WO 00/63154 1 6 O C T 2003 PCT/ W0/ 00448 Liquid Crystal Conpounds The
invention relates to new liquid crystalline conpounds, m xtures of {B@EE 2003

-conpoundswy,daligi r application in optical and el ectro-opti sefpsiRosms.
More particularly, it relates to the use of a conponent of a pol ynerisable

liquid crystalline 5 m xture in the production of orientated liquid

crystalline polyners; conpounds. us as. ,C onents in polynerisable liquid

crystalline nmixtures; liquid 3ﬂ§@?§ﬁh§ﬁ5ﬂ&fgﬁu¥%guﬁconprising t hese

conmponents; |iqund crystalline pol rs.npr ed from h._. nts; and
ui. ee Wgéﬁtéogsreéagﬁspfq g?%}q[uhdg gggéﬁl?ne ¢dnd ouﬁﬁg mlxgﬁ)rer ?92?1&93%

liquid crystalli conpounds. Li'qui'd C

polymers (lebipbuadse maethdin dppHcARMUTHACHHI®] OdndORlidcEBloptitd] cRIReyNEeMsresuch
as wavegui des, optical gratings, filters, retarders, piezoelectric cells
and non- | i pedrcudgsty, ctafelated fosthande foif lanempiimeniciios pelyoferisatire figpidugrystalingny
one of tshese 0 ti.ce}tlIF CO nent.s .dergegqs upon ihs as'foci ated optical

pr oper t iPes THHEHTC FL e PEOGIHIOR A ongppls tl’%lb{/)?ryﬁté g PP FEIRPOUPIS ERE A ency
and di sper ebRponbdi$n Wﬁﬁ%@i&%ﬁdame eRkAfreNdigRid enefalitfe Aixtures
polynmerisable liquid Crystal 15 Single conpound or m xture on an

ori ent at ed cexnpsisimgt ¢hesadcempeents; nkigmg chestallizey grolymers f prepad| ifgpoi dsuchy st al

ol ymer (LCP) network.,.The, confj guration i nposed.by the orientation |ayer
o ¥ he pol §HEPPBEI @i Haat P el GRTE ARSI LT REE  xa  or 11 osen

into the LCP netyyghili EQAIRDAPmErOIBCPiN il Gised R RS Hahli@nkCroff bpiiSaiar e
characterised by a high viscosity and are stable to nechani cal stresses,

t enper ddur eompdn@ns buahas wapegnides, optical gratingh| Hltaigetandsis ridratlettis cells
A TN R RSN A W ST e X
e E D e
0 to 150 Camsptropwrefipdopivenden, k@fsp@ency and dispersion.
LCPs are manufactured by orientating a layer of a polymensable hquid crystal
15 single compound or mixture on an orientated substrate and cross-linking that layer to
form a liquid crystal polymer (LCP) network. The configuration imposed by the
orientation layer on the polymerisable LC single compound or mixture becomes fixed
or frozen into the LCP network formed on cross-linking. The resulting LCP films are
characterised by a high viscosity and are stable to mechanical stresses, temperature and
20 light exposure. It is highly desirable that the polymerisable LC compounds used in the
manufacture of the LCPs are chemically and thermally stabie, stable to electromagnetic
radiation, soluble in standard solvents and miscible with other LC components. The
compounds should also exhibit liquid crystalline properties over the range 0 to 150 °C,
preferably 25 to 100 °C.
25 Polymerisable liquid crystal compounds are known from EP 0 748 852, EP 0
700 981, EP 0 699 731, US 5 567 349, WO 97/00600, WO 98/52905 and WO
95/22586. These compounds are characterised by a relatively narrow liquid crystal
range.
Materials comprising LCPs are generally prepared from a mixture of
30 components, which includes at least one polymerisable LC single compound. The
properties of the LCP material thus prepared depend upon the nature and properties of

the components comprising the mixture. It is highly desirable that the components used
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25 Pol ynerisable liquid crystal conpounds are known fromEP 0 748 852, EP O
700 981, EP 0 699 731, US 5 567 349, WD 97/00600, WO 98/52905 and UCT%U!B
95/ 22586. These conpounds are characterised by a relatively narrow |1 qui
crystal Wags3lMaterials conprising LCPs are general |y prepar@B0ifiotth a

m xture of 30 conponents, which includes at |east one pol ynerisable LC
singl e conpound. The properties of the LCP material thus prepared depend

upon the nai Uhe prdfrddionPsr tHeeECOf matéﬂﬁlsceﬁpw}ﬁﬁﬁtﬁaléomkswagﬁnbﬁtsrra'.fxmetr e.
It is highly desirable that the conmponents used -1 CONFI RVATI ON COPY 1 6

0Cl 2003 WaniRus31s Mp@paliBeOtie0 4¢d8esponding prRapres amip possess heerinOBynatier i al s
are conpatible..|f.the . .copponents .of .the .m re arg inconpatible. the
corres pondPﬁ‘ﬁ’eﬁﬁ?ttb?téE%ggBd@‘é’é%ﬁ? F@r%d@/n}rﬁ#eé““ﬁr ﬁ‘ﬁ@@tpia% EELHQP%{F@ t hem
unsui t abl e oS eerisBd b pAPeHFRSuch AL AP Lot e HeskHE $9int & Rduction j
characteri sed lgy prrc‘?perﬁ)g% suchugs a gg%r esssdls%n 8f theé?l gla’?él{ ngu{f)]oqlnnl{], a
reducti on ihe lEkquthensiatjinedangeysidyproblrensnangmeaind spurofirendrdnmtaahifehd hGPa
uniformorientation of the LCP  naterial in the preparation of devices.

There is t HAEAILhg PRENRERUIOBOTHENICEYi d crystal i ne singl e conpound or

m xture which i b i guidecor: i i ch
can, alternati v?ﬁ}rgkg &g glgjté?%ﬂ%‘ﬂ {/bﬁ’ ab](ia&ggl% n'ltteg!tug[g S%E%E%hu%i@rﬂgﬁeﬁ%ﬁ%? to
cross- | i nkiwhich exhshiche broadyigtidatrysthling Qhertriab rdreiand volfich lan, ldGemiangéls or
conpound or mxtyre on the substrate remains stabl e over the period
required fafd Wﬂ\[}’a@?&ﬂcﬁ‘@te@ﬁ@ R GROTRES\BPRL toT9i8FSalinking '8 suled gvayghak thet her

I qui d @ Yghiahikhd X t | ' er
compondgt & HeatfiFol i 16 SoERRAhE o Wil B SRRk Rellall B Sl
t hat by usthegpetittraguirdddogmahafaetemgnbhe WP nétvodarTlerd isys@beddefos furtiee
mesogeni ¢ Pro_ldp, It 1s possible to prepare m xt ur?s and
iquid crystalline mixture components that are compatible with the other components
of a liquid crystal mixture.
It has been surprisingly found that by using certain long chain compounds
15 contaiming at least one mesogenic group, it is possible to prepare mixtures and
materials having the ability to address, at least in part, the needs described above.

A first aspect of the invention provides a compound of formula I:

Al-MG1—Bl—MG2—A2
20 1\13 I:/L*

wherein .
Alto A4 are independently selected-from the group consisting hydrogen, a
methy] group and a hydrocarbon group containing from 2 to 80
25 carbon atoms in which one or more carbon atoms are optionally
replaced by a heteroatom selected from the group consisting -O-,
-S- and -N- with the proviso that firstly no two oxygen atoms are
joined together and secondly that at least one of A' to A’
includes a polymerisable group;
30
B! represents a hydrocarbon group containing from 4 to 80 carbon

atoms, in which one or more carbon atoms are optionally
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materials having the ability to address, at least in part, the needs
descri bed above. A first aspect of the invention provides a conpound}&fQCT 2003

formula I:

I ndependeMO §0/63@¢54ect ed-from t he group consi sting hydrogen, &CTABOWDHH48gr oup
and a hydrocarbon group containing from2 to 80 carbon atons in which one
repl aced by a heteroatom sel ected from

the group consisting -0-, resjsed®Ith hdferoWonlsdibGeP e B0 b\ cdnsfsiihd Yono two
oxygen atons are joined together and secondly that at f A to

or nore carbon atons are optionally

20 wherein A] to A4 25 30 Bt Al-]1 GI-B)- &-A2 A3 A4 are

|q.

east one o

A4 includes a pol yneri sabbeamgr-Olipyith therpesest thaanbd ywlo oxpgdncatons extgoined

containing from4 to 80 carbgn atons, in which one or nore carbon atons

are optionally 2 16 OC1208% 00/ 63154 PCTI | BOO/ 00448 repl aced by a

‘het eroat om sel ected fromthe group consisting -0-. -S- and -N- with the
provi so that no two oxygen atons are joined together; 5 MGl and M2 are

the sang oM@} bhe&MGR andagahb san@egrefifiefint nt @RLE SRI¥pEnddhtly represents an

10

15

20

25

30

aromatic or non-aromatic carbocyclic or heterocyclic ring system
containing from 1 to 80 carbon atoms, with the proviso that
firstly at least one of MG! and MG? comprises at least two ring
systems and secondly, when MG’ and MG? are identical either
A'and A% or A’ and A* are different or at least three of A' 10 A*

are different.

The compounds of the invention are chiral or achiral and preferably have a
substantially linear backbone, the groups A', MG, B!, MG® and A? being linearly
arranged with respect to each other. It has been surprisingly found that the compounds
of formula I can adopt a liquid crystalline mesophase over a broad thermal range. In
addition they are characterised by melting points that are considerably lower than those
of at least one of their mesogenic constituents. They are also valuable in the production
of well-oriented LCP films having either a high or low optical birefringence and
variable tilt.

For each of the groups A' to A*, the term “hydrocarbon” is understood to include
straight-chain and branched alkyl, alkenyl and alkynyl groups as well as cyclic groups.
The terms “alkyl”, “alkenyl” and “alkynyl” will accordingly be understood to include
branched and straight chained groups. It will therefore be appreciated that one or more
of the groups Al to A4 may be selected from the group consisting of a C}-Cyq alkyl,
C1-Cyo alkoxy, C1-Czo alkoxycarbonyl, C)-Cao alkylcarbonyl and a Cj-Cog
alkylcarbonyloxy group. Examples of C,.5 alkyl groups that may be present in the
compounds of the present invention include, without limitation, methyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl. nonyl, decyl, undecyl, dodecyl and the like. Examples
of Cy.30 alkoxy groups that may be present in the compounds of the present invention
include, without limitation, methoxy, ethoxy, n-propoxy, isopropoxy, butoxy, pentyloxy,

hexyloxy, heptyloxy, octyloxy. nonyloxy, decyloxy, undecyloxy, dodecyloxy and the
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aromatic or non-aronmatic carbocyclic or heterocyclic ring system
containing froml to 80 carbon atons, with the proviso that firstly1&t0CT 2003

| east one nd M2 conprises at least two ring syste ondl y,
ol Feriiyash

when MG and are identical either 10 A and A2 or A3 an

different or at least three of A to A4 are different. The conpounds of
the invention are chiral _or achiral and preferably have a substantially
| i near backin&xamplesgi apS20alkoncarbopy] erpms hadmap b airesgnt intsagdnypousds

arranged with.respect.to each other. It has been surprisingly, found that

t he conpoun stheoqrgsfeBP HNeauen Eﬁu‘gd%ﬁho‘é} YR & ?"E‘\’Ic iﬁ’é’%nﬁtgﬁ]’cﬂ‘ié’ 8'%ver a
broad t her addi. Ly y ar 1ged b ' i nts
that are C%P%?r&gﬁ’w&?om?wsﬁkgﬁ%bhg@é 01(3J eg @%’?H&ﬁ’e of m?%él’kbjcneg géni c
‘const i t uentectyldkeprtamgl.al snomdbuyaiibenyln t kiecyioogtadiongh  ofndeslideyosibemgled
LCP fil havi ng eit her hi gh or Low qptical birefringence and 20

vari abl 2§ t i‘fqd.ecﬁ@l‘y‘@g{q‘i‘}'g?ml&’é @Poléas@npies ?%814@,20 @ﬁ@lcﬁﬁ?oﬁi’l"gﬂ?'dﬂsdh%r%%’nbe i s
under st ood lnel ude straight-chain and branched .al k | kenyl an
 kyny or desen it HEE poBbbB A BE B AR Il BT EaR. Sbon MR AR, and
"al kynyl " wirbpios: QOBﬁiPrﬂ,g' | yvAayIngek 590 d hegtandie! Ust@anoh!, aneRmdyiandecahéydl ght
chai ned gr\o@Jpﬂg.o :Ft wi [l 'th\{arg?’ore be gcﬁpre%i aqt}gd thatoP()ne or }frmre 25(5)2’1c t he
groups Al tuwdpgangily dpdecanddc teedtcanayirmnchibe dikeubxaropiss ef Cn§2oslkdcaEborgoxy

al kyl, Cl-C20 al koxy, .Cl -C20 al koxycarbonpyl,  Cl-C20 al ky] carhonyl .and a
Cl-C20 al @??Pér%@r‘r&’%ﬁ@ RFSHpID 'éﬁaﬁqmpegn%foféb.c PeesgRidpreriop upduden Xithaaly be
present 1 N Hrii@atiosO ) : " LN | i .ép%ﬁd

i i tat | pn Tt ?Pée*?*r}?f‘?’e%‘r" *5%91","- mbiﬁ?{ﬂx?’ E@Wﬁ& e Kandyiony, hepnd g‘é’%‘% ,
nonyl , decyictanopdsry| , ndoaieyidxyand detmnoyioky, BEuadudassyldy,of dde@toglokaxy

0 el S350k ) ELSCORRUn ol s e coe L nvent on
but oxy, pentyl oxgor thexyidpy B'hedky ety . “13atothfBon”: ioMdeftdod 46C¥chde:
undecyl oxy, dodecyl oxy and the 3
straight-chain and branched alkylene, alkenylene and alkynylene groups. The terms
15 *“alkylene”, “alkenylene” and “alkynylene” will be accordingly understood to include
branched and straight chain groups.

Each of the hydrocarbon groups of A’ to A* and B are optionally substinnted
by a substituent selected from the group consisting of C).2¢ alkyl, Ca.2¢ alkenyl, Cy.09
alkynyl, Ca.op aryl, Ca.ao cycloalkyl, Cap cycloalkenyl, Cz.30 cycloalkynyl, amino,

20  cyano, epoxy, halogen, hydroxy, nitro or oxo.
By the term “halogen™ it should be understood to include fluorine, chlorine,
bromine and iodine.

If a nitrogen containing group is used to replace one or more carbon atoms of
the aforementioned hydrocarbon groups, this may be further substituted a group

25  selected from the group consisting of C).y alkyl, Ca.2¢ alkenyl, Cy.20 alkynyl, Cy.50 aryl,
and C,pcycloalkyl, Cy.00 cycloalkenyl and C;.20 cycloalkynyl.

The groups MG! and MG2 are optionally substituted by a substituent selected
from the group consisting of C.5p alkyl, Cy.20 alkenyl, Ci.50 alkynyl, Ca.z0 aryl, Ca.20
cycloalkyl, Cs.50 cycloalkenyl, Ci.p cycloalkynyl, amino, cyano, epoxy, halogen,

30 hydroxy, nitro and oxo.

