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Synthesis, mesomorphic properties and potential applications of aryl
esters of 4-n-alkylcyclohexene-1-carboxylic acids in
electrooptic displays

by V. S. BEZBORODOYV, V. A. KONOVALOV, V. 1. LAPANIK
and A. A. MIN’KO

A. N. Sevchenko Institute of Applied Physical Problems, 220064 Kurchatova 7,
Minsk, U.S.S.R.

(Received 17 March 1988; accepted 4 July 1988)

The reaction of 4-substituted phenols with 4-n-alkylcyclohexene-1-carbonyl
chlorides, which differ in the position of their double bond in the ring, has yielded
the corresponding esters. Investigation of their mesophoric properties including
the electrooptic parameters of mixtures containing these compounds show that
aryl esters of acids containing the double bond in the second position of the
cyclohexene fragment are the most promising for use as components of liquid
crystal mixtures.

1. Introduction

The use of liquid crystal materials in various electrooptic display devices (electronic
watch displays, calculators, digital displays, etc), which are characterized by their
small sizes and low power consumption has resulted in extensive experimental data
on the synthesis and investigation of their mesomorphic properties and their mixtures.
The results obtained allowed certain regularities in the change of electrooptic and
dynamic parameters of liquid crystal displays (for example, the threshold voltage, the
saturation voltage, and the time characteristics), which depend on the physical
properties of the liquid-crystal materials (such as the viscosity, the dielectric anisotropy
and the elastic constants), to be ascertained and to elaborate rules for the use of liquid
crystals in the display devices. However the dependence of the physical properties of
liquid crystals and their mixtures upon the molecular structure is still insufficiently
studied.

2. Results and discussion

Mesomorphic 1,4-disubstituted cyclohexene, as well as similar cyclohexane,
derivatives are promising candidates for use in liquid crystal mixtures intended for
electrooptic displays. These compounds are characterized by low melting points, wide
mesomorphic ranges and high values of the positive dielectric anisotropy [1]. In order
to continue the investigation of the mesophoric properties of 1,4-disubstituted cyclo-
hexenes and to ascertain the regularities in the change in their transition temperatures
depending on the double bond position in the cyclohexene fragment, as well as the
variation of certain parameters of liquid crystal mixtures containing these compounds,
we have prepared the esters (1 a, b; 11 a—s; 111 a—o; IV a-0) by the reaction of trans-4-n-
alkylcyclohexane-1-carboxylic (V a), 4-n-alkyl-1-cyclohexene-1-carboxylic (VI a—e) cis-
and trans-4-n-alkyl-2-cyclohexene-1-carboxylic (VII a-g, /), 4-n-alkyl-3-cyclohexene-
1-carboxylic (VIII a-d) acids with thionyl chloride and 4-substituted phenols in the
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presence of pyridine. Their mesomorphic properties and the possibility of using
them as components for liquid-crystal mixtures for electrooptic displays were also
studied.

an2n+1'<:>'COOH n 2n+1 O _@R
Va Ja-b
\ /N
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ViIa-g py ITIa~-n
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n = I-8, R = OC,H,, OC;H,, CN, C,H,CN, COOC,H,CH,, COOC(H,C,H;,
COOC,H,C,H,;, COOC,H,C,H,,.

4-p-alkyl-1-cyclohexene-1-carboxylic acids (VIa-e) were synthesized either by
dehydrobromination of 1-bromo-4-n-alkylcyclohexane-1-carboxylic acids prepared
by the Hell-Volhard-Zelinksy method from trans-4-n-alkylcyclohexane-1-carboxylic
acids [2], or by alkaline hydrolysis of N-(1-trichloromethyl-4-n-alkylcyclohexyl-1)
morpholines (the products of the reaction of N-(4-n-alkyl-1-cyclohexenyl-1) morph-
olines with trichloroacetic acid [3]). Cis- and trans-4-n-alkyl-2-cyclohexene-1-carboxylic
acids (VIII a-h) were prepared by the reduction of the corresponding 4-alkylbenzoic
acids [4]. 4-n-alkyl-3-cyclohexene-1-carboxylic acids (VIIIa-d) were obtained by
alkaline hydrolysis of esters (IX a-d). These were prepared as the pyrolysis products
of 4-n-alkyl-4-acetyloxycyclohexane-1-carboxylic acids (X a-d) synthesized by the
interaction of alkylmagnesium bromides with the ethyl ester of 4-n-cyclohexanone-1-
carboxylic acid (XII) and followed by the decomposition of their magnesium derivatives
(XIa-d) using acetyl chloride

