
-~ >             EP 0 334 45 81 Description The invention relates to novel
compounds which may be used as constituents offerroelectric smectic liquid
crystal mixtures, to such mixtures containing these compounds, and to
electro-optical devices which use these c   mixtures. Ferroelectric smectic
liquid crystal materials use the ferroelectric properties of the chiral
tilted smectic C, F, G, H, I and K phases (designated S*c etc. the asterisk
denoting chirality). The Sc phase is generally the most useful, as it is
the most fluid, and It Is particularly desirable that the material shows an
SA or nematic (denoted N) phase at temperaturesabove the chiral smectic
phase, to assistsurface alignment In a liquid crystal 10  device.
Ferroelectric smectic liquid crystal materials desirably have low
viscosity, Sc phases that persist over a broad temperature range which
Includes ambient temperature and have a long helical pitch, chemical and
photochemical stability, and a high spontaneous polarisation coefficient,
Ps, measured in nC cn-2. Such mate- dials offer the possibility of very
fast switched liquid crystal display devices, with bistable
characteristics. Although some single compounds show all of the desirable
properties outlined above, ferroelectric smectic 15  liquid crystal
materials in use today generally consist of a mixture of compounds at least
one of which Is an optically active compound, le containing an
asymmetrically substituted carbon atom. This asymmetric contra Is generally
combined with a mesogenic molecular 'core'. A principal function of the
optically active compound in the mixture is to induce the mixture to show a
helical smectic phase, eg SO* and to have a high Ps. A wide varietyof such
compounds Is known, but it is notusual tofind compounds which resultin S.*
mixtures 20   with all of the above mentioned desirable properties. For
example the aipha-hydroxycarboxylic acid derivatives v...-'   described In
PCT/GB85100512 which contain the asymmetric centre: CHEW 25
f ? -COO-C-COO- *1 H fonm Sc* mixtures with a very high Ps but a very short
helical pitch. 30     It is an object of the invention to explore the
possibilities of other asymmetric centres, to provide optically active
compounds of increased usefulness in ferroelectric smectic liquid crystal
mixtures. According to the invention a novel compound has a formula l: ORI
Q(    C2 )    CH  ( CH2 )7n  Y-{ (CH2) IT    XI * where R1 is C14 alkyl, Y
is selected from -COO- or -OOC-: m, n and p are independently 0 or 1,
provided that 40  (m-tnsp) is no more than 2, and when Y is OOC then p is
0; and X is a smectogenic group. The term "smectogenic used herein with
reference to the group X Indicates thatX is one of the molecular scores
composed of chains of linked cyclicgroup that inducethe molecule to
showliquid crystal smectic phases or to be miscible with liquid crystal
materials, particularly those showing a smectic C liquid crystal phase, is
smectogenicu. Many such smectogenic cores are known, for example the groups
shown attached to the group 45  -COOR* in EP-A-01 10299, and the groups
represented by the symbol Q in USP 4613209. The asterisk in formula I
indicates the asymmetri centre. Also the Invention provides a ferrolectric
smectic liquid crystal material, being a mixture of compounds, at least one
of which is a compound of formula I in an optically active or racemic form,
preferably the former. The structural preferences for the compound of
formula I discussed below are based largely on suitabilIty and deal- So
rability for use In such mixtures. Preferably RI, in formula I is C145
n-alkyl, especially methyl. Preferred structures for compounds of formula I
are therefore those listed in table I below. 55 2    EP 0 334 845 B1 Table
1 OCH3 -CH-COO-X                                1.1 Table 1 (Contd) 10
1OCH3 (&j-CH-COO-CH2-X                         1.2 OCH <~-CH2-CH-COO-X
1.3 15                                    OCH (>C-H24CH-0c0-CH2-X
1.4 OCH 2  -CH-CH2-COO-X                         1,5 &CH-CH2-COO-CH2-X
1.6 OCH 25               1~~~~~~~~~~~~~. 25
@CH~~~~~~~-CH-12-OOc-X                  1. 7 OCR3 <)-CH2-CH-CH2-0oc-x
1.8 30                                    OCHR & Mzt:H-CH-2-COO-X
1.9 Particularly preferred structures are 1.1, 1.2, 1.3, 1.5 and 1.7 listed
in table 1. 35      The advantages of the invention derive primarily from
the nature of the novel asymmetric group in formula I and the nature of the
mesogenic group X Is less critical, although for use in ferroelectric
smectic liquid crystal mixtures the group X is preferably a smectogenic
group. The group X may therefore be a known smectogenic group. Some
preferred groups X are listed in table 2, R is alkyl or alkoxy containing 1
to 12 carbon atoms. The 40   phenyl rings shown in table 2 may be
substituted, as shown with respect to groups 2.1, 2.2 and 2.3 in table 2
for example. In table 2 45  represents trans cydohexyl and (F) indicates
that the group may carry one or more fluorine substituents on one or more
of the rings shown. In table 2, R Is preferably n-alkyl or n-alkoxy
containing 3 to 10 carbon atoms. Structures 2.1, 2.2 and 2.4 are
particularly preferred. Compounds of formula I may be made by a variety of
synthetic routes, for example the routes A and B so  shown schematically in
Figs I and 2. Route A starts from commercially available 2-hydroxy-
2-phenyl propionic acid. It will be apparent that the individual steps use
55 3 r    EP 0 334 845 B1 Table 2 5                               (F)  (F)
2.1 (F) 2.2 t (F) (F) 15
2.4 2.5 20 K>   20)-R
2.6 25                              .Oe R2.7 -<)          -2 . 8 30
-COO<)-                     2.9 -0OC<-gR                    2.10 2.11 2.12
{COO4-<R-                      2. 13 45
4-COO-Q>R                         2.14 <}OOC4-R                 2.15
504-OC-r -R                        2.16 55   well known chemical reaction
although the products and overall routes are novel. A ferroelectric smectic
liquid crystal mixture of the Invention contains at least one compound of
formula 1. Preferably the compound of formula I is in an optically active
form. Typically the mixture contains 1-20 wt % of the compound of formula
1, for example around 10% or less. The Inclusion of a compound of formula I
in the 4    EP 0 334 845 Bi mixture offers the advantages of a high Ps
combined with a very long helical pitch of the S"0 phase. This long pitch
is valuable because In many common types of ferroelectric smectic display
device it is desirable to have a helical pitch length comparable with the
spacing of the electrodes of the device, which is generally around 1-5 IL.
