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Description

[0001] This invention concerns novel liquid crystal polymers (LCP) materials, novel intermediates and methods for
preparing them.
[0002] Liquid crystals can exist in various phases. In essence there are three different classes of liquid crystalline
material, each possessing a characteristic molecular arrangement. These classes are nematic, chiral nematic (chol-
esteric) and smectic. A wide range of smectic phases exists, for example smectic A and smectic C. Some liquid crystal
materials possess a number of liquid crystal phases on varying the temperature, others have just one phase. For
example, a liquid crystal material may show the following phases on being cooled from the isotropic phase:- isotropic
- nematic - smectic A - smectic C - solid. If a material is described as being smectic A then it means that the material
possesses a smectic A phase over a useful working temperature range.
[0003] Materials possessing a smectic A (SA) phase may exhibit an electroclinic effect. The electroclinic effect was
first described by S Garoff and R Meyer, Phys. Rev. Lett., 38, 848(1977). An electroclinic device has also been described
in UK patent application GB-2 244 566 A. This particular device helps to overcome the poor alignment problems of
electroclinic (EC) devices using a surface alignment that gives a surface tilt within a small range of angles.
[0004] When a smectic A phase is composed of chiral molecules, it may exhibit an electroclinic effect, i.e. a direct
coupling of molecular tilt to applied field. The origin of the electroclinic effect in a smectic A phase composed of chiral
polar molecules has been described by Garoff and Meyer as follows. The application of an electric field parallel to the
smectic layers of such a smectic A phase biases the free rotation of the transverse molecular dipoles and therefore
produces a non-zero average of the transverse component of the molecular polarisation. When such a dipole moment
is present and coupled to the molecular chirality, a tilt of the long molecular axis (the director) is induced in a plane
perpendicular to the dipole moment.
[0005] In thin samples, for example 1-3mm, and with the smectic layers tilted or perpendicular with respect to the
glass plates the electroclinic effect is detectable at low applied fields.
[0006] In an aligned smectic A sample a tilt of the director is directly related to a tilt of the optic axis. The electroclinic
effect results in a linear electro-optic response. The electro-optic effect can manifest itself as a modulation of the
effective birefringence of the device.
[0007] Electroclinic (EC) devices are useful, for example, in spatial light modulators having an output that varies
linearly with applied voltage. A further advantage of EC devices is that they have high speed response times, much
faster than twisted nematic type devices. One known type of ferroelectric device is bistable, in contrast the EC device
is not bistable and has an output that varies linearly with applied voltage.
[0008] The electroclinic effect is sometimes referred to as the soft-mode effect see G Andersson et al in Appl. Phys.
Lett., 51, 9, (1987).
[0009] In general terms, regarding the electroclinic effect, it is advantageous if on applying a small voltage there
results a large induced tilt. An increase in induced tilt may result in an increase in contrast ratio. It is also advantageous
if a large induced tilt can be obtained at as low a voltage as possible.
[0010] It is also advantageous if the relationship between molecular induced tilt and applied voltage is temperature
independent. When an increase in applied voltage results in little or no change in induced tilt then the material being
tested is generally referred to as exhibiting a saturation voltage effect.
[0011] By SA* is meant a SA phase which contains some proportion of chiral molecules.
[0012] Cholesteric or chiral nematic liquid crystals possess a twisted helical structure which is capable of responding
to a temperature change through a change in the helical pitch length. Therefore as the temperature is changed, then
the wavelength of the light reflected from the planar cholesteric structure will change and if the reflected light covers
the visible range then distinct changes in colour occur as the temperature varies. This means that there are many
possible applications including the areas of thermography and thermooptics.
[0013] The cholesteric mesophase differs from the nematic phase in that in the cholesteric phase the director is not
constant in space but undergoes a helical distortion. The pitch length for the helix is a measure of the distance for the
director to turn through 360°.
[0014] By definition, a cholesteric material is chiral material. Cholesteric materials may also be used in electro-optical
displays as dopants, for example in twisted nematic displays where they may be used to remove reverse twist defects.
They may also be used in cholesteric to nematic dyed phase change displays where they may be used to enhance
contrast by preventing wave-guiding.
[0015] Thermochromic applications of cholesteric liquid crystal materials usually use thin film preparations of the
materials which are then viewed against a black background. These temperature sensing devices may be placed into
a number of applications involving thermometry, medical thermography, non-destructive testing, radiation sensing and
for decorative purposes. Examples of these may be found in D G McDonnell in Thermotropic Liquid Crystals, Critical
Reports on Applied Chemistry, Vol. 22, edited by G W Gray, 1987 pp 120-44; this reference also contains a general
description of thermochromic cholesteric liquid crystals.
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[0016] Generally, commercial thermochromic applications require the formulation of mixtures which possess low
melting points, short pitch lengths and smectic transitions just below the required temperature-sensing region. Prefer-
ably the mixture or material should retain a low melting point and high smectic - cholesteric transition temperatures.
[0017] In general, thermochromic liquid crystal devices have a thin film of cholesterogen sandwiched between a
transparent supporting substrate and a black absorbing layer. One of the fabrication methods involves producing an
'ink' with the liquid crystal by encapsulating it in a polymer and using printing technologies to apply it to the supporting
substrate. Methods of manufacturing the inks include gelatin microencapsulation, US patent 3,585,318 and polymer
dispersion, US patents 1,161,039 and 3,872,050. One of the ways for preparing well-aligned thin-film structures of
cholesteric liquid crystals involves laminating the liquid crystal between two embossed plastic sheets. This technique
is described in UK patent 2,143,323.
[0018] Ferroelectric smectic liquid crystal materials, which can be produced by mixing an achiral host and a chiral
dopant, use the ferroelectric properties of the tilted chiral smectic C, F, G, H, I, J and K phases. The chiral smectic C
phase is denoted SC* with the asterisk denoting chirality. The SC phase is generally considered to be the most useful
as it is the least viscous. Ferroelectric smectic liquid crystal materials should ideally possess the following character-
istics: low viscosity, controllable spontaneous polarisation (Ps) and an SC phase that persists over a broad temperature
range which should include ambient temperature and exhibits chemical and photochemical stability. Materials which
possess these characteristics offer the prospect of very fast switching liquid crystal containing devices. Some applica-
tions of ferroelectric liquid crystals are described by J S Patel and J W Goodby in Opt. Eng., 1987, 26, 273.
[0019] In ferroelectric liquid crystal devices the molecules switch between different alignment directions depending
on the polarity of an applied electric field. These devices can be arranged to exhibit bistability where the molecules
tend to remain in one of two states until switched to the other switched state. Such devices are termed surface stabilised
ferroelectric devices, e.g. as described in US 5061047 and US 4367924 and US 4563059. This bistability allows the
multiplex addressing of quite large and complex devices.
[0020] In an antiferroelectric state, the molecules in the neighbouring layers have a similar tilt value but in the opposite
sense and the spontaneous polarisations in neighbouring layers point almost in opposite directions, cancelling each
other out. In antiferroelectric liquid crystal devices (AFLCDs), the molecules show tristable switching between a third
state (with the antiferroelectric-like ordering) and, depending upon the polarity of the applied electric field, one of the
bistable states (with ferroelectric-like ordering). A review of the nature of antiferroelectric chiral smectic liquid crystals
and their applications is given in J. Mater. Chem., 1994, 4, 997-1016 (A. Fukuda, Y. Takanishi, T. Isozaki, K. Ishikawa
and H. Takezoe).
[0021] One common multiplex display has display elements, i.e. pixels, arranged in an X, Y matrix format for the
display of for example alpha numeric characters. The matrix format is provided by forming the electrodes on one slide
as a series of column electrodes, and the electrodes on the other slide as a series of row electrodes. The intersections
between each column and row form addressable elements or pixels. Other matrix layouts are known, e.g. seven bar
numeric displays.
[0022] There are many different multiplex addressing schemes. A common feature involves the application of a
voltage, called a strobe voltage to each row or line in sequence. Coincidentally with the strobe applied at each row,
appropriate voltages, called data voltages, are applied to all column electrodes. The differences between the different
schemes lies in the shape of the strobe and data voltage waveforms.
[0023] Other addressing schemes are described in GB-2,146, 473-A; GB-2,173,336-A;
GB-2,173, 337-A; GB-2, 173629-A; WO 89/05025; Harada et al 1985 S.I.D. Paper 8.4 pp 131-134; Lagerwall et al
1985 I.D.R.C. pp 213-221 and P Maltese et al in Proc 1988 I.D.R.C. pp 90-101 Fast Addressing for Ferroelectric LC
Display Panels.
[0024] The material may be switched between its two states by two strobe pulses of opposite sign, in conjunction
with a data waveform. Alternatively, a blanking pulse may be used to switch the material into one of its states. Period-
ically the sign of the blanking and the strobe pulses may be alternated to maintain a net d.c. value.
[0025] These blanking pulses are normally greater in amplitude and length of application than the strobe pulses so
that the material switches irrespective of which of the two data waveforms is applied to any one intersection. Blanking
pulses may be applied on a line by line basis ahead of the strobe, or the whole display may be blanked at one time,
or a group of lines may be simultaneously blanked.
[0026] It is well known in the field of ferroelectric liquid crystal device technology that in order to achieve the highest
performance from devices, it is important to use mixtures of compounds which give materials possessing the most
suitable ferroelectric smectic characteristics for particular types of devices.
[0027] Devices can be assessed for speed by consideration of the response time vs pulse voltage curve. This rela-
tionship may show a minimum in the switching time (tmin) at a particular applied voltage (Vmin). At voltages higher or
lower than Vmin the switching time is longer than tmin. It is well understood that devices having such a minimum in their
response time vs voltage curve can be multiplex driven at high duty ratio with higher contrast than other ferroelectric
liquid crystal devices. It is preferred that the said minimum in the response time vs voltage curve should occur at low
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applied voltage and at short pulse length respectively to allow the device to be driven using a low voltage source and
fast frame address refresh rate.
[0028] Typical known materials (where materials are a mixture of compounds having suitable liquid crystal charac-
teristics) which do not allow such a minimum when included in a ferroelectric device include the commercially available
materials known as SCE13 and ZLI-3654 (both supplied by Merck UK Ltd, Poole, Dorset). A device which does show
such a minimum may be constructed according to PCT GB 88/01004 and utilising materials such as e.g. commercially
available SCE8 (Merck UK Ltd). Other examples of prior art materials are exemplified by PCT/GB 86/00040, PCT GB
87/00441 and UK 2232416B.
[0029] The unit that is the basic building block of a polymer is called a monomer.
[0030] The polymerisation process i.e. the formation of a polymer from its constituent monomers does not usually
create polymers of uniform molecular weight, rather what is created is a distribution of molecular weights. In order to
describe a sample of polymer it is necessary to state the average number of repeating monomer units in a polymer,
this is called the degree of polymerisation (DP). By how much the majority of polymer molecules differ from this average
value (or to describe the spread of molecular weight) is called the polydispersity.
[0031] A number of different average molecular weights can be obtained from gel permeation chromatography (GPC)
for a given sample including: Mn - number average molecular weight and Mw - weight average molecular weight. The
value used to calculate DP is Mn and polydispersity is usually defined as Mw/Mn.
[0032] Polymers may contain different types of repeating monomer units, in which case the polymer is called a co-
polymer. If two types of monomer units join in a random fashion then the polymer is called a random co-polymer. If the
two monomer units form short sequences of one type first which then combine to form the final polymer then a block
copolymer results. If short sequences of one of the monomer units attach themselves as side chains to long sequences
consisting of the other type of monomer units then the polymer is referred to as a graft copolymer. A graft polymer is
made up of repeating monomer units which contain an active site. This active site can then be used to attach a variety
of moieties to the polymer backbone.
[0033] In liquid crystal (LC) polymers the monomers can be attached together in essentially two ways. The liquid
crystal part or mesogenic unit of the polymer may be part of the polymer backbone resulting in a main chain LC polymer.
Alternatively, the mesogenic unit may be attached to the polymer backbone as a pendant group; this results in a side-
chain LC polymer. These different types of polymer liquid crystal are represented schematically below. The mesogenic
units are depicted by the rectangles.

