-1- Ferroelectric liquid crystals This i.nvention relates To EEL:9ng§\f$c
Jiquid crystals for the pro- duction aof-rapid sw tching spl ays havl ng
storage properties for the display of digits, synbols and inmages. It is
knQqwn.t o use ferroelectric liquid crystals for the production of rapid
smf?%ﬁﬁng di spl ays havi ng storage properties (N A Cdark, S. T. Lagerwall,
Appl . Phys. Lett. 36, 899 (1980)). The nunber of ferroelectric liquid
crystal conmpounds has greatly increased in recent tinmes, but there are
sti-ll no perr@elediatianteguigoerystasi ng optimum properties (S. T. Lagerwall

J. Wahl, N A dark, Proceed. SID Synposium Cctober 1985 San D ego USA;
J.N. Goodby Science 231, 350 (1986), F. Dahl, S. T. Lagerwall,

Ferroel ectrics 58, 215 (1984), D. Denus, H Zaschke, FlUssige Kristalle in
Tabellen ("Liquid Crystals in Tables") 11, Leipzig 1984). Many
ferroelectric liquid-crystals are chemcally and thernmally not very stable,
possess hfhfis dnventignt vedrtiest tio dfergpelendinicshinuidnevyatals| fer Zdwei ono+ s not

sufficient. On account of the too small dipole
' duction of rapid switching displays having storage properties for the

display of digits, symbols and images,

It is known to use ferroelectric liquid crystals for the production of

o
rapid switching displays having storage properties (N.A. Clark, S.T.
Lagerwall, Appl. Phys. Lett. 36, 899 (1980)).

The number of ferroelectric liquid crystal compounds has greatly

increased in recent times, but there are still no pure substances pos-

sessing opt;mum properties (3.T. Laéerwall, J. Wahl, N.A. Clark,

Proceed. S5ID Symposium October 1985 3an Diego UéA; J.d., Goodby Science

231, 350 (1986), F. Dahl, S.T. Lagerwall, Ferroelectrics 58, 215 (1984),

D. Demus, H. Zaschke, Fllissige Kristalle in Tabellen ("Liquid Crystols
J in Tables") II, Leipziz 1984).

Many ferroelectric liquid crystals are chemically and thermally not

very stable, possess high melting temperatures or their spontaneous
polarization is not sufficient. On account of the too small dipole
moments and the associated low spontaneous polarization, the derivatives
of the 2-methyl-butyl group and other chiral-branched alkyl chains are
unsuitable for practical use as a consequence of their too long

switching times,



nmoments and the associ ated | ow spontaneous pol arization, the derivatives of
the 2-nethyl-butyl group and ot her 2hkiral-branched al kyl chains are
unsuitable for practical use as a consequence of their too long swtching.
tinmes. QO her ferroelectric liquid crystals contain the azonethin

" grouping and as Schiff bases are not very stabl e against heat, noi sture nd

o~

agids. Sone ferroelectric liquid crystals derived fromchiral [err]- chlorio
car boxWeher Ferdséved¥ri SoDRM dCtrpd talBr O6RdAn e E23Rethin Frolpaid p@dlas

"Vegas, Nevada 1982. Liquid Crystals and Ordered Fluids Volune 4 F 1)

exhi bi tgst 9&11&&9&%3 larBOnd £ WRLY a4 tHbA8. againbltchedly) @oiswere ahd ddwis.pr esent
invention is rapid switching displays having storage properties, which
cont ai ISome ferroelectric liquid crystals derived from chiral -chlorio

carboxylic acids(J.¥. Goodby et al, Proceed. of 1983 A.C.S. Meeting lLas

Vegas, Nevada 1982, Liquid Crystals and Ordered Fluids Volume 4 F 1)

exhibit too high melting temperatures,



chemcally and thernmally stable ferro-electric liquid crystalline

subst ances. The task of the invention is ferro-electric liquid crystals
which can be used in rapid.switching displays having storage properties.
Accofglrng to the invention there is provided ferro- electric derivatives of
chiraf "acyclic hal ogen carboxylic acids gn-accordance with the general
Formula |I: [ERR] wherein [err] = [err] , [err] [ERR] wherein X denotes C

Br,~with the Iimtphéorofjetitive [ 6] the iprekset | Mildntidly, i£rrfagidust
be [err]. In mxtures with one another and with other liquid crystalline
subst anceswdrtchdngcr dséplayse avisicangesragdeprdapdhties, which contain
chemically and thermally stable ferro-electric liquid crystalline
substahces. '
The task of the invention is ferro-electric 1liquid
crystals which can be used in rapid switching displays having
storage properties.

