Gptically active smectic photo-cross-linkable Liquid Crystals The present
invention is concerned with optically active, ferroelectric, smectic
photo-cross linkable liquidcrystals, lliquid crystalline m xtures which
contain such conpounds as well as their use in the cross-linked state in
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Apphcatlons CH 2016/94 and_CH 2017/94 Thus, optical
components, such as, for example, wave guides, optical screens
and filters, components having piezoelectric properties and those
having non-linear optical (NLO) properties, etc., can be produced.
Such optical components are used, for example, in frequency
doubling (SHG).

Further properties such as, for example, the birefringence,
the refractive index, transparency, etc. must fulfil different
requirements. depending on the field of use. For example,
materials for frequency doubling (SHG) should have a strong
‘coupling between the direction of maximum hyperpolarizability
and the polar axis in order that the degree of efficiency of the
signal doubling is high.

Moreover, the photo-cross linkable liquid crystals must
have a good chemical and thermal stability, good solubility in
usual solvents and a good stability towards electric fields and
electromagnetic radiation. Furthermore, they should have a
suitable mesophase from about 25°C to about 100°C, especially
from about 25°C to about 80°C, for example they should have a

- broad chiral smectic mesophase for the applications referred to
above.
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sui t abl e mesophase from about [err] to about [err], especially from about
[err] to about [err], for exanple they should have a broad chiral snectic
nmesophase for the applications referr@l to above. 2 Since liquid
crystals are usually used as m xtures of several conponents, it is
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phot o- cross the SHG signal. On the other hand networks in which the active
components are incorporated permit high concentrations of these
15 active additives. At the same time, the orientating relaxation is
prevented by the fixation in the network. Blue or green light can
be produced by using in such networks colouring substances which
absorb at the wavelength of the SHG light generated by a laser
~ diode. Such networks have the disadvantage that usually they do
20 not have sufficient long-term stability.

There is accordingly the need to produce photo-cross
linkable contents which satisfy the aforementioned requirements,
can be structured, have an excellent thermal stability and long-

25 term stability and a high SHG degree of efficiency.

The present invention now provides compounds which are
outstandingly suitable as single components or as components of
such liquid crystal mixtures. These are compounds of the general

% formula
. AS I
wherein
35 Al, A2 each independently signify a cross-linkable

mesogenic residue and
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| i nkabl e contents which satisfy the aforenentioned requirenents, can be
structured, have an excellent thermal stability and long- 25 termstability
and a high SHG degree of efficiency. Bhe present invention now provides
conmpounds whi ch are outstandingly suitable as single conmponents or as

~conponents of sugBliquid e
- general 30 forrrulqga[err] Céi 2##53?!?‘%@%19}7"?&%@(3“ gg{?gggg{ﬂd@

signify a cross-Ilinkable nesogenlc resi due and 3 A3 signifies an
optically active Theasmeso eniceeross-linkablerresiduds At and A2nkahlber esi dues

known o a SiErEAn ierhe eéﬁf‘ﬁm M¥solnic PRSI BE KA 27,1 ¢
Fl ussi gk5| stpersoni skilfedein the axuansdhare \descailpeid,rforr exampie; imdustrie
Lei pzi g, ﬁ%ﬁ’@kt‘iﬁaﬂé in F‘-éﬁaﬁ{‘ f ﬁed@%h@?oy’é @%em c residues to be

suitable fo Ove purp rovi rmnaIIy with a

pol yner i zabl@ungstatfind l;lﬂ"!ﬁ heipzige taﬁﬂoumlyme. lhcdor ardee fartthe ne
| nvention orkriohn Imasegenies résidaes to Ibreedu&gb ifér &h@sﬁbo%%uﬁiﬁb@e

B i ket atioh i A
| ayer 19015 produced
Since the compounds in accordance with the invention or
their mixtures have a tilted smectic phase, they can be directed
by the application of an electric field prior to the cross-linking.
The pitch is thereby unwound and a uniform, ferroelectric layer is
15 produced.

Preferred compounds of formula | are those in which the
cross-linkable, mesogenic residues Al and AZ are the same and
signify residues of the formula

20
(D4
' n II
wherein
~ringsCand D each independently which signify 1,4-

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

30 Z1 signifies a single bond, -CH2CH2-, -CH20-,

: -C00-, -00C-, -(CH2)4- or -(CH2)30-;

z2 signifies a single bond, -CH2CH2-, -CH20-,
-OCH2-, -CO0-, -00C-, -(CH2)4-, -O(CH2)3-
or -(CHz)30-;

35 Z3 signifies -(CH2)m-, -(CH2)mO-,

-(CH2)mCOO0- or -(CH2)mO0C-;



Preferred conpounds of fornmula | are those in which the cross-1linkable,
mesogeni c residues [err] and [err] are the sane and signify residues of the
formula 20 [err] wherein rings C and & each independently which signify
1,4- 25 phenyl ene, which is optionally substituted

wi th hal ogen, mephyl and/or cyag;gmﬁégl g 5? 12 5 diyl, pyr| m di ne- 2,
- 5-diyl, trans-1  4-cyclohexyl ene.or .trans- xanefzI ey isylénd%

[err] M signifies a §!9f5f'@sb%r%hdle[ @PP] &rep
[Si gni fies 0 or 1RTm y gnifiesf Eeer@ssMinkablmr%wup)fsmu @sl6; and
~Jerr . signifies a c n su
net hacryl ate, 2-chl o?oacryl at e, 5@??(3% ﬁ%t‘ﬁa% %ﬁe -06%ﬁ§§$%| at e,
acryl oylphenyl ene, acryl am de, Repheaylacnylaite, 2qrytoylphemydeneyi de, epoxy,
itaconic acid ester, vinyl et he%cr)\/fa'm#deesméthaséryi%‘?déiec? :bhé’f@y jve, maleic
e

acid derivative or fumaric 10 lve or a
~cinnam ¢ acid derivative, whichaceylaplidenepgxyuitacaniccacid ester,

vinyl ether, vinyl ester, styrene deriv-
ative, maleic acid derivative or fumaric
10 acid derivative or a cinnamic acid
| derivative, which is optionally substituted
with methyl, methoxy, cyano and/or
halogen.

15 In the compounds of formula | the optically active,
mesogenic residue A3 preferably signifies a residue of the
general formula :

—z«-{@zs}:@zsk@na

wherein
rings E and F each independently signify 1,4-phenylene,
which is optionally substituted with
| halogen, methyl and/or cyano or pyridine-
25 ' 2,5-diyl, pyrimidine-2,5-diyl, trans-1,4-
cyclohexylene or trans-1,3-dioxane-2,5-
diyl;
ring G signifies 1,4-phenylene, which is unsub-
stituted or mono- or disubstituted with
30 halogen, methyl, dimethylamino, amino,
nitro and/or cyano;
Z4 signifies a single bond, -(CH2)p-,
'(CHZ)pO", 'O(CHZ)p", '(CHZ)pCOO',
- -00C(CH2)p-, -(CH2)p00C-, -COO(CH2)p-,
%5 -00C(CH2)p00C-, -O(CH2)p00C- or
_ ~COO(CH2)p0- ;
Z5,Z6 signify a single bond, -CH2CH2-, -CH20-,



with nethyl, methoxy, cyano and/or hal ogen. In the conpounds of formula I
the optically active, nesogenic residue A3 preferably signifies a residue
of the general formula [err] wherein iings E and F each independently
signify 1, 4-phenyl ene, mhlch is optionally substituted with hal ogen, nethyl

and/ or cyano or ridine- 2,
pyri m di %e- 2, 5-d=0§| trans- 1 4- QﬁH%Hexgl?Qne QPQFaM% o] 8<( r%z)z’i 5-

diyl; ring G _ signifies DM-(@HZMQ’ﬂe which is unsub- stituted or
nono- or disubstigfuted with 30 /squ,es a whoIe n mber it ¢ 1 6%t hyl ,

di et hyl am no, amno, nitro and/¢ ? 351 i qu es Si ng e bond,

-(CH2) p-, [err] TS si gni. fy SIGRIFY; OMhdh@ err] 5 [err] or [err] p

Sélz gnifieg a whol glml;r?leresognlot %ndrg?liesr anfoptlcally actlvé'hggdgﬁ §u@h :-is and 5
(R) - 2- but yl oxy, (S)g- or (R-2- p P’(ﬁfi% t%i )P fg (é)s
pentyloxy, (S)- or (R)-2- hexyloxy, (S)- or
(R)-2-heptyloxy, (S)- or (R)-2-octyloxy or
alkyl, alkoxy or alkanoyloxy with 4 to 8
10 | carbon atoms, which is substituted with
methyl, methoxy, cyano and/or halogen.

The term "1,4-phenylene, which is optionally substituted

with halogen, methyl and/or cyano," signifies in the scope of the
15 present invention 1,4-phenylene, 2-fluoro-1,4-phenylene, 3-

fluoro-1,4-phenylene, 2,3-difluoro-1,4-phenylene, 2-chloro-1,4-

phenylene, 3-chloro-1,4-phenylene, 2,3-dichloro-1,4-phenylene,

2-cyano-1,4-phenylene, 3-cyano-1,4-phenylene, 2,3-dicyano-1,4-

phenylene, 2-methyl-1,4-phenylene, 3-methyl-1,4-phenylene and
20 the like. -

The term "1,4-phenylene, which is unsubstituted or mono-
or disubstituted with halogen, methyl, dimethylamino, amino,
nitro and/or cyano," signifies in the scope of the present

25 invention 1,4-phenylene or, for example, 2-amino-5-nitro-1,4-
phenylene, 5-amino-2-nitro-1,4-phenylene, 2-dimethylamino-5-
nitro-1,4-phenylene or 5-dimethylamino-2- mtro-1 ,4-phenylene
and the like.

