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Columnar liquid crystals derived from crown ethers with two lateral ester-substituted
ortho-terphenyl units: unexpected destabilisation of the mesophase by potassium iodide
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Gallic acid substituted ortho-terphenyl dimers linked by a central [18]crown-6 ether and their KI complexes were
synthesised and characterised by differential scanning calorimetry, polarising optical microscopy and X-ray
diffraction. With one exception, all salt free derivatives were liquid crystalline. They formed hexagonal columnar
mesophases, whose columnar order is retained even upon cooling to room temperature. An odd—even effect of the
clearing temperatures was observed with higher clearing points for compounds bearing even-numbered side chains
as compared to odd-numbered ones. The calculation of molecules per unit cell resulted in Z ~ 2, thus a disc with a
dimeric subunit of two molecules oriented perpendicular to each other is assumed. In contrast, all KI complexes

were non-mesomorphic.
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1. Introduction

As a result of their orientation in the columnar
mesophase, discotic liquid crystals are promising
candidates for applications in optoelectronics [1-3].
A variety of molecular structures has been successfully
utilised for the design of columnar mesogens. Among
them are conventional types with flat core units and
flexible side chains and many other structural motifs
such as cone-shaped, wedge-shaped or even calamitic
compounds which self-assemble into columnar aggre-
gates [4-7]. Liquid crystalline building blocks
combined with crown ethers or aza crowns are very
attractive because the crown ether unit enables by
uptake of metal ions a modification of mesophases,
the induction of novel mesophases or gel formation.
Furthermore, solubility and conductivity can be
improved [2, 7, 8-13]. However, it is rather difficult
to predict the influence of the metal ion on the type
and stability of the mesophase. For example, the cala-
mitic 4,4'-didecyloxy-p-terphenyl derivatives with lat-
eral crown ethers formed nematic and smectic A
phases [14]. Upon complexation with alkali metal
salts the thermotropic system was converted into a
lyotropic system which displayed rectangular colum-
nar mesophases. Cation complexation not only
induced novel mesophases or stabilised existing meso-
phases as observed for azacrowns with lateral ester
groups [12], for oligophenylene vinylene benzocrown
ether conjugates [15], or for taper-shaped crown ethers
with gallic esters forming supramolecular channels
[16-21], but even tuned the helicity of fibres made

from chiral crown ether-substituted phthalocyanines as
was published by Nolte and co-workers [22, 23]. Nal
complexes of unsymmetrical benzo[l5]crown-5 ethers
with one peripheral propeller-shaped ortho-terphenyl
unit and four alkoxy side chains yielded columnar meso-
phases with a higher stability as compared to the corre-
sponding salt-free systems [24]. On the other hand, a
mesophase destabilisation by cation complexation was
reported by He et al. for calamitic liquid crystals bearing
terminal crown ethers [25]. Previously symmetrical
dibenzo[18]crown-6 ethers 1 with two peripheral ortho-
terphenyl units and eight alkoxy side chains were
described which displayed hexagonal and rectangular
columnar mesophases depending on the anion
(Scheme 1) [26, 27]. It was found that complexation
with potassium salts possessing soft anions, e.g. KI or
KPFg, improved the mesophase stability considerably
[26, 27].

OCnH2n+1 OCnH2n+1

H2n+1ChO K\ OCnHan+1
oY
SOV SRS
L w1
SRS ENS
(0]
Hon+1CLO K/ \) X OCHan+1
OCrHzn+1 [MX-1] OCrHan+1

n = 6-12; MX = KF, KCI, KBr, KI, KSCN, KBF,4, KPFg, NH4PFg

Scheme 1. Complexes of alkoxy-substituted O-terphenyl
dimers linked by [18] crown—6 ether.
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Besides complexation the polarity difference
between the polar core unit and non-polar side chains
may effect mesophase formation. In the symmetrical
o-terphenyl-substituted dibenzo[18]crown-6 ethers 7
(Scheme 2) the core unit was extended and the weak
polarity enhanced by the ester-linked gallic acid units
together with the increased number of non-polar side
chains. In order to gain a deeper understanding of the
structure—property relationships of crown ether bear-
ing thermotropic liquid crystals it was thus of interest to
study both the influence of the gallic ester substituents
and the metal ion complexation on the mesomorphic
properties of derivatives 7. The results are described
below.

2. Experimental

2.1 Synthesis
2-(4'-Methoxymethoxyphenyl)-4,4,5,5-tetramethyl[1,3,2]-
dioxaborolane (2) [28-32] and 4.4',5,5-tetrabromodi-
benzo[18]crown-6 (3) [33] were prepared according
to procedures described in the literature. Compounds 4, 5
and 7 presented were prepared following the synthesis
shown in Scheme 2. Melting points were measured on a
Mettler Toledo DSC822 and are uncorrected. Nuclear
magnetic resonance (NMR) spectra were recorded on a
Bruker Avance 500 spectrometer. Fourier transform
infrared (FTIR) spectra were recorded on a Bruker
Vektor22 spectrometer with a MKII Golden Gate
Single Reflection Diamant ATR system. Mass spectra
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Scheme 2. Synthesis of crown ether derivatives 7 and their potassium complexes KI-7.
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were recorded on a Varian MAT 711 spectrometer.
MALDI-TOF spectra were recorded on a Bruker
Reflex IV spectrometer.

2.1.1 44,55 -Tetrakis(4"-methoxymethoxyphenyl)-
dibenzo[18 Jcrown-6 (4)

To a solution of 3 (1.63 g, 2.42 mmol) in degassed
dimethoxyethane/H,O (80 mL : 7 mL) were added
borolane 2 (2.82 g, 10.7 mmol), Cs,CO; (9.65 g, 29.6
mmol), CsF (6.63 g, 43.6 mmol) and Pd(PPhs)4(0.33 g,
0.29 mmol) and the mixture was stirred at 95°C for
48 h. After cooling to room temperature, the residue
was dissolved in CH,ClI, (100 mL), washed with H,O
(3 x 50 mL), dried (MgSO,) and evaporated. The
crude product was purified by flash chromatography
on SiO; (hexanes/EtOAc = 1 : 2) and recrystallisation
from CH,CI,/EtOH to yield 4 (1.43 g, 65 %) as colour-
less crystals. Melting point (m.p.) 162°C.

