WO 01/ 47862 PCT/ CHOO/ 00673 Optically active materials This invention
relates to optically active materials and their use as doping agents for
liquid ¢r for a wide range of applications includi ate
chol est é’?“%‘ﬁ}/ﬂs?’% ers for projection displays, circular pgl%a?cﬁédg@ségopti cal
filters, etc. 5 The addition of an optically-active conpound to a
non-optically-active liquid cry@Fﬂkﬂliyn&tiv@hﬂﬁ@igils one of procedures used
for the conversion of non-optically-active into optically-active
mesophases. The nemati c phase, for exanple, is converted to the

chol est eri cTignénveheon hedtagiodemrallyvattiveamaterialk aadruhmxt usf asdopdpy bgaatd foracti ve
substance. 10 Th| s copnversion mani fests itself by the occurrence L an

i nt er mol ecuiayd gasials fRpRckd Fganc@rpofra&ebmog%wCWI&an@I@ost@swh@estﬁréq P B
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= x=0 15 HTP (m1) helical twi sting power for small concentrations p (m
pitch of induced heI|x + for (P) helix, - for (M-helix x nole fraction

of the dop ctivve. conf rs X
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ef ficiency gifasa igi otenoflppedetiuiencised fdetthe onedsiby oft hen-Canaliprictiad imbt h
solutions of the dopant in_the host nesophase._ Since the optically-active
guest and t PRECABragipiei Bsaphassst ilhe nsawiic (Raexamalen dg Cﬁ%Y,“é@gatﬁ

conpati bl e aiolés%craak%'eh%m%%b@d wftﬁ@'sﬁmaﬁ'a%ﬁ)ft&foal #&3‘(1951 ;?cnfvégws%tcéy
characterised by 25 undesirabl e changes of the thernotropic sequence of the

initi a|10hosil"h1|5|cqu|ve(g51qm y‘@n@tslts neelf by the occurrence of an intermolecular helix which is

characterised by the so-called helical twisting power (HTP) given in Equation 1:

dp—l pvl
HIP = |-— = = = > x,(HTP). 1
RS RO
15 HTP (um'l) helical twisting power for small concentrations
p (um) pitch of induced helix, + for (P)-helix, — for (M)-helix
X mole fraction of the dopant

sum over all optically-active conformers of the dopant

X; mole fraction of conformer i
20
Said HTP is in fact a measure for the efficiency of a given dopant and is determined by
the Cano method with solutions of the dopant in the host mesophase. Since the
optically-active guest and the non-optically-active host compounds are not necessarily
compatible at the molecular scale, their binary solution is frequently characterised by
25  undesirable changes of the thermotropic sequence of the initial host liquid crystalline
material, like for example a depression of the clearing point. Those changes could in
turn have negative effects on the phase properties of the host, such as a decrease of the
birefringence etc. Therefore, an optically-active dopant is sought so that with very small

concentrations of this latter, large values of HTP could be induced.



material, like for exanple a depression of the clearing point. Those
changes could in turn have negative effects on the phase properties of the
host, sugh, gSsrdedecrease of the birefringence etc. TherebpifH0800673
optically-active dopant is sought so that with very small concentrations
of this latter, large values of HITP could be induced. -1 WO 01/47862

PCT/ CHOO/ 00673 As such efficient opti caIIy active dopants there are the

bi napht hol derivatives described in GB-A-2 298 202.

opti cal | y- aétisyeh Efffws?ahwﬂﬂall&é?wa&qpa@é thﬁ%/ar@rth%mgaphtb%lrdtep&ttlvteaé%ﬁl%%ct i on
when being heajmo, zB@@Qd@sHowaeérr Isbttc%n%@tweoBmaahtﬁaﬁpea%tavﬁesb USfdered ¢

i ncludes asymetric resolution of binaphthol racemate as a crucial reaction
step. O hetpattllahtasersls@morowmrceﬁlmg/h@mdi Besidesp theirspreprrattonas exm‘nseabﬁ@use

chemi cal access (5ehs%rsl bi.n hth e Lvalé%1 ) ar t hose d SCI‘tl

U85, 780, 608 Pty BlBn e Riong hinPhii B eie ot g i iederbne

di val ent or polyvalent chiral group and at Ieast one 10 mesogenic group.

Based on this, nol ecul ar, archjtecture, in which the chiral group is _present
at peri pher §hFodrIPHAT oPtieally ardivs lomarts cultighs arqnef Ivaver phespsdl cascessriBanhi r al

di mesogeni c b%'bht‘ﬁ@f- Hé’x‘?\%ﬂv&e%‘%rt@tbﬁl 8S8ribddhgl US@%@@Z&%]&Q ai%g&ﬂtrs@tuié)()f

liquid crystals has nly provided mxtures with a rélatively s
However, we Ch@veurrd@vhamrec@vleasedmetdmlera dr upalratent |chisal glbup(almbcmm@st one
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efficient f qblrespﬁtoail;meeral lpasigen Hﬂ_Fhe Besdigels ,cotddeinie t&yatplmre%l dosnet ¢Hinal al
and |nexpen§ ve since.they are ain d in few reaction steps starting
from conmer ”aFWefae&Fr%tVe N%tft SPyt HEPIN Jopuisfgests foplapid erystplydias
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that a further class of compounds, including within its scope compounds that exhibit a
15 chiral group at lateral positions of at least two rod-like shaped organic residues, is
efficient for producing a large HTP. Besides, their synthesis is trivial and inexpensive
since they are obtained in few reaction steps starting from commercially available

optically active residues.

20 Thus, the invention provides chiral “sandwich” derivatives of formula I:

A1—I\|/IG1——A2
8]
EL—CG—E

in which

25



"'C [2]1 n231 24 AMAIn which 25 -2 WO 01/47862 PCT/ CHOO 00673 Al
to A4 each independently represent hydrogen; an optionally-substituted

met hyl  gkypiig7R62 an optional | y-substituted hydrocarbon greup/cafooded?® 80
C-atons, in which one or nore C-atons nay be replaced by a heteroatom in
such a way that oxygen atons are not linked to one 5 another; El1 and E2
each i ndepentettAy repr esdntndeyedontdn; repieseoipt hyanadeny - emub@tmntall’y&dbmm&bdhyl

group; or an optionally-sybstituted hydrocarbon of 2 to at ons,
in which one or nore C JtOHs SHREY: B%m?éﬁﬁﬁ@@ﬂﬁﬂ%“g“g ﬁ%?%?@%k%ﬁ?Ppﬁééﬁch a
way that oxygen atons agg (M@fonlsi K&MidhOoRNEr nRROMSbms Bﬁayaﬂg r§Ra &8 a

i ndependently represent a S|ngle bond, an oxygen atom or

optional |l y-substituted h@@ﬁ@%@?bOﬁUQFQUﬁnbﬂw1Oxnﬁsoﬂﬂmaﬁmmgﬁ1HWf¢h®cme 15
one or npre C atons may pe,replaced by a heteroatom in such a way that
oxygen atons are not i A eg to one another; MGl and MX each independently
represent an optionally- substltuted aronatlc or non-aromatic carbocyclic
or heterocycljc ring system. | to 80 20 C-atons; CG.is a divalent or
pol yval ent ~ dhi #9IE%gr oup &y |”Q/3€I=:]e“dief*nt PaiePieeEnt ahydrpgesm ans pgpel lyrsubsttuted
optically active biaryl s,siHehr@. 8Pk 8%A3¥¥§Hmlkatgyh§&ocm&a@%mkz%

optionally substituted biphenyl; or from bifuncti onal
80 C-atoms, in which one or more C-atoms may be replaced by a

10 heteroatom, in such a way that oxygen atoms are not linked to one
another;
B! and B2 each independently represent a single bond, an oxygen atom or an

optionally-substituted hydrocarbon group of 1 to 80 C-atoms, in which
15 one or more C-atoms may be replaced by a heteroatom, in such a way

that oxygen atoms are not linked to one another;

MG! and MG2 each independently represent an optionally-substituted aromatic or
non-aromatic carbocyclic or heterocyclic ring system, with 1 to 80

20 C-atoms;

CG is a divalent or polyvalent chiral group derived, in particular, from
sugars; from optically active biaryls such as optionally substituted
binaphthyl or optionally substituted biphenyl; or from bifunctional or

25 polyfunctional compounds such as optically active alcohols, glycols or

amino acids; and

nl and n2 are each independently 1 or 2, where “nl = 27 (or “n2 = 27) indicates
the presence of two separate linkages via the groups B! (or the groups

