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Isothiocyanatoethynylbenzene Derivatives

The present invention relates to isothiocyanatoethynylbenzene derivatives, to liquid
crystal media comprising said isothiocyanatoethynylbenzene derivatives, and to high-

5 frequency components comprising these media, especially microwave components for
high-frequency devices, such as devices for shifting the phase of microwaves, tunable
filters, tunable metamaterial structures, and electronic beam steering antennas (e.g.,
phased array antennas), and to devices comprising said components. The invention
further relates to an optical component comprising said liquid-crystalline media,

10 operable in the infrared region of the electromagnetic spectrum. The invention further

relates to the use of said LC medium in the infrared (IR) region and to devices

comprising said optical component.

15 Liquid-crystalline media have been used for many years in electro-optical displays
(liquid crystal displays: LCDs) in order to display information. More recently, however,
liquid-crystalline media have also been proposed for use in components for microwave
technology, such as, for example, in DE 10 2004 029 429 A and in JP 2005-

120208 (A).

20
A. Gaebler, F. Goelden, S. Miller, A. Penirschke and R. Jakoby “Direct Simulation of
Material Permittivites using an Eigen-Susceptibility Formulation of the Vector
Variational Approach”, 12MTC 2009 — International Instrumentation and Measurement
Technology Conference, Singapore, 2009 (IEEE), pp. 463-467, describe the

25 corresponding properties of the known liquid-crystal mixture E7 (Merck KGaA,

Germany).

DE 10 2004 029 429 A describes the use of liquid-crystal media in microwave
technology, inter alia in phase shifters. Therein, liquid-crystalline media with respect to
30 their properties in the corresponding frequency range have been discussed and liquid-
crystalline media based on mixtures of mostly aromatic nitriles and isothiocyanates
have been shown. In EP 2 982 730 A1, mixtures are described that completely consist
of isothiocyanate compounds.
35
Development in the area of liquid-crystalline materials for the use in microwave

applications is far from complete. In order to improve the properties of microwave
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devices, attempts are constantly being made to develop novel compounds which
enable such devices to be optimised. For use in high-frequency technology, liquid-
crystalline media having particular, hitherto rather unusual, uncommon properties, or

combinations of properties, are required.

Novel compounds with improved properties for use in liquid-crystalline media are thus
necessary. In particular, the loss in the microwave range must be reduced or the

tunability (t) enhanced to improve the material quality ().

In addition, there is a demand for an improvement in the low-temperature behaviour of
the components. An improvement in both the operating properties and also in the shelf

life is desirable.

An object of the present invention is thus to provide compounds having advantageous
properties for use in liquid-crystalline media for the use in components for microwave
applications. Another object of the present invention is to provide a liquid crystalline
medium with improved properties relevant for the application in the microwave range of

the electromagnetic spectrum.

The object of the invention is achieved by the compound of the formula |

AL
R1z11 @ 724 N—=—Ncs

V2:u2

n

in which
R'  denotes H, straight chain or branched alkyl having 1 to 12 C atoms or alkenyl

having 2 to 12 C atoms, in which one or more CHx-groups may be replaced by

AN N o

\—/ , \=/ or @ , where one or more non-adjacent

CHz-groups may be replaced by O and/or S, and where one or more H atoms

may be replaced by F; or denotes a group RP,
RP  denotes halogen, CN, NCS, RF, RF-O- or RF-S-, wherein

RF denotes fluorinated alkyl or fluorinated alkenyl having up to 9 C atoms,
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Z" Z'? identically or differently, denote -CH=CH-, -CF=CF-, -CH=CF-,
-CF=CH-, -C=C- or a single bond,
U', U2 V' and V2identically or differently, denote -N= or -CR%=,
R® denotes H, ClI, F, CF3, CHF2, or alkyl or alkoxy each having 1 to 6 C atoms,

. and . denote a radical selected from the following groups:

a) the group consisting of 1,4-phenylene, 1,4-naphthylene, 2,6-naphthylene,
tetralin-5,8-diyl, and tetralin- 2,6-diyl, in which one or two CH groups may be
replaced by N and in which one or more H atoms may be replaced by R,

b)  the group consisting of trans-1,4-cyclohexylene, 1,4-cyclohexenylene,
bicyclo[1.1.1]pentane-1,3-diyl, 4,4’ -bicyclohexylene, bicyclo[2.2.2]octane-1,4-
diyl, and spiro[3.3]heptane-2,6-diyl, in which one or more non-adjacent CH»
groups may be replaced by -O- and/or -S- and in which one or more H atoms
may be replaced by F or alkyl having 1 to 6 C atoms,

c) the group consisting of thiophene-2,5-diyl, thieno[3,2-b]thiophene-2,5-diyl,
selenophene-2,5-diyl, each of which may also be mono- or polysubstituted by
R:

Rt on each occurrence, identically or differently, denotes F, Cl, CN, SCN, SFs or
straight-chain or branched, in each case optionally fluorinated, alkyl, alkoxy,
alkylcarbonyl, alkoxycarbonyl, alkylcarbonyloxy or alkoxycarbonyloxy having 1
to 12 C atoms, and

n is 0,1 or 2.
The invention further relates to a compound of formula N

V1_u1
R1z11z12+</ »—=—NH, N
V2:u2

n

In which the occurring groups have the meanings given above for formula I,

and to a process for the production of the compound of formula | from formula N.

Preferred embodiments of the present invention are subject matter of the dependent

claims or can also be taken from the description.

Surprisingly, the compounds of formula | are distinguished by a favourably high

tunability and enable liquid-crystalline media having excellent stability and at the same
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time a high dielectric anisotropy, suitably fast switching times, a suitable, nematic
phase range, high tunability and low dielectric loss in the microwave range of the

electromagnetic spectrum.

5 In particular, media comprising a compound according to the invention are

distinguished by an improved figure-of-merit n due to a higher tunability <.

The media according to the present invention are distinguished by a high clearing
temperature, a broad nematic phase range and excellent low-temperature stability
10 (LTS). As a result, devices containing the media are operable under extreme

temperature conditions.

The media are further distinguished by high values of the dielectric anisotropy and low

15 rotational viscosities. As a result, the threshold voltage, i.e., the minimum voltage at
which a device is switchable, is very low. A low operating voltage and low threshold
voltage is desired in order to enable a device having improved switching characteristics
and high energy efficiency. Low rotational viscosities enable fast switching of the
devices according to the invention.

20
These properties as a whole make the media comprising the compound of formula |
particularly suitable for use in components and devices for high-frequency technology
and applications in the microwave range, in particular devices for shifting the phase of
microwaves, tunable filters, tunable metamaterial structures, and electronic beam

25 steering antennas (e.g., phased array antennas).

According to another aspect of the present invention there is thus provided a
component and a device comprising said component, both operable in the microwave
region of the electromagnetic spectrum. Preferred components are phase shifters,

30 varactors, wireless and radio wave antenna arrays, matching circuits and adaptive

filters.

The medium according to the invention is likewise suitable for use in the visible or

35 infrared region of the electromagnetic spectrum.



P21230 AT

10

15

20

25

30

35

WO 2023/117724 PCT/EP2022/086256

The invention thus further relates to the use of the compound of formula | and the
medium comprising one or more compounds of formula | in the visible or infrared
region of the electromagnetic spectrum, preferably in the VIS, A-band, and/or B-band

and/or C-band, for phase modulation of said visible light or infrared light.

According to another aspect of the present invention there is provided an optical
component comprising the liquid crystal medium according to the invention sandwiched

between a pair of substrates.

The invention further relates to a device comprising the optical component according to
the invention. Preferred devices are infrared imagers, wavelength selective switches,
LCoS-SLM, LIDAR systems, wavelength-division multiplexing (WDM) systems,
reconfigurable optical add-drop multiplexer (ROADM), and nonmechanical beam
steering, e.g., steerable Electro Evanescent Optical Refraction (SEEOR) prism as
published in the article P. McManamon, 2006, "Agile Nonmechanical Beam Steering,"
Opt. Photon. News 17(3): 24-29.

According to another aspect of the present invention there is provided a method of
spatially modulating visible or infrared light, the method comprising,

i) providing an optical component comprising first and second substrates facing each
other and each having a surface, the first substrate comprising at least one first
electrode, the second substrate comprising at least one second electrode, the
component further comprising a liquid crystal layer sandwiched between the first and
second substrates wherein the liquid crystal comprises one or more compounds of the
formula | above;

i) receiving incident infrared light at a surface of said optical component;

iii) applying a predetermined voltage to each of the individual electrodes formed on the

first substrate in order to modulate a refractive index of the liquid crystal layer.

According to another aspect of the present invention there is provided a method of
manufacturing an optical phase modulator, comprising at least the steps of

a) providing a first substrate with a first electrode, optionally having a two-dimensional
array of individually electrically drivable cells;

b) depositing a liquid crystal medium as set forth in claim 1 over the first substrate;

and
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¢) mounting a second substrate with a second electrode onto the liquid crystal

material.

The optical component according to the invention is distinguished by excellent
operational stability when exposed to the environment because of high clearing
temperature, broad nematic phase range and excellent low-temperature stability (LTS)
of the liquid crystal medium used therein. As a result, the component and devices

containing the component are operable under extreme temperature conditions.

Herein, “high-frequency technology” means applications of electromagnetic radiation
having frequencies in the range of from 1 MHz to 1 THz, preferably from 1 GHz to

500 GHz, more preferably 2 GHz to 300 GHz, particularly preferably from about 5 GHz
to 150 GHz.

As used herein, infrared region of the electromagnetic spectrum is taken to mean the
spectral region of electromagnetic radiation having a wavelength in the range of from
0.75 pm to 1000 um.

As used herein, visible light (VIS) is taken to mean the spectral region of

electromagnetic radiation having a wavelength in the range of from 380 nm to 750 nm.

As used herein, infrared A (IR-A) is taken to mean the spectral region of

electromagnetic radiation having a wavelength in the range of from 0.75 um to 1.4 um.

As used herein, infrared B (IR-B) is taken to mean the spectral region of

electromagnetic radiation having a wavelength in the range of from 1.4 um to 3 um.

As used herein, infrared C (IR-C) is taken to mean the spectral region of

electromagnetic radiation having a wavelength in the range of from 3 um to 1000 um.

Preferably, the optical component according to the invention operates at a wavelength

in the range of from 750 nm to 2500 nm, in particular from 1530 nm to 1565 nm.
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A very preferred light source for applications according to the invention is an IR laser
emitting light with a wavelength of 1,55 um or an IR laser emitting light with a

wavelength of 905 nm.

5 As used herein, halogen is F, ClI, Br, or |, preferably F or Cl, particularly preferably F.

Herein, alkyl is straight-chain or branched or cyclic and has 1 to 15 C atoms, is
preferably straight-chain and has, unless indicated otherwise, 1,2,3,4,5,6 0or7C
atoms and is accordingly preferably methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl or

10 n-heptyl.

Herein, branched alkyl is preferably isopropyl, s-butyl, isobutyl, isopentyl, 2-
methylbutyl, 2-methylhexyl or 2-ethylhexyl.

15
As used herein, cyclic alkyl is taken to mean straight-chain or branched alkyl or alkenyl
having up to 12 C atoms, preferably alkyl having 1 to 7 C atoms, in which a group CH>
is replaced with a carbocyclic ring having 3 to 5 C atoms, very preferably selected from
the group consisting of cyclopropylalkyl, cyclobutylalkyl, cyclopentylalkyl and

20 cyclopentenylalkyl.

