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UV CURABLE ADHESION PROMOTERS BASED ON FUNCTIONALISED
POLYVINYL ALCOHOLS

FIELD OF INVENTION

The present invention belongs to the area adhesion of promoters based on a functionalized,
polymerisable poly vinyl alcohol (PVA), particularly useful for polymerisable LC mixtures, opti-
cal films, OLED Displays, LC displays and refers to applications, polymerisable LC mixtures,
optical films, laminated structures, OLED displays and LC displays comprising said promoters
and a method for fabricating polymerisable LC mixtures, laminated structures or optical films

using said promoters.

STATE OF THE ART

Adhesion promoters are compounds capable of providing a physical or chemical binding at
the interface of two immiscible compounds. The products are particularly useful in areas
where adhesion is subject to mechanical forces or coating is difficult. A major problem is the
coating of liquid crystal displays by means of optical films made from polymerizable liquid
crystal materials or reactive mesogens (RM) as described for example in EP 3044289 Al
(MERCK).

From the state of the art various adhesion promoters are well known, particularly those
based on polyolefins modified by chlorine and maleic acid anhydride or in the alternative
made from alkoxysilanes. For example US 2007 0077372 A1 (ROCKWELL) discloses UV-curable

adhesion promoters based on aromatic polyimide-based UV-cured acrylates.

Adhesion promoters for RM mixtures for use in +C and +A plate films have high requirements
for both optical properties and performance. The most commonly used adhesion promoter is
the material known as TEGO ADDID 900 (N-[3-(trimethoxysilyl)propyl]-1,2-ethanediamine).

The yellowing of this type of additives in the chosen mixture compositions is still a major
problem. Table A below shows UV-vis data of mixtures containing adhesion promoters in a
standard solvent for coating an RMS. The mixtures are heated for 72h at 70°C in an accelerat-
ed ageing test. After 72h accelerated testing, the mixtures are measured using UV-vis spec-

troscopy and the %T at 425nm is used as an indicator of how yellow the mixture had become.
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Table A

Transmission data for mixtures in cyclopentanone

Additive %T at 425 nm after 72 h
[3-(2-Aminoethylamino)propyl]trimethoxysilane 0
[3-(2-Aminoethylamino) propyl]triethoxysilane 0.45
3-aminopropyl trimethoxy silane 2.05
3-aminopropyl triethoxy silane 2.1

Another also well-known problem associated with the adhesion promoter additives known
from the state of the art is related to the poor alignment and adhesion under ,,non-perfect”
conditions.

For example, during polymerisation certain polymerisable materials, like for example acry-
lates, suffer polymer shrinkage [cf., for example, R.A.M. Hikmet, B.H. Zwerver and D.J. Broer
Polymer (1992), 33, 89]. This shrinkage causes a lot of strain in the polymerised film and re-

duces the adhesion between the film and the substrate.

Therefore, it has been the object of the present invention to provide new adhesion promot-
ers, particularly useful for the use in optical films, which overcome the specific disadvantages
of the state of the art as described above. In particular, the new promoters must not provide
a negative effect on the optical film on the substrate when added directly to a polymerizable
LC material formulation before curing, but should simultaneously exhibit after curing of the
polymerizable LC formulation excellent adhesion of the optical film to the substrate without

any colouration of the optical film over time.

Advantageously, the polymerisable LC material for the preparation of a uniform aligned opti-
cal film, should

show favourable adhesion to the substrate,

do not require the use of separate adhesion layer,

do not require the use of a separate alignment layer,

exhibit an uniform homeotropically alignment,

be highly transparent to VIS-light,

exhibit an reduced yellow colouration over time and
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- show a favourable high temperature stability, especially in view of in-cell ap-
plications.

Other aims of the present invention are immediately evident to the person skilled in the art

from the following detailed description.

DESCRIPTION OF THE INVENTION

A first object of the present invention is directed to a polymer comprising, preferably consist-

ing of, one or more of the repeating units A and/or B,

N B
OH

and one or more of the repeating units C and/or D,
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o o

Y D
S
IO\>|<12
Sp2
\>|<13
R

wherein

(a)

Sp! represents a first spacer group comprising or consisting of carbyl or hydrocarbyl
group;

X' represents a CH,, CO, —S-CO or —NH-CO- moiety;

y stands for 0 or an integer of from 1 to 10, preferably 3 most preferably 1, in which Sp!
is defined as above, but independently of each other in each occurrence and X! is de-
fined as above but independently of each other in each occurrence;

X% stands for CO, O, N, S or an ester group;

Sp? represents a second spacer group comprising or consisting of carbyl or hydrocarbyl
group;

X' represents O, N or S;

R stands for a polymerizable group, preferably an epoxide, an acryloyl or methacryloyl
group group, more preferably an acryloyl and/ or methacryloyl group, and most prefer-

ably an acryloyl group.

