Description The present invention is concerned with novel liquid
crystalline m xtures which contain conponents having a 4-al kenyl or a
2Z- al kenyl side-chain and with the use of these conpounds and m xtures for
eNegtro-optical purposes. The invention is also concerned with the novel
4- al kenyl and 2Z-al kenyl conmpounds and with 1hgir manufacture. Liquid
crystals have recently gained considerable inportance as dielectrics in
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formul a moreover, important that the components have a good

miscibility with one another and at the same time form a
nematic or cholesteric mesophase. Other properties such
as, for example, the electrical conductivity, the
threshold potential, the multiplexibility and the
dielectric anisotropy must fulfil different .conditions
depending on the type of cell which is used.

US-A-4 364 B838B describes a liquid crystalline mixture
of 2-(4-cyanophenyl)dioxanes, 2-(4-cyanophenyl)-
_ pyrimidines, 4-cyanophenylbenzoates and optionally further
- ‘additives. EP-A-0097033 discloses phenethyldioxanes and
phenethylpyrimidines as liquid crystal components. The
non-polar terminal residues are alkyl residues or in the
latter publication also alkoxy, alkylcarbonyloxy or
alkoxycarbonyloxy residues.

Objects of the present invention are liquid crystal-
line mixtures containing one or more compounds of the
general formula



-2- [ERR] wherein n stands for the nunber O or 1: [err] and [err] denote
singl e coval ent bonds or one of the synbols [err] and [err] al so denotes
-COO, -O0OC- or [err]; therings [err] and [err] represent 1, 4-phenylene, —~
2-fluoro-1, 4- phenyl ene or trans-1,4-cyclohex¥lene or one of these rings ./
al so represents a 2,5-disubstituted pyrimdifieTring or a

trans-2,5-di substituted mdioxane ring; [err] signifies 4-al kenyl or on a
cycl ohexyl ring also 2Z-al kenyl; and [err] denotes al kyl, al koxy, -CN or .
-NCS. The term "4-al kenyl" signifies in tlfie scope of yhe present invention

resi dues such as 4-pentenytnand the and/ or qf 4- hexenyl ,

4- heptenyl 4- octenym} A-m&n, &L gg. | .2 4- 4n and . 4- dodeceny

The term "2z al kenyl " enprages ' eshdukg ch a\A Z-butenyl, 1
2Z-pentenyl, 2Z-hexenyl, - hept enyl572Z- qct enyl onenyl, 2Z-decenyl,
2Z-undecenyl and 2Z- dodecenyl The term "at kyl " enbr akes stralght chain and
branched-chai n al kyl residues such as nethyl, ethyl, propyl, isopropyl.

butyl, 2-nethylbutyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl undecyl
and dodecyl. The ternu;%%toxy" %E$&§%§§h%#ky%$é% 2F;%dggsﬁhn gghc t he
al kyl portion has t Rat m©" 9] i ies in
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(splay) and theref @re-gcge steep transm ssion curves and a goo
multiplexibility. The conpounds of formula | and their m xtures can be
The term "4-alkenyl" signifies in the scope of the

present invention residues such as 4-pentenyl and the

E- and/or Z-form of 4-hexenyl, 4-heptenyl, 4-octenyl,

4-nonenyl, 4-decenyl, 4-undecenyl and 4-dodecenyl. The

term "2Z-alkenyl" embraces residues such as allyl,

2Z-butenyl., 2Z-pentenyl, 2Z-hexenyl, 2Z-heptenyl,

2Z-octenyl, 2Z-nonenyl, 2Z-decenyl, 2Z-undecenyl and

2Z-dodecenyl. The term "alkyl" embraces straight-chain and

branched-chain alkyl residues such as methyl, ethyl,

propyl, isopropyl, butyl, 2-methylbutyl, pentyl, hexyl,

heptyl, octyl, nonyl, decyl, undecyl and dodecyl. The term

"alkoxy" embraces alkyloxy residues in which the alkyl

portion has the above significance. The term "halogen"

signifies in the scope of the present invention chlorine,

bromine or iodine. The term "alkali metal" embraces

lithium, sodium and potassium. W

It has been found that the compounds of formula 1 and
their mixtures have the requisite properties mentioned
earlier and, moreover, have low viscosities, especially an
improved rotation viscosity Y1. and make possible
comparatively low threshold potentials. Further, the
compounds of formula I have a favourable ratio of the
elastic constants k33 (bend) and kj1 (splay) and
therefore give steep transm1581on curves and a good
multiplexibility.

The compounds of formula I and their mixtures can be
-used in principle in any electro-optical devices. However,
there are preferably used in rotation cells and in guest/
host cells.



used in principle in any electro-optical devices. However, there are
preferably used in rotation cells and in guest/ host cells. 3 The
manuf acture of the m xtures in accordance with the invention and of the
ekectro-optical devices can be carried out in manner known per se. The
m xtures in accordance with the invention convéniently contain a liquid
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general , the m XtJdyrgS dad oUEC Q) gnqngnwetr kinld%rnl %\éQngleon contain at Ieast
about 1 wt.% of conpounds of fornulal. The ampbunt of conpounds of formnula
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cycl ohexyl bi phenyihe asioamti 9f icompovads @fpferpulan]r prediesaply amounts to
cyclohexylphenyIQQQHﬁ<§ % Wtoikeny| di oxanes, 2- cyclohexyl-l-phenylethanes
and the like. Such su ances are known t t e . N _the art
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[ ERR] wher ei n th%iﬂﬂgﬁi éﬁ‘ W 1P atles, cyclohexane—
\\/ carboxylic ac1d phenyl esters. cyclohexanecarboxylic acid

cyclohexyl esters, biphenyls, terphenyls, phenylcyclo-
hexanes, cyclohexylbiphenyls, phenylpyrimidines, diphenyl-
pyrimidines, cyclohexylphenylpyrimidines, phenyldioxanes,
2-cyclohexyl-1l-phenylethanes and the like. Such substances
are known to the person skilled in the art and many of
them are, moreover, commercially obtainable.

The mixtures in accordance with the invention
preferably contain, besides the compounds of formula I,
one or more compounds of the general formulae
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trans-1, 4-cycl ohexyl ene; [err] signifies straight-chain [err]-[err]-alkyl,
straight-chain [err]-[err]-3E-al kenyl -5- or on a cycl ohexane or di oxane
ring also [err]-[err]-1E- -alkenyl; [err] signifies straight-chain )
[err]-[err]- -alkyl, strai.ght-chain [err]-[err]-alkoxy, -CN or -NCS; [err]\J
denotes straight-chain [err]-[err]-al kyl or $4traight-chain )
[err]-[err]-alkoxy; [err] and [err] stand for straight-chain
[err]-[err]-alkyl; [err] represents cyano, alkyl, al koxy, p-alkyl phenyl,

p- al koxyphenyl, trans-4-alkyl cyclomexyl, 4'-ajky\-4-bi phenylyl,

p- (trans-4-al kyl cycl ohexyl )phg E8ps= @ r7cycl ohexyl ) et hyIx
p-[2-(trans-4-al kyl cycl ohexyl )- & ] phenyl _ I

2-[ p-(trans-4-al kyl cycl ohexyl ) phenyl ]- ethyl and the al kyl and al koxy
residues in [err] are straight-chain residues with 1 to 7 carbon atons; and
[err] signifies cyano or straight-chain [err]-[err]- -alkyl. The m xtures
in accordance with the invention can also contain optically active

conmpounds (e.g. optically act%wa enyl s) angMe® di chroic col ouring
substances (e.g. azo, azoxy ®R—€ el | i substances). wg
anount of such conpounds is deteNx=ped by fthe \§ bil'ity, the desired

pitch, colour, extinction and the |ike. Prgeferably, the anmount of optically
active conpounds anounts to a maxi num of about 4 wt.% and the anount of

di chroi c col ouring substances anpbunts to a maxi num of about 10 wt.% in the
total mxture. The conpounds of fgrmya | in whigh=si multaneously Rl does
not signify 4-pentenyl, ring g&& 3 t ~S g 10 _
trans-1, 4-cycl ohexyl ene, [err]?@%’?!y] ,Rri ng [err] dod&dIdot
signify 1, 4-phenylene, n does not signify the nunber O and [err] does not
signify -CN are novel and are also an object of the present invention.
Formul a | above enbraces, in particular, the sub- -fornulae [ ERR]
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wherein the rings B and C represent 1l,4-phenylene or
trans-1,4-cyclohexylene; R® signifies straight-chain
C1-C7-alkyl, straight-chain C4-C--3E-alkenyl



-6- [ERR] wherein [err] and n have the above significances; the rings
[err] and [err] represent 1,4-phenylene, 2-fluoro-1, 4-phenyl ene or

trans-1, 4-cycl ohexyl ene; and ring [err] denotes a 2,5-disubstituted
py_)n1d|ne ring. In general there are preferred those conpounds of fornul a
l-in which [err] and [err] denote S|ngle coval ent- bonds or one of these
synbol s al so denotes -COO or -O0OC-. Further, there are in general
preferred those conpoﬁﬁd@no¥ ?h?éﬁhﬁX?nenOMhdt%X§@¢r§18¢gml$¢e@zﬂcfﬁkﬁﬂyl
especi al | y 4z- al keny| T2 bkeRE} apR gnifles spbeaight sehaly€rcPrai n resi dues
with up to 12 carbon $¥ .,sgra;@ ts¢ %} h§1- CzﬁﬁﬂkP&M&a#Q@ g% wWeH: 3 to
12 carbon atons or %Pége?o?tﬁ? %? h%]%lﬂc Qﬁth to 12

carbon atons such as §§% % léhahQ# af% %E%&%n laﬁﬂsl

4E- heptenyl . [err] pr
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ring, i.e. on a benzeppc PsnPuF1 Jo fp r @r@. { *4g é%b L ent
which is optionally psesgDiphényDrodlz piﬁtfﬁﬁﬁfﬂfﬁd&?ﬁéﬁ } Ib%&@hyl]—
ortho- -position to [ethyl ®nPechél Vkyheind ed ko e nod E5duda

general , however, theseraighpreti®einered hdses apimtoundso of cfalflmti &domﬁu C&‘nd
have no lateral fluorkhk sigsifiesntyano or 78t Bt -athayi pref -aaf-ed
conpounds of fornul ae-4lkyhy, Ib, Ic, Id and le are therefore those in which
n stands for the nunber 0 or 1, [err] and [err] denote single coval ent
bonds or one of the s dF!st‘bW hﬁl@‘f@#%a%ﬁ%dﬂb@hoﬁ% imemtign -q@ac-also

tke rings [err °“%ﬁ&P %P? c3 bbby Aghive o fnke - optically active
wa 1, 4- cycl oh k? ?@y /or dichroic colouring substances (e.g. azo,
OXy or an raquinone colouring substances). The amount

of such compounds is determined by the solubility, the
desired pitch, colour, extinction and the like.
Preferably, the amount of optically active compounds
amounts to a maximum of about 4 wt.% and the amount of
dichroic colouring substances amounts to a maximum of
-about 10 wt.% in the total mixture.

The compounds of formula I in which simultaneously
Rl does not signify 4-pentenyl, ring Al does not
signify trans-1,4-cyclohexylene, Xl does not signify
-CH,CHz-, ring A2 does not signify 1,4-phenylene, n
does not signify the number O and RZ2 does not signify
-CN are novel and are also an object of the present
invention.

Formula 1 above embraces, in particular, the sub-
-formulae '
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of the rings [err] and [err] also represents a 2,5-disubstituted

pyrimdine ring or a trans-2,5-disub- stituted mdioxane ring; ring [err]
denotes a 2,5-disub- stituted pyrimdine ring: [err] signifies _ .
straight-chain 4-alkenyl with 5 to 12 carbon atons; and [err] denotes o/
straight-chain [err]-[err]-alkyl or on a benferte or pyrimdine ring al so

-CN, -NCS or straight-chain [err]-[err]-alkoxy. Exanples of preferred
conpounds of fornmula | are: p- ans- 4- (4- Pght enyl )ycl ohexyl ] benzonitrile,
p-[trans-4-(4-pentenyl)cyclph ' , c~an3te,
p-[trans-4-(4Z-hexenyl)cycTo
p-[trans-4-(4Z- hexenyl)cycl ohexy .
trans- 4- (4- pent enyl ) cycl ohexyl ] benzene,
| -ethyl -4-(trans-4-allyl cycl ohexyl)benzene,
1- et hoxy-4-[trans-4-(4-pentenyl)cycl ohexyl ] benzene,
1- et hoxy-4-(trans-4-allylcyclo b ,

1-ethyl -4-[2-(trans-4-(4- peghg
l-ethyl-4-[2-(trans-4-allylcyc
4' - (4-pent enyl) - 4-bi phenyl carbonitril er= -

4' -[trans-4-(4-pentenyl)cycl ohexyl]-4-bi phenyl - ca anitrile,

trans- 4- (4-pent enyl ) cycl ohexanecarboxylic acid p-ethoxyphenyl ester,
p-[trans-4-(4-pentenyl)cycl ohexyl ] benzoic acid p-propyl phenyl ester,
5-[ p- (4- pent enyl ) phenyl ] - 2- pyr it @i necar-oni [ r jle

5-[ p- (4- pent enyl ) phenyl ] -2 m dij ‘
p- [ 5- (4- pent enyl ) -2-pyrim di ny b§
p-[5-(4-pentenyl)-2-pyrimdinyl ] phenyl
p-[trans-5-(4-pentenyl)-mdi oxan-2-yl ]benzonitrile,
p-[trans-5-(4-pentenyl)-mdi oxan-2-yl ] phenyl isothio- cyanate and the
addi ti onal conpounds of fornmula | nanmed in the Synthesis Exanples. The
conpounds of for nuiwhéreim Bl Rt trurbeadre rt e cabsales oel gni it 1 ddredgvent i on

by a) for the manufthe wrinmgg Aharbifourabreferforimd-Henylene, -
2—£1uoro—1,4-phenylene or trans-1,4-cyclohexylene; and
ring A7 denotes a 2,5-disubstituted pyrimidine ring.
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In general there are preferred those compounds of
formula 1 in which X1 and X2 denote single covalent
bonds or one of these symbols also denotes -COO- or -00C-.
Further, there are in general preferred those compounds of
formula I in which Rl signifies 4-alkenyl, especially
4Z-alkenyl. Preferably, Rl stands for straight-chain
residues with up to 12 carbon atoms, i.e. for straight-
-chain 2Z-alkenyl with 3 to 12 carbon atoms or especially
for straight-chain 4-alkenyl with 5 to 12 carbon atoms
such as 4-pentenyl, 4Z-hexenyl, 4E-hexenyl, 4Z-heptenyl W/
and 4E-heptenyl.

R2 preferably signifies -CN, -NCS or straight-chain
alkyl or alkoxy groups with 1 to 12, especially 1 to 7,
carbon atoms. The residues -CN, -NCS and alkoxy for R2
are preferably present on an aromatic ring, i.e. on a
benzene or pyrimidine ring.

A lateral fluorine substituent which is optionally
present in formula I is preferably situated in the ortho-
-position to RZ2, especially when R2 denotes -CN or :
-NCS. In general, however, there are preferred those
compounds of formula I which have no lateral fluorine
substituents.



which [err] or [err] denotes -COO or -0OOC-, esterifying a conpound of the
general fornula -8- [ERR] or a reactive derivative thereof with a
conmpound of the general fornula [ ERR] wherein one of the groups [err] and
[BLr] represents -COOH and the other represents -OH, one of the indices p
and g denotes the nunber O and the other denetes-the nunber 1; and J[err],
n-and the rings [err] and [err] have the above significance, or a reactive
der4 vati ve thereof, (ﬁsnﬁcﬁiﬁlxfR!ﬁﬁﬁnﬁQﬁnQQMPQﬁndﬂupﬁxﬁqnmnﬂka(ﬁ.fKNJnnba
in which one of ter %Ie M%rfd‘ e@@rﬂes lal which n stands for
trans-2,5-disubst§q airi Je(ﬁQWiLSQﬁ ngl e
coval ent bonds or eﬁw qeﬁg a

conpound of the T, \% r"]@:lr
fornul a -9- byl % %%iﬁ: & ré@éﬁﬁ?
[err] and the ot Kers rd-:j}y,g;eg% gt ecr%lnr}g_lze c% u%nt
bonds or one of thgss r7, deto v ds 2 &1k
and [err] repres@ﬁltllt‘b‘@*ﬁbi'ltﬁlrdﬁlnez rfld&)“i( 171902 5319 i9h t - chalél
trans- 1, 4- cycl ohepyd 19ty IMwitth 5 &y 12 Py atgfbﬁt.slwréb{arsz 20 g@nok the
sum (m+ n + r + syradfgiitheta ind,ces J-a1kyd o2, dﬂw%r%témz%:@aruonly signify
the nunber 1 wherpyristi@ide frdng mgwmw Inegd oP &@'kadiyht-Thaiinf y the
nunber 1 when r $hag-fadkkoxtye nunmber O: and [err] and [err] have the above
si gni fi cances, ' :
Examples of preferred compounds of formula I are:

_ ’ p-[trans-4-(4-Pentenyl)cyclohexyl]lbenzonitrile,
\\/ p-[trans-4-(4- pentenyl)cyclohexyl]phenyl isothio-
cyanate,
p-{trans-4-(4Z-hexenyl)cyclohexyl]lbenzonitrile,
p-{trans-4-(42- hexenyl)cyclohexyl]phenyl isothio-
cyanate.
1- ethy1-4—[trans—4—(4-penteny1)cyclohexy1]benzene,
l-ethyl-4-(trans-4-allylcyclohexyl)benzene,
l-ethoxy-4-[trans-4-(4-pentenyl)cyclohexyl]benzene,
l-ethoxy-4-(trans-4-allylcyclohexyl)benzene,
l-ethyl-4-[2-(trans-4-(4-pentenyl)cyclohexyl)ethyl]-
benzene, '
l-ethyl-4-[2-(trans-4-allylcyclohexyl)ethyl]lbenzene,
4'-(4-pentenyl)-4-biphenylcarbonitrile,
4'-[{trans- 4- (4-pentenyl)cyclohexyl]-4-biphenyl-
carbonitrile,
trans-4- (4- pentenyl)cyclohexanecarboxyllc acid
p-ethoxyphenyl ester,
p-[trans-4- (4-pentenyl)cyclohexyl]benzoic acid
P-propylphenyl ester,
o ~ 5-[p-(4-pentenyl)phenyl]}-2-pyrimidinecarbonitrile,

_ 5-[p-(4- pentenyl)phenyl]-2-pyrimidinyl isothiocyanate,
p-[5-(4-pentenyl)-2-pyrimidinyllbenzonitrile,
p-[5-(4-pentenyl)-2-pyrimidinyl]phenyl isothiocyanate,
p-[trans-5-(4-pentenyl)-m-dioxan-2-yl]benzonitrile,
p-[trans-5-(4-pentenyl)-m-dioxan-2-yl]lphenyl isothio-

-¢yanate
and the additional compounds of formula I named in the
8ynthe51s Examples..

The compounds of formula I can be manufactured in
accordance with the invention by

a) for the manufacture of the compounds of formula I in
which X1 or X2 denotes -COO- or -00C-, esterifying a
compound of the general formula



or c) for the manufacture of the conpounds of formula I in which one of the.
rings J[err] and [err] represents a 2,5-pyrimdine ring and [err] and [err]
denote single coval ent bonds or one of these synbol s al so denotes [err],
reacting a conpound of general fornmula IV with a conpound of fornmula V in o/
whi ch one of the groups [err] and [err] repré&sents [err] and the other
represents [err] denotes alkyl and [err], [err], m n, r, s and the rings
[err] and A6 have the above significances, in the presence of a base, or .

d) for the manufacture of the conpounds of fornmula I in which [err] and
[err] denote single coval ent bonds or ope of these synbols al so denotes
[err], reacting a conmpound of 3 a [ ERR] -10- wherein
[err] and [err] denote singl erte ogNgs e~ of these synbol s g{so
denotes [err]; [err], n and the r d [err] have the abov

signi ficances; and k denotes the number \3 or, ®n ring [err] represents
trans-1, 4-cycl ohexyl ene, al so the nunber 1, mnth al kyl tri phenyl phosphoni um .
halide in the presence of -a base, or e) for the manufacture of the
conmpounds of formula I in which [err] denotes -NCS, reacting a conpound of
t he general foreonla [&f}ivhederivatieerthereanidwitie ai oospolied rdf atite [ err ]
have the above gener&l chormglawi 't h t hi ophosgene in the presence of an
amne, or f) for the manufacture of the compounds of formula | in which
[err] and [err] denote single coval ent bonds or one of these synbols al so
denotes [err], the rings [err], r err] represent 1, 4-phenyl ene,
2-fluoro-1,4- -phenylene or trags-1, 4-cYclfohexyl § ifi

r2 | \/

111

wherein one of the groups Zl and Z2 represents
-COOH and the other represents -OH; one of the indices
p and q denotes the number O and the other denotes the
number 1; and Rl, R2, n and the rings al, a2
and A3 have the above significance,

or a reactive derivative thereof, or

-b) for the manufacture of the compounds of formula I in
which one of the rings Al, A2 and A3 represents a
trans-2,5-disubstituted m-dioxane ring and X1l and X2

denote single covalent bonds or one of these symbols also
denotes -CHyCHj-, reacting a compound of the general \
formula

23 v

with a compound of the general formula



primary al kyl, reducing a conpound of the general fornula [ERR] wherein
[err] and [err] denote single coval ent bonds or one of these synbols al so
denotes [err]; the rings [err] and [err] represent 1, 4-phenylene,

Zk,Juoro 1, 4- phenylene or. trans-1, 4-cycl ohexyl ene; [err] signifies hydrogen
or al kyl ; and [err] and n have the above sigri Bi eances. The esterification
of the conpounds of fornulae Il and Il or of reactive derivatives thereof
(e..g. acid - 11 - chloride, alkali netal al coholate or phenolate) in
accordance with process variant a) can be effected in a nmanner known per
se. The esterification of the acid chlorides can be effected, for exanple,

in diethyl ether, tetrahydropuran, t ol uene,
carbon tetrachl oride, pyridi ne and the eri fycation of a
conpound of forrula I 3Npo S preEerany v
effected in the presenc di

di cycl ohexyl carbodii m de or \n the oride and

di met hyl f or mani de. Tenperature and presstife ‘of these esterification
reactions are not critical. 1n general, atnospheric pressure and a

t enperature between about [err] and the boiling tenperature of the reaction
m xture are used. The reaction of a conpound of fornmula IV with a conpound
of formula V in accorgnaceini dhepopcess geoupstzd)ananzberepfestértsin a
manner known per se. +OHpCHg@HD$ ahé theledyhert hepresemtsl sCHOE Xded a
suitabl e acetal, e.g.andeX8iidendye airghe. cdvalenticbondsigr conecof chhese
effected in an inert agganle bsgecdengtes e&ﬁzgﬁz-antbﬁohhﬁﬂ% Adrocar bon
sych as benzene, tol uBneakd &Y|Eeepyesenthd % enckene. a2chiwPsR1E. &mount
of organic or inorgBRERY heiy %&cﬁrégs plt Tﬁ%ﬁ%% Bﬁ?% a.?fd“orr 8
hydr ochl ori ¢ aci d. TegP fYr b hﬁéﬂu ?%E%u PR Myt + 8)

reaction is prefera Freqlbptess 18 ? ) t gignity
e R e %:w fhstey e

number O; and Rl and Rz have the above
significances,
or

c¢) for the manufacture of the compounds of formula I in
which one of the rings Al, A2 and A3 represents a
2,5-disubstituted pyrimidine ring and X* and X2 denote
single covalent bonds or one of these symbols also denotes.
-CHy;CH,-, reacting a compound of general formula IV
with a compound of formula V in which one of the groups
z3 and z4 represents HyN-C=NH.HC1 and the other
represents OHC-C=CHOR3, R3 denotes alk{l and X3,
X4, RL, R, m, n, r, s and the rings A A5 and
: A6 have the above significances, in the presence of a
\_ base, or

d)y for the manufacture of the compounds of formula I in
which X1 and X2 denote single covalent bonds or one of
these symbols also denotes -CHyCH,-, reacting a

compound of the general formula




conpound of forrmula V in accordance with process variant c) can al so be
effected in a manner known per se. The reaction is conveniently carried out
in water or an organic solvent (preferably an al cohol such as nethanol, —
et hanol, ethylene glycol and the like) in the presence.of a base, <
preferably an al kali netal al coholate such agp sodi um nethyl ate or sodium
ethylate. R3 conveniently enbraces alkyl residues with 1 to 5 carbon atons
such as nethyl, etiWhereim®A and®f dwrotand iyl d idoaa IBartp eoalde’ & rand
pressure are not criid @ff tdesectsynhe lishiad socasnodes HEBOH,- ;i R2gener al |
at nospheric pressury the drifgsaie Afetdnde A davie dheeadiovee and ref | ux
tenperature are used9 GANGAS o Ik ¢her mughen 3 e .wwhienal kyl -

ka d&RAFA

-triphenyl phosphonimgé i € AGH A0S HOA RS-y 4GYiCHedRNY L 8o s g9 (Fhe

b i d in the,: : J d i t.h iant d

can be.ef 6ot eg;éﬂe?el i e bR R A4 s S sehes G, @
|

t-butyl ate, sodi um’nethyl ate, potassium carbonate, sodium hydride, sodium

am de and the lgyke.£olhe Hef afalnudh d et e B MR o podinase 3 £0 o @0 1 G
or gani ¢ sol veniunild r2@Eot el NS Ut idy Qe grord" s

t et r ahydr of ur ayeQie rdi10¥dtmul@perat ure and pressure are not critical; in
-12- general, however, the reaction is carried out at atnospheric pressure
and a tenperature of roomtenperature to reflux tenperature. The reaction
of a compound of fornmula VII with thiophogsgene in the presence of an am ne