FTIR (ATR): 1605, 1500 cm™'; "H NMR (C¢Ds,
500 MHz), é: 3.09 (s, 12H, CH;), 3.77-3.78 (m, 8H,
ArOCH,CH,0), 3.93-3.95 (m, 8H, ArOCH,CH,0),
4.79 (s, 8H, OCH,OCH;), 6.91 (s, 4H, 3-H, 6-H),
6.99-7.00 (m, 8H, 3'-H, 5'-H), 7.19-7.22 (m, 8H, 2’-H,
6'-H) ppm; '*C NMR (C4¢Ds, 125 MHz), §: 55.6 (CH3),
69.3, 70.1 (ArOCH,CH,0), 94.5 (OCH,OCH3), 116.2,
116.4 (C-3, C-6, C-3/, C-5), 131.5 (C-2/, C-6"), 133.3,
136.0 (C-1’, C-4, C-5), 148.8 (C-1, C-2), 156.6 (C-4)
ppm; EIMS (m/z (%)): 906 (10), 905 (32), 904 (59) [M 1],
75 (5), 45 (100) [CH,OCHj;]. Elemental analysis
calculated for CspHs60,4: C 69.01, H 6.24; found: C
68.83, H 6.21.

2.1.2 4455 -Tetrakis(4"-hydroxyphenyl)-dibenzo[18 ]
crown-6 (5)

To a solution of 4 (1.84 g, 2.03 mmol) in MeOH/
CH,Cl, (15 mL each) was added concentrated HCI
(10 mL) and the reaction mixture was stirred at room
temperature for 4 h. After evaporation of the solvent,
5 (1.49 g, quant.) was isolated as a colourless solid,
which was used without further purification. M.p.
352°C.

FTIR (ATR): 3411, 1606, 1496 cm™'; 'H NMR
(dg-DMSO, 500 MHz), 6 3.37 (bs, 8H,
ArOCH,CH,0), 3.87 (bs, 8H, ArOCH,CH,0),
6.61-6.62 (m, 8H, 3'-H, 5'-H), 6.85 (s, 4H, 3-H, 6-H),
6.89-6.91 (m, 8H, 2’-H, 6'-H), 9.30 (bs, 4H, OH) ppm;
3C NMR (d¢-DMSO, 125 MHz), 6: 67.8, 68.9
(ArOCH,CH,0), 114.5 (C-3, C-6), 114.7 (C-3, C-5),
130.6 (C-2/, C-¢'), 131.97, 132.00 (C-4, C-5, C-l'),
146.7 (C-1, C-2), 155.7 (C-4") ppm; EIMS (m/z (%)):
730 (12), 729 (47), 728 (100) [M ], 364 (20), 320 (50),
294 (21), 247 (12), 84 (12). High resolution mass
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spectrometry (HRMS) (EI, m/z): calculated for
Cy4H40019 728.2621; found: 728.2642.

2.1.3  Synthesis of the crown ethers T

A solution of 5 (0.07 g, 0.10 mmol) in tetrahydrofuran/
dimethylsulfoxide (THF/DMSO) (5 mL : 0.5 mL) was
added to a solution of the respective gallic acid 6
(0.80 mmol), N, N'- dicyclohexyl carbodiimide (DCC)
(0.21 g, 1.00 mmol) and 4-N, N-dimethylaminopyridine
(0.18 g, 0.15 mmol) in CH,Cl, (2 mL) at 0°C. The
reaction mixture was warmed to room temperature
and then stirred for 18 h. The precipitate was filtered
off, and the filtrate concentrated and taken up in
dichloromethane (40 mL). The solution was washed
with HCI (1 M, 1 x 10 mL) and water (2 x 10 mL),
dried (MgSO,4) and concentrated. The residue was
chromatographed on silica gel with hexanes/EtOAc
(3:1) to give products 7 as colourless solids.

2.1.3.1 4455 -Tetrakis[4"-(3",4",5" -trihexyl-

oxybenzoyl)phenyl |dibenzo[18 Jcrown-6 (7a). Yield:
260 mg, 83%; FTIR (ATR): 1731 cm™'; '"H NMR
(CDCl;, 500 MHz), é: 0.89-0.91 (m, 36H, CHs;),
1.33-1.34 (m, 48H, CH,), 1.47-1.50 (m, 24H, CH,),
1.74-1.84 (m, 24H, CH,), 4.03-4.07 (m, 24H, OCH,),
4.08-4.10 (m, 8H, ArOCH,CH,0), 4.25-4.30 (m, 8H,
ArOCH,CH,0), 6.96 (s, 4H, 3-H, 6-H), 7.06-7.07
(m, 8H, 3’-H, 5°-H), 7.18-7.20 (m, 8H, 2’-H, 6’-H),
7.39 (s, 8H, 2”-H, 6"-H) ppm; '°*C NMR (CDCl;, 125
MHz), é: 14.0, 14.1 (CH3), 22.6, 22.7, 25.7, 25.8, 29.3,
30.3, 31.7 (CHy), 69.0 (ArOCH,CH,0), 69.3, 73.6
(OCH,»), 69.9 (ArOCH,CH,0), 108.5 (C-2", C-6"),
115.7 (C-3, C-6), 121.3 (C-3, C-5), 123.9 (C-1"),
131.0 (C-2/, C-6), 132.5 (C4, C-5), 1389 (C-1'),
143.0 (C-4"), 148.1, 149.6 (C-1, C-2, C-4'), 153.0 (C-
3", C-5"),165.1 (C=0) ppm; MS (MALDI-TOF): m/z
2368.302 [M + Na]*. Elemental analysis calculated for
C144H200026: C 7369, H 859, found: C 7362, H 8.66.

