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10 molecular arrangement and.a yery large electrical resistance, and at the present
. time ‘a considerable amount :of interest is being shown in such devices for these
FCESONS. . i e L o
" There are many known liquid crystal materials; some have been known for
many years. Liquid crystal materials,qre.opganid materials which exhibit a liquid- N
45  crystal phasein which the molecules are arrar ged. over limited spatial ranges in'an 15
~ ordered structure. .. e o,
There are. three known kinds: of - liquid. crystal phase. One 18 known as a
smectic mesophase in which.the ordering of the molecules is of a lamqllarj_kmd.-
Another is known as & nematic mesophase.in which a statistical ordering of the
.20 molecules exists parallel to the long axes of the molecules. The third is knownasa - 20
' cholesteric mesophase, in which the ordering of the molecules is of a helical kind.
iquid rials consist of compounds ‘having a molecular structure

oup
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Y Liquid crystal mate unds having & molecular s
a ' which is elongated. For the liquid crystal compounds which have hitherto been
- % S - used in-devices the structure can.be ‘generalised and represented as follows: :

where Q and Q" are- terminal’ groups and ‘A-and B are linkage groups.
‘Except in-the case of certain esters where the unit A—B includes the group
-~ CO0.0 the unit A—:B generally includes a double. or triple bond. For example the
_ ‘Schiff’s bases which.are.widely used in commercial liquid ‘crystal devices, such as
30 'para-methoxy‘.-benz‘yl—idene-but‘ylafnil_ine- (MBBA) - or para-ethoxy-benzylidene-'
butylaniline (EBBA)- are compounds containing the unit —C = N.
-~ The presence.of a-double or:itriple bond in‘the unit A—B leads to-a chemical -
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Ghangg i hmmtloalto fhalsoﬁi@fid lﬁﬂ ‘phase of the material by the addltlon '
t 03§1er el and?al l?alatmg the virtual transition temperature by éxtrapolation. - 35
Compounds in category (if) rhight ‘for example be usefully dissolved in other
liquid crystal compounds to’ extend or vary the liquid crystal temperature ranges of
thf com;;ounds or to vary’ the molecular hehcal pitch (m ‘the case of cholestenc
solutions '
40 Material . Wthh exlublts a llquld crlystal phase and e1ther consists of or 40
cofntams a compound as defined above will be referred to herem asa materlal as '
defined’.

Certam b1pheny1 and polyphenyl compounds havmg a structure o ' ' A
2 @ @ Z'

45 have been known previously to exhlblt hquld crystal Phases However in all of
: these known compounds the- para-substituents.Z and Z! have been of such a kind
that these known. comgounds have exhibited their- crystalline solid to liquid crystal
transitions at very high temperatures; as a- consequence these known compounds
have not been ‘used in known device applications..
50 ‘By “introducing the para-substituents X and CN. in- accordance w1th ‘the 50 -
. invention to produce compounds as defined above reasonably low crystalline solid i
to liquid crystal -and reasonably:high liquid crystal to isotropic liquid ‘transition
temperatures can be obtamed with the: compounds elther per se: or mixed with one

45



Certai n bi phenyl and pol yphenyl conpounds having a structure 4

been known previously to exhibit liquid crystalgphases. Fbmeve? I n alragf

45 these known conpounds the para.substituents—Z—and—Z-have been of such a
kind that these known conpounds have exhibited their crystalline soljd to- |
l'iquid crystal transitions at very high tenperatures; as a consequeficel, '
t hese known tqnpounds have not: beeh used in known device applicatif 5> L/'
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material, for gganpl aectb.yﬁel as g '-°’or by

A e ‘ﬁ dectossaths fliyss | The y—
changi ng the opti cal cmle\hetﬁglﬂ’ﬁayt gics ety for fmstapge, o, an IEStro’b'iem f y act Tve 35

w o
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ysta 5 devi ce i pek W@ Sreferdacatl the aindwings dlalswitht theelagwtlsrqaq S F lH’
optical | y-tranggarenfppliation No. 51698/72 l(hel‘em referred to as Figure 1) an rawmgs d
-with the Provisional Specification of Application No 33709/73 (herem referred to
.as Figure 2 and 3) in which:
_ Figure lisa cross-sectional plan view (partly in. circuit form) of an electro-
- optic device embodying the invention 50
* 50 Figure 2isa schematic diagram of a liquid crystal mformatron storage device. - .
C Figure 3 is a schematic diagram of a time clock or watch mcorporatmg a
liquid crystal display embodying the present invention.
It has been discovered in connection with the present mvenuon that the
materials as defined above may be synthesised and exhibit at least one liquid 55
55 crystal phase (mesophase). The % hase(s) may be cholesteric or nematic and/or
smectic. The phase(s) may be ex ibited at relatively low temperatures; this is a
very desirable property of materials to be used in liquid crystal device applications.
For example some compounds exhibiting a nematic liquid crystal phase are
listed in Table 1 together with their crystal to nematic liquid crystal and nematic - 60
60 liquid erystal to 1sotrop|c liquid transmon temperatures Each compound is of the

form
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- i ncor por ati ng a I C]UI cryst al

| ayer of liquid crystal material contained in the space between the plates
wherein the liquid crystal material is the material as defined above, and
deposited on the—+nhrer—facing—surfaces of the plates, a filmof conducting

naterral to allow an 40 40 electric field to be appled across the-

| ayero\ T gctro-optic device may for exanple be a display device used,
for(ip r. 2/ in an instrument such as a tine watch or cl ock. Eqbodrnents
of 4&? be described by ‘way of exanmple, later wth

pREs-
_ gnce to the drawings filed with the Provisional Speci fication: off 45
45 4 ~Application No. 51698/ 721.43843%ki n referred-to. as Figure 4) and the
dr awi ngs vHekeBXWebidschid Gn B T cati-on’
S3700] 75 et dEX tebres mﬁ“eg ngaﬁgﬁ%%gﬁﬁXQ I"fé{{r'mdi{gl H)‘_’R":g%“?‘{%ﬁfy'él D § a
cross-sectional plan view (partly-in circuit forrr) of an el ectro- optic
~ devi ce enbodying the i nventi on.TABLE 1. 50 50
" Figure 2 is a schematic diagramof a I|qurd crystal rnformatron st orage
devi ce. Fi gtrrafas.ao.r emaerﬁmsr@tcmp glrdegr 1) ~clock or watch
i spl ay odying t.he present invention. It
has been di'scovered in Ci}gnﬁé“ on- W‘S?th the pr es;%r;tcé;%vgntr on that the -
material s as defr ned esi’'s 1 ogpRic | east one
- liquid_55 55 crstlsgé%a mrf)."le\aégem rreesg(&)'ghase ansiHeR temReranics %ﬁmy be - -
" chol esteric _or nerratr c and/or snectic. The- phase(s) may be exhi bited at
rel ativePy $dlw t enperatures; 2fis is a very desiraBte property of materials
to be usgd_eﬂ Irqur d crystal 1g%vr ce appl.ications. Bpr exanpl e sone -
conmpounds exhi®biting a nematic liguid-crystal  phase are listed in Table 1
t oget her nw €H.st hei crystal .t28:5nematic liquid cryssal and nematic 60 60
l'iquid crys¢al oto isotropic I4§qur d transi t| on terrpg,lrgtur es. Each compound
i s of thefo’rM[er r] - 4 . 1,433, ¥30
4 wherein{@Hip represents arsgn-al kyI or an -n-al koxysgroup and is
represent edchn Table 1 in an ggbrevr ated formby its partr cular group X .
TABLE -1_trarst®i on terrper aturs for conpounds - [&r]. Oystal to Newatic
Nerratrc to Isotroprc err} ttransrhltbruon terrperlature [err]
ixtures:exhibiting a ne
%nSI ti %pys aﬁ;@a%e aretnls ?.'E'Erpﬂ 1:2); th their.cf stalgto nerlrlll:ttll: 1:3352 >
[ @FYstal and nematic liquid crystal to isot 11: uxdt 1t10n temperatyres. Each
constituent compound m each mlxture is of the forralés IT '1

675n- [err] Lo . . 76.5 n-
Terr] S @ CN R . 75 For exanple al so

“sone two- nent exhi |t| n ena ' crystal
phege ar eﬁ&p? i a’rfsibb ri.C@e a"s?«umii g%ﬁ%%("“c“’ A éﬁ%ﬂqm fo nemgpic liquid
5 cryst apera¢imlagedoméack cbnsqmeni dompemﬂl in feachi mmtumisra!so ltistedui d: t ransi ti on

t enper at ures.. Each constituent gund in-each mixture is of the form
where [err] represents an.n- al};&?‘group or.an n-al koxy group and. i's -
represented :in 10 Table 2 in an abbreviated formby its parti cul ar
group [@raﬁi't“’“A"’@W“t“ab’r for ippry mixtures) of cprmpondt A oKOEzeh consti tuent
conmpound in each mixture is also |isted: TABLE 2 .Transition terrperatures

57 n - '[err]
48

for bi nary m xt ur es.. of coweruad&mat[oerr] .. Nematic to Isotropic
S Mole % transmon temperature (°C) _transition temperature (°C)
Mlxture 1 _ ' :
n-CH, 485 - 05 .. . 40
n-CH,  5L5 Lo *
. Mixture 2 .
p
n-CH,0 55 o R
T S 21 - 105
n - CH,0 45 - .~ : L :
‘Mixture 3 -
‘n—CyH, -~ 83.5 _ o
| s A

n—CH,0 165




Crystal to Nematic Nematic to Isotropic Mole % transition

tenperature [err] transition tenperature [err] Mxture 1 [err] 48. 5
0.5 A0 [err] 5.5 M xture 2 [err] - 55 21
70.5 [err] =~ 45 Mxture 3 [err] 83.5 15 -

42 [err] " 16.5 5 1, 433, 130

5 For exanple_al so sone m xtures. &xhi bi'ting a cholesteric liquid c'
phase are I|sted in Table 3, together with their crystal to choles

liquid ctystal and cholesteric I'iquid cr torsotrorclr uid 5
y q X% 30 p q

transition terrfber at ures Each constit UCF‘.; €61 urlu T eaCcim N Xt U 1S of

the form: For exam e also some mxxtures exliibiting a cholesteric liquid crystal phase

5 where [eri]. réﬁre@ewm % oot ycﬁ%@ o dhpletoric louid el end |
DEEP S

or branched chain ) tueﬂirmcorrpound i.s represented

I n an abbrevi at ed f%’Prﬁ |ts partrcul ar group [err] A suitable nole

per cent age for5 each constJ t uent corrpou |isted. TABLE 3 Crystal 0
Chol esteric to cholesteric transition |sotrop|c transition er

Mle % t enper et X2 fepreseits an alkyl or gl I“% E’flsmr ‘k’cf’grr]

M xture 5 [err] In dhlamt gfr Gsrbﬂn ar&aﬁlﬁ sé#ﬁ lff‘lla&e ih@llarpeﬁarni@ fameach
asynmetric centre wif lﬁ,g{ containingit to be optically
active. For exanpl e“%ar he corrpound [err] exhibits a snmectic li.quid
crystal phase from[err] to err] and a’ n'emEé Irqurd 15 - crystal
phase from{err] to[err]. Cholesteric to 15

Exanpl es . of net hods of preparl ng corrpou {ses%%cae:ﬂrtmd abovarowcltianﬂow be
descri bed. CAUTI ONARY" I}pTI CE. -Rgfigwence Ith;féBﬁﬂe {°¢)t he foIWWaH’g*’( <)
description to the use of 4- nitrohi phenyl .20 ~whi-eh—-s—kmowT To e a
car ci nogeni ¢ (cancer formng)" substance and al so to other 20 related nitro
and ani na’ substand‘ésf,“fe® 4- nrtro ‘and--am no-4- br onobi.phenyl, whi ch may be .
carci nogenic.” The |n @Jﬁtél al - use 3@fy car ci nogeni ¢ subst ances i s regulated in
t he United Kingdom by“tHhe Carcinogehic - Subst zges Regul ati ons 4967.