Herein, an alkoxy radical is straight-chain or branched and contains 1 to 15 C atoms. It
is preferably straight-chain and has, unless indicated otherwise, 1,2, 3,4,5,60r7C
atoms and is accordingly preferably methoxy, ethoxy, n-propoxy, n-butoxy, n-pentoxy,

25 n-hexoxy or n-heptoxy.

Herein, an alkenyl radical is preferably an alkenyl radical having 2 to 15 C atoms, which
is straight-chain or branched and contains at least one C-C double bond. It is
preferably straight-chain and has 2 to 7 C atoms. Accordingly, it is preferably vinyl,

30 prop-1- or -2-enyl, but-1-, -2- or -3-enyl, pent-1-, -2-, -3- or -4-enyl, hex-1-, -2-, -3-, -4-
or -5-enyl, hept-1-, -2-, -3-, -4-, -5- or -6-enyl. If the two C atoms of the C-C double
bond are substituted, the alkenyl radical can be in the form of E and/or Z isomer
(trans/cis). In general, the respective E isomers are preferred. Of the alkenyl radicals,

35 prop-2-enyl, but-2- and -3-enyl, and pent-3- and -4-enyl are particularly preferred.
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Herein, alkynyl is taken to mean an alkynyl radical having 2 to 15 C atoms, which is
straight-chain or branched and contains at least one C-C triple bond. 1- and 2-propynyl

and 1-, 2- and 3-butynyl are preferred.

5 In case RF denotes a halogenated alkyl-, alkoxy-, alkenyl or alkenyloxy it can be
branched or unbranched. Preferably it is unbranched, mono- poly or perfluorinated,
preferably perfluorinated and has 1, 2, 3, 4, 5, 6 or 7 C atoms, in case of alkenyl 2, 3, 4,
5,6 0or7 C atoms.

10 RP preferably denotes CN, NCS, Cl, F, -(CHz)a-CH=CFa, -(CHz)r-CH=CHF, ~(CHz)r-

CH=Cly, -CnF2n+1, -(CF2)n-CF2H, -(CH2)n-CF3, -(CH2)a-CHF2, -(CH2) CH2F, -CH=CF_, -

O(CHz)s-CH=CF32, -O(CH2),CHCl>, -OCF2n+1, -O(CF2)a-CF2H, -O(CH2),CF3, -O(CH>)x-

CHF3, -O(CF),CHzF, -OCF=CF, -SC\F2n+1, -S(CF)n,-CF3, wherein n is an integer from 0

15 to7.

A structurally related compound with a trifluorovinyl substituent is shown in

CN105294526 A for use as a co-component in a medium for a display device.

20 The compounds of the general formula | are prepared by methods known per se, as
described in the literature (for example in the standard works, such as Houben-Weyl,
Methoden der organischen Chemie [Methods of Organic Chemistry], Georg-Thieme-
Verlag, Stuttgart), to be precise under reaction conditions which are known and are
suitable for said reactions. Use can be made here of variants which are known per se

25 but are not mentioned here in greater detail.

If desired, the starting materials can also be formed in situ by not isolating them from
the reaction mixture, but instead by immediately reacting them further into the
compounds of the general formula I.

30 A preferred synthetic pathway towards compounds of formula | is shown in scheme 1.
The terminal arylalkynes (1) are obtained by standard processes as described for
example in the article: Marta Pytlarczyk & Przemystaw Kula (2019) Synthesis and
mesomorphic properties of 4,4”-dialkynyl-2’,3’-difluoro-p-terphenyls — the influence of
C=C acetylene linking bridge, Liquid Crystals, 46:4, 618-628, DOI:
10.1080/02678292.2018.1515376.

35
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In accordance with a process described M.S. Shvartsberg at al., |zvestiya Akademii
Nauk SSSR, Seriya Khimicheskaya (1976), (10), 2292-5, the acetylenes 1 can be
transferred into chlorides 2 by deprotonation and chlorination with N-chlorosuccinimide
(NCS), which can be reacted with sodium amide to give the amines of formula N, from
5 which the compounds of formula | are obtainable using known reagents. Preferred
reagents for the process according to the invention for the transformation of
compounds of the formula N into compounds of the formula | are carbon disulfide,
thiophosgene, thiocarbonyl diimidazole, di-2-pyridyl thionocarbonate,
bis(dimethylthiocarbamoyl) disulfide, dimethylthiocarbamoyl chloride and phenyl

10 chlorothionoformate, very preferably thiophosgene.
Scheme 1:
V1_u1
R1Z11 @ 724 N = 1
nv2:u2
15
1. BuLi
2.NCS
vi-uy!
@@ —
20 n VEU?
j NaNH,
V1_u1
s @@l .
V2:u2
n
J CSCl,

V1_u1

30 R . Z"“ 712 ‘_</ Y= Ncs |
V2:u2
n

In a preferred embodiment, in the compounds of the formula | and its sub-formulae

35 R'  denotes H, non-fluorinated alkyl having 1 to 12 C atoms, or non-fluorinated
alkenyl having 2 to 12 C atoms, in which one or more CHz-groups may be
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replaced by /A\ : , : : ; : : : ,
: ,or S , where one or more non-adjacent CHz-groups may

be replaced by O, very preferably alkyl having 1 to 7 C atoms,

. . V2 U2 , on each occurrence, independently of one

another,

UK HK

denote RY
RL F F% F Rk F F% F
RLg |= RY R F R o F F

in which Rt, on each occurrence, identically or differently, denotes H, Cl or

10

1

()]

alkyl having 1 to 6 C atoms, preferably H, Cl, methyl or ethyl, very preferably

20
H, Cl or methyl and in particular H,

or denote ('-)r or (L)r ,

F
F = Q
very preferably C : S : : : F o,
F F
30 i > g 5
F or F ,

L denotes F or alkyl having 1 to 6 C atoms, and
r is0, 1, 2, 3,4,5 o0r6, preferably 0 or 1,

35 and wherein

25
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-0
47

preferably , and

, in which R denotes H or methyl, preferably H;

n is 0, 1 or 2, preferably 0 or 1.

Preferably, the compounds of the formula | are selected from the compounds of the

formulae la, Ib, Ic and Id:

V1_u1 la
R1 Y—=—Ncs
V2:u2
vi-y! b
R1z"—</ S—=—ncs
VZ U2

'—211—.7212 \>—Ncs
V2

in which the occurring groups and parameters have the meanings defined above.
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The compounds of the formula la are preferably selected from the compounds of the

following sub-formulae:

V1_u1
R1—<:>—</ Y—="NcCS la-1
V2:u2

5
L1 la-2
V1_u1
R’ 7 M»—=—Ncs
V2:u2
10 in which the occurring groups have the meanings given above for formula | and L'

independently denote H, F, Cl, methyl, or ethyl, preferably H.

Preferred compounds of the formula la-2 are selected from the group consisting of the

formulae la-2-1 to 1a-2-7

15
la-2-1
F
. _ la-2-2
F
A=
25 F
F
A e
30 F
F
)=
35 F
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-

in which R' has the meaning indicated above for formula | and preferably denotes non-
fluorinated alkyl having 1 to 7 C atoms or non-fluorinated alkenyl having2 to 7 C

10 atoms.

The compounds of the formula Ib are preferably selected from the compounds of the

formulae Ib-1 to |b-3;

V1_u1
15 R1 VY= Ncs Ib-1
V2:u2

V1_u1
7 H—=—Ncs ]
(-
R1 V2:u2
20
R Vv-U!
7 H»—=—NcSs Ib-3
R1 @ / V2:u2
F
25 in which the occurring groups have the meanings given above and

preferably R" denotes non-fluorinated alkyl or alkoxy having 1 to 7 C atoms or non-

fluorinated alkenyl having 2 to 7 C atoms.

The compounds of formula Ib-1 are preferably selected from the group of the

30 compounds of the formulae Ib-1-1 to |b-1-8:

F
R1NCS Ib-1-1

35
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Ib-1-2
5
F F
10
NCS Ib-1-4
15
NCS Ib-1-5
20
NCS Ib-1-6
25 Ib-1-7
NCS o
30
Ib-1-8
in which
35 R’ has the meaning indicated above for formula | and preferably denotes CnH2n+1

or CH,=CH-(CH>)z,
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Rt denotes straight chain alkyl having 1 to 6 C atoms or branched alkyl having 3
to 6 C atoms, preferably methyl, ethyl or isopropyl, very preferably ethyl,

n denotes an integer in the range from 1 to 7, preferably in the range from 2 to 6
and particularly preferably 3 to 5, and

z denotes 0, 1, 2, 3 or 4, preferably 2.

The compounds of formula Ib-2 are preferably selected from the group of the

compounds of the formulae |b-2-1 to |b-2-5

R! O / Q = N Ib-2-1

;

NCS Ib-2-2
NCS Ib-2-3
NCS Ib-2-4

Ib-2-5

NCS

in which

R'  has the meaning indicated above and preferably denotes CnHzn+1 or CH=CH-
(CHz)z,

n is an integer in the range from 1 to 7, preferably in the range from 2 to 6 and
particularly preferably 3 to 5, and

z is0, 1, 2, 3 or4, preferably 0 or 2.
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The compounds of formula Ib-3 are preferably selected from the group of the

compounds of the of formulae Ib-3-1 to Ib-3-5:

F
» Q / O = NCS lb-3-1
F

;

F
F
O
&
F
F
— Ib-3-3

NCS

:

A

F

F
F
__ Ib-3-4
OL L
F F

:

F
F R
VaVale s
)
F F

in which

R has the meaning indicated above and preferably denotes C,Hzq+1 or CH>=CH-
(CHz)z,

n denotes an integer in the range from 1 to 7, preferably in the range from 2 to 6

and particularly preferably 3 to 5, and
z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

The compounds or the formula Ic are preferably selected from the compounds of the

formulae Ic-1 to Ic-4:

vi-yt lc-1
DL e
V2:u2
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L1

vi-U! :
V2:u2
vi-y!

OH@H S =
2V2:u2

10 L

vy lc-4
A R —
) V2:u2

In which the occurring groups have the meanings defined above.

15
Preferred compounds of the formula Ic-3 are selected from the group consisting of the
formulae Ic-1-1 to Ic-1-6:
F
20
F
F
25
F F
30

F F
F

35
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F
O ors
F

F
OO -
F

in which R' has the meaning indicated above for formula | and preferably denotes non-
fluorinated alkyl having 1 to 7 C atoms or non-fluorinated alkenyl having2 to 7 C

atoms.

