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Partifalby SHpRRRIOH! 8RR FaRSactRSOFYptiENLoRPBAREY. T6ERs A8 a need for
compounds that can be readily orientated and structured without the formation of domains,
and which also exhibit excellent thermal and long-term stability in the crosslinked
condition. There is also a need for liquid crystal mixtures with an adjustable optical

anisotropy. Liquid crystal mixtures having an adjustable anisotropy are considered to be

patticularly suitable for the manufacture of optical retarders, for example, in which the

~ optical retardation may be adjusted.

20

Conventional photochemically oligomerisable or polymerisable liquid crystals,

such as those described in EP-A-0 331 233, ACS Symp. Ser. (1996)), 632, 182-189 and in

25

30

Chem. Mater. (1996), 8 (10), 2451-2460, for example, consist mainly of aromatic rings,
and therefore generally exhibit a very high optical anisotropy.
The present invention seeks to address at least some of these problems.
A first aspect of the present invention provides compounds with the general formula I:
R-S'-A-Z'-B-S*-R I

where

Aand B are independent ring systems with the formulae a',a’ orb,

in the



groups may be repl aced by oxygen, and whereby, in the 1, 4-phenyl ene

ring, one non- adj acent CH groups may be repl aced by 10
Llerr], 9 5\%iE[err] represent,- i ndependent ly, hydro{;ht/hﬁgﬁ’a?89 )
Cerr]- C[err] alL1kyI Clerr]-Cerr]-al kenyl,

Jerr]-Cerr]- G -Cerr] yoxycar I formyl,

Clerr]-d err4<al }

C[err]-C[erri2 oxy, hal cya ‘%’r\ gitro; Z[err]
Z[err] Zerr epresent, independent I y, alsi ngl’-e bond, -CHerr]CHerr]-,
-CHerr]O, -0OCH2-, 15 , -0O0C-, -(CH2)4-, -Q(CH2)3-,
-(CH2)30- or (err]C al Slerr], S[err] a? represent, independently,
a spacer unit, such as a strai ght chain or branched

al kyl ene grouping -(CH err]) substitytted if necessary singly or multiply

W th, r exanple,{fluorine, or -((CHerr]-Oferr], or
acharn with the fornula 2 / /\ -(CH err]Y-(CHerr]-, where Y
represents a single bond or/ %I ng ctl onal group
such as -0-, -COO, LZNR[le"rr] L2NR[ ¢Pr]-CO-, -CONR[err]-

-NR[ err] -COO, -OCONR[err] -, -NRerr]- CONR[err] -, -OOC—O- - CH=CH,
-Jerr]G; where R represents hydrogen or |ow al kyl,
and where r and s each represent a whol e nunber fromO
to 20 on condition that 2 [err] (r +s) [err] 20; 25 R

EPLREnLs, copoecamag ity ity kel o RS

CH[ err] =C(Ph)- COOEFOUPS ma}Cbif W?}ccmycm@gﬁh and whereby, Ghithe ]4=lién@BndiH- |
PCT 1| B98/ 00789 nng, one or?wo non—adja@gf CH qm@smyeberrfglammuogen

CH err]=C(d)-CONH, CH[ err] =C( Ph) - CONH- ,
CH2=C( 2Lﬁl—([err] COO, CHerr]=CH O, CH[err] =CH OOC-, Ph- CH=CH,
CH[ wr r] QE -, representyr  indenesdentipC- Rydioges, CODr-Czo-albelr r 1Ci-Cao-alkengph

or opy1 . but y pgf”ﬁéa%%m rCpgeltyonscavonst, faBheCiteralSlgeonE nons,

cyano or hal ogen C)-Cao-alkyWeaiHonyioRy, p{amgbﬁq;ymrﬁ&oleast one of the ring
systens A or B represents a ring systemwth the fornmula a[err] or

alerr], Z[err] and/or Zerr] represents a single bond and -R-S[err] and

R- S er r] ot L0 s ro ; rrpounds
cont ai ni n’gﬁaﬁst r uct ?&ﬂpuﬁp e\r/i\/l%nr%’t S‘flgir e n% gFIZ(r:r H&Perr i ﬁ ’t he
nol ecul e -COO0-, -00C-, -(CHy)s-, -O(CHp)a-, -(CH2)3O- or -C=C'

st ¢? represent, independently, a spacer unit, such as a straight chain or branched
alkylene grouping -(CHy),, substituted if necessary singly or multiply with,

for example, fluorine, or -((CHp)»-O)-, or a chain with the formula

20 -(CHy) Y-(CH,)s-, where Y represents a single bond or a linking functional
group such as -O-, -COO-, -00C-, -NR'-, NR-CO-, -CO-NRL,

-NR'-COO-, -OCO-NR'-, -NR'-CO-NR'-, -0-0C-0-, -CH=CH-, -C=C-;

_ where R' represents hydrogen or low alkyl, and where r and s each

represent a whole number from 0 to 20 on condition that 2 < (r + s5) < 20;

25
R represents  crosslinkable groups with the stucture CHy=CH-,
CH2=CH-COO0-, CH,=C(CH,}-COO-, CH=C(C)-COO-,
CHx=C(Ph)-COO-, CH,=CH-COO-Ph-, CH;=CH-CO-NH-,
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[err] (that is to say, a structural unit with the above-nenti oned .
formul ae aferr] and aferr] and in which 20 Z[err] represents a single
bond) hawe st ound to. exhibit- relatively high clearing poimBog/oenss

b d t liquid -
orystal e e CeR COREEY RSN, O CRBRREP LN ur 1 he

conpounds or mi xt@HﬁS(C@QEﬁCH;—COOy\CHa@OH (DhQIHz@CEﬁOOﬂl BIE—O!MHHS As a
conponent of a L i Xt ure, they are i nprove the orlentablllty
of the liquid crggg%éa#ﬁii 9%*%5“%??@#9 JTQBWQ§¥QFS thereby 25 inproving

t he contrast of optical devi ces. R+ dition they exhibit extremely
good t her rrelﬁzcaﬂcﬂ-l on -t I ity C By the expression
C[err] C err]-al kyl ,oC[err] /rr] aI oxy, \ rr] %[err? al koxycar bonyl ,

d%r] Cerr]-al kylcarbonyl, Cerr]-Cetr]-al kyl carbonyl oxy it should be
un

rstood to nean, in the context of this invention, straight or
brancheg, chai n satpteahet gy]wpbon residues, with
-4- 98/ 529
PCT/ 1 B98/ 00789 up to 20 carbon atoms, e.g. nethyl, ethyl, propyl,

butyl, pentyl, hex , decyl, undecyl, dodecyl,

nethoxd? ethoxy %ﬁ%ﬂgﬂgﬁﬁd t%ﬁb%gggqxgﬁfgfymybentyloxy, hexyl oxy,

hept yl oxy, octyl oxy, nonyl oxy, decyl oxy, undecyl oxy, dodecyl oxy,

met hoxycar bonyl, et hox carbonyl pr opoxycar bonyl , butoxycarbonyl,

petl yI &Y car bonyrepresentsyasthylgfagihaxs, 67370, or Jalogstbxy car bony| |

nonyl oxycar bonyl, decyl oxycarbonyl, undecyl oxy- carbonyl,

dodecyloxycarbonyl, nethylcarbonyl, et hyl car bonyl, propyl carbonyl, butyl -

car bonywith merptquxsoahhmnidast dnexf kearinpasyytems AconyB eepréventyla, ndmytbﬂmi@p nyl,

decylcarb nyl ndec Ica{bonyl dodecylcarbonyl, met h garbonyloxy,

et hyl cdi% “lﬂ(%/ orpF OGyF'11 or Z° represestsng ISigle bongk gnd AR o (5}2§ do not

pent yl bonyl oxy, octylcarbonyloxy, 10
&3 Qﬂmd BX ¥ - ggcy?g{&?}%

nonyl car onyloxy, onyl oxy, undecyl carbonyl oxy, dodecyl carbonyl oxy,’

ands t he Cdmpoandssoméiniag b gtrpoterhlamiteritigthe lﬁp'mum ot a¥ im th@molectlen at ons

and are unbranched. 1 By the expression C[elrr] Cerr]-alkenyl it
shoul d be understood to near; in the context ofLthis invention,

al kenyl groups with 3 tonégy ons, | kenyl , .

3Z- al kenyl, 4E-al kenyl a a bond, e.g. alkyl,

|, 6-hept /d‘?:’o

3-butenyl, 15 4- pent eny 42‘5 ,
i ke. EspeC| E[I |y

9-decenyl, 10-undecenyl and th

genyl, 8-nonenyl,
referred are

al kenyl s with a terninal doubl e bond having 3 to 12 carbon at ons.
By the expression hal ogen i t a5houl d be under sood to mean, in the context
of this i nvention, fluorine, chlorine, brom ne, iodine. Conpounds

cont ai ning fluorine and 20 chlorine are particularly preferred.
Preferred conpounds with formula I are conmpounds with fornulae I-Ato I-F

(that is to say, a structural unit with the above-mentioned formulae a' and a’ and in which

20 77 represents a single bond) have been found to exhibit relatively high clearing points and

can be processed at room temperature, preferably as components of liquid crystal

mixtures. It is also possible to orientate and structure the compounds or mixtures thereof

without the formation of domains. As a component of a LC mixture, they are able to

improve the orientability of the liquid crystal mixture on orientation layers thereby

25  improving t}re contrast of optical display devices. In addition they exhibit extremely good
thermal and long-term stability.

By the expression C;-Cyoalkyl, C;-Cy-alkoxy, C;-Cyo-alkoxycarbonyl,

C;-Cyp-alkylcarbonyl, Cy-Cyp-alkylcarbonyloxy it should be understood to mean, in the

context of this invention, straight or branched chain saturated hydrocarbon residues, with

-4-
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-[err] wogs/s”"-wherel n, one or two non- adj acent CH err] gPro-ﬁ;ipli‘sgE’)[Di,?%{9
tFans- 1xp4° 20 carbpe gipmsne 2 rmethyl, ethyl, propyhiyty! @em gy dlepyylm@ygenom,d one or

ropl acSaly Ut hodtesto Bieelty; Boxy, mavonord, 1.9{0%?% A
i ndepemegylbky,, hepydsngervctyl@r I nokyieky,] @dc&l&ék_‘éoC{nﬁfebj}loﬁ er«ﬂddeajzxksﬁﬂyl

err err]-al koxy err]-Cerr]-al koxycar
g[[ er r% mcq[ﬂ@q&y%:argpm)glq @thq»gl[garypilxylC];[>ropoxycarbonylybutoxycarbonyl per:gloxycarbonyl

L Lo stk SR, IO B oo

- O0C-, cifbonyl, dodecyloxycarbonjlﬂr!ﬁahyld:arbonyq glhlyRavbbnyl, -prégvl@sdr3i, Bﬁtyq er r] c’
Z[err] E resents i ngl e bond, -CH2CH2- CH2O-, -OCH2-, -COO,
- 00| cgybonyl, pentylcarbonyl, exylcar ny octylcarbonyl nonylca:bonyl decylcarborxyl

undecylcarbonyl, dodecylcarbonyl, methylcarbonyloxy, ethylcarbonyloxy, propyl-
carbonyloxy, butylcarbonyloxy, pentylcarbonyloxy, hexylcarbonyloxy, octylcarbonyloxy,

10 .nonylcarbonyloxy, decylcarbonyloxy, undecylcarbonyloxy, dodecylcarbonyloxy, and the
like. Especially preferred groups have 1 to 12 carbon atoms and are unbranched.

By the expression C I-Czo-alkehyl it should be understood to mean, in the context
of this invention, alkenyl groups with 3 to 20 carbon atoms, such as 2E-alkenyl,
3Z-alkenyl, 4E-alkenyl and alkenyl with a terminal double bond, e.g. alkyl, 3-butenyl,

15 4-pentenyl, 5-hexenyl, 6-heptenyl, 7-octenyl, 8-nonenyl, 9-decenyl, 10-undecenyl and the
like. Especially preferred are alkenyls with a terminal double bond having 3 to 12 carbon
atoms. _

By the expression halogen it should be understood to mean, in the context of this
invention, fluorine, chlorine, bromine, iodine. Compounds containing fluorine and

20 chlorine are particularly preferred.

