LI QJI D CRYSTAL TH OL COVPOUNDS This invention relates to conpounds
confaining a thiol group and which have liquid crystalline properties
and/'or which are suitable for use as constituents of |iquid crystal
materials. The invention also relates to the use of such conpounqiﬂin
liquid crystal materials. Liquid crystal materials and their use +h2 S 2 29S
el ectro-optical display devices (watches. calculators etc) are well known. .
The nost commonly used type ofLIQUEMICRYSTALS ITHEOLYOOMPOUNDSI s t hat whi ch shows

a nematic (N) phase, and such materials are widely used in known types of
liquid crystal electro-optical display device such as the Twi sted Nematic

(IN) device, Supertwist Nematic (STN) device, Electrically

Control | ed BRiéf rinygehten rebEyesds9 | @poundsyicantsipingla vhiek igapwp #And which

genekl fy mxtures of conmpounds which individually or together show a

1Y qui d cryst@ephbiauid orystahiiae Prapegtiss spAlon which aor; suitable forseiry#e

i n such conpounds and rials. Anp these_are _chem cal  stability,

persi st ence COPSFESHERES T4 QAL FEX oAl PRORFISLoy ohe VIVEBCAR BLF (ELA%SS: i
referably includi ng-roogm tenper.at ur a for, sone t s of device a high

Ei refri nggnctg‘e[‘é?? ]°9i §u§bﬁaﬂ{g’"gscﬁ§§q‘6’f%dfm ﬂgt?kﬁgg’ﬁ’ is widely usedgi n

such materials are the al kyl and al koxy cyanobi phenyls and terphenyl s:

.y

Liquid crystal materials and their use in electro-optical diéplay
devices (watches, calculators etc} are well known. The most commonly
K~/ used type of liquid crystal material is that which shows a nematic (N)
phase, - and such Qaﬁerials are widely used in known types of 1liquid
crystal electro-optical display device such as the Twisted Nematic (TN)
device, Supertwist Nematic (STN) device, Electrically Controlled

Birefringence (ECB) device.

Liquid crystal materials are generally mixtures of compounds which
individually or together show a liguid crystal phase. A number of
desirable characteristics are sought in such compounds and materials.

W, ' Among these are chemical stability, persistence of nematic liquid
| crystal phases over a wide temperature range preferably including room
temperature, and for some types of device a high birefringence (A n)} is

sought.

A class of compounds which is widely used in such materials are the

2

alkyl and alkoxy cyanobiphenyls and terphenyls:

—@— O



2 2 [err] where R is alkyl or alkoxy. These are wusefual  ‘liquid. :
crystalline conpounds but for sone applications their I'ow "biréfringence
limts their value. It is an object of £he present invention to provi.de
conpounds and materials having at |east sone of these desirable
characteristics, and in particular a high birefringence. According to this
I nvention novel conpounds of fornula I ar e provided: [err] wherein Ris
[err] alkyl, X is hydrogen, fluori m and n are independently
1 or Ob Wis CN or halogen, rin 'd@bendently selected from
phenyl , | aterally fluoro- or f I tut ed- phenyl,

trans-cycl ohexyl, pyridyl, pyrimdyl or dioxanyl. The structural and other
pref erences expressed bel ow are on the basi-s of inter alia ease of
preparation, desirable liquid crystalline characteristics, in partlgg;@r
hi gh birefri cg o syl.t ty ui

mat eri al s. Bre ergbl{/S g‘ﬂﬁl [gir?r%%t ﬂg%r%?gra Ie!dz'?l %g%&ﬁ @Séa%l

present) ar gompounds - but for some appllcatlons their low birefringence llmxts

their value.

It is an object of the present invention to provide compounds and
materials having at least some of these desirable characteristics, and

in particular a high birefringence.

e,

/

According to this invention novel compounds of formula I are provided:

wheréin R is Cl__15 alkyl, X is hydrogen, fluorine or chlorine, m and n
are independently 1 or O, W is CN or halogen, rings A and B are
independently selected from phenyl, laterally fluoro~ or chloro-
substituted phenyl, trans-cyclohexyl, pyridyl, pyrimidyl or dioxanyl.

