I FLUOROCYCLOHEXENE - DI FLUCOROPHENYL DERI VATT VES The present
invention is concerned with mmgsheemaqmedkepxaced crystalline

‘- f1 uorocycl ohexene-di f | uor ophHIiH es as 5 well as liquid
r ounds and the use of such

crystalline m xtures which con
conpounds and mi xtures in elec devi ces RAN 6220/119 Liquid -
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actively controlled cells, e.g. TFT cells ("thin film transistor"),
20 have in particular recently become important in addition to
passively controlled, multiplexed cells. The most common
display devices are based on the Schadt-Helfrich effect and have
a twisted nematic structure.

25 The liquid crystal materials must have a good chemical,
photochemical and thermal stability and a good stability towards
electric fields. Further, they should have a suitable mesophase
over a range which is as broad as possible (for example, a
nematic or a cholesteric phase for the cells referred to above),

30 but in spite of a sufficiently low viscosity should permit short
response times, low threshold potentials and a high contrast in
the cells. Further properties such as the electrical conductivity,
the dielectric anisotropy and the optical anisotropy must fulfil
different requirements depending on the-field of application and

35 type of cell. For example, materials for cells having a twisted
nematic structure should have a positive-dielectric anisotropy
which is as high as possible and at the same time should have a
conductivity which is as low as possible. This latter property is
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ngmati ¢ structure should have a positive dielectric anisotropy whi ch
is as high as possible and at the sane $ine shoul d have a conductivity
which is as | ow as possible. This latter property is of
particular inmportance for TFT cells. Unfortunately, however,
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t herefore é@pé@ﬁap%ﬁblﬁ @58 soughit agkeri n TFT cells. 15 These are

conmpounds of the formula [err] wherein 20 R
signifies alkyl ‘Pﬁ al ken&l‘| with a m

carbon at ons; e compeynds in %ﬁﬁ?rélaggéna‘@ﬁhi%&%%Q?ﬁ‘ngi%i%rﬁ

1, 4- phgqy! esle distinguished by the combinationtofires-1134difludrontydH ene or

trans-1,3- shenylene ring with a 4-fluoro-&yQ%ABReA-$3i' dhg, all have, in
spite of low polarity, a low threshold potential (V10) and are
therefore especially suitable for use in TFT cells.
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15 These are compounds of the formula ”ml" """"mn l"l
LK
m n

F I

wherein
20 R signifies alkyl or alkenyl with a maximum
of 12 carbon atoms;
rings A and B each independently signify 1,4-phenylene,
trans-1,4-cyclohexylene or trans-1,3-
dioxane-2,5-diyl;

25 YA signifies a single bond or -CH2CH2-; and
Z2 signifies a single bond, -CH2CH2-, -OCHz2-,
-C=C-, -CO0- or -00C~; and
m, n are 0 or 1, with the proviso that m + n < 1.
30 The term "alky! or alkenyl with a maximum of 12 carbon

atoms" signifies in the scope of the present invention straight-
chain or branched (optionally chiral) alkyl residues, straight-
chain 3E-alkenyl or alkeny! residues having a terminal double
bond or on a saturated ring such as trans-1,4-cyclohexylene or
35 trans-1,3-dioxane-2,5-diyl also 1E-alkenyl residues. These
residues have a maximum of 12, preferably a maximum of 7,



25, s Z[err] signifies a single bond or -CHerr]CHerr]-; and

Z[err] signifies a single bond3 -CHerr]CH err]-, -OCHerr]-,
-Cerr]CG, -COO or -00OC; and . m n are 0 or 1, with
the proviso that m+ n [err] 1. The term "al kyI or al kenyl with

I nvention stralght- al kyl

resi dues, simekhyh ethyl, propyinb QE}’ IR%'?BM bﬁx)i k@m f@ﬁf shavi ng a
term nal dogbhfeth Ibdmd 2méth -;s@ﬁwtabedznm&mwmx% treratkdny!
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5 hexenyl or 1E-heptenyl; 3E-alkenyl residdes such anr3mpeatenyl, These
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conmpounds have the formnul ae - [err]
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wherein A, Z1, B, m and n are as defined above; and R
signifies alkyl, 3E-alkenyl or on a saturated ring also vinyl

or 1E-alkenyl with a maximum of 7 carbon atoms.
20



1.5

Rl err]
Vi nyl
-4-

wherein A Zferr], B, mand n
signifies alkyl, 3E-alkgnyl

or 1 E-al kenyl

Quite particularly preferred co

3

with a maxi num of 7 carbon atons.

are as defined above; and
or on a saturated ring also
20
npounds of forrmula I-A are

those in which guite |partimilariysprefermeg eohyyoursds wifl Formulzodqfoards in

o oh 1 93 Ro8RIN Wrich ‘77 Wigrtrids & ShifIE"BOR8 s et a6 CBABBERAE In e
which ring B signifies trans-1,4-cyclohexyleng, i.e. compounds of
the formulae
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e Q e AR RO
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==
F I-A4
10
wherein R! signifies alkyl, 3E-alkenyl or on a saturated ring
also vinyl or 1E-a|keny| with a maximum of 7 carbon atoms.
Especially preferred compounds of formula I-B are
15
F
F I-B1
F
F -B2




10- s wherein Rlerr] signifies alky, 3E-alkenyl or on a saturated.ring
al so vinyl or 1E-al kenyl with a maxi numgf 7 carbon at OIMiis Sheet Hag

e
O

F {(-B3

F
R!
F
F I-B4, and
F
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5 wherein R1 signifies alkyl, 3E-alkenyl or on a saturated ring

also vinyl or 1E-alkenyl with a maximum of 7 carbon atoms.

Especially preferred compounds of formula I-C are those in
which Z1 signifies a single bond, i.e. compounds of the formuia

10
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5. wherein Rerr] signifies alkyl, 3E-alkenyl or on a saturated ring
al so vinyl or 1 E-alkenyl with a maxi nug of 7 carbon atons.

Especially preferred conpounds of fornmula I-C are those in which Z[err]
signifies a single bond i .e. conpounds of the formia—30——
[err] -6- [ @hik $n t} wherein
Rl err] signifies al ld 3E— al kenyl or on a satu = IaSB R‘*’Iaced al so
vinyl or 1E-al kg @ nm of 7 car bon ﬂ’"

F

1-C4
wherein R1 signifies alkyl, 3E-alkenyl or on a saturated ring
also vinyl or 1E-alkenyl with a maximum of 7 carbon atoms.
5
Especially preferred compounds of formula |-D are
F
oo OO
F i-D1, and
F
F 1-D2
10
wherein R1 signifies alkyl, 3E-alkenyl or on a saturated ring
also vinyl or 1E-alkenyl with a maximum of 7 carbon atoms.
Especially preferred compounds of formula I-E are
15
F
R 0 C C
F
F I-E1, and
F
R o j
F
F I-E2

wherein R signifies alkyl, 3E-alkenyl or on a saturated ring
20 also vinyl or 1E-alkenyl with a maximum of 7 carbon atoms.



5. + Especially preferred conpounds of fornula I-D are [err]

10 wherein Rlerr] signifies alky . 3E-al kenyl or on a saturated
ring also vinyl or 1 E-alkenyl with a maxi mum of 7 carbon atons.
Especially preferred conpounds of fornmula I-E are 15 [err]

wherein Rlerr] signifies alkyl, 3E-alkenyl or on a saturated ring 20
also vinyl or 1Epkepolhdd &t BT Gin Beilodiced’ A3 manner
known per se. Thus, for example, compounds of formula I-A can
be produced from a correspondingly substituted cyclohexanone
5 (1). Thus, the cyclohexanone (1) is converted into the corres-
ponding 1-fluorocyclohexene (2) with diethylaminosulphur
trifluoride (DAST) analogously to a procedure described in
US Patent 4 212 815 or in Organic Reactions 35, 531 (1988).
The reaction is preferably carried out in polar aprotic and inert
10 solvents such as dimethoxyethane, diglyme, dioxan and the like at
temperatures from about 20°C to about 50°C. The formation of
geminal difluorocyclohexane derivatives can be suppressed by
adding a catalytic amount of acid such as oleum or trifluoro-
methanesulphonic acid. The further reaction steps, starting from
15 2, which lead to the acetylenes of formula {-A, have been
described, inter alia, in EP 593 997 and are outlined in Scheme 1.

The compounds of formula I-B in which n is O can be
prepared starting from a correspondingly substituted difluoro-
20 phenyl (7), which is reacted with 1,4-dioxaspiro[4.5]decan-8-one
(8) in the presence of butyllithium; the compounds of formula |-B
in which n is 1 can be prepared by reacting the correspondingly
substituted difluorophenyl (7) with 4-(1,4-dioxaspiro[4.5]dec-8-
yl)-cyclohexanone (9) as outlined in Scheme 2.
25
Compounds of formula I-C can be prepared, for example,
analogously to the compounds of formula I-A, but in this case the
keto group of 1 is conveniently protected and again liberated and

subsequently fluorinated only after the reduction of the triple
30 bond (15 — 16), see Scheme 3.

