
EP 0 387 032 51 Description Thi invention
relatestoatrifluorobenzenederivative used asacomponentofliquld crystal
materials. More particularly it relates to a trifluorobenzene derivative
suitable as a component of liquid crystal compositions 6   useful for a
passive mode and an active matrix mode each requiring a high reliability,
and a liquid crystal com- position containing the derivative. Liquid
crystal compositions used for liquid crystal display elements of
conventional passive modes such as liquid crystal compositions used for
liquid crystal display elements of 900 twisted nematic mode, guest-host
mode, supertwisted mode, SBE mode, etc. and furtherliquid crystal
compositions used forliquid crystal display 10  elements of active maMx
modes such as liquid crystal compositions used for non-linear two-terminal
elements of diode, etc. or three-terminal elements of thin film transistors
(TIFT), etc., as a switching element, are mostly liquid crystal mixtures
consisting of several kinds of liquid crystal compounds and compounds
similar to liquid crystals, which compounds have CN group atthe terminal
group oratthe side chain thereof to exhlbita positive or negative
dielectric anisotropy (hereinafter abbreviated to As). The reason Is that
the dielectric anisotropy of ?6  the compounds, Induced by CN group has a
large positive value when the CN group Is present at the terminal group,
while it has a large negative value when the group Is present at the side
chain. For example, In the case of liquid crystal display elements of 900
twist mode occupying the most part of commercially available liquid crystal
display elements, the threshold voltage in the electricity-capacity
characteristic is given by the following equation containing the dielectric
anisotropy value As and elastic constants K11, K22 and K'3: 20
2 2 k11 + (i- 2   i) 4 Thus, It can be understood that when a compound habg
a large positive As value I.e. a compound having CN group at its terminal
group Is contained in a composition, the resulting threshold voltage Vc Is
reduced. On the other hand, similarly In the other modes, the threshold
voltage value depends upon the As value. 26   Namely, the larger the | A |,
the less the Vc. As to conventional liquid crystal compositions, by
adjusting the content of compounds having CN group atthe terminal end or at
the. side chain thereof In the above-mentioned various modes, It has been
possible to drive at a low voltage of several volts, which is one of the
largest specific features of liquid crystal display elements. In recent
years, as the use application range of liquid crystal display elements are
broadened, there have 30  been Increasing liquid crystal display elements
which are more required to reduce the current consumption of liquid crystal
compositions, raise the specific resistivity thereof, raise the reliability
thereof such as reduction In the rate of change with lapse of time and
enhance the display contrast, in the passive mode and the active matrix
mode. However, a highly polarizable group such as CN group, In spite of Its
contribution to the dielectric anisotropy, has raised a problem In the
aspect of the above-mentioned current consumption, specific reels- 3c
tivity, their rate of change with lapse of time and the resulting display
contrast. While the reason has not yet been clarified by persons skilled in
the art It may be presumed that CN group at the terminal group or at the
side chain of compounds have a certain interaction with ionic impurities
present 



In the display element, thereby having a bad influence upon the current
value, specific resistivity value and the resulting display contrast. The
drawbacks of compounds having such CN group, consist In, in the case of the
passive mode, causing increase in the current consumption and reduction In
the specific resistivity to lower the reliability in the elements and In
the aspect of display characteristics, causing display unevenness and con-
trast reduction, and further, In the case of the active display elements,
having a larger influence upon reduction In the reliability of display
elements than that in the case of the passive display elements, coupled
with the Influence due to the drive current of two-terminal
orthree-terminal elements, thereby causing increase In the current
consumption and reduction in the specific resistivity. In particular, the
reduction in the specific resis- tivity has further often a secondary bad
effect of reducing the display contrast. At present, however, most of
compositions containing no CN group having at the terminal group or at the
side chain thereof are Insufficient in the aspect of the drive voltage
among the various specific features of the compositions. Thus, the low
voltage drive as one of advantages of liquid crystal display elements is
often not 5D  made the best use of. Recently, in order to solve such
problems, a number of compounds having one or two halogen atoms,
particularly one or two fluorine atoms in the aspect of viscosity, at the
terminal group or at the side chain thereof have been announced. Examples
of these compounds are as follows: 55RF 2    EP 0 387 032 Bi (USP No.
4,490,305) 5.                                         RKQF F (USP No.
4,695,398) .10* R-.(DCH2CH2OF 15 (Japanese patent application laid-open No.
Sho 58-4932411983) 20    ROCH2-iF F F 40   (USP No. 4,797,228) R-QH
CH.CHQI-ItF 45 



(Japanese patent publication No. Sho 62-40336/1987) 30 R-CJ-Q-2CHa-'o-F 66
(Japanese patent application laid-open No. Sho 589225129/1984) 3    EP 0
387 032 Bi R-4Q-CQ-CH2CHH CpH - 5 (USP No. 4,797,228) 10 (USP No.
4,405,488) 15                                   RF (USP No. 4,545,922) 20 F
25 (USP No. 4,545,922) R {}O~F 30                               -
F (USP No. 4,405,488) 35 40 (USP No. 4,581,155) 45 (USP No. 4,640,795) 50
55 (USP No. 4,581,155) 4    EP 0 387 032 BI 



R-'.COOo-~F                           - R-CJ0COO -CF i0  (USP No.
4,340,498) R-Kj){-COo-F>-F - 15 In these formulas, R represents a linear
alkyl group. Mostof these compounds have been reported to be liquid crystal
materials having a relativelygood stability and a high reliability, but
they have a relatively small As value of about +3 to +5 and liquid crystal
compositions consisting only of these compounds have a small As value to
make it impossible to reduce drive voltage. 20 SUMMARY OF THE INVENTION The
object of the present invention is to solve these problems and provide a
compound having a superior stability and a large positive As value. 26
The present Invention resides In a trifluorobenzene derivative expressed by
the formula F 30                      R4A  ZB  M Z2   F) F wherein R
represents an alkyl group of I to 10 carbon atoms and one -CHx- group or
two not-adjacent -CHr- 35  groups present In said alkyl group may be
replaced by 0 atom and/or -CO- group and/or -COO- group and/or -CH=CH-
group, -A- and -B- each represent 1,4-cyclohexylene, 1.4-phenylene,
pyrimidine-2,5-dlyl or 1,34i- oxane-2,5-diyi, I represents 0, 1 or 2, m
represents 0, 1 or 2 and ?em-1, and Z1 and Z2 each represent -COO-, -OCO-,
-CH2CH2, -OCH2-, -CH2O-, -CH=CH- or a single bond and Z' and Z2 may be same
or different, and a liquid crystal composition containing the above
trifluorobenzene derivative. 40 DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS As the compound of the formula (I), compounds expressed by the
following formulas Ia toll are mentioned: 46
F 45~~~~~~~~~ F-_ R-O-Z'- ( I F 56                 R--   pF
(lb)    EP 0 387 032 B1 F 



gozloZ2<                                   ~~~~(Id) 10 F 25 F I'.
4 { }                  Z I F                            ( 1 eR) 20- 25
R--3CILCM-4aV-f=<F                                           ( I O BozZ2<~F
( Ih) F 40 9c~~~~~~ N ZF In these formulas, R, Z1, Z2 and m are as defined
above. Among the compounds of the above formulas, examples of particularly
preferred compounds are ex- co   pressed by the following formulas: P.
OF                                               Q(aa) F 6    EP 0387032 BI
R-4D-CHCHz2-F                      (lab) 10 20           F
Cba) F .15 R{ FCOO4F              .           (Ica) 20
F 25 R-QD-COO ~F                        (lac) F 80 -F - F OF
(Ida) 



