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- LI QUI DywBY¥e/23$ YANOALKANES AND CYANCALKENES Thi s i nvent i on pcgl/&B9$/00988

cyanoal kanes and cyanoal kenes whi ch sboylliquid crystalline prqgfét'es QP
to liquid crystal materials and devi ces which incorporate them 'éﬁﬁﬁ;T
crsystal materials and devices are well known, and generally exploit the
useful nematic (Nt raRs ' S ORAR RS Y alhoaCognd J . [err] liquid
Crysié']‘ phases, ' TOW €l ectr 0- Op 2 - - : o Sc phase
shows its nost useful characteristics when an optically active conpound is
present in the materi ahisf Qndit o Fe tESt £5Cc thﬁik?%%t I, (Sc)
phase. Liquid cryst k materials are generally m xtures of conpounds, and
desirabl e rquYFéﬁEi e

neg whiGh Shaw:iiguitoreysraslings propentimsmpounds

incl ude ease @hdPeBPALGULAN cHibdd U ithdk 6F v61 4! a@&aéé-ffie&_sadfﬁ?hu' type
whi ch persist,over a broad.tenperature range preferably 1 ncluding room

tenperature. tPRAFPRESTEHNEMcquirenents may be sought for particul ar
applications, for exanple a useful_.birefringence, dielectric anisotropy, a

useful phase transitipn _seguence such as Sc-SA with.ingreasing tenperature,
-and in the case of SczﬁgPé | S8 4%3Q§}?¥% § AR AeUIAPR: T8 Weld a high
spont aneous pkhewnsaandngefRerally exploit the useful nematic (N) and

smectic (S), especially smectic C and I (Sc, SI)

liquid crystal phases, which show electro-optical
characteristics. The Sc phase shows its most useful
characteristics when an optically active compound is
present in the material, forming a ferroelectric chiral
smectic C (SE) phase. '

Liguid crystal materials are generally mixtures
of compounds; and desirable requirements for such a
mixture and/or its constituent compounds include ease of
‘preparation and liquid crystal phases of a useful type
which persist over a broad temperature range preferably
including room temperature. Other desirable requirements
may be sought for particular applications, for_example a
useful birefringence, dielectric anisotropy, a useful
phase transition sequence such as Sc-SA with increasing
temperature, and in the case of Sc materials, the ability
to form 2 mixture with a high spontaneous polarisation
(Ps).

o/

A wide variety of compounds which show liquid
crystal phases are known, for example:

Oyenu{ L o)n
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A wide variety of conpounds which show |liquid crystal phases are known, for
exanple: [err] @B 9215306. 3 -2- conpounds where R and R are al kyl,

di sclosed in EP-A-0,117,631. Another useful structural type for exanple is:
CN [err] where Rand R are alkyl, disclosed in PCTGeEB2158084&8L. It is

wi dely acknow edged that mnor structural variations in lLiquid crystal
conpounds can have a drastic and unexpected effect on their liquid 7
crystalline properties. It is ttRrefore an object of this invention tos
expl ore novel structural types and identify those which show |iquid crystal
phases, espe0|mwﬁ§cﬁ a useful type._According_to this invention a

f er r oEPEOOMNG e & and | Ry %Fﬁr glkyl, diRGLlepereds ERrR~Gidd s lof

gener ahofthieflusdfuls $ERvcteral Feypul for bramplehgsein R and [err] are
i ndependently [err] alkyl, alkoxy, perfluoroal kyl or perfluoroal koxy;
rings A, B, C and D are independently phenyl, which may carry

where R and R' are alkyl, disclosed in PCT/GB87/00441.

It is widely acknowledged that minor structural variations in ~
liquid crystal compounds can have a drastic and unexpected
effect on their liquid crystalline properties. It is therefore
an object of this invention to explore novel structural types
and identify those which show liquid crystal phases, especially
of a useful type.

According to this invention a ferroelectric liquid crystal
mixture including at least one compound of general formula I is
provided:

Formula I
R (<8 & =)=(X(B)-)~(0Hy) W, X~ (COHy)-Y, -Z, (CHy)~({©)- € -)-(D)-)-,
a n m p c

wherein R and R, are independently C,-C, alkyl, alkoxy,
perfluoroalkyl or perfluoroalkoxy:

rings A, B, C and D are independently phenyl, which may carry
one or two halogen substituents, trans-~-cyclohexyl, or (2,2,2)
bicyclooctyl, each of a, b, c or d being independently O or 1
provided (a+b+c+d) is 2 or 3 and further that c+d = 0 only when
A and B are both cyclohexyl;

links A and C are independently a single bond, CH,CH,, COO,
00C, CH,0 or OCH,;



one or two hal ogen substituents, trans-cyclohexyl, or (2,2,2) bicyclooctyl,
“each of a, b, c or d'being independently 0 or 1 provided (a+b+c¢5j)9 i?&(& qr
3 and further that c+d - 0 only when A and B are both cycl ohexyl; FI S UA
and C-are independently a single bond, [err] Coo,- OOC, [err] GB
9215306.3 n, mand p are independently O or an integer 1 to 4 provided
(n+mtp) is not O except when the FBﬁking group between B and Cis
HC- QCGN)-; Wand Z are independently selected from-CHC(CN) - and
-C(CNﬁzCH—;_X and Y are inde endeq%é elscted from - CHCN- _ and Lerr W, X,
y and z afe 0 BraRd By 8¥FEydHdeRgn éﬁi‘lz aPE @0 fintegen, 1, to, 4, proyided,
furt her(f4f¥pged iighaiotit0 | €rsépenahen the, linkifgzgroup betwiith [Brand g
be strqight ca?i or, branched chain, - including asymetrically substituted
chai ns. B g9 A, B, C or Dcarry substituents these may be in any
of the avaji| adnd spbsairbut inddpendently Ybdectadi tffem '] -CH=Q(EN)Rt ignd
may be géygggt@hgglly substituted or a racemate. The structural preferences
di scusse oW are inter-alia onthe basis of ease of preparation and/or
usef ul nesx iand i Yuatecindependuretiyl selected from -CHCN- and -C(CN),-;
w, XX, yand z are 0 or 1, provided that w and z are 0 if x

and/or y are 1, and further provided that at least one of w, x,

y and z is 1.

~ R and R, may be straight chain or branched chaid, including
‘asymmetrically substituted chains. When rings A, B, C or D
carry substituents these may be in any of +the available
substitution positions. When a unit -CHCN- is present it may be
asymmetrically substituted or a racemate.
The structural preferences discussed below are inter-alia on
the basis of ease of preparation and/or usefulness in 1liquid
crystal materials. '

Preferably R and R, are independently n-alkyl or n-alkoxy, or
asymmetrically substituted alkyl or alkoxy. Preferably rings A
and B are cyclohexyl. Preferably if rihgs'c and D are halogen
substituted phenyl the halogen is fluorine.. Preferably the
links A and C are single bonds. Preferably if ¢ and d are 0, R,
is alkyl. Preferably only ring A is (2,2,2) bicyclooctyl.

Some preferred combinations of the variables relating to the
cyanoalkane or cyanoalkene bridge between rings B and C shown in
formula I are : | '



Preferably R and [err] are independently n-al kyl or n-al koxy, or
asymmetrically substituted al kyl or al koxy. Preferably rings A and B are

. cyclohexyl. Preferably if rings C and D are hal ogen subst I

the WRI9%GER33s fluorine. Preferably - the links A and C g@?lﬁgb@g%nds.
Preferably if ¢ and d are 0, [err] # a kyl. Preferably only ring ALs
(2,2,2) bicyclooctyl. Some preferred conbinations of the variables rielating
to the cyanoal kane or cyanoal kene bridge between rings B and C shown ¥n
formula | of&): n,\W0Y¥,1223% = 0; x, m = 1; X = CHCN

- PCT/ GB91/ Og(lﬁﬁ ;(AW,:(?) 1K,,gz(l:'v_\{&\ly.e,( % ) x& Xy = éﬁc%- = CHCN (B) \;v m
z, p -

Y, z, p = ? W,mlz,z,p-On, -1, X
QN2 (D) (Ch, MenBry¥rz2pP=0 0 ® Wh BefWI(B) w v,
2; ;<( $: 1tp ;ﬂ;_?.(ﬁmQ'K}N ;zr, @(]ga\l)tﬂ; W)= 15, W ZCHRCECH)-X, V¥ = 1;, m=
;X - Cbgﬁ peci fic_exanpl es r ures_epgbogdyi ng these co nati ons
are listed b8l ow ¥n ¥abfe P \ﬁfj@r’e%f %eygél‘pi?af Bifer PRONBE.C(EN>

conbi nati on(F ppr eagnwedz,, Tgbl=e 0 Perryd <CN; m = 4; X, Y = CHCN

Specific examples of structures embodying these
combinations are listed below in table 1 wherein the
capital letter indicates the combination represented.

o ‘
g ‘
RO-cacazn' CIA3

N Fo /F
l
cN

o
|
R-O—CHCH2-O-R ' IA7



 GB'9215606.3 [err]

formul ae, | A, | A4,

or, by variants. of these which wll
Ceneral routes A and B Q corrp%ds

t he «aceonpanyl ng figg

as a~toupl ing reagent ' ts?ie)‘.b
brom nated product with a phenyl

- 6- GB 9215306.3 [err] O these
IFA5, B2, IB3 and I B4 are particul arl yGBrf16c0603
Conpounds of foxnula I, for exanple thosd |Tsted in Table 1, may be
prepared by a nunber of preparative routes starting from known conpounds,

be apparent to a skilled chemist.

are shown schematically in

ﬁI'LhiundiisopropylagEﬂe (LDA)

ol've coupling of th :
Met hods for preparation of

phenyl boronic acids are well for Exanpl e, reaction of a starting

phenyl with tri-i sopro orat e}
starting phenyl, e. gﬁ.
phenyl, the correspond ala 4 p

for preparatr on of such phenyl boronr C

ch a.
Ok ﬂa'
Ra@mﬁ
e

l .
| CN
o
O
CN
CN .

or ggXkoxy

appropriately substituted
@ Rdi fl uoro al kyl
i id may be prepared. Methods
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acids are showmn in route G In route Gthe steps are as follows : Gl:

1- bronoal kane, [err] acetone, refl ux - react wth n-butyGBig21bans. ihen
tri-iso- propylborate at -78C G3: Priedel Crafts addition (4:

Reduction, e.g. using hydra2| ne hydrate- GS: See M F. Hawthorne, J.” Org.

