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An oxacalix[2]arene[2]pyrimidine-bis(Zn -porphyrin) conjugate was readily prepared via nucleophilic
aromatic substitution of a phenolic AB3-Zn-porphyrin on the upper rim of a (1,3-alternate) 5,17-bis(meth-
ylsulfonyl)oxacalix[4]arene precursor. Efficient 1:1 complex formation between the ‘jaws’ bisporphyrin
tweezer and fullerene C70 was evidenced by 1H NMR titrations (K = 3.0 � 104 M�1), while no detectable
complexation could be observed with C60. On the other hand, an analogous oxacalix[4]arene-bis(Cu-cor-
role) conjugate did not show any measurable (C60 or C70) fullerene binding.

� 2010 Elsevier Ltd. All rights reserved.
Traditional methylene-bridged calixarenes and thiacalixarenes
are well-known, generally applied building blocks and scaffolds
within supramolecular chemistry.1,2 These macrocycles are rela-
tively easy to prepare and functionalize, and show particular confor-
mational preferences. The N- and O-bridged counterparts (aza- and
oxacalixarenes, respectively) are less familiar members of the hete-
racalixarene subclass.3–6 Oxacalixarene chemistry has been rejuve-
nated in recent years,4–6 but supramolecular applications have
only scarcely been explored. A particular advantage of oxacalixa-
renes in respect to most other members of the calixarene family is
the 1,3-alternate conformation of the smallest and most rigid oxaca-
lix[4]arene, as generally observed in solid-state X-ray structures.4–7

This conformation appears to be (most) promising to generate preor-
ganized supramolecular receptors, for example, for cations, anions
or fullerenes.

Recently, the Leuven group has developed versatile and selec-
tive synthetic protocols towards both oxacalix[2]arene[2]pyrimi-
dines,8 applying a convenient one-pot procedure, and enlarged
calixarene macrocycles (oxacalix[6]- and oxacalix[8]arenes),9

using efficient fragment-coupling approaches. The most appealing
aspect of oxacalix[m]arene[m]pyrimidines is the ease and wide
scope of derivatization of the outer perimeter, for example, via
nucleophilic aromatic substitution (SNAr) reactions.10 Alongside
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the assumed preorganization in a 1,3-alternate conformation,7 this
prompted us to investigate supramolecular host–guest complexa-
tion by introducing receptor motifs on the oxacalixarene
framework.

Designing effective host molecules capable of (size-) selective
complexation of fullerenes is highly important to reduce costs due
to laborious fullerene purification and isolation procedures, and
facilitate their application in (bio)chemistry and (photoactive)
material sciences.11 The geometrical complementarity of concave
calixarene cavities and spherical fullerenes has evidently aroused
the interest of calixarene chemists. As indicated in seminal work
by the Atwood and Shinkai groups, particular calixarene derivatives
indeed show high affinity for fullerenes.12 The (classical) p-tert-
butylcalix[8]arene binds to the fullerene surface through van der
Waals concave–convex p–p interactions and is selective for [60]ful-
lerene (C60). Inspired by this early observation, many other research
groups have studied fullerene complexation properties with various
other calixarenes and derivatives thereof. Noteworthy for the pre-
sented results are the fullerene affinities reported for hetero-atom
bridged calix(hetero)aromatics. Azacalix([m]arene)[n]pyridines
and N,O-bridged calix[1]arene[4]pyridines exhibit rather high
association constants (up to K = 1.4 � 105 M�1) for C60 and/or C70,
as revealed by UV–vis and fluorescence quenching titration experi-
ments,13 while very modest binding constants were observed for
homooxacalix[3]arenes.14

The spontaneous attraction of fullerenes to the centre of a
(metallo)porphyrin is an intriguing supramolecular recognition
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element that can also be applied to produce discrete host-guest
systems. To obtain strong interaction of the curved p-surface of
the fullerene sphere with the electropositive centre of the planar
porphyrin p-surface (in addition to the regular p–p attraction
and differential solvation effects), a suitable arrangement of the
porphyrin units with respect to one another appears to be cru-
cial.15 The use of (thia)calixarene scaffolds (among others11) has
shown to position porphyrins at an appropriate mutual distance
of 12 Å (diameter C60/C70 �10 Å), affording calixarene-porphyrin
tweezers, often referred to as ‘jaws’ porphyrins, with strong fuller-
ene binding properties.16 Besides the (centre of the) flat porphyrin
p-system, the cavity of the calixarene itself can possibly also con-
tribute to the inclusion properties.

To determine the fullerene binding strength of the oxacalixarene
framework, several oxacalix[n]arenes were selected from the small
library available to us from previous work. 5,17-Diphenyloxaca-
lix[2]arene[2]pyrimidine and the analogous oxacalix[8]arene,
enlarging the cavity’s p-surface and approaching the shape of a
molecular tweezer, were initially selected.17 A largerp-surface could
also be achieved via oxacalix[2]arene[2]quinazolines.18 Both a syn-
and anti-oxacalix[2]arene[2]quinazoline as well as expanded syn-
and anti-oxacalix[2]naphthalene[2]quinazolines were studied.17

Unfortunately, 1H NMR titrations indicated that none of these oxaca-
lixarenes shows any detectable binding with either fullerene C60 or
C70. This was not completely unexpected considering the (too) small
calix[4]arene cavity, the supposed 1,3-alternate conformation and
the more electron-deficient structure compared to azacalix[n]are-
nes. Although the contribution to actual fullerene binding might
be negligible, the oxacalixarene framework can still serve as a versa-
tile scaffold enabling appropriate arrangement of porphyrinoid units
with recognition potential for fullerenes.

