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Synthesis and mesomorphic properties of semi-per¯ uorinated

chain liquid crystals

YONG-GANG YANG, BAO-QUAN CHEN and JIAN-XUN WEN*
Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences,

354 Fenglin Lu, Shanghai 200032, PR China

(Received 31 August 1998; accepted 13 January 1999 )

Three homologous series of 4-(n-poly¯ uoroalkoxycarbonyl)phenyl 4-[(4-n-alkoxyphenyl)-
ethynyl] benzoates have been synthesized from 1,1,3-trihydroper¯ uoropropanol, 1,1,5-trihydro-
per¯ uoropentanol and 1,1,7-trihydroper¯ uoroheptanol. Polarizing microscopic textural
observations and DSC measurements of the phase transitions of these compounds show that
most of them are thermotropic liquid crystals with smectic A and very broad smectic C
phases; furthermore, several show very narrow monotropic SmB phases. The e� ect of the
terminal poly¯ uoroalkoxy and alkoxy groups on the mesomorphic behaviour is also discussed.

1. Introduction further study, we have synthesized three series of liquid
crystals with the formula shown below.Self assembly is one of the possible ways to generate

novel supermolecular structures. In this way, the amphi-
philic character of molecules is one of the parameters
permitting us to predict the type of organization for
both thermotropic and lyotropic mesogens. Amphiphilic
molecules consist of two fragments di� ering in their

m =2;  n=4± 10, 12

m =4;  n=5± 10

m =6;  n=6± 9

F4(F4-4 ± F4-10,F4-12)

F8(F8-5 ± F8-10)

F12(F12-6 ± F12-9)

chemical nature; for example, hydrophilic/hydrophobic,
sti� / ¯ exible, aliphatic/aromatic, polar or polarizable/

2. Experimentalnon-polar or non-polarizable. The liquid crystal molecule
2.1. Synthesis routewith a ¯ uorocarbon tail can also be divided into two

The synthesis of the target molecules bearing threeparts Ð ¯ uorophilic/¯ uorophobic Ð because the ¯ uoro-
kinds of ¯ uorinated tail chains is outlined in the scheme.alkyl chain which has a ¯ uorophilic nature is more rigid

Reagents and conditions : (1) a. Na, benzyl chloride,than the corresponding alkyl chain. So we can consider
C2 H5 OH, r.t. to re¯ ux; b. NaOH, C2 H5 OH/H2 O;liquid crystals with ¯ uorocarbon tails as a potentially
(2) HOCH2 (CF2 )nH, DCC/DMAP, THF, 0ß C to r.t.;novel series of self assembling supermolecules.
(3) H2 Pd/C, ethyl acetate; (4) p-I-benzoic acid, DCC/Earlier work [1± 7] by di� erent groups on liquid
DMAP, THF, 0ß C to r.t.; (5) Br(CH2 )nH, KOH, KI,crystals with poly¯ uoroalkyl or poly¯ uoroalkoxy chains
C2H5OH, re¯ ux; (6) Pd(PPh3 )2Cl2 , CuI, Et3 N, º ± SiMe3 ;showed enhancement of the smectic mesophases and
(7) NaOH, acetone, methanol; (8) Pd(PPh3 )2Cl2 ,mesophase thermal stability. Especially for molecules
Et3 N, CuI.with a biphenyl core and two semi-per¯ uorinated chains,