Ref erénces i's nmade nﬁQ,lIlhé)foI | owi flescri ptrg to substances such as

4-ni trobi phenyl %‘l? H.CH to4bl fJustrate preparatlon routes. In each
case in questlon theY u§ ’f t’% 5 carci nogenl ¢ or possibly carcinogenic
subst ance is merely gi vecﬂas one vvay of arrrvr ng at an |nt er rredr ate’ product
whi ch may be a known corrpound eg 4- - .

- Mixture 5 _ )

Ta-CH,0 = . 2'_2_‘- ’
CH,.CH,.C*H.CH,0: ~ 40 .J =

CH, . -

' tre which causes
tures 4 and 5 the astenck (*) represents an. asymmetrlc cen
{Ir\lehgg:npound contammg it to be optlcally act:ve For example alsothe compound

exhibits a smectnc hquld crystal phase _from 21°C to 32 5°C and a nematic liquid

o ‘15
from 32.5°C to 40°C. - _
. 15 crys%lxgrtrllisl?es Io?'nt:iethods of preparmg °°mp°'mds as defined above WI“ now be |
' ' descrlbed :
: - CAUTIONARY NOTICE ' N

- 1
% : ade to the followmg descnptlon to the use of 4-nitrobipheny

90 wh.cﬁfsferfﬁgﬁltsorﬁe a carcinogenic (cancer forming) substance and also to other 20

amino substances, eg- 4-nltro-and-ammo-4-bromoblphenyl which

ﬂ?i‘i rcl:gglzggemc ‘Thee industrial use of cdrcinogenic substances 18 regu}ated in

the United Kin dom by the Carcinogenic Substances: Regulations 1967. Rli erencie

' .~ is made in the following description to substances such as 4-nitrobipheny mferte y s

25 = to 1llustrate preparation. routes. An.. ‘each case in question the use oa o‘;‘

' carcmogemc or possibly carcinogenic substance is ‘merely given as onedw y 3 .

arriving at.an mtermedlate product which may be a known compoun ::gos;.
hydroxy-4 bromoblphenyl or a’ denvatlve thereof it wrll be apparent to



hydr oxy4' br onobi phenyl or a derivative thereof; it will be apparent to

t hose 6 1,433, 130
6 skilled in the art—that other ways of arriving at the internediate
pr odyct griesti on whi ch avoid the use of carci nogeni ¢ substances are

KNopmNos i bl e. -EXAMPLE 1. Preparation of 4'-alkyl-4-cyanobi phenyls by
A | \g’route: [err] where Ris an alkyl group, for exanple:an

n- ay y p. STEP Al: The production of 4'-al kanoyl -4-bronobi phenyl (by

Friegel -Crafts Acyl atlon) One qx@grgbe of & way of’ carrying out this Step

s as fOII TO_COMIET CIatty—avartabre—4—brorabiph | (0.08

ol e) an E{Eﬁaghggggr‘f fg Eg%ﬁ@rl‘: iy fb? Mer ediate profdus} inli ssol ved,in dry

" Anal aR' akﬁ) trobenzenepgst a’f’cestaFFe "8BPoBPERlte mal kamoyt

chloride (0.1 nole) is added iIBXAMPIS1. t he tenperature bei ng maintai ned
bel ow [err]. Pmat@olqﬁm-ajkyl-nsyabbxphﬂdlsbyntheabmﬁmglﬁuhourS at” room tenperature

and poured onto a m xture of. |ce§;ﬂier and 15 - concent r at ed

hydrochl oric acid. Thel@r=Emee RGs(@)rK@eB# or about . 0.5 hour, and 15
t he sni t robenzene | ayer. separat ed The 3@@9 zgne i s renoved by steam
distillation, ~and the | lue V. fromabsolute et hanol to -

const ant nelting p

' -n-al kyl - brom)bl phenyl (by Huang Mznlo'n 207 Reductlon)
_ 20 One ex oupi fq:am;m;lga oHatkyl group. Step is as follows: To the
appropri a k“et" ctioy f Y- @}-4-bromobipheny! (by BriedebCuate of dry

di et hyl ene méCeQ mAleQf Wiwh QVedﬁ@EﬂE‘dﬁgt%@st&&% fAbQf (909 hydrazine hydrate

(0.8 ol e) Toncatmmerdiibt hvdilatie dle) e SSi hydr oxi de
(‘0. 09 not %"“ e',%‘mn 2315‘10’;“ l)odtsﬂq edvain rdrxsdlAmlaR{’n Tﬁ.flﬂe}il g‘frksa hg‘?it. ng at
about [erdr psU{ Ia "L oﬁv’ﬁzo § d!‘q}@ds addhémr eaction m xture
s heat ecabmudemomﬁdmmtaﬁ i ont %E?éfe z‘ffh rai sed to about
[er¥d) by ¢ P@Nfﬁtleéhy hbﬂdammtmm elis ghen afiroadt fo abblit our 55 On :

~ cool i ng, °é’5‘§ﬂ’ P fERe §al [ﬁ henggneh ishesmoeeic bprtkathe extract is
dried. Thelsmpl poant | S renoved SHa thioretsoliis ‘?‘E““B‘rﬁf’st"aﬂaptsed from absolute
30 etsﬁ§ﬁ0m tﬂlecmodmcann -h4alkgl @&ioﬁfbblphenyl (by Huang Mmlo

30 ZBT1EP O t - cyanobi p enyl One’ Quarrpl e of a
?e

foc fal

.-_vvay of carr%m@ﬁ “’a‘yﬁﬁ ep, is. as f

“n-al kyuetmlebeamn( by wilrbairlg zﬁt })ﬁ%@’lmﬁﬁm y‘#{f’%’%“ and B and
cur} ou mhlsdnd ed:lPotedsiuyxl Hy@vorideér is 35

hedled ug@ggés't@%ﬁfmw 5‘%&%0 &gslhfga%;r%sﬂ ?m lmMofﬂactlomm xture is

~poured  gmpa lﬁearaﬁeurus ums aﬂ%%bg ﬁ;entrat ed
hydrochlfﬂf 4chours. Qh epo ftbeure saRikemgithak, r] for 20 minutes
: m. xt @’h‘énoﬁj?:-% al‘@ﬂt ffﬁ%‘*ﬁl?@ﬂdhemﬂamd qrintallised ﬂ‘ramt abﬂﬂﬁﬂaed with 5N

hy rochl 8¥EE CACT saﬁ@fﬂg n o@ﬁﬁ% HBO m hydr.oxi de, water &hd then
dried. The emd wa leldfarmmr oult sE §is WGolfhQs: - - purified by colum
chr omat ogr E e q félFI4|-@:P1&5)'ldebrekno eh!l\(&OIZI le)rpyejﬁﬁhlbys@pg An 40 fromlight
pets ol euRdatdadinbir IR 5&0}%& hn fOWﬂt;fbrﬁi anix is mel ti ng poi nt .
Final |y bie apftﬁducﬁxﬂuﬁe ?effl om(o em’g bout

- 140-[er :g%mpmmm at@bayy aeawmwzo nﬂmab X Yrixfure GYRAKeR Wit enyl s by the

foI I ovm n j’ﬂg&@, o tfﬂ\ﬁle‘?’ ydroghlorioaciduyater, 107, apeousl € an n-al kyI
yic8 . |

h le solvegt lf§ ﬁemoved and the res1dug
\phy on silicic acid, followed by crystalii

from light- petroleum (bonhn oint 40—60°C) at — 78°C to constagt erltmgl‘;ﬁll:t
Finally the produce i is distilled under vacuum (0 5 mm Hg) at about 140—150°C

EXAMPLE 2. '
Preparatlon of 4-alkoxy-4’ -cyanobiphenyls by the followmg route:

N° TEA2 o000~
' STEP. az

45 - @ OH STE"C’ B".—.—Nﬂz | s
S STEPD2 S
sr-.—.—on -—ﬁznc @ on

were R is an alkyl group, for example an n-alkyl group The Cauuonary Notzce

40

%)




1,433, 130 given above applies here in respect of the production of the

I nt ermedi ate produce 4-brono-4'-hydroxybi phenyl. STEP A2: The production of

4-brono-4' -nitrobiphenyl. One exanple of a.way of carrying out this step is

as follows: 5 Commerci al 'y avail abl e 4-nitrobiphenyl is brom nat ‘
by the nethod of Le 5 Fevre and Turner (as described in J ChentSoc\(fg,
p.2045) to give 4'-brono-4- ni-t r ob? phenyl . STEP B2:- The production. of

4- br ono- 4" - ami nobi phenyl . One exanple of a way of carrying out this st
as follows: 10 : ReduCtlon of the N §;qssonpound produced by Step
(81 g) S achl-&vé’* h_._ —4-O—s 111 llg olL [ET 1]

t ((f élemprﬂqucp g)rbg%tﬂ‘ezin ﬂﬁgd‘f‘até’\ﬁrhghc@

m xture of on_ pi ngigensa a?s concentrated
hydr ochl orH acit (2‘9'%"{}% f:zi’r bonate (22g) ‘i-s -added and ‘stirring |s
continued for 30 m Q@lﬁpg\zv\fnﬁr?umﬁoﬁoslt-bghm-%mbmhml di | ut e aqueous
amoni a i s added. On cOoé exagy et 3% 2 &Eﬁ‘d h :‘g&ﬁt g,@d{euﬂg&d@u 5
et her. The conBi ned ee‘t,rﬁe*‘ merﬁ e iogﬁg‘t sb@(lgm,qﬁzous;t@gim

renove 15 the et hemta,%ﬁ, e residue I's ‘pour ed |nto wat er. The ami ne |s
precipitated, filtered off "and. dr| ed STEP : ﬁ)enolduct i on of

4- Br ono- 4' hydroxyblsp‘ﬁﬁlﬁg! Thepre %ﬁ ﬂ@?‘s PGkl fyilgvg: out this step
is as foll ows:,.20 é‘hf]ggl %@( g)odvbsdeddg step0

ap,
B2 i s dissolveld | n'QGHé}éﬁléclOOg@f E%uamtau:svatmm @ ﬁ cab ate to

the sol ution vigor oy lsﬁ(h%)nworl@nb.‘&débﬂdf °&F¥’ut d
(360 nl) preheated tl%;) Qﬁgﬂﬁ ortnibd ﬂxtr};ctgdiue:s t he

finely divided;anin b étﬁ /alo%haleﬁﬁm oEthel amlne[imvp@or{te tor y tHe
sl ow addition 6 aqéélf)euaersadj thg':iesiduerns paur¢ddintopvatgr. The aW&teésrP'E“IU ?Tj"g

The excess of sodi umfhandrdried. i's then destroyed.wi.th urea.” 95% Acetic acid-

