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Design and synthesis of nematic liquid crystals with negative
dielectric anisotropy

PEER KIRSCH*, MICHAEL HECKMEIER and KAZUAKI TARUMI
Merck KGaA, Liquid Crystals Division, D-64271 Darmstadt, Germany

(Received 14 July 1998; accepted 9 October 1998)

Axially fluorinated cyclohexane derivatives are a promising new type of liquid crystals with
negative dielectric anisotropy. Up to now, the technical application of these materials in
LCDs was impeded by their strong tendency to form smectic B mesophases. We present a
convenient synthetic pathway leading to new homologues carrying alkenyl side chains which

induce nematic phases.

1. Introduction

In a previous communication [ 1] we described the syn-
thesis and properties of bicyclohexane and bis(cyclohexyl)-
ethane-based liquid crystals (1,2) containing one or
two axial fluorine substituents. These materials combine
highly attractive properties such as negative dielectric
anisotropy (Ae¢), high clearing temperature and low
rotational viscosity (y1) [ 2], making them well suited for
recently introduced technologies such as the MVA-TFT
(multi-domain vertical alignment thin film transistor)
display [3]. This new display mode shows, compared
with currently used TFT displays, a superior picture
quality which is obvious in contrast, viewing angle (160°)
and switching time (< 20 ms). Nevertheless, one major
obstacle to the practical utilization of the otherwise very
desirable materials 1 or 2 (scheme 1) is their strong
tendency to form smectic B (SmB) mesophases. For this
reason, it was our target to optimize these materials in
a directed manner with regard to their nematic phase
range.

From other bicyclohexane-based liquid crystals, it is
known that the introduction of one or two alkenyl side
chains leads to an increased tendency to form nematic
mesophases [4]. Unfortunately, it seemed that this
principle could not be utilized in the case of axially
fluorinated cyclohexane derivatives which are accessible
most conveniently by hydrofluorination with 70% HF/

Scheme 1. Target compounds w1th various aliphatic and
olefinic side chains R' and R* (see also the table).

* Author for correspondence.

pyridine [1, 5]. We assumed that the side chain double
bonds would not be inert under the hydrofluorination
conditions. To introduce them after the hydrofluorination
also appeared to be problematic.

2. Experimental

Contrary to our expectations, the hydrofluorination
with 70% HF/pyridine in dichloromethane is highly
chemoselective: While the tertiary double bonds were
hydrofluorinated, primary (e.g vinyl) double bonds in
the side chains were completely unreactive towards the
hydrofluorination reagent. Even treating the material
for 18 h at room temperature with a large excess of the
reagent did not affect the olefinic side chains. The reason
for this high selectivity might be the formation of an
intermediate, relatively stable tertiary carbocation.

The axially fluorinated bicyclohexanes were synthesized
by the method shown in scheme 2. The new materials
were characterlzed by HPLC, mass spectrometry, and

"H and "’F NMR spectroscopy. In contrast to the mass
spectra of the bis(alkyl ) compounds (1 or 2) Wthh do
not produce the molecular ion, but only the [M -HF]
peak [ 1], all alkenyl and bis(alkenyl ) compounds show
the molecular ion [M ] with high intensity. The purity
of all compounds was verified by HPLC to be at
least 99.5%.

a R
3 4
F
b RW R?

1

Scheme 2. Synthe51s of the fluorobicyclohexanes 1a-h.
(a) R'CH, PPhs Br~, KO:Bu, THF; — 10°C — room temp.,
2h (80-90%). (b) 35 equivs. 70% HF/pZyrldme CH,Cl;
— 25°C— room temp., 18h (11-45%; R = R'CH,).
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Table 1.

Physical properties of the mesogens 1a-h, 2a and 2b. Clearing points (7npextr),

birefringences (An) and rotational

viscosities (y1 ) are extrapolated values—see notes in footnotet—taken from solutions in Merck liquid crystal mixture Z1.1-4792;
the dielectric anisotropies (A¢) are from ZLI-2857. The temperatures are given in °C, the y; values in mPa. Cr= crystal,

SmB = smectic B, N= nematic, I = isotropic.

1 2

Compound R R Mesophases TNLextr Ae An 71
la G H: GH; Cr 31 SmB 80 I 50.1 -20 0.036 52
1b GHy G Hs Cr 36 SmB 83 I 28.5 -24 0.048 51
le G H; CiHy Cr 30 SmB 112 T 66.5 - 17 0.049 62
1d GHy (CH2).CH=CH: Cr48 SmB 95 N 1023 1 76.6 - 17 0.062 47
le H,C=CH GH; Cr 29 SmB 58 N 69.1 1 48.5 -19 0.062 40
1f GHy CH=CH» Cr29 SmB 551 18.2 -12 0.058 —
1g H,C=CH CsHo Cr 16 SmB 77 1 420 -19 0.051 47
1h H,C=CH (CH;),CH=CH, Cr 13SmB 37 N 79.8 1 56.5 -19 0.057 41
2a GH; GH; Cr 78 SmB 105 T 76.5 —-46 0.051 198
2b H,C=CH (CH;).CH=CH, Cr 74 SmB (70) N 83 1 373 -38 0.061 156

