FLUORINATED PHENYL ESTERS OF PHENYL AND CYCLOHXYL CARBOXLIC ACIDS §£EEI¥E3
USE I N LI QUI-D. CRYSTAL COVPCSI TI ONS The present invention reI

fluorinated phenyl esters of phenyl and cycl ohexyl carboxylic aC|ds and
their use in liquid crystal conpositions. The use of liquid crystal -
materials to exhibit electro- 5 - optic effects in display devices such 4
digital calculators or wat ches is now wel.l , known. One of the paraneters of

a hiquid crystal material which is |nportaﬁt inrelation to electro-optical
operation is the dielectric anisotropy [err] of the material. This is. the
difference., for a given fre-uen.[err] 10 and tenperature, between the
aver age dielectric constant neasured parallel ([err]) to the |ong axis of
the nol ecul es of the material, eg when aligned together, |ess the average

di el ectric constant nmeasured perpendlcular ([err]) to t he long . axis of

t he nol ecul es. 15 The sign and magni tude of the dielectric

ani sotropy of a given ﬁnmnnﬂxmbyﬁminr@émsadr PEEr&'i.GAI@:f crbsopIRyO"
paraneters which deternine the ds of electro-o devices in which that

material may be used. FHREEX 1plém:%{“@? THPE 5% Laqq@r%%ltlve
dielectric 20 - anisotropy, herein refeMpegrtrongs 'strongly positive'
materials may be used in known tw sted nematic effect devices. For exanple
m xtures of 4-al kyl -or-al koxy-41 -cyanobi phenyls and a '
4" -al kyl - or - al koxy- cyano-p-terphenyl have achi eved consi derabl e connerC|aI

success. in SUCh appl ' C'ﬁ{é Bgésent :Lr?vent:.on relates to fluorinated phenyl esters
- of phenyl and cyclohexyl carboxylic acids and their use in

liquid crystal compositions.

‘The use of liquid crystal materizls to exhibit electro-

5 optic effects in display devices such as digital c_alculators
or watches is now well known. One of the parameters of a
liquid crystal material which is important in relation fo

" electro—optical operation is the: dielectric anis'otropy lag)
~ of the material. This is the difference, for a giver freguency
10 and texnperature, between the average dielectric cons*art
" measured parallel (é ) to the long axis of the molecules of
the materlal, eg when aligned together, less the average
dielectric constant measured perpend1cu1ar (E%) to the long .

axis of the molecules.

15 ' The sign and magnitude of the dielectric anisotropy of
‘a given liquid crystal material is one of the major parameters
which determine the kinds of electro-optic devices in which
that material may be used.. '

For example, ma.ter:.als hav:.ng a large positive dieleciric

' mat erials

20 anisotropy, herein referred to as strongly positive
. may be used in known twisted nematic effect devices. For
example mixtures of 4-alkyl-or-alkoxy-4' —cyanobiphenyls and
a 4"-alkyl;or-alko:w-cyano-p-t erphenyl have achieved

considerable commercial success in such applications.



terials having a | arge negative dielectric anisotropy may for exanple
endi ng on other properties such as resistivity) be used in knmown -
mc scattering effect and chol esteric nmenory effect devices. 5 .
atgrials having a snmall positive or negative dielectric anisotropy, herein
eferred to as 'weakly" positive or negative materials as appropriate, may
"be hmixed with either strongly positive ?mterials or strongly negative
materials to nodify the dielectric anisotropy. 10 _ For exanpl e O
weakly positive or fHeyeriale havisgiallergs éieeeéﬂ{?l di elechrim @rhgedmoPn st rongl ¥
positive materighs foor é%&ég‘%?gﬁdd%g &4 RAnBR Pobérlbesiondgyi ces. s

Furthernore, they may al S0 b I W th st_ronglty negative materials to
form sui t abl e nFREFtA¥LTGr PpJised 1R kugwm SyBenis aSethegire affreieqnds They
may al so be usedhéTestbREy mkAeoMN efPyBti GéticeBs. It is the purpose of the
present invention (in one aspect) to provide liquid crystal conpounds which
are either Seakly pomtériadsdianiegkd wmabhaositei venbe meghtivepieéycably '
negative). The gj nd. ni.tude.of Letectrle anisQLropy of .20 . a
li-quid crystal rraal’%- Ser}?tlgggy ﬁhggﬂee]tnegﬁ?%rerﬁa?f °nt% &r "ga%ié% -.l?)?sﬁlev °r 8£unfe§3?1’tvedi pole .

- nmonment of  the nokeenibds asf apProprbate,i By Wei Biradnwith eitberdeteongiiyed by the
vari ous subst it Yspics bl ddtloRs 413 o OLGHERy 2BESIiWe TR E1d Bbsndite 2
resul tant dipole nmoment along the |ong axis of the nolecule, I'T st
negative materi ihe &iglectrigsanieetyoRyasul t ant di pol e noment at right angles
to the long,axis of _the nolecul e . The known group, of lLiquid crystals based
on the estél struct drE FPPLR wselebn, POST e ﬂ’gvﬂ“r‘ﬁ' B e, Batg T r%'@r'ed ring A
may be aronmmati cusefuldarfor dlendimgdwith whradglpopdsitivg mabetrialdOfor carry '

appropri "?‘t € SUbﬁH.i;iLﬁQ:Lesd %Qléélﬁ ﬁen?a&q.cd'éffe_g{? S&e%ggé.’ Furthermo_re, they

may also be blended with strongly negative materials to form.

. suitable mixtures for positive contrast guest-host devices.
15 They may also be used in other known applications.

It is the purpose of the present invention (in one aspect)
t0 provide liquid crysi_sal compounds which are either weakly
- positive or weakly negative materials (preferably negative). .

The sign and nig‘gn:i-tude of the dielectric anisotropy of
20  a liquid orystal material is determined (imter alia) by the

| ~ resultant dipole moment of the molecules of the material which

in turn is determined by the various subs*l?itu_énts within the

molecui_e. Positive materials have a resultant dipoie moment

- along the long axis of the molecule, whilst negative materials

25 possess a resultant dipole'moment at i-ight angles fo the long

axis of the molecule." - ' '

The known group of liquid crystals based on the ester
structure (I) as given below in which the six membered ring 4
may be aromatic or saturated and in which both rings will

\ . _
30 carry appropriate substituents in the 4 and 4% positioms,



degree of interagtions of the 4 and 4' substituents with the dipole
produced by the central carbonyl grouping. Known weakly positive and
negatlve esters having the 5 structure as in structure (1) above are
those in which the ring A i-s a benzene or cycl ohexane ring and the
substituents in the 4 and 4t positions are @l kyl groups. These known
esters, like many other liquid crystal materials, exhibit snectic I|qU|d
chstal phases or show tendences to produce 10. such phases at i
tenperatures below their nematic r@pges. Such smectic,properties are
undesirable particularly in appli&ations mhere 5 erlals are used .in

m xtures, eg for multiplexed de 3 ] Bhbllshed UK Pat ent
Appl i cation No 78.36305, b n give rise to large 'injé&led 15
snmectic areas on the m xture : Nphase di agram (conposition pl otted
agai-nst tenperature). Such areas can |inm\l=t{he -working conposition range on
the phase diagramlimting the choice of &&hpositions which may be enpl oyed
in devices and consequently the ability of the device designer to 20

adj ust el ect r o- opt Ra®IsheWoRRsifies opynegativhdinlsataie adApbrIDyi epcoriing s an

Ob{ ect 01;] t he preSQBttHen&@ékteleOGftl%Qi(’-jﬁth.d@s \waﬂlé%pé)ﬁdw”@%hfwﬂklﬂ&g
esters showi ng, in al ter re e Vi our .as compare
wi th . the known est éﬂg% Lo qu L@ﬁ iti Wa' §B°"}pr’r€gpr esent
invention there is proyided a ui d..crys ester _co und havi,n the
fol | owi ng ol ecul ar ' st #Jg%r afciﬁposrblvg az?& negative e 224 aving th !

5 structure as in structure (1) above are those in which the

3 may show positive or negative dielectric anisotropy according to the (}2/

ring A is a benzene or cyclohexane ring and the substituents
| in the 4 and 4t positions are alkyl groups. These known
esters, like many other liquid crystal materials, exhibit
smectic liguid crystal phases or show tendencles to produce
10  such phases at temperatures below their nematic ranges. Such
smectic. properties are undesirable particularly in applications .
where the materials are used in mixtures, eg for multiplexed
devices as described in published UK Patent Application
No 78436305, because they can give rise to large tinjected¢
15 smectic areas on the miﬁrture' composition phasg diagram
(composition plotted aga:.ns‘b 'bempera:bure) Such areas can
limit the working compos:.tlon range on the phase diagram
limiting the choice of compositions wh:.ch may be employed in
devices and consequently the ability of the device designer to
20 adjust electro—op-l::.cal propert:.es by va.ry:.ng m:.xbure -

c omposrbn.on.

