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Abstract: Copper(I1) promoted cyclizations of a,c-biladienes incorporating seven- 

membered carbocyclic rings gave poor yields of porphyrins; however, superior 

yields of petroporphyrins la and lb were obtained when cyclizations were -- 

mediated by silver iodate-zinc acetate. 

More than forty petroporphyrins 
1-3 

have been isolated and characterized from 

organic-rich sediments. In 1983, Maxwell and coworkers reported' the isolation and 

characterization of a novel C32 15,17-butanoporphyrin & from Serpiano oil shale (Triassic, 

Switzerland). Later studies showed that a 3-methyl homolog lb2 - and two possibly related 

methylpropanoporphyrins5 were also present. Fookes6 reported the characterization of three 

nickel 15,17_butanoporphyrins from the Julia Creek oil shale and the presence of & in 

Messel oil shale has also been noted3. 

There is a need for synthetic samples of geochemically relevant porphyrins as 

chromatographic, spectroscopic and mass spectrometric standards. Recent studies in our 

laboratory 
7-9 have been directed towards the synthesis of petroporphyrins with exocyclic 

rings. We now report new syntheses of petroporphyrins & and 2 from b-cycloheptenopyrroles. 

The novel pyrrolyl-b-cycloheptenopyrrole 2a was prepared in good overall yield by - 

application of procedures similar to those described earlier 779 . Hydrogenolysis of the 

benzyl ester over 10% palladium-charcoal gave the corresponding carboxylic acid $_. 

Condensation of 2b with the pyrrole aldehyde & in the preL,ence of p-toluenesulfonic acid, - 

followed by brief treatment with dry HBr lo, gave the tripgrrene hydrobromide 4 in 76% yield. 

Subsequent condensation of 4 with the 2-formylpyrrole 2, in the presence of hydrobromic 

acid, gave the a,c-biladiene salt 5a in 90% yield. - 

Attempts to cyclize 5a in the presence of copper chloride in dimethylformamide 
10 

- 

resulted, following demetallation, in the formation of only trace quantities (<3%) of 

impure porphyrin. When the a,c-biladiene 5a was treated with copper acetate in pyridine - 

at 70°C, yields of 4-6% porphyrin were achieved. Clearly, the seven-membered exocyclic 

ring exerts a deleterious influence on porphyrin formation, presumably due to the geometry 

enforced on the tetrapyrrolic intermediate by the carbocyclic ring conformation. 

Recently, Smith and Minnetian 
11 

investigated alternative reagents for a,c-biladiene 

cyclizations. They reported that silver iodate-zinc acetate mediated cyclizations of 

a,c-biladienes gave good yields of porphyrins under mild conditions. The a,c-biladiene 

5a was found to react relatively slowly under these conditions but gave, after workup, the - 

desired petroporphyrin la in a respectable 26% yield. - Tripyrrene 4 was also used as an 
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intermediate in the synthesis of the C31 15,17_butanoporphyrin _lb_. Condensation of 4 with 

pyrrole aldehyde 3c in the presence of hydrobromic acid gave a,c-biladiene 5b in high - - 

yield. Cyclization with silver iodate-zinc acetate gave petroporphyrin lb in 322 yield. - 

These improved yields appear to be due to the increased stability of the cyclizing tetra- 

pyrroles under the new reaction conditions. 

Carbocyclic rings have a profound influence on porphyrin cyclizations but these effects 

are modified by a variety of additional factors8. Further studies are in progress to 
12 

further clarify our understanding of these effects . 
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