
EP 0 422 958 B1 Description The present invention relates to a
dicyclohexylethylene derivative, and more particularly, to a dicyclohex-
ylethylene derivative as a liquid crystal compound suitable for a component
of a display material, and a liquid 5   crystal composition containing said
derivative. Liquid crystal display devices have been recently introduced,
as a new display system, into personal com- puters, office automation
machines and the like, and gained rapidly in importance. This is due to
that, among many liquid crystal display systems, a supertwisted nematic
(STN) system or a supertwisted birefringence effect (SBE) system, and an
active matrix system using a thin film transistor (TFT) 10  have been
recently used to meet the demand for multicolor display and large picture.
Liquid crystal materials used for these display systems are required to
have various properties such as exhibiting a mesomorphic phase at
temperatures where the display device is used, stability to environmental
factors (moisture, heat, air, light, electricity, etc.) colorlessness,
large (or small) anisotropic amount of refractive index (An), large (or
small) elastic constant ratio, large anisotropic amount of dielectric
constant ([err]s), low vis- 15  cosity, high specific resistance, less
change of the specific resistance with time, wide d/p (d: cell thickness,
p: pitch length) margin and the like. At present, however, there is no
single compound capable of sufficiently driving a display device, and
there- fore, practically used liquid crystal materials are liquid crystal
compositions composed of a mixture of several liquid crystal compounds. 20
Consequently, the liquid crystal compound have to be compatible with other
liquid crystal compounds. In the present specification, liquid crystal
compounds mean those capable of contributing to driving liquid crystal
display devices at least to some extent. As an analogue of the compound of
the present invention, a compound of the formula, 25 [ERR] so        where
n is 3,4,5,6 and 7 (Japanese Patent Application Laid-open No. 215336/1986)
is known. However, this compound has high viscosity and less compatibility
at low temperatures, and has drawbacks that the spe- cific resistance and
Its change with time disturb to use the compound for TFT. In addition, the
following compounds containing fluorine atoms in the molecule are known as
analogues of the compound of the present invention. F 



[ERR] 50 55 2    EP 0 422 958 B1 [ERR] 10 In various liquid display systems
as well as the above-mentioned liquid display system, wide operation range,
rapid response speed, low driving voltage and the like are in demand.
SUMMARY OF THE INVENTION 15 An object of the present invention is to
provide a liquid crystal compound exhibiting, at least partly, a wide
operation range of mesomorphic phase, low viscosity, large As and high
stability. Another object of the present invention is to provide a liquid
crystal composition comprising the above- mentioned liquid crystal
compound. 20      According to one aspect of the present invention, there
is provided a dicyclohexylethylene derivative of the formula, [ERR] 30
where R is a straight chain alkyl having 1 - 8 carbon atoms, X is hydrogen
or fluorine atom, m is 1 or 2, n is 0 or 1, and  [err]  indicates that a
substituent at the 1-position of cyclohexane ring and a substituent at the
4-position thereof are at a trans configuration. 35      According to
another aspect of the present invention, there is provided a liquid crystal
composition con- taining at least one member of the compounds of the
formula (I) above. DESCRIPTION OF THE PREFERRED EMBODIMENTS Preferable
compounds of formula [I] above include: 40 [ERR] 55 



3    EP 0 422 958 B1 [ERR] where [err] is 2-7. 20      It has been found
that these compounds have a wide mesomorphic range from about room
temperature to one hundred and several tens degrees C, extremely low
viscosity for three-ring compounds, and a positive As value, and therefore,
these compounds have turned out to be suitable for liquid crystal display
devices. Among these compounds, particularly preferable compounds are:
[ERR] 30 35 F where k is 2 - 5. Since the compounds of formula [Ib'] and
[Id'] have a large positive [err]s value, the liquid crystal display de-
vices can be driven by a low voltage. Further, the compounds of formulas
[Iba] and [Ida] can hardly exhibit a 45  smectic phase and therefore, are
suitable for a liquid crystal display device using a nematic phase. For
exam- ple, a compound of formula [Iba] where k is 5 does not exhibit a
smectic phase. In the compounds of formula [I], the following compounds are
also preferable. [ERR] F 55 4    EP 0 422 958 B1 [ERR] F 