The production of compounds of formula [-D and I-E can be
effected in a manner known per se, as outlined, for example, in

Scheme 4. -_—
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-7 , The conpounds of forrmula | can be produced in a nmanner
known per se. Thus, for exanple, conpoumds of forrmula |I-A can be
produced from a correspondi ngly substituted cycl ohexanone 5 (1). Thus, the
cycl ohexanone (1) is converted into the corres- pondi ng 1
-fluorocycl ohexene (2) with diethyl angagsmepur trifluoride (DAST)
anal ogously to a procedure described Tn US Patent 4 212 815 or in
Organi ¢ Reactions 35, 531 (1 The reaction is preferably carried
out in polar aprotic ﬁﬁg?baé ; such as di net hoxyet hane,
di gl yme, dioxan and the |1 ke perat ures from about 20[err]Cto
about 50[err]C. The formatio f gem nal difl uorocycl ohexane
derivatives can be suppressed Aéykﬁng a catalytic anmount of acid
retdtige

such as oleumor trifluoro- g@lphonic acid. The further
reaction steps, starting from1l 2, which lead to the acetyl enes of
formula I -A, have been Jqa inter alia, in EP 593 997 and are
outlined in Schenme 1. CH300C pdunds of formula 1-B in which nis
0 can be prepared starti\ng— a—~/correspondi ngly substituted

di fl uoro- 20 phenyl (7), V\/nicmlis reacted with

1, 4- di oxaspi ro[ 4. 5] decan- 8- one REDAL O/ Lty ipip&agnee of butyllithium
t he conpounds of forrmula I-B in mhicﬁ-n isﬂqahan be prepared by

ubstituted difluorophenyl (7) with
| ghexanone (9) as outlined in

Schene 2. 25 Co%tﬁj @ @ | -C can be prepared, for

exanpl e, anal ogously to the cdmpotunds of forrmula I-A, but in this case
t he keto group of 1 is conffniently protected and again |iberated and

reacting the correspondingly
4- (1, 4-di oxaspi ro[ 4. 5] dec- 8-

subsequently fluorinated only afler ¢Brg PPaguction of the triple 30 bond
(15[ err]16), see Schene 3. gy The production of conpounds of

formula I-D and | -E can d. i n a manner known per se, as
outlined, for exanple, in — g
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-14- : Schenme 4 [err]

The synbols used in the Schenmes are as f scribed in detail 5 above.
The compounds of formula | can be used t he form of m xtures with one
anot her and/or with other liquid crystal conponents. The invention is

therefore al so concerned with 10 quwtal | ine m xtures having at

| east 2 conponents, of
0
OO G T
n 0
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whi ch at | east one conmponent is a conpound of forrmula 1. A second
conponent and optionally further conpo ts can be addi ti onal conpounds
of general fornmula | or other suitable qui d crystal conponents.
Suitable liquid crystal conmponents will be 15 known to a person skilled in
the art in large nunbers, e.g. fronwtschgmgngnus et al., Flassige Kristalle
I n Tabell en, VEB Deutscher Verl ag -

12- flerr]r Gundstoffindustrie, Leipzig, and 11, many of

t hem are, noreover, comercially agahbakl glaving regard to
the good solubility of the conmpounds of 5 fo JA ccordance with the
I nvention in other liquid crystal mat eri al’s fand having regard to their

good miscibility with one anot her, the contenf ofsggonpounds of formula

| in the mxtures in accordance with the invetticngs@san be relatively

hi gh and can be, for exanple, 1-70 wt.% In general, a content of about

3-40 wt. % 10 espg

preferred. HOCH,
preferably co

of- about lg,m_go w.% o

@ UF €S<-A—a CCHz0lan
ia—addition to one or

OMOUAE] of formula | is
@ Rfent i on
o/ ggmpodnds of fornmula 1,

n
one or 15 nore conpoynds fromthe group of corrpg nds of the general
formul ae [err] IB"Z'PPh“ - 13 - I NaOH/H,O/THF
n n
18
ll&KzCOs l 13, DCGIOMAP
. This Sheet Iﬁs Been Replaced
= = R
F
THF = Tetrahydrofuran
R! @ Al OH DMAP = Dimethylamino-pyridine
DCC = Dicyclocarbodiimide
9™ F

The symbols used in the Schemes are as described in detail
5 above.

The compounds of formula | can be used in the form of
mixtures with one another and/or with other liquid crystal
components. The invention is therefore also concerned with

10 fiquid crystalline mixtures having at least 2 components, of
which at least one component is a compound of formula I. A
second component and optionally further components can be
additional compounds of general formula | or other suitable liquid
crystal components. Suitable liquid crystal components will be

15 known to a person skilled in the art in large numbers, e.g. from D.
Demus et al., Flissige Kristalle in Tabellen, VEB Deutscher Verlag



[err]

10

15

20

-12 -

fiir Grundstoffindustrie, Leipzig, volumes | and Il, many of them
are, moreover, commercially available.

Having regard to the good solubility of the compounds of
formula | in accordance with the invention in other liquid crystal
materials and having regard to their good miscibility with one
another, the content of compounds of formula | in the mixtures in
accordance with the invention can be relatively high and can be,
for example, 1-70 wt.%. In general, a content of about 3-40 wt.%,
especially of about 5-20 wt.%, of compounds of formula | is
preferred.

The mixtures in accordance with the invention preferably
contain, in addition to one or more compounds of formula |, one or
more compounds from the group of compounds of the general
formulae

P
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10- * wherein Rierr],Rerr] signify al kyl, al koxyal kyl,

3E-al kenyl, 4-al kenyl 13 - - 14-
or on a saturated ring also 1 E—alkenyl p signifies 0
or 1, ring C signifies 1, 4- phenylene pyri di ne-2, 5-di yl,

pyri m di ne-2,5-diyl, trans 1, 4- cyclohexyleﬁe or

trans-1, 3- dloxane 2, 5 diy r signifies cyano,
i sot hi ocyanat o é‘a ‘@7 - 3E-al kenyl,
4- al kenyl , al kdX y, alkenyloxx or
1-al kynyl ; rlng |gn|f 1, 4- phenylene or Vil
trans-1, 4-cycl o- hexyl ene; R err]
signifies alkyl, 3E—a|keny| 4- aIkenyI

trans-1, 4- cyclohexy alkeny on :
1, 4- phenyl ene k2 %: F . al koxy,
nylox Rl err] signifies alkyl, 1

2E-a|keny|oxy or 3 &

E- al kenyl , 3E-al kenyl or R10 4- al kenyl ; I1X
Rl err] signifies cyano, alkyl, 1 E-alkenyl, 3E-al kenyl,
4- al kenyl , al koxy, 2E-al kenyl oxy, 3- alkgnyloxy, '
al koxynet hyl or (2E— enyl)o thyl; Zlerr],Z err] signify
a single bond or - : twp aromatic
rings always bt |ng I|n ' bond,;
ring E signifie ans 1 4-Tycl ohexyl ene or trans-1, 3-
di oxane-2,5-diyl; 25 R err] signifies hydrogen, fluorine or
chl ori ne;

- OreL )<

X1
RS
2 P
5 R z c This Sheet Has Reen Re placed
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10
wherein
R2,RS signify alkyl, alkoxyalkyl, 3E-alkenyl, 4-alkenyt



R-err] = signifies cyano, fluorine or chlorine; R err]

signifies hydrogen or fluorine; - R err] signifies fluorine or
E?L(r)lgl Qe;4 2ng| 20 ring F SI &#hf'i els pyri m di ne-2, 5-diyl,

-1, 4- y o- exyl ene or trans-1
, 3-di oxane-2, 5-di yl . yl, 3E-al kenyl
and al kenyl haV| ng a O{eo%ang?tﬁ'oaﬁgpnﬁgg éﬁusegl;al‘ﬁéégﬁnect lon with the
'(':orrpounds of P fornul agignifies &\ar die defined in detail above;
2 mum AT D D e B o es Wb

e e

situated in the 4-positi oﬂyr%dﬂmﬁsé r%thylexiét"rﬂﬂse 4 %95%;3"3'1@ or
hexenyl sor 4-heptenyl.  trans-1,3-dioxane-2,5-diyl; - 15 -

"Aromatic rings’ |gn|f|es ri. a phenyl ene,
pyri di ne-2, 5-di ﬁ or pyri ﬂ%ﬁ'ﬁg éggﬁ??/siso{ﬁ)oc%gg?é’r at uéccﬁ?? ngaékylél gn?/f I es
trans- 1, 4-cycl ohexyl ene oi3B-atkenyl, 3-alkenyldialkaxy, ZE-QHCBYW oXyp 3-
" Al kyl oxyal kyl " signifi ei‘?jﬂéeq@ﬁaggl %r S§ rg}k chal n residues with a
maxi mum of 12 carbon ato For” ex e, met hox met hyl ,
et hoxymet hyl , prrU]g/IQ)xyrretSI@fﬂlﬁeQuﬂyﬂtﬁ'?ﬁ%Y@ﬂe &ifd traes-1,4-cy¢los.
%AI gl 9 yb Si g{n fies pLef nét r ai ght chal n residues with a 10 nmaxi num
o] carbon ataq such as, r ex thox ropyl
butyl oxy, pentylRky, hexySigRif eﬁeﬁﬁ&ﬁo%ﬁ‘é 4'tql||éenﬁ h P gé 0)(;?/
W th & pexi mumof 12 ca B“ﬁ'@fﬂb*"m’ﬁﬁegﬂ'e"m'? ‘E'a"f""‘ﬁ““’ﬁc"”“ it uat o
car bqn ,atons i n t I's situated
in the 2- or, respectlvela 439B%@¥|?P8na SO cg’%ﬂa %&‘?‘%&Mt es tflle e
2{561;36{ r edI conf | guration, sliedixys 2E-alkenyloxyexam3-ajkenyloxyxy,
- bu yl oxy, pent enyl o en 2 I ,
3- but enyl oxy, 32%6entenyl oiyﬁ@e% i‘%r Oi’g%lﬁenyl, 3F Eﬂ&‘?meai/ i
4-alkenyl;
R? signifies cyano, alkyl, 1E-alkenyl, 3E-alkenyl,
4-alkenyl, alkoxy, 2E-alkenyloxy, 3-alkenyloxy,
alkoxymethyl or (2E-alkenyl)oxymethyl;

20 Z3,74 signify a single bond or -CH2CHz2-, with two
aromatic rings always being linked by a single
bond;

ring E signifies trans-1,4-cyclohexylene or trans-1,3-
dioxane-2,5-diyl;

25 R8 signifies hydrogen, fluorine or chlorine;

R® signifies cyano, fluorine or chlorine;

R10 signifies hydrogen or fluorine;

R11 signifies fluorine or chlorine; and

ring F signifies pyrimidine-2,5-diyl, trans-1,4-cyclo-
30 hexylene or trans-1,3-dioxane-2,5-diyl.

