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(57) Abstract

Novel liquid crystal compounds have been synthesized of general formula (I). These compounds may be mixed with other
liquid crystal compounds to give liquid crystal mixtures which may then be used in liquid crystal devices. In the formula (I):
RI-(Z!-A)-(Z2)-A3-X-(Z3)-(A2-Z4),-R2, wherein X is selected from (a), (b), (c); each of Z1, Z2, Z3 and Z# are independent-
ly selected from phenyl, substituted phenyl, where substitution is lateral substitution selected from F, Cl, Br, NO,, CN,
NCS; naphthalene, substituted naphthalene, where substitution is lateral substitution selected from F, Cl, Br, NO,, CN,
NCS, CHj; thiophene, pyridine and pyrimidine; each of Al and A2 is independently selected from single bond, C=C,
CH=CH; A3 is selected from C=C and single bond; each of R} and R? are independently selected from CN, NCS,
CH=C(CN),;, C=C-CN, C=C-CFj, alkyl, alkoxy, thioalkyl, alkenyl, and alkynyl; m and n are independently selected
from 1 and 0, and except where m and n are O, X is COS and each of R! and R? are selected from alkyl and alkoxy, A3 is a
single bond and each of Z2 and Z3 is phenyl.
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10~ AND D AINING H

This invention relates to compounds containing a thio-ester group, and in
particular to thio-ester compounds having liquid crystalline properties. The
invention also relates to use of thio-ester compounds in liquid crystalline
materials, and to use of thio-ester compounds, and materials containing

thio-ester compounds, in devices.

Liquid crystal materials and their uses in electro-optical display devices
are well known. The most commonly used types of liquid crystal materials are
those which can utilise their nematic properties within such devices as the
Twisted Nematic (TN) device, Supertwist Nematic (STN) device and Electrically

Controlled Birefringence (ECB) device.

Thio-ester compounds are known, and are described in for example S R Pandas
et al, Synthesis, (1983), pp 605-621; Z-C Chen et al, Synthesis, (1988), pp

723-724; and B S Pedersen et al, Bull Soc. Chim. Belg., (1978) Vol 87
pp293-297. Liquid crystalline thio-ester compounds are described in
M E Neubert et al Mol. Cryst. Lig. Cryst., (1981) Vol 76, ppl43-77.

Thio-ester compounds are also described in German patents DE 2603293, DD
0145914, Japanese patents JP 550023129, JP 560108761, JP 600163858,
Isr. J. Chem., 1980, volume data 1979, volume 18 (3-4), pages 197-198;
J. Prakt. Chem., 1979, volume 321(4), pages 619-628.

Liquid <crystal materials are generally mixtures of compounds which
individually or together show a liquid crystal phase. A number of desirable
characteristics are sought in such compounds and materials. Among these are
chemical stability, persistence of appropriate liquid crystal phases over a
wide temperature range preferably including room temperature, and for some

devices a high birefringence (An) is sought.
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According to this invention, 1liquid crystal compounds of formula I are

provided:

R?® Formula I

R'— (Z'—A')—(2%)— A3 —X —Z3) — (A? —z“)n
wherein X is selected from:

0 S S

1 H fl
C-s (C0s), C-s (CS,), C-0 (CsO);

each of 2!, Z2, Z3 and Z* are independently selected from phenyl, substituted
phenyl, where substitution is lateral substitution selected from F, Cl, Br,
NO,,
lateral substitution selected from F, Cl, Br, NO,, CN, NCS, CH3; thiophene,

CN, NCS; naphthalene, substituted naphthalene, where substitution is
pyridine and pyrimidine;

each of A' and A? is independently selected from single bond, C=C, CH=CH;

A3 is selected from C=C and single bond;

each of R' and R? are independently selected from CN, NCS, CH=C(CN),, C=C-CN,
C=C-CF,, alkyl, alkoxy, thioalkyl, alkenyl, and alkynyl;

m and n are independently selected from 1 and 0, and

except where m and n are 0O, X is COS and each of R!' and R® are selected from
alkyl and alkoxy, A3 is a single bond and each of Z? and Z3 is phenyl.
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The structural and other preferences are expressed below on the basis of
inter alia desirable liquid crystalline characteristics, in particular high

birefringence for use in liquid crystal materials.

Preferably, where R' and/or R? are alkyl, alkoxy, alkynyl and/or thioalkyl,
then they have 1-15 carbon atoms, more preferably 1-9 carbon atoms, and even

more preferably 2-5 carbon atoms.

Compounds of formula I are advantageous in that they are characterised by a

high birefringence (An).
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Overall preferred structures for formula I are those listed below:

R, RS@X@CN, NCS, CH=C(CN),
R, RS@X-@—CN. NCS
s

R, RS
O X-@—CN, NCs
CN, NCS@X@CN, NCS

R, RS-@-X-@CN. NCS
R, RS@-X@-CH=C(CN)2
R, RS@-X@-CgC-CN
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Compounds of formula I can be prepared by various routes. Typically
thio-esters where X is COS can be synthesised by esterification of the
appropriate benzoic acid and the appropriate thiol compound, via elimination
of H2O. Where X is CS,, then such compounds can be prepared using a carbon
disulphide reaction with the appropriate Grignard reagent to produce the
dithio acid. The acid is then reacted with the appropriate thiol compound.
Where X is CSO, then synthesis can be carried out by esterification of the
appropriate dithiobenzoic acid with the appropriate hydroxy group. Typical
methods of preparation of intermediate compounds will be apparent to those in

the art.



WO 94/09085 PCT/GB93/02084

A further aspect to this invention is a 1liquid crystalline material,
containing at least two components, at least one of which is a compound of
formula I. Compounds of formula I, in particular the preferred compounds
referred to above, have a number of desirable properties which make them very
useful components of liquid crystal materials, and even more particularly

their high birefringence.