2.1.3.2 4455 -Tetrakis[4"-(3",4" 5" -triheptyloxy-
benzoyl)phenyl]dibenzo[18 Jcrown-6 (7b). Yield: 230
mg, 73%; FTIR (ATR): 1731 cm™; '"H NMR (CDCl;,
500 MHz), &: 0.87-0.91 (m, 36H, CHs), 1.26-1.39
(m, 72H, CH,), 1.45-1.51 (m, 24H, CH,), 1.73-1.85
(m, 24H, CH,), 4.03-4.07 (m, 24H, OCH,), 4.08-4.10
(m, 8H, ArOCH,CH-0), 428429 (m, S8H,
ArOCH,>CH,0), 6.97 (s, 4H, 3-H, 6-H), 7.06-7.07
(m, 8H, 3'-H, ¥-H), 7.18-7.20 (m, 8H, 2'-H, ¢-H), 7.39
(s, 8H, 2"-H, 6"-H) ppm; '*C NMR (CDCl;, 125 MHz),
6:14.09, 14.12 (CH3), 22.6, 22.7, 26.00, 26.04, 29.1, 29.2,
29.3,30.4, 31.8, 31.9 (CH,), 69.0 (ArOCH,CH,0), 69.2,
73.6 (OCH>), 69.9 (ArOCH,CH,0), 108.5 (C-2", C-6"),
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115.8 (C-3, C-6), 121.3 (C-3/, C-5), 123.9 (C-1"), 131.0
(C-2, C-6), 132.5(C4, C-5), 138.9 (C-1'), 143.0 (C-4"),
148.1, 149.6 (C-1, C-2, C-4'), 153.0 (C-3", C-5"), 165.1
(C=0) ppm; MS (MALDI-TOF): m/z 2536.474
[M + Na]". Elemental analysis calculated for
Ci56H224026: C 74.49, H 8.98; found: C 74.27, H 8.94.

2.1.3.3 4455 -Tetrakis[4"-(3",4",5" -trioctyloxy-
benzoyl)phenyl]dibenzo[18 Jcrown-6 (7¢). Yield: 350
mg, 93%; FTIR (ATR): 1731 ecm™'; "H NMR (CDCl;,
500 MHz), 6: 0.86-0.91 (m, 36H, CH3), 1.28-1.35 (m,
96H, CH,), 1.45-1.50 (m, 24H, CH,), 1.73-1.85 (m,
24H, CH,), 4.02-4.07 (m, 24H, OCH,), 4.09-4.10 (m,
8H, ArOCH,CH,O), 4.28-429 (m, 8H,
ArOCH,CH-0), 6.97 (s, 4H, 3-H, 6-H), 7.06-7.07
(m, 8H, 3’-H, 5'-H), 7.18-7.20 (m, 8H, 2'-H, 6'-H),
7.39 (s, 8H, 2"-H, 6”-H) ppm; *C NMR (C¢Ds, 125
MHz), é: 14.3 (CHs3), 23.06, 23.08, 26.4, 25.6, 29.67,
29.71, 29.8, 29.9, 31.0, 32.2, 32.3 (CH,), 69.1
(ArOCH,CH»0), 69.2, 73.6 (OCH,), 70.0
(ArOCH,CH-0), 109.2 (C-2", C-6"), 115.7 (C-3, C-
6), 122.0 (C-3, C-5), 124.8 (C-1"), 131.5 (C-2/, C-6'),
132.7 (C-4, C-5), 139.6 (C-1), 1439 (C-4"), 149.0,
150.4 (C-1, C-2, C-4), 153.8 (C-3", C-5"), 165.1
(C=0) ppm; MS (MALDI-TOF): m/z 2704.798
[M + Na]'. Elemental analysis calculated for
C168H248026: C 7519, H 931, found: C 7501, H 9.23.

2.1.3.4 44,55 -Tetrakis[4"-(3",4" 5" -trinonyloxy-
benzoyl)phenyl]dibenzo[18 Jcrown-6 (7d).  Yield: 220
mg, 55%; FTIR (ATR): 1731 em™'; "H NMR (CDCl;,
500 MHz), é: 0.86-0.90 (m, 36H, CH3), 1.27-1.37 (m,
120H, CH,), 1.45-1.50 (m, 24H, CH,), 1.73-1.85 (m,
24H, CH,), 4.02-4.06 (m, 24H, OCH>), 4.08-4.10 (m,
8H, ArOCH,CH,0), 4.27429 (m, 8H,
ArOCH,CH,0), 6.97 (s, 4H, 3-H, 6-H), 7.06-7.07
(m, 8H, 3'-H, 5-H), 7.18-7.20 (m, 8H, 2'-H, 6'-H),
7.39 (s, 8H, 2”-H, 6"-H) ppm; '*C NMR (CDCls, 125
MHz), é: 14.1 (CH3), 22.69, 22.71, 26.06, 26.09, 29.3,
29.38, 29.40, 29.6, 29.7, 30.4, 31.9, 32.0 (CH,), 69.0
(ArOCH,CH»0), 69.2, 73.6 (OCH,), 69.9
(ArOCH,CH-0), 108.5 (C-2", C-6"), 115.7 (C-3, C-
6), 121.3 (C-3, C-5), 123.9 (C-1"), 131.0 (C-2/, C-6'),
132.5 (C-4, C-5), 138.9 (C-1), 143.0 (C-4"), 148.1,
149.6 (C-1, C-2, C-4), 153.0 (C-3", C-5"), 165.1
(C=0) ppm. MS (MALDI-TOF): m/z 2872.807
[M + Na]'. Elemental analysis calculated for
C180H272026: C 7580, H 961, found: C 7552, H 9.62.

2.1.3.5 4455 -Tetrakis[4"-(3",4",5" -tridecyloxy-
benzoyl)phenyl]dibenzo[18 Jcrown-6 (7e). Yield: 100
mg, 41 %; FTIR (ATR): 1732cm™; '"H NMR (CDCl;,
500 MHz), é: 0.86-0.90 (m, 36H, CH3), 1.27-1.37 (m,
144H, CH,), 1.45-1.50 (m, 24H, CH,), 1.73-1.85 (m,

24H, CH»), 4.02-4.06 (m, 24H, OCH,), 4.08-4.10 (m,
8H, ArOCH,CH,0), 4.27-429 (m, 8H,
ArOCH,CH,0), 6.97 (s, 4H, 3-H, 6-H), 7.06-7.07
(m, 8H, 3'-H, 5-H), 7.18-7.20 (m, 8H, 2'-H, 6'-H),
7.39 (s, 8H, 2”-H, 6"-H) ppm; '*C NMR (C¢Ds, 125
MHz), é: 14.3 (CH3), 23.1, 26.5, 26.6, 29.75, 29.79,
29.83, 30.01, 30.03, 30.05, 30.1, 30.2, 31.0, 32.3
(CH,), 69.2 (ArOCH,CH,O, OCH,), 70.0
(ArOCH,CH-0), 73.6 (OCH,), 109.2 (C-2", C-6"),
115.8 (C-3, C-6), 122.0 (C-3’, C-5), 124.8 (C-1"),
131.5 (C-2/, C-6'), 132.7 (C-4, C-5), 139.6 (C-1'),
143.9 (C-4"), 149.0, 150.4 (C-1, C-2, C-4'), 153.8 (C-
3", C-5"), 165.1 (C=0) ppm. MS (MALDI-TOF) m/z
3041.126 [M + Na]*. Elemental analysis calculated for
C192H296026: C 7635, H 988, C 7629, H 9.73.