Above and below, "carbyl group” denotes a mono- or polyvalent organic group containing at

least one carbon atom which either contains no further atoms (such as, for example, -C=C-)

or optionally contains one or more further atoms, such as, for example, halogen, N, O, S, P, Si,

Se, As, Te or Ge (for example carbonyl, etc.). "Hydrocarbyl group" denotes a carbyl group,

which additionally contains one or more H atoms and optionally one or more heteroatoms,

such as, for example, halogen, N, O, S, P, Si, Se, As, Te or Ge.

"Halogen" denotes F, Cl, Br or |, preferably F.

A carbyl or hydrocarbyl group can be a saturated or unsaturated group. Unsaturated groups

are, for example, aryl, alkenyl, or alkinyl groups. A carbyl or hydrocarbyl group having more

than 3 C atoms can be straight chain, branched and/or cyclic and may contain spiro links or

condensed rings.
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Above and below, the terms "alky

I", "aryl", "heteroaryl", etc., also encompass polyvalent
groups, for example alkylene, arylene, heteroarylene, etc. The term "aryl" denotes an aro-
matic carbon group or a group derived therefrom. The term "heteroaryl" denotes "aryl" in

accordance with the above definition containing one or more heteroatoms.

Preferred carbyl and hydrocarbyl groups are optionally substituted alkyl, alkenyl, alkinyl,
alkoxy, alkylcarbonyl, alkoxycarbonyl, alkylcarbonyloxy and alkoxycarbonyloxy having 1 to 40,
preferably 1 to 25, particularly preferably 1 to 18 C atoms, optionally substituted aryl or ar-
yloxy having 6 to 40, preferably 6 to 25 C atoms, or optionally substituted alkylaryl, arylalkyl,
alkylaryloxy, arylalkyloxy, arylcarbonyl, aryloxycarbonyl, arylcarbonyloxy and aryloxycarbon-
yloxy having 6 to 40, preferably 6 to 25 C atoms.

Further preferred carbyl and hydrocarbyl groups are Ci1-Cag alkyl, C5-Cao alkenyl, C,-Cyo alkinyl,
C3-Cyo allyl, C4-Cyo alkyldienyl, C4-Cso polyenyl, Cs-Cao aryl, Cs-Cao alkylaryl, Cs-Cao arylalkyl, Ce-
Cao alkylaryloxy, Cs-Cao arylalkyloxy, C,-Cso heteroaryl, C4-Cao cycloalkyl, C4-Cao cycloalkenyl,
etc. Particular preference is given to C;-Cy; alkyl, C,-Cy;z alkenyl, C>-Cy; alkinyl, C5-Cy; allyl, Ca-

Cy2 alkyldienyl, Cs-C1z aryl, Cs-Cyo arylalkyl, and C,-Cyo heteroaryl.

Further preferred carbyl and hydrocarbyl groups are straight-chain, branched or cyclic alkyl
radicals having 1 to 40, preferably 1 to 25 C atoms, more preferably 1 to 12 C atoms, which
are unsubstituted or mono- or polysubstituted by F, Cl, Br, | or CN and in which one or more
non-adjacent CH; groups may each be replaced, independently of one another, by
-C(R)=C(R¥)-, -C=C-, -N(R*)-, -O-, -S-, -CO-, -CO-0-, -0-CO-, -0O-CO-0- in such a way that O

and/or S atoms are not linked directly to one another.

R* preferably denotes H, halogen, a straight-chain, branched or cyclic alkyl chain having 1 to
25 C atoms, in which, in addition, one or more non-adjacent C atoms may be replaced by -O-,
-S-, -CO-, -CO-0-, -0-CO-, -0-CO-0-, and in which one or more H atoms may be replaced by
fluorine, an optionally substituted aryl or aryloxy group having 6 to 40 C atoms or an option-

ally substituted heteroaryl or heteroaryloxy group having 2 to 40 C atoms.

Preferred alkyl groups are, for example, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
s-butyl, t-butyl, 2-methylbutyl, n-pentyl, s-pentyl, cyclopentyl, n-hexyl, cyclohexyl,
2-ethylhexyl, n-heptyl, cycloheptyl, n-octyl, cyclooctyl, n-nonyl, n-decyl, n-undecyl, n-dodecyl,
dodecanyl, trifluoromethyl, perfluoro-n-butyl, 2,2,2-trifluoroethyl, perfluorooctyl, perfluoro-
hexyl, etc.

Preferred alkenyl groups are, for example, ethenyl, propenyl, butenyl, pentenyl, cyclopen-

tenyl, hexenyl, cyclohexenyl, heptenyl, cycloheptenyl, octenyl, cyclooctenyl, etc.

