-

heptylbenzylidene)hydrazine 

l-[3,5-difluoro-4-(2,2,2-trifluoroethoxy)benzylidene]-2-(4-

methoxybenzylidene)hydrazine 

1-(3-fluoro-4-cyanobenzylidene)-2-(4-methylbenzyliden~)hydrazine 

1-(3-fluoro-4-cyanobenzylidene)-2-(4-ethylbenzylidene)hydrazine 

1-(3-fluoro-4-cyanobenzylidene)-2-(4-propylbenzylidene)hydrazine 

1-(3-fluoro-4-cyanobenzylidene)-2-(4-butylbenzylidene)hydrazine 

1-{3-fluoro-4-cyanobenzylidene)-2-(4-pentylbenzylidene)hydrazine 

1-(3-fluoro-4-cyanobenzylidene)-2-(4-heptylbenzylidene)hydrazine 
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l-(3-fluoro-4-cyanobenzylidene)-2-(4-methoxybenzylidene)hydrazine 

1-(3,5-difluoro-4-cyanobenzylidene)-2-(4-methylbenzylidene)hydrazine 

1-(3,5-difluoro-4-cyanobenzylidene)-2-{4-ethylbenzylidene)hydrazine 

1-(3,5-difluoro-4-cyanobenzylidene)-2-(4-propylbenzylidene)hydrazine 

1-(3,5-difluoro-4-cyanobenzylidene)-2-(4-butylbenzylidene)hydrazine 

l-(3,5-difluoro-4-cyanobenzylidene)-2-(4-pentylbenzylidene)hydrazine 

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

l-(3,5-difluoro-4-cyanobenzylidene)-2-(4-methoxybenzylidene)hydrazine 

1-(3-fluoro-4-methylbenzylidene)-2-(4-methylbenzylidene)hydrazine 

l-(3-fluoro-4-methylbenzylidene)-2-(4-ethylbenzylidene)hydrazine 

l-{3-fluoro-4-methylbenzylidene)-2-(4-propylbenzylidene)hydrazine 

1-(3-fluoro-4-methylbenzylidene)-2-(4-butylbenzylidene)hydrazine 

l-(3-fluoro-4-methylbenzylidene)-2-(4-pentylbenzylidene)hydrazine 

1-(3-fluoro-4-methylbenzylidene)-2-(4-heptylbenzylidene)hydrazine 

l-(3-fluoro-4-methylbenzylidene)-2-(4-methoxybenzylidene)hydrazine 

l-(3,5-difluoro-4-methylbenzylidene)-2-(4-methylbenzylidene)hydrazine 

1-(3,5-difluoro-4-methylbenzylidene)-2-{4-ethylbenzylidene)hydrazine 

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

l-(3,5-difluoro-4-methylbenzylidene)-2-(4-butylbenzylidene)hydrazine 

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

1-(3,5-difluoro-4-methylbenzylidene)-2-{4-heptylbenzylidene)hydrazine 

l-(3,5-difluoro-4-methylbenzylidene)-2-(4-methoxybenzylidene)hydrazine 

1-(3-fluoro-4-methoxybenzylidene}-2-(4-methylbenzylidene)hydrazine 

1-(3-fluoro-4-methoxybenzylidene)-2-(4-ethylbenzylidene)hydrazine 
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1-(3-fluoro-4-methoxybenzylidene)-2-(4-propylbenzylidene)hydrazine 

1-(3-fluoro-4-methoxybenzylidene)-2-(4-butylbenzylidene)hydrazine 

1-(3-fluoro-4-methoxybenzylidene)-2-(4-pentylbenzylidene)hydrazine 

1-(3-fluoro-4-methoxybenzylidene)-2-(4-heptylbenzylidene)hydrazine 

1-(3-fluoro-4-methoxybenzylidene)-2-(4-methoxybenzylidene)hydrazine 

1-(3,5-difluoro-4-methoxybenzylidene)~2-(4-methylbenzylidene)hydrazine 

l-(3,5-difluoro-4-methoxybenzylidene)-2-(4-ethylbenzylidene)hydrazine 

l-(3,5-difluoro-4-methoxybenzylidene)-2-(4-propylbenzylidene)hydrazine 

l-(3,5-difluoro-4-methoxybenzylidene)-2-(4-butylbenzylidene)hydrazine 

l-(3,5-difluoro-4-methoxybenzylidene)-2-(4-pentylbenzylidene)hydrazine 

l-(3,5-difluoro-4-methoxybenzylidene)-2-(4-heptylbenzylidene)hydrazine 

l-(3,5-difluoro-4-methoxybenzylidene)-2-(4-methoxybenzylidene)hydrazine 

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 

l-(3-fluoro-4-ethylbenzylidene)-2-(4-butylbenzylidene)hydrazine 

1-(3-fluoro-4-ethylbenzylidene)-2-(4-pentylbenzylidene)hydrazine 

1-(3-fluoro-4-ethylbenzylidene)-2-(4-heptylbenzylidene)hydrazine 

1-(3-fluoro-4-ethylbenzylidene)-2-(4-methoxybenzylidene)hydrazine 

1-(3, 5-difluoro-4-ethylbenzylidene)-2-(4-methylbenzylidene)hydrazine 

l-(3,5-difluoro-4-ethylbenzylidene)-2-(4-ethylbenzylidene)hydrazine 

l-(3,5-difluoro-4-ethylbenzylidene)-2-(4-propylbenzylidene)hydrazine 

l-(3,5-difluoro-4-ethylbenzylidene)-2-(4-butylbenzylidene)hydrazine 

l-(3,5-difluoro-4-ethylbenzylidene)-2-(4-pentylbenzylidene)hydrazine 
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l-(3,5-difluoro-4-ethylbenzylidene)-2-(4-heptylbenzylidene)hydrazine 

l-(3,5-difluoro-4-ethylbenzylidene)-2-(4-methoxybenzylidene)hydrazine 

l-(3-fluoro-4-propylbenzylidene)-2-(4-methylbenzylidene)hydrazine 

l-(3-fluoro-4-propylbenzylidene)-2-(4-ethylbenzylidene)hydrazine 

1-(3-fluoro-4-propylbenzylidene)-2-(4-propylbenzylidene)hydrazine 

1-(3-fluoro-4-propylbenzylidene)-2-(4-butylbenzylidene)hydrazine 

l-(3-fluoro-4-propylbenzylidene)-2-(4-pentylbenzylidene)hydrazine 

1-{3-fluoro-4-propylbenzylidene)-2-(4-heptylbenzylidene)hydrazine 

1-(3-fluoro-4-propylbenzylidene)-2-(4-methoxybenzylidene)hydrazine 

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

1-(3,5-difluoro-4-propylbenzylidene)-2-(4:ethylbenzylidene)hydrazine 

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

l-(3,5-difluoro-4-propylpropylbenzylidene)-2-(4-butylbenzylidene)hydrazine 

l-(3,5-difluoro-4-propylbenzylidene)-2-(4-pentylbenzylidene)bydrazine 

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

l-(3,5-difluoro-4-propylbenzylidene)-2-(4-methoxybenzylidene)hydrazine 

1-(3-fluoro-4-allyloxybenzylidene)-2-(4-methylbenzylidene)hydrazine 

1-(3-fluoro-4-allyloxybenzylidene)-2-(4-ethylbenzylidene)hydrazine 

1-(3-fluoro-4-allyloxybenzylidene)-2-(4-propylbenzylidene)hydrazine 

1-(3-fluoro-4-allyloxybenzylidene)-2-(4-butylbenzylidene)hydrazine 

l-(3-fluoro-4-allyloxybenzylidene)-2-(4-pentylbenzylidene)hydrazine 

1-(3-fluoro-4-allyloxybenzylidene)-2-(4-heptylbenzylidene)hydrazine 

1-(3-fluoro-4-allyloxybenzylidene)-2-{4-methoxybenzylidene)hydrazine 

l-{3,5-difluoro-4-allyloxybenzylidene}-2-(4-methylbenzylidene}hydrazine 
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- 118 -



---·--··--···---------~===~--------

l-(3,5-difluoro-4-allylo.xybenzylidene)-2-(4-ethylbenzylidene)hydrazine 

1-(3,5-difluoro-4-allyloxybenzylidene)-2-(4-propylbenzylidene)hydrazine 

1-(3,5-difluoro-4-allyloxybenzylidene)-2-(4-butylbenzylidene)hydrazine 

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

l-(3,5-difluoro-4-allyloxybeniylidene)-2-(4-heptylbenzylidene)hydrazine 

l-(3,5-difluoro-4-allyloxybenzylidene)-2-(4-methoxybenzylidene)hydrazine 

1-(4-fluorobenzylidene)-2-(2-fluoro-4-methylbenzylidene)hydrazine 

1-(4-fluorobenzylidene)-2-(2-fluoro-4-ethylbenzylidene)hydrazine 

1-(4-fluorobenzylidene)-2-(2-fluoro-4-propylbenzylidene)hydrazine 

l-(4-fluorobenzylidene)-2-(2-fluoro-4-butylbenzylidene)hydrazine 

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-metho.xybenzylidene)hydrazine 

l-(3,4-difluorobenzylidene)-2-(2-fluoro-4-methylhenzylidene)hydrazine 

1-(3,4-difluorobenzylidene)-2-(2-fluoro-4-ethylbenzylidene)hydrazine 

1-(3,4-difluorobenzylidene)-2-(2-fluoro-4-propylbenzylidene)hydrazine 

l-(3,4-difluorobenzylidene)-2-(2-fluoro-4-butylbenzylidene)hydrazine 

l-(3,4-difluorobenzylidene)-2-(2-fluoro-4-pentylbenzylidene}hydrazine 

1-(3,4-difluorobenzylidene)-2-{2-fluoro-4-heptylbenzylidene)hydrazine 

1-(3,4-difluorobenzylidene)-2-(2-fluoro-4-methaxybenzylidene)hydrazine 

1-(3,4,5-trifluorobenzylidene)-2-(2-fluoro-4-methylbenzylidene)hydrazine 

1-(3,4,5-trifluorobenzylidene)-2-(2-fluoro-4-ethylbenzylidene)hydrazine 

1-(3,4,5-trifluorobenzylidene}-2-(2-fluoro-4-propylbenzylidene)hydrazine 

1-(3,4,5-trifluorobenzylidene)-2-(2-fluoro-4-butylbenzylidene}hydrazine 
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1-(3,4,5-trifluorobenzylidene)-2-(2-fluoro-4-pentylbenzylidene)hydrazine 

1-(3,4,5-trifluorobenzylidene)-2-(2-fluoro-4-heptylbenzylidene)hydrazine 

1-(3,4,5-trifluorobenzylidene)-2-(2-fluoro-4-methoxybenzylidene}hydrazine 

l-(4-fluorobenzylidene)-2-(2, 6-difluoro-4-methylbenzylidene)hydrazine 

l-(4-fluorobenzylidene)-2-(2, 6-difluoro-4-ethylbenzylidene)hydrazine 

l-(4-fluorobenzylidene)-2-(2, 6-difluoro-4-propylbenzylidene)hydrazine 

l-(4-fluorobenzylidene)-2-(2, 6-difluoro-4-butylbenzylidene)hydrazine 

l-(4-fluorobenzylidene)-2-(2, 6-difluoro-4-pentylbenzylidene)hydrazine 

1-( 4-fluorobenzyl idene)-2-(2, 6 -difluoro-4-heptylbenzyl idene)hydraiine 

l-(4-fluorobenzylidene)-2-(2, 6-difluoro-4-methoxybenzylidene)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-difluorobenzyl idene)-2-{2, 6 -difluoro-4-propy lbenzyl idene)hydrazine 