[0034] The side chain liquid crystal polymer can generally be thought of as containing a flexible polymer backbone
with rigid segments (the mesogenic unit) attached along its length by flexible (or rigid) units. It is the anisotropic, rigid
section of the mesogenic units that display orientational order in the liquid crystal phases. In order to affect the phases
exhibited by the liquid crystal and the subsequent optical properties there are many features which can be altered,
some of these features are particularly pertinent to side-chain liquid crystal polymers. One of these features is the
flexible group that joins the mesogenic unit to the polymer backbone which is generally referred to as the spacer group.
The length and flexibility of this spacer group can be altered.
[0035] A number of side-chain liquid crystal polymers are known, for example see GB 2146787 A.
[0036] Liquid crystal polyacrylates and polymethacrylates are a known class of liquid crystal polymer (LCP). LCPs
are known and used in electro-optic applications, for example in pyroelectric devices, non-linear optical devices and
optical storage devices. For example see GB 2146787 and Makromol. Chem. (1985) 186, 2639-47.
[0037] Side-chain liquid crystal polyacrylates and polymethacrylates are described in Polymer Communications
(1988), 24, 364-365 e.g. of formula:
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where (CH2)m is the flexible spacer group and X is the side-chain mesogenic unit and R is hydrogen or methyl.
[0038] Side-chain liquid crystal polychloroacrylates are described in Makromol. Chem. Rapid Commun. (1984), 5,
393-398 e.g. of formula:

where R is chlorine.
[0039] Patent Application PCT GB 94/00662 describes amongst other things the use of the Baylis-Hillman Reaction
to make a range of novel liquid crystal polymers.
[0040] A method for the preparation of polyacrylate homo- or co-polymers having the following repeat unit is described
in UK patent application GB 9203730.8

R1 and R2 are independently alkyl or hydrogen, R3 is alkyl, hydrogen or chlorine, m is O or an integer I-20, W is a
linkage group COO or OOC or O and X is a mesogenic group.
[0041] One of the main problems with liquid crystal polymers is that they are extremely difficult to align in devices.
Essentially there are two techniques which have been used for aligning liquid crystal polymers. It is possible to try to
align the liquid crystal polymer in a similar manner as a low molar mass liquid crystal, which is described in more detail
below. Alternatively, mechanical techniques can be used such as shearing. Typically mechanical shearing is performed
over hot rollers, this technique is generally only suitable for flexible substrates. It is possible to shear a sample between
glass slides however the glass slides cannot be sealed in the conventional manner.
[0042] Materials and Assembling Process of LCDs by Morozumi in Liquid Crystals Applications and uses, vol. 1 Ed.
Bahadur, World Scientific Publishing Co, Pte. Ltd, 1990 pp 171-194 and references therein as the title suggests dis-
cusses methods for assembling liquid crystal devices.
[0043] The technique for aligning low molar mass liquid crystals is typically as follows. Transparent electrodes are
fabricated on the surfaces of the substrates, the substrates typically being made of glass e.g. glass slides. In twisted
nematic or super twisted nematic devices, for example, an alignment process is necessary for both substrates. A thin
alignment layer is deposited to align the liquid crystal molecules, typically either organic or inorganic aligning layers
are used, for example SiO deposited by evaporation is a typical inorganic alignment layer. One method to form the
alignment layer involves rubbing the surface by textures or cloths. Polyimides have also been employed for the surface
alignment of layers. Polyimide is coated onto the substrates bearing electrodes by a spinner and then cured to form a
layer of approximately 50nm thickness. Then each layer surface is repeatedly rubbed in substantially one direction
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with an appropriate material. If the liquid crystal molecules are deposited on this layer they are automatically aligned
in the direction made by the rubbing. It is often preferable if the molecules possess a small angle pre-tilt typically 2-3°.
Higher pre-tilts are sometimes required.
[0044] The two substrates are then fixed together for example by adhesive and are kept separate by spacing mate-
rials. This results in uniform and accurate cell spacing. A typical adhesive is an epoxy resin. This sealing material is
usually then precured. The electrodes may then be precisely aligned for example to form display pixels. The cell is
then cured at, for example 100-150°C. At this point the empty liquid crystal cell is complete.
[0045] It is at this point that the cell is filled with the liquid crystal material. The opening size in the sealing area of
the liquid crystal cell is rather small therefore the cell can be evacuated, for example in a vacuum chamber, and the
liquid crystal material forced into the cell via gas pressure. More than one hole in the sealing area may be used. The
empty cell is put into a vacuum chamber and then the vacuum chamber is pumped down. After the cell has been
evacuated the open region of the sealant is dipped into the liquid crystal material and the vacuum chamber is brought
back to normal pressure. Liquid crystal material is drawn into the cell as a result of capillary action, external gases can
be applied to increase the pressure. When the filling process is complete the hole or holes in the sealant is/are capped
and the cell is cured at a temperature above the liquid crystal material clearing point to make the liquid crystal molecular
alignment stable and harden the capping material.
[0046] Polymer liquid crystal molecules tend to be more viscous than low molecular weight liquid crystal materials
and are therefore more difficult to align and more difficult to fill into devices. Only liquid crystal polymers with low
molecular weights can be flow filled into a cell, and once a degree of polymerisation greater than around 30 or 40
repeat units is reached, most liquid crystal polymers become so viscous that flow filling cells is extremely difficult. Much
slower cooling is needed in order to try and align liquid crystal polymers and this usually results in poor uniformity of
alignment.
[0047] Poorly aligned liquid crystal molecules do not result in the fast switching high contrast materials and devices
that are generally required.
[0048] The above techniques are suitable for many liquid crystal materials including those devices which use liquid
crystal materials which exhibit and utilise the smectic mesophase e.g. ferroelectrics. Suitable alignment techniques
may also be found in GB 2210469 B.
[0049] Devices containing ferroelectric liquid crystal mixtures can exhibit fast switching times (faster than 100ms),
Clark and Lagerwall, Appl. Phys. Lett., 36, 89, 1980. They can be bistable which means that they can be multiplexed
at high levels using a line-at-a-time scan technique. Ferroelectric materials continue to receive a large amount of
investigative attention due to their application in high resolution flat panel displays. An important feature of devices
containing liquid crystalline materials is that they should exhibit a fast response time. The response time is dependent
on a number of factors, one of these being the spontaneous polarisation, denoted Ps (measured in nC cm-2). By adding
a chiral dopant to the liquid crystalline mixture the value of Ps can be increased, thus decreasing the response time
of the device. Ferroelectric smectic liquid crystal materials, which can be produced by mixing an achiral host and a
chiral dopant, use the ferroelectric properties of the tilted chiral smectic C, F, G, H, I, J, and K phases. The chiral smectic
C phase is denoted SC* with the asterisk denoting chirality. The SC* phase is generally considered to be the most
useful as it is the fastest switching. It is desirable that the material should exhibit a long pitch chiral nematic (denoted
N*) and SA phase at temperatures above the chiral smectic phase in order to assist surface alignment in a device
containing liquid crystalline material. Ferroelectric smectic liquid materials should ideally possess the following char-
acteristics: low viscosity controllable Ps and an SC* phase that persists over a broad temperature range, which should
include ambient temperature, and exhibits chemical and photochemical stability. Materials which possess these char-
acteristics offer the prospect of very fast switching liquid crystal containing devices.
[0050] Ferroelectric LCDs by Dijon in Liquid Crystals Applications and Uses, vol. 1 Ed. Bahadur, World Scientific
Publishing Co. Pte. Ltd, 1990 pp 350-360 and references therein discusses alignment processes for smectic phases
for low molar mass materials. The filling of cells is believed to be possible only in the isotropic or nematic phase due
to the viscosity of smectic phases. Generally materials with the following phase sequence give good alignment