Preferred alkinyl groups are, for example, ethynyl, propynyl, butynyl, pentynyl, hexynyl, oc-
tynyl, etc.
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Preferred alkoxy groups are, for example, methoxy, ethoxy, 2-methoxyethoxy, n-propoxy,
i-propoxy, n-butoxy, i-butoxy, s-butoxy, t-butoxy, 2-methylbutoxy, n-pentoxy, n-hexoxy,

n-heptyloxy, n-octyloxy, n-nonyloxy, n-decyloxy, n-undecyloxy, n-dodecyloxy, etc.

Preferred amino groups are, for example, dimethylamino, methylamino, methylphenylamino,

phenylamino, etc.

Aryl and heteroaryl groups can be monocyclic or polycyclic, i.e. they can have one ring (such
as, for example, phenyl) or two or more rings, which may also be fused (such as, for example,
naphthyl) or covalently linked (such as, for example, biphenyl), or contain a combination of
fused and linked rings. Heteroaryl groups contain one or more heteroatoms, preferably se-
lected from O, N, S, and Se.

Particular preference is given to mono-, bi-, or tricyclic aryl groups having 6 to 25 C atoms and
mono-, bi- or tricyclic heteroaryl groups having 2 to 25 C atoms, which optionally contain
fused rings and which are optionally substituted. Preference is furthermore given to 5-, 6-, or
7-membered aryl and heteroaryl groups, in which, in addition, one or more CH groups may be
replaced by N, S, or O in such a way that O atoms and/or S atoms are not linked directly to

onhe another.

Preferred aryl groups are, for example, phenyl, biphenyl, terphenyl, [1,1":3",1"]terphenyl-2'-yl,
naphthyl, anthracene, binaphthyl, phenanthrene, pyrene, dihydropyrene, chrysene, perylene,
tetracene, pentacene, benzopyrene, fluorene, indene, indenofluorene, spirobifluorene, etc.,

preferably 1,4- phenyl, 1,3-phenyl, or 1,2-phenyl.

Preferred heteroaryl groups are, for example, 5-membered rings, such as pyrrole, pyrazole,
imidazole, 1,2,3-triazole, 1,2,4-triazole, tetrazole, furan, thiophene, selenophene, oxazole,
isoxazole, 1,2-thiazole, 1,3-thiazole, 1,2,3-oxadiazole, 1,2,4-oxadiazole, 1,2,5-oxadiazole,
1,3,4-oxadiazole, 1,2,3-thiadiazole, 1,2,4-thiadiazole, 1,2,5-thiadiazole, 1,3,4-thiadiazole,
6-membered rings, such as pyridine, pyridazine, pyrimidine, pyrazine, 1,3,5-triazine, 1,2,4-
triazine, 1,2,3-triazine, 1,2,4,5-tetrazine, 1,2,3,4-tetrazine, 1,2,3,5-tetrazine, or condensed
groups, such as indole, isoindole, indolizine, indazole, benzimidazole, benzotriazole, purine,
naphthimidazole, phenanthrimidazole, pyridimidazole, pyrazinimidazole, quinoxa-
linimidazole, benzoxazole, naphthoxazole, anthroxazole, phenanthroxazole, isoxazole, benzo-
thiazole, benzofuran, isobenzofuran, dibenzofuran, quinoline, isoquinoline, pteridine, benzo-
5,6-quinoline, benzo-6,7-quinoline, benzo-7,8-quinoline, benzoisoquinoline, acridine, pheno-
thiazine, phenoxazine, benzopyridazine, benzopyrimidine, quinoxaline, phenazine, naphthy-
ridine, azacarbazole, benzocarboline, phenanthridine, phenanthroline,
thieno[2,3b]thiophene, thieno[3,2b]thiophene, dithienothiophene, isobenzothiophene,

dibenzothiophene, benzothiadiazothiophene, or combinations of these groups. The het-



10

15

20

25

30

35

WO 2018/042026 PCT/EP2017/072044

eroaryl groups may also be substituted by alkyl, alkoxy, thioalkyl, fluorine, fluoroalkyl or fur-

ther aryl or heteroaryl groups.

The (non-aromatic) alicyclic and heterocyclic groups encompass both saturated rings, i.e.
those that contain exclusively single bonds, and partially unsaturated rings, i.e. those that
may also contain multiple bonds. Heterocyclic rings contain one or more heteroatoms, pref-

erably selected from Si, O, N, S, and Se.

The (non-aromatic) alicyclic and heterocyclic groups can be monocyclic, i.e. contain only one
ring (such as, for example, cyclohexane), or polycyclic, i.e. contain a plurality of rings (such as,
for example, decahydronaphthalene or bicyclooctane). Particular preference is given to satu-
rated groups. Preference is furthermore given to mono-, bi-, or tricyclic groups having 3 to 25
C atoms, which optionally contain fused rings and which are optionally substituted. Prefer-
ence is furthermore given to 5-, 6-, 7- or 8-membered carbocyclic groups in which, in addi-
tion, one or more C atoms may be replaced by Si and/or one or more CH groups may be re-

placed by N and/or one or more non-adjacent CH; groups may be replaced by -O- and/or -S-.

