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The electro-optical characteristics of liquid crystal
" indicating devices are temperature-dependent, which is especially
troublesome in the case of multiplex operation. It is, however,
known that this temperature dependence can be compensated at
least partially by adding chiral dopants which induce a decreasing
pitch with increasing temperature. Such an inverse temperature
&.‘%' dependence has been found only for a few compounds. It can, how-
ever, also be achieved by using at least 2 chiral dopants which
have a different relative temperature dependence and which induce
a different twisting direction (DE-A-2827471). Of course, this
usually requires a relatively high amount of chiral dopants.

Cholesteric liquid crystals reflect light essentially only in a
wavelength range for which the wavelength is about the same as
the helical pitch. The spectral width of this reflection light can be
varied by suitable choice of the liquid crystal. The reflected light
is completely circularly polarized. The direction of rotation of the
reflected light depends on the direction of rotation of the
cholesteric helical structure. The opposite circularly polarized
light is transmitted unimpaired. These properties can be employed
for the production of optical filters, polarizers, analyzers etc.
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atena and ou!d not restrict the mesophase range too
strongly Such properties would also be desirable for chiral
dopants for producing the twisted nematic structures referred to
earlier, since their amount can be held low in order that the
properties of the liquid crystal material are influenced only
immaterially.

The invention is concerned with optically active compounds
of the general formula '

A/°‘*ZO“

wherein A represents an optically active group selected
from 1,1'-binaphthyl-2,2'-diyl, -CHR!-CHRZ2- or
-CH(COOR3)-CH(COOR4)-; Z denotes a group -(CH2)4-,
-O(CH2)3- or the trans form of -OCH2-CH=CH-; R! signifies
hydrogen, methyl, phenyl or cyclohexyl; R2 signifies methyl,
phenyl or cyclohexyl; R3 and R4 denote alkyl; Y stands for
-CO- or -CHz2-; ring B represents 1,4-phenylene or trans-
1,4-cyclohexylene; and R signifies hydrogen alkyl, alkoxy or
Cyano.



hydrogen', nethyl, phenyl or cyclohexyl; [err] signifies nethyl, phenyl or
cycl ohexyl; R3 and R4 denote alkyl; Y stands for -CO or [err] ring B
- represents 1, 4-phenyl ene or trans- 3, 4-cyclohexylene; and R signifies
hydr ogen, al kyl, alkoxy or cyano. 3 The conpounds of fornula | are
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ethoxy propyloxy, butyloxy, isobutyloxy, 2- methylbutyloxy,
~ pentyloxy, 3-methylpentyloxy, hexyloxy, heptyloxy, octyloxy,.
nonyloxy, decyloxy, undecyloxy, dodecyloxy and the like. Straight-
chain residues are generally preferred. Preferred alkyl and alkoxy
residues R are C1-Cqz-alkyl and C1-Cqz-alkoxy, especially
C1-C7-alkyl and Cy-C7-alkoxy. Preferred alkyl residues R3 and R4
are C1-C7-alkyl, especially C1-C4-alkyl such as methyl, ethyl,
propyl and butyl. ' -

The optically active groups A denote the diradical (after
cleavage of the hydroxy groups) of an optically active diol
- HO-A-OH. Group A embraces especially the (R)-form and the
S (S)-form of 1,1'-binaphthyl-2,2'-diyl and of -CHR!-CHR2-,
wherein R' signifies hydrogen, as well as the (R,R)-form and the
(S,S)-form of -CH(COOR3)-CH(COOR#4)- and of CHR1 CHR2-,
wherein R1 is different from hydrogen.

Depending on the significance of the optically active
group A and, respectively, the bridging group Z, formula |
embraces optically active compounds of the following general
formulae



cl-eévage’ of the hydroxy, groups) of an optically active diol HO A-OH G oup
A enbraces especially the (R -formand the (S)-form of

1,1 -bi naphthyl -2,2'-diyl and of [er4], wherein [err] signifies hydrogen,

as- well as the (R R -formand the (S, S)-formof -CH(COOR3)-CH COOR4)- and

of [err], wherein [err] is differsen ogen. Depending on the
significanc t hexgpti cal | 'g respectively, the _
bridgi ng gr§ 2T P f VB conmpounds of the
foll owi ng g¢ ) | ae s [err] wherein A, R _
[err], Y, Z DR rrsg”B have the above S. In the above fornpl ae

Rl-preferably standp for hydrogep or for the sane residue as R2. R3 and R4

can‘have the gage shgnificance g fi cances and preferably
denote [err ) Yy Y- ave t he sane
significancg ; qd of prefer \ ive groups A are

(R -1, 1" -bi naxb 2'-diyl, (R-1,2-propylene, (R)-1-phenyl-

1, 2-ethylene, (R -1- c;/cl ohexyl -1, 2-ethyl ene, (2R 3R)-2,3- butylene, (1

R 2R)-1 , 2-di phenyl -1 , 2- eftryh\ene and e\ rror image of these groups
[i.e. the coarespogdiRd (/S N0 fi 4 el Ve (S, S)-fornj. Further
preferred gro are thy 6) -form Yhe '
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(R R -formof [err] wherein [err] signify [err]-alkyl. In general there are
preferred those conpounds of the above formulae in which R signifies

[err]sal kyl or cyano. Preferably, ri®mg B stands for 1, 4-phenylene and/or Y
stands for -CO-. In general there are especially preferred those conpounds

in which Z denot es - -, Y denotes /5 and ring B denotes
f forrrul @1 be. manuf actured i n accordance

1, 4- phenyl ene.
with the inve c{lonb t he conpounds of formula

| in which Y/denotes -¥& |ng ap—eptically active diol of the
general foré#ula [err] V\,herel n A has the significance gi vEn above, with a

carboxylic a&d of thg—general fornula wprergin R, Z and ring B have the
si\gr‘iificances gufn suitablva’:ﬁve t hereof, or b) for
I m"which Y denotes. [err], -

the general fornula OM A

t he manuf act ur

IV wherein A has the significance given bove and M denotes an al kal i
netal, with a cowpereio Af R,nB!1gBReRsl, R4riuZaaneririg Bhieawsd th& atbwend ring B
have the signifisigméicagices) above and L denotes a | eaving group. The
esterification of a diol of fornmula 11 with a carboxylic acid of formnula
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R3 and R4 can have the same sngmflcance or different

‘- significances and preferably denote Ci-C7-alkyl, especially
- C1-Cg4-alkyl. Preferably, R3 and R4 have the same significance.

Examples of preferred optically active groups A are
(R)-1,1'-binaphthyl-2,2'-diyl, (R)-1,2-propylene, (R)-1-phenyl-
1,2-ethylene, (R)-1- cyclohexyl-1,2-ethylene, (2R,3R)-2,3-
butylene, (1R,2R)-1,2-diphenyl-1,2-ethylene and the mirror
image of these groups [i.e. the correspondlng (S)- and,
respectlvely (S,S)-formj.

Further preferred groups A are the (S,S)-form and .the
(R,R)-form of -CH(COORS3)-CH{COOR4)-, wherein R3 and R4 signify
C1-C4-alkyl.

In general there are preferred those compounds of the above
(. formulae in which R signifies C1-Cy2-alkyl or cyano.

, Preferably, ring B stands: for 1,4-phenylene and/or Y stands
for -CO-. In general there are especially preferred those
compounds in which Z denotes -O(CH2)3-, Y denotes -CO- and ring
B denotes 1,4-phenylene.

The compounds of formula | can be manufactured in
accordance W|th the invention by '

a) for the manu_facture of the compounds of fcrmulal in which
Y denotes -CO-, esterifying an optically active diol of the general
formula



an inert organic solvent (e.g. in a hal ogenated hydrocarbon such as

di chl oronet hane) in the presence of 4-(dinethylam no)pyridine and

N, N ~di cycl ohexyl carbodiim de. The &herification of a diolate of formula
IV with a compound of forrmula V can also be effected in a nmanner known 7
per se, for exanple by reacti.gf in an inert organic solvent such as

tol uene, benzene, hexane andAhe |like at an el evated tenperature. M
preferably denotes lithium /Aodium or potassium especially sodium The

di ol ate can be obtained in known manner fromthe*diol of fornmula 11, e.g.
by reaction with the respectNve alkali netal or alkali metal hydride. L

siggnifies a | eaving group whi is usual in [err] reactions, for exanple
~hé1—c‘>gen such as chlorine, bromne or iodine, a sul phonyloxy group such as
p-t ol uene- sul ph‘mé( Y/ aﬁglst e Like t] ctive diols of formula
11 are known,or_ar e'JegPF(\a{t.{ogue.sm%fg of\,\%g@g YJ%I@?AQ)%E ‘eover, many of these
diols are CHMNe? SFAPOFYNGnEiIGHOL the, 98N&rBLQfTHIR of the conpounds of
formulae 11l and V can be _effected according to known nethods, for exanple

invention is alBROQon{erBed)rwZh—4 |iqupe—Brystalline m xture [bntaining a
liquid crystalline carxier/materiaN_ang one or nore optically active
conpounds of formula |I. Suitable carrier materials are basically all |iquid

crystal materialpnayeitRN2VANg fith B g Widnfickitas d0ancabyd, an
adequat e B0 h%gﬁag gcﬁ r'\T Z\fé g{; S ?f or a | are’ especrallly
suitable as ¢ I g%a?% n t 8F cholesteric carrier materials.
The tiquid crystalline carrier material can be a single conmpound or a
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particul arly dendtesst-Cbpyt efrarifyingl e apticallyohctivé rdiblatepantthef fornul a |
1s determ %féjn@r%i?refﬁrirﬁthlby by its twisting capacity and the desired pitch. -
The '

according to the procedure iIIust'i'n t he detail ed Exanpl es. The
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wherein A has the .significance given above and M denotes an
alkali metal,
with a compound of the general formula

wherein R, Z and ring B have the significances given above
and L denotes a leaving group.

