GB 2 027 027 B SPECI FI CATI ON Liquid- crystal al kyl bicyclo(2, 2, 2)octyl .
phenyl or blphenyl nitril.e compounds “and I'iquid crystal materials and

devi ces containing‘them The present-invention relates to .liquid crystal
al kyl  bicycl of 2, 2, 2)octyl phenyl or bi phenyl nitrile 5 corrmugd@ﬁag lg quid
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and at the prEwereserntinvention ciatesitalinuitkdrstahativl bicycisl 2.2, Aloetylebenyl e bivéngmg'Fﬁ)vm | n
such de\A &8@Pguhes apnd llg%grgstql gggegﬁlg and devices containing them.
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' t crysital matpral arerpanigmateraisyviiich exhibita liqui mpleculesare
- } QYFQ\M' ﬁS arfgrgée %drsaﬂahrﬁeses [sfgw"mﬂdwgr'gctﬂ% :ge gﬁ‘eﬁ&wv ‘b%%mmpmf'ﬁ’s Ey
bi cycl 0(8 r@ %ltdﬁnﬁ% ?EﬁganﬁnrlJntl?r{ therd .s‘}l?&}%g Ilhﬁtgcrysg}lcorﬁpd%n&wﬁma tHE Oup arﬁq-,

nis mo|ecu|a oun having nol ecul ar- structure
{1) w II be referred to as a conpound \f corrpounds) as defi neq) The
al kyl group R preferably contains |é@(‘[@.|ﬁl ght een carbon atons, e.g. one
to.ten carbon atons, and may be normal or branched. If R is branched it may
contain avdiarermkarc&ikv! greup, | addicyclei2e2, mmwonm@*lela pieengpihg.cal | y acti ve. 25
The compound according to tThe present invention is thus elther
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liquid crysmﬂdunbshaﬁdamcnvdien di ssol ved i'n other liquid crystal conpounds.

30 Conp¥unds The cqramygoach(dm)tOtbhgwnamvmwolsnlwppmher or virtual liquid 25

crystal to isotropic liquid transi at rature bel ow the nelting
point of their solid phase The opic transition may be
det ect ed respectlvel rapid: coollng of the |iquid-phase or by dissolving -
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For a nematic phase the compound as defined should have a normal alkyl group R whllst fora
45 cholesteric phase the compound as defined should have a branched alkyl group R containing a chiral 45
centre.
Preferably compounds as defined are prepared from the |ntermed|ate bromo compound n-@-er
" eg by one of the following routes
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tre. Preferably conpounds as defined are prepared fromthe internediate
\_r' fro conpound [err] eg by one of the followi ng routes: [.err] 2

2 027 027 B 2 A conpound as defined may be mixed 'with one or m)re
- Gt hesp conpounds as. defined to enhance its liquid crystabgpy_cmer@g;esg,‘

to emwmmrmmm—ﬂmg
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[err] e%ilexam Ererwubwaaereaek les@F SUER Fiixt resrr i fferent from R2 and R3
Is the sane as or different fromferr]); Accord| ng t o anot her aspect of the

I nvention, an el ectro-opt i(d:mk@:@.&rystal hERYH{OPN ncl udes two adj acent
substrates at | east one of optically tTansparent, a | ayer of
liquid crystal material confRapith arafiferentalgdg@upilt ween the substrates
wherein the liquid crystal materlal Is in the material as 10 defined above,
and gdeposited on the inn urfaces strates, a filmof
condlicting 10 materi al to a an &8s t0o be applled acros® the
| ayer. The el ectro-opti clRdengiRe émﬁwaﬂ‘epf‘ém?@v'@@“as’dl spl ay device used,
for instance, in an instrunent such as a tinme watch or clock. The device

may be of known 't qdlusef '(mmlw p{Oyent 0- nenat i c) phase
change' effect types.%}- anpl ( Ex “I and o hods of preparing

conpounds s Reland Faate aliivl aroups)B, b@'@ﬂ*"&i@é@'&ﬁ: 15\5‘(5‘3!9 espme Bxendiffecent frem Rilol | ows
describes the preparation of an appropriate internmediate used in 15
Exarrpl es Acqgrding3o anqther pepeet ofthg f 9@9n afyplectrqepy tegetm! @mﬁdﬂww owptmﬂo C- N
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subst i dxeipie bk issidytfevice’usdd @&Eri%fhﬁcé/\hlaﬁ i strﬁméiﬁ @thiaB a time #tch hecuwkermar ations
descr i deeide they l/of kmwrbwvnmcemraed effact bitiehdletdriovb-nematio) sihese dhenge] efféciagpedef i ned
above STEPxaaiples {Examplesitiandt3) o meshods ofprenaring compguntis ey dafinediwill b bé t ut ed :
pent'8 scr E’E?i“”‘%%‘ f‘dl"tﬂ’a deseriss therpreparation 9fjan geRropsiate;intermegiafsaistcine - 16

T ey vl L e e

4- hydrgmperdturesubst i t ut ed bi cycl o 2 2. 2) oct an- 2- one. STE : The production
of 1 -hydroxy-4-substituted bi cycl 0(2 2 2) oct ane STEP FI The production.
of 20-BAMPBEA- substituted-bicy cI02220ctane six -of th
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Preparation of 1 -Carboxy-4-Substjtuted B,Lcaytedco 12.2.2] Cctanes, J. Am
Chem Soc, 86, 5183 (1964)R-tie~tac—

1

CHa.00” “CHg:CHEEN
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),'/‘”2 e step ot A .
CHa.OC \CH2CH2C02H  CHy '
-,aés°°‘

R-Q—OH STEPE.1 5TE.PF1 R—@-ﬂ‘

R as defined above .

STEP A1: The production of 3-acetyl-1,5-dicyano-3 substituted pentane. :
25 . STEP B1: The production of 3-acetyl-3-substituted pentane-1,5-dicarboxylic acid. _ . 25

STEP C1:The production of 4-acetyl-4-substituted cyclohexanone. -

STEP D1: The production of 4-hydroxy-1-substituted bicyclo(2.2.2)octan-2-one.