25 where j is 1 - 5. In the compounds of formula [I] where m is 2,
compounds of formulas [Ie'], [If'], [Ig'] and [Ih'] have very high clearing
points so that the upper limit of driving temperature range of liquid
crystal display devices can 30 be raised, and therefore, these compounds
are useful. Among these compounds, particularly preferable compounds are
those of formulas of [Ie'] and [Ig'], and these compounds have large
positive As values so that the liquid crystal display devices can be driven
by a low voltage. Furthermore, the compounds of formula [I] have a high
compatibility with other liquid crystal compounds, 35 for example, known
liquid crystal compounds such as ester type, Schiff type, ethane type,
acetylene type, azoxy type, biphenyl type, cyclohexane type, cyclohexene
type, pyridine type, pyrimidine type, dioxane type, fluorine type liquid
crystal compounds and the like, and therefore, the compound of formula [I]
can be mixed with one or more of these compounds to form liquid crystal
materials suitable forvarious usages. And further, the liquid crystal
materials are very stable to environmental factors (moisture, heat, air,
light, electricity, etc.). 40 It is clear that the compound is excellent,
taking into consideration that a compound of the formula, [ERR] where R is
as defined above, similar to the compound of the present invention is not
stable to environ- mental factors. 50       The compound of formula [I] is
also suitable for a starting material for preparing other liquid crystal
com- pounds, for example, a liquid crystal compound of formula [II] can be
prepared by the process of the following reaction formulas. 55 5    EP 0
422 958 B1 [ERR] 15 The compound of the present invention may be produced
by the following method: 20 



25 30 35 40 45 50 55    EP 0 422 958 B1 [ERR] 20 55 7    EP 0 422 958 B1
[ERR] 15 n   X 25 where R, X, m and n are as defined above. That is,
1,4-cyclohexanedione-mono-ethyleneketal is reacted with a Grignard reagent
(1) prepared from the corresponding bromide (substituted bromobenzene or
substituted phenethyl bromide) followed by dehy- drating with an acid
catalyst (for example, p-toluenesulfonic acid, potassium hydrogen sulfate,
hydrochloric 30  acid, and sulfuric acid) to produce a cyclohexene
derivative (2). The resulting cyclohexene derivative is hydro- genated in
the presence of a Pd, Ni, or Pt type catalyst and then treated with an
aqueous acidic solution to give a cyclohexanone derivative (3). The
resulting compound (3) is reacted with an ylide of the formula (a) prepared
by treating methoxymethyl 



triphenyl phosphonium chloride of the formula, 35
[err] with a base such as n-butyl lithium, potassium t-butoxide and the
like, and then treated in an acidic aqueous solution to give an aldehyde
derivative (4). The derivative (4) is reacted with an ylide of the formula
(b) prepared by treating a phosphonium salt (5) of the formula, 40 [ERR] 45
with a base such as n-butyl lithium, potassium t-butoxide to obtain a
dicyclohexylethylene derivative [I']. This [I'] is a mixture of cis-form
and transform and the ratio of cis: trans is about 95: 5. This cis-form is
converted to the trans-form to obtain the compound [I] of the present
invention. That is, the ethylene derivatives [I'] are oxidized with a
peroxide such as m-chloroperbenzoic acid, brominated with dibromotriphenyl
phosphorane and 50  finally reduced with Zn to give the compound of the
present invention, the dicyclohexylethylene derivative [I]. Afeature of the
liquid crystal composition of the present invention Is that it contains at
least two liquid crys- tal compounds and at least one of them is the liquid
crystal compound of formula [I] above. Exemplary suitable liquid crystal
compounds which are used together with the compound of formula 11] as
components of the liquid crystal composition include the following group of
known compounds (i) - (xxxiii). [ERR] 8    EP 0 422 958 B1 5 [ERR] 10 15 20
25 30 



so 45 9    EP 0 422 958 B1 20                    [ERR] 25 90 40 45 50 55 10
EP 0 422 958 B1 [ERR] 10    EP 0 422 958 B1 [ERR] 5 Y is -CN, -F, [err]
or [err] where R and [err] are independently alkyl or alkenyl, and Z is -H
or -F. The NI point of the compound of the present invention is so high
that the operation range of liquid crystal display devices can be
broadened; its viscosity is very low and therefore the response time of
liquid crystal 10  display devices can be shortened; and further, due to
its large positive value, it is not required to raise the driv- 