The hydroxyl group of methyl 4-hydroxybenzoate wastilt smectic properties are exhibited. In recent years, with
protected with benzyl chloride and the methyl ester wasthe development of monophenyl liquid crystals, molecules
hydrolysed to give the benzoic acid. The protected acidwith poly¯ uoroalkyl or poly¯ uoroalkoxy terminal chains
was then esteri® ed with the appropriate alcohol usinghave become an important topic in the study of liquid
dicyclohexylcarbodiimide (DCC) as dehydrating agentcrystal materials [8± 10] . In our own work [1] it was
and N ,N -dimethylaminopyridine as catalyst, in dry tetra-also found that molecules with a long ¯ uorocarbon tail
hydrofuran solution. The benzyl ether produced waschain gave rise to a broad smectic C phase. But in that
then converted to the corresponding phenol ester byseries we could rarely ® nd a relationship between the
removal of the benzyl protecting group by hydro-length of poly¯ uorocarbon tail and the mesophase. For
genation at room temperature with H2 in the presence
of palladium on active carbon in ethyl acetate. Then
the phenol was esteri® ed with p-iodobenzoic acid using*Author for correspondence.
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The phase transition temperatures of the target com-
pounds were measured by optical microscopy using a
polarizing microscope (Olympus PM-6) ® tted with a
heating stage (Mettler FP-80) and control unit (FP-82),
and by di� erential scanning calorimetry (DSC, Shimadzu
DSC-50 calorimeter with a data system, heating and
cooling rate 5ß C minÕ

1 ). The transition temperatures
reported in this paper were the peak values of the
transition on DSC traces. Phase identi® cation was made
by comparing the observed textures with those reported
in the literature [11, 12] .

2.3. 1-(4-Heptyloxyphe nyl)-2-trimethylsilylacetylene
In a dry 250ml three-necked ¯ ask ® tted with a

magnetic stirrer, gas inlet and re¯ ux condenser with
bubbler, 5.224g (16.4mmol) of 4-heptyloxyiodobenzene,
160mg (0.24mmol) of bis(triphenylphosphine)palladium
dichloride, 640mg (3.2mmol) of copper(I) iodide and
120ml of anhydrous triethylamine were mixed under
a slow stream of nitrogen for 5 min. Then 2.543g
(25.9mmol) of trimethylsilylacetylene was added to the
mixture under nitrogen. The reaction mixture was heated
at 30± 35ß C for nearly 24 h, until TLC analysis indicated
completion of the reaction. The resulting grey precipitate
was then ® ltered o� and washed with diethyl ether. TheScheme. Synthesis route.
® ltrate was washed with water, dried over anhydrous
sodium sulphate, and the solvent was removed in vacuo.
The residue was puri® ed by column chromatography on
silica gel using petroleum ether as eluent to give a paleDCC as dehydrating agent and DMAP as catalyst, in

tetrahydrofuran solution. Finally the coupling reaction yellow liquid product. Yield: 4.561g (95.3%). 1H NMR
(60MHz, CDCl3 /TMS) d; 0.21 (s, 9H), 0.7± 2.10between the ester and 4-alkoxyphenylacetylene, under the

catalysis of bis(triphenylphosphine)palladium dichloride (m, 13H), 3.91 (t, J = 6 Hz, 2H), 7.09 (dd, J = 20Hz,
9 Hz, 4H (ppm. IR(KBr): n 2929, 2857, 2156, 1567, 1504,and copper(I) iodide in dried triethylamine, gave

the desired poly¯ uorinated substituted homologous 1466, 1251, 869, 845cmÕ
1 .

compound.
2.4. 4-Heptyloxypheny lacetylene

In a round-bottomed ¯ ask, 4.510g (15.63mmol)2.2. Analysis
All of the product compounds were puri® ed by column of 1-(4-heptyloxyphenyl )-2-trimethylsilylacetylene was

poured into 17.2ml of acetone and 8.6ml of methanolchromatography on silica gel using petroleum ether
(b.p. 60± 90ß C)/ethyl acetate (20/1) as eluent and then and the mixture was stirred for 2 min. Then 8.6 ml of

0.2N aqueous sodium hydroxide was added over a fewrecrystallized from petroleum ether (b.p. 60± 90ß C) and
acetone/methanol. minutes; the mixture was stirred for further 3 h. Analysis

by TLC showed the reaction was complete, and theThe structures of the ® nal products and intermediates
were determined by a variety of spectral methods. IR solvent was removed in vacuo. The residue was added

to 160ml of ether, washed with 5% aqueous acetic acidspectra were recorded on a PE-983G spectrophotometer,
using KBr pellets of the solids, or ® lms of liquids. and saturated aqueous sodium chloride, then dried over

anhydrous sodium sulphate. The solvent was removed1H NMR spectra, with TMS as internal NMR standard
were recorded on a Varian EM 360L spectrometer in vacuo and the resulting residue puri® ed by column

chromatography on silica gel, using petroleum ether as(60 MHz) or a Fx-90Q (90MHz) instrument; 19F NMR
spectra, with tri¯ uoroacetic acid (TFA) as external eluent to give the product as a pale yellow liquid. Yield:

3.100g (91.7%). 1H NMR (60 MHz, CDCl3 /TMS) d:standard, were recorded on a Varian EM 360L spectro-
meter (60MHz). For 19F NMR spectra the high ® eld 0.7± 2.0 (m, 13H), 3.03 (s, 1H), 3.94 (t, J = 6 Hz, 2H),

7.11 (dd, J = 20 Hz, 9Hz, 4H) ppm. IR(KBr): n 2929,was positive. MS spectra were measured with a
Finnigan-4021 spectroscope. 2857, 2107, 1606, 1503, 1467, 1250, 835cmÕ

1 .
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2.5. 4-(n-1,1,3-T rihydroper¯ uoropropyloxyca rbonyl)- IR (KBr): n 2933, 2856, 2215, 1733, 1598, 1276, 1209,
1111, 1078, 896, 842, 765cm1. MS (m /z): 570 (M+,phenyl 4-iodobenzoat e

The experimental procedure was as described in 9.05) 319 (C7H15O± C6H4 ± Cº C± C6H4 ± CO+, 100.00).
Elemental analysis: calculated (for C32H30O5F4 ), C 67.36,[1] . Quantities: 4-iodobenzoic acid (1.967 g, 7.93mmol),

DCC (1.800 g, 8.72mmol), DMAP (10mg), THF (25ml), H 5.30, F 13.32; found, C 67.36, H 5.20, F 13.28%.
1,1,3-trihydroper¯ uoropropyl 4-hydroxybenzoate (2.000 g,
7.93mmol); reaction temperature 0ß C± r.t., reaction time 2.7. 4-(n-1,1,5-T rihydroper¯ uoropentyloxycar bonyl)-
48 h. The crude product was recrystallized from acetone/ phenyl 4-[(4-n-heptyloxypheny l)ethynyl] benzoate (F8-7)
methanol to give a white ¯ aky crystalline product. Yield: Compound F8-7 was prepared in a similar way to
3.103g (81.1%). 1H NMR (90MHz, CDCl3 /TMS) d: F4-7. Yield: 78.5%. 1H NMR (90MHz, CDCl3 /TMS)
4.82 (t, J = 14.2Hz, 2H), 6.07 (tt, J = 52.2Hz, 6 Hz, 1H), d: 0.77-2.00 (m, 13H), 3.98 (t, J = 6 Hz, 2H), 4.84
7.73 (dd, J = 32.1Hz, 9 Hz) 7.9 (s, 4H) ppm. 19F NMR (t, J = 14.2Hz, 2H), 6.07 (tt, J = 52.2Hz, 6Hz, 1H),
(60 MHz, CDCl3 /TFA) d: 45.7 (s, 2F) 59.5 (d, J = 30Hz, 6.80± 8.30 (m, 12H) ppm. 19F NMR (60MHz,
2F) ppm. IR(KBr): n 1716, 1588, 1500, 1465, 1289, 1263, CDCl3 /TFA) d: 42.1 (s, 2F) 48.0 (s, 2F) 52.7 (s, 2F) 59.9
1203, 1169, 832, 817cmÕ

1 . (d, J = 52Hz, 2F) ppm. IR(KBr): n 2931, 2856, 2215, 1738,
1599, 1269, 1167, 1069, 890, 836, 765cmÕ

1 . MS (m /z):
2.6. 4-(n-1,1,5-T rihydroper¯ uoropentyloxycar bonyl)- 671 (M+, 6.51) 319 (C7H15 O± C6 H4 ± Cº C± C6 H4 ± CO+,

phenyl 4-[(4-n-heptyloxypheny l)ethynyl] benzoate (F4-7) 100.00). Elemental analysis: calculated (for C36 H30 O5 F8 ),
In a typical procedure, to a mixture of compound C 60.90, H 4.51, F 22.66; found, C 61.11, H 4.21,