30 B2) between the groups MG! and CG (or CG and MG?2);



25 pol yfunctional conpounds such as optically active al cohols, glycols or
am no acids; and nl and n2 are each independently I or 2, where "nl = 2"
(or "n2 :(?51)/47'?%& cates the presence of two separate |inkagRSiovbés7s he
groups BV (&Y e groups 30 B2) between the groups M3l and CG (or CG and
M=2); WD 01/47862 PCT/ CHOO 00673 and in which further the substructures
Al- MGl- A2 anfd A3-viteh Adrtleache RabstruaturdsoOAGINIGHE ABlanéxA S MGH- g eadhi inkedh

|l ateral to the said lgongitudinal axis to Bl and B2, respectively. 5 _One
possi bi | i t y langitpénah axis dngiaradinked latsrrktq the; said donsitpdinal ariego AL ML B> and
A3- Mx2- A4 arr%&g[aimgynds where two or nore rings or a fused ring systemare
present in or ‘"M=2. Anot her possibility are conpounds where at | east
one of Al or A2 and A3 or A4 is different from hydrogen. 10 The conpounds

of the presepnt invention are efficient for producing a |ar . STheir
synt h_esii i gﬂ‘(er P%S§Iﬂ“_¥1rf8 gﬁﬁ’@xi‘)éﬁ%‘\}‘g"’éi REE F“h&? é‘fbégrB‘BP'éﬁ_s ngg'MFgF;/gwa“
reaction st eps ML ARt Ogoh RN S QAER R BF b réN sl Rl EseBRInb Gt M 2RE DYt
residues. 15 They are conpatible with |iquid-crysta i I ne conmpounds or

| i qui d- cr ystimMGher MGt Anether gaseibBingaiefdoomptndsheregeatdéast bee of Ahoi A and

t enper at ur es, when, used as .dopanfs in a liquid- crystalline matrix). They
i nduce a | ar§e° J'p‘étdtfg“é?’?tr%’"g%fcé%e“at the 1iquid-crystalline state when
used as 20 dopants in liquid-crystalline nmatrix hence avoi di ng

crystal lisation problens during the manufacture of cholesteric filnms. They
may be Used Ts camppwrfsadéietpresenr inverigndreefiisient for pdueing ¢ilage HARge of
applications including solid state cholesteric filters for projection

di splays, circular polarisers, optical 25 filters, etc. Preferred
conpounds ofTHelresypthesie iy triviny @nd ireRpaise etsiasahdeiro nddigedt 0 fB@rm@adtian (steps i n

whi ch: i . . . . .
starting from commercially available optically active residues.

15 They are compatible with liquid-crystalline compounds or liquid-crystalline mixtures
(no significant change of the clearing temperatures when used as dopants in a liquid-

crystalline matrix).

They induce a large supercooling effect at the liquid-crystalline state when used as
20 dopants in liquid-crystalline matrix hence avoiding crystallisation problems during the

manufacture of cholesteric films.
They may be used as doping agents for liquid crystals for a wide range of applications
including solid state cholesteric filters for projection displays, circular polarisers, optical

25 filters, etc.

Preferred compounds of the present invention are those belonging to formula (I), in

which:

30 nl =n2=1.



30 n1=n2=1. -4 WD 01/47862 PCT/CHOO' 00673 Preferably at |east one of Al
to A, E1 and E2 includes a polynerisable group, and each independently

may be selellé%g%fromfornula (rr)y: P-(Sp" )kl-(Xntl - (”P):T/é{dm%ﬁ'n Pis

hydrogeﬁVBP | ymeri sabl e group sel ected from groups conprising CH2=CW
CH2=W O, CH2=CW COO, CH2=C(Ph)-COO, CH2=CH COO Ph-, CH2=CW CO NH ,

CH2=C( Ph) - GRekrablyL4} 1@4201@(@%0)#0@ 9002, inGhits o@mer@'&@e?ﬁs d each
(Ph)-CH=CH, CHI'-C=N-(CH2)nB HO, HS-, HO (CHZ2) 8-, HS-(CH2) 1n3-,
HO( CH2) nsoowdepenmelmmvrhw@bcted Eere formde(®)-, CH2=CH-Ph- (O m¢_ O R' R' -
IMCH CHCH (E)CH=COO f CH=COO R V\,hereln 15 Wrepresents H F, O, Br
or I or a C1-5 alkyl group; nB is an integer having a value of froml to
9, md is an integer having a va{&lah-&ipg-1, @) represents a C1-5 al kyl
group; and R' represents a Cl-5 al kyl group, nethoxy, cyano, F, O, Br or
|; 20 Spl wkeseiesents an optional | y-substituted Cl-20 al kyl ene group, in
whi ch one or nore GC-atons nmay be replaced by a heteroatom k1 is an

i nteger having a value of fromO to 4; 25

P is hydrogen or a polymerisable group selected from groups comprising

CH2=CW-, CHy=W-0-, CH2=CW-COO-, CH2=C(Ph)-COO-,
CHp=CH-COO-Ph-, CH2=CW-CO-NH-, CH2=C(Ph)-CONH-,
10 CH2=C(COOR'")-CH2-COO-, CH2=CH-O-, CH2=CH-OOC-, (Ph)-CH=CH-,
CH3-C=N-(CH2)ms3-, HO-, HS-, HO-(CH3)m3-, HS-(CH32)m3-, HO(CH2);3COO-,
HS(CH3)n3COO0-, HWN-, HOC(0)-, CH2=CH-Ph-(O)n4.
o R" R
HWC—CH- | @m:m- ’ @C}I:COO— or @cnzcoo—m
R
wherein:
15 W represents H, F, Cl, Br or 1 or a Cj.5 alkyl group;

m3  is an integer having a value of from 1 to 9;
m4 is an integer having a value of 0 or 1,
R'  represents a Cy.5 alkyl group; and

R" represents a Cj.5 alkyl group, methoxy, cyano, F, Cl, Bror

20
Sp! represents an optionally-substituted Cy.2¢ alkylene group, in which one or more
C-atoms may be replaced by a heteroatom,;
k!  isan integer having a value of from 0 to 4;
25

X! represents -O-, -S-, -NH-, N(CH3)-, -CH(OH)-, -CO-, -CH»(CO)-, -SO-,
-CH»(S0O)-, -S0O;-, -CH»(803)-, -CO0O-, -0CO-, -0C0O-0-, -S-CO-, -CO-S-,
-S00-, -0SO-, -SOS-, -CH3-CHy-, -OCHs-, -CHy0-, -CH=CH-, or -C=C-; and



X1 represents -0-, -S, -NH, N(CH3)-, -CHOH)-, -CO, -CH(CO-, -SO,

- CH2( SO) - -802-, -CH2(s®2)-, -Ccoo, -0CCO, -OCOO, -S-CO, -CO S,

- S00- % oS-, -CH2-CH2-, -OCH2-, -CH2O-, -CH=CH, géT,c(ﬁ“@oﬂmgnd -5
VO 01/ 47 B choo 00673 t1is an i nt eger havi ng a value of 0 or 1. In
relation to the residue of fornmula (I1), the termPh is to be understood as
denoting phlenylseméntage HaPhk aasldexdotdrng phenyl. 5 The Cl1-20 al kyl ene group
Spt may conprise branched or straight chain al kyl ene groups and may be
unsubstituted, nono- or polysubstituted by F, d, Br, | or CN

Al ternati velpy relfifonl 18 tRE ddstdu@mbraBanfL (H?rtﬁe %rm%x@tro%bo%dys?&ﬁn&s deofidde

hydrocarbon chain may be replaced, independently, by one or nore groups
sel ect ed fr ohsnybene and;(Ph)aNﬂienotme@hBr)yl 10 -CH(OH)-, -CO, -CH(CO-, -SO,
-CH2(SOg, -S-, -CH2(S®2)-, -C0O, -OCO, -OCOO, -S—CO, -COS—,
-S00-, -0sO, -SOS— - C=C, (CF2)-r , -(CD2)s- or C(W)=C(W)-, with the
proviso t hatl"h@@1t2¥9/@1k@1¥e\(19%i’o®tS}ﬂﬁn@f&mﬁrfs@%ﬁn)éhéd' &kserqlompcwﬁlk¥1@ﬁé1§{oup§/\l and

W2 each represent, independently, )gl . The integers r
and g 1 eachnd m@m@e M@W@llwtqdemoegmpoéysnbﬁh@ﬁd bY Fhet, Weehot CindltdBatively Mor e

preter a0, o W, Py Pt E RS LSRR P ©
CH2=CWb- or %@Aﬁdé&@&ﬂ% by o’ or(;ﬁore)ormgﬁ@@@ed @on=Ca RiH- R(CH;3)-,
10 -CH(OH)-, -CO-, -CH»(CO)-, -SO-, -CH»(S0)-, -S0;-, -CH»(SO3)-, -CO0-, -OCO-,
-0CO-0-, -8-CO-, -CO-S-, -S0O0-, -0S0O-, -SOS-, -C=C-, -(CF2)-; , -(CD2)s-
C(W1)=C(W2)-, with the proviso that no two oxygen atoms are directly linked to each
other. W! and W2 each represent, independently, H, H-(CH3)q1- or Cl. The integers, s

and ql each independently represent a number of between 1 and 15.
15

More preferably, A! to A* and E! to E2? each independently represent a group of
formula (II):

P2.Sp3-X3- (11

20 wherein:

P2 represents hydrogen, CHy=CW3- or CHy=CW?3-(CO),,0-,

R
@—CHZCOO— or @CH:COO-R'

R"
wherein:

25 W5 represents H, CHs, F, Cl, BrorI; and
v2 isOorl,
R'  represents a Cj.-5 alkyl group; and

R"  represents a Cj.5 alkyl group, methoxy, cyano, F, Cl, Bror;



wherein: 25 Wb represents H CH3, F, d, Br or |I; and v2 isOorl, R
represents a Cl-5 aIkyI group; and R' represents a Cl-; al kyl group,

net hoxyw((é%gg%fz or I; -6 WO 01/47862 PCT/ CHOOHRAQaAR0/09878

represen 20 stralght chai n al kyl ene group, especially ethylene,
propyl ene, butyl ene, pentylene, hexylene, heptyl ene, octyl ene, nonylene

decyl ene,  gwfdegytents o @, HodQrul- N aRYEnS g}@uﬁ %%e@ﬁﬂ{}teﬁn&de proPfene, - COO-