Preferred compounds with formula I are compounds with formulae I-A to I-F

L“ LI! L I_A

25 [l L3 L3 I—B




-Cerr]CG; and S[err], S[err] and R have the neaning indicated in:

Formula |I. 20 Compounds with the fornulae I-A 1-B and |I-D are

especi al W g8rsedosr r ed. - O the conpounds wi t hPOIVIBES/G0789 A,

“particul ar referen nt und vmththeforrruIaI-A-l and

|-A-2 25 S “@ %ﬁ— 9“‘(@58_@— - 6-

WD 98/ 52905 L L” I-D

PCT/ 1 B98/ 00789 [err] 5 wherein Ll[err], L[err], L[err]

represent, independently, hydrogen, ({err]-Cerr]-alkyl,

Cerr]-Cerr]-al kenyl| err]-Cerr]-al koxy,

derr] -C[erw-]—rabkﬁ%@be@—f- ﬂ@@(—}%ﬂ?-@[—&f'r}—akkyl car bonyl ,

C[err]-C[err]-aIkyIc bonyloxy, fluorine, orlne cyano or Etro

Z[err] represents - CH2CH2- , OCHZ {5 Z[err]
"represents a single bond, -CH2CH2-, -COO, OOC , or C[err]C—, R

representsacrosslinkable groups with the structure CHerr]=CH,

CH CH-CCD CH = 2 cl)-COoo,
[eLrG]rr] M%f})@-@%r C(Rl)S mn each

repsesent, independent'ly, a whole numffer from2 to 20, especl-®l |y
from2 to 12. O the conmpounds with the forrmula I-B,
particul ar preference is given to conmpounds ‘with formul a

wherein, one or two non-adjacent CH; groups of the trans-1,4-cyclohexylene ring
may be replaced by oxygen and one or two non-adjacent CH groups of the
1,4-phenylene ring, may be replaced by nitrogen;

10
LM L2 L  represent, independently, hydrogen, C;-Cap-alkyl, C-Cyo-alkenyl,
Ci-Cyoalkoxy, C,-Cyp-alkoxycarbonyl, formyl, C,;-Cye-alkylcarbonyl,
C:-Cyo-alkylcarbonyloxy, halogen, cyano or nitro;
z represents a single bond, -CH2CH2-, -CH,0-, -OCH;-, -COO-, -00C-,
15 -(CHz)4~, -O(CHa)s-, -(CHz)30- or -C=C~;
7z represents a single bond, -CH,CH,-, -CH,0-, -OCHy-, -COO-, -O0C-, or
-C=C-; and
8!, 82 and R have the meaning indicated in Formula I.
20
Compounds with the formulae I-A, I-B and I-D are especially preferred.
Of the compounds with formula I-A, particular preference is given to compounds
with the formula I-A-1 and I-A-2
25

L] 2
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[err] 20 wherein Llerr] represents hydrogen,

Cerr]- }5 kyI Cerr]-Cerr]-alkenyl, derr]-Cerr
-Clerr]- a koxycar bonyl, fornyl, { err] Cerr]-al ky‘%%’?r“%%ﬁ%”
Cferr]-Cd e_rr] al kyl - 25 car bonyl oxy, fluorine, chlorine,

cyano or nltro represents -CHerr]-CHerr]-, -OCHerr]-,
- COO-, _bar ul-arl Z re ts_a,single
bond, " - croGB %&TQ%-M&N RBRH )R

a si ngl e bond; represents a crosslinkable group wth

the structure CHerr]334, 30 CH err] =3 COO-
CH[err] =C(CH err])-COO, CHerr]=C(d)-CO0,

-7 VO 98/ 52905

PCT/ | B98/ 00789 [ edrh-2 especial ly

rr ; m n each represent, independently, a whole
rr% Vﬂ?%?fgzjoto 20, especially from2 to 12. 5 .
Of the Popurids iebenftormabpenuexﬁx[y qmy@oog@a,rtloqid mgalkpr efer-@apﬂke 19! }/en to

corrpounds of formula I-D- err erein

represents a singfeC lzcﬁ%’épxyr CQE@TT@!E)@M‘JPH}’I - ooyl Qf@}z-%kylc@?@w,] C;

o]l or | o RERGHaghSERSAS ot BNHRO8 R p PR L7111
Jerr]-ZJ err] - al kepesénty I0IRCH,-, LOCHY, -COd-erade] err] - al kyl ca’r bonyl ,

Cerr]-gerr]-alkylcarbonyl oxy, fluorine, chlorine, cyano or nitro; R
rept eseZu s a c rigBERentaBngle bopds ot G- irCQ0re-OQET @8 t&Fe-; CH err] =CH-,
CH err]ys , = (
[err] IS r%%ng &%ﬁgﬁ@le %é‘%p i ]CI:;%&J{ C% ;sguzmgC?]CHﬁ_CH" each
represent, i ndepefHefCHYCO®-, Ch-€(CHPIGCOOL, Ohx=C(CIp-CD-, especi al | y

H,C—CH-

especially CH;=CH-COO-;
15 m,n each represent, independently, a whole number from 2 to 20, especially
from 2 to 12.

Of the compounds with the formula I-B, particular preference is given to

" compounds with formula

R— (CHp)y0—{ V2 @—z“—O—Q— O(CH,), — R
Ll3

20
wherein
1B represents hydrogen, C;-Cjp-alkyl, C;-Cjy-atkenyl, C,-Cr-alkoxy,
C,-Cjy-alkoxycarbonyl, formyl, C;-Cj-alkylcarbonyl, C;-C)s-alkyl-
25 " carbonyloxy, fluorine, chlorine, cyano or nitro;
z represents -CH,-CHj,-, -OCH;-, -COO-, -O0C-; particularly -COO-;
VA represents a single bond, -CH,CHa-, ~-COO-, -O0C- or -C=C-; particularly
a single bond;
R represents a crosslinkable group with the structure CHy=CH-,
30 CH,=CH-CO0-, CH,=C(CH,)-COO0-, CH2=C(C1)-COO-; |

-7.



The essential structural el enent of the

from2to 12. conpounds
with formula | is a structural 25 unit with fornulae aferr] or-aferr]
[err] = woO 98/52905 -8 - PCT/IB98ADSDZ/ 52905
"PCT/ 1 B98/ 00789 ~ Conpounds of formula (1) having the structural
el ement aferr] or %ﬁ r] may be prepared from conmpounds of fornula
(rr)y, a 4-(trans-4- hydroxycycl ohexyl ) phenol . The conpounds of formul a
(1) are al so nevresp&dali)edZHZ%H-mOO{ he scope of the invention. [err]
wherein represents hal og CH err].-CHCH err OQ[err]

- COOR] s} | COR[@C ]reprcee@wésmden rsoﬁ Whg{eonumfmr 2% Jf%rﬁs
Cerr]-Cferr]-al ky, chr ally Jerr]-(err]-al kyl. The
conmpounds accordr ng o the invent i on, with fornmula I, can be readily

synshesi sed usi ng known net hods such as those of Schenmes 1 - 5. Fornmation
tween the rings or

rr] _for, exanpl.e,
ring systensO fﬁr%&o’BPPﬁ“geY‘PA rf° #irR, Auite, partigelar Pﬁgirﬁn‘&es%ﬂ‘@édtoon

of links Z[err]

sever al
person

2,6-di-tert- butyI

1(‘"33

ski”

to each sta

10

15

20

25

wherein

L”,' le

llll UL]II

h .jiquid crystal literature, and are well Kk
e art A smal|l quantity of

he but I oxytol uene (BHT)
m@egz%m

I-D-1

represents a single bond, -CH,CH,-, -COO-, -00C- or -C=C-;

represent, independently, hydrogen, C;-Cis-alkyl, C;-Cjz-alkenyl,
C,-Cjr-alkoxy, C;-Cjr-alkoxy-carbonyl, formyl, C;-Cir-alkylcarbonyl,
C,-Cyz-alkylcarbonyloxy, fluorine, chlorine, cyano or nitro;

represents a crosslinkable group with the structure CHy=CH-,
CH;=CH-COO-, CH=C(CHj3)-CO0-, CH,=C(C})-COO-,

H,CCH-

especially CH,=CH-COO-;
each represent, independently, a whole number from 2 to 20, especially
from 2 to 12.

The essential structural element of the compounds with formula I is a structural

unit with formulae 2’ or a

2|

L‘l
|
7"\
*‘< > piw
L

nown to a

i s added
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Compounds of formula (I) having the structural element a' or a> may be prepared
from compounds of formula (II), a 4-(trans-4-hydroxycyclohexyl)phenol. The compounds

of formula (II) are also new and fall within the scope of the invention.

Ho—«_)— H—oH

X 1

wherein

X represents halogen, -CH,-CH=CH,, -OR?, -COOR?, -COR?, -OCOR?; and
R? represents C;-Cyo-alkyl, especiélly Ci-Cyz-atkyl.

The compounds according to the invention, with formula I, can be readily
synthesised using known methods, such as those of Schemes 1 - 5. Formation of links Z',
7%, 73, for example, between the rings or ring systems A and B listed in formula I have
been described on several occasions in the liquid crystal literature, and are well known to a
person skilled in the art. A small quantity of 2,6-di-tert-butyl-4-methylphenol/"butyl
hydroxytoluene" (BHT) is added to each stage to prevent undesirable thermal crosslinking.



[err] - 10- WD 98/ 52905

PCT/ | B98/ 00789 Schene 2
. WO 98/52905 : PCT/IB98/00789

Scheme 1

o
R i ae L s S =
o) ;
Rl

EDC, DMAP, DCM

P S

' ' Q EO
0 R] . ‘

H}Q’O—(CH IO
R? ©

EDC, DMAP, DCM

Y

0 |
SR AT AT S AT Ol

R2
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- . Scheme 2

@OO—B}

l =—toH

Y Pd (P(CgH 5)3)4

Qo—@—:.—}—oa

| 0O

Y Pd (P(C¢H5)s),

/\1,0"‘ (CHQ);—n_ Cl -
0

K,CO,, K1, DMSO

4\{0 —~CH Z)m_o OH
0

—(CH )
et

y EDC, DMAP, DCM

o
0-(CHy 0
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Scheme 3

D e

\ CeCl,, Mg, THF

OO~

PTS, Diethylene glycol,
Toluene

O Y-

HCOOH,
Toluene

o={ Y )¢ H-on

l’ NaBH , ,THF

o -12-
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/\8,0— (CH ), ~C

K,CO3, KI, DMSO

Y EDC, DMAP, DCM

) Q. .
= 0—(CH,), —O §
o= s OO s
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Schenme 4 [err]
. WO 98/5290§ : : : PCT/IB98/00789

Scheme 4

HO—Q—O-OH
1

R

O (CHp—Cl
0

A O (CHY— O“Q“O'OH
O

Rl

OO0 o,

EDC, DMAP, DCM

Ay O (CH Y, O‘Q_O‘cs OO0 ~
O ol 0 Q @ O—(CHZ)nOZ,_\\
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PCT/ | B98/ OW(8$3/52905 Scheme 5 [err] 8/ 52905
PCT/ [ B98/ 00789 - The conpounds of formula | nay t})ﬁ@é’&"’%ﬁsgne,
inthe formof mxtures with otherS¢ eme Sconpounds of fornula | or with -
other liquid crystal components. Preferred liguid crystalline m xtures

contain at |east two conponents. For liquid egrystalline mxtures 5
cont ai ni ng addi ti onal conp ounds of formula I, it is
preferred that t hese addi t\=ehal quid crystalline conponents contain

a phot o-crosslinkabl e group. One __or nore chiral conpounds nmay al so be
contained in the mxture. Triflnerogetiinesilfvhid dciy and miscibility of
t he conpounds with Fornul alLutidieens | titgidride liquid crystal m xtures

containing a high proportion of cogpound of FQrnula | may be 10 pr epar ed.

