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Synopsis. The thermal properties for a homolo-
gous series of 4-alkylcyclohexyl 4-alkoxy- and 4-cyanocin-
namates are examined. They exhibit nematic phases with
low melting points. The effect of the cyclohexyl group on
the mesophase stability is discussed.

(4-Substituted phenyl) 4-substituted benzoates have
been known to be good nematogens for devices em-
ploying a twisted nematic mode, as one of the substi-
tuents is a polar group, such as cyano, and the guest-
host and dynamic scattering modes, as both substi-
tuents are the nonpolar groups, such as an alkyl
and/or alkoxyl.? For practical purposes, (4-substituted
cyclohexyl) 4-substituted benzoates are also good nem-
atogens, because the cyclohexyl group tends to lower
the melting point and increases the clearing point. In
this paper, we will demonstrate the preparation and
thermal properties of (4-substituted cyclohexyl) 4-sub-
stituted cinnamates; the effect of the cyclohexyl group
on the thermal properties is also discussed.

Preparation

The 4-alkylcyclohexanols were obtained by the hydro-
genation of the corresponding 4-alkylphenols in the pres-
ence of Ranney nickel under 150X10% Pa at 150 °C. The
cis and trans mixtures of the cyclohexanols were reacted with
benzoyl chloride, giving 4-alkylcyclohexyl benzoates. The
esters were purified by column chromatography over silica
gel, using a mixed solvent of hexane-ether (98:2—95:5).
After repeating the chromatographic purification, the esters

were hydrolyzed with methanol- 2 mol dm=3 potassium hy-
droxide (1:1), thus giving trans-4-alkylcyclohexanols. The
purity was checked by means of the NMR spectrum. The
NMR spectrum for trans-4-heptylcyclohexyl benzoate shows
a multiplet at 4.7—5.1 ppm arising from the methine proton
at the 1 position, and the cis form a broad singlet at 5.3 ppm
(4) in CDCls. The yields of the materials with a purity of
more than 99% were less than 20%. 4-Alkyl-, 4-alkoxy-, and
4-cyanocinnamoyl chlorides were reacted with trans-4-alkyl-
cyclohexanols according to the usual method. The esters
prepared here were purified by column chromatography over
silicagel, using a mixed solvent of hexane-ether (98:2), fol-
lowed by recrystallization from absolute ethanol. The data
of elemental analysis are shown in Table 1.

Rl—<j>—CH=CHCOO—<:>—R2

Results and Discussion

The melting points and mesomorphic transition
temperatures for the cinnamate esters are given in Table
2. Compounds 1—11 have melting points that lie
between 53 and 99 °C, while compounds 12 and 13
have somewhat lower melting points. The nematic-
isotropic transition temperatures for the homologous
series of 4-heptylcyclohexyl cinnamates show a typical
even-odd effect. Compounds 12 and 13 have low
melting points and enthalpies, being good nemato-
gens.

TABLE 1. ELEMENTARY ANALYSIS DATA
Caled (% Found (%)
Compound R, R,

C H N C H N
1 CH,0O C,H,; 77.05 9.56 76.99 9.56
2 C,H;O 77.37 9.74 77.28 9.71
3 C,H,0 77.67 9.91 77.44 9.95
4 C,H,O 77.95 10.07 78.12 9.87
5 C;H,,0 78.21 10.21 78.10 10.25
6 C¢H,,0 78.45 10.35 78.28 10.33
7 C;H,;O0 78.68 10.48 78.38 10.55
8 CH,0O C,H, 75.46 8.67 75.17 8.69
9 C,H, 75.91 8.92 75.81 8.92
10 C;H,, 76.32 9.15 76.22 9.16
11 C;H,,0 C;H,, 77.67 9.91 77.39 9.95
12 C;H,, C,H, 80.65 10.01 80.60 10.03
13 C;H,, 81.03 10.34 81.25 10.40
14 CN C,H, 77.13 8.09 4.50 77.11 8.12 4.56
15 C;H,, 77.50 8.36 4.30 77.35 8.42 4.19
16 C,H,; 78.14 8.84 3.96 77.83 8.95 4.02
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TABLE 2. THERMAL PROPERTIES

