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10 There are two broad ty §QY(821 AARN BIBYMBMGNEN¥R he smectic nesophase
|n whi ch the | ong- ran g is.of a substantrally Tamel |l ar type and

"the nematic neso rdering is substantially.linear, ie.
t he nol ecul es ten@ to T:tér%se%lgbm%er{% Mawapsss of the' nol ecul es parallel.

I ncl uded -sonetines as.a erb&MllE;N GERrAImMcDDmmenatrc mesophase and

sorretrrres classified as: a B &Eerrc '
' mesophase. This |ast typ %ﬁ 8@%@3@?&&@5@ i nposed upon
the linear order of the nematrc nmesophase. -1 n. accordance wth the present
invention a liquid cryéeunl lrmEe:RrEmhRIYsoFaSIAEMR DEFENGEKLONDONpdhicheasde
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[err] following statement:—
al kyl group COB'[ ai ni ngTH@prEﬁnixﬁMu&ﬂdc@fc&fnaf Wikt tyans - 4 - alkyl - cyclohexane -l - 5
carboxylic acid esters that display liquid ‘crystalline propemes ..
; qumd crystal phases are’ exhlbrted by ‘certain organic compounds” and
. “constitute an intermediate phase which exists between the crystalline solid and the
- fully disordered liquid phase and wrthm whxch certam long-range ordermg of the _
10 molecules takes place. .10
g . 'There are two broad types of liquid crystal phase the smectic: mesophase in )
“which the long-range ordering is of a substantially lamellar type and the nematic
mesophase in which the. ordering 'is substantially linear, i.e. the molécules'tend to
“line up with the long axes of the molecules parallel: Included sometimes as a sub- o
15  class of the nematic mesophase and sometimes’ classrfied as a separate mesophase is 15
the cholesteric ‘mesophase. This last type has a helical long—range order
supenmposed upon the linear order of the nematic mesophase. -
. In ac¢cordance with' the present inivéntion a 11qu1d crystal material is a: trans -
4 - alkyIcyclohexane - 1 - carboxyhc acld ester havmg the general formula—
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where Risa normal or’branched alkyl group. contammg up to ten,and preferably
up to eight, carbon atoms, whlch may also contain a chlral centre and X is selected
from the groups: . L )
25 in whlch A is a cyano group, a normal or branched alkyl group contammg up to ten, 25

“and preferably up to eight carbons which may also contain a chiral centre, or an
"alkoxy group where the alkyl group therein is as defined 1mmed1ately above and
- “where Y is a halogen, (preferably. chlorine), or hydrogen
T quuld crystal materials of the present invention have the ability to extend the
30 nematlc liquid crystal ranges of other liquid crystal materials without an excessive 30
: merease in vrscoslty which normally occurs when hqurd crystal matenals are :



up to eight, carbon atons, which may al so contain a chiral centre, and X
Is selected fromthe groups: [err] 25 in which Ais a cyano group, a
: —H : n, 25 and preferably up
to' eight carbons which may also contain a chiral centre, or an al koxy
group where the al kyl group therei;n is as defined i medi ately above and
re Y is a halogen, (preferably chlorine), or hydrogen. Liquid crystal
erials of the present invention have the ability to ‘exténd the 30
tic liquid crystal ranges of other liquid crystal materials wthout an
exces%ive .30 increase in vrscosnﬁyzuhrch nornally occurs mhenzlrhudd

crystal. mafel a8uifiy all 3f the cycioh ters_disclosed: above - hi

1,592, 147 property, but’ "the ypaflrtlcular ;rgy:;r(:lezxagfe |;:I|e\rlr§iu;lgc nga& n%ih:%isant Lally all of

t he cycl ohkmmmeelmttevsdcuemcé hathey are basy @sddhi' s - pr operty, but -t he

parti_cul ar:} uﬁé ;‘f?g o1 ‘g gﬂ&geﬂmsee@wahemwhdﬂ@et erritne the type
of dévice R .m by Shuch ot R ha éﬁ’ﬁfor%‘*@hmm@ﬁﬁmﬁn Qf -t he’ present

i nventi on.dbe stshectg:f Aop A cya . group - general ly have

hi gh posrtr. e di eI ectric anr sotropy ' . -~ 5 Advant'ageousl y such
mat er i:afs Have the for yas defined ‘above and X is
sel ect ed. from and in ‘aeQ @ct -of the present-invention a

tw sted nenatit cell 10 "-; . --p atfge 'c'el_'l'._- el ectro-optic display

devi ce i ncl ydes 0a |cts urpci cr stal . th rrat erra{ a cycl ohexane ester as
SEI S () ()

det oo | LSRRt L Al "drg,tsqr;u%ﬂrra fateryal |

conj unct i Gdateftaldcyofo B.ne%dl!e efined|imAlbdi emw& ¥ 2 RERLEE (slution) Adv-a ageous' y a

tw sted nefmtthmeteh#l innojupaiocat with athey sdnahlemmza esitﬂrmasmlefr ned

i i at e dgen for exanple
N %&"ogﬁ%rﬂﬁﬁrrnﬁ?mmm IR BRI o of i nat ol boo

of cyanobr phemdhexan iefDyi§ loDthe praat eﬁi‘oerrﬁatoé‘tots HEmAE@RFEAVIng Nvent i on, . that
is to sayt%walépgn%m Hg"@‘H\eRgSeﬁeieﬁﬂedfabpmnd)(ib)—r n which Ris as defined
~above and X is:- where Yis hal ogqn (pr eferably chl orine)  or hydr ogen and A
is n-an alkyl or.-an al koxy 20 gr gga\i n.which the-al kyl group is a
straight chain, or a branc <>oo '-'roup 20 containing up to te,
~and preferably up to ei ght ciidn at oR: enerally haverelatively.little

dielectric, Ra0LS ‘ ative, nrdentrty, and in
sccoencil .‘é%ﬁ%gﬁ?bﬁ"?}%b%‘&'“o’& Hilchen é%%’hi Ea@rr,ibaﬁt B e ot ¢
ﬂﬁlﬁg ad G ard Wﬁﬁ)t@ﬂﬁﬂtc‘ga_, Hérﬁll@ W€l udes as its
I | qur d cr yelatively Bigle dielectrict anisotgopyapas ggehmam dhpeml l:i’;lée'ﬁb‘ﬁl ned- i nmedi ately

i e el e AR

nemati ¢ cefith othecsu‘iqatiamemd &rys bmhtenﬂsihvbmtmmtmrdrdgmna)hnsoam di ester as

alasmqq igeelhi OEALes 8 ¢¥g $er or gycighpxa 'h -
_def I-_ned al lester as_ d megqggg!emhp conYr‘?:gtfgn& ‘ﬁw& a Q’gogen for examp e4-n n
' heptyl - 4 - cyanobiphényl or other. mer eis of that' class’ of 4 - dlkyl Y TE :