Suitable compounds for the other components of the liquid crystal materials
will be 'apparent to those skilled in the field, and will depend upon the
properties such as dielectric anisotropy, birefringence, working temperature
range etc required in the material for the application for which the material

is intended. Some types of suitable material are discussed briefly below.

Preferably as well as containing one or more formula I compounds the mixture

contains one or more compounds of formula II.

Ry o ° G CN Formula II
d

wherein R, is alkyl, thioalkyl or alkoxy, preferably containing 1-8 carbon
atoms, and preferably straight chain, and wherein d is 1 or O. Such
materials are included in the subject matter of GB 1433130 and GB patent
Application Number 90/19268.5. The liquid crystal material may for example
contain other liquid crystalline compounds which have a positive dielectric

anisotropy, for example as described in EP-A-01322377.
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The mixture may also contain such materials as phenyl thiazolines of typical

structure such as that seen in Formula III

N
é/ \5 < : >___ R, Formula III
S

where typically R, is CN, alkyl, alkoxy etc.

The material may alternatively or also contain liquid crystalline compounds

of low dielectric anisotropy, or a cholesteric mixture which may be-
thermochromic. Some examples of such compounds are described in

EP-A-0132377.

The material may alternatively or also contain liquid crystalline compounds
having a high clearing point, for example in order to raise the nematic phase
to isotropic phase (N-I) transition temperature. Some examples of such
compounds are described in EP-A-0132377.

To cause the material of this aspect of the invention to show a cholesteric
or chiral nematic phase the material must contain at least one compound which
is optically active. This may be a chiral compound of formula I, or
alternatively or also the material may for example contain one or more chiral
compounds of formula II above, eg S(+) 4-(2-methylbutyl)-U4'-cyano biphenyl or
S(+) 4-(2-methylbutoxy) -4'-cyano biphenyl.

The material may also contain one or more pleochroic dyes, for example the
dyes described in EP-A-82300891.7.
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The proportions of these components used in the material of this aspect of
the invention will depend upon the intended application, and the material may
usefully contain two or more compounds of formula I. If the material does
contain two or more compounds of formula I then they may be in proportions

that are approximate to a eutectic mixture.

The materials of this aspect of the invention may be used in many of the
known forms of liquid crystal display devices, for example a twisted nematic
device, Freedericks effect device, cholesteric memory mode device,
cholesteric to nematic phase change effect device, dynamic scattering effect
device, or a supertwist effect device. The method of construction and
operation of such devices, and characteristics of a liquid crystal material
suitable for use therein, are well known in the field. Typically an
electro-optical display device will consist of 2 substrates between which a
layer of the liquid crystal material may be sandwiched. At least one of the
substrates is optically transparent and both have addressable electrodes
which are preferably made of a transparent material on their opposing faces.
By applying an electric field across the layer of liquid crystal material via
the electrodes an electro-optical effect is achieved which may be viewed

directly or preferably through one or more polarising filters.

Nematic materials of this invention may be particularly suitable for use in
ECB effect devices, due to the high birefringence of the materials. They may
also be particularly suitable for use in polymer dispersed 1liquid crystal
(PDLC) materials in which small droplets of a liquid crystal material are

dispersed within a matrix of a transparent polymer.



WO 94/09085 | PCT/GB93/02084

This invention provides a further aspect, where compounds of Formula I are
suitable for inclusion in devices utilising pretransitional characteristics
of 1liquid crystalline materials in the isotropic phase. Typically such
characteristics can be wutilised in devices such as Optical Kerr Effect
devices. Such devices are often used as optical shutters or optical

- modulators, and rely on the the fact that birefringence (An) of a medium is
proportional to the square of an applied electric field. Such an effect is
often termed the quadratic electro-optic effect and can be investigated using
degenerate four wave mixing (P Madden et al IEEE J. Quantum Electronics QE22
No 8 Aug 1986 p1287).

Non-limiting examples illustrating this invention will now be given, with
reference to figures 1-14 giving typical synthesis routes for example
compounds of Formula I. Figures 15 and 16 are given by way of example only
and schematically represent a liquid crystal device of the invention and a

Kerr cell of the invention respectively.
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Example 1. Preparation of
S-(4-isothiocyanatophenyl) 4-butylsulphanylthiobenzoate. (4)

I
cuﬂgs-@-c-s@ms

1-Bromo-4-butylsulphanylbenzene (1)

1-Bromobutane (29.04 g, 0.212 mol) was added dropwise to a stirred solution
of lL-bromobenzenethiol (20.00 g, 0.106 mol) in sodium ethoxide (2.46 g of
sodium metal in 100 ml of super-dry ethanol) at room temperature. The
solution was heated at 80°C for 2 h (glc and tlc analysis revealed a complete
reaction) and the sodium bromide was filtered off. The solvent was removed

in vacuo and the residue was distilled to give a colourless liquid.

Yield 24.81 g (96%), bp 155-157°C at 20 mmHg, purity (glc)>99%.

4-Butylsulphanylbenzoic acid (2)

n-Butyllithium (6.8 ml, 10.0M in hexane, 0.068 mol) was added to a stirred,
cooled (-78°C) solution of compound 1 (16.56 g, 0.067 mol) in dry THF (200
ml), under dry nitrogen at -78°C. The mixture was maintained under these
conditions for a further 0.5 h (glc analysis confirmed a complete reaction)
before being poured into a slurry of 'Cardice' and dry THF. The mixture was
allowed to warm to room temperature overnight. The combined organic extracts
were evaporated in wvacuo and the residue was dissolved in boiling acetic
acid. Ice (400 g) was added to the solution and the product was filtered off

and dried in vacuo (KOH, P205).

Yield 10.00 g (71%). mp 113-114°C.
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4-(Isothiocyanato)thiophenol (3).

A solution of 4-aminothiophenol (7.00g, 0.056mol) in chloroform (75ml) was
added to a stirred, cooled (0°C) solution of water (40ml), chloroform (20ml),
calcium carbonate (6.60g, 0.066mol), and thiophosgene (6.95g, 0.060mol) at
0-5°C. The mixture was heated at 35°C for 1 hour and poured into water
(50ml) before separating the two layers. The organic layer was washed with
hydrochloric acid (1%, 100ml) and dried (MgSO,). The solvent was removed in
vacuo to afford an orange semi-solid which was used in the next step without

purification.