I n accordance with PrOIééﬁ varig be effpetedlin a manner known per
se. The reaction iR -«- tX |
for exanple a chlorinayed r aro

chl orof orm nethyl ene chloride, benzene, S tetrahydro- furan
and the like. Preferred bases are dial kyl am nes and é&speci al ly
trial kyl am nes such as diisopropylamne, triethylamne and the |iKke.
Tenperature and pressure are not critical. In general, however, the

reaction is carried, . o.in g1, xl, X2, n and the rings aAl, a2
. and.A3 have the above significances,
with thiophosgene in the presence of an amine, or

WHBer such a¥yll

£f) for_the manufacture of the compounds of formula I in
which X! and X2 denote single covalent. bonds or one of
these symbols also denotes -CH,CHy-, the rings Al,

A2 and A3 represent 1,4-phenylene, 2-fluoro-1,4-
-ppenylene or trans-1,4-cyclohexylene and RZ signifies
primary alkyl, reducing a compound of the general formula

wherein X3 and X% denote single covalent bonds or
one of these symbols also denotes -CHy-CH,-: the
rings A4, A5 and A6 represent 1,4-phenylene,
2-fluoro-1,4-phenylene or trans-1,4-cyclohexylene;
R4 signifies hydrogen or alkyl; and Rl and n have
the above significances. _ :

The esterification of the compounds of formulae II and
111 or of reactive derivatives thereof (e.g. acid



out at atnospheric pressure and a tenperature of [err] to the reflux
tenperature, preferably at roomtenperature. The reduction of a conpound of
formula LVa in accordance with process variant f) can be effected in a
‘maoner known per se. For exanple, a conpound of fornula LVa can be reacted
with hydrazine in the presence of a base (e.g.lpotassium hydroxide, sodium
et hyl at e, potaSS|un1t but late) in an |nert or ani ¢ sol vent such as

di net hyl f or mami de€ E?ﬁ% + ah?%%h thQ%ﬁ?ﬂ@Qﬁkﬁ ycor and
subsequently the ted in a

e A, Eﬁ; % ? %%irgr{‘%w .

ahydro

in a high- bowlrmk§pi 5%% &ﬁﬂéﬂ ?ﬁﬂ%me

glycol or triethylgner of ¥ fhby %&’%%ﬁ dapé)ég%ﬁ_{:’rﬁ”

hydr oxi de, Subsewntéym@létiiilm {323 l’ft@ffé{f‘éé e Hy

deconposed and bml(mgnémymxﬁw)eg né MWdioﬁ&&fﬁM‘& 'hu or
PR IES e d1fa reEoasly

finished. Furtherinttige
wi t h anmal ganat ed témmewmhﬂyckmrﬂmswmldt uﬁewﬁdmlmamgﬂnlﬁeaiﬂim
such as ethanol , ametiat act ik i gh bxan ayenedalen e s ghee sidd qik dgs e and a
reacti on m xtur e.tempe poiprrrestweerd arbaytae-309C aardl \theb dwel lairmgy known  or
are anal ogues of YeRBR&rah®DAfdsthermeatioumixtifrd @grailusdd/a are novel
and are also an object of the present invention. They can be obtained in a

manner known per se f?'% MRE Len é’.ﬁ)@cﬂﬂ&? AU o rgru ¥ao r i 1wl gh jan whi ch
r

[err] signifies L R Wkﬁ IPq8%&E i n whi ch
% §‘§grpt1r{‘
{ etal ac |ﬂ1ﬁﬂi o
nz

signifies hydr
d ‘obut yl al um ni
signifies alkyl §n for
al kyl magnesi um h *égbfgl ggéy’ ch ag
of formulae Il, lop 1érréf e pt f a *H’an%%r@a!mr&f
conpounds and fl”&ﬁ&ﬁnlc or inorganic acid such as p- toluenesulphonlc acid
or dry hydrochloric acid. Temperature and pressure are not

critical, but the reaction is preferably carried out at
reflux temperature and atmospheric pressure.

The reaction of a compound of formula IV with a
compound of formula V in accordance with process
variant c) can also be effected in a manner known per se.
The reactlon is conveniently carried out in water or an
. organic solvent (preferably an alcohol such as methanol.
ethanol, ethylene glycol and the like) in the presence of
a base, preferably an alkali metal alcoholate such as
sodium methylate or sodium ethylate. R3 conveniently
embraces alkyl residues with 1 to 5 carbon atoms such as
\/ methyl. ethyl, propyl. isopropyl and the like. Temperature
and pressure are not critical aspects in this reaction.
However, in general, atmospheric pressure and a '
temperature between room temperature and reflux
temperature are used.

The reaction of a compound of formula VI with alkyl-
~triphenylphosphonium halide (preferably alkyl- trlphenyl—
phosphonium bromide) in the presence of a base (in
accordance with process variant d4) can be effected in a
manner known per se. Suitable bases are potassium
t-butylate, sodium methylate, potassium carbonate, sodium
hydride, sodium amide and the like. The reaction is
conveniently carried out in an inert organic solvent, for
example an ether such as diethyl ether, tetrahydrofuran or
dioxan. Temperature and pressure are not critical; in



alternatives for the manufacture of the conpounds of fornula I. are
iI'lustrated on the basis of representative exanples in the follow ng
Reaction Schenes 1-8 in which [err] and [err] have the above significances,-.

ring A5 represents 1, 4-phenyl ene, 2-fluoro-1, 4-phenyl ene or o/
trans-1, 4-cycl ohexyl ene, R and R4 denote hydiZogen or al kyl and Ts stands
for p-tosyl. -14- Schenme 1 [ ERR -15- Schene 2 [ ERR] -16- Schene 3
[ ERR] -17- %@14:1. WQVer. the reacdions iscoarcied pyt at
atmospheric pressure and a temperature of room temperature

to reflux temperature.

The reaction of a compound of formula VII with
thiophosgene in the presence of an amine in accordance
with process variant e) can be effected in a manner known
per se. The reaction is conveniently carried out in an '
inert organic solvent, for example a chlorinated or
aromatic hydrocarbon or an ether such as chloroform,
methylene chloride, benzene, diethyl ether, tetrahydro-
furan and the like. Preferred bases are dialkylamines and
especially trialkylamines such as diisopropylamine,
triethylamine and the like. Temperature and pressure are
not critical. In general, however, the reaction is carried
out at atmospheric pressure and a temperature of -30°C to
the reflux temperature, preferably at room temperature.

The reduction of a compound of formula LVa in \‘/
accordance with process variant f) can be effected in a
manner known per se. For example, a compound of
formula LVa can be reacted with hydrazine in the presence
of a base (e.g. potassium hydroxide, sodium ethylate,
potassium t-butylate) in an inert organic solvent such as
dimethylformamide, ethanol, diethylene glycol or
triethylene glycol and subsequently the hydrazone formed
can be decomposed at elevated temperature. A preferred
variant is the reaction according to the Huang-Minlon
process, i.e. heating the compound of formula LVa under
reflux in a high-boiling solvent which is miscible with
water (e.g. diethylene glycol or triethylene glycol)
together with hydrazine hydrate and potassium hydroxide,
subsequently distilling off the water until the hydrazone
has decomposed and boiling the mixture under reflux until
the reduction has finished. Further, the compounds of
formula LVa can be reduced by heating with amalgamated
zinc and hydrochloric acid; if desired, an organic solvent _
such as ethanol, acetic acid, dioxan or toluene can be W/
added to the reaction mixture.

The compounds of formulae'III and V above are known or
are analogues_of‘known compounds.

The compounds of formula LVa are novel and are also an
object of the present invention. They can be obtained in a
manner known per se from the corresponding compounds of
formula I in which RZ signifies cyano. For example, the
compounds of formula LVa in which R4 signifies hydrogen
are obtained by reducing the cyano compounds with
diisobutylaluminium hydride and the compounds of
formula LVa in which R? signifies alkyl are obtained by
reacting the cyano compounds with alkylmagnesium halide
and subsequently hydrolyzing. :



Schene 6 [ ERR] -20- Schenme 7 [ERR] -21- Schene 8 [ERR] -22- The
conpounds of fornmula XX can be converted into correspondi ng al kenyl
conpounds in an anal ogous manner to Schenme 2. Al kenyl phenol s can be

oltai ned, for exanple, by reacting p-hydroxybenzal dehyde with

(2- met hoxyet hoxy) - met hyl chloride (protecti-on3of-the hydroxy group),
subsequent |y introduci ng the al kenyl group according to the met hods
described in Schene Thahdampounidsy of fdrayas ddt.i Y .gVdugnidy Vildamas eofa 1sionc
brom de. 4'- CyandQ¥ek pliy |RESRASAH igdhyafe w%@m% andofunthes e by
‘reacting 4-brono tifW?%tﬁ%F Vit aé?ijfja q |°tfarﬁ"\ﬂn°t°&l’r°é’éﬂlsor°ifde and

then with water -t ﬁ‘} ﬁ%’.{%%@ﬁ “dﬁ’éﬁiﬁ

cyani de in dinet

reacted further i Schene
3. The introducti % -> I,
XXXVI 1] ->XXXI X a ) 1 qﬁﬁl an anal ogous nner to the
nmet hods shown in Schenes 1 an 2. Further altérnatives, which pernit a
shorter synthesis especially in the introduction of 4- alkenyl groups, are
illustrated in Synthesis Exanples 8-10 hereinafter. -




In the above reactions there are obtained in certain cases m xtures of
cis/trans-isoneri-c cycl ohexane derivatives which, however, can be separated
in a manner known per se, e.g. by chromatography and/or crystal- lization.
Further, in certain cases there are obtained E/Z m xtures of al kenyl o’
conpounds, especially when the al kenyl greup4is introduced by a Wttig i
reacti on. These can also be separated accordi ng to nethods known per se,

e.g. by chromatography. In this case, siBch&m&L | npregnated with silver
nitrate has been found to be especially advantageous. |If desired, the

undesi red al kenyl iggQuer can be converted into the desired isoner, for

exanpl e by reactjo 'BEEzenesquhlnlc acid or the epo d€e e g. by
Qr behzoic acid in t heNgre§
LJ he epoxide with triphemy phosphln. s onlne in

reacti on with m“H

car bonat e, hal ogenaé=+e

benzene and rX¥Wprrion of the halide with zinc in glacial acetic agid.
‘Further starting mat rlaéé can_be prepared i n anal ogous nanner o the
nmet hods descri bed or ﬁqfﬁpf‘?; glj"ler ods which are famliar to the
person skilled in th 22 't The conpou a) mgged&p(cxg X, XV,
XVl and XVI1 in whic 5 signifies -al kenyl or alkenﬁl ate al so novel .
They can be prepared'in an analegoust) ®@ to the nmethods described for

t he conpounds of fa l. - 23 - e followng mxtures 1-17 are

exanpl es of pké /~Q ures in accordance with the invention. [err] and
[err] denote the voliafe for, respectively, 1096and 50% transm ssion (in a
rotation cell y¢gh [err] angle of tilt), [err] [err] is gaugeasurenent for
the steepness of the [t} urve and [err].(spla k33 (bend) -

are el astic constant 1 a%%rl n@qf ¥] denote, reSyect ve cOH \/
swi tching-on tinme an H& switching-off time and AnOgnot e ggi'i
ani sotropy. The neas renents were carried out at [err] quess in 1fad

ot herwi se. Mxture 1

1) Li,NH ,CZHSGH

2) H

~\£Eﬁfzi~jl~sb l .
l“ g~

Z)ii
. XXIla

]J CfoH-PK% §3
' Z)H
HC

XXV 1) aa3oa4-ptcsas)
2)-8"

el

XX1IVa

1) Li, +NH, ,C_H OH
2)ii
j‘<—->:’ 1)cH om-p(c H ﬁ_/—O—cno
28 R XXIVb

XXIIb



7.8 wt.%of p-(5-butyl-2-pyrimdinyl)benzonitrile, 2.6 wt. % of

p- (5-pentyl - 2-pyrimdi nyl)benzonitrile, 5.0 wt. % of

p- (5- heptyl - 2-pyri m di nyl) benzonitrile, 7.0 wt. % of

4. et hyl -1-[2-(trans-4-propyl cycl ohexyl)- ethyl]benzene, 9.3 wt. % of
trans- 4- but yl cycl ohexanecar boxylic acid p-ethoxgphenyl ester, 11.5 wt. % of
trans-4-butyl cycl ohexanecar boxylic acid p-pentyl oxyphenyl ester, 8.5 w.%
of . trans-4-pentyl cycl ohexanecar boxyl i c aci Schemgt Boxyphenyl ester, 14.4
wt . % of trans-4-pentyl cycl ohexanecar boxylic acid p-propyl oxyphenyl ester,

3.7 wt.%of 5-(p-butyl phenyl)-2-(p-pentyl phenyl)- pyrimdine, 6.5 wt. % of
5-(trans-4-ethyl cycl ohe -2- (p pentyl - phenyl)pyrimdine, 4.5 wt. % of
p-[5-(trans-4-ethylc W) -2-pyri gyl 1 - benzonitrile .4 W . % of
p-[ 5-(trans-4-pentyl @ £CN- 2- p'y-r-r-m-é-wl]benzorﬁ Ay WL . % Of
1-[2-(trans-4- but)ill cycl pexyl ) et hyl ] -4- -(trans-4-pentyl c) exy )benzene,
8.4 wt. % of XWEL 4- (4- pent enyl ) cycl ohexyl ] benzo- nitriTe, ‘é
[err], cl.p. [err] nenmatfi %l&%ﬁHL (-;!729V [err] 0.114, [err] ISI7
M xture 2 8.2 wt.%of (Jé Vi % yshﬂdlnyl)benzonitrile 2.7 wt. % of

p- (5- pentyl -2-pyrimdi nyl)j?egtonltrlle 5.2 w. % of
p- (5- heptyl - 2- pyri m di nyl}) benzonitrile, 6.6 wt. % of
4-et hyl - 1-[ 2-(trans-4-propyl cycl ohexyl)- ethyl]benzene, 9.7 w. % of
ester, 12.0 w. % of

trans- 4- butyl cycl ohexangtaxboxylic acid p-ethoxyphenyl : :
trans- 4-butyl cycl qjpgxs @-. ic acid p-pentyl gxyphenyl r, - 24-
' CN
- XXIX o

\\/ _ _ XXXIa

1) CHy0CH=P(CH,) 4
2) H

RCH=P (C 5)

XXXIb

s 1) o (XI-I—P(CGHS)
2) .H'"
3) 0-130ca =P(C 5;
4)Ii RCEﬂP«%HS)3

, - OHC : :
| | XXXI
XXXIT KOH
[(crr3)2mca2]2m.a

| Rl—O- COOH < H,Cro, gl
acetone HO

XXXIII ' XXIV



8.9 wt.%of trans-4-pentyl cycl ohexanecarboxylic acid p-nethoxyphenyl
ester, 15.1 w.% of trans-4-pentyl cycl ohexanecarboxylic acid
p- propyl oxyphenyl ester, 3.8 wt.% of 5-(p-butyl phenyl)-2-(p-pentyl phenyl)-.
pyrimdine, 6.6 wt.% of 5-(trans-4-ethylcycl ohexyl)-2-(p-pentyl-
phenyl )pyrim dine, 4.7 w.%of p-[5-(trans-16 ethyl cycl ohexyl) - 2-
-pyrimdinyl]benzonitrile, 5.0 wt. % of
~4-2-(trans-4-butyl cycl ohexyl )ethyl]-4' - Scheme 3

-(trans-4-pentyl cycl ohexyl ) bi phenyl, 11.5 wt. % of

p-[trans-4-(4- pentenyl)cyclohexyl]benzo- nitrile: mp. < [err] cl.p. [err]
nematic: [err] = 1. 48 0.120,. [err] = 0.88. Mxture 3 11.4 wt.%
of p-(5- butyI N ' aay ok CHj@'P& )Y - % of
p- (5- pentyl - 2- pyri I No oni t ;

p- (5-but yl - 2- pynixsar 1yl ) phenyl i sdt Hi o- cyanate, 14.6
trans-4-butyl cycl ohexa a[f.h x*hugiac+d p- et hoxyphenyl ester, 17.8 wt. % of
trans- 4- but yl cycl ohexaperataiyt’pcisa Hid p- pentyl oxyphenyl esfer, 1ZXx¥Xw. %

of trans-4-pentylcycl HHX&GE?}?UﬂxﬁykﬁuﬁCId p- met hoxyphenyl} ester, 4.5
w- % of p-[5-(trans-44ethy]c ohe -2- -pyrimdinyl]phenyl

i sot hi ocyanate, 16.5 38 p-[trans-4-(4-pentenyl)cycl oh yI]benzo-
[err] 0.121, [err

p- (5- butyl - 2- g¥kiyirgi nyl ) benzonitrile, 4.5 wt. % of

nitrile, 13.6 wt. % of 4'-[trans-4-(4-penteny|)cyclohexyl]
p- (trans 4- pen cl oh ;
p- (5- heptyl - 2-pyrim di hyl ) benzonitrile, 6.3 w. % of XXXVI

-biphenylcarbonitril mp._<.[err], cl.p. [err], nemat [err 1. 530V,
. xture 4 15.2 wt. @6of1
Ghitrile, 2.7 wt.
4- et hoxy- 1- (trans 4\g=dbyl ohexyl ) benzene, 7.7 mﬂ
4-ethyl -1-[2-(trans-4-propyl cycl ohexyl) -

KOH

- =D
R COOH

XXXIX  |1) CHyOCH=P(CGH),

1) Llol“§. CZEFH

2) vt
2 u N
RL<: :>—< on | | .| 72\ o -\
XLI
@§XO4 XL
acetone
1) sCC1
OO OO
2
XLIXI ) NH3

3 XLIII



et hyl ] benzene, 9.1 wt.% of trans-4-butyl cycl ohexanecarboxylic acid

p- et hoxyphenyl ester, 8.3 w.% of trans-4-pentyl cycl ohexanecarboxylic acid
p- met hoxyphenyl ester, 13.5 w.%of trans-4-pentylcycl ohexanecarboxylic
acid p- propoxyphenyl ester, 5.4 wt. % of o

4-cyano-4' - (trans-4-pentyl cycl ohexyl)- biphenyl7 - -25- 5.5 wt. % of
p-[5-(trans-4-ethyl cycl ohexyl)-2- -pyrimdinyl]benzonitrile, 11.8 w. % of
1-[.2- (trans- 4- butyl cycl ohexyl ) et hyl ]-4- - (tSchemerdentyl cycl ohexyl)benzene,
10.0 wt. % of p-[trans-4-(2Z-pentenyl)cycl ohexyl]benzo- nitrile; mp. <
[err], cl.p. [err], nematic: [err] = 1.512V, [err] = 0.125, [err] = 1.21.
Mxture 512.0 wt. %of p- (trans-4-pentyl cycl ohexyl )benzonitrile, 6.3 w.%
of p-(5-butyl-2-pyrinmdinyl)benzonitrile, 1.7 wt.% of

p- (5-pentyl -2-pyrimd trile, 3.1 wt. % of .

p- (5- heptyl - 2- pyr NG ‘@’ GHoe, Nﬁz@‘ #L 9 ofie @ -
4-ethyl-1-[2-(trans-4- y Ohexyl Wene, » S =NOH
trans- 4- but yl cyclxxsxanec rboxyl ic acid p-ethoxyphenyl ester, 9.3 wt. % of

trans- 4- but yl cycl ohexanec I‘Bﬁ%l c acid p-pentoxyphenyl estler, 6.8 VWLMof
trans- 4- pentyl cycl ohexaneda lic acid p-nethoxyphenyl eg t(@ﬁ ojlol WM.
of trans-4-pentyl cycl ohetawedameoxyl i c aci d p- propoxyphenyl (—:%t ef, 8 6

wt. % of 5-(trans-4-ethyl gycl ohexyl)-2-(p-pentyl- phenyl) py Pind di n
wt. % of p-[5-(p-butyl phenyl)-2-pyrim di nyI]benzo- nitrile CS'%A dﬁﬁg 3'

p- [ 5- (trans 4- et hyl cy exyl)-2- dicyclohexyl-
72\ carbodiimide

XXXXIV | '
1) socl, | NC‘Q—O—CN

2) NH3 : . VLIII

[ (cHy) ,cncn, ) A1H
VL oHC CN
[ (ca,) JoacH, ) Aan L
POC1,

. ' l
VLI ' _




-pyrimdinyl] benzonitrile, 6.0 w. % of

‘1-[2-(trans-4-butyl cycl ohexyl)ethyl]-4- -(trans-4-pentyl cycl ohexyl)benzene,
10.0 wt. % of p-[trans-4-(4-pentenyl)cycl ohexyl] benzo- nitrile; mp. < -
[err], cl.p. [err], nematic; [err] = 1.529Yg [err] = 0.124, [err] = 1.03.\J/
M xture 6 5.0 wt. % of p- [trans 4- (lE- pent enyI ) cycl ohexyl ] phenyl )

i sot hi ocyanate, 8.3 wt.% of p-(5-butyl - &chemwensdi nyl ) benzonitrile, 2.2

W . % of p-(5-pentyl-2-pyrindinyl)benzonitrile, 4.9 w.% of

p- (5- heptyl - 2-pyri m di nyl ) benzonitrile, 4.0 wt. % of

4-ethyl -1-[2-(trans-4-propyl cycl ohexyl)- ethyl]benzene, 9.7 wt.% of
trans-4-butyl cycl ohexanecarboxylic acid p-ethoxyphenyl ester, 12.1 w. % of
trans-4-butyl cycl ohexanecsqr N p- pent oxyphenyl ester, 8.8 wt. % of
trans- 4- pentyl cycl ohexan® - GOPHt hoxyphenyl RXKeTI - 26-

15.4 wt. % of trans-4-pentyl xgagcar boxylic acid p-propoxyphenyl

ester, 4.0 w.%of 5-(p-butyl phenyl)-2-(p-pentyl phenyl)- pyrimdine, 7.0

w . % of 5-(trans-4-ethylcycloh il ).- 2- p pentyl - phenyl)pyrimdine, 6.8

w. % of p-[5-(trans-4-ethylcycl gr-mﬂy nyl ] benzonitrile, 11.8
wt.%of p-[trans-4-(4-pentenyl) 2;:INah xyl ] benzo- nitrile; mp. about -15C,
cl.p. 64.3C, nematic; [err] = 1.680V, ferr] = 0.117, [err] = 0.88. Mxture

7 33.40 wt. % of 4'-pentyl-4-biphenylcarbonitrile, 4.68 wt. % of

4' - heptyl - 4- bi phenyl car poni e, R0 wt. % of
p- (5-butyl -2-pyri m di nR :w% Ie,\ oN3 : L

AT

S5

1
R ‘O@-—NBCOOC3H7 LI
onu
1
R

N(C o N(CZHS)B \/

leks

NKZH)
NHCS Cl
“3(C H5)3 H

LIII

H*ﬂ




5.20 mt. % of p-(5-pentyl-2-pyrimdinyl)benzonitrile, 10.00 wt. % of

p- (5- heptyl - 2- pyri m di nyl ) benzonitrile, 7.00 w. % of

4-et hyl - 1-[ 2-(trans-4-propyl cycl ohexyl)- ethyl]benzene, 6.32 wt. % of

tans-4- butyl cycl ohexanecar boxylic acid p-ethoxyphenyl ester, 4.00 w. % of

5- ('p- but yl phenyl ) - 2- (p- pentyl phenyl )- pyrimdipe,-6.00 wt. % of

5-(trans-4-ethyl cycl ohexyl)-2-(p-pentyl - phenyl)pyrimdine, 8.70 wt. % of

4' -[trans-4-(4-pentenyl)cycl ohexyl]-4- -biphehehead bonitrile; mp. < -25C

cl.p. 61C, nematic; [err] = 1.31V, [err] = 0.132, [err] = 1.14; [err]n =

0.183. Mxture 8 11.38 wt.%of p-(5-butyl-2-pyrimdi nyI)benzonltrlle 3. 44

w.%of p-(5-pentyl-2-pyrimdinyl)benzonitrile, 6.70 wt. % of

p- (5- heptyl - 2- pyrlmdlnyl)benzonltrl e, 3. . % of '

trans- 4- but yl cycl ohexanec @b pheRy! ester, xkgy§0 W . % of

trans-4-butyl cycl ohexanﬁi ar bo : oxyphenyl ester, 12.51 wt.%

of trans-4-pentylcyclo exanecarboxyllc aci d p-methoxyphenyl ester, 5.71

wt % of p-[5-(trans-4-pentyl cycl ohexy}) - 2- -pyrl‘{n di nyl ] benzonitrile, 16.49

vvt % of p-[trans-4-(4-pentenyl)cyc) Bi¥gByl |{repzR#Rpitrile, 12.41 wt. % of
-[trans-4-(4-pentenyl)cycl ohexyl ] 4- - bi phenyl carbonitrile; mp. < [err],

I p. 69C, nematic; [err] = 1.39V, E 0. 124 [err]  1.09; An = 0.129.