Preferred compounds of the formula Ic-2 are selected from the group consisting of the

formulae Ic-2-1 to Ic-2-7

SeSasase S
- s

OOy -

F F
Sagacacss .
F
F F
Sasatas .
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F
A =
F

5
F
O-OA=es 7
F
in which R' has the meaning indicated above for formula | and preferably denotes non-
10
fluorinated alkyl having 1 to 7 C atoms or non-fluorinated alkenyl having2 to 7 C
atoms.
Preferred compounds of the formula Ic-3 are selected from the group consisting of the
15 formulae lc-3-1 to Ic-3-5:
F F
OO O=es .
20

F F
OO -
F

o5 F F F
A IAIAIA S =ves
F F F
R )AL=
F

in which R' has the meaning indicated above for formula | and preferably denotes non-

3

o

fluorinated alkyl having 1 to 7 C atoms or non-fluorinated alkenyl having2 to 7 C

atoms.
35
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Preferred compounds of the formula Ic-4 are selected from the group consisting of the

formulae Ic-4-1 to Ic-4-5

F F
AADAA s -
5
F F
AADASA = -
F

10
F F F
A A A=
15
F F F
W AADAD = s
F
20
R F
AADAD A=
in which R' has the meaning indicated above for formula | and preferably denotes non-
o5 fluorinated alkyl having 1 to 7 C atoms or non-fluorinated alkenyl having2 to 7 C
atoms.
The compounds of formula |d are preferably selected from the group of the compounds
of the formulae 1d-1 to Id-6
30 vi-y!
R' @ AZy——=— “H—==—nNcs Id-1

V2:u2

V1_u1
A=A = .
35 V22
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vi-y!
D =D ==
V2:u2
V1_u1
5 R1Z12_</ V= ncs ld-4
V2:u2
vi-y!
V2:u2

10
vi-y!
R1—.- Z11Z12_</ Y—=—Ncs Id-6
V2:u2
in which
15 Z'"and Z'?  independently of one another denote trans-CH=CH- or trans-CF=CF-,
preferably trans-CH=CH-, and in formula 1d-6 alternatively one of Z'" and Z'2 may
denote -C=C- and the other groups have the meaning given above under
formula I,
and preferably
20 R'  denotes non-fluorinated alkyl or alkoxy having 1 to 7 C atoms or non-fluorinated
alkenyl having 2 to 7 C atoms
The compounds of formula Id-1 are preferably selected from the group of the
o5 compounds of the formulae 1d-1-1 to 1d-1-19:
F
/ < ld-1-1
R1 / \ — / \ — —NCS
— \—/
30 <F
F
R F
35 > <
ld-1-3
R1 / \ — / \ ——NCS
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F
R /' N — ( \/\ — NCS ld-1-4
5 F
F
R! 7Ny = ’\\/ N—=—ncs 1d-1-5
F
10
F F
R /7 N\ _— [ \/\ — NCS d-1-6
F
15
F
R 7 N\ _— >/ N — nes 1d-1-7
F
20
F
1 72 —/ \,\ — d-1-8
R ==X )—=Ncs
25 E
R1 / \ — // \\ ——NCS ld-1-9
F
30 E
R /7 N = \/\ — NCS 1d-1-10

I
)

(@)

M

35
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10 R1 / \ — / \ — NCS
F
F
15 R1 /_\ — </ _\} =——NCS
F
F
20 R! /_\ = </_\> =—NCS
F
F
o5 R1 / \ — // \\ — —NCS
F
F
R! = ;_‘ =——NCS
30 \ 7/ \/\ /
F
F
R! = ;_\ =

=\ / — NCS
%
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[d-1-19

has the meaning indicated above and preferably denotes C,Hzq+1 or CH>=CH-

is an integer in the range from 1 to 7, preferably in the range from 2 to 6 and

WO 2023/117724
-24 -
F F:
R? \_/ — \\_// ——NCS
F
in which
R1
(CH2)z,
n
particularly preferably 3 to 5, and
z is 0, 1, 2, 3 or 4, preferably 2.

The compounds of formula |d-2 are preferably selected from the group consisting of the
formulae 1d-2-1 to 1d-2-19:

F

ld-2-1

ld-2-2

ld-2-3

ld-2-4

ld-2-5
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NCS ld-2-14
NCS [d-2-15
NCS ld-2-16
NCS ld-2-17
NCS ld-2-18

[d-2-19

NCS

in which

R3

has the meaning indicated above and preferably denotes CnHzn+1 OF
CH2=CH-(CH2)2,

denotes an integer in the range from 1 to 7, preferably in the range from 2 to 6

and particularly preferably 3 to 5, and
denotes 0, 1, 2, 3 or 4, preferably 0 or 2.
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The compounds of formula |d-5 are preferably selected from the compounds of formula
|d-5-1 and |d-5-2:

NCS ld-5-1

F
F
Id-5-2
. A=
o8
F F

R'  has the meaning indicated above for formula l1I-5 and preferably denotes CnHzn+1,

in which

n is an integer in the range from 1 to 7, preferably in the range from 2 to 6.
15

In another preferred embodiment, the compounds of the formula | are selected from the

compounds of the formula le,

AL
R1Z11Z121—</ Y—=—nNcs e

20 n VU2

in which

RS! s
7\

one of the ring elements A'" and A2 denotes S RS2

25 RS and RS2 identically or differently, denote H or alkyl having 1 to 6 C atoms,
preferably H,

and the other occurring groups and parameters have the meanings defined above for

formula I.
30

Preferably, the compounds of formula le are selected from the group of compounds of

the formulae le-1 to le-24:

RS1 LS
R | S} =—NCS o1

35 S

RSZ LSZ
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RS1 LS1
S /_< le-23
R! :/I/\:/\:NCS
S \_<
RSZ LSZ
5
RS LS1
S /_< le-24
R! :/I/\:/\:NCS
S \_<
RSZ LSZ
10
in which the occurring groups have the meanings given above for formula le and LS’
and LS? independently denote H, F, Cl or CHs, and preferably
R’ denotes alkyl or alkenyl having 2 to 6 C atoms, in which one or more
15 CHz-groups may be replaced by A O , S or
RS and RS2 identically or differently, denote H or alkyl having 1 to 6 C atoms,
20 preferably H,
RS3 denotes H, F or alkyl, having up to 6 C atoms, or cyclopropyl, preferably
H, F or ethyl, very preferably H,
LS"and LS?  identically or differently, denote H or F, preferably F.
25 In another preferred embodiment, the compounds of the formula | are selected from the
compounds of the formula If,
V1_u1
R1Z11Z121_</ Y—=—ncs If
V2:u2
n
30 in which
U', U2 V' and V2 denote-CR?=, in which R® denotes Cl or F, preferably F and the
remaining groups and parameter have the meanings defined for formula |.
The compounds of formula If are preferably selected from the compounds of the
35 formulae If-1 to If-11:
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_32_
L'x¢ x?
o Y y-=ves
X3 X2
5
1f-2
10
L'xt x!
If-3
Oy =
X3 X2
15
L'xt xt
Q If-4
oGy
x3 X2
20
L'xt x!
Q If-5
o P =
0
x3 X2
25
L2 L'xt x!
If-6
W= s
X3 X2
30
L x¢ x
R1 / \ — // \\ ——NCS If_7
X3 X2
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NGS If-8
L2 L x4 X

R1 / \ — // \\ ——NCS 19
x3 X2

If-10

[f-11

in which

L', L2 and L® identically or differently, denote H, F, Cl, methyl, ethyl, n-propyl,
isopropyl, cyclopropyl, cyclobutyl, cyclopentyl or cyclopentenyl,

R’ has the meanings given above for formula |, and X', X2, X3 and X*

denote F or Cl, preferably F.

Very preferably, the compounds of formula If are selected from the compound of
formula If-3, in which the occurring groups have the meanings given above and
particularly preferably L' denotes H, X', X2, X3 and X* denote F and R'? denotes alkyl

having 1 to 7 C atoms.

In another preferred embodiment, the compounds of formula | are selected from the

compounds of formula Ig

R Y
vi-y! |
DL e
s J V2:u2
RE t
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in which the occurring groups have the meanings defined above for formula I,
Z" independently has the meanings of Z'",
Y® and Y*, identically or differently, denote H, F, Cl, or straight chain or branched or

cyclic alkyl, alkenyl, alkoxy or alkenyloxy, each having up to 12 C atoms, preferably H,

5 S is 0, 1 or 2, preferably O or 1,
t is 0, 1 or 2, preferably 0 or 1, and
s+t is 0, 1 or 2, preferably 0 or 1.
10 The compounds of formula Ig are preferably selected from the compounds of the

formulae Ig-1 to 1g-20:
R ¥y x

Ig-1
JoRasm- g

15 FoYy2 Xx?

Ig-2
20

R ¥y x

O = ves .
25 F oYy X2
R ¥y x

Q :

o H g S=ves o

30 F oYy X2

R Yy x

0] Ig-5
Tososa =" g
(0]

35 F o Ylyz X2
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Y4 Y1 1
Y3 Y2 X2
5
R Y Y! X
= — lg-7
R \ ) ¢ y—=—ncs ?
F Y Y2 X2
10
NCS e
15
R Y Yy X
— > < Ig-9
F oY Y2 X2
20
Ig-10
25
R Y L1 Y! X
R13 / \ — // \\ — —NCS Ig-11
F Y Y2 X2
30

Ig-12
NCS 9

35
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lg-13
5
R Y X
=N lg-14
R13 \ /> — /—\ — —NCS
N
F Y2 X2
10
R Y y! X
N = H )
_ \ / \1_(
N
F oy Y2 X2
15
lg-16
20
R Y4 VA 4
N Ig-17
S == |
F Y Y2 X2
25
R Y4 L Yyt xt
N
=N
F Y Y2 X2
30
lg-19

35
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R13 — 1g-20,
F Y
5
in which the occurring groups have the meanings indicated above for formula Ig and
preferably R' denotes alkyl having 1 to 7 C atoms, Y, Y2, Y3, and Y*, identically or
differently, denote H, F, Cl, methyl, ethyl, n-propyl, isopropyl, cyclopropyl, cyclobutyl,
cyclopentyl or cyclopentenyl, and more preferably Y' and Y2 independently denote H or
10 F, in particular H, and Y* and Y* very preferably denote H, and L' and L?, identically or
differently, very preferably denote H, F, methyl or ethyl, in particular H.
Preferred compounds of formula | in which the radical R' denotes R” are selected from
15 the group of compounds of the formulae T-1a to T-4b:
20

T-2a
CnFan+10 @ = @ =—NCS

/ N\ T-2b
25 CnFan+1 @ AT —— ATS ———NCS

T-3a
CnF2n+10 @ =——NCS
VAN

L T-3b
CuFanet @ = NCS

/ 2\ T-4a
an2n+1o—@ = AT )————< ATS >—=——NCS

&)
30 @

35
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_ o _ T-4b
CiFant1 == — ——NCS
in which

. , . and . , identically or differently, have the

meanings given above for ring element A'?, and

n is1,2, 3,4,5,6o0r7, preferably 1, 2, 3 or 4, particularly preferably 1.

In a particularly preferred embodiment of the present invention the media comprise one

or more compounds selected from the compounds of the formulae T-1a and T-2a.

Preferred compounds of formula T-1a are selected from the group of compounds of the

following sub-formulae:

F
F
F F
F F
F
e O mres T
F



P21230 AT
WO 2023/117724 PCT/EP2022/086256
-39 -

:

F F
ctmod Y G s T
F

5
inwhich nis 1, 2, 3 or 4, preferably 1.
Preferred compounds of formula T-2a are selected from the group of compounds of the
following sub-formulae:
10 F
CoFans10 /_\ = </_\> = NCS T-2a-1
F
15 C.FonesO /7 N_— [ \,\ — NCS T-2a-2
F
F F
20 CoFans10 /' N = Y= ncs T-2a-3
F
F
25 CoF 20410 /' N= N = Ncs T-2a-4
F
F
30 CrFone10 7\ — J N\ =— NCS T-2a-5
F
F F
35 CaF2ns1O /' N = VY= ncs T-2a6
F
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inwhich nis 1, 2, 3 or 4, preferably 1.