The structurél and other preferences expressed below are on the bésis'

K'L

. ',.l

of inter alis ease of preparation, desirable liquid crystalline o

characteristics, in particular high birefringence or other suitability

for use in liquid crystal materials.
Preferably R is'C‘,’__8 alkyl. Preferably rings A and B (if present) are

phenyl. Preferably n dis 0. Preferably X is hydrogen or fluorine.
Preferably if m is O, W is CN.



phenyl . Preferably n is 0. Preferably Xis hydrogén or quorlne

Preferably if mis 0, W¥s CN' 3 Overall preferred structures for
compounds of formula | are those |isted below, [err] [err] and anal ogues

t hereof in which one or nore of the phenyl ﬁ i's mono or di-fluorinated.
O these, structures given by IA are partlcularly preferred. The

presence of t npound?re% ormﬁ rggéurest q."orc éﬂ%%ﬂgcgss ofh%/zlmﬁga Q’L rt'eqhthcse

bi refringence. be pre by various 1ol
which will be appstedtbeflowt hose skilled in the art . A preferred route to
conmpounds in which mis 0 and Ais aromatic, especially in which Wis
cydno, such as A or IBis that which involves coupling between the

appropriate phenyl 4-bronmo or iodo aIkyIt

Rs@c;c-@cm IC

-/
and analogues thereof in which one or more of the phenyl rings is mono
or di~fluorinated.
Of these, structures given by IA are particularly preferred. The
presence of the thiol group leads to compounds having a high
birefringence. |
Compounds of formula I may be prepared by various routes which will be
apparent to those skilied in the art . A preferred route to compounds
in which m is 0 and A is aromatic, especially in whiéh W is cyanc, such
as IA or IB is that which involves coupling between the appropriate
U phenyl 4-bromo or iodo alkylthiol:

)
&



4 [err] and the appropriate boronic acids: [err]-hediated'by'a pafLédium
(0) catalyst, eg tetrakis (triphenyl phosphine) pall-adirum (0) ("TTPP" ).
Met hods of preparing such thiols and boronic acids are well known, for

exanpl e a nethod of preparing such a bor’bni ¢ aci d

br onophenyl system and an al kyl borate is described inter alia in
W89/ 12621. Suitable <conditions for the coupling reaction are also well

known. To

rings A and B and the phenyl ringiis
t he correspondi ng substituted starti

reactions

substituents nobst comonly used in liquid
and chlorine.

[err]

‘To prepare corresponding compounds in which one or more of the rings A

prepare correspondi ng conpoun@g_i ich one or nore of the

descri bed above are generalTy

and the appropriate boronic acids:.

s { Do

mediated by a palladium (0) catalyst, eg tetrakis (triphenylphospﬁiﬁé}

palladium (0) ("TTPP"). Methods of preparing such thiols and boronié_
acids are well known, for example a method of preparing such a boronic

acid from a corresponding bromophenyl system and an alkyl' borate is

from a correspondi ng

atre laterally - substituted,
nds are used . The coupling
hf f ected by the presence of theé
ystal conpounds eg fluorine-
For exanple fluorinated boronic acids of fornul ai le.
" S

T

o/

described inter alia in WO089/12621. Suitable conditions for the

coupling reaction are also well known.

and B and the phenyl ©ring is/are laterally substituted, the
corresponding substituted starting compounds are used . The coupling
reactions described above are generally not affected by the presence of
the substituents most commonly used in_liqui& crystal compounds eg-
fluorine and chlorine. For example fluorinated boronic acids of

formula:

b 4

R ozoT"

-



whefein f is 1 or 2 may be prepared from 4-brono/iodo fluoro berzonitriles
or c¢yanobi phenyls to erfabl e preparation of fluorinated anal ogues of Fornul a
IA and 1B, eg [errT’[err] [err] [err] I
IB2 [err] [err] [err] 6 [err] Such benzonitriles and cyanobi phenyls are
known or may be prepared by coupling of5 smaller units using the boronic
acid - brono/iodo henyl coupling nethod referred to, above. For_exanple
starting fHSFEIkndwni2- i UBF 0-24- HFa¥oPRnAFAPETEd of To gH-bromo/iodo  fluoro
para- | odobronpbenzengs and SXLRlLAGLNS Gadleh-aldhRiby OF (ASRRLRke

3
Flerr] analogues of Formula IA L.r% rﬂB, eg

) s
* ~O—O—C— .
) —0-0-0-= =

=~0—0—0-= =
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“Conpounds

in which m is 1 and Ais aromatic especrally phenyl

substituted phenyl may be prepared by coupling, via &lifm nati on of HBr

bet ween an appropriate phenyl 4-bromp or iodo al kylthiol as above and an

appropriate ethine: [err] As well as thisémethod being suitable for
preparation of conpounds given by fornula | it is particularly suitable for
the preparation of conpounds given by fornula I wherein Wis alkyl for

exanple [err] al kyl.

ring A

via the correspondi ng acet ophenone u5|
dehydr ohal ogenation route eg: 7
Met hods of preparing acet ophenonks

S

acyl ati on.