-27- Mxture 9 11.49 w.%of p-(5- (‘?‘L) F lﬁ@ql)ﬂe#ﬂonltrlle 3.48

w. % of p-(5-pentyl-2-pyrimdinyl)penzonitrile, 6.76 wt.% of

p- (5- heptyl - 2-pyri m di nyl ) benzonitrile, 13.68 w. % of

trans-4-butyl cycl ohexanecarboxylic acid
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4 —
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et hoxyphenyl ester, 17.97 w.% of trans-4-butylcycl ohexanecarboxylic
cid p-pentyl oxyphenyl ester, 5.76 wt. % of

[ 5- (trans-4-pentyl cycl ohexyl)-2- -pyrimdinyl]benzonitrile, 16.65 wt. % of
[trans-4-(4-pentenyl)cycl ohexyl]benzo- nitrile, 11.68 w. % of
[ 2-(trans-4-(4-pentenyl)cyclohexyl)ethylqd-<2®enzonitrile, 12.53 wt. % of
-[trans-4-(4-pentenyl)cycl ohexyl]-4- -biphenylcarbonitrile: mp. < [err],
|.p. [err], nematic; [err] = 1.318V, [eS<hemey7121 [err] = 1.11; An =
0.127. Mxture 10 11.59 w.% of p-(5-butyl-2-pyrimdinyl)benzonitrile,
3.51 wt.%of p-(5-pent q:g%gyr' 1.di.nyl ) benzonitrile, 6.82 w.

p- (5- heptyl - 2- 1 di 10. 86w . %
p- (trans-5-peggft yl - pjoxan- 2-yl - nitril®e, ) -
t rans- 4- but yl cycl ohexanecar boxy?{%%é&gy %p enyl ester, 8%zt . % of
trans- 4- but yl &%l ohexanecar boxyP! &@acig oy oxyphenyl ester, 5.82 wt.%
of p-[5-(trans-4-pentylcyclohexyl)-2- -pyrimdinyl]benzpgfiyi| 4XIL6. 80

W . % of p-[trans-4-(4-pentenyl)cyclohexyl]benzo- nitrildg, 12.65 wt. % of

4' -[trans-4-(4-pentenyl)cycl ohexyl]-4- -biphenylcarbonitrile; mp. < [err]
cl.p. [err], nematic; [err] = 1.272V, [err] = 0.129, [err] = w Lerrjn = -
0.135. Mxture 11 \t . % of  p-(5-butyl-2-pyrinidinyl)benfoRitrile,
3.42 wt. % of p- (RN % of
p- (5- heptyl - 2-pyrim¥ ) benzonitrile, 13.47 wt gk of

p_
a

p_
p_
p_
4|
C

OH ' _
t rans- 4- but yl cycl ohexanecar boxyl i ¢ acid p-ethoxyphenyl ester, 1#. 69 w.% of
trans-4-butyl bhex arboxylic acid p-pentyl oxyphenyl ester, 5.67 w.%
of p-[5-(trans-4-pentlyl c§cl ohexyl)-2- -pyrimdinyl]benzonitrile, I
P(Cglis) | |
1) Na© “CH(CO0C.H 2
2) LiA].l-l4 '
LXIII CH, 08

1) CH,OCH=P(C.H
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16.39 wt. % of p-[trans-4-(4-pentenyl)cycl ohexyl]benzo- nitrile, - 28-
14.00 wt. % of trans-4-(4-pentenyl)cycl ohexanecarboxylic acid

p- et hoxyphenyl ester, 12.34 w.%of 4'-[trans-4-(4-pentenyl)cycl ohexyl]-4-
-Qiphenyl carbonitrile; mp. < [err], cl.p. 66C. nematic; [err] = 1.342V,
[err] = 0.119, [err] = 1.01, [err]n = 0.128- RMxture 12 10.70 w . % of

p- (5-butyl -2-pyrimdinyl)benzonitrile, 3.02 wt. % of

p- (5- pentyl - 2-pyrim dinyl )benzonitrile, 6.3¢hgmesBof

p- (5-heptyl - 2-pyrim dinyl)benzonitrile, 12.81 wt. % of

trans- 4- butyl cycl ohexanecar boxylic acid p-ethoxyphenyl ester, 16. 67 Wt . % of

trans-4-butyl cyclo ecar Qq Q_ngy I N 11. 90 wt %
~of trans-4-pentyl€yclo necar bgxyl3i =oetMoxyp est en,
w. % of p-[5-(trdhs-4-pentylcycl ohexyl)-2- -pyrintdinyl] benzom tr ﬁ e,

10.00 wt. % of IXIXrang-4-(4-pentenyl)cycl ohexyl]benzo-| mj trch! egn g8 30 W . %
of p-[trans-4-(4-pent nyI )cycl ohexyl ] phenyl i sot hi ocy nat e 12 85 wt . % of

-[trans-4-(4-pentenyl)) gy Zﬁﬁ - 4- - bi phenyl carboniltej | mp. < [err],
cl.p. [err], nematic; 6 3[err] ='0.118. M xpure I3 3.50 wt. % of
4' - propyl - 4- bi phenyl car bon| tri I e, 17.10 wt. % of - : NH-HCl
4' - pentyl - 4- bi phenyl carbonitrile, 14.47 w. % of
4-ethoxy-1-[2-(tr ~¢- pr opy-OH4CHEOH | - et hyl | bghzeny, : wt . % of
4- et hoxy-1-[ 2- (trans- tyl cycl ohexyl)- ethyl]tenzene 5. 15 Nl % @XXVII

4" - pentyl - 4- cyano- p-ter phenyl, 5.25 wt. % of
-(trans-4- pepwy! cycl ohexyl ) - 4- bi phenyl -

\ | CH (OCH) 5 | | 2
BF4+0(C,H) <}50d?_*€§>—

n/a\—/—cma, ﬁ_/_;«o—; V(7 )
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carbonitrile, 11.51 wt.%of 1-[2-(trans-4-butylcyclohexyl)ethyl]-4-
-(trans-4-pentyl cycl ohexyl)benzene, 5.38 wt. % of _
-[2-(trans-4-butyl cycl ohexyl)ethyl]-4- L.
-(trans-4-pentyl cycl ohexyl ) bi phenyl, 7.70 wt. % of o
-[2-(trans-4-butyl cycl ohexyl)ethyl]-4- _ 22 - s
-(trans-4-pentyl cycl ohexyl)-1,1'-ethyl ene- di benzene, 10.00 w. % of
trans- 4- (4 pentenyHmeycbmmenaﬂscambdbymmdaaxmdcanfbeoconpecyaﬂophenyl .
ester; corresponding] @lkenyidecqmpoundsr ip an2angyogpysr mannerlzo;
[err]n = 0 139 cheme] 2x 2. 80V for the mixture wthout trans- 4 (4-
-pentenyl)cyclohexanecarboxyl|c aci d mfluoro-p -c ano hen ester

_ a '
29- M xture 14 11 é E‘SS%PP q BR GnhPi’l 3. 50

\gt(;/o(r)\];ptpl (5 g g% é(o XY g&rf%ﬁp),
AR
{rans e but 1 C %'3‘?1% h%%@e' 'b%aéé‘hd t@h% QO yﬁﬁ‘a xle ¥ :g;’:@é’fﬁgggﬂ W‘[’/ 6 of

trans- 4- pentyl
of trans-4-bu?¥lcyclo%§e nec B&@F?%%aC|d trans utylcyclohexyl ester,

17. 67 w. % of  p-[gnaggahol4- mqr@hQW1):@t%Qaqa>éMQHégn Blel biblt@inkd., 7ot -

of - [trans- éxatpRent 89y Ickaxeiade 4L brohobiBhRhglY f 2R Wikkhe;, mp. <

-25C cl.p. 54CC1'}QM-]% an@r tlitaniudSeetirachloridel 394 [then] with 14; [err]n

= 0.112. Mxtukatdk? 3nd4reackial thel brand-41G3hpdecdpithdyedoaxyl | benzo-

nitrile, 5.05 oopfear (1)- cyaaidedin3dipenthegiformpaidecxthebeyaao-nitrile

12.92 w. % of -pldehyde- 6bpadpeldc gainoltbenl beheenkctiedotfhiceher in an .-
analogous manner to the methods described in Scheme 3. \'/

The introduction of the alkenyl group in accordance
with XXXV-XXXVI, XXXVI1I-XXXIX and IL-XLIII can be
effected in an analogous manner to the methods shown in
Schemes 1 and 2. Further alternatives, which permit a
shorter synthesis especially in the introduction of
4-alkenyl groups, are illustrated in Synthesis Examples
8-10 hereinafter.

In the above reactions there are obtained in certain
cases mixtures of cis/trans-isomeric cyclohexane
derivatives which, however, can be separated in a manner
known per se, e.g. by chromatography and/or crystal-
lization. Further, in certain cases there are obtained E/Z
mixtures of alkenyl compounds, especially when the alkenyl’
group is introduced by a Wittig reaction. These can also
be separated according to methods known per se, e.g. by
chromatography. In this case, silica gel impregnated with
silver nitrate has been found to be especially
advantageous. 1f desired, the undesired alkenyl isomer can\NJ
be converted into the desired isomer, for example by
reaction with benzenesulphinic acid or via the epoxide,
e.g. by reaction with m-chloroperbenzoic acid in the
presence of potassium carbonate, halogenation of the
epoxide with triphenylphosphine-bromine in benzene and
reduction of the halide with zinc in glacial acetic acid.

Further startiﬂg materials can be prepared in an
analogous manner to the methods described or according to
other methods which are familiar to the person skilled in
the art.

The compounds of formulae VIII-XI, XIII, XIV, XVI and
XVII in which R® signifies 1E-alkenyl or 3E-alkenyl are
also novel. They can be prepared in an analogous manner to
the methods described for the compounds of formula I.



cyanate, 4.94 wt.% of 4-ethoxy-1-(trans-4-propylcycl ohexyl)- benzene, 4.16
w.%of 4-ethyl-1- [2-(trans-4-propylcyclohexyl)- ethyl]benzene, 16.58
wt. % of 4-ethoxy-1-[2-(trans-4-pentyl cycl ohexyl)- ethyl]benzene, 3.14 w.%
o{<f4' [trans-4-(3-butenyl)cycl ohexyl] - 4- -blghenylcarbonitrile, 1.64 wt. %
of -[trans-4- (3E—penteny|)cyc|ohexy|] 4- phenylcarbonltrlle 6 62

3$'960fprgb§ﬁt2yhﬁ 43%%%§E%é%§%% A Eggiél)iyaEO- heﬁéﬁbﬁ;ghen | b ggggg %
1-[2-(trans-4- buh¥ ¢ shexybx Pf % E E Eg yEeve éﬁgggp BAzene,
4(?4 Wt . ZbOf t4;tkaaoggéﬁib QQB “% %ﬁg{ﬁ th oo angle of tilt),
rans- 4-pentyl @yc is a’medsurement for the
-[2- (trans- 4- bgktwepyne QhGXYhh@?éibhsﬁlss1on curve and. kél (sgla¥) and
(trans 4-pentyl kygl ¢bexnyh) ateleiatbybenonsdaheszesg, and /0
4-ethyl - 1- [transdénpnepeHEprbﬁiyelphexhb]swbeaneﬁgroﬁ1ﬁ1mé ﬁariheC| P.
[err], nematic; BwWitfhing-g6f8Vtipmerahd=Ap. @edpteenthd26ptical ns, [err] =
35 ns, [err] -ZGE%SQtSQBYﬁBTh eNPtSUEe@eatﬁswere c3fridlxouteati6225C22
Wt . % of p- (trans¥aa3 Béﬁt&Pé}EFBﬁéx? hpEWEBRitrile, 2.70 w. % of

4- et hoxy-1-(trang;4-propyl cycl ohexyl)- benzene, 7.71 wt. % of
p- (5-butyl - pyrﬁ#¥3£ﬁ§+¥benzonitrile 4 54 mﬂ % of

p- (5- heptyl - 2 pyr d )b nzon
4-ethyl 1. 2- (tra§2§4“8r§pggcy§ T B gg %Y %gﬁg gﬂb%ﬁ@%é)bgna%ggggg§§e
trans-4- butylcyclgﬁgxggegag ox¥l k& % yﬁb bgzl% g%zbnltrlle.
7.0 wt.% of 4-ethyl-1-[2-(trans-4-propylcyclohexyl)-
\\2 ethyl]benzene,
9.3 wt.% of trans-4-butylcyclohexanecarboxylic acid
p-ethoxyphenyl ester,

11.5 wt.% of trans-4-butylcyclohexanecarboxylic acid
p-pentyloxyphenyl ester,
8.5 wt.% of trans-4-pentylcyclohexanecarboxylic acid
' p-methoxyphenyl ester,
- 14.4 wt.% of trans-4-pentylcyclohexanecarboxylic acid
p-propyloxyphenyl ester,
3.7 wt.% 0of b5-(p-butylphenyl)-2-(p-pentylphenyl)-
pyrimidine,
6.5 wt.% of 5-(trans-4-ethylcyclohexyl)-2- (p pentyl-
_phenyl)pyr1m1d1ne.
4.5 wt.% of p-[5-(trans-4-ethylcyclohexyl)-2-pyrimidinyl]-
benzonitrile,
3.4 wt.% of p-[5-(trans-4-pentylcyclohexyl)-2-

-pyrimidinyl ]lbenzonitrile,
7.4 wt.% of 1-[2-(trans-4-butylcyclohexyl)ethyl]-4-
-(trans-4- pentylcyclohexyl)benzene,
8.4 wt.% of p-[trans-4-(4- pentenyl)cyclohexyl]benzo-
AN nitrile;
m.p. < -10°C, cl.p. 71°C, nematic; Vyg = 1.729V, p, =
0.114, k33/ky1 = 0.87.

Mixture 2

8.2 wt.% of p-(5-butyl-2-pyrimidinyl)benzonitrile,

2.7 wt.% of p-(5-pentyl-2-pyrimidinyl)benzonitrile,

5.2 wt.% of p-(5-heptyl-2-pyrimidinyl)benzonitrile,.

6.6 wt.% of 4-ethyl-1-[2-(trans-4-propylcyclohexyl)-
ethyl]benzene,

9.7 wt.% of trans-4-butylcyclohexanecarboxylic acid
p-ethoxyphenyl ester,

12.0 wt.% of trans-4-butylcyclohexanecarboxylic acid

p-pentyloxyphenyl ester,



8.23 wm. % of trans-4-pentyl cycl ohexanecarboxylic acid p-ethoxyphenyl
ester, 13.50 wt.% of trans-4-pentyl cycl ohexanecarboxylic acid
p propyloxyphenyl ester, 5.39 wt. % of -
-(trans-4- pentylcyclohexyl) 4- bi phenyl - carbonitrile, 5.53 wt.% of o/

p [ 5- (trans-4-ethyl cycl ohexyl)-2- -pyrinmndinyd]benzonitrile, 11.82 wt.% of
1-[2-(trans-4-butyl cycl ohexyl)ethyl]-4- -(trans-4-pentylcycl ohexyl)benzene,
10. 00 wt . % of taamswﬁ:%4epentemw¢942@émmtnnw¢In@gﬂung@ésbexytﬁm»enﬁd mp. .
< [err], cl.p. [err], nenaticp-pethjxyplemyb\gsfar ] 0.126, [err] = 1.07.
[err] = 1.71V, {-‘érl]wt ¥.a08 tranget+d e&tnlqsectmexmemb@sprmumldn xture
mﬁthout trans- 5- 54 pent enyl ) -B= b®¥WP%& e?8¥9¥n di oxane. M xture 17 7

. % of 4' - med h§ | vh. ‘be‘hfyl%;l%m }Qa@ew )’/‘%‘f(P pentylphenyl)-

(5 butyl -2-pyrimdinyl) benz 12 mﬁ
trans 4-but yl cycf’oﬁe‘lﬁn’éc%\f {)%%Yl)as% ofP-R9GY Ly, of

4 | boXy H‘Ea%%*ﬁ'ﬁ)

t t %
i bent o1 /b DR e % g%?? fggﬁ@mffoﬁexy“eﬁer, °
ot 0 S B epheyt) @;,ggf" g L SV e

p-[trans-4-(4- pfﬁts?rWt)QYGiOh@Xls’HQﬁélZQ—(ﬂl énh @nyﬂ-ﬁcﬁl&ﬁ@i 1]benzo—
trans- 4- (4- pentenyl)cyclohexa@ggaip@xyl|c aci d p-ethoxyphenyl ester, 11

w . % of - [hrpns<4=gdepene¢ BNyl ) 6ycé obexyénavic : Wpheayl ca9 &oni tril e;
mp. < -20C, clpp.=[@r120, neyptkej f$eorgs= 1.641V, [err] = 0.112.

Mixture 3 _ Ny
_ | <

11.4 wt.% of p-(5-butyl-2-pyrimidinyl)benzonitrile,
3.5 wt.% of p-(5-pentyl-2-pyrimidinyl)benzonitrile,
5.5 wt.% of p-(5-butyl-2-pyrimidinyl)phenyl isothio-

cyanate,

14.6 wt.% of trans-4-butylcyclohexanecarboxylic acid

p-ethoxyphenyl ester,

17.8 wt.% of trans-4-butylcyclohexanecarboxylic acid

p-pentyloxyphenyl ester,

12.6 wt.% of trans-4-pentylcyclohexanecarboxylic acid

. p-methoxyphenyl ester,
4.5 wt.% of p-[5-(trans-4-ethylcyclohexyl)-2-
-pyrimidinyl]lphenyl isothiocyanate,
16.5 wt.% of p-{trans-4- (4 pentenyl)cyclohexyl]benzo-

nitrile,
13.6 wt.% of 4'-[trans-4- (4 pentenyl)cyclohexyl] q-
-biphenylcarbonitrile;
m.p. < -25°C, cl.p. 65°C, nematic; V;g9 = 1.530V, p, =
0.121, k3z3/ky1 = 1.03.

./
Mixture 4
15.2 wt.% of p-{(trans-4-pentylcyclohexyl)benzonitrile,
2.7 wt.% of 4-ethoxy-l-(trans-4-propylcyclohexyl)benzene,
7.7 wt.% of p-(5-butyl-2-pyrimidinyl)benzonitrile,
4.5 wt.% of p-(5-heptyl-2-pyrimidinyl)benzonitrile,
6.3 wt.% of 4-ethyl-1l-[2-(trans-4- propylcyclohexyl)—
_ ethyl]benzene,
9.1 wt.% of trans-4-butylcyclohexanecarboxylic acid
: p-ethoxyphenyl ester, .
8.3 wt.% of trans-4- pentylcyclohexanecarboxyl1c acid
T _ p-methoxyphenyl ester,
13.5 wt.% of trans-4- pentylcyclohexanecarboxyl1c acid
p-propoxyphenyl ester,
5.4 wt.% of 4-cyano-4'-(trans-4-pentylcyclohexyl)-

biphenyl,



-31- The manufacture of the conpounds of formula | is illustrated further
by the follow ng Exanples. C signifies a crystalline phase, S signifies a
snectic phase, SA signifies a snmectic A phase, [err] signifies a snmectic B
phase, N signifies a nematic phase and | signifies the isotropic phase.
Exdnple 1 a) 10.4 g of triphenyl-nethoxymet hyksphosphoni um chloride were
suspended in 60 m of t-butyl nethyl ether while gassing with argon in a
sul_phonation fl ask-hawtnd aft herfbméteansmdchthyiavciohexel)-2aropping
funnel and solid_substance addrPYéhmﬂdbEYéﬁBePFea!édlkﬁth 3. 6 of solid
pot assi um t - but yRar8 ¥E-PePf] %r{ﬁrﬁtignﬁrﬂu EEYl ﬂFlPhig P%F Bhlot-t he

t
e deop ;Pzng";&ﬁeﬁewgzgtg'sagegégeg‘ﬁgnfﬁf dxpennatr LI EEELADAFY mg@%‘gft“e“

[err] with a sol yton_of ¥ano ¢cygl ohexan in 50 m
of absol ute tetrHl ?draf 28-¢.9 gkpeacp Lpe Qgﬁgé&éasgégbsegugg?Yy stirred
for a further 8urs a rbon?? érature then poured into 500 m of
hexane and filte#SQtqumgpressure chromat ography (0.5 bar) of the

concentrated res g) on silica gel with ethyl acetate/petrol eum
ether (vol. 5:95)2900v@t4s5c8 (B4%trahs-4-pentylcyclohexyl)benzonitrile,

p- [ 4- (met hoxynet hgl. gngrcycbehepylbbbatgni-2rpyeintdéngdh benkonstoile, purity
95% Rf value (ethyl? wtesabeé/ peifbopennydtRepyrdiniding))beB@onbiriler xture
of 4.2 g of p-[4-@ndt Woxgnethypel(d)bpoktyl-Repykinédiopilbeheonhtiride.m of
t et rahydrof uran/ 28.Rywke8hpéri 8-athitlt kel 2-4tEpnaad-nearEdcYslpBekk) for 30
n1nutes in a round flask. The e&h¥liBANARRBuUre was subsequently poured into
100 ml of water amdS5eWtr%cPEd tHABE-Ar REHEYWFYRLObOXARCSALBPEVAYF 8FREr each
t| . The organi c_phases were RaShBaxX¥pBenyilt AS¥86.-m of water, drie over
magnesi um sul phat &+ 3dn¥tc¥n8&nt FAABE-4TRY §1ﬁ¥Fé°BSFﬁPﬁ€G‘§°§Yb16165

4- (p- cyanophenyl)gyélohe angt gﬁ was

e R

crystallization fiom héxane th nPRt 8k P8
tFa”3-4-(p-CyanopB¢@th9¥Cb@he§ %@rans 4-ethylcyclohexyl)-2- (p-pentyl-
: phenyl)pyrimidine,
3.7 wt.% of p-[5-(p-butylphenyl)-2-pyrimidinyl]benzo-
_ nitrile,
3.9 wt.% of p-[5-(trans-4-ethylcyclohexyl)-2-

-pyr1m1d1ny1]benzonltrlle.
6.0 wt.% of 1-[{2-(trans-4- butylcyclohexyl)ethyl] 4-
~(trans-4-pentylcyclohexyl)benzene,
10.0 wt.% of p-[trans-4-(4-pentenyl)cyclohexyl]lbenzo-
nitrile;
m.p. < -20°C, cl.p. 64°C, nematic; Vjp = 1.529V, poy =
0.124, k33/ky1 = 1.03.