The esterification of a diol of formula Il with a carboxylic
acid of formula lll or a suitable derivative (e.g. the acid chloride
or anhydride) can be effected in a manner known per se. A prefer-
red method is the reaction of the diol and the carboxylic acid in
an inert organic solvent (e.g. in a halogenated hydrocarbon such as
dichloromethane) in the presence of 4-(dimethylamino)pyridine
and N,N'-dicyclohexylcarbodiimide.

The etherification of a diolate of formula IV with a
compound of formula V can also be effected in a manner known



3. 1.

anount of chiral dopant, can therefore, depending on the applica- tion, vary
in a wde range and can be, for exanple, about 0.1-30 wt.% For

i ndi cating...devices based on liquid crystals having a tw sted nematic
structure a pItCh of about 3-40 [err] is usually requi red depending on the
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The invention is also concerned with a liquid crystalline

mixture containing a liquid crystalline carrier material and one

. or more optically active compounds of formulal. Suitable. carrier
materials are basically all liquid crystal materials which have a
twistable liquid crystal phase with an adequate mesophase range.

- The compounds of formula| are especially suitable as chiral
dopants for nematic or cholesteric carrier materials. The liquid
crystalline carrier material can be a single compound or a
mixture and preferably has a clearing point of at least about
60°C, particularly at least about 80°C.

The amount of chiral dopant of formula i is determined
essentially by its twisting capacity and the desired pitch. The
amount of chiral dopant can therefore, depending on the applica-
tion, vary in a wide range and can be, for example, about
0.1-30 wt.%. For indicating. devices based on liquid crystals
having a twisted nematic structure a pitch of about 3-40 um is
usually required depending on the type of cell and thickness of
cell and therefore a correspondingly smaller amount is sufficient.
On the other hand, for applications which are based on the reflec-
tion of visible light by cholesteric layers, pitches of about
0.4-0.6 um are required, which necessitates a correspondingly
higher amount of chiral dopant.

Suitable liquid crystalline carrier materials are known -in
large numbers and are commercially available. As a rule, liquid
crystalline mixtures containing 2 or more components are
preferred as carrier materials. Basically, however, one liquid



Preferréd al kenyl groups are 1E-al kenyl, 3E-al kenyl and 4Z- al kenyl .
Preferred al kenyl oxy groups are 2E-al kenyl oxy and 3Z- al kenyl oxy. The
invention is illustrated in nore detgil by the followi ng Exanples. In
connection with I|i qU| d crystal phases and phase transitions, Csignifies a

crystalline pha nifies anemat ha N*, signifie chol esteric
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while stirrRSmg- ' —s+ P-atRE oom t enper at¥ike overni ght and
then filtered. A i d with dichloronmethane, washed tw ce
with 50 m of eéd sodi um carbonate solution each tinme and then with
water, dried over magne ium sulphate, filtered and subse- quently

concentrat ed. The e ed was purified by chromatography on
, A QDRé rom et hanol gave

silica gel
' exyl) 1-
butyl]benzoyloxy- as—an oil (mp. < [err]). The
4- [4 (trans-4-pentyl cycl ohexyl) 1 butyl ] benzoic acid used as the starting
' N : A m xture of 20 g of
é g of VIII '
de and 500 m of t-butyl methyl

The reactlon m xture was stlrred at room tenperature for 2
2 The reaction mxture was extracted three

ochgei mre. The conbi I¥d or gani ¢ phases

A ~ agnesi um sul phate, filtered and

subsequently concentrated. The residue was

OO OO
O OO

wherein n stands for the number O or 1; R5 denotes alkyl,

- alkoxy, alkenyl or alkenyloxy; R6 signifies cyano, alkyl,
alkoxy, alkenyl or alkenyloxy; R7 and R8 each independently
denote alkyl or alkenyl; ring C represents 1,4-phenylene or
trans-1,4-cyclohexylene; Z! denotes a single covalent bond,
-COO0-or -CH2CH2-; and Z2 signifies a single covalent bond
or -CHoCHo-:



treat ed several times with hexane. The conbi ned organi c phases were
concentrated several tines. The crude product obtained was 1 0 purified
by chromat ography on silica gel wth hexane. This gave 40 g of

4-[4- (trans-4-pentyl cycl ohexyl) - 1-but enyl ] benzonitrile (cis/trans mxture).
(b) A mxture of 40 g of 4-[4-(trans-4-pentylcycl ohexyl)-1-

but enyl ] benzonitrile, 2 g of palladiunfcarbon (549 and 250 m of ethyl
acetate was stirRedR#i (Y ahd Réteantiupteferatsly havks cgemaxiduivsesfuent |y, the
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A nixture Ykes QJXY)f 4-[ 4- (trans-4-pentyl cycl ohexyl) - 1-
butyl ] benzonitrile, 300 m of concentrated sul phuric acid, 300 m of
glacial acetic dThe mvéndiod id ihswated mamdn%atdi;ianow tregfellatwing of
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anal ogous rim&arm eaxh xase Bmirpa-inbge tprapertiest dmeyl thes lsamea yinelting butyl ]-
benzoyl oxy]pdint létchi baphehd! to an opposxte helical direction of rotation and

(R)-2,2 b'é;n[dp% si(téréﬁégf]ar ngeffﬁ%rpw Yhe- teridted ligrenzoyl oxyl - 1

1\b| napht hyl trans-4-propylcycl o exyl) 1 -butyl]-

benzoyl oxy] -1 phenyl et hane; (R)-1 é bi s-[4-[4-(trans-4-pentyl cycl ohexyl)-1
-butyl]- benzoyl oxy] - 1- phenyl et hane—%ﬂ&-é-{lerr] - _

0.5 g of 4-[4-(trans-4-pentylcyclohexyl)-1-butyl]benzoic
acid, 0.1 g of R(+)-1,1"-bi-2-naphthol and 0.04 g of 4-(dimethyl-
amino)pyridine were dissolved in 50 ml of dichloromethane and
the solution was treated portionwise with 0.3 g of N,N'-dicyclo-
hexylcarbodiimide within 10 minutes while stirring. The mixture
was stirred at room temperature overnight and then filtered. The

~ filtrate was diluted with dichloromethane, washed twice with
S0 ml of saturated sodium-carbonate solution each time and then
with water, dried over magnesium sulphate, filtered and subse-
quently concentrated. The crude product obtained was purified by
chromatography on silica gel with toluene. Recrystallization from
.. ethanol gave (R)-2,2'-bis-[4-[4-(trans-4-pentylcyclohexyl)-1-
N butyl]lbenzoyloxy]-1,1'-binaphthyl as an oil (m.p. < 25°C).