According to the invention there is provided ferro-

electric derivatives of chiral acyclic halogen carboxylic acids

~/ in accordance with the Qeneral Formula I:
*
R! - ci - coo —~(0)—(B)y—(C)—=! I
| .
X
wherein R! = C,Hyy-, (CHy),CH-, CjH;-CH(CH;)-,
(CHj,),CH~CH,
7 _ ' e
R® = CyHyy =, CyHy,1O-, CyHyp, S—, - CyHy, CO-
CyHy1 €00~ CyHyy,O0C—, Cylyy, NH-
L =13-12, K=1- 12
U/

N N

BORNIRS aie S e

wherein X denotes Cl, Br,

with the limitation that if is a pyrimidal ring, R!
*
must be Csz"CH(CHj)‘.

In mixtures with one another and with other liquid
crystalline substances or non-crystalline substances, they form
ferro-electrical crystalline liquid phases and are suitable for

use in displays.



ferro-electrical crystalline |liquid phases and are suitable for use in
di spl ays. The substances are produced according to a nmethod which itself
is known, [ERR] their derivatives with correspondi ng hydroxy conpounds,
according to the follow ng arrangenent 4 [ERR] The chiral [err]-hal ogen g &
.carboxylic acids. are obtained by reaction of commer- cially obtainable =’
ichiral [err]-am no acids by deconposition of racemates of the [err]-hal ogen
car b [shbs aaicds are byraduyedrmceprding syt eheeiheod wikahef t3pdf| {25393, ar e
produced by easterification with hal rboxylic [ERR] As a
S reneTEy i rgHcat bol et TREHt SSORe _ 00 al Ky~ deét' 1 - vat.i ves,
t he substances possess a hi gh spont aneous POIari ation and thus. short
swi t Shtdrgderivasivas whitnepEresrgRt e hEG oLy compounds, accordipg to tha

9

following arrang emeat:

1 ¥
R -;!H-(Cﬁz)a-(CO)b-Cl

X
+#0-(cH,) ~(0) ~ { & ) =(¥) - -4z - \-az | I
2% q \ n 1 0 :
_ - |
| (E) ) (), .
d d d
W/
The chiral.Ct-haloge- earboxylic acidsare obtalned by reaction of commer-
cially obtainab}€ chiral A -amino acids by decomposition of racemztes
of the d Halogen cartoxylic acidser by asymumeirical synthesis, Other
dexriv; i;res are producéd by esterification with R -halogen «carboxylic
As a consequence of the high dipole moments of the halogen alkyl deri-
vatives, the substances possess a high spontaneous polarization and
thus short switching times in optoelectronic displays. g_;

Examples of embodiment

In tables 1 and 4, examples of particular substances according to the
invention which may be used alone, in mixtures of them, or in mixtures of
them with other known substances, are listed.

Tables 2 and 3 contain known substances, which may be used as mixture
components with the substances of tables 1 and 4.



ExanPl es of enbodinent In tables, 1 and 4, exanples of particul ar substances
according to the invention which may be used alone, in mxtures of them or
in mxtures of ' themw th other known substances, are listed. Tables 2 and 3
confaim known substances, which may ‘be used as nixture components with the

substances of tables 1 and 4. The fot 1dwvt ng nmeani ngs are used: K =
crystalline solid state [ERR] = ferroelectric snectic G phase [err] =
snectic A, B-phase CH = chol esterinic phase | = isotropic

li qui d Pieafellewing meaningsnars ¥sffhinse [err] = uncl assified smectic

phase The nunbers between the dph se designations indicate equilibrium
t enper -X = crystalline solid state

(2}
]

¢ . ferroelectric smectic C-phase
S§,,8, = smecfic A, B-phase

CH =. cholesterinic phase

I = isotropic liquid phase

N = nematic phase

Sx = unclassified ‘smectic phase '

The numbers between the phase designations indicate equilibrium temper-

atures in °C.



atures in [err]. [ ERR] [ ERR] Table 3 K, [err] [err]
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-9- [ERR
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10 The followng exanples provide production nethods
for starting materials for the invention:

(S)-2-(4-(2-Chlor-3-nethyl-butyryloxy)—~ 7 -

of

of triethylam ne



m xture is poured onto ice/concentrated [err].(200 g:25 m), and the
precipitate is sucked.off and recrystalized several tines from nethanol.
Yield: 2.6 g (75% of theoretical value) F. 1550C B.. )
(S)-2-(4-(2-Chlor-3-nethyl-butyryl oxyg phenyl)-5-(4- . A
hexyl oxyphenyl )-pyrimidine. To a solution of 0.005 nol e
. 2-(4- hydr oxyphenyl ) -5-(4- hexyl oxyphenyl)-pyrinmidine, 0.6 nl triethylamne
and 50 m absolute toluene, 0.77 g¢g/0.005 nol of (S)-2-Chloro- 3-

met hyl butyryl chloride are added. (The acidic chloride was produced by the
known method fromthe optically active amno acids). The m xture is allowed
to stand for one day at roomtenperature and is then heated for one hour at
[err] on a water bath. After filtering off +the precipitate, the
solvent is distilled out and the residue is recrystallized

.Table 3

Nr. 14 CaHi_,OCOO—@vCOO-@—Cngg ., 34, 34 - - ,56
Nr. 15 C8H170-@— -@-OCGH;;,' . . 55 . 66 = ‘= 89,5 .,
Nr. 16 CgH,.0 ’H\CH 33 . 56,5 74,5 = -
. 919 ;
NN . : |
- 4 \ e 4 :' . N ¢7Q .
Nr. 17 CH, 4 -O-(N}-cgﬂig 2 43 69,5 | .5



several tines fromethanol. The yields are 60-70% of the theoretical val ue.
The liquid crystalline nelt behaviour is given in the tables. A Production
of (S)-(+)-3-hydroxy butane acid ethyl ester. 200g of fresh bakers' yeast
arecglurried with a [err] hot solution ofg300 g saccharose in 1.6 litre
fresh water and lightly stirred at {err].” After one hour, 0.15 nol of
distilled acetoacetic ester are added with through stirring and the m xture
is'lightly stirred for 24 hours at 25-[err]. A [err] hot solution of 200 g
saccharose in 1 litre of water is then added by portions and, after one
hour of thorough stirring, 0.15 nol of acetoacetic ester are again added.
The m xture is stirred for 50 hours at 25-[err]. Sucki ng-of f over

ki esel guhr is then carried out and the, residue, is washed twice wth
100 i water each tinme& ‘The purified
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aqueous phases are saturated with NaC. and extracted five times with 500 mi
ether each tinme. After separation and drying of the organic phase over
[err], the product is concentrated on the rotary evaporator to
40- 80 m . Fractionated distillation of the residue provides (S)-(+)- 35!5,
hydr oxy but ane acid ethyl ester with a yield of 65-75% of theorectical
value. ee = 84% J[err] [err] 10 ( )[err] = +36.2 (CHC 3 C
1.3) - 12 - B. Production of (R)-(-)-3-chlorobutane acid ethyl ester
0. 07 nol of T erfdirlewvilray r Jexaanp ladd e prioy i@ie?4 peddudt i(d3) - (metifody dr okyr
but ane acid ethyl ester in 100 ml benzene with stirring and excl usion of
moi sture. Ostantinomdterials £athdheadawrerdricorst i rred at room tenperature
for 2 days. The reaction mxture is then treated with
Production of (8)-2-(4-(2-Chlor-3-methyl-butyryloxy)-
phenyl)-5-(4fhexyloxypheny1)-pyrimidine (no. 1)
A. 2-(4-hydroxyphenyl )-5-(4-hexyloxy-phenyl)-pyrimidine
0.01 mol of 4-hydroxybenzamidine-hydrochloride and 0.01 mol
of 3-dimethylamino-2-(4-hexyloxyphenyl)-N,N-dimethyl propene
(2)-immoniumlperchlorate are heated in 100 ml of
triethylamine for 8 hours with reflux. After cooling, the \J
mixture is poured onto ice/concentrated H9804 (200 g:25 ml),
and the precipitate is sucked‘off and recrystalized several
" times from methanol.
Yield: 2.6 g (75% of theoretical value)
F: 155°C
B. (S)-2-(4-(2-Chlor-3-methyl-butyryloxy)-phenyl )-5-(4-
hexyloxyphenyl })-pyrimidine.
TO a solution cf 0.005 mcl 2-(4-hydroxyphenyl )-5-(4-.
hexyloxyphenyl )-pyrimidine, 0.6 ml triethylamine ard 50 ml
absolute toluene, 0.77 g/0.005 mol of (S)-2-Chloro-3-
methylbutyryl chloride are added. (The acidic chloride was
produced by the known method from the optically active

amino acids).

