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TOI.ABB DBRIVATIVB, LIQUID CRYSTAL COMPOSITION CONTAINING 
THB DERIVATIVE, AND LIQUID CRYSTAL DISPLAY DEVICE 

USING THB COMPOSITION 

The present invention relates to novel tolane derivatives 
which are used as an electroptical display material and to 
liquid crystal compositions containing them and liquid cry­
stal display devices using the compositions. 

Liquid crystal display devices utilize the electroptical ef­
fect of liquid crystals, and the liquid crystal phase to be 
used in them includes_the nematic·pha~e, the cholesteric 
phase and the smectic phase. The display system which is now 
used most widely is a twisted nem~tic (hereinafter ref erred 
to as TN) type system of utilizing nematic phase or a super 
twisted nematic (hereinafter ref erred to as STN) type system 
in which the twisted angle is enlarged. 

Since liquid crystal display devices have various merits such 
as: 
1. being small and thin, 
2. having low driving voltage and small power consumption, 
and 
3. not causing eyestrain even after use for a long period of 
time because of the image-receiving element; 

they have heretofore been applied to watches, electronic cal­
culators, audio instruments, various metering instruments and 
car dashboards. Recently, in particular, they are applied 
also to displays of personal computers and word processors as 
well as to color televisions or the like having an extremely 
large number of pixels, and are therefore especially noted as 
display devices substitutable for CRT. Thus, liquid crystal 
display devices are now applied to various fields, which are 
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considered to be enlarged further in future. Along with the 
tendency, the necessary characteristics of liquid crystal ma­
terials are considered to vary, but the following characteri­
stics are basic and indispensable ones. 

1. The liquid crystal materials should be colorless .and 
stable to heat and light and stable electrically and chemi­
cally. 

2. They should have a broad practical temperature range. 

3. They should have a rapid electroptical response speed. 

4. They should need a low driving voltage only. 

5. The rising of the voltage-light transmittance characteri­
stic of them should be rapid, and the temperature dependence 
of the threshold voltage (Vth) of them should be small. 

6. They should have a broad viewing angle range. 

A lot of liquid crystals are known which satisfy the charac­
teristic 1 but no liquid crystal compound satisfying all the 
other characteristics 2 to 6 is known. In order to obtain 
the characteristics, liquid crystal compositions each 
comprising nematic liquid crystal compounds of plural kinds 
or containing non-liquid crystal compound(s) along with 
liquid crystal compound(s) are used. In order to satisfy the 
characteristic 2 of them, liquid crystal compounds having a 
low crystal nematic phase transition point (hereinafter re­
ferred to as C-N point) and having a high nematic isotropic 
phase transition point (hereinafter referred to as N-I point) 
and, a~ a result, having a broad nematic mesomorphic range 
are needed. With respect to the characteristic 3, the res­
ponse speed (hereinafter referred to as T), the viscosity 
coefficient (hereinafter referred to as ~) and the cell gap 
(hereinafter referred to as d) have the following relation: 
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Therefore, in order to satisfy the characteristic 3, d must 
be small so as to elevate the response speed. In cells for 
practical use, since the value of An•d (where an means re­
frac~ive index anisotropy) is set to be a constant value in 
order to prevent generation of interference fringes on the 
surface of the cell, which fringes would worsen the outward 
appearance of the cell, the value of d may be reduced when a 
material having a large An value is used and, as a result, 
the response speed may be elevated. In order to satisfy both 
the characteristics 2 and 3, cyclohexyltolane derivatives and 
phenyltolane derivatives have already been known as a liquid 
crystal material having a broad nematic liquid crystal range 
and having a large An value, as described in JP-A 60-155142 
and 60-152427, U.S. Patent 4,713,468 and JP-A 63-152334. 
(The term "JP-A" as used herein means an "unexamined publi­
shed Japanese patent application.) 
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Table 1 

Code Structural Formura Transition Point Reference 

a-1 
c2Hs-0-0-c=c-0-cN C-N point 135°C JP-A. 

N-I point 250°C 60-155142 

a-2 
C3H7-0-0-C .c-Q-cN C-N point 153° JP-A 

N-I point 265°C 60-155142 

b-1 
C3H7-0-0-c=c-Q-c3H1 C-N point 96°C JP-A 

N-I point 213°C 60-152427 . 

b-2 
C3H1~:=C~4H9 C-N point 87°C us Patent 

N-I point 201°C 4713468 

c-1 c,H,~c==c~'H' 
C-N point 79°C JP-A 
N-I point 199°C 63-152334 

c-2 CJH7~. c-{}c4H9 
C-N point · 50°C JP-A 
N-I point 188°C 63-152334 F 

d-1 
CJH1~c==c-Q-cJH7 C-N point 164°C JP-A 

N-I point 230°C - 60-152427 

d-2 
CsH1cO-Q-c==c--Q-c3H1 C-N point 160°C JP-A 

N-I point 211°C 60-152427 
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Of these compounds, however, cyclohexyltolane derivatives of 

(a-1) to (c-2) each have a cyclohexane ring in the skeleton, 

which ring interferes with the effect of enlarging the value 

~n. Compounds (a-1) and (a-2) each have a high C-N point and 

therefore are considered to have a problem on the compatibi­
lity with other liquid crystal compounds. Compounds (d-1) 
and (d-2), though ha,ving a large an value, also have an ex­

tremely high C-N point and therefore are also considered to 

have a problem on the compatibility. 

Under this situation, the present invention is to meet the 

practical requirements and the object thereof is to provide 

novel liquid crystal compounds which may be blended with 
plural kinds of nematic.liquid crystals or non-liquid cry­
stals with high compatibility with them to give liquid 

crystal compositions having a broad practical temperature 
range and a large an value. 

The present invention provides tolane derivatives of a gene­

ral formula: 

R-0)-)0(-c=c-)O>-Y .0) 

X1 X2 XJ 

where R represents a linear alkyl group having from 1 to 10 
carbon atoms; Xl, X2 and X3 each represent a fluorine atom or 
a hydrogen atom, provided that one of them is necessarily a 
fluorine atom and the others are hydrogen atoms; and Y repre­
sents a nitrile group or a linear alkyl group having from 1 
to 10 carbon atoms. It also provides liquid crystal composi­
tions containing the derivative(s) and liquid crystal display 
devices having the composition. Compounds (1) of the present 
invention are obtained by anyone of the following processes. 



n- ~o (5) 0--'j=2 Bl" (2) Bt- y--::---3-methyl-1-butyn-3-ol 

F 1-/CS, l ) P) PdCl2 IR,'coc1.A1c..- - ccc,H,, 'r/cc,H,),N 
o/ (C,Hsl ,P, Cu Step (A-1).-0-p-s,.. (3) Step (A-~~J 

R,·co~ 1 _ OcN cs> 
Ho-c-c=c~ F . I 

! "H/CF~OOH CH3 

Et3S1 ! /~oluene 
NaH 

Step (A- 2 ) 

R,~s.. (4) Step ~A-:o--cN (7) 

F ~eR'1CH2 = Ril . 

( Pl PdC I• 
I ( ( C ,H s.l ' ' I / ( C ,H sl ,N 
L (C6Hs) 3P, Cu (A-5) ' 

step --Q-cN (1-a) 
Ri-0-p-csc ~ 

F 
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Step (A-1): 
Compound (2) is reacted with an alkylcarboxylic acid chloride 
in carbon disulfide in the presence of aluminum chloride to 
obtain compound (3). 

Step (A-2): 
Compound (3) is reacted with triethylsi.lane in trifluoroace­
tic acid to obtain compound (4). 

Step (A-:3): 
Compound (5) is reacted with 3-methyl-1-butyl-3-ol in trie­
thylamine in the presence of bis(triphenylphosphine) palla­
dium(II) chloride, triphenylphosphine and copper(I) iodide, 
to obtain compound (6). 

Step (A-4): 
Compound (6) is reacted with sodium hydride in toluene to ob­
tain compound (7). 

Step (A-5): 
Compound (4) is reacted with compound (7) in triethylamine in 
the presence of bis(triphenylphosphine} palladium(II) chlo­
ride, triphenylphosphine and copper(I) iodide, to obtain com­
pound (1-a). 



Step 

Step 

Step (B-5) 

F 
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Table 3 

Br-0 (8) 

. IRz' COC 1. Al C lyCSz 
(B-1~~ Step 

3r-O-CORz' (9) 

l H2NNHi · H2'). KOH 

Step (B-2) \!// diethylene glycol 
- (~2'=R2 

B~-O-R2wherf10} 

~ 
~3-methyl-l-butyl-3-ol 

(B-3) ( (C,Hs) JP) 2PdC l z 
" (CoHs) JP, Cu I/ (CzHs) JN 

CnJ 

m-~-c = c--0--R> o 1 l 

C2J 

INaH/ 
(B-4) t 

~ 
toluene 

Hc=c-Q-R2 (12} 

(1-b} 

I -
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Step (B-1): 
Compound (8) is reacted with an alkylcarboxylic acid chloride 
in carbon disulfide in the presence of aluminum chloride to 
obtain compound (9). 

Step (B-2): 
Compound (9) is reacted with hydrazine (monohydrate) in. 
diethylene glycol in the presence of potassium hydroxide to 
obtain compound (10). 

Step (B-3): 
compound (10) is reacted with J-methyl-1-butyl-3-ol in trie­
thylamine in the presence of bis(triphenylphosphine) palla­
dium(II) chloride, triphenylphosphine and copper(!) iodide to 
obtain compound (11). 

Step (B-4): 
Compound (11) is reacted with sodium hydride in toluene to 
obtain compound (12). 

Step (B-5): 
Compound (4) is reacted with compound (12) in triethylamine 
in the presence of bis(triphenylphosphine) palladium(II) 
chloride, triphenylphosphine and copper(I) iodide to obtain 
compound (1-b). 