ing voltage of liquid crystal display devices. In addition, the compound of
the present invention is very stable to environmental factors and
therefore, can be used for various liquid crystal display devices (for
example, active matrix system by TFT). The following examples are given for
illustrating the present invention, but not limiting the present invention.
15      Explanation of symbols in the examples: CN point .....
Crystalline-nematic phase transition point CS point .....
Crystalline-smectic phase transition point SN point .....   Smectic-nematic
phase transition point NI point .....   Nematic phase-isotropic liquid
phase transition point 20 Example 1 Preparation of
trans-2-(trans-4-(3,4-difluorophenyl)cyclohexyl)-1-(trans-4-n-pentylcyclohe
xyl)ethene ( [err] = 5 in formula [Ib'] (No. 1) 25 (i) Preparation of 3,
4'-difluorophenyl-cyclohexene-4-one-ethyleneketal (X = F, n =0 In formula
(2) To a 2 I. three-necked flask containing 8.0 g. of magnesium and 30 ml.
of THF was dropwise added in a 30  nitrogen atmosphere 250 ml. of a THF
solution of 3,4-difluorobromobenzene (63.7 g.) kept at [err], followed by
stirring for 1 hour and dropwise adding thereto 200 ml. of a THF solution
of 1,4-cyclohexanedione-mono- ethylene ketal (46.9 g.) kept at 40C.
Continuing stirring for 10 hours as it is, and 500 ml. of a saturated
aqueous solution of ammonium chloride under cooling with ice and further,
500 ml. of toluene were added thereto to effect extraction. The organic
layer was washed with 500 ml. of water three times, dried over sodium
sulfate 35  and concentrated. To the product were added 0.6 g. of
p-toluenesulfonic acid and 200 ml. of toluene and refluxed for 3 hours
while water in the form of azeotrope was withdrawn using a Dean Stark trap.
After cooling the product to [err], 200 ml. of a 0.1 N aqueous sodium
hydroxide and 200 ml. of heptane were added thereto and the water layer was
removed. 40      Then, the product was washed with 200 ml. of water three
times, dried over sodium sulfate and concen- trated to obtain 81.7 g. of a
crude product, which was recrystallized from heptane to obtain 55.7 g. of
the end product. Its structure was confirmed by NMR. (ii) Preparation of
4-(3,4-difluorophenyl)cyclohexanone ( X = F, n = 0 in formula (3)) 



46 A300 ml. egg plant type flask containing 8.4 g. of 5 % palladium carbon,
55.7 g. of the compound obtained in (i) above and 200 ml. of ethyl acetate
was swept with hydrogen. Stirring was effected at [err] for 8 hours to
consume 5 l. of hydrogen. After removing the catalyst, the resultant
product was concentrated and recrys- tallized from alcohol to obtain 52.3
g. of a white crystal. 50      The crystal was dissolved in THF 600 ml, and
165 ml of 2 N hydrochloric acid was added thereto and re- fluxed for one
hour. After allowing to cool, 300 ml. of toluene was added thereto for
extraction and the extract was washed with 300 ml. of a 0.5 N aqueous
sodium hydroxide and with 300 ml. of water three times, followed by drying
over sodium sulfate and concentrating to obtain 40.3 g. of a crude product.
The crude product was recrystallized from alcohol and dried to give 24.0 g.
of the title compound, m.p. [err] . The structure was con- 55  firmed by
NMR. (iii) Preparation of trans4-(3,4-difluorophenyl)cyclohexane
carboxyaldehyde (X = F, n = 0 in formula (4)) 12    EP 0 422 958 B1 A 1 I.
three-necked flask containing 57.2 g. of methoxymethyltriphenyl phosphonium
chloride and 150 ml. of THF was cooled to [err] and 18.7 g. of potassium
t-butoxide was added thereto. After stirring the resulting mixture at [err]
for one hour 100 ml. of a solution of the compound obtained in (ii) above
(23.4 g.) in THF was 5   dropwise added thereto, and stirring was effected
for 4 hours and 300 ml. of waterand 300 ml. of toluene were added followed
by extraction. The extract was washed with 300 ml. of water twice, dried
over sodium sulfate, concentrated, and 500 ml. of heptane was added and the
thus-precipitated crystal was filtered off. The filtrate was concentrated,
passed through a column packed with silica gel using a heptane followed by
concentration again. To the concentrate 10  was added 150 ml. of 2 N
hydrochloric acid and 300 ml. of THF and refluxed for two hours. After
allowing to cool, 300 ml. of toluene was added and extraction was carried
out, and the extract was washed with 200 ml. of 0.5 N aqueous sodium
hydroxide and with 200 ml. of water three times. The product thus washed
was dried over sodium sulfate and concentrated to give 25.5 g. of a crude
prod- uct, which was then distilled to give 18.5 g. of the end product. The
structure of the final productwas confirmed 



