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Convenient synthesis of porphine from b-tetra(tert-butyl)porphyrin
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Abstract—b-Tetra(tert-butyl)porphyrin was prepared from 2-dimethylaminomethyl-4-tert-butylpyrrole and converted into por-
phine, the mother compound of porphyrins, in 64% yield. The dealkylation smoothly proceeded in aqueous sulfuric acid over
15min at 190 �C under nitrogen.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

Porphyrin is the essential component of hemoproteins
such as hemoglobin and cytochrome. The macrocycle
is composed of four pyrrole rings connected with four
meso-carbons, and variously substituted at the periph-
ery. The parent nucleus without any substituents is
called porphine (1). Despite the simple structure, the
preparative difficulty of 1 has been well documented.1

The commercial sample is fairly expensive.2 The synthe-
sis has been improved3 step by step since the initial re-
ports in 1936 by Rothemund4 and Fischer and Gleim.5

Neya et al.6 in 1993 prepared more than 100mg of 1
at one time from formalin and pyrrole. Taniguchi
et al.7 recently devised an elaborate porphine synthesis
from tripyrrane and 2,5-bis(hydroxymethyl)-pyrrole
with 30% yield.

Owing to the fundamental importance, 1 takes up the
central place in porphyrin chemistry just as benzene in
aromatic organic chemistry. The free meso-bridges and
pyrrole b-carbons in 1 suggest the potential utility of 1
as the staring material for various porphyrin derivatives8

and building block of porphine oligomers. In addition,
the iron complex has been employed as the smallest
prosthetic group of hemoprotein to modify intensively
the heme–globin interactions.9,10 In view of the growing
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chemical and biological utility of 1, the facile synthesis
still remains as an attractive goal.

We have recently reported porphine formation11 from
meso-tetra(tert-butyl)porphyrin (2). The de-tert-butyl-
ation of 2 afforded 1 in 74% yield. Intensive literature
survey shows that another tetra(tert-butyl)porphyrin,
that is b-tetra(tert-butyl)porphyrin (3), was synthesized
in 1974 by Whitlock et al.12 Porphyrin 3 bears peripheral
groups on the b-pyrrole carbons whereas compound 2 is
substituted on the meso-carbons. Whole purpose of their
synthesis12 was to investigate the cyclization mechanism
of the monomer, 2-dimethylaminomethyl-4-tert-butyl-
pyrrole (4). The product 3 is actually a mixture of four
isomers separable by chromatography. Since complete
removal of the tert-butyl substituents in the four isomers
results in the same product, porphyrin 3 will serve as a
precursor for 1. We accordingly undertook the de-tert-
butylation of 3 to explore this possibility.

The synthetic route is outlined in Scheme 1. Pyrrole 4
was converted into porphyrin 3 in refluxing acetic acid.12

The nominal yield of about 25% for 312 was well repro-
ducible in our hands. The proton NMR spectrum of 3
was in accordance with that reported,12 indicating dom-
inance of the isomers I and III. We attempted the deal-
kylation of 3 under various conditions. Several kinds of
acid catalysts such as p-toluenesulfonic acid, sulfuric
acid, and aluminum chloride13,14 were examined over a
90–200 �C range. Satisfactory result was obtained with
hydrated sulfuric acid14 at 190 �C. Compound 3 was
smoothly dealkylated in 15min. The Soret band shifted
from 400 to 394nm and the characteristic phyllo-type of
visible spectrum11 appeared to reflect the formation of 1.
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Scheme 1. Synthesis of 1 from pyrrole 4. Conversion of 2 to 1 has been

already reported.11
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The reaction temperature is much higher than 90 �C
applied for the de-tert-butylation of 2.11 The higher
temperature may arise from the flat macrocycle of 3 with
the tert-butyl groups on the less crowded b-pyrrole car-
bons. It is notable that the carbon atom bearing tert-bu-
tyl group is constrained into an sp3-carbon like
conformation upon proton attachment.15 In porphyrin
2, the meso-carbons are inherently constrained16 due
to the tert-butyl substituents on the crowded meso-
bridges. Thus, the de-tert-butylation for non-planar 2
is feasible at lower temperature.

The above method has several advantages. Pyrrole 4 is
easily derived from pyrrole.12,17 Porphyrin 3 is available
from pyrrole 4 in multi-gram quantities with 20–29%
yield after brief reflux in a small volume of acetic acid.12

Deaeration and dehydration are unnecessary for the
acetic acid whereas a large amount of oxygen-free and
dry dichloromethane is required to prepare 2.16 In addi-
tion, the expensive oxidizing agent 2,3-dichloro-5,6-
dicyano-1,4-benzoquinone, necessary for 2,16 is not
used. The 64% yield of 1 from 3 is satisfactory and com-
parable with 74% reported for analogous reaction for
2.11 Easy de-tert-butylation of 3 makes this porphyrin
a superior precursor for 1. In conclusion, we developed
a new route to 1. The route as well as our previous meth-
odology11 facilitates the access to porphine.
2. Experimental

b-Tetra(tert-butyl)porphyrin12 3 (200mg) was dissolved
in sulfuric acid (14mL), and water (6mL) was added
dropwise. Nitrogen was bubbled over 10min through
the solution for deaeration. The mixture was subse-
quently heated at 190–200 �C under nitrogen atmos-
phere for 15min. 1-Butanol (40mL) and chloroform
(200mL) were added to the cooled solution before being
washed until neutrality with dilute aqueous sodium
hydroxide and water. The chloroform layer containing
crude 1 was evaporated to dryness. The residue, washed
on a centrifuge with small portions of methanol until
colorless, was purified by silica-gel column chromatog-
raphy with chloroform. The fast-moving red band was
collected and evaporated to dryness. Recrystallization
from chloroform/methanol afforded 74mg of 1 (64%
yield). The visible absorption spectrum in dichlorometh-
ane was identical with that reported in the literature.11

Anal. Calcd for C20H14N4: C, 77.40; H, 4.55; N, 18.05.
Found: C, 77.69; H, 4.61; N, 17.70. MS: m/z 310
(M+). 1H NMR (400MHz, CDCl3, d): 10.37 (s, 4H,
meso-H), 9.53 (s, 8H, pyrrole-H), �3.96 (br s, 2H, NH).
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