Step 

10 

Table 4 

Ri-0-8'" (13) 

J
L Mg/THF Step 
2. ( (CH:i) 2CEO) :iB 

(C-1) /THF 

R1-0-B (CH) 2 . {14) 

I -OCNH2 ( 15) 

F 

1
1. Na.i'\iOz .HaSQ,. 
/CH3CQOH 

(C-2) 
2. CuBr, 48%HBr 

/CH£00H 
V' 

r-Q-sr {16) 

F 

Step (C-3) l~P~ (PPh.~l 4/aq. Naco, 
\fCoHc.. CutsOH 

R1~Br (17) HC"C-Q-cN (7) 
r 

( (Co.Hs) :iP) 2PdC 1 2 

(C .. Hs) :iP, Cu I/ (C2Hs} :iN 
Step (C-4) 

R1-0-Q-c=c-Q-cN Ci-c) 

F 

I 
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Step (C-1): 
Compound (13) is formed into a Grignard reagent in tetrahy­
drofuran (hereinafter referred to as THF) and then reacted 
with trimethyl borate to obtain compound (14). 

Step (C-2): 
Compound (15) is reacted with sodium nitrite and sulfuric 
acid in acetic acid to give its diazonium salt, which is then 
reacted with copper(!) bromide and hydrobromic acid to obtain 
compound ( 16) • 

Step (C-3): 
Compound (14) and compound (16) are reacted in a mixed sol­
vent of ethanol and benzene in the presence of tetrakistri­
phenylphosphine palladium(O) to obtain compound (17). 

Step (C-4): 
Compound (17) is reacted with compound (7) in triethylamine 
in the presence of bis(triphenylphosphine) palladium(II) 
chloride, triphenylphosphine and copper(!) iodide to obtain 
compound ( 1-c) • 
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Table 5 

( 1 7) HC=c-O-R2 (12) 

Step (D-1) l ( (C;,Es) :iP) 2P dC 1 2 

1 {C6Hs) JP, Cu I/ {C2Hs) JN 

R c:::c-Q-R2 Cl-d) 

F 
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Step (D-1): 

compound (17) is reacted with compound (12) in triethylamine 

in the presence of bis(triphenylphosphine) palladium(II) 

chloride, triphenylphosphine and copper(!) iodide to obtain 

compound ( 1-d) • 
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Table 6 

Ri-0-0-Br (18} 

~3-methyl-!.-butyn-3-ol 
le {Cr.Hs) JP) zPdC l z 

Step (E-1) ~(Cr.Hs} :;P, Cu I/ (CaHs) :;); 

CH .. I ~ 

R1-0-0-c=c-1-CH { 19) 

Step (E-2) ! 
. CH3 

NaH/ '\ 
toluene 

Ri-0-0-c=cH {20) 
rjd>-Br 

F I l 
I I ( (C_cHs) :iP) aPdC 1 z 
tCu 1/ (C2H~ 2NH · Step (E-3) 

·R1~=c-;P-Br (22) 

Step (E-4) 
l CuCN/NMP . 

R1~=c~ (1 - e) 

(21) 

I -
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Step (E-1): 
Compound (18) is reacted with 3-methyl-l-butyl-3-ol in trie­

thylamine in the presence of bis(triphenylphosphine) palla­

dium(II) chloride, triphenylphosphine and copper(!) iodide to 
obtain compound (19). 

Step (E-2): 
Compound (19) is reacted with sodium hydride in toluene to 
obtain compound (20). 

Step (E-3): 
Compound (20) is reacted with compound (21) in diethylamine 
in the presence of bis(triphenylphosphine) palladium(II) 
chloride and copper(!) iodide to obtain compound (22). 

Step (E-4): 
Compound (22) is reacted with copper(!) cyanide in N-methyl­
pyrrolidone (hereinafter ref erred to as NMP) to obtain com­
pound (1-e). 

I . 
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Table 7 

(22) 

Step (F-ll 1 ( {C'8s) 2P (CHz) {? (CJis) z) Ni C 1 2 
Rz,.'IJigB r /THF 

Ri--Q-O--c=c-=9-R2 (!-fl. 

F 
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Step (F-1): 
Compound (22) is reacted with a Grignard reagent prepared 
from an alkyl bromide, in THF in the presence of bis(l,3-di­
phenylphosphinopropane) nickel(II) chloride, to obtain com­
pound (1-f). 

Where the tolane derivatives of the present invention are 
blended to give a liquid crystal composition, the following 
compounds may be used as a base component of the composition. 
However, the illustrated compounds are not !imitative. The 
tolane derivatives of the present invention are well compati­
ble with all conventional liquid crystal compounds and their 
analogues, and the liquid crystal compositions to be obtained 
by blending them are characterized by having a broad practi­
cal temperature range and a large An value. 
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Table a 

R-®-coo-Q- R · 
R-Q-coo-Q-R · 

18 

R-®-0-R' 
R-®-0-0-R' 
R -<8)-(8)- R ' 

R-C0>-0-R' 
. 0 

R-{dr-0>-R' 
R-Q-c=c-0- R' 

R-<8)-0-c=cO-R' 

RH 00-<8)-R· 

R-®-0>-0-R' 
N 

R -<BX)--0- R' 
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In these formulae, R' represents an alkyl group, an alkoxy 
group, an alkoxymethylene group, a nitrile group, or a fluoro 
group, the phenylene group may have a halogen substituent on 
the 2- or 3-position, and the cyclohexane ring is in the 
trans-configuration. 

The proportion of the compound of the present invention con­
tained in the liquid crystal composition may be from 1 to 50 
% by weight and is especially preferably from 1 to 30 % by 
weight in consideration of pre~ipitation of crystals in a low 
temperature range. 

The most characteristic feature of the compounds of the pre­
sent invention is the introduction of fluorine into the side 
position of known phenyltolane compounds {e.g., d-1, d-2) to 
noticeably lower the C-N point of them and to improve the 
compatibility of them with other liquid crystal compounds. 
Introduction of fluorine into the side position of liquid 
crystal compounds to lower the C-N point of them has hereto­
fore been known, but the great depression of the C-N point 
achieved by the compounds of the present invention could not 
be anticipated. For instance, when compound (b-1) is compa­
red with compound (c-1) and compound (b-2) with compound (c-
2), the C-N point depression due to fluorine substitution is 
17°C and 37°C, respectively. When compound (e-1) is compared 
with compound (e-2), compound {f-1) with compound (f-2) and 
compound (f-3) with compound {f-4), it is only 18°C, 17°C 
(28°C for Sm-N point depression) and 1°C (48°C for Sm-N point 
depression), respectively. On the contrary, in the case of 
the compounds of the present invention, where compound (g-1) 
is compared with compound (g-2), compound (g-1) with compared 
(g-3), compound (d-1) with compound (h-2) and compound· (d-1) 
with compound (h-2), great C-N point depression of 49°C,. 
66°C, 79°C and 78°C, respectively, is noted. Due to the ef­
fect, practical use of phenyltolane derivatives, which have 
heretofore been difficult to put them into practical use, has 
become possible. 
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Table 9 

Code Structural Fo:z:mula I Transition Point Reference 

e-1 
C3H1-©-0-c-c-Q-F C-N point 90°C JP-A 

N-I point 189°C 60-155142 

e-2 CJH'7-@--0-c=c- 0 F 
C-N point 72°C JP-A 

F N-I point 163°C 63-287737 

f-1 
C3H1-@-CHzC'n2-0-c "c-{)-c:;H; 

C-Sm point 67°C 
Sm-N point 78°C JP-A 
N-I point 167°C 63-152334 

f-2 C3H1-@-cHt:CH2:Q-c=c-{)-c3H1 C-N point 50°C JP-A 
F N-I point 156°C 63-152334 

f-3 
C3H1-@-CHt:CH2{)-c=c-O-c .. fr!9 

C-Sm point 43°C 
Sm-N point 90°C JP-A 
N-I point 159°C 63-152334 

f-4 C3H1-@cHt:eH2Q-c=c-O-c4H9 C-N point 42°C JP-A 
F N-I point 149°C 63-152334 

I -



Code Structural Formura 

g-1 
C3H1-0-Q-c=c-Q-cN 

g-2 c.,H1-0-p-c=c-Q-cN 
F 

C3H1 0 ~c=c=frcN g-3 

g-4 C3H1 0 a c=c-p-cN 
r. 

d-1 
C3H1-0--0-c=c-Q-c3H1 ~ 

C3H1-0-Q-c=c-Q-c3H1 
' h-1 

I 
F 

h-2 C3H1 -O-Q-c=c-Q-c•H1 
F 

h-3 c,H.-O--O-c=c-p-c•H1 
F 

Transition Point 

c~sm point 174°C 
sm-N point 1B0°C 
N-I point 281°C 

C-N point 125°C 
N-I point 238°C 

C-N point lOB°C 
N-I point 256°C 

C-Sin point 151°C 
Sm-N point 185°C 
N I point 268°C 

C-N point 164°C 
N-I point 230°C 

C-N point 85°C 
N-I point 176°C 

C-N point 86°C 
N-I point 197°C 

c-sm point 120°C 
Sm-N point 163°C 
S-I point 198°C 

Remarks 

produ.ced by the 
applicant 

compount (1-a) of 
the invention 

compound (1-c) of 
the invention 

compound (1-e) of 
the invention 

JP-A 
60-152427 

compound (1-b) of 
the invention 

compound (1-d) of 
the invention 

compo~nd (1-f) of 
the invention 

1-3 
Ill 
tr .... 
CD 

I-' 
0 

IV 
I-' 

·•' 



22 

A liquid crystal display device having a liquid crystal com­
position containing at least one compound of the present in­
vention is suitable as a multiplex driving system device. 
Using it, in particular, high multiplex driving is possible 
in TN type and STN type liquid crystal display devices. 

In the following the invention will be explained in more 
detail with reference to specific e~amples and with reference 
to the drawing showing in Fig. 1 a liquid crystal display 
cell. 

Examples: 

Next, the present invention will be explained in more detail 
by way of the followin9 examples. 