The 4-[4-(trans-4-pentylcyclohexyl)-1-butyllbenzoic acid
used as the starting material was prepared as follows:

(a) A mixture of 20 g of 3-(trans-4-pentylcyclohexyl)-1-
propanal, 66 g of 4-cyanobenzyl-triphenylphosphonium bromide
and 500 mi of t-butyl methyl ether was treated with 16 g of
potassium t-butylate while gassing with argon at 0°C. The
reaction mixture was stirred at room temperature for 2 hours
and then treated with water. The reaction mixture was extracted
three times with 50 ml of diethyl ether each time. The combined
organic phases were washed with water, dried over magnesium
sulphate, filtered and subsequently concentrated. The residue was
treated several times with hexane. The combined organic phases
~ were concentrated several times. The crude product obtained was



(R) 1, 2 ‘bi s-[4-[4-(trans-4-heptylcycl ohexyl)-1 -butyl]- benzoyl oxy]-1

- phenyl ethane; (R)-1 ,2-bis-[4-[4-(trans-4-propylcycl ohexyl)- 1 -butyl]-
benzoyl oxy] pr opane; (R) -1 ,2-bis-[4-¢4-(trans-4-pentyl cycl ohexyl)-1-butyl]-
benzoyl oxy] propane; (R)-1 ,2-bis- [4-[4-(trans-4-heptylcyclohexyl)- 1

-butyl]- benz

(2R, gR% 2, é’%%‘fﬁ’] EF‘Q&F@EQQ@P&%W &{/Gaomekyyith thexane. This gave

but yl ] benz&A BxyPhut4nid:(trarssRpen tyleyelonexyl)-(tbutenyllbenzpnititieconexyl ) - 1
- butyl ] beeg/tr@ng bmixtere). (2R

3R 2,3-bis-[4-]4- (trans 4- heptyl cycl ohexyl )-1 - butyl ] benzoyl oxy] but ane;

2R) 1 -bw xtdre LoANE04y PHPPY. VNP nfoy' Oxyl !
Bt pheny 2 Q?J&;g}gﬁgﬁ Sepg .ﬁafﬁﬁgfaﬁe R

b t e
3 ﬁ.]s [62-2 ale pugsy @poml |t51 1mtr<2fé#9trqrbe¢.fzdqu<599?n1
, 2-di phenyIS;ltbﬁﬁﬂaU Rl yre thg I ln(OZGiaGIE) -materisl swps- fitetad a0ff - angeths/| cycl o-

hexyl )- 1 -ftbuaté]Waszophoemrbmmnél'me)absmub avay | purified by chromato-
(2R, 3R) -2, ﬁ [ &rl &iliéd agst %uwr‘fo\fuéfs{é}&ﬁﬂ()&detatb (vol. 9:1).

~butyl ] ben W %d'fPé‘rtne etﬂ!a B‘Pp ve, 36,9 \of pure 4-[4-(trans-4-
(2R 3R) - 2, gi:ﬁ h ) -
gL but yl)] be zoygf%%ﬁ S{Dau &Ytgﬁ%ﬁ ”8 ewxﬁj - 51°C. _

(2R, 3R) -2, 3-bi s-] 4- [4- (trans-4-pentyl cyclohexyl) 1

“butyl ] benZ6y1 OA/] Bl 0ht 86 @is ofieldi-[4rétrane-dipendylcyoio hpsybsi of t he

named conpdutylbeBzanitride2 200 ngl off Rohcehtddteli sipaphit hatid,5. 0 g of

4 L, (transob niedt ylaxidioBesyE) adi Ry l300/ I eH HfteRChas %e%t@doio

-di - cyrlighfsratard Wt HBde: oemignt! T‘?‘le(% TR 'Y edidR) Mt ghgne. and

was poured into ice-water and the white precipitate was flltered
off. The filter residue was washed with water and subsequently
recrystallized from ethanol. This gave 28 g of 4-[4-(trans-4-
pentylcyclohexyl)-1-butyllbenzoic acid with m.p. (C-N) 195°C and
cl.p. (N-I) 199°C.

The following compounds can be manufactured in an
analogous manner:

(R)-2,2'-Bis-[4-[4-(trans-4-propylcyclohexyl)-1-butyl]-
benzoyloxy]-1,1'-binaphthyl;
(R)-2,2'-bis-[4-[4-(trans-4-heptylcyclohexyl)-1-butyl]-
benzoyloxy]-1,1'-binaphthyl;
. (R)-1,2-bis-[4-[4-(trans-4-propylcyclohexyl)-1-butyl]-
benzoyloxy]-1-phenylethane;
- (R)-1,2-bis-[4-[4-(trans-4-pentylcyclohexyl)-1-butyl]-
benzoyloxy]-1-phenylethane, m.p. 103°C; _
(R)-1,2-bis-[4-[4-(trans-4-heptylcyclohexyl)-1-butyli]-
benzoyloxy]-1-phenylethane;
(R)-1,2-bis-[4-[4-(trans-4-propylcyclohexyl)-1-butyl]-
benzoyloxy]propane
(R)-1,2-bis-[4-[4- (trans -4- pentylcyclohexyl) 1-butyl]-
benzoyloxy]propane
(R)-1,2-bis-[4-[4-(trans-4- heptylcyclohexyl) 1-butyl]-
benzoyloxy]propane .
(2R,3R)-2,3-bis-[4-[4-(trans-4-propylcyclohexyl)-1
butyl]benzoyloxy]butane
(2R,3R)-2,3-bis-[4-[4- (trans-4- pentylcyclohexyl) 1-
butyl]benzoyloxy]butane



500 m " of dichl oronet hane were reacted in an anal ogous nmanner to Exanple 1
to give 6.5 g of (R -2,2" -bis-[4-[3-(trans-4-

pentyl cycl ohexyl ) 1- propyl oxy] benzc?)ﬁl oxy]-1,1 -binaphthyl with mp. [err].
The 4-[3-(trans-4-pentyl cycl ohexyl)-1-propyl oxy] benzoic acid used as the
starting material was prepared as follows: (a) A mxture of 1.9 g of

4- hydr oxybenzal {2R;88)-2.,8-lgisof4 4 -( traarss44 hpptyyt gyld odexh- ) - 1- pr opy!
brom de, 8b&tgl]bénnoym]bm@mbonate and 50 nl of butanone was heated

d fl t
e o ;;@V]Be A b S L
each tinme. %@L f pn%.‘ vvash t.h 5o&m of water,
dN-éd over rra i? 41l Er @ S P iﬂYﬁ\é\fé}%xy ot ogr aphy of
the residu LUM ]Qielnlz@é“@é}’] Wi 24dlipbpayiethane r ecr ystal lization from et hanol
ga\r/g 6I gxg];ijf éﬁnﬁ% €R1%[132gbrsaﬁ4;J#l(bmymym%ﬂyécxgg:bohéxyl) -1-

4p[3p¥tra¥s 4?%} mﬁxy 2 d‘}\p éfhglléé ﬁ%@ylﬁgrﬁ%ahdsgxg@dﬁ 4_00 m of

acet one wa eﬁ{ﬁ?t‘lwgﬁg‘ '3 ggg;ﬁ E ones Tea he m xture

was stirre 'hour and then poured into 100
m of water. Thdi 'ﬁdf"e (teans e amdy!gygiobesy b 1 |

washed por tli-Biyl ewzou'm]butanedmat@d in a vacuum The crude product was
recrystallized. fdlpnmpyhar(aﬂ 3M)-2B3big-[3-(4 qftrams-et-pentylcyclohexyl)-
- 4-[3-(trans-~ ﬁuwo?béhﬁb Bykanddryspey! oxy] benzoic acid with mp. (GN

.[er;]naagdocl uWI Fﬂ ﬁ% r(g%sﬁ’é"ii‘ i ik ol | Ctured. in
képyl ’ lxjy]bng%'ﬁ%wé y‘ix)i] Uigr%p t{sﬁhyl SR

(R) , 2" -bis-[4- I[ 3-(trans-4-hepty Icyclohexyl) 1 -propyl - oxy]-benzoyl oxy]-1
, 1 -b| naptashwel egﬂl”@R)OpZICal lalnilppde§30( thansamepr opyipouridshexyl ) -1 -

Examgle 2

2.0.g of R(+)-1,1'-bi-2-naphthol, 5.0 g of 4-[3-(trans-4-
pentylcyclohexyl)-1-propyloxy]benzoic acid, 3.0 g of N,N'-di-
cyclohexylcarbodiimide, 0.1 g of 4-(dimethylamino)pyridine. and
500 ml of dichloromethane were reacted in an analogous manner
to Example 1 to give 6.5g of (R)-2,2'-bis-[4-[3-(trans-4-
pentylcyclohexyl)-1- propyloxy]benzoyloxy] 1,1'-binaphthyl with
m.p. 50°C.

The 4-[3-(trans-4-pentylcyclohexyl)-1-propyloxylbenzoic
o acid used as the starting material was prepared as follows:

(a) A mixture of 1.9 g of ‘4-hydroxybenzaldehyde, 5.0 g of 3-
(trans-4-pentylcyclohexyl)-1-propyl bromide, 8.3 g of potassium
carbonate and 50 ml of butanone was heated under reflux over-
night. Subsequently, the cooled reaction mixture was poured into
water and extracted three times with 50 ml of diethyl ether each
time. The combined organic phases were washed with 500 ml of
water, dried over magnesium sulphate, filtered and concentrated.
- Chromatography of the residue ‘on silica gel with toluene and

recrystallization from ethanol gave 6.0.g of pure 4-[3-(trans-4-
pentylcyclohexyl)-1-propyloxylbenzaldehyde.