Mixture 6

of ©p-[trans-4-(l1E-pentenyl)cyclohexyl]phenyl

5.0 wt.%
isothiocyanate,

8.3 wt.% of p-(5-butyl-2-pyrimidinyl)benzonitrile,

2.2 wt.% of p-(5-pentyl-2-pyrimidinyl)benzonitrile,

4.9 wt.% of p-(5-heptyl-2-pyrimidinyl)benzonitrile,

4.0 wt.% of 4-ethyl-1l-[2-(trans-4-propylcyclohexyl)-
ethyl]lbenzene,

9.7 wt.% of trans-4- butylcyclohexanecarboxyl1c acid
p-ethoxyphenyl ester,

12.1 wt.% of trans-4- butylcyclohexanecarboxyl1c acid
p-pentoxyphenyl ester,

8.8 wt.% of trans-4-pentylcyclohexanecarboxylic acid

p-methoxyphenyl ester,



car boxal dehyde; mp. [err]. c) A suspension of 29.0 g of

nmet hoxynmet hyl -tri phenyl - phosphoni um chloride in 200 m of t-butyl nethyl
ether was treated within 10 mnutes with 9.7 g of potassiumt-butylate —~
whil e gassing with argon at [err] and stirred for a further 1 hour. The \/
m xture was then treated dropwise within 3526i rutes at [err] with a

solution of 12.0 g of trans-4-(p-cyanophenyl)cycl ohexanecarboxal dehyde in

90 m of t-but M5 -deMty® @ﬁheﬂréﬂé §tPPNéN1FUF1ahﬁﬁﬁﬂﬁ§ﬁrb03¥325 acifur at

OC. The reaction nixture wasPs@®s gpl Hgg B&@Lient o 153 of water and
extracted three % %@ % of 1§0(§T Lydpberyil ) sndP-25atY, PH@“Y*Hé or gani ¢

phases were was W ce ch ti drled Q\er.

magnesi um sul ph tg §ﬁd%bgﬁge g H%P %%glfq &e q§cg "&aé

di ssolved in 20 t hyl  dC s diluted with
300 m of petroPeSHSQtﬁépxan Jy%i ﬁg :Ek%%iﬁa B#QQ g? [err]. The
precipitated tﬁupﬁeﬂ&JQh%&phbﬂ?tQéh,e4WQi bhk%h?q)@Eﬁlﬁﬁﬂx&ﬁQbEhkbLate Was
concentrated to dryness. Lowpfir@g3e;e chromatography (0.5 bar) of the
residue (16.3 @).pQn aboitCa18elc,wichh pet layl. 3acet alemvaalc; oiv%m-etlharsowol
5:95) gave 10. b0 =( 4% 7Qf k3=l/kigns- 4-.62-.net hoxyvi nyl ) cycl ohexyl | -
benzonitrile as colourless crystals; Rf value (ethyl acetate/petroleum
ether vol. 10: Mixt®re27 d) A solution of 10.1 g of :
p-[trans-4-(2-nethoxyvinyl)- cycl ohexyl]benzonitrile in 200 m of

tetrahydrofuraﬁﬁzﬂohyﬁﬁécﬁﬁorﬁd-@@M&YlvérblPhEPYﬂﬁéfW@@ﬂéG1ﬂG~refIux for 1
hour. The react fo®8nwkt-dr &8fnad’ s 126 e wat er and.
extracted threéd t|@e§ *tﬁf15@ “ ltfﬁé organlc\“/
phases were maﬁ é thpI ﬁPn ré & HHY b95%° %
magnesi um sul p @i en?r E% £Y§ 8 IOE§F%§ Qg 1
- cyanophenyl ) cycl’ o exyl’ ] ac taI bt &Re eIhI Wi gh
crystals (purit cr ||IZW%I oS afeh a but yl
met hyl et her (V£|%%1ZT%% ot i%t h%4 Dut @i%&é%ﬂ%?%ﬁ b?qyaﬁéAggtgpenS|on
of 4.5 g of ”Ethobb”%kh!|bEr'BhQ@lbutylphenyl) 2- (p-pentylphenyl)-
pyrimidine,
6.00 wt.% of b5-(trans-4-ethylcyclohexyl)-2-(p-pentyl-
phenyl)pyrimidine,
8.70 wt.% of 4'-[trans-4-(4-pentenyl)cyclohexyl]-4-
-biphenylcarbonitrile;
m.p. < -25°C, cl.p. 61°C, nematic: Vjp = 1.31V, pg =
0.132, k33/K31 = 1.14; An = 0.183. :

Mixture 8
11.38 wt.% of p-(5-butyl-2-pyrimidinyl)benzonitrile,
3.44 wt.% of p-(5-pentyl-2-pyrimidinyl)benzonitrile,
6.70 wt.% of p-(5-heptyl-2-pyrimidinyl)benzonitrile, W/
13.56 wt.% of trans-4-butylcyclohexanecarboxylic acid
p-ethoxyphenyl ester,
17.80 wt.® of trans-4-butylcyclohexanecarboxylic acid
p-pentyloxyphenyl ester,
12.51 wt.% of trans-4-pentylcyclohexanecarboxylic acid
. p-methoxyphenyl ester.
5.71 wt.% of p-[5-(trans-4- pentylcyclohexyl)-2-

- -pyrimidinyl]lbenzonitrile,
16.49 wt.% of p-[trans-4-(4-pentenyl)cyclohexyl]benzo-
' nitrile,
12.41 wt.% of 4'-{trans-4-(4-pentenyl)cyclohexyl]l-4-
-biphenylcarbonitrile;
m.p. < -25°C, cl.p. 69°C, nematic; Vjg = 1.39V, p, =
0.124, kj33/k31 = 1.09; An = 0.129.



phosphoni um chloride in 40 m of t-butyl nmethyl ether was treated within 3
mnutes wwth 1.5 g of potassiumt-butylate while gassing with argon at

[err] and stirred for a further 1 hour at O-[err]. The suspension was then
tieated dropwise within 5 minutes at [err] with a solution of 2.0 g of
[trans-4-(p-cyanophenyl)cycl ohexyl ]- acetal defdgde in 20 m of t-butyl

met hyl ‘ether and stirred for a further 2 hours at roomtenperature. The
reaction nixtureyudgﬂgﬂbébquently poured into 100 nl of water and extracted
three tines with _100 n1 of dleth I ether each t i,mg. .The organlc phases were

washed tw ce wit i Q$H&1) ke ﬁﬂé phat e
~and concentrat ed. %% % gP \;I s Y 2"\%&1& P% '%
ethyl acetate and car I@h% A J%Wé % 11@&99 eum

ether. After IeaV|ng to sta he p pltate
tri phenyl phosphi ig &4 4a& W@%fﬂlﬂfﬂ’ %%%b lqgnggghrated

‘to dryness. Low pressure chromaty e resi g) on
silica gel with etshyle saeiatod/ pQ;—r[(Bl—Qltrf'a?ltshQr \ﬁQly1c§c %hee?\iq 5_04 g (919
“of p-[trans-4-(3- -methoxy-2-propghimidicyadenzbParzqniet,rile as a
col ourless oil; Rf6.63 wa.@eofy! paqet:a&;el-met(malpetnmwe)rcwaonekQ.l%)enQoSB.
- 33-f) A sol ution of 2. 04 gndftrfdllet,r ans- 4- ( 3- met hoxy- 2-
-propenyl)cyclohéﬂybpbaﬂz@nbﬁrVme[mn(1&@nmk4eﬂ4P@bmahw¢ﬂocybumaakim)ethyl]-
hydrochloric acid (vol. 4:1) wademgsmddrtidernefl ux for 1 hour. The reaction
m xture was subsé@uéﬁtﬁ@ 60@ﬁed4|ndGEEQ@—#F(dﬁpwaﬁemvddGYsﬂphséwdd-ﬂhree
times with 100 m of diethyl et b pbgay lepgbontie idegani ¢ phases were

shed twice witf-PoQ ni-26F Snafdr Peabl ﬂ'méemﬂﬁﬂgd ngr'n&gﬁéglunPsukphate
V\ﬁd.,concentrated O.edrehp3rkg1g=(dodytioAn =
3-[trans-4-(p- cygﬁgggggzagcyclohexyl]prop|onaldehyde are obtained as

col ourl ess cryst ue (ethyl acetate/ petroleun1ether vol . 10:90)

0.15. g) A suspeRsi, %@ %t.% 469 BL (BELRYPITEL Wxﬁn en%gﬁrﬂfi‘i’i'e”m

chloride in 80 ni 3003t yRU %ybf bhyls - @Rty 119s p&QQﬁHﬁ dWl)ﬂsz nTkR4hEs with

2.1 g of potassiug,.g2 wt.s of p-(5-heptyl-2-pyrimidinyl)benzonitrile,

10.86 wt.% of p-(trans-5-pentyl-m-dioxan-2-yl)benzo-

-nitrile,

of trans-4-butylcyclohexanecarboxylic acid
p-ethoxyphenyl ester,

of trans-4-butylcyclohexanecarboxylic acid
p-pentyloxyphenyl ester,

13.81 wt.%
%

5.82 wt.% of p-[5-(trans-4-pentylcyclohexyl)-2-
. _

18.14 wt.

-pyrimidinyl)benzonitrile,
of p-[trans-4-(4-pentenyl)cyclohexyllbenzo-
nitrile,
12.65 wt.% of 4'-[trans-4-(4-pentenyl)cyclohexyl]-4-
-biphenylcarbonitrile;
\_ - m.p. < -25°C, cl.p. 68°C, nematic; Vyg = 1.272V, py =
0.129, k33/kj33 = 1.13; An = 0.135.

16.80 wt.

Mixture 11
11.31 wt.% of p-(5-butyl-2-pyrimidinyl)benzonitrile,
3.42 wt.% of p-(5-pentyl-2-pyrimidinyl)benzonitrile,
5.71 wt.% of p-(5-heptyl-2-pyrimidinyl)benzonitrile,
13.47 wt.% of trans-4-butylcyclohexanecarboxylic acid
p-ethoxyphenyl ester,
17.69 wt.% of trans-4-butylcyclohexanecarboxylic acid
p-pentyloxyphenyl ester, :
5.67 wt.% of p-{5-(trans-4-pentylcyclohexyl)-2-
-pyrimidinyl]lbenzonitrile,
16.39 wt.% of p-[trans-4-(4-pentenyl)cyclohexyl]benzo-

nitrile,



t-butylate while gassing with argon at [err] and the m xture was stirred

for a further 1 hour at O-[err]. The m xture was then treated dropw se
wWithin-5 mnutes at [err] with a solution of 3.0 g of
3-[trans-4-(p-cyanophenyl)cycl o- hexyl]propi onal dehyde in 20 m of t- butyl\_J
met hyl ether and stirred for a further 2 hou28 at roomtenperature. The ’
reaction m xture was subsequently poured into 100 m of water and extracted
three times with4100 Wt. %ol ctrdnsethed- mﬁ#uhﬁcqu@h@*m%rmbsc wer g
washed twice with 100 m_of wed®td cBrtRe si um sul phate

hepy
and concent r at el - The Fe§|ﬂﬁe [H¥§% T% |?PHEF?W1lﬁY%&$hﬁx¥&iﬁ%ﬁe and
the clear solution was gated: } 1eun1gt§f§v After

| eaving to stan if% Ut%% % 1 % 9 at
tri phenyl phospht h k k17| ePby QP = e filtrate was concentrated

to dryness. Lovgpg grfzchronatography (0 5 bar) of the residue (5.5 g) on
silica gel mAtH‘ETﬁ%i_atetate/petroleun1ether (vol. 5:95) gave 2.95 g (88%

of p-[trans-4-(fo:70 %t hoxye 3- Ut £OMhdEYV.C2 OpEXYhi PERYDbéA2é @1 @61 LO) ourl ess
crystals. h) A spdaitwons oéf 2. P5(9-pénty 12 3p¢r ¥nid YnyEf bongorditrile,

- but enyl ) cycl ohe&y?1 etizenet r i pe(5rhd Py d 2. 0py it b i ddeyyl pbedzoni 2N e,
hydrochl ori c aclzl.§vobt.¥:df wosahead-cbutylcerdloketaneddr oyl bs.adhe
reaction m xture was subsequenp+etioxyphiennt ced®®r i of water and extracted
three times with616D wt.dfofli ctrgns-ed-hbutrlerclohexaneeavbepnl tc phebds were
washed twice with 100 nl of waRePerbrloxyphenyi}esterer nagne5|un1sulghate
and concentr at ell- %ﬁéw@b§ of g gra qﬁme gﬁntyicyclohexanecarboxyllc aci B
4-[trans-4-(p- cyang henyl cIEm@& m ¥R %YH B®L were obtajned as a
slightly yel | owi 3t0bi¥t: T?f° al Rrel 16 % Yh’c’é‘f ‘ée’%lr) 35:5) 0.23. \/

) Knitori gt s 5 g gl R gfg'“ g0

t [ t - but h
further 1 hour 4 a%oom’tererpgssgygg %ég;;ﬁ@eﬂ%%ﬁf%%&? oS fe
-34- dropwi se W3 had wr g Ne €sq V\iff‘rﬁéﬂiﬂﬂ%&ﬁeﬁyﬁ) Qy@iohexyl] 4-

-biphenylcarbonitrile;
m.p. < -20°C, cl.p. 67°C, nematic; Vyg = 1.44V, p, =

0.118.
Mixture 13
3.50 wt.% of 4'—propy1—4—biphenylcarbonitrile,
17.10 wt.% of -pentyl-4-biphenylcarbonitrile,
14.47 wt.% of 4 ethoxy-1-[2-(trans-4- propylcyclohexyl]-
ethyl]benzene,
19.94 wt.% of 4-ethoxy-1-[2-(trans-4- pentylcyclohexyl)-
ethyl]lbenzene, )
5.15 wt.% of 4"-pentyl-4-cyano-p- terphenyl </
5.25 wt.% of 4'-(trans-4-pentylcyclohexyl)-4-biphenyl-
carbonitrile, ,
11.51 wt.%$ of 1-[2-(trans-4-butylcyclohexyl)ethyl]-4-
~-(trans-4-pentylcyclohexyl)benzene,
-5.38 wt.% of 4'-[2-(trans-4-butylcyclohexyl)ethyl]-4-
' -(trans-4-pentylcyclohexyl)biphenyl,
7.70 wt.% of 4'-[2-(trans-4-butylcyclohexyl)ethyl]-4-

-(trans-4-pentylcyclohexyl)-1,1'-ethylene-
_ dibenzene, :
10.00 wt.% of trans-4-(4-pentenyl)cyclohexanecarboxylic
acid m-fluoro-p-cyanophenyl ester;
m.p. < -20°C, cl.p. 81°C, nematic; Vi = 2.40V, pgy =
0.120; An = 0.139.
Vig = 2.80V for the mixture without trans-4- (4-
-pentenyl)cyclohexanecarboxylic acid m-fluoro-p-cyano-
phenyl ester.



4-[trans-4-(p-cyanophenyl)cycl ohexyl ] butyral dehyde in 20 m of t-butyl

met hyl ester and stirred for a further 20 hours at roomtenperature. The
reaction m xture was subsequently poured into 100 ml of water and extracted
t\iree times with 100 nl of diethyl -ether each tine. The organic phases were
washed twice with 100 mi of water each time,~ &% ed over magnesi um sul phate
and concentrated. The residue was dissolved in 15 m of ethyl acetate and
the clear soluti diXtagre ddated with 250 nl of petrol eumether. After

| d f 10 |
t??\éhggylt ghitsgﬂ. e 3 nuglﬁaz‘ﬁgg’“ﬁ’ﬁ‘l 2% Yt‘f’r%“‘%!"lntyﬁ td‘%g'\&@%‘ {Q@i 1t r at ed

to dryness. Lomprg 1m d (4 8
g) on silica gel , %ﬁb%L et ¢ %2;&

(89% of a yellomnsh oi é@fyegg éxi h ron1net anol flna y
gave 2.76 g (80%Pfggdwlid. rsarb'ir ﬁr rﬁe@w itild lag i@s
colourless crystals; mp. (CI) dimgﬂhogypﬁénﬁﬂVdgke&err] Th ol | owi ng

corrpounds can be 1Y 3t W &F | trRsAAINRAITYE DR Xanecarboxylic acid
-(trans-4- Al yl cycl ohexyl ) - 4- bigasnd-Gartydiylclidhexyh este®,N) [err],

cI p- (N-1) [err]n7 47 [Wu.anofd- (wr[WW-)(@ycplam@qvll])Wdﬁqﬂwywlqu@—

nitrile; mp. (GN) 77.4C, cl.p.nitdille, [err]. Exanple 2 a) A suspension of

5.1 g of propyl - th3 et Fﬁ1®§phdm-dmmﬂ4dd4l-m%%ﬂdf¢nﬁ1w{9}q¥1d€t4lwl

ether was treated within 5 n1nur@§RquY¥F@ﬂP%? Lid@:assi ym t-butyl ate

whi | e gassing wi t“h Pacrgo rﬁ'er"r 4. Ban @ ASG r MEPAC ‘g Yuor theér 250 ‘nifleutes at

room t enper at ur e.9 edfa3d K1Y e Imid&iudn wasoﬂ']@d't ed within 5 ninutes at

OCwith a soluti of 2.Q g of :
[t%;@ns 4- (p- cyangﬁﬁéﬂﬂ%&&l ohexyl ] acet al dehyde in 25 nl of t-butyl methyl -
ether and stirred f r 4 Yy

reaction m xture ﬁk sengﬁtl éﬁgrﬁéi é? ?ﬁﬁéﬂ#f§§v¥f% fi%i?%%ﬁ:racted
three times with JsOCOboammtofz difet %tdermenvlqc%l%&: hasiz orer e

washed tw ce.with 1 tlne dried over gneS|un1squhate

and concentrat ed.y T r@mgﬂqg (d;lm \tﬁ(bﬂdbﬂ@ﬁl&fe;@ilh}pmﬁlatlgmﬁo-

treated with 250 nl of petroleum n¥de, After leaving to stand for 10
mnutes at [err] ti&94ﬂwﬂﬂﬂﬂdﬁﬂfnidﬁhqﬂyﬂnﬂqﬂnxnﬁn4uyropylcyc1ohexy1)—
benzene,
4.16 wt.% of 4-ethyl-1-[2-(trans-4-propylcyclohexyl)-
ethyl]benzene,
16.58 wt.% of 4-ethoxy-1l-[2-(trans-4-pentylcyclohexyl)-
ethyllbenzene,

3.14 wt.% of 4'-[trans-4-(3-butenyl)cyclohexyl]-4-
-biphenylcarbonitrile,
1.64 wt.% of 4'-[trans-4-(3E-pentenyl)cyclohexyl]-4-
' -biphenylcarbonitrile,

6.62 wt.% of 4'-ethyl-4-[trans-4-(3E-pentenyl)cyclo-
W hexyllbiphenyl,
8.63 wt.% of 4'-propyl-4-[trans-4- (3E-pentenyl)cyclo-

, hexyllbiphenyl,
9.88 wt.% of 1-[2-(trans-4-butylcyclohexyl)ethyl]}-4-
-(trans-4-pentylcyclohexyl)benzene,
of 4'-[2-(trans-4-butylcyclohexyl)ethyl]l-4-
. -(trans-4-pentylcyclohexyl)biphenyl,
of 4'-[2-(trans-4-butylcyclohexyl)ethyl])-4-
-(trans-4-pentylcyclohexyl)-1,1'-ethylene-
' : dibenzene,
5.98 wt.% of 4-ethyl-1l-[trans-4-(4- pentenyl)cyclohexvl]-
benzene;
m.p. < -30°C, cl.p. 86°C, nematic; Vo
0.118; tgop (22°C) = 27 ms, toff (22°C)
(-20°C) = 345 ms, toff (-20°C) = 386 ms.

" e
- I
™
£
il
dP dP

2.803V, pg =
35 ms, ton



oxide was filtered off and the filtrate was concentrated to dryness.

Low pressure chromatography (0.5 bar) of the yellow sh, oily residue (3.33

g) on silica gel with ethyl acetate/petroleumether (vol. 3:97) gave 2.1 g __
of p-[trans-4-(2-pentenyl)cycl ohexyl]benzonitrile as a col ourl ess oil
containing 92. 7% of p-[trans-4-(2Z- -pentenyg cycl ohexyl]benzonitrile and
6.6% of p-[trans-4- -35- -(2E-pentenyl)cycl ohexyl]benzonitrile. This
material was r Htare k& her without additional purification. If desired,
however, this m xture of i somers can be separated by chromat ography on
silica gel coatt3f o4 -& 9fer Hﬂ§9%ﬁ4§ %m?qqqﬁkQMQ%ﬂaf&mi)ﬁam@gmagnxdp b) A

sol ution of 1.5%" Qof"""gﬂi p?ér ﬁéﬁ@nﬁmﬁf%%l’cﬂ%@wl)ﬂ |
met hyl ene chl ori % tre % 4% ég() otaSS|un1carbonate

The suspensi on t BeaddsPUh¥dny 1&? ﬂlﬁbrr] with
a solution of 2 ai@b- ’ 31

(cont ai ning 92. fbb |soner any ¥ Y&He
chloride and then th&rqukorﬁ%a

whereby a further 0.8 g of n}%heqmgaé%%éigq f%ﬁ€¥%ﬁ§?g;§§q%%&%t %f hour

and after 2 hourms.z3Tha .mead@ | @ aHgXlguh c@@ﬁgﬁ@ﬁ@ﬂ@ R 150 m
of 10 percent sodlun1th|osulpba@&uawwsgggg?a t@&tractgﬁrt%#ggqfln&ngnth

100 m of nethyllese ei.ariode eaamstiarpentid cyicd@hekapeeaebow§a cMaghiad Wit h
100 M of 10 percent sodi um t Ip-eswipylaxyphenytli estard with 100 m of

sat urat ed sodi um-G8r BEn&t @fsoldlti(drandride®earyl cyrdobexyh)sd-bliphe nynd
concentrated. This gave 2.2 gcesdapigrile, .

p- [ trans-4- (2, 35e8dx et OF) cPilShdtFanSedz othylicys ladesylduR-ess crystal s

Rf val ue (et hyl aggtate/petror ﬁﬂ@ﬂﬁéPyﬂdPe“EG“QG ider5. This materi al MQE/
processed with &t d&itei*o 9L Fl&&?P@ﬁ4 txl§¥F&PPGﬁY6ﬂeZh81d-

t ri phenyl ph c¥, )benzgng t
Ler P] ou o R0ty ke ?fslgrmnsgé-gm AL e ﬂﬁﬁywﬁﬁ%ﬁﬁo?. de

until a sllghtmygllqw gheur 3353| Egﬁa¥gklow suspﬁnéagg obtalned was
cautiously con@eabgatﬁa Qll = 1.07.

Vip = 1.71V, po = 0.128 and k33/k11 = 1.19 for the
corresponding mixture without trans-5- (4- pentenyl)-2-(p-
-butyloxyphenyl)m-dioxane.

