GB 2 023136 B 1 . SPECI FI' CATI ON 60 @
texture'rotates the plane of polarisation of incident poI arised |ight and
reflects elli-ptically polarised |ight Cycl ohexane-containing derivatives of

aromat!c nit-, of specific wavel engths when illum nated by 0©8i202313%8s and -
their use_as Iiquid crystal conmpounds mary (i ght so that the nesopnases

~are t her BPECIBATION 0 texture rotates the pl

This occurs, it is believed, because the . uremazf;he oo fpola"saéf ‘ff'"c'

cycl ohex&naoheme-contauﬁﬁg Mivatﬁfaéofpiohﬁ{k Aiengt hSofeéecfhmavm @Wr{éﬁ i .%Hﬁ& bp&a.-
are tai mﬂhgal!ﬂsthﬂm ps/liquid ofystakcompdunds Ni t r i | e agflightish ehat thedesoplsaddésdarathierindc-gi Ve

strongl¥ erat ure de endent as |i qU| d cr yuerni. Tb@nwgt;ndsbeheved because the

Br agg reu At in e" h ngt 18 hsfica| R"ﬁh'ﬁ"qﬂi"ﬁ °E$h md?rﬁrma!'ons are
hases apgig emﬂfesﬁ '°m§t€r"lt?;1fsrf'" ﬁse\/l si bIgt ‘f‘e ’°'P"§ 'a“’lfﬁ dgpepdent | o

p bl p ono rwavelera&§§ htin

material s L%Q.d@%@mhswsﬁmmdéb@c@ﬂa.ﬁonﬂ ' t Uttﬁ‘e frat is, th

col our exl ongabibicompaonds diid sohstitdle adhtfedidiet h PédA&dfou émm G&I&Ir&hbﬁ%%?ﬂuﬂ He
Gr yst al | Phrge thet exigts detdreentte drestaiine adlid s Of vmaemﬁaramreaithe radtetialyeid rhikafes tHeRo£ Of
the ful | {redyily diserdet liapiginhase pstwithinavhichwert hi N vihdydiius beused inrsanface thesndgeaphys eglfor n
surface PWQ?%W""%‘WW'%QFﬁﬂ%ng r angéh‘!ﬂeﬁﬁéﬁ'q" bregst qaneer. iThis gt mhentioned

k
_ B?OSzr%Sth%engﬁaba%%ﬂ?# Ui c% apcertegp%sa tIVF is

%‘f"&%f'd
types of oldentigiicbie Et)b‘ifaﬁtiall@iﬁﬁﬁﬁrtyp&ﬁﬂ%et lve 't§r9 Rihe RElidal Sﬁch Skhé! m;%e i
gi Vi ng andnimic mewphase invasdpieaBderinglis ¥dy-ch t he- I'magreeamgeentuor?ﬁiuHd;vsbtadesdb&l;)b@y
resul t i ngfantiathrfinpard.ecthd melecuisk tendtylise up  Or der ivag of exarople anly whis tefandnicetlo lthe following
| a ¥ '°591€f‘°?1’?éh° ’{"ll?cé'eﬁ)PP“!'h'e heI i cal (Frareilesowhicttilustrate methads of prepeastion

nesophas%‘éﬁ @r&g{“ms% %Pﬂgﬁ’% asefs .80 ofo?%p’g%%tmm O‘é’ﬁ’ﬂ“{m apg give they\y

be descr {hebiestdV;
of exanpioRg- Eéﬂe é’o:géﬁ’s rnﬁ:&ts@ﬁ eh e Ihehca]1 I'fanogl ?th's spem&éﬂlﬁd

t he nmsemdér&sthpaﬂﬁtuh e-lesophase Exanpl es, Whl Gditherh bus.x,;r_at e met o S o
preparat i MQmmththntm Iuaud;ub C#53S < iodicatds therefysmalphase, 80 Of
corrpound’é’y%‘!'c‘t“l‘f@ 0 aihigh positive diglactind gi ve thindishtastbe smrdticometopimse as a
separ at e*RYORYERsEoided having Jpeopsfamuls: of cert rw'cﬂ*eﬁ%mecﬂqmesemst eric
nmesophase. Th| s | gs neyhgs a helical™ Int m lca es "éel%@?:”P P.on of
this specification ¥@ng-range order super%,rrpq,%g o me{; o Z}Eﬁﬁusa“' t he
foI | owi nwhargRiseh slkjlgreep conminingaip laNGSarBe ! | o sk e nenatic
oph#k#oms, and preferablvthreeto nine cathon atemsn bel ow: - bnamefodﬁmanwrithetda&atea

present ¥ oymaj ?%’EP“ @?and@'«rhrmnmat es weotnpictianditiopinasibsereadyistirg a heating
corrpoundﬁ,‘t‘f&hrfila 'éar?ﬁﬁ" Heflle ardt ot r | % °V°9A | nd| cates the smectic A

mesophase api sotropy are provided havi ng "éfj Wg of fusiondgr thechgngat es
Lhe smect r@-m@“@e,oss cates the s%ﬁ"‘ 2R BVHRPBIR GLaSh o aliquid crstal
Ch indi cates the chol esteriT sophase 90 ( ﬁ'féfﬁ@iﬁpiléaﬂf'&t@errﬁatenalshav-

Fndi cat ed Théhigh pokigivexdidRctric asisot@pkdibplaypdup CcO m{galpag.ﬂg optitalrétady/Power bon
C [ er r35 bythgenmpounds ofthepresept invegipnanakes, a0 [tehish zfdrytoloptivellytsotiveinaerisia hivaig

atons, “‘e a icylarly s tég g@ultww V%eraturenmdveua@ypaweml ch may be nor nal
o]
ﬁr br anc ﬁ‘Je & mt r& ro-o tlcd % Ic 1 rbower (:Ke specific rotatlon ?‘VE‘B aqg;%)w a
eating. by dAerh 'oFrase- er ] material when fogmin 8 10%3 utlom 'S
95 A0 fypé REludedbsils nemam&tmha&i.aufam@e Orok ﬁorsfaﬁﬁbge ro cryst al

phase C biow&#r raure of thd liguid cryaialysmpdunghds e,  (+) mmdx‘a*boﬁrﬁfseftﬁeﬁr&emﬁdeﬁ@n'abé
acti ve ntheerepest isvention orTivdurks (gdlutippsliofange di edesctieides fativesot r opy di spl ayed
" ing a po® "[‘?’?/%“’BfﬂmR?él'l‘dsr"‘(btf‘aV'?"BB‘HEW“"'BS by f-’W@é’rfpounds of the present

i nvent jofl  BEKE o{nglganile WSl Eh& kS of © 1o§)t e f%esmrmaat Qfaw ng
t hem pal i St | Bl il 1 ¢ ; \gmﬂeﬁws A pehen 4

power, erwg.mﬁtedauus@so,@a pUnAESaIRY ce with an aspe wf@ l] ‘whi ch is
an absol eritéwergias ialcenjaictiérndthioné afyoré Alyl-pr esent i nvention -an el ectro-optic

di spl ay oralkyloxy-cypunhipherfyisipealiyhocalkylaxy+ ot at i on of an optically active of the
twi st e e ?’P@“l‘??fl&‘ft‘ﬁhemmfPfé'a'ptme@l\change materi al when forming a 10%

