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Abstm~. Pyrrule-fused 3-sulfolenes 2a,b were prepared from the corresponding ~13-unsaturated 
sulfune 1. These pyrroles undergo thermal extrusion of sulfur dioxide to produce highly reactive 
o-quinodimethunes which can be trapped in Diels-Alder reactions. The resulting pyrroles are important 
starting reagents in porphyrin synthesis. © 1997 Elsevier Science Ltd. 

Substituted pyrroles are key building blocks in the total synthesis of  natural and synthetic porphyrins. A 

new method for preparing esters of  pyrrole-2-carboxyfic acids from nitroalkenes and alkyl isocyanoacetates, 

known as the Barton-Zard pyrrole condensation, ~ has been extensively used in porphyrin synthesis. ~ This 

convenient one-step method has been extended to the synthesis of  5-unsubstimted pyrrole-2-carboxylates from 

readily available a,13-unsaturated sulfones. 3 The phenylsulfonyl group is conveniently introduced via addition of  

phenylsulfenyl chloride4 to olefins, followed by elimination of  HCI and oxidation of the ct,13-unsaturated sulfide 

to the corresponding a,~-unsaturated sulfone. 

Extrusion of  sulfur dioxide from aromatic fused 3-sulfolenes produces highly reactive o-quinodimethanes 

which can be trapped in Diels-Alder reactions. 5 Cycloaddition reactions involving heterocyclic 

o-quinodimethan~ and dienophiles are an attractive route to heteropolycyclic compounds. 6 We report here the 

preparation of  pyrrole-fused 3-sulfolenes 2, from the ct,13-unsaturated sulfone 1, which are valuable precursors 

for the synthesis oftetrabenzoporphyrius. This class ofporphyrins with extended ~t-systems have very interesting 

physical properties 7 and, in particular, show red shiR absorptions with extinction coefficients two to three times 

larger than the corresponding porphyrins. Recently, benzoporphyrin derivatives have been used as 

photosensitizers for photodynamic therapy of  cancer tissues in in vivo studies) However, the already available 

synthetic methods give very low yields of  tetrabenzoporphyrins together with non-desirable contaminants, that 

are usually difficult to separate. 9 We report  here a new method for the synthesis of  tetrabenzoporphyrin 8 that 

can also be used for the preparation of  fimetionalized tetrabenz~porphyrins. 

Pyrrole-fused 3-sulfolene 2a was prepared in 40-50°6 yield from the reaction of  the readily available 

oh[S-unsaturated sulfoue 14'to with ethyl isocyanoacetate (Scheme 1). The corresponding tert-butyl ester 2b was 

also prepared in fnffdar yields u~m 8 tert-butyl isocyanoacetate. Pyrrole 2a was fully characterized by IH- and 

t3C-NMIL MS and elemental amlysis, n 
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Cycloaddition reactions with N-substituted pyrrole-fused 3-sulfolenes 12 and with pyrrole-fused sultines13 

have already been reported but it was believed that the protection of the nitrogen was necessary for 
cycloaddition reaction. 14 We found that Diels-Alder adducts 3-6 can be obtained in good yields (43-96%) by 
heating pyrrole 2a, in refluxing 1,2,4-trichlorobenzene, in the presence of the corresponding dienophiles 
(Scheme 2). 15 Adducts 3 and 4 were obtained as racemic mixtures (one enantiomer shown). Their NMR and MS 
spectra t6 are in agreement with the proposed structures; pyrrole 4 was recently prepared f~m another a,13- 
unsaturated SUIfonc. 3b AS expected, compound 5 was the only isolated product from the reaction of pyrrole 2a 

with an excess of 1,4-naphthoquinone (3 equiv.); the Diels-Alder adduct was dehydrogenated to the more gable 
quinone 5. The MS spectrum of compound 5 shows an intense peak corresponding to M + (m/z = 321) and in the 
1H-NMR spectra the two methylene groups appear as triplets (J=- 5.5 Hz) as a result of the long-range coupling 
between them through the double bond. This was confirmed by spin decoupling experiments: irradiation of a 
CH2 resonance resulted in the elimination of the coupling on the other one. When phenylvinylsnlfone was used 
as the dienophile, a mixture of the two possible regioisomers (in a 3:2 ratio, by NMR) was obtained. This 

mixture was used as such in the synthesis ofporphyrins 7 (vide infra). 
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a) N-phenylmaleimide, 95%; b) dimethyl fumarate, 96%; ¢) 1,4-naphthoquinone, 43%; d) phmylvinylsulf~ne, 62% 
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Attempted tetramerization of pyrrole 2a (by reduction of the ethyl ester function with LiAIH4, followed 

by reaction in acetic acid and oxidation of the resulting porphyrinogen to produce the corresponding 

tetrasulfone-porphyrin) produced only a very insoluble, difficult to handle and to characterize product. 

However, pyrroles 6 were tetranm'iz_ed by the same procedure to produce a mixture of  porphyrins 7 in 60% 

yield (Scheme 3). Porphyrins 7 showed a maximum absorption in the UV-visible spectrum at 621 um and a 

parent ion at m/z = 1087 in the MS spectrum (FAB+). Peaks corresponding to the loss of  one (m/z = 945, 30%), 

two (m/z= 803, 5%), three (m/z= 661, 4%) and four (m/z= 519, 100%) phenylsulfonyl groups were also 
observed in the MS spectrum of 7. Treatment of porphyrins 7 with KOHJCH3OH, in refluxing toluene, resulted 

in the elimination of the four phenylsulfonyl groups in quantitative yield. The mixture of porphydm obtained 

show a parent ion at m/z= 519 in the MS spectrum (FAW). Treatment of  this mixture with DDQ in refluxing 

toluene gave tetrahenzoporphyrin 8 in 55% overall yield. The UV/Vis spectrum of 8 showed a 40 nm red shift of 
~.max relatively to 7, as expected from literature. 9 

The utilisation of pyrrole-fused 3-sulfolenes 2 as the main building block for the synthesis on new 

functionalized tetrabenzoporphyrins is underway in our laboratory. 
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a) LiAIH4; b) CH3CO2H; c) DDQ; d) KOH/CH3OH, Toluene, 110°C; e) DDQ 
Scheme 3 
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