This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Unsymmetrical dimers possessing a cholesteryl ester moiety and a

difluoro-substituted biphenyl core: synthesis and mesomorphic behaviour
C. V. Yelamaggad®, Manoj Mathews®
2 Centre for Liquid Crystal Research, P. B. No. 1329, Jalahalli, Bangalore 560 013, India,

Online publication date: 11 November 2010

To cite this Article Yelamaggad, C. V. and Mathews, Manoj(2003) 'Unsymmetrical dimers possessing a cholesteryl ester
moiety and a difluoro-substituted biphenyl core: synthesis and mesomorphic behaviour', Liquid Crystals, 30: 2, 125 —
133

To link to this Article: DOI: 10.1080/0267829021000060179
URL: http://dx.doi.org/10.1080/0267829021000060179

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/0267829021000060179
http://www.informaworld.com/terms-and-conditions-of-access.pdf

17: 26 25 January 2011

Downl oaded At:

LiQuip CrystaLs, 2003, VoL. 30, No. 2, 125-133

Taylor & Francis
Taylor &Francis Group

Unsymmetrical dimers possessing a cholesteryl ester moiety
and a difluoro-substituted biphenyl core: synthesis and
mesomorphic behaviour

C. V. YELAMAGGAD* and MANOJ MATHEWS
Centre for Liquid Crystal Research, P. B. No. 1329, Jalahalli, Bangalore 560 013,

(Received 15 June 2002; in final form 30 August 2002; accepted 10 September 2002)

Some new unsymmetrical dimers consisting of a cholesteryl ester moiety, covalently linked to
either a 4'-(2,3-difluoro-4-n-octyloxy)biphenyloxy or a 4’-(2,3-difluoro-4-n-decyloxy)biphenyloxy
through odd-even parity paraffinic central spacers, have been synthesized and investigated
for their mesomorphic behaviour. Except for one, all the dimers exhibit enantiotropic smectic
A, twist grain boundary (TGB) and chiral nematic mesophases. Five of the eight unsymmetrical
dimers synthesized show a chiral smectic C (SmC*) phase. Interestingly in some of the
compounds the SmC* exists over a wide temperature range including room temperature.
Among the eight compounds, a dimer having a C, central paraffinic spacer and a Cg alkoxy
terminal chain shows an enantiotropic twist grain boundary with SmC* blocks (TGB¢x)
phase. It appears that the variation in the length of the spacer has a remarkable influence on
the phase transition temperatures as well as on the mesomorphic behaviour.

1. Introduction

Liquid crystalline dimers (also known as dimesogens)
composed of either indentical (symmetrical) or non-
identical (unsymmetrical ) mesogenic segments, connected
through a flexible paraffinic central spacer, are attracting
a great deal of attention. This is because the symmetrical
dimers are regarded as model compounds for polymeric
liquid crystals [ 1], while the unsymmetrical dimers exhibit
a novel family of smectic phases [ 1-67]. Moreover, chiral
unsymmetrical dimers, in particular compounds possessing
a cholesteryl ester unit as the chiral entity joined to
different aromatic mesogens through an alkylene spacer,
show interesting thermal behaviour. For example, we have
recently reported that an unsymmetrical dimer formed by
joining a cholesteryl ester moiety to a 4-n-hexyloxytolan
core through a n-pentyl (Cs) spacer exhibits a reentrant
twist grain boundary (with smectic A blocks, TGB,)
phase, including a newly discovered twist grain boundary
(with smectic C* blocks, TGB¢x=) phase [4a]. When an
achiral or chiral tolan (diphenylacetylene) entity is attached
to a cholesteryl ester unit via a n-pentyl spacer, the resulting
unsymmetrical dimer stabilizes the chiral nematic (N*)
[4b,c] or SmA mesophases (showing an electroclinic
effect) over a wide temperature range [4d].

Hardouin et al have reported reentrant incommensurate
smectic A (SmA,;;) and chiral smectic C (SmC*) meso-
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phases in an unsymmetrical dimer formed by joining
a cholesteryl ester moiety to a schiff’s base through a
n-pentyl (Cs) spacer [ 5b]. Further studies on similar type
of compound showed that the length of the spacer and
the molecular structure of the non-cholesteryl mesogenic
(aromatic) segment are more important for the occurrence
of an incommensurate phase than for the appearance
of other mesophases, viz the blue phases (BP), the
TGB phase and the SmC* phase [Sc—e]. In an effort
to stabilize similar mesophases we have explored the
possibility of attaching different types of chiral or achiral
schiffs base entities to the cholesteryl ester unit through
an n-pentyl spacer. These dimers exhibit SmA, TGB and
N* mesophases [6] indicating the sensitivity of meso-
morphic behaviour to the structure of the aromatic
(non-cholesteryl) mesogenic segment in these systems.
Thus in order to understand the structure—property
relations a variety of unsymmetrical dimers possessing
a cholesteryl ester unit as the chiral entity joined to other
aromatic mesogens such as biphenyl, salicylaldimine,
tolan, schiffs base, azo, stilbene, ester, etc., have been
synthesized and investigated for their thermal behaviour.
Although no general conclusion could be inferred on the
structure—property relation, it appears that the unsym-
metrical dimers with an odd-parity alkylene spacer
exhibit unusual thermal behaviour, as evident from many
research articles.