An example of such a device is the "Clark Lagerwall device" described in
App.Phys. Let . 36, (1980), 5   899. A ferroelectric smectic liquid crystal
mixture according to the invention contains at least one compound of
formula 1. Typically the mixture will contain 1-20% by weight of the
compound of formula 1, eg around 10% or less, in an optically active
enantiomeric form. The mixture also contains one or more compounds which
either separately or together show an Sc phase. 10  Such compounds are
known as smectic hosts. A large number of classes of compounds which may be
used as smectic hosts are known, and some exam- ples of suitable classes
are listed in table 3. Of these compounds those of formula 3.1 3.2, 3.3 and
3.4 are pre- ferred, especially where RA and RB independently contain 5-10
carbon atoms. It Is particularly preferred to use a mixture of two or more
members, eg homologues, of the same class for example to reduce the melting
point. 15     These preferred hosts allow the possibility of So mixtures
showing an So phase persisting over a wide tem- perature range including
room temperature, and also an SA phase at a temperature above the Sc, to
assist in alignment of the liquid crystal material. Typically the mixture
will contain 40-99% of host compounds, eg around 90-95 wt %. 20
Table 3. w 3.1  RA-@...-OOO) RB                             3 7  RA@CO4 3.2
RA_<_-(j-JO O                                .    R          NR 25FF 3.3
RA              _g _RB 30                                             CH '
3 CH 3.6   RA where RA and RB are C, - 12 n-alkyl or n-alkoxy. Additives in
such a mixture may serve a number of functions. One such function is as
pitch compensators.. "Pitch compensation" is the inclusion In the
ferroelectric smectic mixture of two or more compounds which induce the
appearance of helical smectic phases of opposite twist sense. In such a
case the compounds will 45  unwind the helical phase induced by the other.
This may be used to produce a long pitch helical smectic phase, and by the
controlled use of appropriate quantities of the two compounds the pitch of
the mixture may be closely controlled. In mixtures according to the
invention, pitch compensation may be achieved conveniently by using oppo-
site-twisting compounds of formula I as discussed above which may be
different compounds of formula I or 50  enantiomers eg the L(+) and S(+)
forms of such a compound. AlMternatively or additionally other optically
active additives may be used, for example the amides described In PCTIGB
87100223, eg any of those listed in table 6 thereof, or the terphenyls
described in UK Patent Appli- cation 8703103, the latter being particularly
suitable when the host indudes one or more compounds of formula 3.3. 55
Examples of pitch compensators of these two types include the compounds: 5
EP 0 334845 BI Mi3 H: ~.-COCOCHCON<)-R'                                   L
C1 CH R                 _O 1 3                             L:54 . 2 where R
and RF are independently C0 -12 n-alkyl or n-alkoxy. RI Is preferably CHI.