Tt is an ob,]ect of 'l;he present imrent:.on to prov:n.de |
weakly positive or nega.t:.ve esters showing, 1_n general terms,
. reduced smectic behaviour as compared with the known esters

25 mentioned above.

According to' the presen‘b invention there is provided a
liquid crystal ester compound. hav:.ng the follow:.ng molecular
structure:



r]formula (11) X Y where X and Y are fluorine or hydrogen at |east one
| hg fluorine, where Rlerr] is an alkyl  group and Z is either:+a) [err]2
e R2 is an al kyl, al koxy, alkyl carbonyl oxy or al koxycarbonyl o0xy group; .,
trans -[err]-R where [err] is an alkyl group; provided that where Z is
[err]Yis Fand Xis H Preferably, Y iss F and X i's Hwhen Zis  [err] A
conmpound (or  compounds) having a mol ecul ar structure as in formula (rry

will be referred to a co oundior conmpounds), as defined. 10 \»
The groups 1 R2 &) %-é‘ﬁ contain | ess thanferrghtaeem)car bon at ons,*
eg one to ten carbon , may be normal or branched. If one of these

groups is branched |tX.rrachont ain a chiral centre in which case. the _
conpound is ophéralX yndiCl iave. fliforine or hyﬂ*@fearabll;eaztidnef betmga (I1) is
e R and R' are

ei t her epr]. r o
al kyl -groups. ff"é??’]ne’ ‘%33’% Ry'is ?nBalkéYl g%rﬂysta?’"stcr:hc‘?rzr'pound is meant a
conpound in one of s thvm 0 t (i)  Conpounds
whi ch normal |y exhi?bi t i qg”"g"%é'%;%g i % éﬁﬁgoarlk%ﬁy . (ii) Conpounds
~ which do not nor nﬁlllkylee@ﬁf:bﬂow prmmcw@wlm@omt whi ch nevert hel ess
‘usefully affect sqpe L_@_IR%UMELIQI’ st@ ahedmioprogpien di ssol ved in
taI conpoun .

other ligaid crys
% Y provided that where 2 is -.~R2 Y is F and X is H.
Preferably, Y is F and X is H when Z is @‘%.

_ A compound {(or compounds) ha.ving a molecular structure
as in formula (II) will be referred to. a.s a. compound (or
_ compounds), as defined. '

10 The groups R1, R2 and R3 preferably contain less than
,eighteen carbon atoms, eg one to ten carbon a.toms, and may be
normal or branched. If one of these groups is branched it may
contan.n a chiral centre in which case the compound. is optically

active. _
15 Prefera.hly' Z in formula (II) is either —@-Ri

-@-OB. -O'R“, ‘where R3 and R':,;.are alkyl groups.

By a '_l:.qu:.d crystal compound® is meant a compound. in one
of the following two known categories:
| (i) Compounds which normally exhibit a liquid crystal
20 phases | | |

(ii) Compounds which do not normally exhibit a liquid
crystal phase but which nevertheless usefully affect some
aspect of liquid crystal behaviour when dissolved in other
liquid crystal compounds.

25 _ Compoﬁnds in category (ii) show a 'monotropic? or virtual
liquid crystal to isotropic liquid transition at a temperature
below the mélti_.ng point of their solid phase. The monotropic
or virtual transition may be detected respeCtively by rapid
cooling of the liquid phase or by dissolving the compound in a



crystal to isetropic liquid.transition at a tenperature below the nelting
Roi nt of thei'r solid phase. The nmonotropic or virtual transition nmay be
detected respectively by rapid cooling of the |iquid phase or by dissolving
the conpound in a  material exhrbrtrng a liquid crystal phase, observing.
the change in the transition to the i sotrogr c liquid phase of the materi al
by “t he additi.on and cal cuI ating the virtuaP transition tenmperature by .
extf apol ation. 5 npounds in_cat egory m ght for exanple be
useful Iy dissol veWﬁ%ﬁ%éﬂ’rﬁ‘ﬁEﬁ’% ac Ly @bﬁ?ﬂguﬂ%ﬁet FPERTETE BRe vary the
Ihl f"“ dI cryst ﬁl (termﬁr:gé Lﬂ’net]liéiftgﬁﬁs:ftflohh&: Qﬁé’rﬁ.@bﬂﬂ?mrlith\iaphasbh@f rRkecul ar
elical pitc in t esteri.c crysta
Mat eri al which ex f%a‘ |td’L? LT8R 1% ﬁ%fsgﬂik ri%ar}s Lpeibion,
cont ai ns a conpoudtémasradmﬁ'emeabmpelmﬂdn-be referred to herein as a
.material 'as defined' . The liquid crystal {1ase exhibited by the materi al
as defined map be nenefomponnds: A8 ESEEPTR (af g foreexrnmbe ke weefullphase

is likely to be thgapflequsfidther Fﬁ&uﬁd dlC Brﬁ?o%ﬁd&% Eﬁfgiﬁuafiv%ﬁ
defined shoul d preferably have a_nornmal al ky roup as well ~as a normnal

group R or R whither 13gi ac’@f%%stteé‘l’?@tﬁﬁ& A @oﬁ%d‘ﬁﬂpﬁ’i’é‘dﬁeﬂ' &d

shoul d preferably Jaayetie hobdtalas nalkydl giosp (20 the casy af ntdrglestprionl -
centre in at |east onedof t groups R and R2 or R3 Conpounds havi ng
formula (11) have BE8R* 1BVR Eagts *show, in general, reduced smectic

tendencies, ag conpareg il W%ch exnibits a liquid crystal phase and either

consists of or contains a compound as defined above will be

25 - Compounds in category (ii) show a 'nmonotropi-c’ or virtual |iqui d@

- peferred to herein as a material tas defined?t.

The liquid crystal phase exhibited by the material as
defined may be nematic or cholesteric although the nematic
B phase is likely to be the most useful,.

For a nema:b:r.c pha,se the compound as defined should
preferably ha.ve a normal alkyl group R1 as well as a normal .
group R2 or R3 whilst for a cholesteric phase the compound as
defined should pref‘erably have a branched alkyl group

20 containing a chiral cenmtre in at least one of the groups R‘,l

and R2 or R3.

Compounds having formula (II) have been found to shorrr, in
general, reduced smectic tendencies, as compared with the

known esters men‘l::.oned above.

25 The fact that compounds as defined (I are liquid
| crystal (see below) is unexpected because the introduction of
lateral. substituents into the molecular structure usually
diminishes the lateral attractions between the molecules which
\ produce liquid crystal propertiess |

30 ,Preferably compounds as defined are prepared by i-eacting
the acid chloride Z-COCL with the Phenol . R,Q—OH

in the case where 2 = Rz where R is an alkyl or

J



. . - . . 4
4 nown esters nentioned above. 25 The fact that co'rrpounds as defined
}\ 1) are liquid crystal (see below) is unexpected because the introducti on

of lateral. substituents into the nolecul ar structure usual |y di mi ni shes .
he lateral attractions between the nol ecul es which 'produce |iquid crystal
properties. 30 Preferably conpounds as defined are prepared by _
reacting the acid chloride Z-COC vmtlg the phenol J[err] in the case where

Z = “R2 where R is an alkyl 6 al koxy group or Z = . R3.\i
The reaction gpyoRe 6a4s igedzout ‘L@chndiqu Q8 Sct4Rk| mé@%\gﬂcagﬁgd v
esterification reactions. A conpo as defined e mxed wth one or -
nore ot her coRPbHREST RO PR "eb! eriRihcEey e8t ??’é%/}Fﬂt’cﬁnyé‘?a‘FtlﬂF’épertl es,’ 5

eg to extend its |iquid crystal tenperature range or otherw se to nmodify
the properties, ed FH@%‘@CF%"@&F”%&)WHH ? SE<6F Hite PRYATIRETY SFBPT phase in
an advant ageousmnsmﬂzﬁeras erigednpl entdneel Did Qi awsmawbw%sﬁuch

m Xt ures: re R4 to .11 are

vari ous n< aI k?ﬁ Yﬁ 5ffB§nd &Fitsat']fﬁuﬁ‘g r tag. ’i?inper?’ce%rse E%?%%ﬁra?%*ﬁé“ﬁ kew se,
conpounds as defmowddyneye peopentdedsyideh thaeclectnival propdrdiesnpbdhes in the

foll ow ng kno&ﬁggﬁﬂaﬁsmﬁse [lgrg_& a%.@aﬁf%ukaﬁaﬁh%l y substi tut ed

derivatives o e..conpoun
PFor example the following are examples of such mixtures:

) o | F
| Rt@o @-es- (i) Re~Foc—(0)-Rs
',Ré-@-o -@-R-, - | '. ) _t?,‘,'-\/_é;:;oclcl,—@on,,'

where RA to R 11are various n-alkyl groups contalnlng ten or
10 less carbon a.toms. '
- Likewise, _compounds as defined may be mixed with one or

more of the compounds_in the following known categories:



ﬁhere ~[err] is a cycl ohexane ring, is a bicyclo

(2.2.2) octane ri;ng, (a 1,4 phenylene group - , or X is (a 4,4t
bi phenyl yl group , or. (a 2,6 naphthyl group and Yis CN, or
Rl, or OR or COOX-Y whereY is CN, or Ror OR3; the definition of R
is the sane as that used earlier for RI. 8 According to anot her aspect

of the invention, an electro- optic |liquidycrystal device i ncl udes two
adjracent plates at |east one of which is optically transparent, a |ayer of
| ivytid crystal material contained in the space between the plates 5
wherein the liquid crystal material is the material as defined above, and
deposited on the inner facing surfaces of the plates electrodes to . all ow
an electric field to be applied across the |ayer. The el ectro-optic device
may for exanple be a display device used, for ‘instance, in an instrunent
such as a tinme 10 wat ch or clock. The device may be one of the
followi ng known kinds:”  "twi sted nematic effect ;

(chol esteric-to-nematic) phase change effect; Freedericksz effect; dynam c
scattering effector cholesterlc nennry effect. It is well known to t hose

skilled in the art Row nmg, be used Wthe&c
applications and it wll t1 0 such gprsor‘{g how to_prg@_@Y
suitable materials &épen appl i cations as

defi ned above are, u.ﬂlgerm onably chefixkal I|9~ "‘- Lodhem=aRl y
stable Iiquid crystal COE)O -o >)1ave a hdw dlﬁl_@,{ﬁ_qﬁgégtgow}/ and

| ow birefringence

. v. R-@-@—Y‘ _ xviit RCOO-—X-’— Y‘
vi . . . -
vii EO:I:- Y, xi X 'K—@-Coo = Yr
vili  R(P—~o.0-%x=Y, - ** R—@—ca,_o—-@‘”(c
ix  Ro{o-cgo-%x-Y, ) W, o~
r Re@ <y, 0 REeR

: 9 it R.A-CH, 0<L)-0R

X RO@-N=nN-B-Y, *
xii R'@fCE‘.-CY‘ XX\u R_.C")_@_Y
i Ro-Gec-@-Y,

or known 1a:l:era.11y substi‘bu‘l:ed. derivatives_ of these compounds,

where @ is a cyclohexa.ne r:l.ng, @ is a

bicyclo (2.2.2) octane ring,

(a 1,4 phenylene group -‘@" y OT
\X is Ea 4,4% biphenylyl group _@_@— y OT.
a 2,6 naphthyl group () %)

and Y, is CN, or R1, or 01’L1 or (30.0-}!-’{l where 1! is CN; or R

or 0R3 3 the def:._mt:.on of R_2 is the same as that used earlier
for R |

2

1.




0 andin the case where Z = ~ low viscosity. The |ow
|\ refringence makes the conpounds as defined particularly useful"for -
ending with other liquid crystal materials which together give a |ong
elical pitch cholesteric material for use in (cholesteric-to-nematic)
phase change 25 ef fect devices (of either positive or negative contrast
as expl ai ned bel ow). The snal| dielectPic anisotropy makes the conmpounds as
defined useful for Dbl ending with, other terl_ghs to form m xtures having
reduced (positive o‘}c-“'ﬁég]a‘ﬁg §8)angthen @FPRE S APETA8Py 20 BleftsPas of
“materials and cb@vi@'aaqhmwmn Idevmknmmmudasaﬁwodeajmdt neetee atsed in this
way are any of thoe Y oV, kno to,those |II dlnthe
art that the di §F3€ q"gc gr‘f?‘%%ﬁ 15pyptd1‘°a f?ﬂsr‘peargmﬁ Bel e P
appropri at e contrystalofmatérial e¢atteimedoinpthet spme bétuden Bbe plam eri aI S
bl ended t oget h f re
particul ar Igy sﬁtlﬁlteg%:{ %g]ﬁ%ﬁl@é&%%t ﬁ%%rlvg;t:ﬁg%gq%q\égf% g?e%%rig%&' '
ani sotropy mat @bpues anddappaiiast phcihel gnnerrofaqug perfages i qfl thedletested
nematic devi Ce%lemoaegs& m&u%h@fec@%&rﬁaf&i Hobé ppRefiaBfoddlsRe Patent
Application No _7934125. es of the preparation and propertles of -
compounds as defYeRd EB%\Féeg?T‘?‘“%W HEVHi Y BAT FORARFATRLS : DeppepbiPdeY on of

conmpounds as d@fetrﬂ@éi uabw&‘owrtmsaaﬁcez if ax{ ehs rumenfEubB s al ke OF

err Rl x5 aI or__al se cO nd f er abl
E)replar ed by th & & ?Jr(%%ér/. o']rq:f‘ *ofievics %‘@T g?dé? %’Pﬁ[%gﬁSﬁP YPr i )altt e
4-n-al kyl - andkiaf&oxyberdsted aenalsic kfbaut) ,or (tchal‘sstérm-a:lokyématlc)

phase cha.nge effect PFreedericksz effect,  dynamic scattering

-effectjor choles‘herlc memory effect, It is well known to those

sklllgd. in the art. how materials may be used in these various
15 applications and it will be apparent to such personé how to

pre'_pa.re su-i-table materia;lé- depénding on the applications.

N Compounds as defined a.bove a.re, in genera.l, reasonably
chem:Lca.lly a.nd photochem:.ca.lly .sta.ble lJ.qu:.d crystal compounds -
which have a low dielectric a.msotropy and low blrefr:.ngence o

20 and ,in the case where 2 = —-@-— 3 )1ow viscositye.

The low birefringence makes the compounds as defined
particularly useful for blending with other liquid crystal
materials which together give a long helical pitch cholesteric
material for use in (cholesteric~to-nematic) phase change

25 effect devices (of either positive or negative contrast as
explained below)e '

‘l'he sma.ll d:.electr:l.c amsotropy makes the compou.nds as
defined useful for blend.:.ng ‘with other materials to form
mixtures having a reduced (positive or negativé) dielectric

30 \a.nisotropy. Examples of ma.t_eri‘a.ls and devices in which the
compounds as defined may be used in this way are any of those
given above. It is well known to those skilled in the art that
‘the dielectric anisotropy of a mixture can be comtrolled by
appropriate comtrol of the relative proportions of the

35 materials blended together to form the mixture.



tyclohexane 1- carboxylic acids (synthe5|sed by standard synthetic nethods)
as appropriate together with the 15 appropriate

4-n-al kyl - 2-;or - 3-f | uor ophenol s which are prepared-(as descri bed in
topendi ng UK Patent Application No 7934128 - Published Serial No. GB 2058

789k) as follows: 14 [err])OR : [err] wher e
R R'' and R are al kyl groups. 10 Thus the reaction pat hway is '
preferably: [err] [err] o[erf]H 3 - - [err] XY where Bis a

txans-cycl ohexaze rin R2 bei ng n-al kyl r.e RN lo.ring, R2
being n-al kyl or n- alTR8x5PERABERAE Bﬁu‘%&l\éﬁ%r’f‘d‘ewl’aﬁ% “Paﬁll SuitdbTd f.'°£The
preparation of 2-kkud aidturepesityl pieinyie ﬂlﬁléﬂh;boeay-bemwea‘qe}'@ﬂs.es t he
esterification procedur sed, t r r ound has
been produced as eﬁoﬂa@ﬁs q’@fﬁf fg{lg'&% gntnmgﬁ)ﬁ%&f&y xy%ieﬁllgg%{cmam d
(0.0082 M was cdevivdsad Thisousedsafimhen|dsspirdedsing rPRAPE dfisti| | ed

t hi onyl chl ok deg&ﬁﬁ[&}:ﬁ%@t%ﬁe -?9 qbgl, stirred solution of the acid

te

chl ori de prepare p Al ry di chl.oronet hane (15 cnB) was

added, dropw se, %Qmﬁpéé%f%eof)réb'aﬁam ¥hd FrblseFtapbeslconfbud82 M in
dry d| chl or onet hane (15 ¢cnB) and_triet tgyl amne (10 cnB); keep| ng _
as defined above will now be givens

EXAMPLE 1' Preparation of compounds as defined above wherein

Z is _®-R3, R, = alkyl, or—@—-ﬁ’ s R} = alkyl or a.lkzo::y..

