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EP 0 407 438 Bl Descripti on??::‘m“ﬁs.__'i'n-ngn_t"i-.(i)n_..E-,el ates to laterally fluorinated
4 - cyanophenyl and 4' - cyariobi pRenyl benzoates, and to liquid crystal

m xtures and devices using them S5EP040Yi438Bd crystal materials are well
known for use in electrooptical display devices such as cal cul ators,

wat ches ar&sﬁllgquhi ke. A commonly used tiype of liquid crystal material is
that which shows a nematic liquid crystalline phase. Desirable

charact er i St Sinlehidh «REPHdierdly Al ¥ S BhooRBHy ik 3 - &by Poefoills, BRIB | ©
t 0 i sotr ORiysid bdbtal miurds A8 Bbvice® Isirlg@iEaET at ure, a | ow sol'id crystal to nematic
(K - 1) strangid | SRERAAEIS latd! Vil kREWh fofGseail 3RELBpRA! PR Ubices SUchPd3aRiators,

QG her desiwaithésCand I IRE: tACdomAlohi Ssdd e bl Rquldirysiel MEBITAN fsthat RREEshBWs dRdmbtieiiduldr €,
10 chem cakysilisb pHags. Makirabb RRaracterivtics MeaRérhatic lliguid brgistdl Mmyatdriall indiRe & Aighl Sematic to
general | y isttgs @ - pirandition tinperfturs,§a 164 dlid @Astalto ARHARE @6 - 1) Earsition BMPerétireSdad fthe
conpounds abseacelof-smegtizr{B)hesey. Otban desirable yraraobtigtiteinglideden dscosiyf easd ofisdnutacure, 16 -
[err] 26 whenieal Badibgmiietabilitky! , al koxy, acyl oxy or al kyl carbonat o di scl osed
respecti vel yNemptit/BAIBESES materdald 9&b@hGconsi§ of Sanieurh af chpmirat @hpaunds. dlpe eisoof

t hese conputhmdmpiindsard éepyangphenyt and 4t eyanobipbanylcostarsof struttgor i nat ed com  pounds
such as: 30 are described in Ml 'Cryst Liq Cryst 109(2-4), (1984), pl69-78
and in Japanese Patent Applicatio 35 58/~ 0982, 60/69190, 63/122669,

61/ 30568 and 61/50953, and GernH '@@D hrift 3339216. JPA 61/ 106550
descri bes conpounds of structure: [err] A 61/ 63645 descri bes the
conmpound: 4§ F 50 US 4689176 discloses optically active conpounds of

f OFul a: 65° 55 3 EP 0 407 438 Bl
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where R may be alkyl, alkoxy, acyloxy or alkylcarbonato disclosed respectively in US4138359 and 3951846.
25 Some halogenated analogues of these compounds have been investigated, for example fluorinated com-
pounds such as:-

W, 30
- R—@-coo-@xm

are described in Mol Cryst Liq Cryst 109(2-4), (1984), p169-78 and in Japanese Patent Applications
35 58/210982, 60/69190, 63/122669, 61/30565 and 61/60953, and German Offenlegungschrift 33392186.
JPA 61/108550 describes compounds of structure: .

“ ROCO-@-CN |

JPA 61/63645 describes the compound:

US 4689176 discloses optically active compounds of formula:
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F
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where Ris alkyl, I is 1 or 2 and"emis or 1. To date, the extent to which

fluorinated conpounds for usé as tiquid crystal conmpounds coul d be

i nvesti gated has been hanpered- b§PP a3Bhi | ability of suitable starting
materials, and the difficulties of organofluorine chemstry. 5 The

pr esent 'qurV?Pt ﬁ “salvogzla'r‘\a/ sli gat ed the field of fI uor| nated 4 -
cyanophef y oxb n‘r‘¥oa@ﬁi ﬁ.f%d com &.’h&s %Pﬁ ulad§yia bifitbufls' d %E\Qs%ef’f
novel cqpp hdh) reH%? the u &fﬂ% fs&ta&i tehidl % fﬁﬁﬁcﬁﬁ-

t he cour or Eb@m%tr er "of nove potentla y use PUor nat ad

inter E"‘v‘d' aﬁ.gsp, %%véﬂt&@hé@@ﬁ%sﬁ el AGIRRT - éygnobﬁlﬁyl%eserb%:doﬂﬁlﬁml' on,
novel  CQewRUHNE hed RerdficdVa &ile of|ANbLINGMRoUNES WhibR are: usdiih domp¥dhis bt likquiicP cy&@air ] or
[err], \Wuesigs. e toursel o iRy d gunibbiaf Inoveand peterlialy el fRbrinkted infyrhélRtbs hBataison +
m i S Obeénplepardd. each of a, b, c and d are independently O or 1, provided
(a - b + CcActordipg toghawésemarivention) tbveEoompoLtitsigre ploddediatmming\l @keulal: and b are 0 and
one o ¢ or d is one. Conpounds of fornmula | are useful as constituents of
liquid crystal conpositi ons, particularly gnematic liquid crystal materials.
The structural [ prefefenc saexp essed| bel §N¢are based inter alia on relative

useful ness i@ _@_ UI oS _@I o/ S pfﬁ;‘ﬂga ply [err]
contains 3t bpn 3, 4 or 5 and J[err] 1s n-alkyl or
an as¥mmetrically su tit ed kyl noup l,such as 2-net hyl butyl which may
be inin optically active & racemic formdit is particularly preferred

that R |s n-al kyl or n-al koxy. 30 35 40 45 50 55 4 EP O 407 438 Bl Some-
e gy A bl SR b AT b BV bbbt S0 201
de

Y bel 2(3Weac eb c?& £r ntly 0 or 1, provided (a - b + ¢ + d) is not zero, but excluding the case
where a and b are 0 and one of ¢ or d is one. _

Compounds of formula | are useful as constituents of liquid crystal compositions, particularly nematic
liquid crystal materials. The structural preferences expressed below are based inter alia on relative
usefulness in nematic liquid crystal materials.

25 Preferably R' contains 3 to 8 carbon atoms, especially 3, 4 or 5, and R! is n-alkyl or an asymmetrically
substituted alkyl group such as 2-methylbutyl which may be in in optically active or racemic form. It is
particularly preferred that R is n-alky! or n-alkoxy.
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iF Sui.tabl e fluoro-substituted phenols may be prepared by schenmes A and D
shown in Figs 1 and 2, and suitable fluoro-substituted benzoic acids may be
prepared by schemes B and C shownEPQ 487 438Bing 4. The steps of these routes
are sunmmari sed bel ow. EP O 407 438 B1 Schene A5 F 10 1A (1)

ferr). Lorr Fomifioigip *’r%ﬁ%“%w@% or OB o ena 85, 11

6A [err]. Schene DF [err] 25 1 D (|) nBuL| THF;, (ii) [err]s),[err].

2D Oxal .yl chlori de DI\/F ben 35% ammoni a. 4D Thi onyl
chloride, DW. 30 [err] B [err] 40 1B [err] 2B [err]
3B [err] 4B [err] 5 5B [err] 6B [err] :

n-@-coo 1.
| | ]
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| @-coo@ o 1.2 1.8 n-@-coo-@@f-cn
' F F
) -@-m-@ o 1.3 19 n-@-coo-@-@-cx
- J F F
~ -@-coo@ 1.6 1.10 R-@-COO—@@-CN
F F
- - -Co0 -
N a@-coo-@cn 1.5 1.1 a-@ '@@
F F
F F | F
U n@-mo@-&r 1.6 1412 R-@g-coo-@-@-cu
F
. ; F ' F F
. a-@-m-@-ax 1.7 1413 n-@-coo@-@-cx
F
i d ' F r
© 1014 R-{6§-coo-<6>-(6§-cn
| | | e

45 Of the structural types listed in table 1, those where R is n-alkyl or n-alkoxy and which contain three
phenyl rings generally have higher K-N and N-l transitions than their iwo-ringed counterparts, whereas the
latter often show nematic phases which supercool to well below room temperature. Both of these
characteristics are of value in liquid crystal compositions.

Compounds of formula |, including those listed in table 1 may be prepared by a number of routes.

s0 Bseing phenylbenzoate esters they may for example be prepared from a phenol and benzoic acid carrying

fluorine and other substituents R and CN in appropriate positions. Esterification may be via the dicyclohex-

ylcarbodiimide (DCC) mediated method, the reaction and purification condutlons of which are well known to
those skilled in the art.

Some fluoro-substituted phenols and benzoic acids are commercially available, such as 3-fluoro-4-

§5 cyanophenol, but others may be prepared by synthetic routes.’

Suitable filuoro-substituted phenols may be prepared by schemes A and D shown in Figs 1 and 2, and
suitable fluoro-substituted benzoic acids may be prepared by schemes B and C shown in Fig 3 and 4. The
steps of these routes are summarised below:



¥Scheme C 50 . (F) 55 1C (i)
Pent-1-yne, nBuLi, THF; (ii) [err], THF, (iii) conpound 3, [err], THF. 2C
5% Pd/ c, EtOH, H2. 3C conc. [E?]r 8B HOoAc. 6 EP 0407438 Bl 40
[err] , [err], acetone; 5C (i) [err] , EtOH water NaOH (ii) 36% HC
Known agids %hich may be used in the esterification reaction include
non-flu ed 4 - alkyl and 4 - al koxy benzoic acids, and 4 - alkyl and 4
- al koxy phenyl - 4-benzoi c acids. These may be used to prepare 5 structures
1.1 and 1.8 listed in tabffe 1 above and ot her conpounds , & fornmula | in

which a and b ar _K§ZP<QF§Q nis 1. Co fagmula | are

sui tzl}bl e corrponélﬁt é\} I-lfqu% crysta lWmat eri alrﬁg? A t I glpl y nematic
liquid crystal materials. According to a further aspect & the invention
there is therefore provided a liquid crystal nmaterial, being 10 a m xture
of at |east two conpounds, at |east one of which is a conmpound of fornula
1. The matrer i @IMgYENF; @i (PrajB, THROGPIO%WHCE conpounds of fornula 1, for exanple
di fferingAonl §BS,CHECIEi r substituent R, eg two different n-al kyl and/or

n- al koxy 3 ouprs. HQAcef erably the materials according to this aspect of the

i nvent i ortAconf)dNaNOo Sy (iheyS9: St KGNJdEOhavi ng a high dielectric

ani sotroppp  aPdPRek chenzege. M ®Qbl e 2 bel ow. 15 Table 2. 2.1 20 2.2 25 30
2.5 3% T\ e BBre.Ghkeh-. )

Scheme D

F
20
- - Ho-(a&-cn
\_-« F

\ ;

25
1D (i) nBuLi, THF; (i) COz). Et20.
2D Oxalyl chloride, DMF, benzene.
3D  35% ammonia.

