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SECRETARY G: STATE FOR DEFENCE, London, do hereby declare the invention,

for which | t‘\nehcaep - GR63A6y  §2) Filertbatgt B976%,  and tﬂg .....
which it is ¢o( Cpm g}zfﬁrggﬁca?@ ﬂded %ﬂaﬁ!& é?Wa{)gly descr| bed VR 482 »
fol | owi ng st@t ; cation publjshe i nventi-on rel ,: :
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containing

crystal pro e tIESCO2 t2
crystal tenperature rangg,,gc3
t hey m’yflnd use in ele r6g t he
chol est'eri-c-to-nemati c ppgse change klnd |caF|ons mhe'
col our Jof 10 the risxt yse ‘can change’ Wlth terrper ature (thernochromc

appl i cati ons - - €729 Invetbds GEORAE WIDIARP BRA Y SIANSAMIEN € detection) or with the
presence of an inpurity dERARD MEDONNELLO detect unwanted particles, |iquids -
or vapours, e.g. atnospheri¢ pollutants). Copending United Ki ngdom Pat ent

Appl i cation No. 36211/ 74f GHITCALEMACITVE LIQUIDSOYSTAICHIWTERIAYS 1, 556, 994)
descri bes such m xtures mrmqummmmmw@mmmmm cyanob| phenyls
with 4" - alkyl - 4 - cyano - p - terphenyls. In accordance 'with the. e
present invention an optically active conpound having |iquid crystal
properties or tenden¢’ids HaSEGRETARYIQF STATE]FOR) DEFENCEhexden, do ey, an.

ester |inkage gro ertion, (o3 whichyfherpsefhet d tgme, and they 5| koXy
when Eis -CO O %‘W%hfaﬁ&"%éﬁhﬁmf"sm% Eﬁcﬁﬁﬁ%ﬁgg phinpnd by e o an
al kyl', al koxy or cyange pﬁ;emeﬂm Reldees &> opritaily Q:nv@f‘l:ﬁu{&fsfa] mataxaaranahdﬁsd or

al koxy group when c&smmewéas@&aum@theineast one of the groups [err] and [err]

i ncluding a chiral céhlts h@waltq( Ompﬂl%ﬁs Iludﬂg“ﬁ P@%
clainmed in claim fl "BR) 1calllthaem:::te E‘:‘ us€ m| gl\ ;el S I’I al
No. 1 592 166 an ﬁéri ﬁ %gehﬁmﬁa& Qﬂﬂfcﬁ e colour of 10

the mixture can change thh temperature (thermochromic applxcatxons — e.g. surface
" thermography, temperature detection) or with the presence of an impurity (applications
to detect unwanted particles, liquids or vapours, e.g. atmospheric pollutants). :
Copending United Kingdom Patent Apphcatlon No. 36211/75 (UK Patent
15 Specification No. 1,556,994) describes such mixtures formed by mixing 4’ - alkyl - 4-
cyanobiphenyls. w1th 4” - alkyl - 4 - cyano - p - terphenyls.
In accordance with the. present invention an optically active compound havmg
hqmd crystal properties or tendencies has a formula: - .

a (I) .
00 e@ i
Y. 2 wherem E is.an_ester lmkage group —o co— or —co O— wherein R, is alkyl or = 20
L alkoxy when E is —CO.0-— and R, is cyano ‘when E is —0.CO— and wherein R,
S - is an alkyl, alkoxy or cyano. group when E is —CO.0— and R; is an alkyl or alkoxy
: . group when E is —0.CO—, at least one of the groups R, and R, including a chiral
centre alkyl group, but excludmg any compound as claimed in claim 1 of UK Patent .
25 Application No. 33860/76 Serial No. 1592 161, and wherein R, and R, each contains 25

up to 12 carbon atoms.
© . The compound of formula (I) may for example be of the form
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: where R* is an optlcally active alkyl or alkoxy group and D is an n-alkyl or cyano
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up to 12 carbon atonms. The conpound of formula (1) may for exanple be of
the formJ[err] where R* is an optically active al kyl or alkoxy group and D

ls—ann-alkyl or cyano 30 gr-oup-
30 2 1, 596, 012
eferably, the optlcally active alkyl group in the conpound of formul a
( Upl s [err] CH CH ([err]) [err] mhere nis an integer i'n the inclusive
ge of 1 to 3. The conpounds of fornula (I) may be used to form
thernqphronrc I|qU|d crystal m xtlse€el2wi t h one .or_nore conpoundg i n-one or

-nnreﬂﬂ’11R?7%g§§' acterl d 5 t f ol ngs&or mNge (1)
“to (Y) in ( Caﬁ ﬁ?aﬁtﬁ;;gﬁﬁmdh& 0@")'111§lscarbon at ons:
. mpoundsofformula (I) maybeusedtoformthﬁxﬁbé&ﬂnﬁclduid)cr}’d!blere [err] is an
: aI kyI gr oupmmnts Writh gneQor @yore] ompgundsein ofe orsnmofahd(we{nmémraben@ 0; (b) [err]
1057 uhchwethe dallying formfsealTh ft () & phishte eouRs B¢ R R R, od R,
: .10.or-_\/\/her"‘(51'u Y17 garhog a0mBt 1 or al koxy group:. 15 for mul & (1V) mhere [err]
is al kyl, . [err] |s an aIkyI al koxy or cyana group-and f and g ‘are 0 or 1
but f+g=l; (d) K™ , .  f la (V) where Ralkyl or.al koxy, R
i's an al kyl," dakoxy or Ry * — Wster frFERAER 20 . group
COO or - OOC- and K represéit s Nydi ogen or a-l'ateral methyl or . ¢ 20
. hal ogen substituent Such thernochrom ¢ m xtures may be used in known
‘appl i cat i onwhefedRs ippt lkyhprioyp and biis/@or I quRds & gfkormvhemhiie®i al s, the actual |
appl i cation depending: on the specific propertles of the. nrxture e.g. the
. helical pitch of its nolecular t:As is. 25 wel | understood in
~the liquid cry®al art the thep’*cgggﬁgﬁ ef f ect |§“H@béﬂﬁbnt upon 25 the
- pitch of the helical. structure adopted by the |iquid-crystal -mat erial being
. of thep ordafhexek.tslaﬁalmgﬁﬁmgmkmf visible |ight and also being tgqgperature
" dependent As is. also well understood, on adnixture of a non-chiral |iquid
crystal material with a chiral |qU|d yst al naterlar the pitch tends to
i ncrease and accordingly the { C‘ Ral 30 liquid crystal
- material may Je adjusted by adnrxture wi th non-ichiral ‘materials in 30
. appropriate proportions, which may be determned by trial and error. The

_conpounds - IR CN R

where R, is an alkyl or alkoxy group;

15 15

formula (IV)

whereRsxsalkyl R, 1sanalkyl alkoxyorcyanogroupandfandgare(}orlbut
f+g=1;