Chem (1957), 22, 1001 n- but&qllthlum@ R- CHO G=8: (i) [err]
(i) [err] WO 91/

-~
PCT/ GB91/ 00188 - R gh‘-lwute G to prepare ptprlyl‘,u*
boronic acids are de bed in (% - 880 0 and PCT/ EP88/ 00724, the
contents of which are included by reference. Hence routes A and B are of
general applicabilgg yehesealfdwenalael,l IR At TH4S ompcmggc St 3CanE € 3Bt

will be apparent to fhose k|IIed in the art howthey can be adapted to
produce ot Mesmmi Pﬁﬁis of structural types C, D and E,

e.g. IC IDand IF my be prepared by reaction of the

Compounds of formula I, for example those listed
in Table 1, may be prepared by a number of preparative
routes starting from known compounds, or by variants of
these which will be apparent to a skilled chemist.
General routes A and B to compounds IA and IB are shown
schematically in the accompanying figures.

Steps Al and Bl use lithiumdiisopropylamide (LDA)
as a coupling reagent, and steps A2 and B2 involve
coupling of the brominated product with a phenyl boronic
acid. Methods for preparation of phenylboronic acids
are well known, for example, reaction of a starting
phenyl with tri-isopropylborate. By using an
appropriately substituted starting phenyl, e.g. a 2- or
3-fluors, or 2, 3-difluocro alkyl or alkoxy phenyl, the
corresponding 4-phenyl boronic acid may be prepared.

Methods for preparation of such phenylboronic -
acids are shown in route G.

In route G the steps are as follows :

Gl: l-bromocalkane, xzcoz, acatone, reflux

G2: react with n-butyllithium, then tri-iso-
propylborate at =78°C

G3: Friedel Crafts addition

G4: Reduction, e.g. using hydrazine hydrate

' GS:  See M. F. Hawthorne, J. Org. Chem. (1957),

22, 1001

Gé: n-butyllithium

G7: R-CHO

8 (1) PO, (i) Pd/C, H

2



correspondi ng Ketone with trimethylsilylcyanide (TM5-CN) after reaction of

the Ketone with titanium-tetrachl oride. Many suitable Ketonqgnqt§§
but symﬂﬂﬂ /¥2233utes to Ketones are so wel | known, e. g. Frie afts type

addi ti.ons using acyl chlorides or reaetion of nltrlles with Gignard
reagents that if commerci al 'y unavai |l abl e they nmay be synt hesi sed.

Conpounds of formula | be m xed with known liquid crystalline conpounds
to formuseful Ii qu@tmg/g%%mfmtﬂé?l Bps. °th§’“|t|¢v%ntt|°orPRQR¢1é¢ opkenyio

prowAes a "%z%ﬂa'%@idmzséleésc?ebaa anmr-@wsmwds at |east

one of which is ound e.invention,

a ect of t
conpounds of ﬁﬁmﬁﬁﬂﬁ 09@%@5 ﬁ@%n8°Bt§n§s Pﬂ &ﬁ& ?ikﬁ?%d b¥s
constituents Qlefamiide. C liquid crystal materials, in V|em10f t he fact
t hat they show Sc phases, have a negative dielectric ani sotropy [err] ) and
a low birefringence [err] Conpounds of formula I, e.g. of structural types
A and B, especial | y HéheeadrdoBteayAbands8dare &f genarals ambid:ebxm/h.ty

par 1 cul ar Ty RS ATRIPIOR i S5 E8Ee8] RRRAIT A S MR RSB AL, o

formul ae |l A el apparent to those skzlled Ln the art how they can be

- adapted to produce other structural types.

Compounds of structural types C, D and E, e.g. IC,

ID and IF may be prepared by reaction of the

U corresponding Ketone with trimethylsilylcyanide (TMS-CN)-
after reaction of the Ketone with titanium tetrachloride.
Many suitable Ketones are known, but synthetic routes to
Ketones are so well known, e.g. Friedel Crafts type
additions using acyl-chlorides or reaction of nitriles
with Grignard reagents that if commercially unavailable
they may be synthesised.

Compounds of formula I may be mixed with known
liquid crystalline compounds to form useful ligquid
‘crystal materials. This invention therefore also
provides a liquid crystal material, being a mixture of

. compounds at least one of which is a compound of formula
I. In this aspect'of the'ihvention, compounds of
structural types A and B e.g. IA and IB are preferred as
constituents of smectic C liQuidlcrystal materials, in

. view of the fact that they show Sc phases, have a
negative dielectric anisotropy (A€ ) and a low
birefringence (AN ).

Compounds.df formula I, e.g. of structural types A
and B, especially IA and IB may be used in Sc mixtures
together with known compounds with either together or
separately form an Sc phase, particularly preferred



1B below. F [err] wherein [err] are independently [err] al kyl or alkoxy.
I f the conpound(s) of fornmula | present in the Sc m xture contains an

asynmetrically substituted group, for exanple if R R or_[e
asymwah b1 a2Rsy substituted, then the Sc phase may be a fe?h; AW%SSC
phase. Alternately or addltlonally B8he ni xture may contain known
asymetrically substituted conpounds which are capabl e of inducing Sﬁ'k
phases to be Sc phases. Many such conpounds are-known, but Preferred“
conpounds mnqu&a def cEhbBdt¥YRePEeLags thede: Of Loy kae yITAoandof

formul a |l lrdgergd « WD 91/ 12233

PCT/ GB91/ 00188 9 mhere (F) indicates that the ring indicated may carry a
| ateral fluorine substltuent and [err] nay be [err] n-al kyl or n-al koxy and

[err] may be [err] al kyl, n- aIkyI or a branched chain or optically
active al kyl. Typjcal bu and Sc mxture o hi s aspect
of the invention %pgéa/vt hk
F.F
. o
FoF
R OS050

wherein R1 and R2 are independently Cz-c12
alkyl or alkoxy.

If the compound(s) of formula I present in the Sc
mixture contains an asymmetrically substituted group,
for example if R, R’ or -CH (CN)- is asymmetrically x
substituted, then the Sc phase may be a ferroelectric Sc
phase. Alternately or additionally the mixture may -
contain known asymmetrically substituted compounds which
are capable of inducing Sc phases to be Sg phases. Many
such compounds are known, but preferred compounds are
those described in PCT/GB87/00441, especially those of
formula III

I N

|
Rl_@—@-cooirmz III



~conpounds of formula I1Aor IIB, up td 15w %of a conpound forrmula II1,
and up to 25 wt % of ‘a coripound of fornmula I, the total bel 0

Li qui VO @B3 material s of this aspect of the invention nﬁ’?rg%éggk)gh‘% t he
known types of liquid crystal electro-3ptical display device. Exanples of

the invention wll now be described, referring to Figs.1l, 2 and 3 which
schematical ly show %reparative routes to coppounds of formula |I. In each .

case( the bor BRREadFds iRicahas Rt ShagTiRe #BEAGASedeT@Y IRAFTH & he
exampfes of PSELERASIIUEHLnd el taert akhd| RgUndyCERSCal Lransiti on
tenperatures_ar k%g er(r!}] 8% K70'SAd§ans so] i d-crystal  t =32 | qui d
crystal at [8??? affl &-RLIKORY, ARA By MY BPebarasi BAKILCRT WO

91/ 12233 n-alkyl or a branched chain or optiP&ILl¢BatLAES&1KY1.

1- (4- Bronmophenyl) -1-cyano-2-(trans-4-hentylcyclo- hexyl)ethane

Li t hi undi i sopropyl am de (LDA) (1.5 in THF)(5.13 m, 7.4 nmmol) was added
dropwi se under dry Typiicaddy thit: net rexclusiivebyl and[ 8cr hixitune @ HOf

trans-4-hept g3 oCUeLAReX WERHY | tAPLNENGA 4eSHERPRDALE €3 8% Wk & BP!)
compounds of formula IIA or IIB, up to 15 wt % of a
compound formula III, and up to 25 wt % of a compound of
formula I, the total being 100 wt §.

Liquid crystal materials of this aspect of the
N invention may be used in';he known types of liquid
crystal electro—optical display device.

Examples of the invention will now be described,
referring to Figs 1, 2 and 3 which schematically show
preparative routes to compounds of formula I. In each
case the boronic acids'were prepared using the methods

. described in the examplés of PCT/EP88/00724. 1In each
case all liquid crystal transition temperatures are in
°C, eg K70 SA means solid crystal to SA liquid crystal
at 70°C. B

Example 1 Route B

(1) Preparation of

- _



and 4-bronophenyl acetonitrile (1.37g, 7.0 mmol) in sodiumdried
tetrahydrofuran (10 m) and nol ecul ar sieve- dried hexanethylphosphoranide
(HWPA) (5 m). The reaction mxture was stirred for 1 h a err! nd then
al | owerlo1/02283r m t 0 room t enper at ure Qyerni ght and noni tor .
reaction mxture was poured onto wateér (50 nl) and the product mas
extracted into ether (2 x 20 m). The conbrned extracts were wahsed With
wat er and dr.ied [err ) \ Ny DI s ure‘dnd
the crude BRoductkd-REQMEPUE : e O PR Gt F o 5
“eluting with cMrgggggjgggggg petroleun(bp [err] yreId 1. 439, 5296np [err]
B2 1- Cyano- 2- (4' - decyl oxybi ghenyl -4-yl)-1-(t-rans-4-
hept yl cycl phexyl | et hane A stirred m xture of the product of step Al (2.64
mol ) , 4-decy|oxymmanmhhmxbabprapyda@@d99qLDAyxilnﬁﬂ@n THF)(5.13

car bonai o 80t th A H ) YEBCASAAE iRl e, Yhaek Hepinrogth 80 KoL, oq
under refulstinghd ang ﬂ@@l@éeh'ﬂ@r A mixtenehof &ransmd wRePEVArt ored by

