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Synthesis and Characterization of Chiral
Smectic Side-Chain Liguid Crystalline
Polysiloxanes Containing 2,5-Disubstituted-
1,3-Dioxane Based Mesogenic Side Groups

TZOUH-MIN JUANG, YI-JING LEU and CHAIN-SHU HSU+
Department of Applied Chemistry, National Chiao Tung University, Hsinchu, Taiwan 30050, R.O.C.

(Received November 17, 1992; in final form January 19, 1993)

The synthesis of three liquid crystalline polysiloxanes containing 4-{(S)-2-methyl-1-butoxycar-
bonyl]phenyl 4-(trans-5-alkanyl-1,3-dioxan-2-yl]benzoates side groups is presented. The phase behavior
of both monomeric and polymeric liquid crystals was characterized by optical polarizing microscopy,
differential scanning calorimetry and X-ray diffraction measurements. The monomer which contains
eleven methylene units in the spacers is the only one to exhibit the enantiotropic smectic A and chiral
smectic C phases. The polymer containing six methylene units in the spacers presents an enantiotropic
smectic A phase while the polymer containing eleven methylene units in the spacers shows an enan-
tiotropic smectic A and a monotropic smectic B phase.

Keywords: ferroelectric liquid crystal, side-chain liquid crystalline polymer, trans-1,3-
dioxane-based mesogen, polysiloxane backbone

1. INTRODUCTION

The potential application of ferroelectric liquid crystals (FLCs) in fast-switching,
high resolution electroptical devices is well documented.!~3 Besides low molar mass
FLCs, a number of ferroelectric liquid crystalline side-chain polymers have been
successfully prepared during the past few years.*~13 This field has been reviewed
by P. Le Barney and J. C. Dubois.’* However the detailed structure property
relationship of ferroelectric liquid crystalline polymers (LCPs) has not been very
clear up until now. It seems necessary to introduce additional functional groups to
the mesogenic units, spacers and polymer backbone of side-chain liquid crystalline
polymers to create some new property combinations in order to achieve these
goals.

Recently, we reported on systematic investigations concerning the replacement
of aromatic structures from mesogenic side groups of side-chain LCP by hetero-

tAuthor for correspondence.
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cycloalkane units, e.g., the trans-1,3-dioxane rings.’>~2* We have demonstrated
that mesogenic units based on the trans-1,3-dioxane ring can be used to synthesize
noncrystallizable side-chain LCPs even when the polymers contain up to eleven
methylene units in the spacers. The conformational isomers of the trans-1,3-diox-
ane-based mesogens are in a dynamic equilibrium and this depresses their crys-
tallization when they are attached as polymeric side chains. B. Hahn and V. Percec
reported the synthesis and characterization a series of chiral smectic polysiloxanes
containing 2,5-disubstituted-1,3-dioxane- and 2,5-disubstituted-1,3,2-dioxabori-
nane-based mesogenic groups.?-??

In 1988, Y. Haramoto prepared a series of new low molar mass ferroelectric
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SCHEME I Synthesis of 4-[(S)-2-methyl-1-butoxycarbonyl]phenyl 4-(trans-5-w-alkenyl-1,3-dioxan-2-
yl)benzoates.
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liquid crystals containing 2,5-disubstituted-1,3-dioxane-based mesogens.?*>* The
goal of this study is to present the synthesis and characterization of some new chiral
smectic liquid crystalline polysiloxanes containing 4-[(S)-2-methyl-1-butyloxycar-
bonyl]pheny! 4-(trans-5-alkanyl-1,3-dioxan-2-yl)benzoate side groups. Their char-
acterizations by differential scanning calorimetry, optical polarizing microscopy and
X-ray diffraction have been presented.

