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Aryl pyrryl carbinols have been found to readily cyclize to meso-substituted tetraarylporphyrins in yields
which are consistent with the intermediacy of the pyrryl carbinols in the Rothemund reaction. Acidic solu-
tions of the pyrryl carbinols show absorption bands characteristic of pyrrolylmethenes. It is suggested that
pyrrolylmethenes are likely intermediates in the Rothemund reaction.

J. Heterocyclic Chem., 18, 833 (1981).

In the Rothemund reaction (1,2) pyrrole is condensed
under acidic conditions with aryl or alkyl aldehydes to
give, in one step, meso-substituted porphyrins in yields as
high as 40%. The mechanism of this reaction has been
studied by several investigators, (2-7). Adler, Longo and
Shergalis (5) have suggested that the cyclization reaction
most likely proceeds via the carbinol, I (see Scheme I). In
order to test this hypothesis we have prepared a series of
pyrryl carbinols and examined their cyclization to meso-
substituted porphyrins.
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The yields obtained with several different pyrryl car-
binols are listed in Table I. Also listed are the yields ob-
tained in two mixed-carbinol syntheses of unsymmetrically
substituted porphyrins (8,9). As the data show the yields
are essentially the same as those obtained in the Rothe-
mund reaction. This result is consistent with the inter-
mediacy of the carbinols in that reaction. Since the pyrryl
carbinols were oils which could not be distilled the yields
reported here are based on the amount of ketone.

We have observed that propionic acid solutions of the
carbinols become bright red in the early stages of the
cyclization reactions. We have briefly investigated the
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nature of these species. Cold propionic acid solutions of
phenyl, 4-nitrophenyl, 3-pyridyl, and methyl pyrryl car-
binols show absorption maxima at 475, 478, 481 and 498
nm, respectively. Similar intense absorptions are observed
in the early stages of the Rothemund reaction. For exam-
ple, a hot propionic acid solution of 3-pyridinecarboxalde-
hyde and pyrrole has a particularly long-lived absorption
at 481 nm. We note that these absorptions are
characteristic of pyrrolylmethenes, II (11-13), and we sug-
gest that they are likely intermediates in the Rothemund
reaction (14). Their intermediacy is entirely consistent

IT

with the rate of water formation during the reaction (5). It
has been previously demonstrated that pyrrolylmethenes
will react with pyrroles to give dipyrrylmethenes (13).

The reactivity of pyrryl ketones was briefly examined.
They showed no tendency to cyclize and could be nearly
quantitatively recovered from reaction mixtures. This
rules out their proposed role in the Rothemund reaction
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EXPERIMENTAL

The nmr spectra in deuteriochloroform solutions were obtained in a
Perkin-Elmer R24B spectrometer operating at 60 MHz. The shifts, 8, are
given in ppm from TMS and the coupling constants are in Hz. Analyses
were performed by Gallbraith Laboratories, Inc., Knoxville, Tenn. The
chromatographic separations were effected by the dry-column procedure
using either alumina (Fisher Scientific A-540), silica gel (Baker, 5-3405),
silica gel (Woelm-04526; obtained through ICN Pharmaceuticals, Inc.).

All solvents and reagents were purchased commercially and used as
supplied except as follows. Pyrrole was distilled from calcium hydride
and 1,2-dichloroethane was distilled from phosphorus pentoxide. The
following aryl pyrryl ketones were synthesized by the method of White
and McGillivray (15): 2-benzoylpyrrole: mp 78°, lit. 77.5-78.0° (15),
2{(4-chlorobenzoyl)pyrrole: mp 118°, lit. 118.5-119.5° (15), 2{4-nitro-
benzoyl)pyrrole: mp 161°, lit. 160-162° (15).
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Table I

Yields Obtained in Porphyrin Syntheses From Carbinols and From Aldehydes

Porphyrin (a) Ref. Yield (%) from Carbinol Yield (%) from Aldehyde
TPP (18) 41 35
T-3-PyP (8 18 17
p-CI-TPP (18) 19 18
TMP (18) 0 0
Mixed Syntheses of p-Nitrophenylporphyrins
TPP (18) 5.8 6.0
mono-4-NO,-TPP (19) 6.0 6.0
cis and trans-di-4-NO,-TPP (19) 4.2 3.9
Mixed Syntheses of 3-Pyridylphenylporphyrins
TPP (18) 6.7 6.5
mono-3-Py-TPP (8) 4.1 4.1

(a) For abbreviations used in this paper see footnote 10.

2-Acetylpyrrole.

One-half mole of pyrrole (33.5 g) and 0.57 mmoles (62 g) of acetic
anhydride were stirred at 0° in a 250 ml round bottom flask. To the mix-
ture of 7.0 g of redistilled boron trifluoride etherate was added in one
portion. After one hour 100 ml of water was added. The resulting solu-
tion and tar was repeatedly extracted with chloroform. The 2-acetyl-
pyrrole (4.3 g) was purified by repeated crystallization from toluene, mp
90°, Iit. 90° (16).

23-Pyridoyl)pyrrole.

N,N-diethylnicotinamide (Aldrich), 73.2 g (0.41 mole) was dissolved in
100 ml of phosphorus oxychloride and stirred for 24 hours under
nitrogen. One liter of 1,2-dichloroethane was added and then 27 ml of
pyrrole (0.40 mole), dissolved in 50 ml of 1,2-dichloroethane, was added
dropwise over a 30 minute period. A thick, black oil formed on the sides
of the flask. After 24 hours the liquid layer was cautiously poured into an
excess of a saturated sodium carbonate solution. The solution and the tar
remaining in the reaction vessel were recombined and the mixture reflux-
ed for 1 hour. The organic layer was flashed to dryness and redissolved in
a minimum amount of chloroform. The solution was chromatographed
on silica gel (Baker) using chloroform as the eluant. The yield was 24 g
(34%). During the chromatography, as the purity of the material in-
creases, it becomes progressively more difficult to elute the ketone from
the column with chloroform. It can be eluted with 15% diethyl ether in
chloroform, mp 131-132°; nmr: 8 6.35 (m, 1H), 6.90 (m, 1H), 7.25 (m, 1H),
7.40 (dd, 1H), 8.18 (dt, 1H), 8.83 (dd, 1H), 9.17 (d, 1H).

Anal. Caled. for C,,H,N,O: C, 69.76; H, 4.68; N, 16.26. Found: C,
69.81; H, 4.69; N, 16.29.

General Procedure for Porphyrin Syntheses from the Carbinols.

The ketone (9.25 X 10-2 moles) was reduced by the method of Silvers-
tein, et al. (17) and then added, as a methanol solution (5 ml), to 45 ml of
propionic acid. The reaction mixture was refluxed for 105 minutes and
then flash evaporated. The residue was neutralized with a minimal
amount of ammonium hydroxide and then flashed to dryness after 10 ml
of absolute ethanol had been added. The reaction mixtures in the p-Cl-
TPP and TPP syntheses were chromatographed firstly on silica gel
(Baker) using chloroform as the eluant, secondly on alumina (Fisher) us-
ing benzene and then thridly on silica gel (ICN) using 1:1 chloroform-
benzene as the eluant. The T-3-PyP and mono-3-PyTPP reaction mix-
tures were chromatographed as has been previously described (8). The
4-NO,-TPP reaction mixture was chromatographed on silica gel and
alumina columns in chloroform. The porphyrins were separated by
chromatography on silica plates using toluene as the eluant.
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