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Novel liquid crystals which have the perfluoropyrrolidino group, a heterocyclic perfluoroalkyl

group, and which show smectic phases

have been synthesized with perfluoro-

(2-pyrrolidinopropionyl fluoride) as one of the starting materials. Analogues with a polymeriz-
able functional group also have been prepared and polymerized to give side chain liquid

crystal polymers.

Introduction of fluoro-substituents to mesogens often
affords new series of liquid crystals with modified phys-
ical properties [ 1]. Fluorinated ferroelectric liquid crys-
tals have recently attracted considerable interest because
they have large spontaneous polarization and low viscos-
ity, which can improve the response time of the liquid
crystal for switching [2-8].

Although a number of liquid crystals that have fluo-
rinated aromatic rings [9-15], or perfluore-n-alkyl
groups [16-24], have been synthesized, no liquid crys-
tals with a bulky cyclic perfluoroalkyl group have yet
been prepared. Perfluorocarboxylic acids with a cyclic
dialkylamino group, such as the pyrrolidine ring, can be
used as the source of such a bulky perfluoroalkyl group.
We report upon the synthesis of several compounds
in a new class of rod-shaped liquid crystals that
have a cyclic perfluoroalkyl group on one end and an
ordinary n-alkyl tail on the other using perfluoro-
(2-pyrrolidinopropionyl fluoride) as one of the starting
materials. The phase transition behaviour of these
liquid crystals was also investigated. Analogues that
had an acryloyl or methacryloyl group at the w-end of
the n-alkyl group were also prepared and polymerized
yielding side chain liquid crystal polymers.

Compounds possessing an alkyl chain, benzene
rings, and a perfluoropyrrolidine ring were prepared as
shown in the scheme. Intermediate esters with a
phenolic hydroxy group were obtained from
perfluoro(2-pyrrolidinopropionyl fluoride) and excess

*Author for Correspondence.

amounts of hydroquinone or biphenyldiol. The esters
were fairly stable for moisture in comparison with those
prepared from perfluoro(3-pyrrolidinopropionyl fluo-
ride) and hydroquinone that were readily hydrolysed
in methanol. They were allowed to react with
4-alkyloxybenzoic acid yielding final compounds of rod-
shaped molecules. The phase transition temperatures of
the compounds were measured by differential scanning
calorimetry (see table 1). All the compounds showed the
liquid crystalline S¢ phase exhibiting fan-shaped textures
through a polarizing microscope. In the series of com-
pounds with two benzene rings, the temperature of the
phase transition from smectic to isotropic tended to
decrease with the increase in alkyl chain length. Hex-

Table 1. Phase transition temperatures of the perfluoro-
pyrrolidine LCs?.

Compound Phase transition/°C®

Bu-Hg-Py Cr 74 Sc 111 1
(42) (109)

Hex-Hq-Py Cr 45 Sc 82 I
(10) (82)

Oct-Hq-Py Cr 49 S¢ 64 I
(29) (64)

Hex-Bp-Py Cr 105 Sc 186 I
(66) (186)

#Measured by DSC at heating and cooling rates of 5°C
min"!; Cr, crystalline; S, smectic; I, isotropic.

Y Values of the second heating. Values in parentheses are of
the first cooling.

0267 -8292/96 $12-00 © 1996 Taylor & Francis Ltd.
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Bu-Hqg-Py CsHO 1
Hex-Hg-Py CeH130 1
OCt—Hq-Py CBH17O 1
Hex-Bp-Py CeH10 2
Aa-Hg-Py CHo=CHCOLCgH120 1
Aa-Bp-Py CHp=CHCO,CgH;20 2
Ma-Hg-Py CHz=C(CH,)C0OxCeH12,0 1
Ma-Bp-Py CHo=C{CH3)CO-CgH120 2

Scheme 1.

Hqg-Py gave the most stable smectic phase. Hex-Bp-Py,
a compound with three benzene rings, showed transitions
at high temperatures, and its smectic phase existed over
a wider temperature range than that of Hex-Hq-Py.
Compounds prepared as monomers that had an acryl-
oyl or methacryloyl group in the w-position of the n-
alkyl group did not possess a liquid crystalline phase.
These monomers were radically polymerized to yield
white powdery polymers that had mesogenic groups in
the side chains with a terminal perfluoropyrrolidine ring
and a hexyloxy spacer. Polymerization results are shown
in table 2. Poly(Aa-Bp-Py) and poly(Ma-Bp-Py), with
mesogenic groups consisting of three benzene rings,
possessed mecsomorphic phases, whereas poly(Aa-Hq-
Py) and poly(Ma-Hq-Py) exhibited only a glass tran-

sition (see table 3). Broken fan-shaped textures were
seen in the smectic phases of poly(Aa-Bp-Py) and
poly(Ma-Bp-Py).