_ 4D  Thionyl chloride, DMF.

/30 5D  AICls, NaCl. '

Scheme B

F
- 86
,_R-@-COOH
o/ . P

iB (i) Mg, THF; (ii) CH3(CHz)s CHO, Et20.
2B  P20s, pentane.
3B 5% Pd/C, pentane, Hz.
48 (i) nBuLl, THF; (ji) COg), Et20.
45 5B (i) nBuLli, THF; (i) (PrO)sB, THF; (jii) 10% HCI.
6B  CiHsBr, K2CQs, acetone.

Scheme C

50 ' | (F)
n@-coon

56 _
1C (i) Pent-1-yne, nBuLi, THF; (i) ZnClz, THF; (jii) compound 3, Pd(PPhs)s, THF.
2C 5% Pd/c, EtOH, Ha.
3C  Conc. H2S04, water, HOAc.



40 . " R2_-- CO001Q@>CN 2.6 R
_<g- CK~e- ON ¢ *2.7 45 50 where R2 is al kyl or al koxy
containing 3 to 10 carbon atons. EP Q474388 al |y preferred that the

materi al contains one or nore cofrppounds of forrmula 2.1, optionally together

w th one or4crmrf€§;bn;%%5n%§et&g;forrml a 2.8. The liquid crystal material of
( 9 BE,

this aspectgs0f Wétbr, NESH: 3 36% Rent ain conpounds of low dielectric

ani sotropy, whdih LHEWRbEMS) be t8od IHOhE ediéh M{Hgﬁw indibdd troAladdfikaml 4 NanbyPHats 3:
SRR v Y B A W e e e A
[err] 10[ &hérest.K¥hd 108 listhPisie R BSbveCaridottel stApbENAs B forME | AR a b &r8lobtk oPut
not excl ugdwad yory. | 1 qui d crystal nmateri al ofp this aspect of the invention
Wi |l cont ai gomgbandsi g fordii€| £6 Giiifable 3dhhpASNEOR Yiquidd EFptdl Rdfefials, Prticfarty nérhaliel liquid
tabl e 2 crystal materials. [err] low dielectric

ani sot ropy acopitng nalé fuythet@spect of the invention theré G the3efbre ptorided anliguialehystalBmaterial, being

0- 50 we % ozt atdéast) two Eonfppundis.| atleast one of which is a compound of formula I.

5-50 wt % adls tmatedial may contain two or more compounds of formula |, for example differing only in their
0-10 wt subgituentcR, tegttwé differentn-aligDangior talkoxy cirqups; Rseferebly the matexisierptaordingdd thike

pl eochr oi asPepy elthe yenéienccopiain ppe er Mere cpmeptindschaving & bigh diglegtiic. amisoropgOmmd Felecteth e

| iquid cripstiable gheldri al of this-aspect of the invention may be used in any
of the™nown types of 60 nematic |i %ui d crystal device, for exanple: the
tw sted nemati ¢ effect device, ] y be multipl exed; the Freedericksz
effect device using materials of positive or negative dielectric anisotropy
;'~¥he chol esteric nmenor ip NREC I ce; the cholesteric to_nematic phase
\ohangeaoeffect device (t a@-@/\o devi ces requi re2almaterial which
contains one or nore opticarly tive conmpounds, for exanple a conpound of
formula I, or a conpounchag=—iged-in table 2 or 3 in Lch [err] or [err]
IS a group containing 5

I %_ﬁ)s&m{ﬁ‘@ﬂ cal |y substituted®e&rbon atom in
particular (+) or (-) 2-methylbutyl or 2-nmethyl butyloxy), the
® azo-wzmz-@-cm 2.3
, | _
| R o“).@.cu 2.4
/ 30 {K '
OO 23

36

W, Table 2 (contd.)

“ | RZ-O-coo-@-cn 2.6
i Cans O B
| Rz-@-@-@-cu 2.2

s0 where R2 is alkyl or alkoxy containing 3 to 10 carbon atoms. It is especially preferred that the material
contains one or more compounds of formula 2.1, optionally together with one or more compounds of
formuila 2.8.
The liquid crystal material of this aspect of the invention may also contain compounds of low dielectric
anisotropy, for example one or more compounds as listed below in table 3:
55 :



‘dynami ¢ scattering effect device or the two frequency switching effect
device. A liquid crystal el ectroopti c di splay device which uses a liquid

crystal material that is a m xtUFe04P7 488 Btast two conpounds, one of which
is a conpound of forrmula | is a further aspect of this invention. The
met hod of construction and operation of 8 EP O 407 438 Bl such devices

is well known in the art. The inm]_bi%r] w Il now be described by way of
exanple only with reference to: Fgs I, 2, 3 and 4 showi ng preparative
routes to fluorinated phen s.gnd benzoic acids. Figs 5 and 6 show ng
routeg to conpounds of forR Y COB R0 7 showng a liquid crystal

el ectro-optic display device.™xanpl ¢=~L: Schene A 4-Met hoxyphenyl boronic
acid (1). (Step 1A) 10 A solution oK the Gignard reagent, prepared from
4- br onoani sol e(80.0 g, 0.43 m)l) an magnesi um (11.96 g, 0.49 nol) in dry
THF(300 nm) was added drop to a‘*;r«ad cooled ([err]) solution of

tri- sosopropyl borate (163 -}lln dry BE& (50 ml) under dry
nitrogen. The stirred mxture v~ al Mofved to warmto room tenperature
overni ght and was then stlr3 geat ro tegperature for 1h with 10% 15
hydrochl oric acid (300 ni R: -@OG <“Ras extra@t®d into ether (twice),

t he conbi ned et hereal extr_act re hed with water and dried [err]. The
sol véht was renoved in vacyo \96 cream col oured solid (58.5 g) which
was recrystallised from wit'e col ourl ess Br¥stals. 20

Yield 27.7 g, 43% np [err pre: A creamcoloured oil was separated
dw¥i ng the above recrystal |-3I Whigch solidified on cooling to give a
\cf eamy col oured solid. 26 Be@?Q*Brom) 2-fluoBefniline (2). (Step 2A)
N- Br onmosucci ni mi de (160.4 g, |) was added in small portions to a
stirred, cool ed solution o? ,ue\roa,nlllne (100.0.g, 0.90 nol) in dry

di chl or onet hane (400 m). m xture was3a®lowed to warmto

[err]over 45 nmin, washed with vvater ad dried ([err]). The solvent was

remowgd in vacuo to yield g red sol i) (18,p g) WhICh was steamdistilled
to give a colourless sol i § °'s 70% 3.7

33-O- chz-@-@-ﬂuj .3

N
Where R® and R* are independently Cs to Cio alkyl or alkoxy and X is fluoriné or hydrogen.
Typically but not exclusively a liquid crystal material of this aspect of the invention will contain:
35 _
high dielectric anisotropy compound(s)
-/ eg as listed in table 2 1 50-95 wt %
low dielectric anisotropy compound(s) S
@ eg as listed in table 3 0-50 wt %
compound(s) of formula I - 5-50 wt %
additives 0-10 wt %
4%

the total being 100 wt %.
Additives may for example include pleochroic dyes, eg one or more of those described in EP-A-
82300891.
The liquid crystal material of this aspect of the invention may be used in any of the known types of
60 nematic liquid crystal device, for example: the twisted nematic effect device, which may be multiplexed; the
Freedericksz effect device using materials of positive or negative dielectric anisotropy ; the cholesteric
memory mode device; the cholesteric to nematic phase change effect device (these latter two devices
require a material which contains one or more optically active compounds, for example a compound of
formula 1, or a compound as listed in table 2 or 3 in which R, R, R® or R* is a group containing an
55 asymmetrically substituted carbon atom, in particular (+) or (-} 2-methylbutyl or 2-methylbutyloxy), the
dynamic scattering effect device or the two frequency switching effect device. A liquid crystal electrooptic
display device which uses a liquid crystal material that is a mixture of at least two compounds, one of which
is a compound of formula 1 is a further aspect of this invention. The method of construction and operation of



imp  Jerr]. 40 4-Brono-2-fluorobenzonitrile (3). (Step 4A) Concentrated
sul phuric acid (60 M) was added dropwi se to a stirred m xture of conpound
2 (75.0 g, 45 0.39 nol), water (158 Q407 BBB1g| acial acetic acid (185 m).
The cl ear solution was cool ed to[err] (an enulsion formed) and a sol ution
of sodium n|r1trlte 44 rml) I n water (100 n1) was added dropw se;

the stirr® Tﬂﬁvﬁ? fep ow “P?tl

1 KLU S % fi“[exa arao A sol ution of
pot assi um , dded dropw se
to a sti rr moroﬁ o t(lfm 8 ztom?fﬁ8 1 g, 0.48
mol ) in wat ,au, Setrb- ev,@g 20 50 [err] Sodi um hydr ogen
car bonat e ( g, 3.16 nol and cyc exane (450 M) were added, the

t enper a- g,uﬁ@ewa@chg,aéﬁed to 50 * C and the cold diazoniumsalt m xture was
added in portrons wih rapid stirring. The m xture was cool ed, the organic
| ayer was4-mepédyprshylboronid acib@).aseem)s | ayer was washed with et her (twice).
The combi ned organi ¢ phases were washed with water, 10% sodi um hydroxi de,
wat er and dai sehitiqn\g S@4Grigndrl aeagent vreparedciomr £bromeatisole(80/09,ub43t molpéridomagnesiugrar k
br own sol {1119 §.30.4® m9l) midnCTHREO ral} easnaddedsdrppwisedo mctingdy eooled (58 °6) Bolution bictri-

sol i d. isgpropPl bGP (183 B0.86/mel ih dn5THR(59 mi) addr diypitfogeny The stirred mixture was allowed

