D/ PD Pat s/ PO772 Phenyl Esters and their use in Liquid Crystal Mat eri al s
This invention relates to phenyl esters and t.heir .use | 9%# st_al
materials. Liquid crystal naterials which show a nemati c or fnatic
(Cholesteric) phase at their working tenperature, @yfPDt Peig/POPER | n 5

el ectro-optic display devices such as digital watches, calculators etc, are
wel | known. any conpounds which have liquid crystalline properties and
which are suitable for use in liquidlcrystal nmaterials are known. For
exanpl e EPA 0126601 descri bes conpounds of general forrmula (A): [err] 10
where Ris alkyl, [err] is selected fromH, alkyl, alkoxy, hal ogen or

cyano, and each of [err] may independently be selected fromH or hal ogen.
The only exanpl es of conpounds actually prepared in EPA 0126601 are those
in which [err] is al kyl PhahkbX@stecyand tmdrf bsorio, with [err] in all ﬁses
bei ng hydrogen. GB 2132192A 15 descri bes conpounds of formula (A) im
which [err] is cyano, [errliqwidhfuysfgéniafiedialsis fluorine, such as the R =
propyl conpound which shows a solid to nerratl c liquid crystal transition at
[err] Compounds of general formnula (B): £

(B) are descri BBtP ithVUS 12830 AE“ANtP POE 185 fts apd their #8°di% o have any

l.i qui d crysiqlilli evgspaDprterEsls.

Liquid crystal materlals which show a nematlc or chiral nematic

{Cholesteric) phase at the:r working temperature, and their use in

5 electro-optic display devices such as digital watches, calculators

etc, are well known.
wany compounds which have liquid crystalline properties and
which are suitable for use in liquid crystal materials are known.

For example EPA 01265801 describes compounds of general formula (A):

R-O—CI! c1{2-©-cco.© (4)

10 where R is alkyl,.R1 is selected from H, alkyl, alkoxy, halogen or
cyano, and each of Ql and Q2 may independently be selected from H
or halogen. _The only examples of compounds actually prepared in

EPA 0126601 are those in which R1 i§ alky{. alkoxy, cyano and (

. fluoro, with Q1 and 02 in all cases being hydrogen. GB 21321224 : “

15 describes compounds of formula (A) in which R, is cyano, Ql is

1
hydrogen and Q2 is fluorine, such as the R = propyl compound which
shows a solid to nematic liquid crystgl transition at 60°C.

Compounds of general formula (B):

F

RCOOF | | (B)

are described in US 4683078 and 4131618 but are not said to have

any liquid crystalline properties.



«+2 Known liquid crystal materials are not ideal in all respects and there is
a requirenent for material’s, artd hence for conpounds which can be used as
constitutents of such materials, which show i nproved properties such as

| ower melting point, higher. clearing 5 poi nt, |ower viscosity, higher
dielectric anisotropy etc. 1In the field of |IC]UI d crystal chemstry it is.
wel | known that quite small nodifications to the structure of a conpound
can have a drastic and unexpected effect on its liquid crystalline
properties. Additionally the field of organofluorine chenistry presents its
own 10  probl éﬁ'ﬁ‘”‘bf“gy%ﬂ [feEf 2 lapgteial e s FenYthddpt e far 2kl 5RSRSCtRew or gano-
fluorine canposheds as Mfamrémamdﬁ&- g t 6k ifail € || dnyd. hdricel So:alﬁoﬁﬂiljlﬂe*s of the

present invention to I de _no henyl . est.ers_ whi Ve, I nproved
use@--nesswgé‘*}ﬁﬁ%tqe E %?s £ dt‘i‘% 3 t SRChRETY? ﬁ? "%3 sHow Accor di ng
to tite i nvemproyadnawperpieenyhcte abelaveof mejenng gloihby mikbker clearipgovi ded:

Lerr] [errhopier ebily LeLddk; Mot e 3 Leideks@lditbodly gcl Ofiexyl 1ing is

inits Trafs cdnfornation, ecte romt/l uori and. CN; Y and Z
bei ng sel efied Pfomqmbemnyaéahrmemmrage‘fn isneldpkeowpQthdfaquito spelX, Y or Z

bei ng fl uonbags; gt aAnd eoacrne Q—trQ.l'E:thé)"o@Vé ded sm camavéna Ardsdidednd is O
and either Wis F or two of X, Y. o arer rovided that when mis O

then n is PReXREcseqigfct RD 1S ﬁb?“‘lﬁocr%lb’r’lfvp TEReR: all three of X, Y
and Z are neditipdangenhefliess drebrdandBluorine chBhestinyvprddeans aitsoowi Ovi des a
i qm d18 ry%&-g‘glernrxgtoe Isyntk%%':.s gamc theref‘ore the preparation of new organo-

flvorine compounds has deen 1ﬂpe4ed by dificulty.

/ t is an object of tne present invention to provide novel
phenyl esters which have improved usefulness as constituents of
liquid crystal materials. =

15 According to the invention novel phenyl esters of geheral

formula I are provided:

] Z Y

R~ -Q-c::zc:: —C00- -@- .Q-w (1)

Jm in X

wherein Rl is R, RO or ROCH2 where R is 01_15 alkyl; the cyclohexyll
ring is in its trans conformation, W is selected from fluorine and
J CN; X, Y and Z being selected from fluorine and hydrogen, no more
20 than two of X, Y or Z being fluorine; m and n are 1 or O provided
that when m is 1 then n is O and either W is F or two of X, Y or Z
are F, and provided that when m is O then n is 1, W is CN and Rl is
not RO, and provided that all three of X, Y and Z are not hydrogen
unless R! is ROCH,, . '
25 The invention also provides a liquid crystal material being a
mixture of two or more compounds at least ohe béing an ester of
formula I. The structural p}eferences expressed below‘are inter
alia on the basis of usefulness of the esters of formula I in such
materials.
30 | Preferably R contains 1-8 carbon atoms and is n-alkyl or

contains an asymmetrically substituted carbon atom such as in a



m xture of two or nore conpounds at | east one being an ester of fornmula I.
The structural preferences expressed below are inter alia on the basis of
useful ness of the esters of formula | in such materials. 30

