EP0310628B1 Description This invention relates to novel chiral conpounds
suitabl'e for use in ferroelectric, SEF t:'*@sjgb%ﬁi d crystal mxtures, and to
such m xtures and devi ces which inc 3’ t em 5 Ferroel ectric
smectic liquid crystal materials use the ferroelectric properties of the
chiral tiltsgdeapgmtic C, F. G H |, J and K phases (designated [err] etc.
the asterisk denot| ng chirality). The [err] phase is generally the npst
useful, as it Thi inkénBorMRRdss kd hbvél,chirdh Bomdourds sMRABIL ife Wbadinl fdtroBiedhid sdca: iquidterysiare
mat er i al S hramEred,and Brsidh rhiktures Bl dedcds Wbl incdipdidte érA.SEe at t enper at ures above
t he chiral snEetdelectihemseetic Kqidapsiabhaterialsfuae the ddrioglenwiz droperiesiof] thegehiral titedysieatic
devi ce. Fer¢€.delBeltlyd anddhmhases (dekigmpted $ coate heabtensh denotingl chiralitys iThea®d phaseds genbrally
vi scosi ty, themopt yshials assit 1sOthe imwst flvish endsit isaradiculatly lriesicable tthiatrthe rregtasipleshpwemere Sa or
whi ch i ncl uekesticiderioted iN) phasp atrternreraturescahiewe; theethiral ateqte bhass; trcassistisuridce sligament inay |
and in par t jauid|castahdeyiee. Fopeningtie swertia fieuidierysizh materialsdasinblychaes Iy viseosity, Spghases
measur ed™ n‘hft@Pﬁs %Hc%bf??&tt%ﬁﬁeaﬁ"%e @quéY'“q’HlS w@bmq t?'t‘ ragye, &lm»caf %[’étph°t°°h°'_“'
switched | | FBb' é’ﬂ paﬂi"%‘ @@ytan ""§"|'t E‘eisﬁrﬁﬂ&ﬂﬁj%"‘ 2.
show al | of Sthaa ?ﬁgb‘f‘%p P g d's Iy ect r| C srrec

l'i quid crysta m (I n rae] o?) ;Erfeo %ﬁ%’?mc
compounds, ‘ﬁa i%% ﬁiom T% sﬁ ﬁﬁ%‘é#a gw bt
compoundd ' b Dy aargn c bse), called a
separatel y %??\Qéﬁfcqnoé Gﬁ\é Qrepraatﬁfes roQ@ sy oft{ﬁ'd ﬂtu@ 60t & prm&és able
phase), ~cal dniidicpnasdiBnd lohe BORdrs is a?t%caw Ectl biripbf@ Swhich indlia35 ReEmikak 1o be chiral
propesties é?rfec!i&'lﬂeéiiy W4 afond@g Subh SpHRHRY Bctive ébﬂfé&ﬁnb& &6 bfllod et driOchaPRBamtsANd

one Or NRY e | PCPaORtapiRatiol WAS BENUDST 86¥RbESE séits OR optidslly Gofve iR Blyath1 LopduRdse
chiral Sﬁecmat%nwurdmebﬂmgmbkl a good Ps. Such optically active conpounds are
called in the art "chiral dopants". 20 PCT patent application WO

86/ 00087 describes a series of optlcally active liquid crystal conpounds
that contain the chiral groups: [err] Wh&f X represents [err] represent
the resieue of the nmolecule. Al of tR Bonpounds described necessarily
contain the phenyl pyrim di ne group, 35 ag the mesogeni ¢ unit. The
pyrimdine ring is said to be particularly beneficial in the short

nol ecul es descrijbed as |ts nol ecul ar conflguratlon i ncreases internolecul a

di stances i¥ofhe BRigSRts © Ryt R %"l‘?ﬁﬁj}e Al of the
conpound® (EIRPYnARdesaribgd n %Bssf@ﬂ“aﬂ °a9?8“ym$ '5'“%@3'7 "hese tgwo conmpounds do

not show snectic phases by thensel ves. plication WO 87/05015
descri bes a series of compounds havi n al formula
. 38 N
k/ as the mesogenic unit. The pyrimidine ring is said to be particularly beneficial in the short molecules

described as its molecular configuration increases intermolecular distances in the bulk, thus reducing the
viscosity. Among the many compounds described are :

c1
C8H17-< o}@o-(cnz) gén.cnzcn3

and

50 CN

N
|
CyqHy3% © )—@-o-cnzcnzcncnzcna

85 These two compounds do not show smectic phases by themssives.
PCT Application WO 87/05015 describes a series of compounds having a general formula



3 r EP531062081 [err] 5 where X may be CN, halogen or [err] may be al kyl
or al koxy, [err] are |inking grmgpsogﬂfli\??b ] are cyclic groups (e.g.

phenyl etc). No exanpl es of” conmpounds e?ée{x is CN are described, and a
.preference for X being halogen is expressed. It is an object of the present
I nvention to provide further npounds having advant ageous properties for
10 use in ferroelectric t¥c 11quj X es. O her objects and
advant ages of the presem -Q Q%-mém ge;)#‘ﬂn%p ent fromthe foll ow ng
account. According to a first aspect of the |nvent on there is provided an
optica# ly active conpound having a general fornula I below 15 CN 20

[err] inwoge &max hasCl jogrmorHzkipi Rigand R§avayrbe) alkyt or akoxys &7, QPef'rgnd\gR @reclinking s
sel ect ed 9PYRS AN N r‘bﬁ% ofre @F"r ’°‘<‘£F %?"Vhwo&q/exa@a'eﬁof@mem sr‘f"l‘?@’sx BEN5 s

t Ee s?nﬁarlgld;g['? cA"d tpf%%’c ory IF ngr %ﬁé& mg ag\vap geggq et
pheny a om a
si ngl & W%T@bcome |r’: o E&% S cﬂ"’ct res. {Jther, ok e"il RLgse Ivelian g s

al kyl con

0 or g A aLI st a3 of the Pc())n té%rla 84:&?%&%%’;1 oﬁ(& 05{,9\,9[ %BLU"M%E% i's
conpoundg ornu? “are useful as chiral dopants in ferroe|ectr,c

smect i,g I|qU| d crystal 45 m xtures with a host conponent. Therefore
according to a fuchher aspect of the present invention there is provided a
ferroel ectri clxsgegﬂork liquid crystal m xture contai nLMt t wo
cenmpounds at [Ie e of which is a conpound of For . relative

us f | ness of vari*ous conpounds of Fornula | is one of the factors
determe ning the structural and other preferences discussed herein. 50 In
For mul a inwhigh Xds pgredpdhasihd 3 gembialstruciure al koxy, containing 1 to 20 carbon

atons, especially n-alkyl or alkoxy containing 7 to 10 carbon atons. Al koxy
Is nore preferred.

T etede

U ‘where R is selected from hydrogen or Ci -2 alkyl or alkoxy, each of the rings

80
35 is the same or different and is each independently selected from phenyl,halogen-substituted phenyl or frans

cyclohexyl, A is selected from a single bond, COO or QOC, ais 0 or 1, Y is.selected from COO or O, and B
g\/ is alkyl containing 1-12 carbon atoms, cyclohexyl or a group

40 _(cnz)d—{: >—R'

where d is 0 or 1 and R’ is selected from hydrogen or C1-12 alkyl or alkoxy.
Many compounds of Formula | are useful as chiral dopants in ferroelectric smectic liquid crystal
45 . mixtures with a host component.
Therefore according to a further aspect of the present invention there is provided a ferroelectric smectic
liquid crystal mixture containing at least two compounds at least one of which is a compound of Formula I.
The relative usefulness of various compounds of Formula | is one of the factors determining the
structural and other preferences discussed herein.
50 In Formula |, R is preferably alkyl or alkoxy, containing 1 to 20 carbon atoms, especially n-alkyl or
alkoxy containing 7 to 10 carbon atoms. Alkoxy is more preferred.
When -Y-CH(CN)- is present as -COQ-CH(CN)- it is particularly preferred that B is cyclohexyl or alkyl.
When B is alkyl it may be n-alkyl, branched alkyl or optically active alkyl. The branching in the
branched alkyl chain may be at any point so that when B is branched or optically active alkyl it may have a
65 structure B':



ol
When -Y-'*CI—l(CI\I)- is present as -COO-CHCN)- it is particularly preferred
that B is cycl ohexyl or alkyl. W‘erEFBg'ﬁo g@{ it may be n-alkyl, branched
al kyl or optically active arkyl ranching in the branched aIkyI chai n
may be at any point so that when B is branched or optically active al kyl it

may have a 55 structure B" 4 Oﬁ%gﬁgOBl [err] where t may be O or an
integer 1-8 and n an? the Ba r different and haye val ues 1-6.
Preferably t is 0 or E %L\Lg?;t one of n or mis 1. Preéerred al kyl
groups fromwhich B may be sel ec ﬁ |sted belowin table 1. 10 Table 1
[err] 25% Particularly preferre al’kyl groups in table 1 are

underli ned. Sone exa Ies of preferred(ﬁrou ps X in formula |, especial

where - Y- Cl‘g t.m o e 1"‘t'ﬁ%’ by e SEPegr dfaanh aRsshaxe éa“ﬁséfeed
in table 2 Bl Table 2 [err] where R
is n-alkyl or fmug%ﬁgbvg‘fq'o%mﬁyo?ﬁsﬁeﬁ?ﬁ %?efg’ é‘é(l"la)% 8 Lt oms. OF these
structures 2.1 to 2 7 are 35 preferred. Jus particularly preferred overal

structures for the conpound of Fornula | "are therefore |listed bel ow

CHs CH(CHa) CH,CH(CHs):

CzHs CH(CHa)C2Hs CH2CH(CH3)C2Hs

Cz:Hy CH(CH;)CsHy CH2CH(CH3)CsH>

CqHs CH(CH3)Cq Hs CH, CH({CH3)CsHg

. CsHiq CH(CH3)Cs H1 1 CH2CH{CH3)Cs H 1

b CsHis CH(CH3)CsHia CH2CH(CH3)CsHia
CrHis CH(CHs3)C7His CHzCH({CH3)Cz2Hi5

15

20 CsHiz | CH(CHg)CsHiz | CH2CH(CHs)CeHiz
CaHis CH(CH3)CsHis CH2CH(CH3)Cs Hig
CioH21 | CH{CHz)CioHz1
25 Particularly preférred alkyl groups in table 1 are underlined.
Some examples of preferred groups X in formula |, especnally where -Y-CH(CN)- is -COOCH(CN)- and
with the preferred B groups are listed in table 2 below :
Y %
35
o
40
45
50
65



in Tabl €3 40 45 50 55 6 EP0310620B1 Table 3 5
CN [err] where [err] n-alkyl or ngpldeigepy R2 is Cl-Cl2 n-alkyl or a
branched or opti.cally active alkyl group of structure B especially those
structures listed in Table 1, and (F) indicates that a fluorine 50
substituent nmay be present. The ﬁﬁ!lrealz centre(s) in a conpound of Formula I
may be of (R) or (S) configurat <o, if the conmpound contains nore than
one chiral centre then preferably these are such as to induce the formation
of [err] phases having the sane sign of Ps in a ferroelectric smectic
m xturé in which the e } uded. Conpounds of Formula |I_in which the
unit -Y-CH(CN)- ié‘@'@ay be prepared for exanple b%/°]55 a nunber of
w dely applicable ro s 1¥5~“shown schematically in Figures 1 to 5.
Compounds of Fornul a \n Anch -Y-CH (CN)- is -OCH(CN) rr?lgfe prepared for
exanpl goby route é‘ure 6. Inroutes 1 to 6 th oup Bis in
sone cases introduced—nto e conpound of Fornula I using an al pha-hydroxy
NI 3
a

carboxylic acid of_fp EP 0 310 620 B1 B 5
[err] or an al pha-% ot formula: 10 [err] 15 F%U:t‘es l1to 6 are

of general suitability_but e particularl suited to cases where B is
al kyl, ;phenyl or R‘O_G 2.4
U 020220,
20 :
o
o

25

2.9

sO

where R is n-alkyl or n-alkoxy, especially containing 3-12 carbon atoms. Of these structures 2.1 to 2,7 are

35 proferred.
Some particulatly preferred overall structures for the compound of Formula | are therefore listed below

L/ in Table 3

50

55



cyckohex¥l . Sone of these acids are comrercially available in an optically
pure enantioneric form e.g. the hy g&uogﬁﬁgpxylic acids lactic acid (B =
[err] and mandelic acid (B = phenyl), and the series of comrercially
avai l abl e or naturally occurring am no acids, e.g. alanine, valine,

| euci ne, isoleucine, butyrine, alloisoleucine, 20 norvaline, norleucine
and phenyl al ani ne. As many such #&able & e of biochemcal origin, they are
often available in optically pure forms of one or nore enantioners or

anti podes, thus yielding optically pure products, whilst at the sane tine

being refatively cheap he_use of GMese acids where possible is therefore
preferred. Alternatg vg¢ S '§?L y be synthesised, typjead to a

wi der range of B—grﬂobpc?? ydgrgixy 25 acids may irfpf act be
prepared fromthe correspondi ng am no acids by reaction of the amno acid
with nitrous acid at |ow tenperatures: B CN . B
[err] (ewg. "Tet r ahedrf Q) slg¥ggg{ A C S (195?) 78, 2428). 35
Q her et hods of plrh!m o% %9% T’ boxylic ac ozs are wel |
known, for exanple as d&scribed in "Chéem stry of Carbon Conpounds" ed D H
Dodd (pub El sevier) (1952), 1B, p 78p-781 (Ref 1) which lists 11 nethods of

pr epar atjson, i ncl uding osg—~wher e ry\pe straight chain, branched chain
or optically acti vdimm no aci ds havi ng3eh appropriate
B group may be synthéshsed Be/generfal Wwed known 40 methods. Preparation
ofia sui t abl e al pha hydroxy or am no acid should therefore present no '
di fi{iculty to the conpe hem st . Ane:;ﬂ;?%s- _r epar ati on net hods result
in racemec m XturesgoO. 8 0‘1 nti podes3 ffiey nmay be
resol ved by known et hy g A he use_of brueine_of steroespecific enzymc

reactions. 45 When the amino acid used to prepare the al pha-hydroxy
acid or used directly eg in route 4 contegmns functional groups in its side

chain B, these may ge &d_2 X3 qg ueture of the grqyp?B. For
exanpl e ¥erine, threp 2N d n t22n -OH groups iM*Their side

chai n, which enables the"i ntTfoductton of ester or ether |inkages. Aspartic
and glutanic acid contain - groups in their side chain which al so
enabl e ester or other |inkages to be introduced. 50 Exanpl es of the

t ypes of y,unit which can_be introduc into a conpound of formula | using
am no acids with fuﬁ(l: @ @ iggoc-rpe Side chain includg; 655 8
*
CN
® R COOCE-R 3.7
1 * 2 )
' CN :
o O cooln, 3.8
P Rlogn-nz 3.9

where R; is Cs-Ci2 n-alky! or n-alkoxy and Rz is C1-Ci2 n-alkyl or a branched or optically active alkyl
group of structure B' especially those structures flisted in Table 1, and (F) indicates that a fluorine
s0 substituent may be present.

The chiral centre(s) in a compound of Formula | may be of (R) or (S) configuration, and if the
compound contains more than one chiral centre then preferably these are such as to induce the formation
of $* phases having the same sign of Ps in a ferroslectric smectic mixture in which they are included.

Compounds of Formula 1 in which the unit -Y-CH(CN)- is COOCH(CN) may be prepared for example by

§6 a number of widely applicable routes 1-5 shown schematically in Figures 1 to 5. Compounds of Formula I in
which -Y-CH(CN)- is -OCH(CN) may be prepared for example by route 6 shown in Figure 6.