(400 nl) 25 is t Paéig Ldoa e 4$}Lﬁumydﬂﬁymﬁenﬂl azoni-um sal t. The
i ce-col d sol ution of oG ?%% %Sg;}mwbpmglg.@t th!mst ‘ﬂvxqu ‘96333
0

vi gorously sti20ed and 4amiin brsmlo t 59‘; &m%g i
m). The solution i s9 q?% o1 5 tlﬂ'&igtalndlrimd are
visible in the m xt u 4 lm d, a&@mﬁ empnm;mcmdlazomq :
i ncreased. The tine @end e low audueoraufdmmoonsqd ﬁg?%g Aﬁ" ° 25

solution is 280 th&hm eﬁfou g jrife s yed s%lu@ﬁﬁ omol ed;
dilution with an equ%&um 'mon °%edm dr&usbtstmddn doiliagl Wit h
t8 B 302

hot N sodi um hydr oxi 30 uﬁj"%ﬁ l&@r%eo atglafu t | 30

material by filtrati omil sushmde patmcaqs@rq gndl,r tipre
Hnd Eosikd; Qﬂuttdhfwnth an equal

4- br ono- 4" - hydr xybi “':,‘:ff: e D

4" - n-al koxy- 4- brormob %ﬁ ter 1ves a SOlld whlch ls di eOWiihEhOa l?lh T of
carrying out this steauﬁoa (3000 ). Aftorscemdal of rg l;yﬁltratlon, e filtrate

4- br ono- 4' - hydr oxybi ptidifigd toomni‘tﬂl@de%ﬁ)ﬁ“%?‘é‘b" h@ﬁm(‘ W o1 e) and anhydrous

pot assi um car bopat e s eorctRongigls, Lhe approbr i at 635
n-al kyl brom de£(0 OSQEH‘% ?Ripin)o&o XERADAXEY AW orhobibhEhyls,

Re) -arwlnylhg olsttthls istspl nsms><f9 eat ed
under reflux for about :Zofomixture Gf 4o P{‘ léo” Q%fm. .2(1}8,?31)3
filtered, 40 and triwe) s b e tﬁ:m 3 208 MeCstirrb Gnixtemi due
is cryst al li sed40f romhléztbgpﬁﬁjﬁgﬂgf emﬁ,uamdn ch»dliht, tlple‘bacobem rbgf tpr,q 0
p0| nt 40-[err]) to CQK8 k@ dolvemlis Iremga b from the ﬁh é ’@fgm

- n- al koxy- 4- cyanobmphen!ybf beﬂwe and light petyoleumy & %p‘"B? a way’ of carryi ng
out this step is as f"éﬂ@'t&v&‘”"t .45 A mi.xture. of

' -n-al koxy- 4- br Om)blmrﬁal TﬁQ Q)aﬂctiﬁmoe)l-rpilbtdqy{ée:da lpr g)jz and cupr ous 45
cyanl de (0.036 4l e) | ncdie}exdnmebh M&om OBip e gﬁ%&iﬂby step D2

f 4'-n-alkox
3 and jc\upmrl:ttxl;rgy‘;mde (0. 036ymole) in dry d1methylformam1de (100 ml) is heated

T about 12 hours. On cooling, the reaction mixture is poured onto a
' rlilnlifl:rleeﬂol}x f!:mc chloride, concentrated hydrochlonc acid and wa{ﬁr ?fter 50
50 heating at-60—70°C for about 20 minutes the ‘mixture is shaken with ¢ orodorm
and the ‘extract washed with SN hydrochlori¢ acid, water, 20%, aqueous so }un&
hydroxide, water and then dried. The solvent is removed and the residue pur; 1eil 1
by column chromatography on silicic acid, followed by crystallisation frorrlll 1gh
petroleum (boiling point 40—-60°C) at 278°C to constant meltnlg point. Fma ly the
55 product is dlstilled under vacuum (0 5 mm Hg) at about 140°C.

-~

55




under reflux for about 12 hours. On cooling, the reaction m xture i s poured
onto a mxture of ferric chloride, concentrated hydrochloric acid and
water. After 50 -—heating—at 60-[err] for about 20 minutes the mixture is

shakeryM t hehhor of orm 50 and the extract washed with 5N hydrochlorrc—
aci ¢ /At 2 0% aqueous sodi um‘hydroxi de, water and then dried. The

sol y wved and the residue purified by ceol umm chr omat ogr aphy on
Silix A followed by crystallisati-on fromlight petroleum (boiling

~ poi n% 40-[err]) at [err] to constant nelting point. Finally the 55 ~
pr ottt St — ~ AN 5 nm bg)  at about [err].8
55 8 - ' ' EXAMPLE 3. 1,433,130 " .

. 8 EXAVPLE 3Preppratien eft T-tlkyl-dfcyanoBudrgres by thedfolidwingoroutses by the gl | ow/ng-
route: C H2 . ,€H2 . CH2 [err]. re Ris an al kyl group, for
.exanpl € an n-al kyl gn@?—@-&.- M%@%kngmt.en al1s o :

2- br onof |-.uor ene which:is prepared by g 1 ntlonal- 5 met hod. Steps A3,
B3 and C3, may be carried out respect@vel 9 Bdhe sane way as Steps Al, Bl

and O described in Exaggp,e 1, above. E
~ 7--al koxy-2- cyanof refieSby t e | ow _
exanpl e an al kyl Qr / TN Ky T BE s @reBrCaut i onary Notice gi ven above
‘applies here in.-respect of the productioen-of:the internediate product
7- hydr oxyhére IR RrfdikyD g0 forSkBmpidn nilyf globpn Of 2- bronof f uorene. 15
“OneSexanpl eTh stagtingomaterfal _isaFurgihaﬂBuoapé which B pfepaied bpa edhvéritohIWS: 5 .15
- 2- Br onof g}gﬁg’ éﬁs'ﬁ%’w&%wgﬁlm ,.dmagiemeeh@ybq'mmme by di ssol ving
“the .2-bronbt 1 vorefie Th eﬁfré?(? 4 Exaoplq b aBeYeq at [err] and adding a m xture of
fumng nitric acid and concerExa¥ppeni tric acid. The tenperature’is raised
to [err] fofreparstionrof 7ealkomypeysnefhiommes bathe ifcllawingheutpr oduct is filtered of f
and purified by 20 -. ggystallisation. - ' T

20 STEP B4: Reducti on,4 - AR 2 L0
-§§'n%u| i% jction of :

~carrying out. this step Iy - Torrowe _ i C :

‘7-ni tro-2-bronofluorenecpgoduced by steHy I's achei eved by dissol ving the
RO bﬁ aci d and addi ng '
trated t

. 7- 8 tro-2- bronof | upprEs R eh OSTER GICH }
SOlsYED 4 ' *d "hydrochloric-acid. After:
ashl oride so produced is filtered

LE 4. Preparation of
jRoute:--[err] where R is for

2igrene. One exanple of a way of

stannous chloride di sSOkYep4 N conceé ;
“heating 25 under ‘reflgma the amine hyde T i,
.of f and di gested wké o o B selgingia-oxi de. -The product is

@ll 5) ‘3/

pur {1 eyl 81y Rkl adthl B0y SLEPy Ol e, BT SIUSLLOR OF =
7- hydr oxgivea 6®rmf>|ddﬁ61€.ﬂi€re§[g§§‘¢f§§&3ﬂ biuet: °P%.§1 [CautionagyVgeige ng -out -t hi's step
i s as f ol-hydeesy-2dPomofluorene.  The conver Si (l)n_'-oo ® ;ﬁgrrrnnagﬁgfef 3r::gm)fl uor ene -

produceds QR B4 i nto 7- o 30 hydroxy-2-bronofluorene is carried-out in

agnl g%%ﬁfgﬁ?g %%%mdg‘glﬁf’ﬁg%qt S A £38Mmbe,. of Step C2 abgve. STEP D4:

The pr oduct2Bmmoflucreene ad_%pmmei-i wﬁ%&%&ﬁ@mo&‘ baRNigy Of a way of |

carryi ni{!h%rbf%ﬂ fsl!eélgglagalasetfcqbidcav\m?ca’ﬁd adding a mixtéreldy flinfigy - 2- br onof | uor ene
h

-oduced: rated njtrig agig. ° p igepjsed BRI0AE fatdscribed in th
D o e U oo | Dod 1 the

C a P C
~exznpl e-o&fstaltﬁs%gesgga EP E4: The

=

£pve-.t_p;_-g|_ve._'- : .
productign of -7-n-alkoxy-2-cyanofluorene. One exanple of a way of carrying
out’ thi SST%’ -ﬁ:‘?&og ol _-awgp'-Z'-b_romoﬂuotene.-- S e
_ 'UIE exampic of a way ol carrying out. this step. is as follows: - .
. The reduction of 7-nitro-2-bromofluorene produced by step.A4 is acheieved
by dissolving the 7-nitro-2-bromofluorene in hot glacial acetic acid and adding K :
25 stannous_chloride dissolved in concentrated. hydrochloric. acid. : After heating 25
under reflux, the amine hydrochloride so produced is filtered off and digested with -
warm aqueous sodium hydroxide. The product is purified by .crystallisation.

STEP C4: The production of 7-hydroxy-2-bromofluorene.. . .- - - . SR
~ One example of a way-of carrying out this step is-as follows: - . )
30 .The conversion of 7-amino-2-bromofluorene ‘produced by -step B4 into 7- 30

- hydroxy-2-bromofluorene is carried out in a similar manner to that describedasan

example of Step C2 above. - . o L L

STEP D4: The production of 7-n-alkoxy-2-bromofluorene. .
. One example of a way of carrying out this step is.as follows: - S :
35 - 7-hydroxy-2-bromofluorene produced by Step C4 is alkylated inthe same way 35

~ asdescribed in the example of Step D2 above to give 7-n-alkoxy-2-bromofluorene. '

STEP E4: The prdducti_on of 7-h_-alkoxy-2-cyanoﬂu6réne. P
One example of a way of carrying out this step is as follows:
7-n-alkoxy-2-bromofluorene produced by Step D4 is converted into 7-n-



7-n- al koxy- 2- bronof | uorene produced by Step D4 is converted into 7-n- 9
1,433,130 9

al koxy-2=cyanatliorens by heatirg—in—d-rethyl-formam de with cuprous cyanide
in away simlar to the particul ar exanple of Step E2 descri bed above
EXAMPLE 5. Preparation of a-laterally nethyl substituted -

4' - al koxy- 4-"cyanobi phenyl by the 5 foll ow ng route: D
S [err] where Ris an alkyl group for exanpl e, an n-al kyl" group. The
Cautionary Notice given above applies 'E%Sf i.n respect of the productiong0O
the internedi afe product laterally aethk®3Bii0ariey

4" - al kioxy~gzbr o biapdoeny-tyandfliorene biSidapng® dinfetkylfo - upfous cyepifein) y
met hyl substit dgd aqvay- Sﬁ‘l"l@bi&/th&-l’ﬁﬁ’tc\“é’ shaprle Pt Stepw t&g I e of a way of

carrying out this step-is as follows: TheampREGpri ate

4- n- al koxy- 2- et hy| anipldph@tibrof@istaily ridihyl nibstitlitad ¢ratiloky4- mmdyphesxllbx thet Ut ed

4' n- al koxy- 4- mtrotfolmmydouteby -the Gonberg Reaction. STEP B5: The

production of laterally rrethyl suhﬁtltuted 4' -n-al Mexy-4- 15 '

am nobi phenyl . One exanpl e ‘of CETERAR @ iIND2step is as

follows: The laterally nethyl. SubStituted 4’ -n- aI koWEEtBﬁl trobi phenyl

producéd by step A5 is reduced"” byMcron pin’ dust’ tion in a simlar way

to the:particular exanple of = %) s GTERES B""Broduce lateral |y

met hyl substituted 4'-n-al koxy-4-- $S5JEP DS ami nobi phenyl '