15  by NMR. (iv) Preparation of 2-(trans-4-(3,4-difluorophenyl)
cyclohexyl)-1-(trans-4-n-pentylcyclohexyl)-ethene ( X = F, R = n-pentyl, m
= 1, n = 0 in formula [I']) 20     A500 ml. three-necked flask containing
15.7 g. of trans-4-n-pentylcyclohexylmethyl triphenyl phosphoni- urn
bromide and 100 ml. of THF was cooled to [err] and 3.5 g. of potassium
t-butoxide was added. After stirring for one hour at [err], 50 ml. of a
solution of the compound obtained in (ill) above (6.3 g.) In THF was
dropwise added thereto and the temperature was gradually raised up to OOC
with stirring over4 hours, and 150 ml. of water and 150 ml. of toluene were
added followed by extraction. The extract was washed with 25  200 ml. of
water twice, dried over sodium sulfate and concentrated. To the concentrate
was added 150 ml. of heptane, and the crystal thus precipitated was
filtered off, and the concentrated filtrate was passed through a column
packed with silica gel using a heptane followed by dis- tilling off heptane
to obtain the final product (5.5 g.). The ratio of the cis-form to the
transform was 95: 5. 30 (v) Preparation of
trans-2-(trans-4-(3,4-difluorophenyl)cyclohexyl)-1-(trans-4-n-pentylcyclohe
xyl)ethene ([err]=5 in form of [Ib']) A 100 ml. three-neckedflask
containing 5.1 g. of metachloroperbenzoic acid, 3.0g. of potassium
carbonate 35  and 10 ml. of chloroform was cooled to [err], and 20 ml. of a
solution of the compound obtained in (iv) above (5.5 g.) In chloroform.
Afterstirring fortwo hours, a 10 % aqueoussodium thiosulfate (30 ml.) was
added and stirring was effected for 5 min. After removing the water layer,
the product was washed with 30 ml. of a 0.5 N aqueous sodium hy- droxide,
and with 30 ml. of water three times, and dried over sodium sulfate. After
concentration, the concen- 40  trate was passed through a column packed
with silica gel using a heptane, and heptane was distilled off to give 5.2
g. of an oily product. To a 100 ml. three-necked flask containing 8.4 g. of
dibromotriphenylphosphorane and 30 ml. of benzene was added 15 ml. of a
solution of the above-mentioned oily product (5.2 g.) in benzene and
refluxed for 6 hours. After allowing to cool, the product was passed
through a column packed with silica gel using a toluene and 45
concentrated to give 7.2 g. of white crystal followed by recrystallizing
from a heptane and drying to give 3A g. of white crystal, m.p. [err]. NMR
spectrum of the resulting white crystal product supported the chemical
structure, [ERR] 



To a 100 ml. three-necked flask containing 2.2 g. of the bromo compound and
20 ml. of acetic acid was added 1.5 g. zinc, and the temperature rises up
to [err]. After stirring for two hours, the mixture was poured 55  into a
300 ml. beaker containing 70 ml. of water, extracted with 100 ml. of
toluene, washed with 100 ml. of 0.5 N aqueous sodium hydroxide and with 50
ml. of water three times, dried over sodium sulfate and concentrated to
give 2.0 g. of crude product The crude product was recrystallized from a
heptane and dried to give 0.7 g. of the final product, CN point [err] and
Ni point [err]. 13    EP 0 422 958 B1 Example 2 (X = F, m = 1, and n = 0 in
formula [I]) 5      The procedures of Example 1 are repeated except that
appropriate phosphonium salts are used in place of
trans-4-n-pentylcyclohexylmethyl triphenyl phosphonium bromide and the
following compounds are ob- tained.
Trans-2-(trans-4-(3,4-difluorophenyl)cyclohexyl)-1-(trans-4-methylcyclohexy
l)ethene (No. 2)
Trans-2-(trans-4-(3,4-difluorophenyl)cydohexyl)-1-(trans-4-ethylcyclohexyl)
ethene (No. 3) 10        CN, 36.9C; NI, 95.8C
Trans-2-(trans-4-(3,4-difluorophenyl)cyclohexyl)-1-(trans-4-n-propylcyclohe
xyl)ethene (No. 4) CN, 41.1C; NI, 133.3C
Trans-2-(trans-4-(3,4-difluorophenyl)cyclohexyl)-1-(trans-4-n-butylcyclohex
yl)ethene (No. 5) CN, [err]; NI, 131.6C 15
Trans-2-(trans-4-(3,4-difluorophenyl)cyclohexyl)-1-(trans-4-n-hexylcyclohex
yl)ethene (No. 6)
Trans-2-(trans-4-(3,4-difluorophenyl)cydohexyl)-1-(trans-4-n-heptylcyclohex
yl)ethene (No. 7)
Trans-2-(trans-4-(3,4-difluorophenyl)cyclohexyl)-1-(trans-4-n-octylcyclohex
yl)ethene (No. 8) Example 3 20 (X = F, m = 1, n = 1 in formula [I])
Repeating the procedure of Example 1 except that
2-(3,4-difluorophenyl)ethyl bromide is used In place of
3,4-difluorobromobenzene  and  an  appropriate  phosphonium  salt in  place
of trans-4-n- 