35 F 40 F R{   C H2CH2CF                      (1db) F 45 60  R__CH.CH2-H.,
F           (lea) F 55 7    EP 0 387 032 BI F RC O O              F
( Jeb) 5                              F F 15 F R{   C IItC I-It    CH CH,
F ( f a) 20. F 25         R- jCH2 C Hz-< COO-  F    Cub) RF
~~~~~~~~( Iga) F R-<j-CH2CH2--2F                    ( lgb ) 0o
F 45. R           FCO ~-              (1ga) F 50 F R---&CH                F
g( bha) U5                   F 



5C           . 8    EP 0 387 032 BI F ROOF                          (Ihb) 6
N           ~~~F 9   RK><-                                            (Ii
a) 15 F Cub) 20 F In these formulas, R represents an alkyl group of I to 10
carbon atoms and one -CH2- group or two not- adjacent -CHr groups present
in the alkyl group may be replaced by 0 atom and/or -CO- group andlor -COO-
25   group and/or -CH=CH- group, and R Is particularly preferred to be a
linear alkyl group while it may be also a branched alkyl group. The
compound of the formula (1) having a branched alkyl group Is more Important
In some cases for having an improved solubility In conventional liquid
crystal bases, and particularly when such a com- pound Is optically active,
it is important as a chiral dopant. Such a kind of branched group has at
most one branched chain. lo The preparation of the compound of the present
inventon will be described. it may be carried out according to the process
disclosed in the above-mentioned literatures of the prior art. Forexample,
compounds expressed bythe formulas laa, Ida and Idb may be respectively
obtained by sub- jecting the corresponding ketone derivative and a Grignard
reagent obtained from l-bromo-3,4,5-trffluoroben- zene to a coupling
reaction to obtain an alcohol derivative, followed by subjecting this
alcohol derivative to de- 35  hydration reaction In the presence of an
acidic catalyst such as mineral acids e.g. sulfuric acid, hydrochloric
acid, etc., Lewis acid e.g. anhydrous aluminum chloride, ferric chloride,
titanium tetrachloride, etc., organic acids e.g. benzenesulfonic acid,
p-toluenesulfonic acid, etc., to obtain a cyclohexane derivative, and
succes- sively subjecting it to a catalytic reduction in the presence of a
catalyst such as developed Raney nickel, pal- ladium/carbon, etc. to obtain
a cyclohexane derivative. This preparation is Illustrated by the following
equations: 40 45 50 55 



9    EP 0 387 032 B1 F R  09   + B r Mg- -F 5
F F2 10 F                                  F Iaa'
Iaa 18 F R                  0 + BrMg   F 20F F F
F 28   RF F-R(JF-
F F                                        F Ida'
Ida 30 R-KJ-CH2 CHI-KJ.'Q + 13,Mg--F- F 40                              -MC
Hs                       Br F I ab' R (9CH. CHa2DF F I0blab Here, when an
oxidative dehydrogenation agent such as chloranil, DDQ, etc. is reacted
with cyclohexane derivatives expressed by the formulas laa', Ida' and Idb'
at the reflux temperature of an inert organic solvent such as toluene,
xylene, etc., compounds expressed bythefollowing formulas Iba, Iga and Igb
can be obtained: 55 10  



EP 0 387 032 B1 F laa'                R                 F 5
F Iba 10 F Ida'                R        EF 15
F Iga 20 F 1db' -~   R -<TJ- CH2CH2                                   F 25
F ,gb Further, the compound expressed by the formula Igb Is obtained by
reacting 3,4,5-trifluorobiphenyl with 3o   a substituted cyclohexyl acetyl
chloride (see USP No. 4,797,228) i the presence of aluminium chloride to
ob- tain a ketone derivative, followed by reducing this derivative.
Further, a compound by the formula lec can also be obtained in the same
manner. Further, compounds expressed by the formulas lab, lea and Ifa can
be obtained by subjecting a substituted cyclohexyl acetyl chloride and a
Grignard reagent prepared from 1-bromo-3,4,5-trifluorobenzene to a coupling
35  reaction to obtain a ketone derivative and further reducing this
derivative (see J. Chem. Soc., 2758 (1952)). The process is illustrated by
the following reaction equations: 40                 R---4CHzCOCZ + BrMg9 F
- F R-<DCHaC -4F -~ R-QCXzCH:--F O.  F
F lab 56    *   i                                           EP O 387 032 BI
F 



R-jD-CHZCCOCt + BrMg 4tF F F F 16
F R                   C CH2 CHz2F F 20                            lea 25
F R-'>CH2CH2-K79CHaCOCZ + BrMg-C  F F 30 F 40  RC-CH2CH9- CHSCH2C-   F- F
40              R            C CH2 C H2            C H2 C H2z     F *Ifa 45
Compound expressed by the formula Ica can be obtained by reacting a
substituted cyclohexanone (see Japanese patent application laid-open No.
Sho 57-167934/1982) with a Grignard reagent prepared from 1-bro-
mo-3,4,5-trifluorobenzene, followed by the same manner as that for
obtaining compounds expressed by the formulas lba, Iga and Igb. This
process is illustrated by the following reaction equations: 50 65 12    -
EP 0 387 032 Si F -  :: -:  -            R}R -~ O+ BrM9 4F c5
Fa F                                      F R                      F
R                       F 10 E F                                      F 



Ica i >     15       Compounds expressed by the formulas Iha and ihb can be
obtained by reacting an amidine hydrochloride prepared from a nitrile
derivative, 1-bromo-3,4,5-trifluorobenzene according to the method
disclosed In Org. Synt, Col. Vol. 1, P6 (1941), with 0-ethoxyacroleln In
the presence of a base such as NaOH, KOH, metal al- coholates, etc. This
process is illustrated by the following equation: 20 a
HN                   F Et-O-CH=C-CHO + HC
F 25                                                      H2N
F F | R4 F   m- O kl~F - - I~~ha *                 ~~~Base (m 0orlF 40
R~~~~F                 F    rn-i F Ihb 45 Compoundsexpressed bytheformulas
laand libcan beobtained bysubjectingabenzaldehydederivative prepared by
reducing a benzonitrile derivative and a substituted propanediol prepared
according to a method disciosed in Japanese patent application laid-open
No. Sho 55-8558311980 to a dehydrative condensation re- action in an inert
organic solvent such as benzene, toluene, methylene chloride, etc. and In
the presence of so  an acidic catalyst such as mineral acids, Lewis acids,
organic acids, etc. This process may be illustrated by the following
reaction equations: 56 13    EP 0 387 032 B1 CH20H
F 5                 R-CH  + OHCC-(O-- F I
~~~~~F CH20H 10F 



F R R_\) F                          m=O 15 H+           l. ia (m=O or1)
F X R(                      F   m= =1 2s
lib Compounds expressed by the formulas lac, leb, Ifb and Igc can be
obtained by reacting a carboxylic acid chloride with 3,4,5-trifluorophenol
In an Inert organic solvent and In the presence of a base such as pyridine,
diethylamine, triethylamine, etc. This process Is Illustrated by the
following reaction equations: 30 R-<D-Ccz + HO   F s5
o                        F F 40                     R-O-COO -F F Iac 45 F
R-O-[D-CCt + HO   F 5                       F 55 14    EP 0 387 032 91 F 5
F Ieb 10 F R--> CH2CH2-<DCCZ + HO   F ---- .15
F~~~~~~ 20            R^Q HaCH.J-    CO                              F F 



