2243605 FLUORI NATED 4" - CYANO SUBSTI TUTED TERPHENYLS Thl s I nvention rel ates i

to novel fluorinated 4"-cyano substituted terphenyl S,

preparation cf such terphenyls, and o liquid cryst al z\%%ﬁwg
incorporate them in particular liquid crystal materi aI s which show a _.#=-
nemati ¢ phase. 5 FRUGRTFAIED b -CYARD! SUBSTAreTEm rerFmyyYRe used industri aldy
as the working fluidof elrectro-optic display devices. The use in I|qU|d

crystal mat efyjal %@nﬂo@lzﬁht@mdo%@ekowina&nambcyeﬁ@henyI s is described
in GB 1433130, armn

t d li d t al t I
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of one daferphenytla; emdpherhslquid rngwstmlt ngtéxaitaésakhlyhsimrp¢Medthesuggested
subst ! uenherBRLIgL WGuRH YS! il e URHIEN Ahol e RERLL gpigaé ogen. No

exanpl e "of “any ‘suc terally su stltutedtegg) osed in
GB1%3313uchnbiqudd resystel mamerialsy mayabatpend indugty 1}’155 theavm'khag

preferenggig Yr Qgch%Lg hicidl @fsial ofikicasibst i tuent i s expressed. GB2039937A
descri bes FI UI cr t mat eri.al s-whi ch contain_at alzt one |aterally
t

substitut ed TheaMRS n&’c’lésrtﬁllreq‘ﬁﬂerﬁlsgéﬁe’f"m raﬂe redkOfYstr T where R
is al kyloyaaaeu@bhéhyqrs isarae;scmeagmy:arngmaandmbhs mhjpestheei ng 25 met hyl

o7 opar at BB ERECEY IS L SRAEL R ot R 363 DT o vy

of 1 t erpidedy|usedvi PLIG31R0 suggests thel pepsibiiityeot ranked thhe i npli cat W _

bei ng t r@fre@ %ngf rﬁn’éﬁdﬁ‘einybiategﬁ.‘(ﬂ suﬁéﬁtu%&’ S rsugée]sgsé ) 123 169-177

descri bes | uor.osubstituted 4 | -"4- c¥anob|phenyls but ..

t he dat as“ﬁﬁs%‘@%ﬂnéﬂ "‘iﬂéﬁeﬂﬁ §’Bb‘@'e§‘?§hytlh§7f°‘+l‘a?‘éraé1 “F?ERSP ¥edion increases \L_De
mel ting K¥loRén. No example of any such laterally substituted terphenyl.

is disclosed in GBlh33130, no method for their préparation is given,
15 and no preference f@r'any particular halogen substituent is
expressed.
GB2039937A describes liquid crystal materials which contain
. at least one laterally substituted h-alkyl- '~-cyanoterphenyl of
general structure:

20

where R is alkyl, oné of Xlor X2 being hydrqgén and the other being .
25 methyl or & halogen preferably the bulky chlorine. A complex 6 step = o/

method for preparation of these terphenyls is described in GB2039937A, =

“but no example of & terphenjl having X, or X, as a halogen is

, 2
described, the implication being that none were made.

~ Mol. Cryst. lig. Cryst. (1985) 123 1690-177 describes 2 and 2'

20 Tluorosubstituted 4-alky1-4'-cyanobiphenyls but the data presented
therein suggests that lateral fluorination increases the melting p01nt
of these compounds, and that their solubility in liquid crystal mater;als
is low. '

Laterally fluoro-substituted terphenyls of general structure:




%

of t hese conpounds and t hat thelr solublllty in I|qU|d crystal materials
Is,low Laterally fluoro- substltut ed terphenyls of general structure: 35

F [err] 2 where [err] are alkyl or al koxy are known and exanples are
given in EP-A-0132377. The . preparation nethod described therein cannot
easrky. be applied to the preparatlon of a term naliy’ substituted cyano
substituted terphenyl. The present inventin has identified a class of

t erphenyls which on the basis of the prior art di-scussed above show :
advantage us operties. A novel ocess for their hesi s whjch for
the first” Ff%%@tﬁeﬁfﬁoéé‘@o%ﬁgg?ﬁ P%}edt"&tﬂ’ea’ﬂa%’%tpi‘as tf¥&n given in
di scover &@-A-AHB2RTI .ng The pbﬁm:-apiexsmathod desmibemrnheréimeanﬁtﬂ:t edasidy- Cheano

substitu pben err e
[err] i tsaggl)tf(%(r:t gﬁ %grh%rﬁltﬁ?’lg ?er r? %ﬁf%fgb‘{é%& V\ker e SYH© Lugg}k P{:&
per f | uor #8FRBANY&ent ai ni ng up to 12 carbon atons, nis 1 or 2, mhen nis 1
the fluorosubstituent being in any one of the 3' 3", 2", 2 or 3 positions
and when n is 2 the fluorosubstituents being in an of the 2,3"), (3,3"),
(3,2"), Tpe, Preseniy 4nyentdgn)has {densified s %la}ss -tezzpl')enylz( yhi ) on ' the
(2',2"), baé:":’s S5bf (theb)prio?, byt dﬁBcuéie)l ato%e . ghop, ad&nt&éous( Propepties. A

