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Liquid crystalline compounds
The invention rélates to new liquid crystalline compounds, mixtures of those

cofnpounds and their application in optical devices. More particularly, it relates to the

use of a component of a polymerisable liquid crystalline mixture in the production of

orientated liquid crystalline polymers; compounds used as components in polymer-

isable liquid crystalline mixtures; liquid crystalline mixtures comprising these

“components, liquid crystalline polymers prepared from such components; and liquid

crystalline devices comprising those compounds.

Liquid crystal polymers (LCPs) are used in the manufacture of optical components
such as waveguides, optical gratings, filters, retarders, piezoelectric cells and
non-linear optical cells and films. The choice of LCP for use in any one of the
aforementioned optical components depends upon its associated optical properties such
as the optical anisotropy, refractive index, transparency and dispersion. Optical filters,
for example, contain LCPs having a large anisotropy (An) and a low dispersion (n =

().

In some applications there is a requirement to produce LCPs in which the component
molecules adopt a specific tilt angle or orientation with respect to the plane of the
substrate or 10 a plane perpendicular to the substrate. These LCP materials can be used
as optical components such as compensation layers and retarders. Such optical
components may be used in the production of liquid crystal devices (LCDs) with

improved viewing angles, for example.

LCPs are manufactured by orientating a layer of a polymerisable liquid crystal single
compound or mixture on an orientated substrate and cross-linking the mesogenic layer
to form a liquid crystal polymer (LCP) network. Polymerisable I.C compounds used in
the manufacture of the LCPs need to be chemically and thermally stable, stable to
electromagnetic radiation, solublc in standard solvents and miscible with other LC

components, and to exhibit liquid crystalline properties over the range 25 to 150 °C,
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preferably 25 to 80 °C. The configuration imposed by the orientation layer on the
polymerisable LC single compound or mixture becomes fixed or frozen into the LCP

~ network formed upon cross-linking. The resulting LCP ﬁlms have a high viscosity and

aré stable to mechanical str_es_se_s, temperature and light exposure.

There is ; therefore a need for a hqmd crystallme single compound or mixture which
exhibits a broad hqmd-crystallme thermal range and which can be orientated on a
substrate prior to cross-lmkmg in such a way that the orientation of the LC single
compound or mlxture on the substrate remains stable over the period required for
manufacturing the I__.CP network. Components which may be used in photo-
-crosslinkable liquid crystalline layers are particularly desirable.

Compounds known 'from the prior art include those disclosed in EP-A-0675186,
EP-A-0700981 and EP-A-0748852 (all F Hofﬁnann—La Roche AG). The three earlier
documents dxsclose compounds sueh as (taken from EP-A-0675186):

\ : - C,,.'Hzm-‘o—O—C e) 00 C-O_O-CM'HZIH'-O)-_/
o 3 ' o

ooc—Q—.o-cmﬂM-o“ N\

US 3971824 (Van Meter et al. / Eastman Kodak Company) discloses in its broadest

20 aspect compounds of the followmg formula:
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though in fact there is no enabling disclosure of anything other than the following:
II.

0 ﬁ .
. x ° . -
where X is chlorine.

Previous strategies used for obtaining the desired thermal and optical properties with a -
given LCP material have maiﬁly relied upon mixtures of compounds comprising at
least one liquid crystalline polymerisable monomer and the combination of their
individual properties. However due to the general incompatibility of the  latter
components at the molecular scale, the thermodynamic behaviour of  their
corresponding mixtures is generally undesirable (for example, a depression of the
clearing point, a reduction of the liquid crystalline range etc.), besides some problems

of miscibility between the different components of the mixture leading to difficulties in

"achieving a uniform orientation of the LCP material. To ameliorate this situation, a

new concept of obtaining LCP materials of special thermal and optical properties was
investigated. This 'concept uses chemical junctions at lateral positions of different
molecules, at least one of them being mesogetiic, having each one or more of the
properties which are required in the final LCP material. Depending on the application,
these properties can be selectively induced from at least one of the mesogenic stairs of

the new “staircase molecules™.

.Thus the invention provides chiral or achiral “staircase” compounds of formula I:
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wherein:

A’_ to AS

B' and B?

MG' and MG®

MG?

PCT/IB99/01419
Al—MG!—A?
' @
0,3' dat
£ B—MG—A®
\ | (Bz)nz 4‘3
AS—MG3—A5

each independently 'represent hydrogen; an optionally-substituted
methyl group; or an optionally—substituted hydrocarbon group of
2 to 80 C-atoms, in which one or more C-atoms may be replaced
by a heteroatom, in such a way that oxygen atoms are not linked

to one another;

each independeh_tly represent a single bon_d; an oxygen atom or
an optionally-subsﬁtuted hydrocarbon group of 1 to 80 C-atoms,
in whleh one or more C-atoms may be replaced by a heteroatom

in such a way that oxygen atoms are not lmked to one another;

 each independently represent an optionally-substituted aliphatic

group w1th 1 to 80 C-atoms, in which one or more C-atoms may

‘be replaced'by a heteroatom, in "such a way that oxygen atoms

are not linked to one another; or an optionally-substituted
aromatlc or non-aromatic carbocycllc or heterocychc ring

system, with 1 to 80 C-atoms

represents a group compnsmg at least two and up to four
optmnally—substltuted aromatic or non-aromatic carbocyche or
heterocychc ring systems, with 1 to 80 C-atoms, wherein, when
MG represents a group compnsmg four optlonally-substltuted
ring systems, at least three of the ring systems are ahgned in
between B! and Bz,
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with the proviso that:

PCT/AB99/01419

are each independently 1 or 2, where “nl = 2” (or “n2 = 2")
indicates the presence of two separate linkages via the groups B!
(or the groups B?) between the groups MG' and MG? (or MG?
and MG?); and

is a positive integer up to 1000;

when A’ and A* both represent hydrogen, then both MG' and
MG® represent an araliphatic group with 1 to 80 C-atoms, in
which one or more C-atoms may be replaced by a heteroatom, or
an optionally-substituted aromatic or non-aromatic carbocyclic
or heterocyclic ring system, with 1 to 80 C-atoms; and at least
two of Al, A2, A’ and A® each independently represent an
optionally-substituted hydrocarbon group of 3 to 80 C-atoms, in

which one or more C-atoms may be replaced by a heteroatom;

~ when A', A% A® and A® all represent hydrogen, then A® and A*

The term “aliphatic”

both represent an optionally-substituted hydrocarbon group of 3
to 80 C-atoms, in which one or more C-atoms may be replaced

by a heteroatom; and
when MG? represents a group comprising two or three
optionally-substituted ring systems, then neither of A3 and A*

includes an aromatic ring.

