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In accordance with the present invention a liquid crystal compound whlch is
optically actlve is'an ester whlch has the general formula—-

CH3CHZCH(CH3HCH21 Hco 0 -.—OR '_1

'wherem n has the value 1,2,0r3,whenRisa normal'or branched chain alkyl group

30 . containing up to ten carbon atoms which may.also contain a chiral centre. The 30 .

alkyl group R is preferably a normal cham alkyl group containing four to ten
carbon -atoms.
These compounds exhibit a ‘cholesteric mesophase (heremafter des1gnated Ch)
because of their molecular shape and optical activity and also a chiral smectic.C
35 mesophase (hereinafter designated S;) underlying the cholesteric mesophase. They 35
exhibit, either on their own or when mixed with one or more compounds capable of
formmg S. liquid crystal phases, a chiral S liquid crystal phase in which the
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-‘Compounds of general formula (I) gwen above have prevlously been dlsclosed .
o .and claimed amongst many other compounds:in UK Patent Spec:ficatlon No. -

55~ 1,456,359. However the compounds of general formula (I) disclosed in that .55
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mat eri al s apeat - col-oured with a col our; viti Yaries with the tenperature
of the material. The sequence of coIours"gnven wi t h .charfgi ng tenperature in
one direction by the cholesteric phase is the reverse of that given by the
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specification the followi.ng: synbol's-are. useup- (+).: lCh refers to an
optically active materi al havi ng .a positive optlcal o L
rotation angle. .. = | L . 65
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optlcally active naterlal haV|ng a negatlve optical . rotg?¢9@ ‘angl e. [err]'
i - rotatlon) of
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an optically actlve naterﬁﬁr
chloroform - = . T B )
Exanple | " This: descrlbes t he productlon of- (+) B 4 - (2" P
nethylbutyl)btphenyl - 4' - carboxylic acid by: the follomnng route STEP'N
STEP 81 Step Al': the production of blphenylyl"4 ~-nagneS|un1bron1de by the
15 ‘entrai nment' met hod. - ' '

15 (+) - 2 - Methyl butyl Hnemigmz(m(@-@ =
Exanple 2, in dry tetrahydrofuran (20 nt), a1 o nagneSIuntturnlngs
(0.2 g atom) in dry tetrahydrofuran (20 nt) and the mixtureis stlrred for
0.5 hours. The reaction is S _ : _

(+l-'-Cl-IgCH2CH(CI-1310I-Iz COOH -
_ Step Al the productlon of blphenylyl -4 - magnesmm bromtde by the
15 entramment’ method. 15
: - (+) - 2 - Methylbutyl bromide” (0.07 mol), prepared as in Step A2 of Example
-2, in dry tetrahydrofuran (20 ml), is added to magnesium turnings (0.2 g atom) in
dry tetrahydrofuran (20 ml) and the mixture is stirred for 0.5; hours The reaction is
- .controlled by adding the alkyl bmmlde in drops. -
20 4-Bromobiphenyl (0.13 mol) in dry tetrahydrofuran (20 ml) is then added i in 20
- drops so as to maintain a steady refluxing of the solvent. When the addition is :

-complete, the reaction mixture is stirred and heated. under reflux for 4 hours and
: then left to stand overmght

o Step BI: The productton of (+)-4-(2'-methylbutyl) blphenyl . o :
25 _ The solution of the Gngnard Teagent, produced in Step Al, is cooled in an ice - 25
- bath and, with vigorous stirring, -a solution of ferric chloride (0 005 mol) in dry
tetrahydrofuran (1.5 ml) is added in drops followed by a solution of (+)-2-
methylbutyl bromide (0.2 mol) in dry tetrahydrofuran (20 ml). The mixture is
stirred for 12 hours, then stirred and heated under reﬂux for 12 hours. After



controll ed by adding the alkyl bromde in drops. 20 4- Br onobi phenyl
(0.13 nol) in dry tetrahydrofuran (20 mM) is then added in 20 drops so as
i i i hen the addition is
conplete, the reaction mxture is stirred and heated. under reflux for 4
hours and then left to stand overni ght. Step Bl: The production of
+)-4-(2"-nmet hyl butyl) biphenyl. 25 The solution*of the Gignard
eagent, produced in Step Al, is cooled in an ice 25-bath and, with
gorous stirring, a solution of ferric chloride (0.005 nol) in dry :
gt rdhydrofuran (1.5 m) is addeigs9meidr ops fol |l owed by a soluthonhgf (+)-2-
met hyl but Moyl eiinfl@iikels foufdd ihto'aTbetley c&n@&nﬁr%ﬂﬁkﬁr er( 400 i) ) - @ie m xture

‘is stl r 1 ehdf @hicehiated tiydiochldiie Aicia (40 inB Candlrr 04 Hsed reffux for 12 hours.
Afte 4 The aqueous- mixture is. shaken with ether (4x200.ml): gnesgg cﬁ@&med