(2",6"), o1 9% 2 i on3p

posi ti ons()3 o (s %grktlﬁl( gh gtiFu tfllﬁ:r af pre ef%'e‘ﬁ?:?isl}ngx"bafkggs@bembe?%’\ﬁ
ar e Nt elcomarsciehlst rveabl:eshss oflsosedenl dbsroverast. consituents of liquid
crystal mxtures and ease of : - '

O According to the present invention, fluorinated 4"-cyano substituted
terphenyls are provided, of general formula I:

(F),

R1 o 0 o . CN Formula I

wherein R, is selected from alkenyl R, RO, RCO and hydrogen, where R is
alkyl or perfluoroalkyl contalntng up to 12 carbon atoms, n is 1 or 2, when
n is 1 the fluorosubstituent being in any one of the 3', 3", 2", 2 or 3
positions and when n is 2 the fluorosubstituents being in any of the (2,3"),
(3.3, (3.2"), (2.2"), (3.3'), (3:2"), (2,2"), (2.3'), (3'.2"), (3',3").
(2',2")}, (3.5), (2,6), (2,5), (3',5"), (2',6"), (2',5"), (3",5"), (2".6"),
) (2".5"), (2,3), °(2',3"), (2",3"), or (2',3") pairs of positions on the
terphenyl.

The structural preferences expressed below are inter alia on the basis of
usefulness or consituents of 1liquid crystal mixtures and ease of

preparation.

The .group R, is pref‘erably alkyl or alkoxy, and may be st:ra_ig'ht' chain (n),
branched (iso) or may contain an asymmetrically substituted carbon atom so
as to be chiral group. When R, is organic it preferably contains from 2 to
9 carbon atoms, especially from 2 to 7. Particula_rly useful compounds are
those in which R, is n-alkyl or n'-a_lkoxy, or the chiral groups (+) or (-)




preparation. The group [err] is preferably aIkyI or al koxy, and may be
straight chain (n), branched [err] or may confain an asymmetrically. N K
i substituted carbon atomso as to be chiral group. Wen [err] is organic it
preferably contains from2 to 9 carbon atonms, especially from2 to 7.
Particularly useful conpounds are those in which [err] is n-alkyl or kgi
n- al koxy, or the chiral groups (+) or _(-) 3 2-rnet hyl butyl, o
2- met hyl but yl oxy, . 3-nethy|penty|,3 3- et hyl pent yl oxy, 4- nethylhexyl
and 4-net hyl hexyl oxy. Preferred  structures for the terphenyl of fornula |

are t fl uos ts I Nyt ns List d in Table 1, in
whi chbﬁ%%eﬂr%g}‘g%r e: %rﬂ??%sht%% tor the l*H‘%higie)géé'ltw gUbsbﬂﬁﬁ vipe 'ﬁ(‘f@?’f Yons.
Tabl e¥1methylhexygd, dr gnd "‘methylhe§wquVuoro 3-fluoro. . .2, 3"-difluoro

2 2"-di fluoro 3, 3 d|fluoro 2.3 -difluoro o 3 c2"-difluoro -
, 2" | uo | uoro 6 di fluoro-

o 5. di o - }
2" 6" Pﬁ?éﬁrrs{’ Struc'?"reg"} gﬁﬁo‘?eb'p}?“-yfll ?J%)rf rmule I are 2“??%8961’!3 §1uQﬂ°f l.uor o
3, o dubdtionentsd 2h- chef bomhﬁons lisﬁe& indT4H1eo01 p i, ﬁu:dﬁl fhibredcOature

-3 ,3"-difluoro 2,6-difluoro’ 2;5-difluoro 2',5 -difluoro - )
3",5" dlfluoro . o :

2"-fluoro
3,3"-difluoro

3,2'-difluoro -

2,3"-diflucro
2,6-difluoro
2',5'-difluoro
2,3-difluoro
~ 2",3"-difluoro

2-fluoro
'3,2"~-difluoro
2,2'-difluoro
3'-3"4dif1uofo
2,5-difluoro
3",5"-difluoro
2',3'-difluoro

- 4 .
"/
is used for the lateral substitution_ﬁositions.
o
3'~fluoro 3"-fluoro -
' 3-fluoro  2,3"-difluoro
2,2"-difluoro 3,3'-difluoro
2,3'-difluoro 3*,2"-difluoro
2',2"-difluoro  3,5-difluoro o/
3',5'-difluoro 2',6'-difluoro
2" 6"-d1fluoro 2",5"-difluoro

Of these, l4-alkyl ‘or alkoxy 3"- fluoro, 2- fluor, 3;; fluoro; 2',3"-
-difluoro, 2,3"- dlfluoro, ‘and 3",5"- difluoro substituted :



2,3-difluoro - 2',3 -difluoro 2" 3 ~di fluoro Of t hese, 4-alkyl or

al koxy, 3"- fluoro, 2- fluor, 3'- ‘fluoro, 2',3"- difluoro, 2,3"-

di fluoro, and 3",5"- difluoro substituted conpounds of formula | are
particularly preferred. A suitable nmethod for the preparation of a conpound
of f&nqula | as defined above is one in which a boronjc acid of fornmula I1:
5 [err] wherein [err] is as defined in fornmula |, a and b are 0,1,2 or 3
is coupled with a benzonitrile of formula I'll: [err] 15 wherein X is
chlorine, bromne or iodine, c is 0,1,2 of 3, provided (atb+c) is | cer 2

to formthe conmpound of forpula I. In this method coupling occurs between
the ring posFenronads eTvirrenls Hea Ty CRFLLAVIRSAYGPE ST % e attached. The
i ndicated fluorine 2 20 substituent(s) (F) may be in any of the avail abl e
substitution positiaqns ' . Thes ne or
two fluorine subét?‘f‘g‘ém% me hqd, £oF b RRFRRTLTOF o¥nfl SOEP f"lmdagg ﬁ!ﬁﬁ%rg |
preferably dis@estskdsabae 16 dner fh ol anteronfic famidudaformdal It ed in table
I, and %yitable fluoro substitution patterns for conpounds 25 of fornul ae