Preparative liquid chromatography showed that the
racemic liquid crystals obtained could be optically
resolved. Further investigations are in progress.

The materials used in this study were prepared as
follows:

4-( Perfluoro-2-pyrrolidinopropionyloxy)phenol
(Hq-Py). Perfluoro-2-pyrrolidinopropionyl  fluoride
(500g, 1-38 x 1072 mol) [25] was added dropwise to a
tetrahydrofuran solution (10ml)} of hydroquinone
(1:67 g, 1:52 x 1072 mol) and pyridine (1-5ml) at 0°C
under an argon atmosphere. The mixture was stirred for
0-5h at room temperature, the solvent and excess pyr-

Table 2. Radical polymerization of methacrylates carrying mesogens with a perfluoropyrrolidine ring®.

Monomer/g AIBN/mol % THF/ml Time/h Yield®/g M, /104 M,/M,
Aa-Hqg-Py
0-140 10 0-40 48 0113 099 1-3
Aa-Bp-Py
0-300 1-0 0-80 48 0-240 11 1-4
Ma-Hg-Py
1-00 0-50 1-0 24 0-820 11 19
Ma-Bp-Py
0150 1-0 0-40 48 0-130 83 22

2 Polymerizations were carried out at 60°C in vacuo.

® Methanol-insoluble fraction.
¢ Determined by GPC.
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Table 3. Phase transitions of polymeric acrylates and methacrylates carrying mesogens
with a perfluoropyrrolidine ring?®.

Compound (M, x 1074)

Transition scheme/°C®

poly(Ma-Hg-Py) (11) G
poly(Aa-Hg-Py)  (0:99) G
poly(Ma-Bp-Py)  (83) G 167

poly(Aa-Bp-Py) (1-1) G

95 I

60 1
Sc 196 Sa 209 I
Sc 148 Sa 169 I

2 Measured by DSC at a heating rate of 5°C min~!; S, smectic; I, isotropic; G, glassy.

® Values in the second heating.

idine were evaporated under reduced pressure. The
product was isolated by column chromatography and
recrystallized from hexane (3-43 g, 55 per cent yield). IR
(KBr), 3340cm~! (O-H), 1790 (C=0); 'H NMR
(CDCL,), 704 ppm (d, 2 H, aromatic H, J=9-2Hz), 687
(d, 2H, aromatic H, J=9-2), 494 (broad s, 1H, OH);
F NMR (CDCl;), —755ppm (m, 3F), —87-6 (AB m,
2F, J=174Hz), —931 (AB m, 2F, J=174), —1314
(AB m, 2F, J=251), —1358 (AB m, 2F, J=251),
—137:3 (m, 1 F); m.p. 76°C.

The '°F NMR spectra of the following compounds
were the same as the spectrum for Hq-Py within experi-
mental error.

4'-( Perfluoro-2-pyrrolidinopropionyloxy)-4-biphenylol
(Bp-Py). Perfluoro-2-pyrrolidinopropionyl fluoride
(5-:00g, 1-38 x 10”2 mol) was added dropwise to a tetra-
hydrofuran solution {30ml) of 4,4'-biphenyldiol (7-71 g,
414 x 10”2 mol) and pyridine (1-5ml) at 0°C under an
argon atmosphere. The mixture was stirred for 0-5h at
room temperature, the solvent and excess pyridine were
evaporated under reduced pressure. The product was
isolated by column chromatography and recrystallized
from hexane (3-73g, 51 per cent yield). IR (KBr),
3560cm™' (O-H), 1780 (C=0); 'H NMR (CDCly),
7-60ppm (d, 2H, aromatic H, J=88 Hz), 744 (d, 2 H,
aromatic H, J=86), 721 (d, 2H, aromatic H, J=8§8),
691 (d, 2H, aromatic H, J=86), 490 (broad s, 1H,
OH); m.p. 129°C.