The nethod is also suitable for when Wis al koxy. Wen

phenyl or substituted pheny these ethines may be prepared

g a, generally known
& But anol solvent [err]

CNeg Fri edel. KraftsIB6 e

Such benzonitriles and cyanobiphenyls are known or may be prepared.'by'__

coupling of smaller units using the boronic acid'- bromo/icdo phenyl

coupling method referred to above. For'exampie starting from known

2-fluoro-4-bromobenzonitrile and para—iodobrbmobenzene, and exploiting

the greater affinity of the boronic acid for the iodine substituent:

F | F F 3

S0

Compounds in which m is 1 and A is aromatic especially phenyi or

substituted phenyl may be prepared by coupling, via elimination of HBr,

between an appropriate phenyl 4-bromoc or iodo alkylthiol as above and

an appropriéte ethine:

HC=C<{ A o —W

As well as this method Being suitable for preparation of compounds
given by formula I it is particularly suitable for the preparation of
compounds given by formula I wherein W is alkyl for example C, _,
alkyl. The method is also suitable for when W is alkoxy.

When ring A is phenyl or substituted phenyl these ethines wmay be

prepared via the corresponding acetophenone using a generally known

dehydrohalogenation route eg:

.



The ethine may be coupled with the thiol using a coupl I ng reactlon in Wmch
t he ‘et hi ne group is coupl ed with a halo (brono- or preferably iodo-)
benzene in a reaction nediated by a palladigm (0) catal yst, for exanple:
[err] [err] [err] diethylam ne dichloro (triphenyl phosphine) palladium (0),
Ar2 atnosphere [err] O her suitable ethines in which ring Ais aromatic may

be prepared using generally knowd nethods for exa pl e tha xe:ﬂpllfled by
route A of GB go LA E&{a 6T +e8P0 gge
conpound of Fornul a: [‘@r Peacted wit et hyl ene

di am ne conplex and zinc chl ori de. P@lt her rret hod of prepar| ng
suitable ethines wusing such brono-- or io0do- conpelinds is step |IC of
W894Q8102. Many brono- and iodo- conpounds of the inmrediately above
for Mika are known or may be KOBu-t

Butanol solvent

Methods of preparing acetophenones are well known, eg Friedel Krafts

acylation.
—
The ethine may be coupled with the thiol using a coupling reaction in
which the ethine group is coupled with a halo (bromo~ or preferably
iodo~) Denzene in a reaction mediated by a palladium (0O} catalyst, for
example:
X
W o - ° C=CH + 1@—53
Cu,I,, diethylamine
dichloro (triphenylphosphine)
palladium {0), Ar, atmosphere
\._/ Y

Sorosos

Other suitable ethines in which ring A is aromatic may be prepared

»

using generally known methods for example that exemplified by route A

of GB 9000965.5 in which a corresponding bromo- or iodo- compound of

) f

Fornula:



~

synthesised wth relative ease, including those with  |ateral
substituents such as fluorine. For exanple conpounds of fornula: [err] are
known (W = cyano, n=0O Y fluorine &r hydrogen), enabling
preparation of the corresponding ethine and then conpounds of formula IEl:
[err] O her nethods of preparing conpounds of formula | will be apparent to
those skilled in the art. A further aspect of this inventionis a liquid
crystalline material, 9 containing at |east .two conponents, at |east one
of which is a conpound of Formula |I. This [Bguid crystalline naterial is
preferably a nematic or chol egtexic | (d crystalline material. Such
materials may be used in & @ Slpl ay devi ces such as watches and
cal culators etc. and al so in t\ef noch i ¢ displlays in which the col our ok,
reflected light varies with tenperature. Compounds of Formula |, in e~
particul ar the preferred, coppounds ref grred t o, above. have a_number -of.* o

desirabl e priberBPELdPLIR (A UERsRYEIge ethylene diamine complex and  zinc

chloride. Another method of preparing suitable ethines using such

bromo- or iodo- compounds is step IC of W089/08102. Many bromo- and
iodo- compounds of the immediately. above formula are known or may be
synthesised with relative ease, including those with ;. lateral

substituents such as fluorine. For example compounds of fofﬁula:

' . S (;)

are known (W = cyano, n=0, Y = fluorine or hydrogen}, enabling .
preparation of the corresponding ethine and then compounds of formula
IEI: '

RS@-CEC@CN | . IEL

Other methods of preparing compounds of formula I will be apparént to
those skilled in the art. NS

A further aspect of this invention is a liquid crystalline material,



useful conponents of liquid crystal materials. in particular their high

bi refringence. Suitable conpounds for the other conponents of the liquid
crystal material will be apparent to those skilled in the field, and wll
depend upon the properties such as dielectric anisotropy. birefringence,
working tenperature range etc required? in the material for t he
application for which the material is intended. Some types of suitable
materi al ar SOUFAIPHEE e PTHEPRTY FWP SOBRPRINLES chtp RSt a’§ev\%lp [whigh dgn e FemPREndne

For mul & 11+ S ot ool nibise Hauid EEvaak) e, Baberiply 1o BT erahipyh neetic
c'onta! ning 1 t 8_,.carbon atoms,  a .npreferab y trg! t c%ai n. and

wherein a |g‘ocg'f’leitf’e‘1§u§%qu&§n%rgﬁﬁﬁgﬂ r B2LETARE Lo SY© |"% °FH ssﬁﬁi'gjﬁused
pat tel cof OBy 143180 ope 10 dTRLAL ALvIEY L0l SXARLEeE WAL O QA REL: | gl

¢rystal | i ne”conpouna ave a posi ti 'c anrstropy, Yor

xanpl hbed 4 ERd 725 DALLL Gl e h
CIIDLS £, SIS b, BB s e 4 Sk Wil Ot it

related text. The materral nma contain iqui
crystal li neijght varies with temperature.