4 0050' i ngg"“?, %a%’ﬂzg'tffé",ﬁ'é% 3@3&‘3 4;3 ﬁ’%ﬁﬁ%’s‘@ E‘th Tl ce (200 0).
- snage feﬁ)lﬁ edand S |rred for
'0 5 hoursprod'dwmsatpxedxsjmedmb(@ Umm Hs psdsakeen vvrth et her (4x200 m): and the

conbi ned §ix s are wa g (3 ‘E &L) before dryi'ng over.
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0.1 mm Hg %ﬁ%ﬁéﬁ ﬁﬁ% urs E)qqﬁ‘tﬁf 3 ml) of the chloroform

(+)-4- (2" soli® eaheny er ahhydrous conditions, a

sol t§i on of lBrlwmsmfte dSserrb ddntsbn. threhhmum‘ ermxﬂga mto a § @xumd) | smdded to

(+) 442 mE él‘ onl rle rou
s vedt s "?f:rﬁ{éh o rm i A .

t hr oughoufrorh maﬁcﬁa@hlcamaht meumga Ind i ght |s exc ud e romt e reaction
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- chl Qoforﬁf %‘Jﬁ @)f& l@g&ﬁ&w &VIZ{"@ glfy% %g ylre;&on S 248 hours

after thecas,ﬁra Rhiahie® Bn 101,., sodi um 15

et abi Su|§)hl te sol ut| on 150 e aqueous sol uti on | s _shaken with ether
(3x80 m) t qfs(%ﬁ@tmrwdﬂmem -War &¥rbexaliso ni ), dried

- oveps anhy ecﬁ,ormp f :{&m r@amgo\x,shg sol vent evaporated of f. Ijﬁe crude

solid | S r eqrysual(m smdthﬁnbo«jn)et4ham¢dnobaeheayloromsi ﬁﬂlh) Wpﬁﬂeﬂ@ point. 20

St ep ri tVP‘bH' (5(& {)znd e4of4ae bi phenyl .
20 Thi s SW n = (B .f'g‘dﬂ?ﬁéi?c chemi cal

reagd i on,cehs%s (72 he) nw 1xtd?eﬁdilﬁt|88\%th% mmlﬁl)taﬁdﬁélﬁﬁe ith N Exgapl e 2.
bel ow. St@pceﬁtrated' Hedrpcidomcamdmﬁﬁ p(em ipitated] pmdf@ is rfilte ?Idﬁmg ) bi phenyl -4
car boxyl |c(;lyses eri llqufmvfgsw——lsorromc iq uuﬂ '@4"@ ¥ l%md Zgysta 24C Thi s step may be
~carried out 25 (+) - 4 - (2 -
Met hyl butyl) - 4 -° ‘cyanobi. ph@ag«hpléo 015.mol e)., -prepared in Step D,
. di s3dl ved i ﬁr hrrerelnanmn A 6E-43Y methipensy i) gerblony tic aricythefolloving pot adsi um
hydr oxi d€®t§ 54 nol e) and sodi um hydroxi de (0.75 mole) in methanol' (40 m)
and water (20 m). The sol uti og éé‘ﬁt:eat ed under reflux until evolution of
amonia 30 - ceases ?ca 72 e mxture is diluted with water (1000
m) and aci diHiCGtaGH *b&mt@d Hg i ot
product. is filtered off and crystallised twc
crystal -chol esteric liquid crystal, "224C, - '

PrigtidoBici d. The precipitated
.from -ethanol :
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cholesteric liquid crystal-isotropic liquid, [err] Exanple 2 35 The
preparation of (+)-4-(3"-nethylpentyl)-4" carboxylic acid by the follow ng
35 route:- STEPA2 STEP 82 5 — 1,592,161
STEP F2 STEP & Step A2: The productlon_ )= 2- met hyl butyl brom de. 5

To a stirred soI ution of commercially:availdble (-)-2- net hyl but anol (0.34
ml) 5 in dry 'Analar* (Trade Mark)- pyrrdr ne ‘(0.12 nol) is added in drops@
phosphorus tribronide (0.135 nol). The tenperature during the addition is

mai nt ai ned below [err] by cooling the mxture in an ice bath. The white

emul si on wh(gh fsorns is stirred at. room teypetature for 2 hours. After 5
this. tinme theTgrude brom de .I-s 1O distilled f-.--..mthe e ‘under
reduced pressure (300 XY T IRNS QI ¢ nd

"seeths'. The crude di m @a?%td#(?}e?ﬁla@' p egfln ether (b.p.[err];

100 M) and is washed with: (a) 5% sodi um hydroxide sol ution (3x50 m), 15

(b) water (3x50 m); - ) 15

(c) 10% sul phuric acid (2x50.ni; (d) concentrat ed suI phur| c EP 00 m);