Preferred alicyclic and heterocyclic groups are, for example, 5-membered groups, such as
cyclopentane, tetrahydrofuran, tetrahydrothiofuran, pyrrolidine, 6-membered groups, such
as cyclohexane, silinane, cyclohexene, tetrahydropyran, tetrahydrothiopyran, 1,3-dioxane,
1,3-dithiane, piperidine, 7-membered groups, such as cycloheptane, and fused groups, such
as tetrahydronaphthalene, decahydronaphthalene, indane, bicyclo[1.1.1]pentane-1,3-diyl,
bicyclo[2.2.2]octane-1,4-diyl, spiro[3.3]heptane-2,6-diyl, octahydro-4,7-methanoindane-2,5-
diyl.

The aryl, heteroaryl, carbyl, and hydrocarbyl radicals optionally have one or more substitu-
ents, which are preferably selected from the group comprising silyl, sulfo, sulfonyl, formyl,
amine, imine, nitrile, mercapto, nitro, halogen, Ci.1; alkyl, Ce.12 aryl, Ci12 alkoxy, hydroxyl, or

combinations of these groups.

Preferred substituents are, for example, solubility-promoting groups, such as alkyl or alkoxy,
electron-withdrawing groups, such as fluorine, nitro or nitrile, or substituents for increasing
the glass transition temperature (Tg) in the polymer, in particular bulky groups, such as, for

example, t-butyl or optionally substituted aryl groups.

Preferred substituents, also referred to as "L" below, are, for example, F, Cl, Br, I, -OH, -CN,
-NO,, -NCO, -NCS, -OCN, -SCN, -C(=0)N(R¥),, -C(=0)Y?, -C(=0)R*, -C(=0)OR?, -N(R*),, in which R*
has the above-mentioned meaning, and Y* denotes halogen, optionally substituted silyl, op-
tionally substituted aryl or heteroaryl having 4 to 40, preferably 4 to 20 ring atoms, and
straight-chain or branched alkyl, alkenyl, alkinyl, alkoxy, alkylcarbonyl, alkoxycarbonyl, alkyl-
carbonyloxy or alkoxycarbonyloxy having 1 to 25 C atoms, in which one or more H atoms may

optionally be replaced by F or Cl.
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"Substituted silyl or aryl" preferably means substituted by halogen, -CN, R, -OR®, -CO-R®, -CO-
0-R%, -0-CO-R® or -0-CO-0-R?, in which R? has the above-mentioned meaning.

Particularly preferred substituents L are, for example, F, Cl, CN, NO,, CHs, C;Hs, OCH;, OC,Hs,
COCHs, COC;Hs, COOCHs, COOC;Hs, CFs, OCF3, OCHF,, OC,Fs, furthermore phenyl.

In the formula shown above and below, a substituted phenylene ring

L), L L L
is preferably : ’ C ’ >: ’
L
L L L L
R O
L L

in which L has, on each occurrence identically or differently, one of the meanings given above
and below, and is preferably F, ClI, CN, NO,, CHs, C;Hs, C(CH3);, CH(CH3),, CH,CH(CH3)C3Hs,
OCH3s, OC;Hs, COCHs, COC;Hs, COOCHs, COOC;Hs, CF3, OCF3, OCHF,, OC,Fs or P-Sp-, very pref-
erably F, Cl, CN, CH;, C;Hs, OCH;, COCH3, OCF; or P-Sp-, most preferably F, Cl, CHs;, OCHs,
COCH;3 or OCFs.

Preferably, the polymerizable poly vinyl alcohol (PVA) has molecular weight within the range
of about 5,000 to about 205,000 g/mol, more preferably within the range of about 9,000 to
150,000 g/mol.

Preferably the amount of the repeating unit A in the polymer as a whole is in the range from 0
to 80 mol.-%, more preferably in the range from 5 mol.-% to 75 mol.-%, even more preferably
in the range from 10 to 70 mol.-%, in particular about 12 mol.-%, about 20 mol.-% or about 22
mol.-%.

Preferably, the amount of the repeating unit B in the polymer as a whole is in the range from
1 mol.-% to 90 mol.-%, more preferably in the range from 10 mol.-% to 80 mol.-%, even more

preferably in the range from 25 mol.-% to 50 mol.-%, in particular about 30 mol.-%.
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Preferably, the amount of the repeating unit C in the polymer as a whole is in the range from
10 mol.-% to 80 mol.-%, more preferably in the range from 5 mol.-% to 75 mol.-%, even more

preferably in the range from 10 to 60 mol.-%, in particular in the range from 10 to 50 mol.-%.

Preferably, the amount of the repeating unit D in the polymer as a whole is in the range from
10 mol.-% to 80 mol.-%, more preferably in the range from 5 mol.-% to 75 mol.-%, even more

preferably in the range from 10 to 60 mol.-%, in particular in the range from 10 to 50 mol.-%.