Compounds of Formula I, in particular the preferred compounds referred
to above, have a number of desirable properties which make them very
_kuj useful components of liquid crystal materials, in particular their high

birefringence.

Suitable compounds for the other components of the liquid crystal
material wi_ll be apparent to those skilled in the field, and will depend
~upon the properties such as dielectric anisotropy, birefringence,
working temperature range etc Teguired in the material for the
application for which the material is intended. Some types of suitable

material are discussed briefly below.

Preferably as well as containing one or more Formula I compounds the

mixture contains one or meore compounds of Formula I1:

L)

R~ O—— O O)—=

wherein R, is Ml or alkoxy, preferably containing 1 to 8 carbon

('_Wl\

atoms, and preferably straight chain, and wherein m is Q or 1. Such
compounds are included in the subject matter of GB 143313(). The

material may for example contain other liquid crystalline compounds



conpounds of low dielectric anistropy, for exanple to forma mxture of
intermediate dielectric anistropy, or a thernochroim ¢ m xture. Sone

exanpl es *~ef- such3conpounds are described in EP-A-0132377,

Fig 9 thereof and the related text. The material may alternately or
also contain liquid crystalline conpowmds having a high clearing point,
for exanple to raise the NI transition tenperature.. Sone exanples of
such conpoeinith haee demeitixed diaiddiric Odi3287ohy,padt iexahpld \asi Bedtribéld in
thereof and the related text. To cause the material of this aspect of
the invenEPdr0182377shpartizutavledncfi 8( Gerepdrandhthenirehavmst itext phase t he

mat eri al

nmust contain at

particul arl.y=in

| east one conpound containing an asynmmretric carbon

atom This may be a chiral conpound of Formula I, or alternatively or als#

the material may for exanple_contain one or nore chiral conpound of Forkaa a e

|1 above, B (FRtRFisl.)may (SIHRAIRFLRAY | §F Alsy AHEBITHhdHGHcDr crystalline™

4- (2- met hyl but yl gxy)_ -4' cyano bi phen_g]f. The material, may al so contain one

or more pi EUPRRBRE Hydov eERfpiEE

HROPYy LOT| EXTRIS 1O | fOrRPE SN 01 .

7.

(ne T nyert M GeeRiate GRREItFRRDn THaCNTantE: ShRTTERTPES mCaire-{ nosose *
material gy isel el YuGOUahRi el aIBEE A RO IR AN M hird cutally

in Fig 9 thereof and the related text. B

The material may alternately or also' contain liquid érystalline
compounds having a high clearing point, for example to raise the N-I
transition temperature. Some examples of such compounds are described

in EP-A-0132377. particularly in Fig 10 thereof and the related text.

To cause the material of _this aspect of the invention to show . a
cholesteric (Ch) (or chiral nematic) phase the material must contain at
least one compound containing an asymmetric carbon atom. This z'nay. be a
chiral compound of Formula I, or alternatively or also the material m‘éy
for example contain one or more chiral compound of Formula II abové, eg
(+) or (=) U-(2-methylbutyl)-4'-cyano biphenyl or &-(2-methylbutyloxy)

~4'cyano biphenyl.

The material may also contain one or more pleochroic dyes, for example

the dyes described in EP-A-82300891.7.

The proportions of these components used in the material of this aspect
of the invention will depend upon the intended application, and the

material may usefully contain two or more compounds of Formula I. 1f

L4

&



thesmaterial does contain two or nore conpounds of Fornmula | there may be
in proportions that are, or approxinmate to, a eutectic mxture. The
materials of this aspect of the invention nay be used in any of the known
forms of liquid crystal display device. for exanple a twi sted nematic

effect device, Freedericks affect device 3holesteric menory node
devi ce chol est eric toPg tic phase change effect device %nam' C
scattering eFRect2 EEYy W%ﬁu@‘ﬁb?rs‘%ﬂrﬁcmm‘”‘%‘f fodcFormyly; L shege may

