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a suitable wavelength. The structure thereby produced remains
even at high temperatures. Thus, optical components such as, for

15 example, wave guides, optical grids and filters, piezoelectric
cells and cells having non-linear optical (NLO) properties, etc.,
can be produced. Such optical components can be used, for
example, for frequency doubling (SHG) or in colour filters.

20 Further properties such as, for example, the birefringence,
the refractive index, the transparency, etc. must fulfil different
requirements depending on the field of use. Thus, materials for
optical filters should have a strong absorption in a direction

| perpendicular to the filter surface.

25

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

30 modulus in the longitudinal axis of the fibre, reduces the thermal
expansion coefficient and avoids microdistortion losses. This
leads to an increased mechanical stability.

The photo cross-linkable liquid crystals must have a good
35 chemical and thermal stability, good solubility in common
solvents and a good stability towards electric fields and electro-
magnetic radiation. They should have a suitable mesophase in a
temperature range of about 25°C to about +1000°C, especially .of
about 25°C to about +80°C. Moreover, it is important that the
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transm ssion. The use of such materials increases the elastic 30 nodulus in
the longitudinal axis of the fibre, reduces the thermal expansion
coefficient and avoids microdistortion l2osses. This |eads to an increased
mechani cal stability. The photo cross-linkable liquid crystals nust have a
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in the cross-lmked layers which are produced can be clearly

influenced. The melting point can be decreased by the production

of complicated mixtures having several components, which

15 permits a processing at lower temperatures, but brings with it
the danger of a crystallisation of the conventional polymerisable
liquid crystals. Photochemically oligomerisable or polymerisable

compounds are described, for example, in EP-A-0 331 233.

20 - There is accordingly the need, especially for use in optical
. filters, to produce photochemically oligomerisable or polymer-
isable compounds which have relatively low melting points and
clearing points in order that they can be processed very readily at
temperatures above room temperature in the liquid crystalline
25 state and also in solution. Further, they should be orientable and
structurable as domain-free as possible and also should have an
excellent thermal stability and long-term stability in the cross-
linked state. Moreover, especially for optical retarders, mixtures
having an adjustable optical isotropy should be available in order
30 that, for example, the optical delay of an optical retarder can be
adjusted. Conventional photochemically oligomerisable or
polymerisable liquid crystals as described, for example, in EP-A-
0 331 233 contain predominantly aromatic rings and therefore
usually have a very large optical anisotropy.
35 _
The present invention now provides compounds which are
suitable in an outstanding manner as single components or as
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specially for optical retarders, m xtures having an adjustable
tropy should be available in order 30 that, for exanple, the
ay of retarder can be adjusted Conventiona

ally o r able or pol ynerisabl e I| tals as
for ex ?gﬁ A% EP- A- @C%S\I/eEGQF%@aiCﬁ BntNGS@T onmti c
herefore usually have geniersesidu@e opt i caI ani sotropy. 35 The
enti on now provi des conpounds which are suitable in an
manner as single conponents or as
~ Since the compounds of formula | in accordance wnth the

invention or mixtures containing such compounds have a meso-
phase, they can also, prior to the cross-linking, be oriented on an
orienting layer by the application of an electric or magnetic field.
A uniform layer is produced in this manner.

Preferably, the mesogenic residues Al and A2 each signify a.
residue of general formula Il |

N asoss
n o

wherein
rings C and D each independently signify pyridine-

: 2,5-diyl, pyrimidine-2,5-diyl, trans-1,4-
cyclohexylene, trans-1,3-dioxane-2,5-diyl
or 1,4-phenylene optionally substituted
with halogen, methyl and/or cyano;

AN : signifies -CH2-(CH2)m-~, -(CH2)mO-,
-0(CH2)m-, -C0O0-, -00C-, -(CHz)mCOO- or
-(CH2)mOO0C-;

22 signifies a single bond, -CH2CH2-, -CH20-,

-OCH2-, -CO0-, -00C-, -(CH2)4-, -O(CH2)3-
or -(CH2)30-;



3 components of such liquid crystal mxtures: These are conpounds of the
general fornmula [err] 5 wherein [err] and [err] each represent a

- cross-|inkable, nmeso- genic residue. 104 Si nce the conpounds of
formula |I in accordance with the i nvention or m xtures containing such

conpounds have a p®so- phase, rﬁﬁgsa-l B2 )pf4, HOCY 2 hig-, c+(@& ImOkj ng, be
oriented on an orienting |ayer b @%e)@g[g@ | ca@c\?a 0699 electric or
magnetic field. A uniformlayer | L he 15 Preferably,
]Egrewrr:azoglem[c r]e3|28|ues [er\r,\}1 and-(Si (QH)JO)mgni fy a reS| due of general -
err erei tI
signify pyridine- 2,5-diyl, pyri ;PGHgggg@ﬁg?i )"L’s'gﬁéni) cl exgl ene,
trans-1 , 8-di oxane-2,5-di yl or 1:MHEHe(SI[{6H32 @)m&ll[“} Slﬂ)lﬁlzlﬂﬁéd 25

wi th hal ogen metyl and/ or cyan {
ferr],-Co0, . 00G . ¥ Lerr] or yangigrifies! hydrogen or flgb@nefies [err]
n signifies 0, 1 or 2;

m ~ signifies a whole number of 1 to 16; and
R1 ‘ signifies a cross-linkable group of the
10 structure CH2=CH-, CH2=CH-COO-,

CH2=C(CH3)-CO0-, CH2=C(Cl)-COO-,
CH2=C(Ph)-CO0-, CH2=CH-COO-Ph-,
CH2=CH-CO-NH-, CH2=C(CH3)-CONH-,
CH2=C(Cl)-CONH-, CH2=C(Ph)-CONH-,

15 CH2=C(COOR")-CH2-C00-, CH2=CH-0O-,
CH2=CH-00C-, Ph-CH=CH-, CH3-C(=NR")-,
cis,trans HOO-CR'=CR'-COO-, '

R—
o or
R =
Q—cmc:—x—coo— ;
20

Ph ~ signifies phenyl;

R : signifies lower alkyl; and

R" signifies methyl, methoxy, cyano or
halogen;

25 with the proviso that R1-Z3 contains no -O-O- or -N-O- groups.

Compounds of formula | in which the two mesogenic
residues Al and A2 have the same significance are especially
- preferred.
30 | |
Residues Al and A2 of formula Il in which rings C and D each.
independently signify pyridine-2,5- -diyl, pyrimidine'Z 5-diyl or
1,4-phenylene which. is unsubstituted or substituted with
fluorine, Z1 signifies -CH2-CHz-, -CH20-, -COO- or -O0C-, Z2
35 signifies a single bond, -CH2CH2-, -CH20-, -OCH2-, -COO- or



[err] [err] | signifies a single bond, [err] [err] 30

[err], -COO-, -OOC-, [err] or [err] 4 Z3 signifies [err.]
[err] [err] [err] or 5 5 [err] Y signifies
hydr ogen or quorine n . signifies 0, 1 or 2; m

signifies a whole anmdiEx signifieso-(TH2)an -[(QHﬂ)mO- -(CH2)mCODgnof i es a

850 TR SR G dipoily prooriy; o5 LTS 11, o1
cis,trans HOO-CR =CR -COO-, [err]
The cross-linkable group R1 preferably signifies CH2=CH-
5 CO0O0O-, CH2=C(CH3)-C00-, CH2=C(CI)-COO0-, CH2=C(Ph)-COO-,
CH2=CH-CO0-Ph-CH2=CH-CONH-, CH2=C(CH3)-CONH-, CH2=C(Ph)-
'CONH-, CH2=CH-0-, CH2=CH-00C-, cis,trans -HOO-CR'=CR'-COO-,

10 wherein R' and R" have the significance given above.

It is these residues which can be cross-linked photo-
chemically after orientation of the compounds of formula | in a
field.

15
Especially preferred groups R1 are CH2=CH-COO-,

CHz—C(CHa)'COO- CHz=CH-O- and HZC'(‘)CH-__

The terms used above will be explained hereinafter:
20 . - |
"1,4-phenylene -optionally substituted with halogen, methyl

and/or cyano" embraces in the present invention 1,4-phenylene
and 1,4-phenylene mono- or multiply-substituted with fluorine,
bromine, chlorine, methyl or cyano, such as, for example, 2- or

25 3-fluoro-1,4-phenylene, 2,3-difluoro-1,4-phenylene, 2,6- or 3,5-
difluoro-1,4-phenylene, 2- or 3-chloro-1,4-phenylene, 2,3- _
dichloro-1,4-phenylene, 2,6- or 3,5-dichloro-1,4-phenylene, 2-
or 3-bromo-1,4-phenylene, 2- or 3-methyl-1,4-phenylene, 2- or
3-cyano-1,4-phenylene and the like;

30 | |

"lower alkyl" embraces straight-chain or branched residues

with 1 to 5 carbon atoms such as methyl, ethyl, propyi, butyl,

pentyi,_ i-propyl, i-butyl, t.butyl and the like;

35 : "halogen“ stands for fluorine, chiorlne or bromine,
especially for fluorine.