4-heptyloxyphenylacetylene (123mg, 0.569mmol), 4- F 22.85%.
(n-1,1,3-trihydroper¯ uoropentyloxycarbonyl)phenyl 4-
iodobenzoate (250mg, 0.518mmol), bis(triphenylphos- 2.8. 4-(n-1,1,7-T rihydroper¯ uoroheptyloxycar bonyl)-
phine)palladium dichloride (20mg) and copper(I) iodide phenyl 4-[(4-n-heptyloxypheny l)ethynyl] benzoate (F12-7)
(60 mg), under dry N2, was added 20ml of anhydrous Compound F12-7 was prepared in a similar way to
triethylamine. The resulting mixture was heated under F4-7 and F8-7. Yield: 77.9%. 1H NMR (90 MHz,
re¯ ex while stirring for 2 h. Analysis by TLC revealed CDCl3 /TMS) d: 0.70± 2.30 (m, 13H), 3.94 (t, J = 6 Hz,
completion of the reaction. The precipitate formed was 2H), 4.82 (t, J = 14.2Hz, 2H), 6.07 (tt, J = 52.2Hz, 6 Hz,
then ® ltered o� and washed with ether, and the ® ltrate 1H), 6.80± 8.60 (m, 12H) ppm. 19F NMR (60MHz,
was washed with water and dried over anhydrous CDCl3 /TFA) d: 42.1 (s, 2F) 45.1 (s, 2F) 46.3 (m, 4F) 52.5
sodium sulfate. The solvent was removed in vacuo and (s, 2F) 59.9 (d, J = 52Hz, 2F) ppm. IR(KBr): n 2931,
the residue puri® ed by column chromatography in silica 2856, 2215, 1734, 1599, 1272, 1167, 1142, 1071,
gel using petroleum ether (b.p. 60± 90ß C)/ethyl acetate 892, 836, 765cmÕ

1. MS (m /z): 771 (M+, 3.09) 319
(20/1) as eluent top give pale yellow crystals. These were (C7 H15 O± C6 H4 ± Cº C± C6 H4 ± CO+, 100.00). Elemental
recrystallized from petroleum ether (b.p. 60± 90ß C) and analysis: calculated (for C38 H30 O5 F12 ), C 56.11, H 3.92,
acetone/methanol to yield white ¯ aky crystals of the F 29.58; found, C 56.37, H 3.92, F 29.28%.
product. Yield: 221mg (74.7%). 1H NMR (90 MHz,
CDCl3 /TMS) d: 0.70± 2.00 (m, 13H), 3.94 (t, J = 6Hz, Other homologues were made by analogous reactions.

All of the intermediates and new compounds had satis-2H), 4.82 (t, J = 14.2Hz, 2H), 6.07 (tt, J = 52.2Hz, 1H),
7 6.80± 8.20 (m, 12H) ppm. 19F NMR (60 MHz, factory elemental analysis results and appropriate IR,

MS, 1H NMR and 19F NMR spectral data.CDCl3 /TFA) d: 46.2 (s, 2F) 59.5 (d, J = 52 Hz, 2F) ppm.

Table 1. Transition temperatures of the F4 series. Cr= crystal; SmA= smectic A; SmC= smectic C; I= isotropic liquid;
Recr= recrystallization.