STEP E1: The production of 1-hydroxy-4-substituted bicyclo(2.2.2)octane.

STEP F1: The production of 1-bromo-4-substituted-bicyclo[2.2.2]octane.
30 All six of these steps may be carried out by methods essentially analogous tothos for R = methyl 30

. and ethyl described by H D Holtz and L M Stock in the Preparation-of 1-Carboxy-4-Substituted Bncyclo
[2.2.2] Octanes, J. Am. Chem. Soc, 86, 5183 (1964).




027 027 B 3 EXAMPLE 2 The production of 4-alkyl substituted 1

-(4' -cyano-4"-bi phenylyl) bicyclo [2.2.2] octane by the follow ng route:
[err] Ras defined above 5 STEP A2: The production of GB 2 027 027 B 3
1- (4" - bfono-Z - Db phenyT)-4-substituted prcycro [Z. 2. 7] octane. o A

sol ution @kalppE #n0-4-substituted bicyclo [2.2.2] octane (0.0039 nole) in

diy’ ni t r 0benz AR rdaddtion 6RA-alkyl sdfkaEd dLADNSEAREBRerRyPEETCRA2.0%] bdlaralby wid! NUL es
to a well faloiingeshit&ol uti on of crushed anhydrous al um ni.um chl oride (0.0016

nmol ) and 4- br onpbi phenyl Quer a2 @' 0 en (25 cnB) ,
mai ntai ned at [err] undér thar'gmrons mﬁre I s kept at thIS

t enper ature for -five hours. 10 It i ft asiqefipep @bqvest j rr i ng at room

tenperatyure. . @ ql.ﬂ 27 t _41;,e addt% t of a 10
hydr ochl %r' ¢ i; ?o %ﬁ% @bl [ f %;ﬁ: *I ’i? &}f) u‘%%ﬁfh L:'H%S' ®
The or ganicay)ifddabd dépvﬁ% thlﬁP ing eﬁm tl biof cRISREGGINk

sol vent aRtininilh eieHde mon e4rbaﬁh dliphenys( 156@101@% dwhuﬁdhlema&e(zalaﬁla)t he
sol ution muftaineumlsmﬁ uhderaadhyivams corelifionss Themigtute(idiceptat thig temperbtoesrforffive harsed

and evab%r"a%@a" leBStErr- sepm fqmreeraturece g everminkt. 1§ isithey addeditejpamaliamountofa| | | sedo

f rom et ha ro%\%ﬂ istill iﬁt}zove the sgﬁgp %T:f;m:ﬁ%n;}n%‘; T’e&d—'ﬂ 96 : Pm@g%ﬁe%as
ora

C-N = [er 80 f jed aver magnesium sulphate Itlsthe

DT OUUCT i Ol Abes Lndes Gacu 6 HATHE SO TEAABE Mﬁ"ledéfom& buaft

ect ane. 18\ proalttiof this st hds ¢-4N--D1 320> Chind M-ahezanlarc) - 4- substltut ed bicyclo 1s
[2.2.2] octane (0.0019 nole) in-dry 1 nethyl 2 pyrrolidinone (5 cnB) is
heat ed at STER B2: The priadusti rHésW@(iﬁpﬁ’éblp eP")!l amba!@t(@ 9@ 214%]0@ ane.or 't Wo -

added o 3 ﬁ%%ﬁr éﬁém s?:.tm 348 Wi; i ; ﬁ% Fodler

(5 cnB) 22?"'s5qt]t.&\% m& {6 cm Rrit acid 20
. stirred %5&%%}&.&&%&@&@% namt saaa °¢ AHRARhNVaRdr id addedil 86 6m). This Giilire isT
m Xt ur e i Shakaskeveraltipvearinith ethieiand thinttiie inbined ergehid |ers drddried omma@dasmmgam c

| ayers ar @uldlnatedhtnp@momﬁghesd andevaporsitesite dryfigse unstel vacuusn Thesproduct iepartiedibpyd
evapor a% egolumn ghromategraplydising vh@mhw-thm@'qs?fewwanegmwﬁ@f plugnt-pijs Esihum -
chr onat &Y CAERYSIOMZ - Trhee2AP  wi t h a chl or of ormi hexane mixture as el uer®®.
It is f'na'%&%ﬂﬂ%é&émm&wg%@@@ anek 159.7°¢ |
25 An exanpl e such a product I's N—IN-269:3°L S0k lals&Tabled Balow..
Tabl e 2 .bel ow.. -EXAMPLE 3 The production of 1-[4'-cyanophenyl]-4-alkyl -

bstit ut ESAMPEEZ| o t th R.as’
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[2.2.2] oft8%e may be carried out by a reaction whicly i s anal ogous to that
descri bggl by S Sot heeswar Isrs&)»ﬂ' stedeel k < 'cél ty Library 1967. WW
R = pentyl the product of ‘s step a MP. =& d\C'ETEP B3: The .

producti-on of 4'-(4- substltut ed 1 -bicyclo [2.2.¢] octyl)acet ophenone. 35
A solution of acetyl chloride (000077 nol e)ol dry nitrpbenzene (3 cnB) is
added dropwi se to a well %ﬁ?@aﬁ—%@ i tuted 1 -phenyl

bicyclo [2.2.2] octane (0. l&) a ughed a réuus al um ni um
chl ori de (0.0082 ol e) in dr nitrobenzene (7 [err]) at [err]. This
solution is left stirri ngs vernight, at roomtenperature. It is then
added to a snmall anount of drOCh|a@Héfﬁe@§H°délce/ wat er. m xture and

stirred for 30 minutes The organic |ayer is separated off and steam

di still edgTEfR3:90b bidddtfon SSILSHeRYIHaSsubREY Bidyclo12.8.8] Qb HaPbd&ihidalage ygsul t ant
sol ution ceacash whichis RABYESItH tRatdds@ibad By S §éthdeswhrb i D Thedi§) Huil Uhiedr&f) LibRely
evapor at ed 966 WhepRespentyhtie prodact otthissep asM.Pa=80102.d. Thi s | s crystallised

froma: STEP B3: The production of 4'-(4-subst|tuted 1- blcyclo [2.2.2] octyl)acetophenone