Example 1: 
P.roduction of Compound (1-a) 
Production of 3-fluoro-4-(4"-propylphenyl)-4'-cyanotolane: 

Step (A-1): 
40 g of aluminum chloride and 280 ml of carbon disulfide were 
taken into a flask, cooled with an ice-salt bath to 0°C or 
lower and stirred. A solution of 70 g of 4-bromo-2-fluorobi­
phenyl in 180 ml of carbon disulfide was dropwise added 
thereto. A solution of 26 g of propionic acid chloride in 
100 ml of carbon disulfide was dropwise added thereto at 0°C 
or lower. After addition, the whole was stirred for 2 hours 
at 0°C or lower and then at room temperature overnight. 
After reaction, the reaction solution was poured into 30 ml 
of concentrated hydrochloric acid and 300 g of ice and ex­
tracted with chloroform. The organic layer was washed three 
times each with water, two times each with an aqueous 2 % 
sodium. hydroxide solution and then three times each with 
water, and chloroform and carbon disulfide were removed by 
distillation. The residue was recrystallized from a mixed 
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thylsilane was dropwise added thereto at room temperature 
over a period of 30 minutes. Then the mixture was stirred 
for 2 hours, 900 ml of an aqueous saturated sodium hydrogen­
carbonate solution was added dropwise so that the excess 
trifluoroacetic acid was decomposed. This was extracted with 
chloroform and then washed three times each with water, and 
chloroform was removed by distillation. T~e residue was di­
stilled under reduced pressure (b.p. 140 to 145°C/2 mmHg) to 
obtain 23.4 g of 2-fluoro-4-bromo-4'-propylbiphenyl. 

Step (A-3): 
30 g of 4-bromobenzonitrile, 13.4 g of 3-methyl-l-butyl-3-ol, 
0.7 g of triphenylphosphine and 0.3 g of 
bis(triphenylphosphine) palladium(II) chloride were dissolved 
in 140 ml of triethylamine in nitrogen atmosphere, and 0.1 g 
of copper(!) iodide was added thereto. The mixture was stir­
red for one hour at room temperature and then for 5 hours at 
90~C. The crystals as precipitated were filtered out and, 
after triethylamine was removed by distillation, extracted 
with chloroform. Then the crystals were washed two times 
each with 10 % hydrochloric acid and two times each with 
water, and chloroform was removed by distillation. The resi­
due was distilled under reduced pressure (b.p. 140 to 160°C/5 
mmHg) to obtain 23.5 g of 3-methyl-1-(4'-cyanophenyl)-l­
butyl-3-ol. 

Step (A-4): 
23.5 g of 3-methyl-1-(4'-cyanophenyl)-1-butyl-3-ol was dis­
solved in 250 ml of toluene in nitrogen atmosphere, and 1.6 g 
of sodium hydride (60 % in paraffin liquid) was added there­
to. This was stirred for 4 hours at so to 90°C. The reac­
tion solution was poured into 300 ml of water, extracted with 
chloroform and washed three times each with water. Toluene 
and chloroform were removed by distillation, and the residue 
was recrystallized from methanol to obtain 9.9 g of 4-cyano­
phenylacetylene. 

1 ·. 
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tion solution was poured into 300 ml of water, extracted with 
chloroform and washed three times each with water. Toluene 
and chloroform were removed by distillation, and the residue· 
was recrystallized from methanol to obtain 9.9 g of 4-cyano­
phenylacetylene. 

Step (A-5): 
2.9 g of 2-fluoro-4-bromo-4'-propylbiphenyl, 1.3 g of 4-
cyanophenylacetylene, 0.04 g of triphenylphosphine and 0.03 g 
of bis(triphenylphosphine) palladium(II) chloride were dis­
solved in 22 ml of triethylamine in nitrogen atmosphere, and 
0.01 g of copper(!) iodide was added thereto. This was then 
refluxed for 5 hours. The reaction solution was poured into 
200 ml of water, extracted with chloroform and washed two 
times each with water, and chloroform was removed by distil­
lation. The residue .was recrystallized from a mixed solvent 
comprising acetone and methanol, then purified by silicagel­
chloroform column chromatography, and again recrystallized 
from acetone to obtain 1.9 g of 3-fluoro-4-(4"-propylphenyl)-
4'-cyanotolane. The compound had a C-N point of 125.1°C and 
an N-I point of 237.6°C. 

In the same manner, the following compounds were produced. 

3-Fluoro-4-(4 11 -methylphenyl)-4 1 -cyanotolane 
3-Fluoro-4-(4 11 -ethylphenyl)-4'-cyanotolane 
c-N point 163.0°C, N-I point 235.9°C 
3-Fluoro-4-(4"-butylphenyl)-4'-cyanotolane 
C-N point 75.4°C, N-I point 220.7°C 
3-Fluoro-4-(411 -pentylphenyl)-4 1 -cyanotolane 
C-N p~int 85.6°C, N-I point 21s.0°c 
3-Fluoro-4-(4"-hexylphenyl)-4'-cyanotolane 
3-Fluoro-4-(4"-heptylphenyl)-4 1 -cyanotolane 
3-Fluoro-4-(4"-octylphenyl)-4 1 -cyanotolane 
3-Fluoro-4-(4 11-nonylphenyl)-4 1 -cyanotolane 
3-Fluoro-4-(4 11 -decylphenyl)-4'-cyanotolane 
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Example 2: 
Production of Compound (1-b): 
Production of 3-fluoro-4-(4"-pentylphenyl)-4'-propyltolane: 

Step (B-1): 
294 g of aluminum chloride was added to 1000 ml of carbon di­

sulfide and stirred. The reaction solution was cooled to 0°C 

or lower, and 166 g of propionyl chloride was added dropwise.· 

Next, 283 g of bromobenzene was added dropwise. Then, the 
whole was stirred for one hour at room temperature. After 

reaction, the reaction solution was poured into a mixture of 

300 ml of concentrated hydrochloric acid and 600 g of ice. 

This was extracted with chloroform and washed three times 
each with water, and chloroform was removed by distillation. 

By distillation under reduced pressure (b.p. 100 to 105°C/2 
mmHg), 301 g of l-bromo-4-propionylbenzene was obtained. 

Step {B-2): 
301 g of l-bromo-4-propionylbenzene was dissolved in 1100 ml 

of diethylene glycol, and 145 ml of hydrazine (monohydrate) 
and 163 g of potassium hydroxide were added thereto and re­
fluxed for one hour at 130°C. With removing water and hydra­
zine, this was heated up to 190°C. After having been reflu­

xed for 5 hours at 190°C, this was poured into 2000 ml of 
water. This was extracted with chloroform and washed three 
times each with water, and chloroform was removed by distil­
lation. By distillation under reduced pressure (b.p. 70 to 
75°C/3 mmHg), 252 g of 1-bromo-4-propylbenzene was obtained. 

Step (B-3): 

60 g of l-bromo-4-propylbenzene, 38 g of 3-methyl-1-butyl-3-
ol, 1.3 g of tripheylphosphine and o.7 g of 
bis(triphenylphosphine) palladium(II) chloride were dissolved 
in 260 ml of triethylamine in nitrogen atmosphere, and 0.2 g 
of copper(!) iodide was added thereto. This was stirred for 
one hour at room temperature and for 5 hours at 90°C. The 
crystals as precipitated were filtered out and, after trie-
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thylamine was removed by distillation, extracted with chloro-. 
form. The crystals were washed two times each with 10 % hy­
drochloric acid and two times each with water, and chloroform 
was removed by distillation. The residue was purified by 
silicagel-chloroform column chromatography to obtain 37 g of 
3-methyl-1-(4'-prqpylphenyl)-1-butyl-3-ol. 

Step (B-4): 
33 g of 3-methyl-1-(4'-propylphenyl)-1-butyl-3-ol was dissol­
ved in 320 ml of toluene in nitrogen atmosphere, and 2 g of 
sodium hydride (60 % in paraffin liquid) was added thereto. 
This was stirred for 6 hours at 60°C. The reaction solution 
was poured into 300 ml of water, extracted with chloroform 
and washed three times each with water. Toluene and chloro­
form were removed by distillation, and the residue was di­
stilled under reduced pressure (b.p. 60 to 63°C/4 mmHg) to 
obtain 16 g of 4-propylphenylacetylene. 

Step (B-5): 
4 g of 4'-pentyl-2-fluoro-4-bromobiphenyl, 2.2 g of 4-propyl­
phenylacetylene, 1.05 g of triphenylphosphine and 0.03 g of 
bis(triphenylphosphine) palladium(II) chloride were dissolved 
in 27 ml of triethylamine in nitrogen atmosphere, and 0.01 q 
of copper(!) iodide was added thereto. This was stirred for 
one hour at room temperature and then for 5 hours at 70°C. 
The reaction solution was poured into 300 ml of water, ex­
tracted with chloroform and washed two times each with water, 
and chloroform was removed by distillation. The residue was 
purified by silicagel-chloroform column chromatography and 
recrystallized from a mixed solvent comprising acetone and 
methanol to obtain 2.1 g of 3-fluoro-4-(4"-pentylphenyl)-4'­
propyltolane. The compound had a C-N point of 74.7°C and an 
N-I point of 159.2°C. 

In the same manner, the following compounds were produced. 