The terms alkyl, 1E-alkenyl, 3E-alkenyl and alkenyl having a
terminal double bond used in connection with the compounds of
formulae Il to XV! are defined in detail above; "4-alkenyl"

35 signifies preferably straight-chain alkenyl residues with a
maximum of 12 carbon atoms, in which the double bond is
situated in the 4-position, such as, for example, 4-pentenyl, 4-
hexenyl or 4-heptenyl.
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3--hept enyl oxy, 4-pentenyl oxy, 5-hexenyl oxy, 6-heptenyl oxy and 20 the |iKke.

"1 -Alkynyl" signifies preferably straHgﬂ[-chain al kynyl residues wth
a maxi mum of 12 carbon atons, in which e triple bond is situated in
the 1-position, such as, for exanple, ethynyl, 1- propynyl, 1-butynyl,

1- pentynyl | . ke w25 ; ' r ' cgagdance wth the
I nvention C?R’ggf@.ic H'#gs_céﬁﬁrgﬁﬁso_ﬁpggaﬁ%}fggﬁ\?g %)?arh lé‘r%dgg% e.g. optically
active 4'-ghenylene, pyridinen25xgivh-or ppwitnidinessd ‘[gi)’ﬂes) and/ or di chroic

colouring “satuPshed AHegs" (Aghifiel trare.hn-efclolehyRemd rameramt-ayBing sub-
30 stances). e éon;}% of “such conpounds 1s determ ned by the
sol ubi i ty diexangeds 2e@iYhel i cal pitch, colour, extinction and the

LI! kﬁ- I'g ge*lmk?l_oxyd? froRrigrifies’ ppeféradly yst&?tgmchahvcrwsmwdwith
BB g 2 caor st S o O e o
crystal | i nanathylyrethoxytnethy,hpropyloxytesthyh- bptyloaymethyt end:shebe
effectedilhﬁhpanner known per se.
- 16- The production of the conpounds of formula I as well as
liquid cry<StAlkyloey "msignifies poeferabinstraghs-chaiporesidues with 3| ustrated
0 mor godetiblinti! BF 12!dPHOAISHERURR: ad” frdekdmpfe, methexg/ystall i ne
phase, S signities a snmectic anse, S|gn|fbes ﬁ) Qﬁgﬁtlc hase and |
signifies telhoxyetRrepyioXhaRetyloxs: PenBdaXY < hexyloxy, NerHIPY@Ntor 10%
transm ssi qihe Yiik@W ng di rection perpen- dicular to the plate surface).
L o A o Ak B A2 b rerabty, PGP GHRET oL L "
Exanpl e 1 alkenyloxy rdsidaesywiB aimakiniimeofiokd etarboa atamsuiss sduient |y 200
Lerr]l 15 the double bond is situated in the 2- or, respectively, 3-position
and E or Z indicates the preferred configuration, such as, for
example, allyloxy, 2E-butenyloxy, 2E-pentenyloxy, 2E-hexenyloxy,
2E-heptenyloxy, 3-butenyloxy, 3-pentenyloxy, 3-hexenyloxy,
3-heptenyloxy, 4-pentenyloxy, S-hexenyloxy, 6-heptenyloxy and
20 the like.
"1-Alkynyl" signifies preferably straight-chain alkynyl residues
with a maximum of 12 carbon atoms, in which the triple bond is
situated in the 1-position, such as, for example, ethynyl,
1-propynyl, 1-butynyl, 1-pentynyl and the like.
25
The mixtures in accordance with the invention can also
contain optically active compounds (e.g. optically active 4'-alkyl
or 4'-alkoxy-4-biphenylcarbonitriles) and/or dichroic colouring
substances (e.g. azo, azoxy or anthraquinone colouring sub-
30 stances). The content of such compounds is determined by the
solubility, the desired helical pitch, colour, extinction and the
like. In general, the content of optically active compounds and
dichroic colouring substances is a maximum of in each case about
10 wt.% in the final mixture.
35 '
The production of the liquid crystalline mixtures and of the
electro-optical devices can be effected in a manner known per se.
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of - tri fl uoronet hanesul phonic acid were added at roomtenper- 15 ature to
5.0 g of 4-(trans-4-methoxycarbonyl cyclgkexyl)cycl o- hexanone in a

fl ask which had been dried and gassed h nitrogen. After 5 m nutes
at roomtenperature 2.82 nl of di met hyl am nosul phur trifluoride were

added. Af t er St I Thé ?ﬁoﬂhctlo of eRE é&ﬁ?%’hﬁﬂ%r@f ff@frr&f n §rﬁeflhﬁs reaction

sol ution Tl one bet ween t.ur at ed ution and
met hyl ene quI cﬁ&ﬁt@yﬁ"e TRiXtHFeR RaNtaming R%%S%émn PHB 8n§ washed with a
sodihum gar bilostraited! i In@@reardétbﬂebyvmhﬁ fmtibwtn H)@m;gbesousc sig mﬁdsaTh ses were
each i ndi vi r ne en e organic
phases were c@&ﬁﬁl@ﬂg ﬁﬁé%eg Svﬁ'lg%ifééé r?a&ﬂé%l @lﬁs&na}\l 'gﬁﬁi(ﬁaraed and '? he
fihl trat & wasematicophasel.and | sngmﬁesruhdaelamtwpmt plidses \g)ovdaencpmhes fied by

r t ogr 4 1. 46
oror 5. i g, (o A SRS i s e 3
30 b) 0. mu@roto J;hemlate)smrtamanstéh apdHioty nbbﬂyﬁhﬁysmtc ing-on
hexyl ) cycl ofifne %n@nq-e‘éﬁécﬁdégﬁ e %\Aﬁ‘é&ﬂiﬁ?%ffoﬁ' imfe 4nél R&h §686tE8 the

hydroxide in 10 wat er etrahydrofuran in a

sul phonat i oPP¥ICE l@ﬂAﬁPV@Pﬁasm ng with nitrogen and the mxture was
stirreqat 60[err]C for 20 hours. The reaction solution was 35 poured into
2N hydrochloric acid and extracted w t|hyl ene chl oride. The

or gani ¢ phase was washed tw ce th&@@ﬁﬁe aqueous phases were

I ndividually extracted twi ce with nethyl ene chl oride. The organic

E)rlh;-ses Wereangonesrﬁ%r 5{? ﬁg mﬂ:hox tgr?(qet %dfsll'm quenvvzys Zglgp%rat ed.
Thi s gave oofigtn@lumromthanesﬂlphmme Zadid ratee zaddadoaxymprhotemper-
Bﬁ’r‘?’} |) 15 : g£ﬁii'e1t8“§ 0vgi 6f Zﬁig%réh%‘%q hw%thBﬁﬂ??ﬁorﬁ}i?ﬁc@ﬂ%?Qﬂ:&do- further
1- | uor o- 4-hexanenerin a fask which had been dried and gassed with
nitrogen. After 5 minutes at room temperature 2.82 ml of
dimethylaminosulphur trifluoride were added. After stirring at
room temperature for 20 hours the reaction solution was
20 partitioned between saturated NaHCO3 solution and methylene
chloride. The organic phase was separated and washed with a
sodium carbonate solution and then with water. The aqueous
phases were each individually extracted twice with methylene
chloride. The organic phases were combined, dried over
25 magnesium sulphate, filtered and the filtrate was evaporated.
The crude product (7.25 g) was purified by chromatography on
250 g of silica gel. Eluent: toluene. This gave 1.46 g of 1-
fluoro-4-(trans-4-methoxycarbonyicyclohexyl)cyclohex-1-ene.

