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Liquid crystalline compounds 

The invention relates to new liquid crystalline compounds, mixtures of those 

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

5 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. 

10 

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 

15 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 = 

f(A.)). 

In some applications there is a requirement to produce LCPs in which the component 

20 molecules adopt a specific tilt angle or orientation with respect to the plane of the 

substrate or to 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. 

25 

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 LC compounds used in 

the manufacture of the LCPs need to be chemically and thermally stable, stable to 

30 electromagnetic radiation, soluble 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 cros~lirudng. The resulting LCP films have a high viscosity and 

are stable to mechanical stresses, temperature and light exposure. 

There is therefore a µeed for a liquid crystalline single compound or mixture which 

exhibits a broad liquid-crystalline thermal range and which can be orientated on a 
·'· . . . 

substrate prior to cross"'.linking in such a way that the orientation of the LC single 
·;:=· . 

compound or mixture. on the substrate remains stable over the period required for 

10 manufacturing the LCP network. Components which may be used in photo­

-crosslinkable liquid ~rystalline layers are particularly desirable. 

Compounds known . from the prior. art include those disclosed in EP:-A-0675186, 

EP-A-0700981 and E?-~-0748852 (all F. Hoffinann"'.La Roche AG). The three earlier 

15 documents disclose cQmpounds such as (taken from EP-A-0675186): 

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

20 aspect compounds of tbe following formula: 
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I. 

though in fact there is no enabling disclosure of anything other than the following: 

II. 0 0 

-0 II~ II~ R1 -0-C ,.;, -c -U-R2 

x 
5 where X is chlorine. 

Previous strategies used for obtaining the desired therµJal and optical properties with a 

given LCP material have mainly relied upon mixtures of compounds comprising at 

least one liquid crystalline polymerisable monomer and the combination of their 

10 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 crystalJine range etc.), besides some problems 

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

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

new concept of obtaining LCP materials of special thennal and optical properties was 

investigated. This concept uses chemical junctions at lateral positions of different 

molecules, at least one of them being mesogenic, having each one or more of the 

properties which are required in the final LCP material. Depending on the application, 

20 these properties can be selectively induced from at least CJne of the mesogenic stairs of 

the new ••staircase molecules". 

Thus the invention provides chiral or achiral .. staircase" compounds of formula I: 

25 

... 
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wherein: 

10 

15 B1 andB2 

.. . . . .. ·: 

20 MG1 and MG3 

25 

30 

PCT/IB99/01419 

(I) 

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 

gtoup with I to 80 C-atoms, in which one or more C-atoms ma~ 

be replaced· by a beteroalom, 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 

MG2 represents a group comprising four optionally-substituted 
. . . 

ring systems, at least three of the ring systems are aligned in 

between B1 and B2
; 

-4-



W000/07975 

nl and n2 

5 

n3 

with the proviso that: 

10 

15 

20 

25 
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are each independently 1 or 2, where "nl = 2" (or ''n2 = 2") 

indicates the presence of two separate linkages via the groups B 1 

(or the groups B2
) between the groups MG1 and MG2 (or MG2 

and MG3
); and 

is a positive integer up to 1000; 

when A3 and A4 both represent hydrogen, then both MG1 and 

MG3 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 beterocyclic ring system, with 1 to 80 C-atoms; and at least 

two of A1, A2
, A5 and A6 each independently represent an 

optionally-substituted hydrocarbon group of 3 to 80 C-atoms, in 

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

when A1
, A2

, A5 and A6 all represent hydrogen, then A3 and A4 

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 MG2 represents a group compnsmg two or three 

optionally-substituted ring systems, then neither of A3 and A 4 

includes an aromatic ring. 

The term "aliphaticn includes straight-chain and branched alkylene, as well as 

30 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 
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nitrogen, oxygen and sulphur. In the case of nitrogen further substitution is possible 

with groups such as ajkyl, aryl and cycloalkyl. Likewise, the terms "alkyl" and 

"alkylene", as used herein, includes straight-chain and branched groups, as well as 

saturated and unsaturated groups, 

When Mei represents a group comprising four optionally-substituted ring systems, at 

least three of the ring· systems are aligned in between B 1 ·and 8 2
• Thus. at least three of 

the rings are all in a discrete identifiable block positioned in between B 1 and B2, not in 

an arbitrarily defined region with some of the rings protruding from the axis of the 

10 molecule connecting ·B 1. with B2
• Comparison may be made with compounds such as 

Compound I-a ofEP~A.~0675186: 

I-a 
which could be drawn '.Vith ,an arbitrarily defined Z-shaped central portion having four 

15 rings. Two of these rings protrude from the axis of the molecule connecting the 

remaining anns of the molecule, and the compound falls outside the scope of the 

present invention. 

When MG2 represents a group comprising two or ~e optionally-substituted ring 

20 systems, then neither of A3 and A 4 includes an aromatic ring. This again makes it clear 

that with compounds sµch as Compound I-a of US 55~7349 fall outside 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 MG1
, M02'ihd MG3 in the new "staircase rilliiecules" 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 

5 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 

I 0 high tilt and high optical birefringence together with well oriented LCP films. 

MG2 may be either a mesogenic group or otherwise. 

It is advantageous for the liquid crystalline compounds to be photo-crosslinkable, so 

15 that for example they may be used in a crosslinked state in optical devices. Thus 

preferably at least one of A 1 to A 6 includes a polymerisable group. In such a case,. 

whenA3 and A4 both represent hydrogen then at least one of A1
, A2

, A5 and A6 would 

include a polymerisable group; whereas when A1
, A2

, A5 and A6 all represent hydrogen 

then at least one of A3 and A 4 would include a polymerisable group. 