4-(4-Hexyloxybenzoyloxy)phenyl perfluoro-2-pyrrol-
idinopropionate (Hex-Hq-Py). Thionyl chloride (2-8g,
24 x1072mol) and a catalytic amount of N,N-
dimethylformamide were added to a solution of
4-hexyloxybenzoic acid (108 g, 4-86 x 10~* mol) in tetra-
hydrofuran (10 ml), after which the mixture was refluxed
and stirred for 1h at room temperature under an argon
atmosphere. Evaporation of the solvent and excess
thiony! chloride under reduced pressure afforded the
acid chloride as a viscous liquid. The acid chloride was
dissolved in hexane (10ml), and the resulting solution
added dropwise to Hg-Py (200 g, 443 x 10~2 mol) and
pyridine (0-5ml) in ether (10ml) at 0°C. After the
mixture was stirred for 0-5h at room temperature, the
solvent and excess pyridine were evaporated under

reduced pressure. The product was isolated by column
chromatography and recrystallized from methanol
(230 g, 79 per cent yield). IR (KBr), 2930cm ™! (C-H),
1785, 1735 (C=0), 1065 (C-0-C); 'H NMR (CDCl;),
813 ppm (d, 2H, aromatic H, J=9-1 Hz), 726 (m, 4 H,
aromatic H), 6-98 (d, 2H, aromatic H, J=9-1), 405 (t,
2H, OCH,, J=64), 2200-1-15 {(m, 8 H, (CH,),), 0-92 (1,
3H, CH;, J=59).

The next three compounds were prepared by a proce-
dure similar to that described above.

4-(4-Butoxybenzoyloxy)phenyl perfluoro-2-pyrrolidino-
propionate (Bu-Hg-Py). Yield 45 per cent; IR (KBr1),
2950cm™! (C-H), 1785, 1735 (C=0), 1065 (C-0O-C),
'H NMR (CDCl,) 813ppm (d, 2H, aromatic H, J=
8-8 Hz), 726 (m, 4 H, aromatic H), 6:97 (d, 2 H, aromatic
H, J=818), 406 (t, 2H, OCH,, J=61), 2207-1-20 (m,
4H, {(CH,),), 099 (t, 3H, CH;, J=57).

4-(4-Octyloxybenzoyloxy)phenyl perfluoro-2-pyrrol-
idinopropionate (Oct-Hg-Py). Yield 69 per cent; IR (K Br),
2920ecm ! (C-H), 1790, 1735 (C=0), 1070 (C-O-C})
'H NMR (CDCl,) 813 ppm (d, 2H, aromatic H, J=
9-0 Hz), 7-26 (m, 4 H, aromatic H), 6-:97 (d, 2H, aromatic
H, J=90), 405 (t, 2H, OCH,, J=63), 2-:05-1-10 {m,
12H, (CH,)s), 0-89 (t, 3H, CH;, J=57).

4'-(4-Hexyloxybenzoyloxy)-4-biphenylyl  perfluoro-2-
pyrrolidinopropionate (Hex-Bp-Py). Yield 48 per cent; IR
(KBr), 2950cm ™! (C-H), 1810, 1735 (C=0); '"H NMR
(CDCl,), 816 ppm (d, 2H, aromatic H, J=8-9Hz), 7-64
(d, 2H, aromatic H, J=88), 7-59 (d, 2H, aromatic H,
J=838), 730 (d, 2H, aromatic H, J=88), 7-26 (d, 2H,
aromatic H, J=288), 698 (d, 2 H, aromatic H, J=89),
4-05 (t, 2H, OCH,, J=6-3), 207-1-16 (m, § H, (CH,),),
092 (t, 3H, CH;, J=59).

4-[4-( 6-Methacryloyloxyhexyloxy)benzoyloxy Jphenyl
perfluoro-2-pyrrolidinopropionate (Ma-Hg-Py). Thionyl
chloride (9-0g, 76 x 10”2 mol) and a catalytic amount
of N,N-dimethylformamide were added to a mixture of
4-(6-methacryloyloxyhexyloxy)benzoic acid (223 g,
728 x 1073 mol) [26, 27] and a trace of 2,6-di-tert-
butyl-p-cresol, after which the mixture was stirred for
1h at room temperature under an argon atmosphere.
Evaporation of the solvent and excess thionyl chloride
under reduced pressure afforded the acid chloride as a
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viscous liquid. The acid chloride was dissolved in hexane
(22ml), and the resulting solution added dropwise to
Hg-Py (3-00g, 6:65 x 102 mol) and pyridine (1-0ml) in
ether (15ml) at 0°C. After the mixture was stirred for
0:5h at room temperature, the solvent and excess pyrid-
ine were evaporated under reduced pressure. The prod-
uct was isolated by column chromatography and
recrystallized from methanol (3-00 g, 60 per cent yield).
IR (KBr) 2950cm ™' (C-H), 1790, 1730, 1710 {C=0),
1645 (C=C); 'H NMR (CDCl,) 811 ppm (d, 2H, aro-
matic H, J=89Hz), 724 (m, 4 H, aromatic H), 6:96 (d,
2H, aromatic H, J=89), 608 (s, 1 H, CH,=), 553 (s,
1H, CH,=), 416 (t, 2H, CO,CH,, J=64), 404 (t, 2H,
OCH,, J=58), 193 (m, 3H, CH;), 2:08-1-31 (m, 8H,
(CH,),); m.p. 54°C.