25 so             R    C2CH  Ct.+O-O                                  - F
30R-Q-   cco-Q-F F~~ Ifgo 35O                                 F as
~~~~F 40 These compounds may also be prepared according to other processes
than the above-mentioned ones. The liquid crystal composition of the
present Invention comprises 2 to 25 components, preferably 3 to 15 45
components containing at least one of the compounds of the formula (I). The
constituting components other than the compounds oftheformula (I) are
preferred to be nematicsubstances, particularlythose selected from known
substances belonging to the group consisting of azoxybenzene compounds,
benzylideneaniline com- pounds, biphenyl compounds, terphenyl compounds,
phenyl- or cyclohexyl benzoate compounds, phenyl- or
cydohexylcycdohexanecarboxylate compounds, phenylcyclohexane compounds,
cydohexylbiphenyl com- 50  pounds, cyclohexylcyclohexane compounds,
cyclohexyInaphthalene compounds, 1,4-biscyclohexylbenzene compounds,
4,4'-biscyclohexylbiphenyl compounds, phenylpyrimidine compounds or
cydohexylpyrimidine compounds, phenylpyridazine compounds or
cycdohexylpyridazine compounds and their N-oxide compounds, phenyldloxane
compounds or cyclohexyidloxane compounds, phenyl-1,3-dithlan compounds or
cycdohexyl- 1,3-dithian compounds, 1,2-diphenylethane compounds,
1-phenyl-2-cydohexylethane compounds, and 1,2- 55   dicycdohexylethane
compounds, and in some cases, halogenated stilbene compounds, benzyl phenyl
ether compounds, tolan compounds and substituted cinnamic acid compounds.
The most important compounds suitable to the constituting components of the
liquid crystal composition of the present Invention can be expressed by the
formula I' 15    *                                 EP 0 387 032 B1
R-L-G-E-R"     (I') wherein L and E each represent a carbocyclic or
heterocyclic compound belonging to the group consisting of 1
,4-disubstituted benzenes, cyciohexane ring compounds, 4,4'-dlsubstituted
biphenyls, phenylcyclohexanes, cyclohexylcyclohexanes, 2,5-disubstituted
naphthalenes, dihydronapfitfialenes, tetahydronaphthalenes, qui- 6
nazollnes and tetrahydroqulnazolines, G represents -CH=CH-, -N(O)=N-,
-CH=CY-, -CH=N(O)-, -C0C-, -CHr. CHr, -CO-O-, -CH20-, -CO-S-, -CH2S-,
-CH=N-, -COO-Phe-COO- or a C-C single bond wherein Y represents 



a halogen atom, preferably chlorine atom or -CN-, and RF and R" each
represent an alkyl, an alkoxy, an alka- noyloxy or an alkoxycarbonyloxy
each of up to 18, preferably 8 carbon atoms and one of these groups may be
CN, NC, NO2, CF3, F, CW or Br. to     In most of these compounds, R' and R"
are different from each other and either one of these groups Is mostly an
alkyl group or an alkoxy group. However, R and R" may be replaced by other
kinds of substitutents. These substances may be obtained according to known
processes. The composition of the present Invention contains atleastone of
the compounds of the formula (I) In a quantity of about 0.1 to 40%
bywelght. The com- position of the present Invention containing at least
one of the compounds of the formula (I) In a quantity of we 10 to 30% by
weight Is particularly preferred. The composition of the present invention
Is produced in a manner which Itself is conventional. In general, the
constituting components are dissolved in one another, preferably at an
elevated temperature. The present invention will be described in more
detail by way of Examples, but it should not be construed to be limited
thereto. 20     C-I point, 0-N point and N-i point in these Examples mean
crystal-isotropic liquid phase transition point, crystal-nematic phase
transition point and nematic phase-isotropic liquid phase transition point,
respectively. - All of the temperatures therein indicate OC. Example 1 25
Preparation of 1-(trans-4-pentylcycdohexyl)3,4,5-trifluorobenzene (a
compound of the formula laa wherein R Is 06H11-) (Compound No. 1) 30      A
solution of 1-bromo-3,4,5-trifluorobenzene (10.7 g, 0.051 mol) dissolved in
dry tetrahydrofuran (15 m?) was reacted with magnesium (1.24 g, 0.051 mol)
in nitrogen gas current at about 200C to prepare a Grignard reagent
followed by adding to this reaction solution, a solution of
4-pentylcyclohexanone (8.6 g, 0.051 mol) dissolved in dry tetrahydrofuran
(10 me?) at a rate at which the reaction temperature did not exceed 400C,
re- acting the mixture while keeping the temperature at 500C for 2 hours,
cooling the resulting material down to 35 room temperature, adding 6N
hydrochloric acid (5 mf ) and water (50 mf ) to the reaction solution,
extracting a deposited oily substance with n-heptane (100 ml), washing the
extract solution with watr till it became neutral, distilling off n-heptane
to obtain an oily substance of
1-(4-pentylcyclohexan-1-ol)-3,4,5-trifluorobenzene, add- Ing potassium
hydrogen sulfate (2.0 g) to the oily substance, subjecting the mixture to
dehydration reaction in nitrogen gas current at 1800C for 2 hours, cooling
the resulting material down to room temperature, adding 40  water (100 me)
and n-heptane (100 m?), separating the resulting organic layer, washing
till it became neutral, distilling off n-heptane to obtain an oily
substance of 1-(4-pentyicydohexen-1-y)-3,4,5-trifluorobenzens, dis- solving
this oily substance In ethyl alcohol (50 me), adding a developed Raney
nickel (1.0 g), subjecting the mixture to catalytic reduction reaction at
250C under the atmospheric pressure till hydrogen absorption ceased,
filtering off the Raney nickel after completion of the reaction, and
recrystallizing the residue from ethyl alcohol 45 to obtain
1-(trans-4-pentylcydiohexyl)-3,4,5-trifluorobenzene (2.2 g, 7.74 mmol). C-I
point: 16.7C. Its structure 



was confirmed by IR and NMR. The following compounds were obtained In the
same manner as above: 50 56    EP 0387032 Si Compound No. c          2.
1-(Trans-4-methylcyclohexyl)-3,4,5-trifluorobenzene. 3.
1-(Trans-4-ethyloyclohexyl)-3,4,5-trifluorobenzene 4.
1-(Trans-4-propylcyclohexyl)-3,4,5-trifluorobenzene 10 5.
1-(Trans-4-butylcyclohexyl)-3,4,5-trifluorobenzene 6.
1-(Trans-4-hexylcyclohexyl)-3,4,5-trifluorobenzene ~    15    7.
1-(Trans-4-heptylcyclohexyl)-3,4,5-trifluorobenzene 8.
1-(Tran-4-octylcyclohexyl)-3,4, 5-trfluorobenzene 9.
1-(Trans-4-nonylcyclohexyl)-3,4,5-trifluorobenzene 20       10.
1-(Trans-4-dncylcyclohexyl)-3,4,5-trifluorobenzene Example 2 25
Preparation of 1-(trans-4-butylcyclohexyl)-2-(3,4,5-trifluorophenyl)ethane
(a compound of the formula lab wherein R Is C4H-) (Compound No. 11)
Trans-4-butylcyclohexylacetyl chloride (25 g, 0.115 mol) was dissolved in
dry tetrahydrofuran (30 mf), foi- so  lowed by cooling the solution down to
0OC, adding iron acetyl-acetonate (0.81 g), agitating the mixture, adding a
solution of a Grignard reagent prepared from 1-bromo-3,4,5-trifluorobenzene
(25 g, 0.115 mol) and metallic magnesium (2.8 g, 0.11I5 mol), In
tetrahydrofuran, at a rate at which the reaction temperature did not exceed
109C, reacting the mixture at 5C or lower for 2 hours, adding 6N
hydrochloric acid (10 mf) and water (100 me) to the reaction solution,
extracting a deposited oily substance with n-heptane (100 me), washing the
extract 85  solution with a dilute alkali aqueous solution, washing with
water tffl the washing water became neutral, drying over anhydrous sodium
sulfate, distilling off n-heptane from the n-heptane solution, and
recrystallizing the re- sidue from ethyl alcohol to obtain
1-(trans-4-butylcyclohexylacetyl)-3,4,5-trifluorobenzene (21.0 g). C-i
point: 42.80C. This compound was dissolved in ethyl acetate (100 ml),
followed by adding 5% Pd supported on ba- rium sulfate (0.5 g), subjecting
the mixture to a catalytic reduction at.250C under 3 atrm till hydrogen
absorption 40   ceased, filtering off the catalyst after completion of the
reaction, and subjecting the reaction solution to a suit- able purification
treatment to obtain
1-(trans-4-butylcydohexyi)-2-(3,4,5-trfifuorophenyl)ethane (18.0 g). C-i 



point: 8A.4C. The following compounds were obtained in the same manner as
above: 4             Compound No. 12.
1-(trans-4-methylcyclohexyl)-2-(3,4,5- trifluorophenyl)ethane 13.
1-(trans-4-ethylcyclohexyl)-2-(3,4,5- trifluorophenyl)ethane 14.
1-(trans-4-propylcyclohexyl)-2- (3,4,5- trifluorophenyl)ethane 17    EP 0
387 032 B1 15.      1-(trans-4-pentylcyclohexyl)-2-(3,4,5-
trifluorophenyl)ethane 5                16.    1-
(trans-4-hexylcyclohexyl)-2-(3,4,5- trifluorophenyl)ethane 17.
1-(trans-4-heptylcyclohexyl)-2-(3,4,5- trifluorophenyl)ethane 18.
1-(trans-4-octylcyclohexyl)-2-(3,4,5- trifluofoplienyl)ethane
- 19.      1-(trans-4-nonylcyclohexyl)-2-(3,4,5- trifluorophenyl)ethane 20.
1-(trans-4-decylcyclohexyl)-2-(3,4,5- trifluorophenyl)ethane 25   Example 3
Preparation of 4'-pentyi-3,4,5-trifluorobiphenyI (a compound of the formula
Iba wherein R is C6H11-) (Compound No. 21) 30.
1-(4-Pentyicycdohexon-1-y1)-3,4,5-trifluorobenzene as an Intermediate
obtained in Example 1 (5 g) was dissolved in xylene (50 me), followed by
adding chloranil (4.5 9), reacting the mixture under reflux for 10 hours,
cooling the resulting material down to room temperature, filtering off the
resulting deposited hydroquinone der- ivative, washing the filtrate with a
dilute alkali aqueous solution, washing with water till the washing water
be- 35  came neutral, drying over anhydrous sodium sulfate, distilling
offxylene from the organic layer, dissolving the 



residue in n-hexane, purifying the solution according to silica gel column
chromatography, collecting fractions exhibiting a single spot according to
thin layer chromatography, distilling off n-hexane and recrystallizing the
residue from ethyl alcohol to obtain 4'-pentyl-3,4,5-trifluorobiphenyl (3.2
g). The following compounds were obtained In the same manner as above. 40
45 50 65 18    EP 0 387 032 Bi Compound No. . 6                  22.
4'-uiethyl-3, 4, 5-trifluorobipheny1 23.    4 -ethyl-3,
4,5-trifluorobiphenyl 24.    4 -propyl-3,4,5-trifluorobiphenyl 25.
4'-butyl-3,4,5-trifluorobiphenyI. 26.    4'-hexyl-3,4,5-trifluorobiphenyl
16   .               27,     4'-heptyl-3,4,5-trifluorobiphenyl 28.
4'-octyl-3,4, 5-trifluorobiphenyl 29.     4' -nonyl-3, 4,
5-trifluorobiphenyl 30.     4'-decyl-3,4,5-trifluorobiphenyl Example 4 26
Preparation of
1-[trans-4-(trans-4-propylcyadohexyl)cyalohexyl-3,4,5-trifluorobenzene (a
compound of the formula Ida wherein R Is C3Hr) (Compound No. 31)
1-[Trans-4-(trans-4-propylcyclohexyl)cycdohexyl]-3,4,5-trifluorobenZefne
(2.1 g) was obtained from 4- to  (trans-4-propylcyclohexyl)cyclohexanone (
2.2 9) and 1-bromo-3,4,5-trifluorobenzene (2.0 g) In the same manner as in
Example 1. C-N point: 64.9CC, N-I point 93.8CC. :       The following
compounds were obtained in the same manner as above: 35 40 45 50 



56 19    EP 0 387 032 Bi Compound :  -   No. 32.
1-[trans-4-(trans-4-methylcyclohexyl)cyclohexyl]- c 3,4,5-trifluorobenzene
33.    1-Etrans-4-(trans-4-ethylcyclohexyl)cyclohexylJ- 10
3,4,5-trifluorobenzene 34.
1-[trans-4-(trans-4-butylcyclohexyl)cyclohexyl]- --
--3,4,5-trifluorobenzene 15 K>            35.
1-[trans-4-(trans-4-pentylcyclohexyl)cyclohexyl]- 3,4,5-trifluorobenzene 20
36.    1-[trans-4-(trans-4-hexylcyclohexyl)cyclohexyll-
3,4,5-trifluorobenzene 37.
1-(trans-4-(trans-4-heptylcyclohexyl)cyclohexyl]- 25 3,4,
5-trifluorobenzene 38.    1-(trans-4-(trans-4-octylcyclohexyl)cyclohexyll-
-  -3,4,P5-trifluorobenzene 39.
1-ttrans-4-(trans-4-nonylcyclohexyl)cyclohexylj- 3,4,45-trifluorobenzene 35
406    1-[trans-4-(trans-4-decylcyclohexyl) cyclohexyll- K>
3,4, 5-trifluorobenzene 40  Example 5 Preparation of
4'-(trans-4-propylcyclohexyl)-3,4,5-trifluorobiphenyl (a compound of the
formula Iga wherein R is C3Hr) (Compound No. 41) 45 Using
1-[4-(trans-4-pentylcyclohexyi)cyclohexen-1-yl)-3,4,5-trifluorobenzene
obtained as an Intermedl- ate In Example 4 and exhibiting liquid crystal
phases (C-N point: 62.4AC, N-I point: 81.9C), as a starting raw 



material, 4'-(trans-4-propylcyclohexyl)-3,4,5-trifluorobiphenyl was
obtained In the same manneras In Example 3. 50     C-N point: 57.80C, N-I
point: 75.4C. The following compounds were obtained in the same manner as
above: 55 20    EP 0 387 032 B1 Compound No. 42.   4'- (trans-4
methylcyclohl)-3,4,5-trifluorobiphenyl 43.*   41.
(trana-4-ethylcyclohexyl)-3,4,5-trifluorobiphenyl 44.*   4'-
trans-4-butylcyclohexyl)-3,4,5-trifluorobiphenyl s0 44.
4'-(trans-4-bentylcyclohexyl)-3,,4,,5-trifluorobiphenyI 10       45.
4'-(trans-4-pentylcyclohexyl)-3,4 ,5-trifluorobiphenyl 467.   4-
(trans-4-ohexylcyclohexyl) -3,4, 5-trifluorobiphenyl 478.    4'-
(trans-4-hsptylcyclohexyl) -3,4, 5-trifluorobiphenyl 48.    41-(trans..4-o
ty1cyc1ohwy1)-3,4,5-trif1uorbhe 1 49.
4'-(trans-4-nonylcyclohexyl)-3#4,5-trifluorobiphenyl 50.
4'-(trans-4-decylcyclohexyl)-3,4,5-trifluorobiphenyl 20 Example 6
Preparation of
1-(trans-4-propylcydohexyl)-2-[trans-4-(3,4,5-trifluorophenyi)Oyciohexyl]et
hane (a compound of the formula Idb wherein R Is CaHr) (Compound No. 51)
Using 4-[2-(trans-4-propyloyclohexyl)ethyl]cydohexanone and
1-bromo-3,4,5-triuorobenzene as start- ing raw materials,
1-(trans-4-propyicydohexyl)-2-[trans-4-(3,4,5-trifluorophenyl)cydohexyl]eth
ane was ob- 30 tained in the same manner as in Example 1. C-N point: 49.7C,
N-I point: 83.40C. The following compounds were obtained In the same manner
as above: 40 45 50 56 21 



EP 0 387 032 B1 Compound No. 52.    1- (trans-4-methylcyclohexyl)-2-
[trans-4-(3,4,5- 5 trifluorophenyl)cyclohexyllethane 53.
1-(trans-4-ethylcyclohexyl)-2-[trans-4-(3,4,5- 10
trifluorophenyl)cyclohexyllethane 54.
1-(trans-4-butylcyclohexyl)-2-[trans-4-(3,4,5-
trifluorophenyl)cyclohexyllethane '   15 55.
1-(trans-4-pentylcyclohexyl)-2-[trans-4-(3,4,5- trifluorophenyl)cyclohexyll
ethane 20        56.    1-(trans-4-hexylcyclohexyl)-2-ttrans-4-(3,4,5- 57.
1-(trans-4-heptylcyclohexyl)-2-[trans-4-(3,4,5- 25
trifluorophenyl)cyclohexyllethane 58.
1-(trans-4-octylcyclohexyl)-2-[trans-4-(3,4,5- 80
trifluorophenyl)cyclohexyl]ethane 59 .    1- (trana-4-nonylcyclohexyl) -2-
[trans-4-(3,4,5- trifluorophenyl)cyclohexyl]ethane 85 60.
1-(trans-4-decylcyclohexyl)-2- [trans-4-(3,4,5-
trifluorophenyl)cyclohexyllethane 40 Example 7 Preparation of
1-(trans-4ethylcylohexyQ)-2-(3,4,5-trlfluorobiphenyl-4'-yi)ethane (a
compound of the formula Igb wherein R is C21HF-) (Compound No. 61) 46 Using
1-(trans4-ethylcyclohexyl)-2-[4-(3,4,5-trifluorophenyl)cyclohexen-1-yl]etha
ne as an intermediate of compound No. 53, exhibiting liquid crystal phases
(C-i point: 45.3C, N-I point: 37.20C), as a starting raw material,
1-(trans-4-ethylcyclohexyi)-2-(3,4,5-tifluorobiphenyl-4'-yl)ethane was
obtained in the same manner as in Example 3. C-I point: 43.09C, N-I point
37.40C. 50     The following compounds were obtained in the same manner as
above: 



Compound No. 55 62.    1-(trans-4-methylcyclohexyl)-2-(3,4,5-trifluoro-
biphenyl-4'-yl)ethane 22    EP 0 387 032 B1 63.
1-(trans-4-propylcyclohexyl)-2-(3,4,5-trifluoro- S
biphenyl-4 '-yl)ethane 64.
1-(trans-4-butylcyclohexyl)-2-(3,4,5-trifluoro- biphenyl-4'-yl)ethane 10
65.    1-(trans-4-pentylcyclohexyl)-2-(3,4, 5-trifluoro-
biphenyl-4'-yl)ethane 15      66.
1-(trans-4-hexylcyclohexyl)-2-(3,4,5-trifluoro- biphenyi-4!-yl)ethane 67.
1-(trans-4-heptylcyclohexyl) -2- (3,4,5-trifluoro- 20 biphenyl-4'-yl)ethane
68.    1-(trans-4-octylcyclobexyl)-2-(3,4,5-trifluoro- 25.
biphenyl-4 -yl) ethane 69.
1-(trans-4-nonylcyclohexyl)-2-(3,4,5-trifluoro- biphenyl-4'-yl)ethane 70.
1-(trans-4-decylcyclohexyl)-2-(3,4,5-trifluoro- biphenyl-4'-yl)ethane 36
Example 8 Preparation of 4"-butyl-3,4,5-tifluoroterphenyl (a compound of
the formula Ica wherein R Is C4H1-) (Compound No. 71) 40. Using
1-[4-(4-butylphenyl)cycdohexen-1-yl]-3,4,5-trifluorobenzene obtained by
reacting 4-(4-butylphe- nyl)cyclohexanone with
1-bromo-3,4,5-trlfluorobenzene, as a starting raw material,
4"-butyl-3,4,5-trifluoroter- phenyl was obtained in the same manner as In
Example 3. The following compounds were obtained in the same manner as
above: 



45 85 23    EP 0 387 032 Bi Compound No. 72.     4"-methyl-3 ,4,
5-trifluoroterphenyl 5 73.    4 "-ethyl-3,4,5-trifluoroterphenyl 74.
4"-propyl-3,4,5-trifluoroterphenyl 10                   75.
4"-pentyl-3,4,5-trifluoroterphenyl 76.     4
"-hexyl-3,4,5-trifluoroterphenyl 77.     4
"-heptyl-3,4,5-trifluoroterphenyl 15 78.    4
"-octyl-3,4,5-trifluoroterphenyl 79.     4"-nonyl-3,4,5-tzifluoroterphenyl
X0                   80.      4 '-decyl-3,4,5-trifluoroterpheny1 Example 9
Preparation of
1-(transtrans-4-propylbicydohexyl)-2-(3,4,5-frifluomphenyl)ethane (a
compound of the formula lea wherein R is C3Hr) (Compound No. 81)
Trans,trans-4-propylbicydohexylacetyl chloride was reacted with a Grignard
reagent prepared from 1-bro- mo-3,4,5-trifluorobenzene in the same manner
as in Example 2 to obtain 1-(trans,trans-4-propyl- 30
cydohexylacetyl)-3,4,5-trfluorobenzene (C-I point: 97.1 OC), followed by
subjecting this compound to a reduc- tion with 5% Pd supported on barium
sulfate to obtain 1-(trans,trans-4-propylbicyclohexyl)-2-(3,4,5-
trifluorophenyl)ethane. C-N point: 41.79C, N-I point 98.30C. The following
compounds were obtained In the same manner as above: ..35 40 46 . 55 24  



EP 0 387 032 91 -        Compound No. 82.
1-(trans,'trans-4-methylbicyclohexyl)-2- (3,4,5- . 6 trifluorophenyl)ethane
83.    1-(trans,trans-4-ethylbicyclohexyl)-2-(3,4,5- 10
trifluorophenyl)ethane 84.    1-(trans,trans-4-butylbicyclohexyl)-2-(3,
4,5- trifluorophenyl)ethane 85.
1-(trans,trans-4-pentylbicyclohexyl)-2-(3,4,5- trifluorophenyl).ethane 20
86.    1-(trans,trans-4-hexylbicyclohexyl)-2-(3,4,5- trifluorophenyl)
ethane 87.    1-(trans,trans-4-heptylbicyclohexyl)-2-(3,4,5- :25
trifluorophenyl)ethane 88.    1-(trans,trans-4-octylbicyclohexyl)-2-(3,4,5-
30                     trifluorophenyl)ethane 89.
1-(trans,trans-4-nonylbicyclohexyl)-2-(3,4,5- trifluorophenyl)ethane 90.
1-(trans,trans-4-decylbicyclohexyl)-2- (3,4,5- trifluorophenyl)ethane 40
Example 10 Preparation of
1-[trans-4-{2-(trans-4-propylcycdohexyl)ethyl)cyclohexyl]-2-(3,4,5-trifluor
ophenyl)ethane (a compound of the formula Ifa wherein R is C3H7-) (Compound
No. 91) 46 Using
trans-4-[2-(trans-4-propyloyclohexyl)ethyl]cyclohexylacetyl chloride and a
Grignard reagent pre- pared from 1-bromo-3,4,5-trifluorobenzene, as
starting raw materials, 1-[trans-4-{2-(trans-4-propylcycdo-
hexyl)ethyl)cycdohexyl]-2-(3,4,5-trifluorophenyl)ethane was obtained In the
same manner as In Example 2. The following compounds were obtained in the
same manner as above: 60 65 25 



:                   . : EP 0 387 032 Bi Compound . .  .           No. 5
92.      1-[trans-4-(2-(trans-4-methylcyclohexyl)ethyl)-
cyclohexyll-2-(3,4,5-trifluorophenyl) ethane 93.      1-
trans-4-{2-(trans-4-ethylcyclohexyl)ethyl}- 10
cyclohexyl]-2-(3,4,5-trifluorophenyl)ethane 94.
1-(trans-4-{2-(trans-4-butylcyclohexyl) ethyl}- cyclohexyl] -2-(3,4,
5-trifluorophenyl)ethane ;  95.
1-[trans-4-{2-(trans-4-pentylcyclohexyl)ethyl}- cyclohexyll -2- (3, 4,
5-trifluorophenyl)ethane X26         96.
1-[trans-4-{2-(trans-4-hexylcyclohexyl)ethyl)- cyclohexyli-2-(3,4,
5-trifluorophenyl)ethane 97.
1-[trans-4-{2-(trans-4-heptylcyclohexyl)ethyl}- cyclohexyl]-2-(3,4,
5-trifluorophenyl)ethane 98.
1-[trans-4-(2-(trans-4-octylcyclohexyl)ethyl)- cyclohexyl]-2-(3,4,
5-trifluorophenyl)ethane 990.
1-[trans-4-t2-(trans-4-nonylcyclohexyl)ethyl)- .. 0
cyclohexyll-2-(3,4,5-trifluorophenyl)ethane <>          ~~100.*  1-
(trans-4- 12- (trans-4-decylcyclohexyl) ethyl)- Z
~~~~cyclohexyl] -2- (3,4 ,5-trifluorophenyl) ethane Example 11 Preparation
of
1-(trans,trans-4-propylbicycdohexyi)-2-(3,4,5-tlfluorobiphenyl-4'-yi)ethane
45 (a compound of the formula lec wherein R is C31Hr) (Compound No. 101)
3,4,5-Trifluorobiphenyl (10.4 g, 0.05 mol) was dissolved in C%2 (50 me),
followed by cooling the solution down to 0C, at a time adding anhydrous
aluminum chloride (6.7 g, 0.05 mol). agitating the mixture, adding a 0
solution of trans,trans-4-propylbicyclohexylacetyl chloride (14.3 g, 0.05
mod) dissolved In CS2 (20 ml) at a rate at which the reaction temperature
did not exceed 50C, successively reacting the mixture for 3 hours, adding
the reaction material Into a dilute aqueous solution of hydrochloric acid,
extracting the deposited massive ma- terial with toluene (100 me), washing
the extract solution with a dilute alkali aqueous solution, washing with 



