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Abstract A novel double thicalix[4]arene possessing
two amide sites was prepared. The binding behavior
with Ag* has been examined by 'H NMR titration
experiment. The association constants K,s of the
amide sites are quite similar (K,s = 2.10 x 10* M™!
and K, = 2.00 x 10* M), suggesting that the two
amide sites work independently.
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Introduction

A few groups have been devoting their research efforts
towards the molecular designing of higher-order
supramolecular systems containing more than one ca-
lix[n]arene. For example, Bohmer et al. [1] and Ar-
duini et al. [2] synthesized a few biscalix[4]arenes in
which the upper edges confront each other. Ikeda et al.
synthesized a multiple calix[4]arene tube which shows
a very interesting complexation behavior toward Ag*
ion [3a]. Ohseto et al. reported a biscalix[4]arene
doubly-bridged with oxyethylene chains at the lower
rim [3b]. McKervey et al. [4] synthesized a double ca-
lix[4]arene in which two calixa[4]arenes are linked by a
single chain. Reinhoudt et al. showed the synthesis of
‘“giant cavities” consisting of two calix[4]arenes and
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two calix[4]resorcin- arenes. Asfari et al. [5] succeeded
in the isolation of double calix[4]arenes with a 1,3-
alternate conformation.

Recently Beer et al. reported the synthesis of ca-
lix[4]tube base on biscalix[4]arenes which displays
exceptional selectivity for potassium over all other
group I and II metals but with slow complexation
kinetics [6a]. Less rigid ionophores, the calix[4]se-
mitubes, have shown much faster complexation kinet-
ics [6b]. Their complexation behaviors were studied by
means of molecular dynamic simulations. These sys-
tems have been extended to thiacalix[4]arene which
provides a cavity of slightly larger dimensions and may
lead to an ionophore with new metal coordination
properties. Matthews et al. [7] reported a thiaca-
lix[4]arene dimer, in cone conformation, linked via
four ethylene units. However, its arrangement is very
rigid reducing its binding ability. On the other hand,
Kim etal. [8] reported the synthesis of thiaca-
lix[4]crown trimer linked via oligoethylene glycol units.
Recently, Csokai et al. [9a—c] reported the synthesis of
thiacalix[4]arene dimers linked by diethylene glycol
units under Mitsunobu protocol. Jin et al. [9d] linked
two thiacalix[4]arene units by using 2,6-bis(bromom-
ethyl)-4-methylanisole. A number of approaches were
carried out in order to synthesis double thiaca-
lix[4]arenes. On the other hand, several groups have
demonstrated that calix[4]arene amide derivatives due
to their high ionophilicity serve as neutral ionophores
[5, 6a, 10, 11].

We report herein the synthesis of the novel double
thiacalix[4]arene receptor 3, in 1,3-alternate confor-
mation, having amide moieties as complexation sides.
Preliminary studies of complexition behavior of
receptor 3 toward Ag* ion were carried out due to the
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well known high affinity of amides moieties for such a
cation.

Results and discussion

The starting compound, distal-5,11,17,23-tetra-tert-
butyl-25,27-bis-[ (N, N-diethylaminocarbonyl)methoxy]-
26,28-dihydroxy-2,8,14,20-tetrathiacalix[4]-arene (distal-
1) was prepared by O-alkylation of 5,11,17,23-tetra-
tert-butyl-2,8,14,20-tetrathiacalix[4]arene-25,26,27,28-

tetraol with N,N-diethylchloroacetamide in the pres-
ence of K,CO5; under acetone reflux in 53% yield by
according to the reported procedure [12]. The reaction
of distal-1 with 2 equiv. of 1,3-dibromopropane in the
presence of 2 equiv. of K,COj; or Cs,COj in acetone
under reflux afforded no cyclic products [9, 12] or
double thiacalix[4]arene but the compound 1,3-alfernate-
di-[(3-bromopropyl)oxy|thiacalix[4]arene 1,3-alternate-
2 in 58 and 68% yields, respectively. However, a
similar treatment was carried out in the presence of
Na,CO; only afforded the recovery of the starting
compound. The same result was obtained in spite of
increasing the amount of 1,3-dibromopropane to 10
equiv. Interestingly, when the reaction was carried out
in the presence of K,COj; under xylene reflux, the
desired double thiacalix[4]arene 3 was obtained in 10%

Scheme 1
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Table 1 Product formation in the reaction of distal-1 with 1,3-
dibromopropane