1-(3,4-difluorobenzylidene)-2-(2, 6-difluoro-4-butylbenzylidene)hydrazine 

1-(3,4-difluorobenzylidene)-2-(2, 6-difluoro-4-pentylbenzylidene)hydrazine 

1-(3,4-difluorobenzylidene)-2-(2, 6-difluoro-4-heptylbenzylidene)hydrazine 

1-(3,4-difluorobenzylidene)-2-(2, 6-difluoro-4-methoxybenzylidene)hydrazine 

1-(3,4,5-trifluorobenzylidene)-2-{2, 6-difluoro-4-methylbenzylidene)hydrazine 

1-(3,4,5-trifluorobenzylidene)-2-(2, 6-difluoro-4-ethylbenzylidene)hydrazine 

1-(3,4,5-trifluorobenzylidene)-2-(2, 6-difluoro-4-propylbenzylidene)hydrazine 

1-(3,4,5-trifluorobenzylidene)-2-(2, 6-difluoro-4-butylbenzylidene)hydrazine 

1-(3,4,5-trifluorobenzylidene)-2-(2, 6-difluoro-4-pentylhenzylidene)hydrazine 

l-{3,4, 5-trifluorobenzylidene)-2-(2, 6-difluoro-4-heptylbenzylidene)hydrazine 

1-(3,4,5-trifluorobenzylidene)-2-(2, 6-difluoro-4-methoxybenzylidene)hydrazine 
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l-(4-trifluoromethoxybenzylidene)-2-(2-fluoro-4-methylbenzylidene)hydrazine 

1-(4-trifluoromethoxybenzylidene)-2-(2-fluoro-4-ethylbenzylidene)hydrazine 

l-{4-trifluoromethoxybenzylidene)-2-(2-fluoro-4-propylbenzylidene)hydrazine 

1-(4-trifluoromethoxybenzylidene)-2-(2-fluoro-4-butylbenzylidene)hydrazine 

l-(4-trifluoromethoxybenzylidene)-2-(2-fluoro-4-pentylbenzylidene)hydrazine 

l-{4-trifluoromethoxybenzylidene)-2-(2-fluoro-4-heptylbenzylidene)hydrazine 

1-(4-trifluoromethoxybenzylidene)-2-(2-fluoro-4-methoxybenzylidene)hydrazine 

l-(4-trifluoromethoxybenzylidene)-2-(2, 6-difluoro-4-methylbenzylidene)-

hydrazine 

l-(4-trifluoromethoxybenzylidene)-2-(2, 6-difluoro-4-ethylbenzylidene)-

hydrazine 

l-(4-trifluoromethoxybenzylidene)-2-(2, 6-difluoro-4-propylbenzylidene)-

hydrazine 

l-(4-trifluoromethoxybenzylidene)-2-(2, 6-difluoro-4-butylbenzylidene)-

hydrazine 

l-(4-trifluoromethoxybenzylidene)-2-(2, 6-difluoro-4-pentylbenzylidene)-

hydrazine 

l-(4-trifluoromethoxybenzylidene)-2-(2, 6-difluoro-4-heptylbenzylidene)-

hydrazine 

l-(4-trifluoromethoxybenzylidene)-2-(2, 6-difluoro-4-methoxybenzylidene)-

hydrazine 

1-(4-cyanobenzylidene)-2-(2-fluoro-4-methylbenzylidene)hydrazine 

l-(4-cyanobenzylidene)-2-(2-fluoro-4-propylbenzylidene)hydrazine 

This Sheet Has Bee 
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1-(4-cyanobenzylidene)-2-(2-fluoro-4-butylbenzylidene)hydrazine 

1-{4-cyanobenzylidene)-2-(2-fluoro-4-pentylbenzylidene)hydrazine 

l-(4-cyanobenzylidene)-2-(2-fluoro-4-heptylbenzylidene)hydrazine 

1-(4-cyanobenzylidene)-2-(2-fluoro-4-methoxybenzylidene)hydrazine 

1-{4-cyanobenzylidene)-2-(2, 6-difluoro-4-methylbenzylidene}hydrazine 

1-(4-cyanobenzyl idene)-2-(2, 6 -difluoro-4-ethylbenzyl idene)hydrazine 

1-( 4-cyanohenzy Ii dene )-2-(2, 6 -di f 1 uoro-4-propy I benzy 1 idene )hydrazine 

1-( 4-cyanobenzy li dene )-2-(2, 6 -dif l uoro-4-buty 1 benzy Ii dene )hydrazine 

1-( 4-cyanobenzy 1 i dene )-2-(2, 6 -di fl uoro-4-penty 1benzy1 i dene )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-methylbenzylidene)hydrazine 

1-(4-trifluoromethylbenzylidene)-2-(2-fluoro-4-ethylbenzylidene)hydrazine 

1-(4-trifluoromethylbenzylidene)-2-(2-fluoro-4-propylbenzylidene)bydrazine 

1-(4-trifluoromethylbenzylidene)-2-(2-fluoro-4-butylbenzylidene)hydrazine 

1-(4-trifluoromethylbenzylidene)~2-(2-fluoro-4-pentylbenzylidene)hydrazine 

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

1-{4-trifluoromethylbenzylidene)-2-(2-fluoro-4-methoxybenzylidene)hydrazine 

l-(4-trifluoromethylbenzylidene)-2-(2, 6-difluoro-4-methylbenzylidene)-

hydrazine 

1-(4-trifluoromethylbenzylidene)-2-(2, 6-difluoro-4-ethylbenzylidene)hydrazine 

l-(4-trifluoromethylbenzylidene)-2-(2, 6-difluoro-4-propylbenzylidene}-

hydrazine 

1-(4-trifluoromethylbenzyl idene)-2-(2, 6 -difluoro-4-butylbenzyl idene )hydrazine 
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1-(4-trifluoromethylbenzylidene)-2-(2,6-difluoro-4-pentylbenzylidene)­

hydrazine 

l-(4-trifluoromethylbenzylidene)-2-(2, 6-difluoro-4-heptylbenzylidene)­

h.ydrazine 

1-(4-trifluoromethylbenzylidene)-2-(2, 6-difluoro-4-metho.xybenzylidene)-

hydrazine 

1-(4-chlorobenzylidene)-2-(2-fluoro-4-methylbenzylidene)hydrazine 

1-(4-chlorobenzylidene)-2-(2-fluoro-4-ethylbenzylidene)bydrazine 

1-(4-chlorobenzylidene)-2-(2-fluoro-4-propylbenzylidene)hydrazine 

1-(4-chlorobenzylidene)-2-(2-fluoro-4-butylbenzylidene)hydrazine 

l-(4-chlorobenzylidene)-2-(2-fluoro-4-pentylbenzylidene)hydrazine 

1-(4-chlorobenzylidene)-2-(2-fluoro-4-heptylbenzylidene)hydrazine 

1-(4-chlorobenzylidene)-2-(2-fluoro-4-metho.xybenzylidene)hydrazine 

1-( 4-chl orobenzy 1 i dene )-2-(2, 6 -di fl uoro-4-methy 1 benzy l i dene )hydrazine 

l-(4-chlorobenzylidene)-2-(2, 6-difluoro-4-ethylbenzylidene)hydrazine 

l-(4-chlorobenzylidene)-2-(2, 6-difluoro-4-propylbenzylidene)hydrazine 

l-(4-chlorobenzylidene)-2-(2, 6-difluoro-4-butylbenzylidene)hydrazine 

l-(4-chlorobenzylidene)-2-(2, 6-difluoro-4-pentylbenzylidene)hydrazine 

l-(4-chlorobenzylidene)-2-(2, 6-difluoro-4-heptylbenzylidene)hydrazine 

l-(4-chlorobenzylidene)-2-(2, 6-difluoro-4-methoxybenzylidene)hydrazine 

l-(4-methoxybenzylidene)-2-(2-fluoro-4-methylbenzylidene}hydrazine 

1-(4-methoxybenzylidene)-2-(2-fluoro-4-ethylbenzylidene)hydrazine 

l-(4-methoxybenzylidene)-2-(2-fluoro-4-propylbenzylidene)hydrazine 

1-(4-methoxybenzylidene)-2-(2-fluoro-4-butylbenzylidene)hydrazine 
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1-(4-methoxybenzylidene)-2-(2-fluoro-4-pentylbenzylidene)hydrazine 

1-(4-methoxybenzylidene)-2-(2-fluoro-4-heptylbenzylidene)hydrazine 

l-(4-methoxybenzylidene)-2-(2-fluoro-4-methoxyb~nzylidene)hydrazine 

l-(4-methoxybenzylidene)-2-(2, 6-difluoro-4-methylbenzylidene)hydrazine 

l-(4-methoxybenzylidene)-2-(2, 6-difluoro-4-ethylbenzylidene)hydrazine 

1-(4-methoxybenzylidene)-2-{2, 6-difluoro-4-propylbenzylidene)hydrazine 

1-(4-methoxybenzylidene)-2-(2, 6-difluoro-4-butylbenzylidene)hydrazine 

l-(4-methoxybenzylidene)-2-(2, 6-difluoro-4-pentylbenzylidene)hydrazine 

1-(4-metho.xybenzylidene)-2-(2, 6-difluoro-4-heptylbenzylidene)hydrazine 

1-{4-methoxybenzylidene)-2-(2, 6-difluoro-4-methoxybenzylidene)hydrazine 

1-(4-methylhenzylidene)-2-(2-fluoro-4-methylbenzylidene)hydrazine 

1-(4-methylbenzylidene)-2-(2-fluoro-4-ethylbenzylidene)bydrazine 

1-(4-methylbenzylidene)-2-(2-fluoro-4-propylbenzylidene)hydrazine 

1-(4-methylbenzylidene)-2-{2-fluoro-4-butylbenzylidene)hydrazine 

l-(4-methylbenzylidene)-2-(2-fluoro-4-pentylbenzylidene)hydrazine 

1-(4-methylbenzylidene)-2-(2-fluoro-4-heptylbenzylidene)hydrazine 

l-(4-methylbenzylidene)-2-(2-fluoro-4-methoxybenzylidene)hydrazine 

l-(4-methylbenzylidene)-2-(2, 6-difluoro-4-methylbenzylidene)hydrazine 

1-(4-methylbenzylidene)-2-(2, 6-difluoro-4-ethylbenzylidene)hydrazine 

1-(4-methylbenzylidene)-2-(2, 6-difluoro-4-propylbenzylidene)hydrazine 

l-(4-methylbenzylidene)-2-(2, 6-difluoro-4-butylbenzylidene)hydrazine 

l-(4-methylbenzylidene)-2-(2, 6-difluoro-4-pentylhenzylidene)hydrazine 

1-{4-methylbenzylidene)-2-(2, 6-difluoro-4-heptylbenzylidene)hydrazine 

1-(4-methylbenzylidene)-2-(2, 6-difluoro-4-methoxybenzylidene}hydrazine 
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1-(4-ethylbenzylidene)-2-(2-fluoro-4-methylbenzylidene)hydrazine 

1-(4-ethylbenzylidene)-2-(2-fluoro-4-ethylbenzylidene)hydrazine 

1-(4-ethylbenzylidene)-2-(2-fluoro-4-propylbenzylidene)hydrazine 

1-(4-ethylbenzylidene)-2-(2-fluoro-4-butylbenzylidene)hydrazine 

1-(4-ethylbenzylidene)-2-(2-fluoro-4-pentylbenzylidene)hydrazine 

1-(4-ethylbenzylidene)-2-(2-fluoro-4-heptylbenzylidene)hydrazine 

1-(4-ethylbenzylidene)-2-(2-fluoro-4-methoxybenzylidene)hydrazine 

1-( 4-ethy I benzy 1 idene )-2-( 2, 6 -di fl uoro-4-methy l benzy I idene )hydrazine 

1-( 4-ethylbenzyl idene}-2-(2, 6 -difluoro-4-ethylbenzyl idene)hydrazine 

l-(4-ethylbenzylidene)-2-(2, 6-difluoro-4-propylbenzylidene)hydrazine 

l-(4-ethylbenzylidene)-2-(2, 6-difluoro-4-butylbenzylidene)hydrazine 

1-(4-ethylbenzyl idene)-2-(2, 6 -difluoro-4-pentylbenzylidene)bydrazine 

1-(4-ethylbenzylidene)-2-(2, 6-difluoro-4-heptylbenzylidene)hydrazine 

1-( 4-ethy I benzy Ii dene )-2-(2, 6 -di f I uoro-4-methoxybenzy l i dene )hydrazine 

l-(4-propylbenzylidene)-2-(2-fluoro-4-methylbenzylidene)hydrazine 

1-(4-propylbenzylidene)-2-(2-fluoro-4-ethylhenzylidene)hydrazine 

1-(4-prop~lbenzylidene)-2-(2-fluoro-4-propylbenzylidene)hydrazine 

1-(4-propylbenzylidene)-2-(2-fluoro-4-butylbenzylidene)hydrazine 

1-(4-propylbenzylidene)-2-(2-fluoro-4-pentylbenzylidene)hydrazine 

l-(4-propylbenzylidene)-2-(2-fluoro-4-heptylbenzylidene)bydrazine 

1-(4-propylbenzylidene)-2-(2-fluoro-4-methoxybenzylidene)hydrazine 

l-(4-propylbenzylidene)-2-(2, 6-difluoro-4-methylbenzylidene)hydrazine 

l-(4-propylbenzylidene)-2-(2, 6-difluoro-4-ethylbenzylidene)hydrazine 

l-(4-propylbenzylidene)-2-(2, 6-difluoro-4-propylbenzylidene)hydrazine 
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l-(4-propylbenzylidene}-2-(2, 6-difluoro-4-butylbenzylidene)hydrazine 

l-(4-propylbenzylidene)-2-(2, 6-difluoro-4-pentylbenzylidene)hydrazine 

l-(4-propylbenzylidene)-2-(2, 6-difluoro-4-heptylbenzylidene}hydrazine 

l-(4-propylbenzylidene)-2-(2, 6-difluoro-4-methoxybenzylidene)hydrazine 

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

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 (TN-i) 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-N)· The results were 9°C. A liquid crystal 

device was then prepared from thi~ composition in the s.ame 

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: 

obtained in Example 5 was prepared. The liquid crystal 

composition (M-8) thus prepared exhibited an upper nematic. 

