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invention relates to optically active liquid crystal materials and
Formul a ( Il)quld crystal devices containing them.
It is known to mix together compounds havmg liquid crystal properties or
tendencies to product mixtures with extended liquid crystal temperature ranges. If
- the resulting mixtures are optically active they may find use in electrical-optical :
- 10 devices. of the cholesteric-to-nematic phase change kind, or in apphcatmns where the 10
colour of the mixture can change with temperature( thermochromlc apphcatnons—— :
e.g. surface thermography, temperature detecnon) or with the presence of an impurity
(app?catmns to detect unwanted particles, lxquxds or vapours, e.g. atmosphenc pollu-
tants
15 Copending United Kingdom . Patent Apphcatzon No. 36211/75 (UK. Patent 15
Specification No. 1,556,994) describes such ‘mixtures formed by mnxmg 4’-'alkyl—4— .
cyanobiphenyls with 4”-alkyl-4-cyano-p-terphenyls
In accordance with the present invention a thermochromic hquld crystal com-
position contains at least two optxcally active compounds at least one having a formula :

» | B C”zc“alRa o | .z,o-

Formula (I)

where a and b are D or 1 such that a + b = 1, where of the two groups R, and R,
each coniains up to 12 carbon atoms, one is an alkyl or alkoxy group and the other. .
is an alkyl, alkoxy or cyano group, at least one of ‘the groups R, and R. being or
including a chiral: alkyl group R¥, with the proviso that when one .of the groups Ry
25 and R; is cyano the other is alkyl. 98
' Preferably the compound havmg Formula (D has a posmve optxcal rotation -
angle (+). -
Certain of the compounds having Formula (I) fall within the scope of Claim
. 1 of UK. Patent Specification No. 1,551,043 '
30 Preferably, the optically “active alkyl group in the compound of Formula (I) 30
' is CH,CH,CH{CH;)(CH,), wheré n is an integer in the inclusive range1 t0.3: -
The compound having formula (I) may be one’ or more of the following:
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where a and b are 0 or 1 such that a + b 1, where of the two groups
[err] each contains up to 12 carbon atons, one is an al kyl or al koxy group

and t —its-an -al kyl——al koxy or cyano group, at |east one of the

groups [efr]\being or including a chiral alKkyl group R*; with the proviso.

t hat when .of the groups R, 25 and [err] S cyano the other is

al kyl . . 25 Preferably the

conmpound havrfg ‘For mul a (1) has a posrth L‘ﬁptrcal_rotatron 25 angfe Q-ﬂ .
Certain of t oMPot " v Rl Y g ¥ i " - mﬂ’«/’ _
1 of U K Patent Speqrfrcatron \ : H%cﬁ% CN Preferably, the
optically active al-kyl group in tN o] ofmula (1) 30.is [err] Y,
where n is ‘an integer in the |nclusrve range I to 3.' The conpound havrng
formul-a (1) may be oqﬁ or nDreRbf ﬂMtﬂ

1,596, 013 r'gq where R is a chr raI

aI kyl group, preferabl rr ng e elg%i to %Pe%l(if\é\g % thréaee and:

where [err] is al f’gﬂe thl' g’R‘g’r E? al’;{k 2 ajy, B beingone of
[err] 'being ahi ra'oneole aI;dR,lbem chiral, e S R v alkoxy, atleast 5 The
conpounds of For nul a The onmyndbe»f (Fsuthlal (1) rfdynbet v 660 fokih QBnBochrioli¢] Idmiar yst.al .

m xtures with one 51°!en‘»°mnd@un e pemort of thecaggér e&ﬁanaes
char ac- terr sed bﬁ{f J:h %"\gl X)’t”b“(h\?? “Feng‘W?F@h ‘e Rgr oups .
[err] R, R, R edch” dntarn up " o.n atoms (a)

10(Forrru|a(||) V\,here[err] I s anpal k. _ |500r 1, [err] is
an al koxy angh [err 0; (b R, LR Wnere err i goan
y and [err] kg 0 (b) Ry gr carr] err]. i 5o

al kyl group and Y is [err] 15 is an alli ‘ N koxy
gr oup. - 15 [err] 7 rer@)E Is an-

ester Iinkage grod’ﬁm&'@:@%@aﬂé@‘@orh\m&eﬂmaﬁtwm}dh‘soal kyl or_al koxy when
Eis -COO'"and [err]' is cvano when E |OCO .and wherein R2' is an

al kyl, al koxy or cyage group when E |kcoamd R2' is ap,al ki 0

or al koxy group when. Eis -0 COQO - 4 ' &om"lfkyhlﬁ

20. [err] where [ewher]:msazadmyyﬁro@rammma!gy, R is an al kyl, -al koxy or cyano

group, Eis an ester . _
' Qo O« DD

15 where Ry is an alkyl or alkoxy group.