-0CO, -C=C-, or a single bond, especially - or single
bond. One or nohuylehe, Alpentylead, ahekyRhet ohﬁzylm;y akytengepnangleme, adecylene,

Cl - C20- al kyl al kox al koxycar bonyl , C1-C20-al kyl car bony!l
or Cl-C20- aIkyIcé?%%gﬁ Or%ﬁ%%%embﬁoé? for exanple nethyl, et hyl, propyl,

butyl, pentyl hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,

nethoxy, t hoxy, n-propoxy, |so opo butoxy, pentyloxy, hexylox
hept yl oxy, 8%tyﬁ@%§emﬁo Ayl & 5@ 6%%3,uﬁé€cy®b&ym steobkaely kespegially g-

met hoxycar bonyl | (gbhOét Opgg%lboggopoxycarbonyl but oxycar bonyl ,
pentyloxycarbon hexy oxycarbony , octyloxycarbonyl nonyloxycarbonyl,

decyl oxycar bonyl , undecyloxy 15 carbonyl dodecyloxycarbonyl acetyl,
propi onyl , utyryl valer anoyl anoyl octanogl, nonanoyl

decanoyl , B%c%hGVFe ﬁbdbc&h an@e?dé@a%bymaydﬂgidﬁWﬁW“ ﬁbﬁhdﬁ@‘@%&,
butyryl oxy, CYS%@ aMJoQ yb‘;@g&gc%x?ylkyPkgggmg%ﬁo@%a@%% ﬁ(}élcarb nyl-

nonanoyl oxy, anoy anoyl-o anoyl oxy, et noy oxy and

the l'ike. 26xy o@pS@eQmﬂn@éeﬁ@ Jne@lhﬁnﬁ@gymﬂﬁyl QentiyDeneRyIC RGN, bayeRbmon each
or either of t roups Bl and/or B2 conprises a group of forrmula (1V):
(X2) t 2- ( Sp2yeal, L( 99yd.3dgdegyl, mgrhoxy; gthoxy, n propoxy, isopropoxy, butoxy, pentyloxy,

hexyloxy, heptyloxy, octyloxy, nonyloxy, decyloxy, undecyloxy, dodecyloxy,
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl, pentyloxycarbonyl,
hexyloxycarbonyl, octyloxycarbonyl, nonyloxycarbonyl, decyloxycarbonyl, undecyloxy-
15 carbonyl, dodecyloxycarbonyl, acetyl, propionyl, butyryl, valeryl, hexanoyl, heptanoyvl,
octanoyl, nonanoyl, decanoyl, undecanoyl, dodecanoyl, terdecanoyl, acetoxy,
propionyloxy, butyryloxy, valeryloxy, hexanoyloxy, heptanoyloxy, octanoyloxy,

nonanoyloxy, decanoyloxy, undecanoyloxy, dodecanoyloxy, terdecanoyloxy and the like.

20 In a second preferred embodiment of the present invention each or either of the groups

B! and/or B2 comprises a group of formula (IV):

(X2)2-(Sp?)k2 (X33 (IV)
wherein:
25

Sp? represents a Cj.2¢ alkylene group;

X2 and X3 each independently represent -O-, -S-, -NH-, N(CH3)-, -CH(OH)-, -CO-.

-CH»(CO)-, -SO-, -CHy(SO)-, -S0;-, -CHx(SO3)-, -COO-, -OCO-,

30 -0CO-0O-, -§-CO-, -CO-S-, -S0O0-, -0S0-, -S0S-, -CH,-CH;-, -OCH,-.
-CH;0-, -CH=CH-, -C=C- or a single bond,



25 Sp2 represents a Cl1-20 al kyl ene group; X2 and X3 each i ndependently
represent -0-, -S-, -NH, NCH3)-, -CHOH-, -CO. -CH2(CO-, -SO,

- CH2( SO 1/§§)8% CHZ(SOZ) -C0O, -0OCO, 30 -CCO O, pc&adbovoosf3O S-,
S0, R s SOt CHe-, - OOHR-, - GHR2O-, -CHECH., -C=C or a single
bond; -7 WO 01/ 47862 PCT/ CHOO 00673 k2 is an i nteger, having a value of O
or 1; and t2 and t3 are integers, each independently having a value of 0 or

1; 5 wth the proviso.that ox ﬁ%o are not |inked one to another.
Preferablylél and Bﬁa%ﬁﬁﬁmfﬂﬁﬁ%eﬁd@ ‘g%ﬁﬁdr nt a group of formula (1V),
wherein: 10 X2 to X3 each independently represent -0-, -CO, -COO, -0OCO,

-C=C-, or a_single bond, especially -0-, -COO, (II) or a single bond;
and Sp2 repPasént s aie Ote0, stohandgpendsndy lha‘ahgylvelneog(b oup, especially
ethyleng propyl ene, butyl ene, pentyl ene, hexyl ene, heptyl ene, octyl ene,
nonyl ené. 15 decyl ene, undecyl ene or dodecyl ene. Especially preferred
conpounds awih tiegsevistithahookeBitoandrBaotdiaksd oedepandent |y represent a
group of fornmula (1V) and Al to A4 and E1 to E2 each i ndependently
represent a group of formula (I11). 20 The invention is particularly useful

when the grpupsay ngilid @'3 Qa&ﬁ%daﬁ\ﬁ@erﬁ‘ rgﬁ@%ﬂ?@?ﬁ) g%@@:ﬁﬁfﬁt@z? wigrdiat

conpounds of fornula are abl'e to e co
I|qU|d crystalllne S|ngle conmpound or m xture. Thus preferably at | east one

and Lepresent s sogeni c oy r|S|n | east two, 25
opt| E)/Gglpl y- §u15%?(| tuecaéa 'ég:EB‘?Pgﬂr‘T‘gy rG6R- g%’oﬁ:g? 58 HQ—QW ohaf@elcyclic

ring bond, especially -O-, -COO-, -OCO- or a single bond; and

Sp? represents a Cj.po straight-chain alkylene group, especially ethylene,

propylene, butylene, pentylene, hexylene, heptylene, octylene, nonylene.

15 decylene, undecylene or dodecylene.

Especially preferred compounds are those in which B! and B2 each independently
represent a group of formula (IV) and A! to A* and E! to E2 each independently
represent a group of formula (III).
20
The invention is particularly useful when the groups of MGl and MG? have a
mesogenic architecture so that compounds of formula (I) are able to be compatible with
a host liquid-crystalline single compound or mixture. Thus preferably at least one of
MG! and MG? represents a mesogenic group comprising at least two
25 optionally-substituted aromatic or non-aromatic carbocyclic or heterocyclic ring

systems.

Preferably one or more of MGland MG2 represents a mesogenic group comprising 1 to
4 aromatic or non-aromatic carbocyclic or heterocyclic ring systems and optionally up

30 to 3 bridging groups. These are more preferably selected from the meanings of formulae
(V)



systens. Preferably one or nore of Mdand MX represents a nesogeni c group
conprising | to 4 aromatic or non-aromatic carbocyclic or heterocyclic

ring sy /4%]9 optionally up 30 to 3 bridging groups. ghEegoeige73Ore
preferably selected fromthe neanings of formulae (V): -s WO 01/47862
PCT/ CHQO/ 00673 Cl1-(Z1-C2)al-(Z2-C3)a2-(23-C4)a3 (V) in which: 5 Cl to 4
are in each case independedt-(l-Opfi-@Palt)y,-&2fGt), 4 ut edqvyon- aronati c,
aromatic, carbocyclic or heterocyclic groups; Z 1 to Z3 are independently
fromeach other -COO, -0CO, -CH2-CH2-, -OCH2-, -CH2O, -CH=CH, -C=C,
- CH=CH COO- v CH=CH or a single 10 bond; and al, a2 and a3 are
independentfy Integers 0 to 3, such that al + a2 + a3 < 3. Especially
preferred are those in which Cl to C4 are selected from (L)ug (L)ut (L)tc
I(_Lg 3? N_SNN E(P;?"’&ijSN&g Srll\l ﬁ(ctlﬁ)h?c%se( Lin%lgp?énéel_n)tllil/?) opgonally-slﬁ)olsjtiZtut(eI&) lillbn-(alr_gn\{\éti(c,l_)l ¢

aromatic, carbocyclic or heterocyclic groups;

Z'toZ3  are independently from each other -COO-, -OCO-, -CH>-CH>-, -OCH>-,
-CH,0-, -CH=CH-, -C=C-, -CH=CH-COO-, -OCO-CH=CH- or a single
10 bond; and

al, a2 and a3 are independently integers O to 3, such that al + a2 + a3 < 3.

Especially preferred are those in which C! to C* are selected from:

(L)w (L)y (L) (L)us N
K88 8 o
N N—< )’N
l

(I (L )us

o MRt B e
(L) LD (D Lhe (D 0

N-N N-N
s @ , \gs_g/ s /QO»\ and /QS»\
with:
L being -CH3, -COCHj3, -NOa3, -CN, or halogen
ul being 0, 1, 2, 3, or 4,
u2 being 0,1, 2, or 3, and

20 u3 being O, 1, or 2.



