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PCT/ 1 B98/ 00833 Pol yneri sable, optically active di oxol ane diesters This
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texture), light is split into 15 its left- and right-circular polarised
conponents within a specific wavel ength range (selective reflection range),

wher e one Uging! difentdtiof Ubers Yr RAUET the eafeA0e of eRiefnal Fields] bolyhRiikMd Gguiand t he
other is transmtted unattenuated, depend| ng on the di reciion of rot ation

of the chetys@isewhichiase provided with acphotoinjHator cans bej erientated omea subsgratecar iact i on
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(birefringence) of the material. Layers with these optical properties are
i deal media for a wide range of applications including colour filters,

optical pggg 8’&%&% ihventih ?elﬁ@éjtowﬁﬁérfs%lé chx?a'i doFanT@E‘n PR dBsBAH flestiafRaNt S

nmust after l'ynerisation exhibit" good chem cal and thernal” stability, good
sol ubi | i tymxmmsanmemmg)ﬂlam bothe bigui crxm&i layenidiesetdopants induce a belicstruchue.
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[err]C to appr,ox. [err]C., 30 Since Jiquid cry re generally used as
m xt ur es, (fefectize | P%rwneebrwwe Qg pfythe lfalcﬂ'ef!mﬁ?gﬁﬁg combgents is fully

sati sfact Qéﬂéciéd' AHhbiet B tensiftel WngfentRBd, dhbifingbn AR KFRELS 8PtRatidndui d
of the cholesteric helix structure. Light outside the selective reflection range is transmitted
uninfluenced. The position of the reflection band in the spectrum is determined by the

20  pitch of the cholesteric helix, the width of the band being correlated with the double
refraction (birefringence) of the material. Layers with these optical properties are ideal

media for a wide range of applications including colour filters, optical pass band filters
and polarisers.

25  The polymerisable dopants must after polymerisation exhibit good chemical and thermal
stability, good solubility in conventional solvents, and good stability to electrical fields and
electromagnetic radiation. When mixed with nematic compounds, they should possess a

cholesteric mesophase in a temperature range from approx. 10 °C to approx. 100 °C, and

particularly from approx. 25 °C to approx. 80 °C.

Since liquid crystals are generally used as mixtures, it is important for the individual
components to be satisfactorily intermiscible. Mixtures consisting of polymerisable liquid
crystals and non-polymerisable optically active usually lead to relaxation phenomena, e.g.
temperature dependence of pitch and reduction of the stability of the network. On the other
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twi sting power. The objective is therefore to g,r oduce phat ocherIi cal lagl
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aci d di est ersd cheply Fremqeqrymetcially,avai %ﬁ%&"f W‘ej{g‘g &e%*&?’l oYpt Y maleng's:

I nduce | e, R 4 I AOR A s b oel HixBESSwhich cdfaia lsudtnt ent
GibH) A% LE, &H“%ﬁ*&? it %’3‘,’“2?55&1&(5%8%%Q’%’%@ﬁfi&bﬁgéﬁ‘éﬁﬁgl ) describe |

at r opi soner iopti@lly’ active (pofstmarisakld c@mpounds| ‘frepi fromp ompinsgwhergver | npssblai and o

pol yneri sabl e group whi¢h J.n yery. hi L. Skl 2 t Sanifiet iyiRse
manuf act ur eﬂﬁqsgolm esbps?'f"élgl gfég:lﬁafvlgv xcfi,l%{l-%'\léﬁ%h%ﬁj- g&%’g ? | s§%210 [ l‘:n t |€el y
expensi ve. TEhisliXed gfate. sabl e or photo-crosslinkable optically active

di oxol ane diesters of Formula I, 25 according to the invention,
surprisingly neet the established requirenents. They are either liquid

crystand ne g AT P ol EpeAhyS1 68 \bouP MmA A5 REGH RS ARt epticaled
active, but not polymerisable, dioxolane diesters. They can be manufactured simply from
cheap tartaric acid diesters, have relatively low viscosity, are readily soluble and induce
small pitches in liquid crystal mixtures. GB-A-2298202 (Merck Patent GmbH) and Lig.
Cryst. 22, 451 (1997) (Schibaev ef al) describe atropisomeric 2,2'-disubstituted
20 1,1'-binaphthyl derivatives with a polymerisable group which induce very high twisting
movements, but whose manufacture (from an optically active 1,1'-binaphth-2-ol) is

prohibitively expensive.

The polymerisable or photo-crosslinkable dptically active dioxolane diesters of Formula I,
25  according to the invention, surprisingly meet the established requirements. They are either
liquid crystalline themselves or lead to only small phase depressions when added to liquid
crystalline compounds or mixtures. They induce very high twisting movements, are very
stable and readily soluble, with low viscosity, and can be easily manufactured from very

cheap, optically active raw materials. They have the following general formula:

0~ C00—R!
wi-s'-y'-m< I
0—%~Cc00-R?
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crystal l.i ne conpounds or mxtures. They induce very high tw sting
novenent s, : stable and readily soluble, with | ow vi SCH) can
be easily ﬁgég?%{‘%red fromvery cheap, optically active raw na/@rés’gﬁ@g

They have the follow ng general forrmula: 30 [err] [err] W 98/55473
PCT/ 1 B98/ 00833 where: denotes polynerisable groups with the structure[err]
[err] [err] [” [err] 10 [err] (Ph) ~ denotes
phenyl, and Ph denotes 1, 4-phenyl ene; Slerr] _denotes a

spacer unit, such as any straight chain or branched al kyl ene. 15

group contai ng 2 to senatespolymerisspleigsonps Withsthe stetiredH=CHy CHarCRAR - p y
with fluorine and/ or sifgLys _chl ori Q whi ch u be
interrupted singly or gg&bltyl\gs)b’c} - 2 u%@od—h&—kaﬂg‘g@ gb‘@?,

-NH-, -NBCO and/or - COlE=C(Bi)-COO¥[ er r] CH>=CH-COORhenot es GHs#GHHGO-DERd or

denot es a dival ont mesSIGCE-GPATEHb: FORRICRLGPNIe ingkFE-conticH:-

CH,=C(CI)-CONH-, CH=C(Ph)-CONH-, CH;=CH-0O-, CH,=CH-00C-,
(Ph)-CH=CH- or H,C—CH- ° where:

\/
10 O
(Ph) denotes phenyl, and
Ph denotes 1,4-phenylene;
s! denotes a spacer unit, such as any straight chain or branched alkylene
15 group containing 2 to 20 C atoms, optionally substituted singly or multiply
with fluorine and/or singly with chlorine or cyano, which unit can also be
interrupted singly or doubly by -O-, -COO-, -OOC-, -CH=CH-, -C=C-,
-NH-, -NHCO- and/or -CONH-;
20 Y! : denotes a single bond or one of the groups -O-, -COO-, -OOC-,
0OCOO-,-S-, -CONH- or -NHCO-;
M denotes a divalent mesogenic group of Formula (a):
_{_@_21 ‘ l. ZZ ’ (:) 23 (:)
25 P q (a)
where:
rings A, B, C, D denote, independently, unsubstituted 1,4-phenylene or
30 trans-1,4-cyclohexylene, and/or



rings A, B, C, D denote, independently, unsubstltut ed 1,4- phenyl ene or 30
trans-1, 4-cycl ohexyl ene, and/or -3 - WO 98/ 55473

PCT/ 1 B98/ Q0833 1 4-phenyl ene substituted singly or multiply with fluorine,
and/ or si MPI¥R4YR chiorine, alkyl, alkoxy, fluorinated al kyRCTHBO§PASSH ¢ ed
al koxy, al kenyl, al kenyl oxy or cyano, and/or one of rings A, B, C D also
denot es unsubsti tut ed yr| di.ne- 2 5:.dj

pyri m di ne-2, 5-di yl, M ?{Wg?y Of H}“H}ﬂ%ﬁémzﬂ@rﬂ'f‘y?‘nd/“ fingly

2, 6- napht hyl ene; [ er r ifliofihg. 1%&9@% SritARRGREE H %111&91
-COO-, -00C-, -Cerr]C, [‘err dnlyd’ 10 a‘rlld denot’e, mdependent y,9g or

1, and R[err] and R[ealkfnyoxymmm en@m‘r ai ght chain, branched or cyclic

al kyl group containin agpb t The nment.d o kyl ,

al koxy, al kenyl and agﬂéejﬁf/lg%%g/ é’ugsﬁjtgeﬁﬁdg&ﬁ E’&?g%%'él é?lg’ﬁﬁ'rigd%ll

maxi munsof 5, prefer apyrymilinesXb-diyly of Prazims-DOddiylf onsthidpheter2,diydd aldgyl or
al koxy residues are a&gyl Ikoxy resi dues in which the hydrocarbon 20
resi dues are substitu d‘aﬁﬁ'&f@e?e'or multiply with fluorine, e.g.
trifluoronethyl, difluoro- nmethyl, 1- or 2-fluoroethyl, 1-, 2- or
3-fluoropropyl, 1-, 2- or 3-f|uoropropoxy, 2,2- or 3, 3- dlfluoropropoxy,
3,3,3-trifl uoropropon Zl'%)aadifdmomef,imispmdbnﬂy,admglbb@nd;héx)p-emﬁeswﬂes are

2. 6.4 {1 uor o- 1, 4 phon W aRE: S0 GHRR0 R M (CRR=6F -ERMiondowi ng

substitjgents in position 2 or 3: fluorine, chlorine, methyl, ethyl, propyl,

p and q denote, independently, 0 or 1; and

R'and R? denote a straight chain, branched or cyclic atkyl group containing up to 8
carbon atoms.
15
The above-mentioned alkyl, alkoxy, alkenyl and alkenyloxy substituents of rings A, B, C

and D have a maximum of S, preferably a maximum of 3, carbon atdms.

Fluorinated alkyl or alkoxy residues are alkyl or alkoxy residues in which the hydrocarbon

20  residues are substituted singly or multiply with fluorine, e.g. trifluoromethyl, difluoro-
methyl, 1- or 2-fluoroethyl, 1-, 2- or 3-fluoropropyl, 1-, 2- or 3-fluoropropoxy, 2,2- or
3,3-difluoropropoxy, 3,3,3-trifluoropropoxy.

Examples of substituted 1,4-phenylent residues are 2,3-difluoro-1,4-phenylene,
25  2,5-difluoro-1,4-phenylene, 2,6-difluoro-1,4-phenylene or 1,4-phenylene with one of the
following substituents in position 2 or 3: fluorine, chlorine, methyl, ethyl, propyl,

isopropyl, allyl, trifluoromethyl, methoxy, ethoxy, propoxy, isopropoxy, allyloxy or cyano.