In a first preferred embodiment of the first aspect of the invention, each or any

of the groups Al to A4 may be selected from a group of formula (I1)
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1 6 0 CT 20038 WD 00/63154 PCT/1B00/ 00448 |ike. Exanples of Cl-C20
al koxycarbonyl groups that may be present in the conpounds of the p}ﬁg&ﬁtmm

-inventi on‘%&ﬁélrlﬂg%uvm thout limtation. nethoxycarbonyl, etheryaasdaReg

pr opoxycar bony t oxycar bonyl , pentyl oxycar bonyl, hexyl oxycarbonyl,

octyl oxycar bonyl, nonyl oxycarbonyl, decyl oxycarbonyl, undecyl oxycarbonyl, 5
dodecyl oxycar bonyl and the |ike. Exanples of Cl -C20 al kyl carbonyl groups
that may be present in the conpounds of the present invention include,

wi thout limtation, acetyl, propio jbutynyl , valer hexanoyl ,

hept anoyl , octanoyl, nonanoyl . deca%%cﬁiﬁléﬁgé&anoyl, ghecanoyl,

t er decanoyl wapeit he |ike. Exanples of C -C20 al kyl carbonyl oxy groups that
may be present in the conpounds of the present invention include, wthout
10 limtatiBn, acehsphpgeprops guirorysabbutgyoup exdysied dkam ythoxgrouph exasisyliDxy,

Gohecans f’éi’y,b eTahieinind &Z%Sﬁ-y@eﬁéyi | %Sﬁi@%{&ﬁ%gr §ES§?‘?§%§JV(E®E¥% up

6 H I—l n n H
inder st oad to i neHAeH-C e Sl Sl WrEHIAT ot SRR-EHCONE, and
al kynyl ene or oupey Tepciopp criRctB e ARsty. 02l kemLensbcandpatipson.cne'

w || be accordingl erstood 16 inclu nched and straight chain

groups. Each of UhR-Oysr@ianhen gremps of HA- to HE-(@Md) 133 arBSgoH-ppal |y

substituted by a substituent selected fromthe group consisting of C1-20
al kyl , C2_20 al kEM}CH2r3C0O0-, 3 K1) m3 CRCROHAVNH. H@A(Pe, @y2+@tRbyiQ)n@2. 20
cycl oal kenyl, C2_20 cycl oal kynyl, am no, 20 cyano, epoxy, hal ogen,

hydroxy,mnitro or OX(}E,\EBy t he "hal ogen” it sh® be understood to
i ncl ude fluorine, oy.i.ne, b \d{odine. |f ge taining
group is used to ng)f) achLai orle or e@ﬂﬁ? n atons eng oér]%grg{r]lti oned
hydr ocarbon groups, this may be further substituted a group 25 selected

fromthe group conspsting of CL 20 al kyl, C2.20 al kenyl, C2_20 al kynyl,
C2.20 aryl, a"d@‘CH—_—COO"

15 wherein

W is selected from the group consisting of H, F, Cl, Br, I and a C;.5 alkyl

group;

m3  is an integer having a value of from ] to 9;

20
m4  is aninteger having a value of O or 1,
R' represents a Cj.5 alky! group; and

25 R" is selected from the group consisting of a C;_s alkyl group, methoxy,

cyano, F, Cl, Brand I;
Sp!  represents a C;_3¢ alkylene group, in which one or more methylene groups are

optionally replaced by a heteroatom selected from the group consisting of -O-,

30 -S-, -N- or by linking groups such as ~-COO-, -OCO-, -CON- or by an aromatic



and C2_20 cycl oal kyl, C2_20 cycl oal kenyl and C2_20 cycl oal kynyl. The groups
MGl and M& are optionally substituted by a substituent selected fypQoCT o83
group coniyqs)h ’@F‘Pf C3.20 al kyl, C2 20 al kenyl, C2.20 al kynyl 02 20 aryl,

C2- 20 C2_20 cycl oal kenyl, C2.20 cycl oal kynyl , AG00/e8 480
epoxy, halogen 30 hydroxy, nitro and oxo. In a first preferred enbodi nment
of the first aspect of the invention, each or any of the groups A1l to A4
may be sel ected @rrmn-arrgmampcanbocrvohmr hetgtdcyclic fing s@stEh AABAniNdGr@H/ 58154
PCT/ 1B00/ 00448 P: { SP; ( wher e Pis h drogen or, a

pol yneri sabl e gre(ir Egﬁ)'gl@t“esdw’ft}?b‘fﬁffrﬂ‘é‘g%%hﬁo &%ﬁgpﬁqaﬁﬁ“%aéﬂ%m ogelyar-wW O |
CH2=CW COO-. CH2-C(Ph)-COO, CH2=CH C00-Ph-. CH2=CW CO NH-,

CH2=C( Ph) - CONH-, CHZ:C(COCR‘ )-CH2-COO-. CH2=CH O, CH2=CH 00C-.
(Ph) - CH=CHk! H8riGtephr hHRY a8 alue DfronHBto 4:HO (CH2) nB-, 10 HS- (CH )) 8-,

HQ( CH2) nBOOO-, HS(CH2) nBCOO-. HWN-. HOC(O) -, CH2= CI-I-Ph(O)rnflI—IV\CCI-l I
)/-CH:CIi , CHECOO-R 15 wherein Wis selected fromthe group consrsting of

E}; 1|‘:r 091 I ,F%} 9! i@r}gle%teg}ﬁgme}ing)élroupgcronsrsilng of [78_ -g- -RIH ntﬁ&?{l 3} dl—?(%]% val ue
-CO-, -CH2(CO)-, -80-, -CHa(SO)-, -SO3-, -CHa(SO5)-. -COO-, -0CO-,
-0CO-0-, -$-CO-, -CO-§-, -800-, -080-, -80S-, -CHy-CHs-, -OCHa-,
-CHp0-, -CH=CH- and -C=C-; and

10
t! is an integer having a value of O or 1;
The term -Ph- in formula (11} is used to represent 1,2-phenylene, 1,3-phenylene
and 1,4-phenylene respectively. The term (Ph) in formula (II) is used to represent
15  phenyl.

The Cjz¢ alkylene group, Sp! is optionally substituted by one or more
substituents selected from the group consisting F, Cl, Br, I and CN. In addition cne or
more of the CHa groups present in the hydrocarbon chain are optionally replaced by
one or more groups selected from the group consisting of -O-, -S-, -NH-, -N(CHj3)-,

20 -CH(OH)-, -CO-, -CH»(CO)-, -SO-, -CH2(S0)-, -S§03-, -CH2(503)-, -COO-, -OCO-,
-0C0-0-, -8-CO-, -CO-S-, -S00-, -080-, -SOS-, -SFs, -C=C-, -(CF2)-r , -(CD1)s-,
-(CCly)s- and C(W1)y=C(W2)-, in which W! and W2 are each independently selected
from the group consisting of H, H-(CHz)q)- and Cl and with the prm;iso that no two
heteroatoms are joined together. The integers r, s and ql each independently represent

25 anumber of from 1 to 15.

It is preferred that the integers k1 and t1 each have a value of 1.

It is also preferred that X' is selected from the group consisting of -O-, -CO-,
-COO-, -OCO-, -C=C-~ and a single bond. It is especially preferred that X' is selected
from the group consisting of -O-, -COO-, ~OCO- and a single bond.

30 It is further preferred that Sp’ is a straight-chain Cj.2¢ alkylene group. It is



md is an integer having a value of 0 or 1, R represents a C 1-5 al kyl
group; and 25 R' is selected fromthe group consisting of a Cl-5 ghti;
group, r’re&,\%%y cyano, F, d. Br and 1; Sp 1 represents a C 1- 20 q%ne
group, in éﬁlséne or nore nethyl ene groups are optionall!}q%q“é?@@a by a
het er oat om sel ected fromthe group consisting of -0-, 30 -S-, -N- or by

| i nki ng groups such as -COO-, -0OCO, -CON or by an aromatic 5 1 6 OCT
2003 WO 0GABRisly porenrsdoha05s8 iorseirsmedafomatthe granpooynsisiiog af ethylene.

het er ocycli ¢ rin t.em cont gi ni from4 to 10 carbon atonms with the
proviso t VO PRYERS Ner XP’[ﬁ“ﬁeHeR‘éSb:éFhéFt;}’Eque MONYANG: e glepe.
havi ng a vanggcl\)lq@net WHQdéc?leﬂé. 5 X1 is selected fromthe group consisting
of -0-,. -S, -NH, -N(CH3):, -CHOH)-, -CO, -CH?(CO-, -SO, -CH2(SO -,
-SQ2-, - CH) (SO 1s. stilG0kher préfeded that PTG EdectedSirbia the pffdpTonsishidds - 05O,
-S0s-. -CH2-CH2-, -OCH2-, -CH,)O ., -CH=CH and -C=C-; and 10 11 is an

i nt eger %avCHQ=QW%II ge GH AT WP-(CO)THe-, t ior mhi®h-WP nisf oelatted from) thes grspd t 0

represent 1, 2-phen n 3-phenyl ene. and | , 4-phenyl ene respectively.
Thg term (PR Sl?‘if’% r]%fﬁré%gﬁﬁlglfjgéa’{f‘sje@dt‘@ r &of @%bnf 1% phenyl . pThe Cl - go
al kyl ene group, | LS. optionall ubsti t ut by one nore. sybstituents
sel gct ed 19 r ompt ﬁgl%gsreg d B%# c@?ﬁrﬂ ir,nea ?ft%? ?gft ‘éﬁﬁmd&%? et HSFF Hhe or
more of t herédided cOMPOURIsCSE Mrntila lt(geiﬂmgn?é}xcﬂfé)%gb@:@” NisfeBreSRthtd G

repl aced by one or nore groups selected fromt oup consisting-of -0-,

-S-, - NH, Tormubmgil),

10
‘ X?)a-Sp*-(X3h3 (1)
wherein
Sp?2 . represents a Cy4.7¢ alkylene group, in which one or more carbon atoms
15 are optionally replaced by a heteroatom selected from the group -

consisting of -O- and -N- with the proviso that no two heteroatoms are

joined together;

X2 and X3 are each independently selected from the group consisting of -O-, -S-,

20 -NH-, -N(CH3)-, -CH(OH)-, -CO-, -CH2(CO)-, -SO-, -CH2(SO)-,
-803-, -CH2(803)-, -COO0-, -OCO-, -OCO-0-, -5-CO-, -CO-5-, -SO0-,

-080-, -S0S-, -CH2-CHj-, -OCH3-, -CH20-, -CH=CH-, -C=C- and a

single bond; and
25 t2andt?® each independently have a value of 0 or 1.

The compounds of the invention in which the group B' is represented by the
formula (III) have been found to be particularly easy to synthesise.

The groups X* and X® are preferably each independently selected from the

30 group consisting of -0-, -CO-, -CO0-, -OCO-, -C=C- and a single bond. It is



20 -CH(OH)-, -CO, -CH?(CO)-, -SO, -CH2(SO-, -SO2-, -CH2(SC®R)-, -
_000, -0000, -SCO, -COS-, -S0O, -080, -SOS-. -SFS, -C-C-, 8[m(/‘ch)-r

. -(CD2)s-, -(CO2)S and Q(W1)=C(W2)-, in which W and W areld 2[1[]3

i ndependeWei0g/68¥dect ed from the group consi sti ng of H, H-(EEPJRPO04EI C

and with the proviso that no two heteroatons are joined together. The
integers r, s and gl each |ndependently represent 25 a nunber of from1l to

15. It is epefigly peférhal thih@eighd @@ anld I 2dtd ehdh paeperidamey flattddueodfthel. |t
is also preferred that X is selected fromthe group consisting of -0-,
-CO, - Caup casnlingaf=0-. 4{d0a -@Cﬁblaédl?cﬁmﬂle pend.s especial |y preferred

Lot s bond. soThE brof ) I preuBLC 81T A0, Ay alvidRs erolinal - 50
al kyl ene QiQuRa11 ¢ éd@n@d V@ap@pBQQ% e?:te@ g ?)11}%.0 ouﬂggﬂis@fﬁglgpﬁ o lene

especially prefeér that Sp' "is se ecte om t roup cénsi g of

et hyl en®e. buwlmlmmylem:tl}dxsm,e heptyiehenectyleary hemdendefet yleen eyndecylynene.
nonyl ene. ﬁ Ien undecyl ene, and dodecylene. It is still further
pref er r ed FALP ?%e sel ected fromthe group consisting of 5 -CH2=CWs- or

CH2=CVb- (CO)V (in ‘upran docsP %chgd %%'b?ﬁ‘nﬁ ¢ JrQ tfﬂ'gt erlpgﬁpof t?lgriﬁé;@hgﬂgapf H

CH37 F. , and N a Ssecon erre I ment of

the fi rst ré‘;ﬁ’é%ifts afgrbti® of ¥Rk QNIY AT 8t Rha& o @f/Adeta ﬁoﬁﬂ%uiﬁﬁt?pe‘ﬂﬂeﬁtﬁf nul a
(1) in which the group Bl is reBresented by the formula (II11)

(X2) t ?- SpZeprEeyt 3 grevy of ool ()

10 LCP materials prepared from the compounds of formula (I} have been found 1o be
of particular use if they possess mesogenic properties. Such mesogenic properties may
be achieved through the suitable choice of the groups MG' and MG?. It is therefore
preferred that at least one of the groups MG' and MG? has a mesogenic architecture.

It is preferred that at least one of the mesogenic groups MG! and MG2

15 comprise at least two optionally-substituted aromatic or non-aromatic carbocyclic or
heterocyclic ring systems. It is more preferred that one or both of MG! and MG2
represents a mesogenic group comprising 1 to 4 aromatic or non-aromatic carbocyclic
or heterocyclic ring systems having from 0 to 3 bridging groups, with the proviso that
at least one of MG! and MG? includes at least two aromatic or non aromatic rings.

20 MG' and MG? are optionally substituted by a group selected from the group consisting
of C).z¢ alkyl, Ci0 alkenyl, C, alkynyl and a polar group such as -CF;3, -SFs, -NO;,
-CN, F, Cl, Brand L.