2.1.3.6 4455 -Tetrakis[4"-(3",4",5" -tridodecyl-
oxybenzoyl)phenyl |dibenzo[18 Jcrown-6 (7f). Yield:
180 mg, 74 %; FTIR (ATR): 1732 cm™'; '"H NMR
(CDCl;, 500 MHz), 6: 0.86-0.89 (m, 36H, CH;),
1.26-1.37 (m, 192H, CH,), 1.44-1.52 (m, 24H, CH,),
1.74-1.85 (m, 24H, CH,), 4.02-4.06 (m, 24H, OCH,),
4.08-4.11 (m, 8H, ArOCH,CH,0), 4.28-4.29 (m, 8H,
ArOCH,CH,0), 6.97 (s, 4H, 3-H, 6-H), 7.06-7.07 (m,
8H, 3’-H, 5'-H), 7.18-7.20 (m, 8H, 2'-H, 6¢'-H), 7.39 (s,
8H, 2"-H, 6"-H) ppm; '>°C NMR (CDCls, 125 MHz), 6:
14.1 (CHy), 22.7, 26.07, 26.11, 29.3, 29.37, 29.41, 29.6,
29.65, 29.67,29.71,29.75,29.77, 30.4, 31.9, 32.0 (CH»),
69.0 (ArOCH,CH,0), 69.2, 73.6 (OCH,), 69.8
(ArOCH,CH,0), 108.5 (C-2", C-6"), 115.7 (C-3, C-6),
121.3(C-3,C-5),123.9(C-1"),131.0 (C-2/, C-6'), 132.5
(C-4,C-5),138.9 (C-1"), 143.0 (C-4"), 148.1, 149.6 (C-1,
C-2, C-4), 153.0 (C-3", C-5"), 165.1 (C=0) ppm. MS
(MALDI-TOF): m/z 3377.572 [M + Na]". Elemental
analysis calculated for C,;gH344054: C 77.28, H 10.33;
found: C 77.20, H 10.30.

2.1.3.7 4455 -Tetrakis[4"-(3",4" 5" -tritetradecyl-
oxybenzoyl)phenyl |dibenzo[18 Jcrown-6 (7g). Yield:
210 mg, 72%; FTIR (ATR): 1731 cm™; 'H NMR
(CDCl;, 500 MHz), é: 0.86-0.89 (m, 36H, CH;),
1.25-1.35 (m, 240H, CH,), 1.45-1.49 (m, 24H, CH,),
1.73-1.85 (m, 24H, CH,), 4.02-4.06 (m, 24H, OCH,),
4.08-4.10 (m, 8H, ArOCH,CH-0), 4.26-4.29 (m, 8H,
ArOCH,CH,0), 6.97 (s, 4H, 3-H, 6-H), 7.06-7.07 (m,
8H, 3’-H, 5'-H), 7.18-7.20 (m, 8H, 2'-H, 6'-H), 7.39 (s,
8H, 2”-H, 6"-H) ppm; '*C NMR (CDCls, 125 MHz), &:
14.1 (CH3), 22.7,26.08, 26.11, 29.3, 29.38, 29.40, 29.42,
29.6, 29.65, 29.68, 29.72, 29.8, 30.4, 31.9 (CH,), 69.0
(ArOCH,CH,0), 69.3, 73.6 (OCH,), 699
(ArOCH,CH,0), 108.5 (C-2", C-6"), 115.9 (C-3, C-6),
121.3(C-3, C-5),123.9 (C-17),131.0 (C-2/, C-6'), 132.5
(C-4,C-5),138.9 (C-1"), 143.0 (C-4"), 148.1, 149.6 (C-1,
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C-2, C-4), 153.0 (C-3", C-5"), 165.1 (C=0) ppm. MS
(MALDI-TOF): m/z 3715.078 [M + Na]'. Elemental
analysis calculated for Cy40H39,0-6: C 78.04, H 10.70;
found: C 77.78, H 10.70.

2.1.4 Synthesis of the potassium complexes

A solution of KI (0.01 mmol) in MeOH (1 mL) was
added to a solution of the respective 7 (0.01 mmol) in
CH,Cl, (1 mL) and the reaction mixture stirred over-
night. After evaporation of the solvent, the residue
was taken up in CH,Cl, (2 mL) and filtered to remove
any excess KI. Evaporation of the solvent and drying
under high vacuum yielded the complexes KI-7 as
brown solids.

2.14.1 4455 -Tetrakis[4"-(3",4" 5" -trihexyloxy-
benzoyl)phenyl ]dibenzo[18 Jcrown-6 potassium iodide
complex (KI-7a). Yield: 21.5 mg, quant.; FTIR
(ATR): 1731 em™'; '"H NMR (CDCl;, 500 MHz),
6: 0.89-0.92 (m, 36H, CHj3), 1.30-1.38 (m, 48H,
CH,), 1.46-1.50 (m, 24H, CH,), 1.73-1.86 (m, 24H,
CH,), 4.03-4.07 (m, 24H, OCH,), 4.23-4.38 (m, 16H,
ArOCH,CH,0), 6.94 (s, 4H, 3-H, 6-H), 7.07-7.09
(m, 8H, 3'-H, 5-H), 7.18-7.20 (m, 8H, 2'-H, 6'-H),
7.39 (s, 8H, 2”-H, 6”-H) ppm; *C NMR (CDCls, 125
MHz), 6: 14.0, 14.1 (CHjy), 22.6, 22.7, 25.70, 25.74,
25.9, 29.2, 29.7, 30.3, 31.0, 31.5, 31.7 (CH,), 67.6,
69.1 (ArOCH,CH,0), 69.2, 73.6 (OCH,;), 108.5
(C-2", C-6"), 113.6 (C-3, C-6), 121.5 (C-3, C-5),
123.8 (C-1"), 131.0 (C-2/, C-6'), 132.8 (C-4, C-5),
138.5 (C-1"), 143.0 (C-4"), 146.5 (C-1, C-2, C-1', C-
2), 149.7 (C-4"), 153.0 (C-3", C-5"), 165.1 (C=0)
ppm. MS (MALDI-TOF): m/z 2368.3 [M + Na]",
2384.3 [M + K]+, calculated for C144H200026K+:
2384 4.