10 These compound.s are prefera.bly prepared by the
esterification of the acid chlorides of the appropriate
 4=n~alkyl- and -a.lko:qbenzoic acids (khown) or trans-4-n-alkyl- -

cyclohexane-l-carboxylic acids (synthesised by standard
synthetic methods) as appropriate together with the

'15 appropriate 4-n-alkyl—2-or-3-~fluorophenols which are prepared

(as descr:.bed in copending UK Patent Application No 7934128 -
~ Published Serial No. GB 2058 789&) as follows:

. _ W
' or™ ™ R‘:. o F
Y é; - @

1] ' H
" oR
- oRM R_ (o — % _
Y F | CoR - Re o

where R, H¥#* and R, are alkyl groups.



%

e tenperature below 10[err]C. Wen the addition had been conpleted, the
ction m xture was heated under reflux, wth 20 stirring for, 3 hr. .
‘)Iﬁ\fter cooling, the dichloromethane and triethylamne were distilled off, .
nder reduced pressure, and ether was then added to the residue. The
undi ssol ved triethylam ne hydrochloriige was filtered.off and the ethereal
extract washed successively with 10% hydrochl oric acid, 5% agueous
sodi um carbonate, and water and finally dried (Na2S[err]4). The crude o
residual ester was then columm chronatographed on silica gel, eluting with -
‘chloroform (2): light petroleum5  (bp 60-80) (1). Several _ o
recrystallisations fromethanol gave the 4-n-pentyl-2-fluorophenyl
~4' -n-butyl oxybenzoate as a colourless crystalline solid, 1.9 g (61%yield).
Esters such as 2-fluoro-4-n-pentyl phenyl 4"-n-butyl benzoate and
2-fluoro-4-n-pentyl phenyl ‘trans-4'-n-butylcycl ohexyl- 10 car boxyl at e

were purified : r.aphi gdure and then further
purified by d?lgsllttpgt?%%\ég%’g racegg ug'esdpg%fe:eggé?% to afford the esters as
colourless liquids. The cyglphgyane esier nentioned above was: further :
recrystallgsed et haQnoL,_.us-l;ngp\g_l 18 aon di oxide, to 15 ~give this
ester as a ‘@ol | eSs*trystal line s6id, whi CE r}qi'dl y nelted at room
tenperature.- Some products prepar ed_’_by the a

gm age rpo W th
their liquid crystal transition terrpe;tures, are1i sHed a C |

bel ow. 20 Spect roscopi c ail sOH hin | ayer chXonbt &raphy, and
gas |liquid chromatography were car 'Y &a gut on all the esters
where B is a 'trans-c’yqlohexazie ring, Rp being n-alkyl, or
where B is a phenyl ring, Ry being m-alkyl or n-alkoxy and X
. being H and Y being F. - '
5 | " The §répa1_'_a§i_.o_t; of _foluorq-{;_-n-pentylphenyl_ A'n—but_y_loxyben_zoaﬁe
typifies the esterification procedure used to prepare these esters.

‘This compound has been produced as follows.

STEP A1

10 4-n-butyloxybenzoic acid (0.0082 M) was converted imto
' the acid chloride using freshly distilled thionyl chloride
(15 om’)e

STEP B1

To a cold, stirred solution of the acid chloride prepared
15 in Step A1 in dry dichlqromethané (15 cm3) was added, dropwise,
a cold solution of 4~n-pemtyl-2-flurophenol (0,0082 M) in dry
dichloromethane (15 cm3) and triethylamine (10 cm3), keeping
_ the temperature below 10°C. When the addition had been |
completed, the reaction mixture was heated under reflux, with
20 stirring for 3 hre

After cooling, the dichloromethane and triethylamine were
distilled off, under reduced pressure, and ether was then
added to the residue. The undissolved triethylamine
hydrochloride was filtered off and the ethereal extract washed



grepared by the nethod to verify their structure and/or purity., Exanples
of produets of Stiep Bl are given in Tables 1-4 25 below. In the Tables

the follow ng synbol s are used: NI nematic to isetropic liquid
t'ransi tion terrperature C N = crystalline solid to nematic transition 30
tenperature G| = crystaliine solid to isotropic liquid transition
tenperature -C- Ch = crystalline solid .5)0 chol esteric transitian

t eAperature 12 Ch-1 = cholesteric t i sotropic quuid transition

téwperature C-'S taI. transj.ti eratur.e SA-N
smectic Ato nerra?uccislsé yt WB%h @%%gdgf’ ul?ﬁe rﬁcsaclgA n%%ucst ‘{ll’:‘s‘m
smectic A transit cerbanetperamiivas e and flmllg‘rréuedc(ﬂaéso deotropic liquid
transition tenperature ( ) = nonotropi-c transition tenperature [ ] =

virtual transition tefpéremudecresidppk iesheT yagctherecebmpothneuahogusghed
positive optical oatsiies &gl &1dtikgdiehlenl cporaral(el: OfiHie pboFdleudid

5 (vp 60—800) (1) Several recrystallisations from ethanol gave the
’-l--n-pentyl-Z-fluorophenyl 4'-n-butyloxybenzoa.te as a colourless
e crystalline solid, 1.9 g (61% yield).

Esters such as 2-fluoro-{-n-pemtylphenyl 4’-n—butylbenzoé.12'
and 2—f1uoro—4-'-n-pentylphenyi trans—4'-n-butylcyclohexyl-

10 carboxylate were purified by the above chroﬁla:hogra.phic
procedure and then further purified by distillation under
reduced pressure, to afford the esters as colourless liquids.
The cyclohexa.ne ester mentioned above was further
recrystallised from ethanol, using solid carbon dioxide, to

15 give this ester as a coloﬁrless 'cr,y'stalline solid, which

- rapidly melted at room temperature.-

Some products prepared by the above method, together with
their liquid crystal transition temperatures, are listed in
Tables 1 =~ 4 below.

P

20 Spectroscopic analysis, thin layer chromatography, and
gas liquid chromatography were carried out .on all the esters
prepared by the method to verify their sfructﬁre a.nd./ or
purity.. '

Examples of products of Step B1 are given in Tables 1-4
25  below. '

In the Tables the following symbols are useds

N-I = nematic to isotropic liquid transition

~ temperature -
‘"~ N = crystalline solid to neématic transition
30 N temperature - '
C~I = crystalline solid to isotropic liquid

transition temperature

-C=Ch = crystalline solid to cholesteric trans:.tlon
temperature



4

trans 1,4 disubstituted cycl ohexane ring) CN or BL1

S-NARS Rl CSA or (O (00} 00)
cH3  n-03 27 [-27] CH n-c |
: 13.5 ' t- 36] 3. n-511 CH3 ' n- 07H15

18.5 . 2] C2H5 n-C5 H1l 23 (-10) 2 5
7 n-015 13 (55-5) n-FR n-x3 10.5
10.9 n-C5H11 n- n- CoH11 .~
S FHn-1) = oholestypic, +d sstyqnte lgq%%ahafmtwn v
39.4 n- O H11 n-C H- tempera:l:ure 38 . 43.8 51 9 19 n-C

HL (+)-2 methyl - ngTabl o 1]:333360 o sm ctic A tﬁ'ﬁ%ﬂm@l %gm&?rﬁtur SH7

22 . .29.6 ntlnuelc- S-NR

(~6g - -GS orAg};S_N = smectillA to nematic tran_@ihc(nc):empe(rgure (00)
SgS, = smectic B to smectic A4 tramsition temperature
s A—I' = smectic A to isotropic liquid transition
_ temperature
() = monotropic transition temperature
7 = virtual transition temperature
(#)- = optiéaliy active compound having a positive

opt:l.ca.l rota.tlon a.ngle

Table 1. Compounds of the. form R3-®-C.00‘-D-R1

{where —@-— trans 1,4 disubstituted

cyclohexane ring)

C=N or

_ | o WI Ch-I 8 =N
S . c-I - _
CH, nC.H, 27 - [-21]
e Tt LI 13-5 (361~ -
. CH n~C.H s 18.5 . F-24] o .
0235 n--cs}at1 1 23 [-10]
'c235 | n-C.H, 3  (=5.5)
nCHy  nC,H 10.5 1049
n-csn11 n-C,Hy 10 | 23
I i 10 32.8
_\n"05H11 n—CBH.l7 | . 25 39.4
BeCgHyy R n=CoHyo 38 | 43.8
n-C5H11 (+)-2 methyl- 38 [-1]
- butyl N '

n—G6H13 n-c3H7. 22 | 29.6



“n- C6HL3 n- C5H11 ' 11. 5. . 34.3 n- CB6HL3 n- 6HI3 s )
11 . 30.7 n-CBCHI3 . 7 15 22 ~38.9 n- 6H13 4