pentylcyclohexylmethyl triphenyl phosphonium bromide, there are produced
the following compounds. 25
Trans-2-[trans-4-(2-(3,4-difluorophenyl)ethyl)cyclohexyl]-1-(trans-4-methyl
cyclohexyl)ethene (No. 9)
Trans-2-[trans-4-(2-(3,4-difluorophenyl)ethyl)cyclohexyl]-1-(trans-4-ethylc
yclohexyl)ethene (No. 10) CN, 49.0C; NI, 90.0C
Trans-2-[trans-4-(2-(3,4-difluorophenyl)ethyl)cyclohexyl]-1-(trans-4-n-prop
ylcydohexyl)ethene (No. 11)
Trans-2-[trans-4-(2-(3,4-difluorophenyl)ethyl)cyclohexyl]-1-(trans-4-n-buty
lcyclohexyl)ethene (No. 12) 30
Trans-2-[trans-4-(2-(3,4-difluorophenyl)ethyl)cyclohexyl]-1-(trans-4-n-pent
ylcyclohexyl)ethone (No. 13)
Trans-2-[trans-4-(2-(3,4-difluorophenyl)ethyl)cyclohexyl]-1-(trans-4-n-hexy
lcyclohexyl)ethene (No. 14)
Trans-2-[trans4-(2-(3,4-difluorophenyl)ethyl)cyclohexyl]-1-(trans-4-n-hepty
lcyclohexyl)ethene (No. 15)
Trans-2-[trans-4-(2-(3,4-difluorophenyl)ethyl)cyclohexyl]-1-(trans-4-n-octy
lcyclohexyl)ethene (No. 16) 35   Example 4 (X = H, m = 1, n = 0 in formula
(I]) Repeating the procedure of Example 1 except that 4-fluorobromobenzene
is used in place of 3,4-difluor- obromobenzene and an appropriate
phosphonium salt in place of trans-4-n-pentylcyclohexylmethyl triphenyl 40
phosphonium bromide, there are obtained the following compounds.
Trans-2-(trans-4-(4-fluorophenyl)cyclohexyl)-1-(trans-4-methylcyclohexyl)et
hene (No. 17)
Trans-2-(trans-4-fluorophenyl)cyclohexyl)-1-(trans-4-ethylcyclohexyl)ethene
(No. 18)
Trans-2-(trans-4-(4-fluorophenyl)cyclohexyl)-1-(trans-4-n-propylcyclohexyl)
ethene (No. 19) CN, [err]; NI, [err] 45
Trans-2-(trans-4-(4-fluorophenyl)cyclohexyl)-1-(trans-4-n-butylcyclohexyl)e
thene (No. 20) CS, 56.4C; SN, 59.1C; NI, 163.0C
Trans-2-(trans-4-(4-fluorophenyl)cyclohexyl)-1-(trans-4-n-pentylcyclohexyl)
ethene (No. 21)
Trans-2-(trans-4-(4-fluorophenyl)cyclohexyl)-1-(trans-4-n-hexylcyclohexyl)e
thene (No. 22)
Trans-2-(trans-4-(4-fluorophenyl)cylohexyl)-1-(trans-4-n-heptylcyclohexyl)e
thene (No. 23) 50
Trans-2-(trans-4-(4-fluorophenyl)cyclohexyl)-1-(trans-4-n-octylcyclohexyl)e
thene (No. 24) Example 5 (X=H, m= 1, n = I informula [I]) 55      Repeating
the procedure of Example I except that 2-(4-fluorophenyl) ethyl bromide is
used in place of 3,4-difluorobromobenzene and an appropriate phosphonium
salt in place of trans-4-n-pentylcyclohexylmethyl triphenyl phosphonium
bromide, there are produced the following compounds.
Trans-2-[trans-4-(2-(4-fluorophenyl)ethyl)cyclohexyl]-1-(trans-4-methylcycl
ohexyl)ethene (No. 25) 