It is now well documented that fluoro-substitution in
liquid crystalline materials helps in modifying properties
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such as melting point, transition temperature, mesophase
type and other physical properties of a parent system
[7,8]. In general fluoro-substitution can be made at
different positions within the aromatic core, the terminal
chains or the linking groups, with an associated widely
varying thermal behaviour [ 7]. The number of fluorine
atoms substituted over the aromatic mesogenic core
usually varies from one to two, but in some cases can
be up to five [7]. In the case of disubstituted fluoro
compounds the thermal behaviour of a liquid crystal
depends not only upon their relative positions but also
on the molecular structure of the aromatic cores (e.g.
terphenyl, biphenyl, pyridine, pyridazine, etc.) to which
they are attached [7]. Lateral fluoro-substitutions have
long been used to generate a lateral dipole because of
the small fluorine atom size and high electronegativity,
serving to minimize viscosity. Gray et al. have reported
that 2,3-difluorobiphenyls having either an alkyl or an
alkoxy terminal tail exhibit smectic phases with much
lower transition temperatures [ 8 a]. Among these, 2,3-
difluoro-4’-heptyl-4-octyloxybiphenyl shows significant
polar character and large dielectric anisotropy because
the two fluoro substituents are closer to the ether oxygen.
In view of these observations, and to understand the
structure—property relation, here we report the synthesis
and characterization of the first unsymmetrical dimers
consisting of 2,3-difluoro-4-octyl/decyloxybiphenyl con-
nected to a cholesteryl ester moiety through either even
(C4) or odd (C5, C5 and C,) alkylene spacers.

2. Experimental
2.1. General

Cholesterol, tetrakis(triphenylphosphine)palladium(0),
8-bromooctanoic acid, 6-bromohexanioc acid, 5-bromo-
valeric acid, 4-bromobutyric acid, 2,3-difluorophenol
and 1-bromoalkanes were obtained from Aldrich. The
crude target molecules and some intermediates obtained
have been purified by column chromatography using
neutral aluminium oxide as a stationary phase. Thin
layer chromatography (TLC) was performed on alumi-
nium sheets pre-coated with silica gel (Merck, Kieselge
60, F,5,). IR spectra were recorded using a Perkin Elmer
Spectrum 1000 FTIR spectrometer. '"H NMR spectra were
recorded using either a Bruker AMX-400 (400 MHz) or
Bruker Aveance series DPX-200 (200 MHz) spectro-
meters; the chemical shifts are reported in parts per
million (ppm) relative to tetramethylsilane (TMS) as an
internal standard. Mass spectra were recorded on a Jeol
JMS-600H spectrometer. Microanalyses were obtained
with the help of a Eurovector model EA 3000 elemental
analyser. The identification of the mesophases and the
transition temperatures of the compounds were deter-
mined using a polarizing microscope (Leitz DMRXP)
in conjunction with a programmable hot stage (Mettler

FP90). Phase transition enthalpy was measured using a
differential scanning calorimeter (Perkin Elmer DSC7).
Optical observations were made using either clean
untreated glass slides or slides treated for homogeneous
or for homeotropic alignment of the molecules.

2.2. Synthesis and molecular structural characterization

The unsymmetrical dimers and the intermediates were
synthesized as outlined in the scheme. The intermediates
1,2-difluoro-3-alkoxybenzenes 6a or 6b and the corres-
ponding arylboronic acids 5a or 5b were synthesized
following procedures reported in the literature [8 a, e].