20 

In a first preferred embodiment of the present invention, each or any of the groups A 1 

to A 6 may be selected from a residue of formula (II): 

(II) 

25 wherein: 

p is hydrogen or a polymerisable group selected from groups comprising 

CH2=CW-, CH2=W-O-, CH2=CW-COO-, CH2=C(Ph)-COO-, 

CH2=CH-COO-Ph-. CH2==CW-CO-NH-, CH2=C(Ph)-CONH-, 

30 CH2=C(COOR')-CH2-COO-, CH2=CH-O-, CH2=CH-OOC-, (Ph)-CH=CH-, 
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CH3-C=N-(CH2)mJ-, HO-, HS-, HO-(CH2)m3-. HS-(CH2)mJ-, HO(CH2)m3COO-, 

HS(CH2)m3COO-, HWN-. HOC(O)-, CH2=CH-Ph-(O)m4 

/\ 0 R.'~-
HWC-CH- , . . H=CH-

5 wherein: 

W represents ~ F, Cl, Br or I or a C1-s alkyl group; 

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

10 

m4 is an integer having a value of 0 or 1, 

R' represents a C1-s alkyl group; and 

15 · R" represents a C1_~ alkyl group, methoxy, cyano, F, Cl, Br or I; 

Sp1 represents an op~onally~substituted C1-20 alkylene group, in which one or more 

C-atoms may be replaced bY a heteroatom; 

20 k1 is an integer having a value of from 0 to 4; 

25 

xi represents -0-, -S-, -NH-, N(CH3)-, -CH(OH)-, -CO-, -CH2(CO)-, -SO-, 

-CH2(SO)-, -S02-, -CH2(S02)-, -COO-, -OCO-, -OC0-0-, -S-CO-, -CO-S-, 

-SOO-, -080-, -SOS-, -CH2-CH2-, -OCH2-, -CH20-, -CH=CH-, or -C=C-; and 

t1 is an integer having a value of 0 or 1; 

with the proviso that at least one of the groups A 1 to A 6 is not a hydrogen atom. 
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In relation to the residue of formula (11), the term Ph is to be understood as denoting 

phenylene and (Ph) as dfuoting phenyl. .. \;.< .. · 

The Ci-20 alkylene group Sp1 may comprise branched or straight chain alkylene groups 

5 and may be unsubstituted, mono- or polysubstituted by F, Cl, Br, I or CN. 

Alternatively or in addition one or more of CH2 groups present in the hydrocarbon 

chain may be replaced, independently, by one or more groups selected from -0-, -S-, 

-NH-, N(CH3)-, -CH(OH)-, -CO-, -CH2(CO)-, -SO-, -CH2(SO)-, -S<h-, -CH2(S02)-, 

-COO-, -OCO-, -OC0-0-, -S-CO-, -CO-S-, -SOO-, -080-, -SOS-, -C=-C-, -(CF2h, 

10 -(CD2)5- or C(W1)=C(W2
)-, with the proviso that no two oxygen atoms· are directly 

linked to each other. W1 and W2 each represent, independently, H, H-(CH2)q1- or Cl. 

The integers r, sand ql each independently represent a number of between 1 and 15. 

More preferably, A1 to A6 each independently represent a group of formula (III): 

15 

(III); 

wherein: 

20 x4 represents -0-, -CO-, -COO-, -OCO-, -C=C-, or a ·single bond, 

especially -0-, -COO-, -OCO- or single bond; 

25 

30 

Sp5 represents a C1-20 straight-chain alkylene group, especially ethylene, 

propylene, butylene, pentylene, hexylene, heptylene, octylene, 

nonylene, decylene, undecylene, or dodecylene; and 

wherein: 

W5 represents H, CH3, F, Cl, Br or I; and 
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v2 is 0 or 1. 

One or more of A1 
tQ A6 may also represent a C1-C20-alkyl, C1-C20-alkoxy, Ci­

~o-alkoxycarbonyl, C1-C20-alkylcarbonyl or C1-Cwalkylcarbonyloxy group, for 

5 example methyl, ethyl, p;ropyl, blityl, pentyl, ~yl, heptyl, octyl, nonyl, decyl, undecyl, 

dodecyl, methoxy, ethoxy, n-propoxy, isopropoxy, butoxy, pentyloxy, hexyloxy, 

heptyloxy, octyloxy, nonyloxy, d~yloxy, undecyloxy, dodecyloxy, methoxycarbonyl, 

ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl, pentyloxycarbonyl, hexyloxy­

carbonyl, octyloxycarbo:iiyl, nonyloxycarbonyl, · <lecyloxycarbonyl, undecyloxycarbonyl, 

10 dodecyloxycarbonyl, acetyl, propionyl, butyryl, valeryl, hexanoyl, heptanoyl, octanoyl, 

nonanoyl, decanoyl, tpctecanoyl, dodecanoyl, terdecanoyl, acetoxy, propionyloxy, 

butyryloxy, valeryloxy? hexanoyloxy, heptanoyloxy, octanoyloxy, nonanoyloxy, 

decanoyloxy, undecanoyloxy, dodecanoyloxy, terdecanoyloxy and the like. 