35 A solution of acetyl chloride (0.0077 mole) in dry nitrobenzene (3 cm?) is added dropwnse toa well 35
stirred solution of 4-substituted 1-phenyl bicyclo [2.2.2] octane (0.007 mole) and crushed anhydrous
aluminium chloride (0.0082 mole) in dry nitrobenzene {7 cm?) at 0°C., This solution is left stirring, e.g.
overnight, at room temperature. It is then added to a small amount of a hydrochloric acid/ice/water
mixture and stirred for.30 minutes. The organic layer is separated off and steam distilled. The solid

40 residue is taken up in chloroform and the resultant solution driéd over magnesium sulphate. It is then 40
filtered and evaporated to dryness under vacuum to give a solid. This is crystallised from a
methanol/ethanol mixture. When R = pentyl the product of this step has M.P. = 81°C.

STEP C3:The productio.n of 4'-('4-substituted, 1-bicyclo [2.2.2] octyl) benzoic acid.
. _A solution of sodiq_m hypobromite, prepared by dissolving bromine (0.0168 mole) in a solution of



tthanol / et hanol m xture. When R = pentyl the product of this step has MP.
{ery] STEP C3: The production of 4'-(4-substituted 1 -bicyclo [2.2.21

: benzoic acid. A solution of sodium hypobronite, prepared by

9l ving bronmine (0.0168 nole) in a solution of - 4 gg 2 027 027 B

GB 2 uzr uu 5 Z-sodr um nyadr oxr de (0. 0570 rmr ey water (lm

[err], X rhole) in wate c%nqa b rrlsamc oa % |rr outut bi CyClO"
[2.2. ﬁgttg T %0%78\6 ﬁgggﬂi%?g% J 'ﬁ) 8 lﬁﬁe% (/v i t | ?gﬁé)‘

Thr oUGIA HdditioR@nd: drh rtyQdiln JtEMpJF&tUHﬁ@rﬁarﬁtLﬁw@J Ws oto el'hE ge&r ature
i S . mai ¢Hsadilite dypabrodite [s@lestioyedyadding £ sdutioh ofsodiummdiabisalphitath vatet. Mwhasitéroyed by

addi agis added ot hromofoifm dstilled iomythie adwction rpmlweon ¢poling, the solivivnds agidified wih i s added
and brWﬁPW Aydsqohlorigepid and therarecinitatad progyet Rl nd msfeémtgw%ert he sol ution

s aci ‘3 chhwa?;'{.gg fr%'gqh e t'rrr'arr"& PAR IR HeS BPUEH i tat ed

pr oduct" 1P water The product was crystallised

from asf@tdiaﬂ@dr&ix&%%r 4'tm>st,w.ﬁneavihﬁeyc8 [Z20 Ibehdd@chtérduct of this step

- has1§- N = Als6litidn, of A-{4-sabdtitutéd-1-Hitidhb 23.2] bhrgl) penedltiadd Pepafld inlStef 63 Q0 tubed

1- bi cymble) -{-Qwiolt&}we(wt b tearediomtiar indflox widkethioh@ chioride ( Acrst) fag bhelrpupdnder

4 - 4 «m!rw?tr g and enalipye 12020'2 95\'31‘ eyRPALALAd do diynegs ydahanmeqte dni. St ep
Qp‘ “o% S J; ’fﬁ“é} rfgﬂmg ) t‘ﬁd§° Nt rdshEe - &p9 a5 wi t h

't h| ony? f SRS aedin thy gipe &3 :

one Sut U T Al ydrous conditions and then

al | qQuesrePE3chiRlprodldtdn BT L4k bslitited aRqEB 12821 enflbymamrieand then nore dry

“tol uene ( A@oKitidh)of te adid dRi6kide bRrparee MiskdpdE, in W6/ Héhiehd)( 10T mAIGSdddeCMIPMEA0RT T O
dr y neswellsticted anvracniasviutidin g Ozov® d =0188):Tihd eesuleni preddpitate isigdiebted (with boamest ep E3

vvr t houdiffituliv dndiwaphediwithweterdtis crystallised frop a pater/prheangh mbere 24 Q36- When

- (4- %uws'rtr'tﬂe&eer'uztofm-mmsw 7 247.36€t yI) benzani de. 15 A sol ution
of e [  Bf ERAL LER b Bi (y Z&h6. (10 cnB) is ed
dr o%)gm S-%Q{%og‘tur R I:Qg d%[)&%g:gafm% o §(£]b5t?iute b % gmuleﬂn 8fdrofoli B8 aﬂ)d

resul t gn isRfi@ifgtoh@hdur With 6 Sdll tearo diuvd ﬁy oﬁw(e ods rioRVintwater 8 din?y\@wilocoR2 Wi t h
wat er . g bftbenzyitriathytaivahdniuseitydfoxiderThe mixtues is géritig hedtedfonfifteeremntiteig.a vidiren- R =
pe nta gl wathrebapiy and then atidwedito epok Ethpr (RQ emiVamd waterd4Q craiare 2dded TP opgnic #iyer is