: '..(d) .. B ga@_s_@_e—@r}
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'whereR,xsalkyl oralkoxy,R is an alkyl, alkoxyorcyanogroup,Elsanesnerhnkage 20
20 group —COO— or —0OC— and K represents hydrogen or a lamal methyl or -
halogen substituent. :

Such thermochromic mixtures may be used in known apphcatlons for optlcally

active 11qu1d crystal materials, the actual applxcatlon depending ‘on the specific

C ~ properties of the mixture, e.g. the helical pitch of its molecular arrangement. As.is
25 well understood in the liquid crystal art the thermochromic effect is dependent upon 25

' the pitch of the helical structure adopted by the liquid crystal material being of the

order of the wavelength of visible light and also being temperature dependent. As is

also well understood, on admixture of a non-chiral liquid crystal material with a chiral

_ liquid crystal material the pitch tends to increase and accordingly the pitch of chiral
30 Liquid crystal . material may be -adjusted by admixture with non-chiral materials in 30

- appropriate proportions, which may be determined by trial and error. The compounds
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3 having fornmulae (1l1) to (V) may accordingly be chiral or non-chiral.
Pr ef erahl \ the mytures are poutectics Accor-di Ay to—t-he—ipventi-on—in

device includes as a liquid crystal material a m xture including at |east
one conpound having fornula (1) with at | east one having fornula (11),
(rer)y, 5 (1v) or (V). Conpounds having the forrmulae (I1)-and . (V) are
known and the r. met hods of preparation 1596012l so known. Certain of the 3
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1. The
I p ehﬁgn‘;ﬁ% ip Car doxylic acid .

appr opnri at e negat‘m(
20 by t he f ol I o\ii'hn ptreajlytaguve compounds produced as producns in the followmg descnpnon C

production of- . (+) be

20 (+) Terr]1(+ [1BY°r smyeoptwal nangl | smybok ( +). ny| 15
known and its pro%%ﬁﬁw& dp’,@‘m tent :
Application No. 36 atent peci Pcati on 1 556 994)
and el sewhere. " . EXAMPLE26 Step Al: The producti on of
(+)-4-(2"-ne be W °f4(‘*=):ar‘bd>€'§ll'iﬂ§th§!b‘ifﬂ)blml efanistbexylic add way of
carrying out hIS ol | ows:. (+) -4 - (2" - I\/ethylbutyl) - 42
cyanobi phenyl (0.015 nol e) |s di ssol ved 1n rret hanol (QM) and is added to .a

m xture of potassium hyd -~ spdj um hydr oxi de-
(0.75 nmole) in methanol ;c"&%ﬂ?@éﬁg rFé‘ n 30 is
heat ed under reflux unti I evoI ution 'of ammmpj a ceases’ (apprOX| mately 72

hr). The mixture is dil uted e idy, rRtEHL)dM CoOHdi fied with
concentrat ed hydrochl OI‘ICEQCI dal"Fhe( ts)ecﬁpl roduct is f||tered of f'

and crystal lised twi ce from ethanol. The product ‘has a crystal
chol esteric |iquidc % t-al2”t+ methilhuiybn 4 e rpaekiphenyt ison @eduction is and a

chol esteric 44 qui W{%‘F‘% H@%&%ﬁ (‘i?@_l‘fﬁ;‘%b{("gﬁﬁévaf lﬁ%‘ of

[err]. 35 E

met hyl pentyl ) bi phesigl 4t: 41‘1::proaa:haoa;fyd+W@L&mutybafpﬁunmmaa@m@um
: ‘One example of a-way of carrying out this step is as follows:

(+) - 4 - (2” - Methylbutyl) - 4’ - cyanobiphenyl (0.015 mole) is dissolved in

— - methanol (50ml) and is added to a mixture of potassium hydroxide (0.54 mole) and
30 - sodium hydroxide (0.75 mole) in methanol (40ml) and water (20ml). The solution - 30

' is heated under reflux until evolution of ammonia ceases (approximately 72 hr). The

mixture is diluted with water (1000ml) and acidified with concentrated hydrochloric
" acid. The precipitated product is filtered off and crystalhsed twicé from ethanol, The -
product has a-‘crystal — cholesteric liquid crystal transition temperature of '224°C;

35 and a cholestenc hqmd crystal — isotropic liquid transmon temperature of 247°C. . . 35
¥ | "EXAMPLE 2. * .-
: 1’ The preparation of (+) 4 (3” methylpentyl)blphenyl 4' earboxyhc acxd
-~ by the followmg route: ) _ _
¥ :

L (+) cnscuzcn(cu@c:uzc“2 Step A2 e
I (+)-cnacuacu(cna)cuacuzC°°“ ST .

| (+) -4 - (3” - methylpentyl 4 - cyanobxphenyl is a known compound and its
preparanon is described in Copendmg United Kingdom Patent Apphcauon No.
36211/75 and elsewhere. _ _ _



(+)[err] 40 (H)[err]
40 (+) - 4 - (3" - nethylpentyl - 4 - cyanobiphenyl is a known conpound

and its pr eparat on-is described in anpndl ng United Ki nndnm Pat ent

Application No. 36211/75 and el sewhere. _ 4

1, , 012 ) 4 Step AZ: The producti on
of )-4-(3"-nethyl pent yl )bi phenyl 4' -carboxylic acid. One exanple of a
way. carrying out this step is as follows: - - The acid is prepared and
purttigd by a method anal ogous tgogMat in step A -of Exanple 1. fJhe, _
col ourtTEss Ty at W TH d.l r_ CE avE Ld.l RS ug}ﬂ‘c

i quid crys# ‘?L ‘ﬁ?‘;iem‘;t Ugﬁ Yéfmggfﬂfgyl‘érﬁ’h&xy&‘ﬁfﬁ‘dest eric | ?q/w d
crystal -- - - Slir ggggsr@ttwtg, Qgphegfr] EXAMPLE 3.
The pr eparaixamplemel(e blourléds crystald” hmhrmt;hydubba trjstel BY khotedteric- . . car boxylic
acid By t hdiqid) | crysta) cryot) trepsition ) témperdtgre of 219°C; and a cholestenc {ligquid pmul]—- -5

10 (+)[err]“°(‘%‘°l'q“ﬁms(‘kfn‘P?Fé"t“ﬁf?f%é)&rl) - 4' - cyanobi phenyl i s known and

its preparation:is . described. i nEgg@mﬂmg Un| ted Ki ngdom Pat-ent Application
. NO 36211/ 75. The pﬂpaﬁ&wn herpradyet - ﬁiathtjlﬁexyl)blphenyl g carboxyllc ac1d

"(+)-4-(4" bmlteﬁgllowex;nm)ebr phenyl - 4' “carboxylic -acid. : Ghe exarrpl e
of a way of carryiing out this step. is._as foHows 15 Thesacid

s pry pared and puri ang t that in step | of
Exarrptge 1 and has tr@ (ﬁglqta &Fgﬁwg)&al OCN ta

yti:es CGSc, [err]; [err]
[err]; Ch-I7 [ert]~  EXAMPLE 4. 20 - I preparatron of (+) R (2
- met hyI butyl)benzor(e-)engml ny(ctl-@(ciig') ~er ~CO0He. 'Step B4 (+) [err] 25
Step Ad4: The productlon of (+)-2- pehzene.