Preferably R contains 1-8 carbon atons and is n-al kyl or contains an
asymmetrically substituted carbon atom such as in a 3 2-net hyl butyl
group. Preferably Z is hydrogen. In esters of formula | where mis 1 and n
is [err] is preferably alkyl. In such compounds if Wis fluorine then
preferably Z is hydrogen and only oneg of X and Y is fluorine, ie 5 esters

of fornula O Esters of f a |lA are particularly preferred. If
Wis CN the "EFE*%B%W’Z“PS §af%r§§ﬁya%as hydroger. of X and Y are
fluorine, ie eslerestefs fodr NutraulbBI whetd | ¢6rl] ahdtrens @f rfotsrul a | B have

| over sol i dt apgﬁgtngfmh' quig s%%ﬂséoﬁéonﬁ%s i#rﬁ@'ﬁh?&svnt kAL, thei r . s\’i

monof | uori nat e terports. | ere mis O,
and [err] iRBreflerstly Wiss hydrogen and oply |ohe 2f ¥ gnd¥eimifllyorings obfen and one
or both epf gswapd of FbemdilaUpki Nne, ie esters of fornulae IC and I D

F
R-O-cnzcnz-Q-coo-@J I

10
Esters of formula IA are particularly preferred. N
If &4 is CiN then preferably Z is hydrogen and of .
X and Y are fluorine, ie esters of formula IB:
15 F
30452032‘@400'@4“ 1B
F

Isters of foriula IB have lower solid to nematic liquid crystal
20 transitions than their monofluorinated counterports.

In esters of formula I where m is 0, n is 1 and R1 is alkyl, ¥

is Cii, Z is preferably nydrogen and one or both of X and
Y are fluorine, ie esters of formulae IC and ID:
F -
25 nccn 1C
F
acoo-@-(ié-cn ID
F
1
30 In esters of formula I vg.\sfi‘_ghis, O, nis 1 and R™ is ROCHZ.
then W is CN and]all three of X, Y and Z are hydrogen,

ie esters of formula IE:

% nocnzcoo@@-cn IE



‘F 25 ICF [err]

F 30 In esters of formul'a | where mis O, nis 1 and [err] then
Wis CN[err] three of X, Y and Z are hydrogen, ie esters of formula IE
[err] 4 O her useful esters in which R is ROCH are those of formul ae
IF 2 and I G Flerr] 10 Esters of

formula | may be prepared via esterification of a suitable carboxylic acid
with a phenol. For exanple esters in4hich mis 1 (eg |A and IB) nay be
prepared using the acid: [err] whi ch ymay be prepared using the nethods
descri bed i At 03oBBOEstaEst & sﬂnﬂﬁhv% &9 RoCHs are( Brpsecef dPrigd2endf pr epar ed
usi ng known 2§ ig.carboxylic acids RCOOCH or [err] The phenols used may be
known, eg 4-cyano phenol, 4-fl uorophenol 3, 4-difluorophenol (to rmake I|A)
seeZf 9r- exanpl e Chem Abs_87 %197 05, 3-fluoro-4- cyano- phenol

4- hydf oxy-4 - cyanobi ph Nor may be prepHed by synthetic

5 _ - F
ROC:*IQCOO-CN | 16
. . F . .
10 Esters of formula I may be pfepared via esterification of a

suitable @arboxylic acid with a phenol. For example esters in

which m is 1 (eg IA and IB) may be prepared using the acig:
R’ -O-CH cx -@-cooa

wnich may be prepared using the methods described in EP 0126601.
Eéters in which m is G (eg IC-IG) may be prepared using known

20 carboxylic acids RCOOCH or ROCH COOH.

The phenols used may be known, eg 4-cyano phenol,
4—fluorophenol, 3, 4-difluorophenol (to make IA) see for example
. Chem Abs 87 (1977) 133305, 3-fluoro-4-cyano-phenol, 4-hydroxy-41-
i,) : cyanobiphenyl (tq make IE), or may be prepared by synthetic
25 methods such as route A or route B shown in figures 1 and 2

respectively.

30

35



—— e

25 met hods such as route A or route B shown in figures 1 and 2

respectively. 30 35 Route A may be used to prepare [err] phenyl (to nake
ID and 1G and [err] phenyl (to nmake IE and IH). The individual steps of
route A are: 1A (i) My, THF (ii) (i-PrO3B, THF (iii) 10% HC 5 2A

N- bromosuccinimde, [err] 3A Br2, Acetic acid 4A (i) [err] 5A [err]
Benzene, 2M [ emoLité&A mhgrde] udéd to prepBoelte hpdrexy-BE-fuaero-143-pyHp01L

3, 5-di fl uor p- 4-cyanophe ke, Q. The indyvidyal steps of route B
aror 10 (1 PR (O FRRE T phd CrTasR 5 AR Sh R Rornd R oo
benzene 3DrB&¥lafb@make 1B and IH)4D ThEhindiplidedll stepke of DMuteDn [aser] NaCl
Esterificationpeagt) goSrH" €( & B8 PESHE KNQWW {4k g¥nthetic organic
cheni stry and sui @I eE'met h(_)gj‘sr?e\nw% bzsa'ppar e(r;i'[ W’?o d[%hogg skilled in the.
art. 20 24t d-Prorosuseimimide; GHeCharticul ar the preferred esters g
di scussed abovea igyzqawetqasgéiﬁhow liquid crystal phases which are

4A (i) NaNOp,HpS04 (ii) CuSO0,5H50,KCN,Ho0
S5A Pd(Prh3),, Benzene, 2M NaxCOj3
6A BBrj, CHyCl,

10 Route B may be :sed to prepare 3,5-difluoro-4-cyanophenol

(to make IC). The individual steps of route B are:

1D (i) nBulLi, THF (ii) solid COp, Et30

2D Oxalyl chloride, DMF, benzene

3D 35% ammonia

15 4D Thionyl chloride, DMF

5D ALCly, NaCl

Esterification reactions are among the best known in synthetic
organic chemistry and suitable methods will be apparent to those
skilled in the art.

20 Esters of formula I, in particular the preferred esters
discussed above, in many cases show liquid crystal phases which are
nematic if R is n-alkyl and cholesteric if R contains an
asymmetrically substituted carbon atom. Esters in which W is
fluorine, especially those of formula IA are useful for the further

25 reason that they show a high A& and a low melting point. Esters
of formula I are therefore useful constituents of liquid crystal ~
mixtures.