2. RESULTS AND DISCUSSION

The synthetic routes for the preparation of 4-[(S)-2-methyl-1-butyloxycar-
bonyl]phenyl 4-[trans-5-(w-alkenyl)-1,3-dioxan-2-yl]benzoates (6—8) are outlined
in Scheme I. The chiral group was inserted into these mesogenic monomers starting
with the commercially available (—)-2-(S)-methyl-1-butanol. This was done by a
sequence of reactions which avoided its racemerization. The monomers were char-
acterized by differential scanning calorimetry and optical polarizing microscopy.
The thermal transitions and thermodynamic parameters of monomers 6-8 are
summarized in Table IV. Monomer 6, containing three methylene units in the
spacers, presents an enantiotropic smectic A phase and a monotropic cholesteric
phase while monomer 7, containing six methylene units in the spacers, presents
only an enantiotropic smectic A phase. Figure 1 illustrates the representative DSC

A
X s¢ 1 s
€ g7.9°A I
O
<
jas]
135.5
48.7
132.5
S 49.5 87‘25 .
* A
s K S¢
A L - ]
-30 37.5 75 112.5 150
Temp. (°C)

FIGURE 1 DSC thermograms of monomer 8: A) heating scan; B) cooling scan.
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heating and cooling traces of monomer 8 which contains eleven methylene units
in the spacers. The heating scan shows a melting transition at 48.7°C, a chiral
smectic C to smectic A transition at 87.9°C, and a smectic A to isotropic phase
transition at 135.5°C. The cooling scan presents an isotropic to smectic A phase
transition at 132.5°C, a smectic A to chiral smectic C phase transition at 87.2°C,
and a crystallization transition at 49.5°C. The smectic A to chiral smectic C phase
transition on both heating and cooling scans was determined by optical polarizing
microscopy. Figures 2A and 2B display respectively the typical smectic A and chiral
smectic C textures exhibited by monomer 8. The results demonstrate that the

FIGURE 2 Typical optical polarizing micrographs of § monomer: A) S, texture obtained after cooling
from isotropic phase to 103°C; See Color Plate XII; B) Sc* texture obtained after cooling to 85°C.
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tendency toward chiral smectic C mesomorphism increases by increasing the length
of the flexible spacer.

The synthesis of polysiloxanes 9—11 is described in Scheme II. An excess amount
of olefinic monomers was usually used to carry the hydrosilation reaction to com-
pletion. The unreacted monomers were removed by several reprecipitations from
THEF solution into methanol and by preparative GPC. Therefore the polymers were
isolated with high purity. Table II summarizes the thermal transitions and ther-
modynamic parameters of the obtained polymers 9—-11. Polymer 9 shows no me-
sophase while both polymers 10 and 11 present smectic mesomorphism. Figure 3
itlustrates the DSC traces for polymers 10 and 11. Polymer 10 shows a glass tran-
sition temperature at 16°C and a S, to isotropic phase transition at 132°C on the
heating scan (Curve A) and a isotropic to S, phase transition present at 129.6°C
on the cooling scan (Curve B). Heating and cooling DSC scans for polymer 11 are
presented as Curves C and D in Figure 3. Above the glass transition temperature
(14.4°C) the polymer exhibits a S, mesophase which undergoes isotropization at
202.2°C. The cooling scan presents first a S, mesophase which transfers into a Sg
phase at 32.8°C. Figure 4 presents the temperature-dependent X-ray diffraction
diagrams obtained from the powder sample of 11 at 160, 130, 80, 50°C and room
temperature. A broad reflection at wide angles (associated with the lateral packing)
and two sharp reflections at low angles (associated with the smectic layers) are
respectively shown by all curves. Curve E, obtained at a measuring temperature
of 160°C, presents a diffuse reflection at about 4.83 A, which corresponds to the
lateral spacing of two mesogenic side groups, a sharp first-order reflection at 35.03
A and a second-order reflection at 17.52 A, which corresponds to the smectic layers.
The optical polarizing micrograph (Figure 5) reveals a focal-conic fan texture for

o
8-8 +  Me,Sio{ §i—05; SiMe,
H

j Pt catalyst / Toluene

G
Me, SIO-{-Si—03; SiMe, H_ O 0 cH,
CH, o 4—@4}—0@0—0— CH,~ CH-G, H,
(I)‘H,-(- CH,«);,;O
H
m=1,4,9 9-11

SCHEME II Synthesis of polysiloxanes.
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FIGURE 3 DSC thermograms of polymers 10 and 11: A) heating scan of 10; B) cooling scan of 10;
C) heating scan of 11; D) cooling scan of 11.

polymer 11 at this temperature range. Both results are consistent with a smectic
A structure. When the measuring temperature has been lowered from 160°C to
130,100, 80 or 50°C (Curves B ~ D), the d-spacings of first-order reflections and
second-order reflections do not change and only the wide-angle reflection becomes
sharper. The results indicate that the polymer also presents the smectic A phase
at these temperatures. When the measuring temperature has been lowered to room
temperature (Curve A), the d-spacings of the first-order reflections and second-
order reflections show respectively 36.03 A and 18.02 A. The wide-angle diffraction
shows at 4.51 A and the peak becomes very sharp. This result indicates the for-
mation of the smectic B phase.

