CRYSTAL ESTERS The present invention relates to substit phenol s *

and their use in the preparation of liquid crystal esters. » The use ’
of liquid crystal materials to exhibit electro-optic effects in display

devi ces such as digital calculators or watches is now well-known. One of -
the paraneters of a liquid crystal material which is inportant in relation‘(‘
to electro-optical opera- tion ig the dielectric anisotropy ([err] ) of the-
material. This is 10 the difference, for a given frequency and "

t ésgerat ure, between the average dielectric constant neasured parall el
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([err] ) to the | axis of the nolecules of the material, eg when aligned .
together, | ess thebtaverage dielectric constant neasured perpendi cul ar
([err]) to the long axis of the nolecules. 15 The sign and magni t ude

of the dielectric anisotropy of a given liquid crystal material is one of =
the maj or paraneters which determ ne the kinds of electro-optic devices in
which that material may be used. For exanple, materials having a | arge
positive dielectric 20 ani sotropy, herein referred to as '"strongly

positive' materials may be used in known tw sted nematic effect devices.

For exanple m xtures of 4-al kyl -or-al koxy-4'-cyanobi phenyls and a

4" - al kyl - or - al koxy- cyano- p-terphenyl have achi eved consi derabl e comer ci al

success Lcatl rials _havi rge negative
di el ect E%ﬁg@%ﬁ &fﬁ Aéia?ﬁﬁlg Eﬁﬁﬁn@néﬁgﬁw&ﬂg& c%f?opert I es such
as resi [ u 'n known dynam c scattering effect and chol esteric
menmoty ef f e@hedpndsers . invention relates to substituted fluorophenols

and their use in the preparation of 1iquid crystal esters.

5 The use of liguid crystal materials to exhibit electro-optic
effects in display devices such as digital calculators or watches
is now well-known. One of the parameters of a liquid crystal
material which is important in relation to electro-optical opera—
tion is the dielectric anisotropy (Ae ) of the material. This is

10 .the difference; for a given frequency and temperature, between the
average dielectric constant measured parallel (e" } to the long
axis of the molecules of the material, eg when aligned together,
less the average dielectric constant measured perpendicular (e .L)
to the long axis of the molecules.

15 The sign and magnitude of the dielectric anisotropy of a
given ligquid crystal material is one of the major parameters. which
determine the kinds of electro-optic devices in which that
material may be used.

For example, materials having a large positive dielec;bric

20 anisotropy, herein referred to as 'strongiy positive' materials
may be used in known twisted nematic effect devices. For example
mixtures of 4-alkyl-or-alkoxy-4'-cyancbiphenyls and a-
4"-alkyl-or-alkoxy~-cyano~p~terphenyl have achieved considerable
commercial success in such a.pplica.tidns.

25 Materials having a large negative dielectric anisotropy may -
for example (depending on other properties such as resistivity) be
used in known dynamic scattering effect and cholesteric memory

effect devices.



73 Materials having a snall positive or negative dielectric anisotropy,
herein referred to as "weakly' ‘positive or negativg materials as
@ppropr|ate ‘may be mixed with either strongly posi g ve materials or
strohgly negative materials to nodify 5 the dielectric anisotropy. For
exanpl e weakly positive or negative materials are useful for bl%ending mnth
stLSthy positive materials for -multi- plexed twi sted nematic effect
devices. Furthernore, they may al so be bRended with strongly negative

~matepials to form gibalhe Addi E‘iﬁxé Wnesl fREiPRE b UREPNALY asd18yesd - host
devices. It is the purpose of t

sent i L n. one_aspect
dacilitate t hea§§r?ﬂtﬁ'883fs hsFein d'ﬁf?fg"cgyg‘i af (F:]cfn'ggé é’gm‘ h°’érn§g%1"t')ﬁe
weakly positi veaeérmakésyapmmm rrm;erueahsxe(dpweﬂeeaﬂlqr germiziye). 15
sfThe sign and dlel rony.of, a li crystal-
material is: detpg 1:lr‘{gd erf‘gles aria B§ r%glul '?&efgﬁlsg en%r%%%nt of the
mol ecul es of5t ke rrhteé¢¢'m10v#mcﬁqtr¢pyt-ur n i s determ ned by. the various
substituents within the nolecule, Positive materials have a resultant
di pol e noment al ondorhexamphe wegkly posivive: pp nesrtivg mategRprl $2rRegat i ve
materi al s possegsma E‘Sﬁlﬂlteﬁ@inzdt ped @tmgaptpﬁnwa%tmesmomﬁi\m ong
aX|s of the nol cuI tals baﬁﬁg on the ester

g
*struc- ture (IP eol’éedgl egeﬁ)ﬁtf"% ?ﬁ%?‘&% dteﬁéc 8?‘%"6‘%” YAy 25 be
garomatic or sabklsattedbberdled nwithi stroagl negagsrecmte)uammpmm 8uitable

10 mixtures for pOsitivé contrast guest-host devices.

It is the purpose of the present invention (in one aspect)
to facilitate the synthesis of liquid crystal compounds which
are either ﬁeakly.positive or weakly negative materials
(preferably negative).

15. The sign and magnitﬁde of the dielectric énisotropy of a
liquid crystal material is determined (inter alia) by the
resultahm dipole moment of the molecules of the matierial whidh in
turn is determined 5y-the various substituents within the molecule.
Positive materials have 2 resul*ant dipole moment along the long

20 axis of the molecule, whilst negative mateiials possess é
resultant dipole moment at right angles to the long. axis of the
molecule. | '

The known group of 11~u1d crystals based on the ester struc-
ture (I) as given below in which the six membered ring A may
25 .be aromatic or saturated and in which both rings carry appropriate
substituents in the 4 and 4% positions,

(1)

- may show positive or negative dielectric anisotropy according to
the degree of interactions of the 4 and 4! substi{uents with the
dipole produced by the central carbonyl grouping; Incorporation




substituents in the 4 and 4' positions, [err] [err] may
show positive or negative dielectric anisotropy according to the dedree “of
interactions of the 4 and 4' substituents with the dipole produced by the

central carbonyl grouping. Incorporation 3 of a powerfully '

el ectronegatfj#® grouping in the 4' position, such as a cyano-grouping, fo__r;,,

exanpl ess i nduces a resultant dipole along the axis of the nolecule and

hence torifers positive dielec-- tric anisot rg&%/#d On .tthe ot helr1 hand, if the |
onPARMFEALL iSRG or rel easi NOwny/