When used in a liquid crystal mixture the mixture is preferably
a nematic or cholesteric mixture particularly the former. Esters of

20 formula I may be mixed with known liquid crystalline compounds. For
example they may be mixed with compounds having a high positive
dielectric arisotropy, such as those of formulae IIIa to IIIi on

page 5 of EPA 0126601, especially compounds of formula:

25 B‘B@@ ~CN

where Rg is C;-8 n-alkyl or n-alkoxy and ring A is phenyl or
cyclohexyl.



snematic if Ris n-alkyl and cholesteric if R contains an asymmetrically
substituted carbon atom BEsters in which Wis fluorine, especially those of
formula | A are useful for the further 25 reason that they show a high [err]
E and a low nelting point. Esters of fornula | are therefore useful
constituents of liquid crystal mixtubes. Wien used®n a liquid crystal

m xture the mxture is preferably a nematic or cholesteric mxture

particul arly tBefisture maxtlse %?r sFapRlenimcl ude SRPPRRNGH RRYENE Bl %hown

| i quid crypbsdtiveedieasperiadsnisb@romyXaswdte ak htypsEByf ermileevaritbhIepnpounds

having a high posjitjv |.e ric arisptrop uch as those of fornul ae
llla to Il Pﬁ epéa'g#e% EngA éﬁ%“@izﬁ@ff‘%& eééir aflsof"f/uqcadrrpounds of forml a:
[err] where [err] n-alkyl or n-alkoxy and ring A is phenyl or cyclohexyl.
6 TRéjni xture may al so for gx eni cgMounds having a | ow positive
dier-cggic ani sotr opy, such§A§QE>o§%§%$u€E>ﬁgﬁb’Fﬂa to I'Vp on page 6-7 of
EPA 0126601, . especially of fornula: [err] Fpaere [err]-al kyl or n-al koxy

ﬁnd_ R ishpn%leknl .1sTHE JH-41kY1e o B-aAkSRy faR8 BXaBH-R1kyr) ude conpounds
e oS BhS Wt Fep s o Apparte"EnSlbel bk i 1R RP0° 7

clearing point, such as those of formula Va to Vj on page 7-8 of
10 EPA 0126601 especially of formula:

RA'@@'@'CN

where R is 01_7 n-alkyl or n-alkoxy.

15 Typically but not exclusively a nematic -liquid crystal .~aterial
of this invention will contain 0-100 wt % of esters of formula I,
0-95 wt % of high positive dielectric anisotropy compbunds, 0-95 wt %
of low positive dielectric anisotropy compounds, and 0-30 wt % of

high clearing point compounds. The mixture may additionally contain

n
©

optically active additives such as (+)—4-(2—methylbutyl)-4%-cyanobi- _
phenyl or one or more pleochroic dyes. _
The liquid crystal materials of the invention may be used in any
of the known types of electro-optical display device which use a
nematic liquid crystal material.
25 The invention will now be illustrated by way of example only
N with reference to figures 1 and 2 which show Routes A and B for
preparation of phenols for use in synthesis of esters of formula I,
‘and figure 3 which shows a sectional view of a liquid crystal electro
- optic display device.
30 ' In the following examples all temperatures are in °C, N-I =
nematic liquid crystal to isotropic liquid transition, C-N = solid
crystal to nematic liquid crystal transition, C-I = solid crystal to
isotropic liquid transition. Examples 1, 2 and 3 are examples
of ppeparation of compounds which are usefﬁl as precursors

75 of the compounds of the invention.



[err] where Ris [err] n-alkyl or n-al koxy. 15 Typi cal ly but not
exclusively a nematic liquid crystal material of this invention wll
contain 0-100 wt % of esters of forrmula I, 0-95 w % of high positive

di el ectric anisotropy conpounds, 0-95 wt % of |ow positive dielectric

ani sotropy conpounds, and 0-30 wt % of high clearing point conpounds. The
m xture may additionally contain 20 dptically active additives such as
(+)-4-(2-nethyl butyl)-41-cyanobi - phenyl or one or nore pleochroic dyes.
The liquid crystal materials of the invention may be used in any of the
known typesExanphd aGt rRousptA.cal di splay device which use a nematic |iquid

crystal matgh 1boronilE akid &fif)i. 0 L] 1iaq0wW be il lustrated by way of
exanpl e onl'gﬁv%i— Bx 2 gur es rlls\g%% ]fr)vvhl ch show Routes A and B

for preparation ofa ghendlon 6£rthdSErignabd Helgents prepazbdrfronf fornul a | ,\'_}nd
figure 3 which shows a sectional view of a liquid crystal electro opticJ
di spl ay devi-omdshisole(80.0 ¢h@.83 ol arel magnesion (I11.96 @yplr4d modd ive in
[err] NI = nematic liquid crystal to isotropic liquid transition, CN =
solid crystdty THF (300aml ) viascaddedcdxapwise thoaasstirsed, copled do78 é’ocdr ystal to
isotropic liquid transition. Exanples 1, 2 and 3 are exanples of

Ak apld o

pr epar at i onsiutiomesubek-isapEeryar eonates {1612 S OcB8 Sy THF o

COPONS O e et s erogeh M dt15R4 oo W VAR ¥ LRSH 01 ©

10 to room temperature overnight and was then stirred at room temperature

for th with 10% hydrochloric acid (300 ml). The product was extracted -
into ether (twice), the combined ethereal extracts were washed with .
waterand dried (MgSO,). The solvent was removed in vacuo to yield a

15 cream-coloured solid (58.5 g) which was recrystallised from water to

give colourless crystals.

Yield 27.7 g, 43%.
mp 201-202 °c.

Note: A cream-coloured oil was separated during the above

recrystallisation which solidified on cooling to give a cream-coloured
25 solid.

Yield 17.5 g.