30 Halogen stands for fluorine, chlorine, bromine and iodine,
especially for fluorine or chlorine.

The term "alkyl, alkoxy or alkanoyloxy with 4 to 8 carbon
atoms, which is substituted with methyl, methoxy, cyano and/or
3 halogen," signifies in the scope of the present invention optically
active alkyl, alkoxy or alkanoyloxy groups such as, for example,
(S)- or (R)-2-methylbutyl, (S)- or (R)-2-methylpentyl, (S)- or
(R)-2-methylhexyl, (S)- or (R)-2-methylheptyl, (S)- or (R)-2-



pentyl oxy, (S)- or (R)-2-hexyloxy, (S)- or (R)-2-heptyloxy, (S)- or
(R)-2-octyl oxy or al kyl, alkoxy or al kanoyloxy with 4 to 8 10

carbon atons, which is substituted w gh nethyl, nethoxy, cyano and/or
hal ogen. The term "1, 4- phenyl ene, which is optionally substituted with
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Preferred compounds of formula | are therefore the
15 compounds of the general formula

Q;@— 2t

20 wherein the symbols have the aforementioned significance.

The mesophase type of the compounds of formula I-1 in .
accordance with the invention can be influenced by varying rings
C, D, E and F. Thus, aromatic rings are more inclined to produce

25 smectic phases. Preferably, rings C and D each independently
signify 1,4-phenylene, 2-fluoro-1,4-phenylene, 3-fluoro-1,4-
phenylene, pyridine-2,5-diyl or pyrimidine-2,5-diyl, especially
1,4-phenylene, 2-fluoro-1,4-phenylene or 3-fluoro-1,4-
phenylene.

30 _ .

Rings E and F in the compounds in accordance with the
invention preferably signify 1,4-phenylene, while ring G prefer-
ably signifies 2-amino-5-nitro-1,4-phenylene or 5-amino-2-
nitro-1,4-phenylene.



énet hoxybutyl, (S)- or (R)-2-nethoxypentyl, (S)- or (R -2- nethoxyhexyl,
(S)- or (R -2-nethoxyheptyl, (S)- or (R -1- cyanobutyl, (S)- or
(R)-1-cyanopentyl, (S)- or (R -1-cyanghexyl, (S)- or (R)-1-cyanoheptyl,
(S)- or (R -2-cyanobutyl, (S)- or (R- 5 2-cyanopentyl, (S)- or
(R) -2- cyanohexyl 1Es$>'&:ialﬁf prefe SGRLE! of (fakmuta ICT) afe 'carprobut vl
S)- or (R-1-fl Lyl S -, =1 h -
1701 b RN 2 Sifls e R0 30 0Kk Booropenty
S)- or (R sighifiesr ahsingle tiéhd, SCHORHZ-, JCH50he 00
ERg-l-r:hl(oz %@l |, r(aS)sif{‘yoer I?GI% 10Héﬁcllor%*géeﬁtyr9ﬂ(H -(S)cs:r " or
(R -1-chloro %{T-, (S)- or (R -1-chloro- heptyl, (S)- or (R -2-chlorobutyl,
(S)- or R -2-chloropentyl, (S)- or (R)-2-chlorohexyl or (S)- or

R) - 2- chl or ohept y ; | ¢ f f I
gh)erefore t he irl:zﬁl%co ofj'? %@Fﬁ%&eﬁ'ﬁéﬁuﬁggﬁﬁf%@d&%%é a\r/\,ﬁerein
the symbol s residue ' signdies:a i gethagiylate, TRechloreacsylateypé-of the
conpounds ofpHemylubeylatd, idcrsio He hadriyfamidenirethaerylamidef | uenced
by varying rjngs C, D E and E.._Thus,. aio tiC rings %re m%re inclined to
produce 25 2'5'93@{‘&'&3 lamide, pepOXY, YRy rq%' CY'QXEQ§ Ehc RUYHRRSendent | y
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ridine-2, [ or =2, b C - ne,
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conpounds i pPhatos icallyi after erientation of the compounds of formula |

in a field.

15 Acrylate, methacrylate, vinyloxy and epoxy are especially
preferred residues R1.

(S)- or (R)-2-Butyloxy, (S)- or (R)-2-pentyloxy, (S)- or (R)-
2-hexyloxy, (S)- or (R)-2-heptyloxy and (S)- or (R)-2-octyloxy
20 are preferably used as optically active residues RZ2,

Preferably, the mesogenic residues A! and A2 are the same
and signify a residue of formula Il in which n = O such as, for

example
R11—Z31—@—211_

25 - . II-a
wherein
R11 signifies acrylate, methacrylate or epoxy;
Z31 signifies -(CH2)¢-, -(CH2)t0-, -(CH2)¢COO- or

30 -(CH2)+00C-;

: t signifies a whole number from 4 to 12;

ring C1 signifies 1,4-phenylene, 2-fluoro-1,4-phenyl-
ene or 3-fluoro-1,4-phenylene; and
yAR signifies -CH20-, -COO- or -0O0C-.



i nvention preferably signify 1,4-phenylene, while ring G prefer- ably
signifies 2-amno-5-nitro-1 , 4-phenyl ene or 5-am no-2- nitro-1

, 4- phenyl ene. 35 7 Especially prefarred conpounds of fornmula | -1 are
com pounds in which [err] signifies Ferr] or [err] and [err] signifies a

Formuia 11 the F’tifeg’aeﬁf ﬂ‘f é&W@@@C*@%@%sFA@f Aldrfiflef | ot Of

2- chl or oacr joemula Ml suehasacfon gxampler yl oyl phenyl ene, acryl ani de,

styrene 10 derivative, nmaleic acid derly@mlve or funarlc acid derlvatlve
~and the |like. These ane_thus rgsfdues whi an be cross-1|inked

phot ochemi cal | y after Nt algflop

Acryl ate, met hacr Y at 4 y / cially preferred

residues [err]. (S)- &r—TtR) -2-Byty y, (9p (R -2-pentyl oxy, (S)- or

preferably used as optically active residues R2. Preferably, the nmesogenic
residues_[err] and [err] are the same and signify a residue of fornmula 11

met hacryl am de, 2-phenyl acryl am de, epoxy, vinyl ether, vinyl ester,

HOf formula | in a field.
(R - 2-hexyloxy, (S)- or (R)-2- geptyl oxy and (¥Oz2or (R)-2-octyloxy 2qI- fre
in which"n = 0 such as, for exanple

wherein
R2 signifies (S)- or (R)-2-butyloxy, (S)- or (R)-2
pentyloxy, (S)- or (R)-2-hexyloxy, (S)- or (R)-2-
heptyloxy or (S)- or (R)-2-octyloxy;
10 r, s signify O or 1;
Z41 signifies -CH2CH2CH2-, -OCH2CH2-, -CH2CH20-,

-COOCH2-~ or -CH200C-;
Z51, 761  signify a single bond, -CH2CH2-, -CH20-, -COO-,
' -00C, -(CH2)4- or -(CH2)30-; and
15 rings E! and F1 signify 1,4-phenylene.

Quite particularly preferred compounds of formula I-1 are
therefore the compounds of the formula

O . o)

/ o: —(CHZ),-o—O—coo' ooc-O—o—(cm),-oj N\
) HaN

20
1-2
wherein
t is a whole number from 4 to 12,
R2 signifies (S)- or (R)-2-butyloxy, (S)- or (R)-2-
-] pentyloxy, (S)- or (R)-2-hexyloxy, (S)- or (R)-2-
heptyloxy or (S)- or (R)-2-octyloxy;
zZ41 signifies -COOCH2-; and

Z51 signifies a single bond, -COO- or -OOC-.



ferr] 25 wherein [err] signifies acrylate, nmethacrylate or epoxy;

[err] signifies [err] or 30 -(CH2)tOOC-; t
signifies a whole nunber from4 to 12gring [err] signifies

1, 4- phenyl ene, 2-fluoro-1, 4-phenyl- ene or 3-fluoro-1, 4-phenyl ene; and
[err] 'signifies [err] or [err]. 35 8 Preferably, the nmesogenic

residue A3 signifies a residue of formula Ill such as, for exanple H2N

[err] 5 wherein [lde compoundsiafngeneral rmula (m _acdordanceywithstheor

(R)-2 pe“tY'lﬁYé’ntlbﬁ) aré'very) r@a&i@‘ﬁd@é‘ésutf@ %alﬁg tedrPbe or (S) -
or (R-2-o0c 8 é signifies
[err] [err] F%P H Pﬁ] 'n Pemafmer I‘sﬂ%ﬁ‘fRﬁra §4ﬁ @ qusly %% [err];
and 5 the methods illustrated in Schemes 1 and 2 as well as in the

Examples. |

The mesogenic residues of formula Il and Il are known or
are analogues of known structures and can be prepared in a
10 manner known per se and subsequently linked with the aromatics.