Run Base Equiv. of Solvent  Yield (%)* 3
BrCH,CH,CH,Br 1,3-alternate-2

1 Na,CO% 2 Acetone 0 0
2 Na,CO} 10 Acetone 0 0
3 K,CO3 2 Acetone 58 0
4 K,CO;3 2 Xylene 30 10
5 Cs,CO3 2 Acetone 68 0
6 Cs;COs; 2 Xylene 66 0

? Tsolated yields are shown

® The starting compound distal-1 was recovered in quantitative
yield

yield as shown in Table 1, run 4. In marked contrast,
the reaction in the presence of Cs,CO5; under xylene
reflux only afforded 1,3-alternate-2. The larger size of
Cs™ than that of K™ and the steric hindrance of the /Bu
groups might not permit the formation of the double
thiacalix[4]arene 3. Under similar reaction conditions
in the presence of Na,COj3 only a mixture of intracta-
ble products was obtained.

The structure of 2 was reasonably assigned to 1,3-
alternate on the basis of the chemical shifts of the
CH,CONEt, protons and the fBu protons in 'H NMR
spectroscopy [13, 14]. Especially, a singlet signal of the
methylene protons of the CH,CONE(; in 1,3-alternate-

1,3-dibromopropane

Base, Solvent
reflux for 40 h

1,3-alternate-2




J Incl Phenom Macrocycl Chem (2007) 58:383-388

385

Fig. 1 Partial '"H NMR

spectra (300 MHz in CDCl3).

(a) 1,3-alternate-2, (b) double

thiacalix[4]arene 3, (c) 1:13 > (a)
Ag" complex
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2 was observed at higher field (¢ 4.57 ppm) due to the
ring current effect arising from the two inverted cal-
ixarene benzene rings.

The 'H NMR spectrum of 3 is very simple and
symmetrical, showing resonances for the /Bu protons at
0 1.16 and 1.19 ppm as singlets in the ratio of 1:1, for
the methylene protons at ¢ 4.61 as a singlet, and for the
aromatic protons at é 7.22 and 7.36 ppm as singlets
indicating that the conformation of each thiaca-
lix[4]arene units is 1,3-alternate. The presence of a
large singlet of 8 protons of the CH, at § 3.69 ppm
together with the absence of the signal at 6 3.21 in 'H
NMR spectrum strongly suggests the existence of
double thiacalix[4]arene 3, Fig. 1b. The mass spectral
data for 3 (M" = 1974.90) also strongly supports the
dimeric structure.

Complexation studies

The 1,3-alternate conformation of each thiaca-
lix[4]arene units is suitable for the formation of 1:1 and
1:2 complex. Besides a high affinity of 3 toward Ag"
ion, it is expected that the presence of the tertiary
amides in the opposite side of the internal cavity of the
thiacalix[4]arene should affect partially or totally the
preorganization of 3 upon complexation (Fig. 2).

The stoichiometries of 1,3-alternate-2 and 3 com-
plexes with Ag" were determined by a two phase-

6 3 4 3 2

(a) (b)
Binding

A +
site 1 .

Ag*

Internal
cavity

Binding
site 2

Ag*

Fig. 2 Schematic representation of 3 and its complexes with Ag*
(a) 1:1 complex, (b) 1:2 complex

extraction experiment (H,O/CH,Cl,), using the con-
tinuous variation method. The percent extractions for
1,3-alternate-2- and 3-Ag* complexes (Job plots) sup-
port the formation of 1:1 and 1:2 complex, respectively,
the fact also confirmed by '"H NMR.

Titration 'H NMR studies of 1,3-alternate-2 with an
equiv. of AgSO;CF; new peaks appeared. The chem-
ical shifts of the amide protons were the most affected
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(1,3-alternate-2 > Ag"; Ko = 2.14 x 10* M), indicat-
ing the cation complex in the amide site [14a] and the
formation of 1:1 complex. Addition of an equiv. of
AgSO;CF; into 3 caused the appearance of new peaks
and similar chemical shift changes. The addition of an
extra equiv. of Ag” ion into the solution containing the
1:1 complex of 1,3-alternate-2, afforded negligible
chemical shift in the spectrum of 1,3-alternate-2 > Ag*
complex. In contrast, new signals were observed in the
spectrum of 3 > Ag" caused by the formation of
Ag*c 3> Ag' complex. The total simplification of the
spectrum of the 1:2 complex, due to the symetrization
of the 3, took a day. The value of the association
constants K, for the 1:1 and 1:2 complexes of 3 are
quite similar (Kass1 = 2.10 x 10* M and
Kase = 2.00 x 10* M), suggesting that the two amide
sites work independently. Contrary to our expectation,
each thiacalix[4]arene unit formed only 1:1 complex.
The signals belong to internal cavity composed by the
1,3-propylene units scarcely shifted which indicates not
only this cavity is not suitable for complex formation
with Ag* but also the preorganization of 3 upon com-
plexation slightly changed upon complexation of Ag*
by the amide sites.

