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Abstract

The 1H NMR spectrum of [3.3.3]metacyclophane triketone 1a showed its flexible structure even at −80 ◦C in CDCl3-CS2
(1:3 v/v). In contrast, the cyclic thioketal derivative 2a is fixed with a “partial-cone” conformation below −10 ◦C by the
observation of the splitting pattern for the benzylic protons (J = 14.2 Hz), besides other changes in both the aromatic and
aliphatic regions of the 1H NMR spectrum. The coalescence temperature (Tc) for the benzylic methylene protons is 0 ◦C and
the free energy of activation for ring inversion is estimated as 13.2 kcal mol−1. Titration of the cyclic thioketal derivative
2a with AgSO3CF3 in acetone-d6-CDCl3 (3:1 v/v) monitored by 1H NMR clearly demonstrates that a 1:1 complex is
formed with retention of the original symmetry. A 1:1 complexation of 2a with Ag+ was also confirmed by the experiment
using the mole ratio method. The two-phase solvent extraction data indicated that the cyclic thioketal derivatives 2a and 2b
show a strong Ag+ affinity and a high Ag+ selectivity was observed. On the contrary, the triketone 1a shows a poor Ag+
affinity. Thus, the synergism of the cyclophane moiety and two or three ethanedithia groups play a significant role on the
complexation of tris- and bis-thioketals 2a and 2b with Ag+ cation.

Introduction

Calixarenes can, in principle, be chemically modified at the
three reacting sites: the hydroxy groups, aromatic rings and
the methylene bridges. While the functionalization of the
calixarenes at both rims has been extensively studied in the
last decade [1–3], there has been a relatively small number
of researches describing the modification of the methylene
group owing to the relatively inert reactivity on this site.
Moshfegh et al. [4] reported that calixarene esters react
with chromic acid to undergo oxidation at the methylene
bridges to give ketones, although the products are not well
characterized. Ninagawa and coworkers have made similar
observations and have identified the product ketones [5].
Therefore, the selective preparation of calixarene ketones
using the direct oxidation method is difficult because of its
low yield as well as the difficulty of the product separation
from the other macrocyclic oligoketones. Therefore, it has
been very difficult to obtain sufficient amounts of the above
compounds to investigate their chemical behaviour.

Recently, Böhmer et al. [6] reported the selective re-
placement of the carbonyl group at a single methylene
bridge of calix[4]arene by cyclocondensation of the appro-
priate monohydroxymethylated linear precursors in yields
of 40–60%. However, the preparative routes of mono-
hydroxymethylated linear precursors from easily available
compounds seems to be too long for practical purposes.
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Chart 1.

Therefore, functionalization of the methylene bridges of
calixarenes have been very limited.

As another direction for the modification of the methyl-
ene moiety the syntheses of calixarene analogs have been de-
scribed, which were constructed by changing the methylene
bridges to trimethylene bridges or dimethylene heteroatom
bridges such as homooxa-, homoaza-, and homothia-
calixarenes [7–9]. Recently, we reported [10] the prepar-
ation of carbocyclic [3.3.3]MCP (MCP = metacyclophane)
ketones 1a and 1b using (p-tolylsulfonyl)methyl isocyanide
(TosMIC) [11] as the cyclization reagent, which was ap-
plied in a new cyclization procedure without phase-transfer
conditions (Chart 1) [12].

Cyclophanes with aromatic rings linked through
–CH2COCH2– bridges are of special interest because of the
ease with which the carbonyl groups can be converted into
other functional groups. For example, the conversion of the
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Figure 1. Two possible conformers of [3.3.3]metacyclophanes.

carbonyl groups into dithio groups yields hosts with sulfur
atoms which can serve as further binding units for molecular
recognition. In this paper, we describe the functionalization
of carbonyl groups of [3.3.3]MCP ketones having C2 or C3
symmetry, synthesized by an improved TosMIC method and
their conformational and inclusion properties.

