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Hi?hly selective inclusion of organic molecules using the phase transition of
calixarene crystals
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Crystals of calix[4]arene and thiacalix[4]arene exhibit distinct differences in
inclusion properties towards primary alcohols, which originated from the difference in the crystal
packing of inclusion crystals accordin? to the property of bridging groups. Selective inclusion of
methylamines and switching of guest selectivity by solvent polarity using crystals of thiacalix[4]arene
are achieved. It is found that the property of crystals of calix[4]arene can be applied to selective
inclusion of aromatic regioisomers. Furthermore, synthesis of linear carboxylic acid-type host molecule
having a 2,2"-thiodiphenol structure and selective inclusion of amine isomers using it are succeeded.
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Table 1 Inclusion ratio (E) for the inclusion of primary
alcohols with crystals of 1and 2.2

host
alcohol 1 2
MeOH 0.66 b
EtOH 0.88 0.92
PrOH 1.08 P
BuOH 0.94 P
PentOH  0.55 P
HexOH  0.58 b
HeptOH  0.47 P

a Conditions: r.t., 24 h. ® Inclusion was not observed.

Table2 Inclusion ratio ( n ) for competitive inclusion from
an equimolar mixture of two alcohols with crystals of 1 and
22

host
alcohols 1 2
MeOH / EtOH 0.04/0.71  0.07/0.78
-%0.71°
EtOH / PrOH 0.39/0.54  0.90/0.11
PrOH / BuOH 0.85/0.13 ¢
BuOH /PentOH  0.53/0.43 -1

PentOH /HexOH 0.17/0.43 ¢
HexOH / HeptOH  0.46/0.14 ¢

2 Conditions: r.t., 24 h. ° Inclusion was not observed. ¢ Conducted at
—40 °C for 8 h. ¢ Not examined.
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Figure 1 Packing structure of 1-alcohol (a), 1,-alcohol (b)
and 2-alcohol (c). Guest molecules were omitted for clarity.
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Table 3 Inclusion of methylamines from water with the
crystal of compound 2.2

amine n

MeNH, 0.90
Me,NH 0.95

Me;N 0.92
MeNH, / Me,NH -0.87
Me,NH / Me;N 0.83/0.09
MeNH, / Me;N 0.75/1.19
MeNH, / Me;NH / Me;N —°/0.86/0.04

2 Conditions: rt, 24 h. Aqueous solution of an amine (4.3 mol/L) or
equimolar mixture of amines (4.3 mol/L in total) was used.

® Inclusion was not observed.
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Figure 2  Switching of guest selectivity by solvent
permittivity on the competitive inclusion of Me,NH and
MesN with the crystal of 2.
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Table4 Inclusion ratio ( n ) for competitive inclusion from

an equimolar mixture of aromatic regioisomers with crystals
of 12

Guest
R! R n (o-/m-/p-)
CH; CH; ~2-5/0.50
CH; Cl ~-2/0.93
Cl Cl —b/0.84/-°

2 Conditions: 30 °C, 24 h. ® Inclusion was not observed.
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Figure 3 Schematic representation for the structure of

inclusion complexes of 1 with xylene isomers, 1,-0-xylene (a),
1,-mxylene (b), and 1,-p-xylene (c).
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Table5 Inclusion ratio (n ) for competitive inclusion from
an equimolar mixture of amine isomers with 4.2

Guest Solvent n (0- /m- /p- /solvent)
toluidine hexane 0.30/0.18/0.94/-°
toluidine CH;CN -/0.03/0.97/0.37

methylpyridine hexane 0.01/0.04/0.91/-"

methylpyridine toluene 0.24/0.69/0.05/-°

2 Conditions: r.t, 24 h. ® Inclusion was not observed.

a) b)

Figure 4 Packing structure of 4-p-toluidine-(0-toluidine) s
(a) and 4-p-toluidine-CH;CN.
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