C*EePEfﬂteBPffl” hed wi dl’Ed gneg lghat a".'e)s %‘02 isfitorggl andl, o 25.
20 A sBF r?t to ssu er M'?E resi ;?E ol o rap gﬁﬁ% d
ST T S e e

oro our wth a
sol ution ah emﬁblewﬁtriepchuootrodms(s&pﬁh? w\mheli ha(sz:—envl&)szao,d 0.02 g of
benzyl t r| et hgl anmoni um hydroxr de. The m e is gently heated for fi fteen
m n ﬁ?ﬁ:'sm exg%: ? g\éved to. (irrﬁé%?
res cfﬂg he?f rg?léequtr n. In aé?%’ﬁ pre lgno p??kﬁ %@af%vpﬁgw;
W ih & U G bbroll hts Solia by ctal 18 olstichgaie by Feioh ds filtered
and &Kéﬁ&f&}ﬁ tTo@so bfERuR thRSifidn t&ﬂﬁéﬂé’tﬂi‘e (o) GndS pfe@éﬂtéiiéﬁrah&topu“ fied

by col rb&i&pﬁhﬁMﬁét\@@bl&féh’MerﬁﬁrkﬂQC)Sl lica gel with chl orof ormas eluent It is

then crystallised fromlight Aoetrol eum (b.p. 40-6 n exanple of the -
prod8ct of this step i ¥bledrTCommpinds hayingthadormuln % 1 00C. (See &@5so
Table 1 below). 30 The follow ng tables give npl es of the liquid
crystalline terrperatureRranges of cogpdﬁ?fds and é\%ﬁr xtures enbodyi ng the

invention. In the tablegyR representsgg (eajymal  al kysg@r oup having the
stated conposition, G N represents solid crystal to nematic liquid crystal
transition tenperature €gr], C| repesderdls solididtystal to isotropic
liquid transition tenperature [err] and NI represearslts nematic to isotropic

liquid transition tenper&Hire [err] §85(C—N ~ Table 1-
ge&pd%unfls havi ng tRI-el f?é a [e”]75.5(c—§l_§ (1 85 . (- gg)f [.errﬁ
62.5 (C1) (17)*n-k:QJi,§] 62 b5 (C Noo

n-C,H,s_. 72 (—N) 86

nCHy 61 (C—N) 95

{ )* represents a monotropic ‘virtual’ transition temperature obtained by studying suitable binary
_ 45 mixtures of each compound with a standard material. _ 45 _



-40 [err]~ . 75.5 (GN) 85
40 [err] 62. (G N) ' 100 [err] ' 72 (C-N)
86 [err] . ' 61 (CGN 95 ()* represents a nonotropic
‘virtual s transition terrper at ure obt ai ned by st udy| ng sui t agge, Qiz'?ab% 4
m Xt ur es UI Tach bUII}JUUIIu wrtirastander-d—ratet al ;

45 . 5

B2 027 027 BunherexamSleFth?@@-@&- . Opwotes s\ Oxeti ve

anal ogues, e.g. [err] may ‘be prepared by an anal ogous route. Table

2- Conpou ndethaWIaﬂlj}/etahﬂoduef g @lsc{,aaxcd’ul)c@w may be prepared-biNer arlalogous route.

NI 5 [err] . 198 (G 1) . (170)
5 R ' : G k 188 (C-N)
221 [err] | 1%(?2 c@"ﬁ)°“"d3ha‘""°§h/4 f"ﬁH] MCHO™ 173 (&N
271.5 10 [err] 159_ - N)- 269

10 [err] 133 (&N Sodvedrr] - N 141 (G N)

250. 5. §)* represents ac gnnotropic Vbg tcdah ' tranqg;dcw1tenperature 5
obtalned by studying suitable binary mixtures of each conpound with a
standard material. 15 - Further exagplgs-are [ernj_and-[err] Optically
active anal ogues e.g. [err] may be prepared by an anal ogous route.

Al t hough departures from¢#eal ity are HBB{G-Nexanpl &#lof eutectic or nearly
eutectic m xtures enbodyin he inventi uot e Tabl es3-6) as - '
i Jhdsdy

exenplifying the applicatiof’of the ab mpou in Tables 1 and 2.
20 Table 3-The foll ow ng ure: M xt Constitue : Mol e %
C-N [err] 51.0) el 33.3 FZ?H—“F s

49.0) 2% -CH Tabl e 44§8e-LQf | ow ngem Xture:

25 M xtuve Constituent oo Mol e% C N [err] 10
38.0) - 20.8 [eCgH,; [err] 133 (C—N) 259

27. 1) GB 2 027 027 B 6 Tabl e 5- The fol | owing nlxture M xt ure

Consti t uent I\IUPé":% "GN [err] 2

37.9) . {)* repregéhida monotropic ‘virtual transltaon temperature obtamed by studylng suntable binary

mlxtures of each compound with a standard matenal

15 Furtherexamplesare n_ : -C9H19 cn - . '15

4 n-cores LO{OHO)< | _
Optically active analogues e. g cu_o,cuacu(cub)cuz o O (O)-en may be prepared by an analogous route.
Although departures from ldeallty are known -examples of eutectlc or nearly eutectlc mixtures
embodying the invention are quoted (Tables' 3—6) as exemphfylnl the application of the above :
20 compounds in Tables 1 and 2. . _ . , - 20
Table 3 — The following mixture:
: . " Mixture Constituent - .. ) + Mole% . C—N '
: e ®@e - se m3
. ' © nCghy -@@-CN - 490 |

25 o . Tnble 4 — The foliowing mixture: | . 25
‘Mixture Constituent ' ' Molé % C—N
<O 380 2038
N Lghy ' O~ o 349)

WO o 271 L .