[err] 20 Ph signifies phenyl; R signifies | ower
alkyl ; and R’ signifies nethyl, nethoxy, cyano or hal ogen; 25
with the proviso that [err] contains no60-0- or -N-0O- groups. Conpounds of
formula I in which the two nesogenic residues [err] and [.err] have the sane
significance are Fheemesddphasectype af tlid dempounds irrradcorddnterwithof

orml 1| Sy heEie Rt BB BO-PARIRE i, HORR e, sice-
unsubst |[ t ut ]ectharnss s ﬁanduAéd Whgf, faél;gmgttT rln%sr suchsiagnphenylener have- coc? or
-00C-, [err] +R8 fdididdPtorpfbagLe HRBEtcl Shades, turated- an
oy s b e Ao e e 1
[err] cis, trpinys Prehidte-A8mMAITE tendencies. |

- Preferably, the mesogenic residues Al and AZ signify a
residue of formula Il in which n = 1, i.e. a residue of formula ll-a

10 ' -
- I-a
wherein -
rings C1 and D1 signify pyridine-2,5-diyl, pyrimidine-2,5-
15 diyl or 1,4-phenylene optionally sub-
stituted with- fluorine;
211 signifies. ~CH2CH2-, -CH20-, -COO- or
-00C-; o
z21 signifies a single bond, -CH20-, -COO- o
20 - -00C-;
z31 ‘signifies ~(CH2)m'=; -(CH2)m'O-,
-(CH2)m'COO0- or -(CH2)m'00C-;
m' ‘signifies a whole .number of 3 to 12; and
R11 - signifies CH2=CH-CO0-, CH2=C(CH3)-COO-,
25 CH,=CH-0- or HZC‘_O"CH--

Compounds of the formulae are particularly preferred

O . ' . . .
M—(CH%.-—OQ z21—®- Mo
. \_(O-(CHg)mu—OO- 221--<T_>-z1-1:[0j

o . o



[err] or 10 wherein R and R' have the significance given above. It
is these residues which can be cross-1linked photo- chenmically after
orientation of the compounds of formulaZl in a field. 15 Especially
preferred groups Rl are CH2:CH-COO-, [err] and [err] The terns used above
will be explained hereinafter: 20 "1, 4-phenylene optionally substituted
wi t h hal ogen, nethyl and/ cyano" enbraﬁes In the present invention

1, 4- phenyl ene and 1, 4-ph ny e or Rul_ti p Subgtituted with
fluorine, brom ne, chl or ne, @%I‘Bo\ % SE sf1 ?rrpl e, 2-

25 3-fluoro-1 ,4-phenyl ene, 2,3-difluold=l , 4- phEd Iene or 3,5-

di fl uoro-1, 4- phenyl ene, 2- o s Ll ORQ A--:-n hIoro 1
, 4-phenyl ene,  2,6- or 3,5%\di ﬁqé(')f"g%é A

3- brono- 1, 4- phenyl ene, 2- 3-nethyl -1, 4 phenylene -
3-cyano-1, 4- phenyl ene and the |ike; 30 "I ower alkyl™ enbraces |-B
strai ght-chain or branched residues with 1 to 5 carbon atons such as

nmet hyl , ethyl, propyl, butyl, pentyl, i-propyl, i-butyl, t.butyl and the
i ke; 35 and halogen stands for fluorine, chlorine or brom ne,

‘especially for fluorine. 0

/ O-(CHo)r -o-<: )—ﬂ—@— \Ar j
\ | O~(CHa) -o<: )—zz‘-O-

1-C
5 wherein : _
o signifies -COO-;
Z21 signifies a single bond or -COO-,
especially -COO-; and .
m' | signifies a whole number of 3 to 12.
10 '

The compounds of formula | in which A1 and A2 have the
same significance are very readily accessible synthetically and
can be produced, for example, analogously to the methods

" jllustrated in Schemes 1 to 5. Thus, trans-2,3-dihydroxy-1,4-
15 dioxane can be reacted with (w-acryloyloxyalkyloxy)-substituted.
carboxylic acids in a manner known per se. This esterification
can be effected, for example, via the corresponding methyl-
sulphonate in tetrahydrofuran or in the presence of N,N'-dicyclo-
hexylcarbodiimide and 4-(dimethylamino)pyridine in dichloro-
20 methane or another suitable solvent such as e.g. chloroform.
trans-2,3-Dihydroxy-1,4-dioxane can also be reacted in a
Williamson etherification with (w-acryloyloxyalkyloxy)-sub-
stituted benzyl tosylates. This esterification can be effected,
for example, at room temperature in the presence of potassium
25 tert.-butylate in dimethoxyethane or another suitable solvent



6 The mesophase type of the conmpounds in accordance with the invention can
be influenced by varying the rings in the side- chains [err] and [err]. "~
Thus, aromatic rings such as phenyl ene Bave the tendency to produce snectic
phases, while saturated rlngs 5 such as trans-1, 4-cycl ohexyl ene or

‘trans-1, 3-di gy v : |
21 dﬁ?d MINditHet YIS ERhaniden Iterahgrzi@mung?dr@wen,ab Y,

t he nmesogeni err err nify a resi due formula 11 in
which n = 1, 810’@"‘% IBe§ H‘d@eb'?'alﬁbf[ ahaﬁeqa 10 [err] wherein rings [err]
and [err] signify pyridine-2,5-diyl, pyrimdine-2,5 15

iyl o1 1.4 phen i SRS kol 1 14 Wi A EdeA”"é"é"%?ﬁféﬁéﬁ
‘bond, [er6],catdee prodaced by mono-esterifying trans-2 ,Bedihy droxy- 4-
signifies [eﬂféga[rfé WitR" anh e(fc6-]ad?‘§/|oyloxyalkyloxyi)l-ﬂﬁbém@@té’d WbQHSoﬂyliber of .3

to 12 and aci Subsequent esterefscétlon with a different (w-acryloyloxy-

alkyloxy)-substituted carboxylic acid gives the asymmetric
diester. The corresponding asymmetric diethers are accessible

10 by an analogous two-step process in which, for example, trans-
2,3-dihydroxy-1,4-dioxane is firstly monoalkylated with an (-
acryloyloxyalkyloxy)-substituted benzyl toSylate and subse--
quently with a different (w-acryloyloxyalkyloxy)-substituted
benzyl tosylate. The starting materials are known and are in part

15 commercially available.

The reactions illustrated in Schemes 1 to 5 are standard
methods in liquid crystal chemistry. The symbols used therein
have the aforementioned significances.

20 .



[err] or [err] -2:5 Conpounds of the formulae are particularly preferred O

[err] [err] 7 [err] [err] and [err] [err] 5 wherein [err]
signifies -COO; [err] si'ghi ®i es a single bond or -COO,
especially -COO; and mi ' signifies a whole nunber of 3 to 12.

10 The conpogadsmel 1formula | in which [err] and [err] have the same
significance are very readily accessible synthetically and can be produced,

for exanple, anal ogously to the met hods iA==ystrated in Schenes 1 to 5.
Thus, trans-2, 3-di hydroxy-1 OL(CHo) (-0 @ 20Ol reacted with
([err]-acryl oyl oxyal kyl oxy) \\s__(stl tuted : .

| 0

DCC, DMAP, CHyClz HO—@—CHO
\ o-(CHz)m—oOcoo—O—CHo

o

CrO3, H2804, H20, (CH3)2CO
\ o-.(CHg)m-o@-coo—@-cow
.o . . .
- |Ho_ o
DCC, DMAP, CHoClz | I j

/"é-m)m_OQ o "yoon_o.
¥ °-<°Ha>m'-°@ O I)




~carboxylic acids in a manner known per se. This esterification can be
effected, for exanple, via the correspondi ng nethyl- sul-phonate in
‘tetrahydrofuran or in the presence of NON -dicyclo- hexyl carbodiin de and
4- (di met hyl am no) pyridine in dichloro- 20 nethane or another suitable
sol vent suchSehemed? chl orof orm trans-2, 3-Di hydroxy-1, 4-di oxane can al so
be reacted in a WIllianson etherification with
([err]-acryl oyl oxyal kyl oxy) - sub- stitut edR
esterification can be effected, for ﬁ% '
presence of potassium225 tert. -buty at &
suitable solvent ~ 8 such as e.g.. N, N -dinethyl
trans- 2, 3- D hydroxy-1, 4- di oxane is connercially avai | abl e. Conpounds of

formula I in which [err] and Ierr! are dilferent 5 can be produced by

osyl ates. This
meaunelnthe
hane or anot her

nono- est eri fying trans-2, 3-di nong; . | o edmvfk h an

([err]- acryloyloxyalkyloxy) substituted carboxylic acid. Subsequent
esterification with a different ([err]-acryl oyl oxy- al kyl oxy)-substituted
carboxylic acid gives the asymetric dliq3i>. Type=xor r espondi ng asynmmetric

di ethers are accessible 10 Uﬂmm¢HgﬁHm=x\ pCodcess in which, for
exanpl e, trans- 2, 3-di hydroxy-1, 4-di oxan® st4'y nonoal kyl at ed mnth an
([err]- acryl oyl oxyal kyl oxy) -substituted benzyl tosylate and subse- quently
with a different ([err] acryloyloxyalkylowy) substituted

DIBAL/hexane

.HO—(CHZ),',,—OCHO -
] _
o /,-—-< locc. DMAP, CHoClo
o T ony
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CrO3, HyS04, H20, (CH3)2COl
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benzyl tosyl ate.
comrercially avail abl e.
standard methods in liquid crystal
't he af orenenti oned significances.