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

In the Schemes the symbols have the significances given'-
above.



i% rings [err] and [err] signify 1,4-phenylene. Quite particularly
preferred conpounds of forrmula | -1 are therefore the conpounds of the
formula [err] wherein is a whole mmﬁ@'frmn4to 12; signifies (S)-

(R -2-butyloxy, (S)- or (R-2- 25 pentyloxy, (S)-
(R -2- hexylg%%fgé§i- or (R -2- heptyloxy or (S)- or (R)-2-octyl oxy;
signifies - -y and [err] signifies a single bond, -COO or
- OCC- . 9 The conpounds of general formula [ Nn accordance with the

invention are very readil y=accessi bl e synt el and can be produced in
a manner known per se, ' . A2he net hods
illustrated in Schene@ 1 S anpl es. The nesogeni c
residues of formula 11 and Il are known or are anaHﬁ@ues of known
structures and can be prepared in 10 manner known per se and
subsequently linked with the aromafiRGC/DMARyal | anount of BHT
(2,6-di-tert.-butyl -4-net hyl - phenol c-!"ZCt!RJtyIhydroxytoluene") is adm xed in
each step in order to stop undesirgd thermal cross-linkage. 15 In the

Schemes the synbols have the significances glven above.
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10 Schene 1 [err] Schenme 2 [err] 12 The conpounds of general fornula
| in accordance with the invention are readily accessible synthetically and
can be produced, for exanple, in a mppner known per se fromoptically
active al cohols (derivatives of formula 111) and bi s[ 2, 5- bi s(4-[n-

acryl oyl oxyg&lck¥hfex®) ] phenyl car boxy) benzoi c acids. The esteri- fication can
be effected, for exanple, in the presence of N, N - dicyclohexyl carbodiim de
(DCC) and 4-(di et hyl am no) pyrishne (DVAP) in dichl oronmethane or anot her

sui tabl e sol vent such as e.dO Pbf orm 10 Further, conpounds of formula
| can be produced by firstly etherifying 4-benzal dehyde with

[err]-hal o-1-al cohol derivatives, reducing the al dehyde with sodi um

bor ohydride to the benzyl al cohol derivative of fornula 11, etherifying
this derivative with

HO(CH,)Cl | K,CO3/CH3COC,Hs

HaN
HO(CHg)p—O-OH + HOOCR2
NO2

DCC/DMAP | CH,Cl,

' HaN
HocHzo—~{ Y-o0c n2
' NO2

+

O COOH

75 —(CHz)t—O coo-@-ooc —O—o—(cr{z). -o)_\

DCC/DMAP CH,Cl;

o COO(CHg).O—Q-OOC n2
70— (cHaco—)—coo Gooc —O—o-(cnz).—o)’_\ NOe



15 2, 5-di hydoxybenzal dehyde in a M tsonobu reaction, then esteri- fying
with acrylic acid, oxidizing to the correspondi ng benzoic acid with Jones'
reagent and subsequently esterifyingq@th optically active al cohols
(derivatives of formula 111) as described above. 20 The optically active

aconot s (der] VatheTothobhay, ot bkherSEfoltub FIA'Rbordainc® Wit the' oM
the esterificatiqgn produ 4-h benz e

4-[ 4-(2-am r\BV%nHPFr are. ﬂ9@§)¥230§¢§§|&éyﬂ)ﬂ?&@}!q 'Uelai'd @%‘cb@s by reductlon
wi t h sodi umgredacedd foryakariple Aﬁwmnnercmhnéér de fromoopeicall

hono. est o | AGUHE Qlegﬁghyiﬁswasw;a o Sorshffa i, 4’ isP2 ¥ isca- b
4- (n-acr yl oydovyloylexyalkyloxy)] phenylcarboxy )benzoibeacidsoesThe esterihen agai n

Grester o fﬁf#. on%“ﬁh. §f"s@é§§eb‘b"y‘%%@‘ﬁﬁ’s’h"ﬁ%ﬁ%%&saéf N orres.

pondi ng asydieyelohexylcarhadiimide {DGCYyandy4+r{dimeathylpming)pyridine

car boxy) ben [ I
(dertvat vewf” f ofr'rﬂl dieniGronietsiier roatothdrbahale soivetit Shch™as ¥ 6
sone extent CCBRFRIAIMY |y avail abl e. 13 The conpounds of fornula | can be

used as jpi ngl e compounds or in the formof mxtures with one another and/or
with other Tiaquig gryst ko cOuRARRNLE fotmula | cdf e 'SHdcfictiey By hiidly
etherifying 4-benzaldehyde with w-halo-1-alcohol derivatives,
reducing the aldehyde with sodium borohydride to the benzyl
alcohol derivative of formula ll, etherifying this derivative with
15 2,5-dihydoxybenzaldehyde in a Mitsonobu reaction, then esteri-
fying with acrylic acid, oxidizing to the corresponding benzoic
acid with Jones' reagent and subsequently esterifying with

optically active alcohols (derivatives of formula [lI) as described

~ above.
20 .

The optically active alconols (derivatives of formula i)
can be prepared, for example, from the esterification product of
4-hydroxybenzaldehyde with 4-[4-(2-amino-5-nitro-4-[(S)-2-
alkyloxy]phenyl)-benzoic acids by reduction with sodium boro-

25 hydride.

Asymmetric compounds, i.e. compounds in which residue A'
and residue A2 are different, can be produced by mono-esterifying
2,5-dihydroxybenzaldehyde with a 4-(n-acryloyloxyalkyloxy)-

3 benzoic acid to the monoester and then again esterifying with
another 4-(n-acryloyloxyalkyloxy)benzoic acid to the diester.
Oxidation of this diester with Jones' reagent gives the corres-
ponding asymmetric [2,5-bis(4-[n-acryloyloxyalkyloxy)lphenyl-
carboxy)benzoic acid which is subsequently reacted with an

% alcohol (derivative of formula lll). The starting materials are
known and are to some extent commercially available.



I nvention contain at |east two conponents, of which at | east one conponent
Is a conmpound of formula |I. A second conponent and optionally additional
conponents can be conpounds of formufg | or other known liquid crystalline
conpounds havi ng photo-cross 10 |inkabl e groups. Additional chiral

S0l Lo 111y of 't hd T RTTGHS of Foffuld| "ath be US4 "4 Shigert 'ﬁaﬁ‘r o
mi sci bil i tyommhthmefom gfomixtures witfopnenanother and/@ﬁtw sheds of

formula | i figuit épygtgr wmpopéAes.dance with the invention can be high and
can anount to 100 Wwt.% The m xtures in accordance with the invention

preferably 20 contain, in addition to one or nore conpounds of formula I,
one or npre conpdiheddiquicdrerystallineumixturesinuadsordande withethe forml ae

o 10 hnd yirYaion GOl at. lexsintFortampotiaiits, oF which 4t°1648T Ghe' " ¢
component is a compound of formula . A second component and
optionally additional components can be compounds of formula |
or other known liquid crystalline compounds having photo-cross

10 linkable groups. Additional chiral components can ailso be present
in the mixture.

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

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

(o) X . o) :
/ O—(CHg).—O-O—COO—Q—OOC—O—O—(CH;),-O \
v

oo )-eo Q oeO)romnn-o, s

(C*'lz)q

e o—O— 5 —Q—O—(Cliz):—o)—\ 1.



5 The production of the conpounds of formula | as well as liquid
crystalline m xtures containing these conpounds are illustrated in nore
detail by the follow ng Exanples. C gignifies a crystalline phase, S
signifies a snectic phase, N* signifies the chiral nematic phase and |

signifies the isotropic phas  ac" 10 gnifies ternating current and
"dc" signifigs dD~edCHEHO: (00} -] ) Oﬁ(cug)h— sefd mrror
i mge properSFe(‘, i.e. the mel ti ng—Roi nt et®&—=¥ but | ead tgQf opposite
hel i cal rotation®nd opposite circul ar pol #Pzation of the refl®cted |ight.

15 Exanple 1 0.@ g of

N, N - di cycl odi cycl ohexyl car bodi i m de was ded at roomtenperature while
stirring to a solution of 0.6 g of 2,5-

bi s(4-[6-acryl oyl oxyhexyl oxy] phenyl car bo enzoic acid, 0.4 g of 20
4-[4-(2-ami no-5-nitro-4-[(S)-2-octyl oxy] - phenyl ) benzoyl - oxy] phenyl nmet hanol
and 0.04 g of 4-dinethylam nopyridine in m of dichl oronet hane. The
reaction mxture @as stirred at room tenper®e0re overnight, pouied into 100

m of water qu—{hen extracte ree ti wi th 5Q of dichlor t hane
each 25 ting" T@—d%hfe'p@' @ QG ‘& O (GO of Wat er
each tine, dried over nagnesi sul phat €7 IX
concentrated. Chromatographic purification of the residue on silica gel

iltered=a@nhd subsequently
wi th hexane/ethyl acetate (vol. 1:1) and two-fold recrystallization from
acetone of the fractions which 30 were pure according to thin-I|ayer

chromat ogr aphy gave 0.4 g of
(4-[4-(2- ani Qo- SOR{CH) 40l Qgd c OayGHRoNY | Y- et hyl
2, 5-bi s(4-[6- | oyl oxyhexy ] phenyl ar boxy) oate; mp. 6 - 1)
5
o)

[err], Sc*-Nt, [&r], cl.p. (N-1) [err].