1
_ Briig0 CH 4601
CpHop  MEBr 4 0= C000 Hlym—s 00C,Hy —2m

XIT nZ2n+i XTa-d
0}13000 1 .H2o(0H')

- 00C, Hy ——ms C_H / »C00C.H. ——— VIIIa-d
‘ 2fls n Zn+1'<} 2 2
Cyllon 47 2 2.t

Xa-~-d TXa=-d

The synthesis of 4-n-alkyl-3-cyclohexene-1-carboxylic acids (VIII a-d ), except for
4-methyl-3-cyclohexene-1-carboxylic acid (VIIl4), by condensation of 2-alkyl-1,3-
butadienes with acrylic acid, or its ester was less effective than the method described.
2-alkyl-1,3-butadienes are almost inaccessible, unstable and, in case of the reaction
with acrylic acid or its ester, form a considerable quantity of polymer products,
which reduce the yield and impede the separation of adducts (VIIla—d, 1X a-d).
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Trans-4-n-alkylcyclohexane-1-carboxylic acids (Va) were obtained by catalytic
hydrogenation of acid (VIIa) in the presence of 10 per cent palladium on carbon.

The composition and structure of the acids (Vla—e, VIIa—g, h, VIIl a-d) and
arylic esters (Il g—s, 1l a—n, o, IV a-0) were confirmed by the results of elemental
analysis as well as infrared and proton N.M.R. spectra. Thus, in the proton spectra
of acids (VI a-e), a multiplet signal at 6-64 p.p.m. is observed, which is characteristic
of the proton located at the double bond of the cyclohexene ring. The corresponding
proton of acids (VIIIa-d) and of esters (IV a-0) is characterized by a signal at
5-18 p.p.m. in their N.M.R. spectra. In the proton spectra of cis- and trans-4-n-alkyl-
2-cyclohexene-1-carboxylic acids (VII a-g, A) and their esters (II1 a—4, o), the protons
located at the double bond give a singlet at 5-60 p.p.m., which after addition of a shift
reagent tris[3-(trifluoromethyloxymethylene)-d-camphorateleuropium for the trans-
acids (VI a-d) and their esters (Il a-n) is split into two doublets with a coupling
constant of 11 Hz, while for the cis-acid (VII 4) and ester (III o) splitting into a number
of poorly resolved multiplets is observed.

It should be noted that the configuration of trans- and cis-4-n-alkyl-2-cyclohexene-
I-carboxylic acids (VIIa—g, ) was inferred by the presence of liquid-crystalline
properties in the esters of the trans-acid (111 a-#) with their rod-shaped molecules, as
well as by the absence of such properties in an ester of the cis-acid (III 0), since the
pseudo-axial position of the alkyl group excludes the possibility of their rod-like form.
The esters (Ila-s, Illa-n, o, IV a-0) give the signals of aromatic protons in the
N.M.R. spectra within the range 6:47-8-13 p.p.m.

The infrared spectra of the esters (Il a-s, III a-n, o, IV a-0), contains intense bands
at 1735, 1765 and 1700cm™' corresponding to the stretching vibrations of the ester
carbonyls. The stretching vibrations of the nitrile group of the esters is located at
2230cm .

