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Abstract: The synthesis of a new calixarene-capped calixpyrrole 2 has been achieved using p-tert-
butylcalix[4]arene tetramethyl ketone 1 as a template. Using this approach, the stereochemistry at the
calixpyrrole meso-carbons is automatically defined. The X-ray crystal structure of 2 has been
elucidated and reveals hydrogen bonding between the pyrrole NH groups and the oxygens at the lower
rim of the calixarene. NMR studies confirm the importance of these interactions in solution.
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The construction of new polypyrrolic macrocycles capable of anion chelation constitutes a synthetic
challenge that has inspired us increasingly over the last few years.! Our recent discovery that calix[4]pyrroles
(meso-octaalkylporphyrinogens)? are both selective and easy-to-make anion binding agents? led us to consider
strategies for synthesizing expanded calix[n]pyrroles (n>4). Calix[n]arenes are macrocyclic molecules
composed of phenol rings linked by methylene groups.* It occurred to us that the calix[n]arene skeleton could
be used as a template, around which a calix[r]pyrrole could form. As a first step towards testing this
strategy, we have synthesized a calix[4]arene-calix[4]pyrrole pseudo dimer (compound 2) and elucidated its
solid state structure via X-ray diffraction analysis. Although calixarene-linked®-®) and calixarene-capped
porphyrins 3 6(-(d) as well as calixarenes linked to pyrrole groups’are known, to the best of our knowledge,
compound 2 represents the first example of a calixarene capped-calixpyrrole.
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Scheme 1. Synthesis of compound 2
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SYNTHESIS

p-tert-Butylcalix[4]arene tetramethyl ketone 1 was synthesized according to literature procedures.?
Reaction of compound 1 (0.5 g, 0.57 mmol) with pytrole (0.153 g, 2.29 mmol) in a dichloromethane/ethanol
mixture, in the presence of methanesulfonic acid, followed by column chromatography on silica gel (CH2Cly,
cluant) afforded the calixpyrrole-calixarene dimer 2 in 32% yield (Scheme 1). Compound 2 gave
spectroscopic and analytical data in accord with the assigned structure.” As a consequence of this template
synthesis, the stereochemistry at the calixpyrrole meso-carbons is automatically defined.

CRYSTALLOGRAPHY

Crystals were obtained by slow evaporation of a dichloromethane solution of compound 2. The
crystals were then subject to X-ray diffraction structural analysis.!® The resulting structure shows the
calixarene adopting a cone conformation. The pyrrole NH groups are within hydrogen bonding distance of
the lower rim calixarene oxygen atoms.

Fig. 1. The X-ray crystal structure of compound 2 showing the intramolecular H-bonding. Dashed lines are
indicative of the H-bonding interaction with relevant geometry: N2--O1 2.701(6) A, N2-02 2.739(6) A. A
crystallographic mirror plane of symmetry bisects the pyrrole rings containing N1 and N3. Thermal ellipsoids
are scaled to the 30% probability level.
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NMR STUDIES

The TH NMR spectrum of 2 in dichloromethane-d, (Figure 2) shows that the pyrrole NH protons,
which are normally observed at around 7 ppm in other calix[4]pyrroles, resonate at 11.22 ppm. This can be
attributed to hydrogen bonding between the pyrrole NH groups and the calixarene oxygen atoms. CD30D
was added to the NMR solution in an attempt to disrupt this hydrogen bonding interaction, however this had a
negligible effect on the 'H NMR spectrum. Similarly, addition of 10.0 equiv. tetrabutylammonium fluoride
(which has been shown to bind strongly to other calix[4]pyrroles)>® caused no changes in the NMR
spectrum. Based on these findings, we conclude that the dimer is adopting a cylindrical conformation in
solution due to these clearly favorable NH - O hydrogen bonds.

_ . a7
b a
L~
- ¢ CHDCI
H N i e
~ Ng
\ / P*e I~
L f -4 ; d
b c c
W Ak -

[\ e e e
12.0 11.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
ppm

Fig. 2. 'H NMR spectrum of compound 2 in dichloromethane-d;

CONCLUSIONS

The synthesis of a calixf4]pyrrole-calix[4]arene cylindrical dimer by a template type synthesis has
been achieved successfully. We are currently working towards using larger calix[n]arenes (n > 4) and other
molecules, such as cyclodextrins, as templates to produce both expanded calixpyrroles and expanded
porphyrins. We are also investigating other template type syntheses involving cleavable linking groups
between the calixarene and ketone moiety and also ketone moieties which are attached to the template via
non-covalent interactions.!! Such an approach may eventually lead to new syntheses of expanded porphyrins
and calixpyrroles.
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Analytical and spectroscopic data for compound 2. Analysis for C75Hg4N4Oy4: Calculated C 80.86%:
H7.92%; N 5.24%. Found C 80.57%; H 7.95%; N 5.11%. High resolution positive ion FABMS:
Calculated (C72HgaN4O4 ) 1068.649; Found 1068.648 (A 1.4 ppm). 'H NMR (CD»Cly) 8: 11.22 (s,
4H, NH), 7.22 (s, 8H, ArH), 5.83 (d, J = 2.5 Hz, 8H, CH), 4.35 (d, ] = 12.5 Hz, 4H, ArCH,Ar), 3.80
(s, 8H, OCHy), 3.37 (d, J = 12.5 Hz, ArCH,Ar), 1.58 (PyCCH3), 1.18.(s, 36H, 'Bu). 13C NMR
(CDCl3) &: 151.3, 146.8, 137.2, 134.4, 126.1, 101.7, 90.2, 37.9, 34.1, 31.4, 29.6, 21.1.
Crystallographic summary for 2.XCH,Cly. Large regions of disordered solvent of unknown
stoichiometry in this structure presented difficulties with this analysis, however the structure of the
calixarene-calixpyrrole pseudo dimer is a reliable description of this unique and interesting molecule.
Faintly yellow crystals, monoclinic, C2/m, Z = 4 in a cell of dimensions a = 25.836(5)A, b =
20.139(3)A, c = 15.46(2)A, B= 106.0(1)°, V = 7719(2)A3. pearc: x = 4; 1.21 gem-%; x = 6, 1.36 gem?3.
9112 unique reflections of which 4121 were observed (I > 2o(I)). Data collected at -90°C on a
Siemens P3 diffractometer. The final R = 0.148.
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