4- Cyano- 3bof vaimrtg-raom mm Pysréght, Bnd was thersstiTed Sof)rogm dastpgratuisn fop fth BHp§tnd 1
(10. 647y, hygroghtorigyacld (349 e} z&ﬂ@f“' b yagrpytragieds intporiken (fice)pihp semipinpd pthoreal exirarts

m xt ure oYergy %W’H‘ wgat de gi Mgsq}b Tﬁﬁ pt)lveatn\ﬂas removed in vacuo to yield a cream-coloured

t et r aki s (¥4 Bf HW’b‘ﬁ'd%FﬂcP{é‘? f from ARy 1B pive ?'%Uesﬁcryitaléz mml) 10 in benzene
(;2/5 m ) and 2M sodi um carbonate (100 nl) at roomtenperature under dry
\m’trogen The stirred mixture wag Ylaatezv.wm. {ef | ux ([err]) for 2.5 h

(1. unti | gl c anal ysis reveal ddnpbde2meodfcs{arting material). The
m'xture was cooled and stirred for T h at roomtenperature with 30%

hydr ogen

D oduct vl Xt ckufSy b i Sopeith it i et it Pdidd o 3 v
([err])_.srn vacuo to give a yellow powder. Yield 11.9 g, 88% np [err]. 20
4- Cyano- 3-fl uor o4’ - hydr oxybi phenyl (5) (Gre 6A) A solution of boron
tribromde (12.0 M, 31.8 g, 0.13 r:ﬁeid nt? di chl oronet hane (100 m) was
added dropwi se to a stirred, cool ed ([err]) sol uti on of conmpound 4 (14.0 g,
.0.06 mol) in dry dichloronethane

-/ 30 4-Bromo-2-fluoroaniline (2). (Step 2A)

N-Bromosuccinimide (160.4 g, 0.90 mol) was added in small portions to a stirred, cooled solution of 2-
fluoroaniline (100.0 g, 0.90 mol) in dry dichloromethane (400 ml). The stirred mixture was allowed to warm
to 0 *C over 45 min, washed with water and dried (MgSO:). The solvent was removed in vacuo to yield a

36 red solid (180 g) which was steam distilled to give a colourless solid.

o/ Yield | 120.0 g, 70%.
mp 41-42 °C.

4-Bromo-2-fluorobenzonitrile (3). (Step 4A)

Concentrated sulphuric acid (60 ml) was added dropwise to a stirred mixture of compound 2 (75.0 g,
45 0.39 mol), water (150 ml) and glacial acetic acid (185 ml). The clear solution was cooled to -5 °C (an
emulsion formed) and a solution of sodium nitrite (30.0 g, 0.44 mol) in water (100 ml) was added dropwise;
the stirred mixture was maintained at -5°C for 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({ll) sulphate pentahydrate (118.1 g, 0.48 mol) in water (300 ml) and ice (300 g) at 10-20
50 *C. Sodium hydrogen carbonate (265.1 g, 3.18 mol) and cyclohexane (450 ml) were added, the tempera-
ture 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 phases were washed with water, 10% sodium hydroxide, water and dried (MgSO.).
The solvent was removed in vacuo to afford a dark brown solid (78.0 g) which was steam distilled fo give an
55 off-white solid.



26 (250 m) under dry nitrogen. The stirred mxture was allowed to warmto
roomtenperature over 20 h (i.e., ' until glc analysis reveal ed absence of
starting material). Water was acﬁfe@l“%ﬁa&yel | ow precipitate was produced.
The product was extracted into ether (twi ce), and the conbi ned et hereal
extracts were washed with water driecd (MySO4). The sol vent was renoved
I n vacuo to afford a pal e-yel | onwYieldwl §9.2 9.316%.
Yield 13.1 g, 100% np [err] SEmM- B68#®*O., 6-|di fl uoroaniline (6). (Step
3A) A solution of bromne (127.0 g, 0.79 nol) in glacial acetic acid (200
m ) was added slowy, dropwise to a stirred solution of 2,6-difluoroaniline
(101. 5 g.cybhoBSubrla)métibxplighehyi{4). gstsisay acid (550 nl) keeping the tenperature
belowerr]. The mxture was stirred at roomtenperature for 2 h, and then
sodi um 40 A kdngisn bpunipa¢riO1 .64 90 ADTIMoD G bihar! (90 ) g3s aided depwise {0748l )
wer e adewdlrasicboinb@mndB X t2.0r g 0196 oty @l ettakis(iriphenylphaspliripatiadium(dy ¢:10i gy B2 minole
pr oduet innzemzeng |(125r el aml 2M-setliurs odrivapete | (100athih et room rtengerature Litder diyhaiteagendbe
washed wiined mixtre was hexmedsundérurativk @0ra5x 1 dor 245ah ... antiti gid rapalysis(rpyerlpd pbseifiecof
sol vent siating metedaledhe mixtueecwas qopled iard sfirrad fasl1ch gletopm iprpsratue WilB3%) hydiggeeh was
st eam dPereidel (@ i)t Thegnixtuse wascespled;furthes to & HF. the, progct wasyfilisred off andpwashed withr gier. np
67- [ er r The meductwagdipdfCaCly InMacuo i givaypiompawden e (7). (Step 4A) A stirred
m xt Ufe of conpound 6 (56.0 g, Q.27 1) _and concentrated sul phuric
acid-water (1:1, 250 ml) was heptied pnatab, e8%sql uti on was obtai ned. The
m xture was cooled to[err] and pmpol ptis®drs4olc. qodiumnitrite (30.9 g, 0.45
me¥) in water (70 m) was added—dropwse. The mxture was stirred at
\Nerr]for 2.5 h. 55 A sol ution of potassiumcyanide (97.5 g, 1.50 nol)
i n wat ef, ot SR hy red solution of copper(ll) sul phate
pent ahy off 33 sgxfua.méfeﬁts%ter (200 M) and ice (130 g). Sodium
hydr ogen Gaid@sAsibofon tbrdtide ($26 MR BLY NG 1 halPR dfY dichitshetafs (180 mB GRS hddedCi d
(130 M hropseLioaldmnsy, chéldy {8 sailmioh f ¥éMpolirdl 4840 1g00.66Embi) incdRy dicM&torhéthare
di azapi (8D &l undé¥idift nitFogen)The AHEE chixure WAY dlibvdlo Whrinto FGdRN tm)Sdrdniré oveg 20 A S,
m Xt ur eudtld gic anétfisOreviaiéd 4BsencdlofVetbting Odkefisl). Wafe? was gadatl Gnd a)yeNowVyiéciphtarp avadit ed
and t hepoaduted Tbe byet wikextraasiiow etol (wics),laad thetcombisgd. ethidheal edradls werd washgdini C
phases wilr eatavashdribd (MdS04 J\ahecsoiverit @86 wmakved in vagwirto affoctts paleeyeliow powderdr | ed
([err]). The solvent was renoved in vacuo to afford a dark-brown solid

- \{58.%0Q) whi ch was steamdistil 'ﬁ&dt°1aﬁ'éf?o@a.' | ght- orange solid. 5 np
[err]. mp | 201-202 C.

35 4-Bromo-2,6-difluoroaniline (6). (Step 3A)

U A solution of bromine (127.0 g, 0.79 mol) in glacial acetic acid (200 mil) was added slowly, dropwise to a
stirred solution of 2,6-difluoroaniline (101.5 g, 0.79 mol) in glacial acetic acid (650 ml) keeping the
temperature below 25 °C. The mixture was stirred at room temperature for 2 h, and then sodium

40 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 (MgSOs). The solvent was removed in vacuo to yield a pale
yellow solid (134 g) which was steam distilled to give a colourless solid.

Yield | 117.9 g, 72%.
mp | 6768 *C.

50 4-Bromo-2,6-difluorobenzonitrile (7). (Step 4A)

A stirred mixture of compound 6 (56.0 g, 0.27 mol) and concentrated sulphuric acid-water (1:1, 250 ml)
was heated until a solution was obtained. The mixture was cooled to -10 °C and a solution of sodium nitrite
(30.9 g, 0.45 mol) in water (70 mil) was added dropwise. The mixture was stirred at -5 ° C for 2.5 h.

§5 A solution of potassium cyanide (97.5 g, 1.50 mol) in water was added dropwise to a stirred solution of
copper(ll) sulphate pentahydrate (86.5 g, 0.35 mol) in water (200 ml) and ice (130 g). Sodium hydrogen
carbonate (300 g), cyclohexane (1200 ml) and glacial acetic acid (130 mi) were added, the temperature was
raised to 50 *C and the cold diazonium salt mixture was added in portions with rapid stirring. The mixture

10
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10 4--Cyano- 3, 5-di fl uoro-4'-net hoxybi phenyl (8). (Step 5A) A solution of
conpound 1 (11.50 g, 0.076 nvl) ih ethanol (90 m) was added dropw se to a
stirred m xture of conpound 7 (1555({;4070433 nol ) and

t et r aki s(tr| phenyl phosphi ne) pal | adi urr( 0) (2 38 g, 2.06 mmol) 15 in benzene

oirogen SRS aéy A el oea,%g‘?fr‘f‘ il

(i.e., unfy m §l/a%uc§f3‘éﬁé} r%aneahd %}%&Hm Qlstiid }o bﬁ.gm-
M Xt ure Wgsngs gg] astrrred or roomtemperature wth

hydr oggn perOX|de (2 m). The mxture was further cooled to [err], and t he
product was filtered off and washeg—wrtir—water—The product was dried
([err]) in vacuo to give fawn-col|olf'ed ?A‘e&ﬂ‘ll °§ 20 Yield 14.1 g, 84% np
205-[err]. 25 4-Cyano- 3, 5-di | uorla®' -1h{ bhi phenyl (9). (Step 6A) A
solution of boron tribromde (25.0 m, 61.5 g, 0. 25 mol) in dry

di chl oreonet hane (140 m) was added dropvm se to a stirred, cooled (-78 C
solution & o-&- ). 3PP} ) in dry dichloronethane 30 (250
m ) under dry nitrogen. The stlrred m xture was allowed to warmto room

t enper at ur e Agiplionootteompouad 1 (1130 9. G178 mofn pthanel (98 yallwascpdders drapmiseolp asttiepd | ng
mat er i al ) Mixtyieef gempowd (158 o Q50 éu") PEP F "Ph%valpmspwa!!?dﬂ@@) Q%%ZOG mmol)

I)and i
(exot hé& i OPnaanky (130 gileand (y-godipm mt? veal cg_g

wat er and® q glad ? efteF Hn %Il.y( room$ t ith yd g
= 100% om raurewn rogen
g D f I g\& @%2 gsﬁ %ﬁ he p filterad oft and washed with

\w buty vvas added dropwi se to
a sti rred 45 cool ed ([err]) sol Ut ‘"“. D.LQ 5d Iuoroam sole (35.9 g,0.25
mol) in dry THF (200 m) under der?Wtr 6 84%he stirred nixture was
mai nt ai ned under these conditiong PBr_[2209-287 3Gd |t hen poured into a slurry
of solid carbon dioxide and dry ether. The product was extracted into 10%
sodi unehydroxi de (twi ce), the conbined basic extracts were acidified with
36% hydr osbyans-8,5-diadrai4-hgdrokybibieenyl @) dswep 6ayas extracted into ether (tw ce),
the conbi ned ethereal extracts were washed with water and dried (MgSO4).
The sol vent Awalstianesfrbarerdtribromise (2500106 1.5g,di.26ema)) it diyalichloeawsthawl (i 49. miYwad alided

_46.5g , 99%6pwisg to a stirfxd, gogled |-78 56) solution of compound 8 (12.22 g, 0.05 mol) in dry dichloromethane

_/ 30 (250 ml) under dry nitrogen. The stirred mixture was allowed to warm to room temperature 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 *C. The product was filtered off, washed with water and dried
(CaCl.) in vacuo to give a pale-yellow powder.

