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Abstract—New photochemically induced intramolecular cycloaddition and double cycloaddition of 5,5-dimethyl-2,2'-(o-
phenylenedivinylene)dipyrrole (4b) led to the formation of 2-{[2-(5-methyl-2-pyrrolyl)indan-1-ylidene]methinyl}-5-methylpyrrole
(8) and 2-methyl-9-(5-methyl-2-pyrrolyl)-3b,4,8b,9-tetrahydro-4,5-benzopentaleno[1,2-b]pyrrole (9), respectively, in a 1:1 ratio.
The compounds were characterized spectroscopically. Under the same conditions 5-methyl-2-(2-vinylphenylethenyl)pyrrole (1c)
undergoes only cis—trans isomerization and decomposition. © 2001 Elsevier Science Ltd. All rights reserved.

In our previous papers'? we described the first pho- styrylfurans. Irradiation of la gave 2 (Scheme 1) by
toaddition reactions of styrylpyrroles in continuation of regiospecific intermolecular addition of the pyrrole to
our interest on the synthesis** and photochemistry>® of the double bond.

Scheme 1.

Scheme 2.
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No intramolecular formation of the possible bicyclic
product 3a was observed,! as we had expected by
analogy with furan derivatives.””’ The bimolecular pho-
toaddition does not occur upon irradiation of 1b and
only traces of the bicyclic product 3b were formed. The
only tractable product formed came from cis—trans
isomerization. We proposed? that the formation of the
dimeric product 2 occurs via photoinduced electron
transfer, followed by proton transfer and radical
combination.

B,B'-Dipyrrolyl-o-divinylbenzene? (4a) (Scheme 2), con-
taining two pyrrolyl-styryl groups in the same
molecule, gave the dimeric product 5 presumably via
intermediate 6a. Traces of intramolecular products in
the crude mixture were also observed after the irradia-
tion, but they decompose during isolation and
separation.

We blocked position 5 in the pyrrole moiety in an
attempt to prevent the preferred nucleophilic attack of
the starting compound. A methyl substituent was intro-
duced in 1a and 4a. Herein, we report the photochemi-

cal behavior of 5-methyl-2-(2-vinylstyryl)pyrrole (1c)
and 5,5'-dimethyl-2,2'-(0-phenylenedivinylene)dipyrrole
(4b). The compounds 1c¢ and 4b'° are prepared by a
Wittig ‘one-pot” reaction* from the corresponding phos-
phonium salts and 5-methyl-2-pyrrolecarboxaldehyde
(made by formylation'! of 2-methylpyrrole'?) following
the procedure described for the preparation of 1a, 1b!
and 4a,” respectively.

After irradiation of 1c¢ at 300 nm in benzene no inter-
molecular addition and formation of adduct 7 took
place (Scheme 3). The only process observed was cis—
trans isomerization, although it was accompanied by
decomposition. Only more tarry material was observed
with prolonged irradiation.

According to Gilbert'* photoadditions of styrene and
(E)-stilbene to 2-(1-phenylethyl)pyrroles occur at the 3-
rather than the 5-position of the pyrrole moiety.

Irradiation of a 4x1073 M benzene solution of 4b at 350
nm gave the photoproducts 8 and 9 in a 1:1 ratio
(Scheme 4), which were separated by column chro-
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Scheme 5.

matography using neutral aluminum oxide and a
petroleum ether/dichloromethane mixture as eluent.

Hydrogen transfer and regioselective ring closure in a
trans and cis fashion follow the excitation and electron
transfer’*'® producing the intermediates trans-6b and
cis-6b. The regioselectivity in product formation results
from the charge distribution in the radical anion and
the proton capture of the anionic center of the double
bond at the position o to the benzene ring. Both cis-
and trans-6b can undergo a 1,7-H shift to the more
stable indanylidene product 8, whereas, cis-6b under-
goes a second intramolecular addition of the pyrrole
moiety at the 3-position'® giving the benzopentaleno—
pyrrole derivative 9. It is noteworthy that of the theo-
retically possible four isomers (Scheme 5), only one,
exo—cis benzopentaleno—pyrrole derivative 9 is formed,
probably due to thermodynamic reasons.

The structures of the photoproducts were established
by 'H and '3C NMR using carbon-hydrogen and
hydrogen—hydrogen 2D correlation spectra.'” Product 8
has a narrow doublet at a low magnetic field (6.92 ppm)
that is in accord with a similar conjugated system'®
which shows the allylic coupling with the indane hydro-
gen at 4.46 ppm. The corresponding carbon appears at
112.62 ppm in agreement with conjugated ethene
derivatives.! The doublets of doublets at 3.54 ppm and
3.02 ppm, respectively, belong to the methylene hydro-
gens on the indane ring with the corresponding carbon
at 41.12 ppm. The stereochemistry of the double bond
was determined by NOESY experiments in which the
interaction of the methylidene hydrogen and the aro-
matic hydrogen was observed. The benzopentaleno—
pyrrole 9 shows five well-resolved signals: 4.48 (s), 4.38
(d), 3.70 (ddd), 3.01 (dd) and 2.79 (dd) ppm in the
aliphatic region (C¢Dg). The signals at 4.38 ppm and
3.70 ppm belong to the hydrogens on the pentaleno
bridge and are in the cis configuration based on
NOESY experiments. The pyrrolyl substituent on the
pentaleno moiety is exo oriented and the singlet at 4.48
ppm is assigned to the hydrogen connected to the
carbon between the two pyrroles. In the endo orienta-
tion this hydrogen would appear in the 'H NMR
spectrum as a doublet because of the large vicinal cis
coupling constant found in pentaleno derivatives.'?

The formation of the exo—cis isomer 9 is supported by
PM3 calculations. The isomer 9, with cis-hydrogens on
the pentaleno bridge and exo-orientation of the
pyrrolyl group, is 25.30 kcal/mol more stable than the
endo—trans isomer 9 which is, according to the calcula-
tions, the most unstable isomer.
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