30 . cyano - biphényls. Furthermorc a phase change cell’ may mcorporate a cyclohexdne 30
" ester or cyclohexane diestér as defined above.in conjunction with’ g cholesterogen :
_ Cycloﬁexane esters of the:present invention in which the group A is alkyl or
alkoxy usually have negative dieléctric anisotropy. Advantageously such materials,
which for the purposes of thé present specification are designated cyclohexane _
35 fl:nonoesters, have the formula (l) in whlch R.is as deﬁned above and X is selected 35
rom .

wherem R3isa strdlght chain or branched chain alkyi group containing up to ten, .
- and preferably up to eight carbon atoms’ and in.accordance with 4 third-aspect of -
40 the present invention a dynamrc scattering cell or a Freedericksz type cell electro- - 40
' . optic display device includes as its liquid’ crystal material a cyclohexane monoester '
- as defined immediately above or a mixture (solution) of such material in
yconrunctron with other suitable hquxd crystal materiats. . .
- ' When the esters of the present invention contain as'R or ‘Aa chlrdl brdnched
45 . alkyl group for example ). - methylbutyl____he liquid crystal phdse for
- then cholesteric, and possesses the well known_helrcal ‘molecular arrangement of
..~ - :that phase. The. pitch of the cholestenc X depends upon the nature of the
* . molecule and the. posmon of the chiral centre'in'it. Such esters have uses as
. additives to nematic mixtures: of positive drelectrrc anisotropy to prevent the
- 50 formation of reversed twist areas in twisted' nematlc dlsplays Such esters may also - 50

45




hept yl - 4 -cyanobi phenyl or other nenbers of that class of 4-al kyl -4-
30 cyano - biphenyls. Furthernore a phase change cell may inrporate a
cycl ohexa 0—este —eyet-ohexane-di-est-er—as—defi-ned-above in
conjunction with a chol est erogen. Cycl ofiéxane esters of the present
invention in which the. group A is ‘alkyl or al koxy usually have negative _
di el ectric anisotropy. Advantageously such materials, which for the <£Z)
pur poses of the present specification are designated cycl ohexane 35 _
monoest ers, “have the formula (1) in which Ris as defined above and X is

sel ect ed :ﬁ;ﬁngml[ﬁrr]jmhere[nm[ergl i s a $2daupght chain or branched chain

al kyl group cont\ai ni'n Jienand preferaily up to. el ght carbon at oms
and i n°accor dance v (s Sehmba SRRt St Bt iy SR B2
dynami ¢ scattering cédpiefecablyanleneeittd whick sxhitiity pehaléteric phae bf itabddpifilléngth
di spl ay device incl u%&h@m@& wnge; Qubedused yu thel chelester-nematial pbase| chaneg dyrs  of
noester as defined inreqhatekon AROUBN Wil Rowiss lddiBriSR) Wi aiftdie SHG
materi al in conjunct i_re'ﬂarewée:tbda tﬂé'hﬂ%ﬁﬂﬂ%ﬁﬁ@%ﬁ%ﬁﬁ%ﬁ%ﬂg gﬁﬁ%ﬁﬁ&'ﬂ’f When
the esters .of the pr_ggg:‘gmnés,pfnhgh%ggi?ﬂﬁqiagﬁ ds':o Rvsillihyﬂi;ﬂﬁmﬂfﬁz oﬂocreaainhled
45 al kyl up f ﬁwﬁi graance wigh ey Pyt 'yl the [iguid crysta _
phase formeé igw45 therl1 cho g:g?l(gs“ (e:,sy"z'ir?g bpgg’gslggslgag% ehaés'%+ P}%ﬁb—vm hel i cal 10
mol ecul ararragement of C—Grpadiphase.  The pitch iof the cholesteri -helix
depends upon the nat ur.eSgf ?ﬁ€°ﬂol'ep_ul e and the position of the. chiral
centre in it. Such este -_j%%%sctﬁféges as .additives to nematic .mixtures of
positive dielectyic ani $ofsonepic Liguidr event- the 50.- = formation of' reversegs
twi st areas in tw sted henBragkstsdirowiday emiBrrtire gadientes a magnoabsio trabdition nd 1 - :
,592, 147 be used in adni x?0FEedfuriRg 8 heating SYdkebutaiiehidppiprsodumiag caglipg.abl e
material s which may f3gd ghisé dkanglddrdBlicRxMnRl E-&, | drth £ s}ﬁééﬁé Al Frigangiiaise SO
as to produce a_sol utTiempergtpresfager gitein\in a0, eut'ecti c) -which exhibrts a - '
chol esteric phad® of s i'.rf"'alb‘l"ép‘gzl“is' then «t@mm Fr@ll_épaferhg!eeit@i_ﬁb@iouséd i n20
pHas& thafgRe P ¥ '

the chol ester-nemati ¢ PYHES niols and fydrpyearboxylifeacidsos ent
invention will now be described by way of eggxsmeer only with reference to
the fol | owi ng Exanpl es, Tiiesdinpld debribbthe pitparARASor HanddT £DAALjcRRedhe - 1 -
conpounds of the pregarpoxyilinacidt byothe folldwimk soutgi-ve physi cal’ properties. of
certain conpounds in accordance w'th the invention. 10-.- . - In.the
Exanpl es the synbol s bel ow i ngf e Stef g s~ ' - 10 [err]
Brackets around a tenperat e @ L-6aCrpt observed
during a heating cycte but: whi® T O '
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- where R is an alkyl group—'norm41, sbranched or branched and chiral.
__Certam.-._glk_ylbenzengs, particularly - n-alkylbenzenes, . are . commercially -
available othgrwnse_: they must be prepared from bromobenzene by step Al.