includes straight-chain and branched alkylene, as well as

saturated and unsaturated groups. Possible substituents include alkyl, aryl (thus giving

an araliphatic group) and cycloalkyl, as well as amino, cyano, epoxy, halogen,

hydroxy, nitro, oxo etc. Possible heteroatoms which may replace carbon atoms include

-5-
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nitrogen, oxygen and sulphur. In the case of nitrogen further substitution is possible
with groups such as alkyl, aryl and cycloalkyl. Likewise, the terms “alkyl” and
“alkylene”, as used herein, includes straight-chain and branched groups, as well as
saturated and unsatur_ated groups. -

When MG? represents a group comprising four optionally-substituted ring systems, at
least three of the ring'systems are aligned in between -B‘_f and B?. Thus, at least three of
the rings are all in a disgﬁrete identifiable block positioned in between B' and B, not in
an arbitrarily defined r;agion with some of the rings pfotruding from the axis of the
molecule connecting-Bg- with B2. Comparison may be made with compounds such as
Compound I-a of EP-A-0675 186:

ooc—-O—o-cm-Hg,.._o, 4
s o o)

)
o - o o .
/_—(o-c...-ﬂm--o'—'.O—coo ooc;O—o-cm-Hzm-—o: N\

Ia
which could be drawn with an arbitraﬁly defined Z-shaped central portion having four
nngs Two of these nngs protrude from the axis of the molecule connecting the
remaining arms of the molecule, and the compound falls outside the scope of the

present invention.

When MG? répresents a group comprising .two or three optionally-substituted ring
systems, then neither of A and A* includes an aromaticlring. This again makes it clear
that with compounds such as Compound I-a of US 5567349 fall éutside the scope of
the present invention. It is not possible to produce the 'present_invention by arbitrarily

labelling parts of molecules known from the prior art.
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The groups MG', MG?#ind MG® in the new “staircase fiblécules” may be selected so
that each has one or more of the properties which are required in the final LCP
material. To an expert in liquid crystals, the molecular architecture of compounds of
formula I would not have been thought to be favourable for obtaining a liquid
crystalline mesophase, because a bulky substituent at a position lateral to a mesogenic
core would have been thought to cause a loss of mesogenic character. However we
have now discovered that the compounds of formula I were surprisingly found to be
liquid crystalline over a broad thermal range. 'Besides, they are suitable for producing a
high tilt and high optical birefringence together with well oriented LCP films.

MG? may be either a mesogenic group or otherwise.

It is advantageous for the liquid crystalline compounds to be photo-crosslinkable, so
that for example they may be used in a crosslinked state in optical devices. Thus
preferably at least one of A to AS includes a polymerisable group. In such a case,
when A and A* both represent hydrogen then at least one of A!, A%, A® and A® would
include a polymerisable group; whereas when A!, A2, A’ and AS all represent hydrogen

~ then at least one of A* and A* would include a polymerisable group.

In a first preferred embodiment of the present invention, each or any of the groups A’
to A® may be selected from a residue of formula (II):

PSP -G - @
wherein: '

P is hydrogen or a polymerisable group selected from groups comprising
CH2=CW-, CH,=W-O-, CH2=CW-COO-, CH2=C(Ph)-COO-,
CH2=CH-COO-Ph-, CH2=CW-CO-NH-, CH2=C(Ph)-CONH-,
CH2=C(COOR")-CH2-COO-, CH2>=CH-0-, CH>=CH-00C-, (Ph)-CH=CH-,
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CH3-C=N-(CH2)m3-, HO-, HS-, HO-(CH2)m3-, HS~(CH3)m3-, HO(CH2)3COO-,
HS(CH2)m3CO0-, HWN-, HOC(0O)-, CH2=CH-Ph~(O)m4

/o\ : R - : R"
HWC—CH- , H—CH~- or :@—CH:COO—

wherein:
\' Y represents H, F, C_l, Br orI or a C;-s alkyl group; |
m3 is an integer having a value o:f from1to9;
m4  is an integer having a value of O or 1,
R' represents a C1_5 élkyl group; and
; va represents a Ci-s alkyl gfdpp, ;neihogy, gyéno, F,Cl,Brork |
S']':o.1 represents an op'tibrially:suBSﬁtﬁted' Ci-20 alksflene gfoup, in which oﬁe or more
C-atoms may bé';eplé.ced by é hetero#tom;
k! is an integer having a value of from 0 to 4'7; |
X'  represents -O-, -S-, -NH-, N(CH;)-, -CH(OH)-, -CO-, -CHx(CO)-, -SO-,
-CH,(SO)-, -SO;-, -CHx(80,)-, -C00-, -OCO-, -0CO-0-, -§-CO-, -CO-S-,
-S00-, -0S0-, -S0OS-, -CH,-CH;-, -OCH>-, -CH;O-, -CH=CH-, or -C=C-; and
¢ isan integer having a value ofOor1;

with the proviso that at least one of the groups A' to A is not a hydrogen atom.
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In relation to the residue of formula (II), the term Ph is to be understood as denoting

phenylene and (Ph) as dénoting phenyl.

Thie C)-20 alkylene group Sp' may comprise branched or straight chain alkylene groups
and may be unsubstituted, mono- or polysubstituted by F, Cl, Br, I or CN.
Alternatively or in addition one or more of CH; groups present in the hydrocarbon
chain may be replaced, independently, by one or more groups selected from -O-, -S-,
-NH-, N(CH;)-, -CH(OH)-, -CO-, -CHx(CO)-, -80-, -CHx(80)-, -80;-, -CHx(SO2)-,
-C00-, -0CO-, -0C0-0-, -§-CO-, -CO-S-, -S00-, -08S0-, -S0S-, -C=C-, -(CF2)-,
-(CD,)s- or C(W’)=C(W2 -, with the proviso that no two oxygen atoms are directly
linked to each other. W' and W? each represent, independently, H, H-(CH,),;- or Cl.

The integers r, s and q1 each independently represent a number of between 1 and 15.

More preferably, A! to A® each independently represent a group of formuta (III):

P2-Sp*-X*- m;

wherein:

x? tepresents -O-, -CO-, -COO-, -OCO-, -C=C-, or a single bond,

| especially -O-, -COO-, -OCO- or single bond,

Sp’ represents a Cipo straight-chain alkylene group, especially ethylene,
propylene, butylene, pentylene, hexylene, heptylene, octylene,
nonylene, decylene, undecylene, or dodecylene; and

p? represents hydrogen, CHy=CW?>- or CH,=CW’-(CO),20-,

wherein:

W*  represents H, CHs, F, Cl, Bror I; and
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v2 isQorl.