Preferred compounds of formula T-3a are selected from the group of compounds of the

5 following sub-formulae:
F
10
CoFone1O NCS T-3a-2
15
CFans 1O NCS T-3a-3
20
CFone1O NCS T-3a-4
25
CFane1O NCS T-3a-5
30
T-32-6

CFans10 NCS

inwhich nis 1, 2, 3 or 4, preferably 1.
35
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Preferred compounds of formula | in which the radical R is a cyclic alkyl group are

selected from the compounds of the formulae Cy-1 to Cy-16

NCS

NCS

Cy-2

Cy-5

Cy-6

Cy-8
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Cy-12

Cy-13

Cy-14
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In a preferred embodiment, the compounds of formula | are selected from the
compounds of formula |h

5 X!
/ N
RN ey S
V2=
n 2
in which
R’ , ,Z"", Z'? and n have the meanings given above for
formula l,
V2  denotes N, C-F or C-Cl,
X"and X2, identically or differently, denote H, Cl, F, methyl or ethyl, and
n is 0, 1or2.
15

The compound of formula |h is preferably selected from the group consisting of the
formulae |h-1, Ih-2 and |h-3:

X1
N
20 R1Z11Z1ZM%NCS Ih-1
N=
n %2

NCS Ih-2
25
NCS Ih-3
30
in which R, . . , Z'?, X' X2and n, have the respective
meanings given above for formula | and its sub-formulae.
35 In a preferred embodiment, in formula |h and its sub-formulae the radicals X' and X2

both denote H.
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In a preferred embodiment, in formula |h and its sub-formulae the radical X' denotes H

and the radical X2 denotes F or ClI.

In a preferred embodiment, in formula |h and its sub-formulae the radical X' denotes F

or Cl and the radical X? denotes H.

In a preferred embodiment, in formula |h and its sub-formulae the radicals X' and X2

denote F or Cl, preferably both F.

The compounds of the formulae Ih-1, Ih-2 and |h-3 are preferably selected from the
group consisting of the formulae Ih-1-1 to Ih-1-10, Ih-2-1 to Ih-2-10 and 1h-3-1 to |h-3-

10:;
L X!
N
R1O_Q%NCS Ih-1-1
=
X2
L X!
N
R! — ‘?%NCS lh-1-2
N=
X2
L x!
N
=
X2
L L x!
N
]! Q O 7 N — nes Ih-1-4
=
XZ
L 1
N
__ N=
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X2
A
| _ /N — 7\ _
~ )= 14
L
Q N
R 7 N = \/ Y»—=—Ncs
— N:(Xz
L L X!
R ! N= )/:'} =—NCS

NCS

PCT/EP2022/086256

Ih-1-6

Ih-1-7

Ih-1-8

Ih-1-9

Ih-1-10

Ih-1-11

Ih-1-12

Ih-2-1
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Ih-2-2
5
NCS Ih-2-3
10
NCS Ih-2-4
15
— NCS Ih-2-5
Cl X2
L X1
N
20 R — /N — Nes Ih-2-6
cl X2
L )S_
— N
cl X2
L X!
0 N
Cl X2
L L X!
N
R /7 N\—= ¢ N_— \cs Ih-2-9
35 — —
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L x!
N
7 N — Nes
F X2
L X!
N
:/\ — NCS
F X
L x!
N
7 N — Nes
F X2

NCS

NCS
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Ih-2-10

Ih-2-11

Ih-2-12

Ih-3-1

Ih-3-2

Ih-3-3

Ih-3-4

Ih-3-5



P21230 AT

10

15

20

25

30

35

WO 2023/117724 PCT/EP2022/086256
-48 -

R — / — NCS Ih-3-6

L
R1{> — @ — TN — NCs Ih-3-7

F X
L X!
O N
F X
L L X!
N
R1 / \ — / A\N — NCS Ih-3-9
F X2

NCS Ih-3-10

NGCS N-3-11

Ih-3-12

in which RN, X' and X? have the meanings given above and L, on each occurrence
identically or differently denotes H, F, methyl, ethyl or cyclopropyl.

In a preferred embodiment, the medium according to the invention comprises a

compound of formula li
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X1

A

R1z11 @ 22— = Ncs |
V2=
n X2
5 in which

R, . , . , 21,22 V2 X' X2and n, have the respective meanings

given above for formula Ih.

The compounds of formula li are preferably selected from the compounds of the

10 formulae li-1 and li-2

Y1
N \ .
R1Z" @ 212 /4 — NCS li-1
LE v
Y1
N \ .
R1z11 @ Z12 /4 — NCS li-2
t N=
Y2

N (W g D~
in which R, Z'', Z2'2, and have the meanings given above for

formula Ih, Y'and Y?, identically or differently, denote H, F or Cl, and tis O or 1.

25 In the compounds of formula li or li-1 or [i-2, . .
independently of one another, preferably denote C C

: 4}%}{%%} o

wherein

alternatively denotes O : : ;
B ‘<:O)— 4<O_:>_ —<:O>_ or_<0j>‘, and

15
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L' and L?, identically or differently, denote F, Cl or straight chain or branched or cyclic

alkyl or alkenyl each having up to 12 C atoms.

In the compounds of formula li or li-1 or li-2, Z'" and Z'2, identically or differently,
preferably denote -C=C- or a single bond.

In a preferred embodiment of the present invention, the compounds of formula li-1 and
li-2 are selected from the compounds of the formulae li-1-1 to li-1-12 and [li-2-1 to li-2-

12

li-1-1

li-1-2

li-1-5

R1 — \ ——NCS li-1-6
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5
10
15
20
25
L! Y1
N
0 e =
N=
Y2
L1 Y1

N
RL@%( \
35 N=

NCS

NCS

NCS

NCS

NCS

NCS

NCS
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li-2-1

li-2-2



P21230 AT

WO 2023/117724
-52-
L1 Y1
N
N=
Y2
5
L1 L1 Y!
N
R1 N—= Ncs
=
Y2
10 L1 Y1
N
N=
Y2
15 L1 . Y1
=
Y2
L’I Y1
20 N
=
Y2
L Y!
0] N
25 R — v N\ = NCS
=
Y2
L L? Y!
N
o A==
N=
Y2
L? L Y?
N
y ==
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li-2-3

li-2-4

li-2-5

li-2-6
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L? L! Y!
N \ li-2-11
= s
N=
L2 Y2

1

1

Y1
N_z
Y2

L', L?and L® identically or differently, denote H, F, CI, methyl, ethyl, n-propyl,

L2
L
in which

isopropyl, cyclopropyl, cyclobutyl, cyclopentyl or cyclopentenyl, and
R', Y' and Y2 have the meanings given above for formula Ih-1 and |h-2, and in which

Y1
N
—¢ N—=—ncs
N=
very preferably the group Y2 denotes
F
N N N
—(’:\>%Ncs —</:\§%NCS —¢ H—=—ncs
N= N= N=
Cl
F F Cl
N N N
— Y—=-ncs — Y—=-Nes = — H—=-ncs
N= N= N=
Cl F Cl
F
N N
_</ \>?: NCS 7\ ——NCS
F F
N N
/" N = Ncs 7 N — nNes
Cl o
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N N
/_\ =——NCS 7 N — Ncs
Cl
5
N
/" N—=Ncs
Cl
N
10 /" )= Ncs
F or F F
In a preferred embodiment, in the compounds of formula Ih and its sub-formulae, one
or both of Y' and Y? denote H, preferably both.
15
In a preferred embodiment, the compounds of formula | are selected from the
compounds of the formula [j
Ry Y
1 12 -| m— IJ
e [ e s
n
RV Y2

in which
R', Z" Z'2 and n have the meanings given for formula | above
Y'  denotes methyl, ethyl or Cl,
25 Y2 denotes H, methyl, ethyl, F or Cl, preferably H or F,
Rt denotes H, F, Cl or methyl, preferably H,

. . mdependently of one another, denote C
CH3 H3C, 2 5

F
i ) ( z § i R F
, F , F , F or >\:/< , preferably C

o

35
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F R Cl Cl R F
) S ) >: , S ) >\: or d ,and
where . alternatively denotes C , and

n isOor1.

Preferably, the compounds of formula |j are selected from the sub-formulae 1j-1 to
-4

in which the occurring groups and parameters have the meanings given above for
formula lj.

Particularly preferably, the media according to the invention comprise one or more

compounds selected from the group of compounds of the formulae 1j-2-1 to [j-2-9 and
[j-4-1 to Ij-4-10:
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-
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o C
-

NCS

b
|

7 N —
R! L = /) NCS
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R1 / \ — / \ ——NCS
Cl
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lj-4-2
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>_\ lj-4-3
R~ V= \/_\ﬁ: NCS J
cl
5 — .
R! /! Y= Y=-ncs a4
F cl
. _ _ lj-4-5
R = =——NCS
10
F cl
15 K cl
cl
7 N_— 7 N\ — lj-4-8
20 R =~ Y»——==—Ncs
F cl
lj-4-9
R1 / \ —— / \ — —NCS
_ \—/
25
cl cl

R’ / \ — m— NCS IJ-4-1 0

The liquid-crystalline media in accordance with the present invention comprise one or
30 more compounds of the formula | and optionally at least one further, preferably
mesogenic compound. The liquid-crystal medium therefore preferably comprises two or
more compounds which are preferably liquid-crystalline. Preferred media comprise the

preferred compounds of the formula I.

35
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The present invention therefore also relates to a liquid-crystalline medium comprising
two or more liquid-crystalline compounds, comprising one or more compounds of the

general formula I.

5 Further components of the liquid-crystalline media are preferably selected from the

compounds of the formula Il:

L"z"z12213L12 I

10 in which
L"denotes R'" or X",
L'>denotes R'? or X'?,
R' and R'?, independently of one another, denote non-fluorinated alkyl or non-
fluorinated alkoxy having 1 to 17, preferably having 3 to 10, C atoms or non-fluorinated
15 alkenyl, non-fluorinated alkynyl, non-fluorinated alkenyloxy or non-fluorinated alkoxy-
alkyl having 2 to 15, preferably 3 to 10, C atoms, preferably alkyl or non-fluorinated
alkenyl,
X" and X'?, independently of one another, denote F, CI, Br, -CN, -NCS, -SCN, SFs,

fluorinated alkyl or fluorinated alkoxy having 1 to 7 C atoms or fluorinated alkenyl,

20 fluorinated alkenyloxy or fluorinated alkoxyalkyl having 2 to 7 C atoms, preferably CF3,
OCF3, CI, F or NCS,
p and q, independently of one another, denote 0 or 1,
Z'" to Z"3,independently of one another, denote trans-CH=CH-, trans-CF=CF-,

o5 -C=C- or a single bond,

. . , independently of one another, denote :

35
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L on each occurrence, independently of one another, denotes branched or
unbranched alkyl, alkenyl or alkynyl having 1 or 2 to 12 C atoms, resp., in which,

10 independently of one another, one or more CH- groups may also be replaced by O, or
denotes Cs-Cs cycloalkyl, Cs-Cs cycloalkenyl, fluorinated alkyl or alkenyl, fluorinated
alkoxy or alkenyloxy, F, CI, Br, CN, NCS, SCN or SFs.

In a preferred embodiment of the present invention, the liquid-crystalline media
15 comprise one or more compounds of the formula | and one or more compounds of the

formula Il.

The liquid-crystalline media in accordance with the present application preferably
comprise in total 1 to 50%, preferably 2 to 40% and particularly preferably 3 to 30%, of

20
compounds of the formula |.

The liquid-crystalline media in accordance with the present application preferably
comprise in total 10 to 100%, preferably 20 to 95% and particularly preferably 25 to

25 90%, of compounds of the formulae | and .

In accordance with the present invention, the compounds of the formula Il are

preferably used in a total concentration of 10% to 90%, more preferably 15% to 85%,

even more preferably 25% to 80% and very preferably 30% to 75%, of the mixture as a
30 whole.

In addition, the liquid-crystalline media may comprise further additives, such as

stabilisers, chiral dopants, dichroic dyes and nanoparticles. The individual added

compounds are employed in concentrations of 0.005 to 6%, preferably 0.1 to 3%. The
35 total concentration of these further constituents is in the range from 0% to 10%,

preferably 0.1% to 6%, based on the mixture as a whole. However, the concentration
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data for the remaining constituents of the liquid-crystal mixtures, i.e., the liquid-
crystalline or mesogenic compounds, are indicated without taking into account the

concentration of these additives.