2.14.2 4455 -Tetrakis[4"-(3",4" 5" -triheptyloxy-
benzoyl)phenyl ]dibenzo[18 Jcrown-6 potassium iodide
complex (KI-7b). Yield: 26.8 mg, quant.; FTIR
(ATR): 1731 em™; '"H NMR (CDCl;, 500 MHz), &:
0.87-0.91 (m, 36H, CH3), 1.29-1.39 (m, 72H, CH,),
1.45-1.51 (m, 24H, CH,), 1.73-1.86 (m, 24H, CH,),
4.03-4.07 (m, 24H, OCH,), 4.21-4.42 (m, 16H,
ArOCH,CH,0), 6.94 (s, 4H, 3-H, 6-H), 7.07-7.09 (m,
8H, 3’-H, 5’-H), 7.18-7.20 (m, 8H, 2’-H, 6'-H), 7.39 (s,
8H, 2”-H, 6”-H) ppm; '*C NMR (CDCls, 125 MHz), &:
14.09, 14.12 (CH3), 22.6, 22.7, 25.70, 26.00, 26.04, 29.1,
29.2, 29.3, 30.3, 31.8, 319 (CH,), 674, 689
(ArOCH,CH-0), 69.3, 73.6 (OCH,), 108.5 (C-2", C-
6"), 113.5 (C-3, C-6), 121.5 (C-3, C-5), 123.8 (C-1"),
131.0 (C-2, C-6'), 132.8 (C-4, C-5), 138.5 (C-1), 143.0
(C-4"),146.3 (C-1, C-2, C-1/, C-2/), 149.8 (C-4"), 153.0
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(C-3", C-5"), 165.1 (C=0) ppm. MS (MALDI-TOF)
mlz2536.6 [M + Na]*, 2552.5[M + K]", calculated for
C156H224026K+2 2552.6.

2.14.3 4455 -Tetrakis[4"-(3",4",5" -trioctyloxy-
benzoyl)phenyl dibenzo[18 Jcrown-6 potassium iodide
complex (KI-7¢). Yield: 14.3 mg, quant.; FTIR
(ATR): 1731 ecm™'; 'TH NMR (CDCl;, 500 MHz), é:
0.86-0.90 (m, 36H, CH3), 1.26-1.38 (m, 96H, CH,),
1.45-1.51 (m, 24H, CH,), 1.73-1.86 (m, 24H, CH,),
4.03-4.07 (m, 24H, OCH,), 4.26-4.40 (m, 16H,
ArOCH,CH,0), 6.94 (s, 4H, 3-H, 6-H), 7.07-7.09
(m, 8H, 3’-H, 5-H), 7.18-7.20 (m, 8H, 2’-H, 6'-H),
7.39 (s, 8H, 2”-H, 6"-H) ppm; '?*C NMR (CDCl;, 125
MHz), 6: 14.1 (CH3), 22.67, 22.70, 26.05, 26.09, 29.28,
29.34, 29.4, 29.5, 30.3, 31.8, 31.9 (CH,), 67.4, 68.9
(ArOCH,CH,0), 69.3, 73.6 (OCH,), 108.5 (C-2", C-
6"), 113.4 (C-3, C-6), 121.5 (C-3', C-5), 123.8 (C-1"),
131.0 (C-2/, C-6'), 132.8 (C-4, C-5), 138.5(C-1"), 143.0
(C-4"),146.2 (C-1, C-2,C-1", C-2'), 149.8 (C-4"), 153.0
(C-3", C-5"), 165.1 (C=0) ppm. MS (MALDI-TOF):
mlz 2704.9 [M + Na]*, 2720.9 [M + K]*, calculated
for C168H248026K+I 2720.8.

2,144 4455 -Tetrakis[4"-(3",4" 5" -trinonyloxy-
benzoyl)phenyl Jdibenzo[18 Jcrown-6 potassium iodide
complex (KI-7d). Yield: 27.2 mg, quant.; FTIR
(ATR): 1731 em™; '"H NMR (CDCl;, 500 MHz),
6: 0.86-0.90 (m, 36H, CHj3), 1.27-1.37 (m, 120H,
CH,), 1.45-1.51 (m, 24H, CH,), 1.73-1.85 (m, 24H,
CH,), 4.03-4.07 (m, 24H, OCH,), 4.24-4.42 (m, 16H,
ArOCH,CH,0), 6.94 (s, 4H, 3-H, 6-H), 7.07-7.09
(m, 8H, 3’-H, 5'-H), 7.18-7.20 (m, 8H, 2'-H, 6'-H),
7.39 (s, 8H, 2”-H, 6¢”-H) ppm; '*C NMR (CDCls, 125
MHz), é: 14.11, 14.13 (CH3), 22.69, 22.71, 26.06,
26.09, 29.3, 29.38, 29.40, 29.6, 29.7, 30.4, 31.8, 31.9
(CH,), 67.4, 68.9 (ArOCH,CH,0), 69.3, 73.6 (OCH,),
108.5 (C-2", C-6"), 113.4 (C-3, C-6), 121.5 (C-3/, C-5'),
123.8 (C-1"), 131.0 (C-2/, C-6), 132.8 (C-4, C-5), 138.5
(C-1), 143.0 (C-4"), 146.2 (C-1, C-2, C-l, C-2),
149.8 (C-4"), 153.0 (C-3", C-5"), 165.1 (C=0)
ppm. MS (MALDI-TOF): m/z 2873.1 [M + Na]',
2889.1 [M + KJ*, calculated for C;g0H,7,0,6K™:
2889.0.

