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A Facile Synthesis and Electro-optical Properties of New Liquid Crystals
Having a vic-Difluoro Olefinic Moiety

Kiyoshi Kanie,# Yoichiro Tanaka, Sadao Takehara,Jf and Tamejiro Hiyama*’##
Research Laboratory of Resources Utilization, Tokyo Institute of Technology, 4259 Nagatsuta, Midori-ku, Yokohama 226-8503
TDainippon Ink & Chemicals, Inc., 4472-1 Komuro, Ina-machi, Kita-adachi-gun, Saitama 362-8577

(Received August 12, 1998; CL-980620)

A facile method for the difluorination of olefins was exploited and
applied to the synthesis of novel liquid crystals (LCs) having a
vic-difluoro olefinic moiety. The physical and electro-optical
properties of these LCs were compared with those of the
corresponding parent olefinic LCs.

Much attention has been directed to synthetic methods of
organofluorine compounds!-2 because of the high thermal and
chemical stability and low viscosity of fluorine-containing
materials. To assist such exploitation, a novel method has been
needed for the efficient, mild and selective fluorination of
prevailing materials. This sort of methodology allows us to
compare the properties of the fluorinated ones with the parent
ones and thus to evaluate the fluorine effect.

Because liquid crystals (LCs) containing an m-alkenyl side
chain induce lower viscosity and threshold voltage than those
with an alkyl side chain,3 the olefinic LCs are utilized as the
materials for LC displays. On the other hand, LCs containing a
vie-difluoro olefinic moiety as a group connecting two mesogens
exhibit high polarity and low viscosity.# With these precedents,
we considered that LCs having an w-vic-difluoroalkenyl group
would exhibit unique properties and thus studied a novel
fluorination strategy of olefins.5

Herein we report a facile method for the synthesis of vic-
difluoro olefins from the corresponding parent olefins. We also
disclose the phase transition behaviors and electro-optical
properties of these difluoro olefinic LCs.

Synthesis of vic-difluoro olefins was carried out through a
route shown in Scheme 1. Olefins 1 were converted into B-
fluoroalkyl phenyl sulfides 3 by an iodo-fluorination using
tetrabutylammonium dihydrogentrifluoride (TBAH,F3) and N-
iodosuccinimide (NIS)® followed by a substitution of resulting
iodo-fluorination products 2 with a phenythio nucleophile or
alternatively by a direct thio-fluorination.” Although the thio-
fluorination is straightforward, this reaction was not applicable to
vinylcyclohexanes 1la and 1c. The fluoro-Pummerer
rearrangement of 3 using TBAHF3 and 1,3-dibromo-5,5-
dimethylhydantoin (DBH)8 gave o,B-difluoroalkyl phenyl
sulfides 4 in high yields as 1 : 1 diastereomeric mixtures,? which
without isolationl0 were oxidized to phenyl sulfoxides 5 by

Scheme 1. Synthesis of vic-difluoro olefins 6.
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treatment with m-chloroperbenzoic acid (mCPBA).
Thermolysis!! of 5 at 170 °C in xylene (sealed tube) afforded a
mixture of cis- and trans-difluoro olefins 6.12 Each isomer was
readily isolated by flash column chromatography on silica-gel.
The yields of the intermediates and final products are summarized
in Table 1.

Phase transition temperatures!3 of cis-6, trans-6 and 1 as
well as the texturesl#4 of LC phases are summarized in Figure 1
and Figure 2. Although trans-6a and trans-6b showed a nematic
phase in a temperature range narrower than those of parent
compounds 1a and 1b, cis-6a and cis-6b exhibited a nematic
phase in a similar range but at lower temperatures (Figure 1).
The LCs having a trans-4-pentylcyclohexylcyclohexane mesogen
are summarized in Figure 2. Compound cis-6¢ exhibited a
nematic temperature range much wider than 1¢ or trans-6c,
whereas those with a longer side chain diminished or lost the
nematic phase. Among trans-difluoro olefins, trans-6¢ showed
little liquid crystallinity; trans-6d and trans-6e exhibited an S
phase on a parallel with 1d and 1e. Thus, the fluorine effect was
most striking in 6c.

