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DEPENDENCE OF LIQUID CRYSTALLINE PROPERTIES OF
ESTERS ON THE CENTRAL (CH2}1BRIDGE

L.A.KARAMYSHEVA, K,V,ROITMAN, S.,I,TORGOVA,

I.F.AGAFONOVA, R.KH.GEYVANDOV

%nstitute of Organic Intermediates & Dyes, Moscow,
SSR

V.V,BYKOVA, V.B.LYUBICHEVA
State University, Ivanovo, USSR

Abgtract Effects of the central polymethylene
group lﬁHz)non the liquid crystalline properties
displayed“by cyanobiphenyl esters of W -phenyl and
cyclohexylalkanic acids were studied.

INTRODUCTION

The linear structure of a molecule in the liquid crys-

talline compound:
Ry ~()~3~(B)-k,

where A and B are alicyclic, aromatic, or hetero-
aromatic fragments,

is mostly provided by the central bridge group X. Pro-
ceeding from geometrical considerations, this group
should be composed of even-numbered links. The require-
ment is met with a simple C-C bond, ethane, ethylene,
acetylene fragments, -CH20-, -C00- and other groups
that enter into the structuré of classical mesogens.,
The purpose of the present investigation is to
study the mesomorphic behavior of compounds with the
central link -(CHz)nCOO- depending on the length of a
polymethylene chain (value "n") using as an example
4-cyanodiphenyl esters of W-(4-alkylphenyl)~ and
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w-(4-trans-alkylcyclohexyl)alkanic acids:

Alk-@-( CH,, )ncon
A=CcH,, n=0(I), 1(II), 2(III), 3(IV), 4(V);
A=C.H, ., n=0(VI), 1(VII), 2(VIII), 5(IX), 6(X).

RESULTS AND DISCUSSION

It is well known that the compounds with the above for-
mule where n=0 (benzoates (I)' and cyclohexanoates
(VI)2) are mesogenes with wide temperature ranges, cyc-
lohexanecarboxylic acid esters showing a wider tempera-
ture range of a mesophase., When transited to phenylace-
tic acid esters (II), the mesomorphic properties dis-
appear (Table. I),i.e. the geometry of a molecule is
nonlinear just in the first odd-numbered homologue
(n=1).

TABLE I Phase transition temperatures for com-
pounds I-V (°C)

Index n Alk T To.r  Mesophase

o5 g:ﬂ S-I range
N-I

Ia* 0 CyH, - 114 259 145
Ib 0 CyHq - 110 242 132
Ic 0 CgHjy - 91 230 139
Id 0 CoH,p - 92 224 132
II 1 C,Hq - - 78-80 -

III 2 C4Hy - 87 115 28
Iv 3 C7H15 - 55 69 14
v 4 CH, 67 - 105 38

* Data given in ref., 1

A further increase in the polymethylene chain no lon-
ger shows such a profound change in the parameters of



Downloaded by [Tomsk State University of Control Systems and Radio] at 10:46 19 February 2013

DEPENDENCE OF LIQUID CRYSTALLINE PROPERTIES 255

even~- and odd-numbered homoloques. Yet compound IV
(n=3) exhibits mesomorphism, though in a narrower tem-
perature range than the neighbouring even-numbered ho-
mologue III (n=2) and V (n=4). These properties are
accountable for by a loose packing both in the solid
crystal and mesophase of molecules with odd conforma-
tion of the central (CH2)n link, This is evidenced by
the fact that the examined aromatic compounds with n=3
are nematic liquid crystals and those with n=4 are pu-
rely smectic.

The similar relationship of mesomorphic parameters
to "n" was seen for the homologous esters (VI-X) (Table
II) containing a saturated 6-membered ring (fragment A)
with the difference that the flexible cyclohexane
fragment enables the molecules even with an odd "n" to
better adjust to each other and to be packed in the
mesophase. So the transitions of odd homologues to

TABLE II Phase transition temperatures for com-
pounds VI-XI (°C)

Index Central Alk Tn o T

T Mesophase
C-S “C-N 's-I

1ink S-N §-I  Trenge
Via* 0 CjHg -~ 80 242 162
VIb 0 CgHy 84 142 227 143
VIIa 1 Cplg 55 - 60.5 5.5
VIIDb 1 05H11 65 - 69.5 4.5
VIII 2 4 g T, 124 174 104
IX 5 4 g 80, - 109 29
x CGH Cjlg T1, - 136.5  65.5

! 3

XI -(CH,) 4CH(CH,) ;- C,Hq 65, = 88 23

* Data given in ref, 2
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even ones are not so profound as in the aromatic seri-
es8. There is a clearly distinct tendency for smectic
phase formation as compared to aromatic analogues
(compounds III and VIII) with increasing 'm", The com-
pounds with n=5 or n=6 show solely smectic properties,
the even-nmumbered homologue (X) displaying them in a
wider temperature range.

Thus the aromatic and cyclohexane derivative series
vividly demonstrate that the presence of the central
fragment with an even (CH2)n chain number markedly
improves mesomorphic properties,

Introduction of a lateral methyl group into the
centreal (CH2)n chain produces a decrease in geometri-
cael anisotropy (ester XI). However, in this case no
depression of the smectic phase occurs, as is frequen-
tly the case when the similar lateral substituent is
introduced, there is a depressed clearing temperature
as compared to the unsubstituted enalogue (X) at 50°C,

EXPERIMENTAL

The esters II to XI were prepared by conventional acy-
lation of 4-hydroxy~-4'-cyanocdiphenyl with chloric an-
hydrates of the respective acids. Phenylacetic acids
were synthesized from the appropriate acetophenones
using thiomorpholidsB, cyclohexylacetic acids were pro-
duced by hydrogenation of the former. Phenylpropionic
acid was prepared vie hydrogenation of the appropiate
n-alkylcinnamic acid, phenylbutyric and phenylvaleric
acids were obtained via acetylation of alkylbenzenes
with gluteric anhydrides?, followed by reduction of
ketoacids by the Kishner-Wolff method. Hydrogenation
of the sppropriate aromatic acid5 gave rise to cyclo-
hexylpropionic acid. Cyclohexylcaproic and cyclohexyl-
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enanthic acids, as well as acid with a lateral methyl
substituent were prepared by chloric anhydride acyla-
tion of trans-4-n-butylcyclohexanecarboxylic acid,en-
amines of cyclopentanone,cyclohexanone and 4-methyl-
cyclohexanone, by elkaline decomposition of the resul-
tant_ﬁ-diketones and6by reduction of ketoacids by the
Kishner-Wolff method.

All the novel 1liquid crystalline compounds have
positive evidence of elementary analysis. Their phase
transition temperatures were determined by a Mettler
FP-5 device with a MIN-8 polarizing microscope.
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