Yield 8.83g (95%), purity (glc) >98%.
S-(4-Isothiocyanatophenyl) 4-butylsulphanylthiobenzoate. (4).

N,N’'-dicyclohexylcarbodiimide (1.95g, 0.009mol), was added in one portion to
a stirred solution of compound 2 (1.67g, 0.008mol), compound 3 (1.59g,
0.009mol) and 4~(N-pyrrolidino)pyridine (0.39g, 0.003mol) in dry
dichloromethane (50ml) at room temperature. The reaction mixture was stirred
at room temperature overnight. The product was extracted into ether (200ml)
and was washed with aqueous potassium hydroxide solution (5%, 2x250ml). The
ether layer was evaporated in vacuo and the product was purified by column
chromatography [silica gel/petroleum fraction (bp 40-60°C), dichloromethane,
1:1] and was recrystallised from cyclohexane to afford a white solid which

was dried in vacuo.

Yield 1.09g, (38%), purity (hplc) >99%.
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Example 2. Preparation of
S-(4-Isothiocyanatophenyl) 2-butylsulphanyl- 5-thiophenethiocarboxylate. (9)

0
cungsaéf—j§>c-s+<:::>—Ncs

S

Thiophene-2-thiol (5)

n-Butyllithium (24.0ml, 10.0M in hexane, 0.24 mol) was added dropwise to a
stirred, cooled (-40°C) solution of thiophene (20.0 g, 0.238 mol) in dry THF
(250 ml) at -40°C under dry nitrogen. The temperature of the reaction
mixture was held between -20 and -30°C for 1h and then lowered to -78°C.
Powdered sulphur (7.62 g, 0.238 mol) was added in one portion and after 30
min the temperature was allowed to rise to -10°C. The solution was poured
into rapidly stirred ice water and the organic layer was separated and washed
with water (3 x 100 ml). The combined aqueocus extracts were combined with
the aqueous layer, cooled, and acidified with sulphuric acid (100 ml, 4.0M).
The product was immediately extracted into ether (2 x 200 ml), and the
combined organic extracts were washed with water (500 ml) and dried (MgSOh).
The residue was distilled to give a colourless liquid which turned orange on

standing. The product was stored under nitrogen.

Yield 15.83 g (57%), bp 60-64°C at 20 mmHg.
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2-Butylsulphanylthiophene (6)

1-Bromobutane (32.76 g, 0.239 mol) was added dropwise to a stirred solution
of compound 5 (13.87 g, 0.120 mol) in sodium ethoxide (2.75 g of sodium metal
in 100 ml of super-dry ethanol) at room temperature. The solution was heated
at 80°C for 2 h (glc and tlc analysis revealed a complete reaction) and the
sodium bromide was filtered off. The solvent was removed in vacuo and the

residue was distilled to give a colourless liquid.

Yield 12.02 g (58%), bp 70-75°C at 2 mmHg, purity (glc)>99%.

2-Bromo-5-butylsulphanylthiophene (7)

A solution of compound 6 (5.18 g, 0.030 mol) and N-bromosuccinimide (5.34 g,
0.030 mol) in chloroform (80 ml) and glacial acetic acid (80 ml) was gently
heated under reflux (with stirring) for 0.5 h (glc analysis revealed a
complete reaction). The reaction mixture was diluted with water and washed
with dichloromethane (2 x 100ml); the combined organic extracts were washed
successively with water (300 ml) and aqueous potassium hydroxide (5%, 300 ml)
before being dried (MgSO,). The solvent was removed in vacuo and the residue

was distilled to give a colourless liquid.

Yield 6.37 g (88%), bp 104-108°C at 2 mmHg, purity (glc)>98%.
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2-Butylsulphanyl-5-thiophenecarboxylic acid. (8).

The experimental procedure is as described for compound 2, with use of
compound 7 (8.99g, 0.036mol) and n-butyllithium (15.0ml, 2.5M in hexane,
0.037mol). A white solid was obtained.

Yield 7.78g, (100%), mp 95-96°C.

S-(4-Isothiocyanatophenyl) 2-butylsulphanyl-5-thiophenethiocarboxylate. (9)

The experimental procedure is as described for compound 4, and using compound
8 (0.89¢g, 0.004mol), compound 3 (0.61g, 0.004mol),
N,N’-dicyclohexylcarbodiimide (0.91g, 0.004mol), U4-(dimethylamino)pyridine
(0.18g, 0.004mol). The product was purified by column chromatography [silica
gel/petroleum fraction (bp 40-60°C), dichloromethane, 1:1] and was
recrystallised twice from cyclohexane to afford a white solid which was dried

in vacuo.

Yield 0.37g, (27%), purity (hplc) >99%.
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Example 3. Preparation of
S=-(4-Cyanophenyl) 4-butylsulphanylthiobenzoate. (11)

I
caﬂgs-<:::>>-c-s4<:::>-CN

4-Cyanothiophenol (10)

n-Butyllithium (4.4ml, 10.0M, 0.04mol) was added dropwise to a stirred,
cooled (-100°C) solution of 4-bromobenzonitrile (7.18g, 0.039mol) in dry THF
(250ml) at =-100°C wunder dry nitrogen. The temperature of the reaction
mixture was held at -100°C for one hour. Powdered sulphur (1.32g, 0.041mol)
was added in one portion and after 30 minutes the temperature was allowed to
rise to =-10°C. The mixture was poured into ice and 10% hydrochloric acid.
The crude product was extracted into aqueous potassium hydroxide solution
(5%, 3 x 100 ml) and the combined aqueous extracts were washed with ether and
acidified with concentrated hydrochloric acid. The product was extracted
into ether (2 x 250 ml) and dried (MgSO,). The solvent was removed in vacuo

to afford a colourless solid.

vield 2.89 g (55%), mp 41.9-43.5°C.
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S=-(4-Cyanophenyl) 4-butylsulphanylthiobenzoate (11).