L being -CH3, -COCH3, -NO2, -CN, or halogen wul being 0, 1, 2, 3, or 4, u2
being O, 1, 2, or 3, and 20 u3 being 0, 1, or 2. -9 WD 01/47862

PCT/ CHCQV?)Q)(;/Z%&Nbre especially preferred are those i n wyEhcibodogrsC4 are
selected Trom optionally-substituted cycl ohexyl or cycl ohexyl ene, phenyl
or phenyl ene, naphthyl or naphthyl ene or phenanthryl or phenanthrylene. 5
For ease O}‘Mswﬂtdsﬁ&'ial,y meermm ezlcrel émsof inf arhithh aCl | o n&Y peos sesseds ofan
symmetrical aspects.  These jnclude the follow n ossibilities: nl=n2=1;
10 Al to ACMIOE haREiEEN. oo ereyclgheiemnphs] o p 1<‘éﬁdnm1;§Wir°é

i denti cal, L I inng at least two chiral centres nore
preferably I%aéxﬁ)thg;ggjbg{:g}ﬁ%mghﬁ}rlgﬁﬁggﬁ?@éﬁd&br Bl and B2 are identical and
bot h consisting of single bonds, oxygen atons or an 20

optionalkl y-substituted, hydrocarhon.gr of . 1 3- . ects
of the ;%)r eslior{t eals?l\?gns f%gﬁg%lrtge Ny Cu}igl ﬁ(’)fgg’fﬁ““‘é‘r Qiﬁ%ﬂh ?%Sgésgran%&e’lq ,Iﬁ%tgi%gci ally
in the formspécta Thespincluds yhstfalldwing poisitilitied; 25 (co) pol yner, el astoner,

pol ymer gel or polynmer network, conprising at | east two conponents, at

| east one of which is a chiral conpound, characterised in that the chiral
conmpound i syp=gandwi ch derivative of fornula (I); b) a liquid crystalline
material, especially in the formof a cholesteric mxture, or 30

chol esteric polynmer network, conprising at |east two conmponents, at |east

one of 10 Alto A4 are identical;
El and E? are identical;

MG! and MG2  are identical;

15
CG is a chiral group having at least two chiral centres more preferably two
adjacent chiral centres; or
B! and B2 are identical and both consisting of single bonds, oxygen atoms or an
20 optionally-substituted hydrocarbon group of 1 to 3-C atoms.
Other aspects of the present invention are :
a) a liquid crystalline material, especially in the form of a liquid crystalline mixture,
25 (co)polymer, elastomer, polymer gel or polymer network, comprising at least two
components, at least one of which is a chiral compound, characterised in that the
chiral compound is a sandwich derivative of formula (1),
b) a liquid crystalline material, especially in the form of a cholesteric mixture, or
30 cholesteric polymer network, comprising at least two components, at least one of

which is a chiral compound, characterised in that the chiral compound is a

sandwich derivative of formula (),

-10 -



which is a chiral compound, characterised in that the chiral conpound is a
sandwi ch derivative of formula (1); -10 WO 01/47862 PCT/ CHOO 00673 c) a
chol est q{,?q,l,gq%yner net work obtai nabl e by copol ynerisati arcoéuemoeept i cal |y
active polynerisable nesogenic mxture conprising: i) at |east one chiral
or/and achiral nematic polynerisable m xture chosen from 5 the already
reported brodd & ahejesteric @h%;mar nah’tprécﬂbltén@ﬂblmémqr)olynmneatloal sf aif epticadlyanpl e
as in Adv. Nhte 9 Cryst. 307, 111 (1997),
J. Mat. Chem °“§gﬁ9%’?%§%’? %&ng‘?‘c g“ e°° < &% ions US 5593617: US
5567349; GB- A- 2297556; GB-A-2299333 DE-A- 19504224 EP- A- 0606940;

EP- A- 0643121 and_EP- A- 06069 t| o ally selected .10 from EP-A-0606940;
EP- A- 0643121 and)EPY Aeaé%@t?sfggal ‘?f lfaéa%ff‘at&n@%ﬁ?rﬂ%bledﬁlﬁaﬁ% chpset EPRul a
(1); ki) an initigp ereadjjﬁe;!)df‘)ed%%ddqlﬁﬁéé o amapghmggerwnﬁnemaﬁw favi ng
at | east one polynerisablé functional group, nore optional iacryl ate
conpound: and v) opteowid asjinaddt Afir Seld7 (19930 WMehiriat. lp@l eryetr i3§abl 1d

chol esteric m xture S ably
85 to 95 o by wel one” D ar Sk §203 TaoRFePhn dofend BubiBaih 05 iR
crystal; 25 ii) O. 1US<556¥)34|90, R {Ae22556;1 tGBlﬁ :%993’33\/\/e| gbE- mﬂ9i{)4czhnral

conpound of fornul 0 % r abl 2to2iob i ght
of a photoinitiat orﬁp %8&689 E:b }\ 6%31201 ISP A-0 06939 optionally s€ ected
10 from EP-A-0606940; EP-A-0643121 and EP-A-0606939;

ii) at least one chiral dopant of formula (I);

iil) an initiator;
15

iv) optionally a non-mesogenic compound having at least one polymerisable

functional group, more optionally a diacrylate compound; and

v) optionally a stabiliser;
20

d) chiral polymerisable cholesteric mixtures, essentially consisting of:
1) 70 to 99 %, preferably 85 to 95 % by weight of at least one achiral

polymerisable liquid crystal;
25

1) 0.1 to 30 %, preferably 1 to 15 % by weight of a chiral compound of
formula I,

i11) 0.1 to 5 %, preferably 0.2 to 2 % by weight of a photoinitiator; and

iv) O0to 5%, preferably 0.1 to 1 % of a stabiliser; and

-11-



30iv) Oto5 % preferably 0.1 to 1 %of a stabiliser; and -11 WO

01/ 47862 PCT/ CHOO 00673 e) a cholesteric fil mobtainable by the steps
conpri m@@@;ﬁﬁrzl ng the above mixture in the nononeric sp@t/enadisbern Situ
WV polynerisation of the resulting ordered mxture. 5 The invention also
includes: a) the use of the conpounds as dopants for liquid crystals; b)
the use of the echpeuersiin obfamablg h)’r&lstswpli mmplrmngpr@hsgtlctrahmﬂmﬁat@tmr| ng
a 10 polyneric,chal e use choI ste

pol ymer network." n‘r% I}loq%ééfc 4trr%?é aggbﬁégg[ffﬁ[} e%(} By safl F%? %esu PS¢ %ﬁreedsterl c
film in opti cahmaafq)onents such as optical filters and pol ari sers, and
especially colour filters, optical pass band filters, solid state 15
cholesteric filters for projection displays and circul ar polarisers. The
conpoungs ofrhgli}g,ehp(y@md PBluARYy be readily prepared using nethods that are
well known to the person skilled in the art, such as those docunmented in
Houben- Wyl , Methoden der Organi schen Chem e, Thiene-Verlag, Stuttgart.

The compoundy. Mo 85 of R AT A RSB gt L e Loy 0

O(CH2)60--0 O i) CH3SCRC ii) HO OH Et3N

b) the use of the compounds or liquid crystalline materials for manufacturing a
10 polymeric cholesteric layer; and
c) the use of the cholesteric polymer network, chiral polymerisable cholesteric

mixtures, or cholesteric film, in optical components such as optical filters and
polarisers, and especially colour filters, optical pass band filters, solid state

15 cholesteric filters for projection displays and circular polarisers.

The compounds of the invention may be readily prepared using methods that 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

20 example be made according to the following reaction schemes:

-12-



RTHE DMAP -O0 0 O\/\- -O(CH2)60C~ \\ \LCO(CH2)60 -CCH 11 0 OO
Croe/sto4/Hzo Acetone 0 0 \ O(CH2)60C~ ~ -CO(CH2)60 O OO (100 O HO

LW\ 3NV OTHE}-0OH /DM 07\ 0 hoifephafdhrR) 60C-
\ CO( mz}‘@ﬁg‘ J pCTicHbb i 2)

Scheme 1:
\ on
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°>\ O i
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\\_ 0 o 2)6 —\\
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°>\ O 0
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\—FO(CH2)60-©—\<
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. b N
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000/ 0O0{\ O -00/ O OOO O(CH)60C O 10 \~-CO(CH2)60 O O\\ 0
-13 WD 01/ 47862 PCT/ CHOO' 00673 Scheme 2: OO OH 0 POCI3 O 00 OH K CO O
o)

g&{/‘wséOM H O Acetone FIO0O OOO O v HO O/ PCT/CH00/00673

1
DV

Scheme 2:

OH
J l pock

©

_0
oo™

K-CO, Q
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Scheme 3:
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0 C03/H2S 0 JH20 Acetone HOO 0 EDC OH DVAP CH2CI2 C%1 O : "0=0 0O
-15 WO 01/ 47862 PCT/ CHOO/ 00673 EDC :

N ( 3- Di l@ggnopropyl ) - N -et hyl carbodi i m de hydrochl orp@gcHbVENEY3

N, N- O met hyl am nopyri di ne; DVF: N, N-Di met hyl f or mam de According to the
synthetic ways drawn in Schemes 1-3 typical exanples 5 representing
pol ynmer i sabE®Ehi r &-(3:RBamathylathinopropiy )&t ietgdcasitdivmiden hyreodhddhideni MMAPst of

conmpounds ane,pt.epared.. This.|li L gggwe er. to be understood only as
illustrativ ’A%lpﬁ%ﬁa“fl?%‘fyﬂ%?{be’ @M“l?% F m?f;{h)i“;?émfﬁ‘ ent invention: 0 0 \
OWoooo0o O~ ~0