Preferred compounds according to the invention are those with the general formula IA:

CO0-R3
wks Yz-{@- H.—zz-]—@ 2~ I
C00-R3



i sopropyl, allyl, trifluoromethyl, nethoxy, ethoxy, propoxy, iSopropoxy, e
allyl oxy or cyano. Preferred conpounds according to the invention are those

with the gsformula A 30 [err] -4 - WO 98155473
PCTI | BQ8/‘8§§§§ V\ﬁer e: Werr] denotes pol yneri sabl ’e’“’é’?”gﬁ“ﬁ%” W th

the structure CH2=CH, [err] 5 [err] or [err] S[err]
denot es anyp&kr ai ght chain or branched al kyl ene group containing 2 to 20 C
10 atons, substituted singly or nultiply with fluorine
and/or singly with chlorine or cyano, which group may al so be interrupted

singly or bly by Lerr] Y[lerr] . denotes a single bond.. -Q -COO
olr gO>C/JC 5uR[ grr{ ﬁeno@s Lg‘a&%&%’? a YRS gﬂ’lngchgﬂenl %?““S‘I‘r ncﬁgféj'lk’yl
group containing 1 tQgH=CH-GOOQ-at ons, CHRECICH,)-CO®-, q andCH=tgel)coB-, C and

D have_t he nmeani ng given for fornmul a_&&g 20 Conpounds_nore especial ly
prefer?ed accordi ng E52¥GE-CQANEH G XHEHhEONK;, tGH K Qn SHCH-006 a 1A,

where: Werr] or degg g_i[,gﬁrr].ZS Slerr] denotes a straight
chai n al kyl ene group cont ¢\I? 2 tb 12 C atons, which
0

s? denotes any straight chain or branched alkylene group containing 2 to 20 C
10 atoms, substituted singly or multiply with fluorine and/or singly with
chlorine or cyano, which group may also be interrupted singly or doubly by

-0-, -CO0-, -00C-, -CH=CH- and/or -C=C;

Y? denotes a single bond, -O-, -COO- or -00C-;
15
R} denotes a straight chain or branched alkyl group containing 1 to 5 carbon
atoms, and l‘
Z!,72, 7%, p, q and rings A, B, C and D have the meaning given for formula (a).
20
Compounds more especially preferred according to the invention are those with the
general formula IA, where:
w2 denotes CH;=CH-COO- or CH,=C(CH3)-COO-;
25
st denotes a straight chain alkylene group containing 2 to 12 C atoms, which
may also be interrupted singly or doubly by -O-;
A B,CD denote, independently, unsubstituted 1,4-phenylene or trans-1,4-cyclo-
30 hexylene, and/or 1.4-phenylene substituted singly or multiply with

fluorine, and/or singly with chlorine, methyl, methoxy or cyano,

and/or,




may al so be interrupted singly or doubly by -O; A B, C D denot e,

I ndependently, unsubstituted 1, 4-phenylene or trans-1,4-cyclo- 30

hexyl ene, and/or 1, 4-phenyl ene substituted singly or multiply with

fluorine, WM WXingly with chlorine, methyl, methoxy or cP&TOBHMEILr

- 5- WD 98155473

PCT/ 1 B981 833 one of the rjngs A C.. D al so denotes, unsubst.ituted
fghr gt B & D

{)K_ri dLne-2,25-5didyI I py®ieH " o SBWS{]‘E;SEE)WK}HPW?&Z’S-TYL
i ophene-2,5-diy Rimiding- y a0 SBR[ T [y 4d_sdeno
I ndependent |y, a single bond?[ls-3m , szseéﬂ’ [e?ﬁggr ?&Cﬁﬁand%r

Y{err], Rerr], p andGnaphthylese¢ neaning indicated for Fornula IA 10 The

optically active tartaric acid derivatives of Fornula | are easily obtained
by acid catal ysed cycl ocondensati on of an al dehyde A: [err]

A 15  9r z'dg? ingt? vdenole, irilependsth)) adsingle $oid, kOO -0y THGESadEH,- Wi th
an L- or D-tartaric acid derivative B: OOC-C*H(OZ)-C*H(OZ)-CCIR[err]’

B 20 where OZ st and$CHoe- 9ty8Exynédr for trimethyl silyloxy or another
activated hydroxyl derivative, and where [err]and Y[err] have the
above-nenti oned neaning. Different nmethods are known fromthe literature.

For exanpl ey? &1, pardahhale tie meshileindiosted for 8mhwla tonpounds of Fornula | with
an R R or SS-2,3-bis(trinethylsilyloxy)- 25 succinic acid dial kyl ester,
e.g. wth catalytic quantities of boron trifluoride diethyl etherate and

triflupgo ' 3 | Sk | i on
of | ol ool B DRl B8R 1aBEHE aci deifvhi\Rs RO 00RS! Gbily oBralidd ,°RAk
quant i ti es catalysed cyclogpndernsatiorsafah aldshyde A:

w!.s'-Y'-M-CHO A

15 or a derivative of this, such as a dialkyl or alkylene acetal, with an L- or D-tartaric acid

derivative B:
R'O0C-C*H(0Z)-C*H(0Z)-COOR? B

20  where OZ stands for hydroxy or for frimethylsilyloxy or another activated hydroxyl

derivative, and where R', R%, W', 8! and Y' have the above-mentioned meaning.

Different methods are known from the literature. For example, an aldehyde A may be
converted to compounds of Formula I with an R,R- or S,5-2,3-bis(trimethylsilyloxy)-
25 succinic acid dialkyl ester, e.g. with catalytic quantities of boron trifluoride diethyl etherate
and trifluoromethanesulphonic acid. A further method consists in the reaction of aldehyde
A with an orthoformic acid trialkyl ester with catalytic quantities of a strong acid, such as
p-toluenesulphonic acid in an inert solvent, such as toluene, and re-acetylisation of the
dialkyl acetal formed in the boiling heat with B (R = H), under azeotropic distillation of
30  the corresponding low boiling alkanol. Finally, an aldehyde A can also be converted
directly to I with an dialkyl L~ or D-tartrate in the presence of an acid, such as oxalic acid,
and a water-binding agent, such as magnesium sulphate, in a boiling inert solvent such as
benzene. To avoid polymerisation of the W group an inhibitor, such as hydroquinone or
2,6-di-t-butyl-4-cresol (BHT), is added during the reaction.
-6-



p-t ol uenesul phonic acid in an inert solvent, such as toluene, and
re-acetylisation of the dialkyl acetal forned in the boiling heat with B (R
= H), und opic distillation of 30 t he correspondi I.Ling

al kanol . |%g%$§§§an al dehyde A can al so be converted direc?ﬁ?hﬁ%%ﬁ&%Pth an
di al kyl L- or D-tartrate in the presence of an acid, such as oxalic acid,
and a water-bindi ng agent, such as magnesi um sul phate, in a boiling inert
sol vent such as benzene. To avoid polynerisation of the W-group an

i nhi bi t or, Ehecaldehydes drazelinovm compoupdsoriinaloges ¢f knbvar enpoub @ The tirtarizdded
during th on. 6 473 ' .
PCT118081005 4500 ARYss 3 s SR ARl vaiahis o b st B BR R

conpounds. tih&id stid e dommaertidl Rirdomrid degivatredr € ei ther comercial ly

avai l abl e or can be easily manufactured fromtartaric acid or commerci al
tartari® acid derivatives. 5 The pol ynmeri sabl e optically active conpounds

accordi ng.ud kiRl opcat bl QRGN o B hreoflf BERELBR Voo

in mxtures w one or nore-optical 'y Inactive meri sa
crystal | i neformuipolindes. pRiferablyopsedt i mixfuréshewvithptone abt ynaret opticatl@r inagthve aci d

derivatives of Forpul.a |,in ch m xtures, na ar i £ hin, i de range and
may 10 arRRMmeRehlE [ srysalling cqmaoynds e ploporticof the oatically pefive tarris0 0, by
wei ght . Sui dcabUerivalivesal Formula L i MBhRRHWIEY | ?%@ ittt @u&&é'%%g% ahd fnay

conpounds are, for exanple, those of Fornmula 11 which incorp e two
pol ynel® sabineoupt.oigp sxanplehesk to B0%opyweight, ipreferablyr D to 50%nby sveight.Suitable

pol ymeri Sabclp?icgﬁ)p Hﬁéﬁ\[eeﬁd’l}m&x?sable liquid crystLﬁi;nr: ]cm[n}%(r)&xlds [a%,r T \é\)@a%p é, those of
Formula II which incorporate two polymerisable groups or those of Formula III

incorporating only one polymerisable group:

E{@-z'zzt@—zt@—e H

15
1O HE- OO
P 9 III
3

where:
20

Eand G denote, independently, W'-S'-Y' in which W', S' and Y' have the

meaning indicated in Formula I;

L denotes hydrogen, fluorine, chlorine, cyano, nitro or a straight chain or

25 ~ branched alkyl group containing 1 to 20 carbon atoms, where one or more

non-adjacent and non-end-position methylene groups may be replaced by
-O-, -COO-, -O0C-, -S-, -CH=CH and/or -C=C-, one or more hydrogens



20 E and G denote, independently,[err]in which W, S and Y' have the
meaning indicated in Fornula I; L denot es hydrogen, fluorine, *
chl orine, cyano, nitro or a straight chain or 25 branched

al kyl groWMO BB ning 1 to 20 carbon atons, where one or mBCETRAPIBIF acent
and non-end-position nethylene groups may be replaced by -O, -COO, -0OC,
-S-, -CH=CH and/or -C=C-, one or nore hydrogens -7 - WO 98/ 55473

PCTI | B98/ 00833 may bdna¥ b Jeplacedy by (flygring cand/oscp bydragen aaygbs renlgced cby

repl aced by hal ogen ' ere A, B, C, D5 [err]Jand q have the
meani ng i ndi cat ed inqég&%gpggTﬁg%?&ﬁhe t hree met hods described in the
follow ng are suitable, for exanple, for manufacturing selectively

refl ecting ghol esferi oLymer layers. In a first. nefhqd the chiral
Comonent o W & Bebt el 24 2 parkiadiayy tegndipingindicttrd Eommiasg) 10
nemati cg matri x conponents after the addition of an inhibitor, e.g.
2,6-di-t-butyl-4-cresol (BHTI), and a photoinitiator, and are stirred at

t enper at ur deheabrse metheds dessribedrig therfollowingcare suitable, for muapaple.dor manwfctueng
results. This. | I, strate provided with an

orientati nge%%ﬁx@e}fnﬁgé&ﬁgy&e@a%ﬁ%gogﬁ%%ga%%gow the clearing point. The
coating induces in the layer the required helical orientation, which can be

furth [ d by t ' t 15 t {, bel t he, ar i
urihe? | mroved b emeting oL 16, Lamatatings belouihcdsaing
gas W i Welia8Btmant:h 85mpohenRRifief fﬂie: e?ﬁdfdoﬁ'dﬂntiﬂﬁibﬂ&] bGab,65dil A tulyi€eresol

Alternatively the mxture can be filled in at a hi gher tenper at’ure by
capi | | ary dBH)naridna pphofainitiatery andasre stitred at empemtiresjatwive gheaclsargigaping, so

Phe. o ear i b goarioBefiS BursbCieiiey TP AL AHPUEH e Beditd i QUG Wil

an orientating polyimide layer by coating below the clearing point. The coating induces in

the layer the required helical orientation, which can be further improved by tempering at
15  temperatures below the clearing point. After orientation, the layer is crosslinked in vacuo

or under inert gas with UV light, thereby chemically fixing the helical structure.

Alternatively the mixture can be filled in at a higher temperature by capillary action in
liquid crystal cells consisting of glass sheets provided with orientation layers. When the

20 mixm;e is cooled below the clearing point, the cholesteric orientation is formed. This can
be fixed by crosslinking with UV light.

A further method consists in dissolving the components mentioned in a solvent and
applying the solution to substrates by knowh methods, such as immersion or centrifuging.
25 In this case the helical structure is established when the solvent evaporates, and can be
influenced by appropriate selection of the temperature and drying rate. After orientation,
the remaining solvent is removed in vacuo and the layer irradiated with UV light. The

application of such a solution by means of a coating device produces orientated layers, too.

30  The polymerisable tartaric acid derivatives of Formula 1, according to the invention, are
further illustrated by Examples 1 and 2. Example 3 shows the selected reflection of
individual compounds I in a (non-polymerisable) nematic test mixture. The three methods
for manufacturing a selecﬁvely reflecting, ‘uniformly orientated cholesteric network are

exemplified in Examples 4 to 6.