Results and discussion

The preparation of 6,15,24-tri-tert-butyl-9,18,27-tri-
methoxy[3.3.3]MCP-2,11,20-trione (1a) and 6,15,24-tri-
tert-butyl-9,18,27-trimethoxy[3.3.3]MCP-2,11-dione (1b)
using (p-tolylsulfonyl)-methylisocyanide (TosMIC) as the
cyclization reagent was previously reported [10]. In an
attempted conversion of the flexible [3.3.3]MCP ketones
1a and 1b into rigid host compounds to be used for com-
plexation studies, sulfurization reactions were carried out
on them. Thus triketone 1a and diketone 1b were converted
into cyclic thioketal derivatives 2a and 2b in 95 and 93%
yields, respectively.

The structures of 2a and 2b have been elucidated by ele-
mental analyses and spectral data. For instance, the mass
spectral data for 2a and 2b (M+ = 882 and 792) strongly
support thioketal structures, respectively. The IR spectra
of 2a and 2b show the disappearance of absorption of the
carbonyl stretching vibration around 1706 and 1720 cm−1,
respectively. On the other hand, there are only two possible
conformations in [3.3.3]MCPs as shown in Figure 1 [10].

The 1H-NMR spectrum (in CDCl3) of 2a at room tem-
perature exhibits two broad singlets at δ 3.0 and 3.3 for
the ArCH2C(SCH2)2CH2Ar methylene protons, and eth-
anedithia groups and the internal methoxy groups and a
broad singlet for the aromatic protons at δ 7.69. This obser-
vation strongly indicates the cyclophane ring to be flexibly
the same as in the parent triketone 1a at this temperature.
However, at −20 ◦C in CDCl3–CS2 (1:3 v/v) the two broad
singlet signals at around δ = 2–4 exibited the split pattern, of
which a set of doublets (JAB = 14.2 Hz) at δ 3.21 and 3.50 for
ArCH2C(SCH2)2CH2Ar methylene protons were observed,

Figure 2. Dynamic 1H NMR spectra of 2a (CDCl3–CS2 1/3; 270 MHz).

the aromatic protons are also observed to be split at δ 7.59
and 7.74 as broad singlets (relative intensity, 1:2) (Figure 2).

Thus, these findings are rationalized by the frozen rigid
structure of macrocycle 2a. In macrocycle 2a, two kinds
of methoxy groups were observed with one showing up at
a higher field, δ 2.69 and the other at δ 3.37 in a ratio of
1:2. The former is, most likely, the methoxy group on the
inverted aromatic which lies in the shielding zone of the
other two benzene rings. The splitting pattern in the low
temperature 1H NMR also shows that tris(thioketal) derivat-
ive 2a adopts a partial-cone conformation. The temperature
of coalescence is 0 ◦C and the free energy of activation for
inversion is estimated to be 13.2 kcal mol−1. The rate of
conformational ring flipping of 2a is faster than the NMR
time scale above this temperature. The value of the free en-
ergy of activation for inversion is larger than that of triketone
1a (Tc < −80 ◦C in CDCl3–CS2 (1:3 v/v)) [10]. Thus
this indicates that the tris(thioketal) 2a is more rigid than
the triketone 1a due to the conversion of ketone to the sp3-
spiro skeleton. On the other hand, in the 1H-NMR spectrum
(in CDCl3-CS2 (1:3 v/v)) of bis(thioketal) derivative 2b the
tert-butyl protons and the aromatic protons appeared as two
singlets at δ 1.30, 1.34 (relative intensity 2:1) and a set of
doublets at δ = 7.06, 7.56 (J = 2.4 Hz) and a singlet at δ =
7.78 (relative intensity 2:1) at room temperature. Although
2-partial-cone or 3-partial-cone conformers are possible in
the partial-cone-2b, these patterns correspond to the former
conformer due to the C2 symmetric structure but not the
unsymmetric structure (Figure 3). It was also found that the
inverted benzene protons are observed at δ = 7.78 as a singlet
which is in a strongly deshielding region of the sulfur atoms
of two ethanedithia groups. In contrast to 2a the protons of
the benzylic protons around δ 3.30–3.37 only appear as a
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Scheme 1.