4 and oF aspyEeTTRblghedestronggitiyg SXQVRKTE 18|
 the dig£et bphotkrduiing f Rolrt ektimplle pAnGussantedii tdet igbled by the carbonyl

, d t.h nt of i di pol t right angl. the |lo ' fo-
Che. mAERE) L5, a5E R B1e ABMRTTPoSrt BRBE oBF e BOTTLS SHPHT oo ruciures

may . betriighstiisotireny.i nOms thhle etheeryhadigt 14 Gthaddli dndod bl subspitvwestar e i nt roduced

| nko e gl qRuksy bR Bt GRIG COTPANERLLET thEGusabbbedi POl € al
ri ght %%g es%téo e_e ﬁ%ﬁacu?aﬁgx%g, W t%rét ﬁ%n%bjtggt 10?5at east slightly
enhanctihegresid taat alipote dlomprt tisi determivad dpythe carhanylsewavgst he positive
di el ecddal ¢n@oRBbARRY 0P fitsh@igmbesd I8 ghil Rngles to! thd 1oAPRAHEENT
superfici gl l“i/ that such an OP{{;C%J ve ma}?/ be achi eved by introducing pol ar
gr oupCEi fibe Hojgcule may copfern feagtive, dieteptzio @uipakroBY However, it is
wel | - known_t hat the_ intro-_duction .qf Qupings_in thesg positions nay,
because of E¥1R&] P'Elé"tc_"étﬁ%s PRY | Rfe FREStY i"‘?‘r?%ilghs‘f‘%b?‘l 'ﬁ%&gfgat tractions between
t ha02(adddteenslledindiies hayer dutrslukced)iindo cthesal equl e piay tredsfor8ach '

the component of the carbonyl dipole at right angles to the

molecular axis, with the object of at least slightly enhancing

the negative dielectric anisotropy or diminishing the positive

dielectric anisotropy of the molecule. o '

15 -~ It is apparent superficially that such an objective may be

achieved by introducing polar groups into the 21, 3', 5 and 6

positions of ring_B. However; it is well-known that the intro-

duction of groupings in these positions may, because of their

steric influence, diminish the lateral attractions between the

20 molecules which produce liquid drysta;'properties. Such
substituted molecules may not show liquid crystal properties at
all, or may show only monotropic phases. '

The discovery has now been made, which is further described
in co-pending UK Patent Application No GB 20632504, that in general
25 terms the substitution of fluorine atoms in the 2! or 3' positions
of ester structure (I) slightly enhaﬁces the negative dielectric
anisoftropy or diminishes the pcéifive dielectric anisotropy of
the molecule by the mechanism described above, but, more
. importantly,. still retains ligquid crystal properties in the
30 molecules. The present invention provides the intermediate
| phenols and methods of'manufacturing theim which enable such
fluoro-substituted esters to be préepared. ‘

N

According fo the present invention in a first aspect, an

intermediate useful in the production of liquid'crystal esters | . -

35 has a formula:



substituted nol ecul es may not show liquid crystal properties at all, or may
show only ‘nonotropi ¢ phases. The di scovery has now been made, which is
turther described in.co-pending-UK Patent Application No GB 2063250A, that
in gengial 25 terms the substitution of fluorine atons in the 2 or 3'

posi tions of ester structure (1) slightly enhances the negative dielectric
anisotropy or dimnishes the positive diel ectric anisotropy»of the nolecule
by The nechani sm descri bed above, but, flrore i nportantly, %’50 retains

|l \qui,d crystal properties in the-30 bl ec yes. The present invention

provi des the internedi ate phenols and ds of ‘manufacturing them which
£nabl e such fluoro-substituted est repared. According to the
present invention in a first aspect, ternedi ate useful in te)
oroduction of liquid crystal esters 35 has a formul a: 4

75in which R :rzephsaemt'Sr@rbydmgerhm&ogémetiﬂawaiﬁnatah RBpresents
fl uori ne when

H F nd R.re en a | kyl
grouping with rﬁeipé'eﬁéﬁ gﬁf?gr%%r?hg?e#l Whl il h'gfmlgfﬁeﬁheg gfra# ﬁtnac ain
al kyl groupi ng, representepen @dkyl growping #ith mamwhagrbwprbomcemldiwhgch o the

resent inventi 6594 I VI
Pnt er nedi at e ofﬁpo?ﬂlﬁq‘aé(l I )gf Eéi%tragg} ﬁ &Hel qu&% crygoaf est er

*havi ng a f & nulakyl f19»Pwhi ch net hod i nvol ves an esterification of a phenol'
,Oof fornmula

According to the present invention in a second aspect there
is provided the use of an intermediate of formula (II) in the .
production of a liquid crystal ester havxng a formulas

x@w@&a .

- which method involves an esterification of a phenol of formula
10 (II) above together with a carboxylic acid of formulas

.X—Q}-c ooH

or a functional derivative thereof, where A is a cyclohexane

ring and X is an alkyl group or where A 1is a benzene ring and -

X 1is an alkyl,balkoxy, alkanoyloxy or alkoxy carbonyloxy group, R,

R' and R" ‘beiny as defined above.(When A is a cyclohexane ring

the stereochemistry is such that the 1,4 substitutents are trans.)
15 : :

The esters of formula (III) are further described in
copending UK Patent Application No 7934127 (Serial No 20632504),
although examples of the use accordlng to the second aspect
are given below.




10 '(II) above together with ascarboxylic acid of fornula: [err] or a
functional derivative thereof, where Ais a cyclohexane ring and X is aﬁ
al kyl gr omgutss WheiE 2has Todlbes aeaciHlustrakige of sherraitry whickoxy, .

al kanoy! 0Xiy Ke Be52% SALRLIVLPKofi Mol Ror Fomifid (Dl Ng as def i ned

above. (W § $5§ cyctohlrexane ring e stereochem stry is such that the _ .