N
CHalg
o’

. .
% o—(cuz).-o-O— co0 ooc—-C)—o—(cwz),--oJ \
T VIII

N 0—(CH2).-O—C>— coo ooc—O—o—(cng).—o, /
o o) o
_ HN

\
CHz)q
W

' H
(o) 0 o
/ o—(cuz).-o—O—coo ooc-O—o—(cnz).-o} \
5 IX
R o—(cH,).—o—O—coo—Qooc—O—o—(cuz).—o. /
' o)

° CHalg.

0 o '
5 —(cuz).-O—-O-coo ooc—o—o—(CHz)r-O" \ <



The (4-[4-(5-am no-2-nitro-4-[(S)-2-octyl oxy] phenyl) -
benzoyl oxy] phenyl ) net hanol used as the starting material was prepared as
fol |l ows: 16 a) A mxture of 0.185g of sodium borohydride and 15 m of
water was treated dropwise at [err] wmth a solution of 0.8 g of 4-

[4-(2-am no-5 -nitro-4-[(S)-2-octyl oxy] phenyl) benzoyl oxy]- 5 benzal dehyde
in 100 mM of dioxan. The reaction mxture was stirred at éerr] for a

further 60 mi nut wheggin treignifies aowholepuimber from 4100n] dudRd Gind
thereafter pour edidrifies 1 WholeChufibier frfgifit2 hgng.2.The organi ¢ phase was

separated and wasied twice with 100 ml of water each tine. The aqueous
phases were io extracted twice with 50 m of dichloronethane each tinme. The

tCQrTb.i n§d5 O(rjgani Cmbapmducﬁcntmm?emwddseoﬂfdmﬁﬂ@ I][Ti_zs ?ﬁell\/?ser de?ﬁh
I e, red Qv l SUS (0] S [ an e
filtrate mgayﬁﬁgfﬁﬁggnﬁﬁtﬁ&a%gﬂégﬁﬂéaugﬁgéé n&?%@or@ds %r p w thout
further purilisteateth.in1more detaib by dthe\ fullowing cExaimples.ohEx gignifiesdi i mi de
was added a e ' =S igrd : uta\ioR;: Of:el 0 of
a4 (5 aninSRERRE Biidet " Aghries 4 'srfidctie, Bnags s Bighifips, thely
4- hydr oxybefhimlifiefaatierahas@ang disignifiesthei sotrepigr phase. i nagb 20 il of
overni gl Safiifies 1aiterAgthgTcUrent Bnde Sder, SIS Blreet e e Wi th
20T of i Dintisal RANBAECS Ve incBacHh S33R, NTO NOIIGE RTOPaEieRey HEni ce
with 100 ni thé same melting point etc., but lead to opposite helical rotation

and opposite circular polarization of the reflected light.

15 Example 1

0.2 g of N,N'-dicyclodicyclohexyicarbodiimide was added at
room temperature while stirring to a solution of 0.6 g of 2,5-
bis(4-[ 6-acryloyloxyhexyloxy]phenylcarboxy)benzoic acid, 0.4 g of
20 4-[4-(2-amino-5-nitro-4-[(S)-2-octyloxy]-phenyl)benzoyl-
oxy]phenylmethanol and 0.04 g of 4-dimethylaminopyridine in
20 mi of dichloromethane. The reaction mixture was stirred at
room temperature overnight, poured into 100 mi of water and
then extracted three times with 50 ml of dichloromethane each
2% time. The organic phases were washed twice with 100 ml of
water each time, dried over magnesium sulphate, filtered and
subsequently concentrated. Chromatographic purification of the
residue on silica gel with hexane/ethyl acetate (vol. 1:1) and
two-fold recrystallization from acetone of the fractions which
30 were pure according to thin-layer chromatography gave 0.4 g of
(4-[4-(2-amino-5-nitro-4-[(S)-2-octyloxy]phenyl)benzoyloxy]-
phenyl)-methyl 2,5-bis(4-[6-acryloyloxyhexyloxy]phenyl-
carboxy)benzoate; m.p. (C-I) 1000C, Sc*-N*, 969C, cl.p. (N*-I)
1000C.

The (4-[4-(5-amino-2-nitro-4-[(S)-2-octyloxy]phenyl)-
benzoyloxylphenyl)methanol used as the starting material was
prepared as follows:



wat er each tine, dried over magnesi um sul phate, filtered and the 25
filtrate was subsequently concentrated. Chronmatographic purif- ication of
the residue on silica gel wth hexanggethyl acetate (vol. 1:1) and two-fold
recrystallization fromethanol of the frac- tions which were pure according
to thin-layer chromat ography gave 0.9 g of

4-[4-(2-am no-5-nitro-4-[(9)-2-octyl oxy]phenyl)
benzoyl oxy] Bénzalpdé'ﬂiiwe f 0.1 Q)Of[ wdwmmoﬂmdrm ﬁgdcél5pcm,n9§ can be

produced i nyat t 0°C W|th solutlon of 0.8 g

R B s e S O SN
[ ﬁeg 2I ;Ag ?ﬁbe&zalde ; hyde it 9 00-mttofl diaxarphérhe )rebctmﬁiomxtw]évxas) Cerpoat e
?4 [Z (2- An%h'&?‘z%d %" ¢§é4ﬂ+'( é%é{'ﬁym J)ﬁgﬁ%ﬁﬁ@%gﬁgﬁﬁt r§8ﬁP g
gg?/]bgge%le%memgerazum tfos(ho%]mnautqs@n eoegrftexypmhmd/lmto 100 mi
benzoyl - o a?a%enﬁfmﬁ“%% %%fgah[@eﬁg%ﬁvgglfiﬁ%fﬂé ﬁ?e‘ﬂ**"'fd
car boxy) ben w@% wit 100" ml of water: AﬁChoUB'lQm tThe phasesowerehenyl )
benzoyl 19 oxkpfiited) twide/ 'with5501 vildof Jdlchﬁfrb)‘h :mé' @%@hcrﬂméy] wheny! -

car boxy) benzoat,e. m S cl eLr

(4- [ 4- ( 2- AnCREBINRLG, BBgé"'F( éﬁ‘age%c%i H‘%Bh hf@ek b‘# with 100 ml of
water each time, dried over magnesium sulphate, the suspension
was filtered and the filtrate was concentrated. The residue was
used in the next step without further purification.

b) 0.6 g of N,N'-dicyclodicyclohexylcarbodiimide was added at
room temperature while stirring to a solution of 1.0 g of 4-[4-
(2-amino-5-nitro-4-[(S)-2-octyloxylphenyl)benzoic acid, 0.3 g of
4-hydroxybenzaldehyde and 0.04 g of 4-dimethylaminopyridine in
20 20 ml of dichloromethane. The reaction mixture was stirred at
room temperature overnight, poured into 100 ml of water and
then extracted three times with 50 ml of dichloromethane each
time. The organic phases were washed twice with 100 ml of
water each time, dried over magnesium sulphate, filtered and the
2 filtrate was subsequently concentrated. Chromatographic purif-
ication of the residue on silica gel with hexane/ethyl acetate
(vol. 1:1) and two-fold recrystallization from ethanol of the frac-
tions which were pure according to thin-layer chromatography
gave 0.9 g of 4-[4-(2-amino-5-nitro-4-[(S)-2-octyloxy]phenyl)-
30 benzoyloxy]benzaldehyde; m.p. (C-l) 77-780C.

The following compounds can be produced in an analogous
manner:

35 (4-[4-(2-Amino-5-nitro-4-[(S)-2-octyloxylphenyl)benzoyl-
oxylphenyl)methyl 2,5-bis(4-[7-acryloyloxyheptyloxy]lphenyi-
carboxy)benzoate.



oxy] phenyl ) methyl 2, 5-bis(4-[1 2-acryl oyl oxydodecyl oxy] phenyl - 15
car boxy) benzoate. [4-(2-Am no-5-nitro-4-[(S)-2-octyl oxy] benzoyl oxy)
phenyl]- nethyl 2, 5-bis(4-[7-acryl oyipoxyheptyl oxy] phenyl carboxy) -
benzoate. [4-(2-Amino-5-nitro-4-[(9)-2- octyloxy]benzoyloxy) phenyl] 20

thyl 2,5-bis(4¢[a8 L -
515 oo (AT AR LS L HLR SO oy
2, 5-bi s(4-

[4-(2|-,SAEn' nE)'c%fbox éhidﬂ)eZ octyl oxy] benzoyl oXxy) phenyl] met hyl 2,

Pa (o At ﬁooéaﬁ.r fﬂ YA ngb ﬁ@f@%ﬁé@y?y%ﬂsw&Ofﬁ‘%@m"@yl-
5-bi s(4-p 1bxﬁdﬂ“ﬂ@)mﬂlhyﬁe&ﬁ-bﬁﬂ%fﬁenatqdoylmyynow phenyl-

[4 (2- Am no y# - 2- oct yl oxy] benzoyl oxy) phenyl]- 30 nethyl
2, 5-bi s(4- [faﬁgg%}lz}?%] dodec ony] phenyl car boxyﬁ benzoate Exampl e 2