According to the synthetic ways drawn in Schemes 1-3 typical examples
5 representing polymerisable chiral “sandwich” derivatives shown in the following list of
compounds are prepared. This list is, however, to be understood only as illustrative

without limiting the scope of the present invention:

10 E. 1
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-19 WO 01/ 47862 PCT/ CHOO 00673 Example 1: Diisopropyl
L-2, 3-bis-{2,5-bis-[4-(6-acryl oyl oxyhexyl oxy) ben: oyl oxy] bef nzoyl oxy} -

succi nata,oqlg,7§6 \\ OO(CH)GOC-\\ O O _CO(CH,)60 O O HerTRHIGAMX \ O
}-0 0/ 00201 \\ '--~ QCH)6011 O O _OQ(CH)60 0 X O\\" 500a

)
2,5-Di -[4-(6-aci ny oyI oxyhexyl oxy) ben: oyl oxyJbenzal deht'de 0 O (CHz)60 C
Q(CHZ) 60 O Exa@pl D A sol ution of nmesyl chloride (4.23 g, 36.94 mmol) in 10
nil of dry THE was added 10 dropwi se under argon over a period of 15
m nutes to a cooled (-25 C) solution of 4-(6-acryl oyl oxyhexyl oxy)benzoic

aci d and tr Detsbpyropyiing 3(p20¢ 23-pist[a-(BGchlloydbxyBiexylokdbenzof Ry JbeaY loRy}- M Xt ur e

was then stirred for 60 mn at -25 C, treated with a sol uti on of

succinate
i
CO(CH,)GO—@—\<
_O

O

t >—©—o<cmpc
o}
\\—EO(CHmo \

o)

5 O

a)  2,5-Di-[+4-(6-acryloyloxyhexyloxy)benzoyloxy |benzaldehyde

Q 2
N 0>—©>O(CHZ)60C—\\
O(CH,) o—<: :>—< :
(ﬁ) 2)6 \ —

A solution of mesyl chloride (4.23 g, 36.94 mmol) in 10 ml of dry THF was added
10 dropwise under argon over a period of 15 minutes to a cooled (-25 °C) solution of
4-(6-acryloyloxyhexyloxy)benzoic acid and triethylamine (20 ml) in 80 ml of dry THF.
The reaction mixture was then stirred for 60 min at —=25 °C, treated with a solution of
2,5-dihydroxybenzaldehyde (2.3 g, 16.65 mmol) in 60 ml of dry THF containing 195
mg of DMAP and further stirred at —25°C for 2h. The reaction mixture was then
15 allowed to warm to room temperature and stirring was continued overnight. The
reaction mixture was then poured into 120 m! of saturated NaHCO3 and extracted with
2 x 200 ml of ether. The combined organic extracts were washed with 3N HC! (200 mD
and semi-saturated NaCl solution (2 x 100 ml), dried over MgSQy, filtered and dried to
give a slightly yellow pasty material. This was purified by flash chromatography over a
20 short silica column (CH;Cly/Et;0 : 19.5/ 0.5) to give a white residue (9.25 g) which

was dissolved in CHCly (25 ml) then recrystallised from ethanol (250 ml) to give pure

-20 -



2, 5-di hydr oxybenzal dehyde (2.3 g , 16.65 mmol) in 60 m of dry THE
containing 195 ng of DVAP and further stirred at -25C for 2h. The reaction
m xture H§3 15 allowed to warmto room tenperature apdrehbibdehd Was
continued overnight. The reaction mxture was then poured into 120 m of
saturated NaHCO3 and extracted with 2 x 200 ml of ether. The conbi ned
or gani ¢ ext 2aedid4eraeryigyitrachexyloly ®Rnzqeloxydonzatiighydanes serwhitatonystalleéts NaCl
solution (2 Xu}gpﬁﬂph%fp ied over MSO4, filtered and dried to give a
slightly y erial. This was purified by flash chromat ography
over a 20 short S|I|ca colum (CH)C12/Et20: 19.5/ 0.5) to give a white
resi due (9. was d s olved jn CH2C12 (25 nl) then recrystallised
from et hano%)r’( 2%6\%1%1 ﬁ]{ C@W ’éV"’%}Ef”v@ %*i}bzzf? 9 BT CHOO 00673
2,5-di-[4-(6-acryl oyl oxy- hexyloxy)benzoyloxy]benzaldehyde as a mhlte
crystalllne material. Yield 8.5 g. b)
2, -[4- (6-acryl oyl oayhexyl oxy) ber r oy}s
HOQ
yde (8.24 g, 12 mmol) in

\\_CO(CH2)60 OOO O-0 < >

was added to a [

[4-(6- acryloyloxym¢x§?h§p9ﬁe

acetone (300 ml) ®n a dropwi se fas : period of 30 mn. The
reacti ony mi xture was stirred overni ght Hf’roon1tenperature The resul ting
green-orange m xtuye off to ve a gre ecip te that
was washed wPiH Oéb%n&ﬁ%ﬁflﬁshﬁz%ﬁ?{gfﬂ BUNBRTES & gatoOLe Bl GhE hard
washed wi th &g §EryHRdxb RS RRLS 1SRN BB IOR i E2RPEN 8RN in acetone

(300 ml) in a dropwise fashion over a period of 30 min. The reaction mixture was

O(CI—|2~OC
i dan 03/ sto4/ ) (48 m )

stirred overnight at room temperature. The resulting green-orange mixture was filtered
10 off to leave a green precipitate that was washed with 600 ml of ether. The combined

organic solutions were washed with water until the orange coloration disappeared (6 x

250 ml). The colourless organic solution obtained was washed with saturated NaCl

solution (2 x 300 ml), dried over MgSO, and filtered. Removal of the solvent gave pure

2,5-di-[4-(6-acryloyloxyhexyloxy)benzoyloxy]benzoic acid as a white crystalline
15 material. Yield 8.5 g.

¢)  Diisopropyl 1-2,3-bis-{2,5-bis-[4-(6-acryloyloxyhexyloxy)benzoyloxy Jbenzoyl-

oxy}succinate

20 A solution of mesyl chloride (1.10 ml) in 5 ml of dry THF is dropwise added to a
solution of 2',5'-bis-[2,5-di-(4-(6-acryloyloxyhexyloxy)benzoyloxy)]benzoic acid (10 g)
and triethylamine (19.8 ml) in 125 ml of dry THF, cooled at -25°C and maintained and
under argon atmosphere. After complete addition (15 min), the reaction mixture is
further stirred for 120 min at -25 °C then treated with a solution of diisopropyl L-tartrate

25 (1.35 g) in 20 ml of dry THF containing 695 mg of DMAP and the reaction mixture is
further stirred at -25°C for 2 h. The temperature is then allowed to reach room
temperature and stirring is continued overnight. The reaction mixture is filtered over

Celite and evaporated to dryness to afford a slightly beige pasty material. This is then



250 m). The col ourl ess organic sol ution obtai ned was washed w th saturated
NaCl solution (2 x 300 m), dried over MgpSO4 and filtered. Renoval of the
sol vent \gg\§4pdse 2, 5-di -[4-(6-acryl oyl oxyhexyl oxy) benzpdwxndoaessoi ¢ acid
as a white crystalline 15 material. Yield 8.5 g. c) Disopr-opyl

L-2, 3-bis-{2,5-his-[4-(6-aciyl oyl oxyhexyl oxi )bern_ovl oxyJben: oyl -

oxy} . Sri ccifirmhehfinatographedi @mrr efsilme splunuhifderdohg fute d0saprdpyl h-253-bis-{@f5-dry
THE i s dropw dde Q ol ution.of . o e

> st bt oo [ EEROS R Bey Ry bR nsegs densisyicinass ensio: dndiette 10
(y) and trihetéiladdemieation df theddmpouiid &3 dilsopfopdiriytafirite] a0k &patnt-o29C and
mai nt ai ned and . under argon atnosphere. After conplete addition (15 mn),

the reacti oRaleiakwihigh pecomesppsiyppen $1A9diRe- f or 120 nin at -25 C then treated
with a sol uyle«p(psqj‘ diisopropyl L-tartrate 25 (1.35 g) in 20 m of dry THE
contai ning 695 ny of DMAP and the reaction mxture is further stirred at
-25C for 2 h. The tenperature is then allowed to reach room tenperature
and stirring_ is G 1iti nued overnight. The reaction mxture is filtered over
Celite and g%‘-%ed to dryness to afford a slightly beige pasty material.
This is then -21 WO 01/47862 PCT/ CHQO/ 00673 flash chromat ographed over a
silica colum affordin pure_ di i sopropy 3-bis

D1 5. [ -  6- ABIIBYDBRTM LT G iseir By oL Be o yrBRyY-HEe) Herey bie L

i ndi catjpng g lhgafor mal derl vation of the conpound from diisopropyl
L-tartrate] as a transparent oily material which becones. pasty upon
standing. 5 Yield: 5.0 g. Exanple 2: Diisgpropyl D2, 3-bbs-i 2,

5-bi s-[ 4-(6-acryl oyl oxyhexyl oxy) benzoyl oxy\j l()%ﬁi)sé'@ succinate O

Q( CH2) 60C o g N\
\\—CO<CH2)60@—\<
U 0

\\—§O(CH2)60 :

Following the procedure described in Example 1 (C), the reaction was performed with
10 g of 2',5"-bis-[2,5-di-(4-(6-acryloyloxyhexyloxy)benzoyloxy)]benzoic acid, 1.10 ml

15 of mesyl chloride , 19.8 ml of triethylamine, 1.5 g of diisopropyl L-tartrate and 695 mg
of DMAP to afford, after flash chromatography over a silica column, pure diisopropyl
D-2,3-bis-{2,5-bis-[4-(6-acryloyloxyhexyloxy)benzoyloxylbenzoyloxysuccinate [the
“D” indicating the formal derivation of the compound from diisopropyl D-tartrate] as a
transparent oily material which becomes pasty upon standing.