Mixture 17

7 wt.% of 4'-methyl-4-pentylbiphenyl,
10 wt.% of p-(5-butyl-2-pyrimidinyl)benzonitrile,

12 wt.% of trans-4-butylcyclohexanecarboxylic acid
p-ethoxyphenyl ester,
11 wt.% of trans-4-pentylcyclohexanecarboxylic acid
p-methoxyphenyl ester, W/
17 wt.% of trans-4- pentylcyc1ohexanecarboxy11c acid
trans-4-propylcyclohexyl ester,
3 wt.% of S-(p-butylphenyl)-2- (p pentylphenyl)-
- pyrimidine,
5 wt.% of 5- (trans-4-ethylcyclohexyl)-2-(p-pentyl-
' phenyl)pyrimidine,
12 wt.% of p-[trans-4-(4- pentenyl)cyclohexyl]benzo-
_ nitrile,
12 wt.% of trans-4-(4- pentenyl)cyclohexanecarboxyllc
acid p-ethoxyphenyl ester,
11 wt.% of 4'-[trans-4-(4-pentenyl)cyclohexyl]-4-

-biphenylcarbonitrile;
m.p. < -20°C, cl.p. 60°C, nematic; Vg = 1.641V, p, =
0.112.



dryness on a rotary evaporator and the yell ow sh, crystalline residue was
dried in a high vacuum (0.5 Torr) at roomtenperature for 1 hour. The

tri phenyl phosphi ne- -brom ne obtai ned was suspended in 50 m of toluene and
cancentrated to dryness on a rotary evaporator. There- after, the residue
was suspended in 30 m of toluene, treated w B3} & sol ution of 2.2 g of

p-[trans-4-(2, 3- epoxgﬁ pent yl g ycloh§?¥l]benzon|trlle |n 10 mi of t ol uene

and the mxture ekpemalar 4. is
Low- pr essur e chr%ﬁ% Yoft oddomd g %P&ﬁsm £t tﬁrlé"éﬁles
silica gel with tal

' é%g f1es a smectic phase,
- -4-(2,3- ﬁ@g‘ §B gignifdes Ctd&i Bn oi
Ccontam ‘n‘g(éa?’a%ﬁs L eam?%@ﬁo ﬁ?éehe&'ﬁnfnw %a%e?g%eefhﬁ °

acet at e/ petrol eum et her voI 10 90) 0.33. This material was processed

W t hout additional purification A solgkdmen &f1 1. 98 g of

p-[trans-4-(2, 3-di br ono- pentyl)cyclohexleTﬁ#é%ﬁﬁTrlIe (erythro/threo
66.6:32.8) in 30ay afo.al gcioz! tadphienydCmd thdkyme@Ayad phbspBomiupNMeanatyas
with 2.0 g of zi wereostependelde igas$d Mg Wt k-buty3iGmedhgQdnedhert k@ile
suspensi on was sigassddgawirtho arigemp dnaausa lphonhtiow £1aB8& hasdngoa nm xture
was subsequent |y thexmotheitero e@hanich lwattdr rand droppdngd funned tindesoliidh
100 m of petrol swbssuaince addh tijome tubee aodgamieatedawdshwdr.6 gasliedotlidce
with 100 M of wROEASEium ti-hutydaited agy el OtggmdShim 40| piausesndAfter
concent r at ed. Loﬁpﬁﬂé§§&P@ eﬁréh&tégﬂéﬁﬁ ngGhS pixruse wae pelirsedsfor a
resi due (1.16 Hﬁt eF H#PP é é&ar |PP€ t n khenhdgerafELaEEL hy|

ether (vol. 90: 15 Eated dropwise at o°C
- pest enyl )cycl oh ttl i"l 3 g;dﬁ % Ophenyl)cyclohexanone
p-[trans-4-(2Z- p 8 é% ﬁ EQS E§§ gle1¥ﬁgre
2E-i soner has a eQ t ﬁnéni g z QIP é 8 a

hnd & virt 52?2?%%%&%&5%9&% QE e]:”%g SR Le 2 h%e[e

t hin-1ayer p'ate%c@kbhe?bbf@bl@hhréEﬁeWaQVQQVrSegsquba@S % 6“@94%) of

‘p-[4~-(methoxymethylene)cyclohexyl lbenzonitrile as a
colourless oil; purity 95%, Rf value (ethyl acetate/
petroleum ether vol. 1:9) 0.30.

b) A mixture of 4.2 g of p-[4-(methoxymethylene)cyclo-
hexyl]lbenzonitrile and 100 ml of tetrahydrofuran/2N
hydrochloric acid (vol. 4:1) was heated to reflux for
30 minutes in a round flask. The reaction mixture was
subsequently poured into 100 ml of water and extracted
~ three times with 100 ml of diethyl ether each time. The
organic phases were washed once with 100 ml of water,
dried over magnesium sulphate and concentrated. There were
\/. _ obtained 3.9 g (100%) of 4-(p-cyanophenyl)cyclohexane-
carboxaldehyde as a colourless o0il which was used in the
next step without further purification; trans/cis ratio
about 3:1, Rf value (ethyl acetate/petroleum ether
vol. 3:7) 0.41l. By crystallization from hexane there could
be obtained pure trans-4-(p-cyanophenyl)cyclohexane-
carboxaldehyde:; m.p. 57.1°C.

c) A suspension of 29.0 g of methoxymethyl-triphenyl-
phosphonium chloride in 200 ml of t-butyl methyl ether was
treated within 10 minutes with 9.7 g of potassium
t-butylate while gassing with argon at -10°C and stirred
for a further 1 hour. The mixture was then treated
dropwise within 15 minutes at -10°C with a solution of
-12.0 g of trans-4-(p-cyanophenyl)cyclohexanecarboxaldehyde
in 90 ml of t-butyl methyl ether and stirred for a further



34 g of silver nitrate were dissolved in 1000 m of acetone. The thin-Iayer
pl ates were di pped once for a short tinme in the silver nitrate solution and
were thereafter dried for 2 hours at 80C in a vacuum (12 Torr). 300 g of
silica gel were .then added to the remaining silver nitrate solution, m xed\u/

wel |, cautiously concentrated to dryness on 32 r-otary evaporator and dried
at roonttenperature in a high vacuum (0.5 Torr) for 2 hours. Exanple 3 a)
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g (74% of 4'- olaruealkdygdphy | (@ ded Moty drheaxedidyig (166 Igwicah silica
crystals; Rf vajele wittdi ety letand taootpetr odtum EEHE)) (V.. 52959 y&spEensi on
of 12.4 g of nethaxygTetTaA)- tafi. ghedriydangtfos(Fhard thaxyit iy Ides ol okl ) -of
t-butyl methyl bangonitasl e @g aplqunliesss anyahads wiRth valuey (&thyt assi um

t-butyl ate whi lacef@tm/iRpiialeun giher 3 adfP: A0 eBF-or a further 1 hour -
at 0C. Thereafter, the ntxture mas treated wthin 10 ntnutes W th
sol ution of 5. rQKﬁ&ﬂtggnﬂr Y “Yl)‘
t et r ahydr o- 109 %&Sﬁ f%ﬂ (ggﬁﬁﬁ
tenperature. T . of
wat er and extr %ﬁﬁtg i@e loﬁ p° nt°'The
organi ¢ phases & ééﬁ é? aﬁﬁ) Ew over
magnesi um sul p rUﬁéH”ﬁ&ﬁ“ﬂfid¥}wa s ‘%V%r magne51um
sulphate and concentrated, whe:eby 9.8 g of {trans-4-(p-
-cyanophenyl)cyclohexyl Jacetaldehyde were obtained as
light yellowish crystals (purity 98.7%). Recrystallization
of a sample from hexane/t-butyl methyl ether (vol. 1:1)
gave pure aldehyde with m.p. 43.4°C.
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e) A suspension of 4.5 g of methoxymethyl-triphenyl-
phosphonium chloride ‘in 40 ml of t-butyl methyl ether was
treated within 3 minutes with 1.5 g of potassium
t-butylate while gassing with argon. at -10°C and stirred
for a further 1 hour at 0-5°C. The suspension was then
treated dropwise within 5 minutes at 0°C with a solution
of 2.0 g of [t:ans 4- (p-cyanophenyl)cyclohexyl]-
acetaldehyde in 20 ml of t-butyl methyl ether and stirred
for a further 2 hours at room temperature. The reaction \)
mixture was subsequently poured into 100 ml of water and
extracted three times with 100 ml of diethyl ether each
time. The organic phases were washed twice with 100 ml of
water each time, dried over magnesium sulphate and
concentrated. The resulting, viscous o0il was dissolved in
15 ml of ethyl acetate and the clear solution was treated
with 250 ml of petroleum ether. After leaving to stand for
10 minutes at -20°C the precipitated triphenylphosphine
oxide was filtered off and the filtrate was concentrated
to dryness. Low-pressure chromatography (0.5 bar) of the
residue (3.3 g) on silica gel with ethyl acetate/petroleum
ether (vol. 5:95) gave 2.04 g (91%) of p-{trans-4-(3-
-methoxy-2-propenyl)cyclohexyl]lbenzonitrile as a
colourless o0il; Rf value (ethyl acetate/petroleum ether
vol. 10:90) 0.33.



dissolved in 25 m of ethyl acetate and treated with 350 m of petrol eum

ether. After leaving to stand for 10 mnutes at [err] the precipitated

tri phenyl phosphi ne oxide was filtered off and the filtrate was concentrated

t\Qdryness. Low pressure chromatography (0.5 bar) of the dark brown oi

(9.5 g) on.silica gel with ethyl acetate/ petrgieum ether (vol. 10:90) gave
2 g (919 of 4'-(2-nmethoxyvinyl)-4-biphenylcarbonitrile as yellow sh
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of tetrahydro- ethyl acetate and the clear solution was treated with
250 ml of petroleum ether. After leaving to stand for
10 minutes at -20°C the precipitated triphenylphosphine
oxide was filtered off and the filtrate was concentrated
to dryness. Low- pressure chromatography (0.5 bar) of the
residue (5.5 g) on silica gel with ethyl acetate/petroleum
ether (vol. 5:95) gave 2.95 g (88%) of p-[trans-4- (4-
-methoxy-3-butenyl)cyclohexyl]benzonitrile as colourless
crystals.

h) A solution of 2.95 g of p-[{trans-4-(4-methoxy-3-

o -butenyl)cyclohexyl]lbenzonitrile in 100 ml of tetrahydro-
furan/2N hydrochloric acid (vol. 4:1) was heated to reflux
for 15 minutes. The reaction mixture was subsequently
poured into 100 ml of water and extracted three times with
100 ml of diethyl ether each time. The organic phases were
washed twice with 100 ml of water each time, dried over
magnesium sulphate and concentrated, whereby 2.6 g (93%)
of 4-[trans-4-(p-cyanophenyl)cyclohexyllbutyraldehyde were
obtained as a slightly yellowish o0il; Rf value (toluene/
ethyl acetate vol. 95:5) 0.23.

i) A suspension of 7.34 g of methyl-triphenylphosphonium
bromide in 90 ml of t-butyl methyl ether was treated
within 2 minutes with 2.3 g of potassium t-butylate while
gassing with argon at 0°C and stirred for a further 1 hour
at room temperature. Thereafter, the mixture was treated



furan. The orange suspension was stirred for a further -38- 2 hours at
roomtenperature, then poured into 5 1 of hexane, stirred for 10 m nutes

and suction filtered. The filtrate was concentrated in a vacuum and the -
yel |l ow -brownish oil obtained (104.1 g) was treated with 500 m of hexane\_J
and suctioned filtered. The filtrate was co ‘%ﬁTrated in a vacuun1 wher eby -

O 79.°f Vel Akopi sl Ol s YR 4y Sepay ati on
of this crude pf n )y S ‘Egﬁ@i ﬂ;\ﬁgﬂ ﬁéﬁ%ﬁ (vol . .
98: 2 and 95:5) 34 es and stirred for furth r
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16.7 g of 4-forg cfyc € i |cF ‘@33‘ (ﬂ‘) on

p- cyanobenzyl t‘g gnid ’sh 01 o %Lﬁg)l ate
and 195 m of X&Cﬂhaqidie alq ‘ygerzeﬁ 1:ans_on
flask while stirgl ng ]eQﬁﬁT?'é]C%l"& ltvg]_ t and
tenperature ro o[ lgsgen 0

trrergt ed wthi nsgfnﬁtrﬂjl?res mvvlpt hqa sol ution of %116%7@ of ‘4 ]T or rry cycl ohexanomg/

in 100 m of ethyl ane FMadwidigreidipowidiccan’ Y a@fdlac e Q) iag bath
was renpved anaral®goac matheri:xture was stirred for a further 3.5 hours at
roomtenperature. The suspension was subsequently poured into 500 m of
wat er and extract ed 't-Hitea nsi-fe A Miytlie yeQo hrelxydf) —metbipheng 1eflrdyoinde rdach
time. m.p. (C-N) 107.7°C, cl.p. (N-1) 181.7°C,
4'-[trans-4- (4- pentenyl)cyclohexyl] 4-biphenylcarbo-
nitrile; m.p. (C- -N) 77.4°C, cl.p. (N-1) 200.8°C.

Examgle 2

a) A suspen51on of 5.1 g of propyl-triphenylphosphonium
bromide in 80 ml of t-butyl methyl ether was treated :
within 5 minutes with 1.48 g of potassium t- butylate while
gassing with argon at -10°C and stirred for a further
60 minutes at room temperature Thereafter, the mixture
was treated within 5 minutes at 0°C with a solution of
2.0 g of [trans-4-(p-cyanophenyl)cyclohexyl]acetaldehyde
in 25 ml of t-butyl methyl ether and stirred for a further
~ 45 minutes at room temperature. The reaction mixture was /
subsequently poured into 100 ml of water and extracted
three times with 100 ml of diethyl ether each time. The
organic phases were washed twice with 100 ml of water each
time, dried over magne51um sulphate and concentrated. The
residue was dissolved in 20 ml of ethy acetate and treated
with 250 ml of petroleum ether. After leaving to stand for
10 minutes at -20°C the precipitated triphenylphosphine
oxide was filtered off and the filtrate was concentrated
to dryness. Low-pressure chromatography (0.5 bar) of the
vyellowish, oily residue (3.33 g) on silica gel with ethyl
acetate/petroleum ether (vol. 3:97) gave 2.1 g of
p-[trans-4-(2-pentenyl)cyclohexyl]benzonitrile as a
colourless 0oil containing 92.7% of p-[trans-4- (22-
-pentenyl)cyclohexyllbenzonitrile and 6.6% of p-[trans-4-



The organi c phases were washed twice with 500 m of 10% (wt./vol.) sodium
chl oride solution each tinme, dried over sodium sul phate, filtered and
concentrated, whereby 76.9 g of a browni sh paste remai ned behi nd.

Ghroonat ogr aphi c separation of this crude product on silica gel with

nmet hyl ene chloride as the eluent gave 33.0 g G 4-[2-(p-

-cyanophenyI)V|nyl]cyclohexanone as a yellowbrowish oil. d) A m xture of
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¢) A solution of 2.6 g of triphenylphosphine in 30 ml of
methylene chloride was treated dropwise at 0°C with a
solution of 0.519 ml of bromine in 20 ml of methylene
chloride until a slight yellow colour persisted. The
vellow suspension obtained was cautiously concentrated to
dryness on a rotary evaporator and the yellowish,
crystalline residue was dried in a high vacuum (0.5 Torr)
at room temperature for 1 hour. The triphenylphosphine-
-bromine obtained was suspended in 50 ml of toluene and
concentrated to dryness on a rotary evaporator. There-

\/, after, the residue was suspended in 30 ml of toluene,
treated with a solution of 2.2 g of p-[trans-4-(2,3-epoxy-
pentyl)cyclohexyl]lbenzonitrile in 10 ml of toluene and the
mixture was stirred for 2 hours at 80°C bath temperature.
Low-pressure chromatography (0.5 bar) of the cooled
reaction mixture on silica gel with toluene gave 2.83 g
(84%) of p-{trans-4-(2,3-dibromopentyl)cyclohexyl]benzo-
nitrile as a yellowish o0il (containing 66.6% erythro form
and 32.8% threo form); Rf value (ethyl acetate/petroleum
ether vol. 10:90) 0.33. This material was processed
without additional purification.

d) A solution of 1.98 g of p-[trans-4-(2,3-dibromo-
pentyl)cyclohexyl]lbenzonitrile (erythro/threo 66.6:32.8)
in 30 ml of glacial acetic acid was treated at room
temperature with 2.0 g of zinc powder while gassing with



met hyl ene chloride (vol. 4:1) and nethyl ene chloride gave 21.0 g of
p-[ 2- (4- met hoxynet hyl enecycl ohexyl ) et hyl ] benzo- nitrile as a yellow sh oil;
Rf value (methylene chloride) 0.43. f) A mxture of 23.5 g of

p- [ 2- (4- et hoxynet hyl enecycl o- hexyl ) et hyl ] benzonitrile and 300 m of \_}
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concentrated to dryness on a rotary evaporator and dried
at room temperature in a high vacuum (0.5 Torr) for
2 hours.

. Example 3

a) 10.0 g of 4'-bromo-4- blphenylcarboxaldehyde and 5.31 g
of copper-(1) cyanlde were dissolved in 80 ml of dimethyl-
formamide while gassing with argon and the solution was
heated to reflux for 15 hours at 180°C bath temperature.
Thereafter, the reaction mixture was poured cautiously
into 200 ml of 25 percent ammonia and extracted three
times with 200 ml of methylene chloride each time. The
organic phases were washed once with 200 ml of 25 percent
ammonia and twice with 200 ml of water each time, dried
over magnesium sulphate and concentrated. Low-pressure
chromatography (0.5 bar) of the yellowish, crystalline
residue (8.7 g) on silica gel gave 5.85 g (74%) of
4'-cyano-4-biphenylcarboxaldehyde as slightly yellowish
crystals; Rf value (toluene/ethyl acetate vol. 90:10) 0.27.

b) A suspension of 12.4 g of methoxymethyl-triphenyl-
phosphonium chloride in 120 ml of t-butyl methyl ether was
treated within 3 minutes with 4.1 g of potassium.
t-butylate while gassing with argon at 0°C and stirred for
a further 1 hour at 0°C. Thereafter, the mixture was
treated within 10 minutes with a solution of 5.0 g of
4'-cyano-4- biphenylcarboxaldehyde in 40 ml of tetrahydro-



obtained 16.2 g (74% of pure p-[2-(trans-4-hydroxymethyl -

cycl ohexyl )ethyl ] benzonitrile as colourless crystals with mp. 119.2-[err].
h) A mxture of 9.3 g of oxalyl chloride and 166 m of nethyl ene chloride
was treated dropwise within 10 mnutes with-a solution of 11.4 g of

di et hyl sul phoxide in 33 m of nethylene cth} de while stirring and
gassing with nit err eafte e was_treated
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: ' were washed with 100 ml of water and with 100 ml of
saturated sodium hydrogen carbonate solution, dried over
magnesium sulphate and concentrated. There were obtained
4.8 g of (4'-cyano-4-biphenylyl)acetaldehyde as a
vyellowish, crystalline residue which was processed without
additional purification; Rf value (toluene/ethyl acetate
vol. 90:10) 0.37.

d) (4'-Cyano-4-biphenylyl)acetaldehyde was converted in
an analogous manner to paragraph b) into 4'-(3-methoxy-2-
-propenyl)-4-biphenylcarbonitrile; Rf value (ethyl
acetate/petroleum ether vol. 10:90) 0.20.

e) 4'-(3-Methoxy-2-propenyl)-4-biphenylcarbonitrile was
: converted in an analogous manner to paragraph c) into
— 3-(4'-cyano- 4-biphenylyl)propionaldehyde;: Rf value
~(toluene/ethyl acetate vol. 95:5) 0.34.

Example 4

a) 149 g of methoxymethyl-triphenylphosphonium chloride
and 860 ml of t-butyl methyl ether were placed at room
temperature in a sulphonation flask while stirring and
gassing with nitrogen, the suspension was cooled to -10°C
and treated with 51.6 g of potassium t-butylate within

10 minutes. The suspension was stirred for a further

30 minutes at -10°C to 0°C and then treated dropwise
within 45 minutes at 0°C with a solution of 47.3 g of
4,4-ethylenedioxycyclohexanone in 720 ml of tetrahydro-
furan. The orange suspension was stirred for a further



OC. Thereafter, the m xture was cooled to [err], treated Within 5 mnutes
with a solution of 1.45 g of 4-[trans-4-

- (p- cyanophenyl ) cycl ohexyl ] but yr al dehyde (purity 909 in 20 m of t-butyl
met hyl ether and stirred for a further 30 minutes while warmng to room
tenperature. The reaction m xture was subseqgntly poured into 100 m of
wat er and extracted three tinmes with 100 m of diethyl ether each tinme. The
or gani ¢ phases awraisgstedoan tenit: rd turfe wetthen piniredi dvreio rsa@N@E UM

sul phate and cdm@ﬂ&-atsefdrﬂﬁﬂmfoqor&mwm @ apctdlon (fl1Xdrad). athe he

resi due on sil | tQM"{arF é’tqmefbfcréttaﬂellﬁetar ofasyumetanst theolyeldod7) gave

p-[trans-4- (4- H wﬂzdrmm @)(@mazrﬁassdl 1tets 590 ml
colourless oil. ° Wik ) of this
mat erial on 14(5’%: n "rﬂtar e%ﬁqycé éﬁ érleld"’acqordl Jg
to Exanple 2) t y ene c or1de/

p-[trans-4-(4Z o9 %%z t%

recrystallization fdi¢p Y? °g‘%“ﬁ ergQI h%l*raln%s%scrayst al's
with mp. (C—Ikdjyuﬂl g conpound can be
manuf actured in an analogous nanner

4' -[trans-4- (2&)Pen qiidtumecloxh eyl ¢ o thﬂ)é'tfiﬁrrl%edﬁ'otﬂyu4e(n@t@mx(yc N)

[err] cl. p. ( Relthy[lemne)).cylanaxank ,a)778 mlXiofr §lafcid18@cetdfc acid and
-[trans- 4- (438nmanif) osadlex- wasx Heatedvitphamflear for r iloar 435 avlroving

d| et hyl ene gl yédiasknwhig e gasefingomisdi mrhtmpdenxi Mhewes fiteat,edhieo 150- 1600C

whi | e stirringY&idogisdh deairt isoliutioge wasn¢oedled 4o triviom ttemperattwre,for 1

hour. Subsequeibptedh & itdy 8000 mlnioft Wiad &a & néo eixdd acd edo direendmetsur e ar:jj

treated with 2 780 &dniofc peddntlesmee ¢hl rlé@hle@rcihc tigied (iiel @r@@@lllcng |
with an ice-baf asﬂ‘?el’"@éﬁ washeds twice: withyi500umd Rfs 19Sur(at -i/mod -D. 5 1 of
wat er , stlrred ﬁﬁz P&“FdPniﬁaﬁPn Giae .o 48 1ede O vedc siodiium
filtered.. The ﬁ@&tF&P a@g@ rcgﬁﬁmGFP Japﬁlg Vacuum
at [err], mherﬁ g wnlsh iqui tained (1

C

eluent f1na11 ave 7 f

-[trans-4- (449% ﬁ xsh@%m ks apfs%ﬁn 1h (yig%xf" ToodfaTad 8

obtalned as col ourl ess crystals m xture of 1

-[trans-4- (4cpeniggnyl ycuel @ cbﬁh)é'b]en‘lylil-I%*i‘i'@!ﬁbﬁ?ﬁ%ﬁé&'ph%n%ﬁhn calg 348, m

of acet one was 19Q@l gd oo pbeakkivhi it balty1kited addd 198sm1Ng rWekBylehkoden,
glycol dimethyl ether were placed in a sulphonation flask
while stirring and gassing with nitrogen, whereby the
internal temperature rose to 44°C. The brown suspension
was cooled to 0°C and treated within 2 minutes with a
solution of 16.7 g of 4-formylcyclohexanone in 100 ml of
_ethylene glycol dimethyl ether. Thereafter, the cooling
bath was removed and the reaction mixture was stirred for
a further 3.5 hours at room temperature. The suspension
was subsequently poured into 500 ml of water and extracted
three times with 600 ml of methylene chloride each time.
The organic phases were washed twice with 500 ml of 10%
(wt./vol.) sodium chloride solution each time, dried over
sodium sulphate, filtered and concentrated, whereby 76.9 g
of a brownish paste remained behind. Chromatographic
separation of this crude product on silica gel with
methylene chloride as the eluent gave 33.0 g of 4-[2-(p-
-cyanophenyl)vinyl]cyclohexanone as a yellow-brownish o11

d) A mixture of 33.0 g of 4-[2-(p-cyanophenyl)vinyl]-
cyclohexanone, 520 ml of toluene, 260 ml of ethanol and
3.2 g of palladlum/carbon (5%) was placed at room
temperature in a round flask having a magnetic stirrer and
the mlxture was hydrogenated until the hydrogen uptake had
come to a standstill. The black suspension was
subsequently suction filtered (rinsing with toluene) and



treated dromese'mIfhin'lo mnutes with a solution of 8.2 m of
triethylamine in 58 m of acetone and stirred for a further 5 mnutes.
Thereafter, the mxture was treated dropwi se at 0-2C within 10 minutes with
a_solution of 7.1 m of ethyl chloroformate in 29 ml of acetone. The

m xture was stirred for a further 30 nminutes alg Q-20C and treated dropw se
within 10 mnutes with a -42- solution of 5.25 g of sodium azide in 29
m _of water. The theadtiilat atex wWase cbazediticated fier ad vheuuRer TRe221hgUkly
whi | e cool i ng wi tthirdrid,c grelidtolwi shheri Jpobitad nedt (34.1 of) wakesepadatedr gt ed
once with 1 1 of chirematiograipdy amd sirldeawnigetl .50 thly lehedichlloylidevhexanhe
et her phases merdedshéGIWhtmew@wdﬁnedmhd@raﬂsvhsmdmanﬂymﬂphaté) fainidt er ed
and concent r at ed Rethy iesieg£hdorddel leilud ede 2i5d §e 9( PE. Yed)l owdshsoiar shdghby
chr omat ogr aphy oﬁ@ﬁIQRﬁf ligiedn fipom F-byd Ydhmethyd, eWﬁ@Feb?hGIQ yers9. 5@6
of 4'-[trans-4- &;ﬁ P& Iéh@k?¢]4413rﬂﬁ g}? %Yﬂ)@t§¥1d°3fﬂee
wer e obtai ned as "E3A09A% 1§sscfrxsﬁP}Fu th Mg Py §20f-64-

t 4-( 4- t I I - h | 1.-4-Dbi I b I d d d

215 m of prépaﬁe vj,%ﬁy %@%hgpe%ls% g % §§I éP ty° 1280085 hﬁo?“so

m nut es. Thereaf a eWH%$PE§ , %ﬁkug P% 1% ceEn 4 EIQ bé ;gaz
1 n

(99.5% of propyg L fy X oQQ%é
mere obt ai ned assqqrqga e G ¥l %h%r ° hQ ﬁ thQQy as