Many other pitch compen- 10  sating additives will be apparent to those
skilled in the art. For example when the host contains one or more
compounds of formula 3.1 or 3.2 a suitable pitch compensator may be a
compound of formula 3.1 or 3.2 where RB or/and RA are optically active
alkyl or alkoxy. Compounds of formula I frequently form helical Sc phases
of such long pitch in a smectic mixture that pitch compensation is
unnecessary. Additives may be used to encourage the appearance of an SA
phase at a temperature above that at which 15  the S; phase persists, to
assist In alignment of the S% phase during assembly of the service. When
the host consists largely of compounds of formula 3.1 or 3.2 preferred
additives to achieve this have a formula: 5 where R and RI are
independently n-aikyl or n-alkoxy containing 1-12 carbon atoms, especially
5-9. Additives may alternatively serve the function of suppressing
undesirable smectic phases such as SA or SB so that these appear, if at
all, as far as possible from the working temperature range. A preferred
class of 25  additives fulfilling this function are the esters of formula:
where R and RWare Independently n-alkyl or n-alkoxy containing 1-12 carbon
atoms, especially 5-9. Compounds of formula 5 may also be used as additives
to suppress undesirable smectic phases in mixtures where they are not used
as hosts. 35      Additives may also improve other properties of the
mixture, for example to increase the switching speed. Compounds which do
this include those which contain a CN 40
0O<R group, for example those of general formula 46 CR R 50  or R '  <
~~~~~~~~~~7._ us                                          R where R and R'
are independent alkyl groups especially containing 3 to 10 carbon atoms. 6
EP 0 334 845 51 Other known additives may be included, for example to
improve viscosity, melting pointor other properties. Typically a mixture
according to the invention may contain 0-50 wt% of additives, preferably
0-20%. Only minute amount of pitch compensators may be necessary, eg less
than 1 wt% of the tight twisting compound 4.1 where R is C101-121and R1 is
CH3, and preferably no more than about 10 wt% of compounds such as 5, 6 5
7. or7.2. A mixture according to the Invention may be used in any of the
known types of ferroelectric smectic liquid crystal electro-optic device,
and a device incorporating such a mixture is another aspect of the
invention. The invention will now be described by way of example only with
reference to the accompanying drawings, which show: 10      Figs 1 & 2:
preparative routes for compounds of the invention. Fig 3: a liquid crystal
device. Example 1. 15  A. Preparation via route A of compounds of Formula:
<>-CHGOO-X 20 Step 1. An Intimate mixture of L-(+)-mandelic acid (1.52g
1Oim mol) and silver (l) oxide (4.6g, 20m mol) was added 25  to cooled
(ice-salt) methyl Iodide (5.68g, 40m mol) batchwise during 1 hour,
excluding light throughout. The mixture was heated under reflux for 2
hours, then it was cooled, diluted with ether (50 ml) and the Inorganic
salts removed by filtration. Removal of the solvent gave a pale yellow oil.
Step 2. 30 Theoifrom step I was suspended In a mixture of aqueous 10%
potassium hydroxide (100ml) and methanol (30ml), and heated to TO-C for4
hours. The solution was then cooled, acidified, and extracted with ethyl
acetate (3 x 100ml). The combined organic extracts were shaken with aqueous
10% sodium thiosulphate (100mi) and dried over Mg S04. Removal of the
solvent gave a white solid which was purified by recrystalisation from pet-
85  roleum fraction (bp 60-800C) Yield = 1.41g, 85%. [ald in alcohol was +
1500. Melting point was 63-840C. Step3. The O-methyl L-(+)-mandelic acid
from step 2 above (1-66g, Im mol), the appropriate alcohol or phenol 40
(11m mol), DCC (2.27g, 11m mol) and 4- pyrrolidinopyridine (0.148g, Im mol)
were stirred in sieve-dried dichloromethane (50ml) at room temperature
until the reaction seemed to be complete by tic (silica gel,
dichloromethane: petroleum ether 2:1). The precipitated dicyclohexylurea
was filtered off and the filtrate was washed successively with water (3 x
50ml) aqueous 5% acetic acid (3 x 50mQ), water (3 x 50ml) then dried over
Mg 804. Removal of the solvent gave a brown residue which was purified by
column chromatography on silica 45  gel, using dichloromethane: petroleum
fraction (bpt 60-800C) as eluant, followed by recrystallisation from pet-
roleum fraction (bpt 60-800C). Using this method the following compounds
were prepared: 50 55    EP 0 334 845 BI Compound
Yield        m pt        [-d.] is (>                   (>CH-coo(oc    1
72%          69         + 84.60 5                 OCR K        A     d
H-C00-(~>-(5-C3H7  76%      440        + 82.70 OCH 10   a.-C00-OtOC3H7
~~~~657;      58        + 83.40 OCIR OFT    CO-0-(         -C~H17
4e200          - 7.15 OCH @ OFHC00-~ -CBH17
I200          + 21.0 OCH3  F 20 B. Liquid Crystal Properties (i) Compound
25                               QNCCOC<>-O0 H2 A 25 mole % solution of
this compound In the smectic mbiture Hi, having the composition: 30
g174)<)--tCC9-C~~~5'~l 1:). 17                     2 40 experienced a