GC. Th - 100
IR R ol e R R T NI

organi c | ayad ERE%P%.EH 3R8tPAL tX ) e "BRhedii th ether (50
mM). The cuydiiigi-dtied cattahydrotuzanmgned ml§ hndinslecdldei sdeferr]
The SOlvemﬁ\ﬁ%d hexamethylphosphoramide (HMPA)(S ml). The

reaction mixture was stirred for 1 h at -70°C and then

allowed to warm to room temperature overnight and '

monitored by GC. The reaction mixture was poured onto
water (50 ml) and the product was extracted into ether
(2 x 20 ml). The combined extracts were wahsed with
water and dried (ugso4). The solvent was removed

under reduced pressure and the crude product was
purified by column chromatography [silica gel; eluting
with chloroform-light petroleum(bp 40-60°C)(1:2)]); yield
1.43g, 52% mp 56-57°C.

heptylcyclohexyljethane

A stirred mixture of the product of step Al (2.64
mmol), 4-decyloxyphenylboronic acid (0.99g, 3.43 mmol),
tetrakis(triphenylphosphine)palladium(0) (0.4g, 0.34
mmol), 2M sodium carbonate solution (3 ml), benzene
(10 ml) and methanol (1 ml) was heated under refulx
under dry nitrogen for 4 h and the reaction was
monitored by GC. The reaction mixture was cooled and 2M
sodium carbonate solution (100 ml) was added followed by
aqueous ammonia (2 ml) and ether (100 ml). The organic
layer was separated and the agueous layer was washed
with ether (50 ml). The combined ether extracts were
washed with water and dried (MgSO, ). The solvent was
removed under reduced pressure and the crude product was



rehoved under reduced pressure and the Crude product was WD 91/ 12233

PCT/ GB91 1-1° - purified by col urm chromat ography |
el uti n&"%g%gg? h Sl*ébg%ﬁ%mss

| oronet hane: |ight petroleum (bp [err] Yield
recrystallised fromethanol. (2) Pfedé%ﬂlon of CN [err] This was
prepared by an analogous nethod to that of (1) above using the product of

Step Bl and 4-decyl oxy oro Iboronlc aci Electl n was on silica
gel {U%ing di CWI‘B‘?'% QXe':" “d“{)‘%@%l 8?‘]-}19?@3 §48juting

Eecﬁ?%;flI|sed1thod1ehmﬁuometﬁnmqm(iﬂght pémtaiénmllbp Ehea?Pﬁququﬁh
err p n tyl - cycl ohexyl ethane
WAs prepar edl‘é & aggs%‘?&g?ﬁ%f exarrpcfr&l %’ gg from

trans- 4- heptylcyclohexylacetonrtrlIe and 4- bronobensylbronlde yigld 59%

np [err] A2 (2} Cygggpgrg{ldgggﬁ%yblphenyl 4-yll-2-(trans-4-

o

This was prepared by an analogous method to that
of (1) above using the product of Step Bl and
L 4-decyloxy-2-fluorophenylboronic acid. Election was on
silica gel using dichloromethane: light petroleum (bp
40-60°C)(1:5). Yield 64% recrystallised from ethanol.

Example 2  Route A

(1) Preparation of

o

Al l1-({4-Bromophenvyl\-2~cvano-2-(trans-4-heptvyl-
cxclohexxl)ethane

;\J

Was prepared similarly as step Bl of example 1
above from trans-4-heptylcyclohexylacetonitrile and
4-bromobensylbromide; yield 59%; mp 60-62°C.

A2 l1-Cvano-2-(4'-decoxybiphenyl-4-yl)-2-(trans-4-
heptylcyclohexvyl)ethane

Was prepared similarly as for step B2 above using
the product of step Al and 4-decoxyphenylboronic acid.
[silica gel; eluting with chloroform-light petroleum (bp
40-60°C)(1.5)]); yield 62% recrystallised from ethanol.



heptylcyclohexvl et hane Was prepared simlarly as for step B2 above using
the product of step Al and 4-decoxyphenyl boronic acid. (silica gel; eluting
with chloroformlight petroleum (bp [err] yield 62% recrystallised from

et hanowQ 91/1203391/ 12233 PCT/GBY%1/00188
PCT/ GB9I / 00i'88 - 12- (2) Preparation. of2 (N [err] Was prepared simlar]y as
Al - A2 above using 1-(4-bronophenyl)-2-cyano-2-(trans-4- heptylcyclohe&yl)

et hane and 4-decoxy- 2-fl uorophenyl boroni ¢ aci d. (Slllca gel; eluting Wth
di chl or onet ha2g- | | Bbepasatdomumf( bp 40-60C) (1:5)]; yield 36%
recrystallised fromethanol. (3) Preparation of CN [err] Was prepared
simlarly as Al -A2 above using

1- (4- br onmophenyl ) - 2- cyano- 2- tr&ﬂk 4- heo Icyclohexyl) et hane and
4- decoxy- 3- quoropHe yhbora c. ng with
di chl or onet hane-1i gh 7pé§r r)qe ye l@ 2178t allised from

et hanol . Exanple 3

Was prepared similarly as Al-A2 above using
1-(4-bromophenyl)-2-cyano-2-(trans~-4-heptylcyclohexyl)-
ethane and 4-decoxy-2-fluorophenylboronic acid. (Silica
gel; eluting with dichloromethane-light petroleum (bp
40-60°C)(1:5)]); yield 36%; recrystallised from ethanol.

(3) Preparation of

?N

Was prepared similarly as Al-A2 above using
1-(4-bromophenyl)-2-cyano-2-(trans-4-heptylcyclohexyl)-
ethane and 4-decoxy-3-fluorophenylboronic acid. ([Silica
gel; eluting with dichloromethane-light petroleum (bp
40-60°C)(1:5)); yeild 27%; recrystallised from ethanol.

Example

Preparation of

oo
N

The Ketone 1-(4';decyloxybiphenyl-4-yl)-2-(trans-4—
heptylcyclochexyl) ethanone was prepared using a method
analogous to that used for the corresponding octyloxy
compound in Mol. Cryst. Lig. Cryst (1988). An alternate
route was that of example 1 of EP-A-0117631. The yield
was 18%.



Preparation of CN [err] The Ketone 1-(4

' -decyl oxybi phenyl -4yl )-2-(trans-4- heptyl cycl ohexyl) ethanone was

pr epar wD 881182338 et hod anal ogous to that used for the corr BEpHHBPG0188
octyl exy compound in Mdl. Cryst. LigT &€yst (1988). An alternate route was
that of exanple 1 of EP-A-0117631. The yield was 18% WO 91/ 12233

PCT/ GB91/ 00188 - 13- Another route to éhis Ket one used the reaction between
1- (4-Br onopheny| ) - PAGTHER ZRHED §P cHREBhBRTPRE ¥89%h SheyReqatery, 2. 64
o' and 4- Betweery phanyd brimopiveny by +0-( @rafss4 -hebty Ty Al dib4Pri 0y A
procedure analggpu to th f BZzaggve.o LN tBe col u chr qmat ogr aphy
stage ‘si | i ca®FePA s AL bl The? eP ficfEOHAs 2R cﬁl’&e&g&‘ﬁ%ﬂg‘.eny T ght
pet rol eum (bpo4@nf@0@dil 1)0.9%ie) d3 04 35myoh} %foldemiticald pebdeduret hanol
The Ketone shg | i Qui tgansitigns K10 135 Sc 142 [err] 168 |
To a sol uti oﬁn\éﬁ%tglﬂ“s lz'ce!:f g{n%éj% géﬁéfn%%{%'gln %I g&% & e dried
di chl or onet haheofa tugraphy tkge t $ihbcangedt washuseddand .t elmént
dropwi se) atwLErEhchlorcmethan§:~~light petroleum (bp 40-60°C

(l1:1). Yield 0.85 g 61%, recrystallsed from ethanol.

The Ketone showed liquid crystal transitions K106 S

135 Sc 142 S, 168 I.

To a solution of this Ketone (0.467 mmol) in
molecular-sieve dried dichloromethane (5 ml) was added
titanium tetrachloride (0.545 mmol, dropwise) at 0°C
under dry nitrogen’. After 30 minutes trimethyl-
silylcyanide (TMS-CN) 0.934 mmol) was added at 0°C and
the mixture was stirred for 72 hours at room temperature.

The reaction mixture was poured into water and the
crude product was extracted into dichloromethane (2 x 25
" ml). The combined extracs were washed with water and
~dried (MgSO,). The solvent was removed under reduced
pressure and the crude product was purified by column
chromatography [(silica gel, eluting with
Y dichlorqmethane; light petroleum (bp 40-60°C (1:5)].
' The product was recrystallised from ethanol. Yield 50%.
Using analogous routes the following Ketones were
prepared: '

K 106 S, 135 s

G

C-147_SA 16Q I

'(eluent dichloromethane: light petroleum (40-60°C) 1:2,
vield 26% recrystallised from ethanol).



under dry nitrogen. After 30 minutes trinethyl- silylcyanide (TV5 CN)
0.934 nmmol) was added at [err] and the nmixture was stirred for 72 hours at
roomtenperature. The reaction m xture was poured into water and the, crude
produskOead2233 racted into dichloronethane (2 x 25 m). TRETHGRIS/0G1B8
extracs were washed with water and drpgd.[err] The solvent was renoved
under reduced pressure and the crude product was purified by colum 5,
chromat ography [(silica gel, eluting with dichloronethane: |ight petrs#feum
(bp [err] (1:5)]. The product was recrystallised fromethanol. Yield 50%

Usi ng anal ogous r qut t he | Qi [ejp.one e epared: [err] (eluent
di chl or onet hane: ?’l t@‘;ns’*m#gggr , 0 %@%EETWSI allised from
et hanol ). WO 91/ 12233

PCT/ GB91/ 00188 -1 [eFrd ( eg@t Ok Of | i ght petrol eum (40-60C) 1:2,
yi el d 1096recrysta|%§zx#6r§%?e ﬁaﬁg#)sh[g??}I(eluent di chl or onet hane:

i ght petrol eum (40-60C) 4:1, yield 93%recrystallised fromlight petrol eum
. (40-600).  (eluent chloroform: light petroleum (40-60°C) 1:2,

yield 10% recrystallised from ethanol).

n-C7HISOCH2COOC10H21-n

K (56 Sp) 58 S, 128 I

A
(eluent dichloromethane: light petroleum (40-60°C) 4:1,
yield 93% recrystallised from light petroleum (40-60°C).

n-csun-@-cxzco-ocmnn-n

K 122 Sg 130 S, 152 1

(prepared from l-pentylbicyclo (2,2,2) octane 4-acetic

acid via the acyl chloride (via SOClz) and Mol. Cryst.