(b) A solution of 5¢g of 4-[3-(trans-4-pentylcyclohexyl)-1-
pr_opyloxy]benzaldehyde in 100 ml of acetone was treated drop-
wise with 10 ml of Jones' reagent. The mixture was stirred at



pr opyl oxy] benzoyl oxy] but ane; :

(2R, 3R)-2,3-bis-[4-[3-(trans- 4 pentylcyclohexyl)-l -

propyl oxy] benzoyl oxy] but ane, P

(2R 3R)-2,3-bis-[4-[3-(trans- 4 hepty cyclohexyl) 1 -
propyloxy]benzoyloxy]butane (1

R 2R) - 1, 2- blapmatémperature- i dpgtirc i libey | poured prtspyi Ak yibehzoy! oxy] - 1
, 2- di phenyl wateme Thel gregRitdte, dHick- tHereby( resuited - mrstyiltarekiorméxyl) | -

pr opy oxy] bgaapskiopsHidnwisd WIeNWAERRI dReY nlieérdacdulrnRTZ@

,2-bis-[4-[3 J&”W ~ BF QIYE )etﬂﬁanoPr >B2P Yo
by S ? an £? e %%1%%%? TR Pl promn-

2 bi s-[ 4-[ AL nd Gl éh ) 2156 opyl - oxy] benzoyl oxy] - 1
-phenylethane m p. [err] (R-1,2-bis-[4-[3-(trans-4- heptylcyclohexyl)-l
-propyl - oxy] benThel tod;dwﬁhg odmpmluentilsaoan Kd)manufactured in an

, 2- bi s-[ 4- [ 3nhlo lﬁ;ﬁ@-ﬁml cycl ohexyl ) -1 -propyl - -oxy] benzoyl oxy] propane;
(R) 1 ,2-bis-[4-13-(trans-4-pentyl cycl ohexyl)-1 -propyl -

oxy] benzoyl ox 4-13- (trans-4: he l.,cycl ohexyl)-1
-pﬂ)pyl - gxy %nggﬁg%]'gf Eé gg (37% H -I[pro yIcycIohex%%%%ropﬁ-y :
(2R 3R) - 2, 0¥y khenzayloxyink. 14-bjaapfitbyl o- hexyl)-1 -
- pr opyl oxy] benzo{R)xZ]ub isrd 4 [Bri(eranis et theptylcyclohexyl)-1-propyl-
(2R 3R) -2, 3oby]s~ﬂe‘hi@yl(dxryqn$-14~I$iﬁlatmﬁthyt| ohexyl)
1- propyl oxy] benz sﬁ)bztsrv@ !’PF?] EF% yijé)pél%qyéxyl) 1-
(2R 3R -2, ‘#é - E 2 % cyc ohe 5)
- propyl oxy] ¥) ge di ?I but% i
(2R, 3R) - 2, 3-bi s- kl -’ ! b'@ He?ﬁn)tylcyclohexyl) 1
1- propyl oxyPHéFh‘t@%V manﬂhuﬁaﬂ@, fﬂh@ ' Q:: 13 as well as the
optical anti pode$2B,3R)e2naneis- @@n[}ﬁol(ltrdms 4 heptylcyclohexyl) 1-
propyloxylbenzoyloxy]butane;
(1R,2R)-1,2-bis-[4-[3-(trans-4- propylcyclohexyl) 1-
propyloxy]benzoyloxy] 1,2-diphenylethane;
(1R,2R)-1,2-bis-[4-[3-(trans-4-pentylcyclohexyl)-1-
propyloxy]benzoyloxy] 1,2-diphenylethane, m.p. 75°C;
(1R,2R)-1,2-bis-[4-[3-(trans-4- heptylcyclohexyl) 1-
propyloxylbenzoyloxy]-1,2-diphenylethane;
(R)-1,2-bis-[4:[3-(trans-4-propylcyclohexyl)-1-propyl-
oxy]benzoyloxy]-1-phenylethane;
(R)-1,2-bis-[4-[3-(trans-4-pentylcyclohexyl)-1-propyl-
oxylbenzoyloxy]-1-phenylethane, m.p. 115°C;
\ (R)-1,2-bis-[4-[3-(trans-4-heptylcyclohexyl)-1-propyl-
oxy]benzoyloxy]-1-phenylethane;
(R)-1,2-bis-[4-[3-(trans-4-propylcyclohexyl)-1-propyl-
oxy]benzoyloxy]propane;
(R)-1,2-bis-[4-[3-(trans-4- pentylcyclohexyl) 1-propyl-
oxy]benzoyloxy]propane
(R)-1,2-bis-[4-[3-(trans-4-heptylcyclohexyl)-1- propyl-
oxy-benzoyloxy]propane;
dimethyl (2R,3R)-2,3-bis-[4-[3-(trans- ‘4. pentylcyclo-
hexyl)-1-propyloxy]benzoyloxy]butanedioate;
diethyl (2R,3R)-2,3-bis-[4-[3-(trans-4- pentylcyclohexyl)
1-propy|oxy]benzoy!oxy]butanedloate m.p. 59°C;
dipropyl (2R.3R)-2,3-bis-{4-[3-(trans-4-pentylcyclohexyl)-
1-propyloxy]benzoyloxy]butanedioate;
dibutyl (2R,3R)-2,3-bis-[4-[3-(trans-4-pentylcyclohexyl)-
1-propyloxylbenzoyloxy]butanedioate, m.p. 66°C;




Exanple 3 1.0 g of R(+)-1,1'-bi-2-naphthol, 2.5 g of 4-[(E)-3-(trans-

4- pent’yl cycl ohexyl ) al | yl oxy] benzoic acid, 1.3 g of N, N -dicyclo-

hexyl.car bodi i m de, 0.04 g of 4-(dineghyl am no)pyridine and 250 m of

dichl oronet hane were reacted in an anal ogous manner to Exanple 1 to give
2.2 gof (R-2,2"- bis[4[(E) 3-(trans-4-

pentyl cycl ohexyl Lall | oxy] benzoyl oxy] -1, 1' - bi naphthyl with mp. [err]. The
4-[ (E) - 3- (tasaveel @/mgttqad)matgn g yxfotiap] pamasl coapenn@ed as the
starting material was prepared as follows: (a) A solution of 13.5 g of

ethyl (E)-3-(trans-4-pentylcyclo- hexymerylate in 100 m of

diﬂ]l oronet hane was treated drop vm se at [err] and while gassing with
nivYrogen with a 20% soI u obut i um exane.
- After conpl e- tlﬁg) a‘@ﬁf Hé’p LBLt Ir%/gy%l Pg 0&%; #gﬁgﬁs stirred
for a furt HEPentysy rcahaxx pmm@azwguta%m -3ugt et VA -dicys
hydr ochl or i kexydcarbadiémidectq.0d g of u#e(dmtlpysharmq)pyadm andof water and
t he organi c2phasle ofiedichkpenasthdne Tvereqreaotedphman samibgoks exanaered twi ce
wwats Eeéo\?\n TtoofEfaaﬁmlf@rpnﬁi h@n@Qe@tht b'ffe(RT@??B@'[M(EPBQ@IF‘MSW&?g;e‘r’l\er e
carbonate s éng C'% c?@qgﬁlwlé ﬁn%ynﬁgag?qwgt grrﬁ%) @: @ bsequenﬂ y -dried

S

over nagnes ul phat e, filtered and concentrated. Distillation of the
resi due gave 10 { 3-(trans-4-pentyl cycl ohexyl)allyl alcohol wth
b.p. [err]/15 e (MI(EXIn(kramsedopebiyicyctdhexyl)allyloxylbenzoic

(E) - 3- (t r anacid- psedy heytHeotanting nateridicang! prépdredl eis follows
4-hydr oxybenzal dehyde, 4.1 g of diethyl azodl- carboxylate

triphenyl ph hi pe o 0 fete 43 room
terrBera%/uPe@p R sg)tgta(r}l'g p'?d 13 5o fcrj-la F&g @%ga&eﬁuebéhgﬁg ﬁg)ended I n
500 m of | HRSAARACHIRIE I8 18R (creristadas V@ﬁo‘rﬁﬁ of the
resi due on Wise @& gé8 Guiand t%hl@r@a%‘ﬁﬂgr wﬂywﬁpgezawlt@naf hexane gave
4.5 g of puseludion Bf- diisobatyaldnieniml dydridesxpl hekapeoxkitbenzemalalehyde
with m IO [l%ﬁ]of (tbe adidttich the slightl ellow solution was stirred for a

L9 et ol LY 68T BNty CRUNORET wRhGFONIE orlBssh of Jones
reagent andh crnloﬂ 38% Othie "Wdction mixture was poured into 100 ml

of water and the organic phase was separated. The aqueous phase

was back-extracted twice with 100 ml of dichloromethane each

time. The combined: organic phases were washed with 500 ml of

water, 500 ml of concentrated potassium hydrogen carbonate

solution and again with 500 ml of water and subsequently dried

over magnesium sulphate, filtered and concentrated. Distillation

of the residue gave 10 g of (E)-3-(trans-4-pentylcyclohexyl)allyl
alcohol with b.p. 174-175°C/15 mmHg.