20 STEP C5: - The production of I. _Erally substituted '

4' - n- al koxy- 4- bronmobi phenyl . ¥ of a way -of carryi ng out this step

is as follows: The laterally net hyI substituted 4' -n al | N&BE phenyl

produced -by Step BSwhe:e (Ronwe 4034 pup for P’Wtéz)l;lt P‘ k Eﬁe{v pmduct :

4' - n- al koxy- 4- br ono# u S nted 4 Mkew “Qﬂan)}ln | a way sim | ar to

the partifcul ar exa G2 descr i bed 25 above is . is fbo d by

the addition ab cupsnmAﬁﬂhﬁpméuct@fEﬁatmﬂymﬁéyl %ﬁ?}ﬁgf& -tat“é?' é‘ft\m
met hyl substituted 4'- I‘l’é:f' SRR mbqaatermy;aetmy of

carryingsiout this s{en. (faop ﬁﬁ; D¥frobip enyl by the Go-EhErd Maemai | y met hyl.

substituted 4'-n-al oxy - br onobi pheny| produced 5% l\t}‘ﬁ -n-afko

converted into the SFEPvAS:ehhe caradnstionmiolatiaellyy me btsr"tfH‘ f E&pro 15

cyanide 'in di nkt hyl f or @ﬁ? ﬂott;n@ays@}»rgaﬂyﬁyoa&h{shﬁpmaxsttblmﬂsar exarrpl e of

"‘ﬁ’?‘

Step E2- described abovgye blethGh suﬁs'ﬁtuéed 4'-n-alkoi§h49n Udhﬁm'll m@“ﬁ?% S“}P

| ateral | y nmet hyl sumus:teducedibﬂiroledlk st of ﬁ% L1€ ow ng
route: [err] re Rf Pigp &ﬁ d&i"RVId ”QPWB PfWQQ%WgWE°X§¥S“ st ? ‘rkoﬁr The20
Cautlonary Not : 1 433 130 o

10 gi ven above appl mgph:gf Thé ﬁroﬁﬁﬁlpetbf lamawhebspmu%m -bltoweblphenyl
internediate lateral I Oyabmnlm ﬁ m{g@b@ts&rptl ng

o R
material is 4-al kyl - con me ﬁlfﬂi‘bmeﬁ[} T3 iaedluce y St ens
A6, B6, C6 and2p6 ilhmtoath§ Ipatticalar .o pteoofsatcno§2 AESCH
above Thls is followed by the addmon ‘of cuprous bromlde :

. STEP DS: The productlon of laterally methyl substltuted 4'- n-alkoxy-4-
cyanoblphenyl. N _
A ample of a way of | carrym out- this’ step is as follows:
& I %I:: le:ter ly-methyl zubstttuted '.n-alkoxy-4-bromobiphenyl produced by 30
' Step C5 is converted into the ‘equivalent cyano-compound by, reaction with
cuprous cyanide in d1methylformam1de in the same. way as the partlcular example R

of Step E2 descrlbed above

- ' ' EXAMPLE 6. ' | :
: _35 K “The productlon of a laterally methyl subsututed 4'-alkyl-4-cyanob1phenyl by . 35
T the followmg route:. . . L ; . _

M¢

N02

o " |sTep B6
"‘B, sra:ce _&@_

.|sTEP D6 "

‘where Réis ati alkyl group for éxample, an n-akiylgroup. The Cautionary Notice




nd D5 respectively. _
g EXANSEEa79 The prgductionyof a 4'-al kenyl - 4-cyanobi phenyl by the k
f ol ow ng r out e [Crr] where-R is an al l(V' group for examl e, an n-a y
STBR A7: Reduction of the 4'-al kanol - 4- br omobi phenyl .
e of a way of carrying out this step is as follows: The _
tarting ket one, prepared fron1‘4-br0nnb|phenyl by acylation in
' n~y as the particular exanple of Step A descrlbed above. Th?h_ 15
keto I's reduced by I|th|un1alun1n|un1hydr1de in dry ether to glve e
rgg.:atc a-cohel—which-is pud#380 by crystallisation.

i)d#uy '- | e of
B elamtlischierecih réspéxt aﬂtﬁ@ﬂ@huqﬂbﬁ)gﬂﬁ@ﬂtem{ed%{tgﬁteeﬁl Gne eup
%ﬁl ?TsErepgil'g“ tedt I?lll‘lﬂvﬂsbrfomf’blmemén I =4- br omobi p s pre ar

s 4 4 CIN?P uf#véata wh 0 10 m nutes in
dehydr at Dd’%gfﬁ
gﬁagisgﬁ ;&3 ain@ mgﬁ{l ro Eg'if‘ ?g“t"i'% BTy taSteRs Ady taI | i-sation.

le of a

EP C7: The roductlon of 4'-al kenyl -4- cyanobl phenyl . .One exanp .

ﬁgys-(l)_f carryipg (S 1 hi 3t EXAMPLE G| | 0\1/\5 - al kenyl - 4- cyanobi phenyl is

prepared from t Ple H'%rug%) %on@gﬁﬂd" lP(t}%'B' 559 "St Y‘leéasﬁghg cugrguzbgzgm ‘Cli'ﬁe
anSTERAY : escri bec

o g:J(r:rftlhglflcj)::lrr?lme & :: o 25 distillation. EXAMPLE

Br et sTePBys. The route used is

8. The production of “#-alky] - %@@ AR el
simlar IOto that useREs TTOREs :;0 ©xBi s exanpl e 30 tge 20
appropriate terphenyﬂ' Hs used in each btl-ep |nste?dv\ﬁf Lhe correspondi ng
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he corresponding
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= producti g of d| ortho substi t ut'ed 4' -al koxy-.4- -cyano- bi p enyl s __
% The rout ‘FtH’POf -len'l—‘imnbblpheﬁ&a Ie 5 however in this case

45 approprl a ﬁi(
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use
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of the i nfsg ‘ﬁ‘é’& ate di -1 ateral IX substituted 4'-al koxy- 4 brom)bl phenyl . 50
EXAMPLE  1lqhe nrod £ 471k Lo RAMPLES. - - 50 The productjon of
eprourono . -c p- ¥ " nts.
4 al koxy - ATkt ch ﬂl‘ﬂi &%@Wfﬂg ﬁehﬁ%o&ever in tlglp(e)xampi'ébSt 'tute
the. appropriate terphenyl 18 used m each step’ mstead of the correspondmg 30 )

blphenyl used in Example 1.

The starting material which is 4-bromo-p-terpheny1 may be prepared by
bromination of commerclally avallable p-terphenyl by a known method

: - : o EXAMPLE9 - e '
35 The productlon of 4"-alkoxy-4-cyano-p-terphenyls ’ B B 35
: - The route used is similar to that used in Example 2; however, in thls exam le :
the appropriate terphenyl- is used in each step instead of the ‘corresponding
biphenyl used in Example 2.
The Cautionary Notice given above apphes here in respect of productron of the
40 intermediate product 4” ;:lydroxy-4-bromo-p-terp eng'
The starting material which is 4” -nitro-p-terphenyl may ‘be prepared by
nitration of commerrcally avarlable p-terphenyl by a known method.

. EXAMPLE 10. - ’
_ The productron of dr-ortho-substltuted 4'-alkoxy-4-cyano—b1phenyls '
45 The route used i§ simildf to that used in Example 3; however in this case .45
appropriately ‘substituted nitrobenzene, for example, -methyl-z-mtrobenzene is
used as'a reactant instead of the nitrobenzene used in step.AS. The Cauuonary

Notice given above applies heré in respect -of-the mtermedlate di-laterally
substltuted 4'-alkoxy-4-bromob1phenyl .

50 ' - EXAMPLE 11. e 850

. .The productlon of 4'-alkoxy-4-cyano-brphenyls havmg more than two ortho-
substitutents.



1,433,130 The route used is simlar to that used in Exanple 5; however, in
this case appropriately substituted conpounds are used as starting
react ants.inst ead.of _the correspere-Ag—4—r—atkoxy=-2- net hyl ani |l i ne and
nitrobenzene used in Step A5. EXAMPLE 12. 5 The production of
-al kyl - 4- cyano bi phenyls having at |east two 5 orthosubstlruenta
The route used is simlar to that used in Exanple 6;. however, in.this\
ei ther or poth of ‘the starting react ant's 4- al kyl - 2- nethylanlllne and_)‘
ni t r obenzene used.in. Step A6 has an approprllte substi t uent group 10 11
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EXAMPLE 13.  I1_ 43313010 The preduetien—of

4" - al kyl - Agyang- termfh\ﬂ{esusb&isl slﬂﬁlaatto hﬁ&aieddm@xmnlhé,-hmbgt intt ﬁ’e The
route uséd is si"m | appropristdhasubstiveed compey % %ﬁ%‘/&%@% E °thi s
case the starting re%@samgé‘r%alh"”‘y&rfk“;ﬂ‘ylad“ e2AGBIS ‘3‘5 © BFePared in a
known way 15 and nltrobenzene Ipeupom€2.0f which.is: appr opri-at el y

subti t ut ed. 5 15 EXAWRL Eprfbéuctﬁhe oprdjehlkyt-l—gymg-blphenyls having ..at -least two

4" - al koxy- 4- cyano- portbo hts. haV| n ast. .0 0 yp{s | dhid @Bde- The
route used is sinilar, orfbo of‘ij ggé‘m%“ SRR élygl% 2 “% vaceate, in

20 this case th i%'t IStdp) ﬁﬁaﬁ ridé eubﬂirtuaitlgmuwl am nobr phenyl- 3
prepared in a gown - 20~ vvay and nrtrobenzen OB‘E | east one of which is 10
appropriately bstitut E}’%%M g 1P @m%gd,&hh.aw ng
the fornula 25 E‘f Q%Atﬁ’ﬂ EI kg:'l/]?y“' up, ' rgg}la gygr?o group, and Z -

represents a pl uralr y rowtdused: rsemtrlaytophxtarsddr1mﬁednn§®rﬁzaeﬁé2Jh°W f'“TH’é‘ oute

used is sinilar to tdassthesexing pea ég ‘qu ?yhe 15
appropriate nufii pheﬁ‘i‘?lmtf%be'&@é%a séz?&‘h ‘?"8& T RRPIERTF e correspondl ng
bi phenyl used irn Exanple . 1. :30: - . EXAMPLE 14..

30 The production -of . camprprnaﬂeudna;fﬂ'hgk@hé-@mwwweﬂr@vﬂgSlFﬁt%R?“éﬁhﬂoxy
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para-|inked begzene ki : cants Bighenys pfeparad intaknowiat 20
26 Gl rtmtrcfglgtn:gghr: agtalgmmpb of w%ﬁh ismpmpp*tdprs!“&tl@teﬁful ti phenyl

is used in each step i nstead of "t he -corfr SR g bi phenyl used.in Exanple.
2 EXAMPLE 17. The prodyction ‘E gﬂr t‘ﬁgfmula o j
dﬂ1 spr?; he {1 8pé8hl$% .s-olr OW - ng0 Toute:.