E F . E F ) E F
® (@ii)
HO — > RO ——> RO B(OH),
6a: R= C8H|7 Sa: R= C8H17
6b : R=C10H21 5b: R=C10H21

3a; n=3
3b; n=4

|-©—o {CHN©

(e]

2a; n=3
2b; n=4

la: R=CgHj; ; n=3 1le: R=CgHj;; n=5
1be=C|01‘I21; n=3 lf:R=CloH21;ﬂ=5
lc: R=CgHyj; ; n=4 1g: R=CgHy7 ; n=7
1d: R=CjgH;;; n=4 1h: R=CjgHy ; n=7

Scheme. A general route employed for the synthesis of sym-
metrical dimers. Reagents and conditions: (i) anhyd.K,COs;,
1-n-bromooctane/decane, acetone, reflux, 24 h; (ii) n-BuLi,
[(CH3),CHO];B, —78°C, aqueous HCI; (iii) bromo-
alkanoyl chlorides, pyridine-THF, rt, 24 h; (iv) 4-iodophenol,
anhyd.K,CO;, 2-butanone, 70°C, 24 h; (v) 5a or 5b,
[(Ce¢Hs)sP14Pd, Na,COg, ethanol, benzene, reflux, 30 h.
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Cholesteryl bromoalkanoates (3a—d) were prepared by
esterification of commercial optically pure cholesterol
with alkanoyl chlorides as described in [2, 5]. The key
intermediates, cholesteryl iodo compounds 2a—d were
prepared by reacting 4-iodophenol and cholesteryl bromo-
alkanoates in the presence of a mild base [ 5d]. Palladium
cross-coupling reaction involving boronic acids 5a, b and
cholesteryl iodo compounds 2a—d furnished the target
molecules in 64-92% yield.

The molecular structures of the intermediates and
unsymmetrical dimers (la—d) were confirmed with the
help of spectroscopic analysis. The spectral data of all
the intermediates and unsymmetrical dimers were found
to be consistent with their proposed molecular structure.
The IR and 'H spectrum of all the unsymmetrical dimers
appear similar. The IR spectra show absorption bands
in the region of v,,, 2857-2951 and 1719-1743cm ™!
due to C-H (paraffinic) and carbonyl (C=O of ester)
stretching vibrations, respectively. In the 'H NMR
spectra, six aromatic protons appear in the form of four
patterns namely, a doublet (d), a doublet of triplet (dt),
a doublet and a multiplet (m) in the region ¢ 7.4-7.42,
7.03-7.04, 6.94-6.95 and 6.76-6.77 respectively. The
olefinic, methine of an ester, and the oxymethylene of
paraffinic chain protons resonate in the region ¢
5.33-5.37,4.6-4.63 and 4.04—4.06 as a broad d, m and m,
respectively. The *C NMR spectra are presented for the
samples 1a and 1d as representative cases. We discuss
the *C NMR spectra, especially the signals obtained at
higher frequency, for the compound 1a. The C=O carbon
resonates at o 172.58 whereas the two carbons of the
biphenyl core bearing fluoro-substitution appear as two
sets of doublet of doublet (dd) at 0 148.86 and 142.01.
The adjacent carbons of the carbons bearing fluoro-
substitution resonate as d each at ¢ 147.51 and 122.85.
The quaternary (C) and tertiary carbon (CH) of the
double bond resonate at 6 139.71 and 122.71, respectively.
The remaining signals resonating at ¢ 158.56, 129.88,
127.47, 123.3, 114.67 and 109.79 are due to other
aromatic carbons, and lower frequency signals are found
to be consistent with the proposed structure.

2.2.1. Cholesteryl [4'-(2,3-difluoro-4-n-octyl/

decyloxy)biphenyloxy Jalkanoates la—h
These unsymmetrical dimers were prepared following
a general synthetic procedure. Thus, to a magnetically
stirred suspension of cholesteryl (4-iodophenoxy)alkano-
ates (2a—d) (0.6 mmol, 1 equiv.), 2,3-difluoro-4-octyloxy/
decyloxyphenylboronic acid (5a/5b) (0.7 mmol, 1.17 equiv.),
tetrakis(triphenylphosphine)palladium(0) (30 mg), in a
mixture of ethanol (5ml) and benzene (3 ml), to which
was added a solution of aqueous sodium carbonate solution
(2M, 2ml) at room temperature (rt). After degassing and
introducing argon gas, the reaction mixture was heated

to reflux for 12 h. The reaction mixture was cooled to
rt, diluted with water and extracted with CH,CI,
(10ml x 2). The organic layer was washed with water
(100ml x 2), brine and dried over anhyd. Na,SO,.
Evaporation of the solvent furnished a pale yellow solid
that was purified by column chromatography using neutral
alumina as a stationary phase. Elution with a mixture
of 5% EtOAc/hexanes furnished a white solid which was
further purified by repeated recrystallizations (4 times)
in a mixture of absolute ethanol/CH,CIl, (9/1).