The following compounds were prepared by a proce-
dure similar to that described above.

4'-[4-(6-Methacryloyloxyhexyloxy)benzoyloxy ]-4-
biphenylyl  perfluoro-2-pyrrolidinopropionate (Ma-Bp-
Py). Yield 41 per cent; IR (KBr), 2940cm ™! (C-H),
1790, 1710 (C=0), 1640 (C=C); 'H NMR (CDCl,),
816 ppm (d, 2H, aromatic H, J=89Hz), 7-65 (d, 2H,
aromatic H, J=28-6), 760 (d, 2H, aromatic H, J=§6),
7-30 (d, 2 H, aromatic H, J=8-6}, 726 (d, 2 H, aromatic
H, J=86), 697 (d, 2H, aromatic H, J=89), 6-10 (s,
1H, CH,=), 555 (s, L H, CH,=), 417 (t, 2H, CO,CH,,
J=65),406(t,2H, OCH,, J=61), 195 (m, 3H, CH,),
2-:04—1-34 (m, 8 H, (CH,),); m.p. 83°C.

4-[4-(6-Acryloyloxyhexyloxy)benzoyloxy |phenyl per-

Sfluoro-2-pyrrolidinopropionate (Aa-Hq-Py). Yield 56 per

cent; IR (KBr), 2930cm ! (C-H), 1790, 1725 (C=0); 'H
NMR (CDCl;), 813 ppm (d, 2 H, aromatic H, J=9-0 Hz),
7-25 (m, 4 H, aromatic H), 697 (d, 2 H, aromatic H, J=
9-0), 640 (dd, 1 H, CH,=, J,=174, J,=1-5), 6:12 (dd,
1H, CH,=, J,=174, J,=105), 581 (dd, 1H, =CH-,
Jy =105, J,=15), 418 (t, 2H, CO,CH,, J=6'4), 406
(t, 2H, OCH,, J=62), 220-1-30 (m, 8H, (CH,),);
m.p. 47°C.
4'-[4-(6-Acryloyloxyhexyloxy)benzoyloxy |-4-

biphenylyl perfluoro-2-pyrrolidinopropionate (Aa-Bp-Py).
Yield 64 per cent IR (KBr), 2945cm~* (C-H), 1795,
1725 (C=0); 'H NMR (CDCly), 8-16 ppm (d, 2 H, aro-
matic H, J=88Hz), 764 (d, 2H, aromatic H, J=8-5),
7-60 (d, 2 H, aromatic H, J=8-6), 7-30 (d, 2 H, aromatic
H, J=815), 725 (d, 2H, aromatic H, J=86), 698
(d, 2H, aromatic H, J=88), 640 (dd, 1 H, CH,=, J,=
174, J,=14), 613 (dd, 1H, CH,=, J, =174, J,=10-6),
581 (dd, 1 H, =CH-, J,=106, J,=14), 419 (t, 2H,
CO,CH,, J=63),4-06 (1, 2H, OCH,, J=6-3), 2-20-1-30
(m, 8 H, (CH,),); m.p. 80°C.

Polymerization was performed as follows. An acrylic
or methacrylic monomer, 2,2'-azobis(isobutyronitrile) as
the radical initiator and tetrahydrofuran as the solvent
were placed in an ampoule, Then the mixture

was degassed by successive freeze—thaw cycles.
Polymerization was carried out at 60°C in vacuo. After
polymerization, the mixture was diluted with tetrahydro-
furan and poured into methanol. The precipitated poly-
mer was collected and dried in vacuo then purified by
reprecipitation from methanol.

IR spectra were obtained with a JASCO IR-810
infrared spectrophotometer. 'H NMR (90 MHz) and *°F
NMR (84-68 MHz) measurements were recorded on a
Hitachi R-90F, chemical shifts being defined as their
respective ¢ values relative to TMS and CFCl;.
Molecular weights of the polymers were correlated to
standard polystyrenes using Toso GMH6 columns with
tetrahydrofuran as the eluent. Differential scanning
calorimetry was performed with a Perkin—Elmer DSC7
at heating and cooling rates of 5°C. The textures of the
liquid crystals were observed with a Nikon SMZ-1B
microscope under cross nicols.
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