<A solution of the Gignard reagent, prepared from 4-bronoanisol e(80.0 g,
0.43 nol) and magnesium (11.96 3§, 0.49 nol) in 5 dry THF(300 m) was added
dropwise to a stirred, cooled ([err]) solution of tri-isopropyl borate
(161.7 g, 0.86 nol) in dry- THF (50 m ) under dry nitrogen. The stirred
“mxture was allowed to warm 10 to roomtenperature overni ght and was
then stirred at roan tenperature for lhgw th 10% hydrochloric acid (300

m ). The product was extracted into ether (tw ce), the conbined ethereal

extracts were d ri The sol vent was renoved in
. é!%z LB 981 &Eﬁ%g 2 5((%) '{4?
vacuo to yiel T 2 ItL'ﬁ 8.5 g) which was

recrystallised from Mﬁéx%ﬁloé&c&hﬁﬁdéok%.heiﬁ 0290 Hod) Swash8ddd in small
27 7.9, 43% 20 np C. Note: A creamcoloured oil

s s epar at edpsittribng tida sthigred| woled dollinsidin 60 Wil adroant 1l (Fb.0Ng,
coollng to give a creamcoloured 25 - solid. Yield 17.5 g.
8 4- Br ogo- 2- f 0.88r mahl linndry A)ichldrBinethahd) (400Bmbhn s The isti et mistfiffedwas 0. 90
nol) was added in small portions to a stirred, cool ed solution of
2-f1 uor oani | i Melowed Eapwarm ¢:000 T loyer M5dmin dwastied: witdt Water andGinisli. The
stirred mxture was allowed to warmto [err] over 45 mi n, washed with water

and dried (MgSO,). The solvent was r in vacuo to yield a red solid
(180 g) which was steam distilled to give a colourless solid.
10 Yield 120.0 g, 70%.

m 41-42 °c.

4-Bromo-2-fluorobenzonitrﬂe- (3). (Step 4a)

15 Concentrated sulphuric acid (60 ml) was added dropwise to a
stirred mixture of compound 2 (75.0 g, 0.39 mol), water (150 ml) and
glacial acetic acid (185 ml). The clear solution was cooled to
-5 °C (an emlsion formed) and a solution of sodium nitrite (30.0 g,

| 20 0.44 mol) in water (100 ml) was added dropwise; the stirred mixture
was maintained at -5°C fof: 15 min. -
| A solution of potassium cyanide (128.3 g, 1.98 mol) in water
(300 ml) was added dropwise to a stirred solution of copper(II)

25 suiphate pentahydrate (118.1 g, 0.48 mol) in water (300 ml) and ice
(300 g) at 10-20 °c. 'Soditljm' hydrogen carbox;nate (265.1 g, 3.16 mol)
and cyclohexane (450 ml) were added, the temperature was raised to
50 °C and the cold diazonium salt mixture was added in portions with
rapid stirring. The ini#cture was cooled, the organic layer was
separated and the aqﬁeous layer was washed with ether (twice). The
combined organic phases were washed with water, 10% sodium hydroxide,

35 water and dried (MgSO4). The solvent was removed in vacuo to afford



[err] The solvent was renoved in vacuo to yield a red solid (180 g) whi ch

was steamdistilled to give a colourless soli'd. 10 Yield
120.0 g, 70% np [err] 4-Brono-2-fluorobenzonitrile (3).
(Step 4A) 15 Concentrated sul phuric acid (60 mM) was added

dropwi se to a stirred mxture of conmfound 2 (75.0 g, 0.39 nol), water (150
m) and glacial acetic acid (185 m). The clear solution was cooled to
-[err] (an enaldarknbfennesl)idan®s o golwHichiwa stadh QIsEINEa R GBRe QnlorR0
0.44 nol) in water (100 m) was added dropw se; the stirred m xture was
mai nt ai ned at“ider$o¥ig- 15 nmin. A sol ution of potassium cyanide (128.3 g,
1.98 nol) in water (300 m) was added dropwi se to a stirred sol ution of
copper(11) 25 sul phat e pentahydrate (118.1 g, 0.48 nol) in water (300
m) and ice (ﬁo g) at [err] Sogi um hydr ogen carbonate (265.1 g, 3.16 gg})
and cycl ohexane {450 m) were a 3e%i,9't RE®¢ enperature was raised to [errY
and theecol d di azonium salt m xtsg[ﬁ% \%s added in portions with rapid
stirrin(‘?.C The m xture was cool ed, "the organic | ayer was separated and the
aqueous | ayer was washed with ether (twice). The conbined organi c phases
were washed wW-Chans{3eFluckoid Samithoxighenlded) Wostwp 30 dried [err] The
sol vent was renoved 1 n vacuo to afford 9 a dark brown solid (78.0 g)
whi ch was steam di s sobition ofi cempoundf T -(10k64 @,s@I07dmol) dhdethanol

59.2 g, 76%

(90 ml) was added dropwise to a stirred mixture of compound 3 (12.0 g,
0.06 mol) and tetrakis(triphenylphosphine)palladium{0)
10 (2.10 g, 1.82 mmol) in benzene (125 ml) and 2M-sodium carbonate ~
(100 ml) at room temperature under dry nitrogen. The stirred mixture
was heated under reflux (90-95 °C) for 2.5 h (i.e., until
glc analysis revealed absence of Starting material). The mixture was
cooled and stirred for 1 h at room temerature with 30% hydrogen
15 peroxide (2 ml). The mixture was cooled further to 2 °C, the
product was .filtered off and washed with water. The product was dried
(CaCl,) in vacuo to give a yellow powder.

Yield 11.9 g, 88%.
mp 153-154 °c. ~

4-Cyano-3-fluoro-4' -hydroxybiphenyl (5). (Step €A)

A solution of boron tribromide (12.0 ml, 31.8 g, 0.13 mol) in
dry dichloromethane (100 ml) was added dropwise to a stirred, cooled
(-78 °C) solution of compound 4 (14.0 g, 0.06 mol) in dry

dichloromethane (250 ml) under dry nitrogen. The stirred mixture was
allowed to warm