11IR.horse S Iil‘gl ed in the art. Boronic acids I

3

[l and IIl will be apparent tcl
may be prepared starting from wn bi phe¢hyls [err] 1V

B ' 11

10 wherein Rl is as defined in formuls I, 2 and b ere 0,1,2 or 3 is

U coupled with a benzonitrile of formula III:

(7).

X CN | 111
15 | -
vherein X is chlorine, bromine or iodine, c is 0,1,2 or 3, provided
(atbtc) 15 1 o 2 'tc_s form the compound of formula I. _
In this method coupling occurs between the ring positions to which
the B(OH)2 and X groups are attached. The indicated fluorine_:
oo Substituent(s) (F) may be in eny of the available substitution
\_ positions. - . These are one or two
fluorine substituents in the compounds of formulae II and III are
preferably disposed so as td form 'eoinpounds of formula I as listed

-/ in tadle I, and suitadble fluoro substitution patterns for compounds
o5  Of formulae II and IIT will be apperent to those skilled in the ert.
X ~ Boronic acids II may be prepered starting from knowvn biphenyls
Iv:
v
30

wherein Y is chlorine, bromine or iodine, preferably bromine.
Biphenyls IV in which Rl is hydrogen may be converted into those

- which Rl is R or RCO by means of a Friedel-Crafts reaction using



30 wherein Y is chlorine, brom ne or iodine, preferably bromne. Biphenyls *

-1V in which [err] is hydrogen may be converted into those which R'is Ror

RCO wo g#ass10f a Friedel -Crafts reaction using WO 89p¢2izH89/0064 7

PCT/ GB89/ 00647 5 an acyl chloride RCOCl1 to add a group RCO at the ava| | abl.e

4-positicn, which may then be reduced te an alkyl group using for exan‘p#’

hydr azi ne hydrate, or a trialkyl sil ar?e triethyl silane being preferred&:” 5

To prepage dcye HARNEE mgcﬂ Yol add raggmuﬂmoorlatl thae evaiehﬂea!bl slif\,/:fo?]t h'- |

converted jnto a nard.reagent action of t Wi t

magnesi u?‘ﬁ’w&i ef‘g'?e é’ﬁ@h‘iﬁ% % ¥H§ ELTHP 3??%{}95\@?‘8 furan (THF) .

Condi ti oh;saffaalin@rmpaa'eé I on a)ftrﬁllgrlasmameagtaﬂesmar eivexiel bkmyvn 10 Lo

~ The Grlgnaﬁ} F_g@gent may then be reacted with a trialkyl borate [err] where.
[err] isa preferably methyl or isopropyl, conveniently in the same :

sol went in mﬂpcwqmee@hegmweﬁ‘génﬂmg d?ié’ba%éldn’ itheregarably ng L

bor onat eellmoeameﬂt@atihﬁe @mligﬁmeéeage% W@@Eéeow &6 +8e MpiBEA aci d,
: preferabwé{#Br ochloric acid. nd may then be isol ated

JPRRBRET W B3 iSomé" ﬁé%e a’f cﬁthﬁ? éb‘ﬁ?a&ﬁ SEETFYERTT uori nat ed, -

and puri

monof | uofurat ¢THR déédasetomatrer frephetibs of Gf fgnanh ardafemtiadescri bed in
det ai | g ﬂ) 9 192/25 and PCT/ GB 88/00880 Benzonitriles of fornmula Il are
known and are avail abl e comerci al or may be synthesised, eg as

desdPi bed i nToR BSeuash reagant MOTAR 88/ DeAcred Pyidhes alslig Lyl Sobsteni ne. \wde
coupl i ng(ﬁ‘(ﬁ%BL SsvHarefer QQ'ND&QN rﬁr%@e%ly methyl or isopropyl, _ '
conveniently in the same solvent in which the Grzgnard reagent was "ﬁo'F"' |
prepared. The resulting boronated product is then hydrolysed, for"“ ']*ﬁe;
example with a mineral acid, preferably hydrochloric.acid. The
15  compound II may then be isolated and pufified ¢onventionally.
Some methols for preparation of unfluorinated, monofluorinate i and
diTluorinated biphenyls of. formula IV are described in detazl in WC
89/02425 ani I'CT/CB 88/00880 ' |
_ Benzonitriles of formula 111 are known ani are avallable comre*c1a1v
20 - or mey be synthesised, eg as described in GB 8804330 A or I—‘uT/GB %9/00\18
FPreferably X is bromine. The coupling step is preferably carried ouu
in the presence of a coupling agent, such as a palladlum.(o) caual..,, o
preferably tetrakis (triphenylphosphlne) palladlum (0). CODVGDIEule o/
an alcohol solvent may be’ used for the coupling reaction. The _
25 product compound of formula I may then be isolated and purifled by . \;)
conventlonal methods.
A third aspect of this 1nvent10n is a liquid crystalllne materlae,
containing at- least two components, at least one of which is a compound
of formule I. This liquid crystalline material is preferably-a.nematic
30 or cholesteric liquid crystalline material. Such materials may be
used on electfo—optic display devices such as watches and celculators etc,
and also in thermochromic displays in which the colour or reflected
light varies with temperature. |
Compounds of formuls I, in particular the preferred:compounds
35 referred to above, have a number of desirable properties'which make
them very useful components of liquid crystal materials. They often

have higher nematic to isotropic {(N-I) clearing point temperatures



N t he presence of a coupling agent, s such as a pal | adi um (0) catal yst,

preferably tetrakis (triphenyl phosphine) pal | adi um (O).