3-Fluoro-4-(4"-methylphenyl)-4 1 -methyltolane 
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3-Fluoro-4-(4"-ethylphenyl}-4'-methyltolane 
3-Fluoro-4-(4"-propylphenyl}-4'-methyltolane 
3-Fluoro-4-( 4"-butylphenyl)-4 '-methyltolan.e 
3-Fluoro-4-(4 11-pentylphenyl}-4 1 -methyltolane 
3-Fluoro-4-(4"-hexylphenyl}-4'-methyltolane 
3-Fluoro-4-(4"-heptylphenyl)-4'-methyltolane 
3-Fluoro-4-(4 11 -ocytlphenyl}-4'-methyltolane 
3-Fluoro-4-(4"-nonylphenyl}-4'-methyltolane 
3-Fluoro-4-(4"-decylphenyl)-4'-methyltolane 
3-Fluoro-4-(4"-methylphenyl)-4'-ethy!tolane 
3-Fluoro-4-(4"-ethylphenyl}-4'-ethyltolane 
C-N point 121.3°C, N-I point 154.0°C 
3-Fluoro-4-(4"-propylphenyl}-4'-ethyltolane 
C-N point 105.9°C, N-I point 166.9°C 
3-Fluoro-4-94"-butylphenyl}-4'-ethyltolane 
C-N point 76.6°C, N-I point 150.6°C 
3-Fluoro-4-(4 11 -pentylphenyl}-4'-ethyltolane 
C-N point 78.9°C, N-I point 154.8°C 
3-Fluoro-4-(4"-hexylphenyl)-4'-ethyltolane 
3-Fluoro-4-(4"-heptylphenyl}-4'-ethyltolane 

· 3-Fluoro-4-{4"-octylphenyl)-4 1 -ethyltolane 
3-Fluoro-4-(4"-nonylphenyl)-4'-ethyltolane 
3-Fluoro-4-(4"-decylphenyl)-4'-ethyltolane 
3-Fluoro-4-{4"-methylphenyl}-4 1 -propyltolaite 
3-Fluoro-4-(4 11-ethylphenyl}-4'-propyltolane 
c-N point 92.9°C, N-I point 165.2°C 
3-Fluoro-4-(4"-propylphenyl)-4 1 -propyltolane 
C-N point 84.2°C, N-I point 175.5°C 
3-Fluoro-4-( 4 "-butylphenyl) -4 '.-propyltolane 
C-N point 74.3°C, N-I point 160.0°C 
3-Fluoro-4-(4"-hexylphenyl)-4'-propyltolane 
3-Fluoro-4-(4"-heptylphenyl)-4'-propyltolane 
3-Fluoro-4-(4"-octylphenyl)-4'-propyltolane 
J-Fluoro-4-(4"-nonylphenyl)-4'-propyltolane 
3-Fluoro-4-(4"-decylphenyl)-4'-propyltolane 
3-Fluoro-4-(4"-methylphenyl)-4'-butyltolane 
3-Fluoro-4-(4"-ethylphenyl)-4'-butyltolane 
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C-N point 61.2°C, N-I point 149.7°C 
3-Fluoro-4-(4 11-propylphenyl)-4'-butyltolane 
C-N point 60.2°C, N-I point 160.1°C 
3-Fluoro-4-(4"-butylphenyl)-4'-butyltolane 

C-N point 68.1°C, N-I point 145.9°C 
3-Fluoro-4-(4"-pentylphenyl)-4'-butyltolane 
C-N point 56.6°C, N-I point 149.S°C 
3-Fluoro-4-(4"-hexylphenyl)-4'-butyltolane 
3-Fluoro-4-(4"-heptylphenyl)-4'-butyltolane 
3-Fluoro-4-(4"-octylphenyl)-4'-butyltolane 
3-Fluoro-4-(4"-nonylphenyl)-4'-butyltolane 
3-Fluoro-4-(4"-decylphenyl)-4 1 -butyltolane 
3-Fluoro-4-(4"-methylphenyl)-4 1 -pentyltolane 
3-Fluoro-4-( 4"-ethylph!i:myl) -4 '-pentyltolane 
c-N point 61.3°C, N-I point 152.4°C 
3-Fluoro-4-(4"-propylphenyl)-4'-pentyltolane 
C-N point 65.4°C, N-I point 162.8°C 
3-Fluoro-4-(4 11-butylphenyl)-4 1-pentyltolane 
c-N point 44.7°C, N-I point 150.7°C 
3-Fluoro-4-(4"-pentylphenyl)-4'-pentyltolane 
C-N point 44.4°C, N-I point 152.8°C 
3-Fluoro-4-(4"-hexylphenyl)-4'-pentyltolane 
3-Fluoro-4-(4 11-heptylphenyl)-4'..:pentyltolane 
3-Fluoro-4-(4 11-octylphenyl)-4'-pentyltolane 
3-Fluoro-4-(4"-nonylphenyl)-4'-pentyltolane 
3-Fluoro-4-(411-decylphenyl)-4'-pentyltolane 
3-Fluoro-4-(4 11-methylphenyl)-4'-hexyltolane 
3-Fluoro-4-(4"-ethylphenyl)-4'-hexyltolane 
3-Fluoro-4-(4"-propylphenyl)-4'-hexyltolane 
3-Fluoro-4-(4"-butylphenyl)-4'-hexyltolane 
3-Fluoro-4-(411-pentylphenyl)-4'-hexyltolane 
3-Fluoro-4-(4 11-hexylphenyl)-4'-hexyltolane 
3-Fluoro-4-(4"-heptylphenyl)-4'-hexyltolane 
3-Fluoro-4-(4"-octylphenyl)-4'-hexyltolane 
3-Fluoro-4-(4"-nonylphenyl)-4'-hexyltolane 
3-Fluoro-4-(411-decylphenyl)-4'-hexyltolane 
3-Fluoro-4-(4"-methylphenyl)-4'-heptyltolane 

I --
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3-Fluoro-4-(4 11 -ethylphenyl}-4'-heptyltolane 
3-Fluoro-4-(4"-propylphenyl}-4'-heptyltolane 
3-Fluoro-4-(4"-butylphenyl)-4'-heptyltolane 
3-Fluoro-4-(4 11 -pentylphenyl)-4'-heptyltolane 
3-Fluoro-4-(4 11-hexylphenyl)-4'-heptyltolane 
3-Fluoro-4-(4"-heptylphenyl}-4'-heptyltolane 
3-Fluoro-4-(4 11-octylphenyl}-4'-heptyltolane 
3-Fluoro-4-(4 11-nonylphenyl)-4 1 -heptyltolane 
3-Fluoro-4-(4"-decylphenyl)-4'-heptyltolane 
3-Fluoro-4-( 4"-methylphenyl)-4 1 -octyltolane 
3-Fluoro-4-(4"-ethylphenyl)-4'-octyltolane 
3-Fluoro-4-(4 11-propylphenyl)-4'-octyltolane 
3-Fluoro-4-(4 11 -butylphenyl)-4'-octyltolane 
3-Fluoro-4-(411 -pentylphenyl)-4 1 -octyltolane 
3-Fluoro-4-(4 11-hexylphenyl)-4 1 -octyltolane 
3-Fluoro-4-(4 11-heptylphenyl)-4 1 -octyltolane 
3-Fluoro-4-(4 11 -octylphenyl)-4 1 -octyltolane 
3-Fluoro-4-.(4 11 -nonylphenyl}-4 1 -octyltolane 
3-Fluoro-4-(4 11 -decylphenyl}-4'-octyltolane 
3-Fluoro-4-(4 11-methylphenyl)-4 1-nonyltolane 
3-Fluoro-4-(4"-ethylphenyl)-4 1 -nonyltolane 
3-Fluoro-4-(4 11-propylphenyl}-4'-nonyltolane 
3-Fluoro-4-(4"-butylphenyl)-4'-nonyltolane 
3-Fluoro-4-(4"-pentylphenyl)-4 1 -nonyltolane 
3-Fluoro-4-(4"-hexylphenyl)-4'-nonyltolane 
3-Fluoro-4-(4 11 -heptylphenyl)-4'-nonyltolane 
3-Fluoro-4-(4"-octylphenyl)-4 1 -nonyltolane 
3-Fluoro-4-(4"-nonylphenyl}-4'-nonyltolane 
3-Fluoro-4-(4"-decylphenyl)-4'-nonyltolane 
3-Flu~ro-4-(4"-methylphenyl)-4'-decyltolane 

3-Fluoro-4-(4 11 -ethylphenyl}-4'-decyltolane 
3-Fluoro-4-(4 11 -propylphenyl}-4'-decyltolane 
3-Fluoro-4-(4 11 -butylphenyl)-4'-decyltolane 
3-Fluoro-4-(4"-pentylphenyl)-4'-decyltolane 
3-Fluoro-4-(4"-hexylphenyl)-4'-decyltolane 
3-Fluoro-4-(4 11 -heptylphenyl)-4 1 -decyltolane 
3-Fluoro-4-(4 11 -octylphenyl)-4'-decyltolane 
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3-Fluoro-4-(4"-nonylphenyl)-4'-decyltolane 
3-Fluoro-4-(4"-decylphenyl)-4'-decyltolane 

Example 3: 

Production of Compound (1-c): 
'Production of 2-fluoro-4-(4"-propylphenyl)-4'-cyanotolane: 

Step (C-1): 
9.3 g of magnesium was put into a flask in nitrogen atmo~ 
sphere, and a solution of 68 g of 4-propyl-1-bromobenzene in 

350 ml of THF was added dropwise. After addition, this was 

stirred at room temperature overnight to form a Grignard 
reagent. 70 g of trimethyl borate was dissolved in 38 ml of 
THF, and the Grignard reagent was dropwise added thereto at 
room temperature. After addition, this was stirred at room 

temperature overnight. Next, 75 ml of 10 % hydrochloric acid 
was added thereto and stirred for one hour. This was extrac­
ted with chloroform and washed three times each with water, 
and chloroform was removed by distillation to obtain 41 g of 
4-propylphenylboric acid. 

Step (C-2): 
51.2 g of sodium nitrite was dissolved in 390 ml of sulfuric 
acid, and 454 ml of acetic acid was added ~ereto at 10°C or 
lower. The solution was kept at 20 to 25°C, and 124 g qf 2-
fluoro-4-iodoaniline was added thereto over a period of one 
hour and stirred for 2 hours. The solution was added 
dropwise to a solution of 130 g of copper(!) bromide in 390 
ml of 48 % hydrobromic acid and stirred overnight. Next, 

1000 ml of water was added to this, which was then extracted 
with chloroform and washed three times each with water. 
Chloroform was removed by distillation, and the residue was 
distilled under reduced pressure (b.p. 120 to l25°C/13 mm.Hg) 
and recrystallized from methanol to obtain 114 g of 1-bromo-
2-fluoro-4-iodobenzene. 
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Step (C-3): 
A solution of 16.5 g of 4-propylphenylboric acid in 130 ml of 
ethanol was added dropwise to a mixture comprising 30 g of 1-
bromo-2-fluoro-4-iodobenzene, 1.6 g of tetrakistriphenylphos­
phine palladium(O), 186 ml of benzene and 140 ml of 2M 
aqueous sodium carbonate solution, in nitrogen atmosphere at 
room temperature. The reaction .solution was then refluxed 
for 5 hours, cooled to room temperature, extracted with chlo­
roform and washed thr~e times each with water, and chloroform 
was removed by distillation. The residue formed was distil­
led under reduced pressure (b.p. 155 to 170°C/3 mmHg) to ob­
tain 11.7 g of 4-bromo-3-fluoro-4 1 -propylbiphenyl. 