Conclusion

Treatment of distal-1 with 1,3-dibromopropane in xy-
lene in the presence of K,COj afforded a novel double
thiacalix[4]arene 3 possessing amide moieties at one
edge of each thiacalix[4]arene unit, for which the cal-
ixarene unit adopts the 1,3-alternate conformation. The
formation of 1:1 and 1:2 complexes of 3 with Ag" ion
was observed. The original C,y-symmetry has been
remained after complexation of 3 with Ag*. The for-
mation of 1:2 complex of 3 with Ag™ ion indicates the
1,3-propylene linked does not affect the binding ability
of the amide moieties. Now we are studying the mod-
ification of the length of linked group between the
calixarene units and their complex formation toward
different cations.

Experimental

All mps (Yanagimoto MP-S;) are uncorrected. 'H
NMR spectra were determined 300 MHz with a Nip-
pon Denshi JEOL FT-300 NMR spectrometer with
SiMe, as an internal reference: J-values are given in
Hz. IR spectra were measured for samples as KBr
pellets in a Nippon Denshi JIR-AQ20OM spectropho-
tometer. UV spectra were measured by Shimadzu 240
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spectrophotometer. FElemental analyses were per-
formed by Yanaco MT-5.

Materials

5,11,17,23-Tetra-tert-butyl-2,8,14,20-tetrathiacalix[4]-
arene-25,26,27,28-tetraol  [15] and distal-5,11,17,
23-tetra-tert-butyl-25,27-bis[ (N, N-diethylaminocarbonyl)
methoxy]-26,28-dihydroxy-2,8,14,20-tetrathiacalix[4]are-
ne distal-1 were prepared according to the reported pro-
cedure [14D].

O-Alkylation of distal-1 with 1,3-dibromopropane in
the presence of K;COj3 in acetone

A mixture of distal-5,11,17,23-tetra-tert-butyl-25,27-
bis[(N,N-diethylaminocarbonyl) methoxy]-26,28-dihydr-
oxy-2,8,14,20-tetrathiacalix[4]arene  distal-1 (100 mg,
0.106 mmol), K,CO5 (29 mg, 0.21 mmol) in dry acetone
(30 mL) was refluxed for 1 h under nitrogen. Then a solu-
tion of 1,3-dibromopropane (42 mg, 0.21 mmol) in ace-
tone (5 mL) was added at room temperature. The mixture
was refluxed for 40 h under argon, cooled at room tem-
perature and concentrated under reduced pressure. The
residue was dissolved in dichlormethane (2 x 15 mL),
washed with 1 N HCI. The organic layer was separated,
washed with brine (2 x 15 mL) and dried over MgSO,.
After filtration, the solvent was evaporated to dryness to
obtained crude product, which was subjected to column
chromatography (silica gel, 1:1 hexane-chloroform) to
give a pure compound 1,3-alternate-2 (72 mg, 58%) as
colorless prisms. Mp 201-204 °C. IR v (KBr)/cm™ 1666
(C=0)."HNMR 6 (CDCl3) 0.84 (6H, m, NCH,CH3), 1.09
(6H,m,NCH,CH5;),1.20 (18H,s,-Bu),1.30 (18H, s, -Bu),
1.78 (4H, m, CH,CH,CH,), 3.05 (4H, m, NCH,CH3;), 3.21
(4H,t,J = 7.0,CH,CH,CH,Br),3.28 (4H, m, NCH,CH3),
3.93 (4H,t,J = 7.0, CH>CH,CH,Br),4.57 (4H,s,CH,CO),
7.31 (4H, s, Ar-H), 7.37 (4H, s, Ar-H). MS m/z 1186.33
(M+) Anal. Calcd. For C5gHgoBr2N206S4 (118932) C,
58.57;H, 6.78. Found: C, 58.55; H, 6.76 %.