.25 One exarrp_lbe of gr of carryr ng out this ste(|!o s as fol(lows A

sol ution of$ipk n2 VI0R%Y! iknawncand ésipreparpation {5200 ) i s added
in drops tCEFH bﬁaﬂl{éw%%tﬁ%g:%’%“%ﬁ icgtign NofSGHY - i ed et her (50n) .

si ngl e cryspl anf 'Ih@ﬂxlod\ﬁudnsofqd@aﬂ(ﬂ'&e{hﬂh&y@&ﬁmﬁyh@v-&ﬁ%ﬁé 2n Wen additi on

is colfplete tﬁ)ge@ﬂnpleofavswatammou&hlh er reflux for 1 holf.
- 30 The Grr W@%} °ﬂ“14 mﬂoao'@em‘athmd\lf@rrl c chloride
(0.0025 m)l g owige 2 Grtion 161" €5+ Sy=Cnet hyl but y!
brom de (0. 54 m)l e) fle preparatlon of Whl ch |s ‘known and described in

- Uni ted Ki ngdom Pat ent Ap li-" ' EXAMPLE 4.

e preparanon o (+) 4-(2- methylbutyl)benzoxc acid by the: followmg 20
10

@-Br §t_ew; .—cnzcu (c:rr:‘,)cuzcrr3 (+)

l’ Stép B4-' '
Sl:e C4

(+) cnscuzcu (cua)cnz-.-cozu (+)¢rr CH cu(cus)cu,‘;@-co CH3

25 -Step A4: The productxon of (+)-2-methylbutylbeuzene : - 25
-+ - One example of a way of carrying out this step is-as follows: - = - ' (
A ‘solution of bromobenzene (0.51 mole) in sodium dried ether (200m1) is. added v
‘in drops to magnesmm turnings (0.51 mole) in sodium dried ether (50ml). A single
crystal of iodine is added to initiate the reaction. When addition is complete the ' .
30 - solution is heated under reflux for 1 hour. 30
' ' The Grignard reagent is- ‘then cooled in an ice bath and ferric. chlonde (0. 0025
mole) in ether (Zml) is added. A solution of (+ )-2-methylbuty1 bromideé (0.54 mole)
: (the preparation of which is known and described in United Kingdom Patent Apph-
_catlon No. 36211/75) in sodium dried ether (100ml) is then added over 30 mins.
35 The reaction mixture is then left for 48 hours (with stirring) at 25°C. After this 35
' time the mixture is poured into an ice:cold 20%, hydrochloric acid solution and stirred
for 30 mins. The product is extracted into ether and the combined extract is washed
with water and dried (Na,SO,). The ether is evaporated off and the oily residue
distilled. The fractlon boiling at 120°C at 15 mm Hg pressure. is collected

40 Step B4:- * The production of (+)-4 =(2" methylbutyl)acetophenone o 40 -
~ One example of a way of earrymg out this step is as follows: =~ - SR



cation No. 36211/75) in sodiumdried ether (100m) is then added over 30
mns. 35 The reaction mxture is then left for 48 hours (with
stirring) at [err] After this 35 tine the mxture is poured into an

i ce-cold 20% hydrochl oric acid SO|utI0ﬂ -and. stirred for 30.mns. The
product is extracted into ether-and:the- conb;ned extract is washed with
water and dried ([err]). The etherlls evaporated of f and the oin'residue
distilled. The fraction boiling at [err] at 15 nn1kg pressure is coll ected.

40 Step B#.- The production of (+)-4-1@seret hyl butyI ) acet ophenone -'5
;‘:059086 0(13.)2( | e G‘fJ adl %sgedsﬁydfés %lgmll%hll}n ttrigﬂonde (% ﬂ§s Ut I dP (9 gon

- disu e de- (0.2
alum niumtrichl or Im‘.lﬁtef)Q\ ) o‘e& e ( 5&“{3}& %&gdl e;lﬁﬁ:ﬁﬁ

(80m ) .. Acetyl_ chl ori¢htbeid: @s’lﬁﬁmﬂ‘ﬂhdﬁ)‘ mydro&-mdm,i bhamixbwgeaem sﬁ;,@ga;_ed in
Step A4, are di ssol“%ﬂéq_"?' N di sul ph| de (80n1) andadded to.,the 5

al um ni um trichl or 'ogtg M%ﬁ T 30 X uct 18 extracteq??r?:.oreﬁlﬁ;evgashe ture | S
left to stand -over wifh water and'd N!l,‘ﬂb h ﬁ? diflek & rf@oved by rota ev oration and the ' :
5 The solvent is diody: rebidveds disilted. Hheprbﬁﬁcﬁoilﬂzﬂ 98X Al esd

resi due pourelg ontq, cr ice and stirred for 30.mn. The pro 'uct -
extract€d i nto et hdfe? {g ¢ é’m‘ﬁ’ “\qﬁt(e"r) ”aﬁ?d'md‘ih}”blayl !F Bid. The et her |s 10°
removed by rotary eva{qo;oﬁ}un tﬂ%m v r%x'm“ The '
product ,boils. at [ eslutonaf soamﬁn@&sﬁdee(sg at 0°C, is ell"Th

production ofl (+) - 4“1(62 solgdaniof | (Huk4y (2 bleuhylbutyd)a&mopﬂenone (0.2 moe) prepared in step. One
exanpl e of alfay oB4ciadi -@Qtﬂwshousﬂlepddltsmmdﬂmllf Qintes #ltes Olfelstacdm of 15

SOdI um hypobr om te'mBJ "o,’ .‘ ia .in-a solution of
“sodi um hydr oxi de (%ngé(cs s aL 3’3&@’5?“ e't“é?sﬁ’f TERHEPYS o wel |
stirred sol utjon o (e)maon@gz thenmlutignl u&q& aﬁﬁtcﬁﬁtﬁﬁﬁﬁﬂlﬁy &m nmldea)\dmeepar ed
in step 15 eﬂ?‘ﬁﬂ@(ﬁ#‘i@@@ i Sjteredrvff andgtashed witlh waterd Thet rasioct iarghtat-or 120
mnutes after, the [PaLTom shpmol/wster.oHis anelting peint of thepmrodnatiin38°Git [err]. .Excess
of hypobrom te is destroyed by adding agggmpikan of sodium retabi sul phite.

Water (35 litre) and Bhopegaetion sff @) diust(st | eenfisean)bdisid RAVy i@ wiU" €.