"supertw st" ef fect device, er rmrret er nochrom c

material . The&ndP rf’olﬁ’p8¥‘t1°6’ﬁsf$ﬁtct‘air8h ?ﬁﬁ 5ﬁ dt eé‘ﬁ%%’ﬁeﬁ’&%‘é'e and
characteristics of a liquid crystal materlal suitable for use therein, are
well known in the field. Aliquid crystal display device which incorporates

as i %4 nor ki Rgef | jifod r@af@ier h@is Aspdles 6F 'Q@d@%‘éﬁ?u%%tdﬁ%@n@%&% the

a’Spect of this invention. Non I'tmting exanples strating thrs
i nvention W lnoRRW fgndi \6N. 1§.r<§iﬁ.da@@s@.‘élaéﬂs%§y leevicd) 'f@rcéﬁé%{:ﬂe a ®wisted
isotropic liquid are used. Exanple Preparation of : [err]

4- Br onot hi ophpastid 1e6fedt 0d@¢ide Wiwsmthwﬂgatcm&&a&er ;elory
~hours with n-heptyl bronmide (14.9g,. 0.0833m sodium hydroxide .(3.3g.

0. 0833m and swaé.crdevibey; Tholdderitxtd!himaeit :phdut :oRAREb bRPaR Gévided dsnante d
extracted. with petroleumspirit [err] (3x50nis) The conbi ned
scattering effect device, two frequency switching effect. device, a
"supertwist" effect- device, or a thermometer using a  thermochromic
N\ materiai. The method of construction and operation of such devices, and
characteristics of a liquid crystal material suitable for use therein,
are well known in the field. A liquid crystal display device which
incorporates as its working fluid a material as described above,

constitutes another aspect of this invention.

Non 1limiting examples illustrating this. invention will now be given.

The abbreviations K = solid crystal, I = isotropic liquid are used.

o s—O— O~
Ll_ W 2 _ Lok o

4-Bromothiophenol (15g, 0.0794m) was stirred and heated at 80°C for 18
hours with n-heptylbromide (14.9g,-0.0833m) sodium hydroxide (3.3g.

. ol

0.0833m) and water (1S5mls). The_'_mixt.ure was then added to water (50mls)
and extracted. with petroleum spirit 40°-60° (3x50mls}. The combined



12 organi c phase was dried over magnesi um sul phate and evaporated to yield
4-n- heptyl t hi obr onobonzene (19.5g, 89% G.C. 85% yield)’ 1.2

4- cyanonhenvl bori ¢ acid 4-Bronobenzonitrile (20g. 0.1099m was.di-ssekxwed
in tetrahydrofuran (240nls) and hexane (80ms) and the mi xture treated
with butyl-lithium(1l.6M solution inipexane 80m s. 0.1204m at [err]

The m xture was then stirred for five mnutes before adding trimethyl

borat e (2beganicO. gssénpastdriied rdveFhpadiiesini Gulfitatehend dviapyertelioty\aiig1d O
[err] before adding it to 100m s of 10% HCL.. The organic |ayer was then
separ at ed“amrdleptthbthzaqmnka}aer(Ieéﬁg,awk@w\x\n&‘B wiiéld) .di chl or onet hane
(10OmMs). The organic | ayers were then conbi ned and washed till acid free
with water. The solution was then dried using magnesi um sul phate «and
evaporated to give 4-cyanophenyl boronic acid as an off-white soli d (}E.g:‘ :
93% vyi el di-shilcrvanaphepyiborgnigacidcuum 1.3 4-cyano- 4' -

hept yl t hi obi phenyl 4-Cyanophenyl boronic acid (7g. 0.0476m was sti rred and
refluxed for 60 hours under nitrogen with 4 n- heptyl t hi obr onbbenzene

Ezlémdfg) 9.'. rono433 o-lr-x-li-trﬂgeo ?gﬁg.o 8007&?) was 1sso wgueoustest%glhydroum %ﬁ?ﬁ’f”at €

(240mls) and hexane (80mls) and the mixture treated with butyl-lithium
{1.6M solution .in'hexame'SOhls. 0.1204m) at -100°C. The mixture was

then stirred for five minutes before adding triméthyl borate (Z25mls,

0.2178m) at -100°C. The mixture was then allowed to warm to 20°C before
adding it to 100mis.of_10% HCL. -The'organiC-léyer_was then separated
and the aqueous layer extracted twice with dichloromethane ({100mls).
The organic layers_weré.theh combined and washed till acid free with
water. The solution was then'dried ‘using magnesium suipﬁate and
- evaporated to give 4-cyanophenyl bdronic.acid as an off-white solid (153
93% yield) which was dried under vacuum. - |
1.3 h-cvano-4'-heptylthichighenvl
o

