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§Chengdu Institute of Chemical Engineering Research and Design, Chengdu,
610061 China
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Five diaza-crown-ethers were synthesized and four of them shown to have smectic liquid
crystalline properties. Their properties were determined by DSC and polarized microscopy.
This type of smectogenic diazacrown ether has not been reported so far. A novel lyotropic
crown ether liquid crystal was obtained from the thermotropic crown ether liquid crystal 7.

1. Introduction

Since the idea of electroconducting mesomorphic
crown ethers was for the first time put forward by
Bogatskaya et al. [1], in 1982, nematic [2], tubular
[3], polymer [4] liquid crystal crown ethers have been
reported. In this work we have attempted to synthesize
some diaza-crown-ethers which exhibit smectic liquid
crystallinity. The scheme of the reaction was as on the
next page:

2. Results and discussion

Compound 3 was prepared by a nucleophilic acyl
substitution reaction between compounds 1 and 2, using
0-5ml pyridine as the catalyst. Compound 4 was pre-
pared by the same reaction between compound 2 and
Krytofix-22. The use of different solvents was dictated
by the solubility of the diazo-crown-ether.

Compounds 6 and 7 were prepared by complete or
partial substitution of Kryptodix-22.

Unfortunately, the reaction of krytofix-22 and choles-
teryl halopronionate as starting materials results in
mixtures that do not contain compound 9. However,
the preparation of compound 9 was readily achieved
under nitrogen in the presence of p-toluenesulphonic
acid, reacting compound 8 with cholesterol in anhydrous
benzene.

Crown ethers 4, 6, 7 and 9 exhibited smectic LC
phases by DSC and polarizing microscopy. The results
are given in the table and figures 1-4. Comound 3 did
not possess liquid crystallinity owing to the 12-crown-4
ether ring structural unit having no planarity.

We have also found that when compound 7 was mixed
with dilute hydrochloric acid or with dilute hydrochloric

* Author for correspondence.

acid and isopropyl myristate the thermotopic liquid
crystal 7 became lyotropic. The textures of the lyotropic
crown ether liquid crystal 7 are given in figures 5 and 6.

3. Experimental
3.1. Instruments
Infrared spectra were recorded on a Nicolet FT-IR
170SX spectrophotometer. 'H NMR spectra were
recorded on a JNM-FX90Q spectrometer in CDCl;.
Mass spectra were obtained on a Hitachi M-80 AGS-MS
system. Combustion analyses for C and H were per-
formed on a Carlo Erba 1106 element analysis instru-
ment. DSC were recorded on a Dupont 1090 thermal
analysis instrument.

3.2. Synthesis of intermediates and products

Intermediates 1, 2, 5 and 8 were synthesized by the
methods given in references [5], [6], [7] and [8&],
respectively.

Compound 3: Compound 1 (0-40g, 2-30 mmol) was
dissolved in anhydrous benzene (10ml). Under a N,
atmosphere, a solution of compound 2 (2g, 464 mmol)
in dry benzene (10 ml) and anhydrous pyridine (0-5 ml)
were added dropwise over 1h at 40°C. After the addition
was complete, the mixture was refluxed for an additional
12h at 40°C. The mixture was filtered, the filtrate
distilled at a reduced pressure to remove the solvent and
the crude product 3 was obtained. The product was
purificd by chromatography on a silica gel column
(AcOEt-light petroleum, 1:5, V/V, R; 0-30), and then
recrystallized from anhydrous dioxane to give white
powder (1-21g). Yield, 52:0 per cent; m.p. 260-261°C,
IR (KBr): 1696 (C=0), 1128 (C-O- C)ecm 1 'H NMR
(CDCly): 535 (2H, s, 2xC=CH), 450 (2H, s,
2x OCH), 369 (8H, s, 4 xCH;N), 345 (8H, s,

0267-8292/96 $12-00 © 1996 Taylor & Francis Ltd.
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Table. The transition temperature and enthalpy change of
crown ethers.

Compounds Phase transition temperature/°C (AH/J mol™?)

Cr2601
Cr149-1 (414 x 10*)(S) 2146 (1-14 x 101
Cr1253 (206 x 104)(S) 257-5 (392 x 104)I
Cr94-5 (826 x 104)(S) 2106 (2:68 x 103)T
Crl173-2 (7:32 x 10%)(S) 2035 (377 x 104)I

A= I N SN}

Cr crystal; S, smectic; I, isotropic.

4 x CH,0), 2:55-0-67 (86 H, m, cholesteryl ring). m/z
998 [M]". Found: C, 76-93; H, 10-88; N, 2-85 per cent.
Calculated for Cg4H 0506 N5: C, 76-95; H, 10-62; N, 2-80
per cent.

