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Abstract—Mono-, di-, and tetraiodothiacalix[4]arenes 13–16 have been successfully synthesized for the first time by the Griess reac-
tion of diazonium salts of the corresponding aminothiacalix[4]arenes 4–7. X-ray crystallography reveals that monoiodinated com-
pound 13 adopts a distorted pinched cone conformation, in which the three hydroxy groups and the iodine atom form a pseudo-
cyclic hydrogen bonding. On the other hand, tetraiodinated compound 16 adopts a 1,3-alternate conformation presumably due to
the steric hindrance and dipole repulsion between the iodine atoms.
� 2007 Elsevier Ltd. All rights reserved.
Calix[4]arenes are one of the most popular building
blocks in the field of supramolecular chemistry.1 Among
a large number of calixarene derivatives, halogenated
ones such as iodine derivatives (e.g., 1) are especially
useful as an intermediate for the elaboration of sophisti-
cated molecular hosts by using various reactions includ-
ing transmetallations and transition metal-catalyzed
coupling reactions. Although a number of papers have
dealt with the introduction of halo-substituents into
the upper rim of calixarenes (para to the hydroxy group)
and their successive transformation into other func-
tional groups,2 it is quite recent that a calixarene bearing
iodo-substituents at the lower rim (2) has appeared in
the literature for the first time as an accidental by-prod-
uct of the palladium-catalyzed Sonogashira coupling
reaction of 1,3-bistriflate of calix[4]arene.3,4 This is due
to the difficulty of replacing hydroxy groups on the
benzene nuclei of calixarenes with other functions by
cleaving the aryl-oxygen bond particularly in the case
of calixarenes of small ring size.6 In addition, thiacalix-
arenes (e.g., 3), having epithio groups instead of methy-
lene bridges in the conventional calixarenes, often show
different reactivity and/or selectivity from those of the
methylene-bridged counterparts in the modification
reactions and the palladium-catalyzed iodination was
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found to be inapplicable to 1,3-bistriflate of thiaca-
lix[4]arene 3. In our continuing efforts to develop novel
functions of thiacalixarenes,7 we have recently suc-
ceeded in the synthesis of tetraaminothiacalix[4]arene 4
via a chelation-assisted nucleophilic aromatic substitu-
tion (SNAr) reaction8 of tetra-O-methylsulfinylcalix-
[4]arene of rtct configuration9 8(rtct) with lithium benz-
ylamide, followed by debenzylation of the resulting
tetra(benzylamino)sulfinylcalix[4]arene and successive
reduction of the sulfinyl functions.10 In the solvent
extraction experiment, while thiacalixarene 3 can extract
soft to intermediate metal ions by cooperative coordina-
tion of the bridging sulfur with two neighboring pheno-
lates to the metal center,11 aminothiacalixarene 4
selectively extracted gold and palladium ions,12 which
are classified as the softest among metal ions. This was
attributed to the softer nature of the amino nitrogen
than hydroxy oxygen, which realized selective coordina-
tion to these softest metal ions. On the other hand, it
goes without saying that the amino group is pivotal in
aromatic synthesis as it can be easily converted into var-
ious functions via diazonium salts.13 Therefore, amino-
thiacalixarene 4 does not only present attractive
features not attainable by phenol-based calixarenes as
a host molecule but is also expected to serve as a useful
precursor of highly elaborated synthetic receptors. Here-
in, we wish to report the first synthesis of iodothiacalix-
arenes, in which all or a part of the hydroxy groups of
thiacalixarene 3 are replaced with iodine atoms, by
iodination of diazonium salts prepared from amino-
thiacalixarenes 4–7.
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Prerequisite tetraaminothiacalixarene 4 was prepared
according to our previously reported procedure.10 We
have found that mono- and diaminothiacalixarenes 5–
7 can also be prepared by a similar procedure by using
tetra-O-methylsulfinylcalixarene of rctt configuration9

8(rctt) as a starting material (Scheme 1). Thus, the SNAr
reaction of 8(rctt) with 8.0 mol equiv of lithium benzyl-
amide in THF gave 1,3-diaminosulfinylcalixarene 11 in
48% yield with concomitant formation of a small
amount of monoamino counterpart 9, which was in turn
obtained in substantial yield by reducing the reaction
time (Scheme 1). On the other hand, no triaminated
8(rctt): X = OCH3 9: X = OCH3, R = CH2Ph
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Scheme 1. Reagents and conditions: (i) PhCH2NHLi, THF, rt; (ii) NBS
CH3(CH2)7SH, THF, reflux; (v) LiAlH4, TiCl4, THF, rt; (vi) Bu4NF, THF,
compound could be prepared by changing the reaction
conditions and/or employing the other stereoisomer9

of compound 8. Removal of the benzyl moieties (10)
from 910 followed by demethylation with a sodium
thioalkoxide and subsequent reduction of the sulfinyl
functions with LiAlH4–TiCl4