1,4 substitutents are trans.) 15 The esters.of formula (I111) are further o
~descri bed@ n copendi ng UK PatenDRppI ication No 7934127 (Serial No -

2063250A)% al t hough exanples o :: e pise according to the second aspect ar\e....a

given bel ow. 5 Routes 1 anf 5 follows are illustrative of the routes
whi ch may be used to prepare X pr ophenol s of Forrmula (I1). [err] [err]

[err] [err] [err] [err] [err] WhefTe Ris as defined above and R'' is a
protective al kyl group sucn as nethyl. - \ . |
| / . )
oem | '),
.
ibe? l
WS
) ?em
,F
*' .
C.H;_—‘CH-CH;;
.l C-HZ’C'“'S
CH
o ) e
Q | _ ' cnz—‘CH—c\-t—s
| CH-CHA

+nerec R is as defined above and R''' is a protective -

alkyl group such as methyl.

Ny



77 Typical ly, but not restrictively, 3-fluoro-4-substituted- phenols
embodyi ng* fornula (11) above may be synthesised by Route 3 as follows:
{err] OR [err] iihere Ris as defined above. R'' is a protective alKkyl
groupi ng such as methyl. Exanples of the preparation and gr?)pe'rti es of
phenols having formula (11) as defined above will now be given.. 7
Exanple 1 A 3-necked flask was fitted with stirrer, thernoneter, dropping
fumfel and cal ci um chlori de drying tube, gnd imersed in an ice-salt bath.
Wr ous alum niumchloridé (106g) and 5 dichl oronethane (250 m') were
plfaced in the flask angsserllrgedsvi got awsky:amivelt, 3-Siolowb+rudis Makesy |
«.chloride (95.5g) 2-flugroanisole (100 i n.-diychl Qr onet hane, (220, .n1.) was
“added at a rate sufffcién T%f%gf“gw %8r'§%}saur “t)hé'%c'jteh‘g“"t é’%p%’rnatﬁg?‘e“eé‘f the -
Jeaction did not rpzekaiiove as5Feidops{ approx 1 hour). Wien the 10 addition
was conplete, the reaction was stirred é\/er ni ght, the tenperature being
allowed to rise to roomtenperature. A& reaction was poured onto ice
(1.5kg) with vigorous stirring, and stiyred for 30 m nutes. The organic
l.ayer was ' : _

?e'_" |

Q.
- e

CORrR

=

Route 3

!

~0 < »

=~
. R
where R is as defined above., fR''' is a protective
alkyl grouping such as metnyl.
- : Examples of the preparation and properties of pheﬁols
“having formula (II) as defined above will now be given.



separated off, and the aqueous |ayer extracted with dichloro- 15 nethane
(150m ).  The conbined organic layers were washed with water (150m ) dri‘ed
(Na2SO4), filtered and ‘the solvent renpved by distill ation, finaktl y under
sl i ght vacuuq]’i,The crude 4-val eryl -2-fluoroanisole a sli ght ly yell ow

¥

| ow-mel ting solid, was used directly w thout further purification. 20

A smal-l- quantity was distilled, b.py. 100-102[err]C at 0.15 mm MVR[err] u

9.0 (MCH3 - CH2 85(mCHZ-CHZ) 7.2 (t,CH2- CO, 6.1 (s, OCHI),
2,2-3,3 tic H). tlclspot (CH2A 2) glc 99.7% pure 25

4-Val eryl - 2-f1 uor oanj sgl e ro 0Qg 2-fl uoroani gol.e hydrazi ne hydrate
(102m ), pot és%'rr}ﬁﬂ‘ﬁ‘}oﬁl&ﬁlf s(glzt%g)wé%s ioretr h FE}%&fé‘F%ane (1. 0131 wer e
pl aced i &@pp&hg%uﬁqvldiﬂechwmh cﬂﬂioridasr drgingbkebsuahd ciamensaiedaer and .
t her rmrret er 4 ﬁaléed kl gfl Qm&[leo % Fﬁ%éb%wmerr]c The

_ apparatu alon was distilled untit
- the t(ﬁTpéxmlarenehhamd%D wmlpédcha@pe’fhe] ﬂa%en@hs#u-rr@hte was

retai ned was conti nued f or
12 hours! %?%%“?Eﬁ%e:‘f%;?ﬁ Aosaa, ‘519&‘;92;?% B o The |

di still aeeﬂmsowpb%t(éao tin fiahlorengihaps (@ )pwam added 2txa150 ni). The

cool efl Eg@fé 'sﬁﬂfi@%n‘%uh%g% i+t @néiﬁ-ledtmt €he (tmpérdtase cinenextracted with
petro

m fi ve tr wer e conbi ned,
washed mf???‘\?oﬁ?eﬂdv( B TS 55193 g gﬂ‘?ﬂﬁiﬁ @@ Z‘ﬁ |lation. The
i ghtjdLOa.&daltlz.aw waisl yommtduahéth;)ctmm wdssst_lblre@i mdntghhl,gthe/acuum t hr ough

temperature being allowed to rise to room temperature.

 The reaction was poured onto ice (1 .51cg)_with vigorous

sfirring, and stirred for 30 mimutes. The organic layer was
separated off, and the aqueous layer extracted with dichloro-

15 methane (150ml). The combined organic layers were washed with
water (150ml) dried (Na250 4), filtered and the solvent removed
by distillation, f:.nally under sl:.ght vacuum. The crude
4-valeryl-2-fluoroanisole a sllghtly yellow low-melting solid,
was used directly without further purification.