The liquid-crystalline media preferably comprise 0 to 10% by weight, in particular 0.01
to 5% by weight and particularly preferably 0.1 to 3% by weight, of stabilisers. The
media preferably comprise one or more stabilisers selected from 2,6-di-tert-
butylphenols, 2,2,6,6-tetramethylpiperidines or 2-benzotriazol-2-ylphenols. These
assistants are known to the person skilled in the art and are commercially available, for

example as light stabilisers.

In the present application, the expression dielectrically positive describes compounds
or components where Ag > 3.0, dielectrically neutral describes those where -1.5 < Ag <
3.0 and dielectrically negative describes those where As < -1.5. Ac is determined at a
frequency of 1 kHz and at 20°C. The dielectric anisotropy of the respective compound
is determined from the results of a solution of 10 % of the respective individual
compound in a nematic host mixture. If the solubility of the respective compound in the
host mixture is less than 10 %, the concentration is reduced to 5 %. The capacitances
of the test mixtures are determined both in a cell having homeotropic alignment and in
a cell having homogeneous alignment. The cell thickness of both types of cells is
approximately 20 um. The voltage applied is a rectangular wave having a frequency of
1 kHz and an effective value of typically 0.5V to 1.0 V, but it is always selected to be

below the capacitive threshold of the respective test mixture.

Ag is defined as (g]| - €1), while gave. iS (g]| + 251) / 3.

The host mixture used for the determination of physical constants of pure compounds
by extrapolation is ZLI-4792 from Merck KGaA, Germany. The absolute values of the
dielectric constants, the birefringence (An) and the rotational viscosity (y1) of the
compounds are determined from the change in the respective values of the host
mixture on addition of the compounds. The concentration in the host is 10 % or in case
of insufficient solubility 5 %. The values are extrapolated to a concentration of 100 % of

the added compounds.
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In the examples, the phase sequences of pure compounds are given using the
following abbreviations:

K: crystalline, N: nematic, SmA: smectic A, SmB: smectic B, I: isotropic.

Components having a nematic phase at the measurement temperature of 20°C are

measured as such, all others are treated like compounds.

The expression threshold voltage in the present application refers to the optical
threshold and is quoted for 10 % relative contrast (V10), and the expression saturation
voltage refers to the optical saturation and is quoted for 90 % relative contrast (Vgo), in
both cases unless expressly stated otherwise. The capacitive threshold voltage (Vo),

also called the Freedericks threshold (Vr), is only used if expressly mentioned.

The parameter ranges indicated in this application all include the limit values, unless

expressly stated otherwise.

The different upper and lower limit values indicated for various ranges of properties in

combination with one another give rise to additional preferred ranges.

Throughout this application, the following conditions and definitions apply, unless
expressly stated otherwise. All concentrations are quoted in per cent by weight and
relate to the respective mixture as a whole, all temperatures are quoted in degrees
Celsius and all temperature differences are quoted in differential degrees. All physical
properties are determined in accordance with "Merck Liquid Crystals, Physical
Properties of Liquid Crystals", Status Nov. 1997, Merck KGaA, Germany, and are
quoted for a temperature of 20°C, unless expressly stated otherwise. The optical aniso-
tropy (An) is determined at a wavelength of 589.3 nm. The dielectric anisotropy (Ag) is
determined at a frequency of 1 kHz. The threshold voltages, as well as all other electro-
optical properties, are determined using test cells produced at Merck KGaA, Germany.
The test cells for the determination of As have a cell thickness of approximately 20 um.
The electrode is a circular ITO electrode having an area of 1.13 cm? and a guard ring.
The orientation layers are SE-1211 from Nissan Chemicals, Japan, for homeotropic
orientation (g||) and polyimide AL-1054 from Japan Synthetic Rubber, Japan, for
homogeneous orientation (g,). The capacitances are determined using a Solatron 1260

frequency response analyser using a sine wave with a voltage of 0.3 V,ns. The light
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used in the electro-optical measurements is white light. A set-up using a commercially
available DMS instrument from Autronic-Melchers, Germany, is used here. The charac-
teristic voltages have been determined under perpendicular observation. The threshold
(V10), mid-grey (Vso) and saturation (Vgo) voltages have been determined for 10 %,

50 % and 90 % relative contrast, respectively.

The liquid-crystalline media are investigated with respect to their properties in the
microwave frequency range as described in A. Penirschke et al. “Cavity Perturbation
Method for Characterization of Liquid Crystals up to 35 GHz*, 34™" European
Microwave Conference — Amsterdam, pp. 545-548. Compare in this respect also A.
Gaebiler et al. “Direct Simulation of Material Permittivities ...“, 12MTC 2009 —
International Instrumentation and Measurement Technology Conference, Singapore,
2009 (IEEE), pp. 463-467, and DE 10 2004 029 429 A, in which a measurement

method is likewise described in detail.

The liquid crystal is introduced into a polytetrafluoroethylene (PTFE) or quartz capillary.
The capillary has an inner diameter of 0.5mm and an outer diameter of 0.78mm. The
effective length is 2.0 cm. The filled capillary is introduced into the centre of the
cylindrical cavity with a resonance frequency of 19 GHz. This cavity has a length of
11.5 mm and a radius of 6 mm. The input signal (source) is then applied, and the
frequency depending response of the cavity is recorded using a commercial vector
network analyser (N5227A PNA Microwave Network Analyzer, Keysight Technologies

Inc. USA. For other frequencies, the dimensions of the cavity are adapted correspond-

ingly.

The change in the resonance frequency and the Q factor between the measurement
with the capillary filled with the liquid crystal and the measurement without the capillary
filled with the liquid crystal is used to determine the dielectric constant and the loss
angle at the corresponding target frequency by means of equations 10 and 11 in the
above-mentioned publication A. Penirschke et al., 34" European Microwave

Conference — Amsterdam, pp. 545-548, as described therein.

The values for the components of the properties perpendicular and parallel to the

director of the liquid crystal are obtained by alignment of the liquid crystal in a magnetic
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field. To this end, the magnetic field of a permanent magnet is used. The strength of

the magnetic field is 0.35 tesla.

Preferred components are phase shifters, varactors, wireless and radio wave antenna

arrays, matching circuit adaptive filters and others.

In the present application, the term compounds is taken to mean both one compound

and a plurality of compounds, unless expressly stated otherwise.

All mixtures according to the invention are nematic. The liquid-crystal media according
to the invention preferably have nematic phases in preferred ranges given above. The
expression have a nematic phase here means on the one hand that no smectic phase
and no crystallisation are observed at low temperatures at the corresponding
temperature and on the other hand that no clearing occurs on heating from the nematic
phase. At high temperatures, the clearing point is measured in capillaries by con-
ventional methods. The investigation at low temperatures is carried out in a flow
viscometer at the corresponding temperature and checked by storage of bulk samples:
The storage stability in the bulk (LTS) of the media according to the invention at a given
temperature T is determined by visual inspection. 2 g of the media of interest are filled
into a closed glass vessel (bottle) of appropriate size placed in a refrigerator at a
predetermined temperature. The bottles are checked at defined time intervals for the
occurrence of smectic phases or crystallisation. For every material and at each
temperature two bottles are stored. If crystallisation or the appearance of a smectic
phase is observed in at least one of the two correspondent bottles the test is
terminated and the time of the last inspection before the one at which the occurrence of
a higher ordered phase is observed is recorded as the respective storage stability. The
test is finally terminated after 1000 h, i.e., an LTS value of 1000 h means that the

mixture is stable at the given temperature for at least 1000 h.

The liquid crystals employed preferably have a positive dielectric anisotropy. This is
preferably 2 or more, preferably 4 or more, particularly preferably 6 or more and very

particularly preferably 10 or more.

Furthermore, the liquid-crystal media according to the invention are characterised by

high anisotropy values in the microwave range. The birefringence at about 19 GHz is,
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for example, preferably 0.14 or more, particularly preferably 0.15 or more, particularly
preferably 0.20 or more, particularly preferably 0.25 or more and very particularly

preferably 0.30 or more. In addition, the birefringence is preferably 0.80 or less.

5 The dielectric anisotropy in the microwave range is defined as

ASr = (8 ry| | - SF,L) .

The tunability (z) is defined as

10 1= (As /g1 ]) .
The material quality (n) is defined as
N = (t/tan 8;max), Where
15 the maximum dielectric loss is
tan 6c rmax. = max. {tan 6., ,, tan d. || }.
The tunability t of the medium according to the invention, measured at 20°C and 19
GHz is 0.250 or more, preferably 0.300 or more, 0.310 or more, 0.320 or more, 0.330
20 or more, or 0.340 or more, very preferably 0.345 or more and in particular 0.350 or
more.
The material quality (n) of the preferred liquid-crystal materials is 6 or more, preferably
o5 8 or more, preferably 10 or more, preferably 15 or more, preferably 17 or more,

preferably 20 or more, particularly preferably 25 or more and very particularly

preferably 30 or more.

In the corresponding components, the preferred liquid-crystal materials have phase
30 shifter qualities of 15°/dB or more, preferably 20°/dB or more, preferably 30°/dB or
more, preferably 40°/dB or more, preferably 50°/dB or more, particularly preferably

80°/dB or more and very particularly preferably 100°/dB or more.

In some embodiments, however, liquid crystals having a negative value of the dielectric

35 anisotropy can also advantageously be used.
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The liquid crystals employed are either individual substances or mixtures. They

preferably have a nematic phase.

The liquid-crystal media in accordance with the present invention may comprise further
5 additives and chiral dopants in the usual concentrations. The total concentration of
these further constituents is in the range from 0 % to 10 %, preferably 0.1 % to 6 %,
based on the mixture as a whole. The concentrations of the individual compounds used
are each preferably in the range from 0.1 % to 3 %. The concentration of these and
similar additives is not taken into consideration when quoting the values and concen-
10 tration ranges of the liquid-crystal components and liquid-crystal compounds of the

liquid-crystal media in this application.

Preferably the media according to the present invention comprise one or more chiral

15 compounds as chiral dopants in order to adjust their cholesteric pitch. Their total
concentration in the media according to the instant invention is preferably in the range
0.05 % to 15 %, more preferably from 1 % to 10 % and most preferably from 2 % to

6 %.

20 Optionally the media according to the present invention may comprise further liquid
crystal compounds in order to adjust the physical properties. Such compounds are
known to the skilled person. Their concentration in the media according to the instant
invention is preferably O % to 30 %, more preferably 0.1 % to 20 % and most preferably
1% to 15 %.

25
The response times are given as rise time (ton) for the time for the change of the
relative tuning, respectively of the relative contrast for the electro-optical response,
from 0 % to 90 % (teo — to), i.e. including the delay time (ti1o — to), as decay time (tox) for
the time for the change of the relative tuning, respectively of the relative contrast for the

30 electro-optical response, from 100 % back to 10 % (ti100 — t10) @and as the total response

time (tiotal = Ton + Tor), respectively.

The liquid-crystal media according to the invention consist of a plurality of compounds,
35 preferably 3 to 30, more preferably 4 to 20 and very preferably 4 to 16 compounds.
These compounds are mixed in a conventional manner. In general, the desired amount

of the compound used in the smaller amount is dissolved in the compound used in the
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larger amount. If the temperature is above the clearing point of the compound used in
the higher concentration, it is particularly easy to observe completion of the dissolution
process. It is, however, also possible to prepare the media in other conventional ways,
for example using so-called pre-mixes, which can be, for example, homologous or
eutectic mixtures of compounds, or using so-called “multibottle” systems, the

constituents of which are themselves ready-to-use mixtures.

