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pol ymeri sation can occur prem aturely during processing, which is carried
out at tenperatures |,

Liquid crystals having at least two photochemically

oligomerisable or polymerisable groups can be orientated on a

10 substrate or in a cell, for example by orientating layers or in a
field. These orientated liquid crystals, provided with a suitable
amount of a photoinitiator, are polymerised by irradiation with
light of a suitable wavelength. The cross-linked structure
thereby produced remains even at high temperatures. Such layers

15 can be, for example, parts of hybrid layers, as are described in .
Swiss Patent Applications CH 2016/94 and CH 2017/94. Thus,
optical components such as, for example, retarders, wave guides,
optical grids and filters, integrated colour filters or cells having
piezoelectric properties and those having non-linear optical (NLO)

20 properties, etc., can be produced. Such optical components are
used, for example, in projection systems.

—— ]

Further properties such as, for example, the birefringence,
the refractive index, the transparency, etc. must fulfil- different
25 requirements depending on the field of use. For example,
 materials for optical retarders should have a high birefringence
in order that the layer thickness of the integrated optical
component can be held at a minimum. |

30 In addition to the general interest in photo cross-linkable
liquid crystals for optical components, such liquid crystalline
materials are suitable as a cladding for glass fibres for optical
data transmission. The use of such materials increases the
elastic modulus in the longitudinal axis of the fibre, reduces the.

35 thermal expansion coefficient and avoids microdistortion losses.
This leads to an increased mechanical stability.

e
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barely bel ow the cleari ng point, because at this tenperature the viscosity
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solution. Further, they
10 Since liquid crystals are usually used as mixtures of

several components, it is important that the components have a
good miscibility with one another. Conventional photochemically
oligomerisable or polymerisable liquid crystals usually have a
high melting point and clearing point. This has the disadvantage

15 that a spontaneous, thermal polymerisation can occur prem-
aturely during processing, which is carried out at temperatures
barely below the clearing point, because at this temperature the
viscosity in the liquid crystalline state is at the lowest and is
therefore favourable for a good orientability. This spontaneous

20 polymerisation leads to the formation of domains, whereby the
optical and thermal properties in the cross-linked layers which
are produced can be clearly influenced. The melting point can be
decreased by-the production of complicated mixtures having
several components, which permits a processing at lower

25 temperatures, but brings with it the danger of a crystallisation
of the conventional polymerisable liquid crystals. Photochem-
ically oligomerisable or polymerisable compounds are described,
for example, in EP-A-0 331 233.

30 There is accordingly the need, especially for use in optical
filters, to produce photochemically oligomerisable or poly-
merisable compounds which are distinguished by an especially
high optical anisotropy and which at the same time have low
melting points and clearing points in order that they can be

35 processed very readily at temperatures above room temperature
in the liquid crystalline state and also in solution. Further, they

- should be orientable and structurable as domain-free as possible
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shoul d be orientable and structurable as domain-free as po
al so shoul d have an excellent thernal stability and |ong-tg
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The present invention now provides compounds which are
outstandingly suitable as single components or as components of
liquid crystal mixtures for optical components, namely
compounds of the general formula

(DA

wherein
R? and R2

S1 and S2

m
Al and A2

eet Has Been RTlaced

i

each independently signify a cross-
linkable group such as ethylene, acrylate,
methacrylate, 2-chloroacrylate, 2-phenyl-
acrylate, acryloylphenylene, acrylamide,
methacrylamide, 2-chloroacrylamide, 2-
phenylacrylamide, epoxy, itaconic acid
ester, vinyloxy, vinyl ester, styrene
derivative, siloxane, ethyleneimine
derivative, maleic acid derivative, fumaric
acid derivative or a cinnamic acid
derivative, which is optionally substituted
with methyl, methoxy, cyano and/or
halogen;

signify —(CY2)m—, -0(CY2)m~, -(CY2)mO-,
~(CY2)mCOO0~, —(CY2)mO0C-,
~(Si[(CH3)210)m—,
~OCH2(Si[(CH3)2]10)mSi[(CH3)2]CH20- or
~NHCH2(Si[(CH3)2]10)mSi[(CH3)2]CH2NH~;
signifies hydrogen, fluorine or methyl;
signifies 0 or 1;

signifies 1 or 2, with the proviso that
a+b=2;

signifies a whole number of 1 to 16;

each independently signify 1,4-phenylene,
which is optionally mono- or multiply-
substituted with halogen, cyano, methyl,



wher’ei n Rierr] and R err] each i ndependently signi fX‘H?S Q,t,gg-ﬁm\s BEEN%

| i nkabl e group such as ethyl ene, acrylategq .

net hacryl ate, 2-chloroacrylate, 2-phenyl - ———ﬁﬂgsﬁfACED
acryl oyl phenyl ene, acryl am de, met hacryl am de,

2-chl oroacryljam' de, 2- methoxy and/ormlaeeyyhcpytidine, Sediyty,

I taconi c aci r i oX yl styrene
derivative, siloxane, ethylenelrnoxg'rn(%m.'(é -2, 5t &qw ¥}aﬁ§'ﬁ % §§%§%{Jve

mal ei ¢ acid derivative, fumaric hexylene or trans-1,3-dioxanhe-3&yidiyki ve or a

ci nnam c acid and derivative, V\:hl ch is optionally
substituted w th nmethyl, nmethaxy, nd/or
hal ogen; 2 s[&l kAl [ err]each 'ng nﬁizén-tb’c\?[gﬂl?)f )qT,sYngqe bond

-qCv[err])m, -(CY[err])nO, —~CH2CH2—, ~OCH2-, ~CH OCY{—EOQ-) m(mﬂ&r

-(CY O0C-, o X
- (OCH% g” %[S?rEE ]CH[ err])[err]]0) rrS| ?M‘bpﬂ?ﬁq&aa{—(dg’[ &EH%}M@”] 10O m

-NHCH[ err] (Si[(CH err])[err]]O[err]Si [(CI—I[err])[err]]CH[err] NH- ;
The compounds of general formula [ are distinguished by

10 their relatively low viscosity. They can accordingly be applied
without problems to a suitable surface. This generally takes
place by spin-coating. Since, moreover, the compounds in accord-
ance with the invention have a liquid crystalline phase they can
be directed prior to the cross-linking by the application of an

15 electric field.

The term "1,4-phenyiene, which is mono- or multiply-
substituted with halogen, cyano, methyl, methoxy and/or acetyl,”
embraces in the scope of the present invention 1,4-phenylene,

20 1,4-phenylene substituted with fluorine, bromine, chlorine,
cyano, methyl, methoxy or acetyl, such as, for example 2- or 3-
fluoro-1,4-phenylene, 2,3-, 2,6- or 3,5-difluoro-1,4-phenylene,
2- or 3-chloro-1,4-phenylene, 2,3-, 2,6- or 3,5-dichloro-1,4-
phenylene, 2- or 3-bromo-1,4-phenylene, 2- or 3-cyano-1,4-

25 phenylene, 2,3-dicyano-1,4-phenylene, 2- or 3-acetyl-1,4-
phenylene, 2- or 3-methyl-1,4-phenylene, 2- or 3-methoxy-1,4-
phenylene, and the like. Especially preferred compounds of
formula | are those in which rings A1 and A2 are the same and
signify 1,4-phenylene or 2- or 3-fluorc-1,4-phenylene.

30

The spacer groups S' and S2 can also be chiral, if desired.
Preferred compounds of formula | are those in which S and S2°
have the same significance. Preferred spacer groups are those in
which Y signifies hydrogen and m is a whole number of 4 to 12.

35

Preferred residues R! and R2 are acrylate, methacrylate, 2-
chloroacrylate, 2-phenylacrylate, acryloylphenylene, acrylamide,
methacrylamide, 2-phenylacrylamide, epoxy, vinyloxy, vinyl

T




Y signifies hydrogen, fluorine or nethyl; =

signifies 0 or 1, b -ggnifies 1 or 2, wi tjh THKESHEBNHAS BEEN
t hat a+b =2 m 5i gni REPLABRED
whol e nunber of 1 to 1 6; Alerr] and Alerr] each i

Si |gtm fly 1, 4- pbeew| styrene derivatives, tin?ﬂ_eictacid ﬂb’rlr]wlr?ti\%sypfdlma&id )acli@tng-l or
mul tiply- . : ed w al,.egen, cyang yl,
4. derivatives and t*ﬁ%t'mys‘gdé ﬂﬁé’%ecg‘pzﬁafueﬁywrﬁ&?ec:an e CrobE:
pyri m di ne- 2liskedyphotoahemicallyyafter coating the suitable carrieewjtiene or
trans-1, 3-di 5 = Glayk, ; r nd
A comijornds S8 armua L, Jn paricular, thepe M preferfodthos?