Such m xtures may contain up to 100% by wei ght™pf the conpounds of formula
l. The m xtures C \ N t e ntion preferably contain
not only one or nore conp S Formdla |1, but also one or nore

conpounds fromthe group of conpounds with the general fornmulae 15
[err] :#OH
Pd ((C¢Hy),) ,

+e©—<}ﬁc3
o O

Pd ((C¢Hy)s) 4

S -
OF\-O_@_:_Q__O_/——(ZJ R
HCOOH,
o Toluene

g

5
|

L NaBH ,, Dioxane

HOH ,G— | CH,OH

O
EDC, D
,y VLOH MAP, DCM

N OO=0-0"G

-J5-
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The compounds of formula I may be used alone, in the form of mixtures with other
compounds of formula I or with other liquid crysteﬁ components. Preferred liquid
-crystalline mixtures contain at least two components. For liquid crystalline mixtures
5  containing additional components other than compounds of formula I, it is preferred that
these additional liquid crystalline components contain a photo-crosslinkable group. One
or more chiral compounds may also be contained in the mixture. .'
The good solubility and miscibility of the compounds with Formula I means that
liquid crystal mixtures containing a high proportion of compound of Formula I may be
10  prepared. Such mixtures may contain up to 100% by weight of the compounds of formula
L _
The mixtures according to the invention preferably contain not only one or more
compounds with Formula I, but also one or more compounds from the group of

compounds with the general formulae .

15
_ S0 —cn —@—-’( ® S o pu—0<L_
_I.. i ; B
X123 1
,©[ —~()~ -0 o<
—.—.—o —~CH 5)y — 0__ ' m
20

,@ —©—< Y-o=ten ., 'OJQ_
—@—( Vot o —04_ v

Somsro- Ly SO omaced
O()}]‘Q_O —CH )y —0 —& v

-16-



wherein - X repr esents hydr ogen, Jerr]-Cerr]-alkyl,

 err] - Qfokks g%kkenyl Cerr]-derr]-al kyl oxy, PCT/1B98100789
-Clerr]-Cerr -kyl oxy_carbonyl, |, C[err] C[e?rr] al kyl carbonyl ,
Clerr]- é I \ chlorine, brom ne,
cyano 0 t-]r-(c?al }FJ 2 @ @ 6126 nh‘?rber om2 to 20: t
represents a whol e nunber fro ; Z represents -COO,

-00C-, -OCH err]- -CH[err]O CH[err] -O0C(CH err] -

-COO(CH[err]-; repre@ﬁts 1 4pheny|ene trans-1

, 4- cycl ohexyl ene, pyr| dine-2,5 ;r pyr| m di ne- 15 -2,5-diyl or
trans 1 ,4-cycl ohexyl ene-1 4- enyl ene; E 1, 4- phenyl ene, or 2-
or 3-fluoro- 1, 4- phenyl ene; & -(CHerr]- or -Q(CHerr]

Rlerr] =\ re ents /€ ok ghtd ps t ructure CH err]=CH,
CH err]= Oc‘%w-o 47T ir!}r)gﬁf CH ergl=0(d) - coo- |
[err] 20 0 -17-
WD 98/ 52905

PCT/ 1 B98/ 00789 The manufacture of the conmpounds with Fornul a |
and |iquid cr t alline m xtures cont ai ni ng these conpounds are
further il Eo éd—m?thefollovmng non-limting exanples. In the
exanpl presents a crystal line, Na nematic, S a snectic and | the
isotro phase Exanple 1 Preparation of
4-(6-acryl x-ylgexy) benzoi c. acid trans4-[4-[4-(6-acryl oyl oxy-
hexyl oxy) benze I oxy] cycl ohexyl ] phenyl ester 10 I " A solution
of 48.0 g (25 | s) N-(3-di net hyl am nopropyl)-N -ethyl carbo-

z S$'—R*

(& )—s—x" | VIl

5
wherein -
X represents  hydrogen,  C,-Cye-alkyl, C,-Cyp-alkenyl, . C;-Cyp-alkyloxy,
Ci-Cy-alkyloxy carbonyl, formyl, C;-Cyp-alkyl carbonyl, | C-Cyo-alkyl
carbonyloxy, fluorine, chlorine, bromine, cyano or nitro;
10 m represents a whole number from 2 to 20;
t represents a whole number from 2 to 12;
z represents -COO-, -00C-, -OCH,-, -CH,O-, -O(CHy)3-, -OOC(CH)-,
-COO(CHo)s~;
D represents 1,4-phenylene, trans-1,4-cyclobexylene, pyridine-2,5-diyl, pyrimidine-
15 -2,5-diyl or trans-1,4-cyclohexylene-~1,4-phenylene;
E 1,4-phenylene, or 2- or 3-fluoro-1,4-phenylene;
S ~(CH)m- or -O(CH)m=;
R? represents crosslinkable groups with the structure CH,=CH-, CH,=CH-COO-,
CH,=C(CH;)-COO0-, CH,=C(CI)-COO-,
H,C~CH-
20

-17-



di i m de hydrochloride (EDC) in 11 DCM was added dropwi se to a suspension of

19.2 ¢ (100 mmol s) .4-(trans-4-hydroxycycl ohexyl ) phenol, 73.0 g (250
nmol.s) 4wiossaasesl oyl - hexyl oxy] benzoic acid and 3. ®ag/182&500789] S)
"4-di met hyl am@%fﬁhﬂ@of@wﬁprﬁdgiv@@ Forrhala I Ak G8lHar QPRIBAO i at - -

Oferr]C over a period of one hour. It was stirredfor a further hour
at 0[ ercoita@nangfthessenmpoends aregfurthertillustrated tby tixefoll 0 wing noflimitiegexamyplesyi xt ur e

was t hen jpoured .onto 1.5 1..0f .sem -sat ugated NaCl | uti on .and

xt 1 ac 1BARS fHAGRIGS Gapriient sotrRliBlY Srvaate. S 3 et ot BeyAPtPihases
were wanhed twice with 0.4 1 of sem -saturated NaC sol ution, dried
over magnesi um sul phate, filtered and concentrated. The residue was

puri fied by 20 chromat ography (colum filled with 2.3 kg silica gel),

usi ng ﬁl uegg{__ acetic acid 95:5 as eluant. Recrystallisation from

t ol uen 2.3 g 4-(6-acryl oyl oxyhexyl oxy) benzoic acid

tr ans- Prighrdtibn ( Gf 2GL(Bla0RIHUYBXIERYYDREHE O kidX aby-4 [9!feXF-ai s idy- est er ;
mel ti n§g point (CGSJerr]) 84Jerr]C, phase transitrons (SlerrJ-S[err])
107[er%ﬂ%ﬂh§@ﬂ&]§ﬂﬁ&m Asymretric conmpounds

cont ai ni ng phenyl ester resi dgbes which are garigusly 25 substituted on
bot h siﬁg t he 4-(6Lﬁ\§fﬁgydrox cycl oheWa d using
a two-ste nt i s/an ous, td t Nhat Seheng—1~. n te cation of
the nor& urg;:ﬁ/ve phenol |§up of the = -
4- (¢ r ans- 4- hydr oxycycl ohexyl ) phenol and subsequent esterification
with a differently substituted phenyl carbonic acid produced the

asymret ri calA ssahstibh t oft 48100 €35®MmmolE) N-(3-dimethylabii@oprbpyl)-Diveth§carbo-

4- (trans-4- hydroxycycl ohexyl )-phenols npono-substituted in

2- posi thsHIGEYEogH i GBC) S Ad O Wea 2o Serpat te 2 suspension of 192 g

-18-
A A ) 2 -16- -
PCT] | 85523900 m@s} 4\(\9&%&{ ﬁfn@gﬁa{cyclohexyl){)léernﬂ, 73.0 g (250 mmols) .4 {6-acryloyl
hexyloxy] benzoic acid and 3.0 g (25 mmols) 4-dimethylaminopyridine (DMAP) in 0.65 1

15 dichloromethane (DCM) at 0°C over a period of one hour. It was stirred for a further hour
at 0°C and then over night at room temperature. The reaction mixture was then poured
onto 1.5 ] of semi-saturated NaCl solution and extracted three times with 0.6 1 DCM. The
combined organic phases were washed twice with 0.4 1 of semi-saturated NaCl solution,
dried over magnesium sulphate, filtered and concentrated. The residue was purified by

20  chromatography (column filled with 2.3 kg silica gel), using toluene/acetic acid 95:5 as
eluant. Recrystallisation from toluene gave 12.3 g 4-(6-acry1oyloxyhexyloxy)benzoic acid
trans-4-[4-[4-(6-acryloyloxyhexyloxy)benzoyloxy]cyclohexyllphenyl ester; melting point
(C-SF) 84°C, phase fransitions (Sg-Sg) 107°C, (Sg-N) 162°C.

Asymmetric compounds containing phenyl ester residues which are variously

25  substituted on both sides of the 4-(trans-4-hydroxycyclohexyl)phenol were prepared using
a two-step synthesis analogous to that of Scheme 1. Mono-esterification of the more
reactive phenolic hydroxy group of the 4-(trans-4-hydroxycyclohexyl)phenol and
subsequent esterification with a differently substituted phenyl carbonic acid produced the
asymmetrical substituted diester.

30 The following 4-(trans-4-hydroxycyclohexyl)-phenols mono-substituted in

2-position were prepared using a similar procedure.

-18-



15 - : The substituted 4-(trans-4-hydroxycycl ohexyl)phenol s used

as ther j al wer e manufactured, for exanple, | ow ng
4ret hods: %-%865 pé(wil%ﬁ@%%g

WD 98/ 52905 q :
PCT/ 1 B98/ 00789 4 - ?t rans- 4- hydr oxycycl ohexyl ) phenol

3.5 g of trans-4-(4-allyloxyphen cycl ohexanol was stirred for one hour
under 5 nitrogen at 240[err] C. After cooling, the reaction m xture was
di ssolved in approx. 100 m of

X X=ForCl

HO OCH
O-R

o

HO -O—QOH
o] ﬁR
10 o}
HO —O—Qoa
O0-R
R = Ci1-C20-Alkyl,

preferably Ci-C12-Alkyl

15
The substituted 4-(trans-4-hydroxycyclohexyl)phenols used as the raw material

were manufééuned, for example, by the following methods:

-19-



acetic ester and filtrated over a little silica gel. The sol vent was

renoved and the residue was cl eaned by-recrystallisation from
cycl ohexamebhs/s200s - butyl methyl ether, to give 2.9 g of PCT/IB98/00789
2-al 1yl gl oA d}wm»jms?o freRppsadphenol . - 10 The

trans- 4)?4 a %xyphenyl %cloﬁ%anol used as raw material was

manuf act ur ed by the follow ng nethod:

trans-4-(4-allyl oxyphenyl)cycl ohexanol 15 2.66 g (22

mol s) allyl brom de was added d owon of 3.84 g (20 mol s)

p- (trans-4-hydroxycycl ohexyl ) pheno 2.8 g (20.5 mml s) potassium
carbonate in 40 m of acetone. The resulting m xture was stirred
under nitrogen with reflux over night. The m xture was then poured
into 200 mM of water and extracted twice with 200 m of diethyl 20 ether.
The conbi ned3drg@ﬁlmnﬁﬁdésﬂymlélenﬂ}md@hme\ whg ktirtelofari oneGtsukladEers ol ut i on

o0 on S AL SR B s T R Bl

recryst ch:eltl'c%?ﬁef ?rﬂi Fiaaaket 4 GrRSHIRG gel. The sofv@ﬁ%&s‘ I@HlO'V&i and/thd residue
trans-4-(4-allyloxyphenyl)cycl ohexanol . b)

2-f | uor wadcleancdriy- dcryqdhm;mﬁvtrmyelohb))qnh@m%utyl methy] ether, to give 2.9 Pof76 g (20
nmol s) rr s suspended 4 n 30 m THF under nitrogen and cool ed

to Of er El]aa@ﬂ"%(@%?]%ﬁo y‘ﬁ&féyfépr}fy? -1 uor o- 4- hydr oxyphenyl ) cycl ohexanone
in 50 m THF : -20 -

WD 98/ 52905 )

PCTY0 B98/ 0078be  trans-4v(A<ilplonenhenyligyaiobexano! t hsedsasfe raynpenaitrinle waser a
period of 15 m nut .t he ulting m xture was stirred at
O[err]C“ﬁHH%Ftuﬁeg%ﬁgﬁéefogP t{ld?tl ng material was present. 10 m 25%

HC1 was t hen added dropvm se at a tenperature of between O - 10[err]C, and

stirred for ther 30 m nutes. The reaction m xture was then
pour ed Vﬁf’%“‘fé@”ﬂpwe@fé)ﬁé‘ilohf %  extracted three tines with 50 m of
di ethyl ether. The conbi ned opgaqic asQs were washed twice with 50

m of water, dried ovenga Jo! fl/Ltered. Renoval of
the sol vent and recrystallisa ' S i H-u-e—/f/rom i sopropanol gave
2-fluoro-4-(trans-4- hydroxycyclohexyl)phenol 10 The.
4- (g-f1uoro-4-hydroxyphenyl)cycl ohexanone used as the raw naterial was
manuf actured by the foll ow ng nethod:

2.66 g (22 mmols) allyl bromide was added to a suspension of 3.84 g (20 mmols)

p-~(trans-4-hydroxycyclohexyl)phenol and 2.8 g (20.5 mmols) potassium carbonate in 40
ml of acetone. The resulting mixture was stirred under nitrogen with reflux over night. The
mixture was then poured into 200 ml of water and extracted twice with 200 m! of diethyl
20  ether. The combined organic phases were washed once with 100 ml 10% NaOH solution
and once with 100 ml of water, dried over magnesium sulphate, filtered and concentrated
by removal of solvent. The residue was cleaned by recrystallisation from acetic ester,

resulting in 3.7 g trans-4-(4-allyloxyphenyl)cyclohexanol.