- al koxy- 4- cyanobl pheny o
40 [err] where R is an alkyl group. 01-- Nt Steps A17 Bl? “and Cl17,

particularly for the case of” the: ‘conp ls ?gygno g’f”“ﬁ anerepreselmsaplurahty of 25_ B

4' - (2" - met hyl byl ox ?f @g“ﬁ g@‘t%g
12 STEP A17: The pr o c%e rftg si ﬁ\wus xampé: uéwe\pr,sm *Emsﬁ?R
exanpl e of a way of g,ardi;wopgatemtultiplhewlsﬂwd|ms° | -steg| ipgiead - of HF SOTERRY m’f’)n of
t ol uene- p- sul-phony| binhesyi whed fOBBOWRlenb| ¢) in dry pyridine (75.m) at [err]
(-) 2-methyl butan-1-ol° (0.085.-nole).is asAaPpiBM6ONE ortion. The

' 30 The produetlon of compounds havmg the formu a --l C _

used in. Exanpl

where R—O is an alkoxy group, CN is a cyano group and Z represents a plurahty

tly para-linked benzene rings. = .
3 of dl'ﬁ\ce gogtae used is similar- to ‘that used in Example 2; however, in this exargple 35
' the appropriate multiphenyl is used m each: step instead of the correspon ing |

b1phenyl used in. Example 2.

. I BT EXAMPLE o - o .
" The productlon of optlcally active’’ 4-alkoxy-4-cyanoblphe_uyls by th_e
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eempound (=) 4'-(2” rmet ylbutyloxy)-4-cyano-b1phenyl is as follows:



- exBPact esablumn ais eibmred

5 solution is maintained below [err] and stirred for 2 hours. Water (15
m) is added in 5 portions of 1,1,1,2,5 and 5 mM at 5 mnute intervals,

t he tenperature bei ng—marntatred—belewferr]l . The solution is diluted with
water 75 m). The oil so produced is extracted into chloroform and the

ext faget successively with water, 2N. sul phuric acid, water: 15%
aqu, Jm bi carbonate and water, and 10 - finally dr| ed over

anh f $odf um sul phate. The. chl oroform i S renpved by 10 distillation
ungeyy ¥ ed pressure and the L‘Eir% glu oil-is distilled, the fraction

bei tHh—e—beiting of [err] at a pressure of1205 rrmof
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(0. 081 rrcsbha)nonhmdrn;ar s, Wl s under ;reflux . for

of ferr | 73“) @cwlbwmr (7é£mlm 'anbdm:t er. After
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: ydrowd ﬁﬁeg ;@i’ “°°é! luﬂ’c ogfte rum (@001 g atorr)
n dry etidianslvol uﬁﬁo tak:&onﬁsd Sﬁoﬁé ss , Gv% cunti | COWp' ete.
' 30 s °§hls|a§d ob asnum tnmbidanome solfition i Ei;t andd| stillation
under re gﬁ “P%?e‘?"&l 5%2 Lwﬂ‘f“? by. wbhm#wnhyalroxy conpound so
produced |s adc 2RO 8 sl agee Sssrﬁ’ ‘the tosylatés (0.011

.nol e) pr&pER @dﬂ H‘yle u@cﬂhh?ofan)d' @hmemwum&y).ﬁc :

e af;fits;%qlié%x R AR

; - nd stirred at
lmer_,ni,ght ‘the reaction

.Ix res |s c(§0 58 material is.
e mBVel ! KC HishiB R S s %’gsswﬁy with 35

wat er, Sur l!nfthe&ydywabmpmdsdmﬂbmccda”' ed drgd .over anhydrous

sodi um ¢ F‘ﬁé‘g'%{ zq Thibe tosyate een bﬂSFmAlammd the solid

r ési due dn&rrpgm mﬁ@drél d 'g‘n CI d u5| ng

chB®r of ompteriglds etxnactsd)inueether Tﬂteetknraﬂmtacelk whsh%ld 'Edc@

crystal Ig"ﬁ%‘ farl%%% j@;% mgaghonge and watenadn dm:hdsowef drohhe fract i on bei ng

col | ect fdm gﬂébﬂlg'g‘zj;‘% ;“d ? faSl dESSure of 0.3 nm

of rrercmo;vcntom prodo¢thited] romSthél § ho- substi tuted

a8 s
M vati %{@ﬂy @f"‘béb the fracion béing énleced #tcatza hp&ramm&séioals re) 4 hal ogen
atom ma &&ﬁ?‘gpgé‘gg@% Shmercury. g inal o&ous to Exanple 5. Qther
conpounds as de ove WAPE % nglrc arem g-5ubs tl“??ﬁf‘F’\‘/"éE"% P [err] in which
~'two of the ortho-positi-ons by a bridging group and in which the
bri dgi n%&group is either [err] ma be prepared by iret hods anal ogous to

REthq-gybstiggen (ate) 8 hulpgen atyim Mppbed weparatbyNo. 38449/ 75
.%l dedgttho v a°gg}’s tgeé;f‘mgﬁégg&'?’c%ﬁmp@ﬁ“délakﬂ?f 6‘3@9’6 Yhishpee nay 46e i ntroduced

into a biphenyl or terphenyl structure as a para-substituent X by a .
~ conventional _al kanoyl atlonN - correspondl ng hydroxy compound.

Th U.S it nY\Mut:h R& &'QMr% poEnﬁon'lPeS&dﬁ y aebrldgmg group an? in which

- the brldgmg group is. elther

HH

.50 _ o >C=0 or —C—C—- - ' : - K 50 .

may be prepared by methods analogous to Exam pled. s
As taught in the Specification of Application No 38449/75 d1v1ded from the :
“present Specification alkanoyloxy groups may be introduced into a biptienyl or =
. terphenyl structure as a para-substituent X by a conventional alkanoylation of the -
55 correspondmg hydroxy compound Thus it will be apparent to those skilled in the: 55
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13 art that conpounds as defined above wherein X is an al kanoyl oxy group
may be prepared by routes analogois to those described above which invol Ve.
al kyl ati on of a hydroxy conpound but the al kylation, eg step D2, of
2, being sihply replaced by an al kanoyl ation. 5 GEneraIIyt
conpounds as” defined above are poténtially npbst useful when the .5 r
of carbon atoms in the para-substituent group X is 30 or less. If .the
conpounds do not exhibit l'iduid crystal Ehases per se they may exh|b|t
phases. when m xed with othe materials su i the resutant—patertars

constitutigg T he m i‘tttHJt% SuRiPis! defibddUibeveonesdinK ipiasiiemoyloxy gtéiip may be
Conpound$ havi ng™ hpeephted B;I}Eﬁtes analogous to those described above which involve alkylatlon of

[err] where Ris am hydegxk gemppuad, ut the alkyjaton; AR Py of Example % being simg
0 Hstsoan %1 déifed %obbﬁ-eg Bﬂaumm‘s@séfhrenmn aiekyl 5

exhibtiting Imwd"&‘?‘%&% bl
group contain$S bet WgRBersofodhebohlatermy. Oﬂﬂe paiaaastituéat- group X is 3Qxondes

conpounds nent i oned:ompottnldséo @dmhitllu e h‘ s“° rbon
atons in their par ai“g%}%’t hrg‘#ﬁgmggﬁs %&Wl‘%ﬁa |}§m%e¥:e'1h sm
¢ranch @dﬁa

(straight) or the @nds in whl ch the para- substl tuenlt0
X has a branched carbon. chal n-are- potentl al Iy useful ‘throughout roughly the
same range of nunbers of car t@yscin thmdpar aRGHPBHHQUENt X as those in
whi ch the para- 20- suibsti t uent X has .a normal carbon chai n'@I However ,
sonme specific cases, 2R tdrabir}icmﬁ&tusdalecfoudpomdsrpmhﬁ o liqnid he
vari ous ranges are g%g%ﬂ%l?igﬁeh&ﬂ? P ngerEaky rallyl sTP SONRIRYREERR AFRBs of
conpounds P havi ng Hpaghoiniatomsar a- s bstl E ctah&h ﬂgtmgta&hhyomst 15
usef ul ranges1df the ﬁ?@?ﬁp@?ﬁpﬁmﬁ %ggksth gaﬁv hioh chiions cither npm :

par a- substituent X-f{kiof fierdfly, donmipomn M@%ﬁpﬁﬂmm 5"
in each case. Eaératﬁched carbon chain are potenually useful throughout rough sqmqé ;2

25 TABLE 4 P of numbers of carbon atoms in the para-substltuent X as thoiieglwénrghsg;eo%‘?&or a0 :

mal carbon chain. However, some
3 to 24 [err] 20 R bF mo::;a:s:ftrlllotr:ompounds in the various rdnges Rvem@tr qhafollowm\g(
3 to 30 [err] ists“examples of compounds P having s

-
stgs the: correspondm ?

g :8 gj R b;inCh?d :?gn:?:nptoht:ggg—iu s‘txtueﬁ%e%f mpounds Pl R 41'5%"349 al l@ﬂi’uﬁ’ﬁl 25
14 The liquid Zr yst i eaLrcr"t%ttc%sre'l als as: defl ned gﬁgve have a positive dielectric
ani sotropy (difference bet ween ‘t-he- di el e'crf‘ constant ‘nmeasured parallel
to the long nol ecul ar axis' andpthe di-el ectric constant neasuredN :
per pendi cul ar tothis axis) owing ta the presence-ef the—eyano—group—5S"
Liquid crystal material s- whr chiar-é nemat i ¢ ‘and h@“g 12 posr ti.geotigel ectric
5 ani sotropy may be used i rrR-4e) "."_'Cl!rrpl oyi ng’ tﬁ Tlovvr ng known effects:
(i) the Schadt-Helfrich effect in which a twsted nematic |iquid crystal
(normal | Iy Iocated betvveen tvvo transparent par-al IeI E tes suc %% t he

e@reOrN n’ the pI’a e ?)'t“t e plates but varies

over an angle of [err] from one

'. .','.'.;R'mirmal ' " 31030

N - ,R normal . . o2 .to. 24
.,_" Rbram.hed  '3' to 24 '
-'-_R._ l.>r.a.n.Ch"ed.. 31024

) e R.no_rmat S 21024 .




10 plate to the other) |ocated between an optical polariser and

anal yser exhibits an 10 electric field dependent optical activity when an
electric field-+s—applied across the liquid crystal. (ii) the Freedericks
effect in which the-direction vector of the nolecules of a liquid crystal

t

S oma fird{ direction to a second direction perpendicuiar to
.irst direction by the action of an-electric field applied in

- th ond/ di rection. =15 (iii) the phase-change effect in whi ch the phase
of&a, ) d crystal may. be changed between -chol esteric and fiel d-induced

- ne — Bild0field: in this effect t hel4 Nenati c

material is ﬁxexmmtyhtalama(aﬁm Qaldhﬂneacatuovee havd®d &bdid) odute a ;
chl oest er (’)?g moTY ferencobetween the dielectricq nmmhsﬁ%d'@%}gﬂg “hi c?i'/ar e

chol est er 4y ‘Fﬁ&g’p Iﬁcﬁé‘fﬂ? GP@Faébmpasered:p@rpamlmmms may be.used in
thes phase mJ;mm @aysiaf ﬁ;e@ha] @ﬁe h%?e a Q}?ov%yd g :the invention
will now cmwo@dused\m mlcesx /MBwinkk lﬂ SS i ¢ | ixui d
crystal %"% righe vdlst meniamr tdadrystmtlﬁhhﬂily enbodyi ng the
present IﬁﬂyﬁlBtele&lﬁn pa(.ffﬁ te% a@g “ovehatn °d1€f§ wectoabl 0 enbodyl ng the
i nvidnt | orplw kd thnmvhebelo e Wet ptichSp nﬁ

x lgf‘gn?ret hodOh .
produci ng; "t?fjtflr@ @P?rtsietlthqmadiaqmyxswm arral‘e&hb &éld&labﬁlfé &ods@he USE % a phase
change ef(i‘?ﬁg; Fﬁ elrl@fSefﬂe&ervk’lyl&sthg]dﬁ(-é ngan o 1 caI I y act ive liquid crystal
‘material onstahis Bhdn@EtPlrdrk a Fikstldirddtibn 2l °fﬁ1;&umir e of nematic
i d§i d crf"§si§gpctwatbmaa¢cson usan?e%melm ‘34 ,?a Headho xturg 5 (Tabl e
hic