20 A small quantity was distilled, b.pt. 100-102°C at 0.15 mm.
" MMR Tt 9.0 (m,CH, ~ CH o)s 8.5 (m,CH, - CH,), 7.2 (t,CH, ~ C0),
6.1 (s, OCH3), 2 2—3,3 (m, aromatic H).

tle 1 spot (CH2

gle 99.T7% pure

2)

25 4-Valeryl-2-fluoroanisole (from 100g 2-fluorcanisole),
hydrazine hydrate (102m1), potassium hydroxide (52.5g) and
1:2-dihydroxyethane (1.01) were placed in a flask equipped with
stirrer, -double surface condenser and thermometer, and boiled

under reflux for 1% hours at. 150°G. The ap_pa.ra:tus was arranged : : «



a small Vi greux colum (6", B24), and a sndll fore_ruh was di scarded.
4-P€ﬁy| -2-fluoroanisole, a colourless oil, had b.pt 72-75[err]C at 0.2 mm

Yield 499 - (31%theory) 15 - tlc 1 spot (1:1
di cht'or onet hane: petrol) 4-Pentyl-2-fluoroanisole (49g),. 47% #yglr obroni o
acid (196 m) and 45% hydrogen brom de in acetic acid (294 m )y “were boil ed

toget her under reflux for 18 hours. The hydarogen bromi de that was evol ved
was” absorbed in water with a scrubber. 20 -The ‘reaction was cooled to

STE ekl S syt i
(Na2s04, 30 min),i% the gk &‘ﬁa"‘?‘?ﬁ’quﬁe n'ﬁ‘er &m@@aﬁej Wéﬁs’t‘ﬁtﬂﬁ? *on2°rhe
dark oily resi ducappdfefus\ass dirsdngel efbrunefiux? Swhichhwam contintbd cegh12 6"
19 oL SRS Mo B By ALHELRRR 0o < o
(Lgdleorn) Ly upRiaspens s expuond fop pliTgReit: L o
in a sinilar mand@PARRE ¢ feXafi% Bbii affRe £OPLeE APBF1igs was PARPYY £810 st age
of the synthesis.colabkated (2 4itre)kyhd 2xttdtreapinnopsiro] ef 1 k 500 mi,
. 2 x 150 ml). The five petrol extracts were combined, washed with
water (250 m]_.) and the petrol removed by distillation. The light
10 yellow oily residue (60g) was distilled under high vacuum through
a small Vigreux colum (6", B24), and a small forerun was '
discarded. 4—Peﬁty1-—2—-ﬂuoroa.n_isole, a colourless o:"v.l, had
bapt 72-75°C at 0.2 mm. : | |
Yield 49g (31% theory)
15 tle 1 spot (1:1 dichloromethane: petrol)

4~Pentyl-2-fluorcanisole (49g), 4:7% hydrobromic acid (196 ml)
and 45% hydrogen btromide in acetic acid (294 ml) were boiled
together under reflux for 18 hours. The hydrogen bromide that
was evolved was absorbed in water with a scrubber.

- 20 fMe reaction was cooled o 15°C, poured into water (1.01) o
and extracted with dichloromethane (3 x 250 ml). The combined
extracts were washed with water (2 x 500 ml), dried |
(¥a,S0 4 30 min), f’ii‘l;ered. and the solvent removed by
distillation. The dark oily residue (46g) was distilled under

25 high vacuum through a 6" Vigreux column. 4~Pentyl—-2~fluorophenol ,
" a colourless oil, was collected at b.pt 101-103°C at 0.65 mm,
after discarding a small forerun. _ |
Yield 33.2¢ (73% theory)
- Analysis: - |
30 gle  98.5% pure
tle 1 spot (CHoCl,)



Boi | i ng Poi nt

Empirical

Anal ysi s found Anal ysi s required fornmula [err]

-

@

[err] Jerr] [err] [err] [err] CHg - 66-67[err]C at 0.4nh
Cl10H130F 71.3% 8.5% 71.4% 7.8% C5H11 - 68-69[err].C at 0:3mm,
C11H150F .72. 5(?% 8.7% 72.5% 8. 3% C6H13 80-82[err]C at 0.2mm
Cl2H170F ~73. 49 9.5% 73.4% 8. 7% 101-103[err] C at 0. 65mm C13H190F
74.4% 975% % 74. 3% 9. 1% C8H17 9125 128[err] C at 0.9mm Cl14H210F
75-4% 10.2% 75.0% 9.4% CYH19 ~ 124 err% - at 0. 6nm C15H230F .
75..4%- 10. 3%he 481854-2-fDuoruplewlsohisted WpFpkle |ICwere PREPEFSAnm Cl6H250

76.0% 19.3%mi

[err

165 Manerlszﬂxé)

] Anal’‘ogous conpounds 1 n-

ﬁxe ﬁprép%éaw Glee

, n-C8H17,

n- ClOH2£1r$#a)$taasestb‘@%ﬁH’éﬂieﬁ1§° simlar way

- brom ne (48g9)
vel | - st ipgprd 150l U-hnoikgl - 2-fubpspheabso| e T

The mxt‘U‘F_b‘ecame war m and .10 hydrogen brom de furres were evol ved.
sol u L 3y sttt tie—cotourjof the
bronj ne faded (appr OX|__rrateI Mempl Sidall| Heedvs)s fomﬁélh.ﬂ-mlcﬁf BPERES [recove
by dj st Rl | ati Beilime PdHat| i ghteoygllla O O Ty T eSO Was O SLT T T edjunder
vacupm t hrough a smal | Vi-greux colu 6 i|n, EB24) . E L _
4- Br prro=2=11T 00T (01T 506, & COlLOUT] €65, QL . i .p0-pIC. AL 0]5 nmm
Vi o [P 25 b 0 ety Gy (O R | 96 | 108 [P B° rok

C 4By 66-67°C at O.4um |C,.H,,OF T1.3% 85% T1e4% | 7.8%

CcH, | 68-69°C at 0.3mm ¢ H,50F T2.5% |8.Th |[12.5% | 8.3%

cg,y | 80-82% at 0.2m |C Oyl OF | T3eth | 9.5% |13.4% | 8.7

c.'7315. 1101-103°C at 0.65mn 013}11903' T4e4% | 9.5% |T4.3% | 9.1%

csi{ﬂ 125-128°C at 0.9m |, B, OF | T5.4% [10.2% [15.0% | 9.4%

CH,g 124°G at 0.6mm |G, H, 0F 15.4% 110.3% |75.6%6 | 9.7%

Cooipq [106°C &t 0.5mm (G, o, OF | 76.0% [10.3% 16.2% | 10.0%

¢11H?3 135-136°C at 0.7m |C, H,.OF | - - - -

Analogous compounds in which R = O,y n-CgH 7y n=Cgfl g

5 and n--(}"loH21 may also be made in a similar way.

