
;fghijke3ewtR6>TQl   *G00002* 1 Photocrosslinkable silane derivatives The
invention relates to novel crosslinkable, photoactive silane derivatives
with 3-arylacrylic esters and 3-arylacrylamides, and their use as
orientation layers for liquid crystals and for the production of
unstructured or structured optical elements and multilayer systems. The
orientation layer is particularly important in (electro-optical) liquid
crystal devices. It serves for ensuring uniform and trouble-free
orientation of the longitudinal axes of the molecules. Uniaxially rubbed
polymer orientation layers, such as, for example, polyimide, are usually
used for orienting liquid crystal molecules in liquid crystal displays
(LCDs). The direction of rubbing determines the orientation direction in
this process. However, rubbing entails some serious disadvantages which may
strongly influence the optical quality of liquid crystal displays. Thus,
rubbing produces dust which may lead to optical defects in the display. At
the same time, the polymer layer is electrostatically charged, which, for
example in thin film transistor (TFT)-TN-LCDs, may result in the
destruction of the thin film transistors underneath. For these reasons, the
yield of optically satisfactory displays in LCD production has not been
optimal to date. A further disadvantage of rubbing is that it is not
possible to produce structured orientation layers in a simple manner since
the orientation direction cannot be varied locally during rubbing. Thus,
mainly layers uniformly aligned over a large area can be produced by
rubbing. However, structured orientation layers are of considerable
interest in many areas of display technology and integrated optics. For
example, the dependency of the angle of view of twisted nematic (TN) LCDs
can thus be improved.     i 3 September 2002 2 Orientation layers in which
the orientation direction can be predetermined by exposure to polarized
light have been known for some time. The problems inherent in rubbing can
thus be overcome. In addition, it is possible to specify the orientation
direction differently from region to region and hence to structure the
orientation layer. One possibility for the structured orientation of liquid
crystals utilizes the isomerizability of certain dye molecules for inducing
a preferred direction photochemically by exposure to polarized light of
suitable wavelength. This is achieved, for example, by mixing a dye with an
orientation polymer and then exposing said dye to polarized light. Such a
guest/host system is described, for example, in US-A-4,974,941. In this
system, azobenzenes are mixed into polyimide orientation layers and then
exposed to polarized light. Liquid crystals which are in contact with the
surface of a layer exposed in this manner are oriented according to this
preferred direction. This orientation process is reversible, i.e. the
already established direction of orientation can be rotated again by
further exposure of the layer to light having a second polarization
direction. Since this reorientation process can be repeated as often as
desired, orientation layers of this type are less suitable for use in LCDs.
A further possibility for producing highly resolved orientation patterns in
liquid crystalline layers is described in Jpn. J. Appl. Phys. Vol. 31
(1992?, 2155. In this process, the dimerization of polymer-bound
photoreactive cinnamic acid groups, induced by exposure to linearly
polarized light, is utilized for the structured orientation of liquid
crystals. In contrast to the reversible orientation process described
above, an anisotropic polymer network is established in the case of the
photostructurable orientation layers described in Jpn. J. Appl. Phys. Vol.
1 3 September 2002 3 31 (1992), 2155. These photo-oriented polymer networks
can be used wherever structured or unstructured liquid crystal orientation
layers are required. Apart from in LCDs, such orientation layers can also
be used, for example, for the production of so-called hybrid layers, as
exemplified in European Patent Applications EP-A 



0 611 981, EP-A-0 689 084 and EP-A-0 689 065 and in Swiss Patent
Application No. 2036/95. With these hybrid layers of photostructured
orientation polymers and crosslinkable low molecular weight liquid
crystals, it is possible to realize optical elements, such as, for example,
nonabsorptive color filters, linear and circular polarizers, optical
retardation layers, etc. EP-A-611,786 describes cinnamic acid polymers
which are suitable in principle for the production of such anisotropically
crosslinked, photostructured orientation layers for liquid crystals. These
crosslinkable cinnamic acid derivatives are in principle linked to the
polymer main chain via the carboxyl function of the cinnamic acid
(phenylacrylic acid) and a spacer. However, the photopolymers of this type
which have been used to date have a number of serious disadvantages. Thus,
for example, photochemical competing reactions adversely affect the
orientability. In addition, the known cinnamic acid polymers have
insufficient photochemical long-term stability. For example, prolonged
exposure of a prefabricated orientation layer to UV light leads to the
destruction of the orientation originally present. Multiple exposures in
which an existing orientation layer having a predetermined recorded pattern
is exposed again in order to orient the still unexposed parts in another
direction can be carried out only if the previously exposed parts are
covered by a mask. Otherwise, the already oriented parts of the layer may
lose some or a11 of their structure as a result of photochemical secondary
reactions. a   i 3 September 2002 4 A further disadvantage of the cinnamic
acid polymers used to date is that there is no tilt angle in the case of
the orientation surfaces comprising these materials, which surfaces are
produced by simple exposure to polarized light. Particularly for use in
LCDs, however, a tilt angle must also be provided by the orientation layer
in addition to the orientation direction. In the above-mentioned uniaxially
rubbed polymer orientation layers, this tilt angle is already generated in
the rubbing process on the polymer surface. If a liquid crystal is brought
into contact with such a surface, the liquid crystal molecules are not
parallel but inclined to the surface and the tilt angle is thus transmitted
to the liquid crystal. The magnitude of the tilt angle is determined both
by rubbing parameters, such as, for example, feed rate and pressure, and by
the chemical structure of the polymer. For the production of liquid crystal
displays, tilt angles between 1 and 15 are required, depending on the type.
The larger tilt angles are required in particular for supertwisted nematic
(STN) LCDs, in order to avoid the formation of so-called fingerprint
textures. In TN and TFT-TN-LCDs, the direction of rotation and the tilting
direction are defined by the tilt angle, with the result that "reverse
twist" and "reverse tilt" phenomena are prevented. While reverse twist in
the unswitched state results in regions with an incorrect direction of
rotation, which is manifested visually in a mottled appearance of the
display, reverse tilt is optically very troublesome, especially on
switching the LCD by tilting the liquid crystals in different directions.
Reverse twist can be prevented by doping the liquid crystal mixture with a
chiral dopant of suitable direction of rotation. For suppressing reverse
tilt, however, there is to date no alternative possibility to the use of
orientation layers with a tilt angle.    3 September 2002 5 Recently,
cinnamic esters which are not bonded, as described above, to a polymer
skeleton but are linked by the spacers to a trialkoxysilane group were
reported in Liq. Cryst. 20, 171 (1996). Here, the trialkoxysilane group
serves for anchoring the cinnamic acid unit to the substrate as a carrier,
for example of glass. The spacer which links the trialkoxysilane group to
the cinnamic ester is always attached in the 2-position (ortho position) of
the cinnamic ester. For the production of the orientation layer, the
trialkoxysilanes are first applied to the glass carrier from a solution.
The orientation is then effected by exposure to linearly polarized light of
259 nm wavelength. The ability of the layer prepared in this manner to
orient liquid crystal is ascribed to reversible Z/E isomerization. If, on
the other hand, the cinnamic acid molecules are exposed at 330 nm, they are
crosslinked. Orientability is lost in proportion to the degree of
crosslinking. The orientation layers produced in this manner have the same
disadvantages as the cinnamic acid polymers described further above. They
too have insufficient photochemical and thermal stability since the Z/E
isomerization is reversible and therefore lead to problems associated with
reorientation on multiple exposure. In addition, they too lack the ability
to induce tilt angles. It was therefore the object of the invention to
produce photoreactive silanes which do not have the above disadvantages of
the cinnamic acid polymers and silanes used to date, i.e. the lack of
photochemical long-term stability and especially the lack of a tilt angle
after exposure to polarized light, and thus capable of producing stable,
highly resolved orientation patterns. Surprisingly, it has now been found
that silanes which are linked by a spacer to the carbonyl or carboxyl    



3 September 2002 6 function of 3-arylacrylic acid derivatives as a
photoreactive unit fulfil this condition and are very suitable as
orientation layers for liquid crystals. The crosslinking of these compounds
with linearly polarized light leads to significantly higher photochemical
stability of the orientation layer and at the same time to excellent
orientation of liquid crystals, which is distinguished, for example, by
very good contrast. In addition, tilt angles are generated on exposure to
linearly polarized light. In a first aspect, the invention provides a
silane of the general formula I: X3 I K A -Y~ B -Y2 C ~Z- S ~ Si X2 m `-~O
X1 I in which X1, X2 and X3 denote alkyl, alkoxy or halogen, but at least
one of these radicals is either alkoxy or halogen; denotes a spacer unit or
denotes a chain of the formula -(CH2)~-L(CH2)g-, in which L denotes a
single bond or linking functional groups and r and s each represent an
integer from 1 to 20, with the proviso that r + s is < 25; Ring A denotes
unsubstituted or fluorine-, chlorine-, cyano-, alkyl- or alkoxysubstituted
phenylene, pyrid-2,5-diyl,   3 September 2002  pyrimidin-2,5-diyl,
1,3-dioxane-2,5-diyl,cyclohexane-1,4-diyl, piperidin-1,4-diyl
orpiperazin-1,4-diyl, it being possible forthe alkyl and/or the alkoxy
substituent tobe mono- or polysubstituted by fluorine;Ring Bdenotes
unsubstituted or fluorine-,chlorine-, cyano-, alkyl- or alkoxy-substituted
phenylene, pyrid-2,5-diyl,pyrimidin-2,5-diyl, 1,4- or
2,6-naphthylene,1,3-dioxane-2,5-diyl or cyclohexane-1,4-diyl, it being
possible for the alkyl and/orthe alkoxy substituent to be mono-
orpolysubstituted by fluorine;Kis hydrogen, fluorine, chlorine, cyano,nitro
or a straight-chain or branched alkyl,alkoxy, alkyl-COO, alkyl-CO-NRz or
alkyl-OCOgroup having 1 to 20 carbon atoms which isoptionally substituted
by fluorine,chlorine, cyano or nitro and in whichoptionally one CHz group
or a plurality ofnon-neighboring CHz groups may be replacedby O, CH=CH or
C=C and in which RZ denoteshydrogen or lower alkyl;Y1 and Y2,independently
of one another, denote asingle covalent bond, -(CHz)t-, -O-, -CO-,-CO-O-,
-O-OC-, -NR3-, -CO-NR3-, -R3N-CO-,- (CHZ) "-O-, -O- (CHz) u-. - (CHZ)
u-NR3- or-NR3- (CH2) "-, in whichR3denotes hydrogen or lower alkyl;tdenotes
an integer from 1 to 4;adenotes an integer from 1 to 3;m and
n,independently of one another, denote 0 or 1;Ring Cdenotes unsubstituted
or fluorine-,chlorine-, cyano-, alkyl- or alkoxy-substituted phenylene,
pyrimidin-2,5- or3,5-diyl) pyrid-2,5- or -2,4-diyl or -2,6-diyl,
2,5-thiophenylene, 2,5-furanylene,   3 September 2002 8 1,4- or
2,6-naphthylene, it being possible for the alkyl and/or the alkoxy
substituent to be mono- or polysubstituted by fluorine; Z denotes -O- or
-NR4- and R4 denotes hydrogen or lower alkyl. with- the proviso that K is
not hydrogen or halogen when simutaneously w is O, n is O, and Ring C is
unsubstituted phenylene. The photocrosslinkable silane derivatives of the
formula I.according to the invention can be used individually or in
mixtures for the formation of orientation layers. In addition to one or
more compounds of the formula I, suitable mixtures optionally also contain
other, uncrosslinkable silane derivatives, as usually used for silanizing
inorganic, oxidecontaining surfaces. Such uncrosslinkable silane
derivatives are, for example, compounds of the general formula II 



X~ X2_Si-. S~.M X3 in which X1, Xz, formula I and M alkyl, lower ale lower
alkoxy or fluorine. II X3 and S1 have the meaning stated under denotes a
mesogenic radical, lower cyl mono- or polysubstituted by fluorine, lower
alkoxy mono- or polysubstituted by   3 September 2a02 8a Such mixtures
which contain at least one photocxosslinkable silane derivative of the
general formula I are likewise the subject of the present invention. In the
context of the present invention, the term "mesogenic radical" means a
group corresponding to the general formula III ... At ~Y1 ~2 ~Y2 As .n m
~ZI   3 September 2002 9 in which the rings Al, AZ and A' denote
unsubstituted or fluorine-, chlorine-, cyano-, alkyl- or alkoxysubstituted
phenylene, pyrid-2,5-diyl, pyrimidin-2,5-diyl, 2,6-naphthylene,
1,3dioxane-2,5-diyl or cyclohexane-1,4-diyl, it being possible for the
alkyl and/or the alkoxy substituent to be mono- or polysubstituted by
fluorine, and not more than one of the rings differing from phenylene or
cyclohexylene; Q denotes lower alkyl or alkoxy in which one or more
hydrogen atoms may be replaced by fluorine, or denotes fluorine, chlorine,
cyano or vitro; n, m, Y1 and Yz have the meaning stated in the formula I.
Preferably, M in compounds of the formula II denotes lower alkyl or a lower
alkoxy or a mesogenic radical of the formula III in which n represents 0
and m represents 0 or 1 and the rings A1, AZ and A3 denote phenylene or
cyclohexylene; Y1 and Yz denote a single covalent bond, -CHZCHz-, -O-,
-CHZ-O-, -O-CHZ-, -CO-O- or -O-OC- and Q denotes optionally
fluorine-substituted lower alkyl or lower alkoxy, fluorine, chlorine or
cyano. Compounds of the formula II in which M denotes lower alkyl, lower
alkoxy or a radical of the formula III in which m and n represent 0 and Q
is optionally fluorine-substituted lower alkyl or lower alkoxy are very
particularly preferred. The proportion of silane derivatives in the
mixtures according to the invention which do not correspond to a structure
of the formula I is less than or equal to 50%, preferably less than or
equal to 30%, but in particular less than or equal to 15%. 