al eohol ¥OB2AA26%by be used for the coupling reaction. The ?P’&BP%B@{]’

compound of formula | may then be isolated and purified by conventional
thods. A third aspect of this inventionis a liquid crystalline material,

conta¥ning at | east two conponents, at |east one of which is a conpound of

formula I.  This liquid crystalllne material is preferably a nematic 30

or cholesteric liquid crystalline materialg Such nateri aI s may be used on

el ectro-optic display devices sucﬂ aﬁ vt’\/?lsch siand al cul rs e{’ 2 gd al so
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conmpounds 35 ferre hay 0 fo rt
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often have hluglﬁhnorrieaaed counxarvat‘lrs)pl Thesk- agva@mma nge mtnwaseﬁ’b%dr E V4 uﬂ%
WO 89/1

PCT/ GB8 OOGHigr af%t\‘/\%‘rred % alrile:g points (GN) than their unfluori natej?i
count erparts. TheSuigahte sompoundecfor hhe)IPtheT SOPPORFENE Lf T‘h%yu&}‘%‘b cyE¥its
show a hi ghemagel 4 kit venaﬁsamoltb ﬂﬁﬁé Lknled 11y shélfieksd crinalwainhan

their unfluorjnated cou er art nt S

the s pry ePar BR ecarots St S0k, ks Eof aflhetOhy MREES AR,
conponent s ofworking 'rtqmjad-an:nystrahgemtberrezduimd Iinbﬁmpp‘emdﬁﬂ- far these skilled
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ani sot r opy, ence nperature range etc required in the
mat &cival f or maferial are discussed briefly below.

Preferably as well as containing one or more formula I compounds

1y

the mixture contains one or more compounis of formula V:

. Rb mc“ y

wherein Ry, is alkyl or alkoxy, preferably containing 1 to 8 carbon atoms,
‘and preferably straight chain, and wherein m is O or 1. Such compounds
are included in the subject matter of GB 1433130. ' '
20 _ Compounds of formula I have a positive dielectric anistrophy,
-K_) and the material may for example contain other liquid ¢rystalline
compounds which have a positive dielectric anistrophy, for example as
, described in EP-A-0132377, particularly in Fig 8 thereof and the
N related text. _ '
25 The material may alternati?ely or also contain liquid,crystélline
. compounds of low dielectric anistrophy, for exémple to form a mixture
:of_intermediate dielectric anistrophy, or a thérmpchromic mixture.
Some examples of such compounds are described in EP-A-013237T,
particularly in Fig 9 thereof end the related text.
30 - "_ The material mey alternately or also contain liquid crystalline
compounds having a high clearing point, for example to raise the N-I
transition temperature. Some examples of such compounds are



10 application for which the material is intended. Some types of ;
suitable material are discussed briefly below Preferably as well as *

containing one or nore formula | conpounds the mixture contains one or nore
conpounds of formula V: 15 ' ' e

o~

CN V Wherein Rb is al kyl or al koxy, preferably Sf

containing 1 to 8 carbon atoms, and preferably strai ght chain, and wher®i n
mis O or 1. Such conpounds are incl uded in the subject nmatter. of GBB

1433130. 20 Conpounds of fornula | have a positive dielectric

cryor PR B8 SR ORI nedPlediREP SARLE 16 HeRpBE B Honabl e
exanloe sgusgethe ingserial sp-vhigiasrery ofpshe jinyentiop to) shpy % chplesteriaind t he

rel Al@d){ gr @hiral nematdOP PRI kAL wERY-lIl BENALhYElN Okt ahemscoBi@i N
liquid crystalline conpounds of |ow dielectric anistrophy, for exanp/e to -

| for exa
f or mSPTRPYA,r EORKAiniRG  #B (| AHVERSLTIL AATPER AtPUt  JBRS, WY P& ndr FBdRRbni ¢
“m xt W@Foﬁﬁﬁfemlei.ﬁﬁrﬁlgzbrﬁ?mﬁlmml &g dw!sma'taﬂilii--ﬁa;EE’oA:é)ﬁﬁﬁBe??, : -
particularly in Fi.g 9 thereof.an elated text. 30. 4 ahe pteria
may AP 8 ?/ §F JIEE c%}h I'aallfn- ‘Tolméﬁ'l%ci{ scr?lg;st g?’flﬁﬁ)rfllg ' c‘g’r_rp_gﬁnés) ha?/z_i n _rrg ‘hi gh
cl earlt-{g-petihgibutyd) -kXmyphebipbemeli or t-+{2-nethylbutydoxy)oft' teyspebinhenyl. Sonme
exanphes fcedriisl ey R ESnEHIR one Zr-qﬁ@r¢Q%dhmcER¥&.9%§2%1& RAT gheul ﬂ)y

in Fig 10 thereof and related text. To cause the naterial "of this aspectwbf
t he iHeEndssshibed Rt -4-88%A N et-ic (Ch) (or .chiral. -nematic) phase the
nat erfhel peoporeivi abf theke dodPoientsNEsedODP WhetnatePaRIoT Eifis . @8pectSyeMetric

Co" D By e 1B i B A, kSRR M Bod malbrsar may
usefully contain two or more compounds of formula I. having different
substitutents or different dispositions of substituents on the. terphenyl
system. _ | ) | _ e .