All temperatures, such as, for example, the melting point T(C,N) or T(C,S), the
transition from the smectic (S) to the nematic (N) phase T(S,N) and the clearing point
T(N,I) of the liquid crystals, are quoted in degrees Celsius. All temperature differences

are quoted in differential degrees.

In the present invention and especially in the following examples, the structures of the
mesogenic compounds are indicated by means of abbreviations, also referred to as
acronyms. In these acronyms, the chemical formulae are abbreviated as follows using
Tables A to C below. All groups CnHzn+1, CmHz2m+1 and CiHz+1, and CnHzn.1, CmHzm.1 and
CiH211 denote straight-chain alkyl or alkylene, respectively, in each case having n, m or
| C atoms, wherein n and m, independently are 1, 2, 3,4, 5,6 or7and lis 1, 2 or 3.
Table A lists the codes used for the ring elements of the core structures of the
compounds, while Table B shows the linking groups and end groups. Table C shows

illustrative structures of compounds with their respective abbreviations.

DI _<Z}

S b e
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Table B: End groups

Left-hand side

-FXO-

-nA-

-NA-
-(cn)-

-(cn)m-

CnH2n+1'
CnH2n+1'O'
CH2=CH-

CnH2n+1'CH=CH'
CH2=CH' CnH2n+1'
CnH2n+1'CH=CH'CmH2m'

N=C-
S=C=N-

F-

Cl-

CFH»-
CF2H-

CFs-
CFH20-
CF2HO-
CF30-
CF2=CH-O-
H-C=C-
CnH2n+1-C=C-

N=C-C=C-
(CH2)n-2

(CH2)n2

(CH2)m—

-72 -
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Right-hand side
Used alone

-CnHan+1
-O-CnHan+1
-CH=CH>
-CnH2,-CH=CH>
-CH=CH-CH2n+1
-CnH2n-CH=CH-CmHzm+1
'CEN

-N=C=S

-F

-Cl

-CFH2

-CF2H

-CF3

-OCFH>

-OCF2H

-OCF5
-O-CH=CF:
-C=C-H
-C=C-CiHan+1

-C=C-C=N
(CH2)n2

_Ql
CH>5)p.
— (CH—< ] "

Used in combination with others

-C=C-
-CH=CH-
-CO-0-
-0-CO-
-CO-
-CF=CF-

-C=C-
-CH=CH-
-CO-0-
-0-CO-
-CO-
-CF=CF-
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1 »

in which n and m each denote integers, and the three dots “...” are placeholders for
other abbreviations from this table.

5 Branched lateral groups are numbered starting from the position next to the ring (1)
where the longest chain is selected, the smaller number indicating the length of the
branch and the superscript number in brackets indicates the position of the branch, for

example:
F

10 /\—//_\<—
M@—Q—Q—NCS
4 F

PPTU-4(114)-AS

15
PPTU-5(2')-AS
20 — N
OO ==
F
PPTN(4F)-4(14)-S
25 The following table shows illustrative structures together with their respective
abbreviations. These are shown in order to illustrate the meaning of the rules for the
abbreviations. They furthermore represent compounds which are preferably used.
Table C: lllustrative structures and preferred co-components
30

PTU-n-AS

35
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in which m and n, identically or differnetly, are 1,2,3,4,5,6 or 7.
Preferably, the medium according to the invention comprises one or more compounds
30 selected from the compounds of Table C.

The following table, Table D, shows illustrative compounds which can be used as
alternative stabilizers in the mesogenic media in accordance with the present invention.
The total concentration of these and similar compounds in the media is preferably 5 %

or less.
35
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In a preferred embodiment of the present invention, the mesogenic media comprise

one or more compounds selected from the group of the compounds from Table D.

The following table, Table E, shows illustrative compounds which can preferably be

used as chiral dopants in the mesogenic media in accordance with the present

invention.

In a preferred embodiment of the present invention, the mesogenic media comprise

one or more compounds selected from the group of the compounds of Table E.

The mesogenic media in accordance with the present application preferably comprise

two or more, preferably four or more, compounds selected from the group consisting of

the compounds from the above tables.

Unless indicated otherwise, parts or per cent data denote parts by weight or per cent

by weight.

Above and below:

Vo
Ne
No

An

g1

gl

Ae

clp., T(N,])
V1

Ki

Kz

Ks

Kavg.

LTS

denotes threshold voltage, capacitive [V] at 20°C,

denotes extraordinary refractive index at 20°C and 589 nm,

denotes ordinary refractive index at 20°C and 589 nm,

denotes optical anisotropy at 20°C and 589 nm,

denotes dielectric permittivity perpendicular to the director at 20°C and 1
kHz,

denotes dielectric permittivity parallel to the director at 20°C and 1 kHz,
denotes dielectric anisotropy at 20°C and 1 kHz,

denotes clearing point [°C],

denotes rotational viscosity measured at 20°C [mPa-s],

denotes elastic constant, "splay" deformation at 20°C [pN],

denotes elastic constant, "twist" deformation at 20°C [pN],

denotes elastic constant, "bend" deformation at 20°C [pN],
denotes average elastic constant defined as Kayg. = §(1 5K+ Ks)

denotes low-temperature stability (nematic phase), determined in test

cells or in the bulk, as specified.
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Unless explicitly noted otherwise, all values indicated in the present application for

temperatures, such as, for example, the melting point T(C,N), the transition from the

smectic (S) to the nematic (N) phase T(S,N) and the clearing point T(N,I) or cl.p., are

indicated in degrees Celsius (°C). M.p. denotes melting point . Furthermore, Tg = glass
5 state, C = crystalline state, N = nematic phase, S = smectic phase and | = isotropic

phase. The numbers between these symbols represent the transition temperatures.

The term "threshold voltage" for the present invention relates to the capacitive
threshold (Vo), also called the Freedericksz threshold, unless explicitly indicated
10 otherwise. In the examples, as is generally usual, the optical threshold can also be

indicated for 10 % relative contrast (Vo).

The display used for measurement of the capacitive threshold voltage consists of two
15 plane-parallel glass outer plates at a separation of 20 um, which each have on the
insides an electrode layer and an unrubbed polyimide alignment layer on top, which

cause a homeotropic edge alignment of the liquid-crystal molecules.

The so-called "HTP" denotes the helical twisting power of an optically active or chiral
20 substance in an LC medium (in pm). Unless indicated otherwise, the HTP is measured
in the commercially available nematic LC host mixture MLD-6260 (Merck KGaA) at a

temperature of 20°C.

The Clearing point is measured using the Mettler Thermosystem FP900. The optical
25 anisotropy (An) is measured using an Abbe Refractometer HO05 (Natrium-spectral
lamp Na10 at 589nm, 20 °C). The dielectric anisotropy (Ae) is measured using an LCR-
Meter E4980A/Agilent (GO05) at 20°C (e-parallel-cells with JALS 2096-R1). The turn on
voltage (Vo) is measured using an LCR-Meter E4980A/Agilent (G005) at 20°C (e-
parallel-cells with JALS 2096-R1). The rotational viscosity (y1) is measured using a
TOYO LCM-2 (0002) at 20°C (gamma 1 negative cells with JALS-2096-R 1). The
elastic constant (K1, splay) is measured using an LCR-Meter E4980A/Agilent (GO05) at
20°C (e parallel-cells with JALS 2096-R1). Ks: The elastic constant (Ks, bend) is
measured using an LCR-Meter E4980A/Agilent (G005) at 20°C (e-parallel-cells with
35 JALS 2096-R1).

30
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Unless explicitly noted otherwise, all concentrations in the present application are
indicated in per cent by weight and relate to the corresponding mixture as a whole,
comprising all solid or liquid-crystalline components, without solvents. All physical
properties are determined in accordance with "Merck Liquid Crystals, Physical

5 Properties of Liquid Crystals", Status November 1997, Merck KGaA, Germany, and

apply for a temperature of 20°C, unless explicitly indicated otherwise.

Examples
The present invention is illustrated in detail by the following non-restrictive working
10 examples.
Abbreviations:
BuLi n-Butyllithium
15 dist. distilled
THF Tetrahydrofuran
MTB ether Methyl-tert-butyl ether
XPhos Pd G2 Chloro(2-dicyclohexylphosphino-2',4',6'-triisopropyl-1,1'-
biphenyl)[2-(2'-amino-1,1'-biphenyl)palladium (I1)
20
Synthesis example 1: 5-[2-(4-Butylphenyl)ethynyl]-1,3-difluoro-2-(2-
isothiocyanatoethynyl)benzene
Step 1.1:
5-[2-(4-Butylphenyl)ethynyl]-2-(2-chloroethynyl)-1,3-difluorobenzene
25 F
L\_</} Y
=
F
30 7N\ — o I
F
A solution of 5-[2-(4-butylphenyl)ethynyl]-2-ethynyl-1,3-difluorobenzene (CAS 2545094-
24-2) (10.0 g, 34 mmol) in THF (100 mL) is treated with BuLi (25.5 mL, 41 mmol, 15%
35 in n-hexanes) at -70°C under argon atmosphere. N-chlorosuccinimide (5.0 g, 37 mmol)

is added after 30 min, and the reaction mixture is stirred at room temperature

overnight. It is then quenched with dist. water and MTB ether at 5°C. The aqueous
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phase is separated and washed MTB ether, and the combined organic phases are
washed with brine, dried (sodium sulfate) and concentrated in vacuo. The residue is
purified by flash chromatography (solvent heptane) and crystallized from isopropanol.
5-[2-(4-Butylphenyl)ethynyl]-2-(2-chloroethynyl)-1,3-difluorobenzene is isolated as

3 yellow crystals.

Step 1.2: {4-[2-(4-butylphenyl)ethynyl]-2,6-difluorophenyl}ethynamine

10

15
Sodium amide (1.2 g, 31 mmol) is added to a solution of 5-[2-(4-butylphenyl)ethynyl]-2-
(2-chloroethynyl)-1,3-difluorobenzene (9.2 g, 28 mmol) in THF (90 mL) at 0°C, and the
reaction mixture is stirred at room temperature overnight. It is then quenched with dist.
water and MTB ether at 0°C. The aqueous phase is separated and washed MTB ether,

20 and the combined organic phases are washed with brine, dried (sodium sulfate) and

concentrated in vacuo. The residue is purified by flash chromatography (solvent
heptane) and crystallized from isopropanol to give beige crystals of {4-[2-(4-

butylphenyl)ethynyl]-2,6-difluorophenyl}ethynamine.

25 Step 1.3: 5-[2-(4-Butylphenyl)ethynyl]-1,3-difluoro-2-(2-isothiocyanatoethynyl)benzene

30

Thiophosgene (2.0 mL, 26 mmol) is slowly added to a solution of {4-[2-(4-
35 butylphenyl)ethynyl]-2,6-difluorophenyl}ethynamine (6.5 g, 21 mmol) and 1,4-
diazabicyclo[2.2.2]octane (5.9 g, 53 mmol) in dichloromethane (90 mL) at 0°C under

argon atmosphere, and the mixture is stirred at room temperature for 1 h. Then the
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reaction mixture is quenched with dist. water. The aqueous phase is separated and

extracted with dichloromethane. The combined organic phases are washed with brine,

dried (sodium sulfate) and concentrated in vacuo. The residue is purified by silica gel

chromatography (solvent heptane/MTB ether) and crystallization from heptane to give
5 white crystals of 5-[2-(4-butylphenyl)ethynyl]-1,3-difluoro-2-(2-

isothiocyanatoethynyl)benzene.