5 compounds of formula I in which the residues R! and R2 have the -

same significance. They preferably signify acrylate, meth-

acrylate, 2-chloroacrylate, 2-phenylacrylate, vinyloxy or epoxy.
Especially preferred compounds of formula | are those in
10  which the naphthyl ring is linked in position 1 and 5 or in position
1 and 4 with Z! and Z2, especially those in which Z! and Z2 are
the same and signify -OCH2-, ~-CH20-, -COO- or -O0C-.

Compounds which are quite especially preferred are those

15 of the formulae
e
I-A

20 wherein
R signifies acrylate, methacrylate,
2-chloroacrylate, 2-phenylacrylate, vinyloxy
_ or epoxy; _
S signifies -(CH2)m'-, ~-O(CH2)m'- or -(CH2)m'0-;
25 m' is a whole number of 4 to 12;
S

fiiEn
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-CH'err]CH err]-, -OCHerr]-, -CHerr]O, -COO, -0CC,

-(CHerr])[err]-, -QCHerr])[err]- or (L err])[err]0-.
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conpounds of general forrmula | are distinguished by their releé
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viscosity. They can accordingly be applied without problens to a suitable
surface. This geperally takessigh#figs by, sphersdéne ngr B rsre 3-flobeever, the

conpounds in accord- ance wt 4Jﬁﬁ§ nxention
phase they can be directed prio

an electric field, The %i
mul tiply- substituted with hal dgen, cyano,” neth
enbraces in the scope of the present invention 1 ,4-phenylene,

. have a liquid crystalline
WYQP%NBQQ-Iinking by the application of
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nmet hoxy and/or acetyl,"
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or 3-acetyl -1, 4-
see

10
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Schemes 1 and 2). The esterification can be effected in a manner
known per se. A preferred method comprises reacting the
naphthohydroquinone with the carboxylic acid in a polar, but inert
organic solvent (e.g. in dimethylformamide (DMF) or a halogenated
hydrocarbon such as dichloromethane) in the presence of 4-
(dimethylamino)pyridine (DMAP) and N,N'-dicyclohexylcarbo-
diimide (DCC). The 4-[w-acryloxyalkyloxylbenzoic acids are
known per se and can be prepared by alkylating 4-hydroxybenzoic
acid in the presence of a strong base and an w-halogenated alcohol
as well as potassium iodide and subsequently esterifying the 4-
[w-hydroxyalkyloxy]benzoic acids with acrylic acid in the
presence of p-toluenesulphonic acid (PTA).

The symbols used in the Schemes have the aforementioned
significances.
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phenyl ene, 2- or 3-nethyl-1, 4-phenyl ene, 2- or 3-nethoxyrd=p Yy ,
and the |like. Especially preferred conpoiurlds of formul aTI THISESHEOBHAS BEEN
which rings Alerr] and Alerr] are the same and signify 1, 4- phBEPLAGEDOr 2-
or 3-fluoro-1, 4-phenyl ene. The spacer groups S[err
al so be chi %Il '!f desired. Preferred conpounds of fornmula | are those in

whi ch S[err%c é‘[err] have the sane significance. Preferred spacer groups

are those in which Y signifies hydrogen and mis a whole nunber of 4 to 1
2. Preferred residues R| rO;c][ nd ] are acryl ate, nethacryl ate,
ac'?‘§l éc

2- chloroacryl ate, 2- pheﬁyﬂ yI oyI phenyl ene, acryl am de,
nmet hacryl am de, 2-phenyl acryl am de, epoxy, vinyloxy, vinyl

C2Hs0H/KOH/KI
2 x CICpyHamOH -

2 x HoocOCmHszH
HO_ /
PTS/CHCl3
o

2 x HOOCOCmHsz
OH -
DCC/DMAP/CH,Clz OO

HO

_.®—OCmHng
CO o/
ooc—@—OCmHsz
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ester, styrene derivatives, maleic acid derivatives, fumarke=aeid
derivatives and the like. It is these resigdues whi ch can HeTdISOSISEET HARBEEN
phot ochem cally after coating the suitable carrier with c@gnpoun8&PbACED )
formula 1. In particular, there are preferred those conpouis—or—orfroa——
in which the residues Rl and R2 have the sane significance. They preferably
signify acrygaée, r@?h- acrylate, 2-chloroacrylate, 2-phenyl acryl ate,

vi nyl oxy or epBgffe Especially preferred conpounds of formula | are
those in which the naphthyl ring is linked in position 1 and 5 or in

position 1 and 4 with Z[err] and Zferr specially those in which Z[err]

and Z[err] are the sane an@ xsi ghODEC H, -CHerr]O, -COO or -00C.
Compounds which are quite especially p erred are those of the formnul ae
[err]

" CaHsOH/KOH/KI _

2 x HOOC—@—OCmHngH
PTSICHCla | H°7__/

- OH

DCC/DMAP/CHoCla

OH

O

oocC o OCmHamO

9@ o
ooc—@-ocmHgmo

A small amount of BHT (2,6-di-tert.-butyl-4-methyl-
phenol/"butylhydroxytoluene") is admixed in each step in order to
stop undesired thermal cross-linkage.

ﬂgvaﬁfﬂ’”,,ﬁﬁff—-%
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2-chl oroacryl ate, 2-phenyl acrylate, vinyldxy REPLADERY ,
S signifies -(CHerr])m-, QCHerr])m or -( S

i's a whol e nunber 1 04_gs{3-fg:acryloyloxyalkyloxy ]phenylmethylenoxy)-
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naphthalene derivatives, i.e. compounds of formula | in which Z
signifies the group -OCH2-, can be produced in a manner known
per se by etherifying the corresponding 1,4-naphthohydroquinone
with 4-[w-acryloyloxyalkyloxy)]benzyl alcohols. The reaction can
be effected, for example, in the presence of a dialkyl
azodicarboxylate and triphenylphosphine. The 4-[o-
acryloyloxyalkyloxy) ]benzyl alcohols used as the educt can be
prepared by reducing the reaction product of acrylic acid with
4-[w-hydroxyalkyloxy)]benzyl aldehydes. The 4-[w-
hydroxyalkyloxy)]benzaldehydes can be prepared by etherifying 4-
hydroxybenzaldehyde with w-hydroxyalkyl hahdes in the presence
of usual bases.

The compounds of formula | can be used as single compounds
or in the form of mixtures with one another and/or with other
liquid crystal components.

The liquid crystalline mixtures in accordance with the
invention contain at least 2 components, of which at least one
component is a compound of formula I. A second component and
any other components can be additional compounds of formula | or
other known liquid crystalline compounds with or without photo-
cross-linkable groups. One or more chiral components can also be
present in the mixture.