water till the washing water became neutral, drying the resulting toluene
solution over anhydrous sodium sul- 55  fate, distilling off toluene and
recrystallizing the residue from benzene to obtain
4'-(trans,trans-4-propylcyclo- hexylacetyl)-3,4,5-trlfluorobiphenyI (18.4
g), dissolving this compound in ethyl acetate (100 me), adding 5%- Pd
supported on barium sulfate, subjecting the mixture to catalytic reduction
at 250C under 3 atm, filtering off the catalyst after completion of the
reaction and subjecting the reaction solution to a suitable purification
treat- 26    EP 0 387 032 BI ment to obtain 1-(trans,
trans-4-propylbloydlohexyl)2-(3,4,5-trifluorobiphenyl-4'-yl)ethane (12.8
g). The following compounds were obtained in the same manner as above:
-Compound No. 102.      1-(trans,trans-4-methylbicyclohexyl)-2-(3,4,5-
trifluorobiphenyl-4'-yl)ethane 103.
1-(trans,trans-4-ethylbicyclohexyl)-2-(3, 4,5-
trifluorobiphenyl-4'-yl)ethane 15         104.
1-(trans,trans-4-butylbicyclohexyl)-2-(3,4,5-
trifluorobiphenyl-4'-yl)ethane 105.      1-(trans,
trans-4-pentylbicyclohexyl)-2-(3,4,5- 20 trifluorobiphenyl-4'-yl)ethane
106.      1-(trans.,trans-4-hexylbicyclohexyl)-2-(3,4,5- 25
:trifluorobiphenyl-4'-y1)ethane 107.
1--(trans,trans-4-heptylbicyclohexyl)-2-(3,4,5-
trifluorobiphenyl-4'-yl)ethane :30 108.
1-(transtrans-4-octylbicyclohexyl)-2-(3,4,5- trifluorobiphenyl-4'-yl)ethane
.35        109.    1- (trans,trans-4-nonylbicyclohexyl)-2-(3,4,5-
trifluorobiphenyl-4'-yl)ethane 40            110.
1-(transtrans-4-decylbicyclohexyl)-2-(3,4,5- trifluorobiphenyl-4'-yl)ethane
Example 12 45 