The present invention also relates to the use of the silane derivatives of
the formula I according to the   3 September 2002 to invention or the use
of mixtures of silane derivatives of the formulae I and II for the
production of orientation layers for liquid crystals, and to their use in
optical components, in particular for the production of hybrid layer
elements. In a second aspect, the invention provides a crosslinkable
mixture comprising at least two components at least one of which is a
photocrosslinkable silane derivative of the formula I: X3 K A y~ B y2 C ~
Z: S' _ ~~i-X2 ~--i xi n ~ . m in which: X', ?C2and X3denote alkyl) alkoxy
or halogen) but at least one of these radicals is  either alkoxy or
halogen; S' denotes a spacer unit or denotes a chain of the formula
-(CH2~rL(CH~S-, in which L denotes a single bond or linking functional
group and r and s each represent an integer from 1 to 20) with the proviso
that r + s is S 25; ~3~g A denotes unsubstituted or fluorine-, chlorine-,
cyano-, alkyl- or alkoxysubstituted phenylene) pyrid-2,5-diyl)
pyrimidin-2,5-diyi, 1,3-dioxane-2,   3 September 2002 10a 5-diyl,
cyclohexane-1,4-diyl, piperidin-1,4-diyl or piperazin-1,4ydiyl, if being
possible for the alkyl and/or the alkoxy substituent to be mono- or
polysubstituted by fluorine; Ring B denotes unsubstituted or fluorine-,
chlorine-, cyano-, alkyl- or alkoxysubstituted phenylene, pyrid-2,5-dfyl,
pyrimidln-2,5-diyl, 1,4- or 2,6naphthylene, 1,3- divxane-2,5-diyl or
cyclohexane-1,4-diyl, it being possible for the alkyl and/or the alkoxy
substituent~to be mono- or polysubstituted by fluorine; K is hydrogen)
fluorine, chlorine, cyano, nitro or a straight-chain or branched alkyl,
alkoxy, alkyl -COO, alkyl-CO-NR2 or alkyl- OCO group having 1 to 20 carbon
atoms which is optionally substituted by fluorine, chlorine, cyano or nitro
and in wh(ch optionally one CHz group or a plurality of non-neighboring CH2
groups may be replaced by O, CH=CH or CSC and In which R2 denotes hydrogen
or lower alkyl; Y1 and Yz independently of one another) denote a single
covalent bond, -(CHz),-, -O-, -CO-, -CO-O-) -O-OC-, -NR3-, -CO-NR3-,
--R3N-CO-, -(CN2)u-O-, -O-(CHz)"-, -(CH2)"-NR3- or NR3-(CH2)~-, in which R3
denotes hydrogen or lower alkyl; t denotes an integer from 1 to 4; a
denotes an integer from 1 to 3; 



rn and n, independently of one another, denote 0 or 1; Ring C denotes
unsubstituted or fluorine-) chlorine-) cyano-) alkyl- or alkoxysubstituted
phenylene, pyrimidin-2,5- or 3,5-diyl, pyrid-2,5- or -2,4-diyl . or -
2,G-diyf) 2,5-thiophenylene, 2,5-furanylsne) 1,4- or 2,6 naphthylene,-it
being possible for the alkyl and/or the alkoxy substituent to be mono- or
polysubstituted by fluorine; z denotes -O- or -NR4- and R4 denotes hydrogen
or lower alkyh vl'ith the proviso that K is not hydrogen when
simultaneously m is 0, n is 0, and Ring C is unsubstituted phenylene. In a
third aspect, the invention provides a method of producing an orientation
layer for liquid crystals and of hybrid layer elements, comprising the step
of applying to a carrier a photocrosslinkable silane derivative of the
formula I: X3 1 K A --YS y--Y2 C 0 n m ~ Xi   3 September 2002 10b in
which: 1, X~ and ~c' denote, alkyl, alkoxy or halogen, but at least one of
these radicals is either alkoxy ox halogen: `denotes a spacer unit or
denotes a chain of the formula - (Cr~2) r-L- (CHz) $-, in w~.~.ch L denotes
a single bond ox .inking functional group, and r and s each represent an
integer from 1 to 20, with the proviso that r + s is <_ 25; Ring p,,
denotes u~rlsubstituted or f~.uorine- , Ghl,orine--, cyano-, ~aZky1- or
aZkoxysubstituted pheny~,ene, pyrid--2, .5-diyl, pyrimidin~2, 5-diy7., ~.,
3-dioxane-2, 5-dyyl, cyclohexane-1,4--diyl, p~.peridin-1,4--diyl or
piperaain-1,4-diy~.) it being poss~.ble for ` the alkyl and/or the alkoxy
subsLituent to be mono- or polysubstituted by fluoxine; Ring H denotes
unsubstituted or fluorine-. chlorine-, cyano-, alkyl- or
alkoxy..substituted phenylene, pyrid--2, 5-d.iy~., pyr~.m~.dirl~2, 5-diyl,
x; 4- or 2, 6-naphthylere, 1,3-dioxane-2,5-diyl or cyclohexane-1,4di.yl,
~.t being Qossibl.e for the alkyl and/or the alkoxy aubstituent to be mono-
or polysubstituted by fluorine; K is hydrogen; I f~.uorine, chlor~ix~e,
cyano, vitro ox~'a stxa.ighC-chain or branched alkyl, alkoxy, alk~rJ.-COO,
alkyl-CO-NR~ or alkyl-oC0 group having 1 to 2o carbon atoms which is
optionally,aubstieuted bx fluorine, chlorine, cyano or nftro and ~.n which
optionally one CH3 group or a p7.ural~.ty of r~,on-neighboring CH2 gxoups
may be replaced by O, CH=CH or CSC and 'in wh~.ch Rz denotes hydrogen ox'
lower alkyl;  



3 September 2002 10c Y' and Y2, independently of one anothex, denote a
single covalent bond, -(CH2)t-, -O-, ~CO-, CO..b~, -O-OC-, --NRj-,
-CO-NR3-, ~R~N~CO-, (CH2)"-O-, -O- (CHZ)u-, - (CHz)"-NR3- or NR',(CH~) "~,
in which Ft' - denotes hydx`ogez~ or lowex alkyl; t denotes an integer from
1 to ~; a denotes an integer from 1 to 3; m and n, independently of one
another, der~ore D or 1; Ring C denotes unsubstituted or f7,uorine-,
chlorine-, cyano-, a~,kx~.- or alkoxysubstituted phenylene,
pyx,imi.din-2,5- or 3, 5-di.y7., pyrld-2, 5- or -2, 4-diyl ox -2, 6d~.yl,
2,5~thiophenylene, ~,5-furanylene, . s,.4- or 2, &-naphtlxy~.ene, it being
possible for the alkyl and/or the alkoxy substituent to be mono- or
polysubstituted by fluoxa.ne; Z denotes ~O- ox -NR`- and R` demotes
hydrogen or lowex a~.kyl. In a fourth aspect, the invention provides a
method of producing an orientations layer f or liqua.d cxyrstals and of
hybrid J.ayer elements, comprising the step of applying to a carrier a
cross~.~.nkable mixture compxising at least two comporxents at least one of
which is a photocrossl~.mkable sil.ane derivative of the formula I: X3 I K
A -Y~ a --YZ C . ~Z`w Sj"'Si-XZ O X1 x in whioh: X1, X~ and X' denote
alkyl, alkoxy ox halogen, but at least one of these radicals is either
alkoxy or halogen:   3 September 2002 10d denotes a spacer unit or denotes
a chain of the formula - (CH2),~-.L- (CH2) 9.-, in which L denotes a
singly: bond or link~.ng functional group, and r and s each represent an
integer from 1 to 20, with the proviso that r + s is <_ 25; Ring A demotes
unsubst;ituted or fluorine-, chlorine-, cyano-, alkyl-- or
al,koxysubstituted.'phenyJ.ene, pyrid-2,5-diyl, pyrimidin-2,5-diyl,
1,3-dioxane-2,5-diyl, cycJ.ohexane-x, 4-diy~,, pa.peridin-1, ~!--di,y~. or
pipearazin-1~, ~-diyl, it being possible for the alkyl. and/or the alkoxy
substituent to be mono- or polysubsti,tuted by t~.uorine; ping B denotes
unsubstxtuted or fluorine-, chlorine-, cyano-, alkyd,- or alkoxysubstituted
phenylene, pyrid-2,5-dxyl, pyrimidixi-2, 5-diyl, 1, ~-- or 2,
&--naphrhylene) 1,3-dioxane-2,5-diy~. or cyalvhexane-1,4diyl, i.t being
possible for the alkyl and/or the alkoxy.substituent to be mono- or
~polysubstituted by fluorine; 



is k~ydrogen, fluorine, chlorine, cyano, ' nitro ox a stxaigtit-chaxn or
bz~azached alkyl, alkoxy, aiky~,-COO, alkyl.-CO-NR2 or alkyl-OC0 group
having 1 to 20 carbon atoms which i.s optionally substituted by fluorine,
chloxi.ne, cyano or nit:ro and ~.n which optionally one CHZ group ar a
plurality of uon-neighboring CI-Lz groups may be replaced by p, cI3CcH or
CSC $nd in which Rz denotes hydrogen or .lowex a~.kyl; X' and Y2,
~,ndependenrly of on,e aot;her, .denote a single Cova~.ent bond, - (CH=)
~-, -O-, -CO-, GO-O-, -O-OC-, -NR'~, -CO-NR'-, -RAN-CO-, (CH2)u-O-, -O-
(Cfi~)u--, -tCH2)u-1~TR'-- ox ~NR3   3 September 2002 10e (C12) "- ~ ~.ri
whichR'denotes hydrogen or lowex alkyl;tdenotes az~ ix~tegex fxom 1 to ~;
adenotes an inl:egEr _f tom ~. to 3 ;m and n,independently of one another,
denote 0 oz 1;Ring Cdenotes unsubstituted or fluora.ne-,chloxxtae-, cyano-,
a~.ky1- or alkoxy-substituted phenylene, p~rximid3n--2) 5- or3,5-diyl,
pyrid,2,5- or -2,4-d.iyl or -2,6-diyl, 2,5-th~.opheriylene,
2,5-furanylene,or 2, 6-riaphthyl,ene, it being poss7.blefor the alkyl
and~or~the alkoxy substituentto be mono- or polysubstituted by fluorzne;
2denrW es -O- or -NR`= and R' denotes hydxogenor lower alkyl In a fifth
aspect, the invention provides an orientation layer for liquid crystals,
comprising a photocrosslinkable silane derivative of formula I: X3 A -Yi B
--Y2 C ~ Z--- S'-wSi--X2 n m ~ Xi in which: Xl. Xz and X3 denote alkyl,
alkoxy or halogen, but at least one of these radicals is either alkoxy ox ~
k~alogeri S' denotes a spacer unit or denotes .a chain of the formula -
(CHI) r~~~ (CHI) s-, ~in which b denotes a single bond ox linking
functional group, and r and s each represent an integer from 1 to 20, with
the proviso that r + s is 5 25; Ring ~, denotes unsubstituted ax fluorine-,
chloxxne~, cyano-, a7,kyl- or al.l~oxysubst~.tuted phenylene,
pyrid-~2,5~diyl, pyr~.midin-2, 5--diyl) 1, 3-dioxane-2, S-diyl, x   3
September 2002 1 Of cyclohexane-~., 4-diyl, pipex~.dir~-1, 4-d~,yl ox
piperaa~.n-1.4-diyJ.) it being possible ;for the alkyl and/or the alkoxy
substituent to be mono- or~polysubstituted by~fluorine; 



Ring H denoCes unsubstituted or fluorixie-, chloxine-, cyano-, alkyl or
alkoxysubstituted phenylene, pyrid-2,5-diyl, pyrimidin-2) 5~diyl, 1,4- or
2, 6-naphtizyle^e. 1,3~da.oxane-Z,S-dxyl or cyclohexane-1,9diyl,_ it bexngr
poss~.ble for the alkyl andlor the alkoxy subst~.tueilt to be mono- or
polysubstituted by fluorine; K ~.s hydxogen, fluorine, chlorine, cyano,
nitro ox a straight-chain or branched alkyl, alkoxy, alkyl-COO,
alkyl-CO-NR2 or a~.k~rl-OCO gxoup having 1 to 20 carbon atoms which is
optionally substituted by fluoxzne, chlorine, cyano or nitro and in which
optionally one CI12 group or a pluralitl of-_ non-neighboring CHz groups
may be replaced by o, CH=CH or c~c and in which R~ denotes hydrogen ox~
lower alkyl; Yz and Y~, independentXy of one another, denote a Single
co~ralent band, -- {CH3) ~,, -O-, -CO-, CO-O,, -.O-OC--, -ZTR~-, -CO-NR3~,
-R'N-CO-, (CHZ) ~-O-, -O- (CHz) u-, - (CHZ) ~-N'R'~ or NR'_ (CH2)u-, in
wh:Lch R3 denotes hydrogen or lowex- alkyl; t denotes an integer Pram 1 to
4; a denotes an integer from Z to 3; m an,d n, independently of one
another, denote 0 or 1; Ring C denotes unsubstituted or fluorine-, chlox
lne- ) cyano-, a11~y1- or alkoxysubstituted ~ihetnylene, pyrimidin-2) S- or
3, s-diy~., pyrid~2, 5~ or .-2,4-diyl or ~2, 6diyl, 2, S-th~.ophel~ylene,
2, 5-furaz~;ylene, ~.,4- or 2,6-naph~hylene, 3.t being possible for the
alkyl, and/or the alkoxy sub~tituex~t   3 September 2002 10g to be mono- or
polysubstituted by fluorine Z denotes -O- or -f1R!- and _R'' derxotes
hydrogen ox' louver alkyl. In a sixth aspect, the invention provides a
hybrid layer element, comprising a photocrosslinkable silane derivative of
the formula I: x3 K A ---Yt B --~Y~ C ~z"-Si-'Si'Xz O X1 x in wh~.Gh X1, x'
az~d X' denote alkyl, alkaxy or halogen, but at least one of these radicals
is either a~.koxy or halogex~ Sl denotes a apacex~ unit or denotes a chain
of the formula - (CHz ) Y-L- (CIh ) $- , zn wh~,ch L denotes a single bond
or linkzng functional group, and r and s each represent an integer from 1
to 20, with the proviso that r + s is < 25; Ring A ' denotes unsubstituted
or fluorine-, chlorine-, cyano-, alkyl- or alkoxysubstituted~phenylene,
py~id-2,5-diyl, pyrimidxn-2,5-diyl, x,3-dioxane-2,5-diyl, cycJ.ohexane-1,
4-da.yl, piperidin-1, 4-di.yl or piperazin-1,4-diyl, it:~being poSSib7.e
for the alkyl and/or the alkoxy subst~.tuent to ba mono- or po7.ysubs>;
ituted ~by f7.uorine; sting B denotes unsubst3.tuted or fXuor~.r~e~
chlorine-, cyano-, alkyd.- or al,koxy~ SUbStltuted phenylene,
pyrid-2,5-diyl,, pyrimidin-2,S-diyl, 1,4- or 2,6-napht:hylene,
1,3-dioxane-2,5-diy2 or cyclohexane-~.,4diyl, it being possible for the
alkyl and/or the alkoxy substituent to be mono or polysubstituted by
fluorine;  