34.4) 5 - | "--[arr]

‘ 5 [err] : . .
: 7y Table 6-The followi ng m xture: Mxture Constituent : " Mle %
~N¢19.9) -~ - -3.5 10 [ er r@sB 2 027 027 B, 6
16.2) o - 10 Jerr] “TZ-3)
[err] _ gddition the bicyclo-octane =
conmpounds enbodyi ng Tahle 2 Thenféli]o @gb'* f gt he conpounds i n-f’

em W th any
one or nore of the wgfbgqsg@g@s Ilsted ab(l)\'é(/"gc&' qU| d crystal

devi ce enbodyi ng the m@@p w |l now be3d@$cr| bed by 2g¢ of exanple only
15 with reference tdt¥e npanyi ng draw ngs of which: Figure 1 is an

expl oded view of a tw stMtlc displ ayg E*gure 2 is afront view of a
wat ch having a tw st ‘é‘rystal di spI ay constructed as shown in
Figure 1; and, 20 . ure 3is a sectlgnaj view of the display part of
theswatch in Fi guren&ﬂw&@m to an enIa 20 scale. As shown it
Figure 1, a '"tw sted nemafic”™ type display includes a polariser 1 arranged

with its polarisatipR,g pjcal. Aliaguid crystal cell 3 conprises
two glass slides 4, 5 Co (o) a | ayer of liquid crystal 6, consisting

* basically of a nematic ich may contain a snall porportion (e.g.
25 1 %9 of a chol ester|Jg!i’i"o‘{rpa'lL'J‘ﬁg‘ln gﬂﬁl‘g&es 7,8 e.g. of tin oxide, are
arranged on the i nnqyulRTRAstRlent N€ 25 slirgle 4, 5. Beping the cell 3 is
an anal yser or second polariser 11 arranged wth |ts pol ari sation axis 12

hori zontal .. A brushegeg)l refl ector 289 s behind t#®5anal yser 11.
Ref erence nuneral 14 indMlatds the axis 12 projected onto the slide 5.
Pri,gr to assenbling ey & slides 4, 182nre coated on their inneno
faces with silicon nonoxi 30 magnesium fluoride. This coating is

formed by evaporati mmﬁ).@of e.g. silngen nonoxide onto the 30
slide at an angle of ab to the surface as for exanple described in UK

Pat ent Specificati oy L . On asseshbly the slides are arranged with

the evaporation direction on the two slides 4, 5 at [err] to one another.

W t h sucn aiditioathebipydio-getank comperngds errﬂmdwmtm;mve@!tlon Irnav bomixedwharyafthe| | e in a

Y ng1 eompfioprdsiin ene of aw&F?hEPthF(ﬁ'QsP@"EWQR&V GLi on%j and at .an angl e of

abd 25(6\'1‘15“’ 2167 a' 15‘5(5?’3'5"@'0 '5'°t"’c5’eldﬂ"é’" dé"% foame oty 5 Ryl t
e r ra ich:

t he IY"H'EJT w’ % ég;,@ﬁgtc\éngtw st from one slide 4 to the

35 othe s fron i'éﬁl ﬁaﬂa RdVihgQ@ltwid e@'ﬂ@rnﬂib'cﬂ"staﬁ@gbldylcﬂlﬁﬁ‘truéﬁd sshaded

throug,md,gmr nQN passing through the cell 3 providing the direction 13 of

t heonol eFiguess ins sdchienabviev afciae difplayipert of thdwamh m&'ngusa m dﬂaWB to E(rmnlarged 20

perpesndlecul ar) to the poI ar| sers aX| s 2 f stal unds and

m xt ur 3 lc H tl\:‘voI cI’as % a[ in } pE Change

ef f eC ﬁ:?tfy i ‘La"lﬂ/o ?ﬁén&éﬁc atgigf% as|n§II 3?&1 @¥.gm xed with
i&fac @5&1 un Qlegﬂrdfﬁs 7 8leQI&F ti Bxité; eaPhﬂgG ofs the! uﬁi% fScEebetP(&t er gl

V\'hl C siidBy4, %&m&%dah&n%nﬂﬁs@%ﬂs&o&a pI&isby1 1tanangbatnith its pélaraticalagistizi ¢ fi el d
appl i BetizbritalaA bvashed aldininium deflectdr2? isckebiod tHe@dalyseol/ke Refarends|natme@h14 ipdicdtes t wi st ed
nenat the agie§2 prejectéghoma theyslide Sof a hase chan ef f ect deV| ce i s descrl bed in

UK Pat e ntP"er° ESS&(BB"“IEIS'@ Ce*fﬁ‘@ stids tr égg)‘d 5 4 on
f e o‘ﬁ%o st %t nﬁle su cg \@Ffﬂ%’} e% c be é (ltéjéﬁlon 0
opti C% gﬁé]@a%% esa?e h thd eV oragfoﬂ'd cti o sAdds P, ghtt he | ong
pi t chggdg oﬁ§§rﬁ:‘iﬂe’? W| E¥pd &vlati hqw Iﬁﬁstﬁﬁﬁ&édul%ls at ¥Ry cdateddirRide W ihla siagly  known
sui t abieztig (parailer Ritke edy@ratmn girattiord Bhkatar dnglddtlabad 25° GESY Ovpicklly sbudt 30°Kt ur es
eni$6dyd thgsiidl surfaces A result the tiquishorysiat motacules pragrassilctwist frpm:szseshe'héﬁg@e d evdkes
i n vi ethefide fEhys thevlangiof elane; nelgespgdight is rotated through 90° on passing through the cell
3 providing the direction 13 of the molecules at the surface of the slide 4, 5 is parallel (or perpendicular)
to.the polarisers axis 2, 12..
Liquid crystal compounds and mixtures embodying the invention may also be used in known _ _
40 phase change effect devices in which an optically active material is normally mixed with a nematic 40
material to give a long helical Pitch cholesteric material which may be switched to a nematic state by
-the action of an electric field applied in a way similar to that described above in relation to the twisted
nematic device. An example of a phase change effect device is described in UK Patent No 1,433,130.
The compounds or mixtures embodying the invention may comprise either the nematic material (if R is
45 n-alkyl) or the optically material (if R.is a chiral alkyl group) or both to form the Iong pitch cholesteric 45
material. The material may be dyed with any known suitable pleochroic dye to give enhanced contrast.
Compounds and mixtures embodying the invention are particularly suitable in phase change devices in
view of their low birefringence.