In a fourth preferred embodiment of the first aspect of the invention there are
provided compounds in which the mesogenic groups MG' and MG? are represented by

25 groups of formula (IV)

Cl1-(Z1-C2)a1-(Z2-C3)ax(Z3-CH)a3 (IV),

wherein
Clto C4 each independently represent a non-aromatic, aromatic, carbocyclic or
heterocyclic group containing from 1 to 10 carbon atoms;
30 Z'to Z3 are each independently selected from the group consisting of -CH(OH)-,

-CO-, -CH(CO)-, -80-, -CHx(SO)-, -80;-, -CH(SO5)-, -COO-,



Sp2 represents a C4_20 al kyl ene group, in which one or nore carbon atons 15
are optionall y repl aced by a heteroatom sel ected fromthe group 16 0CT 2003
.consi sti -0- and -N- with the proviso that no two hetergatons are

B e

joined to 0 X2 and X3 are each i ndependently sel ect G TPRKI0 e
group consisting of -0-, -S-, -NH, -N(CH3)-, -CH OH)-, -CO, -CH2(CO) -,
-SO, -CH2(SO -, -SOZ-, -CHZ(SOZ)-, - COO-, -OCO, -OCOO, -S-CO, -CO s,
-S00, -0SO, -SOS--O00H2- 6FRCE 2~ OGEESCO-CHZBCO-: CHECHS-, -$3C-, aifibG:.

si ngl e bond,; and 25 t2 and t3 each i ndependentl| have a value of 0 or 1.
The compounds of t he-$@%erCipfHn. whi-OCKne gr . | sGHgfBsent €6y t he

formula (111) have be lar]y . eas to synthesise. The
groups X2 and X3 are §ﬂe’1(§¥g“gq(§f e‘ﬁgﬁp&ﬁr’d@d’i $’98§ Pedta8d fromthe 30
group consisting of -0-, -CO, -COO, -0OCO, -C=C- and a single bond. It is
7 WD 00/63154 1 6 DO 2003 PCT/I$00100448 especi ally preferred that the

groups X2 #ind2Xndad ereaath imtdepeizadntd yr aaliaciedhivinmatRgue 6f B £, sting
of -0-. -COO, -OCO and a si ngle bond. The group Sp2 is preferably a C4.20

strai ght - cWﬁhﬁ’%PWISanat@rldU@- TrE §% especially preferred that Sp2 is

selected fromt gonsisti of propyle 5 bu yI en pent yl ene.
hexyl ene, hept yﬂe’ﬁ%s}’%‘g'fﬂy ?Fgﬂﬂﬂté’ﬁéﬁ ‘ﬁ Jc\:ylt‘érﬁé1 2T @m' 1B LToup
dodecyl engonkiiag bipi rd nost preferred enbodi ment of the f| rst aspect of the
i nvention BI represents a group of fornula (III) and at | east one of Al to

A4 each independently

RSN R R R

i u2 hx] '
| N
15 C@ ’ @ ’ @é@ ’ @_@ ’
(L) (L)w (L) ,(L)ul (L) (L)u
(L)w _ -
N-N o ° s o §

20
wherein
L is selected from the group consisting -CpHape i, -C(OYChHann, -C(O)YOCHam,
~-OC(0)CHzp+ 1, -OCpHape1, -NO2, -CN, -SFs and halogen;

25 n represents an integer having a value of from 1 to 20;
ul represents O or an integer having a value of from 1 10 4;
uz represents O or an integer having a value of from 1 to 3; and

30

u3 represents 0 or an integer having a value of from 1 to 2.



represent a group of formula (11). 10 LCP materials prepared fromthe
conpounds of fornmula (I) have been found to be of particular use ilf Q[Hez,m
possess nmesogeni ¢ properties. Such mesogenic properties may be achieved

t hr ough t MO 8953150l e choice of the groups MG and M. |t i FATHSOUPYE
preferred that at | east one of the groups M5 and MX has a nesogenic
architecture. It is preferred that at |east one of the nesogenic groups Mal
and M=® 15 conprise at |least two optionally-substituted aronmatic or
non-aromati c carbocyclic or heterocyclic ring systens. It is nore
preferred that ohdsanomashecdihvpiefemal Map C!rtedresrentashandepmdentiyc sejeased
conpri si ng aromati c _or., non-ar omat ' or , het lic

to 4 ' b |
ring syste oqqg\}lla%ggrppgngqpsisgng 6Ff %?%ilgﬁg%é%g%pf#?‘?%ybr 8\‘/iﬁégg’%gﬁ%= at

| east one af, Sapithl L dSSh@ylehe Mﬁ’rg‘?@iéﬁ&ﬂ AryQEnd) ARcAHHYBAd C
rings. 20 %é@ﬁée’ﬁ@nﬁagpt%onaﬁly&guﬁ?ﬁe?ute by a g[r o’upnsel ‘éctnéd from
the group cdeesiisylemey Eact ofthe 200upsky 1o Clar@6ptadnelnghbstGited Gyal drguy belemet a
pol ar group. su and | n fourth

ch as -CF3,, -SF5, - . -CN, F, Br .
preferred rodhs grupcFoTbiRang PF%%}%@@ alkiny™s GuaInE! RGP HORF SO0
provi ded c dsel newhi t .G 19roups MG and M= are
repr esent egﬁgng 3@?%%\%sﬁgf’ %ﬁ%ﬁg’ % I {17%) ICl- (Z1-C2) al- (Z2~C3)a2-(2Z3-C4) a3
(1'V), wherein ClIhd ocoisfoaric vfithe épemtentchy beaped sepreparedaviaeoomitaining a

aromatic, carbocyclic or heterocyclic¢c group containing from] to 10 carbon
atons; 30 %Cl’dn%sn%}r dt @4l 1pe ﬁws@mérig@fyﬂ@ewee%@as Pfoqnpﬁwug%rd%ﬁwe will

o 38 g b Py Bl S Pk pomhen g R B uece. For
example, materials having a high birefringence are generally required for the
manufacture of retarder films or cholesteric filters having an elevated optical
performance. LCP materials having a high birefringence can be readily prepared from
compounds of formula (1) in which at least one of the groups MG! and MG? is highly

15  birefringent. It has been found that a material with high birefringence can be prepared
by using mesogenic groups that include at least two conjugated aromatic ring systems.
It 1s especially preferred that when materials having a high birefringence are
required, each of the groups C! to C# are each independently selected from
optionally-substituted phenyl, phenylene, naphthyl, naphthylene, phenanthryl and
20  phenanthrylene; that al, a2 and a3 are each independently 0 or an integer having a
value of from 1 to 3; with the proviso that firstly 1<al + a2 + a3 < 3, and secondly that
when each of C! to C4 are phenylene, Z! to Z3 are each independently selected from
the group comsisting of -CH=CH-, -C=C-, -CH=CH-COO-, -QCO-CH=CH- and a
single bond. Each of the groups C' to C are optionally substituted by a group selected
25  from the group consisting of C,.z0 alkyl, Cj.z0 alkenyl, C;.20 alkynyl and a polar group
such as -CF3, -SFs, -NO,, -CN, F, Cl, Brand .
Alternatively, there may be occasions where there is a requirement to use LCP
materials having a low birefringence. It is, for example, preferred to use low
birefringence LCP materials in the manufacture of optical polarisers characterised by

30 short wave absorptions. Low birefringence LCP materials can be prepared from

-10 -



-OCO-. -COCF7-. -CF-)CO-. -S-CO-, -CO-S-. -SOO-, -0SO-. -SOS-.46RCIdB-,
-OCHE-. -CH1O. -CH=CH, -CC, -CHCH COO, -0OCO CH=CH and a single
bond; and 5 a], a2 and a3 are each independently O or an in Lhg a
val ue of WPAMSEIS8o 3, with the proviso that al + a2 + a3 <F§£El|§({omlﬁ‘isﬁh
especially preferred that each of Cl1 to C4 are selected fromthe group
consisting of 10 N 15 (L)ul (L )u2f ,CG~C/i~and 1 20 NN7 S' OS
wherei n  Lednspaede of dorrhiulantit hevigr oegogeairs gatups MGEC, and2i32 thaCe@nan, 1P +1,
-C(OOC, H2n+]l, -OC(O C'H2,,+1, -OC'H2,i+1, -NO®2, -CN, -SF5 and hal ogen; 25
n represerﬁ@J%@tﬂﬂT@@éﬂcﬁaﬁ-ng a value of from1l to 20; wul represents 0 or

an integer havi ﬂgisfa txéjeﬁoqg 0@5\9&8‘3%! pleferftd Wat! SRS SRAGHAIsOhafllg | BT REET
havi ng a val ue of “from o 3 a
birefringence are required, the groups C' and C* are each independently selected from
5 the group consisting of optionally-substituted phenyl, phenylene, cyclohexyl,
cyclohexylene, decélinyl and decalinylene with the proviso that there are no directly
connected phenyl or phenylene groups: that al, a2 and a3 are each independently 0 or
an integer having a value of from 1 to 3; with the proviso that firstly 1<al +a2+a3 <

3 and secondly when C! 1o C% are each phenyl or phenylene, Z1 to Z3 are each
10 independently selected from the group _consisting of -COO-, -OCO-, -CHy-CH>-,.
j -OCH>- and -CH5O-. Each of the groups C' 1o C* are optionally substituted by a group
selected from the group consisting of C).20 alkyl, Cy.xpalkenyl, C;50alkynyl and a polar
group such as -CFj, -SFs, -NO,, -CN, F, Cl, Brand 1.
The compounds of the invention may be readily prepared using methods that
15 are well known to the person skilled in the art, such as those documented in
Houben-Weyl, Methoden der Organischen Chemie, Thieme-Verlag, Stuttgart. The
compounds may for example be made according to the reaction schemes 1-6 in which
the following abbreviations are used:
DEAD is Diethyl azodicarboxylate
20 TPP is Triphenylphosphine
THF is Tetrahydrofuran
DMEF is N, N-Dimethylformamide
Et3N is Triethylamine
BTSS is Bis(trimethylsilyl)sulfate
25 DBU is 1,8-Diazabicyclof5.4.0]undec-7-ene
EDC is N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride
DMAP is 4-Dimethylaminopyridine
(PPh3)2PdCl» is Bis(triphenylphosphine)palladium dichloride

30

-11-



30 u3 represents 0 or an integer having a value of froml to 2. 9 16
0C12003 WD 00/ 63154 PCTI I BOO 00448 It is nmore especially prefer reqjﬁtmgqtzmﬁl
to CA4 arevqpgdissiBgependently selected fromthe group consi ?612%8%?“8
optional |l y-substituted cycl ohexyl. cycl ohexyl ene, phenyl ene, yT,
napht hyl . napht hyl ene, phenant hryl, phenanthryl ene, decalinyl and 5
decalinylege! Each of the groups C3 to C4 are optionally substituted by a
group sele mecliom t he group consisting of C 3 -20 alkyl. C 3.20 al kenyl .
C 3.20 al kynyl and a polar group such as -CF3. -SF;, -NOQ2, -CN, F, d, Br
and 1. The gpnpounds of the invgatign can be used to prepare devices
cont ai ning a) d_me ' /At ekt be preci at ed t ahe properties of a
parti cul ar Tdevi 1 0 deperd,—h °_vpon £ MreNof the
conmpounds used to prepare thebde . For exanple, materi hgnggg a high-
birefringence are generally requi%'ﬂ“for the manufacture ofjwet er filns
or cholesteric filters having an el evated optical perfornmafice. LCP
material s having a hightﬂ(fié'ng ce readily prepared from
conpounds of formula (1) i east’ one of the groups M5 1 and MX*
is highly 15 birefringent. It has been found that a material with high
bi refri ngence can be prepared by using nesogenic groups that include at
| east two conjugated aromatic ring systenk. ;o is especially preferred
t hat mﬂgﬁ mat eri al s havi ng %ghi ﬁﬂFﬁ%Ei gesxce are required, each of the
groups ‘€1 to C4 are each in Aeﬁae@m’y se| edtusd from
optional |l y-substituted phenyl, phe®y¥ene, | naphthyl, naphthyl ene,
phenant hryl and 20 phenanthrylene; that al, a2 and a3 are each
i ndependently O or an inte having a v e of froml to 3; with the i
proviso that firstly 1< algiﬁﬁﬁki/QBLQDB%ighﬁEtecondly t hat when each of
Cl to &4 are phenylene, Z1 t8 z3 are each i ndependently selected from the
group %gnsisting of -CH=CH, -CC, -CH= COO, -0OCO CH=CH and a

TPP

(PPha),PdCl
HO\I\-_?Br Cul )2 2

E&N

S '©©@

20

i)/‘/_{l ?ls-l]:Cl; ii)(?}gi

CHLCh
- ww{
=O/L L '@{_@_ oH ::: i
";)ror—\_/ l THF
0 }w@—{qowﬁ
e
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singl e bond. Each of the groups C to C4 are optionally substituted by a
group selected 25 fromthe group consisting of C3-20 aIkyI C1. 2@ (0 Tk03y | |,

.C3_20 al W‘{ﬂéﬁ?&g a polar group such as -CF3, -SF5, -NO2, PQ}IHBEWQOQB’ Br

and | . ely, there may be occasions where there is a requirement

to use LCP materials having a low birefringence. It is, for exanple,
preferred to use low birefringence LCP materials in the manuf act ure of
optical polarisers characterised by 30 short wave absorptions. Low

bi refri ngeSekem€R: materials can be prepared from1l 6 00 zoos WO 00/ 63154
PCTI 1 BOO 00448 conpounds of fornula (1) having nesogeni c groups M and MX
that contain no conjugated aromatic rings. It is therefore especially.
preferred that, when materials having a |low birefringence are required,
the groups C and C4 are each independently selected from 5 the group
consi sting of optionally-substituted phenyl, phenyl ene, cycl ohexyl,

cycl ohexyl ene, decalinyl and decalinylene with the proviso that there are
no directly connected phenyl or phenylene groups: that al, a2 and a3 are
each independently O or an integer having a value of froml to 3; with the
proviso that firstly 1 < al + a2 + a3 < 3 and secondly when C1 to C4 are
each phenyl or phenyl ene, Zt<E?};3 are eac independently selected from
t he group consisting of - @Sﬂ} , . -0OCH2- and -CH2O-.