3 September 2002 10h K is hydrogen, fJ.uoxin~e, chlorine, ' cyano, nitro or
a straight-cha~.ri ar branched alkyl, alkoxy, alkyl-COO, alkyl-CO-NRz ox
alkyl-OC0 group having 1 to 20 carbon atoms which'is opt~.orially
subst~.tuted by fluorine, chlorine, exano or nitxo and in wk~ich
optiorua~.7.y one cH2 group or a plurality of xron.-neigh'bor~.rig~ CHZ
gxoups may be replaced by O, CH=CH or CSC and in which RZ denotes
hydxogen.or lower alkyl; and y'2, independently of one another, denote a
single covalent bond, - (CHz) t~ ( -O-, ~CO- .. CO-o- , -O.-OC- ( =NR3 --,
-CO-N1~3 ^ , -R~I~` CO-- ( (CHZ)u-O-, -O- (CH2)u-, ~ (CH2)"-DTR~- o7C NR3^
(CHz)u-, in which R' denotes k~ydrogen or lower alkyl; t denotes an
i.ntegex from 1 to 9; a dexxvtes an integer from 1 to 3 ; m and n,
independently of one another, dexlote 0 or 1; ping C denotes unsubsti.tuted
or f~.uox~irie-) chlor~.n,e-, cyano-, alkyl-- or alkoxysU~bstituted
phenylene, pyrimidin-2,5~ oar 3,S-diyl, pyxi.d-2,5- or -2,4-diyl or
-2,6diyl, 2, 5-thi.ophexlylexie, 2, S-furanylene, 1" 4- or
2,.6-naphthylene, it being possible for the alkyl and/or the alkoxy
substituent to be mono-- ox po7.ysubst~.tuted by fluorine; Z denotes -O- or
-NR'- and R~ denotes hydrogen or ~.ower alkyl. In a seventh aspect, the
invention provides an orientation layer for liquid crystals, comprising a
crosslinkable mixture having at least two components at least one of which
is a photocrosslinkable silane derivative of the formula I: X3 K A ...,Yt
s. _...Yz C \ z`. S t~ SI~Xz n m ~ Xt I   3 September 2002 10i in which:
X~, XZ and X' denote alkyl, alkoxy or halogen, but at least one of these
radicals is either alkoxy or halogen: s~ denotes a spacer unit or denotes a
chain of the formula - (CHz) x-L- (CH2) ~- ( in which L denotes a single
bond or linking functional group, and r and s each represent an integer
from 1 to 20, with the proviso 



that r + s is < 25; Ring A denotesunsubstituted or fluorine-, chlor~.ne-,
cyano-, alkyl- or alkox~r ' substituted phenylene, pyrid--2,5-diy~.,
pyr~.m,idin-2,5-diyl, 1,3-dioxane--2,5-diyl, cyclohexaz'~e-1,4~diyl.,
piperidin-1,4-diyl or piperazin-1,4-dial, it being possible for the alkyl
and/or the alkoxy substituent to be mono- ox po7.ysubstituted by fluorine;
Rang B denotes unsubst~.tuted or fluorine-, chloxzne-, cyano-~, alkyl- or
alkoxysubstituted phenylene, pyrid-2,5-dzyl, pyrimidin--2) 5-diyl, 1, 4- or
2, 6-naphthylene, 7., 3-dioxane-2, 5-d~,yZ or cyclohexane-~., 4 diyl, it
being possible for the alkyl and/or the alkoxy substituent to be mono- or
po~.ysubstituted by ~.uorine; K is hydxogen, fluorine, chlorine, cyano,
nitxo or a atra~.ght-chain~ox.branched alkyl, a~.koxy, alkyl-COO;
alkyd.-CO-N'R2 or alkyl-oC0 group having z to 20 carbon atoms which is
optionally substituted by fluorine, chlor~,ne, cyano ox nitro and in which
optior~al~.y one CFI, group or a p7.urality of x~on-neighbox:Lng CFtz
groups may be replaced by o, CH=CH or C=C and ~x~ which R2 denotes hydxogen
or lower alkyl.;   3 September 2002 10j Y~ and Y2,~.ndepex~dently of one
another, denote asing7,e covalent bond, - (CHZ) ~-) -O-, TCO-, -Co--o-,_
-o-OC-, -NR'-, -CO--NR3--, -R'N--CO-, -(CF~I~) "-(O-, -O~ (CHI) ~-. -
(CHZ)~-NR3- or NR'-(CHz)u~, in whichIt'denotes hydrogen or lower alkyl!t
~denotes an integex fxom 1 to '4 ;adenotes an a.><at:eger f rom 1 to 3 ;m
and n;independently of one another, denote 0 or 1;R~.~ng Cdenotes
uneubst~.tuted or fluorine-,chlorine-, Cyano- ) ahkyl-. or
alkol-y-substituted phenylene, pyrimidin-2,5-or 3,5-diyl, pyrid-2,5- or
-2,4-diyl or -2,6-diyl, 2,5-thiophenylene, 2,5-furanylene,1,4- or
2,6-naphthylene, it being possiblefor the alkyl and/or the alkoxy
substituentto be mono- or polysubsti.tuted by fluorine;Zdenotes -`o- or
-NR`- and R' denotes hydrogenor lower alkyl. In a final aspect, the
invention provides, a hybrid Jayer element, comprising a crosslinkable
mixture having at least two components at least one of which is a '
photocrosslinkable silane derivative of the formula I: X3 'K p, '-Yj B --Yz
~ ~ Z~ S ~--Si~X2 n . m ~ Xt z in which: x= and x3 denote a~,kyl, alkoxy or
halogen, but at least one of these radicals is either alkoxy oz halogen: Sl
denotes a spacer unit or denOt;es a   3 September 2002 10k ct~airi of the
formula - (CHx) x-L- (CH2) B-, in which L denotes a single bond or linking
functional group, and r and s each represent an integer from 1 to 20, with 



the proviso that r + s in S 25; Rxng XLdenotes unsubstituted or
f7.uorine-,chlorine-, cyario-, a~,kyl- ox' alkoxy-subst~.tuted phenylene,
py~cid-2,5-diyl,pyximid~,n-2, 5-diyl, 1, 3-d~.oxane--2,
5-diy7.,cyc7.ohexane-1, 4,diyl, paper~.din--7., 4-d.iyl
orpiperaz~.n-1,4-diyl, it being possi.bla forthe alkyl andJor the alkoxy
subsGituent tobe mono- or polysubstituted by fluor~.ne;Ring Bdenotes
unsubstituted or fluorine-chlorine-, cyano-, a3.ky1- or aZkoxy-substituted
pheny~.ene, pyxid--2, 5-diyl,pyrimidin-2~,5-diy7,, 1,4- or
2,6-riaphGhylene,1, 3-dioxane-2, 5-di.yl or cyc~.ohexane-2, 4-diyJ., it
being possible for the alkyl. and/orthe alkoxy substituent to be mono-
orpolysubstituted by fluoxine;is hydrogen, fluoz'l.ne, ch~.Ox'~.me, cyano,
.straight-chain or branched alkyl, xxitro or aalkoxy, alkyd.-COO,
alkyl.-CO-NR2 ox alkyl-OCOgroup having z to 2o carbon, atoms which
~,sopt~.onally substituted by flvor3.ne,chlorine, ayano or nitre and in
t~thi.choptionally one CHz group or a plurality ofnon-neighboring CH2
groups may be replacedby O, CFIaCH or CSC and in which Ra denoteshydrogen.
ox lower alkyl; .Y'~ ,and YZ.one another, denote a ~~ndependently ofsingle
covalent bvx~d, - (CHZ) t-, ,.O_ ) -CO-,CO-O-) -b~aC-, -NR3-, -CO-NR3~,
-R3N-CO-, -CHZ ) "-O- ) -O- ( CHz ) "- , - f CHI ) u-NR' - or NR' -(CHa)
v-, in which   3 September 2002 1 OI R' denotes hydrogen or Zawer alkyd.; t
denotes an integer fxom 1 to 4; a denotes an integer from 1 to 3; m and n,
independent~.y of one another, denote 0 or 1; Ring C denotES unsubstituted
or fluorine-, chlorine-, cxano-, alkyl,- or alkoxy, subst~.truted
phenylene, pyrimid~.n-2, s- ox 3,S--diyl, pyrid-2,S- or -2,4-diyl or
-2,6-diyl, 2,5~thiophenylene, 2,5-furanylena, 1,4- or 2,6--naphthylene, it
being possible fox the alkyl and/or the alkoxy substi.tuent to be mono.- or
polysubs,t~ituted by fluorine; Z denotes -O- .or -NR' ~ and R" dex~otes
hydrogen ox lower alkyl. The term "lower alkyl" alone or in combination,
such as "lower alkoxy", designates straight-chain and branched saturated
hydrocarbon radicals having 1 to 6, preferably having 1 to 3, carbon atoms,
such as methyl, ethyl, prvpyl or isopropyl and the like. The term "alkyl"
alone or in combination, such as "alkoxy", designates straight-chain or
branched saturated hydrocarbon radicals having up to 30 carbon atoms. In
the context of the present invention, preferred "spacer units" are a
straight-chain or branched alkylene group, represented by -(CHz)r-, as well
as - (CHz) r-O- (CHz) a-, - (CHz) r-COO- (CHz) $- r - (CHz) r-OOC- (CHz)
s-, - (CHz) r-NRl-CO- (CHz) S- Oz' - (CHz) r-NRl-COO- (CHz) 9-, in which r
and s are each an integer from 1 to 20, but in particular 2 to 12, with the
proviso that r + s _< 20, in particular S 15, and in which R1 denotes
hydrogen or lower alkyl.   3 September 2002 10m Examples of preferred
"spacer units" are 1,2ethylene, 1,3-propylene, 1,4-butylene, 1,5-pentylene,
1,6-hexylene, 1,7-heptylene, 1,8-octylene, 1,9-nonylene, l,10-decylene,
1,11-undecylene, 1,12-dodecylene, 1,3butylene, 3-methyl-1,3-butylene,
3-propyleneoxy-6hexylene, 3-propylenecarbamoyloxy-6-hexylene,
3propylenecarbonyloxy-6-hexylene, 3-propyleneoxycarbonyl6-hexylene,
3-propylenecarbonylamino-6-hexylene, propylenecarbamoylhexylene and the
like. Particularly preferred "spacer units" are a straight-chain alkylene
group represented by -(CH2)r-, as well as - (CH2) r-NH-CO- (CHI) s- or -
(CH2) r-NH-COO- (CHZ) 9-, in which r and s are each an integer from 2 to 12
and the sum r + s is < 15. 