7 , v .o GB _
. 027 027 B 7 The followng mxtures are further exanples denmonstrating/} (7
t he useful ness of the conpounds and m xtures enbodying the.invention in .

twi stedynemati’c and chol esteric-to- nemati c phase change effegtz deyigeess 7

Mxturel’ W% T [erT]

foll mrxtures are further examples demorgﬁraﬂ& ul %Qé ér%\f)@go%ufis and |
M X ture 1%ﬂ£§%$\é¢]ﬂ the r}xnsrtlon in &rd anitzlc $E¢§ :'ﬁ change effect
[err] at 200C = 13.3 Mlxture 1 wit% N—I 10 Tw St ed

Nemati c Properties of Mxture 1 (i) Measurenents made in a [err], rubbed
pol yner sal i gned cel | am-cgum@-@@(%) = 1.3®V rms 32Hz V50 (100) = 1.898V

rms 32 Hz 15 Vv10( 100) = ns32Hz,

15 Key: Vx (y) x = % TPAYm Ny = angle%f i nd&dEffce. [err] (ii)
Response Ti nes [err] 347 s err] 101 nsecs 3 Vmns at [err] 20
Mxture 2 Crio wo 30 N- | 20
[err] - : 15 transition [err]

20 - es of Mixture 1 ' 15 The benzoat e
ester mxtureg' ec;'gc msotr:t)):;%AeB— 14_133 (Trade Mark) (produced by,
E Merd@ 25 Physical Properties . of

M xt ure Zﬂﬁ&fﬁ%g@%&rf,ﬁrofh,xﬁjre 200C = 0.14 Twi sted Nematic Properties of
M xture 2. (1)) WMeasuénmsmshéde WosBurh, fubbed polynjer agpbecklipo2orter al i gned cel | at
[err] 30 -  VOgOA5¢ )%Dzswrmswlzv rms at 32 Hz

30 V50 (1 0) 50193 ¥ g3 1y v10(100) =2.28Vrmsat32 Hz V90, V50 and
V10 are'® he' v614130ds 467 Voo 3% and 10% transmi ssi on respectively. The
figures i I t. t he axis of neasurenent and the
nor mal tolktegva X %ﬁg%ﬁnﬁﬁp%ng;q%%&@émg The rate of change of voltage
wi th tenperat@¥r(€0°—80°C) = 13.4 mv/°C 35 dv [err] (i |)
Response Tines [err] 172 nms [err] 92ns 3V rns at [err]

(ii) Response Times

Thiee 347 msecs

T:::,y 101 msecs } 3 Vrms at 20°C
20 Mixturez - S | : Wi - o )
LAY R - 15 transition

sy A0 20 '66°C
n-cris{-O)-oN. s
The benzoate ester mixture ZLI 1052 . B0’ _
25 : (Trade Mark) (produced by E. Merck Co) _ . 25

Physical Properties of Mixture 2
Birefringence (A n) at 20°C =0.14

Twisted Nematic Properties of Mixture 2
(i) Measurements made in a 7um, rubbed polymer aligned cell at 20°C:

30 V90 (45°) = 1.30 V rms at 32 Hz o | A 30
V50 (10°)=1.73Vrmsat32 Hz '
 V10(10°)=2.28Vrmsat32Hz -

V90, V50 and V10 are the voltages for 90, 50 and 10% transmission respectively. The figures in
brackets are the angles between the axis of measurement and the normal to the twisted nematic cell.
35 The rate of change of voltage with temperature _ 35
& 0—40°C = 10.3 mv/°C.

(i) 'Response Times

Tﬂlse 172 ms .
Toecay 92 ms } 3v rms at 20! _c



2\70\,0 7 B 8 Mxture 3 (Long Pitch Cholesteritc) w% . Ch-1 Mxture 1
~4 transition [err] 3.6 970C .~ 5.,Ch =
chotgsteric, | = lsotropic liquid, Pitch Iength =5 [errdB Eh@ﬁeogp%nge

Propertres (I) von = (.o V I'nNs 1Z2 [errj ettt HUHEULIUpr ootrtat-y

at 10 VvV 23[err] 10

10 1.

h Cholest

condi ti ons, rreasure@L err] (i1) Response Ti mes [err] 450 ns

Aliquid crys

[err] 400ns .~
'

corrpounde"havi ng a nol ecyhqr strigpiyre [err] where R

Is an al kyl group and Is a bicyclo (2.2.2) octane ring, n being 1 or 2.
2. Aliquid crystalmMmeamobund as clained in clai984l andandtenein R is an

n-alkyl group having not nore
cryssal conmpound astHssHeigisercHe {@HO>

e

an 18 _carbon- atons. 15 3. Aliquid
wd wher®fn R i §738Cbranched al kgl

group having 15 not Rfe Paggen:lcq clg&ggghﬁ.glgr;ﬁdﬂ%tﬁogtm ning a chiral

centr

e. 4. Aliquid crysta oun

clar m 1 and wherein the

| Nt e0Phatk GrandeFapeltht® Conpound be| ng a 1-4'-cyanophenyl - 4-al kyl substituted

bi cycl o (@Van2)7.0¢ BNt uib cellvith lgtriedtrapiotetadaryrongitnnndneasured &ti2geel | n cI aiml

and wherein the integer nis tw, the 20 conpound being a . _ :

c(y)aﬁ?eﬂqﬁseﬁmfmenyl 4-al kyl substituted bicyclo (2,2,2) octane. 20 6.