One or more of A! to AS may also represent a C,—Czo-alkyl, C;—Cyp-alkoxy, Ci—
Czb-alkoxycarbonyl, Ci—Cyp-alkylcarbonyl or C;—Cyp-alkylcarbonyloxy group, for
example methyl, ethyl, p_fopyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl, methoxy, ethoxy, n-propoxy, isopropoxy, butoxy, pentyloxy, hexyloxy,
heptyloxy, octyloxy, ndnyloxy, decyloxy, undecyloxy, dodecyloxy, methoxycarbonyl,
ethoxycarbonyl, propqucarbonyl, butoxycarbonyl, pentyloxycarbonyl, hexyloxy-
carbonyl, octyloxycarbonyl, nonyloxycarbonyl, decyloxycarbonyl, undecj'loxycarbonyl,
dodecyloxycarbonyl, acetyl, propionyl,. butyryl, valeryl, hexanoyl, heptanoyl, octanoyl,
nonanoyl, decanoyl, undecanoyl, dodecanoyl, terdecanoyl, acetoxy, propionyloxy,
butyryloxy, valeryloxj? hexanoyloxy, - heptanoyloxy, octanoyloxy, nonanoyloxy,
decanoyloxy, undecanoyloxy, dodecanoyloxy, terdecanoyloxy and the like.

In a second preferred embodiment of the present invention each or either of the groups

B' and/or B2 comprises a group of formula (IV): -
et -K) av)

wherein:

- Sp? represents a Cy alkylene group;

X2 and X* _. each jndgpendently represent -O-, -S-, -NH-, N(CH3)-, -CH(OH)-,

| -CO-, -CH(CO)-, -80-, -CHx(8O)-, -SO;-_, -CHx(S0O,)-, -COO-, -OCO-,
-OCO-O';, -S-CO-, -CO-§-, -SO0-, -0SO0-, -SOS-, -CH,-CHy-, -OCHa-,
~CH;,0-, -CH=CH-, -C=C- or a single bor_ld; .

K2 is an integer, having a value of O or 1;

fandt  are integers, each independently having a value of 0 or 1;

-10-
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Bk Y

with the proviso that oxygen atoms are not linked one to another.

Ltk N S
RRLY IR st

Preferably B! and B? each independently represent a group of formula (IV), wherein:

XX each independently represent -O-, -CO-, -COO-, -OCO-, -C=C-, or a

single bond, especially -O-, -COO-, -OCO- or a single bond; and

.sz represents a Cj 5y straight-chain alkylene group, especially ethylene,
propylene, butylene, pentylene, hexylene, heptylene, octylene,

nonylene, decylene, undecylene or dodecylene.

An especially preferred compound is that in which B' and B? each independently
represent a group of formula (IV) and A' to A® each independently represent a group of -
formula (III).

The invention is partiéularly useful when MG? is a mesogenic group and the groups of -
MG' and MG?® also impart mesogenic properties to the molecule, in addition to those
properties imparted by the mesogenic group MG?. Thus preferably MG? and at least
one of MG' and MG® represents a mesogenic group comprising at least two
optionally-substituted aromatic or non-aromatic carbocyclic or heterocyclic. ring

systems.

Preferably MG represents a mesogenic group comprising 2 to 4 aromatic or non-
-aromatic carbocyclic or heterocyclic ring systems and optionally up to 3 bridging
groups, and at least one of MG' and MG® represent a mesogenic group comprising 1 to
4 aromatic or non-aromatic carbocyclic or heterocyclic ring systems and optionally up

to 3 bridging groups. These are more preferably selected from the meanings of
formulae V:
C-Z'- - (Z-CYa-(Z3-CHa V),

in which:

-11-
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Clto C4 are in each case independently optionally-substituted non-aromatic,

aromatic, carbocyclic or heterocyclic groups;

Zlto 73 are independently from each other -COO-, -OCO-, -CHy-CHp-,

-OCHy-, -CH20-, -CH=CH-, -C=C-, -CH=CH-COO-, -0CO-CH=CH-

or a single bond; and

al,a2and a3 are independently integers 0 to 3, such that al +a2 +a3 <3.

Especially preferred are those in which C! to C* are selected from:

with:

ul

(L)w (L)m (L)u‘s ]>_
Q @ o}n

(L)w : (L)m

- @5@
(L (L  (La e (L)w

\@’ . A . /Ls)\

being -CHs, -COCHgs, -NO3, CN, or halogen
being 0, 1,2, 3, 0r 4,
being 0, 1, 2, or 3, and

being 0, 1, or 2.

~-12-
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More especially preferred are those in which C! to C4 are se]ected from cyclohexylene,
phenylene, naphthylene 6r phenanthrylene. 2o

For ease of synthesis, the molecules may possess some symmetrical aspects. Thus:

5
Al and A2 may be identical;
AS and A6 may be identical;
10 Al—MG'—A? and A5S—MG*—AS may be identical;
A3 and A4 may be identical; or
nl, n2 and n3 may equal 1 and B! and B> may be identical.
15

The compounds of the invention may be readily prepared using methods that are well
known to the person skilled in the art, such as those documented in Houben-Weyl,
Methoden der Organischen Chemie, Thieme-Verlag, Stuttgart. The compounds may

for example be made according to the following reaction schemes:

-13 -
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Scheme 1:
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Scheme 2 (continued):
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Scheme 5:
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Based on the synthetic ways drawn in Schemes 1-7, typical examples representing
“staircase” derivatives of formula I and shown in the following list of compounds may
be prepared. This list is, however, to be understood only as illustrative without limiting

the scope of the present invention:

10

1.2)

-28 -
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The “staircase” compounds of formula I disclosed in the foregoing and the following
may be used alone of as a component of a liquid crystal mixture. Liquid crystalline
materials comprising a compound of formula (I) may be used in the manufacture of
LCPs. Another aspect of the invention therefore comprises a liquid crystalline material
comprising 2 compound of formula (I). Preferably the liquid crystalline material
comprises at least two components. The additional components must be miscible with
the compound of formula (I) and may be selected from known mesogenic materials
such as those reportgd in Adv. Mater. 5, 107 (1993), Mol. Cryst. Lig. Cryst. 307, 111

-34-
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(1997), J. Mat. Chem. 5, 2047 (1995) or in patent applications US-A-5,593,617:
US-A-5,567,349; GB-A-2 297 556; GB-A-2 299 333; DE-A-195 04 224;
EP-A-0 606 940; EP-A-0 643 121 and EP-A-0 606 939, optionally selected from
EP-A-0 606 940; EP-A-0 643 121 and EP-A-0 606 939.