Lig. Cryst (1988) route. Eluent chloroform: light

petroleum (40-60°C) 1:2, yield 19%, recrystallised from e
light petroleum (40-60°C).

n-C,H, 5-<D-cnl,co--oc1 oHy -0

K (56 Sp) 68 5, 138 I

was prepared by another route as follows:

The Grignard reagent of 4-bromo-4‘decoxy-2-
fluorobiphenyl (known) (6.1 g, 15 mmol), magnesium metal
(0.4 g, 16.6 mg atom) in sodium-dried ether (25 ml) was
prepared at 50°C under anhydrous conditions and the
reaction was monitored by GC. A solution of trans-4-



[err] (prepared from 1-pentylbicyclo (2,2,2) octane 4-acetic acid via the

acyl chloride (via [err] ard M. Cryst_ qu Cryst (1988) rout@ %215818.
chloroform light petroleum/[err] 1:2, yié&ld T19% recrystallised fromlight
petrol eum (40-60C). [err] was prepared by - anot her route as. foI | ows: The

b moneoiR e EyR LGy bRt bt MR B SRRy MY T )
was {)Lepgr gd sodhtnedirded ethienuy Mbrnlli)l m aﬁ&édleandath@&éﬁénon
moni t ored by

9215306. 3 hep%’&é&?gh%a}%’i o ‘f%— &'eflg‘x e‘rﬁmqhﬁ-somﬁnmﬂs&wn
ether (10 nl) mm'a:ldedamdmdﬂkeﬁeaﬁd oahgnxmwso@ggt iéeuW| Cgf)l u%lo

over ni ght. ctlon xture s copl ed, and then oured o

g) and 36% hygﬁ%’i ‘?F’c?oa frﬁé Bljani Th mcsémre:ewaand

t he aqueous Immeeuaw ﬁhéha?iﬁiuﬁzia?e): /§Q e e

extracts were g W th aqueous odj um car onate (109 ki ?goq'r%%’p étper and
then dried [ervﬁaf Jsol vBR GRmb Rtheg-extRACty wereswashed whsh

crude prOdUCt&&EEQHB'EUHi&H'éﬂEﬁ@%ate (10%) (S0 ml), water and then

dried (HgSO ). The sclvent was removed under reduced
pressure and the crude product was purified by column
chromatography [silica gel; eluting with chloroform:
| light petroleum (bp 40-60°C) (1:2)]; yield 1.75 g, 64%;
AN recrystallised from ethanol.

Example 4

Preparation of

e

Titanium tetrachloride (S5 pk, 0.545 mmol) was

added dropwise to a solution of 2-(trans-4-heptylcyclo-

v hexyl)-l-(4-octoxyphenyl)ethanone (0.2 g, 0.467 mmol) in
molecular sieve-dried dichloromethane (5 ml) at 0°C
under dry nitrogen. After 30 min, TMS-CN (0.142 ml,
0.934 mmol) was added at 0°C and then the mixture was
stirred for 72 h at rcom temperature. . The reaction
mixture was poured onto water and the crude product was
extracted into dichloromethane (2 x 25 ml).

The combined extracts were washed with water and
dried (MgSO,). The solvent was removed under reduced
pressure and the crude product was purified by column
chromatography [silica gel; eluting with dichloromethane-
light petroleum (bp 40-60°C) (1:2)]; yield 0.15 g, 68%;
recrystallised from ethanol.



chromat ography (silica gel; eluting with chloroform |[ight petrol eum (bp
[err] yield 1.75 g, 64% recrystallised fromethanol. Exanple 4 Preparation
-of CN[err] Titaniumtetrachloride (55 [err] [err] was added dropwi se to a
sol ut wamopf12233 t r ans- 4- hept yl cycl o- hexyl ) - 1- (4- oct oxyphenpCrALBH700¥88( 0. 2
g, 0.467 mol) in nolecul ar sieve-drigg dichloromethane (5 m) at [err] °
under dry nitrogen. After 30 min, [err] (0.142 m, 0.934 mvol) was added at
0C and then the m'xture vvas stirred for 72 h at roomtenperature

reacti on mxture smi.‘o Yearsiendnkh ;_ﬁru RO m@xtract ed
into dichl ororret han 2 x 4}1%& The conbi ne racts wer e ed with
water and dff®H 8% pﬁﬁ? the ?Q%Seﬁxﬁﬂ& eS; 3G &Y Felkated and

t he crude pmethods\asxeuristad beylawt urm chr omat ography [silica gel
eluting with dichloronethane- |ight petroleum (bp [err] (1:2)]; yield 0.15

g, 68% recrystallised from ethanol. WO 91/ 12233
PCT/ GB91/ 00188 - fTable 2

A 8 x 4
-C.H u-¢
n-CyHyg =~ 0 ) © }=0¢ gty m
2

A B z x Y|«K Sg Se S, N 1
cN B H H H 86 > (75) —>124 ~
H o H F H 20 > (65)
N H 54 £ H 52 »(47) >(67) ->» 90
N H H H F 89 >126
H o H H B 72 —p» 99
-c,nlsOcnsc-@o gH -
K41S, 46 I
g’

(I.‘.N
CN

mp 91°C

N
N

K 127 1 4

Q—-0O—0



. Li q‘ui d crystal transitions ‘(i n C of the cyana conpounds prepared in the

above eg@p{ﬁgzﬁnd by reldted nethods are |isted bel ow Tabl%gﬁ’é[gfﬂré“ WO
li IS&N

91/ 1223 - 17 - PCT/ GB91/
[err] = - 18 : GB 925306. 3 Exanple 5: A representative
exanple of Route C. [err] Cl A sol ution of trans-4-heptyl cycl ohexyl -

carbqgglic acid (3) (10 g/0.044 nol) in thionyl chloride (75 mM) and DVF (3
dropg)  was heated with stirring under ref Fﬁ'x for “3+“hours. After cooling,
the excess thionyl chloride : ed ugder vacuum The residue was
treated with dry et HerCq . aCH.,CHl r-at ed under vacuum Dry

ot her (50 m) -was carefui-lsj??/ o/ | it iu:f%m?

KISSBSBI

- (\:N

K 71.5 S 161 S, 162 N 173 I

_
?N
n-C.H, . CHCH2<<::>rC5H11-n
K 47 S, 66 T '
_ -?N- : FN '

n-CsHllq<::>rCH(Cﬁz)4CH~<::>rC5H11-n

K 106.5 I : )
S

_ ™ '
n-CgH, , cazcxzcncuz<<::>pcsﬂu

'KSBSB7OI

o ?N |
n-CSHl1~<::>h<::>FCH2CH2$CH2<<::>»C5§ll
_ CN

K 104 (Sg 93) I



al um ni um hydride (3.35 g/0.088 nol) under dry.nitrogen). To this stirred
suspension a solution of the crude acigachl ori de was addedai 92.¢i3pbe3 her

(20-30 nm) over one hour at roomtenperature. The stirred suspensi on,was
heat ed under reflux for 2 hours and then cooled. Water (1.5 m) was added

to destroy excess [err] ol Xt uree hen _gquenched with dilute HCl

(10% . The solution was g&%’ﬁ%i&d% }[N?ﬁe%ﬁg,ta%g&t& VE BXARP 18O onbi ned
organic extracts ReatedQu th water (3 x 50 m ), dried [err] and the s‘?@fvent
removed under vacuum The residue was purified bg disgllation at [err] nm

Kg to give the product ge=—8 col ourless oil. el d o C2: To a stirred
solution of al coh@Ly . @ktmitﬂ ' & chl orof osm (47 nl)
was added pyri di nes(s‘.gG " .093|m)l) at 20 ' I Xture was added
tosyl chloride (13.44 g/0.071 aoNin small portions. The mi xture was
stirred at [err] for 2 hours and then at roomtenperature for a further 2

hours. Ether (120_m) and water (28 m}_ wer e added. The organic | ayer was
separated of f andedashed A8Rdusion of tyansr4<sheptylcyclohexyl-

PCT/ GBOl / Oghthdrirlee’ ladd¥ (3) (10 g/0.044 mol) in thionyl chloride
(75 ml) and DMF (3 drops) was heatad with stirring under
reflux for 3 hours. After cooling, the excess thionyl
chloride was removed under vacuum. The residue was

treated with dry ether (50 ml) and again concentrated
under vacuum. . ~

Dry ether (S50 ml) was carefully added to lithium
aluminium hydride (3.35 g/0.088 mol) under dry nitrogen).
To this stirred suspension a solution of the crude acid
chloride was added in dry ether (20-30 ml) over one hour
at room temperature. The stirred suspension was heated
under reflux for 2 hours and then cooled. Water (1.5
ml) was added to destroy excess LiAlH4. - The mixture
was then quenched with dilute HCl (10%). The solution
was extracted with ether (3 x 100 ml) and the combined
organic extracts washed with water (3 x 50 ml), dried
(Mgso4) and the solvent removed under vacuum. The
residue was purified by distillation at 125°C/0.1 mm Hg
to give the produc:z as a colourless oil. Yield 75%.