3 September 2002 m In the context of the present invention, the term
"unsubstituted or optionally fluorine-, chlorine-, cyano-, alkyl- or
alkoxy-substituted phenylene" comprises 1,3- or 1,4-phenylene which is
unsubstituted or mono- or polysubstituted by fluorine, chlorine, cyano,
alkyl or alkoxy, preferably by fluorine, methyl, ethyl, propyl, butyl,
methoxy, ethoxy, propoxy, butoxy or cyano. Examples of preferred phenylene
radicals are 1,3and 1,4-phenylene, 4- and 5-methyl-1,3-phenylene, 4- and
5-methoxy-1,3-phenylene, 4- and 5-ethyl-1,3-phenylene, 4- and
5-ethoxy-1,3-phenylene, 2- and 3-methyl-1,4phenylene, 2- and
3-ethyl-1,5-phenylene, 2- and 3propyl-1,4-phenylene, 2- and
3-butyl-1,4-phenylene, 2and 3-methoxy-1,4-phenylene, 2- and
3-ethoxy-1,4phenylene, 2- and 3-propoxy-1,4-phenylene, 2- and
3butoxy-1,4-phenylene, 2,3-, 2,6- and 3,5-dimethyl-1,4phenylene, 2,6- and
3,5-dimethoxy-1,4-phenylene, 2- and 3-fluoro-1,4-phenylene, 2,3-, 2,6- and
3,5-difluoro-1,4phenylene, 2- and 3-chloro-1,4-phenylene, 2,3-, 2,6- and
3,5-dichloro-1,4-phenylene, 2- and 3-cyano-1,4phenylene, and the like. In
the context of the present invention, preferred substituents K are
hydrogen, fluorine, chlorine, cyano, nitro and alkyl, alkoxy, alkyl-COO,
alkyl-CONRZ or alkyl-OCO groups in which the alkyl radical is
straight-chain or branched and optionally at least monosubstituted by
fluorine, the number of carbon atoms is 1-15 and R2 represents hydrogen or
lower alkyl. Preferred silane derivatives of the formula I are those in
which X1, X2, X3, S1, K, m and n have the meaning stated under formula I
and Ring A denotes unsubstituted or fluorine-, chlorine-, cyano-, alkyl- or
alkoxy-substituted phenylene, pyrid-2,5-diyl, pyrimidin-2,5-diyl or
cyclohexane-1,4-diyl, it being possible for the alkyl and/or the alkoxy
substituent to be   3 September 2002 12 mono- or polysubstituted by
fluorine; Ring B denotes unsubstituted or fluorine-, chlorine-, cyano-,
alkyl- or alkoxy-substituted phenylene, pyrid-2,5-diyl, pyrimidin-2,5-diyl,
1,4- or 2,6-naphthylene or cyclohexane-1,4diyl, it being possible for the
alkyl and/or the alkoxy substituent to be mono- or polysubstituted by
fluorine; Y1 and Y2, independently of one another, denote a single covalent
bond, -CHZCHZ-, -O-, -CHZ-O-, -O-CH2-, -CO-O- or -O-OC-; Ring C denotes
unsubstituted or fluorine-, chlorine-, cyano-, alkyl- or alkoxy-substituted
1,3- or 1,4-phenylene, pyrimidin-2,5-diyl, pyrid-2,5diyl, 2,5-furanylene or
1,4- or 2,6naphthylene, it being possible for the alkyl and/or the alkoxy
substituent to be mono- or polysubstituted by fluorine; Z denotes -O-.
Particularly preferred silane derivatives of the formula I are those in
which X1, X2, X3, S1, K and m have the meaning stated under formula I and n
denotes 0; Ring B denotes unsubstituted or fluorine-, chlorine-, cyano-,
alkyl- or alkoxy-substituted phenylene, pyrid-2,5-diyl, pyrimidin-2,5-diyl
or cyclohexane-1,4-diyl, it being possible for the alkyl and/or the alkoxy
substituent to be mono- or polysubstituted by fluorine; YZ denotes a single
covalent bond, -CO-O- or -CHZ-O- ; Ring C denotes unsubstituted or
fluorine-, chlorine-, cyano-, alkyl or alkoxy- substituted i,3- or
1,4-phenylene, or 1,4- or 2,6-naphthylene, it being possible for the alkyl
and/or the alkoxy substituent to be mono- or polysubstituted by fluorine; 



3 September 2002 13 Z denotes -O-. ' The silane derivatives of the formula
I are distinguished by the fact that they are easily obtainable. The
methods for the preparation are known per se to a person skilled in the
art. Thus, for example, precursors of the compounds of the formula I which
have a terminal double bond instead of the silane group at the end of the
spacer S1 can be subjected to a hydrosilylation reaction with commercial
silanes of the formula X1XZX3SiH to give the compounds of the formula I. A
further method of preparation consists in reacting a silane of the formula
X1XZX'Si- (CHz) r-N=C=O with a hydroxy or amino compound in which the
hydroxyl or the amino group is present at the desired linkage point in the
spacer. This gives rise to those compounds of the formula I which have an
N-CO-O or N-CO-N group in the spacer. By reacting the above-mentioned
hydroxy or amino compounds with silanes of the formula X1XZX3Si- (CH2)
r-Br, it is possible, on the other hand, to prepare those compounds of the
formula I which have an ether function or an alkylamino group in the
spacer. By reacting silanes of the formula XlXzX3Si- (CHz) r-NHR1 with an
acid chloride, it is possible to prepare those silanes of the formula I
which have an NR1C0 group in the spacer. By reacting the acid chlorides of
the cinnamic acid intermediate with silanes of the formula X1X2X3Si- (CHz)
r-NHR1, there is a further possibility, in addition to the hydrosilylation
of the corresponding alkenylamides, for the preparation of cinnamides of
the formula I in which Z represents NR4 and Si represents -CHz)r-. Such
methods of preparation have been described with reference to analogous
examples in US 4,918,200 and US 4,861,906. The silane intermediates are for
the most part commercially available or can easily be modified from
commercial silane building blocks. Some of the cinnamic acids are likewise
commercially available while others   3 September 2002 14 can be obtained
by methods known from the literature, such as, for example, the Knoevenagel
or the Wittig reaction, from commercial aldehydes or from cyano compounds,
by prior reduction to the corresponding aldehydes. The cinnamic esters or
amides can then be prepared from the cinnamic acids by known esterification
methods. For the production of the orientation layers, the silane
derivatives or mixtures according to the invention must first be applied to
a carrier. The silane groups are subsequently bonded as coupling units to
the carrier and form extremely thin, often monomolecular layers. Such
silanizations of different, generally inorganic oxides are widely used in
practice and are quite familiar to a person skilled in the art. Examples of
known carrier materials are aluminum oxide, titanium dioxide, silicon
dioxide (glass or quartz) or mixed oxides, such as, for example, indium tin
oxide (ITO). In the applications according to the invention for optical or
electro-optical devices, glass or optionally a carrier coated with an
electrode (for example a glass sheet coated with indium tin oxide (ITO))
are particularly important as carrier materials. For the application) the
silane derivatives are used predominantly as solutions in an inert solvent.
Depending on the reactivity of the silane group, a large number of
different solvents may be used, such as, for example, benzene, toluene,
hexane, etc., or, in the case of the less reactive alkoxysilanes, also
alcohols, such as methanol, ethanol and the like. The subsequent coating
can be, carried out, for example, by immersing the cleaned carrier in the
solution, by spin coating or by other coating techniques. After
volatilization of the solvent from the carrier layer, the silane group is
coupled to the carrier, generally by heating the impregnated carrier,
depending on the reactivity. The unbound silane fractions can then be
washed out with   3 September 2002 is solvents. The layers which were
produced from silane derivatives of the formula I or from mixtures
containing silane derivatives of the formula I in this or an analogous
manner can be dimerized by exposure to linearly polarized light. By
spatially selective irradiation of the molecular units of the formula I
coupled to the carrier, very specific regions of a surface can now be
oriented and at the same time also stabilized by the dimerization. Thus,
for the production of orientation layers in selected areas, the regions to
be oriented can be exposed, for example, to a high-pressure mercury lamp, a
xenon lamp or a pulsed W laser with the use of a polarizer and optionally a
mask for reproducing structures. The exposure time is dependent on the
power of the individual lamps and may vary from a few minutes to several
hours. However, the dimerization can also be effected by irradiation of the
homogeneous layer with the use of filters which, for example, let through
only the radiation suitable for the crosslinking reaction. The
photocrosslinkable silane derivatives of the formula I according to the
invention are further illustrated by the following Examples 1-5. 



The production of a photocrosslinkable layer is illustrated by Example 6.
Examples 7 and 8 illustrate the production of an orientation layer for
liquid crystals. 6-(3-Triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3,4-dimethoxycinnamate A mixture of 0.45 g of 6-hydroxyhexyl
(E)-3,4dimethoxycinnamate, 20 ml of methylene chloride, 0.36 ml of
3-triethoxysilanylpropyl isocyanate and 0.009 ml of   3 September 2002 16
dibutyltin dilaurate was refluxed for 19 hours. Thereafter, the reaction
solution was evaporated down and the residue was purified by chromatography
over 1S0 g of silica gel using 3:1 toluene/ethyl acetate. This gave 0.47 0g
of 6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl 3,4-dimethoxycinnamate,
lmax. (CHZC12) : 322 nm (e = 19027) . The 6-hydroxyhexyl
(E)-3,4-dimethoxycinnamate used as starting material was prepared as
follows: 6-Hydroxyhexyl (E)-3,4-dimethoxycinnamate A solution consisting of
0.72 ml of 1,8diazabicyclo[5.4.0]undec-7-ene (1.5-5) and 5 ml of
dimethylformamide was added dropwise to a solution of 1.0 g of
(E)-3,4-dimethoxycinnamic acid in 10 ml of dimethylformamide in the course
of 10 minutes at room temperature. The reaction mixture was then heated to
80C, 0.18 g of tetrabutylammonium iodide and 0.71 ml of 6-chlorohexanol
were then added in succession and the reaction was then allowed to continue
for 19 hours. Thereafter, the reaction mixture was cooled to room
temperature and was partitioned between diethyl ether and 1 N hydrochloric
acid and the organic phase was washed several times with saturated sodium
chloride solution. The organic phase was then dried over magnesium sulfate,
filtered and evaporated down. Chromatography of the residue over 150 g of
silica gel using 3:2 toluene/ethyl acetate gave 1.35 g of 6hydroxyhexyl
(E)-3,4-dimethoxycinnamate. The following silanes were synthesized in an
analogous manner: 6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-2methoxycinnamate; 6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3methoxycinnamate;   3 September 2002 m
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-3 octyloxycinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-4methoxycinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-4ethoxycinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-4 propoxycinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-4butoxycinnamate; 



6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-4pentyloxycinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-4hexyloxycinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-4dodecyloxycinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-3fluorocinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-4fluorocinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-3chlorocinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-4chlorocinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-4trifluoromethoxycinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-4acetamidocinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-4pentanoylaminocinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-4 decanoylaminocinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-3,5dimethoxycinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-2,5dimethoxycinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-3   3 September 2002 la
methoxy-4-propoxycinnamate; 6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3methoxy-4-octyloxycinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3decyloxy-4-methoxycinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3fluoro-4-methoxycinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3chloro-4-methoxycinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3propyl-4-methoxycinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-3,4,5trimethoxycinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-3,4difluorocinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-2,3difluorocinnamate; 



6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-3,4,5trifluorocinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3fluoro-4-chlorocinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3ethoxy-4-acetamidocinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-4-(4methoxybenzoyloxy)cinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3methoxy-4-(4-methoxybenzoyloxy)cinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-4(3,4-dimethoxybenzoyloxy)cinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3methoxy-4-(3,4-dimethoxybenzoyloxy)cinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3ethoxy-4-(3,4-dimethoxybenzoyloxy)cinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-4-(4methoxyphenyl)cinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-4(3,4-dimethoxyphenyl)cinnamate;   3 September 2002 19
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-4-(4ethylphenyl)cinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-4-(4hexylphenyl)cinnamate;
'6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-4(trans-4-pentylcyclohexyl)cinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-4(cis-4-pentylcyclohexyl)cinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-4[(trans-4-pentylcyclohexyl)methoxy]cinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-4[(cis-4-pentylcyclohexyl)methoxy]cinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-4-[4(trans-4-pentylcyclohexyl)phenyl]cinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-4-[4(cis-4-pentylcyclohexyl)phenyl]cinnamate. Examble 2
6-Triethoxysilanylhexyl (E)-3,4-dimethoxycinnamate A mixture of 0.S0 g of
hex-5-enyl 3,4dimethoxycinnamate, 1.0 ml of toluene, 2.9 ml of
triethoxysilane and 0.02 ml of a solution of 134 mg of hexachloro(IV)
platinic acid hexahydrate in 10 ml of isopropanol is allowed to react
overnight at 40C. The reaction mixture is then cooled to room temperature
and filtered over a silica gel pad and the filtrate is completely
evaporated down. Chromatography of the residue over silica gel gives
6-triethoxysilanylhexyl 3,4-dimethoxycinnamate. The hex-5-enyl
3,4-dimethoxycinnamate used as a starting material is prepared as follows:
Hex-5-enyl 3,4-dimethoxycinnamate A solution consisting of 0.72 ml of 1,8
3 September 2002 20 diazabicyclo[5.4.0]undec-7-ene (1.5-5) in 5 ml of
dimethylformamide is added dropwise to a mixture of 1.0 g of
3,4-dimethoxycinnamic acid and IO ml of dimethylformamide in the course of
10 minutes at room temperature. The reaction mixture is heated to 80C, a
solution of 0.71 ml of 6-bromohexene in 5 ml of dimethylformamide is then
added dropwise in the course of 50 minutes and the reaction is allowed to
continue for 1 hour at 80C. The reaction mixture is then cooled to room
temperature and partitioned between diethyl ether and 1 N hydrochloric acid
and the organic phase is washed several times with saturated sodium
chloride solution. Thereafter, the organic phase is dried over magnesium
sulfate and filtered and the filtrate is evaporated down. Chromatography of
the residue over silica gel gives hex-6-enyl 3,4-dimethoxycinnamate. The
following si in an analogous manner: 6-triethoxysilanylhexyl
8-triethoxysilanyloctyl 5-triethoxysilanylhexyl 8-triethoxysilanyloctyl
8-triethoxysilanyloctyl 8-triethoxysilanyloctyl 6-triethoxysilanylhexyl
8-triethoxysilanyloctyl 8-triethoxysilanyloctyl 6-triethoxysilanylhexyl
6-triethoxysilanylhexyl 6-triethoxysilanylhexyl 6-triethoxysilanylhexyl
6-triethoxysilanylhexyl 8-triethoxysilanyloctyl 6-triethoxysilanylhexyl
8-triethoxysilanyloctyl 6-triethoxysilanylhexyl lane derivatives can be
prepared (E)-2-methoxycinnamate; (E)-3-methoxycinnamate;
(E)-3octyloxycinnamate; (E)-4-methoxycinnamate; (E)-4-ethoxycinnamate;
(E)-4-propoxycinnamate; (E)-4-butoxycinnamate; (E)-4-pentyloxycinnamate;
(E)-4-hexyloxycinnamate; (E)-4-dodecyloxycinnamate; (E)-3-fluorocinnamate;
(E)-4-fluorocinnamate; (E)-3-chlorocinnamate; (E)-4-chlorocinnamate;
(E)-4-trifluoromethoxycinnamate; (E)-4-acetamidocinnamate;
(E)-4-acetamidocinnamate; (E)-4-pentanoylaminocinnamate; 



