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Three new series of compounds exhibiting nematic and smectic A phases have been prepared:
4-n-alkyl phenyl-3'-methoxy-4'-(4"-cyanobenzoyloxy) benzoate series, 4-cyanophenyl-
3'-methoxy-4’'-(4"-n-alkyl-benzoyloxy) benzoate series, and 4-n- alkylphenyl-3’-methoxy-4’-
(4"-bromobenzoyloxy) benzoate series. The influence of lateral methoxy substituent on the
mesomorphic properties is discussed.

INTRODUCTION
Some phenyl 4-benzoyloxybenzoates with a cyano end group and a lateral
methyl group exhibit the reentrant nematic phase.' To study the effect of a

lateral methoxy substituent on the reentrant behavior, the following series
of compountds were synthesized and their mesomorphic properties studied.
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'Presented at the Ninth International Liquid Crystal Conference, Bangalore, 1982,
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EXPERIMENTAL

The synthesis of the compounds having formula I and III was accomplished
according to the following scheme:

H CHO ———————e —<: :)—i—o CHO MBS /CCly
socuz hy
5

H HyoO
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H3

CuCN @
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H3CO R=n-alkyl

An important variation from the usual procedure in the above synthesis is
the conversion of the intermediate aldehyde directly to the acid bromide
using N-bromo-succinimide. This is an extension of the method used for
the preparation of aromatic esters from aromatic aldehydes.” In a typical
reaction, N-bromosuccinimide (1.1 mol) was added to the solution of al-
dehyde 2 (10 m.mol) in carbon tetrachloride (20 ml) and the mixture
illuminated with 150 W flood lamp. After the completion of the reaction
(20 min) succinimide was filtered off and the acid bromide obtained after
solvent removal was converted in situ to the ester. The esters were obtained
in good yields (70-80%). The remaining conversions in the reaction se-
quence were carried out according to standard methods.

The compounds of the formula II were prepared by standard methods®
according to the following scheme:

EtOH , H* NaOEt
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Since the main aim of this work was to study the reentrant mesomorphism,
only the eleventh and twelfth members in this series were synthesized and
no attempt was made to prepare the lower homologues which are very
unlikely to exhibit reentrant mesomorphism.

Each compound was purified by chromatography on silica gel, eluted
with a mixture of hexane and benzene (1: 1) followed by recrystallization
from ethanol. The purity of the final product was checked by thin layer
chromatogrpahy. All the compounds gave satisfactory elemental analysis.
The infrared and nmr spectra were in agreement with their structures. The
transition temperatures were determined with a Mettler hot stage (FP-5) in
conjunction with a polarizing microscope.

RESULTS AND DISCUSSION

The transition temperatures of compounds having the general formula I, II
and III are given in Tables I, II and III, respectively. In the series I all the
members exhibit nematic mesophase. The first member is monotropic in
nature. The tenth member exhibits a monotropic smectic A phase in addi-
tion to an enantiotropic nematic phase. The eleventh and twelfth members
exhibit both an enantiotropic smectic A and nematic phases. Figure 1 shows
the plot of transition temperatures as a function of the number of carbon
atoms in the alkyl chain of 4-n-alkyl phenyl-3'-methoxy-4'-(4"-
cyanobenzoyloxy)benzoate. The nematic isotropic transition temperatures
show the usual odd-even behavior. However, there is no reentrant meso-
morphism. The layer spacings for some of the members of the series have

TABLEI

Transition temperatures of 4-n-Alkylphenyl-3’-methoxy-4'-(4"-cyanobenzoyloxy)benzoate

n K Sa N I
1 ( 193) - . 194 .
2 . 153 - . 180 .
3 . 138 - . 182 .
4 . 126.2 - . 166.9 .
5 . 130 - . 167 .
6 . 127.0 - . 154 .
7 . 106.7 - . 152 .
8 . 107 - . 143.8 .
9 . 101.2 - . 142.0 .
10 . 98.7 C 94.4) . 136.1 .
11 . 104.5 . 121.8 . 135.9 .
12 . 101.7 . 130.3 . 133.2 .

() Denotes monotropic transition.
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TABLEII

Transition temperatures of 4-cyanophenyl-3'-methoxy-4’-(4"-n-alkylbenzoyloxy)benzoate

n K Sa N I

11 . 121.1 . 129.5 . 132.7 .

12 . 123 . - 132.7 .
TABLE IlII

Transition temperatures of 4-n-alkylphenyl-3'-methoxy-4'-(4"-bromobenzoyloxy)benzoate

n K Sa N 1
1 . - 93.4) - 124.8 .
2 . - (82.5) 128 .
3 . - 1047 o 113.9 .
4 . - 952 133.3 .
5 . - (109.8) 137.2 .
6 . - 94.1) - 102 .
7 . - 97.2) - 101 .
8 . - 88 . 95.4 .
9 . - 96.2) 101.3 .
10 . - (84) . 100.9 .
11 . (85.3) . 95.6) - 102.5 .
12 . (86.5) . 93) . 94.2 .

( ) Denotes monotropic transition.

been determined by X-ray studies.* It is interesting to note that the layer
spacing exhibited by the tenth and twelfth members is approximately 1.6
times the molecular length and further it decreases rapidly with the increase
of temperature in the smectic A phase.* The cyano compounds of series II
(eleventh and twelfth members) in which the alkyl and cyano groups are
interchanged exhibit only enantiotropic smectic A and nematic phases but
no reentrant mesomorphism. As a result of interchanging the alkyl and
cyano groups the net dipole moment of the molecule is increased since the
dipole moment of ester linkages and the cyano end groups are now acting
in the same direction. On the other hand, in the compounds of series I they
are acting in opposite directions. It is to be expected that the increase in the
dipole moment of the molecule would lead to reentrant mesophase. Indeed,
the corresponding compounds with a lateral methyl substituent' exhibit a
reentrant nematic phase.' The absence of reentrant mesophase in series II,
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FIGURE 1

contrary to expectations is probably due to the greater size of the lateral
methoxy group as compared to that of lateral methyl group. The lateral
methoxy group ortho to the ester linkage will have a two fold effect on the
the geometry of the molecule. First, it increases the breadth of the molecule
and second, it reduces the coplanarity of the molecule. These effects
apparently play a decisive role in inhibiting the reentrant mesomorphism.

The bromo compounds of the series III which are precursors to the cyano
compounds of series I also exhibit mesomorphism. Most of the members
in this series exhibit monotropic nematic phase (Table III). The third, fourth
and eighth members show an enantiotropic nematic phase the eleventh and
twelfth members manifest a monotropic smectic A phase also.
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CONCLUSIONS

The study of the mesomorphic properties of phenyl benzoyloxybenzoates
with a lateral methoxy substituent shows that these compounds do not
exhibit reentrant mesomorphism. The bulky lateral methoxy group is pre-
sumably suppressing the reentrant mesomorphism.
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