phase temperature limit (TN-i) 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~N· The 

results were 13°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 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) 

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 1-(3-butenyl)-4-bromobenzene with magnesium to 

prepare a Grignard reagent which is then reacted with DMF} in 

20 me of ethanol. The mixture was stirred at room 

temperature for 30 minutes. To the mixture was then added 20 

me of saturated aqueous solution of sodium bicarbonate. To 

the mixture was then added 10 me of dichloromethane. The 

mixture was then washed with 10 me of saturated aqueous 

solution of sodium bicarbonate twice. To the resulting 

organic phase was then added 3.5 me 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 me of 

triethylamine. To the mixture were then added 20 me 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 mt of saturated aqueous solution of sodium 

bicarbonate. To the mixture was then added 10 mt of 

dichloromethane. The mixture was then washed with 10 me of 

saturated aqueous 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 l-[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. 

- 129 -



/ 

As a result, the following compounds were obtained: 

1-{4-(3-butenyl)benzylidene)-2-(4-ethylbenzylidene)hydrazine 

1-[4-(3-butenyl)benzylideneJ-2-(4-propylbenzylidene)hydrazine 

1-[4-(3-butenyl)benzylidene]-2-(4-butylbenzylidene)hydrazine 

1-[4-(3-butenyl)benzylidene]-2-(4-pentylbenzylidene)hydrazine 

1-[4-(3-butenyl)benzylidene]-2-(4-heptylbenzylidene)hydrazine 

1-[4-(3-butenyl)benzylidene]-2-(2, 4-dimethylbenzylidene)hydrazine 

1-[4-{3-butenyl)benzylidene]-2-(4-methoxybenzylidene)hydrazine 

1-(4-(3-butenyl)benzylidene]-2-(2, 3-difluoro-4-ethoxybenzylidene)hydrazine 

1-[4-(3-butenyl)benzylidene]-2-(4-fluorobenzylidene)hydrazine 

1-(4-(3-butenyl)benzylidene]-2-(3, 4-difluorobenzylidene)hydrazine 

1-(4-(3-butenyl)benzylidene]-2-(3, 4, 5-trifluorobenzylidene)hydrazine 

1-(4-(3-butenyl)benzylidene]-2-(4-chlorobenzylidene)hydrazine 

l-[4-(3-butenyl)benzylidene]-2-(4-trifluoromethoxybenzylidene)hydrazine 

l-[4-(3-butenyl)benzylidene]-2-(4-cyanobenzylidene)hydrazine 
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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: 

-- -----
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1-[4-(trans-3-pentenyl)benzylidene]-2-(4-methylbenzylidene)hydrazine 

1-[4-(trans-3-pentenyl)benzylidene]-2-(4-ethylbenzylidene)hydrazine 

1-[4-(trans-3-pentenyl)benzylidene]-2-(4-propylbenzylidene)hydrazine 

1-[4-(trans-3-pentenyl)benzylidene]-2-(4-butylbenzylidene)hydrazine 

1-[4-(trans-3-pentenyl)benzylidene)-2-(4-pentylbenzylidene)hydrazine 

1-[4-(trans-3-pentenyl)benzylidene)-2-(4-heptylbenzylidene)hydrazine 

l-[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)benzylidene]-2-(2, 3-difluoro-4-ethoxybenzylidene)-

hydrazine 

1-[4-(trans-3-pentenyl)benzylidene]-2-(4-fluorobenzylidene)hydrazine 

l-(4-(trans-3-pentenyl)benzylidene]-2-(3, 4-difluorobenzylidene)hydrazine 

1-[4-(trans-3-pentenyl)benzylidene]-2-(3, 4, 5-trifluorobenzylidene)hydrazine 

l-{4-(trans-3-pentenyl)benzylidene]-2-(4-chlorobenzylidene)hydrazine 

1-[4-(trans-3-pentenyl}benzylidene)-2-(4-trifluorometho:xybenzylidene)hydrazine 

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

1-[4-(4-pentenyl)benzylidene]-2-(4-methylbenzylidene}hydrazine 

1-[4-(4-pentenyl)benzylidene]-2-(4-ethylbenzylidene)hydrazine 

1-[4-(4-pentenyl)benzylideneJ-2-(4-propylbenzylidene)hydrazine 

1-[4-(4-pentenyl}benzylidene]-2-(4-butylbenzylidene}hydrazine 

1-[4-{4-pentenyl)benzylidene]-2-(4-pentylbenzylidene)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)benzylidene]-2-(4-methoxybenzylidene)hydrazine 

1-[4-(4-pentenyl)benzylidene]-2-(2J 3-difluoro-4-ethox:ybenzylidene)hydrazine 

1-[4-(4-pentenyl)benzylidene]-2-(4-fluorobenzylidene)hydrazine 

1-[4-(4-pentenyl)benzylidene]-2-(3J 4-difluorobenzylidene)hydrazine 

1-(4-(4-pentenyl)benzylidene]-2-(3, 4, 5-trifluorobenzylidene)bydrazine 

1-(4-(4-pentenyl)benzylidene]-2-(4-chlorobenzylidene)hydrazine 

1-[4-(4-pentenyl)benzylidene]-2-(4-trifluoromethox:ybenzylidene)hydrazine 

1-[4-(4-pentenyl)benzylidene)-2-(4-cyanobenzylidene)hydrazine 

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

1-(4-(trans-3-hexenyl)benzylideneJ-2-{4-eth.ylbenzylidene)hydrazine 

1-[4-(trans-3-hexenyl)benzylidene]-2-{4-propylbenzylidene)hydrazine 

1-[4-(trans-3-hexenyl)benzylidene)-2-(4-butylbenzylidene)hydrazine 

1-[4-(trans-3-hexenyl)benzylidene]-2-(4-pentylbenzylidene}hydrazine 

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

l-(4-(trans-3-hexenyl}benzylidene)-2-(2, 4-dimethylbenzylidene)hydrazine 

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

1-{4-(trans-3-hexenyl)benzylidene]-2-(2, 3-difluoro-4-ethoXYbenzylidene)-

hydrazine 

l-[4-(trans-3-hexenyl)benzylideneJ-2-(4-fluorobenzylidene)hydrazine 

1-[4-(trans-3-hexenyl)benzylidene]-2-(3, 4-difluorohenzylidene)hydrazine 

1-[4-(trans-3-hexenyl)benzylideneJ-2-(3, 4, 5-trifluorobenzylidene)hydrazine 

l-[4-(trans-3-hexenyl)benzylidene)-2-(4-chlorobenzylidene)hydrazine 

1-[4-(trans-3-hexenyl)benzylidene)--2-(4-trifluoromethoxybenzylidene)hydrazine 

1-[4-(trans-3-hexenyl)benzylidene]-2-(4-cyanobenzylidene)hydrazine 
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1-[4-(5-hexenyl)benzylideneJ-2-(4-methylbenzylidene)hydrazine 

1-(4-(5-hexenyl)benzylidene]-2-(4-ethylbenzylidene)hydrazine 

l-[4-(5-hexenyl)benzylidenel-2-(4-propylbenzylidene)hydrazine 

l-[4-(5-hexenyl)benzylidene]-2-(4-butylbenzylidene)hydrazine 

1-(4-(5-hexenyl)benzylidene]-2-(4-pentylbenzylidene)hydrazine 

1-[4-(5-hexenyl)benzylideneJ-2-(4-heptylbenzylidene)hydrazine 

1-[4-(5-hexenyl)benzylidene]-2-{2, 4-dimethylbenzylidene)hydrazine 

l-[4-(5-hexenyl)benzylidene]-2-(4-methoxybenzylidene}hydrazine 

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)benzylideneJ-2-(3, 4-difluorobenzylidene)hydrazine 

1-(4-(5-hexenyl)benzylidene]-2-(3, 4, 5-trifluorobenzylidene)hydrazine 

l-[4-(5-hexenyl)benzylidene]-2-(4-chlorobenzylidene)hydrazine 

1-(4-(5-hexenyl)benzylidene]-2-(4-trifluoromethoxybenzylidene)hydrazine 

1-[4-(5-hexenyl)benzylideneJ-2-(4-cyanobenzylidene)hydrazine 

1-[4-allyloxybenzylidene]-2-(4-methylbenzylidene)hydrazine 

l-[4-allyloxybenzylidene]-2-(4-ethylbenzylidene)hydrazine 

1-[4-allyloxybenzylidene]-2-(4-propylbenzylidene)hydrazine 

1-[4-allyloxybenzylideneJ-2-(4-butylbenzylidene)hydrazine 

1-[4-allyloxybenzylidene]-2-(4-pentylbenzylidene)hydrazine 

1-[4-allyloxybenzylidene]-2-(4-heptylbenzylidene)hydrazine 

l-{4-allyloxybenzylidene]-2-(2, 4-dimethylbenzylidene)hydrazine 

l-[4-allyloxybenzylideneJ-2-(4-methoxybenzylidene)hydrazine 

1-[4-allyloxybenzylidene]-2-(2, 3-difluoro-4-ethoxybenzylidene)hydrazine 
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l-[4-allyloxybenzylidene]-2-(4-fluorobenzylidene)hydrazine 

l-[4-allyloxybenzylidene]-2-(3, 4-difluorobenzylidene)hydrazine 

1-[4-allyloxybenzylidene]-2-(3, 4, 5-trifluorobenzylidene)hydrazine 

1-(4-allyloxybenzylidene]-2-(4-chlorobenzylidene)hydrazine 

1-(4-allyloxybenzylideneJ-2-{4-trifluoromethoxybenzylidene)hydrazine 

1-[4-allyloxybenzylidene]-2-(4-cyanobenzylidene)hydrazine 

1-[4-allylbenzylideneJ-2-(4-methylbenzylidene)hydrazine 

1-[4-allylbenzylidene]-2-(4-ethylbenzylidene)hydrazine 

1-[4-allylbenzylidene]-2-(4-propylbenzylidene)hydrazine 

1-[4-allylbenzylidene]-2-(4-butylbenzylidene)hydrazine 

1-[4-allylbenzylidene]-2-(4-pentylbenzylidene)hydrazine 

1-[4-allylbenzylidenel-2-(4-heptylbenzylidene)hydrazine 

1-(4-allylbenzylidene]-2-{2, 4-dimethylbenzylidene)hydrazine 

1-[4-allylbenzylidene]-2-(4-methoxyhenzylidene)hydrazine 

l-[4-allylbenzylidene]-2-(2, 3-difluoro-4-ethoxybenzylidene}hydrazine 

l-[4-allylbenzylidene]-2-(4-fluorobenzylidene)hydrazine 

1-[4-allylbenzylideneJ-2-(3, 4-difluorobenzylidene)hydrazine 

l-(4-allylbenzylideneJ-2-(3, 4, 5-trifluorobenzylidene)hydrazine 

l-(4-allylbenzylidene]-2-(4-chlorobenzylidene)hydrazine 

l-[4-allylbenzylidene)-2-(4-trifluoromethoxybenzylidene)hydrazine 

1-[4-allylbenzylidene]-2-(4-cyanobenzylidene)hydrazine 

--·-·-··--------· --·- ··--
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(Example 9) Synthesis of 1,2-bis[4-(3-butenyl)benzylidene) 

hydrazine (Compound No. 10 set forth in Table l} 

8.4 g of a monohydrate of hydrazine and 45 g of 4-(3-

butenyl)benzaldehyde were dissolved in 80 me of methanol. 