Trans-2-[trans-4-(2-(4-fluorophenyl)ethyl)cyclohexyl]-1-(trans-4-ethylcyclo
hexyl)ethene (No. 26) 14    EP 0 422 958 B1
Trans-2-[trans-4-(2-(4-fluorophenyl)ethyl)cyclohexyl]-1-(trans-4-n-propylcy
clohexyl)ethene (No. 27)
Trans-2-[trans-4-(2-(4-fluorophenyl)ethyl)cyclohexyl[-1-(trans-4-n-butylcyc
lohexyl)ethene (No. 28)
Trans-2-[trans-4-(2-(4-fluorophenyl)ethyl)cyclohexyl]-1-(trans-4-n-pentylcy
clohexyl)ethene (No. 29) 5     Trans-2-[trans-4-(2-(4-fluorophenyl)ethyl
cyclohexyl]-1-(trans-4-n-hexylcyclohexyl)ethene (No. 30)
Trans-2-[trans-4-(2-(4-fluorophenyl)ethyl)cydohexyl]-1-(trans-4-n-heptylcyc
lohexyl)ethene (No. 31)
Trans-2-[trans-4-(2-(4-fluorophenyl)ethyl)cyclohexyl]-1-(trans-4-n-octylcyc
lohexyl)ethene (No. 32) Example 6 10 (X = F, m =2, n =0 In formula [I])
Repeating the procedure of Example 1 except that an appropriate phosphonium
salt is used in place of trans-4-n-pentylcyclohexylmethyl triphenyl
phosphonium bromide, there are obtained the following com- pounds. 15
Trans-2-(trans-(3-,4-difluorophenyl)cyclohexyl)-1-(trans-4-(trans-4-methylc
ydohexyl)cyclohexyl)ethene (No. 33)
Trans-2-(trans-4-(3,4-difluorophenyl)cyohexyl)-1-(trans-4-(trans-4-ethylcyd
ohexyl)cydohexyl)ethene (No. 34)
Trans-2-(trans-4-(3,4-difluorophenyl)cyclohexyl)-1-(trans-4-(trans-4-n-prop
ylcydohexyl)cydohexyl)ethene (No. 35) CS, [err]; SN, 168.4C; NI > [err]
Trans-2-(trans-4-(3,4-difluorophenyl)cyclohexyl)-1-(trans-4-(trans-4-n-buty
lcyclohexyl)cydohexyl)ethene (No. 36) 20
Trans-2-(trans-4-(3,4-difluorophenyl)cyclohexyl)-1-(trans-4-(trans-4-n-pent
ylcyclohexyl)cydohexyl)ethene (No. 37) Example 7 ( X = F, m = 2, n = 1 In
formula [I]) 25      Repeating the procedure of Example 1 except that
2-(3,4-difluorophenyl)ethyl bromide is used in place of
3,4-difluorobromobenzene and an appropriate phosphonium salt in place of
trans-4-n- pentylcyclohexylmethyl triphenyl phosphonium bromide, the
following compounds are produced.
Trans-2-[trans-4-(2-(3,4-difluorophenyl)ethyl)cyclohexyl]-1-(trans-4-(trans
-4-methylcyclohexyl)cyclohexyl)ethene (No. 38) 