25 b) 2-fluoro-4-(trans-4-hydroxycyclohexyl)phenol

F

0.76 g (20 mmols) NaBH, was suspended in 30 ml THF under nitrogen and cooled
to 0°C. A solution of 4.16 g 4-(3-fluoro-4-hydroxyphenyl)cyclohexanone in 50 m! THF

-20-



8- (4- benzyl oxy- 3-fl uorophenyl)-1, 4-dioxaspiro[4.5]decan-8-ol 15
24.65 ¢ 0 ls) (Jerr]Cl[err] was placed under nitrog THE at
%3933/5%@ %T/l?s‘%o{iqhsg

-dJerr]c -~ added dropwi se over a perjaod of.30 m nutes an

resul t iy addeddieppass ahkhs same ferppgratire over a periodiof b minutes; apd thepiltingur e.  The

t day; ' ot | - L
Dot ox HaREPy Rt 0 Lt R LR BRI U AR, 103, o
1- benz yHOK waé thenodided didpwisco e ZaifRrdtive It betibvechHl - t10°@, Md<étHa ff £4-31 ¢

(100 200 nmmols) magnesium a few grains of iodine. The reaction was
st ar t edfugherh#hmingesai (e gedetipn mixture was ythen pertedidnte dOA mb of afaterxand

t t hed .t .0 | ut dded. d i se,
over a iacieh e TR Vi St ottty | The Borb kel BleRRiccbaseiB of 1 ux
for a washed twicé WGth 50 RPHF Wates) dribd 8Gerahaneitmt éfi’dph@@' mamlfeﬁziiam%ﬁimar ature.

The OeCI‘I err] solution manufactured the day before was cooled to O[err]C,
and t heof25he fsplvenf| yandn rngerastellisationGrafgrthe d residust i emwasopsetwed] ogave a peri od

of 30 g Rutes, at 0,t.0 .5lerrlC. The m xture was stirred for a further
2 hour ?’ﬁf‘“@[“e‘ﬁaf‘ﬁ¢atf¥8r‘lé‘y%@]‘?c{’t"?‘%’?h8’f‘°lz1. 08g (135 nol s)
1, 4- di oxaspiro[ 4. 5] decan-8-0l in 150 m THF was then added dropw se at

O[err]C. The m xture was stirred over night at roomtenperature. The
redetion ni x¥he 4-GdBopuinhedrogyphenyl)cyclobexsponusergs gicaravamaieseal i wasaci d,

kept at t ' 'gil?[a,of alittle ice and stirred for 30 a
furtherméﬁifgﬁrn%&gﬁlﬂéégmg@g%c Wwas extracted three tines with 250 ml of

acetic ester. The conbi ned organi c phases were washed once with 250
m of sem -saturated NaC solution_and once with 200 mM of saturated

NaHOCB &6i-benaery-enfiuatprbeah)- higineasnine/4.5 /decan-8-ol

-21 - WO 98/ 5290
PCT/ 1 B98/ 00789 sul p at d. val of the solvent gave the
@e. —Thed

concentrated organic resi was purified by colum
chromat ography on silica gel, eluting With cycl ohexane/ aceti c
ester, to ' give the 8- (4- benzyl oxy- 3-fl uor ophenyl) - -1
, 418 oxaspi r24.65 g](tel ammds)dTeQly wdsiplaced under nitrogen. 247 ml THF at 0°C was

8-(4-b \ -3-fl h -1, 4-di i 4. 5]dec- 7-

3 (& DR ol ST S i oSSR ot s R v
160 : m i YR . : : 4

gn"ml S) rE)ligltlto uerﬁlzkesrrff%‘ﬁ%xﬁi C 10xga§€c?§n§%rr g%%%é%%ﬁ%%?% g?lﬁlue%%aﬁl%(() m  of
t ol ueneoff oapproxdrdately . 10%e of xtaur solutzom coartading 23.1.ang pOidledminmdile) 500
of sat t ed. Na olutio and. e ac ree tine i 20 m
of acet BTy mmock R Eityinn 100 SFLIEE HoAdrinEhed thibe W% 300

of 20 MR epAtSAlLEWREhs STAbdhe OhedBsttibh Vas ShMQ&I By NRSng MB\WaHut 0 gi ve a
concentrated sanpl e. The product,

8- (4- bedrysn andyasssoon asrrefitte ipppraturg wiis araebpd iths] wBjnieg: solutigrewam addsist ai ned 15
by 1 ecralrgf)\%}sle,l St 'aop%riogl Qb 4o _n%%tg ﬁ)%ts%mtiogkvhag "stirred under reflux for a

further 2 hours and then allowed to cool to room temperature.

The CeCl; solution manufactured the day before was cooled to 0°C, and the

25 freshly manufactured Grignard solution was added over a period of 30 minutes at 0 to 5°C.
The mixture was stirred for a further 2 hours at 0°C and a solution of 21.08g (135 mols)
1,4-dioxaspirof4.5]decan-8-0] in 150 ml THF was then added dropwise at 0°C. The
mixture was stirred over night at room temperature. The reaction mixture was poured on
to 300 ml 10% glacial acetic acid, kept at 20°C by the addition of a little ice and stirred for

30 a further 20 minutes. The product was extracted three times with 250 ml of acetic ester.
The combined organic phases were washed once with 250 ml of semi-saturated NaCl

solution and once with 200 ml of saturated NaHCO; solution, dried over magnesium
-21 -



4- (1, 4-di oxaspiro[ 4. 5]dec-8-yl)-2-fluoro-4-phenol A
m xture conprising 2 mof acetic acid and 23.83 g (70 nmols) of 20
8- (4- benzZYPER$2%85f | uor ophenyl ) - 1; 4- di oxaspi r o[ 4. 5] dec- 7- enBCTABIRI@784 of

t ol uenesulptfte and filtefdd ReRoalalf thODNeneFRRI tBE UsRehtButddGroRlie QMR Ofhe?- 38 ¢
10% pal | adi um C hydr.ating catalyst. After the hydrogen uptake was

conpl et BFOHWE  Pvaac PHBRedy Ry usadumps chiomatageaphy on  silisaogglh cluting ciwtith  The

sol vent togive the crude product, T rod wa
purifieﬁegiyhe% rorrgg:ogr 58%% of{z’t heng%si aie usign“%lSFﬁSQI §§f“°a%§emm ng with
25  cydlbbiexaspirt@dcddécan-8adl eroduet. gi ve 4- (1

, 4- di oxaspiro[ 4. 5] dec-8-yl)-2-fluoro-4-phenol.
- 223- WO 98/ 52905

PCT/ 1 BO8/H! .4 (3= Inupy ( -gxgr; I8 | ) cycl ohexanone [err]

75 m -o‘?(‘?ggﬁ%mgéiﬂg&\%pge@gdé%%% S ?éﬁgg?n%lf 16.40 g (65 mmols) of

4- (1, 4-di oxaspiro[ 4. 5] dec, 2-f tQl 0- 4- phenol in 150 m toluene and

stirred under 5 nitrog @0 § ﬂof the starting nmaterial

coul d be detected. The m xture was ¢ allowed’to cool, the organic phase

separated off and the aqueous phase extracted tw ce with 50 m of

t ol uene. The | ned qQrgani €S..\er e, d opc i th 100 i _of

sat ur at ed Na%]fgg?ﬂzﬁﬁ’?%%"g‘ﬂ‘@wg 2’4VW?WE@‘¥]%§5I‘%6@‘%QEIC& €rr] Esofld0i on.

Removal mﬁfolsl),hﬁ%thylﬁrlxe g@h%ﬁ%tmggam bR fhd'076 244 b hfghexanone.
-chloro

-P&iﬁ(‘rﬂé'slx
10 ) -4-(trans-4- r}ydroxycycl ohexyll)@p()%eno wagy\'ﬁ%anuf actured
by 18 si #fid were heated ppdérgeflux in 150 migf toluene for one hour. The mixture was cooled

2- hydr Oﬁ(r}é_p%ugetdri%%sﬁ%_n?lyo sgﬁa%é/ﬁhgﬁe&/ lsc)h?t%]nz, g.ll’lé: e)afaic’ga Et‘}prteg{'xm%g %\1%51 200
ml of acetic ester. The combined organic phases were washed twice with 300 ml of
semi-saturated NaCl solution and the solvent was removed to give a concentrated sample.
The product, 8-(4-benzyloxy-3-fluorophenyl)-1,4-dioxaspiro[4.5]dec-7-ene was obtained

15 by recrystallisation from tert.-butyl methy! ether.

4-(1,4-dioxaspiro[4.5 Jdec-8-yl)-2-fluoro-4-phenol
(0]
C on
O
F

A mixture comprising 2 m of acetic acid and 23.83 g (70 mmols) of

20  8-(4-benzyloxy-3-fluorophenyl)-1,4-dioxaspiro[4.5]dec-7-ene in 200 ml of toluene was
hydrated at room temperature in the presence of 2.38 g 10% palladium/C hydrating
catalyst. After the hydrogen uptake was complete the reaction mixture was filtered
through dicalcite. The solvent was removed to give the crude product. The product was
purified by chromatography of the residue using silica gel and eluting with

25  cyclohexane/acetic ester to give 4-(1,4-dioxaspiro[4.5]dec-8-y!)-2-fluoro-4-phenol.
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15 [err] In an
anal ogoust?aﬁ% 0@ to Exarrpl e 1b the product was prepared usi B@,}, 39 (20

nmol s) of axy ocy ohexyl ) benzoi ¢ acid pentyl ester and 0.76 g
(200 43%#@ﬂ§f*”ﬂﬁﬁﬂﬂ@ﬂﬁf clo é?gﬁﬁeﬂl isation from isopropanol gave
the 2-hydroxy- -5-(trans- - | ohexyl ) benzoi c acid pentyl

ester product. 20 The ‘ ocycl ohexyl ) benzoic acid
pentyl ester used as the raw - A was manufactured by the
fol |l owi ng net hod: 4- (3-acetyl - 4- hydFoxyphenyl ) cycl ohexanone [err]
25 A solution of 9.31 g (118.6 mols) acetyl chloride was added
dropwi se, at 7 ml of forflcebéill GvaP¥Bdeda td @ kAgieH oBA6HENEt @5 hndlsp $gPensi on
of 17.73 (133 nnnliﬁ al um ni um chloride in 150 m DCM A ‘solution of
19. 02 g4( aedlnmpls9[4 erwmazﬂupmwm)ol in 150 mictobiso andrsirted S@eri DCM

was add?u odgrercx) Q%’ﬂo%ﬁ ; %hl Syemﬁgltefgsrﬁarlmg Imsa enaI coul& gen&)e?ec?etdu rﬁ’ne mixture was