‘n-.C8H17 - . 16 36.2 n C6 13 . 9 19 | 28. 5
*3-0 n- C7THL5 n- 03H7 _ - 30.5 39.2 -C7HI5  n-C4 9
14. 5 24.1 n-O-H n-C H24534 (715 5 11" o 24.5
'43. 4 n-07H15 n- 06H13 18. 5 37.8 n-07H15 -C7H 15
30" 46. 4 PART1H contimiedHB17 : 45.0 n7HL5
R19 - 37 °" 49.3 n-CTHLg, H1123 42.5
52 47 n-C 7H15 '(+)-2 net yl"_' }2@5 Ch-I S.=N .
(12.1) butyl n-Cm1§, ~ C3HR, . €8, or21.5 5. 38.5 n-C8 341)7
n-C H - 3.5 41.0 n-o08A1%_; (ey 150 0y 6F)k
44.0 n- COHL9 n- C5H11 0 47.7 n-CH n-CH
34.0 49. 3P 19 n=Cchy £7 15 n- CBHA5  C3HA4.3 o 32.5
(19) -C3H7 "-C5HL1 - 36 (26.5) _n- C3H7 C7HL5
27 30.3 m-Cgly .nCey 110, 507 16.1 nCOH g
3
rt-o7E15 gl 16 . o 26.7 14 38.9 ;
- gy 715 ' *
nlglyy B0y 36.2
n-CcH,, n-09H19 - 28,5 43.0
. .2
| n-c.?H15 .'n-CsH.7 | 30.5 39
" 14 244
.n—C7H15 n-G4H9 4.5 4
: n—C7H15 n—g5H11 2445 43.4
S | | 13.5 - 37.8
nCil,e il 30 - 4644
n-C7H15 n-08H17 - 33 : 45.0
. n-c7H15 . n-G9H'1'9 _ 37 4943
np-C.TH15 _ n.-c1 1H23 | 4245 52 | 47
n-C.H,s (+)-2 methyl- - 2645 (12.1)
butyl _ .
.n-GBHW Gy, 23.5 | 4140
' : _ . 0
N R 22,5 M
n-09H19 1'1-0531 1 41.0 | AT T
nCgHy,y  n=CiHg 3440 49.3
n-C,H,  CyH, | 32.5 (19)
e=CiH,  n-CHyy .36 (26.5)
| 0.
nCfly  nOrlyg &1 2003
nCyHy  neCylly '. 1045 1641

S . ___’__ e SR S



Ch- | S-NR

| = |
Tsble 2, Compounds of the form Rl‘@’w-@'gq

R,

_'CHBO
n-C H O

| 49

- o=CgHy30
0,
=048,
nGoH,
n-Cofly
2G5t
n=Coly
n=-C 6H 13
m=CqH15
=01

n;(_JsH',| .

2=CHyy

G584

wCqflis

w=C5H11

n=Cgflqq

s ST

-Gy |
(+)= 2-methylbutyl
n—CSH,”

n-05H1 1

(+)- 2-methylbutyl

C-N or N-I
e CO N
28 (20)
44 (37.9)
28 370
23 [-1
16 | [-14] -
14 (1.2)
2 (4.2)
7.0 [<-2o]'
1.5 o
1945 - [-5]
1940 (403)

27.0

Ch-I
{°c)

4.7

(14.1)

N or N- | ) R .
c- AN 3 1 C-S or (0Q
(O (c (00 (0c) C1 n-C5H11. C3HA
, - 30.7 n-C5H11 O5H11 17.5 35.0 n-05H11 .
C - 33 - ' 41-4 Table 2. Conpounds of the form CN
or N- | Oh-1 H. . G hgor 0-On (0c R2 : RL .
(0c) © - -(or) CH3 5 11 : 28 (ZOD
n-C49 n- C5H11 _ . dor  (87:9) n-06HI30  n-CSELL™
28 37.0 ng3 E - n- C~Ré5 6. or?2%C) E “71%rIcH S, 1csE
16 . [-14) n-T5H11 n- C5HL1 A°F (°c) 14°%) (%) 1.2)
n-05 11 n- C7E15 o 248~1 (4.2) m C5HL n- C3E7 -
7.0 (<-20] n-CoHL1 (-)- 2-nmethyl butyl 1.5 :
4.7 n-C6H13 n"ﬁ%@ﬁ 11€ _ 309.5 30.7 (-5) 7n 15 5 11
- (4.3) n-C7 15 +) 2-nethyl butyl 27.0 (14.1) ,
15 Table 3.. Gb'ﬁpgtmds %Hﬁhe formR3 17¢5 R1 3540 C | SA N SB- SA
SA- | N n(_g%ﬂ (g_ﬁf15 (O 3'(30 ) 41.(400)



:)w

- C3R7 n- C5H11 26. 5 : _ (9.2) n-GO L)
n-CoH . 14:5 , (-3.7) (7-4) n-CoHL1 n- C5Hj 1 v
27.5. (18.7) : (26.3) n-C6H1L3 n-C511  29.0 :
{24.7) n-C7H15 n-C5 11 33.5 . (21:7) 34.4 n-05H11

n-C3 33.5 . . [ 14] EXAMPLE 2:
Preparation of compounds as defi ned abovawmhereln Zis [err]2 = alkanoyloxy
or ~al koxycar bonyl oxy. The following route is preferable used for the
pﬁeparatlon of these conmpounds: Stepep A2/ ~yX ste B2Z )-4zpJ-Cc-OR ~.
R4i where RA = al kyl 16 STEP A2 4- Hydroxybenzoic acid is converted into
t he hydroxy ester by a nmethod as described by Low ance. (Tetrahedron Lett.
1971, 3453) in which the reactants (4-hydroxybenzoic acid and the
appropriate fluorophenol) are dissolved in toluene and heated in 5 a
Dean and Stark apparatus together with sul phuric acid and boric acid as
catal ysts. STEP B2 The hydrozy ester is converted into the al kanoyl
derivative by a standard esterification procedure using the approprlate
acid chlorlde R CCOL. STEP C2 -

‘I'a.ble 3. Compounds of the form R3_<}COO C R

C-I SN 8 -sA S -I  N-I

S R R )
n-C,H, n.-c5H11 26,5 | - (9.2)
n-C,E,  n=CcHy 4.5 (=3.7) | (T.4)
n-CHyy  meCoHy, 215 (18.7) ' (26.3)
m=CgHyy  neCoH,, 2940 | (24.7)
n~CoHys  m=OHy, 335 o (217) - 344
. nsCSH11 n=CiH, 335 © (14]

EXAWPLE 2: Preparation of compounds as defined above wherein Zis
s ' "oo_ :
_< 9_>_R' o1 By = a_,lkanoylo:q/_ or all;oxw'carborwlow.

The follqwing route is pz_'efera.ble used for the preparation

of these compounds:

0 o o .S.Fe_ef\_?% HO—@‘COO‘@'R|

where R 4= alkyl
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nemati ¢ di spl
nematic |iqui

-~ Figure 3 is a

but drawn to
type display
~vertical. A

materi.al whic
conpound. Ele
of the slides

10 The hydroxy ester .is converted into the al kyl oxy car bonyl oxy

a standard esterifioation procedure using the apprdpriate

d crystal display constructed as shown in Figure 1; and 20
Eﬁctignal view of the display part of the watch in Figure 2 ™
rged scale. As shown in Figure 1 a twi sted nenati c' :

i nclu |l ariser L.arranged.with,it | arisation axis 2
St A eR R bt ast a3 BBRE P LT On By AR Gee, 2 °
cont ai ni ng a |lawer me¥hddi guid@scrikedaby Gowrams {Tetimphbdsinchetbe d97H nematic

c

h LD 48, oS [ 'dy&:9 99 .of h steric
%Ar%%e?%ggﬂ tzlge p%"t”aﬁfsgg??? ar e@%rzg,g%ga% dgar%ﬁt ﬁiégi nnelr faces
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2PPTIPTIRe FiparRehensl) are dia3p1xAG | s splusnesand heatrsl ARj ser 11

17 arrangesl Wi 4 elabSad@0bodiis abbaratay i fogblndtohk £10 Hudbhurdcbidish edd owi nit um .
e

reflector 27
slides 4, 5 a
magnesi um 5
0 eg silicon.