' - 15
@y | R'-"— —.——R | |
: L 2 _ Formula (IV)
wherem E is an ester linkage group —0 CO— or —CO0.0— wherein R, is alkyl
or alkoxy when E is —CO.0— ‘and R,’ is cyano when E is —0.CO— and wherein
R, is an alkyl, alkoxy or cyano group when E is -—CO O and R, is an alkyl
2 or alkoxy group when E js —0.CO—O. 20

@ Rs—.—E-@— @—R7_

‘where Ry is alkyl or. alkoxy, R, is an alkyl, alkoxy or cyano group, E is an ester
linkage group ~—~COO— or —-OOC-- and K represents hydrogen or a lateral methyl
or halogen substituent. o .
25 Such thermochromic mixtures may be used in known apphcauons for optically 25
) active liquid crystal materials, the actual application depending on the specific proper- :

|  (Formula (V)

ties of the mixture, e.g. the helical pitch of its molecular _arrangement, As is well -
understood in the liquid crystal art the thermochromic effect is depéndent upon the ..
pitch of the helical structure adopted by the liquid crystal materjal being of the order - - B
30 of the waveléngth of visible light and also being témperature dependent. As is also . 3D
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
. liguid crystal material may be adjusted by admixture with non-chiral materials in
' .. appropriate proportions, which may be determined by trial and error. The compounds :
.35 having Formulae (II) to (V) may accordmgly be chn-al or non-chiral. Preferably the =~ 35
mixtures are eutectics. -
According to the invention in another aspect a hquld crystal electro-opuc device
or thermochromic device: mcludes as a liquid crystal matenal a m1xture mcludmg-
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The optically active .conpounds 4 odpeed as pgeducts in the follomnng
description have a positive R}é@ﬁlBe denot ed by the synbol
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com pounds wi'th negatlve optical rotation angles

(-) or

ds () may be prepalqﬁepnianalogous routes using the-

gative' or racemc<c

oute: ‘ Step CI

" R,—.—.-cuzcuz-.—cu

R, = (#)- CH3CH,CH (CHg)CH,

Step Al: The productioﬁ of (4;)-4-[4'*( ”’-methylbutyl)biphenylyl] -47- -

bromophenylmethyl - ketone (by Friedel-Crafts. Acylation).

One example of a way of carrying out this step is as follows: -

A mixture of (° +)-2-methylbutylb1phenyl (0.08 mole) (the preparation of which
is known and described in United Kingdom Patent Application No. 36211/75 (Serial
No. 1,556,994)) 4-bromophenyl -acetyl chioride (0.1 mole—prepared by standard
methods from commercially available: 4-bromoohenylaceuc acid) and dry dichloro-
methane (140 ml) is added in drops to a mixture of dry dichloromethane (50 ml)
and anhydrous aluminium trichloride (0:12. mole) cooled in an ice/salt bath to
—7°C. The mixture is. stirred at.between ~ 7°C and 0°C for 2 hr, and. then at room
temperature for 1 hr; it is then poured -over ice, water and concentrated hydrochlonc

lised from ethanol/toluene Its melting pomt is 154°C.

35

Step Bl: The production of . (+) -1,2-[4- (4” {2~ methylhutyl}bxphenylyl)-
#/bromophenyl] .ethane.
One example of a way of carrying out this Step is as follows:

" are added:

To hthxum_ aluminium hydride (0 063 mole) in sodmm-dned. ether (100 ml)

reactants 15 in the preparation

EXAMPLE 1. Thg .@l@ﬂ&?ﬁ Br |
- (2"" - met hyl but eny ""-cyano- -phenyl] ethane by

25

O

" acid and the . resultant mixture is stirred for ‘0.5 hr. The dichloromethane layer is -
separated, washed with water, dried, and’ evaporated to dryness; the residue is crystal- _

35



[err] 20 Step Al: The production of (+

)-4-[4"-(2""' -net hyl butyl) bi phenylyl -4"- 20 bromophenyl net hyl ket one (by
Fredet—Crafts—Aeytatton—One—exanpte—of—a—way of carrying out this step
S as foIIovvs A m xture of (+)-2-nethylbutylbiphenyl (0.08 nole) (the

pre ion of which is known and described in United Ki ngdom Pat ent
App ion No. 36211/75 (Serial 25 . = No. r, 556, 994)) 4- brom)phenyl
acet chloride (0.1 nole-prepared by standard 25 net hods from .

comner cffal ly. available 4-bronophendi%eBtic acid) and dry dichloro# neH#ane
(140 M) is adday ahnydd,npa&nmﬂmanmmﬁu(mmfmoﬁuyn ebumhLdaiwametrr(amoe (50 M) and
anhydrous almByiamdumtrichl m cool ed |n an |ce/salt bath to
-7[err] The pj Euré""M[ét(lz Y%h ‘li% f'oi‘?fnegggzwﬂs ik cham%‘{‘ AY then at~f oom
30 tsenpep m°f’ Ry o PRI in St mt e rice,” Water and g

concentr at ed hyﬁreo.e&m@.rinﬁmréﬁ tﬁtﬁlldt aﬂdngtdae voififig ot A% tr. THK lextese of S Stirred for
0.5 hr. The - Hihighl dmm;mhbmdedel aytl,lcn dssuse@é?va@@@uslwmmmmrtﬂq %t er, dri ed

and eva oraté‘&t‘ﬁ) vness, the residue.is GLY
et hanol}())t ol ugdggmt:itfm“ m’ﬁjlj,;g ‘;‘“’d 80 i) Sam %f e ‘gﬁg} wai%'l?% *Pr oducgg on of
(+)-1,2-[4" - (4" The2orgdiit lapek lwteyératm ﬁfheﬁhyﬂeﬂ( with ' waler (3 X mbmy,amacphenyl] _
et hane over anhydrous sodium sulphate and the ether is then evaporated off. The' solid product 35 O‘le
exanpl'e of awEyaredcBrm wigl/tipenss tipes melingnpqing i 4264 | ows: - To | thi um .
al umi ni um hydri gig, ££.1H0 ProdBti6 of 102(FOUA @i”f-ﬁ&hﬁsinylﬁiph&&l]&ympmﬁg}u) ar e added

4 15 ethane.