The materials of this.aSpéct of-the'inventioﬂ may be used in any of the .
known forms 6f-liquid cryétal-diSplay device, Freédeficksz;effect device,

‘cholesteric 'memory mode device, cholesteric to_nematic phase change effect
.device; dynamic 3cat£ering effect device;_tﬁé'frequenéy switching device, a-
"supertwist" effect deViée,-br_a_thérmbmeter-using a thermochromic material.

The method ofi_ cénstructién- and operation of such deviées. and. .
characteristics. of a liquid_crystal material shitable for use therein, are

well know in the field. A liquid.#rystal display.device:whiChginéorporates

as its working fluid a material_és described?above. constitutes a fourth s
aspect of this inVention. | " _ | :

. Example 1 and,aésociated figure 1 describe_a3preparative route for known

compound 4-alkyl-2'fluoro-4"-cyanoterphenyl from 2-fluoro-4-bromobiphenyl,
where R represents alkyl. The invention is then described by way of example
only. _ | _ . :
In the descriptions. of known_compound of example'i'and'example compounds of
the invention given in examples 2 to 4 C-N=solid crystal to nematic liquid
crystal transition, N-I=nemétic liquid crystal to isotropic -liquid
transition, S,=smectic A liquid crystal phase. E7, E8 and K15 are Trade
marks of commercially available liquid crystal materials from BDH Ltd.,
Poole, GB and ZLI 1132 is a Trade Mark of a commercially available liquid
‘crystal material from'E Merck GmbH, Darmstadt DE. The compositions of these
materials have been published.



E

contain one or nmore chiral conmpounds of formula V, eg (+) or (-)

4- (2- net hyl but/yl - 4' - cyanobi pheryl or - _

4- ('2- met KNG BYJRORY) - 4' - cyanobi phenyl . The material nay al soPESHEBENH0IE
or nore pleochroic dyes, for exanple the dyes described in

EP- A~82300891. 7. The proportion of these conponents used in the material
of thrs aspect of the invention will depend on the intended application,
and the material may usefully contain tw® or nore compounds of formula
| having different substitutents or different dispositions of
substituents oExamphe 1 t br@pReaylorsyst €hpolh®s ofBi&lerdl Straftydkhi s aspect of
the invention may be used in anyg of the known forns of 'Tiquid crystal
di spl ay devi ce, Freederi gk ef f es devi ce,_chol esteric nenory node
device, cholesteric to ' ect device, dynamc
scattering effect dé"q_i 0&Vi ce, a "supertw st”
effect device, or a ther romc material.- - The

met hod of construction and operation such devices, and
characteristics of a liquid crystal material suitable for use therein,

are wel |l knoWhere Rpels mopHY1l-A |iquid crystal display device which
incorporates as iskép (MOr Syrtdebisliod ety B+ (lakpismode Samubeshiphenmes)
constitutes fourth aspect of this.invention. Exanple 1 and associated
figuee 1 desc €a preparative route for known conpound

4-al kyl - 2' f1 uor o- Fo- & y=uspemsipheos lalimbmind- ¢Hlooide 4LpgBbobhenyl , where R
repr esentss al LAV ety 1,5, &l esSGk b y [ 4 only.
In K{f_]ﬁ dtesscri g?%h&ﬁg%éhgﬁo%dogg%p%gn%ﬂ ei%r?%f g&flﬂaﬁ%@eéia%ra%éa{%gnggﬂds of
t he Wvent i onCePIBE» it sexubisnesf Progionyd. )Elosife (20y26:81-29mplled®d i ¢ | i qui d
crystal t T apSfiios+L-biohctipRBLy1d 621 5£101. 85mo10T 115 1dabhnl dromet1a@k OWmM.) . -

liquid transitjon, . SA=snecti.c lqu d crys phase. E7, E8 and K15
are Trade mar&ée &lxtlbrrﬁrﬁFEi%ﬁiWe‘g\}J&Fﬂ%go?’@sI%‘q%&oc C?Pgs{}tﬂ" ﬁ%ﬁ%ﬁ%ﬁ s from BDH
Ltd., Pool e, PRumddidid iééBates H0Vghdahbborgantc amateradr vasldxgrantaidl abl e