Having regard to the good solubility of the compounds of
formula | and having regard to their good miscibility with one
another, the content of different compounds of formula | in the
mixtures in accordance with the invention can be high and can
amount to 100 wt.9%. ~

The mixtures in accordance with the invention preferably

contain, in addition to one or more compounds of formula |, one or
more compounds from the group of compounds of the general

//II/I///III/////I/I//iI'fd



-6- A signifies 1 ,4-phenylene or 2- or 3-fluoro

1, 4- phenyl ene; and Z hgplfles -OCH[ err]|f o)
The conpounds of forrmula | are very readlly accessi bl e syt é§§ % Sfﬁﬁy
for exanple, conpounds in which Z signifies a group -OOC-|Lcan (E &%%ed

fromd4-[[err]- aqyyloxyalkyloxy] benzoic a¥ids and the correspomﬁlng

napht hohydr o one (see Sc eres 1 an S The ey \!flcatlon ca e
ef fected i n7a HkR © 0O 3+ O O+ Oofiptiae®© T ealt i ng
t he napht hohydr oqui none mnt' e carbowda c aC|d =a=/a pol.ar, but inert

- organic solvent (e.g. in dlnethylfornan? e (DVF) or a hal ogenated
hydr ocar bon such as di chl oronethane) in the presence of 4-
(di nmet hyl am no) pyri di ne (DMAP) and N, N -di cycl ohexyl car bo-

CpHZp

o o 0
7 ‘o—cm-HZm--o—O—coo ooc—@-o-cmﬂzm-— 7N
I

5
N o—cm-Hzm--o—Q—co 0 00 CO‘O“Cm'HZm‘—O\‘ Y4
0 0 o
o]
3
/ O~CpHom—0 —O— COO -CmHom—0 N
0o 0
CPHZP
0 (o}
/" 0-CpHom- O— ooc—@——o—cm-HZm-—o‘ N
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diimde (DCC). The 4-[[err]-acryl oxyal kyl oxy] benzoi ¢ aci ¢gs—are known per se
and can be prepared by al kylating 4- hy_dﬁqubenzoi c acid inTltM@%l-PéEerSﬁ
: a strong base and an [err]-hal ogenated al cohol as well a§ pot aﬁﬁ#t‘;{%‘

" and subsequently esterifying the 4- [[err]-hydroxyal kyl oXsEbenzal & 3
with acrylic acid in the pre e of p-toE=enesul phom=e\ acid (PTA).
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[ e

and

e OO i

XII,

wherein -
p signifies a whole number of 2 to 12;

R3 and R4 each independently signify alkyl or alkenyl
with 2 to 12 carbon atoms;

X signifies hydrogen, lower alkyl, fluorine,
bromine, chlorine or cyano;

m' signifies a whole number of 4 to 12; and

*

signifies a centre of chirality.

"Lower alkyl" in connection with the compounds of formula
Il embraces methyl, ethyl, propyl, i-propyl, butyl, i-butyl and
tert.-butyl.

The production of the compounds of formula | and of liquid
crystalline mixtures containing these compounds is illustrated in
more detail by the following Examples. C signifies a crystalline
phase, S signifies a smectic phase, N signifies a nematic phase
and | signifies the isotropic phase.

Example 1

0.8 g of N,N'-dicyclohexylcarbodiimide (DCC) was added at
room temperature while stirring to a solution of 1.25 g of 4-[8-
acryloyloxyoctyloxy)]benzoic acid, 0.25 g of 1,4-naphthohydro-
quinone and 0.2 g of 4-dimethylaminopyridine (DMAP) in 20 ml of
dichloromethane. The reaction mixture was stirred at room
temperature overnight, poured into 100 ml of water and then
extracted three times with 50 ml of dichloromethane each time.
The organic phases were combined, washed twice with 100 ml of
water each time, dried over magnesium sulphate, filtered and the
filtrate was subsequently concentrated. Chromatographic
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purification of the residue on silica gel with cyclohexane/ethyl
acetate (vol. 8:2) and two-fold recrystallization from ethyl
alcohol of the fractions which were pure according to thin-layer
chromatography gave 0.2 g of 1,4-bis(4-[8-acryloyloxyoctyloxyl- |
phenylcarbonyloxy)naphthalene; m.p. (C-N) 940C, cl.p. (N-l) 1040C.

The following compounds can be prepared in an analogous
manner:

1,4-Bis(4-[3-acryloyloxypropyloxy]lphenylcarbonyloxy)-
naphthalene;
1,4-bis(4-[4-acryloyloxybutyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[5- acryloyloxypentyloxy]phenylcarbonyloxy)-
naphthalene;
1,4-bis(4-[6-acryloyloxyhexyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[7-acryloyloxyheptyloxy]phenylcarbonyloxy)-
naphthalene;

1,4-bis(4-[9-acryloyloxynonyloxy Jphenylcarbonyloxy)naphthalene;
1,4-bis(4-[10-acryloyloxydecyloxy]phenylcarbonyloxy)-
naphthalene; ' .
1,4-bis(4-[11-acryloyloxyundecyloxy]phenylcarbonyloxy)-
naphthalene; m.p. (C-[) 1069°C, cl.p. (N-I) 989C;

1,4-bis(4-[12- acryloyloxydodecyloxy]phenylcarbonyloxy)-
naphthalene; .
1,5-bis(4-[3-acryloyloxypropyloxylphenylcarbonyloxy)-
naphthalene;
1,5-bis(4-[4-acryloyloxybutyloxy]phenylicarbonyloxy)naphthalene;
1,5-bis(4-[5-acryloyloxypentyloxy]phenylcarbonyloxy)-
naphthalene;

1,5-bis(4-[6- acryloyloxyhexyloxy]phenylcarbonyloxy)naphthalene,
1,5-bis(4-[7-acryloyloxyheptyloxy]phenylcarbonyloxy)-
naphthalene;

1,5-bis(4-[8-acryloyloxyoctyloxy ]phenylcarbonyloxy)naphthalene;
m.p. (C-1) 13009C, cl.p. (N-l) 1089°C;
1,5-bis(4-[9-acryloyloxynonyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4- [10-acryloyloxydecyloxy]phenylcarbonyloxy)-
naphthalene

This Sheet Has Been RTlaCed
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1,5-bis(4-[11-acryloyloxyundecyloxy]phenylcarbonyloxy)-
naphthalene;
1,5-bis(4-[12-acryloyloxydodecyloxylphenylcarbonyloxy)-
naphthalene.

Example 2

0.8 g of N,N’-dicyclohexylcarbodiimide is added at room
temperature while stirring to a solution of 1.25 g of 4-[8-vinyl-
oxyoctyloxy)]benzoic acid, 0.25 g of 1,4-napththohydroguinone
and 0.2 g of 4-dimethylaminopyridine in 20 ml of dichloro-
methane. The reaction mixture is stirred at room temperature
overnight, poured into 100 ml of water and then extracted three
times with 50 ml of dichloromethane each time. The organic
phases are combined, washed twice with 100 ml of water each
time, dried over magnesium sulphate, filtered and the filtrate is
subsequently concentrated. Chromatographic purification of the
residue on silica gel with cyclohexane/ethyl acetate (vol. 8:2) and
two-fold recrystallization from ethyl alcohol of the fractions
which are pure according to thin-fayer chromatography give's'
0.5 g of 1,4-bis(4-[8-vinyloxyactyloxy]phenyicarbonyloxy)-
naphthalene.

The following compounds can be prepared in an analogous
manner:

1,4-Bis(4-[3-vinyloxypropyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[4-vinyloxybutyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[5-vinyloxypentyloxy]Jphenylcarbonyloxy)naphthalene;
1,4-bis(4-[6-vinyloxyhexyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[7-vinyloxyheptyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[9-vinyloxynonyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[10-vinyloxydecyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[11-vinyloxyundecyloxy]lphenylcarbonyloxy)naphthalene;
1,4-bis(4-[12-vinyloxydodecyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[3-vinyloxypropyloxylphenylcarbonyloxy)naphthalene;
1,5-bis(4-[4-vinyloxybutyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[5-vinyloxypentyloxy]phenylcarbonyloxy)naphthalene; .
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9 1 ,4-Bis(4- [[err] acryl oyl oxyal kyl oxy] pheny| net hyl enoxy) napht hal ene

deri vat es 2-, can
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1,5-bis(4-[10-vinyloxydecyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[11-vinyloxyundecyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[12-vinyloxydodecyloxy]phenylcarbonyloxy)naphthalene.

Example 3
10

0.8 g of N,N'-dicyclohexylcarbodiimide is added at room
temperature while stirring to a solution of 1.25 g of 4-[7,8-
oxiranoctyloxy)]benzoic acid, 0.25 g of 1,4-naphthohydroquinone
and 0.2 g of 4-dimethylaminopyridine in 20 ml of dichloro-

15 methane. The reaction mixture is stirred at room temperature
overnight, poured into 100 ml of water and then extracted three
times with 50 ml of dichloromethane each time. The combined
organic phases are washed twice with 100 ml of water each
time, dried over magnesium sulphate, filtered and the filtrate is

20 subsequently concentrated. Chromatographic purification of the
residue on silica gel with cyclohexane/ethyl acetate (vol. 8:2) and
two-fold recrystallization from ethyl alcohol of the fractions
‘which are pure according to thin-layer chromatography gives
0.5 g of 1,4-bis(4-[7,8-oxiranoctyloxy]phenylcarbonyloxy)-

25 naphthalene.