A

c2 To a stirred solution of alcochol (4) (10 g/0.047
mol) in alcohol free chloroform (47 ml) was added
pyridine (7.6 ml/0.094 mol) at 0°C. To this mixture was
added tosyl chloride (13.44 g/0.071 mol) in small
portions. The mixture was stirred at 0°C for 2 hours
and then at room temperature for a further 2 hours.
Ether (120 ml) and water (28 ml) were added. The
organic layer was separated off{ and washed successively



.- 18 - W0 91/12233 GB 925306. 3 Exanple 5: .A representative exanpl e of
Route C. [err] A solution of trans-4-hept%#cyclohexyl carbox¥kag %Cld 3)
(10 ¢g/0.044 rmol) in thionyl chloride (75 ™) and DMF (3 drops) ¢BY
with stirring under reflux for 3 hours. After cooling, the excess th| onyI
chtoride was renoved under vacuum The residue was treated with dry ether
(50 m) and again concentrated under vacuum Dry ether (50 m) was
~carefuFly added to lithj un1a| ydr|qa¢(3 35-'g/ 0. 088 nol ) under dry
nitrogen). To this st¥T ' @ CHO o ic0 of the crude acid chloride
was added in dry et her (20- 3 o' on& hour3 “% oom t enperature. The
stirred suspension JEF ed_under reflux for 2 hours and then cool ed.
Water (1.5 m) was add t¥oy excess [err] The mixture was then
guenched with dilute RO (10% . The solution was extracted with ether (3 x
100 m) .and the conbi ned organic extracts washed with water (3 x 50 m),
dried [err]and the solvent renoved under vacuum The residue was purified
by distillation at [err] to give the pQﬂpuct as a colourless oil. Yield

75% -
: n-c., lsO-O-cxcnz C.H
o 5711

K 71.
58 161 82 162 N 173 1

n=C,H ISO‘CHCH
CsHyp-

K 4
7SA661

n-C.H
5 IIOCH(C32)4CH-O.C Hy,-n

K 106.5 1

ll CH CH CHCH
Cafy

K
53 SB 70 I

n-C_H N
s “OO'CH CH.CCH. | |

K 104 (s; 93) 1



To a stirred solution of alcohol (4) (10 glo. 047 nol) in al aGahed.5306¢3
chloroform (47 m) was added pyrldlne'T7 M /0.094 nol)-at [err] To this
m xture was added tosyl chloride (13.44-9/0.071 nol) in snall portions. The
m xture was stirred at OC for 2 hours and then at roomtenperature for .a
further 2 hours. Ether (12E*AampdAd jatch FEpTRsenzavivedexampieoffanic

| ayer was separ at ed%ﬂ(ﬁ:ea'l? washed successively W1/ 12233 X
PCT/ GB91/ 00188 - 19 - with dilute HO, water 5% EaHCO%éand water. After
drying [err] the solvent rennved under . [

va crude residue=
purified by flash- s I %_d er o N pet. ether
40/ 60) . The product EaiSa &g%qggﬁEéﬁ 2% ﬁ%rr] C3 Fi nely
powder ed succi ni ¢ anhydride (10 g/ @

m)l)vvas orougly mxed in a 250 nm
flask with powdered Al Cl 3 (27 g/0. 2 nDI) Br Omobenzene (37.5 m/0.36 nol)
was added and the m xture stirred and heated at [err] for one hour. C ouds

of [err] were givengaff andktbalmﬁﬂdhdoSSGhunh4Cbheptyid¥ukbhiﬁyl-
solution. The r

Contal i ng oGREOREY I ar4a "4 A 8 FLOHAL BRLE! En ket BRadH e

(3 x 150 m) .(T9emiqnanttOMF (3 drops) was heated with stirring under
reflux for 3 hours.

After cocling, the excess thionyl
chloride was removed under vacuum. The residue was

treated with dry ether (S0 ml) and aqain concentrated
under vacuum.

Dry ether (50 ml) was carefully added to lithium
aluminium hydride (3.35 g/0.088 mol) under dry nitrogen).
To this stirred suspension a solution of the crude acid
chloride was added in dry ether (20-30 ml) over one hour

at room temperature. The stirred suspension was heated

under reflux for 2 hours and then coocled. Water (1.5
ml) was added to destroy excass LiAlH4. The mixture
was then quenched with dilute HCl (10%). The solution
was extracted with ether (3 x 100 ml) and the combined
organic extracts washed with water (3 x SO0 ml), dried
(MgSQ,) and the solvent removed under vacuum. The _
residue was purified by distillation at 125°C/0.1 mm Hg
to give the produc: as a colourless oil. TYield 75%.

c2 To a stirred solution of alcohol (4) (10 g/0.047
mol) in alcohecl free chloroform (47 ml) was added
pyridine (7.6 ml/0.094 mol) at 0°C. To this mixture was
added tosyl chloride (13.44 g/0.071 mol) in small .
portions. The mixture was stirred at 0°C for 2 hours
and then at room temperature for a further 2 hours.
Ether (120 ml) and water (28 ml) were added. The
organic layer was separated off and washed successively



- organic extracts were washed with ag. 2M NaOH (3 x 150 ni). The conbi ned

aqueoysnH s were acidified using conc. HCl. The preci pcragge:/moissd
produg? Qﬁ}ﬁ?s%tered of f and dried at %#e punp. Recrystallisation from

et hanol gave the crystalline acid. d"64% mpt. [err] C4 A m xture
of nossy Z|nc (46 9), nercury (1) chlorlde (3.45 g), conc. HC1L (2.3 ml)

and wat er ) at for 5-10 i nutes. The
sol.ugi on vvas gigaﬁ t&f ‘?att%%e arra 66 t%ﬁngﬁEewas F&F water (30
m )\-Sconc. HityisgQ WMQSanamhﬂ anixenmenaa fémaved undeeneactinn ) and
B- (p- br ono- z n xture was
stf?red and %ﬁgtggghggaaaref#hQﬁ#%ﬁﬁégﬁgﬂgdoggi?g%;85gpﬁﬁg‘ the organic

| ayer was sephremagographiadi?dd diethivatethendiarpet. [ echpr AfOt/eSrO)

filtration t X WS e Y, ac debhe re dd | ed.
The product ag'é ggﬁlag%tt\ggﬁasi [errfhmﬁrygle\y(l ergﬂ%gé‘;% 5% v@% ?fgg%td

20 ' PCl / (3B91/ 00188 A solution of acid (7) (10 g/0.04
Ool) in thiopyl Chi-"thd piieted Gudeiniddamhfdsadeeyidr gpe). 1MaR1Sti rred

e O Al gagCHhb gggg.ig,ua&xe@%g o8 Bl PLASR UTen' Powaezan ®d Under
AlCl3 (27 g/0.2 mol) ‘Bromobenzene (37.5 ml/0.36 mol)
was added and the mixture stirred and heated at 100-110°C
for one hour. Clouds of HCl were given off and the.
solid dissolved to give a dark red solution. The

_ reaction mixture was cooled and then poured on to ice

N water containing conc. HCl (30 ml). The mixture was
extracted with ethyl acetate (3 x 150 ml). The combined
organic extracts were washed with aqg. 2M NaOH (3 x 150
ml). The combined agueous extracts were acidified using
conc. HCl. The precipitated solid prbduct was filtered
off and dried at the pump. Recrystallisation from
ethanol gave the crystall;ne acid. Yield 64%; m.pt.

141-143°C.
c4 A mixture of mossy zinc (46 g), mercury (II)

chloride (3.45 g), conc. HCl (2.3 ml) and water (57 ml)
was stirred at room temperature for 5-10 minutes. The
N solution was decanted off and to the amalgamated zinc
was added water (30 ml),'conc. HCl (80 ml), glacial
acetic acid (2 ml), toluene (40 ml) and B~ (p-bromo-
benzoyl)propanoic acid (20 g/0.078 mol). The mixture
was stirred and heated under reflux for 9 hours.
After cooling, the organic layef was separéted off,
washed with water and dried (Mgso4). After filtration
the solvent was removed under vacuum and the residue
distilled. The product was collected at 146°C/0.5 mmHg .
Yield 55%. '



acid chloride. The acid chloride was dissolved in diglyne (20 m) and this
solution was added slowy to stirred aqueous ammonia (35% 200 m). The
resultant m xture was stirred for a further 30 m nutes. The solid wa
filteWo%MAR2AAshed with cold water. éﬁt er drying (vacuum G’QAGBPMOP}S%I

sanple was recrystallised from pet. er 40/ 60 and ethyl acetate. The bul k
of the materi al mas carried on to the next step w t hout further

ificati d d
070, 026° ol K% n dr fﬁﬁ*fgt% of) 812 TT0LAED Ydi08 L) PEhCEnI A0 1
(21/0. 29 rmlghlorxgg OO (mi0 #pptarw%é?ﬁ (r@ofrﬁwedrzp@paﬂuwes It was then
poured onto |ne d;i%’@ef‘lﬁ. ﬁ%dafch‘i-o%P% tiived ed 'l‘héhtﬁiﬁﬂge(?’ x 100

m). The co organi c extracts wer e ed W th water ous NaHCO3
sol uti on, ml@komtmﬁ ghead remeyes un%lf SFAGRR 5P 6¥-V§h§h§olc\r@ﬂte under

vacuum t he dagiq r@ﬁléﬂfdwas Shat ialdiRd dHIHH i AR G dlibsw&ad%t was
collected at Jerr] el d 83@6 C7 To a stirred solution of

-di - i sopr opy| kT ane 4( ?orﬁ";‘-() G@é Fds selnsionwassadded gdawWlyr Foni t r ogen
at o0C, was @@ﬂﬁﬁb@-&qheoﬁiﬂmw (B35% M 200 Uil pn/ OTRE4 r&BlLl tafitt er

ST 09 et iRes akiLond Ale o JREIRT SRR RS b Lty ad
a further oneasofileeredsand washed iwithhfcodldwater(5)Afterldyydne27 nol)
in dry THF (gvgéguﬂagven, 50°C) a sample was recrystallised from

pet. ether 40/60 and ethyl acetate. The bulk of the

material was carried on to the next step without further

purification. Yield B83%. hadd

[of 1 To a stirred solution of amide (8) (7.0 g/0.029
mol) in dry DMF (170 ml) was added a solution of thionyl
chloride (21/0.29 mol) in dry DMF (170 ml) dropwise at
room temperature. It was then poured onto water (500 ml)
and the product extracted with ether (3 x 100 ml). The
combined organic extracts were washed with water,

agueous NaHCO3 solution, water and then dried

(ngso4). After removal of the solvent under wvacuum

the dark residue was distilled under vacuum. The
product was collected at 150-160°C/0.1 mm Hg. Yield 83%.