i qui d crgst abntiRbeEh Alroht HBGE. M5Bk OT0 bh et TRGALERE (TR0 9REST L1 oS

of these

dried over sodium sulphate. After evaporation of the dichloromethane,
the solid was crystallised from two volumes of industrial spirits.
Yield 62.3g; 70%. . h
Step (ii) Synthesis of U-bromo-2-fluoro-k'=-propylbipheyl
15 The product from step (i) 60g;0.196 mol) was dissolved in
triflusroacetic acid (100ml) and triethyl silane (76ml; .476mol)
was added dropwise while the temeprature of the mixture was maintained
at 10-20°C and then stirred for 16hrs at 20°C. The reaction mixture |
was then poured into water (1L) and extracted with ether (3x100ml).
20 After drying and evaporation of the ether, the product was distilled
under high vacuum (1.5mmHg). Yield 51.kg;90%.
Sfep (111i) Synthesis of k'propyl-2-fiuoro-4-biphenylboronic
acta === -
The product from step (ii) (10g;0.034mol) in tetrshydrofuran -
25 (35ml) was added dropwise to a suspension of magnesium turnings
(0.88g) in tetrahydrofuran (5ml). The mixture was warmed to 75°C
when the Grignard reaction started. Further of the bromo ccmpound

was slowly added and the external heat source removed, & gentle
reflux being maintained. After complete addition, the mixture was

30 heated for 30mins under reflux and then cooled to 15°C.



mat er i aI s have been publi shed. WO 89/ 12621 :
PCT/ GB89/ 00647 8 Exanple 1 Preparation of cohrpounds of general struct"ure:)
F[err] where [err] is n-alkyl. Step (i) Synthesis of ethyl
4-,( AWBYAR62Y - f | uor obi phenyl ) ketone To a suspensi on of PEF(GBSW/OM4CHI or i
: (409 0.3nmol) in 5 di chl or onet han (100M) was sl owy added, with stlrung
and ice bath cooling, a solution of propionyl chloride (20.9g; QO 29nvl).--and
2-f 1 uor o- 4- br onobi phenyl (62. 5g; 0. 25nol ) in dichl oromethane (1OM). The '
m xture was stirred for 16 hrs at [erJ and then carefully poured into
I ce/water (500g), the organic material” was -extracted 10 - into '

di chl or ogedFan et o2 AHok phevas hgsl i%f&&ubéd%d(eﬁiu@iﬂ vapgedri ed over

sodi um syl phat evapor.at f th chI or amet hane, the solid was
crystall &'gagfr%'rﬂ:igé\%‘ﬂx)ol’% % ylaﬁg & esﬁf“ﬁ“t‘? SYATEPY - 62. 3g; 70% ‘Step
(i) Synatas-go fér néare: 2-A RoHrsold’ ofphp@ddhﬂ.ﬂl‘ﬁyhcﬂ& (50m1) The. product

f t 1 Lved: t I t d (1 OO0
nat et cleg harPlpdade iR dgtfte Heddo LU eddrtfdd, MR BRI RE ¢ (' M)
t emBpr at leyeroéxtrsetead itheetbes  (R¥500b) .nefhatcopbined arghnibcleysts red for -
16hrs at d&r g seéaﬁwié@%kﬁé‘ a’ﬁ?X&ﬂ ] SR E&ﬁrﬁmpé’iﬂpﬁgté nt 953@ er (1L) and-

extracted wt After. dryil and evaporation of the
et her, tBEERITBEARD ofid edFSJt‘Tq“I"'écF' B ﬁf’w";ﬂfi1 \‘f&% $aed5mmHg) . Yiel d 51 \‘9 |
90% Yield 8.7g; 100%. ' ad

Step (iv) Synthesis of h;propyl-Z'—fluoro-h -cyano 1, 1'

10 h' 1" terphenyl - "_ S : e ' Q;)
The crude product from step (111) (8 Tg,O 03hmol) -
_ h-bromobenzonitrile (5.0g;0. 0275mol) tetrakis(trlphenylphosphzne)
palladium (0.6Lg) and methylated sPirits (29ml) were heated under__
reflux with vigorous étirring-for Shrs}'{After oooiipg, the organic

15 . layer was separated, washed with water, dried orer'so&ium"Sulphate
‘and evaporated to dryness. ' The crﬁde‘prodﬁct was purified by
column chromatograpny on silica gel followed by crystalllsation o
from ethyl acetate. Yield 5.3g;51%. ';

The properties of some compounds prepared by the method of _

20 example 1, using an appropriate acyl chlpride in step (i) are listed | \‘)
below: - : ' ' o
- . Table 2 o o o _
Ref R, K - Lige Crste_TranSitions ( C):. : ;;J
la CH Y S " (C-N 109 N-I 201.5
. n- . |.Cc-NB86.2 N-I 206
W ey, o femeez w26

le n-Cghy | _b — | ewo7 w1189
511 _
n-Cy K0 L -CN‘ C-N. 88 N-I 228

30 le nCH O} -~ | c-N B9.5 N-I 203

- S | c-s, 908,41 157.5 B-1 298
1 neoghyo e snam s s

-



Step (iii) Synthesis of 4'ropyl-2-fluoro-4-biphenyl boronic acid The product
from st eswyq 891263100; 0. 034rrol*)* i’n t etrahydrof uran 25 (35n p dvﬁé ﬁ@‘g’
driopwi se to a suspension of magnesiumturnings (0.88g) in tetr %ro uran
(5mMy). The mxture was warned to [err] when the Gignard reaction started.
Furg&her of the bronmop conpound was sl ojp y added and the external heat source
rendouwed, a gentle reflux being maintained. After conplete addition, the

m xture was 30 heat ed for 30m' ns under reflux and:then cooled to [err]