The pre_paratioﬁ'-of trans - 4 -(+) -2 -methylbuiyl)’cyéidhexaﬁé -1 -carboxylic
30 acid from bromobenzene by way-of (+) - 2 - methylbutylbenzene will now be 30
: ~ described by way of example. .. ' RPN : :

Step Al: The production of (+)-2-methylbutylbenzene. : :
A s_ol.ut'lon ‘of bromobengene (0.51 mole) in sodium dried diethy! ether (200 ml)
: ~is added in drops to magnesium turnings (0.51 g atom) in sodium dried ether (50
35 ml). A single crystal of iodine is added to initiate the reaction, which is kept going '35
- by the addition ¢of the bromobenzene. When addition is complete the solution is
heated under reflux for.1 hour, : _ o L
. The solution of the Grignard reagent is then cooled in an ice bath and ferric
ch‘lorgde (0.0025 mole) in ether (2'ml) is added. A solution:of (+) - 2 .- methylbutyl
40 bromide (0.54 mole) in sodium dried ether (100 ml) is then added over 30 min. The 40
+ mixture is left to stir for 48 hours at 25°C. The mixture is then poured into a. 20%
solution of hydrochloric acid in water, cooled to 0°C and stirred for 30 min. The
--product -is extracted. into ether. and the extracts washed-with water. and dried
(N2,S0,). The ether is evaporated off and the oily residue distilled. The fraction of .
45 gg;c 3;ymethylbutylbenzene boiling at 120°C is collected at a pressure of 15 mm of 45



and phase changes are -indicated thus CSA crystal to Snectic A for
exanpl e. Tenperatures are given in [err] 20 The conpounds of the
MM@&&MW@&L@:F&-%@—G@MM—MS of
carboxyllc aci ds, phenols a'nd hydroxycarboxylic acids. EXAVPLE 1 This
pl e descrlbes the preparation of trans - 4 - alkylcyclohexane - | -
pboxylic acids by the following route:- [err] where Ris an al kyl .

_ zup-nornal, branched or branched ahd chiral. Certain alkyl benzenes,
particularly n-al kyl benzenes, are commercially -avail abl e ot herw se they
mus# be prepared from br omobenk#id4by step Al._The preparatioh offrans - 4
- (9 - S‘t%pm_n‘ﬁ{ewodﬁ'éttldﬂdf%(ﬂﬁhﬂ&ﬁﬂ@uI empueamoxyllc 30  \Jacid from
br onobenz énErukhed vamjiydrbus(; mmmﬂ trichigrida @ nydbenmwdm :hldr)now be 30
descri beear le'ﬁee )e A‘Styé Ch)ﬂ"de'T 0k fdd J '

(+)52- me ﬁ A ] BRI e ol o) i soci u
dri ed di e ditio urst & ﬁi uorkndbamgmorhmgnammm turnings (0.51
g~ atomy dmlbdﬂpmmmaoedn @txnm ar(dESLi)e %Ous residugp %%%?’ ‘(%I ystal of iodine
m ily, s;d

i's addeda’t"é‘@ﬁ‘i‘ %}E'“t b B g‘ﬁ d’ﬁgta "c;fh"ﬂ' by the addition

of yphe b Mhrdsst mneoft ¢l utton i sygheat ed under
reflux for. 1 hour The soI utlon of” the Grl nard reagent is then cooled in

an ice b&!ehcel d”fee?f?‘iuét‘ Wi i Gé‘lg( U!?b Yognzpig agid 2'm) is added. A

diyg, d 84 o)t e
sol uti-on (QIIUO dggxrtz';gyd %?Sqﬂd n abler (%,00lss %ﬁ%%dzﬂ %ﬁwcll’ml e) in sodium
dried et ﬁl‘ed ) ( Nasedphefdneio molé)enrephftdin xt ure is left to
stils for Su8 Bhoulds)xat(S IerTlh ougﬁlﬁlqefhpmddltmneand ortlﬁenmf@,gftedh‘f nto & 20%

sol uti ona@ﬁ“'%c;‘ﬁ % des zﬁé ‘g'"{ wgm Pothd stirred for 30
mn. "r@fnhﬁé’ reactid Rreeﬁﬁ eedlihgs. washed with

wat er and'ledsbluﬁoh Nadiﬁ@ﬁl ith Mnecmhéhy rochmmpodandadleofefcmaﬂdd the oily residue

di 20i | | egrodigids filt fvashed with The produgicis jepeallissg feem,
1200C i se@f)'fqvgﬁtféﬁgﬁﬁf“% ‘2#55?[?%“?”%%’5 3 ICFRE 45wrre'r cegry zeni *boiling at

1,592 14%tep DI:* The production of trans - 4 - (+) - (2" - methylbutylﬁlcy&)ﬂtpaﬁl 1: The pr OdUCt I on

~ of 4- (+) c(rBO&Yh'E@MI but |) eto ne. us- al um ni um
ut
G e ﬁg iy g .iﬂ“l?? " (50"l
Acetyl clf RhAeyhick inchil Gauto ve( )‘atnlB »ene (0.23. nole),
pr epar ed hydro;@h%glm atmrfer mmm Oedoqhng dlewa@btstbehlt@ed Off a %Eal phi de (80 nl)
sol
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and added@itratg w hec rexﬁﬂ;@‘;{‘irg%a 5 anhydr ous

: cnp o€ er ) .
~ congitiofigcr h%‘gw 'H@a f‘ st1 SH dntl te\aeirdmrg sal ggnt is
o distill e iAol The mutIBthtttHa&da edsively with @0 gsand 88 gadie pour.ed onto
crushed |tlug|rea After each treatment with thiourea the crystallme material formed is
filtered off. The combined crystallisates are dissolved in a 5% solution (800 ml) of
3 potassium hydroxide in water. This solution is acidified and the 4 -trans - (+)(2' -
35 methylbutyl)cyclohexane =1 - carboxylic acid which precipitates out is extracted 35 .
into ‘ether. The ether extract is washed with water and dried (Na,SO,). The ether is :
evaporated off and the product is crystallised from acetone; the m.p. is 50.3°C.
Other members of this class of carboxylic acid:can be prepdred by analogous
methods, which wnll be 1mmed1ately apparent to those skilled in the art.

40 .. .. .. . EXAMPLE2. . . .- 0
'l?_reparat_ion-of 6 - alky_l. -2 - naphthols by the followmg route -
StepAZ X

-where R is an dlkyl group, for example a n-alkyl group

Step A2 The productlon of 6 - alkanoyl - 2 methoxynaphthalenes by Fnedel-
45 . -Crafts Acylatlon ‘may: be carried out as follows:=— - - 45
' - Commercially .available 2 - methoxynaphthalene (25.8 g 0.15. mole) is ddded to
a cold solution of anhydrous “aluminium trichloride (22 g: 0. 17 mole) in dry
nitrobenzene (120 ml). The appropnate alkanoy!: chloride ( RCOCl) (0.17 mole).is
added dropwise to the stirred mixture whlch when addition is complete, is allowed



and stirred for 30 mn. The product is extracted into ether, washed with
wat er and drred (Na2804) The ether is renpved by rotary evaporatron and
the oil y—tes rod _

pressure of 0 1 nntof nercury = e k The productlon of 4 - (+) -

(2" - methyl butyl)benzoic..acid. A solutlon of sodi um hypobronite prepared /;
by dissol ving bromne (156 g) in a solutron of sodi um hydroxide (3.5 nole) /.
in water (700 ml) at O[err]is added to a well stirred solution of 4 - (+)