The following compounds can be prepared in an analogous
manner:

30 1,4-Bis(4-[2,3-oxiranpropyloxylphenylcarbonyloxy)naphthalene;
1,4-bis(4-[3,4-oxiranbutyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[4,5-oxiranpentyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[5,6-oxiranhexyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[6,7-oxiranheptyloxy]phenylcarbonyloxy)naphthalene;

35 1,4-bis(4-[8,9-oxirannonyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[9,10-oxirandecyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[10,11-oxiranundecyloxy]phenylcarbonyloxy)-
naphthalene;
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‘liquid crystal conponénts. . The liquid crystalline m xtures in
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prepared by reducing the reaction product of acrylic acid wiz'L
»
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- One or nor e 1¢B-bis(4cpBp@rsxitanisaxylakydphenpicadsnyloxy heaphtiialene;

roving eyt e Boed, S o O FETRRASHS i b B,
1,5-bis(4-[7,8-oxiranoctyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[8,9-oxirannonyloxy]phenylcarbonyloxy)naphthalene;

10 1,5-bis(4-[9,10-oxirandecyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[10,11 -oxiranundecyloxy]pheriylcarbonyloxy)~
naphthalene; :
1,5-bis(4-[11,12-oxirandodecyloxy]phenylcarbonylioxy)-
naphthalene.

15

Example 4

A mixture (C-N, <200C, N-l, 1059C) of 80 wt.% 1,4-bis(4-[8-

acryloyloxyoctyloxy]phenylcarbonyloxy)naphthalene and 20 wt.%

20 1-chloro-2,5-bis(4-[6-acryloyloxyhexyloxy)]phenylcarbonyloxy)-
benzene was provided, treated with 1 wt.% of a photoinitiator
(IRGACURE, Ciba Geigy), dissolved in anisole (40 wt.%) and then
spun on to a glass plate at 2000 revolutions per minute. The glass
plate had previously been coated with poly [methacryloyloxyethyl

25 3-(E)-[4-cyano-4'-biphenyl]acrylate] and then irradiated with
linear polarized light as described in the Swiss Patent
Application CH 2016/94. Thereby, a predetermined structure was
inscribed photolithographically by means of a mask in the (PPN)
layer. The new layer (on the PPN layer) was dried at 90°C on a

30 heating block, then irradiated with xenon light in a vacuum oven
under a vacuum at 90°C. The inscribed original structure remained
and was copied faithfully by the new network. A clear double
refraction (An) was recognizable. This layer can be used as a

structured optical retarder.
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anot her, the content of different conpounds of fornula | in the m'xtures I n

accordance with the i nvention can be h| 22 and can anount tE Wit
t
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co Hﬂ%cﬁq om
the group of compoutids”of the general ng),rnrng ae -10-
’ 1. Compounds of the general formula
.ﬂ | A A .a
( R1-81 Z1>—<I> 22 sZ-RZ)
= S <
5 a b |
wherein
R1 and R2 each independently signify a cross-linkable
group such as ethylene, acrylate,
10 methacrylate, 2-chloroacrylate, 2-phenyl-

acrylate, acryloylphenylene, acrylamide,
methacrylamide, 2-chloroacrylamide, 2-
* phenylacrylamide, epoxy, itaconic acid ester,

' vinyloxy, vinyl ester, styrene derivative,

15 siloxane, ethyleneimine derivative, maleic
acid derivative, fumaric acid derivative or a
cinnamic acid derivative, which is optionally
substituted with methyl, methoxy, cyano
and/or halogen;

20 S1 and S2 signify -(CY2)m-, “O(CY2)m-, -(CY2)mO-,
-(CY2)mCOO0-, -(CY2)mOOC-, ~(Si[(CH3)2]10)m-,
-OCH2(Si[(CH3)2]10)mSi[(CH3)2]CH20- or
-NHCH2(Si[(CH3)2]0)mSi[(CH3)2]CH2NH-;

_ Y signifies hydrogen, fluorine or methyl;
} 25 a signifies 0 or 1;
signifies 1 or 2, with the proviso that
a+bs=
m | signifies a whole number of 1 to 16;
Al and A2 each independently signify 1,4-phenylene,
30 which is optionally mono- or multiply-

substituted with halogen, cyano, methyl,

methoxy and/or acetyl, pyridine-2,5-diyl,

pyrimidine-2,5-diyl, trans-1,4-cyclohexylene
~or trans-1,3-dioxane-2,5-diyl; and

—
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Z1 and 72 each independently signify a single bond,
~-CH2CH2-, -OCH2-, -CH20-, -CO0O-, -00C-,
~(CH2)4-, -O(CH2)3- or -(CH2)30-.

2. Compounds according to claim 1, wherein the naphthyl
ring is linked in position 1 and 5 or in position 1 and 4 with Z1
and Z2. .

3. Compounds according to claim 1 or 2, wherein R1 and
R2 have the same significance.

4, Compounds according to any one of claims 1 to 3,
wherein R1 and RZ signify acrylate, methacrylate, 2-chloro-
acrylate, 2-phenylacrylate, vinyloxy or epoxy.

5. Compounds according to any one of claims 1 to 4,
wherein S1 and S2 have the same significance.

6. Compounds according to any one of claims 1 to S,
wherein Z1 and Z2 have the same significance and signify -OCH2-,
—CH20~, —COO0- or —00C-. ' | '

7. Compounds according to any one of claims 1 to 6,
wherein rings A1 and A2 have the same significance and signify

1,4-phenylene or 2- or 3-fluoro-1,4-phenylene.

8. Compounds according to claim 1 of the general
formulae

I-A
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wherein

R signifies acrylate, methacrylate,
2-chloroacrylate, 2-phenylacrylate, vinyloxy
or epoxy; _

S signifies -(CH2)m'-, -O(CH2)m'- or -(CH2)m'0-;

m' - is a whole number of 4 to 12;

A signifies 1,4-phenylene or 2- or 3-fluoro-
1,4-phenylene; and

Z signifies -OCH2- or -00C-.

S. A cross-linkable mixture consisting of at least 2
components, of which at least one component is a compound of
formula | defined in claim 1.

10. A cross-linkable mixture according to claim 9, which

contains, in addition to one or more compounds of formula |, one
or more compounds from the following group

7= g ' ' 3
I
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- 12 - and [err | (NI wherein  p —__signifies
< oot nrber TN e, s "o, oencenfseiplty, o

signifies hydrogen, |ower alkyl, fluorine, , _
ghl orine or cyaneq m signifies a whole nunber of 4 to 12; an

\L<O - (CHg)m° CN

X1I,

wherein -
5 p signifies a whole number of 2 to 12;
R3 and R4 each independently signify alkyl or alkenyl
with 2 to 12 carbon atoms;
X signifies hydrogen, lower alkyl, fluorine,
bromine, chlorine or cyano;
10 m' signifies a whole number of 4 to 12; and

*

signifies a centre of chirality.

11. The use of compounds according to any one of claims 1
to 8 in their cross-linked state for optical components.
15
12. The use of cross-linkable liquid crystalline mixtures
according to claim 9 or 10 in their cross-linked state for optical

components.



* signifies a centre of chirality. "Lower alkyl" in
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signifies a crystalline phase, S signifies a snmectic ph : rfles a

nemati c phase and | signifies the isotropic phase.