Terr] [err] &6hémed3DCC, DVAP, [err] [err] [err]

The starting materials are known and are in part 15
The reactions illustrated in Schenes 1 to 5 are

chetllstry. The synbol s used therein have
20 9 Schene 1 [err] DCC, DVAP, [err]
10 Schene 2 [err]

O

Ho,Pd/C, NaOAc, AGOEtj

HO—C:/)—@—CHO

K2COg, butanone l HO-(CHz)m—Cl

. . |
HO-(CHg)mv-O{ ,)—@-CHO -
| N
o

[% - lncc, DMAP, CH,Clp
I

o) _
/ =N
I 0—(CH2)m'-O—<\_—_ ,)——O—cuo
N

CrO3, HoSOy4, H20, (CH3)2CO

o
! = '
0—(CHz)m—0~<\: ,)——O—COO.H
. N
| HO_ _O
DCC, DMAP, Cchlgl I ]
yHO” T07

o . - |
//_{a-(CHZ)m_o-C:,}—@—cooIoj
o.

\\—-z)—(CHg)m-—OC:/)—O—COO
o | |



‘[err]/butanone [err]"[err] Dl BAL/ hexane [err] DCC, DVAP, [err] [err] [err]
[err] 'DCC, DVAP, [err] [err] [err] Schene 3 [err] [err] Pd/ C, NaQAc,
AcOEt [err] [err] butanone [err] N [erqP [err] [err] [err] DCC, DVAP, [err]
0 _

Scheme 4

HCI, toluene l

or-rc-_(cr-rz)m-.1—O--.--O—coocm

NaBH4, H20, dioxan i

1. MsCl, (CoHs)sN, THF l 2. DMAP, HO )
o

N2 O Q_



[err] . 12 Scheme 4 [err] HCI, toluene [err] [err] dioxan [err]

[err] 2. HO [err] [err] - DCC, DVAP, [err] [err] 1. MsC,

DVAP, [err] [err] [err] 13 Schene 513rr] [err] [err]

Scheme 5

O .

- =
SR o, W o

: N

NaBH,, CHzOH, caHsocszl

! -~
O"(CHz)m"‘o{ ,)—@—cnzon
N _
N(CgHs)a, toluene l |—s—©—

/ o—(c:Hg)m—o{ }—@—cHzo s—@—

" l NaO:[Oj
o) -
H o—(CHg)m_o-C:,}——@—c;Hzo

[err],

| 0
| w—(c»-!z)mo{:,)—@—cn-izo:[oj
o

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

1. KOH,
THF 2.

phenol/"butylhydroxytoluene") is admixed in each step in order to

stop undesired thermal cross-linkage.

The compounds of formulae | can be used as single
10 compounds or in the form of mixtures with one another and/or

with other liquid crystal components.

The liquid crystalline mixtures in accordance with the

invention contain at least 2 components, of which at least one



[err] [err] [err] [err] 5- A smal | anmount of BHT
(2,6-di-tert.-butyl-4-nmethyl- phenol/"butyl hydroxytol uene") is adm xed in
each step in order to stop undesired thgrmal cross-linkage. The conpounds -
of fornmulae | can be used as single 10 conpounds or in the form of

mXtures w t@gﬁﬁfo ridH! 1364 c%?ﬁgeunuﬂéﬂ“f&tnﬁera L wséceﬁds:.t@h 6ABRE MY S. The
liquid crystalll n& mxtures |1 accordance. wi th the Inve tlgg, contain '?.

| east 2 conpaR¥rRtherogompanents ¢ande @ﬁ’g'tlon§4cgm "E“gﬂﬂo d of
formula I. Aoﬁl@éﬁ%dvmnrqm @yiaﬂme eohgpoundd dvaning & arhdko ardss+ onal

ohoto. or ose. IMEARE,GE0wn, FhSr °P%bt3§ﬁ%rf§éé‘@%ﬁéoﬁ§ﬁt§9§2ﬁ %o be 8 °

present iB tpresent methd—lmo(tlgre egard to .the good solubility of the
conpounds of formula | and having regard to thel r good mscibility with one

anot her, the content of conpounds of formula I t m xtures.inJo
accordance with t Having&egar T@aﬂ"%eQQQ%H;M |'é)é|¢ a momaoqr)@svﬂ %

formula | and having regard to their good miscibility with one

another, the content of compounds of formula | in the mixtures in
10 accordance with the invention can be high and can amount to

100 wt.%. '

The mixtures in accordance with the invention preferably
contain, in addition to one or more compounds of formula |, one or
15 more compounds from the group of compounds of the general
- formulae

o) X o
f%-(cﬁz)m..o—'O-coo—@-ooc—@—o-(CHg)m--o_’\ -
(CHg)m —O—cooQooc—@—o (CHg)m—o»_/

(CHz)t

(CHz)m —@—coo@ooc—@—o (CHg)m-'O»_\ v
&% - (CHg)_m--O'_O- coo ngc —@-o - (CHg)m-—OO»__//
. o
0o _
(] o) o -
/_(E)-(CHg)m--O—-O—COOdOOC—O-O-(CHg)m--O»—\\ v

20



The m xtures in accordance with the invention preferably contain, in

addition to one or nore conpounds of fornmula I, one or 15 nor e conpounds
fromthe group of conpounds of the genet8l fornmulae [err] [err] [err] [err]
[err] [err] [err] [err] 16 wherein X signifies
hydr ogen, fluori ne, chlorlne ne or, a/ - signifies a
whol e nunber of 3\(_9(\1 Hajm"0 00C HFRamaOshdl e nunber
of 2to 12; Z signifles [err] or -0O0C; A o]
signifies 1,4-phenyl ene or 2- or 3- quoro-o

(CHz)t

(CHa) -0 coo-dooc 0 —(CH —0»"\
—@- < -0 -(cHour Vi
(CHg)m o—{ Y-coo Q;ooc —@-O—(CHg)m-o»_/

(CHz)t

7. (CHa)m-O—Q-COO-<§JOC—©-O—(CH2)m-O»—\ VIl
\__f‘(CHz)m--O—Q—COO—Q-O 'O‘ ‘—(CHz)m_o)_/

% {CHo)
/ O—(CHy)p—0 COOG—OOC O—(CHa)py—
4 —< >— —< >— —{(CH2)py \
| _ Vil
5
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and



1 ,4-phenylene; S - signifies [err] or [err]; and 10 R
signifies CH2=CH COO-, CH2=C(CH3)-COO-, [err] or [err] The production of
t he conmpounds of forrmula | and of |iqupg crystalline m xtures containing

t hese conpounds is illustrated in 15 nore detail by the foll ow ng '
Exanmpl es. C signi {jiesrdincrystal line phase, S signifies a smectic phase, N

signifies a nematic phase and | signifies the isotropic ph .. Exanple 1 20
0.43 g of N, N -di &cl ohexyl car bo&Ignifigs jva{ reggl ﬁPBﬁ'F‘ﬁ- 58ﬁfq{m%s whil e

S]E [ Lri(zg[tBO a SIO| ult i on of I0 1 ]g brofriinaso? methylhydr oxy- 1, 4- di oxane, 0.9 ¢

o] -(4-[8-acryl oyl,oxyoctyl oxy] -- phepyl car I [ cisGh,and 0.05 g

of 4-(dinethyl ani M-~ 25 ~pyri di ﬁ&ﬂ'ﬁgﬁsaam?ﬁg% ﬁp@ﬁ?ﬁéﬁg’nﬁ%e

reaction mixture gas stirred ovesignifies 4 iwheleedumben bé 2 ita Ade was

concentrated. Chr t ogr aphy of tsfgnirffe%i dp@.i)?, %'A-I Lgecgel w th-hexane/ et hyl
I et

acetate (vol. 8:2)" and recrystal l'l’zation fro | “al cohol of ttpe
fracti ons which wé& e pure accor disignifiest Hi,A-phgaylene @raogor 33-flafry gave
0.15 g of trans-2, 3-bis[4-(4-]8- qqq_ybﬁghgwt yl oxy] -

phenyl car bonyl oxy) phenyl car bonyl oxy].-.1, 4- xane; m N 98[err d

cl.p. (N1) 1 53[§?r]. The foll oﬁ%f'@érrﬁ&;ﬁagm'c'aﬁrBzcb'&gﬂh"\béhai a]n_ o

anal ogoug @35 mann@® : trans- 2, 3- Bisigrifies- CH2aCGHCQ0ex Tbt 26 ( CHB)pGOOH, -
CH,=CH-O- or HZC‘"O'CH'-

