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Synthesis and mesomorphic properties of the homologous series
of 4'-bromophenyl 4"-[(4-n-alkoxy-2,3,5,6-
tetrafluorophenyl)ethynyl]benzoates

by YUELIAN XU, QI CHEN and JJANXUN WEN*

Shanghai Institute of Organic Chemistry, Academia Sinica,
345 Lingling Lu, Shanghai 200032, China

(Received 19 March 1993; accepted 3 June 1993)

A homologous series of 4'-bromophenyl 4”-[(4-n-alkoxy-2,3,5,6-tetrafluoro-
phenyljethynyl]benzoates has been synthesized. The transition temperatures were
studied by polarizing optical microscopy. The compounds exhibit nematic and
smectic A phases.

1. Introduction

The structure and the nature of rod-like skeletons are known to play a significant
part in the determination of the properties of liquid crystals. Therefore, we are
interested in the study of liquid crystals with polyfluoroaromatic rings as core
structures. The replacement of hydrogen atoms by fluorine produces a change in the
intermolecular interactions and consequently in mesomorphic properties caused by
geometric and electronic factors.

Until now, few liquid crystal molecules with polyfluoro-aromatic ring structures
have been prepared. Except for anils [1, 2, 3], which increase the thermal stability of
short alkoxy groups, the other molecules exhibit decreased thermal stability. These
compounds are bis-(p-alkyl/alkoxy/phenyl)tetrafluoroterephthalates {4, 5], 4-cyano-
2,3,5,6-tetrafluorophenylbenzoates [4] and 4-n-alkoxyperfluorobenzoates [6].

Previously we have reported two series of novel fluorinated liquid crystals
containing 1,4-tetrafluorophenylene [7,8]. We have now synthesized and studied
4'-bromophenyl 4”-[(4-n-alkoxy-2,3,5,6-tetrafluorphenyl)ethynyljbenzoates of the
general structure (1).

H(CH, )n0-®-050—@-000—©—Br (1<n<9) 1)

2. Experimental

IR spectra were recorded on a Shimadzu IR-440 spectrophotometer. 'H NMR
spectra, with TMS as the internal standard, and *°F NMR spectra, with trifluoroacetic
acid (TFA) as external standard, were recorded on a Varian EM 360L spectrometer
(60 MHz) or FX-90Q spectrometer (90 MHz). For !°F NMR spectra, the high field is
positive. Mass spectra were measured on a Finnigan-4021 spectrometer.

Transition temperatures were measured by optical microscopy using a polarizing
microscope (Olympus PM-6) fitted with a Mettler FP 52 heating stage and FP 5
control unit. Phase identification was made by comparing the observed textures with
those in the literature [11,12].

* Author for correspondence.
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Compounds (1) have been obtained according to the following scheme:
{F)-c=c-siMe, ——9 5 w(cny) 0-dF)-cscu

1-{ Y-coon + HO~{ H-Br S () N I—@—COO-@—BI'
I—@-COO—@—BI' +H(CH2)nO—@»CECH——i€)———> (1)

Reagents: (@) K,CO,, DMF, H(CH,),OH, r. t; (b) DCCI, PPY, CH,Cl,, r. t,; (¢) Cul,
Et,N, (Ph,P),PdCl,, 35-40°C.

4-Alkoxy-2,3,5,6-tetrafluorophenylacetylene was prepared according to the
method given in [9].

4'-Bromophenyl 4-iodobenzoate was obtained by a mild one pot esterification [10]
between 4-iodobenzoic acid and 4-bromophenol in the presence of both dicyclohex-
ylcarbodiimide (DCCI) and 4-pyrrolidinopyridine (PPY) catalysts in anhydrous
dichloromethane.

All of the 4'-bromophenyl 4”"-[(4-n-alkoxy-2,3,5,6-tetrafluorophenyljethynyl]ben-
zoates have been prepared following the same general procedure. Their structures are
identified by IR, MS, 'H NMR, '?F NMR spectra and elemental analyses. As an
example of the synthesis, preparation of the nonyloxy derivative is described.