Exanmple 1 0.8 g of N, N -dicyclnbsxpdagar bodi i m de (DCC) was added at

roomtenperature while stirring to a solution of 1.25 g of 4-[8-

acryl oyl oxyoctyl oxy)] benzoic acid, 0.25 g of 1, 4-naphthohydro- qui none and

0.2 g ob 4-di metTyé priesepyrindentiogDigABpncerrEd witlfcampbuoadsnef tthee. The

reaction m A I"‘%rrﬁhiafred at room tenperature overnight, poured into 100
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10 wherein
R1 and R2 each independently signify a cross-

linkable group such as ethylene, acrylate,
methacrylate, 2-chloroacrylate, 2-phenyl-
acrylate, acryloylphenylene, acrylamide,

15 methacrylamide, 2-chloroacrylamide, 2-
phenylacrylamide, epoxy, itaconic acid
ester, vinyloxy, vinyl ester, styrene
derivative, siloxane, ethyleneimine
derivative, maleic acid derivative, fumaric

20 acid derivative or a cinnamic acid
derivative, which is optionally substituted
with methyl, methoxy, cyano and/or

halogen;
ST and S2 signify —(CY2)m—, “0(CY2)m-, —=(CY2)mO-,
25 —(CY2)mCOO0-, —(CY2)mOO0C~,
~(Si[(CH3)2]0)m—,

~OCH2(Si[(CH3)2]10)mSi[(CH3)2]CH20- or
~NHCH2(Si[(CH3)2]0)mSi[(CH3)2]CH2NH-;

Y signifies hydrogen, fluorine or methyl;
30 a signifies 0 or 1;
b signifies 1 or 2, with the proviso that
a+b=2;
m ~ signifies a whole number of 1 to 16;
Al and A2 each independently signify 1,4-phenylene,
35 which is optionally mono- or multiply-

substituted with halogen, cyano, methyl,
methoxy and/or acetyl, pyridine-2,5-diyl,
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1, 4- bi s(4-[8-acryl oyl oxyoct yl oxgnhd phenyl car bonyl oxy) napht hal ene m p.

foﬁagl)ar 23[ ieLrLﬁ’ azgl'%'b%g? Irr;nﬁgf[eer t mdependently sugn{fglw' nscing%n'%ourads can be
5 —CH2CH2-, -OCH2-, -CH20-, -CO0-, -00C-,

—(CH2)4—, ~O(CH2)3- or —(CH2)30-,

liquid crystalline mixtures which contain such compounds and
their use in the cross-linked state for optical components.
10
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4-bis(4-[9-a&iﬁ'E 6)é él N FOXy) napnt nal epe; 1
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(G-1) 106 er lihkabtd - maplitiyl) défCatives, mixtures which contain such
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, 5- bi s(4-[ 4- zomypogéentscbut yl oxy] phenyl car bonyl oxy) napht hal ene;

1, 5- bi s(4-[5-acryl oyl oxypent yl oxy] phenyl car bonyl oxy) - napht hal ene;

Liquid crystals having at least two photochemically

oligomerisable or polymerisable groups can be orientated on a
substrate or in a cell, for example by orientating layers or in a
field. These orientated liquid crystals, provided with a suitable
amount of a photoinitiator, are polymerised by. irradiation with
light of a suitable wavelength. The cross-linked structure
thereby produced remains even at high temperatures. Such layers
can be, for example, parts of hybrid layers, as are described in
Swiss Patent Applications CH 2016/94 and CH 2017/94. Thus,
optical components such as, for example, retarders, wave guides,
optical grids and filters, integrated colour filters or cells having
piezoelectric properties and those having non-linear optical (NLO)
properties, etc., can be produced. Such optical components are
used, for example, in projection systems.

Further properties such as, for example, the birefringence,
the refractive index, the transparency, etc. must fulfil different
requirements depending on the field of use. For example, '
materials for optical retarders should have a high birefringence
in order that the layer thickness of the integrated optical
component can be held at a minimum.

In addition to the general interest in photo cross-linkable
liquid crystals for optical components, such liquid crystalline
materials are suitable as a cladding for glass fibres for optical
data transmission. The use of such materials increases the
elastic modulus in the longitudinal axis of the fibre, reduces the -
thermal expansion coefficient and avoids microdistortion losses.
This leads to an iincreased mechanical stability.



1, 5- bi ’:s(4- [ 6- acryl oyl oxyhexyl oxy] phenyl car bonyl oxy) napht hal ene;

1,5-bis(4-[7-acryl oyl oxyhept yl oxy] phenyl car bonyl oxy) - napht hal ACR :
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iBO[err]C cl.p. (N-1) 108C, 2’40(;.'.19%
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napht hal ene; sblﬁerthssehd ﬁgwwlsoabmxydtmina!;d@elécnmrfyéldsrbnd,: ) -
naphthal ene. oo tromagnetic radiation. Furthermore, they should have a

suitable mesophase from about 25°C to about 809C, if possible

from about 25°C to about 100°C, for example a broad smectic or

nematic mesophase or a chiral smectic or cholesteric mesophase

for the applications referred to above.

Since liquid crystals are usually used as mixtures of
several components, it is important that the components have a
good miscibility with one another. Conventional photochemically
oligomerisable or polymerisable liquid crystals usually have a
high melting point and clearing point. This has the disadvantage
that a spontaneous, thermal polymerisation can occur prem-
aturely during processing, which is carried out at temperatures
barely below the clearing point, because at this temperature the
viscosity in the liquid crystalline state is at the lowest and is
therefore favourable for a good orientability. This spontaneous
polymerisation leads to the formation of domains, whereby the
optical and thermal properties in the cross-linked layers which
are produced can be clearly influenced. The melting point can be
decreased by the production of complicated mixtures having
several components, which permits a processing at lower
temperatures, but brings with it the danger of a crystallisation
of the conventional polymerisable liquid crystals. Photochem-
ically oligomerisable or polymerisable compounds are described,
for example, in EP-A-0 331 233.

There is accordingly the need, especially for use in optical
filters, to produce photochemically oligomerisable or poly-
merisable compounds which are distinguished by an especially
high optical anisotropy and which at the same time have low
melting points and clearing points in order that they can be
processed very readily at temperatures above room temperature
in the liquid crystalline state and also in solution. Further, they
should be orientable and structurable as domain-free as possible
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wherein

R1 and R2 each independently signify a cross-
linkable group such as ethylene, acrylate,
methacrylate, 2-chloroacrylate, 2-phenyl-
acrylate, acryloylphenylene, acrylamide,
methacrylamide, 2-chloroacrylamide, 2-
phenylacrylamide, epoxy, itaconic acid
ester, vinyloxy, vinyl ester, styrene
derivative, siloxane, ethyleneimine
derivative, maleic acid derivative, fumaric
acid derivative or a cinnamic acid
derivative, which is optionally substituted
with methyl, methoxy, cyano and/or
halogen;

S1 and S2 signify -(CY2)m—, ~O(CY2)m—, —(CYz)mO—
~(CY2)mCOO0~, —(CY2)mO0C~,
~(Si[(CH3)2]10)m—,
~OCH2(Si[(CH3)2]0)mSi[(CH3)2]CH20- or
~NHCH2(Si[(CH3)2]0)mSi[ (CH3)2]CH2NH-;

Y signifies hydrogen, fluorine or methyl;

signifies 0 or 1; :

b signifies 1 or 2, with the proviso that
a+b=2;

m signifies a whole number of 1 to 16;

Al and A2 each independently signify 1,4-phenylene,
which is optionally mono- or multiply-
substituted with halogen, cyano, methyl,

\V]



1 , 4- Bi s(4-[3-vinyl oxypropyl oxy] phenyl car bonyl oxy) napht hal e RE?BACEMENT SHEET
, 4- bi s(4-[4-vinyl oxybutyl oxy] phenyl carbonyl oxy) napht hal enej - ]
, 4- bi s(4-[5-vinyl oxypent yl oxy] phenyl car bonyl oxy) napht hal ene;}" 14 0CT 1996
1;
e

, 4- bi s(4-[ 6- vi nyl oxyhexyl oxy] phenyl car BefyFoxy) napht hal ene;
, 4- bi s(4- [ 7- vi nyl oxyhept yl oxy] phengtln@xxooandbw)a@q:mdhm@'t@
[9 vi nyl oxynonyl oxy] phenyl car bon%r?ﬂawﬁ anl krans-1,4}tcyclo-
[ ar bon

, 4- bi s(4-[ 10- vi nyl oxydecyl oxy] ph X t hal ene;
, 4- bi s(4-[ 11-vi nyl oxyundecy! oxy] ﬁ%&?f’)'g QHW%ES -giyl;

, 4-bi s(4-[12-vi nyl oxydodecyl oxy] mmhyl car bonyl oxy) napht hal ene; 1,
5 bi s(4-[3-vinyl oxyp 20XY] phen a | en
5-bi s(4-[ 4-vinyl o@ ért@)?oxy] phen %@%@ghﬁagi}g ?Tg}e bond,
5- bi s(4- [ 5- vi nyl oxypent yl oxy] phemSHzCHany+@&iiprapiHed-erd00-, -00C-,
- 15 ~(CH2)4~, ~O(CH2)3~ or ~(CH2)30-.