Compound 4: Compound 2 (2-9 g, 6:46 mmol), anhyd-
rous pyridine (0-5ml), and kryptofix-22 (0-78g,

ChOCO-N
Lol
3

ChOCO-N

pyridine
_—

0™
N-COOCh

6] ( )’\
N-COQOCh

ChOCOCH,-N N-CH,COOCh

o,
6
HN N-CH,COOCh
L
7

benzene

N-C,H,COOH+ChOH ———

=

N-C,H,COOCh

2-98 mmol ) were dissolved in anhydrous dioxane (70 ml).
Under a N, atmosphere the mixture was stirred at reflux
for 13h, then filtered. The filtrate was distilled at a
reduced pressure to remove the solvent and the crude
product 4 obtained. This was recrystallized from anhyd-
rous dioxane to give white crystals (1-75g). Yield, 51-0
per cent, Tig 149-1°C, T, 214-6°C. IR (K Br): 1689 (C-0O),
1140 (C-O-C)em ™. 'H NMR (CDCl;): 536 (2H, s,
2x C=CH), 415 (2H, s, 2xOCH), 365 (8H, s,
4 x CH,N), 340 (16H, s, 8 x CH,0), 2:67-0-63 (86 H,
m, cholesteryl ring) ppm. m/z 1087 [M + 1]7. Found: C,
7526; H, 11-15; N, 262 per cent. Calculated for
CesHi14Ny: C, 75-14; H, 10-80; N, 2-58 per cent.
Compounds 6 and 7: Compound 5(1-69 g, 3-05 mmol),
kryptofix-22 (0-40g, 1-53mmol), anhydrous pyridine
{0-5ml), and anhydrous dioxane (50ml) were mixed
under nitrogen. The mixture was stirred at reflux for
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Figure 5. Texture of compound 7 mixed with dilute hydro-
chloric acid at 20°C.

Figure 3. Texture of compound 7 (135°C, on heating) x 150.

78 h, then filtered. The solvent was evaporated and the
residue was chromatographed using 33 per cent chloro-
form in acetone to give 6 (0-47g, R, 0-55) and 7 (0-12g,

R¢ 0-35). Figure 6. Texture of compound 7 mixed with dilute hydro-
Compound 6: T,g 125:3°C, Ty 257-5°C. IR (KBr): chloric acid and isopropyl myristate.
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1725 (C=0), 1121 (C-O0-C)em ™% 'H NMR (CDCl,):
558 (2H, s, 2 x C=CH), 486 (2H, s, 2 x OCH), 3-81
(8H, s, 4 x CH,N), 3-60 (16 H, s, 8 x CH,0), 299 (4H,
s, 2x NCH,=0), 270-073 (86H, m, cholesteryl
ring) ppm. m/z 1116 [m + 2]*. Found: C, 73-38, H, 10-63;
N, 2-55 per cent. Calculated for C;oH,,505N,: C, 73-40,
H, 10-59; N, 2-57 per cent.

Compound 7: [2]® = —1593 (¢, 0-251, CHCL;) Teps
94-5°C; Ty 210-6°C. IR (KBr): 3340 (N-H), 1734 (C=0),
1130 (C-O-Cjem ™1 *H NMR (CDCl,): 533 (1H, s,
C-CH), 458 (1H, s, OCH), 399 (4H, s, 2 x CH,N),
360 (4H, s, 2x CH,N), 310 (16H, s, 8 x CH,0),
2-40-0-51 (44 H, m, NH and cholesteryl ring). m/z 689
fm+1]". Found: C, 71-68; H, 10-22; N, 3-88 per cent.
Calculated for C,;H,,O4N,: C, 71-51; H, 10-46; N, 4-07
per cent.

Compound 9: Compound 8 (1:00g, 2-46 mmol) and
cholesterol (1-90 g, 492 mmol) were heated at reflux with
azeotropic dehydration for 14h in 50ml of benzene
containing 0-05 g of p-toluenesulphonic acid as the cata-
lyst under nitrogen. The solvent was then evaporated
in vacuo and the residue was separated by VLC [9] on
silica gel wsing chloroform and acetone as stepwise
eluants. White crystals 9 were obtained in a yield of 45
per cent, Te5 173-9°C, Tg; 203-5°C. IR (KBr): 1730 (C=0),
1100 (C-O-C)em ™. 'H NMR (CDCl;): 529 (2H, s,
2x C=CH), 455 (2H, s, 2xCH), 380 (8H, s,
4 x CH,N), 345 (16H, s, 8 x-CH,0), 281 (8H, s,
2 x C=CH), 2-70-0-63 (86 H, m, cholesteryl ring) ppm.
m/z 1143 [m + 1]*. Found: C, 75-75; H, 10-60; N, 214

per cent. Calculated for C,,H,,0O5N,: C, 75:66; H,
10-68; N, 2-46 per cent.

The authors are grateful to National Natural Science
Foundation of China for supporting this research work.
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