4 (a) anhydrouspﬂalemphlq!lmwavpf:ﬁmselé 08@353 sodi u‘{n dri ed et her
(100 nl) and,( pihe Pped %ffa‘n g)ls

br oropheny| n%adﬂx?&ﬂi’ g) B

-92_c'

g,rrm xtaseso@oa uit@asigenm RN dry
chl or of2er m ( 200mty) oniﬁIII)Stlﬂﬂindﬁ(I @) end bohatentmated hydiohﬂbnmacid Wtenlpemt |y b20 | s.

5 The react i #iare Oxtotjrfe at §0°@héher|ceﬂxpg,sltelmlmm mslp F111 O%ffh 8 hr. The

excess of |if}H3 E:e esgﬁ‘s ?‘? S[S At i ously
addi ng wat er 5 ag,,Lgse,mm gu byr thlﬁls Jg,emw,g o a solution of
ice (203 g9), vvamoastan(s%r hiis) precict a’ké)gwen in TablCebdlawat ed hydrochl oric ag¥d (100

m) and left stirring for 0.5 hr .~ 10 The organic |ayer is

separated off, t tdr3arXoar oA hydrous sodi um
sul phate and Hegm %ﬁq ‘r:;}g%ltﬁtf tol&tin. £ ﬁg%gt e?glgthﬂe}“yl?ﬁ'eﬂ h&g1yf3¥ c?ﬁ‘guct IS

crystalli sed from et hanol /toI uene; the nelting point is 127C Step Ci: The
production of 1- 2{4 (&)= C%Cﬂgﬂi(w&?@ﬂz\ﬁdal phenyl ] cyanophenyl ). .

Step A2

(#)-CHycHyCh (Chg)cHyco—O)O)

Step 82

(o CH2CH (CHe)C“zC“

1 Step c2 _

- -01cly CH(CHs)CHZCHZCOCH{.'BF

Step D2 .

- .__(+) CH3CH2CH(CH3)CH2CH2C“zc"Z'.' Br

Step E2

¢ cnscHzcn(cn3)cu.‘,cuCHZCM _._ e .



15 et hane.

15 One exanple of a way of carrying out this step is as follows: The

prodyct from Step Bl (1. g} is dissol \/ed n-dry hot Ny =2 j

(2 n); copper(l) cyanl de’ (0.5.9) is addéd ‘and t he. mxture I's vigorously

stirred under reflux for 1.5 hr. On cooling, the mxture is poured mtc@
'?e

solution of water 20 -° (30 m), iron(llL) chloride (3 g) and concentr
hydrochtoric acid (1 rﬂ) and 20 stirred for 0.5 hr at 60[err]. After
cool i ngk-dt he, m xture is shaken with Ch|19§' g)rm The chl orof orm | ayer. is

washed Wi t he : %te?g{ oé p-h-a-t-e—a-n-d—ev-a-pc-r-at-ed—to
dryness. The resi du 25 % E}PH‘I" % silicic aC| d-
usi ng_chbor of or measgl (g8 :::mm ey ok R e“%‘t‘ﬁ“ ol .
Constants for t hIcElmﬁHeO@uChola)’, &he]) péfitation) of! adaice  G¥d ‘described in United

25 EXAMPLE Z TheKipador @gtgmmpl@ﬁno@-No 3621275), is added in drops, the temperature being =~ 5
[4'-{4"-(3""- et ;] tsgﬁ&agglg th? radditd migH Eﬁsﬂh?ﬂ SévrrF;hﬁéahs t he
@&Zien cooling~ift an 1 t is poure nto a’mixture of 1ce, :y

fol l'ow ng route: tratedhydrochloric acid and stirred for 0.5 hr, and the nitrobenzene layer> 90, 013
5 Step A2: The pl‘nﬁ)d&pﬁxﬁﬂeﬁ)ﬂl‘h&fnnﬁ'ab)nzéhe(l ‘renivRdd byl @t ERillton -abd wehesiek 4s TO

commer ci al |1 avalqrmalh&edtfrq@hermall(@luma Oﬁvthel)ol & donstertyyroklting spoiak-uni ni um t rlo

chloride (0.1 nole r |tr
(+)-3-net Elyl pent q,w)yﬁb ﬁgr&g{r&( Oi(mgl e rlﬁ?'gpm?lé%?f ?'L)%' ?ll% ch is
known and descri bedanaeidmpbe:ﬂ aSway of carl@hnggﬁiomlsﬁaépamhs fnpdst cat i on No.