SC-SAtransitlon atSB.10C. The Pa value of this compound, extrapolated to
100%, was measured at various temperatures in HI. The results are tabulated
below, where T refers to the temperature below the SC~SA transition. 35
M 0T Ps -100C             92.5 -20CC            136.2 7U 15P~-30C
170l.8 (ii) Measurement of helical pitch. Indications of the possibility of
inducement of a long pitch helical smectic phase by the compounds were se
made by measurement of the pitch length of cholester.o phases produced by
mixing the compounds with the nematic material E7 which has the
composition: 8    EP 0 334 845 B1 51 wt% 5
C7Hl54><>                                25 wt% C
16 wt% 10 ~ ~ ~ ~~           H    l    >Q                              8
wt% (It should be noted that the formation of a long pitch cholesteric
phase by a compound in a nematic mixture is an accepted indication of the
ability of the compound to form long pitch helical phases). 15      The
results were as follows: extrapolated pitch 20,:-CC~t-<>Clt >2'
0.63 ). OCH") 25                 @D-CH-C00Q-Q-CI co
0. 95p. It is useful to compare these pitch lengths with hose produced In
E7 by the smectic lactate compounds described In PCT/GB85100512: 30 .-=r
extrapolated pitch -q' "C. Oi . *        C H                 0.076 36
~~~~~~~~~~I-,' .1i'  C.- <C4.-vCC            C .CC-c,
0. 096)A. 40~ ~~~~~~~C C'.C* .C C'2
0.14/ The very considerably longer pitch induced by the mandelic acid
derivatives of the present invention Is thus immediately apparent. 45
Example 2. Preparation via route A of compounds of Formula: 60
OCH ~~HC002CH-X s5   Step 4. Borane-tetrahydrofuran complex, (13cm3 of a
1.OM solution in tetrahydrofuran, 13mmol), was added slowly to a stirred
solution of n-nonyl or n-octyloxy biphenyl carboxylic acid (10mmol) in dry
btrahydrofuran (100cmJ) 9    -              EP 0 334 845 51 at 0C under an
atmosphere of dry nitrogen. The solution was stirred for 3h and the
reaction was quenched by the addition of a 1: 1 mixture of water and
tetrahydrofuran (90cmn). The resulting solution was saturated with
potassium carbonate, the layers were separated and the aqueous layer was
shaken with ether (2x50cm8). The combined extracts were dried and 5
evaporated to give the crude product, which was recrystallised from
Industrial methylated spirit to give the pure product as white needles. C
9H 9         -CH20H                 (82%)  mp - 100 -1020C C8H1 7    4-OH a
2 ((72%). Mp - 145 -147L0C 15  Step 5. The carboxylic acid from Step 2
(10mmol), the appropriate alcohol from Step A3 (1 Immol), dicyclohexyl-
carbodlimide (DCC) (11 mmol) and 4-pyrrolidinop yrldine (1 mmol) were
stirred in sieve-dried dichloromethane (50 ml) at room temperature until
the reaction seemed to be complete by tic. The precipitated
dicyclohexylurea 20  was filtered off and the filtrate was washed
successively with water (3x50 ml) aqueous 5% acetic acid (3x50 ml), water
(3x50 ml) then dried over MgSO4. Removal of the solvent gave a brown
residue which was purified by column chromatography on silica gel, using
dichloromethane: petroleum fraction (bpt 60-800C) as eluant, followed by
recrystailisation from petroleum fraction (bpt 60-800C). The following
compounds were prepared in this way: 25 IOCHi eCHCOOCX  44>-OCHX17
mp 390C   G        5  +4.2 30                 I
MP 320C   1o3 26  +3*90 Example 3 35 Preparation of compounds of structure:
OCH i 3 40                                <>_CH2W        _( CH2)p  x by
route B. 45  Step 12 A solution of (S)-(-)-2-hydroxy-3-phenylpropionic acid
(10mmol), In a mixture of methanol (50cm8) and conc.sulphuric acid
(0.5cma), was heated under reflux for 2h. The solution was cooled and the
solvent was removed under reduced pressure. The residue was dissolved in
ethyl acetate (50cm3) and this solution was so  shaken successively with
saturated aqueous sodium chloride (50cm3), saturated aqueous sodium
hydrogen carbonate (50cm8) and saturated aqueous sodium chloride (50cms).
The organic phase was dried and evapo- rated to give the curds product
which was recrystallised from petroleum fraction (b.p. 40-600C) to give the
pure product (98%) as white needles. m.p. 48-490C, [a) =-7.2 In chloroform.
55      The product was Identified as: 10    EP 0 334 845 Bi OH
(O-CH2CHCOOCH3 5 Step 13 A solution of methyl
(S)-(-)-2-hydroxy-3-phenylproplonate from step 12 (10mmol) In dry
tetrahydrofuran (50cm3) was added, during Ihr, to a cooled, stirred
suspension of sodium hydride (1 mmol) in dry tetrahyd- 1o rofuran (75cm8)
under an atmosphere of dry nitrogen. Stirring was continued for 30 min. Dry
methyl iodide (11 mmoi) was added during 15 min. and the mixture was heated
to 40C for 1 hr. The resulting suspension was cooled, excess sodium hydride
was destroyed by the addition of wets tet- rahydrofuran (50cm3) and the
mixture was poured Into ice (100g). The solution was saturated with
potassium carbonate and the organic layer was separated. The aqueous layer
was shaken with ether (2x40cm3) and the 1s  combined extracts were dried.
Evaporation of the solvent followed by distillation under reduced pressue
gave the pure product (90%) as a colourless oil b.p. 172-1750C C @ 0.2mmHg.