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

Example 1
20 _
0.43 g of N,N'-dicyclohexylcarbodiimide was added within
5 minutes while stirring to a solution of 0.1 g of trans-Z,3-
dihydroxy-1,4-dioxane, 0.9 g of 4-(4-[8-acryloyloxyoctyloxy]-
phenylcarbonyloxy)benzoic acid and 0.05 g of 4-(dimethylamino)-
25 pyridine in 25 ml of dichloromethane. The reaction mixture was
stirred overnight, filtered and the filtrate was concentrated.
Chromatography of the residue on silica gel with hexane/ethyl
acetate (vol. 8:2) and recrystallization from ethyl alcohol of the
fractibns which were pure according to thin-layer chromatog-
30 raphy gave 0.15 g of trans-2,3-bis[4-(4-[8-acryloyloxyoctyloxy]-
~ phenylcarbonyloxy)phenylcarbonyloxy]-1,4-dioxane; m.p. (C-N) -
980°C and cl.p. (N-~I) 153°C. |

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

trans-Z,3-Bis[4-(4-[3-acryloyloxypropyloxy]phe’nyl-
carbonyloxy)phenyicarbonyloxy]-1,4-dioxane;



car bonyl oxy) phenyl car bonyl oxy] -1 , 4- di oxane; 17 trans-2,3-bis
[4-(4-[4-acryl oyl oxybut oxy] phenyl - carbonyl oxy) phenyl car bonyl oxy] -1
,4-di oxane; trans-2,3-bis[4-(4-[ 5- acerOonxypentonxy] phenyl -

car bonyl oxy) phenyl car bonyl oxy] -1 , 4- di oxane;

trans- 2, 3- bi s[ 4- (%bﬁsazraflmtnxe/mbe ﬂowaﬁybhto&ﬂsﬁexﬁwy)

h | b | d
Pb?2{4c?2 ng Oﬁ%*%@?%%ﬁﬂ%lox 9?“% §d¢9ﬁﬁﬁﬁoxy)phenylcarbonyloxy] 1
, 4- gl ox?ne )tr ans-t?aﬁsb2$34bléﬂ4594~6[(5-$bﬂyl0yibﬂyp‘,e|mg%ﬁ%I s[éln([zll'o[ L
car bony! ox
0- acryl>/oyl gx%@@%"%%%ﬁ%ﬁﬂc@ip ﬁ ‘h?&giﬁbonyl oxy] - 4- di oxane;
trans-2, 3 bis[4- trapsi2 ,ﬁ ']c d&g‘i onyhe[xlyéoxy]phenyl- _
carbonyloxy) B a}b.a
t 2, 3- bi ¢ Ve
c;?[])gnyl oxyl) %ﬁZna Fﬁog;;?tb@i( d'ﬁ;)%?;ﬂy oxyggmyloxy]phenyl-
3- bi s(4- [ 3- agyarboniyds % piehglearbbhpieiyl-144-dioxaheny! oxy) - 1 , 4- di oxane;

PRt ot gﬁﬁ-aw@cgygémpmi e L

, 4- di oxane; trans
10 carbonyloxy)phenylcarbonyloxy] ,4-dioxane;

trans-2,3-bis[4-(4-[10-acryloyloxydecyloxy]phenyl-
carbonyloxy)phenylcarbonyloxy]-1,4-dioxane;
' trans-2,3-bis[4-(4-[11-acryloyloxyundecyloxy]phenyl-
 carbonyloxy)phenylcarbonyloxy]-1,4-dioxane;
15 trans-2,3-bis[4-(4-[12-acryloyloxydodecyloxy]phenyl-
carbonyloxy)phenylcarbonyloxy]-1,4-dioxane;
trans-2,3-bis(4-[3-acryloyloxypropyloxy]biphenyl-4'-
carbonyloxy)-1,4-dioxane;
trans-2,3-bis(4-[4-acryloyloxybutoxy]biphenyl-4'-
20 carbonyloxy)-1,4-dioxane;
' trans-2,3-bis(4-[5-acryloyloxypentyloxy]biphenyl-4'-
carbonyloxy)-1,4-dioxane;
trans-2,3-bis(4-[6-acryloyloxyhexyloxy]biphenyl-4'-
carbonyloxy)-1,4-dioxane;
25 trans-2,3-bis(4-[7-acryloyloxyheptyloxy]biphenyl-4'-
carbonyloxy)-1,4-dioxane;
- trans-2,3-bis(4-[8-acryloyloxyoctyloxy]biphenyl-4'-
carbonyloxy)-1,4-dioxane;
trans-2,3-bis(4-[9-acryloyloxynonyloxy]biphenyi-4'-
30 carbonyloxy)-1,4-dioxane;
trans-2,3-bis(4-[10-acryloyloxydecyloxy]biphenyl-4'-
carbonyloxy)-1,4-dioxane;
trans-2,3-bis(4-[11-acryloyloxyundecyloxy]biphenyl-4'-
carbonyloxy)-1,4-dioxane;
35 trans-2,3-bis(4-[12-acryloyloxydodecyloxy]biphenyl-4'-
carbonyloxy)-1,4-dioxane;
trans-2,3-bis[4-(5-[3-acryloyloxypropyloxy]lpyrimidin-2-
yl)phenylcarbonyloxy]-1,4-dioxane;



car bonyl oxy) -1 , 4-di oxane; trans-2, 3-bi s(4-[6-acryl oyl oxyhexyl oxy]
bi phenyl -4' - carbonyl oxy)-1 , 4-di oxane; 25

trans-2, 3-bi s(4-[7-acryl oyl oxyhept yl oxggi phenyl -4' - carbonyl oxy) -1
, 4- di oxane; trans-2, 3 bIS(4 [ 8-acryl oyl oxyoctyl oxy] biphenyl-4'-

carbonyl oxy)-1 ,4¢ - -
3-bis(4-[9-ac 3/ x non gg)?iﬁﬁ?—alﬁfcrxloyloxybal.lrtgggil(y(])[)grmzl?m %I oxane;
trans- 2, 3- bi ¥[%|'[ ’!)’935'89 y Ja#eIlaXaNe; bi phenyl - 4 - car bonyl oxy) - 1

, 4- di oxane; tran5t2aﬁst2,34b|§[4i(se[c5*-salcv loyhoxypremtiydaxy 1pypimidih-2- -

b | 3-b 4-1 1
ga;c?wogrgiybmecr&l égsgy 1 ﬁ&iro%n only)Sf 1[ 4- di oxane;
tlranﬁ 2, I3-5b| s[ 4- (raBs ;Sthg[éxW[cﬁr;aqrm:o XMhZQXByi(b)zy]pyrlmldln -2-

