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Abstract—The reaction of formylated dialkyldipyrromethanes with 5,5-dialkyl or 5-aryldipyrromethanes afforded meso-tetraalkyl
or dialkylaryl-calix[4]phyrins, respectively. Templating with Ni(II) was needed to get these compounds in acceptable yields. From
these MacDonald condensations, trisubstituted pseudocorroles were also isolated as Ni(II) chelates.
� 2005 Elsevier Ltd. All rights reserved.
Calix[4]phyrins (porphodimethenes) are porphyrin ana-
logues, partly having the conjugated character of por-
phyrins and partly the nonconjugated character of
calixpyrroles, which have been intensively studied during
the last few years.1 Since these hybrid molecules showed
to be not only interesting intermediates in the oxidation
pathway of porphyrinogen to porphyrins2 or in the syn-
thesis of chlorins by isomerization,3 but also are promis-
ing as receptors for anion and small neutral molecules,4

several new methods of their synthesis have been
developed. They have been synthesized by reductive
alkylation of porphyrins,5 by dealkylation of calix[4]pyr-
roles,2 and recently reported methods included the
reaction of acetone or vicinal diketones with 5-aryldipyrro-
methanes,4a,c,6 dialkyldipyrromethane with aromatic
aldehydes,1,7 or the condensation of pyrrole with steri-
cally encumbered aldehydes.8 Nevertheless, the ability
to vary substituents at the meso positions of the tetra-
pyrrolic macrocycle still remains rather limited. To date,
the only known approach to the preparation of
calix[4]phyrins that are asymmetrically substituted at
sp3 centres uses a metallated porphyrin as the starting
material.5c
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Inspired by the previously reported work on the
MacDonald [2+2] condensation reactions of dipyrro-
methanes with bisformyldipyrromethanes leading to
asymmetrically substituted 5,15-diphenylporphyrins,9

and on the other hand, the successful application of
similar reaction to the synthesis of unstable porphodi-
methenes bearing solely alkyl groups at b-positions of
pyrroles,3 we tried to expand the synthetical utility of
this classical method to b-unsubstituted meso-tetra-
alkylporphodimethenes. In this letter, preliminary
results of this study are presented.

Initially, we examined a simple macrocyclization of the
monoformylated pyrrolic precursor. The requisite 1-form-
yl-5,5-dipropyldipyrromethane (2) was obtained from
1 in 58% yield using the Clezy-modified Vilsmeier-
Haack procedure (Scheme 1).10–12 As we hoped, the
acid-catalyzed condensation of 2 afforded the symmetri-
cal macrocycle 4a as yellow crystals, but even after some
optimization of the procedure, the product was isolated
in a disappointingly low yield (5.5%). Presumably, this
was a consequence of high steric strain involved in the
formation of the tetraalkylporphyrinogen intermediate,
like in the case of the analogous porphyrin synthesis.9

In order to confer a favourable configuration of the
intermediate compound and improve the yield, we em-
ployed a metal cation template strategy. The metal cat-
ion of choice for incorporation as a template was Ni(II),
since its complexes with porphodimethenes are rather
well known. Their complexes could easily be separated
by flash chromatography and, being diamagnetic, could
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be analyzed by NMR spectroscopy. Condensation of 2
in the presence of nickel acetate provided a reliable route
to the metallated macrocycle 5a13 obtained in a reason-
able 21% yield. Similar procedures were applied to
NH HN
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condensations of dipyrromethane 1b derived from
cyclohexanone, with 314 giving asymmetrical free-base
and metallated macrocycles 4b and 5b, respectively
(Scheme 1).
Reactants        Product                Ar                      Yield (%)

3, 6a               8                  4-CH3OC6H4                7.7
3, 6a               9a                4-CH3OC6H4                3.6
3, 6b               9b                2,6-Cl2C6H3                 2.9
3, 6b               7                  2,6-Cl2C6H3                 2.3
3, pyrrole        7                                     6.0
2, 6a               9a                4-CH3OC6H4              10.0
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When the same conditions were applied to the condensa-
tion of dipyrromethanes 6a and b with 3, three types of
products were isolated: the expected calix[4]phyrin 8, the
contracted macrocycle 9a and b and the tripyrrolic che-
late 7, dependent on the nature of the aryl substituent
(Scheme 2). From the reaction using p-methoxyphenyl
derivative 6a, we isolated the meso-trisubstituted
calix[4]phyrin 815 and a small amount of corrole-type
macrocycle 9a.16 The latter compound was also
obtained from dipyrromethanes 2 and 6a. The skeleton
of this compound is isomeric to corrole. Since the term
isocorrole is already reserved for [2.0.1.0]-tetraphyrins,
we will call these compounds pseudocorroles. The com-
pound 8 could not be converted to the isoporphyrin17 on
oxidation.

Attempted condensation of the more sterically hindered
substrate 6b with 3 did not give any calix[4]phyrin, but
afforded macrocycle 9b (2.9% yield) and compound 718

(2.3% yield). The latter could also be obtained from
dipyrromethane 3 and pyrrole. Apparently, pyrrole did
form under the reaction conditions by decomposition
of the unstable aryldipyrromethane 6b.

The observed C1 extrusion has been earlier reported
(deformylation or demethylation) in case of templated
syntheses of corroles with manganese(III) or cobalt-
(III).19,20 On the other hand, recently Callot and
co-workers have published the formation of divalent
corroles by ring contraction of meso-tetraarylporphyrins
Ni(II) complexes.21

The method described here, utilizing readily available
pyrrole precursors, allows for a variable substitution at
sp3 centres of calix[4]phyrin without the need for a por-
phyrin intermediate. Although free-base macrocycles
could be prepared in this way, much better yields were
obtained from templated syntheses leading to metal
complexed products. In case of aryl substituted dipyrro-
methane the expected dialkylaryl-calix[4]phyrin was
formed next to a contracted, corrole-like system, and
with a more sterically hindered aryl substituent, the lat-
ter became the only isolated macrocyclic product.

The nickel(II) complexes of pseudocorrole reported
herein are, to the best of our knowledge, the first exam-
ples of meso-dialkylated derivatives of this corrole
tautomer.
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