0.6 g of 2,5-bis((4~[4-62rAminoo yh@im-'b [SH8rocty beazyle acid

SQS] ghgngl ?bé‘(ﬁgb’% EE 5%et Hf;lér)l(o‘fL,J[hgsgﬁ%%d&YQ?%t%x%]phaer?lyn-(')pyr| di ne,
0.2 g NN g Qﬁ)ﬂfﬁ; ew xyI di car bodi i r?éegingpio xr];}m?;‘ dylll;gl orom&;t hane
are reagped in arf4afg-BAMiIABRBNItrO-4- ooyl aén enzoyl-
(4-[4-(2-am x@]%h@n&flfmétwls)z %-Bfé(w TWH -acryloyloxyundecyloxy]phenyl-
carboxy)benzoate; m.p. (C-SA) 1089C; cl.p. (SA-) 112°C.
(4-[4-(2-Amino-5-nitro-4-[(S)-2-octyloxy]phenyl)benzoyl-
oxy]phenyl)methyl 2,5-bis(4-[12-acryloyloxydodecyloxylphenyl-
15 carboxy)benzoate.
[4-(2-Amino-5-nitro-4-[(S)-2-octyloxy]benzoyloxy)phenyi]-
methyl 2,5-bis(4-[7-acryloyloxyheptyloxy]phenyicarboxy)-
- benzoate.
, [4-(2-Amino-5-nitro-4-[(S)-2-octyloxy]benzoyloxy)phenyl]-
20 methyl 2,5-bis(4-[8-acryloyloxyoctyloxy]phenylcarboxy)benzoate.
[4-(2-Amino-5-nitro-4-[(S)-2-octyloxy]benzoyloxy)phenyl]-
methyl 2,5-bis(4-[9-acryloyloxynonyloxy]phenylcarboxy)benzoate.
[4-(2-Amino-5-nitro-4-[(S)-2-octyloxy]benzoyloxy)phenyl]-
- methyl 2,5-bis(4-[10-acryloyloxydecyloxy]phenylcarboxy)-
2% benzoate.
[4-(2-Amino-5-nitro-4-[(S)-2-octyloxy]benzoyloxy)phenyl]-
methyl 2,5-bis(4-[11-acryloyloxyundecyloxy]phenylcarboxy)-
benzoate.
[4-(2-Amino-5-nitro-4-[(S)- 2-octyloxy]benzoyloxy)phenyl]-
30 methyl 2,5-bis(4-[12-acryloyloxydodecyloxy]phenylcarboxy)-
benzoate.

Example 2

0.6 g of 2,5-bis(4-[6-acryloyloxyhexyloxy]phenylcarboxy)-
35 benzoic acid and 0.4 g of (4-[4-(2-amino-5-nitro-4-[(S)-2-octyl-
oxy]phenyl)benzoyloxylphenoxy)ethanol, 0,04 g of 4-dimethyl-
aminopyridine, 0.2 g N,N'-dicyclodicyclohexyldicarbodiimide and
20 ml of dichloromethane are reacted in an analogous manner to



phenyl ) benzoyl oxy] phenoxy)ethyl 2, 5-bis(4-[6-acryl oyl oxyhexyl -

oxy] phenyl car boxy) benzoate. 5 The :
(4-[4-(2-amno-5-nitro-4-[(S)-2-octyli&y] phenyl) -

benzoyl oxy] phenoxy) et hanol used as the starting material is prepared as

follows: a) Exdmpled Pf tg- bivd A4fUn(2 amind-5-hitroS)- %Wb@t foxygny!) - 10

benzoi c acid dr ox nQeX t,hapol 4 ¥ -

di met hyl ani WY'SP%Q%&FQ’Q Fg?/e'k?ﬁf“&?ygc?LSTQ?E#aﬂéﬁ’&@égﬁxﬁeéﬂ‘m de
~and 50 m ofoxy] benzoateccted i n an anal ogous manner to.Exanple

1 togive 0.4 g of (4-[4-(2-am no-5-nitro-4-

[ (S)-2-octyl oxy] phenyl ) benzoyl oxy] phenoxy) et hanol . 15 b) A sol ution of

5.0 g of 54- hydroq'Ul'lQolﬁé'%t(%ﬁamg\mﬁ'ﬂhtl’@‘&e[(ﬁ}r@'omy&XYﬂphﬁn)é't)hyI met hyl

ketone s t gAY Ioky TpRénexylethafidl ustd ' She Potgiting aririgIngl ¢ and the
m xture i s heate Hnder SI | gnt reflux overnight. The Suspension is suction
20 filtered @P@redeadi fRlloWS: i s concentrated in a vacuum A sol ution of

the residue in 100 nl of diethyl ether is washed twice with 100 nl of water
the or ude. piauciOdh & Bf AN AR R EREAET (S EEE RPN Y Ve
2.0 g of10( 4-benizaie yacidand Q2 oy \ofef 4dydroxyphenoxyyethanol oOpd4rgiofcdn be
(a4 (2 amAMEIIFHEHGOIPRIRE, 04, o, of NN:dieyplodicyplohoxyldicarbes, ..
2, 5-bi s(4- [dilmicle,apg SL IBHOS] dwwmg{ha@ramxm@eﬁom @n analogous
- (4-[4-(2- Anfgnhepito Example) 1%@@11%0@% gy OB |(HOpP2Lhmifisys Hitrirdy) et hyl
2,5-bis(4-| 8[_(§3-rél-|o%ly?5()¥yofp%n(§>i% nze&"llo&y]phenoxy)ethanol.
15
b) A solution of 5.0 g of 4-hydroquinone and 3.7 g of
chloroethanol in 50 mil of ethyl methyl ketone is treated with
25 g of finely powdered potassium carbonate and the mixture is
heated under slight reflux overnight. The suspension is suction
20 filtered and the filtrate is concentrated in a vacuum. A solution
of the residue in 100 ml of diethyl ether is washed twice with
100 ml of water each time, dried over sodium sulphate and
concentrated. Chromatography of the crude product on silica gel
with hexane/ethyl acetate (vol. 7:3) gives 2.0 g of (4-hydroxy-
25 phenoxy)ethanol.

The following compounds can be produced in an analogous
manner: -

30 (4-[4-(2-Amino-5-nitro-4-[(S)-2-octyloxy]phenyl)benzoyl-
oxy]phenoxy)ethyl 2,5-bis(4-[7-acryloyloxyheptyloxy]phenyi-
carboxy)benzoate.

(4-[4-(2-Amino-5-nitro-4-[(S)-2-octyloxy]phenyl)benzoyl-
oxy]phenoxy)ethyl 2,5-bis(4-[8-acryloyloxyoctyloxylphenyl-

3% carboxy)benzoate.

(4-[4-(2-Amino-5-nitro-4-[(S)-2-octyloxy]phenyl)benzoyl-
oxylphenoxy)ethyl 2,5-bis(4-[9-acryloyloxynonyloxylphenyl-
carboxy)benzoate.



35 car boxy) benzoat e. _

(4-[4-(2-Am no-5-nitro-4-[(S)-2-octyl oxy] phenyl ) benzoyl - oxy] phenoxy) et hyl
2, 5-bi s(4-[9-acryl oyl oxynonyl oxy] pheqgl - carboxy) benzoat e. 19

(4 (4-(2-Am no-5-nitro-4-[(S)-2-octyl oxy] phenyl) benzoyl - oxy] phenoxy) et hyl

Ca- Ta- (5 At no- s AELHLCE AUABES LY ORI 225 RO et benzoy -
oxy] phenoxyPQ(VﬂPheBOSYBEEKML [2, B~ bli(ﬂy[l) WWGNW@@M‘QKU&N\GT\Y"

car boxy) bengg nyXb% @ A no-5-nitro-4-[(9)-2- octyl oxy] phenyl ) benzoyl -
oxy] phenoxy)et yl

car boxy) benzoat e(4I[)2 &SA"’"J‘O nitrd- fyf %)Sygogg% Qfl]p%enyleenzoyl-
[ 4-(2- Ang noo‘iyﬂphenoéky[)éﬂ)y? -5t bisOay[ bEraomtioyloxyundecylokyiphenyi-

2,5-bis(4-[7- ﬁﬁ@%’ )3;/ tyl oxy] phenyl - carboxy) benzoat e.
[4 (2-Am no“8 Y - 2-octyl oxy] benzo ony) phenoxy] et hyl
2, 5- bi s(4-[8-acr{#He[4 xmnoxs}mmeo ~[(89- mm)d)benzoyl-

L4 (2 ?”‘4“"8?;3?“?%&&&@ fativisbr ?%%&'%2@‘%/ ISUECASK) ThhEhy -
[4 (2- Am noCQFb@XY Q%P-Z oct yl oxy] benzoyl oxy)- 20 phenoxy] et hyl
, 5-bi sgd-[1 0- agay{ 2yAmindesyhivret4- RiSR2-e2tPRvy ] anzewoxy )-
phenoxylethyl 2,5-bis(4-[7-acryloyloxyheptyloxy]phenyl-
carboxy)benzoate.
[4-(2-Amino-5-nitro-4-[(S)-2-octyloxy]benzoyloxy)-
phenoxylethyl 2,5-bis(4-[8-acryloyloxyoctyloxy]phenyl-
15 carboxy)benzoate. '
[4-(2-Amino-5-nitro-4-[(S)-2-octyloxy]lbenzoyloxy)-
phenoxy]ethyl 2,5-bis(4-[9-acryloyloxynonyloxy]phenyl-
carboxy)benzoate. _
[4-(2-Amino-5-nitro-4-[(S)-2-octyloxy]benzoyloxy)-
20 phenoxylethyl 2,5-bis(4-[10-acryloyloxydecyloxy]-
phenylcarboxy)benzoate.
[4-(2-Amino-5-nitro-4-[(S)-2-octyloxy]benzoyloxy)-
phenoxylethyl 2,5-bis(4-[11-acryloyloxyundecyloxy]phenyl-
carboxy)benzoate.
2% [4-(2-Amino-5-nitro-4-[(S)-2-octyloxylbenzoyloxy)-
phenoxy]ethyl 2,5-bis(4-[12-acryloyloxydodecyloxy]phenyl-
carboxy)benzoate.