Quantities: compound 2 (1.04g, 0.005mol), compound 10 (0.56g, 0.004mol),
4-dimethylaminopyridine (0.20g, 0.002mol), N,N’'-dicyclohexylcarbodiimide

(0.99g, 0.005mol).

N,N’-dicyclohexylcarbodiimide (0.99g, 0.005mol), was added in one portion to
a stirred solution of compound 2 (1.04g, 0.005mol), compound 10 (0.56g,
0.004mol) - and Y4-(dimethylamino)pyridine (0.20g, 0.002mol), in dry
dichloromethane (50ml) at room temperature. The reaction mixture was stirred
at room temperature overnight. The product was extracted into ether (200ml)
and was washed with aqueous potassium hydroxide solution (5%, 2x250ml). The
ether layer was evaporated in vacuo and the product was purified by column,
chromatography [silica gel/petroleum fraction (bp 40-60°C), dichloromethane,

1:1] and was recrystallised from ethanol to afford a white solid which was

dried in vacuo (P205) .

Yield 0.72g (55%), purity (hplc) >99%.



WO 94/09085 PCT/GB93/02084

17

Example 4. Preparation of
S-(4-Cyanophenyl) 6-butylsulphanyl-2-thionaphthoate. (14)

Cqusg-S—@—CN

2-Bromo-6-butylsulphanylnaphthalene (12)

Trifluoromethanesulphonic acid (25.00 g, 0.167 mol) was added dropwise to a
stirred solution of 6-bromonaphth-2-ol  (21.00 g, 0.094 mol) and
butane-1-thiol (8.90 g, 0.099 mol) in dry benzene (150 ml), wunder dry
nitrogen. The reaction mixture was stirred for 3 h at 50°C{glc and tlc
analysis revealed a complete reaction), poured into ice cold water (400 ml),
~and the product was extracted into ether (2 x 300 ml). The combined organic
extracts were washed successively with water (400 ml) and aqueous sodium
hydroxide solution (5%, 250 ml) before being dried (MgSO,). The solvent was

removed in vacuo and the product was distilled to afford a white solid.

Yield 16.95 g (61%), bp 160-162°C at 0.5 mmHg, mp 39-41°C, purity (glc)>97%.
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6-Butylsulphanylnaphth-2-oic acid (13).

Quantities: compound 12 (5.35 g, 0.018 mol), n-butyllithium (7.7 ml, 2.5M in
hexane, 0.02 mol).

The experimental procedure was as described for the preparation of compound

2. A white solid was obtained.

Yield 3.05 g (65%), mp 186-187°C.

S-{4-Cyanophenyl) 6-butylsulphanyl-2-thionaphthoate (14).

Quantities: compound 13 (0.40g, 0.001mol), compound 10 (0.17g, 0.00lmol),
4-dimethylaminopyridine (0.07g, 0.006mol), N,N’-dicyclohexylcarbodiimide
(0.31g, 0.002mol).

The experimental procedure was as described for compound 11. The product was
purified by column chromatography [silica gel/petroleum fraction (bp

40-60°C), dichloromethane, 1:1] and was recrystallised from ethanol/ethyl

acetate, 20:1 to afford a colourless solid which was dried in wvacwo (PQOS).

Yield 0.23g, (51%), purity (hplc)>99%.
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Example 5. Preparation of
S-(4-Isothiocyanatophenyl) L4-pentylthiobenzoate (18).

0
1l
csﬁn-@—c-s-@-wcs

1-Bromo-4-pentanoylbenzene (15).

Valeryl chloride (20.00g, 0.25mol) was added dropwise to a stirred, cooled
(0°C) solution of l-bromobenzene (32.00g, 0.20mol) and aluminium chloride
(33.00g, 0.25mol) at 0°C. The reaction mixture was maintained under these
conditions for a further 1 hour and heated at 70 to 80°C for 2 hours (glc and
tlc analysis revealed a complete reaction) before being poured into
hydrochloric acid  (18%, 200ml). The product was extracted into
dichloromethane (2x200ml), washed with water and dried (MgSO,). The solvent

was removed in vacuo and the residue was distilled to afford a colourless

solid.

Yield 36.00g (89%), purity (gle) >99%.
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1-Bromo-4-pentylbenzene (16).

A mixture of compound 15 (24.87g, 0.103mol), hydrazine hydrate (15.45g, 55%
hydrazine content), and diethylene glycol (200ml), was heated at 130 to 160°C
for 1 hour and water and the excess of hydrazine hydrate were distilled off.
The solution was cooled to below 60°C and potassium hydroxide pellets
(17.37g, 0.309mol) were added and the solution heated at 200°C for 2 hours
(glc analysis revealed a complete reaction) cooled, and poured into crushed
ice (200g) and hydrochloric acid (200ml, 6M). The product was extracted into
ether (2x200ml) and dried (MgSO,). The solvent was removed in vacuo and the

residue was distilled to give a colourless liquid.

Yield 19.80g (85%, purity (glc) >99%.
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4-Pentylbenzoic acid (17).

Quantities: compound 16 (5.85g, 0.026mol), n-butyllithium (11.2ml, 2.5M in
hexane, 0.028mol).

The experimental procedure was as described for the preparation of eg
compound 2 (ie pour the lithium salt onto cardice and acidify). - A white

solid was obtained.

Yield 5.04g (100%), mp 89-90°C.

S-(4-Isothiocyanatophenyl) 4-pentylthiobenzoate. (18).

Quantities: compound 17 (4.00g, 0.021mol), compound 3 (2.59g, 0.016mol),
N,N’-dicyclohexylcarbodiimide (3.95g, 0.019mol), 4-(dimethylamino)pyridine
(0.79g, 0.019mol).