Step (C-4): 
2.6 g of 4-bromo-3-fluoro-4'-propylbiphenyl, 1.1 g of 4-cya­
nophenylacetylene, 0.03 g of triphenylphosphine and 0.03 g of 
bis(triphenylphosphine) palladium(!!) chloride were dissolved 
in 20 ml of triethyla~ine in nitrogen atmosphere, and 0.01 g 
of copper(I) iodide was added thereto. This was then reflu­
xed for 5 hours. The reaction solution was poured into 200 
ml of water, extracted with chloroform and washed two times 
each with water, and chloroform was removed by distillation. 
The residue was recrystallized from a mixed solvent compri­
sing acetone and methanol, purified by silicagel-chloroform­
column chromatography and again recrystallized from a mixed 
solvent of acetone and methanol to obtain 0.8 g of 2-fluoro-
4-(4"-propylphenyl)-4 '-cyanotolane. The compound had a C-N 
point of 108.0°C and an N-I point of 256.1°C. 

In the same manner, the following compounds were produced. 

2-Fluoro-4-(4"-methylphenyl)-4'-cyanotolane 
2-Fluoro-4-(4 11 -ethylphenyl)-4'-cyanotolane 
2-Fluoro-4-(4"-butylphenyl)-4'-cyanotolane 
C-N point 95.0°C, N-I point 240.0°C 
2-Fluoro-4-(4"-pentylphenyl)-4 1 -cyanotolane 
C-N point 89.0°C, N-I point 233.5°C 

I --
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2-Fluoro-4-(4"-hetylphenyl)-4'-cyanotolane 
2-Fluoro-4-(4"-heptylphenyl)-4'-cyanotolane 
2-Fluoro-4-( 4"-octylphenyl)-4 1 -cyanotolane 
2-Fluoro-4-(4"-nonylphenyl)-4'-cyanotolane 
2:...Fluoro-4-(4"-deyclphenyl)-4'-cyanotolane 

Example 4: 
Production of compound (1-d): 

Step (D-1): 
4.6 g of 4-bromo-3-fluoro-4'-butylbiphenyl, 2.6 g of 4-pen­
tylphenylacety1ene, 0.06 g of triphenylphosphine and 0.04 g 
of bis(triphenylphosphine) palladium(II) chloride were dis­
solved in 3S ml of tr~ethylamine in nitrogen atmosphere, and 
0.01 g of copper(I) iodide was added thereto. This was stir-

' red for one hour at room temperature and then for s hours at 
70°C. The reaction solution was poured into 300 ml of water, 
extracted with chloroform and washed two times each with wa­
ter, and chloroform was removed by distillation. The residue 
was purified by silicaqel-chloroform column chromatography 
and recrystallized from a mixed solvent comprising acetone 
and methanol to obtain 1.3 g of 2-fluoro-4-(4 11-butylphenyl)-
4'-pentyltolane. The compound had a C-N point of so.s 0 c and 
an N-I point of 171.2°C. 

In the same manner, the following compounds were produced. 

2-Fluoro-4-(4"-methylphenyl)-4'-methyltolane 
2-Fluoro-4-(4"-ethylphenyl)-4'-methyltolane 
2-Fluoro-4-(4"-propylphenyl)-4'-methyltolane 
2-Fluoro-4-(4"-butylphenyl)-4'-methyltolane 
2-Fluoro-4-(4 11 -pentylphenyl)-4'-methyltolane 
2-Fluoro-4-(4"-hexylphenyl)-4'-methyltolane 
2-Fluoro-4-( 4"-heptylphenyl)-4 1 -methyltolane 
2-Fluoro-4-(4 11 -octylphenyl)-4'-methyltolane 
2-Fluoro-4-(4 11 -nonylphenyl)-4'-methyltolane 
2-Fluoro-4-(4"-decylphenyl)-4'-methyltolane 

I . 
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2-Fluoro-4-(4"-methylphenyl)-4'-ethyltolane 

2-Fluoro-4-(4 11-ethylphenyl)-4 1 -ethyltolane 
2-Fluoro-4-(4"-propylphenyl)-4'-ethyltolane 

2-Fluoro-4-(4"-butylphenyl)-4'-ethyltolane 

2-Fluoro-4-(4 11-pentylphenyl)-4 1 -ethyltolane 
2-Fluoro-4-(4"-hexylphenyl)-4 1 -ethyltolane 
2-Fluoro-4-(4"-heptylphenyl)-4'-ethyltolane 

2-Fluoro-4-(4 11-octylphenyl)-4'-ethyltolane 

2-Fluoro-4-( 4"-nonylphenyl)-4 1 -ethyltolane 
2-Fluoro-4-(4"-decylphenyl)-4'-ethyltolane 
2-Fluoro-4-(4 11 -methylphenyl)-4'-propyltolane 

2-Fluoro-4-(4"-ethylpheny1)~4'-propyltolane 

2-Fluoro-4-(4"-propylphenyl)-4'-propyltolane 
C-N point 85.7°C, N-I point 196.7°C 
2-Fluoro-4-(4"-butylphenyl)-4'-propyltolane 

C-N point 69.9°C, N-I point 182.7°C 
2-Fluoro-4-(4"-pentylphenyl)-4'-propyltolane 
C-N point 79.7°C, N-I point 184.7°C 
2-Fluoro-4-(4"-hexylphenyl)-4'-propyltolane 

2-Fluoro-4-(4"-heptylphenyl)-4'-propyltolane 

2-Fluoro-4-(4"-octylphenyl)-4'-propyltolane 
2-Fluoro-4-(4"-nonylphenyl)-4 1 -propyltolane 
2-Fluoro-4-(4 11-decylphenyl}-4'-propyltolane 
2-Fluoro-4- ( 4 "-methylphenyl) -4 1-butyltolane · 

2-Fluoro-4-{4"-ethylphenyl)-4 1 -butyltolane 
2-Fluoro-4-(4"-propylphenyl)-4'-butyltolane 
2-Fluoro-4-(4"-butylphenyl)-4'-butyltolane 
c-N point 63.7°C, N-I point 169.4°C 
2-Fluoro-4-(4"-pentylphenyl)-4'-butyltolane 
2-Fluoro-4-(4"-hexylphenyl)-4'-butyltolane 
2-Fluoro-4-(4"-heptylphenyl)-4'-butyltolane 

2-Fluoro-4-(4"-octylphenyl)-4'-butyltolane 
2-Fluoro-4-(4"-nonylphenyl)-4'-butyltolane 
2-Fluoro-4-(4"-decylphenyl-4'-butyltolane 
2-Fluoro-4-(4"-methylphenyl)-4'-pentyltolane 
2-Fluoro-4-(4"-ethylphenyl)-4'-pentyltolane 

2-Fluoro-4-(4"-propylphenyl)-4'-pentyltolane 
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C-N point 78.3°C, N-I point 184.9°C 
2~Fluoro-4-(4"-pentylphenyl)-4 1 -pentyltolane 

2-Fluoro-4-(4"-hexylphenyl)-4'-pentyltolane 
2-Fluoro-4-(4 11 -heptylphenyl)-4 1-pentyltolane 
2-Fluoro-4-(4"-octylphenyl)-4'-pentyltolane 
2-Fluoro-4-(4"-nonylphenyl)-4'-pentyltolane 
2-Fluoro-4-(4 11-decylphenyl)-4'-pentyltolane 
2-Fluoro-4-(4 11 -methylphenyl)-4'-hexyltolane 
2-Fluoro-4-(4"-ethylphenyl)-4'-hexyltolane 
2-Fluoro-4-(4 11-propylphenyl)-4'-hexyltolane 
2-Fluoro-4-(4"-butylphenyl)-4'-hexyltolane 
2-Fluoro-4-(4"-pentylphenyl)-4'-hexyltolane 
2-Fluoro-4-(4"-hexylphenyl)-4'-hexyltolane 
2-Fluoro-4-(4"-heptylphenyl)-4'-hexyltolane 
2-Fluoro-4-(4 11-octylphenyl)-4'-hexyltolane 
2-Fluoro-4-(4 11 -nonylphenyl)-4'-hexyltolane 
2-Fluoro-4-(4 11-decylphenyl)-4'-hexyltolane 
2-Fluoro-4-(4"-methylphenyl)-4'-heptyltolane 
2-Fluoro-4-(4"-ethylphenyl)-4'-heptyltolane 
2-Fluor9-4-(4 11 -propylphenyl)-4'-heptyltolane 
2-Fluoro-4-(4"-butylphenyl-4 1 -heptyltolane 
2-Fluoro-4-(4 11-pentylphenyl)-4'-heptyltolane 
2-Fluoro-4-(4"-hexylphenyl)-4'-heptyltolane 
2-Fluoro-4-(4"-heptylphenyl)-4'-heptyltolane 
2-Fluoro-4-(4"-octylphenyl)-4'-heptyltolane 
2-Fluoro-4-(4"-nonylphenyl)-4'-heptyltolane 
2-Fluoro-4-(4 11-decylphenyl)-4'-heptyltolane 
2-Fluoro-4-(4"-methylphenyl)-4'-octyltolane 
2-Fluoro-4-(4"-ethylphenyl)-4'-octyltolane 
2-Fluoro-4-·( 4"-propylphenyl)-4 •-octyltolane 
2-Fluoro-4-(4"-butylphenyl)-4 1 -octyltolane 
2-Fluoro-4-(4"-pentylphenyl)-4'-octyltolane 
2-Fluo~o-4-(4"-hexylphenyl)-4'-octyltolane 

2-Fluoro-4-(4 11 -heptylphenyl)-4 1 -octyltolane 
2-Fluoro-4-(4"-octylphenyl)-4'-octyltolane 
2-Fluoro-4-(4 11 -nonylphenyl)-4'-octyltolane 
2-Fluoro-4-(4"-decylphenyl)-4'-octyltolane 
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2-Fluoro-4-(4 11 -methylphenyl)-4'-nonyltolane 