We mixed each of cis- and trans-isomers of 6c-6e and
parent olefinic LCs 1c-1e by 20 wt% with host, a 1 : 1 mixture

Table 1. Yields of 2, 3, 5, and 6 prepared according to Scheme 1

isolated yield/%
compound n
2 3 5 cis-6 trans-6

F ) 0 (1a) 82 (2a) 91 (3a) 95 (5a) 46 (cis-6a) 16 (trans-6a)
L 2(1b) 77(3b)  94(5b) 33 (cis-6b) 22 (trans-6b)

F 0(1c) 68 (2¢) 95(3c¢) 88 (5¢) 55 (cis-6¢) 18 (trans-6c¢)
n-C5H11—O—<:>—(-\)L 1(1d) 81(3d) 93(5d) 45 (cis-6d) 29 (rrans-6d)
= 2(1e) 78 (3e) 87 (Se) 39 (cis-6e) 25 (trans-6e)
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Figure 1. Phase transition behaviors of 6a and 6b.
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Figure 2. Phase transition behaviors of 6¢, 6d, and 6e.

Table 2. Physical and electro-optical properties® of le-le,
cis- and trans-6c-6e as mixed by 20 wt% in host

compounds Ty/°C A€ Ae® V/V® An And T/msS® (V)f
host 1167 48 -— 214 0.090 - 253(5.1)

le 1028 3.6 -12 229 0.081 0.045 224 (5.3)
cis-6c  105.1 42 18 199 0.081 0.045 33.3(4.3)
trans-6¢ 977 3.3 -27 2.16 0.081 0.045 31.2(4.7)

1d 944 3.1 -37 2.08 0.077 0.025 32.6 (4.4)
cis-6d  87.4 3.0 -42 2.00 0.076 0.020 44.1(4.2)
trans-6d  86.8 3.1 -3.7 2.04 0.075 0.025 43.1(4.2)

le 1083 3.3 -2.7 229 0.082 0.050 269 (5.0)

cis-6e  108.6 40 0.8 215 0.083 0.055 29.4 (4.7
trans-6e 101.6 32 -3.2 222 0.081 0.045 34.3(4.7)

*Measured at 20 °C. "Extrapolated from Ae. *Corrected for 7.0 um cell.
dE)u.rapolated from An. ®Responce time (T, = Tg). prplied voltage/V.

of 1a and 1b, and measured dielectric anisotropy (Ae), threshold
voltage (Vth), birefringence (An), and response time (t) of the
resulting mixtures. The data are summarized in Table 2.

All trans-6 indicated Aes similar to those of 1, probably
because the dipole moments of the two C-F bonds compensate
each other. On the other hand, Aes of c¢is-6 varied depending on
the kind of a side chain; Aes of cis-6¢ and cis-6e were much
larger than 1c and 1e, respectively; Ae of cis-6d turned out to be
smaller than 1d. Extrapolation of Ag to 100% allowed us to
estimate Ae'. Since Ag' of cis-6d was negative, this compound
was proved to be an n-type LC, whereas both cis-6¢ and cis-6e
should be p-type LCs (Ag' > 0). All the vic-difluoro olefins
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lowered Vth of host LCs upon mixing by 20 wt% as compared
with the parent olefins. In particular, the effect of cis-6 was
remarkable in comparison with trans-6. All the difluoro olefins
had equally low An's as estimated by extrapolation; mixing them
with host lowered An of host. Thus, the difluoro olefins
should be useful additives for lowering An of L.C materials.
Both cis- and trans-difluoro olefins are thermally stable, because
no decomposition could be observed by heating their xylene
solutions at 170 °C for 24 h.15

We have reported the synthesis of new type I.Cs having a
vic-difluoro olefinic moiety from the corresponding parent optical
properties of these compounds led to a conclusion that the
properties of LCs having a (CHj),CF=CHF group change
strikingly depending on the configuration and the number of n.
The difluoro olefinic LCs lower Vth and An of host LCs upon
mixing by 20 wt% more effectively than the corresponding parent
olefins.
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