Example 2

A solution of bromine (48g) in“chloroform (100 ml) was added

during 10 minutes to a well-stirred solu'h:.on of 2—-f1uoroa.m.sole
(37.8g) in chloroform (100 ml). '

10

hydrogen 'brom:.d.e fumes were evolved.

'Ehe mxture became warm and

The solutlon was 'bo:.led.

under reflux w:rl:h s*b:.rrmg un'l:::.l the colour of the 'brom:.ne faded

(approximately 2% hours).

The chloroform wa.s recovered. by

d.15'l;111at10n and the llght yellow oily res:.d.ue was d.:.st:.lled. under
high vacuum through a small Vigreux colu.mn (6 in, B24).

15

: 005 e

4-Bromo—2—ﬂuoroamsole, a colourless o:.l had b.pt 60-61 C at
Yield 45.2¢g (82% theory) '

ardioaiad aTmme Cl. H270? 11 23
n- COH19 -5 and

Exanpl e 2 A sol ution of

in chloroform (100 mM) was aogded during 10 mnutes to a
R in chloroform (100 m)..

The

red
hi gh



,’\

10 A 500m flask was equi pped with stirrer, dropping funnel and doubl e
surface céndenser with cal cium chl ori de guard tubes to mai ntain anhydrous
condltlons The flask was placed in an enpty water bath and charged with
_magn’e3| um t ur ni ngs (3.9g) and sodium 5 dried ether (45 ml). A.snall volume
of, a solution of 4-brono- 2-fluoroanisole (31.2g9) in sodiumdrie g ~ether (60
m') was added to the magnesium and a singke crystal of iodine, ¥4Il owed by
a Wdrops of 1, 2-di bronoet hane, was added to initiate the reaction. Once
the peaction had beéuﬁoomlhﬁlammmglmdumﬁh sbiroeriprdrepring funnel and

2-TTuor oani sol eq Q%QrMﬁ&ME& %Eiéidxd’ghfdh&ée%@r&raﬂdﬁké'% the

Jeaction at a steady rate. Wien the addition was conpl refl ux. was

mai nt ai ned for %@atlﬁeﬁ’nhﬁfﬁﬂ?us\/\ﬁ?#@ﬂ??% ngee Thaskavrghaged gituer AFPREs t hen
<ooled in an i coaba haﬂ{l&nawuaegsaahmrmiﬁeéwgarﬁngss(gdggmaaal ggiigkber

(55 ety bk SFbish 330 Z&?ﬁﬂna@ <ot Foluml off £ RokbtSR 8 debromy ) a

such a rate thal-fhwreaeisoler(3tata) annmﬂlgwﬁledreﬁﬂenx(& Whkwatheldaddi t i on

was conplete theg, rﬁc#@f g_%l%ra[ %.dmés? 5 a&eggggaﬂg efﬁﬂro C}{}ogrs and

t hen boil ed under ref rther e rea
_mxture was coofeW dramg Q%é#'ﬂéh?%et%ilﬂ% adoeb e Hidiatn the| Reagtions 225

“m) at O[err]C oasdl t8bi FdaR¥idrOhatl BeRih, t’n'beraiahﬁiné %Hﬁitl‘dﬁsof goRdoed, and

. the aqueous | Wwas ex.tr cte The t her, Ia er
" and extracts ﬁ%%'ﬂd’c?ﬁﬁ?ﬁf& f"falst%\é'dt@g &Fﬂp&'ﬂlﬁ% Wé‘tgrﬁ‘llrr g with,
water 25 (3 x 1®Ee rﬂepctﬂm etl o NaeL ratd.i IMEthhamd.dﬁ.tEnswé.s/@nmplﬁrmved by

distillation. %g%r g\@sfogl Wﬁ% gguﬁ vﬁtbﬁaégi%}ﬂémdﬁ{e hi gh

vacuum (0 1 mw) |n 0 ap coole i Ce,
Gr:.gnard. solu‘h:.on was then cooled in a.n ice~bath and cuprous

chloride (0.9g) and sodium-dried ether (25 ml) were added,
15 followed immediately by a solution of (+)-2-methylbutylbenzene
~ sulphonate (72g) in sodium-dried ether (60 ml) at such a rate that
the reaction maintained gentle reflux. Whelfx the a.d.dition was
complete the reaction was stirred at 'room temperature for 24' hours,
and then boiled under reflux for a further 16 hours.

20 - The reaction. mixture was cooled, and then poured into 10%
aqueous hydrochloric acid (225 ml) at 0°C, and stirred for 1 hour.
The ether layer was recovered, and the aqueous layer was extracted
with ether (3 x 100 ml). The ether layer and extracts were
combined, filtered througﬁ a small Hyflo pad, washed with water

25 (3 x 100 ml), dried (Na.2 4), filtered and the solvent removed by
distillation. :

The oily residue was distilled on a steambath under high
vacuum (0.1 mm) into a cold trap cooled with dry ice, and
d:l.st:l.lla.t:.on was contimied unt:.l condensation of the colourless

30 product ceased, The major pa.rt of the prod.uct distilled at
60+80°C at 0.1 mm. The distillate was redistilled under high -
vacuum through a small Vigreux column (6 in, B24) and '
. 4~(2-methylbutyl }-2-fluorcanisole was collected at 66-67C at
. 0415 mm, after discarding a small forerun. TYield 13.4g )
35 (45% theory), tlc 1 spot (GH2C12). '



distillation was continued until condensation of the colourless 30 product
ceased. The major part of the product distilled at. 6Q-80[err]C at 0.1 rm
The distillate was redi s‘ti |  ed under high vacuum through a small *Vi gr.eux %
colum (6 in, B24) and®0s4-(2-netbyl butyl)-2-fluoroani sole was collected at .
66-67 C at 0.15 nmm after discarding a small forerun. Yield 13.4g 35 (45% .