In routes 1 to 6 the group B is in some cases introduced into the compound of Formula 1 using an

alpha-hydroxy carboxylic acid of formula :



EP @ 310£620 B1 10 [err] Similarly where routes 1-6
bel ow require the use of a carbox #6 general structure R-X-CO2H
(where X is as defined in fornula T) nany of these are comrercially
avai l abl e or el se may be synthesised by well known general nethods for
exanpl e hydrol ysis of the correspondi cyano conpounds R-X-CN. 15 The
I ndi vi dual steps of routes 1-6 are idgntified below. Route 1 The steps are
identified below. 20 (1) (i) 209HOxCHGOOHerr], nethanol -water (9:1) pH
7.0. (ii) Ph CH2 Br, DW. (2) N, N - digcycl ohexyl carbodiim de (DCC),
4-(N-pysrolidino)-pyridine (NNPPy), [err] (3) 5% Pd/C, hydrogen, ethanol.
25 (4) (i) oxalyl chloride, benzene, dinethylformanide (DMF). (ii)
aqueous amnenfiRha-aging psjchef formali i [err] DMF. Although it is illustrated for use
wi th 4-al kyl - or al koxybi phenyl [err] - carboxylic acid, Route 1 is
generally 30 suitable for all acids ofgformula [err] and particularly

sui tabl™® for those groups X whi ch confEJn rings 35 linked by single bond.
By the use of lactic acid in step Hj§-GH+@QOQused to be methyl, but other
honol ogous al pha- hydroxy carboxylic acids nay be used to cause B to be

ot her al kyl groups. By the use of mandelic acid, ie 40 [err] 45 B may be
caused kO bQRoQ@? QytJ) 8 aﬁp&t ngal ég‘(&bﬂll% Qﬁ cﬁlrar[ﬂgtllte@foeéaggsewhemﬁj fsodik?p phenyl or

chlorlde cfciohedyH,  ethanol, water ar to Route 1 steps (

Some of these acids are commercnally ava|lab|e in an opfically pure enantiomeric form, e.g. the hydroxy
\ carboxylic acids lactic acid (B = CHz) and mandelic acid (B = phenyl), and the series of commercially
\_/ available or naturally occurring amino acids, e.g. alanine, valine, leucine, isoleucine, butyrine, alloisoleucine,
20 norvaline, norleucine and phenylalanine. As many such acids are of biochemical origin, they are often
available in optically pure forms of one or more enantioners or antipodes, thus yielding optically pure
products, whilst at the same time being relatively cheap. The use of these acids where possible is therefore
preferred.

Alternatively, these acids may be synthesised, to lead to a wider range of B-groups. The alpha-hydroxy
25 acids may in fact be prepared from the corresponding amino acids by reaction of the amino acid with

nitrous acid at low temperatures :

. B
\J30 HN&HCOOH*’HNO HO(‘:HCOOH+HO+N
HoN-CH- 2 =9 HO-CH- 2 2
* %
(e.9. "Tetrahedron” (1979), 35, 1603 and J.A.C.S. (1956) 78, 2428).
35 Other methods of preparation of alpha-hydroxy carboxylic acids are well known, for example as
described in "Chemistry of Carbon Compounds™ ed D H Dodd (pub Elsevier) (1952), 1B, p 780-781 (Ref 1)
-'\/i which flists 11 methods of preparation, including those where B may be straight chain, branched chain or

optically active alkyl.
Similarly the amino acids having an appropriate B group may be synthesised be general well known
40 methods .

Preparation of a suitable alpha hydroxy or amino acid should therefore present no difficulty to the
competent chemist. Where these preparation methods result in racemic mixtures of the optical enantiomers
or antipodes they may be resolved by known methods, eg the use of brucine or steroespecific enzymic
reactions. _

45 When the amino acid used to prepare the alpha-hydroxy acid or used directly eg in route 4 contains
functional groups in its side chain B, these may be used to vary the structure of the group B.
For example serine, threonine and tyrosine contain -OH groups in their side chain, which enables the
P introduction of ester or ether linkages. Aspartic and glutanic acid contain ~COOH groups in their side chain
'i which also enable ester or other linkages to be introduced.
50 Examples of the types of unit which can be introduced into a compound of formula | using amino acids
with functional groups in the side chain include:

§5



9 s EPG310620B1 (4) oxalic acid, 90% aqueous ethanol (5) simlar to Route
1 step (2) (6) a series of steps‘_ar#'i,lggﬂy oté)ibroute 1 steps (3) - (5) As
with roure 1, this route is generalTy applicable to conpounds of fornula I
where one of the groups A5 in Xis COO By using other al pha-hydroxy
acids, different groups Bgpy be introduced into the nolecule, as discussed
above. Route 3 10 (1) hydr en, 5% [err] net hane (2) as route 1 step (1)
usi ng met hanol sol vent‘-“@fs’ﬁ‘ zqc]'“DCC N- PPy, [er¥3eT¢ aI kyl or al koxy)
(4) hydrogen, 5% Pd-C, eth@aneh. (5) (i)(coa) 2, benzene, DVF (i)
aqueous amoni a diglyne. (8) tH{eérr] DVF. 25 Route 1) Sodium N trite,
[err] (2) PhCH2 Br, D%OPF&CL%Q%WI) (3) DCC, Mé’ﬁ’(?”f’é’r‘S] 30 (4) [err]
(5) Oxalyl Chloride, ﬁerr] (6) [err] DWF Although route 4 is shown for
a case where X is an R, t he met hod r k qual 'y wel | using
any appropriate car boxf ?‘H@y“&é‘p (3). 35 (ﬂ%ﬁsi 3te 4, the group B
in the é?artlng am no aC|d Is the group B of the final product The anm no
acid may p it.s enantl nmer i c r {ca re})gem C Fi”‘ﬁb

fla al - X
WOUl.d Iead(thgr P‘ég% uﬁ?a flgtl nman o thes% N%{:Bli al bl? %rfli ? ﬁ n s é

e Y ds

may itself b\?&&]ﬁ@lb\% fegergﬁ%’tﬂ ly@L%m' lespo fno' cBm ﬁ%N

i sol euc '199 The individuat steps of routes 1-6 are ldentlfled below.
~ Route 1
\/ The steps are identified below:
20 (1)

(i) 20% aqueous Cs2CO; or Kz COz, methanol-water (9:1) pH 7.0.
(ii) Ph CHz Br, DMF.
{2) N,N - dicyclohexylcarbodiimide (DCC), 4-(N-pyrrolidino)-pyridine (N-PPy), CH2Cl2.
(3) 5% Pd/C, hydrogen, ethanol.
25 4)
(i) oxalyl chloride, benzene, dimethylformanide (DMF).
(ii) aqueous ammonia, diglyme.
{56) SOCL:, DMF.
'\_/a Although it is illustrated for use with 4-alkyl- or alkoxybiphenyl -4' - carboxylic acid, Route 1 is generally
3p suitable for all acids of formula R-X~CO2H and particularly suitable for those groups X which contain rings

®

linked by single bond. By the use of lactic acid in step (1) B is caused to be methyl, but other homologous

35

'\/' alpha-hydroxy carboxylic acids may be used to cause B to be other alkyl groups. By the use of mandslic
acid, ie
40
+
@-:-i -COCH
1
CH
45

B may be caused to be phenyl.

Route 2

50 (1)

55
ethy| acetate, hydrogen chloride.
(2) KOH, ethanol, water
(3) similar to Route 1 steps (1) and (2)



Var irous ®t her conpounds wherein the unit -YWH(Z)- is -COO CH(CN)- nay be
made via routes 40 derived fromrgig §310e2h gpOve. For exanple conpounds of
structure 3.4 nay be nmade by esterlfyl ng the product of step 3(2) with the
acid produced in step 2(2) and proceeding via a route anal ogous to steps
2(3) to 2(6{# oxakargoidLoteksaqoéous bthanol ure 3.5 nay be prepared via route 5 shown
I n Fi gur e 5S(spdiraitat forRputbriatptife commerci al |y avail abl e bi phenyl and

br omobenzoi §) asaries of 4l6pmalpgoudto(rdite VNteps @RS} i s present: n-Buli, ether,
-[err], 20 mhsnwith faurer T, thishipute INYenesally applitahlerto cdmpoynds of forgula h where pris; of the @roups A
ether, s[b#r¥is cpo. 1By ysing @thﬁrf]abfla-!wdfo[qequ qifferenpgroups i myrhedeteoduped iteothe Gelecule,
phenol , e§s fisresspd SRRt of steps 4(2) or 3(2), DCC, [err] (3) [err]

di - i sobutyl al uni ni um hydride, THF [err] The product of step 5(3) may then
be converé@ﬂiﬂo t he cyano corrpound eg of structure 3.5by a 55 net hod

anal 0gous t steE % Route 6 10 EP0310620B1 (1)

esteri f'f cat b9 wwaﬁ%ﬁ éx acid using eg DCC method. Some such
esters may aﬁ'"Py Civey fd\ﬁ e, eg ethyl lactate. (2)

tol uene-4-s phonyl chloride, pyridine. (3) [err] acetonitrile. 5 (4)
KCH, ethanol, H20. (5) and (6), as steps 4(5) and (6) Conmpounds of fornula
| may kg used as optically active m@ @ ebuferroelectric snectic
liquid crystal m xtures, |le as chiraldope#ts. en used as conponents of
such m xtures conpounds of formula 1, particularly the preferred conpounds
refierred topedovrRy, ORCLQRI=Cilky Baalkbgh | ow ng advant ages. 10 (i) They may
shoy _a ver y@hhyglsgenpsmntraiteatianopol ari sation coefficient (Ps). This may
convenizent | ) be expressed in terns of the extropolated Ps, ie the Ps of the
m xt ure ext r dj6DEkcbbneane, MM of t he conpound of fornmula |. This neans that

a quite a snd®laqueaenammaopke dighymeconpound of forrmula | need be included in the
m xt ure. (6) SOClz, DMF.

25 Route 4

(1) Sodium Nitrite, H2S0s
(2) PhCHzBr, DMF (Ph = phenyl)
W (3) DCC, N-PPY, CH2Cl;
30 (4) H2/Pd-C
(5) Oxalyl Chloride, DMF; NHs
(6) SOClz, DMF
Aithough route 4 is shown for a case where X is an R-blphenyl group, the method works equally well
using any appropriate carboxylic acid in step (3).
35 In route 4, the group B in the starting amino acid is the group B of the final product. The amino acid
may be used in any of its enantiomeric forms (a racemic amino acid would lead to a racemic product). The
\/ residue B in the starting amino acid may itself contain an asymmetric carbon atom, for example in the case
of isoleucine.
Various other compounds wherein the unit -YWCH(Z)- is -COO CH(CN)- may be made via routes
4¢ derived from routes 1-4 above. For example compounds of structure 3.4 may be made by esterifying the
product of step 3(2) with the acid produced in step 2(2) and proceeding via a route analogous to steps 2(3)
to 2(6).
Compounds of structure 3.5 may be prepared via route 5 shown in Figure 5 starling from the
commercially available biphenyl and bromobenzoic acid.

Route 5

(1) When the F is present: n-Buli, ether, -35°C,

20 min, ZnClz, THF, N2. '
50 When the F is not present: n-Bulli, ether, -5° t0 -10°C,

45 min; ZnCla, THF, N,

{(2) An appropriate alcohol or phenol, eg the product of steps 4(2) or 3(2), DCC, N-PPy, CH2Cla.

(3) Pd[Ph3P)Clz, di-isobutylaluminium hydride, THF Na.

The product of step 5(3) may then be converted to the cyano compound eg of structure 3.5by a

55 method analogous to steps 4(4) - 4(6).

Route 6

10



(iis) Thé&y may induce the appearance of chi ral smectic phases in the mxture
having a very long helical 15 .PigEdis10/§doB™®Y nDre conveniently be
assessed by measuring the chiral nematic err pitch they induce when m xed
with a nematic liquid crystal materal. A long pitch is desirable as in sone
ferroel ectri) estamtidaion df itt@leipha-bydysd atid deivg eeBCE Methid. iSoie sivb whters ey &8 cothmere
as possi bl e diay tvababispeetng lactbtet he el ectrodes, and in practice the

di fficulty of)tasnefesoliphong chiniideceysdise. wi t h decr easi ng el ectrode spaci ng.

(iii) Chiral @sfee0t.iacetenitsie.ur es cont ai ning them may show [err] phases which
persi st fover (@K, gbanokBger at ure 20 rnage, including roomtenperat ure

(iv) They ar@)@érﬁ%ﬁlsﬁ%"@haﬂﬁ(sh&n hosts and additives for exanp Ie t

di scussed belG9WP 92 °f‘[fﬁ aVo'l’? gs,edtaﬁ@ @sﬁ%“i"lq" °"81“s \%W"ﬂ‘ﬁﬁ f]g
speeds, th’é‘ﬁa |“¥xt g use "gpovﬁn est nds formua
appl i cat.i EP ° ’ o addr fe 89 e}{gnct)wnﬁ%

dopant s "ér e 30)

need be use n ere 'S Verse VI scosr |t

is often posg rJa? "ra ahenadaeam.e& BOARhird fsmb &t 'FHds@s th the miohatilg Qv&{‘ﬂnd—ﬁeﬂa!
enant | Oneri CofbQI KR sy MG Borfvbiidilly BY)8dsbssed BY msasmngttﬁbechﬁa%ﬁ\atmm- R ReyRiRdide
for theiT pryeAddORhEYerkklc Ay bbthiGnateldl] & 10WG oReh f RBsifabib @B iDEon® fsfrdsleatic
cont ai ni Ng t &HuAid QB Rryar delicas! thd pileh SIRGM bb @s CloSHE QBSOS tHeSPaINg Ok td)olebiibdes,
i npl udi Ng Oop4Masd préctite/thé bitfit@ty ON@diuiactom irgreades Witedecmagaglatdsodefspdcgrul a | i n
t hw Xt ur e. (i Ohiral smebticf reiktnee tadtzining chesimeaytshav $d* ghtiseb vehich pbraist avend widectemperature
accor di rg t omgdecincliiingnddmotamp@atéral Nns at | east one conpound of formula |I.
Typi cal |'y t hy) fiieytatercompatible witly maamyi hosts aRUaiitines joe xgivple dtose tiscussodpelemd of
formula |, et Ehewmad oi@dheopostikilfy of @ankighaswitohingt speedSswhidh is hleadwaniage, fnefof example
proporti onal videg scigen tro apriicaiensc Fhig ia| padly stimto (Hrabaverie thatrmanyniinown, ehiralsdopaitsgare
contai n one ‘(ﬁcmﬁrﬁ"é RERPBIYNES CotAintng e fbe E‘E‘ﬁ&?‘ é'f'elgg"do'?s indnged R coranouds ph
[err] pHase. 0'515' Bﬁﬁfﬂfg"%rr'@'em?ﬂ/\??‘ﬁ%d ° %f@aﬂ?ﬂeeﬂm AN ViSgo é?

mb f I(é 0%13?52 doA glwg erig fms as
Known, Sndcs'a e"feza W'ﬁ%%‘“z |a' P géug'eﬁpf "1'?‘8? Y %av?i}gg ﬁug s the
t hese conpo

I compens See Dalow (nclyding
ls :t‘rﬁre ouns ffo ea %ge € prere Ed!
espem al )y wh
reawn

OnV I'“eng
g?y il’ms 0? 9 gl le ?'11 lﬁ Rro yr§
e R Tl et
v

nvgﬁir 9(91 %{rlgast Me cloﬁtpound
parti CU| ar Lfyfo ula e'wp of {18 'cbm & ormufad, eg around
honol ogues ygep by IBé%eeéﬁr'Zﬁy ﬁ, @§§ft &ﬁuxﬁ Fort Rali é‘:ﬁouﬁtho? el dopahBprBsdhi!t -
These pref er @gl md@dd ShodkilcaMaiA BRs BORSHS Borhholits Which Rfiel séPariel & SogdMENVENB 2R Be
[ err] phasgne& seénsdomPelindy a6 kidwieslgndcidisicat ure range incl udi ng room
t enper atspir e, AiEde Alrfiser 3fcldsess’ df chRERIsahicA niaf P @Seat s smedid Musls &rb Rndwd| dnld sble
assi st in atamgRsersuitabio dalss laledistod!inQabyesd. Dk thesdt @mpdinds thospioCaimula 41h 2.3 bnr4
W Ibcont aB rare/fref@déd, eépebiailyt whemnffoanddR®, indeperaiomiy redntéin) 8610 45rbarDatbrbs. It is particularly
preferred to use a mixture of two or more members, eg homologues, of the same class for example to
reduce the melting point.

40 These preferred hosts allow the possibility of Sc mixtures showing an Sc phase persisting over a wide
temperature range including room temperature, and also an S, phase at a temperature above the Sc, to
assist in alignment of the liquid crystal material. Typically the mixture will contain 40-99% of host
compounds, eg around 80%.