WD 89/ 12621

PCT/ GB89/ 0064 7TE2: nfd16r Y nbil‘i&géamﬁuﬂﬁﬂﬁeferm I Nigradperdrandist 44 2et hyl |
borate (3.77g;~0. 0363 was slow y added and the mixture stirred at [err]

for 16hrs. A 2®ekhog) W@H%FBCHP& PE eXeFRle oty WiatesPeifYs added, the

organic |layer was separ at ed and theﬂge@us 5 | ayer extracted with

et her (2x50m) conbi nic layers re %shted w th br| ngo
dried over so s bhat e vapor at i on\A@*&-ﬁ-MMM
solid was obtapn Y el oy 8. 7g 100% Step (i t f 4-propyl -
-fl uoro-4"-cyano %ﬁ’} 7 10 4', 1" terphgnyl he c?adeﬁglro ﬂct from step
(iii) (8.7y; 0. 893408 _brorobenzonityile (§. @s0@#bNnolN.1 132
tetraki s(triphenyl p h| ' By 644) and met hy atéd spirits
(20mM ) were hezd ed_u?%%r _'ef X W gorou$ ein B6LRg N-@rigehps. After
coou/mg, the organic {layer was separatedl, washed with water, dried
over sodi um smq)hat-eg}ai@d Jevapor ated to drynegsC-s,The @ udel3gyr ORI 59aS
purified by _ :

o _
2e n-CjH, -. @-cu C-Il 10% K-I 2090

10

®

L]

2 n-C.,}{7 C-N 88,1 N-I 205.%

F
4
2g n-Cgty, @'@S‘CN' C-H 82 H-I 143

Example 3 The following difluorinated terphenyls were prepared
15 using the method of example 1 and appropriately fluorinated start-

ing materials;

Y | Table U
Ref R, Structure Lig. Cryst. Transitions (°C)
Y |
32 Gyl -@-@-@—cn C-N 84.5 HK-I 142,2
20 | :
3b n-CjH, MCN  C-N 102 (56) H-I 159
. F '
Ze n-CJy, -@-@@-cn C-N 102 N-I 121,5
. ’ . F
25

note: { ) indicates temperaturé_to which nematic N phase supercocls.



col um chr omat ography on silica gel followed by crystallisation fromethyl -~
acetate. Yield 5.39;51% The properties of Sore conpounds prepared by the
met hwiD 89712621 exanple 1, using an appropriate acyl chI opCrGBSY/Beem (i)
are listed below Table 2 Ref Lig. Crst. s
Transitions [err] [err] WO 89/ 12621 -

PCT/ GB89/ 00647 10 Exanple 2 Other conpounds of forrruLa | were prepareag
using a nethod anal ogous to that of exanple 1, as listed bel ow Table 3 Ref

R Styucture TranS|t|on [err] Exanple
3 The fol I nEFBAFEUIEI Rﬁ?eé°¥é?‘gﬁ%%¥'§§°%ra€a ‘?@‘ﬁir%d t&%%?\g t he met hod
of exanpbepdundndisaipstypt balet:y fluorinatod start- ing materials; Table 4

Ref Structure Lia. Cryst. Transitions (C [err]
25 note: ( ) indicates terrperT%gm'-e- to which nematic N phase super cools. .
WO 89/ 1R621 Ry : Structure ~ Lig. Cryst. Transitions ( °c) .

PCT/55889/ 00647
C-N 182 H-I 275

n-C H7 -
715 n-C.i } '@@"CN - { C-If 130 N-T 239

From this cata it can be seen that the mélting point of the
fluorlnated compounds of the invention: is gubstantlally lower than
10 <those of the unfluorlnate* analogues, with 1ittle change in the breadth
of the nenat1c phase. ' ' o
Example 4 Some-data relating to liquid'crystalline mixtures containing
compounds of the invention i*'pre*enteﬂ in;tablés's and 6 below. These
compositions contain Ptiphenyls and terphenyls of formula V., E7 having
15 the composition:

@@ wee
{O)- | | 2% Wt~
n- C?f{1<-. (O)-(O)-cx 36w

20 _ - ) - -
- e : -C . _ Wi .
n-CgH, ,C @-@ oN | 16 wt: v
@@ @ sw emi
a —
25 _ Irom tables 5 an? 6 it can be seen that the Tluorinate 1 compoundis

of the invention have an 1mproved blrefrlngence and solublllty in liq-
uid erystals containing them relative to their unfluorinated analogues |
and that their incorporation in liquid crysfal ﬁaterials such as E8
can improve the N-I transition temperature and birefringence.

=0 It was found to be dificult to freeze.a 30 wtit solution of ib-in
E7, and this factor allows the N-I and A n of mixtures to be increased.



11 Sone conparative data for unfluorlnated anal ogues of these conpounds is
|i sted*bel ow.: Table 4 Ref - "Tefr] Structure : Li a.
Cryst. Waesitkénns [err] [err] Fromthis data it can be seeBCE‘YGBB‘.Vﬂ%‘W
neltlng poi nt of the fluorinated conpounds of the invention is
sub§tantially |lower than 10 those gf the unfluorinated anal ogues, with
litt change in the breadth of the nematic phase. Exanple 4 Sone- dat a
relating to liquid crystalline mxtures containing conpounds of the
invention is presented in tables 5 and 6 bel ow. These conpositions contain
bi phenyl s and terphenyls of fornula V. .E7 having 15 the conposition: [err]
25 Fromtables 5 and 6 it can be seen that the fluorinate | conpounds
of the invention have an inproved birefringence and solubility inliq uid
crystals containing themrelative to their unfluorinated anal ogues and t hat
their incorporation in liquid crystal materials such as E8 can inprove the
N-1 transition tenperature and birefringence. It was found to be dificult
to freeze a 30 [err] solution of I'b in E7, and this factor allows the [err]
n of mxtures to pe increased. WO 89/ 12621