_Wlwsolufnl Zfsa éa '?I %P ts |iquid crystal material a mixture
105 chl o mgy edéely ﬁﬁfﬁeﬁﬂ f gdl i quid cr ystal corrpounds of The
conpoundss i présait ifve iR mcuua&\éemm &ntrell € - _
55  In'accordance with a further aspect of the present
invention a compound of the present invention
includes a chiral centre such that the compound
“when on its own or mixed with other liquid-crystal
materials when in a thin fiim in the Grandjean plane



r nmore such conpounds with other |iquid crystal EXAMPLE 1 materl al s.

hi s exanpl e describes the preparation of 4 - 45 Advant ageousl T
el e ro-optic display device of 110 [trans - 4" - n - al RBPe 1F"%Hexyl 2
met hoxXyl——= 4 - the TWSted nenmatic type incorporates as its rrquid _-
cyanobi phenyl s by t hg~f elebow n 0 : crystal material at |east one

compound of the pre% ekl T nvem¥on i h co F% |on wi th one or nore alkyl -
or al kyl oxy-cyanobi phenyls or al kyl - or}&.y OXy- 50 cyanoterphenyls and -

@he present invention or m xtures (sol utlons) of one descrl bed as foll ows:

furthernore advant ageousl yyg: cB64 ro3tAti g c¢e6y of the phase change type
I'ncludes as its Ilquglq cryst materi &' a m Xfure as defined i mediately
above, save that the bund of the present invention includes a chiral

centre. 55 In accor @Hmtfﬁéﬁiurt eﬁ_ﬁ}m get of the present invention a
conpound of the prese i fvent i%n i ncl udes a C%Emntre such that the
conmpound when on its own or i xed wtg}ept her_ |1 qui rystal materials when
inathinfilmin -@- R0 {ES{Opicne— g—@—cnzoar

‘G 2 023 136 B
sium h‘y
where R h"ﬂ“’gj‘

err] where Ris a normal aIk

r

l up. T |u sa

M J ﬂcﬂmpyF\?vlglgntmIgog %"%g trans- - -pro y%ﬁ%ﬁyﬁ -§£§<§(%
be de ‘: le n lic i“ |p|ta ed w extracted into ether. The

pr opyl &y¢ p fa_n.sﬁ;phgestaphﬁ.od@sc XA Wadr and dried

ylic 5aCt: meﬁmawuasne,d.nm&nmwaatzed i nt O(rw,:mar Theﬁmnﬂis&papﬁlreted‘ﬂﬁend the pro-

‘pr oducibleywas busfertiepindp)taordiapsideddad. et ldact wexdrystatiisedfesn awatghe dnd/hati mpvvat er

and drmbdc8ylci@prise kickinelellagdin-prosylkdneane ni usa 89°Cchl ori de (1. 28

[err]

et her M@O@M 'E!QP'M'V"‘HPRJ‘ digyiphide o - @p B'é‘&ft'??? “4r%° ’Ef&‘?yf%'ﬁ
| it "e" P syzpne g d frgﬁe é% d ic

Acet m :& q-:hg'ou co itio f#:?rm)xﬁgl be n%&&r]%1;"%£ m h mjﬂ){xyl

di ssol g orhﬂ'n aY,tlcﬁﬁ't'i 9!‘33 tﬁb‘ .&Jau e St eps 350 mi) ﬁdélfdﬁdi!l'ﬁﬁvhﬁfto angdirbﬁlx&tlrredl -
N - preldpsud oftd éhistish Jce antbtinedfoch.s 0 t he sawpepianef ithiumluminium indride (0.3 mole)

| ohexyhouet Tieprdducti@s extiacthd iptoiether and ther an h GS‘ domw 1360 Whep aﬁ#mnmae

Tr ant® ;;mm,pen Mﬁ't al %g:%%a«ﬁ% The . P ‘§ %ﬂ%ﬁé{?‘é‘f pnderyelipdier2 -
oveni gfif'er wp ci odi um
dried Eﬁﬂg dﬁf‘ﬁ %‘i’ecﬂfrﬂ" ag mptd e|;.jcoﬁt onf xt S-fo %T& E@,ed %@ﬁqy i
added QDB k@ucﬁo%f%rdi?&ﬁibxnzsfc haid.ed r e%riiléad BhitioR nmtrsu nﬁmuahiadgarﬁasaw
stirped. dal’utn so&lﬁ%ﬁ&bﬂﬂe préparddibili UM al wwaredisgsaivéry Thei peelutvadetmited infoour s.

The pr disahingimemios (1:0aie} o aispiutionef her and tdﬂur.whnhwwhenwaﬁhqdefdthmm ddgerh
m ). Waedium btiroxidgy3. Q\!as'eﬁ@"@%t(?oam“ aHShedd MBSO hﬁg}th ‘P—‘{%,%theThe
P.’@ “%Pé

conpl et‘@éla‘!q%'@rﬁ"‘!@!'&‘l" d\ﬁ%{ er ref'F%‘?Pe 8 by
di sti °)' cool i BT e e 25"' Qusl dto
G B e

excess taifaed at 35PUg4ET é*&sabumdwdwo R- mmﬁ-lg Trans - 4 - n - propyicyclohexylmethanol {0.12
The i hitéiwas detroyel Byladdingaedlutioniotsodiu®0% hy dnaielwas BidegtoBid phFspborys OQB g etowh of
4- n- pr owepbiselnkits. Watatis. GL)waBmeéaml d sol ut |ﬂ§ﬁwamd§?'1“|¥ﬁ°éa°°ﬁ)rﬂs ing an gjibath.

| nor QIWQE::“’ngF‘td?"M fmmt %I n e tl()e wasgb eqq it
e R

h‘% olMQteW@ YiRld m‘hﬁ@&ysﬁd ) at .da6i, shéken wah ther andfiitefldI TG filvam was
evap@s atsmiatﬂlﬁfz‘mnd t he was added 'to a wel |wshédwithavaten ithehidded (N8.SQ.). The ether

r esi dustediCs:Tihk peductidinef tenscdun tprémylcks  at $emas]rermve¢bw¢spﬂ A&?@P'&’dhﬁ'@ ne slistited.
(o 2 rrmdhe:)anepmpamacacw step ressure 8 Tz‘spwﬁqugo"eésﬂ atapregp s eii® P5bo

. mcgﬁ) i Nl ]
ohe 3@ %ﬁfgﬁ & % ﬂ%’ Isf;ﬁ; Wa s thecy‘f:phﬁ e %ﬂ%&k%f“o tfa;’fh?:yl prapyl-

@g) in an autoclave (1 L) at _ Commercially avallable 4 - benzenesulphonyloxy -
195°C and at a pressure of hydrogen of 170 atm for 95 4'-bromobiphenyl (0.02 mole)was heated under
30 hours. On cooling, the catalyst was filtered off and reflux for two hours with sodium hydroxide (0.05 _
the filtrate washed with ether. The aqueous layer mole), water (48 ml) and dioxan (96 ml). Trans-4-n -
45 was separated and acidified. The precipitated-acids propylcyclohexyimethyl bromide (0.02 mole) was
were extracted into ether and the ether extracts then added and the mixture heated for a further 20
washed with water and then dried (Na,SO,). The - 100 hours under refiux. On cooling, the mixture was
ether was distilled off and the acids dissolved in poured into water (500 ml) and the precipitated pro-
methanol (200 mi). The solution was treated succes- - duct extracted into chloroform. The combined
50 sively with 40 g and 30 g of thiourea. After each : chloroform extracts were washed with water and
treatment with thiourea the crystalline material dried (Na,S0O,). The chloroform was removed by dis-

formed was filtered off. The combined crystallisates 105 tillation and the residue crystallised from ethanol to
were dissolved in a 5% solution (800 mil) of potas- * aconstant melting point of 154°C and a nematic to

)



tained at 35-[err].. The excess of sodi um hypobr o- 80 Trans - 4 - n - 6
propyl.cycl ohexyl net hanol (0.12 mte was destroyed by adding a sol ution of '
sodium nole) was added to red phosphorus (0.03 g atonm) netabisul phite.