(b) A mixture of 5.0 g--of - (E)-3-(trans-4-pentylcyclohexyl)allyl
alcohol, 2.9 g of 4-hydroxybenzaldehyde, 4.1 g of diethyl azodi-
carboxylate, 6.2 g of triphenylphosphine and 100 ml of tetra-
hydrofuran was stirred at room temperature overnight and then
concentrated. The residue was suspended in 300 ml of hexane,
filtered and again concentrated. Chromatography of the residue on
silica gel with toluene and recrystallization from hexane gave
4.5g of pure 4-[(E)-3-(trans-4-pentylcyclohexyl)allyloxy]benz-
aldehyde with m.p. 55°C.

(c) 4.0g of 4-[(E)-34(trané-4-pentyIcyclohexyl)allyloxy]benz-
aldehyde, 10 ml of Jones' reagent and 100 ml of acetone were
reacted in an analogous manner to Example 2(b) to give 2.6 g of



react €d in an anal ogous manner to Exanple 2(b) to give 2.6 g of 14
4-1 ( E)’-3-(trans-4-'pentyl cycl ohexyl)al l yl oxy] benzoic acid wth mp.
[err]. The follow ng conpounds can {bg nanufactured in an anal ogous nanner:
(2R 3R)-2,3-Bis-[4-[(E)-3- (trans 4- propyl cyclohexyl)allyl

oxy] benzoyl oxy] but ane; (2 _

R) - 2, 3- bi s4-§{HE)- Br(ﬂa(‘lsl‘ér@eWtyé@mlﬁlh@)‘dl‘)@iwwyme%mc acid with
oxy] benzoyIrxy] PMIEAGE;

(2R, 3R)-2,3-bis-[4-[(E)-3-(trans-4-. heptyl cycl ohexyl)al l.yl -

oxy] benzoyl oxy] i

, 2-bi s-[4- [%EE%{ bﬂ?‘f ans%%ropy?c?c?%hceﬁnylb) maql{fagtxu)}’fgelnnzoayl oxy] -1
, 2 di pheny | ¥1HIHQ

,2-bis-[4-[(E)-3- (trans 4- pentyl cycl ohexyl)ally

oxy] benzoyl oxy] - Qstﬂu)paMlsf[hrﬁéE)(&-(trans 4 propylcyclohexyl)allyl-

R 2R) - 1, 2- bygylberZdyloRy ane 4- hept yl cycl ohexyl)al |l yl -
oxy] benzoyl oxy]]

O
RU3 RYePY3 % %% & ns-4- ntfllc%clohexyl)allyl-
,2-bis-[4-] - A ohe aIIy enzoyl oxy]
- phenyl eth ég]b%ééﬁﬁg% %géj (IE %?_ _({ ans entwlléz w))aﬂ))lyl oxy] -

benzoyl oxy] -1 -
, 2= bi s-[ 4- [Qﬂ}b&r(&mdﬂsﬂbﬁéﬁ?yl cycl ohexyl )aI | yl oxy] -

benzoyl oxy] - 1- phehRl, 2R)ahe2-HiR) [41-{(E)-3-(trans-4- propylcyclohexyl)allyl-

, 2-bis-[4-[§ tf’erﬁzm pma%im@letmwé)allyl oxy] - benzoyl oxy] propane;
(R) 1, 2-Dbis- 4 f@rbﬁs [@?K‘E)’J@(?Hé?t“se)axb)éﬂt'y%?évdhexyl allyl-

o | ox r o

Z [4y][$ﬁyﬁz,)e g?z h%gﬂ%%§ 3?&\all - bep ﬁyé Rrjopane;
d| rret hyl - (2R, 3R)( -@%— g_oh xy yl-
hexyl )al | yl oxy]hmmylmw kandmtwny)@ttbana; et hyI
(2R 3R) -2, 3- bi s- [RY} { P-D3s([4-(B)-8-pmand-dypropylcyclohexyl)allyloxy]-
benzoyloxy]-1-phenylethane;

(R)-1,2-bis-[4-[(E)-3-(trans-4- pentylcyclohexyl)alIyloxy]
benzoyloxy]-1- phenylethane m.p. 1019C;

(R)-1,2-bis-[4-[(E)-3-(trans-4-heptylcyclohexyl)allyloxy]-
benzoyloxy]-1-phenylethane;

(R)-1,2-bis-[4-[(E)-3- (trans -4- propylcyclohexyl)alIyloxy]
benzoyloxylpropane;

(R)-1,2-bis-[4-[(E)- -3-(trans-4-pentylcyclohexyl)allyloxy]-
benzoyloxy]propane;

(R)-1,2-bis-[4-[(E)-3-(trans-4-heptylcyclohexyl)allyloxy]-
benzoyloxy]propane;

dimethyl (2R,3R)-2,3-bis-[4-[(E)-3-(trans-4-pentylcyclo-
hexyl)allyloxy]lbenzoyloxy]butanedioate;

diethyl (2R,3R)-2,3-bis-[4-[(E)-3-(trans-4-pentylcyclo-
hexyl)allyloxy]benzoyloxylbutanedioate; _

dipropyl (2R,3R)-2,3-bis-[4-[(E)-3-(trans-4-pentylcyclo-
hexyl)allyloxylbenzoyloxylbutanedioate;

dibutyl (2R,3R)-2,3-bis-[4-[(E)-3-(trans-4-pentylcyclo-
hexyl)allyloxy]benzoyloxy]butanedioate;

as well as the optical antipodes of the named compounds.
Example 4
0.5 g of sodium R(-)-1-phenyl-1,2-ethanediolate, 2 g of

4-[4-(trans-4-pentylcyclohexyl)-1-butyllbenzyl p-toluene-
sulphonate and 100 ml of toluene were heated under reflux for



hexyl )’al | yl oxy] benzoylfoxy]but anedi oat e; di propy!
(2R, 3R)-2,3-bis-[4-[(E)-3-(trans-4-pentyl cycl o-
hexyl ) al | yI oxy] benzoyl oxy] but anedi 9& e; di butyl
(2R, 3R)-2,3-bis-[4-[ (E)-3-(trans-4-pentyl cycl o-

Pﬁéyhéﬁghyg&% enz%gg%b tgrg% tegn@%m"\’s&l@sagorgcentrgt 'dc%noa%prdes of
R(-) - 1- phengbidue2 was pusifiest L chrgmstography (9mriilioa 28| FPM thy dPleng; 1 ) - 1
- butyl] benﬂécryrs{abiszw} fronphethanohngaveo (R)-bf2-bisiérld-(ieaastiat ed

under refl clohe5<y4}3‘1h§uwl]5@€lz? ]Lnl-paeawetﬁzmél ltrate was
concentr at and he resi due was pur| I ed by chromat ography on silica gel

wirth tol uene Re'ch st all,i % )&ﬂyei butyllbenzyl
fgﬁt; ]Zbg'n};, 4 o i ﬁé}éﬂggt §ﬁg a$h ga}/t g matenal was prepared

4-[ 4- (transast-fod ‘cycl ohexyl) - 1- butyl ] benzyl p-tol uenesul phonate used as
the starting material was prepared as follows: (a) 3.8g of lithium

al um ni um drlsie ﬁlﬁhmﬁdalmm@mﬂh yefriddraobty elhetdaly dt@d mian whil e

gassi ng W|t {an e t S Qlrt | 10 g of
L3 (randy ;%ﬂz] geﬁ{; figafd y&_ri_ V (Ié gg%? with é(]g@n B tmhotfeaabsol o
tetrahydrof‘ﬂg I“@ﬁ? A & Lf% g i&ﬂ1 r[a(c | O mxture was
heated to rReNWIC YQiQ QXMB bl{tﬁﬁ RepgaieAetutNo g ﬁ'|t €of 2N :
hydr ochl or | teteadiytirafurasxt Affer edompletioni péstha taddi Onn{h%foﬂCétQWI et her
each tinme. mieuesowaschphtsetonesiuxaioned haurh thed pousédseautiausly sodi um

carbonat e Si?llfthQ 0 FjrdfeﬂNOYﬁ%rd?@l%‘?‘@' %@@Lﬁmaéﬂr@él@dcmwttrrﬁésd Thi s
gave’ 9.2 g ‘S‘)’gh g

thpeY HéP Hnfe) ThdWrgbh pﬁ) gritel . (b) A
| ut f < h |~al cohol
A el AR WD R o
chl oride, adnedoqverermmmwm éﬁﬂphﬂﬁel angasanagniraiad. af Bisn 9axet Qtl rring
at room terrpér at-(t-dtriaors-4- pentylcyclohexy|) T-butyllbenzyl alcohol. -

(b) A solution of 9g of 4-[4- (trans-4-pentylcyclohexyl)-1-
‘butyl]benzyl alcohol in 50 ml of pyridine was treated portion-
wise with 10 g of p-tosyl chloride. at room temperature and
while gassing with argon. After stirring at room temperature for
24 hours (formation of a white precipitate) the reaction mixture,
cooled to 0°C, was treated with 20 ml of water (slightly exo-
thermic), made acid (pH 1) with 50 m! of 25% hydrochloric acid
and extracted three times with 100 ml of diethyl ether each
time. The combined organic phases were washed with 500 mi of
water, 500 ml of dilute sodium carbonate solution and again with
500 ml of water and then subsequently dried over magnesium
sulphate and concenirated. -This gave 15g of 4-[4-(trans-4-
pentylcyclohexyl)-1-butyllbenzyl p-toluenesulphonate.