whereas materials with the following phase sequences are more difficult to align:

[0051] Typically, therefore, in order to use a liquid crystal material in the smectic phase it will involve heating the
material to the nematic or isotropic phase and allowing it to cool slowly into an aligned smectic state. Should this

I  N*  SA  SC* or I  SA  SC*

I  N*  SC*
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technique be applied to a polymer liquid crystal material then the cooling time is usually very much longer in order to
assist the alignment, though very often the alignment is poor.
[0052] There is a continued need for new liquid crystal polymers which possess the properties that allow them to be
used in devices including one or more of the known electro-optic devices.
[0053] The current invention seeks to provide methods for the synthesis of some known and some novel compounds
it also relates to the provision of what are believed to be novel materials.
[0054] According to this invention a method is provided for the synthesis of compounds of general formula I:

m is from 5 - 150
X and Y are independently selected from:

CN, H, OH, COCH3, CO2H, CO2R1 where R1 is C1-12 alkyl, NCS, SCN, CF3, CH2X where X is F, CI, Br, OH, CHF2
and the formula IB:

wherein J for each X and Y group is independently selected from: CH2, single covalent bond, OOC, CO2, O, CH2O,
OCH2, CH2CO2, CH2OOC;
p = 1-20;
L for each X and Y group is independently selected from: O, CH2, OCO, CO2, S, NH;

is defined by formula IC:

rings A, B and C are independently selected from phenyl, cyclohexyl, pyridine and pyrimidine and may be independently
of each other substituted with at least one of Cl or F; linking groups A and B may be selected from single bond, CO2,
OOC, CH2O, OCH2, CH2CH2, C;C;
Z is selected from CN, F, Cl, NO2, R, OR, CO2R, CF3, OOCR, NCS, SCN, where R = straight chain or branched chain
alkyl and may include from 1-16 carbon atoms and including where one or more non-adjacent CH2 groups may be
substituted by CH(CN), CH(CF3), CH(Cl), CH(CH3) in chiral or non-chiral form;
provided that at least one of X is selected from IB;
said method comprising the polymerisation of general formula II:
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wherein X and Y are as defined for formula I.
[0055] The compounds described by general formula II may be synthesised via the so-called Wittig-Homer reaction,
see J. Villieras, M. Rambaud, Synthesis, 1982, page 924.
[0056] According to a further aspect of this invention, compounds of formula I are provided with the proviso that if X
is chosen from IB then Y is other than CN, COCH3, CO2R1, CF3, wherein R1 is C1-12 alkyl.
[0057] The materials of the present invention may be any of the known types of polymer including homo-polymers
or co-polymers.
[0058] The invention will now be described with reference to the following diagrams by way of example only:

Figures 1-9: synthetic scheme for the preparation of compounds described by the current invention.
Figure 10: illustrates a liquid crystal device.
Figure 11: illustrates a pyroelectric device.
Figures 12 and 13: illustrate front and sectional views respectively of a reflective spatial light modulator drawn to
different scales, in which the materials of the current invention may be incorporated.

[0059] The following compounds, by way of example, were synthesised according to the present invention. Details
of their transition temperatures are also provided.

GPC Data

R Mn Mw Mw/Mn DP

*CH(CH3)C6H13 5060 9560 1.9 8
CH(C3H7)C3H7 6360 7210 1.1 10
CH2*CHC(CH3)C2H5 6580 7490 1.1 11
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Experimental

[0060] The following general methods can be used in Figures 1-9.

Figure 1

Step 1.1

[0061] Triethyl phosphite (0.5mol) and the substituted bromomethane (0.5mol) were heated at 140-150°C for 4h.
The pure phosphonate ester was obtained by distillation under reduced pressure.

Step 1.2

[0062] To a stirred mixture of the phosphonate ester (0.280mol) and 30% aqueous formaldehyde (110ml) was added
slowly, a saturated solution of potassium carbonate (96.0g). Once addition was complete the mixture was stirred for a
further hour before saturated ammonium chloride solution (150ml) was added. The product was extracted into diethyl
ether (3 x 50 ml) and the combined ethereal solutions dried over anhydrous magnesium sulphate. The solvent was
removed by evaporation under reduced pressure and the pure product obtained by distillation under reduced pressure.

Step 1.3

[0063] To a mixture of compound 1 (0.1mol) and 4-nitrobenzoic acid (0.1mol) dissolved in dry dichloromethane was
added dicyclohexylcarbodiimide (DCC) (0.1mol) and 4-(dimethylamino)pyridine (DMAP) (1.4g). The mixture was stirred
at room temperature until the reaction was complete, as indicated by tlc, after which the solid residue was filtered off

GPC Data

R Mn Mw Mw/Mn DP

*CH(CH3)C6H13 6650 8900 1.3 10
CH(C3H7)C3H7 7230 9840 1.4 11
CH2*CHC(CH3)C2H5 6990 8280 1.2 11
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and the solvent removed by evaporation under reduced pressure.
[0064] Product 2 was purified by column chromatography (silica gel, dichloromethane) and recrystallisation.

Figure 2

Step 2.1

[0065] The appropriate alcohol (8mmol) and sodium hydride (10mmol) were stirred in dry THF (10ml) for 0.5h. The
resultant solution was then added dropwise to a stirred solution of compound 2 (8mmol) in dry THF (15ml) and the
reaction mixture was stirred for 1h at room temperature. Water was carefully added to the reaction mixture and the
THF layer was separated and dried (MgSO4). The product was purified by column chromatography (silica gel, dichlo-
romethane) and recrystalisation.