Upon comparison of the thermal behavior of three polymers to that of their
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FIGURE 4 Temperature dependent X-ray diffraction diagrams of polymer 11: A) room temperature,
B) 50°C, C) 80°C, D) 130°C, E) 160°C.

FIGURE 5 Typical optical polarizing micrographs of polymer 11: S, texture obtained at 178°C. See

Color Plate XIII.

corresponding monomers, it demonstrates that polymer 10 is the only one which
shows the same mesophase with its corresponding monomer. According to our
previous reports in the literature (15-20), we have demonstrated that 1,3-dioxane-
based mesogens could form several conformational isomers which are in dynamic
equilibrium. As can be seen from Tables I and 1I, polymer 9 reveals no mesophase
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TABLE 1

Phase Transitions and Phase Transition Enthalpies for Monomers 6 ~ 8

Phase transitions, °C (Corresponding enthalpy changes,
Monomers n Keal/mol)

Heating
Cooling

K 79.1 (28.82) S, 102.9 (0.31) I
I 1014 (0.26) N° 77.2 (0.01) S+ 0.3 (13.16) K

K 774 (18.08) Sa 133.7 891 I
I 1314 (4.15) Sa 36.7 (1248) K

I~
N

8 1n K 48.7 (11.32) S 87.9()" S, 135.5 (5.46) I
1 1325 (5.69) Sa 87.2()* St 495 (0.83)K

¢ Enthalpy is very small and the transition was observed from optical

TABLE 11

Phase Transitions and Phase Transition Enthalpies for Polymers 9 ~ 11

Phase transitions, °C (Corresponding enthalpy changes,
Polymers n Kcal/mol)

Heating
Cooling
24 1
2 3 =
g 16 Sa 132 (0.28) 1
10 6 1 120.6 (0.31) Sa
g144 Sp 2022 (1.89) I
1 u 1 1986 (1L24) Sx 32.8 (0.17) Su

while its corresponding monomer 6 exhibits cholesteric and smectic A phases. The
possible reason is that the spacer length is too short for the mesogenic side groups
to form a mesophase. In the case of polymers 11, it presents smectic A and smectic
B phases while its corresponding monomer 8 shows smectic A and chiral smectic
C phase. The reason that polymer 11 exhibits no chiral smectic C phase, could be
due to the existence of several conformers for the mesogenic side groups. The
conformers impede the formation of tilted chiral smectic C phase.

In conclusion, the synthesis of liquid crystalline polysiloxanes containing 4-[(S)-
2-methyl-1-butoxycarbonyl]phenyl 4-(trans-5-alkanyl-1,3-dioxan-2-yljbenzoate side
groups is presented. The monomer which contains eleven methylene units in the
spacers is the only one to exhibit the enantiotropic smectic A and chiral smectic
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C phases. Among the obtained polymers, one containing six methylene units in
the spacers presents an enantiotropic smectic A phase while the other one con-
taining eleven methylene units in the spacers shows an enantiotropic smectic A
and a monotropic smectic B phase.

3. EXPERIMENTAL

Materials

Poly(methylhydrogensiloxane) (Mn = 2270) and divinyltetramethylsiloxane plat-
inum catalyst were obtained from Patrarch System Inc., and used as received. (S)-
(—)-2-Methyl-1-butanol, [a]5 = —6.5° (from Merck), 4-formylbenzoic acid and
all other reagents (from Aldrich) were used as received. Toluene used in the
hydrosilation reaction was first refluxed over sodium and then distilled under ni-
trogen.

Techniques

Experimental techniques used in the characterization of intermediary compounds
and of polymers are identical to those previously reported [25].