3 September 2002 21 6-triethoxysilanylhexyl (E)-4-decanoylaminocinnamate;
5-triethoxysilanylpentyl (E)-3,4-dimethoxycinnamate;
7-triethoxysilanylheptyl (E)-3,4-dimethoxycinnamate;
8-triethoxysilanyloctyl (E)-3,4-dimethoxycinnamate; 9-triethoxysilanylnonyl
(E)-3,4-dimethoxycinnamate; 10-triethoxysilanyldecyl
(E)-3,4-dimethoxycinnamate; 11-triethoxysilanylundecyl
(E)-3,4-dimethoxycinnamate; 12-triethoxysilanyldodecyl
(E)-3,4-dimethoxycinnamate; 6-triethoxysilanylhexyl
(E)-3,5-dimethoxycinnamate; 6-triethoxysilanylhexyl
(E)-2,5-dimethoxycinnamate; 8-triethoxysilanyloctyl
(E)-3-methoxy-4-propoxycinnamate; 6-triethoxysilanylhexyl
(E)-3-methoxy-4-octyloxycinnamate; 6-triethoxysilanylhexyl
(E)-3-decyloxy-4-methoxycinnamate; 6-triethoxysilanyihexyl
(E)-3-fluoro-4-methoxycinnamate; 8-triethoxysilanyloctyl
(E)-3-chloro-4-methoxycinnamate; 8-triethoxysilanyloctyl
(E)-3-propyl-4-methoxycinnamate; 6-triethoxysilanylhexyl
(E)-3,4,5-trimethoxycinnamate; 8-triethoxysilanyloctyl
(E)-3,4-difluorocinnamate; 8-triethoxysilanyloctyl
(E)-2,3-difluorocinnamate; 8-triethoxysilanyloctyl
(E)-3,4,5-trifluorocinnamate; 5-triethoxysilanylhexyl
(E)-3-fluoro-4-chlorocinnamate; 6-triethoxysilanylhexyl
(E)-3-ethoxy-4-acetamidocinnamate; 6-triethoxysilanylhexyl
(E)-4-(4-methoxybenzoyloxy) cinnamate; 6-triethoxysilanylhexyl
(E)-3-methoxy-4-(4-methoxybenzoyloxy)cinnamate; 6-triethoxysilanylhexyl
(E)-4-(3,4-dimethoxybenzoyloxy)cinnamate; 6-triethoxysilanylhexyl
(E)-3-methoxy-4-(3,4-dimethoxybenzoyloxy)cinnamate; 6-triethoxysilanylhexyl
(E)-3-ethoxy-4-(3,4-dimethoxybenzoyloxy}cinnamate.   3 September 2002 22
6-Triethoxysilanylhexyl (E)-4-[(traps-4heptylcyclohexyl)methoxy]cinnamate
The compound is prepared analogously to Example 2 by esterification of
(E)-4-[(traps-4heptylcyclohexyl)methoxy)cinnamic acid with 6bromohexene and
subsequent reaction of the resulting hex-5-enyl
(E)-4-[(traps-4-heptylcyclohexyl)methoxy]cinnamate with triethoxysilane.
The (E)-4-[(traps-4-heptylcyclohexyl)methoxy]cinnamic acid used as a
starting material is prepared by the following process:
4-((traps-4-heptylcyclohexyl)methoxy]benzaldehyde 38.5 ml of a
diisobutylaluminum hydride solution (20% in toluene) are added dropwise to
a suspension of 10.4 g of
4-[(traps-4-heptylcyclohexyl)methoxy]benzonitrile, prepared according to
Mol. Cryst. Liq. Cryst. 53, 147 (1979), in 150 ml of toluene in the course
of 10 minutes at 0C. The reaction mixture is then slowly warmed up to room
temperature and is allowed to react for a further 3.5 hours. Thereafter, 1
N hydrochloric acid is slowly added dropwise, stirring is carried out for 1
hour and the reaction mixture is then partitioned between water and
methylene chloride. The organic phase is then washed several times with
water, dried over magnesium sulfate, filtered and evaporated down.
Crystallization from ethyl acetate/methylene chloride gives
4-[(traps-4-heptylcyclohexyl)methoxy]benzaldehyde. Methyl
4-[(traps-4-heptylcyclohexyl)methoxy]cinnamate 



27.6 ml of a 1.6 N butyllithium solution are added dropwise to a solution
of 6.4 ml of trimethyl   3 September 2002 23 phosphonoacetate in 50 ml of
dry tetrahydrofuran at 0C in the course of 10 minutes. Stirring is carried
out for 1.5 hours at 0C and a solution of 10.3 g of crude
4-[(trans-4-heptylcyclohexyl)methoxy]benzaldehyde in 50 ml of dry
tetrahydrofuran is then added dropwise in the course of 5 minutes at the
same temperature. The mixture is then slowly warmed up to room temperature
and is allowed to react for 15 hours. The reaction mixture is then
partitioned between methylene chloride and 1 N hydrochloric acid and the
organic phase is washed with saturated sodium bicarbonate solution and
water, dried over magnesium sulfate and evaporated down. Chromatography
over silica gel using ethyl acetate/ hexane (1:9) and subsequent repeated
crystallization from hexane/ethyl acetate give methyl
4-[(trans-4heptylcyclohexyl)methoxy]cinnamate.
4-[(trans-4-heptylcyclohexyl)methoxy]cinnamic acid A mixture of 8 g of
methyl 4-[(trans-4heptylcyclohexyl)methoxy]cinnamate and 50 ml of 10
percent methanolic potassium hydroxide solution is allowed to stand for 1&
hours at room temperature. Thereafter, acidification is effected with
aqueous 1 N sulfuric acid with continuous stirring and with cooling,
extraction is effected with methylene chloride and the organic phase is
washed several times with water, dried over magnesium sulfate and
evaporated down. Crystallization from hexane/ethyl acetate gives
4[(trans-4-heptylcyclohexyl)methoxy]cinnamic acid. The following silane
derivatives can be prepared in an analogous manner: 6-triethoxysilanylhexyl
(E)-4-(4-methoxyphenyl)cinnamate; 6-triethoxysilanylhexyl
(E)-4-(4-trifluoromethoxyphenyl)cinnamate;   3 September 2002 24
6-triethoxysilanylhexyl (E)-4-(4-decyloxyphenyl)cinnamate;
6-triethoxysilanylhexyl
(E)-4-[4-(3,3,4,4,5,5,6,6,6nonafluorohexyloxy)phenyl]cinnamate;
6-triethoxysilanylhexyl (E)-4-(3,4-dimethoxyphenyl)cinnamate;
6-triethoxysilanylhexyl (E)-4-(3-methoxy-4-octyloxyphenyl)cinnamate;
6-triethoxysilanylhexyl (E)-4-(3-octyloxy-4-methoxyphenyi)cinnamate;
6-triethoxysilanylhexyl (E)-4-(4-ethylphenyl)cinnamate;
6-triethoxysilanylhexyl (E)-4-(4-hexylphenyl)cinnamate;
6-triethoxysilanylhexyl (E)-4-(traps-4-pentylcyclohexyl)cinnamate;
6-triethoxysilanylhexyl (E)-4-(cis-4-pentylcyclohexyl)cinnamate;
6-triethoxysilanylhexyl (E)-4-[(traps-4-heptylcyclohexyl)methoxy)cinnamate;
6-triethoxysilanylhexyl (E)-4-[(cis-4-heptylcyclohexyl)methoxy)cinnamate; 



6-triethoxysilanylhexyl
(E)-4-[4-(traps-4-pentylcyclohexyl)phenyl]cinnamate;
6-triethoxysilanylhexyl (E)-4-[4-(cis-4-pentylcyclohexyl)phenyl]cinnamate;
6-triethoxysilanylhexyl
(E)-4-~4-[(traps-4-octylcyclohexyl}methoxy]phenyl~cinnamate;
6-triethoxysilanylhexyl
(E)-4-(4-[(cis-4-heptylcyclohexyl)methoxy]phenyl?cinnamate;
6-triethoxysilanylhexyl
(E)-4-(traps-4-[(traps-4pentylcyclohexyl)cyclohexyl)methoxy~cinnamate;
6-triethoxysilanylhexyl
(E)-4-{cis-4-[(traps-4pentylcyclohexyl}cyclohexyl]methoxy}cinnamate;
6-triethoxysilanylhexyl
(E}-4-{traps-4-[(cis-4pentylcyclohexyl)cyclohexyl]methoxy)cinnamate;   3
September 2002 25 Example 4: 6-(3-Triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3-(6-heptyloxynaphth-2-yl)acrylate The compound is prepared analogously
to Example 1 by esterification of (E)-3-(6-heptyloxynaphth-2yl)acrylic acid
with 6-chlorohexanol and subsequent reaction of the resulting
6-hydroxyhexyl (E)-3-(6heptyloxynaphth-2-yl)acrylate with
3-triethoxysilanylpropyl isocyanate. The
(E)-3-(6-heptyloxynaphth-2-yl)acrylic acid used as a starting material is
prepared by the following process: 6-Bromo-2-heptyloxynaphthalene A mixture
of 5 g of 6-bromo-2-naphthol, 50 ml of dimethyl sulfoxide, 3.9 ml of
6-bromoheptane, 7.1 g of potassium iodide and 7.1 g of milled potassium
carbonate activated at 80C in high vacuum is heated to 65C for 16 hours. It
is then cooled and is partitioned between ethyl acetate and water and the
organic phase is washed several times with water, dried over magnesium
sulfate, filtered and evaporated down. Chromatography of the residue over
200 g of silica gel using toluene and subsequent crystallization from
toluene/hexane (8:1) give 6-bromo-2-heptyloxynaphthalene. Methyl
(E)-3-(6-heptyloxynaphth-2-yl)acrylate A mixture of 5.2 g of
6-bromo-2-heptyloxy naphthalene, 25 ml of triethylamine, 4.3 ml of methyl
acrylate, 0.072 g of palladium acetate and 0.392 g of tri-o-tolylphosphine
is refluxed for 16 hours. The reaction mixture is then cooled and is
partitioned between ethyl acetate and water and the organic phase is   3
September 2002 26 washed with water, dried over magnesium sulfate, filtered
and evaporated down. The residue is chromatographed over 250 g of silica
gel using toluene/ ethyl acetate (3:1) and then crystallized from toluene.
This gives methyl (E)-3-(heptyloxynaphth-2-yl)acrylate.
(E)-3-(6-heptyloxynaphth-2-yl)acrylic acid 



A mixture of 0.8 g of methyl (E)-3(heptyloxynaphth-2-yl)acrylate and 10 ml
of 10 percent methanolic potassium hydroxide solution is allowed to stand
for 16 hours at room temperature. Thereafter, acidification is effected
with aqueous 1 N sulfuric acid with continuous stirring and with cooling,
extraction is effected with methylene chloride and the organic phase is
washed several times with water, dried over magnesium sulfate and
evaporated down. Crystallization from hexane/ethyl acetate gives
(E)-3-(6-heptyloxynaphth-2yl)acrylic acid. The following silanes can be
synthesized in an analogous manner:
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3-(6ethoxynaphth-2-yl)acrylate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3-(6propoxynaphth-2-yl)acrylate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3-(6butoxynaphth-2-yl)acrylate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3-(6pentyloXynaphth-2-yl)acrylate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3-(6hexyloxynaphth-2-yl)acrylate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3-(6octyloxynaphth-2-yl)acrylate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3-(6dodecyloxynaphth-2-yl)acrylate;
4-(3-triethoxysilanylpropylcarbamoyloxy)butyl (E)-3-(6   3 September 2002
27 heptyloxynaphth-2-yl)acrylate;
5-(3-triethoxysilanylpropylcarbamoyloxy)pentyl
(E)-3-(6heptyloxynaphth-2-yl)acrylate;
8-(3-triethoxysilanylpropylcarbamoyloxy)octyl
(E)-3-(6heptyloxynaphth-2-yl)acrylate;
6-(2-triethoxysilanylethylcarbamoyloxy)hexyl
(E)-3-(6heptyloxynaphth-2-yl)acrylate;
6-(2-triethoxysilanylethylcarbamoyloxy)hexyl
(E)-3-{6[(trans-4-propylcyclohexyl)methoxy]naphth-2-yl}acrylate;
6-(2-triethoxysilanylethylcarbamoyloxy)hexyl
(E)-3-{6[(cis-4-propylcyclohexyl)methoxy]naphth-2-yl}acrylate;
6-(2-triethoxysilanylethylcarbamoyloxy)hexyl
(E)-3-{6[(trans-4-decylcyclohexyl)methoxy]naphth-2-yl}acrylate;
6-(2-triethoxysilanylethylcarbamoyloxy)hexyl
(E)-3-{6[(cis-4-decylcyclohexyl)methoxy]naphth-2-yl}acrylate. Example 5:
6-Trichlorosilanylhexyl (E)-3,4-dimethoxycinnamate 5 ml of trichlorosilane
are added to a solution of 0.1 g of H2PtCl6 in 20 ml of dry tetrahydrofuran
while stirring. A solution of 14.8 g of hex-5-enyl
(E)-3,4dimethoxycinnamate, dissolved in 20 ml of dry tetrahydrofuran, is
carefully added dropwise to this. Thereafter, stirring is carried out for 5
hours at room temperature and then for 16 hours at 50C. The reaction
mixture is concentrated in a vacuum produced by a waterjet pump and is
completely freed from the remaining solvent and trichlorosilane by means of
an oil pump with a cold trap under reduced pressure. This gives crude
6trichlorosilanylhexyl (E)-3,4-dimethoxycinnamate, which is dissolved in
dry tetrahydrofuran for storage. The preparation of the hex-5-enyl
(E)-3,4dimethoxycinnamate required as the starting material is described in
Example 2.   3 September 2002 28 The following silane derivatives can be
prepared in an analogous manner: 6-trichlorosilanylhexyl
(E)-2-methoxycinnamate; 8-trichlorosilanyloctyl (E)-3-methoxycinnamate;
6-trichlorosilanylhexyl (E)-3-hexyloxycinnamate; &-trichlorosilanylhexyl
(E)-4-methoxycinnamate; 6-trichlorosilanylhexyl (E)-4-ethoxycinnamate;
6-trichlorosilanylhexyl (E)-4-propoxycinnamate; 8-trichlorosilanyloctyl
(E)-4-butoxycinnamate; 6-trichlorosilanylhexyl (E)-4-pentyloxycinnamate;
6-trichlorosilanylhexyl (E)-4-hexyloxycinnamate; 8-trichlorosilanyloctyl
(E)-4-dodecyloxycinnamate; 8-trichlorosilanyloctyl {E)-3-fluorocinnamate;
8-trichlorosilanyloctyl (E)-4-fluorocinnamate; 8-trichlorosilanyloctyl
(E)-3-chlorocinnamate; 8-trichlorosilanyloctyl (E)-4-chlorocinnamate;
6-trichlorosilanylhexyl (E)-4-trifluoromethoxycinnamate;
6-trichlorosilanylhexyl (E)-4-acetamidocinnamate; 8-trichlorosilanyloctyl
(E)-4-acetamidocinnamate; 6-trichlorosilanylhexyl
(E)-4-pentanoylaminocinnamate; 6-trichlorosilanylhexyl
(E)-4-decanoylaminocinnamate; 5-trichlorosilanylpentyl
{E)-3,4-dimethoxycinnamate; 7-trichlorosilanylheptyl
(E)-3,4-dimethoxycinnamate; 8-trichlorosilanyloctyl
(E)-3,4-dimethoxycinnamate; 9-trichlorosilanylnonyl
(E)-3,4-dimethoxycinnamate; 10-trichlorosilanyldecyl
(E)-3,4-dimethoxycinnamate; 11-trichlorosilanylundecyl
(E)-3,4-dimethoxycinnamate; 12-trichlorosilanyldodecyl
(E)-3,4-dimethoxycinnamate; 6-trichlorosilanylhexyl
(E)-3,5-dimethoxycinnamate; 6-trichlorosilanylhexyl
(E)-2,5-dimethoxycinnamate; 6-trichlorosilanylhexyl (E)-3-methoxy-4-propoxy
cinnamate; 6-trichlorosilanylhexyl cinnamate; 6-trichlorosilanylhexyl
cinnamate; 7-trichlorosilanylheptyl (E)-3-methoxy-4-octyloxy 