enyl car ea. d:ran |
)[/4) (p5 [Z acr?ﬂ?ﬂ%ﬂca bPﬂXP?me“d?n-@y S nyl ¢ rEo

, 4- di oxane; transipang- s( WWYI%X/Q% P&Yﬁélﬁﬁlﬂ-iérg-‘z-

yl') phenyl Carw ¥P1Ee4-8ioxane;
trans-2,3-bi e nsafrél bis taxwefﬁdaocx&]l8Woxyoc':tr§/k2)3(y]pynm|dm 2-
10 yl)phenylcarbonyloxy]-1,4-dioxane;
trans-2,3-bis[4-(5-[9- acryloyloxynonyloxy]pyrlmldln -2-
yl)phenylcarbonyloxy]-1,4-dioxane;
trans-2,3-bis[4-(5-[10-acryloyloxydecyloxy]pyrimidin-2-
yl)phenylcarbonyloxy]-1,4-dioxane;
15 trans-2,3-bis[4-(5-[1 1-acryloyloxyundecyloxy]pyrlmldm -2-
yl)phenylcarbonyloxy]-1,4-dioxane;
trans-2,3-bis[4-(5-[12-acryloyloxydodecyloxy]pyrimidin-2-
yl)phenylcarbonyloxy]-1,4-dioxane; :
trans-2,3-bis[4-(5-[3-acryloyloxypropyloxylpyridin-2-
‘20 yl)phenylicarbonyloxy]-1,4-dioxane;
trans-2,3-bis[4-(5-[4- acryloyloxybutyloxy]pyrldm -2-
yl)phenylcarbonyloxy]-1,4-dioxane;
trans-2,3-bis[4-(5-[5-acryloyloxypentyloxy]pyridin-2-
yl)phenylcarbonyloxy]-1,4-dioxane;
25 trans-2,3-bis[4-(5- [6 acryloyloxyhexyloxy]pyndln -2-
yl)phenylcarbonyloxy]-1,4-dioxane;
trans-2,3-bis[4-(5-[7-acryloyloxyheptyloxy]pyridin- 2-
yl)phenylcarbonyloxyl-1,4-dioxane;
trans-Z,3-bis[4-(5-[8-acry|oy|oxyocty|oxy]pyridin-Z-
30 yl)phenylcarbonyloxy]-1,4-dioxane;
trans-2,3-bis[4-(5-[9-acryloyloxynonyloxy]lpyridin-2-
yl)phenylcarbonyloxy]-1,4-dioxane;
_ trans-2,3-bis[4-(5-[10-acryloyloxydecyloxy]pyridin-2-
yl)phenylcarbonyloxy]-1,4-dioxane;
35 trans-2,3-bis[4-(5-[1 1-acryloyloxyundecyloxy]pyrudln -2-
yl)phenylcarbonyloxy]-1,4-dioxane;
| trans-2,3-bis[4-(5- [1 2- acryloyloxydodecyloxy]pyndm -2-
yl)phenylcarbonyloxy]-1,4-dioxane;



yl ) phenyl car bonyl oxy] -1 , 4-di oxane;

trans-2, 3- bi s[4-(5-[ 7-acryl oyl oxyhept yl oxy] pyri m di n- 2-

yl) phenyl carbonyl oxy] -1 , 4-di oxane; tra@s-2,

3-bi s[4-(5-[8-acryl oyl oxyoctyl oxy] pyri m din-2- 10 yl)phenyl carbonyl oxy] -1

1) phenyt car bonyt ST BB TRAREALAIBIpst ey >

trans-2, 3-bi B[ﬂllmBj'[‘I@ )ﬂtﬁ%ﬂ ﬂ%&éé}/b%@%ﬂe{n di n- 2-

DI oy e SRR sy ety vy
tlr;inﬁ 2, |3 b| > F?%ﬁ'&ﬁg{:%%ﬁ'é%?ég)ml ?)}y[]3 pyrlylm ci?/n 2. 1 oxane:
yl') phenyl gar bonyl @rams Sbmalﬁ‘ " 4~ acryioyloxypro -
4b|d;5£)ia§12 [ﬁygﬁéﬁé@gl)gyf rfb?_/rgo?wmyg y’b ta@?)‘(i/ﬁ y en))lllz)carpgonyl oxy] - 1

yl ) phenyl car bonyl &R&WS&Z -hsttd'@(ﬂﬁ 4t'v(gr1¥ @@%‘& Zgér&é{)}'o;&PmPyl)‘ B
rans. 2.5 by ST f%” DEgeho ’“’"“é A o oo
A erd L Mo Ry b
%/Ir;ﬁgegyh@armi?ﬁ ééﬂrbdn ]oxmuoxane,

y1) phenyl car %[3% > | _b"jlgQXcﬁ%ﬁﬁ%ﬁgt4¥-@(-)Qﬂ'ié)‘?fo&y%ro?ﬁl)cyclohexyl]-
trans- 2, 3- bi e[thy{ﬁ)ﬁm)dcaybonylmw]eﬂ\ﬂtdm}(pge;d| n- 2-

Example 2
15 _
A solution of 0.2 g of trans-2,3-dihydroxy-1,4-dioxane,
0.5 g of sodium hydride and 50 ml of tetrahydrofuran is stirred
for 7 hours. 1.1 g of 4-(5-[8-acryloyloxyoctyloxy]pyrimidin-2-
yl)benzyl tosylate are added and the mixture is stirred at room
20 temperature overnight, poured into 100 ml of water and then
extracted three times with 50 mil of diethyl ether each time. The
~organic phases are combined, washed twice with 100 ml of
 water each time, dried over magnesium sulphate, filtered and the
filtrate is concentrated. Chromatographic purification of the
25 residue on silica gel with cyclohexane/ethyl acetate (vol. 8:2) and
- two-fold recrystallization from a cyclohexane/ethyl acetate
mixture (vol. 8:2) of the fractions which are pure according to _
thin-layer chromatography gives 1.1 g of trans-2,3-bis[4-(5-[8-
acryloyloxyoctyloxy]pyrimidin-2-yl)benzyloxy]-1,4-dioxane.
30
The following compounds can be prepared in an analogous
manner:

trans-2,3-Bis[4-(4-[3- acryloylo'xypropyloxy]phenyl-
35 carbonyloxy)benzyloxy]-1,4-dioxane;
' trans-2,3-bis[4-(4-[4- acryloyloxybutoxy]phenyl- .
carbonyloxy)benzyloxy]-1,4-dioxane;



yl ) phenyl car bonyl oxy] - 1 , 4-di oxane;

trans-2, 3- bi s[ 4- (5-[ 10- acryl oyl oxydecyl oxy] pyri di n- 2-

ylI') phenyl car bonyl oxy] -1 , 4-di oxane; 3520 trans-2, 3-bis[4-(5-[ 11
-acryl oyl oxyundecyl oxy] pyridin-2- yl)phenyl carbonyl oxy]- 1 ,4-di oxane;

trans- 2, 3- bi s[ 4- (pp ié.ﬁzuz;r.yz,l.ggg,smsq!sdsébistlayv/dnlay;!seﬁltgaroscy]phenyl-

yI)phenyIcarbo on
trans- 2, 3- bi §P MPZSX ‘Jof‘ymg?ﬁ"%henyl )

pyri mi di n-5-yl car bﬁﬁﬁé-@(,\a-blﬁi 44d|[6xaowlotyrlemyhéx9}d)qs]dhaayl4 [

8-acryl oyl o b I 1 ,4-di
Crans. 2. 5 b CAOSREISR BT axp Y 1aé*'r9|°a§%'ﬁ%e§ﬁﬁ ooyt 1o oxane: o
tC?lglnghSX%B%olcyCl ohtrams2 Bobis pky(4-[7-aar ml meheptylolx)y]phenyl-

OXYypro
cycl ohexyl ] e?hw?ﬂg &#Xéaﬁnc}gragxx 1I( fd r{é’ 4- di )cl)ganpy ns
3-bi s[4-(trans-4- Fealaew 13 I%Hrpﬂ%';ﬂ 9rae ﬂ?nyg@xﬂ&ﬁﬂ‘)élar bonyl oxy] - 1
, 4-di oxane; g Eémzjlaxwrmsdfoxahéwryl oyl oxypropyl ) cycl ohexyl ] -

echyl) gheny ﬁi‘&rﬁ?e 3 2 AHIAIA A TID-E BBk oxfjshenpict ©-2 9 o
' 10 carbonyloxy)benzyloxy] -1,4-dioxane;
- trans-2,3-bis[4-(4-[1 1-acryloyloxyundecyloxy]phenyl-
carbonyloxy)benzyloxy] -1,4-dioxane;
trans-2,3-bis[4-(4-[1 2-acryloyloxydodecyloxy]phenyl-
carbonyloxy)benzyloxy]-1,4-dioxane;
15 trans-2,3-bis(4-[3- acryloyloxypropyloxy]blphenyl -4'-
methoxy)-1,4-dioxane; '
trans-2,3-bis(4-[4-acryloyloxybutoxy]biphenyl-4'-
methoxy)-1,4-dioxane; .
trans-2,3-bis(4-[5-acryloyloxypentyloxy]biphenyl-4'-
20 methoxy)-1,4-dioxane;
trans-2,3-bis(4-[6-acryloyloxyhexyloxy]biphenyl-4'-
methoxy)-1,4-dioxane;
trans-2,3-bis(4-[7- acryloyloxyheptyloxy]blphenyl -4'-
methoxy)-1,4-dioxane;
25 trans-2,3-bis(4-[8- acryloyloxyoctyloxy]blphenyl 4 -
methoxy)-1,4-dioxane;
trans-2,3-bis(4-[9- acryloyloxynonyloxy]blphenyl -4'-
methoxy)-1 ,4-dioxane;
trans-2,3-bis(4-[10-acryloyloxydecyloxy]biphenyl-4'-
30 methoxy)-1,4-dioxane; :
trans-2,3-bis(4-[11- acryloyloxyundecyloxy]blphenyl -4'-
methoxy)-1,4-dioxane;
trans-2,3-bis(4-[12- acryloyloxydodecyloxy]blphenyl -4'-
methoxy)-1,4-dioxane;
35 ~ trans-2,3-bis[4- (5-[3-ac-ryloylo,xypropyloxy]pyrimidin-Z-
yl)benzyloxyl-1,4-dioxane;
trans-2,3-bis[4-(5-[4-acryloyloxybutyloxy]pyrimidin-2-
yl)benzyloxy]-1,4-dioxane; -