-[trans-4-(4- =Ry n)tQ.?Cthé@ﬂé'd] T enyh%rmaw bino4esTa t0boC
dI et hyl ene gl ycohkit®0al s@ 1t ipd @%Siz8mihydio@Xisdg 2217 -+@4ndlphehyide@hygs
heated for 17.5 kg¢lohexaonei linb2ilo afl [ofr tetrahgydrodalrat bndr et mixture
t enperature, pouwas istticredo foir af fwaitderand hexirsaatted obr ¢éempieras uwiet.h
yl ene chl ori Géertad tergatthe pieasss onemd xiugieewasnipoy reidt i nwat &r. 6 dr ioéd

over sodi um sul phexanef.i [sitdre@daf@rc dQ9c ainuiesd angheugitdmm £4 1seyedal | i ne
resi due (8.2 g) W&§nﬁdﬂﬂfW@Ghb eéﬁﬂ@ﬁat@ éﬁ}téﬁtglPﬁ@aCQ@Feﬂﬁﬁﬁtﬁétﬁyléne
chl ori de/ hexane gF gyl9@myfoweAlam-naaA¢Jallv

-[trans-4- (4- penfeX Ih);&}gnghg ;]dgg Ueﬁﬁe R&gssure chromato-

the re51due on silica gel with hexane/
methylene chloride (vol. 4:1) and methylene chloride gave
21.0 g of p-[2-(4-methoxymethylenecyclohexyl)ethyl]lbenzo-
nitrile as a yellowish o0il; Rf value (methylene chloride)
0.43.

f) A mixture of 23.5 g of p-[2-(4-methoxymethylenecyclo-
hexyl)ethyllbenzonitrile and 300 ml of tetrahydrofuran/2N
hydrochloric acid (vol. 4:1) was boiled at reflux while
gassing with nitrogen for 30 minutes. The cooled reaction
mixture was poured into 450 ml of water and extracted
three times with 300 ml of diethyl ether each time. The
organic phases were washed with 200 ml of water, dried
over sodium sulphate and concentrated in a vacuum at 50°C.
s There were obtained 21.9 g of 4-[2-(p-cyanophenyl)ethyl]-
cyclohexanecarboxaldehyde (trans/cis = 4:1) as a
colourless o0il; Rf value (methylene chloride) 0.3.

g) A mixture of 21.9 g of 4-[2-(p-cyanophenyl)ethyl]-
cyclohexanecarboxaldehyde (trans/cis = 4:1) and 167 ml of
0.1N methanolic potassium hydroxide solution was cooled to
0°C while stirring and gassing with nitrogen, treated
portionwise within 20 minutes with 3.5 g of sodium boro-
hydride and thereafter stirred for a further 30 minutes at
0°C. Subsequently, the grey suspension was poured
cautiously on to 420 ml of ice-water and extracted three
times with 300 ml of methylene chloride each time. The
organic phases were washed twice with 150 ml of water each
time, dried over sodium sulphate and concentrated in a
vacuum at 50°C. The colourless, crystalline residue of



as beige crystals. e) A solution of 8.1 g of 4-anino-4"- [trans - 4- (4-

- pent enyl ) cycl ohexyl ] - 4- bi phenyl in 144 ni *of chloroforn1mas cooled to

[err] while stirring and gassing with nitrogen’and then treated with 7.14
m of triethylam ne. Subsequently, the m xture was treated dropw se at W
O-[err] within 20 minutes with a solution of 48.33 m of thiophosgene ;
(purity 959 in 71 m of chloroform The reaction mxture was stirred at

room t enper at ur g-far (a-hyatbeymd@hyloytesnarg1ybBeAyd9bbadoat tkgibux for 1.5
hours. Subsequei2Ry0 ghetreaeVicds mi BBunelvas)ceakedikgoloed) LANDEOMY 6
and washed wi t hethglnhcetashl whuualwasmhnuhonraadednwhtaomooimmfoﬂahekanlhe
aqueous phases #Bfecpadrdesor 36f6dwhilke stihyiage wheoebgecr¥headlyaation
phases were dri 8§c8¥&rdsodhanhiKtyrat wast thear tdeabddcwatbnar fuetdhefwo-f ol d
chronatograph|c398 BFaPFoHeEFthH BAPGELLEEY anlBuﬁélpésﬁd@éeGQdB(g}nsmng
silica gel flrsFE] Eﬁaﬁéiaﬂéﬂ PﬁxPEﬁEleﬁ gEpdwagyéried: 2p anwachum akth
hexane/ chl or of o VO 1gu9r,wap UB{ Eﬂr EslncﬁgsP&FFPﬁ@u r oduct .
ﬁn 2 nP& two cry 9tal 3 g)
Recrystalllzatlg f o 8 g rg,
4' -[trans- 4- (4- g§ E§f§§ % Ae g Hén FgF F 6 ﬁF BgaQEPE 21
<C-[err1>[errlcy%axygehf isﬁgk LebEfcorby Pt i LE LTRSS
fol | owi ng conpoyhgs QE ? ure n an ana gou
p- [ trans-4- (4- Pent eny )cyc} exylTphenyl isothio- cyanate; mp. (GI)
[err], virtual gh.pa hekthrePokS9e(4-gepkenxhly2- @Mibglﬁénxkbp eayhg %
|sothlocyanate m8tRyléhe| 6nlbrifer whs ﬁkeEteéfSEB wisel QithinEX8RiRufed) A
sol ution of nethytnagneslunibﬁdbdelln4dqebhyh1ﬁébﬁ?l(Qﬁ@?ﬁbﬁﬂdérQH159 mi0
of magnesi um shafi mgshphen®. dR%oridef whktbystiodide andlhasking wiehhyl Ny
ether) was treanétrdgepwase-60°CooTtheeepttatyr thai mbxeusel wasobreatdal g QL/
p-[trans-4- (4-pénopwisecyitbhnxys] bénutest at| e60T0ewitht ar sobasibraded to
reflux for 15 nihuBed, 0BuBsb3uéhrans-45hyfrokynetbpbeyotobexrylipethpl]he
reaction n1xturéengﬁgxtr11e in 66 ml of methylene chloride and stirred
for a further 15 minutes at -60°C. Subsequently, the

reaction mixture was treated dropwise within 15 minutes at

-60°C with 46.6 ml of triethylamine, then warmed to room

temperature within 30 minutes, poured into 330 ml of water

and extracted three times with 200 ml of methylene '

chloride each time. The organic phases were washed twice

with 200 ml of water each time, dried over sodium sulphate

and concentrated in a vacuum at 50°C. Low-pressure

chromatography (0.3 bar) of the resulting brownish

crystals (16.5 g) on silica gel with methylene chloride

gave 14.4 g (89.6%) of pure trans-4-[2-(p-cyanophenyl)-

ethyl]cyclohexanecarboxaldehyde as colourless crystals

with m.p. 90.0-91.2°C.

i) 1n an analogous manner to Example 1 c)-i), trans-4-[2- .
-(p-cyanophenyl)ethyl]cyclohexanecarboxaldehyde was W/
converted into p-[2-(trans-4-(4-pentenyl)cyclohexyl)-
ethyl]benzonitrile; m.p. (C-I) 25.3°C, cl.p. (N-1) 17.2°C.

The following compound can be manufactured in an
analogous manner:

p-[2- (trans q- Allylcyclohexyl)ethyl]benzonltrlle' m.p.
(C- I) 39.7°C, cl.p. (N- I) -9.3°C.

Example 5

A suspensxon of 3.16 g of ethyl-triphenylphosphonium
bromide in 50 ml of dry t-butyl methyl ether was treated
with 960 mg of potassium t-butylate while gassing with
argon at -10°C and stirred for a further 45 minutes at



di ethyl ether was distilled off and the mi xture was heated to reflux for a
further 1.5 hours. Thereafter, the reaction mixture was treated cautiously
at [err] with saturated anmmoni um chloride solution and partitioned three
tNpes in diethyl ether/water. The organic extracts were washed twice with
wafer, dried over namgnesi um sul phate, filteredjand evaporat ed. '
Chronatographlc separation of the yellow crystalline residue (1.1 g) on
silica gel with ady) Tmatedfvermt ritee unbxaturmy wasdlcodilédb)togae®d ° €, & re at2AN)

of p- [trans-4- (Aripdvitrerdy Inimutiezhexitil ac etodpitdroonefad .14i5g g ofeld-qwrans-4-
crystals; mp. [er(g-cyanophasivi)awelghexyld Jpusfyraldehyde (purity 90%) in

p-[trans-4- (4- perd®md )Q,ﬁlcﬂ-dluq}@quféuét &heto end rstar-medoffoe:t [Rarfic thed 8
m of diethyl ene 3 yHidlutas whida MRLRing 370 npomtenny. tr@%ﬁll‘)él
gassing with arg&Hﬁ%ﬂf fKﬁF %ﬁﬂqQPQ¥¥IRBP t#PW%
stirring for 1 hf¥te %ﬁ

solid potaSS|um

|
t he et hanol was I%ﬁf&ﬁqag
i nterrupted and t Q| m
et her. The orgamd% rol dfégﬁ 3 gy%
magnesi um sul phat g 2 '0011 e f
(Qﬁﬁsl

resi due (0.85 g) _o&ess dr!@ on\uﬁ q;aed)pqifr lﬁlému&t 1d1VQn
3:97) gave 0.76 addPoofsilver n1trate coated silica gel (prepared
4-ethyl - 1- [tranS-a‘bddbdi&ﬂj arty |Bxeatdy 16h &9y | i 2636 iy il extlyQurd ey Oi | m p.
(CG1) [err]. The (vdl.0v8: ) garglA@sdI7 50 mey rmtﬁ-a[aiwma-r(mmedrqgmszclo-
nner : - 44--hekyu¥hﬂqdom&qﬁikﬂﬁp?deEqkﬂnnyqdﬂagamkﬂzaqﬂddﬂﬂﬁtmnyl;
n crystal | i zablme thanadorfiitraider ajawes, 468 mg of colourless crystals with
4' - et hyl - 4- [transn-ép(d%eﬁteﬁw%md)r@xw]tﬂbﬁénw 5°@..p. (S1) [err],
non-crystallizable to [err],

- propi onyl - 4-[trans- ﬂk%-fr%lrﬁw SRARHNG |qan hemanufactured in an
4' - propyl - 4- [ t r arkakqap ﬁﬁﬂﬁ%ﬂﬂﬁ5cyclohexyl]blphenyl cl.p. (S1) 153.3C,

non-crystallizabl
y able tq [E?Jgans 4- (2Z-Pentenyl)cyclohexyl)-4-biphenylcarbo-
n1tr11e, m.p. (C-N) 81.9°C, c¢l.p. (N-1I) 165.0°C.

Example 6

a) A mixture of 9.88 g of 4'-{trans-4-(4-pentenyl)cyclo-
hexyl]-4-biphenylcarbonitrile, 73% ml of diethylene glycol
and 79.9 g of potassium hydroxide was heated to 150-160°C
while stirring and gassing with nitrogen and held at this
temperature for 1 hour. Subsequently, the reaction mixture
was cooled to room temperature and treated with 230 ml of
semi-concentrated hydrochloric acid while cooling with an
. ice-bath. Thereafter, the reaction mixture was poured into
- 1.5 1 of water, stirred at room temperature for 10 minutes
and then suction filtered.. The residue was washed neutral
with water and dried in a vacuum at 60°C, whereby 10.3 ¢
(98.5%) of 4'-[trans-4-(4-pentenyl)cyclohexyl]-4-biphenyl-
carboxylic acid were obtained as colourless crystals.

b) A mixture of 10.3 g of 4'-[trans-4-(4-pentenyl)cyclo-
hexyl]-4-biphenylcarboxylic acid and 300 ml of acetone was
cooled to 2°C while stirring and gassing with nitrogen,
treated dropwise within 10 minutes with a solution of

8.2 ml of triethylamine in 58 ml of acetone and stirred
for a further 5 minutes. Thereafter, the mixture was
treated dropwise at 0-2°C within 10 minutes with a
solution of 7.1 ml of ethyl chloroformate in 29 ml of
acetone. The mixture was stirred for a further 30 minutes
at 0-2°C and treated dropwise within 10 minutes with a



p-[2- (trans-4-allylcycl ohexyl)ethyl]acetophenone; mp. [err},
4-ethyl-1-[2-(trans-4-allylcycl ohexyl)ethyl]benzene; non- crystalllzable to
bel ow -20C, cl.p. [err], p-[2-(trans-4:(4-pentényl)cyclohexyl)ethyl]aceto- —
phenone; mp. 32.4C 4-ethy| 1-[2-(trans-4-(4-pentenyl)cycl ohexyl)ethyl]- \J
benzene: mp. -16.9C, cl.p. -5.1C Exanple §aa)_ A suspension of 11.5 g of
3, 3-et hyl enedi oxypropyl - -triphenyl phosphonium bromde in 90 m of t-butyl .

met hyl ether wesoluebd®ofVis RS.d20 0 s¥d Nk absiden in Y WMBteE afadéy f ITmnd .
then stirred atreammdmnpnnalm awdorstirmadies.a Therteedt €3.29 hpuhst ur e

was treated dr ofiwibe caoling |witth am isxd-thd tin, dfhen Gpapmdd into 1 1 of

p- cyanobenzal dé#ﬁ/’tﬁr ign@rextraftadtiondsy didiuran ofl dkethywl dthvem dnd t her 1

hour at roomt ke S0Qamlk e%fctqmﬁhﬂ&t%@%sT%tﬁfétﬁfemQ& R Ll
with water. The¥ s“”v@ a re’cF‘hrR}’Q%eB ltered
back-extracted & c‘é°‘\‘/6f? ’tﬂ‘? Y ) e(slame?r &)
washed tw ce w Wé§¢4ated
The resi due ma e %?

with petrol eumg OtF %&dﬁ 1@%% P i ne“o%%fel
filtered of f under suctlon ol obtalned after

concentrating t fad ld et Ryrg fHH§(¥M
with petrol eum{l%eﬂﬁlr AN e mwgmr{cet a aapﬁt@é‘gfn =y n‘(!.er o]bt ai ned
3.73 g (89.2% [.Qfoﬁkr(o‘l 4ra e et 2 Yrelf 1usd Wi die A oddiht
yel l owi sh oil. fyr A0 alittes OfTHe reaF w¥r p- t(h‘b lbe%tdwuﬂﬂ | 0ifrel was
- but enyl ) benzomidnddmtnatesl) Whexfebyll1ere gva® .56k et WidpyB5Q N tfans-
paIIadlunicarmmﬂ{Gmép&ntbdﬁmnuxpiun&xYH1H44hfbHunykcdanhanpﬂwenywunpt|on
385 n). The rextdinedriaa wodomslagmercddttadraad (rinsing with diethyl \/
ether) and the filtrate was evaporated. There were obtained 308 ng (82% of
p- (4, 4- et hyl endth oy MiXAWISefokiQ 7 1% afs Bf ot lo'|dderansard- (@A y .
crystal lizing cjRen nmghﬁggyﬂnggﬁlkyxg injfenylcarbamate, 645 ml of
p- (4, 4- et hyl engcé rﬂot r]1 Ige °f56’°rﬁasrﬂ‘1“c“bthri’é3rﬁﬂﬁ‘d?euraé}4 and 56
m of 10% hydr (l)q,r r?od’r%“aﬁ gé%pé%aatt‘hr e
and then left tY 3ﬂéﬁﬁ %??g?, oure 1nto
ébds f) % th e t s w1th methylene
chloride. The organlc phases were washed twice with water,
dried over sodium sulphate, filtered and concentrated. The
brownish crystalline residue (8.2 g) was purified by
chromatography on silica gel with methylene chloride/
hexane (vol. 7:3), whereby 8.1 g (96%) of 4-amino-4'-
~-[trans- 4- (4-pentenyl)cyclohexyl]-4-biphenyl were obtained
as beige crystals.

e) A solution of 8.1.¢g of 4-amino-4'-[trans-4-(4-
-pentenyl)cyclohexyl]-4-biphenyl in 144 ml of chloroform
was cooled to 4°C while stirring and gassing with nitrogen .
and then treated with 7.14 ml of triethylamine. o,
Subsequently, the mixture was treated dropwise at 0-5°C
within 20 minutes with a solution of 2.33 ml of
thiophosgene (purity 95%) in 71 ml of chloroform. The
reaction mixture was stirred at room temperature for a
further 30 minutes and then boiled at reflux for

1.5 hours. Subsequently, the reaction mixture was cooled

to room temperature and washed with 110 ml of 3N ammonia
solution and with 200 ml of water. The aqueous phases were
back-extracted with methylene chloride. The organic phases
were dried over sodium sulphate, filtered and

concentrated. Two-fold chromatographic separation of the
beige, crystalline residue (9.3 g) on silica gel firstly
with hexane/methylene chloride (vol. 8:2) and then with
hexane/chloroform (vol. 8:2) gave 8.2 g of colourless,
crystalline product. Recrystallization from acetone gave



-45- mixture was diluted with water and extracted three tinmes with diethyl
ether. The organi c phases were washed twice with water, dried over
magnesi um sul phate, filtered and concentrated. There were obtained 2.6 g of
A-. (¢p- cyano- phenyl)butyral dehyde which was processed w thout additional
pufification. d) A suspension of 6.5 g of gefgRyL-triphenyl phosphoni um
bromde in 50 mM of t-butyl nethyl ether was treated with 2.1 g of

pot assi um t - but yleat7@salg [(gar.L%andft ken [triahsed - -beatehgIpeyel ohexien-40
m nut es. Subsequetilphenytly lnisbthd owyanateawddham. per (L-8ghhoa.setyti on of
2.6 g of 4-(p-cy&peSaphanybpriout paaNdanpgdéccn 8d.pl. ¢N-tT)bengl.seethyl et her
and stirred for 1 hour at room:tenperature. Thereafter, the reaction

m xture was treated Veh feddewiagd compoasded canr be manugaﬂﬁuneduenhyn
ether. The or ganP®3pPRIS¥E WARBeFEshed twice with water, dried over
magnesi um sul phate, filtered an c ncentr ed The cr stall i ne residue was

i ssolved in hot et g [yEapsré; egg ﬁyﬁé 8th&Pzum
T e

obtained after cqgn e 2
silica gel with ethyl ace@ te petroleu 55) whereby 1.92 g

of p-(4-pentenyl)benzonitrile were isolat |4 ght yellow sh liquid. e)
A mxture of 1.9 g of p-(4-penteny|)benzo§$$§§¥%ié%d a 10% sol uti on of

pot assi um hydroxiage mnsédinativhede feyagimagneBoumcdoaiaé8@aCafiethg1hedher
The reaction m x{(prepazedt feomcaobengt ofr aagnesinmr ahiiréngadandt edave fatl 3
W th 23% hydr ochlb@r metagildiodilet éd Wbt hiwatediantydxerhet¢dwheutreaned

w th nethyl ene chBropwdee iherongaﬂﬁmpphaSBsewwnehmashedutupneoﬁn1h0matef
diied over magne®r-ilifrensphafd-penteayvédcyadobenrdibeareditnhdeebfhe. 12 g of
p- (4- -pentenyl)Baxiyre waBdheated 6| seEduxsEBLoMA mipyteps. SEkarprenyly) -
A suspensi on of &39Myyo&f teduenm WeESheddrdetrnthe EPastippt RAKENEE: cth
ether (vol. 9 1)duﬁ§hgﬂe§F§8‘dWﬁ mﬂé t&ﬂ@ﬁﬁn°§£nﬁﬂ9t§§eapl EPFF WFthSa ed

sol ution of 3 0 or a further 1.5 hours ereaf er, t
eactlon mixture was treated cautiously at 0°C w1th
saturated ammonium chloride solution and partitioned three
times in diethyl ether/water. The organic extracts were
washed twice with water, dried over magnesium sulphate,
filtered and evaporated. Chromatographic separation of the
vellow crystalline residue (1.1 g) on silica gel with
ethyl acetate/petroleum ether (vol. 5:95) gave 0.96 ¢
(90%) of p-[trans-4-(4- pentenyl)cyclohexyl]acetophenone as
light yellow crystals; m.p. 47.6°C.

b) A solution of 0.9 g of p-{trans-4-(4-pentenyl)cyclo-
hexylJacetophenone in 8 ml of ethanol and 8 ml of
diethylene glycol was treated with 350 ml of hydrazine
hydrate while gassing with argon and then heated to reflux

- (bath temperature 110°C) while stirring for 1 hour.

' Subsequently, the mixture was treated with 421 mg of solid
potassium hydroxide, the bath temperature was increased to
210°C and the ethanol was distilled off. After 3 hours at
210°C the reaction was interrupted and the mixture was
partitioned three times in water/petroleum ether. The
organic extracts were washed twice with water, dried over
magnesium sulphate and evaporated. Chromatographic
separation of the residue (0.85 g) on silica gel with
ethyl acetate/petroleum ether (vol. 3:97) gave 0.76 g
(90%) of 4-ethyl-1l-{trans-4-{4-pentenyl)cyclohexyl]benzene
as a colourless oil: m.p. (C-I) -10.6°C.

The following compounds were manufactured in an
analogous manner:



- 4- cyanocycl ohexanecar boxal dehyde in 30 ml of nethanol/ diethyl ether (vol.
9:1). The reaction mxture was stirred for“a further 2 hours at [err], then
treated with 10 ni of dilute hydrochloric acid and partitioned in nethylene
chl oride/water. The aqueous phase was extracted three tines with nethylene~\/
chloride. The organi c phases were washed tw with water, dried over
magnesi um sul phate, filtered and concentrated. There were obtained 3.0 g
(98% of trans-4-(hydrgxyppibhyl %eysheh&fx CE8APEBY 1§ &V €168 ﬂ’ N 2%

oi | . - 46- b)noﬁua.@wtagglg bBelag @éos?ﬁgﬁpérfgﬁéétxymtﬁglf %‘ 4
hexanecarbonitril e an-dOhyl-9f[ pyansi ac(papententell) yOpshéty MbhpReryl ;

m nutes at 0C welhpa ¢85+ 0)i Da706°6, Blong-ofyptabsytabhéotodeccn 10 nm of
pyridi ne. The reactéabrnpoopionglwas[ttansed- 64-pentenehpeyalonexybi-1.5
hours, then nadblabédprH about 2) with 50 ml of 25% hydrochloric acid and
.partltloned i n chl of bf propyidt &+ [ tTans agubbupentesyl hopc babexyl tbiphenyl ;
times with chl ofbfBr n{SThe bPFadl€. phonecryetal hhzablet wp ceSOEL wat er,
dried over nagne5|uﬁréétbhé§@5 irﬁl ytavehehesyit bethyl dacetpphengpes m.p.

obtained 6.3 g 33998Cof trans-4- tosleXngé g 1 ngei)ggégfeggﬁgggétrlle

as col ourl ess cr%st rethy I “E Fans
frane & (p oo tt%“% SR e aget oo

treated with 3. Sﬁeg E E Ee PERGe
while stirring teagﬁeu tbeptrmt&yfyéf@t@heﬂymttyisered
and the f||tratgeﬁ9§ngonﬁep rajgdge oned

wat er/ chl orof orm The aqueous phase was extracted three tinmes with =
chl orof orm The organi c phases were washg&dggnyagmth wat er, dried over )
magnesi um sul phate, filtered and concentrated. ere were obtained 4.8 g \,/
(89% of trans-é)(ind@ﬁepéukiéucbﬂ-1bexagecarbomiéthyeeﬁedaoxebtopysh oil.

d) A suspensi on-bfiphédyphésphopium(bionidedini 90981 nbf of-betyhhmethylr an
was treated wi téthef wasuteeated[with .02 @50 pbtassiud. Ghbutylatenadf

nethylI|th|unt|Q°€e§néhyU¢0fatan!eélﬁg Bog rthgeerahersuﬁpenQOOnlnnses
Thereafter, the mixture was treated dropw1se at 5°C with a

solution of 2.6 g of p-cyanobenzaldehyde in 30 ml of
tetrahydrofuran and stirred for a further 1 hour at room
temperature. The reaction mixture was subsequently treated
with water. The phases were separated and the aqueous
phase was back-extracted twice with methylene chloride.
The organic phases were washed twice with water, dried
over magnes1um sulphate and concentrated. The residue was
dissolved in hot ethyl acetate, the solution was treated
with petroleum ether and the precipitated triphenyl-
phosphine oxide was filtered off under suction. The yellow:

- 0il (4.5 g) obtained after concentrating the filtrate was
purified by chromatography on silica gel with petroleum
ether and petroleum ether/ethyl acetate. There were .
obtained 3.73 g (89.2%) of p-(4.,4-ethylenedioxy-1- O/
-butenyl)benzonitrile as a -light yellowish oil. :

b) A solution of 3.7 g of p-(4,4-ethylenedioxy-1-
-butenyl)benzonitrile in 50 ml of toluene was treated with
350 mg of palladium/carbon (5%) and hydrogenated for

2.5 hours (hydrogen consumption 385 ml). The reaction
mixture was then filtered (rinsing with diethyl ether) and
" the filtrate was evaporated. There were obtained 308 mg
(82%) of p-(4.4-ethylenedioxybutyl)benzonitrile as a
colourless, partially crystallizing oil.