Figure 3

Step 3.1

[0066] The appropriate benzyl w-bromoalkanoate (0.3mol), substituted phenol (0.27mol) and potassium carbonate
(0.6mol) in DMF (200ml) were heated gently under reflux for 24h. The solution was allowed to cool to room temperature
and the solid residue was filtered off and washed with DMF (3x100ml). The combined DMF solutions were evaporated
under reduced pressure and the resulting off-white solid was dissolved in dichloromethane (300ml). This solution was
washed with water (3 x 150ml) and dried over anhydrous magnesium sulphate before the solvent was removed in
vacuo to yield the pure product.

Step 3.2

[0067] The compound from step 3.1 (0.02mol) and 10% Pd on charcoal (1.0g) were dissolved in THF/ethanol and
the vessel was evacuated. Once evacuation was complete, the vessel was filled with hydrogen. This process was
repeated three times before finally being filled with hydrogen and stirred at room temperature until no further hydrogen
was consumed. The mixture was passed through a bed of 'Hyflo Supercel' filter aid to remove the catalyst and the
solvent removed in vacuo. The pure product was obtained as an oil by column chromatography (silica gel) using dichlo-
romethane as eluent.

Step 3.3

[0068] The method used in Step 3.3 was similar to that outlined in Step 1.3, Figure 1.

[0069] Product 4 was purified by column chromatography (silica gel, dichloromethane) and recrystallisation.

Figure 4

Step 4.1

[0070] Monomers 3 or 4 (1.41 mmol) and Irgacure 184 (purchased from Ciba-Geigy) (5 mol%) were dissolved in dry
dichloromethane (5ml). The resulting solution was spread evenly onto a sheet of boro-silicate glass which was dried
(80°C). When dry, a second sheet of pre-heated (80°C) boro-silicate glass was placed over the first and pressed down
firmly, spreading the molten monomer into a thin film. The resulting 'sandwich' was placed under a UV lamp and irra-
diated with UV light for 1h.
[0071] The glass plates were then separated and the polymer was washed off with dry DCM, which was removed
in vacuo. The polymer sample was then purified by dissolving it in dry DCM (2ml) and precipitating the polymer by the
addition of sufficient methanol. The sample was spun in a centrifuge (11,000rpm), 10min) then the methanol layer was
discarded. This process was repeated until all the unreacted monomer was removed (single spot TLC). The resulting

2-substituted propen-3-ol 0.05mol (i.e. compound 1 from figure 1, step1.2)
compound from step 3.2 0.05mol
DCC 0.05mol
DMAP 0.7g
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purified polymer was then dried (80°C).

Figure 5

Step 5.1

[0072] The method used in Step 5.1 was similar to that used in Step 1.3, Figure 1

[0073] The product was purified by column chromatography (silica gel, dichloromethane) and recrystallisation.

Step 5.2

[0074] The method used in Step 5.2 was similar to that outlined in Step 1.1, Figure 1

Step 5.3

[0075] The methods used in Step 5.3 were similar to that outlined in Step 1.2, Figure 1.

Figure 6

Step 6.1

[0076] The method used in Step 6.1 was similar to that outlined in Step 4.1, Figure 4.

Figure 7

Step 7.1

[0077] The method used in Step 7.1 was similar to that outlined in Step 1.3, Figure 1.

[0078] Product 6 was purified by column chromatography (silica gel, dichloromethane) and recrystallisation.

Appropriate alcohol 0.05mol
Bromoacetic acid 0.05mol
DCC 0.05mol
DMAP 0.7g

Triethyl phosphite 0.02mol
Product from step 5.1 0.02mol

phosphonate ester from step 5.2 0.028mol
30% aqueous formaldehyde 12ml
potassium carbonate 9.6g
saturated ammonium chloride solution 15ml

Monomer 5 1.41 mmol
Irgacure 184 5 mol%
Dry dichloromethane 5ml

Compound from step 3.2, Figure 3 0.05mol
Compound 5 0.05mol
DCC 0.05mol
DMAP 0.7g
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Step 7.2

[0079] The method used in Step 7.2 was similar to that outlined in Step 4.1, Figure 4.

Figure 8

Step 8.1

[0080] The method used in Step 8.1 was similar to that outlined in Step 4.1, Figure 4.

Figure 9

Step 9.1

[0081] Phosphorus (III) bromide (34g, 11.5ml, 0.12mol) is added to a stirred solution of 2-substituted propan-3-ol
(1). 0.26mol in dry ether (250ml) at -10°C. The temperature is allowed to rise to 20°C and stirring is continued for 3h.
Water (150ml) is then added at -10°C and the mixture is extracted with technical grade hexane (3x50ml). The organic
phase is washed with saturated sodium chloride solution (2 x 50ml) and dried over magnesium sulphate. The product
was purified by distillation under reduced pressure.
[0082] An example of the use of a material and device embodying the present invention will now be described with
reference to Figure 10.
[0083] The liquid crystal device consists of two transparent plates, 1 and 2, for example made from glass. These
plates are coated on their internal face with transparent conducting electrodes 3 and 4. An alignment layer 5,6 is
introduced onto the internal faces of the cell so that a planar orientation of the molecules making up the liquid crystalline
material will be approximately parallel to the glass plates 1 and 2. This is done by coating the glass plates 1,2 complete
with conducting electrodes so that the intersections between each column and row form an x, y matrix of addressable
elements or pixels. For some types of display the alignment directions are orthogonal. Prior to the construction of the
cell the layers 5,6 are rubbed with a roller covered in cloth (for example made from velvet) in a given direction, the
rubbing directions being arranged parallel (same or opposite direction) upon construction of the cell. A spacer 7 e.g.
of polymethyl methacrylate separates the glass plates 1 and 2 to a suitable distance e.g. 2 microns. Liquid crystal
material 8 is introduced between glass plates I,2 by filling the space in between them. This may be done by flow filling
the cell using standard techniques. The spacer 7 is sealed with an adhesive 9 in a vacuum using an existing technique.
Polarisers 10, 11 may be arranged in front of and behind the cell.
[0084] Alignment layers may be introduced onto one or more of the cell walls by one or more of the standard surface
treatment techniques such as rubbing, oblique evaporation or as described above by the use of polymer aligning layers.
[0085] In alternative embodiments the substrates with the aligning layers on them are heated and sheared to induce
alignment, alternatively the substrates with the aligning layers are thermally annealed above the glass transition tem-
perature and below the liquid crystal to isotropic phase transition in combination with an applied field. Further embod-
iments may involve a combination of these aligning techniques. With some of these combinations an alignment layer
may not be necessary.
[0086] The device may operate in a transmissive or reflective mode. In the former, light passing through the device,
e.g. from a tungsten bulb, is selectively transmitted or blocked to form the desired display. In the reflective mode a
mirror, or diffuse reflector, (12) is placed behind the second polariser 11 to reflect ambient light back through the cell
and two polarisers. By making the mirror partly reflecting the device may be operated both in a transmissive and
reflective mode.
[0087] The alignment layers 5,6 have two functions, one to align contacting liquid crystal molecules in a preferred
direction and the other to give a tilt to these molecules - a so called surface tilt - of a few degrees typically around 4°
or 5°. The alignment layers 5,6 may be formed by placing a few drops of the polyimide on to the cell wall and spinning
the wall until a uniform thickness is obtained. The polyimide is then cured by heating to a predetermined temperature

