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Abstract: The treatment of 2,5-bis(hydroxymethyl)pyrrole with
pyrrole in the presence of hydrochloric acid gave tripyrrane in 61%
yield, which afforded porphine in an improved 31% yield by the
“3+1” approach.
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b-Substituted porphyrins are usually synthesized by the
�3+1’ technique known as MacDonald condensation.1

Moreover, this procedure affords new aromatic porphy-
rinoid systems, including benzene- and pyridine-contain-
ing macrocycles and carbaporphyrins, by utilizing other
aromatic aldehydes.2 During this condensation, tripyr-
ranes, which are the methylene bridged linear trimers of
pyrrole, are the key compounds as the “3” component.
However, their synthesis is sometimes cumbersome with
low yields because of having two ester or carboxyl groups
at the C-2 and C-14 positions of the tripyrranes. In partic-
ular, unsubstituted tripyrrane (2)3, to the best of our
knowledge, has not yet been isolated.4 Therefore, our
strategy to develop a facile route to 2 would provide a new
way to porphine and b-substituted porphyrins by the
“3+1” type procedure as well as macrocycles such as ho-
moporphyrins,5 N-confused porphyrins6 and expanded
porphyrins.7

Porphyrins are known to be easily obtained by treatment
of the precursor �porphyrinogen’ with oxidizing agents
such as chloranil. Therefore, the preparation of porphy-
rinogen by the �3+1’ condensation is the important step in
our synthesis. The synthesis of calix[4]arenes from phe-
nolic trimers by Kämmerer and his co-workers8 suggested
to us an approach to tripyrrane and porphyrinogen, whose
structures resemble that of calix[4]arene; in 1979 they re-
ported a route to the methylene bridged trimer of phenols
by the condensation of 2,6-bis(hydroxymethyl)-4-substi-
tuted phenols with excess 4-substituted phenols in the
presence of hydrochloric acid. The trimers were then con-
verted to calix[4]arenes using the acid-catalyzed �3+1·
condensation with 2,6-bis(halogenomethyl)-4-substituted
phenols. We applied this methodology to the synthesis of
tripyrrane (2) (Scheme 1). The starting 2,5-bis(hydroxym-
ethyl)pyrrole (1)9 was obtained in good yield (84-92%)
from pyrrole and formalin according to a modification of
the literature method.10 We then examined preparing 2
from 1 under various reaction conditions. Due to the labil-

ity and high reactivity of 1, it afforded only intractable tar
above room temperature in the presence of acid. In alco-
holic solution, the condensation products were a mixture
of the dimer and trimer. The trifluoroacetic acid-catalyzed
condensation of 1 with excess pyrrole was found to be
quite effective, but always accompanied by a small
amount of the dimer. Finally, the hydrochloric acid-cata-
lyzed condensation in water at low temperature gave 2 in
the best yield (61%).

In a typical experiment, pyrrole (26.4 g, 394 mmol) was
added to a stirred solution of 1 (5.0 g, 39 mmol) in water
(700 cm3) below 5 ºC under argon with shielding from
light. After 30 min, concentrated hydrochloric acid (0.5
cm3, 6 mmol) was added to the efficiently stirred solution.
The solution immediately changed to a white emulsion.
After 30 min, the mixture was neutralized with aqueous
NaHCO3, water and excess pyrrole were removed in vac-
uo (3-4 Torr) with a rotary evaporator, the residue was ex-
tracted with Et2O or CH2Cl2, and the extract was subjected
to distillation to give 2 (5.4 g, 61%).11 Instead of the dis-
tillation, the separation by column chromatography on sil-
ica gel using CH2Cl2 as an eluent afforded 2 in 41% yield.

Although the acid-catalyzed condensation of 1,3-bis(hy-
droxymethyl)benzene or 2,6-bis(hydroxymethyl)pyridine
with excess pyrrole was not successful, 2,5-bis(2-pyrro-
lylmethyl)furan (3)12 (53%) and 2,6-bis(2-pyrrolylmeth-
yl)-4-tert-butylphenol (4)13 (32%) were obtained upon
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refluxing for 1 h from the corresponding bis(hydroxyme-
thyl)arenes and pyrrole in a similar manner.

In order to demonstrate the usefulness of the newly-ac-
quired 2, the synthesis of porphyrins by the “3+1” method
was carried out; the condensation of 2 (1 mmol dm-3) with
an equimolar amount of 1 in chloroform in the presence of
BF3·MeOH according to the Lindsey method14 gave por-
phyrinogen in situ, which was then oxidized by chloranil
to afford porphine 5 in 31% yield (Scheme 2).15 As an ex-
ample of the b-substituted porphyrins, 2,3-diethylporphy-
rin (26%) was similarly prepared from 2 and 2,5-
bis(hydroxymethyl)-3,4-diethylpyrrole. Despite using a
high-dilution technique, our method is very easy to per-
form. Although porphine is the most basic compound in
the porphyrin chemistry and it has been more than sixty
years since its first synthesis,16 its preparation is still one
of the most difficult processes in organic synthesis.17 The
highest yield during porphine synthesis hitherto has been
8-10% which was accomplished by Longo and his co-
workers in the reaction of 2-(hydroxymethyl)pyrrole over
a period of 10 days in chromatographed ethylbenzene at
100°C.18 Our “3+1” type condensation using 2 would be a
superior method for the porphyrin synthesis.

In conclusion, tripyrrane (2) was first isolated in good
yield by a simple operation from the readily available 2,5-
bis(hydroxymethyl)pyrrole and excess pyrrole and suc-
cessfully applied to the synthesis of porphine in an im-
proved yield. This new synthesis of tripyrrane would also
serve the chemistry of porphyrin and homoporphyrin.
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