Cholesteryl 4-[4'-(2,3-difluoro-4-n-octyloxy)biphenyl-
oxy |butanoate 1a: R, = 0.4 (10% EtOAc/hexanes), white
solid, yield 0.3 g (64%). IR (KBr pellet): v, 2936, 1719,
1672, 1612, 1572 and 1505cm~!. 'H NMR (CDCls;,
400 MHz): 742 (dd, J =8.68 Hz, J =1.44Hz, 2H, Ar),
7.04 (d of t, J=848Hz, J=232Hz, 1H, Ar), 6.94
(d, J=8.8Hz 2H, Ar), 6.77 (m, 1H, Ar), 537 (br d,
J=3.92Hz, 1H, olefinic), 4.63 (m, 1H, CHOCO), 4.05
(m, 4H, 2 x OCH,), 2.5-2.32 (m, 4H, 2 x allylic methylene),
1.98-0.96 (m, 46H, 17 x CH,, 6 x CH, 2 x CH;), 1.00
(s, 3H, 1 x CHjy), 0.86 (d, J=1.76 Hz, 3H, 1 x CH;),
0.85 (d, J=1.76Hz, 3H, 1 x CH;) and 0.67 (s, 3H,
1 x CH;). *C NMR (100 MHz, CDCl,): 172.58, 158.56,
148.86 (dd, 'Jop=243Hz, *Jor=108Hz), 147.51
(d, 2Jer=9.6Hz), 142.01 (dd, 'Jor=245Hz, *Jor=
14.4Hz), 139.71, 129.88, 127.47, 123.3, 122.85 (d, *Jc.p =
10.9 Hz), 122.71, 114.67, 109.79, 74.14, 70.08, 66.95, 56.77,
56.24, 50.13, 42.39, 39.81, 39.58, 38.21, 37.06, 36.66, 36.25,
35.83, 31.95, 31.83, 31.19, 29.32, 29.24, 28.26, 28.05, 27.87,
25.92,24.79, 24.32, 23.89, 22.83, 22.67, 22.59, 21.09, 19.34,
18.77, 14.1 and 11.9%. FAB Mass: 787.8 [M]". Elemental
analysis: calc. for C5H-,F,0,, C 77.62, H 9.45; found
C 77.8, H 9.28%.

Cholesteryl 4-[4'-(2,3-difluoro-4-n-decyloxy)biphenyl-
oxy Jbutanoate 1b: R, = 0.42 (10% EtOAc/hexanes), white
solid, yield 0.37g (83%). IR (KBr pellet): v, 2935,
1735, 1671, 1631, 1572 and 1507 cm ~ 1. 'H NMR (CDCl,,
400 MHz): 7.41 (d, J =7.32 Hz, 2H, Ar), 7.03 (t, J = 8.36 Hz,
1H, Ar), 6.95 (d, J =8.56 Hz, 2H, Ar), 6.77 (t, J = 7.94 Hz,
1H, Ar), 5.37 (brd, J = 3.92 Hz, 1H, olefinic), 4.63 (m, 1H,
CHOCO), 4.05 (m, 4H, 2 x OCH,), 2.5-2.32 (m, 4H,
2 x allylic methylene), 2.15-1.03 (m, 50H, 19 x CH,,
6 x CH, 2 x CHs;), 1.00 (s, 3H, 1 x CH;), 0.86 (d, J =4 Hz,
6H, 2 x CH;), and 0.66 (s, 3H, 1 x CH;). FAB Mass:
815.4 [M]*. Elemental analysis: calc. for Cs3H,gF,0,,
C 779, H 9.62; found C 77.75, H 10.26%.

Cholesteryl 5-[4'-(2,3-difluoro-4-n-octyloxy)biphenyl-
oxy Jpentanoate Ic: R, = 0.4 (10% EtOAc/hexanes), white
solid, yield 0.28 g (58%). IR (KBr pellet): v, 2940,
1736, 1665, 1630, 1586 and 1504 cm ~*. '"H NMR (CDCl,,
400 MHz): 741 (d, J=7.32Hz, 2H, Ar), 7.04 (d of t,
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J=844Hz, J=228Hz, 1H, Ar), 6.94 (d, J=8.72Hz,
2H, Ar), 6.76 (m, 1H, Ar), 5.35 (brd, J =3.92Hz, 1H,
olefinic), 4.61 (m, 1H, CHOCO), 4.04 (m, 4H, 2 x OCH,),
24-2.25 (m, 4H, 2 x allylic methylene), 1.98-0.96 (m, 48H,
18 x CH,, 6 x CH, 2 x CHj;), 1.00 (s, 3H, 1 x CHj;), 0.87
(d, J=1.64Hz, 3H, 1 x CH;), 0.85 (d, J =1.72Hz, 3H,
1 x CH;) and 0.67 (s, 3H, 1 x CH;). FAB Mass: 802.4
[M7*. Elemental analysis: calc. for Cs,H,F,0,, C 77.76,
H 9.54; found C 77.54, H 10.15%.