Monomer 6 1.41 mmol
Irgacure 184 5mol%
Dry dichloromethane 5ml

Monomers 5 or 6 1.41mmol
Irgacure 184 5mol%
Dry dichloromethane 5ml
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for a predetermined time followed by unidirectional rubbing with a roller coated with a nylon cloth.
[0088] In an alternative embodiment a single polariser and dye material may be combined.
[0089] The liquid crystal material 8 when introduced into the cell may consist of liquid crystal polymer or consist of
liquid crystal monomers and a photoinitiator. It may also contain a reagent which will limit the molecular weight of the
polymer for example a chain transfer reagent and it may also include a thermal initiator.
[0090] The monomer material may be aligned before polymerisation using standard techniques, for example by
heating up to and cooling from the isotropic phase or from a liquid crystal phase such as a nematic or chiral nematic
phase. It is also possible that the liquid crystal polymer may be aligned by one or more techniques including the use
of surface forces, shear alignment or field alignment.
[0091] It is possible that following polymerisation there may still be some amount of monomer material remaining.
This may be unreacted monomer or low molar mass additives which do not bear polymerisable groups.
[0092] Polymerisation may be carried out by using any of the known techniques. For example the monomer material
plus initiator e.g. photoinitiator (either in bulk or in solution) may be exposed to UV light, heat may also be applied to
permit polymerisation within a given phase of the monomer and/or polymer.
[0093] Alternatively the polymerisation process may take place in the presence of heat and a thermal initiator. How-
ever, if this technique is used in bulk polymerisation it may be preferable if it is carried out at a temperature which
corresponds to a liquid crystal phase of the monomer material and is above the initiation temperature of the thermal
initiator.
[0094] In-situ polymerisations are described in UK Patent Application GB 9420632.3 which also describes the use
of chain transfer reagents to control molecular weight of liquid crystal polymers. As mentioned above there may also
be a chain transfer reagent present in the mixture of the current invention. GB 9514970.4 describes in-situ polymeri-
sations in the presence of a cationic photoinitiator.
[0095] Many of the compounds described by formula I and mixtures including compounds of formula I show liquid
crystalline behaviour and are thus usefully employed in liquid crystal devices. Example of such devices include optical
and electro-optical devices, magneto-optical devices and devices providing responses to stimuli such as temperature
changes and total or partial pressure changes. The compounds of formula I may also be included in a mixture, where
the mixture comprises at least two compounds. Typical mixtures include mixtures consisting of compounds of formula
I and also mixtures comprising at least one compound of formula I and at least one compound not of formula I.
[0096] Materials have been proposed for laser addressed applications in which laser beams are used to scan across
the surface of the material or leave a written impression thereon. For various reasons many of these materials have
consisted of organic materials which are at least partially transparent in the visible region. The technique relies upon
localised absorption of laser energy which causes localised heating and in turn alters the optical properties of the
otherwise transparent material in the region of contact with the laser beam. Thus as the beam traverses the material,
a written impression of its path is left behind. One of the most important of these applications is in laser addressed
optical storage devices, and in laser addressed projection displays in which light is directed through a cell containing
the material and is projected onto a screen. Such devices have been described by Khan Appl. Phys. Lett. vol. 22, p111,
1973; and by Harold and Steele in Proceedings of Euro display 84, pages 29-31, September 1984, Paris, France, in
which the material in the device was a smectic liquid crystal material. Devices which use a liquid crystal material as
the optical storage medium are an important class of such devices. The use of semiconductor lasers, especially GaxAl1-x
As lasers where x is from 0 to 1, and is preferably 1, has proven popular in the above applications because they can
provide laser energy at a range of wavelengths in the near infra-red which cannot be seen and thus cannot interfere
with the visual display, and yet can provide a useful source of well-defined, intense heat energy. Gallium arsenide
lasers provide laser light at wavelengths of about 850nm, and are useful for the above applications. With increasing
Al content (x< 1), the laser wavelength may be reduced down to about 750nm. The storage density can be increased
by using a laser of shorter wavelength.
[0097] The compounds of the present invention may be suitable as optical storage media and may be combined with
dyes for use in laser addressed systems, for example in optical recording media. The current invention allows the dye
molecule to be easily covalently attached to the polymeric material through the preparation of co-polymers (see figs 7
and 8), thus overcoming the problem of dye separation which occurs when dye molecules are mixed with polymeric
materials.
[0098] The smectic and/or nematic properties of the materials described by the current invention may be exploited.
For example the materials of the present invention may be used in ferroelectric and antiferroelectric mixtures and
devices.
[0099] The compounds of the present invention may also be used in pyroelectric devices for example detectors,
steering arrays and vidicon cameras.
[0100] Figure 11 illustrates a simple pyroelectric detector in which the materials of the present invention may be
incorporated.
[0101] A pyroelectric detector consists of electrode plates 13,14 at least one of which may be pixellated. In operation
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the detector is exposed to radiation R, for example infrared radiation, which is absorbed by the electrode 13. This
results in a rise in temperature which is transmitted to a layer of pyroelectric material 15 by conduction, The change
in temperature results in a thermal expansion and a charge is generated. This change in charge is usually small when
compared with the charge output due to the change in the spontaneous polarisation, Ps with a change in temperature;
this constitutes the primary pyroelectric effect. A change in charge results in a change in potential difference between
the electrodes. The charge on each pixel may be read out and the resulting signal is used to modulate scanning circuits
in, for example, a video monitor and for a visual image of the infra red scans.
[0102] The selective reflective properties of the materials described by the current invention may also allow for ma-
terials of the current invention to be used in inks and paints and they may therefore be useful in anti-counterfeiting
operation. They may also be used in so-called security inks. Other applications include thermal control management,
for example the materials may be included in a coating which may be applied to one or more windows in order to reflect
infra-red radiation.
[0103] As shown in Figures 12 and 13 a spatial light modulator comprises a liquid crystal cell 16 formed by typically
two glass walls 1 and 2 and 0.1-10µm e.g. 2.5µm thick spacer 7. The inner faces of the walls carry thin transparent
indium tin oxide electrodes 3,4 connected to a variable voltage source 17. On top of the electrodes 3,4 are surface
alignment layers 5,6 e.g. of rubbed polyimide described in or detail later. Other alignment techniques are also suitable
e.g. non-rubbing techniques such as evaporation of SiO2. A layer 8 of liquid crystal material is contained between the
walls 1,2 and spacer 7. In front of the cell 16 is a linear polariser 11; behind the cell 16 is a quarter plate 18 (this may
be optional) and a mirror 19. An example of a linear polariser is a polarising beam splitter (not illustrated here).
[0104] There are a variety of electroclinic devices in which the compounds of the present invention may be incorpo-
rated. For example in the previous description of Figures 4 and 5, active back plane driving may be utilised. One of
the walls forming the cell may be formed from a silicon substrate e.g. a wafer which possesses circuitry for driving pixels.
[0105] For many of these devices there exists an optimum thickness for the cell which is related to the birefringence
(∆ n) given by:

wherein

λ = wavelength of operation
∆n = birefringence of liquid crystalline material
m = integer.

[0106] Some suitable methods for driving etectroclinic devices described by the present invention may be found in
UK patent application GB-2 247 972 A.
[0107] The mode of operation of the devices described by the current invention includes either amplitude modulation
or phase modulation. Similarly devices may be used in reflectance or transmissive mode.
[0108] The materials of this aspect of the invention may be used in many of the known forms of liquid crystal display
devices, for example chiral smectic electro-optic devices. Such a device may comprise a layer of liquid crystal material
contained between two spaced cell walls bearing electrode structures and surface treated to align liquid crystal material
molecules. The liquid crystal mixtures may have many applications including in ferroelectric, thermochromic and etec-
troclinic devices.
[0109] The compounds of the present invention may be mixed with each other to form useful liquid crystal mixtures,
they may also be used with other liquid crystal polymers or low molar mass non-polymer liquid crystal materials.
[0110] Suitable devices in which the materials of the current invention may be incorporated include beam steerers,
shutters, modulators and pyroelectric and piezoelectric sensors.
[0111] The materials of the present invention may also be useful as dopants in ferroelectric liquid crystal devices,
which may be multiplexed, or they may be used in active backplane ferroelectric liquid crystal systems. The materials
of the present invention may also be useful as host materials. The materials of the present invention may be included
in mixtures which also contain one or more dopants.
[0112] Compounds of formula I may be mixed with a wide range of hosts, for example smectic hosts to form a useful
liquid crystal composition. Such compositions can have a range of Ps values. Compounds of formula I may be mixed
with one or more of the types of hosts VIII-XIII. These different types of hosts may be mixed together to which the
compound of general formula I may also be added.
[0113] Typical hosts include:
[0114] The compounds described in PCT/GBB6/00040, e.g. of formula VIII

d = (2m+l)λ
4(∆n)

---------------------
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where R1 and R2 are independently C3-C12 alkyl or alkoxy.
[0115] The fluoro-terphenyls described in EPA 84304894.3 and GBA 8725928, e.g. of formula IX

where R1 and R2 are independently C3-C12 alkyl or alkoxy, x is 1 and F may be on any of the available substitution
positions on the phenyl ring specified.
[0116] The difluoro-terphenyls described in GBA 8905422.5, e.g. of formula X

where R1 and R2 are independently C3-C12 alkyl or alkoxy.
The phenyl-pyrimidines described in WO 86/00087, e.g. of formula XI.

including those compounds where R1 is C3-C12 alkyl and R2 is given by the general formula (CH2)n-CHXCH2CH3,
where n is 1 to 5 and X is CN or Cl.
[0117] The compounds described by R Eidenschink et al in Cyclohexanederivative mit Getilteneten Smektischen
Phasen at the 16th Freiberg Liquid Crystal Conference, Freiberg, Germany, p8. Available from E Merck Ltd, Germany,
e.g. of formula XII.
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including those compounds where R1 and R2 are independently C1-C15 alkyl.
[0118] The difluoro-phenyl pyrimidines described at the 2nd International Symposium on Ferroelectric Liquid Crystals,
Göteborg, Sweden, June 1989 by Reiffenrath et al, e.g. of formula XIII

including those compounds where R1 and R2 are independently C3-C9 alkyl.
[0119] The materials of the current invention may also be useful in thermochromic devices , for example those devices
described by D. G, McDonnell in Thermochromic Liquid Crystals, Critical Reports on Applied Chemistry, vol. 22, edited
by G.W. Gray, 1987 pp120-44 and references therein.