4-Cyanophenylboronic acid (7g. O. 0476m) was stirred and refluxed f‘or 60
hours under nitrogen with 4-n—heptylthiobromobenzene (12.4g, O. 0&33m),
TIPP (0.9g, 0.000783m), 2 molar aqueous sodium carbonate (lllnils}._--
toluene (86mls) and industrial methylated spirit (20.5mls). The mixture
was then separated and extincted with toluene (2x100mls) washed with
water (100mls) and dried bver magnesium sulphate. The solvents were -
then evapbrated off to give ﬁ brown éolid'products which'was purified by 
column chromatograpﬁy and'recrystallisation=from industrial methylated

spirit. U-Cyano~4'-heptylthiobiphenyl was produced (4.1g, 100% HPCL,



toluene (86m s) and industrial methylated spirit (20.5nm s). The m xture was
then separated and exti‘ncted with toluene (2xl 0OMs) washed with water ..
(100m s) and dried over magnesi um sul phate. The solvents were then
evaporated off to give a brown solid products which was purified by colum
chromat ography and recrystallisation fromiBndustrial nethylated spirit.

4- Cyano-4' - egt yl t.hi obi phenyl Wané roduced (4.1g, 100% HPCL, 13 30X
yiel d nel ti RQ#pHield Beltipg)Poigsndt#3bs of this conpound were prepared
having different 4'-alkyl termni. These had the properties below [err]
%31.5 - [err] 63.8 7.27 [err] 53.0

‘62 [err] 61, . 7.54 [ecr.] . .04 4 ‘e

11. 31 An ap;’n*?%%%é‘?& ycheﬁktuesct Fgm;?ﬁu?fiu"feer-e Bﬁp%ﬁﬁ nl']gavf‘% tﬁil‘]"tf?/?f‘enﬁen%yﬁlkyl
flexyl“f'@nd heREM niCONPRULAIRad tne b bper DI P BE]dRANS 26.3, 34.6, 26.9, 12.2

= 0z RERPTR 3 o3 Kel®Be Lf, s ¢
CH, 131.5 -
/
Chﬂg 6308 . 7’27
CH, 53.0 7.62 °
B C.H;, 61.6 7.54
C.H,, - 644 o 11231
W An approximately eutectic mixture-containing the butyl, pentyl, hexyl
and heptyl compounds in wt¥ proportions 26.3, 34.6, 26.9, 12.2
respectively was prepared. This showed K-I 41-0°C and N-I (34.5°C) but
. crystallised too readily to measure /A n at -20°C. 10wt of
§* -n-pentyl-ii-cyanobiphenyl .was. added to this eutectic which-resulted in
\  K-I of 34.5°C and N-I of (3%.2°C). The birefringence of this mixture at -

20°C was 0.222 which is substantially higher than that of the

).

cyanobiophenyl itself (0.19).



réspectively was prepared. |bis showed K-1 41-0C and N-1 [err] but
crystallised too readily to neasure [err] “at®[err] 10wm % of

4' -n-pentyl - 4-cyanobi phenyl was added to this eutectic which-resulted in
K-1 of 34.5C and N-I of [err] The birefringence of this mxture at 20C was
0.222 which is substantially higher tha# that of the cyanobi ophenyl itself

(0.19). Exanple 2 Preparation of: 14 [err] Step 2.1

4-n- pent vl t hi obronobenzene A m xture of 4-bronothi ophenol (30g), pentyl
brom de (26.4g), sodi um hyg#=oxide (6 ) and water (30nml) was heated at
[err] and stirred fdH4S HECHT Gg¥ls t hen poured into water,

extracted with petroleumsprrit, dried and distilled (bp [err] at O. 11
mHG) Yield 27.3g. Step 2.2 The Gignard reagent fromthe product of Step

2.1 (159)_ was_prepar,ed usin nesi umin tetrahydrofuran (60nﬂ)__|od|s§§
(16. 2g) ViSRefided o¢%Pb¥@uﬁaﬁg§%HmFﬂBﬁﬁF¥Fure was stirred for 16 hrs fer
was added and then 10@6sod|un1netab|sulphlte (100n1) The product was
extracted into

A mixture of u-bromothlophenol (30g), pentyl bromide (26.4g), sodium
hydroxide (6.67g) and water (30ml) was hested at 90°C and stirred for 48
hrs. The mixture was then poured into water, extracted with petroleum

spirit, dried and distilled (bp 96°C at 0.11 mmHG). Yield 27.3g.

The Grignard reagent from the product of Step 2.1 (15g) was prepared

using magnesium in.tEtrahydrofuran (60m1) Iodine (16 Zg) was added :
over 10 min and the mixture was stirred for 16 hrs. Water was added and

then 10% sodium metabisulphite (100m1). The product was extracted into
petroleun ether and distilled. Yield 10.5g.

Step 2.3 1-(4-n-propviphenyi)-i-chlorgethviepe = | o/

Phosphorous  pentachloride (51.4g) was slowly added to stirred
Y-n-propylacetephenone (40g) at 35-U5°C. After addition the mixture was
heated to 70°C for 3 hrs and then slowly poured into ice/water,
extracted with petroleuﬁ ether and distilled, (bp 67°C at 0.65 'mmHg).