10

15

20

25

¥

e onto the slide at an angle of about 5 to
The hydroxy ester is converted into the alkanoyl

derivative by a standard esterification procedure using the
appropriate acid chloride R,C0Cl. . |

STEP C2

The hydroxy ester is converted into the alkyloxy
carbonyloxy derivative by a standard esterification procedure

A
A liquid crystal device embodying the invention will now

using the appropriate alkyl chloro_ferma.te CI1COOR, .

be described by way of example only with reference to the
accompanying drawings of which:- '

Figure 1 is an exploded view of a twisted nematic display;

Figure 2 is a front view of a watch having a t.w'isted'
nematic liquid crystal display constructed as shown in
Figure 1; and ' '

Figure 3 is a sectionsl view of the display part of the
watch in Figure 2 but drawn to an enlarged scale. '

As shown in Figure 1 a ttwisted nematic? type display
includes a polariser 1 arranged with its _pola,risa:l'.ion axis 2
verticals A liquid crystal cell 3 comprises two glass slides 4,
5 containing a layer of liquid crystal 6, consisting basically
of a nematic material which may contain a small proportion
(eg 1%) of a cholesteric compound. Electrodes 7, 8, eg of tin
oxide, are arranged on the immer faces of the slides 4, 5.
Behind the cell 3 is an analyser or second polariser 11

isigghindt%ﬂg anal yser .11. Prior to assenbling the cel
a8 SFEBIT498i r i nner faces with silicon nonoxide or

S Ell_.,ugéide. This coating is formed by evaporating:a stream of -

al Kyl chloroformate C COOR. A liquid crystal device enbodying the invention .
W Il now be described by way of exanple only with reference to the 15 o
acconpanyi ng drawi ngs of which:- Figure | is an exploded view of a tw sted .
ay; Figure 2 is a front vjew of a watch having a tw sted

"



-fhe surface as for exanple described in UK Patent Specification No
1,454,296. On. assenbly the slides-are arranged with the evaporation
direction on‘two slides 4, 5 at 90[err] to one another. 10 - Wth such a
8oating liquid crystal nolecules at the coated surfaces lie in a single
direction (parallel to the evaporation direction) and at an angle of about
25 to 35 typically about 30 to the slide 4urface. As a result the liquid
crystal nol ecul es progressively twist fromone slide 4 to the other 15
sNe«de 5 in a tw smmthaa@qubmm@on Prigs 12 horpramtelof Apbrurhed
pol arised light ig eg.#gc%grh-ﬁ?s odgh@ﬁ&%hggaﬁaﬁgrgé&ghﬁ he cell 3

providing the dlrectlon 1 he nolecul es at the Surface of the slide 4,

5is parallel (or. peppgdysulaeiviiogtiie BQilanhéeélid@é('Ats, ,ark2coated |
respectively. Thus when zero voltage is 20 ppl- he cell Iight R

i ed
passes t hrough the? 3R8i% d8pen fages with aﬁHlﬁ%Wgﬁldﬂ” a‘ﬁﬂnqsé-“’é‘hen

reflected back tofnidrobRer veis Jasatl‘&eﬁs a’omd ap| erapotdAgg 4 st iogd
bet ween the el ectrode

8.t he.nol f’d’l‘e ntheleletrod @l e caused
Do o T an 28 © o sEhidn RengdSal g e sPfiteS & PR (10 By the
polariser ist ran@m’ suefhcei ahdor example dnscnbteﬂenamtl Bedent Specﬁ’nmmme
pol ari ser and an e&541§9gre05r€§%ﬁg Jp(%hgo&lqh &q& £ %o he

reflector and no 1's’refl ec ack server at those arts of
the cell 3 bet meewaepa’qmad@srevﬁaom,en t“%ﬁl’eﬂﬂtﬁeﬁeﬁbr%’ appeae anathedn a

| i ghter backqy oungitn Imabdoa%ha@uriw%y@mcaémzs a% thY @odfa seven

di screte parts separately. connectable volt(agr iource the nunbers 0 to

9 miy be di spl ay€ aces ie in a sing e rectlon parallel to the evaporation
d:.rect:l.on) and at an angle of about 25° to 35° typically '

about 30° to the slide surface. As a result the liquid crystal

molecules progressively twist from one slide 4 to the other
15 slide 5 in a twisted homogeneous terbure.' Thus the plane of
plane polarised light is rotated through 90° on passing through -
the cell 3 providing the direction 13 of the molecules at the
surface of the slide 4, 5 is parallel {or perpendicular) o the
polar:i.sei's'a._xis 2, 12 respectively. Thus when zero vbl‘tage is
20  applied to the cell light passes through the analyser 1,
cell 3 and a.nalyser 11, a.nd is then reflected back to an
observer 15,

“When a suita.ble’ 'vc;l'bajge is applied between the el.éct-rodes Ty

8 the molecules between the electrodes are caused to align

25 parallel to the applied field and 1-igh1: transmitted by the

' polariser is transmitted without rotation to the analyser 11.
Since the polariser and analyser 11 are crossed no light is
transmitted to the reflector and no light is reflected back to

. the observer at those parts of the cell 3 between electrodes 7,8

30 which 'therefore appear dark on a lighter backgrounds Thus by
;ha.pi'ng each electrode 7, 8 into say seven discrete parts
separately commectable to _a iroltage source the numbers 0 to .9_
may be displayed.



“\he wat ch display of Figures 2, 3 the electrodes, 7, 8 are arranged to

| de four seven bar nuneric characters pl us a period dot which: may-be
ahged to pul se once per second. The voltage required to align the

cules parallel to 5 the applied field, is the '"ON' state, is
dependent on | ayer 6 thickness materials used, tenperature and surface -
treatnent of the slides 4, 5. A typrcahgthrckness of "layer is 12 pm The
material used nust be stable over the tenperatures of use ie anbient o
t enper at ur es whi ch qantﬂgewamua:eebmnsf amg-ufar 2103 thecaraaammmpre poses.: N~
A surface treatpent _ie ey oratio

nonoxi.d |V | ar ge
Tiit eg 30 or R ecttued be e, Bouf g8 bal BRERHS BordbnalerbE ol
~'ON  at the expsreseriod dwidwyichdesy bendrmasigedrtospelos. oher Pepisemondat ch
di spl ays using twisted nematic liquid 15 crystal displays a 1.5 volt -
battery is used to Thé wmoltage geeninedt 9 adhen |tbgi molecrtes weraflelhto wat ch and

an_Up_convortef ek aseild 9:4id,o5s WS ¥l 368,017 Apkalar banpRETaL i N0 the

di splay. Materi al t Re” ] nvent | on sur t'ab use as
liquid crystal Bhickune %S’Hma erials used, tempoyature Endﬁ,s‘“'@ce' tzeptgept M xture B
C

_ : of the@\i:.des 4,33.5% typLER0 bﬂld&&bggtof" %jrez(”@s 12pme CN
25%1-CH 11 -C /--CO~ ~0O CN

1% by wei ght 'ﬁrﬁsm?’&?'}y\lﬁed( E?Iﬁ/v??f stable ov %%Ye tem era.ture(s of use

ie ambient temperatures which can be assumed constant for

10 comparison purposes. A surface treatment ie eirapcratibn of
gsilicon monoxide at 5 giving large tilt eg 30 of molecules
reduces the vol‘bage necessary to turn the cell SON? at the

expense of a degraded contrast or speed.

In ‘l:yp:.ca.l watch d:r.splays us:r.ng ’cw:r.sted. nematic l:.qu:r.d.

15 ~'.crysta.1 displays a 1.5 volt ba:!:tery is used to dr:.ve the
oscillator and logic circuits of the watch and an up converter
is used ‘I:o.ra.i_se the vo_itage to 3.0 volts for operating the

. display. | | .