36211/ 75), s added, Tibe key dugedh dn § risitedyced ined mapnermngivgowst wiStpBlat  about
- 7[err] d ing t %"’é’ﬂ’éﬁ WP"’%‘W“% oty plump ﬁ@?P"é?gFﬁPPibﬂldfd&Fm%‘%ut 18thr,

wi th cooling in an sgg diate. préductiod of 15en&1)Bibieh _Qr_gft, 6_ce vat er
and concentr at ed pbyﬂmab:hll@tongbsaf(Fﬂhddzﬁq?fstMyraed)f&g%&n@ggh M ' m

ni t robenzene | ay%f Oge af ég: H'Y;Hl& Qmealssepraemdo l§§¢Ps‘t1eam

di stillation and° FE5P §6°“‘t thecp &EG froma smal | vol une of .

et hanol to zonstants; blzutrﬂel&edumon of (+)-1,2-[4L Q4" S3@ R gt i on 9d
(+)-4-(3"-nethyl psmbﬁ@ynlamgglyl by t(he) f01 | gva{tralg roupgnm%lwﬂg r{ggarrpl e of a .
way of carrying Opey way efccafrying eypshis WSI&éteDmalqsm@dm§eplliln St ep A2
is reduced in a- ﬁ‘ﬁq?@’ Ferduct i cryspallisedpffom gthanol and jas g-ymelsing goint ofThe .
product is purified by.colum chromatography and distillation. 15 Step C
The product3Son of ,(Sézp. E2] The Bioductivt W[ﬁ%ﬂﬂ)@’ﬂﬂé@fh}lpm{yb)bbﬂmylyl} 25

ethane.

~This is prepared in an. analogous manner to that described in Example 2, but
starting with (+)-4-methylhexanoy1 chloride, the preparation of which is Known and .
descnbed in United ngdom Patent Appllcanon No. 36211/75

phenyl met hyl ket $r&yep Crafts Ac atlo xarrp of a way of
carrying out thig fﬁgme y Eﬁ;r?{g? f]%.e aﬁ%l’l °§f§é FRC. The
mel ting point of the product 1s 148. o
EXAMPLE3 :
30 The product of (+)-1,2-[4'-{4"~(4""- methylhexyl)-b1phenyl)-4”’-cyanophenyl} 30




20 Step D2: The production of
(+)-1,2-14"-(4"-(3""' -nmet hyl pentyl } bi phenyl)-4"'- 20 bronophenyl] ethane.
One exanple of a way of carrying out this step is a step—anal-egous—toe—Ste

\CA> =) C O

Bl of Exanple 1. The product is crystallised from ethanol and has a mel ting

'p0| nt of 136. 3. [err] 25 Step E2: The producti.on of ,
( ,2-[4"-(4"-(3"" - net hyl pentyl ). bi sphenyl yl)- 25 4" - cyanophenyl ]
e e. ‘One exanple of a way of carrying out this step is a Step ana+o ous
&P Cl of Exanple 1. Oonstanﬁ%fog t he pr oduct are given |n5TabI _
b6| O% =0 fret—of '
)-1,2-[4"-{4" 1&4" [[io yl‘gexlyﬂj‘ Wﬁ 4;1'}1: _nppl@@ny 30 et haku{ Thi s
anple 2, b

‘s pr epar eg lteﬁ'yl e,éuﬁo t descrl bed i n
“starting WIFh (+ ) 4- rrethyl hexanoyl chI oride, the preparatlon of which is

known and descrl bed dr—@t%@ep'ﬂwgﬁ tent . Application No. 36211/75. 6

1,596,013 . 6 EXAMPLE 4.. The ' preparation:
~of 1,2 - [4 - (2"" - methyl butyl}pheléﬁtepB#l" - (4"* - cyano- bi phenylyl)]
_ ethane by ‘the following route: [err] 5 Step A4, the production of
- (+)-2-met hyl butyl:-benzene, and St epR beHpr o- . 5 duction of

4- (i +)-2"-met hyl butyl ) acet opheno_ne be carried out as described in

- Steps A4 and B4 of Exanple 4 respectlvg #eﬂ U K Patent Appl'i cation No.
- 34063/ 76 (Serial No. 1596012), the par Agpl i cati.on. Step C4: The
_production of (+)-4-(2"-nethyl butylgi] @@Hc acid. 10 . One
exanpl e of a way of carrying out ste I's as follows: 10 A
m xture of the acetophenone (0.2 Ie) ¢)repar ed.in the previous step B4,
sul phur (10.5 g) and m)rpholine/z0 9 S heated under reflux for 6 hr. .
.The hot m xture is poured into”nmethanol (250 m) and, after cooling, the

‘solidis filte The crude

t hi oacetomrphg@'%@m@'%}%ﬁeb [E-@-thanr) and 15 50%:
. aqueous sodi um hydroxi de sol ution: ( S E%r ef l uxed for- 8 hr. A volune
~of liquid equal to the ethanol present ved by dlstlllatlon and the
"residue is acidified with dilahe I’:ﬁydrg@@_i id."The crude acid is
' extract ed into ether, the @m@?ﬁc 2GH }) and the et her evapor at ed
of f-," I eaving the aci d residue .

