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1,3-Bis(O-cyanomethyl)-p-tert-butylthiacalix[4]arene (5)
has been found to interconvert between syn and anti conforma-
tions in solution. The equilibrium shifts toward the anti form
with increasing solvent polarity. In the solid state, it adopts a
pinched cone conformation with the syn arrangement of the cy-
anomethyl groups. Reduction of the equilibrium mixture of 5
with LiAlH4 gives only anti stereoisomer of 1,3-bis(O-amino-
ethyl)-p-tert-butylthiacalix[4]arene.

Calixarenes are an extensively utilized scaffold for the con-
struction of synthetic receptors of metal ions and neutral mole-
cules.1,2 It has been a common understanding in calixarene
chemistry that two propyl1,2 and even two cyanomethyl3 groups
on the phenoxy oxygens of 1,3-dialkylated calix[4]arenes (e.g.
2) are bulky enough to prevent the interconversion between their
conformational isomers originated from syn and anti arrange-
ments of the two alkyl groups with respect to the mean plane de-
fined by the macrocycle, via the oxygen-through-the-annulus ro-
tation.4 It is also well known that the dialkylation of methylene-
bridged calix[4]arenes with alkyl halides in the presence of a
base preferentially affords 1,3-isomers of syn conformation,5

by virtue of a circular intramolecular hydrogen bonding in the
monoalkylated intermediate.6 Although p-tert-butylthiacalix[4]-
arene (3)7 has approximately a 10% larger ring radius than the
methylene-bridged analog 1,8 it has been shown that the dialky-
lation of 3 with iodopropane also gave syn-1,3-diether 4,9 indi-
cating that two propyl groups are large enough to prevent the
syn–anti isomerization even in the case of thiacalix[4]arenes.
During the course of the preparation of syn-1,3-bis(O-aminoeth-
yl)-p-tert-butylthiacalix[4]arene (7), we have found, however,
that 1,3-bis(O-cyanomethyl)-p-tert-butylthiacalix[4]arene (5) is

in an equilibrium state between the syn and anti conformations
in solution even at room temperature. This type of behavior is
unprecedented so far in calixarene chemistry. Here, we report
the conformational behavior of compound 5.

The alkylation of thiacalix[4]arene 3 with chloroacetonitrile
conducted under the same conditions as used for the convention-
al calix[4]arene3 (3:ClCH2CN:K2CO3:NaI = 1:4:4:4) did not
give the desired 1,3-dialkylated product but a complex, hardly
isolable mixture. However, the reaction of 3 with 3.5mol equiv.
of chloroacetonitrile in the presence of 1mol equiv. of Cs2CO3

and 3mol equiv. of NaI in refluxing THF for 7 days gave 1,3-
and 1,2-dialkylated products 5 and 6 in 70 and <1% yields, re-
spectively. The compounds showed the molecular ion peak at
798 (Mþ) in the FAB mass spectra, indicating that both are dou-
bly cyanomethylated derivatives.

The 1H NMR spectrum of compound 5 revealed that it was
in an equilibrium state between two conformational isomers, the
ratio being 68:32 in CDCl3. Each conformer showed two singlets
(18H each) for the tert-butyl protons, one singlet (4H) for the cy-
anomethyl protons, and two singles (4H each) for the aromatic
protons,10 the magnetic equivalences suggesting C2-symmetric
structures. Thus, one conformer may be assigned to syn isomer
and the other to anti, where the phenol units rapidly interconvert
via the oxygen-through-the-annulus rotation (Eq 1).11 Alterna-
tively, both may be assigned to syn isomers which adopt cone
and 1,3-alternate conformations, respectively. It is quite interest-
ing to note here that the reduction of 5 with LiAlH4 in THF at
0 �C afforded, though in a poor yield (20%), only anti-1,3-
bis(O-aminoethyl) compound 7.12 Considering the fact that
syn- and anti-7 are stable enough to be isolated,13 the observa-
tion can be interpreted only by the mechanism that compound
5 is in an equilibrium state between syn and anti isomers and
the hydride reagent selectively reacts with the anti isomer to give
anti-7. It has been reported that tetrapropyl ether of thiacalixar-
ene 3 gradually isomerizes in refluxing CHCl2CHCl2.

15 Actual-
ly, syn-1,3-dipropyl ether 4 was found to isomerize under the
same conditions to give, after 48 h, a 16:1 mixture of syn and anti
isomers. On the other hand, compound 5, bearing smaller sub-
stituents than 4, did not show any change after the same treat-
ment, which may support the syn–anti equilibrium at room tem-
perature. In the 1H NMR spectrum, the methylene signal of the
minor isomer of 5 appeared at 4.64 ppm in CDCl3, while that of
the major at 5.44 ppm.10 The upfield shift is attributable to the
shielding effect by the facing benzene ring, which may tentative-
ly assign the minor isomer to be anti form. The ratio of the syn
and anti isomers was found to change from 84:16 in CDCl2-
CDCl2, via 68:32 in CDCl3 and 66:34 in THF, to 58:42 in

Chart 1.
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DMSO-d6 at room temperature. This means that the equilibrium
shifts toward the anti isomer with increasing the solvent
polarity.16

Compound 5, which is conformationally mobile in solution,
however, crystallized out in a pinched cone conformation with
the syn arrangement of the two cyanomethyl groups, as is clear
from the X-ray crystallographic analysis (Figure 1):10 The two
benzene rings (B and D) bearing the cyanomethyl moiety are al-
most parallel to each other and the two phenolic rings (A and C)
are tilted so as to place the hydroxy groups inside the macrocycle
in such a way that each hydroxy proton (HA or HC) forms hydro-
gen bondings with the same etheral oxygen (OB) and with one
bridging sulfur atom (S1 or S2), the bond lengths of HA–OB,
HC–OB, HA–S1, and HC–S2 being 2.57, 2.28, 2.43, and 2.49 �A,
respectively. The former type of asymmetric hydrogen boding
between two hydroxy groups and only one ethereal oxygen is
quite unique in calixarene chemistry. Interestingly, one of the
two methylene moieties is oriented inside the macrocycle, while
the other outside. The irregular inward orientation will be attrib-
uted to some packing forces.

The 1H NMR spectrum of 1,2-bis(O-cyanomethyl) counter-
part 6 also showed the presence of two conformational isomers
in the ratio of 67:33 in CDCl3 at room temperature. Each con-
former showed two singlets (18H each) for the tert-butyl pro-
tons, two doublets (2H each) for the cyanomethyl protons, and
four doublets (2H each) for the aromatic protons.17 Thus, one
conformer might be assigned to syn isomer and the other to anti,
if the phenol units rapidly interconvert via the oxygen-through-
the-annulus rotation.

In conclusion, we have shown here that 1,3-bis(O-cyano-
methyl)-p-tert-butylthiacalix[4]arene (5) interconverts between
syn and anti conformations in solution. It was reported that the
methylene-bridged analog 2 obtained by a similar etherification
of conventional calix[4]arene 1 adopted syn form in a cone con-
formation.3 It is interesting to note that the enlarged ring size of 5
as compared to 2 critically allows the through-the-annulus rota-
tion of the cyanomethyl group.
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Figure 1. X-ray structure and its schematic view of compound
5. H atoms except for OH groups are omitted for clarity.
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