2.1.4.5 44,55 -Tetrakis[4"-(3",4",5" -tridecyloxy-
benzoyl)phenyl dibenzo[18 Jcrown-6 potassium iodide
complex (KI-7e). Yield: 19.5 mg, quant.; FTIR
(ATR): 1732 ecm™; '"H NMR (CDCl;, 500 MHz),
6: 0.86-0.90 (m, 36H, CHj), 1.27-1.36 (m, 144H,
CH,), 1.45-1.50 (m, 24H, CH,), 1.73-1.85 (m, 24H,
CH,), 4.02-4.07 (m, 24H, OCH,), 4.26-4.39 (m, 16H,
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ArOCH,CH,0), 6.94 (s, 4H, 3-H, 6-H), 7.07-7.09
(m, 8H, 3'-H, 5'-H), 7.18-7.20 (m, 8H, 2’-H, ¢'-H),
7.39 (s, 8H, 2”-H, 6"-H) ppm; '*C NMR (CDCls, 125
MHz), 6: 14.1 (CH3), 22.70, 22.72, 26.07, 26.10, 29.3,
29.36,29.41, 29.60, 29.64, 29.69, 29.74, 30.4, 31.9, 32.0
(CH>), 67.4, 68.9 (ArOCH,CH,0), 69.3, 73.6 (OCH,),
108.5 (C-2", C-6"), 113.5 (C-3, C-6), 121.4 (C-3', C-5"),
123.8(C-1"),131.0 (C-2/, C-6'), 132.8 (C-4, C-5), 138.5
(C-1'), 143.0 (C-4"), 146.2 (C-1, C-2, C-1’, C-2)),
149.8 (C-4"), 153.0 (C-3", C-5"), 165.1 (C=0)
ppm. MS (MALDI-TOF): m/z 3041.0 [M + Na],
3057.0 [M + K], calculated for Cj9oHz96026K™:
3057.1.

2.14.6 44,55 -Tetrakis[4"-(3" 4" 5" -tridodecyloxy-
benzoyl)phenyl ]dibenzo[18 |crown-6 potassium iodide
complex (KI-7f). Yield: 18.3 mg, quant.; FTIR
(ATR): 1732 ecm™'; '"H NMR (CDCls, 500 MHz), &:
0.86-0.89 (m, 36H, CH3), 1.26-1.35 (m, 192H, CH,),
1.45-1.50 (m, 24H, CH,), 1.73-1.85 (m, 24H, CH,),
4.03-4.07 (m, 24H, OCH,), 4.24-440 (m, 16H,
ArOCH,CH->0), 6.94 (s, 4H, 3-H, 6-H), 7.07-7.09
(m, 8H, 3’-H, 5'-H), 7.18-7.20 (m, 8H, 2'-H, 6'-H),
7.39 (s, 8H, 2”-H, 6"-H) ppm; '°*C NMR (CDCl;, 125
MHz), é: 14.1 (CH3), 22.7, 26.07, 26.10, 29.3, 29.38,
29.41, 29.6, 29.65, 29.67, 29.71, 29.8, 30.4, 31.9, 32.0
(CH»), 67.4, 69.1 (ArOCH,CH,0), 69.3, 73.6 (OCH»),
108.5 (C-2", C-6"), 113.5(C-3, C-6), 121.5 (C-3', C-5'),
123.8 (C-1"), 131.0 (C-2/, C-¢), 132.8 (C-4, C-5), 138.5
(C-1'), 143.0 (C-4"), 146.2 (C-1, C-2, C-1', C-2'), 149.8
(C-4"), 153.0 (C-3", C-5"), 165.1 (C=0) ppm. MS
(MALDI-TOF): m/z 3377.8 [M + Na]*, 3393.9
[M + K]Jr, calculated for C216H344026K+I 3393.5.

2.14.7 4455 -Tetrakis[4"-(3",4",5" -tritetradecyl-
oxybenzoyl)phenyl Jdibenzo[ 18 Jcrown-6 potassium iodide
complex (KI-7g).  Yield: 15.4 mg, quant.; FTIR (ATR):
1732 cm™"; 'TH NMR (CDCls, 500 MHz), 6: 0.86-0.89 (m,
36H, CH;), 1.25-1.35 (m, 240H, CH,), 1.45-1.49 (m,
24H, CH,), 1.73-1.85 (m, 24H, CH,), 4.02-4.07 (m,
24H, OCH,), 4.25-4.43 (m, 16H, ArOCH,CH,0), 6.94
(s, 4H, 3-H, 6-H), 7.07-7.09 (m, 8H, 3’-H, 5-H),
7.18-7.20 (m, 8H, 2’-H, 6'-H), 7.39 (s, 8H, 2"-H, 6"-
H) ppm; *C NMR (CDCl;, 125 MHz), é: 14.1 (CH3),
22.7, 26.07, 26.11, 29.31, 29.38, 29.40, 29.42, 29.6,
29.65, 29.68, 29.72, 29.8, 30.4, 31.0, 31.9 (CH,), 67.4,
68.8 (ArOCH,CH,0), 69.3, 73.6 (OCH,), 108.5 (C-2",
C-6"),113.4(C-3, C-6), 121.5 (C-3, C-5), 123.8 (C-1"),
131.0 (C-2, C-6'), 132.8 (C-4, C-5), 138.5 (C-1"), 143.0
(C-4"),146.2 (C-1, C-2, C-1', C-2/), 149.8 (C-4"), 153.0
(C-3", C-5"), 165.1 (C=0) ppm. MS (MALDI-TOF):
mlz3714.1 [M + Na]*, 3730.1 [M + K]", calculated for
C240H392026K+2 3729.9.

2.2 Mesophase characterisation

X-ray experiments were performed on a Bruker
Nanostar; software: SAXS 4.1.26. The samples were
kept in Hilgenberg glass capillaries of 0.7 mm outside
diameter in a temperature-controlled hot stage (+1°C).
A monochromatic Cu-K,; beam (1 = 1.5405 A) was
obtained using a ceramic tube generator (1500 W) with
cross-coupled Gobel mirrors as the monochromator.
The diffraction patterns were recorded on a real-time
two-dimensional detector (HI-STAR, Bruker). The cali-
bration of the patterns occurred with the powder pattern
of Ag-Behenate. Differential scanning calorimetry
(DSC) was performed using a Mettler Toledo DSC822,
and polarising optical microscopy using an Olympus
BX50 polarising microscope combined with a Linkam
LTS350 hot stage and a Linkam TP93 central processor.