Each of the groups C to CQ are optlonally substituted by a group selected
fromthe group consisting of 03.20 al kyl, Clt 2 al kenyl, Cl1_20al kynyl and a

pol ar group such as -CF3, -3F5, hKEL@Z?;i A = and 1. The conpounds
of the invention may be readi pregar usi § wret hods that 15 are wel |
known to the person skilled in the art, such|ad those documented in

Houben- Veyl, Methoden der Organi schen Chenie, Thiene-Verlag, Stuttgart. The
conpounds nay for exanpl made ac gor to e _reacti schenes 1-6 in
K’E‘tbf_a 0\_/—\_/%53 o

whi ch the follow ng abb hLaﬁE\ax
. [}
K EiN ii) BTSS
Cl CHLYL CH,OH
CHAY

Hq;JrﬂMJP*<:>_i5_<:)_q_Jrﬁ¥_P_<;:

DEAD

0 0
0 0(9 ¢
[V 0 OH TPP
NS THF
. 0 o
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DEAD is Diethyl azodicarboxylate 20 TPP is Triphenyl phosphine THE is

Tetrahydrofuran DMF is N, NNDinethylformam de Et3Nis Triethyl arr'?jrﬁebc?'l@ﬁ
i's Bis(trinew%%tssklyl)sulfate 25 DBU is 1, 8-Di azabi cycl o[ 5. 4. 0] undec-"7-"ene

EDC is N (89 yl ami nopropyl ) - N - et hyl car bodi i ni de hydr odH{FGHFEM4B NP
IS 4-Di nmet hyl am nopyri di ne (PPh3)2PdC 2 is Bis(triphenyl phosphi ne)pal | adi um
dichloride 30 5 WO 00163154 Sebene 1: 16 OCT 2003 PCT/1BOQ 00448 0 10
pph3 (PPb3)2PdCl 2 cul Et)N O 15 20 R-N a CH2ch

5 Scheme 3:

10 wa_—\_p~O)
0=t
TPP
(PPhy 3 PACIs

15 | w—Ora_~ |
CeHCHIN"(CHspCT
NaOH (2M)
Toluene
J

20 | H
QP @@ e
=)—f'x.ﬁ DEAD
- M\ i

AN

25
" ?Dmr@ﬁw

) |
%

4
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f 25 DEAD TPP TPF 30 -12 C~, ~~-t SUBSTI TUTE SHEET (RULE 26) ii) KOH E13N
Tol uene TPP (P?h3hPdC]2 cul Et3Nii) ans CHIOH CH2Ch WO 00/ 63687 Bihene

2. 1S0

10

15

20

25

30

CT 2003 PCTI1B00100448 HO_ r TPP (P Pb3)zP dd]
WO 00/63154 PCT/IB00/00448

Scheme 4:

CHCH.)OH | pMF
Nal
K.CO;

OO\

TPP
THF

= O
_c?}' OTO'Q_«’&@COH DEAD
G0

Rl Ca s WalValic We W

BRI
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Cul Et3BNOH O i)fEt3Nii) BTSS /~CICHAC13,H CB C1Z HO O = O DEAD TPP THE

-13 0--Q 0 SUBSTI TUTE SHEET (RULE 26) 20 25 30 35 40 WO 00/ 63154

(PPN, ) 7pdQ),3 oo/ebss CI45CH N[ (C?HB) ti O NaCH (2M

10

15

20

25

30

Scheme 5:

CHCH5)40H DMF
Nal
KsCO;
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TPF
_M\F° | THF

e Y ?
-;),-o ‘*Q*o-@tou DEAD
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Tol uene DEAD TPP THE 16 OCT 2003 PCTI JBOO 00448 45 10 15 20 2§ q/_\%‘[ 2003
00/ 63154 Schene 4: NC C (CH -}60H Nal K, CG3 NC DM OH DEAD TPP 0 o
O a~-0 16 0C12003 PCTI | BOO/ 00448 CN
WO 00/63154 -

10

15

20

25

30

Scheme 6:

0
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PCT/IB00/00448
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30 5 10 15 20 25 WD 00/ 63154 Schenme 5: 0 C I (CH2)60H4 Nal K, CC3 D{VE ﬁlﬁa(}l
DEAD TPP THE 160CT2003 PCTI | BOQ 00448 30 160CT2003 WO 00/ 631541 6 0012 3

PCT/ 1 B00100448 Schene 6: 5 10 15
WO 00/63154 PCTAB00/00448

Examples of compounds that may be synthesised according to the preparative methods
of Schemes 1-6 are given below. This list is provided merely by way of example and

should not be understood as limiting the scope of the present invention:

5 ;komo_@_qz'@z:}—@_o\_/_\_zoowoﬁ
N
. 1)

oS °MQZ@mom%

A
2 (L.2)

15=(}_0,_\_/_\0_©_§{@§:\_/—\_/o QO O
NS

L3)

(. 5) 4 0\_/_\_/0_<=
30 /_\_/_\ @ @
0 /,——<: :l>—o OH —
—° e (1. 6) @ ° 0_<0_




20 0 NC 0-0 ,\-r-1 .OH DBU CH3CN Et3N THE DEAD TPP T CN 30 1 6 60C1
2003 WO 00/ 63154 PCTI I BOO 00448 5 10 25 30 Exanples of conpounds; (i¢feziiiray
be synthesised according to the preparative nethods of Schenes 1-6 are

gi ven bel %R 001831 |ist is provided nerely by way of exanpl e PETABOGMME d not
be understood as limting the scope of the present invention: (1.2) (1.3)
(1.5 00

_/—Q—@"m"omc){

(L7)

%@omc;of—\_/—\o{

(

10
— O 0‘@"/—\—/—; ety

15

j‘*’\_/—\_ﬁ*@—@(%}@“ VoW O Wl

N\ (1. 10)

20
-7 @@;Qz@°m N
025_\_/_\_0 0 (@ 11)

The compounds of formula I can be used alone or as a component of a lquid

crystal mixture. Liquid crystalline materials comprising a compound of formula (I)
may be used in the manufacture of LCPs. A second aspect of the present invention
therefore comprises a liquid crystalline material comprising a compound of formula

30 (I). A Iiquid crystalline material according to the second aspect of the invention
preferably comprises at least two components. The additional components must be

miscible with the compound of formula (I) and may be selected from known

-19-



0 WO 00/63154 (I. 7) 5 10 15 25 16 0 C T 2003 PCTI|1B00/ 00448 0 The
conpounds of formula | can be used al one or as a conponent of a liquid

crystal

mxture. Liquid crystalline materials conprising a conpd@riLId003

fornmul a (WP oosals4be used in the manufacture of LCPs. A secoP@I/mBNN©64480f

pr esent

i nvention therefore conprises a liquid crystalline materi al

conprising a conpound of formula 30 (I). Aliquid crystalline materi al

accor di ng ms&gﬁi@%@é}%ﬁém% t%seh{%ﬁoﬁéﬁ’ﬁ*ﬂkb’@%am.@c, qroqt{ggrg@m%i ER3¢.2

| east two conponents. The additional ™ conponents nust be S

e wt

t he

t
t he

conmpound oLid. a¥rysd. 307 )} 1 Aty bas el fenn. €4 30462(1199@\/\? in1Bataid z(jb@ligﬁi_tﬁléAé 6
Vator . 5. DorAChoRag1 AR A apdias Cra- £t 34605 A Y G HE A oade ™
US A 5. 567 300! Gno90 40 B A PAPAL S 3t 2E8-A-RA 930705 4 prefepably,

606 9405 Efeldeted trbth EPJA-AGD6BROAED- 504332 1amd ER-8-p66s 83%bly 5 sel ected

fromEP-A-0 §Q6 940; EP-A-0 643 121 and EP-A-0 606 939. Liqujd crystal
material s corfidi Giystal waiepalsramprisig heprapqund offprpkla (Danay he pped in the

10

15

- 20

25

form of a single compound, a liquid crystalline mixture, a (co)polymer, an elastomer, a
polymer gel or a polymer network. The actual form of the liqmd crystal material will
depend upon the application in which it is to be used. Polymer networks have been
found to be of particular use and in a first preferred embodiment of the second aspect
of the invention there is provided a polymer network comprising a compound of

formula (I). The polymer network preferably comprises at least two components, at

“least one of which is a compound of formula (1).

The polymer network can be prepared by the copolymerisation of a mesogenic

mixture comprising:

i) at least one mesogenic polymerisable compound;
ii) at least one compound of formula (I); and

iii)  an initiator,

Polymer networks comprising a mésogenic polymerisable compound, a compound
of formula (I) and an initiator may be used, for example, in the preparation of devices
such as optical retarders. It will be appreciated that the components used in the
preparation of the polymer network influence the properties of the network so prepared
and that the choice of components will depend upon the application in which the
polymer network is to be used. For example, in the preparation of devices such as
cholesteric filters it is essential to include 2 chiral dopant as a component of the
polymer network. A second embodiment of tire second aspect of the invention

therefore provides a polymer network comprising

-20-
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formof a single conpound, a liquid crystalline mxture, a (co) pol

el astoner, a polyner gel or a polyner network. The actual formofi/ﬁlﬂ(ET 2003
liquid crystal material will depend upon the application in which it is to
be used. PODy¥EIIShet wor ks have been 10 found to be of parti RITABOYEMIBND in
a first preferred enbodi nent of the second aspect of the invention there
I's provided a polyner network conprising a conpound of formula (1). The

pol yner nei)workapresiz%@%aeoempbﬁ%&rﬁamé@aﬁﬁoﬁﬁﬁo conponents, at |east one

of which is a conpound of for nu The pol ymer network can be prepared
by the copol ynerisation of a nesogenic 15 m xture conprising: 20 i) at

| east one soge neris 1) at |east 'one conpound of
fornula (1} and Fqslt}m%ﬁorpﬁwadgqu‘p \gp?fj net wor ks conprising a nesogenic
pol ymeri sabl e conpound, a conpound of for rrul a (1) and an initiator nay be
used, for exanple, in the preparation of devices 25 such as optical
retardebs. i}t wahbnibetogpgmdeci at ed that the conponents used in the
preparation of the polynmer network influence the properties of the network
so prepared and that the choice of conponents will depend upon the

applicati og, %S%H&@chimldgﬁgg%netmrk Is to be used. For exanple, in

t he prepara I on | ces suc cholesteric filters it is essential to
include a chiral dopant as a conponent of the 30 polyner network. A second

enbodi mrent of the second aspect of .the invention therefqre provides a
pol ymer net wor kTEBrfB‘FﬁogFWﬁ HO Igmengabie poppound voflwmalsar pebral pondy wen 4w #) at

| east gge @g&ﬁﬂ' §f fitm n| ‘ﬂ%&aﬁ?ﬁ?%ﬁ”}ﬂ ‘additloh, #e bERMerRBe COMPRURS Of

formula (I
may be selected from the known mesogenic materials referred to above. Preferably the

polymerisable compound has a thermotropic sequence which includes a nematic phase.

The polymerisable mesogenic compound may be present in an amount

comprising 0.01 to 99% by weight of the liquid crystalline polymer network mixture,
15 preferably 50 to 95% by weight.

The polymerisable LC mixture or LCP network preferably comprises a
compound of formula (I) in an amount from 0.1 to 100% by weight of the liqﬁid
crystatline mixture or network, preferably from 1 to 50% by weight.

The initiator 1s preferably a photomnitiator and may be a radical or cationic

20  initiator that is present in an amount comprising 0.1 to 5% by weight of the polymer
mixture, preferably from 0.2 to 2% by weight.

The polymer network may comprise further components. These include
additional polymerisable compounds, stabilisers and dyes. The additional
polymerisable compounds are preferably non-mesogenic and include at least one

25 polymerisable functional group. Diacrylate and vinylate compounds are especially
preferred.

Stabilisers suijtable for use in liquid crystal mixtures of the present invention are
those having the ability to prevent undesired spontaneous polymerisation during, for
example, storage of the mixture. Examples of suitable commercially available

30 siabilisers include 4-ethoxyphenol and 2,6-di-ters-butyi-4-methylphenol (BHT). The
second aspect of the invention therefore includes liquid crystalline mixtures including a

stabiliser.
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Iv) one or nore chiral dopants. The nesogeni c pol yneri sabl e conpound is
chiral or achiral and may be a 10 conpound of fornula (1). Alter h&t06Te08
or in addition, the polynerisable conpound may be sel ected fromthe known
mesogeni cH&P1 s referred to above. Preferably the pol yREAT188§0448
conpound has a thernotropic sequence which includes a nematic phase. The
pol yneri sabl e nmesogeni ¢ conpound may be present in an anount conprising
0.0] to 99% by lemght bofnetdssarlyi guiadd ar gs¢ abl thadiquod ywrettalligd whikturaiikt fore,
15 preferabl Fio to 95% by weight. The_ polynerisable LC m xture or_ LCP
net wor k pr‘“e’?a}é? B (jO]@Bﬁpﬁlf‘%'%saré regisbuHd Sof hWeYen areferyed Ao aprepars uhguifr om
0.1 to 1002 I QM QUi crystalline m xture or network,
preferably gg]rlﬁ\ﬁlg I%gklggé/gé)@ﬁaggg t(.nghe initiator is preferably a

phot oi ni ti ator Wiknnhy nhignee fiartie @bm@ris€as isabiizer, Wis iHpénedd1DY plebdit in 8n
present, in an ampunt, conprising 0.1 to 5% by m%ght of the pofyrrer

m xture’ pATRPWH £EMPrIsigny-81 Jo 5% byowsyehieafghe liquikcnystalling mixétracprielaratly

conprise f C These include additional polynerisable
corrpounds,ﬁjé%gﬁ F)I serBs3 aﬁ%_ﬁtdyes. The additional polymerisable conpounds
are preferably ThesermapgeniblanguidnglHaSinatmixass af hatGialP ey e fRRAES

functional group. Diacrylate and vinylate conpounds are especially
pr ef er r ed.1n lgyid icsstallingy pelypies (EGP) likes and 2 thitd aspeetyafithe invertian providest he

present iny i t-h hayi n e _abi }i tyy, revent undesired
spont aneo&sﬁgglf@#’e%@%ﬁéf%gg%a?? Hﬁ?ﬂg?%&mé' m)llé{:ﬁ g‘!‘ﬁ? qye %Sfre‘?‘ﬂ PHERFE] .
Exanpl 8 iy SW peilbhrricangresta 1d miaval Alokding@o HleavbmiRt & AIRE LotHBrising
4- et hoxyphenol and 2, 6-di-tert-butyl -4-nethyl phenol (BHT). The second
aspect of hedG mEHIE d% fermededm pesubpizata fad Polymetsest YsieglUV dightitx givees

i ncl udi ng ﬁossg’ﬁxﬁghlﬂcﬁﬂ try'sé&‘ pol]ym6er %P;?ﬁ% The film is both light and temperature

stable and can be used in the manufacture of devices such as waveguides, optical
gratings, filters, retarders, piezoelectric cells or thin films exhibiting non-linear optical
15 properties.

Examples of substrates used in the preparation of LCP networks include
transparent substrates such as coated ITO (indium tin oxide), glass or plastic. Preferred
substrates include glass or plastic, especially those including a layer of rubbed
polyimide or polyamide or a layer of photo-oriented photopolymer (LPP). The

20 preferred substrates greatly facilitate uniform orientation of the liquid crystalline
mixture.

In the preparation of LCP films, it is particularly mmportant to prevent the
formation of defects or inhomogenities. This can be achieved by forming the
polymerisable liquid crystalline mixture into a thin film; the mixture is placed between

25 two of the aforementioned substrates, which were then sheared over a small distance
until a planar order was obtained. Alternatively the mixture can be capillary filled
between two of the said substrates. In each case the mixtures are then cured using, for
example, UV light, preferably in the presence of a photoinitiator. Suitable
photoinitiators are commercially available and are well known to a person skilled in

30 the art.