The experimental procedure was as described for preparation of compound 9.
The product was purified by column chromatography [silica gel/petroleum
fraction (bp U40-60°C), dichloromethane, 1:1] and was recrystallised twice

from ethanol to afford a white solid which was dried in vacuo (P205).

Yield 2.72g, (50%), purity (hplc)>99%.
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Example 6 Preparation of 0-(4-cyanophenyl) 4-butylsulphanylthiobenzoate (20).

i
caﬂgs-@-c-o-@-w

4-Butylsulphanyldithiobenzoic acid. (19).

Compound 1 was slowly added to a stirred mixture of magnesium turnings
(2.41g, 0.100mol) and dry THF (50ml) under dry nitrogen at room temperature.
1,2-Dibromomethane (2 drops) was added to initiate the reaction. When the

exothermic reaction had subsided the mixture was heated under reflux for 1

hour. The solution was decanted into a dry flask under dry nitrogen and
cooled to -10°C. Carbon disulphide (2.76g, 0.036mol) was added dropwise at
-5°C and stirring was continued for 3 hours at this temperature. The

solution was stirred at room temperature for 1 hour and was poured into ice
(100g) and hydrochloric acid (1M, 100ml). The crude product was extracted
into ether (2x200ml), washed with sodium hydroxide (5%, 2x200ml) and the
combined aqueous layers were acidified with hydrochloric acid (1M). The
product was extracted into ether (2x100ml). This interconversion of the
sodium salt and the free acid was repeated for a further two times before the
product was extracted into ether (2x200ml), washed with water and dried

(MgSOu). The solvent was removed in vacuo to afford a purple solid.

Yield 5.91g (74%), mp 32-34°C.
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0-(4-cyanophenyl) 4-butylsulphanylthiobenzoate. (20)

Quantities: compound 19 (1.50g, 0.006mol), U4-hydroxybenzonitrile (0.59g,
0.0050mol), N,N’-dicyclohexylcarbodiimide (1.24g, 0.006mol),
4-dimethylaminopyridine (0.25g, 0.002mol).

The experimental procedure was as described for the preparation of compound
4, The product was purified by column chromatography [silica gel/petroleum
fraction (bp 40°C-60°C), dichloromethane, 1:1] and was recrystallised from

ethanol to afford golden crystals which were dried in vacuo <ons)‘

Yield 0.67g (41%), purity (hplc) >99%.
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Example 7. Preparation of
4-cyanophenyl 4-butylsulphanyldithiobenzoate. (21)

s
|
cuﬁgs-@-c-s-@—cr:

Quantities: compound 19 (1.50g, 0.006mol), compound 10 (0.67g, 0.005mol),
N,N’-dicyclohexylcarbodiimide (1.24g, 0.006mol), U4-(dimethylamino)pyridine
(0.25g, 0.002mol).

The experimental procedure was as described for the preparation of compound
4, The product was purified by column chromatography [silica gel/petroleum
fraction (bp 40°C-60°C), dichloromethane, 1:1] and was recrystallised from
ethanol/ethyl acetate, 3:1 to afford red crystals which were dried in wvacuo
(ons)'

Yield 0.58g (34%), purity (hplc) >99%.
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Example 8. Preparation of

0-4-Isothiocyanatophenyl 4-butylsulphanylthiobenzoate. (23)

"
chﬂgs@-c-o-@-ncs

4-Hydroxyphenylisothiocyanate. (22)

4-Aminophenol (21.83g, 0.200mol) in pyridine (100ml) was added dropwise to a
stirred, cooled (-10°C) solution of carbon disulphide (102.14g, 1.34mol),
N,N’-dicyclohexylcarbodiimide (41.26g, 0.200mol) and pyridine (20ml) at -10°C
under dry nitrogen. The mixture was maintained under these conditions for a
further 3 hours and was then stirred at room temperature for 3 hours (glc
analysis revealed a 90% reaction). The solution was filtered and the
filtrate was washed with hydrochloric acid (200ml, 1M), water (200ml) and
dried MgSOh) . The solvent was removed in vacuo and the crude product was
recrystallised from benzene/petroleum ether (bp 40-60°C), 1:1 to afford an
off-white solid.

Yield 15.77g, (52%), mp 40-41°C, purity (glc) > 99%.
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0-4-Isothiocyanatophenyl 4-butylsulphanylthiobenzoate. (23)

N,N'-Dicyclohexylcarbodiimide (0.41g, 2.0mmol) was added in one portion to a
stirred solution of compound 19 (1.14g, 5mmol), compound 22 (0.25g, 1.6mmol)
and 4-(dimethylamino)pyridine (0.08g, 6.56mmol) in dry dichloromethane (50ml)
at room temperature. The reaction mixture was stirred at room temperature
overnight and the N,N'-dicyclohexylurea was filtered off. The filtrate was
washed successively with potassium hydroxide (2x200ml, 5%), water (200ml),
acetic acid (200ml, 5%), water (200ml) and dried (MgSO,). The solvent was
removed in wvacuo and the product was purified by column chromatography
[silica gel/petroleum fraction (bp 40-60°C), dichloromethane, 1:1] and was
recrystallised from petroleum fraction to afford golden crystals which were

dried in vacuo (P205).

Yield 0.46g, (75%), purity (hplc) > 99%.
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Example 9. Preparation of
L-Isothiocyanatophenyl 4-butylsulphanyldithiobenzoate (24)

]
!
c AH9S-@—C-S@NCS

Compound 24 was prepared in a similar way to that described for the

preparation of compound 23.

Quantities: compound 19 (1.17g, Smmol) compound 3 (0.65g, 3.9mmol),
N,N'-dicyclohexylcarbodiimide (0.96g, 4.7mmol), 4-(dimethylamino)pyridine
(0.19g, 1.5mmol).