25



. np [err] 4-Cyano-3-fluoro-4' -methoxybiphenyl (4). (Step
5A) A solution of conpound 1 (10.64 g, 0.07 nol) in ethanol (90 m) was
added dropwi se to a stirred m xture of conpound 3 (12.0 g, 0.06 nol) and
tetraki s(triphenyl phosphi ne) pal | adi um(0) 10 (2.10 g, 1.82 mmmol) in
benzene (125 m ) and 2M sodi um carbopgte (100 m) at roan tenperature under
dry nitrogen. The stirred mxture was heated under reflux [err] for 2.5 h
(i.e., until glc analysis reveal ed absence of starting material). The
m xture was cool ed and stirred for 1 h at roomterrerature wi th 30% hydr ogen
15 perOX| de (2 he m xtu s cool e ther to r e product
hes 11t er P GPP SRIDERER 20l AR-S-7hEREHL GO GRSt s&ia(lém) n
38%

\[:grcu? t28 El%’eﬁﬁ% ftjf F'\:/%)&gv\g mar%:edi%e)lebl paht ny'f’as( gfide? §tné1 3’3?’ X sol ut i on- of
100

) °&‘,aé“ad2ﬁ?c§%%&%s%{%ra&%%eﬁ?e‘a‘% ety éﬁs?f%ég?é?ﬁonﬁg‘?@%%ﬁ?)ﬁuﬁd 4

(14.0 9, 0.Q4:iB®)) ah8 d{eycsm%er&mt:@@ﬁ%x@&@sﬂ%éréméﬁiediwf;mws&esgathhe

stlrred m xt ure was lowed to warm to roan tenperature over
(i.e. g unt ldri&ﬂc(l@@ YSi &hé HIILRE vARSARGTeRfins LAkl B8 dFLEE i AlphieVt er was
added and a yello 4

vellow powder.

Yield 13.1 g, 100%.
mp 201-202 °c.

10 4-Bromo-2,6-difluorcaniline (6). (Step 3A) :

A solution of bromine (127.0 g, 0.79 mol) in glacial acetic
acid (200 mi) was added slowly, dropwise to a stirred solution of
2,6-difluorcaniline (101.5 g, 0.79 mol) in glacial acetic acid (550
ml) keeping the temperature below 25 %. The mixture wés stirred at

15 room temperature for 2 h, and then sodium thiosulphate(50 g), sodium
acetate (125 g) and water (700 ml) were added and the mixture was
cooled in a refrigerator overnight. The product was filtered off,

-/ | dissolved in ether, and the ether phase was washed with water,
10% sodium hydroxide, water and dried (MgSO,). The solvent was
.20 - removed in vacuo to yield a pale yellow solid (134 g) which was steam

- .distilled to give a colourless sol:.d.

Yield 117.9 g, 72%.
mp 67-68 °cC.
25



preci pitate was produced. The product was extracted into ether (tw ce), and
t he -conbi ned et hereal extracts were washed w'th water and dried [err] The
sol vent was renoved in vacuo to afford a pale- yellow powder. Yield

13.1 g, 100% np [err] 10 4- Br ono- 2, 6-di fl uoroani line
(6). (Step 3A) A solution of bromne (127.0 g, 0.79 nol) in glacial acetic
acid (200 M) was added slowy, dropwi se to a stirred solution of

2, 6- di f 1 uor 0gupme 2} 4% fIurot@nZdhitRile i17)9! @ieg! sacet i ¢ acid (550 m)
keepi ng the {enperatur ow [err € mxture was ‘stirred at 15 room
tenperature for 2 ha gngrebani e WP tQhsabd B1356(Pg,00.27SA61 LEnacet at e
(125 g) and water (700 m) were added and the m xture was cooled in a

refrigerat or concantirgbéd stbphypriedacid-water i(h t By @60 adlf), wak hieateddntil et her,
and the ether phase was washed with water, 10% sodi um hydrgxi de, wat er ygnd
"dried [err] Shéutsionvers ohtairgd. Thenuixirerwascooladotyi-d0d°a andl 2 yel | ow
solid (134 g) which was steamdistilled to give a colourless solid. Yield
117.9 g, s72¥%soiprion of sodium nitriteg 43P{9 g5 0.45 mol) in water (70 ml) was

4- Brono- 2, 6-di_fl ugrobenzonitrile (7). (Step 4A) A sfi,rred. m xt ure of
conpound 6 (589¢d groprise. gihe mixture vas st b phof iforatitibnater (1:1,

250 ) vas heated prill g solPLIONES SRLAAIGH. s {1sB Al 1ESatR! o0 o

was added dropwise to a stirred solution of copper(II) sulphate
pentahydrate (86.5 g, 0.35 mol) in water (200 ml) and ice (130 g).

1o Sodium hydrogen carbonate (300 g), cyclohexane (1200 ml) and glacial .

acetic acid (130 ml) were added, the temperature was raised to 50 °c

and the cold diazonium salt mixture was added in portions with rapid

stirring. The mixture was cooled, the organic layer was separated and

the aqueous layer was washed with ether (twice). The combined organic

15 phases were washed with water, 10% sodium hydroxide, water and dried
(MgSO,). The solvent was removed in vacuo to afford a dark-brown

solid (58.5 g) which was steam distilled to give a light-orange

solid.
op Yield 31.7 g, 54s%.
mp 79-80 °c.

4-Cyano-3,5-difluoro-4'-methoxybiphenyl (8). (Step 5A)
A solution of compound 1 (11.50 g, 0.076 mol) in ethanol

(90 ml) was added dropwise to a stirred mixture of compound 7 (15.0 g,
25 0.069 mol) and tetrakis(triphenylphosphine)palladium(0)
(2.38 g, 2.06 mmol) in benzene (130 ml) and 2M-sodium carbonate

(100 ml) at room temperature under dry nitrogen. The stirred mixture



-5 solution of sodiumnitrite (30.9 g, 0.45 nol) in water (70 m) was added
dropwi se. The m xture was ‘stiirred at [err] for 2.5 h. A solution of

pot assi um cyani de (97.5 g, 1.50 nol) { wat er was added dropwi se to a
stirred solution of copper(ll) sul pha pent ahydrate (86.5 g, 0.35 nol) in
water (200 m) and ice (130 g). 10 Sodium hydrogen carbonate (300 g),

cycl ohexane &éz%m# and gl acial acetig acid (130 m) were added, the

t enper at ur e fed yrder (raflpx A99-9%He Clofer diSAvdiven,santiligkeure was
added in porti ogls.with r?%d stirring. The mi xture_was cool ed, the organic
| ayer was separdrad abgerrsuSt Iskpcting sateriadd- wiThe migture vBfi ce) .
The conbi ned nj . es re_. washed with water, 10% sQdi um