(e) water (2x 100 nl).  The.so i 6 1L’j]r!ous sul phat e
and the solvent is ther‘f"’ftf:"F é"}j “Z‘B‘ta@lzgﬁz F esrdue-ts distilfed and
the fraction boiling at [.err] collected 207(96. 5%pure by g.1. c.). The
product has [err] Step B2: The- -producti én of (+)-3-nethyl pentanoic, acid.
Under anhydrous reaction conditions, the Gi gnard reagent-from (+-2-

met hyl butyl bromni de (0. 38 rroI . r'od'uC'ed by, ep" s pared by
conventional 25 . netthbd&d O ( \ 8é@ured ont o
crushed solid carbon di OXIde 25 (450 q) - g her and the m-xture is |eft
stirring until a pasfe or asft l ed dwrth 50% aqueous

nyar ochlorc acyd (236 A e ego.rmﬁqareﬁmmefﬁ" r;:a.glrér')é%mmmﬁmms of 5
t he aqueous.| ayer arg &¥!Aiuldr Rbheriing i(0I 10 Myl iscadi msdrbmtplmph ﬁt

m ). The sodium hydrmbralludtewtlBSamD& The demperatire d

¢ #idition semmfa
hydrochl oric aci d anff io “\lmlrgr f‘e_'t“ihﬁg b t%’(_‘qmﬂ e t e%‘ Practs -
are 30 washedgith ﬁl‘énr% i fr i onfllaiﬁdd&“&?@;rresam ' tlumﬁ. ate 10
and the solvent ‘i s eumposraigedndfséethsThe resi due-i's- di sti. I | ed under - sl |

vacuum (450 nm Hg) angsh(r ?nlzle&etlﬁws t3ken qvngvearoleremr b ‘!f’(ﬂ"l"édf’%ﬂ“ﬁ%fl‘?]
Step C2: The product by REBER hloride. 35 =~ - The
acid fromstepiB2 is: c%yeé&gﬁirfm?g s .acid CE’Q‘ im?e usi ng .t hianyl chlori deis
35 according . to a stand(a)lﬁ/naﬂﬂh@dc a%ﬂ( 2x50 mdy Er‘rj)qval) of -the excess of thionyl -

chloride, the residual. %ﬁa &g yric agd 00 Bt ep D2 Wi t hout further
purification. Step D2: oﬂﬁ 14 Qtik &epinhs'd'rbufsodwm s(llallate andRhEROINesrT teRy! ) -

4' - bronobi phefyl . evaporated off. The residue is distilled and the fraction boiling at 121°C collected "2
. (96. 5/ pure by gl.c.). The product has [a]zo 3.9°. . _

‘Step B2: The productlon of (+)- -methylpentanonc acld :
. Under anhydrous reaction conditions, the Gngnard reagent from (+-2-
- methylbutyl bromide (0.38 mol), produced by Step A2, is prepared by conventional
25 methods. The freshly made- ‘reagent is poured onto. crushed solid carbon dioxide 25
' (450 g) in ether and the mixture is left stirring until a paste forms. The paste is '
acidified with 50% aqueous hydrochloric acid (240 ml). The combined ether layer
and ether extracts of the aqueous layer are extracted with 25% sodium hydroxide
: solution (3+60 'ml). The sodium hydroxide extracts are acidified with concentrated
30 hydrochloric acid and then shaken with ether (4x 100 ml). The ether extracts are . 30
washed with water (2x50 .ml), ‘dried over anhydrous sodium sulphate -and the
solvent is evaporated off. The residue is distilled under slxght vacuum (450 mm Hg)
and the fraction boiling at l36°C is collected [al"’ 6 4.

- Step C2: The production of (+)-3-methylpentanoyl chlorlde .
35 The acid from step B2 is converted to its acid chloride using thionyl chloride 35
according to a standard method. After removal of the excess of thionyl chloride,
the residual acid chloride is used in step D2 without further purification.

Step D2: The production. of (+) 4 - (3" - methylpentanoyl) - 4' - bromoblphenyl
To a mixture of anhydrous aluminium trichloride (0.1 mol) in dry
40 dichloromethane (40 ml) is added in drops a mixture of 4-bromobiphenyl (0.086 40 -
mol) and (+)-3-methylpentanoyl chloride (0.1 mol) in dichloromethane (80 ml). The
mixture is left stirring for 18 hours. After this time, the mixture is poured into a
beaker containing, ice (100 g), water (30 ml) and concentrated hydrochloric acid
(50 ml) and left stirring for 0.5 hour. The organic layer is separated off, washed with :
45 water (2x40 ml), dried over anhydrous sodium sulphate and the solvent evaporated - 45
of}fl Thle crude product is then crystalhsed to constant melting point (97°C) from
ethano



“1n s

To a m xture of anhydrous alumniumtrichloride (0.1 nol) in dry 40
di chl oronethane (40 mM) is added in drops a m xture of 4-bronobi phenyl
(0.086 —40-—+ol)—and {+)-3-nethylpentanoyl chlaride (0.1 mol) in
di chl oronethane (80 m ). The m xture is left stirring for 18 hours. After
this time, the mxture is poured into a beaker containing, ice (100 g),
r (30 m) and concentrated hydrochloric acid (50 m) and left stirring
0.5 hour. The organic layer is separated off, washed with 45 wat er
40 m), dried over ‘anhydrous sodi um sul phate and the sol vent evaporated
45 oféf . The crude product is thensnnystal |l ised to constant neltd n,q,pm nt
([err])TPm t Y u 1,592, 161
6 Step e g S ol a A S AR
br onobi pheaged: To | ithium al um n| um hydri de (0. 063 no In SOdI um dri ed
et heé (100 n(d)d@b’@romﬂwmuwa@lcl@ﬂdyleéﬁlswlalnundlwndmdqthecﬁp@ml)de (0 135 nol)
di um dr taheqd 100, %ﬁ
QSP“) €54 109mbdnt 2 bromabiphe 'g%ms