On. cooling, the s&¥ion is acidified with concentrated hydrochloric acid
and the 20 - benzoic acid precipitated is filtered off and washed with

t Th duct | Q! h | t '
RN SR () o KT ) gt e A PN AL ST ML

- methylpentyl)benzmc acid by -the follow ng rogte: Step BS(+)[err] Step
Cs (+)[err] 30 Step AS: The production of (; ) S2epr8bhyl pent yl benzene.

(+)¥cuzc_nzcn(cn3)cu2cn2—@— COCHs |
‘ Step C5.

(+) CH3CH2CH(CH3)CH2CH2—.— co2

.Step A5: The producnon of (+)-3-methylpentylbenzene ' ) . .. | 30
OTﬁele examGr gg‘l‘et;f a way of f<:arrymg out this step is as follows: - - '
: i reagent. of commercially available benzyl chlonde is- ared and
alkylated inan analogous manner to step A4 of Example 4. - prep

AT

o Step BS The productlon of (+)-4-(3'—methylpentyl)acetophenone | o :
35 3 Ohe. example of-a ‘way of carrying-out this step is as foflows: : 35

- The alkylbenzene prepared .in ste A5 is l t d d
manner to step B4 of Exa:gle 4. P’ acy ated ani punﬁed in‘an analogous

-Step CS The productmn of (+)-4-(3 -methylpentyl)benzom ac1d
- One example of a-way of ' carrying out this step is as follows: -

. The acetophenone prepared in step. BS is oxidised to the acid prod
ct el
point 121°C) by an analogous manner to-step C4 of Example 4 procu (m tmg_ 0

EXAMPLE 6.

Thepreparatmn of (+) - tran - 4 = alk Sy
the following route: ( ) 8- YlCYclohexane 1 carboxyhc ac1ds by



One exanple of a way of carrying out this step is as follows: The Gignard
reagent, of commercially avail able benzyl chloride is prepared and
alkylated in an anal ogous manner to step A4 of Exanple 4 Step BS:. The

-production of. ( + )-4-(3'-nmethyl pentyl)acetophenone. 35 One
exanpl e of a way of carrying out this step is as follows:
The al kyl benzene prepared in step A5.is acylated and purified in an
zk ogous manner to step B4 of Exanple 4. Step CS: The productlon of
-4-(3' -net hyl pentyl )benzor c139,02 One exanple of a way of .'.6arrying out

t hi s=step~rs—=as T orTows" acet ophenone prepandd | &t ep B5
~ is oxidised to the ac a"'n “ (mtg@ﬂmﬂbl nt [err]) by an anal ogous
' rranner to step &4 of --" EXAMPLEMY The .preparation of (+) - trans.

. 4 - al kyl cycl ohexane - car boxylic acids -hy the following route: - 6
'l 596, 012 Step 46: Theproducnonof (+) trans-4-alkylcyclohexane-l-carboﬁhc{eids] Step-A6: The

product i on oWa(sro o yH)l -drapti ds. \Ways of
carr i ng LIt( t oo C&’P A '1 i § f (+ trans- 4
¥ Ty .hin g:grlﬁ' wate (lgj(g) I ?P??gf %iége gﬂsﬂ )5

{620:
A sol uti onf Rﬁne{r_ ickel cdtalyst((mg)-m aiehxhgclabu(lyht)emnaﬂcmnawdes@&a rml e) | A sodi um

5 hydr oxi d&0 4@ oPly8rogan|fer)30 ti¥. s s 0l ved in, wat er (160 |s h rogenated i i the
- presgnce of , '“Nl‘E} an‘&\ o0} ._|a.re eI|tr at ferr]
Cand ' pregal Tt tnd idued i,ggg*) D , thS catal .yst

is fil tereﬂmafﬁnolaqzmn&hédom@a;eeammxmwmmghm30gT>hauoaﬁa ~aqueous | ayer
| s aci di f iAder me:gldu@ﬂg?npwﬂc i thedrystellisde infilered fiomabe reethapodt Theet her ; 'washed

it h i m’l’ﬁé BFY and, 4 he acids
d ngﬁ 1 i et ﬁ‘ﬁ?ﬁmﬁémesswely with

are aken A0 ] Iatel)
40g and 3(gd @ded (1 ,gor)ea er each treat rrent w:-th thiourea, :
crystal | i sat &hé ethdriid ma@dfotfom thia @cidresciyssiliskd fréﬁhmmrﬁ‘hmdnngcryst allisates
- are di ssolpistrfithe peodartdsiBEUssi um hydr oxi de solution (800r) 15 ~ - which is
t he cidified and the (+) - tggappred.- (2° - methyl butyl)cycl epexane - 1-

15 carboxyl i @m@nmmmaued,yumneaﬁmyaﬁfonawgamer - the extract is
washed with water and dried ([err]).  The ether is evaporated of f and the
acid recrystallised fromacetone. The nelting point of the product is

50.3C. 20 _ Step A7 : RLE 7. :
20 Per parat i oﬁ”%ﬂzﬁ.4 -hyer ox@'ﬁ@@ﬁ@"t he foll ow ng route:

25 Step A7: The production of 4!-brono-4-hydroxybiphenyl
25 One- exarrpl e -of a way of carryl ng out this *_S&PBE by ‘a standard net hod

- using. o

25 . Step .47 Theproductlon of4 bromo-4-hydroxyb1phenyl - 25§
. " One example of a way of carrying out this step is by a standard mithod using
sodium hydroxide to hydrolyse commercially available 4’ - bromo - 4 - benzene-
sulphonyloxybiphenyl in a mixture of water and dioxan as solvent. The colourless

30 crystals obtained by crystalhsatlon of the product from ethanol havmg a melting pomt : -30 .

o - of166°C. = . :

Step B7: The production of 4’-cyano-4-hydroxyb1phenyl _ )
One example of a way of carrying out this step is as follows :
A mixture of 4"~ bromo - 4 - hydroxybiphenyl:(6g), N~ methyl 2 pyrrohdone
(23ml) and copper (I) cyanide (2.5g) is heated under reflux and vigorously stirred- - .
35 for 2 hr. The mixture is protected from atmosphenc moisture using CaCl, guard tubes. . 35
=~ After cooling, the mixture is poured into a warm (60°C) solution of iron- (III) chloride S
in -water. (200ml) and concentrated hydrochloric acid (8ml) and’ stirred (20 mm)
The cooled mixture is'shaken twice with ether (2. X 100ml) and the combined organic
extracts are water washed. Rotary evaporation of the solvent gives a pale brown solid

L

40 | which is crystalhsed from a mixture of water and ethanol This yields pale tan needles 40
' of meltmg pomt 198°C. o :
' EXAMPLE 8
The preparauon of 4-alkylphenols -— where the alkyl group may or may not be _
chiral.
45 -~ ‘These are prepared by standard methods ‘such as ‘those described by Van der 45

Veen, de Jeu, Grobben and Boven (Mol. Cryst qu Cryst 1972, 17, 291) for the



sodi um hydroxi de to hydrol yse comercially available 4 - bronmo - 4 -

benzene- sul phonyl oxybi phenyl in a mxture of water and dioxan as solvent.

