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SYNTHESIS AND PHYSICAL PROPERTIES OF NOVEL TERPHENYL TYPE
FERROELECTRIC LIQUID CRYSTALS

MARINA LQSEVA», NINA CHERNOVA=, VALERY VORFLUSEVs, LEONID
BERESNEV¥, STEPHEN HILLERY, AND WOLFGANG HAASE'
*Organic Intermediates & Dyes Institute. Moscow 103787,
ssia
Institute of Crystallography of Russian Academy of
Sciences, Moscow 117333, Russia
Institute of Physical Chenmistry, Technische Hochschule.
Petersonstr., 20. 6100 Darmstadt. Germany

Abstract A new series of optically active compounds have
been prepared using 4,4"-terphenyldicarboxylic acid and S-
2—alcoxypropanols-1. These are Sm*C, SmdA and N»* chemically
stable - especially with regard to racemization and UV-
light compounds with a small Py value. high twisting power
and left handedness of helix.

INTRODUCTION

Initial studies of nonmesomorphic esters formed from 4.4"-
terphenyldicarboxylic acid and 2-alkanols! indicated that
considerable broadening of matrix SmC-temperature range could
be obtained using such systems as chiral dopants. Introduction
of —CHp—unit between the ester link and chiral centre on both
sides of the molecule essentially increased the susceptibility
of the compound to form a mesophase as it was in the case of 2-
methylbutyl derivative {(Cr -~ Smd -~ HN#—sequence). Some
lengthening of the alkyl tail and additional attachment of
chlorine atom to the chiral centre led to injection of chiral
SwC properties.? In order to check the validity of these
structure peculiarities in developing SaC* properties in this
type of compounds we have prepared and investigated a new

series of compounds of the following general formula

seen00e{ OO O)-coocH,eh?
HypiCnO 0CpHpuq

where n = 2-8.
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Another point of interest was to clear up the effect of
the hetero—atom adjacent to the chiral centre on the handedness

of the induced and own helixes.

EXPERIMENTAL PART

The chiral starting material for the above series is (S5)-ethyl
lactate readily available in high enaptiomeric purity. The

synthesis was carried out as outlined in the scheme below

¥ ot Ry ¥R gt o' R oH
S //'\\u// A9,0 //\\u// _ H20 //ﬁ\‘u//’ —
0 QO 0

li AlHq o OH - -
I} 0
R

h
- /\/0\“//\0/\059/

The absolute configurations of the final compounds were

me

predetermined by the known absolute configuration of the
starting S-ethyl lactate. S-2—Alkorypropanols—-1 vare
synthesized in three steps by alkylation of S-ethyl lactate
with an appropriate hydrocarbon iodide in the presence of Ag)0:
hydrolysis of the obtained ester and reduction of 2~
alkoxypropanoic acids with LiAlHg. The optical rotation data
for 2-alkoxypropanols—-1 were as follows: R and [a}D20 are
given: CoHg, +28.0 (neat): CgHp, +26.1 (neat). CyHg, +24.3
(neat): CgHyy. +22.4 (neat): CgHy3. +19.9 (neat): CyHjg. +17.4
{(neat): CgHyy. +16.7 (neat). The final compounds were prepared
by esterification of the appropriate S-2-alkoxypropanols-l with
4, 4"—~terphenyldicarboxylic acid dichloride in the medium of
absolute pyridine.

The molecular structure of the synthesized compounds was
confirmed by IR, NMR and mass spectrometry. The results were in
agreement with the predicted structures. Phase transition
temperatures for the products vere determined by thermal
analysis and microscopic examination of the textures of their

phases using a polarizing microscope. The enthalpies of the
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transitions and independent confirmations of the transition
temperatures vere determined by differential scanning
calorimetry. The nematic twisting power and helix handedness
vere estimated by the modified Kano-Grandjean method® for 2%
{mol) solutions of each chiral substance in the nematic phase
of 2-(4-hemxyloxyphenyl)-5-octyl-pyrimidine (HOPOP) (Cr <12 SmC
44.5 Gpj 2.5 N £3.0 I} at 64°C, i.e. 2° below 1 -—— N* phase
transition. The induced helix handedness for all compounds was

found to be left. The results are summarized in Table 1.

RESULTS AND DISCUSSION

Comparison of the data given in Table 1 reveals the fact of
increasing the length of the hydrocarbon chain attached to the
chiral centre by means of O-atom consequtively by a methylene
unit. The first member of the series possesses enantiotropic
¥=, Smi and SmC* phases and a reascnably lov melting point.
Bearing in mind the phase transition temperatures for 2~
methylbutyl diester of 4.4"-terphenyldicarboxylic acid (Cr 1324
Sma 143.1 N« 1450 1), these data show that introduction of O-atom
between the chiral centre and hydrocarbon chain results in an
abundant SmC= phase and a considerable lowering of the melting
point. Quite surprisingly. the melting points of the homologous
series are remarkably similar. The thermal stability of the
SmC* phase decreases gradually with increasing chain length and
the higher homologues of the series (n = 7.8) demonstrate only
Smnd properties.