d
-5 (b) (4) ch(o%oformmé t)ut‘th mixtu m r|y (0 0185 nol) in
dry chlor of oThm RO midrecis thw@h sirringadnd Yoltioe for uthhnum Xﬂemx ntly boils. The

reagi on #b plaminiuny HIE‘H‘dFéT thew, destroyadoby epytiopsly| addige pater 18theour s, The excess

of 1t hi M SRR ies NG bolfedt o LNSRSESE OB DVt RS Inmud%hy adlfl ng vat er
to the 10 concentralth)d’iyﬂfoehlonc acid ( 100 ml) and left stirring for 0.5 hours. '

10 ‘The m xt uFks ¢fsan_@dnle ilovaaheslm'thtwam(hﬂoq b r@@OV wat er (60 m )
R :

and conceft ! ET of P‘i"fi}‘ ng f
hour lg’ Thg% si%lc ayer IS separate 0%?105 J(ﬁgwth wat er (ggx 100 m),
dried oveStearFﬁ Bh@mdls:udn gfrmé-ﬂ{ h@ﬂe'lmntdl)-ﬂh@dmbimpnws t hen evaporated of f.

The soI | d_prOdtigpreph(r -4 - gyﬁ?t&ll tht%ﬁ?‘@l‘ phdfeconstant nel ting
~point ([ eBifds undserc P 333’3?33?3 h%nn Ed bl xt&n@&:q%ouzd y |
() 26 (3 tmihgdl%lbntof/enqﬁlchlw e iak) datedAydl‘b&ild.ﬂ’cetcﬂf(S(mhdn - (30 -

met hyl pent”y‘lel‘ 13 O

mi),; @(W |for @5 the proguet . gf step E2).
cupr ous cg&n ;dr'f ﬁ)\g 1“)’ ﬂrl)ﬁ' ﬁﬂ) ﬁ'@g‘e; g”?ﬁ%' Mt s heated under
reflux. lﬁﬁkm;ﬂﬂ .thh & qu[&th agaglg@ gfEreact.i on. m. xture is poured 20
I nt @s5a sol ‘ut Tererede OilnpmdupwmhoﬁqddMCQImn romgagepiyusipesilieggdd ochl @5 i ¢ aci d,
(5 m) angelumn 2’(?’9?}% ath ‘;{P'}‘“ %@gtcgq Prstyctis: “Férdfs]'“ef' 94,5 hour. The
organic rraerFa |st enu I'n.éther. the extract. i's ' washed with

di lute hySep& 'deprocmeudx ((f?-é() -]40(13'm metaﬂdem\mbbhex(yl%x4'1a@rmh)hp dried over

~ anhydr ous2dé fpuithe eer %ﬁ“émg ﬁﬂlet \;._-f'o{i vent: s ‘hen: apor at ed off 257

"The 38r udeEp| ﬁfﬂ %‘E Y GO Ak %q#i % §§ USI ' a SI | ica
gel . 25. cmgummneke@d hktum@tyumu‘so& i©[ig mrm ° .'e purifi.ed pr oduct is then
distilled at" 0.1 mm-Hg,” at an ‘oil: bathterrperature af 18QC StepGZ The

product i on Oi'he(m%onoié 4_?2?’13%‘6? Wb}v%rg)ﬂ Q.yl arboyy, agarboxylic acid

' frongst he 6PtHeas 'be pr epargd and
purified by a nethod anal ogous to- that i n:St ep 30 El: of Exanple 1. T he
col ourl ess - crystal s 3&P' }éﬁ(gﬁ *éé I-ch§| BBA3ric liquid crystal, [err],

chol ester.i c I w%’ ? 3153 T'opl c.Tiqurd, Terr]. Exanpl e 3 The

pr epar at | on of (+) (4‘ : rret hyI hexyl )bl phenyl -4 = .car boxyl ic acid

AR . STEP B3 N
. H‘) U'13CH20HCH3)(C|"2)2 COOH S — -

- sTEP c3 S
H" CH3042CH(CH3){042)20001 e

- sreppa

= O30 CHCHIoH,) & ——(
' 0



35 by the follow ng route: -
35 STEP A3 STEP C3 STEP D3 7
1,592,161

7 Step A3: The production of (+)-4- fret hyl hexanoi c acid. 5 ' S
(+)-2-Met hyl butyl brom de, prepared as i.n step A2 of Exanple 2 above is 5 C

converted into (+)-4-nethyl hexanoic-.acid-by-irnteraction with diethyl

mal onate foll owed by hydrolysis of the ester according to a literature

met hod. The product (96% pure by g.l.c.)+:has an [err] and boiled at 1340Cat

25 mm Hg. 1Q _Step B4: The production of (IPP&Melnet hyl hexanayl chioride

The acid from SLep A3 is converted |nto the acid chI 'de by id rgt i on

with 10 thionyl chlofj,de. ac¢ ) y grer_.r..e.:roval of

[ ){gﬂ

the excess of thionyl chl of B 2 3 €2 Yual A -de i's used.in step

C3 without further purrfrcatron Step C3:" The productron of (+) 4 (4"