[oir § To a stirred solution of di-isopropylamine (4.7
ml/0.035 mol) in dry THF (25 ml) under dry nitrogen at
0°C, was added n-BuLi (13.6 ml of 2.5 M solution/0.034
mol). After stirring for 30 minutes at 0°C, the
temperature was lowered to -78°C and nitrile (9) (6
g/0.027 mol) was added dropwise. The mixture was
stirred for a further one hour at -78°C. A solution of
tosylate (5) (10.1 g/0.027 mol) in dry THF (8 ml) was
then added dropwise and the mixture stirred for one hour
at -78°C and then allowed to warm up to room temperature.
After stirring overnight the reaction was guenched with



~then added dropwi se and the mixture stirred for one hour at -780C and then
allowed to warmup to roomtenperature. After stirring overnicgrht t he

react i oworeN12238nched wit h WO 91/ 12233 PCT/GB91/00188
PCT/ GB91/ 00188 -21- aqueous..[err] solutpen-and extracted with ether (3 x 50
m ). The conbined organic extracts were washed with water and sat. brine
and dried [err] The solvent was renoved under vacuum and the residue

subjetted to h?ﬁm’ INICC T hsobat Don aphyl érkrraeicedonditdf ithet hes & n pet.
et her= 40/ 60) . & *'a

e ,prod was_.a.crystalline solid. Yield 24% .
Sol ution of 435eRN phellR LoPBRIHed CPRIRBLS SRETREYH FaRs WARNRR (6ith
stirred nixtumaudrrandiSax(]h&iﬂegaﬁd3érﬂ§dlXMgsgﬂ). Thejsolveﬁf
tetrakis(tri I i I ' 1 .0 13 i n, benzene
(30 m) 'gnd g%rﬁ%%%&?%g%w&g%oé%et gr?pé%é%ur’%%e?p dry
ni trogen. The fdaish-aikica chropatoguaphyuhednenss IS8x ddethytle etheet i om
noni t ored by . @Gfe , ' cqol iJuted with
sone ether an g%ne wafé?ﬁpéﬁg?hix?ﬁ?gbgggﬁggrgégtgd#%*ﬁ?%;#%ééks X 50

). The conbis®dddor gaieldx24tets were washed with brine and dried [err]
The sol vent was renoved under vacuum and the residue purified by

cs A solution of 4-pentylphenylboronic acid (0.7
g/3.15 ml) was added to a stirred mixture of nitrile
(10) 1 g/2.39 mmol) and tetrakis(triphenylphosphine)
palladium (0) (0.15 g/0.13 mmol) in benzene (30 ml) and

N 2M Na2C03 solution (30 ml) at room temperature and
under dry nitrogen. The stirred mixture was heated
under reflux and the reaction monitored by TLC. Once
complete, the mixture was cooled and diluted with some
ether and some water. The mixture was extracted with
ether (3 x 50 ml). The combined organic extracts were
washed with brine and dried (ngso4). The solvent was
removed under vacuum and the residue purified by
flash-silica chromatography (eluént 40% dichloromethane
in pet. ether 40/60). The solid product was
recrystallised from hexane. Yield 83%. The product
prepared using 4-pentylphenylboronic acid was 1l-(trans-4-

L/ Heptylcyclohexyl)-2-cyano-4-(4-pentylbiphenyl-4’'-yl)-
butane (compound la of Table 3).

The following compounds were similarly prepared
using different boronic acids : ’

1-(ttans-4-Heptylcyclohexyl)—2-cyanb-4-(4-hexoxybiphenyl-
4'-yl)butane (compound lb of Table 3); purification by
flash-silica chromatography (eluent 40% dichloromethane
'in pet. ether 40/60) followed by recrystallisation from
hexane/ethyl acetate. Yield 97%.



flash-silica chromatography (eluent 40% dichl oronet hane in pet. ether

40/ 60). The solid product was recrystallised from hexane. Yield 83% The
product prepared using 4-pentyl phenyl boronic acid was 1-(trans-4-

Hept y| WIWRRB| ) - 2- cyano- 4- (4- pent yl bi.phenyl -4' -yl ) - but arRCY/ERNAMNES | a
of Table 3). The foll ow ng conpounds were simlarly prepared using

di fferent boronic acids :

1- (trans-4- Heptyl cycl ohexyl ) - 2- cyano- 4- ( 4- hexoxyblphenyl- 4' - yI)butane;
(conmpound | ly oft derid 24 e p il circtahiesy 10y 24 4l 6&% -
(el uent 40%d ﬁn%orret hasr,leyl ni’oet EWY@?{ %60) f ol QQ@BQBEQHK}X
recrystallis ) BYEIN R < LSREPRRRG AtRaPIg o} b Sﬂ‘%’ -‘-C‘V\b‘-g‘!/ py233

FET/GBQl/OOEEhshéth;ca chromatography (eluent 30% dichloromethane

1-(trans-4- t y y bi hen ut ane
(conpound | ¢ fi lyél‘gtblée‘?}g?‘% kgr/ﬁp‘j g?ﬁ'&%"(beﬁ %%; s"HQ/ %ﬁ?%ﬁﬁ%ﬁg?ﬁﬁﬁ‘y
(el uent 30%ggnﬂnqnmmmtﬁ&h60|n Héeldeﬂﬂk 40/ 60) follomed by
recrystallisation frompet. ether 40/60. Yield 26%

1- (trans-4-Heptyl cycl ohexyl ) - 2-cyano- 4-( 4- decoxybi phenyl - 4' -yl ) but ane
( conpound |d-dftrmb$e43*}epbmpyp ghexy 1oy F1aynast 4 + ce~decoxybiphepiy -

(el ueni ﬂ)%ﬁlt-cﬂ fEwEEi&a08omBoBAl. 18 e THHID)3 Y P! perEfi B rion by

recrysta I%ﬁ.éﬂ-sxllca chromatography (eluent 30% dichloromethane
in pet. ether 40/60) followed by recrystallisation from
pet. ether 40/60. Yield 33%.

l-(trans-4-Heptylcyclohexyl)-2-cyano-4-(2~-fluoro-4-
octoxybiphenyl-4'-yl)butane (compound le of Table 3);
purification by flash-silica chromatography (eluent 30%
dichloromethane in pet. ether 40/60) followed by
recrystallisation from pet. ether 40/60. Yield 20%.

l-(trans-4~-Heptylcyclohexyl)-2~cyano-4-(2,3-difluocro-4-~
octoxybiphenyl-4'’'-yl)butane (compound 1f of Table 3);
purification by flash-silica chromatography (eluent 30%
dichloromethane in pet. ether 40/60) followed by
recrystallisation from ethanol. Yield 33%,.

Table 3 shows a list of the derivatives prepared and
their respective transition temperatures.



pet. ether 40/60. Yield 33% .
1-(trans-4-Heptyl cycl ohexyt) - 2-cyano- 4-(2-f | uoro-4-

oct oxybwplmanyi23a' -yl ) but ane (conpound | e of Table 3); purifiPCIVGB91/00188
flash-silica chromatography (el uent 309% i Thl or onet hane i n pet. ether
40.60) followed by recrystall.isation frompet. ether 40/60. Yield 20%
1-(trans-4-ke£tgicyﬁlohexyl)-th anq—4-@g 3-di fl uoro-4-

oct okybi phenyt28+eyf) put ane” &E8 N fTepPeTatruray . of (CPRPONnEsn 1o £

flash=silica chronmatography (el uent 30% di chl oronet hane in pet. ether

40/ 60) followed by recrystallisation fromethanol..Yield 33% Table 3 _shows
a Iis% of thggﬁ%?¥9ﬁ$ivgs p&Lpared aﬁg t 'frhﬁ5§$%tF+9% ?PQ#EFFF&¥95/°C

tenperatures._____WD 91/12233 . -23- -
PCT/ GB91/ 00188 Table 3 - Transition Tenperatures of Conpounds la-t
Conpound Y A E Transition [err] [err] Exanple 6: A

representative ekadnple ofgHqyte D. AHerrf CNKDA6.5 S, TA3s0n&t hod fol | owed
i

£
that used in stepyCl. Jhe product wgs pysifigd I'sgi | i @n, .b. pt.
[err] 0.25 nnfg.f%ield 795 RE #i T by, ¢ tSa 18597 1
: c

'OCBHI7F H H K 115.8 SA 116.9 I
id =0C; gHy4 H H K 109.5 S, 113.6 I
le -0CgH, 4 F H K 63.0 Sa 76.9 I
1f -0CgH, 4 - F F K 46.7 S, 61.5 1
.
Example 6: A representative example of Route D.
. A :
: CN '
D1 This method followed that used in step Cl. The
product was purified by distillation, b.pt. 140-150°C/
0.25 mmHg. Yield 70%.
D2 This method followed that used in step C2. The
U product was purified by flash-silica chromatography
(eluent 2% diethyl ether in pet. ether 40/60). vYield
92%. oo | ' |
D3 A stirred solution of p-bromobenzaldehyde (10

g/0.05 mol) and malonic acid (11.44 g/0.11 mol) in
pyridine (25 ml) containing piperdine (0.4 ml) was
heated at 100-110°C for 3 hours. After cooling, the
solution was poured onto water (200 ml) containing conc.
HCl (25 ml) with stirring. The precipitated product was
filtered, washed with water and dried. The product was
recrystallised from ethanol, m.pt. 254-256°C. Yield 98%.



T O U

D2 This method followed that used in step C2. The product was
purified by flash-silica chromatography (eluent 2% di ethyl ether in pet.
ether 40/60). Yield 92% D3 A stirred solution of p-bronobenzal dehyde
(10 gég) 5 and malonic acid (11.44 g/0.11 nol) in pyrgdi 1)
cont al |6n)r31%9@perd| ne (0.4 m) was hegiged-at [err] for 3 hoﬁf?‘é’%ﬂ%@.‘%
cooling, the solution was poured onto water (200 m) containing conc. HCl
(25 M) with stirring. The precipitated product was filtered, washed u&th
wat er and qz_ed Th®her méxhiod\£o lawed tcihat sesledr 2 sth n@s, Mype
254- 256C. %
oCT/ o1/ oK %&bgé was ?\#Q*%J’t#ﬁ o1 T0Ne dl}h%?thgﬁdfFﬁ“‘sFéBYéE) The
product wasapREateédetbancodysmipt sad0mR09en et ¥yeldcovate/ et hanol, m pt.
[err] Yield 97% D5 A solution of amde (16) (7.6 g/0.034 nDI) in
et hanol / THE 200 m ) containi ngwé[ err] catalyst (0.2 g) was stirred under
hydr ogen u t he fpBolatden Amide i ehsed. 6 Tg40c B84l motl )wdn il tered
of f and theeﬁmaﬂsw-m? wé #19e lcoaiHR rified by
$ler ,,,; 0 YR58 2T e

recrystallisation,fromethy acetate m[ﬁ
met hod f ol |‘6%%dth£FeGsél&dFﬁ hydy 1'cne! uptake of f-he gas

had ceased. The catalyst was letered cff and the
solvent removed under vacuum. The product was purified
by recrystallisation from ethyl acetate, m.pt. 138-138°C
Yield 95%.