Table 1. Extraction (%) of silver picrate in CH2Cl2
a

Ionophore Extraction (%)

2a 82

2b 62

6 18

8 7

aExtraction (%) of alkali metal picrates by ionophores in CH2Cl2. Extrac-
tion conditions; 2.5 × 10−4 M of ionophore in CH2Cl2; 2.5 × 10−4 M
of picric acid in 0.1M of AgNO3 at 25 ◦C. Ionophore solution (5.0 mL)
was shaken for 2 h with picrate solution (5.0 mL) and the % extraction was
measured by the absorbance of picrate in CH2Cl2. Experimental error was
±2%.

broad singlet even below −80 ◦C and the rate of conforma-
tional ring flipping of 2b is faster than the NMR time scale
above this temperature. This indicates that the bis(thioketal)
derivative 2b is much more flexible than the tris(thioketal)
derivative 2a.

Organosulfur compounds are known to bind strongly
to gold surfaces, thus making it possible for several self-
assembled monolayers of absorbates with a surface-active
sulfur group, an alkyl chain, and a terminal functional group
to be synthesized [13]. Reinhoudt and his co-workers have
recently reported the synthesis of various resorcin[4]arene
absorbates with four dialkyl sulfide chains underneath, a re-
ceptor which they used in detecting a specific gas [14]. It is
thus interesting to assess what kind of ionophoric cavity the
tris(thioketal) (2a) and bis(thioketal) derivative 2b provide.
To the best of our knowledge, however, no precedent exists
for the molecular design of such propane-bridged calixarene
analogous metacyclophane-based ionophores. The cation
binding properties of 2a and 2b were examined by the
liquid–liquid extraction method.

Although tris(thioketal) (2a) and bis(thioketal) deriv-
ative 2b both hardly extracted alkali metal cations and
n-butylammonium cation under the experimental condi-
tions used, high extractability for Ag+ was observed for
tris(thioketal) 2a and bis(thioketal) 2b (Table 1). The present
extractability for Ag+ (extraction %: 82%) are superior than
that of commercially available dibenzopyridino-18-crown-6

(extraction %: 65%) [15]. In contrast, the parent triketone
1a hardly extracted Ag+ cation in these experimental con-
ditions (extraction %: less than 1%). It was also found that
the reference compound 1,3-bis[(5-tert-butyl-2-methoxy-3-
methyl)phenyl]-2-(ethanedithia)propane 6, which was pre-
pared by treatment of ketone 5 with 1,2-ethanedithiol in 85%
yield, shows only low extractability for Ag+ cation in these
experimental conditions (extaraction %: 18%).

In order to study the synergism of the cyclophane moi-
ety in more detail, we have also prepared the corresponding
bis(thioketal) 8, which was prepared by treatment of 6,15-
di-tert-butyl-9,18-dimethoxy[3.3]MCP-2,11-dione 7 [12b]
with 1,2-ethanedithiol in 49% yield. Bis(thioketal) 8 also
shows only low extractability for Ag+ cation in these ex-
perimental conditions (extraction %: 7%). Therefore, the
synergism of the cyclophane moiety and the sulfur atoms in
the ethanedithia groups on the propane bridges plays a sig-
nificant role on the complexation of tris(thioketal) derivative
2a with Ag+ cation.

Recently, Shinkai et al. [16] reported that the 1,3-
alternate conformer of calix[4]arene tetraester can form both
a 1:1 and a 2:1 metal/calixarene complex and the two metal-
binding sites display negative allostericity by 1H NMR
titration experiment. In the present systems, due to the ex-
istence of three metal-binding sites of the thioketal moiety
there are several possibilities for the metal complexation
mode. Thus, a 1:1, 2:1 and 3:1 metal complexation of 2a
might be possible.