The mixture was stirred at room temperature for 2 hours. To 

the mixture was then added 150 me 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 

l,2-Bis[4-(trans-3-hexenyl_)benzylidene)hydrazine 

l,2-Bis[4-(5-hexenyl)benzylidene]hydrazine 

1,2-Bis{4-allyloxybenzylidene)hydrazine 

--·- ··-··- - - ----··-··- -

- 136 -



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 µm 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 ~iquid crystal composition (M-9) consisting of 80% 

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

obtained in Example 8 was prepared. The liquid crystal 

composition (M-9) exhibited an upper nematic phase 

temperature limit (TN-d 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 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 temp~rature at which it again 

turns to uniform nematic phase (T_N)· 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 (TN-i) 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~N· 

The results were S0 c. 

A liquid crystal device w~s then prepared from this 

composition in the same manner as mentioned above. The 

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 liquid 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) 

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 

me of saturated aqueous solution of sodium bicarbonate twice 

to remove excess hydrazine. To the resulting organic phase 

was then added 40 me 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 me 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 th~ough 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]hydrazine. 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-methylbenzylidene)-2-(4-(trans-4-

propy l )cycl ohexy l baizy lidene ]hydrazine ( I -1) 

1-(4-propylbenzylidene)-2-[4-(trans-4-

propyl )cyclohexylbenzylidene]hydrazine( I -3) 

1-(4-butylbenzylidene)-2-(4-(trans-4-propyl)cyclohexylbenzylidene]hydrazine 

1-(4-pentylbenzylidene)-2-{4-(trans-4-propyl)cyclohexylbenzylidene]hydrazine 

1-(4-heptylbenzylidene)-2-[4-(trans-4-propyl)cyclohexylbenzylidene)hydrazine 

1-(4-hexylhenzylidene)-2-f 4-(trans-4-propyl)cyclohexylbenzylideneJhydrazine 

1-[4-(3-butenyl)benzylidene]-2-(4-(trans-4-

propyl)cyclohexylbenzylidene]hydrazine 
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l-[4-(4-pentenyl)benzylidene]-2-(4-(trans-4-

propyl)cyclohexylbenzylidene]hydrazine 

1-[4-(5-hexenyl)benzylidene]-2-(4-(trans-4-

propyl)cyclohexylbenzylidene]hydrazine 

1-[4-(6-heptenyl)benzylidene]-2-[4-(trans-4-

propyl)cyclohexylbenzylideneJhydrazine 

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)cyclohexylbenzylidene]hydrazine 

1-(4-ethylbenzylidene)-2-[4-(trans-4-methyl)cyclohexylbenzylidene]hydrazine 

1-(4-propylbenzylidene)-Z-[4-(trans-4-methyl)cyclohexylbenzylidene]h 

ydrazine 

1-(4-butylbenzylidene)-2-(4-(trans-4-methyl)eyclohexylbenzylidene]hydrazine 

1-(4-pentylbenzylidene)-2-[4-(trans-4-methyl)cyclohexylbenzylidene]hydrazine 

1-(4-hexylbenzylidene)-2-[4-(trans-4-methyl)cyclohexylbenzylidene]hydrazine 

1-(4-heptylbenzylidene)-2-[4-(trans-4-methyl}cyclohe:xylbenzylidene]hydrazine 

l-[4-{3-butenyl)benzylideneJ-2-[4-(trans-4-

methyl)cyclohexylbenzylideneJhydrazine 

1-[4-(4-pentenyl)benzylidene]-2-[4-(trans-4-

methyl)cyclohexylbenzylidene]hydrazine 

1-[4-(5-hexenyl)benzylidene]-2-[4-(trans-4-

-----
--
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methyl)cyclohexylbenzylideneJhydrazine 

1-(4-(6-heptenyl)benzylidene)-2-[4-(trans-4-

methyl)cyclohexylbenzylidene]hydrazine 

1-(4-methylbenzylidene)-2-(4-(trans-4-ethyl)cyclohexylbenzylidene]hydrazine 

1-(4-ethylbenzylidene)-2-[4-{trans-4-ethyl)cyclohexylbenzylidene]bydrazine 

1-(4-propylbenzylidene)-2-(4-(trans-4-ethyl)cyclohexylbenzylidene]hydrazine 

1-(4-butylbenzylidene)-2-[4-(trans-4-ethyl)cyclohexylbenzylidene]hydrazine 

1-(4-pentylbenzylidene)-2-[4-(trans-4-ethyl)cyclohexylbenzylidene]hydrazine 

l-(4-hexylbenzylidene)-2-(4-{trans-4-ethyl)cyclohexylbenzylideneJbydrazine 

1-(4-heptylbenzylidene)-2-[4-(trans-4-ethyl)cyclohexylbenzylidene]hydrazine 

l-[4-(3-butenyl)benzylidene]-2-[4-(trans-4-

ethyl)cyclohexylbenzylideneJhydrazine 

l-[4-(4-pentenyl)henzylidene]-2-[4-(trans-4-

ethyl)cyclohexylbenzylidene]hydrazine 

1-[4-(5-hexenyl)benzylidene]-2-[4-(trans-4-

ethyl)cyclohexylbenzylidene]hydrazine 

1-[4-(6-heptenyl}benzylidene]-2-(4-(trans-4-

ethyl)cyclohexylbenzylidene)hydrazine 

1-(4-methylbenzylidene)-2-(4-(trans-4-butyl)cyclohexylbenzylidene]hydrazine 

1-(4-ethylbenzylidene)-Z-[4-(trans-4-butyl)cyclohexylbenzylidene]hyd 

razine 

l-(4-propylbenzylidene)-2-(4-(trans-4-butyl)cyclohexylbenzylidene]hydrazine 

1-(4-butylbenzylidene)-2-[4-(trans-4-butyl)cyclohexylbenzylidene]hydrazine 

1-(4-pentylbenzylidene)-2-[4-(trans-4-butyl)cyclohexylbenzylidene]hydrazine 
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1-(4-hexylbenzylidene)-2-(4-(trans-4-butyl)cyclohexylbenzylidene]hydrazine 

1-(4-heptylbenzylidene)-2-[4-(trans-4-butyl)cyclohexylbenzylidene]hydrazine 

1-(4-(3-butenyl)benzylidene]-2-[4-(trans-4-

butyl)cyclohexylbenzylidene]hydrazine 

1-[4-(4-pentenyl)benzylidene)-2-[4-(trans-4-

butyl)cyclohexylbenzylideneJhydrazine 

1-[4-(5-hexenyl)benzylidene]-2-[4-(trans-4-

butyl )cyclohexylbenzylideneJhydrazine 

1-(4-(6-heptenyl)benzylidene]-2-[4-(trans-4-

butyl)cyclohexylbenzylideneJhydrazine 

l-(4-methylbenzylidene)-2-(4-(trans-4-pentyl)cyclohexylbenzylidene}hydrazine 

l-{4-ethylbenzylidene)-2-[4-(trans-4-pentyl)cyclohexylbenzylidene]hydrazine 

1-{4-propylbenzylidene)-2-(4-(trans-4-pentyl)cyclohexylbenzylidene]hydrazine 

1-(4-butylbenzylidene)-2-[4-(trans-4-pentyl)cyclohexylbenzylidene]hydrazine 

1-(4-pentylbenzylidene)-2-[4-(trans-4-pentyl)cyclohexylbenzylidene]hydrazine 

1-(4-hexylbenzylidene)-2-[4-{trans-4-pentyl)cyclohexylbenzylidene]hydrazine 

1-(4-heptylbenzylidene)-2-(4-(trans-4-pentyl)cyclohexylbenzylidene]hydrazine 

1-(4-(3-butenyl)benzylidene]-2-[4-(trans-4-

pentyl)cyclohexylbenzylidene)hydrazine 

l-[4-(4-pentenyl)benzylideneJ-2-(4-(trans-4-

pentyl)cyclohexylbenzylidene]hydrazine 

1-[4-(5-hexenyl)benzylidene]-2-(4-(trans-4-

pentyl)cyclohexylbenzylidene]hydrazine 

1-[4-(6-heptenyl)benzylideneJ-2-(4-(trans-4-
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pentyl)cyclohexylbenzylidene]hydrazine 

1-(4-m.ethylbenzylidene)-2-[4-(trans-4-hexyl)cyclohexylbenzylidene}hydrazine 

1-(4-ethylbenzylidene)-2-[4-(trans-4-hexyl)cyclohexylbenzylidene)hydrazine 

1-(4-propylbenzylidene)-2-[4-(trans-4-hexyl)cyclohexylbenzylidene]hy 

drazine 

1-(4-butylbenzylidene)-2-[4-(trans-4-hexyl)cyclohexylbenzylidene]hydrazine 

1-(4-pentylbenzylidene)-2-[4-(trans-4-hexyl)cyclohexylbenzylideneJhydrazine 

1-(4-hexylbenzylidene)-2-[4-(trans-4-hexyl)cyclohexylbenzylidene]hydrazine 

1-(4-heptylbenzylidene)-2-[4-(trans-4-hexyl)cyclohexylbenzylidene]hydrazine 

1-[4-(3-butenyl)benzylideneJ-2-[4-(trans-4-

hexyl)cyclohexylbenzylidene]hydrazine 

1-[4-(4-pentenyl)benzylidene]-2-[4-(trans-4-

hexyl)cyclohe.xylbenzylidene]hydrazine 

1-[4-(5-hexenyl)benzylidene]-2-[4-(trans-4- This Sheet Has B 

111111;;;~ hexyl)cyclohexylbenzylidene]hydrazine 

1-[4-{6-heptenyl)benzylidene]-2-[4-(trans-4-

hexyl)cyclohexylbenzylidenelhydrazine 

1-(4-methylbenzylidene)-2-[4-(trans-4-heptyl)cyclohe.xylbenzylidene]hydrazine 

1-(4-ethylbenzylidene)-2-[4-(trans-4-heptyl)cyclohexylbenzylidene]hydrazine 

1-(4-propylbenzylidene)-2-(4-(trans-4-heptyl)cyclohexylbenzylidene]h 

ydrazine 

l-(4-butylbenzylidene)-2-(4-(trans-4-heptyl)cyclohexylbenzylidene]hydrazine 

1-(4-pentylbenzylidene)-2-[4-(trans-4-heptyl)cyclohexylbenzylidene]hydrazine 

1-(4-hexylbenzylidene)-2-{4-{trans-4-heptyl)cyclohexylbenzylideneJhydrazine 
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1-(4-heptylbenzylidene)-2-{4-(trans-4-heptyl)cyclohexylbenzylideneJhydrazine 

1-[4-(3-butenyl)benzylidene]-2-[4-(trans-4-

heptyl)cyclohexylbenzylidene]hydrazine 

l-[4-{4-pentenyl)benzylidene]-2-(4-{trans-4-

heptyl )cyclohexylbenzylideneJhydrazine 

1-[4-{5-hexenyl)benzylidene]-2-[4-(trans-4-

heptyl)cyclohexylbenzylidene]hydrazine 

1-[4-{6-heptenyl)benzylidene]-2-[4-(trans-4-

heptyl)cyclohexylbenzylidene]hydrazine 

--·· 
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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) 

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)cyclohe.xylbenzylidene]hydrazine 

1-(4-fluorobenzylidene)-2-[4-(trans-4-ethyl)cyclohexylbenzylidene)hydrazine 

1-(4-fluorobenzylidene)-2-(4-(trans-4-butyl)cyclohe.xylbenzylideneJhydrazine 

-· 
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1-(4-fluorobenzylidene)~2-[4-(trans-4-pentyl)cyclohexylbenzylidene)bydrazine 