Claims

1. A method for the synthesis of compounds of general formula I:

m is from 5 - 150
X and Y are independently selected from:

CN, H, OH, COCH3, CO2H, CO2R1 where R1 is C1-12 alkyl, NCS, SCN, CF3, CH2X where X is F, Cl, Br, OH,
CHF2 and the formula IB:

wherein J for each X and Y group is independently selected from: CH2, single covalent bond, OOC, CO2, O, CH2O,
OCH2, CH2CO2, CH2OOC;
p = 1-20;
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L for each X and Y group is independently selected from: O, CH2, OCO, CO2, S, NH;

is defined by formula IC:

rings A, B and C are independently selected from phenyl, cyclohexyl, pyridine and pyrimidine and may be inde-
pendently of each other substituted with at least one of Cl or F; linking groups A and B may be selected from single
bond, CO2, OOC, CH2O, OCH2, CH2CH2, C;C;
Z is selected from CN, F, Cl, NO2, R, OR, CO2R, CF3, OOCR, NCS, SCN, where R = straight chain or branched
chain alkyl and may include from 1-16 carbon atoms and including where one or more non-adjacent CH2 groups
may be substituted by CH(CN), CH(CF3), CH(CI), CH(CH3) in chiral or non-chiral form;
provided that at least one of X is selected from IB;
said method comprising the polymerisation of general formula II:

wherein X and Y are as defined for formula I.

2. A method according to claim 1 wherein the compound of formula I is a liquid crystal homo-polymer.

3. A method according to claim 1 wherein the compound of formula I is a liquid crystal copolymer.

4. Compounds of formula I

m is from 5 - 150
X and Y are independently selected from:

CN, H, OH, COCH3, CO2H, CO2R1 where R1 is C1-12 alkyl, NCS, SCN, CF3, CH2X where X is F, Cl, Br, OH,
CHF2 and the formula IB:



EP 0 922 080 B1

5

10

15

20

25

30

35

40

45

50

55

18

wherein J for each X and Y group is independently selected from: CH2, single covalent bond, OOC, CO2, O, CH2O,
OCH2, CH2CO2, CH2OOC;
p = 1-20;
L for each X and Y group is independently selected from: O, CH2, OCO, CO2, S, NH;

is defined by formula IC:

rings A, B and C are independently selected from phenyl, cyclohexyl, pyridine and pyrimidine and may be inde-
pendently of each other substituted with at least one of Cl or F; linking groups A and B may be selected from single
bond, CO2, OOC, CH2O, OCH2, CH2CH2, C;C;
Z is selected from CN, F, Cl, NO2, R, OR, CO2R, CF3, OOCR, NCS, SCN, where R = straight chain or branched
chain alkyl and may include from 1-16 carbon atoms and including where one or more non-adjacent CH2 groups
may be substituted by CH(CN), CH(CF3), CH(Cl), CH(CH3) in chiral or non-chiral form;
provided that at least one of X is selected from IB;
further provided that if X is chosen from IB then Y is other than CN, COCH3, CO2R1, CF3, wherein R1 is C1-12 alkyl.

5. A compound according to claim 4 of general formula:

wherein m is from 5 to 150 and R is selected from the following: *CH(CH3)C6H13, CH(C3H7)C3H7, CH2*CHC(CH3)
C2H5.

6. A compound according to claim 4 of general formula:

wherein m is from 5 to 150 and R is selected from the following: *CH(CH3)C6H13, CH(C3H7)C3H7, CH2*CHC(CH3)
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C2H5.

7. A compound according to either of claims 5 or 6 wherein at least one of the phenyl rings is substituted with at least
one fluorine.

8. A compound according to claim 4 wherein the compound is a liquid crystal homo-polymer.

9. A compound according to claim 4 wherein the compound is a liquid crystal co-polymer.

10. A liquid crystal mixture comprising at least one of the compounds of claim 4 or at least one of the compounds
obtainable by the method of claim 1.

11. A ferroelectric mixture comprising at least one of the compounds of claim 4 or at least one of the compounds
obtainable by the method of claim 1.

12. A cholesteric liquid crystal mixture comprising at least one of the compounds of claim 4 or at least one of the
compounds obtainable by the method of claim 1.

13. A liquid crystal mixture containing any of the compounds of claim 4 or at least one of the compounds obtainable
by the method of claim 1 and a material of the following general formula:

where R1 and R2 are independently C3-C12 alkyl or alkoxy.

14. A liquid crystal mixture containing any of the compounds of claim 4 or at least one of the compounds obtainable
by the method of claim 1 and a material of the following general formula:

where R1 and R2 are independently C3-C12 alkyl or alkoxy, x is 1 and F may be on any of the available substitution
positions on the phenyl ring specified.

15. A liquid crystal mixture containing any of the compounds of claim 4 or at least one of the compounds obtainable
by the method of claim 1 and a material of the following general formula:
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where R1 and R2 are independently C3-C12 alkyl or aikoxy.

16. A liquid crystal mixture containing any of the compounds of claim 4 or at least one of the compounds obtainable
by the method of claim 1 and a material of the following general formula:

including those compounds where R1 is C3-C12 alkyl and R2 is given by the general formula (CH2)n-CHXCH2CH3,
where n is 1 to 5 and X is CN or Cl.

17. A liquid crystal mixture containing any of the compounds of claim 4 or at least one of the compounds obtainable
by the method of claim 1 and a material of the following general formula:

including those compounds where R1 and R2 are independently C1-C15 alkyl.

18. A liquid crystal mixture containing any of the compounds of claim 4 or at least one of the compounds obtainable
by the method of claim 1 and a material of the following general formula:

including those compounds where R1 and R2 are independently C3-C9 alkyl.

19. A device comprising two spaced cell walls each bearing electrode structures and treated on at least one facing
surface with an alignment layer, a layer of a liquid crystal material enclosed between the cell walls, characterised
in that it incorporates the liquid crystal mixture as claimed in any of claims 10, 11, 12.

20. A pyroelectric device comprising two spaced electrodes and a layer of a liquid crystal material enclosed between
the electrodes, characterised in that it incorporates the liquid crystal mixture as claimed in claim 10.
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21. A piezoelectric device comprising two spaced electrodes and a layer of a liquid crystal material enclosed between
the electrodes, characterised in that it incorporates the liquid crystal mixture as claimed in claim 10.

22. A liquid crystal electro-optical display device characterised in that it incorporates a mixture as claimed in any of
claims 10,11,12.

23. An optical recording medium comprising a recording layer which comprises one or more compounds of claim 4 or
at least one of the compounds obtainable by the method of claim 1 and a dye material.

Patentansprüche

1. Verfahren zur Synthese von Verbindungen der allgemeinen Formel I:

in der
m 5 bis 150 ist;
X und Y unabhängig voneinander ausgewählt sind unter: CN, H, OH, COCH3, CO2H, CO2R1, worin R1 C1-12-Alkyl
ist, NCS, SCN, CF3, CH2X, worin X F, Cl, Br, OH ist, CHF2 und der Formel IB

worin J für jede Gruppe X und Y unabhängig unter CH2, einer einzelnen kovalenten Bindung, COO, CO2 O, CH2O,
OCH2, CH2CO2, CH2OOC ausgewählt ist,
p = 1-20 ist;
L für jede Gruppe X und Y unabhängig unter O, CH2, OCO, CO2, S, NH ausgewählt ist;

durch die Formel IC definiert ist:

worin die Ringe A, B und C unabhängig voneinander unter Phenyl, Cyclohexyl, Pyridin und Pyrimidin ausgewählt
sind und unabhängig voneinander mit mindestens einem Cl oder F substituiert sein können, wobei die Verknüp-
fungsgruppen A und B unter einer Einfachbindung, CO2, COO, CH2O, OCH2, CH2CH2, C;C ausgewählt sein
können;
Z unter CN, F, Cl, NO2, R, OR, CO2R, CF3, OOCR, NCS, SCN ausgewählt ist, wobei R geradkettiges oder ver-
zweigtes Alkyl ist und 1 bis 16 Kohlenstoffatome enthalten kann und eine oder mehrere nicht benachbarte CH2-
Gruppen mit CH(CN), CH(CF3), CH(Cl), CH(CH3) in chiraler oder nicht-chiraler Form substituiert sein können,
mit der Maßgabe, daß mindestens ein X aus IB ausgewählt ist,
wobei das Verfahren die Polymerisation einer Verbindung der allgemeinen Formel II
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umfaßt, worin X und Y wie für Formel I definiert sind.