Yield 20.2g.

Step 2.4 4-n-propvliphenvl ethine.

[



petroleum ether and distilled. Yield 10.5g. Step 2.3

1- (4-.n- propyl phenyl ) - 1-.chl’ oroet hyl ene Phosphor ous pent achl ori de (51. 49)
was slowy added to stirred 4-n-propyl acetephenone (40g) at [err]

After addition the m xture was heated to [err] for 3 hrs and then
slowly poured into -ice/water, extractedifith petrol eum et her and
distilled, (bp [err] at 0.65 mmHg) Yield 20.2g. Step-2.4

4-n-propy|pheny| et hi ne. 15 Potassiumt-butoxide (21.5g) was added to

stirred t noI and %Eh ref | ux. The al kene product from
step 2.3 (208 PRt I 2B SR\ 800 S P TP VAR SHRAh 884 ecmed
reflux for 3 _hrs. ter 00n1) dded r oduc %Eé cted intQ
petrol eum splt?l t 8 1 vvgévaeat}ﬁﬁ’? H”Tg %Fo‘g V\/aé g$he ws | @dded
al k rod 9 b

i (Izlrrff)plroopyﬁﬁé%ﬁ% 2"?57 éﬁg%eﬁf ¥’f | ophenyﬁ?gte%hl ne Tﬁ% proél“t:'fét3 PF%’m g‘?&f}‘
2.4 (2.82 f 923‘,& na(ggﬂ '

di et Elyl amgaleq?gmhhe ‘chg‘g%%? %P) |o§| e (%gs aﬁ'g I C f,%lH;spirit 3 =

di (triphenyl abes i) c udsdbiArttdT 0 ok QanlOvgiler S fhe BFHad d3REhe. produceswas

97% pure by gc. Yield 12g.
Step 2.5 ={§= =2=(li-p~

The product from step 2.4 (2.82g) and the product from step 2.2 (6.0g)
were mixed in diethylamine (44 ml). Copper (I) iodide (0.026g) and
dichloro di{triphenylphosphine) palladium (0) (0.193g) were then added
and the mixture was then stirred at 20°C under argon for 16 hrs.

Purification by chromatography gave 4.3g of tolane product, mpt. 43°C.

Measurement of (A% / < }» where oL is polarisability of the
compound, can be made by Abbe refractometry of the compounds of Formula
(_ I in sixture with another compound. Typical compounds suitable for
| mixing: include non-polar I compounds and polar-ZLI1132 (Merck, West Quay
Road, Poole, Dorset, BH15 1HX, Great Britain). Use of such mixtures

induce & wide nematic temperature range.
= _ Use of Abbé refractometry provides measurement of the extraordinary and
- ordinary refractive indeces, n, and n, respectively. (&% / & ) is
determined from extrapolation of temperature depence of (n 2-n 2)/(n?-1)
using a Haller plot. The technique may be used for compounds with

little or no inherent nematic phase by extrapclation from values



and the m xture was then stirred at [err] under argon for 16 hrs.

Purification by chromatography gave 4.3g of tol ane product. npt. 43C.
Measurement --of [err] wher e [err] is polarisabidity~of...the
conpound, can be made by Abbe refractonmetry of the conmpounds of Fornula I

in mxture with nother conpound. Typi cakéconpounds suitable for m xing

i ncl ude non-polar | conpounds and polar ZLI 1132 (Merck. West Quay Road,

Pool e, DofReinegElst | fxw ‘cOneentrBticons 0f. cdipeunds SfcFomiuts U d | titkiCRoge W de
nematic tenperature range. Use of Abbe refractonetry provides neasurenent

of the ex® &i Ba%arighd ordinary refractive indeces, [err] respectively. .
[err] s determi ned fromextrapol ation of tenperature depence of [err] v
using a Haller plot. The technique say be used for conpounds wth Léig]e

or no in ent_ne i C se ext+yapol ati on fromvalues @ .16 obtai ngd’ - !
at | ow cg%f:\e e a??%?‘é@?ﬁ%%ﬁdz “of g?—ﬁ‘ﬁﬁf‘ﬁm’rs uRing giapdand mwpRespions -
materi al . ggangbe A vetdrt:' om Lieér(l measurenent s usi ng st andar d expressi ons

f or [errﬁ and reéfractive T ndecess®s: Foroic SATIIEATR:, PATRHERALEM G of can

be expr essi pbChiiredfed Fethiiie K0 Vihel' Bihdl £1gi3h 3 ryS 2P Wii0Sinds.

can also be used to calculate a figure of merit, A,, for compoundsl_- L

of Formula I, where A, is given by .
s “

& = 2(Aw )iP

i5a
where A< = anisotropy in polarisation,
'L = local field factor, |
p = number density
‘a = anisotropy in the inter-molecular field potential.