Cholesteryl 5-[4'-(2,3-difluoro-4-n-decyloxy)biphenyl-
oxy Jpentanoate 1d: R, = 0.42 (10% EtOAc/hexanes), white
solid, yield 0.4 g (88%). IR (KBr pellet): v, 2928, 1743,
1608 and 1503cm 1. 'H NMR (CDCl;, 400 MHz): 7.41
(d, J=8.04 Hz, 2H, Ar), 7.04 (t, J =744 Hz, 1H, Ar), 6.94
(d, J=8.6Hz, 2H, Ar), 6.76 (t, J=7.82Hz, 1H, Ar),
5.33 (brd, J=3.92Hz, 1H, olefinic), 4.62 (m, 1H,
CHOCO), 4.05 (m, 4H, 2 x OCH,), 2.4-2.25 (m, 4H,
2 x allylic methylene), 2.01-1.05 (m, 52H, 20 x CH,,
6 x CH, 2 x CH3;), 1.00 (s, 3H, 1 x CH3), 0.86 (d, J=4.01 Hz,
6H, 2 x CH;), and 0.66 (s, 3H, 1 x CH;). *C NMR
(100 MHz, CDCly): 172.84, 158.64, 148.86 (dd, 'Jcy=
247Hz, 2Jop=11Hz), 1475 (d, *Jcr=11.4Hz), 142.0
(dd, 'Jep=245Hz, *Jyr=14.7Hz), 139.73, 129.86,
127.34, 123.28, 122.8 (d, 2J . = 10.9 Hz), 122.68, 114.65,
109.76, 73.97, 70.06, 67.52, 56.77, 56.24, 50.12, 42.38,
39.81, 39.58, 38.22, 37.06, 36.66, 36.26, 35.84, 34.33, 29.58,
29.36,29.25, 28.71, 28.26, 28.05, 27.88, 25.93, 24.33, 23.89,
22.84, 22.71, 22.59, 21.79, 21.09, 19.34, 18.77, 14.1 and
11.9. FAB Mass: 829.9 [M]" (Cs,HgoF,0,).

Cholesteryl 6-[4'-(2,3-difluoro-4-n-octyloxy)biphenyl-
oxy Jhexanoate Ie: R, = 0.48 (10% EtOAc/hexanes), white
solid, yield 0.34g (78%). IR (KBr pellet): v, 2942,
1731, 1671, 1610, 1570 and 1504 cm ~*. 'H NMR (CDCl,,
400 MHz): 7.42 (dd, J=7.24Hz, J=14Hz, 2H, Ar),
7.04 (d of t, J=844Hz, J=228Hz, 1H, Ar), 6.94
(d, J=8.76Hz, 2H, Ar), 6.76 (m, 1H, Ar), 5.37 (brd,
J=3.92Hz, 1H, olefinic), 4.61 (m, 1H, CHOCO), 4.05
(m, 2H, 1 x OCH,), 3.99 (m, 2H, 1 x OCH,), 2.38-2.27
(m, 4H, 2 x allylic methylene), 1.98-0.96 (m, 50H,
18 x CH,, 6 x CH, 2 x CH3;), 1.00 (s, 3H, 1 x CHj;), 0.87
(d, J=1.76 Hz, 3H, 1 x CH;), 0.85 (d, J = 1.80 Hz, 3H,
1 x CH;) and 0.66 (s, 3H, 1 x CH;). FAB Mass: 817.2
[M]* (Cs3HysF,0,).

Cholesteryl 6-[4'-(2,3-difluoro-4-n-decyloxy)biphenyl-
oxy [hexanoate 1f: R, = 0.44 (10% EtOAc/hexanes), white
solid, yield 0.42 g (quantitative). IR (KBr pellet): v,.x
2951, 1731, 1608 and 1504cm~ ! 'H NMR (CDCl,,
400 MHz): 7.40 (d, J=7.32Hz, 2H, Ar), 7.04 (d of t,
J=856Hz, J=236Hz, 1H, Ar), 6.94 (d, J =8.8 Hz, 2H,
Ar), 6.76 (t, J =8.2Hz, 1H, Ar), 5.37 (brd, J =4.2Hz,
1H, olefinic), 4.61 (m, 1H, CHOCO), 4.06 (t, J =8 Hz,

2H, 1 x OCH,), 398 (t, J=6.36Hz, 2H, 1 x OCH,),
2.38-2.27 (m, 4H, 2 x allylic methylene), 2.01-1.05
(m, 54H, 21 x CH,, 6 x CH, 2 x CH;), 1.00 (s, 3H,
1 x CH;), 0.87 (d, J=1.84Hz, 3H, 1 x CH;), 0.85
(d, J=1.8Hz, 3H, 1 x CH;) and 0.66 (s, 3H, 1 x CH;).
FAB Mass: 843.9 [M]". Elemental analysis: calc. for
CssHg,F,O,4, C 78.15, H 9.78; found C 77.70, H 10.11%.