HY) -
5 4-

The compounds of general formula | are distinguished by
their relatively low viscosity. They can accordingly be applied
without problems to a suitable surface. This generally takes
place by spin-coating. Since, moreover, the compounds in accord-
ance with the invention have a liquid crystalline phase they can
be directed prior to the cross-linking by the application of an
electric field.

The term "1,4-phenylene, which is mono- or multiply-
substituted with halogen, cyano, methyl, methoxy and/or acetyl,"
embraces in the scope of the present invention 1,4-phenylene,
1,4-phenylene substituted with fluorine, bromine, chlorine,
cyano, methyl, methoxy or acetyl, such as, for example 2- or 3-
fluoro-1,4-phenylene, 2,3-, 2,6- or 3,5-difluoro-1,4-phenylene,
2- or 3-chloro-1,4-phenylene, 2,3-, 2,6- or 3,5-dichioro-1,4-
phenylene, 2- or 3-bromo-1,4-phenylene, 2- or 3-cyano-1,4-
phenylene, 2,3-dicyano-1,4-phenylene, 2- or 3-acetyl-1,4-
phenylene, 2- or 3-methyl-1,4-phenylene, 2- or 3-methoxy-1,4-
phenylene, and the like. Especially preferred compounds of
formula | -are those in which rings A1 and A2 are the same and
signify 1,4-phenylene or 2- or 3-fluoro-1,4-phenylene.

The spacer groups S and S2 can also be chiral, if desired.
Preferred compounds of formula | are those in which ST and S2
have the same significance. Preferred spacer groups are those in
which Y signifies hydrogen and m is a whole number of 4 to 12.

Preferred residues R1 and R2 are acrylate, methacrylate, 2-
chloroacrylate, 2-phenylacrylate, acryloylphenylene, acrylamide,
methacrylamide, 2-phenylacrylamide, epoxy, vinyloxy, vinyl
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5- bi s(4-[ 8-vi nyl oxyoct yl oxy] phenyl car bonyl oxy) napht hal ene; 1, "

5- bi s(4-[ 9- vi nyl oxynonyl oxy] phenyl car bany@ axy) napht hal ene; 1 14 OCT 1996
, 5- bi3 s(? [[10astayJ stydeng! dal;n}/phmeﬁL crvabeicy acid )dena tiaesn du rc acid

1 5-bis(4-[1 phgh a -
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which the naphthyl ring is linked in position 1 and S or in position

1 and 4 with Z1 and Z2, especially those in which Z1 and Z2 are

the same and signify -OCH2-, -CH20-, -COO-. or -00C-.

Compounds which are quite especially preferred are those

of the formulae
O

I-B

wherein

R signifies acrylate, methacrylate,
2-chloroacrylate, 2-phenylacrylate, vinyloxy
or epoxy;

S signifies -(CH2)m'~, -O(CH2)m'~ or -(CH2)m'O-;

m' is a whole number of 4 to 12;



residue on silica gel wth cycl ohexane/ethyl acetate (vol. 8:2) and
two-fold recrystallization fromethyl alcohol of the fracti [
pure according to thin-layer chromatography gives 0.5 g of

'1, 4- bi s(4-[ 7, 8- oxi ranoct yl oxy] phenyl carbdhyl oxy) - napht hal e
foll owi ng conmpouAds can be pr egignifies 1 ,4rpheaylEelom2ner:

, 4-Bi s(4-[ 2, 3- oxi ranpr opyl oxy]ﬁlaqgﬁégg{) y%r%y) napht hal ene;

, 4-bi s(4-[ 3, 4- oxi ranbut yl oxy] phen VI ) napht hal ene; ,4-bis(4-]4,

5- oxi ranpent yl oxg] phenyl car borgigaifienadt izl &sre -0DG4- bi s(4- -5,
6- oxi r anhexyl oxy] phenyl car bonyl 0xy) napht hal ene; 1
.. 4-bi s(4-[6, 7-oxi ranhept yl oxy] phenyl car bonyl oxy) napht hal ene; 1

1 H0mox! 1 andecy| oxu] heoNRSUREs KIP FrthAR Y ) LORP Teadligh Socdssifre” 541

- oxi r anundec§YpigéHaa 4caﬁmnﬁ%x9§amn§@hcﬁmmds in which Z signifies
a group -00C- can be produced from 4-[w-acryloxyalkyloxy]-
benzoic acids and the corresponding naphthohydroquinone (see
Schemes 1 and 2). The esterification can be effected in a manner
known per se. A preferred method comprises reacting the
naphthohydroquinone with the carboxylic acid in a polar, but inert
organic solvent (e.g. in dimethylformamide (DMF) or a halogenated
hydrocarbon such as dichloromethane) in the presence of 4-
(dimethylamino)pyridine (DMAP) and N,N'-dicyclohexylcarbo-
diimide (DCC). The 4-[w-acryloxyalkyloxylbenzoic acids are
known per se and can be prepared by alkylating 4-hydroxybenzoic
acid in the presence of a strong base and an e-halogenated alcohol
as well as potassium iodide and subsequently esterifying the 4-
[e-hydroxyalkyloxylbenzoic acids with acrylic acid in the

presence of p-toluenesulphonic acid (PTA).

The symbols used in the Schemes have the aforementioned
significances.
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napht hal ene;

1 ,5-bis(4-[2, 3-oxiranpropyl oxy] phenyl car bony

1,5-bis(4-[3 , 4-oxiranbutyl oxy] phenyl car bonyl oxy) napht hal e

5-bi s(4-[4,

5- oxi ranpent yl oxy] phenyl cartachyd oxy) napht hal end;

5- bi s(4-[ 5, 6Schemembiexy| oxy] phenyl car bonyl oxy) napht hal ene;

1, 5-bi s(4-[6, 7- oxi ranhept yl oxy] phenyl car bonyl oxy) napht hal ene;{ 1,
5-bis(4-[7, 8-oxiranoctyl oxy] phenyl car hery!l oxy) napht hal ene;

5-bi s(4-[8, 9-oxi rannonyl oxykphejybea %

0- oxi randecyl oxy] phenyl car bonyl oxy) nap

5- bi s(4-[ 10,

, 5-bis(4-[ 11, 1 2-oxirandodecyl oxy] phenyl car bonyl oxy) -

0¥y hapht hal ene;
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al ene; 1 ,

L

11- oxi ranundecyl oxy] phenyl car bonyl oxy) - napht hal ene; 1

C2H50H/KOH/KI
2 X CICyHamOH

2 x HOOC—@—OCmHngH
PTS/CHCl3 2y 07_//
o

OH
DCC/DMAP/CH,Cly OO

napht hal ene.




Exanpl e 4 A mxture (GN, <20[err]C, N1, 105[err]C
, 4-bi s(4-[8- acryl oyl oxyoctyl oxy] phenyl car bonyl oxy) napht h
1 -chloro-2, 5-bis(4-[6-acryl oyl oxyhexyl oxy)] phenyl carbon
was provided, treated with 1 w.%of apbthtpinitiator (I
Geigy), dissolved in anisole (40 w.% and then spun .on t
2000 revol uﬁm rom nute. The gl ass plate had previousl
with poly [ gl%yl oxyet hyl 3-(E)-[4-cyano-4'-biphenyl{acrylate] and

REFEAGEMER

RE., §593505
gﬁé’sé&:gl atae

gt

Bmasspaltens

then irradiated with linear polarized |light as described ifa=t+he-SWSS

Pat ent Application CH 2016/94. Thereby/ a\predeterm ned structure was

i nscri bed photolithographi @¥ | yH®O Ged QHrask in the (PPN) |ayer. The
new | ayer (on the PPN | ayer) was dried/90[err]C on a heating bl ock, then
irradiated with xenon light in a vacuumpven under a vacuum at 90[err]C.
The inscribed original structure remaingd and was copied faithfully by the
new network. A clear doubl €HedHAWQH/&h (] err]n) was recogni zable. This

| ayer can be used as a structured optical retarder.

2 x HOOC-@—OCmHszH

PTS/CHClg - H°7__//
| o
2 x HOOC‘@‘OCmI’hmO V.