The form of the liquid crystal material will depend upon the application in which it is
to be used and may be present as a liquid crystalline mixture, (co)polymer, elastomer,
polymer gel or polymer network. Polymer networks have been found to be of
particular use and in a further preferred embodiment of the invention there is provided
a polymer network comprising a compound of formula (I). Preferably the polymer
network comprises at least two components, at least one of which is a “staircase”
compound of formula (I).

The polymer network may be prepared by copolymerisation of a mesogenic mixture
comprising: '

i) at least one chiral or/and achiral meso gen_ic polymerisable compound;

it) at least one “staircase” compound of formula I; and

iif)  aninitiator.

The chiral or achiral mesogenic polymerisable compound may be a “staircase”
compound of formula (I). Alternatively or in addition, the polymerisable compound
may be selected from the known mesogenic materials referred to above. Preferably the

chiral or achiral pqurherisable compound includes the nematic phase in its
thermotropic sequence.

The polymer' network may optionally comprise further components."l‘hese include
further polymerisable compounds, stabilisers and dyes. The additional polymerisable
compounds preferably comprise a non-mesogenic compound having at least one

polymerisable functional group, especially diacrylate compounds.
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Any suitable stabiliser that prevents undesired si)ontaneous polymerisation, for
example during storage of the mixture, may be used in the liquid crystalline mixture
according to the invention. A broad range of these compounds is .commercially
available. Typical examples include 4-ethoxyphenol or 2,6-di-zerz-butyl-4-methyl-
phenol (BHT). )

If colour filters are required, dyes may be added to the mixture. In a preferred
embodiment of the iqvgntion the LC mixture contains no dye.

The chiral or achiral polymerisable mesogenic compoupd may be present in an amount
comprising 0.01 to 99% by weight of the liqu_id crysta:nine polymer network mixture,
preferably 50 to 95% by weight.

The “staircase” compémd of formula (I) may be pr_eisent__ in an amount from 0.1 to
100% by weight oft_he liquid crysta_lliﬁe_ network, prefé_rably from 1 to 50% by weight.

The initiator is preferably a photoinitiator and may be a radxcal or cationic initiator that
is present in an amount comprising 0 1 to 5% by We1ght of the polymer mixture,
preferably from 0.2 to 2% by welght

When the mixture further comprises a stabiliser, this is generally present in an amount
comprising 0.01 to 5% by weight of the hquld crystallme mixture, preferably from 0.1
to 1% by welght

These polymensable hqmd crystallme mixtures may be formed into llqmd crystallme
polymer (LCP) ﬁlms and a fifth aspect of the 1nventlon provides a LCP film
comprising a compound of fonnula (I) LCP films may be readﬂy prepared by UV
polymerisation of a LC mixture according to the mventxon a film comprising the LC _
mixture is formed on a substrate and polymerxsed usmg UV light to give a cross-linked
hquld crystal polyrner (LCP) ﬁlm The film is both hght and temperature stable and
can be used in the manufacture of devices such as waveguldes, optical gratings, filters,
retarders, piezoelectric cells or thin films exl_ubmng nop—hnear optical properties.

-36-

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 00/07975 L

'PCT/IB99/01419

X
E

ah o

Different methods caxi%e used for the formation of thé

38 ught LCP network, starting
from the polymerisable liquid crystalline mixture mahﬁfactured as described above.
Transparent substrates such as coated ITO (indium tin oxide), glass or plastic
substrates, may be used. Preferred substrates include glass or plastic, especially those
including a layer of rubbed polyimide or polyamide or a layer of photo-oriented
photopolymer (LPP). Said layers are used to facilitate uniform orientation of the liquid
crystalline mixture.

In the preparation of LCP films, it is particularly important to prevent the formation of .
defects or inhomogenities. This can be achieved by forming the polymerisable liquid
crystalline mixture into a thin film; and placing the mixture between two of the
aforementioned substrates which are then sheared over a small distance until a planar
order was obtained; or capillary filling the polymerisable liquid crystalline mixture
between two of the said substrates; prior to curing, for example by UV light, preferably
in the presence of a photoinitiator, such as IRGACURE™, '

A further aspect of the invention provides an optical or electro-optical component
containing a liquid crystalline polymer film comprising a compound of formula (I).
The optical or electro-optical component may be a waveguide, an optical gratings, a

filter, a retarder, a piezoelectric cell or a non-linear optical cell or film.

The invention will now be described with reference to the following examples.
Variations on these falling within the scope of the invention will be apparent to a
person skilled in the art.

In the following Examples the thermotropic phases are abbreviated as follows:

K crystalline
D discotic
S smectic
N nematic
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N* chiral nematic (cholesteric)
I isotropic '

Example 1:
5

2,5-Bis-[4-(6-acryloyloxyhexyloxy)benzoyloxylbenzoic acid 5'-[2,5-bis-{4-(6-acryl-
oyloxyhexyloxy)benzoyloxy]benzoyloxy]-4,4'-dipentylf1,1";4',1"Jterphenyl-2'-y] ester.

10

1)  2'5-Dimethoxy-4,4"-dipentyl[1,1;4',1"]terpheny]

15 To a well degassed mixfure of 4-pentylbenzeneboro;1ic acid (3,84 g), 1,4-dibromo-
-2,5-dimethoxybenzene (2,95 g), Na;CO3 2M (40 ml), ethanol (15 ml) and toluene (25
ml), tetrakis(triphenylphosphine)palladium(0) (0.62 g) is added and the obtained

mixture is maintained under argon atmosphere and vigorously stirred at reflux for two
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hours. The cooled reaction mixture is extracted with ether (3 x 80 ml) and the
combined ether extracts are washed with saturated NaCl solution (120 ml) dried over
magnesium sulphate and evaporated to dryness. The obtained dark residue is filtered
through a short silica gel column to afford 2',5'-dimethoxy-4,4"-dipentyl[1,14' 1"]
terphenyl as white crystalline material .

Yield: 3.9 g.

2)  4,4"-Dipentyl{1,1'4’,1"lterphenyl-2',5'-diol

‘A solution of 2',5-dimethoxy-4,4"-dipentyl[1,1';4',1"lterphenyl (2.15- g)‘ in

dichloromethane (40 ml) is cooled to -76°C and treated with a dropwise addition of /
M solution of boron tribromide in CH,Cl, (12 ml). After complete addition the reaction
mixture is allowed to reach room temperature and stirring is continued for 6 hours. The

- reaction mixture is then carefully poured into ice-water (100 g) and stirred for further

20 min. The obtained mixture is then saturated with NaCl and extracted with diethyl
ether (3 x 150 ml). The combined organic extracts are washed with saturated NaCl
solution (150 ml), dried over magnesium sulphate and evaporated under reduced
pressure to afford 4,4"-dipentyl[1,1';4',1"Jterphenyl-2',5'-dio]l as white crystalline
material.

Yield 1.8 8.