30
Trans-2-[trans-4-(2-(3,4-difluorophenyl)ethyl)cyclohexyl]-1-(trans-4-(trans
-4-ethylcyclohexyl)cyclohexyl)ethene (No. 39)
Trans-2-[trans-4-(2-(3,4-difluorophenyl)ethyl)cyclohexyl]-1-(trans-4-(trans
-4-n-propylcydohexyl)cyclohexyl)ethene (No. 40)
Trans-2-[trans-4-(2-(3,4-difluorophenyl)ethyl)cyclohexyl]-1-(trans-4-(trans
-4-n-butylcydohexyl)cyclohexyl)ethene 35  (No. 41)
Trans-2-[trans-4-(2-(3,4-difluorophenyl)ethyl)cyclohexyl]-1-(trans-4-(trans
-4-n-pentylcyclohexycydohexyl)ethene (No. 42) Example 8 (X= H, m= 2, n =0
in form [I]) Repeating the procedure of Example 1 except that
4-fluorobromobenzene is used In place of 3,4-difluor- obromobenzene and an
appropriate phosphonium salt in place of trans-4-n-pentylcyclohexylmethyl
triphenyl phosphonium bromide, the following compounds are produced. 45
Trans-2-(trans-4-(4-fluorophenyl)cydohexyl)-1-(trans-4-(trans-4-methylcyclo
hexyl)cyclohexyl)ethene (No. 43)
Trans-2-(trans-4-(4-fluorophenyl)cyclohexyl)-1-(trans-4-(trans-4-ethylcyclo
hexyl)cyclohexyl)ethene (No. 44)
Trans-2-(trans-4-(4-fluorophenyl)cyclohexyl)-1-(trans-4-(trans-4-n-propylcy
dohexyl)cyclohexyl)ethene (No.45) Trans-2-(trans-4-(4-fluorophenyl)
cyclohexyl)-1-(trans-4-(trans-4-n-butylcyclohexyl)cyclohexyl)ethene (No.
46)
Trans-2-(trans-4-(4-fluorophenyl)cyclohexyl)-1-(trans-4-(trans-4-n-pentylcy
clohexyl)cyclohexyl)ethene (No. 47) 50 Example 9 (X = H, m =2, n =1 in form
[I]) Repeating the procedure of Example 1 except that
2-(4-fluorophenyl)ethyl bromide is used in place of 3,4- 55
difluorobromobenzene and an appropriate phosphonium salt In place of
trans-4-n-pentylcyclohexylmethyl tri- phenyl phosphonium bromide, the
following compound is obtained.
Trans-2-[trans-4-(2-(4-fluorophenyl)ethyl)cyclohexyl]-1-(trans
4-(trans-4-methylcyclohexyl)cyclohexyl)ethene (No. 48)
Trans-2-[trans-4-(2-(4-fluorophenyl)ethyl)cyclohexyl]-1-(trans-4-(trans-4-e
thylcyclohexyl)cydohexyl)ethene 15    



EP 0 422 958 B1 (No. 49)
Trans-2-[trans-4-2-(4-fluorophenyl)ethyl)cyclohexyl]-1-(trans-4-(trans-4-n-
propylcydohexyl)cycloyexyl)ethene (No. 50) 5
Trans-2-[trans-4-(2-(4-fluorophenyl)ethyl)cydohexyl]-1-(trans-4-(trans-4-n-
butylcyclohexyl)cyclohexy)ethene (No. 51)
Trans-2-[trans-4-(2-(4-fluorophenyl)ethyl)cyclohexyl]-1-(trans-4-(trans-4-n
-pentylcyclohexyl)cydohexyl)ethene (No. 52) 10  Example 10 [ERR] 20 25 A
liquid crystal composition A composed of the above-mentioned components has
an NI point of [err], As of 10.7 and An of 0.119 and a viscosity of 22 cp
at [err]. To 85 parts by weight of the liquid crystal composition A was
added 15 parts by weight of the compound of Example 1 of the present
invention. The resulting liquid crystal composition had an NI point of
[err], [err]s 30  of 9.7, [err]n of 0.114, and viscosity of 20.8 cp at
[err]. Comparative Example The following table shows an NI pointof each of
compounds of the above-mentioned formulas [II], [III] and 35  [IV] and
viscosity of three liquid crystal compositions which are composed of the
liquid crystal composition A as in Example 10 and 15 parts by weight of the
compounds of formulas [II], [III] and [IV], respectively. The result of
Example 10 is also shown. 40 45 50 55    EP 0 422 958 B1 5
Table 



Comparison of NI point and viscosity [err] Compound
NI  [err](CP) point Example 15
[err]        [err]      20.6 Comparative          [err]
[err]      21.4 20      Example 25                           [err]
[err]    22.1 [err]                   [err]    25.2 30         [err] 35 As
is clear from the table above, the compound of the present invention
exhibits the highest NI point and the lowest viscosity as compared with the
analogues. 40   Claims 1. Dicyclohexylethylene derivatives of the formula,
[ERR] 50      in which R is a straight chain alkyl group of 1 to 8 carbon
atoms; X Is a hydrogen or fluorine atom; m is 1 or 2; n is 0 or 1; and
[err]   indicates that a substituent at the 1-position of cyclohexane ring
and a sub- stituent at the 4-position thereof are in the trans
configuration. 55   2.  Dicyclohexylethylene derivatives as claimed In
claim 1 in which m is 1. 3. Dicyclohexylethylene derivatives as claimed in
claim 2 in which R is a straight [err] alkyl group. 4. Dicyclohexylethylene
derivatives as claimed in claim 3 in which X is a fluorine atom; and R is a
straight 17    EP  0  422 958 B1 5
Table Comparison of NI point and viscosity [err] 10
Compound                          NI point   [err](CP) 