As shown in Figure 4, the percent extractions reach max-
imum at 0.5 mole fraction for this cation. This fact clearly
indicates that Ag+ forms a 1:1 complex with 2a. Thus we
could prove the synergism of the cyclophane moiety and
the three thioketal moieties in the complexation. In order
to prove the synergism between the cyclophane moiety and
the three thioketal moieties on the propane bridges in more
detail, we examined the 1H NMR chemical shift differences
between those before and after the addition of an equimolar
AgSO3CF3, and the composition of the ion-ionophore com-
plex. Titration of cyclic tris(thioketal) derivative 2a with
AgSO3CF3 in acetone-d6-CDCl3 (3:1 v/v), monitored by
1H NMR, clearly demonstrated that a 1:1 complex with a



140

Figure 3. Conformers possible for partial-cone-2b.

Scheme 2.

Figure 4. Job plots of the extractions of Ag+ with host 2a.

partial-cone conformation might be formed which is stable
on the NMR time scale.

In fact, the chemical shifts of a broad singlet around δ

7.69 for the aromatic protons of 2a were altered by titration
with AgSO3CF3: i.e., a 1:3 mixture of 2a and AgSO3CF3

showed a completely different 1H NMR spectrum with three
broad lines at δ 7.58, 7.67 and 7.84 (relative intensity, 1:1:1)
becoming evident for these protons. The upper field shift
for the aromatic protons might indicate the contribution of
the π-electrons of the benzene ring to the complexation by
the cation-π interactions [18]. Interestingly, the two broad
singlet signals around at δ = 2–4 exhibited the split pattern
even at room temperature, which are similar to those for the
original 1H NMR spectrum below −20 ◦C in the absence
of Ag+. This phenomenon indicates that the conformation
ring flipping of the flexible thioketal derivative 2a could be
frozen in the process of the complexation with Ag+ cation
at this temperature. The lone pairs of electrons on the sul-
fur atoms and the π-electrons of the benzene ring might be
responsible for the binding of the silver cation. Thus these
two groups arrange themselves in a manner forming pockets
into which the silver cation enters. These findings strongly
support the contribution of the sulfur atoms of thioketal moi-
eties to Ag+-binding as well as the cation-π interaction [17,
18] demonstrated by Shinkai et al. in the high Ag+ affinity
of 1,3-alternate-calix[4]arene [19]. They have also reported
the intramolecular tunnelling of Ag+ through the cavity of
the 1,3-alternate conformer of calix[4]arene, a motion that
they named “Metal Tunnelling” [19].

Interestingly, the 1H-NMR spectrum of a 1:1 mixture of
2a and Ag+ in acetone-d6-CDCl3 (3:1 v/v) at room tem-
perature exhibits a broad singlet for the aromatic protons
at δ 7.63 (Figure 5). This observation strongly indicates
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Scheme 3.

Figure 5. Partial VT 1H NMR spectra of a 1:1 mixture of 2a and
AgSO3CF3 (acetone-d6-CDCl3 3/1; 270 MHz).

that the cyclophane ring is still as flexible as in 2a at this
temperature. Upon decreasing the temperature, the broad
singlet signal split to three singlet signals around δ 7.61,
7.69 and 7.78 in the integral ratio of 1:1:1. This behaviour
is rationalized by the three non-equivalent aromatic protons
in the partial-cone conformation with C2 symmetry. In other
words, the conformational ring flipping with Ag+ cation in
the ionophilic cavity of the host molecule 2a occurred above
room temperature, but it was frozen below 0 ◦C.

More detailed examination of the chemical shift change
in the 1H NMR titration experiment of tris(thioketal) de-
rivative 2a with AgSO3CF3 suggests that Ag+ should be
bound to the ionophoric cavity, which is composed of three

phenolic oxygens, three sulfurs of ethanedithia groups and
three benzene rings. Interestingly, the inverted methoxy pro-
tons at δ 2.69 disappeared and shifted to lower field after
complexation with Ag+. This finding strongly suggests that
the methoxy group on the inverted aromatic might be de-
viated from the shielding zone of the other two benzene
rings. However, in this complex the assignment around δ 3–4
for the benzylic protons, methoxy protons and ethanedithia
protons is very complicated. Hence, it is difficult to obtain
useful information from the δ values for these protons. Fur-
ther experiments on these metal complexations are currently
in progress in our laboratory.