(2" - nethylbutyl)acetophenone (0.2 mol prepared-in 1 5 Step B1, in

di oxan (500~#1L,$hr0ughout t he additiQn 'dazmn 15 ntnutes after the 15 5

addi tion, the t&aper | Nt ess of sodr um-
ypobr O e 1. oot U S e e s R RS
Water (3.5 1) is- addéﬂ:earitcbbbnmnmfawrnis |saaachmtt¢ Iamd dnédrmsrtalﬂedrduemgneanm

m xture. On cooldng tff £ MHUIE i thenj ‘hﬁ“fl dondey; ﬁuce‘b BHte %Ewbmlma off
hydrochl ori ¢ aci’d: anci.,gﬁgﬁﬂ § erﬂ'iﬁ@éfﬁ@%‘(ﬁﬁhe? ol 1§ (?Iqt 1% PP and S
washed with water. The product I's crysta rom '0 et hanol /water. The
m p. of the colourl e§$°l°cff §ba£§w¢rson1@0q erlkd nOBtdeqo} 't?btfmzs;mg%;m"#”omfﬂ '
trans - 4 - (+- (2' ou YCF 15 9
solution of 4 - dc{%g ’ﬁ ec enggfoégagéj 60 %%an 5o0di um
25 hydr oxi t!)e (Osm&mr:en)vedmsolﬁv-eﬂkyh Watrabht d|50 rrt |s hydrogenat ed 10

in the presence t rﬁl°§ X Vefe(‘é,frr)
at 195[err] and' a prq@%ﬁfé‘ {Iﬁ%’ ot lcig n‘g‘j Irng
the catalyst is fil temaedolaiofn ns%bdleﬂ u lidté ala e;ewaﬁ edHMtE netH}%r-al Kyne2 .
aqueous | ayer ib. sepa!ﬂe!tthifd :whighcpregipitdtes iie filterdthat {he @vinpi Thet addmménedr@d .15
extracted into ether <Bi@lissddron A &yitaglesplyent.ce- g aguepus etBarolyi th 30 - - water
and then dried (err). The ether is di strltgﬂmﬂgﬁnd the acids are

di ssolved 30 in net han@l‘ep&rgml dtl6) - alildd§ -90! dibheR8ls rSm cBﬁﬂ&ﬁer?H&ﬁ?ﬁéhXe' y
with 40 g and 30 g ofditytiiogynapinhaleht the thecfaltdwing' @aterent. Wi th thiourea t'he
crystalline material formed is filtered off. The- conbl ned crystal I | sates

are dissolved in a 5% sol uti.oe ' a Bl

This solution iz acidified a
met hyl but yl ) cycl ohexane-| HO TalbOX ' Oy~
extracted 35 into ether. The ether extract . is vvashed With water and dried
(Na2SH4).. The et her |s evaporat ed of f and the product is crystal lised from
acetone the mp. is %r‘sr n atl st (?‘E?ézéé %'A%La t-ﬁkﬁg uas@wb# carsieh ot '§Mac

aci d. can be prepared &Yuﬁn bﬂga s |qu| rﬁﬂlw £§'ed %@E ited
apparent to those skitylJeH. Jomsbh#hdR.IS. "PdHar) Plenum Press, NY, l973 p 303) but appropnate
EXAVPLE 2 25 adapted. g 40 Preparation of 6 - 25

al kyl - 2 - naphthols by the: foIIovmng %é rr] WnereRrs an aIkyI
bhtihi{%g

group, for exanple a n-g| e oduct.i-on f 6- al kanoyl .
- 2 - met hoxynapht hal eneséﬁwamq{:r ed‘é\ymﬁ]i 2 § 9’ °w'f'%1t|on “may be

20

carried out-as follows:-. . . rcially
avai l able 2 - net hoxynapht hal 8‘9'161’ ~to a.cold
sol ution of anhydrous alum né or i de (22 %c Z 7i n dr-y

A mixture of commerclally available 6 - bromo - 2 - . naphthol (12.2 g), N -
30 methyl -2 - pyrrolidone (23 ml) and copper () cyanide is heated under reflux and 30
v1gorously stirred for 2 hours. The mixture is protectcd from’ atmosphenc moisture
using CaCl, guard tubes. After cooling the mixture is poured into a warm (60°C)
solution of iron (IIT) chloride in water (200.ml) and concentrated hydrochlorlc acid
(8 ml).and stirred (20 minutes). The cooled mixture is shaken twice with ether .
35 (2x100 ml) and the combined organic extracts are .water washed. Rotary 35
: evaporation of the solvent gives a pale brown solid which is crystallised (using
decol?;19r|s1|ltgociatx:'bon) from a water-ethanol mixture. This yields colourless crystals,
m.p — . _

. EXAMPLE 5

40 : Preparatton of 4 - alkyl -4 hydroxybtphenyls 4 hydroxyblphenyl by the 40
followmg route:’

/7 . StepAs ' \ StepB5
OHO2 OO %



ni trobenzene (120 m ). The appropriate. al kanoyl chloride (RCOCI) (0.17
nole). is added dropwi se to the stirred m xture which, when addition is

rnmr')! ete_is allowed . 5 -1 592, 147
5 to stand at roomtenperature for 48 hours The dark m xture is then
poured onto a mixture of ice, water and concentrated hydrochloric acid and
irred for 0.5 hours. The nitrobenzene |ayer is separated off and dried
@(}r anhydr ous magnesi um sul phate. The nmixture is then"distilled under

duced pressure, initially boiling off 5 the nitrobenzene the
requg red product then distils. a_t,gzabout 180- 200[err] at | mm ,5_Hg~|e$ressure
Th ' - T BT hsfon of 6 -
al kanoyl - ) nethoxynaphthalenes
may be car rit &8 _ 'é:n‘dé?’d"% O%Crl bed by Al brecht,
Gust af son ‘and” g9 '_ = Org. Chem 1972 373357 10 ~ “Step C2:
Conversion to 6 - alkyl - 2 -, napht hols. .. = T .10 A

m xture of 6 - |klepD52‘ met al ene (6.5 g) in a mxture of
constant boi l i ng-4§%—aqueeu agid -(24 m ) and ‘a 45% sol ution of
hydrogen bromide-in glaci al acé 39 m) is heated under reflux for

