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The synthesis of the stereospecifically fluorinated difluoro- and
trifluoro- rac-3 and rac-4 is described where the fluorine atoms
are positioned adjacent/vicinal to each other and the physical
characteristics of these candidate liquid crystals including
negative dielectric anisotropy are measured and rationalised.

Fluorinated compounds have made a significant contribution to
materials science.! In the main fluorinated polymers and liquid
crystals have been developed carrying perfluorinated alkyl motifs,
as such motifs confer low viscosity and high thermal stability to
particular materials.® Partially fluorinated materials are less well
understood and of course the unique synthesis of partially
fluorinated alkyl chains requires that stereochemical considerations
are attended to during assembly. We have begun to explore
methods for the synthesis of partially fluorinated alkyl motifs and
in particular have investigated the synthesis and properties of
compounds with alkyl chains carrying two®> three® and four’®
vicinal fluorine atoms arranged in a stereospecific manner. The
relative stereochemistry of adjacent fluorine atoms (e.g. erythro
and threo difluorotype diastereoisomers) can induce very different
preferred conformations in the analogous alkyl chains. We have
explored this in fatty acids* and peptide mimetics.’ In this
Communication we report the synthesis of vicinal difluoro- and
trifluoro- liquid crystals with the fluorine atoms positioned
stereoselectively along the pendant alkyl chain—the first time that
such a tri-fluoro motif has been incorporated into a liquid crystal.
Nowadays, all high-resolution, full-colour liquid crystal displays
(LCD) are based on active matrix technology, where each pixel is
controlled by a separate thin-film transistor (TFT) integrated on
the glass substrate. Nematic liquid crystal mixtures for this kind of
application have to meet very stringent requirements—not only
with regard to physicochemical properties but also in terms of
purity and chemical robustness. These requirements can only be
met by so-called super-fluorinated materials (SFM),” deriving their
dielectric anisotropy (Ae¢) from the dipole moment of the carbon—
fluorine bond.” Other important characteristics include the
mesophase profile and the rotational viscosity (y;). Also here,
fluorine substitution often serves a very specific function.'

“School of Chemistry and Centre for Biomolecular Sciences, University
of St Andrews, North Haugh, St Andrews, Fife, UK KY16 9ST.
E-mail: dol@st-and.ac.uk; Fax: 44 1334 463808; Tel: 44 1334 467176
bMerck KGaA, Liquid Crystals Division, Frankfurter Str. 250, D-64271,
Darmstadt, Germany. E-mail: matthias. bremer@merck.de

“Display Reliability & Cell Technology Laboratory, Liquid Crystal
Technical Center, Merck Ltd. Japan, 4084 Nakatsu, Aikawa-machi,
Aiko-gun, Kanagawa 243-0303, Japan. E-mail: peer_kirsch@merck.co.jp
+ Electronic supplementary information (ESI) available: Experimental
methods. See DOI: 10.1039/b711839b

LCD television as the fastest growing application of nematic
materials is dominated by the vertical alignment (VA) mode. This
technology makes use of fluorinated liquid crystals with negative
dielectric anisotropy.!! On the molecular level, in dielectrically
negative liquid crystals the dipole moment is oriented perpendi-
cular to the long molecular axis. Whereas there is a large variety of
liquid crystalline structures with positive Ae, the design options
leading to materials with negative A¢ are quite limited. All such
liquid crystals for VA (vertical alignment) applications are based
on the 2,3-difluorophenylene substructure (such as 1),'> but there
have also been some more recent developments (e.g., 2)" (Fig. 1).

However, the design of new basic structures rendering liquid
crystals dielectrically negative remains a challenge. A sequence of
two or more vicinal fluorine substituents in a terminal alkyl chain
of a liquid crystalline offers a rare opportunity to explore the
conformational influence exerted by the vicinal fluorine gauche
effect. For rac-3, rac-4 a strongly negative A¢ is expected if the
fluorinated side chain assumes a linear conformation with the
fluorines gauche to each other.

In order to combine our recent synthetic developments>® with
the preparation of novel liquid crystalline materials with potential
in display technology, the racemic compounds 3 and 4 were
identified as synthetic targets. The synthesis of 3 (Scheme 1)
involved epoxidation of olefin 5 followed by ring opening of
epoxide 6 with HF-pyridine. This gave rise to a mixture of the
fluorohydrin regioisomers 7a and 7b. These fluorohydrins were
separated by chromatography and converted individually to the
corresponding triflates, 8a and 8b. Subsequent fluoride treatment
of each regioisomer proceeded with inversion of configuration and
gave the unified product rac-3 in each case.

The preparation of liquid crystal rac-4 (Scheme 2) presented a
more challenging synthesis. This was achieved following our

rac-3 rac-4

Fig. 1 In liquid crystals with negative dielectric anisotropy (Ag), such as 1
and 2, the dipole moment (generated by polar C-F bonds) is oriented
perpendicular to the long molecular axis. In rac-3 and rac-4 with vicinal di-
and tri-fluorinated motifs a linear conformation will have a dipole moment
perpendicular to the page and towards the reader.
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recently described method for the stereospecific synthesis of the
vicinal trifluoro motif. Thus propargylic alcohol 10, which is
readily prepared from aldehyde 9, formed the starting point of the
synthesis. Stereospecific reduction'® with LiAlH, generated allylic
alcohol 11 which was epoxidised with mCPBA to give the
diastereoisomeric allylic epoxides 12a : 12b (not shown) ina 3 : 1
ratio. In order to retain an efficient synthesis, these diastereo-
isomers were treated as a mixture until later in the synthesis.
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Scheme 2 Synthetic route to rac-4. The material was prepared ina 10 : 1
mix of diastereoisomers with rac-4b as the minor component.