30 b) 0.84 g of 1-fluoro-4-(trans-4-methoxycarbonylcyclo-
hexyl)cyclohex-1-ene was added to a solution of 0.7 g of sodium
hydroxide in 10 ml of water and 20 ml of tetrahydrofuran in a
sulphonation flask while gassing with nitrogen and the mixture
was stirred at 60°C for 20 hours. The reaction solution was

35 poured into 2N hydrochloric acid and extracted with methylene
chioride. The organic phase was washed twice with water. The
aqueous phases were individually extracted twice with methylene
chloride. The organic phases were combined, dried over
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car boxycycl ohexyl ) cycl ohex- 1-ene, was cooled to O[err] C under ni t rogen

together with 0.66 g of 2,6-difluoro-4 @rqpyl phenol and 60 ng of
di met hyl am nopyridine in 10 mM of nethylene chloride 10 and treated within
45 mnutes with a solution of 1.0 g of di cycl ohexyl.carbodiim de in 5

m of methihghReSind"duighatd,! fitered ard ithe Fikrate 'Wes éwipuratédr e for S0
m nutes the wiite uspensi on s filtered over a‘%&te/illlca gel
pad. The filnipagave 0.7Qag OFaW Teﬁwghf(':&ﬁﬁr‘ét FansrfaCRERRXYCHEIG of
trans- 4- ( 1-{dxydycycldhex-h-eheharhithewad- used linl therextcstepwithoutci d

2,6-difluoro-4- Rropyl F‘nenyl ester, which gave 0.62 g of white
crystals b urtner r@BEﬁF@g@gcrystal lization fromhexane. Mp. (CN)

58.4[erpg]C, c.Il.p. (NNA) 96.1[err]C. 20 The follow ng conmpounds can
be prepareds n 0 ner. A < ! Labex- 1
-en-p4-5l )C :ohzﬂﬁg@ggg&@@ag{’@ b), Ogggﬁz?ﬁﬂ&gl}.lg%-‘%‘g ty pﬁen?l
ester; carbaxycyclohexyl Jayslahgx-/l oelg, was gaolked ItPCPBCoH@aﬁfhecar boxyl i c

acid 25 af Ut )gh e ro-4- d
21 wor ooy QErSgeEn, {eRefiet Wit 0786 ) ghgra, oed '*{%"’-ﬁ-pffrpz'n%*!"zg‘ an
propyl cycl db@xing e dimethkylaminopyridine |"l!l01’@09‘|i| hesethylene £MeNdei ¢ acid
éf-d: flbgor'&d‘t(‘éé?é&gﬂthin 45 pqtnwé@mlmra;@mmbnmﬂ 1_e(3tg|rof 30 o o
anpl e . . LOT, tetr ro (S \' 0}
met vl ene clicyelatiexcadaliBaidag ¥ RNt By 45 feflofBey #Htkl 20a"ss
treated w tdtimirg Btnroowe semiperatureofor i30 minted thefwhitephenyl -
phosphi ne i 0, X e r ty : irred at
O[err]C an %n{“ﬁﬁ'&ét\?@a"‘g&"ﬁ ggﬁ}ﬁmﬁgiﬁalﬂ)@&m\l\ﬁﬁf eﬁltrafé with a
sol uti on ofwas2évaparfatedacempletely | and @ams dhEx@nofi-trans-4-(1-fluoro-
- 18 -15 cyclohex-1-en-4-yl)cyclohexanecarboxylic acid 2,§-diﬂuoro-4—
propylphenyl ester, which gave 0.62 g of white crystals by
repeated recrystallization from hexane. M.p. (C/N) 58.4°C, c.l.p.

(N/1) 96.1°C.

20 The following compounds can be prepared in an analogous manner:

trans-4-( 1-Fluorocyclohex-1-en-4-yl)cyclohexanecarboxylic acid
2,6-difluoro-4-pentylphenyl ester;
trans-4-(1-fluorocyclohex-1-en-4-yl)cyclohexanecarboxylic acid
25 2,6-difluoro-4-(3-butenyl)pheny! ester;
4-fluorocyclohex-3-enecarboxylic acid 2,6-diflucro-4-(trans-4-
propylcyclohexyl)phenyl ester;
4-fluorocyclohex-3-enecarboxylic acid 2,6-difluoro-4-(trans-4-
pentylcyclohexyl)phenyl ester.
30

Example 2

a) 3.9 g of tetrabromomethane were dissolved in 30 ml of
methylene chloride while gassing with nitrogen, cooled to 0°C and
35 treated within 15 minutes with a solution of 6.2 g of triphenyl-
phosphine in 15 ml of methylene chloride. The solution was
stirred at 0°C and subsequently treated at 0°C within 15 minutes
with a solution of 1.25 g of trans-4-(1-fluorocyclohexen-4-
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yl ) cycl:ohexanecar boxal dehyde in 8 m of nethylene chloride. After 1
hour at O[err]C the orange reaction sol Lgl on was poured into 100 mM of
pent ane and the suspension was fil tereol1 After evaporation the
filtrate gave 3.0 g of crude product as a colour- 5 less liquid. This was

taken up i lehéiﬁﬁécéf%ﬁdlﬁiﬁﬁﬁ ¥ 8OhR" 6 methylete! ShiBritfe, M nutes with

was extracted three

5m of 309 dr g ero suspensi on

times with }c‘)l ﬁ%lg 6382 he oran%g.eg@né@@ ‘%Q@é@'awrﬁﬁ’dimpdual |y
extracted twpOemi oh entanéyaﬁdﬂméaéus eﬁseor@rvmwrfme@baseawe CO”bl ned,
dried over 10 na tere J trate

evapor at ed. € apora%mrg!tgg\@%'rf%ggg%v%ﬁ ogoﬂglgyge product as a co our~
trans- 15( 2, 1essiligquidovThigl ywad-taken up infdyaloheyarneland dreated at 500C

-en-4-yl)cy, ed while
gassi né \)NI t‘&‘tﬁg"? x‘fﬁf‘?‘%&?s W&be?egﬂvﬁg ﬁ%gprnyl\%fﬂ%?&b?%eﬁydfé ur an, | heat ed

to 60[msgensmmi wias i axiracted three itiniesewithy seethanolywaten Boa of 1.89 g
ft 1

§| )c;glnghexane (%u%ﬁg ‘Hﬁ%ﬁetgewerﬁ l&rdg)\?gpg \r/\%&¥£ gﬂ 5\"&3 ‘ﬁ& wi t hin

30 m nut es.CYgo exan%oume azrggo{qaphms Neerecgembine séfladeow was cool ed

to roongt efmﬁbﬂbsr@naﬂﬂ hﬁté' Fittered Hedvarn ﬂfﬂb@é was evdsoreitedr . The

o i Bk I g s, frans T2 ST ol

conbi ned, dfiuero crohmﬂeenumy!)cycma)dm‘tei filtered and the fi Itrate was
evapor at ed conpl etel y. 25 The crude product. was purified on silica gel

wi t h cycl ohexane and gave 0.83 g of

trans- 1- et lighyl -@-138 f § wafr Mg/sham'ogmms drigt)while gassjng omighane. c)
sls f | oh

ana §. 85" Ftipqert gRbect ninky 2 11 86X REatyBRoflnkh hedbed 5 o I0C

of triet hyI@QPGeafona@l\@égdl\NGhV\Zt'ﬁdme crystalsgeh S@rﬁdﬁ@'ﬁé&ﬁseﬂ 2i8h 0.1 28 g
of tetrakisgfrepiem-(2,2- dleBﬁ&F\h Haﬂw%g%cﬁﬂfbxiﬂeﬁwo“ copper (1)

i odi de. The eactlon t re fo 7. hours. After

b pﬁf'q? 3
cool i ng 35 YWe¥clphsxangnn theomt ¥qrofuran was FQPWISRY et her .
The or gani owithirs SOasinwees.cIAFIErc2 hotls wet§00C Tt aaacos mixturghases vere

9LV S ARRCTD SRR (B BHIRL andBaBiifed berddER R ©
and ether. The organic phase was washed twice with water. The
aqueous phases were individually extracted twice with ether.
The organic phases were combined, dried over magnesium
sulphate, filtered and the filtrate was evaporated completely.

25 The crude product was purified on silica gel with cyclohexane and

gave 0.83 g of trans-1-ethynyl-4-(1-fluorocyclohex-1-en-4-yl)-
cyclohexane.

c) 0.8 g of trans-1-ethynyl-4-(1-fluorocyclohex-1-en-4-yl)-
30 cyclohexane and 1.0 g of 1-iodo-2,6-difluoro-4-propylbenzene
were placed in 10 ml of triethylamine while gassing with
nitrogen and treated with 0.128 g of tetrakis(triphenyl-
phosphine)palladium(0) and. 14 mg of copper(l} iodide. The
reaction mixture was held at reflux for 17 hours. After cooling
35 the reaction mixture was partitioned between water and ether.
The organic phase was washed twice with water. The aqueous
phases were individually extracted twice with ether. The ether
phases were combined, dried over magnesium sulphate, filtered
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-19- ‘ and the filtrate was evaporated. The brown crude product was
purified on 100 g of silica gel with ¢ qghexane. The product -
containing fractions were evaporated and the residue was

recrystallized fromisopropanol. This gave 0.57 g of white 1- 5

L;gf){)ﬁejyl(}%ﬁ% 0 eii?:r’{ﬁtéig\fdyégﬁp&g/{@%%p%egiﬁﬁﬁé 'clﬂ:le) prodl\llfclzt) W12130 7[err]C
e PorT o SriEea o B0 80k Silisac Rl a¥ith eioRekangy henRreEiuct- 10 1
: gl ulo]r g éll- ([)¢aém*aniﬁgg FraTtibrd WHfrél - vgpdndtedeand etHey mesiduey was-