The following compounds can be manufactured in an
analogous manner:

(R)-1,2-Bis-[4-[4-(trans-4- propylcyclohexyl) 1-butyl]-
benzyloxy}-1-phenylethane;

(R)-1,2-bis-[4-[4- (trans-4- heptylcyc|ohexyl) 1-buty|]—
benzyloxy]-1-phenylethane;

(R)-1,2-bis-[4- [4 (trans-4- propylcyclohexy!) 1-butyl]-
benzyloxy]propane

(R)-1,2-bis-[4-[4-(trans-4-pentyicyclohexyl)-1-butyl]-
b'enzyloxy]propane; :



24 hour$s (formation of’.a white precipitate) the reaction mxture, cooled to
[err], was treated with 20 ml of water (slightly exo- thernmic), nade acid
(pH 1) with 50 m of 25% hydrochl onigc acid and extracted three tinmes with
100 M of diethyl ether each tine. The conbi ned organi c phases were washed
with 500 ml of 500 i lute sodiu ca bonat | and again
with 500 ml of x@i)éﬂ 2nh! ﬁ'ﬁ%nﬁé&g@éﬁ%& %PWT?XH Q)K)@P‘yir)adnbéﬁtdﬁlsul phat e
and concentbenzdoxylpropgaee 15 g of 4-[4-(trans-4-

pentyl cycl ohexyl(p—ﬂ -3R) 32 Bobnga[B - pt 4(dt aresrawirpipgriay el o Hea yl olll-owi ng
conpounds Qﬂjt g bReJBUtaA; N an anal ogous manner:

R)-1,2-B t | | l 1

eyt ot L%Qg& 3“% %B@H)[ﬁf"(/ﬁ?ﬁﬁ“ LM R SR
bonzy] | | ohexyl )-1
I O s i 0
“butyl |- bensdyllpenalopxitytane;1 6 (R)-1

, 2-bi s- [4 [4 (tr(arB 2Rheb2+biy 4o x(yia nd-bpnodylcyehaheayy]dr-opane; (2R
3R)-2, M}ﬂénﬂmryq AoneRsm syieknaney|) - 1 butyl]benzyl oxy] but ane;
e 332:1 sl el b i e
(1 R 2R) AT yg?f?ms %ﬁ‘ I'ohex ’

-1- E benzyloxy] 1
, 2-di phenyl et harfe! aﬂfzﬁ(h@a 2¥ cha Pfgfé clohexyl) 1-
but yl] benzymmmbanzylodayﬂh‘eﬂydmh@mﬁlethana 2R) -1
, 2- bi s-[4-[ 4- (t rERp-2 2epitsy [ 4y[dl- phrens - )4-—ﬂ>f0pylcyclohexyl) 1-butyl}-
\_ benzyloxy]-1,1'-binaphthyl;
(R)-2,2'-bis-[4-[4-(trans-4- pentylcyclohexyl) 1- butyl]
benzyloxy]-1,1'-binaphthyl;
(R)-2, 2 -bis-[4-[4- (trans-4-heptyIcyclohexyl)-1-butyl]--
benzyloxy}-1,1'-binaphthyl;
(2R,3R)-2,3-bis-[4-[3-(trans-4-propylcyclohexyl)-1-
propyloxy]benzyloxy]butane;
(2R,3R)-2,3-bis-[4-[3-(trans-4- pentylcyclohexyl)
- propyloxy]benzyloxy]butane;
(2R;3R)-2,3-bis-[4-[3- (trans-4-heptylcyclohexyl)-1-
propyloxylbenzyloxylbutane;
(1R,2R)-1,2-bis=[4-[3-(trans-4- propylcyclohexy!) 1-
propyloxy]benzyioxy]-1,2-diphenylethane;
(1R,2R)-1,2-bis-[4-[3-(trans-4-pentylcyclohexyl)-1-
. propyloxy]benzyloxy]-1,2-diphenylethane;
W (1R,2R)-1,2-bis-[4-[3-(trans-4-heptylcyclohexyl)-1-
propyloxylbenzyloxy]-1,2-diphenylethane;
(R)-1,2-bis-[4-[3-(trans-4-propylcyclohexyl)-1-propyl-
oxy]benzyloxy] 1-phenylethane;
(R)-1,2-bis-[4-[3-(trans-4- pentylcyclohexyl) 1-propyl-
_ oxy]benzyloxy] 1-phenylethane;
(R)-1,2-bis-[4-[3-(trans-4- heptylcyclohexyl)-1-propyl-
oxy]benzyloxy] i-phenylethane;
(R)-1,2-bis-[4-[3-(trans- -4- propylcyclohexyl) 1-propyl-
oxy]benzyloxy]propane _
(R)-1,2-bis-[4-[3-(trans-4-pentylcyclohexyl)-1-propyl-
oxy]benzyloxy]propane
(R)-1,2-bis-[4-[3-(trans-4- heptylcyclohexy!) 1-propyl-
oxy]benzyloxy]propane
(R)-2,2'-bis-[4-[3-(trans-4-propylcyclohexyl)-1-propyl-
oxy]benzyloxy] 1,1 bmaphthyl



but'yl ] benzyl oxy] - 1 , 2-di phényl et hane;

(R -2,2' -bis-[4-[4-(trans-4-propyl cycl ohexyl)-1-butyll -

benzyl oxy] 1, 1' - bi napht hyl ; 17

(R -2,2' -bis-[4-[4-(trans- 4- pentyl cycl ohexyl)-1-butyl]- benzyloxy]-1 ,1

- bi napht hyl R22| 4 rans-4-h I | ohexyl) I
beﬁzy?gxi,] yl (1( hB S [ (t éng 2 pen?yltc%/cﬁgﬁe?(yﬂ(xl propyLIty I-
(2R 3R) - 2, M]Beméf!@‘)(]rﬂahsbm%ﬁbﬁwlcycl ohexyl )-1- .
propyl oxy] benzyl(6YyRp2t-bine: (4 - [3-(trans-4- heptylcycIohexyI) -1-propyl-
(2R 3R) - 2, Iy BehéyI@x;(]Lnaﬂ'Sbmmmwcycl ohexyl)-1 -

propyl oxy] benzyl R,3 trans-4-pentylicyclo-
T it e T

, 2-bi s-[4-] 3- (t 4i4 BF%’@?T’&%MI&W&MXW)-

, 2-di phenylbﬂﬁh@benz& taﬂelﬁil@a - [ 3- (trans-4-pentyl cycl ohexyl )-1 -

pr opyl oxy] benzyld)pybpil ZQdR alﬂemel Btiviznpt-[¢1(tRaB8)4-pentylcyclohexyl)-
, 2- bi s- [ 4- [Rpi Bén‘i Imw wnpleeigyys;) - 1- - propyl oxy] benzyl oxy] -1

, 2-di phenyl et ha Itiisifzf 0= {7 4n BL PRI Y3 POy )= PT OPY! -

% 30 Eﬁ
b I |
0)2<y]b| gn[zi %)6] (‘%ﬁ n \ﬁ% g\ yl - oxy] benzyl oxy]- 1
- phenyl et hane; é 2t3-Bis- 4- E%‘rf{[) nsré- Bﬁéﬁykg/yclopr opyl -
oxyl benzyl d?@)}yll- pmepyI@tyi zonxy]butanedloate

(R -1, 2-bis-[4- [die&hylanswcﬂ BFR))IDQI 8yisilso[we{ gk tranpromentylcycliohexyl)-

oxy] benzyl o r@Fszenz ylbutanedioate;

- (R-1, 2-Dbis- ¢S ylfécﬁi%hf&(}tb)-(tI'aFIEO«Pydentylcyclohexyl)-
b |
R o %ﬁpxﬁmg&ﬁ&zm &slfzgt@@adaﬂa@ 1 or opy
oxy] benzy| oxy] pr ! (2R,3 3-bis [4 trans 4- pentylcyclohexyl)

(R) 2,2 b|‘s-qmpyka)(y]bmydepykmwamp@oaea(yl) 1- propyl - oxy] benzyloxy]-1 ,1
" - bi napht hyl;  dimethyl (2R,3R)-2,3-bis-[4-[(E)-3-(trans-4- pentylcyclo-
hexyl)allyloxy]benzyloxy]butanedioate;
diethyl (2R,3R)-2,3-bis-[4-[(E)-3-(trans- 4- pentylcyclo-
hexyl)allyloxy]benzyloxy]butanedioate;
dipropy! (2R,3R)-2,3-bis-[4-[(E)-3-(trans-4-pentylcyclo-
hexyl)allyloxy]benzyloxy]butanedioate;
dibutyl (2R,3R)-2,3-bis-[4-[(E)-3-(trans-4-pentylcyclo-
hexyl)allyloxylbenzyloxy]butanedioate;

as well as the optical antipodes of the named compounds.
Example 5
The following liquid crystal basic mixture BM-1 was used
to measure the induced pitch and |ts temperature dependence in

liquid crystal materials.