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

B 1 and/or B2 comprises a group of formula (IV): 

20 

25 

30 

wherein: 

. Sp2 

X2 andX3 

(IV) 

represents a C1-20 alkylene group; 

each incJependently represent -0-, -S-, ~NH-, N(CH3)-, -CH(OH)-, 

-CO-, -CH2(CO)-, -SO-, -CH2(SO)-, -S~"'., -CH2(S02)-, -COO-, -OCO-, 

-OCQ-Q,.., -S-CO-, -CO-S-, -SOO-, -OSO-, -SOS-, -CHrCH2-, -OCH2-, 

-CH20-, -CH=CH-, -C=C- or a single bond; . 

k2 is an integer, having a value of 0or1; 

t2 and t3 are integers, each independently having a value of 0 or 1; 

-10-
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with the proviso that oxygen atoms are not linked one to another . 

. . ·: ((;·· 

Preferably B 1 and B2 each independently represent a group of formula (IV), wherein: 

5 . X~toX3 each independently represent -0-, -CO-, -COO-, -OCO-, -C=C-, or a 

single bond, especially -0-, -COO-, -OCO- or a single bond; and 

10 

15 

Sp2 represents a C1-20 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 1 and B2 each independently 

represent a group offonnula (IV) and A 1 to A6 each independently represent a group of. 

fonnula (Ill). 

The invention is particularly useful when MG2 is a mesogenic group and the groups of 

MG1 and MG3 also impart mesogenic properties to the molecule, in addition to those 

properties imparted by the mesogenic group Ma2. Thus preferably MG2 and at least 

one of MG1 and MG3 represents a mesogenic group comprising at least two 

20 optionally-substituted aromatic or non-aromatic carbocyclic or heterocyclic. ring 

systems. 

Preferably MG2 represents a mesogenic group comprising 2 to 4 aromatic or non­

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

25 groups, and at least one of MG1 and MG3 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: 

30 (V), 

in which: 
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Cl to C4 are in each case independently optionally-substituted non-aromatic, 

aromatic, carbocyclic or heterocyclic groups; 

are independently from each other . -COO-, -OCO-, -CH2-CH2-, 

-OCH2-, -CH20-, -CH=CH-, -C-C-, -CH=CH-COO-, -OCO-CH=CH­

or a single bond; and 

al, a2 and a3 are independently integers 0 to 3, such that al + a2 + a3 $ 3. 

Especially preferred are those in which CI to C4 are selected from: 

with: 

L 

ul 

it. \Q)_' 
·~ 

(L)112 (L)uz 
' 

~ 'fnY _J.-~ 
<(o)> ' «:s» ' o 

N-N 
and·~~ 

being -CH3, -COCH3, -N02, CN, or halogen 

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

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

u3 being 0, 1, or 2. 
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More especially preferred are those in which CI to C4 are selected from cyclohexylene, 

phenylene, naphthylerie 6r phenanthrylene. ' 

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

5 

Al and A2 may be identical; 

A5 and A6 may be identical; 

10 Al-MG1-A2 and A5-MG3-A6 may be identical; 

15 

A3 and A4 may be identical; or 

nl, n2 and n3 may equal 1 and B1 andB2 may be identical. 

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: 
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Scheme 1: 
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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: 

(1.1) 

(I. 2) 
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(I. 3) 

5 

(I. 4) 
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(I. S) 

s 
(I. 6) 
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(I. 7) 

5 

(I. 8) 
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(I. 9) 

5 
(1.10) 
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F 

~~ 
(1.11) 

5 

(1.12) 
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(1.13) 

(1.14) 

The "staircase" compounds of formula I disclosed in the foregoing and the following 

may be used alone or as a component of a liquid crystal mixture. Liquid crystalline 

10 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 a compound of formula (I). Preferably the liquid crystalline material 

comprises at least two components. The additional components must be miscible with 

the compowid of formula (I) and may be selected :from known mesogenic materials 

15 such as those reported in Adv. Mater. 5, 107 (1993), Mol. Cryst. Liq. Cryst. 307, 111 
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(1997), J. Mat. Chem. 5, 2047 (1995) or in patent appiications US-A-S,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 ~39. 

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)po1ymer, 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 

10 ~ 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 

15 comprising: 

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

ii) at least one "staircase" compound of formula I; and 

20 

iii) an initiator. 

The chiral or achiral mesogenic polymerisable compound may be a "staircase" 

compound of formula (I). Alternatively or in addition, the polymerisable compound 

25 may be selected from the known mesogenic materials referred to above. Preferably the 

chiral or achiral polymerisable compound includes the nematic phase in its 

thennotropic sequence. 

The polymer network may optionally comprise further components. These include 

30 further polymerisable compounds, stabilisers and dyes. The additional polymerisable 

compounds preferably comprise a non-mesogenic compound having at least one 

polymeris~ble functional group, especially diacrylate compounds. 
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Any suitable stabiliser that prevents undesired spontaneous polymerisation, for 

example during storage of the mixture, may be used in the liquid crystalline mixture 

according to the invention. A broad range of. thes~ compounds is commercially 

available. Typical examples include 4"'.ethoxyphenol or 2,6-di-tert-butyl-4-methyl-

5 phenol (BHT). 

If colour filters are ~uired, dyes may be added to the mixture. In . a preferred 

embodiment of the iJl.V~ntion the LC mixture contains no dye. 

10 The chiral or achiral polymerisable mesogenic compoupd may be present in an amount 
. . 

comprising 0.01 to 99°(o by weight of the liquid crystajline polymer network mixture, 

preferably 50 to 95% by weight. 

The "staircase" comp~und of formula (I) .may be p~~ent in an amount from 0.1 to 

15 100% by weight of the liquid crystallit1e network, preferably from 1 to 50% by weight. 