hydroxi de, vvac%%ga%rgj %r%lné"géj?g?’f‘]'1\l\$h%t sr(S’PWetr?E"pﬁﬁ%“F@rfb‘\F@dW% hyd¥Qf®nt 0 af f ord
a dgr k- br ownpsdyide ( ) i eamdistilled . to,@myve

i gﬁ“t" or ange sol |1§e %mﬁ’%i g]q% 'ﬁg{t&ﬁé WEE Méff?!'ze‘g,“s%% ! the

[err] 4-£yanpeciingt dids 0It@rdd- ' ( (- | 4g4iqn of
corrpound'Q{ (11.50 g, 0.076 m)I(;;E,tit Eﬂae%eﬁglg%%g% "%)tfri/va?lggggﬁz%ﬁ%%\%%%e?o a
stirred mxt(Ga€lgf ipvaEUSIdo /givkSEdntcobdured: MM ED! ) and

tetrakis(tri phenyl phosphi ne) pal | adi un{0) (2.38 g, 2.06 nmol) in benzene
(130 mM) and 2M sodi um carbonate (100 m ) at room tenperature under dry
nitrogen. The stirred ¥e¥ure 12 was hbdt ge &f%er refl ux [err] for 4.5
h(i.e., until glc analysis reveal ed abse starting material). The
e s mp | D628 <.

W, 10 4-Cyano—3,5-difluoro—4_'-hydroxybiphgnyl (9). (Step 6A)

| A solution of boron tribromide (25.0 ml,_ 61.5 g, 0.25 mol) in
dry dichloromethane (140 ml) was added dropwise to a stirred,. cooled
(-78 °C) solution of compound 8 (12.22 g, 0.05 mol) in dry
dichloromethane (250 ml) under dry nitrogén. The stirred mixture was -
15 allowed to warm to room temperatu;e over 9 h (i.e., until glc analysis
revealed absence of starting material). The mixture was cooled to
-10 °C, water was added slowly (exothermic) and cooled to 2 .
The product was filtered off, washed with watef and dried (Caclz)

in vacuo to give a pale-yellow powder.

Yield 13.3 g, 100%.

mp _ 230-231 c.

25



cooled and stirred for 1 h at roomtenperature with 30% hydrogen peroxi de
(2 mM). The mxture was further cooled to [erf] and the 5 product was
filtered off and washed with water. The product was-dried [err] in vacuo to
gi ve fawn-col oured needles. Yield 14.1 g, 84%

[err] 10 . 4-Cyano-3,5-difluoro-4'-hydrpoxybi phenyl (9). (Step 6A) A

sol ution of boron tribromde (25.0 M, 61.5 g, 0.25 nol) in dry

di chl or onet hape (-1 s added dropwise to a stirred, cooled [err]

sol ution of coRpPoFRELS 222 ¢,.0.05 nol) in dry dichloronethane (250 ni)
under dry nitZ,ggB{¥1ubbs-Sineth@e/bsh¥did SciPI24p. aqedtggefb O warmto room

t emperat ure OvVer I.e., until glc analysis reveal ed absence of starting
material). The nixt & solAiofiast @dbhityllethiumVeIR0 Math RebR@; S M1, 0,25
(exothernmic) and cooled to [err] The product was filtered off, washed wgh
wat er and drimed) [wesr ddded daopwiseotias stiredl, ccopdbd dw7p RBesoldloNict d
13.3 g, 100% np [err] 25 13 Eanple 2: Route B.

2, 6-Di f| Bor 0-345ndiflogydagrisole (5.8 D425 mod) cin @By THFs (20 mbh unfler dry
n-butyllithium (10.0 Min hexane; 25.0 ml, 0,25 nol) was added dropw se to
a stirred, cadteeenerThe sslimredmigfure was maintained under these conditions

for 2.5 h and then poured into a slurry of solid carbon dioxide and

dry ether. The product was extracted into 10% sodium hydroxide
{(twice), the combined basic extracts were acidified with 36%
10 hydrochloric acid, and thé product was extracted into ether (twice), ~.
the combined ethereal extracts were washed with water and dried

(MgSO,). The solvent was removed in vacuo to give a colourless

solid.

15 Yield 46.5 g, 99%.

mp 184-185 °c,

2,6-Difluoro-4-methoxybenzoyl chloride (25). (Step 2B)

A solution of oxalyl chloride (36.5 g, 0.29 mol) in dry
benzene (50 ml) was added dropwise to a stirred solution of compound
24 (25.5 g, 0.14 mol) and dry DMF (40 drops) in dry benzene (500 ml)
at room temperature. The mixture was stirred at room temperature
overnight and the excess of oxalyl chloride and benzene were removed

in vacuo.

25



-5 3,5-difluoroanisole (35.9 g,0.25 nol) in dry THF (200 m) under dry
nitrogen. The stirred m xtur'e was nmi nt ai ned under these conditions for 2.5
h and then poured into a slurry of solid carbon dioxide and dry ether. The
product was extracted into 10% sodi um hydroxi de (tw ce), the conbined basic
extracts were acidified with 36% 10 hydrochl ori c acid, and the product
was extracted into ether (twce), t hel4conbi ned et hereal extracts were
washed with water and dried [err] The sol vent was renobved in vacuo to give

a col our | essp $0bi Fl0t6-4-mdl : ' ;5@ 59, 99% np
[err] 2,6-Di uoro}K{ Stisfybenzanid (26) ésff% .)(Step 2B) A sol ution of

oxal yl chloride (3@hs &ma@-é’c%d@ﬁioﬂiaed(%)btg%zgg%cg%gg%? dg@%d.%ngf%j and dry

dropwi se to a stirred solution of conpound

DVFCAO dr of$p mI) eng daaed enepkbad abl Yod téﬁt@fh&@f@@igi %ﬁg}%ﬁgﬁ%’?}’g@ was

stirFed at roomtenperature overnight and the excess e and

benzene wer 85kecamnoaia i (750aulia. Phe resiltidgfeddoliL¥sOprsdiBl fubey heszanm de
(26). (Step 3B) The crude acid chloride (25) was dissolved in dry diglyne

(60 m p and fa¥ deffpand elriedr (L@l ripevaiud’ €oVive Qeidlberiskk $d11d.t0 35%
ammonia (750 m ). The resulting col OurT eSS precipitate was

Yield . 21.2 g, 81%. -

mp 158-159 °c,

~ 2,6-Difluoro-4-methoxybenzonitrile (27).(Step 4B)
10 |

A solution of thionyl chloride (139.0 g, 1.17 mol) in dry DMF
(150 ml) was added to a stirréd solution of compwrid 26 (20.0 g, 0.11
mol)'_in dry DMF (250 ml) at room temperature. The mixture was stirred
at room temperature overnight and then poured onto ice-water. The
product was extracted into ether (twice), and the combined ethereal
15 extracts were washed with water, saturated sodium hydroger-l carbonate,

water and dried (M9504) . The solvent was removed in vacuo to give

off-white crystals.