20 Yield: 6.3 g.



-COQ(CH2)60 00~ 11 -~O0 000O0-{ }-00\ OOQCH2)60CO- 0O \CODb
(CH2) 60-~ o Followi ng the procedure described in Exanple I (C), the
reacti onwmémgﬁgforned with 10 g of PCT/CHO00/00673
2',5" -bis-[2,5-di-(4-(6-acryl oyl oxyhexyl oxy) benzoyl oxy) ] benzoic acid, 1.10
m 15 of mesyl chloride , 19.8 m of triethylam ne, 1.5 g of diisopropyl
L-tartrate gErRampRSB:ny of DVAP to afford, after flash chromatography over a
silica colum, pure diisopropyl
D 2, 3-bi s-{2,5-bis-[4-(6-acryl oyl oxyhexyl oxy) benzoyl oxy] benzoyl oxysucci nat e
[the "D' i pdbgat i ngpkhe.-bokRRyI8Shd R BB 10l B e B RAUNS 6 S50 QoL 50pT opy|
D-tartrate] as a transparent 0ily nmaterial whi'ch becones pasty” upon
st andi ng. 2@aviigrld: 6.3 g. -22 WD 01/47862 PCT/ CHOO 00673 Exanple 3: O
OD- {2, 5-bis-[4-(6-acryl oyl oxyhexyl oxy) bert zoyl ox¥)} benzoyl }-1, 4, 3,
6-di arnhydro-D- mannitol ~ ( )Q( CHzZ60C_ %E@l\ \\4i Q(CHZ)60 OO0

o

O(CH,);0C
. ° Y
CO(CH2)60—©—<
I ) —0

\
Q

0z
B
0 o) 9
>\—<: :}—O(CHZ)GOC
N\ ¢ A
CO(CH:)GO‘@
1 0

5 0

Following the procedure described in Example 1 (C), the reaction was performed with

1.5 g of 2',5"-bis-[2,5-di-(4-(6-acryloyloxyhexyloxy)benzoyloxy)lbenzoic acid, 0.17 ml

of mesyl chloride , 3 ml of triethylamine, 0.14 g of 1,4,3,6-dianhydro-D-mannitol and 61
10 mg of DMAP in 50 ml of THF to afford, after flash chromatography over a silica

column, pure 0,0-di-{2,5-bis-[4-(6-acryloyloxyhexyloxy)benzoyloxy]benzoyl }-

-1,4,3,6-dianhydro-D-mannitol as white crystalline material.

Yield: 0.28 g.



OHO OO _) }-QQCH2)60C -CQO(CHL)60 O11 5 0 0 Follow ng the procedure
described in Exanple | (C), the reaction was performed with 1.5 g of

2',5" -big-[2 5-dj-(4-(6-acryl oyl oxyhexyl oxy) benzoyl oxy)]b ifoodedrs. 0. 17
m  of ng"s‘é&”%’ﬁ&oride , 3 nil of triethylanmine, 0.14 g of TCTCHI0R
1, 4, 3, 6-di anhydro-D-mannitol and 61 10 ng of DVMAP in 50 ml of THE to

afford, aft fdAsh. chromat ography over a silica colum, pure
O Odi-{2, 5%’%‘@%‘( 6- acryl oyl oxyhexyl oxy) benzoyl oxy] benzoyl }-
-1, 4, 3,6-di anhydro-D-mannitol as white crystalline material. Yield: 0.28 g.

- 23 WO 01/ 47862 PRCT/ 0673. Exanple 4: A mixture is formilated
consi sti ng &m‘)gurf ‘5%["6?“%‘ ?ﬂSﬁ%ﬂS*s?@% - ~0 OQ(CH2)60CG-~ % O O - CO(CH2) 60 O
O\\ 11 0-0 00 O{ _

5 1 % by weight of

0 i
\>—©—O(CH2)6OC
N\ o © A
CO(CH2)60—©—<\
I 0 —0
b
0
)
>—o 0
) 0 0
>—<: :}—O(CHZ)GOC
N\ & © A
CO(CHZ)GO—@—§
1]
) )

and

10 99 % by weight of

Q i
>—<: :}—O(CH2)60C
. 0 © A
C0(CHﬁ@—©—§
1l 0 o

o]
H,,CO

This mixture forms a cholesteric phase with a pitch of p =4 um.
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kI-10 > 00 ~00(CH)60e O O- \\ 0 COCHZ)60 CO 11 0 and 10 99 % by

wei ght of 0~ "-'~ 0 \\ Q(CHZ)60C ~CQ(CHZ)60 O OO O\\ 101 OH ,CO This
m xt Wgr g@zﬁ chol esteric phase with a pitch of p = 4 mCT/Cﬁ&)/M@g,Ol/ 47862
PCT/ i] Clains 1. A conpound of fornmula I: A A2 [ii] n1 E"
CGE2 [2ln231 24 AM-AS
Claims
1. A compound of formula I:
A“——l\l/lel——A2
]
[T ni
’
E —C‘ZG—E2
i
[T n2
3 2 4
A MG—A D)
5
in which:
Alto A4 each independently represent hydrogen; an optionally-substituted
methyl group; or an optionally-substituted hydrocarbon group of 2 to
10 80 C-atoms, in which one or more C-atoms may be replaced by a
heteroatom, in such a way that oxygen atoms are not linked to one
another;
El and E2 each independently represent hydrogen; an optionally-substituted
15 methyl group; or an optionally-substituted hydrocarbon group of 2 to
80 C-atoms, in which one or more C-atoms may be replaced by a
heteroatom, in such a way that oxygen atoms are not linked to one
another;
20  Bland B2 each independently represent a single bond, an oxygen atom or an

optionally-substituted hydrocarbon group of 1 to 80 C-atoms, in which
one or more C-atoms may be replaced by a heteroatom, in such a way

that oxygen atoms are not linked to one another;

-25 .-



in which: Al to A4 each independently represent hydrogen; an

optionall y-substituted nethyl group; or an optionally-substituted

hydr ocar hon p of 2to 10 80 Catons, in which one or s may
be repl a@g) 18'3&2 het eroatom in such a way that oxygen at%@bgpgmﬁ?t) | i nked
to one another; El1 and E2 each independently represent hydrogen; an
optionally- St d : : n L AN 2 | fut.e

hydr ocar bonﬁ/g?o%dg I\l(/)IFQZ q[a%'f? 1%%%@%@3%%50%49?%&{%@0R&g}&gﬁg?bl%%@é%ﬁgr%% (?rray be
repl aced by a heteroatmmrarpbmagsucirbacyw@ly dr Heterooyghemingt gnemarvatnottol §nked
to one another; 20 Bl and B2 each independently represent a single bond,
an oxygen atomor an o A Bhal | y-substituted hydrocarbon group of I to 80
C-atonms, in which one or nore C-atons may be replaced by a heteroatom in
such a way that oxygen atons are not |inked to one another; -25 WD

01/ 47862 PCFCHOO 00673 aiilen @r Retyvadert shir @spondeht | y represent an
optional |l y-substituted aromatic or non-aromati c carbocyclic or heterocyclic
ring system with 1 to 80 C-atons; 5 CGis a divalent or polyvalent chiral
group; and nl asho2 n2 ar#eeadhindembepenigeinod 3, wheor <1, = Bh¢ore n2ril 23 igdicftey " n2

= 2") indicates the presence of two separate |inkages vi he groups B 1
(or the groups B2) bet&%@é’ﬁeste‘i‘&? ngﬁwaagpaﬁmﬁawemac gr@@%g(q\mﬁg ,grogés and
in which further the sugstyiGiding, (,I,ggl-gv,lq@%dw d%%fl},/ﬁgd ach have a
| ongi tudi nal axis and ar e)t K niec} Tsit efal 1o the (sai ongﬁzg’di nal axis to
Bl and B2,
and in which further the substructures A-MG!-A2? and A3-MG2-A* each have a
longitudinal axis and are linked lateral to the said longitudinal axis to B! and B2,

respectively.

15 2 A compound as claimed in claim 1, in which CG is a chiral group derived from a
sugar, from an optically active biaryl group, or from a bifunctional or polyfunctional

compound comprising an optically active alcohol, glycol or amino acid.