1-(4-fluorobenzylidene)-2-[4-(trans-4-hexyl)cyclohexylbenzylidene]hydrazine 

1-(4-fluorobenzylidene)-2-(4-(trans-4-heptyl)cyclohe.xylbenzylidene]hydrazine 

1-(3,4-difluorobenzylidene)-2-[4-(trans-4-

methyl)cyclohe:xylbenzylidene]hydrazine 

1-(3,4-difluorobenzylidene)-2-[4-(trans-4-

ethyl}cyclohe.xylbenzylideneJhydrazine 

1-(3,4-difluorobenzylidene)-2-[4-(trans-4-

propyl)cyclohexylbenzylidene]hydrazine 

1-(3,4-difluorobenzylidene)-2-[4-(trans-4-

pentyl)cyclohe.xylbenzylidene]bydrazine 

l-(3,4-difluorobenzylidene)-2-(4-(trans-4-

hexyl)cyclohexylbenzylideneJhydrazine 

1-(3,4-difluorobenzylidene)-2-[4-(trans-4-

heptyl)cyclohexylbenzylideneJbydrazine 

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

methyl )cyclohexylbenzylidene)hydrazine 

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

ethyl )cyclohexylbenzylideneJhydrazine 

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

propyl)cyclohexylbenzylidene]hydrazine 

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

butyl)cyclohexylbenzylideneJhydrazine 

1-(3,4,5-trifluorobenzylidene)-2-(4-(trans-4-
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pentyl)cyclohexylbenzylidene]hydrazine 

1-(3,4,5-trifluorobenzylidene)-2-[4-{trans-4-

hexyl)cyclohexylbenzylidene)hydrazine 

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

heptyl)cyclohexylbenzylidene]hydrazine 

l-(4-trifluoromethoxybenzylidene)-2-(4-(trans-4-

methyl)cyclohexylbenzylideneJhydrazine 

1-(4-trifluoromethoxybenzylidene)-2-[4-(trans-4-

ethyl)cyclohexylbenzylideneJhydrazine 

1-(4-trifluoromethoxybenzylidene)-2-[4-(trans-4-

propyl)cyclohexylbenzylidene]hydrazine 

1-(4-trifluoromethoxybenzylidene)-2-{4-(trans-4-

butyl)cyclohexylbenzylidene]hydrazine 

1-(4-trifluoromethoxybenzylidene)-2-(4-(trans-4-

pentyl)cyclohexylbenzylidene]hydrazine 

l-(4-trifluorom.ethoxybenzylidene)-2-(4-(trans-4-

hexyl)cyclohexylbenzylidene]hydrazine 

1-{4-trifluoromethoxybenzylidene)-2-[4-(trans-4-

heptyl)cyclohexylbenzylidene]hydrazine 

1-[4-(2-fluoro-4-methyl)phenylbenzylideneJ-2-(4-methyl)benzylidenehydrazine 

l-[4-(2-fluoro-4-ethyl)phenylbenzylidene]-2-(4-methyl)benzylidenehydrazine 
. 

1-[4-(2-fluoro-4-propyl)phenylbenzylidene)-2-(4-methyl}benzylidenehydrazine 

1-[4-(2-fluoro-4-butyl)phenylbenzylidene]-2-(4-methyl)benzylidenehydrazine 

1-(4-(2-fluoro-4-pentyl)phenylbenzylidene]-2-(4-methyl)benzylidenehydrazine 
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l-[4-(2-fluoro-4-hexyl)phenylbenzylideneJ-2-(4-methyl)benzylidenehydrazine 

1-[4-(2-fluoro-4-heptyl)phenylbenzylideneJ-2-(4-methyl)benzylidenehydrazine 

1-(4-(2-fluoro-4-methyl)phenylbenzylidene]-2-{4-ethyl)benzylidenehydrazine 

1-[4-(2-fluoro-4-ethyl)phenylbenzylidene]-2-(4-ethyl)benzylidenehydrazine 

1-[4-(2-fluoro-4-propyl)phenylbenzylidene]-2-(4-ethyl)~nzyliden~hydrazine 

1-[4-{2-fluoro-4-butyl)phenylbenzylideneJ-2-{4-ethyl)benzylidenehydrazine 

1-[4-(2-fluoro-4-pentyl)phenylbenzylidene]-2-(4-ethyl)benzylidenehydrazine 

1-[4-(2-fluoro-4-hexyl)phenylbenzylidene]-2-(4-ethyl)benzylidenehydrazine 

1-[4-(2-fluoro-4-heptyl)phenylbenzylidene]-2-(4-ethyl)benzylidenehydrazine 

1-[4-(2-fluoro-4-methyl)phenylbenzylidene)-2-(4-propyl)benzylidenehydrazine 

1-(4-(2-fluoro-4-ethyl)phenylbenzylidene]-2-{4-propyl)benzylidenehydrazine 

1-[4-(2-fluoro-4-propyl)phenylbenzylideneJ-2-(4-propyl)benzylidenehydrazine 

1-(4-(2-fluoro-4-butyl)phenylbenzylidene]-2-(4-propyl)benzylidenehydrazine 

1-[4-(2-fluoro-4-pentyl)phenylbenzylidene]-2-(4-propyl)benzylidenehydrazine 

1-[4-(2-fluoro-4-hexyl)phenylbenzylideneJ-2-(4-propyl)~nzylidenehydrazine 

1-[ 4-(2-fluoro-4-heptyl )phenylhenzyl idtme]-2-(4-propyl )benzyl idenehydrazine 

1-[4-(2-fluoro-4-methyl)phenylbenzylideneJ-2-(4-butyl)benzylidenehydrazine 

l-[4-(2-fluoro-4-ethyl)phenylbenzylidene)-2-(4-butyl)benzylidenehydrazine 

1-[4-(2-fluoro-4-propyl)phenylbenzylidene]-2-(4-butyl)benzylidenehydrazine 

1-[4-(2-fluoro-4-butyl)phenylbenzylidene]-2-(4-butyl)benzylidenehydrazine 

l-[4-(2-fluoro-4-pentyl)phenylbenzylidene]-2-(4-butyl)benzylidenehydrazine 

1-[4-(2-fluoro-4-hexyl)phenylbenzylidene]-2-(4-butyl)benzylidenehydrazine 

1-[4-(2-fluoro-4-heptyl)phenylbenzylidene]-2-(4-butyl)benzylidenehydrazine 

1-[4-(2-fluoro-4-methyl)phenylbenzylideneJ-2-(4-pentyl)benzylidenehydrazine 

- 150 - iiii1Ui 



.---------~= ..................... ==~~--------~·------- --

1-[4-(2-fluoro-4-ethyl)phenylbenzylidene]-2-(4-pentyl)benzylidenehydrazine 

l-[4-(2-fluoro-4-propyl}phenylbenzylidene]-2-(4-pentyl)benzylidenehydrazine 

1-[4-{2-fluoro-4-butyl)phenylbenzylideneJ-2-{4-pentyl)benzylidenehydrazine 

1-[4-(2-fluoro-4-pentyl)phenylbenzylidene)-2-(4-pentyl)benzylidenehydrazine 

1-[4-(2-fluoro-4-hexyl)phenylbenzylidene]-2-(4-pentyl)benzylidenehydrazine 

1-(4-(2-fluoro-4-heptyl)phenylbenzylidene]-2-(4-pentyl)benzylidenehydrazine 

l-(4-{2-fluoro-4-methyl)phenylbenzylideneJ-2-(4-hexyl)benzylidenehydrazine 

l-[4-(2-fluoro-4-ethyl)phenylbenzylideneJ-2-(4-he:xyl)benzylidenehydrazine 

1-[4-{2-fluoro-4-propyl)phenylbenzylidene]-2-(4-hexyl)benzylidenehydrazine 

1-[4-(2-fluqro-4-butyl)phenylbenzylidene)-2-(4-he:xyl)benzylidenehydrazine 

1-(4-(2-fluoro-4-pentyl)phenylbenzylidene]-2-(4-hexyl)benzylidenehydrazine 

1-[4-(2-fluoro-4-hexyl)phenylbenzylidene]-2-(4-he.xyl)benzylidenehydrazine 

l-( 4-(2-fluoro-4-heptyl)phenylbenzylidene]-2-(4-hexyl)benzylidenehydrazine 

l-[4-(2-fluoro-4-methyl}phenylbenzylidene)-2-(4-heptyl)benzylidenehydrazine 

1-[4-{2-fluoro-4-ethyl)phenylbenzylidene]-2-{4-heptyl)benzylidenehydrazine 

l-[4-(2-fluoro-4-propyl)phenylbenzylidene)-2-(4-heptyl}benzylidenehydrazine 

1-[4-(2-fluoro-4-butyl)phenylbenzylideneJ-2-(4-heptyl)benzylidenehydrazine 

1-[4-(2-fluoro-4-pentyl)phenylbenzylidene]-2-(4-heptyl)benzylidenehydrazine 

l-( 4-(2-fluoro-4-hexyl)phenylbenzylidene]-2-(4-heptyl)benzylidenehydrazine 

l-[4-(2-fluoro-4-heptyl)phenylbenzylidene]-2-(4-heptyl)benzylidenehydrazine 

1-(4-{2-fluoro-4-methyl}phenylbenzylidene]-2-[4-{3-

butenyl}benzylidene]hydrazine 

1-[4-(2-fluoro-4-ethyl)phenylbenzylidene]-2-[4-(3-

butenyl)benzylideneJhydrazine 1iii1if 
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1-[4-(2-fluoro-4-propyl)phenylbenzylideneJ-2-[4-(3-

butenyl)benzylidene)hydrazine 

1-[4-(2-fluoro-4-butyl)phenylbenzylidene]-2-[4-(3-

butenyl)benzylideneJhydrazine 

1-[4-(2-fluoro-4-pentyl)phenylbenzylidene]-2-(4-(3-

butenyl)benzylidene]hydrazine 

1-(4-(2-fluoro-4-hexyl)phenylbenzylidene]-2-[4-(3-

butenyl)benzylidene]hydrazine 

1-[4-(2-fluoro-4-heptyl)phenylbenzylidene]-2-[4-(3-

butenyl)benzylidene]hydrazine 

1-[4-(2-fluoro-4-methyl)phenylbenzylidene]-2-(4-(4-

pentenyl)benzylidene]hydrazine 

1-[4-(2-fluoro-4-ethyl)phenylbenzylidene]-2-[4-(4-

pentenyl)benzylidene]hydrazine 

1-{4-(2-fluoro-4-propyl)phenylbenzylidene)-2-[4-(4-

pentenyl)benzylidene]hydrazine 

l-[4-(2-fluoro-4-butyl)phenylbenzylideneJ-2-(4-(4-

pentenyl)benzylidene]hydrazine 

1-[4-(2-fluoro-4-pentyl)phenylbenzylideneJ-2-(4-(4-

pentenyl)benzylideneJhydrazine 

1-[4-(2-fluoro-4-he.xyl)phenylbenzylidene]-2-[4-(4-

pentenyl)benzylidene]hydrazine 

1-(4-(2-fluoro-4-heptyl)phenylbenzylidene]-2-[4-(4-

pentenyl)benzylidene]hydrazine 
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1-(4-(2-fluoro-4-methyl)phenylbenzylidene]-2-[4-(5-

hexenyl)benzylidene]hydrazine 

1-(4-(2-fluoro-4-ethyl)phenylbenzylidene]-2-[4-(5-

hexenyl)benzylidene)hydrazine 

1-(4-(2-fluoro-4-propyl)phenylbenzylidene]-2-[4-(5-

hexenyl)benzylideneJhydrazine 

1-[4-(2-fluoro-4-butyl)phenylbenzylidene]-2-[4-(5-

hexenyl)benzylidene]hydrazine 

1-(4-(2-fluoro-4-pentyl)phenylbenzylidene]-2-[4-(5-

hexenyl)benzylideneJhydrazine 

1-[4-(2-fluoro-4-hexyl)phenylbenzylideneJ-2-(4-(5-

hexenyl)benzylidene]hydrazine 

1-[4-(2-fluoro-4-heptyl)phenylbenzylideneJ-2-(4-(5-

hexenyl )benzylideneJhydrazine 

1-[4-(2-fluoro-4-methyl)phenylbenzylidene]-2-(4-(6-

heptenyl )benzylidene]hydrazine 

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

heptenyl)benzylidene]hydrazine 

1-[4-(2-fluoro-4-propyl)phenylbenzylidene]-2-[4-(6-

heptenyl)benzylidene)hydrazine 

1-(4-(2-fluoro-4-butyl)phenylbenzylideneJ-2-[4-(6-

heptenyl)benzylidene]hydrazine 

1-f 4-(2-fluoro-4-pentyl)phenylbenzylideneJ-2-(4-(6-

heptenyl)benzylideneJhydrazine 
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l-[4-(2-fluoro-4-hexyl)phenylbenzylideneJ-2-[4-(6-