The investigation of the liquid-crystalline properties of the compounds (11 a-s,
1V a-0) and their comparison with the similar parameters of aryl esters of trans-4-n-
alkylcyclohexane-1-carboxylic acids [5-7] (see tables 1-3) shows that the appearance
of the double bond in the 1st or 3rd positions of the ring in relation to an ester
fragment causes a large distortion of the rod-like shape of the molecule. This is
accompanied by a considerable narrowing of the mesophase (nematic) range (reduced
by 50°C), and also by a lowering of the melting point in the esters of 4-n-alkyl-3-cyclo-
hexene-1-carboxylic acids (IVa-0) and its increase for the esters of 4-n-alkyl-1-
cyclohexene-1-carboxylic acids (Il a-n)

Chllon i1 \Qf(,’o @ (Esters of trans-4-n-alkylcyclo-

hexane-1-carboxylic acids).

f 4-n-alkyl-1-cyclohexene-
Ol \V&"_" @ R (Esters of 4-n-alkyl-1-cyclohexene

I-carboxylic acids).

“alfened \4—7 ,o O (Esters of trans-4-alkyl-2-cyclo-

hexene-1-carboxylic acids).

CoHop, 7 _V -9 @ (Esters of cis-4-n-alkyl-2-cyclo-
ol

hexene-1-carboxylic acids).

=9 @' (Esters of 4-n-alkyl-3-cyclohexene-
Cnl2ns1 . 1-carboxylic acids).
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Table 1. Constants, yields, data of the elementary analysis of aryl esters (Il a—s).

Liquid crystal
range (Ten—Twi)

Yield or the melting
No. n R (per cent) point, °C
1 2 3 4 5
a 3 OC,H, 39 44
b 3 OC;H;, 42 36
¢ 4 OC,H, 36 34-39
d 5 OC,H, 47 45-51
e 3 CN 56 71
f 3 C,H,CN 62 109-224
g 4 CN 73 57
h 4 CsH,CN 67 113-223
i 5 CN 56 42-44
j 5 CsH,CN 64 104-218
k 8 CN : 43 44-5-52
! 8 C.H,CN 52 87-185
m 1 COOC H,CH, 45 142
n 1 COOCH,C,H; 60 96-169
0 3 COOC¢H,C;H,, 43 67-173
p 3 COOCH,C,H, 49 69-170
q 4 COOC¢H,C,H; 38 104-175
r 5 COOC¢H,C,H; 37 99-181
5 5 COOCH,CH,, 47 67-177

Table 2. Constants, yields, data of the elementary analysis of aryl esters (11T a-n).

Liquid crystal
range (Ten—Tw)

Yield or the melting
No. n R (per cent) point, °C
1 2 3 4 5
a 3 OC,H, 70 21-46
b 6 OC H, 52 24-46-5
¢ 3 CN 37 ® 17
d 1 C,H,CN 58 85-5-168-5
e 2 C:H,CN 53 58-189
! 3 CsH,CN 44 59-203
g 4 C4H,CN 42 42-5-197
h 5 C:H,CN 56 48-5-189
i 6 C¢H,CN 46 44-186
j 7 C:H,CN 43 65-185
k 8 COOCH,CH, 49 77-148
) 1 COOC H,C,H; 42 53-162
m 2 COOC¢H,C;H,, 46 50-5-134
n 3 COOC;H,CsH 42 48-166

The high melting points for the esters (I a-s) are probably due to the conjugation
of the double bond in the cyclohexene ring with the ester fragment resulting in strong
intermolecular interactions. The mesophase range in the aryl esters of the trans-4-n-
alkyl-2-cyclohexene-1-carboxylic acids (III a-r), whose molecules are close to rod-like,
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Table 3. Constants, yields, data of the elementary analysis of esters (IV a-o).

Liquid crystal
range (Ton—Tny)

Yield or the melting

No. n R (per cent) ne point, °C
1 2 3 4 5 6

a 3 OC4 Hg 43 —_ 8

b 3 OC;H,, 38 — 5

¢ 4 OC4 H9 63 e 20

d 3 CN 62 1:5238 —

e 3 C¢H,CN 20 — 63-172
f 4 CN 47 1-5196 —

h 1 COOC;H,CH, 42 — 75-142
i 1 COOC¢H,C,H; 58 — 58-165
j 3 COOC,H,C,H, 63 — 61-144
k 3 COOC¢H,C:H |, 56 — 39-163

/ 4 COOC¢H,C,H; 32 — 48-146
m 4 COOC,H,C,H, 36 — 45-146
n 4 COOC;H,CsH,, 43 — 41-140
0 S COOC4H,C,H; 27 — 70-142

differs only slightly from that of the corresponding esters of the trans-4-n-alkylcyclo-
hexane-1-carboxylic acids. However these compounds are characterized by low melting
points and this makes them potentially useful for use as components in liquid crystal
mixtures.