X - - : u B R
ey o o o PRRtysalfifea fram ishpropangl, Thisco0YS Q5719 & White 1-
hexyl ] cycl oflapre-4eftrans-4-(2 8-difluora-4iprapylphenylethynyl)-
6-difl -4- | | X 1
o Mor ooa” 1Sy EBREKYACTAhEL Y- Bhe) e (B/N) P4 RGN AY V00 7080

et hynyl ] cycl ohex-1 -ene; 1 -fluoro-4-[2,

6-di fl uor 0"Fhé4f'dllbW?ﬁ%_ GRYOENES @Wﬁéﬁq%ﬁéﬁé@ in an_an@} htatirerhex- 1

-ene; 20 1 -fluoro-3-[2, 6-difluoro- trans- (E) - pr openyl cycl ohexyl ) -
phenyl et hynyl ] cycl ohex-1 -ene; 1 -fluoro-4-[2, 6-difluoro-4-(
S5-trangQpr OWFluol'og-a-Etd'la@Psa_Zl-gZ,G-diflublrbphe@m)ﬂ _ I]a@blghj??@yclm ene;

1 -fl uoro-AI_héZ,ﬁ-dl Lclruorj-4-g_-trans-pentyl -1, 3-di oxan-2-"25

yl ) pheny! et RPRYHUFYG higxs “E®ene; 1 -fluoro-4-[2,

6- di f | uor o- #-flGoroadsLtyahspé of, B+ difluoBo-ed butylphenylethynyl)cyclo-

yl ) phenyl et I 2% hanEne; - 1

-fluoro-4- {lgggyla%:?ﬁﬁ%r?%?} E:"Q-et ran%S- but enyl ) -1, 3- di oxan- 2-

yl ] pheny! et hyflyprey¢tidnansi4-(h&-dfduoro-4-pentylphenylethynyl)cyclo-

Exanpl a g3 l_dhieon of 0.5 g of 2,6-difluoro-4-propyl benzene in
5m o?st eth?ix grégflolﬁaﬁ-q gh(k:abol e err] and treatgd within 35 20

m nutes wi t ugrmgﬁ,ﬁ%lyerg:rf?ré%ta;ggmmﬂcych@wxxﬁpheny-
ethynyl]cyclohex-1-ene;
1-fluoro-4-[2,6-difluoro-4-(4-trans-propylcyciohexyl)phenyl-
ethynyl]cyclohex-1-ene;

20 1-fluoro-4-[2,6-difluoro-4-(4-trans-(E)-propenylcyclohexyl)-
phenylethynyl]cyclohex-1-ene;
1-fluoro-4-[2,6-difluoro-4-(5-trans-propyli-1,3-dioxan-2-
yl)phenylethynyl]lcyclohex-1-ene;
1-fluoro-4-[2,6-difluoro-4-(5-trans-pentyl-1,3-dioxan-2-

25 yl)phenylethynyllcyclohex-1-ene;
1-fluoro-4-[2,6-difluoro-4-(5-trans-(E)-propenyl-1,3-dioxan-2-
yl)phenylethynyl]cyclohex-1-ene;
1-fluoro-4-{2,6-difluoro-4-[S-trans-(3-butenyi}-1,3-dioxan-2-
yllphenylethynyl}cyclohex-1-ene.

30

Example 3

a) A solution of 0.5 g of 2,6-difluoro-4-propylbenzene in

5 ml of tetrahydrofuran was cooled to -70° and treated within
35 20 minutes with 2.2 mi of 1.6M butyllithium. After 1 hour at

-70° a solution of 0.5 -g of 1,4-dioxa-spiro{4,5]decan-8-one in

S ml-of tetrahydrofuran was added dropwise within 15 minutes.

The reaction mixture was warmed slowly to room temperature

— -
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-79[err] a solution of 0.5 g of 1, 4-di oxa-spiro[4,5]decan-8-one in 5

m of tetrahydrofuran was added dropvm W thin 15 m nutes. The
reaction mixture was warmed slowy to rOom tenperature
- 20- and stirred for a further hour. The solution was subsequently

bt or and eind tifted!fol a RFIR haGE! “thé Sdhudof WAS subsdtlintly | PRt ueer

wat er and e cet anl c ase was th sodi um
car bonat e sUﬁ@ﬁ* Wi d Qné@' af t \mr§ENt'ﬁ€@th53§lﬂJ@BdsP§FTé@@§edere

extract ed i bekweehbater! dhe ethy] lacgmé The oagaﬁuetﬁnaswwasr gaRhedphases

11 trate widhts bheaaiim carboiiRosalpiorrAnE gace with WeGr. oiide
84(3 6- & f l agu @eeﬂsS ! phasds were ertrayed- &deueHy 'dw;ce with ethyl

i oxa- sp 0
8-(2, 6- dlf|%]%%%§ ?@% $%€l8ha§es%ere %?m'ﬁ?d raﬁl%& éygrspl ro[ 4, 5] decane
in 25 m ofnmgnepiwnesulphatehlfdtered and thelfitrate W[asreyapota ated with
440 [err]l ugqr r Olerr] for
1 1/2 hour seém?@ét?ryre J\)seoﬁ ? §n8¥%?j%e§téé fﬁ}df? 4%0@){](““ um
carbonate P eanrﬁthmrcam sﬁt@@é{aeﬁ"ﬂlr? ‘ﬂ)ﬂﬂd&qaﬁﬁed bet ween water and
met hyl qipe chI oride. The organic phase was washed twice with sodi um

D ce. it h Bt hyRes@IEIAT T 0o OfeBrih rduarer FRroRy bhpmeS e o
conbi ned, ddn datb e 4+digrgspiro[4y5 fdedane finl 287 enl of metingdehbe filtrate was
EYSF?{‘C‘.E?O- TPE, Raksgopd €% and Belind with 4qalotbarer o 4
yel | ow oi | .tri nde etheratenr oAfter sffirring dtofegforny bi{2rhowrsotlie g of 8- (2, 6-
g: fslsgf)\?galll ﬂa%gyarﬂ)g%Wﬁ%ﬂlwaace gféd %hﬁgg "ﬁeﬁgfsegf Fﬁmate presence
of 0.200 g Wlutipand. subse thy aititionech be weentumehaarwh after 5 hours.
Thereaf ter mb*ﬂﬁyl%‘h%o%ﬂﬁﬁﬁb WaPhe organic phase was washed twice with

sodium chloride solfution. The aqueous phases were individually

extracted twice with methylene chloride. The methylene chloride

20 phases were combined, dried over magnesium sulphate, filtered

and the filtrate was evaporated completely. This gave 1.0 g of

8-(2,6-difluoro-4-propyiphenyl)-1,4-dioxa-spiro[4,5]dec-7-ene

as a yellow oil.

25 c¢) The product of the foregoing step, 0.970 g of 8-(2,6-
difluoro-4-propylphenyl)-1,4-dioxa-spiro[4,5]dec-7-ene, was
dissolved in 10 ml of ethyl acetate and hydrogenated in the
presence of 0.200 g of 5% Pt/C. The hydrogenation was
terminated after 5 hours. Thereafter, the suspension was

30 filtered and the filtrate was evaporated completely. This gave
0.740 g of 8-(2,6-difluoro-4-propylphenyli)-1,4-dioxa-
spiro[4,5]decane as a white solid substance.

d)  The hydrogenated product of the foregoing step, 0.74 g of
35 8-(2,6-difluoro-4-propylphenyl)-1,4-dioxa-spiro[4,5]decane, was
taken up in 4 ml of 98% formic acid and 8 ml of toluene and
stirred for 1 hour, thereafter the reaction solution was
partitioned between water and ether. The orgamc phase was
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30- filtered and the filtrate was evaporated conpletely. This gave
0.740 g of 8-(2,6-dif|uoro-4-propy|phqu ) 1 ,4- dloxa-

spiro[ 4, 5] decane as a white solid subsSt

product of the foregoing step, 0.74 g of 35 8-

‘o i of GESRRERCE R Vintét Shi docy %ﬁéﬁ%é@ihﬂf Safondf¥ solltod ™ our

thereafter The aqueous)rphasast werevingdividually ;extractad dwiee with ether. and

The hydr ogenat ed

ether. The ‘ghga&rg"a %ﬂﬁaéé%swere cpmbined, dried oyer magnesium -21
ce W't oneW| sodi um cdr bonat e sol ution.

The aqueouss‘ﬂmg, filter eidnéﬂﬁl Ehﬁlﬁl yrater was: evaperatediicomplerely. The

or gani ¢ Phavhks YRV bf d-(2B-elifi henvhevkipate, filtered

and the fi Ihr at € vvas@e)g?poryraatfed go(rjrsp | et eo@@-@ﬁgﬁdgm‘ps ng)gzy l&gg g of

4- (2, 6-di f 1 0&KYMGr opyl phenyl ) cycl o- hexanone. e) 535 [err]l

of diethyl am nosul phur trifluoride (DAST) were added dropwise in 3

271908, 0V8], SOS3SUE RS BN nuffce b, e

di met hoxyet added admwws{aanr?plpmrmans ovep Gihthaursetlapsoluition of acid. The

reacti g sobué ﬁggff&[ﬁ]e it gawcﬂ’ﬁ Eﬁla%ﬁ%'ﬂanone ﬁpgl ;Jvn\jl ce with

L8909
carbonate s n

wat er and t 5 &%’u@&igm gxyethane and SQdHE ubi O'@WPBQQQ%S@W@B'GM th

ether. The QEMa“'ﬁé’fréééﬁoW%@lutlon wW#T8LB u@HﬂIF éi’tftiori&ﬂ'bé‘-tw{ié
sul phate, filtered ate vva evagé)rate&? |l etely. The

resul ting cPOERM r‘i?(ﬁﬁ@f‘ate SON%O% @J%Qerpu aphy and
gave 0. 36 gmfshéd twice Witlomater(ghdthef & @uslﬂharsesl weeayl ) cycl ohex-1

b?ggar 3}?0 ' nﬁ@vrﬁéﬁxg%ﬁzgghgﬁq etr%wce with E'@ﬁetﬁ ol Ry gr%a%?gp&\’é%dess Ghee
combined, dried over magnesium sulphate, filtered and the
filtrate was evaporated completely. The resulting crude product
(0.8 g) was purified by chromatography and gave 0.36 g of 1-
fluoro-4-(2,6-difluoro-4-propylphenyl)cyclohex-1-ene, m.p. (C/1)
20 62.5°C.