heptenyl)benzylidene]hydrazine 

1-(4-(2-fluoro-4-heptyl)phenylbenzylidene]-2-[4-(6-

heptenyl )benzyl ideneJhydrazine 

1-(4-(2-fluoro-4-methyl)phenylbenzylidene]-2-(4-fluoro)benzylidenehydrazine 

1-[4-(2-fluoro-4-ethyl)phenylbenzylideneJ-2-(4-fluoro)benzylidenehydrazine 

l-[4-(2-fluoro-4-propyl)phenylbenzylidene]-2-(4-fluoro)benzylidenehydrazine 

l-[4-(2-fluoro-4-butyl)phenylbenzylidene]-2-(4-fluoro)benzylidenehydrazine 

1-[4-(2-fluoro-4-pentyl)phenylbenzylidene]-2-(4-fluoro)benzylidenehydrazine 

1-[4-{2-fluoro-4-hexyl)phenylbenzylidene]-2-(4-fluoro)benzylidenehydrazine 

1-[4-(2-fluoro-4-heptyl)phenylbenzylidene]-2-(4-fluoro)benzylidenehydrazine 

1-{4-(2-fluoro-4-methyl)phenylbenzylidene]-2-(3,4-

difluoro)benzylidenehydrazine 

l-[4-(2-fluoro-4-ethyl}phenylbenzylidene]-2-(3,4-difluoro)benzylidenehydrazine 

1-[4-(2-fluoro-4-propyl)phenylbenzylidene)-2-(3,4-

difluoro)benzylidenehydrazine 

1-[4-(2-fluoro-4-butyl)phenylbenzylidene]-2-(3,4-difluoro)benzylidenehydrazine 

l-[4-(2-fluoro-4-pentyl)phenylbenzylidene]-2-(3,4-

difluoro)benzylidenehydrazine 

l-[4-(2-fluoro-4-hexyl)phenylbenzylidene]-2-(3,4-difluoro)benzylidenehydrazine 

l-(4-(2-fluoro-4-heptyl}phenylbenzylidene]-2-(3,4-

difluoro)benzylidenehydrazine 

l-[4-(4-methylphenyl)-3-fluorobenzylidene]-2-(4-methyl)benzylidenehydrazine 

1-[4-(4-methylphenyl)-3-fluorobenzylidene]-2-(4-ethyl)benzylidenehydrazine 
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1-[4-(4-methylphenyl)-3-fluorobenzylidene]-2-(4-propyl)benzylidenehydrazine 

1-(4-(4-methylphenyl)-3-fluorobenzylidene]-2-(4-butyl)benzylidenehydrazine 

l-[4-(4-metbylphenyl)-3-fluorobenzylidene]-2-(4-pentyl)benzylidenehydrazine 

l-[4-(4-methylphenyl)-3-fluorobenzylideneJ-2-(4-hexyl)benzylidenehydrazine 

l-[4-(4-methylphenyl)-3-fluorobenzylideneJ-2-(4-heptyl)benzylidenehydrazine 

1-[4-(4-methylphenyl)-3-fluorobenzylideneJ-2-[4-(3-

butenyl)]benzylidenehydrazine 

1-(4-(4-methylphenyl)-3-fluorobenzylidene]-2-[4-(4-

pentenyl)]benzylidenehydrazine 

1-[4-(4-methylphenyl)-3-fluorobenzylidene]-2-(4-(5-

hexenyl))benzylidenehydrazine 

1-(4-(4-methylphenyl)-3-fluorobenzylidene]-2-[4-(6-

heptenyl)]benzylidenehydrazine 

1-[4-(4-ethylphenyl}-3-fluorobenzylidene)-2-(4-methyl)benzylidenehydrazine 

l-[4-(4-ethylphenyl)-3-fluorobenzylidene]-2-(4-etbyl)benzylidenehydrazine 

l-[4-{4-ethylphenyl)-3-fluorobenzylidene]-2-(4-propyl)benzylidenehydrazine 

1-[4-(4-ethylphenyl)-3-fluorobenzylidene]-2-(4-butyl)benzylidenehydrazine 

1-[4-(4-ethylphenyl)-3-fluorobenzylidene)-2-(4-pentyl)benzylidenehydrazine 

l-[4-(4-ethylphenyl)-3-fluorobenzylidene]-2-(4-hexyl)benzylidenehydrazine 

1-[4-{4-ethylphenyl)-3-fluorobenzylidene]-2-(4-heptyl)benzylidenehydrazine 

1-[4-(4-ethylphenyl)-3-fluorobenzylidene]-2-[4-(3-

butenyl)]benzylidenehydrazine 

1-(4-(4-ethylphenyl)-3-fluorobenzylidene]-2-[4-(4-

pentenyl)]benzylidenehydrazine ··- -··---.-
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1-[4-(4-ethylphenyl)-3-fluorobenzylideneJ-2-(4-(5-

hexenyl)]benzylidenehydrazine 

1-[4-(4-ethylphenyl)~3-fluorobenzylidene]-2-[4-(6-

heptenyl)]benzylidenehydrazine 

l-[4-(4-propylphenyl)-3-fluorobenzylidene]-2-(4-methyl)benzylidenehydrazine 

l-[4-(4-propylphenyl)-3-fluorobenzylidene]-2-(4-ethyl)benzylidenehydrazine 

1-[4-(4-propylphenyl)-3-fluorobenzylideneJ-2-(4-propyl)benzylidenehydrazine 

1-[4-(4-propylphenyl)-3-fluorobenzylideneJ-2-(4-butyl)benzylidenehydrazine 

1-[4-(4-propylphenyl)-3-fluorobenzylideneJ-2-(4-pentyl)benzylidenehydrazine 

1-[4-(4-propylphenyl)-3-fluorobenzylidene]-2-(4-hexyl)benzylidenehydrazine 

1-[4-(4-propylphenyl)-3-fluorobenzylidene]-2-(4-heptyl)benzylidenehydrazine 

1-[4-(4-propylphenyl)-3-fluorobenzylideneJ-2-[4-(3-

butenyl)]benzylidenehydrazine 

1-[4-(4-propylphenyl)-3-fluorobenzylidene]-2-[4-(4-

pentenyl))benzylidenehydrazine 

1-[4-(4-propylphenyl)-3-fluorobenzylidene]-2-(4-(5-

hexenyl )]benzylidenehydrazine 

1-(4-{4-propylphenyl)-3-fluorobenzylidene]-2-(4-(6-

heptenyl))benzylidenehydrazine 

1-[4-{4-butylphenyl)-3-fluorobenzylidene]-2-(4-methyl)benzylidenehydrazine 

1-[4-(4-butylphenyl)-3-fluorobenzylidene]-2-(4-ethyl)benzylidenehydrazine 

1-[4-(4-butylphenyl}-3-fluorobenzylidene)-2-(4-propyl)benzylidenehydrazine 

1-[4-{4-butylphenyl)-3-fluorobenzylidene]-2-(4-butyl)benzylidenehydrazine 

1-(4-(4-butylphenyl)-3-fluorobenzylidene]-2-(4-pentyl)benzylidenehydrazine 
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1-{4-(4-butylphenyl)-3-fluorobenzylidene]-2-(4-hexyl)benzylidenehydrazine 

l-[4-(4-butylphenyl)-3-fluorobenzylidene]-2-(4-heptyl)benzylidenehydrazine 

1-[4-(4-butylphenyl)-3-fluorobenzylidene]-2-(4-(3-

butenyl)]benzylidenehydrazine 

1-[4-(4-butylphenyl)-3-fluorobenzylideneJ-2-[4-(4-

pentenyl)]benzylidenehydrazine 

l-[4-(4-butylphenyl)-3-fluorobenzylidene]-2-(4-(5-

hexenyl)]benzylidenehydrazine 

1-[4-{4-butylphenyl)-3-fluorobenzylidene]-2-[4-{6-

heptenyl)Jbenzylidenehydrazine 

1-[4-(4-pentylphenyl)-3-fluorobenzylidene]-2-(4-methyl)benzylidenehydrazine 

1-[4-(4-pentylphenyl)-3-fluorobenzylidene]-2-(4-ethyl)benzylidenehydrazine 

1-(4-(4-pentylphenyl)-3-fluorobenzylidene]-2-(4-propyl)benzylidenehydrazine 

l-[4-(4-pentylphenyl)-3-fluorobenzylidene]-2-(4-butyl)benzylidenehydrazine 

1-[4-(4-pentylphenyl)-3-fluorobenzylidene)-2-(4-pentyl)benzylidenehydrazine 

l-[4-(4-pentylphenyl)-3-fluorobenzylidene]-2-(4-hexyl}benzylidenehydraiine 

1-[4-(4-pentylphenyl)-3-fluorobenzylidene]-2-(4-heptyl)benzylidenehydrazine 

1-[4-(4-pentylphenyl)-3-fluorobenzylidene]-2-[4-(3-

butenyl)]benzylidenehydrazine 

1-[4-(4-pentylphenyl)-3-fluorobenzylidene]-2-(4-(4-

pentenyl)]benzylidenehydrazine 

l-[4-(4-pentylphenyl)-3-fluorobenzylidene]-2-[4-(5-

hexenyl)]benzylidenehydrazine 

1-[4-(4-pentylphenyl)-3-fluorobenzylidene)-2-{4-(6-
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heptenyl)Jbenzylidenehydrazine 

l-[4-(4-he.xylphenyl)-3-fluorobenzylidene)-2-(4-methyl)benzylidenehydrazine 

1-(4-(4-hexylphenyl)-3-fluorobenzylidene]-2-(4-ethyl)benzylidenehydrazine 

1-[4-(4-hexylphenyl)-3-fluorobenzylidene]-2-(4-propyl)benzylidenehydrazine 

1-(4-(4-hexylphenyl)-3-fluorobenzylidene]-2-(4-butyl)benzylidenehydrazine 

1-[4-(4-hexylphenyl)-3-fluorobenzylidene]-2-(4-pentyl)benzylidenehydrazine 

1-[4-(4-he.xylphenyl)-3-fluorobenzylidene]-2-(4-he.xyl)benzylidenehydrazine 

1-[4-(4-he:xylphenyl)-3-fluorobenzylidene]-2-(4-heptyl)benzylidenehydrazine 

1~[4-(4-he.xylphenyl)-3-fluorobenzylidene]-2-(4-(3-

butenyl)]benzylidenehydrazine 

1-[4-(4-he.xylphenyl)-3-fluorobenzylidene)-2-[4-(4-

pentenyl)Jbenzylidenehydrazine 

l-[4-(4-hexylphenyl)-3-fluorobenzylidene]-2-(4-(5-

hexenyl))benzylidenehydrazine 

1-(4-(4-he.xylphenyl)-3-fluorobenzylidene]-2-[4-(6-

heptenyl)]benzylidenehydrazine 

1-[4-{4-heptylphenyl)-3-fluorobenzylidene)-2-(4-methyl)benzylidenehydrazine 

l-[4-(4-heptylphenyl)-3-fluorobenzylideneJ-2-(4-ethyl)benzylidenehydrazine 

1-[4-(4-heptylphenyl}-3-fluorobenzylidene]-2-(4-propyl)benzylidenehydrazine 

1-(4-(4-heptylphenyl)-3-fluorohenzylidene]-2-(4-butyl)benzylidenehydrazine 

1-(4-(4-heptylphenyl)-3-fluorobenzylidene]-2-(4-pentyl)benzylidenehydrazine 

1-[4-(4-heptylphenyl)-3-fluorobenzylideneJ-2-(4-hexyl)benzylidenehydrazine 

l-[4-(4-heptylphenyl)-3-fluorobenzylideneJ-2-(4-heptyl)benzylidenehydrazine 

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

1-[4-(4-heptyiphenyl)-3-fluorobenzylidene}-2-[4-(4-

pentenyl)]benzylidenehydrazine 

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

hexenyl)]benzylidenehydrazine 

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

heptenyl)]benzylidenehydrazine 
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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: 

was prepared. The liquid crystal composition (M-12) 

exhibited an upper nematic phase temperature limit (TN-l) 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~N)· 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 µm thick liquid crystal device.was then 

prepared from this composition in the same manner as 

mentioned above. The liquid crys~al 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 liquid 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: 

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

exhibited an upper nematic phase temperature limit (TN-l) 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 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 17.0 msec., which demonstrates that the device 

can respond 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 derivat~ve 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 liquid crystal (H) was added 

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

in the same amount as mentioned above (20% by weight) to 

prepare a liquid crystal composition (M-13). The liquid 

crystal composition (M-13) exhibited an upper nematic phase 

temperature limit (TN-d 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 liqu~d 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 
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an n-type azine derivative: 

was prepared. The liquid crystal composition (M-14) 

exhibited an upper nematic phase temperature limit (TN-d 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: 

was prepared. The liquid crystal composition (M-16) 

exhibited an upper nematic phase t_emperature limit (TN-d 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 liquid 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 11 %11 as used for 

composition is meant to indicate "%by weight". 