Yield | 13.3 g, 100%.
mp | 230-231 *C.

40 Example 2: Scheme D

2,6-Difluoro-4-methoxybenzoic acid (24). (Step 1D)

A solution of n-butyllithium (10.0 M in hexane; 25.0 ml, 0,25 mol) was added dropwise to a stirred,
45 cooled (-78 °C) solution of 3,5-difluoroanisole (35.9 g,0.25 mol) in dry THF (200 mi) under dry nitrogen. The
stirred mixture 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% hydrochloric acid, and the product was extracted into ether (twice),
the combined ethereal extracts were washed with water and dried (MgSQOs). The solvent was removed in

s0 vacuo to give a colourless solid.

Yield | 46.5 g, 99%.
mp | 184-185 *C.

55
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‘EP 0 407 438 Bl 2, 6-Di fl uor o- 4- net hoxybenzoyl chloride (25). (Step 2D) A
sol ution of oxal yI chloride ¢€36.5 29 nol) in dry benzene (50 m) was
added dropwise to a stirred sol uF'?Br‘WbMB?rpound 24 (25.5 g, 0.14 nol) and
dry DVF (40 drops) in dry benzene (500 m) at room5 tenperature. The
mxturez\,/ée_aé‘ﬂ Tolap At 14 overm ght and the excess of oxalyl

chlorid | np cuo. 2,6-Difluoro-4-nethoxybenzam de
(26). (Stepges SR (86.8'619.8 Mol if Gy BoMzER Em) wibSaadd Sapwiset alstived’ Y
di glyrressu sr& S C{; oA L&mf&w‘s&ﬁ Lv{fr?bmzflm Attt g
10 3586 3dHps o Mixtlte was-';hﬁedréi’%l‘nt torASbr&t @b Birright &dﬁﬁ&&&&s%ﬁ&ﬁly%&né& ariger ed

of f and bgﬁzbm”&;gﬁ,agay it YacdaCUO to give a colourless solid. 15 Yield
21.2 g, 81 % np 158-Terr]. 2,6-D fluoro-4-nmethoxybenzonitrile (27).(Step

4D) 20 A,Gﬂmﬂwioiﬁibtlfb&yﬂehﬁammyl%’:kﬂtwénie (139.0 g, 1.17 nol) in dry DVWF (150
m) was added to a stirred solution of conpound 26 (20.0 g, 0.11 nol) in
dry DiF (2B® eaide aid chintide {25 wes dissoived inTHiy diglyabeu (6@ misnds édded ddbpwite RO®AM

t enper attemperabweewith gentle sirdg td@6% gromeniad(7mip The resvttingesolouriBbrepreniniteta evas filkersd

ext r act eff apchdrigd €Gak) in Vaoup toegive agalduriebaessolichnbi ned et hereal extracts were
washed with water, saturated sodium hydrogen carbonate, water and dried 25
(MgSH). The sol vent was rem)veiytem 349, 51(%9 ve off-white crystals. Yield
17.7 6§, 95% np 59-[err]. 30 P.nfp Di 1589890~} ydroxybenzonitrile (28).
(Step 5D) A stirred, hormgeneouo ely powdered, conmpound 27
(17.0 g, 0.10 nol), alumnium36 chloride (29.4 g, 0.22 nol) and sodium

chiori de26 - rog‘_meqhol?bemhlgr"e égeg’q@gd to [err] over 25 min and then at
\pérr] %‘C‘?ﬂ#ﬁ‘t—ﬁﬂﬁ‘g th revealed a conplete reaction).

| ce- Water Gt GhlonyPbridd G3dt £ IUE ol BSanf SME wab tdELtinkd WidtiGn of THhe
conmbi neqyRl %t%oégél iJ‘ﬁ’a é) M rfo&ﬂé(gfbif}e g&hiﬁﬁ‘a ‘%éﬂrlkl 1y

eX”aCt%ﬂn ot aum. dQ%io Wﬁ&bro&l&ﬁw&s*&%rdé{a 'td@@r éé)%n&%raCtS
were ac chrhisméa(ttnefemxﬁ&%mm ﬁ‘JE'l'vﬁth'v@teﬂGétﬂatedr LRILRA 19 EGan CABEnalX hatéraRd ddedt O

et heras ( M§STR). Thersthiiodthas eﬁﬁwamedcmogwerrmbc@muéacts were washed with water
and dri ed (NgSO4) The sol vent” was renoved in vacuo to give a fawn solid. -

Yield 14.6 g, 94% 45 Nield™ 1759 §5L/°
mp 59-60 *C.

/ 30

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

A stirred, homogeneous mixture of finely powdered, compound 27 (17.0 g, 0.10 mol), aluminium

35 chloride (29.4 g, 0.22 mol) and sodium chioride (7.1 g, 0.12 mol) was heated to 180 °C over 25 min and

_ then at 180 *C for 1h (glc and tic analyses both revealed a complete reaction). Ice-water was added, and

/ the product was extracted into ether (twice). The combined ethereal extracts were washed with water, and

' the product was exiracted into 10% sodium hydroxide (twice) and the combined basic extracts were

acidified with 36% hydrochloric acid. The product was extacted into ether (twice), and the combined

40 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 | 119120 *C.

45

Example 3: Scheme B.

s0 1-(3,5-Difluorophenyl)pentan-1-ol (11). (Step 1B)

A solution of pentanal (19.0 g, 0.22 mol) in dry ether (75 ml) was added dropwise to a stirred solution of
the Grignard reagent at room temperature, under dry nitrogen, prepared from 1-bromo-3,5-difluorobenzene
(50.2 g, 0.26 mol) and magnesium (7.25 g, 0.30 mol) in dry THF (100 ml). The stirred mixture was heated

55 under reflux for 2 h, cooled and a saturated solution of ammonium chloride (300 ml) was added. The
product was extracted into ether (twice), and the combined ethereal extracts were washed with water and
dried (MgS0O,). The solvent was removed in vacuo to give a pale-orange liquid (51.1 g) which was distilled
to yield a colourless liquid. Smaller quantmes of crude product were purified by column chromatography (

12
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Exanpl e 3: Schenme B. 50 1-(3,5- DifI -uor ophenyl )pentan-1 -ol (11). (Step 1
B) A solution of pentanal (19.0 g, 0.22 m)lré1 in dry ether (75 m) was added
dropwi se to a stirred sol ution of BAR4Q% 43k d reagent at room tenperature,
under dry nitrogen, prepared from 1-brono-3, 5-difluorobenzene (50.2 g, 0.26
nol ) and n THF (100 m). The stirred

m xture ngcg éfﬁ%foré%ha"%dgyml %Qoumg "q (é(gg&"ycool ed and a saturated sol ution
of amoni um chloride (300 M) was acded. —Fhe—product was extracted into
ether (twice), and the conbi ned Xéﬂd%e rB#80.88%.r act s fwere washed with water
and drigd ([err]). The sol vent [Ws ePo\cai0PMMHESUb to give a pal e-orange
liquid (51.1 g) which was distilled to yield a colourless liquid. Smaller
gquantities of crude product were purified by colum chronmatography ( 12

EP O 407 48difitcko-s-pb-a-i@béndéreltinsmp@Bnane) to yield a colourless liquid
(92% . Yield 35.8 g, 69% 5 bp [err] at
0. 5 nmmeg. HdPhosphdsusl) fokide (63-51g, -0#8 mitol) wa's -addegd! ifh @ortiens do @ IstiPed. solStienpof 2Bnpdld 11
Phosphor uX)g. dxii76and)6id . diy gentdhe 4350wl )at viecen Serberdturen The ntbitue svas stireedsati roone d
sol uti on tWmpergineovamight liq2BdyLs rgvealed disancawf tariing mptepialhandtfitlered. (150 m ) at room
temperature. The mixture was stirred at roomtenperature overnight (glc
anal ysi s #BDifugrerirpentdbonzene (18). SteprdB) ng materl al) and filtered.

3,5-Di f§ uor o 1-pen Ibenzene (13). aﬁi 15 5% Pal | adi um, on charco
(10 0) g aﬁ Lr% o ot

m )] at ?rg.?l%% g)fqus E?néte fo nt|
a’wrospher? vs'éé ﬁYn °dfa8?°"ae;h W '*'"g s uﬂﬁ" R ﬁ%% 3738; of
\s«fartlglg %E@erv L tfg' @g§ pﬁna ‘fB‘F\ f
pent ane was renoved | n uo and the uid; nal armunt of pent ane was d| stilled
of f. (760 nm Hg) at 38 C and t he—=26- ““‘:J*u'l was—+hen distilled to yield a
colourless liquid. Yield 23. _4gY'°'¢ %’3‘1@ 73%. [err] |at 760 nm Hg. 25
2, 6-Di f1 uor o- 4- pent yl benzoi ¢ gchri_(J1490, “qat¥@dymmiEg- A sol ution of
Nn-butykd i thium (10.5 Min hexane; 2.70 m, 0.028 nol) was added dropw se to
a stirred, 30 cooled ([err]) solution of conmpound 13 (5.10 g, 0.028 nol)
in dry THEe-Of(brevit-pertyitdaioicchcid (18).1Ste4B). The stirred mi xture was nai nt ai ned
under these conditions for 2.5 h and then poured onto a slurry of solid

o A solution of n-butyllithium (10.5 M in hexane; 2.70 ml, 0.028 mol) was added dropwise to a stirred,

-/ 30 cooled (78 °C) solution of compound 13 (5.10 g, 0.028 mol) in dry THF (30 ml) under dry nitrogen. The
stirred mixture was maintained under these conditions for 25 h and then poured onto a slurry of solid
carbon dioxide and dry ether. The product was extracted into 10% sodium hydroxide which was then
acidified with 36% hydrochloric acid. The acidic mixture was washed with ether (twice), and the combined
ethereal layers were washed with water and dried (MgSO,). The solvent was removed in vacuo to yield a

35 colourless solid.