. R,=CH,CH,CH(CH;)CH,

5 ' Step A4, the production of (+)-2-methylbutylbenzene, and Step B17, the pro-' S
duction of 4-(i+ )-2’-methylbutyl)acetophenone, may be carried out as descnbed in
Steps A4 and B4 of Example 4 respectively in U.K. Patent Application No 34063/76
(Serial No. 1596012), the parent Application. _

Step C4: The production of (+)-4-(2" methylbutyl)phenylacenc acid. _

10 - One example of a way of carrying out this step is as follows: 10
A mixture of the acetophenone (0.2 mole), prepared in the previous step B4,
sulphur (10.5 g) and morpholine (65 ml) is heated under reflux for 6 hr. The hot
mixture is poured into methanol (250 ml) and, after cooling, the solid is filtered off

and washed with methanol. -

15 The crude thicacetomorpholide (0.2-mole), 70%, aqueous-ethanol (380 ml)and . 15
- 50% aqueous sodium hydroxide solution (75 ml) are refluxed for 8 hr. A volume of -
liquid equal to the ethanol present is removed by distillation and the ‘residue is
acidified with dilute hydrochloric acid. The crude acid is extracted into ether, the
extract is dried (Na,SO,) and the ether evaporated off, leaving the acid res1due

20 which is crystalhsed from ethanol/water. 20

Step D4: The production of (+)-4-(2"—methylbutyl)phenylacetyl—4'—bromo- '
biphenyl (by Friedel-Crafts acylation).
This Step is carried out in a manner analogous to Step Al of Example 1, the
acid chloride being prepared from (+)-4-(2’-methylbutyl)phenylacet1c acid by a =
25 - conventicnal method using thionyl chloride. . 25

.~ Step E4: The production of 1,2- [4’ -(2""- methylbutyl)phenyl 47447 bromo-
biphenylyl)] ethane.
This Step is carried out in a manner analogous to Step Bl of Example 1.

Step F4: The producuon of 1,2-[4"-(2""- metbylbutyl)phenyl—4’ (4"’-cyano- )
- 30 bisphenylyl)] ethane. 30
This Step i is camed out in a manner analogous to Step C1 of Example 1.



20 which is crystallised from ethanol /water.

20 Step D4: The production of (+ )-4-(2"-nmethylbutyl)phenylacetyl-4"-brono-
bi phenyl (by Eriedel-Crafts acylation)}—TFhis—Step—+s carried out |n a
manner anal ogous to Step Al of Exanpl e 1, the acid chloride being prepared

from (:+)-4-(2"-methyl butyl) phenyl acetic aci d by a 25 conventi onal - -
met hod -usi ng thionyl chloride. 25 St e'
E4: The.production of-. 1,2- [4'-(2""-net hyI butyl.) phenyl - 4"-(4"" - br ono-

bi phenyl\y))] £l hane. Th| s St t ep S carrllegt;@gt i-n a manner anal ogous to Btep
B1 Of Exan‘p-e'-kst'e'p n ...|||U M1 uuuDL
1,2-[4'-(2"-met hyl bugy] )pg k- 4" 1%“@, Vorara ﬁﬂm hen,la_qqph@ym{ﬁﬂh}ny])]et hane.
30 Thi s\St/ep S c%gdegflﬂ,@ oﬁ,ﬁg,autaanner anal ogous to Ste of Exanple .1.
7 1, 596, 013 ;

7 EXAMPLE 5 The prepar Step AS V7 H-' | o
1,2-[4"-(3""-nethyl pen?@-@g@—wwﬁceg??cé’t e by the

following route: [err] 5 St eps AS? The production of

1,2-14"-(3""-net hyl pentyl )p‘henyl -47'-(4" Sﬁep:%mobl phenylyl) ] et hane.
This preparative route is known and is carfied out in the manner descr.i bed

in United Kingdom Patent an on No.
1,551,043) using (+ )- 3- %‘@‘M’@_&%Eukﬁgﬁﬁ |on of whi ch
I's described in United 10 Ki ngdom Pat, ent SpeC|f|cat|on No 1, 433, 130,
as a starting material . Nstep Gb The preparatlon of
1,2-14"-(4""-met hyl hexyl)phenyl 4" - (4" cy nobi phenyl yI)] et hane. . This -
conpound i s prepared by a rayte-~anal og o that in: nple. 4, but u5|ng
15 (+) - 4- met hyl hexaa 0 éﬂéﬁH@@Hfﬂtg uzfgus +)

15 EXAVPLE 7.. Preparation-.
(+)-1,2-[4" -al koxyphenyl - 4" - (4"' cyanobl paesﬁg %& et hanes by the fol | owi ng
route: [err] 20 - Step A7: The progu

(+) - 4-al koxvphenyl acetic aci ds 20 One exanpl e of. a way of
carrying out this Step iNg-&

st andard t.echni ques starti' : C'I*t“ﬁ'%tﬂmd)éﬂé’@‘f@d out. by

5 " Steps AS—DS5: The productxon of 1,2-[4’-(3”” methylpentyl)phenyl 4"-(4"’ 5
cyanobiphenylyl)] ethane. _

This prepatatwe route is known and is carried out in the manner described in
. United Kingdom Patent Application No. 16643/75 (Specification No. 1,551,043)
- using (+)-3-methylpentanoyl chloride, the preparation of which is described in United :
10 Kingdom Patent Specification No. 1,433,130, as a starting material. : 10

EXAMPLE 6.
The preparation of 1,2-[ 4'-!(4”” methylhexyl)phenyl—4” -(4"- cyanoblphenylyl)]

“This compound is prepared by a route analogous to that in Example 4, but using
15 (+)-4-methylhexanoylchloride as a starting material. ~ - . 15

EXAMPLE 7.