3. Results and discussion

3.1 Synthesis of crown ethers and their potassium
complexes

The synthesis of target crown ethers 7 commenced with
fourfold Suzuki coupling [34, 35] of methoxymethyl
(MOM)-protected borolane 2 [28-32, 35] with tetrabro-
modibenzo[18]crown-6 3 [33, 36] under modified cou-
pling conditions (Scheme 2). In order to circumvent the
high coordination tendency of the crown ether moiety
towards potassium cations, Cs,CO; (five equivalents)
and CsF (five equivalents) replaced the commonly used
potassium salts giving coupling product tetrakis(4-
methoxymethoxyphenyl)dibenzo[18]crown-6 4 in 59%
yield. Subsequent removal of the MOM groups was
achieved with HCl in MeOH at room temperature.
Because of poor solubility, the resulting colourless alco-
hol 5 was directly treated with gallic acids 6a—-g [37] in
the presence of DCC and DMAP in DMSO/THF
(10 : 1) at room temperature according to a procedure
by Andreu et al [38] to give the gallic esters 7a—g in
41-93% yield. Treatment with KI in acetone at room
temperature following the procedure by Pedersen [39]
finally yielded the complexes KI-7a—g quantitatively.
The presence of (1:1) crown : salt ratios was stated by
Matrix—Assisted Laser Desorption/lonisation — Time
of Flight (MALDI-TOF) mass spectrometry and
NMR spectroscopy, as previously discussed in detail
[27]. Whereas neat crown ethers 7 do not show a
[M + K'] peak in MALDI-TOF mass spectra, this
peak is the most dominant one in the spectra of the
complexes KI-7 and thus can be taken as evidence for
complexation [27]. For further information, NMR
spectra were examined in detail. In '"H NMR spectra
of neat derivatives 7 the H-a and H-b proton signals
(for the numbering see Scheme 2) were detected as
multiplets at § = 4.09 and 6 = 4.29 ppm, respectively.
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Figure 1. Section of the '"H NMR spectra (500 MHz,
CDCl,) of derivatives 7g and KI-7g.

After complexation, these signals are shifted
downfield to 6 = 4.30 and 6 = 4.35 ppm, respectively,
as exemplified for derivative 7g and KI-7g (see
Figure 1). Such a downfield shift is typical for the
(1:1) complexation mode [40-42].

In the *C NMR spectra, complexation of 7 with
KI led to an upfield shift of the C-a and C-b signals by
Ad = 1-1.7 ppm from § = 69.04 and 6 = 69.89 ppm to
6 = 67.37 and 6 = 68.84 ppm, respectively, a value
which is typical for the formation of tight ion pairs (see
Figure 2) [40-42].

3.2 Mesomorphic properties

The mesomorphic properties of gallic esters 7a—g and
their KI complexes KI-7a—g were investigated by DSC
(see Table 1) and polarising optical microscopy.

Liquid Crystals 1145

C-b KI79 ¢ 4

79
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Figure 2. Section of the '*C NMR spectra (125 MHz,
CDCl,) of derivatives 7g and KI-7g.

Compounds 7 were isolated as sticky solids, which
underwent a glass transition upon heating and a clear-
ing transition at elevated temperatures. With the
exception of compound 7f, the derivatives 7 displayed
enantiotropic mesophases. In contrast, crown ether 7g
was non-mesomorphic. A typical DSC trace is shown
in Figure 3 for compound 7a.

Under the microscope pseudo-focal conic textures
were observed for all derivatives 7a—f upon slow cool-
ing from the isotropic liquid, as exemplified for
crown cther 7e in Figure 4(a). These textures are

Table 1. Phase transition temperatures and enthalpies AH of gallic esters 7a—f [a].

7 R = G T, [°C] Coly, T[°C] AH [kJ mol™] 1
a Ce¢His ° 59.0 ° 91.1 5.7 ° 1. heating
- . 83.6 -5.4 . 1. cooling
b C,H;s ° 56.4 ° 89.4 5.2 ° 1. heating
- . 80.9 -53 . 1. cooling
c CgHy7 ° 57.4 ° 98.5 6.0 ° 1. heating
- . 95.9 -5.6 . 1. cooling
d CoHo ° 59.7 ° 85.9 4.3 ° 1. heating
- . 77.8 —4.8 . 1. cooling
[ C]()H21 ° 62.8 o 94.6 5.3 o 1. heating
- ° 88.1 =51 ° 1. cooling
f C12H25 ° 53.6 o 79.0 0.7 [ 1. heating
[b] - - - . 1. cooling

Notes: [a] e Phase was observed, — phase was not observed, G = glass; heating/cooling rate 5 K min™".

1

[b] The transition of the isotropic liquid in the Col, mesophase was not observed but crystallisation occurred at —20.1°C (~10.7 kJ mol™)

upon cooling.
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1. heating exo[

glass

Col,
2. heating
Tg
20 40 60 80 100
T (°C) —>

Figure 3. DSC traces of compound 7a (heating/cooling rate
5K min™").

A

glass

6 7 8 9 10 11 12
Chain length n

Figure 4. (a) Pseudo-focal conic texture of gallic ester 7e at
80°C as seen between crossed polarisers upon cooling from the
isotropic liquid (cooling rate 1 K min™!, magnification x 200).
(b) Dependence of the phase transition temperature on chain
lengths of crown ether derivatives 7a—f.

characteristic for columnar mesophases [43]. The
phase type was assigned unambiguously by X-ray
diffraction (see later). Neither derivative could be
converted to the crystalline phase. A pronounced
odd-even effect of the clearing temperatures of
crown ethers 7 was found (Figure 4(b)). The com-
pounds with even-numbered side chains (concerning
the number of C atoms in the side chains of the gallic
acid moieties) showed a higher clearing point than the
homologues with odd-numbered side chains.

3.3  X-ray diffiraction

Temperature-dependent X-ray diffraction experi-
ments were carried out on samples of 7 which were
aligned by extrusion of thin fibres. The results are
summarised in Table 2.

In the wide-angle region (20 ~ 20°) a broad, diffuse
scattering halo was observed which corresponds to a
spacing of 4.6 A. The halo originates from the overlap-
ping intensities from diffuse scattering of the alkyl chains
in a liquid-like order and the disordered intracolumnar
stacking of the aromatic units [44-47]. Therefore, the
exact intracolumnar distance between neighbouring
molecules could not be determined. However, there is
only one maximum and no splitting of the signals which
would point to a regular inclination of mesogens.