-8-



be fixed by crosslinking with UV Ilight. A furher nethod consists in
di ssol vi ng the co onents nentioned in a solvent and applying | Uti on
to substrat¥% own net hods, such as imersion or centrifuﬁ#ﬁﬁ?ﬁgggé
this case the hellcal structure is established when the sol vent evaporat es,
and can be iﬁflugnfed by appropriate selection of the tenperature and
drying rate. orientation, the remaining solvent is renbved in vacuo
and the layer irradiated with UV light. The application of such a solution

by neans of a coatlng devi ce produces orlentated Iayers too. 30 The

pol yner i sabl @RS 12af4-(6-apxylaxyhexyloxy)biphenydd-yifrl Jrdie : e aeid di-

I nventi on, E@lf e;her il lustrated by Exanples | and 2 Exanple 3 shoms t he
sel ected ref i ndi vi dual conpounds | in a (non-polynerisable)

nematic gest m xture The three nethods for manufacturing a selectively
fl ' formy hol
ol s 4 (6 A o 8 of 870675 Sk ALE bty Tonyexyloxy Soiphenyt-Feabonaiddhydd, £l Of

PCTI | B98/ 008 aid! triethyl ester, 0,7 ml of dieth 4yl L-tartrate 27 mg of BHT, 6.8 mg of
(4R 5R)-2-[4"-(6-acr yI oxyhexyl oxy) bi phenyl - 3-'di oxol ane- 4, 5- di car box

yI ic acid di 4-tcdu¢1¥kulﬁxnm adjd M(smhmratgrmldfl(bm@ﬁ tgugfe was’ allowed to stand for 1

-(6-acryl oxyhex heny. C de, m ,of f I d
tri et hyl est@/ "h?ez'mﬁpa&frg’tth ?_%“[‘P@f?éqeo‘}szt?lf?él c'ﬁ%mbs uéd
4-tol uengsul mcui\ucreﬁﬁtesa By)rmbwdélaéxe Tebr tRe alidifibn wlweﬂ:@svmwammmqb tued
stand for 1 hour at roomterrperature t hen heat ed for 2.5 hour% to b0| l'i ng,

the sol vent ¢nsling, itives dilnted with diethyl feﬂ?ﬁﬁ’dw‘?séfﬂ Vassrs drieckpver ulphatee

th ddi t f
1, B30T onibe ol GRS Rkt 50 6 FOS, PULGARLA M ool 494
concent r at edopéilickOpdl @¥ith] t@xm/etnﬂtaeetafsml dtdcyystausaﬂmefrmmmyiranemmgsmm&ad on

45 f I I th h / et hyl t 4: 1. | | t
et h3| © aczlt a![ aaggge L(|4\tlI!Mé(gt)-,2,1[%25(ag-]aecr)?lOX)}/hexy (c:n?y)%%p enylA-ylF?%ra/loxo anel-tf g dlic%.r oxyP c

15  acid diethyl ester; boiling point (C-I) 65 °C.

The 4'-(6-acryloxyhexyloxy)biphenyl-4-carboxaldehyde used as the raw material was

manufactured as follows:

20 a) A solution of 136.6 g of N,N-dicyclohexylcarbodiimide in 240 ml of dichloro-
methane was dropped into a solution of 56 ml of 6-chlorohexanol, 39.5 ml of
acrylic acid and 2.94 g of 4-dimethylaminopyridine in 400 ml of dichloromethane,
over 80 minutes at 0 °C. The reaction mixture was stirred for a further 15 minutes
at 0 °C and allowed to stand overpight at room temperature. The suspension was

25 filtered, the residue washed with dichloromethane and the filtrate concentrated.
The partially solid residue was made into a paste in 300 m! of hexane and filtered,
the residue washed three times with 50 ml of hexane on each occasion, and the
filtrate concentrated. Chromatography of the residue on 830 g of silica gel with
hexane/ethyl acetate 49:1, later 24:1, resulted in 53.1 g 6-chlorohexy! acrylate as a

30 colourless oil.

b) A mixture of 1.0 g of 4-hydroxybiphenyl-4-carboxaldehyde, 1.1 g of 6-chloro-
hexyl acrylate, 0.083 g of potassium iodide, 1.05 g of pulverised potassium

carbonate and 15 ml of dimethyl sulphoxide was heated for 21 hours to 75 °C.
-9-




0.18 g
(4R 5R) - 2-[4' - (6-acryl oxyhexyl oxy) bi phenyl - 4-yl]-1, 3-di oxol ane- 4, 5- di car box
yI|c 15 acid diethyl ester; boiling point (C1) 65 [err]C. The

- (6- acr WI8AR473/| oxy) bi phenyl 4- car boxal dehyde used as t h@CTARO$BEY | al

was manuf actured as follows: 20 a) A solution of 136.6 g of

NN - di cycl ohexyl car bodijmde in 240 m of dichloro- nmethane was droppe d
into a solution EoHngoft Was RPWEd ARIQ AMEET mW%N@&IWYhe@m

2.94 g of 4-dingf d i I{Pﬁe 0
mnutes at 0 [er r{‘%lﬂ Epne reac?‘:mglge #Sgaéépv\%@ﬁsl?i“?a?e f %Jlﬁ

m nutes at 0 [ er sulghate;iltefed endecbncentsatednd over ni ght at roomterrperature. The
suspensi on was 25 filtered, the residue washed wi th dichl oronet hane

and the filtrate concentrated. The partially solid residue was nade into a

paste i 5 30QnSmatigrdphydFenerrRsidid &d 43 g%f smlbsga%u%@ueﬁ@ﬁméw Ff‘esﬁl't&ﬁﬁ Wi th

50 m of hexane on each occasion, | trate concentrated

Chr onat ogr ap#§ gof 4%06@Cnéexmwlw)@9bengl-é-fca@kﬂddxyde;l boilingpoire:53.2e 545 A
acetate 49:1, later 24:1, resulted in 53.1 g 6-chlorohexyl acrylate as a 30
colourless oil. b) A mxture of 1.0 g of

4~ hydr oxy bTRORMirk DATOM e/ b kimidlylminherfroghl or o- hexyl acryl at e,

0.083 g of potassiumio 1.05 g of pulverised potassium carbonate and
15 m of dinethyl sul phoxide was heated for 21 hours to 75 [err]C. -9-

WD 98/ 53473 (e ’
pCr/ | B30 00 AP B U Gaylomheryloxbiphenylayl-| d diotolane-4 5. digarborylic gidy iy
di et hyl et hmethylléseerpr gani c phase was washed with water until it was

neutral, dried over sodium sul phate, filtered and concentrated. 5
Chr omat ogr aphy of the residue on 45 g of silica gel wth tol uene/acetone

49 1 resul t @R 4 1-2Llra466-GerPloxyhexyloxy)biphenyl-4-yl]-1,3-dioxolane-4,5-dicarboxylic_acid di-
-(6-acryl g)?yhexyg o>€<6y) g?%h}ény?’ ?)cg)r Er(l)%(al )(’j]ehydeox b%I}eI i nglcSI(-)lo’rﬁ l‘:5?%(:12- 54.5

[err]C Thepropylester:ng conpounds may be similarly manufact ured:
15

. (4R,5R)-2-[4-(6-acryloxyhexyloxy)biphenyl-4-yl]-1,3-dioxolane-4,5-dicarboxylic acid di-
isopropy| ester, boiling point (C-I) 66 °C;

(4R,5R)-2-[4'-(6-acryloxyhexyloxy)biphenyl-4-yl]-1,3-dioxolane-4,5-dicarboxylic acid di-
20  butyl ester, boiling point (C-I) 41.5 °C;

(48.58)-2-[4'-(6-acryloxyhexyloxy)biphenyl-4-y1]-1,3-dioxolane-4,5-dicarboxylic acid di-

butyl ester;
3

25 (4R,5R)-2-[4'-[trans-4-(5-acryloxypentyl)cyclohexyl]biphenyl-4-yl)-1,3-dioxolane-4,5-di-
carboxylic acid diethyl ester, boiling point (C-S,) 72.8 °C, clearing point (Sa-I) 78 °C;

(4R,5R)-2-[4'-[trans-4-(5-acryloxypentyl)cyclohexyl]biphenyl-4-yl)-1,3-dioxolane-4,5-di-
carboxylic acid dibutyl ester;

30
(4R,5R)-2-{4'-[trans-4-(6-acryloxyhexyl)cyclohexyl]biphenyl-4-yl}-1,3-dioxolane-4,5-di-
carboxylic acid diethyl ester, boiling point (C-S,) 51 °C, clearing point (S,-I) 82 °C;

-10-



10

(4R, 5R)-2-[ 4" - (6- acryl oxyhexyl oxy) bi phenyl 4-yl ] -1, 3-di oxol ane- 4, 5-di car boxy
lic acid di- nethyl ester; :

(4R 5R) -W9[9§’5-5‘(%§- acryl oxyhexyl oxy) bi phenyl - 4-yl ] -1, 3- di oxoPSHEBBUWSI: ¢ ar box
ylic acid di- propyl ester; 15

(4R, 5R) - 2-,[ 4. (.6~ | oxyhexy] oxy) biphenyl - 4-yl] -1 3:dj | ane- 4, 5-di car box
e ot d SIS R R DR e binhebyre-gb ™ g @lite 4 st

(4R, 5R) - 2chdbox {1 aed dik@yhdeey| oxy) bi phenyl - 4-yl ] -1, 3- di oxol ane-4, 5-di car box
ylic acid di- 20 butyl ester, boiling point (CG1) 41.5 [err]C
(4S5S)-2-[4' - (6-acryl oxyhexyl oxy) bi phenyl -4-yl]-1, 3-di oxol ane- 4, 5-di car boxy
lic acid gj 1b Vg Y : -1.3-di -di-

(a7, 57 - 2R R B e Snpbonteydetenbighenyt -l dorolipe g5 g,
ol ane-5, 5-cdiboxyliv dvikkdibutyl estérfd di et hyl ester, boiling point (CSA) 72.8
[err]C, clearing point (SA-1) 78 [err]C;

(4R, 5R)-2-[4' -[trans-4-(5-acryl oxypentyl)cycl ohexyl ] bi phenyl -4-yl)-1

, 3- di oxol gaR-54)-5-[d*-(6-6aVIBRYExYIoxFFfINdi bulyhit&phedyl-438)-1,3-dioxolane-4,5-di-

(4R 5R) - 2?{ 47 ft r[ar)g-.ﬁ& acr¥| é%clkexyl )cy%l ]oﬁgxﬁ] bi'p enquxfl’-a;lf} 1 :

, 3- di oxol aarboxylc apid dibutybestgri i ¢ acid diethyl ester, boiling point [err] 51
[err]C, clearing point [err] 82 [err]C, -10- WO 98/ 55473

PCT/ 1B98100833

(4S, 58) - 2-(4R sR)2rjanse-dery oxsitaxylomy 16y 1) caat pérphiatlyl-diyl Bdjoxblate}4; s-di-

, 3-di oxol ane-4, 5-di_ - carboxylic acid diethyl ester;

(4R, 5S) - 2-<arboxylic agid dibutybestery y| oxyhexyl ) cycl ohexyl }bi phenyl - 4-yl }- 1, 3- di oxo
| ane-4,5-di- 5 carboxylic acid dibutyl ester;

(4R 5R)-2-[4"-(6-acryl oxyhexyl oxy)-[1,1"; 4' ;1 "]terphenyl-4-yl]-1

, 3- di oxol dA8:5R)2-d-(4-[de(brorhiybexiony)abnkoyigty | petploxycarbonyl)phenyl}-1,3-di-

oxolane-4,5-dicarboxylic acid diethy] ester, boiling point (C-Sp) 98 °C, clearing point
15  (Sa-1)99°C; '