Preferably, the added amounts of the repeating units A, B, C, and D in the polymer as a whole
is in the range 70 mol.-% to 100 mol.-%, more preferably more than 95 mol.-%, even more
preferably more than 98 mol.-%, especially more than 99 mol-%, and in particular about 100
mol.-%.

In a preferred embodiment the polymer comprises, preferably consists of, one or more of the

repeating units A and/or B and one or more repeating units C and no repeating unit D.

In another preferred embodiment, polymer comprises, preferably consists of, one or more of

the repeating units A and/or B, and one or more repeating units D and no repeating unit C.

In a preferred embodiment polymer according to the present invention are derived from
commercially available PVA with molecular weights ranging from about 9,000 to about
150,000 g/mol and a degree of hydrolysis between about 30 mol.-% to about 50 mol.-% or
about 75 mol.-% to about 90 mol.-% , for example PVA 9-10K 30 mol.-% hydrolyzed, PVA 9-
10K 80 mol.-% hydrolyzed, PVA 31K 88 mol.-% hydrolyzed, PVA 130K 88 mol.-% hydrolyzed.

Preferably, the following compounds A to N as compiled below correspond to the side chain

of the repeating units C in the polymer, which is defined as

Rll_x13_spz_xlz_(xll_spl)y_* *

o o O Compound A
HZCQLO/\/ONO/\/OM**
@] @]
Q Q Compound B
HZCQLO/\/OM**

0]

O Compound C
HZCQLONOM*
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Compound D

Compound E

Compound F

Compound G

Compound H

Compound |

Compound J

Compound K
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GHs CHs Compound L
(@]
HwkowoM*
n
(@] (@]

n=5,8
O O Compound M
0
HZCQLOWO &
n
o 0

n=5

The polymer comprising repeating units C having sidechains according to compound A to M

can be prepared by the esterification with the corresponding carboxcylic acid of the com-

pounds A to M with hydrolysed parts (repeating unit B) of the utilized PVA to furnish the cor-
5  responding polymer according to the present invention.

In another preferred embodiment, the polymer comprising the repeating units C have
sidechains according to compound N,

O

H,C
2 %HLO/Y\**

CHj OH

Compound N

The corresponding polymer can be obtained from the reaction between the hydrolysed parts
10 of the utilized PVA and a corresponding epoxide precursor of compound N, as illustrated be-
low without limiting the scope to that specific illustration:

In another preferred embodiment, the polymer comprising the repeating units D having a
sidechain R1*-X*3-Sp,-X*2-(X*-Sp'),-CH(**), according to compound O,

11
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HC%/\(

CHj

Compound O

The corresponding polymer can be obtained from a reaction between two hydrolized parts of
the utilized PVA and a corresponding dimethyl or diethyl acetal precursor of compound O, as

illustrated below without limiting the scope to that specific illustration:

Wo\/ . *:/M W

o~

It has been observed that the new polymer according to the present invention do not pro-
vide a negative impact on alignment of the polymerizable LC material on the substrate when
added directly to said polymerizable LC material before curing, however, the new polymer
according to the present invention improve the adhesion and retains good alignment quality

of the optical film after curing.

Preferably, the minimum amount of the polymer according to the present invention is 0.1 %
by weight, in particular 0.5 % by weight, most preferably 1 % by weight of the whole
polymerisable LC material. The maximum amount of the polymer according to the present
invention is preferably 10 % by weight, very preferably 5 % by weight, in particular 3 % by

weight of the whole polymerisable LC material.

Therefore, the invention further relates to a polymerisable liquid crystal (LC) material, which
comprises one or more polymerisable mesogenic compounds and at least one polymer ac-
cording to the present invention, to a polymer film or optical film obtainable, preferably ob-
tained from the polymerisable LC material, as described above and below and to a method of

production of a polymer film, as described above and below.

Suitable polymerisable compounds for the polymerisable LC material according to the pre-
sent invention are preferably selected from mesogenic or liquid-crystalline compounds. Thus,
the polymerisable LC material typically comprises one or more polymerisable chiral or achiral

mesogenic or liquid-crystalline compounds.

12
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Preferred polymerisable mono-, di-, or multireactive liquid-crystalline compounds are dis-
closed for example in WO 93/22397, EP 0 261 712, DE 195 04 224, WO 95/22586, WO
97/00600, GB 2 351 734, US 5,518,652, US 5,750,051, US 5,770,107 and US 6,514,578.

The compounds disclosed in these documents, however, are to be regarded merely as exam-

ples that shall not limit the scope of this invention.

