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Abstract—Bridging of p-z-butylthiacalix[4]arene with ethylene glycol ditosylates gave diametrically bridged thia-
calix[4Jmonocrowns-4 and -5, 1,2-alternate thiacalix[4]biscrowns-4 and -5 and 1,3-alternate thiacalix[4]biscrown-5, dependent on
the metal carbonate used. They show excellent extraction ability towards Ag* cations. © 2002 Elsevier Science Ltd. All rights

reserved.

In the past we have shown that diametrically bridged
calix[4]crowns are excellent ionophores for alkali metal
cations such as K* and Cs*, depending on the confor-
mation and crown ether bridge.!> Proximally bridged
calix[4]crowns have been obtained, but only in rela-
tively low yield (<40%).>* Thiacalix[4]arene is an inter-
esting novel member of the calixarene family.>®
Unsubstituted thiacalix[4]arene is able to complex vari-
ous transition metals, due to the presence of the bridg-
ing sulfur atoms.” The participation of sulfur in the
complexation has been observed in X-ray crystal struc-
tures of complexes with alkali metal cations.® The com-
plexation properties of thiacalix[4]arenes can be altered,
both by functionalizing the lower rim with ligating sites
or by oxidation of the bridging sulfur atoms.’!?> The
groups of Vicens'? and Bitter'* have reported the syn-
thesis of the diametrically substituted thia-
calix[4]biscrowns-5 and -6. To the best of our
knowledge only two proximally bridged thia-
calix[4]crowns have been reported; a cyclic phospho-
rous diester amide and a lactone.'>!” 1In this
communication we present our preliminary results of a
systematic study on thiacalix[4](bis)crown formation
using ethylene glycols of varying chain lengths and
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different metal carbonates. With different metal car-
bonates different products were obtained. The 1,2-alter-
nate thiacalix[4]biscrowns 4 and 5 were obtained under
mild conditions.

The reactions of thiacalix[4]arene'® 1 with tri- or tetra-
ethylene glycol ditosylates 2 and 3 in acetonitrile were
systematically studied by varying the metal carbonate,
reaction time, etc.'”

With 4 equiv. of Cs,CO; after 6 h, reaction of 1 with 2
(1.8 equiv.) exclusively afforded the 1,2-alternate thia-
calix[4]biscrown-4 4 in 72% yield upon precipitation of
the crude reaction mixture with methanol/acetone. Also
the reaction of 1 and 3 (1.8 equiv.) with 4 equiv. of base
gave a fast reaction (12 h, 100% conversion). The
reaction gave a mixture of the 1,2-alternate thia-
calix[4]biscrown-5 5 and the corresponding 1,3-alter-
nate isomer 6. The pure thiacalix[4]biscrown-5 isomers
5 (27%) and 6 (15%) were isolated by fractional precip-
itation from methanol/acetone mixtures. Surprisingly,
the proximal thiacalix[4]biscrowns-4 and -5 were only
obtained in the 1,2-alternate conformation. The corre-
sponding proximally substituted thiacalix[4Jmonocrown
and proximally substituted cone thiacalix[4]biscrown
compounds could not be detected. Compounds 4 and 5
were characterized by NMR (‘H and '*C) and MS.?%-2!
Definite proof for the 1,2-alternate thiacalix[4]biscrown-
5 5 was obtained by an X-ray crystal structure (Fig.
1).22
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Scheme 1.

Figure 1. X-Ray crystal structures of 5 and 6. Hydrogen
atoms and the minor disorder component were omitted for
clarity.

The reaction between 1 and 2 (1.8 equiv.), using
K,CO;, gave only minor conversion to 1,2-alternate
thiacalix[4]biscrown-4 4. Apparently, in this case the
1,3-alternate thiacalix[4]biscrown-4 was not formed.
With 4 equiv. of K,CO,, the reaction between 1 and 3
(1.8 equiv.) exclusively gave the 1,3-alternate thia-
calix[4]biscrown-5 6** (12 h, 100% conversion) in 74%
yield after precipitation of the crude reaction mixture
from methanol/acetone. The 1,3-alternate conformation
clearly followed from its X-ray crystal structure (Fig.
1)‘22

Reaction of 1 and 2 (1 equiv.) with Na,CO; (12 equiv.)
gave the diametrically bridged thiacalix[4]crown-4 7 (15
d, 50% conversion). Separation of 7 from 1 and 2 was
not possible. Reaction of 1 and 3 (1 equiv., 12 equiv. of
Na,CO,) gave thiacalix[4]crown-5 8 (11 d, 50% conver-
sion).** Column chromatography (CH,Cl,/MeOH)
afforded 8 in 20% yield, based on reacted thia-
calix[4]arene 1 (Scheme 1).

Recently, Miyano et al. reported the pK, values of
sulfonated thiacalix[4]arene in water to be 2.18, 8.45,
11.61, and 11.99.2° The relatively small difference
between the second and the third and fourth pK, values
may explain the relatively easy formation of thia-
calix[4]biscrowns. We found that with Na,CO; only
diametrically bridged thiacalix[4Jmonocrown products

6(m=1) 7m=0)

were obtained. Both K,CO; and Cs,CO; afforded thia-
calix[4]biscrowns. Probably, the softer Cs* ions®® inter-
act with the sulfur atoms favoring the formation of the
1,2-alternate biscrowns 4 and 5. Apparently, the forma-
tion of the second bridge is so fast that the proximally
substituted thiacalix[4]Jmonocrowns cannot be isolated.
Reaction of 1 with 3 in the presence of 4 equiv. of
Cs,CO; and an excess of KCIO, exclusively gave the
1,3-alternate thiacalix[4]biscrown-5 6, which is other-
wise obtained using K,CO; as base. This demonstrates
the influence of the cation on the outcome of the
reaction.