3) 2,5-Bis-[4-(6-acryloyloxyhexyloxy)benzoyloxyjbenzoic acid  5'-[2,5-bis-
-[4-(6-acryloyloxyhexyloxy)benzoyloxy}benzoyloxy]-4,4"-dipentyi[1,1';4',1]-
terphenyl-2'-yl ester.
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To a solution of 4,4"-dipentyl[1,1 ';4'_,1"]terphenyl-2',5'-diol (0.11 g), 2,5-di-[4-(6-acryl-
oyloxyhexyloxy)benzoyloxy]benzoic acid (042 g) and 4-dimethylaminopyridine

- (DMAP) (7 mg). ip;_' _dichloro_rpethane (8 ml), cooled at 0°C, a solution of

N, N'-dicyclohexylcarbodiimide (DCC) (0.12 g). in dichloromethane (2 ml) is added
dropwise. After complete addition, the reaction mlxture is stirred at room temperature
for 6 h then evaporated under reduced pressure. The obtained crude white residue is
chromatographed on silica (dichloromethane/diethyl ..ether : 19/1) to afford pure
2,5-bis-[4-(6-acryloyloxyhexyloxy)benzoyloxy]benzoic acid 5'-[2,5-bis[4-(6-acryloyl-

: oxyhexyloxy)benzoyloxy]benzoyloxy]-4 4"-d1pentyl[1 1';4',1"]terphenyl-2'-yl ester as

10 white crystalline matenal

15

20°

Yield: 0.32 g.
This compound has the followmg thermotroplc sequence K172°CL

Example 2:

2,5-Bis-[4-(6-acryloyloxyhexyloxy)benzoyloxyJbenzoic acid 3-[2,5-bis-[4-(6-acryloyl-
oxyhexyloxy)benzoyloxy]benzoyloxy]-4,4"+bisnonyloxy[1,1';:4',1"]Jterphenyl-3"-yl
ester. '

(}—@—O(Cllz)so}.:
\—c0(cnz)so—©——§ Q

~0-0-Q¢ '
/_/—/JJ j@y@w(cme

O(CHz)sO

J

1) 4,4"-Dinonyloxy{1,1';4',1"Jterphenyl-3 .3"-dicarbaldehyde
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To a well degassed mixture of 1,4-benzenediboronic acid (1.4 g), S5-bromo-
-2-nonyloxybenzaldehyde (5.50 g), Na;CO3 2M (40 ml), ethanol (15 ml) and toluene
(40 ml), tetrakis(triphenylphosphine)palladium(0) (0.62 g) and Cul (5 mg) are added.
The obtained mixture is mﬁintained under argon atmosphere and vigorously stirred at
reflux for 12 h. After cooling the organic layer is separated and the aqueous phase is
extracted with 2 x 60 ml of ether and the combined organic extracts are dried over
magnesium sulphate and evaporated to dryness. The obtained black residue is
chfomatographed on silica using CH,Cl, / hexane : 3/1 as eluant. The obtained yellow

~ crystalline material is dissolved in minimum of CH>Cl, (30 ml) and poured into 200 ml

of acetone. The obtained solution is half-concentrated and cooled at 0°C for 2 h. The -

pure 4,4"-dinonyloxy[1,1;4',1"Jterphenyl-3,3"-dicarbaldehyde crystallises as white

powder.
Yield: 3.8 g.

2) 4,4"-Dinonyloxy([1,14',1 "]terphenyl-3,3_"-diol

HO

H;9CyO O O OCyH;g
_ \

OH

A solution of 4,4"-dinoﬁyloxy[l,l';4',1“]terphenyl-3,3"-dicarbaldehyde (342 g) in
CH,Cl; - (120 ml) is cooled at 0°C and treated with two crops addition of

m-chloroperbenzoic acid (3.83 g). The mixture is stirred at room temperature for 3 h. It
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is then quenched with saturated solution of NaHCO3 (50 ml) and extracted twice with
ether (2 x 200 ml). The eombined' organic extracts are further washed with saturated
solution of NaHCO3 (100 ml), w1th saturated solution .of NaCl, dried over magnesium
sulphate and evaporated to afford ayellow crystalhne resrdue This residue is dissolved -
in ethanol / dlchloromethane 50° ml / 30 ml and treated with 75 ml of 1.5 M KOH at
55°C for 20 min. The resultmg mrxture is then concentrated and extracted with ether (3
x 150 ml). The ether extracts are washed wrth sat. NaCl (2 x 200 ml), dried over
magnesium sulphate and evaporated to dryness This affords the dihydroxy compound
as yellow crystalline matena] whlch 1s punﬁed by recrystalhsatron in ethanol to give
4,4"-dinonyloxy[1,1" 4’ "]terphenyl-3 3"-d101 asa slrghtly yellow crystalline material.
Yield: 3.1 g. '

3. 2 5-Bis-[4'('6-'acryloyloxyhexyloxy)bEnzoyloxyjbenzoic acid  3-[2,5-bis-
-[4—(6-acryloyloxyhexyloxy)benzoyloxy]benzoyloxy]-4 4"-b1snonyloxy1-
[1,1':4 I"]terpheny1-3"-yl ester

A solution of mesyl chlorrde (0 73 g) in 10 ml of dry THF is dropwise added to a
solution of 2' 5'-bls-[2 5-di- (4-(6-acryloyloxyhexyloxy)benzoyloxy)]benzorc acid (4.50
g) and triethylamine (3 6 ml) in 50 ml of dry THF, cooled at -25°C and maintained and

~under argon atmosphere Aﬁer complete addmon (15 min), the reaction mixture is

further stirred for 120 min. at -25 °C then treated with a solution of
4,4"-dinonyloxy[1,1';4", "]terphenyl~3 3"-drol in 60 ml of dry THF containing 78 mg of
DMAP and the reaction mrxture is: further stnred at -25°C for 2 h. The temperature is
then allowed to reach room temperature and stirring is continued overnight. The
reaction mixture is poured into 120 ml of water extraeted with 2 x 200 ml of ether and
120 ml of drchloromethane The combmed orgamc extracts are washed wrth HCl 3N
(200 mt) then with a half saturated NaCl solutron (2 x'100 ml), dried over MgSO4 and
evaporated to dryness o0 afford a slrghtly yellow pasty material. This is dissolved in 25
ml of THF and reprecrpltatcd from 300 of methanol then flash chromatographed over

a short silica column
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Pure 2,5-bis-'[4-(@ﬁgryloyloxyhexyloxy)benzoyloxg benzoic  acid  3-[2,5-bis-
—[4-(6-acryloyloxyﬁfejéfﬁ%xy)benzoyloxy]benzoyloxy]-#iﬁ"t%isnonyloxy[l,l‘;4',1"]-
terphenyl-3"-yl ester is obtained as a white crystalline material.