[aL] = -12A. The product was identified as: 20
OCK CH 2cHCOO0H3 <I 2 4,      3 25  Step 14 A mixtureof methyl
(S)-(-)-2-methoxy-3-phenylpropionatefrom step 13 (10mmol), aqueous 10%
potassium hydroxide (50cm3) and methanol (15cm3) was stirred overnight at
room temperature. The solution was cooled, acidified by the addition of
dil. hydrochloic acid and saturated with sodium chloride. The resulting
mixture was so shaken with ethyl acetate (2xSOcm3), the combined extracts
were dried and the solvent was evaporated to give the crude product. This
was purified by column chromatography on silica gel in a 5:1 mixture of
dichloromethane and methanol to give the pure product as a colourless oil
(95%) [al = -17.70 in chloroform. The dicyc- lohexylamine salt had
m.p.122-1240C. The product was identified as: 35 OCR '3 <cH2CH A COOH K)
40 Step 15 This was carried out using a scheme analogous to thatof step 3
with the acid of step 14 and the appropriate alcohol or phenol. The
following products were prepared: 45 OCR 60               ~~~~OCH bCH   C
CO      t Cgl          m[P  36C  0r    5    57 13
D~~~~~~~~A 25    -6.2 <-CH2CCOO44~-(~)-OCH017    D36C    5 Example 4. 55
Preparation of compounds of structure:    EP 0 334 845 B1 OCH 3 5 



by route A Stop 6 10 Borane - tetrahydrofuran complex (13m1 of a 1.OM
solution in tetrahydrofuran; 13mmol) was added slowly to a stirred solution
of (S)-(+)-2-methoxy-2-phenylacetic acid (1Ommol) prepared via step 2 In
dry tetrahydrofu- ran at OOC under an atmosphere of dry nitrogen. The
solution was sitrred for 3h and the reaction was quenched by the addition
of a 1:1 mixture of water ?5  and tetrahydrofuran (90mi). The resulting
solution was aturated with potassium carbonate, the layers were seprated
and the aqueous layerwasshakenwith ether(2x 50ml). Thecombined extractswere
dried and evapo- rated to give the crude product (84%) as a colourless oil,
b.p. 130-133 @ 0.005mmHg. [a] = +1180 in chloroform. The product was
Ideniffed as: 20 J ocROCH 25 Step 7 Esterification of the product of stop
CI with n-octyloxy biphenyl carboxylic acid was carried out using a scheme
analogous to that of step 3 above. 30 t  3200?OC-9-9-CSH17 35 was prepared
mp = 680C [Lil = + 6.50. Example 5. 40        Further examples of
ferroelectric smectic liquid crystal mixtures of the invention are listed
below. Mixture 5A 45                                  OCR3
Cj.HCH2CO0.O-(4>-Q-C6H17 was made into a mixture with the smectic mixture
Hi (identified In I.B.(i) above). The Pe was measured and 5c  extrapolated
to 100 % at two temperatures T below the So - SA transition. T
Ps -10         14.9 nCcn 2 -20         27.0 nCcm2 12    EP 0 334 845 B1
Mixture 5B 5   S           o                    &HC60-O--OCiOH21 Ps was
measured at two temperatures T below the So - SA transition in a mixture
consisting of a mixture of 10                       CCH7HeCO--OH2H  t' 2 5
and 15 OH '3 C10H210-O@-CHO-1j-Oa'CCZsH5 t 20 and extrapolated to 100 % of
the compound. T             Ps 25                                 -100
67 nCCm2 -20          100 nCcm2 Mixture 5C 30 The compound of the invention
used In mixture 5B was made Into a 10 wt% solution in a compound of for-
mula 3.5 of table 3 with RA being C8H17. Liquid crystal transitions (0C)
were: Sr-50-+Sc--74.3-+SA-*01.3-l (116.7 N) Ps extrapolated to 100 % at the
temperatures (OC) indicated, and tilt angle (0) of the Sc phase of the
mixture 35  were: T             Ps            Tilt 60            1L9
16 K>   4064.3                                           96           12 70
72            4 Mixture SD 45 The compound of the invention used in mixture
5B was made into a 5 wt % solution in Hi (see example IB(l)). Liquid
crystal transitions were: Sr-23.8O.Sc-494.2-+SA-+98.8S-N-*142-4l Ps
extraplated to 100 % at the temperatures indicated was: 50 5D (contd.)
T             Ps            Tilt 30         164             11.5 55
50          130            11.5 70          30             11.5 84.2
44              10.0 13    EP 0 334 845 B1 Mixture 5E ;
~~~~~~~~~~~~~OCR c                              bCH-COO           -O
H 9 was made into a 3 wt% solution In HI. Liquid cryatal transitions were:
25-Sc-95-+SA-102-*N-+146.5-I so   Ps extrapolated to 100 % at the
temperatures Indicated was: T             Pa             Tilt 50
33             9.5 15                            70            53
9. 0 35            21             7.0 Mixture 5F 20 The propylbicyclohexyl
compound prepared in example I was made up Into a 5 wt % solution in HI.
Liquid crystal transitions were: Solid-+28.+Sc..77-+SA.496-+N 142-+l Ps
extrapolated to 100 % and tilt at the temperatures indicated were: 25 T
Ps             Tilt 30            60              15 50            40
12 30                             eP 80  60                        9.5 77
24              7.0 35      An example of the use of a compound of Formula
I in a liquid crystal material and device embodying the present invention
will now be described with reference to Figure 3. In Figure 3 a liquid
crystal cell comprises a layer I of liquid crystal material exhibiting a
chiral smectic phase sandwiched between a glass slide 2 having a
transparent conducting layer 3 on its surface, eg of tin oxide or indium
oxide, and a glass slide 4 having a transparent conducting layer 5 on its
surface. The slides 2,4 bearing K)   40  the layers 3,5 are respectively
coated by films 6,7 of a polimide polymer. Prior to construction of the
cell the films 6 and 7 are rubbed with a soft tissue in a given direction
the rubbing directions being arranged parallel upon construction of the
cell. A spacer 8 eg of polymethyl methacrylate, separates the slides 2,4 to
the required distance, eg 5 microns. The liquid crystal material I is
introduced between the slides 2,4 to the required dist- ance, eg2 microns.