Aliquid Emsyﬁ "Sc ig claimed in claim4 and wherein R i
to

1-4' -

group havingy 49%4R
claimed in claim4 and wherein R is an-al kyl

s an n-al kyl

carbon atons. 7. A liquid crystal conpound as
group having fromfour to 10

carbon atons and containing a chiral centre. 8. Aliquid crystal
comppundims clained in claim5 and wherein R | -al'kyl ‘group havi g
from 1 2511/liqh@ coatabempatraiilvinga mdletulaysirgbtee % -@ﬁc und as clained I'n
claim daS K havi ng ur to ten carbon
at ons Vg‘nﬁlgﬁﬁ?% %55?1 '§Fk5g%%(g(§%§ﬁa"eA'"P1 q°‘“8 crgstal compound as

clai med i A Adlgeid BlyStaRudshp¥dHRE bifimelR AR @HdWhdrsin RE an n-alkyllgrouphabihglbtied crystal
corrpominilemnwaarmdtanrs claim6 and wherein the compound is 30 [err] 12. A

d Cf@ﬁ"&“'deu l@emdowgaeclammolarrnélaedwheﬁelaﬁ@whﬁdalwrmowdﬁpwndm S
“28'“°’A‘ an, 2%‘3%?“"(9 ﬁﬂc E?" eente- in.claim6 and wherein the

[
corrpo%gq?}ﬁ\ f% l_ Eq &gﬁ"%\‘(z g;jg‘i, ﬁﬂthﬁé“t?ﬂeé? 1#2pe- e SeMEPYF6 and

qlﬁ

ohl o cfbirfr 1 ¥

andzd\/fteﬁwﬁcbd’hdb fg a:mpewn@lmuﬁ. aryr- ai&ﬁ substituteli®icydlo (2,22} odtaRd. Y ST @l
cl ai ned i & Adigeit eryStalantipornd aeclgimbdiin c(htmmebmdhdrﬂn Ris3n n-alkyl group having from 1

25

30

35,

to 10 carbon atoms.

er&ﬁ’f@‘ﬂﬂé’&lrﬁﬁt&& aemed in claim6

conpouBg as

7. Aliquid crystal compound as claimed in claim 4 and wherein R is an alkyl group having from

four to 10 carbon atoms and containing a chiral centre.

8. A liquid crystal compound as claimed in claim 5 and wherein R is an n—alkyl group having from 1 25

to 10 carbon atoms.

9. A liquid crystal compound as claimed in claim 5 and wherein R is an alkyl group havmg from

four to ten carbon atoms and containing a chiral centre.
10. A liquid crystal compound as claimed in claim 6 and wherein the compound is

os{-Orov
11. Aliquid crystal compound as claimed in claim 6 and wherein the compouhd is
e OHOHox
12.A Irqmd crystal compound as clalmed in claim 6 and wherein the compound is
n-cyir €\ @ o
13. A liquid crystal compound as claimed in claim 6 and wherein fhe compound is

14.A quu'id crystal compound as claimed in claim 6 and wherein the compound is

s O

15. A liquid crystal compound as claimed in claim 6 and wherein the compound is

o (OO

16. A liquid crystal compound as claimed in claim 6 and wherein the compound is

30

35



822\:-&75 8 Mxture 3 (Long P'lm,'"#ﬂ“"”ﬂ”,m, wt % C Ch-1 M xtu?S i

96 transition [err 3.6 -. 97[err]

Ch = Bhal octoric 1 — Lanr nnr c li n||| d._ PJ 'rCh | en = 0 e
Properties (i) Von = 7.8 V rms 12 [err] cell with honeotropic boundary

condi tions, neasuredMaturk8rr] (ii) Response Tines [err] 450 ns [err] 400 S A
at 10V, [err] 10 CLAI Mbong Pitch Cholesteric) 4
10 1. A liquid crystal conpound having a nol ecul WP st r uctturk [err] where R

s an al kyI gr oup an&g{ter ] Is a bicyclo (2. 2 oct apagkibNg, N being 1
or 2.°2. Aliquid cr conpound as clainmed in c?ar m 1l and wherein Ris

an n-al kyl group hav&upg W@@% _@_&@r bon gieoms. 187°C 3. A liquig
crystal conpound as clained In m 1 wherein Ris a branched al kyl
group havr ng 15 not noICh = dhalestéde, ba lsotopicliauigsPiteh iengdrmt BN ng a chir al
centre._ 4. Mf%l d crystal corrpound as cl ai rred in claiml and wherein the

i nt ege "ﬁs Q-Co L Kadc,
“substitut E@ preyef 'Tﬁqg" rgﬁ’e eq:g 'éb?ﬁd cfr?e%fg'#sg%#gound as cl ai ned
i n cl ai @) respdtde M8 €I N the |nt eger nis two, the 20 conpound being a 1
4' -cyano- 4% hupberyh4- al kyl substituted bicyclo (2,2,2) octane. 20 6. A
liquid crysr;geg 400RB ¢antP %23 ai med in claim4 and wherein Ris an n-al Kyl
group having from1’to 10 carbon atons. 7. A li quid crystal conmpound as
claimed in claim4 and wherein Ris an al kyl group having fromfour to 10
car bg(g @Aﬁgg and containing a chiral centre. 8 A | i qui d crystal
conp ' 0 ' . rej group havrng
from1l 25 toﬂi@u(g ‘J'(‘)Eo'ﬁ'{oglr‘r@aégagi’ ﬁ\‘\%}g‘ﬁﬁé‘m‘ér esf'@[c mund as claimed in
cl ai m 5vheraR isien pikyl groaqe prd i;lalqdyc!gr(mp)dmmengp fibenafo? to ten carbon

ql S.rmne?;:ﬂp?h ta’gﬁ'@gﬁg;a TR e 1€ B Lare gt &0 -5k s PR ey

crysigal 0 R taF Lol dsRiafrhédd .m:rﬁrnﬁﬁékd‘o(ﬂﬁkﬁr Hls L Bﬁn&QHDQM 3fbub Ravird? ?]5
[err] Jn%t msfelthﬂ.ur afboll Sloms afdPEtAtiHNGY dhirgllcaieed 1N claim 6 and wherein t
conpound i 4. A liguid]crysti cofapoiilas@iatmeddh elhimcioandodheckinatBe iotegénmaslonenthe karnpaubd and

wher ei rpetnge 1c¥ mnblenrvls4-9lérlrsr}bsmtedhlqv¢l (ZiZim@F 8¢.a| co ound as clainmed in
cl ai %6 anﬁ‘\dﬁ‘@ d"ngﬂ Fy 1 and 5""9}7!?' t e’d‘r'ﬁlﬁ'f%Thecorrpound as
cl ai MR ui c ) c¥ fl:al rouéﬁa in frl'olmq
crystaltoq Wherd gned §5

