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Abstract—As bifunctional reagents, bis(tosyloxyethoxy)benzenes can react with p-tert-butylcalix[4]arene or p-tert-butylthiaca-
lix[4]arene to afford intramolecularly bridged (1+1) or intermolecularly bridged (2+2) products. It was found that the bridging pat-
tern strongly depended on the structure of bis(tosyloxyethoxy)benzene and the kind of calixarene. For the ortho-isomer of
bis(tosyloxyethoxy)benzene, intramolecularly bridged calix[4]Jarene and thiacalix[4]arene were the main products. For the para-iso-
mer, the bridging reaction was in a (2+2) fashion. As for the meta-isomer, double thiacalix[4]Jarene and intramolecularly bridged

calix[4]crown were synthesized.
© 2006 Elsevier Ltd. All rights reserved.

It is well known that bifunctional reagents can react
with calix[4]arene to afford intermolecularly or intramo-
lecularly bridged products depending on the structure of
the reactants and the reaction conditions. In a few cases,
both kinds of products can be obtained, although one of
them is always a by-product. In general, p-dihalomethyl-
arene, m-dihalomethylarene and short, rigid reagents
such as ethylene ditosylate are preferable to form inter-
molecularly bridged products; o-dihalomethylarene,
long and flexible reagents such as oligoethylene glycol
ditosylates are preferable to afford intramolecularly
bridged ones, although exceptions sometimes do occur.!

Thiacalixarene (TCA) is a new member of the calixarene
family, and its potential applications are based on
replacing traditional methyl bridges with sulfur
atoms.?> However, its conformation is rather mobile
which inhibits its application as a host molecule. Intra-
or inter-bridging is an effective route to inhibit its flexi-
bility or even immobilize its conformation. A number of
bridged thiacalix[4]arenes have been synthesized from
thiacalix[4]arene directly* '3 or indirectly,'*!® by the
traditional base promoted synthesis* 1912 or Mitsun-
obu protocol using the DEAD/TPP system.” In most
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cases, intramolecularly bridged products were the main
resultants from thiacalix[4]arene itself. The first repre-
sentatives of 1,3-alternate thiacalix[4]monocrown-5 and
-6 were reported in 2002,” and 1,3-conic thiaca-
lix[4]Jmonocrown-4 and -5 were prepared by the cyclo-
condensation of thiacalix[4Jarene with corresponding
oligoethylene glycol under Mitsunobu protocol.”® Other
intramolecularly bridged products including 1,2-
crowned thiacalix[4]arenes were also reported.”” How-
ever, the (2+2) coupling was rather rare. Under the
Mitsunobu protocol, two thiacalix[4]Jarenes reacted with
two diethylene glycols to give a (2+2) cyclocondensation
product, wherein two thiacalix subunits were connected
by diethylene glycol chains,”® and the Mitsunobu reac-
tion of TCA with thiodiethylene glycol (TDEG) or N-
phenyl-iminodiethanol also gave intermolecular prod-
ucts.”® Another (2+2) cyclocondensation product was
obtained from thiacalix[4Jarene and 1,3-propanediol.’®
Very recently, we have synthesized a new double thia-
calix[4]arene by the reaction of thiacalix[4]arene with
2,6-bis(bromomethyl)-4-methylanisole, a novel type of
intermolecularly coupled product.!” Bis(tosyloxyeth-
oxy)benzenes are an interesting type of bridging re-
agents, which contain a rigid arene nuclei and two
flexible oxyethylene arms. It is interesting to see what
happens when they are used as bridging reagents to react
with thiacalix[4]arene and calix[4]arene.

The reaction of p-tert-butylcalix[4]arene or p-tert-butyl-
thiacalix[4]Jarene with bis(tosyloxyethoxy)benzene in
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Figure 1. (1+1) coupling or (2+2) coupling for p-tert-butylcalix[4]Jarene and p-tert-butylthiacalix[4]Jarene with bis(tosyloxyethoxy)benzenes.

Na,COs/toluene afforded intramolecularly bridged
(14+1) or intermolecularly bridged (2+2) products. The
synthetic route was depicted in Figure 1. When 1,2-
bis(tosyloxyethoxy)benzene was used as the bridging re-
agent, intramolecularly bridged (1+1) calix[4]crown 2a
and thiacalix[4Jcrown 2b were afforded. For 1,3-
bis(tosyloxyethoxy)benzene, intramolecularly bridged
(14+1) calix[4]crown 3a and intermolecularly bridged
(2+2) double thiacalixarene 3b were obtained. When
1,4-bis(tosyloxyethoxy)benzene was used as bridging re-
agent, intermolecularly bridged (2+2) products were ob-
tained; at least, only double p-rert-butylcalix[4]arenes 4a
and double thiacalix[4]Jarenes 4b were separated. Their
structures were characterized by ESI MS, elemental
analyses, and '"H NMR spectra.'®

Compounds 2a and 2b were synthesized in the yields of
25% and 34%, respectively. The ESI-MS data proved 2a
and 2b to be (1+1) intramolecularly coupled derivatives.
Their "H NMR spectra showed two singlets in a ratio of
1:1 for the tert-butyl protons, which indicated clearly
that they were 1,3-bridged products. The signals of
methylene protons of 2a appeared as a pair of doublets,
suggesting that it existed in a conic conformation. In the
"H NMR spectrum of 2b, the signals of zerz-butyl pro-
tons appeared at 6 0.91 and 1.30 ppm, which were sim-
ilar to that of 1,3-conic monocrown thiacalix[4]arene (6
0.93 and 1.36 ppm).”?