20 

The initiator is prefe~bly a photoinitiator and may be a radical or cationic initiator that 

is present in an amount comprising 0.,1 to 5% by weight of the polymer mixture, 

preferably from 0.2 to f% by weight~ , 

When the mixture ~er comprises a stabi1iser, this is generally present in an amount 

comprising 0.01to5% by weight of the liquid crystalline mixture, preferably from 0.1 

to 1 % by weight. 

25 These polymerisable liquid crystalline mixtures may be formed into liquid crystalline 

polymer (LCP) fUms and a fifth aspect of the invention provides a LCP film 
. . . ' . . 

comprising a compo~d of fonnula (1). LCP films m.ay be readily prepared by UV 

polymerisation of a LC mixture according to the invention; a flhn comprising the LC 

mixture is formed on ? substrate and polymerised using UV light to give a cross-linked 

30 liquid crystal polymef (LCP) film. The film is both iight and temperature stable and 

can be used in the 1llatlufacture.ofdevices such as waveguides, optical gratings, filters, 

retarders, piezoelectric cells or thin ·films exhibiting non-linear optical properties. 
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Different methods eafi'!be used for the fonnation of .fiii::~ught LCP network, starting 

from the polymerisable liquid crystalline mixture manufactured as described above. 

Transparent substrates such as coated ITO (indium tin oxide), glass or plastic 

5 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. 

10 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 

1 S 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 compmmd of formula (I). 

20 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 

25 person skilled in the art. 

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

K crystalline 

30 D discotic 

s smectic 

N nematic 
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chiral nematic ( cholesteric) 

isotropic 

PCT/IB99/01419 

2,5-Bis-[4-(6-acryloyloxyhexyloxy)benzoyloxy]benzoic acid· 5'-[2,5-bis.o[4-(6-acryl­

oyloxyhexyloxy)benzoyloxy ]benzoyloxy ]-4,4'-dipentyl[l, 1 ';4',l ")terphenyl-2'-yl ester. 

(~ 

1) 21 ,5'-Dimethoxy-4,4"-dipentyl[l,1 ';4',l "]terphenyJ 

15 To a well degassed mixture of 4-pentylben7.eneboro~c acid (3,84 g), 1,4-dibromo­

·2,5-dimethoxybenzene (2,95 g), Na2C03 2M (40 ml), ethanol (15 ml) and toluene (25 

ml), tetrakis(triphenylphospbine)palladium(O) (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 eth~r (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-4,411-dipentyl[l,1';4',l"]-

5 terphenyl as white crystalline material . 

10 

Yield: 3.9 g. 

2) 4,411-Dipentyl[l,l ';4' ,l "]terphenyl-2',5'-diol 

A solution of 2',5'-dimethoxy4A"-dipentyl[l,1';4',l"]terphenyl (2.15 g): in 

dichloromethane ( 40 ml) is cooled to -76°C alid treated with a dropwise addition of 1 

Msolution of boron tribromide in CH2Ch (12 ml). After complete addition the.reaction 

15 mixture is allowed to reach room temperature and stirring is continued for 6 hours. The 

reaction mixture is then carefully poured into ice-water (I 00 g) and stirred for further 

20 min. The obtained. mixture is then saturated with NaCl and extracted with diethyl 

ether (3 x 150 m1). The combined. organic extracts are washed with saturated NaCl 

solution (150 ml), dried over magnesium sulphate and evaporated under reduced 

20 pressure to afford 4,4"-dipentyl[l,l ';4',l "]terphenyl-2',5'-diol as white crystalline 

material. 

25 

Yield 1.8 g. 

3) 2,5-Bis-[4-( 6-acryloyloxyhexyloxy)benzoyloxy ]benzoic acid 5'-[2,5-bis-

·[4-(6-acryloyloxyhexyloxy)benzoyloxy]benzoyloxy ]-4,4"-dipentyl[l, 1';4',1 "]­

terphenyl-2'-yl ester. 
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To a solution of 4,4"-dipentyl[l,l ';4',l"]terphenyl-2',S'-diol (0.11 g), 2,5-di-[4-(6-acryl­

oyloxyhexyloxy)benzoyloxy]benzoic. atjq (0.42 g) and 4-dimethylaminopyridine 

(DMAP) (7 mg) i~: ~chloromethane (8. ml), cooled at 0°C, a solution of 

.N,N'-dicyclohexylcarJx>diimide (DCC) (0.14 g) in dichloromethane (2 ml) is added 

5 dropwise. After complete addition, the reac~on mi~ is stirred at room temperature 

for 6 h then evaporated under reduced pressure. The obtained crude white residue is 

chromatographed on ~ilica (dichloromethane/diethyl ether : 19/l) to _afford pure 

2,5-bis-[4-(6-acryloyloxyhexyloxy)benzoyloxy]benzoic. aeid 5'-[2,5-bis[4-(6-acryloyl­

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

10 white crystalline material. 

15 

20 

Yield: 0.32 g. 

This compound has the foliowing therinotropic sequence: K 172°C I. 

Example2: 

2,5-Bis-[ 4-( 6-acryloyloxyhexyloxy)benzoyloxy ]benzoic acid 3-[2,5-bis-[4-(6-acryloyl­

oxyhexyloxy)benzoylmcy ]benzoyloxy ]-4,4" .. bisn:onyloxy[l, 1 ';4' ,l "]terphenyl;.3"-yl 

ester. 

oz~~ 11 ~0,-{}-v(CHW;OC~ 
~ "O(CHi).,0--0--.l a ~b 

1) 4,4"-Dinonyloxy[l,1';4',l"]terphenyl-3,3i'-dicarbaldehyde 
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To a well degassed mixture of 1,4-benzenediboronic acid (1.4 g), 5-bromo­

-2-nonyloxybenzaldehyde (5.50 g), Na2C03 2M (40 ml}, ethanol (15 ml) and toluene 

5 ( 40 ml), tetrakis(triphenylphosphine)palladium(O) {0.62 g) and Cul {5 mg) are added. 