Preparation of 3,4,5-trifluorophenyl-trans-4-propylcyclohexylcarboxylate (a
compound of the formula lac wherein R is C3Hr) (Compound No. 111) 50
3,4,5-Trifluorophenol (5.0 g, 0.034 mol), which was obtained by reacting a
Grignard reagent of 1-bromo- 3,4,5-trifluorobenzene with acetyl chloride,
oxidizing the resulting 1-acetyl-3,4,5-trlfluorobenzene with a per- acid to
obtain 3,4,5-trifluorophenyl acetate and subjecting this acetate to
hydrolysis reaction, was dissolved In dry pyridine (10 me), followed by
gradually adding trans-4-propylcycdohexylcarbonyl chloride (6.4 g),
allowing the resulting reaction solution to stand at 500C for 3 hours,
adding water (100 ml) to the reaction solution, ex- 55  tracting the
resulting deposited oily substance with n-heptane (30 me), washing the
n-heptane solution with a dilute hydrochloric acid aqueous solution and
then with a dilute alkali aqueous solution, further washing with water till
the washing water became neutral, drying the n-heptane solution over
anhydrous sodium sulfate, dis- tilling off n-heptane and recrystallizing
the resulting oily substance from ethyl alcohol to obtain 3,4,5-trifluor-
27    EP 0 387 032 BI ophenyl-trans-4-propylcyclohexyl carboxylate (8.5 9).
C-I: 4.50C. The following compounds were obtained in the same manner as
above: Compound No. -  -   112.
3,4,5-trifluorophenyl-trans-4-methylcyclohexyl- 10              carboxylate
-  -113.   3,4,5-trifluorophenyl-trans-4-ethylcyclohexyl- carboxylate 15
114.   3,4,5-trifluorophenyl-trans-4-butylcyclohexyl- carboxylate 115.
3,4,5-trifluorophenyl-trans-4-pentylcyclohexyl- 20 carboxylate 116.
3,4,5-trifluorophenyl-trans-4-hexylcyclohexyl- 25              carboxy late
117.   3.4,5-trifluoroph..yl-tran.-4-heptylc clohexyl- carboxylate * 30'
118.   3,4,5-trifluorophenyl-trans-4-octylcyclohexyl- carboxylate 