24 hours 0 0 to a Iarge vol ume of water and
the 6 - “lhgllgek %‘%%l&yﬁi%ob;? ki &Llﬁﬁﬁgﬁi %\y?g[hhlgrecr pitates-is filtered at. the
punp. Th(StqorAJSduét- m@laadvhlmnﬁmm bt prapared tbalthe ss@dargrnmhqd tsm{zt abl e sol vent,
(<] C Mstr ‘o -
e. g, aqudtiehy i M§n§3m§§é‘laa'f3&%ﬁ BB bY AalicBgl- 2 - napht hoi s
- ﬁy’d’r axynapht hal ene by the fol | ow ng

fro comre1%manf aval 13anle
rout e: [esrerb]BswrrelreaorEaumomwald{ ‘g%bg etﬁdxybnﬁleaﬂpha' bezamiedl kyl group nmay be

“carried @ ?ﬁ‘éﬂ XP'BP ﬁ-&t‘c l'ﬂb'eftfﬂ?@ mgKe nonoal Kyl at i on
of p- qui RIS due fyﬁ,ﬁﬁ: j,'i"o&ul d Crystals and
[<

or dier ed f Hdhdis Vo.. Ed|_ ed by . nson and R~ S. Porter)(PI enum
Press, NY 1973 303 but applrkopr th ada

S an me X
25 EXANPI?IEp }on sﬁ%ﬂ Is e C rnedqg&t he stgnz’iar elic e foll OWI ng
route: [ ibrechh GO en@ oﬁﬁm ok He¥h,, 20090, 138) 3@5) fstep - 2 - napht hol

- (12.2 9) Exdinple 30 .. - - pyrrol i done (23 nl) and copper (D

'cy i de |s under n ro sI stlrr d for hours. The
m xtur e 'b? E tggj.n ol éﬁ%oggglﬁyg‘ ﬁdmf H gui?d t ubes.

"After cooling the mxture I's poured into a warm(err) sol uti on -of iron
(111) chloride in vvater (200 F‘ﬁ(})Mé’hﬂﬁconcentrated hydrochloric acid (8 m)

and sti r.regP e@@ralm - r s fi t
_ avallal()le 44 nn ydro blphenyl lgzybt e%oﬁ%ﬁgﬂ? I gorg mm ‘t‘%»lyce W t h et her

where R is an alkyl group, for example a n-alkyl group, may be carned out by a
-method analogous to:that used for the monoalkylation of p-quinol (Neubert,
Carlino, D’Sodocky and' Fishel, “quuld Crystals ‘and Ordered Fluids™, vol 2,
edited by J. F. Johnson and.R. S. Porter, Plenum Press, NY, 1973, p 303) but
25 appropriately adapted The product is crystallised from a solvent such as ethanol 25
and is obtamed as colourless crystals of Example 3 above. : :

: EXAMPLE7 s _
Preparatlon of 4 . cyano 4 - hydroxyblphenyl by the followmg route: ..

[=]

2

30 Commiercially available 4’ - " bromo - 4 benzenesulphonyloxyblphenyl is 30
' hydrolysed with sodium hydroxide by a standard method in a mixture of water and
dioxan as solvent. The colourless crystals obtamed by crystallisation of the product
from ethanol have m.p. 166°C. B
Step B7: .. Conversion.to 4’ - cyano 4 hydroxyblphenyl may be carned outbya

35 method analogous to Step A4 in Exaniple 4. The product is crystallised from a 35
o mixture of water and ethanol This yrelds pale tan needles of m.p. 198°C.



and the conbined organic extracts are water washed.
3R(5)t ary (2 IOO3r5T1 Zavaporation of the solgvent gives a pale brown solid whi c_h
is crystallised (using decol ourising carbery—f+roma-water:etf hangl m xture;
This yields colourless crystals, mp. 159 ?;;gp[er‘r] . EXAMPLE 5b_4 ] .
Preparation of 4 - alkyl -4 - hydroxybi -ph-;e;_iy!s - 4 - hydroxy Ip egg214¥ -
the 40 following routes [err] = 6 1, é

i group. f -al kyl group.
6 RCO[err err] where Ris an alkyl group;, for exanple a n-a oL
Step A5:[ 4 i}retp!)xybi phenyl may be prepared, by the standar d" met hod usi ng
di met hyl = sul pha{e~described in ' Practical:iGaganat - Chenmi-stry" by A 1. o7
Vogel , 5 Longmans Green -:and Co.,- Lon N EE arti Qn,-bp_-ﬁ/u.l e To
5 Step B5: The producti piaphtioh of cerflifG M dompouhids th%§¥1§i'-n§§p§inyfesqvirﬁt¥nethe
carried out by a net memediat ogaudioh @f hjdbkyéers L Etepieal ‘
reaction tinme is reduced.to 24 hours (from 48 houfs): and t he: plrodqt S
| sol ated by steamdi'stil | g :
then crystallised fromox

@ gWieS

of 4' - alkanoyl -4 - net\y _ =

h bi phenyl § may be.carried out by the standard et hod descri-bed. by |
Kle E)rg)éﬁt pGus%/a sonygg‘ﬁ"cY Qg!ﬁg pre| .g!y Blveime), or Iy didgendand @ﬁs%l.qilkoﬁ} ep B2 5
in Exarrpi e 2. 15 es&rﬁi‘i&t -_:fn;.r Ehl ﬁ_ﬁ dmyaﬁ?_“ of ﬂ;esabdng'ﬁound involves thg _
hydr oxybi phenyi s maywide tieaelevand sOUsubstkfed Mhenol ot SO Bl Oy A Rz iedd i n
Step C2 of Exanple 25TRERMoPLEhGlaperhavingbden desofibed in fofégSiRg Fxampfes 3, 4,5, 6 an o
hydr oxybi phenyl's from @oREELGkRhE naYai |r§]'?1!r'eed £f16r4pr65hcgclm %Pihoxﬁl dl' phenyl by o
the foll owihg rout e:dedibed above 4 - cyanbbRenol is comm ciafly ilahle: e .yhl';’xﬂ'.i_“dfs]._ g :
20 where R is an al Kyyroabsuasic acid e xanplessialy Navilabh ﬁ?’?ﬁb’, hdR e cdrTie

t by a nethog ana|d§&§§ 0 bovivHisbles ereeref msepatddebyrstamdakd cBot Bk 5 GEol |
ou y ¥s 1 Van der Ve _FJeu_; T @ja@f S‘ICB.KMOHﬁl}StGIid@rﬁ{ 5
(Neubert, Carlino, D9BDEMOKY fRRAL dreratition ofﬁB%‘ﬁ’F nilfged. followedbyditatiGtione  NY
Fl ui ds", vol 2 edi t dbe &yinch:and hydtlpiset theikbomum Sulphasis %‘E"‘ "alﬁg‘% : %""“I’ i sed
Sia 200 2 ST S S L R

! ey \ { | a.l , o .