Cholesteryl 8-[4'-(2,3-difluoro-4-n-octyloxy)biphenyl-
oxy Joctanoate 1g: R, = 0.48 (10% EtOAc/hexanes), white
solid, yield 0.32g (63%). IR (KBr pellet): v, 2935,
1735,1671,1631, 1572 and 1507 cm~*. '"H NMR (CDCl,,
400 MHz): 741 (d, J=7.32Hz, 2H, Ar), 7.04 (d of t,
J=843Hz, J=2.18Hz, 1H, Ar), 694 (d, J=8.72Hz,
2H, Ar), 6.76 (m, 1H, Ar), 5.37 (brd, J = 3.92 Hz, 1H, olefi-
nic), 4.61 (m, 1H, CHOCO), 4.05 (t, J=06.58Hz,
2H, 1 x OCH,), 3.98 (t, J=6.48 Hz, 2H, 1 x OCH,),
2.31-2.26 (m, 4H, 2 x allylic methylene), 2.01-0.96
(m, 54H, 21 x CH,, 6 x CH, 2 x CHj;), 1.00 (s, 3H, 1 x CHj;),
0.87 (d, J=1.76Hz, 3H, 1 x CH;), 0.85 (d, J = 1.80 Hz,
3H, 1 x CH;) and 0.66 (s, 3H, 1 x CH;). FAB Mass:
844.1 [M]*. Elemental analysis: calc. for CssHg,F,O,,
C 78.15, H 10.55; found C 78.68, H 10.28%.

Cholesteryl 8-[4'-(2,3-difluoro-4-n-decyloxy)biphenyl-
oxy Joctanoate 1h: R, =0.5 (10% EtOAc/hexanes), white
solid, yield 0.37g (87%). IR (KBr pellet): v, 2928,
1719, 1608 and 1504 cm ~ 1. 'H NMR (CDCl;, 400 MHz):
7.41 (d, J="7.32Hz, 2H, Ar), 7.04 (d of t, J =28.36 Hz,
J=204Hz, 1H, Ar), 6.95 (d, J =88 Hz, 2H, Ar), 6.77
(t, J=7.32Hz, 1H, Ar), 5.36 (brd, J=4.2Hz, 1H,
olefinic), 4.60 (m, 1H, CHOCO), 4.06 (t, J=6.6Hz,
2H, 1 x OCH,), 398 (t, J=6.52Hz, 2H, 1 x OCH,),
2.31-2.26 (m, 4H, 2 x allylic methylene), 2.01-1.03
(m, 58H, 23 x CH,, 6 x CH, 2 x CH3;), 1.00 (s, 3H, 1 x CHj;),
0.87 (d, J =1.84Hz, 3H, 1 x CHj;), 0.85 (d, J = 1.8 Hz, 3H,
1 x CH;) and 0.66 (s, 3H, 1 x CH;). FAB Mass: 872.3:
[M]" (Cs;HggF,0,).

3. Results and discussion

The table shows the phase sequence, transition tem-
peratures and associated enthalpies of the unsymmetrical
dimers realized in the present investigation. For a com-
parative study, and to understand structure—property
relations the length of both the terminal alkoxy chain
(Cg and C,) and the central alkylene spacer (C;, C,,
C; and C,) have been varied. The dimer 1a having a C;
spacer and Cg terminal alkoxy chain exhibits enantio-
tropic SmA, TGB and N* mesophases in addition to a
monotropic SmC* phase. The SmA phase was identified
by the observation of focal-conic texture in slides treated
for planar orientation, and a dark field of view in slides
treated for homeotropic orientation. In the N* meso-
phase oily streak texture was observed which on slight
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Figure 1. Photomicrograph of the optical texture observed
at 110.1°C for the SmA phase while cooling from the
isotropic phase of dimer 1b.

shear changed to planar texture. The TGB phase showed
the filament texture when the substrate was treated for
homeotropic alignment. The N* and SmA phases coexisted
with the TGB phase which was evident from the fact that
the textures corresponding to these three mesophases
appeared simultaneously for a short while indicating the
existence of the TGB phase over a narrow temperature
range. In slides treated for planar orientation the SmC*
phase exhibited dechiralization lines on top of the focal-
conic fan texture phase, while with the surfaces treated
for homeotropic alignment a cloudy texture was observed
when the sample was cooled from the SmA phase.