(U8

A compound as claimed in claim 1 or 2 in which:

20
nl=n2=1
4. A compound as claimed in any preceding claim, in which at least one of Al to
At E!and E2 includes a polymerisable group.
25

5. A compound as claimed in claim 4, in which at least one of Al to A*, E! and E2

independently is selected from formula (11):

P-(Sph)k1-(Xh - (11

30 wherein:
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respectively. 15 2. A conmpound as clained in claiml, in which CGis a
chiral group derived froma sugar, froman optically active biaryl group,

or fro ' tional or polyfunctional conpound conprisgiEg@pesBti cally
acti vemﬁ%@k%ﬁ%gl ycol or amno acid. 3. A conpound as clained in claim!]l

or 2 inwhich: 20 nl =n2 =1 4. A conpound as clainmed in any precedi ng

claim in whichsahydragt #ne PblyMeritdle Adoup Edl@Rd BEbnh NEloUSE Scomprising
pol ymeri sabl e group 5. A conpound as clained in claim4, whi

| east one of AICHZ=GW-, E1 %ﬂtf' 01,ndep€ﬂﬂ‘2€§tw ¥ 0Q-,sel e@ﬂ@&cﬂ?kﬁrﬁ@ér,nﬁl a

i(lsI %ydroégﬁlérlgﬁx%ér%qpsﬂim e grou {:g{:lcgcziﬁﬁmmoéﬁ gzgglz E%P%OOWS i

agz% COCK:lZ_EQ/é *_WO&HZE%EBH @OOCHziéﬁf%t CO@IBUCH CH-,

CH2=CH ©OC-, ( ROhI3Q+PGEEH )53 CHBO-CHS- (Wﬁﬁ HEDS (CFE)m,-HﬁD(@&BMﬂ?»@O
HS- ( CH2) nB-, HC%(ICHZ nB000-, HS(CH2)113COO-, HWN\-, %

CH2=CH- Ph- (O, , HA(CHm: €08  CH= coO FRPCEN=000- R CHm@HRR-(Qiler ei n:
Wrepresents H F, O, Br_or | or a Cl-5 al kyl group;

0 R R"
HWC—CH- , @—CHZCH— \@—CH:COO— or @—CH:COO—R‘
R
wherein:
W represents H, F, Cl, Bror I or a Cy-5 alkyl group;
10 m3  is an integer having a value of from 1 to 9;
m4 is an integer having a value of O or 1,
R'  represents a Cj.5 alkyl group; and

R"  represents a Cj.5 alkyl group, methoxy, cyano, F, Cl, BrorI;

15 Sp! represents an optionally-substituted Cj.o0 alkylene group, in which one or more

C-atoms may be replaced by a heteroatom;
k!  isan integer having a value of from 0 to 4;

20 X! represents -O-, -S-, -NH-, N(CHj3)-, -CH(OH)-, -CO-, -CHx(CO)-, -SO-,
-CH3(S0)-, -S0O;-, -CH»(S03)-, -CO0O-, -0OCO-, -0CO-0-, -§-CO-. -CO-S§-,
-SO0-, -0S0-, -SOS-, -CH>-CH>-, -OCHj3-, -CH>0-, -CH=CH-, or -C=(-; and

t!  isan integer having a value of 0 or 1;
25

wherein the term Ph denotes phenylene and (Ph) denotes phenyl.

6. A compound as claimed in claim 5, in which one or more of CH; groups present

in the hydrocarbon chain of an the optionally-substituted Cj.2¢ alkylene group Sp! is

-7 -



10 nB8 is an integer having a value of from1 to 9; md is an integer having
a value of 0 or 1, R represents a C 1-5 alkyl group; and R' represents a
C 1-5 al o oil794p. methoxy, cyano, F, O, Br or |; 15 SplpeepiReeehs an
optional Il'y-substituted Cl1-20 al kyl ene group, in which one or nore C-atons
may be replaced by a heteroatom k1 is an integer having a value of fromO
to 4; 20 Xlréptpeeseddpendddtly, bySone orl\hd)r‘e rcN(p@'S’a}:cted fr@h’l(-@ﬂ) s- -}@@ \I(eﬁlgbZ(CO)
-SO, -CH(SO-, -S02-, -CH2 SOZ - OCO-, Co S,
-S00-, - OSO-CH(@ds, -CO 2CH2(3§PJ7,0502- G@@éﬁozhr CQ&C OCéhd t1

)
s anlnteg val r1; rein_the term Ph _denotes
phenyl ene anécm g"‘eﬁgt"es&gri g086’ ngonpi\gﬂid -G5Ce dGkebr » (@ Fm°‘5 in
whi ch one Ol € ( ai {an t he
opt 1 onal | y- SUattFol da P8 R BRERD pud Belelf aRHY 53NN GRS ect
PCT/ CHO® 0063, wieptiao®tand nNdependgnédeyt, lmpM@ntg;m&caﬁggp& Slelngghed
from-0-, -S-, -NH, N(CH3)- - CH(OH) - CH2( SO -
- S02-, - CH2{rSemeys I, s aghol eachmpenden@Gmsem@n@@erof meqlam - 08O,
-S%—, -GG, -(CF2)-r , -(CD2)s- or C(W)=C(W)-, with the proviso t hat
no two oxygen atons are directly linked to each 5 other, wherein WL and W2

each represent, iAnctepenedeas tiyimdd inking pHeydhg calm,Gh vatich Ahe A*RAEBEISEY . S
and gl each i Iﬂ&/ﬁ)&dgntly represent a _nunber of between 1 and 15. 7. A

conpound as 8¢ shtlyEsPrpicat e @iy of famma M) which Al to A4 and El1 to E2
each i ngependently represent a group of fornmula (I11): 10 P2-Sp5-X4- (111)

PLSpS-X+- ()
wherein:
P2  represents hydrogen, CH>=CW>- or CH,=CW3-(CO)10-,
R
@cnzcoo— or @—CH:COO-R‘
135 R’
wherein:

W5 represents H, CHs, F, Cl, Bror I; and
v2 isOorl,
R'  represents a Cj_s5 alkyl group; and

20 R"  represents a C).5 alkyl group, methoxy, cyano, F, Cl, Bror I;

Sp3 represents a Cj.3¢ straight-chain alkylene group, especially ethylene, propylene,
butylene, pentylene, hexylene, heptylene, octylene, nonylene, decylene,

undecylene, or dodecylene; and

[
h

X+ represents -O-, -CO-, -COO-, -OCO-, -C=C-, or a single bond, especially -O-,
-COO-, -OCO- or single bond.



wherein: P22 represents hydrogen, CH2=CWb- or CH2=CWs-(CO 7-20, R"
_CII:COO- or CH:COO-R 1; R, wherein: Wb represents H CH3, F, C, Br or
l; and r represents a Cl-; al kyl group; a

represents a fﬁﬁg aIkyI group, methoxy, cyano, F, d, Br g?T%?m§%WW3
represents a Cl-20 straight-chain al kyl ene group, especially ethylene,
propyl ene, gbut ylAeB@mpcﬂﬁlﬂta}ﬂcﬁ'lﬁed Rexanl ﬁr@ébdu%tfélhﬁ(ﬁ %%vhx&?éa)éh%’ﬂ%nhé?%%@ne
decyl ene, undecyl ene, or dodecyl ene; and X4 represents -0-,

_000-, - ocogroupsR.and/sr B cemprises aigseup, ofdepeds M)y - 0-, - OO, oco or
singl e bond. -28 MD 01/ 47862 PCT/ CHOO 00673 8. A conpound as clained in any
preceding claim in which each or either of the groups B 1 and/or B2
conprises a group of formula «Nyhz(&ﬂ%bt@Kb§p2)kZIV1X3)t3 (Iv) 5 wherein:
Sp2 represents a Cl-20 al kyl ene group; X2 and X3 each independently
represemt -Ovhereis. U NH | N(CHB) - -CH(O-l) -CO, 10 -CH2(CO -, -SO,
-CH2(SO -, -S02-, CH)(SOZ)-, -COO, -OCO, -0CO- O, -S-CO, -COS—,
-S00-, -0sO, -SCS—, -CH, -CH2-. -OCH2-, -CH2O, -CH=CH, -C=C or a single
bond; Sp? represents a Cj.)¢ alkylene group;

X2 and X3 each independently represent -O-, -S-, -NH-, N(CH3)-, -CH(OH)-, -CO-,
10 -CH»(CO)-, -SO-, -CH2(SO)-, -SO3-, -CH»(SO3)-, -COO-, -OCO-,
-0CO-0-, -8-CO-, -CO-S-, -SO0-, -0S0-, -SOS-, -CH»-CH;-, -OCH>-,

-CH,0-, -CH=CH-, -C=C- or a single bond;

k2 is an integer, having a value of 0 or 1; and
15
t2and t3  are integers, each independently having a value of 0 or 1;
with the proviso that oxygen atoms are not linked one to another.
20 9. A compound as claimed in claim 8, in which B! and B? each independently
represent a group of formula (1V), wherein:
X2to X3  each independently represent -O-, -CO-, -COO-, -OCO-, -C=C-_ or a single
bond, especially -O-, -COO-, -OCO- or a single bond; and
25

Sp? represents a Cj.pp straight-chain alkylene group, especially ethylene,
propylene, butylene, pentylene, hexylene, heptvlene, octylene, nonylene,

decylene, undecylene or dodecylene.