The product was purified by column chromatography [silica gel/petroleun
fraction (bp 40-60°C), dichloromethane, 5:1] and was recrystallised from
petroleum fraction (bp 40-60°C)/ethyl acetate, 20:1 to afford red crystals

which were dried in vacuo (ons)

Yield 0.40g (27%), purity (hplc) > 99%.
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Example 10. Preparation of S-4-cyanophenyl 4-pentylthiobenzoate. (25)

Compound 25 was prepared in a similar way to that described for the

preparation of compound 23.

Quantities: compound 17 (0.51g, 3.8mmol), compound 10 (0.87g, 4.5mmol),
4-(dimethylamino)pyridine (0.19g, 1.6mmol). N,N’'-dicyclohexylcarbodiimide
(0.94g, 4.6mmol). 4

The product was purified by column chromatography [silica gel/petroleum
fraction (bp 40-60°C), dichloromethane, 1:1] and was recrystallised from

ethanol to afford colourless crystals which were dried in vacuo (ons)'

Yield 0.70g (60%), purity (hplc)> 99%.
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Example 11. Preparation of
4-Cyanophenyl 6-butylsulphanyldithionapth-2-oate. (27)

Sy LaB)on

6-Butylsulphanyldithionaphth-2-oic acid. (26)

Compound 26 was prepared in a similar manner to compound 19 except that the

formation of the Grignard required heating under reflux for 2 hours.

Compound 12 (3.71g, 0.013mol), magnesium turnings (0.94g, 0.039mol), carbon
disulphide (1.09g, 0.014mol). A purple solid was obtained.

Yield: 0.73g (19%), mp 46-47°C.

b4-Cyanophenyl 6-butylsulphanyldithionapth-2-cate. (27)

Quantities: compound 26 (0.28g, 0.96mmol), compound 10 (0.10g, 0.74mmol),
N,N'-dicyclohexylcarbodiimide (0.24g, 1.2mmol), U4-(dimethylamino)pyridine
(0.05g, 0.40mmol).

The product was purified by column chromatography [silica gel/petroleum
fraction (bp 40-60°C), dichloromethane, 1:1] and was recrystallised from
petroleum fraction (bp 40-60°C) / ethyl acetate, 1:1 to afford red crystals

which were dried in vacuo (ons)'

Yield 0.05g (17%), purity (hplc) > 99%.
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Example 12. Preparation of S-4-Isothiocyanatophenyl 4-cyanothiobenzoate. (29)

0
il
NC@C-S-@-NCS

4-Cyanobenzoic acid. (28)

Compound 28 was prepared in a similar manner to that described for compound

17 except that the n-butyllithium was added at -90°C to -100°C.
S-4-Isothiocyanatophenyl 4-cyanothiobenzoate. (29)

Compound 29 was prepared in a similar manner to that described for the

preparation of compound 23.

Quantities: compound 3 (1.98g, 0.012mol), compound 28 (0.63g, U4.3mmol),
4-(dimethylamino)pyridine (0.29g, 2.3mmol), N,N’-dicyclohexylcarbodiimide
(1.46g, 7mmol).

The product was purified by column chromatography [silica gel/petroleum
fraction (bp 40-60°C), dichloromethane, 1:1] and was recrystallised from
ethanol/ethyl acetate, 1:2 to afford a white solid which was dried in wvacuo

(P,0,) .

Yield 0.45g (35%), purity (hplc) > 99%.
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Example 13. Preparation of S-4-Cyanophenyl 4-isothiocyanatothiobenzoate. (31)

i
SCN@-C-S-@-CN

L-Isothiocyanatobenzoic acid. (30)

Compound 30 was prepared in a similar manner to that of compound 3 except
that THF was used as a solvent and water and calcium carbonate were omitted

from the reaction mixture.

Quantities: U4-Aminobenzoic acid (8.00g, 0.058mol), thiophosgene (7.72g,
0.067mol).

The product was recrystallised from ethanol/water, 50:1 to afford an

off-white solid which ‘was dried in vacuo (P205).

Yield: 4.65g, (45%), mp>300°C.

S-4-Cyanophenyl 4-isothiocyanatothiobenzoate. (31) .
Compound 31 was prepared in a similar manner to that of compound 23.

Quantities: Compound 10 (1.06g, 8mmol), compound 30 (0.78g, U4.4mmol),
N,N'-dicyclohexylcarbodiimide (1.08g, 5mmol), 4-(dimethylamino)pyridine
(0.22g, 1.8mmol). The product was purified by column chromatography [silica
gel/petroleum fraction (bp 40-60°C), dichloromethane, 5:1] and was
recrystallised from ethyl acetate/dimethoxyethane, 10:1 to afford white

crystals which were dried in vacuo (ons)

Yield 0.17g, (13%), purity (hplc) > 99%.
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Example 14. Preparation of
S-4-Isothiocyanatophenyl 6-butylsulphanylthionaphth-2-oate. (32)

Caﬂgsg-s—@‘ms

Quantities: compound 3 (0.64g, 2.0mmol), compound 13 (0.33g, 1.9mmol),
l-(dimethylamino)pyridine (0.10g, 0.80mmol), N,N’'-dicyclohexylcarbodiimide
(0.50g, 2.4mmol).

The product was purified by column chromatography [silica gel/petroleum
fraction (bp 40-60°C), dichloromethane, 5:1] and was recrystallised from

ethyl acetate to afford white crystals which were dried in vacuo (PZOS).