{E)-3-decyloxy-4-methoxy (E)-3-fluoro-4-methoxy   3 September 2002 29
cinnamate; 8-trichlorosilanyloctyl (E)-3-chloro-4-methoxycinnamate;
6-trichlorosilanylhexyl (E)-3-propyl-4-methoxycinnamate;
8-trichlorosilanyloctyl (E)-3,4,5-trimethoxycinnamate;
9-trichlorosilanylnonyl (E)-3,4-difluorocinnamate; lo-trichlorosilanyldecyl
(E)-2,3-difluorocinnamate; 6-trichlorosilanylhexyl
(E)-3,4,5-trifluorocinnamate; 8-trichlorosilanyloctyl
(E)-3-fluoro-4-chlorocinnamate; 6-trichiorosilanylhexyl
(E)-3-ethoxy-4-acetamidocinnamate; 6-trichlorosilanylhexyl
(E)-4-(4-methoxybenzoyloxy)cinnamate; 6-trichlorosilanylhexyl
(E)-3-methoxy-4-(4-methoxybenzoyloxy)cinnamate; 6-trichlorosilanylhexyl
(E)-4-(3,4-dimethoxybenzyloxy)cinnamate; 6-trichlorosilanylhexyl
(E)-3-methoxy-4-(3,4dimethoxybenzyloxy)cinnamate; 8-trichlorosilanyloctyl
(E)-3-ethoxy-4-(3,4dimethoxybenzyloxy)cinnamate; 8-trichlorosilanyloctyl
(E)-4-(4-methoxyphenyl)cinnamate; 8-trichlorosilanyloctyl
(E)-4-(4-trifluoromethoxyphenyl)cinnamate; 6-trichlorosilanylhexyl
(E)-4-(4-decyloxyphenyl)cinnamate; 6-trichlorosilanylhexyl
(E)-4-[4-(6,6,6-trifluorohexyloxy) phenyl] cinnamate;
8-trichlorosilanyloctyl (E)-4-(3,4-dimethoxyphenyl)cinnamate;
6-trichlorosilanylhexyl (E)-4-(3-methoxy-4-hexyloxyphenyl)cinnamate;
6-trichlorosilanylhexyl (E)-4-(3-hexyloxy-4-methoxyphenyl)cinnamate;
6-trichlorosilanyhhexyl (E)-4-(4-propylphenyl)cinnamate;
6-trichlorosilanylhexyl (E)-4-(4-decylphenyl)cinnamate;
6-trichlorosilanylhexyl (E)-4-(trans~4-hexylcyclohexyl)   3 September 2002
30 cinnamate; 6-trichlorosilanylhexyl
(E)-4-(cis-4-heptylcyclohexyl)cinnamate; 



6-trichlorosilanylhexyl hexyl)methoxy]cinnamate; 6-trichlorosilanylhexyl
methoxy]cinnamate; 6-trichlorosilanylhexyl hexyl)phenyl]cinnamate;
6-trichlorosilanylhexyl hexyl)phenyl]cinnamate; {E)-4-((traps-4-hexylcyclo
(E)-4-[(cis-4-hexylcyclohexyl) (E)-4-(4-(traps-4-pentylcyclo (E) -4- [4-
(cis-4-pentylcyclo 6-trichlorosilanylhexyl
(E)-4-~4-[(traps-4-hexylcyclohexyl)methoxy]phenyl}cinnamate;
6-trichlorosilanylhexyl
(E)-4-(4-[{cis-4-heptylcyclohexyl)methoxy]phenyl~cinnamate;
6-trichlorosilanylhexyl
(E)-4-(traps-4-[(traps-4-pentylcyclohexyl)cyclohexyl]methoxy}cinnamate;
6-trichlorosilanylhexyl
(E)-4-{cis-4-[(traps-4-hexylcyclohexyl)cyclohexyl]methoxy}cinnamate;
6-trichlorosilanylhexyl
(E)-4-{traps-4-((cis-4-heptylcyclohexyl)cyclohexyl]methoxy}cinnamate.
Example 6: Production of a photocrosslinkable layer 0.02 g of
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-3,4-dimethoxycinnamate
was dissolved in 2 ml of propanol. This solution was applied to a cleaned
glass sheet (19 x 26 mm) by spin-coating at 1000 rpm and then heated at a
temperature of 130C for 30 minutes. The glass sheet treated in this manner
was then cleaned with ethanol in an ultrasonic bath for 15 minutes.   3
September 2002 31 Example 7: Production of an orientation layer for liquid
crystals The coated glass sheet described in Example 6 was exposed to the
linearly polarized UV light of a highpressure mercury lamp for one minute.
The liquid crystal layer was then applied to the coated sheet by
spin-coating. A uniaxially birefringent layer of oriented liquid crystal
molecules could then be observed thereon under the polarization microscope.
With the aid of a tilt compensator, it was found that the orientation
direction corresponds to the polarization direction of the UV light set
during exposure of the silane layer. Example 8: Production of an
orientation layer having a defined tilt angle Two glass sheets coated
according to Example 6 with 6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)3,4-dimethoxycinnamate were exposed to linearly polarized UV light for 3
minutes, the direction of incidence of the light being inclined 70 relative
to the sheet normal. The polarization direction of the light was in the
plane defined by the direction of incidence of the light and the sheet
normal. The two sheets were then assembled, with the coated side facing
inward, to give a liquid crystal cell having a sheet spacing of 20 mm, so
that the directions defined by polarization and light incidence during
exposure of the sheets were parallel to one another. The cell was then
filled with the liquid crystal mixture 3010 from ROLIC AG at a temperature
of 100C, the liquid crystal mixture being in the isotropic phase during the
filling procedure. The cell was then gradually cooled to room  



3 September 2002 32 temperature at a rate of 1C/min. A uniformly oriented
liquid crystal layer was then detected between cross polarizers. The tilt
angle of this parallel cell, measured with the aid of the crystal rotation
method, was 0.2.   3 September 2002 33 PaY~n~Slaims 1. A silane of the
general formula I: X3 K A -Y' 8 -Y2 C ~Z-- S'-Si~X2 n m O Xt I in which X',
XZ and X'denote alkyl, alkoxy or halogen, but at least one of these
radicals is either alkoxy or halogen; S1 denotes a spacer unit, or denotes
a chain of the formula - (CH2) r-L- (CHZ) S in which L denotes a single
bond or linking functional group and r and s each represent an integer from
1 to 20, with the proviso that r + s is S 25; Ring A denotes unsubstituted
or Fluorine-, chlorine-, cyano-, alkyl- or alkoxysubstituted phenylene,
pyrid-2,5-diyl, pyrimidin-2,5-diyl, 1,3-dioxane-2,5-diy7.,
cyclohexane-1,4-diyl, piperidin-1,4-diyl or piperazin-1,4-diyl, it being
possible for the alkyl and/or the alkoxy substituent to be mono- or
polysubstituted by fluorine; Ring B denotes unsubstituted or fluorine-,
chlorine-, cyano-, alkyl- or alkoxysubstituted phenylene, pyrid-2,5-diyl,
pyrimidin-2,5-diyl, 1,4- or 2,6-naphthylene, 1,3-dioxane-2,5-diyl_or
cyclohexane-1,4diyl, it being possible for the alkyl and/or the alkoxy
substituent to be mono- or polysubstituted by fluorine;   3 September 2002
34 K is hydrogen, fluorine, chlorine, cyano, vitro or a straight-chain or
branched alkyl, alkoh-y, alkyl-COO, alkyl-CO-NRz or alkyl-OCO group having
1 to 20 carbon atoms which is optionally substituted by fluorine, chlorine,
cyano or vitro and in which optionally one CHZ group or a plurality of
non-neighboring CH2 groups may be replaced by O, CH=CH or C=C and in which
R2 denotes hydrogen or lower alkyl; Y1 and Yz, independently of one
another, denote a single covalent bond, -(CHz)t-, -O-, -CO-, CO-O-, -O-OC-,
-NR3-, -CO-NR3-, -R3N-CO-, (CH2) u-O-, -O- (CHZ) u- . - (CHz) "-NR3- or
NR3_ (CH~)u-, in which 



R3 denotes hydrogen or lower alkyl; t denotes an integer from 1 to 4; a
denotes an integer from 1 to 3; m and n, independently of one another,
denote 0 or 1; Ring C denotes unsubstituted or fluorine-, chlorine-,
cyano-, alkyl- or alkoxysubstituted phenylene, pyrimidin-2,5- or 3,5-diyl,
pyrid-2,5- or -2,4-diyl or -2,6diyl, 2,5-thiophenylene, 2,5-furanylene,
1,4- or 2,6-naphthylene, it being possible for the alkyl and/or the alkoxy
substituent to be mono- or polysubstituted by fluorine; denotes -O- or
-NR4- acid R4 denotes hydrogen car 3~ow~r alkyl. with pr.Q~tiso that K is
not hydrogen or halogen when simu2taxiec~ushy m i~s O, n is O, and Ring C
is unsubstituted phenylene. 2. The silane of the general formula I as
claimed in claim 1, wherein X', xZ, X3, S1, K, m and n have the meaning
stated in claim 1 and   3 September 2002 35 Ring Adenotes unsubstituted or
fluorine-, chlorine-,cyano-, alkyl- or alkoxy-substitutedphenylene,
pyrid-2,5-diyl, pyrimidin-2,5-diylor cyclohexane-1,4-diyl, it being
possible forthe alkyl and/or the alkoxy substituent to bemono- or
polysubstituted by fluorine;Ring Bdenotes unsubstituted or fluorine-,
chlorine-,cyano-, alkyl- or alkoxy-substitutedphenylene, pyrid-2,5-diyl,
pyrimidin-2,5-diyl,1,4- or 2,6-naphthylene or cyclohexane-1,4-diyl, it
being possible for the alkyl and/orthe alkoxy substituent to be mono-
orpolysubstituted by fluorine;Y1 and Y2,independently of one another,
denote a singlecovalent bond, -CHZCHz- , -O- , -CHZ-O- , -O-CH2- ,-CO-O- or
-O-OC-;Ring Cdenotes unsubstituted or fluorine-, chlorine-,cyano-, alkyl-
or alkoxy-substituted 1,3- or1,4-phenylene, pyrimidin-2,5-diyl,
pyrid-2,5-diyl, 2,5-furanylene or 1,4- or 2,6-naphthylene, it being
possible for the alkyland/or the alkoxy substituent to be mono-
orpolysubstituted by fluorine;Zdenotes -O-. 3. The silane of the general
formula I as claimed in claim 1 or 2, wherein X1, Xz, X3, S1, K and m have
tire meaning stated in claim 1 and n denotes 0; Ring B denotes
unsubstituted or fluorine-, chlorine-, cyano-, alkyl- or alkoxy-substituted
phenylene, pyrid-2,5-diyl, pyrimidin-2,5-diyl or cyclohexane-1,4-diyl, it
being possible for the alkyl and/or the alkoxy substituent to be mono- or
polysubstituted by fluorine; Yz denotes a single covalent bond, -CO-O- or
-CH2-O- ;   3 September 2002 36 Ring C denotes unsubstituted or fluorine-,
chlorine-, cyano-, alkyl or alkoxy- substituted 1,3- or 1,4-phenylene, or
1,4- or 2,6-naphthylene, it being possible for the alkyl and/or the alkoxy
substituent to be mono- or polysubstituted by fluorine; Z denotes -0-. 4.
The silane as claimed in claim 3,
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl (E)-3,4dimethoxycinnamate;
6-triethoxysilanylhexyl (E)-3,4-dimethoxycinnamate; 6-trichlorosilanylhexyl
(E)-3,4-dimethoxycinnamate; 6-triethoxysilanylhexyl
(E)-4-[(trans-4-heptylcyclohexyl)methoxy]cinnamate;
6-(3-triethoxysilanylpropylcarbamoyloxy)hexyl
(E)-3-(6heptyloxynaphth-2-yl)acrylate. 5. A crosslinkable mixture
comprising at least 2 components, at least one of which is a
photocrosslinkable siiane derivative of the formula I defined in claim 1. 