-29 .



k2 is an integer, having a value of O or 1; and 15 t2 and t3 are integers,
each independently having a value of 0 or 1; wth the proviso that oxygen
atons ar inhked one to another. 20 9. A conpound as } hddzCl aim
8, in V\h&é@&té‘ﬁsgi;d B2 each independently represent a gr O%S%WQP%| a
(I'V), wherein: X2 to X3 each independently represent -0-, -CO, -COO,
-0CO-, -C=Cqp. or Mcshpling asRoided @sRBCHREIINg Olaim, -iPXRich atdehdt oBE o MGl e
bond; and 25 Sp2 represents a Cl1_70 straight-chain al kyl ene group,

especi al | y enéhM@hegpresonts pyinesogenib @rgureeneprising: 3t| lease fwh optjorafe-subiipatgd ene,

octyl ene, nqnyl ene ecyl ene, ;undecyl ene or .dodecyl ene. -29 WO 01/47862
e oot 0oa ARG e B e AR R R B RRE RS g Ci A m 1 1w ch

at least one of MGl and MX represents a mesogeni c group conprising at

| east two optionally-substituted  aromatic or non-aromatic carbocycli ¢ or
het erocytl i dlri ng* 8PS asslajmed o aynpyeeRdinsadaial an Mdtrh WeaQiW?fF@%@QGng
claim in i 5 r f represent ] -0up
conpri si ng\l\}lfyngi t(;M % g?@-rﬁ%e{;{ﬁcgg% s?%n-a%%ﬂ tc:gg%n(s:gl blogoygla?%lﬁaégeﬁrg?%?%%ggrl?c
ri ng systenadndydptarbe@tdcycligringsystebrsiaddiopgorgilpupso 3 bAdgiAe gampeund as
claimed in claim1l, in which Ml and MX® are selected from 10 the

meani ngs of fornulae (V): Cl-(Z1-C2)al-(Z2-C3).2-(Z3-C)a3 (V) in which:

15 Cl to G4 gre i4c6a68Lnease|dNEeRPAGENT ] Yn QR O0R 43 S4BS bl Wikfkd from
non-aromati c, aromatlc, carbocyclic or heterocyclic groups;

10 the meanings of formulae (V):

Cl-(Z1-C2)a1+(Z2-C3)a2~(Z3-CHyas (V)

in which:
15
CltoC* are in each case independently optionally-substituted non-aromatic,
aromatic, carbocyclic or heterocyclic groups;
ZltoZ3  are independently from each other -COO-, -OCO-. -CH;-CH>-, -OCH>-,
20 -CH;0-, -CH=CH-, -C=C-, -CH=CH-COO-, -OCO-CH=CH- or a single

bond; and

al, a2 and a3 are independently integers O to 3, such that al + a2 + a3 < 3.



Z1 to Z3 are independently fromeach other -COO, -0OCO. -CH2-CH2-, -OCH2-,

20 CHZO

al ,

-CH=CH, -CC, -CH=CHCOO, -OCOCH=CH or a single bond,

e independently integers 0 to 3, such thaf’C’?z’bHﬁO/@ﬂ%ﬂ" a3 3.
“30 WO o@?’ﬁgﬂ@&

PCT/ CHOO 00673 13. A conpound as clainmed in claim112,

which C1 to C4 are selected from (L)ul L )u2 (L )u3 ,N INNOG-L N
(L)u2 L )u3it ) uB cobblobpdids {lhinkd if bla)rthZz(lh“)mle C L) @Hlarblsdbctdd b - M\ N -

VNV 3-

ul
2

0 Oand ~s~ wth: L being -

-COCH3, -NO?, -CN, or hal ogen

being 0, 1, RL)3 or 4, 2 being 0( _ _ and u3 bveing 0, 1,

. 14. A conpo as cl ai n cl ai
from 10 optio -substi d cycl
phenyl ene, yl ene oK

exylenay( pheryl , or
r phena );.Fene.

conmpound as cI ai rred |n any precedl ng cI aim in which\Al to A4 are

15 16. rrpound as gliajigred in any preqgeding claim in which
and E2 are id

i dentical .

El

10

15

20

§i% N\ (L)
(L) N-N

(L) (L (Um (L Ju

Yy Ey . A o A

with:

L being -CHj3, -COCH3, -NO3, -CN, or halogen
ul being0, 1,2, 3, or 4,

u2  being0, 1, 2, or 3, and

u3  being 0, 1, or 2.

14. A compound as claimed in claim 13, in which C! to C* are selected from
optionally-substituted cyclohexyl or cyclohexylene, phenyl or phenylene, naphthyl or
naphthylene or phenanthryl or phenanthrylene.

15. A compound as claimed in any preceding claim, in which Al to A* are identical.

16. A compound as claimed in any preceding claim, in which E! and E2 are

identical.

17. A compound as claimed in any preceding claim, in which MG! and MG? are

identical.

18. A compound as claimed in any preceding claim, in which CG is a chiral group

having at least two chiral centres more preferably two adjacent chiral centres.

and

in
N~ N

5
or

to A4 B sel ected

15. A



17. A compound as clainmed in any preceding claim in which MGl and M& are
identical. 20 18. A conpound as clainmed in any preceding claim in which CG
is a chi 019(7{?&‘3 having at |east two chiral centres norgcpeabgogh y two
adj acent Iral centres. -31 WD 01/47862 PCT/ CHOO 00673 19. A conpound as
claimed in any preceding claim in which Bl and B2 are identical and both
consi sting of single bonds, oxygen atons or an optionally-substituted
hydrocarbon group of 1 to 3-C atonms. 5 20. Aliquid crystalline material,

in the forml gf adl FQfUP@nér%Plalmtidn@ anx tpecsding (@einpoinywhich Bl sst dderare

pol ymer gel . r conpon

| east one of&v%?a? Xﬁ&h%hl ra Of%%qpeﬂ) dg%ngé%nc g&‘:‘é’geﬁn PRI rTH ethswut firal
conmpound ishgdrooar’pmugtdupbfim];nﬂ] zaox@l;) as claimed in claim1. 10 21. A
liquid grystalline material, in the formof a cholesteric mxture, or
cholesteric polynmer network, conprising at |east two conponents, at | east
one of whichois a Qllflbl'aal:rfysﬁﬂméohll@ﬂ:ﬂap hiar 8t &rinS8d d Mqhi Iaarcryrsttlﬁm‘éh}n'iﬁhre
conmpound is a conpound fornmula (I) as claimed inclaimil

chol est eri ¢ (g0pglymer, rekasi@snee. eblvanenaasll eorbyolymeiohgtmerk, seamipisingf a'al*ﬁa@ptW@al ly
active pol y@@xﬁbér?elﬁ s aﬁ@a':‘s?gﬁgb?wmc tlé"ﬁ%h?@%“pghﬂg chér%ctgltlsed g%]% t(?l'i]ee }ﬁm ral
or/ and achi nemat I ¢ polynerisable m xture osen From 20 "chiral and
achi ral nenabmpoumitlemcaﬂnsoundlc)ffaxtmdlaeelstas daenedhn claimdopant of formula (1) as
clain'edloin claiml; iii) an initiator;

21. A liquid crystalline material, in the form of a cholesteric mixture, or cholesteric
polymer network, comprising at least two components, at least one of which is a chiral

compound, characterised in that the chiral compound is a compound of formula (1) as

claimed in claim 1.

15
22. A cholesteric polymer network obtainable by copolymerisation of an optically
active polymerisable mesogenic mixture comprising:
1)  atleast one chiral or/and achiral nematic polymerisable mixture chosen from
20 chiral and achiral nematic materials;
i1) at least one chiral dopant of formula (I) as claimed in claim 1;
i) an initiator;
25

iv) optionally a non-mesogenic compound having at least one polymerisable

functional group, more optionally a diacrylate compound; and

v) optionally a stabiliser;



25 iv) optionally a non-nmesogeni c conpound having at | east one

pol yneri sable functional group, nore optionally a diacrylate conpound; and
V) optioga dyegeStabiliser; 30 -32 WO 01/47862 PCT/ CHOO @e4,63100/86673 A
chiral polynerisable cholesteric mxture, essentially consisting of i) 70
to 99 % by weight of at |east one achiral polynerisable liquid crystal; 5
i) 0.1 to 38 % bychiai pblymefisadldholedlerie RAHNEssehtidigrddbigide & claimed in
claim iii) 0.1 to 5 %by weight of a photoinitiator; and I0 iv) 0 to 5 %
of a stabiliser. 24. A cholesteric filmobtainable by the steps conprising
ordering a chira & : L ] i i.cl aim 23
in the nononeri cli)st Z?(lgyg%é! @ﬁ@élgwﬁ(&b@%g}%%ﬂ%g%'glﬁﬁ%}b%t ﬁ‘l&?g?ﬁ@h ng
ordered m xture. 15 25. Use.of a conpound as clained in any one of clains 1

to 19 dopant.. far. | i.quj tal's. 26. Use of d as.clained i
any one i ol o mi) 10g0 5% By F9Fifr B enar et Sab RN aR g B e

in claim20 or 21, fior manufacturing a polyneric cholesteric |layer. 27. Use
of a cholesteric polyner network as claimed in claim22, a chiral
pol yneri sabl e chol esteric mxture as clained in claim23, or a cholesteric

filmas  claimed b ool @ism:3wdith 9k bhabiniRIROREN s such as colour filters,
optical pass band filters 5 and polarisers.

10 1v) 0to 5 % of a stabiliser.
24, A cholesteric film obtainable by the steps comprising ordering a chiral

polymerisable cholesteric mixture as claimed in claim 23 in the monomeric state and in

situ UV polymerisation of the resulting ordered mixture.

15
25, Use of a compound as claimed in any one of claims 1 to 19 as a dopant for liquid
crystals.
26. Use of a compound as claimed in any one of claims 1 to 19, or a liquid crystalline

20 material as claimed in claim 20 or 21, for manufacturing a polymeric cholesteric layer.

27. Use of a cholesteric polymer network as claimed in claim 22, a chiral
polymerisable cholesteric mixture as claimed in claim 23, or a cholesteric film as
claimed in claim 24, in optical components such as colour filters, optical pass band filters

25 and polarisers.