50
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EP Q@ 310¥620 Bl 30 [err]
where [err] n-al kyl or n-al koxy. Agdptal Ll such a m xture nmay serve a
nunber of functions. One such funﬁ??gﬁhygﬁggp"pitch conpensators.” "Pitch
conpensation” is the inclusion in the ferroelectric smectic m xture of two
or nore conpounds which induce the appearance of helical snmectic phases of
opposite twi st sense. In such a case 3%able 4conmpounds will unw nd the

heli cal phase induced by the other. This nmay be used to pr.oduce a | ong
pitch helical snectic phase, and by the controlled use of appropriate
gquantitfes of the two conpounds the pitchof the m xture may be cl osely

controlled. In nmixtures accg. f@y @ 00~ aPi on, pitch compebsation nay
be achi eved conveniently by usyHg ®pposit M sting conpounds of fornmula l

as di scussed above which may, bg di fferent -ﬁunds of formula 40 | or
enantioners eg the L( +) araf @‘ 0:.} T -Rfe compound CN 4.2 CH [err]
Al ternafi'vely or additionally ‘% heF=og

y active additives may be used,
for exanple the am des deSC(Ab-- | P

B .87/ 00223, eg any of those |isted
in table 6 thereof, or the R ? {E}cﬁlbed in UK 50 Pateft:3Application
8703103, the latter being part

ui tabl e wheg_the host includes one
or noregzconpounds of fornul g | es pitch!caqunsators of these

two types includeradgdaieompdi ;@ 2C00 $oMerr] whePe [err] are
i ndependently [err] n-alkyl or n-alkoxy R 1s prggerably [err] Mny ot her
pi tch 10 conpensating. additiy ' be a t} t hose skilled in the
arti_jor exanple Wﬁ?g‘i‘t‘ he h%s'@i ﬁ@%@)’?ﬂaﬁ @sonpounds “P formula
4.1 or 4.2, a suitable pitch conpensator nay¥be a conpound of fornula 4.1

or 4.2 where RB or/and RA agk l&ﬁl_@@_g&@l@l or al koxy, gAddi tives
or an

may be used to encourage the aran phase at a tenperature
above that at which the [err] phase persists, to assist in alignnent of the
[err] phase during assenbl ygh : .-<:> 8B \Wien 15 the host aqpsists

| ar gel y?®of conpounds of fornul :
N.
A B 4.8
R O 'F- .
2O

where R* and R® are C-12 n-alkyl or n-alkoxy.

Additives in such a mixture may serve a number of functions. One such function is as "pitch
compensators." "Pitch compensation” is the inclusion in the ferroeleciric smectic mixture of two or more
compounds which induce the appearance of helical smectic phases of opposite twist sense. In such a case

35 the compounds will unwind the helical phase induced by the other. This may be used to produce a long
pitch helical smectic phase, and by the conirolled use of appropriate quantities of the two compounds the
"\/a pitch of the mixture may be closely controlied.

In mixtures according to the invention, pitch compensation may be achieved conveniently by using

opposite-twisting compounds of formula | as discussed above which may be different compounds of formula
40 | or enantiomers eg the L(+) and S(+) forms of the compound

£.2, preferred additives to achieve
this have a fornula:

o/

CN ./CH3

°8“17°’°°°'éx'm{ -

45

3

Alternatively or additionally other optically active additives may be used, for example the amides
described in PCT/GB 87/00223, eg any of those listed in table 6 thereof, or the terphenyls described in UK
s0 Patent Application 8703103, the latter being particularly suitable when the host includes one or more
compounds of formula 4.3
Examples of pitch compensators of these two types include the compounds:

12



20 \Ahere?[err] are independently n-al kyl or n-al koxy containing 1-12 carbon
atons, especially 5-9. Additives rra)équéﬁr%atmvel y serve the function of
suppr essi ng undesirabl e snecfic p ases such as SA or [err] so that these
appear, if at all, as far as possible fromthe working tenperature range. A
preferred cl ass of 25 additives fulcﬁllﬂlng this function are the esters of

formula: 30 .1 [err] where
[err] are independentl%l’@@‘%qcﬂ CQH'@ cont aining 1-12 5car bon at ons,
especially 5-9. Conpounds of rrrul al4c may al so be used as additives to

suppr ess sundesi rabl e sne Uk €S where they ase not used as
hosts. 35 Addi tived ot&eﬁ properties of the m xture,

for exanple to increase the sw tch| ng speed Conpounds vvh| ch do this

i ncl ude those whi ch contain a CN [er for exa e those of eneral
formul a 45 '@FJ ra'e\/\lﬁ?';ﬂp Ay at2e éﬁl‘j@ﬂtn aﬁ R o?]gs "I’a"l‘ 3/
si‘ﬁ'g su |c

o=
g‘@

cont ai ni iy .are @H‘s 8%

8 wi
exanpl e to ?rrﬂg’??]‘??g‘%%ﬁ':rg/g: } or e ?0"}5’??158@ acompw" of fogmpylagh1

310 620 Bl Prg mp iy Rk sr & Ebghatsgaw BN s
cont ai n_0- 50, 4" TAES 2t & When
pitch Coppepy Aol sﬁemar iy oFrmn e ﬁﬂnu 94513 o; rbreteraet, L e o

tw sting Cogppk ere err and preferabl'y no nore than about

wt % of corrpounds 5 such as 6. 7, 8.1 or 8.2. A mxture accordi ng to the

inviention may be used in an of the known types of ferroelectric snmectic

liquigd crystal electro- .cum -R'devi ce incorporatfd ng such a

m xture ks anot her aspect e | nve on. The invention will now be

descri bed by way of exanple onIy with reference to the acconpanying 10

draw ngs, wihestR efudiaretindgpentier@ly n-afsyl opuralisaxy gantainingtiel cérben ataswsperpecialy &8. t he

i nvneti on. Additives may alternatively serve the function of suppressing undesirable smectic phases such as S, or
Sg so that these appear, if at all, as far as possible from the working temperature range. A preferred class of

25 additives fulfilling this function are the esters of formula:

F,
L : B-COO R* 4

where R and R' are independently n-alkyl or n-alkoxy containing 1-12 carbon atoms, especially 5-9.
Compounds of formula 4.8 may also be used as additives to suppress undesirable smectic phases in
mixtures where they are not used as hosts.

35 Additives may also improve other properties of the mixture, for example fo increase the switching
speed. Compounds which do this include those which contain a

la
ically

CN

! 40 R

group, for example those of general formula

CN

R'-O—O< 8.1
. .

50 or

where R and R' are independent alkyl groups especially containing 3 to 10 carbon atoms.
Other known additives may be included, for example to improve viscosity, melting point or other

55
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Fig:7 ¥ graphs of Ps against tenperature for m xtures of the invnetion.
Fig 8 a liquid crystal device. Ilﬁp q@ f nmet hods of preparation of
conpounds of Fornmula 1, of férroel% r ctlc liquid crystal 15
materials including themand of a liquid crystal el ectro-optic display

devi ce usigagetikdem fol l ow. Exanple 1 Prepartion of; 20 25

[err] using Rekhe almixiiecdRcokdifglio tdinventionSmdydontaih BKB0I vi%adt iadditvés .pbrably 0-20%.

( pr evi ousloslyr midits anbln€ df Hitch BorRBRFERNL g} bé hadssaty) eg\ss Hars & 4% @t this Rigiterbiltmg O
(360 ml ), coampburdib.emwhdrél isTChHMeRd Rtlid@ths, ahdhpreforably ho marewas abouttted%t ab ce@hpodnds

W th 208 aochesBs7,8d@s8.am carbonate (ca 160 m ). The sol vent was renoved
under r educ el mixtuses sagprdingitio fhe invgntiomoday beeused di ahyeof thadnevan- typos f terrediastiic tswectie
from DVP (liguik cryeldl eldciro-pptictdevices Ane atdevipe ingarparaling Finh avmibduge isodnpiercaseest ghiheal t
obt ai ned ventien-i rred with benzyl bromde (34.2g) in DVMF (300 nl) for 15
hours. The CHwBrinygationtilb Rov e dpscrled J1vf Wayt?fé"?!@'? Pty with eetefpnse & e SRtampewir9and
then etHedrapings ahigeehovo t he r esi due 150 n1 The organi c | ayer was washed
successi vel Y9 [° err (nSOO m) and water
(100 M) anf Berat‘}i? e\ "Phe sol vent the

residual |d . r t
.esg#'aem ’{é o 5 § F&z agﬁuo@f @miﬂﬁ S ROTE
as. coul quilignae b lndol b o ugqq, ot e o ity devi +§

stirred mxture of 4 pheny 47~ - iC ac id (10 ) benzyl
lactate (S ffhe Prepared as in step 1(1) above and N-PPy (0 499) in

S|eve dI’IE'd'_["ET_F] (250 M) was slowy added a solution of DCC (7.5g) in
S|ebdr|¢@ep5.q5,fdf (50 mM). The m xture was stirred for 5h at room
tenperafgpure. The N, N- 4s dicycl ohexyl urea was filtered off and the
filtrate was washed successively with water (400 m ), 5% aqueous acetic
acid (100 m), water (2 x 100 nig JoLCRlLaR '%d (MgS™M). After renoval
of the solvent, the crude diester ifie col um chr omat ogr aphy
using silica gel and (4:1) dichloronethane: p roI eum fraction (bp [err])
as elue#t. The product was recrystallised fromethanol. The properties of
conpounds YRl in this way were: [err] Step 1(3) 55 The product of step
1(2) (10-12 gt) was dissolved in ethyl acetate (150 m). 5% Pd on char coal
(200 ny) ded and the m'xture was stirred under an atnosphere of

hydkogen ov +g | er Ra(290, . of b en vva onsyed)
s corth eyttt a5 et R T el YA U et R

i), an was add aqueous caesium
carbonate (ca 160 ml). The solvent was removed under reduced pressure at 50 c and the residue was re-
evaporated twice from DMP (2 x 100 ml) at the same temperature. The white solid caesium salt obtained
was stirred with benzyl bromide (34.2g) in DMF (300 ml) for 15 hours. The CsBr was then filtered off, the

35 filtrate was concentrated and then ether was added to the residiue (150 ml). The organic layer was washed

successively with water (100 ml), saturated Na HCOs (500 ml) and water (100 ml) and finally dried

U/ {MgSO0s). After removal of the solvent the residual liquid was distilled under reduced pressure to afford the
product as coulourless liquid (yield 28.8g; 80%), bp 96° C/0.05 mm Hg[aF4 - 12.9.°

40 Step 1(2)

To a stirred mixture of 4-R-biphenyl-4!'--carboxylic acid (10.8g), S-(-)-benzyl lactate (5.9g) prepared as
in step 1(1) above, and N-PPy (0.49g) in sieve-dried CH2Clz (250 ml) was slowly added a solution of DCC
(7.5g) in sieve dried CHz2Clz (50 ml). The mixture was stirred for 5h at room temperature. The N, N-

45 dicyclohexyl urea was filtered off and the filtrate was washed successively with water (100 ml), 5% aqueous
acetic acid (100 ml), water (2 x 100 ml) and finally dried (MgSO:). After removal of the solvent, the crude
diester was purified by column chromatography using silica gel and (4:1) dichloromethane: petroieum
fraction (bp 60-80° C) as eluent. The product was recrystallised from ethanol.

The properties of compounds prepared in this way were:

] R = CqHis mp 60.5°C; [«] %3 +21.6°

R = GioH210 mp 85°C; [a] %4 +24.2°
R = GgHy70 mp 625°C; [a] % +24.7°

Step 1(3)
55
The product of step 1(2) (10-12 g) was dissolved in ethyl acetate (150 ml). 5% Pd on charcoal (200 mg)
was added and the mixture was stirred under an atmosphere of hydrogen overnight. After hydrogenation
(500 mi of hydrogen was consumed) was completed, the catalyst was filtered off and the filtrate was

14



f EP0310620B!
OBl evaporated to dryness. The col ourless solid residue wa
S

recrystallised frompetroleumfr

carboxylic acid as col ourtess ‘neggb:é’gas%(g

of step 1(3) (0.01 nol) was initi
Ceact 1hg v th 10 oxalyl hloridan
i n sodi wvapjxatngtomgngh? gtéourl
of oxal yso*Ehegive §e cgngtyvggacn
reduced priesshibe. Th&RC) %fnﬁ
(20 m) ank= e 1856 14)
dropwisse viR O

oukié¥s nded®@Ur s at roomte
mper at ur e.
Ng@a‘gi:\ﬁr_edrenov_ed by distillation under
ride residue was dissolved in diglyne

7(\@ BYS: (92 utdosn of ammonia (25 ni -
orous stirring. After the addi ti(on the ?e;c'?i gg) mwitsu?gded

gejfﬁcp reQidugWas) recryatallispce freo PPYAIRYM
l

B160- [err]) to give the

rr] Step 1(4) The carboxyli [

|y converted into the acid c.Ig(H!,%gagg/d
P3™rops)

The excess

was stirred
vas Sl reegylgr Lertl hours at roomtemperature. The react)on It
vashed wi t hexcessy old water (200 nl) and the,pragicty ef_fT}Xture.Was
crystal lis E BogicdRldek stam.l:i)t(h@hmpl) Vas| I‘!Iyuﬁfqné &d Into | iR add byl réaetirgavithf f |
e S R S ol e
te ature. ofstoss of 08 i e_sgotvent v ) v §ON LI

g? : ??3 dm:} ucét ) es%ure.vmed:rudez ryggs' %&aﬂ fss \ﬁgﬁgig{l?ﬁ\é (20l dnhiitton i angp%ri de
Afteret h%aid“{cr}‘: @_ﬁmﬁfonihl@_; (17 g@@@)oqasgé%a zisg h Qhé)ia %&Mﬂﬁg}_m the a@g‘gp W9s| y
5 h €e inbxore stlgtmrquert VU ﬁoor rature. ofbdure wes[Hgo h oA W) |

OUr S5 gt hiatel (2001m) dnd Ene,psgaust W I, WiRRedSHith lekdes wettor mb PN igd jp A ¢
et her (2 Tnelftdductivgs crysialised, roleu g&@nﬁn (ﬁ@d)-idi)ecﬁ&yielpm@@gme' ag 2 Vhite RONERT; or
e S““‘””“-”"’Wrogé'i?"’c:;gi iR cesacts were ashed w i Catur o
s atate, LileRy VepiE R e

pr oduct

was purified b

-m xtur ezooﬁteeﬁligr of orm :
fractions contai ni [
95% aqueous _%F‘H%‘f?o‘fwi
crystal | i ferigoppsyysih =T

45 Step Jpapton mixture
Es s'zfx}uct extracted into ether

sodium hydrogen carbonate
removal of the solvent the pro
mixture of chioroform : petroleum fraction
were concentrated and recrystallised from

petrol eum f

Qolj:ioﬁ btkné proadct

so crystalline solid.
R = CsHis
R = CioH1O  yield = 0.92g (62%),
Example 2
35
Preparation of:
N\
40
using Route 2.
45 Step 2(1)
To a stirred mixture of th
acetate (80 mi) was added d
the addition the reaction mi
s0 washed with 10% aqueous sodium
(Mg SO.). After removal of the solven
by distillation under reduced
Yield = 10.4g (66%) bp 120-25° C/0.1 mm
55 Step 2(2)

A solution of potassium h
! stop 2(1) (0.038 mol) in C2Hs

col um chr omat ogr aphy on silica gel,
AR g Rloriceqe.eescmcen sipvgtide I%'Ru (En% vad B
(90083 peiba hY

«rea @Rbre tapBatuRy {99
(2 x 100 mi). The combined
(2 x 100 ml), followed by water (1 00 ml) and
duct was purified by column chromatograph

Polossons

e ethyl 4-hydroxybenzoate (0.063 mol) and 2,3-dih

ropwise a saturated solution
xture was stirred for 24 hours at room tempera

hydroxide (2 x 50 ml), followed
t by distillation under reduced pres

pressure to give a colourless liquid.

ydroxide (0.076 mol} in water (10 ml) was add
OH (50ml). The mixture was

eluting with a 3:1

8 Ehioaki@b to

L ¥ 0$e hdi;)gﬂn fieom
2rhop ureg. ©- mip@nd the
erther |i¢-\:)><(t)|$1f::ts L re withéd wittSatlteRagUieaus?.
finally dried (Mg $04). After the

y on silica gel, eluting with a 3:1

C). The appropriate fractions containing the product
d the final nitrile product as a white

raction (bp [err

ofcskeprii4)

{bp 60-80°
95% agueous ethanol to yiel

yield = 1.7g (71%), mp §5.0°C3% +55°

mp 985°C% +65

&»*
TH-CHa

CN

ydropyran (0.25 mol) in ethyl
in ethyl acetate (5 ml). After

of hydrogen chloride
ture. The mixture was then

by water (2 x 50 mi) and finally dried
sure the oily residus was purified

Hg (Short path distiltation)

ad to a solution of the product of
heated under reflux for 3 hours. On cooling, the

15



To & stirred mixture of the ethyl 4-hydroxybenzoate (0.063 nol) and
2, 3-di hydropyran (0.25 nol) in et ht-‘#o?ﬁ&hééﬁﬂso m ) was added dropw se a
saturated sol ution of hydrogen chloride in ethyl acetate (5 ml). After the
addition the reaction mxture was stirred for 24 hours at roomtenperature.
The m Xt urseivent@ast emoved by witiatwh umidr hedliOdh Mcku@ @ Uc-vetet (100 Dywehs auded o (ha residné)
m ), foll aaddhilybeingivigorofsly strréDantticyoletirbalow i1dad, 159% cueews HylgcHlcaie adid Wastagided until
renmoval ofthe deiitsofltheomniktule yeadhesitabbut atis. The prodiet wasesiracted infir attwbacetetet(2ie 1Q9) rhijand
resi due wdw qembingd erdanisyextiaots: warg washeshwithrwitar (3 e 8000l ans dried (Ma2S@«. Aftlex/iemeval of
col our | esghe #‘Jgg?;(!‘e opgde| eptasial Wes 4eysteliggd from 2:1] teluenp: Rarplpyn rEien ©p §8100° C) o give
distillati Zsf‘g%cw%l ution of potassium hydroxide (0.076 nol) in
water (10 m Yelgxs58 a0 eSS 9B esfinaqt 1%(1@ product of step 2(1) (0.038
mol) in [err 50m ). The m xture was heated under reflux for 3 hours. On
cool i ng EP O 310 620 Bl sol vent was renoved by distillation
under r(3duc LESSL e d ed to th N gacd

- iC aérd) m a

e zzhrﬁrﬁr?r o, "* % ﬁ%i%?ﬁ b ?ffzé b

pHS. eg{agﬁl utme i |nto Bt b, olurth o

conbi ne,q or Ofdl g&hm&ﬁd&eﬁ(ﬁ v?%e;dmmth ‘water (2 x 100 n1) and dried (M
[err] After rem)val of 5 the solvent the crude material was crystallised

from2:1 tguplpege: Petrol eumfractron (bp[err]) to give the carboxylic acid
as white Crystals. Yield = 5.8 g (69%, deconposed on heating at [err].