119.   3,4,5-trifluorophenyl-trans-4-nonylcyclohexyl- carboxylate 120.
3,4,5-,trifluorophenyl-trans-4-decylcyclohexyl- carboxylate 121.
3,4,5-trifluorophenyl-trans-,tr ans-4-methyl- bicyclohexylcarboxylate 45
b    lhxlabxlt 122.   3,4,5-trifluorophenyl-trans r trans-4-ethyl-
bicyclohexylcarboxylate 60 65 28    EP 0 387 032 51 123.   3,4
,5-trifluorophenyl-trans,trans-4-propyl- bicyclohexylcarboxylate)  c-N:
5-.1c, N-I: 117.0 C, 124.   3 4,5-trifluorophenyl-trans,trans-4-butyl-
bicyclohexylcarboxylate 125.   3,4,5-trifluorophenyl-trans,trans-4-pentyl-
bicyclohexylcarboxylate 126.   3,4,5-trifluorophenyl-trans,trans-4-hexyl-
15            bicyclohexylcarboxylate 127.
3,4,5-trifluorophenyl-trans,trans-4-heptyl- bicyclohexylcarboxylate 128.
3,4,5-trifluorophenyl-trans,trans-4-octyl- bicyclohexylcarboxylate 25
129.   3,4,5-trifluorophenyl-trans,trans-4-nonyl- bicyclohexylcarboxylate
130.   3,4,5-trifluorophenyl-t'ans,trans-4-decyl- 30
bicyclohexylcarboxylate 131.   3
,4,5-trifluorophenyl-trans-4-methylcyclohexyl- benzoate __      132*
3,4,5-trifluorophenyl-trans-4-ethylcyclohexyl- 



benzoate 40 133.   3,4,5-trifluorophenyl-trans-4-propylcyclohexyl- benzoate
C-I: 96.9-C, N-I: 73.7-C, X   134.
3,4,5-trifluorophenyl-trans-4-butylcyclohexyl- benzoate 135.   3,4,
5-trifluorophenyl-trans-4-pentylcyclohexyl- benzoate 55 29    EP 0 387 032
81 136.  3,4, 5-trifluorophenyl-trans-4-hexylcyclohexyl- benzoate 5 137.
3,4,5-trifluorophenyltrans-4-heptylcyclohexyl- .............    ........
..... ........... benzoate 138.  3,4,
5-trifluorophenyl-trans-4-octylcyclohexyl- 10 benzoate 139.
3,4,5-trifluorophenyl-trans-4-nonylcyclohexyl- ' a   15
b - .benzoate 140.   3,4, 5-trifluorophenyl-trans-4-decylcyclohexyl-
benzoate 20 141.   3,4,5-trifluorophenyl-trans-4-[2-(trans-4-methyl-
cyclohexyl)ethyl)cyclohexylcarboxylate 25   142.
3,4,5-trifluorophenyl-trans-4-[2-(trans-4-ethyl-
cyclohexyl)ethyl]cyclohexylcarboxylate - 143.
3,4,5-trifluorochenyl-trans-4-[2-(trans-4-propyl-
cyclohexyl)ethylIcyclohexylcarboxylate 144.
3,4,5-trifluorophenyl-trans-4-[2-(trans-4-butyl- 3s
cyclohoxyl)ethyl]cyclohexylcarboxylate : 145.
3,4,5-trifluorophenyl-trans-4-l2-(trans-4-pentyl- 