0.5 g of sodiumhydride and 50 m of tetrahydrofuran is stirred for 7

hours. 1.1 g of 4-(5-[8-acryl oyl oxyoctyl oxy]pyrimdin-2- yl)benzyl tosylate
are added and the m xture is stirred apqroom 20 tenperature overnight,
poured into 100 M of water and then extracted three tines with 50 m of

di ethyl eth 3L N fe1g3a)] W th
160 my 01? V\g.'[ e?agggéhgez rbgsf g(eg(;\;e%r aﬁg@sﬁjﬂﬁsﬁg& g]p ered arclg ¥Mhe
filtrate i s ybhemzylexyd: 1dndiﬁ1§ﬂbgfaph| c purification of the 25 residue on
silica gel with cy éﬁgezagl.qj, ¥45-5[(631a%r léyl@xylﬁa)@loéthymnidl'nd -

recrystalli zaﬁ rom c% .ohexane/ et acétate mxture (vol. 8:2) of
the fracti on¥ mﬁ%ﬁylﬁxé/]pllr {P¥8P8ing to th| n-1ayer chromatography gives

1.1 g of tyrans-2, ¥ransta;3Disp4-(5-[7-acryloyloxyheptyloxylpyrimidin-2-
aor vt ol oxy o S RIIT h dggsghpbenzyl o1 L L 4l oxane. S0 The
tcgfgznil gxsl) %(&r{a@sz}@-}b}y[ﬂxw [Braaryoylexyectydexy Ipyrimidin-2-
X
B At e B SERE e
car bonyl %/) RAYBahEyioxy]- ¥, 4idisRaAe;
trans-2,3-bis[4-(5-[10- acryloyloxydecyloxy]pyrlmldm -2-
yl)benzyloxy]-1,4-dioxane;
trans-2,3-bis[4-(5-[1 1-acryloyloxyundecyloxy]pyrlmldln -2-
yl)benzyloxy]-1,4-dioxane;
15 trans-2,3-bis[4-(5-[1 Z-acryloyloxydodecyloxy]pyrlmldln-Z-
yl)benzyloxy]-1,4-dioxane;
~ trans-2,3-bis[4-(5-[3-acryloyloxypropyloxy]pyridin-2-
yl)benzyloxy]-1,4-dioxane;
| trans-2,3-bis[4-(5-[4-acryloyloxybutyloxy]pyridin-2-
20 yl)benzyloxy]-1,4-dioxane;
trans-2,3-bis[4-(5-[5-acryloyloxypentyloxy]pyridin-2-
- yl)benzyloxy]-1,4-dioxane; :
trans-2,3-bis[4-(5-[G-acryloyloxyhexyloxy]pyridin-Z-
-yl)benzyloxy]-1,4-dioxane; =
25 trans-2,3-bis[4-(5-[7- acr'yloyloxyheptyloxy]pyridin-Z-
yl)benzyloxy] -1,4-dioxane;
trans-2,3-bis[4-(5-[8- acryloyloxyoctyloxy]pyrldln -2-
yl)benzyloxy]-1,4-dioxane;
trans-2,3-bis[4-(5-[9- acryloyloxynonyloxy]pyr|d|n -2-
30 yl)benzyloxy]-1,4-dioxane;
trans-2,3-bis[4-(5- [10-acryloyloxydecyloxy]pyridin.—Z-
yl)benzyloxy]-1,4-dioxane;
trans-2,3-bis[4-(5-[11-acryloyloxyundecyloxy]pyridin-2-
- ybhbenzyloxy]-1,4-dioxane;
35 trans-2,3-bis[4-(5-[12-acryloyloxydodecyloxy]pyridin-2-
yl)benzyloxy]-1,4-dioxane; o
trans-2,3-bis{4-(5-[8- acryloyloxyoctyloxy]pyrldln -2~
yl)benzyloxy]-1,4-dioxane;



trans-2, 3-bis[4-(4-]6- acryloyloxyhexyloxy] phenyl - car bonyl oxy) benzyl oxy] -1
, 4- dloxane 5 trans-2, 3-bis[4-(4-[7-acryl oyl oxyheptyl oxy] phenyl -
carbonyloxy)benzyloxy]-l ,4-dioxane; 22

trans- 2, 3- bi s[ 4- (4- [9 acryl oyl oxynonyl oxy] phenyl - carbonyl oxy) benzyl oxy] -1

R

acryloyloxyDNEHB l@x MH@H?F oxX¥ Q%¥8ABENzy| oxy] -1 , 4- di oxane;

trags 2| 3- bl);[4 (lérérlsfzia?-lbig r@éﬁ]—@ﬁemi’yloyloxypropyl]- _
car bonyl oxy) benzvl o I gxan

trans- g 3- %l§¥$ﬁ$§e§%$ Y6 VﬁH?Q@fEﬁﬁﬁ 6|5%éH9FaHe: nmet hoxy) -1 , 4- di oxane;
trans- 2, 35bi s(4- [4ransy2;3f-lb)s[/ p&‘ln‘aylls-4 E3mnr|}d@y)e>1ypmmlyﬂxane

Lé?ﬂzxi)BIbQESéBQiﬁg§D¥kR¥Q%§ é%*@ Pgﬁ?éyyﬁexyfoxy]blphen

5 uht
g}e:) Egm le , 4-di oxaaas Z;Mswscuﬂ_a f mrw aylaxymrapyllsygjohexy |
trans 2. 3. 312(4 [sraes%%' WOL%I%;%]WE#BE{%@T YIGRYRARYDT Z‘SI oxane.

10 cyclohexyl]ethyl)benzyloxy]-1,4-dioxane.



-4 30 met hoxy) 1

, 4- dloxane 11 acryloyloxyundecyloxy] bi phenyl -
nethoxy) 1 4- u 3 bi s(42B 1
2- acryloyloxydo euy 4' - nethoxy) 1 ,4-di oxane; 35

trans-2, 3-bis[4-( 5- [3 acryloyloxypr ] pyr|n1d|n 2- yI)benzonxy] 1
, 4- dloxane trans-2, 3-bis[4-(5-[4-acry oy oxybutyloxy]pyr|n1d|n 2-
yI)benzonxy] 1 ,4- dloxane 21 trans-2, 3-bis[4-(5-]

5-acryl oyl oxypent 11 oxy Copppouhds rof2the | én?eraylfoxmud 4- di oxane;
trans-2,3-bis [4-( 5-[6- acryloyloxyhexy oxy] pyr|n1d|n 2- yl)benzyl oxy] -1
, 4- dloxane 5 trans-2, 3-bis[4-( 5-[7-acryl oyl oxyheptyl oxy]
pyr|n1d|n 2- yl)benzyl oxy] -1 , 4-di oxaned3a¢ r.®ns- 2, 3-bis [4-(5

-[8-acryl oyl oxyoct yl oxy] pyr|n1d|n 2- yl) ﬁ?ﬂloxy] 1 , 4-di oxane;

trans-2, 3-bi s[ 4- (5-[ 9-acryl oyl oxynonyl.ox m di n-2- 10 yl)benzyl oxy] -1

, 4- dloxang trans-2, 3-bis[4-(5-[I O- acﬂyloyl xydecyloxy]pyr|n1d|d-2-
yI)benzonxy] 1 ,4- dloxane

wherein
Al and A2 each represent a cross-linkable, meso-
genic residue.
10 :
2. Compounds according to claim 1, wherein the
mesogenic residues Al and A2 signify residues of general
formula i '

gD
15 | | n . N

wherein
rings C and D each independently signify pyridine-
- 2,5-diyl, pyrimidine-2,5-diyl, trans-1,4-
20 - : _ cyclohexylene, trans-1,3-dioxane-2,5-diyi
or 1,4-phenylene optionally substituted
with halogen, methyl and/or cyano; |

Z1 signifies -CH2-(CH2)m-=, -(CH2)mO-,
: _ -O(CH2)m-, -CO0-, -00C-, -(CH2)mCOO- or |
25 -(CH2)mO0O0C-;
Z2 signifies a single bond, -CH2CH2-, -CH20-,
' -0OCH2-, -C0O0-, -00C-, -(-CH2)4- -O(CH2)3-
- or -(CH2)30-;
Z3 ' signifies -(CY2)m-, -O(CYz)m-, -(CY2)mO-,
30 -(CY2)mCOO0-, -(CY2)mOOC-,
B ~(Si[(CH3)210)m-,

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



trans- 2, 3- bi s.[lg Hﬂmmﬁyl oxyundecyl oxy] pyri mi di n-2- yl)benzyl oxy] -1

, 4-di oxane; 1 Iﬂ”'""l bis[4-( 5-[1

-2-acryl oyl oxydod“eonyhaxylpysl in-2- yb4oenzyl oxy] -1 , 4-di oxane;
‘trans-2, 3-bi s[4-(5-[3-acryl oyl oxypr opyl oxy] pyri di n-2- yl)benzyl oxy]-1

, 4-di oxane; transy2, 3-Dbi s[ 4- ( 55@1'@%@%&58 éh?%ﬂ"ﬂﬁb]‘i?ﬁér;i din-2- 20

yl ) benzyl oxy] -1 , 4-di oxane; trans
5-acryl oyl oxypent { oxy] pyri di n- 2 signifigsn 9yl i , 4-dioxane;
trans-2, 3-bi s[4- ([ 6-acryl oyl oxwignifieexa Iwbioledharibery bf tertoy | @5 ydnd.