Dé The method followed that used in step C6. The
product was purified by distillation, b.pt. 135°C/0.1 mm
Hg. Yield 83%.

D7 The method followed that used in step C7. The
product was purified by flash-silica chromatography
(eluent 5% diethyl ether in pet. ether 40/60).

Yield 54%.

D8 The method followed that used in step C8. The

product was purified by flash-silica chromatography

(eluent 30% dichloromethane in pet. ether 40/60) o’
followed by recrystallsation from hexane. Yield 91%.

The compound prepared using 4-pentylphenylboronic acid

was 1-(4-trans-Heptylcyclohexyl)-3-cyano-4-(4-pentylbi—

phenyl -4’-yl)butane (compound 2a of Table 4).

The following systems were similarly prepared
using different boronic acids.

1-(4-trans-Heptylcyclohexyl)-3-cyano-4-(4-hexoxybiphenyl-4
‘~yl)butane (compound 2b of Table 4); purification by
flash-silica chromatography (elneqt 40% dichloromethane
in pet. ether 40/60) followed by recrystallisation from
ethyl acetate/pet. ether 40/60; yield 87%.
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preauef mes puff?ied by distillation, b.pt 135C70 1 nn1kg Yleld 83%) D7

The nmethod foll owed that used in step C7. The product was purified by

f | ash- swo eg12¥830mat ogr aphy (el uent 5% di et hyl ether in pet.PETAGB9148D188) .
Yield 54% D8 The nethod fol |l owed Hiat_ used in step C8. The product
was ‘purified by flash- S|I|ca_chronatography (el uerit:: 30% di chl or onet hane in
pet . ether 40/ 60) foll owed by recrystallsatlon from hexane. Yield 91% The

A ?gngrﬁg‘.?}[ 3‘%&*&% @é&%pégexbng AV e (4-ogroxybiphanyl
(conpound 2a of4 “Fabh k-by taﬂﬁe(?@ﬂ?@“ﬁﬁg §y9tfer%1hﬁ@ ki rpuni ficptboar by
usi ng d'ffere@&d%ﬂighfaéQ'éﬁromatographX (eluent )ﬁ;iplor??%t ane

1-(4-trans Fbptylcyclohex ano hexoxybi p en ane
(conpound 2b & RRe oF ‘?'Wﬁgafi’éplﬁdf Wsﬁ%qﬂﬁémm%rém

(el uent 4096duﬁﬂguaﬂmé atepste.ct Fee1d0/08%). fol | owed by
recrystallisation fromethyl acetate/pet. ether 40/60; yield 87% WO
91/ 12233 PCT/ GB91/ 00188 - 25 - 1-

(4-trans-4- Herll-ytlWm%lleﬁtﬂa?cléhé*ydqt-@@sdyarﬂw(4=-ﬂdedd::)ybuﬁ:neﬁy1

(compound 2c of T%HJ 5Qtaﬁgrk£bﬁ85h88 9& of Table 4); purification by
flash-silica chromatography (eluent 35% dichloromethane
in pet. ether 40/60) followed by recrystallisation from
ethanol/ethyl acetate. Yield 73%.

' 1-(4-trans-Heptylcyclohexyl)-3-cyano~4-(2-fluoro-4-
octoxybiphenyl-4'-yl)butane (compound 2e of Table 4);
purification by flash-silica chromatography (eluent 35%
dichloromethane in pet. ether 40/60 followed by
recrystallisation from ethanol/ethyl acetate. Yield 66%.

l-(4-trans-Heptylcyclohexyl)-3-cyano-4-(2,3-difluoro-4-
octoxybiphenyl-4’-yl)butane (compound 2f of Table 4);
purification by flash-silica chromatography (eluent 35%
dichloromethane in pet. ether 40/60 followed by
recrystallisation from ethanol/ethyl acetate or acetone.
Yield 58%. '

Table 4 shows a list of the derivatives prepared and
their respective transition temperatures.



flash-silica chromatography (eluent 30% dichl oronethane in pet. ether 40/60
foll owed by recrystallisation fromethanol/ethyl acetate. Yield 98%

1- (4-trans-4- Heptyl cycl ohexyl) - 3-cyano- 4- (4- decoxybi phenyl -4'-yl)-butane
(conpound 2d of Table 4);. purification by flash-silica chromatography

(el ugﬂ?g?ﬁ%ﬂj chl oronmet hane in pet. ether 40/60) foll owedpd¥/GB91/00188
recrystallisation fromethanol/ethyl 2&cetate. Yield 73%

1- (4-trans- Heptyl cycl ohexyl) - 3-cyano- 4- (2-fl uor o- 4- el

oct oxybi phenyl -4' -yl ) but ane (conmpound 2e of Table 4); purification by

fl ash-sil i Gabde ot o'grmytienu@mpsmm eoianpounds datf et her 40/ 60
foll owed by recrystallisation fromethanol/ethyl acetate. Yield 66%

1- (4-trans- Heptyl cycl ohexyl) - 3-cyano-4- (2, 3-di fl uor o- 4-

oct oxybi pheayladeda g S -0 e f B e @)l f G2

flash-sili qromgtaigt ograpRy (el ueny 35% di aiagiIEidRPehpePLturgsher 40/ 60
foll owed by recrystallisation fromethanol/ethyl acetate or acetone. Yield
58% Tabl e ~4=chews—a—tiSt——af——t-E=—EtCitrfri=t- LGPttt Ott8s8Ct | VE

transition tenperatures. WO 91/ 12233 : - 25-
PCT/ GB91/ 00188, Table 4, .. Transition Tenpper o oypnds 2a-f Conpound .
X A Eza Transtsion [err] B O R YES JSACO&P'yP :
2b =0CgH, 4 H H K 1.1.13.5 S, 119.5 1
2c -0CgH, 5 H H K 110.0 Sp 116.4 1
2e . -OCSH17 F H K 72.9 Sc 81 S, 86 1 o,
2f -0CgH, 4 F F KB92.2§, %4.51

Example 7 A representative Example of Route G

Preparation of n-C6H130-<::3>—B(OH)2

Gl A solution of l-bromohexane (60 g) in acetone
(150 ml) was added dropwise to a stirred mixture of
4-bromophencl (71 g) and K2c03 (120 g) in acetone

(600 ml) at room temperature. The stirred mixture was
heated under reflux for 43 hr (i.e. until glc revealed
complete reaction). The product was extracted into
ether twice, and the combined ethereal extracts were
washed with water, 5% NaOH water and dried (ugso4).
The solvent was removed in vacuo and the residue was
distilled (bp = 100-110°C at 0.1 mm Hg) to yield a
colourless liquid (79.4 g, 86%).

G2 A solution of the Grignard Reagent prepared from
Gl (72 g) and Mg (7.75 g) in dry THF (250 ml) was added
dropwise to a stirred, cooled (-78°C) solution of
tri-isopropyl borate (109.1 g) in dry THF (40 ml) under
dry N,. The stirred mixture was allowed to warm to

room temperature overnight and stirred with 10% HCl (320



[err] Exanple 7 A representative Exanple of Route G [err] Gl A

sol ution of 1-bronohexane-(60 g) in acetone (150 m) was added dropwi se to
a stirwglopi2re of 4-bronophenol (71 g) and [err] (120 g)PCHCGRI(8R (600
nm) at. roomtenperature. The stirred ngxture was heated under reflux for 43
hr, (i.e. until glc reveal ed conplete reaction). The product was extracted
into ether twice, and the combined ethereal extracts were washed with

wat er ;= SW e d I S ent S d vacuo and
6 gg& ko aﬂ%lg,%ch[t Qirld fUle B q{y THE ?ESHBY:‘E wa

the ¥8sidue wa st [err] : % I el'd a colourless
liquid (79.4eytraeypd &pto ethﬁ%ﬂﬂﬂﬁ?ﬁﬂ14ﬁ t?k?(? EﬁhﬁﬁdRéé gexeadr epar ed

f [Om Gld (72 ]&iﬁflaé%ggwé}erﬁtagheun ﬁah Wdtd2%hd dri\é? ﬁ?sd ?ropw Sedt 0 a
stirre cool e - sol ution q ri -isopro orate ion dry
o o Gedletnt. yhps SR Ln Ak B8 PRG0S e hathd
roon1tenperagg;ezogerasgbtm@n@ BO~BHRLC Wi th 10% HCL (320 WD 91/12233
PCT/ GB91/ 001 m) at roomtenperature for 1 hr. The product was
extracted into ether twice, and the conbi ned et hereal

An example of the use of a compound of Formula I

in a liquid crystal material and device embodying the
present invention will now be described with reference
to Figure 6.