-23

PCT/ | BOgf10RB® cool, the Q;E%saw phab& sdpafated¥ B and ﬂ@@aq&du@ﬁhée ehirfiié P Bwicd he
resulting m xture was stirred for a further mnutes at this

t enper avatheSUmd of toduene s (The combinad veganid phastﬂ \dern ovalslmlgmce bretkd é@(bmlexﬂ

The ni xt oured.on to.,.1 and '
Vi gorou§"lllﬁ}’"r‘e\é&aﬁa(t:isqf‘?qﬁ1 FW’(Szﬁemﬂbgao g%g %‘ﬁ%gp‘ 8‘\;%@3[ P&t ed of f
and t he sgeRQage Wﬂﬁoﬂ&ﬁ@hydr&yph&isgj wbs&amece W t h 40 mM DCM The

conbi ned organi ¢ phases were washed with 100 m of saturated

NaH@®J err] solution, dried over rragne5| um sul phate and filtered. Renobval of
t he solvent ga cru duc |due Illsatlo of the
crude pr oduc% ‘1}‘{"?0531@ mg@?@‘&%%ﬁy" ﬁ’h was manl u?aanef rotar

4- ( 3- aceiethodd- hydr oxyphenyl ) cycl ohexanone. 10

2- hydr oxy-5- (4- oxocycl ohexyl ) benzoi ¢ acid [err] 43.15 ¢
(270 nmmol s) of brom ne was added dropwi se to a solution of 39.60 g (990

na <t i e ot LB BNEh BfSkicl Rl [ 50 o7 o (b

and stir erature

nmmol s) of 4-(3-acetyl -4-hydro ) 15 cycl ohexanone was di ssol ved
at 70[err]Cin 100 mM of ™0 @to cool to room

tenperature, and the emnul sion for rred as,then added to al kali brom de

sol ytion. The reaction m xture J: StTrréd>or 3 hours at 40[ err] C,
and 't hen over night at roomterrperature 52 M 37% HCl was added

dr opwi se vvit sI| t co dt ture was stirr dfor
further _hour %Eb*"gtt%% %‘?e‘bﬁﬁ%ef Pt yas @SBSf@Oand
washed. th@ls)"’%?e.! hyd%&y—SfﬁSide&l@héﬂy%&ﬁ&ib bEApRBA tdster e.ﬁfdeo 783¥ €200
2- hydr oxy-5-14- oxocycl'ohexyl ) benzoi"c acid
mmols) NaBH; Recrystalhsation from isopropancl gave the 2-hydroxy-
-5-(trans-4-hydroxycyclohexyl)benzoic acid pentyl ester product.
20 The hydroxy-5-(4-oxocyclohexyl)benzoic acid pentyl ester used as the raw

material was manufactured by the following method:

4-(3-acetyl-4-hydroxyphenyl)cyclohexanone
p .
25 A solution of 9.31 g (118.6 mmols) acetyl chloride was added dropwise , at 0 -
5°C, over a period of 30 minutes to a suspension of 17.7_3 g (133 mmols) aluminium

chloride in 150 ml DCM. A solution of 19.02 g (100 mmols) 4-(4-hydroxypheny!)-

cyclohexanone in 50 ml DCM was added dropwise to this mixture, also at a temperature
-23-



2- hydr oxy- 5- (4- oxocycl ohexyl ) benzoi ¢ acid pentyl ester [err]
13.60 g (70 nmol s) of 2-hydroxy-5-(4-oxocycl ohexyl)benzoic acid was
suspendedO 2852903 n 90 nl of acetonitrile. 10.66 g (70 nmol BET/I1B98/00789

1, 8- di agahi 7 bodre: gerfol \Wra6 ridued) 'Fxﬁ%n' g mi . ded dpopw se at
20[err] C over a preri od of 10 mmﬁﬂtqg%’ré 0 cgnv\%tdn%ﬁ%r ?%r?her% mmol s)
pentyl mmnutes dethis\iemperatier untiéthe srartinginatéridl @onld mu t@sper Bddetsssapensi on was t hen
stirred undeéﬁref ux for 18 ho¥rs. ter_ coolj the reactjon m xture was
poured into dm’&mew_ “BPOwEL en oy &okirean geforates, padvigpronsly5o m of
i’ﬂlg it ! C sfifrk@ for J&eh&v\%”ggﬁ%%{g%%ﬁ was separated off and the aqueous phase was

PCT? | BEstraaaBsvice with A0 sd DAMr Theveshbidedongeniviphdse? @rerndashéd ith 100 hilee ti nes
with 150 m of r~ dri.ed .. ., over nmagnesi sul phate and filtered.

Re rmvaI"ggf"":“'r‘%‘éi @%ﬁ&gﬁtx’ B qried Qver e B%é‘lﬂgﬁate %%&We@a@e@m‘ﬁlﬂf ed by
chr onatRGEHARY gAR 1B ErbSp@Bhot a8h FsidAe, NécH efyGH: @P&ﬂf‘ ' r to
gi ve 2-hydr oxy§5- 4- oxocli/lcl ohexyl )benz%&l C amgéﬁ?)}gnt y %ggg{ddﬁﬁéﬁ The

f ol | ownietgnelgaye dr{dacetl-&bydnxypbenyljoydiohexaaoss. i | ar f ashi on:
Phase transitions

10 2-hydroxy-5-(4-oxocyclohexyl)benzoic acid

0 OH

OH
0

43.15 g (270 mmols) of bromine was added dropwise to a solution of 39.60 g (990

mmols) NaOH in 194 ml of water over a period of 30 minutes at 0 - 5°C, and stirred for a
further hour at this temperature. 20.91 g (90 mmols) of 4-(3-acetyl-4-hydroxyphenyl)-

15  ‘cyclohexanone was dissolved at 70°C in 100 ml of dioxane, allowed to cool to room
temperature, and the emulsion formed was then added to alkali bromide solution. The
reaction mixture was stirred for 3 hours at 40°C, and then over night at room temperature.

52 ml 37% HCI was added dropwise with slight cooling and the mixture was stirred for a
'ﬁmher hour at room temperature. The precipitate was filtered off and washed with water.

20  Recrystallisation from acetic ester gave 2-hydroxy-5-(4-oxocyclohexyl)benzoic acid.

2-hydroxy-5-(4-oxocyclohexyl)benzoic acid pentyl ester
o OH
O~
o]

13.60 g (70 mmols) of 2-hydroxy-5-(4-oxocyclohexyl)benzoic acid was suspended
25  in 90 ml of acetonitrile. 10.66 g (70 mmols) 1,8-diazabicyclo[5.4.0Jundec-7-ene(1,5-5)
(DBU) was added dropwise at 20°C over a period of 10 minutes, followed by 11.63 g (77
mmols) pentyl bromide over a further period of 10 minutes. The suspension was then

stirred under reflux for 18 hours. After cooling the reaction mixture was poured into 300

ml of water and extracted three times with 150 ml of acetic ester. The combined organic

-24 -
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phases were washed once with 200 mi IN HC, three times with 150 ml of water, dried
over magnesium sulphate and filtered. Removal of the solvent gave the crude product
which was purified by chromatography on silica gel, eluting with cyclohexane/acetic ester
to give 2-hydroxy-5-(4-oxocyclohexyl)benzoic acid pentyl ester.

5 The following compounds were manufactured in a similar fashion:

Phase transitions

R St A-Z1 B S2 R

A | (CH2)u0 & ?o—O— Q—?_@‘ OCHy | =i

L0 h) Smp. (C-
< | CH2sO b~ @—(}—@_ oCHys | N [Smp- (C-Sp) 81

OC,
Sg-Sc 104 °C,
Sc-N 140 °C.

i

24 | eyo | o4 -

O(CH2)7

A | (CH2)gO —0_400— @-}_O_ O(CHa)s el oS(l’:np -(C-Sp) 84
SF-Sg 96 °C,
Sp-Sc 114 °C,
Sc-N 165 °C.

- 7 [ Stop. (CN) 95
A | chye0 —©‘<.,_O_ Cz\:oj‘Q O(CHpg | oC,
)

Klp. (N-I)
136 °C.

Jf

A | (CH60 _Q_{-O— Q—:}_O_ O(CH2)6

J:/j.

A | (cHe0 ‘Q‘{O— Qos O~ | oz

A (CH2)60 O(CH2)6

e
.
>
>

P

< | cmo | “O~4 - {%kj?‘@‘ O(CH2)6
Q
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[err] 26 - WO 98/ 52905
PCT/ 1 B98/ 00789
. WO 98/52905 PCT/IB98/00789
. Phase transitions
R s! A-Z1 B s? R
0 y
7 | (CH2)60 O 60_0_ C\i_j\:@_ O(CHps | —
o
0 ) )
/£ | (CH2)60 O O | O M~ | owcnae B
0
O\ 0\_
A | (CH2)6O _Q_(:-O— e o»‘@“ O(CHa)g - %
(4]
~ | cme0 | %O Q}’@‘ ocHys | %
re
a Y = Y
A (CH2)60 o — 7\ \_# O(CHo)s Y
= :
[s]
2 QS Iy
/| (CH2)60 _O_«n—O— & o>_@_ O(CHg | ¢ °
o "
(o]
£ |empo | 4o Q;\ O | oeups | <
AN
o [} Oy
A~ | (CH2)0 O O a }_Q_ OCHps | -
0NN
]
) 0, = o
~ | (CH2)60 —Q"’{,_O_ /_\\_?‘@’ O(CHps | =3
o,_(o\/\/
/| (CH2)6O O éo—O— 0 Oo(CHyg |
~ (CH2)60 WO— /_\—}_Q_ O(CH)s _}‘\\
A\
& | o | O4<o- Q—’ 0 |ocags | <D
07NN
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Exanpl e 2

trans- 4 l 056}52@)95 acryl oyl oxyhexyl| oxy) phenyl -

4- (6-acryl oyl oxyhexyl oxy) benzoic acid

et hynyl | ppeagdd/goyvsd ohexyl

ester —— Using the sane procedure as:that set ouf lghn Exanple 1
4.747 g a I’y| i clid ase transitions
trans-(%-[ -[4 %rcﬁycycl%ﬁexyl )phenyl e}éhynyl ] ph§noxy] he;?yl éster, 3.22 c

(11 o —f6—gcEytoyto CU N PR VA ey e
and 2.11 g (Llc}iﬁso nﬁ@"E@m&:r : togeﬂ(bﬂj)g Chr-ormtégrag
cl eani g '8t {he resildue on siTica gel eljuting with tol yene/ ée?l C
ester 95:5 and recrystallisation ffromtol uenejgave Sc-S4 104.5°C
4- (6-ag¢ryl oyl oxyhexyl oxy) benzoi c jaci d
trans-4-[4-[4#-(6-acqyl oyl oxyhexyljoxy) phenyl - et ynyl ] phqbnfﬁ‘]}{ﬂéi"cﬁ]e
ester. 727
98/ 52905 MI?CT (EoB/ 00789
The acjyli,c acid tr s-@|¢- 4-(4- dr"yx@ml dhexyl) dhenld, et hyngmpfr8moxy
hexyl estiér ${EP6hg ma r‘<£l[:>was %Pﬂj’fa L e Qﬁgﬁﬂ a khown|net $88°G A.
Carpita, A Le¢ssi, R Rossi}, Synt hesi s* Q:om*runi gati ons 1L9§4N_5,g},)cfr
4- et hyhyl - phénol andg trans-
Kip.(N-I) 157.0°C
A | (cH260 _OQ '(o—O— @“’5 - | ocups | <
4] [}
5 o =
~ | (CH2)60 o ol | Lo O(CHpg | ~& »
P g Smp. (C-N)
A | (CH0 jp—(o—O— @_03 Qo_ O(CHp)g DA\ 116.0°C
Kip.(N-I) 129.4°C
q ] Smp. (C-N)
/| (CH2)60 Q ao—O— @—oj Qo ocHps | < 86.3°C
—~
a Klp.(N-I) 99.9°C
Example 2

10

4-(6-acryloyloxyhexyloxy)benzoic

acid trans-4-[4-[4-(6-acryloyloxyhexyloxy)phenyl-

ethynyliphenylicyclohexyl ester

A R R e R e NN R &

Using the same procedure as that set out in Example 1, 4.47 g (10 mmols) acrylic

acid trans-6-[4-[4-hydroxycyclohexyl)phenylethynyljphenoxylhexyl ester, 3.22 g (11
mmols) of 4-[6-acryloyloxy]benzoic acid, 0.13 g (1.1 mmol) DMAP and 2.11 g (11

mmol) EDC were reacted together. Chromatographic cleaning of the residue on silica

gel, eluting with toluene/acetic ester 95:5 and recrystallisation from toluene gave

4-(6-acryloyloxyhexyloxy)benzoic acid trans-4-[4-[4-(6-acryloyloxyhexyloxy)phenyl-

ethynyl]phenyljcyclohexyl ester.