Compounds n Transition temperature/ ß C

F4-4 4 Cr 139.9 SmA 222.1 N 224.1 I 222.2 N 219.9 SmA 115.4 Recra

F4-5 5 Cr 125.6 SmC 142.6 SmA 211.1 I 208.8 SmA 139.4 SmC 102.0 Recr
F4-6 6 Cr 122.8 SmC 150.1 SmA 208.3 I 206.6 SmA 147.6 SmC 101.5 Recr
F4-7 7 Cr 115.2 SmC 151.7 SmA 201.3 I 199.7 SmA 149.5 SmC 95.8 Recr
F4-8 8 Cr 108.5 SmC 148.7 SmA 196.9 I 194.9 SmA 145.6 SmC 94.1 Recr
F4-9 9 Cr 108.4 SmC 143.7 SmA 189.7 I 188.0 SmA 141.5 SmC 92.7 Recr
F4-10 10 Cr 109.2 SmC 139.3 SmA 185.1 I 183.6 SmA 136.8 SmC 94.2 Recr
F4-12 12 Cr 108.1 SmC 125.3 SmA 183.2 I 182.5 SmA 122.5 SmC 95.7 Recr

a A very short SmC phase is found on cooling, which can not be determined, even using POM.
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Table 2. Transition temperatures of the F8 and F12 series. Cr= crystal; SmA= smectic A; SmC= smectic C; SmB= smectic B;
I= isotropic liquid; Recr= recrystallization.

Compounds n Transition temperature/ ß C

F8-5 5 Cr 116.8 SmC 152.3 SmA 213.5 I 209.9 SmA 147.2 SmC 91.1 Recr
F8-6 6 Cr 105.0 SmC 169.1 SmA 210.2 I 208.0 SmA 166.0 SmC 91.3 SmB 88.3 Recr
F8-7 7 Cr 105.1 SmC 173.2 SmA 200.5 I 198.9 SmA 171.1 SmC 88.5 SmB 77.4 Recr
F8-8 8 Cr 100.6 SmC 173.2 SmA 194.4 I 192.7 SmA 171.1 SmC 90.8 SmB 66.4 Recr
F8-9 9 Cr 88.1 SmC 167.0 SmA 185.0 I 182.9 SmA 164.8 SmC 83.7 SmB 69.1 Recr
F8-10 10 Cr 95.8 SmC 165.2 SmA 180.1 I 178.3 SmA 163.2 SmC 83.1 SmB 73.1 Recr
F12-6 6 Cr 112.8 SmC 182.1 SmA 219.1 I 216.9 SmA 179.0 SmC 93.9 Recr
F12-7 7 Cr 106.3 SmC 184.4 SmA 209.5 I 207.6 SmA 181.9 SmC 92.9 SmB 87.0 Recr
F12-8 8 Cr 106.2 SmC 182.2 SmA 201.5 I 198.9 SmA 179.3 SmC 94.8 SmB 77.7 Recr
F12-9 9 Cr 99.6 SmC 174.3 SmA 189.5 I 186.6 SmA 172.0 SmC 88.5 SmB 72.5 Recr

3. Results and discussion more easily form a layer structure, and the com-
pounds readily form high-order mesophases. On furtherThe phase transition temperatures of all the com-

pounds studied were determined by DSC and the meso- lengthening of the ¯ uorocarbon tail, as in the F12 series,
the lateral± lateral interaction does not greatly increasemorphic textures were observed on the polarizing optical

microscope (POM); the results are summarized in and may be a little lower, because the interaction with
the ¯ uorocarbon tail is weak [10] . This may be onethe tables 1 and 2. As shown in these tables, all the

compounds display liquid crystallinity. When m = 2, reason why the SmB phase does not form when m is 6.
In polarized microscopy, the samples show typical focal-n = 5± 10 and 12, the compounds show enantiotropic

broad SmA and broad SmC phases; only F4-4 shows a conic textures in the SmA phase, broken focal-conic
textures in the SmC phase, and polygonal textures invery narrow enantiotropic nematic phase. For m = 4,

n = 6± 10 and m = 6, n = 7± 9, most of the compounds the SmB phase.
It is interesting to ® nd that the phase transitionshow not only a very broad enantiotropic SmC phase

with an enantiotropic narrow SmA phase, but also a temperatures of the new compounds are similar to those
of compounds without triple bonds. From this importantnarrow monotropic SmB phase. It is also seen that the

smectic C phase is enhanced with the lengthening of the results we can design and synthesize many useful
compounds.poly¯ uorocarbon tails. In other work we have found

also that compounds similar to these series but without
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