The liquid crystal material I is Introduced between the slides 2,4
byfilling the space between 45  the slides 2,4 and spacer 8 and sealing the
spacer 8 in a vacuum in a known way. Preferably the liquid crystal material
is In the smectic A, nematic or isotropic liquid phase (obtained by heating
the material) when it is intro- duced between the slides 2,4 to facilitate
alignment of the liquid crystal molecules with the rubbing directions on
the slides 2,4. A polarizer 9 Is arranged with its polarization axis
parallel to the rubbing direction on the films 8,7 and an so  analyzer
(crossed polarizer 10 Is arranged with its poarizatlon axis perpendicular
to that rubbing direction. When a square wave voltage (from a conventional
source not shown) varying between about +10 volts and -10 volts is applied
across the cell by making contact with the layers 3 and 5 the cell is
rapidly switched upon the change in sign of the voltage between a dark
state and a light state as explained above. In an alternative device (not
shown) based on the cell construction shown in Figure 3 the layers 3 and 5
sa   may be selectively shaped In a known way, eg by photoetching or
deposition through a mask, eg to provide one or more display symbols, eg
letters, numerals, words or graphics and the lIke as conventionally seen on
displays. The electrode portions formed thereby may be addressed in a
variety of ways which include multip- lexed operation. 14    *  -   EP O
334 845 B1                1111 lIl   l 111111111 111111 Claims 1. A
compound having a formula: 5                                          OgR
jiCH-(CH2);  Y-(CH2);  X where RI is C1.. alkyl, Y is COO or OOC, m, n and
p are Independently 0 or 1, provided that (mi  n + p) is no 10   more than
2, and when Y is OOC then p is 0, and X is a smectogenic group. 2. A
compound according to claim I where RI Is methyl. 3. A compound according
to claim I wherein X is selected from: 15             (F) (F)
(F) 0Q O R and                      it-R where R is C1.12 alkyl or alkoxy
and (F) indicates that the phenyl ring indicated may carry a lateral
fluorine sub- 20  stituent. 4. A compound according to claim 3 having a
formula: 25                                    6CH-COO-(CH2)- X where p is
O or 1. 5. A compound according to claim 4 having a formula: 30
OCH3       (F)  (F) 1 3~ e5CH--OOC&    R where R is C3 to C1O n-alkyl or
n-alkoxy. 35      8. A compound according to claim 4 having a formula: OCH3
@4)CH -COOCJ    R 40 where R Is C3 to C1O n-alkyl or n-alkoxy. 7. A
compound according to claim 4 having a formula: OCH3            (F)  (F) 45
) &5 CH-COO- -CH4    R where R is C3 to C10 n-alkyl or n-alkoxy. 8. A
compound according to claim 4 having a formula: 50 OCH3 CH- coo   R 65
(F) where R is C3 to C1O n-alkyl or n-alkoxy. 9. A compound according to
claim 3 having a formula: 15    EP 0 334 846 B1                    l 1II
MIE HIEI Ii   IIJ ill C   L   M   S PCH3 CH2-CH-COO-X 5       10. A
compound according to claim 9 having a formula: OCH3      (F)  (F) FCF-MG-
CHo - C OOK4    R 10 where R is C3 to C10 n-alkyl or n-aikoxy. 11. A
compound according to claim 3 having a formula, OjiCH3 6
>~~~~-CH-c2-cOO-x 12. A compound according to claim 11 having a formula: 20
)>                                        2CH3             (F)  (F) S CG-
CH2-              COOL4-    R 25   where R is Ca to C10 n-alkyl or
n-alkoxy. 13. A compound according to claim 3 having a formula, ?CH3 30
@- CH-CH2-OOC-X where R is C3 to C1O n-alkyl or n-alkoxy. 14. A compound
according to claim 13 having a formula: 35 OCH3             (F)  (F) 40
where R is C3 to C1O n-alkyl or n-alkoxy. 15. A ferroelectric smectic
liquid crystal material being a mixture of compounds, characterised in that
at least one of the said compounds Is a compound of formula I below: 4C
<0-(CH2)-CH{-(CH2)-Y-(CH2)-X             Formula I where R1 is alkyl, Y is
selected from -COO- or-OOC-; m, n and p are independently 0 or 1, provided
that (m+nep) o   is no more than 2, and when Y is OOC then p is 0; and X is
a mesogenic group, the compound 15 (contd.) of formula I being in an
optically active or racemic form. 16. A ferroelectric smectic liquid
crystal material being a mixture of compounds, chacterised in that at least
one of the said compounds Is a compound as claimed in any one of claims 3
to 14 in an optically active or racemic form. 5s      17. A material
according to claim 16, characterised that In addition to the compound as
claimed in any one of claims 3 to 14 it also contains at least one compound
of formula:    EP 0 334 845 R1                   f I!III   III  I JIlI
111111 * C   L   M   S * F--Q C O -B 5 where RA and R3 are independently C0
to C12 n-alkyl or n-alkoxy. 18. An electro-optical display device
characterised In that it uses a liquid crystal material as claimed in claim
15. 10 Patentanspruiche 1. Verbindung der Formel 15 ORL e -CHj.)