6. The crosslinkable mixture as claimed in claim 5, which, in addition to
one or more photocrosslinkable silane derivatives of the formula I defined
in claim 1, contains one or more uncrosslinkable silane derivatives of the
general formula II X~ X2.Si--St.M X3 II in which X1, X2, X3 and S1 have the
meaning stated in claim 1 and M denotes lower alkyl, lower alkyl mono- or
polysubstituted by fluorine, lower alkoxy, lower alkoxy   3 September 2002
37 mono- or polysubstituted by fluorine, or a mesogenic radical of the
general formula III ... At -Y~ A2 -Y2 As n m III in which Y1, Y2, m and n
have the meaning stated in claim 1 and Al, AZ and A3 denote unsubstituted
or fluorine-, chlorine-, cyano-, alkyl- or alkoxysubstituted phenylene,
pyrid-2,5-diyl, pyrimidin-2,5-diyl, 2,6-naphthylene, 1,3dioxane-2,5-diyl or
cyclohexane-1,4-diyl, it being possible for the alkyl and/or the alkoxy
substituent to be mono- or polysubstituted by fluorine and not more than
one of the rings differing from phenylene or cyclohexylene; Q denotes lower
alkyl or alkoxy in which one or more hydrogen atoms may be replaced by
fluorine, or denotes fluorine, chlorine, cyano or nitro. 7. The
crosslinkable mixture as claimed in claim 6, wherein n denotes 0; m denotes
0 or 1; A2 and A3 denote phenylene or cyclohexylene; Y1 and YZ denote a
single covalent.bond, -CHZCHZ-, -O-, -CHz-O-, -O-CHZ-, -CO-O- or -O-OC-; Q
denotes optionally fluorine-substituted lower alkyl or alkoxy, fluorine,
chlorine or cyano. 8. The crosslinkable mixture as claimed in claim 7,
wherein   



3 September 2002 38 m denotes 0; A3 denotes phenylene or cyclohexylene; Q
denotes optionally fluorine-substituted lower alkyl or alkoxy. 9. The use
of photocrosslinkable silane derivatives as claimed in any of claims 1 to 4
for the production of orientation layers for liquid crystals, and their use
in optical components, in particular for the production of hybrid layer
elements. 10. The use of crosslinkable mixtures as claimed in any of claims
5-8 for the production of orientation layers for liquid crystals, and their
use in optical components, in particular for the production of hybrid layer
elements. 11. A crosslinkable mixture comprising at least two components at
feast one of which is a photocrosslinkable silane derivative of the formula
I: X3 1 ~i~Xa Xt in which: .. ... , X') X2 and X3denote alkyl, alkoxy or
halogen, but at least one of these radicals is either alkoxy ar halogen; .
S' denotes a sparer unit or denotes a chain of the formula -(CH2)rL(CH2)S ,
in which L denotes a single bond or linking functional group and r and s
each represent an integer from 1 to 20, with the proviso that r + s is _<
25; ~ihg p, denotes unsubstituted as~ fluorine-, chlorine-, cyano-, alkyl-
or alkoxysubstituted phenylene, pyrid-2,5-diyl, pyrimidin-2,5-diyl,
1,3-dioxane-2,    3 September 2002 39 5-diyl, cyclohexane-1,4-diyl,
piperidin-1,4-tiiyi or piperazin-1,4-diyl, it being possible for the alkyl
and/or the alkoxy subsiituent to be mono- or poiysubstituted by fluorine; 



Ring B denotes unsubstituted or fluorine-, chlorine-) cyano-, alkyl- or
alkoxysubstituted phenylene, pyrid-2,5-dfyl, pyrimidin-2,5-diyl, 1,4- or
2,6naphthylene, 1 (3- dioxane-2,5-diyl or cyciohexane-1,4.-diyl, it being
possible for the alkyl andlor the atkoxy substituent`to be mono- or
polysubstituted by fluorine; K is hydrogen, fluorine, chlorine, cyano,
nitro or a straight-chain or branched alkyl, alkoxy, alkyl -COO,
alkyl-CO-NR2 or alkyl- OCO group having 1 to 20 carbon atoms which is
optionally substituted by fluorine, chlorine, cyano or nitro and in which
optionally one CHz group or a plurality of non-neighboring CHz groups may
be replaced by O, CH=CH or C=C and in which R2 denotes hydrogen or lower
alkyl; Yt and Yz independently of one another, denote a single covalent
bond) -(CHz)c-, -O-) -CO-, -CO-O-, -O-OC-, -NR3-, -CO-NR3-, -R3N-CO-,
-(CH2)<,-O-, -O-(CHZ)~ , -(CH2)"-NR3- or NR3-(CH2)", in which R3 denotes
hydrogen or lower alkyl; t denotes an integer from 1 to 4; a denotes an
integer from 1 to 3; m and n) independently of one another, denote 0 or 1;
Ring C denotes unsubsfituted or fluorine-, chlorine-) cyano-, alkyl- or
alkoxysubstituted phenylene, pyrimidin-2,5- or 3,5-diyl, p~rrid-2,5- or
-2,A.-diyl vr- 2,6-diyi, 2,5-thiophenylene, 2,5-fucanylene) 1,4- or
2,6naphthylene,-it being possible for the alkyl andlor the alkoxy
substituent to be mono- or polysubstituted by fluorine; Z denotes -.O- or
-NR4- and R4 denotes hydrogen or lower alkyh ~tith the proviso that K is
not hydrogen when simultaneously m is 0, n is 0, and Ring C is
unsubstituted phenylene. 12. A method of producing an orientation layer for
liquid crystals and of hybrid layer elements) comprising the step of
applying to a carrier a photocrosslinkable silane derivative of the formula
I X3 I K A -Y' B -Y2 ~ \ Z- S t-Si--Xz 0 0 n m ~ Xt X   3 September 2002 40
in which: X1, XZ and X' denote alkyl, alkoxy or halogen, but at least one
of these radicals is either alkoxy ox halogen: denotes a spacer unit or
denotes a chain of the formula - (CHZ) r-L- (CHz) 5-, in w)lich L denotes a
single bond ox linking functional group, and r and s each represent an
integer from 1 to 20, with the proviso that r + s is <_ 25; Ring A denotes
u~rl5ubstituted or fluorine-, chlorine--, cyano-, alkyl- or
alkoxysubstituted phenyl.ene, pyrid--2, 5-diyl, pyx~imidin--2,5-diyl,
J.,3-dioxane-2,5-diyl, cyclohexane-1,9--diyl, piperidin-l,a-diyl or
piperazin-1,4-diyl) it being posszble for the alkyl and/or the alkoxy
substituent to be mono- or polysubstituted by fluoxine; 



Rzng B denotes unsubstituted or fluorine-, chlorine-, cyano-, alkyl- or
alkoxysubst~.tuted phenylene, pyrid,2,5-diyl, pyr~.midin--2, 5-diyl, z, 4-
or 2, 6-naphthyle:_s, 1,3-d~.oxane-2,5-diyl or cyclohexane-s,~diyl, it
being possibJ.e for the alkyl and/or the alkoxy substituent to ba mono- ox'
polysubstituted by fluorine; K xs hydrogen, fluorine, chlorine, cyano,
nitro or~a stxaight-chain or branched alk~1, alkoxy, alkyl-COO,
alkyl-CO-NR2 or alkyl-OCO group having Z to 20 carbon atoms which is
optionally,substiCUred by fluorine, chlorine, cyano or nitro and ~.t~ which
optionally one CHz group or a plurality of n.on-neighboring ct-32 gxoups
may be xeplaced by O, CH=CH or C---C and in whzch RZ denotes hydrogen ox'
lower alkyl;   3 September 2002 41 Y1 and yz, independently of one anothex,
denote a single covalent bond, - (CHZ) t-, -O-, -.CO~ , CO~O--, -O-OC-,
-NR'-, -CO-NR'-, --RjN-CO-, (CH2)"-O-, -O-(CI-I2)u-, -(CH2)"-NR3- or
Niz~(CHz)"-, in which Ft' denotes hydrogen or lower alkyl; t denotes an
integer fxom 1 to 4; a ~ denotes an integer from 1 to 3; m and n,
independently of one another, demote 0 or 1; Ring C denotes unsubstituted
or f3.uorine-, chlorine-, cyano-, alkyl- or alkoxysubstituted phenylene,
pyxirnidin-2,5- or 3,S-d.iyl, pyrid-2,5- or -2,4-diyl ox -2,6diyl,
2,5-thiophenylene, 2,5-furanylene, 1,~4- or 2,6-naphthyJ.ene, it being
possible for the alkyl and/or the alkoxy substituent to be mono- or
polysubstituted by fluorzne; 2 denotes -O- ox -NR4- and R~ denotes hydrogen
or lowe7r alkyl. 13. A method of producing an orientation layer for liquid
cxystals and of hybrid J.ayer elements, comprising the step of applying to
a carrier a crossJ.inkable mixture compxi.sing at least two components at
least one of which is a phvtocrosslinkable silane derivative of the formula
I: X3 i K A -Y ~ B --YZ ~ \ z~.' S ~-Si-XZ i in wlxich: Xl) 7Cz and x'
denote alkyl, alkoxy ox halogen, but at least one of these radicals is
either I alkoxy or halogen:   3 September 2002 42 gldenotes a spacer unit
or denotes achain of the formula - (CHz) x-L- (CHZ) g--, znwhich L denotes
a single bond or linkingfunctional group, and r and s eachrepresent an
integer from 1 to 20, withthe proviso that r + s is < 25;Ring Adenotes
unsubstituted or fluorine-)chlorine-, cyano-, alkyl- or
alkoxy-substituted.phenyJ,ene, pyrid-2,5-diyl,pyrimidin-2,5-diyl,
1,3-dioxane-2,5-diyl,cycJ.ohexane--1, 4-diyl, piperidin-1, ~-dxyl
orpiperazin-1,4-diyl, it being possible forthe alkyl, and/or the alkoxy
substituent tobe mono- or polysubstituted by fluorine;Ring Hdenotes
uttsubstztuted or fluorine-,chlor~.ne-, cyano-, alkyl.- or
alkoxy-substituted phenylene, pyrid-2,5-diyl,pyrimidin-2,5-diyl, 1,4- or
2,6-naphthylene,1,3-dioxane-2,5-di.yl or cyclohexane-1,4-diyl, it being
possible for the alkyl and/orthe al.koxy substituent to be mono-
orpolysubstituted by fluorine;Kis hydrogen, fluorine, chlorine, cyano,vitro
ox a stzai.g~rit--chain or branched alkyl ,alkoxy) alkyl,-COO, alkyl-CO-NRZ
or alkyl-OCogroup having 1 to 20 carbon atoms which i.soptionally
substituted by fluorine)chlorine, cyano or vitro and ~.ti whichoptionally
one CHZ group or a plurality ofnon-neighboring CNZ groups may be replacedby
O, cH=CN or c~c and in which Rz denoteshydrogexi or lowex alkyl ;Yl and
Yz,independently of one another, denote asingle covalent bond, -(CHz)t-,
-O-, -CO-, -CO-O-, -O-OC-, -NR'-, -CO-NR'-, -R3N--CO-, -(CHZ)u-O-,
-O-(CHz)u--, -(CH2)u-NR3~ ox NR3-   



3 September 2002 43 (CF-ji) u- , i.ri which R' denotes hydrogen or lower
alkyl; t denotes an ~.ntegex fxom 1 to a denotes an integer from 1 to 3; m
and n, independently of one anothex, denote 0 or 1; Ring C denoCes
unsubstituted or fluora.ne-, chlozine-. cyano-, a3.kyl~ or
alkoxysubstituted phenylene, pyximidin--2,5- or 3,5-diyl, pyrid-2,5- or
-2,4-diyl or -2,6diyl, 2,5-thiophenylene, 2,5-furanylene, z,9~- or
2,6~naphthylene, it being possible for the alkyl and/or the alkoxy
substituent to be mono- or polysubstituted by fluorine; Z denotes -O- or
-NR'- and R' denotes hydrogen or lower alkyl. 9:. An orientation layer for
lit~uid cxystals, compx~ieing a photocxoealinkable silane derivative of
formula I: Xs g --Y2 ~ ~ z--' S''--Si-X2 n ~ m O X~ in which: X', Xz and X'
denote alkyl, alkoXy or halogen, but at least one of these radicals is
either alkoxy ox halogen: S1 denotes a spacer unit or denotes a chain o:f
the formula - (CHZ) r~L- (CHZ) B- ) in which L denotes a single bond ox
linking functional group, and r and s each represent an integer from 1 to
20, with the proviso that r + s is < 25; Ring A denotes unsubstituted ox
fluorine-, chlox~.ne~, cyano-, alkyl- or alkoxysubst~.tuted phenylene,
pyrid~2,5~diyl, pyrzmidin--2, 5-diyl, 1, 3-dioxane--2, 5-diyl , z   3
September 2002 44 cyclohexane-1,4-diyl) piperidin-1,4-di,yl ox
piperazin-1,4-diyl, it being possible foxthe alkyl and/or the alkoxy
substituenG tobe mono- or~polysubstituted by~fluorine;Ring Hdenotes
unsubstituted or fluoxine-,chlorine-, cyano-, alkyl- or alkoxy-substituted
phenylene, pyrid-2,5~diyl,pyr imidin-2, 5-diyl) 1, ~!- or 2 ,
6--naphti~yle^e1,3-da.oxane-2,5-d7~y1 or cyclohexane-1,4-diyl,. it being
possa.ble for the alkyl and/orthe alkoxy subst~.tuex~C to be mono-
orpolysubstituted by fluorine;Kzs hydrogen, fluorine, chlorzne, cyano,vitro
or a stxaight--chain or branched alkyl,alkoxy, alkyl-COO, alkyl~CO-NR2 ox
alkyl-OCOgxoup having 1 to 20 carbon atoms which isoptionally substituted
by fluox~,ne,chlorine, cyano or vitro and in whichopCional~.y one CH2,
group ox a pluraJ~it~ ofnon-neighboring CHZ groups may be replacedby O,
CH=CH or C.=C and in which R~ denotehydrogen or lower alkyl;Y~ and
YZ,independently of one another, denote asingle covalent bond, -- (CHz) ~-,
-O-, -CO-, -CO--O-, --O-OC--, -NR'-, -CO-NR'-, -R'N-CO-, -(CHZ) "-O-, -O-
1CH~) u-, - (CH2)u-NR'- or NR'_(CHz)"--, in whichR'denotes hydrogen or
lower alkyl;tdenotes an integer fxom 1 to 4;adenotes ~an integer from 1 to
3;m and n,independently of one another, denote 0 or 1;Ring Cdenotes
unsubst~.tuted or fluorine-,chlorine-, cyano-, alkyl- ox-
alkoxy-substituted phenylene, pyximidin-2,5- or3,5-diyl, pyrid,2,5- or
~2,4-diyl or -2,6-diyl, 2,5-thiophenylene, 2,5-furan.ylene,7.,4- or
2,6-naphthylene, it being possiblefor the alkyl. and/or the alkoxy
substituent 