For the evaluation of the chemical stability 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: 

TN-I: Nematic phase-isotropic liquid phase 

transition temperature (°C) 

T~N: Solid phase or smectic phase-nematic phase 

transition temperature (°C) 

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

having a cell thickness of 6 µm 

y: Sharpness 

Ae: Dielectric anisotropy 
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~= Viscosity (c.p.) at 20°C 

(Example 19) 

A nematic liquid crystal composition (2-1) consisting 

of the following components: 

C3H.,-\J-cH=N-N-Cir-C)-c3H7 

·C3H.,-\J-cH=N-J:{::::cH-Q-ciHs 

C3H~H=N-N=Cir-C)-cH3 

CsH1r()-O-cN 

24% 

28% 

28% 

20% 

was prepared. The liquid crystal composition was measured 

for various properties. The results were as follows: 

y: 1. 15 

Ae: 4.9 

An: 0. 281 

This nematic liquid crystal composition was used to 

prepare TN-LCD having a cell thic~ness d of 1.8 µm. 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 Vanda switching time of 1.1 msec. 

was obtained. 

The foregoing nematic liquid crystal composition was 

also measured for wavelength dispersi9n of birefringence 

index. As a result, the ratio of birefringence index at a 

wavelength of 400 run 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. 

To this nem~tic 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 exhib~ts excellent STN-LCD 

display properties, i.e., high multiplexing properties and 

improved fast response was obtained. The addition of the ------
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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 = o.as 
d/P = 0.53 

(Example 20) 

A nematic liquid crystal composition (2-2) consisting 

of the following components: 

.--------------·-···. 
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C3H~-N-N-C~3 

C3HT0-0cN 

CsH1rO-Q-cN 

C1H1s-O-O-cN 
,, 

C3HtOcoo-Q-oc2Hs 

C4Hr0-coo-Q-oc2Hs 

CsH1tOcoo-Q-ocH3 

C3HtOcoo-Q-oc4H9 

C4Hr0-coo-Q-ocB:3 

CsH1tOcoo-Q-ociHs 
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20% by weight 

13.6% by weight 

13. 2% by weight· 

13.2% by weight 

6.8% by weight 

6.8% by weight 

6.8% by weight 

6.8% by weight 

6.4% by weight 

6.4% by weight 



was prepared. The liquid crystal composition was measured 

for various properties. The results were as follows: 

TN-1: 67.3°C 

T--N: -70°C 

Vi:h: 1.85 v 

y: 1.12 

Ae: 6. 6 

An: 0.145 

tt: 24.1 c.p. 

Specific resistivity before test: 6.0 x 1011 Q•cm 

Specific resistivity 

after heat acceleration test: 4.3 x 1011 Q•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 crystal 

composition is high stability to heat. A new nematic liquid 

crystal composition comprising this composition as an 

essential constituent material waa prepared. This nematic 

liquid crystal composition was then used to prepare a twisted 

nematic and super twisted nematic liquid crystal display 
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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 cr_ystal (b-1) 

C3HrQ---O-cN 

C5H1rQ-O-cN 

C7H1s-O-Q-cN 

C3Hr-C)-coo-Q-oczHs 

c4Hr-C)-coo-Q-oc2Hs 

CsH1r-C)-coo-Q-ocH3 

C3Hr-C)-coo-Q-oc4H9 

. C4-Rr-C)-coo-Q-orn3 

csH1r-C)-coo-Q-oc2Hs 
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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 



TN-1: 5 4 • 5 ° C 

T ... N: -40°C 

vth: 1.60 v 

y: 1.13 

Ae: 6.7 

An: 0.092 

11: 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 

liquid 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 ~hese 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 switcping time of 35.6 msec. and 

gives better results. 

It can be seen in the fact that despite its high 

----------
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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 liguid cr,ystal composition (2-3) 

CJH~H=N-N=C&-C)-cH3 

C3H~H=N-N=CH-()--F 

rO-Q-c,sH11 

I· H3 

C3Hr-Q-O-c)=C--0-9:zHs 

C4Rg--O--O-c)=c--0-9H3 

CsH1 \ ~ ~ I N 

· CiH~oo-d--rn 
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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 

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: 

TN_1 : 96.1°C 

T .... N: -10.0°c 

vt:h: 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 c~ll 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) consisti~g 

of the following components: 

Nematic liguid crystal composition (2-4) 

C3HrQ-cH=N-N=CH-Q-cH3 20% by weight 

40% by weight 

40% by weight 

was prepared. The liquid crystal composition was measured 

for various properties. The results were as follows: 

TN-1: 115.6°C 

T-+N: -a.0°c 

vth: 2.70 v 

y: 1.13 

Ae: 3. 9 

An: O .143 

T\: 23.1 c.p. 

Specific resistivity before test: 6.0 x 1011 Q•cm 

Specific resistivity 

after heat acceleration test: 6.3 x 10 11 Sl•cm 

Voltage holding ratio before test: 98.4% 
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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 liquid 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 liquid crystal 

composition of the present invention comprising this 

composition as an essential constituent material was 

prepared. 

The foregoing nematic liqu~d crystal composition (2-

4) comprises an azine compound incorporated in the following 

host liquid crystal {H): 
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Host liguid crystal (H) 

50% by weight 

50% by weight 

The host liquid crystal (H) was then measured for 

various properties. The results were as follows: 

TN_1: 116.7°C 

T-+N: +11. 0°C 

vth: 2.14 v 

y: 1.23 

Ae: 4.8 

An: 0.090 

1'): 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 tende~cy to increase the 

viscosity of the host liquid crystal (H). 

Despite the foregoing viscosity properties, a 
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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 crystal composition (H) exhibits a 

switching time of 25.3 msec. while the liquid 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 crystal composition (2-5) 

C3Hr-C)--cH=N-N~cH--()-cHa 

C3Hr-C)--cH=N-N=CH--()-c2Hs 

rO-OcsH11 

Ha 

Ha 

C3Hr0-o-()=c-Q-c2H5 

C4HrQ-O-c==c--()-cHs 

rO-O-cN 
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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 

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: 

TN-1: 100. 1 °C 

T .... N: -70. 0°C 

vth: 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., 

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 = o.as 
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d/P = 0.53 

(Example 24) 

A nematic liquid crystal composition (2-6) consisting 

of the following components: 

Nematic liquid crystal composition (2-6) 

C3Hr.-C>-cH N-N~cH--C>--cHa 

C3HrQ-6H=N-N=CH--C>--c2Hs 

C2Hs-C/--cH=N-N=CH--C>--c2H5 

F 

C3H~ 
F 

C3H ""C~ 

20% by weight 

20% by weight 

20% by weight 

15% by weight 

15% by weight 

10% by weight 

was prepared. This liquid crystal composition exhibits a 

larger birefringence index, a bro~der nematic phase 

temperature range, a smaller ratio y of saturated voltage to 

threshold voltage and a fast response and thus gives better 

- 182 -

iliiWi-



--------- ···--·--·· -----------~==== ....... ~~--~~~~--------------

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-1-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 µm, 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/cm2 ) at a rate of 3.5 

m/min. In this manner, the cell was irradiated with 

ultraviolet rays having an energy of 500 mJ/cm2 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 29) 

A nematic liquid crystal composition (2-10) 

consisting of the following components: 

Nematic liquid crystal composition (2-10) 

CH-0-cH=N-N=CH~ 20% by weight 

F 

40% by weight 

40% by weight 

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

Tu_1 : 118.1°C 

T-+x: -12. 0 °C 

Vth: 2. 77 V 

y: 1.13 

Ae: 4.0 

An: 0 .144 

'I'): 21.4 c.p. 

Specific resistivity before test: 6.1 x 1011 Sl•cm 

Specific resistivity 

after heat acceleration test: 5.2 x 1011 Q•cm 

Voltage holding ratio before test: 98.4% 

Voltage holding ratio 

after heat acceleration test: 97.9% 

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 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 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. 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 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 invention 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 C?mposition (2-11) 

consisting of the following components: 
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Nematic liguid crystal composition (2-11) 

C5Hu 10% by weight 

3H7 10% by weight 

H3 

C3H,-O-O-c==c-O-c2Hs 

==c-Q-CH3 

N 

CsH11 ~ /1 ~ ;} N 
F 

CH30C3HoO-O-cN 
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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: 

TN-1: 101.1°C 

T-+N: -70.0°C 

vth: 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 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 = 0.53 
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STN-LCD display properties at twist angle of 240° 

vth: 2.40 v 

'Y: 1. 024 

Response (Tr= ~d): 15.6 msec. (static driving) 

(Example 31) 

A nematic liquid crystal composition (2-12) 

consisting of the following components: 
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Nematic liquid crystal composition (2-12) 

C2H~ ~zHs N-N 

C3H1~ ~zHs N-N 

C3H~N-Nr0-c3H7 

~N-N~ 
F 

CH30C3H5 ;} CN 

CN 

3% by weight 

6% by weight 

3% by weight 

12% by weight 

7% by weight 

12% by weight 

10% by weight 

19% by weight 

4% by weight 

13% by weight 

4% by weight 

C3H1-Q-coo-Q-c=c-Q-cH3 1% by weight 

--
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was prepared. The liquid crystal composition was measured 

for various properties. The results were as follows: 

TN~i= 101. 7°C 

T ... N: -30.0°c 

vth: 2 .16 v 

Ag: 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 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 

d/P = 0.51 
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STN-LCD display properties at twist angle of 240° 

vth: 2.46 v 

y: 1. 024 

Response (~r = ~d): 19.0 msec. (static driving) 

(Example 32} 

A nematic liquid crystal composition (2-13) 

consisting of the following components: 
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Nematic liguid cr:ystal composition (2-13) 

C2Hs-O-~ rO--c2Hs ~Ni\J 

C3H --o-~ A-D-C2H5 l\J1f-NV'Lr 

C3H7~'N-N~C3H7 

C2H~'N-N~ 
C3H7~N-N~ 

~N-N~ 
F 

CH30C3H5 N 

N 

CN 

CN 
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6% by weight 

3% by weight 

6% by weight 

3% by weight 

3% by weight 

7% by weight 

7% by weight 

12% by weight 

10% by weight 

18% by weight 

18% by weight 

7% by weight 
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was prepared. The liquid crystal composition was measured 

for various properties. The results were as follows: 

TN-1: 8 3 • 8 °C 

T-+N: -31.0°C 

vth: 1. 89 v 

y: 1.14 

Ae: 7. O 

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 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 c~ll satisfy the following 

relationships: 

An•d = 0.85 

--------
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d/P = 0.51 

STN-LCD display properties at twist angle of 240° 

vth: 2. 26 v 

y: 1. 034 

Response (~r = ~d): 13.2 msec. (static driving) 

55.0 msec. (1/240 duty driving) 

(Example 33) 

A nematic liquid crystal composition (2-14) 

consisting of the following compon_ents: 
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Nematic liquid crystal composition (2-14) 

C2H-0-i· ~ 
N-N 

C3H~~ 
N-N 

CH3--0-c=c~ 

C2HoQ-c=c~ 

C3H~=c-\:)-c4H9 
F 

c=c-\:)-cN 

C4H9-Q-c=c--Q-F 
F 

N 
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10% by weight 

10% by weight 

15% by weight 

15% by weight 

10% by weight 

10% by weight 

5% by weight 

15% by weight 

10% by weight 
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was prepared. The liquid crystal composition was measured 

for various properties. The results were as follows: 

TN-l: 95. 4°C 

T-+N: -10. 0°C 

vth: 2.48 v 

y: 1.15 

Ae: 4.7 

An: 0.290 

This nematic liquid crystal composition was used to 

prepare TN-LCD having a cell thickness d of 1.7 µm. 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 run 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 whic~ 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-1-phenylpropane-1-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 µm, 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/cm2 ) at a rate of 3.5 

m/min. In this manner, the cell was irradiated with 

ultraviolet rays having an energy of 500 mJ/cm2 so that the 

polyrner-f orming compound was cured to obtain a liquid crystal 

device having a light-control lay~r 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 ~nder 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 liquid crystal composition (2-15) 

consisting of the following components: 

--
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Nematic liguid c~stal composition (2-15) 

C3Hr\:)-cH=N-N=CH---(:>-c3H7 

C3H1-0-cH=N-N=CH-O-C2H5 

C2Ho0-cH=N-N=CH---(:>-c2Hs 

C2H~H=N-N=CH--<:)--F 

N 

20% by weight 

20% by weight 

20% by weight 

20% by weight 

20% by weight 

was prepared. The liquid crystal composition was measured 

for various properties. The results were as follows: 

TN_1 : 92 .4°C 

T--N: -0.0°C 

vth: 2.55 v 

y: 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 µm. TN-LCD 

thus prepared was then measured f~r 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. 