The mixture is allowed to stand for one day at room
temperature and is then heated for one hour at 80°C on ‘a
water bath. After filtering off the precipitate, the

solvent is distilled out and the residue is recrystallized



saturated [err] solution. After separation of the aqueous phase, dry- ing
i.s carried out with [err] the solvent is distilled off and the residue is
subjected to fractionated distillation. (R -(-)-3-chloro- butane acid ethyl
estgi ks obtalned in ayield of 65% [a(r] = [err]

(d) [err] [err] ([err] ; C= 4.7) C Production of

(R-(-)-3- chlorobutyryl chloride 0.07 nmol of (R)-(-)-3-chlorobutyric acid
et hyl ester ar§eFF6PéU§HWFSs@FFWb@tMQH¢1IOO m of concentrated hydrochloric

acid until a c r solution is tained and are then kept for 3 days at
37-[err] mrth Iﬁ&h?1§9ﬂﬁrﬁﬁ ﬁﬁ %&ﬁ‘eﬁ ithe; kbgorgtirad aeﬂuﬁ ‘th 100

wat er, fol- % sat ratlon mFﬁnd extraction three tinmes wth
100 n ether eac AfFé? Sof ERE BEGANIOUShadE WoN S er AP e

sol vent is remgp %n the rotary evaporator and the residue subjected to
fracti onated dIStIF ation in vacuum The yield of (R)-(-)-3-chloro- butane

i fo'S 03 FESERRRIGA ok, L0 mpakens) nlhe™lesd it
200g of fresh bakers' yeast are slurried with a 30°C. hot
solution of 300 g saccharose in 1.6 litre fresh’ water and
lightly stirred at 30°C. After one hour, 0.15 mol of
distilled acetoacetic ester are added with through stirring

U and the mixture is lightly stirred for 24 hours at 25-30°cC.

A 35°C hct solution of 200 g saccharose in 1 litre of water

is then added by portions and, after one hour of thorough

stirring, 0.15 mol of acetoacetic ester are again added.

The mixture is stirred for 50 hours at 25-30°C. Sucking-off

over kieselguhr is then carried ovt and the residue is

washed twice with 100 ml water each time. The purified
aqueous phases are saturated with NaCl and extracted five

times with 500 ml ether each time. After separation and
drying of the organic phase over Na5804, the product is

concentrated on the rotary evaporator to 50-80 ml.

Fractionated distillation of the residue provides (S)-(+)-3-

hydroxy butane acid ethyl ester with a yield of 65-75% .of

theorectical value.

ee = 84% Kpy, = 73°C ( )D23 = +36.2°

(CHCI5 : C= 1.3)



and left to stand for 24 hours at roomtenperature with exclusion of

noi sture. The tenperature of the mxture is then kept for [err] hours -
13 - at [err] and the m xture is then subjected to fractionated .
distillation using an ice-cool ed vess b _Yield: 70-75% of theoretical val,gg
~[err] =T[err] (d) [err] = [err] ([errT; C=7.34) D. Esterification of -
‘(R -(-)-3-chlorobutyryl chloride with phenols and al cohols In a 50 ni

"Er | enioy Broducddrn it KR) <l 3reiorobutane peid ethyl gfteame rel evant al cohol

or phenol are placed in 15-30 m of THF. After cool- ing of the solution to
[err], 2.13 x [err] mol (R)-(-)-3-chlorobutyryl chlorjgqe,apnd 1.7 x Jerr]

mol py-Pdi PRl SfevatRTelres zgﬁige’s%ﬁ gAdGH (4P Qt?¥ﬂ‘_’9fg.° A<‘Stq€r("£ﬁ‘}'ryidﬁ§x£uas been
Carrleaitggg ;é¥& %EL;E gg£§¥;i%t100 ml benzene with stirring and exclusion

of moisture, 0.72 mol of SOCl2 are then added and stirred at room
temperature for 2 days. The reaction mixture is then treated with

saturated NaHCO, solution. After separation of the aqueous phase, dry-

3
ing is carried out with Naéso4, the solvent is distilled off and the

residue is subjected to fractionated distillation. (R)-(-)-3-chloro-

butane acid ethyl ester is obtained in a yield of 65%, \_)
o 25 . o
K16 = 68°C . (Ci) D 14.36
3
C. Production of (R)-(-)-3-chlorobutyryl chloride
0.07 mol of (R)-(-)-3-chlorobutyriz acid ethyl ester are thoroughly
stirred with 100 ml of concentrated hydrochloric acid until a clear
solution is obtained and are then kept for 3 days at 37-40°C with
light stirring. Dilution is then carried out with 100 ml water, fol- - &

lowed by saturation with NaCl and extraction three times with 100 ml
ether each time. After drying of the organic phase with Na2804, the
solvent is removed on the fotary evaporator and the residue subjected