2.1. Synthesis of 4'-bromophenyl 4"-[4-n-nonyloxy-2,3,5,6-
tetrafluorophenyl)ethynyllbenzoates

In a 50 ml round-bottom three-necked flask equipped with a magnetic stirring bar,
a nitrogen inlet and a bubbler, were placed 4-bromophenyl 4-iodobenzoate 0-403 g
(1:0mmol), 4-nonyloxy-2,3,5,6-tetrafluorophenylacetylene 0-316g (1-0mmol), bis
(triphenylphosphine)palladium(II) dichloride 35 mg (0-05 mmol) and copper(l) iodide
17 mg (0-089 mmol). The reaction system was filled with dry nitrogen, and 10ml of
anhydrous triethylamine was added to the reaction mixture under nitrogen. The
resulting mixture was stirred at 35-40°C for 24 h; a brown precipitate formed. Analysis
by TLC revealed a complete reaction. The precipitate was filtered off and extracted
with ether. The filtrate was washed with water, and dried over anhydrous sodium
sulphate. The solvent was removed under vacuum and the residue was purified by
column chromatography on silica gel using petroleum ether (bp 60-90°C)/ethyl acetate
(20:1) as eluent to give pale yellow crystals. The product was recrystallized from
acetone-methanol to yield white flaky crystals. Yield 0-5 g (84-6 per cent), C 101-7°C S,
161-3°C N 176-4°C L.

'H NMR(CDCl,): 8 0-76-1-94(m, 17 H), 428 (t, 2H, J=54Hz), 7-14 (d, 2H)/7-54
(d, 2H) (AA'BB’, J=81Hz), 7:67 (d, 2H)/8-16 (d, 2H) (AA'BB/, J =81 Hz); '°F
NMR(CDCL,): § 60-5 (m,2F), 80-1 (m,2 F); IR(KBr); y 2850, 2790, 1724, 1596, 1480
1430,1378,1256,1 180, 1160, 1052, 1 000, 970, 840, 750, 680 cm ~ ; MS(m/z): 590(M *,
1-31), 419 (100-00), 293 (37-04); Elemental analysis, found: C 60-67 per cent H 4-40 per
cent F 12-61 per cent Br 13-70 per cent; calculated: (for C;,H,,F,0,Br) C 60-91 per cent
H 4-57 per cent F 12-88 per cent Br 13:56 per cent.

3. Results and discussion

The phase behaviour of the series is given in the table.
Compounds (1) with a short alkoxy chain (n=1,2) exhibit a nematic phase only,
over a wide temperature range. When the length of the alkoxy chain increases, a smectic
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Transition temperatures of compounds of general formula (1).

n Transition temperatures/°C
141-8 207-0
1 C — N I
947 206-2
1520 2208
2 C N = > 1
1106 220-4
1153 2127
3 C ? I
T B2:6 Sa 1168 2127
1143 140-0 2090
4 C = S8 T=—m= N —— 1
94-2 1399 208-8
1232 1476 1983
5 C _— S = N Prme——— 1
e A e — e
1085 1480 197-7
1153 1533 1927
6 C — S prom— N —_— I
————— A e——— —
98-3 1530 192-7
114-8 146-1 1754
7 C —_— S pras— N P —
A 1
967 146-7 1746
109-8 1615 183-1
8 C —— S pra—— N — I
[P A P ) ——
968 1602 1823
1017 161-3 1764 1
9 C —_— S — N p——
—— A ——— e
92-1 1606 1756

C, crystal; S, smectic A; nematic; I, isotropic.

T/°C
L I
L
200 }
L N
).
100 [
4 -1 1 4 i 1 1 1 i

1 2 3 4 5 6 7 8 9
The number of carbon atoms

Transition temperatures as a function of », the number of carbon atoms in the alkoxy chain of
compounds (1). Melting points are denoted by O, A indicates smectic A-nematic
phase transitions, and [] nematic to isotropic phase transitions.
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A phase appears (monotropic for n=3, enantiotropic for n>4). The nematic range
decreases whilst the smectic A range increases, with increasing alkoxy chain length (see
the figure). Odd-even effects of the clearing points are not obvious. Similar wide S,
temperature ranges (see table) are also exhibited by the 4-n-alkoxyperfluorobenzoate
series of liquid crystals [6].

4, Conclusion
A homologous series of 4-bromophenyl 4”-[(4-n-alkoxy-2,3,5,6-tetrafluoro-
phenyl)ethynyl]benzoates was prepared via Pd-catalysed coupling reaction. Thermal
optical microscopy showed that these compounds were liquid crystalline, and each
homologue exhibited a nematic and/or a wide smectic A phases.

The authors gratefully acknowledge the Advanced Materials R&D Program of China
for the financial support.
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