A suitable polymerisable LC material in accordance with the present invention comprises one
or more polymerisable mono-, di-, or multireactive liquid-crystalline compounds, which are

preferably selected from the compounds of formula I,
P-Sp-MG-R° Il
wherein

P is a polymerisable group, preferably an acryl, methacryl, vinyl, vinyloxy, pro-

penyl ether, epoxy, oxetane or styrene group,

Sp is a spacer group or a single bond,
MG is a rod-shaped mesogenic group, which is preferably selected of formula M,
M is _(AZI_ZZI)k_AZZ_(ZZZ_AZZ%)l_'

A*to A2 arein each occurrence independently of one another an aryl-, heteroaryl-, het-
erocyclic- or alicyclic group optionally being substituted by one or more identical or different
groups L, preferably 1,4-cyclohexylene or 1,4-phenylene, 1,4 pyridine, 1,4-pyrimidine, 2,5-
thiophene, 2,6-dithieno([3,2-b:2',3'-d]thiophene, 2,7- fluorine, 2,6-naphtalene, 2,7-

phenanthrene optionally being substituted by one or more identical or different groups L,

Z*and Z**  are in each occurrence independently from each other, -0-, -S-, -CO-, -COO-, -
0CO-, -5-CO-, -CO-S-, -0-CO0-, -CO-NR®-, -NR%-CO-, -NR*-CO-NR%, -NR**-C0O-0-,
-0-CO-NR®-, -OCHj,-, -CH,0-, -SCH;-, -CH,S-, -CF,0-, -OCF,-, -CF,S-, -SCF,-, -CH,CH;-, -(CH3)a-, -
CF,CH;-, -CH,CFy-, -CF2CFz-, -CH=N-, -N=CH-, -N=N-, -CH=CR®!-, -CY®'=CY%, -C=C-, -CH=CH-
COO0-, -0OCO-CH=CH-, or a single bond, preferably -COO-, -OCO-, -CO-0-, -0O-CO-, -OCH,-, -
CH;0-, -, -CH,CH;-, -(CH2)4-, -CF2CH>-, -CH,CF2-, -CF,CF;-, -C=C-, -CH=CH-COO0-, -OCO-CH=CH-,
or a single bond,

L is F, Cl, Br, I, -CN, -NO; , -NCO, -NCS, -OCN, -SCN, -C(=O)NR*RYY, -C(=0)OR™, -
C(=0)R™, -NR™RY, -OH, -SFs, or straight chain or branched alkyl, alkoxy, alkylcarbonyl,
alkoxycarbonyl, alkylcarbonyloxy or alkoxycarbonyloxy with 1 to 12, wherein one or more H

atoms are optionally replaced by F or Cl, preferably F, -CN or straight chain or branched alkyl,

alkoxy, alkylcarbonyl, alkoxycarbonyl, alkylcarbonyloxy or alkoxycarbonyloxy 1 to 6 C atoms,

R*and R independently of each other denote H or alkyl with 1 to 12 C-atoms,
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R® is H, alkyl, alkoxy, thioalkyl, alkylcarbonyl, alkoxycarbonyl, alkylcarbonyloxy or
alkoxycarbonyloxy with 1 to 20 C atoms more, preferably 1 to 15 C atoms which are optional-

ly fluorinated, or is Y° or P-Sp-,

Y° is F, CI, CN, NO,;, OCHs;, OCN, SCN, optionally fluorinated alkylcarbonyl,
alkoxycarbonyl, alkylcarbonyloxy or alkoxycarbonyloxy with 1 to 4 C atoms, or mono- oligo-
or polyfluorinated alkyl or alkoxy with 1 to 4 C atoms, preferably F, Cl, CN, NO,, OCHs, or
mono- oligo- or polyfluorinated alkyl or alkoxy with 1 to 4 C atoms

R and R®” each, independently of one another, denote H or alkyl having 1 to 12 C atoms,
and

Y'and Y  each, independently of one another, denote H, alkyl having 1 to 12 C atoms,
aryl, F, Cl, orCN, and

kandl are each and independently 0, 1, 2, 3 or 4, preferably 0, 1 or 2, most preferably
1.

The polymerisable group P is preferably selected from groups containing a C=C double bond
or C=C triple bond, and groups which are suitable for polymerisation with ring opening, such

as, for example, oxetane or epoxide groups.

Very preferably the polymerisable group P is selected from the group consisting of CH,=CW*-

0
W3
o —N_ |
/O\ Sz w*
COO-, CH=CWLCO-, W?HC—CH— | w? (CH,)4-O- 0O ,

Ox-0
;}—(CHZ)W
CHo=CW?-(O)is-, CW!=CH-CO-(0)is-, CW!=CH-CO-NH-,

’?