theory), tlc 1 spot (CH2O 2). 11 4-(2-Methyl butyl )-2-fluoroanisole "
(12.49), 47% hydrobrom c acid (49.611 ) and 45% hydrogen bromi de in acetit
acid .(74.4 m) were boiled together under reflux for 18 hours. The N’

hydrogen br ofw\(@eMethgll beidl)es-fAhsrsdntdolean (Wat4y) , Wi 9 hgdesakiroglber . 0 5 L
. The reacti.on; ole 15 C red. i nto ter (250 1) and extracted .
with di GE B eaﬁg'@ﬁ%ﬁfﬁ?gﬂﬁ%‘%ﬁ%ﬁﬁ@ 1%>&°§‘§c{1§4'&e‘?]@ washed with

wat er ( dexe %(1ad )togdtheaad upder2 884130 font Mg, héutsberBe bydroghe sol vent renoved -
by di st 'ﬂrbﬂaeoevolvmewé*@ralss&qen {@%«%@iaﬁ w8 ls3bhbdegd under high vacuum -

t hrough a smal'l Vigreux 10 col um ( _ )
(+) - 4-% 2- metingl bedcttibn Aefsl BE61RRNENA5C A Joubed Qutd amsePi (250Was) col | ected at

‘ : ; : ; c
10 8 et 4 A 8 ol £ e
= 4. 85 iextrdrter 96w mhsheSwith watey) «(2- £ 2150erh),l Anted Xuaz-su4um apthgnol may be
made N Q3htepred and the solvent removed by distillation. The dark oily
residue was distilled under high vacuum through a small Vigreux
10 colum (6 in, B24). (+)-4~(2~-methylbutyl }-2-fluorophenocl, a
colourless .oil, was collected at 'b.p‘b 69-"{O°C at 0.7 mm, 'a.i_‘te'r
discarding a small forerun. Yield 7.0g (61% theory), gle 98.8%
pure, tlc 1 spot (CH,CL,), [a] 20°/D + 8.0° (¢ = 4.85 in
chloroform). - - '
15 (+)-4~(2-methylbutyl)-3~fluorophenol may be made in an
analogous waye | - R

Example 3 _ _
3~-Fluoroanisole (20g), valeryl chloride (19.1g) and
aluminium chloride (21.3g) were reacted together in dichloromethane
20 (100 ml) as described in Example 1. The product, a yellow oil, was
distilled under high vacuum through a small Vigreux column

(6 in, B24) and four fractions were taken: ' -
Fraction 1 = bept 80-90°C  at  0.25 mm
Fraction 2 - b.pt  90-100°C at 0.2 mm

25 Praction 3 - b.pt  100-123°C  at’ 0.1 mm
‘Fraction 4 -~ bept  123°C rising at 0.1 mm

Fractions 2 and 3, analysed by glc, consisted 'mainly of the
required isomer, whilst fra.étion'1 contained a high pi‘opdr:tibn of
6~valeryl-3-fluoroanisole, Fractions 1 and 4 were combined and
' 30 chromatographed on a column of silica gel (70g). Fractions
containing pure 4-valeryl-3-fluoroanisole, eluted with 2:1
" petroleum spirit-dichloromethane, were combined. Fractions 2 and . .
3 were combined and treated similarly (silica gel, 80g). The



anal _ogous way: Exanple 3 3-Fl uoroanisole (20g), valeryl chloride (19.19)
and al unimi um chl ori de (21 3g) were reacted together in dichloronethane 20
(100_m) as described ih Exanpl.e 1. The product, a yellow oil, was

*di stilled under hi gh vacuum't hrough a sndl |- Vigreux ¢ofum (6 - B24) and
four fractions were taken: Fraction 1 b. pt 80-90[ err] at
0‘?;25 mm Fraction 2 b. pt . 90-100[err]C at 0.2 mm 25
Frettion 3 b. pt 100-123[err]C ‘0.1 nmm Fraction 4

b. pt, 123 Crising at 0.1 nmFractTons 2 and 3, analysed by gigc, -
C\Oﬂ'S/I st ed mai nl fradtiche croaqallmae 4-smﬂteryl-\3hﬂ®r°$ma#91e overé gabinedhedda hi gh

_proportion of 6 EH@]{ a 1 and 4 were conbined
“and 30 chronmat og?ap%aéh aco o rlé%gim | ca ge 70g). Fractions
.containing pure 4- V%@H}Qo‘dﬁcf' H.Oé&%%ﬁé’ésemf' 4 8 ChhoA Eﬂys%ailﬂé’et bRl eum
spl rit-di chl oronet hane,” were_ conb ction wer e conbi ned and

treated simlar Isfla’f"anSrcéﬁﬁ%‘P‘ 1480 %d%ry » f3C¢ f%ﬁzﬁ-gﬂs‘ EBNtaBHF 7] -
4-val eryl - 3- f Isupape THR| € 8696(1:90(([-(3 Eg),asdsc(nﬁtclféo-eﬂ%),o'ldny(hﬁssa-cbl)pal ly

under vacuum T oi L rystallise®on
standi ng. Yiel ?%4{‘? g&)’t g‘é&cﬁy? G| ?SIC(WCH Y 1 spot, glc 97.7%5 pure,

'NVR [err] 8.9 (t, CH3-CH2), 8-5 (m CHz2-CH2), '7-1(mCI-|2-CO) 62(SCHSO)

®2.0-3.6 (m aromatic H). 4-Valeryl-3-fluoroanisole (14.1g), hydra2| ne

.hydrate(8.6 m ) _

' 4-Valeryl-3-fluorocanisole (14.1g), hydrazine hydrate (8.6 ml)
potassium hydroxide (4.4g) and 1:2 dihydroxyethane (84 ml) were
reacted together as described in'Exa.mple 1'. 4-Pentyl-3-

10 fluorcanisdle was isolated as a colourless oil b.pt 77°C at 0«1 mm.
The product showed 1 spot only on tlc wusing dichloromethane-
petrol (1:1) as solvent.