OB P ST e b3 Lol and 05 P O Freo o7 e ag et ol s

The preparation of 4 - n - pentylphenyl: - 2 - chloro - 4 - hydioxybenzos
by the following route: ypheny . eore. 4_ hydroxyben_zoate

. StepA13 ' o R
- . H ~C00 CgHy =~
25 is described as a representative reaction, either of th S S
by appropriate equivalents hereinbefore descrlit?cd'. e;r eaftants could be replaced 25

Step A8: The production of 4 - p -
18 a standard esteriﬁca_tion which may b
30 | hydroxybenzoic acid and4 -n - pentylphenol in equimolar amounts) are dissolved 30

_and boric acid as catalysts. After crystallisati '
~ product is 150—151°C. - freisedion from ethanol the m.p. of the

_ EXAMPLE 9
Preparation of the liquid crystal esters of the
Preparation of 6 = €yano - 2.- naphthyl trans
1- carboxylgt_e l_)y the following route: . =

35 . . ' ’
_ present invention. s
-4 - n - pentylcyclohexane -

| o stepAd | /\
- nCey @_—CQQH o n-csH"®co-a
StepB9 - _ O
L T n_CS_Hﬂ Co-0 . :



EXAMPLE 7 Preparation of 4 - cyano - 4 - hydroxybi phenyl by the follow ng
route: [err] 30 Conrnercially available 4'- brono 4 -
j d with sodi um hydroxi de by a
standard method in a mixture of water and di oxan as sol vent. The col ourl ess
stal s obtained by crystallisation of the product forom ethanol have m p.
err] Step B7: Conversion to 4° - ¢yano - 4 - hydroxybi phenyl may be

ried out by a 35 met hod anal ogous to Step A4 in Exanple 4. The
product is crystallised froma 35 mixture of water and ethanol. This
yield$ pale tan needles of mp. US4 ] 1,592, 147 EXAIVPLFJB‘ Prepar ati on
of certain.qf . kg CIRRYY EE UNCcaPfoR iR MEid SR & ORodEicL € e
i nt er medi a&r wa&uaammy ét% Qxyrcsgs ?@yrﬁs @lutoheoft ’yﬁe% éeéﬁeé 5 - where Y

.....

i s hal ogerpelq Eﬂ@palub lclq#rb«pny iddp.0hmeleawenexesseiof thipny! dﬂdrydh al koxy or 5
cyang. Th E‘nc 'ﬁ?ﬁ?‘g ﬁ‘c‘gﬁ i&)‘ﬁfj}’(' cglf?" g"(i’io%g ‘dg' @ﬁgf i nvoj ves the
esteri fi ca htho Opflgole). é 124 Evedss tHen a@fed 4 -
hydroxyberandmlt; solmoxdstwrdd tt1rdnm1 remlpemalm fo4 20 :nsuxkgstunhmtlﬁxdumﬁnol S or 6 -

mj
subst i t ut dgpeton Ms lge e np\fr%q’a 1%§t'€ iRppstyse Yﬁefhe o @;{SOII§VI ng been

desclr()' bedﬁ fubd '%d\nﬁg ﬁggr hy“on Sili a%ﬁtgﬁ chlordform or

10
10 Ot ecmmmmganmer uréeﬁlltlli’eﬁtd'lﬁel’puﬁﬂ'dﬂd ii9 Fokafed tane hydroxyesters

descri bed casbt,a d4fr°m bgg janol until copntant Lfﬂ@!tiﬁﬁl rdtered € 2- chl oro - 4-
hydr oxyber% § g %w St (Cadlyi o0¢ enemptic gwig erysbnol s are eit her
~commgy ci- al Y T8Y fr g@\t% e:&eaweasne&a@aaﬁkhbue sbaRdak o Fehhagdsyisuch igs those 15

descri bed 2bychidam - derthydfexyhenzdae mare@mﬂge\da@ndﬂtsdwehsc@mn itryst Liqg. Cryst,
15 1972, Framplo$) ‘WRS?d“FhQ‘erfF'ébar ati oell of 4 - alkylanilines, followsd by

di azoti sation of the gmmnes and Jf.0 yS| s the di azoni um sul phat es; and
4 - al koxypheno:h—é: aﬁ @&b@r. na%k*yjatlon of p - qui noI
usi ng t he net hod of Neubért Carl Mg/ DSld "and Fishel (Liquid Crystals
and Or der davisd the ﬂﬁpwmmbhﬁlca(lﬁchptmd& EG—N 48°Cb)$——J‘1 5F5°Qbh14$bﬂ°(émd R S Porter)
Pl en%ﬂn Pl(%g ab'Nzi'b; gg;d as é ‘l Jout smg r?mg mate Im 6 bove ) The
prepar ati ROt %l rﬁlethﬁﬁrﬂ‘g J:ﬁ?& Je 1 carbG lgﬁad'(w chi h ﬁﬁ?@xybenzoate by

t he fOI | owente:- holatkgl s1Eiel’dh]uni afid |with the substitution of 4' - cyano - 4 -
hydroxyblphenyl (as prepared in Example 7).in Step B9 to yield the ester

25 | CH3CH ZCH(CH-_;)CHZ"CO O“CN 25

havmg the physncal properties C-S,. 77.6°C; S,—Ch, 138°C: .Ch—1, 190. 4°C. .
EXAMPLE 10 -

Further compounds of the _present invention were produced by the syrithetic
. methods set forth above and their formulae and physncal propemes are listed in
30 Tables 1 to 6 below o 30
. . - "TABLE 1. i s

35 . 35
40 40
R C—SJ N $,—N N—I
T CH,— 135 -— 118.6
45 C;H,— - 760, — 1443 . - 45
: n—CyH,— 106.2 — 1726 - - -
n—C,H,— 850 — 166.8
. n—CH— 86.0 — 1680
o n GH Y 726 -_ 1 60.5 )
50 n—C;H,— 80.0 106.0 161.0 . S0



[ .
2 i s described as a representative reaction, either of the reactants
coffl d be replaced 25 by appropriate equival ents hereimbefore descri-bet—
Step A8: The production of 4.- n - pentylphenyl 2 - chloro - 4 -.
hydroxybenzoate is a standard esterification which may be’ Carried out by
it hod described by Low ance (Tetrahedron Lett, 1971, 3453) 1n whi ch’
ts (2~ chloro - 4 30 hyydroxybenzoi c acid and 4-- -n -
o i equinol ar anounts) are di $3¢f 4¢d . 30 in toI uene and heate
in a Dean and?rK appar at us_ T oget er—wHiT—sorphorc—actd
as catal ysts. "After crystallisation from@% 8l the mp. of the product is