-27-
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-4- (4- bronophenyl ) -cycl ohexanol , followed by esterification with acrylic - |

acid 5 6- chl or ohexyl ester (cf. Schene 2). The f.ol | owi ng
conpoundsWﬂ@BEZMnuf actured using a simlar procedure. PCT/IB98/00789
Phase n id ) E | €1\ e

e ety oy S e, aoid, haE-Blia-4-(a-hydroxyo§ BIRLS 1 Bhenytethynyliphenoxy)-

trans- hegyl ested-starting matenial) e yhamafoiupédo st la-knohal metﬂoal(hcml—fsai%awl ester

Us h i 10 mmol |
aci o 1 1955 RTERBLASEEES Ghomeitsom BB, fmneqqlwnmpgm% ng?fréslér
3.22 g -@-'Kﬂ—bi’@fﬁép%nyl)-cyclokflaxhﬁﬂ Actoltb@éd %] Detiofidhc o 0 iy (A3 Mot

DVAP and e reacte P ude
proﬁuctG-Olid@rOb@!mltst@'dcbﬁchﬂmaﬂ)at ogr aphi ¢ cl eani ng of t he residue on
silica gel t} 1tlol uene/ acet.ic ester 95:5 as eluant. The
_28 - Compauwgs were manufactured using a similar procedure.
PCT/ | B987 00789 4= 6- acr yt oytjoxytexytoxyjpenzorcT—actd
trans-|4- R4' -|( 6-Sdcryjl yl oxyhzkyl oxy) bi phemyl - Sz 4-yl 1gycl ohxla}) ®st eff
product was |i sol ated by recrystalflisation fromtol uepe ransition
A | (CH2)30 O Eo—<:>— = | O(CHD3 B
[+ <
A | (CH2)40 C b O E>—=— | O(CH2)4 -}'\
A | (CH2)s0 & go-O— = | OCHY)s Bal
A | (CH70 C Eo—O— S—=— | O(CHY) e
4 oo | % | oo o | D
- A | (CHe0 _OQ éo—Q— = | O(CH2)6 -
[s] ¢
A | (CH2)60 Q zo—O— S~ | O(CH2) —«>’\\
Ve =
Example 3

4-(6-acryloyloxyhexyloxy)benzoic acid trans-4-{4'-(6-acryloyloxyhexyloxy0)biphenyl-

10 -4-ylicyclohexyl ester

A NVAND L O S Ve Ve SR

Using.the same procedure set out in Example 1, 4.23 g (10 mmols) acrylic acid

15 trans-6-[4'(4-hydroxycyclohexyl)-biphenyl-4-yloxyljhexyl ester, 3.22 g (11 mmols)
4-[6-acryloyloxy]benzoic acid, 0.13 g (1.1 mmol) DMAP and 2.11 g (11 mmols) EDC

were reacted together. The crude product was purified by chromatographic cleaning of

the residue on silica gel with toluene/acetic ester 95:5 as eluant. The
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The'acrylic acid trans-6-4'-(4-hydroxycyclohexyl)biphenyl -4-yl oxyl]hexyl
ester osgrs,gigogng mat eri al was.prepared using known met h%g‘nl%mbmg
Grignar 1‘?{5’9’2&9’ i r%g br onpphenyl ) phenol

1,4-dio ﬁ%’ WBeERE (aGidy trans-fd4 aéaaﬁaﬂrl@loml)exyloxy)bxpmnmed by

red ctiq f on of the phenolic
yelr oxy 3‘%35“"9?{%%‘%1 (B A iooel pE P lop el oo o)

The follow ng conpounds are prepared using simlar net hods.
Ph ase e acrylic acid trapef|- (4-hy}1mxycyclﬁh®ayi:)b$héxyl-4-yloxyl]hexyl ester

| bi,ph 4- b d
t rans- }%rﬁ é’é"%%’?/‘gl 0 OX I pP%S’(é//)lmowga{n é%ﬁ]ci,l&?cp()‘ﬁé@éﬁl capling of 15
Usi t4 H Eéﬁol | | id
LT e D oy oy oty Sdecin o, (HarTB, Blarle 38! (515"
mol s) felloyed Qz,rgdl@yp@)@¥.the keto gnenpydral PWilllamstwe nghemﬂeatmnhffrﬁxe memdhc 0.12 g

e LT

The followiﬁg cB8poERE Are prepared using sxrmlar methods

PCT/I /00712l e residue on silica gel with cycl ohexane/ acetic ester
(4;1) @s ReI u ntS pro%lfi} was 5 g2 R Phase

Transitions

< | (cH2)30 C L—O— O~C)— | ochos e

-~ | (CH2140 O fo—<:>— O-C)— | o B

Ny (CH2)50 C O—Q— @-@— O(CHy)s "?_\\

A~ | (cH)70 O LO— O-C)— | OoCH)7 e

< | o | 0% O-C)— | oecnpg | <
~ | (CH2)6O Q EO—O‘—- O O(CH2)6 D

[+ Q
~ | (CH2)0 e O_O_ O-C)— O(CHp)g | — M
10
Example 4

4'-(6-acryloyloxyhexyloxy)biphenyl-4-carbonic acid trans-4-[4-(6-acryloyloxyhexyloxy)-

phenylicyclohexyl ester

15 JQN_Q Z"W‘Q

Using the procedure set out in Example 1, 3.46 g (10 mmols) of acrylic acid trans-
-6-[4-((4-hydroxycyclohexyl)phenoxylhexyl ester, 3.68 g (910 mmols) 4'-(6-acryloyloxy-
hexyloxy) biphenyl-4-carbonic acid, 0.12 g (1 mmol) DMAP and 2.11 g (11 mmols) EDC
were reacted together. The resulting product was purified by chromatographic cleaning of
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| sol ated by recrystallisation fromacetone/ethanol (1:2) to give

4' - (6-acryl oyl oxy- hexyl oxy) bi phenyl - 4-carbonic acid
trans-4-wo-9862805r yl oyl oxyhexyl oxy) phenyl ] cycl ohexyl e NCVIBPSBIT8Y ng ,
poi Nt (the RlsRiuklon siifeadfel VAR wsmhbﬁaferae&i@és@a]ﬁ% eli@nt. The product Rfasacrylic -
acid t[ans-6-%g-(4-heroxycyclohexyl)phenoxy hexyl_ester starting

mat er | dfolated bt gemistalliationy iomarpsefane/ethanal f {Ict itorgive 4'-(6-acryloyloxy-

4-(transd: X C Xy ). ql h lLi¢.aci.d 6-chl gr ohexyl

& L R L e BB B ) s

-4- hydre@wy@uaﬁ@@poiuﬂ(na&ﬂnsbscmn&ﬁma@bﬂmExawmj).e 1 were also sinmilarly

al kyl at ed. ) The follow ng conpounds were prepared using simlar

met hods. The acrylic acid trans-6-[4-(4-hydroxycyclohexyl)plieapxylhexyl ester startingD

gﬁgggg%aterial was obtained by Williamson etherification of 4-~(trans—4—hydroxﬁgg{ohe|:31?y 00789
phenol with acrylic acid 6-chiorohexyl ester (cf. Scheme 4). The substituted 4-(trans-
-4-hydroxycyclohexyl)phenols mentioned in Example 1 were also similarly alkylated.

The following compounds were prepared using similar methods.

Phase
R st A-Z! B s2 R Transitions
A | €30 ~Q—O—}_ (C)— | o) e

i}

A |emno | GO | O-O- | o |
.. 3 ;N
A | eEps0 | L0~ )~ | ocps | Y
< |ewo| 00 | OO |oem | D
4 oo | 008 | OO |oms | D ‘
S| O-C— | ocms | -

~
gl

A ) (CH6O0

k

2| cHpg0 _Q@_?‘ O~ | oemps | -0
oy CH2)60 °>_ CH; -;SL\
A | Ch —Q—O-o ) | OCH2)6
4 oo | O-OF | OO | oo s
0
A (CH2)60 53_03\”' O-C)— | ocHs _:H
o b~ )
(CH2)60 )~ | OCH Do

.

[
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[err] : Exanpl e 5 Acrylic acid

3-[trans- %,P%ﬁé% ans-4-(3-acryl oyl roxypropyl ) cycl ohexyl ] pher}y:l.l%gy,ﬁ)sg

phenyl ] cy 1r)r pyl e%ter

proceduf e _set i n|Exanp) 9g {5 mpl of o Phase
3-[trang- 4‘[47 [4 [trans- 4"‘( ypropyl) cygl o xyl ] phBny| etTnymyrh])pheryl]
cycl ohekyl]- LGP (15 mrolis) acrylic_ac 0.18 g ( :
nmol ) DI\/AP an B9 ( v wer ¢ ed tbyet her The crtde
product | wAs pu &P? b)‘/@?@)&f r@g dl @ﬁ? ofa?he resi due on
silica gel with cycl (theMe'/\acetlc ester (4:1){ eluant{ The rProduct was
| sol at ed~—by—recrystattrsattomfromracetonerethanot—(t2—to grve—actyti—<

acid 3-[trans-

- 4-[ 4- [ ZExalnpdnS - 4- (3 acryl oyI oxypropyl ) cycl ohexyl ] phenyl et hynyl ] phenyl ] cycl
ohexyl ] - ) : The

phenyl i b hl TP 1 startl ng material was manuf actured from
4- (4-hy < cI ohexanone ~The required chain length of the

spacer was first s esrse W t i\ r eaeii on, foI owed by
catalytic hydratlono & o 7 -o d -For R f@ enoPi &\ hydr oxy
group was then transferred to the correspondl ng triflate which vvas then
coupl ed Q the diar acet | ene .usi hods ( A.

Lessi, R Rossif s t%g‘}égmfo set. B¥mifi LEQ‘%HBP‘? fé KE?C@ ca‘? al ysed
splitti ngpahsiiya. [@é@é&ﬁlﬁﬁe}lﬂ&&&yﬁfdﬁyﬂBy&éﬂ%ﬂ?%ahenyle&yﬁﬁ}ﬂh@ﬁ‘ﬁ%ﬁhﬁh&fﬁ}iCt ion

wi t h sodi um borohydri de, gave the réquired dial cohol che
The fol Imupamgl-obrhﬂ&mﬁlsﬁ moés)mceﬁnra@cd ®sidng (55 mnel) DMMARoats! 2.88 g (15

I[D(érl'/r } BodrmElgEDC were reac?ez%{toge%)er- The crude product was purified by chromatographic

10 cleaning of the residue on silica gel with cyclohexane/acetic ester (4:1) eluant. The product
was isolated by recrystallisation from acetone/ethanol (1:2) to give acrylic acid 3-[trans-
-4-[4-[4-[trans-4-(3-acryloyloxypropyl)cyclohexyl]phenylethynyl)phenyl]cyclohexyl}-
propyl ester. -

The  3-[trans-4-{4-[4-[trans-4-(3-hydroxypropyl)cyclohexyllphenyl  ethynyl]-

15 phenyljcyclohexyljpropan-1-ol starting material was manufactured from 4-(4-hydroxy-
phenyl)cyclohexanone. The required chain length of the specer was first synthesised by a
Wittig reaction, followed by catalytic hydration of the double bond formed. The phenolic
hydroxy group was then transferred to the corresponding triflate which was then coupled
to the diaryl acetylene using known methods (A. Carpita, A. Lessi, R. Rossi, Synthesis

20  Communications 1984, 571). Acid catalysed splitting of the dioxolane protection groups,
followed by reduction with sodium borohydride, gave the required dialcohol (cf. Scheme
5).

The following compounds were prepared using similar methods.