St eU( 3) 10 3dnitien eftoemc\am (0me31 asi)ie srates (e Ing) wak @ddat eckhie product dBistep 2(3) (B.p156tnkvy
benzyl msstaad thefwhSe (wey géndly taflaxed dar @) houma. Thersellikvn dvas Badiecdicpnd shet soivartt @ps tbmayed by
(esterifi dlistilation widert teduded cpraseurenClihd redidub aval yheated withy waterp§50 Ursl) agd thieproduct was
car boxyl i extecled ngrg e (20150 mi), gecbihe Oqrtined Biher exirastsunsre washaglyrith iwated(50 i) god dried
chr omat ogrt¥p f9 ks olisweieiprpdud (Ringlgiseeton e aas use fon gler 2(lrithent furtha pinffication-i on.
15 The prﬂﬂ@rc*t“?r@lﬂs"f’)p[“beﬁo‘\ﬁ/ {err] Step 2(4) A solution of oxalic acid
(0.0031npl) in water (8 nl) was added to the product of step 2(3) (0.0156
mol) 20 a whol e was gently refl uxed for 2 hours. The sol ution was
cool ed and t ol vent .was, renoyv, IatJ on under duc(g

The. resi du %‘ é’(% ﬁﬁ%ﬁ%& &L cpe c?t'ﬁ gfr é sg

i nt £t pe Ria et LA e X PRCTE ReTE MRas e" Weh

Water ( 0 “5@164%[9%‘ 1‘§§r$ Ehlrééscﬂéﬁ‘e Hfgeduct (single spot on
u

tic) was used for: step 2(5) w out rther purffication.
Step 2(6)

85 This step involved three separate steps (denoted {a), (b) and (c) below) analagous to steps 1(3), 1(4)
and 1(5). The properties of the products of each of these separate steps for R = CsHis0 are as follows:
\/ "~ {a) C149 S, 1981; [«1% + 17.6°
(b) C180 S, 189 I; [aﬁ, +15.0°
(c) C121 SC 132 S, 181 |; [a] 23 -2.3°

Example 3

Preparation of

N

“O@r=4

50
Using route 4

Step 31
ss (ref Stocker J Org Chem 27, 2288, (1962))
A mixture of L-(+)-mandslic acid (10g), acetic acid (1 ml) and 5% Rh/A1;05 (1.95g) in methanol (70 ml)

was stirred under hydrogen (30 atm) until the uptake of hydrogen was complete. The catalyst was filtered
off and the solvent was removed. Recrystallisation from carbon tetrachloride gave the cyclohexyl compound
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Yiel,d = 5 g(95%; [err] 25 Step 2(5) This step was perfornmed using a DCC
nmet hod of esterification analogous to that used in step 1(2) but using the
phenol product of step 2(4) i'nstead Ef0 8 e"’ﬂzyl | actate for
esterification with the [err] 30 carboxylic acid. [err] Step 2(6) 35

This step ifQv . Reparate steps (denoted (a), (b) and (c) bel ow)
anal agous t%%ﬁ%ﬁf&f&ﬁﬁg)aand 1(5). The properties of the products of

each of these separate steps for [err] are as follows: 40

[err] Exanpbk@pdefreparation of 45 50 Using route 4 Step 3(1) 55 (ref

St ocker Js O"g“é‘i‘em 27, 2288, (1962)). A mixture of L-(+)-mandelic acid

(1 Qg), acet res S8oNatg (-Drg¥Chempat] 3288 (1emey | (1. 959) in nethanol (70 m) was
stirred under Ansplitianged the(dBddiuction$tepud(l)i {Sg)ih the ipimire valémengfdrioaenolvveater eresiittatsd do
The cat al yspHZwitls aduebuserestimodafbopatal (20% AV Mheesvlutionawas themeveporated to dryness and the last
Recryst al | i Bace$ ofrwater serecamémet by ceo-distilipfion witk sodipmydsiod henzenpo 8% yh). Therrerislye was
EP0310620@1disasived intwiqve-diigdy MR (10p md) and| bepzy! kromide (5303 3% adred.—withestiping. Sititing 3/89)
5 (ref SS Veartipugd for 32 bpnssrpften whictstmgsthe pregipigtied caasiim brpmide wes filgeed off gad) the spiyent
step 3(1), gggymmdvmr rREvRed-RIPSPE Witer was added to.{hg sesisiue, apgthe pr was dracted dntq
pH7wi t h aqueiBigeaidpl,m aof By Adacts K%%WWSO*WQ"T U ARY Splyan chyarpotography on
evapor at ed F'Hfacﬁe §1'%ﬁﬂy'tﬁjga‘$%§'i° prp fraghion (e G090 F) feqiient SHNPE Py perystaliisation
co-distil'fa ?"Qﬁet fﬁ;g%'g '8'&% P benzene (2 x 100 nl). The residue was 10
di ssol ved in si&ve-dr ¢l (100 m) and benzyl bromide (5.3g) was added,
wth stirrig_@ps@irring was continued for 12 hours after which time the
pre@i tate ium brom de was filtered off and the sol vent

20 (ref A Hassner, V Alexanian, Tetrahedron, 46, 4475, (1978))

A solution of the appropriate carboxyiic acid, in this case n-4-octyloxybiphenyl-4-carboxylic acid (10 m
mol), the product of step 3(2) (11 m mol), DCC(11T m mol) and N-PPy {1 m mol) in sieve-dried
dichloromethane (50 ml) was stirred with exclusion of moisture. The progress of the reaction was followed
by tlc on silica gel, eluting with 2:1 chloroform: petroleum fraction (bp 60-80* C). The mixiure was filtered off

25 and the filtrate was washed successively with water (3 x 50ml), 5% acetic acid (3 x 50 ml) and again water
(3 x 50 mi), then finally dried (MgS0s). The product (an oil) was purified by column chromatography on
silica gel, eluting with 2:1 chloroform: petroleum fraction (bp 60 - 80°C ) to give the product as colouriess
liquid.
U Yield = 67%; [«]1% + 5.3°.
30 S
Step 3(4)

A mixture of the product of step 3(3) and (1g) and 5% Pd-C in ethanol (25 ml) was stirred under an
atmosphere of hydrogen until uptake of the gas had ceased. The catalyst was filtered off and the solvent
35 removed by distillation under reduced pressure. Purification of the crude product was by column
chromatography on silica gel, eluting with a 5:1 chloroform: methanol. Recrystailisation from petroloum
'\/ fraction (bp 60-80° C) gave the carboxylic acid as a white crystalline solid.
Yield = 86%: mp = 83°C; [«] % -39.5°

40 Step 3(5)

A suspension of the product of step 3(4) (0.5g) in a mixture of sedium-dried benzene (25 ml), oxalyl
chioride (0.25g) and DMF {one drop) was stirred for 2 hours. The solvent was removed by distillation under
reduced pressure and the residue was dissolved in dry diglyme (50 ml). Aqueous ammonia (d = 0.88 10

45 ml) was added to this solution with vigorous stirring during 30 min, and stining was continued for a further
30 minutes. The mixture gas diluted with water (100 ml) and the precipitated amide was filtered off.
Recrystallisation from 4:1 ethanol: water gave the product as a white powder.

Yield = 82%, mp 126°C.

50 Step 3(6)

A solution of the product of step 3(5) (0.47¢), thionyl chioride (1.2g) and dry DMF (30 ml) was stirred for
8 hours. The reaction mixture was then poured into water (50 ml) and the nitrile was extracted into ether (3
x 50 ml). The combined ether extracts were washed with saturated sodium hydrogen carbonate solution and
55 dried (MgSOs). Purification of the crude nitrile was by column chromatography on silica gel, eluting with 1:5
ethyl acetate: petroleum fraction (6p 80-80° C). Recrystallisation from 4:1 ethanol: water gave the nitrile as a
white crystalline solid.
Yield = 78%, mp 58.5°C; [«] 33 -105. -
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was sr enoved under reduced pressure. Water was added to the residue, and the
product was extracted into ethyl aﬁﬁh%hﬁﬁ%%ﬁg m) and the extracts were
dried [err] Purification was by co tography on silica gel using
1: 3 ethyl acetate/petroleumfraction (bp [err] or eluent, followed by
recrystal Iggatibgn 15 frompetroleumfraction (bp [err]). Yield = 79% np
47C Step 3(3) 20 (ref A Hassner, V Al exanian, Tetrahedron, 46, 4475,
(1978)) A repbeicirio nenttict Ridagpsi#d Phiktiarbe comdithX ¥dmpourids | ofl, Foimuld NS hés&sS @hich are
n- 4- oct y| asinpéupdadt yormdla £ar boxylic acid (10 mnol), the product of step 3(2)
(11 mmel), DCC(1 1 mnol) and NNPPy (1 mnol) in sieve-dried
di chl or ondiktemé: (50 M) was stirred with exclusion of noisture. The
progress of the reaction was followed by tlc on silica gel, eluting with
2:1 chl orof orm__ petrol fr | . The Yy xture was filtered off
25 and the fil tHo5té mg%ﬁ@'@g’@?v \%‘%m water (3 x 50m), 5%
acetic ¥cid (3 x 50 M) and again waterF{3 x 50 ml){ thenifidally dried
[err] The product (an oply. i lygm ckr omatyography on silica
gel, eluting with 2:1 CEF’)WO tdrégl ?ﬁdétio (bp]ggté‘% ) to give
the product as colourless liquid. Yjiel dF= 67% [a] kerr] 3¥6&t%p 3(4) A
m xture of the product cofi_ § @ () @.Cgﬁq 5% Pd- C iratksé hanol (25 nl)
was stirred under an at here' o urit14 upt ake of the gas had

and t heasol vent 35 renoved by '
distillation ummigenteduced pcs& 3o0aCk d.of the X wlé sodduct was
by golumm chronmat ography on srl lutithg wi'th a 5] gkt orof orm
met hanoje. Recrystallisation frompetroleumfr&tion (bp Terr]).gave t he
carboxylic acid as a white crystalline solid. Yield = 86% np = [err] 40
Step 3(5) Tensitigypenysmraunesdf t he product of step 3(4) (0.5g) in a m xture of
sodi um dr i edS4x@m0StB68Ba 1M N 134&@l yl chl oride (0.25g) and DVF (one drop)
was sti rr d@mréealactri@ pigparies: The sol vent was renoved by distillation under
reduced?pressure and the residue was dissolved in dry diglynme (50 m).
Aqueous amoni a (Cremdrattre, (WE) 15 ERabollletorARBEM~1 O] LTk sngie O SH grad (Y | 1
Vi gorous sti rri n@g—eH+Rg—30—FHh—aRe—St++Rg—wap—cort+nRuea—+or—al f urt her
30 mnutes: The fixtur@gas dijl uted wit¥ water (00 m) Zhd the
prebipitated ani de was ilterqd of f. rystallipation f{0m 4:1 e} hanol
wat er g¥ve the p ' P "vield E 82% 126 C FO Step
3(6) A solution of the product of step 3(5) (0.47g), thionyl chloride
(1. 2g) andhe pxrapiifted BCh ofithe Saapbase of the mitufeoras8.2pbwms. The reacti on m xture

was then poured into water (50 m) and the nitrile was extracted into ether
(3 35 Mixture B:

ceased. The catalyst was filtered o

U Host: The same host mixture as in mixture A plus 10 wt. % of
. KD O AR O
Dopant: '

45

»
cgﬁlg-coc.?d.w3 as 10 wt. %

CcN soln in host.

Transition temperatures;
S, 45 S¢ 56.1 S, 115 N 13481
Ferroelectric properties;

56
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X 50 m)¥ The conbined ether extracts were washed with saturated sodi um
hydrogen carbonate sol ution and 55 ie:&j| [qu Purification of the crude
nitrile was by col um chrorratograph (9 9i gel, eluting with 1:5 ethyl
acetate: petroleumfraction (6p [err]). Recrystal | | sation from4:1 ethanol:
wat er gave the ni tpte—as—a—whiif-e—eystalti-re—sol Yi-e-d——+804- [err]
17 EP 0 310 62( Bemesiaiyip| eCl| Ericarpled B%("Plc@—zs)rrec"i"ﬁ@Q'PPfﬁflpBas@r(y)s al
m xtures containirng conpssunds of Forrul as$ i n hosfs whiclp7are conppunds of
formula 4.1. Mxtudre A 80 133 [err] 4Bransitiop
tenperatures; [err —TrFerroetrectTTT

properties; Ti%{ i%%it Bilch bfnd sl SHaQJ of the'??ﬁ&t&ré‘@gi 65 Gun Saufrds d 10 béréw #A?QL@%J

[err] phase,

having a ?mgosgl(sn 40
315 9.5 The extrapol ated pitch of the [err] phase
of the nm%ture was O. 201 [err] M xt ure 35 Host: The sane host
mxture as in mxture LL@ %ant‘45[err] Transition
tenperatures; [err] 45 Pel? A 11 fshs1 Herrogl ectric properties;
55 na
- C8H17O-@-@-COO-©-VSHH > 1:1:1
weight

- CH o-@@-coo—@-b ratio.

\ 15 7“1

N\ s J

20

Mixture C:

90 wt. % host mixture

oN
_ i
o 10 wt. % csrrl?-@-@.coogn-cr!?

Transition temperatures:
So-Sa 64°, S5-Ch 109.6°, Ch-] 135.2 - 136.8° (S at room temp.)

% Mixture C (contd.)

/ Ferroslectric properties:

40 .| Temperature *C | PsnCem—2 | Temperature *C | Ps nCcm~—2
31 3.47 45 21.52
32 6.94 50 18.75
33 29.17 55 13.89

pu 34 29.86 60 9.37
35 28.47 63 4.34
40 24.30

50 Mixture D.

90 wt. % host mixture

§5

| o
' . !