Compounds 3a and 3b were similarly obtained in the
yields of 35% and 13%, respectively. The "H NMR spec-
tra of 3a and 3b showed two singlets in a ratio of 1:1 for
the tert-butyl protons as well as the aromatic protons on
the skeleton of 3a and 3b, which obviously indicated
that they were 1,3-bridged products. Their ESI-MS
spectra showed that 3a was an (1+1) intramolecular
ring-closure product and 3b was an (2+2) intermolecu-
larly bridged p-tert-butylthiacalix[4]arene. Furthermore,
in the '"H NMR spectrum of 3a, a pair of doublets was
assigned for the methylene-bridged protons, which indi-
cated that 3a was locked in a conic conformation. The
signals of tert-butyl protons of 3b at 6 0.82 and
1.33 ppm were so similar to those of the conic double
thiacalix[4]arenes reported by Bitter and co-workers’®*

and Beer and co-workers,! it was suggested that the

conformation of 3b should be conic.

The ESI-MS data showed that 4a and 4b were (2+2)
coupled resultants. In their '"H NMR spectra, their
highly symmetric structures were reflected by the pres-
ence of two tert-butyl signals of equal intensity and
two resonances for phenyl protons in a 1:1 ratio, which
indicated that they were 1,3-bridged products. The sig-
nals the of methylene protons of 4a split as a pair of
doublets, which suggested that it adopted a conic con-
formation. Because the spectrum of 4b was so similar
to its analogues of conic double thiacalix[4]arenes re-
ported by Bitter and co-workers’®® and Beer and co-
workers, !> it was suggested that 4b existed in a conic
conformation too.

The model of the bridging reaction affected the yield of
the product. The yields of (2+2) coupling were lower
than that of the (1+1) coupled resultants. When two
kinds of products were obtained at the same time,
(1+1) bridging resultant was usually preferable. The
similar observation was also reported by Vicens and
co-workers in their investigation for the reaction of p-
tert-butylcalix[4]arene with triethylene glycol ditosylate,
they found that the intramolecular and intermolecular
bridged products were in the yields of 52% and 15%,
respectively.!® In addition, the types of reaction
products depend on the kinds of bis(tosyloxyeth-
oxy)benzenes, but not calixarenes when 1,2-bis(tosyl-
oxyethoxy)benzene and 1,4-bis(tosyloxyethoxy)benzene
were used. In such cases, intramolecular coupled
products and intermolecular coupled products were ob-
tained, respectively. When 1,3-bis(tosyloxyethoxy)benz-
ene was used as the bridging reagent, the bridging
pattern was determined by the type of calixarene being
used, and double thiacalix[4]Jarene derivative and
calix[4]crown were obtained, respectively.

The shape of bis(tosyloxyethoxy)benzene affected the
model of the bridging reaction. 1,4-Isomer is a linear
molecule, and the angle between the two oxyethylene
arms is 180 degree, and it is beneficial to form an inter-
molecular bridged product. On the other hand, the 1,2-
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isomer is a bent molecule, and the angle of two oxyeth-
ylene is 60 degree; obviously, this would favor an intra-
molecular coupling. Similarly, Csokai et al. also
reported that the reaction of thiacalix[4]arene with 1,2-
dihydroxyethoxyethoxybenzene afforded thiacalix[4]-
crown in a yield of 50% under the Mitsunobu proto-
col.” 1,3-Isomer situates at the boundary, both coupling
patterns might occur, intra versus intermolecular reac-
tion pathway is determined by the size complementarity
between reagent and substrate. The reaction pattern of
bis(tosyloxyethoxy)benzenes is different from that of
the dihalomethylbenzenes to some extent, because the
former possess a rigid core and two flexible oxyethylene
arms, while the latter possess a rigid core with two rigid
methylene groups.

In conclusion, bis(tosyloxyethoxy)benzenes are a new
type of bridging reagents for calixarenes. They possess
a rigid phenylene core with two flexible oxyethylene
arms. 1,2-Bis(tosyloxyethoxy)benzene tends to form
intramolecularly bridged products with calix[4]arene
and thiacalix[4]arene, while 1,4-isomer is preferable to
form the intermolecularly bridged ones. For 1,3-isomer,
the bridging pattern is dependent on the nature of calix-
arene being used.
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