14 delivered the desired
monoaminothacalixarene 5.15 On the other hand, direct
reduction of debenzylated compound 10 gave O-methyl
protected monoamine 6.15 O-Methyl protected diamine
7 was also obtained from diaminosulfinylcalixarene 11
by applying the same procedure as used for the prepara-
tion of monoamine 6.15

Monoamine 5 was diazotized with nitrous acid in acetic
acid by stirring the mixture for 4 h to give a clear solu-
tion of the diazonium salt, which was treated with KI
and I2 to give monoiodinated compound 13 in 11%
yield,16,17 accompanied by the formation of many
unidentified by-products (Scheme 2). The identity of
13 was confirmed by FAB-MS [m/z 830 (M+)] and 1H
NMR spectrum, which showed three singlets for the
tert-butyl protons (9H, 9H, and 18H) and two singlets
(each 2H) and two doublets (each 2H) for the aromatic
protons, being consistent with a symmetric structure
with a r-plane. Biali and co-workers reported that the
thermal dediazoniation of a diazonium salt of mono-
aminocalix[5]arene afforded a xanthene-type compound
by an intramolecular cyclization between the in situ-gen-
erated phenyl cation and an adjacent hydroxy group.5

Such a cyclization could be a cause of reducing the yield
in the present iodination. We then tried the reaction of
O-methyl protected amines 6 and 7. To our pleasure,
they gave the corresponding mono- and diiodinated
compounds 14 and 15,17 respectively, in good yields.
Iodination of compound 4, having four amino groups
to be converted, was difficult but gave tetraiodinated
compound 16 in a meaningful yield.17 It should be noted
that this is the first successful synthesis of a calix-type
compound in which all the hydroxy groups at the lower
rim are replaced with halogen atoms. The 1H NMR
10: X = OCH3
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Scheme 2. Reagents and conditions: (i) NaNO2, H2SO4, CH3CO2H,
rt; (ii) KI, I2, rt.

Figure 1. X-ray structure of compound 13. (a) Side view; (b) top view.
Hydrogen atoms except of OH are omitted for clarity.

Figure 2. X-ray structure of 16. Hydrogen atoms and solvent are
omitted for clarity.
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spectrum of 16 showed one singlet each for the tert-butyl
and aromatic protons, indicating that the compound
adopted either cone or 1,3-alternate conformation. The
latter conformation is the same as that in the crystals
and more feasible in the solution, considering the steric
hindrance and dipole repulsion between the iodine
atoms (vide infra).

X-ray crystallographic analyses of compounds 13 and 16
were carried out to examine the influence of the iodine
substituent(s) on the conformation of the calixarene
framework.18 Single crystals of 13 and 16 were obtained
by slow diffusion of ethanol or hexane to a chloroform
solution of each compound. Compound 13 adopted a
distorted pinched cone conformation, in which the benz-
ene ring bearing the iodine atom was almost parallel to
the facing benzene ring and tilted so as to put the bulky
iodine atom outside the macrocycle, the dihedral angles
between the facing benzene rings being 3.97(15)� for the
A–C pair and 87.83(8)� for the B–D pair, respectively
(Fig. 1). No solvent was included in the cavity due to
the distorted structure. The conformation was stabilized
by a pseudo-cyclic hydrogen bonding among the three
hydroxy groups and the iodine atom as evidenced by
the interatomic distances between O1–O2 (2.828 Å),
O2–O3 (3.182 Å), O3–I (3.841 Å), and I–O1 (4.081 Å)
atoms. On the other hand, compound 16 adopted 1,3-
alternate conformation with C2 symmetry, which would
be the result of minimizing the dipole moment of the
molecule and avoiding the steric hindrance between
the iodine atoms (Fig. 2). It is of interest to note here
that the trigonal planar geometry of four aromatic car-
bons bearing an iodine atom was warped outside the
macrocycle to place the facing iodine atoms apart from
each other, the deviations form the trigonal plane
defined by the improper torsion angles being 1.20� for
I1, I1* and 1.43� for I2, I2*, respectively.

In conclusion, we have synthesized mono-, di-, and tetra-
iodothiacalix[4]arenes for the first time by the Griess
reaction of diazonium salts of the corresponding amino-
thiacalix[4]arenes, which could be prepared by using a
chelation-assisted SNAr reaction of tetra-O-methyl-
sulfinylcalix[4]arenes with lithium benzylamide as a
key step. X-ray crystallographic analyses of two iodin-
ated compounds revealed that their conformations were
affected by the bulkiness, electronegativity, and hydro-
gen-bonding acceptor nature of the iodine atoms. The
structural information is potentially useful for a further
derivatization of these compounds.
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82.817(3)�, V = 2009.4(5) Å3, Z = 2, 9175 independent
reflections, 7426 reflections were observed (I > 2r(I)),
R1 = 0.0392, wR2 = 0.1041 (observed), R1 = 0.0488,
wR2 = 0.1079 (all data). Crystallographic data for
16ÆCHCl3: C41H45Cl3I4S4, fw = 1279.96, orthorhombic,
Pbcn, a = 15.198(2) Å, b = 22.152(3) Å, c =
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