The following compounds can be prepared in an analogous manner:

1-Fluoro-4-(2,6-difluoro-4-ethylphenyl)cyclohex-1-ene;

25 1-fluoro-4-(2,6-difluoro-4-pentylphenyl)cyclohex-1-ene;
1-fluoro-4-[2,6-difluoro-4-(4-trans-propylcyclohexyl)phenyl]-
cyclohex-1-ene;
1-fluoro-4-{2,6-difluoro-4-[2-(4-trans-propylcyclohexyl)ethyl]-
phenyl}cyclohex-1-ene;

30 1-fluoro-4-[2,6-difluoro-4-(4-trans-butylicyclohexyl)phenyl]-
cyclohex-1-ene, m.p. 75.5°C;
1-fluoro-4-[trans-4-(2,6-difluoro-4-ethylphenyl)cycliohexyi]-
cyclohex-1-ene;
1-fluoro-4-[trans-4-(2,6-difluoro-4-propylphenyl)cyclohexyl]-

35 cyclohex-1-ene;
1-fluoro-4-[trans-4-(2,6-difluoro-4-pentyiphenyl)cyclohexyl]-
cyclohex-1-ene;
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1 - Fluero-4-(2,6-difluoro-4-ethyl phenyl)cycl ohex- 1 -ene; 25 1
-fluoro-4-(2,6-difluoro-4-pentyl phenyl heycl ohex-1 -ene; 1
-fluoro-4-[2, 6-d|fluoro-4-(4-trans-pr | cycl ohexyl ) phenyl ] -

cycl ohex-1

- ene; 1 -fluoro-4-{ 2,

6-difl -
“ene; “°r°“‘4’“f?'f?§r42r{?”F9W"%Q§. F 8RR 8B byIphenygeted evcl ohe

cycl ohex- 1hee<ryé]eﬁhyd}cw®o E¥r 1 je&ne. -fI uoro-4-[trans-4-(2

, 6-di fl uor o- 4- et hyl phenyl ) cycl ohexyl ] - cycl ohex-1 -ene; 1
-quoro-4-[trans-4-( 2, 6-difluoro4-pr Aphenyl)cyclohexyl]- 35
cycl ohex-1 -ene; 1 -fluoro-4- di fl uor o- 4- pentyl phenyl )
cgglohegyl]- cycl ohex-1 -ene;
-22- - flyar.o- 4-

hexyl ] et hyl Cyd%ﬁg éﬁ 8L PARs-&-(2; 6 HifLbry A4 %rép?f‘iﬂ?éﬂﬂ@%@h#@l‘d

a) 2.01 g:ydloise*ylﬂahg,-drqm-ﬁmmm,ﬁdecanpramudssmlyedtrw;%ﬁ)ml of

cycl ohexyl ]

S S ot Jerhyl iRt SHapd WO g U1 réntyggﬂuéag%;?ﬁw&cea
hydrogenat eanchhydﬁ@gem&ﬁq@aatr@pm atﬁmnﬁfagurqqanﬂaw reeermal psessHE; |

i | Cor egydﬁﬂ&ﬁno r%? We%ﬁ'ébp!éﬁ had! ééﬁlﬁkbhylapt rS\Jbsequemtlsl,ufrfm!z is

over Cb1|te

mangure[is. fi ege@,cpvgro rlgggaraé ?"@n evaBRJtlon is evap&‘ Thi's
et hyl ] cycl ofxey! }m:élf gﬁma$Mﬁa@bMﬂ]mzm|flua>r5-44p)ropylplgerqfl)-

é%ﬁﬁ“‘é?b%}fﬂrg écﬁ géiﬂlégml%aégéhlﬁr evi ous step are

taken up in 12 mM of 98%formc aC|d and 24 m of toluene

gi ves 8-{tr

8-{trans-4-
cyclohexyl}

15

20

25

30

35

b) 2 g of 8-{trans-4-[2-(2,6-difluoro-4-propylphenyl)ethyl]-
cyclohexyl}-1,4-dioxa-spiro[4,5]decane from the previous step
are taken up in 12 mi of 98% formic acid and 24 ml of toluene
and stirred for 1 hour, thereafter the reaction solution is
partitioned between water/ether. The organic phase is washed
once with water and once with sodium carbonate solution. The
aqueous phases are individually extracted twice with ether. The
organic phases are combined, dried over magnesium sulphate,
filtered and the filtrate is evaporated completely. This gives 4-
{trans-4-[2-(2,6-difluoro-4-propylphenyl)ethyllcyclohexyl}-
cyclohexanone.

c) 1.1 ml of diethylaminosulphur trifluoride (DAST) are added
dropwise in 3 portions over 60 hours to a solution of 1.7 g of 4-
{trans-4-[2-(2,6-difluoro-4-propylphenyl)ethyl]cyclohexyl}cyclo-
hexanone in 30 ml of dimethoxyethane and 0.1 ml of trifluoro-
methanesulphonic acid. The reaction solution is subsequently
partitioned between sodium carbonate solution/ether. The
organic phase is washed twice with water and the aqueous phases
are individually extracted twice with ether. The organic phases
are combined, dried over magnesium sulphate, filtered and the
filtrate is evaporated completely. The crude product obtained is
chromatographed over silica gel and gives 1-fluoro-4-{trans-4-
[2-(2,6-difluoro-4- propylphenyl)ethyl]cyclohexyl}cyclohex-1 -ene.
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and stirred for 1 hour, thereafter the reaction sol utlon__l_s__—------ -

partitioned between vvat er/ et her. The ani ¢ phase is vvashed 0

wat er and once with sodi um carbonate sogut ion. The ed
i ndividually extracted twice with ether. The or gani c

conbi ned, dried over magnesi um sul phat e, filtered and

evapor at ed conpletely. This gives 4-

{trans-4-(In@p @%lpgpusrraannglf shore can e Hﬁ?@']edcycl ohexyl }- 25

cycl ohexanone. 1.1 m of diethylam nosul phur tri fI uori de ( DAST)

of Cat 40 1{-Hlééir2°°zﬁ-[l§re§r'zsn L1802 S Rhs e B To P eisy 7 °
}cycl o- 530hdx9/*}strym°hen -Baemg; of di net hoxyet hane and 0.1 m of trifluoro-

$£ P?tnlegﬁ!aﬁ E@{qcﬁé’gﬁl g‘éﬁﬁ%m g?b()%'(q]éﬁ P}{) ?&Pﬁ%ﬁ%{wy ]organl c phase

|estvvas[1eg ancwhexyncyetdlenﬁdenae aqueous phases are individually

over - magned: (IHOIaRA L2 G I foRb oA (RS A Etiicy cRoe R PP TG 4o

conpl et el yethwb}waqbeprbrmq obtained is chr omat ogr aphed over silica

gel ~anfhai "leflLilorJJ 20[2 é1difforé-4-(trars24-gropylcyclohexyl)-
6-difl uoro- - "B& t hyl ] cycl ohexyl } cycl oﬁex- 1 -ene.

-23 - ‘F)(ﬂ@ﬁg rTLrﬁ{é there can be prepared: 1

N Zwlog gyé‘l th-lfﬁmrM-%Z(-[Z @-difhjar@r-?aegei{wgﬁgezmthcmlmhemd)c| o- 5

6- di f | uor oP E" h?fﬁbﬁé%'?@?%ﬂ énléo cycl ohexyl [}c§/cI ohex-1 -ene; 1

-fluoro-4-{ 2-[2, 6-difluoro-4- (trans 4- et hyl cycl ohexyl ) phenyl | -

ethyl I cycl ohex-1 -ene; 10 1 -fluor gzdmdn|d-§2.

?-eﬁlefl ro-4-(trans-4-propyl cycl ohe‘%é‘%pj_s- phenyl ] ethyl } cyclohex- 1
a) A solution of 1.2 g of 1-fluoro-4-(trans-4-methoxy-
carbonylcyclohexyl)cyclohex-1-ene in 5 ml of dry tetrahydro-
furan is added dropwise at 0°C to a solution of 0.303 g of lithium

20  aluminium hydride in 15 mil of dry tetrahydrofuran. Then, the
mixture is stirred for one hour, 1 ml of ethyl acetate is added,
the mixture is stirred for a further 30 minutes and subsequently
acidified with 1N hydrochloric acid. Then, the mixture is diluted
with 100 ml of water, extracted twice with methylene chioride

25 and the combined organic phases are washed with sodium
bicarbonate solution and with water. The organic phase is dried
over magnesium sulphate, filtered, the filtrate is evaporated and
the residue is chromatographed on silica gel. This gives 1-
fluoro-4-(trans-4-hydroxymethylicyclohexyl)cyclohex-1-ene.

30
by 2.11 g of bromotriphenylphosphonium bromide are added at
room temperature to a solution of 0.95 g of 1-fluoro-4-(trans-4-
hydroxymethylcyclohexyl)cyclohex-1-ene in 10 ml of aceto-
nitrile and thereupon the mixture is stirred for 30 minutes.