The dimer 1b, the higher homologue of 1a, having a
C,, terminal alkoxy chain, showed enantiotropic SmC*
and SmA phases only. The focal-conic textures seen in
the SmA and SmC* phases are shown in figures 1 and 2,
respectively. During the first cooling of the compound
from the SmC* phase a step-like variation occurs at
—8.7°C (AH=2.5J) g ') which can be attributed to a

Figure 2. Photomicrograph of the optical texture observed
at 87.1°C for the SmC* while cooling from the SmA phase
of dimer 1b.
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Figure 3. DSC thermograms obtained at a rate of 5°C min !

for the compound 1c¢ during first heating and subsequent
cooling cycles.

transition from SmC* to either a glassy state or to
another mesophase, which exists down to —40°C. Thus
the SmC* phase exists over a wide temperature range.
With the existing experimental set-up it was not possible
for us to confirm the nature of the phase stabilized
below —8.7°C. On subsequent heating, step-like variation
appears again at about 3.1°C (AH=1Jg ') and on
further heating the compound crystallizes at ~42°C
(AH=81J g™ '). The absence of TGB and N* phases,
and the enantiotropic nature of the SmC* phase, in this
dimer clearly indicate the influence of the length of
terminal alkoxy chain on the structure—property relation-
ship. The dimers 1c¢ and 1d, both having a C, central
alkylene spacer but differing in the length of terminal
alkoxy chain Cg and Cy, respectively, show SmA, TGB
and N* phases. In both the cases the crystal melting
and isotropic temperatures are much lower than the
values for other members. We show the DSC traces for
the first heating and subsequent cooling cycles obtained
at a rate of 5°C min ! for 1¢ (figure 3). Notice that in the
cooling cycle the SmA phase supercools till —40°C. Both
1c and 1d compounds show similar thermal behaviour
except that sample 1d crystallizes at about 66°C, while
crystallization does not occur even till —40°C in case
of 1c.

£ . TGBN \
E 23 4 First Heating SmC ‘ SmA

First Cooling

iz f smc” t SmA
21 4 Tgor M
20 mesophase TGB-N
19
18 T T T T T
-40 -20 0 20 40 60 80 100 120 140 160

Temperature/°C

Figure 4. DSC thermograms obtained for the first heating
and cooling cycles at a rate of 5°Cmin~! for the
compound 1f.
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Figure 5. Photomicrograph of the undulated filament texture
obtained in the TGBc« phase at 82.5°C while cooling
from the SmA phase of the unsymmetrical dimer 1g with
homeotropic orientation.

The unsymmetrical dimers 1le and 1f, containing a Cs
central alkylene spacer but differing in the length of
terminal alkoxy tail Cg and C,,, respectively, exhibit
enantiotropic SmC*, SmA, TGB and N* phases. The
dimer 1e, on cooling from the SmA phase, exhibits a SmC*
phase between 91.5 and —1°C. Around —1°C a step-
like variation has been observed having AH =0.52] g~ .
Thus the SmC* phase exists over a wide temperature
range. The phase appearing below —1°C exists till
—40°C but owing to experimental limitations we have
been unable to characterize it. The unsymmetrical dimer
1f on cooling shows a SmC* phase at 101.8°C which
exists till —2.7°C (AH = 048 J g~ 1) indicating the stabiliza-
tion of this phase over a 100°C temperature range
(figure 4). On subsequent heating a small rounded peak
appears (at —2.8°C, AH=0.6Jg ') and on further
heating the compound shows no sign of crystallization.
Needless to say, both the compounds show similar

Figure 6. Photomicrograph obtained in the TGB¢+ phase at
83°C while cooling from the SmA phase of the dimer 1g,
in planar orientation; note the square grid pattern.
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Figure 7. DSC thermograms obtained for the first heating
and cooling cycles at a rate of 5°Cmin~! for the
compound 1g; note that the TGBc+ phase exists over a
wide temperature range.

thermal behaviour and there seems to be no influence
of the length of the terminal alkoxy chain on the
mesomorphic behaviour.

The dimer 1g placed between untreated glass plates,
on cooling from isotropic phase, exhibits a focal-conic
texture, while on shear the oily streak texture appears
which is the characteristic of the N* phase. On further
cooling the focal-conic texture of the N* phase shows a
filament texture followed by a dark field of view at
115°C that exists till 86°C, indicating the presence of
TGB and SmA phases, respectively. At about 85°C the
filament pattern remaining in the SmA phase becomes
undulated (figure 5) and then remains unchanged till
—29°C (AH=1.01J g '). The SmA phase on shear
gives rise to a planar texture which on further cooling
below 85°C yields a square grid pattern (figure 6). This
phase remains unchanged till —2.9°C and then changes
to either a glassy state or another mesophase, as evi-
denced by DSC scan (figure 7). On a subsequent (second)
heating a step-like variation appears at —2.04°C (AH =
0.9 J g~ ') and finally the compound crystallizes at about
32°C (AH=7.1)g !'). These observations are highly
reproducible.