-COOCH~CH

10 wt. % cgfa 0~ D)~(0)-co0g-cH
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18: EP 0 310 620 Bl Tenperature ( O Extrapol ated [err] Tilt angle

of Sc phase [err] 55 _ .5 0.75 50
133 4.3 Th‘EPé))&Wfﬁg#jt ed pitch of the Sc phase of the
m xture was 0.201 [err] Mxtures Cto G below were all based on a snectic
host haviagitéh empaasbd: i on: 10 F

[err] 20 Mex s« sis, 80 oMb,-cha{east o +bak @40%5 CN 30
[err] Trreasdidciriepropatigaer atures: [err] Mxture C (contd.) Ferroelectric

properties: 40 Tenperature C [err] Tenperature C
gs gaemr] 31 50 Temper‘aihr‘e+ bc d’s.;lgcn{qz qfémperature °C P§ éé&:?z— 32 55
13.89 34 29. 86 18.75 60 50 9.F0835
28. 47 6B 32 4484 40 55 24.28@0s0 M xture D. 90
Wwt. % host mixture| 55 1w . © ;Qaﬁar] 19 60 21.53
10 34 8.89 65 18.40
35 36.81 70 14.93
40 33.33 75 10.41
45 30.56 80 _ 1.39
15
Mixture E.
\_/ 60 wt. % host mixture

20

5 wt. % cenn-@-@-coofé:-an
® 5 wt. % CgHy g0 -coocu-cu3
9 | 20 wt. % CgHy0 -@-@-COO-@-CHZCHCZH
" 10 wt. % c3H17o-@-000-@~05Hn

% Mixture E.(contd.)

- Transition temperatures:
S-Sc 11°, Sc-SA 58.7° , SA-N 100° , Ch-l 124 - 1254°
Ferroelectric properties: '

Temperature *C | PsnCcm™2 | Temperature *C | Ps nCcm™2
10 48.61 40 2292
15 41.67 . 45 19.79
“® 20 36.81 50 15.63
25 33.33 55 9.55
30 20.86 58 2.78
35 25.69
50

Mixture F.

75 wt % host mixture
&5
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EP 0 310- 620 B1 Transition tenperatures: Ferroelectric properties: 5

Tenperature C Ps [err] Tenper at Ps [err] 31 18. 75
50 27.08 32 Sy .4§3L‘%£JB‘ 55 25.00 33
40. 28 60 21.53 10 34

38. 89 65 18. 40 35 36. 81 70

14.93 40 33.33 10 41 45 ' 30. 56
80 1.39 15 M xtag etB 6gH —’4@ 1205 w. %[err]
[err] 35 Mxture E. (contd.) TranS|t|on t emperat u err] Ferroel ectric

propertiges: 40 Tenperature C Ps [err] ratule Ps [err] 10
48. 61 40 wB 5 92911{90 @ O 45

19. 79 45 _ 50
15. 63 25 33.33 55 9. 55 30 29. 86
58 Transitiop tepgertres: 25.69 50 M xture F. 75 wt % host mi xture

10 Sc-Sa 62.5°, SA-CH 81.4¢, Ch-l 121-123.2° (room temp Sc)
Ferroslectric properties:

Temperature °C | PsnCcm™2 | Temperature *C | Ps nCcm™2

15 -5 222 . 35 10.76
1) 18.75 40 9.72
5 17.71 45 8.51
- 10 1667 | 50 7.48
\_ 15 15.63 55 5.90
20 20 14.24 ' 60 3.75
25 © 13.19 62 2.57

30 12.15

% Mixture G.

61 wt % host mixture
N | _ cN

) 305 o o{(OHD) ot
. 20 wt % c8317o-@-coo-©-c51411 )
Y 14wt % c8a17o-@-@-coo-©-ca ‘:‘,}{22“5

40 In this mixture the two optically active compounds induced the appearence of Ch phases of opposite helical

twist sense and hence the mixture is pitch compensated.
Transition temperatures:
Sc-Sa 63.4°, Sa-N 84.2°, N-Ch 100°, Ch-1 120.4 - 122.2 (room temperature Sc)

45 Ferroelectric properties

Temperature *C | Ps nCcm™2 | Temperature *C | Ps nCem™2

-10 22.22 30 1354

50 5 21.52 35 1181
0 19.44 40 10.94
5 18.40 45 9.54
10 17.36 50 8.16
15 16.67 55 6.42
- 20 15.28 60 3.96
25 14.24 63 ~0.28
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55 20 7EP 0 310 620 Bl [err] 5 [err] Tra_nsition'terrperatures: 10
[err] (roomtenp Sc) Ferroel QC”'CEIPE)%Q&EMEV Tem_:)grature C Ps [err]

1

Tenperature C [err] 15 22.2

35 10.76 0 18. 75 40 9.72 5
17.71 Example 5 45 8.51 10 16. 67 50
7.46 15 —15.63 55 5.90 0 20
14. 24 An exaf@fle of route 4 to prepare: 3. 75 25 13. 19 62
2.57 30 12.15 5 Mxture G 61 wt % host mxture 30 20 vt %

[err] [err] 40 In this mxture the two opticgily tive conmpounds induced
t he appearence of Ch phases 8f oppFsit el ] _@ﬁj sense and hence the
m xture is pitch conpensated: 3‘1’1‘%?1@ 'é%é a

s: [err] (room

tenperature Sc) Ferroelectric properties 45 Tenperatlire [err] Ps [err]
Tenperature C Ps [err] -10 22.22 30 ' -
13.54 -8 21.52 35 11.81 50

0 Step 4](1 .44 40 10. 94

A cold solution of sodium nitrite (26.4g, 0.384 mol) in water (105 ml) was added dropw ise to a siirred
15 and cooled solution of L-valine (30.0g, 0.256 mol) in 0.5 M sulphuric acid (390 mil) during 3 hours,
maintaining the temperature between 0°C- and -2°C. The reaction mixture was left stirring at room
_ temperature overnight, then adjusted to pH6 by adding solid sodium bicarbonate. The solution was
(¢ concentrated under reduced pressure at 50° C to about 150 ml. The solution was acidified to pH3 with 40%
W HsPO. and the crude product was extracted into THF (2 x 200 ml). The THF solutions were washed with
20 brine, dried (Mg SOs) and concentrated under reduced pressure at 50° C to give an oil.
The crude product was taken in water (105 mi) and decolourized with charcoal at room temperature. A
concentrated solution of sodium hydroxide was added dropw ise to the cold solution adjusting the pH to 4.5
- 5. Acetone (3 times the volume of the aqueous solution) was added and the precipitate which formed was
filtered off and dried (in vacuo CaCl).
26 yield = 22g (61%) [«]3° = -13.95* (H20).

Step 4(2)

k/ A mixture of the product of step 4(1) (10.0g 72 mmol), benzy! bromide (12.2g 72 mmol) and sieve dried
so0 DMF (120 ml) was stirred at room temperature for 24 hours. The DMF was removed under reduced
pressure (at 50-55° C) and the remaining suspension was diluted with ether (100 ml) and filtered. The filtrate
was washed successively with water, sodium bicarbonate solution, water, and dried (Mg SOs). After distilling
off the solvent (below 55° C) the crude product was obtained.
yield = 14.4g (96%).
35 The crude product was purified by distillation at 135~140° C/0.6-0.65 mm Hg.

_  Stp4@®

To a stirred mixture of 4'-octyloxy-4-carboxylic acid (10.8g 0.033 mol), the product of step 4(2) (6.9g
40 0.033 mol) and N-PPY (0.49g 0.033 mol) in sieve-dried dichloromethane was slowly added a solution of
DCC (7.5g 0.036 mol) in sisve-dried dichloromethane (50 ml) over a period of 20 min.

The reaction mixture was stirred for 8 hours at room temperature. The N,N-dicyclohexylurea was filtered
off and the filtrate was washed successively with water, 5% aqueous acetic acid, water and finally dried (Mg
S04). After removal of the solvent, the crude diester was purified by column chromatography using silica

45 gel with 4:1 dichloromethane : light petroleum (bp 60-80° C) as eluent, to give a viscous liquid product.

yield = 12.5g (74%).

Step 4(4)

60 The product of step 4(3) (12.5g 24.2 mmol) was dissolved in ethyl acetate {160 ml) and 5% Pd on
charcoal (200 mg) was added. The mixture was stirred overnight under an atmosphere of hydrogen (the
i reaction was monitored by TLC). After hydrogenolysis was complete (ca 550 ml of Hz), the catalyst was
; filtered off and the filirate was evaporated to dryness to give a solid product. The solid gave a single spot
on TLC and was used without further purification.
55 yield = 9.7g (95%) mp = 80-83°C.

Step 4(5)
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5 . £ 18. 40 45 9.54 10 17. 36

50 8.16 15 : 55 . 6.42 20
15. 28 60 - 5 gfPp3foeBs 14. 24 63
0.28 21 EP 0 310 620 Bl Exanple 5 An exanple of route 4 to prepare:
[err] 10 Stepr(datboyiic Gt i 4y @Ag .08 Qhthdd W3l ihifidny Rolvefeddiio the 3&d chdrlap byn
wat er (105 rgdctingath oRehl elorids @EV6hG 48 Mmiol) aiti sidvé EieOMFD2 aftfs) Grostdiadt -S¥lédiidngsne (95
L-val i ne (3A) @3 HdurdSb revdl jempétatire STHY Sdodsp okl okalyl alloridie (aB® hendojverd iwerengmaved by
hours, mai rdistilationndérhvedut@ippessasd. The ciodd sviohiofidyr wes difbrdved dnedidlyngen(101mj} tantt @idedhio

| ef t sti sriangqusous sodutivrt efrgpenoaia Bge= VST 1I0ghi} witht $ieing.cAdipbe ediiition tHegeactionpypixiure
addi ng sol ives styed dn1/2i howrrab wamttemperahus. theh the iprduahures filtered eff twashed @it waterrand dried
reduced prdivyagueCag) err] to about 150 nl. The solution was acidified to
pH3 with 40% yeld =] 9400 &pcT G887 15+ oduct .was extracted into THF (2 x 200
m ). The THF solutions were washed with 20 brine, dried (My [err] and
concent r ¥t ¥PAMer reduced pressure at [err] to give an oil. The crude

product was t ken te'\ S ecal ouri z ar odl t roQ
;[ggp te:;)at E;e g\ 00'38% St°av'§%;d8|5é‘i3 ct ﬁi%?}m Eﬂ“ %M? ﬁ"% m sae\,gﬁn
&

vol ume of; t %v % 'm:8 ﬂr:)é J"%tzrgn d
] % fr‘%éacarbonaié' Ctﬁ o %nz‘ %&%

was filter

2 |v vﬁ&a bt&at\é@@&i& Gfr
Step 4(2) Axgl Ade Pfeﬁ\o oft sd%ﬂ rod& gpﬂfDM@ 8o loh sil 14 ting
brqm de (12vid:3 bthyla¥bthth: IghPefidiRinoslid-6d c (120 m) was stirre room
te ature fgsld%mp(wcs) The DMF was renpved under reduced pressure (at
[ e?Q])) and t hene sroduLTrdRE the LBIMNA Wad Fechamallisdd | iidimelight\betrilewh Ipr 40t6DO0) 151 giveaen @lhite
filtered. Tonatafiind doficit € was washed successively with water, sodium
bi car bonat e smput 6681C [wWat er3.1a@tCHx i ed (My [err] After distilling off the
sol vent (bel oVhe] @mpdunds listeddaelow aveper prehamd using arpidenticah a@thod/ with #e apptapriate) c3rBBc.
35 The acdindgenHddod the amiso pnid indi¢ated imstep(Bt i | | ation at [err] T/ 0.6-0.65
mm Hg 25

X
1
. General fgormula: R .@-@-COOEH-B
Y

30
Liquid Crystal

- 20
R B {7y = (CHCL,)  pnsitions
- )
-17. K a4 I
CSH17O CHZCH(Qﬂs)Z 17.5
35 (L-Leucine, S-(+)=~LeUsine)
o
' -3.1 K 671
K./ 08H170 CH(CH3)2 3
(L-vValine, S-(+)-Valine)
40 Cgty 70 'c-‘(c*i YCHCH. -5.4° K 74 1
(L-Isoleucine; (ZS 35) (+)-2-ammo-3-methylpentancuc acid)
-10. KS91
ca"17° (CH2)30H3 10.6°

(L-Norleucine: (S)-{+)-2-aminohexanoic acid)

Example 6

60 Preparation of:

w
{00+

56

using Route 6.
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Step 4(3) To a stirred m xture of 4 -octyl oxy 4- carboxylic acid (10.8g
0.033 nol), the product of step 4 % 0.033 nol) and N-PPY (0.49¢g
0.033 nol) in sieve-dried dichl ororre? ane vvas slow y added a sol ution of
DCC (7.59 0.036 nmol) in sieve-dried dichloronethane (50 ml) over a period
of 20 m nsma'bg%_reacti on m xture was stirred for 6 hours at room

t enper at ure. e N, N-di cycl ohexylurea was filtered off and the filtrate was
washed sugaas&-¥algtompbibldnyla0.62 mob tosyl| UkttatsS (0BR€ rol) aAd iathydiad potasaiost darboadid v
dri ed ( My(o[o24 irol) Af bieve-driedrassivhitritd (1061 enl)Swls \gertly, reflukar eithundgoratls etrtimy for@® hr. The
purified btopledabastion roikine s eguraddinto okl weder $200i nupand Sextreted wiith lethar, @ x 150 ml). The

di chl or onednibinad sthéri egirectsyeter weskagdith lwptef @80 fl). cold 5% ageaets NaQli (#00vel), avatpr € sd0B

| i qui d pr oilged drieg(MYSPs )= Alter retapv 'Pﬂ he soh@pleihe aqlid yesidye was feﬂ%@"’?ﬂdd@m@%@q“@%p
4(3) (12. srganzuozlelﬁm odyetss pplpdess gardlalin et hyl acetate (160 nl) and 5% Pd on

charcoal (2004%H9®ES )a’ﬂﬁl%fc fFﬂre 191 uCHCas stirred overni ght under an
at m)spH%re of hydrogen (the reaction was nonitored by TLC). After

hydrogeno vvas conplete (ca 550 ml of H2), the catal yst was filtered
of f and the f| tL pora 2SSl Ql.i odu The
S oI id g av he .18 % ((?6’@ %R ; %ﬁ%ﬁf&r’ \35%1591.6’ anol (Q) :9 ly
?' I wét are gﬁ dilute 2was
Car boxyl i r w l} thb%rhﬂl eiheP é{c‘i‘sf &é? whéi\ @
the acid @Jtér )’arfdQﬁSJ rmagow aV o the biddnt, 8 sbif iallisad b
Si qve dri sgijM%e ORBjc) N sodi um - dried benzene ( or 3 hours at
0O t enper afdl £3 Zéhe/o)emﬁeﬁﬁs 0f [a@X alayle (cidiri de and the soI vent were

renovede by di stil ation under reduced pressure. The crude acid chloride was
di ssol vedsteps@).gl yne (10 nl) and added to 5 an aqueous solution of ammoni a
(59 = 0.88, 100 M) with stirring. After the addition the reaction mxture
was sti rr @s fvey cdlvie® dubusingad similgmétimdie that ofr Routet hetep ¥hthepstantihg cnaterials werel thter ed
of f, washpwddugt ofistep&i4ei0.08huolll pxatyiichiaride Q2 Umol] ip berzeng; (8] ), DM (2 drogs) @Bh35%ms
[er r] 25 ONBy e dliglyre (108 mi} Rhw@eowdm%wm%aﬁddromd@ww %@f 299 - 1A8F) and
si eve-dri ed Yoi#3-§ 2.8 9 PES Cadded dropw i se during 30 nminutes to a
Vi gorouslé strrred solution of the amd fromstep 4(5) (9.0g, 22.1 mml) in
S|eve dri (100 mM). After the addition the reaction mxture was |eft
ng roomt rature or 8 q 2@ DE;E N RO red ontlgl |w%reet te
and thé DE% gG(g sﬁ'&%}?ﬁ {hlony c?l%nﬁ‘a%’a(:)g' %2;\ )(80 mi). cru 'I ?o)é ct%
were chromatographed using silica gel and eluted with CHCla. The purified matenal was crystallised from
ethanol.
Yield 2.6 g, (84 %), mp 66°C, [«]3* + 96.8* (CHCIs)
35
Example 7.