to fractionated distillation in vacuum. The yield of (R)-{-)-3-chloro-

butane acid is 70-75% of theoretical value,
' 0
Kpyg = 125°C

0.06 mol of SOCl2 are added to 0.04 mol (R)=~(~)=3-chloro-butane acid
and left to stand for 24 hours at room temperature with exclusion of

moisture. The temperature of the mixture is then kept for 1} hours



[err], the reaction m xture is left to stand for 2 days at [err]. The

m xture is then added to 300 m of ice-cold 5% hydrochloric acid. If the
ester, precipitates out, suction-off is carried out and recrys- tallization
is cderied out from methanol, hexane or benzene. If the ester does not
crystallize in the 5% hydrochl oric aci d-s®Buti on, extraction with ether is
carried out three tines, followed by drying with [err] and subsequent
di'stillation. olhe yield of the correspon- ding esters is 30-70% of the

t heor et caf 423¢ (and the mixture SAtMB: subjectest rto- Srantions tet vsstdllatdohi qui d
derivatives of chi.ral acyclic hal ogen carboxylic acids of the general

fornmul a [¥54RE Shdcermogladr yessel.err |

Yield: 70-75% of theoretical value Kp,g = 45°C

(CHC1.; C = 7.34)

D, Esterification of (R)-(-)-3-chlorobutyryl chloride with phenols and

alcohols

In a 50 ml Erlenmeyer flask with CaC12 tube, 1.7 x 10"'3 mol of the
relevant alcohol or phenol are placed in 15-30 ml of THF. After cool-
ing of the solution to -30°C, 2.13 x 1073 mo1 (R)=(~)-3-chlorobutyryl
chloride and 1.7 x 10"3 mol pyridine are added in succession with
stirring., After stirring has been carried out for 10 minutes at
-30°C, the reaction mixture is left to stand for 2 days at -20°C.

The mixture is then added to 300 ml of ice-cold 5% hydrochloric acid.

' If the ester precipitates out, suction-off is carried out and recrys-
J :
tallization is carried out from methanol, hexane or benzene.

If the ester does not crystallize in the 5% hydrochloric acid solution,
extraction with ether is carried out three times, followed by drying
with Na SO4 and subsequent distillation, The yield of the correspon-

ding esters is 30-70% of the theoretical value.



HEER—erTT = [ERR] [ERR] [err] =3 - 12, K=1- 12 [ERR]

Br, with the limtation ‘that if [err] is a
” jﬁﬂgﬂ ‘ ﬁq ' [err] nmust be [err]. 2. Ferro crystalline-liquid .
sCOMpPrising a mxture of two or nore conpounds according to ..

claim1. 3. Ferro-electric crystalhgne liquid derivatives conprising a
m xture of one or nore conpounds accordiing to claim 1l together with one or
‘E?re known ferro-electric crystal line-liquid derlvatlves 4.
erro-electric crystalline-liquid derivatives
CLAIMS:

1. Ferro-electric crystaliine-liquid derivatives of

chiral acyclic halogen carboxylic acids of the general

formula :
y _ 2 | |
Rl - cH - coo @-R’ I
| .
X
. 1 - : i
wherein R* = %Hz‘+1-, (CHJ)zc}{"', CIHSQCH(CHJ)-'
( CH;),CH-CH, W,
2 - .
R = CgHyy~» CfHyO-» CyHyyyyS—, CyHy,CO-
Cytipgy COO-, CyHyy, 00C—,  Cbiyg, NH-~
e=3-12, K=1- 12

N x N
= —<0)—, —(u)—

vwherein X denotes Cl, Br,

~@-

with the limitation that if — is a pyrimidal ring, R!
*
must be CpHi-CH(CHj)-.

2. Ferro crystalline-liquid derivatives comprising
a mixture of two or more compounds according to claim 1.

3. Ferro-electric crysta111ne-11qpid  derivatives
comprising a mixture of one or more compounds according to
claim 1 together with one or more Kknown ferro—electric
crystalline-liquid derivatives.

4, Ferro-electric crystailine-liguid derivatives



-15: substantially as herein described in Table 1 or TabI€7I7§iiﬂ§__ﬂ7ﬂﬂ?————
ina nxture of two or more of them or in a mxture of one”"’"mm
wit'h a known ferro-electric crystalline liquid derivative ’ ' ”ﬂ

4 - 15 -

Ly

substantially as hérein described 1n Tabie 1 or Table 4
above, alone, in a mixture of two or more of them, or in a
mixture of one or more of them with a known ferro-electric

crystalline liquid derivative.