~/ Yield | 5.8g, 91%.
mp | 75-76 *C.

2,6-Difluoro-4—pentyIphenylborqnic acid (15). (Step 5B)

A solution of n-butyllithium (10.4 M in hexane; 2.70 ml, 0.028 mol) was added dropwise to a stirred,
45 cooled (-78 *C) solution of compound 13 (5.00 g, 0.027 mol) in dry THF (60 ml) under dry nitrogen. The
stired mixture was maintained under these conditions for 2.5 h and a previously cooled solution of tri-
isopropyl borate (10.22 g, 0.054 mol) in dry THF (50 ml) was added dropwise at -78 °C. The stirred mixture
was allowed to warm to room temperature overnight and stirred for 1 h with 10% hydrochloric acid (30 ml).
The product was exiracted into ether (twice), and the combined ethereal exiracts were washed with water

50 and dried (MgSOx). The solvent was removed in vacuo to give a colourless solid.

Yield | 6.7 g, 100%.
mp 95-100 °C.

65
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carbon di oxi de and dry ether. The product was extracted into 10% sodi um
hydr oxi de which was then acidified with 36% hydrochloric acid. The acidic
m xture was washed with ether (t&PO&AP7 489Bt he conbi ned et hereal |ayers
were washed with water and dried ([err]). The sol vent was removed in vacuo
%{%d Yield 5.8 g, 91 % [err]. 40

?ﬁ)c acid (15). (St ep SB) A sol utlon of

2 tS) ;,I;[ ?llr i tk' f%ﬂﬂo‘: joP1 %lgﬁig&tﬂang E(jzladééld-‘%b? o.m cotchio 450 bi%}{aﬁ% %ogg,ié: '&m se to

indry T rreH re Way hébteld Unds? rr‘eﬂu ?2%'@6 |y§§ ¥Jvla'£|

under  t headialy: A6l bl Wad Bliradeddintd eBHRF (riicd).! 4nY ItheHiSombined Bthéi 6kl 3 aHtE'v«BF& v%hd‘d“'

| Sopr opWith WaleR 5% soditin Rydirdide,(vatbp dnd'diibd ngSo I Most Jsilihe(s'éﬂemvhs MEved ARBLcTaPW Se
at - 78 “after g vembval diftckindliaroit 6f 36RGnt ah ds@f VetididbGtaried Blilo SRR [k,

over ni glike residhe waé tistinel o Qloldla doloisbliqghid%o hydr ochl oric acid (30 m ). The
produet was extracted into ether (twice), and the conbined ethereal
extracts were washed with wafg o098 1 €0 &Y r]). The sol vent was
removed in vacuo to give a ¢ $-69 }sgmmYl| d 6.7 g, 100% np 95-[err]
55 13 EP 0 407 438 Bl 1-B! oebenzene (16).(Step 6B) A

sol ution of 1-bronobutane (11. 0 g 0 08 m)l) i n acetone (30 nm) was added
dr opwise to a stlrred refIUX| ng mxture of 3,5-difluorophenol (9.1 g, 0.07

nol ) and-Bulexyedilvarobgpagisacid H71.EwpP 4B) 0. 2 m)l) |n acetone 5 (200 m). The
stirred m t S hea ted und r ef ux for naI SIS reveal d
,\?’t’bs’ence of ?%PE?@%’“M‘F@W A10p. 'ﬁ 0 9~f" §8 ﬂ‘g%@ 's% “eg .

Wi C

mixt med the nditio an ur o‘f i

REE er..zfr' %ﬁ 5@ gi“i%% B
in Vacu |d| edalﬁoéﬁgdﬁ
excess Qho ,es u ane a ner ¢ pressure t d'ue—vvas |st Il ed
to yield a col ourless I|qU|d 10 Yield 11.7 g, 90% 204 Cat 760 mm
Ho. 1z

Yield | 8.3 g, 96%.
mp 110-112 *C.

o/ 30 Example 4: Scheme C

4-Butoxy-2-fluorobenzonitrile (18). (Step 4C)

A solution of 1-bromobutane (18.0 g, 0.13 mol) in acetone (30 ml) was added dropwise to a stirred
35 refluxing mixture of 2-fluoro-4-hydroxybenzonitrile (15.0 g, 0.11 mol) and potassium carbonate (46.0 g, 0.33
mol) in acetone (300 mi). The stired mixture was heated under reflux for 21 h (glc analysis revealed
o/ absence of starting material). The product was extracted into ether (twice), and the combined ethereal
extracts were washed with water, 5% sodium hydroxide, water and dried (MgSO:). The solvent and the
excess of 1 - bromobutane were removed in vacuo to yield a pale-orange solid.
40

Yield | 19.5g, 93%.
mp 25-28 °C.

4-Butoxy-2-fluorobenzoic acid (19). (Step 3C)

A mixture of concentrated sulphuric acid (180 mi) and water (190 ml) was added dropwise to a stirred

solution of compound 18 (19.0 g, 0.098 mol) in glacial acetic acid (380 ml). The stirred mixture was heated

50 under reflux for 48 h, cooled in a refrigerator for 24 h and the product was filtered off and dried (CaCl) in
vacuo to give pale-yellow crystals.

Yield | 18.7 g, 90%.
mp 93-95 °C.

56
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4- But.oxy- 2, 6-di fl uorobenzoic acid (17).(Step 4B) A solution of
n-butyllithium (10.5 Min hexane; *3.60 nl, 0.038 nol) was added dropw se to
a stirred, cooled ([err])sol utionESf04W AR 16 (7.00 g, 0.038 mol) in dry
THF (35 ml) under dry nitrogen. The 20 stirred m xture was mai ntai ned under
t hese congit ] Ol Q. e ed onto a slurry of solid carbon
di oxi de thLéS’Q.%e ol 2' Pt B'&tvégléfaxt racted into 10% sodi um hydroxi de
whi ch was t?e%ﬁm g m it L. 037 TS Q.CHBl0 6.16"Flof wad faedear&&ggsf 198 Stirred,
Filtered gfleq 0 ¢fshifton e ekdboé‘g?‘ﬁ.kb)m&ﬂng}y\’ﬁi 1GRY GHbe dAPfitrodn. This midure
Yield 8. Jasstin€Pr 16Tinlddd-thé & Lolutid®) of mcodhithi€o(43.6356, UEIENGY in dry THFY(100 mi) was
4- But OXY - gddbd dRPMEE BZ &0 i+ T THe Emiktled) was (stiréiDat 46om fonfpBiatufel 0 19 inlarddr £ 88NAidA ane
(18.0 g, éEbmbdunatd 0.0 19, AEMENP dnB3PHRHO0 MR Sollevibd Dl aCkoRBN ob Gotrbias(tAphBhyIphbhing}d
r ef | uxi Ngpdiadidm(0)q2.81f g, 2:0frhrbk)i® drg-TH(ES M) Maspe daed dropwisa of 6 © 0. The nixiukd waddtijredand
pot assi unatceonbwempdraturb 445 .20 hdgic EnalySis Mvbaledi absenceetfGrading B@fdriaki 20.h wala @rabébily Iogdr
m Xt ur ee Whan lequirbe tbr raaction) ang pbuped ifto 102 hydrodhipticaci@00/sl). The prodizt was eadpested drdo Of
starting ethardivical, Jand Taeccombietl ethereah oxteagis werst wabhédhwith watére satyrated exflum bydiebgerhe
conbi ned eardonate atop And: dried SMaGih k> Thg sdivett weis rémaxed inrvacugdo effset] amerange iguid which
wat er andwasrdistitpd g weld p pale-ygew 8ib| vent and the excess of 1 - bronobutane were
renoved in vacuo to yield a pale-orange solid. 40 Yield 19.5 g, 93% np
25-[erf]. 45 4-Butoxy- 2-fl uorloheazjoize aeid. (19). (Sgep 3C) A mi xture of
concentrated sul phuric acid (|10 nii jooxxosl -@ateErmhHg0 ) was added dropw se
to a stirred solution of conpound I8 (19-0 U, 0-098 nol) in glacial acetic
atit (380 mM). The stirred m xture was heated 50 wunder reflux for 48 h,
\cool ed,j n,_ | : nd the product was filtered off and
dried {fe% G plrifteidcfng @) ééggfg-yel |l ow crystals. Yield 18.7 g, 90% 55
mp [err]. alded miktlie &t &dtpodhao Brb.oy, bloarhaly dha BRI Panakium-ohharcoar M.'oéjﬂﬁ Qffbrol | ©
(20) . (Stgso i)iWashy@Bichtbd Bt Shodphdiidprdsbird kdd™® K die Ehalykis Mev once Of Starfthg
0. 10 nol ) miverfal).rhd Retallét Nayviltefodi o afd tHelsbiléhEl was removed in vacuo to yield a pale-orange semi-

25 solid.

Yield | 15.35 g, 956%. )
mp not recorded, probably around 20 °C.

2-Fluoro-4-pentylbenzoic acid (22). (Step 3C)

A mixture of concentrated sulphuric acid (150 ml) and water (150 mi) was added dropwise to a stirred
35 solution of compound 21 (15.0 g, 0.078 mol) in glacial acetic acid (300 ml). The stirred mixture was heated
_ under reflux for 48 h, cooled in a refrigerator overnight and the product was filtered off. The product was
R dissolved in ether, extracted into 10% sodium hydroxide, which was then acidified with 36% hydrochloric
acid, washed with ether (iwice), and the combined ethereal phases were washed with water and dried
(MgS0,). The solvent was removed in vacuo to give a brown crystalline solid.

Yield | 11.5 g, 70%.
mp 90-91 *C.