¢) A mixture of 2.8 g of p-(4,4-ethylenedioxybutyl)benzo-
nitrile, 56 ml of tetrahydrofuran and 56 ml of 10% hydro-
chloric acid was stirred for 3 hours at room temperature
and then left to stand overnight. Thereafter, the reaction



stirred for a furthér 45 minutes at [err], then left to warmto [err] and
stirred for a further 3 minutes at {err]. Thereafter, the suspension was
again cooled to [err] and treat'ed within 5 minutes using a steel cannul a
wth a Gignard solution prepared from4.56 ml of 4-brono-1- -butene and
1.1 g of nmagnesiumin 60 m of tetrahydro- fumngn- Thereafter, the -
suspension was again cooled to [err] and treated dropwi se within 5 m nutes
with a solution afixtrey wifs tdidnged Giddomatied angdc lesteasted darieenitiimelse
in 30 nl of tetrathdy stiathyl Bidesaf (The onganics@hage spiwerer é’a\ﬁa@ldeftﬂltc@
warm and was sti Midd Mater.f @eips %%m@w Ealphate,,£d dy andne
reaction mxture SgRES "r "éﬁ - ARGESuH q btaingd §t I?fvvl Pat?é’&t“%o m

of ammoni um chl o8 ﬁ”ﬁ?kﬁg{#%% é@% L

chl ori de/ anmoni urfl QﬁQQﬁ}sﬁH ke aqueous phase mas extracted three

times with methylane chlorlde The %5% %Q% Woiihm
%ﬁs % 1th

ammoni um chl ori deb qd%# | Cocs%wq: e Qf
5 S 1rr at

sul phat e, fllte

yel low, oily residg atQﬁeS :0%09 VM RIS/, PRiNeO A% Pur e
ether (vol. 5: 95)w&thﬂ:e%t%<ﬂ a(t85f‘@C QfidH %nss'o‘l“u(t‘i'oﬁﬁiﬂfe%’%) (’ngJfoﬂ (p-cyano-
hexanecar boni t ri |gheify 19 Butd/ta Naityd did 30 nl of7 t-RtylAmedhyl @ther 2rd g
of trans-4-(4-pertEmied fd0-1 hanacardoen ttenpe datud@ .NTher edifatery,| e
glycol was treat atadtioml.flxzufe peisatyeatddy drich o tend ande extractedias
stirred for 3.5 hiiree atimedhatith erijedrbatlured hefr [ ditre] .o rQunday phasdes, were
reaction m xtur e weshed catiee witth iwatemudis iesi dven magmediugf spgphate,

hydrochloric aci & idiensat tand oot ant naged. de sHysrtadd/ing desipwe Mpfeous

phase was extractddachvead timdw tiqthiedsdt@ate .cnm ispdutiion Magartireafiedses
were washed tw cé'wbe IPQM%lreu“drqté!frO\Pé!d ket RE Ak B R fies é'—“fﬂqec”é(rle'd and
concentrated. Chrjifg iddened joff of'rb(%é”ﬂr aldﬁ afd&j e a%q_g’S

g) on silica geIQMQ gggﬂ Qﬁﬂggtﬁy lﬂqgigy%ét . YLét
(90% of trans- 4 ) ere Zﬁﬁﬁ Ie é§ﬂ$i) QOA¥@E¥1e

ofl. were 1solated as a light yellowish liquid.

e) A mixture of 1.9 g of p-(4-pentenyl)benzonitrile and a
10% solution of potassium hydroxide in diethylene glycol
was boiled at 180°C for 2 hours. The reaction mixture was
then cooled to room temperature, adjusted to pH 3 with 23%
hydrochlorlc acid, diluted with water and extracted four
times with methylene chloride. The organic phases were
washed twice with water, dried over magnesium sulphate,
filtered and concentrated, whereby 2.12 g of p-(4-
-pentenyl)benzoic acid were isolated as brown crystals.

 Example 9

a) A suspen31on of 829 mg of sodlum borohydride in 20 ml
of methanol/diethyl ether (vol. 9:1) was treated dropwise
within 5 minutes at 0°C with a solution of 3.0 g of trans-
-4-cyanocyclohexanecarboxaldehyde in 30 ml of methanol/
diethyl ether (vol. 9:1). The reaction mixture was stirred
for a further 2 hours at 10°C, then treated with 10 ml of
dilute hydrochloric acid and partitioned in methylene
chloride/water. The aqueous phase was extracted three
times with methylene chloride. The organic phases were
washed twice with water, dried over magnesium sulphate,
filtered and concentrated. There were obtained 3.0 g (98%)
of trans-4-(hydroxymethyl)cyclohexanecarbonitrile as a
.colourless oil. . '



Exanpl e 10 a) A solution of 400 ng of p-(3-hydroxypropyl)phenol and 0.421
m of triethylamne in 2.6 nm of nethylene’chlqudg was treated portionw se
at [err] with 539 ng of p-tosyl chloride and the m xture was stirred for
further 5 mnutes at [err] and for 15 mnutes at [err]. Subsequently, the
reaction mixture was diluted with water, nadg slightly acid with dilute
hydrochloric acid and extracted three tlnes mntﬁ met hyl ene chloride. The

and freed from ReksfetarBbRiELS1EURS, 1§0 PuUp
by chronmat ogr apyopwisel wiehgs! 3\Amihue§byhta0€ a&ff‘{:HGLVQ
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mlky oil. b) AmgstutreowasfstPrnedoatoxabml tenperaterentd801 mbup®] hyl ene
chloride was trthendmadeparsé GpH[abolitwe) hwhthosatmbnonf299. Bydtoohloric
di met hyl sul pho&f&@ and3pantitioned hiherklehoDoinéwaner stThe caqtesus

further 5 mi nutBBage Vesrextmpeteduthreg times withrehlwsofoemt cTher opwi se
with a sol uti on®hg2BkC oply a%? d ge Z§$%§?pF%b9¢ ywhelhywaper osdt ted éved 00 ni

of met hyl ene ch?
treated with 88h
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dried over magnesf Lk Swh Pt £t Beli @y apeF ai

t he residual,

bs wepe iyl d0vwas | £ 1 BB Bdd Cind i ihélaf ﬁﬁird\té he&d Ancentrated

acet at e/ pet r ol €Time et deidye okas 484 HO) t DEVE] 30 WAL OF / @1 4o RS BY) -
phenyl ] pr opi onadgiednue pisase pede extiacted |three - dfmes )wit s USHESS O6r ®]
14.87 g of net Hxynetdanic rplpeey | we phoepdioed wwide awi e wardB) da ied

t-butyl nethyl e¥eermagresiumtswlphater rfilteted. &ng ofngaitssiedn There
t-butylate and were obtained 4.8 g (89%) of trans-4- (iodomethyl)cyclo-

hexanecarbonitrile as a yellowish oil.

d) A suspension of 9.14 g of copper-(1) iodide in 90 ml
of tetrahydrofuran was treated within 5 minutes at -78°C
with 25.7 ml of a 1.5M solution of methyllithium in
tetrahydrofuran using a syrlnge. The suspension was
stirred for a further 45 minutes at -78°C, then left to
warm to 0°C and stirred for a further 3 minutes at o0°cC.
Thereafter, the suspens1on was again cooled to -78°C and
treated within 5 minutes using a steel cannula with a
Grignard solution prepared from 4.56 ml of 4-bromo-1-
-butene and 1.1 g of magnesium in 60 ml of tetrahydro-
furan. Thereafter, the suspension was again cooled to
-78°C and treated dropwise within 5 minutes with a
solution of 4.8 g of trans-4- (iodomethyl)cyclohexane-
carbonitrile in 30 ml of tetrahydrofuran. Thereafter, the
‘reaction mixture was.left to warm and was stirred for a
further 30 minutes at 16°C. Subsequently. the reaction
mixture was treated caut1ously in a cooling bath with
about 50 ml of ammonium chloride solution and partitioned
in methylene chloride/ammonium chloride solution. The
aqueous phase was extracted three times with methylene
chloride. The organic phases were washed once with
ammonium chlorlde solution and twice with water, dried
over magnesium sulphate, filtered and concentrated.
Chromatographic separation of the yellow, oily residue’
(3.4 g) on silica gel with ethyl acetate/petroleum ether
(vol. 5:95) gave 2.9 g (85%) of trans-4-(4-pentenyl)cyclo-
hexanecarbonitrile as a light yellow oil.

g?ﬂ%1“@ $ } ¢drand ¢opcertrated erThergaweben
g ?g é % %t%?owwmﬁw&e% reyeled for
) %na?e??l?‘b §%n SF68¥31%0 room tenperature
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stirred without cooling for a further 1.2 hours. Subsequently, the m xture
was treated dropwise at [err] with a solution of 8.8 g of

3-[ p- (p-tosyl oxy) phenyl ] - proplonaldehyde in 30 nl of tetrahydrofuran. The
¢agling bath was renoved and the mxture was stirred for a further 10

m nutes at roomtenperature. The reaction M Xigyr € was then treated with
water and partitioned twce in water/ diethyl ether. The aqueous phases
vere back-extractegd W teo1itdlohy lofelzn®r g BEe tRa@@Ni4C (RN3SAT VGG cPciied over
magnesi um sul phathe xané cacapwiairdde The 80 mL ogsiddeehyaend gI9vadwar et hyl
acetate and the <aleattiedn wixh iBr.@aigedfwipbltagsting aydrewide and ftheediktamre
precipi tated tri plasngitiraedhifoe Gxisddoluy sf altt sabadh. tafmper a¢uapondt 160 °af.
the filtrate andSihseemeatlyphithes ggacatioon miktute wasi dreasedswiithaigel,
there were obtai Madeqagid H4&R) 25t md- of- R5fhdydrochlogiyl p ghdnyhdp tosyl ate
“as a slightly yelt’lad\ku1§ﬁ°@|eld 1y methylenee chlogigedwgter. The aqueous phase
p- (4- met hoxy- 3- b&?@ rgd ﬁhFG§yF&@@3 UGt lggeachie&ide -aThe and

30 M of water w& lFrggaF "EéPr h@ﬁtééolédlﬁé PY8H
tenperature and & &“ﬁ FH e g R9s CﬂégmatO—

extracted four t| Fg °w?h °6 aﬁPEl Hﬁsgg on
washed tw ce MAt Iﬁt o | Q§§§t§ ; §§ ghexa ne Pare)
sul phate and fre @: 9eW§B 1 g é 5

4- p- (p- tosyloxy)phen ]butyralde yde“as a ye Iomnsh oil. e) A suspension

of 7.32 g of nethyltriphenyl phosphoniumb I 70 m of t-butyl nethyl
ether was treated with 2.45 g of potassiuﬁ?mn Sey&gte at [err] and stirred
fﬁ%a further 40ani nmt g9lat ibACHE! A0PE MYt EE p- $gb§9aue&srbyopsrh.|§pﬁbhwanwas
t ted slowy ab.geir hlwothtzischytliaminel i4. 2560mdf of methylene chloride
4- [ p- (p-t osyl oxywaseylepitetly pardélonwd sienaB0ontC ofith- BaBYmgmethpl teslger. The
reacti on m xturechdordder nod tbe mikgurkeewas sitnured &ibr[ar £hr&hdrfor 30
minutes at room Bemjansegr at OAEnandefosd1lhi minusesr a&nd5pErt Bubsradentilye
in water/dieth |téehéﬁa0tﬂenaaeéau§e Wasedijutedpwikh wagerachadensdfghtly
di et hyl et her. Tﬁélér ¥ Pgmgﬂﬁgé h%éF@°B#Pé&°o§§Fdnﬂ AeSXtfRrSERAhENESENd
concentrated. Th 1P §| gthyss g y[hecefgpBig BRRRESSHPERI on
was treat ed mnth PSI g § &f Hat Fee rf? nﬁﬁ? g %Féﬂm sulphate and
tri phenyl phosphi § §° UFP L gc Afgdfua ess oll (870 mg)
rp yip P éh E toé % y on silica gel with ethyl
acetate/petroleum ether, whereby 693 mg (83%) of p-(3-

~hydroxypropyl)phenyl p-tosylate were isolated as a milky
oil.

b) A solution of 12 ml of oxalyl chloride in 380 ml of
methylene chloride was treated dropwise at -60°C with a
solution of 19.8 ml of dimethyl sulphoxide in 30 ml of
methylene chloride and stirred for a further 5 minutes at
' . -60°C. Subsequently, the mixture was treated dropwise with
— a solution of 38.9 g of p- (3-hydroxypropyl)phenyl
p-tosylate in 100 ml of methylene chloride, stirred for a
further 20 minutes at -60°C and then treated with 88.5 ml
of triethylamine. The reaction mixture was stirred for a
further 5 minutes at -60°C, then left to warm slowly to
room temperature and stirred for a further 5 minutes at
24°C. The reaction mixture was subsequently treated with
water. The organic phase was washed with water and sodium
chloride solution (back-extraction with methylene
chloride), dried over magnesium sulphate and evaporated.
Chromatographic separation of the residual, brown-yellow
0il (38 g) on silica gel with ethyl acetate/petroleum
ether (vol. 40:60) gave 33.8 g of 3-[p-(p-tosyloxy)-
phenyllpropionaldehyde as a pale yellow oil.



concentration of the filtrate and chromatographi c separation. of the
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water was stirred for 40 minutes at 110°C. then cooled to
room temperature and diluted with 200 ml of water. The
aqueous phase was extracted four times with methylene
chloride. The organic phases were washed twice with dilute
sodium carbonate solution, dried over magnesium sulphate
and freed from solvent. There were obtained 435 g of
4-[p-(p-tosyloxy)phenyllbutyraldehyde as a yellowish oil.

e) A suspension of 7.32 g of methyltriphenylphosphonium
bromide in 70 ml of t-butyl methyl ether was treated with
2.45 g of potassium t-butylate at -5°C and stirred for a
further 40 minutes at room temperature. Subsequently, the
mixture was treated slowly at 0°C with a solution of

4.35 g of 4-[p-(p-tosyloxy)phenyl]lbutyraldehyde in 30 ml
of t-butyl methyl ether. The reaction mixture was stirred
for a further 5 minutes at 0°C and for 30 minutes at room
temperature, then treated with water and partitioned twice
in water/diethyl ether. The aqueous phases were back-
-extracted with diethyl ether. The organic phases were
dried over magnesium sulphate and concentrated. The
residue was dissolved in ethyl acetate and the solution
was treated with petroleum ether and freed from
precipitated triphenylphosphine oxide by filtration. After
concentration of the filtrate and chromatographic
separation of the residual, yellow oil (4.3 g) on silica
gel there were obtained 3.37 g (78%) of p-(4- pentenyl)-
phenyl p-tosylate as a colourless oil.

f) A mixture of 3.35 g of p-(4-pentenyl)phenyl p-tosylate
and 50 ml of 10%, ethanolic potassium hydroxide solution

of p-(4-pentenyl)- phenyl p-tosylate as a colourless oil. f) A mixture of .
3.35 g of p-(4-pentenyl)phenyl p-tosylate and 50 m of 10% ethanolic o
pot assi um hydr oxi de sol ution - 49 - was-s4grred for 1 hour at 100C. )
Subsequently, the reaction mxture was cooled to roomtenperature and nade
acid with dilute) hylslrmﬂntmsnoxacoﬂ 14h&7 ag)ueb use pinexsemellsy bxt r bphteny I-our
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anal ogous manner: ‘trans-4- (4-Pentenyl)cycl ohexanecarboxylic acid

p- propyl oxyphenyl ester: mp. (GN [err], cl.p. (NI) [err],

trans- 4- (4- pent enyl ) cycl ohexanecar boxylic acid 4-cyano-3-fl uorophenyl
aster; mp. (CI) [err], cl.p. (N1I) [err],

trans- 4- pentyl cycl ohexanecar boxylic acid p-(4-,; pentenyl)phenyl ester; mp.
(CG1) [err], cl.p. (N-1) [err], trans-4-(4-pentenyl)cyclohexanecarboxylic

acid trans- -4- bubyd G ONEK Y o 2SI Hou P -FE N RENZR] s Al .. th
p' - (4-pentenyl ) phegud ¢ 54 Qﬁixt{ﬁﬂé t‘a(gul\f Q{d(ﬁo Todh &ﬁﬂﬁl;}:ﬁr@ 1are1d made
p- (4-pentenyl) - befiid Griach & i ute Hpd d VI r 195 3 Mhe EquPodsEPhas e wad

C(N1) [err], p-(Zpardcred )Rz Al ied vl th -dderigphettleestitle dPganicc 1)
[err], p- (4- peptiames Wy eias i dvidic Wate 3 - fd e ity Insfieyium
non-crystal | i zablsulphdts rdnd pdricanratdd- Ty avdiduad drewd [dianzai.92a¢)d
p' - propyl phenyl e&sserpumfied GyS)cHmomatogt-apHyeromn ,8i3-idal@R156@itH gqrhy(N- 1)
155C. Exanpl e 12 apetatE/ pptofo leanh ehhesr o vitils.s @ 8 ,i whee rediyutli .0 @f (9%
of di ethyl mal onatfe B-{ 4P nHenyl nhenedl wenee odttidiinedaras $ollighdn yledrlow was
treated dropw se @ikhin 15 ninutes with 45.6 g of 5-bronp-1-pentene and
heated to boiling for 2 hours. After cooling t he reaction m xture was
poured into 500 mM of diethyl ether and 3 m - saturated sodi um

chl oride solution. The _aqueous was Separate d back- hed .t wi ce
with 200 m of di&@%e qj%eg‘e {%13? .%ﬁe& “%‘1%;{% W% SEfed
twice with 150 mygd): S8 ora sl gDy Ry af i oo Qi ol AR T i e,
dried over sodi um_s(ldie&tﬁuafmi%rﬁ %&Wwﬁ;&qve T 10PN ©
separ ation of t handeasilldrieGh 163 100 Al ¥ed rees 2 t0)r g Teniget aAr anirld
hexane/ et hyl acetz eioiMd. SUbsRQuEIMA B3 thed rfacti®Wixture was diluted
(4-pentenyl) nal ongitth @iethyl ether, the precipitated urea was filtered off
_ ~ and the filtrate was concentrated. The residue was taken
up in hexane and washed with dilute hydrochloric acid,
sodium hydrogen carbonate solution and water. The aqueous
phases were back-extracted twice with hexane. The organic
phases were dried over magnesium sulphate and evaporated.
Low-pressure chromatography of the resulting residue on
silica gel with ethyl acetate/petroleum ether (vol. 3:97)
gave 0.7 g (83%) of trans-4-(4-pentenyl)cyclohexane-
carboxylic acid p-ethoxyphenyl ester. After recrystal-
lization from 3 ml of methanol there were finally obtained

455 mg of product in the form of colourless crystals; m.p.
(C-N) 32.7°C, cl.p. (N-1I) 57.5°C.

The following compounds were manufactured in an
analogous manner:

. trans-4- (4-Pentenyl)cyclohexanecarboxylic acid
A p-propyloxyphenyl ester: m.p. (C-N) 32.5°C, cl.p. (N-1)
43.5°C, .
trans-4- (4-pentenyl)cyclohexanecarboxylic acid
4-cyano-3-fluorophenyl ester; m.p. (C-1) 21.9°C, cl.p.
(N-1) -26.9°C,
trans-4-pentylcyclohexanecarboxylic acid p-(4-
-pentenyl)phenyl ester; m.p. (C-1) 33.3°C, cl.p. (N-1)
21.7°C, o .
trans-4-(4-pentenyl)cyclohexanecarboxylic acid trans-
-4-butylcyclohexyl ester, _ '
p-pentylbenzoic acid p'-(4-pentenyl)phenyl ester; m.p.
(C-N) 5.5°C, cl.p. (N-1I) -7.6°C, _
p- (4-pentenyl)-benzoic acid p'-pentylphenyl ester;
m.p. (C-N) 9.2°C, cl.p. (N-1) 14.0°C, .
p-(4-pentenyl)benzoic acid p'-cyanophenyl ester; m.p.
(C-1) 38.4°C, '



a colourless liquid. b) A suspension of 13.8 g of lithiumalum ni um hydride
in 500 mM of tetrahydrofuran was treated dropw se under nitrogen at O-[err]
within 1 hour with a solution of 33.2 g of diethyl (4-pentenyl)malonate in
125 m of tetrahydro- furan. The m xture was stirred overni ght at room W
tenperature and then heated to boiling for-3sbours. After cooling there :
were cautiously added dropwi se to the reaction mxture firstly 25 m of
acetone and then 25pni(4ebeptenvddbengodicunchddaegyanoaBbéhubeopbenylion. The,
resul ting sIurr?sﬁﬁ§~sGepréﬁYFFPﬂé#ééb&ﬁdtPhe59§§hdue on the suction filter
was washed four tinmBs ﬁfﬁﬁsrérﬂéh 8969nY&P§H°1€BEEEhﬂPaﬂFehcoPC#ﬂe filtrate
gave 17.8 g of i 53‘°P§éﬁqéﬁyﬂ) § igggﬁneépop)(ﬁérﬂf9 g8ef 88°Q.y8+Now
liquid. ¢) A m Para°s -3 ( tenyl) 3-propanediol, 4.4 g of

p- but yl oxybenzal dehyde, 75 n1 of toluene_and dr gps of 10@6sulphuric acid
was heated to boiling for 2.5 hours, whe 50 m of met solvent

pere distilled g r rseh%@dwwet BEadh 004 7pod kb
fresh tol uene. eﬁg EME mg h€14%8Sph g E
triethyl am ne aggiud bﬁr(gge b”ﬁas“@ieﬁf&& EES Eb ﬁlﬂhi
SOdlU”1hydrOgean@thQaBegsetUBLBEOEBCﬂ-béﬁ?eﬁ@ ah¥ faybah bagl?ﬁg“@ ber
each time. The grgedks.pAsserWasolihgdtAECEea@digm ﬁ@kehaéewaa poured
concentrated. Thatvesoduml(d£5d@pthpt ebhepnangr 3pbefl108fSkbntasgehrukeh
hexane/ et hyl acebdiem(vhlor96e8}pIMMéoabyTneZaguebus phase was separated
trans-4- (p- but yandypaekywashed- twi enwenyl?Oa}uloaﬁné1aEhglobthenedach
Two-fol d recrystamer zEhponrgasirchphanaes ueeezwas?edftpmce widbutsownihofn p.
(CN) [err] andsemipsatwratedosedium chlgrideTpelapippneaghctiPeundsiedre
manuf act ured i nP¥ALafafd Bu§“ Hﬂép; f11tered and concentrated Chromato-
trans- 2- (p- Ethogggﬁg § ga ﬂt 8ﬁ @ﬁsz QQGEB}SEE?-H P ;F F}qgéﬁ 1, cl.p.
i Srrph i heemaalefh

Eg::g %:::%’ E{ nteny malonath as

p-[trans-5-(4- penF°%§? lﬁ}g gﬁ}g-yl]benzonltrlle,

b) A suspension of 13.8 g of lithium aluminium hydride in
500 ml of tetrahydrofuran was treated dropwise under
nitrogen at 0-5°C within. 1 hour with a solution of 33.2 ¢
of diethyl (4-pentenyl)malonate in 125 ml of tetrahydro-
furan. The mixture was stirred overnight at room
temperature and then heated to boiling for 3 hours. After
cooling there were cautiously added dropwise to the
reaction mixture firstly 25 ml of acetone and then 25 ml
of saturated sodium hydrogen carbonate solution. The
resulting slurry was suction filtered and the residue on
the suction filter was washed four times with tetrahydro-
furan. Concentration of the filtrate gave 17.8 g of 2-(4-
-pentenyl)-1,3-propanediol (purity 89%) as a yellow liquid. .