Table 1 Physical and negative dielectric properties of 1-4

No. Mesophase sequence TNILvirt Aéyire
1 Cr 67 N 145.3 Iso 137.1 -2.8
2 Cr 75 SmB 94 Iso 87.3 =22
rac-3 Cr 83 SmB 100 Iso 69.6 -29
rac-4 — 36.0” -3.0

¢ Nolt2 available due to limited material  Extrapolated from ZLI-
2857

Epoxide ring opening with HF—pyridine generated the diaster-
eoisomeric fluorodiols 13a and 13b (not shown) and then cyclic
sulfatation gave 14a and 14b also in a 3 : 1 ratio. These
diastereoisomers could be separated by careful chromatography,
and for the preparative synthesis a sample of 14a was used which
contained ~10% of 14b. Treatment then with tetrabutylammo-
nium fluoride (TBAF) resulted in both a stereo- and regio-selective
ring opening, to generate fluorohydrin 15. Finally, triflate
formation to give 16 and subsequent TBAF displacement gave
rac-4 as the predominant isomer, but containing diastereoisomer
rac-4b  (10%) which had carried through from 14b.
Characterization'® of rac-3 and rac-4 (Table 1) shows in both
cases the expected negative dielectric anisotropy. Calculations'®
suggested that the A¢ of rac-4 should be about twice as negative as
the value of rac-3. However, the experimental values for the two
vicinally fluorinated liquid crystals are practically identical. In
general, for liquid crystals based on a bicyclohexyl mesogenic core
structure the calculated A¢ values tend to be more positive than the
experimental ones which are extrapolated from the nematic host
mixture ZL1-2857."

The prediction of Ae was based on the assumption that the side
chains of both compounds prefer a linear conformation, with all
fluorines gauche. However if the preferred conformation of the side
chains deviate from linear, the C-F dipole will not align
perpendicular to the molecular axis, and the observed A¢ becomes
less negative or even positive (Table 1). Therefore the observed Ae
is a sensitive indicator of the side chain conformation. In order to
obtain a more detailed analysis of the conformer equilibrium of
rac-3, the relative energies of the four major side chain
conformations (Fig. 2) were calculated using the simplified,
truncated model 17 at the B3LYP/6-311+(2d,p)/B3LYP/6-
31G(d)+ZPE level of theory.

The corresponding electrooptical values A¢ and An were then
calculated for the analogous conformers of the whole liquid crystal
at the AM1//B3LYP/6-31G(d) level of theory. The electrooptical
data for the equilibrium ensemble were obtained by averaging the
four conformers, weighted by their respective Boltzmann

17
3-bent-1 3-bent-2

Fig. 2 The four major conformers of rac-3, and the model compound 17
used for calculation of the relative conformer energies.
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Table 2 Side chain conformations, relative gas phase energies E,
and Boltzmann populations of the model compound 17 (B3LYP/6-
311+G(2d,p)//B3LYP/6-31G(d)+ZPE level of theory).!” The electro-
optical parameters Aecycand Ang,e, were calculated for relevant
conformations of the whole liquid crystal 3 at the AM1/B3LYP/6-
31G(d) level of theory. The average parameters Aég,y. and An,,. were
weighted by their relative populations

Conformer E,q (kcal ~ Population

3 mol ™~ I ) (%’) ACcalc Ancalc Agave Anave
linear-1 +1.52 6 —1.7 0.049 —-0.8 0.048
linear-2 0 75 —1.5 0.048

bent-1 +0.98 14 +2.9 0.050

bent-2 +1.60 5 +0.4  0.045

populations (Table 2). It is interesting to note that one of the linear
conformers (3-linear-1) is relatively high in energy, which is
probably due the repulsive interaction between the side chain
o-fluorine substituent and the equatorial hydrogen atoms in the
adjoining cyclohexane ring.

Usually this method for the prediction of electrooptical
parameters is very reliable.'® A possible explanation for the
discrepancy between the calculated and the observed dielectric
anisotropy of rac-3 may be the effect of the condensed, nematic
mesophase. The equilibrium properties listed in Table 2 are based
on calculations on isolated molecules in a vacuum but it seems
reasonable that in an ordered, liquid crystalline system there are
additional packing effects.'®

For rac-4 with its longer trifluorobutyl side chain the number of
conformers which have to be taken into account is larger.
Accordingly, the error caused by additional effects in the nematic
phase becomes large and a property prediction based on a gas
phase conformational analysis is not straightforward. However,
the relatively low extrapolated clearing point (7nyirt) Of rac-4 in
combination with the unexpectedly small (absolute) A¢ value,
indicates that the preferred conformation of the partially
fluorinated side chain is not linear (Table 1). This is in agreement
with our recent conclusion® that in alkane chains with more than
two vicinal fluorines, there are repulsive 1,3-fluorine interactions
which destabilize the linear conformation. On a quantitative basis,
each syn-1,3 interaction destabilizes the linear conformation by
~3 kecal mol!, forcing the chain into a non-linear g+g+ (or
g—g—) conformation with uniform handedness. Thus in rac-3 the
linear side chain gains stability from the gauche relationship of the
fluorine substituents whereas for rac4, linearity is strongly
destabilized by a repulsive 1,3-difluoro interaction.

In summary, we have demonstrated the diastereoselective syn-
thesis of two novel, selectively fluorinated liquid crystals. Optically
pure materials are not required for their function in VA LCD,
however, the synthesis of rac-4is clearly amenable to an enantiopure
preparation via a Sharpless asymmetric epoxidation of 11. Both
liquid crystals, rac-3 and rac-4 show negative dielectric anisotropy,
however the effect for rac-4 is less than predicted as the side chain
presumably cannot assume a stable linear conformation due to
repulsive g+g— interactions between 1,3-fluorine substituents.
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