Example 3

0.3 g of 4-[4-(2-amino-5-nitro-4-[(S)-2-octyloxy]phenyl)-
benzoic acid, 0.8 g of 4-hydroxybutyl 2,5-bis(4-[11-acryloyl-
oxyundecyloxy]phenylcarboxy)benzoate and 0.04 g of 4-
dimethylaminopyridine, 0.2 g N,N'-dicyclodicyclohexyldicarbo-

3 diimide and 50 ml of dichloromethane are reacted in an analogous

~ manner to Example 1 to give 0.5 g of 4-[4-(2-amino-5-nitro-4-
[(8)-2-octyloxy]phenyl)benzoyloxy]butyl 2,5-bis(4-[11-acryloyl-
oxyundecyloxylphenyicarboxy)benzoate.



[4-(2-Am no-5-nitro-4-[(S)-2-octyl oxy] benzoyl oxy)- phenoxy] et hyl 2,
5-bis(4-[ 11 -acryl oyl oxyundecyl oxy] phenyl - car boxy) benzoate. 25

[4-(2- Ami no-5-nitro-4-[(S)-2-octyl obebenzoyI oxy) - phenoxy]ethyl 2,
5-bis(4-[1 2-acryl oyl oxydodecyl oxy] phenyl - car boxy) benzoate. Exanple 30 0.3
g of 4-[4-(2-am no-5-nitro-4-[(S)-2-octyl oxy] phenyl)- benzoic acid, 0.8 g

of 4-hydroxybutyl 2,5-bis(4-[11 -acryl oyl - :

oxyundecyl| oxy] phdihg m@m&t 2, Srhis (4441 rasrylpyloxyundecyloxy]-
dirrethylarriw' ' ' néH bC ' b radi de
and 50 M o i X |<?%"P§f¥é@ EgrqgogFg ?%‘g@dqﬁﬁ gﬁéﬁmgggﬁﬁ'%#aﬁg? éPg*-é"ES!(narrpl e
1 to give 03§ §OHPWERI[ 4- (2-ani no-5-nitro-4- :
[(S)-2-o0gtyl oxy] phenyl ) benzoyl oxy] butyl 2, 5-bis(4-[11 -acryl oyl -

> 4 b (4 [ 1D Tadrd) & Pl g iR A T I -achy B R aaRky CRIBER Y e as 1 ne
;t ?,”L @ ng4mcarbwy)bermcﬂpaam'd alud fla0l %vcf 154{tytanedivly @04 g of 4- Lo
of 10 4° bur ARSIV IHBRHRR | S8, BN N RSB he S jiCarss- 1-© O
N, N - di cycl siindgel andx§0dntlaphdlichlaromethane ave meactedi ithaor analogaus are
reactedpn ?}??ﬁiz@fg?gi ﬁﬁléml”%fg% D8H!oF 4-hydiOxybuty? 25%%bis(4-

4- hyd b
yaroxybu 1-acryloyfoxyundecyloxy]phenylcarboxy)benzoate.

The following compounds can be produced in an analogous
manner:

3-[4-(2-Amino-5-nitro-4-[(S)-2-octyloxy]phenyl)benzoyl-
oxylpropyl 2,5-bis(4-[11-acryloyloxyundecyloxy]phenyl-
carboxy)benzoate; ,

5-[4-(2-amino-5-nitro-4-[(S)-2-octyloxy]phenyl)benzoyl-

20 oxy]lpentyl 2,5-bis(4-[11-acryloyloxyundecyloxy]phenyl-
carboxy)benzoate;

6-[4-(2-amino-5-nitro-4-[(S)-2-octyloxy]phenyl)benzoyl-
oxylhexyl 2,5-bis(4-[11-acryloyloxyundecyloxy]phenyl-
carboxy)benzoate;

% 7-[4-(2-amino-5-nitro-4-[(S)-2-octyloxy]phenyl)benzoyl-
oxy]heptyl 2,5-bis(4-[11-acryloyloxyundecyloxy]phenyl-
carboxy)benzoate;

8-[4-(2-amino-5-nitro-4-[(S)-2-octyloxy]phenyl)benzoyl-
oxyJoctyl 2,5-bis(4-[11-acryloyloxyundecyloxy]phenyl-
- 30 carboxy)benzoate;
9-[4-(2-amino-5-nitro-4-[(S)-2-octyloxy]phenyl)benzoyl-
oxy]nonyl 2,5-bis(4-[11-acryloyloxyundecyloxy]phenyl-
carboxy)benzoate; .
10-[4-(2-amino-5-nitro-4-[(S)-2-octyloxy]lphenyl)benzoyl-

3 oxyldecyl 2,5-bis(4-[11-acryloyloxyundecyloxy]phenyi-

carboxy)benzoate; '



[il -acryl oyl oxyundecyl oxy] phenyl car boxy) benzoat e.

can be produced in an anal ogous manner: 15 3- [4-( 2- Am no-

5:

nitro-4-[(S)-2 -octyl oxy] phe nyl) 23 nzoyl - oxy]propyl 2, 5-bis(4-[1 1

-acryl oyl oxyundecyl oxy] phenyl - car boxy) benzoat e;

5-
2,

[4 (2-am no@‘ﬂlﬂﬂdﬁw R¢Sybis

I\JOU'HOU'IOOI\)\IU'I

-[4-(2-am no-
, 5-bis(4-[11 a

gty rml#&rggmggt5%:5;%3;%3%%% epremco -
-[4-(2-am %tl% 2-octyl oxy henyl)benzogl yé nonyl| 2,

-bis(4-[ 11 acr?y-l[dyl(axan'nnmﬁl-mtyppﬁe )-2cactylon

5Thra(a] %‘ﬂgﬂrf?? Loy e strasyBentyRR o2 01 °5)

4-(2- 5- I
: bl( s(?lm[ mi)l gfcrynq‘ 3?5)%@% {Sg{\?){%ﬂgﬁlﬁ car Wyﬂ%ﬁggégwirg?&u
-bis(4-[11 cafifBbX gyéﬁﬁwf@lecyl oxy] phenyl car boxy) benzoat e; y ’

é§m [1{/?) 'Xgicge”zo ybrbeeoni(oyl-

enzoyl-

carboxy benzoa e,

10 3-[4-(2-amino-5-nitro-4-[(S)-2-octyloxy]phenyl)benzoyi-
oxy]propy! 2,5-bis(4-[6-acryloyloxyhexyloxy]phenyl-
carboxy)benzoate;

3-[4-(2-amino-5-nitro-4-[(S)-2-octyloxy]phenyl)benzoyi-
oxylpropyl 2,5-bis(4-[7-acryloyloxyheptyloxy]phenyi-

15 carboxy)benzoate;

'3-[4-(2-amino-5-nitro-4-[(S)-2-octyloxy]phenyl)benzoyl-
oxylpropyl 2,5-bis(4-[8-acryloyloxyoctyloxy]phenyl-
carboxy)benzoate;

3-[4-(2-amino-5-nitro-4-[(S)-2-octyloxylphenyl)benzoyl-

20 oxy]propyl 2,5-bis(4-[9-acryloyloxynonyloxy]phenyli-
carboxy)benzoate;

3-[{4-(2-amino-5-nitro-4-[(S)-2-octyloxy]phenyl)benzoyl-
oxylpropyl 2,5-bis(4- [10-acryloyloxydecyloxy]phenyl-
carboxy)benzoate;

Example 4

A mixture (I-N*, 1140C, N*-Sc* 106°C and Sc*-Sx 700C) of
0.05 g of 4-[4-(5-amino-2-nitro-4-[(S)-2-octyloxy]lphenyl)-

30 benzoyloxy]lphenylmethyl 2,5-bis(4-[6-acryloyloxyhexyloxy]-
phenylcarboxy)benzoate and 0.20 g of 2,5-bis(4-[6-acryloyi-
oxyhexyloxy]phenylcarboxy)benzoate provided with 6 pm spacer
was treated with 3 wt.% of a photoinitiator (Irgacure, Ciba
Geigy) and 1 wt.% of BHT and filled at 160°C into a 7.8 um cell

3 with parallel orientation. The layer was orientated at 105°C in
an electric field (15 V ac), then the helix was wound up at 90°C
and at 110 V dc and illuminated in this state with xenon light
(e.g. for 15 minutes). This layer functions as a frequency doubler.