5.36 wt.% of 4'-ethyl-4-cyanobiphenyl,

3.18 " 4'-propyl-4-cyanobiphenyl,
6.08 " 4'-butyl-4-cyanobiphenyl,
6.53 " 4-(trans-4-propyicyclohexyl)benzonitrile,
1467 " 4-(trans-4-pentyicyclohexyl)benzonitrile,
521 " 4-ethyl-1-(trans-4-propylcyclohexyl)benzene,
16.54 " 4-ethoxy-1-[2-(trans-4- propylcyclohexylethyl]
benzene,

5.60 " 4"-pentyl-4-cyano-p-terphenyl,



1‘:7'] E)RS 2|, 2' -]bi i [ 411 [ g‘_—(t rﬁ?ﬁlél pentyl cycl ohexyl)-1 -propyl -

oxy] bénzyl oxy] -1 , 1' - bi napht hyl ;

(R -2,2" -bis-[4-[3-(trans-4-heptyl aygl ohexyl)-1 -propyl- oxyl benzyl oxy] -1

, 1' - bi napht hyl ; dinmethyl (2R 3R)-2,3-bis-[4-[4-(trans-4-pentylcyclo-

R, TR o Ry ¢ cyano-spneny

“but yl ] benzh8-88y] bt anedi o1a‘t[8 tdzgg;ﬁty) ut)l/)lcyclohexyl)ethyll 4 (trans-

(2R 3R) -2, 3-bi s- [4[4(traérr:pe:ntp dbegzyhbenzene,l

- bUt yl ] benzyl 2ky] but anedi QPJ[Q,-(tdahlst—lebutylcyclohexyl)ethyl] 4'-(trans-
R 3R)-2,3-bis-[4-[4-(traju tspé}ft FI)é(kly?ﬂﬁiSWe)nyll

on %:?% bg“gﬂ) y][ 2"‘} g”(ef'r%‘s[ :( b lcyclohexyl)ethyl]-4'-(trans-

hexyl ) - 1- pr opyl oxy] benzyl o£ P Qt"é( )-di LrRYhylenedibenzene,

(2R, 3R) - 2, 32&/ -[ 45 3- (t ralrﬁ@n&'ﬁeiﬂaﬂl'@tﬂnﬂ"r@(ﬂmdcllc‘0hexy])ethyl]

- pr opy!l oxy] benzyl oxy] but aneytilobexanecarboxylic acid 4-cyanophenyl ester;-

(2R, 3R) - 2, 3niyh S<{43M:(bt AOSINH P SY° g‘ cxplolesyle 1o 139 and 1 = 22

-propyloxy]b on but but yl

(2R, 3R) - 2, 3n as ﬁﬁn ﬁdgﬁg-%-abentyl cycl ohexyl)- 1

- propyl oxy] benzyl oxy] but anedi oate; dinmethyl

(2R, 3R) - 2, 3- bi s-[Li4uid Brystglt basie- mmmeylsma awas treated with each of

hexyl ) al |yl t%y]fbﬁawhgx gtt@hnyledbﬂaé edopantdy|
(2R 3R) -2, 3-bis-{4-[(E)-3-(trans-4-pentyl cyclo-

%3??? lzyl:,ﬁ lsb[ezzfll(@y]é)éa?&gtﬁét?em nprgpéentylcyclohexyl) 1-

hexyl Yal Iyl ox ] benzyl ® AN ZAY O XY, rbdt;hmaphthyl
(2R, 3R) -2, 3D s=[4-[ (OF 328t)fh;&-b4sﬁént3+ (dy@ans-4-pentylcyclohexyl)-1-
hexyl ) al | yI oxy] benzyl pmﬂﬁo&gﬂ@mmﬂl@xyé}sl Bedipresnyle¢hapei cal antipodes of

the named cpopaunds. H”@R §3T*Eﬁs tF‘an'-&l%én@ Db%lcﬁlbhléﬁ)@ly-tm xture
BM1 was used to neas c?p |ts terrper ature dependence -
inJdiquid cpyst al mat 4 henyl, 3.18
4' - propyl - f) ﬂf/anobl oh % bis- ans 4 pen c‘to ?—‘P—
propyloxy]benzoyloxy] -1- phenylethane '

The results complled in Table 1 were obtained for the
~ chiral doped mixtures, whereby A, B and C denote the parameters
of the serial progression

1
oc =A+ BTy + C 2
L‘.
and p, ¢ and T4y have the following significances:
T4 =T-22°C
T =temperature in °C
p = pitch in um (a positive value signifies a clockwise

helical structure and a negative value signifies an
anticlockwise helical structure)
concentration of the optically active dopant in wt.%.

o
#



—

6. 08

4- (trans-4-propyl cycl ohexyl ) benzonitrile,
4- (trans-4-pentyl cycl ohexyl )benzonitrile,

4-et hyl - 1- (trans- 4- propyl cycl ohexyl ) benzene. 16.54

-[2-(trans-4-propyl cycl
4" - pentyl - 4-cyano- p-ter E%nyl
4' - (trans-4-pentyl cycl opék§l)
1-[2-(trans-4-butyl cycl X\
4.74 " 4-12-(tr

4-pentyl cycl ohexyl ) bi phegyl,

4' - butyl - 4- cyanobi phenyl, 6.53
14. 67 "
5.21
4- et hoxy-1
ne, 5.60
, 18 5.7] "
- 4- gyano- biphenyl, 15.95 "
Xy [|et byl ]©94- (trlans- 4- pentyl cycl ohexyl ) benzene,
5s- 4-1fut yi cyel ohexlyl ).et hyl]-4'-(trans-
7.59

4N2- (trans-4-butyl cycl Ryll)ethyl]-4'-(tfans- 4-pentyl cycl ohexyl)-1

, 1' - et hyl enedi benzene, 2:8%

trans-4-[2-(trans-4-pro gjgyckphexyljethyl]- cycl ohexanecar boxylic acid
4-cyanophenyl ester; mpg < [lerrjvcl{p. w(N1) [err] An = 8.5, [err] = 0.139
and [err] = 22 nPa[ err] $reagured—at—e++H Liquid crystal basic m xture
BM1 was treated with e}cﬁ?of the follow ng optically active dopants: D1 =
(R-2,2"-bis-[4-[3-(tra s-g-ﬁentylcyclohexyl)-l- propyl oxy] benzoyl oxy] -1

, 1' -bi naphthyl, D2 = L1IR 2R -1
,2-bi54[4-[3-(trans-4-pent¥lcyclohexyl)-l - propyl oxy] benzoyl oxy] -1

, 2-di phenyl et hane, D 3=
(2R, 3R)-2,3-bis-[4-[3-(1
pr opyl oxy] benzoyl oxy] but

oa%s-
ang,

4- pentyl cycl o
D 4=

hexyl ) - 1-

| )-1 - propyl oxy] benzoyl oxy] -1

gabﬂe 1 were obtained for the chiral

t he paraneters of the serial

( n1,2-bis-[4-[3;(trans-4Epeg§yIcyclohexy
-phenyl et hane. The resulta?ccgpibgdl*n
doped mixtures, whereby|A _Bfand < denoke
progression [err] = s T <
O
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aﬁ'd p,”

hel i cal
w . %

c and [err]
tenperature in [err] p
cl ockwi se heli cal
“structure)
Oferr]

= pitch in [err]
structure and a
- C =

illustrate chol esteric m xtures whi

vi si bl e region.

have the follow ng significances:

[err]
(a positive value signifies a
ative value signifies an anticl ockw se
concentration of the optically active dopant in
20 Exanple 6 The m xtures M5 and M6 given in Table 2
ively refl ect
D-1 and D-4 denote the optically active dopants referred to