4—Pentyl—3—ﬂﬁo_roa.nisole (2.2g), 47% hydrobromic acid (9,0 ml)
and 45% hydrogen bromide in acetic acid (13.25 ml) were reacted
15 together as described in Exé.mple 1« The crude product was
chz;omatogra,phed on a colum of silica gél (50g) and fractions
containing pure 4-pentyl-3-fluorophenol, eluted with 121 .
dichloromethane : petrol were combined and distilled to dryness to
leave a light yellow oil. Yield 1.4g (69% theory), glc 96.6% pure,

20 tlc 1 spot (cnzc12).
&

The 4-alkylphenols described in Table 2 were prepa.red by the
method above uging the a,pprOpr:.a.te a.c:.d. chloride. .



“pot assi um hydroxi de (4.4g) and 1:2 dihydroxyethane (84 mM) were reacted

together as described in Exanple 1. 4-Pentyl-
i sol ated as a col ourl ess oi

/spot on
4- Pent yl

' q% ica-gel (50g) and fractions contalnlnggP
;geILn wilehld :21 di chinet By heflaoroghencbs wer BNC

fo leave a light yellowoil. Yield 1.4969% theory), glc 96.6%

vﬁryness

y.on tic-using dichloromethane- petrol (1:1) as sol vent.

3- 10 flyoroanisole was"
b.pt 77[err]C at 0.1 nm ‘The. product shqwed 1

-3-fluoroani sole (2.2g9), 47% hydrobromic acid (9.0 nl) and 45%
hydr ogen brom de in acetic acid (13.25 nl) were reacted 15 together as
described in Exanple 1. The crude pridduct was chronatographed on.a colum--

-

)
Nk

Sy | - 3- quorophenoI\_;;
ned and distilled to

pure, 20 tlc 1 spot (CH2012) The LaJ_kgLI_p.h.e.mLs_d.es.c.r.l_he.d_L.n_Tabl e 2 were

prepared by the method above URhRfydiReraRRr OPr aabByAGl fegik-ed i de. 13
Table 2 4-mgAl kyl %‘W?{ﬁilophemwagm-;%
~Anal ysi s required f&PREHE C cH . ®H C ¢ Halerr]

[err] _ - _ which R =
n , N-C7THLS, ~h- C8HL17 ,Nn:f9H and - H21 al so be nade

NS S S 6ol OHLP. 200 oD s, e
- 4 g - 01031305- T70.9%  8.5% T1.4% 78%
n-Cofyy C11H150F T1.7% 8.7% - T2.5% - 8.3%

Analogous compounds in which R = 02H5, n—C6H13, n_c7H15'
n-CBHﬂ, 1r1-C9H19 and n—C1OH21 may also be made in a similar

Waye

An example of the use of the phez_mls embodying the invention
will now be _g'iven; The route is as follows:

A~(g)-co,H sTeedd P\ CO-L sreppi

- —
iR -ﬁ"o H | er

where B is a trans-cyclohexane ring, 4, being n-alkyl, or where
B is a phenyl ring, &, being n-alkyl or n-alkoxy. '

o

¥



‘3aya An exanpl e of the use of the phenols enbodying the invention 5 will
now bre given. The route is as follows: [err] where B is a

{rans-cycl ohexane ring, Al being n-alkyl, or where Bis a prgyl ring, A
bei ng nh-al kyl or n-al koxy. 85 14 The preparation of

2- f1 uor o- 4- n- pent yl phenyl - 4' - n- but oxybenzoate typifies the esterification
p&ocedure used to prepare these esters. Thds conpound has been produced as

foTT ows. Step Al 5 butyl 8 M. was converted
nto the 3 acid chl gy?cfé‘eﬁﬁaﬁd%rgog‘?ﬁ% |stl&f’a§écfat"%§ 3? Ch:}%l‘l de (15:cm
p Bl To a colbutoxsbenzpetle dopifiesnthd esherifdcation procgdurs asadd® in Step

..AI in dry dichl ) THES Jdd asOf gpgutlon
of 4- n-pentyI-Zﬁr uoro enoﬁyifgggow ceig%%(ijl‘rt'i ﬁ’iéJB\%é%ro&: af¥ed1

«3 di chl or onet hageeé_ 1% an ) and triet hyI am ne (_10 cm), keeping the
- tenperature bel C. Wen the addition had been conpleted, the reaction
m xture was eat ed uyrgautyBidybenzasict dcist i (0J0082 M) was monﬁéma Lo thg, the

di chl or onet hane ﬁdc%ésr ?hyls%%aierg\éﬁ etd}];'igt{jileﬁ' J:hl. ed fecfm‘r’lﬁ I%/ B?.ed

pressure, and e? er resrdie’ U
triethylam ne hgfgzo ghl oride vas

To a cold, stirred solution of the acid chloride prepared in
Step &1 in dry dichloromethane (15 cm3) was added, dropwise, a -
10 cold solution of 4—n—pentyl—2-f1uorophenol (0. 0082 M) in dry
dichloromethane (15 cm ) and triethylamine (10 cm ), keeping the
temperature below 10°C. When the addition had been completed, the
reaction mixture was heated under reflux, with stirring for 3 h.

After cooling, the dichloromethane and triethylamine were
15 distilled off, under reduced pressure, and ether was then added to
the residue. The undissolved triethylamine hydrochloride was
filtered off and the ethereal extrzct washed successively with
10% hydrochloric acid, 5% agqueous sodium 6arbonate, and water
and finally dried (Nazso 4). '

20 The crude residual ester was then column chrohatographed on
silica gel, eluting with chloroform (2): light petroleum
(tp 60-80°) (1). Several recrystallisations from ethanol gave
the a-fluoro-4-nppenty1phenyl 4'-n-butoxybenzoate as a
colourless crystalline solid, 1.9g (61% yield).