2. Verfahren nach Anspruch 1, wobei die Verbindung der Formel I ein Flüssigkristall-Homopolymer ist.

3. Verfahren nach Anspruch 1, wobei die Verbindung der Formel I ein Flüssigkristall-Copolymer ist.

4. Verbindungen der Formel I

in der
m 5 bis 150 ist;
X und Y unabhängig voneinander ausgewählt sind unter: CN, H, OH, COCH3, CO2H, CO2R1, worin R1 C1-12-Alkyl
ist, NCS, SCN, CF3, CH2X, worin X F, Cl, Br, OH ist, CHF2 und der Formel IB

worin J für jede Gruppe X und Y unabhängig unter CH2, einer einzelnen kovalenten Bindung, COO, CO2, O, CH2O,
OCH2, CH2CO2, CH2OOC ausgewählt ist,
p = 1-20 ist;
L für jede Gruppe X und Y unabhängig unter O, CH2, OCO, CO2, S, NH ausgewählt ist;

durch die Formel IC definiert ist:

worin die Ringe A, B und C unabhängig voneinander unter Phenyl, Cyclohexyl, Pyridin und Pyrimidin ausgewählt
sind und unabhängig voneinander mit mindestens einem Cl oder F substituiert sein können, wobei die Verknüp-
fungsgruppen A und B unter einer Einfachbindung, CO2, COO, CH2O OCH2, CH2CH2, C;C ausgewählt sein
können;
Z unter CN, F, Cl, NO2, R, OR, CO2R, CF3, OOCR, NCS, SCN ausgewählt ist, wobei R geradkettiges oder ver-
zweigtes Alkyl ist und 1 bis 16 Kohlenstoffatome enthalten kann und eine oder mehrere nicht benachbarte CH2-
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Gruppen mit CH(CN), CH(CF3), CH(Cl), CH(CH3) in chiraler oder nicht-chiraler Form substituiert sein können,
mit der Maßgabe, daß mindestens ein X aus IB ausgewählt ist, und
mit der weiteren Maßgabe, daß, wenn nur X aus IB ausgewählt ist, Y dann nicht CN, COCH3, CO2R1, CF3, worin
R1 C1-12-Alkyl ist, bedeutet.

5. Verbindung nach Anspruch 4 mit der allgemeinen Formel:

worin m 5 bis 150 ist und R aus dem folgenden ausgewählt ist: *CH(CH3)C6H13, CH(C3H7)C3H7, CH2*CHC(CH3)
C2H5.

6. Verbindung nach Anspruch 4 mit der allgemeinen Formel:

worin m 5 bis 150 ist und R aus dem folgenden ausgewählt ist: *CH(CH3)C6H13, CH(C3H7)C3H7, CH2*CHC(CH3)
C2H5.

7. Verbindung nach Anspruch 5 oder Anspruch 6, wobei mindestens einer Phenyl-Ringe mit mindestens einem Fluor
substituiert ist.

8. Verbindung nach Anspruch 4, wobei die Verbindung ein Flüssigkristall-Homopolymer ist.

9. Verbindung nach Anspruch 4, wobei die Verbindung ein Flüssigkristall-Copolymer ist.

10. Flüssigkristallgemisch, das mindestens eine der Verbindungen von Anspruch 4 oder mindestens eine der Verbin-
dungen, die nach dem Verfahren von Anspruch 1 erhältlich sind, aufweist.

11. Ferroelektrisches Gemisch, das mindestens eine der Verbindungen nach Anspruch 4 oder mindestens eine der
Verbindungen, die nach dem Verfahren von Anspruch erhältlich sind, aufweist.

12. Cholesterisches Flüssigkristallgemisch, das mindestens eine der Verbindungen nach Anspruch 4 oder mindestens
eine der Verbindungen, die nach dem Verfahren von Anspruch 1 erhältlich sind, aufweist.

13. Flüssigkristallgemisch, das eine beliebige der Verbindungen nach Anspruch 4 oder mindestens eine der Verbin-
dungen, die nach dem Verfahren von Anspruch 1 erhältlich sind, und ein Material der folgenden allgemeinen
Formel aufweist:
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worin R1 und R2 unabhängig voneinander C3-12-Alkyl oder -Alkoxy sind.

14. Flüssigkristallgemisch, das eine beliebige der Verbindungen nach Anspruch 4 oder mindestens eine der Verbin-
dungen, die nach dem Verfahren von Anspruch 1 erhältlich sind, und ein Material der folgenden allgemeinen
Formel aufweist:

worin R1 und R2 unabhängig voneinander C3-12-Alkyl oder -Alkoxy sind, x 1 ist und F sich an einer beliebigen der
verfügbaren Substitutionspositionen an dem spezifizierten PhenylRing befinden kann.

15. Flüssigkristallgemisch, das eine beliebige der Verbindungen nach Anspruch 4 oder mindestens eine der Verbin-
dungen, die nach dem Verfahren nach Anspruch 1 erhältlich sind, und ein Material der folgenden allgemeinen
Formel aufweist:

worin R1 und R2 unabhängig voneinander C3-12-Alkyl oder -Alkoxy sind.

16. Flüssigkristallgemisch, das eine beliebige der Verbindungen nach Anspruch 4 oder mindestens eine der Verbin-
dungen, die nach dem Verfahren von Anspruch 1 erhältlich sind, und ein Material der folgenden allgemeinen
Formel aufweist:

einschließlich der Verbindungen, bei denen R1 C3-12-Alkyl ist und R2 durch die allgemeine Formel
(CH2)n-CHXCH2CH3 definiert ist, worin n 1 bis 5 ist und X CN oder Cl ist.

17. Flüssigkristallgemisch, das eine beliebige der Verbindungen nach Anspruch 4 oder mindestens eine der Verbin-
dungen, die durch das Verfahren von Anspruch 1 erhältlich sind, und ein Material der folgenden allgemeinen
Formel aufweist:
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einschließlich der Verbindungen, bei denen R1 und R2 unabhängig voneinander C1-15-Alkyl sind.

18. Flüssigkristallgemisch, das eine beliebige der Verbindungen nach Anspruch 4 oder mindestens eine der Verbin-
dungen, die nach Anspruch 1 erhältlich sind, und ein Material der folgenden allgemeinen Formel aufweist:

einschließlich der Verbindungen, in denen R1 und R2 unabhängig voneinander C3-9-Alkyl sind.

19. Vorrichtung, die zwei beabstandete Zellwandungen, welche jeweils Elektrodenstrukturen tragen und an minde-
stens einer Seitenoberfläche mit einer Orientierungsschicht behandelt sind, und eine zwischen den Zellwänden
eingeschlossene Schicht aus einem Flüssigkristallmaterial aufweist, dadurch gekennzeichnet, daß sie das Flüs-
sigkristallgemisch nach einem der Ansprüche 10, 11, 12 aufweist.

20. Pyroelektrische Vorrichtung, die zwei beabstandete Elektroden und eine Schicht aus einem Flüssigkristallmaterial,
das zwischen den Elektroden eingeschlossen ist, aufweist, dadurch gekennzeichnet, daß sie das Flüssigkristall-
gemisch nach Anspruch 10 aufweist.

21. Piezoelektrische Vorrichtung, die zwei beabstandete Elektroden und eine Schicht aus einem Flüssigkristallmate-
rial, das zwischen den Elektroden eingeschlossen ist, aufweist, dadurch gekennzeichnet, daß sie das Flüssig-
kristallgemisch nach Anspruch 10 aufweist.

22. Elektrooptische Flüssigkristall-Anzeigevorrichtung, dadurch gekennzeichnet, daß sie ein Gemisch nach einem
der Ansprüche 10, 11, 12 aufweist.

23. Optisches Aufzeichnungsmedium, das. eine Aufzeichnungsschicht aufweist, die eine oder mehrere Verbindungen
nach Anspruch 4 oder mindestens eine der Verbindungen, die nach dem Verfahren von Anspruch 1 erhältlich sind,
und ein Färbematerial aufweist.