Water 3.5 ) <was added and © < and warned gentlys(ca 30C) uSBAGRHAEBI1 3
bat h. 36 ul ormoformrdistited—fromthe Teatiom M Xture. —On Brom e (0. 14

nol e) wag_a cool i ng.cohdaRtratél Hyblolort@sia AGIndj f 1 ed
with con .sotrdp%ngfﬁ ﬁgﬁ&%ﬁ&_a eﬁ&p was C(v;a@&rw;)em(“a}bgut Ilr hour) the 4
hydr ochl Gijclon@éintbtibRg] - 1 eyapdtigheil.t at ed pr odemd stifred at 50°C B85 hamper at ur e of

the oil batsblumeofue[trsnedﬂm [err] for ter ed5 oﬂ‘he andhmmcmﬂlw ikar and theThe
product5 mevlcwhbemmrhoxv&f 1 cbrompligheny! me é,‘veffl "Y"ﬁWéd" th yater and

crystal (°s°é€l"‘P'PUM“e rBJhWV(fr Al s a.l r&‘ﬂﬁﬁﬁr mgﬁ bW'c&nmn |

et her andeﬁ‘?dl“f‘g‘?' cceprod nod by ot
was h_ed V\dﬂ[‘ommd g?ﬁo ﬁfﬁlﬁt a Th Qb bﬁﬁroﬁhﬁ)ﬁ T3V Tghurﬂr%nem;dnz?\ of

trans 1o doiation of: propy cyc- was renoved by diPaydidal cahstants feribis édivgpotraisnd atbers
di sti | | ed.iroh o) €xlands (0.0 molgar boxyl i ¢ aci d. similarly prepared are@@eqindatie Diskian:
Boiled at 11 2C at a pressure of 15 mmypggd] ution of 4 - n - propyl ben20| c
acid (0.2 nole) "Hg. in sodium hydroxide (0.205 nole) dissolved in ~ Step
F1: The production of 4 - [trans -, 4" n - yl - 40 water (160 nl) was
Hydrogenat ed in the presence O\R HE@(YI@T@XW - 4- bronobi phenyl .
Raney nickel catalyst (10 g) in an autoclave (1 L) at Conmercially

avai l able 4 - benzenestI phonyl oxy 195 nd @ pressure of hydrogen of
170 atm for 95 4 br onobi ph :&N (0. S hg@aﬁﬁgﬂunder 30 hours.
On cooling, the catal ygin,was flliﬁred of and 198d | ux fastwo hours with
sodi um hydroxi de (0. ObhciHie filtrase washed wi t he®t her. The aqueous | ayer
nol e), water (48 ml) eGH.di oxan (@6 m).136Bans 198U - n 4845 was separat ed
and acidified. The pre€hsitated 3i3ds dlsb yl cy8%Dhexyl #8t hyl brom de (0. 02
nmol e) was were extractfedhinto eth and et gextra s then added and
the mxture heated foP™8 "Further 20 washed with Water and then dried [err].
‘The 100£kampe2under reflux. On cooling, tRhdtrarisx#latyloyabhedimethowdss -

- di stil | ed Thisexammip debwibesstheirentrationpfi ekt 4r n pGM?'@HiPMw'S byhe toflowisguiet ) and
the precipitated pro- rreth (2 The uti wasg L eated succes-
duct extracted into coH@e g—%& Rﬁ@cq%(ﬁ C%G"y%%* ‘@'W g and 30 g
of thiourea. After each chl oroformextracts were washe smrtnb water and
treatment with thiourea the talline maggpi al d -The

chl or of orm-was renoved b +H1R§'<}§Y) tHeBY was=fgart edBaR %@—c%% conbi ned.
crystallisates 105 till at,a’g-rgarrd t he reS| due crystallised fromethanol to

were dissolved in a 5% sol ytyj on 80@75}1) ' ant nelting
point of [err] and a n@ﬁi‘ﬁ@"[ é R-@—%uoﬁ

GB2023136B 3 isotropic | |qU|d transition sqg,’pﬁ:fature of [err]

@oncentrat ed hydrochl ori %j }@ @ The production of 4
-[trans -4" - n - prop- emcker 081?51 exyI met hoxy] - 4- :

cyanobi phenyl . and sti rred at L%o(for 0b

-7 [t rans whezpﬂ‘ |sa|ttranched chiral alkylg_ he pr od i\é&fﬁ%&;# thg% él'g&) ractsw re

the 5 pr I3t nobi rod b i
wer e p %&-y rﬁﬁml awﬁ %‘tlbbfg VW%V3 | nl pl\ﬁstlllgﬁ%ﬁg‘fmﬁﬂﬂ)@mﬁﬂ(y tyl& zene

was dr| @dep(AﬁaﬂS%duct'Bhef(eﬂzer was renmoved boilngat ROFCwaslelleateifunder partial water
Vi gor ous|nyetingbutyltedzens.t h - di stillation and Ssheummvachy mi3Gandig)- @grl fied by
col um cu ws-oe rel@e(n@ndw meleki sadigm 1. 5 ﬁmﬁ% Thwoducv,%wé weivid a'ﬁﬁyvlb"tvﬂ

I th
o SRR el o e g
&lof h%gma . 027

| PhYS' cal .m&wé hegoSbgtA6UC 4t b l"'oride (0
addition of the bron§dbBhzbiY. Wﬁer{H’dﬂﬁaﬁ Wk ar e gswece:The ﬁF&hlcfmn]ofbelO-\M rétByibutdi)
[ er r ] R complete the solufi@twds heated un@rreéfluxfor1  N- | benzoicacid. [ err] [err] [err]
[err] 40 hoper r|] [err] ' 124 - Thlswgggegaredmananal r tothat
03 he solution of thg §rignard reagent was e[n err ] described T(ﬁep B1 of Examglg% Tg prodl%g3 2
4.8 cooled in an ice bath and anhydrous iron (I} 5 mpt 130°C.
) chloride (0.005 mole) in ether (2 ml) added. A Step D2: The production of (+)-trans-4- (2’
solution of (+) - 2 - methylbromide (0.54 mole) in ] methylbutyl) cyclohexane - 1 - carboxylic acid.
45 sodium dried ether (100 ml) was then added during This was prepared in an analogous manner to that
30 minutes. The mixture was left to stir for 48 hours . described in Step C1 of Example 1. The product had
at 25°C. The mixture was then poured into a 20% 70 mpt50.5°C.
solution of hydrochloric acid in water (300 ml), Step E2: The production of (+)- trans 4-(2'-.

cooled to 0°C and stirred for 1 hour. The product was methylbutyl) cyclohexylmethanol.