Using the methods outlined in the description above the following compounds were also prepared:

50

55

24



washed sticcessively with a saturated solution of sodium bi carbonate and
water, and then dried (My [err] Aftgi,oégﬁ,%ﬂrsqm)val of the solvent the
product was purified by colum chromatography on S|I|ca gel, eluting with
1: 3 ethyl acetate: light petroleum (bp [err]). yield = 8,3g (97% 20

The product fromthe colum was recryst I i sed from I i ght petrol eum (bp
40-60 C) to give a whi stal | e soly p = [err] The conpounds |isted
bel ow were prep@g@@oﬂ@g@-ﬂ @'w*@ Wi t h the appropriate
carboxylic acid in step 4( and e amcﬁo Cld i ndi cated in step 4(1) 25

CN General for rrul a 30 [t © Crysta

[err] Transi t§¢ @ @, "QQ@r at |3(9311<bf' I5W7S8) r{§5Rc§n)e 6.

23 - EP 0 10 620 B1 St ep 6(3). 4-n-decyy pérdoviis eyl Phenyl (0. 02
nmol ), tosyl lactate (0.024 nol) and anhydrous pot aSSI o f&b@nate (0.024
nmol) in sieve-dried acetonitrile (100 mM) was gently mefT d Wcﬂ'b Vi gor ous
stirringor 20 hr. The 5 coolad regetion mxture was poured into cold

wat er (200 rﬂ)v\ggﬁéamcgp (2 x 150, M ). The conbi ned et her
extracts were (' cold 5%aqueous NaOH (100 m),

water (2 x 100 m) and drled ( After removal of the solvent, the
solid reg due wa q.] jc;{om395% aqueo ethanol to yield the
product as col ol 118s als¢ i™N@5 59 (67 ,[err] Step 6(4). The
product of step 6(3) o. mol ™ KGHA 0. 0144 nol) in water (15 ) and
et hanol (50 nl)c @ -coocg-cﬁ c. _

o #5549 o, C

20 /CH

: 3
ceﬁwo-@-@-coo coogi-ct 7 p.
3

25 Some of their properties are listed below:
A. solid - isotropic 84.3°, [«]2° -28.1 (CHClg)
B. solid! - solid2 29.4°, solid - isotropic 32.2° [«] 3° -4.8° (CHCls)
C. liquid, mp below -20 ° C [«]3° -16.8° (CHCls)
p D. solid - S¢ 102°, Sg-Sa 145° , Sa-l 154.6 [«J2° -9.35° (CHCls).
30
Example 8

Ferroelectric smectic liquid crystal mixtures containing compounds of formula I and 4.1.

in the data below, the material H1 has a composition:
35

- e OO D

40 ina

| c‘?“l?'@"@'cm'@'cs“n b 1:1:1 weight
ratioe.
® | °7“15°‘©‘©'°°°‘©'°5“11

and the nematic material E7 has a composition:

4
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refluxed?for 1 hr. Excess solvent was renoved under reduced pressure and
the residue was diluted with 15 c@gofd @20 g0 N ) and themcarefully
acidified by the addition of dilute HC until a pH of about 2 was obtai ned.
The m xture was extracted with ether (3 x50 m) and the conbi ned ether
extracts were washed with water (50 ml) and dried [err] After renoval of
the solvent, the solid re?kd stallised frgmypetrol eum et her
[err] Yield 4.3 g (93 %,5n3 ] Step 6(5). This was carried out using
a simlar nmethod to that of Rgu tep 4. The stay‘%%rraterials were the
products of step 6(4) (0.83% ‘?Ip chloride (C® mol) in benzene
(60 M), DV (2 drops) and 0.3 [err] in diglynme (100 mM). The crude
product was crystallise@aﬂ{ O >¢0i et her [err] Y ot® 3.6 g, (88 %, np
ed out using a nethod simlar to that

171 * C Step 6(6). 30 Thrs™‘w
of Route 1 step 5. The s ti i re the prgpdugt of step 6(5)
(0.0087°nol ), thionyl chFﬁlh@@@l‘?@i n DMF (80 Ef). The crude
product was chronmat ographed using silica gel and eluted with [err] The
purified matgddls §768/htGihihd ffa@ N3hd H1'5:6 lidecd v rr]
35 Exanpl ﬁ,“ﬁfg%jngm%mﬁ ' gfcﬁﬁqggoﬂdng’d%ﬁt %ed weirgr'?%dta? %ﬁgségg@ga ﬁleée 0
followi/pg cpypoUNds: YerhSdlatdd SPonkth&dda p&latisatidR (nem 55 24 EP 0 310 620 Bl

[err] 25 Somg of t hetrirapen@rpitthas EAM)| | sted below. A solid - isotropic
[err] B. soppsd’ - soONpaPs[err] solid - isotropic [err] C liquid, np bel ow

[erir]. SOP/gon = sense of N* helical pitch and polarisation of S¢ phase
W, Cs, Ca O etc are abbreviations for CaHie, CaH120 stc.
20 -
25
-/ 30
35
40
45
50
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D. solid"- [err] 30 Exanple 8 Ferroel ectri c snmectic liquid crystal

m xtures containing conpounds of fogpysigleogBd 4- 1. I n the data bel ow, the
material Hl has a conposition: 35 [err] and the nematic material E7 has a -
conposition: 50 55 25 EP O 310 620 Bl [err] 10

8 WM % Properties of m xtures contai ni ng conpounds of formula | and Hl are
listed in tables 5 and 6 where th w ng synbols and abbreviations are
used 15 Ps = extrapol ated spontaneous pol ari s |or*r err] [err]
= chiral nematic pitch in E7 {err] [err = = sense
of N¢ heFical pitch and polarisation of rr]“bﬁaé’?S[é“ﬂoP]’
abbreviations for [err] etc. 20 25 30 33cARr245a00 55 BON® N s, sc s,

10 c,coztl:'n ¢ 180 020 36 L+ 112 67 40
cx .
" 904 )-C02 CHCy . 137 Ly 115 81 33
N
{ .
. C 058 41 L+ 133 78 49
N\ " Ca0-E )L 024 ) Co,CBCy 7 5
N
€50 )4 )00, CH €4 139 027 38 D+ 112 72 25
25 CN
€50-_ )X €0 CHCEC, 164 0.53 87 D+ 111 74 23
(% N ¢ :

30

c,o@@cozi;ncnzgc, 125 022 28 D+ 18 59 27

<
35
U o)y cacRa . - 015 - D
CN Cl .
40
cgo o0z 8 112 060 67 D+ 105 58 22
CN .
“ .
o OGP v e
o
50 c,o@-@-ognc, 25 068 2 + 101 8037

Table 6 below shows properties of fast switching ferroelectric smectic liquid crystal mixtures based
| 55 upon the following materials: -
host = H1



EP 0 310" 620 Bl Table 5 Trans. Tenps. [err] Table 6 bel ow shows properties
of fast switching ferroelectric SIEp 5 fgéd?%ld crystal m xtures based 55
upon the following materials: host 1 EP 0 310 620 B1 [err] 15
In table 6 proportion of host etc are in weight % phase transitions in
[err] tilt in [err] PWneans m ni num pul se W|dth (mls) 1) switch, and AC

means the pealggypitage to latcgh (é%g §@ ét Berr] Table 6
denonstrat es the fast switching t 70 XtUHE‘S t he | ow val ues of
the mni mum pul se width to swtch. F|g7sho hso3Ps agai nst
tenpera ure (additivar vari ous ef t@ _@‘;@ n table 6. The 20

symbols in table 6 identify the graa arrpl ectric snectic
liquid crystal m xtures containing corrpound and 4.3. 25 A
mecti c host Hhitehssoppepater havi nd)a c;orqgaﬂ emoc}i-a% 45 50 55 28

EP 0 310 620 BL [err]

= ® - cloua-@-.-coomcou -Ci,

15 In table 6 proportion of host etc are in weight %, phase transitions in °C, tilt in °, PW means minimum
pulse width (us) to switch, and AC means the peak voltage to latch (V). Ps and tilt are at 25°C.
Table 6 domonstrates the fast switching time of the mixtures by the low-values of the minimum puise
{ width to switch.
W Fig 7 shows graphs of Ps against temperature (°C) for various of the mixtures listed in table 6. The
20 symbols in table 6 identify the graphs.

Example 9

Ferroelectric smectic liquid crystal mixtures containing compounds of formula | and 4.3.
25 A mectic host H2 was prepared having a composition:

F |
o °4“9°‘@'@;@’°5“11 2.5 %
caﬂmo-@@@-csﬂn 29.5 wt <
F
3 °6“13°‘@‘@'@‘°5“n 22.0 wt %
- - F .
N cmﬁa-@-@-@-csau 16.0 wt 5

50

65

28



50 M xture H H2 75wt % 55 29 EP O 310 620 Bl [err] H2 80w % 15 [err]
The configuration of the two opti Qalépyogfbtézwamcorrpt)unds was chosen to be
such that they induced the 30 appearance of chiral snectic phases of
opposite helical tw st sense. The m xture had phase transitions [err] 1145
[err] 114 SA 59.7 [err] 10 [err] An exanple of the use of a conpound of
Formula | in a liquid crystal paperd ab andndeyi Ge ggnhodyi ng t he present
invention will now be des®ribed @ t™h Fef®renc® to ¥igure 8. 35 In Figure
8 a liquid crystal cell conprises a layer 1 of liquid crystal materi al
exhibitifg a chiral snmectic phasg san vvié:h d betweoen a glass slide 2 having
a transparent conducting ;‘!ayeru 3gor§i S &Uu faﬁ:e,c-eg of tin oxide or indium
oxi de, and a gl ass slide havi ng a transparent conducting layer 5 on its
surface. The slides 2,4 bearing the |ayers 3,5 are respectively coated by
films 6,7 of a polyimde polynmer. Prior to construction of the cell the
filnse 6 and 7 are rubbedﬁith@ Qof HiwPul ih & QvEn direction the
rubbi ng directions being®0 arranged parallel upon construction of the
cell. A spacer 8 eg of polynethyl nethacrylate, separates the slices 2, 4
to the required distance, eg 5 mcrons. The liquid crystal material 1 is
introducgd between the si@ldes2, & iy ®iI&i Bg ¥ hd Pale between the slides
2, 4 and spacer 8 and sealing the spacer 8 in a vacuumin a known way.
Preferably the liquid crystal material is in the smectic A nematic or
isatropic liquid phase (obtained by heating the material) when it is 45

i ntxoduced beteen the slidew 2,4 to facijitate glignment of the |iquid
crystal #polecules with the rubbi®g ®li ffecfions off theNslides 2,4. A

pol arizer 9 is arranged with its p&arization axis parallel to the rubbing
direction on the filnms 6,8 8nd an anal yser (crossed polarizer)10 is
arranged with its pd®lari zggti on axi s perpendi cul ar to that rubbing
direction. 50 \/\%F a Blguar® Bavd BolB alfe & f Bors aBconvEntFoffal source

; &
not shovfl) varying wee} about +10 volts 8
' &~
O N © &N D OV N W ]
& o OO O 1N O O O g = =
-l L4
. : . -3
_/ = : g
30 N '
S8 A8 2RRR]J o
R e T e T B B B I B ha . -
. i : =z
® R R
S P oo W
86 N OO W MmO N 1o JTe)
. . . -4 . -y . . ~ 1N
[+ - O N O O . .
; @ - »°
' )
: - -
’S_ - -
40 ¥
> © O 0O O O WO I ~ O " on o
:g - e 4 o~ N i i
< s O 0
45 0
'3 0
:l S x wowaoan e
= S E B8 IRNRBRRB
] o 4
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and -10 volts is applied '
3-and B the cel | igprle_ across the cell by makin .
apidly swi g contact with the |
bet ween a dark state and aXI i gh%@fg}%&a&?tggl ;hange Ibn ot of the Vgly'?;;e
I ned above. |In an

al ternati i
Figure 8 Yﬁedfg;gfs(gognzhgmgéybgsed Fn the cell construction shown in
hot i _al e ecti _ -
Si Spfg;cgly%of); dgp0|SI E i on t hrough m@;:lgyt thPgSi 112 g known way, eg by
_ : ’ 0
conventional |y see%&ﬁ?ﬁ@a@ec@@rcﬁmds or graphiSc¥t ﬁd tﬂg f)irkgogg

=
be addressed in a variety of Wa'fTi §'he de portions formed thereby rmay

liquid crystal matepi i ncl ude mul ti ;
. I &= ul tiplexed operat
precedi ng exanpl es. 53%701@:? %:wf the m xt Lé)qgértdéscfi bedI |02 t-rl;ge

for mJ| a: 5 G\I 10 s ' An Opt I Cal l y aCt I ve Conpound haVi ng a

group haVJd’LQas%trQﬁ‘sﬂiSﬁsaFc)‘or - [err] i - :
mul a: 1 : in which Xis
[err] 19I ﬂy'lﬁHN*&ISQBys&eeaﬂh of th<53 ‘r"’rﬁég ZROI ?SsteL:Ctsed from hydrogen, o?
- ane or different and

are inde '
pendently sel ected from phenyl, hal ogen substituted phenyl or 25

trans - ggghohexyl; A
1- . ; is selected froma si
.Y is setected fromCoO or 0: and B is ziﬂgle bond, COO or OCC; a is O or

atons, cyc cont ai ni
hydrogﬁnyof”[‘gfgrg{ 3 droup 30 there d e 0 or 3 and R is selectod fr
characterised in that [err] al koxy. 2. A compound according to clai (ran 1 e

characterised in 3 3057“5 npound accordi ng _t ;
characterised in tﬂgﬁ*‘%@ 7¥ 3 A conpound acgéfﬁiurg\'ldéltgn 2' '

st Auot ur e aMf an@hed or opticall i claim 2

: [err] 40 C H 45 y active alkyl group of
[err] where t is O or an

. a
di LAl er, r -
i fferent and have V%WS_@-@-O%H(:&%%‘HQ and m &6 wh® sane or
cH
3 .
4
#® c10“21°‘@'@ cooz}; s !

U The configuration of the two optically active compounds was chosen to be such that they induced the
so appearance of chiral smectic phases of opposite helical twist sense. :

The mixture had phase transitions (° C)

1145 N* 114 8, 59.7 S 10 S» :

An example of the use of a compound of Formula | in a liquid crystal material and device embodying
the present invention will now be described with reference to Figure 8 .

In Figure 8 a liquid crystal cell comptises a layer 1 of liquid crystal material exhibiting a chiral smectic
phase sandwiched between a glass slide 2 having a transparent conducting layer 3 on its surface, eg of tin
oxide or indium oxide, and a glass slide 4 having a transparent conducting layer 5 on its surtace. The slides
2,4 bearing the layers 3,5 are respectively coated by films 6,7 of a polyimide polymer. Prior to construction
of the cell the films 6 and 7 ave rubbed with a soft tissue in a given direction the rubbing directions being
40 arranged parallel upon construction of the cell. A spacer 8 eg of polymethyl methacrylate, separates the

slices 2, 4 to the required distance, 69 5 microns. .

The liquid crystal material 1 is introduced between the slides 2.4 by filling the space between the slides

2, 4 and spacer 8 and sealing the spacer 8 in a vacuum in @ known way. Preferably the liquid crystal

material is in the smectic A, nematic or isotropic liquid phase (obtained by heating the material) when it is
45 introduced beteen the slides 2,4 to facilitate afignment of the liquid crystal molecules with the rubbing
, directions on the slides 24.

! A polarizer 9 is arranged with its polarization axis parallel to the rubbing direction on the films 6,7 and
' an analyser {crossed polarizer)10 is arranged with its polarization axis perpendicular to that rubbing
| direction.
i 50 When a square wave voltage (from a conventional source not shown) varying between about +10 volts
and -10 volts is applied across the cell by making contact with the layers 3 and 5 the cell is rapidly
| switched upon the change in sign of the voltage between a dark state and a light state as explained above.
: In an alternative device (not shown) based on the cell construction shown in Figure 8 the layers 3and 5
may be selectively shaped in @ known way, eg by photoetching or deposition through a mask, eg to provide
55 oOne or more display symbols, eg letters, numerals, words or graphics and the like as conventionally seen
on displays. The electrode portions formed thereby may be addressed in a variety of ways which include

multiplexed operation.
The liquid crystal material 1 may be any one of the mixtures described in the preceding examples.