Conclusion

An interesting result was obtained by conversion of carbonyl
groups of [3.3.3]MCP ketones into ethanedithia groups. We
have demonstrated for the first time that the functionalization
of the flexible macrocycles 1 with 1,2-ethanedithiol gave
bis- and tris(ethanedithia) derivatives 2 with partial-cone
conformation. A two-phase solvent extraction experiment
identified that the cyclic thioketal 2a shows a strong Ag+
affinity thus making it possible for a high Ag+ selectivity
to be observed. Titration of the cyclic thioketal 2a with
AgSO3CF3 in acetone-d6-CDCl3 (3:1 v/v) monitored by
1H NMR clearly demonstrates that a 1:1 complex with a
“partial-cone” conformation is formed which is stable on the
NMR time scale below 0 ◦C. The synergism of the cyclo-
phane moiety and two or three ethanedithia groups on the
bridged chains play a significant role in the complexation of
bis- and tris(ethanedithia) derivatives 2a and 2b with Ag+
cation. These results consistently suggest that [3.3.3]MCP
ketones are useful basic skeletons for the design of artificial
receptors, particularly those with C3 symmetry.

Experimental

All mps (Yanagimoto MP-S1) are uncorrected. NMR spectra
were determined at 270 MHz with a Nippon Denshi JEOL
FT-270 NMR spectrometer with SiMe4 as an internal refer-
ence: J-values are given in Hz. IR spectra were measured
for samples as KBr pellets or a liquid film on NaCl plates in
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a Nipon Denshi JIR-AQ2OM spectrophotometer. UV spec-
tra were measured by a Shimadzu 240 spectrophotometer.
Mass spectra were obtained on a Nippon Denshi JMS-01SA-
2 spectrometer at 75 eV using a direct-inlet system through
GLC. Elemental analysis: Yanaco MT-5.

Materials

6,15,24-Tri-tert-butyl-9,18,27-trimethoxy[3.3.3]metacyclo-
phane-2,11,20-trione (1a) and 6,15,24-tri-tert-butyl-
9,18,27-trimethoxy[3.3.3]metacyclophane-2,11-dione (1b)
were prepared as previously described [10b]. 6,15-Di-tert-
butyl-9,18-trimethoxy[3.3]metacyclophane-2,11-dione (7)
was prepared according to the reported procedure [12b].

Synthesis

Preparation of 2,11,20-[tris(ethanedithia)]-6,15,24-tri-tert-
butyl-9,18,27-trimethoxy[3.3.3]metacyclophane (2a)

To a solution of 204 mg (0.312 mmol) of 1a and 1,2-
ethanedithiol (0.5 mL, 5.96 mmol) in acetic acid (10 mL)
was added boron trifluoride etherate (BF3OEt2) (0.1 mL,
0.392 mmol) under nitrogen and the reaction mixture stirred
at room temperature for 24 h. The reaction mixture was
poured into ice-water (50 mL), extracted with CH2Cl2 (2 ×
50 mL). The combined extracts were washed with water
(2 × 50 mL), dried (Na2SO4) and condensed under re-
duced pressure. The residue was chromatographed on silica
gel (Wako C-300, 100 g) with chloroform as an eluent to
give crude 2a. Recrystallization from hexane gave the title
compound 2a (261 mg, 95%) as colorless prisms; m.p. 254–
255 ◦C; νmax(KBr)/cm−1 2960, 2923, 2867, 2822, 1603,
1540, 1481, 1463, 1429, 1392, 1361, 1333, 1296, 1276,
1246, 1203, 1174, 1118, 1016, 956, 883; δH(CDCl3) (27 ◦C)
1.30 (27 H, s), 3.01 (9 H, broad s), 3.3 (24 H, broad s), 7.69
(6 H, broad s); δH(CS2–CDCl3 3:1) (−20 ◦C) 1.29 (18 H,
s), 1.34 (9 H, s), 2.69 (3 H, broad s), 2.98 (8 H, broad s),
3.21 (8 H, d, J 14.2), 3.19–3.24 (4 H, m), 3.37 (6 H, broad
s), 3.50 (4 H, d, J 14.2), 7.59 (2 H, broad s), 7.74 (4 H,
broad s); m/z: 882 (M+); Found: C, 64.97; H, 7.27. Calcd.
for C48H66O3S6: requires C, 65.26; H, 7.53%.