The obtained mixture is maintained 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 

mawiesium sulphate and evaporated to dryness. The obtained black residue is 

10 chromatographed on silica using CH2Cli I hexane : 3/1 as eluant. The obtained yellow 

crystalline material is dissolved in minimum of CH2C~2 (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[l,1';4',l"]terphenyl-3,3"-dicarbaldehyde crystallises as white 

powder. 

15 Yield: 3.8 g. 

20 

2) 4,4''-Dinonyloxy[l,l ';4', 1 "]terphenyl-3,3"-diol 

HO 

OC,H19 

OH 

A solution of 4,4"-dinonyloxy[l,1';4',l"]terphenyl-3,3"-dicarbaldehyde (3.42 g) in 

CH2Cli · (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 NaHC03 (50 ml) and extracted twice with 
. ·. . 

ether (2 x 200 ml). The combined· organic ~tracts are further washed with saturated 

solution ofNaHC03 (100 ml), ~th ~~tuiated solution.ofNaCl, dried over magnesium 

sulphate and evapo;rated to a:ffoni a y~ll~w ct,ystalline residue. This residue is dissolved 

5 in ethanol/ dichloromethane: 50 tnl./ ~O mi and treated with 75mlof1.5 MKOH at 
·,; ... • .. : . ··. . . .. 

55°C for 20 min. The.'resulting 11li~ ~s th~n concentrated and extracted with ether (3 

x l50 ml). The ether extracts ~ wasped with sat. NaCl (2 x 200 ml), dried over 
·. . .· .. .. 

magnesium sulphate '11d evapo~t~ fu dryness. This affords the dihydroxy compound 

as yellow crystalliP.e riiaterial wJlich ~s .Purified by reczysta11isation in ethanol to give 
. :; . . . . . ~ 

10 4.4"-dinonyloxy[l,1';4',1 "]terphenyl-3-,3"-diOl as a slightly yellow czystalline material. 
. . .· ·. ·. . ... 

Yield: 3.1 g. 

3) 2,5-Bis-[4.;(&:~loyloX}'h~yloxy)b¢nz.oyloxy]benz.oic acid 3-[2,5-bis-

-[4-(6-aczyloyloxyhexyloxy)benzayl6xy]benzoyloxy]-4,4"-bisnonyloxyl-

15 [l,1';4',l"]terphenyl-3"-yte$ter. 

A solution of mesyl chloride (Q'.7~ g) in tp ml of dly TIIF is dropwise added to a 

solution of 2',5'-bis-[:i,5-di-( 4{6~acryloyloxyhexyloxy)beilzoyloxy)]benzQic acid (4.50 

g) and triethylamine 0.6 ml) in $0 In~ of dry THF, cooled at-25°C and maintained and 

lO under argon atmosphere. After:complele addition (IS min), the reaction mixture is 
: . ·. ·.. . . ·:. .: . 

further stirred for .120 mirr at -25 ~C then ·treated with a solution of 

4,4"-dinonyloxy[l,l ';4',l '1ferph~yl-3,3''.~cliol in 60 ml of dry TIIF containing 78 mg of 
. . . . . ~ . . 

DMAP and the reaction mixturt( is further stirred at -25°C for 2 h. The temperature is 

then allowed to reach room teniper11,tin'e . and stirring is continued overnight. The 
·. .'. :; . ·: . 

25 reaction mixture is poured into J2QJµl of ~ter, extracted with 2 x 200 ml of ether and 

120 ml of dichlorom~tlume. T~· combmed .organic extracts are washed with HCl 3N 

(200 ml) then with a half satma~d N~QI solution (2 x l 00 ml), dried over MgS04 and 

evaporated to drynes~ to afford ~· ~.iglitl~ yeµow pasty material. This is dissolved in 25 

ml of THF and reprecipi1:a;ted froni· ~QO of IP.ethanol, then flash cbromatographed over 
.:· ·. 

30 a short silica column.· 
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Pure 2,5-bis-{4-~~~ryloyloxyhexyloxy)benzoylo~~~~oic acid 3-[2,5-bis-

-[4-(6-acryloyloxylieXyfoxy)benzoyloxy]benzoyloxy]-4;~":.t1snonyloxy[l, 1 ';4' ,l "]­

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 °C N 122.6 °C I . 

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

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

Example3: 

2-[4-( 6-acryloyloxyhexyloxy)benzoyloxy]-5-(trans-4-pentylcyclohexanecarbonyloxy)­

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

l S hexanecarbonyloxy)]benzoyloxy]-4,4"-bisnonyloxy[l,1';4',l"]tcrphenyl-3"-yl ester. 

1) 

20 

2-[ 4-(6-Acryloyloxyhexyloxy)benzoyloxy ]-5-( 4-trans-pentylcyclohexane­

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) ~olution of +<~-acrylQyloxyhexrloxy)benzoic acid (2.78 g) and 

triethylamine (6 ml) in 40 ml of 411' THI" IUld under argon; After complete addition (15 
. . .. .. 