cyclohexyl)ethyllcyclohexylcarboxylate 40 146 .  3,4,
5-trifluorophonyl-trans-4- (2- (trans-4-hexyl- cyclohexyl) ethyll
cyclohexylcarboxylate 45   147 .  3,4, 5-trifluorophenyl-trans-4-
[2-(trans-4-heptyl- cyclohexyl)ethyl]cyclohexylcarboxylate 148.
3,4,5-trifluorophenyl-trans-4- [2-(trans-4-octyl- 50            cyclohexyl)
ethyl] cyclohexylcarboxylate 653 30    EP 0 387 032 B1 149
3,4,5-trifluorophenyl-trans-4-[2-(trans-4-nonyl-
cycloheixl)ethyl]cyclohexylcazboxylate 5.s 150
3,,4,5-trifluorophenyl-trans-4-(2-(trans-4-decyl-
cyclohexyl)ethyllcyclohexylcarboxylate so:  Example 13 Preparation of
2-(3,4,5-trifluorophenyl)-5-pentyl-1,3-dioxane (a compound of the formula
Ila wherein R is C5H11-) (Compound No. 151) 15 3,4,5-Trifluorobenzaldehyde
(1.6 g, 0.01 mol), which was obtained by cyanogenating 1-bromo-3,4,5-tri-
fluorobenzene and reducing the resulting 3,4,5-trifluorobenzonitrile with
dilsobutylluminum hydride, 2-pen- tyi-1,3-diol (1.5 g, 0.01 mol), which was
obtained according to the process disclosed In Japanese patent ap-
plication laid-open No. Sho 55-8558311980, and p-toluene sulfonic acid (10
mg) were dissolved In dry toluene. 20  (30me), followed byreacting
thesolution underrefluxforone hourwhile removing watirformed by the
reaction to the outside of the system, to complete the reaction, allowing
the reaction solution to cool down to room tem- perature, adding water to
the reaction material, washing the resulting toluene solution with a dilute
alkali aqu- eous solution and then with water till the washing water became
neutral, drying the toluene solution over an- hydrous sodium sulfate,
distilling off toluene and subjecting the residue to a suitable
purification treatment to 25  obtain
2-(3,4,5-trifluorophenyl)-5-pentyl-1,3-dloxane (1.6 g). The following
compounds were obtained In the same manner as above: 30 35 



40 50 55 31    EP 0 387 032 B1 Compound No. 5    152.   2- (3,
4,5-trfluorophenyl) -5-methyl-1,3-dioxane 153.
2-(3,4,5-trifluorophenyl)-5-ethyl-1,3-dioxane 154.   2-
(3,4,5-trifluorophenyl) -5-propyl-1, 3-dioxane 10 155.   2-
(3,4,5-trifluorophenyl) -5-butyl-1; 3-dioxane 157.   2- (3,
4,5-trifluorophanyl)-5-hexyl-1, 3-dioxane -s s* 15    158.   2-
(3,4,5-trifluorophenyl)-5-octyl-1,3-dioxane 159.
2-(3,4,5-trifluorophenyl)-5-nonyl-1,3-dioxane 160.
2-(3,4,5-trifluorophenyl)-5-docyl-1,3-dioxane 161.
2-(3,4,5-trifluorobiphenyl)-4'-yl-1,3-ix 161.   2- (3, 4 ,5-trif
luorobiphenyl-4'-yl)-5-methyl-1,3- dioxane 16 2.   2-
(3,4,5-trifluorobiphenyl-4'-yl)-S-ethyl-1,3- dioxane 163.   2- (3,
4,5-trifluorobiphenyl-4 '-yl) -5-propyl-1, 3- . 30- dioxane 165.
2-(3,4,5-trifluorobiphenyl-4'-yl)-5-pentyl-1,3- dioxane 40 45 50 55 32   



EP 0 387 032 Bi dioxane 5 167.
2-(3,4,5-trifluorobiphenyl-4'-yl)-5-heptyl-1,3- dioxane 10       168.
2-(3,4,5-trifluorobiphenyl-4'-yl)-5-octyl-1,3- dioxane .169.
2-(3,4,5-trifluorobiphenyl-4'-yl)-5-nonyl-1,3- 15. dioxane 170.
2-(3,4,5-trifluorobiphenyl-4'-yl)-5-decyl-1,3- 20
dioxane Example 14 Preparation of 2-(3,4,5-trifluorophenyl)-5-pentyi-1
,3-pyrlmidlne 25.. (a compound of the formula Iha wherein R Is C6H11-)
(Compound No. 171) 3,4,5-Trifluorobenzamidine hydrochloride (12.6 g) and
c-pentyl-p-ethoxyacraisln (10.2 g) were added into 'a solution of sodium
methylate prepared by dissolving sodium (2.8 g) In anhydrous methanol (20
mr), followed 30 by roacting the mixure at the reflux temperature with
stirring for6 hours, distillingqoff methanol aftercompletion of the
reaction, adding toluene (20 mt) to the reaction residue, extracting the
resulting material, washing the resulting toluene extract solution with
water till the washing water became neutral, drying the toluene layer over
anhydrous sodium sulfate, distilling off toluene and recrystallizing the
resulting oily residue from ethyl ai- cohol to obtain
2-(3,4,6-trifluorophenyl)-5-pentyl-1,3-pyrimidine (7.8 g). 35      The
following compounds were obtained In the same manner as above: 40 46 50 33
EP 0 387 032 B1 Compound No. 172 * 2- (3,4, 5-tifluorophenyl) Smt
-.3-pyrimidine 



173.  2-(3,4,5-trifluorophenyl)-5-ethyl-1,3-pyrimidine 174.  2-
(3,4,5-trifluorophenyl)-5-propyl-1,3-pyrimidine 10     175.
2-(3,4,5-trifluorophenyl)-5-butyl-1,3-pyrimidine s 176.
2-(3,4,5-trifluorophenyl)-5-hexyl-1,3-pyrimidine 177.
2-(3,4,5-trifluorophenyl)-5-heptyl-1,3-pyrimidine 15 178.
2-(3,4,5-trifluorophenyl)-S-octyl-1,3-pyrimidine 179.
2-(3,4,5-trifluorophenyl)-5-nonyl-1,3-pyrimidine 180* 2-
(3,4,5-trifluorophenyl)-5-decyl-1, 3-pyrimidine X0     180.  2
(,,-r-loohey)5dcl13prmin 181.
2-(3,4,5-trifluorobiphenyl-4'-yl)-5-methyl-1,3- pyrimidine 182.
2-(3,4,5-trifluorobiphenyl-4'-yl)-5-ethyl-1,3- pyrimidine 183.
2-(3,4,5-trifluorobiphenyl-4'-yl)-5-propyl-1,3- pyrimidine 184.
2-(3,4,5-trifluorobiphenyl-4'-yl)-S-butyl-1,3- :.... ...... ...  .
pyrimidine 185.  2-(3,4,5-trifluorobiphenyl-4'-yl)-5-pentyl-1,3- pyrimidine
40 503 34    EP 0 387 032 81 186.
2-(3,4,5-trifluorobiphenyl-4'-yi)-5-hexyl-1,3- .
...   .  ... ...   .. ....  ..  ... .
.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.. . .. .
pyrimidine 5       187.   2-(3,4,5-trifluorobiphenyl-4'-yl)-5-heptyl-1,3-
pyrimidine 188.   2-(3,4,5 5-trifluorobiphenyl-4'-yl)-5-octyl-1,3- 10
pyrimidine. 189.   2-(3,4,5-trifluorobiphenyl-4'-yl)-5-nonyl-1,3- 



pyrimidfie                             - -190.   2- (3,4
,5-trifluorobiphenyl-4'-yl)-5-decyl-1,3- pyrimidine 20 Use example I A
liquid crystal composition A consisting of 25
F ........~~~~~~ .3.. 3 .w C2Hs 4QF                                     3
3.3 3 wt. part so                                    F C3H-i _CX)}O"F
3 3.3 3                  and CSHs1P                                       3
3.3 3 exhibited an N-I pointof 112.4C, avisoosity at2500 of 25.7 cP and mAn
of 0.081. This liquid crystal composition 4o   was sealed In a TN cell of
8.7 pm thick and the threshold voltage was observed to exhibit 2.56 V. When
15 parts by weight of a compound (Compound No. 1 of Example I of the
present Invention) were added to 85 parts by weight of the above liquid
crystal composition, the resulting liquid crystal composition exhibited an
N-I point of 77.70C and a viscosity at 200C of 17.9 cP. This liquid crystal
composition was sealed in the above TN cell and when its threshold voltage
was observed, it lowered down to 1.94 V. 45 Use example 2 A liquid crystal
composition consisting of 85 parts by weight of the liquid crystal
composition Aused in Use example 1 and 15 parts by weight of a compound
(Compound No. 31) shown in Example 4 of the present in- 60  vention was
prepared. This liquid crystal composition exhibited an N-I point of 11 0.7C
and a viscosity at 200C of 25.0 cP. When this liquid crystal composition
was sealed in the above-mentloned TN cell, the resulting threshold voltage
was 2.32 V. Use example 3 55s A liquid crystal composition consisting of 85
parts by weight of the liquid crystal composition used In Use example 1 and
15 parts by weight of a compound shown In Example 6 (Compound No. 51) was
prepared. This liquid crystal composition exhibited an N-I point of 107A0C
and a viscosity at 200C of 24.9 oP. When this corm- 35    EP 0 387 032 B1
position was sealed In the above TN cell, the resulting threshold voltage
was 2.12 V. 