(S)-2-Methyl-1-butyl 4-hydroxybenzoate (1). 4-Hydroxybenzoic acid (4.9 g, 0.036
mol), and (S)-2-methyl-1-butanol (8.1 g, 0.092 mol) were dissolved in dried ben-
zene. Four drops of conc. sulfuric acid completely dissolved and water was collected
in a Dean-Stark trap. The reaction mixture was cooled to room temperature and
extracted with diethyl ether (100 ml). The ether solution was washed with 2%
aqueous solution of NaHCQ;, water and dried over anhydrous MgSO,. The oily
product, obtained after solvent was evaporated, was distilled at 170°C/1.33 mbar.
Yield 6.5 g (93%); [a]5 = +7.63. 'H-NMR (CDCl;): 8 = 0.80-1.10 (m, 6H, two
—CH,), 1.20-1.58 (m, 2H, —CH,—), 1.78-1.91 [m, 1H, —CH(CH;)—], 4.14
(q, 2H, —COOCH —), 6.90-7.90 (m, 4H, ArH), 7.15 (s, 1H, ArOH).

4-[(S)-2-Methyl-1-butyloxycarbonylphenyl 4-formylbenzoate (2). 4-Formyl-
benzoic acid (4.13 g, 0.028 mol) was reacted at room temperature with excess
thionyl chloride containing a drop of dimethylformamide in 10 ml of methylene
chloride for 2 h. The solvent and excess thionyl chloride were removed under
reduced pressure to give the crude acid chloride. The product was dissolved in 10
ml of methylene chloride and slowly added to a cold solution of 1 (5.7 g, 0.025
mol), triethylamine (3.03 g, 0.03 mmol) in 50 ml of methylene chloride. The solution
was stirred at room temperature for 2 h, washed with water and dried over an-
hydrous MgSQ,. The crude product, obtained after the solvent was evaporated,
was purified by column chromatography (silica gel, ethyl acetate/n-hexane = 1:1
as eluent) to yield 6.7 g (82%), [a]3 = +7.63. 'H-NMR (CDCl,): 8 = 0.80-1.10
(m, 6H, two —CH;), 1.20-1.60 (t, 2H, —CH,—), 1.78-1.91 [m, 1H, —CH(CH;)}—],
4.14 (q, 2H, —COOCH,—), 7.28-8.39 (m, 8H, ArH), 10.14 (s, 1H, —CHO)

2-Allylpropan-1,3-diol (3), 2-(5-Hexane-1-yljpropan-1,3-diol (4), 2-(10-undecen-
1-yl)propen-1,3-diol (5). Compounds 3-5 were prepared by reduction of corre-
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sponding diethyl 2-(w-alkenyl)malonates with LiAlH, in diethyl ether according to
a literature procedure reported previously.?®?’

3 Yield 84%; b.p. 45 ~ 47°C/4.0 m bar; '"H-NMR(CDCl,): 8 = 1.78-1.91 [m,
1H, —CH(CH,OH),], 2.00-2.10 (m, 2H, =CH—CH,—), 3.00 (s, 2H, two
—OH), 3.60-3.85 (m, 4H, two —CH,OH), 5.02-5.11 (m, 2H, CH,=), 5.72—
5.86 (m, 1H, =CH—).

4 Yield 92%; b.p. 92 ~ 93°C/4.0 m bar; 'H-NMR (CDCl,): § = 1.14-1.15 (m,
6H, —(CH,);—), 1.69-1.82 [m, 1H, —CH(CH,OH),], 1.91-2.20 (m, 2H,
=CH—CH,—), 2.85 (s, 2H, two —OH), 3.52-3.97 (m, 4H, two —CH,OH),
4.88-5.07 (m, 2H, CH,=), 5.70-5.87 (m, 1H, =CH—).

Yield 88%; m.p. 58 ~ 59°C; 'H-NMR (CDCL): & = 1.20-1.40 (m, 16H,
—(CH,)s—), 1.72-1.83 [m, 1H, —CH(CH,OH),], 2.00-2.10 (m, 2H,
=CH—CH,—), 2.23 (s, 2H, two —OH), 3.61-3.78 (m, 4H, two —CH,OH),
4.95-5.05 (m, 2H, CH,=), 5.78-5.90 (m, 1H, =CH—).