7. A qumd crystal compound as clalmed in claim 4 and wherein Ris an alkyl group having from
four to 10 carbon atoms and containing a chiral centre.
25 8. A liquid crystal compound as claimed in claim 5 and wherem R is an n-alkyl group having from 1 25
to 10 carbon atoms.
9. A liquid crystal compound as clarmed in claim 5 and wherein R is an alkyl group having from
four to ten carbon atoms and containing a chiral centre.
10. A liquid crystal compound as claimed in claim 6 and wherein the compound is

eis-O\HO)

30 1 1. A liquid crystal compound as claimed in clarm 6 and wherein the compound is _ 30

s QHOH

12. A liquid crystal compo.und as claimed in claim 6 and wherein the compound is
e (OO
13. Aliquid crystal compound as claimed in claim 6 é.nd wherein the compound is
-con Lo
14.A liquid crystal compound as claimed in claim 6 and wherein the cornpourud is
N ~CgH4y Q @ N
15. A liquid crystal compound as claimed in claim 6 and v_vherein the compound is

35, 16. A liquid crystal compound as claimed in claim 6 and wherein the compound is 35 -




9 . a2 . . .
2 027 027 B 9 17. Aliquid crystmmlﬂm:““m‘tﬂm‘jai med in claim8 @
and wherein the conpound is 18. A liqui d as clainmed in

claim8 @nd wherein the conpound is [er r1 9. "A i qui d crystgl2 ogmuoewngl - as9

cl ai med-t+r—ctarm8—and—wherermthe—conpound—TSsTEerrT 20, A Tiquid crystal

conpound as clainmed in claim8 and wherein the c pynd is [err] 21. A

I'\gui d cryst al7cd g feptah corproynd aslajmpddn %l?'m%“&wg‘g&ﬂle{ﬁee‘f%‘ P %nedr l%:orrpound is
[err] 22. A liquid crystal conpound g?s kn claim8 and wherein the
conmpound is [err] 23. Aliquid crystal “cofpotmd as clainmed in claim8 and

wher ei n t he caBpoifaiEi dnta] @imppuriids cldimeld drudlaim Grapd whgreimghecsemapurddmpr i si ng a
m xture of conpounds at | east one of ' | 3@ conpound as clainmed in
"claim1. 10 25. A liquid cryst3s Lonprising a nmixture of
conpounds at didd claim 1.

| east two of which are. 10 conpo |
26. A-liquid dPysiad gt ?ﬁwu'y§sﬁﬁa%e#é"d&?'ﬁ%cug%%§ﬂgelr(:%c aim25 and - -
wherein the m xture contains at Ieggtﬂ.'(_)@@ﬂ@ic f the formand at | east
one conpound of the form [err] n=LoH7 _ e R1and R2 are n-alkyl
groups. 15 50 Rfquidtrystdltintbotihd/silcRimd¥ih Shitas ar@Svhlefl theébmipBuddi@i m 24 and
wherein the m xture contains at |east on _ npound of the form where
[err] is an alkyl or al koxy group. 28 optic liquid crystal
device including two adjacent substrates at ] egst one of whi i's opticall
transpar Bnt, @2 Aleyd Gystal pompoyndasyplaimad "i’vﬂf'@r% aé‘? W&‘S’l’?{"ghe ed' ploun%q% g

I ne n the space

bet ween the substrates 20 and, depogi %é@%’wner facing surfaces of
teyi

the substrates, a filmof conducting allow an 20 electric field
to be applied Bck s driatal bANRUnPREIFHAIRE4IRE Maavhkrintthedomtphendis qui d cryst al
materi al includes a conmpound as cl ained | laim 1. 29. A device as clai ned
In claim?28 and wherein the liquid EW@%@ Is a twsted nematic
effect device. 25 30. A device, as . cl ai ddi n clalm28 and wherein the
i quid cryst al3dbliquiderystal %P"Lpﬁtﬁ’fd@tcﬁweg-"fﬁ?'mr% H’gﬁ‘gi"i%e BRE2E “Change ef f ect
device. Printed for Her Mpjesty's Jt ;‘g 30 1) wnce by the Courier Press.
Leam ngton Spa, 1982. Published by the Patem G fice. 25 Sout hanpton

Bui | di ngs. LondoRiiquidetydtal Mvteriél compristng almitap iobempaynds et ledst eriepbyhichis a

compound as claimed in claim 1. . i
10 25. A liquid crystal material comprising a mixture of compounds at least two of which are 10

compounds as claimed in claim 1. . : . ) ) i i
286. A liquid crystal material as claimed in claim 24 or claim 25 and wherein the mixture contains

at least one compound of the form Al CN _ .. .
" and at least one compodnd of the form p& Q : @ @ N where R’, and R’, are n-alkyl groups.

15 27. A liquid crystal material as claimed in claim 24 and wherein the mixture _contains atleastone 15
compound of the form _ - :
400
where R’, is an alkyl or alkoxy group. ) } o
28. An electro-optic liquid crystal device including two adjacent substrates at least one of which.is
. optically transparent, a layer of liquid crystal material contained in the space bt_atween th.e substrates
'20 and, deposited on the inner facing surfaces of the substrates, a film of conducting material to allow an 20

electric field to be applied across the layer and characterised in that the liquid crystal material includes a

compound as claimed in claim 1. : o ) _
29. A device as claimed in claim 28 and wherein the liquid crystal device is a twisted nematic

effect device. i o .
25 30. A device as claimed in claim 28 and wherein the liquid crystal device is a cholesteric-to- 25

nematic phase change effect device.

Printed for Her Majesty’s Stationery Office by the Courier Press, Leamington Spa, 1982. Published by the Patent Office,
25 Southampion Buildings, London, WC2A 1AY, from which copies may be obtained