Yield: 4.7 g. "

This compound has the following thermotropic sequence: K 105.5°CN 122.6°C1.

When the sample is quickly cooled from the isotropic state, the nematic mesophase

still occurs at room temperature for 2 hours before the crystallisation.
10 '

Example 3:

2-[4-(6-acryloyloxyhexyloxy)benzoyloxy]-5-(trans-4-pentylcyclohexanecarbonyloxy)-
benzoic acid 3-[2-[4-(6-acryloyloxyhexyloxy)benzoyloxy]-5—(trans-4-pentylcyclo-

15 hexanecarbonyloxy)]benzoyloxy}-4,4"-bisnonyloxy[1,1';4',1"Jtcrphenyl-3"-yl ester.

1) 2-[4-(6-Acryloyloxyhexyloxy)benzoyloxy]-5-(4-trans-pentylcyclohexane-
20 carbonyloxy)benzaldehyde
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A solution of mesyl chloride (1.14 g) in 10 ml of dry THF is dropwise added to a
cooled (-40 to -25°C) sblution of 4-(6—aeryloyloxyhexyloxy)benzoic acid (2.78 g) and
triethylamine (6 ml) in 40 ml of dry THF and under argon After complete addition (15
5 min), the reaction mrxture was ﬁxrther stirred for 60 mm at -25 °C then treated with a
solution of 2 S-dlhydroxybenzaldehyde (1 38 g)in 10 ‘ml of dry THF and the reaction
mixture is further stlrred at -25°C for 2 h This mixture was then treated with a '
suspension of tnethyl-(trans-4—pentylcyclohexynecarbonyl)ammomum chloride
(prepared from transe4-pentylc)gctohergeqecerboxyhc acid (2.26 g), triethylamine (6
10 ml) and mesyl chloride (1.14 g')" ih'THchs ml)) in dry THF (35 ml), followed by
one-crop addition of DMAP (0.24 g) Strmng is contmued for 3 h at -25°c and for 30
min at room temperature The reactron mlxture is then poured into 80 ml of saturated
NaHCOs,. extracted w1th 2x 100 ml of ether The combined organic extracts are
- washed with HCI 3N (100 ml) then wrth half saturated NaCl solution (2 x 100 ml),
15 dried over MgSOq, ﬁltered and evaporated to dryness to afford a slightly yellow pasty
- material. This is ﬂash chromatographed over a short srhca-gel column (CH,CL). The
-obtained white residue (2 3g was drssolved in CH:Clz (5 ml) then reprecipitated from
; ethanol (50 ml) Thrs affords pure 2-[4-(6-acryloyloxyhexyloxy)benzoyloxy]-
-5-(4-trans-pentylcyclohexanecarbonyloxy)benzaldehyde as white crystalline material.
- 20 -+ Yield 1.3 g

'2) 2-[4-(6-AcrylojloxyhexyLOXy)benzeyloxy]-5 ~(4-trans-pentylcyclohexane-

carbonyloxy)be_t‘lzoic acid
N\ — 0
0,

?‘%vvw

Jones oxidant (Cr03/I-fgSO4/H2Q) __(8-ml) is edded dropwise to a ice-cooled solution of
2-[4-(6-acryloyloxyhexyloxj)bepzeyloky]___-57(4-trans-p,entylcyclohexanecarbonyloxy)-
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benzaldehyde (1.21 g) in acetone/dichloromethane (40: mi/20 ‘ml). After complete
addition (10 mm), Stlmng is continued at rooxg telmperature overnight. The
green-orange mixture is then filtered off and the green prec:pltate is washed with 150
ml of ether. The combined organic solutions are then washed with water until the
orange coloration is removed (6 x 100 ml). The obtained colourless organic solution is
washed with saturated NaCl solution (2. x 80 ml), dried over MgS04, filtered and
evaporated to dryness. 2-[4-(6-acryloyloxyhexyloxy)benzoyloxy]-5-(4-trans-pentyl-
cyclohexanecarbonyloxy)benzoic acid as white crystalline material

Yield 1.18 g. '

3) 2—[4-(6-acryloyloxyhexylbxy)benzoyloxy]-5-(trans—4-pentylcyclohexane-
carbonyloxy)benzoic  acid  3-[2-[4-(6-acryloyloxyhexyloxy)benzoyloxy]-
-5-(trans-4-pentylcyclohexanecarbonyloxj)]benzoyloxy]—4,4“-bisnonyloxy- |
[1,1:4',1"Jterphenyl-3"-yl ester.

Followmg the procedurc described in Example 2, the reaction was performed with 1.1
g of 2-[4-(6-Acryloyloxyhexyloxy)benzoyloxy] -5-(4-trans-pentylcyclohexane-
carbonyloxy)benzoic acid , 0.37 g of 4,4"-dinonyloxy(1,1';4',1"jterphenyl-3,3"-diol,
0.02 g of DMAP, 2 ml of triethylamine and 0.2 g of mesyl chloride affording the .
desired compound as white crystalline material.
Yield0.81g.

This compound presents the nematic mesophase as a single liquid-crystalline phase at a
temperature above 90 °C and thermally polymerises at this temperature.

Example 4:

2,5-Bis-[4-(6-acryloyloxyhexyloxy)benzoyloxylbenzoic acid 3-[3-[2, 5-b1s-[4-(6-acryl—
oyloxyhexyloxy)benzoyloxy]benzoyloxy]phenylethynyllphenyl ester.
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1) 3-(3-Ethynylphenoxy)tetrahydropyran: .

oY = 

To a well degassed solution of 3-(3-bfdmbphenbky)tetrahydtopyran (5.14 g),
triphenylphosphine (204 mg),'doppér(l) iodide (38 mg) and biS(triphenylphosphine)—
palladium(IT) dichloride (3.93 g) in tricthylamine (40 ml), maintained under argon
atmosphere, tnmethylsxlylacetylene is added and the mixture is stirred at 85°C for 3 h.
The precipitated ammonium salts was removed by filtration and the filtrate was
evaporated to dryness This affords a yellow1sh oil which is dissolved in 30 ml of THF

_containing 3 ml of water, then cooled at 0°C and treated by drop\mse addition of 5 ml

of tetrabutylammommn fluoride (lM in THF). After stlmng for 30 min the reaction

. was complete and the obtained brownish solution was filtered over a short silica-gel

column and concentrated to yield a browmsh residue, which was chromatographed on

_s1hca-gel oolumn affordmg 3- (3-ethynylphenoxy)ten'ahydropyran as yellowmh

crystals.
Yield 3.8 g.