The liquid crystalline mixtures and films of the present invention can be used to

prepare optical and electro-optical devices. A fourth aspect of the invention provides
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WD 00/ 63154 PCT/ 1 B00/ 00448 It may be necessary to add a dye to the liquid
crystalline mxture if, for exanple. colour filters are requi regf. d{gz@
.however, preferred to prepare liquid crystalline mxtures contai Iﬁi

dye. \VWherwbleeaiset ure further conprises a stabiliser, this ipeTgsfRI0ads Y
present in an 5 anount conprising 0.01 to 5% by weight of the liquid
crystalline mxture, preferably fromO.1 to |% by weight. These

pol yreri sabl et L.aui S i ] r el into
ot d cropty SR GeRgk SselnbSiotient BiinBhiient'SRus B G Arteu e BN B on
provi des canipcRifd 4 compowid 61 figmalL ANPDhNGpifal boervra-oplital dofponkhimayray be
readily prepared 10 by UV pol ynerisation of a LC m xture accordi n? to the

i nvent i on;beaaf WpYResHlep ans phcal tgretings #i filtar @ rejarder. ne diepecleckigbself awes and
pol yner i sqqu#%&ﬁ)ﬁ}réa# égEéﬁﬁBﬁl-gl ve a cross-linked liquid crystal polyner

(LCP) film ight and tenperature stable and can be used
i n the jranuf act Diee iVend@Y IviBiSnSWChe ARsoMbEE OwHiH aefer@Rel ®athe HRMIAGSon- |
filters, retarders, piezoelectric cells or thin filnms exhibiting non-Iinear
opti cal ianlémaﬁéampgs-.\fmamls@s thésesfabmgreitiss the swdpe of tieinyestypeay will b of
LCP networks i nctl ude triqwgﬂt substrates such as coated I TO (indiumtin
oxi de), gl°RBFEH}IOM BELIRSK 80 substrates include glass or plastic,
especi al |y thoge folRsdit 'Eiﬁm’fi‘)lésél}f@{he?ﬁ)oﬁg%lé%ase@%é’éﬁﬂrgﬁaﬁﬂ aB PR de or a

| ayer of photo-oriented photopol yner (LPP). The 20 preferred substrates
greatly facilitate uniformorientation of the liquid crystalline mxture.
In the, preparation.of LCP filns, it is particularly inportant to prevent

t he flodrjrrg{)i oncgfspa&léqeects or inhonogenities. This can be achi eved by
forming tipe pdhesmei sable liquid crystalline mxture into a thin film the
m xture is placed between 25 two of the aforenentioned substrates, which
were thenSsheas®gctiver a snal|l distance until a planar order was obtai ned.
Al ternati \f@l y tﬂgﬁaﬁgxture can be capillary filled

N*  chiral nematic (cholesteric)

15 1 isotropic
Example ]:

3-[4-(6-Acryloyloxyhexyloxy)benzoyloxy}-2-[6-[4-[6-(6-acryloyloxyhexyloxy)-
naphthalen-2-ylethynyl]phenoxy]hexyloxy]benzoic acid penty} ester:

T IO G A Ot
N

20

.25 Preparation of 4-Bromo-1-[6-(tetrahydropyran-2-yloxy)hexyloxy]benzene

Q‘O\_/—\_/‘*@'Bf

A mixture consisting of 4-bromophenol (20.75 g), 6-chloro-1-hexanol (20.50 g),
30 potassium carbonate (33.20 g) and potassium iodide (21.9 g) in dimeihylsulfoxide was
stirred for 6 hours at 80°C. The reaction mixture was cooled and poured into 500 ml of

water and extracted with 2 x 500 ml of ethyl acetate. The combined organic extracts

-3 .



between two of the said substrates. I n each case the m xtures are then

cured using, for exanple, W/ light, preferably in the presence of a 1a$]QCT 2003

photoinitiator. Suitable photoinitiators are commercially avail able

are wel |l Moesittss a person skilled in 30 the art. The |i quipdTaByséald i ne
m xtures and filnms of the present invention can be used to prepare optical
and el ectro-optical devices. A fourth aspect of the invention provides -22

16 OCT Zoo%er%/\gagge/d%gtﬁdgap %’503 %@1 (381|4 f&d n%@l qr{f_"d rﬁevleggx%&r%%esgﬁr%gs%gjate

conponent containing a 'l

conpound ofand mvapdrate(iltb dr]?ﬂ&soﬂfhiscg%be@f? eﬁ&ﬁtd Qhighilyl Belbe QANPOGERIRh 2By p be a

wavegui de, an optical grati ng afilter, a retarder, a piezoelectric ceI I
or a non-| wesdr dwelvedl wel RS6r

Fai ' ng w one eyt e et g ien e Mesh@Medla, 31 Bo5dRer &

m] | of sligierdmearbanei oconttiningno®05e gesadt i bed

skil | edsi nbish&n@éthylsxm 5@até C{b'SB\MgD‘QnEi(@Wﬁl %T Hf‘&ﬁ}o}(ﬁﬁétf@ﬂé Qz@dscttﬁﬁa%dar €

abbreviated as follows: 10 Kcrystalline D discotic S smectic N nenmatic

N* chiral decrmmsrt tf-( ﬂ1¢oﬂeestu@r nm)turelﬁl‘ he neadnn@mxmlﬁc(a\mplsﬂnfed for two hours at

Lo R B SO Bl 2L Ll (s ar i

ester: 20 connnued for one hour at room temperature. The reaction mixture was then poured into

| 300 ml of water and extracted with dichioromethane (2 x 300 ml). The combined

10 organic extracts were dried over magnesium sulfate and evaporated to dryness to give

33.95 g of a slightly beige residue, which was then filtered through a silica gel column

using a cyclohexane/ethyl acetate (8/2) as eluent to give 289 g of
4-bromo-1-[6-(tetrahydropyran-2-yloxy)hexyloxy]benzene as colourless oil.

15 Preparation of 4-[6-(Tetrahydropyran-2-yloxy)hexyloxy]phenyl acetylene

o ~O—=

A degassed mixture of 4-bromo-1-[6-(tetrahydropyran-2-yloxy)hexyloxy]benzene (20
20 g), 2-methyl-3-butyn-2-ol (18.85 g), triphenylphosphine (TPP, 0.59 g), copper (1)
iodide (0.11 g) and bis(triphenylphosphine)palladium dichloride (0.40 g) in 200 mi of
_ triethylamine was refluxed for 4 hours under an atmosphere of argon. After being
cooled the reaction mixture was filtered over celite 1o give a yellowish solution which
was evaporated to dryness. The resulting vellow oil was dissolved in 200 mi of a
25  toluene/triethylamine mixture (1:1) to which 14.45 g of KOH was then added. The
resulting mixture was heated at reflux for 12 h, cooled and filtered over 260 g of silica
gel using diethylether as eluent. This yields a dark oil which was purified by
chromatography using a silica gel clolumn and cyclohexane/ethyl acetate {9:1) as
eluent to give 12.28 g of 4-(6-(tetrahydropyran-2-yloxy}hexyloxy]lphenylacetylene as a

30  red oil.

-24 -



25 Preparatlon of 4-Brono-1-[6-(tetrahydropyran-2-yl oxy) hexyl oxy] benzene
mxture consi sting of 4-bronophenol (20.75 g), 6-chloro-I-hexanol ﬁ%%] 2003
: 30 p carbonate (33.20 g) and potassi um i odi de

d| i hyl sgﬁj‘@é 33@ was stirred for 6 hours at 80C. The react &'ﬁ ﬁ?ﬁoﬁ e was
cool ed and poured into 500 mM of water and extracted with 2 x 500 m of

ethyl acetate. The conbined organic extracts -23 WO 00/63154 1 6 OCT 2003
PCT/ 1 BOO/ 00448 were washed with saturated NaCl solution (3 x 100 m) dried

over magnelumslfa d evapaqr t 0, drypess is gave 37.4 g of a
ol Tant 1y beraarafe 8 Epma s Ghyba R A kbR o) 550 1 of
di chl oronet hane containing 8.05 g of 3.4-didydro-2H pyran. The resulting

solution was cooled to 5C. A solution of -E;imathylsilyl sul fate (0. 38
g) in 10 m of dichloronethan ropwi se to the reaction
m xture, The resulting mxtulua_/C\A\gi_s_tt6 for two hours at 5C.

Trlethy?am ne (4 mM) was added to the reaction m xture and stirring was

continued £ n o hen
poured int Oﬁﬁxé%%%%@ﬁfgrmo\%nér an 2 3@‘{”83}3“ %n%rf{g% o@ Rgﬂa ane%érg\%%t 300

m). The deui g)adndlﬁotassgmmrodldeﬂ 5@191 ] d»metbyiidrmaadde)(mﬂF M@f mas wesrheaied att e and
evapor at e S |ve 33. g | i h ' resi due, i ch
was then Sﬂ]b‘p% &H:’ﬁ}e W§*°1 then 'épogeél 3”8 ﬁﬁ 'mﬂgé dné' 3%2@‘8@@%&9&@ hyl
acetate ( t

% br o | ?*g%ﬂ%z 5% %W%%p@re?ﬁ*ﬁ nePee Talies s ysshed i saualeq e soon |

15 Prepard Oa'nl) cdnedla{eﬁ{r(a"gaemmhwampwaama@dyd gveyd brewyiklosilanpHitengd themegh ol ene
co~- O—~~~0:

2 br oo 1 168 BRIGPMERIRER) e Seherorisyane a5 45t B ais eduornish soid. The brown

solid was recrystallised from hexane/dichloromethane {8/1) to give 24.8 g of 6-(6-bromo-

naphthalen-2-yloxy)hexan-1-of as white needles.

15 Preparation of 6-[6-[4-[6—(T etrahydropyran-2-yloxy)hexyloxy]phenylethynyl}-
naphthalen-2-yloxy]hexan-1-¢l

C}“L/—\_}’ ST

20 A degassed mixture of pure 6-(6-bromonaphthalen-2-yloxy)hexan-1-ol (5.88 g),
4-[6-(tetrahydropyran-2-yloxy)hexyloxy]phenyl acetylene (6.05 g), triphenylphosphine
i (0.21 g), copper(l) iodide (0.04 g) and bis(triphenylphosphine)palladium dichioride
(0.14 g) in 60 ml of triethylamine was refluxed for 2 hours under an atmosphere of
argon. The reaction mixture was cooled and filtered though celite to give a yellowish
25 solution which was then evaporated to dryness to give a yellow residue, which was
purified by chromatography using a silica gel column and cyclohexane/ethyl acetate
(2:1, 1:1) as eluent, followed by recrystallisation of the resulting solid from
cyclohexane/ethyl acetate (100 ml/3 ml) to give 5.10 g of 6-[6-[4;[6-(tetra-
hydropyran-2-yloxy)hexyloxy]phenylethynyllnaphthalen-2-yloxyJhexan-1-o] as a
30 white powder.
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20 g), 2-nethyl-3-butyn-2-ol (18.85 g), triphenyl phosphine (TPP, 0.59 g),
copper (1) iodide (0.11 g) and bis(triphenyl phosphi ne)pal | adi um di t 610672603
(0.40 g) in 200 M of triethylamne was refluxed for 4 hours under an

at nospher &¥@#%63§bn. After being cool ed the reaction m xturRCTEBYPIES er ed
over celite to give a yellow sh solution which was evaporated to dryness.
The resulting yellow oil was dissolved in 200 m of a 25

t ol uene/ t r iPrepytadivnne Airxlic beid(d-]6-]4-16-(1eitabiy dFpan® -eloxifldxvhsy iR yRAded-
The resulting mixture was heated at reflux for 12 h, cool ed” and filg’ered
over 260 geHIYWilnaphthalen-2-ydoxydhexybestgret her as el uent. This yields a dark
oil which was purified by chromatography using a silica gel clolum and

cycl ohexane/ ethyl acetate (9:1) as eluent to gi 12.28 g of 0

4-[ 6- (t et rahydrOpyr an- 2-yl oxy) hexyfoy ylyetfe a 3001r€d oil.

WO 00/ 63154 Pr @TOW B At ! yl Ox -1 - 516 O
C T 2903 PCT/| / 00 A ntxt ur e-of ~napht hol (22.30 g),

6- chl or o- 1- hexanol (20.50 g), potassium carbonate (20.50 g) and potassium
i odide (1.50 g) in dinethyformam de (DVF, 100 m) was heated at 100C for
4h. The m xture was then cool ed and poured into 150 ml of HC (3N) and
extracted with ether (3 x 200 m). The conbi ned ether extracts were washed

Wi th saturdped faed sainien dn[6p-[R20aratydromrared-yomenhexsimnadphemy kdynat]e,
(150 o) " EmgRER Pl & Band wevgiwmns BEo i epptime
2.8 0 of B oo oo, S ferby R A £ e ARRahe 1] a0
Pr epar at i odddsfl dop@ist4Upén (cPatplettyaddiiopn; ahe 2eagtion yhikery [veasy $tirreehgt sidnyny| J-
naph th al t%prp%f &rg)%J 1 rﬂ?)}gg{ffeld iﬁt%l 100 m] of water and extracted with dichloromethane
(3 x 30 ml). The combined organic extracts were washed with saturated NaC) solution
(100 ml) and dried over magnesium sulfate. The solvent was removed under reduced
15 pressure to give a yellow oil, which was purified by flash chromatography through a
silica-gel column using cyclohexane/ethyl acetate (2:1) as eluent to give 3.69 g of
acrylic acid 6-{6-{4-[6-(tetrahydropyran-2-yloxy)hexyloxy]phenylethynyl]-
naphthalen-2-yloxy]hexy! ester as a white crystalline matenial.

20  Preparation of Acrylic acid 6-{6-{4-(6-hydroxyhexyloxy)phenylethynyl]-
naphthalen-2-yloxy)hexyl ester

A solution of  6-[6-[4-[6-(tetrahydropyran-2-yloxy)hexyloxy]phenylethynyl}-
naphthalen-2-yloxylhexyl ester (3.65 g) and bis(trimethylsilyl)sulfate (0.05 g) in
methanol/dichloromethane (50 ml/20 ml) was stirred at 60°C for 90 min. Removal of
the solvent gave a residue which was then recrystallised from cyclohexane/ethyl
30 acetate (9:1) to give 2.11 g of acrylic acid 6-{6-[4-(6-hydroxyhexyloxy)-
phenylethynylinaphthalen-2-yloxy)hexyl ester as a white crystalline material.

-26-



20 A degassed m xture of pure 6-(6-brononapht hal en-2-yl oxy) hexan-1 - ol %5. 38
g), 4-[6-(tetrahydropyran-2-yl oxy) hexyl oxy] phenyl acetyl ene (6.05 §P 0CT 2003
tri phenyl phosphine (0.21 g), copper(l) iodide (0.04 g) and

bi s(tri phg‘fﬂ/?%b@phi ne) pal | adi um di chloride (0.14 g) in 60PGI/TB0/00448
triethylamne was refluxed for 2 hours under an atnosphere of argon. The
reaction mxture was cooled and filtered though celite to give a yellow sh
25 sol ut i oPrepairsfiomass{4eh ARYRROIelRekiOx by foxy P 2diyirodyv @lzoaci®si due,
whi ch was purified by chromatography using a silica gel colum and

cycl ohexaneémykgsteracetate (2:1, 1:1) as eluent, followed by
recrystallisation of the r%sul ting solid from cycl ohexane/ ethyl acetate
(100 M/3 mM) to give 5.10 f 6-[6-]4
hydr opyr an- 2- yl oxy) hexyl o&y}bﬁ.&@ﬂhy
a 30 white powder 1 60(71003 WD 00/63154 P OO’ 00448 Preparation of
Acrylicdacid 6-16-[4-16-(tetrahydropyran-2-y, ) FFbexyl oxy] phenyl -

et hynyl ] napht ha | en-2-yl oxy] hexyl ester Toa sti%red solution

6-[ 6-[4-[8-(tetrahydropyran-2-yl oxy) hexyl oxy] phenyl et hynyl ] -

napht hal e . r}ﬁe@ iz | Fagh ¥ L

di chl oroneq?%g?gg??f( 50 %cl)]—logki © géeggfgggf,u%l‘&g%bg? f%;aij:?qloyl cﬁ?%ergi X?i‘ga ?)(SJP 7é eg) I n
di chl or ondstaore (pgemi) pasisl ofidide dnit) apwa ssolutidmoof ob fp+atdoadaihexyioxyl-he

i oor vt deeiou ezt ac it 0B O Sxan raDAmEE (162,40 S0P ph Yl ned
or gani f) exdobRatat -2 CCanta Bathidd! A}lmfdef atcef] a%lﬂggg#gf\?ég}ﬂg%&gn{p}ag amlgm%g

dried over magnesi um sul fate. The solvent” was r r ‘reduce
pressur e tthe gravgommpthiteomasofurthenbtinedd fom <l Spoini 4t i-2% °Oytrédied ithhr suiwtiongefaphy

Lnrough, 3 Sl SRadBLrSol UD uet0g ey el BSXROPl e e, ASELALG (7

eluent to

6- [ 6- [ 4- [ Gof 8@ iR ANE HIRRYRRdZn YO HeRBEMhRX ydr%ealyd. etVeYddon mixtyre was

napht hal en- 2- yl oxy] hexyl ester as a Ite crystalline material.