35
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I —
5. *A corrpound according to claim4 characterised in that t is

least one of nor mis 1. 50 6. A G@ Q{/Hw& gscording to claim {“[llun imhmim“‘
characterised in that Bis cyclohexyl X conmpound accordln s
characterised by a structure: [err] 31 EP 0 31 0 620 Bl in whi ch [err]

n-al kyl orcramw okoxy and [err] n-alkyl. 8. A conpound according to claim4
characterised by a structure: CN 10 in which [err] n-alkyl or n-al koxy and
[err] is atbraplaty aiveapinpaad havingatdnvda:al Kyl group of structure [err] 9. A
conpound according to claim6 characterised by a structure: 15 CN 20 in

which [err] n-al kyl or n- alko . 10. A conpound according to claim3
characterised by a structure: 25 CN [err] 30 in which [err] n-al kyl or

n-al koxy and [err] n-alkylg_ é conpound accor di ngedmig! i m 4

characterised by a structure *35 CN [err] 40 in which [err]-al kyl or

n-al koxy and [err] |s a branched or optically active al kyl group of

struct ure [erthﬂﬁx % qBound cordlng to claim6 characterised by a
structure iC S a'group having a general rmul

N . | n-@{@-.\};@—

\ + where R is selected from hydrogen, or C1-12 alkyl or alkoxy; each of the rings

®

is the same or different and are independently selected from phenyl, halogen substituted phenyl or
25 trans - cyclohexyl; A is selected from a single bond, COO or OOC; a is 0 or 1; Y is selected from COO
or O; and B is alkyl containing 1 - 12 carbon atoms, cyclohexyl or a group

o - (ci)(O)-F '_

where d is 0 or 1 and R’ is selected from hydrogen or Cy n y2 alkyl or alkoxy.
2. A compound according to claim 1 characterised in that -Y-CH(EN)-B is ~COO-EH(CN)-B.
35
3. A compound according to claim 2 characterised in that B is n-alkyl.

4. A compound according to claim 2 characterised in that B is a branched or optically active alkyl group
of structure B*:

CH .
n 2n+l 1

-(-cuz-)-cu B
cmHZm-i-l
where t is 0 or an interger 1 - 6, and n and m are the same or different and have values 1 - 6.
5. A compound according to claim 4 characterised in thattis O or 1 and at leastone of nor mis 1.
50

6. A compound according to claim 2 characterised in that B is cyclohexyl.

7. A compound according to claim 3 characterised by a structure:

o
ﬂl-@-@-coo_éu-gz

31
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[err] 50° [err] in which [err] na‘quﬂ or
n- al koxy. 55 13. A conpound accor m 2 characteri se
structure selected from 32 ° d%:ngﬂ)&ﬁoﬂm CN[err] in vvh "
[err]n-al kyl or n-al koxy and [err] is selected from[err] n-
branched or ipphiticadl ik a-85d-2081 &Inkaiokoxy bRd Bdis CACLAENgL Nd accordr ng to cI ar m 1
characterised by a structure: CN in which [err]n-al kyl or n-al koxy and
[err] is selgeednpduridradsordirgyrts Haith-dodhbrsidterissd thyed stuctlrs:anched 25 or optically
active al kyl. 15. A compound according to any one of clains 7, 8. 10, 11,
13 or 1s characterised in that R2 is selected fgom[err] 30 16. A
ferroelectric snectic liquid crystal _material Qeing a m xture of at | east
two conpounds characterised in thw}4 L cagtg-gonpound is an optically
active compound of fornula: [err] 40 whigh ¥ is a group having a
generalmforrrul a: 45 where R is selected from hydrogen or [err] alkyl or

al koxy,™each of , the r s 50 is the s fe t and are. in ependently
sel ected frdfh l‘fﬁ@/l's Chgl"’o'b'@'hv' QL8 *%h?%&pﬁeﬁg' 3’5°p"'°a“y active alkyl group of
trans- cyclohsé ¥ 5A is selected froma single bond COO or OOC, ais 0 or

1, and B s QLMoun%%”&?du&'tE‘&auﬂn éz%ar%&&&é’a(‘byaats%&ure.cy_c' ohexyl or a group 33

15

CN
OR ROIOZLIe

20

in which Ry is C3-Cy2 n-alkyl or n-alioxy.

10. A compound according to claim 3 characterised by a structure:
25

o
9 ’:‘t1-(@-(@-@00»@)}40oérr-ﬁ2

30
in which Ry is Cs-Cy2 n-alkyl or n-alkoxy and Rz is C1-C12 n-alkyl.

11. A compound according to claim 4 characterised by a structure:
35

CN

1-@—@-C0u-©-COOCH-B

in which Ry is Cs-Ci2 n-alkyl or n-alkoxy and Rz is a branched or opfically active alkyl group of
structure B'.

45 12. A compound according to claim 6 characterised by a structure

CN
|
. DD DO

in which Ry is C3-Cy2 n-alkyl or n-alkoxy.

s5 13. A compound according to claim 2 characterised by a structure selected from:

32




[err] 5° where d is 0 or 1 and R is selected from hydrogen, or

[err]al kyl or al koxy. 17. A materi F4fodadigiy to claimls, '1
inthat it also contains at |east ?rll,e corrpmf‘n]ld of formula: 10 lwm mlmrr l“lll
[err] where [err] are independently [err] n-al kyl or n-al koxy*or¢an

optically avtive alkyl or alkoxy group. 25 18. A mat eri al accord| ng to
claim 16 characterised in that it alsg_coptai ns Nt I east one conpound of
fornmula: 30 where [err] are indepeRy f kyI or n-al koxy. 36 19.
A material according to claim16, whemiuseo mél ui d-crystal

el ectro-sopti cal displace device. Pat ent ansprUch@N1. Optisch aktive

Verbi ndung mt der Formel 40 CHI
* worin X eine Guppe der all genei %‘@Q@%%égﬁz ist, in der R
ausgew-hlt W rd unt er Wasserstoff oder Cl -12- Aggyl oder Al koxy und jeder

der ge 34 gl ei ch odor, en 3|nd und unabhangi g
vone| nantier ausgewshl t werden unteén ‘@1 2ogen Substituiertem
Phenyl oder transQ/cI ohexyl; A ausgewahlt WI rd unter ei ner Ei nfachbi ndung,

COO oder &f& ﬁ, QB ez Cl loc’i‘ea?&»glax‘j uppe fbom"\ézcgéﬂ%ﬁ r% ¥aEned or

und B Cl1-12- y,ac exy

15
14. A compound according to claim 1 characterised by a structure:

o N
/ i
" MO
1 *~ 2
in which Ry is C3-C12 n-alkyl or n-alkoxy and Rz is selected from C; - Cy2 n-alkyl or Ca-Cs2 branched
25 or optically active alkyl.
15. A compound according to any one of claims 7, 8, 10, 11, 13 or 14 .characterised in that R. is selected
from CHs, CzHs, CsHz, n-CaHs, n-CsHi1, n-CeNia, n-CrHis, CH(CHs)2, CH2CH(CHs)2 or CH(CHs)-
\/ CzHs, and Ry is Cg - 10 n-alkyl or n-alkoxy.
30
16. A ferroelectric smectic liquid crystal material being a mixture of at least two compounds characterised
in that at least one compound is an optically active compound of formula:
. cu
b_ L-Y~-CH-B
. ' 2
40 in which X is a group having a general formula:

031010
45
a
where R is selected from hydrogen, or C1-12 alkyl or alkoxy, each of the rings

®

is the same or different and are independently selected\f'fém phenyl, halogen substituted phenyl or
65 trans-cyclohexyl A is selected from a single bond, COO or O0C, a is 0 or |, and B is alkyl containing
1-12 carbon atoms, cyclohexyl or a group

50




ist, wotin d gleich O oder 1 ist und R ausgew-hlt wird unter V&sserstoff  —
oder C-12- Al kyl oder Al koxy. 15 g nach Anspruch
gekennzoi chnet, daR -Y-CH(CN)-B ?E&U%MCN) B. 3 Verbl n ueﬂg m""ml”“l

Anspruch 2, dadurch gokennzei chnet, daB B n- Al kyl ist.

nach Anspr uch 2, dadurch gekennzei chnet daB B eI ne ver ZWEI gte oder opt| sch
aktive Al kylgruppe der Struktur B 2fcH,)

CnHal 1. 26~~~~~~~~~~~- c-z- .. Bt
n 30 ist, worint gloich O odor emme ganze Zahl von 1-6 ist und n und m

gl ei chs oderwheeerdsig Rioetiand R israglectedifropphydegemaer G -12 gkherdlkopen. 35 5. Ver bi ndung
nach Anspruch 4, dadurch gekennzeichnet, daRt gleich O oder 1 !st und

m ndest el% & matsdsl acequling tonclaim S haragterisgd iy thatit 5o reartainsagiJpastienle eompeund A ¢ h
gekennzei cHfEwla: gaB B Cycl ohexyl ist. 40 7. Verbindung nach Anspruch 3,
gekennze| chnet durch eine Struktur CH 45

e 'R worin R Cs-Cl 2-n-Al kyl odernAIkG'xyundRZCl Gl 2-n-Al kyl

Si nd 50 8. Verbi ndung nach Ansﬁx_@_@e&in Bnet durch ei ne Struktur
CN 55 ;2 3 35 E'P 0 310
620 Bl FETETET i i _ c L m s 1

75 or

: : F
Y A
) R -@-@-coo -R
_ 20 _
where R* and RB are independently Ci-Ci2 n-alkyl or n-alkoxy or an optically avtive alkyl or alkoxy
group.

25 18. A material according to claim 16 characterised in that it also contams at least one compound of
formula: v

< ' n‘@@@-ﬂ

where R* and R® are independently Ci-12 n-alkyl or n-alkoxy.
ss 19. A material according to claim 18, when used in a liquid-crystal electro-optical displace device.
W, Patentanspriiche

1. Optisch aktive Verbindung mit der Formel
40

('IH
X-Y-CH-B ’
x .

worin X eine Gruppe der allgemeinen Formel

d n@{@-a}:-@--

85 ist, .
in der R ausgewihlt wird unter Wasserstoff oder G1-12-Alkyl oder Alkoxy und jeder der Ringe

34



wortn RI® Ca-Cl2-n- Al kyl odor n-Al koxy und R2 eine verzwei gte oder optisch

aktive Al kylgruppe der Struktur Bl gsp.31§e20/84bi ndung nach AAﬁmmljﬂ""""”“"I
gekennzei chnet durch eine Struktur: CN 10 worin Rl C3-C, 2-n-

n- Al koxy ist. 10. Verbindung nach Anspruch 3, gekennzeichnet dirch

Struktur: 15 CN R - CO @COCH R2 R ~~~~~~~ | 20 worln.RlCSCI
2-n- Al kyl oder n-Al koxy und R2 C -Cl12-n-Al sind. 11. Verbi ndung nach
Anspruch 4, gekennzeichnet durch eine StrukRtfur: 25 CN -4 9c0O 4HQOC-2 30
worin Rl C3-Cl2-n-Al kyl odor n-Al koxy und R2 eine verzweigte oder optisch
aktive APkyl ggleifhp&deleterschiqdgn sind und %?Wéﬂg'glzonem\dm eﬁvah'ha{eﬁ‘*%ﬁ r BRopylgmit

gekennzei chne'f'a'?ﬂﬁ'f' GPPSE’P'ﬁ'@"SP heqpltqdpr TansCyg Z% g fﬂ"’"ﬁ%"@l
2-n- Al kyl odef© ﬂ?"k ich §pden b jsh; nﬂ‘{fﬂﬂ’aﬂ'h ey ﬁd°2 0 d‘@?(@nﬂ‘z githet
durch eine St °8|°é"° 8wahHt wird unter 45 B r -CX -COC H % 2

C 250 COOH G' R

-0--Cc0OHR2.' 5S worin R Cs-d 2-n- MI_&W snN- Al koxy ist und R2
ausgewdhlt wird unter d-Cl 2-n-Al kyl f 2- Al kyl, das verzwei gt
oder optisch aktiv ist.
ist, worin d gleich 0 oder 1 ist und R' ausgew&hit wird unter Wasserstoff oder C1 -12-Alkyl oder Alkoxy.
15
2. Verbindung nach Anspruch 1, dadurch gekennzeichnet, daf
-Y-CH(CN)-B ist -COO-CH(CN)-B.

Lo
W 3. Verbindung nach Anspruch 2, dadurch gekennzeichnet, dag B n-Alkyl ist.
20
4. Verbindung nach Anspruch 2, dadurch gekennzeichnet, daB B sine verzweigte oder optisch aktive
Alkylgruppe der Struktur B?
e nii2m+l
N\
30
ist,

worin t gleich 0 oder eine ganze Zahl von 1-6 ist und n und m gleich oder verschieden sind und Werte
von 1 - 6 besitzen.
35 .
5. Verbindung nach Anspruch 4, dadurch gekennzeichnet, daB t gleich 0 oder 1 ist und mindestens n ader
. m gleich 1 sind.
6. Verbindung nach Anspruch 2, dadurch gekennzeichnet, da B Cyclohexyl ist.

7. Verbindung nach Anspruch 3, gekennzeichnet durch eine Struktur -

i
. D@,

worin Ry C3-Ci2-n-Alky! oder n-Alkoxy und Rz C1-Ci2-n-Alkyl sind.
50
8. Verbindung nach Anspruch 4, gekennzeichnet durch eine Struktur

CN
|
. 85 vy -
31‘©-©_CCGC¢_‘(-E 2 ’
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?/grt‘)l nEEng ﬁigh(sigsgrluch 1, gekenmg{m&ogpr::h ei ne Strukt Mﬂ!“ﬂl“m“m‘ '

B ~——y

worm Ri C3-Cl12-n- Al kyl odor n-Al koxy ist und R2 ausgew~hlt wird unter

Ci - G 2- n- Al kworin ®l 63:-CiB3n-Alk§) oder n-Aikoxy -uldi IRy |ejne daizweigte Dua| optisch ciklive dfkiigopde dekt i v
ist. 15. VerSmukdwigstnach ei nem der Ansprache 7, 8, 10, 11, 13 odor 14,
dadurch gokennzei chnot, daB R2 ausgewghlt wird unter CHa, C2 Hs, C3 H7,
n-C4 Hs, B (¥riigpung nachoanspiuch 6, gekemzpichngt ducchieingSyyktur:CH2  CH( CHa) 2 oder
CI-l(CI-la)*CZle und Rl Cs-io-n-Al kyl oder n-Al koxy ist. 15 16.

Ferroel ektrisches snmektisches Fl assigkristal pgaterial, das ein Gem sch von
m ndestens zwei Verbindun- gen ist, dadurch gokennzei chnet daB m ndest ens
ei ne Ver bi ndung ei ne optisch aé}* Chj-uboos @ For el 20 Gi Ix
X-Y-Te-B 25 ist, worin X eine ups al gamo en For nel so, 35 ist,
wor i n Fioausgevm' I hit wrd unter Wasserstoff oder C -C 2-Al kyl oder Al koxy,

j eder der Ri &-A %p ANSL &g hi eden sind und unabhangi g vonei nander
ausgew hi t v\‘}/g)(ra en un{2 'gheny , %&t Hal ogen substitul ort em Phenyl oder

t r ans- Cy ch@hapidung hat AN :f‘b&ke%ﬁlﬁneﬁiu%remg'smkﬁ@hb' ndung COO oder OOC, a

glolch49 odor 1 ist, und B G kyl, Cycl ohexyl oder eine G uppe 45
-(CHz d - vvorlndglelchOOdor 1Ist und R a geWAhlt wird unter
Wasserstoff oder G -G 2-A kylL.o Al kox i
o b -coo-@-coocxm ,
—/
20

worin Ry C3-Ci2-n-Alkyl oder n-Alkoxy und Rz C1-Ci2-n-Alky! sind.
11. Verbindung nach Anspruch 4, gekennzeichnet durch eine Struktur:

25 ox

; _coo_@-cooca-g
<09 St S
—
30
worin Ry C3-Ci2-n-Alkyl oder n-Alkoxy und Rz eine verzwelgte oder optusch aktive Alkylgruppe der
Struktur B! sind.
12. Verbindung nach Anspruch 8, gekennzeichnet durch eine Struktur
85 .
L R or,
A, - |
- ? Yoo 1 Yam|
{-DAC)-coo{Oy-coeci )
o .
worin Ry C3-Ci2-n-Alkyl oder n-AIkoxy ist.
13. Verbindung nach Anspruch 2 gekennzelchnet durch eine Struktur, die ausgewahlt wird unter
% : i

.RI-O-@-CCOé‘H-?Z -
N

o gl..©..o—cooéx-az -
CH

OO,

worin Ry C3-Ci2-n-Alkyl oder n-Alkoxy ist und R ausgewéhlt wird unter C,-Ci2-n-Alkyl oder C3-C;2-
Alkyl, das verzweigt oder optisch aktiv ist.

