Apr. 1973

Communication to the Editor 273

The Dye-Sensitized Photooxygenation of Pyrrole a-Aldehydes

David A. Lightner and Gary B. Quistad

Department of Chemistry, Texas Tech University, Lubbock, Texas 79409

Received December 4, 1972

Sir:

Whereas photosensitized oxygenation studies of pyrrole
(1,2) and alkylated pyrroles (3) have been the subjects of
recent investigations, there have been no reports on the
photooxygenation of pyrrole aldehydes to date. Our
interest in the photooxidative behavior of these sub-
strates arises from our concern (4) and that of others (5)
that certain pyrrole aldehydes are formed during jaundice
phototherapy (6,7). We were thus surprised to discover
the extremely rapid, efficient and selective conversion of
kryptopyrrole aldehyde (1a) to one isolated product,
4-ethyl-5-methoxy-3,5-dimethyl-A%-pyrrolin-2-one (2a) (8)
following photooxygenation in methanol. Such high yield
stereospecific conversions are uncommon among alkyl-
pyrrole photooxidations (1-3). However, the efficiency
of this oxidative deformylation reaction is highly depen-
dent on the number and location of the alkyl groups on
the pyrrole ring.

In a typical photooxidation, a dilute (0.6-1.2 mmole
%) methanolic solution of the aldehyde (1a-g) (9) con-
taining 3.3 mg. % of Rose Bengal (' O, sensitizer) was
photolysed (10) in a water-cooled Pyrex immersion ap-
paratus for 5.5 hours while a slow stream of oxygen was
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bubbled through the reaction vessel. After evaporation
of the methanol in vacuo, the photolysate was column
chromatographed on silica gel (E. Merck, Darmstadt,
70-325 mesh ASTM). Material appearing in the ethyl
acetate or ethyl acetate-acetone fractions was separated
and purified by preparative thin layer chromatography
(Silica Gel F, M. Woelm, Eschwege, 1 mm ethyl acetate)
to yield the various photoproducts [2a, b, ¢, d, e, f, g]
corresponding to the starting aldehyde in yields of 53, 53,
0, 7, 41, 10 and 10% respectively. None of product 2¢
(from 1c) was detected during longer or shorter photolysis
periods. In some cases (1¢, 1d, and 1f) starting aldehyde
was recovered (68, 5 and 12% respectively); in others,
it was not found. Aldehyde 1f also gave citraconimide
(3,11) (8) in 12% yield, and 1g gave 5 in 7% yield. The
structures were characterized by a combination of spectro-
scopic methods and by comparison to structures already
established from other work (3,12).

Each photoproduct presumably originates from the
endo-peroxide intermediate (3) resulting from 1,4-addition
of singlet oxygen to the a-carbons (13). Although both
the loss of a hydrogen and a methyl group have already
been shown to occur in the formation of the pyrrolinone
structure, loss of an a-H has always been favored in
competition with loss of a-methyl (14,15). The selective
and favored loss of a formyl group vs. hydrogen or methyl
is without precedent for pyrroles and of considerable
relevance to the bilirubin problem (4,5). The great
disparity in product yields appears to be a combination
of at least two effects. Thus, resonance structures such as
6 might be strongly contributing forms when R, and
R, = H but much less so when steric inhibition to
resonance is generated by neighboring alkyl groups, R,
and R, = CH;. Whenever 6 contributes strongly to the
overall electronic structure of 1, as has been demonstrated
from the nmr spectrum of 1¢ (16), one might suspect that
10, would not react as efficiently in a Diels-Alder fashion
at positions 2 and 5 of the pyrrole ring to give endo-
peroxide 3 and products emanating from it, e.g., 1c > 2¢
and 1d - 2d. However, when the formyl group is flanked
by methyl groups, resonance structure 6 should be some-
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what sterically hindered and thus a less energetically
favorable representation for 1. Therefore, one should
expect a more facile reaction of 'O, with the dienic
structure of 1 with (observed) higher yields of products,
e.g., 1f > 2f and 1g > 2g.

Secondly, we observed that the yields of products (2)
decreased with decreasing number of alkyl groups. Thus,
pyrrole a-aldehyde (1¢) afforded no detectable pyrrolinone
(2¢) and reacted very sluggishly (68% recovered starting
material) contrasted with kryptopyrrole aldehyde (1a).
When the nitrogen atom or C-3 was substituted with a
methyl group (in place of hydrogen) the yield of pyrrolin-
one product was increased cf. 2c and 2d vs. 2f and 2g),
and when C-5 was also alkylated, the yield of pyrrolinone
product was highest, e.g. 2a, 2b, and 2e. These observa-
tions are consistent with the previously observed tendency
to recover higher yields of products when the pyrrole
B-positions are alkylated (14,15). Presumably, secondary
reactions of the photoproducts are thereby slowed as has
been demonstrated for maleimide and diethylmaleimide
(1.

[n only one case (1f) was an imide (4) isolated and the
known oxidation at the a-carbon of N-alkyl groups (17)
occurred (1g) to give an N-formyl pyrrolinone (5) which
had also experienced selective loss of the original C-formyl
group. Further work on the mechanistic details of these
reactions is currently under study.
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