3) defin e-c ofl @ qtadscmhﬂnbabeehaﬂgaderl al *“for. a phase
change eft .ee}:fe(%g jost aﬁ% mduced“emamb panplqctyicdiel; inss- sect i onal pl an

QNd fématic material:
gﬁl pamtrd cq mchioesaubltfnggaglln lso?-uxg% wé el rpéggg' gefiee. petstirlotocr yst al - phase
_ ge e uigesy ith atd’l@loleﬂtb’ﬁh‘liﬂddﬁve Ap&slitlvg dlefi¥gc. 17 9 M xture 4
or Mxturams rma ﬁe géwb Ween a’ glass:; S|cl de 19 andsa

Y. inyepfio d
gl ass sl i deA2%h exiinple Of A8 Sse d‘é.,gial SpfEgeEdin-contact with the
|a r 35 quId crﬁstj_l?mateudaimhogylﬁt’itmfpréﬁéglﬁ&na‘ andﬁ l.‘ltcde 29-has on its

sur ace PR the pventim wifl .-.bb7descrrbf. {IE {3ckna ndHathi N Oyide. The
gl ass sl bldﬁg e(dq,eé i ﬂ TR '%Hﬂf% sein@p phdsass sI?de 29 in
or der thatleraﬂlcdiqendtqrystaainae&ﬂrbe@ttm Gredt nbiBat q‘q # " g "tin oxide coating
. 2349 Like 3% sMIXQJIrt deOfZQIKMSSdTalﬂngﬂe wrab@pphagbi he end of the
gl 285 s 891-“121:? t} e no @F“eﬁ‘tafl&ecﬁfwc‘éﬁmectlon 33 may bgy made to 40

the tin @(icdﬁui@ stall @ h ‘%% » y A{% pd en the -

connecti leYPrMofMlxttﬁe %hetp,f i°! in series with

t hgs bat t B $1ats htaequtSSl?rfacelmmhcttvdita bty rel ectric field
% olitln

strength rﬁ % m%?]ss }}?iel aci?mtogt 'r‘ethttber t hass t he

criti calenﬂloétlré ginkermﬂgnh oﬁ:fer ﬁreﬁ‘}gq% mﬁét%urface of the
gl ass sl gé Eide) eating 2%; dikewise thwlgldss dhhezsi Bag @l region d3%h& Silver 45
- cogd i ng eﬁ;f@ o:{: Aﬁégﬁ?t sonpdction liiettlayelwnna‘dha) gl ass slides 19
~and 29 hind tibcol®RAén w}ﬁn'é's‘pﬁ?zgngs rlg?pw#t?(q qtbgett ¢ Or odther suitable
seal i ng hmcrer3i7a$ sucAtldmt - deértitetieldstrength Wb Ga ﬁfﬁr pengl e in front of
t he gl asg{§§ce f%g E?lihsig)lac ﬁsldtsnrmtllttheplee eraﬁgeemectonh@f the screen S
cads be g

t he Iayeneaﬁﬁoﬂﬁnﬁgana'p&aﬂn (Tr Mark or others 35 i4 open the
i mage s dncaeéatmimut Ie i hbﬁt df$he E]G&Psufne the layer 17 is

s

opaque ib "rpé’ﬂ’;‘%g;f’%t% raw feFHS@l hEmlrmmMem when the switch

3%0i s cl 0s miﬁui%?;iﬁ‘ e‘f,,ii%;'r ‘ﬁt i s because the

| ayer bedmas: tbetam'misropmqaaﬁceﬁﬂe hgh ]ﬁg} ;E:f en S Ps seen in

the mr i@ layer 17 1§ ﬁeﬁeéwetlmgeséen ig tlwpmne lsagﬂcl 'nh1§ aedaﬂﬁge seen is* agal n

~ bri ght rror 30, ﬁ%%w 9 image of) thesereergSiisrscen in the

. 555A |$pdaage tde‘léiy€xe7 a u9l de%/a"bgled@%rﬂeﬁ‘eﬁ agpip frightf or enge tQ Fi gur e
1 vicqrbay brhehecr.laabe daciiBdan rderante & KRRYA Way “Such #hat

they ar &d ;%fﬂ@goﬁqls $ 23 and 3P in owhwaaatcmﬂmmwsynbol s. For such a

e§NMnB '

di spl ays\tr. af‘}irs ‘gﬁ %‘;rlh i.e

chPres péﬁdnqygaetedpctrhmcswoba’ateSQy control tt' ¥ SHiC aI ly 66)per ated by
cont roI tegnati éwtgg the electric field applied ma@(l) It
Lg‘ncy Sf up tog‘pout kHz) instead of- dll'ggt © a ernatmg (et a '
Figure 2 is a schematic diagram of a liquid crystal informatien storage or
display device of a known kind but incorporating novel material embodymg the
65 mventnon the device lllustrates use of either smectlc or cholestenc material 65

%ween t#y ‘ﬁ’éﬂ}"l?oh $lhelt he draw ng when



In an alternative device the electric field applied may be alternating (at
a frequency of up to about 50 kHz) instead of direct. Figure 2 is a

schemat juGutlinagaii—of—a—t—t—gtH-d—erystat—nf-ormat+on st orage or displ ay deV| ce
of a known kind but incorporating novel material enbodying the 65

I nvention; the device il Iustrat es use of .either smectic or chol esteri
material 65 . 15 : 1,433,130 -y

15 enbodyj ng the invention. ‘A Iayer 63 of either cholesteric |iquid cry
material containing a corrpound as défined.above or of smectic liquid -
crystal material5 containing a conpound as l#d%{30ad ahove is contained
bet ween gl &&# sl L.?esenﬁ,%dl 1o WleREnC RNEYE 63 BIkit o0 EricRyuicORysRD niskweiar
respective innerT ac®stainfag aSeﬁpoﬁﬁdssdeﬁned boyeLnriaf ¢ memxcduu utrysvémtger Iin
the infrared part ofconhen '560'“ Ve mner “é’g} - can
be scanned over the ‘?I"(tm%g% %ﬁc%ﬁﬁs r ec aser s
deflector 75.. 3 n?oraasaﬁmt-.dwerttesmnaan thbmbatmb€69d1yaa:|ng '
69 absorbs the beam &ﬁvenﬁgnablaSa eﬂqctmrli;é‘h?ﬂl ﬁi)tsitltal{lsln e@tprtO ctbagm hoyut put
1

Ilg el ect gLMC?LLy780n%§1?s ectncaﬁlyconnecegq € co g ch ﬁy %@ rc;tl i)Ugh ‘3
10 The device ¥perat’es T dbh&: tﬁﬁfaltds\m fouraym Iwaj dnfnmr,atlomlsrvsltm b! thehedny ¢ he
beam 73 on the coatl'r‘iigmﬁ ﬁ}ﬂefﬁ y 'l; omlse%‘ }( 2‘?rom
the coating 69. The Wﬁc&dm}ﬂé’ :f;ﬁ'f L Sulthe b fok of ABhe dréhs ki S€
the tenperaturg of thg aD6ithé 1855 63k BRginally infthec a ytetic HGophast tho 15
cause the phas® of tislmselsahmed toah&iiotropnc 1i ge. Ifithe mpteri ‘eftgi"&lly thaﬁ he

| ayer 63 is-ori-gi nal imectigimesqphaseiihe ghas %ﬂ a %ﬁnso
changed to the isotr ég,fatgg 'ﬁ gg%a-%%%f“ﬁl ﬁle% T3 em

15 .

déffected kJandetle %yret n th

dhathed bed
snecti c nesophgse t hghegiias Greh Sapidhocion gi:m; thehmauaﬂamt ihat aremis Selts priginah e
mat eri al has one or phase. tHaweveroit Irequngtq h‘&%‘@"m r"f @%}p’? has
re 1mn clear
Eﬁ%‘ a0 distmglited

heated a given area szgn}a%?&fﬁggtr mo}w 5 °‘£§ﬂ§mtda3!

defl ected to anot her ggh ot scann Bﬂloar soattéring | pdl gertte@. Ol'eerefigreiifinthe he
material Pn thai arenyéraBislohsrded visdally thro ﬂulslldema e eoatipgfifiesjilier after the
returns to a cloudy b?aﬂs atmtaep ofres} gt st s” h %&ﬂg‘;%@pm ééacﬁ e |f
the areas of the Iay % c"b%?steﬁn gty ar’e i n ecIear
non-scattering formol Elta gwrwb ptapétﬂﬁﬁnhdmﬁsrcemd smammdmagﬁ;e layer 63
di sti ngui shed fiyom t Wawerhgams'r@ahﬂse eleptrtggel\dcdarméé hel %ﬁe source:

tul

properi es. Therefor%’*t":z”,ggptz;;“ ey L e S oush

the slide 67 and thetlﬁ@cﬁt d the rﬁltotraﬁm t35hebtﬂaeiﬁfo ﬁohﬂys obseai

renoved or whil st it phae.in operatlonthrou pro e fil '
i nformation wisten %anI 1ed ctn ?? hédtéfﬁ\l%fr E’Q\L y %
transparent for thisg %’g °"§¢‘%§ﬁ fog’t’t cf a I'n t| on’is :

carried .out” by scanni’ ngp ,,aywhe ramofVM dl&bkob@aﬁeh?uﬁeulbnldmwatch
appl ying an el ectri cilfubt d:tﬂenswtzfd lfqutdmrystﬁédmlh! dgg 6%% gom A i'grﬁss 40

the 1ayer 63 bgdcl osicryeakeseillatos §1 oscifigiio n‘i VL RAEA
again heated to Chan g %s %gi?ﬂat &gﬂ & ue% qﬁ Q)ufpﬁidrﬂ’nll i @phi(ﬁtc@ﬂdgﬁ:‘ﬂ’ﬂ%l
phase; however in thlss:wﬁxalsﬁxrﬂtlaﬁdmddsit e:qoamsbssmthéounalfherlq unit§3- peneates 2t o
the clear formof t hemzipl ‘gfismw? Jegunts these seco "‘d‘i*f’ finute

alternatively #2 era ahathg; E‘sﬁéf%y%“séxv %ﬁk ofthe e':%?nts *®

wi t hout using the apm ¢ee¢;$ @_ﬁ{tdrdtc field provided: that an approprr ately
sl ow scanning rate is ua'hdse‘cond trmlalttb ong pulpys geg fed 30 oger °§ ‘rln(gl?as ec‘ped gram
of a time clock or watithiythelngic uaiphs ‘rﬁjp T