(4R,5R)-2-{4-trans-4-{4-[4-(6-acryloxyhexyloxy)benzoyloxy]phenyl} cyclohexyloxy-
carbony!) phenyl}-1,3-dioxolane-4,5-dicarboxylic acid dibutyl ester;

20  (4R,5R)-2-{4-[4-(6-acryloxyhexyloxy)phenethynyl]phenyl}-1,3-dioxolane-4,5-

-dicarboxylic acid diethyl ester;

(4R,5R)-2-{4-[4'~(6-acryloxyhexyloxy)biphenyl-4-yl]ethynylphenyl}-1,3-dioxolane-4,5-
-dicarboxylic acid dibutyl ester; A

25
(4R,5R)-2-{{4-[trans-4-(6-acryloxyhexyl)cyclohexyljphenethynyl]lphenyl}-1,3-di-

oxolane-4,5-dicarboxylic acid dibutyl ester;

(4R,5R)-2-[4-(6-acryloxyhexyloxy)naphth-2-yl]phenyl}-1,3-dioxolane-4,5-dicarboxylic
30  acid diethyl ester;

(4R,5R)-2-[4-[5-(6-acryloxyhexyl)pyridine-2-yl]phenyl}-1,3-dioxolane-4,5-dicarboxylic
acid diethyl ester;

-11-



10 (4R 5R)-2-[4"-(6-acryl oxyhexyloxy)-[1,1";
4' /1" terphenyl -4-yl]-1, 3-di oxol ane4, 5-di - carboxylic acid di butyl ester;
(4R, 5R)-2-{4- (4-[ 4- (6-acryl oxyhexyl oxy) benzoyl oxy] phenyl oxycar bonyl ) phenyl }
-1, 3-di - Wo¥s4@3 4, 5-di carboxylic acid diethyl ester, boil iFGI/RBMAIEIEC SA)
98 [err]C, clearing point 15 (SA-1) 99 G

4R, 5R) - 2-{4-trans-4-{4-[ 4- (6-acryl oxyhexyl oxy) benzoyl ox henyl } cycl ohexyl
(()xy- c?ar b0|{*|§4IR,5[R)r91Hn&5I{'(5}a[Cka§’§Y93’§{1%YB’FgﬁE°‘ :y!ﬂpéq):rwé}-b,ézld}w%a}rgd,&yd% bﬁt yl Y

ester; 20 .. c e . :
(4R 5R) - 2- { Figsboxylic acid dietl ester; xv) phenet hynyl ] phenyl }- 1, 3- di oxol ane- 4, 5-
-di carboxylic acid diethyl ester;

"3 oxol anake R CelmeiymreagbiRery ook e Sontiphed dfastadtc
{4-[trags- 45&@&g{yyg%yhexyl ) cycl ohexyl | phenet hynyl | phenyl }- 1, 3 di -

oxol ane-4, 5-di carboxylic acid dibutyl ester;
(4R, 5R) - 2-[ 4- (6- acryl oxyhexyl oxy) napht h- 2-yl ] phenyl } -1

, 3- di oxol ang- 4. 5-4j XVl . ACI i . [ . . .
(4R 5R) - 2- [ ﬁ‘-ﬁ’%’5(&%@;‘&?%@%@@?‘_j‘bﬂ;}‘ﬁ‘%ﬁ‘ﬂﬁ"-“g‘-"@Hiﬁn’%ﬁ@‘ﬁ%‘%s'd‘carbm‘yhc acid

, 3- di oxol angiethybestércar boxylic acid diethyl ester; WO 98155473

PCT/ 1 B9S/ 00s33 (4R, 5R)-2-[4-[5-(6-acryl oxyhexyl ) pyri m di ne-2-yl]phenyl }-1
, 3-di oxol ane-4,5- -dicarboxylic acid diethyl ester;

(4R SRIm2- [ frd Sr{ L1 2RI RH LRYEATHER ok eBHES bipherd1 Lyt 132e - 4. S-

car boxyli c aci-d di ethy

(4R, 5R) - 2- [ éxqlane-45dlivayboxylihacid tibutyl ester2- y| } phenyl } - 1, 3- di oxol ane4, 5-di carb
oxylic acid diethyl ester; 10

(4R 5R)-2-{4' -{[trans-4-(6-acryl oxyhexyl)cycl ohexyl ] met hoxy} bi phenyl - 4-yl } -
1 ,3-di-  (4R,5R)-2-{4-{[trans-4-(6-acryloxyhexyl)cyclohexyl]propoxy}biphenyl-4-yl1}-1,3-di-

oxolane-4,5-dicarboxylic acid dibutyl ester;

15
(4R,5R)-2-{4'-{[trans-4-(6-acryloxyhexyl)cyclohexyl]ethyl} biphenyl-4-yl}-1 ,3-dioxolane-
-4,5-dicarboxylic acid dibutyl ester;

(4R,5R)-2-{4'-{[trans-4-(6-acryloxyhexyl)cyclohexyl]butyl} biphenyl-4-y1}-1,3-dioxolane-
20  -4,5-dicarboxylic acid dibutyl ester; - '

(4R,5R)-2-{4'-{[trans-4-(6-acryloxyhexyl)cyclohexyl]biphenyl-4-yl}-1,3-dioxolane-4,5-
-dicarboxylic acid dibutyl ester;
' 3
25  (4R,5R)-2-[4'-(6-methacryloxyhexyloxy)biphenyl-4-yl]-1,3-dioxolane-4,5-dicarboxylic

acid dimethyl ester;

(4R,5R)-2-[4'-(6-methacryloxyhexyloxy)biphenyl-4-y1]-1,3-dioxolane-4,5-dicarboxylic
acid diethyl ester;

30
(4R,5R)-2-[4-(6-methacryloxyhexyloxy)biphenyi-4-yl}-1,3-dioxolane-4,5-dicarboxylic
acid dipropyl ester;

-12-



oxol ane- 4, 5-di carboxylic acid dibutyl ester; (4R 5R)-2-{4"'-{
[trans-4-(6-acryl oxyhexyl)cycl ohexyl ] propoxy} bi phenyl -4-yl}-1 |, 3-di-

oxol ane-4, 5-di oxylic acid dibutyl ester; 15

(4R, 5R) - Z}fg,gé/%%??ans4- (6-acryl oxyhexyl ) cycl ohexyl ] et hyl } bi pheH SA083, .

1, 3-di oxol ane- -4, 5-dicarboxylic acid dibutyl ester,

(4R 5R) - 2- {4p=<hl brians-4:( 5- | gh Jbut vl rbiohenyl =4-yl}-1
3l okl at RSBy B itk GRSt o it el ) ]
[ trans- 4- ( GeRicdiisbpropyleset;) cycl ohexyl ] bi phenyl -4-yl) -1 , 3-di oxol ane4, 5-

-di carboxylic acid dibutyl ester, 25
(4R, 5R) - 2-[ 4" - (6- net hacr yl oxyhexyl oxy) bi phenyl 4-yl ] -1, 3-di oxol ane- 4, 5-di car

boxylic aci iRRBL VG- £drvl ; -4-v11-1.3-di -di i

(AR 57y - 2 (4R R R G B loorheryiogbipheml 411} diorofang 4,5 dicaboliy, ¢ g cq
rboxyl it acicil dbwylesterester; 30

(4R, 5R) - 2-[ 4" - (6- net hacryl oxyhexyl oxy) bi phenyl -4-yl]-1

, 3- di oxol ane- 4, 5-di carboxylic acid di propyl ester; - 12- WO 98/ 55473
PCT/ B98/ 10Q8R3R)-2-{4'"-[trans-4-(S-methacryloxypentyl)cyclohexyl]biphenyl-4-y1}-1,3-dioxolane-
(4R 5R)-2-[4' - (6-net hacryl oxyhexﬁ,oxy% btiyp)h)ényl - Z-]yF] - i’ 3-yd% oxol ane- 4, 5-di ca

rboxyl i ¢ acftd-dirarbexyliepgid diethyd ester; .
(4R, 5R) - 2-[ 4' - (6- net hacr yl oxyhexyl oxy) bi phenyl -4-yl]-1, 3-di oxol ane-4, 5-di ca
rboxylic 5 acid dibutyl ester;

(4R, 5RO 2- {(4R:SR-Qafds {tAaris6i-(SenethacrylorypentyiioydlplasxsT]biphenyl ol ph Sdibxaland-) - 1

, 3- di oxol ane-_ -. ,g-dll.car@o |ic acid diethyl ester; 10

(4R, 5R) - 2- {#>-qicqraoxylig agig &1 oxypent yl ) cycl ohexyl | bi phenyl - 4-yl}-1, 3-
di oxol ane-

(4R,5R)-2-{4'-[trans-4-(6-methacryloxyhexyl)cyclohexyl]biphenyl-4-yl}-1,3-dioxolane-
-4 5-dicarboxylic acid diethyl ester;

15
(4R,5R)-2-{4'-[trans-4-(6-methacryloxyhexyl)cyclohexyl]biphenyl-4-yl}-1,3-dioxolane-
-4,5-dicarboxylic acid dibutyl ester; '

(4R,5R)-2-[4'-(6-methacryloxyhexyloxy)biphenyl-4-yl]-1,3-dioxolane-4,5-dicarboxylic
20  acid diethyl ester;

(4R,5R)-2-{4'-[trans-4-(6~-methacryloxyhexyl)cyclohexylJbiphenyl-4-yl}-1,3-dioxolane-~
-4,5-dicarboxylic acid diethyl ester;
|
25 (4R,5R)-2-{4'-[6-(2-chloroacryloxy)hexyloxy]biphenyl-4-yl1}-1,3-dioxolane-4,5-di-

carboxylic acid diethy] ester;

(4R,5R)-2-{4'-[6-(2-chloroacryloxy)hexyl]biphenyl-4-yl}-1,3-dioxolane-4,5-dicarboxylic
acid diethyl ester;

(4R,5R)-2-{4'-(6-acrylaminohexyloxy)biphenyl-4-yl]-1,3-dioxolane-4,5-dicarboxylic acid
diethyl ester;

-13 -




-4,5-di carboxylic acid di butyl ester;

(4R, 5R) - 2-{4' -[trans-4- (6-net hacryl oxyhexyl ) cycl ohexyl } bi phenyl -4-yl) -1,
, 3-di oxol ane- -4.5-dicarboxylic acid diethyl ester; 15

(4R, 5R) - 2-wWé'9sEsarmns- 4- (6- met hacryl oxyhexyl ) cycl ohexyl ] bi phepgtradosyosss- 1
, 3-di oxol ane- -4, 5-dicarboxylic acid dibutyl ester;

(4R, 5R) - 2-[ 4' - (6- net hacryl oxyhexyl oxy) bi phenyl 4-yl]- 1

, 3- di oxol an@&, 53!)di-[da[tkmm-yﬁ(ﬁenciﬂannnohmyl)dyd%mﬁ%xphmywyl)-1 ,3-dioxolane-4,5-

(4R SR) - 2-{ S é‘l"' t hacryl oxyhexyl ) cycl ohexyl ] bi phenyl -4-yl}-1, 3-d
i oxol ane- é“g‘[ a]é“r%‘;( p’ré’TFea%‘? ™d di ethyl ester; 25 .