Pr epar at i qourgd iaty 245 ml atHE BN pardlexttrctedowiolx § ke300 mk 9¥ pthen yiThetcoynbyrdel-

15  organic extracts were washed with a half saturated NaCl solution (500 ml), dried over

- 2-yl oxy] hexan-1-ol as

E-»)

MgSO4 and e\faporated to dryness to give a slightly yellow oil which was purified by
flash column chromatography using a short silica column and cyclohexane/
dichloromethane  (2/1) as eluent to give 1965 g of  5-[4-(6-acryloyloxy-

hexyloxy)benzoyloxy]-2-hydroxybenzoic acid pentyl ester as colourless oil.

20
Preparation of 5-[4-(6-Acryloyloxyhexyloxy)benzoyloxy]-2-]6-[4-[6-(6-acryloyl -
oxyhexyloxy)naphthalen-2-ylethynyljphenoxylhexyloxy]benzoic acid
pentyl ester

25

FNIOL G A O
VAN

To a stirred solution of acrylic acid 6-{6-[4-(6-hydroxyhexyloxy)phenylethynyl]-
naphthalen-2-yloxy)hexyl ester (1.05 g), 5-[4-(6-acryloyloxyhexyloxy)benzoyloxy]-
30 2-hydroxybenzoic acid pentyl ester (i.12 g) and triphenylphosphine (0.59 g) in
1etrahydroﬁm (20 ml) was added under argon and in a dropwise fashion diethyi

azodicarboxylate (DEAD, 0.39 g). Upon complete addition, the reaction mixture was
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napht hal en- 2-yl oxy) hexyl ester 25 A solution of
6-[6-[4-[6-(tetrahydropyran-2-yl oxy) hexyl oxy] phenyl et hynyl ] - CT 2003
napht hal e_qﬂg- %O)I%] hexyl ester (3.65 g) and bis(trinmethylsilyl )su] \ﬁgttl
(0.05 g) i $1%4nol | di chl oromet hane (50 m /20 m) was sti rRGKIBA/OGET f or
90 m n. Renoval of the solvent gave a residue which was then
recrystallised from cycl ohexane/ethyl 30 acetate (9:1) to give 2.11 g of
acryl i c acistirred gt @ofmiteitpenardreconehexiyl and/the solvent was then removed under reduced

phenyl et hyn napht hal en- 2- yl oxy) hexyl ester as a white crystalline

mat eri al . f¥%*]5‘65€¥ b"ea\?@“@é/ Wé&%ﬁmri feddyyobashectpe @p@gmp%mmsmg a silica-

5-14-(6-Ack b I 0 oxy c aci d entyl

ester J 5 wsﬁ%ﬁ%n%ﬁ/ S%Q%QM% )%%t?t% g”% 4 b%%’ ﬁ1mo1g V&r H§

added in anﬂdlﬁvacsﬁobeaghéuﬂomb@fzoﬁloﬁ {EIPQ[-@f[G-‘(@-aﬁgﬂﬁylé@h%xﬁﬁiﬂhgﬂﬂhé)f
i

4-[ (6-acryl oy hex Xy) - .benzoyl oxy) | benzoic ac

triet hys rr#"r?eﬁé’% é}P%FFPHdbew omﬂbwwlvmbem:@omédpmﬂ 286 andwhite
mai nt ai ned.argnades b S Upon conpl ete addition, the
reaction m‘?@ure \i\qgsteﬁur'ﬁag ‘g?\???gd@l]'or 45 mn at -25 C, treated with a
solution of 2,5-di hydroxybenzoic acid pentyl ester in 50 ml of dry THF,
further stbrred at -25C for 30 mn and then stirred at roomtenperature
for 90 m action m xture was poured into 265 m of HO (3N and

extracted ed 1 a xtracts were
washed wi t%ﬂlgqﬁﬁ%%g? xgjh[e%lo%%eng gﬂ’]%mg%tf}’ﬁpy 'ph??ﬂﬁfﬁe’&’)' MySO4 and
evapor &9 edhexylahylhasmit acigio:ecry1G1oahkéw] ¥kt ow oi | which was purified by
flash col umm chrorrat ography using a short silica colum and cycl ohexane/

di chl or onet han as ueninto @i ve 19.65 g of 5-[4-(6-acryloyl oxy-
hexyl oxy) benzoylO M| c©§ d/-pw—egs @as @I ourless oil.

{\’ R
15
Preparation of 2,5-Dihydroxybenzoic acid-6-acryloyloxy hexyl ester:
HO OH
O
0_\_/_\_
20 \ ©

To a stimed solution of 2,5-dixydroxybenzoic acid (11.56 g) and acrylic
acid-6-iodohexyl ester (22.57 g) in acetonitrile (250 ml) was added
1,8-Diazabicyclof5.4.0Jundec-7-ene (11.42 g). The reaction mixture was heated at
25  reflux for 2h. The reaction mixture was cooled to room temperature, poured into 200
ml of HC1 (3N) and extracted with ether (2 x 250 ml). The combined organic extracts
were washed with saturated NaCl solution (200 ml), dried over magnesium sulfate and
evaporated to dryness. The resulting dark-yellow oil was filtered through a short silica-
gel column (50 g, CH2Cly) to give 25.5g of 2,5-dihydroxybenzoic acid
30 6-acryloyloxyhexyl ester as slightly yeliow oii.
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20 Preparation of
5- 14- (6- Acryl oyl oxybexyl oxy) benzoyl oxy] - 2- 16- [ 4- [ 6- ( 6- acr y! oyl 160CT 2003
.oxybexyl oyénapht hal en- 2-yl et bynyl )pbenoxy] hexyl oxy] benzoi ¢ acid pentyl

ester To 096384 sol ution of acrylic acid PCT/IB00/00448

6- {6- [ 4- (6- hydr oxyhexyl oxy) phenyl et hynyl ] - napht hal en- 2-yl oxy) hexyl ester
(1.05 g). 5-[4-(6-acryl oyl oxyhexyl oxy) benzoyl oxy] 30 2-hydroxybenzoic acid
pentyl est Bregdralidngf SSpd(6-Acplievigkphay phiyhicenz0y bRy B2 -hivBrody®enadiy deidf ur an
(20 m) vva added under argon and in a dropw se fashion di et hyl

azodi car bo ﬁ“&f'é"’ E)‘YCFS%Q' Upon conpl ete addition, the reaction

m xture was -27 WD 00/ 63154 1 6 Oct 2003 PCT/ 1 BOO 00448 stirred at room

t enper ature overni ght, 0 hen enoved under reduced
pressure to give a resﬁﬁ%mbm Q h, chr omat ogr aphy usi ng
a sili cg gel colum and gycl ohexane/ et hyI Zcet alg @s eluent to give
0.66 g of

5-[ 4- (6-acryl oyl oxyhexyl oxy) benzoyl oxy] W eryl oyl oxyhexyl oxy) n
aphtha 5 | en-2-yl et hynyl ] phenoxy] hexyl oxj] ben oxy] b¢nzoic acid pentyl
ester as white crystalline material. K ¥ C N 113 C 1. Exanple 2
5-[4-(6-Acryl oyl oxyhexyl oxy) benzoyl oxy] - 2-[ 6- (4' - cyanobi phenyi - 4-yl oxy) 10

hexyl oxyj benzoi ¢ acid 6-acryl oyl oxy hexyl ester 15 Prepar ation of

ol ut | on o SPEREUCmBR BRI R T B0 IREY 47 HTh e PR robuide aer
aci d- 619 ooknrlgenyd) aesbRyd (2?©7soumdnrbfax:@§.9ﬂ4yxo@id)@hé)%ﬁ&(y)bénzmsac&ﬂ@bﬂ.ﬂs g)
and triethylamine (6.07 g) in 100 ml of dry THF. Afier complete addition (15 min), the

reaction mixture was stirred for a further 30 min at -25 °C, treated with a solution of
2,5-dihydroxybenzoic-6-acryloyloxyhexyl ester in 50 ml of dry THF and further stirred
at —=25°C for 4h. The reaction mixture was then filtered through celite and the solvent

15 was removed by evaporation. The filtrate was purified by flash chromatography using
a short silica-gel column and dichloromethane/diethylether (39/1) as eluent to give
10.8¢g of 5-[4-(6-acryloyloxyhexyloxy)benzoyloxy}-2-hydroxybenzoic acid
6-acryloyloxyhexyl ester as a slightly beige oil.

20  Preparation of 5-[4-(6-Acryloyloxyhexyloxy)benzoyloxy]-2-[6-(4'-cyano-
biphenyl-4-yloxy)hexyloxy]benzoic acid 6-acryloyloxyhexyl ester

?—0@0—@-{0 /—\_/—\N
: b

Following the procedure described in Example 2(2), a reaction mixture comprising
6-(4'-cyanobiphenyl-4-yloxy)hexan-1-ol  (2.95 g), 5-[4-(6-acryloyloxyhexyloxy)-
benzoyloxy]-2-hydroxybenzoic-6-acryloyloxy hexyl ester (5.83 g), triphenylphosphine
36 (3.67 g) and diethyl azodicarboxylate (2.09 g) in 100 ml of dry THF, gave, upon
purification through a silica-ge] column, using ethyl acetate/cyclohexane (1/3) as

eluent, 5.6 g of the desired compound as white crystalline material. K 71°C N 77 °C L.

-20.



1, 8- Di azabi cycl o[ 5. 4. O undec-7-ene (11.42 g). The reaction m xture was
heated at 25 reflux for 2h. The reaction m xture was cooled to rodn§ 0CT 2003
tenperature, poured into 200 nml of HO (3N) and extracted with ether (2 X
250 m ). WPPO®3hi ned organic extracts were washed w th saPdraBenosssCl
solution (200 m), dried over magnesium sul fate and evaporated to dryness.
The resulting dark-yellow oil was filtered through a short silica- gel

col urm ( 50Thg, néahe] Bhaseowsli MBin?din&D aCfootn %ﬂbé}xﬂf@ﬁ%&?%&i GEird saﬁga}e
. -2 00/ 63154

6- acryl oyl oxyhexyl ester as slightly yellow oi
PCT/ | BOO doaghsepapissiadn of

5-[4-(6-Acryi ovl oxyhexyl oxy) benzoyl oxv] - 2- hydr oxvbenzoi ¢ aci d

6- acryl ovl oxyhexyl ester 5 A solution of nmesyl chloride (3.44 g) in 50 n
of dry THE RAded dropw se under 10 argon to a cooled (-25C) solution
of 4-(6-acryToyloxyhexyl oxy)benzoic acid (8.35 g) and triethylamne (6.07
g). in P00 Adrybie aeig BHB-[4AGE{dr|2eormiset-pentdévclabex¢Dethyi]phen dxydhexd ion
m xture was stjrred L‘loﬂr fur heir 33 mn at -25 C, treated wth a solution
of 2,5-di B?‘cﬁ@’ﬂb"r‘ pht -15’&15373! BYYIBLIHSSAr ester in 50 Ml of dry THE and
further stirred at -25C for 4h. The reaction mxture was then filtered

t hrough celit nd e solvent 15 was renoved by evaporation. The filtrate

was purifie y r to ph Si as t silica-gel colum and
di chl or orret hane/ di eThyl 9/ 1) ag ' edrrg;gggg%c=
5-[4- (6-acryl oyl oxyhexyl oxy) benzoyl oxy] - 2- hydr oxy ZzOl C aci D

6- acr ylgoyl oxybexyl ester as a slightly beige oil. 20 Preparation of
5-14-(6- Acryl oyl oxyhexyl oxy) benzoyl oxy] - 2-[ 6- (4' - cyano-
bi phenyl - Fellbwing thexprocedythizszdbal indixhnfpla(3)l oydaoryh exyprisiaf ecryhib abid

6-{6-[4-(6-hydroxyhexyloxy)phenylethynyl]naphthalen-2-yloxy}hexy! ester (1.03 g),

160CTZ2003 WO

1-(4-hydroxyphenyl)-2-(trans-4-pentylcyclohexyl)ethane (0.53 g), triphenylphosphine
(0.63 g) and diethyl azodicarboxylate (0.38 g) in 20 ml of dry THF, gave, upon
15  purification on silica-gel column using dichloromethane as eluent, 0.72 g of the desired

compound as white crystalliné material. K 118°C N 130 °C L.

Example 4:
Acrylic acid 6-{6-[4-(6-{4-]3-(trans-4-pentylcyclohexyl)propyl-1-0xy]-2,3-difluoro-
20 phenoxy}hexyloxy)phenylethynylnaphthalen-2-yloxy}hexyl ester

’/—\‘O—m *]2@;"@"0@{

Following the procedure described in Example 2(2), a reaction mixture comprising
25 acrylic acid 6-{6-[4-(6-hydroxyhexyloxy)phenylethynyl]naphthalen-2-yloxy } hexy!

ester (1.03 g), 1-(2,3-diflucro-4-hydroxyphenoxy)-3-(trans-4-pentylcyclohexyl)-

propane (0.68 g), triphenylphosphine (0.63 g) and diethyl azodicarboxyiate (0.38 g) in

20 ml of dry THF, gave upon purification through a silica-gel column, using

dichloromethane as eluent, 0.82 g of the desired compound as white crystalline
30 muaierial. K98°C N 119°C 1.