VCH-(CH{2);-  (CH 2)rDX 20  worin RI C1- FAlkyl und y COO oder OOC
bedeuten, m, n und p unabhAngig voneinander 0 oder I sind, sofem (m+n+p)
nicht grSBer Ist als 2, und wenn Y = OOC ist, p = 0 und X ehe smektogene
Gruppe ist. 2. Verbindung nach Anspruch 1, worin RI Methyl ist. 3.
Verbindung nach Anspruch 1, wobel X ausgewahit wird unter 2s        {F) (F)
26                ,         P-..CJW....R   und            (F) 30   worin R
CI1..zAlkyl oder C, .1-Alkoxy ist und (F) bedeutet, daB der angegebene
Phenyiring einen Fluorsubsti- tuenten enthalten kann. 4. Verbindung nach
Anspruch 3 mit der Formal 38                                      OCR3 gC
&-co(CIE12);  X Worin p = 0 oder 1 lst. 40      5. Verbindung nach Anspruch
4 mit der Formel OCH3      (F)  (F) 4s                       F~~~CH-COO-@~
R worm R C31vn-Alkyl odor Cs-Icrn-Alkoxy ist. 6. Verbindung nach Anspruch 4
mit der Formal 50 OCH3 4CH-COOO{) R-. 55   worln R C&irfln-Alkyl oder Cs3-
n-Alkoxy ist. 7. Verbindung nach Anspruch 4 mit der Formel 17    I *Mllcl
llll lll ll llll D l! OCH     E        (F)  (F)                   I
1 - CH-COO-CHj- 4                      R 5 worin R C3a-n-AJky1 odor
Ci1rrn-Alkoxy bt. 8. Verbhndung nach Anspruch 4 mit der Formel 10
OCH3 CH- COO     R (F) 15   worn R Cs- n-Alkyl odor C3-rn-Alkoxy lot 9.
Verbindung nach Anspruch 3 mit der Formal OCH 20
3 j   CH-iCH-OO-X 10. Verbindung nach Anspruch 9 mit der Formel 25 OCH3
(F)  (F) -CH2- C -COO -                     R 30   worin R CGIrn-Alkyl oder
Cr10-n-Alkoxy bst 11. Verbindung nach Anspruch 3 mit der Formel OCH3
3C5H-CH2-COO-X 12. Verbindung nach Anspruch 11 mit der Formel 40 OC"3
(F)   (F) @CH  C2   a ~                          B, 45   worin R
C3il-n-AJkyi odor C3un-Alkoxy bst 13. Verbindung nach Anspruch 3 mit der
Formrl OCH3 60                                    i 1Mf CH-CH2-COC-X worin
R C31fcrn-Alkyl odor C-trfln-Alkoxy bst 14. Verbindung nach Anspruch 13 mit
der Formel 55    EP0334 845 51                  I lIlillJ lIIIII liiJI
tilil!I ll lIl * C   L  M S* OCH3             (F)  (F)
_-H-C]Hi-00--oo--b...J-- R 5 worin R C3irf-n-Alkyl oder C3 10-n-Alkoxy et.
15. Ferroelektrisches smektisches Flfissigkristailmaterial, das eln Gemisch
von Verbindungen Ist, dadurch gekennzeichnet, daR mindestens eine der
Verbindungen sine Verbindung der untenstehenden Formel I Ist '10 Oft
Formula I (0C (H2)-CHl-(CH2)-Y-(CH2)-Xosu 15 worin R. Alkyl ist, Y
ausgewahit wird unter -COO- odor -OOC-, m, n und p unabhangig voneinander 0
oder I sind, sofern (m+n+p) nicht groBer lst als 2, und wenn Y OOC Ist, p =
0 ist; X sine mesogene Gruppe ist, wobel die Verbindung der Fonmel I in
einer optisch aktliven odor racemischen Form voriegt. 16. Ferroelektrisches
smektlisches Flflssigkristallmaterial, das ein Gemisch von Verbindungen
lot, dadurch 20  gekennzeichnet, daB mindestens sine derVerbindungen sine
Verbindung nach einem derAnsprOche 3 bis 14 in optisch aktiver oder
racemischer Form ist. 17. Material nach Anspruch 16, dadurch
gskennzeichnet, daB es zusatzlich zu der in elmem derAnspruche 3 bis 14
beanspruchten Verbindung such mindestens sine Verbindung der Formel 25
RA-g-&C(0- -RB 30  enthalt, worln RA und RB unabhAngig voneinander
C1.12-n-Alkyl- oder C-1.1-n-Alkoxygruppen sind. 18. Elektrooptische
Anzeigevorrichtung, dadurch gekennzelchnot, dal bei ihr sin
Flissigkristallmaterial nach Anspruch 15 verwendet ist. 35   Revendications
1. Compos6 repondant A la laonule: OR1     t(CH  ),- CH-(CH2)- Y-(CH2) -X
dans laquelle R1 repr6sente un groups allyle en C1 A Cr, Y repr6sente COO
ou OOC, les indices m, n et p valent 45  chacun, ind~pendamment 0 ou 1, A
la condition que la somme (m+nsp) ne soit pas sup6rieure A 2 et, lorsque Y
repr~sente OOC, quo p soit nul, et X represente un groupe smectogene. 2.