[err]
\71. 5

107. 3
183.6

161. 8
6.6 [err]

EXAVPLE2

4l ky¥ cycl ohexyl met hoxy] - 4'

185.7

5.2 [err]
96 173.7
25 [trans - 4"

: 107A
177 2 7

(+)

—-
brancheqlh.sc,gy‘;
ext r ac$tep Bdf€xa
wat er afk mldidueld\a{i Byitn§a-C akla preeduberst 28Winhy | DUSHH HZ TRegrodubsti

synt het’l c. steps,

fFerri—were lcrr] TS—a

‘t)s-r

by way”93f . yas rermved by distiliation anuethiibutg)dysiohespimethaxypOr exanpl e.

di st ¥ fopotirr) gransd-(2'o rret?W?YB’ER bighpyhzene Step A2:: The

pr oducT¥; 'E‘anla'é‘et{:y' bromi %“Hg’ o DO létﬁ 5 o@'%;‘?‘%dm aﬁﬂ?q%%'f‘é'ﬂ‘eﬁﬁder
yipat y16enz

part [ agt;%g

ro hadthe
pmdaametsatumatpha@mmﬁne (014§5L° 1%7
- met hyl but yl )2521I’Piﬁﬁﬂlﬁ§ih6fa (o&QG)wamumadgader n
dr ops Step G2: Thepredveﬁtm phishohftran8 A RteINRES| UNd t eyamibinhenyf 84.6amg -at om) i n sodi um
&F@G]-ﬁrr an anal ogousfwmé-?to that ether (50 nl)

prodndigon of (+)-4- (2

dri ed
si ngl

1 00C

C2: The producti ong
was heat ed under

metqggq
The 4 I’Qﬁﬁ

was added to

ared '" aP g?aZWHsé“?“éﬁé? i on,
at 0. 5 rrm Hg

tﬁ pr &IEP (2

r ef I'Ux for

additi on of the bro

Asbenzor c

ep B%"

"El‘aﬁfrbtel

- This exanpl e describes the @Beqmnaﬁson oﬂ
cyanobi pnenyl s by the fofrtowmgToute:

are@ ifohlanslsHPmanner 130 extractrﬁéﬂp ﬁm 8 1A SEnsRd: aeessﬁegﬁsn
bl BuC o os ﬁrifiqvuipea.deacrz ‘hed.

A

! ) :

EP"'P
N §Iﬁb %%%ﬁ? XIIowr 8 rou Y bBt s

enz ne en a
by cBsif y! ) conplete the soI ution

Thi s  was prepared in an anal ogous mannerto hépmth%e solution of the

Grignard reagent was then
had cooled in an ice bath and anhydrq

descri bed ig

F’KM’E.I,D@-E

_@@.@I e 1. The product
(ZIII) npt [err] chloride

nggp ‘D2: The production of (+)

(0.005 nole) in ether (2 ) added.

-trans - 4 - (2'- sol uRr-@-otzqurrret hyl broni de ((0.54 nole) in

met hyl butyl ) cycl ohexane -. 1 - Hep)dg ¢ acid. 45 sodi um dri ed ether (100

m ) wast hen added during Thi svva prepared in a anaI ogous mannert ot hat 30
m nutes. The m xture was left to stiR CHaGH,KO) Gescribed in Step A of
Exanpl The mxture vvas then- poured into a 20%
70 rrptflsgq?r: iﬂ%’ﬁ'&@q%%acg gﬂ?d?m (‘3']?? c acr dfronst oy E2: The

pr oduct THeRymhetic Sthps; wheré¥1S nprobyt; willdow C
bEfvescibatthyetay okezampi@t hyl but yl ) cy
GB 2350$Y8p AB Ghdproduction oftrakisi 4- nxpeopgtyepar ed | A solitichok: Qm pFEpEve&iniSthp B3 abols

Step D1 .i:hl@ofmp K70 mil). was added dropwise to a sus-
éﬂ" a pr esBﬂ!PF'E“ offlithiusn ajyminig

hour .

pr oduchhmbmlhec"tonst ant S:

err]
[err] Al &IP
L
met hxd rfalbg tQ Katle
trans mégnetidm bromidb ik Step!

drige {0.08yeple)

and aluminium trichloride (0.04 mole) in sodium

tby
riphenyl S S?

' .EWJZ et hy| bﬂh%sf 16}‘?1&}?1?8“&% I:S n%‘nﬂé: |

Thi s waZhquokgion ef Grignardvaagantawad gawed shRNNer  kydridd wds

\Yastropdddhy eHe@8lit ioﬂs addition of

anal o gomgttqu n@ﬂt(@c mi) an@@@?j‘e&dld f:arEna mﬁb ewditer afiy thp mbituretharlpaurgalineo 4.20% viv

'on%

et

he pr®iftuee of hediodblotic $m¢wattaeanp mur e

for 1 hour.

25 P 0N i Moo iRod Sabed s '2”‘75"
Pr 0duChelf4] t -reu{hdlc 85 ( zso.),‘-‘aKé‘{hQ 6@3 H%g:é%
met hy | yadsé griep (Nammemlefmt rbﬁ&%h by d-ém- The residuit$6ila e ny

Thi. $0 datiompihe selidsesidubwas crysalli
anal ogbwﬂm?h?ewd?'@duct pasmpPIC.- 4' - gl kyl

Ste p ?glon of trans -4 - n - propylcyc-
?\g E 3 lyl) ketone.
b yt he ran oﬁgym lohexylacety!
55 chlorlde (0.015 mole) [prepared from the acid with

an excess of thionyl chlonde] and 4 - bromobiphenyl
{0.014 mole) in dichloromethane (60 ml) was added

" dropwise to a suspension ofa_luminium trichloride
" *'(0.023 mole) in dichloromethane (20 ml), cooled in

an ice bath. The reaction mixture was stirred during
18 hours and then poured onto a 20% v/v hydroch-
joric acid, ice/water mrxture (200 ml) and stlrred for

3.05hours

* The aqueous mixture was shaken _w_|th chloroform
{3 x 80 ml) and the combined chloroform extracts.
were washed with water and dried over anhydrous
sodium sulphate. The solvent was removed by distil-

peddar at i on of etfianeltdinére. maaropmpanwhohﬁam

czgr earexm 4"t - 15
n
90 cyclohexyl] -{4" - ’prf:]yanyl; enylvl etrz.;ar:';es

This is prepared in an analogous mannerto Step
G1 of Example 1.
" The constants for this compound and others pre-
‘pared similarly are given in Table 2 below: -
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crystalllsed fromnay be chiral. :
etRanot /toluene to give np [err] The synthetic steps, where R = n-propyl,
will ngw  70. Step C3 The production-of 1 -[trans -4'- n - @EEYPLB136E 5
descri oy : : n

br onobi penyl yl ]} ethane. 35 Step A3: The production of trans - 4 - n -
propyl cyc- A solution of the ketone prT&% 2d in Step 83 above -

| ohexyl acet.i ¢ aci d. _ O tu.. | oroform (70 nt) was
added dropwi se to a sus- trans R nc"g c'f?r Ccghexyl met hyl brom de.
pensi on of lithium alum nium hydride (0.03 nol e) (0.08 nol e), prepared in
Step EIl of Exanple 1, was 75 an @I\p whtrllthorld (0 04 nole)

sodi um converted to the correspon ard r(qggenpcalp%o,_drr ed et her (70
“m ). 40 a nethod anal ogous-gg t hat 7)efrpl oy forigafenyl ssThe mixture ..
wast hen heated and stirred-omder negsesi ummsor onmge in St-ep A2 of Exanple. 2.

