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Microwave assisted synthesis of novel annealed porphyrins

Ibrahim Elghamry *, Lutz F. Tietze

Institute of Organic and Biomolecular Chemistry, Georg-August-University Göttingen, Tammannstrasse 2, D-37077 Göttingen, Germany

Received 10 January 2008; revised 28 March 2008; accepted 16 April 2008
Available online 20 April 2008
Abstract

New pyrrole derivatives (isoindoles) have been readily prepared by the reaction of an a,b-unsaturated sulfone with ethyl isocyano-
acetate in the presence of tert-BuOK in good yields. The isoindoles are converted into new porphyrins which undergo retro Diels–Alder
reactions under microwave irradiation at 250 �C for 4 min to give novel annealed porphyrins in quantitative yields.
� 2008 Elsevier Ltd. All rights reserved.
Porphyrinoid chromophores possessing a conjugated p-
electron system with a strong absorption in the far-visible/
near-IR region have been the subject of numerous studies
due to their potential applications in multibit molecular-
based information storage arrays,1–3 photodynamic
therapy (PDT),4–7 near-IR dyes, and nonlinear optical
materials.8,9 The extension of the p-electron system has
been achieved by either peripheral changes with different
chromophores at the meso- and b-positions or by addition
of one or more fused aromatic ring systems.10–14 Increased
conjugation usually results in a red shift for a given chro-
mophore, and it is expected that aromatic subunits fused
to the porphyrin nucleus would result in the desired red
shift in the electronic spectra of the chromophores.

Monobenzoporphyrin was first prepared over 30 years
ago and exhibits a slight shift for both the Soret and the
longest wavelength Q-band, (403 and 628 nm, respec-
tively).15 Further extension in mononaphthoporphyrin
leads to a Soret band at 415 nm and a Q-band at
630 nm.16 However, with di- and tetranaphthoporphyrins
these values are only slightly shifted and appear at 424
and 641, and 438 and 672 nm, respectively.17–19 The overall
effects are minimal suggesting that benzenoid ring fusion
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does not significantly alter the porphyrin UV–vis absorp-
tion spectra. However, the ability to alter the porphyrin
more profoundly remains an important goal. In this Letter,
we report a microwave assisted synthesis and the UV–vis
spectra of new tetranaphthoporphyrins.

5,8-Dimethoxy-1,4-dihydro-1,4-ethanonaphthalene (1)20

(Scheme 1) was converted into sulfide 2a by reaction with
PhSCl. Subsequent oxidation with m-CPBA followed by
dehydrohalogenation with DBU afforded the a,b-unsatu-
rated sulfone 3 in an overall yield of 90%. Next, the isoin-
dole 2-carboxylate was prepared using the Barton–Zard
reaction.21,22 Thus, treatment of sulfone 3 with ethyl iso-
cyanoacetate in the presence of tert-BuOK23 afforded isoin-
dole 2-carboxylate 4a in 85% yield. Porphyrin 5a was
prepared from 4a following Lindsey condensation24–26

which involves reduction with LiAlH4 followed by tetra-
merization in the presence of TFA and subsequent oxida-
tion with DDQ. Alternatively, deethoxycarboxylation of
isoindole 4a upon heating with KOH in ethylene glycol
at 160–165 �C afforded isoindole 4b in 80% yield, subse-
quent tetramerization in the presence of mesitaldehyde fol-
lowed by oxidation with DDQ produced porphyrin 5b in
30% overall yield.

Retro Diels–Alder reactions often require severe condi-
tions, high temperatures, and sometimes, flash vacuum
thermolysis. Microwave irradiation has been used as an
alternative to these harsh conditions and significant
reductions in reaction times and high yields of the desired
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products have been observed.27,28 Porphyrins 5a,b in
DMSO were subjected to microwave irradiation for 4 min
at 250 �C to give a quantitative yield of porphyrins 6a,b
(Scheme 2). 29 It is worth mentioning that, firstly, the prod-
uct annealed porphyrins 6a,b do not need any further puri-
fication (just washing with methanol), and secondly, when
the reaction was performed for a shorter time a mixture of
porphyrins 5a,b and 6a,b was obtained. In order to check
the role of microwave assistance of the reaction a blank
experiment was performed under conventional heating
(sand bath) for the same period of time and at the same
temperature. The annealed porphyrin 6 was obtained but
in a very low yield (25%).29

The UV–vis spectra (CHCl3) indicated that porphyrins
5a,b show intensified Soret bands at 410 and 394 nm,
respectively, compared to 396 nm for the related octaethyl-
porphyrin (OEP)10,30 (Table 1). After fusing the naphtha-
lene units onto the porphyrin nucleus the absorption
spectra were significantly changed with 6a while those of
6b showed a small change in both the Soret and the longest
wavelength Q bands. Moreover, 6a exhibited a very intense
and strong Soret band at 444 nm and longest wavelength
Q-band at 692 nm. Similar values have been reported for
similar porphyrin ring systems.31 Surprisingly, naphtha-
loporphyrin 6b also exhibited small red shifts (Table 1).
In this case, the steric crowding due to the meso-substitu-
ents most likely leads to severe distortion of the porphyrin
macrocycle, and formation of nonplanar porphyrins, a
factor that is known to cause significant changes in the
absorption spectra.10,31,32

In conclusion, novel annealed porphyrins have been pre-
pared using a microwave assisted retro Diels–Alder reac-
tion. The high purity of the products coupled with the
quantitative yields give this method the advantage over
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Table 1
UV–vis (CHCl3) data for [2,3-b]naphthoporphyrins 6a,b and their precursors 5a,b

Naphthaloporphyrin k max (nm) (loge)

Soret band Q-bands

5a 410 (5.21) 496 (3.73) 550 (3.96) 589 (3.46) 614 (3.14)
5b 395 (5.13) 496 (4.35) 527 (4.12) 563 (4.05) 614 (3.76)
6a 444 (4.89) 568 (4.22) 619 (4.29) 645 (4.24) 692 (4.12)
6b 372 (4.23) 410 (4.13) 440 (4.10) 580 (3.75) 633 (4.02)
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other reported methods31 for constructing similar ring
systems.
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