The col-eurless r\r\lcf als aobtained h\/ r‘r\lcf :\I lisation.of the prnr‘lllr‘f from

et hanol having a mel ti ng point 30 7% 6f V166.

30 Step B7: The production of 4'--cyano 4- hydr oybi phenyl . One exanple of a ,

way of carrying out this step is as follows: A mxture of 4'- bronmo - 4 -
hydr oxybi phenyl (6g), N - nmethyl - 2 - pyrrolidone (23m) -and copper (r)
cyani de (2 Sg)7|s heat ed -under, refl ux amsjsngorously stirred 35 _- for72

hr. The T T rT¢ Nplotu T\g er guard .
tubes. 35 Af ter cg&&rgt%ﬁ E,galk h@ ‘ge 3’6’ 10w bty 8£ ﬁ‘e 5("%1 "Hs‘s
solution of iron (1) chlorlde In water (200 m): anmd concentrated '

hydrochl ori c-acid (8m) and stirred (2BXAMBLE 9The cool ed mi-xture is"shaken
twice with etier (2,7 o3 of feplkory@beselybr Wiere shegalinl chaing mepot mappet beat er

S
washed. Rotary evapor gls®RreOfredalld . bro sol -
which is crystalIJamiaeitromuiti;ﬂggsrdoul:r?v’;{%%ﬂiBo ggfz?% . aqﬁ%d ered hgs?LW%?égS pal e
tan needles 40. of (Eétedlbng ‘BoJohsor &wirH. S. E . Présk) NP5 €973paB030.THef .
4- al kyl phenol s-- wh&plgnriess grodycreiare @F‘M&Yﬁdylﬂlowmsommw abd crpsllisation. 45
These ar'e prqgared by standard methods pEP 1 hose descri bed by Van de
45 Veen, de Jeu, Grobbeyhnqmdmﬁ@y%n{emya '?{mkdlq Cryst., 1972, 17, 29(1)
for the 7 : 1,596, 012
7 preparatlon of 4aIEEIamI| Ilcﬁ% dlazotlsatlon of the amines -
and hydrol ysis of the LE 9. Pre ira .

4- al koxyphenalss- tJa@ua Eéi%ﬂ tems ISIY’P w 3 "H‘gﬁ% 05 .

S These are prepar eﬁd&b@m&maemshm mtcidon of qumol USI ng t e rret hod of
Neubert, Carlino, D Si docky and Fi shel -(Liquid Crystal s.and Ordered. -
Fl ui ds', Vol . 2 (Ed|t d . P. . Johns ORXAMBLR 125 ‘Porter). Pl enus Press
N.Y., 1973 p. 303) mﬂ’ ‘i‘°&?f (&ds %rﬁ%@f@eﬂé{‘r'e“ p&?ﬁb?v'éfcrc'&?bk@f |

chr orrat ography and cr yst al i sat i on. 10

EXAMPLE 10. . o 710 4- cyanophenol is a
comrerci al I'y sgvai’l abl e nat e@%@ I_Ste PE‘Spgé L. . .20 .
) - 4- al koxybenzoi ¢ acids. On y '
standard nmethod of al kylating 15 - - hydr oxy aromatic carboxylic acids
(Gr ay and Brynnor Jones, J. Chem Soc. 1__954 15 678) in this case
4- hydr oxyben20| c acid. EXAI\/PLE 12, . _ 1 Sstép L
(+)-RCOOH StepC'Z (+)-ROCO cus
Step 6412 Thi: prgductxon (f +)—4-alkoxyb1phenyl
' ne example of a way of carrying out this ste 1de bdb Coate dGr s
25. J Chem Soc., Perkin 11, 1976, 863. & P lscn © y pates an .
Step BI2: ‘The production (+ )-4-alkoxy-4 acetylblphenyl o '
One example of ‘a-way of carrying out this step.is by a Fnedel-Crafts acylauon '
- as described in step A15 of Example 15 below.
: Step CI2: The production of (+)-4-alkoxyb1phenyl—4 boxyhc acids, - :
. 30 One example of a way of carrying out this step. is by a haloform oxidation reaction 30
o ' analogous to that desenbed in step C4 of Example 4 above o .
' ) EXAMPLE 13, . :
The prepatatlon of ester compounds of formula ( I) deﬁned above by the followmg :
route:

¢ 14 '



Preparation of (+) - 4 - al koxybi phenyl - 4" - carboxylic acids by the
following route: Step B 12 (+)[err] Step Al2: The production

(+\ 4- al knxvh| nhpnvl e pyarml e of a way of r‘arrw ng out t hi s step is

“.descri bed by Coat es and Gay,’ 25 J. Chem Soc., Perkin It 1976 863.

- 1,596,012

Step B12: The production ()-4-al koxy-4'-acetyl bi, phenyl one’ exanple of a
v@gm carrying out this step. is by a Friedel- Crafts acyl at.i on as
described. in step Al5 of Exanple 15 bel ow. . Step Cl2: The
wodyction of (+ )-4-al koxybi ARSEML: 4 - carboxylic acids. 30 _.g . _One
EXaﬁ"p'l"e—G'f'—ﬂ—‘Why of \,al =y 0 UUL LIII b ~st TP 1> uy [C trat~oform u&i‘datwn '

t t.. :

reaction 30 anal ogouf t ‘bed in-step: C4" of. Exarrpl e 4 above.
EXAMPLE 13. The pr |
by ‘the fol tovm ng rout

_L&@ﬁmﬁ forrrula (I) defined above

i . '8 CI Step Bl3 (same _as formJIa I)) Step AI3 The productlon of the

arrying out. of this. st-ep S

,exerrpl i f ed by t he ‘B F— COQY - (sadé as Hrmula. (T))

net hyl but y1.) bi phenyl: | 14, |- TarjgoXylic acid chl ortde -as fol | ows:

5(+) -4 - (2" - Met hyI%utyI)bl phenyl - 4' - carboxylic acid (0.002*nvl e)
pr epar ed |§&,step Al T“E‘ Exa Ie 1,.-is heated ;Evl(iththlonyl chloride (20n)
under .anh P“f”%% | chI oride is
renpyed bmﬁﬁﬁwﬂgﬁ I mmg @ﬁ};ﬁg" ﬁ:%:gm g (O"T)n agﬁd chlgride ’
residue i s USEY-141 1 (@ NMeihylbicAbiphehy] - 4 Wickrboaylic doidr (0lvez miewy i f i cat i on.