PCr / GB89/ 00647 @.[err]
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"PCT/GB &9 /0064 5 July 199 13 1.  Fluori natech ?@Bos@@/@@6 )

t erphenyl of general fornula |: [err] wherein eérrT is selected from
al kenyl, [err] and hydrogen, where 1 R is al kyl or perfluoroal ley8 Julv 199
containing up to 12 carbon atons, n-is | or 2, when nis 1 the 4 o¥ -1
fl uorosubstituent being in any one of the 3', 3", 2", 2 or 3 positions égﬁ
en nis 2 the fluorosubstituents being in any of_t_he_(.2__3_)_,._(_3T_3"),""“---‘
(3, 2"), (2, 2), (3, 3), (3 2'), 102, 2'), (2 3.0
(20, 2"), (3, 5), (2, 6), (2, 5, (3, 5) (2 |>2|||| H"l)“ "I m 5),
(2", 6"), (2", 5"), (2, 3), (2", 3':, §2" 3") or
positions on the terphenyl. -2. nyl accordi ng to cllaim1 :
characterised in that [err] - [err] alkyl or alkoxy. 3. Ter phenyl
according fo c racteris Ik I or
3"-fl uoro-2" c;k/'guoglf’%f%ﬁgny?yan s‘?gs"%}‘g%deﬁ%&ﬁ‘e’g ’{;%t&ﬁ’?’ﬁ‘ll? 1: -
characterised by being a 4-al kyl : : mo t er phenyl . 5.
Ter phenyl according to claign_2|_¢h Y\ oY | l«‘(J,\fal kyl orIaI koxy
3' -fluoro-4"-cyano terphenyll to claim2
characterised by betng a 4-al kyl ' 1or.o- 4" - cyano :
51 erIoEelnyl w%reln“ﬁerﬂgmbcff@q&% %Q.kBQyP' al nn@ Rb@ra@ﬁt ﬁidﬁgdnbﬁmeﬂf ng a
al kyl or_ag i.fluoro an n eny oy
accor di ng & &Scﬂ‘ﬁ% Qrclr?&?émr@aﬂwd °B9¥50‘é'8' a-'ﬁfﬁrh?“ ARWSy 13ls N/
5"-di fl uorp-of" 25 ywhen ztarsphemel fl&rosubsmudntrb,eshglimaﬁpamet cﬂrtheogrt,al ni ng
at | east tﬂw Epmﬁp rdf p051t10ns and when n is 2 the fluorosubstltuents being _ \J
in any of the (2, 3"), (3, 3"), (3, 2), (2, 2"), (3, 3'), (3, 2'),
(2, 2'), (2, 3'), (3", 2"), (3", 3"), (2', 2"), (3, 5), (2, 6), (2, 5),
(3', 5'), (2, €'), (2", 5'), (3", 5"), (2", €"), (2", 5"), (2, 3),
(', 3"), (2" 3") or (2', 3") pairs, of p081t10ns on the terphenyl.
2. Tbrphenyl accordlng to claim 1 characterlsed in that Rl 1s--C2 -
09 alkyl or alkoxy.
3. Terphenyl according to claim 2 characterlsed by belng a 4-alky1_
or alkoxy 3"-fluoro-4"-cyano terphenyl. ’
4, Terphenyl according to claim 2 charaéterised by being a 4-alkyl | ,
“or alkoxy 2—fluoro—4"-cyano terphenyl ' _ - o
5. Texrphenyl accordlng to claim 2 characterlsed by belng 2 4-&1ky1
or alkoxy 3'-f1uoro—4"-cyano terphenyl. _ . _ o/

6. Terphenyl accbrdlng to claim 2‘characterised by being a 4-alkyl
or alkoxy 2', 3"~difluoro-4"-cyano terphenyl. _ _

7. Terphenyl according to claim 2 characterised by being a Y-alkyl
or alkoxy 2, 3"-difluoro-4"-cyano terphenyl. :

8.  Terphenyl according to claim 2 characterised by 5eing a 4fa1ky1
or alkoxy 3", 5"-difluoro-4"-cyano terphenyl.

9. Liquid crystal composition containing at least two compounds,

characterised in that at least one is a fluorinated 4"-cyanosubstit-
uted terphenyl of formula I as claimed in any one of claims 1 to 8.



.achéractgfised in that at |east one is a f I uori nat ed 4"-cFFﬂy b ot - e
terphenyl of fornula | as tlatmed in any one of clains 1 gﬂ ngé‘ﬂthg41
89/ 006 47 21 June 1990 14 10. Liquid crystalline cgﬂposﬁunen 19900

according to claim9, charact- erised in that as well as containi ng at
5t one terphenyl of for- nula | the conposition al'so contains at |east

o o Y s oo [N

10. Liquid crystalline composition according to claim 9, charact-

erised in that as well as containing at least one terphenyl of for-
mula I the composition also contains at least one compound of form-

B Rb@)k@,lm@)-w

wherein Rb is C1 - 68 alkyl or alkoxy and m is O or 1.