150-151[err] EXAMPLE 9 35 Preparat f t he quid" crystal esters
of the present invention. R1 @QRZ 2 - napht hyl
trans - 4- n pentyl cyclohexan - carb te by foll owi ng route:
[err] 8 1,592, 147

8 trans - 4 - n - Peo;;yicycl ohﬁug@rﬁe_ I -Sﬁsﬂxyl (e S&Eﬂﬁ chl ort 1 i's
prepared (sted A9) bG.Hshe stannﬂacd{,g;ocedursmof heatln.g a solu of 5
trans- 4- n- pentylc 'qj[1exane"-—C£H11—car boXQbi c acid 40.01 nol e)6.s n an
excess of thionyl ch _Qtfﬁf for C?gims Refijpyal of the excess & hi onyl-
chloride gives a resm—dﬂgH,gi th;e_ g{qi_ sy ghl oride which is ;)%ed wth
dry pyridine 040 nl)rafdlcool es—€EHO-5[err#8.6 - 5 Cyano - 2 -130apht hol 1o
(0:012 nole), as prep in T 4 abo geo i s themadded ani#3the’
sokgigon stirred at rr_oom,Lerrpe,r u{’e_f or ours during this }He t he
react fon mxtgre IS fpﬁ@tﬂaet ed xf+0m§-t-rmsphes3c noi sture by a Cglggl um

chl oride guard tube.? ﬁﬁyrl dimesfrs- t hen P&Poved by +otary evBgsaration. is
The residual soli-d IRJ_CSH"J_S MIrEsed by c flrm chr ;ography¥33 n silica
gel, using chi or of ornm-cm,,— 1Q1_ctbjm;_of or m hygxane (2: 5mxturel3 el uent.
The purified ester i %dbiat edl—(éarﬁﬁs—erystasﬂs sed from-hexane onreset hanol -
until constanf transition tenperatures arrg Et ai ned: crystal-nematic I|qU| d
crystal C—-%) 86.5[err] nematic |iquid P@ 4 - isotropic liquid (N-1),20
168.3[err] 15 The foregoi ng procedur egwas reeat ed with the - '
substitution of 4 - n - hex oxybenzoat e
(prepared in accordance, KL {Q\ @\ég) to produce t he

ester C [err] having the foli g physi te pro'pert eS, G N, 48C SN

53-5[err] "N-1, 131[err] 20 R'(see TaVRe 3 bel gwN N—I
2 A sinilar procedure was ﬁl‘l_'gcﬁscarrl _CGH'*' usingld startléhy naterial in
Step A9 25 " n—CHy— n—CHi— 520 165.0 ' 25
n—C.H,, n—C,H,— 510 1478 -
TABLE 5
R2
@ oo
_ R' - C—S,/N S\—N N—I
30 n—C,H,— n—-CsH,, 66.7 " 112.0 30
n—CHy—  n—C.Hl — 62.0 (61.2) 117.6
n—C,H,—  n—C,H,— 713 100.6 113
TABLE 6
3 R ' C—N N—I 35

n—C;H, n—C H 120.0 219.0

WHAT I CLAIM IS:—

. A liquid crystal material which is a trans - 4 - alkylcyclohexane - | -
carboxylic acid ester having the general formula:—



trans - 4 -

(2 -nethyl butyl)cycl ohexane 1. - carboxylic acid (which has
substltutlon of 4' - cyano

chiral centre in alkyl side chain) and wth the

- 4 - hyd

ester [err] having the phyS|caI
conmpounds of the present

set forth above and their fornul ae and phyS|caI
Tables | to 6 bel ow

propertles [err] EXANPLE 10 Furthe
i nvention were produced By e synthetic nethods

" NN A Iille '~ *

30 TABLE I~ [errl R C-SA/N SA-N . 102
-213.3 N 1,592 147 R 1,592,147 9 TABLE 39
[err] [err] WHAT' | CLAIMIS: - 1. Aliquidiystggal material which is a trans
- 4 - al kylcycl ohexane - | - carboxylic acid egter havi ng t he gener al

formul a: - 1, 592, 147 - _ m T

9 TABLE 3 [err] 1. Aliquid cR -" ’QQCO<> rRazns - 4 - -.
al kyl cycl ohexane - 1 -. carboxylie—&ci.d- este avi ng tthe’general fornmul a: -

10 _
10 where R i
carbon atons

groups:- [err] 5

chai n al kyl

R & 15625

7 SN N—Ii

10

15

20

25

30

S nor maCly— br ancire@:Hhai n al k%6 group eentalnlngzmp to ten
i ch nag%%ﬁﬁtaln “‘ W?J ceng % and* X Ts sel ectd@#3from t he’
nj‘_émpl ch ;sﬂ'a_ cyanogzgip oup, a . normal or {4 gmched
group conna{xmﬁg up—Cﬁi 432 1347
—CH—~ n—CHy— 520 - o 1398 .
10 n-c:, —~  n—CgH,— - 481 — 1307
n—CHy— ' n—CH,— 580 — 1430 C
n—C,H,— n—CH,— 62.4 — : 131.9
. ﬂ—C4H9 . n_—hCSH"ﬁ : 55.0 - ) ]341 .
- n—C,H, n—CgHy— . . 36.3 — 1267
15 n—CoHy— n—C,H,— " 500 — 1452
n—CH,— . n—CH,— 55.2 450" 1332
n—CH,— n—CH,— 52.1 ~ (30.0) 1364
n~—C,H,—  n—C,H,— 48 - 535 1310
n—CHy—  n—C,H,— 56.5 ©78.7 1265
20 ' ' TABLE4
0R2.
COO COO .
. CCAN _.N—I;_' o
.-n—c.H -n—c.H—_ 510 . 1635.... -
: n—C H, -n—CgHyj— - 580 . 1464 . - . .
25 .,n_C.5H.1|_ . ":n_C§H|' 520 . 165.0_ R
n—CH, - n—CeHy— 510 L1478
| o 'TABLES A
R2
4<::>}-COO
' : CORY - o C—S,]N SA—N", S _'N'_.‘_If-_i': :
30 n—C,H,;— ____n—c_,,H,,— 66T 1120
n—CHyj— “niCHi— 60 (612 . - 1176
- n—GCH,— :---___n—c,H,f— M3 - 1006 DR £ % B
C 0 rames |
'R1c'oo _
.35 R . R

n—CH—  n—CH—

WHAT I CLAIM IS:—
1. A liquid crystal material which is a

1200 2190

trans - 4 - alkylcyclohexane - 1 -

carboxylic acid ester havmg the general formula:—

35

G



to ten carbon atons which may al so contain a chiral centre or an al koxy
group in whi ch t he al kyl group is as defined i medi ately above, and where Y