U Dol e 21 Rlgi oxmaes > Yighifies™al Er8SENnRALRE Grally SPeheyr! ¢! - 2
trans- 2, 35bi s[ 4- (5-[ 8- acryl oyl oxstrugtiureyCHp=CH-H-CH25CHEROH, 0xy] - 1

, 4-di ot -2, 3-bi s[4-(5- : e ’
yl) b:a(rjl)z(glngxy] tin,s4- di OXIa?lEE; (51 %WQQKGMEYWD,YC%QG{@).@GOZ, 30

tzfag.s- 2, 3-Dbi ts[ 4- ( 5-2[ %Obacr yl oyl o@ﬂﬁ?(%‘i}rﬁQQT,chZE-CHnC)Q)QrEQ‘poxy] -1

e o 3 e 55 | SR ECA Loy OON

5-[12-acryl oyl oxydodecyl oxy] pyr |Cc|'|'21-§ 6T¢g yl ¢ Pr,‘)f-ctﬁ?wﬂa’ne;

t 2 figisbiéﬁgjl s[4- (5-[8-acryl oyl ox\CH3¥CORODR/)CH2-COO0Y, CHerlOH-O] - 1

’ ’ CH2=CH-0O0C-, Ph-CH=CH-, CH3-C(=NR")-,
cis,trans HOO-CR'=CR'-COO-,

cm |
H,C—CH- —CH-
\o 7 \ / CH=CH or
- _ y
CH=CH-COO- ;
15 \_/

Ph. signifies phenyl;

R' - signifies lower alkyl; and

R" signifies methyl, methoxy, cyano or
' halogen;

20 with the proviso that R1-Z3 contains no -0-O- or -N-O- groups.

3. Compounds according to claim 1 or 2, wherein the
mesogenic residues Al and A2 signify residues of general

formula |l |
25 _ - | :
e
n I
wherein | :
~ringsCand D each independently signify pyridine-
30 : 2,5-diyl, pyrimidine-2,5-diyl, trans-1,4-

cyclohexylene, trans-1,3-dioxane-2,5-diyl
or 1,4-phenylene optionally substituted
with halogen, methyl and/or cyano;
z' -~ signifies -CH2CH2-, -CH20, -CO0O-, -00C-,
35 -(CH2)4- or -(CH2)30-;



22 trans-2, 3-bi yl oxyoct yl oxy) phenyl ] - rimdin-5-yl
nmet hoxy] -1 , 4- dH!l]ﬂmen'nﬂamm 3-bis [(trans-4-(t ra]ns- Ely [3 -acryl gyl)
oxypropyl] - cycl ohexy'1 ) CycFohéxyl ) net pgxy] -1 , 4-di oxane; 5
tr alns4hZ, 3|— ;oi SL(][]ransl- 4-1 2-(trans-4-[3-acryl oyl oxypropyl ]-
cycl ohexyl ) et hyl ] egcl ohexyl ) net h 6 idi d - - - -
trans-2, 3-bi s[ 4- (?r ans-4-[ 3-acr yF lggép?ésapfaéw&{e szg:Hbzer’]é CHﬁzXOy_ 1
, 4-di oxane; trans-2,3-bisf4-(2-[T -‘A-Xq?ébr Vééﬁ'oxzé BMD) - {é 2)5 -
cycl ohlex%/l ] et IhyI %ben]zy{,\lﬁxy]_-l Al4oeli €M¥30-; Cains 1. Compounds of the
general fornmula r erein and.. eac resent '
cross-|inkabl e, éo- genic resi slanifieg Q(CYzhﬂ?rpgg{ﬁgz E’S'Fm%)mg-bl aim
'1, whereig the nesogenic residues(C¥z)hCO, [-€CYD)m0PCAy residues of
genersl - ~(Si(CH3)210)m

' -OCH2(Si[(CH3)2]10)mSi[(CH3)2]CH20- or

-NHCH2 (Si[(CH3)2]0)mSi[(CH3)2]CH2NH-;

o Y signifies hydrogen or fluorine;
10 n : signifies 0 or 1; |
' m . signifies a whole number of 1 to 16; and
Rl signifies a cross-linkable group of the

structure CHz=CH-, CH>=CH-COO0-,
CH2=C(CH3)-CO0O-, CH>=C(CI)-COO-,
15 - CH2=C(Ph)-CO0O-, CH2=CH-COO-Ph-,
o CH2=CH-CO-NH-, CH2=C(CH3)-CONH-,
CH2=C(Cl)-CONH-, CH2=C(Ph)-CONH-,
CH2=C(COOR')-CH2-C00-, CH2=CH-0-,
: _ CH2=CH-00¢C-, Ph-CH=CH-, CH3-C(=NR")-,
20 cis,trans HOO-CR'=CR'-COO-, .

H,C~CH R'C>_

~CH- | CH=CH-
\O/ , \ / or
Ri /== |
@—cmc&coo- ;o

Ph signifies phenyl;
25 R' signifies lower alkyl; and
R" signifies methyl, methoxy, cyano or
halogen; |

with the proviso that R1-Z3 contains no -0-O- or -N-O- groups.

30 4. Compounds according to claim 2 or 3, wherein the
mesogenic residues Al and A2 have the same significance.

5. Compounds according to claim 4, wherein the residues
A1 and A2 signify a residue of formula Il-a -
35



formula Il [err] wherein rings C and D each i ndependently signify
pyridine- 2,5-d Hﬂ& ,5-diyl, trans-1,4- 20

cycl ohexyl ene, mllmml mu -2, 5- dlzs or 1,4-phenylene optionally
substituted with hafog n, rret hyl and/ or cyano; [err] _ signifies
[err] [err], -COO-, - ] or 2 [err] [err}
S|gn|f|esa3|ngle bﬁmti { @ 00 O [err] or [err] [err
signifies [err] 30 z L ezrr] [err] [err] or [err] Y

signifies hydrogen or fluorine;, n signifies 0, Wl-& 2: m .
signifies a whole nunber -of 1.to 1 6; and [err] g signifies a

cross-1linkabl e grcwneggiﬁ he
| rings C1 and D1 signify pyridine-2,5-diyl, pyrimidine-2,5-

5 - - diyl or 1,4-phenylene optionally sub-
| | stituted. with fluorine;
Z11 signifies -CH2CH2-, -CH20-, -COO- or
: ' -00C-;
Z21 S|gn|f|es a single bond, -CHZO- -CO0-,
10 -00C-;
- Z3r signifies ~(CHz)m'-, -(CH2)m'O-,
~(CH2)m'CO0- or ~-(CH2)m'00C-;
m signifies a whole number of 3 to 12; and
R11 signifies CH2=CH-COO-, CH2=C(CH3)-COO0-,
s CH=CH-0- or -Hzc‘_O'CH'-

6. Compounds in accordance with claim 5,of the formula

/ 0—(CHa>m~0—®—zm@— I
0—(CHa)m—OOzm—©- 2" j

I-A
20
- wherein :
Z11 - signifies -COO0-;
zz1 signifies a single bond or -COO-,

especially -CO0-; and _
25 m ~ signifies a whole number of 3 to 12.