The splitting pattern in 1H NMR shows that the isolated
compound is partial-cone-2a.

Similarly, compound 2b was obtained in 93% yield.
2,11-[Bis(ethanedithia)]-6,15,24-tri-tert-butyl-9,18,27-

trimethoxy[3.3.3]metacyclophane (2b) was obtained as
colorless prisms (from hexane); m.p. 168–169 ◦C;
νmax(KBr)/cm−1 2955, 2925, 2866, 2824, 1503, 1500,
1481, 1453, 1392, 1352, 1331, 1295, 1276, 1244, 1202,
1174, 1115, 1016, 968, 825, 809; δH(CDCl3) 1.30 (18 H,
s), 1.34 (9 H, s), 1.27–1.34 (4 H, m), 1.86–2.00 (2 H, m),
2.64 (6 H, broad s), 3.14 (3 H, broad s), 3.30–3.37 (16 H,
m), 7.06 (2 H, d, J 2.4), 7.56 (2 H, d, J 2.4), 7.78 (2 H,
s); m/z: 792 (M+); Found: C, 69.81; H, 8.11. Calcd. for
C46H64O3S4: requires C, 69.65; H, 8.13%.

Preparation of
2-bromomethyl-4-tert-butyl-6-methylanisole (4)

A mixture of 4-tert-butyl-2-methylanisole (3) (4.0 g, 22.4
mmol), paraformaldehyde (2.4 g), acetic acid (6 mL),
H3PO4 (85%, 6 mL), and concentrated HBr (48%, 14 mL)
was heated at 85–90 ◦C with vigorous stirring for 90 min.
The reaction mixture was extracted with benzene (3 × 50
mL). The combined extracts were neutralized with a 10%
aqueous Na2CO3 solution, washed with water, dried with
Na2SO4, and the solvent was evaporated in vacuo to leave
a residue, which was chromatographed on silica gel with
hexane as the eluent to give the title compound 4 (4.7 g,
77%) as a colorless oil; δH(CDCl3) 1.29 (9 H, s), 2.30 (3
H, s), 3.85 (3 H, s), 4.58 (2 H, s), 7.15 (1 H, s), 7.20 (1 H, s).

Preparation of 1,3-bis[(5-tert-butyl-2-methoxy-3-
methyl)phenyl]-2-propanone (5)

To a solution of bromide 4 (2 g, 7.4 mmol) and TosMIC (723
mg, 7.4 mmol) in DMF (40 mL) was added a suspension of
NaH (400 mg, 10 mmol) in DMF (12 mL) dropwise over
a period of 30 min. After the suspension was stirred for an
additional 5 h at room temperature, it was quenched with
ice-water (100 mL). The reaction mixture was extracted with
CH2Cl2 (3×50 mL) and washed with water (100 mL), dried
with Na2SO4 and concentrated. The residue was dissolved
by THF (20 mL) and conc. HCl (7 mL) was added. Then
the solution was stirred for 15 min. The organic layer was
again extracted with CH2Cl2 (3 × 50 mL), washed with
water (50 mL × 2), dried with Na2SO4, and concentrated
under reduced pressure. The residue was chromatographed
on silica gel using benzene-CHCl3 (1:1) as eluent to give
the title compound 5 (843 mg, 55.4%) as a pale yellow oil;
δH(CDCl3) 1.27 (18 H, s), 2.29 (6 H, s), 3.63 (6 H, s), 3.75
(4 H, s), 6.96 (2 H, s), 7.08 (2 H, s); m/z: 410 (M+); Found:
C, 78.73; H, 9.57. Calcd. for C27H38O3: requires C, 78.98;
H, 9.33%.