2-Fluoro-4-(4 11 -ethylphenyl)-4'-nonyltolane 

2-Fluoro-4-(4"-propylphenyl)-4'-nonyltolane 

2-Fluoro-4-(4"-butylphenyl)-4'-nonyltolane 

2-Fluoro-4-(4"-pentylphenyl)-4'-nonyltolane 
2-Fluoro-4-(4"-hexylphenyl)-4'-nonyltolane 

2-Fluor~-4-(4"-heptylphenyl)-4'-nonyltolane 

2-Fluoro-4-(4 11-octylphenyl)-4'-nonyltolane · 

2-Fluoro-4-(4 11-nonylphenyl)-4'-nonyltolane 

2-Fluoro-4-(4 11-decylphenyl)-4'-nonyltolane 

2-Fluoro-4-(4"-methylphenyl)-4'-decyltolane 

2-Fluoro-4-(4"-ethylphenyl)-4'-decyltolane 
2-Fluoro-4-(4 11-propylphenyl)-4'-decyltolane 

2-Fluoro-4-(4 11 -butylphenyl}-4 1-decyltolane 

2-Fluoro-4-(4"-pentylphenyl)-4'-decyltolane 

2-Fluoro-4-(4"-hexylphenyl)-4 1 -decyltolane 

2-Fluoro-4-( 4"-heptylphenyl)-4 1 -decyltolane 

2-Fluoro-4-(4"-octylphenyl)-4 1 -decyltolane 

2-Fluoro-4-(4"-nonylphenyl)-4 1 -decyltolane 

2-Fluoro-4-(4 11 -decylphenyl)-4'-decyltolane 

Example 5: 

Production of Compound (1-e): 
Production of 4-(4"-pentylphenyl)-2'-fluoro-4 1 -cyanotolane: 

Step (E-1): 

87 g of 1-bromo-4'-pentylbiphenyl, 36 g of 3-methyl-1-butyl-
3-ol, 1.2 g of triphenylphosphine and 0.62 g of 
bis(triphenylphosphine) palladium{II) chloride were dissolved 
in 300 ml of triethylamine in nitrogen atmosphere, and 0.2 g 

of copper{!) iodide was added thereto. This was stirred at 

room temperature for one hour and then at 90°C for 5 hours. 
The reaction solution was poured into-water, and the crystals 
as precipitated were filtered out and washed with water. The 
crystals thus obtained were dissolved in chloroform and wa­
shed two times each with 10 % hydrochloric acid and two times 
each with water, and chloroform was removed by distillation. 



36 

The residue was recrystallized from a mixed solvent of ace­
tone and methanol to obtain 37 q of 3-methyl-1-(4"-pentylbi­
phenyl-4-yl)-1-butyl-3-ol. 

step (E-2): 
37 q of 3-methyl-1-(4 11-pentylbiphenyl-4-yl)-1-butyl-3-ol was 
dissolved i~ 250 ml of toluene in nitrogen atmosphere, and 
1.5 g of sodium hydride (60 % in paraffin liquid) was added 
thereto. This was stirred for 6 hours at 60°C. The reaction 
solution was poured into 1000 ml of water, extracted with 
chloroform and washed three times each with water. Toluene 
and chloroform were removed by distillation, and the residue 
was recrystallized from methanol to obtain 30 q of 4-ethynyl-
4 '-pentylbiphenyl. 

Step (E-3): 
3.6 q of 4-bromo-2-fluoro-1-iodobenzene was dissolved in 4.4 
ml of diethylamine in nitrogen atmosphere, and 0.04 q of 
bis(triphenylphosphine) palladium(II) chloride and 0.04 g of 
copper(!) iodide were added thereto and stirred. The flask 
containing the reaction mixture was cooled to 5°C or lower, 
and a solution of 3 q of 4-ethynyl-4'-pentylbiphenyl as dis­
solved in 8 ml of diethylamine was dropwise added thereto. 
This was stirred at room temperature for 5 hours, and the 
reaction solution was poured into a mixture of 7 ml of con­
centrated hydrochloric acid and 100 g of ice. This was ex­
tracted with chloroform and washed two times each with water, 
and chloroform was removed by distillation. The residue was 
recrystallized from a mixed solvent comprising acetone and 
chloroform to obtain 3.2 g of 4-(4"-pentylphenyl)-2'-fluoro-
4'-bromotolane. 

Step (E-4): 
3.2 g of 4-(4"-pentylphenyl)-2'-fluoro-4'-bromotolane and 1 g 
of copper(I) cyanide were added to 16 ml of NMP and refluxed 
for 2 hours. The reaction solution was poured into a mixture 
of 4 g of iron(II) chloride, 1.2 ml of concentrated hydro-
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chloric acid and 4.6 ml of water. The crystals precipitated 
was filtered out and washed with water. The thus obtained 
crystals were dissolved in chloroform and washed three times 
each with water, and chloroform was removed by distillation. 

The residue was purified by silicaqel-chloroform-column chro­
matography and recrystallized from a mixed solvent comprising 
acetone and methapol to obtain 1.5 g of 4-{4"-pentylphenyl)-
2'-fluoro-4'-cyanotolane. The compound had a crystal smectic 
phase transition point (hereinafter referred to as c-sm 
point) of 12J.9°C, a smectic nematic phase transition point 
(hereinafter referred to as Sm-N point) of 167.3°C and an N-I 
point of 245.J°C. 

In the same manner, the following compounds were produced. 

4-(4"-Methylphenyl)-2'-fluoro-4'-cyanotolane 
4-(4"-Ethylphenyl)-2'-fluoro-4 1-cyanotolane 
C-Sm point 137.4°C, Sm-N point 175.1°C, N-I point 269.0°C 
4-(4"-Propylphenyl)-2'-fluoro-4'-cyanotolane 
C-Sm point 150.6°C, Sm-N point 185.1°C, N-I point 268.4°C 
4-(4"-Butylphenyl)-2'-fluoro-4 1 -cyanotolane 
c-sm point 120.9°c, sm-N point 176.o 0 c, N-I point 250.1°C 
4-(4"-Hexylphenyl)-2'-fluoro-4'-cyanotolane 
4-(4 11-heptylphenyl)-2'-fluoro-4'-cyanotolane 
4-(4"-octylphenyl)-2'-fluoro-4'-cyanotolane 
4-(4'i-nonylphenyl)-2'-fluoro-4'-cyanotolane 
4-(4"-decylphenyl)-2'-fluoro-4'-cyanotolane 

Example 6: 
Production of Compound (1-f): 
Production of 4-(4"-pentylphenyl)-2'-fluoro-4'-propyltolane: 

Step (F-1): 
1.5 g of 1-bromopropane was dissolved in 20 ml of THF in ni­
trogen atmosphere and added dropwise to O.J g of magnesium 
metal. After addition, this was stirred for 3 hours at room 

temperature to prepare a Grignard reagent. In another flask, 
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0.12 g of bis(l,3-diphenylphosphinopropane) nickel(II) chlo­
ride and 4.2 g of 4-(4"-pentylphenyl)-2'-fluoro-4'-bromoto­
lane were dissolved in 16 ml of THF, and the previously pre­
pared Grignard reagent was added dropwise. This was stirred 
at room temperature overnight, and the reaction solution was 
poured into a mixture of 4 ml of concentrated hydrochloric 
acid and 32 q of ice. This was extracted with chloroform and 
washed three times each with water, and chloroform was remo­
ved by distillation. The residue was recrystallized from a 
mixed solvent comprising acetone and methanol, and the cry­
stals thus obtained were purified by silicaqel-chloroform­
column chromatography and again recrystallized from a mixed 
solvent of acetone and.methanol to obtain 1.6 q of 4-(4 11 -pen­
tylphenyl)-21-fluoro-4_'-propyltolane. The compound has a c­
sm point of 131.0°C, an sm-N point of 172.5°C and an N-I 
point of 198.3°C. 

In the same manner, the following compounds were produced. 

4-(4 11 -Methylphenyl)-2'-fluoro-4'-methyltolane 
4-(4"-Ethylphenyl)-2'-fluoro-4'-methyltolane 
4-(4"-Propylphenyl)-2'-fluoro-4'-methyltolane 
4-(4 11-Butylphenyl)-2 1-fluoro-4'-methyltolane 
4-(4"-Pentylphenyl)-2'-fluoro-4 1-methyltolane 
4-(4"-Hexylphenyl)-2 1 -fluoro-4 1-methyltolane 
4-(4 11 -0ctylphenyl)-2'-fluoro-4'-methyltolane 

4-(4"-Nonylphenyl)-2'-fluoro-4 1 -methyltolane 
4-(4"-Decylphenyl)-2'-fluoro-4'-methyltolane 
4-(4"-Decylphenyl)-2'-fluoro-4'-methyltolane 
4-(4"-Methylphenyl)-2 1 -fluoro-4'-ethyltolane 
4-(4"-Ethylphenyl)-2'-fluoro-4'-ethyltolane 
4-(4"-Propylphenyl)-2'-fluoro-4 1 -ethyltolane 
4-(4"-Butylphenyl)-2'-fluoro-4 1 -ethyltolane 
4-(4"-Pentylphenyl)-2'-fluoro-4 1 -ethyltolane 
4-(4"-Hexylphenyl)-2'-fluoro-4 1 -ethyltolane 
4-(4"-0ctylphenyl)-2'-fluoro-4'-ethyltolane 
4-(4"-Nonylphenyl)-2'-fluoro-4'-ethyltolane 

r·-
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4-(4"-Decylphenyl)-2'-fluoro-4 1 -ethyltolane 
4-(4"-Decylphenyl)-2'-fluoro-4'-ethyltolane 
4-(4"-Methylphenyl)-2 1 -fluoro-4 1 -propyltolane 
4-(4 11-Ethylphenyl)-2'-fluoro-4'-propyltolane 
C-N point 163.6°C, N-I point 196.7°C 
4-(4"-Propylphenyl)-2 1 -fluoro-4 1 -propyltolane 
c-sm point 131.0°C, sm-N point 112.s~c, N-I point 198.3°C 
4-(4"-Hexylphenyl)-2 1 -fluoro-4 1 -propyltolane 
4-(4"-Heptylphenyl)-2 1 -fluoro-4 1 -propyltolane 
4-(4 11-0ctylphenyl)-2'-fluoro-4 1-propyltolane 
4- ( 4 "-Nonylphenyl).-2 '-fluoro~4 '-propyl to lane 
4-(4"-Decylphenyl)-2 1 -fluoro-4'-propyltolane 
4-(4 11-Methylphenyl)-2'-fluoro-4'-butyltolane 
4-(4 11 -Ethylphenyl)-2'-fluoro-4'-butyltolane 
4-(4"-Propylphenyl)-2'-fluoro~4'-butyltolane 