4-Butoxybenzoi¢ acid (23). (Step 5C)

1-Bromobutane (22.6 g, 0.165 mol) was added dropwise at room temperature to a stirred mixture of 4-
hydroxybenzoic acid (15.0 g, 0.11 mol) in ethanol (60 mi) and sodium hydroxide (10.60 g) in the minimum
50 amount of water. The stirred mixture was heated under reflux overnight (tlc analysis revealed a complete
reaction), and then the ethanol was distilled off and an equal volume of water was added. The mixture was
boiled to give a solution, cooled, washed with ether and acidified with 36% hydrochloric acid. The cooled
mixture was filtered, and the product was washed with water to give a colourless solid (13.9 g) which was
recrystallised from ethanol to give colourless crystals.
55 .

Note.
* Sodium dried THF was distilled from lithium aluminium hydride and kept over a molecular sieve (type 4A).
Zinc chioride (ACS reagent) was dried overnight at 100 °C. '
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cooled ([err]) solution of pent-1-yne (6.80 g, 0.10 nol) in dry THF(51 ml)
under dry nitrogen. This m xture 5 was stirred for 10 mn and then a

sol ution of zinc chloride*(13. 63ER049743BRBH) in dry THF*(100 M) was added
dropwi se at[err]. The m xture was stirred at roomtenperature for 15 mn
and a solution of compound 3 (2Q-0.g. 010 mol) in dry THF (100 m)

foll owed by a solution of tetrakivisld (ilgna@n§®phpsphi ne)- pall adium(0) (2.31
g, 2.0 mol) in dry THF(25 ml) | ver e | 49850 @G- opwi se at [err]. The m xture
was stirred at roomtenperature tor 20 h (glc analysis reveal ed absence of

starting NRih6igh Mustratdd ilexéfdios?d, 2PN doVa&H inFgd 11218 &RAUS IR prbaFatiérEA ol ON)
and poumgntyindnd nlkd¥fIoRy diR@ikbd béids, ddhomed BRAd 1 Were Tdufid Y B¢l bidifally\EuRtatiiof @t €d
into et hfjparktioniof&N)corrédpshding €, C ORI Gikdxg e litutéK édmipbiings.wer e washed with
wat er, saturated sodi um hydrogen carbonate, water and dried ([err]). The

sol vent exaspl¢ &noved in vacuo to afford an orange liquid which was distilled
to yireld a pale-yellow oil. 15 Yield 17.6 g, 94% bp

100- [ er 1iJsingCachetes Erand [AgshovdQin Fige| Suand 8, thestaps pt whichzare listed betow; thd)compdandsof2C) A
sti rr ed foninyda Liisted f takjesrpand Scverapr¢pa®d.0 g, 0. 085 nol) and 5%

pal | adi um on-charcoal (4.00 g) in ethanol (100 m) was hydrogenated at

at nrosphé&ehemefy essure for 8 h (glc analysis reveal ed absence of starting

mat erfal ). The catal yst was filtered off and the solvent was renoved in
vacuo to SPi eld a pal e-orange sem - 25 solid. Yield 15.35 g, 95% np not
recorded, probably around [err]. 30 2-Fluoro-4-pentyl benzoic acid (22).
(Step 3C) A nmixture of concentrated_su uric acid (150 m) and water (150
') \éggs added dropwi se to a sti rredﬂgs@ i on of conpound 21 (15.0 g,
0.078 nol) in glacial acetic acid (300 m). The stirred m xture was heated
under ref{ﬁyx for 48 h, cooled in a refrigerator overnight and the product
was filtered off. The product was dissolved in ether, extracted into 10%
sodi um hydr oxi de, which was then acidified with 36% hydrochl oric acid,
washeg with ether (twi ce), and the conbid et hereal phases were washed
with water and dried ([err]). The _c}@s removed in vacuo to give a
brown crystalline solid. 40 Yield 1. 0% np 90-[err]. 45

4- But oxybenzoic acid (23). (Step 5C) 1-Bronobutane (22.6 g, 0.165 nol) was
added droffiM se at roomtenperature to a stirred mxture of 4-

\ydr erybenzoic acid (15.0 g, 0.11 nol) in ethanol (60 m) and sodium

hydr oxi de (10.60 g) in the mninmm50 a nt of water. The stirred m xture

was heat ed under reflux overni ght (toi-@waé‘ysi s reveal ed a conpl ete
H -

35 F

W (iv) dicyclohexylcarbodiimide, 4-(N-pyrrolidino)pyridine, CH2Clz
Scheme F

0
. w-{O)~0)-a
(i) | |

F

) - w0

55
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.reaction), and then the ethanol was distilled off and an equal vol une of
water was added. The mi xture-was boiled to give a solution, cooled, washed
with ether and acidified with 36%5;9&036”5 ic acid. The cool ed m xture was
filtered, and the product was washed with water to give a colourless solid
(13.9 09) J'Ch was recrystallised fromethanol to give colourless crystals.
55 Note. S8% um dried THF was distilled fromlithium al um ni um hydri de and
‘kept over a nolecular sieve (type 4A). Zinc chloride (ACS reagent) was
dried overnight at [err]. 15 EP 0 407 438M1 Yield 12.1 g, 57% np
149-[err]. 5 Al t hough il us'traééz_@ rl*&hes 1, 2, 3 and 4 above, and
in Figs 1, 2, 3 and 4 for the prep n the n-pentyl and n-butyl oxy
substituted acids, schenes B and C were found to be equally suitable for
the preparation of all corresponding [err] al kyl and al koxy substituted
conmpounds. xS #d B, X1 aldgiongkogghemes E and F shown in Figs 5 and 6, the
steps af whiniehexparinehtalgtetiebd imas aafpllowsie conpounds of fornula | listed in
tabl es 4 and sblutieskdiprciohexyicatbodinitie RSCE(1 1S Mol gquivglent) in yrvzi*sh'eﬁompma@&w) %)
di cycl ohesdgéc:drpiyassi tb i stieed SIPU('QQ-%WGrQDPVPEFIaF?d)agWYi“‘EiP%Q mel epyivalgnt), dha-appropisty j
phenol (1 mol equivalent) and 4-(N-pyrrolidino)pyridine (0.3 mol equivalent) in dry dichloromethane (55 ml)
at room temperature. The mixture was stirred at room temperature overnight and the N,N'-dicyclohexylurea
15 (DCU) was filtered off. The filtrate was washed successively with water, 5% acetic acid, water and dried
(MgSO:). The solvent was removed in vacuo and the residue was purified by column chromatography
(silica gel/dichloromethane) to give a solid which was recrystalised from ethanol (with charcoal de-
colourisation where required) to yield colourless crystals. '

. ‘/ A number of compounds of formula |1 were prepared, and are listed, together with their liquid crystal
—/ 20 properties, in tables 4 and 5 below. The preparative routes which were employed to make the phenol and
benzoic acid which were esterified using the DCC mediated method are also indicated in tables 4 and 5.
'‘Known' in table 4 and 5 indicates that commercially available or known acids or phenols were used.
Table 4
25
Structure R Acid Route | Phenol Route | K-N(*c) | K-i(*¢c) | N-l(°c)
1.1 CsHi1 - C D - 29.5 (-8.0)
1.1 CiHs O C D - 71.5 (7.5)
Y 30 1.2 CsHh c Known - 655 | (32.0)
1.2 CsHaO G Known - 90.0 (61.0)
1.3 CsHi C Known - 39.5 (-3.0)
13 C4HsO C Known - 55.0 (21.5)
14 CsH14 Cc D - 55.0 (-20.5)
35 14 CiHs O Cc D - 68.5 (60)
1.5 CsHi4 B Known - 745 | [-18.01%
L/ 15 CsHsO B Known - 101.0 [25.01®
' 1.6 CsHiq B Known - 320 [-45.0]®
1.6 CsHa O B Known - 56.0 (-1.5)
40 1.7 CsHiq B D - 36.5 (-67)
1.7 CiHsO B D - 63.0 (-31.5)

{ ) represents monotropic transitions.

60

§5
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‘45 50 55 16 EP O 407 438 1 (iii) [err] In Figs 5 and 6, X is alkyl or

al koxy. 10 The experinental nethod was as follows: A solution of

di cycl ohexyl carbodii m de (DCC) (EP @40%438 Bhui val ent) in dry dichl oronet hane
(50 M) was added dropwi se to a stirred solution of the appropriate
carboxylic acid (1 nol equivalent), H%ﬁ%gppropriate phenol (1 nol
equi val ent) and 4-(N-pyrrolidino)pyridine (0.30 nol equivalent) in dry

di chl or onet hane {55+~ The—Hqt-tH-e—n
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T (7.5)
\65.5
(61. df
1.3
[err]
1.4 [err

25

30

L/

32.0) 1.2
(1_ 3n szle[ &r(.] i), (i) indica® that the transitionkobsgrved were virtual, and were obser@gd i 14, 1§- 3.0)
affdot Wt% mixtures @f the compounds iRrtpnknown nematic liquid crystal mixte §7 which hasy 1. 4
(-20.5) 35
(60)

compositiqM;:

]

C

[err]

(-820)
1 B

D

[er A
C

| D
n-C 5“11@@‘“

n-c 4, OO~
n-c8317o-@-@-cn
25,4«

In table 6 below properties of various compounds of formula | having the structures indicated (See table
1) are listed. The values of viscosity ( 4 cps), ¢]_ and Ae are extrapolated from a 10 weight % solution of

Known

55.

0

68.5

51 wi%

25 wt%

16 wt%

8 wt®

90.0

the compound in a 1:1:1 by weight mixture of compounds of formula 3.8 (see table 3) having the R3:R*

combinations n-CsH7 : C2Hs, n-CsHy : n-CsHi1, n-CsHyy : CzHs. These solutions are examples of liquid

crystal mixtures of the invention.

