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Abstract: The total synthesis of protoporphyrin IX and its disodium salt using a new alternative method to the
classical MacDonald condensation is reported. The key step is the reaction of the new unsymmetrical diiodo
dipyrrylmethane 1 with the known dipyrrylmethane 2. Coupling of the two fragments leads directly to porphyrin
3 without the need of an oxidizing agent. The new methodology is well suited for the synthesis of protoporphyrin
IX derivatives on a multi-100 g scale in good quality without the need for chromatography. Furthermore, these
preparations are completely free of any contaminant of animal origin, which represents a real improvement in the
manufacturing of protoporphyrin IX derivatives.
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Introduction

Protoporphyrin IX (Fig. 1) ismost com-
monly prepared by semisynthesis starting
from hemin, which in turn is isolated from
ox or pork blood.[1,2] For medical applica-
tions, e.g. in cell culture media, this poses
the problem of impurities of animal origin
that may be present, in particular of agents
in connection with transmissible spongi-
form encephalopathy. In order to meet the
guidelines of the regulatory agencies,[3] it
was necessary to provide a completely syn-
thetic preparation process for the prepara-
tion of protoporphyrin IX that uses only
products of synthetic origin.

Here, we describe the total synthesis
of protoporphyrin IX and its disodium salt
using a novel variant of the MacDonald
condensation method. The key step is the
reaction of the new unsymmetrical diiodo-

dipyrrylmethane 1 with the known dipyr-
rylmethane 2 (Scheme 1).[4] The two frag-
ments are coupled without the presence
of a metal leading directly to porphyrin
3 without the need of an oxidizing agent.
The new methodology is well suited for
the synthesis of protoporphyrin IX on a
multi-100 g scale in good quality without
the need for chromatography.

Synthetic Concept

The classical MacDonald condensa-
tion where a dipyrrylmethane unit is re-
acted with a dipyrrylmethane dialdehyde
has been widely applied for the preparation
of a variety of unsymmetrically substituted
porphyrins.[5] The primary product is a di-
hydroporphin which must then be oxidized
to obtain the corresponding porphyrin us-
ing either air[5] or a quinone such asDDQ.[6]
In many cases, the oxidation step is rath-
er problematic since the dihydroporphin

is quite unstable and not easy to detect.
Furthermore, the reduced quinone is dif-
ficult to remove from the reaction mixture
requiring a chromatographic separation.
For these reasons, scale up problems are
unavoidable and, indeed, literature prepa-
rations are usually described in the mg
range.

We reasoned that in order to avoid the
formation of the dihydroporphin, one of
the two dipyrrylmethanes should either be
in a higher oxidation state or carry a nu-
cleofuge which can be eliminated to form
the required additional C=C double bond.
We decided to prepare the diiodo deriva-
tive 1 and to react it underMacDonald con-
ditions with dipyrrylmethane dialdehyde 2
(Scheme 1). To our delight and surprise,
we directly obtained the desired porphyrin
3 in good yields. We postulate that the pri-
mary condensation product is intermediate
A which spontaneously eliminates water
as well as one mol of HI to give the iodin-
ated porphyrin B which then is reduced by
the HI formed in the first step to give 3 and
I
2
.[7]We consider the elimination of 2 mol

of HI improbable since a rather thermody-
namically unfavourable dehydroporphyrin
would be formed.

Synthetic Details[8]

The synthesis of the new diiodo dipyr-
rylmethane 1 was carried out as depicted
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rials via a modifiedMacDonald procedure.
The key step is the condensation reaction
of the diiodo dipyrrylmethane 1 with the
dialdehyde 2 which directly furnishes the
porphyrin 3 without the need of oxidation

in Scheme 2. The partially optimized
synthesis which delivered the desired in-
termediate in an acceptable over-all yield,
starts with the silylated propyne 4 which
is reacted with acetyl chloride in presence
of AlCl

3
to give 3-pentyne-2-one (5). The

phosphine-catalyzed reaction of 5 with
benzyl isocyanoacetate gave the first pyr-
role unit 6 which was obtained in pure
form after chromatography in moderate
yield. The second pyrrole moiety 9 was
prepared starting from the commercially
available pyrrole ethyl ester 7 which was
first transformed to the corresponding ben-
zyl ester 8 with Na/BnOH at 190 °C and
then acetoxylated in presence of sulfuryl
chloride to give 9 in moderate yield. The
condensation of the two pyrrolo units 6
and 9 catalyzed by HBF

4
gave the desired

dipyrrylmethane 10 in an acceptable yield
of 68%.After removal of the benzyl groups
via hydrogenolysis with Pd/C to give the
diacid 11, the novel diiodo dipyrrylmeth-
ane 1 was obtained in excellent yield and
high purity as light red crystals.

The synthesis of the second dipyrryl-
methane moiety 2 was carried out as de-
picted in Scheme 3. Commercially avail-
able 12 was brominated selectively and
then condensed with the loss of a C

1
unit

to give dipyrrylmethane 13 in good yield.
Dialdehyde 2 was then obtained in excel-
lent yield via debenzylation with Pd/C to
give 14, followed by reduction with tri-
methyl orthoformate in presence of trifluo-
roacetic acid.

With the two dipyrrylmethane moieties
1 and 2 in hand, the condensation reaction
was carried out in a mixture of acetic acid,
acetic anhydride and trifluoromethyl sul-
fonic acid (Scheme 1). The desired por-
phyrin 3 was indeed obtained in excellent
76% yield. The target protoporphyrin IX
(16) and its disodium salt 17were obtained
as shown in Scheme 4 via reduction of the
two acetyl groups with NaBH

4
to give the

hematoporphyrin ester 15, followed by
elimination of the intermediately formed
dibenzoates in good to excellent yields.
While 16 was obtained as violet-black
crystals of high purity, the disodium salt
was isolated as an amorphous powder.

As can be seen from the detailed exper-
imental part, the synthesis of 17 was first
carried out on a 6 g scale.While most inter-
mediates could be isolated via distillation
or crystallization some compounds had to
be purified by column chromatography. In
an intensive process development, all of
these chromatographic steps could be cir-
cumvented by relatively small variations of
the experimental conditions. The improved
procedure was then applied to the prepa-
ration of protoporphyrin IX derivatives on
a 100 g scale with an overall yield in the
range of 40% starting from 1 and 2.

Conclusions

Protoporphyrin IX dimethyl ester 16
and its disodium salt 17 can be prepared
fromcommercially available startingmate-
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of a dihydroporphyrin intermediate. Both
dipyrrylmethane units can be prepared
on multi-100 g scale in excellent purity
and satisfactory yield without the need of
chromatography.
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