The conformational difference observed in the crystal
structures of the two isomers 5 and 6 (Fig. 1) is also
reflected in the 'H NMR spectra. 1,3-Alternate thia-
calix[4]biscrown-5 6 has a C, symmetry axis and two
planes of symmetry through the thiacalix[4]arene
annulus. As a consequence both the aromatic and
t-butyl hydrogens appear as one signal in the 'TH NMR
spectrum at 7.34 and 1.36 ppm, respectively.!* 1,2-
Alternate thiacalix[4]biscrown-5 5 has, in addition to an
inversion point, a plane of symmetry and a C, axis
resulting in two signals for the Ar-H’s (7.72 and 7.56
ppm), whereas the ¢-butyl groups appear as one peak
(1.37 ppm), because they are equivalent. In 5 the hydro-
gen atoms of the methylene groups that are connected
to the phenolic oxygens appear to be diastereotopic as
reflected in the double triplets observed at 4.23 (4H)
and 3.10 (4H) ppm in the '"H NMR spectrum (Fig. 3).

Extraction experiments, with various monovalent metal
ions, were performed according to the Cram picrate
extraction method;?” the results are summarized in Fig.
2.

The diametrically bridged monocrown 8 and the 1,2-
alternate biscrowns 4 and 5 showed an excellent (90—
100%) extraction of Ag* ions. Lamartine et al. reported
that thiacalix[4]arene 1 only gave 7% extraction of Ag*
ions.?® CPK molecular models suggest that both the
sulfur atoms and the bridging ethylene glycol units
participate in the complexation. For the latter this is
clearly proven by significant shifts in the 'H NMR
spectra induced upon complexation of 5 and 8 with
Ag-picrate (Fig. 3).
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Figure 2. Extraction results of compounds 4, 5, 6 and 8,
[L]=2.5x103 M in chloroform (1 mL), [MPic]=2.5x10"* M
with 0.1 M MOH (M=Na, K, Cs or [LiPic]=2.5x10"* M
with 0.1 M AgNO; in water (1 mL).

Participation of the sulfur atoms has recently been
suggested for the Ag*-complexation of 1,2-alternate
tetrakis[(2-pyridylmethyl)oxy]-thiacalix[4]arene by
Yamamoto et al.>® Despite the presence of sulfur atoms
1,3-alternate thiacalix[4]biscrown-5 6 hardly extracted
any Ag* ions (3%). This may be due to the fact that in
6 co-operation between the ethylene glycol bridge and
the bridging sulfur atoms is not possible as followed
from CPK molecular models and the X-ray crystal
structure (Fig. 1).

The extraction of K* (40%) and Cs* (10%) by the
diametrical thiacalix[4Jmonocrown-5 8 is in agreement

A)
5+ AgPic
T T T T T T T T T T T
8.0 7.0 6.0 5.0 4.0 3.0
5
e U \AJL AA

with the selectivity found for calix[4]crown-5.! Ligands
4, 5, and 6 exhibited only a marginal ability to extract
alkali metal ions. The low extraction percentages found
for 6, e.g. K* (10%) compared to 8 (40%), is caused by
the steric hindrance of the ¢-butyl groups in the 1,3-
alternate conformation as was already reported by
Griin et al.™*
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General procedure: To a 0.02 M solution of 1 mmol of
p-t-butylthiacalix[4]arene 1 in CH;CN were added base
and (n)ethylene glycol ditosylate (n=3,4). The solution
was refluxed under argon. Subsequently, the solvent was
evaporated and dichloromethane was added (for the reac-
tion mixtures containing 1,2-alternate thiacalix[4]-
biscrowns chloroform was used). The solution was
washed twice with 10% HCI and once with water and
evaporated to dryness, whereupon, the crude reaction
mixture was purified further. Differences between conver-
sions and isolated yields are mainly due to the separation
methods used.

Compound 4: '"H NMR 6 7.77 (d, 4H, J=2.6 Hz), 7.52
(d, 4H, J=2.6 Hz), 4.06 (m, 4H), 3.85 (m, 4H), 3.45 (m,
12H), 3.23 (m, 4H), 1.37 (s, 36H); 3C NMR 6 157.2,
145.9, 133.9, 129.4, 129.4, 128.2, 71.9, 69.6, 68.4, 33.9,
30.9; MS m/z 971 (100%, [M+Na]"). Anal. caled for

21.

22.

23.

24.

25.

26.

217.

28.

29.

Cs,Hg05S,:0.2 CHCly: C, 64.41; H, 7.06. Found: C,
64.18; H, 6.73.
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33.9, 30.9; MS m/z 1037.5 (100%, [M+H]"). Anal. calcd
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7.38.

Crystal data were measured at 150 K on a Nonius
KappaCCD diffractometer (Ays, xo,=0.71073 A). Struc-
tures were solved using direct methods (SHELXS-86) and
refined on F? (SHELXL-97). Crystal data for 5: triclinic,
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Crystallographic data (excluding structure factors) for the
structures in this paper, have been deposited with the
Cambridge Crystallographic Data Centre as supplemen-
tary publication numbers CCDC 190662 (compound 5)
and CCDC 190663 (compound 6). Copies of the data can
be obtained, free of charge, on application to CCDC, 12
Union Road, Cambridge CB2 1EZ, UK (fax: +44(0)-
1223-336033 or e-mail: deposit@ccdc.cam.ac.uk).

For the spectroscopic data see Ref. 14. In our case a 30%
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