1
l'iquid cr yst al “di Spl 1%@#&? seneslgepﬁm}eﬁ‘\é? | £k o%i?’t%%] &uses the ﬁd‘lgcsetd '

oscillator 81 has an nmeisloathmn wreeps etthfan Titely. An out ut 'signal

40 formtheé oscill ator Zhe dispiay $7 'ss it 83
provi ding an ougu s@{t@t"&ﬁim‘%ﬁ gﬁ"g ?tt? ﬁﬂ%a?%‘t e n@a@oma EES

applied to a | 0 icu 85 selects the approprlate dlglts to be operated in the sectlons 88 89 and 90 by
selecting the. appropriate conductors 86 for applying operating s1gnals When it
receives a second; minute or-hour pulse the gate-changes the selected members of
: the conductors 86 to those requlre for the next approprlate d1g1ts in chronologlcal
60 sequence. -
The display 87 operates in any known way; for example its digits can be
perated by the phase-change effect in the way described with reference to Figure
The liquid crystal material used for the dlsplay 87 is chosen to suit the method of
: operatxon However the material which'is in the nemadtic, cholesteric or smectic
65 mesophase as appropnate contains at least one compound as defined above. 65 -




o manuf ac tphemeyti ribgs d drublupg evh&e

85 which further divides the frequency by sixty four.. The logic unit 85.
generates a single pulse every second. It counts these second pul ses and
pr. ovi des a m nute45 ﬁU‘IrJSC every timre-sixt \ of _the second Dlll ses have
been counted. It also counts thé 45 mnute pul ses and provi des an hour
pul se_everytine sixty of the mnute pul ses have been counted. Thé second,
m nueXdad¢fbur pul ses are fed to operate a gate (not shown) within the

g i4"g5. The gate all ows operating signals to be applied via sel ect ed
vefibers in a series of conductors 86 to a |liquid crystal, display
asecond 50 minute B#3H3r pulse arrives at  _the géte of the
unit 85 |tT}ﬁ&Uﬁxﬁﬂo&lﬂemssslaﬁeuﬁdogmma%%aﬂfes o, 86t o changed
appr opr i & (o 5425handic “{@SQSELMCDSSQS)Mboi:ﬂ?&‘ggﬁmfaﬁ%l ay: Ab\f'ljrét
section ¥8 qt*ﬂs‘mgaﬁswt Ia‘ppr opri-ate -second ‘digits, a second section 89
di spl ays t heaapDr cRAIME®-_M nute 55 7. digits and a thi rd .section displays
t hé appr oprl a’thaqultd)crryst:du@sﬁmtedlilpaexg'abtepd}fphidiecdn%hﬂ haPfg Ui t .85 seI ects the
approprl%fttbeﬁl‘g?"!‘%“t"l?cl‘léf%wefr“wed in the sections 88, %9 and -9 .
selecting the. appropriate con ucjg‘ors 86 for applying operating sr gnal S.

When it reé@rves a second, x gur. pulse the gate changes the

sel ected nenbers of the conductor 86- to t hose reqU|red for the next
appropriate digits in dﬁronolo ical" - sequence - .

60 The dbﬁ@&ﬁﬁeﬁ&:ﬁperatesx .%3p may,_for exanple its dlglts can be
operated by the phase- change e in:the way descr|bed with reference to

Fijgure 1. [ o sed for:th play 87 is chosen to
suit the n@ﬁg%d%#&éggg{g g ngﬁotetlileat ’sr’lﬁtte'éall:l'é‘l s‘rlﬂ'lleeh is iM% he nematic,

chol esteric-or snectic 65 ophase as appropriate contains at Ieast
“one conpoun® ZderigEive wEd a »\,—-%-5“ —cn 1,433,130 . -
16. The count down unit 83 and ogi ¢ un|t 85 can respecti veI y - be CMOS

SCL 542%mtng s 54dghy B OSE B 2nll 22RO LReRlET O ver

ent

Pi quid c tz £gef qgualitaye re:or . pal:yphenyl conpound Bavi ng one
_5 of thenj(%ﬁoagln Fﬂﬁ?’&cﬁ‘?ﬁ”@ﬁﬁ@@é‘sﬂmpbrr] or -(b) a.derivative of
[err] 10 CanacyanM‘gﬂst?L n . one of the phenyl 'rings  of the structure is
' %er al I$/ uégdymméas z-tmed)mC(aul)lamdjelreremﬁmvmnpmhndnsa[a&rrﬂb havi ng. a bridgi ng
hsitute adj acent . ortho posi ti:ons on adjacent poenyl rings
of the structure V\/nerel r}@@_m mis zero or_an integer equal to one
-of nore |s an_al kyl - al'koxy, al kanoyl oxy or
al kenyl group and CN is a-cyano. grbup 2. .A corrpound as'.claimed in claim
" .1 and \M]eueagro drN¢amDngs @bl a datéral abltmearalnlemyﬂgtou -~ substituted derivative of
20. [err] h@ompovndlas claidedhimsclaim. Qaarldahaermalthstolimz stawtural net hyl group. 3.
A corrpou‘?l'a1 1&5 clained.in cI a| m 2 and having the foll ow ng structuraL

ggrrula 25 x _l[e”]._- 2

_ wherem X? is an alkyl or: alkoxy group and Me isa methyl group _
4. A compound as claxmed in clalm 1 and whereln the compound isa laterally‘ .

. substifuted derlvatlve of
xw o)n

1.

30 " m, bemg Oor 1, and has as a lateral substituent a halogen atom. L 30
: 5.A compound as claimed 'in cla:m 1 and wherem the compound is a

derlvatlve of | R : . '
xao @)“w

-~ . m, being 0 or 1, havmg at least one bndgmg group brldgmg adjacent ortho : .
3s positions on adjacent phenyl rings of its. molecular structure. - 35
6. A compound as clalmed in claim S and wherem the brldgmg group is. one of _
the following: _

.>CH,, >C=0,and 1 .



wherein [err] is an alkyl or alkoxy group and Me is a rreth I rou

Subst | fut ed gerJwETLYe of [err] 50 m LZ?nSlﬂlﬂﬂlﬂl|lﬂHﬂlllﬂﬂ|La' b

| at er al su o) y hal ogen at om 30 5. *A ¢onpouhd %as clained in- .
claiml anfniher €1 n the conpound is a derivative -of [err] [err] bei nl% G or
1, having a one bl’ldgl ng groun@suﬂ)gl ng adjacent qrtha 35 - - (\

c

positions dp ||c||y| ngs Alpestiveybb OMOSSCL €. .
35 6. A conpound a§'h€§ {g ok %meenﬂghm\grm@fmﬂrg‘l oup"*'i S -
one of the foII ,enuﬁc ,, 16
The count down uﬁlt %g nd the Iogl c un|t 85 can respectl veI y. be CI\/DS SCL

estsgoudid haﬂmg one 5
manuf act ur&d by 1?0}%@'0 e u %ﬁ@,}wﬁ%i#h@xﬁ%}d MIS - K 1.
Aliquid cr ystal°§ f hiki b| phenyl or pol yphenyl conpound haV| ng one 5

of the follow ng ecul ar struct u% ©-d) a derivative of ,
[err] 10 erein one of t %?)- ri.ngs. of the structure’is . - o4
|aterally substituted- 10 or (cgr a deri vative of havi ng a bridgi'ng group

bri dgi ng any two adj acent ortho po @X@_ acent phenyl rings of the
structure, wher elbha degivative of mlsiz ),;@_a&f]teger equal to one or nore
15 X, is an al kyl, alkoxy, alkanoyloxy or al kenyl a cya
grotip. 2. s compounghdsinehapfithd Ahenyk Figgsef|th ’aﬁH"Wﬁ‘gfsg#{E ﬂﬂ%éub(%lurrp?)und isrig

5423 (or 5425) andmIS@LA%

L N

lateral ly 20 suprsti tuted derivative of . o
w0020 [err] bei o fand @_)ﬁ 'substl tuent a rret hyl .. .,
group 3. A conpoun@gggec aéLl ehgd i nl*sg. ﬁaw ng the follow ng .

structural fornula: [err] 25 diacent

25 wherein [err] havsngmbali 5ing eroyp Brie “glrtl?fﬁﬁd’ﬁﬁe&t RERS gosglorl}séfn;” gr oup. 4. A .
conpeund as, cl ai BB} Hn@ %&@#’ k& bie érmoreonpound is a laterally 19
substit ut ed® deri vat RViE a0 121 £ &lkbxy3 @lkanoyldxe or plkenyl B§UD or 1, and has as a

| at eral substituand a hal ogen atom - 30 5. A conpound as clainmed in

claim 1 and wher ei nOPh’é acqy og’ InSdh dfki 1488 Wiéreiafheompaimigs aterally ha‘é(i, ng

at | east o&g bri dgis gn Pﬂﬁp ging adjacent ortho 35 + positions on“:

adj acent p nyI rlngs of its m)l ecul ar ifjclure - .. 35 '
'm, being O or 1, and has as a lateral subsutuent gamgl&fr l%lllomng structural

3.A compound as claimed in claim 2 and

‘formula: o _ .

Me is 2 methyl group.
groch and d wherein the compound isa laterally

25

wherein X? is an alkyl or alkoxy
4. A compound as claimed in claim 1 an

substituted derivative of
xﬂ@(@)@-m

30
s a lateral substituent a halogen atom.
® bgmi ch::n:)o::g l;:s:laxmed in claim 1 and wherein the compound 1s a
derivative of | |
ﬂ@(@)ﬂ@w
1
adjacent ortho
, being 0 or 1, having at least one bridging groulg‘)u é)&:;lgmg j 5

djacent phenyl rings of its molecular st

35 posmons om laimed in claim 5 and wherein the bridging group is one of

6. A compoundasc
the following:
' —C—H
>CH1’ >C=0’ and

pU—




6. A conpound as clainmed in claim5 and wherein the bridging group i s one
of the followng: [err] 17 1,433, 130

17 7. A conpound as clajnged in.claim.6—andhaving the foliow ng structural
formul @ [err] wherein b is the bridging group and [err]—rs*‘arn’"rk—yl oL -

al koxy group 5 8. A compound as clained in cl g th
following structural fornula: Jerr} wherein Xis “MMI;“E 3"3“’I T
al kanoyl oxy orf al kenyl. group structural- 9. A conp ged+I| n
and having the follow ng struural X0 forméla [err] wherein X.is ani7
al kyl, al koxy 18l kanoyl oxy or al kenyl _g —A—eerpound—as Cl al ned | N
any one of, t herprecedi ng cl ai rr@ a%rkqmm{neélﬁmtmgl@mmgshd:)fsilowmePﬁ‘ucﬁﬂfﬂup X

has 30 or Ss éﬁ’r OP‘] - A-conpound -as clainmed in claim
10 and having the follow ng structural 15 {,orrrula wherein [err] is an

n-al kyl group having at least 3 and at x%_ rbon atonms. 12. A
conpound as clained in claimi11l and wher kIaI kkl }%rgu has at 20 .

| east 3 and at nost,; 1A ,p@r,sqgglbaagmgr@-oup and X* is an alkyl or alkox tructural 5
20 13. A corrpo_:pnd as @ & comtboun as clained in- plaigy hgnd havine fps f)od\slovr?élgsstnrluctur al
formul a: 14. con'pfomtdhas claimed in cla|m12 having the follow ng -
structural 25 _ formula: 15. A CONMPOgeh- ~@ lewned in claim12 and havi ng

the follow ng structural formula: [err] - 16. A conpound as cl ai ned
in claim12 and having .t RExyS hikatolylokbr al@@yl gyp by - A
conpound as. cl ai ned l?ﬁgg X agoﬁg((ig%dahy;dlnmglamé ang hpYRg W%‘F’?" b‘%tswtf‘
formula: 35 410 . formula: - [err], V\/nereln [err] is an '
asymmetrical |y branched al kyl group I- n ypnoptical ly active centre
and having at |east 3 carbon and havih f'o | owi ng struct formula: 18. A

conpound as- cl aimed _i.n _cl I @ Vdliagol &@lldeﬂw\ngrtgpstruct
formula: [err] V\herelhﬁrle"ef iﬁﬁ}ggkﬂangbd(x;)@;%g;wé%q mr‘l‘tz ‘“Tseaﬁgf"ggecar bon
h 3

. p .
e ot R S o'
' o ~~ formula: o

R-Q—@N

| ; t least 3 and at most 24 carbon atoms.
whcrf,in 1§ lcl:r:;oﬁnﬁkgsl &‘;T;gdhm’ lcriixfn 11 and wherein the n-alkyl group has at

2 | ' 1eaStl?Z,§ ag‘d :;nrlr;)?ltmlc? ac:rt&r:t:;gml; claim 12 havmg the following structural

- formula:
| Cs"'l CN

cd in clanm 12 havmg the followmg structural 2 3

S 14 A compound as clann
25 formula:
| Co"'ts —~o °N

15 A compound as clalmed m clalm 12 and havmg the followmg structural
_formula: - L

G7H| @ @ CN |
-30 16. A compound as clalmed in clalm 12 and having the following structural - | 30
formula :

o oo
| o V2 'A compound as claxmed in clalm 10 and
. " formula: T _, _
B Rz 1
. wherem R? is dn asymmetncally branched alkyl group contammg an optically

active centre and- having ‘at least'3 carbon_atoms.