4-[(S)-2-Methyl-1-butyloxycarbonyllphenyl 4-(trans-5-allyl-1,3-dioxan-2-yl)benzoate
(6), 4(S)-2-Methyl-1-butyloxycarbonyllphenyl 4-[trans-5-(5-hexen-1-yl)-1,3-dioxan-
2-yllbenzoate (1), 4-[(S)-2-Methyl-1-butyloxycarbonyllphenyl 4-[trans-5-(10-unde-
cen-1-yl)-1,3-dioxan-2-yllbenzoate (8). All three compounds were prepared
according to a same method. The synthesis of compound 8 is described below.
2-(10-Undecen-1-yl)propan-1,3-diol (2.0 g, 8.7 mmol), 4-[(S)-2-methyl-1-butylox-
ycarbonyl)phenyl 4-formyl-benzoate (3.0 g, 8.7 mmol) and p-toluenesulfonic acid
(10.45 mg) was dissolved in 50 ml of benzene. The solution was refluxed under
nitrogen atmosphere until the equivalent amount of water was collected in a Dean-
Stark trap. After the reaction mixture was cooled to room temperature, 50 ml of
diethyl ether was added. The solution was washed with 2% aqueous solution of
NaHCO; and water, and dried with anhydrous MgSO,. The crude product, ob-
tained after the solvent was evaporated, was recrystallized several times from n-
hexane until pure trans-isomer was isolated. Yield 3.26 g (78%).

6 Yield 73.2%; [a]3 = +2.92; 'H-NMR(CDCL): 3 = 0.89-1.06 (m, 6H, two
—CH,), 1.21-1.93 [m, 5H, =CH—CH,— and —CH(CH,)—CH,—],

CHZ_—
/
2.18-2.30 { m, 1H, —CH ,
AN
CH,—

3.52 and 4.20 (m, 6H, two —CH,0— and —COOCH ,—), 5.04-5.10 (m, 2H,
CH,=),

fun

—0

AN
5.48 {s, 1H, CH—Ph— |,
/
—0

5.69-5.80 (m, 1H, =CH—), 7.22-8.20 (m, 8H, ArH).
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7 Yield 68%; [a]p = +6.91; 'H-NMR (CDCl;): 8 = 0.89-0.99 (m, 6H, two
—CH,), 1.08-1.93 [m, 11H —(CH,),— and —CH(CH,)—CH,— and
—CH(CH3)—],

CH2_
s
2.18-2.30 { m, 1H, —CH
AN
CH2_

3.55 and 4.20 (m, 6H, two —CH,0— and —COOCH,—), 4.92-5.04 (m, 2H,
CH,=),

—0
AN
5.48 | s, 1H, CH—Ph— |,
/
—0

©5.72-5.86 (m, 1H, =CH—), 7.22-8.20 (m, 8H, ArH).
8 Yield 78%; [a]} = +2.57; 'H-NMR (CDCl;): 3 = 0.89 — 1.06 (m, 6H, two
—CH,), 1.07-2.06 [m, 21H —(CH,)y— and —CH(CH,)—CH,—]
CHz_
/
2.10-2.19 { m, 1H, —CH ,
N
CHZ_

3.55 and 4.20 (m, 6H two —CH,O— and —COOCH,—), 4.90-5.02 (m, 2H,
CH,=),
—0
AN
5.48 |'s, 1H, CH—Ph— |,
/
—0

5.74-5.87 (m, 1H, =CH—), 7.20-8.21 (m, 8H, ArH).

: CpeHy0O, (438.5) Cale. C71.22 H 6.90
Found C72.18 H6.88

: CyoHyOg (480.6) Cale. C72.48 H7.55
Found - C72.45 H7.52

: CyuHeOg (550.7) Cale. C74.16 H 8.42
Found C74.14 H 8.36

I

N3

oo
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Synthesis of Polysiloxanes (9 ~ 10)

The olefinic derivative 1.0 g (10 mol% excess versus the Si—H groups present in
polysiloxane) was dissolved in 100 mL of dry, freshly distilled toluene together with
the proper amount of poly(methylhydrogensiloxane). The reaction mixture was
heated to 110°C under nitrogen and 100 mg of divinyltetramethyldisiloxane plati-
num catalyst was then injected with a syringe as a solution in toluene (1 mg/mL).
The reaction mixture was refluxed (110°C) under nitrogen for 24 h. After this
reaction time the FT-1R analysis showed that the hydrosilation reaction was com-
plete. The polymers were separated and purified by several reprecipitations from
tetrahydrofuran solution into method and further purified by preparative GPC,
and then dried under vacuum.
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