CH>=CW!-CO-NH-, CH3-CH=CH-0-, (CH,=CH),CH-0OCO-, (CH,=CH-CH,),CH-OCO-, (CH,=CH),CH-
0-, (CH,=CH-CH,);N-, (CH,=CH-CH,);N-CO-, CH,=CW*-CO-NH-, CH»=CH-(COQ)i1-Phe-(O)z-,
CH,=CH-(CO)k1-Phe-(0)k-, Phe-CH=CH-, in which W* denotes H, F, Cl, CN, CFs, phenyl or alkyl
having 1 to 5 C atoms, in particular H, F, Cl or CHs, W? denotes H or alkyl having 1 to 5 C at-
oms, in particular H, methyl, ethyl or n-propyl, W? and W* each, independently of one anoth-
er, denote H, Cl or alkyl having 1 to 5 C atoms, Phe denotes 1,4-phenylene, which is option-
ally substituted by one or more radicals L as being defined above but being different from P-
Sp, and ki, k; and ks each, independently of one another, denote 0 or 1, k; preferably denotes

1, and ks is an integer from 1 to 10.
Particularly preferred groups P are CH,=CH-COO-, CH,=C(CHs)-CO0-, CH,=CF-COO-, CH,=CH-,

/7 N\
2
-CH,=CH-0-, (CH,=CH),CH-0CO-, (CH,=CH),CH-O-, W'HC—CH— and
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O

W2&2(CH2)M-O

acrylate, oxetane and epoxide, most preferably acrylate or methacrylate.

", in particular vinyloxy, acrylate, methacrylate, fluoroacrylate, chloro-

In a further preferred embodiment of the invention, all polymerisable compounds and sub-
formulae thereof contain instead of one or more radicals P-Sp-, one or more branched radi-

cals containing two or more polymerisable groups P (multireactive polymerisable radicals).

Suitable radicals of this type, and polymerisable compounds containing them, are described,
for example, in US 7,060,200 B1 or US 2006/0172090 A1l. Particular preference is given to

multireactive polymerisable radicals selected from the following formulae:

-X-alkyl-CHP*-CH,-CH,P? [*a
-X-alkyl-C(CH,P*)(CH,P?)-CH,P? I*b
-X-alkyl-CHP*CHP2-CH,P? I*c
-X-alkyl-C(CH,P')(CH,P?)-CaaH2aa+1 I*d
-X-alkyl-CHP*-CH,P? [*e
-X-alkyl-CHP'P? |*f
~X-alkyl-CPP2-CaaHaaas1 I*g
-X-alkyl-C(CH,P*)(CH;P?)-CH,0CH,-C(CH,P?*)(CH,P*)CH,P> [*h
-X-alkyl-CH((CH2)aaP")((CH2)uP?) I*
-X-alkyl-CHP*CHP2-CaaHza+1 I*k
in which

alkyl denotes a single bond or straight-chain or branched alkylene having 1 to 12 C

atoms, in which one or more non-adjacent CH; groups may each be replaced, independently
of one another, by -C(R*)=C(R¥)-, -C=C-, -N(R¥)-, -O-, -S-, -CO-, -CO-0-, -0-CO-, -0-CO-0- in such
a way that O and/or S atoms are not linked directly to one another, and in which, in addition,
one or more H atoms may be replaced by F, Cl or CN, where R* has the above-mentioned

meaning and preferably denotes R° as defined above,

aaand bb  each, independently of one another, denote 0, 1, 2, 3, 4,5 or 6,

X has one of the meanings indicated for X', and
pie each, independently of one another, have one of the meanings indicated above
for P.
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Preferred spacer groups Sp are selected from the formula Sp'-X', so that the radical "P-Sp-"

conforms to the formula "P-Sp'-X'-", where

1

Sp denotes alkylene having 1 to 20, preferably 1 to 12 C atoms, which is optionally
mono- or polysubstituted by F, Cl, Br, | or CN and in which, in addition, one or more non-
adjacent CH; groups may each be replaced, independently of one another, by -O-, -S-, -NH-,
-NR%-, -SiR%R%-, -CO-, -COO-, -0CO-, -0OCO-0-, -S-CO-, -CO-S-, -NR°*-CO-0O-, -0-CO-NR®-,
-NR%-CO-NR°-, -CH=CH- or -C=C- in such a way that O and/or S atoms are not linked directly

to one another,

X' denotes -0-, -S-, -CO-, -COO-, -OCO-, -0-COO-, -CO-NR°-, -NR°-CO-,
-NR®-CO-NR®!-, -OCH,-, -CH,0-, -SCH;-, -CH,S-, -CF,0-, -OCF,-, -CF,S-, -SCF,-, -CF,CH,-,
-CH,CF,-, -CF,CF;-, -CH=N-, -N=CH-, -N=N-, -CH=CR®-, -CY®’=CY®-, -C=C-, -CH=CH-COO-,
-OCO-CH=CH- or a single bond,

R and R each, independently of one another, denote H or alkyl having 1 to 12 C atoms,

and
Y'and Y each, independently of one another, denote H, F, Cl or CN.

X' is preferably -O-, -S- -CO-, -CO0-, -0CO-, -0-COO-, -CO-NR%, -NR®-CO-,
-NR%:-CO-NR°- or a single bond.