Yield 0.60g, (77%), purity (hplc)>99%.
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Liquid crystal transition temperatures between crystalline (K), nematic (N),
smectic A (S,) and isotropic (I) are given in Table 1 for compounds of
Formula I. The table also contains birefringence (A n), order parameter (S)
and a comparison of anisotropy in polarisability (AX) with that of
4'-cyano-4-pentylbiphenyl. [ ] denotes a virtual phase transition. A, is
known as a figure of merit and may be evaluated using four wave mixing

experiments.
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Table 1.
COMPOUND, PHASE TRANSITION TEMPS | An [ S |Ax | A,
(°C)
i
C,H s—@-c-s-@-ues K 75.9 (S, 56.4) N 81.3 I1]0.350{0.65|4.42 (3.69
C,H sO-c S@-NCS K 89.3 [N 12] I 0.2900.44(5.50 |5.62
I
cangs@-c-s@-crq K 92.6 N 94.6 I 0.296[0.71(3.12 |2.02
C4H, s K 115.0 N 160.7 I 0.343(0.6414.59 [3.79
c s- ~CN
o Hn—@-c s@-ncs K 58.9 (S, 38.1) N 76.2 I|0.294]0.66(3.46 (2.37
I
C,H s@-c-o-@ CN K 92.9 [N5]1I 0.263(0.57(3.42 [2.42
C,H s-@-c s-@ CN K 111.1 (N 70.9) I [0.396{0.67|4.65 |4.27
NC-@-C S@-NCS K 156.1 N 176.5 I 0.334/0.65{3.50 |2.80
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Table 1. continued
COMPOUND . PHASE TRANSITION TEMPS An S AKX A

(°C)

0
i

C,H.S

e c-s—@—ncs K 90.7 S, 9%.3 N 136.1 I [0.391{0.68(5.37 |4.78
O |

C,HS I

o c-s-@—cn K 154.0 N 169.4 I 0.591/0.59(8.97 {13.89

S
cbﬁgs-@—g—s@-ms K 72.0 (N 34.4) I 0.396(0.65(5.23 |4.95
0

]
C.H -c-s-@-cn K 76.4 N 101.5 I 0.231]0.73]|2.22 |1.09

0
H
SCN-@-C-S-@-CN K 194.3 (N 175.2) I
,S.‘ .
caﬂgs@-c-o-@-r«cs K 70.5 [N -20] I 0.265{0.50(4.33 [3.54
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The An measurements are normalized for 25°C and were carried out using an
Abbe refractometer and wusing 3 wtf% of the compound to be measured in a

non-polar eutectic nematic host, typically such as

e 950 )=

F

where R and R, are alkyl.

Figure 15, a 1liquid crystal cell, comprises a layer 1 of liquid crystal
material, where the material is a mixture incorporating compounds of formula
I, sandwiched between a glass slide 2 having a conducting layer 3 on its
surface, eg of indium tin oxide, and a glass slide 4 having a transparent
conducting layer 5 on its surface. The slides 2,4 bearing the layers 3,5 are
respectively coated with films 6,7 of a polyimide layer. 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 to the
construction of the cell. A spacer 8 eg of polymethylmethacrylate, separates
the slides 2,4 to the required distance eg 5 microns. The liquid crystal
material 1 is introduced between the slides 2,4 by filling the space between
the slides 2,4 and spacer 8 and sealing the spacer 8 in a vacuum in a known

way.

A polarizer 9 is arranged with its polarization axis parallel to the rubbing
direction on the films 6,7 and an analyzer (crossed polariser) 10 is arranged
with its polarization axis perpendicular to that rubbing direction. When a
voltage is applied across the cell by making contact with the layers 3 and 5

the cell is switched.
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In an alternative device (not shown) based on a cell construction as shown in
figure 15 the layers 3 and 5 may be selectively etched 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 thereby may be

addressed in a variety of ways which include multiplexed operation.

Figure 16 shows a Kerr cell 20. It comprises a glass cell 21 having two
electrodes 22 and 23, which can be filled with a polar isotropic medium such
as compounds of formula I or materials comprising mixtures including at least
one compound of formula I. The cell 20 can be positioned between crossed
linear polarisers 24 and 25, whose transmission axes are arranged to be at
45° to an applied electric field. Where there is zero voltage across  the
electrodes 22 and 23, then the cell 20 acts as a closed shutter. The
application of a modulating electric field from voltage source 26 generates
an electric field causing the cell 20 to act as a variable wave plate and
thus operating as a variable aperture shutter where opening is proportional

to the electric field.
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CLAIMS.
1. Liquid crystal compounds of formula I are provided:

RN — (2! - A!) —(2%) —A3 — X — (23) — (a2 —Z!) R? Formula I

n
wherein X is selected from:

S S
1} " "
C-S (C0s), C-S (csz). C-0 (CS0);

each of 2!, Z?, Z3 and 2z are independently selected from phenyl,
substituted phenyl, where substitution is lateral substitution selected
from F, Cl, Br, NO,, CN, NCS; naphthalene, substituted naphthalene,
where substitution is lateral substitution selected from F, Cl, Br, NO,,

CN, NCsS, CH3; thiophene, pyridine and pyrimidine;

each of A! and A? is independently selected from single bond, C=C,

CH=CH;
A3 is selected from C=C and single bond;

each of R! and R? are independently selected from CN, NCS, CH=C(CN),,
C=C-CN, CsC-CFa. alkyl, alkoxy, thioalkyl, alkenyl, and alkynyl;

m and n are independently selected from 1 and O, and
except where m and n are 0, X is COS and each of R! and R®? are selected

from alkyl and alkoxy, A3 is a single bond and each of Z? and 23 is

phenyl.
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A liquid crystal compound according to claim 1 where m+n=0.

A liquid crystal compound according to any preceding claim where Z3 1is

phenyl.

A liquid crystal compound according to any preceding claim where Z2 is

selected from:
or 4 or 4‘::'}
© £ (0)

A liquid crystal compound according to any preceding claim where each of
R' and R? is selected from alkyl, thioalkyl, CN, NCS, C=C(CN),
CH=C(CN),.

A liquid crystal compound according to claim 5 where one of R! and R? is

§
selected from thioalkyl and alkyl.

A liquid crystal compound according to any of the preceding claims where

A3 is a single bond.

A liquid crystal material, being a mixture of at least two compounds,

where at least one compound is a compound of Formula I.

A liquid crystal device comprising two spaced cell walls enclosing a
layer of 1liquid crystal material with electrodes on the cell walls

characterised in that the liquid crystal material is defined by claim 8.

A liquid crystal device utilising pretransitional characteristics of
liquid crystalline <compounds and liquid <crystalline materials

characterised in that it comprises at least one compound of Formula I.