The investigation of the electrooptic and dynamic parameters of mixtures composed
of 4-n-pentyl-4’-cyanobiphenyl and the aryl esters of 4-n-alkylcyclohexene-1-carboxylic
acids showed that mixtures containing esters of alkylcyclohexenecarboxylic acids had
lower threshold voltages and saturation voltages and higher switch-on and switch-off
times in comparison with those containing the corresponding esters of trans-4-n-
alkylcyclohexane-1-carboxylic acids (see table 4).

Among the compounds differing by the position of the double bond in the ring,
esters of 4-n-alkyl-3-cyclohexene-1-carboxylic and 4-n-alkyl-1-cyclohexene-1-carboxylic
acids are the least promising for practical applications, Their use is limited by the
absence of liquid crystal properties or by a narrow nematic range in esters IV a-0),
rather high melting points in esters (ITa—s), as well as by higher switch-on and
switch-off times. In addition the voltage-contrast characteristic for the mixtures
containing these compounds exhibited a low slope in comparison with those containing
esters of trans-4-n-alkyl-2-cyclohexene-1-carboxylic acids.

3. Experimental

The infrared spectra of 0-1 M solutions of compounds in carbon tetrachloride
were recorded with a SPECORD IR-75 spectrophotometer. The proton N.M.R.
spectra of 10 per cent solutions in carbon tetrachloride with hexomethyldisiloxane as
an internal standard were recorded with a TESLA BS-467 spectrometer. The tran-
sition temperatures were determined visually or with a Perkin-Elmer DSC-2 differential
scanning calorimeter. Textures of different phases were studied with a polarizing
microscope. The purity of the compounds was determined chromotographically.
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Table 5. Electrooptic parameters of the mixturest.

Ether IVg I A Iy
Measurement 20 35 50 20 35 50 20 35 50
temperature/°C

Threshold 1-46 1-38  1:33 161 155 15 1-58 1-51 1-45
voltage Vj,

Vi /V 1-83 1-74 169 193 1-86 18 1-95 1-86 1-78
Saturation 2-44 239 236 243 234 230 2-54 2:41 2:32
voltage Vg0 /V

Slope of the 0-253 026 027 02 02 0-2 0-234 0232 0-227
current-contrast

curve/Py,

Switch-on — 110 — — 100 — — — —
time/ms

Switch-off — 75 — — 65 — — — —
time/ms

T The mixtures are composed of 65wt % 4-n-pentyl-4’-cyanobipheny! and 35wt % of one
of the esters (I1/, I11 4, IV g)-

Measurements of the electrooptic parameters of mixtures were performed at a
temperature of 20° + 0-5°C in twisted nematic cells with a 10 um spacer using parallel
polarizers.

4-n-butoxyphenylester of 4-propyl-3-cyclohexene-1-carboxylic acid (IV a). 0-05 mol
of 4-n-propyl-3-cyclohexene-1-carbonyl chloride, 0-06 mol 4-s-butoxyphenol and
0-01 mol pyridine in 50 mi of anhydrous dicthylether were mixed for 6 h, washed with
water and dried using anhydrous sodium sulphate. The residue after the solvent had
been removed was crystallized from ethyl alcohol. Yield 43 per cent, m.p. 8°C. Found
(per cent): C 75-85, H 8:72, C,,H,,0;. Calculated (per cent): C 7595, H 8-86.

The other esters (Il a—s; Il a-n, o; IV a—-0) were obtained in a similar way; their
transition temperatures are presented in tables 1-3.
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