nmet hyt hexanoyl) - 4 - brorrobr phenyl. 15 . = - The aci{d chl Ed,eFfrom

step B3 is interact ed : ' esn.l:.r..bed in

step D2 of Exanple 2. prf’()dﬁlr; { &Ep _ stant mel ti ng poi nt

([err]) from ethanol. The product gives a rronotropr c snectic phase on

cooling the isotropic |iquid belowthe rreltln 280C 20 -Step -

D3: The production of (f)- mimemgﬂh eRYHCOOH 20 -

Thrs conmpound is prepared by areduction rreth d golis to Step E2 of
Exanple 2. The solid product |s crystaI |ised to- const ant - nel'ting. por nt

([err]) from ethanol Steg n of trddaestytheggnoic acid.

(+)-4- (4" - met hyPhexyi ! m‘ i a b i, Ui %‘t‘%@?ﬁﬁf d
purified by the a nef ﬁof-‘ﬂie%&&ﬂm B Pe m by

The production' of - ({96%pute b( rﬂ haf.stdn;tbrla‘e%}ﬂ e)ddrqoﬂeha;tll34°(ztat 25 ngmHpoXy | i c :

acid fromthe corresgpﬁ%nghnrtd L&, f Shih, oecarried out and the
product puri fi eg by - 1 b keI *%&L“éedym s ‘”@'mi.dsror;nngtctgr.vﬁranplm
| to yield a materi althudnaw op:ttyr tarﬂﬁmaﬁeolrttdSAft faoval of the bxoéss, of

Sc-CH, 219.1€C.. Ch-1, eg'n ?Eglortgeaﬁpr gesidual peid ph'ep@rr utlrsemmonemcélmwphml s by
the foll owi ng route: "A4 35 ~where Ris an“alkyl. group, for exanple
a n-al kyl group. - Step C3: The productifa oﬁmp 44z Thethhiexantshi-an - Blomobiphenyl.

4- al koxyphenol sisi | | ust r"dheecbl orirls’ fre lalBé.tl$ terotediwith: 4-brompbiokenphinte. A 15
sol ution of potassi uff %lgv ep) 2 o Wp‘Fﬁ 'Wﬁtpé‘rd“ftZB‘B'Yﬁ‘r‘tn}se‘il RN over

t
30 nmin to a refluxi ng ;srafucp r°m °eﬁm iPstBotiEshascAobi rtmnnoftcmad(Z 3
nol es) 40 in et habdbw(ﬂ&%elﬁﬁ pom&ftbe8°dweatr ng for--an-addi tional 4 :hr,.

cool ed, di I ut e m Xt 4 hak Q et he ﬁ _9 nz th e aqueous _ _
¥ c on +)-4 -methylhe yl)-4"-bro o’bnp enyl. 20
phase | S t hen C' d' f {gaThl M % % reduction method .analogous to- Step E2 of :
tfixampl;al 2. '{‘he sohd product 1s crystalllsed to constant meltmg pomt (86——89°C) '
- from ethanol. : :

-,

o Step E3 The productlon of (+)-4-(4"-methylhexyl)-4’-cyanoblphenyl
25 : -.2 = This is prepared and purified by the a method analogous to step F2 of Example - 25

Step F3 The productlon of (+) (4" - methylhexyl)blphenyl - 4’ - earboxyhc
acid from the corresponding: mtnle Y

_ ‘This step may be carried out and the product punﬁed by a method analogous

- 30 to that of Step El of Example 1 to yield a;material havmg the physical constants 30
C—Sc, 175.4°C, Sc—CH, 219.1°C, Ch—I, 235.8°C. - . :

' . Example 4 '
. The preparatlon of 4-alkoxyphenols by the followmg route —

o~ sePAL
O

35 where R is an alkyl group, for example a n-alkyl group.. g B 35

Step A4: The productlon of 4-alkoxyphenols 1llustrated by the preparanon of 4-n-
octyloxyphenol.
A solution of potassium hydroxtde (2.13 mole) in water (238 ml) is added over
: 30 min to a refluxing mixture of‘p-quinol (2 moles) and l-bromo-octane (2.3 moles)
40 in ethanol (640 mi). After heating for an additional 4 hr, the cooled, diluted mixture - 40
: is shaken with ether (500 ml); the aqueous phase is then actdlfted..When cold, this is



8 1,592, 161
8 then shaken with chlorof orm (4x500 m) and the. conbined extracts are
washed with water (3x200 m). After drying ([err]), the chloroformsolution

'S evaporated, and the residue chronmatographed on silica gel using
chloroforntas el uent. The conbi ned nonoet her fractlons are crystalllsed
om hexane (mp. 5- [err])-
he remai ni ng 4-al koxyphenol s may be prepared by analogous reactions,
arting with the appropriate 1-brono-al kane. Exanple 5 The production of
e b| phenyl 4' - car boxyl at e estesnslsof the present._ mventrnnj,ég_\/ by the

hed : .10
STEP AS éj bakAn é;godﬂn%ﬂf %mf'i‘g %(‘)‘%:E.@ aﬁ ) c%tmbmel?lgéit%fg ﬁuﬁ?ﬁﬁe production of
K ofhdto