5 min), the reaction m.ixtµre was'furd,ier stjp'ed for 60 nlin at -25 °C then treated with a 
. :.' ... · . . . . . 

solution of 2,5-dihy4roxybenzal~~y~ (1,3, g) in 10 ml of dry THF and the reaction 

mixture is further stirred at -25°(:: for 2 ti. Th.is mixture was then treated with a 

suspension of tp.etl:tyl-(trani;JJ~pentylcy~lohexynecarbonyl)amm.onium; chloride 

(prepared from trans-4-pentylcy~~oh~~arboxylic ·acid (2.26 g), triethylamine (6 

10 ml) and mesyl chloriqe (1.14 g) in ':fHF(3S ml)) in dry THF (35 ml), followed by 

one-crop addition of DMAP (0.24 g). Stirring is conti:riued for 3 h at -25°c and for 30 
. . .. . . ; . . : 

min at room temperature. The r~ction iµi~e is th~ .poured into 80 ml of saturated 

NaHC03, extracteq ~th 2 x l.()P 'ml .of e~er .. The combined organic extracts are 

washed with HCl 3N (100 ml) th~n with half saturate~ NaCl solution (2 x 100 ml), 
.. .: . . . •· ·.· 

15 dried over MgS04,.filt¢red.and ~vapprated.t~ dryness to afford a slightly yellow pasty 

.··.material. This is flash chromatographed oy~ a shoit silica-gel column (CH2Ch). The . 

. obtained white residue :(2.3 g) w~ ~solve<! in CH2Ch. (5 ml) then reprecipitated from 

.. ; ethanol (50 ml).: This affotds: pure. 7~£4-(6-acr_yloyloxyhexyloxy)benzoyloxy]­
-S-( 4-trans.;pentylcyclohexanecarbonyloxy)oonzaldehyde as white crystalline material. 

20· .: Yield 1.3 g. 

25 

· 2) 2-[ 4-(6-AcryJoyloxyhexyloxy)benz.oyloxy ]-5-( 4-trans-pentylcyclohexane­

carbonyloxy)benzoic acid · · 

Jones oxidant (Cr03'H2S04'H20) (8·ml) is added dropwise to a ice-cooled solution of 

2-[ 4-(6-acryloyloxyhexyloxy)benzoylo,cy~-5~(4-trans-pentylcyclohexanecarbonyloxy)-
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benzaldehyde (l.21 _g) in acetone/dichloromethane (~~tml/20 ·m1). After complete 

addition (10 min)!f;:~hrring is continued at roonfVi1fuperature overnight. The 
. . 

green-orange mixture is then filtered off and the green :Precipitate is washed with 150 

ml of ether. The combined organic solutions are then washed with water until the 

5 orange coloration is removed (6 x l 00 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 

10 

15 

Yield 1.18 g. 

3) 2-(4-(6-acryloyloxyhexyloxy)benzoyloxy ]-5-(trans-4-pentylcyclohexane-

carbonyloxy)benzoic acid 3-[2-[4-(6-acryloyloxyhexyloxy)benzoyloxy]-

-5-(trans-4-pentylcyclohexanecarbonyloxy)]benzoyloxy ]-4,4"-bisnonyloxy-

[l ,1 ';4', l "]terphenyl-3"-yl ester. 

Following the procedure described in Example 2, the reaction was performed with 1.1 

g of 2-[4-( 6-Acryloyloxyhexyloxy)benzoyloxy J-5-( 4-trans-pentylcyclohexane­

carbonyloxy)benzoic acid , 0.37 g of 4,4"-dinonyloxy[l,1';4',l"]terphenyl-3,3"-diol, 

0.02 g of DMAP, 2 ml of triethylam.ine and 0.2 g of mesyl chloride affording the 

20 desired compound as white crystalline material. 

25 

30 

Yield 0.81 g . 

This compound presents the nematic mesophase as a single liquid-crystalline phase at a 

temperature above 90 °C and thermally polymerises at this temperature. 

Example4: 

2,5-Bis-[ 4-(6-acryloyloxyhexyloxy)benzoyloxy ]benzoic acid 3-[3-[2,5-bis-[ 4-( 6-acryl­

oylox.yhexyloxy)benzoylox.y ]benzoyJoxy ]phenylethynyl]phenyl ester. 

..... 
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1) 3-(3-Ethynylphenoxy)tetr8hydropyran: 

5 To a well degassed solution of 3-(3-bromophenoxy)tetrahydropyran (5.14 g), 

triphenylphost)hine (204 mg), copper(!) iodlde (38 mg) and bis(triphenylphosphine)­

palladium(ll) dichloride (3.93 g) in triethylamine (40 ml), maintained under argon 

atmosphere, trimethyls~lylacetylene 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 

10 evaporated to dryness. This affords a yellowish oil which is dissolved in 30 ml of THF 

containing 3 ml of water, then cooled at 0°C and treated .by dropwise addition of 5 ml 

of tetrabutylammoniwn fluoride (lM in THF). After stirring for 30 min the reaction 

. was complete and the obtained b.rpwnish solution was ·filtered over a short silica-gel 

column and conce~ted to yield a brownish res~due, which was chromatographed on 

15 silica-gel column affording 3-(3.:.ethynylphenoxy)tetrahydropyran as yellowish 

crystals. 

Yield 3.8 g. 