Preparauon of ( +)-1,2-[4'-alkoxyphenyl-4”—(4”'-cyanob1phenlyl)] ethanes by .
the followmg route:

CHacozH . C"zcoz" N | .‘
StepA] Step B7 . Brcocﬂz-.-OR

Step c7

cnzcu{@-ong‘e’;%cuzcuz

.20 . Step A7 ‘The producnon of (+)-4-alkoxvphenylacet1c acids. . 20
. One example of a way of carrying out this Step is as follows: '
This alkylation is carried out by standard techniques starting with commercially
4-hydroxyphenylacet1c acid which is heated with the chiral alkyl bromide and sodium
hydromde in aqueous ethanol (See, Gray and Jones, J. Chem. Soc., 1954, 678)



4- hydr oxyphenyl acetic acid which is heated with the chiral al kyl brom de
and sodi um hydroxi de i n aqueous et hanol (See, Gray and Jones, |. Chem

Soc——1954, 678} . 8 1,596 Q13

8 Step B7: The production of (+)-4-alkoxyphenyl nethyl-4'-(4""-brono-

bi phenyl yl) ketones (by Friedel -Craft's Acylation). This Step is carried-out
_,'@n manner simlar to Step Al4, but the reaction mxtyre is heated for 4
[ mder reflux (instead of being cooled inice for 2 hr.).”5 ,-Fhe

i'd ghloride used in the reacti@gydogs prepared fromthe productgof S¥ep A7
by mm-mmeavazn |t| 'g.: |- TOC ,.. SO -'-“' b0 'e’—'%g'ﬁp'&"g-&ﬁd D7: These
Steps are @@Ef;ém ;uﬁép%@ _Cké,ﬁ'gfls FoEyPaERIFE IR 4-4h PP 1 espect j vel y.
EXAVPLE 8.""10lhis ‘Step is carribld GuePi B thabér GIiniff 1o Step Al4, but the reacion .~ 7
(+) -1, 2- [ 4nixiar"is heaked | frad ko xydeb irgfllve idteal of Béing- @blkd/ in/ iad fo02¥hr.). 10 phenyl ]

et hares. Eﬁlgs’é‘egt%% mv%f@“g‘o# ered from thei nreductiof SepA7 W bel ofv ar e
 prepared By “PHE R B wPe L 8788 on reacti ons: described i n above
Exanpl es usi -&typ.e'CI e D7:- ThizbekStdps @fe adirictbk B MahANMaRERE Yo sieddlmar i des and

~reacting tandGh.wspertivelyt her 4+ al kyl bi phenyl s 15 ~or 4-al koxybi phenyl s,

- The ketones are reduced to giv B sired products in the 15 sane way' as
descid bed i N RO QYeBarkoR ! @S)-1,3-§1 14 BoxRblnke 3hK - al koxy _group and
R 'is an gihtnyl] gr{?&p whi ch ‘may e( t ,eé-a‘r’ibglge-&%? l(}#y%ig#%rent ){gmd- at

| east one of 'lfrl:FFe Cmy#dslgr#hoagrfsnyiube @i giwh .in List 1 below are prepared by 20 Physi cal
const ants EX AT on ﬁ? LONg |FBISURSE dn ¢ dgdmples whing titheredrt i on i n t he
fol | e ng %ﬁgﬁhb} et & ;.?L i larere i shee! [ 1 gd

- 91.7 same way B &sctibed in above Exaniplés. . . 6 o . 6 _

110.8 ’ (6.3 - 95.0 105..8 - 4.3

.. 4.5 . _ o
Further Key tlﬂi“iabl e &) R _ cﬁg.cggs@LQ' measure of -the rotatory
power. (specific rotation) ptitalfy tive material when formng a

10% w' v solution in chlorofatm Ritch is jhe moj ecul ar helical pitch of
the compound (10%' WHORRFOON CHoCHy @ oR" _ o .
where R is an alkyl or alkoxy group and R’ is an alkyl which 'ma ‘be the same
20 or different and at least one of the alkyl groups is chfrl:f P - y o '
Physical constants for Examples of the compounds embodying the invention in
the followx_ixg table, the compounds being of the form -

| . TABLE1
 ()-CHgCHoCH (Ch)(cHO)—(O)-CHycHz{O)-cN
| cean | w1 | PichGm |
n °c | ~°c  |10%in5cB | (a1
| s | e | 1s | o7s
2 oL6 . |  1i0.8 4.3 9.6
3 | .oes0 | wss [ 43 | -

Further Key to Table 1.
[al D is‘an-absolute measure of the rotatory power (specific rotation) of
- an optically active material when forming a 10% w/v solution in
. chloroform. = - o - B S
Pitch is the molecular helical pitch of the compound (10%) when forming
a mixture with 90% of 4-n-pentyl-4*-cyanobipheny! (hereafter
designated 5CB). - _ o IR :