(+) -4 - i lrestdfle chr ion satca delofying chigbor exenplified
the Iafu&ﬂ%?l'eéé cambinéd fedoether] fractiops are ¢rstalNspd ffOP ‘)%f't?hg‘n‘ilr - .4 - 15
car boxyl |6&°Cac| d chI orid Qnol's A lgezp,eparggegmhmgoyt ydatyphenyl - 4'

car boxyll gt %ﬁ“ﬁf{l‘( ﬁﬁe brombalRadecd as: in Step. El of Exanple I, is
heat ed wi'th chlori de-, (20 m ) ‘under ‘anhydrous -condi ti ons for

1.5. hrs..The excess of VifzEheit invehti “distillation
under re ucé’heﬁ}@é‘%‘qy “H‘Th‘@{;%/{'c‘f\' -ca‘t"ﬁ:{) g%dée&?if?%upggfs Used in the next . 20

stelﬁ wi t ke Yier" purlflcatlon Step B5: * Producti on of the ester -
exenplified by thegrodyet STEPrA'-i (2"-

met hyl but yl 7 DHYE >yt &7 ‘ -

met hyl but yl ;‘Eu%h @ ' : ' mol e),
‘prepared in" Step:A5 above s dr ssol ved: i'n dry AnaI ar' pyr|d| ne (10 nl)
and 25 cooled in:anic ' 3 phenol (0. 002. nol e), prepared as
“in Step A4 STEREB, A= p—i - : d solution and-the m xture
~is left, with sti i : ) I -toroomterrperature It is then

heated at 100 gl di ne: is rem)ved by -rot ary evaporation
and the' Y& gtfggg(o‘frﬁrriggvgﬁr onat o

&ra hedo - LGa.Qe -eluting with
chl or of orgip A’i!ﬂ‘hepmbudmdotf(ﬁaeﬂl 9 ylb Fefé @'?’%"y f,&‘ﬁ l” d 306 from -
hexase. Anamdq‘tséste apaiign 198 (Bl &f nal ogous react i ons enpl oyi ng

t he appro‘p‘f < :ﬂgm BUtADIBhERT - o1t i- darbmxdnc mm@z 'M’i sical constants
for. a' serﬁ,@&rm‘asqxs 1ep E| amxpmpled is heatedivth\thi ,Ylyéﬁl org g bpbl €1 below - 35
TABLE -1 anhydrous conditions for 1.5.hrs, The excess o th:io y 3 ?: El AFdxS f or 2%one

- comibundsdldf“ %ﬂﬁ‘re'g%q‘gﬁﬁe he: TP? acid, cmqrbeées‘ Y |

: out fu

"4

. ..--Sc Ch Ch |

lerr] .n= 158 hel @kte] - exerpishified by - th«maédil"' PO S
[err] Ste Bséphperr?)ﬂ +) -4 -@ - methﬂbutﬂ)bmhenyl O-XN‘;‘C arbox fgtrf e (0002 4 [err]
79.8 - +7@ 4 - (2" S e A 4[ rﬁ P onlar pys@iné (10 mi) and 80.25  163.5

] ) - di 0 p f

9.3 q5el’ r] mole ’ “', A |ceb n-he henol kG.002mole), prepar l S@Wr 40 76.6
88. ,%h 4, is add rred solutnan and the mixture g‘:i!or : |th Stlt;l;l"d 89.5
147. 6 : b tise t omtemperature It is thep 905 146. 4
10.5 I‘Ss :‘er}hovedeb; ::tary evaporation-and the- res?:l% chIumn chro aphed on '~ IU 7 E

- silica gel; eluting with chloroform The combmed fractnons of ester-are crystalhsed

fmm/\h::lzgzus esters may- be prepared by analogous reactions employing the o

appropriate starting carboxylic acids-and phenols. Physical ceu.s’tants fora senes sof
esters prepared in thls way are glven m Table 1 below— _

i 35

3-5 ' P T TABLEI 1.-
- Constants for some compounds of general structure
R o chCnet AH |
o nzl C Sg:(?rCh Sc?C: o écé. kca15m3ol'-‘ ©
- CH. . 817 . .— . 163 5
o n—C H., 79.8 @0 1645 6
h - n 688 . 802 1635 - 53
Ch—CHy 804 813 1515 12 B
- o n—C’H'ﬂ; %6 . - 886. 1554 . 107 .
45 - . n—CeH, . 193 89.5 1476 102 _
| B n— oF ':1' 735 905 | 1464 105

AiCH, . 810 103 0 1203 1 —



n=3 [err] 81.0 120. 3 120. 3 9

1,592, 161 9 The synbols in Table | above
have the followi ng neanings:- [err]-or Ch——s—the-erystal -te ehlra
smectic C or cholesteric transition tenperature; [err]-Ch , is the
chiral smectic Cto cholesteric transition®enperature; 5 - Ch-1