] 10 Hllllllﬂ!lllml :mr:m JfrEL;r%eéfL trans [err] [err] or 15 Ph -
signifies pheny $ =signifiegyzl ower alkyl; and R '
signifies nethyl, nethoxy cyano or hal ogen; 20 with the provi so t hat [err]

contai ns no =0-0- \ | )
CBanI c resf‘?b?aiqirr]dgﬁﬁp?@ﬂ%éo@ yjgg to claim1 or

-2, wherein the nmesog err] signity residues of
general formula 11 25 [err] mhereln rings C and D each i ndependently
signify pyridine- 30 2, 5- d|yI pyri m di ne-2, 5-diyl,

trans-1, 4- cyclohexylene ans-1 , 3-di yI or 1 ,4- phenylene
optlonally substituted -CH ‘43~<jfj;_

( 2)m \ /
| \ O—(CHg)m -0 \ z11

o] ~|I-B
5 wherein
o n signifies -COO-; _
Z21 signifies a single bond or -COO-,
especially -CO0-; and
m' ' _ sigriifies a whole number of 3 to 12.
10

- 8. Compounds according to claim 5 of the formula

o-(cl-ua),ﬂ -o-<: )—zm—@- I
L(o-(CHa)m -0<: ,)—z21 j

[-C
15 wherein
Z11 ‘signifies -COO-;
Z21 signifies a single bond or -COO-
| ) especially -COO-; and
m' . signifies a whole number of 3 to 12.
20

9. Compounds according to any one of claims 6 to 8,
wherein Z11 and Z21 signify -COO-.

10. A cross-linkable, liquid crystalline mixture -
25 consisting of at least.2 components, wherein at least one
' component is a compound of formula | defined in claim 1.



wi th hal ogen, methyl—andfor cyano; [err] .signifies [err] [err]
srcggfles a srng\\“m\““\!““?“‘\\“““rr] [Eg{] or [er[]CDC-,[eE]CHZ)Zf- Ceri] or

[err] [err] rgnisfiés [err] 5 [err] [err]
[err] or [err] Y signifies hydrogen or fluorine;

fies O 1, . ' n f , d
rerr] 0 T g i ross-tinkgBa indE Eryeeafin mﬁéuieréerﬁrém%er?{‘

[err] 15 to claim 10, which cofeging, ireraddifienrfo Gri2=0¢ CAORe )cathpodnds
G=CH O [ ¢ forfilila |, one or more compoundé Frém3®ie 'roupTof the O°°

5 formulae

O X (o) '
ﬂ

o-(_CHz)m,.o—@-coo-@ooc-—@-o—(cm)m--o»\\ -
\—4 - (CH)ar —O-coo-Qooc—@—o (CHg)m-O»_/

(CHz)t

| ﬂ O-(CHz)m-0 —@—coo{ﬁooc—@-o (CHZ),,.-QH v
\_(%- (CHz)m»o—@—coch;oc —Q—o-(CHz)m--%,,_// |

- | |
f%-(cng)m--o—O-cooooc;©-o-(cr-r2)',,.'--o»_\\ v
\_(\ - (CHRm —@—coo-Qooc@—o (cr-rz)m-o»_/

(CHz)t

K s N
. 0- (CHanr —@-coo 00c 4 V-0 - (CHam vi
'\_(\ (CHg)m-O—-@—COOQOOC—O-O (CHz)m-O»__/

(CHz)t :

(CHa)m-O—Q—COO AC§-=ooc —O—o (CHalmr -o)\_\ Vil



[err] Ph signifies phenyl; 25. R signifies

| ower ~al kyl ; signifies nmethyl, methoxy, cyano or :
hal ogen; with ﬂmm |M“"H"I|Iaut|“j err] CQIQZ ains no -0-0- or -N-O groups. 30
4. Conpounds atcdrditng™t o®cl a| m2 or 3, wher ein the nesogenic residues
[err] and [err] have the sapeysi gn|f| : Conmpounds according to
claim 4, whergi nOt-H{EHpasI -@ (@damofO mula 11-a
35 [err] wh [n rings [€TT] and[ S|gn| pyridine-g, 5-diyl,

pyri m di ne- 2, 5- or 4 phenyl ene opti onal |y
sub- stituted ¢th fluorinegs gnlfles [e -COO or
-O0C-; [err] / O—(CHYm—GHY

-00C-; [err] Si 0

, \XLO :
[err] m Vil

, | X

“and
z—@—s-—n
| X
5 .
wherein _ I
X signifies hydrogen, fluorine, chlorine,
bromine or methyl;
m' signifies a whole number of 3 to 12;
10 t signifies a’ whole number of 2 to 12;
Z signifies -OCH2- or -O0C-;
A signifies 1,4-phenylene or 2- or 3-fluoro-
_ . 1,4-phenylene;
S signifies -(CH2)m'- or -(CH2)m'O-; and
15 R - signifies CH2=CH-COO-, CH2=C(CH3)-COO0-,
CH,=CH-O- or HZCBCH'

12. The use of compounds according to any one of claims 1
to 9 in their cross-linked state for optical components.
20 . .



[err]., rr [err] or [err] 15 6. Conpounds in
accordance W tmm'ﬁﬂ“'ﬂﬁm" forrrul a 0 [err] [err] 20 wherein signifies
-C0O-; 721 s a singlge bond or -COO-, especially -COO;
and 25 : signifies a whole nunber of 3 to 12. 27 7.

Compounds accor di g, o g ¢ 8 Gl 16U dStiine migSe.

[err] |gn|f|es- ond or
- COO-, espec?&ﬁf:’?é claim ﬂdo or 11 in thelrsP&PﬁS‘i'@ked shaseef <Prl'urrber of 3

to 12. 10  optical components.



8. Conpounds according to claim5 of the formula [err] [err] 15

wherein [err] signifies -COO; [efTlils SHEET HAS BEBNGnifies a
single bond or -COO, especially rCOOL31and Ny REPLACED sigriifies a
whol e nunber of 3 to 1 2. 20 9. Compounds aeeer +o—ary—adne of cl ains

6 to 8, wherein [err] and [err] signify -COO. 10. Acros?ﬁ%ﬂ&iqmd
crystalline m xture 25 consisting of at |east 2 conponenfs erern at

| east one conponent is a conpound of fornula | defined in claiml. 11. A
cross-linkable, liquid crystalline mApstgagecording to ¢laim 10, which
contains, in addition to one or nore conpounds of forrmula I, one or nore
-conpounds fromthe group of the 5 fornulae [err] [err] [err] [err] [err]

5 The present invention is concerned with photo cross-

linkable liquid crystalline compounds_ of the general formula

A?I 0j
A'” 0

10 ~ wherein
A1 and A2 each represent a cross-lmkable, meso-
genic residue,
Ilqwd crystalline mixtures which contain such compounds and
their use in the cross-linked state as optical components.

15
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= — Bag Lafavcdalvizd vl Qi
10 & *™Jerr] [err] - [err] [err] [err] and [err] 5 wherejn qu  n sl 100

si grii f-i es. hydrogen, fluorine, chlorine, bromne or nethyl; n S 1TIAN B
signifies a whole nunber of 3 to 1 2; 10 t sijgnifies a

whol e nunber of 2 to 1 2; Z signifies [err] or -QOC; A

signifies 1,4-phenyl ene or 2- or 3-fluoro- 1 ,4-phenylene; S i —

si gni fies [er phiogd-EROEE-AINKABLE LIQUED CRYSTALLINE mqnntommrs]-nfcn.r-]
[err] or 12. pBerya@r¢Esconpounds according to any one of clains 1 to 9 in
their cross-lIinked _state for optical conponents. 20

The present invention is concerned with photo cross-
5 linkable liquid crystalline 1,4-dioxane-2,3-diyl derivatives,
liquid crystalline mixtures which contain such compounds and
their use in the cross-linked state for optical components.

Photo cross-linkable liquid crystals, which are provided
10 with a suitable amount of a photo initiator, can be oriented on a
substrate or in a cell by suitable orienting layers or in a field and
can then in this state be cross-linked by irradiation with light of
a suitable wavelength. The structure thereby produced remains
“ even at high temperatures. Thus, optical components such as, for
15 example, wave guides, optical grids and filters, piezoelectric
cells and cells having non-linear optical (NLO) properties, etc.,
can be produced. Such optical components can be used, for
“example, for frequency doubling (SHG) or in colour filters.

20 Further properties such as, for example, the birefringence,
the refractive index, the transparency, etc. must fulfil different
requirements depending on the field of use. Thus, materials for
-optical filters should have a strong absorption in a direction
perpendicular to the filter surface. :

25

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

30 modulus in the longitudinal axis of the fibre, reduces the thermal
expansion coefficient and avoids microdistortion losses. This
leads to an increased mechanical stability.

The photo cross-linkable liquid crystals must have a good
35 chemical and thermal stability, good solubility in common
solvents and a good stability towards electric fields and electro-
magnetic radiation. They should have a suitable mesophase in a
temperature range of about 25°C to about +100°C, especially of -
about 259C to about +80°C. Moreover, it is important that the



T —

13. . Th& use of cross-linkable liquid crystalline mxtures ag PLAQENEQHTSHEET-

claim 10 or 11 in their cross-linked state for optical conpgnent s.
' : 31 J; 1997

31

PHOTO-CROSS-LINKABLE LIQUID CRYSTALLINE 1,4-DIOXAN-2, 3 DIYL-
DERIVATIVES .

A.b.sn:as_.t

5 The present invention is concerned with photo cross-
linkable liquid crystalline compounds of the general formula

be
Al o

10 - wherein .
Al and A2 each represent a cross-linkable, meso-~
| genic residue, '
liquid crystalline mixtures which contain such compounds and
their use in the cross-linked state as optical components.
1S5