'c) A mixture of 3.6 g of 2-(4-pentenyl)-1,3-propanediol,
4.4 g of p-butyloxybenzaldehyde, 75 ml of toluene and
3 drops of 10% sulphuric acid was heated to boiling for
2.5 hours, whereby about 50 ml of wet solvent were
distilled off and were replaced by the dropwise addition
of 50 ml of fresh toluene. Thereafter, the mixture was
neutralized with 4 drops of triethylamine and, after
cooling, was extracted twice with 50 .ml of 5% sodium
hydrogen carbonate solution each time and twice with 50 ml
of water each time. The organic phase was dried over
sodium sulphate and concentrated. The residue (7.5 g) was
chromatographed on silica gel with hexane/ethyl acetate
(vol. 92:8), whereby 4.2 g of trans-4-(p-butyloxyphenyl)-
-5-(4-pentenyl)-m-dioxane were obtained. Two-fold
recrystallization from hexane gave 2.2 g of pure product
with m.p. (C-N) 29.5°C and cl.p. (N-1I) 30.7°C.



mp. (G1) [err], cl'.p. (N-1) [err]. Exanple 13 a) A suspension of 91..0 g
of pyridinium chlorochremate in 650 m of nethylene chloride was treated
dropwise within 5 minutes while stirring at roomtenperature with a
solution of 22.6 g of 5-hexen-1-ol - in 70 mM of diethyl ether and stirred
fof a further 2 hours. Subsequently, the mxtyre was treated with 400 ml of
diethyl ether and stirred for a further 15 m €s. Thereafter, the
reaction solution wa a
filtered. Fr actumfggﬁi gﬁ‘ﬁ?f oJfJn{Hr?e dlssleﬁrt%te%%n?ﬁgr%rr%a ri|cI)lr gglsure
gave, at- 110-[err], 11.88 g of 5-hexenal. b) A suspension of 62.2 g of
nethoxynethyl-triphemwansﬁxxﬂﬁumﬂudﬁyﬁﬁeﬁy1@&5Lq42@@nmbngﬁ)dhguhb&agbher
was treated withmp.4 (@-df) [Bdt.a&L,umlt.-phut(N-at)e 2zt glee,r] under nitrogen.
The orange-red suspertgiagns-@st(-pec pydo xypdsnyd )di5e [{vi-pe ritienlyilr) -5 diioxanes
at 5-[err] with &.9ol (td-dn 36 .2PCB8 cgd .¢f. F-SkdWensl. 2°€,65 nl of di et hyl
ether and stirred foP-d toansér- (3 pentemnl J-godioxape2aylildenpoaigaiitler:,
the reaction ni xthule W&s I)r 88-83Cai @3 -P.-5 (§-3) Fodi°Em hydr ogen carbonat e
and 125 m of water and stirred for 10 minutes. The aqueous phase was

separ at ed and back-extracted mﬁth 30 n1 oﬁﬁéﬂgﬂﬁyL—ether The organlc
phases were washe ce wth, n1 ter each .t d d ov sodlum
sul phate and fil & re&lsﬁi@eﬂsl 8& fp|¥5 t gl‘l’)z

t enper at ur e under el gp aqﬂ§

i quid) vas shak%wta & @z il Syt e hac
become solid. TherHasPaRa @ iehled 9 \aa%u ‘ﬁe‘i‘ 2 ohi2at] 53 el RIS the
Fractional distilpixtu@R Qfast ke efitleld dignua mﬂobqa B&%%qu%QhQQVﬁnd
120-[err], 10.4 @gtdfr rkamelotonsy furtherhast adintRes.CirnkeedfitlerQl thiel FRGR o
thoformate were isodatddnwvals dedantedoboriforennt bl bepariateddibaialx resher and
at [err] under afiltertedgaFraictispadr aisthia laivion efwanet fdn tiraeat adder
dropwi se within horimalt s esisulre giaiver,i ag 1il0k12232,91af.88 g of S-hexenal.

1- met hoxy- 1, 6- hept'adi ene. The reaction mxture was left to stand in an

i ce-bath for a f bt hdy sBspemsson: dn 62r3agedfnmelt hoxgMmethydftriphenyl-

tri et hanol anmi ne Qﬁ@s@@ﬁ@éﬁmr&héet##ea1P0?é9ymév&§oﬂaﬁ&hYdteFéﬁE washe

resi due was di sséiE@ddednwighnRloft HeRin@oiAGSHHA §oPM$V6ﬁtﬁa§tw&§ﬁeﬂnﬂﬁﬁh 5
m of nitrogen. The orange-red suspension obtained was treated

dropwise within 15 minutes at 5-10°C with a solution of
11.88 g of 5-hexenal in 65 ml of diethyl ether and stirred
for a further 3 hours at room temperature. Thereafter, the
reaction mixture was treated with 7.5 g of sodium hydrogen
carbonate and 125 ml of water and stirred for 10 minutes.
The aqueous phase was separated and back-extracted with
30 ml of diethyl ether. The organic phases were washed
twice with 30 ml of water each time, dried over sodium
sulphate and filtered. The filtrate was freed from solvent .
. at 60°C bath temperature under normal pressure. The
o distillation residue (a yellow liquid) was shaken with
400 ml of pentane until the undissolved residue had become
solid. The suspension obtained was cooled to -25°C and
filtered. Fractional distillation of the filtrate under
normal pressure gave, at 120-143°C, 10.4 g of l-methoxy-
-1,6-heptadiene.

¢) 13.2 ml of trimethyl orthoformate were treated with
0.22 ml of boron trifluoride diethyl etherate at 3°C under
an inert gas atmosphere. The mixture was then treated
dropwise within 5 minutes while stirring with 2.52 g of
l-methoxy-1,6-heptadiene. The reaction mixture was left to
stand in an ice-bath for a further 3 hours, then treated
with 0.22 ml of triethanolamine and concentrated in a
rotary evaporator at 50°C. The residue was dissolved in
30 ml of hexane and the solution was washed with 5 ml of



- 52 - saturated sodi um hydrogen carbonate solution and four tines mﬁth 5
m of water each tine, dried over sodium sul phate and concent r at ed.

"Bul b-tube distillation of the residue (4.0 g) at [err]/9 Torr gave 3.74 g _
of (4-pentenyl)mal onal dehyde tetranethyl acetal as a colourless liquid. d) \J
A mxture of 3.74 g of (4-pentenyl)mal onal defyyde tetranethyl acetal, 0.27 -
m of water and 75 ng of p-toluenesul phonic acid nonohydrate was heated for
2 hours at a bagditdL40ed adod fuRfhyFdden TERF B4 €4 . sd e IO tAME M&sc t 1 eat ed:
with 0.12 M oftimeetdytmns nel d£fvatér Cewdh attheoud £iled ndwe B0 ¢d 1104

hexane. The reastlpitate Xdnd ecowse nesaieed | VBwEb Ve dlbe 1diat i DIasibdnret ethe

sodi um hydr ogenresidwmal£. 3ofutabn22GeV 2 i Tegr dyawel v2E goulf um sul phat e
and filtered. Cohckentenyblmalonakdéhyde tetrpnetlivl acefakragiea

3- net hoxy- 2- (4- %@hﬁ%ﬁ&¢§%ﬁltﬂ%§® e) A solution of 2.4 g of

3- et hoxy- 2- (4- entenyl - acrolein and 3.4 of pentylbenzan1d|ne
hydr ochl ori de i )3dhﬁml¥ﬁ“ﬁ%t%5n%i7%6% Q@e %ﬂﬂ?%ﬂ%ﬁY#?lng with

2 Sod uim et ‘o b
EELP ;2?: zegh(gzlr%?j: %‘igrifﬁﬁ%%i{gri %ﬁ%%ﬁﬁ cﬂ‘gf Ei%;riff
Gh1

and t he reS|du M@ Sleed

was back- ex”a%ﬁ’h éhei S Y éa

water, dried ovefrsoeh &d¢h conpeNtd o el Oé@éﬂﬂﬁ ﬁate
separation of tdyd rﬁsww@edm @Aw@cg@hdnt&r henenel Bt hate agSFat 2, oy ot

5- (4-pentenyl ) -@Zride PENIYL HEWEHY2) YL R R MEL Pfc o T®i®Ur | ess liquid; mp.
(C1) [err], cl.p. (N-1) [err]. The foll ow ng conmpound can be manuf act ur ed”
in an anal ogousenarmesolﬂseidln Refhtzw| g -&F (P-mé tloowpiengd Jpantenyl ne. d ai ns_j
1. A liquid cagsekéin rendii kidre ehrp-cpentiglenzapd dine yisydi ¢¢mboride | by

material and ord0 ol nof cretprehdéasftrerteprdrepwise mhble stirring with
a sodium methylate solution prepared from 0.55 g of sodium

and 5 ml of methanol. The reaction mixture was stirred
overnight at 50°C and then neutralized (pH 5) with 3N
hydrochloric acid. The solvent was distilled off and the
residue was taken up in diethyl ether and water. The
aqueous phase was back-extracted with diethyl ether. The
organic phase was washed with water, dried over sodium
sulphate and concentrated. Chromatographic separation of
the residue on silica gel with hexane/ethyl acetate gave
5- (4-pentenyl)- 2- (p-pentylphenyl)pyrimidine as a
colourless liquid; m.p. (C-I) 8.0°C, cl.p. (N-1) -4.5°C.

The following compound can be manufactured in an
analogous manner:

5-(4-Pentenyl)-2-(p-ethoxyphenyl)pyrimidine.

Claims

1. A liquid crystalline mixture containing a liquid
crystalline carrier material and one or more compounds of
the general formula
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m of water each tinme, dried over sodi um sul phate and con
Bul b-tube distillation of the residue (4.0 g) af [err]/9 m'ei Hmuﬂ’mzmw

of (4-pentenyl)mal onal dehyde tetranethyl acetal as a col ou¥ (\
A mxture of 3.74 g of (4-pentenyl)nmal onal de e tetranmethyl acetal, 0.27 .
m of water and 75 ng of p-toluenesul phonic acid nmonohydr at e was heated for
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and filtered. CéAceantanydinafonaddehlydeate tgawnethyl @ostad wie a

3- met hoxy- 2- (4- BRAPEAYEPACAdABEA. e) A solution of 2.4 g of

3- met hoxy- 2- (4 enten l)- acrolein_and 3. 4 of p- pentylbenzan1d|ne

hydrochl ori de iE 1% fu ﬁ i 7ﬁa§ g kﬁ?ﬂﬂﬂﬂ4§4ﬁhw¢Qng with

a sodi um net hyl é BEE ?o 1 of

met hanol . The r

n PFr fpurs
P ﬁE i E Eﬁ%ﬁ §§ qnz% Bl ‘id".‘.-’%t’*ﬁﬁ
and the residueg hWaE%aciygiéﬂl e
was back-extracgg h&ﬁt bS bYEhe efnl -5 esQrtiﬁ‘B't dPladas

water, dried ovea:sedaum suiibabA aaencenment 4aiea. %:Oré%tdqgﬁ@milcpnate

separ ation of thedresideeean Gbhteatgal ivnt thQh%nQ/ﬁttft)dtea@%t@Q GAME of
5-:(4- pent enyl ) - 2e4@epBringt hoepy k) purpendieny13acaoqeliour | ess Tiquid; mp.

(G\P) 8.0C, cl.p. (N-1) -4.5C.- The follow ng conpound can be manuf act ur ed [
in an anal ogousejmnhesolbti{dnPofit 2n¢l - 3£( p-ekhtomyh@ryl4)-pentenile. Clalwi
1. Aliquid cagsqheinnendn it 4rg ofnpabpentylhenizamid iovey iyslriciaind agzirde drn

mat eri al and ondOoRlpefecmebhppohdwasi trpatgdndrapwisenwhile stirring with
a sodium methylate solution prepared from 0.55 g of sodium

and 5 ml of methanol. The reaction mixture was stirred
overnight at 50°C and then neutralized (pH 5) with 3N
hydrochloric acid. The solvent was distilled off and the
residue was taken up in diethyl ether and water. The
aqueous phase was back-extracted with diethyl ether. The
organic phase was washed with water, dried over sodium
sulphate and concentrated. Chromatographic separation of
the residue on silica gel with hexane/ethyl acetate gave
5- (4-pentenyl)-2-(p-pentylphenyl)pyrimidine as a
colourless 'liquid;: m.p. (C-I) B8.0°C, cl.p. (N-1) -4.5°C.

The following compound can be manufactured in an
analogous manner:

l./ - 5-(4-Pentenyl)-2-(p-ethoxyphenyl)pyrimidine.

Claims
1. A liquid crystalline mixture containing a ligquid

crystalline carrier material and one or more compounds of
the general formula

1

n



[ ERR] 53 wherei'n n stands for the nunber 0 or 1; [err] and [err] denote

singl e coval ent bonds or one of the synbols [err] and [err] also denotes

-C00-, -O0C or [err]; the rings [err] and [err] represe

2-f1 uoro- 1, 4- phenyl ene or trans-1, 4-cycl ohexyl ene or one Emlmmﬂ 'ml Hi ml
al so represents a 2,5- di substi t ut ed pyrim di_ngsrin
trans-2, 5- dlsubstltuted m di oxane ring; [err] S|gn|f|es 4 alkenyl or on a
cycl ohexyl ring al sowt@raitenylstaaas [for thee hunde ralokr, 13! k3X¥ad- €& Of
-NCSs. 2. The use ofdenva ec arialed < ovfa Hemtmblomdls def iomed oifn thleaisymbofler

el ectro-opti cal purpd&esnd3x2 aQeop diemdd esf -IC00-gerOOT- foar FTH CHERIR]
wherein n stands for thee cimgseAly &2 and &3 représeatr L. depheaydiengl, e
coval ent bonds or on@'@ﬂuPH@ éyﬁ@ﬂh?npdﬁMP &%d trens} lalseyedndiesy le@eOor

-O0C- or [err]; the Offgef these Limgscplpor &gpEecents, 4 ghsndliisudstituted
2-fluoro-1, 4- phenyle@? Hﬁﬂ&ﬁslfnﬂ- cPoWéﬁ%ﬁeRe50ﬁ1§H€56ﬂtpﬁé§emrﬂﬂggane
al so represents a 2, 5IR% @%tl g ﬁﬁ@Yl g @n & cyclohexyl ring
trans-2,5-disubstitu?§§ |n§nd[§rrFe§P§ﬁ f Ad&YA. aPRERYY 0r CHn a

cycl ohexyl ring al so ényl and [err] denotes al kyl, alkoxy, -CN or

-NCS; with the provigo thgh shgglgqn% gs% m%%h h dg%s Q%huiiQQI g
4- pent enyl , ringchgazl %§ @q ctirdlio % g ggcf exylene, fePFf &8es
not signify [err], rlng err oes not S|gn| f pi phenyl ene, n does not
signify the number 03and b%rp]ouela@%@ottnsl qahte.yuc%rﬁum Conpounds
according to claim3, wherein the rings [err] and [err] represent

1,4-phenyl ene or trans-1,4- -cycl ohexylene or one of these rings al so
represents a 2,5-di substituted pyr|n1d|ne rfng or a trags-2,5-

-Hisubstituted m di oxang Agf mounlds accg glto claim3 or 4,
wherein [err] and [errR gll ‘% g(i

wherein n stands for the number O or 1; X! and X2
denote single covalent bonds or one of the symbols
X1 and X2 also denotes -COO-, -00C- or -CH,CHa-;
the rings Al, A2 and A3 represent 1,4-phenylene,
2-fluoro-1,4-phenylene or trans-1l,4-cyclohexylene or
one of these rings also represents a 2,5-disubstituted
pyrimidine ring or a trans-2,5-disubstituted m-dioxane
ring; RL signifies 4- alkenyl or on a cyclohexyl ring
also 2Z-alkenyl; and RZ2 denotes alkyl, alkoxy, -CN
or -NCS; with the proviso that simultaneously R1

. does not signify 4-pentenyl, ring A1 does not

o ' signify trans-1.4-cyclohexylene. X1l does not signify

' ~CH2CH2-, ring AZ does .not signify 1,4-phenylene,

n does not signify the number O and R2 does not
signify -CN.

"4, Comgounds according to claim 3, wherein the rings
Al Az and A° represent 1l,4-phenylene or trans-1,4-
-cyclohexylene or one of these rings also represents a
2,5-disubstituted pyrimidine ring or a trans-2,5-
~disubstituted m-dioxane ring.

5. Compounds according to claim 3 or 4, wherein X1
and X2 Enify s1ng1e covalent bonds or one of the
symbols X

and X2 also signifies -COO- or -0OC-.



synbols [err] and [err] also signifies -COO or -QOC .~ -54- 6

Conmpounds according to any one of clains 3-5, wherein [err] stands for a
straight-chain residue with a maxi num-of 12 carbon unds
according to claim6, wherein [err] signifies st rallmmmuui““u"[ﬂlﬁ WI t N
5 to 12 carbon atons, preferably 4-pentenyl, g4Z-hexenyl® ot 4¥%- h%ptenyl
Conpounds according to any one of claims 3 to 7, wherein R2 signifies
straight-chain [errg- [ercbmgbkuhso&cea:d1hgnt6nen9roﬂyrbﬂ1dlaemélmgsalSO 3
-CN, -NCS or stwheghtncnélaténds]fbera]satkmgyt 8hainArpsbdeeswioh ahe
manuf act ure of mA¥imumpotindiz carbonnatemé.defined in claim3, characterized
by a) for the manufacture of the conpounds of formula | in which [err] or
[err] ~denotes - CQO 7er -Compoundseafreordgng tonpbakl 6¢ whergdneRal fornula
[ERR] or a reacBigpifidepyaLFoighEerRaLD rAlkerBhp¥iRB_ Bf tPhd2 eAEPAR
formula [ERR] WAEPBER BﬁsfSFaPEK QrBﬁBEePgir]4§nBef8PY} ?épﬁés ﬂPEentbCH

and the other repregents,.- ﬁ ces 3 g otes he nunb

0 and the otherwggpgi 33005 ang n °3ﬁ Fh f%r?]

and A3 have the i §h§ §§m§§ tgt n% é Fvatlve
thereof, or b) § a;gﬁtn@ Wi é { otin fornu i n which
one of the rings . [efr] and F } presen S a trans 2 5- dlsubstltuted

m di oxane ring and berr]AaﬁdoEeéélfor méSmandeaeteréIsalEnsoaahsaanégndé
or one of theseféyiidhsiaiépineaoifscisin] 3, reaskaeaealﬁeapsyn t he

general fornmula [ERR]
a) for the manufacture of the compounds of formula I in

which X1 or X2 denotes -COO- or -OOC-, esterifying a C
compound of the general formula W/
| I
P

or a reactive derivative thereof with a compound of the
general formula.

111 U/

wherein one of the groups zl and Z2 represents
-COOH and the other represents -OH; one of the indices
p and q denotes the number O and the other denotes the
number 1; and Rl1, R2, n and the rings Al, a2
and A3 have the significances given in claim 3,

or a reactive derivative thereof, or. '

b) for the manufacture of the compounds of formula I in
which one of the rings Al, A2 and A3 represents a
trans-2,5-disubstituted m- "dioxane ring and X1 and X2



with a conpound of' the general fornula [ERR] wherein one—e#—%he—g#eups—————4
[err] and [err] represents [err] and the other represents - Eﬁmﬂhand

X4 denote single coval ent bonds or one of these synbols a“mwill E”“l
tNae rings [err], [err] and [err] represent 1,4-phenylene,

- phenyl ene or trans-1, 4- cyclohexylene; m n, -rS&nd S S|gn| the ndnbérs*o
or 1 and the sum n1+ n + r + s) of_these |nd|ces IS 1 or 2 mhereb S can
~only signify the gﬁé@ Fo¥alent PoRdS HRr HPRG e % ng ét glso
signify the numbe e&° 2tHagos FORCEHRI R DURPEMNY, OF [ERG 198 br 1)
have the signific 3533 |ven in claim3, or c) for the manufacture of the
conpounds of ‘formula | in which one of the rings [err] and [err]
represents a 2,5-disubstitutgd pyrimdine rippg and [err] ,and [err] denote
si ngl e coval ent bonds or ong ese sy al so denoteg [err], reacting
a conmpound of general fqQnuf g ith a0 “’Bj of forgqulla V in which one

of the groups [err] and™] er} fbp esent & o 3%epresent syy
[err] denotes alkyl and [erk], and the fings [err] and
[err] have the above signifiances, int p esence of a/Rase, or -56 -
d) for the manufacture of the conpounds of formula | in which [err] and
[err] denote single coval ent bonds or one of these synbols al so denotes
[err], reacting a conpound of the general fornula [ERR] wherein X3 and X4
denot e si ngl e cov¥ibhtapeameownd opE bhetgereral fefmuld so denot es [err];
[err], nand the rings [err] and [err] have the significances given in
cIa|n13 and k denotes the nunber 3 or, when ring [err] represents

tyans-1, 4- -cycl ohexyl ene, 'so the nunbyr

\ 4 3

wherein one of the groups Z3 and Z% represents
—CH(CHZOH)Z and the other represents -CHO; X3

and X4 denote single covalent bonds or one of these
symbols also denotes -CHpCHy-: the rings A%,

"Ad and A6 represent 1,4-phenylene, 2-fluoro-1,4-
-phenylene or trans-1,4-cyclohexylene; m, n, r and s
signify the numbers O or 1 and the sum (m + n + r + 8)
of these indices is 1 or 2, whereby s can only signify
the number 1 when r stands for the number 1 and m can
only signify the number 1 when r stands for the

number O; and Rl and R2 have the significances

; given in clain 3,
\— . or

¢) for the manufacture of the compounds of formula I in
which one of the rings Al, A2 and A3 represents a
2,5-disubstituted pyrimidine ring and X! and X2 denote .
single covalent bonds or one of these symbols also denotes
~-CH;CHz-, reacting a compound of general formula IV

with a compound of formula V in which one of the groups

z3 and z4% repregsents HoN-C=NH.HC1l and the other

represents OHC- 3 CHOR3, R3 denotes alkyl and X3,

X4, R, R2, m, n, r, s and the rings A a5 and

A6 have the above significances, in the presence of a
base, or



wi th al kyl tri phenyl phosphoni um halide in the presencte 0of a base, or e) for
t he manufacture of the conpounds of formula I in whi t - NCS
reacting a conpound of the general fornula [ERR] V\heﬂalﬂﬂmﬁ“ﬂﬂﬂm%nd t he
rings [err] and [err] have the significances given alnm &, wt -
t hi ophosgene in the presence of an amne, orgf)_for the nmanufacture of the *
conpounds of formula | in which [err] and [err] denote single coval ent

bonds or one of d)hegersyrBonanatsetdeaobesther ebmpblhifasi #oScbentla 11l
and [err] reprewbiith1X3- phanyPedenoefl sUAGle lcdvalORENYORAE OF one of

trans-1, 4- cycl ohbggeenEmbolis Ra1so gdenobes prCHRCH, 2l kyéactefgicang a conpound
of the general €ompobAd of-th& gehERR] fibewela [err] and [err] denote

si ngl e coval ent bonds or one of these synbols al so denotes [err]; the rings
[err] and [err] represent 1, 4-phenylene, 2-fluoro-1, 4-phenyl ene or

trans-1, 4-cycl ohexylene; R4 s
have the significarfces gilvey 3 Cormpaun
fornula 0 [ EERRO é'-ﬁ@ ‘ ¢nt,2bonds or one
of these symbols alko de \ -r?] repr €$knt

1, 4- phenyl ene, 2-fluoro-1, 4-phenyl ene or trans-\l, 4-cycl oheXyl ene; [err]
signifies hydrogen or alkyl; n stands for the nunber O or 1; and [err]
signifies 4-al kenyl or on a cycl ohexyl ring al so 2Z-al kenyl .

wherein X3 and X% denote single covalent bonds or

one of these symbols also denotes -CH2CHp-: R2,

n and the rings Al, A2 and A3 have the - )
significances given in claim 3; and k denotes the \_)
number 3 or, when ring Al'represents trans-1,4-
-cyclohexylene, also the number.1,

gith alkyltriphenylphosphonium halide in the presence of a
ase, or

e) for the manufacture of the compounds of formula I in

which R2 denotes -NCS, reacting a compound of the
general formula :

RGOS0
NH VI1
2
: _

wherein R, X1, X2, n and the rings al, a2
. and_A3 have the significances given in claim 3,
with thiophosgene in the presence of an amine, or

/ T~ T—

f) for_ the manufacture of the compounds of formula I in
which X! and X2 denote single covalent bonds or one of
these symbols also denotes -CHyCHp-, the rings Al,

A2 and A3 represent 1,4-phenylene, 2-fluoro-1,4- :
-phenylene or trans-1,4-cyclohexylene and R2 signifies
primary alkyl, reducing a compound of the general formula



- 57 - _ *

B | | o)
1 3 4 fl :
n

wherein X3 and X% denote single covalent bonds or
one of these symbols also denotes -CHz-CHz-; the
rings A4, A5 and A6 represent 1,4-phenylene, '
2-fluoro-1,4-phenylene or trans-1l,4-cyclohexylene;
R% signifies hydrogen or alkyl; and Rl and n have
the significances given in claim 3.

10. Compounds of the general formula

1 3 q
4 il
R-.-X'-éx ‘;"C-—R‘I LVa
n

wherein X3 and X% denote single covalent bonds or
one of these symbols also denotes -CHCHz-; the
rings A4, AS and A6 represent 1,4-phenylene,
2-fluoro-1,4-phenylene or trans-1,4-cyclohexylene;
R4 signifies hydrogen or alkyl; n stands for the
number O or 1; and Rl signifies 4-alkenyl or on a
cyclohexyl ring also 2Z-alkenyl.