2) 1,2-Bis-(3-hydroxyphenyl)ethyne:

Following the above procedure, the reaction was performed with 3-(3-bromophenoxy)-
tetrahydropyran (2.57 g), 3-(3-ethynylphenoxy)tetrahydropyran (2.02 g), triphenyl-
phosphine (105 mg), bopper_(l) iodide (19 mg) and bis(iriphenylphosphine)-
palladium(II) dichloride (70 mg) in tricthylamine (40 ml). The crude dark residue
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obtained after ﬁlt__fg?gn over silica-gel column is, ii{i;s.sol\}ed in a mixture of
dichloromethane (10 fr’ﬁ) and methanol (40 ml), then t ted with 150 mg pyridinium
p-toluene sulphonate at 60 °C for 2 h. The transp&'rént_ reaction solution was then
diluted with 100 ml of ether and washed twice with 40 ml of water then with 50 ml of
saturated NaCl solution, dried over MgSO4 and evaporated to dryness to afford
1,2-bis-(3-hydroxyphenyl)ethyne as yellowish solid.

Yield 1.66 g.

3) 2,5-Bis-[4~(6-acryloyloxyhexyloxy)benzoyloxylbenzoic acid 3-[3-[2,5-bis-
-[4-(6-acryloyloxyhexyloxy)benzoyloxy]benzoyloxy]phenylethynyl}phenyl
ester.

Following the procedure described in Example 2, the reaction was performed with 1.4
g of 2',5'-bis-[2,5-di~(4-(6-acryloyloxyhexyloxy)benzoyloxy)]benzoic acid, 0.14 g of
1,2-bis-(3-hydroxyphenyl)ethyne, 0.012 g of DMAP, 1.4 ml of triethylamine and 0.23
g of mesyl chloride affording the desired compound as white pasty material.

Yield 0.64 g. | o

39°C
This compound present the following thermotropic sequence: N =%,

Example §:

A mixture is formulated consisting of:

jre
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20%

20%
1,4-butanediol diacrylate; Aldrich = - o 10%

To this mixture 500 p.p.m. mlnbltor 2 6-d1-tert-butyl-4—methylphenol (BHT) is s added
to prevent premature polymensatlon For the radlcal photo-polymensauon we use 500
p.p-m. initiator: [IRGACURE™ 369 (commerc:a]ly ava11able from Ciba Geigy, Basle,
Switzerland). These mixture were solved in anisole w1th a ratio of 20 : 80.

After stirring at room temperature, this mixture were s_j:in-coated on a glass plate with
an orientation layer on top to form a l_a'?er_ of ca. 800 nm. This film is then dried at
80°C for 1 or 2 minutes and photp-po;ymgﬂsed by irradiation with uv light using
Mercury lamp for 5 minutes af rdom temperature in a Nz;aMOsphem.

The film shows well onented nematlc mesophase wrth exclusion of any defects. In
addition this film exhlbxts a great tilt angle w.r.t. to plane, as shown by ellipsometric

measurements.
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Claims

Al—MG—A?

| I
), @

- s—Mc—at
) ) A A |
* M S * . A\

wherein:

Alto AS -

B! and B?

MG' and MG®

MG?

24
AS—MG*—AS

each independently represent hydrogen; an optionally-substituted
methyl group; or an optionally-substituted hydrocarbon group of
2 to 80 C-atoms, in which one or more C-atoms may be replaced
by a heteroatom, in such a way that oxygen atoms are not linked

to one another;

each independently represent a single bond, an oxygen atom or
an optionally-substituted hydrocarbon group of 1 to 80 C-atoms,
in which one or more C-atoms may be replaced by a heteroatom,

in such a way that oxygen atoms are not linked to one another;

~ each independently represent an optionally-substituted aliphatic

group.with 1 to 80 C-atoms, in which one or more C-atoms may
be replaced by a heteroatom, in such a way that oxygen atoms
are not linked to one another; or an optionally-substituted
aromatic or non-aromatic carbocyclic or heterocyclic ring
system, with 1 to 80 C-atoms;

represents a group comprising at least two and up to four
optionally-substituted aromatic or non-aromatic carbocyclic or
heterocyclic ring systems, with 1 to 80 C-atoms, wherein, when
MG? represents a group comprising four optionally-substituted
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nl and n2

n3

with the proviso that:

* [ L M S . %

ring systems, at least three of the ring systems are aligned in
between B! and B%;

PCT/IB99/01419

are each independently 1 or 2, where “nl = 2” (or “n2 = 2”)
indicates the presence of two separate linkages via the groups B'
(or the groups B?) between the groups MG' and MG? (or MG?
and MG?); and

3 . a :- / N
is a positive integer up to 1000; // :

when A? and A4 both represent hydrogen, then both MG' and
MG® represent an aralrphaUc group with 1 to 80 C-atoms, in
which one or more C-atoms may be replaced by a heteroatom, or
an optionally-substituted -aromatic or non-aromatic carbocyclic
or heterocyclic ring system, with 1 to-80 C-atoms; and at least
two of A', A% A’ and A® each independently represent an
optronally—substltuted hydrocarbon group of 3 to 80 C-atoms, in

which one or more C-atoms may be replaced by a heteroatom;

when A!, A%, A’ and A® all represent hydrogen, then A? and A*
both represent an optionally-substituted hydrocarbon group of 3
to 80 C-atoms in which one or more C-atoms may be replaced

bya heteroatom, and

when MG? représgnts a group comprising two or three
optionally-substituted ring systems, then neither of A® and A*

includes an aromatic ring.

2. A compound_ as claimed in claim 1, wherein at léast one of A! to A® includes a

polymerisable group.
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A compdund as claimed in claim 2, wherein each or any of the groups Al to A®

is selected from a residue of formula (II):

P-(Sp - - an

wherein:

is hydrogen or a polymerisable group selected from groups comprising
CH2=CW-, CHy=W-O-, CH2=CW-COO-, CH2=C(Ph)-CQO-,
CH=CH-COO-Ph-, CH2=CW-CO-NH-, -~ CH2=C(Ph)-CONH-,

'CHo=C(COOR')-CH2-COO-, CH2=CH-O-, CH2=CH-0O0C-, (Ph)-CH=CH-,

CH3-C=N-(CHa)m3-, HO-, HS-, HO-(CHz)mg-, HS-(CHa)m3-, HO(CH,)yyCOO-,
HS(CH2)n3COO-, HWN-, HOC(O)-, CH2=CH-Ph-(O)ms

/0 R R"
A\
HWC—CH- , CH—CH- or @CHZCOO—

wherein:

W represents H, F, Cl, Brorlora Cl_; alkyl group;

m3 is an integer having a value of from 1 to 9;

m4  isaninteger having a value of Oor 1,

R represents a C,_s alkyl group; and

R" represents a Cy_s atkyl group; methoxy, cyano, F, Cl, BrorI;

Sp'  represents an optionally-substituted C;_zo alkylene group, in which one or more

C-atoms may be replaced by a heteroatom; —
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is an integer having a value of from 0 to 4;
represents -O-, -S-, -NH-, N(CH3)-, -CH(OH)-, -CO-, -CHx(CO)-, -SO-,
-CHy(SO)-, -SOz-, -CHx(SOy)-, -COO-, -OCO-, -0CO-O0-, -S-CO-, -CO-S-,

-S0O0-, -0SO-, -SOS-, :CH;-CHa-, -OCHy-, -CH;0-, -CH=CH-, or -C=C-; and

is an integer having a value of 0 or 1;

in which the term Ph denotes phenylene and the term (Ph) denotes phenyl;

with the proﬁ_iso that at least one of the groups Al to A® is not a hydrogen atom.