0
OH
DCC/DMAP/CH;Cly OO
OH

o)

/

14

¢

ole

C

OCmHamO

OOC'@—OCmHng
C :

A small amount of BHT (2,6-di-tert.~butyl-4-methyl-

phenol/"butylhydroxytoluene") is admixed in each step in order to
stop undesired thermal cross-linkage.



d ai s 1. - Compounds of the general fornula REPLALM”“‘ﬂe&.
wher ei n Rlerr] and R err] each independently sijgnrfy—a
cross-1linkabl e group such as et hyl cf yhatiess
10 met hacryl at e, 2-2htoroacryl ate, 2- e qéﬁ ¥
1,4-Bis(4-[w-acryloyloxyalkyloxy]phenylmethyleno ",

naphthalene derivatives, i.e. compounds of formula | in jhich-Z
signifies the group -OCH3-, can be produced in a manner known
per se by etherifying the corresponding 1,4-naphthohydroquinone
with 4-[w-acryloyloxyalkyloxy)]benzy! alcohols. The reaction can
be effected, for example, in the presence of a dialkyl
azodicarboxylate and triphenylphosphine. The 4-[w-
acryloyloxyalkyloxy)]benzyl alcohols used as the educt can be
prepared by reducing the reaction product of acrylic acid with
4-[w-hydroxyalkyloxy)]benzyl aldehydes. The 4-[w-
hydroxyalkyloxy)]benzaldehydes can be prepared by etherifying 4-
hydroxybenzaldehyde with w-hydroxyalkyl halides in the presence
of usual bases. -

The compounds of formula | can be used as single compounds
or in the form of mixtures with one another and/or with other
liquid crystal components.

The liquid crystalline mixtures in accordance with the
invention contain at least 2 components, of which at least one
component is a compound of formula . A second component and
any other components can be additional compounds of formula | or
other known liquid crystalline compounds with or without photo-
cross-linkable groups. One or more chiral components can also be
present in the mixture.

Having regard to the good solubility of the compounds of
formula | and having regard to their good miscibility with one
another, the content of different compounds of formula | in the
mixtures in accordance with the invention can be high and can
amount to 100 wt.%.

The mixtures in accordance with the invention preferably
contain, in addition to one or more compounds of formula |, one or
more compounds from the group of compounds of the general
formulae
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met hacryla mde, 2-chloroacrylam de, 2-

phenyl acryl am de, epoxy, itaconic acid ester, ' CT 1996
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-NHCH[err](Si[(CH[err])[err]] i
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substituted w th hal ogen, cyano, nethyl,

and/ or acetyl, pyridine-2,5-diyl,
pyrimdine-2,5-diyl, trans-1, 4- cyclohexylene
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3. Conpounds according to claimi1 or 2, wherein R err]

t he sane significance. 4. Conpounds accor di by 18-

claims 1 to 3, wherein R[err] and Rlerr] signify acryl &te, 4

met hacryl ate, 2-chloro- acryl ate, :zl_%)_h_anyl acryl ate, Vi %yl M«)F‘%Tf '("{é”3 OX)
15 5. andConpounds according to any one of clainfs |l to 4
wherein S[err] and S[err] have the same significance. ' 6.
Conmpounds according to any on ¢ 1 to 5 20 wherédin Zler+—ard

Z[err] have t he ﬁrre O (PHd)hed ACNy - OCH2- , -CHerr]O,
-COO or - peuids according to any one of clains 1
to 6, mhereln rings A[err] and A[err] have the sane significance
signify 25 1, 4-phenyl ene or 2- or 3-fluoro-1, 4-phenyl ene. ’
Compounds according to claim1l of the general formul ae

wherein

p signifies a whole number of 2 to 12;

R3 and R4 each independently signify alkyl or alkenyl
with 2 to 12 carbon atoms;

X ' signifies hydrogen, lower alkyl, fluorine,
bromine, chlorine or cyano;

signifies a whole number of 4 to 12; and

*

signifies a centre of chirality.

“Lower alkyl" in connection with the compounds of formula
Il embraces methyl, ethyl,: propyl, i-propyl, butyl, i-butyl and
tert.-butyl.

The production of the compounds of formula | and of liquid
crystalline mixtures containing these compounds is illustrated in
more detail by the following Examples. C signifies a crystalline
phase, S signifies a smectic phase, N signifies a nematic phase

~and | signifies the isotropic phase.

Example 1

0.8 g of N,N'-dicyclohexylcarbodiimide (DCC) was added at
room temperature while stirring to a solution of 1.25 g of 4-[8-
acryloyloxyoctyloxy)lbenzoic acid, 0.25 g of 1,4-naphthohydro-
quinone and 0.2 g of 4-dimethylaminopyridine (DMAP) in 20 ml of
dichloromethane. The reaction mixture was stirred at room
temperature overnight, poured into 100 ml of water and then
extracted three times with 50 ml of dichloromethane each time.
The organic phases were combined, washed twice with 100 ml of
water each time, dried over magnesium sulphate, filtered and the
filtrate was subsequently concentrated. Chromatographic
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purification of the residue on silica gel with cyclohexgne7ethy -

acetate (vol. 8:2) and two-fold recrystallization from ‘ethyd

alcohol of the fractions which were pure according to thin-layer
chromatography gave 0.2 g of 1,4-bis(4-[8-acryloyloxyoctyloxy]-
phenylcarbonyloxy)naphthalene; m.p. (C-N) 949C, cl.p. (N-l) 1040C.

The following compounds can be prepared in an analogous
manner:

1,4-Bis(4-[3-acryloyloxypropyloxy]phenylcarbonyloxy)-
naphthalene;

1,4-bis(4-[4- acryloyloxybutyloxy]phenylcarbonyloxy)naphthalene
1,4-bis(4-[5-acryloyloxypentyloxylphenylcarbonyloxy)-
naphthalene;
1,4-bis(4-[6-acryloyloxyhexyloxy]phenyicarbonyloxy)naphthalene;
1,4-bis(4-[7-acryloyloxyheptyloxy]phenylcarbonyloxy)-
naphthalene;
1,4-bis(4-[9-acryloyloxynonyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[10- acryloyloxydecyloxy]phenylcarbonyloxy)-
naphthalene;

1,4-bis(4-[11-acryloyloxyundecyloxy ]phenylcarbonyloxy)-
naphthalene; m.p. (C-1) 1069C, cl.p. (N-I) 98°C;
1,4-bis(4-[12-acryloyloxydodecyloxylphenylcarbonyloxy)-
naphthalene;
1,5-bis(4-[3-acryloyloxypropyloxy]lphenylcarbonyloxy)-
naphthalene;
1,5-bis(4-[4-acryloyloxybutyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[5-acryloyloxypentyloxy]phenylcarbonyloxy)-

. naphthalene;
1,5-bis(4-[6-acryloyloxyhexyloxylphenylcarbonyloxy)naphthalene;
1,5-bis(4-[7- acryloy!oxyheptyloxy]phenylcarbonyloxy)- '
naphthalene;
1,5-bis(4-[8- acryloyloxyoctyloxy]phenylcarbonyloxy)naphthalene;
m.p. (C-l) 1309°C, cl.p. (N-1) 1089C;
1,5-bis(4-[9-acryloyloxynonyloxylphenylcarbonyloxy)naphthalene;
1,5-bis(4-[10-acryloyloxydecyloxy]phenylcarbonyloxy)-
naphthalene;



|-B wherein R signifies acryl d : &

met hacrylate, 5 2-chl oroacryl ate, 2-phe ;LPC%V‘ ”HJET

Vi nyl oxy or epoxy; S S|gn|f| §
-(CHerr])m-, O CHerr])m- or -(CHertt)m O ; m T4 OCT; 99

whol e nunbern gf-bi%(m[ia -acryloylox#‘undecyloxyj‘pherwlcbrbenill ygpenyl ene or 2-

or 3-fluoro- 4- phenyl ene;

signifies - engr - ooc-. 9. A cross-|inkablle m-xture

consi sting df,Sabid (kg1 a-acrylo;dopydedacylc»Xy]mhennyl@arbeaylom)e conponent is

a conpound
cross-1inka

la | defined in claiml. 10. A
Ekﬁﬁﬁﬁ?ﬁﬁﬁg according to claim9, which

Example 2

0.8 g of N,N'-dicyclohexylcarbodiimide is added at room
temperature while stirring to a solution of 1.25 g of 4-[8-vinyl-
oxyoctyloxy)]benzoic acid, 0.25 g of 1,4-napththohydroquinone
and 0.2 g of 4-dimethylaminopyridine in 20 ml of dichloro-
methane. The reaction mixture is stirred at room temperature
overnight, poured into 100 ml of water and then extracted three
times with 50 ml of dichloromethane each time. The organic
phaSes are combined, washed twice with 100 ml of water each
time, dried over magnesium sulphate, filtered and the filtrate is
subsequently concentrated. Chromatographic purification of the

residue on silica gel with cyclohexane/ethyl acetate (vol. 8:2) and

two-fold recrystallization from ethyl alcohol of the fractions
which are pure according to thin-layer chromatography gives
0.5 g of 1,4-bis(4-[8-vinyloxyoctyloxy]phenylcarbonyloxy)-
naphthalene.