In Figure 6, a liquid crystal cell comprises 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, e.g. of
tin oxide or indium oxide, and a glass slide 4 having a
transparent conducting layer 5 on its surface. 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 are rubbed
with a soft tissue in a given direction, the rubbing
directions being arranged parallel ﬁpon construction of
the cell. The spacer 8 e.g. of polymethyl methacrylate,
separates the slides 2,4 to ;he required distance, e.g.
N S 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 a 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 introduced between the slides 2,4 to facilitate
alignment of the liguid crystal molecules with the
rubbing directions on the slides 2,4.



extracts were washed with water and dried [err] Solvent was renoved in
vacuo to yield a colourless solid (61.2 g, 999 np = [err] An exanple of
the use of a conpound of Fornmula | in a liquid crystal material and device
enbodyi ng the present invention will now be described with reference to

Fi gur W@91{13233 gure 6, a liquid crystal cell conprises a | BGEAGBIISPOISBqyi d
crystal material exhibiting a chirat 28eetic phase sandw ched between a
glass slide 2 having a transparent conducting layer 3 on its surface,~.g.
of tin oxide or indiumoxide, and a glass slide 4 having a transparent
conducting | ayer 5 énpalamigencd: isharzanged with h@arpq}dﬁnzdﬁn&ﬁs 3,5
are respect hyghy paealadibkd I4HE LufbOhg dgRLKLELAC ROINIEE; Hd ¢, 4 O

construction he and are ru 1 ‘tl ssue in
a gi ven dir@edi 8n, ‘PﬁgﬂQHHn&ﬁFQﬂ?%&tP%%SrbéPﬁg épr3ﬁ99¢q@m9§deﬂlnmmn
constructi om:ef thazqeuuo“ihea:emcleérﬁeﬁdﬂeuﬂa—p%y RRakY ok 3 f@r yl ate,

. m cr

separates t des 2 to the required di stance s. The
liquid crys éF f&iOPi*al 1 is introduced between the slldes 2,4 by filling
t he space between the slides 2,4 and spacer 8 and sealing t he spacer 8 in a

vacuum 17 2 knoun \herl ALY #Te KHbEA9EEEEPR sprentipahe
materi al) waeunrce 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 6 the layers 3 and
5 may be selectively shaped in a known way, e.g. by
photoetching or deposition through a mask, e.g. to
provide one or more display symbols, e.g. 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.



i s introduced between the slides 2,4 to facilitate alignment of the liquid

crystal nolecules with the rubbing directions on the slides 2, 4. WO
91/ 12233 PCT/ GB91/ 00188 - 28 -
polarizer 9 is arranged with its polarization axis par he rubbi ng

di recti

| el
on on the filnms 6,7 and an anal yzer (crosséed pogé#ﬁgggék' S

arranged with its polarization axis perpendicular to that rubbing

di recti

showsr

on. When a square wave vol tage (Eion1a conventi onal source not

varyi ng between about +10 volts aﬁd -10 volts is applied across the
cell by making contact with the layers 3 and 5 the cel

~upon the change in sign of the voLtagqu?&hgeen a dark state and a |ight
state as expl ai ned above. In an alternative device (not shown) based on the
cell construction shown in Figure 6 the layers 3 and 5 may be sel ectively

shaped

e.g. to provide one or_npre display synbols, e.g. letters, nunerals, words

or gr apRPes comPoumd |9f Formuldbht i onal |y seen on displays. The el ectrode

hn a h“o%ﬂ%élé?:&i@nﬂ#@i&eé 5981 Onisienes ineludinguat a Iesds

portions forned thereby may be addressed in a variety of-ways

Formula I

R-(<{B)- A -)-(<(B)-)-(CH,)-H,-X, - (CH,)-Y,-Z, (CH,)-({C)- C -)-(-)d-nl
B a b n m -, o) . c

wherein R and R, are independently C,-C, alkyl, alkoxy,
perfluoroalkyl or perfluoroalkoxy;

.

rings A, B, C and D are independently phenyl, which may carry
one or two halogen substituents, trans-cyclohexyl, or (2,2,2)

bicyclooctyl, each of d, b, ¢ or d being independently O or 1

provided (a+b+c+d) is 2 or 3 and further that c+d =-0 only when
A and B are both cyclohexyl:

links A and C are independently a single bond, CH,CH,, COO, 0OOC,
CH,0 or OCH,; '

n, m and p are independently O or an integer 1 to 4 provided
(n+m+p)' is not 0 except when the linking group between B and C

is HC=C(CN)-:; W and Z are independently selected from

-CH=C(CN)- and -C(CN)=CH-;

% [ L L] S *

A

Is rapidly sw tched
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whi ch include nmultiplexed operation. The liquid crystal material 1 may be
any one of the m xtures described in the precedi ng exanpl es. GB
9215306. 3 29 CLAI M5 1. A ferroelectric liquid crystal m xture including
at | east one conpound of formula I: Fornula I [errh¥¥§5{ ' 5 and [err]
are independently [err] alkyl, al koxy, perfluoroalky r %gg% uor oal koxy;
rings A, B, C and D are independently phenyl, which may carry one or two
hal ogen substituents, trans-cyckghexyl, or (2,2,2) bicyclooctyl, each=pf a,
b, ¢ or d being independently O or 1 provided (a+b+c+d) is 2 or 3 and
further that c+d =-0 only when A and B are both cycl ohexyl; links A and C
are imndapendeaté yindepasdent1yd sdlkidted efrdm N.-cHCRNEN@ agecihydependently 0
or an integer 1 to 4 provided (n+mtp) is not O except when thé?linking
group between B and Cis HC=C(CN) - ; W and Z are independently
selest,ed x, frpméndrg are O or 1, provided that w and z are 0 if x

and/or y are 1, and further provided that at least one of w, x,
y and z is 1.

2. A mixture according to claim 1, wherein R and R, are n-alkyl
or n-alkoxy or asymmetrically substituted alkyl or alkoxy.

3. A ‘mixture according to claim 1, wherein rings A and B are

o’
cyclohexyl.
4. A mixture according to claim 1, wherein 1if rings C and D are
halogen substituted phenyl the halogen is fluorine.
5. A mixture according to claim 1, wherein the links A and C
are single bonds.
6. A mixture according to claim 1, wherein if ¢ and d are O,
R, is alkyl.
7. A mixture according to claim 1, wherein only ring A is
(2,2,2,) bicyclooctyl. ~

A



GB 9215306.3 30 X and Y are |ndependently selected from-CHCN and [err] w,
X, y and z are 0 or I, provided that wand z are 0 if x and/or y are 1, and
further provided that at |east one of w, x, y and z is 1. 2. A mxture
according to claiml, wherein [err] ar e"n-al kyl or n-a&@Bk8215306.3
asymmetrically substituted al kyl or al koxy. 3. A mxture according to
claim1l, wherein rings A and B . are cyclohexyl. 4. A mxture according to
claiyn*l, wherein if rlngs C: and D34re hal ogen substituted.phenyl the

hal ogén is fluorine. 5. A nlxture according to claim1l1, wherein the
i nks ﬁhgnd C are 5|n le b A m xture according to claim1, wherein
if c artr d £ SVPXTRER, fopeT Fm t°7°1aiA‘ i MhAREIR ddbr A ngl t 02 ceadnpl, =
wher ei Monly, misvgl &ndi X €2CRACN.) bicycl ooctyl . - (B 9215306. 3 31 8. A
m xture according to claim1, whereinn, w, y, zand p =0; x, m=1 and X
= CHCN
9. A mixture according to claim 1, wherein W, m y, zand p =
0, n, x = 1 and X = CHCN.
10. A mixture accordiné to claim 1, whereinw, m, y, z, p = 0O;
n, x =1, X = C(CN),.
11. A’'mixture according to claim 1, wherein n, x, m, y, z, p =
12. A mixture according to claim 1, wherein w, y, z, p = 0; x,
m=1; n=2; X = CHCN or C(CN),.
13. A mixture according to claim 1, wherein n, w, z, p = 0; =x,
y =1; m=4; X, Y = CHCN.
14. A mixture according to claim 1 wherein the compound of
formula I is a compound given by the formulae IAl, 1IA4, IAS,
IB2, IB3 or IB4 : _
N

(EN

* [ L M -] *



A m xture according to claim1, whereinw, m vy, z and p =0, X
z, p
n

9. n,
1 and X - CHCN. 10. A m xture according to claiml, whereinw, m vy,
=0; n, x =1, X=7Jerr] 11. A m xture according to claim1, wherein
X, my, z, p=0 w=1; = -CH=C(CN)-. 12. A ni xGR021%80668di ng to- .
claiml, whereinw vy, z, p=0;, x, m=1; n=2; X=CHCN or [err] 13." A
m xture according to claiml, whereinn, w, z, p=20; X, y =1, m=4; X Y
= CHCN. 14. A mxture accordﬁﬁg to claim1 wherein the conmpound »~af

formula | is a conpound given by the formulae 1A, 1A4, |IA5 1B2, 1B3
or B4 [err] GB 9215306, 3 3 F[err] 15. A nixture according to
claim 1, wherein the xt e addltlonally contains at |east one
conmpound of for he e|n [err] are independently [err] alkyl
or al koxy. n cncn 1AY

IAS
Ocacn R‘
1B2 ~r
-Qca cn R‘
CN IB3
F F

F F
(':N / 1BY
e’

15. A mixture according to claim 1, wherein the mixture
additionally contains at least one compound of formula IIA :

F
IIA

wherein R, and R, are independently C,-C,, alkyl or alkoxy.

) O VR




GB 9215306. 3 33 16. A mxture according to claim 1, wherein the

m xture additionally-contains at | east .one conpound of forrmula IIB1,
formula 11B2 or formula I1B3: F [err] wherein [err] are independently [err]
al kyl -or al koxy. 17. A mxture according to clai m 168 ®2163GH.3 16,
wherein the mxture alternatively or additionally contains at |east one
conmpound of forrmula Il : (F) (F) [err] wherein [err] may be [err]

n-al kyl or n-al koxy and R2:may be 3Berr] alkyl, or n-alkyl or a branched
chai¥¥or optically active alkyl, (F) indicates that the rings indicated
may carry a lateral fluorine substituent, GB 9215306.3 34 18., A

m xt ur el@ecor i nBixgurey ARCHAING| ik ICHM 151 o WherejRer &g + P XKURQr e
cont ai Nngq4P+iBndI1Y ané;ffifﬁwuw Tdad©r o acbhpohd! bB, woemalla Brrshers

to any conbination of [1B1,
formula IIB2 or formula IIB3:

e =
{OXEHE

D@

wherein R, and R, are independently C,-C,, alkyl or alkoxy.

I1B2

17. A mixture according to claim 15 or claim 16, wherein the
mixture alternatively or additionally contains at least one

compound of formula III :

F) ()
IR

Rl@@cooérmz m

n-alkyl or n-alkoxy and R, may be C,_15

wherein R, may be C,_,,
alkyl, or n-alkyl or a branched chain or optically active alkyl,
(F) indicates that the rings indicated may carry a lateral

fluorine substituent.
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[1B2 and 11B3, up to 15 wt % of a conpound of fornula IIl and up to 25 wt%

of a conpound of fornmula I, the total being 100 wt % 19. A liquid
crystal electrooptical di spl ay device incorporating a m xture as
claimed in claim1. - GB 9215306. 3

34 hacd

18. A mixture according to any one of claims 1 and 15 to 17,
wherein the mixture contains up to 95 wt% of compounds of
formula IIA or 1IIB, where 1IB refers to any combination of IIB1,
IIB2 and IIB3, up to 15 wt% of a compound of formula III and up
to 25 wt% of a compound of formula I, the total being 100 wt#%.

19. A 1liquid crystal electrooptical display device
incorporating a mixture as claimed in claim 1.
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