When we tried to introduce a second alkenyl side chain,
the usual hydrofluorination procedure was successful
for the butenyl side chain. The desired bis(alkenyl ) 1h
(scheme 3) was obtained in 11% yield. Unexpectedly,
all attempts to use the same method for the synthesis
of the pentenyl derivative led only to the product
5a/b. Apparently, the intermediate tertiary carbocation
attacks the side chain double bond via a six-membered
ring transition state and yields exclusively the spiro-
compounds 5a/b. For the successful conversion of 4a to
1f, the intramolecular reaction via a five-membered ring
transition state seems to be less favoured in comparison
to the simple hydrofluorination product.

We were also interested in the comparison of the
mesophase behaviour of 4-propyl-4’-vinylbicyclohexane
isomers carrying the axial fluorine either at the alkyl
side chain (1e) or at the vinyl side chain (1g). The latter
material was synthesized (scheme 4) by reaction of the
bicyclohexanone with vinyl magnesium bromide and
subsequent reaction of the resulting tertiary alcohol with
diethylaminosulphur trifluoride (DAST) [ 6]. The tertiary
alcohol 6 is completely unreactive under the usual
hydrofluorination conditions with 70% HF/pyridine.

7" o (CHZ)——/

4an—/ bn—

1h 5a/5b 11

/

Scheme 3. Synthesis of the fluorobicyclohexane 1h and
the spiro-compounds 5a and 5b. (a) 3.5 equivs. 70%
HF/ pyridine, CH>Cl»; — 25°C — room temp., 18 h (1h: 11%%;
5a/5b: 10%).

Scheme 4. Synthesis of the fluorobicyclohexane 1f.
(a) H,C=CHMgBr, THF; room temp. — 60°C, 1h (15%).
(b) DAST, CH2Cl; 5°C, 30 min (3%).

Besides the introduction of alkenyl side chains, our
other targets were the increase of the dielectric aniso-
tropy (A¢) and of the extrapolated clearing temperatures
(TNLextr) (see the table).t In our previous communication
[1], we have already demonstrated that the repetition
of ethylene-linked axially fluorinated cyclohexane sub-
units (such as in 2) leads to stronger negative A values
and to higher clearing temperatures. Our question
was therefore, whether we can also induce a nematic
mesophase in 2 by the introduction of alkenyl side
chains.

From the synthetic point of view, a convergent
strategy, centered around a versatile building block 13,
was supposed to open a general access to as many alkyl
or alkenyl substituted homologues of 2 as possible. This
was considered as a significant improvement compared
with our previously reported method [1]. The key
starting material for the building block 13 (scheme 5) is
methyl p-hydroxyphenylacetate (7) which was selectively
hydrogenated to methyl 4-oxocyclohexylacetate (8 ). This

+ Inpextr, An and y; were determined by linear extrapolation
from a 10% w/w solution in the commercially available Merck
mixture ZLI-4792 (Tai= 92.8°C, Ae= 5.3, An=0.0964), and
Ae was extrapolated from the dielectrically negative mixture
ZLI-2857 (Tai= 82.3°C, Ae= — 1.4, An = 0.0776). For the pure
substances, the mesophases were identified by optical micro-
scopy, and the phase transition temperatures measured by
differential scanning calorimetry (DSC).
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Scheme 5. Synthesis of 13. (a) Hz, 5% Pd-C, toluene (89%).
(b) Ethylene glycol, cat. TsOH, toluene; azeotropic
removal of water (75%). (c) LiAlHs, THF; reflux, 1h
(94%). (d) CH»Cl,, pyridine, TsCl; 10°C— room temp.,
2h (86%). (e) Nal, acetone; reflux, 2h (84%). (f) PPhs,
CH;CN, 75°C, 18 h (98%).

: COOMe
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o 9

material was converted in four steps to the phosphonium
salt 13.

Starting with a Wittig reaction of 13 with, for example,
4-vinylcyclohexanone (scheme 6) the liquid crystal 2b
was prepared in four steps. The clean conversion of 16
to 2b demonstrates impressively the high chemoselectivity
of the hydrofluorination reaction with 70% HF/pyridine
in dichloromethane. The low yield (6%) is caused mainly
by the two crystallization steps required to achieve a
purity of 99.5% and by the excellent solubility of 2b in

n-heptane.
0
0 PPh,+I-
O~ e AT -
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Scheme 6. Synthesis of 2b. (a) 4- Vlnylcyclohexanone KOrBu,
THEF; — 10°C—room temp., 4 h (95%). (b) HCOOH, toluene
room temp., 18h (73%). (c) HoC=CHCH,CH, PPh; Br~,
THF; — 10°C — room temp., 2h (55%). (d) 4 equivs. 70%
HF/pyridine, CH2Cly; — 15°C— 10°C, 1h (6%).