A, can also be measured-by degenerate four wave mixing (eg P A Madden, F o/
C Saunders and A M Scott, IEEE J of Quantum Electronics Vol QE22 No 8
Aug 1986 pp1287-1297). '

Table 1 gives values of A« relative to U-cyano-(4'pentyl)-1-

phenyl-cyclohexane (5PCH).



can~al so be used to calculate a figure of nmerit. [err] for conpounds of
Formula |, mhere [err] i s’ given by [err] where [err] = anisotropy in
polarlsatlon | ocal field factor, p = nunber density a = anisotropy in
t he inter-nnlecular field potential. [err] can al so be neasured by
degenerate four wave m xing (eg P A Maddar, F C Saunders and A M Scott,

| EEE J of Quantum El ectronics Vol QE22 No 8 Aug 1986 ppl 287-1297). Table
1 gives values of [err] relative -to 4-cyano-(4' pentyl)-1-

phenyl - cycl ohexane (5PCH). 17 Table 1 [err] Typically. a conpound such
as [err] Tsbiedl cal cul at ed [err] (from Abbe refractometry at a wavel ength
df 589nmand relative to [err] al kyl cyanobi phenl) of 1.03. [err] has a
calculated Al from Abbe refractonetry at lumand relative to [err]
alkyhgyanoblphenyl) of

e G w . | M@B’) ]

c,ugs 2.91
- CeHy scn 3.46
csnnscxc 2.81

Typically, a compound such as CHS—O)~O)—C,B;, hes a calculated A,
(froﬁ Abbe reffactametry at a wavelength of 589nm and relative to C,

U alkylcyanobiphenyl) of 1.03. CgH, S~(O)O)-CN has & calculated &
from Abbe refractometry at lum and relative to C, alkylcyanobiphenyl) of
1.6 whilst having a measured A, (from degenerateﬁfour wave mixing) of
1.05. | ” |

Va,



1.6 whilst having a neasured Al (from degenerate f our | wave m xi ng) of 1. 05.

1. - Compounds of fornula I: [err] wherein Ris [err] m“‘

hydr ogen, fluorine or chlorine, mand ngfe independent I| h“l“(l“l“ﬂ““\m,
CN or halogen, rings A and B are independently selected ¢ from" phenyl,
| ateraly fluoro- or chloro- substututed phenyl, trans-cycl ohexyl,

pyridyl, pyrimdyl or dioxanyl. 2. %ounds according to claim1
wherein rings A and B (if present) are phenyl. 3. Compounds accordi ng
toclains 1 or 2 wherein mis 0 and Wis CN 4. Compounds according to
.claim3 having a fornula: [err] 5. Conmpounds according to claim3
having § formy g SehecsFFobhefl derrl 19

wherein R is 0115 alkyl; X is'hydrogen-'fluorine or chlorine, m.and n
are independently 1 or O, W is CN or halogen, rings A and B are
independently selected from phenyl, lateraly fluoro- or chlorofT
substututed phenyl, trans-cyclohexyl, pyrldyl, pyrimidyl or dloxanyl. :

2. Compounds according to claim 1 wherein rings A and B {if present) are .
phenyl.

3. Compounds according to claims 1 or 2 wherein m is O and W is CN.

4, Compounds according to claim 3 having a formula:

5. Compounds according to claim 3 having a formula selected from:

—————



6. Conmpounds accordlng toclainms 1 or 2 wherein mis 1.

Conpounds according to cl’ ai'm 6 havi ng a formula: [err] Wnerl ll ‘ mu"&ﬂmwm,
or hydrogen. 8. A nmethod for preparati g of a conpound

which ring A is phenyl or substituted phenyl, wherein an aIkyIthloI 'of
formula: [err] is coupled with an ethine of fornmula: via elimnation of

HBr. 9. 6. A Compolands accardiinggtd elatms tn & f2owhédednpm dgatati on of conpounds

given by formula | wherein Wis [err] alkyl or alkoxy. 10. A liquid
crystalline material, containing at |east two conponents, at |east one of

which is a conpound of formula I
7. Compounds according to claim 6 having a formula:

M
RS-@-CEC@-CN

where Y is fluorine or hydrogen.

8. A nmethod for preparation of a compound of formula I in which ring A
. is phenyl or substituted phenyl, wherein an alkylthiol of formula:

X r

RS

is coupled with an ethine of formula:

e (D)

via elimination of HBr.

L,j 9. A method according to claim 8 for the preparation of compounds given
by formula 1 wherein W is qus alkyl or alkoxy.

10. A liquid crystalline material, containing at least two components, at

least one of which is a compound of formula I

.