The fol |l ow ng conpounds



[4-(2-anino-5-nitro-4-[(S)-2-octyIoxy]phenyl)benzoyl
bi s(4-[ 11 -acryl oyl oxyundecyl oxy] phenyl - carboxy) benzoamM'm ﬂmﬂ”m””m
(2-am no-5-nitro-4-[(S)-2 -octybaxy] phenyl)benzoyl- 5 %xy]de
- bi s(4-[11-acryl oyl oxyundecyl oxy] phenyl - car boxy) benzoat e;
4-(2-amno-5-nitro-4-[(9)-2- octylo;zhg&sgyl)benzoyl- oxy] propyl 2,
s(4-[5-acryl oyl oxypent yl oxy] pheny oxy) benzoate; 10
4-(2-am no-5-nitro-4-[(S)-2-octyl oxy] phenyl ) benzoyl - oxy] pr opyl
-bi s(4-[6-acryl oyl @bi’ﬁ?élah@l%%f”tﬁéy ené?él ignzoat e; 3-
(2-am no-5-nitro-4 2-octyl oxy] “phenyl ) benzoyl - oxy] propyl 2,
I s(4-[7-acryl oyl oxyheptyl oxy] phenyl - 15 carboxy) benzoat e;
4-(2-am no-5-nitro-4-[(S)-2- octyloxy yl) _benzoyl - oxy] propyl
bi s(4-[8-acryl oyl oxyoct yl oxy] phe ) benzoat e;
-(2-am no-5-nitro-4-[(S)-2-octyl oxy] yl ) benzoyl - 20 oxy] propyl 2,
I s(4-§9-acryl oyl oxynonyl oxy] phenyl - carboA@)benzoate I
-(2-am no-5-nitro-4-[(S)-2-octyl oxy] phenyl) benzoyl - oxy]propyl 2,
i s(4-[10- acryloyloxydecyloxy]phenyl- car boxy) benzoate; 25 Exanple A
n1xture (I-N, [err], N-Sc* [err] and Sc*-Sx [err]) of 0.05 g of
4-[ 4- (5- an1no 2- Nwheﬁeul[(s» 2-octyl oxy] phenyl )- 30

benzoyl oxy] phenylATetR21 2, wdeihs (fidéperdentiy sty <y eﬁdés-lmkable
mesogenic residue and
10 A3 signifies an optically active, mesogenic residue.

-b'
UI

4

mwmwmwm-—'mwmwmmmpl
-b_-b'

2 Compounds according to claim 1, wherein the cross-
linkable, mesogenic residues Al and A2 are the same and signify
residues of the formula

DD
II

n

wherein
| ringsCand D each independently which signify 1,4-

20 phenylene, which is optionally substituted
with halogen, methyl and/or cyano,
pyridine-2,5-diyl, pyrimidine-2,5-diyl,
trans-1,4-cyclohexylene or trans-1,3-
dioxane-2,5-diyl; _

% Z1 signifies a single bond, -CH2CH2-, -CH20-,
-CO0-, -00C-, -(CH2)4~ or -(CH2)30-;

Z2 signifies a single bond, -CH2CH2-, ~-CH20-,
-OCHz-, -CO0-, -00C-, -(CH2)4-, -O(CH2)3-
. or -(CH2)30-;

0 Z3 signifies -(CH2)m-, -(CH2)mO-,

-(CH2)mCOO0- or -(CH2)m00C-;

signifies 0 or 1;

m signifies a whole number of 1 to 16; and

3



phenyl car boxy) benzoate and 0.20 g of 2,5-bis(4-[6-acryloyl- '
oxyhexyl oxy] phenyl car boxy) benzoate provided with 6 [err] spaqmluﬁﬂuimﬂlmm
wth 3 wt.%of a photoinitiator (Irg28ure, G ba Geigy) and 1 ' '
and filled at [err] into a 7.8 [err] cell 35 with parallel orientation. The

llayer was orientgled at [err] igigaified &Cicrbs§sdlinkablé 1§rotpcsuch e the
hel i x was wound up at 900C and %%r%bgt)ev %(P:ﬁ@\nqdq&iﬂ!tuqm '%Zf'gflson%éf%asﬁﬁstate
with xenon light (e.g. for 15 m i u requenc
e b et o e
10 [err] signifi es%{gﬁ&?ﬂﬂ"{éﬂ ﬁﬁetﬁ$@5wg0gg§$@8?¥§‘| due. 2.
Conpound8 according to claim 1, agnglamide, hepoxysdtaconicabticd estesgenic
residues [err] and [err] are th@iﬁg@tﬁgﬂd%ﬁ@ﬂé%tépsm@mé - forml a
ep t

1,4- 20

15 [err] wherein rings Cand D  ®each | ] ea § fm ch si_gni
phenyl ene, which is optional |y &th8, Mmalelc acid derivative s _ﬁgmadi/rd/ or

cyano, pyridine-2,5-diyl, pyringgidedéri¢ativel or a cinnamic acid deriv-
ative, which is optionally substituted with
10 methyl, methoxy, cyano and/or halogen.

. 3. Compounds according to claim 1 or 2, wherein the
optically active mesogenic residue A3 signifies a residue of the
formula

8 O OO

wherein
rings E and F each independently signify 1,4-phenylene,

20 which is optionally substituted with
halogen, methyl and/or cyano, pyridine-
2,5-diyl, pyrimidine-2,5-diyl, trans-1,4-
cyclohexylene or trans-1,3-dioxane-2,5-
diyl;

25 ring G signifies 1,4-phenylene, which is unsub-
stituted or mono- or disubstituted with
halogen, methyl, dimethylamino, amino,
nitro and/or cyano;

. 24 signifies a single bond, -(CH2)p-,

30 '(CHZ)pO', "O(CHZ)p', "(CHZ)pCOO',
-0O0C(CH2)p-, -(CH2)p00C-, -COO(CH2)p-,
-OO0C(CH2)p00C-, -O(CH2)p00C- or
~COO(CH2)p0- ;

Z5, Z6 signify a single bond, -CH2CH2-, -CH20-,

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

p ~ signifies a whole number of 1 to 16;



trans- 1, 4-cycl ohexyl ene or trans-1, 3- dioxane-2, 5-diy
[err]

rans-: | _ |; 25 err]
o iice 2 cingle bond ferr] [errhor [orris ab Bmmmmmm
~signifies [err] [err] or [err]; n signifies 0-or 1, mL_ "_ _s *

ZI gpl)fslseisl ﬁk\zggﬂai’grggzge;uga ;st gg@f%t%g%rn%t ég‘ggslr;][ e, 2-chloroa r)S/: g:\;f o0

g- phenyl acryl at eR¢acryl oyl phelnyS_ig,lfgﬁeéca‘)I @ﬁfiﬁé!l)’n%@ﬁ!iérgfmcﬁqc -@shenyl -

_ acryl agsyle ore QRY-2-but iRy, C(SY- oreRee- vinyl
ether, vinyl ester, styrene deriv-_ajive, | el c,.AC derjivati of,. fumaric.
acid derivative or a cinnanic amtx@’ﬁ)ﬁ-(ﬁai 95,(@5?' ¥oxy, i@élé'&/ i
ﬁulbst it ug gd Wi tog 10 . y (R)-2-heptylowy,h{§)- rort (R)+2-octylaxyarall :)lr

al ogen. 3. mpounds accor di o r t he i ca
active mesogenic residue A3 si g%ﬁjlbgﬂg&gérdgg(aip%%&ﬁugatqgé d
carbon atoms, which is substituted with
methyl, methoxy, cyano and/or halogen.

10 4, Compounds according to claim 1 of the formula

, Q;@— 26]:@— f@-nz

-1

15 wherein
rings C and D each independently signify 1,4-phenylene,
: ’ which is optionally substituted with
halogen, methyl and/or cyano, pyridine-
2,5-diyl, pyrimidine-2,5-diyl, trans-1,4-
20 cyclohexylene or trans-1,3-dioxane-2,5-
' diyl;
rings E and F each independently signify 1,4-phenylene,
which is optionally substituted with
halogen, methyl and/or cyano, pyridine-
25 o 2,5-diyl, pyrimidine-2,5-diyl, trans-1,4-
cyclohexylene or trans-1,3-dioxane-2,5-
. diyl;
ring G signifies 1,4-phenylene, which is unsub-
stituted or mono- or disubstituted with
30 halogen, methyl, dimethylamino, amino,
. nitro and/or cyano;
Z1 signifies a single bond, -CH2CH2-, -CH20-,
-CQ0-, -00C-, -(CH2)4- or ~(CH2)30-;
22,725,726 each independently signify a single bond,
35 -CH2CH2-, -CH20-,



uhi Ch 15 0pt | onal Iy substi tut ed with hal ogen.  mothyl and or ﬁlﬁiﬁ\ﬁlﬂ“ mﬁ\ ||\

pyridine- 2,5-diyl, pyrimdine-2, 5-digg, trans-1,4- cyclohex
trans- 1, 3-di oxane-2,5- diyl; 25 rlngG S|gn|f|es

1, 4- phenyl ene, which is unsub- StdﬁHéEd ro an or (QK/ Lé@@“g%_h

haI ogen, nethyl, dinmethyl am no,
signifies asingle bond, (CHZ)er' O-; [err] [err]

signify a singlezdbnd, [err] 355| nifie H -. -(CH e-r] or [err]; p
signifies a whole nunmber of 1 E s (C 2)m~ = 2)'{‘ n|fy 0 or 1; and

R2 signifies an opt| ﬁa)ﬂ&é%@rgr(&ﬂi)mgqaas (S)- or
-3 hemty ey, 5 o [l 2 e e o e o oy °
\(Ni%h 4 tg )8/» ca)r/bon at ons, which Kgﬂﬁﬂg El\é\)l”t’h @ EO% hoxz czano
and/ or hal ogen. -OOC(CHz)p-, -(CH2)p00C-, -COO(CHz)p ,
| ~00C(CH2)p00C-, -O(CH2),00C- or
~-COO(CH2)p0-;
10 n signifies 0 or 1;
m,p signify a whole number from 1 to 16;
r,s signify O or 1;
R1 signifies a cross-linkable group such as
acrylate, methacrylate, 2-chloroacrylate,
15 | 2-phenylacrylate, acryloylphenylene,
acrylamide, methacrylamide, 2-
phenylacrylamide, epoxy, itaconic acid
ester, vinyl ether, vinyl ester, styrene
derivative, maleic acid derivative or
20 ' fumaric acid derivative or a cinnamic acid
derivative, which is optionally substituted
with methyl, methoxy, cyano and/or
halogen; and
R2 signifies an optically active group such as
25 (S)- or (R)-2-butyloxy, (S)- or (R)-2-
pentyloxy, (S)- or (R)-2-hexyloxy, (S)- or
(R)-2-heptyloxy, (S)- or (R)-2-octyloxy or
alkyl, alkoxy or alkanoyloxy with 4 to 8
carbon atoms, which is substituted with
30 ' ‘methyl, methoxy, cyano and/or halogen.

