Tetrahedron Letters, Vol. 34, No. 48, pp. 7697-7700, 1993 0040-4039/93 $6.00 + .00
Printed in' Great Britain Pergamon Press Lid

A NOVEL PHOTOCHEMICAL SYNTHESIS OF PYRROLES FROM B-KETOVINYLOGOUS AMIDES

Jeffrey D. Winkier*! and Miles G. Siegel2
Chemistry Department, The University of Pennsyivania, Philadelphia, PA 19104

Summary: Irradiation of B-ketovinylogous amides leads to the formation of 3-acylpyrroies. A mechanistic
rationale is offered which involves the recombination of a photochemically generated biradical, followed by
transannular condensation to give the observed pyrrole product.

The inter- and intramolecular [2+2]-photocycloaddition reaction of vinylogous amides and imides is a
useful process in organic synthesis.3 We have recently reported that the intramolecular photocycloaddition of
vinylogous amides and the subsequent facile retro-Mannich fragmentation can be coupled to a Mannich ring
closure to give an efficient process for the construction of perhydroindoles with a variety of substitution
patterns.4 In this Letter, we report a novel photochemical transformation of vinylogous amides, in which
irradiation of a B-ketovinylogous amide leads not to the expected [2+2] photoadduct, but instead to the

formation of a 3-acylpyrrole.
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Irradiation of vinylogous amide 1 (0.05 mM in acetonitrile, 25°C, 450W mercury lamp w/Pyrex
filter) led not to the expected [2+2] product 3, but instead resulted in the formation of the acylpyrrole
product 2 in 25 % yield.5 The spectator role of the tetrahydropyridine alkene in 1 was clearly established by
irradiation of 4 to give the analogous pyrrole 5 (Scheme ).
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The scope and limitations of this novel photochemical transformation were then examined. Irradiation
of the seven-membered ring substrate 6 led to the formation of the analogous product 7, although the rate of
the reaction was ca. 20 times slower than the rate of formation of 5. The longer irradiation time that is
required for the photocyclization of 6 is presumably responsible for the lower yield in this reaction, as the
pyrrole product 7 undergoes substantial decomposition on proionged irradiation.6 Subjection of the six-
membered ring photosubstrate 8 to the same reaction conditions led only to decomposition of 8 without
formation of any identifiable products. Interestingly, irradiation of 9, the four-membered ring substrate,
gave only recovered starting material on prolonged irradiation.
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A mechanism that is consistent with these resulits is outlined in Scheme lll. Excitation of the vinylogous
amide chromophore 10 leads to bond homolysis to form the stabilized diradical 11, which can then undergo
ring closure to regenerate the starting material or, via cyclization at the other terminus of the aza-allylic
radical, to the ring expanded ketoimine, 12. The imine can then undergo a ground state transannular
cyclization to give, after dehydration, the observed pyrrole product, 13.
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The marked difference in the photoreactivities of 4, 6, 8, and 9 can be explained by a combination of
the relative rates of diradical recombination and stereoelectronic effects. The recombination rates of
diradicals to form eight- and nine-membered rings are known to be much slower than the corresponding
reactions to form other ring sizes.” In the case of 4, the ring expansion from an eight- to a ten-membered
ring should be favorable, relative to the corresponding reaction of the seven-membered ring substrate 6
which undergoes ring expansion to give a nine-membered ring ketoimine. The six-membered ring
photosubstrate, 8, which would expand from a six- to an eight-membered ring, would be expected to react
much more slowly than either 4 or 6, and, in the event, only photodegradation is observed on irradiation of 8.
The relative photostability of 9 can be attributed to stereoelectronic factors. For maximum bond overiap and
consequently maximum radical stabilization, the bond undergoing homolysis in the first step of the mechanism
outlined in Scheme Ill should be approximately perpendicular to the ketone carbonyl. Such a geometry wouid
be quite difficult to achieve in a four-membered ring as shown in conformation B (Scheme V), but would be
easily attained in a seven- or eight-membered ring.
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This photochemical synthesis of pyrroles was next examined in an acyclic system, in which the first
bond homolysis would necessarily generate two separate radical species (Scheme V). It was anticipated that
the yield of pyrrole formation, which must now compete with dissociation of the initially formed radical pair
from the solvent cage, would be lower in this system. In the event, irradiation of 14, under conditions
identical to those described above, led to the formation of pyrrole 15 in a modest 16% vyield.
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While the yields remain to be optimized, this excited state reaction nicely compiements the better
known Knorr synthesis of pyrroles, in which ground state cyclization of 14 leads to the formation of the
isomeric pyrrole, 16. Further study of this rearrangement from both mechanistic and synthetic standpoints
is currently underway in our laboratories, and our resuits will be reported in due course.
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