 Yield ' 17.7 g, 95%.

mp 59-60 °c.

2,6-Difluoro-4-hydroxybenzonitrile (28). (Step 5B)

| . A stirred, homogeneous mixture of finely powdered, compou_nd
27 (17.0 g, 0.10 mol), aluminium chloride (29.4 g, 0.22 mol) and
sodium chloride (7.1 g, 0.12 mol) was heated to 180 °C over 25 min
and then at 180 °C for 1h (glc and tlc analyses both revealed a

complete reaction). Ice-water was added, and the product was extracted



5 filtered off and dried [err] in vacuo to give a colourless solid.
Yield 21.2 g, 81% np oo [err]

2,6-Difl uoro-4-methoxvbenzonitrile (27) .(Step 4B) 10 A solution of thionyl
chloride (139.0 g, 1.17 nol) in dry DW (150 mM) was added to a stirred

sol ution of conpound 26 (20.0 g, 0.114go0l) in dry DMF (250 m) at room
tenperature. The m xture was stirred at room tenperature overni ght and then
poured onto ice-water. The product was extracted into ether (tw ce), and

t he conbi ned ethereal extracts were washed with water, saturated sodi um
hydr ogen carbonate, water and dried (MgSO4). The sol vent was renoved in

vacuo to giv fesrpli-t ta i extra 9 0 np
[err] 2,6-Di ?P%re%%h%géibeg%rﬁﬂ%g ?5%?%% Step %tl?f) %r%t“?rs}r%g@itg

horgeneous a&xé%r an@ftHel BAIGLCRONELE eREbactedTIANs th 047 sédiltmOh@irdRidd (HaideyY
alum niumchloride (29.4 g, 0.22 nol) and sodiumchloride (7.1 g, 0.12 nol)

was heat ed t andl etthe] contsihed oasio &bracts weee antidified] withy 38§ hygkoctledid| C
anal yses both reveal ed a conplete reaction). |ce-water was added, and the
product was agid.acThel product wascextented inte ether Ttwicinband dhet tnmbined

extracts were washed with
5 ethereal extracts were washed with water and dried

(MgSO,). The solvent was removed in vacuo to give a fawn solid.

Yield 14.6 g, 94%. ~

mp 119-120 °c.



-water, and the product was extracted into 10% sodi um hydroxi de (tw ce and

t he: conbl ned basic extracts ‘werfe acidified with 36% hydrochl oric acid. The
product was extacted into ether (twi ce), and the conbi ned ethereal extracts
were washed with water and dried [err] The solvent was renoved in vacuo to
give a fawn solid. Yield 16 14.6 g, 94% np

[err] 16 Exanple 3 Pr epar ation 'Of

4-(2-(trans-4-pentyl cycl ohexyl ) et hyl) benzoic acid. A nmixture of | -(trans

4- pentyl cymlapexyd ) - Brdphra€ianophenyl )t rins-4 &@%éiﬁ%@;&ﬂ%ﬂ% FPA 0126601)
(25g), acetic acid ( ), cQnc. sulphuric ac er (163 m)
was gently stirred Z dender reflux for 36 hours. After cooling, the

reaction m xture was poured into water, the solid was filtered of f, washed

wel K- i th wat ef d he crude rod stalllsed 10
fronTacetic acl dﬁggvd g J2-6‘-l:'ramsl'h POt Sﬁy’( Lﬁﬁ%‘ﬁi\é\@d é g‘? 'FH nophentl has al so
prepabed. ¢thapgpl{&ndwn EsplerBPﬁ\l eb2660h) Re&gli erelire aaid d 326m1M,Exenqal € 3
(12.39), vRIsmrsed | 0 tri.fluoroacetic
anhydri de (6? < a)u\'l\iv?)ta28%15“ ! Qﬁ&?kgépgg&%%{%ﬁté% gi'%ll grtfgfiop’ﬁ!gnol (5. 30)
was added hﬁﬁﬂeq h‘éd?ﬁ Xefitex §PF r}efionts | epffers Wolleghdl!mesrea'ﬁteom eaction

M xt ure Wadx¥@sh @ds Woubed\ailn@b xﬂﬁQr PUBROE SR D £4l§ Y1RESo£ £, NGaGildddEe P OduUCt

was chrorrat AoJoL: Qhed n.sjlica hg and crélstal i sed
er and dried. e crude product was then crystallised

10 from acetic acid. VYield 26g. The propyl analogue of this acid was

also prepared.

Example 4 Esterification Reaction

The acid from Example 3 (12.3g), was mixed with
15 dichloromethane (60 ml) and trifluoroacetic anhydride (6.23 ml)
was added. After 15 minutes, 3,4-difluorophenol (5.3g) was added
and the mixture stirred at 20°C for 16 hours. .The reaction |
mixture was washed with water and evaporated to dryness. The
crude product was chromatographed on silica gel and crystallised
20 from industrial methylated spirit. Yield 10.lg HPLC 99.6%.

The use of trifluoroacetic aﬁhydride is a generally applicalbe
esterification method. Using this method and the appropriate acid
and phenols the esters listed and characterised in table 1 below
were prepared. In each caée R was n-alkyl.