Material embodying the invention suitable for use as the
20 liquid crystal 6 is:

B OO B L 3 -
Mixture B 4119._@—-(:/\— 37.5% 60% by weignt
- HYO—C>-'O-— 25%

1~@' OOC-—@- H9-n 39% by weight
o e —)Ho)—an (né = 1% by veiaht

o 2-methylbutyl)
* (known) ' :



19 Additi.on of the ester n -C5H err] C -n to the bi phenyl M xture B .
reduces the tenperature dependence of the threshold voltage of the device
escri bed above and this inproves the multiplexibility of a matrix-type

I'iquid 5 crystal display of this kind. In an alternative enbodi nent of
the invention (cholesterio- -to-nematic) phase change effect device '
I ncorporates a material as defined above.. A cell is prepared containing a

| ong helical pitch 10 chol esteric materigal sandw ched between

elettrode-bearing glass slides as in the tw steg—Rematic cg descri bed
above. However the pohadiﬁehSoﬁﬂHewEaQ&cQH?fGggé'\-eous
alignment, eg treatnent of the glass slide“surfaces~with SIQ, a not used
in this case. 15 to the birhehyir Miktine 3| rafizseartheutdmpeatiotreadebentitmeeel i qui d
crystal material has a positive dielectric anisotropy ([err]) the liquid
crystal material of the thrieshslddoltagel of dhiecdewilecddsaribiek tbowe amd t he OFF
state which scatters light. The effect of an electric field applied between
a pair of el ectrothis dmpraves2the mulbEpdexibiditn edr a mattiedype tiguidyl ass
slides is to convert the region of liquid crystal material between the

el ectrodes ifio torystal tigpeayueichrisskindoneot ropi ¢ nematic texture which
is less scattering than the OFF state. If the inner glass slide surfaces
are treated, eg wwth a 25 coating of leci-thin, to give alignnent

per pendi cul ar to thos@nsan ehtemativel enhedimegtii af thy sinxbriimne(dhalestasié-er ]
negative the mateg] L Syh o€ o bt Na&rild8 "B B swhi ch
has little scatt gﬁgem%éﬁ@c?h%e':fﬁci eﬁtisﬁcilbg%%ﬁlgf an%ﬁ%ﬁ%%hﬁgﬁ%ﬁi S
appl i ed between a@pH&efiegd @Pe¥er odes on the 30 respective inner surfaces

of the glass slides the region of
9 _ A ce]S.gis prepared containing a long he]_.ical pitch

10 cholesteric material sandwiched between electrode~bearing
glass slides as in the twisted nematic cell described above.
However the polarisers and surface brepa_;-a:tions for homogensous
alignment, eg treatment of the glass slide surfaces with 5iO,
are not used in this case.

15 If the glass slides are untreated and the 1liquid- erystal-
material has a positive dielectric anisotropy (A€) the liquid
crystal material is in a twisted fpca.]_. cqnic molecular texture
'in the OFF state which scatters light. The effect of an

¢  electric field applied between a pair of electrodes on the

20 respective inmer surfé.ce of the glass slides is to convert
the region of liquid crystal material between the electrodes
into the ON state which is a homectropic nematic texture
‘which is less scatiering than the OFF state.

If the inner glass slide surfaces are treated, eg with a
25 coating of lecithin, to give aligmment perpendicular to
those surfaces, and the liquid 6rysta.l material has A€ negative
\ the material in the OFF state is in a homeotropic texture
which has little scattering effect on incident lighte If an
electric field is applied between a pair of electrodes on the
30 respective inmmer suffé.ce_s of the gla.és slides the region of
liquid cryéta.l material between the electrodes is converted



quid crystal material between the electrodes is converted 20 to a

st ed monpgeneous texture which scatters light (the ON state)..'The ~

rast between the two states in each case may be enhanced by the

~aedition of a small anpbunt of a suitable 5  pleochroic dye (eg 1% by
wei ght of 1, 5-bis-[err]n-butyl phenyl am no ant hraqui none in the case where
[err]is positive) to the liquid crystab material. A suitable positive
direl ectric anisotropy material enbodying the invention for use in a phase
change effect %3 a tﬁ%’!éd}momﬁger(eoﬁ‘s texture which scatt& light (the 37- 5%
Mxture B.© CwW . 37. 5% 3. 60%by WEI ght P3P 0O
CN OF state)e 5504 15 RO Y
10% by wei ght (kno y
OCK 5 Hn V)ﬁ')e contra.st between §616=70 'E)wo s%a{% Q%\ és)a&%t l:% e %ye S i ve

~dielectric ani sshaoged ot afididdbo dfi ngsmaﬁé almmm oD fuitabie in a phase

RN

>

change ef f ect g\ébg@r dﬁpt@élfﬁﬁ.%éﬂ{I&mng_&gn%qumﬁphgnﬁaﬁﬁﬁ -n 5

11 -<4 OCX-.
5R1 hra.qu:.none in the case where A€is positive] to the Tiquid

crystal mat erial.

A su:.'bable posrb:.ve dielectric a.m.sotropy material
embodying the invention for use in a phase cha.nge effect

10 device ise

| (czﬂs—@—(_ N 37.5% g :
Mixture B g,.-c 4H9 CN_ _.37-5% ; 60% by we:l.g‘ht
R O O
( kg;zn ) Rcocn .(ﬁc - | 10% by weight-

2-methylbutyl)

. G 4390—@}00&': O > csnﬂ-n |  30% by weight
A suitable nega‘b:.ve dielectric a.m.sotropy ma:l:er:l.al

embody:.ng the invention for use in a phase change effect
device may comprise the following components: '

n‘°5H11-‘@/‘¢ yon

Qoo Breesn
n—CSHw __Q::oo_@ 0CH =1
Rc;"‘c

(Rg '=(f)2-;méthy1bufay1) |



21 The esters in the above device mxtures wherein X [err] and Y = F may b
replaced. by, -or substituted partly in weight percentage by esters wherein
= H and X =?‘(see Formula | above), eg n-C5H1L CoH11 -n F
CLI 1. A liquid crystal ester conpound having a nol ecul ar structure
formula (11) xY~0 where X and Y are fluorine or hydrogen, at |east one -
being fluorine, Rlerr] is an al kyl groupsand Z is either [err] a).
‘R2-where R2 is an al kyl , al koxy, al kyl carbonyl oxy or al koxycar boni yl oxy
QMpa 3) ] tr\fms The esterB| &i thd M&m&igémmuﬁéighe@mup SH | ~3
provi ded t hat ere,Z.is - is F and X i.s H. 2. . A conpound as
claimed in claim |"‘m&§ﬁ WA Hefﬁp%a?/mie?’%’ =23 F‘ébsétlliwedoﬁ)a"éﬁlﬁ'owgpeéght A
compound as cl ai npércentakaity ésterd vierednt X% Hsaddy dreodefsenFo¥nuls LI uori ne

and Z is trans "R3 where is al 3 4. A conpound as cl ai nmed
inclaiml and V\h@beifﬁ,xefam-ﬂgﬂ AREC Ty@Hgger and Z is trans

R3 where is alkyl. 5. A" conpdund as clainmed in claim2 and wherein R
is n-C3 and R2 is n-C5R11. .-



. ,,A conmpound as claimed in claim?2 and wherein Rl is (+)-2-nethyl butyl and

s n-CH, 14 7. A conmpound as clainmed in claim2 and smheréin R is
H and R5 11 2 n- C6H13 8. A conpound as clained in claim2
wherein R- is n-CH and-R is n-CH5 11 -2 7 15 9. A

- conmpound as clainmed in claim2 and ¥Wherein R is (+)-2-methyl butyl and R2

is n-[er] 10.. A conpound as clained in claim-2 and wherein Rl is n-C5H11
and R2 is n-C [err] 11. A conpound as clained in claim2 and wherein [err](v
is n-[err]5HL1 and[err]2 is4 C6130 12. A conpound as clained in claimz2.
and wherein E1 is n-C7H15 and R2 is n-CC3 7 13. A conpound as claimed in -
claim2 and wherein Rlerr]is n-5H Caall® is n-OH613 14. A conpound as
claimed in claim2 and wherein RL is *n-C5H11 and R2 is n-05H11. 15. A
compound a~s claimed in claim2 and wherein HL is n-C7 15 and R2 is.

n-C5317- 16. 4A CQW% @Pys%l &é’%% §°@°§L’ﬁ”§a‘%% . HE &5 is n-C HL1

andeanan 31s conpou scalrredlnclalm
32and wher ei nsTRuBet¥re)- C7TH15 and R is n-C H 19. A conpound as clainmed in-

cIa|m3 and wherein Rlis - : .
: R ‘G}'OC—'Z . formula (IT)

where X and Y_' are fluorine or hydrogen, at least one being
_ fluorine,' R1 is an alkyl group and. z is'e_ither
. g -—@—ha where R, is an alkyl , alkoxy,
.a.lkyica.rbonyl'oxy or alkoxycarbonyloxy group,
b,) trans _@—RB)Wh‘ere 1!3 is an alkyi group'
provided that where Z is —<O¥R, ¥ is F and X is K.

‘2. A compound as claimed in claim 1 and wherein Z is —@—R‘

where. R2 is alkyl or alkoxy.

"~ 3. A compound as claimed in claim 1 and wherein X is

hydrogen and Y is fluorine and Z is trans -@" R3 where

'R3 is alkyl.

L, A compbund._ as claimed in claim 1 and wherein X is fluorine

and Y is hydrogen and Z is trans «-@— R3 where R3 is alkyl.’