25 Esters such as 2-fluoro-~4-n-pentylphenyl 4'-n-butylbenzoate
‘and 2—£iuoro—4—nrpen$y1phenyl trans~4'-n-butylcyclohexyl-
carboxylate were purified by the above chromatographic procedure
and then further purified by distillation under.reduced pressure,
tQ affprd the esters as colourless liquids. The cyclohexane

30 ester mentioned above was further recrystallised from ethanol,
using solid carbon dioxide, to give this ester as a colourless
crystalline'solid, which rapidly melted at rbom témperature.

a)




filtered off and the ethereal extract washed successively wth 10% »
hydrochl oric acid, 5% aqueous sodi um carbonate, and water and finally dri‘ed
(Na2s04). 20 . The crude residual ester was then colum, chr onat ogr aphed
on silica gel, eluting with chloroform (2): Iight petroleun1(bp 60-80) (1).
Several recrystallisations fromethanol gave the 2-fluoro-4-n-pentyl phenyl -

4' - n- but oxybenzoate as a colourless-ﬁrystalline solid, 1.99 (61%vyield). 26}%
Esters ZB h as 2- quoro 4- n- pentyl enyI 4' -n butylbenzoate and -
2-f 1 uor hen I o | ate were
pur(lfled by t% a ove T romafso r’a JTQICP oce urmglga (TPNE% er purified A
by “di st Ilb.qum)nhmmpgramwcwepcmdeout onaflflofhe telsderst ers as colourless .,

| i qui ds Chp gmgg
recrystapglse f%oﬁﬁét #%?‘&ﬁg?ﬁggggif car bon dlgﬁ?d; to give this ester »

as a colourless crystalline solid, which rapidly nelted at room -

£

tenperature. - 15 Spectroscopic analysis, thin | ayer chromatography, and
gas liquid chromatography were carried out on all the esters prepared by
the method to verify their structure and/or purity. 87 1. An

intermedi ate useful in the production of liquid crystal esters having a
f or mul a: '



%in which of the groups R and R' one is fluorine and the other is
- hydrogenfand in which Ris an -alkyl group having nore than 5 one carbon
satom which:is either a straight chained al kyl group or an optically active
“al kyl "group. 2. An internediate as clainmed in claim1l and wherein R is
fluorine, R' is hydrogen and R is alkyl. 3. An internediate as clained
tkn'claim1 and wherein R .is hydrogen, £ is fluorine and Ris alkyl. 4.
Aﬁ/lnternedlate as claimed in claim2 and wherein R is n-CH 375 An
nternedi ate as claimed in claim2 and wherein R is n-CH 496. ‘An
internediate as claimed in claim2 and wherein R is n-C5H11 n@PHLL. 7.
An internediate as clained in claim?2 and wherein R is n-C6H13. 8. An
intermedi ate as clained in claim2 and etaMSi n R is n-C7H15. 9.  An
intermediate as clained in claim2 and wherein - is (+)-2-methyl butyl .

10. An internedjate &bﬁl n %Qg n- C3H7 11. An
i nt ermedi at e agi ‘cl a'lluﬁe 9%12:{%?%%%'{1 and%\/\/ﬁtgr%e?r EFAnnOfa'l@uiF‘ Jj
esters having a formula:

f Qu _ o
HO—-::;-R B (11)

in which of the groups R' and R"™ one is fluorine and the other
is hydrogen and in which R is an aikyl group having more than

5 one carbon atom, 'whi'c;h is either a straight chained alkyl group or
an optically active alkyl group. |

- 2. An intermediate as claimed in claim 1 and wherein R' is
fluorine, R" is hydrogen and R is alkyl.

3. An intermediate as claimed in claim 1 and wherein R' is
hydrogen, R" is fluorine and R is alkyl.

4. An intermediate as clai_med in claim 2 and wherein R is
:'1-(331'17
5. An intermediate as claimed in claim 2 and wherein R is
q. _
2=Cply* o |
. 6. An 1n_termed.ia.te as claimed in claim 2 and wherein R is
- Te An intermediate as claimed in claim 2 and wherein R is
n=Cefl13e | |
- 8. An intermediate as claimed’in claim 2 and wherein R is
9. An intermediate as claimed in claim 2 and wherein R is
(+)=2-methylbutyl, '

\ : - '
10. An intermediate as claimed in claim 3 and wherein R is

n—C3H7

11« An intermediate as claimed in claim 3 a.nd wherein R is

n-C 4H9

L
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17 12. An internediate as claimed in claim3 and wherein Ris n-CoHl11. 13.
The use of a fluorophenol internediate as clainmed in claimlinthe *- =
producti on %ﬁaa liquid crystal ester of fornula: [err] where X is an.g] kyl
group and is a trans-di substituted cycl ohexane ring or X is an :
al kyl, al koxy, al kanoyl oxy or al koxycar bonyl oxy and 1's a benzene
ring i-ncluding the step of reactiqg the fluorophenol intermediate with a
carboxylic acid of formula: or a functional_derivative thereof. 14. The
‘use of " af2i ntAsr iniaraediate &s Alaamed dnctidim 2 andnuheiifdreR s [err] s a
cycl ohexgoe H.i:ng, the stereochem stry being such that the 1,4 substituents
are trans. 45.' The use of an Internmediate as clained in claim13 and

wher ei.n 1Ber rhe use of @ flRoF@Nensl rigtetiteiatx tasotldimedsireciléidt i on has

S e

been r epr.odé%égﬁg&/nuﬁng%% %cfag?/jg%%%{? hcery%I ‘Fif !e%%P{ sofog,&qriu gl typescript. It may

to read. The ori gi nal”

contai n &"f i"Cu

typescript containing these amendnents may be i nspected on the prem ses of -

R .

the Patant Ofice : R
X&)~ co. R am
where X is an alkyl group and is a trans-disubstituted
cyclohexane ring or X is an alkyl, alkoxy, alkanoyloxy or
~ alkoxycarbonyloxy and <:::> is a benzene ring including the

step of reacting the fluorophenol intermediate with a cérboleic
acid of formula: '

x—{A)y-co.oH

or a functional derivative thereof.,

- 14. The use of an intermediate as claimed in claim 13 and
wherein < A.>-is a cyclohexane ring, the stereochemistry
being such that the 1,4 substituents are trans.

-~ 15. The use of an intermediate as claimed in claim 13 and
wherein { A ) is a benzene ring.
l'z.u tmﬂ-: of the lpccitj.uﬁcn has beez reproduced by phcfoeom the applicants original

typesc=ipt. It nay contain s fev smendments which are diffisult to resd. The original
. typescript containing these ann_dnnu zay be inspected on the prexises of the Patant Qffice
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