-·--------

- 200 -



-·········-·--····-----------===== .................... -....=----~~=------------

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 run to that at a wavelength of 650 run 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. 

To this nematic liquid crystal composition was then 

added a chiral substance 11 5-811 11 (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 mul_tiplexing properties and 

improved fast response was obtained. The addition of the 

chiral substance was effected in such a manner that the 

-··-----· 
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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 crystal composition (2-16) 

C3H-O--cH=N-N=CH~ 20% by weight 

40% by weight 

40% by weight 

was prepared. The liquid crystal composition was measured 

for various properties. The results were as follows: 

TN-1: 103.9°C 

T--N: -0.0°C 

vth= 2.28 v 

'Y: 1.13 

A£: 4.8 

dn: 0.143 
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11: 21.9 c.p. 

Specific resistivity before test: 4.7 x 1011 O•cm 

Specific resistivity 

after heat acceleration test: 3.9 x 1011 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 Technologyn, 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 

fast 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 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 l~akage and no flickering. 

Similarly, another nematic liquid 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 liquid 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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Nematic liguid crystal composition (2-17) 

C2H~H=N-N=CH-<::)-F 8% by weight 

C3Hr--Q-cH=N-N=CH-O-r 8% by weight 

C5H11 
10% by weight 

3I:-l7 
10% by weight 

H3 
9% by weight 

H3 

==c-Q-c2H5 
9% by weight 

C3H7 

==c-O--CH3 
8% by weight 

C4H 

10% by weight 

N 10% by weight 

C5H11 \ fi \ J N 4% by weight 

CH30C3H-0-0-cN .. 6% by weight 
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was prepared. The liquid crystal composition was measured 

for various properties. The results were as follows: 

TN-1: 95. 3°C 

T-+N; -70, 0°C 

vth: 1. as v 

'Y: 1.15 

Ae: 9. 0 

An: 0.165 

To this nematic liquid crystal composition was then 

added a chiral substance tlS-811" (available from Merck Co., 

Ltd.) to prepare a mixed liquid crystal. Separately, an 

organic film of 11 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 38) 

A nematic liquid crystal composition (2-18) 

consisting of the following components: 

Nematic liguid crystal composition (2-18) 

C3Hr-Q-cH=N-N=CH-Q-p 

C3H,O-CH=N-N=CH-Q-c2Hs 

C2H~H=N-N=CH-Q-c2Hs 
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20% by weight 

20% by weight 

15% by weight 

15% by weight 

10% 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 uHX-220" 

(available from Nippon Kayaku Co., Ltd.), lauryl acrylate, 

and 2-hydroxy-2-methyl-1-phenylpropane-1-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 SO x 50 mm vacant cell, prepared from 

a pair of ITO electrode glass substrates having spacers with 

an average particle diameter of 10 µm, 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/cm2 ) at a rate of 3.5 

m/min. In this manner, the cell was irradiated with 

ultraviolet rays having an energy of 500 mJ/cm2 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 transparen~ 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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Nematic liquid crystal composition (2-19) 
F 

C2H-O-coo-c}-cN 
F 

C3H-O-coo-c}-cN 

N 

N 

N 

C5H1-0-c=e-O-oc2Hs 

C3H,-\:)-c=<:::-O-oc2Hs 

~ J 

H=N-N=CH--\J--F 
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5% by weight 

5% by weight 

5% by weight 

5% by weight 

10% by weight 

10% by weight 

10% by weight 

15% by weight 

13% by weight 

7% by weight 

5% by weight 

5% by weight 



was prepared. The liquid crystal composition was measured 

for various properties. The results were as follows: 

TN_1 : 90.0°C 

T-+N: -10.0°c 

y: 1.15 

As: 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 f~st 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 ce.11 satisfy the following 

relationships: 

-----· 
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d/P = 0.50 

STN-LCD display properties at twist angle of 240° 

y: 1.028 

Response (~r = ~d): 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. In particular, the novel azine 

liquid crystal compound of the present invention can be used 

as a component of a practical liquid crystal material 

requiring a broad operating 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 ~n 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 having 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 

display 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): 

(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 C1_12 alkyl group or alkoxyl group, C2_12 

alkenyl group or alkoxylalkyl group or C3_12 alkenyloxy group; 

and 

Z represents a fluorine atom, chlorine atom, bromine 

atom, cyano group, -OCF3 , -OCF2H, -CF3 , -OCH2CF3 , C1-: 12 alkyl 

group or alkoxyl group, C2_12 alkenyl group or alkoxylalkyl 

group or C3_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 
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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 C1_ 

12 alkyl group and z represents a fluorine atom, chlorine 

atom, bromine atom or C1_12 alkyl group. 

3. The compound according to Claim 2, wherein R 

represents a C2_12 alkenyl group, Z represents a C1_7 straight­

chain alkyl group, C2_12 alkenyl group or fluorine atom and 

rings B and C each represent 1 1 4-phenylene group which may be 

substituted by fluorine atom. 

4. The compound according to Claim 2, wherein R 

represents a C1_7 straight-chain alkyl group, z represents a 

fluorine atom or -OCF3 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 C1_7 straight-

chain alkyl group or C2_7 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, C1_7 straight-chain alkyl group 

or C4_7 straight-chain alkenyl group. 

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

n are Oat the-same time, ring B represents trans-1,4-
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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}: 

R 

wherein m and n each independently represent an 

integer of 0 or 1; rings A, B, C and D each 

(I) 

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 C1_12 alkyl group or 

alkoxyl group, C2_12 alkenyl group or alkoxylalkyl 

group or C3_12 alkenyloxy group; and Z represents a 

fluorine atom, chlorine atom, bromine atom, cyano 

group, -OCF3 , -OCF2H, -CF3 , -OCH2CF3 , C1_12 alkyl group 

or alkoxyl group, C2_12 alkenyl group or alkoxylalkyl 

group or C3_12 alkenyloxy g:i;oup, 

which comprises allowing a compound represented by the 

following general formula {II): 
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z (II) 

wherein z represents a fluorine atom, chlorine atom, 

bromine atom, cyano group, -OCF3 , -OCF2H, -CF3 , -

OCH2CF3 , C1_12 alkyl group or alkoxyl group, C2-12 

alkenyl group or alkoxylalkyl group or C3_12 

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,S-diyl group; and m 

represents an integer of 0 or 1 

and a compound represented by the following general formula 

{III): 

R CHO (III) 

wherein R represents a C1_12 alkyl group or alkoxyl 

group, C2_12 alkenyl group or alkoxylalkyl group or C3_ 

i2 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): 

R (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,S-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 C1_12 alkyl group or 

alkoxyl group, C2_12 alkenyl group or alkoxylalkyl 

group or C3_12 alkenyloxy group; and Z represents a 

fluorine atom, chlorine atom, bromine atom, cyano 
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or alkoxyl group, C2_12 alkenyl group or alkoxylalkyl 

group or C3_iz alkenyloxy group, 

which comprises allowing a compound represented by the 

following general formula (IV): 

ocH-@--az (IV) 

wherein z represents a fluorine atom, chlorine atom, 

bromine atom, cyano group, -OCF3 , -OCF2H, -CF3 , -

OCH2CF3 , C1_12 alkyl group or alkoxyl group, C2_12 

alkenyl group or alkoxylalkyl group or C3_12 

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-l,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): 

R 
(V) 

----·--·-----·---
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wherein R represents a C1_12 alkyl group or alkoxyl 

group, C2_12 alkenyl group or alkoxylalkyl group or C3_ 

12 alkenyloxy group; rings A and B 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.; and n 

represents an integer of 0 or 1 

to undergo reaction in the prese_nce of an amine. 

9. A nematic liquid crystal composition, comprising 

a compound represented by the general formula (I): 

R (I) 

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-l,3-dioxane-2,5-diyl group; 

R represents a C1_12 alkyl group or alkoxyl group, C2_12 
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alkenyl group or alkoxylalkyl group or C3_12 alkenyloxy group; 

and 

Z represents a fluorine atom, chlorine atom, bromine 

group or alkoxyl group, C2_12 alkenyl group or alkoxylalkyl 

group or C3_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. 

10. The nematic liquid 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): 

(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, 
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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 ~ 1- 12 alkyl group or alkoxyl group, C2_12 

alkenyl group or alkoxylalkyl group or C3_12 alkenyloxy group; 

and 

Z represents a fluorine atom, chlorine atom, bromine 

atom, cyano group, -OCF3, -OCF2H, -CF3 , -OCH2CF31 C1_12 alkyl 

group or alkoxyl group, C2_12 alkenyl group or alkoxylalkyl 

group or C3_12 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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wherein 

R21 to R24 each independently represent a C2_10 

(II-1) 

(II-2) 

(II-3) 

(II-4) 

straight-chain alkyl group, alkenyl group or c.H211+1-0-CtH2t in 

which s and t each independently represent an integer of from 

1 to 5; 

X21 to X24 each independently represent a fluorine 

atom, chlorine atom, -OCF3 , -OCHF2 , -CF3 or -CN; 

Y21 to Y28 each independently represent a hydrogen 

atom or fluorine atom; 

W21 to W24 each independently represent a hydrogen 

atom or fluorine atom; 

Z21 to Z23 each independently represent a single bond, 

-COO-, -CH2CHr or - ( CH2) 11-; 

- 224 - i1iifu1r 



11111111111111 1111111111111111 
* C L ff s * 

Z21 may also represent -c=c- or -CH=CH-; 

z24 and z~ each independently represent a single 

bond, -coo-, -c=c- or -CF=CF-; and 

m1 to m4 each independently represent an integer of 

from 0 or 1, with the proviso that m3 + m4 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 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 (III-4): 
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R3~31-1o-z32~35 (III-1) 

R3~33 36 
(III-2) 

(III-3) 

(III-4) 

wherein 

R31 to R34 each independently represent a C2_7 

straight-chain alkyl group or alkenyl group; 

R35 to R38 each independently represent a C1_7 

straight-chain alkyl group, alkoxy group, alkenyl group, 

alkenyloxy group or CuHzu+1-0-CvR2v in which u and v each 

independently represent an integer of from 1 to 5; 

Y31 represents a hydrogen atom, fluorine atom or -CH3 ; 

Y32 and Y33 each independently represent a hydrogen 

atom or fluorine atom; 

z31 to Z34 each independently represent a single bond, 

-COO-, -CH2CHz- or - { CH2) 4-; 

z~1 may also represent -c=c- or -CH=CH-; 
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Z35 represents a single bond, -c=c-, -coo- or -CF=CF-

i 

rings A31 and A32 each independently represent a 

cyclohexane ring or cyclohexene ring; 

rings A33 and A34 each independently represent a 

cyclohexane ring or benzene ring; and 

n1 to n5 each independently represent an integer of 0 

or 1, with the proviso that n4 + n5 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"): 

Rl~_r@--zl (I .. ) 

wherein R1 rep;resents a C1_10 alkyl group, alkoxyl group or 

hydrogen atom; and Z1 represents a C1_10 alkyl group, alkoxyl 

group, fluorin~ atom, chlorine atom, cyano group or hydrogen 

atom. 

16. The nematic liquid cry.stal composition according 

to any one of Claims 9 to 15, comprising a compound 

represented by the general formula (Im): 
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(I"') 

wherein R"' and Z111 each independently represent a C1_10 alkyl 

group or C2_7 alkenyl group. 

17. An active matrix, twisted nematic or super 

twisted nematic liquid 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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