3 September 2002 45 to be mono- or polysubstituted by fluorine; Z denotes
-O- or -xJR~- and R4 derxotes hydrogen or locaer alkyl. 'i5. A hybrid layer
element) comprising a )W:~tocx'osslinkable silane derivative of the formula
z: X3 I K A ---r' ~---Y2 c ~ z- s'--si-x2 n m ~ xi x '.o which: Xi, xa and
X' denote alkyl, alko7cy ox halogen, but at least one of these radicals is
either alkoxy or halogen: Sl denotes a space~c unit or denotes a chain of
the formula - (CHI) r-L- (CHI) a- , in which L denotes a szngle bond or
linking functional group, and r and s each represent an integer from 1 to
20, with the proviso that r + s is <_ 25; Ring A denotes unsubsCituted or
fluorirxe-, chlorine-, cyano-, alkyl- or alkoxysubstituted phex~,ylene,
pyx~.d-2, 5-diyl, pyrimidzn-2,5-diyl, x,3-dioxane-2,5-diyl,
cyclohexane-1,4~diyl, pxperidin-1,4-diyl or piperazin-1,4-diyl, it being
possible or the alkyl and/or the alkoxy substituent to be mono- or
po7.ysubstituted by f~.uoxine; sting n denotes unsubstituted or
f~.uor~.ne-, chlorine-, cyano--, alkyl- ox alkoxysubstituted phenylene,
pyrid-2,5-diyl, pyrimidin-2,S-diyl, 1,4- or 2,6-naphthylene,
1,3-dioxane-2,5-di.yl or cyclohexane-Z,4diyl, it being possible for the
alkyl and/or the alkoxy substituent to be mono- or polysubstituted by
fluorine;   3 September 2002 46 Kis hydrogen, fluox'irze, chlorine,
cyano,nitro or a straight-cha~.n or branched alkyl,alkoxy, alkyl-COO,
alkyl-CO-NR2 ox alkyl.-OCOgroup havit~g 1 to 20 carbon atoms which
isopta.onally substituted by fluorine,chlorine, cyano or nitxo and in
whichoptionally one CH2 group or a plurality ofx~on-neighboring- CI-i2
groups may be replacedby O, cH=CH or c~c and in which R2 denoteshydrogen or
lower alkyl;Y' and Y2,independently of one another, denote asingle covalent
bond, - (CHs) ~~ ( --O-, --CO-, ..CO-O-, -O-OC-, -NR'-, -CO-N12',,
~R'N--CO~, -(CI-Iz)u-O-, -O-(CHZ)U-, --(CH2)"-NR3- ox' NR3,(CH2)u-, in
whichR'denotes hydrogen or lower alkyl;tdenotes an i.ntegex from 1 to 4;
adenotes an integer from 1 to 3;m and n,independently of Qne another,
denote 0 or 1;Ring Cdenotes unsubstituted or fluorine-,chlorine-, eyano-,
alkyl- or alkoxy-substituted phenylene, pyrimidin-2,5-- ox3,S-diyl,
pyrid-2,5- or -2,4-diyl or -2,6-diyl, 2,5-thiopk~enylene,
2,5-furanylene,1,,4- or 2,6-naphthylene, it being possiblefor the alkyl
and/or the alkoxy substituentto be mono- ox pol.ysubstituted by fluorine;
Zdenotes -O- or -NR'- and R' denotes hydrogexio~' lower alkyl. 16. An
orientation layer for liquid crystals, comprising a croeslinkab~.e mixture
having at least two components at 



least one of which is a photocrosslinkable silane derivative of the formula
I: X3 s -~.YZ c ~ z- s'--s~--x2 z   3 September 2002 47 in which: X~, X2
and X' denote alkyl, alkoxy or halogen, but at least one of these radicals
is either alkoxy ox' halogen: Sl denotes a spacer unit or denotes a chain
of the formula - (CHZI,~-v- (~z) y--, ixt which L denotes a single bond or
linking functional group, and r and s each represent an integer from 1 to
20, with the proviso that r + s is <_ 25; Ring A denotes.unsubstituted or
fluorine-, chlorine-, cyano-, alkyl- or alkoxysubsti.tuted phenylene,
pyrid-2,5-diy~., pyrimidin-2,5-diyl, 1,3-dioxane--2,5-diyl,
cyclohexane-1,4-diyl, piperidin-2,9~-diyl or piperazin-1,4-diyl, it being
possible for the alkyl and/or the aJ.koxy substituent to be rnon.o- or
polysubstituted by fluorine; Ring 8 denotes unsubstituted or fluorine-,
chlorine-, cyano-, alkyl- or alkoxysubstituted phenylene, pyrid-2,5-diyl,
pyrimidin-2,5-diyl, 1,4- or 2,6-naphthylene, z,3-dioxane-2,5-diyl or
cyclohexane-~.,4-diyl, it being possible for the alkyl and/ox the alkoxy
substituent to be mono- or po~.ysubstituted by luorzne; K is hydxogen,
f~.uorine, chlorine, cyano, nitxo or a etraight-chain ox branched alkyl,
alkoxy, alkyl,COO, alkyd.-CO-NR2 or alkyl-oCo group having 1 to 2o carbon
atoms which is optionally substituted by fluorine, chlorine, cyano or vitro
and in which optional7.y one CHZ gx-oup or a plurality of non-neighbax~.ng
CHz groups may be replaced by o, CH=CH yr C-C and in which R2 denotes
hydxogen or lower alkyl;   3 September 2002 48 Y' and Yz,independently o~
one another, denote asingle covalent bond) -(CHi)~-, -O-, -~CO-, -Co--O-,
-o-OC-, -NR3-, -CO,NR~,, -R3N--CO-,(Ckiz) "-O-, --O- (CHs) ~-. - (CHz)
u-NR3- or NR'-(CHz)u~, in whichR3denotes hydx'ogen or lower alkyl;tdenotes
an integer fxom 1 to 4;adenotes an integer from ~. to 3;m and
n,independently of one another, denote 0 or 1;Rang Cdenotes unsubstztuted
or fluorine-,chlorine-, cyano-, alkyl- or alkot-y-substituted phenylene,
pyrimidin-2,5-or 3,5-diyl, pyrid-2,5- or -2,4-diyl or -2,6-diyl,
2,5-thiophenylene, 2,5-furanylene,1,4- or 2,6-naphthylene, it being
possiblefor the alkyl and/or the alkoxy substituentto be mono- or
polysubstituted by fluorine;Zdenotes -o- or -NR'- and R' denotes hydrogenor
lower alkyl. 17. ,A hybrid layer element, comprising a c~:osslink,it,le 



mixture having at least two components at least one of which is a
photocx~oaslinkabJ.e silane derivative of the formi~.la Z ; Xs K I A -Y~ B
-~Yz C ~Z-- S'--S;..X2 n . m O Xt I in which: Xl, XZ and X' denote alkyl,
alkoxy or haloye_~, but ,it least one of these radicals is either alkoxy or
halogen: denotes a spacer unit or dent.>C Ys a   3 September 2002 49 chain
of the formula - (CH2) r-L- (CH2) H-, in which L denotes a szngle bond or
linking functional group, and r and s each represent an integer from 1 to
20, with the proviso that r + s in 5 25; Ring Adenotes unsubstituted or
f7.uori.ne-,chlorine-, eyano-, a~.kyl- ox alkoxy-subst~.tuted phenylene,
pyrid-x,5-diyl,pyrimidin-2,5-diyl,
1,3-dioxane--2,S-diyl,cyclohexane-1,4--diyl, piper~.din-1,4-di.yl
orpiperazin-1,4-diyl) it being poss~.ble forthe alkyl and/or the alkoxy
substituent tobe mono- ax polysubstituted by fluor~.ne;Ring Bdenotes
unsubstituted or fluorine-,chlox'zne-, cyano-, alkyl- or alkoxy-substituted
phenyJ.ene, pyrid,2,5-diyl,pyrimidin-2,5-diyl, 1,4- or
2,6-naphthylene,1,3-dioxane-2,5-diyl or cyclohexane-~,4-diyx, it being
possible for the alkyl and/orthe alkoxy substituent to be mono-
orpolysubstitutad by fluoxine;is hydrogen, luox'ine, chloxine, cyano,vitro
ox a straight-chain or branched alkyl,alkoxy, alkyl-COO, alkyl-CO-NRZ ox
alkyl-OCOgroup having 1 to 20 Carbon atoms which isoptionally substituted
by fluorine,chlorine, cyano or vitro and in whichoptionally one CH2 group
or a plurality ofnon-neighboring CHI gxoups may be replacedby O, CH~CH or
CSC and in which R2 denoteshydrogen ox lower alkyl; .Y1 and
YZ,independently ot one another, denote asingle covalent boxed, -(CHZ}t-,
-O-, -Cb-, -CO-O-, --Ci-oC-, -NR'-, -CO-NR3-) -R3N-CO-, -(CHz)"-O-, -O-
(CH2)"-, - (CHI)"-NRl- or NR~_(CHZ)v-, in which   3 September 2002 50 R'
denotes hydrogen or 3.awer alkyl; t denotes an integer from 1 to 4; a
denotes an integer from 1 to 3; m and n, independently of one another,
denote 0 or ~; Ring C denotes unsubstituted or fluorine-, chlorine-,
cyax~o-, alkyl,- or alkoxy. substituted phenylene, pyrim~.d~.n-2,5- ox
3,5-diyl, pyrxd-2,5- or -2,4-diyl or -2,6-diyl, 2,5-thiophenylene,
2,5-fuxanylene, 1,4- or 2,6-naphthylene, it being possible fox the alkyl
and/or the alkoxy substxtuent to be mono- or polysubstituted by fluorine; 



Z denotes -O- or -NR'- and R' denotes hydrogen or lower alkyl. 1s. A silane
as claimed in claim 1, wherein in S' the linking functional group L is O)
COO, OOC, NR', NR'-CO-, CO-NR', NR'-COO, OCO-NR', NR'-CO-NR', -CH=CH- or
-C---C-, where R' denotes hydrogen or lower alkyl. 19. A mixture as claimed
in claim 11, wherein in S' the linking functional group L is O, COO, OOC,
NR', NR'-CO-, CO-NR', NR'-COO, OCO-NR') NR'-CONR', -CH=CH- or -C=C-) where
R' denotes hydrogen or lower alkyl. 20. A method as claimed in claim 12,
wherein in S' the linking functional group L is O, COO, OOC, NR') NR'-CO-,
CO-NR', NR'-COO, OCO-NR') NRt-CONR', -CH=CH- or -C--_C-, where R' denotes
hydrogen or lower alkyl, 21. A method as claimed in claim 13, wherein in S'
the linking functional group L is O, COO, OOC, NR', NR~-CO-, CO-NR',
NR'-COO, OCO-NR', NR'-CONR') -CH=CH, or -C---C-, where R' denotes hydrogen
or lower alkyl. 22. An orientation layer as claimed in claim 14) wherein in
S' the linking functional group L is O, COD, OOC, NR', NR'-CO-, CO-NR~,
NR'-COO, OCO-NR', NR'-CO-NR') -CH=CH- or -C=C-) where R' denotes hydrogen
or lower alkyl.   3 September 2002 51 23. A hybrid layer element as claimed
in claim 15, wherein in S' the linking functtonaf group L is O, COO, OOC,
NR', NR'-CO-, CO-NR', NR'-COO, OCO-NR', NR'-CO-NR', -CH=CH- or ~C---C-,
where R' denotes hydrogen or lower alkyl. 24. An orientation layer as
claimed in clai~ri 16) wherein in S' the linking functional group L is O,
COO, OOC, NRi, NR'-CO-) CO-NR~, NR'-.COO, OCO-NR') NR'-CO-NR', -CH=CH- or
-C=C-) where R' denotes hydrogen or lower alkyl. 25. A hybrid layer element
as claimed in claim 17) wherein in S1 the Finking functional group I_ is O,
COO, OOC, NR') NR'-CO-, CO-NR', NR'-COO, OCO-NR', NR'-CO-NR', -CH=CH- or
-C-C-, where R' denotes hydrogen or lower alkyl. .AA
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