Compose selon la revendication 1, dans lequel R1 reprhsente un groups
methyle. 3. Compos6 solon la revendication 1, dans lequel X est choisl
parmi 50 (F) (F)                                          (F) R Cet
-1 R 55   oO R repr~sente un groups allyle ou alcoxy en C1 A C12, et (F)
indique que Is noyau phenylique indiqu6 pout porter un substituant fluor
latiral. 4. Compose selon la revendication 3, repondant a la formule: 19
EP 0 334 845 BI                   1       111111 11111 11111 111111 *   C
L  M   S  * .CH CH-COO--(CH2)p-X 5 dans laquelle p eat nul ou vaut 1. 5.
Compose selon la revendicaffon 4, r6pondant A la formule: 10
OCH3       (F)  (F) 10                         O@*CHm R dans laquelle R
repr6sentb un groups n-alkyle ou n-alcoxy en C3 A C10. 15      6. Compos6
selon la revendicatfon 4, r6pondant A la formula: OCH -CH-COO   90    R 20
dans laquelle R repr6sente un groupe n-alkyle ou n-alcoxy en C3 A C1O. 7.
Compose selon la revendicatfon 4, r6pondant A la formula 2s
(OCH              (F)  (F) CH - cOO-CH ---(            >  R 3o  dans
laquelle R represente un group. n-alkyle ou n-alcoxy en C3 a C10. 8.
Compose selon la revendlcation 4, repondant d la formula: OCH3 35~~~~ CH-OO
R (F) dans laquelle R representa un groupe n-alkyle ou n-alcoxy an C3 A
C1O. ;y'    40    9. Compose selon la revendication 3, repondant a la
formula: OCH3 CH2-CH-COO-X 4S 10. Compose selon la revendication 9,
repondant a la formula 50                                      OCH3
(F)  (F) -CHj-- -COCH -JCoo*- R 5S   dans laquelle R represente un groupa
n-alkyle ou n-alcoxy en C3 A C10. 11. Compose selon la revendication 3,
r6pondant a la formule 20    EP 0 334 845 B1                     . |
||||[| |||||  (||||   l||| * C   L  M   S* OCH3 J
61~~~~~~-H-CE1-OO-X 5 12. Compos6 selon la revendication 11, repondant a la
formula OCH3            (F)  (F) 10                      f ~~eCH
-C822co-4C0  R dans laquelle R represente un groupe n-alkyle ou n-alcoxy an
C3 a C10. 13. Compose selon la revendication 3, repondant a la formule 15
OCH3 @-CH---CH2--OOC-X 20 dans laquelle R reprhsento un groups n-alkyle ou
n-alcoxy en Ca a C1O. 14. Compos6 selon la revendicatlon 13, r6pondant a la
formula: 25                                OCH3             (F)  (F) 1 3
~~~~~R dana laquelle R representb un groups n-alkyle ou n-alcoxy en Cs a
C10. 30      15. Matibre smectique ferro6lectrique i proprietes de cristaux
liquides, qui eat un m6lange de compos6s et est caracterls6e en ce qu'au
moins l'un desdits composes est un compos6 de formula I ci-apr15: on 86
1 <-(Cn,)-cn-(CH2 )-Y-(CcH2)-X             Formule I a     ~n         p
(dana laquelle RI representb un groups alkyle ; Y est cholsi parmi -COO- ou
-OO- ; m, n et p valent, ind6- Ko   pendamment, chacun 0 ou 1, ai la
condition quo la somme (m+n+p) ne soit pas superieure A 2, et, lorsque Y
represento OOC, qua p soit nul ; et X ost un groups mesogene), le composa
de formule I etant sous forms optiquement active ou rac6mique. 16. Matiere
smectique ferroilectrique a proprietes de cristaux liquldes, qui eat un
melange de composas at esat caracteris6e en ce qu'au moins l'un deadits
composes est un compos6 tbl qua revendiqu6 dans l'une 45  quelconque des
revendications 3 A 14, sous forme optiquement active ou raocmique. 17.
Matibre selon la revendication 18, caracteris6e en co qu'en plus du compos6
revendiqu6 dans l'une quelconque des revendications 3 a 14, cotte matibre
contient aussi au moins un compos6 de formule F' RA4- --R dans laqualle RA
et R3 representent chacun, independamment, un groups n-alkyle ou n-alcoxy
en C, a C12. 55      18. Dlspositif d'affichage electro-optique,
caracterise en ce qu'il utilise une matiere a propri6tes de cristaux
liquides, tells quo revendiquee a la revendication 15. 21    