-30-



Fol |l owi ng the procedure described in Exanple 2(2), a reaction m xture

conprising 6-(4'-cyanobi phenyl -4-yl oxy)hexan-1-ol (2.95 g), 16 0CT 2003
5-14-(6-agryl o¥l oxyhexyl oxy) - benzoyl oxy] - 2- hydr oxybenzoi c- 6- acr(}ll oyl oxy
hexyl est 8P %4314 )  triphenyl phosphine 30 (3.67 g) and di BERAPO0/GDI4E

azodi carboxyl ate (2.09 g) in 100 m of dry THF, gave, upon purification
through a silica-gel column, using ethyl acetate/cycl ohexane (1/3) as
el uent, 5.BExgmple3:he desired conpound as white crystalline material. K 71 C

N77 C1. - 2003 WO 00/ 63154 PCT/.I B 0Q448_Th ti h
was mnai nt a@ﬁi%d}%&‘?%gﬁl‘f‘éﬂa‘é‘ﬁ]afﬂ?%‘y mapbshalpe-2oylet @YHahgm'g\%gﬁﬁxb'fﬁfmgse

ot . YN .
IES-S?GE fgl ((:(f%ﬁ'??lz'?(t ran?gfﬁﬁéhﬁ'c%‘?g@géfy l—) et hyl] ph en oxy}hexyl oxy) -

phenyl et hyny] ] napht hal en- 2-yl oxy} hexyl ester 10 Foll ow ng the procedure
describgd in Exanple~2(2)— a reacti conprisikng acrylic acid
6-{6-[4§(6- hQdr g 1@ oxy)phenybet , @ en- | o he ester
(1.03 g), 1-X#&fhydrdxyphenyl)-2-(tyanhs-4- pen @ "' ne (0.53 g),
tri phenyl plo8phi ne (/9. 63 g) and diethyl azodi carboxylate (0.38 g) in 20 m
of dry THF, gave, upon 15 purification on silica-gel colum using

di chl oronet hane as eluent, 0.72 g of the desired conpound as white

crystalline material. K 118C N 130 C|. Exanple 4. Acrylic acid

6-{6- [ 4- -4 cvel - -2.3-dj {] - 20
ooy e Estits he BRRARRCAHENE bR BRENPLPSORY S oacoN Bt Yol
Fol | owithg achgicpr aciddué- 6{ds(6tliydieskyhaxHsayiphenyldtBynyl papkheleh Py lak ek sl

conprisin
P gester (1.03 g), (E)-3-(4-hydroxy-3-methoxyphenyl)acrylic acid methy! ester (0.42 g),

v,

triphenylphosphine (0.52 g) and diethyl azodicarboxylate (0.35 g) in 30 ml of dry THF.

gave upon purification using a silica-gel column and ethyl acetate/cyclohexane (1/2)

as eluent, 1.12g of the desired compound as white crystalline material. K 103.5°C S
15 106.8°CN 127°C L

Example 6:
The following compounds are readily oriented in their liquid-crystalline phase(s) when

they are filled by capillarity, in the isotropic state, into polyimide coated cells with
20 thickness of 2 to 20 pm. Their corresponding phase transition temperatures obtained by

cooling from the isotropic state and measured by optical microscopy, are listed:

" o

0O
P D TR, oy o
8] 8]

Iso. 89°C N 23°C K
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acrylicaci d6-{6-[ 4-(6-hydroxyhexyl oxy) phenyl et hynyl ] napht hal en- 2-yl oxy} hexy
! ?Stergl-fBg), v ] y-3-( | ovel ohexyl 16 0CT 2003
1-(2, 3-di - 4- hydr oxyphenoxy) - 3- (trans- 4- pentyl cycl ohexyl ) - propane

(0. 68 g),%‘?ﬁ‘%ﬁ’é%l phosphi ne (0.63 g) and diethyl azodicar bd’xﬁ%}ﬁ“ﬁ%@“&% g)
in 20 m of dry THF, gave upon purification through a silica-gel colum,
using dichloronethane as eluent, 0.82 g of the desired conpound as white
crystalline 30 material. K98C N 119 C 1. 1 6 OCT 2003 WD 00/ 63154

PCT/ JB0OO/ 00448 Exanpl e 5:

(E)-3-14-[6-L4-[6-(AcLyl O onyhexyloxy)n&gpfh¢l n- 2-yl et hynyl } phenoxy) hexyl
oxy |- 3-net hexgpher Io:iip ic aci dnethyl e Fol | owi ng the procedure

described in Exanpl e 2(2)% =ot{ QT aTi Xtdr €0 bsi agryl i e=aci d
6- { 6- [ 4- (6- hydr oxyhexyl oxy) phenyl et hyny] ) napht ha en@@ﬁ%}wﬁﬁer
(1.03 g), (E)-3-(4-hydroxy-3-nethox ghenﬁ") aciélic acid nethyl ester (0.42
g), triphenyl phosphine (0.52 d)SOaﬂaé ACetNyd3%zoldi car boxyl ate (0.35 g) in
30 M of dry THF, gave upon purification using a silica-gel colum and
et hyl acetate/cycl ohexane (1/2) as eluent. 1.12g of the desired conpound
as white crystalline material. K 103.5C §_ 45 106.8C N 127 C 1. Exanple 6:
TEe f(()ll) 'B‘g'\c_qﬂpg rds are readily oriented Pivtheir | iquid-crystalline
phase(s) ohén they Wre Ll £ )y i.a.(ml‘ Q e//ASOH~OpI6 StEate, into
i Q t hi ckneds f to OTher'r 01,1=a

correspondi ng phase transition tenperatures obtained by cooling ?rom t he
..isotropic state and neasured by optical mcroscopy, are listed: Iso. 89C N
23C K 1 6 OCT 2003 WO 00/ 6315430, 162°C N 23°C K

}O‘_/_\"O G_«g QO\_/—\_P

. o\_/_L/
5 : ' : Iso. 55.8°C N
O 0O O
oM\ P'@“%Qo)‘@'o = °
e) O\_/—\

Iso. 118°C N 4R8°C S

}CL/—\_P‘@{QE’—@O/_\—/_\O

OO\_/_—\

10 Iso. 121°C N 37°C K
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05 10 Iso. 121 CN 3 7C K Iso. 113C N23C K lso. 118C N48CS OOrn
PCT/ 1 BOO/ 00448 -32 1 6 O CT 2003 WD 00/ 63154 PCT/ | BOO 00448 F 1s4.5 3HQIR 5

lso. 36C N 10 Mror--\~o 0 O Iso. 104.8C N 23C K 15 Iso. 102.6C N 23C K
-33 WO 006398915450, 90C N 75C S O PCT/IB00/00448

}O@O@OQO ﬂoF

I\

Iso. 45°C N

@) O
TNII S D A AO-OL

J L/

Iso.36°C N
10
Ealinfiate Syt °
O
v N :b,
o Ob_Q_O/_L/_\D{R
O O
Iso. 104.8°C N 23°CK
= 5 o VAR ND S
O oL
15

Iso. 102.6°C N 23°C K
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| so. 86.5C N 23C K 5 Iso. 118C N 1 6 0C] 2003 PCT/|BOO 00448 CN Iso. 114C
N 23C K 10 CN Iso. 83C N 60C K 15 -34 WD 00/63154 0 0 0 o O 5 Iso.) 63 2003

33C SA 16“,%%?% PCTI 1 BOOI 00448 CN CN 0 Iso. 84C N 33C SApd9Pngkooaoiuse 7:
400 ng of the follow ng conpound: was m xed with 500 p.p.m inhibitor

2,6-di-iert-butyl -4-nmethyl phenol (BHT) to

—\_/—\_Po \_/_\_loqujf:
O

Iso. 90°C N 75°C S

= M A YanWal -
YL N O

Iso. 86.5°C N 23°C K

- SN
PO D=
Iso. 118°C N

0O 0

a OL/_\_/O_@_4
< dOH o~ )

0

Iso.114°C N 23°C K

10
(9]
o O~
NI o
o—j |
Iso. 83°C N 60°C K
15
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prevent premature polynerisation. For the radical photo-pol ynerisation 500
p.p.m of an photoinitiator was added (1RGACURETM 369 (conmerci ai BY)CT 2003
avai lable_from Ciba 20 Geigy, Basle, Switzerland)). The resulti i xture
was di ssol"’(féﬂ"’fﬂs"ani sole to a concentration of 20% The mgp&pggq;ﬁgé
stirred at roomtenperature and spin-coated onto a glass plate wth an
upper orientation layer to forma layer of ca. 1000 rim This filmwas
dried at 160CT2003 WD 00163154 PCTI | BOO' 00448 80C for | or 2 mnutes and
phot o- pol ynmerised by irradiation with UV light using a Mercury lanp for 5
m nutes at roomtenperature under a N2 atnosphere. The resulting fil mwas
essentially free of defects and exhibited a well-oriented nematic
nmesophase at roomtenperature. It has the followi ng characteristics: 5 Film
thickness : | m dediing point : On,.22 (25C) Tilt : 0 10 Exam
Ip a 8: Followi ng the pré@ a fijfmwas prepared using 400
nmg of 15 500 p.p. 506—p. p \COF 3 e—@Nth a ratio
of 20 : 80. The fi oirr with U Iight==ging-Mfcury lanp for 5

m nutes at room 2 npe re er at nosphere. The resulting film
was essentially free of fects andpexhibited a well-oriented nematic
nmesophase at roomtenperature. It has e following characteristics: Film
thickness : | p.m Cearing point : 105 C

5 Iso. 84°C N 33°C S,

Iso. 84°C N 33°C S,

10
Example 7:
400 mg of the following compound:
Q 4] O
{a] 0
N > J‘\f‘@‘ﬁ@iom O @@ N o O

AN

was mixed with 500 p.p.m. inhibitor 2,6-di-ters-butyl-4-methylphenol (BHT) to

prevent premature polymensation. For the radical photo-polymerisation 500 p.p.m. of

an photoinitiator was added (IRGACURE™ 369 (commercially available from Ciba

20  Geigy, Basle, Switzerland)). The resulting mixture was dissolved in anisole to a
concentration of 20%.

The mixture was stirred at room temperature and spin-coated onto a glass plate

with an upper orientation layer to form a layer of ca. 1000 nm. This film was dried at

-35.



25 An-: 0.23 (25C) Tilt : 11 Exanple 9: Using the procedure of Exanple 7,
a filmwas prepared fromthe followi ng mxture: 30 CN 90% -36 1 & 6QCT 230303
WO 00/ 63154 PCT/1B00/ 00448 | , 4-butanedi ol diacrylate 10% The resulting

filmwas Q84631 |y free of defects and exhi bited a wel | - oFICEABBGH0G4¢S L i C
nmesophase at roomtenperature. It has the follow ng characteristics: 5 Film
thickness : 1 m Cearing point : 86.5 C An: 0.20 (25C) Tilt: 1 10 )
Exanpl e 10 99°0i &k Urer 2 onipntes ang ploibtpdlyferised Wy (t#fidtidianatidyV aipht @king a
conponent 20 0-0,, ~~00 93.5%

Mercury lamp for 5 minutes at room temperature under a N> atmosphere.

The resulting film was essentially free of defects and exhibited a well-oriented
nematic mesophase at room temperature. It has the following characteristics:
5  Film thickness : ] um
Clearing point : 110.9 °C
An : 0.22 (25°C)

Tilt: 0°

10 Example 8:
Following the procedure of Example 7 a film was prepared using 400 mg of

A SN e S e Saravat
B AR e
15 500 p.p.m. BHT

500 p.p.m. IRGACURE™ 369

in anisole with a ratio of 20 : 80.

The film was irradiated with UV light using Mercury lamp for 5 minutes at room
20 temperature under a N> atmosphere. The resulting film was essentially free of defects
and exhibited a well-oriented nematic mesophase at room temperature. It has the
following characteristics:
Film thickness ;: 1 um
Clearing point ; 105 °C
25 An:0.23(25°C)
Tilt: 11°

Example 9:
Using the procedure of Example 7, a film was prepared from the following mixture:

36

By Om@(;@g’@ OO ™

AN
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(5.59% 25 500 ppm BHT and 500 ppm | RGACURETM 369 was di ssol ved in ﬁﬁeiﬂiﬁ
with a ratio of 40:60. The m xture was stirred at 60C and spin 1cﬁ)

(6000pm to a glass substrate covered with a LPP/L i %?@I on

| ayer to go‘ﬁ’)mﬁ&l ayer of 4000nm The filmwas anneal ed at ng@ii?@r

mnutes to give an 30 essentially defect free filmhaving a cholesteric

pl anar orientation- It was then photo- polynerised using U/ light (Hg | amp)
at 85C for 5 m nutes under an N2 atnosphere. -37 1 6 O CT 2003 WO 00/ 63154
PCT/ 1 BOO 0448 The fil mwas charact er,i : g reflection at ound
i.o =610 nm, half- width = 60 nm ?éx%g%é@“ @%%@%ar ency outside ]tG%{‘e

sel ective Th¢ kealimnilbanss &8ehtallo dreepdldafdcsadnidoskhetirdack eli-osiehted nematic
(extinction ratio for circular polarised light (left to right) better than
100: 1) 5 mesepiase almopmae@peatues- ilchasithe {pllowiag chareplgn&ifsusi ng t he procedure
of Exanpl e éo Si n? alri ht handed chiral conponent (5.5%. The m xture
was spi CB e 1C(B‘r‘f Bt chol esteric |l ayer of exanple 10 using the 10
procedure @esenbhgthiaRgyec The resul ting doubl e I ayer exhibited the
characteristics of a notchfilter, blocking unpolarised |ight around X0 =
610 nm andAha@i2g2afCextinction ratio better 150: 1 1 6 OC12003 CLAIMS 5

Tilt: 1°
10
| Example 10
A mixture comprising
Q o 4] .
=>_O \—/_L’p@—« o L_/_\_/O_<=
) L 93.5%

A (left handed) chiral component

o © |
(5.5%)
" O Z»—@HOJI

[

_/‘/—o_ﬂ

25 500 ppm BHT and
500 ppm IRGACURE™ 369
was dissolved in anisol with a ratio of 40:60. The mixture was stirred at 60°C and spin
coated (600Upm, 60 s) onto a glass substrate covered with a LPP/LCP orientation layer
to form a layer of 4000nm. The film was annealed at 85°C for 15 minutes to give an
30 essentially defect free film having a cholesteric planar orientation. It was then photo-

polymerised using UV light (Hg lamp) at 85°C for 5 minutes under an N3 atmosphere.