(4R 5R)-2-{4"'-[6-(2-chl oroacryl oxy) hexyl oxy] bi phenyl 4-yl }-1, 3-di oxol ane- 4,
‘5-di - carboxylic acid diethyl ester;

(4R, 5R) - 2- { 4R 5R-2[4-¢Emetheesylaminohexylexy)biphenyirdrt]-1 3-dioxolane-4,5-dicarboxylic

, 3-di oxgl an boxylic acid diethyl ester; 30
(4R 5R)92 [%‘“ﬁ(lgﬂlgic&?%ram nohexyl oxy) bi phenyl - 4-y| ]-1

, 3- di oxol ane- 4, 5-di carboxylic acid diethyl ester; - 13 - WO 98155473
PCr/ T198/ 00833
(4R, 5R) - 2- [ #RIR24s mans - Gepsthasrylaminoherilloyeloharribiphemidariy L 3-digxolang- 3. di o
xol ane- 4, 5-_4-qlieabRy1itldefd B&hH edlept Nyl ester,
(4R, 5R) - 2- [4’ (6- net'hacr yl am nhoheXyl oxy) bi phenyl 4-yl]-1

, 3- di oxol ane- 4, 5-di carboxylic 5 acid diethyl ester,

AL b S e L S A R

(4R, 5R) - 2- [ ¢thyl(este8- epoxyoct yl oxy) bi phenyl -4-yl ] - 1 3- d| oon ane- 4, 5- di car boxy
lic acid di-
(4R,5R)-2-{4'-[trans-4-(7,8-epoxyoctyl)cyclohexyl]biphenyl-4-yl}-1,3-dioxolane-4,5-di-
carboxylic acid diethyl ester;
15
(4R,5R)-2-(4"-oct-7-enyloxybiphenyl-4-yl]-1,3-dioxolane-4,5-dicarboxylic acid diethyl

ester;

(4R,5R)-2-[4'(trans-4-oct-7-enylcyclohexyl)biphenyl-4-yl]-1,3-dioxolane-4,5-di-
20  carboxylic acid diethyl ester;

(4R,5R)-2-[4~(6-vinyloxyhexyloxy)biphenyl-4-yl]-1,3-dioxolane-4,5-dicarboxylic acid di-

ethyl ester;
)

25  (4R.5R)-2-{4'-[trans-4-(6-vinyloxyhexyl)cyclohexyl]biphenyl-4-yl}-1,3-dioxolane-4,5-di-

carboxylic acid diethyl ester;

(4R,5R)-2-[4'-(8-phenyl-(E)-oct-7-enyloxy)biphenyl-4-yl}-1,3-dioxolane-4,5-dicarboxylic
acid diethyl ester;

30
(4R,5R)-2-{4'-[trans-4-(8-phenyl-(E)-oct-7-enyl)cyclohexyl}biphenyl-4-y1}-1,3-di-

oxolane-4,5-dicarboxylic acid diethyl ester.

-14-



et hyl ester;.

(4R 5R)-

2-{4' -

, 3-di oxol S

(4R 5R) -

acid di et hyl
2- M%ns 4-oct-7-enyl cycl ohexyl ) bi phenyl -4-yl]- 1

(4R 5R) -

2-(47=

, 3-di oxol a

(4R 5R) -
ylic aci
(4R, 5R) -

, 3-di oxol ang-sédléargéxyhgge,gmﬂm@s@pl d d| et hyI est er;
(4R 5R) - 2- [4 -(8=phenyr-{EJj-oct-7- enyl oxy) bi phenyl -

2-[ 4" -
d
2- {4

[trans 4- (7, 8-epoxyoctyl)cycl ohexyl ] bi phenyl -4-yl}-1

carboxylic acid dlethyl ester, 15

oct 7 enyl oxybi phenyl - 4-yl]-1, 3-di oxol ane-4, 5- dl’gg?%%?ﬁ
ester;

i- 20 carboxylic acid dlethyl ester;

(6 V|nyloxyhexyloxy)blphenyl 4-yl]-1, 3- di oxol ane- 4 5-di car box

phenyl}r Lirdigxplane-

di car bo5<y| ic acid diethyl ester;

(4R 5R) -
-1, 3-di -

2 (g

oxol

salbf SE078 Wﬁ%‘%@eﬁ* A5lsmbpiide Al 5 ichiBrdggine wad 7

PCT/ | B9S/ 0Qfigpedoart lagnikture of 0.566 g of 4'-(6-acryloxyhexyloxy)b1phenyl-4-carboxyhc acid,

(4R 5R) -

xol ane- -4, G4

a m xtur

di et hyl

15

20

25

30

2-{4-

e of

| h | yl - b | | ph di
& 50 GBIV RPN Sotatblsne A SErubOICEROTghE q; s
N, N - di Cyclwwéyép@amﬁ%gfa ﬁﬁxﬁTf‘do ﬁ oxyf%.p M;’;,?%a fotofiicf

0."566 b-acry
0. 465 0 of readtiob R)ix@uwe wahslthveedytp Istang onerm,gﬁt atidofilteirext) end! tHe- filirata rdonoeptmtadam d

oxyhe hen

eSt(‘?hromatography of the residue on 20 g of silica gel with toluene/ethyl acetate 24:1 and
twice recrystallisation from ethyl acetate resulted in 0.557 g of (4R,5R)-2-{4-{4'-(6-acryl-

oxyhexyloxy)biphenyl-4-carbonyloxy]phenyl}-1,3-dioxolane-4,5-dicarboxylic acid
diethy! ester, boiling point (C-N*) 93 °C, clearing point (N*-I) 95.5 °C.

The (4R,5R)-2-(4-hydroxyphenyl)-1,3-dioxolane-4,5-dicarboxylic acid diethyl ester used

as the raw material was manufactured as follows:

a)

b)

A mixture of 6.4 g of 4-benzyloxybenzaldehyde, 12 ml of diethyl L-tartrate, 150 ml
of benzene, 1.5 g of oxalic acid dihydrate and 20.4 g of magnesium sulphate was
boiled for 2 days on the water separator. After cooling it was filtered and the
filtrate washed with sodium hydrogen carbonate solution and with sodium chloride
solution, dried over sodium sulphate, filtered and concentrated in vacuo.
Chromatography of the residue (13.5 g) on 180 g of silica gel with hexane/ethyl
acetate 4:1 resulted in 7.43 g of (4R,5R)-2-(4-benzyloxyphenyl)-1,3-dioxolane-
-4,5-dicarboxylic acid diethyl ester.

A solution of 7.4 g (4R,5R)-2-(4-benzyloxyphenyl)-1,3-dioxolane-4,5-dicarboxylic
acid diethyl ester and 0.8 ml of triethylamine in 120 ml of toluene and 40 ml of
ethanol was hydrogenated overnight with 1.1 g of 5% palladium carbon at room )
temperature and normal preséure. After filtration and evaporation of solvent, 5.60 g
of (4R,5R)-2-(4-hydroxyphenyl)-1,3-dioxolane-4,5-dicarboxylic acid diethyl ester

was obtained.
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0.03 g of 4-dinethyl am nopyridine, 0.018 g BHT and 30 ml of

di chl or onet hane. The 10 reaction mxture was allowed to stand overni ght
and filtered, and the filtrate concentrated. Chronatography of the residue
on 20 g ofW@pP8/s#Ma3 gel with tol uene/ethyl acetate 24:1 and t wPE€E/IB98/00833
recrystallisation fromethyl acetate resulted in 0.557 g of

(4R, 5R)-2-{4-{4' -(6-acryl -

oxyhexy| oxyThs feHlewing-compayndsroan by similasy mapufbcradk oxol ane- 4, 5- di car boxyl i ¢
acid diethyl ester, boiling point (CGN) 93 [err]C, clearing point (N-1)
95.5 [err]C. 15 The

(4R, 5R) - 2- (ARBRY: {4 plhEERacryledyhisxyloopberanetoty fphehyl j1(Bedipkolanead Sdiidi et hyl

ester used as, the raw material was manufactured as follows: a) A m xture
of 6.4 g ofca&b%‘é'ﬁiﬁleﬁ%ifﬁ%ehyde, 12 m of diethyl L-tartrate, 150 ml 20
of benzgne, 1.5 g of oxalic acid dihydrate and 20.4 g of nmagnesi um sul phate
was boiled for 2 days on the water separator. After cooling it was filtered

and the fi | (4RaGR-2ntrs te(V-aorylnxhsptyloxy)hedzayieny } phanyinhi dicolaneidhdiand wi t h
sodi um chl Ol‘lg ?}ol ut |dl%w g i ed over sodium sul phate, filtered and

concent r at e THY 5838 |l ography of the residue (13.5 g) on 180 g of
silica gel with hexane/ethyl 25 acetate 4:1 resulted in 7.43 g of

(4R, 5R) - 2- (4 benzyl oxyphenyl ) -1, 3-di oxol ane- -4, 5-di carboxylic acid diethyl
ester. b) Dﬁl %& Qgrylpxypcgrloxy)benzoyloxy}phenyl} -1,3-dioxolane-4,5-dicarboxylic

(4R 5Rypn2- (4= phenyl ) -1, 3-di oxol ane- 4, 5-di carboxylic acid diethyl
ester ggd Oacé&)ra;{gé%tggt&réi et hyl am ne in 120 m of tol uene and 40 m of 30
et hanol was hydrogenated overnight with 1.1 g of 5% pal I adi um car bon at
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(4R 5R) - 2- (&&%t‘pg_ngmchga@dﬂhgg&kéne 4, 5-di carboxylic acid diethyl
ester was obtained. - | 55473

PCT11B98100833 The fol |l owi ng conpounds can be simlarly manufactured:
15 (4R,5R)-2-{4-{-4-[trans-4-(3-acryloxypropyl)cyclohexyl]benzoyloxy }phenyl}-1,3-di-
oxolane-4,5-dicarboxylic acid diethyl ester, boiling point (C-I) 71.5 °C, Sp-N* 51.0 °C,
clearing point (N*-I) 60.5 °C;

(4R,5R)-2-{4-{-4-[trans-4-(3-acryloxypropyl)cyclohexyl]benzoyloxy} phenyi}-1,3-di-
20  oxolane-4,5-dicarboxylic acid diisopropyl ester;

(4R,5R)-2-{4-{-4-[trans-4-(3-acryloxypropyl)cyclohexyllbenzoyloxy}phenyl}-1,3-di-
oxolane-4,5-dicarboxylic acid dibutyl ester, boiling point (C-I) 73.5 °C, clearing point
(N*-1) 41.5 °C; ‘

25
(4R,5R)-2-{4-{4'-[trans-4-(4-acryloxybutyl)cyclohexyl]biphenyl-4-carbonyloxy } phenyl}-
-1,3-dioxolane-4,5-dicarboxylic acid diethy! ester;

(4R.5R)-2-{4-{4'-[trans-4-(4-acryloxybutyl)cyclohexyl]biphenyl-4-carbonyloxy} phenyl} -
30  -1,3-dioxolane-4,5-dicarboxylic acid dibutyl ester;

(4R,5R)-2-{4-{4'-[trans-5-(4-acryloxypentyl)cyclohexyl}biphenyl-4-carbonyloxy} -
phenyl}-1,3-dioxolane-4,5-dicarboxylic acid diethyl ester, boiling point (C-Sx) 99.9 °C,

clearing point > 160 °C (polymerised);
-16 -



(4R 5R) - 2-{4-{4-(6-acryl oxyhexyl oxy) benzoyl oxy} phenyl -1

, 3-di oxol ane-4,5-di - carboxylic acid diethyl ester; 5

(4R, 5R) - 2 {4k 444 - acryl oxyhept yl oxy) benzoyl oxy} phenyl }-1

, 3- di oxol géé?éf,é%‘f’%i - carboxylic acid diethyl ester;