I's the cholesteric to ksotropic |ig@sd:trafsi'tion tenperature, 5 AH

is the total enthalpy ‘of fusion for the change stable crystal (C) to [err] -
or Ch I|qU|d crystal phase. () brackets around. a tenperature
i ndi cate a {no QﬂigpLg_L_angLLLgn_mblch is ddPZWhser ved durlnd a heating
cycle but 1 - ie, the
transition is m)not r opi. 'ghe ,Symgdﬁ'h“ e aﬁx?oﬁg%g}glstgé mﬁl’%‘%"‘?ﬁ@‘i none of the

pure materials |isted@x% diGhs a lis dfalcwsmystlaﬂal pmseCaQr QitOIdeueFrwghm

temperature to be of ¢ regt inter SRRRTR00LT CAl 18115 oS insifibn fefBRature;
tenperature. Hogever, &G compoUNgSatroiditorittl Sk JAN tiadtiontombirdtare: S
connecti on when used aH eut ectic r;gﬂagwtgsenwarphopn@omor%g thagtde 5b|¢c&n§@ﬂt| bl e
15 li-quid crystal form ng mat €€) &l &, orlﬂhdmude:rystlephnsect ur es (soluti ons)
then exhibit a 15 chdllesteric and’FkaCta %%Iﬂlﬂah P?ftm tam'gemptlr
tenperatures. Ijg this connection it %‘t@&‘tﬂ ?n % o B %

Ch phases of any single conpound a vvays have t e sane Sense (ri g or

| ef t - handed) of pitch. FhmiawenTalﬂo wmldasndmwfﬂl puremadnalmhatdnl@xg lqmd

and 10

[err]-with 20 an °g 'cﬂheﬂe tt é&“i‘ ‘I:‘PF‘? iregt fpacrest far dpplicptinny
hel i cal pitch senses conngl; ‘°“‘§%1% ‘ii" Al g °°‘“ ‘d‘.'{'m Uep wh ’?%hi ““panb.e
| eft- handed heliscal piqﬁllahrmh&aﬁmi afatehhle, eeius tm em) then eexhibit laowi ng 5
;\rl\g g} )S(E)u; gi O?(rjgd_exgﬁ?ﬂ ?ﬁﬂls connectxon l‘a% Hg be. note at the c 1ral‘§mu% han asnyseen

: ?ngle compound always V%Ye th same sense ht or l ptch
25 Conponent However, compounds ha i eHel godup CH,CH(CH HDe——
(H)[err]- 20 an. absolute configuration which is S have rngB(-)ha'ﬁdahheltca]omtch senses, 20

tenperatures: G J[err I;’hm 65*“[ @{ep yaless of n have [sftrmnded helical pitch penygs fordha Sour s

seen on Vi ew ng a ‘thi n %nﬁ*t%@ﬁrere%ﬂlﬂ}ﬁatﬁfthéQinﬁerﬂi‘ui‘ets'df the b(‘ﬁm§5
a direction at right cmgéseSentzﬁe Be rédcbdded.and i'n ‘reflection are:

35 Sel ective RefSl ection TenpMixararle ([err]) Blue 25
50. 0 Turquoi se _ Component. -~ . 57 .0 Green Mole fraction :
59.0 40 - Yel | g ' 0?(?5
40 Orange S A : 000 OLCLFb‘d
685Trans_|t|onto chol-es - Ch)- : 720 Red _
72.5 -0.31 o
LT 039
' __ i30' - where A 'is (+)CH;CH,CH(CH,)CH,— L _ 30
Traneit;‘dh temperatures: C—S, — 49°C '
- Se—Ch — 72°C
~ Ch—1 —163.3° o '
. The colours seen on viewing a thin film of the planar texture of thls mixture in
35 . adirection at rlght angles to the film and in reflection are: c 35
" Selective Reflection S Temperature (°C)
Blue : 500
. Turquoise : 570 N '_
- Green , _ 590 . - _
40 Yellow ' . . 665 .. - 40
Orange .- ' 672 - . .
"Red . : 68.5
. Transition to cholesteric (S.—Ch) ... . - = .. 720
Red : - 725 :
45 T Yellow P o ) . .. 128 . . 45
Green 740 o
Turquoise - : : _ 83.0
Blue = o R . 845
Bluefviolet - . 92.0

50 Transition to 1sotrop1c hquld o o 163.3 L ' 50



45 Yel | ow ) 72.8

45 G een 74.0 Turquoi se
83.0-Blue——c—— 84.5 Bl ue/viol et
92.0 50 Transition ta |sotrop|c l'iquid 163. 3
50 10 _ 1,592,161 -
M xture 2 Conponent - o " .Mdle fraction [err]
[err] . S ' 0.16 5 - B S
3 ' ' . .0.32 ' 5 [err]
~151qd err] [err] Lo 71,592,161 0. 06 Transltlon tenpeﬂnk~/es
Clerr] - [err] 10 . Mixture 2 - 0
10 Ch-1 - [err] The colours seen on V|emnng ‘a & thmu | I mof the planar

texture of this n1£WB?§ is adirection at right angles to the filmand in
reflectlon arg Tenperature ([err]) 15

"Red . A -:%Ez,_*_’_gj“ - '39.0 0
Yellow ... . L AT . 41.0 Green .
43.0 Turqu0|se e Sl e 43 4 Blue _
20 G een- 60. (blﬁvel low