25
Table 1

Formula R C-N/I (°C) N-I (°C) At Q(20°c3t) An

1A CoHy  58.3 (C-N) 85.0

Ia C3H7 59.3 (C-N) 108.9 20,8 505 0,120
30 IA Cs4ly  56.7 (C-N) 106.4

IA CsHiy  s57.3 (C-N)  112.7 20.0 53.4  0.120

IB C3f; 55 (c-N)  134.5

ic - CsHy1 35 (c-I)  (25)

ID CsHyy s (c-1) -
35 IE CgHyy 51 (c-1)  (41)




20 fromindustrial methylated spirit. Yield 10.1g HPLC 99.6% The use of
~trifluoroacetic anhydride is a general |y applii cal be esterification nethod.
Using this nethod and the appropriate acid and phenols the esters |isted
and characterised in table 1 bel ow \lgﬁe prepared. In each case R was
n-al kyl. 25 [err] Table 1 erring to Fig 3, a liquid crystal
el ectro optical display device corrprl ses a layer of a liquid crystal
materi al 31 bmbwﬂung ts mﬂt;jg.l ass;i@uppemstplaéleceeo a,pdiﬁmacémgbass support
plate 33. ,Ih ront gLass at e 32 ji.s te n_t r rface t hereof 5
with a traﬁ‘épfaer ente coﬁ%u’cflgﬁ g °f 1ng ?%aqompenagnﬁf 8F meaerrll el ectrode.
The back gl f=atpylass S@mtawmecﬂataed i)rlPthesllansqu@psm fpdate t33ereof with a
conduct i vend 3%8ht %iaskfpﬂattghsz I33 é&the 3 RS MinhbPhurPhlIGHefduy device the
back el ectrode 15 and the back plate 33 are also transparent and made ofy
“the siane Whtlep Sranspprentysondpcting Javpy fleedtdrePeiderotR £80mARd 34. If the
devi ce i seléctrolié £Cirné itk §hasbprdtech®edls atlsd 2batdlly obexnendesiiaef | ective, eg
el ectr odes e coated with a

of alumniu The fropt adbacé

transpar eﬁ't‘pgaﬂ cegHhargof HEP BEorIrHye Y8 f/é'vl ﬁ?/ naF“éo’r‘FoI“vﬂﬁ ch have each
been r ubbedarzmioted mhaa&ﬂunbhg/ defvi¢dh@hdehackecelavtaodd 15 sianghe rubbi ng
direct OnyeciOl: 860 a30LYe Wigo 'HRRLALHLISE! hflS 0Bl S UBESE Ay 37 are

arranged orthogonal to eac I'n operation t feciTo 35 are
connel? edas che Exmntcelaffe and toégetl(q%t 3%mﬂn§4- If the device is to

reflect light the back electrode 35 may be made reflective,
eg of aluminium. The front and back electrodes 34, 35 are coated
with a transparent aligning layer 36, 37 eg of poly-vinyl alcohol
which have each been rubbed prior to assembly of the device in a

15 single rubbing direction. On assembly the rubbing directions of the
layers 36, 37 are arranged orthogonal to each other. 1In operation the

electrodes 34, 35 are connected to a source of voltage (not shown).



.18
. Formul a 1:
ring isin

and Z being sel ected fron1f|uorine and hydrogen,

or Z being

Caim1l wherein Ris [err] n- aIkyI orkéontains an asymetricaly substitued

carbon atom and Z is hydrogen. phenyl ester according to R 7

2 having a

having a Fo nul

according t
according t

PO 772 CLAIMS 1. - A phenyl ester

of

Y [err] wherein [erﬁ] where Ris C al kyl, the cycl ohexyl
its trans conformation, Wis selected fromfluorine and CN, X, Y

no nore than two of X, Y

fluorine, mand n are 1 or O provided that when mis 1 then nis
0O, and either Wis For two of X, Yor Z are F, and provided that when mis
Othennis 1, Wis CNand Ris not RO and provided that all three
and Z are not hydrogen unless Ris ROCH2 2. A phenyl ester accordi

Formula 1A: F [err] 4. 'c Aiphenyl ester according to d ai
F 5. A phenyl

géﬁefyg sgeﬁa?ﬁ Fg= 8 Rothul a 1C F [err]_6. A phenyl

o] Cla|n11 or 2 Ilaving a Fornul a 1D
1 _
B [ Yt L, )={ c00- - -Qlw 1
'm

'n X

1 .
wherein R is R, RO or ROCH_ where R is C alkyl, the cyclohexyl

2 1-15

"ring is in its trans conformation, W is selected from fluorine and

CN, X, Y and Z being selected from fluorine and hydrogen, no more
than two of X, Y or Z being fluorine, m and n.are 1 or 0 provided
that when m is 1 then n is 0, and either W is F or two of X, Y or 2
are F, and provided that when m is O then n is i, W is CN and Rl is
not RO, and provided that all three of X, Y and 2 are not hydrogen
unless Rl is ROCH, .

2

2. A phenyl ester accordlng to Claim 1 whereln R is C n-alkyl

1-8
or contains an asymmetricaly substitued carbon atom, and 7 is

hydrogen.

3. A phenyl ester according to Claim 1 or 2 having a Formula 1lA:

F

R-O—CH20H2 —COOF 1a

4, A phenyl ester according to Claim lor 2 having a Formula 1B:

F _
?O-CHZCH —COO-@-CN | 1B
F

5. A phenyl ester according to Claim 1 or 2 having a Formula 1C:

F
Rcoo.@.@_.cm 1

6. A phenyl ester according'to Claim 1 or 2 having a Formula 1D:

of X, Y
ng to

1 or
mlor 2
ester
ester

F
_RCOC@Q-CN | 1D
F



F 19 7. A phenyl ester according to claiml or 2 having a formula I E:

[err] 8. Aliquid crystal naterial being a mxture of two or nore
conpounds at | east one of which is a phenyl ester of fornula | as clained
inclaiml. 9. A liquid crystal rratelqal according to claim8 which is a

nematic material and in which th ester_has, a .for rr] where
Ris [err] deal BYPPYWY ESUGT AF¢QA 185 %:%’T‘Pt gi?ﬁ% h?ﬁnﬁs% ﬁacgﬁ
substituted carbon atom

P.OCH2C00-©-@-CN IE

8, A liquid crystal material being a mixture of two or more =
compounds at least one of which is a phenyl ester of formula I
as claimed in claim 1.

Fe A liquid crystal material according to claim 8 which is

a nematic material and in which the phenyl est%p has a formula IA

O eolSr

where R is C1-a n-alkyl or is an alkyl group containing an

asymmetrically substituted carbon atom. -

p—