(4R 5R)-2-{4-[4-(8-acryl oxyoctyl oxy) benzoyl oxy} phenyl }-1

, 3-di oxol ane- 4, 5-di carboxylic 10 acid diethyl ester; (4R 5R)-2-{4-

{-4-[trans-4-(3-acryl oxypropyl)cycl ohexyl ] benzoyl oxy} phenyl }-1 , 3-di -

?x ol{ anei 4. E(4Rj50?3-22§t4x{g4'-i[tlz-ame4-(5-ahrpbhy;ielngﬁ)‘cwl??eg@l]biphclérﬂrRA'}fdiﬁb&xy}oxy%L- 3 di
4-{-4-[trans-4-(3;3cryl oxypr cycl ohex enzoyl oxy} phen -1,3-di -

oxol ane- 4, ?@Pﬁé?lgﬁ%?ﬁglén%g’gdﬁ%%gﬂ% aﬁ@t@%‘;“)’béﬁ"?ﬁ glhpsimmt(eé«-éa) 6018 &C,

[err]C, [er ! : I logaring point (N*-1) 60.5 [err]C, (4R SR)-2-

(4-{-4-[t refrrlls- éé’gmggg@bg??/gr ;egyl ) cycl ohexyl ] benzoyl oxy} phenyl }-1 , 3-di- 20

oxol anes 4, 5-di carboxylic acid diisopropyl ester;

(4R, 5R)-2-{4-{-4-[1rans-4-(3-acryl oxypropyl)cycl ohexyl]benzoyl oxy) phenyl }-1

,3-di - oxolC ﬁéﬂkzsé“u?‘@itmyx‘irﬁ- rylexyhietyheiciohedibiphenylod-carthgnylexyit (C- 1)

73.5 [err] Ghefd18ar1-88 %@AS(N-'é e (4R 5R)-2-

{4-{4" -[t r?ngf-;%?(zl- ac?d;/)ﬁ oxy’butlyalr ‘%:’?ﬁ%ﬁ%&ﬁ%?%ﬁ%nw - 4- car bonyl oxy} phenyl } -

-1 , 3-di oxol ane- 4, 5-di carboxylic acid diethyl ester;

ey 1. AL B o R R R BRs SeBlpiond o P!

(4R 5RI0 2- {the 1%%—-1[3—&@5&61&-4;&&@&%:@5& RERA Jibit veéé&g igg%fihé fﬂoﬂﬁe(@éag%ﬁséony' 0

xy}- phenyl” -1, 3-di oxol ane-4, 5-di car boxyl 1 ¢ aci ester, i Ny
poi nt [ ERR]SA9N* 360 &€y dl@ringlpetat (INt-IPESPC; > 160 [err] C (pol ynerised); -16-

PCT/IB98/00833

(4R.5R)-2-{4-{4'-[trans-4-(T-acryloxyheptyl)cyclohexyl]biphenyl-4-carbonyloxy}-
phenyl}-1,3-dioxolane-4,5-dicarboxylic acid diethyl ester;

15
(4R,5R)-2-{4-{4'-[trans-4-(7-acryloxyheptyl)cyclohexyl]biphenyl-4-carbonyloxy} -
phenyl}-1,3-dioxolane-4,5-dicarboxylic acid dibuty! ester;

(4R,5R)-2-{4-{4'"-[trans-4-(5-methacryloxypentyl)cyclohexyl]biphenyl-4-carbonyloxy} -
20 phenyl}-1,3-dioxolane-4,5-dicarboxylic acid diethyl ester;

(4R,5R)-2—{4—{4'—[trans-4-(5-methacryloxypentyl)cyclohexyl]biphenyl-4-carbonyloxy}-
phenyl}-1,3-dioxolane-4,5-dicarboxylic acid dibutyl ester;
A
25 (4R,5R)-2-{4-{4'-[trans-4-(6-methacryloxyhexyl)cyclohexyl]biphenyl-4-carbonyloxy} -
phenyl}-1,3-dioxolane-4,5-dicarboxylic acid diethyl ester;

(4R,3R)-2-{4-{4"-[trans-4-(6-methacryloxypentyl)cyclohexyl]biphenyl-4-carbonyloxy} -
phenyl}-1,3-dioxolane-4,5-dicarboxylic acid dibutyl ester;

(4R,5R))-2-{4-{4-[4-(6-acryloxyhexyloxy)benzoyloxy]phenyloxycarbonyl} phenyl} -
-1,3-dioxolane-4,5-dicarboxylic acid diethyl ester, boiling point (C-I) 98 °C, clearing point
(N*-I) 93 °C;
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PCTI | B98/ 00833 e
(4R, SR) - 2- 8{14 trans-4-(5-acryl oxypentyl)cycl ohexyl ] bi phenyl - 4-carbonyl o
Xy} - phen;‘f} i oxol ane-4, 5-di carboxylic acid dibutyl estR¢T/IBI800833 g
point [err] 60.8 [err]C, clearing point [err] 159.5 [err]C, 5

(4R, 5R) - 2-{4-{4" -[trans-4-(6-acryl oxyhexyl ) cycl ohexyl ] bi phenyl - 4- car bonyl ox
y}- phenyl} 1, 3-di oxol ane-4, 5-di carboxylic acid diethyl ester;

4R, 5R % b |
5500 bty adeame sy eiaaplabny i g o

boi | i ng popma(xﬁéﬂ}cagl@xyhf@mqip@thyﬂm 160 [err]C, clearing point (N+-1)

165 [err] C

(4R 5R)-2-{4-{4' -[trans-4-(7-acryl oxyheptyl)cycl ohexyl ] bi phenyl - 4- carbonyl o

(4R 5R 2 (410 [tyane 4 (1 act poeptycret i 10 Bty & car bony
rans cryl oxyhe cycl ohex eny car bonyl o

xy) - phenyExolane-4 dé‘i%‘?&%‘b’hﬁé@ Eﬁ%g%ﬁlg Boigk(Gel) cﬁéb , flearing point (N*-I)

(4R, 5R) - 2- % 8{'4: [trans 4-(5- rret hacryl oxypentyl ) cycl ohexyl ] bi phenyl - 4-car bo

nyl oxy}- 2 phenyl) -1 , 3-di oxol ane4, 5-di carboxylic acid diethyl ester;

(4R, 5R) - 2-{4-{4' -[trans-4- (5 nmet hacr yl oxypent yl ) cycl ohexyl ] bi phenyl - 4-car bo

nyl oxy) - oxql ane- 4, 5-di carboxylic acid dibutyl ester; 25

h 1}-1 ,
(IR 58 - 2. Pkgi2 {rliamsA- L4 omm s hampisng iy e o h ol gt 4. car bon
yl oxy}so ph?%%%xgyl&aﬁxaddxﬁé%&ﬁ%?e +4, 5-di carboxylic acid diethyl ester,

(4R, 5R -[trans- nethacryloxypentyl)cyclohexyl]blphenyl 4- car bo
nyl oxy}- phenyl}-1, 3-di oxol ane- 4, 5-di carboxylic acid dibutyl ester, 30

R sl B RS P L SRR B P

98 [err]C, c@ﬂbeﬁyllcfwxmaﬁyldsfb? 1) 93 [err]C -17-

15 (4R,5R)-2-{4-{trans-4-[4-(6-acryloxyhexyloxy)biphenyl-4-y1}-1,3-dioxolane-4,5-di-
carboxylic acid dibutyl ester;

(4R,5R)-2-{4"-[4-(5-acryloxypentyloxy)-2-fluorobenzoyloxy]biphenyl-4-yl}-1,3-di-
oxolane-4,5-dicarboxylic acid diethyl ester;

20
(4R,5R)-2-{4'-[4-(5-acryloxypentyloxy)-2,3-difluorobenzoyloxy]biphenyl-4-y1}-1,3-di-
oxolane-4,5-dicarboxylic acid diethyl ester;

(4R,5R)-2-{4'-[4-(6-acryloxyhexyloxy)-2-fliorobenzoyloxybiphenyi-4-yl}-1,3-di-
25 oxolane-4,5-dicarboxylic acid diethyl ester;

(4R,5R)-2-{4'-[4-(6-acryloxyhexyloxy)-2,3-diflucrobenzoyloxy]biphenyl-4-y1}-1,3-di-
oxolane-4,5-dicarboxylic acid diethyl ester;

30  (4R,5R)-2-{4'-[4-(6-acryloxyhexyloxy)-2-fluorobenzoyloxyJbiphenyl-4-yi}-1,3-di-
oxolane-4,5-dicarboxylic acid diethyl ester;

(4R,5R)-2-{4'"-[4-(6-acryloxyhexyloxy)-2-cyanobenzoyloxy]biphenyl-4-yl}-1,3-di-
oxolane-4,5-dicarboxylic acid diethyl ester;
-18 -
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(4R, 5R) - 2-{4-{trans-4-(4-(6-acryl oxyhexyl oxy) benzoyl oxy} cycl nyl } -
1,3-di- ‘U&&F&Fﬂ%, 5-di carboxylic acid diethyl ester; 5 PRATBRARIS

(4R 5R)-2-{4-{trans-4-[4-(6-acryl oxyhexyl oxy) benzoyl oxy] cycl ohexyl ] phenyl } -
|, 3-di - oxol ane-4, 5-di carboxylic acid dibutyl ester, boiling point (C1) 62
[err]C, clearing point (N*-1) 50.8 [err]C,

(4R 5SR) - 2- {4R 5R}-23-[4- o leRyY-2900hebedIdY dXy b ey )-1,3-di-

, 3-di oxol age- 4, {:tz-gl -.Hldg%@cgvgyx&?ylyc@gci d di et hyl W:ae:?er ;y y

(4R, 5R) - 2- pxolpne-4,3digarpoxylic agid digtixl gstescy | oxy) bi phenyl - 4-yl ) - 1, 3- di oxol ane- 4
, 5-di - carboxylic acid diethyl ester; 15

(4R, 5R)-2-{4-{trans-4-[4-(6-acryl oxyhexyl oxy) bi phenyl -4-yl }-1, 3-di oxol ane-4

, 5-di - Scarigly_x@Flggaci d dibutyl ester;

(4R, 5R) - 2-{4" - 4- (5-acryl oxypent yl oxy) - 2-fl uor obenzoyl oxy] bi phenyl -4-yl)-1,
3-di - oxol ane-4, 5-di carboxylic acid diethyl ester; 20

(4R, 5R) - 2- {BegehflinkBorR6f the e&s&g%&_&pm nenadicdhddigpr obenzoyl oxy] bi phenyl - 4-yI
}-1 ,3-di- oxolane-4,5-dicarboxylic acid diethyl ester; (4R 5R)-2-
{4'-[4-(6-acryl oxyhexyl oxy) - 2-fl uor obenzoyl oxy] bi phenyl -4-yl)-1 ,3-di- 25

oxol ane- 4, 5. di carboxyli [ ' fehe o < L

CAn oy 5 oy Herd e p S8 cRmBbRb Y el BlsEllicd in the pematic mixoue ROTNA010,
-1, 3-djg  ORIngRRLi¢  Feeselire1R LaD X Sitgerkl dcldirdighpdine8d &C, avfige molecular weight

(4R, 5R)-2-{4' - (4-(6- ch&l oxyhexyl oxy) - 2-f | uor.obenzoyl oxy] bi phenyl -4-yl}-1,3
-di - oxol ar292,08),dind stityesk §uri2choxes & rera temperasurce The homogeneous mixture was then

