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Condensation of 4,6-dichloro-2-phenylpyrimidine-5-carbalde-

hyde with pyrrole enables the synthesis of a number of

expanded porphyrins of which the [26]hexaphyrin was easily

isolated and successfully converted into the decasubstituted

doubly N-fused hexaphyrin variant.

Inspired by the versatility of porphyrin chemistry, a great interest

has recently developed in the synthesis of non-porphyrin poly-

pyrrole macrocycles. Three classes of porphyrin analogues, in casu

isomeric, expanded and contracted porphyrinoids, are studied

because of their chemical resemblance to porphyrins while adding

some particular non-porphyrin features.1 meso-Aryl substituted

[(1.1.1.1…)] expanded porphyrins have become synthetically

accessible by a simple modified Rothemund–Lindsey condensation

of pyrrole and electron deficient o,o9-disubstituted arylaldehydes

and the best results so far have been achieved with pentafluoro-

benzaldehyde.2 Osuka et al. further explored the use of penta-

fluorobenzaldehyde in the synthesis of a diversity of expanded

porphyrinoids.3 ‘‘Confusion’’, ‘‘inversion’’ and ‘‘fusion’’ of indivi-

dual pyrrole units has been observed in some expanded porphyrins,

creating novel porphyrinoids showing unprecedented properties.1–3

Here, we report the use of a heteroaromatic electron deficient

arylaldehyde, 4,6-dichloro-2-phenylpyrimidine-5-carbaldehyde,4

for the creation of expanded porphyrins with an increased reactivity

towards synthetic modifications of the macrocyclic system.

Our recent research was focused on the synthesis of meso-

pyrimidinyl substituted porphyrins and their use in dendrimer

chemistry.5 However, by a slight modification of the synthetic

conditions, as optimized for porphyrins,5b expanded porphyrin

analogues were synthetically accessible. A tenfold increase in

concentration (4,6-dichloro-2-phenylpyrimidine-5-carbaldehyde

and pyrrole under Lindsey conditions) afforded, besides the

expected porphyrin 1, a number of expanded porphyrins, ranging

from penta- to octaphyrin (Scheme 1, Fig. 1).

Using the conditions optimized by Osuka et al. for pentafluoro-

benzaldehyde,2b,c we were able to isolate porphyrin 1 (10%),

pentaphyrin 2 (11%) and hexaphyrin 3 (11%) from the reaction

mixture in acceptable yields. An excess of oxidant (DDQ) was used

to avoid the presence of any partially oxidized species. The

consecutive expanded porphyrins were purified by column

chromatography but their full characterization was hampered by

their low solubility. The hexaphyrin homologue 3 showed the

highest solubility in common organic solvents and was character-

ized completely by NMR spectroscopy.{ The obtained [26]hexa-

phyrin 3 displayed a partially inverted structure, similar to the

meso-hexakis(pentafluorophenyl) substituted hexaphyrin.2a,b The

inner, strongly shielded b-hydrogen atoms (4H, d 5 22.5 ppm)

correlate, in the HMQC (2D-NMR) spectrum, with a carbon

signal at 123 ppm.

The UV/Vis absorption spectrum confirms the aromaticity of

the hexaphyrin by the presence of an intense Soret-band and

Q-bands into the near IR region (Fig. 2). A low-wavelength

absorption is observed around 270 nm and can be assigned to the

2-phenylpyrimidine substituent.

Porphyrin 1 was found to be very insoluble but could be

characterized by MS and UV/Vis spectroscopy (Fig. 2) as well

as by its reactivity to form soluble octaphenoxy-substituted

porphyrins (by substitution of all eight chlorine groups with

4-tert-butylphenol).{ The structure of pentaphyrin 2 could not be

established unambiguously by NMR techniques due to over-

lapping proton signals and low solubility, but its 1H NMR and

UV/Vis spectra (Fig. 2) strongly point in the direction of the

expected N-fused [22]pentaphyrin, as earlier observed for Osuka’s

pentafluorophenyl based system.2c{
The unique properties of the hexaphyrin chromophore enable

its use in different modern applications such as photodynamic

{ Electronic supplementary information (ESI) available: synthetic proce-
dures, characterization data and spectra [MS (ESI), NMR (1H, 13C and
2D-NMR)] for hexaphyrin 3 and the doubly N-fused isomers 6 and 7;
additional information regarding porphyrin 1 and pentaphyrin 2. See
http://www.rsc.org/suppdata/cc/b5/b501089f/
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Scheme 1 meso-Dichloropyrimidinyl expanded porphyrins 1–5.