10 Step BP!SPareﬁhe o@ueﬁﬁumpbfl,uhbea@ém thidiiyb ctderide \(20n) ouder of this step is

1 f toppd fexcgss of thionyl o»g di L4 (20
e ol %g RS e )

o Met hyl butyl ) bl pheny - car boxyl i c=aci d chloride (0.002 15 nol e) ,

pr epar ed Stapﬂlé'pmaroducsonchfﬂsedwed i'n dry " AnalaR : (Trade Mar k) pyridi ne

'15. (| oﬂ b by the pep ﬁulqnehefw plRerhstylé 0. 002.
ol ), pre lé““ )b d(fediftt gﬁ%acﬁtchﬁﬁcﬁdo%@im ion and the
M xtygre i ﬁmlE aruu tnh ABI s Ttdhsolve® ASaldRD (.50 kY BLE enpejgt ure. |t

is then hémtnE)dandtcoqledrm tce)baﬂi. 4hrn lfénar l mmkmob),ipepmded ilby rotary
evapor at i ?;P’“@Hd?’ isaddedeta rlefhr lﬂtiﬂgt fora
hr to rise to room temperature t 1s then heate at 1 e pyridine
is removed by rotary evaporation and the residue column chromatographed on silica :
20 gel, eluting w1th chloroform. The combined fractions of ester are crystallised from 20
. hexane. : ) ,
‘Analogous products prepared by steps Al3 ‘and B13 involve the use of the
analogous intermediate products produced by the preceding Examples.. -
_ Thé ‘constants -measured for, some Examples of the esters of Group II are given, '
25 in the Tables 1—8 below, in which the following symbols have the stated meamng 25
C=crystal; S,=Smectic A; Ch=cholesteric; I=isotropic liquid; ->=transition .
emperature; AH=enthalpy of fusion in K cal mol™ and the temperatures are m.
’C for monotropic transitions, the temperatures are in parenthesis.
o -It should“be noted that the chiral S; 'and Ch phases of any smgle compound :
.30 always have the same sénse (right or left-handed) of pitch. Howéver, compounds - 30
. having the value of n odd in the grouping CH.CH,CH(CH,)(CH,),— with an -
absolute configuration which is S, have right handed helical pitch senses whereas those
with even values of n have left—handed hehcal p1tch senses for the Sc. and Ch phases _



20

crystalli sed from 20 hexane
B13 in

gel,

pr ecedi g Exarrpl es. .
esters of Goup I

Ch=chol esteric;

The constants- -
are given 25
foll ow ng synbol s have the stated neani ng:
| =i sotropic |iquid,

~in the Tables 1-8 bel ow,
25 C=crystal ;
->=transition tenperature;

rreasuredfor sone Exarrpl es of the

in which the
S =Snectic A

eluting with chloroform The conbi ned fractions of ester are
Anal ogous products prepar ed by steps A13 and

[err]=ent hal gy .of fusion in Kcal [err] 186l012he tenperatures are in C;.9 for
nmonot r op{_c, TTaRsTTTONs,. TNE T enper at ur es, TREEg N parenthesis. It should be
not ed t hat the chiral S and Ch phases of any single conmpound 30 - always -
have the sane sense (right .or..|eft-handed N tg:h-— ver, compounds
30 having the val ue of (bl (:m‘,cul(mlsgc B __‘_ CO0- aDabsol ut e
configuration whichis S have r-i ght” hanhde 'he tcal” pi " senses wher eas
those with even values of n have Ie t - i cal - pltch senses for the
[err] and Ch phases. 9. E'lﬂﬂtj&gcd}% 1,596, 012
9 TABLE | .(+)[err] _ : ‘DD = aI_kyI or cyano G >Ch(C)
Ch->1 ([err]) —qN- 995 i T95. N
7.1 [err] = 1 81.8 C » chlédd) 1| cn - 1¢C) 5.XH[err] B
81.5 . - 15143 _ 5 6 lerrs —85.6 127.5
4.4 [err] . 6B.6 411 [err] 60. 3
132.3 .6.5TABEE2(+)[er9?15C-=ch'195'9 eh -
AHn . - F H, | . - idq.acal [lerr]si
96.5 210 . 5 2 2 e T - 99,2 205
4.5 TABLE 3 (+)[err| Cun-CSH, [er811.]5 ['ei5rl]3 SA - Ch3-6Ch - Pitch A
C -~ Jerr] _ C err] f[err] 72
(67.8) 85. 5. 1%?4‘_‘9 1486 1 ?7[err] L'SS B
136. 2 152. 5 Wem, | 1 236 138.2 a1
TABLE 2
- cuscu cu(cus)(cug—@-coocn
C » ch Ch~1. ,.-' AH
n °C °C - | kcalmol™:
1 | 96.5 210 5.2
2 | w2 205 45
S : o ' TABLE 3
@) CHSCHzCH(CH3)CH20"COO—@-A
| C—-SC SB—SCSC—SA. S5 — Ch c1_1-1 Pitch
CsHye—n 72 _' 67.8) 855 | 145 .| 158 1.2
OC,H,,—n 95 — |16z | 1525 | 170 1.2




10 1, 596, 012
to TABLE 4 [err] [err] 930C 1120C 1310C M xture I 20%

th Wi ghf [ and

g

5 80% by wei ght (+)[err] This mxture has a snmectic A to cholesteric

tr ition at [err] and a cholesterjc to isotropic Ijquid transition at +
[e 10 M xture | is thernochronic giving the follow ng

se ive colour reflections (in 10 the Grandjean plane texture).

Sel jove Reflection - Terrpe{.gagﬁtdif ([err]) Red: _ 10

. -10. —GreeT - ' = - \F""T uoi se
- 8.0 S TABIi%“BI ue o lL?'q
Mxtre Il 12% by weight. (+) [err] 20 8% by wei ght

chot esteri ¢ v bt CAI ORI SR RIHE Y™ 1" ot opi o

I|qU|dtranS|t|on at + [err] .. 25-
M xture Il is thernﬁc#enﬂbcscﬁ-nd—t-lwﬁmmm-w-gur Tefl ected by thls '
mxture in the Grandjean plane texture is as follows: - 11: .
1,596,012 - - . 9Ls°C. "93°C - 112°C 131P€ Sel ecti ve Reflect1 on .
Terrperature ([err]) Red - - --10 0. Orange 2
;_-95YellothxfweI - ~-8.55" - L G een
;.-7oTurqucﬁ"ée"""'°*8ht | - 3.0 - |

o c..3cu,cu<cu3»cu2+cc~

5 and’ | : : oo s
- 80% by weight o : : - : S :

(+) ~CHyCH cn(cus) qszcuzcazélnl_.-

Tlus mixture has a smectic A to cholestmc transmon at -—10°C and a cholestenc
.to isotropic hquld transition at +19°C.