(5% s B A 5 P e,

layers. After a few minutes the mixture orientated and the Grandjean-Cano lines

characteristic of the cholesteric phase were observed. The lines were examined under the
15  microscope and the wedge angle of the cell determined. From this was calculated the pitch

p of the selective reflection at room temperature.

a) Mixture A with 1% by weight (0.50 mol %) (4R,5R)-2-[4'-(6-acryloxyhexyloxy)-
biphenyl-4-y1}-1,3-dioxolane-4,5-dicarboxylic acid dibutyl ester, p = -6.6 pm.
20
b) Mixture A with 1% by weight (0.55 mol %) (4R,5R)-2-[4-(6-acryloxyhexyloxy)-
biphenyl-4-y1}-1,3-dioxolane-4,5-dicarboxylic acid diethyl ester, p = -6.6 um.

c) Mixture A with 1% by weight (0.50 mol %) (4R,5R)-2-(4'-[trans-4-(5-acryloxy-
25 pentyl)cyclohexyl]biphenyl-4-yl)-1,3-dioxolane-4,5-dicarboxylic ~ acid  diethyl
ester, p=-7.3 pm.

d) Mixture A with 1% by weight (0.49 mol %) (4R,5R)-2-(4'-[trans-4-(6-acryloxy-
hexyl)cyclohexyl]biphenyl-4-yl)-1,3-dioxolane-4,5-dicarboxylic acid diethy! ester,

30 p=-7.1pum.

e) Mixture A with 1% by weight (0.47 mol %) (4R,5R)-2-(4'-{trans-4-(6-acryloxy-
hexyl)phenyl]cyclohexyllethyl]-1,3-dioxolane-4,5-dicarboxylic acid diethyl ester,

p=-17.1 ym.
-19-
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(4R, 5R)-2-{4"' -[ 4- (4- acryl oxybut yl oxy) - 2- cyanobenzoyl oxy] bi phenyl - 4-yl)

-1, 3-di - oxobses#73, 5- di carboxylic acid diethyl ester. 5 Expopims®os33
(Determ nation of the rotary capacity in a nematic matrix) 1% by wei ght of
a chiral conponent | was dissolved in the nematic m xture RO TN 3010 10
fromRolic Research Ltd., Switzerland (cl earing point 89 [err] C, average

nomogencous th xt MiRse.d w1 Bt (05 salda e S SR Nends e
with parallel ruﬁgﬂoﬁgﬁiﬁh —cﬁfﬂoﬁ%g]b%ylﬁygfcﬁoxoﬁtkﬂf S-ﬁlch%\ﬁkyg#crﬂ{éhigcﬁ the

m xture orientated an andj ean- I"i'nes characteristic

chol esteri ¢ phasethypbestergpsel®%&dm. The |i nes were exanmi ned under the 15

m crosc?)pe and the wedge angle of the cell determ ned. Fromthis was

cal cul at’ed the pitch p of the selective reflection at roomtenperature. a)

M xture A WI 1 | Oy 0 % o fa ) :
(4R 5R) - 2- [ E - 6(}%12?(“}!\%)(%}%' gg@g‘@m (04D emn())/l ) (4R SR) 2-{4-{4-trans-4-(3-acryloxy

, 3- di oxol ane- 4, 5PHRYAFYIERy mmdom]mn bétdmxo qne-A S-gicgbprylic20 b)acid
MxtureAvmth 1% nol 9
(4R 5R) - 2-[ 4' - d"ﬁ?‘f?&ﬁ%xﬁﬁ ?Q‘d@ g

blphenyl 4- yI] 1 3-di oxol ane- 4, 5-di carboxylic acid diethyl ester,p = -6.6
[err] 2 tureAvvrth l%bywegt (0.50 nol O/c)2
(4R 5R)L®- (Jp) [tMﬁMA(‘Sﬁ}hE@YGX%}ght @45 mol %) (4R,5R)-2-{4-{4-[trans-4-(3-acryloxy-

G oty et or .y PO PRSI aeioREhat Pl ol Sinabife O fid
% (4R 5R)-2-(4' didtiydester] p(6-8aqum oxy-

hexyl)cyclohexyl]biphenyl-4-y|)-1,3-dioxolane-4,5-dicarboxylic aci d diethyl
ester, 30 =-7.1[err] e) M xture Awith 1% by wei ght (0.47

”D'%(“R,)?tu m/(@a %) (4R,SR)-2-<A-{4"[trans-4- I-

hexyl) phenyﬁcycpﬁﬁegyfi et hyl] I b? gbf atrxllg1 4°)§-§ r box{‘1 |[canég(-:z% &6 %fpet hyl

ester, ¥=-17.1 | @rxyl}exyl)cyclohexyl]blphenyl-4-carbonyloxy]phenyl>-1 3- d10xolane-4 5-
-dicarboxylic acid diethyl ester, p =>10.5 um.

D Mixture A with 1% by weight (0.41 mol %) (4R,5R)-2-(4-{4-[4-(6-acryloxy-
hexyloxy)benzoyloxy]p_henyloxycarbony]]phenyl)-1,3—dioxolane—4,5-dicarboxylic
20 acid diethyl ester, p =-12.6 um.

Example 4

'

(selectively reflecting network; first method)

QQQ, with -Q = —OOC-@-O—(CHZ)S—OOC—Vinyl

X A

25

73.4 mg (23.93 mol %) of (4R,5R)-2-[4'-(6-acryloxyhexyloxy)biphenyl-4-yl]-1,3-di-
oxolane-4,5-dicarboxylic acid dibutyl ester, and 6.3 mg of the inhibitor BHT and 6.3 mg
30  of the photo-initiator IRGACURE™ 369 (4-[4-(2-benzyl-2-dimethyl aminobutanoyl)-
phenyl]morpholine)} were added to a nematic mixture of 236 mg (59.39 mol % of the

-20 -
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PCT11B98/ 00833 f) Mxture Awith 1% by weight (0.45 nol %

(4R, 5R) - 2-84 4 - %ﬁﬁ[]f\ns- 4- (6-acryl oxy-
hexyl oxy) BY@R¥PRAT2 4- car bonyl oxy] phenyl } - 1, 3- di oxol ane- 4, 5- di EGFEBIBABE aci d

di- ethyl ester,p -10.8 [err] 5 Q) M xture Awth 1% by weight (0.49 nol
% (4R 5R)-

2-{4-{4-trans-4-( 3« | Qxy- .

propyl ) cycl HH@V&W&%&E%@P%%%%%OQT%P%%(%73|”8%‘@)?§A% Xzcid
di Iet f}sfl ( iztcgg{ , agd ?rj:l{&gé [(:E.% ol Zﬁ) oBfrmL\, xI =N1Xand e Middubd'wadnleited B Détirred0- 45
mol ¢ , -2-{4-{4-[trans-4-(3-acryl oxy-
propyl ) cyclintensiyély fen2 dhsxat] ¢hinyThe) hg;nqg;%@m@pm@riq,m@&lmngl paint aci d
O oo B i 8512 b glasy Sl Softed i b P ik aidg o™

h L PAS s dar 3l i 0
U o by | HoBASR o IPRATLL, The Bial® 1ith R RABKY s el BB 812 1C. 0y
wei ght (0. 4hdrovbssBiikeddin, viaeo 8t 431°C Avithithé Qight of R A50-W xenon lamp. A uniformly

hexyl oxy) benzoyl oxy] phenyl oxycar bonyl | phenyl ) -1, 3- di oxol ane- 4, 5-di car boxyl i
c 20 orieqiated %‘P@ﬁ'ﬁ?? n@%@?t’*ﬁhésd% g réfisictipn phodmm was g’?@f‘ict i vely
reflecting network; first nmethod) 25 [err] [err]

[err] 73.4 ng (23.93 nol % of

(4R, 5R) - 2- [Eran({ple Sicr yl oxyhexyl oxy) bi phenyl -4-yl]-1, 3-di -

oxol ang- 4, 5-di carboxylic acid dibutyl ester, and 6.3 ng of the inhibitor
BHT ant” 6.3 ng 30 of the photo-initiator | RGACURE[err] 369

(4-[ 4- ( 2- baaayctivelydeARstnY neforki@BstndRsthod)

The mixture described in Example 4 (clearing point 58 °C) was dropped at 90°C onto a
glass substrate coated and rubbed with polyimide. Mylar spacers 20 pm thick were placed
15  on the edge of the substrate. A second heated substrate of similar type was pressed against
the first substrate so that a cell of 20 pum thickness was formed. The drop was widened
such that it completely filled the 20 pm thick gap. Slow cooling (at 1 K/min) to 45 °C,
followed by tempering (for 10 hours), resulted in a uniformly orientated cholesteric layer.
The cell was irradiated on one side with UV light at the same temperature, and crosslinked
20  in this way. One of the substrate sheets was carefully removed with a scalpel without

violating the cholesteric network.

Example 6
3

25 (selectively reflecting network; third method)

The mixture described in Example 4 was dissolved in 1.5 times (w/w) the quantity of
anisole. The solution was intensively stirred for 2 hours at 60 °C, filtered through a 0.2 pm
filter, then processed into a 5 pum thick film by spin coating (2 minutes at 550 r.p.m.) on a
30 glass substrate coated with polyimide. The film was slowly dried at room temperature,
initially becoming turbid. As the drying process progressed a helical arrangement was
formed, recognisable by the selective reflection and disappearance of the turbidity. The
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phenyl ] nor phol i ne) were added to a nematic m xture of 236 ng (59.39 mol %
of the - 20 - WD 98/ 55473 -
PCT/ 1B98/ 00833 liquid crystalline proportion) of IIlA X = [err] 44 ny
(12.72 nolwep9sss4™I | A, X = CH3, and 14.1 ng (3.96 nol % of PCTABISN0EIC
and the m xture was nelted and stirred intensively for 2 hours at 60
[err] C. The honpbgeneous chol esteric mxture (clearln oi nt 58 [err]C3 was
appl i ed at q@tw@s@@ stored iy vaenuo @mms@vem &m oingdetyi de
using a 5 t { ] t hi ck forned was

t enper ed for OQ&@%&%@Q& ??%} roﬁﬂﬁl i vacuo at 45 [err]C
with the |ight of a 150 VVxenon Ianp A unlforn1y orientated chol esteric
network with a selective reflection at 540 run was formed. Exanple 5 10
(selectively reflecting network; second nethod) The m xture described in
Exanple 4 (clearing point 58 [err]C) was dropped at 90 [err]C on to a gl ass
substrate coated and rubbed with polyimde. Mylar spacers 20 [err] thick
were placed 15 on the edge of the substrate. A second heated substrate of
simlar type was pressed against the first substrate so that a cell of 20
[err] thickness was fornmed. The drop was w dened such that it conpletely
filled the 20 [err] thick gap. Slow cooling (at 1 K/'mn) to 45 [err]C,

foll owed by tenmpering (for 10 hours), resulted in a uniformy orientated
chol esteric layer. The cell was irradiated on one side with UV light at the
sane tenperature, and crosslinked 20 in this way. One of the substrate
sheets was carefully renoved with a scal pel w thout violating the

chol esteric network. Exanple 6 25 (selectively reflecting network; third
met hod) The mi xture described in Exanple 4 was dissolved in 1.5 tinmes (ww)
the quantity of anisole. The solution was intensively stirred for 2 hours
at 60 [err]C, filtered through a 0.2 [err]
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filter, then processed into a 5 [err] thick filmby spin coating (2 m nutes
at 550 r.p.m) on a 30 gl ass substrate coated with polyimde. The film
was sIova roomtenperature, initially becom ng turpj e
drying pr océsgglggr ogressed a helical arrangenent was formned, ?2@’6’6’?@3%% e by
the selective reflection and di sappearance of the turbidity. The -21 -