H, H,
Compound C N k‘]Am:;fl kJAmol;i‘

1 52.7 95.3 36.0 1.3
2 98.8 . 104.3 30.6 1.4
3 85.0 . 92.8 34.0 1.1
4 75.8 . 97.5 24.6 1.5
5 61.0 . 92.5 47.2 1.4
6 69.7 . 94.5 48.1 1.7
7 77.2 . 92.5 40.8 1.6
8 67.0 . 91.0 19.5 0.9
9 57.4 . 87.2 26.7 0.7
10 . 56.5 . 97.2 24.0 0.9
11 . 66.1 . 95.3 20.1 1.2
12 . 45.3 . 65.4 18.2 1.0
13 . 36.5 . 69.0 . 22.5 0.9
14 . 121.0 . (104.0)9 .  25.5 —
15 . 122.0 . (109.0)® . 27.5 —
16 . 112.5 . (110.0)» . 28.6 0.9

a) Parentheses indicate monotropic transition tempera-

tures.
The transition temperatures were measured using a Nikon

polarized microscope POH equipped with a Mettler FP
52 heating stage and a control unit. The transition
enthalpies were measured by means of a Daini Seikosha
SSC 560 differential scanning calorimeter, using indium
(99.9%,) as the calibration standard at a heating rate of
5 °C/min.

As the alkoxyl group is replaced by a cyano group,
both melting and clearing points increase, showing
monotropic nematic properties. These results may be
compared with those of the corresponding phenyl cin-
namates. It has been known that a cyclohexyl group
is less favorable for the thermal stability of the meso-
phase than a phenyl, because the former is more flex-
ible than the latter. For example, 4-alkylbenzoic
acids have higher melting and clearing points than
4-alkylcyclohexanecarboxylic acids.

For compounds 1—13 having nonpolar substi-
tuents, the melting points are lower by 10—30 °C
than those for the corresponding phenyl cinnamate
esters.®4 On the other hand, the clearing points for
the present series are also lower by 5—40 °C than those
for the corresponding phenyl cinnamate esters. The
difference tends to become larger with increase in the
carbon number in the alkyl and alkoxyl chains. These
trends are probably connected with the flexibility of
the cyclohexyl group.
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As the terminal group is replaced by a cyano group,
the circumstances differ significantly. Usually, as the
phenyl group with the alkyl chain in 4-cyano-4’-
alkylbiphenyls and 4-cyanophenyl 4-alkylbenzoates
is replaced by a cyclohexyl group, the clearing points
increase by ca. 20 °C, whereas the melting points are
almost unchanged. These trends have been interpret-
ed in terms of the structural difference in the antipar-
allel dimer of the molecules in the mesophase.® Indeed,
X-ray measurements indicate that the “overlapping
core” formed by the 4-cyanobiphenyls and 4-cyano-
phenyl benzoates differs significantly from the “par-
tially overlapping” one formed by the correspond-
ing cyclohexyl compounds.® For the present series
(14—16), by contrast, the melting points are higher
by 30—40 °C, and the clearing points are lower by
10—20 °C than those for the corresponding 4-alkyl-
phenyl 4-cyanocinnamates.”-® These facts indicate that
the enhancement of the nematic stability upon the re-
placement of the phenyl group with the cyclohexyl
one does not occur in this system. A possible ex-
planation is that the “‘overlapping core” for the phen-
yl 4-cyanocinnamates differs from those for the 4-
cyanobiphenyls and 4-cyanophenyl benzoates and is
rather similar to those for the cyclohexyl compounds,
while the flexibility of the cyclohexyl group decrease
the stability of the nematic phase, as has been men-
tioned above.

In conclusion, the replacement of the phenyl ring
by the cyclohexyl in the phenyl cinnamate core leads
to a decrease in the thermal stability of the nematic
phase, presumably because of an increase in the flex-
ibility of the core, even though both terminal substi-
tuents are nonpolar alkyl and/or alkoxyl groups
or a polar cyano.
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