- 37 -



1. A conpound of formula | AI-MG1-BIl- &-A2 A0 A4 (1) 10 15 20 25
wherein Al to A4 are independently selected fromthe group consi s‘tﬁﬂ@T 2003
hydrogen, a nmethyl group and a hydrocarbon group containing from2 to 80
car bon atwwsod/63158hi ch one or nore carbon atons are opti onal PGTARBI0A48d by a
het er oat om sel ected fromthe group consisting -0-, -S and -N- and in which
one or nore hydrogen atons are optionally substituted by a substituent

sel ected from tig MIFPWRs GRRKISTdeRHOf sifoheZOnadion!at afedindd. aatmxim.h&wo

al kynyl, am no, cyano, epoxy, hal ogen, hydroxy, nitro or oxo, with the
provi so t hafidfhi £ $0Inm NGcelid 1@%xYEEENAL OiEIdatie jadciod réfatioRedandngdd peeendl y
that at |east one of A) to A4 includes a polynerisable group;, B represents
a hydr ocar pelargatumpchasaateristich gextington rmbo dor emsWanpaenied, ligh (lefhicrgbte or

nore carbo t . optionally replaced by a heteroatom selected from
the group E’Sﬁ?ﬁg%q ﬂ%&]b -S- and -N- and in which one or nore hydrogen

atons ake optionally substituted by a substituent selected fromthe group
consisting of Cl1.20 al kyl, C2-20 al kenyl, C2-20 al kynyl, am no, cyan,
epoxy, hal Egampieytiroxy, nitro or oxo, with the proviso that no two oxygen

? Lce)mgS]r gLS Jé? L]::\’]cﬁgﬁlf%?cg%té)%%e; W%G%Jre%glgedwl%nge ﬁ)%hprioge%% eegld EQ%}éleafoe usslr%lz_ gcrgg% from
handed chiral component (5.5%).
The mixture was spin coated onto the cholesteric layer of example 10 using the
10 procedure described above. The resulting double layer exhibited the characteristics of a

notchfilter, blocking unpolarised light around A, = 610 nm and having an extinction

ratio better 150 : 1
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A-(Z-C2)al-(Z22-C3)a2-(23-C4)a3 (I1V), wherein 30 A to C4 are each

I ndependently selected fromthe group consisting of an optionall y,‘ CT 2003
substituted non-aromatic, aromatic, carbocyclic or heterocyclic grofh?)
containing from2 to 14 carbon atons; 39 1 6 OCT 2003 5 10 Z1 to Z3 are

each independently selected fromthe group consisting of -CHOH)-, -CO,
-CH2(CO -, -SO, -CH2(SO-, -S»-, -CH2(s02)-, -COO, -0CO, -COCF2-,
-CF2CO-, -S-CO, -COS-, -SOO, - Cs-, - CH2- CH2-, - OCH2-, -CH2O,

-CH=CH, -GG, -CHCHCOO, -0CO CH= and a single bond; and al, a2 and
a3 are each independently 0O or an integer having a value of froml to 3,
wth ﬁhe growso thﬁgo + a2 + a3 < 3, with the proviso that firstly at

| east WICOFTDI'I ses at |least two ring systems and secondly
when I\/G' and MX are identical, either A and A2 or A3 and A4 are
different or at Ijgas Ghr_eglo_f_ G310 £ are different; and wherein the
gréups A, M3, and A2 arje being linearly arranged wth respect 15
to each ot her such t hafA3t he conp@énds of the invention have a substantially
l'inear backbone. 2. A conmpound according to Claim1l, in which at |east one
of the groups Al to A4 conprise a group(«gf formul a (II) 20

P-(Spl ) kI - (X t1 - (H)

Alto A*  are independently selected from the group consisting hydrogen,

10 a methyl group and a hydrocarbon group containing from 2 to 80
carbon atoms in which one or more carbon atoms are optionally replaced by a
heteroatom selected from the group consisting -O-, -S- and -N- and in which
one or more hydrogen atoms are optionally substituted by a substituent selected
from the group consisting of C,.p alkyl, Ca.0 alkenyl, Ca.99 alkynyl, aming,

15 cyano, epoxy, halogen, hydroxy, nitro or oxo, with the proviso that firstly no
two oxygen atoms are joined together and secondly that at least one of A' to A*

includes a polymerisable group;

Bl represents a hydrocarbon group containing from 4 to 80 carbon atoms, in

20 which one or more carbon atoms are optionally replaced by a heteroatom
selected from the group consisting -O-, -S- and -N- and in which one or more

hydrogen atoms are optionally substituted by a substituent selected from the

group consisting of Cjy alkyl, Cyp alkenyl, Copo alkynyl, amino, cyano,

epoxy, halogen, hydroxy, nitro or oxo, with the proviso that no two oxygen

25 atoms are joined together;

MG’ and MG? each independently are selected from the group of formula (IV)
Cl-(Z1-C2)1-(Z2-C¥)p2(Z3-CHa3 V),
wherein
30 Clto C* are each independently selected from the group consisting of an
optionally substituted non-aromatic, aromatic, carbocyclic or

heterocyclic group containing from 2 to 14 carbon atoms;
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25 wherein

CH2=CH- OCC- ,

group;

P is hydrogen or a polynerisable group selected fromthe group
consi sting CH2=CW, CH2=CW O, CH2=CW COO-, CH2=C(Ph)-COO, CI%Z:CI—H%%TP{[}[-B,
CH2=CW CO- NH-, CH2=C(Ph) - CONH, CH2=C(COOR' )-CH2-COO-, CH2=CH O,
(Ph)-CH=CH, CH3-CH=N-(CH2)nmB-, HO, HS-, HO (CH2)nB-,
HS- (CH2), Q 3-, HQ(CH263CO0-, HS(CH2)ni 3COO-, HWN-, HOC(O) -,
CH2=CHPh-(Om4 40 1 6 0 C1 2003 5 0 15 1~-A 25 0 HWCCH and CH=CH wherein
Wis selected fromthe group consisting of H F, Cl, Br, | and a Cl1-5 al kyl

nB is an integer having a value of from1l to 9; m is an integer

havi10 g value, o s o pAPhaRERd oo ki o8 By PRI,

sel ected fromthe group consrsting

F,

10

15

20

25

gr oup

A, Br and I; Spl repCiSEIHE, a-Cb-20-GHkI®Ne SOYP, -CE(ED}, S -50,-,
optionally substituted by one or nore

-CH(503)-, -COO0-, -OCO-, -COCFz-, -CF2CO-, -§-CO-, -CO-8S-,
-SQ0-, -080-, -SOS-,-CH,-CHy-, -OCH;-, -CH»0-, -CH=CH-,
-C=C-, -CH=CH-COO-, -OCO-CH=CH- and a single bond, and

al, a2 and a3 are each independently 0 or an integer having a value of from |
to 3, with the proviso that al + a2 + a3 < 3, with the proviso that firstly at least
one of MG! and MG2 comprises at least two ring systems and secondly when
MG1 and MG? are identical, either A' and A% or A® and A* are different or at
least three of A to A* are different;

and wherein the groups A', MG', B!, MG? and A? are being linearly arranged with respect |

to each other such that the compounds of the invention have a substantially linear
backbone. -

2. A compound according to Claim 1, in which at least one of the groups Al to A4 comprise a

group of formula (I}
P-(SpHr-X1)y - an
wherein
P is hydrogen or a polymerisable group selected from the group consisting CH»=CW-,

CH,=CW-0-, CH2=CW-COO-, CHp=C(Ph)-COO-, CHp=CH-COO-Ph-,
CH=CW-CO-NH-, CH=C(Ph)-CONH-, CH2=C(COOR")-CH2-COO-,
CH=CH-0-, CHp=CH-OOC-, (Ph)-CH=CH-, CH3-CH=N-(CHp)ms-, HO-, HS-,
HO-(CH)m3-, HS-(CH)ms-, HO(CH2)m3COO-, HS(CH2)m3COO-, HWN-,
HOC(O)-, CH2=CH-Ph~(O)m4
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substituents selected fromthe group consisting F, d, Br, | and CN, and in
which one or nore of the CH2 groups present in the hydrocarbon chain are
optional ly replaced by one or nore groups sel ected fromthe gridupCl 2003
consisting of -0-, -S-, -NH, - N(CH3)-, -CH(OH)-, -CO, -CH2(CO-, -SO,

-CH2(SO) -, -S02-, -CH2(s02)-, -COO, -OCO, -OCO-O, -S-CO, -CO S,
-S00-, -0sO, -SOs-, -SF5, -CC, -(CF2)-r , -(CD2)s-, -(CCl12),- and
C(W) =C(W2) -, whereiph W and W2 are,each_ i ndependently selected fromthe
group consi sting of,qj(, H (CH2) gl1- Cl and with the proviso that no two
het er oat ons ar eHVWCne@dHteget hand The eger&H—CHand gl each

i ndependently represent a nunber of frem“l to 15; k1l is an integer having a

value of fromO to 4; 41 1 6 0 CT 2003 5 X1 is selected fromthe group
consisting of -0-, -S-, -NH, -N(CH3)-, -CH(OH)-, -CO, -CH2(CO-, -SO,
-CH2(SO -, - SRAepeiy CH2(S02)-, -COO, -OCO, -OCO-O, -S-CO, -COS,
-S00, -0sO, -SOs-, -CH2-CH2-, -OCH2-, -CHO, -CH=CH and -C=C-; and t1
i s an i nt eger Whavisragleated frame thef gréupoeontistitg oPHBfloBnd aad adl df algylt o C ai m 2,
in_which k' and t' each have a value of 1. 10 4. A conpound according to
d&im2 or Caim&O°%h which X1 is selected fromthe group consisting of
-0-, -COO and -OCO-. 5. A conpound according to any one of clains 2 to 4,
in which Sp' is selected fromthe group consisting of ethylene, propylene,
butyl ene, pent§l enean hopet handng benlhy befiom 0wty ene, 15 nonyl ene, decyl ene,
undecyl ene, and dodecyl ene. 6. A compound according to any of the preceding
clainms, in which B1is a group of formula (1) 20

m4  is an integer having a value of 0 or 1,

.0
R' represents a Cj_s alkyl group; and
R"  is selected from the group consisting of a Cj_5 alkyl group, methoxy, cyano, F,
Cl,BrandI;
15

Spl represents a Cy.ag alkylene group, which is optionally substituted by one or more
substituents selected from the group consisting F, Cl, Br, I and CN, and in which one
or more of the CHy groups present in the hydrocarbon chain are optionally replaced
by one or more groups selected from the group consisting of -O-, -S-, -NH-, -

70 N(CHz)-, -CH(OH)~, -CO-, -CHy(CO)-, -SO-, -CH2(SO)-, -S05-, -CHy(SO3)-,
-CO0O-, -0CO-, -0CO-O-, -8-CO-, -CO-§-, -SO0-, -080-, -8S08-, -SF;, -C=C-,
-(CF2)~r , -(CD2)s-, -(CCL)s- and C(W1)=C(W?2)-, wherein W! and W2 are each
independently selected from the group consisting of H, H-(CH3)q1- and Cl and with

the proviso that no two heteroatoms are joined together. The integers 1, s and q1 each

25 independently represent a number of from 1 to 15;

k! is an integer having a value of from 0 to 4;
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25 30 (X2)t2-SP' -(X3)t3 (P wherein Sp2 represents a C4-20 al kyl ene group,
in which one or nore carbon atons are optionally replaced by a het er®8€Pai03
selected fromthe group consisting of -0- and -N- with the proviso that no
two heteroatons are joined together; X2 and X3 are each independently
selected fromthe group consisti ng of -0-, -S, -NH, - N(CHB) -CH(O—i)
-CO, -CH2(CO-, -SO, CHZ(SO) -S2-, -CHZ(SOZ) -

IO R R o 05 ?ﬁ%ﬂrﬁffsﬁr% S S S50

[ ndependent I y_@g;g;@) -vakpe, QtH?I(SU )-1.8G pad -eoenr dommn-t o-ge@ian 6,
I n which X2 and are each in ependent?y sel‘ected fromthe group

consi sting of .S@0-, -C0OC8;, -S00TR; -@R0-,a-SONgFHEHpOHY-, SDEH;-A -ChiypeurCH=CH-
according to Caim6 or aim7, in which Sp2 is selected fromthe group
consi sting of abdt@E€nempdpent yl ene, hexyl ene, heptyl ene, octyl ene, nonyl ene,
degl ene, undecyl ene and dodecyl ene. 10 9. A conpound according to any
eding claim in which the groups Cl1 to C4 are each independently

Sel ect ed ff OMid Bei MR RaiRPS valkb BB0QF 115 (4 -2z 9 d4

3. A compound according to Claim 2, in which k' and t' each have a value of 1.

10 4. A compound according to Claim 2 or Claim 3, in which X' is selected from the group
consisting of -O-, ~-COO- and -OCO-.

5. A compound according to any one of claims 2 to 4, in which Sp' is selected from the group
consisting of ethylene, propylene, 'bﬁtylcne, pentylene, hexylene, heptylene, octylene,

15 nonylene, decylene, undecylene, and dodecylene.

6. A compound according to any of the preceding claims, in which Bl is a group of formula

(1
20 (X2)2-Sp?-(X3)3 ny
wherein
Sp? represents a Cy.g9 alkylene group, in which one or more carbon atoms are
optionally replaced by a heteroatom selected from the group consisting of -O-

25 and -N- with the proviso that no two heteroatoms are joined together;

X2 and X3 are each independently selected from the group consisting of -O-, -8-, -NH-, -
N(CHs)-, -CH(OH)-, -CO-, -CH3(CO)-, -S0-, -CH2(S0)-, -802-, -CH2(SO2}-,
-CO0-, -0CO-, -0CO-0-, -5-CO-, -CO-5-, -800-, -OS0-, -5085-,
30 -CH,-CHj3-, -OCH3-, -CH50-, -CH=CH-, -C=C- and a single bond; and
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20 (L)ul (L)u2 (L)u2 (L)u2 (L)to (L)ul NN NN 25 wherein 30 L is
selected fromthe group consisting -C,, H21, +1, -C(O CH21, +1,
-C(OOC'H2i,+l, -0C(OCH,+1, -CC'H2 +1, -N®2, -CN, -SF5 and hal PGTT 7003
represents an integer having a value of from1l to 20; ul represents 0 or an
i nteger having a value of from1l to 4; 43 160CT2003 u2 represents 0 or an
I nteger having a value of from1 to 3; and u3 represents 0 or an integer
having a value_of from1 to 2. 5 10. A compound according to Claim9, in
whi ch C1 t7end4? ar eadbdsenendentbilpvaalwilucef 8erdd from the group consisting
of cycl ohexyl, cycl ohexyl ene, phenyl, phenyl ene, naphthyl, naphthyl ene,
phenant hryl, phenant hryl ene, decalinyl and decalinylene. 11. Aliquid
crystal |'i pecdthpdundcaceoritig & it 6| iBadtich WO /@ PORRNaSh iﬁd'bf)}gﬁﬂeﬁﬁ dhekiEfSt
one 10 conponent conprises a conpound of forrmula (1) accofding ¥o any one
of cl ai nsfrom the geouplicdnsisting qfiie, £YOt aDlrendatserglaboronpri si ng a conpound
of fornmula (1) according to anyone of «clainms 1 to 10. 15 13. Aliquid
crystalline material according to Claim12, in the formof a pol yner

net wogk. Aeorhidinaf ackofang 3! Wil 6 fo ratha7 (i) Wﬁfcﬁcggﬂ'ig‘ GelbOted BOnP R é}t)u
claims | to 10, in the nanufacture of an optical or an el ectro-opt caq
devi ce. 2oomsitingnob putxdene, grendylenst riexpiont, chéptylens, cectylonyr heyhapea decyjerieg
crystalline erial ;according to claim112 in nononeric, polyneric or

pol yrner ‘&%‘ﬁ?ﬂ?a? do&ecyfene.

10 9. A compound according to any preceding claim, in which the groups C' to C* are each
independently selected from the group consisting of

L BB g

N N
c@ ( '
o 60, - -0
20 (L)u (L2 (Lye (L) (Le  (Lyw
(Lhw | _
N-N o ’ ¢
25 wherein

L  is selected from the group conmsisting -CiHami, ~C{O)CiHans), -C{OYOCHaph,
-0OC(O)YCrHan+1, -OC3Hap1, -NOg, -CN, -SFs and halogen;

n represents an integer having a vatue of from 1 to 20;

30

ul  represents O or an integer having a value of from 1 to 4;
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10

15

20

10.

11.

12.

13.

14,

15.

16 0CT 2003

u2 represents 0 or an integer having a value of from 1 io 3; and

u3  represents 0 or an integer having a value of from 1 to 2.

A éompound according to Claim 9, in which C' to C* are each independently selected from
the group consisting of cyclobexyl, cyclohexylene, phenyl, phenylene, naphthyl,

naphthylene, phenanthryl, phenanthrylene, decaliny! and decalinylene.

A liquid crystalline mixture comprising at least two components, in which at least one

component comprises a compound of formula (I) according to any one of claims 1 to 10.

A hiquid crystalline material comprising a compound of formula (1) according to anyone of

claims 1 to 10.
A liquid crystalline material according to Claim 12, in the form of a polymer network.

Use of a compound of formula (I) according to any one of claims 1 to 10, in the

manufacture of an optical or an electro-optical device.

An optical or electro-optical device comprising a liquid crystalline material according to

claim 12 in monomeric, polymeric or polymer network form.