&5
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17. *Material nach Anspruch 16, dadurch gokennzei chnet,

m ndest ens ei ne Verbi ndung der For EP O 310 620 1 uu
C1111121 1L 121121 111 111 11 11 odreTrEmeﬁO%Eom “"III”"I"“II ls””"l
)<)-COMA4-R enthalt, worin RA und RB unabhangi g vonei nander CI-C12 n- A kyI
oder n- Al kotdy Verdindunginadh AngprichdhgekérinzeichneAldisgt einep®tekturAl koxygr uppe sind. 10
18. Material nach Anspruch 16, dadurch gekennzei chnet, daD es daneben

m ndest ens ei ne Verbi ndung der Fornel 15 -

F 20 enthalt, worin RA und RB unabhangi gjvonei nander Cl -Cl12-n-Al kyl
oder n- Al®koxy S|nd 19. Material ma Ang puk5 zur Verwendung in einer
el ekt roopti schen Fl assi gkri stal | anZeNgé icHtuﬁb. Revendi catl ons 25 1.
Conpose optiquenent actif repondant A Ia formule: CN 30

| X-Y-CHB r 1 1 n-Alkyl oder kox argi Rz au‘:égewéhlt wu%alm%r 'ca&a-n-h& Xder Cs-
R S

repr6sente un eleorpg
a dans IaqueII m un atorre d' hydrogene ou un groupe al kyl e

ou al coxy eg Qarb% Znact! Sionl Q¥AARSpAicheDP 8, 10, O odeH GHL dadiEs gékBnrIbidrhét! &AL R,
et sont choi Siggeg Witd uhSHERR CEHEBIR) theC AR B, HY Mh-6HY RES, R BN Ra)., %ﬁz(ﬁ{(@t‘l&&e

phenyl e a subgfdriciptHsit. A2 LRORNG -Qth-Alky &ePhlRRoxy istNS - Cycl ohexyl'e ;
choi si Py m une | i ai son sinple, un groupe COO ou OOC, a vaut O ou 1 Y est

choi si  par ms. GekdeRkiristhestimeklistiRdp FRSsRIRfistallnEio@l, AbDén Gorkiydhao MtissAS twel Veérbiddun-
atomes de car lgenst, daduech @akekiyzeiehnat) dafmigdestepeeifidVetbitiung eine optisch aktive Verbindung der

\ Formel
\/
20
c
|
2-Y-CH-B
=

25

ist, worin X eine Gruppe der aligemeinen Formel

N\
80 :
OO
a
85
. ist, worin R ausgew&hit wird unter Wasserstoff oder C1-C12-Alkyl oder Alkoxy, jeder der Ringe
40
gleich oder verschieden sind und unabh#ingig voneinander ausgewdhlt werden unter Phenyl, mit
Halogen substituiertem Phenyl oder trans-Cyclohexyl, A ausgewihit unter einer Einfachbindung COO
oder OOC, a gleich 0 oder 1 ist, und B C, -Cvz-Alkyl Cyclohexy! oder eine Gruppe
45
~(cy)(O)-F
worin d gleich 0 oder 1 ist und R’ ausgewdhit wird unter Wasserstoff oder C,-Ci2-Alkyl oder Alkoxy.
50 -

17. Material nach Anspruch 16, dadurch gekennzeichnet, da8 es daneben mindestens eine Verbindung der
Formelin

) | wd@@©*
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38 * EP 0 310 620B1 1llhlJ 121222 10J1 liii By pvp * [mu”'m““ l
| equel d vaut 0 ou 1 et R est chokggpi f n atome d' hydrogb ﬂml”"
groupe al kyl e ou al coxy ayant 1 & fgodﬁﬂcsglr’gg 2. Conpose sel

revendi cation 1, caracttris6 en ce quo | groupe -Y-CH(CN)-B) reprtsente
-COO-6H 5 odeiCN) - B. 3. Conpost solon | a revendication 2, caracterise en

CS quo B represente un groupe n-al kyle. 4. Conpost solon |la revendication

2, caracttrisd en co quo B represente un groupe alkyle ramfie ou 10

optiquenent actif, de structure HBl: B

-liCH2-p -CB t C Hf ~ dans n@ e%qo 3‘.] represente un nonbre

antier valant 1 & 6, et n et msent desS nonbres identiques ou diffdrents et

qui valent chacun 1 & 6. 20.5. Conpose solon |a revendication 4,

caracteri se éﬁh%’s qrdbR t upd R° r\’ﬂ?bh?i@'gv‘é?ﬂf'“afdeétc‘éhz frAlley] poar, Al odps, ping; eitisch

i ndi ces n ou 2five At offer MkoxygiepR¥Rd 5ol on | a revendication 2, caracterise en

?:Vgﬁgl Ca:.lﬁg liv? I’Ig nach%ts%lrlcﬁggedaﬁm& ﬁeﬂgn)ﬁ GIC%FI%'[ 3ar5a% esC dan:e:% mlndeaens eine Vgrbmdung der

"~ A~ P- Ul) (e,‘C)CI—I-P dans Iaquel |l e R represente un groupe n-al kyle ou

n-al coxy en Ca & Cl2, et R2 represente un groupe n-alkyle en G a Cl1 2. 38

& Conpogt solon |a revendi cation 4, caracterFse par une structure CH 40

1 40 -<G&'> -c!& COCCH R2 dans | aquelle R{ +gpresente un groupe n-al kyl e
{

AU7=\
‘ @0
p

ou n-alcoxy en Co & Cl2, et R2 repgr
20 enthiit, worin R* und R® unabhéingig voneinander G;-Ci2-n-Alkyl oder n-Alkoxy sind.

19. Material nach Anspruch 16 zur Verwendung in einer slekirooptischen FlUssigkristallanzeigevorrichtung.

Revendications
2
1. Composé optiquement actif répondant & la formule :

X-Y-CH-B S Formule I

8 dans laquslle X représente un groupe de formule générale

m ofote

dans laquelle R est choisi parmi un atome d'hydrogéne ou un groupe alkyle ou alcoxy en Cy & Cy2, les

noyaux
O

50 sont identiques ou différents et sont choisis chacun, indépendamment, parmi un groupe phényle, un
groupe phényle 4 substituants halogéno ou un groupe trans-cyclohexyle ; A est choisi parmi une liaison
simple, un groupe COO ou OOC ; a vaut 0 ou 1 ; Y est choisi parmi COO ou O ; et B représents un
groupe alkyle contenant 1 4 12 atomes de carbone, cycloalkyle ou un groupe

38
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48 - at kyle ram fie ou optiquonent actif, de structure Bl. t
solon |l a revendi cation 6, caracter,i structure CH SE’ilj T@imi
1 R1-COCH 55 dans | aquel |l e Rléﬁroreag*r’)é%égﬁge un groupe n- !_ M"""s”“!"
n-al coxy en Ca & Cl2. 10. Conpose selon |la revendication 3, caracterise par
une struct uredahs lequel dEUIt® 0310t B2Est Boisi parmi un atome d'hydrogdne ou un groupe alkyle ou hlcexy

I L IITM  113Jaht CGNidRle @beRd, - COO- ( -C2CCH R 5 dans laquelle R,
represente un groupe n-al kyle ou n-al coxy en Cs Cl2, et R2 represente_un
groupe n- alkycemgé Gilonda Gidhdicstion 1, karact@lisé posausdd arouph aY-EGN1R)irerssoun -CpO-CH-
caractdriss6 p&@NHBne structure CN t5

R1_9) - Co- CO o 2 dans | aquelle Rl represente un groupe
n-al kyl e ouB nCampask gelanria @yendiction 2, canactfrisé ar ¢o que BypRsénsate 4P RoYRe 'yallydef | 6 ou
optiquenment actif, de structure B'. 20, 12. Co ' '

6,p cgr act erd Sgorp%ﬂsé §elen e rpyppdicatien 2,®qaggrisé en ce rchg SBGregrgslegtg ulnagrorugg gl’l;]ﬂel ?aat ‘Oortlx
dans | aglfel | e°ﬂ£“?"@ﬂ?§9§fe?ﬂ%f“ﬂﬁea1rbupe n-al kyl e ou n-al coxy en Ca a Cl2. 30
13. Conpose selon |la revendication 2, caraﬁteri sd par une structure choisie

parmi CN 35 B Gn 2~ c00&4% 2 CI{ 40 ()-(V.
COOCH R 45 dans | esquel | e oK LpHiesente un groupe R al kyl e ou n-al coxy
en Ca a (J2 et R2 est choisi parnf
cCH
m 2m+l
o dans laquelle t est nul ou représente un nombre entier valant 1 & 6, et n et m sont des nombres
W, identiques ou différents et qui valent chacun 1 2 6.

20
5. Composé selon la revendication 4, caractérisé en ce que t est nul ou vaut 1 et en ce qu'au moins I'un
des indices n ou m vaut 1.
6. Composé selon la revendication 2, caractérisé en ce que B représente un groupe cyclohexyle.
25
- 7. Composé selon la revendication 3, caractérisé par une structure

Y fN |
. 01 )i, .

dans laquelle R; représente un groupe n-alkyle ou n-alcoxy en Cs & Ci2, et Rz représente un groupe
n-alkyle en Ci & Ci2.
35
8. Composé selon la revendication 4, caractérisé par une structure

oN
© Rl-@-@-cocéx-nz

dans laquelle R; représente un groupe n-alkyle ou n-alcoxy en Cs & Ci2, et Rz représente un groupe
45 alkyle ramifié ou optiquement actif, de structure B'.

9. Composé selon la revendication 6, caractérisé par une structure

50 (;'N'

; O -coocu—o
}{O-C)-00

65 dans laquelle Ry représente un groupe n-alkyle ou n-alcoxy en C; & Ci2.

10. Composé selon la revendication 3, caractérisé par une structure

39




groupe rf-alkyle en C, a Cl2 ou un groupe alkyle en C3 a Cl2, ranmfi6 ou

e SEPLerl kg’ M Comere Seumdn g cation & <ty
M s *

p, t - -OCH R2 S5 dans laquelle Rl represente un groupe n-al kyla o
n-al coxy en Ca A Cl2 et P2 est choisi parm un groupe n-alkyle en C, A Cl2
ou un groupe alkyle en C3 a Cl2, ranffi6 ou optiqué‘:ifent actif. 40 EP O
310 GW Bl I I (AN ¥ L1 S 1
15. Conmpose selon |'une quel cgha@d rg\l?gn@adt:?dgnhéﬁ?, 8, 10, 11, 13 ou
14, caractfried en ce que R2 est choisi parm CH3, C2Hs, C3H7, n-C4Hg,
n- C5H11, n-C6H 8, n-C7Hs, CH(CH3)2, CH2CH(CH3)2 ou CH(CH3) C2H5, et R
reprdsente GH‘;%ME’ i fensdseyte &n graune.nsalkyisay nAlPonen xR Gie. B Ferrprospple up proupe
smecti que f 8EkBPREL ? Cttue, | propridt~s de cristaux |iquides, qui est un
mdl ange d._.ay _noi ns_deux conposes ti,bre caractdrisee en ce qu'au noins un
compos& eth Léﬁ'ﬂ”%sgﬁ%%‘?% '°8?)’td{gg‘l&8§1e‘ﬁfag‘§?:sfi"?' e PR ¢ o 10 X-Y-CH B * 15
dans laquelle X est un groupe de fornule general e 20 ;
Rjt> A - jA dans laquelle R est choi si rférm’ un atome d' hydrogbne
ou un groupe al kyle ou al cox§ g@@(ﬂ_ﬁo_@_g& _r_Noyaux 30 sont chacun
identigues ou diffdrents et Cha choi mc%‘péhdan’ment, parm un
groups phenyl e, phenyle A substituants hal ogéno ou trans-cycl ohexyle ; A
est choisi parm une liaison sinple, COO ou OOC ;; a vaut O ou 1 ; et B
rerr di ne un dgisQayusliedrt; kiprésento ah Yroapy n-dikyle diln-abtariies Cela Giardoapest ue \rdupdarpd S
ou UD gr oupeandi® ou(opltiquérdgntlactif, de structuid B'.

20

12. Composé selon la revendication 6, caractérisé par une structure :

o
2 g1-©_@-coo-©-cooéu-o

k/ dans laquelle Ry représents un groupe n-alkyle ou n-alcoxy en Cs & Cia.

13. Composé selon fa revendication 2, caractérisé par une structure choisie parmi

cN

% R, -O-@ -cooc'.;;{-n ,
| N
oYer ™
oN
R -O-O;cooc':ﬂ-n
1 4 2

45 dans lesquelles Ry représents un groupe n-alkyle ou n-alcoxy en C; & Ciz et Rz est choisi parmi un
groupe n-alkyle en Ci & Ci2 ou un groupe alkyle en Cs 3 Ci2, ramifié ou optiquement actif.

14. Composé selon la revendication 1, caraciérisé par une structure

50 N
|
~-QCE-R
P‘f@'@ +~ 2

dans laquelle Ry représente un groupe n-alkylé ou n-alcoxy en Cs 2 Ci2 et Rz est choisi parmi un
groupe n-alkyle en C; 3 Ci2 ou un groupe alkyle en Gz & C12, ramifié ou optiquement actif.

65
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40 - dans loquel d est nul ou vaut 1 et R est choisi par

@ hydr ogbne ou un group. al kyle ou. gulo @R @ CL2 Wllﬂﬂlmlﬂ’lﬂlllllllllllll
. 17. Matiere selon |l a revendication 16, caract~risee en ce e crm ent +
6gal enent au noi na un conpose de fornule 45 F RAA-< -COO~n 50 OJ F 66
~~~~~~~~~~ A15. X®omposé selon {'une quelconque des revendications 7, 8, 10, {ARB®u 14, caractérisé en ce gde R
dans | esquel | et éddisepari3Chae P s Bt emCs FaharCeith . H-Cudlop e HrsBHICHs o rCHy E(GH:)2 ou
n-al kyl e ou n-GH(CkGHa et B, représente ufk Bro@pedt@kyx® nRilcoxy en Cs & Cro. 1
a Cl 2 ou un. groupe al kyle ou al coxy optiquenent actif. 18. Matibre selon

| a revendi c3%iNaitrecmeetispe, famesipciigue. &nprericie de (cfistaiy pidesrqui 874N dvdlasge dav menhis
un conpose de 9OBF FRIASSS. atiprp caractérisée en ce qu'au moins YR cempos? g8t YnFOMBLSS SpTAYEPENE
RA et RB repr FS#HR&MRhacun, inddpendamrent, un groupe n-al kyle ou n-
alcoxy en G a Cl2. i5 19. Matibre selon la revendication 16, quand elle

est utili s6e dans un dispositif d' afflichageC®l ectro-optique a cristaux

i qui des.”20 25 30 35 40 46 80 _ l

X-Y-CH-B
*

16
dans laquelle X est un groupe de formule générale

- o R@@*‘}:Q

dans laquelle R est choisi parmi un atome d'hydrogéne ou un groupe alkyle ou alcoxy en C1 & Ci2, les
25 noyaux

L ®

./
80
sont chacun identiques ou différents et chacun est choisi, indépendamment, parmi un groupe phényle
phényle & substituants halogéno ou trans-cyclohexyle ; A est choisi parmi une liaison simple, COO ou
0OC ; a vaut 0 ou 1 ; et B représente un groupe alkyle contenant 1 3 12 atomes de carbone,
cyclohexyle ou un groupe
35
, _ / ,
(s (CH,) ._@——R
40 dans lequel d est nul ou vaut 1 et R' est choisi parmi un atome d'hydrogéne ou un groupe alkyle ou
alcoxy en Cy & GCy2. .
17. Matidre selon la revendication 16, caractérisée en ce qu'elle contlent également au moins un composé
de formule
45
F
B
#0-©-40)
50 SR
Ou

e
‘:i:,?c_

F
y D40

dans lesquelles R* et RE représentent chacun, indépendamni"_é’_jr}_:t. un groupa n-alkyle ou n-alcoxy en Gy

11



42

10

‘ EP 0 310 620 B1

a Ci2 ou un groupe alkyle ou alcoxy optiquement actif.

18. Matiére selon la revend
de formule

AR ) RO 1 1

ication 16, caractérisée en ce qu'elle contient également au moins un composé

A _@ _@_@-RB

dans laquelle les symboles R* et R® représentent chacun, indépendamment, un groupe n-alkyle ou n-

alcoxy en Ci & Cyz.

15 19. Matidre selon la revendication 18, quand elle est utilisée dans un dispositif d*affichage électro-optique &

20

25

35

50

55

cristaux liquides.
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