Example 10                             H 15
[err]                [err]    20.6 Comparative        [err]
[err]      21.4 20      Example          [err] [err]                  [err]
22.1 [err]                      [err]      25.2 30 35 As is clear from the
table above, the compound of the present invention exhibits the highest NI
point and the lowest viscosity as compared with the analogues. 40 Claims 1.
Dicyclohexylethylene derivatives of the formula, [ERR] 50      in which R
is a straight chain alkyl group of 1 to 8 carbon atoms; X is a hydrogen or
fluorine atom; m is I or 2; n is 0 or 1; and [err] indicates that a
substituent at the 1-position of cyclohexane ring and a sub- stituent at
the 4-position thereof are in the trans configuration. 55 2.
Dicyclohexylethylene derivatives as claimed In claim 1 In which m is 1. 3.
Dicyclohexylethylene derivatives as claimed in claim 2 in which R is a
straight [err] alkyl group. 4.  Dicyclohexylethylene derivatives as claimed
in claim 3 in which X is a fluorine atom; and R is a straight 17    EP 0
422 958 B1 [err] alkyl group. 5. Dicyclohexylethylene derivatives as
claimed in claim I In which m is 2. 5 6. Diclohexylethylene derivatives as
claimed in claim 5 in which R is a straight [err] alkyl group. 7. A liquid
crystal composition containing a dicyclohexylethylene derivative as claimed
in any one of the pre- ceding claims. 



10 PatentansprOche 1. Dicydohexylethylen-Derivate folgender Strukturformel:
15 R\( \9eC   H 2 C ~If 2-)                   ... C I 20
n Dabei steht R fOr eine geradkettige Alkyigruppe aus I bis 8
Kohlenstoff-Atomen; X ist ein Wasserstoff- 25      oder Fluor-Atom; m
betragt I oder 2; das Symbol >-  heilt, daB eln Substitunt an Stellung 1 im
Cydohexanring und ein Substituent an Stellung 4 desselben Cyclohexanrings
in Trans-Konfiguration ste- hen. 2. Dicyclohexylethylen-Derivate nach
Anspruch 1, bei denen m = 1 bst. 30  3.  Dicyclohexylethylen-Derivate nach
Anspruch 2, bel denen R eine gerade C2rCrAlkylgruppe ist. 4.
Dicydohexylethylen-Derivate nach Anspruch 3, bei denen X ein Fluor-Atom und
R eine gerade Cx-CG- Alkylgruppe sind. 3   5.  Dlcyclohexylethylen-Derivate
nach Anspruch 1, be! denen m = 2 1st. 6.  Dicydohexylethylen-Derivate nach
Anspruch 5, bei denen R ehne gerade Cl-CsAlkylgruppe ist. 7. Eine
Flflssigkistall-Zusammensetzung, enthaltend ein Dicyclohexylethylen-Derivat
laut irgendeinem der 40      vorstehendemAnsprflche. Revendlcatlons 45  1.
D6rIv6s de dicyclohexylothylene de la formule: R35 50
C       C H               F              (I) dans laquelle R est un
groupement alkyle A chalne droite de 1 A 8 atomes de carbone; X est un
atome 55 d'hydrogene ou de fluor; m eat 1 ou 2; n est 0 ou I et  -  Indique
qu'un substituant A la position I du noyau cyclohexane et un substituant A
sa position 4 sont dane la configuration trans. 18    



EP 0 422 958 BI                     I c  L  M   !   I 2. D6rIves de
dicyclohexylethylene tals quo revendiques dane la revendlication 1, dans
lesquels m est 1. 3. Derives de dlcyciohexyiethylene tots quo revendiques
dans la revendicatton 2, dans lesquels R est un c       groupement alkyle a
chalne drolto en CrCI. 4. Derives de dicydohexylhthylhne tasl qua
revendiques dans la revendication 3, dans lesquels X est un ato- me de
fluor et R est un groupement alkyle A chaine drolta en  -Cc,. 10  5.
Deriv6s de dicydohexyiethylene tols que revendiques dans la revendication
1, dans lesquels m est 2. 6. Derives de dicydohexylithyline tels quo
revendiques dans la revenndlcation 5, dans lesquels R est un groupement
alkyle A chatne droibt en C1-C1. 7. Composition liquide cristalline
contbnant un derive de dicyclohaxylthylbne tel qua revendique dans l'une 15
quelconque des revendicatlons pr6codentes. 20 25 30 35 40 45 50 55 19    