. 67.0. Red : 69.0 Transjtion to
cholesterlc ([.e Red
14.55 . . p Y03 5
74. 8 C?een N N X v HAS Turqu0|se -
85 Blue ... - . - &_wu:-.-;--;'{-tw,.._~; 90 30 Lk ‘- e
Bl ue/ vi ol et NG P 97 30 TranS|t|on to-
i sotropic W ;“a%%$ﬁur chang@§ﬁmttnn the tenperature

Tange 39~ [err} const:tute a falr y ‘narr.ow r ai nbow. - The racem ¢ anal ogues of
t he optlcally ers dl sed above may.-also35 . be‘used as
conponent sAe ; 10§ fﬂOVIdeS &O07al'vable facility for
'35 al tering. thepi of .t he Ch phgse and. t her efiore t'he col our mhlch It
exhibits mAthout alterlng t he nlxture conp05|t|on : e

°°°"‘°°10 K R

Transmon temperatures C——Sc 39 4°C

o - Se—Ch- - 743°c R 10
| | Chl — l62 2°c o '

~ The colours seen on v1ewmg a thin film- of the planar texture of thlS mlxture isa
dlrectlon at right angles to the film and in, reﬂectlon are—. = - c

_ Selective Reflectlon ’ T Temperature (°C) AT
13 Red . B 39.0 , - 15
" Yellow S o o 41.0 .
Green S o T T 4830
" Turquoise AU o 434
Blue L C 43.7 .
20 . Turquoise e 58.7 : .20
- . ... .Green.- . . - S e . 8600 S _ _
Yellow. - - - - . w2 6100
Red . 690
- Transxtlon to cholesteric (Sc—Ch) e U743 o
25 Red ' 745 ¢ : 25
Y_ellow o : . : 748. . :
Green : _ 77 _ _
Turquoise ' 85 o o
: " Blue - : 90 S : S
30 _ . Blue/violet o 97 . 30 oo
: . Transmon to isotropic hquld S S 162.2. .

~ The colour changes wnthm the temperature range 39—43. 7°C ‘constitute a
- fairly narrow rainbow. '
: The racemic analogues of the optlcally active-esters disclosed above may also-
- 35 be used as components of eutectic mixtures and this provides a valuable facilityfor -~ 35
altering the pitch of the chiral phase and. therefore the colour whxch it exhibits
w1thout altermg the mixture composition. 3 '



1,592,161 11 WHAT | CLAIM 1S 1. A
|l iquid crystal conmpound which is opti active and is an ester having the
general formula:- [err] 5 wherein n has the valuye 1,2 or 3 and RisS
a normal or branched chain al kyl group“*%*téntai ning up to ten carbon atons
and which may also include a chiral centre. 2. A liquid crystal conpoundas
claimed in claiml1 and wherein Ris a normal alkyl group T lan O (l
ten carbon atons. 3. .Aliquid. crystal conpound as clai rrecﬂm"m,mmmmmm )
claim2 and wherein n 10 : has the val ue 1. - * LMo s e
10 4. Aliqiigd cillystal conpound-which is ond.8%Lidlhe conpounds listed in 1
Table | of the 'gpecific Waag 1 @lARPigS- A liquid crystal electro-optic
device of the phase-changa figuREcrstal Wbthsdund BRich isiptichi§ adtit @hd FBh €tkAlaving an
ester as clained in athy sereeal forewlai-ng cl ai m or a- #5%: m xture of
solution of such esters or of one or nore of such_esters with other liquid
15 crystal materials. 6. Vi a lyali I n m n rein the
m xture of liquid crystal éﬁéﬁbbﬁ@ﬁgﬁ )a—@m@.—cﬁ‘@é@;a ¢l ai med
inclaim5 or claim6 and wherein the liquid crystal 20 materi al al so
i ncl udes a pl eochroi cw ?n n hlfs'thetvaluel;l:, 2, oro3 and R is a normal olr -br?ncihed chain al}(yl ggap8. AS
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to a surface and observing lighid ceyslaDeléct@ioptib @evidelofthic phiselchfgs typ8lindbhiét @bt -
angl es to the surfaceliquidcrystalmateriad isaan esteaiavwthimed iol aay ron® psebdingacibimabl y as
herei nbef ore dedri beﬁ‘;‘é\jﬁ%@: O Fich eRtpa P foresranrre ot ychhisters idiother igwid 2 of 15
the speci fic descripti O Aldevieb8Selkined Shakhes G BEH theABRAle orAgERLorlsl T e
Applicant. Printed fomategas Vajeskyc.s Stationery. Office, by the Couri'er
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- material is an ester as hereinbefore described with particular reference to Table 1
of the specific description. : o
. 9. A method of surface thermography which includes the step of applying a o
25 thin film of an ester, or of a mixture of esters as claimed in any one of claims 1 to4 - - 25
- ;3; as(:g_t"ztcce and observmg the colour of '_che film in reflection at right angles to the
. - . 10. A method as claimed in claim 9 substantially as hereinbefore described and
= with particular reference to-mixtures 1 and 2 of the specific-description.
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