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

20 

Following the above procedure, the reaction was performed with 3-(3-bromophenoxy)­

tetrahydropyran (2.57 g), 3-(3-ethynylphenoxy)tetrahydropyran (2.02 g), triphenyl-

25 phosphine (105 mg), copper(!) iodide (19 mg) and bis(triphenylphosphine)­

palladiwn(II) dichloride (70 mg) in triethylamine (40 ml). The crude dark residue 
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obtained after filtration over silica-gel column ~~' . dissolved in a mixture of 
,,~ ;.'·: ,f.:>1,::.:::.1.; 

dichloromethane (lOirli) and methanol (40 ml), then'.&bited with 150 mg pyridinium 
~ . ·. 

p-toluene sulphonate at 60 °C for 2 h. The transparent reaction solution was then 

diluted with 100 ml of ether and washed twice with 40 ml of water then with 50 ml of 

5 saturated NaCl solution, dried over MgS04 and evaporated to dryness to afford 

1,2-bis-(3-hydroxyphenyl)ethyne as yellowish solid. 

10 

Yield 1.66 g. 

3) 2,5-Bis-[4-(6-acryloyloxyhexyloxy)benzoyloxy]benzoic 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,S-di-(4-(6-acryloyloxyhexyloxy)benzoyloxy)]benzoic acid, 0.14 g of 

15 1,2-bis-(3-hydroxyphenyl)ethyne, 0.012 g ofDMAP, 1.4 ml oftriethylamine and 0.23 

g of mesyl chloride affording the desired compound as white pasty material. 

Yield 0.64 g . 

39°C 
This compound present the following thermotropic sequence: N -----..• I. 

20 

Examples: 

A mixture is formulated ·consisting of: 

50% 
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20% 

200/o 

100..4 

To this mixture 500 p.p.m. inhib.itor 2,6-di".'tert-butyJ~.;methylphenol (BI-IT) is added 
; ·. !: . 

10 to prevent premature p()lym.erisa?<>P.. Fpr the radical p~to-polyinerisation we use 500 

p.p.m. initiator: IRGACURETM 3~9 (commercially avaflable from Ciba Geigy, Basie, 

Switz.erland). These mixture were solved in anisole with a ratio of 20 : 80. 

After stirring at room temperature, this mixture were spin-coated on a glass plate with 

15 an orientation l~yer on· top to form a Jayer of ca. 800 run. This film is then dried at 

80°C for 1 or 2 minutes and photo-polymerised by jrradiation with UV light using 

Mercury lamp for 5 minutes at room temperature in a N2-atmosphere. 

The film shows well oriented ~ematic mesophase wf,tb exclusion of any defects. In 

20 addition this film exhibits a great tilt angle w.r.t. to plane, as shown by ellipsometric 

measurements. 
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5 

10 

15 

20 

25 

30 

I. 
-:<.':t 

A compound of :formula I: 

·claims 

(I) 

111111111111111111111111111111 
* C L M S * 

wherein: 

M01 andMG3 

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 l 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 l 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 I to 80 C-atoms, wherein, when 

MG2 represents a group comprising four optionally-substituted 
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ring systems, at least three of the ring systems are aligned in 

between B1 and B2; 

are each independently 1 or 2. where "nl = 2" (or ''n2 = 2") 

indicates· the presence of two separate linkages via the groups B 1 

(or the groups B2
) between the groups MG1 and MG2 (or MG2 

and MG3); and 

is a positive integer up to 1000; 

when A3 and A4 both represent hydrogen. then both MG1 and 

MG3 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 A1, A2, A5 and A6 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 1, A2
, A 5 and A 6 all represent hydrogen, then A 3 and A 4 

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 MG2 represents a group comprising two or three 

optionally-substituted ring systems, then neither of A3 and A 4 

includes an aromatic ring. 

2. A compound as claimed in claim 1. wherein at least one of A 1 to A 6 includes a 

polymerisable group. 
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15 

3. A compound as claimed in claim 2, wherein each or any of the groups A 1 to A 6 

is selected from a residue of formula (Il): 

· I I P-(Sp )k1-(X )u - (II) 

wherein: 

p is hydrogen or a polymerisable group selected from groups comprising 

CH2=CW-, CH2=W-O-, CHz=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-O-, CH2=CH-OOC-, (Ph)-CH=CH-, 

CH3-C=N-{CH2)m3·, HO-, HS-, HO-(CH2)m3-, HS-(CH2)m3-, HO(CH2)mJC00-, 

HS(CH2)m3COO-, HWN-, HOC(O)-, CH2=CH-Ph-(O)m.i 

p, 
HWC-CH- , 

wherein: 

W represents H, F, Cl, Br or I or a C1-s alkyl group; 

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

25 

30 

m4 is an integer having a value of 0 or 1, 

R1 represents a C1-s alkyl group; and 

R" represents a C1-s alkyl group, methoxy, cyano, F, Cl, Br or I; 

Sp1 represents an optionally-substituted C1-20 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 -0-, -S-, -NH-, N(CH3)-, -CH(OH)-, -CO-, -CH2(CO)-, -SO-, 

-CH2(SO)-, -S(h-, -CH2(S02)-, -COO-, -OCO-, -OC0-0-, -8-CO-, -CO-S-, 

-SOO-, -OSO-, -SOS-, :cH2-CI-J2-, -OCH2-, -CH20-, -CH=CH-, or -C=C-; and 

11 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 proviso that at least one of the groups A 1 to A 6 is not a hydrogen atom. 