35 Then, the reaction mixture is evaporated completely, the residue
" is dissolved in a small amount of methylene chloride and this
solution is diluted with a ten-fold amount of pentane. The

resulting suspension is filtered over silica gel/Celite and the



1 .-fluero-4-{ 2-[2,6-difluoro-4-(trans-4-pentylcycl-ohexyl) -
phenyl | et hyl } cycl ohex-1 -ene. 15

a) A solution of 1.2 g of 1-fl uoro-'4-2(4 rans- 4- met hoxy-

car bonyl cycl ohexyl ) cycl ohex-1-ene in 5 m of dry tetrahydro- furan is

added dr opwy : | of +Q.: 0% g1l biH- al um ni um
hydri de i n%ﬁﬂﬁhog g\;@]pt%é‘%?%@ygé}gb Létgr& Tf@?\?cﬁ\ﬁgs i flu%@ﬂﬁ’gpg stirred
for one hout-bromomethylcyclohexyhiayalehaxdeene. the mxture is stirred
for a further 30 m nutes and subsequently acidified with 1IN

Exanple 5

hydrochloric acid. Then, the mxture is, dilutged 'th%log. m ef water,
extracted t@ ce Wi ﬂt‘pfnﬂﬂﬁihﬂ greuURG | RAtagaIus, Carﬁﬁﬂﬂ?l@'tgoﬁb? HHO8 §hni ¢
phases 5e (9‘(5?5r@%ﬁ’"?t,%—cﬁﬂdb%%—propﬁbﬁéhbbmt]& mol o 'afca;canel aviet [lhvva]E er T[le
organi ¢ phase,is dri é .oy nesi,um su | , the filtrate
i sgevapolroat%gd%‘icio a solution é%fle ﬁmﬂaaﬁﬁﬂrgﬂ‘ﬂ&{ 884]'25%' ﬁé'gérﬁlgca gel . This
gioves 1- b) methy Wexm@ﬁenemdeneyﬁmfzmIm&dfcmgd.r)a:;mdohbaa é - ene.

. . r ed at
Foom t empermptiie: i sflrst Ao SEHISRIATEE Por 1 UAGURE, “Thed
hydr oxynet hafteyctheesolvinty ds cevaparated, the uesiduefis paitiioned nitrile and
o . . . : . . , i
it ur 0 s BEWLEh edrercand (EFyIef chlofideriafd thédordaie ‘?ﬁ‘@?ﬁ b a smal
amount of n@tiegd| ever magnesiemasdiphate. Thengdhe: selution {8 ?h‘ét‘é& 't?’ﬁ a

ten-fold a fi ithe Pakidgasisoohiomatos ered over
silica gel ?@E |tiéé l?and ] ﬁteaf‘@bmpiete'l)?%ﬂd th ! - 24-

e <
sol uti on i sOEARNRA APl &l¢ e|"§hlsmliv§sgﬂvfé':,'Oﬁqﬁ'LU@(S‘-Sﬁ(Q?nQﬁs-
4- br omonet hyifysiaaesybpelpHertsxyetienk cyclohexyd]cyclohgxefl -éheel y ground
pot assi L{Jncar bonate and a solution of 5 0.7 g of
2, 6-di f1l or o- 4-propyl phenol in 5 m of acetone are

The following compounds can be prepared in an analogous manner:

1-Fluoro-4-[trans-4-(2,6-difluoro-4-ethylphenoxymethyl)cyclo-
hexyl]cyciohex-1-ene;

20 1-fluoro-4-[trans-4-(2,6-difluoro-4-butylphenoxymethyl)cyclo-
hexyl]cyclohex-1-ene;
1-fluoro-4-[trans-4-(2,6-difluoro-4-pentylphenoxymethyl)cyclo-
hexyl]lcyclohex-1-ene;
1-fluoro-4-[2,6-difluoro-4-(trans-4-propylcyctohexyl)phenoxy-

25 methyl]cyclohex-1-ene;
1-fluoro-4-[2,6-difluoro-4-(trans-4-pentylcyclohexy!) phenoxy-
methyl]cyclohex-1-ene;
1-fluoro-4-[2,6-difluoro-4-(trans-4-vinylcyclohexyl)phenoxy-
methyl]cyclohex-1-ene;

30 1-ﬂuoro-4-[2,6-dif|uoro-4-(trans-4-(E)-propénylcyclohexyl)~
phenoxymethyl]cyclohex-1-ene;
1-fluoro-4-{2,6-difluoro-4-[trans-4-(3-butenyl)cyclohexyl]-
phenoxymethyl}cyclohex-1-ene. T

“ eose TN

Binary mixtures (BM) with 4-(trans-4-pentylcyclohexyl)-
benzonitrile were prepared in order to investigate the properties




added to a solution of 1.1 g of 1-fluoro-4-(trans-4-brono-

met hyl cycl ohexyl ) cycl ohex-1 -ene in 2_0%§ _of acetone and the m xture
is stirred at reflux tenperature for 1 hours. There- after, the
solvent is evaporat ed, the residue is partitioned 10 between water and

met hyl ene Sﬁorﬁ@@vh{i?oﬁ W@Fﬂgﬁ‘rz@wﬁﬁes Tﬁé' ﬂﬁe@h@fd magnes' um

sul phat e.

':zriotcfe vapor at ed
conpl etel y mﬂﬂﬂ andk the espopse Jimes- were mﬁ?%ﬁgda‘b frbé M This
gives 1 -flgal (Jkﬂv [Hlaélrtﬂt)flm%fg a Plate separation of 8 um; the 2. 5-fold

Fol | o no. B RGEHE AT IFpal e (o Lot Al ° T

;1 Fl Uf)]r 054I [c?1 @rraftm@ Gfoltéysil fThercorfespdrydipge daky rfer g+ (tcans-d-pentyl-
ex CyCl O
"1 tor o- 4- [‘Bf ﬂﬁe’&lﬁ?ge%z%ﬂ’ﬁ"éo?ﬁ? zF"n?ut(;N Dhsnedieny19 5,882 Vs ton =

hexyl ] cycl obdmsy teggre42 ms, An = Q.1 4-[trans-4-(2,

6-di fl uoro-4- pentylphenoxynethyl)cyclo- hexyl ] cycl ohex-1 -ene;
-fluoro-4-12, 6- d| fluoro-4-(t rans-4- propyl cycl ohexyl ) phenoxy- 25

met hyl ] cycl -1 -ene; 1 -fluoro-4-[

2, 6-di flguor b &Fs- 4- Ndyelopexyl)benzomrithité] cycl ohex- 1
- ene; o i %g})@f g%wfiu fft ro- - %% éy) CX%P@SW' ) phenoxy-
met hyl ] cycl bRext -Ogn Joflu {trans: fluoto-

L | uor o- 4- g 2,6-difl Eoro Zbr(éﬁ).&eshyﬂnﬂ&):y?lrdmwﬂ@dbbbxxy-}ene
t
e Tl uor 0 AR 809G, Pl 5,53,V Eoa o s toff = 46 ms, an =

phenoxymet hyl | cycl ohex-10.828. 35 Exanpl e 6
Bi nary1§ xtures (BM with 4-(trans-4-pentyl cycl ohexyl) - benzonitrile
were pr pared In order to investigate the properties

80 wt.% of 4—(trans-4-pehtyl-cyclohexyl)benzonitrile
20 wt.% of 1-fluoro-4-[trans-4-(2,6-diflucro-4-propyl-
phenylethynyl)cyclohexyl]cyclohex-1-ene
20 clp. (N/1): 56.19C, V10 = 1.47 V, ton = 33 ms, toff = 52 ms, An =
0.121

BM-3
90 wt.% of 4-(trans-4-pentyl-cyclohexyl)benzonitrile
25 10 wt.% of trans-4-(1-fluorocyclohex-1-en-4-yl)cylohex-
anoyl 2,6-difluoro-4-propylphenolate
cl.p. (N/1): 54.19C, V1o = 1.46 V, ton = 36 ms, toff = 48 ms, An =
0.116

30 BM-4
80 wt.% of 4-(trans-4-pentyl-cyclohexyl)benzonitrile
20 wt.% of trans-4-(1-fluorocyclohex-1-en-4-yl)cylohex-
anoyl 2,6-difluoro-4-propylphenolate
cl.p. (N/1): 55.79C, V19 = 1.38 V, ton = 43 ms, toff = S9 ms, An =
35 0.111
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- 25 -» of the compounds of formula | in mxtures. The threshold
potential and the response tinmes were_ sured at 22[err]Cin a TN

cell (lowbias tilt) having a plate separation of 8 [err]m the 2.5-fold
val ue of the threshold potential (V[err]) was chosen as the 5 operating
vol tage. Thgpe rrespondl ng data for 4-(trans-4-pentyl-

| oh I I I 62 V, =
o107l TR | e sty Tt rlec o

4-(trans-4- P@WW% @YCI ohepuf| ) ezt 6-ifluoro-4 40t wrabsebutyl-1
-fluoro-4-[trans-4-(2,6-diflu