5.  Compounds according to claim 1o0r 2, wherein the
mesogenic residues A! and A2 are the same and signify residues

of the formula
R\ — Z31 -—@— zZN—
Il-a



10 4. Conmpounds according to claim1 of the formula [err] wherein
rings C and D each independently signify 1, 4-phenyl ene, I’

optionally substituted with hal ogen, 2@et hyl and/ or cyano, pmﬂ qu "I"lm””",
2,5-diyl, pyrimdine-2,5-diyl, trans-1,4- 20

cycl ohexyl ene or Whersml 3-di oxane-2,5- diyl; rings E and F each

| ndependent |y SI fy 1, 4- %ﬁ“ﬁ?&ngcﬁiﬂkés ﬁm&tﬂBEMQ@é' Sr Sét?&l tutzeg \(/jmI ';lh

hal ogen, net hyl /or cya

pyri mi di ne- 2, 5- diZfll, trans signifiesy e(Cg)er| e(6Ha) tOr,ar(CH2)€Q0vxAMe- 2, 5-
diyl; ri ng G bstitut ZI gnltL(ggzhdoehenyl ene, which |s unsub- st![:]ult ed or
mono- or disubstituted w og met hy

di met hyl &mi no, a®i no, nitr &ignifiesracyhale nusaber from 4 tO 1€ES| gnifies a

single bond, [eriind @] OkigRifids ieﬂdhenyleneethflluvi@Pﬁfrhﬂqméuybl gnify a
si ngl e bond, 35 J rI L [err]
ene or, 3-fluoro- 4-phenyl ne, an

Z11 signifies -CH20-, -COO- or -00C-.

10 6. Compounds according to claim 1 or 3, wherein the
optically active, mesogenic residue A3 signifies a residue of the
formula

HaoN
R Ca O o
. 8
i NO IIl-a
15
wherein
R2 signifies (S)- or (R)-2-butyloxy, (S)- or (R)-2
pentyloxy, (S)- or (R)-2-hexyloxy, (S)- or (R)-2-
heptyloxy or (S)- or (R)-2-octyloxy;
20 r, s signify O or 1;
Z41 signify -CH2CH2CH2-, -OCH2CH2-, -CH2CH20-,
' -COOCHz2- or -CH200C-;
. Z51,Z61  signify a single bond, -CH2CH2-, -CH20-, -COO-,
-00C, -(CH2)4- or -(CH2)30-; and
%5 rings E1 and F1 signify 1,4-phenylene.

7. Compounds of the formula

O o)

/ o—(CHe):-O—O-cooQooc-O—o—(CHz),-o: N
' HaN




[érr] signifiés [err] [err] or [err]; [er

;
signifies a single bond, -(CH2)p-, [err] 10 \““ m \}s\‘“ni fies
O,or 1; signify a whole nunber from bhb¥o 16; signif !“I‘m\‘ .
signifies a cross-linkable group such as acryl ate, acryl ate,

2-chl oroacryl ate, 15 2- phenyl acryl at e, ' 1-2
acryl oyl phenyl ene, acryl am de, nethacrylam de, 2- phenylacryl am de, epoxy,
i taconi c acid ester |nyI ether, vinyl ester, styrene derivative, naleic
aci d derivative ovhggein fumaric acid derivative or a

cinnam c acid dertvative, wsighwheleonuimber fromubstio 0@;ed wi th met hyl,

rethoxy, eyano anghor hal 09ggrigld (. br (R)-2-butylowy’ E5) bES(RR2-

optically active group such

(E) g Eutﬁ%ﬂ oxy. (S)S- or (R)pentxdeuy?/l(&)y o £R)- ZﬁhqxﬁGZ)’h@Wl ' (RDTS-h or
T E N it o CHEORY BLASK, 9 Ry ey o not oo

net hyl , met hoxy, %4 no and/ﬂlm\fdﬁﬁg QC 2% ounds according to claim1

or 2, wher ei n thez5rbsogen| cs@m,@glqs sﬁﬁg@ band, [-000- ae -Oor-sanme and
5|gn|fy resi dues of the fornul a

10 8.  Cross-linkable, liquid crystalline mixtures consisting
of at least two components, of which at least one component is a
compound of formula | defined in claim 1.

9.  Cross-linkable, liqukid crystalline mixtures according

15 to claim 8, which contain, in addition to one or more compounds

of formula |, one or more compounds from the group of compounds
of the formulae

(o) ) X o
75 ern-0 )00 $-o0c—~ Y—o—@hn-0"\
\Y4
o—-(cuz),-o——O— Q —O—o—(cl-l,),—o. /

/(CHz)q

0 ' o
/ o—(cuz).-o-—O—coo ooc—O—o—(cuz).—'o" \
‘ Vi



Terr] 26 wherein [err] signifies acryl ate, oxYy,;
signifies [err] or [err]; 5 t S|gn|frﬁ HI@H from
4 to 12; ring [err] signifies 1,gagphenylene, 2-fl ot * ene

or, 3-fluoro-1, 4-phenylene; and [err] signifies [err] 10

Cbnpounds accordlng to claigp or 3, yeyein themeptically active,

nesogeni c resi du-e-(m-lg.l-gm—o’-ac 3 o0 QCre Ot (G 15
wherein S|g es (S)- or 2- butyl d .S - R) -2 pentylfxy, (S)- or
(R) - 2-hexyl oxy,Q(S)- or (R)-2- heptyl oxy °(S)- or (R)-2-octyl oxy; 20

r, s signify 0 or 1; [err] . signify [err] [err] or [err] [err]
signify a single bond, [err] [err] or r]; and 25 rings [err] and

[err] signify 1,4-phenylene.

o
o . | o o
/ o—(CHz):-o——O-coo ooc—O—o—(cuz).—o: \

AL

°-(Cﬂz)t-°-o— Q —O—o—(cuz).——o)_/

;CHz)«

o - .
/ o—-(cnz).-o—O—cooAd-ooc—O—o—(cuz),—o" \

5 _ VIII
— (CHa)- —(CH—O._/
O—(CHax o-—O—cooQooc—O—o (CHay - J
o - 0"
N\
/(CHz)q
' N
o o _ o
/ o——(cuz).-o—O—coo ooc—C}—o—(cH,).-oJ \
IX
\ o—(cuz).-o——O—cooQoocOo—(cHg.—o. /
- 0

° (CHz)q
0

o
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X



7. Compounds of the fornula O [err]' 27 wherein t

nunber from4 to 12; [err] signifies (S)- or (Rmmummllummygl or
(RN-2-5 pentyl oxy, @8- or (R)-2-hexyl éxys (&5 -% o

heptyl oxy or (S)- or (R)-2-octyloxy; [err] S|gn|f|es - COOCH2-; and

[err] si gni ?(ml f}g;P

Cross- i nkabl e, Wﬁ&% g@i.ﬁfgca;%nw ureg%cegn Sisting of arﬁdggst t wo
conponents, of V\/I‘-ilg‘l‘l'f@ﬁ 3e‘€(bp & Runabenh Sremx 2 04l 2onpound of fornul a |
defined in claim1l1. 9. Cross-linkable, liqukid crystal line m xtures

af Tormita T, “ondOr " e USE AR GRIPAUIHE AeEOIABG,Ee AL ADE AR e

f or mul ae[5[ ert]o] 72in their cross-linked state for optlcal components.
V Vi err

11. The use of cross-linkable liquid crystalline mixtures
according to claim 8 or 9 in their cross-linked state for optical
components.



Wwherein t signifies a whole nunber from4 to 12 and q signifies a whole
nunber from 2 to 12. 10. The use of conpounds according to any one of
glaime 1 5to 7 in their cross-linked state for optical conponents. 11. The
use of cross-linkable liquid crystalline m xtures according to claim8 or 9

in their cross-linked state for optical conponents. ..
Optically active smectic photo-cross~Tinkable Liquid Crystals

Abstract

The present invention is concerned with optically active,
ferroelectric, smectic, photo-cross linkable compounds of the

formula
A1QA2
A3 I
wherein
Al, A2 each independently signify a cross-linkable
mesogenic residue and
A3 signifies an optically active, mesogenic residue,

as well as liquid crystalline mixtures which contain such
compounds and their use in the cross-linked state in optical
components. '