Preparation of 1,3-bis[(5-tert-butyl-2-methoxy-3-
methyl)phenyl]-2-(ethanedithia)propane (6)

To a solution of 100 mg (0.24 mmol) of 5 and 1,2-
ethanedithiol (0.35 mL, 4.27 mmol) in acetic acid (6 mL)
was added boron trifluoride etherate (BF3OEt2) (0.1 mL,
0.392 mmol) under nitrogen and the reaction mixture was
stirred at room temperature for 24 h. The reaction mixture
was poured into ice-water (50 mL), extracted with CH2Cl2
(2 × 50 mL). The combined extracts were washed with
water (2 ×50 mL), dried (Na2SO4) and condensed under re-
duced pressure. The residue was chromatographed on silica
gel (Wako C-300, 100 g) with chloroform as an eluent to
give the title compound 6 (100 mg, 85%) as colourless oil;
νmax(KBr)/cm−1 2963, 2920, 1482, 1262, 1203, 1100, 1018,
799; δH(CDCl3) 1.29 (18 H, s), 2.29 (6 H, s), 2.88 (4 H, s),
3.31 (4 H, s), 3.63 (6 H, s), 7.06 (2 H, d, J 2.4), 7.53 (2 H, d,
J 2.4); m/z: 486 (M+); Found: C, 71.79; H, 8.67. Calcd. for
C29H42O2S2: requires C, 71.56; H, 8.7%.
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Preparation of 2,11-[bis(ethanedithia)]-6,15-di-tert-butyl-
9,18-dimethoxy[3.3]metacyclophane (8)
To a solution of 100 mg (0.23 mmol) of 6,15-di-tert-butyl-
9,18-dimethoxy[3.3]metacyclophane-2,11-dione (7) and
1,2-ethanedithiol (0.37 mL, 4.45 mmol) in acetic acid (6.0
mL) was added boron trifluoride etherate (BF3OEt2) (0.1
mL, 0.392 mmol) under nitrogen and the reaction mixture
stirred at room temperature for 24 h. The reaction mixture
was poured into ice-water (50 mL), extracted with CH2Cl2
(2 × 50 mL). The combined extracts were washed with
water (2 × 50 mL), dried (Na2SO4) and condensed under
reduced pressure. The residue was chromatographed on
silica gel (Wako C-300, 100 g) with chloroform as an eluent
to give crude 8. Recrystallization from hexane gave the title
compound 8 (66 mg, 48.9%) as prisms; m.p. 288–290 ◦C;
νmax(KBr)/cm−1 2963, 2920, 1482, 1262, 1203, 1100, 1018,
799; δH(CDCl3) 1.14 (18 H, s), 3.09 (4 H, d, J 13.7), 3.39
(6 H, s), 3.48–3.50 (8 H, m), 3.91 (4 H, d, J 13.7), 7.23 (4
H, s); m/z: 588 (M+); Found: C, 65.17; H, 7.42. Calcd. for
C32H44O2S4: requires C, 65.26; H, 7.53%.

Picrate extraction measurements

Alkali metal picrates (2.5 × 10−4 M) were prepared in
situ by dissolving the alkali metal hydroxide (0.01 mol) in
2.5 × 10−4 M picric acid (100 mL); triply distilled water
was used for all aqueous solutions. Similarly, silver picrate
was prepared in situ by dissolving silver nitrate in 2.5×10−4

M picric acid. Two-phase solvent extraction was carried out
between water (5 mL, [alkali picrate] = 2.5 × 10−4 M) and
CH2Cl2 (5 mL, [ionophore] = 2.5 × 10−4 M). The two-
phase mixture was shaken in a stoppered flask for 2 h at
25 ◦C. We confirmed that this period is sufficient to attain
the distribution equilibrium. This was repeated 3 times, and
the solutions were left standing until phase separation was
complete. The extractability was determined spectrophoto-
chemically from the decrease in the absorbance of the picrate
ion in the aqueous phase as described by Pedersen[20].

1H NMR complexation experiment

To a CDCl3 solution (5 × 10−4 M) of 2 in the NMR
tube was added an acetone-d6 solution (5 × 10−4 M) of
AgSO3CF3. The spectrum was registered after addition and
the temperature of the NMR probe kept constant at 27 ◦C.
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