reflux f%XA;aﬁ’Lﬂpur s. The excess of lithium 6[':-’&69 Q‘ Hnﬁlw r&%&ﬂ%kﬂ&w enzonitriles
Gignard. T PRGBApleaSscies the PreParinion ofydr i de  Walsy tRESHdwing6u e cautl ous
addition of a m xture of ether (300 ml) and crushed soli d car bon 80 wat er

and the m xture than poured into a 20% v/ v dioxide. After stirring for two
hours the m xture was t@ far Ny &8CHI or r@zgkdo water and stirred
45 acidified with concentra dr ochtoric ~~or 1 hour. product
was extracted into ether and the conbi ned The produgt W&&° 8&tracted into
chl oroform and the extracts washed with t he washings were
conbi ned extracts washed vvith wat er, drim&k’{‘g]'@'%ngo red indicator.
The ether extracts: = 85 (Na2SO4), and the sol vent rem)ved by di sti I | ati on.
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propyl cycl'bR !? of ‘° dg}ﬁ; ed in anal ogo rrannq\[ 0 Ste
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~excess Of pdg uqr,ué},eq fg,r43 glrs.and- 4 - bronobi phepy! The eeensta(@gg fort%
conpound - a0d caulifg; i njikitre wadpdlied im@Wwepr | N di chicpr,omet harre.o( 60 (B6.9) was added
pared si n#0&EmD gndahesolytioreshakenwifla@thar (3% 19@1 ow. oCdhini se t 348 sus@®Bisi on Gi6

al umi ni un'F'HrTF‘E?ﬁ"d’r"ledeth rexm@evr?m%a;hedrw-ﬁn chl or&ikt hane (489 m ) 83800l ed &6 60

an i ce 3aypter @, ﬁls 0 h gec t%._ tirreBCedlai ng 185680ur s%48d t herr
poured on st%r%v g ﬁm a" er :pu é,y%igl | EeAmgkgr m xture (200 nl) and
stirred fapp wusﬂon e[asmeousf ,m,avi Ur GpVaSHiS B redrescr.besqtup%qiaamf@5 (3

X 80 nl) - &pBhéxiinetha) bémaéhitilal or of or m ext r act Rraner4e- anisyeitlenl] t 1 [aacpinoptatyi]

dri ed o2ber Thiswyshrepasd §onlianatogous phriegto The sol ethartes yethe followinggdutey di st | -
5 Step G1 of Example 1.

GB2023136B - 5 TABLE 2 [err] R ‘irr] ' [err]
[err] [err] [err] @-@-}cuzcmﬁerr rr] R-@—QHZC 193. 8
5.5 [err]. 71.8 74.5 182, 2 AMPLE4

[trans - 4' - n - alkyl cycl ohexyl net hoxy] benzoni trl\es 'FPII S exarrpl e
hgTEf -

descri be--s- the .pr epar at IRQ@E“ZéRZ@Ci ol d_@.ngrzrcmy-t.-sr .
These compounds were prepared in an analogous R —@—CH2 8r STEP R —@—CH 0

manner to those described in Steps B3, C3 and D3 of

35 Example3. Y 5;:" B6
Speclfrc product examples arewhere =
= n'C4Hg n'C5H11 and n- CGH13 . R_@_ CH2°
EXAMPLE 6 : o
This example describes the preparatlon of2-
40 [trans- 4 - alkylcyclohexylmethoxy] - 6 - cyanonap- where R is a normal or branched alky! group which
thalenes by the followmg route: may be chiral.

The synthetic steps where R is n-propyl will now
45 be described by way of example.
Step A6: The production of 2 -[trans - 4’ - n - propyl-
cyclohexylmethoxy] - 6 - bromonapthalene.
This was prepared as in Step A4 of Example 4 but
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rr] 5 where Ris a normal or branched al kyl group V\:hl ch Physr cal R
@nstants for this conmpound and others may be chiral. : ¥
mlarly prepared are given in Table 3 below. The synthetic’ steps vvhere"R
= nepropyl will now be descrr bed by way of exarrpl e. GB 2023136 B 6
TABLE 3 Sf%p% TJIAIC |JI Uuub( I UTl \Ilf ‘-i-' |_L raro "-l- = L TJI Upyl = J.U
cycl ohexyl net ha r | ene . fQmer ci vailable 4 - brom)phenol
(0.04 3::‘%:;:::’:ercré¥]aral%ﬁ??%‘f}ﬁ; & B%t assi um@g}r‘ ate (0 nole) and trans -
4 - n -TrRbRRANkeHEhehexy| met hyl  broni de - (st é?)?*z‘b “8d in Stagseww of
ExanplseepBsyEHe@radddion oft26[trans 14 - n - propyl- C-NI AH 15
but aacﬁdmevlr(le_tﬁm}ﬂfi) cvafdnepthilsneur ¢ was st |0r4rge®mrnzo—@— (19)5% wiw
[err] tepé P Pﬁé‘h‘t‘éﬂa’li‘f?é%‘fs"i“’é'f'?’&( for 48 ho [err]

61.6 swa]c '“Pesforth%g‘%l%nggn%lom% 7t he qﬂsﬂm‘@?%&’s‘@m%d i nt 02503 ww
4,3

[err] ilarl 4 bel 400 m) and the_sol ution shaken with
Y R et 1 =T Coys ";0 @onbi ne2.5% Wer
extracts Were vvashemksuuath _ [err] 48. 0 5 9.6 20 water (2
x 100 m) and’ dried over [err] The et her 04“9—®'rf2!]20_CN 8B WWNa S ¢

renoved by di I(I:atlo ckhe residue cr_lyrstal lised fromethanol to give

a product W} o8y | MPLE5 Step B4: al‘]’fl%'°‘b'f"’5‘8ﬁf@?‘fe6rﬁ'?5"[.’45 SC [trans -

4 - W - propyl- 30 :This exanple descr|dg|r;;§p,[\];f,gt ;ogmgsatlm ol 1 -
cycl Ohﬁxyl met hoxgly benzgpitrilean 50 Dielectric anibdtiopy\@s): 64 ar1 kHz.

al kyl cycl ohexyl ] (e} 2 -[@&)- cywsanpdienyl] 25 This was prepared in an

anal ogetyi, manner 9t® 1e‘uhanes Qz ‘the folWxtWREg# route: Step Gl of Exanple

1. STECHerr] 824 1095

Br Th E*(torrpoung_g epare Oin an anil 346U Q CH2° @] Nanned®hose
descrl *in Ste and of 35 Exanpl e3,~Speci pr.oduct | es
are Wner’e“R = n- H . and n- 06H13“%N@E z?h@ Sl ewcé‘g’ i bes
thez@reﬂﬁh&hirﬂl&bl@hishwﬂ&t{.dreaﬂaepuré al kyl cycl.qhexyl nethoxy] - 6 -