10 | Mixture I is thermochromic g1v1ng the followmg selecnve colour reflections (in 10
. the Grandjean plane textuxe) . :
... Selective Reflection-  Temperature (°C)
" Red . 100 -
15 1 ' T8 : L '
o ST mffuose - =10 ' - B
" Mixture 11 o o T
129, by weight - B
(4)- CHaCHCH (cua)cuz—@—c_cin
20 ,s%bywelght | . T
(#)- cusc%cu (cus)cuz—.—ccu_ N
80% by weight

(+) C CH(CHS) cuzcuzcuzc N

: This mixture has a Smetic A to cholestenc transmon at —10°C and a cholestenc
25 . toisotropic liquid transition at +19°C. ' 25
Mixture II is thermochromic and the selective colour reﬂected by thxs mlxture
"in the Grand;ean planie texture is as follows: :



Bl ue +16.0 M xture |11 denonstrates the use of

racem c materials [err] in wi dening colour ranges in respect of
ten*pnrqfnrn 1n I\J tolire o |\I

T T oTCTT g VIEACT U C

10 42.5% by wei ght (+) [err] 28 0% by weight (+)[err] 15 29. 5%.Dbj

wei ght _ o -
15 (+)[err] [err]-Ch! 20C . Ch-1 57.4C. Sel ective Reflection M
Tenperature (C In_fra red- C 20 20 _ )
Red = 11, | | 28 1,596,012 - 2011
Yellow \_, 7 &/ K .o Gh een T ture. (°C ' - 36

Tur quoi se Selective R@% - ““p".’_“{‘éfﬁ( _ )_ . 47 25

| sotropic liquid o Orange57 4 - 95 25

M xure V 37.5% by wei ght (+)Ig 62. 5%by wei gm'%o -

(+) - CH3cH2c Z 30 . 305 .
[err]-CH, 27C Ch- I ~ 86C. Selnﬁfeqt Ive Ref | ect I on +160 Tenper at ur e ([err])
Red - - 27.0 Yellow 29.5 35
Gr een . . Mixture IIT demonsgltegthq'mdgcg@c matenals (£) in w1demng colour 37, 0
Blue . - reogesinrespectofeemperiiucpooypopic - 86.0.

M xt ure VI 1(51% bymipkopt 17% by wei ght 5 63% by wei ght (+) [ err] 10

42.5%, by weight

(+)—Cn3ca2 cH (cus)cuz—.— c00~c>-°cs“ 13

28 0% by weight -

 ()-CHgCCH (cu;)cuz—@—com@-“w 2l

15 295%bywe1ght g _ : S -. B

- cuscuzcu (cus) cu2C00@06"|3 .

So~Ch; 20°C Ch—I 57.4°C.

Selective' Reflection . °C
Infrared Temperp s )
20 S Red - S & ' : 20
L - Yellow . 34 ' g '
Green S 36
‘Turquoise o . 45
o : © Blue . o - 47 - S
25 : Isotropic figuid - - 574 S 25
37. 5% by weight

. - (+)—cu,cu26ﬁ(cus)cu -@-coo-{__}-ocsn,,
' 625% by weight - . . | a
I - cuacu.‘,cu (cu:,,)cuz—.—.—coo-<§>-c$u,3 o

SO—CH 27°C Ch—1I, 86°C

| Selectlve Reﬂectxon R Temperaturé (°C)
| 7 Yellw . 29.5
.35 . o . Green ™ S 31.0 - 35
. Turquoise 37.0
. Blue ' S e 39.0

Isotropic B L. 860 |



6% by weight (+)[err] 10 [err]-Ch, [err]; Ch-I, [err].

10 Sel ective Reflection Tenperature ([err]) Red

27 Yell ow A5 _Green C4 15—

Tur quoi se : 97 - 15 Bl ue

105.1 sotropic . 107 8 Exanples of the use of mixtures as

he elnbefore defined, e.g. in electro-optic phase change ‘devi-ces (when

ni @Q Wi th nematic naterials) and in thernochrom c devices, 20 - are

ixxiln copendlng Uni ted Ki ngokuie Pat ent Application No. 36221/75 (UK

~20 Speeteator No—1556-992) " _Faving 1egard (0 the provi si oS of\Section

9 of the P ﬁg;’ 1949, attention is directed to the C ains of Patent

No. 1 510 atent No. -1 456 359 VWHAT I CLAIM IS - 25 ' 1. An

optically active conpound haV|$§y #ﬁb#l) glven her ei nbef ore but 25
excl udi ng any conpound as cl ai dry I'm1 of- UK Patent Application No.

. 33860/ 76 Serial No.. 1 592 161.. 2. A conpound as.claimed in. claim1 and
vihi ch has é760§’V?$% optical rotation angle (+) .and a fornula D

30 30 wherein R* is an optically gekive alkyl or alkoxy group andgDis an
n-al kyd or cyano group. 3. ‘A €y Caoiclained in claim 2 and V\,hereln R*
I's 2-nmethylbutyl and D is cyano. 4. A conpound as cl ainmed i'n
claim 2 an@3ytgrweighe R* is 2-methyl butyl and Dis 35 ferr]. 5. A conpotnd
as claimed in claim2 and wherein R* is 2-rrethylbutyl and Dis [err]. G A

conpound as cla n _cl ai n thyl butyl and D is 40
[em)] u I rT(ESj cuscnzcu' @jcﬁ _ .CB%_.%EWE@ %12u y i

12 M xture VI 14% by wei ght  [err]
6%, hy welght

@. cnscn CH{CH) CHy coo___c}H,s.

10 S.—Ch 22°C; Ch—l, 1078°C. ' o
Selective Reﬂecuon .Temperature: (°C). = .
" Red. Sos 2
Yellow 45
o . - Green : 1:5;.~ . o
: S Turquoise 97 ' _
15 Blue - . 105 15
Isotroplc e - 1078

Examples of the use of mlxtures as hereinbefore deﬁned, e. g in electro-optlc phase
: change devices (when mixed with nematic materials) and in thermochromic devices,
.20 are described in copending United Kingdom Patent Apphcanon No 36211/75 (UK 20
Specification No. 1 556 994). - :
Having regard to the prows1ons of Section 9 of the Patents Act 1949, -attention is
directed to the Claims of Patent No. 1510360 and Patent No. 1456 359.

WHAT I CLAIM IS:— - .
25 1. An optically active compound having formula (I) given hereinbefore but. 25
excluding any compound as claimed in claim 1 of UK Patent Apphcatlon No. 33860/76 '
.Serial No. 1 592 161.

2. A compOund as clalmed in claxm 1 and whlch has a posmve optical rotation : }
angle (+)and a formula :

30. (+) R_._.—COO'@_D ' _ 30

wherein R* is an optically acnve alkyl or alkoxy group and D 1s an n-alkyl or cyano'

o
. .gr % A compound as clalmed in cla1m 2 and wherein R¥* is 2-methylbuty1 and D is

"g

35 cyan4 A compound as clauned in claim 2 and wherem R* is 2-methylbuty1 andDis 35
o G.H..
: 5. A compound as s claimed i claim 2 and wherein R¥ is 2-methylbutyl and D is
0-G;H,. .
86 A compound as claimed in claim 2 and wherein R¥ is Z-methylbutyl and D is 40

40 n-C4H9



17% by wei ght 5 [err] 63% by wei ght

(+)[err] 6% by weight (+)[err] 10 * [Jerr]-Ch, 22C_Ch-1, [err].