Typical spacer groups Sp' are, for example, -(CHj)p1-, -(CH.CH;0)q1-CH,CH;-, -CH,CH,-S-
CH,CH,-, -CH,CH,-NH-CH,CH»- or -(SiR°*R%-0),s-, in which p1 is an integer from 1 to 12, gl is

an integer from 1 to 3, and R®* and R% have the above-mentioned meanings.

Particularly preferred groups -X'-Sp'- are -(CH3)p1-, -O-(CH2)p1-, -OCO-(CH2)p1-, -
OCOO-(CH2)p1 -

Particularly preferred groups Sp' are, for example, in each case straight-chain ethylene, pro-
pylene, butylene, pentylene, hexylene, heptylene, octylene, nonylene, decylene, undecylene,
dodecylene, octadecylene, ethyleneoxyethylene, methyleneoxybutylene, ethylenethioeth-
ylene, ethylene-N-methyliminoethylene, 1-methylalkylene, ethenylene, propenylene and

butenylene.

Further preferred polymerisable mono-, di-, or multireactive liquid-crystalline compounds are

shown in the following list:

0 0 -1
P"-(CH,),(0), COOT, R
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P"-(CH,),(O), COO R
<(CH,),(0), o0 R
<(CH,),(0), o0 R

. L [1-5
oo { ) -co0{ )ano{ )

-6

L
PO(CHz)X(O)Z@COOGOCO@ R’
0 0 11-7
P"-(CH,)(O), CcOO R
o e (Y (e
P"-(CH,)(O), CcOO R

-9

F
sovior (R
L
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F 11-10
0 0
o0
L

PO-(CHz)x(O)ZRO -1

(L) (L) (L)
P(CH,),-(0), z"—@—k R 12

L), L L 1113
TG T ST

L), r-)r L I1-14
PO(CHz)X(O)Z—® — \\ // — \ / R°

L), L), L), II-15
P°-(CH,),(0); CH=CH-COO z@—kﬁ

L), L), L), II-16
P°-(CH,) (O); CH=CH-COO O — O R’

L), L), L), II-17
P°-(CH,),(0); COO CH=CH-COO@—R°
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11-18

),
P°-(CH,),.,0C00 @zz R°
6 =N 6 0 11-19
P’(CH,),(0), cooJ{ )z R
0 =N 0 0 [1-20
P°(CH,)(0), coo1 4 )12 —R
N
s i
P°(CH,),(0), @zwz@ RO I1-21

11-22

11-23

[1-24

11-25
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L)f L)r L)r
P°(CH,),(0), oo @ 0co @ (0),(CH,)P°
L), L), L),
P°(CH,),(0), CH,CH, @ CH,CH, (0)(CH)F°

L), ), L),
P°(CH,),(0), C@@ OCF; (0),(CH,) P’
L), L), L),
P%(CH,),(0), CH=CH-COO @ OCO-CH=CH @ (0),(CH,),P’

L), L), L),
P°(CH,),,,0C00 COO0 0CO OCOO(CH,),,,P°

P°(CH,),(0), @» COO @ 0Cco @ (0),(CH,) P’

L),

P(CH,),(0), @ COO @ 0Cco @ (0),(CH,) P°
L), L),

P(CH,),(0), @ COO @ 0Cco @ (0),(CH,) P°
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wherein

po is, in case of multiple occurrence independently of one another, a polymerisable
group, preferably an acryl, methacryl, oxetane, epoxy, vinyl, vinyloxy, propenyl ether or sty-

rene group,

A° is, in case of multiple occurrence independently of one another, 1,4-phenylene

that is optionally substituted with 1, 2, 3 or 4 groups L, or trans-1,4-cyclohexylene,

Z° is, in case of multiple occurrence independently of one another, -COO-, -OCO-, -
CH,CH,-, -C=C-, -CH=CH-, -CH=CH-COO-, -OCO-CH=CH- or a single bond,

r is0,1, 2,3 or4, preferably 0, 1 or 2,

t is, in case of multiple occurrence independently of one another, 0,1, 2 or 3,
uandv are independently of each other 0, 1 or 2,

w isOorl,

xandy are independently of each other 0 or identical or different integers from 1 to 12,
z is 0 or 1, with z being 0 if the adjacent x ory is O,

in addition, wherein the benzene and naphthalene rings can additionally be substituted with

one or more identical or different groups L.
The parameter R?, Y°, R%, R°> and L have the same meanings as given above in formula II.

For the present invention,

denote 1,4-cyclohexylene,preferably trans-1,4-cyclohexylene, and

denote 1,4-phenylene.
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The proportion of said mono-, di- or multireactive liquid-crystalline compounds in a preferred
LC material used for the method according to the present invention as a whole, is preferably
in the range from 30 to 99.9 % by weight, more preferably in the range from 40 to 99.9 % by
weight and even more preferably in the range from 50 to 99.9% by weight.

The polymerisable LC material is preferably a mixture comprising one or more polymerisable
compounds having one polymerisable group (monoreactive) and one or more polymerisable

compound having two o