I and wherel nR co'nt ains up to 10 | e| ght : n atoms and t he al kyI
groups of A contain up-to ei ght carbon atons., 10 3. crystal.
erial as clainmed - tn claim|l orslarmZanil m orine. 4. A
UI d crystal material as clained in-any on "m M#W and wherein X
15 5l.0_ A liquid crystal material L3141 ainmed in claim4 and wher®j n\&/i s a

normal al kyl. group containing yp{o eight carbon atoms. 6. A Lu.qur d crystal
mat eri al substantially as hegef nbe lescribed and with particul ar
reference to Tables | and 2 _se i ficati-on. 20 7. A tw sted
nematic cell or a phase change cell, eIectro opttc display device 20 which
i ncl udes whereiR i malcpr o 'leérh%ti’évlrﬁupé(’&% ‘{}?h‘é atf8 @BPBr -as defined in
any one 61‘°"l§|"ﬁ‘i' °°8t35'r irgh ceqtry Apg o 18 SPEBFLTIDB A BIUPETch cycl ohexane

esters vvrth one another or other surt'-Yllqui ¢crystal naterials. 8.

A liquid - I ' I

ere Y |s a hal ogen
or hydroge 0 oup or an al

oxy group in which the al kyl
group is lawslur Al.gtuyamua DhorMalldr BRGNRA ciRAINN blgydon@indigupcont asni ng up

t 0-'t en cao boradboawms Yhici\may efsg chntainas¢hiral eptreen )l alkesy growp ired i N cl ai m 8 and
wher ei n \‘é’*ﬁ“‘é‘ thaalleyd prawp is pxfefiee ‘mmed‘ﬁelﬁéb%’(e’r?ﬂt’ whsre Xjisahalogs™ip cont ai ni ng up
to ei ght "¢RBDiqal A98al raRKiarhs bRinkd BRI andRhabik oy @ a nor mal ai koxy
gr oup eacdighe cdibani atorfigandphd ﬂkﬁrggiubs ofeX bartaim i nseight Garbén htogsii d crigst al

mat eri al ité@ﬁéé!ﬂltlﬂ atybtgl materfabpsctlaimed inrclairg &of elaim Zand whietelt Ylrti cul ar

refer ence MU aRle s da A iﬁtagtr i BRS Ghd drEQli@Daimehd wheiif St.ed nermal i o
cell or ax phase c ahge- el fectro optic display device 35 - which
includes as a I'iquid crystal nat er| al a cycl.ghexane diester as clainmed in

any 35 one of clains 8 e (sol ution) of such
: @@ rystal material hasing a .
e

cychphexane diesters
d nematic cell ‘as clained in

positive di eI ectrl c ani

claim7-o0 ' | di
| r é,lﬂéf er Str;.pm;gl l%s &alimhzs ﬁgk {'%%%r ﬂisﬁ?Sra( l?()l'mglr lester ( S) are

- mioxed W tfi,fg eight carbon’ a d hematic cell as claimed in
claim12 and AHNiuidi cystah mafecial snstantial aszlnerembcfarteaigmbuisard with- al kyl - 4' -
cyanobl ph@ fiigular tteﬁerermettw‘l‘elzfd a1 rPeefit G}’GF‘PC Sh oop L ed claim 12% or claim

14 AN R S o e
cyanobr ph&la)b eI‘::\ll K aem ﬁﬂgﬁnﬁﬁﬁﬁrszhﬁ cﬁdl(ﬂiggﬁégfgs oittabrm 7 or claim!| and

wher ei n tdmether or wnth other suitable liquid crystal materials.
8 A liquid crystal material as clalmed in claim 1 and wherem X is:

25 - ’mo@ - 25

where Y is a halogen or hydrogen and A is an alkyl group or an alkoxy group in
which the alkyl group is a straight chain or a branched chain alkyl group containing
up to-ten carbon atoms.
: 9. A liquid crystal material as clatmed in claim 8 and wherem Yis chlorme and
30 R is a normal alkyl group containing up to. eight carbon atoms and A is a normal 30
alkyl group or a normal alkoxy group each containing up to eight carbon atoms.
10. A liquid crystal material substantially as hereinbefore defined and with
particular reference to Tables 3 and 4 of the specification.
_ 11. A twisted nematic cell or a phase change cell, electro-optic display device
35 which includes as a liquid crystal material a cyclohexane diester as claimed in any 3
) one of claims 8, 9 or: 10, or a mixture (solutlon) of such cyclohexane diesters with a
suitable liquid crystal materlal having a- posmve dielectric anisotropy.
12. A-twisted nematic cell as claimed in claim 7-or claim |1 and wherein the
. cyclohexane ester(s) or diester(s) are mixed with a nematogen.
40 13.A twisted nematic cell as claimed in claim 12 and wherem the low melting 40
nematogen is a 4 - alkyl - 4 - cyanoblphenyl
14. A twisted nematic cell as claimed in claim 12 or clalm 14 and wherein the
low melting nematogen is 4 - n - heptyl - 4 - cyanobiphenyl.
. . 15. A phase change cell as claimed in claim 7 or ¢laim.11 and wherein the )
45 cyclohexane ester(s) - or cyclohexane dlester(s) are in comunctlon w1th a 45
cholesterogen.



45 cycl ohexane ester(s) or cycl ohexane diester(s) are in conjunction
wth a 45 chol est er ogen. 1,592, 147

11 16. A liquid crystal materi al
sel ected fromR3 where R3 is a straight' chain or branched chain al kyl group
containing up to ten 5 . carbon at ons. T

5 17. Aliquid crystal material as. clained i.n claim 1? nd R3 \
are normal al kyl groups, which may be the sanme or dif ,m ﬂ!m‘m ﬂg up 4
w.add_ |

to eight carbon atoms 18. Aliquid crystal _material stbstanti ¥ as
her ei nbef o‘]s.e/ L_nprl and with 10 ' narﬂ!milﬁﬂr
6 of the speci f\iwCat | ON.16. A liquid crystal materlal as claimed mﬁhﬁuﬂﬁ)ann“wﬁhtﬂﬁm i§ sél&otddt eri ng
cell or a FreedericKkemtype cell, electro-optic d| spl ay device which
includes as its liquid crystal—n 4 idest er as cl ai ned
inclaim 16, 17 or 18 or a ; ycl ohexane
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