50

56
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1.5 [err] B Knomn 74.5 [-18.0] 1.5
[err] . Known- '101. 0 [25.0] 1.6 [err]
B Known - EP 007438 B1_45 0] 1.6 [err] B
Known 56.0 (-1.5) 40 1.7 [err] B
D 36.5 (-67) 1.7 %rr] B

63.0 (-31.5) ()represents nDnotroplc:%ranS|t|ons 45 50 55 17 EP 0 407
438 Bl Table 5 Structure Act-e—ReH—e —Reyt e K-N([err])
K-1([err]) NI([err] §tructure - 'R |18 Dlporeerr.L A¢|Known

96. 5 1505 %.48 cHer ] Knewn | g7 6t |A 114.5
1950 £.9 [err] ]:_1 O o o | 87 st

225.0 1.9 [err] G3 nown| 7.1 10.94]. §v.6

259.5 1.10 [err] 14 C A 7.7 100 |164X 1

187.5 10 1.10 15 [efr] C| 68 |79 |33 115.0
219.5 3 11 [err] 16 8| 74 19.0 934G

143.5 1.11 [err] a7 A 8.0

184.0 1.12 [err] 1.88 - K#0wn 7.5

191.0 1.12 [err] 118 n-CeHsO [Knowh 7.8

223.0 15 1.13 12 [grr]- B6.9 A 116. 5
158.0 15 13 [err] 1.3 - Al 78

194.0 1.14 [err] 14 A 8.0

121.0 1.14 [err] 15 gl -

1815 20 In Tabl e 4, Or i) (i) élca e transitions
observed were virtual, land”werk gbServed 2 wt % m xt ures of

t he coﬂbounds in the knomn nematic liquid crystal nlxture E7 which has a
conposi ti onRef@ling to Fig 7, a liquid crystal electro o;;[u@} dl play device comprises a layer of a liquid crystal

material 31 between a front glass support plate 32 and a back glass support plate 33. The front glass plate
32 is coated on the inner surface thereof with a transparent conducting layer 34 eg tin oxide, to form an
electrode. The back glass plate 33 is also coated on the inside surface thereof with a conductive layer 35. If
light is to be transmitted through the device the back electrode 35 and the back plate 33 are also
transparent and made of the same materials as the front plate and electrode 32 and 34. 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 aro 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 single rubbing direction. On assembly the rubbing directions of

25

~ % the layers 36, 37 are arranged orthogonal to each other. In operation the electrodes 34, 35 are connected to
a source of voltage (not shown).
A suitable liquid crystal material 32 is a 14, 13, or 21 weight % mixture of one of the compounds:

35

w aec 5311_@-@.@-@
40

| -coo-@-cu

"‘csﬂn'@

45

n-CH o-@ coo-@

50

in the material E7 referred to above.

56
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30 16 wt% 35 In table 6 bel ow properties of various conpounds of formula I
havi ng the structures indicated (See table 1) are listed. The val ues of
viscosity ( [err]), [err] and [e ?Pﬂ?és%ﬁfrapol ated froma 10 wei ght %
solution of the conmpound in a 1:1:1 by weight m xture of conpounds of
forrrulaéa'ﬁs(see table 3) having the[err] conbinations [err]: [err], [err]
. [err]. ese solutions are exanples of liquid crystal m xtures of the

i nvent i qn. Agg},,ﬁ_)@gmﬁﬁvig@a genefalorhu@/ 438 Bl Table 6 Structure R

Dipole [err] 1.1 [err] 7.2 9.7
61 1.2 . 5 4 8.6 39.1.3 . 7.1
10.4 50.6 1.4 . a 7. Fa 0 64.9 1.5 .

6.8 7.9 3 - ) 1.6 . 86 7.4
19.0 40.0 1. 76"" '@.‘ —@-coo-. .' T¥89 '59.3 1. dormula I 420
7.5 10.0 54 11 fer N, e 10.2 66.8 1.2 .

6.9 10 7.5 42.6 15 b Fy.3 . 7.5
10.7 43.8 1.4 8.0 11.3 69.5 1.5 8.0

7.6 44.5 1.6 g o 7
8.3  10.!7 whishRds BIPrREP. PR '.fsecf'F(i)‘%:
di spl ay de:w oy %9’ Fi 5}% g indgpend %an

e case where a and b are 0 and one o

.9 9.9 54,2 1.7 N
gikyl.an andq A0 of 1 erpvigeddhabiny + @V s arcal
J'_Pgﬂfjﬁ’ @R *o§ + d) is not zero, but excluding

is U.

2. A compound according to claim 1 characterised by a formula:

20 F
n-@-coo-@-cn
| F

25

3. A compound according to claim 1 characterised by a formula:

R-@-coo-@-cn

O

85
4. A compound according to claim 1 characterised by a formula:

F F
“ n@-coo@-mv

45 B. A compound according to claim 1 characterised by a formula:
F F

w a@-m-@m
F

65

S
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‘material 31 between a front glass support plate 32 and a back gl ass support
plate 33. The front glass plate 32 is coated on the inner surface thereof
with a transparent conducting | ayBf 0#87438Bin oxide, to forman el ectrode.
The back glass plate 33 is also coated on the inside surface thereof with a
conducti ye Lya mtted through the device the
back el e\é;f ré&% pfgndsar?ﬁm?'??emggmk{%] er's ?g’ﬁ% %0 transparent and nade of
the sane materials as the front plate and el ectrode 32 and 34. If the
device is to reflect light the back el gctrode 35 may be nade reflective, eg
of aluginium The front and back el rodes /84, 35 are coated with a
transparent aligning layer 36, 37R 19% al cohol which have each
been rubbed prior to assenbly of the vice Inh a single rubbing direction.
On assenbly the rubbing directions of thhe |ayers 36, 37 are arranged
orthogonal to each other. In operation the electrodes 34, 35 are connected
to a semurce of voltage (not shown). A suitable liquid crystal material 32
i s a 14, 713A canporid asedrdjig to Llaim K¢haracterisbd bynefomulat he conmpounds: 35 40 [err] 45
50 in the material E7 referred to above. 55 19 EP O 407 438 B1 Cains 1.
A conpound having a general formula 1: gerr] 10pin which Ris [err]
or[err], wherein [err] is [err] alkyl, n1and n are O or 1 provided that (n
+nm i 0 or 1, each of a, b, c a rdq?_<gi§ ently O or 1, provided (a
+ b +c +d) is not zero, but exc case where a and b are 0
and one of ¢ and d is 0. 2. A conpound pccording to claim1l1 characterised
by/a formula: 20 25 3. A conpound accordlng to claim1 characterised by a

\?ornulg 30

8. A compound according to claim 1 characterised by a formula:
o F F
2 R-@g-coo@-cn
‘ r Fr
9. A compound according to claim 1 characterised by a formula:

35
D)o DT
F

N

40
10. A compound according to claim 1 characterised by a formuia:

F
) Pototos
so 11. A obmpound according to Elaim 1 characterised by a formula: .

» .
- 1G-S
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‘[err} 35 4. A conpound according to claim1l characterised by a formula: 40
45 5. A conpound according o cIa|n11 characterised by a fornula: 50
Bling to claim1 characterised by a
formula: 10 7. A conpound accordlng to cIa|n11 characterised by a fornul a:
15 S 20 Q c [ im.l ¢ aracterlsed by a formula: 25
1§ Acompgu agc%%mggoaauq 1%9 Lc?erlgfan haaf?rgg erised by a fornmula: [err] 40
10. A compound according to cIa|n11 characterlsed by a formula: F 45 50 11.

[err]
20

30 9. A conpound accor

EP O 407 438 B1 6. A conp

alm

A conpound according to claiml chqwacterlsed a fornmula: 55 21 *

M

* EP O 407 438 Bl 12 conp o&glng toclaim1l

characterised by a fornul a: R

N

10

15

20

30

35

40

50

55

13. A compound according to claim 1 characterised by a formula:
F
G CaCa
F
14. A compound according to claim 1 characterised by a formula:
F r
10§04
F
15. A compound according to claim 1 characterised by a formula: -
F F
GO
F F

16. A compound according to any one of claims 1 to 15 characterised in that R' contains from 3 to 8
carbon atoms inclusive.

17. A compound according to claim 16 characterised in that R' is n-alkyl or an asymmetrically substituted
alkyl group.

18. A compound according to any one of claims 1 to 17 characterised in that R is n-alkyl or n-alkoxy.

19. A liquid crystal material being a mixture of compounds, characterised in that at least one is a
compound of formula | as claimed in claim 1.

20. A nematic liquid crystal display device characterised in that it uses a liquid crystal material as claimed
in claim 19.

* [ L L} S *
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‘F F 5 70 13. A compound according to claim1 characterised
by a fornula 15 20 14. A conpound accordlnq to claim1 characterised by a
formul a: 25 EP0407438Bl[ o ] F 30 15. A conpound
according to claim1l characterised by a fornula: 35 40 16. A conpound
accordin e of clainms 1 to 15 characterised in that [err] contains
from3 t%ngggggﬁogm%tons i ncl usi've. 17. A conpound according to claim 16
characterisng%&kaQHGI ,bﬁﬁgmalkyl or an asymmetrically substituted 45
al kyl group. 1 oun accordlng to any one of clains 1 to 17
characterised in that R is n-alkyl or n-alkoxy. 19. Aliquid crystal
material being a mxture of co ounds characte ised in that at |east one

is a 50 conpoun of fgrnul clai fled i @Ia|n11 20. A nematic
l'iquid crystal Ia a t] t |t us a liquid
crystal naterlal T 5<£%£ e€? ?} L. EP O
407 43® Bl Patent an ruch nl rb| ung aIIgen9|nen Formel |: 5 10

in der Rflr Rl odor RIO steht dpwbei Rl fUr 112 Al kyl steht, mund n
fO 0 odor 1 stehen, mt der 15 Mai gabe, daB (n + mM O oder 1 betr~gt,

jedes a, b, c und d unabhangig far 0 oder 1 steht, mt der
in der R flr R! oder R'O steht, wobei R! flir Ci-Cj2-Alkyl steht, 'm und n fir O oder 1 stehen, mit der

16 MaBgabe, daB (n + m) 0 oder 1 betréigt, jedes a, b, ¢ und d unabh#ngig fir 0 oder 1 steht, mit der
MaBgabe, da8 (a + b + c + d) nicht O ist, wobei der Fall ausgenommen ist, in dem a und b fiir 0
stehen und von ¢ und d eins flr 0 steht.