R Sl A-Z! B s2 R

2ol | <OO—= | OO ||
D= | OO || D

- (CHz)s
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[err] Exanpl e 6 A m xture of 64% by wei ght of .
4- (6-acryl oyl oxyhexyl oxy) benzoic acid, 5 .
4- [ 4- (6-.a¥Q2PEKyhexyl oxy) benzoyl oxy] - 2- pent yl oxycar bony| Rt&aBsB/00788t er

20% by el gnt pf—4-(6- acryr gyt oxytexytoxy)ybetrizo-c—aet
trans-4-[ R[4{(68hcryl oyl axghexyl oxy)- B benzagl oXy] ccl dhexyl ] ghenyl
ester, [112%bylweight| of 4-(6-acrylloyvl oxyhexyl oxy) - benzoi c acild -

4-[ 4-6-|acryl oyl hekyl Oxy) henzoyl oxyl< 2;net hy| phenyl| e r jand 4%|by
wei ght [of 74- ( (5-@@/ | pyT gﬁf@yl‘oxy ) b@?}{fc{ﬁaci g (CH2)6 | 43
] vaval

4- [ 4- ( g=acryHpytoxyhexytoxy)ybenzoy Ho—oy—2—chl-grephenylesten was

prepardd. 2% bycusght g:)@_?g;_ oif ni t(l_:? tgg (IRG&%@E, :}—\\ @i ba- CGeilgy) and
2% by Wei ght ¢f ?qéf?hi pi t ( ) wer e “&dd theyeto.” The resylting

m xture was di ssolved 1 n anisole (20% by weirght), then spin-coated at 900

revol uti ons per mnute on to a glass substrate that was coated with
rubbed pol yi mde (SE 510, N SSAN). The | ayer was crosslinked in the
vacuum ;Egg_&‘)_@k at roomtenperature in a vacuumw th 15 xenon |ight (e.g.
30 m nu ; parallel orientated nematic |layer with a |layer thickness of

1 [err] m andAa thixteér bf gei¥s ebyf weight of. 406Lbryl@toxyhedieadbentbics abi@yer acts
as an opt.i cal et arder. Exanmpl e 7 20 2% by wei ght of
|RGéCURE-[éﬂgaWJ%%%?Q?RXY&&W%@-%H&”@%@M@@% eester, 2%viymg the
same co b tFQnree Lo - . Lng,m xture was
di ssol v%@hbgﬁ{@ %?gi@d“%ﬁ %5@%&/? gﬂt ?19 as plat%%(%%a[? é[é:fgﬁcrgg%%}é{\i}%ﬂ&%y ns per
m nut e benzbgloayjcyclohexlyplengh eester, pil 2%4C bat edight tof am&@c:iymyﬂcﬂiyh@)@ldn&}v\ﬁr ﬁf

th | oyl t hyl - 3- (E).- [ 4- - -4' - bi I | at e, i C
o . aPHHOIOAS e Rt B YRR RO e R e A= Wiyer has
a prede ' . ' Apht a ' ' hn ith
| Ir[:ear I ﬁgg} gg?s(ggécfﬁ%ﬁhﬁhﬁiﬁsggmtgﬂﬁgﬁi&iﬂ&i%éﬂé%&@%?ﬂ%%dig};pgﬂg@ﬁ Iga\;/mer)
waslodr i exylad-chlorophenyd pster W& prapaseh @46 by gveight ofi 2 phhtemitatpo@RGAGURBE vacuum

cabi net e rature.lLNea .. uum wi,t h, xenon I.i ght. .The
regi st eFZéc? ‘%?‘%@ %ﬁﬁg’t %ﬁ@feﬁﬁhk ogérgu%rr@me”&ﬂ%ﬁaéegc%?eg‘f‘el ¢ resulting
- 32-  mixture wi¥iS8Ived A0anisole (20% by weight), then spin-coated at 900 revolutions per
PCT/ 1 B98/ 00789 incorporated in the new network. A clear bi refrlé%ence (An)

was det BHRWBPB to Figlass substeate thet wapeoatedsyish rubbed pelyimide (W 81GNISSAN)r et ar der .

The layer was crosslinked in the vacuum cabinet at room temperature in a vacuum with
15 xenon light (e.g. 30 minutes). A parallel orientated nematic layer with a layer thickness of
.1 pm and a birefringence of approx. 0.15 was produced. This layer acts as an optical

retarder.

Example 7
20 2% by weight of IRGACURE and 2% by weight of BHT was added to a mixture

having the same composition as that specified in Example 6. The resulting mixture was
dissolved in anisole (20% by weight), spin coated at 900 revolutions per minute on to a
glass sheet pre-coated with an orientation layer of methacryloyloxyethyl-3-(E)-{4-cyano-
-4'-biphenyljacrylate, which forms a photo polymerisable network (PPN). This orientation
25  layer has a predetermined pattern photolithographically formed by illuminating with
linearly polarised light through a mask. The new layer (on the PPN layer) was dried at
40°C on a heating bench, then exposed in the vacuum cabinet at room temperature in a

vacuum with xenon light. The registered original structure was maintained and accurately

-32.-



-33 - : WO 98/ 52905 LAV
PCT/ 1 B98/.0Q7 3
-Conpounds\ggfglgptof]e general fornula I: PCT/1B98/00789

incorporated in the new network. A clear birefringence (An) was detectable. This layer
acts as a spatially structured optical retarder. ' '
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R-Slerr] -A- Z[err] - B-S[err] - R wher e
and B are i ndependent ring systems with the fornulae aferr],
b,. . WO 98/52905  [err] v\heretijTamsmfzss

trans-1, 4- cycl ohexyl ene ring, onepRANMO 15
non- adj acent CH2 groups may be repraced by o
Gompounds-vigthethg peneeal formylabne or two non- adj a

ERTTITE

wher eby; in

groups may be replaced by nitrogen;
i ndependent |y, hydrogen,
Cerr]- C[err] al Rerg/l- 207 -B-§2-R
C[err] C err]-al kyl oxy carbonyl,

represent,

xXygen,

Cerr]-Cerr]-alkyl,

fornyl, Cerr]-(err]-alkyl

carbonyl, Cerr] -C[err]-alkyl carbonyloxy, hal ogen, cyano or nitro;
Zlerr], Z[ e eZ[ err] represent, independently, a single bond,
-CI-l[.err]Cl—l[err -, -CHerr]O0-, -OCCH err] -
-00C-, -(CHerr]-, - CHerr]-, -(CHerr]0- or-CJerr]C; 25

Slerr], S[err] represent, | ndependent | spacer unit,

strai ght chdi#ndd
-(CHerr])[err],

or nmultiply vm'th fluorine,

-34 - K
PCT/ |1 B98/ 0078
where Y re z
functi onal g/@gb\ such
10
15
L, 131
20
Zl Z2_..z3
25
s!, §2

are independent ring systems with th)fogn
substituted if necessary singly

WD 98/ 52905

or -((CHerr]-Or-, or a chain with the

. err]

al a2
L! LT
A
Lzu L3 L2\_’ L3
) )

whereby, in the trans-1,4-cyclohexylene ring, one or two
non-adjacent CH, groups may be replaced by oxygen, and
whereby, in the 1,4-phenylene ring, one or two non-adjacent CH

groups may be replaced by nitrogen;

represent, independently, hydrogen, Cy-Cyg-alkyl, C;-Cyp-alkenyl,
C-Cyo-alkyloxy, C;-Cyp-alkyloxy carbonyl, formyl, C,-Cyp-alkyl
carbonyl, C;-Cyp-alkyl carbonyloxy, halogen, cyano or nitro;

represent, independently, a single bond, -CH,CH;-, -CH,0-,
-OCH;,-, -COO-, -00C-, -(CHy)s-, -O(CHy)3-, -(CH3)30- or -C=C-;

represent, independently, a spacer unit, such as a straight chain or
branched alkylene grouping -(CHy),, substituted if necessary singly
or multiply with fluorine, or -((CH),-O)r-, or a chain with the

. -34-

-aferr] or

Clegr]- C[err]-al kyl oxy,

such as a
,&f enbh,ene groupi ng

for Ha (CH[err]--Y—(CH[err]
l'i nki ng



NR[ err]-CO, CONR[err] -NR[err]-COO, -OCONRerr]-

: g[R[ef; ]r ]C:W\%ﬁg 2 Herrl re Coge - O OC O, p@aBbkm07ss
| ow al kyl , . and where r]f @gg)!&'é%ﬁ SeWBeIS W@eﬁéﬁb%ﬁgl? Perd or a.

to 20 on condt on tha e
os: tlm?cm?ﬁﬁx]:hcﬁd’al a%?e structure P ?54' l

represents crosslinkable groups vmt

a%err} g(+Pﬁ)ooCOO CH[ eNR’ @ch@N]Q Sm-cow[@e%dwkcm‘ 10
err
CH err]=C(CH err]) - CONF ‘&éﬁ %% l@ﬁﬁﬁn'—t@(ﬂm en or

CH COOR ) - CH
AR £ e el

[err] 15 Ph to 20 on conditioaghatQehifrsh Py | ; R
represents nethyl, ethyl, propyl, butyl or pentyl, R’
represents nethyl, nmethoxy, cyano or hal ogen, 20 with the proviso

that at |easg one of tRGrésetd SvSlBRELIA be%% WA e hdcRrd | (Y,=CH
systemw th the fornula af[err] or aferr]

Si ngl e bond, and -R-§[ &éilFCH-COO-, CH=8(dHp-C20d¢o Gbh=EA01)ai nCADO- or

to IOF

PCT/ | B98/ 00789 CH,=C(CH;)-CONH-, CH;=C(CI)-CONH-, CH,;=C(Ph)-CONH-,
CH;=C(COOR'-CH,-COO-, CHy=CH-O-, CH,=CH-00C-,
Ph-CH=CH-, CH3-C(=NR')-, cis- or trans-HOOC-R=CR'-COO-,

R —_— R" — )
N ~
H C—'CH‘ =i - =i = -
v O-—CH CH @—CH CH-COO

15 Ph represents phenyl;
R represents methyl, ethyl, propyl, butyl or pentyl,
R" represents methyl, methoxy, cyano or halogen,
20 with the proviso that at least one of the ring systems A or B represents a ring

system with the formula a' or 2%, Z' and/or Z? represents a single bond, and -R-S!

and R-S? do not contain -O-O- or -N-O- groups.

2. Compounds according to Claim 1 with formulae I-A to I-F

i 8 DO —»
25 L L LB LA
R 5! /\':_,___\/‘ 2s ’élg\f\ 2 <1|_\ s? — R
LY L Lo I-B

(nmwmm -

err] and/or Z[err] repr’esents a

N-@ groups. ZCI-fng%ix- ds sl phd Ggg}@glg_c@@[_téb_m_&_r,ml ae |-A



[err] wherein, one or two non-adjacent CH2 groups of the
trans-1, 4-cycl ohexyl ene ring may be replaced by oxygen and one
or. two noWOH85a¥Wént CH groups of the 10 1 , 4- phenPCaAB840780 may

be repl aced by nitro [err] L[err] represent;
L ndependenH1 rﬁ/ @‘éﬁm’@w =&l k ]Sze[-eRr] al kenyl ,
Cerr]-Cerr]-al koxy gerr] [err] al ko car fornyl,

err]-Cerr]-al kyl cd'bonyl, LR

Cerr]-Cerr]-al kyl carbonyl oxy, hal ogen, cyano or nitro; {5(: Zlerr]:
represents a single bond, -CHerr]CHerr]-, -CHerr]O, -OCHerr]-, -COO,
- OOC-, -(CH2)4-, -Q(CH2)3-, -(CH2)30- or
Cerr]G; gr— gt res S a23|__qle bond,
~CHerr]CHerr]-, - e - Ao - c@—

or -CJerr]C; and L" S[err]le S[err] and R have thel#ani ng

I ndicated in daim1l. 20 3. A conmpound according to Caim1l
or Claim2 of formula I-A-1 or |1-A-2 [err] WO