As can be seen from Table 1, the enthalpies of fusion are
rather low for almost all compounds synthesized and. moreaver,
there is an unusual pattern of alternation: AH values for the
substances with odd numbers of carbon atoms in the alkyl chain
are much lower than those for even nurbered compounds.

As one could expect. owing to the structure of the chiral
tail and es=specially because of the remote position of the
chiral centres with respect to the molecular rigid core. the Pg

values of the compounds in their own SmC® phase are rather

263



M. LOSEVA ET AL.

264

i
0'9¢ 6'6 9L L - I'v8 : - 0'e9 ‘
0'8¢ 9'8 857 : - 1'08 : - 8'LS *
A
S'6¢ 1's 6 ' - 1'v8 * 9'€9 : €8S *
o'l 8L (A4 : €98 : LS8 * 59 : €09 *
o'by 99 6¢ * L6 * L8 : SLL ‘ 859 :
Sbp gL 44 : 8701 : T8 : P8 : 8'r9 :
oSy Lt 1€t ' 071 : - 01 . S'19 ‘
I N oN vuws DeliS 0D

uoTInTOS
%C

IO /INY

-exadusy

WO 3 ISURI) Jo¥8 cuﬁ usTedy HV Do ‘Saanjezadudl UOITISURI} @seyd
YUS=—Dwug ud 3 :
TvQNIt_uQI \O<0 by

HOH2003--@0)200%H HD
*

Eho~ T€HD p[nuIo] je1suad yym spunodmod Jo sansadod [easAqy | ATGVL

€102 Jequisides Oz Tz:zg e [AebeD Jo AisieAaiun] Aq pepeojumoq



Downloaded by [University of Calgary] at 22:21 20 September 2013

SYNTHESIS AND PHYSICAL PROPERTIES OF NOVEL TERPH. FL.C 265

srall and do not exceed 5 nC/cm?. It means that the O-atom
adjacent to the chiral centre does not affect essentially the
polarization magnitude.

As mentioned earlier., the twisting power of the materials
wvas estimated in the nematic phase. The results for the
homologous series are plotted against increasing alkoxy chain

length in Fig. 1. This figure shows that the compounds demon-—

Pos T,°C
pum
80
9 )
N* “%0;
81 50
SmC*
) 30
10;
8 T S R S R S S S S
23456 78n 10 30 50 70 mol%
FIGURE 1 P, versus n FIGURE 2 Phase diagram of

HOPOOB and compound n=5

strate an extremely high twisting power. The pitch value does
not increase monotonically as a function of alkoxy tail length
but the minimnum pitch is obtained for the butyloxy
homologue.This relationship resembles to =ome extent the one
established before for individual ferroelectric liquid crystals
in their SmC#* phases.?! It was also found that in the SmC#* phases
many of the compounds (n = 2, 3, 5) have helical pitches in the
visible region.

The investigation of the helix ordering of the mnolecules
{n = 2-6) in their SmC* phases by the contact nethod® showed in
their own SmC* and induced H* phases the helix handednesses

coincide, their sense being left. So, the nmaterials
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described by Goodby et al. According to these rules, the
compounds would demonstrate right helix handednesses as one
would infer from the positions of the chiral centres relative
to the rigid core of the molecule and their absolute spatial
configuration.

Examination of the data collated in Table 1 reveals that
introduction of even a very small amount of optically active
compounds (2%) results in a considerable lowering of the SmCx -
-~ SmA phase transition temperatures of the pyrimidine type 5aC
natrix. This fact prompted us to investigate a binarvy phase
diagran of the compound with n = § and SmC matrix with a larger
tilt angle (4-hexyvlozvpheny! 4-octyloryvbenzoate, HOPOOB). A=
can be seen from Figure 2, these materials do not mix over the
vhole concentration range and thermodynamically stable
solutions could be obtained only in the region of boundary
concentations. Further investigation of the synthesized

compounds' miscibility in other SmC matrices is in progress.

CONCLUSION

The correlation between the mnolecular structure and smectic
polymorphism in one of the main problems in designing
ferroelectric liquid corystals. It is to be noted that
predicting liquid crystalline properties for new materials
still remains extremely difficult. This work shows that for the
type of molecules investigated the replacement of the alkyl
group at the chiral centre by the more polar alkoxy
substituents lsads to the injection of the chiral SaC

properties and inversion of the helix handedness.
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