/
2. Verbindung nach Anspruch 1, gekennzeichnet durch die Formel:
20
F
R-@— -CN
25
F
N s0 3. Verbindung nach Anspruch 1, yekennzeichnet durch die Formel:
' F .
(o0
35 /
N

4. Verbindung nach Anspruch 1, gekennzeichnet durch die Formel:
40

F F
- n-@-coo@-cn
45 :

5. Verbindung nach Anspruch 1, gekennzeichnet durch die Formel:
50

_ : F F
- ~CKR
- R-CQ§ 000-@
F

|
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MaBgabe, daB (a + b + ¢ + d) nicht 0 ist, wobei der Fall ausgenomen !st,
in dema und b fU 0 stehen und von ¢ und d eins fOr 0 steht. 2. Verbi ndung
nach Anspruch 1, gekennzel chnet BRIP4A7 43&Bkornel: 20 25 30 3 Verbindung
nach Anspruch 1, gekennzel chnet durch die Fornel: F 35
i OO6 viindlgh Bl AR R RSB akn ASKRAGZ ! chnet. durch di e Formel
Ver bi ndung nach Anspruch 1, gekennzel chnet durch die Fornel: 50 F
F 55 F -COO F 23 EP 0 407
438 Bl 6. Verbindung nach Anspruch 1,7 gekennzel chnet durch die Fornel: F 10
7. Verbindung nach Anspruch 1, gg beh@.%ﬁmh die Fornel: 15 20 8.
Ver bi ndung nach Anspruch 1, gekenn chnet rch die Fornel: 25
F FF F 30 9. Verblgdung nach Anspruch 1, gekennzel chnet
durch die Fornel: 35 40

10

7. Verbindung nach Anspruch 1, gekennzelchnet durch die Formel:

F F
15 ]
| n@-coo-@s-cu
F

-/
20
8. Verbindung nach Anspruch 1, gekennzelchnet durch die Formel:
25 F F
| n-@g-coo{c_)é-m
. _ ' F )
N4 30 .
9. Verbindung nach Anspruch 1, gekennzelchnet durch die Formel:
85 _
o F
N~
{D)-o{D-0)
40 F

10. Verbindung nach Anspruch 1, gekennzeichnet durch die Formel:

| n-@-coo-@)}-(()—cm

45

50
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10. Ver bi ndung nach Anspruch 1, gekennzsl chnet durch die Formel: 45 50 55
24 24 EP 0 407 438 Bl 11. Verb| ndun nach Anspruch 1, gekennzel ohnet
durch die Formel: F EP 0407438 B1 \/er bi ndung nach Anspruch 1,
gekennzel chnot durch die Fornel: FF 15
R4_COoW 4; 0 r bi nd: gekennzel ohnet durch die
For nel : C?“E'"\gff?gfﬁch i clhﬁd ér}gnﬁr%g% ﬁgﬁﬂgﬁoﬁ'ﬂ gekennzel chnet durch die
For el : F ~~F 35 : -CF 40
15. Verbi ndung nach Anspruch 1, gek Fnzel chnet rch die Fornel: 45
F FF @1‘@@4 I ndung nach ei nem der
AnsprUche 1 bis 15, dadurch gek% l'% |nkI usive 3 bis 8
Kohl enst of fatone enthalt. 55 17. Verbi ndung nach Anspruch 16, dadurch
gekennzel chnet, daB Rl fUr eine n-Al kyl- oder eine asymme- trisch '
substituierte A kyl -G uppe steht.

10 12. Verbindung nach Anspruch 1, gekennzeichnet durch die Formel:

i a.@::oo.@-@;c

L \_/-'
~ 20 13. Verbindung nach Anspruch 1, gekennzelchnet durch die Formel:
: , F
. G- o{D-O
F
/ 30
14. Verbindung nach Anspruch 1, gekennzelchnet durch die Formel:
' F Fr
35
. QDS
‘L
P

15. Verbindung nach Anspruch 1, gekennzelchnet durch die Formel:
F F

1D
F F

16. Verbindung nach einem der Ansprliche 1 bis 15, dadurch gekennzeichnet, daB R! inklusive 3 bis 8
Kohlenstoffatome enthéit.

50

17. Verbindung nach Anspruch 16, dadurch gekennzeichnet, da8 R! flr eine n-Alkyl- oder eine asymme-
trisch substituierte Alkyl-Gruppe steht.

s



25  EP 0 407 438 B1 18. Verbindung nach ei nem der AnsprUche 1 bis 17,
dadurch gekennzel chnet, daB R far*n-Al kyl oder n- Al koxy steht. 19.

FI Ussi gkri stal | - Substanz, be! d&P @40% Lim ein Gernisch aus Verbi ndungen
handel t, das dadurch 5 gekennzel chnet ist, daB m ndestens el ne davon
ei ne Verbindung mt, der FEorgl .| WAl .mt
R s T b

ei ne Fl Us- sfqb ri'stall - Substanz nach Anspruch 19 darin verwendet wird. 10

Revendi Q?t%%gﬁkriélall-m&.s BoiddeR Bt siéhCuni G MBlnfiscH s ValbRdUngenl Ranbiéh) @asl dakiursh e

Formyl e ennzelchnet ist, da8 mindestens eine davon eine Verbindunfy nit der Formel | nach Anspructr-t~d
dans | aquekl e R represente Rl ou R10, oO Rl reprdsente un groupe al kyle en

C acCl2 ; met nvalent 0 ou 1, a la condition que la somme (n + n) vale O
ou 1 ; ebasinHahtGRSMit Rsathend FilssightstaAiiAngbigeslerhent, Hadurch gekehmpeichimbeheindFldd 1, a
| a condi t i sigkrisianeSubsiang aahAnéptuch 19 darinerwerdipt wild. Soit pas nulle, mais a
1' exabusion du cas ob a et b sont chacun nuls et |'un des indices c et d
est nul Redndigetigmss6 sel on | a revendication 1, caract~ris6 par une fornule:
30 F R-QCOO 4cN 35 _
F 3. CorpoSempasd ayant uee formiegdndsala 'on 1, caracteris6 par une fornule: 40 F 4.
Conpos6 selon la revendication 1, caracteris6 par une formule: 50 F
F R4-1€E4_Q F

a

Fe
_ A- _@_ «CO0A _@- -CX ° Formule I
/ m

Fa

\/ n
Fy

dans laquelle R représente R! ou R'0, ol R! représente un groupe alkyle en Ci & Ci2 ; m et n valent 0
ou 1, & la condition que la somme (n + m) vale 0 ou 1 ; chacun des indices a, b, ¢ et d vaut

25 indépendamment 0 ou 1, & la condition que la somme (a + b + ¢ + d) ne soit pas nulle, mais a
I'exclusion du cas oll a et b sont chacun nuls et I'un des indices ¢ et d est nul.

2. Composé selon la revendication 1, caractérisé par une formule :

r
a-@-coo-@-m
| F

3. Composé selon la revendication 1, caractérisé par une formule :

ﬁ S0

4. Composé selon la revendication 1, caractérisé par une formule :

S

) 30

35

50

55

AR



;55 26 1111111 111111 1111 I1I1l1ls 111!111 EP 0 407 438 B1 5. Conpos6 sel on
| a revendi cation 1, caractirsWpar une fornule: HRO< r~~~ 10 6. Conpose
selon | a revendication 1, caract SFR@40p438 Bhe formul e: 15

s F 20 7. Conpos4 selon la revendl cation 1, caracterisd par une formule: F

F 25 oWF 30 & Conpos6 selon |a
revendi cdt i GMPPsé gelon Ja pypneical parcarﬁcrtléé's?'c’)ar o F 40 0.

Conmpos4 selon | a revendication 1, caractdr|.56 par une formule: IF 45 F 50
10. Conpos4 selon |a revendication 1, dracteri®4 par une fornule: 55 27

T g

F

10
6. Composse selon la revendication 1, caractérisé par une formule :

15 | | gﬂ

/ 20
7. Composé selon la revendication 1, caractérisé par une formule :
F ) 4
- S
_ r .
/ 30

8. Composé selon la revendication 1, caractérisé par une formule :

F P
35
| R -coo{0))-cx
~ | P F

9. Composé selon la revendication 1, caractérisé par une formule :

_ n@m@}“

10. Composé selon la revendication 1, caractérisé par une formule :

n@-coo—@-@-éﬂ

27

66

* c L ] s *



EP 0-:407 438 Bl 11. Conpos4 sel on Ia revendi cation i, caract~risd par une
formule: F 5 10 15 -Cl1 20 13. Conpose selon | a

revendi cation 1, caracteris4 parEﬁHéo?d??rﬂFe 25 y 30 14. Conpos6 sel on
| a revendi cation 1, caract6ris6 par une formule: 35

F 40 icat F 1& Conpose selon |la

r evendi cat | %’Pnp"ié selon la,reyesfict '8" pé’?’aﬂér{'gé Py "Pru?rm"'e

FF F 50 18. Conpos4 salon |’ %, guel conque des

revendi cations 1 a 15, caract~ris6,Bn ce que R onti ent 3 a 8 atones de
carbopge, inclusivenent. 55 17. Rpose on vendi cation 16,
caracteris4 en ce quo Rl reprdsRRDg~ ;@, kyl e ou un groupe al kyle

a substitution asym-trique. 28 1 111111 1 H 11111 111111 * C L M
S * EP 0 407 438 Bl 18. Conpos6 selon |'une quel conque des
revendications 1 a 17, caractdris6 en ce que R repr~sente un groupe

n- al kil e1200ompoad satunya rededdicaibit 1, loaractdisp pdjpne fdine :de cri staux |iquides, qui

est un ndl ange de conposds, matibre caractdris~e en ce 5 gu' au noi ns

| " un des conposds est un conposd de fornmule 1, tgel quo revendiqud a la

revendication 1. 20. Dispositif d' affichage a i staux |iquides ndmatiques,
di spositif caract6ris9 en ce qu'iLduti I;@g@m bre & proprift~s de

cristdux liquides, telle que r -§00 evendi cati on 19.
F
N
_/
20

13. Composé selon la revendication 1, caractérisé par une formule :

F
25 ' ' @ _@-Cﬂ
. R ~CO
F
N
14, Composé selon la revendication 1, caractérisé par une formule :

35 . F F
~ e aCals

40 F

15. Composé selon la revendication 1, caractérisé par une formule :
F F
G-
F F

16. Composé selon 'une quelconque des revendications 1 & 15, caractérisé en ce que R! contient 3 3 8
atomes de carbone, inclusivement.

50

56
17. Composé selon la revendication 186, caractérisé en ce que R' représente un groupe n-alkyle ou un
groupe alkyle & substitution asymétrique.

* [+ L " S *
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16

20

25

—/ 30

a5

40

'EP 0 407 438 B1
18. Composé selon |'une qdelconque des revendications 1 & 17, caractérisé en ce que R représente un
groupe n-alkyle ou n-alcoxy.

19. Matiere & propriétés de cristaux liquides, qui est un mélange de composés, matidre caractérisée en ce
qu'au moins I'un des composés est un composé de formule i, tel que revendiqué A la revendication 1.

20. Dispositif d'affichags & cristaux liquides nématiques, dispositif caractérisé en ce qu'il utilise une matiére
a propriétés de cristaux liquides, telle que revendiquée 2 la revendication 19.

29
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