WD 98/ 55473

PCT/ 1 B9800833 coat was then stored in \%ﬁﬂpg’—srenove sol vent residues, and
finally crosslinked under inert gas (Ar) using the light of a 150 W xenon

| anp (Gsranferr] WD 98/ 55473
PCT11898100 33 P Pbmef@tll&F redcplly activeompeppdsppthehe genesal Fpgmuladi ve conpounds
with the general Fornmula I: [err] W denot es pol yneri sabl e groups
with the structure CH err]=CH, CH err]=CH Ph-, [err] [err] 10
[err] [err] [err] 15 (Ph) tes phenyl, and Ph
denot es 1, 4- phenyl ene; S[err GQt0§D unit, such as any
straight chain or bra n_ cqnt ai ni ng 2to 20 Catoms
optionally substitute srn 2
*~C00-R
5
w! denotes polymerisable groups with the structure CH;=CH-, CH,=CH-Ph-,
CH,=CH-COO-, CHy=C(CH,)-COO-, CH=C(CD)-COO-,
CH;=C(Ph)-COO-, CH,=CH-COOPh-, CH,=CH-CO-NH-,
10 CH,=CH-CO-NCHj-, CH,=C(CHj3)-CONH-, CH,=C(CH3)-CONHCHj;-,

CH,=C(Cl)-CONH-, CH,=C(Ph)-CONH-, CH,=CH-O-, CH,=CH-O0C-,

(Ph)-CH=CH- or H,C—CH- where:

\/
O
15 (Ph) denotes phenyl, and
Ph denotes 1,4-phenylene;
s! denotes a spacer unit, such as any straight chain or branched alkylene

group contairﬁng 2 to 20 C atoms, optionally substituted singly or multiply

20 with fluorine and/or singly with chlorine or cyano, which unit can also be
interrupted singly or doubly by -O-, -COO-, -O0C-, -CH=CH-, -C=C-,
-NH-, -NHCO- and/or -CONH-;

Y' denotes a single bond or one of the groups -O-, ;COO-, -00C-,
25 0COO-,-S-, -CONH- or -NHCO-;
M denotes a divalent mesogenic group of Formula (a):

|||I|II| Il III|| [

{@,2122%;.@_23_@_

-23-
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20 - with fluorine and/or singly with chlorine or cyano,
whi ch unit can also be interrupted singly or doubly by -O, -COO, -0O0C: -
-CH=CH, -CC-, -NH, -NHCO and/or -CONH; denotes a si ngle bond or one of

t he gr oupWOWS5413CO0-, - OOC-, 25 OCO0-, - S-, PCTARYS/00833
-NHCO-; M denotes a dival ent nesogenic group of Fornula (a):
[err] - 23 - WD 98155473

PCT/ 1B98/ 00833 where: rings A, B, C, D denote, independently, unsubstituted
1, 4- phenyl ene or 5 trans-1, 4-cycl ohexyl ene, and/ or

1, 4- phenyl ene substi t‘ﬁlfeé%l singly or nulti pI y with fluorine, and/or singly
with chlorine, alkyl, alkyloxy, fluorinated al kyl, fl uori nat ed al koxy,

al kenyl, al kenyl oxy or cyano and/or one_of rings A _ B, D aI so denot es
unsubstituted pyri di fiogs 4 Bi (b D depote, independently, WSHWQM hengleng oF |

pyrazi 2,5-diyl p &g{? or 2, 6 napht hyl ene; [err] and
Z[err] r'%enot e, | ndepen%bqt‘rﬁ l%1' (gond - -00C-, -CC, [err] 15 p
and g denote, | ndepenljé-lphér;ylenﬁ mbst@techmdgﬁ[mm]ﬂngl}dwﬁbéhmhne andém'mmgl)a
strai ght chain, branchgd cI I.C.a con to,8 gar bon
atons. 20 2. Corrpo\Yﬁ’Els Al t"ﬁéb g’l ﬁf‘g %@r%’ pted, %}
alkenyl, alkenyloxy or cyano, and/or
one of rings A, B, C, D also denotes unsubstituted pyridine-2,5-diyl,
10 pyrimidine-2,5-diyl, pyrazine-2,5-diyl, thiophene-2,5-diyl or
2,6-naphthylene;

Z', 7% and Z* denote, independently, a single bond, -COO-, -OOC-, -C=C-,
-CH;0-, -OCH;-, -(CH3)30-, -O(CH)3-, -(CHa);- or -(CHa)s-; and

15
p and q denote, independently, 0 or 1; and
R'and R? denote a straight chain, branched or cyclic alkyl group containing up to 8
carbon atoms.
20
2. Compounds according to Claim 1, of general Formula IA:
, CO0—R3
s @2 HEZ 070X T
C00-R3 "
25 where
w2 denotes polymerisable groups with the structure CH;=CH-,
CH,=CH-COO-, CH;=C(CHj3)-CO0-, CH,=C(C)-COO-,
CH,=CH-CO-NH-, CH;=C(CH;)-CONH-, CH,=CH-0-, CH,CH-OO0C- or
30 H,C—CH- ’ I —

o AR O A
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[err] '[err] A 25 where Werr] denotes pol ynerisable groups

wth the structure CHerr]=CH, [err] [err] 30 H2C- CH
24 | 11211111 111111 111 VO 98155473
PCT/ 1B98/ WOe2854 3¢ 1 | denotes any straight chain of DFEAYIER

al kyl ene group containing 2 to 20 C atons, substituted singly or nmultiply

with fluorine and/or sin yvmth ch I ng or, gyan whi ch ou so be
|nterruptec5q5|ngly ord “G'B%B Lametﬁganh ? gw%fﬁy?&aérr]c;

5 Y[err] dengh@s, inb%ﬁﬁik'd%lﬁ S’dor detlpl R ﬂﬁbnneoﬂﬁlor Eﬂ’n gf

denotes a straight chaln or branched al group cont ai ni ng car bon
atons, and 10 Z' [errc}hloqmeqqca(mb,whlvgng@Y@S‘awmméS\an’mﬁbM Ygi ven
in daim1l. 3. according to daimz2, 15
where: Werr] B 'dertgé? Oﬁﬁrﬁ&{l}? ﬁ“ of £C denotes a strai ght

chai n akkyl ene group containing 2 to 12 C atons, which 20
may al so be jnterrupted singly or doubly by -0-; A B, C D denot e,
i ndependent¥¥, unsubsd¢notasacingleibanderr o 006 - 1, 4- cycl o-

R} denotes a straight chain or branched alkyl group containing 1 to 5 carbon
atoms, and

10

Z-", 72, 7%, p, q and rings A, B, C and D have the meaning given in Claim 1.

3. Compounds of general Formula IA according to Claim 2,
15 where:

w? denotes CH,;=CH-COO- or CH,=C(CH;)-COO-;

s? denotes a straight chain alkylene group containing 2 to 12 C atoms, which
20 may also be interrupted singly or doubly by -O-;

A, B,C,D denote, independently, unsubstituted 1,4-phenylene or trans-1,4-cyclo-
hexylene, and/or 1,4-phenylene substituted singly or multipl.y with
fluorine, and/or singly with chlorine, methyl, methoxy or cyano,

25 and/or,

one of the rings A, B, C, D also denotes unsubstituted pyridine-2,5-diyl,
pyrimidine-2,5-diyl, pyrazine-2,5-diyl, thiophene-2,5-diyl or
2,6-naphthylene;

30 Z' Z*andZ® denote, independently, a single bond, -COO-, -OOC-, -CH;0-, -OCHy-,
-(CHz)z- or -CEC-, and

Y2 R?, p and q have the meaning indicated in claim 2. , ,!Il"c, ml!_, "|"" ""sl ” ,!Il
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h'é;<yl ene, and/or 1, 4-phenyl ene substituted singly or multipl 'y W t h'
fluorine, and/or singly with chlorine, nmethyl, nethoxy or cyano, 25
and/or, one of the rings A, B, C, D also denotes unsubstituted

pyri di ne- ¥m98Ms¢13 pyri m di ne- 2, 5-di yl, pyrazi ne- 2, 5- di yl PCT/IB98/00833

t hi ophene- 2, 5-di yl or 2,6- naphthylene 30 [err] and Z[err] denot e,

I ndependently, a single bond - COO-, err] -(CH)2- or -CC, and
Y[err], Riefr], Polamerispbiealiquid he'swumﬁmwm isedrinthat; ifcontains agleast O

98/ 55473 800833
4. Pol yneri s oqqcall'ﬂ 60&8?%!{18? rdu{g'}o gne 0% agg% (lart? g’e grﬁ(t ketlggta ngi t
contains at | eaSqutﬁﬂ&n@ﬁllineabinpomdtdf‘gmmoﬁnﬂd I mompoxdnnngpdymexm‘abl@I ai ns

1 to 3, and at | east one lqu| d cr Iaj I | ne orrpound of ener For all
i ncor porating tweroBs-yARgd ifnespssanyy %3 1?‘? °ﬁ'§‘8@‘é‘§’a?€ gﬂﬁ
crystal ki ne corrpmégﬂ, & g&ragul unt | 5 | ncorporat| ng one
pol erEI’IE-)S&b| e group: oﬁgrg]%ﬁié? %m ﬁo P
[err] 111 10 where: E and G denote, independently, W-S -Y', in which
W, S and Y have the neani ng indi cated in Cdaim1l; 15 L denot es
hydrogen, fluorine, chlo ne ni t rzo or, strai chain or

E (9 Z Z G

| q

I

E{-@-Z’Zzt@—f—@— L )

10
where:
Eand G denote, independently, W'-s-Y', in which W', S' and Y' have the
meaning indicated in Claim 1;
15
L denotes hydrogen, fluorine, chlorine, cyano, nitro or a straight chain or
branched alkyl group containing 1 to 20 carbon atoms, where one or more
non-adjacent and non—end-gosiﬁon methylene groups may be replaced by
-0-, -COO-, -00C-, -S-, -CH=CH and/or -C=C-, one or more hydrogens
20 may be replaced by fluorine, and/or a hydrogen may be replaced by
halogen or cyano; and
A.B,C,D, Z', Zz, Z3, p and q have the meaning indicated in Claim 1.
25 5. Use of polymerisable liquid crystalline compounds according to any one of Claims

1 to 3 for manufacturing polymeric cholesteric layers.

A




branched al kyl group containing 1 to 20 carbon atons, where one or nore
non- adjacent and non-end-position nethyl ene groups may be replaced by -0,
-COO-, - = ooreagie - CHECH and/or -C[err]C, one or nore hydr

may be r%gse%ég'; fluorine, and/or a hydrogen nmay be repl aceg Eysﬁéﬁ%gen
or cyano; and A, B, C D, 2z, Zerr], Z[err], p and g have the neaning
indicated ig d aj j :h!?@. bl Qe : lehne -
conmpounds a@’cordpr%lﬁfogglwegﬁagleo*ﬂgﬁaig %‘gﬁ‘g or %ﬁﬁgc%uﬁlﬁg glolf?/ﬂrqreri c
chol est eri ¢ | ayemmnufagiiring polywefi@ SiolasEeric layers.. ,

PCTI 1 B98/ 00833 6. Use of polynerisable liquid crystalline m xtures
according to Caim 4 for manufacturing polyneric cholesteric |ayers.. 7.
Use of pol ygeri cysbok pskyiictic choléstbic Ry&s asioiding @ eieoPClaGhab e 65irpoptizal | N
optical 5 conponents such as colour filters, oRticaI pass band
filtersSand pol acompensntsspoh as colour filters, optical pass band filters an polarisers.

e

e

A
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