Fig. 1 ESI-MS spectrum of the crude reaction mixture containing the

consecutive expanded porphyrin homologues.
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therapy, as an NMR contrast agent or as a DVD recording dye.1

In order to explore its potential use in such applications, it is

essential to be able to tune the chromophores absorption

characteristics and solubility (in a wide range of solvents) towards

the application needs. However, very few reports have been

published focusing on synthetic modifications of polyphyrin

macrocycles. Osuka et al. earlier reported on the regioselective

(para-F) nucleophilic substitution reaction on their [26]hexaphyrin

system,3d and very recently the same group was also able to

perform regioselective Diels–Alder reactions on the inverted

pyrrole moiety of the same hexaphyrin.3h The main advantage

of our new route towards expanded porphyrins based on 4,6-

dichloropyrimidine-5-carbaldehydes, is the ease and broad scope

of the post-macrocyclization synthetic modifications that are

possible on this system. The substituents are introduced on the

o,o9-positions of the meso-aryl ring close to the centre of the

expanded porphyrin, allowing tuning of the microenvironment of

the macrocycle. The electron deficient pyrimidine moiety (in

contrast to the dichlorophenyl moiety) allows easy substitution of

the chlorine groups by nucleophilic aromatic substitution (NAS)

or transition metal catalyzed cross-coupling reactions. High-

yielding NAS reactions have already been performed on analogous

porphyrins5a,b and even dendrimers5c have been built based on this

reaction by multiple dendron substitution on a meso-dichloropyri-

midine A2B2-porphyrin core. Recently we also reported on the

high synthetic accessibility of highly sterically encumbered

porphyrins through Suzuki reactions on the same bis(pyrimidinyl)-

porphyrin.5d Hence it seems likely that these reactions may be

extended to the expanded porphyrin analogues.

As a proof of principle, nucleophilic aromatic substitution of the

chlorine groups of [26]hexaphyrin 3 with 4-tert-butylphenol was

carried out. After reaction for 48 h under basic conditions

(K2CO3) in DMF at 90 uC, the reaction mixture was subjected to

chromatographic purification which afforded two (very soluble)

tenfold substituted, isomeric, doubly N-fused hexaphyrins 6 and 7

(65% yield, 1:3 ratio) in which the two ‘‘flipped’’ pyrrole units have

substituted their neighbouring dichloropyrimidines to form 5,5,6-

tricyclic systems (Scheme 2).3g,6 The two red-purple isomers

showed similar MS (ESI) spectra and were differentiated on the

base of symmetry by NMR spectroscopy. Such N-fusion is known

for pentaphyrins2c and was very recently shown on Osuka’s

pentafluorophenyl hexaphyrin.3g The 2,6-dichlorophenyl deriva-

tive however seemed practically unreactive under the applied

conditions. The anti-doubly (two tricyclic systems at opposite

sides) N-fused meso-pentafluorophenyl substituted hexaphyrin was

isolated in an optimized yield of 55%, while syn-double N-fusion

could only be achieved in a low yield when anti-fusion was blocked

through insertion of an unreactive meso-aryl substituent. In our

case yields are obviously superior while both isomers are obtained

in one reaction and are easily separated by column chromato-

graphy. While considering the yield, one should take into

account that twelve substitution reactions have been carried out

to obtain the N-fused isomers (a tenfold phenoxy substitution

and two internal N-fusion reactions), what amounts to a

spectacular and unprecedented yield of over 95% for each

substitution reaction. The NMR and UV/Vis data (Fig. 2) of

the doubly N-fused hexaphyrins 6 and 7 point to the formation

of a reduced [28]hexaphyrin chromophore and resemble

Osuka’s data.3g{
The presented route represents pronounced advantages and

extensions to the work conducted by Osuka et al. on related

pentafluorophenyl substituted hexaphyrins and other expanded

porphyrins.2,3 The increased sensitivity towards substitution of

the expanded macrocycle was shown by applying standard

nucleophilic aromatic substitution reaction conditions on the

[26]hexaphyrin derivative 3, resulting not only in complete

substitution but also generating a doubly N-fused hexaphyrin

variant. In future work, we will extend the applied principle

to other substitutions (and potentially also to Pd catalyzed

cross couplings) on the hexaphyrin as well as on the related

polyphyrins (pentaphyrin 2 etc.). The encountered solubility

problems for the other homologues may be solved by introducing

other substituents at the 2-position of the pyrimidine (for instance

tert-butyl groups) or by subjecting these homologues to

similar substitution reactions (as proven for porphyrin 1 and

hexaphyrin 3).

We thank the FWO Vlaanderen and the Katholieke Universiteit

Leuven for their continuing financial support.

Scheme 2 Synthesis of doubly N-fused hexaphyrin isomers 6 and 7.

Fig. 2 UV/Vis absorption spectra of porphyrin homologues.
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