WO 94/09085 ' | PCT/GB93/02084

117
Fig.1
HS—@— Br
!
f4H9S—@—' Br 1 HS—@—- NH,
| $
qu95—@—C02H 2 HS—@—NCS
] |
¢
0

I
C4H95—@— C-S —@—Ncs A

. SUBSTITUTE SHEET



WO 94/09085 | | PCT/GB93/02084

217
\
(% Fig.2.
Hs—d ) 5
S

Hos—d D—Br 7

S

C4H95—</S D—cop 8 HS—@—— NS 3

| |
;

0
i
CAHgs—O—— C-S —@—NCS 9

S
Fig.3. e—0O)—u
|
C4H95—@— COH 2 HS—@—[N 10
| ‘ ]
0

I
c,,Hgs—@— c—s—@— (N1

SUBSTITUTE SHEET




WO 94/09085 PCT/GB93/02084

3/7

HOBr Fig.4.

l

CL,H9SEsr 12
C4HoS @
l

|
$

0
CZJ.lg’SICl-S—<: :>—CN 14

0 Fig.5.

CH3(CHy)3-C Br 15

CsHy 16

CgHy

CopH 17 HS—@-NES 3

F9-0-©

'

| I
CSHﬂ‘@_C'S*—@—NCS 18

SUBSTITUTE SHEET



WO 94/09085 . ‘ PCT/GB93/02084

Ll7
w0 1 Figé
i
C4H95—@—CSZH 19 HO—@—CN

| |

!
i
C4H95—'@'— C"O—@—CN 20
| Fig.7.
CAH9S_<:>—- (SpH 1 HS <:>__C_ﬁ_.__10 !
| |
!
i
CAHgs—‘@— C'S—@—CN 21
Fig.8.
C[ﬁgS@ Br 1 HO—@— NH,
CAHgs—@— CS,H 19 HO—@-’ NCS 22
| |
!

S
I
C[,H9S—@— C-0 —@-Ncs 23

SUBSTITUTE SHEET

——



WO 94/09085 PCT/GB93/02084

5/7
Fig.9. |
C4H95—@—CSZH 19 NS—@—NCS 3

| |
'

S .
I
CAHgs—@— C-S —@—NCS 24

Fig.10.
C5H11—@—C02H 17 HS—@—CN 10

| Fig.11.
CLHQS Br 12
‘
C4H9SCSZH % HS——@— (N 10
L

|
J

S
CAHgSlCI-S—-(: :>—CN 27

SUBSTITUTE SHEET




WO 94/09085 PCT/GB93/02084

6/17

@ F12
l
NC——@-COZH 28 NS—-@—NCS 3

HzN—@—COZH - Fig.13.
l
SCN-—@—COZH 30 HS—@—CN 10

| |

Fig.14.

C‘*H‘?SCOZH 13 HS—@— NCS

| |

l
- 0
cl’HgSg-S—<§>—NCS 32

SUBSTITUTE SHEET




PCT/GB93/02084

WO 94/09085

117

Fig.15.

610
%
¢
?
//

r/////\/////////
o

IR _
4\\\\\\\N\\\\\\\\\\\ bl k£ L LLT LS L2220\

z)x\ LA

8
?
Wi
4
/)
W/
Wi
/)
W
V%
W
4
R\78
Y
%
/
%
N7
Y
/
4
/)
4
/)
4
4
/

1
i
B

////////////r// NN

g \ .'
Iy

o e
h / v ®
hy , o
-~ /‘ . ‘ o~ W

~ Iﬁ/ b
2\ U

& >

7



INTERNATIONAL SEARCH REPORT :
Intern. Al Application No

PCT/GB 93/02084

A. CLASSIFICATION OF SUBJECT

MATTER
IPC 5 C09K19/28 C09K19/32 C09K19/34 €07C327/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 5 CO9K cCo7C

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

!

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X DATABASE WPI 1-8
Derwent Publications Ltd., London, GB;

AN 81-74732D

& JP,A,56 108 761 (TOKYO OKA KOGYO KK) 28
August 1981

cited in the application

see abstract

X US,A,4 137 250 (R.M.REYNOLDS) 30 January 1-9
1979

see column 2, line 3 -~ line 55

see column 3, line 63 = column 4, line 32

see column 5 - column 6; tables 1,2

X EP,A,0 184 012 (BAYER AG) 11 June 1986 1-9
see page 2, line 25 - page 4, line 10

_/__

m Further documents are listed in the continuation of box C.

m Patent family members are listed in annex.

* Spedial categories of cited documents :

‘A" document defining the general state of the art which is not
considered to be of particular relevance

‘E" earlier document but published on or after the international
filing date

*L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

0" document referring to an oral disclosure, use, exhibition or
other means

*P" document published prior to the international filing date but
later than the priority date claimed

“T* later document published after the international filing date
or prionty date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

‘X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered o
involve an inventive step when the document is taken alone

"Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is comhined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the international search

13 January 1994

Date of mailing of the international search report

28 0L %

Name and mailing address of the [SA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. ( +31-70) 340-2040, Tx. 31 651 epo nl,
Fax (+31-70) 340-3016

Authorized officer

BOULON, A

Form PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Intern  ial Application No

PCT/GB 93/02084

C.(Conunuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category * | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X DE,A,26 03 293 (MERCK) 11 August 1977 1-9
cited in the application
see claims 1-16

see page 8, line 8 - page 9, line 17

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Intern  Jal Application No

PCT/GB 93/02084

information on patent family members

Patent document . Publication Patent family Publication
cited in search report date member(s) date
US-A-4137250 30-01-79 NONE
EP-A-0184012 11-06-86 ~ DE-A- 3526235 22-05-86

DE-A- 3561326 11-02-88
JP-A- 61148143 05-07-86

DE-A-2603293 11-08-77 JP-A- 52093738 06-08-77

Form PCT/ISA/210 (patent family annex) (July 1992)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