18. A’ compound as clalmcd in claxm 10 .and having the followmg structural

' formula

having the following structural

35

oo e

wherem R’O 1s an n-alkoxy group havmg at least 3 carbon atoms. -



at least and at nost 10 carbon atons. th 20. A conpound as
claimed in claim19 and having the follow ng structural fornula: [err] 21.
A conpound as cl ai red—nA—eraim-19 and having the follow ng structural

f or mul [err] 22. A conpound as clainmed in claim19 and having tne

ural 10 formul a: -

. as clainmed in claim19 a ' | | owi ng-
9l a: [err] 15 24. -A CH mt!mma , din*claim10
" follow ng structural = 15 forwu N rl] is an -

y—branched-alkaxy grdd®.B8nt ai ni ng_an .optically actjve centre
t19 Axompdundnsl claimedBSdlaind s N _atons. 25, A comnmpound. as

clai med i iﬂggif? tamgthhwlng aﬁ% ﬁgﬁﬁ%\t}}ﬁ&mé SHUkRY grouphes 8¢ Orul a:

20 [err] Vb@ig ctngp?n]n ias claime, I Flrig 19and Uipvitgthi Adloding s@@tlra2 and at nost 24
carbon atons.. 26. A conpound as clainmed in claim10 and having the :

fol | dw ng structural [err] Ho{O-LOM-Eni S an asymmetrical |y branched

al kyl group.c¢ontaining an -op -i:.(':a-l.,.y.-. tti.ve centre. and having at Beast 3 and
at nost 24,4 };&ﬁm‘éﬂ"b‘ﬂ‘é?@é?meﬂ%@mma havitghthe foBEwing stedeflirp 10 and havi ng
the followng structural 30 f or mul a: B
30 [err] wherein [err] is aG HOZOKO@-aoup having at least 2 and at nost
24 carbon atonms. 28. A conpou & as ctainmed in claim10 and having the

f ol | owi ng_ st 24t consgoufidasldined [redd; ol fliod:S. an asymmetrical |y

br atehed @8Ry group contai ni-ng a%\‘lgkgﬁgivﬁgytﬁ%ﬁ‘?%‘aggﬁﬁw% and_havi ng at
| east 3 and at nost 24 carb ms~ 29. A net hod of preparing X conmpound

as clainmed in claim1 havi ng7aBYT R —§Noup as the para-substituent group X

wher ei n t he 3eAhgR j,mlég s j.niroducing 40 t he ‘al kyl group by a Huang
M nl on r éfdwuds: on of a'n.-a?@gnnegﬂa'_é@’é‘h@oﬂ%d‘f‘&ﬁﬂ%tﬁ‘élﬁ’wm_@t_rhm_nabduci ng the cyano
group by substitution of a bronp.group i:n the alkylated compound. 30, A

met hod of  preparing a conpotsy M%d_i;ngckai m-1 havi ng an al koxy group
as 16he par a26URSbbdial s GLAHR <aherei n .t he "met hod incl'udes 19 T

1, 433, 13@ormula b Mmg(ﬂm lo a'nQ having the fqllgying gaegiyral t he 141 kgxy group
by al kyl ation of the hydroxy group.of a conpound [err] or a derivative
thereof, where-m.is as in clRPMOE—@MEN hen introducing the cyano group by
subst i t utwherRinOR*ot i n: B ARRLQLRUR;: 2.0 8L :

copgpound 2etive ckeatraned uﬁnﬁéﬁ@ﬁﬁg‘i%%?gﬂv catdigingap entiballyant i al | y the same
as“any o%qmgi_‘tﬁ‘ﬁm“e%’aq_cwmﬁﬂl'ﬂﬂﬁqnia .gaﬁ%ﬂ%fﬁﬁ%gégmg%?gxcl %Jl hg any

y. Not'i ce :

. steps quoted.in those Exanples to which _t.he_ Caut 1 onary

5 - .
RS B B

wherein R s an n-alkyl group having at least 2 and at most 24 o
) " 26 A comipound se ar p having at east 2 and at most 24 carbon atoms. J
2% formaly: — ompound as claimed in claim 10 and having the foll6wing structural /

25

/

o | | "R . : i-""'-CN | ' /.
‘wherein R® is an asymm 't_rically. branched alkyl o o ' .
active centre and having at'least 3 and at 'm0sty24ggﬁgbiogzglﬁ?;¥g &n optically — / :

27. A i i : p L

20 formana: compound és claimed lq clalm_l-lo and haymg the following struct'ura[l / _

_ : o | 0
/

‘Wwherein R0 is an n-alkoxy grou having at least 2 and at most 24 carbon é.tdﬁis.

formﬁe‘l:A compound.as clai@g 4in ‘claim-10 and having the following structural _ :

o - OO s,
. - wherein R®*O is an asymmetrically b;-an he: I alke ' L . I '
a":tl"fgce:tre':'i_lnd having at _Ie&sty 3 antf .a:fimatl)ls(f ’% gcl:rl!‘:%r:: zt::)arixnsm-g a1 optically ‘
2roup s the pasespbrcDaring 2 compound as claimed in claim 1 havirg an alkyl
0 e all&y’l'grou% {;';“H.s;';:;lll&ls;‘ﬁ)l:lp_rédmlig:rein_fthe_--nlxlst_hod includes introdhcih)é _
introducing the ¢ o.on of an alkanoyl comipound and then 40
compoun (f the cyano group by. sub_st;tuﬂ_on of a bromo group in the alkylated
30. A method of ing a
alkoxy group. preparing a c

Q

and havi n%‘t

“ 10 81.°A method of preparing a

) a Ompoun_d as claimed in claim 1 havi
as the para-substituent: group X wherein’ the ‘method inwgﬁdzl;



gi ven hereinbefore applies. 32. A conpound which is the product of the
nmet hod clainmed in any one of 10 claims 29 to 31.

: 1 el it L A Af At | Anct twn
10 33. A liquid crystal materia—conptist-rg—a—sortttonr—ef—at—least
conpounds ag | east one of which is a conpound as claimed in any one of
claims 1 to 28 or claim32. 34. A liquid crystal device including peaRs,f
containing a region of liquid 15 - crystal material, a region 8 Y.
crystal naterial contained in the containing 15 means, wherein Tas _
material consists of or includes a ‘conpound-as clained in any oneye cl ai ns
| to 28 or clai-ld32_and neans for appl yi d¢_3§1h30exter_nal stimilus to _the 19-
material .t o=l t 6L t hstrovatieg the alkoRy EroHIUBY B latioR of (e h)EbLES é,g&sp 01%563560191%\” ce
as clainmed in claim34 and wherei-n the external stifmulus.is an
electric field. o : : _ o
20 36. A device as clainmed in claim SM@'Q@E@@'t_he external stinulus is
a tenperature change. 37.. An electro-optic device according to claim 35 and
wher ei n t he cont ai niong deseatise ﬁhl:.@bf.llm&ebhﬂ\ﬂ afifj Mﬂgt a@ltaétﬁf;t,@aufjngagfcyﬁgiengf

i i i utio e br moppiui d crystal nateri

which is opti c§l ly Bags E‘Pm 5 QP ETobRy U y

contained in the spaeggh mggj’;{. é;"j@a% %‘3%:,1 i 1%;%%%%@?2?@%6 lﬁ‘%ﬁfgﬁ;&r Rg 5

! L 0. n
appl ying an el ectri dbuf éxeluding )l stepe Guoted ih kHBsOEx . Hidhdh N
- i Bean Sereinheforerappliesf aci.ng surfaces of the plates. 3
RIS ﬁgﬁg\@mﬂwﬁeﬂwﬁ Praduct s theamethadeclsimetbinahy gheasfs and
o

device as claijged i \ A ( d
the conducting filns aaBZE %stﬂ'nﬂt&?ﬂ S riﬁggasolution.ofat‘?’e%m e GV Cr%ﬁas. D
clained in claim 37§2heasg® hi Egeom@heaM%ne\?@eppdlfﬁ; m?“t- édggl C

di splay. 40. A devi %A(:l.iidi 'crdstzllllr('i.\(r:ll' al m u? .an y: errgfle}'n' . er-e.o ecr’ré de a1
have shapes therei ncaohl GgRRi0L JHSOffiE%E“ Q ﬁ}fxg‘ﬁ ?é’) t'Plé‘ @ g"%‘y Bids 1
A devi ce_as clai ned rcn%gtnscwhgremaﬁ%‘teraoc Eilas W ifeludes Jﬁ:@ﬁﬁﬁg@ 13&%&?&1@535

i ndi cat 0','— di spl.ay oPngef qlqgiﬁup i tee28tor claim 32, and means for applying an external stimulus to

' 13l to

35 42. A device asc'fl};?i’ﬁ;‘ gy i ‘Zl'e%l“: . ngra&;f in [t mﬁdtiiaie}t or ldi splay is
that of a 'tinm2owat cbleafic Ghlack, Fo R P ON, 55:”1"6‘11'%_&"_ pat éHY‘“A@@ﬁP_, 2.
Agent for the Applicanss. APdéigeeasl ¢ramedﬁbrc_1a_hﬂapesﬁ¢/bv'vﬁerﬁﬁ GISI ?Eb%ltiay %%Jmsgi?a% tfie:
Courier Press, Leanﬁ‘ftﬁfﬁfﬂsgectggelgm . fubclcl S'he(?tI y t e Pa e-gi ) ' g_ , 25
Sout hanpt on Bui |.di ngigans AR tho\mﬂiﬁﬁes' 'Téﬁtmpo Thie 1!(%cmraggaggtg,al ne(.j..
25 the liquid crystal material being contained in the space between the’ plates and 25
- wherein the means for applying an electric field includes a film of conducting
material forming an electrode deposited on the inner facing surfaces of the plates.

38.- A device as claimed in claim 37 and wherein the plates are made of glass
and the conducting films are made of tin. oxide. - - '

3 39. A device as claimed in. claim 37 or 38 and wherein the device is an electro- 30 B

~optic -displaay. ' _ : F T '
' 40. A device as claimed in claim 39 and wherein the electrodes have shapes
therein corresponding to one or more characters or symbols. -~ = - -
- 41. A device as claimed in claim 39 or 40 and wherein the display -is the .
35 ‘indicator display of an intrument. o : 35
_ 42. A device as.claimed in claim 41 and wherein the indicator display is that
of a time watch or clock, - - . :
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