Cy anonaqierialsiisted exhiBits sliquideaystaihasrnat Hr anc he!i- %yH eHap BN t hal soveswby
the f db\]rmu emgmtgreto be of direct interest for N |Th£g,csynt hetic st eps
wher e erh en E:: tln |r)|<t [+] gta %Ee Ildb‘6
The r?ﬁ se mlxture Ith onlirfl or with othier ~ pr O % &1 \ﬁver,
br o er\%ﬁs prepare in mighthefmimtiie s@gréga&ldﬁnd the 6
using commer ci a| | ySsaMﬂoﬂéNts%né&lremhble&elyomﬂimox -
|V| XT UREC&anﬁch tﬂe&ftm " 10 50°C: birefringence (An) = 0.11 4t 26°C Hielqtteic
product had @ 4 ﬂgt CNThe pr oduct#'tmtreﬁv(ﬁé)”g??‘éﬂ? Thraghold ypltage in
propyl - 5 Cy m’_ 6 - cyanon Yvﬁ‘g. ) o(;a gned twisted nematic cell = 1.5
19. 5% What erbépmymrne%ae.@hwgauaamml ogotfe™ HERITLIE
35 Examp|e 3. - a oH . MIXTURE 4
ific product examples are where R = n-C;H, , .
ns-‘g‘l:-lg, r?-c_‘;H11 and n-g.H,a, h Cs“rso—.-COO -@-CHZCH (CH3)CH2 CHg R
The following mixtures are examples and demon- 94% Wiw

strate the usefulness of the oompounds described.

40 MIXTURE 1 |
: CHyCH, CH (cns)cuz—®—cnzo —.—.— e i
CsHy—~O)~<0)—CN

: _ _ 6% wiw
C4H9—@>— CH,0 CN 60 Transition temperatures: S,-Ch, 27.3°C
Ch-1, 43°C.
86% w/w ) An =0.222at23°C : The following indicates the colour of light selec-
Ae =122 at41°C - tively reflected by this mixture (in the Grandjean
14%wiw | (ref. index and ' . state) with varying temperature.
dielectric anisotropy). 65 - ' :
o C-N-11°C Selgctive Reflection Temperature (°C)
Transition temperatures 65T _ Red o 7.3
Yellow ' - 278
MIXTURE 2. _ - Green ' 279
Csll"-.-.—CN . 87% wiw 70  Turquoise 28.7
@ @ Blue ' o 295 _
Cahy<I)—Cu0{O)—cN . 1a%wiw ** Isotropic liquid | - ac
Transition temperatures C-N, 14. 5°c The compounds of formula (1) above may be
N-, 35. 3°C o 75 added to any one or more other compounds of the
Other physlcal properties: . following known classes to form mixed liquid crystal

45 Viscosity: 34.8 cst at 20°C ] systems:
Dielectric anisotropy (AZ): 13. 13 at1kHz
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Stg,l[i{Gl of Exanple.1l1. ' - [err] Physical constants .
for this conpound and others simlarly prepared are given in Table 4 bel ow. 15
10 TABLE4 [err] _ Tran3|t|on terrperatures C- N

10-[errd 15 . . o : GB 2023136 B 7
N1, [er}—OthHer—physieat—properttes—R CN NI AH

50 Dielectric anisotropy [err], 6.4 at 1kHz [err] [ okr k cal

[err] [err] 910" R<QHDON 6. | W@R@‘fﬂ [err]

82.4 109.5 7.6 [err] 87. 3 114.5 ' 0 [err]

81.0 110.0 9A [err 88. 0 10§.5 a,cu [err]

25 The data in Tabies 1-4-<pp{Ore{O)nthe of the pure materials |isted
exhibits a liquid crystal phase at a | ow enough tenperature to be of direct
i nterest for conmercial application. However the co @ C- N *
=10-[err] N1 = 45G,are ofg/d evand useY |n this g%h(ﬁ B fhen used *
This is the nelting point of a netastable solid 30 as eutectic m xtures

wi th one another or with other which forns oncp\jln% i ckl to-[err]
However, |iquid cr3(,stal form=Rg_materials. X '@‘ Sone time
the mxture segregal es and‘!%@ FPLE 7

55 conponents nelt/redi ssol ve conpletely on heating oyrfys the form
t® 50C. birefringence (An) = 11 at [err] diel ectrHﬁ—@r—ﬂﬁW@-{err] =
10.9 at [err]. Thré&dhold g% ™ pol yvinyl al cohol aligned twi sted
nematic cell = 1.5 volts (rns) at 100 Hz. These are prepared_by a nethod
anal ogous to that of 35 Exanple 3. xiil R,CN

M XTURE 4 Speci fi cxprodu®4§@§@ZMere R =n-C3H,, [err] The

foll owing m xtures are exanpl es and denon- strate the useful ness of the
conpounds described. 40 M XTURE R [err] xv R‘-@—coovz

6% W w 60 Transitigh tenpioa{@rdeN-S@-th, 27.30C Ch-1, 43C. 86%wWw [err]
= 0.22 at [err] The follow ng indicates the col our of I|ight

selec- [err] =12.2 at 41 C tively reflec b xture
(in the G andjean J¢% w w g{CNand xvii é-@-éré'@'w

varyi ng tenperature. dielectrrc anisotropy). 65 Transition terrperat ures
CN- 11 C Sel ective Reflection Tenperature [err] N1 -
[err] _ Red 27.3 M XTURE 2

Yel | ow . cozﬂ—'(@-cﬁis-@-z xviii = @Z 9 [err]
879 W 70 T:JQ]-UOI se R'SS.@ 59| uce Y

29.5 [err] 13%wW w

| sot r opi ¢ wheneR,G= alkyl (straight chain, Brafkbed 6rhigdl)l | on t enper atgu®;x_CvJSLcu[ err]

The corrpounplj of formula (1) ove 2y be

is a cyclohexane ring, isa2 where R is an alkyl group containing up to 15 carbon

bicyclo-octane ring, E is an ester linkage group CO.0O atoms X is ~CH,.CH-or-CH,0-and Y is O ‘

or0.0C,Yis@. Of- 30 or

5 andZisR,, OR, or CN, or derivatives of these com- 2. Aliquid crystal compound as claimed in claim
' pounds containing a lateral substituent, eg methyl or 1 and wherein R is an n-alkyl group containing from
halogen, on one of the benzene rings of the com- three to nine carbon atoms inclusive.
pound’s molecular structure. 35 3. Aliquidcrystalcompound as claimed in claim
In this specification the term ‘liquid crystal com- 1 and wherein R is a chiral branched alkyl group

10 pound’ is intended to include not only compounds containing nine or less carbon atoms. o
which normally exhibit a liquid crystal phase; but 4. Aliquid crystal compound as claimed in claim
also compounds which do not normally exhibit a .- .
liquid crystal phase but which nevertheless usefully 40 1and wherein X is~CH,.CH,—and Y is @'
affect some aspect of liquid crystal behaviour when 5. Aliquid crystal compound as claimed in claim