4. A compound as claimed in claim 3, wherein A1 to A6 each independently 

represent a group of formula (Ill): 

{Ill); 

wherein: 

20 x4 represents -0-, -CO-, -COO-, -OCO-, -C=C-, or a single bond, 

especially -0-, -COO-, -OCO- or single bond; 

25 

30 

represents a C1-2o straight-chain alkylene group, especially ethylene, 

propylene, butylene, pentylene, hexylene, heptylene, octylene, 

nonylene, decylene, undecylene, or dodecylene; and 

represents hydrogen, CH2=Cw5- or CH:i=CW5-(CO)vi0-, 

wherein: 

W5 rep~ents H, CH3, F, Cl, Br or I; and 
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S. A compound as claimed in any preceding,· cI3im, wherein 8 1 and/or 8 2 

eomprises a group of formula (IV): 

5 

(IV) 

wherein: 

111111111111111111111111111111 
* C L M · S * 

10 Sp2 represents a C1-20 alkylene group; 

15 

20 

X2 andX3 

t2 and t3 

each independently represent -0-, -S-, -NH-, N(CH3)-, -CH(OH)-, 

-CO-, -CH2(CO)-, -SO-, -CH2(SO)-, -SOi-, -CH2(S02)-, -COO-, -OCO-, 

-OC0-0-, -S-CO-, -CO-S-, -SOO-, -OSO-, -SOS-, -CH2-CH2-, -OCH2-, 

-CH20-, -CH==CH-, -C=C- or a single bond; 

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

are integers, 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: 

25 X2 andX3 each independently represent -0-, -CO-, -COO-, -OCO-, -C=-C-, or a 

single bond; and 

Sp2 represents a C1-20 straight-chain alkylene group. 

30 7. A compound as claimed in claim 6, wherein X2 and X3 each independently 

represent -0-, -COO-, -OCO- or a single bond. 
I. 

-~-t::'.>·~\ ':'..~· .;_: ~=~'~ < ~ :=;·:.~:·.::·: :~;-~_:1~::··]:~7'..: ·_::. : : .. ~-: .... ; ~ ... ~ :-~- :;_ .. ::.: 
. ~.-·· ~ 
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8. A compound as claimed in claim 6 or claim 7, wherein Sp2 represents ethylene, 

propylene, butylene, pentylene, hexylene, heptylene, octylene, nonylene, decylene, 

undecylene or dodecylene 

5 9. A compound as claimed in any preceding claim, wherein MG2 and at least one 

of MG1 and MG3 represents a mesogenic group comprising at least two 

optionally-substituted aromatic or non-aromatic car}'°cyclic or heterocyclic ring 

systems. 

I 0 I 0. A compowid as claimed in any preceding claim, wherein: 

MG2 represents a mesogenic group comprising 2 to 4 aromatic or non-aromatic 

carbocyclic or heterocyclic ring systems and optioruuly up to 3 bridging groups; and 

15 at least one of MG1 and MG3 represent a mesogenic group comprising I to 4 aromatic 

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

bridging groups. 

11. A compound as claimed in clailn J 0, wherein one or more of MG1
, Ma2 and 

2o ·· MG3 represents a mesogenic group selected from the meanings of fonnulae V: 

in which: 

25 

C1 toC4 

z1 toz3 

30 

(V), 

; 11111111 """ 11111 1111111 1111 * C L M S * 

are in each case independently optionally-substituted non-aromatic, 

aromatic, carbocyclic or heterocyclic groups; 

are independently from each other -COO-, -OCO-, -CH2-CH2-, 

-OCH2-, -CH20-, -CH=CH-, -C-=C-, -CH=CH-COO-, -OCO-CH=CH-

or a single bond; and 

. ::: 

~:·.:. ::~;': :~:~· :'.· :_ 
.. :. ·. 1.·.·.; 
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5 

al, a2 and a3 are independently integers 0 to 3, such that al + a2 + a3 S 3. 

12. A compound as claimed in claim 11, wherein Gl · tti (:4 are selected from: 

with: 

L 

~ 
~ 

N-N N-N 
'!{)' , 'f? , .-(0~ and _J{s~ 

being -CH3, -COCH3, -N02, CN, or halogen 
I lllllll lltlll lllll llllllUlll 

* C L M S * 

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

15 

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

u3 being 0, 1, or 2. 

'· .. · 
;11 

···-·:':'' "i:; ~ 
J"' •• 

·'. ~I 

., . 

13. A compound as claimed in claim 12, wherein CI to C4 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 AS and A 6 are 

identical. 
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16. A compound as claimed in any precedµig claim, wherein A 1-MG1-A2 and . ~ .. . . ·. . · .. 

A5-M<J3-A6 are identical,::· 

5 17. A compound as clajme<i in ~y preceding claim, wherein A3 and A4 are 

identical. 

18. A compound as claimed in any p~ece~ng claim, wherein nl, n2 and n3 equal 1 

and B 1 and B2 are identical. 

IO 

19. A liquid crystalline mixtUre comprising ·at least one compound as claimed in 

any_ one of claims 1 to ~8. 

20. A polymer network CQmprising a~ least one compound as claimed in any one of 

15 claims 1 to 18. 

21. A polymer network as claimed in c~aim 20, essentially consisting of: 

i) at least one chiral or/m.id achiraJ. lllesogenic polymerisable compound; 

20 

ii) at least one "sta4'case"·corqpound of formula I; and 

iii) an initiator. 

25 22. A polymer network as claime<i in claim 21 further comprising one or more 

further polymerisable compoun~, stabilisers and/or dyeS. 

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

one of claims l to 18. 

30 

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

crystalline mixture as claimed in claim 19~ 
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25. A process. fcir tlie preparation of a liquid crystaiJirie polymer film as claimed in .. ; .: . ',. ··~"" . 
claim 24 comprising ~e steps of forming the polym~(~~~~J~)iquid crystalline mixture 

. :/ 
into a thin film; prior to curing. 

5 

26. An optical or electro-optical component containing a liquid crystalline polymer 

film as claimed in claim 24. 
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