The following compounds can be prepared in an analogous
manner: '

1,4-Bis(4-[3-vinyloxypropyloxylphenylcarbonyloxy)naphthalene;

1,4-bis(4-[4-vinyloxybutyloxy]phenylcarbonyloxy)naphthalene;

1,4-bis(4-[5-vinyloxypentyloxy]phenylcarbonyloxy)naphthalene;

1,4-bis(4-[ 6-vinyloxyhexyloxy]phenylcarbonyloxy)naphthalene;

1,4-bis(4-[ 7-vinyloxyheptyloxy]phenylicarbonyloxy)naphthalene;
1,4-bis(4-[9-vinyloxynonyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[10-vinyloxydecyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[11-vinyloxyundecyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[12-vinyloxydodecyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[3-vinyloxypropyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[4-vinyloxybutyloxy]phenylcarbonyloxy)naphthalene;

1,5-bis(4-[ 5-vinyloxypentyloxy]phenylcarbonyloxy)naphthalene;
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1,5-bis(4-[6-vinyloxyhexyloxy Jphenylcarbonyloxy)naphthilene;

o7

1,5-bis(4-[7-vinyloxyheptyloxy]phenylcarbonyloxy)naphthalene;

1,5-bis(4-[8-vinyloxyoctyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[9-vinyloxynonyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[10-vinyloxydecyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[ 1 1-vinyloxyundecyloxy ]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[12-vinyloxydodecyloxylphenylcarbonyloxy)naphthalene.

Example 3

0.8 g of N,N'-dicyclohexylcarbodiimide is added at room
temperature while stirring to a solution of 1.25 g of 4-[7,8-
oxiranoctyloxy)]benzoic acid, 0.25 g of 1,4-naphthochydroquinone
and 0.2 g of 4-dimethylaminopyridine in 20 ml of dichloro-
methane. The reaction mixture is stirred at room temperature
overnight, poured into 100 ml of water and then extracted three
times with 50 ml of dichloromethane each time. The combined
organic phases are washed twice with 100 ml of water each
time, dried over magnesium sulphate, filtered and the filtrate is
subsequently concentrated. Chromatographic purification of the
residue on silica gel with cyclohexane/ethyl acetate (vol. 8:2) and
two-fold recrystallization from ethyl alcohol of the fractions
which are pure according to thin-layer chromatography gives
0.5 g of 1,4-bis(4-[7,8-oxiranoctyloxy]phenylcarbonyloxy)-
naphthalene.

The following compounds can be prepared in an analogous
manner:

1,4-Bis(4-[2,3-oxiranpropyloxy ]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[3,4-oxiranbutyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[4,5-oxiranpentyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[5,6-oxiranhexyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[6,7-oxiranheptyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[8,9-oxirannonyloxy]phenylcarbonyloxy)naphthalene;
1,4-bis(4-[9,10-oxirandecyloxy]phenylcarbonyloxy)naphthalene;

- 1,4-bis(4-[10,11-oxiranundecyloxy]phenylcarbonyloxy)-

naphthalene;
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1,4-bis(4-[11,12-oxirandodecyloxy]phenylcarbonyloxy)-
naphthalene;
1,5-bis(4-[2,3-oxiranpropyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[3,4-oxiranbutyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[4,5-oxiranpentyloxy Jphenylcarbonyloxy)naphthalene;
1,5-bis(4-[5,6-oxiranhexyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[6,7-oxiranheptyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[7,8-oxiranoctyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[8,9-oxirannonyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[9,10-oxirandecyloxy]phenylcarbonyloxy)naphthalene;
1,5-bis(4-[ 10,1 1-oxiranundecyloxy]phenyicarbonyloxy)-
naphthalene; -
1,5-bis(4-[11,12-oxirandodecyloxy]phenylcarbonyloxy)-
naphthalene.

Example 4

A mixture (C-N, <20°C, N-I, 1059C) of 80 wt.% 1,4-bis(4-[8-
acryloyloxyoctyloxy]Jphenylcarbonyloxy)naphthalene and 20 wt.%
1-chloro-2,5-bis(4-[6-acryloyloxyhexyloxy)]phenylcarbonyloxy)-
benzene was provided, treated with 1 wt.% of a photoinitiator
(IRGACURE, Ciba Geigy), dissolved in anisole (40 wt.%) and then
spun on to a glass plate at 2000 revolutions per minute. The glass
plate had previously been coated with poly [methacryloyloxyethyl
3-(E)-[4-cyano-4'-biphenyllacrylate] and then irradiated with
linear polarized light as described in the Swiss Patent
Application CH 2016/94. Thereby, a predetermined structure was
inscribed photolithographically by means of a mask in the (PPN)
layer. The new layer (on the PPN layer) was dried at 90°C on a
heating block, then irradiated with xenon light in a vacuum oven
under a vacuum at 90°C. The inscribed original structure remained
and was copied faithfully by the new network. A clear double
refraction (An) was recognizable. This layer can be used as a
structured optical retarder.



[err]
X1
2tol 2
al kenyl

and
wherein 5
R3 and R4

PHOTO CROSS-LINKAB DE NAPHTHALENE DERIVATIVES

SHEET
o1

Lerr] _ DACEMENT
signifies a \ e—AtTeT

each Bgdependently signifyla

kvl et 19%

Abstract

The present invention is concerned with compounds of the

general formula

P

vyherein
R1 and R2

S1'and S2

V)

Al and A2

each independently signify a cross-
linkable group such as ethylene, acrylate,
methacrylate, 2-chloroacrylate, 2-phenyl-
acrylate, acryloylphenylene, acrylamide,
methacrylamide, 2-chloroacrylamide, 2-
phenylacrylamide, epoxy, itaconic acid
ester, vinyloxy, vinyl ester, styrene
derivative, siloxane, ethyleneimine
derivative, maleic acid derivative, fumaric
acid derivative or a cinnamic acid
derivative, which is optionally substituted
with methyl, methoxy, cyano and/or
halogen; '

signify —(CY2)m—, -O(CY2)m—, f‘(CYZ)mO—,
-(CY2)mCOO0-, —-(CY2)m00C-~,
~(Si[(CH3)210)m—,
~OCH2(Si[(CH3)2]0)mSi[(CH3)2]CH20- or
~NHCH2(Si[(CH3)2]0)mSi[(CH3)2]CH2NH~;
signifies hydrogen, fluorine or methyl;
signifies 0 or 1;

signifies 1 or 2, with the proviso that
a+b=2;

signifies a whole number of 1 to 16;

each independently signify 1,4-phenylene,
which is optionally mono- or multiply-
substituted with halogen, cyano, methyl,
methoxy and/or acetyl, pyridine-2,5-diyl,




with 2 to 1 2 carbon atons; X si gni fy

i\
tower al kyl, fluorine, brom ne, ch m v HE'E
10 m signifies a whole nunber of 4 to 1P;! and
signifies a centre of chirality. - 24 - 11. The uselof cpy@QIE36
according to any one of clains 1 hej S at-Eh/b d state for
optical conponents. 15 pyn%?'né%as dﬁg‘l tfargés-g_ |1 k eTrquid
crystalline mxtures accoh@xylgne @r Jnans- 3 OXANEnRdH ch}’bss | i nked
state for optical conponeghd.

Z1 and z2 each independently signify a single bond,

-CH2CH2-, ~-OCH2-, -CH20-, -CO0-, -00C~,

—(CH2)4-, “O(CH2)3- or —(CH2)30-,

liquid crystalline mixtures which contain such compounds

and

their use in the cross-linked state for optical components.