Hence, a strategy for the construction of tweezer-type bis-
porphyrinoid receptors has been explored. The synthetic protocol
towards oxacalix[4]arene-porphyrinoid conjugates 2 and 3 is
Scheme 1. Reagents and conditions: (i) K2CO3, 18-crown-6, DM
depicted in Scheme 1.19 Inspired by the post-macrocyclization pro-
cedures previously optimized for bis(methylsulfonyl)oxacalix[2]
arene[2]pyrimidine 1,10 more sophisticated functional units such
as porphyrins and corroles could be introduced to obtain preorga-
nized tweezer-type host molecules. Since tert-butyl substituents
were previously shown to enhance the fullerene binding properties
(by p–CH3 interactions),16c,20 5,10,15-tris(3,5-di-tert-butylphenyl)-
20-(4-hydroxyphenyl)porphyrinato zinc (4) was selected as the
nucleophilic porphyrin. The porphyrin moiety, synthesized accord-
ing to a reported method,21 was coupled to the upper rim of oxaca-
lix[4]arene 1 via a SNAr reaction employing K2CO3 as a base in DMF
at 70 �C to afford oxacalix[2]arene[2]pyrimidine-bis(ZnII-porphy-
rin) receptor 2 in 73% yield (Scheme 1).22 Previous activities of the
Leuven group in the corrole field ignited our interest to study analo-
gous corrole derivatives.23 To our knowledge, supramolecular com-
plexation of fullerenes with corrole derivatives has not been
demonstrated so far. Since Cu-metallated corroles usually show an
improved (oxidative) stability over their free-base counterparts,
nucleophilic Cu-corrole precursor 5 was selected, available to us
from ongoing corrole research,24 and a similar SNAr approach was
then used to obtain the first ‘jaws’ biscorrole receptor. Treatment
of oxacalix[4]arene substrate 1 with a small excess (2.2 equiv) of
Cu-corrole 5 in the presence of NaH base in acetonitrile at 70 �C re-
sulted in the formation of oxacalix[2]arene[2]pyrimidine-bis
(Cu-corrole) receptor 3, which could be isolated in 80% yield
(Scheme 1).25

The complexation abilities of the novel conjugates 2 and 3 to-
wards fullerenes C60/C70 were studied by 1H NMR titrations in ben-
zene-d6. Upon addition of an excess of C70 to a solution of receptor
2, the signals corresponding to the b-pyrrolic protons of the por-
phyrin moieties shifted upfield (complexation-induced chemical
shifts (CIS) >50 Hz after the addition of 5 equiv C70), while the sig-
nals of the oxacalixarene skeleton remained almost unchanged.
These changes in chemical shifts clearly point to direct interactions
F, 70 �C, 24 h (73%); (ii) NaH, MeCN, 70 �C, 15 min (80%).
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between the porphyrin and fullerene entities. The complexation-
induced chemical shifts were used for the construction of a titra-
tion curve (Fig. 1), which was analyzed by a nonlinear least-squares
method assuming 1:1 stoichiometry.26 The rather high complexa-
tion constant K = 30000 ± 4600 M�1 indicates that cooperation of
both porphyrin units likely occurs during the binding process.27

The 1:1 stoichiometry of the C70-bisporphyrin 2 complex was also
established by an independent Job plot analysis (Fig. 2). By con-
trast, upon the addition of C60, the porphyrin aromatic resonances
for compound 2 showed only negligible CIS (<5 Hz), which did not
allow the construction of the corresponding titration curve.28

Higher Kass for C70 compared to C60 have previously been attributed
to a maximization of ovoid-shaped C70–porphyrin interactions.29

Unfortunately, in the case of biscorrole receptor 3 no salient 1H
NMR CIS were observed in the presence of either C60 or C70, which
might be attributed to the additional conformational flexibility
introduced by the methylene linker or to sterical effects imposed
by the meso-mesityl moieties.30 As both systems (porphyrin 2 vs cor-
role 3) are not fully structurally comparable, one of the fundamental
questions—whether corroles can be used instead of porphyrins for
the construction of efficient fullerene receptors—remains partly
unanswered at this stage. To achieve efficient binding with ‘jaws’
corroles, more work should be devoted to optimize the subtle bal-
ance between optimal receptor properties and corrole stability, for
which electron-deficient and sterically bulky ortho,ortho0-substi-
tuted meso-aryl units are often favourable.

In conclusion, novel tweezer-type bisporphyrinoid receptors
were easily obtained via straightforward and high-yielding syn-
thetic SNAr procedures based on a preorganized 1,3-alternate
oxacalix[2]arene[2]pyrimidine platform and a nucleophilic por-
phyrin or corrole reaction partner. Solution-phase binding studies
with fullerenes C60 and C70 were conducted by 1H NMR titration
experiments, which revealed pronounced selectivity for the egg-
shaped C70 employing oxacalixarene-linked bisporphyrin 2, with
a significant binding constant (K = 3.0 � 104 M�1). Although the
Figure 2. Job plot for the 2 + C70 system (1H NMR, C6D6, 300 MHz, 298 K;
[2] + [C70] = 5 � 10�3 M).

Figure 1. 1H NMR titration of receptor 2 with C70 (C6D6, 300 MHz, 298 K).
contribution of the oxacalix[4]arene part to fullerene binding
seems small, the oxacalixarene skeleton is a versatile building
block towards efficient tweezer-type supramolecular receptors.
Further studies will be directed towards exploration of the binding
capacity of ‘jaws’ corrole hosts and fullerene receptors based on
larger oxacalix[n]arene scaffolds (n = 6, 8) with additional com-
plexing porphyrinoid units.
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