4-(4"-Butylphenyl)-2'-fluoro-4 1 -butyltolane 
4-(4"-Pentylphenyl)-2 1 -fluoro-4'-butyltolane 
4-(4"-Hexylphenyl)-2'-fluoro-4'-butyltolane 
4-(4"-Heptylphenyl)-2'-fluoro-4 1 -butyltolane 
4-(4 11 -0ctylphenyl)-2'-fluoro-4'-butyltolane 
4-(4"-Nonylphenyl)-2'-fluoro-4 1 -butyltolane 
4-(4"-Decylphenyl)-2'-fluoro-4 1 -butyltolane 
4-(4"-Methylphenyl)-2'-fluoro-4 1 -pentyltolane 
4·-c 4"-Ethylphenyl) -2 '-fluoro-4 1 -pentyltolane 
4-(4"-Propylphenyl)-2 1 -fluoro-4 1 -pentyltolane 
4-(4 11 -Butylphenyl)-2'-fluoro-4'-pentyltolane 
4-(4 11-Pentylphenyl)-2 1-fluoro-4'-pentyltolane 
4-(4"-Hexylphenyl)-2'-fluoro-4 1 -pentyltolane 
4-(4 11-Heptylphenyl)-2 1-fluoro-4 1 -pentyltolane 
4-(4"-0cytlphenyl)-2'-fluoro-4'-pentyltolane 
4-(4"-Nonylphenyl)-2'-fluoro-4'-pentyltolane 
4-(4"-Decylphenyl)-2'-fluoro-4'-pentyltolane 
4-(4"-Methylphenyl)-2'-fluoro-4'-hexyltolane 
4-(4 11 -Ethylphenyl)-2'-fluoro-4 1 -hexyltolane 
4-(4"-Propylphenyl)-2'-fluoro-4 1 -hexyltolane 
4-(4"-Butylphenyl)-2'-fluoro-4 1 -hexyltolane 
4-(4"-Pentylphenyl)-2'-fluoro-4 1 -hexyltolane 
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4-(4"-Hexylphenyl)-2'-fluoro-4'-hexyltolane 

4-(4"-Heptylphenyl)-2'-fluoro-4'-hexyltolane 

4-(4 11 -0ctylphenyl)-2'-fluoro-4'-hexyltolane 

4-(4 11 -Nonylphenyl)-2'-fluoro-4'-hexyltolane 
4-(4"-0ecylphenyl)-2'-fluoro-4'-hexyltolane 

·4-(4 11-Methylphenyl)-2'-fluoro-4'-heptyltolane 

4-(4"-Ethylphenyl)-2'-fluoro-4'-heptyltolane 
4-(4"-Propylphenyl)-2'-fluoro-4'-heptyltolane 
4-(4 11 -Butylphenyl)-2 1-fluoro-4'-heptyltolane 

4-(4"-pentylphenyl)-2'-fluoro-4 1 -heptyltolane 

4-(4 11 -Hexylphenyl)-2 1 -fluoro-4'-heptyltolane 
4-(4 11 -Heptylphenyl)-2'-fluoro-4'-heptyltolane 

4-(4"-octylphenyl)-2'-fluoro-4'-heptyltolane 

4-( 4 11 -Nonylphenyl) -2 '_-fluoro-4 '-heptyltolane 

4-(4"-0ecylphenyl)-2'-fluoro-4'-heptyltolane 
4-(4"-Methylphenyl)-2'-fluoro-4 1 -octyltolane 

4-(4 11 -Ethylphenyl)-2'-fluoro-4'-octyltolane 

4-(4"-Propylphenyl)-2'-fluoro-4 1 -octyltolane 

4-(4 11 -Butylphenyl)-2'-fluoro-4'-octyltolane 
4-(4"-Pentylphenyl)-2'-fluoro-4 1 -octyltolane 
4-(4"-Hexylphenyl)-2'-fluoro-4'-octyltolane 
4-(4"-Heptylphenyl)-2'-fluoro-4'-octyltolane 
4-(4"-0cytlphenyl)-2'-fluoro-4'-octyltolane 
4-(4 11-Nonylphenyl)-2'-fluoro-4'-octyltolane 
4-(4"-Decylphenyl)-2'-fluoro-4'-octyltolane 

4-{4"-Methylphenyl)-2'-fluoro-4'-nonyltolane 
4-(4"-Ethylphenyl)-2'-fluoro-4'-nonyltolane 
4-{4"-Propylphenyl)-2'-fluoro-4'-nonyltolane 
4-{4"-Butylphenyl)-2'-fluoro-4'-nonyltolane 

4-(4"-Pentylphenyl)-2'-fluoro-4 1 -nonyltolane 
4-(4"-Hexylphenyl)-2'-fluoro-4'-nonyltolane 
4-{4"-Heptylphenyl)-2'-fluoro-4'-nonyltolane 
4-(4"-0ctylphenyl)-2'-fluoro-4'-nonyltolane 
4-(4"-Nonylphenyl)-2'-fluoro-4'-nonyltolane 
4-(4"-Decylphenyl)-2'-fluoro-4'-nonyltolane 
4-(4"-Methylphenyl)-2-fluoro-4-decyltolane 
4-{4"-Ethylphenyl)-2'-fluoro-4'-decyltolane 
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4-( 4"-Propylphenyl) -2 • -fluoro-4 •.-decyltolane 
4-(4"-Butylphenyl)-2'-fluoro-4'-decyltolane 
4-(4"-Pentylphenyl)-2'-fluoro-4'-decyltolane 
4-(4"-Hexylphenyl)-2'-fluoro-4'-decyltolane 
4-(4 11 -Heptylphenyl)-2'-fluoro-4'-decyltolane 
4-(4"-0ctylphenyl)-2'-fluoro-4'-decyltolane 
4-(4"-Nonylphenyl)-2'-fluoro-4'-decyltolane 
4-(4"-Decylphenyl)-2'-fluoro-4 1 -decyltolane 

Example 7: 
Liquid Crystal Composition 

Liquid crystal compositions (a) to (g) of the present inven­
tion were prepared, each containing ECH liquid crystals as 
base liquid crystals and compounds of the present invention 
as obtained in Examples 1 to 6 in the proportion mentioned 

below. For comparison, comparative liquid crystal composi­
tions (h) to (j) were also prepared, each containing only 
known liquid crystal compounds in the proportion mentioned 
below. 
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Table 11 

Liquid Crystal Composition I a b c 

CY11-<8)-coo-Qoc21is 
4.6 5.7 5.7 

c,r.1@coo-O-cx:~9 
11.8 14.7 14.7 

C4ii9@cooQ-ccH3 
9.2 11.5 11.5 

C..H9@coo-©}oca-:s 
9.3 11.5 11.S 

csn11@coo-(Q7oc:fa 
10.1 12.6 12.6 

CiHs-<0)-coo -Q-c'f 14.0 12.0 12.0 

c.~H9Q-coo -<Q-cN 
14.0 6.0 

C2HsQ-0cN 
6.0 12.0 6.0 

C4fl9-0-00l 
6.0 

C4'-19-0-oc-qp-c3"7 
10.0 

CJH1-0-c=~JH7 10.0 

Cs.ti11-Q-or~i-!1 10.0 

. F 

C3H1~-()-(}-C.cli9 10.0 

CJH~c-0-Q-csHu 
10.0 

C~9~c=ic-{)-cN 5.0 

(proportion: % by weight) 
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Table 12 

Liquid Crystal Composition d e f q 

C:t11-<8)-coo-(O-a:~s 
6.4 5.4 4.6 5.9_ 

CJH1-<8)-coo-(O-o:qf9 

16.S 13.9 12.l 15.3 

cqr9-<8)-coo-(O-o:H3 
12.9 10.9 9.4 11.9 

C4H9-<8)-coo-(O-o:zHs 
13.0 10.9 9.5 11.9 

CsHu-<8)-coo-(0-cc-tJ 
14.2 11.9 10.4 13.1 

CzHs{}coo-(0-ei'l 
14.0 12.0 12.0 6.0 

C-d-19-(0-coo {}ei'l 
6.0 12.0 6.0 

C2Hs-oo-Ct'\l 
6.0 

CsH1r{)-oc-Q;,O-cais 9.0 

C4ff9-Q-o:c~JH1 
10.0 10.0 

CJH1-0-c<;P-Q-C3H1 10.0 10.0 

CsHu-()-ca~:ib 
9.0 9.0 10.0 10.0 

CJH-rQ;c=c-0-0-csH11 
9.0 

.. 

C.i89-0;P-C!!C-()-cN s.o 

C:t11-0-Q:c=c-{)-cN s.o 
F 

(proportion: % by weqht) 
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Table 13 

Liquid Crystal Composition I h i j 

c..;Hr\8)-cco@ociii 0 
5.5 s.s 4.6 

c.:it+r-(B-c oo\Qj-oc4-H9 
14.5 14.5 11.8 

. CtHr<B)·cOO-~H~ 11.3 11.3 9.2 

C4!-li-<8)-cco@-oc.JH5" 
11.3 11.3 9. 3: 

CsH 11-(8)-c. co-(Q)-ocH.3 12.4 12.4 10.1 

C3H7-@-(Q)-cN s.o 5.0 s.o 

CJ t·fr-<ffi--!Q)-cN s .. 0 10.0 10.0 

ct>ts -(,~'-@cN 15.0 10.0 10.Q. 