The characteristic optical features, especially the square
grid pattern, have been reported previously for the

27 [
25
H 23
":-.: First Cooling First Heati smA  TGB-N' ||!
=2 Tgor t sme* tosm
|
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19 |
17 - —t
-50 30 -10 10 30 50 70 90 10 130
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Figure 8. DSC thermograms obtained at a rate of 5°C min !

for the compound 1h during first heating and subsequent
cooling cycles.
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TGBc+ phase [9]. Thus the dimeric compound 1g,
exhibits a TGB+ phase over a wide temperature range;
this observation is significant since to the best of our
knowledge the TGBe« phase has been seen only in very
few single component systems [9]. The C,, homologue
1h, having a C; central alkylene spacer, exhibits enantio-
tropic SmA, TGB and N* phases while the SmC* is
monotropic. This compound also shows a step-like
variation at about —7.0°C (AH =0.6J g ') that could
be due either to the transition from SmC* to a glassy
state or to another mesophase which exists till —40°C
(figure 8). On subsequent heating, step-like variation
appears again at about —6.2°C (AH=0.93J g 1). On
further heating crystal melting is not seen but it crystal-
lizes upon keeping at room temperature for 8—10 h. The
relatively low transition temperatures and stability of
the SmC* in these compounds is obviously attributable
to the presence of difluoro substituents. These fluoro-
substituted compounds may also be expected have low
viscosity.

In 1975 Meyer et al. discovered ferroelectricity in the
chiral smectic C (SmC*) phase exhibited by a chiral
compound [ 107 that led to a large number of investi-
gations on such materials, to investigate their chiral
properties and to exploit in display applications. It is
now well established that ferroelectric liquid crystals
(FLCs) are promising candidates for flat panel display
technology owing to their fast switching characteristics
[11,12]. However, the commercialization of display
devices based on FLCs has had limited success, for
many reasons [ 137]. So far many low molar mass (mono-
mers) and high molar mass FLCs have been reported
in the literature [147]. All have been synthesized to
stabilize the SmC* phase over a wide temperature range
(including room temperature), and to optimize the
physical properties such as spontancous polarization,
viscosity, etc. It may be noted that a single component
system cannot fulfill all the properties required for device
engineering. Thus the liquid crystal medium in a FLC
device application is usually a multicomponent system.
The mixture may be composed of individual materials
that are chiral, or may be made up of an achiral host
smectic C mixture that is subsequently doped with chiral
component in order to induce ferroelectric (or antiferro-
electric) properties in the overall mixture [13]. The
dimers 1a, 1b, 1e, 1f, and 1h synthesized in the present
investigation have stable SmC* phases that could be
utilized in FLC device applications either as a single
chiral component or as a chiral dopant to an achiral
host smectic C.

4. Summary
In this paper we have described the synthesis and
thermotropic properties of new unsymmetrical dimers

formed by combining a cholesteryl ester moiety covalently
to a difluoro-substituted biphenyl core via odd—even
flexible alkylene central spacers. The dimer 1a, having a
C; spacer and a Cg terminal alkoxy chain, exhibits enantio-
tropic SmA, TGB and N* mesophases in addition to a
monotropic SmC* phase. The higher homologue 1b,
having a C;, terminal alkoxy tail shows enantiotropic
SmC* and SmA phases only. The dimers 1¢ and 1d,
both having a C, central alkylene spacer but differing
in the length of terminal alkoxy chain, Cg and C,
respectively, show enantiotropic SmA, TGB and N*
phases. The unsymmetrical dimers le and 1f, consisting of
a Cs-central alkylene spacer but differing in the length
of terminal alkoxy tail Cg and C,,, respectively, exhibit
enantiotropic SmC*, SmA, TGB and N* phases. The
dimeric compound 1g exhibits an enantiotropic TGBcx
phase in addition to SmA, TGB and N* phases. The
C,, homologue 1h, having a C; central alkylene spacer,
exhibits enantiotropic SmA, TGB and N* phases while
an SmC* is monotropic. As can be seen, five of the eight
unsymmetrical dimers synthesized show either enantio-
tropic or monotropic SmC* phases. Interestingly in
some of the compounds the SmC* exists well below and
above room temperature (0—100°C). Thus dimers syn-
thesized in our present investigation stabilize the SmC*
phase that can be used in FLC device applications,
either as a single chiral component or as a chiral dopant
to an achiral SmC host to form a mixture. These
molecular assemblies may help in giving a better under-
standing of the underlying relation between molecular
structure and mesomorphic behaviour, and may serve
as cheap materials for FLC device technology.
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