[O-
phenyl et hynyl ) cycl ohexyl ] 6 69Re§§fﬁcyd°h@f'1 enFN/ ) : 55 O[err]C, V10
= 1.53 B, tElapr(NA)247189C, gy =] 1.4549, ton =[ 27 mM$, forf = 51'ms, An =
0 123 15 BM 2 39 % % of 4- (trans-4-pentyl -cycl ohexyl)
benzonitrile 20 wt . 8 1
-fluoro-4-[trans-4-(2,6-difluoro-4-propyl -
phenyl et hyngﬂ ch ohexyl ] cycl ohex-1 -ene 20 cl.p. (NI): 56.1C, V[err] =
1.47 V, tfe err]= 52 n, = . 0.121
BM 3 Both%@rf 4‘I ﬂr&m&%@ﬁﬁrcx%l@lh&w@b?%%%'?r| le 25 10

Wt-%ogo panﬁ%’rb@l 'fIMlﬁéb’é‘J@-I[%fildmﬁoﬁo%) trhws-but |-

anoyl 2,6-difluoro pro%lcﬁ En )‘r@ ?‘ CIR IrI 54. C Vlerr] =
1.46 V, ton = 36 ms, t[er®Y X p@,y,lqyoex--e 0.116
30 BM4 clp. (ENVIW4%99FC Vigi=(1 Qﬁn\i norperﬁalms,ytafphes@/msamW trile

20 wt . % of 1(ﬁj.%ans 4-(1 -fluorocycl ohex-1 -en-4-yl)cyl ohex-

anoyl 2, 6- dpfl r o- 4- pr opyl phenol at e cl.p. (NN1): 55.7[err]C, V[err] =
1.38V, t[err] =43 ns, t[lerr] =59 nms, [err]n =35 0.111

———

- This Shee

i~

—_—

——



- 26 - BM 5 90 wt . % of
4-(trans-4- = 0 exill ﬁinzoni tr '2:7e_ 10 wt. % of 1
| y

-fluoro-4-[2, G “ 1L e ‘ans- but

cycl ohexyl ) phepiig . S ne 5 cl.p. (NN1): 47.9[err]C, V[err] =
1.45 V, tlerr] = t[err] SIMrr]n =
0.114 BM 6 80 Wt . %of

4- (trans-4-pentyl -cycl ohexyl )benzonitrile 10 20 wt . % of

1-fluoro-4-12,6-difl meéuﬁdstame lyengral formula
cycl ohexyl ) phenyl cycl ohex- -ene cl.p. (N1): 40 9[err]C V[err]
=1.29 V, tlerr] —42ms tlerr] —69ms [err]n =

C ai ms Corrpounds of the eneral forrrul a [err]
wher ei n gn| I kenyl with a maxi num

5
wherein
R signifies alkyl or alkenyl with a maximum
of 12 carbon atoms;

10 rings A and B each independently signify 1,4-phenylene,
trans-1,4-cyclohexylene or trans-1,3-
dioxane-2,5-diyl;

Z1 signifies a single bond or -CH2CH2-; and

Z2 signifies a single bond, -CH2CH2-, -OCH32-,
15 -C=C-, -CO0- or -00C-; and

m, n are O or 1, with the proviso that m + n < 1.

2.  Compounds according to claim 1 of the formulae

F
A= O~
m n

20 F i-A

I-B

[-C
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of. 12 carbon ato s Aand B
L pnenyrene, U

trans 1 3-

signifies a S|ngle bond or -CH[err]CH[err]
signifies a single bond, CI-l[erri:Cl—l[err]
-CC, -COO or -00C: and
proviso that m +, |
of the fornul ae
Flerr]
saturated ring 5
maxi num of 7

of the fornul ae

al so vi n
carbon atons.

or

@@M

each i ndependently signify

l”ﬂm”ﬁl . Og(éggng é all ;:/lycl ohexyl eneZE)rerr]

and
OCH[ err]-

Z[ err]
15
1, with the

are O or
d_s according to claim1l
- 28-
rel Rl S gnlflres al kyl, 3E-al kenyl gr ong

1 E- al kenyl

vmth I n each c
Compounds according to claim?2

wherein R! signifies alkyl, 3E-alkenyl or on a saturated ring
5 also vinyl or 1E-alkenyl with in each case a maximum of 7

carbon atoms.

3.  Compounds according to claim 2 of the formulae

F
=\l =
10 F
F
O
R’—<: =
o)
F
F
R!? ——
F
F
=
F

[-E

F
1-A1

F
I-A2

F
I-A3, and
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[err] . - 29- wherein Rlerr] signifies alkyl, meﬂmuﬂm
a saturated ring al so vinyl or ng al kenyl with in m
maxi num of 7 carbon atoms. 5 ° T4, Conpounds accor di ng té

claim2 of the formul ae Flerr]

wherein R! signifies alkyl, 3E-alkenyl or on a saturated ring
also vinyl or 1E-alkeny! with in each case a maximum of 7
carbon atoms.

5 4, Compounds according to claim 2 of the formulae
F -B1
F
R F
F 1-B2
F
o
R‘—C F
o)
F {-B3
F
R’!
F
10 F [-B4, and
This Sheet Has Been Replaced
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wherein R1 signifies alkyl, 3E-alkenyl or on a saturated ring
also vinyl or 1E-alkenyl with in each case a maximum of 7
15 carbon atoms.

5. Compounds. according to claim 2 of the formulae



wherein R err] signifies al kyl, 3E-al kenyl or on a saturated ring

also vinyl or 1 E-alkenyl with in each se a maxi Warbon
at ons. 5. Conpounds accordi"ng’ﬁfo claim?2 of
-30- [err] %
wherein Rlerr] signifies alkyl, 3E-al kenyl or on a sa edLrl"hg
also vinyl or 1 E-alkehyl with in each case a maxi num of 7 car bon
at ons. 5 1/ ding to claim2 of the fornul ae
R
[err] F
[-C1
F
R1
F
F [-C2
F
0]
-
0 F
F I-C3, and
F
R1
F
F I-C4
5
wherein R? signifies alkyl, 3E-alkeny! or on a saturated ring
also vinyl or 1E-alkenyl with in each case a maximum of 7
carbon atoms.
10 6. Compounds according to claim 2 of the formulae
F
oo OO
F I-D1, and
F
s OCpeee O
F I-D2
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\lll\l\\ T



10. - wherein R err] signifies al kyl, 3E-al kenyl ]
ring al so vinyl or 1 E-al ke { wth in eacdmmg"ﬂlmimﬂmgf 7
carbon at ons. 8. Conpoun according to afycone Ox Ct al*s 1
to 7, 15 wherein Rlerr] signifies ethyl, propyl, butyl, pentyl, 3-butenyl

or 3E- pent epyl .and.on. trans-1,  A-gcyclohexylene qr trans- - di oxane-
o s iyl al s viWpEreR R1oigifgs kv SERARSLPF B, st dRFel rind
9. The conpounalsecvinytiiorg] Ecalkémyinwithaind eachi oage al-madmum of 7
fIuoro-4-[trans-ﬁ%4£{'ggﬂbg!uoro-4-propylphenylethynyl)-

X-1 = .

cycl ohexyl ] cycl o 10. The conpound according to
claim2 and claim4, 1-

fluoro-4 (2,6-difl uor | | } . 11,
The compound acopt di neCTBo o 2GS ite) Ot 2 of e fofujac

-fluorocycl ohex-1 -en-4-yl)cycl ohexanoyl 2, 6-difl uoro-4-
- 32 -

pr opyl phenol at e F
12. Aliquid crystaj#=Qe m xture having at |east 2 conmponent s, wherein
at | east one COR ::«@ oa COTHd @ formula | defined in claim 1.

F

F -E1, and
F
R‘l
F

10 wherein R1? signifies alkyl, 3E-alkenyl or on a saturated ring
also vinyl or 1E-alkenyl with in each case a maximum of 7
carbon atoms.

[-E2

8. Compounds according to any one of claims 1 to 7,
1S wherein R1 signifies ethyl, propyl, butyl, pentyl, 3-buteny! or 3E-
pentenyl and on trans-1,4-cyclohexylene or trans-1,3-dioxane-
2,5-diyl also vinyl, 1E-propenyl, 1E-butenyl or 1E-pentenyl.

9.  The compound according to claim 2 and claim 3, 1-
20 fluoro-4-[trans-4-(2,6-difluoro-4-propylphenylethynyl)-
cyclohexyllcyclohex-1-ene.

10. The compound according to claim 2 and claim 4, 1-
fluoro-4-(2,6-difluoro-4-propylphenyl)cyclohex-1-ene.
25
11. The compound according to claim 2 and claim 6, trans-
4-(1-fluorocyclohex-1-en-4-yhcyclohexanoyl 2,6-difluoro-4-
propylphenolate
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5- = 13. Aliquid crystalline mxture according to cl
wherein the content of conpounds of fo ?ul al is 1 70 Wt . ﬂlmm&"ﬂnmlu tll
Aliquid crystalline m xture according o claim emMel m
content of conpounds of formula I is 5-20 w.% 10 15. The use

of comounds of 1501 M figlig!erysesling mbaufe Ihaving hefleBkedt T - 0Pt [ cal

devi ces. t I ne m xtuyes according

to 15  anfOBRORANtS, avh@remz aitdeqat pHe @@@@m@n@ps.a;gpnmu of
formula | defined ifn claim 1.

5 13. A liquid crystalline mixture according to claim 12,
wherein the content of compounds of formula | is 1-70 wt.%.

14. A liguid crystalline mixture according to claim 12 or
13, wherein the content of compounds of formula | is 5-20 wt.%.
10 :
15. The use of compounds of formula | defined in claim 1
for electro-optical devices.

16. The use of liquid crystalline mixtures according to
15 any one of claims 12 to 14 for electro-optical devices.
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