15 dissolved in other liquid crystal compounds, eg by . s .
forming liquid crystal mixtures with mesophases 2 and wherein X is -CH,.CH— and‘( '8 '
having extended temperature ranges. 6. Aliquid crystal compound as claimed in claim

The construction of electro-optic display devicesin 45 e . )
which materials of the present invention may be 1and wherein X is -CH,.CHz~and Y is

20 incorporated for use is well known. For example 7. Aliquid crystal compound as claimed in claim
such devices comprise dielectric transparent subs- L. .
trates having electrodes on their inner surfaces,a 1 and wherein X is—CH..CH~and Y is .
film of the liquid crystal material beipg sandwiched 50 8. Aliquidcrystal compound as claimed in claim
- g‘m’;"s“ the substrates. 1 and wherein X is—CH,.0—and Y is <O~
1. Aliquid crystal compaund having a general- ’ 9. Aliquid crystal compound as claimed in claim

ised formula:_

Cen NIRRT TTRRFLARING MR e e eempmmmmes m - IR S - s nc st B R kR




N1, 35.3C . 75 added any one or nore er compoun of the @

Cl\her physi cal properties: JJIIHIU lcl IH m nown classes to
f obm m xed liquid crystal 45 Viscosity: .

syst ens: Drel‘ectrrc ani sotropy [err] 13. 13 at 1 ki, 7 GB20231368B
GBZOZS;L%@EL +—tef+i-—where—terr—atkyt(stTargtt _charm, branched or

chiral), [err] |sacyc exane ring, [err] is a 2 ere Ris an
“al kyl group containi ng L?‘E!“ar bon bi cYcl o- oct an%oﬁ)'/@ an ester
l'inkage group CO.O atoms X is [err] and Y is or OCC Y.is [err] 5
and Zis [err], OR or CN, or derivatives f thesecﬂrqurd
crystal corrpound &ic claie -O (OeK@)rfNpounds containing a lateral
substituent, eg nethyl or 1 and wherein Ris an n-alkyl group containing
from hal ogen, on one of the benzene rings aof the co @ 0 ni ne carbon
atonms inclusive. pound' s rpglipe{@pcN st r uct u?e o -4 35 3. A
Irqurd crystal conpound as clained in claimlin this specrfrcatron the term

“liquid crystal com 1 and wherein Ris a chir bra group 10
Bound' is |ntended to |ncI ngt_only conf ouﬁ ‘ne or |ess
¢arbon atoms. whi ¢h nor m® &xhibit a l'iquid cr ystal phase but 4. A

liquid crystal conpound as claimed in claimalso compoundg which do not
normal Iy exhibit a and erein Xis [erx] |iqui d,-@-sn-—cﬂ ge but which
nevert hel ess usef Mfily & st sone aspect of liquid crystal behaviour
when 5. A liquid crystal conpound as clained in clai 5 dissolved in
other liquid crystal conpounds, eg b 2 aid wher ei rﬂr%s-é}ﬂw] and Y is
formng |iquid crystal R‘i—@rﬁ @r%esophases havi ng .extended tenperature

ranges. - 6. Aliquid crystal conpound as claimed in claimThe
construction of electro-optic display deviees in 45R,\A@eh:0(m2eri als of the
present inventi onxiimay bes,(H@'n Zn X is [err] and is 20 incorporated
for use is well known. For exanple 7. Aliquid crystal conpound as
claimed in claimsuch devices conprise dielectric tr trates
havi ng el ectrodesypn theig, chces, ™4 1 and &h’@ r&R(@'P[err] and
Yis [err] filmof thequur crystal materral bei ng sandw ched 50 8. A

liquid crystal conpound as clainmed in claim25between the substrates. -
1 and wherein X is [err] and Y is [err] 1. Aliquid crystal conpound having
a general - 9. J qurkqj-@r-gmt-@-_mn@a_ pd af cl ai ngg, @ d f or mul a:
[err] where R1 :Q‘él Kyl (strai ght chain, branched or'c C‘lf) [err] is a
cycl ohexane ring, [err] is a 2,2,2 vvhere R is an al kyl group containing
up to 15 M&rd]bl%abd/lagtﬁigntcha'hﬂdﬁﬁlcliddmgchrrﬁ),l S an ester d_@ageyg.rcaup CO. O

atoms X isferr] and'Y is or, O OCYis J

30 [ie3 svplobexanadting. QR 88222 or cNh o isge kvl grorR ggtajsingug ] °%’8?R
2. Aliqui gggcm,g,gj, g%@]ﬁb dp'eof@ ai m ﬁtomaldts-ch-qu—@ganadtmle
substituent, eg rret y erein Ris an n- aI Qroup contai ni ng

f rom hal ogeyoc, 91 &M e rings gh—{Oe<{Cpmr @nﬁ Be to n| ne carbon
| eC

atons i nclusive. struct ure

li qui d &r yadt%isRe®) davepar s'r‘??"b °"
" e e ] s ﬂE‘h‘é’L‘?.’fé’ia R
nOt on

n, on 6
pound’ i Spo'uﬁ £ a &fl:tr Strdctd A fi dorHpolHd2e cIQFneb fARim
carbon at Offfnis specification the term “liquid crystal com- 1 and wherein R is a chiral branched alkyl group
10 pound’ is intended to include not only compounds containing nine or less carbon atoms. o
which normally exhibit a liquid crystal phase; but 4. Aliquid crystal compound as claimed in claim
also compounds which do not normally exhibit a ' : i X is—CH,.CH,— and Y is .
liquid crystal phase but which nevertheless usefully 40 ! a'?d wherein X is—CH.Ch, _@ _
affect some aspect of liquid crystal behaviour when 5. A liquid crystal compound as claimed in claim
15 dissolved in other liquid crystal compounds, eg by . s Yi
forming liquid crystal mixtures with mesophases .2and wherein X is _CHZ_'CHZ_ andYis ' .
having extended temperature ranges. 6. Aliquid crystal compound as claimed in claim

The construction of electro-optic display devicesin 45 . . -
which materials of the present invention may be 1 and wherein X is -CH,.CH,—and Y is '

20 incorporated for use is well known. For examplé 7. Aliquid crystal compound as claimed in claim
such devices comprise dielectric transparent subs- . . ,
trates having electrodes on their inner surfaces, a 1and wherein X is-CH,.CH,-and Y is .
film of the liquid crystal material being sandwiched 50 8. Aliquid crystal compound as claimed in claim

25 o Aie e substrates. ~ 1andwherein X is-CH,.0-and Y is o).