O-Alkylation of distal-1 with 1,3-dibromopropane in
the presence of K;COj in xylene

A mixture of distal-1 (200 mg, 0.21 mmol), K,CO;
(58 mg, 0.42 mmol) in dry xylene (35 ml) was refluxed
for 1 h under nitrogen. Then a solution of 1,3-dib-
romopropane (44 mg, 0.42 mmol) in xylene (10 ml)
was added at room temperature. The mixture was
refluxed for 40 h under argon, cooled at room tem-
perature and concentrated under reduced pressure.
The residue was dissolved in dichlormethane
(2 x 30 ml), washed with 1 N HCI. The organic layer
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was separated and dried over MgSO, anhydrous. After
filtration, the solvent was evaporated to dryness to
obtained crude product, which was triturated with
MeOH to give 3 (41 mg, 10%) as a colorless solid.
Recrystallization from CHCl;-MeOH (3:1) afforded 3
as colorless prisms. Mp 289-292 °C. IR v (KBr)/cm™
1664 (C=0). '"H NMR 6 (CDCl3) 0.87 (12H, t, J = 7.0,
NCH,CHj3), 0.98 (12H, t, J =7.0, NCH,CHj3), 1.16
(36H, s, tBu), 1.19 (36H, s, Bu), 1.89 (4H, s,
CH,CH,CH,), 291 (8H, q, J = 7.0, NCH,CH3), 3.23
(8H, q, J=7.0, NCH,CH3), 3.69 (8H, t, J =170,
CH,CH,CH,), 4.61 (8H, s, CH,CO), 7.22 (8H, s, Ar-
H), 7.36 (8H, s, Ar-H). MS m/z 1974.90 (M*). Anal.
Calcd. For C110H148N401288 (197490) C, 6690, H,
7.55. Found: C, 66.49; H, 7.50%.

'"H NMR Complexation experiments

To a CDCl; solution (4 x 10~ M) of 3 in the NMR
tube was added 1-2 molar solution of AgSO;CF;. The
spectrum was measured after addition and the tem-
perature of NMR probe kept constant at 27 °C. The 'H
NMR data of the complexes is given below.

3oAg": oy (CDCl3) 0.88 (6H, t,J = 7.0, NCH,CH3),
0.92 (6H, t, J = 7.0, NCH,CHj3), 0.96 (6H, t, J = 7.0,
NCH,CH3), 099 (6H, t, J=7.0, NCH,CHj;), 1.15
(18H, s, t-Bu), 1.17 (18H, s, -Bu), 1.21 (18H, s, -Bu),
1.23 (18H, s, t-Bu), 2.00 (4H, s, CH,CH,CH,), 2.95
(8H, q, J = 7.0, NCH,CH3;), 3.31 (8H, m, NCH,CH3;),
382 (8H, t, J=7.0, CH,CH,CH,), 4.69 (4H, s,
CH,CO), 4.81 (4H, s, CH,CO), 7.20 (4H, s, Ar-H), 7.28
(4H, s, Ar-H), 7.31 (4H, s, Ar-H), 7.42 (4H, s, Ar-H).

Ag'c3oAg" oy (CDCly) 090 (12H, t, J=17.0,
NCH,CH3), 0.10 (12H, t, J =7.0, NCH,CHj3), 1.18
(36H, s, t-Bu), 1.22 (36H, s, -Bu), 2.04 (4H, s,
CH,CH,CH;), 3.10 (8H, q, J = 7.0, NCH,CH3), 3.51
(8H, q, J=7.0, NCH,CH;), 387 (8H, t, J=17.0,
CH,CH,CH,), 4.95 (8H, s, CH,CO), 7.22 (8H, s, Ar-
H), 7.36 (8H, s, Ar-H).

Stoichiometry of metal complexation

The method of continuous variation [16] was employed
to determine the stoichiometry of 1,3-alternate-2 and 3
complexes. Two-phase solvent extraction was carried
out between aqueous picrates (5 mL, [metal pi-
crate] =2 x 10* M, AgNOs) and 3 (5 mL, [3] =2 x
10* M in CH,Cl,). The molar ratios of the both 3 and
metal picrate were varied from 0 to 1, while the total
concentration was kept at several constant levels. The
two-phase mixture in a glass tube immersed in a
thermostated water bath at 25 °C was shaken at 300
strokes per min for 1 h and then kept, at the same

temperature, for 2 h, allowing the complete separation
of the two phases. The absorbance of each solution was
determined by UV spectroscopy (4 =290 nm). Job
plots were generated by plotting the extracted [Ag*]
versus the mole fraction of metal.

Determination of association constants

'H NMR Titrations. Solutions of the receptor 1,3-
alternate-2 and 3 were prepared at a concentration
typically on the order of 0.01 mol dm™ in CDCls. The
initial "H NMR spectrum was recorded, and aliquots of
cation (AgSO;CF3), in the same solvent, were added
by a microsyringe from a solution made such that from
1 molar equiv to 2 molar equiv were added in 20 pl.
The association constant values were calculated by the
integral intensity of CH,CON methylene protons in
the complex and free host molecules.
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