4,

A compound as claimed in claim 3, wherein A! to A% each independently

_represent a group of formula (III):

PgpX- L - @y

wherein:

x* represents -O-, -CO-, -COO-, -OCO-, -C=C-, or a single bond,
especially -O-, -COO-, -OCO- or single bond;

Sp° represents a Cjzo straight-chain alkylene group, especially ethylene,
propylene, butylene, pentylene, hexylene, heptylene, octylene,
nonylene, decylene, undecylene, or dodecylene; and

p? represents hydrogen, CH=CW>-or CH,=CW’-(CO)\20-,

wherein:

\'A represents H, CH;, F,Cl,Brorl; and
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_ v2 isOortl _
5. A compound as claimed in any preceding:claim, wherein B' and/or B>
comprises a group of formula (IV)
Ee-(Spe -Xs av)
wherein:
R O
Sp2 represents a Cy_yp alkylene group; Cf - | o

X?and X>  each independently represent -O-, -S-, -NH-, N(CHs)-, -CH(OH)-,
‘CO-, 'CHz(CO)', 'SO', ‘CH2(SO)'; "SOZ" "CHZ(SOz)': 'COO": -OCO-,
-0CO0-0-, -S-CO-, -CO-S-, -S00-, -OS0-, -808S-, -CH,-CH;-, -OCH,-,
-CH;0-, -CH=CH-, -C=C- or a single bond;

'y is an integer, having a value of 0 or 1;

fandt - areintegers, each independently having a value of 0 or 1;

with the proviso that oxygen atoms are not linked one to another.

6. A compound as claimed in claim 5, wherein:

X2andX®  each independently represent -O-, -CO-, -COO-, -OCO-, -C=C-, or a
single bond; and

Sp? represents a C,_p straight-chain alkylene group.

7. A compound as claimed in claim 6, wherein X* and X each independently

represent -O-, -COO-, -OCO- or a single bond.
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8. A compound as claimed in claim 6 or claim 7, wherein Sp? represents ethylene,
propylene, butylene, pentylene, hexylene, heptylene, octylene, nonylene, decylene,

undecylene or dodecylene

9. A compound as claimed in any preceding claim, wherein MG? and at least one
of MG' and MG® represents a mesogenic group comprising at least two
optionally-substituted aromatic or non-aromatic carbocyclic or heterocyclic ring
systems.

10. A compound as claimed in any preceding claim, wherein:

MG? represents a mesogenic group comprising 2 to 4 aromatic or non-aromatic

cérbocyclic or heterocyclic ring systems and optionally up to 3 bridging groups; and

at least one of MG' and MG’ represent a mesogenic group comprising 1 to 4 aromatic

or non-aromatic carbocyclic or heterocyclic ring systems and optionally up to 3

‘ bridging groups.

. 1. A compo‘und as claimed in clann :16, v_vhereih one or more of MG]., MG? and
20 1

MG? represents a mesogenic group sei_ected i_'roni the meanings of formulae v

CZ'-CYa-Z-C)r(BPCHa V),
in which:

Clto C4 are in each case independently optiohally-substituted non-aromatic,

aromatic, carbocyclic or heterocyclic groups;

Zlto Z3 are independently from each other -COO-, -OCO-, -CH;-CHp-,
-OCHz-, -CH,0-, -CH=CH-, -C=C-, -CH=CH-COO-, -OCO-CH=CH-

or a single bond; and
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al, a2 and a3 are independently integers 0 to 3, such thg’g al +a2 +a3 <3.

12. A compound as claimed in claim 11, wherein C1 t6 C4 are selected from:

BB P
N e
0 Rl

N-N
I

\@ \gsg/ 0»\ and /Z::])\

 with:

I

L  being -CHj, -COCH3, -NO3, CN, or halogen

10 ul being 0,1,2, 3, or 4,

u2 being 0, 1, 2, or 3, and

u3 being 0, 1, or 2.
15
13. A compound as claimed in claim 12, wherein C! to C# are selected from cyclo-

hexylene, phenylene, naphthylene or phenanthrylene.

14. A compound as claimed in any preceding claim, wherein Al and A2 are
20 identical.

15. A compound as claimed in any preceding claim, wherein A5 and A6 are
identical.
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16. A compound as clain;iqu in any preceding claim, wherein Al—MG'—A2 and
A5—MG’—AS are id¢nﬁcal.}i | | |

17. A compound as_cla@;nc'}d in any ppecéding claim, wherein A3 and A% are
identical. [ |

18. A compound as claiméd in any p;c_qe_ding claim, wherein nl, n2 and n3 equal 1
and B! and B2 are ideni__ica.l. ’ o

19. A liquid crystglline mlxture comprising at least one compoimd as claimed in

any one of claims 1 to 18

20. A polymer network comprlsmg at Jeast one compound as claimed in any one of
claims 1 to 18. | -

21. A polymer network as élaimegi: in 'clgim 20, essentially consisting of:
i) at least one chiral or/é:nd achlral r_pespgénic polymérisable compound;
ii)  atleastone “stalrcase”compound of formul'a I; and

iii)  an inifiator.

22. A polymer network as cla_,ime_d' in claim 21 further comprising one or more

further polymerisable compounds.,,i'_sta_.b_i'li-s':__ers' and/or dyes.

23. A liquid crystalline polymer film comprising a compound as claimed in any

one of claims 1 to 18.

24 A liquid crystalline polymer film obtainable by polymerisation of a liquid

crystalline mixture as claimed in qlaim 19. -
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25. A processfor the preparation of a liquid crystalhnepolymer film as claimed in
claim 24 co_mpris_ing the steps of forming the polymerisable liquid crystalline mixture

into a thin film, prior to curing.

26.  An optical or electro-optical component containing a liquid crystalline polymer
film as claimed in claim 24.
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