Use example 4 5      A liquid crystal composition consisting of 85 parts by
weight of the liquid crystal composition used In Use example I and 15 parts
by weight of a compound of the present invention shown in Example 9
(Compound No. 81)was prepared. This liquid crystal composition exhibited an
N-i point of 110.0@C and a viscosity at200C of 25.7 ci. When this liquid
crystal composition was sealed in the above-mentioned TN cell, the
resulting threshold voltage was 2.38 V. 10     The compound provided by the
present invention has a large dielectric anisotropy value As and a low vs-
oosIty; hence when the compound is used, It Is possible to reduce the
driving voltage of the resulting liquid crystal composition without raising
Its viscosity. 15  Claims \* .1. Trifluorobenzene derivatives of the
formula: 20'' R A  V-Z3- B +MZ-                    F 25- wherein R
represents an alkyl group of I to 10 carbon atoms In which one -CH2- group
or two non-adjacent -CH2- groups may be replaced by an oxygen atom and/or a
-CO- group and/or a -CH=CH- group; and - A- and -B- each represent a1
,4-cyclohexylene, 1 ,4-phenylene, pyrimidlns-2,5-diyl or 1
,3-dioxane-2,5-dlyl group; I represents 0, 1 or 2; m represents 0, 1 or 2
and 1+m91; and Z' and Z2 are the same or different 30      and each
represents a group -COO-, -CH2CH2-, -OCHr-, -CH2- or -CH=CH-, or a single
bond. 2. Aliquid crystal composition comprising at least two cornponents at
leastone of which isa trifluorobenzene derivative as set forth in claim 1,
the said derivative forming from 2 to 40% by weight of the composition. 36
Patentansprfche * . ~"-' .  1. Trifluorbenzol-Derivate der Formel: 40 R*A
Z'Z-* B     2   F F 45 worin R sine Aikylgruppe mit I bis 10
Kohlenstoffatomen darstelit, in der sine -CH2- Gruppe oder zwei nicht
benachbarte -CH2- Gruppen durch sin Sauerstoffatom und/oder sine -CO-
Gruppe undloder sine - CH=CH- Gruppe ersetztwerden konnen; und -A- und
-i3-jeweils sin 1,4-Cycohexylen, 1,4-Phenylen, Py- rimidin-2,5-dlyl odor
1,3-DIoxan-2,5-dlyi Gruppe darstellt; I sine 0, 1 oder 2 darstellen; m sine
0, 1 odor 2 und I + m 9 I darstellen; und Z' und Z2 gleich oder verschieden
sind und jewels sine Gruppe -COO-, -CH2CH2-,-OCH2-, -CH2- oder -CH=CH- oder
sine Einfachbindung darstellen. 2.  Flissigriastall-Zusammensetzung mit
mindestens zwel Komponenten, von denen mindestens sine sin Tri- 56
fluorbenzol-Derivat nach Anspruch 1 !st, wobel das Derivat 2 bis 40 Gew.%
der Zusammensetzung aus- 



macht. 36    EP 0 387 032 B1 position was sealed in the above TN cell, the
resulting threshold voltage was 2.12 V. Use example 4 5      A liquid
crystal composition consisting of 85 parts by weight of the liquid crystal
composition used In Use example I and 15 parts by weight of a compound of
the present invention shown in Example 9 (Compound No. 81) was prepared.
This liquid crystal composition exhibited an N-I point of 110.00C and a
viscosity at 200C of 25.7 cP. When this liquid crystal composition was
sealed in the above-mentioned TN cell, the resulting threshold voltage was
2.38 V. 10     The compound provided by the present invention has a large
dielectric anisotropy value As and a low vis- cosity; hence when the
compound is used, it is possible to reduce the driving voltage of the
resulting liquid crystal composition without raising Its viscosity. 15
Claims 1. Trlfluorobenzene derivatives of the formula: R4 A              B
Z F 26 wherein R represents an alkyl group of 1 to 10 carbon atoms in which
one -CH2- group ortwo non-adjacent -CH2- groups may be replaced by an
oxygen atom and/or a -CO- group and/or a -CH=CH- group; and - A- and -B-
each represent a 1,4-cyclohoxylone, 1 .4-phenylone, pyrimidine-2,5-diyl or
1 ,3-dioxane-2,5-dyl group; 1 represents 0, 1 or 2; m. represents 0, 1 or 2
and I1+m1; and Z' and Z2 are the same or different 30      and each
represents a group -COO-, -CH2CH2-, -OCHHr, -CHr or -CH=CH-, or a single
bond. 2. Aliquid crystal composition comprising at leasttwo components
atleastone of which is a trifluorobenzene derivative as set forth in claim
1, the said derivative forming from 2 to 40% by weight of the composition.
35 Patentansprilche 1. TrIfluorbenzol-Derivate der Formel: 40 R*A'- Z- B
Z F 45 worin R eine Alkyigruppe mit I bis 10 Kohlenstoffatomen darstellt,
In der sine -CH2- Gruppe oder zwei 



nicht benachbarte -CHz- Gruppen durch sin Sauerstoffatom und/oder eine -CO-
Gruppe undfoder eine - CH=CH- Gruppe ersetztwerden konnen; und -A- und
-B-jeweils ein 1,4-Cyclohexylen, 1,4-Phenylen, Py- 60      rimidin-2,5-dlyl
oder 1 ,3-Dioxan-2,5-dlyl Gruppe darsteilt; I sine 0, 1 oder 2 darstellen;
m sine 0, 1 oder 2 und 1 + m 2 I darstellen; und Z' und Z2 gleich oder
verschieden sind und jeweils sine Gruppe -COO-, -CH2CH2-,-OCH2-, -CH2- oder
-CH=CH- oder eine Einfachblndung darstellen. 2.
FlOsslgkristall-Zusammensetzung mit mindestens zwei Komponenten, von denen
mindestens sine sin Tr- 66'.    fluorbenzol-Derivat nach Anspruch 1 ist,
wobei das Derivat 2 bis 40 Gew.% der Zusammensetzung aus- macht. 36 *  .
I!111111111 Hill 11111 1I I!11    EP 0 387 032 Bi Revendications 1.
D6rlv6es de trlfluorobenzene de la formule: c
F R*A +Z14B eZ F 10 dans laquelle R reprosentb un groupement alkyle de I 3
10 atomes de carbone dans loquel un groupement -CH2- ou deux groupements
-CHl- nonadjacenta peuvent Mtr remplacde par un atome d'oxygene et/ou par
un groupement -CO- ethou un groupement -CH=CH- et-A- st-B- representbnt
chacun un groupement 1,4-cyclo-hexylbne, 1,4-ph6nylbne,
pyrimidine-2,5-diyle ou 1,3-dioxane-2,5-diyle; 1 reprsenb 0, 1 ou 2; 15
m representb 0, 1 ou 2 et I + m 2 I at Z' et Z2 sont Identiques ou
differents et repr~sentent chacun un groupement -COO-, -CH2CHr-, -OCHr,
-CH2- ou -CH=CH- ou une liaison simple. 2.  Composition cristalllne liquide
comprenant au molns deux composants dont au moins un oet un derivA de
trifluorobenzbne tel quo decrit dans la revendlcation 1, ledit deriv6
formant de 2 A 40 % en polds de la 2o      composition. 30 40 46 50 55   