2.1. Synthetic example, 2b

To a solution of 16 (9.6 g, 0.035mol) in CH2Cl:
(20ml) in a Teflon flask 70% HF/pyridine (3.8ml,
0.14 mol, 4 equivs.) was added at — 15°C. The cooling
bath was removed, and after stirring at 10°C for 1h the
solution was poured into a mixture of ice (200 g) and
NaHCO:s (20 g). The resulting mixture was shaken twice
with n-heptane (200ml), and the combined organic
extracts were washed twice with brine (100ml). After
addition of pyridine (1%0) and drying over MgSOs, the
solution was evaporated to dryness. The crude product
was filtered over silicagel in n-heptane/ethyl acetate/

pyridine (50:50: 1) and crystallized twice from n-heptane
at —25°C. Yield 700 mg, 6%, purity determmed by
HPLC: 99.5%, for mesophases see the table. 'H NMR
(300 MHz, CDCls, 303 K): 6= 1.10-2.00 (m, 24H),
2.10-2.20 (m, 2H), 4.89-5.05 (m, 4H), 5.72-5.87 (m, 2H);
"F NMR (280 MHz, CDClz, 303K): 6=~ 1615 (s),

—161.0 (s); MS (EI): m/z= 310 [M '], 290 [M ' -HF],
270 [M " -2HF].

3. Results and discussion

For the application of liquid crystal mixtures in
displays, many different parameters have to be adjusted
exactly to the specifications of the LCD manufacturer,
in order to guarantee an optimal performance. For this
reason a LC mixture consists typically of 10 to 15 single
compounds. In order to evaluate the effectiveness of
a newly synthesized LC single compound in such a
complex mixture, extrapolated clearing points, electro-
optical and viscoelastic parameters obtained from a
defined solution in a nematic standard host{ are most
informative. The rotational viscosity yi determines the
switching time of a LCD.

While the liquid crystal materials 1a—c (as well as all
other dialkyl bicyclohexane derivatives [1]) have only
a SmB mesophase, the exchange of either an ethyl side
chain by vinyl on one side (1a — 1e) or of butyl by a
but-3-enyl side chain on the other side (1c¢ — 1d) induces
a nematic phase, as expected. In both cases, the rotational
viscosities (y1) are decreased by the introduction of the
double bond, and the birefringences (An) are slightly
increased. For the pair 1a/le the extrapolated clearing
temperature is unchanged, while it is decreased by
¢. 10 K in the pair 1b/1f and increased by 10 K for 1¢/1d.
The introduction of a second double bond for 1g— 1h
causes yet a further increase of Tnpextr by ¢. 14 K. While
the nematic mesophase ranges for the mono(alkenyl)
compounds are quite narrow or even non-existent
(like 1g), the bis(alkenyl ) 1h displays a broad nematic
phase from 37 to 79.8°C.

On the other hand, if vinyl and propyl side chains are
exchanged (as in the pair 1e and 1f) there is a large
difference in the mesophase behaviour of the two iso-
mers. There is no nematic phase for 1f, and the clearing
point is depressed by c¢. 20K for 1f. The observed
clearing point increasing effect of the axial fluorine [1]
seems to be dependent on the length of the side chain
attached to the fluorinated site. This is also demonstrated
by the isomer pair 1a and 1b, where the clearing point
difference is similar to 1e/1f. For application purposes,
the effect is outweighted by the tendency of longer side
chains at the fluorinated site to increase yi1, which is the
most important parameter of a LC single substance with
regard to the switching time of a mixture.

For the materials 2a and 2b which contain two axially
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fluorinated sub-units, the observed trend is similar, but
not as pronounced as for the bicyclohexanes: The two
alkenyl chains in 2b induce a partially monotropic
nematic mesophase from 70 to 83°C.

4. Conclusion

Liquid crystals based on axially fluorinated cyclo-
hexane building blocks with one or two alkenyl side
chains form nematic mesophases, in contrast to their
dialkyl homologues. The hydrofluorination with 70% HF/
pyridine in dichloromethane shows such a high selectivity
that even the bis(alkenyl ) compounds 1h and 2b are
easily accessible in multi-gram quantities from their
tri-ene (4a) or tetra-ene precursors (16), respectively. In
addition to the induction of advantageous mesophase
behaviour by directed molecular design, their combination
of negative dielectric anisotropy and low rotational
viscosity makes the new alkenyl and bis(alkenyl) materials
highly interesting candidates for use in newly emerging,
superior display technologies.

We thank A. Ruhl for experimental assistance and
Dr J. Krause, J. Haas, H. Heldmann and B. Schuler for
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