X-ray diffraction patterns and small-angle scatter-
ing (SAXS) confirmed a hexagonal columnar meso-
phase for all derivatives 7a—f. At 70°C, four (three
for 7f at room temperature) sharp reflections with
reciprocal spacings in the ratio 1 :1/3 : /4 : \/7 were
observed at small angles. These peaks were indexed as
(hk) = (10), (11), (20), (21) being characteristic of a
two-dimensional hexagonal lattice. Figure 5 reveals
the X-ray diffraction profile of ester 7a which is typical
for all derivatives 7.

When samples of 7 were cooled from the hexago-
nal columnar mesophase to room temperature, X-ray
diffraction revealed that the resulting glasses still
retain their columnar order. This behaviour might be
useful for applications in optoelectronics because the
frozen columnar order should retain charge transport
mobilities as required for xerographic applications,
organic field effect transistors and light emitting
diodes (see for example [48-50]). It should be noted
that the lattice parameter « increases with decreasing
temperature. For example, « increases for gallic ester
7f from 46.6 A at 50°C to 47.7 A at room temperature
(see Table 2). With decreasing temperature, the intra-
columnar distance between the discs decreases.
Consequently, there is less space for the aliphatic
chains along the columns and they must extend in
the plane of the discs leading to a higher degree of
s-trans configured aliphatic chains, and thus to larger
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Table 2. X-ray diffraction data of the Col;, mesophases of compounds 7a—f.

7 T[°C] Parameter 20 [°] dys [A] e [A] hk Z [a]
7a 70 a=41.1A 2.48 35.56 35.56 10 1.7
432 20.45 20.53 11
498 17.72 17.78 20
6.65 13.28 13.44 21
19.33 halo 4.59 -
7h 70 a=419A 2.44 36.25 36.25 10 1.7
4.20 21.02 20.93 11
4.86 18.16 18.12 20
6.50 13.58 13.70 21
7e 70 a=433A 2.36 37.46 37.46 10 1.7
4.08 21.63 21.63 11
4.71 18.75 18.73 20
6.35 13.91 14.16 21
7d 70 a=438A 2.33 37.94 37.94 10 1.6
3.99 22.11 21.90 11
4.63 19.06 18.97 20
6.22 14.20 14.34 21
7e 70 a=450A 227 38.92 38.92 10 1.6
3.87 22.79 22.47 11
4.51 19.59 19.46 20
6.01 14.68 14.71 21
7t 50 a=46.6A 2.19 40.35 40.35 10 1.6
3.73 23.68 23.29 11
434 20.33 20.17 20
5.85 15.09 15.25 21
r.t. a=477A 2.14 41.34 41.34 10 1.6
3.73 23.68 23.87 11
4.34 20.33 20.67 20

Notes: [a] The number of molecules in the unit cell, Z, was calculated by using Equation (1), where Ny = Avogadro’s constant, a*sin60 =
columnar cross section, M = molecular weight, p = density (assumed 1 g cm™ for organic substances), 4 = height of the columnar unit, obtained
from the angular position of the halo in the wide-angle X-ray scattering (WAXS) measurements, r.t. = room temperature.

Log intensity (a.u.)
%\
//4
=
=

Log intensity (a.u.)

4 8 12 16 20
26 (deg)

Figure 5. X-ray diffraction profile (whole section) of
compound 7a at 70°C in the hexagonal columnar
mesophase; inset: SAXS profile.

parameters a. Increasing the temperature results in a
larger distance of the discs, the formation of gauche
configured aliphatic chains and thus a smaller disc

diameter albeit with an increasing volume of the
columnar unit.

3.4 Packing study

It seems surprising that the ellipsoid molecules 7 form
hexagonal columnar mesophases rather than rectan-
gular columnar mesophases. In order to explain this
particular packing pattern, we assume that the polar
core units are located at the centre of the column while
the non-polar alkyl chains form a hydrophobic mantle
[11, 51]. Following a method by Donnio et al. [52] the
number of molecules forming a columnar unit, Z, was
calculated from the X-ray data by using the following
equation:

Z = Na-a® sin60-h-p-M~". (1)

Although the intracolumnar distance could not be
exactly determined as mentioned above, the d value
of 4.6 A from the broad halo in the wide-angle
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region is in good agreement with typical core—core
interactions. Applying Equation (1) to derivatives 7
resulted in Z = 1.6-1.7 (see Table 2). It must be
mentioned that a density of p ~ 1 is a rough
estimate, lowering the accuracy of the calculation.
As the hexagonal lattice consists only of one col-
umn per unit cell with a circular cross section,
presumably the crown ethers are oriented perpen-
dicular on top of each other. A similar packing was
studied recently by Percec et al. [53]. A schematic
drawing of the packing pattern of 7a is shown in
Figure 6(a). The proposed structure was supported
by simple molecular modelling of such a disc con-
taining a dimeric unit by using Chem3D with
energy minimisation (see Figure 6(b)).

Unexpectedly, none of the complexes KI-7
revealed any mesomorphic properties (see Table S1
in the supplementary material which is available via
the multimedia link on the online article webpage).
Only a glass to crystal transition was found in each
case. The complete destabilisation of the columnar
mesophase by complexation with KI could arise from
tight ion pairs (see Figure 2), which introduce a high
degree of order preventing mesophase formation, or
it seems also conceivable that the salt increased the
polarity and thus induced crystallisation. Coco et al.
recently reported the stabilisation of smectic meso-
phases of dibenzo[18]crown-6 derivatives with periph-
eral Pd complexes upon complexation with KClO,.
The stabilising effect was attributed to K™ - - -
0,ClO,™ interactions [54]. In our case, the polar
gallic ester moieties might interfere with the counterion,
thus destabilising the intracolumnar packing via the
KI salt.

4. Summary

A novel class of liquid crystalline crown ethers 7 with
ellipsoid molecular shape were accessible from MOM-
protected borolane 2 in three steps involving modified
Suzuki coupling, removal of the MOM group and
esterification with gallic acids. Regardless of side
chain lengths and despite their shape, compounds
7a—f display hexagonal columnar mesophases, whose
order was maintained even in the glassy state.
However, upon complexation of compounds 7a—f
with KI, mesomorphism is completely lost, revealing
that a subtle balance of polar and non-polar moieties
is required for broad mesophases.
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