= [err] T =

[i ght

in Exanple 5. ThHheanpRUIEATN®B Rl M®B V@Oehnurth%teT@hlnas?rabéS

in the

M 6

j Eggwl HOIB8R idml"‘r‘t“)’t res which selectnv%@ ﬁect l gutogb@the
4\ect yl ox %6@ gll gnd D-4 denote 2@;@ ically fé:tlygo/dopants
4" - Pent yl - 48 5 tlrér le 5. The concentegligns areggvgn, in wt.%.
4-[5-(4-Pentyl phenyl )-2-pyrimdinyl]- benzonitri le
4.72% 4.39% 4-[5-(trans-4- Et hyl Tableoexyl ) -2- pyri m di nyl ] benzonitrile
5.67% 5.26% 4-[ 5- (trans-4-Pentyl cycl ohexyl)-2-
pyri m di nfrToenzonr trite Eﬂﬁﬁw——-]?."G%)D-l 3
5. 50% D- 4 | SN W8 b (lat
[err]) 470 nm B850 nm
4'-Pentyl-4-cyanobiphenyl 37.80% 35.08%
4'-Heptyl-4-cyanobiphenyl 20.79% 12.29%
4'-Octyloxy-4-cyanolbiphenyl 13.23% 12.28%
o 4"-Pentyl-4-cyano-p-terphenyl 6.62% 6.14%
— 4-[5-(4-Pentylphenyl)-2-pyrimidinyl]-
benzonitrile _ 4.72% 4.39%
4-[5-(trans-4-Ethylcyclohexyl)-2-
pyrimidinyllbenzonitrile 5.67% 5.26%
4-[5-(trans-4-Pentylcyclohexyl)-2-
pyrimidinyl]benzonitrile 5.67% 5.26%
D-1 . 5.50%
D-4 12.30%
p (at 22°C) 470 nm -550 nm
Claims
1. Optically active compounds of the general formula
ya o : "
A\ ' I
wherein A represents an optically active group selected
from 1,1'-binaphthyl-2,2'-diyl, -CHR1-CHR2- or
-CH(COOR3)-CH(COOR¥4)-; Z denotes a group -(CH2)4-,
-O(CH2)3- or the trans form of -OCH2-CH=CH-; R?' signifies

hydrogen, methyl, phenyl or cyclohexyl; R2 signifies methyl,
phenyl or cyclohexyl; R3 and R4 denote alkyl; Y stands for
_-CO- or -CHg2-; ring .B represents 1,4-phenylene or trans-



Cains 1. Optically active conmpounds of the
A represents an optically active group sel ect ed from J,J“l“lﬂ'l hl"l!ll
1,1 -binaphthyl-2,2"-diyl, [err] or Q(q%(COCRS) CH( COOR

group [erri], [err] or the trans formo OCH2- CH=CH; R1 S|gn|f|es

hydr ogen, nethyl, phenyl or cycl ohexyl; R2 signifies nethyl, phenyl or

cycl ohexyl; R3 and R4 denote al kyl; Exampis& or -CO or [err], ring B
represents 1, 4-phenyl ene or trans- 20 Exanple 6 The m xtures M5 and M6

given in Table 2 lvﬂy%mapes:rm@sgrwlm & N%e%""ﬂésfé éelﬁ@& fatgl y reflect
light in the active
dopant,s referc\riﬁ‘lé.%é?‘e(?mr e@xﬂﬂr?g ?%%r? %ﬁ at féh) %t Ql,g@ |veH1€i’n wt . %
Table 2 M5 visible yegiop. Bt hg|optically active dapantse

35. 08% 4' - He,geggrrqdcgpambﬁm@m 5 he concentratmsrswfﬁ givelr.inowt. %.

4' - Cct yl oxy- 4- cyanol bi phenyl 13. 23% 12. 28%

4"-Pentyl - 4- cyano- p-ter phenyl Tableb 2% 6. 14%
4-[5- (4- Pentyl phenyl)-2-pyrim di nyI] Benzon tr| I e

4.72% 4'.-3'9'%_4_-_r5-\tlallb %= |:L||y|\.,y\.,|U||cAy|; 3
pyri m di nyl Jlbenzonitrile 5.67% 5. M M-6
4-[5-(trans{4-Pentyl cycl ohexyl)-2- pyrin dinyl]berdzonitrile
5.67% 4 469eDtyl-4-cyanobiphenyl 37.80% 5. §®5.089%,
12.30% p (af 4'ddepryl-4-cyanobiphenyl 41@0mo% - 953 porg ai s 1.
Optically agtgr y@c?ﬂwadéyaho‘i%r%w al formulalq3 039, |12.28%
--) 4"-Pentyl-4-cyano-p-terpheny! 6.62% 6.14%
4-[5-(4-Pentylphenyl)-2-pyrimidinyl]-
benzonitrile 4.72% 4.39%
4-[5-(trans-4-Ethylcyclohexyl)-2-
pyrimidinyllbenzonitrile 5.67% 5.26%
4-[5-(trans-4-Pentylcyclohexyl)-2-
pyrimidinyllbenzonitrile 5.67% 5.26%
D-1 5.50%
D-4 - _ 12.30%
(at 22°C) . 470 nm -550 nm
Claims
1, Optically active compounds of the general formula

EaOaats

wherein A represents an optically active group selected

from 1,1'-binaphthyl-2,2'-diyl, -CHR1-CHR2- or
-CH(COORB3)-CH(COOR%)-; Z denotes a group -(CHy)4-, E—
-O(CH2)3- or the trans form of -OCH2-CH=CH-; R1 signifies
hydrogen, methyl, phenyl or cyclohexyl; R2 signifies methyl,
phenyl or cyclohexyl; R3 and R4 denote alkyl; Y stands for

-CO- or -CHz-; ring B represents 1,4-phenylene or trans-



[err] “Wherein A repreSents an optically active group selected from .

1, 1' - bi napht hyl - -diyl, [err] or [err] Z denot ejlﬂmummuﬁutl]mmrr] or
the trans formof -OCHZ-CH:CH-; [ez1] signifies hydr L , enyl or
cycl ohexyl; [err] signifies nethyl, phenyl or cycl ohexyl; R3 and R4 denote
al kyl; Y stands for err]; represents 1 henyl ene or

trans- 21 1, W WI%%V eé%e; aéﬂd &Qjﬂ??r rﬁ@&r”og@rlfy[)vaﬁ XY 8koxy or
cyano. 2. OptCPX,ﬂﬂq 'y active corrpounds according to claim1, characterized

in that A represents (R)-1,1" -binaphthyl-2,2"-diyl, (R -1, 2-propyl ene,
(R) -1-phenyl -1 2 et h@psioaily (Bbtraecuﬁirmwnds abc%rswgglt@nerarm1

(3392, chitotb e 4 %R)Al > md.rrort

Mege o up S rding to
o B e\ o
of [err] aﬁ% ] d §§ 2d'% ¥lidé?- accordi ng
to any onee Qﬂ%qusﬂ'le tpirer Uﬁégac@feprnﬁelf |the$$|aGT0Rp§rgn| fies [err]-alkyl
or cyano. 5. Compounds according to any one of clains 1 to 4,

char gt et ized ig { neOpRcAgORGRYe NGNS AL 1ECcIAR 11 B

d?”ﬁlt escrl §- irf-that “a! sl %%; 5'3)”?%&’%61&!%90 2
auid o) r”@?wrrp@ﬁé>d§h<rﬁzgﬁrrﬁc@ane§ el

manuf acture of the conpounds of fornula I defr ned |n claiml1, characterized
by a)° for thednmanu€anpounds acrerdiogpiouady wie fofrataimas |t ita Shich v
denot es - Gfharagtedredyimghah Rpsigeifidsy GotQ yveathydl opfeyar.general fornul a
O_, |
' 5. Compounds according to any one of claims 1 to 4,
characterized in that Z denotes -O(CHz)3-, Y denotes -CO- and
ring B denotes 1,4-phenylene.

6. A liquid crystalline mixture containing a liquid
crystalline carrier material and one or more optically active
compounds of formula | defined in claim 1.

7. A process for the manufacture of the compounds of
formulal defined in clarm1 characterized by

a) for the manufacture of the compounds of formula | in which
Y denotes -CO-, esterifying an optically active diol of the general
formula

OH
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wherein A has the significance given in claim 1,
with a carboxylic acid of the general formula
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wherein R, Z and ring B have the significances given in
claim 1, '
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acid of the general fornula [err] wherein R, Z and ri ng mﬂgﬁ ’m
si gni.fi cances given in claiml, 222 or a suitable deri¥ or
b) for the manufacture of the compounds of formula I in which Y denot &s
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wherein A has the significance given in claim1l and M denotes an al kali

netal, with.,a c nd of the, gene formJIa rr}. wherein R, Z and ring
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wherein A has the significance glven in claim1 and M
denotes an alkali metal,
- with a compound of the general formula

wherein R, Z and ring B.have the significances given in
claim 1 and L denotes a leaving group.

_ 8. The use of liquid crystalline mixtures. in accordance
with claim 6 for optical and electro-optical purposes.