1. Aliquid crystal compound having a general- ' 9. Aliquid crystal compound as claimed in claim

ised formula:

o
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wWRi ch normal Iy exhibit a liquid crystalglmgzl but 4. A |I€]UId crystal

ound as clainmed in claimalso co normal | y exhibi t
o th MMI”"!”’" 40 affec%/ SOnmE “9{

qui d crystal phase but which neverth
{spe®t of liquid crystal behaviour when 5. A I|qU| d d’rystaszmmtmnd as

claimed Tn clraim 15 di ssofvedTrmotirertqurd-—crystat buupuunua, eg—hy—2
and wherein X is [err] and Y Ls rmng liquid crystal mixtures with
mes ophd $ewhesgn Xi§ —eht H%Hist'@n{ég'[.ure' [ Ang@S 1 and wherein X is~CH,. O afd Y id f.d

crystal 1@omwadyascmh;ﬁiuneﬁciannéaluai m The construction of electro-opth

di spl ay devices in 45 which materials of the present |nvent| on may be

1 and wherein X4 s Al lerr or at dpse is well

known. For exarrr1),f Ah&ﬂ:ﬁl/y&%c? qollfp‘(’j crybt égﬁ%ﬁ% cI rred inclaim

such devi ces corrprl se dielectric transparent subs- trat es havi ng el ectrodes

on their inner f ﬁ%ﬁ‘ a 1 and wherein X ig [err] is [err] film of

the liquid crysfél ‘é‘f'r%a'cwwgd sandwi-E4e %Ol d cryst aI

conpound as claimed in claimbetween the substrates.

1 and wherein Xis [err] and Yis 1. Aliquid, crystal corrpound havi ng a

gener al - 9. A 4liquid aysyebtodipogranpoung- gse,qrq -r-r@-l-@nc'wsed f or nul a: ’
d

(B 2 2023 136 B 1 and wherein X is [err] claim1 and
wherein X is [err] and Y is [err] 10. A liquid crystal conmpound as cl ai ned

in 11. A |iqui d¥er #liqud crsen@aipdand [ L} Wédzwl@aﬁ-@iﬁl conpound
[err] 13. A liquid crystal conpound A 1Y quitd crystal conpound

- B

[err] 15. A liquid crystal. conmpound [err] 16. A liquid crystal conmpound
[err] 17. Al quisdcA sguidthysigapipshaher e ;R @ ) Myl butyl.. 18. A
liquid crystal conpound ‘[ng r] 19. R F?d{u cr"ﬁ'st Stind [err]
20. Aliquidcrystal conpound [err] 21. A liquid crystal conpound
[err] 22. A Ilqgl q\, % 0 nd %d%crystal
conmpound 91';1 ?Ygdﬂlcﬁgnpun rys?a?a"gi & ﬁ'éo 25. Aliquid
crystal corrpound ' [err] 26 A liquid crystal conpound [err] 27.

A liquid crystal conpound - - [err] 9 - B 2 023136 B

9 28. A.liquid wr yslqald co@tajwompound - ReKh) Eu om_t@u@}umst al conpound
[err] 30. A | iwjeiedt isf+)s2 ahetiybmtdund err] 31. "AlTquidcrystal conpound

[err] 32. Aliquid crystal material conprising a mxture Printed for Her

maj esty's St atizomiayidlyétaicempunt he T\Aﬁ.Qgﬁi,al@Etﬁz%ﬁcn

| 19. _.Ariquid crystalcompound - n- C4“9'®_CHzc"2_._.—CN
20. _Aliquidt.:.rys'ta'lcompound ' —c3u7—@— cuao—@— CN

21, Aliq:rid_i:rystar oorripeund' e 9__@_;“20_._@%.“ -. E _' T .

- v~

. .22_..- A||QUId cryétel c.ompeund. n-‘:snlif@-— Ché_@f“‘_ |
53. Alquld crystalcornpound B ﬂ.—C'G.lH.,g‘@fc”ao_@-_CN.
24 .A_riqu:id ewstal compound | | n-C3H7—®;-—CH20 CN '.
2'5; - Aliquid c‘_rysta'l o'ornpound ' n—C4H; _@_ Cﬁzo_ CN-

__ 26 Arieuid r:rystal comp_rmnd | n- c5|-|"_®-— CH20 _._CN x
é7. | AliqeidcrystalcOmpound - ce“!s"®_ CH20 o



of. a conpound as cI ai rred in claimi and at i
Ber wi.ck-upon- Tweed, 192. other |iquid cryst Mm EI'"M @
PublT shed at .the ‘Patent Office 25 Sout hanpt on, WC2A 1AY,

from w chcopi es may be obtained. 33. Aliquid crystal matert g[;zaggg R»5gi medg
in clai ' |
[err] where R2 is an n-al kyI group or an al koxy group. 34. A liquid crystal

el ectro-optic de&phAsiguidi@ysta corddundi ch | nceLp ggocfﬂl d crystal
material mat- erial including a conmpound as cl’ d i'n any one of clains 1

to 31. 35. A device as clained in claim34 and V\/nich Is a tw sted nematic
type display de?® cAliquidengglcompdend ce as ch eilga~(H)-etigi on35~@)dewmhi ch is a
phase change type di splay device. 37. A conpound as clainmed in claim1
wherein X is CH20 and which is produced by steps which include: 20 (1)
converting a co36oA flid drestal domipatral a CONMPORHTH, @CH, i) eonverting the
conpound [err] into a conpound J[err] the converS|on steps being carried
ut substantially as in Exanple 1, Exanple 2, Exarrple 4 or Exanple 6 30
escri bed herei3. aelltaqanxspnoatpeundBB A conrr-p atb alcmﬁa aiml
whereln X 1s-CH2CH2- and which is prepared by steps whic | ude: (i)
converting a conmpound [err] into a compound [err] (||) convertl ng the
corrpound %rA]llqvlﬁcrmst%l"@tsny@unerls;sﬁrl]lxt'arﬁd 40, u,- [ [

[err] int r|| imged in claimd apq stiegstopR con m 7 ﬂgmhm@p(o“ungglgngotn,wcz;\mv
substantl% Yy u{?‘ g&% ails&IRLS, © or n@sm?v e®ey | bed herein as
appropr|5a529md are ,,q,ggre s)g,{,ggseé.,e to 4 here| nbef ore defi ned

cyanobiphenyl Ry CN

where R; is an n-alkyl group or an alkoxy group.
34. Aliquid crystal electro-optic display device
10 which incorporates as its liquid crystal material mat-
erial including a compound as claimed in any one of
claims 1 to 31.
35. Adevice as claimed in claim 34 and whichis a
twisted nematic type display device.
15 36. Adevice asclaimed in claim 35 and whichis a
phase change type display device. -
37. Acompound as claimed in claim 1 wherein X
is CH,0 and which is produced by steps which
include:

20 (i) converting acompound R —@—CHZ Br

into acompound p _@_ CH,0-Y—Br and

(i) converting the compound g CH,0-Y—-Br
25 9 —< : >— Hy

? into a compound R—@— CHyO—-Y-CN ;

' the conversion steps being carried out substantially-
i as in Example 1, Example 2, Example 4 or Example 6
30 described herein as appropriate.
38. Acompound as claimed in claim 1 wherein X
is ~CH,CH.— and which is prepared by steps which
include:
(i) converting a compound R—@—CH2C00H

35, into acompound R —-@-—CHZCO—Y-Br
(ii) converting the compound g -@—CHZCO-—Y—Br
into acompound g CH#CH,-v~Br and
40 3 —<:>— 2CH;
(ifi) converting the compound R—@—CHZ-CH2~Y'~Br

into acompound R —@— CHyCHy~ Y~CN
45 the conversions being carried out substantially as in
Example 3, Example 5 or Example 7 described herein
as appropriate.
39. Any one of Mixtures 1to 4 hereinbefore
defmed