98/ 52905 1-A-2 wher e

Llerr], L[etTT; SL@W@—r@pm@—@?dem Ry, hydrogen,
Cesr]-Cerr]-al kyl, le Cerr]-Cerr]-aflgenyl,
Cerr]-Cerr]-al koxy, (err]-Cerr]-al koxycarbonyl, formyl,

el L2 I-F
wherein, one or two non-adjacent CH, groups of the trans-1,4-cyclohexylene ring

may be replaced by oxygen and one or two non-adjacent CH groups of the

10 1,4-phenylene ring, may be replaced by nitrogen;

LI R represent, independently, hydrogen, C;-Cye-alkyl, C;-Cyp-alkenyl,
C,-Cyp-alkoxy, C;-Cyp-alkoxycarbonyl, formyl, C;-Cy-alkylcarbonyl,
C;-Cyp-alkylcarbonyloxy, halogen, cyano or nitro;

15 - z* represents a single bond, -CH,CH,-, -CH;0-, -OCH,-, -COO-, -O0C-,
-(CHa)s-, ~O(CHa)z~, -(CHz)30- or -C=C-;
73 represents a single bond, ~-CH,CHo,-, -CH,0-, -OCH;-, -COO-, -O0C-,
or -C=C-; and

S\, S; and R have the meaning indicated in Claim 1.
20
A compound according to Claim 1 or Claim 2 of formula I-A-1 or I-A-2

R— (cm)mo—@— —O—Q~ —@— O(CH ), —

I-A-1
R— (CH,),,0 —g}— z4_O_©_ Z;_Q_ O(CH),— R
Lll Ll3
-36-
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Cerr]-Cerr]-al kylcarbonyl, Cerr]-Cerr]-al kyl carbonyl oxy, fluorine,

chl orine cyano or nitro; PCT/IBSH06780]
-represen%)vso?8 0esrr]CH[err] OCH[err -COO- or -QO0C ' Z[ err]
represents -a single bond, CHZCHZ- 1-A1 -O0C-, or -Cferr]G; 10 R

represents éﬁ%}glrnkable groups wrth t he structure CH err]=CH,
CH err]=CH CHerr]=C(CH err])-COO, CHerr]=C(d)-C0O0O,
[err] especially CH[err] =CH COO-; m

n ch r,e nesent |nde endent | ol e rrber fr 2 to_ 20, 15
especial ly ?Ir o 1%ch - repr Seat déﬁ‘?f%@%ﬁ 'E?gﬁﬁ’ng (fgp:l@agfyrlﬁ 2 with

Forgula 1-B-1 [ er¢l-c2ilkenyl, C;- c,yvﬂﬂ‘cbﬁy CreCp-alko boinbpr
represents hydrogen, err]-Cerr]- é[

Cerr]-Cerr]-al koxy, C;-Cyz-alkylcarbonyl, C,-Cﬁfaék)dqaﬂg[rg qu, ﬂhwmwcm@nhe,nyl ,
formyl, err] err aI kyl car bonyl , )
Cerr]-Cerr]-alkyl car B ?/PB > fl uori ne, chI orine, cyano or nitro; 25
Z[ err] reghesents -febfeSdrid (ﬁﬁbﬁzr locr-rzad:betb} 000, - 00C;
particularly -COO; r] represents a single bond

- CH err] CH| &} rl- COOepreS@m su@gle b@rdg FCHECH,-p41Q0<¢ D@L yor -C=C-;

0% SO crg o e coshSRLETDe SEESR BB el T
CH[ er r] =C(CH er r] ) - COEH <A@, CHRGGH,)-coet, de2=C(Cl)-COO—

WO 98/ 52905
PCT/IB98/ 00789 H,C-CB- especially CH err]=CH COO ; m
n each represent, i ndependentl y, a whole nunber from2 to 20, especially
from2 to 12. 5 5. s according to daim2, with fornula
|-D 1 especi lyn(? C%—I—C% J
m, n each represent, independently, a whole number from 2 to 20,
15 especially from 2 to 12.

4. Compounds according to Claim 2 with Formula I-B-1

. — (CH 2)mG V4 -_\\ ZS @—24—0—Q—~ O(CH 2)n — R
L! 3

IB-1

20 where

L  represents hydrogen, C;-Cj-alkyl, C,-Cjr-alkenyl, C,-Cr-alkoxy,

C;-Ci2-alkoxy-carbonyl, formyl, C,-Cyz-alkylcarbonyl,
C:-Cyr-alkylcarbonyloxy, fluorine, chlorine, cyano or nitro; |
25 yA represents -CHy-CH,-, -OCH;-, -COO-, -O0C-; particularly -COO-;
z’ __ represents a single bond, -CH;CHj-, -COO-, -OOC- or -C=C-; particularly
a single bond;

R represents  crosslinkable groups with the structure CHo=CH-,
CH;=CH-COO0-, CHy=C(CHj;)-COO-, CH;=C(Cl)-COO0-,
H 2C\—'/CH‘
30

————

B - -37-
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[err] wher e 10 Z[err] represents a single

bond, -CHerr]CHerr]-, -COO, -OOC or -(Jerr]C, Llerr],
Llerr] . wom#sesos represent, independently, hydrogen, PCT/IB93/60789
'C[err]-C[err]-aIIé ally CH,=CH-COO- Cerr]-Cerr]-al kenyl,
Jerr]-Cerr]-al k%ﬂem’ erzr H e?r’] al koxycar bonyl, fornyl,

C err] - er m},nal kgdhcmptesent] mdé;ﬁmdcx]’dycpewhqle aumpémﬁmbdhyd ﬁ&,yespfed:mkbyl ne,
chl ori ne, _ cyano or nitro; 15

represents crosslfﬁ°ﬂk%mlezgroups with the structure CH err]=CH,
CH err]=CHCOO-, CHerr]=C(CHerr])-C0O, CH[err]:C(CI)-COO, [err]

especial Iy CH err] =CH COO-; 20 each represent,

i ndepedent I@mmwcwmﬂlmMﬁml-D -1

especially from 2 to 12, 6. A conpound of fornula I 25

wher e - s @e_L CEQ;I:CJd[..ekr] -ORerr],
-COOR[err], Cd-C{FézY"?] | gnd R% represents

C[err] C[err] al kyl , éspem |y C[err]-C[eLni-aI kyl .

WO 98/ 51965
PCT/I898/ 00789 7. Use of a_conpound of fornmula Il according to
Claim6 in the preparation of I|iqui di-D-1 crystalline conpounds of
formula I. 5 8. Crosslinkable, liquid crystalline m xtures,

consi st ngV@P“‘at | east 2 corrponents at

10 z° represents a single bond, -CH,CH,-, -COO-, -O0C- or -C=C-~;
L L2 each represent, independently, hydrogen, C;-Cjr-alkyl,
C\-Ciz-alkenyl, C;-Ciy-alkoxy, C;-Ciy-alkoxycarbonyl, formyl,
C;-Cjp-alkylcarbonyl, C;-C)s-alkylcarbonyloxy, fluorine, chlorine,

Cyano or nitro;

15
R " represents crosslinkable groups with the structure CH,=CH-,
CH,=CH-COO-, CH,=C(CH3)-COO-, CH=C(CH-COO-,
H,C~CH-
o ;
especially CH,=CH-COO-;
20 m, n each represent, independently, a whole number from 2 to 20,
especially from 2 to 12.
6. A compound of formula II
X 1,
25 where

X represents halogen, -CH,-CH=CH,, -OR%, -COOR?, -COR?, -OCORZ and

R? represents C,-Cao-alkyl, especially Ci-Cyp-alkyl.

Wy



| east- one of which is a conpound with formula | defined in Caiml1.

9. okakqbl e, liquid crystalline mxtures accordi ngpcaagb9bives,
€har acterl se I'n- that they conprise not only one or nore
conmpounds with Fornula I, but also one 10 or nore conpounds from .

the group of {QrgTdl Bfhpound of formula II according to Claim ¢ &1 tht preparation of kiquid
-39 - WD 98/ 52905
PCT/ | B98/ 007-89ystalline compounds of formula [.

5 8 Crosslinkable, liquid crystalline mixtures, consisting of at least 2 components, at
least one of which is a compound with formula I defined in Claim 1.

9. Crosslinkable, liquid crystalline mixtures according to Claim 8, characterised in

that they comprise not only one or more compounds with Formula I, but also one

10 or more compounds from the group of formulae
o~ gL D~ ® Sl Do—tcn py—0-<_
-|— .
X) 123 Hit

/@Z °7CH D “0‘?__
X 2~ 0 )~ -0~ dm—0~-_ 11

Ol
L —Q—( Yot —o—<_ v

_)—0~(CH2) -m Q ‘>——©—0-«:Hz)m—0-<_
7;—@—0—@; ns —-o‘(_ v
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[err]

VIIlT 5 wher e represents hydrogen,

C err] C[ a¥0ps/saony | C[err] Jerr]- aI kyl, derr]-Cerr]- a?‘R'E’FﬁﬂS’OWSS’
Cerr]-Cerr]- alkyoxy erg]-d ere] - gHkyoxy carbonyl , fornyl, -
Cerr]- Q;)T?‘@Hmro D 1, g—{?o—tmz)ﬁ:@ _1 Clerr]-al kyl

car bonyl oxy, hal ogen, cyan or represents a whol e

nunber from2 to 20; represents a whole nunber from2 to
12; Z representsoCOO -00C-, -OCHerr]-, -CHerr]O,
-Q(CH2) 3-, OOC(CH2)2- (Hz), COO(CH[err]-; D
represents 4- phenyl ene, traps-1, 4-cycl ohexylene, pyridine-2,5-diyl, 15
pyri m di ne- 2, 5 di yI or trans-1, cl ohexyl ene-1, 4- phenyl ene; e
1, 4- phe Iene or 2- or 3-fj phenyl ene, S -(CH err]
or -Q(CH bHCH2)m‘—O s @s@mﬁm—m—l@slinkable groups
with theo structure r]— O CH erryCH COO,

CH err]=C(CH err])-C00O, CH[err] C(CI) COO,

- 40
PCT/ | B98/ 00789

WD 98/ 52905

25—z

O .

Z’@ S—R? . vII
7~(e )~

¢

S!__ Ra

X represents  hydrogen, C;-Cyp-alkyl, Ci-Cypalkyl, C;-Cye-alkenyl,
C,-Cyp-alkyoxy, C;-Cy-alkyoxy carbonyl, formyl, Ci-Cyp-alkyl carbonyl,
C;-Cyp-alky! carbonyloxy, halogen, cyan or nitro;
10 m! represents a whole number from 2 to 20;
t represents a whole number from 2 to 12;
Z represents -COO-, -O0C-, -OCH,-, -CH;0-, -O(CHy)s-, -OOC(CH,)-,
-COO(CHz)3
D  -represents 1,4-phenylene, trans-1,4-cyclohexylene, pyridine-2,5-diyl,
15 pyrimidine-2,5-diyl or trans-1,4-cyclohexylene-1,4-phenylene;
e 1,4-phenylene, or 2- or 3-fluoro-1,4-phenylene;
S -(CHa)m~ or ~-O(CHp)mm-;
R® represents  crosslinkable groups with the structure CH,=CH-,
CHy=CH-CO0O0-, CH,=C(CH;)-CO0-, CH,;=C(C1)-COO0-,

Hllllll mm IIIM Hl!l H 'Ill
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[err] 10. Use of conpounds according to one of Clains 1 to 5, in

their cr condition, for optical conpongp
Use- of C&Z@S#I nEabI e liquid crystalline m xtures accordi nggt gﬁg%sé‘mg?g cl ai s

8-and 9, 267 ¥ heir crosslinked condition, for optical components.
12.  An optical conpdhent conprising a liquid cryst al l'ine corrpound
accordi

f. d tical
conponeﬁﬁ ac&@Fd?%@oxf’Bo‘@%g%/Wq gc@nﬁ% g’? n(éa‘énsc oté’s i Hk S5t chsE]@BWSp ee
crystalline rbxditibe fmwicaglpbﬁbng. aim8 or Claim?9. _

5 11.  Use of crosslinkable liquid crystalline mixtures according to one of claims 8 and 9,

in their crosslinked condition, for optical components.

12. An optical component comprising a licjuid crystalline compound according to
any one of Claims 1 to 5.
io
13.  An optical component according to Claim 12, comprising a crosslinkable liquid
crystalline mixture according to Claim 8 or Claim 9.