CsHn @(Q)-(Q/uHs 10.0 

; 

C&-h·fi}-@·co-o-(Q)-c.sHii 
10.0 1s .. o 

CsHJ rfl)-(Q)-@-cN 10.0 15.0 

c,H11-@-'Q)-@cN 10.0 

(proportion: % by weight) 
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N-I point and 4n of each of compositions (a) to (j) were 

measured and the data obtained are shown below. 

Table 14 

Liquid a b c d e 
Crystal 
Composition 

N-I point 63.4 76.6 175 .2: 82.4 80.9 
{oC) • 

An 0.158 0.168 0.164 0.159 0.175 
.. • . 

Liquid f g h i j 
Crystal -
Composition 

N-I point 86.5 91.7 79.2 80.1 92.6 
coc) 

An 0.189 0.182 0.119 0.127 0.128 
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From the above data, it is understood that liquid crystal 

compositions (a) to (g) containing compounds of the present 
invention have a higher dn value by 0.04 to 0.06 than liquid 

crystal compositions (h) to (j) comprising only known liquid 

crystal compounds. 

Example a: 
Liquid crystal Display Device 

Fig. 1 is referred to. An electrode 3 of a transparent con­
ductive coating (e.g., ITO coating) was formed on each of 
glass substrates 1 and 2; and an aligning coating of polyi-

mide or the like was coated over the electrode. 

was rubbed to form an aligning. coating layer 4. 

Next, this 

The glass 

substrates 1 and 2 were then positioned to face to each other 
via a sealant 6, and one of liquid crystal compositions (a) 

to (j) as prepared in Example 7 was injected into the space 
between the glass substrates. A polarizing plate 5 was atta­
ched to the outer surface of the substrate 1 and a reflective 

polarizing plate 5 to the outer surface of the substrate 2. 

Thus, TN type liquid crystal display cells A to J were for­
med. The cell gap d in each liquid crystal display cell Wa$ 
determined in such a way that the value of 4n•d of each cell 
falls within the range of from 1.2 to 1.3. 

The thus formed liquid crystal display cells were driven by 
an alternating current static driving system, and the thres­
hold voltage at 25°C (hereinafter referred to as Vth), the 
visible angle dependence of voltage-transmittance (hereinaf­
ter referred to as a), the sharpness (hereinafter referred to 

as 8), the rise time (hereinafter referred to as Tr) and the 
descending speed (hereinafter referred to as Td) were measu­
red by· reflection measurement. a, 6 and Vth are defined by 
the following expressions. 
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V10 (0 = ao· T = 25°C) 
Q = 

V10 (0 = so· T = 25°C) 

V10 (0 = so· T = 25°C) 
s = 

V90 (0 = so· T = 25°C) 

Vth = v10 

0: angle of incident rays to cell (the vertical 
dire~tion to panel is 90°). 

v10 , v90 : voltage at transmittance of 10 % and 90 %, 
respectively. 

Tr represents the time-necessary for lowering the transmit­
tance to 10 % when the voltage was on (the voltage applied 
was v90 {0=80°)); and Td represents the time necessary for 
recovering the transmittance of 90% when the voltage was off 
(the voltage appiied was v10 (0=80°)). The results of measu­
rement are shown below. 
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Table 15 

Liquid A B c D E 
Crystal 
Panel 

-Liquid a b c d e 
Crystal 
Composition 

Cell 8.0 8·. 0 8.0 8.0 7.0 
Thickness 
(µ) 

And 1.26 1.34 1.31 1.27 1.23 

vth (V) 1.214 1.747 1.664 2.005 1.530 

a 1.193 1.158 1.170 1.161 1.190 

J3 1.270 1.256 1.255 1.248 1.254 

Tr (ms) 114 95 95 100 77 

Td (ms) 150 131 125 139 110 

Tr + Td (ms) 264 226 220 239 187 

Liquid F G H I J 
Crystal 
Panel 

Liquid f q h i j 
Crystal ... 
Composition 

Cell 7.0 7.0 10.0 10.0 10.0 
Thickness 
(µ) .. 

A.nd 1.32 1.27 1.19 1.27 1.28 

vth (V) 1.635 2.396 .1. 645 1.667 1.719 

a 1.170 1.140 i.-110 1.169 1.186 

J3 1.252 1.238 1.259 1.256 1.269 

Tr· (ms) 85 88 128 139 1:41 

Td (ins) 108 109 189 191 196 

Tr + Td (ms) 193 197 317 330 337· 
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From the above, it is understood that the liquid crystal 
cells A to G each having the liquid crystal composition con­
taining liquid crystal compounds of the present invention 
have a higher (Tr+Td) value by so to 150 ms or so than the 
comparative liquid crystal cells H to J each comprising known 
liquid crystal compounds only. 

In the present example, a TN type liquid crystal display cell 
was used, but the same results were obtained when an STN type 
display cell was used. 

As mentioned above, the compounds of the present invention 
are well compatible with other liquid crystal compounds. By 
blending them with ordinary known liquid crystal compounds, 
the resulting mixture may effectively have a broadened prac­
tical temperature range and an enlarged An value. In these 
points, the compounds of the present invention are effective 
as base components in liquid crystal compositions for an STN 
display system which is the main current of display devices 
in these days. 
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Claims: 

1. A tolane derivative of a general formula: 

R-000(c==c-)O-v ( 1) 

Xi X2 XJ 

where R represents a linear alkyl group having from 1 
to 10 carbon atoms; Xl, X2 and X3 each represent a fluorine 
atom or a hydrogen atom, provided that one of them is neces­
sarily a fluorine atom and the others are hydrogen atoms; and 
Y represents a nitrile group or a linear alkyl group having 
from 1 to 10 carbon atoms. 

2. The tolane derivative as claimed in claim 1, which 
is represented by a general formula: 

R-O-p-c=c-0-CN {1-a) 

F 

where R represents a linear alkyl group having from 1 
to 10 carbon atoms. 

3. The tolane derivative as claimed in claim 1, which 
is represented by a general formula: 

R,-0-p-c=c---(Q)-R, ( 1-b) 

F 
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where Rl and R2 each represents a linear alkyl group 

having from 1 to 10 carbon atoms. 

4. The tolane derivative as claimed in claim 1, which 

is represented by a general formula: 

R--<0--q-c=c--O-CN { 1-c) 

F 

where R represents a linear alkyl group having fr,om 1 
to 10 carbon atoms. 

5. The tolane derivative as claimed in claim 1, which 

is represented by .a general formula: 

{ 1-d) 

F 

where Rl and R2 each represents a linear alkyl group 
having from 1 to 10 carbon atoms. 

6. The tolane derivative as claimed in claim 1, which 
is represented by a general formula: 

R-0-0-c=c)O-cN (1-J 

F 

where R represents a linear. alkyl group having from 1 
to 10 carbon atoms. 

7. The tolane derivative as claimed in claim 1, which 

is represented by a general formula: 
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c=c~· (1-f) 

F 

where Rl and R2 each represents a linear alkyl group 

having from 1 to 10.carbon atoms. 

8. A liquid crystal composition containing at least 
one tolane derivative of a general formula: 

(!) 

where R represents a linear alkyl group having from 1 
to 10 carbon atoms; Xl, X2 and X3 each represent a fluorine 
atom or a hydrogen atom, ·provided that one of them is neces­
sarily a fluorine atom and the others are hydrogen atoms; and 

Y represents a nitrile_group or a linear alkyl group having 

from 1 to 10 carbon atoms. 

9. The liquid crystal composition as claimed in claim 

8, which contains from 5 to 50 % by weight of at least one 
tolane derivative of a general formula: 

R-0--p-c=cyv (1) 

X1 X2 X3 

where R represents a linear alkyl group having from 1 

to 10 carbon atoms; Xl, X2 and X3 each represent a fluorine 
atom or a hydrogen atom, provided that one of them is neces­
sarily a fluorine atom and the others are hydrogen atoms; and 
Y represents a nitrile group or a lin.ear alkyl group having 

from 1 to 10 carbon atoms; and 
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from 30 to 80 % by weight of at least one phenyl cyclo­
hexanecarboxylate derivative (hereinafter referred to as ECH 

derivative) of a general formula: 

R, -<8)-coo -0- OR, 

where Rl and R2 each represent a linear alkyl group 
having from 1 to 10 carbon atoms; and the cyclohexane ring is 

in the trans-configuration in the formula. 

10. The liquid crystal composition as claimed in claim 
a, which contains from 10 to 35 % by weight of at least one 
tolane derivative of ~ general formula: 

(1) 

where R represents a linear alkyl group having from 1 
to 10 carbon atoms; Xl, X2 and XJ each represent a fluorine 
atom or a hydrogen atom, provided that one of them is neces­
sarily a fluorine atom and the others are hydrogen atoms; and 
Y represents a nitrile group or a linear alkyl group having 
from 1 to 10 carbon atoms; 

from 40 to 70 % by weight of at least one ECH deriva­
tive of a general formula: 
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where Rl and R2 each represent a linear alkyl group 
having from 1 to 10 carbon atoms; and the cyclohexane ring is 
in the trans-configuration in the formula; and 

from 10 to 50 % by weight of at least one compound 

~aving positive dielectric anisotropy of a general formula: 

R-@-cco-Q-cN 

R-0-0-CN 
R-<8>-0CN 

R-0-QcN 
N 

R-COKO>-cN 
. 0 

where R represents a linear alkyl group having from 1 

to 10 carbon atoms; and the cyclohexane ring is in the trans­
configuration in the formula. 

11. A liquid crystal display device having a liquid 
crystal composition containing at least one tolane derivative 
of a general formula: 

(1) 

where R represents a linear alkyl group having from 1 

to 10 carbon atoms; Xl, X2 and X3 each represent a fluorine· 
atom or a hydrogen atom, provided that one of them is neces­
sarily a fluorine atom and the others are hydrogen atoms; and 
Y represents nitrile group or a linear alkyl group having 
from 1 to 10 carbon atoms. 