- The following is an example of a mixture which exhibits a cholesteric liquid .
25 . crystal phase at or near room temperature. The mixture incorporates compounds of 25
Formula (I) defined above and ‘also a member of the series of chiral 4-alkyl-4'- '
cyanobiphenyls (Formula II). :



a mxture with 90% of 4-n-pentyl -4'-cyanobi phenyl (hereafter designated
5CB). The following is an exanple of a m xture which exhibit | esteric.
liquid 25 crystal phase at or near roomt ure. The m xture

i ncor porates conpounds of 25 Formula (1) defined .above and aftso a m

of the series of chiral' 4-alkyl-4'- cyanobi phenyl s.(Formila-I1).
1,596,013 . 9 Mxture | [err]
Thi xgure has a Smectic A—to--cholls%hﬁri c transition transition g - 3C
5 .. ;outlup.ﬁu :;qt.u’u t=r=grrst-romat—% . | is
t he chrom c aM#¥m®d sel ective col our reflecteg by the njxture when in the}
G a@?ean pl 2084 byewdight e (Hs ougcugmw(cngmmé:m Okenper at ur e
(err) 10 and ' Red ~ : -3.0
10 Yel |l ow ' -2.5 Geen -2.0 Turquoi se
-1.5 Blue - 80% by weight (+)'-CH3GF22CQ(G@CH2CHHCH -@@@exmf t he use of
m xtures as hereinbefore defined, e’g.*“i 5I roroptic 15 phase change
devi ces { when mi WM tic material.s) and in fhernmoghfonc devices,
are descsgi bed m&%ﬁﬁﬁg% o Rtk PAPERY THBEPT Btaﬁ%g M. 36211/ 75
(Serial No. 1, 55@;@9;%: thidriAdchiomicl MdMhd SelectivdOcolour reflected bf- thé\ndis@é MOChr oni ¢
liquid cryst e dhphssGrandioan plane atxnirngs dalloweast two optically 20 active
conpounds, at |east one Sﬁav'i ngfdzornul a (L‘\)ﬁﬁi*’s defined hereinbefore. 2. A
conposition as clained PASEArtit®8nd in THUEdrGlla | is: CN 3. A
conposit@on as clainmed in Cagn 1l and in whichyformula (1) is: [errd, 4. -A
conposition as clained in C &eawl and in whicleFormula (1) is: [err] [err]
bei ng an al kyl group and [erlflireetaei ng an al kyl=2# al koxy group as defi ned.
5. A conposition as claimed i m 2 and wierin the one conpound has a

15 Examples of the use of mixwres as hereinbefore defined, e.g. in electro-optic 15
pha_se change deylces (when mixed with nematic materials) and in thermochromic '
devices, are described in copending United Kingdom Patent Application No. 36211/75
(Serial No. 1,556,994). .

WHAT I CLAIM IS:—
20 . 1. A thermochromic liquid crystal composition containing at least two optically 20
_ active compounds, at least one having Formula (I) is defined hereinbefore.

2. A composition as claimed in Claim 1 and in which Formula I is:

R{O)~(O)—chch~O)-cn

3. A compositjon as claimed in Claim 1 and in which Formula (I) is:

25 | R*—@— cuacualc:N 25

4. A composition as claimed in Claim 1 and in which Formula 1) is:

R~ O)—cuci,<O)-R,

R,! being an alkyl group and R!. being an alkyl or alkoxy group as defined.
. 3. A composition as claimed in Claim 2 and wherein the one compound has a
30 positive optical rotation angle (+), R* being (+)-2 methylbutyl. 30
6. A composition as claimed in Claim 2 and wherein the one compound has a
positive optical rotation angle (+), R* being (+)-3 methylpentyl.
7. A composition as claimed in Claim 2 and wherein the one compound has a
posttive optical rotation angle (+), R* being (4+)-3 methylhexyl.

35 8. A liquid crystal composition as claimed in any one of the preceding claims 35
and wherein the one compound is made by a method substantially as hereinbefore
described.

9. A thermochromic mixture as claimed in any one of the preceding claims
and comprising a compound having one of formulae (II), (III) or (V) as defined

40 hereinbefore. .

10. Mixture I as hereinbefore defined.
11. A liquid crystal electro-optic device or a thermochromic device including
as its liquid crystal material a mixture as claimed in any one of the preceding claims.




30 positive optical rotation angle (+), R* being (+)-2 nethyl butyl.
30 6. A conposition as clained in Claim2 and wherein the one conpound has
a_positive aontical rotatign-angle ()R being—{+—3 nethylpentyl. 7. A

corrp05|t|on as claimed in daim?2 and wherei-n the one corrpound has a

positive optical rotation angle (+); R* bei - xyl. 35, )
8. Aliquid crystal conposition as.clained Dm precedf ng/
claims 35 and wherein the one conpound is subst anttal | y

as“hjrelgwbef ore described. 9. A thekggpahronic mxture as da| ned i® any one
of the preceth “Ig o9 di_ﬂb M- CONpr 1 s ng a conpound havi ng one-of formul ae