Ae =112

An = 0.441

10
Synthesis example 2: 4-[3,5-Difluoro-4-(2-isothiocyanatoethynyl)phenyl]-4'-

(trifluoromethoxy)-1,1'-biphenyl
Step 2.1: 4-(4-Ethynyl-3,5-difluorophenyl)-4'-(trifluoromethoxy)-1,1'-biphenyl

F
OH
/
o ool O — OO
OH
F

Bis(dibenzylidene-acetone)palladium(0) (20 mg, 0.04 mmol) and tris-(o-tolyl)phosphine
(11 mg, 0.04 mmol) are added to a mixture of [4-(4-
(trifluoromethoxy)phenyl]phenyl]boronic acid (CAS 501944-50-9) (10.0 g, 36 mmol) and
5-bromo-2-ethynyl-1,3-difluorobenzene (CAS 1823343-58-3) (7.7 g, 36 mmol) in

acetone (70 mL) under argon atmosphere at 50°C. Aqueous sodium hydroxide (2 N)

20

(35.5 mL, 71 mmol) is slowly added at reflux temperature, and the reaction mixture is
heated at reflux temperature overnight. Then it is quenched with water and hydrochloric

25 acid (2 N) and diluted with MTB ether. The agueous phase is separated and extracted
with MTB ether. The combined organic phases are washed with brine, dried (sodium
sulfate) and concentrated in vacuo. The residue is purified by silica gel chromatography
(solvent heptane/MTB ether) to give 4-(4-ethynyl-3,5-difluorophenyl)-4'-

(trifluoromethoxy)-1,1'-biphenyl as a white solid.
30

35
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Step 2.2: 4-[4-(2-Chloroethynyl)-3,5-difluorophenyl]-4'-(trifluoromethoxy)-1,1'-biphenyl

E
Fco— Y~ Y H=
=
E
—>F3co:m
F

A solution of 4-(4-ethynyl-3,5-difluorophenyl)-4'-(trifluoromethoxy)-1,1'-biphenyl (9.4 g,
25 mmol) in THF (100 mL) is treated with BuLi (18.8 mL, 30 mmol, 15% in n-hexanes)
at -70°C under argon atmosphere. N-chlorosuccinimide (3.7 g, 28 mmol) is added after
30 min, and the reaction mixture is stirred at room temperature overnight. It is then
quenched with dist. water and MTB ether at 5°C. The aqueous phase is separated and
washed MTB ether, and the combined organic phases are washed with brine, dried
(sodium sulfate) and concentrated in vacuo. The residue is purified by flash
chromatography (solvent heptane) and crystallized from isopropanol. 4-[4-(2-
Chloroethynyl)-3,5-difluorophenyl]-4'-(trifluoromethoxy)-1,1'-biphenyl is isolated as

yellow crystals.

Step 2.3: {2,6-Difluoro-4-[4'-(trifluoromethoxy)-[1,1'-biphenyl]-4-yl]phenyl}ethynamine

F
F3CO Q :c:|
F
F
e ol Yl Sl S —
F

Sodium amide (0.89 g, 23 mmol) is added to a solution of 4-[4-(2-chloroethynyl)-3,5-
difluorophenyl]-4'-(trifluoromethoxy)-1,1'-biphenyl (8.5 g, 21 mmol) in THF (90 mL) at
0°C under argon atmosphere, and the reaction mixture is stirred at room temperature
overnight. It is then quenched with dist. water and MTB ether at 0°C. The aqueous
phase is separated and washed MTB ether, and the combined organic phases are
washed with brine, dried (sodium sulfate) and concentrated in vacuo. The residue is

purified by flash chromatography (solvent heptane) and crystallized from isopropanol to
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give beige crystals of {2,6-difluoro-4-[4'-(trifluoromethoxy)-[1,1'-biphenyl]-4-
yllphenyl}ethynamine.

Step 2.4: 4-[3,5-Difluoro-4-(2-isothiocyanatoethynyl)phenyl]-4'-(trifluoromethoxy)-1,1'-
biphenyl

F
F
F
—>F3co:Ncs
F

Thiophosgene (1.5 mL, 20 mmol) is slowly added to a solution of {2,6-difluoro-4-[4'-
(trifluoromethoxy)-[1,1'-biphenyl]-4-ylJphenyl}ethynamine (6.3 g, 16 mmol) and 1,4-
diazabicyclo[2.2.2]octane (4.5 g, 41 mmol) in dichloromethane (70 mL) at 0°C under
argon atmosphere, and the mixture is stirred at room temperature for 1 h. Then the
reaction mixture is quenched with dist. water. The aqueous phase is separated and
extracted with dichloromethane. The combined organic phases are washed with brine,
dried (sodium sulfate) and concentrated in vacuo. The residue is purified by silica gel
chromatography (solvent heptane/MTB ether) and crystallization from heptane to give
white crystals of 4-[3,5-difluoro-4-(2-isothiocyanatoethynyl)phenyl]-4'-(trifluoromethoxy)-
1,1'-biphenyl.
As=3.3

An =0.428

Synthesis example 3: 3,5-Difluoro-4-(2-isothiocyanatoethynyl)-4'-(4-pentylcyclohexyl)-

1,1'-biphenyl

Step 3.1: 4-(2-Chloroethynyl)-3,5-difluoro-4'-(4-pentylcyclohexyl)-1,1'-biphenyl

oo
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A solution of 4-ethynyl-3,5-difluoro-4'-(4-pentylcyclohexyl)-1,1'-biphenyl (CAS 2172891-
00-6) (10.0 g, 27 mmol) in THF (100 mL) is treated with BuLi (20.5 mL, 33 mmol, 15%
in n-hexanes) at -70°C under argon atmosphere. N-chlorosuccinimide (4.0 g, 30 mmol)
is added after 30 min, and the reaction mixture is stirred at room temperature

3 overnight. It is then quenched with dist. water and MTB ether at 5°C. The aqueous
phase is separated and washed MTB ether, and the combined organic phases are
washed with brine, dried (sodium sulfate) and concentrated in vacuo. The residue is
purified by flash chromatography (solvent heptane) and crystallized from isopropanol.
4-(2-Chloroethynyl)-3,5-difluoro-4'-(4-pentylcyclohexyl)-1,1'-biphenyl is isolated as

10
yellow crystals.

Step 3.2: [3,5-Difluoro-4'-(4-pentylcyclohexyl)-[1,1'-biphenyl]-4-yllethynamine

— OO

Sodium amide (1.0 g, 25 mmol) is added to a solution of 4-(2-chloroethynyl)-3,5-
difluoro-4'-(4-pentylcyclohexyl)-1,1'-biphenyl (9.1 g, 23 mmol) in THF (90 mL) at 0°C

under argon atmosphere, and the reaction mixture is stirred at room temperature

20

overnight. It is then quenched with dist. water and MTB ether at 0°C. The aqueous

25 phase is separated and washed MTB ether, and the combined organic phases are
washed with brine, dried (sodium sulfate) and concentrated in vacuo. The residue is
purified by flash chromatography (solvent heptane) and crystallized from isopropanol to
give beige crystals of [3,5-difluoro-4'-(4-pentylcyclohexyl)-[1,1'-biphenyl]-4-
yllethynamine.

30

Step 3.3: 3,5-Difluoro-4-(2-isothiocyanatoethynyl)-4'-(4-pentylcyclohexyl)-1,1'-biphenyl

35
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F
F
5 F
F

Thiophosgene (1.7 mL, 22 mmol) is slowly added to a solution of [3,5-difluoro-4'-(4-
10 pentylcyclohexyl)-[1,1'-biphenyl]-4-yllethynamine (6.7 g, 18 mmol) and 1,4-
diazabicyclo[2.2.2]octane (4.9 g, 44 mmol) in dichloromethane (80 mL) at 0°C under
argon atmosphere, and the mixture is stirred at room temperature for 1 h. Then the
reaction mixture is quenched with dist. water. The aqueous phase is separated and
extracted with dichloromethane. The combined organic phases are washed with brine,
15 dried (sodium sulfate) and concentrated in vacuo. The residue is purified by silica gel
chromatography (solvent heptane/MTB ether) and crystallization from heptane to give
white crystals of 3,5-difluoro-4-(2-isothiocyanatoethynyl)-4'-(4-pentylcyclohexyl)-1,1'-
biphenyl.
Ae =10.3
An = 0.367

20

Synthesis example 4: 4-Butyl-4'-{2-[3,5-difluoro-4-(2-isothiocyanatoethynyl)phenyl]-

ethynyl}-1,1'-biphenyl
25 Step 4.1: 4-Butyl-4'-[2-(4-ethynyl-3,5-difluorophenyl)ethynyl]-1,1'-biphenyl

NOO=— N O-O==

XPhos Pd G2 (64 mg, 0.08 mmol), XPhos (39 mg, 0.08 mmol) and copper(l) iodide (7.7

%0 mg, 0.04 mmol) are added to a mixture of 4-butyl-4'-ethynyl-1,1'-biphenyl (CAS
136723-70-1) (10.0 g, 43 mmol) and 5-bromo-2-ethynyl-1,3-difluorobenzene (CAS
1823343-58-3) (8.8 g, 41 mmol) in diisopropylamine (130 mL) and THF (15 mL) under
argon atmosphere at 55°C. The reaction mixture is heated at reflux temperature

35 overnight. Then it is allowed to cool to room temperature, filtered and concentrated in

vacuo. The residue is dissolved in toluene, washed with dist. water, dried (sodium

sulfate) and concentrated in vacuo. The crude product is purified by silica gel
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chromatography (solvent toluene) and crystallization (heptane) to give yellow crystals
of 4-butyl-4'-[2-(4-ethynyl-3,5-difluorophenyl)ethynyl]-1,1'-biphenyl.

Step 4.2: 4-Butyl-4'-{2-[4-(2-chloroethynyl)-3,5-difluorophenyl]lethynyl}-1,1'-biphenyl
F
7 N_— _/\

_ _\\_/(:

A solution of 4-butyl-4'-[2-(4-ethynyl-3,5-difluorophenyl)ethynyl]-1,1'-biphenyl (9.7 g,

26 mmol) in THF (100 mL) is treated with BuLi (19.6 mL, 31 mmol, 15% in n-hexanes)
at -70°C under argon atmosphere. N-chlorosuccinimide (3.9 g, 29 mmol) is added after
30 min, and the reaction mixture is stirred at room temperature overnight. It is then
quenched with dist. water and MTB ether at 5°C. The aqueous phase is separated and
washed MTB ether, and the combined organic phases are washed with brine, dried
(sodium sulfate) and concentrated in vacuo. The residue is purified by flash
chromatography (solvent heptane) and crystallized from isopropanol. 4-Butyl-4'-{2-[4-

(2-chloroethynyl)-3,5-difluorophenyllethynyl}-1,1'-biphenyl is isolated as yellow crystals.

Step 4.3: [4-(2-{4'-Butyl-[1,1'-biphenyl]-4-yl}ethynyl)-2,6-difluorophenyllethynamine
F
720 \— /_/\

_—\\_/(:CI

F
F
OO
— )=\
-

Sodium amide (0.92 g, 24 mmol) is added to a solution of 4-butyl-4'-{2-[4-(2-
chloroethynyl)-3,5-difluorophenyllethynyl}-1,1'-bipheny (8.7 g, 22 mmol) in THF (90 mL)

at 0°C under argon atmosphere, and the reaction mixture is stirred at room

temperature overnight. It is then quenched with dist. water and MTB ether at 0°C. The
aqueous phase is separated and washed MTB ether, and the combined organic

phases are washed with brine, dried (sodium sulfate) and concentrated in vacuo. The



P21230 AT

10

15

20

25

30

35

WO 2023/117724 PCT/EP2022/086256

- 100 -

residue is purified by flash chromatography (solvent heptane) and crystallized from
isopropanol to give beige crystals of [4-(2-{4'-butyl-[1,1'-biphenyl]-4-yl}ethynyl)-2,6-

difluorophenyllethynamine.