10 Sel ective Reflecti.on Tenper ature ([err]) Red s o il
27 Yell ow 45 G een

Tur quoi o6 07 IIIIIIIl IR .

105 Isotr¢pic 107. 8 Exanpl es of thé ufe bf M xtures as

her ei nbef qrp defined, e.g. in electro-optic phase change deV| ces (when

m xed W t h\bggatic rraterlals) and i n thejggesom c devices, are 12
descri bed i n—eepererg—ontted—tGTgdonmmPatent ApprTcatl on NO. dell/ 7‘56UK \
20 Specification r\if "?&’)6 994) . Having regard to the provisions of Sectio

9 of the Patents Att~ P88 attentlon is directed to the Cainms of Patent

No. 1 510 360 and Patent No. 1 456 35y IMI1S:- 25 1. An
optically active conpound having for rruls grven herei nbefore but 25

excl udi ng any corrpound as clainmed in claiml of UK Patent Application No.
33860/ 76 Serial Nol7% bgowighs1. 2. A conpound as clainmed in claim1 and

whi ch has a positive optical rotation angles( + ) and a fornula 30 5
(H)[err] 5 Gy COOH 30 wherein R
is an optically active alkyl or alkoxy group and Dis an n-alkyl or cyano *
group. 3. A conpoussg, epweigi ned in claim2 and wherein R* is 2-nmethyl butyl
and D is cyano. 35 4. A conpound as clained in claim2 and wherein .
R is.2-methyl butyl and 5 chagnmed in claim?2
angzullerein R is 2-net h%’)flﬂ‘!‘r— éﬁiZE@%‘@F@‘EQ@ oggﬂcﬁas' claimed in
clain#2 and wherein R* is 2-nethylbutyl and Dis 40 40 [err].
13 6% by weight . 1,596,012
13 _
(4).ChCH,CH (CHg) cHp < O)—~(O)-c00~O)-CrHis
10 S,~Ch, 22°C; Ch—I, 107.8°(;. 10
Selective Reflection Temperature (°C)
Red 27
Yellow 45
Green g‘;
* T ise . .
15 Bi.‘llrequmse 108 15
Isotropic 107.8

Examples of the use of mixtures as hereinbefore defined, e.g. in electro-optic phase
change devices (when mixed with nematic materials) and in thermochromic devices,
20 are described in copending United Kingdom Patent Application No. 36211/75 (UK 20
Specification No. 1 556 994).
Having regard to the provisions of Section 9 of the Patents Act 1949, attention is
directed to the Claims of Patent No. 1 510 360 and' Patent No. 1456 359.

WHAT I CLAIM IS:—
25 1. An optically active compound having formula (I) given hereinbefore but 25
excluding any compound as claimed in claim 1 of UK Patent Application No. 33860/76
Serial No. 1 592 161.

2. A compound as claimed in claim 1 and which has a positive optical rotation
-angle (+) and a formula .

2 ®-RO)~O)-c000)-0 - %

wherein R* is an optically active alkyl or alkoxy group and D is an n-alkyl or cyano
grou;; A compound as claimed in claim 2 and wherein R* is 2-methylbutyl and D is
35 | cyam; A compound as claimed in claim 2 and wherein R* is 2-methylbutyl and D is 35
CZH? A compound as claimed in claim 2 and wherein R* is 2-methylbutyl and D is
n-C,IéI A compound as claimed in claim 2 and wherein R* is 2-methylbutyl and D is 40

40 n-C.H,.




7. A conpound as clainmed in claim2 and wherein R* is 2-nethyl butyl and D
is [err] 8. A conpound as clained in claim2 and wherein R* is

2-methylbutyl and D is ferrl.5 9-—A—corpeurd—as—etatred—+n—etatm
2 wherein R* is 4-nethyl hexane and D is 5 n- heptyl -10. A conpound
claimed in claim2 and wherein R* is 2-nethyl butyl ox an hexyl /

A conpound as ct ai med in claim2 and wherein R* Hﬁu ﬂoxy a

10 ©  Dis n-octyloxy. 12. A conpound as cl ai d -whi

a p03|t|1§/e optlcal r ot atlon angl el’ggg)o@iud a for mul a: (+)[err] 13. A3corrpound

as i-Freg AR—etatm o—whrcihr—TaS—a pos, U1 Ve O TT1cal rotatlon an le (+
andgﬁ?or mula: 7-A com;oui:il as claimed in claim 2 axE)d wherein R* is F%—methylbutyl and D g ( %_5

(+) [err] 1a™Ar gy %Ldﬂaamb%d&l%@fk‘sfsagneﬁlym&ltéd&‘f)ﬁf -a conpound
as clained. i gcHR! m toget er with one or nore conpounds sel ected from

fornmulaé (11), ¢ IA Ict)mpo(dd\ﬁ)s ctanne@\ti) clgiiny 2 whéren é!f*nbe-hmmﬂhex% and Dis 15, A

liguid crysta'i ctro deV|c er noc c device including as a
20 liquid cr amed inc ﬁ’é‘HEF WeEy 1’& "Ry IoREY ]?)I qufqd crystal

mxture as ¢ lme do p&h@hmlamcdaiﬂdlawbsﬁcﬁaﬁek&l R¥ isheeyBa®lodsanany one of the
speC|f|1@ m X Duis ®sctyl&s.Cr | bed her ei nbefore. -J.. RUSSELL, Chartered Patl@nt.

ent, Agent fot2 tﬂh@ Ptdmﬂed Prclaim d@nd whichy o amtggpgﬁlcsi reitop onery Office
bs the Couri &% W ngt on ‘Spa, 1981. Publ i shed by the Patent Office,
25 Sout hanpt on Bui I d| ngs, London, WC2A 1AY, from which copies may be

0Bt ai ned. ~ -onon (cn3)CH2_-@—COCN-

: 13. A compound as claxmed in claim 1 and which has a positive optical rotation '
15 angle (+) and a formula: : BRI

| (+)-cuacnzc'u(cns)(cuz\z—@coocN

14 A liquid crystal matenal comprising a mixture of a compound as clalmed
in claim 1 together with one or more compounds selected from formulae (II), (III), -
(IV) or (V) given hereinbefore. :
20 15. A liquid crystal electro-optic device or thermochromic device mcludmg asa 20-.
' liquid crystal material as claimed in claim 14.
16. A liquid crystal mixture as claimed in claim 14 and substantlally the same as
any one of the specific mixtures described hereinbefore.
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