(rry, (rrr) or as defined 40 be

40 \10. M xt uP®st| yaselzhferéibn%gei#z@"c(emg\ﬁag—@-@-ﬁﬂafd*a@r% |

el ectro-optic dggi ce or a thernochrom ¢ device Tncluding as it's | |qU| d
crystal materlal a m-xture as -clajmed in any~ane of the preceding clains.
-9 80% by weight (4)-CHaCH,CH(CHYCHLCHLH (0¥

9 Mxture | [err]-5° ﬁIS m xtur"e haS a ShWectic A-to-chol esteric
transi tion tran B 0-4e opicdiquid
transiti on ak @Etsa{c?{f‘ J}(imsfcau{ ﬁﬁhéfg%ﬂﬁsrt%gg r%@ﬁhgﬁagl\cﬁ ’+ﬁe é’se%?%gt Ive gcoI our
refl ected by thMixmorxtIuis ehevdmhromm ahih eheGrelnarly eclour péflecrel bexke uiigu@s f ol | ows:
Sel ective Refibeciy 88 Gm“dl%t?beﬁr gryrecas( foliqws: 10,

Red | e 0 Yel | ow
- 2.5 Green | Sélecle’ Reflsctign Turquaf'%ptgmm °C '~ -1.5 Blue
-1.0 1510, - Exanpl es of rtdhe use of m xtusgs as hereinbefore deg i ned,

e.g. in electro-optic 15 ph3¥akwchange devi cegs(when nixed with nematic
material's) and in thernochro qen devices, are—@8scribed in copending United
Ki ngdom Pat ent Application %“65211/ 75 (Seriqf No. 1,556,994). WHAT I
CLAIMI1S:- 20 - 1. A thérrmochronic liquid. crystal conposi tion

contai nling at | Emfpleiubthapm ofi lmixpures243 I@einbafere cdeﬂnpd;wrgdm cletrodoptiest  ong havi ng

e S hesmochtomic
EO;T&” ?n \(I\::‘ll) fgggg GE%P%C% fnscopengne{g %mted ngdomr%?ﬁ:ix:el?;saphcatl,égri;F N?ESG 111?7F med in Caim

WHAT I CLAIM IS e
20 1. A thermochromic liquid crystal composition containing at least two optlcally 20
active compounds, at least one having Formula. (I} is defined hereinbefore. :
2. A composmon as claimed in Claim 1 and in which Formula Iis:

R* cnzcnz—@- cN

3. A composition as claimed in Claim 1 and in which Formula (I) is:

s - - R*'-<' : >— CHZCHZ—"—' @ CN - | -25

4. A composition as claimed in Claim 1 and in which Formula (I) is:

cuzcuz-@- R!

- Ry* being an alkyl group and R%, being an alkyl or alkoxy group as defined.

_ 5. A composition as claimed in Claim 2 and wherein the one compound has a =
30 positive optical rotation angle (+4), R* being (+)-2 methylbutyl. 30
. 6. A composition as claimed in Claim 2 and wherein the one compound has a '

positive optical rotation angle (+), R*. being (+)-3. methylpentyl.
7. A composition as claimed in Claim 2 and wherein the one compound has a
positive optical rotation -angle (+), R* bemg (+) -3 methylhexyl. .
35 8. A liquid crystal composition as claimed in any one of the preoedmg claims 35
and wherein the one compound. is made by a method substantially as hereinbefore :
described. -
.- 9. A thermochromic mixture as claimed in any one of the preceding claims _
.. and ¢omprising a compound having one of formulae -(II), (III) or (V) as defined -
40 " hereinbefore. _ 40
" .10. Mixture I as hereinbefore defined.
11. A liquid crystal electro-optic device or a thermochromm device mcludmg_
as its liquid crystal material a mixture as claimed in any one of the preceding claims.



[err] 3. A conposition as claimed in Caim1 and in which Formula (1) is:
[err] 4. A conposition as clalned in Cla|n11 and in which Fornula (I) i Ss:
[err] [err] being an-alk 0 : : oL
as defined. 5. A conp05|t|on as cIalned in Cla|n12 and mhereln the one L
conpound has a 30: positive optical retation angle, (+), R* being (+)-2 N
met hyl Autyyl . S - 30 6. A conp05|tlon as claimed in Jaim2 and
mherelﬁ_ heone conpound has a positive .optical rotation angl'e (+), R _

bei ng ST A coqﬂggbﬁlon as’ cIalned in- Cla|n12 ﬁpd_ &;f

wher ei n 64 4o A T A

belng (+):-3 nethylhexyl 35

‘SQN i d crysfal conp05|t{on ds
clainmed in any one: of the nrpmcﬁgﬁnn fortheA %gL

and mhere|n the one conpougd
is made by a shtd! n@momemEﬂn afrier ere ngdi@hpa, 3981.A -

t her nochr omi ¢ r’ﬁ“)‘?‘fsﬂ?debyatge ‘ftﬁ" Bg&ﬂ‘gg%&’“ﬁ%&’&ﬁ% M- d®ins and
conprising a conpound havi ng ohe of fornulae (1), (III) or (V) as defined.
40 her ei nbef or e

40 10. M xture | as.hereinbefore defined. 11. A I|qU|d crystal

el ectro-optic device or a t her nochr oni ¢ devi ce irneluding as its I|qU|d _
crystal material a mxture as claimed in any:one of the precedlng clalns

10 1,596, 013
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