Step 4.4: 4-Butyl-4'-{2-[3,5-difluoro-4-(2-isothiocyanatoethynyl)phenyllethynyl}-1,1'-
biphenyl
F
N (N

. —\\_/(:NHZ

F
F
— OO

F
Thiophosgene (1.6 mL, 21 mmol) is slowly added to a solution of [4-(2-{4'-butyl-[1,1'-

biphenyl]-4-yl}ethynyl)-2 6-difluorophenyllethynamine (6.4 g, 17 mmol) and 1,4-
diazabicyclo[2.2.2]octane (4.7 g, 42 mmol) in dichloromethane (70 mL) at 0°C under
argon atmosphere, and the mixture is stirred at room temperature for 1 h. Then the
reaction mixture is quenched with dist. water. The aqueous phase is separated and
extracted with dichloromethane. The combined organic phases are washed with brine,
dried (sodium sulfate) and concentrated in vacuo. The residue is purified by silica gel
chromatography (solvent heptane/MTB ether) and crystallization from heptane to give
white crystals of 4-butyl-4'-{2-[3,5-difluoro-4-(2-isothiocyanatoethynyl)phenyl]ethynyl}-
1,1'-biphenyl.

Ae =113

An = 0.564

In analogy to Synthesis Examples 1 to 4 are obtained:

Synthesis Example 5:

Ae =10.5
An =0.449
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Synthesis Example 6:

Ae=2.8
An = 0.294

10 Synthesis Example 7:

F
(A )=es
F

15 Ae =27

An=0.312
8
20
9
25
10
11
30
12
35 /\://\/\:NCS
F
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Mixture Examples
A nematic host N1 is prepared as follows:
CPG-3-F 120% T(N,I) = 92 °C
CPG-5-F 10.0% An(20°C, 589.3 nm) = 0.0969
> CCEP-3-OT 50% Ae (20°C, 1 kHz) = 52
CCEP-5-OT 5.0% v1(20°C) = 134 mPa -
CGPC-3-3 20%
CGPC-5-3 20%
10 CGPC-5-5 20%
CP-6-F 8.0 %
CP-7-F 6.0 %
CCP-2-OT 8.0 %
15 CCP-3-OT 12.0 %
CCP-4-0OT 7.0%
CCP-5-0T 11.0%
CP-5-F 10.0 %
z 100.0%
20

The tunability of the medium N1 is T = 0.107 at 20°C, 19 GHz.

Mixture Example M1

25 The medium M1 consists of 90% of host N1 and 10% of compound PTU-4-AS. The
addition of the compound PTU-4-AS results in an increase of the tunability by 21% to
t=0.129.

30

35
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Patent Claims

1. A compound of formula |

V1_u1
R1z11 @ z12]—</ Y—=-ncs

V22

n

in which
R'  denotes H, straight chain or branched alkyl having 1 to 12 C atoms or alkenyl

having 2 to 12 C atoms, in which one or more CHx-groups may be replaced by

X A\ o)

\—/ , \=/ or @ , where one or more non adjacent

CHz-groups may be replaced by O and/or S, and where one or more H atoms

may be replaced by F; or denotes a group RP,
RP  denotes halogen, CN, NCS, RF, RF-O- or RF-S-, wherein
RF denotes fluorinated alkyl or fluorinated alkenyl having up to 9 C atoms,
Z" Z'? identically or differently, denote -CH=CH-, -CF=CF-, -CH=CF-,
-CF=CH-, -C=C-, -C=C-C=C- or a single bond,
U', U? V' and V?identically or differently, denote -N= or -CR%=,
R® denotes H, Cl, F, CFs, CHF>, or alkyl or alkyoxy each having 1 to 6 C atoms,

. and . denote a radical selected from the following groups:

a) the group consisting of 1,4-phenylene, 1,4-naphthylene, 2,6-naphthylene,
tetralin-5,8-diyl, and tetralin- 2,6-diyl, in which one or two CH groups may be
replaced by N and in which one or more H atoms may be replaced by R,

b)  the group consisting of trans-1,4-cyclohexylene, 1,4-cyclohexenylene,
bicyclo[1.1.1]pentane-1,3-diyl, 4,4’ -bicyclohexylene, bicyclo[2.2.2]octane-1,4-
diyl, and spiro[3.3]heptane-2,6-diyl, in which one or more non-adjacent CH»
groups may be replaced by -O- and/or -S- and in which one or more H atoms
may be replaced by F or alkyl having 1 to 6 C atoms,

c) the group consisting of thiophene-2,5-diyl, thieno[3,2-b]thiophene-2,5-diyl, and
selenophene-2,5-diyl, each of which may also be mono- or polysubstituted by
Rt
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Rt on each occurrence, identically or differently, denotes F, Cl, CN, SCN, SFs or
straight-chain or branched, in each case optionally fluorinated, alkyl, alkoxy,
alkylcarbonyl, alkoxycarbonyl, alkylcarbonyloxy or alkoxycarbonyloxy having 1
to 12 C atoms, and

n is 0,1 or 2.

2. The compound according to claim 1, wherein the compound is selected from the

compounds of the formulae la, Ib, Ic and Id:

vi-u?
R1 Y»—==—ncs la
V2:u2
vi-y?
R1z11—(/ Y—=-Ncs Ib
V22

R1—.—z11—.-z12 / \>—Ncs Id
V2
in which R, . , . , 2", 22, V', V2, U' and U? and n have the

meanings defined in claim 1.

3. The compound according to claim 1, wherein the compound is selected from the

compounds of the formula le

1 U1
"211{_‘212% y—="Ncs le
2

in which

S1
R s

Davy
one of anddenotes S RS2,

RS"and RS2 identically or differently, denote H or alkyl having 1 to 6 C atoms, and
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R', z" Z'2 V', V? U' and U? and n have the meanings defined in claim 1.

4. The compound according to claim 1, wherein the compound is selected from the

compounds of the formula If,

vi-y!
Dol @l e
n V2:u2

in which
U’, U% V' and V? denote-CR%=,
10 R? denotes Cl or F, and

R, . , . ,Z", 7' and n have the meanings defined in claim 1.

5. The compound according to claim 1, wherein the compound is selected from the

15 compounds of the formula Ig,

R Y4
vi-y! |
) @ s @
s J V2:u2
SE t

B —(a)— W)~
in which R, , , Z'"" and Z'? have the meanings given in claim 1,

Z" independently has the meanings of Z'",

Y® and Y*, identically or differently, denote H, F, Cl, or straight chain or branched or

cyclic alkyl, alkenyl, alkoxy or alkenyloxy, each having up to 12 C atoms,

25 S is 0, 1or2,
t is0,1o0r2, and
s+t is 0, 1or2.
30 6. The compound according to claim 1, wherein the compound is selected from the
compounds of the formula Ih,
X
N
n V2=
35 S

in which
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R’ . , . ,Z'", Z'? and n have the meanings given in claim 1,

V2 denotes -N=, -CF= or -CCl=,
X"and X2, identically or differently, denote H, Cl, F, methyl or ethyl, and
5 n is0,1or2.

7. The compound according to claim 1, wherein the compound is selected from the

compounds of the formula li

X1
N
10 R1z11 @ 74— N—= Nncs i
V2=
n X2

in which
R, . , . ,Z", Z'2 and V?, have the respective meanings given in
15 claim 1,
X'and X2, identically or differently, denote H, Cl, F, methyl or ethyl, and
n is 0, 1or2.
8. The compound according to claim 1, wherein the compound is selected from the
20 compounds of the formula ]
Rk v?
R1Z11Z12%_%;§%NCS 1j
"R 2
25 in which
R', Z'", Z'?2 and n have the meanings given for formula | above
Y'  denotes methyl, ethyl or Cl,
Y2  denotes H, methyl, ethyl, F or CI,
Rt denotes H, F, Cl or methyl,
30

. . mdependently of one another, denote S

35
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R F F

i ) ( 2 ; j R F
F , F , F or é
. alternatively denotes C , and

isOor1.

, and where

The compound according to one or more of claims 1 to 8,
in which
R' denotes H, non-fluorinated alkyl having 1 to 12 C atoms, or non-fluorinated

alkenyl having 2 to 12 C atoms, in which one or more CH»-groups may be replaced

y A’ 1 1 1 1 )
or : , where one or more non-adjacent CH,-groups may be replaced by

O;
. , . and . , on each occurrence, independently of

HHH

one another, denote R"
Rk F F% F R'-; F F% F
RLg EF,RL R F R o F F |
in which Rt, on each occurrence, identically or differently, denotes H, Cl or alkyl

having 1 to 6 C atoms,

or denote ('-)r or (L)r ,
denotes F or alkyl having 1 to 6 C atoms, and
r is0,1,2, 3,4, 50r6,

and wherein
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S U UG S o
NS

15 R" denotes H or methyl, and

n is1or2.

10. The compound according to claim 1, wherein R" denotes R” as defined in claim 1.

20 11. The compound according to one or more of claims 1 to 10, in which Z'" and Z'2
independently denote -C=C- or a single bond.
12. A liquid crystal medium comprising one or more compounds according to one or
o5 more of claims 1 to 11.

13. The liquid crystal medium according to claim 12, wherein the medium comprises

one or more compounds of formula Il

in which

L'  denotes R" or X",

L' denotes R'? or X'?,

35 R' and R'?, independently of one another, denote unfluorinated alkyl or unfluorinated
alkoxy having 1 to 17 C atoms or unfluorinated alkenyl, unfluorinated alkynyl,

unfluorinated alkenyloxy or unfluorinated alkoxyalkyl having 2 to 15 C atoms,
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X" and X'?, independently of one another, denote F, CI, Br, -CN, -NCS, -SCN, SFs,
fluorinated alkyl or fluorinated alkoxy having 1 to 7 C atoms or fluorinated alkenyl,
fluorinated alkenyloxy or fluorinated alkoxyalkyl having 2 to 7 C atoms,

p and q, independently of one another, denote 0 or 1,

Z'" to Z'®, independently of one another, denote trans-CH=CH-, trans-CF=CF-, -C=C-

or a single bond,
. to . , independently of one another, denote : ,

L on each occurrence, independently of one another, denotes branched or
unbranched alkyl, alkenyl or alkynyl having 1 or 2 to 12 C atoms, resp., in which,
independently of one another, one or more CH- groups may also be replaced by O, or
denotes Cs-Cs cycloalkyl, Cs-Cs cycloalkenyl, fluorinated alkyl or alkenyl, fluorinated
alkoxy or alkenyloxy, F, CI, Br, CN, NCS, SCN or SFs.

14. Use of the liquid crystal medium according to claim 12 or 13 as a variable dielectric

in a component for high frequency technology.

15. A component for high-frequency technology, characterised in that it comprises the

liquid crystal medium according to claim 12 or 13.

16. The component according to claim 15, wherein the component is a liquid-crystal
based antenna element, a phase shifter, a tunable filter, a tunable metamaterial

structure, a matching network or a varactor.
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17. A microwave antenna array, characterised in that it comprises one or more

components according to claim 15 or 16.

18. A compound of formula N

V1_u1
5 R' . 711 . 2121_</ V=" NH, N
V2:u2
in which R, . . L ZM 72 Ut U3 V', V2 and n have the

meanings defined in claim 1.

10
19. A process for the production of a compound of formula | of claim 1, characterised in
that a compound of formula N of claim 18 is transferred into a compound of formula 1.
15
20
25
30

35
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