Revendications

1. Procédé de synthèse de composés ayant la formule générale I :
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où m est compris entre 5 et 150
X et Y sont indépendamment sélectionnés parmi :

CN, H, OH, COCH3, CO2H, CC2R1 où R1 est un alkyle C1-12, NCS, SCN, CF3, CH2X où X est F, Cl, Br, OH,
CHF2 et la formule IB :

où J pour chaque groupe X et Y est indépendamment sélectionné parmi : CH2, une liaison covalente unique,
OOC, CO2, O, CH2O, OCH2, CH2CO2, CH2OOC,

p = 1-20,
L pour chaque groupe X et Y est indépendamment sélectionné parmi : O, CH2, OCO, CO2, S, NH,

est défini par la formule IC :

les anneaux A, B et C sont indépendamment sélectionnés parmi un phényle, un cyclohexyle, une pyridine
et une pyrimidine et peuvent être substitués indépendamment l'un de l'autre par au moins un élément parmi Cl, ou F,

les groupes de liaison A et B peuvent être sélectionnés parmi une liaison unique, CO2, OOC, CH2O, OCH2,
CH2CH2, C;C,

Z est sélectionné parmi CN, F, Cl, NO2, R, OR, CO2R, CF3, OOCR, NCS, SCN, où R = un alkyle à chaîne
rectiligne ou chaîne ramifiée et peut inclure de 1 à 16 atomes de carbone et y compris où un ou plusieurs groupes
CH2 non-adjacents peuvent être substitués par CH(CN), CH(CF3), CH(Cl), CH(CH3) sous une forme chirale ou
non-chirale,
pourvu qu'au moins un X soit sélectionné parmi IB,

ledit procédé comportant la polymérisation de la formule générale II :

où X et Y sont comme défini pour la formule I.

2. Procédé selon la revendication 1, dans lequel le composé ayant la formule I est un homopolymère de cristaux
liquides.

3. Procédé selon la revendication 1, dans lequel le composé ayant la formule I est un copolymère de cristaux liquides.

4. Composés ayant la formule I :
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où m est compris entre 5 et 150
X et Y sont indépendamment sélectionnés parmi :

CN, H, OH, COCH3, CO2H, CO2R1 où R1 est un alkyle C1-12, NCS, SCN, CF3, CH2X où X est F, Cl, Br, OH,
CHF2 et la formule IB :

où J pour chaque groupe X et Y est indépendamment sélectionné parmi : CH2, une liaison covalente unique,
OOC, CO2, O, CH2O, OCH2, CH2CO2, CH2OOC,

p = 1-20,
L pour chaque groupe X et Y est indépendamment sélectionné parmi : O, CH2, OCO, CO2, S, NH,

est défini par la formule IC :

les anneaux A, B et C sont indépendamment sélectionnés parmi un phényle, un cyclohexyle, une pyridine
et une pyrimidine et peuvent être substitués indépendamment l'un de l'autre par au moins un élément parmi Cl, ou F,

les groupes de liaison A et B peuvent être sélectionnés parmi une liaison unique, CO2, OOC, CH2O, OCH2,
CH2CH2, C;C,

Z est sélectionné parmi CN, F, Cl, NO2, R, OR, CO2R, CF3, COCR, NCS, SCN, où R = un alkyle à chaîne
rectiligne ou chaîne ramifiée et peut inclure de 1 à 16 atomes de carbone et y compris où un ou plusieurs groupes
CH2 non-adjacents peuvent être substitués par CH(CN), CH(CF3), CH(Cl), CH(CH3) sous une forme chirale ou
non-chirale,
pourvu qu'au moins un X soit sélectionné parmi IB,

pourvu de plus que si seul X est choisi parmi IB, alors Y est différent de CN, COCH3, CO2R1, CF3, où R1
est un alkyle C1-12.

5. Composé selon la revendication 4, ayant la formule générale suivante :
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où m est compris entre 5 et 150 et R est sélectionné parmi les éléments suivants : *CH(CH3)C6H13, CH
(C3H7)C3H7, CH2*CHC(CH3)C2H5.

6. Composé selon la revendication 4, ayant la formule générale suivante :

où m est compris entre 5 et 150 et R est sélectionné parmi les éléments suivants : *CH (CH3)C6H13, CH
(C3H7)C3H7, CH2*CHC(CH3)C2H5.

7. Composé selon la revendication 5 ou 6, dans lequel au moins un des anneaux phényliques est substitué par au
moins un fluor.

8. Composé selon la revendication 4, dans lequel le composé est un homopolymère de cristaux liquides.

9. Composé selon la revendication 4, dans lequel le composé est un copolymère de cristaux liquides.

10. Mélange de cristaux liquides comportant au moins un des composés selon la revendication 4 ou au moins un des
composés pouvant être obtenus par le procédé selon la revendication 1.

11. Mélange ferroélectrique comportant au moins un des composés selon la revendication 4 ou au moins un des
composés pouvant être obtenus par le procédé selon la revendication 1.

12. Mélange de cristaux liquides cholestériques comportant au moins un des composés selon la revendication 4 et
au moins un des composés pouvant être obtenus par le procédé selon la revendication 1.

13. Mélange de cristaux liquides contenant l'un quelconque des composés selon la revendication 4 ou au moins des
composés pouvant être obtenus par le procédé selon la revendication 1, et un matériau ayant la formule générale
suivante :

où R1 et R2 sont indépendamment un alkyle C3-C12 ou un alkoxy.

14. Mélange de cristaux liquides contenant l'un quelconque des composés selon la revendication 4 ou au moins un
des composés pouvant être obtenus par le procédé selon la revendication 1 et un matériau ayant la formule
générale suivante :
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où R1 et R2 sont indépendamment un alkyle C3-C12 ou un alkoxy, x est égal à 1 et F peut être situé sur l'une
quelconque des positions de substitution disponibles sur l'anneau phénylique spécifié.

15. Mélange de cristaux liquides contenant l'un quelconque des composés selon la revendication 4 ou au moins des
composés pouvant être obtenus par le procédé selon la revendication 1 et un matériau ayant la formule générale
suivante :

où R1 et R2 sont indépendamment un alkyle C3-C12 ou un alkoxy.

16. Mélange de cristaux liquides contenant l'un quelconque des composés selon la revendication 4 ou au moins un
des composés pouvant être obtenus par le procédé selon la revendication 1 et un matériau ayant la formule
générale suivante :

incluant les composés où R1 est un alkyle C3-C12 et R2 est donné par la formule générale
(CH2)n-CHXCH2CH3, où n est compris entre 1 et 5 et X est CN ou Cl.

17. Mélange de cristaux liquides contenant l'un quelconque des composés selon la revendication 4 ou au moins un
des composés pouvant être obtenus par le procédé selon la revendication 1 et un matériau ayant la formule
générale suivante :

incluant les composés où R1 et R2 sont indépendamment un alkyle C1-C15.

18. Mélange de cristaux liquides contenant l'un quelconque des composés selon la revendication 4 ou au moins un
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des composés pouvant être obtenus par le procédé selon la revendication 1 et un matériau ayant la formule
générale suivante :

incluant les composés où R1 et R2 sont indépendamment un alkyle C3-C9.

19. Dispositif comportant deux parois cellulaires espacées portant chacune des structures d'électrode et traitées sur
au moins une surface en vis-à-vis avec une couche d'alignement, une couche d'un matériau de cristaux liquides
enfermée entre les parois cellulaires, caractérisé en ce qu'il comporte le mélange de cristaux liquides selon l'une
quelconque des revendications 10, 11, 12.

20. Dispositif pyro-électrique comportant deux électrodes espacées et une couche d'un matériau de cristaux liquides
enfermée entre les électrodes, caractérisé en ce qu'il comporte le mélange de cristaux liquides selon la reven-
dication 10.

21. Dispositif piézo-électrique comportant deux électrodes espacées et une couche d'un matériau de cristaux liquides
enfermée entre les électrodes, caractérisé en ce qu'il comporte le mélange de cristaux liquides selon la reven-
dication 10.

22. Dispositif d'affichage électro-optique à cristaux liquides, caractérisé en ce qu'il comporte un mélange selon l'une
quelconque des revendications 10, 11, 12.

23. Support d'enregistrement optique comportant une couche d'enregistrement qui comporte un ou plusieurs compo-
sés selon la revendication 4 et au moins un des composés pouvant être obtenus par le procédé selon la revendi-
cation 1 et un matériau colorant.
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