5. A compound as claimed in claim 2 and wherein R ; is
n=C H7 and R2 is n‘°5H1 1°
6. A compound as claimed in claim 2 and wherein R is

(+)=2-methylbutyl and R, is n--c5H11

| O A

3

R

¥



n-C3H. 7 and. RHi8 -51 5 11 2S n-5H11. 20. A conpound as clained in
clalm3andV\here|nR is n-CbH11 and R is n-COH 7 15 3 51i1 211"
A compound as clained in-claim3 and wherein RL is n-C7H15 and R is '
h-C7H15 I C Land 11111 S 111 22. A conpound as clained in claim3 and
wherein R is n-C and R -is n-C . 23. A conpound-as clai.nmed in claim3
and wherein RLis n-CR ‘and R 'is n-g-H4 9 2. 051ill 24. A
conpound as clainmed in claim3 and wherein RX is n-C6H13 and R is n-C5H11.
28 A conpound asscl agrrg&plogndclagl E‘iaim@&dlﬂ“&%f‘d"é ggdlwﬁepelqpkﬂ?lsand R2 is
nC511 26. A co oun laimed In claim3 d wherein R s :
~~~~~~~~~~~~~~ n‘(§5ﬁ 19 3RRAS &-Fgih 58110 27 A conpound as cl aimed in

claim3 and wher g} i s and R i CoH1_. 28. A
conmpound -as cl ai d iﬁ it Hg‘% a:fna{ﬁﬁae’r can & ﬁn%é‘_ TSRR §5% n- C6H13
29. A conpound 5and wherein R is n-C5H11 and R2 is

n-C6 H3. 30. A conp ung as c ai rred claim3 and wherein R is n-C6H13 and
R2 is n- C6H13. . 9. A compound as cla.:.med in claim 2 and wherein R1 is

(f);2-methylbuty1 and R, is n-C?HG-

10.- A compound as claimed in claim 2 and wherein R1 is

n—GEH" a.nd R is n-C4H90.

T1. A compound as claimed in clé.j.m 2 and_wherein R‘1 is

) !1—(}5H,|‘l and R2 is n—06H130.

12. A compound as c_:iaimed in claim 2 and wherein ‘R1 is
R, i .

n-c.TH15 and 2 1§ n-C3H7 |

13. A compound as -claimed in claim 2 and wherein R1 is

11-051-111 and R2 is 11—04H9

14. A compound as claimed in claim 2" and wherein R

| n-CSHH and R2 is n-CSHH

- _ _ 15. A compound as claimed in claim 2 and wherein R

n—G.?H15 and R2 is n—05H11

16. A compound as claimed in claim 3 and wherein R, is
" | n-C7H15 and R3 is é—C3H7.
17. 4 compound as claimed in claim 3 and wherein R1 is

n.--05H11 and R3 is n-C4H9

18. A compound as claimed in claim 3 and wherein R, is

n-C H,c and R, is n=C,H.

19. A compound as claimed in c¢laim 3 and wherein R‘l is

n—G3H.{ and R3 is n-CSH11

20. A compbund. as claimed in cia.im 3a:nd. wherein R1 is

n—csl-l11 and R is n-C5H

21. A compound as claimed in cia.im 3 and wherein R1 is

115

115

11-0.711.‘5 and R3. is n-C..lH15.

* c L M s *



~31. A conpound as clainmed in claim3 and wherein Rl is nz-C7H15 and R2 Is ..
N\C6H13W 32. A conpound as claimed in claim3 and wherein R is | n-C8HL7 .
%&T R2 is n-06113 33. A conpound as claimed in claim3 and wherein E1 is L3
H19 and R2 is n-C6HL3. 34. A conpound as claimed in claim3 and wherein
is. n-C3H7 and R2 is n-C v15 35. A conpound as' clainmed in claim3 and
erein R is 5 11 and R2 i s n- C7TH152436. A conmpound as clainmed in clai m3
and wherein R1 is n-C ~and R2 is n-C 1 j_o11111121212121111112212121111111 s§
- C L A 522. 3W°°mW‘€EFn'b%Lﬁzr&1%%i &Pa‘flﬁéﬂ 7 #0¢) vhetesn fydifherein RL is
nf-C715 and R2ﬂ_g aﬁa 5is3%c B conpound as clained in claim3 and '

wherein Rl is and3 = C7H154 39, A conpound as clained in claim3 and
wherein Rl is r&}CQI—Al&ompduﬂZas s:laz.ﬁéd-h.ﬁ di%im23 and wlre}eiﬁ"n,ﬁﬁ)s A conpound. as
clainmed in clai nb:*ﬁar;gldv?er [ ‘is -* n-C 3 and R2 is n-C7/H15. 41. A
conpound as cl & e ciai'm 5nd1‘v\,here| n RL.is (+)-2-nethylbutyl and R2

s NCTH 5. 4224 A £ORROGUAA 85 bohdPdnl Aa3h Bad AMbetRY 1R RL TS n-C3XT -
and R2 is n-C8HLY

n—(§6H13 and R is n"CSHH _

25. A compound. as. claimed in claim 3 and wherein R1 is

n--CSH17 a.nd. R is n-05H11.

26. A compound as claimed in cla.im 3 and wh_erein R1 is

n-C9_H;l9 and. R2 is 1’1—051-111

27. A compound as claimed in claim 3 and wherein R1 is

(+)-2-methylbutyl and R, is n-C

| 2 58940

28. A compound as claimed in claim 3 and wherein R, is
n—C3,H_7 and R2 is n—G6H13.

29. A compound as claimed in claim 3 and wherein R ’ is

n—CSH“ and R2

30. A compound as claimed in claim 3 and wherein R,' is

n-csﬁ13 and R2 is n-061113.
31. A compound as cla.im_ed. in claim 3 and wherein R1 is
n—C?H15 and R2 is n-06H13.

32. A compound as claimed in claim 3 and wherein R1 is
n—08H17 and R2 is n-061i13 |

33. A compound as claimed in claim 3 and whereir R, is
n-09H19 and RZ is n-06H13l. |

34, A compound as claimed in claim 3 and wherein R1 is.
n—()3H.7 and 112 is n?-Q7H15, |

35. A compound as clajmed in claim 3 and wherein R, is
n—CSH'.].I and Rz is n—C7H15. |

36. A compound as claimed in claim 3 and wherein R, is
n-06H

13 and R is n—C7H15

A



| 43. A conpound as cl ai rre.d in claim3 énd wherein RL is n-C5HIH and R2 is
h- C8HL7.. 44. - A conpound as claimed in claim3 and wherein i n-Cr7315 an
H2 is,n-C8H17- -45. A conpound as clained in claim3 and wherein RL is
nC7"15 and R2 is n-C9H197 46. A conpound as claimed in claim3 and wherein
‘Rl is *n-C.15 and R2 is n-CH2  ~9 19 47. An electro-optic liquid
.crystal device including two adj acent .ﬂ-at es at | east one of which is
optically transparent, a layer of liquid crystal material contained in the
skace between ! hespl ayesoyiahd &b Ligilal 81 iAkih BeLbiiGhetein R3l1d CaSt one
conpound as cl ai I n c?al m 1 and, deposited on the inner fAcing surfaces
of the plates, el BctHageand 8,a}¥ nleliysel ectric field to be applied across
the l'ayer. The text of "the specificatiqon _has been reproduces by
phot ocopyi ng the &ppl AcEPmPYRL A5 5L2i8e0e1R (Glatn 3 pnddlerift By few
amendnent s whi.ch Héi fand Rl tid Qe « The original typescript containing
t hese anmendnents nm% & i nspgct ed o e prem ses of the Patent Ofice

39. A compound as claimed in claim 3 and wherein R1 is

n—G9H19 a.nd. R2 is n—C7H15.

Lo. A compound as claimed in claim 3 and wherein R

n--C.HH23 and Rz is n—GTH,I's.

41. A compound as.claillllxed in claim 3 and wherein R1 is

(+)=2-methylbutyl and R, is n-C7H15.

115

k2. A compound as claimed in claim 3 and Where:'l.n_I'l.I is
43. A compound as claimed in claim 3 and wherein R, is

_11-(.351111 a.nd R2 is n-08H17.-

_ bh. A compound as claimed in claim 3 and wherein R, is
® n-C7H15 and R2 is n_CSH‘I?'
- _ 45. A coﬁpound. as’ claimed in claim 3 and wherein R, is

:n--GsH‘H and 1?.2 is n-09H19.-

‘46. A compound as claimed in claim 3 and wherein R, is

-n—C7H15 and R, is n—09319. | T | -. C o

is n-CSH

R 47. An electro~optic liquid crystal device including
two adjacent plates at least one of which is optically
transparent, a layer of liquid crystal ‘material contained
in the space between the plates wherein the material includes
5 ‘at least one compound as claimed in claim 1 and, deposited
on the inner facing surfaces of the plates, electrodes to
allow an electric field to be -appii.ed across the layer. |

type o I mms:ému which sre difficult to read. The oxiginal
typo:g:: ocnn:n;’g these snendments may be inspected on the premises of the Patent Office




