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Synthesis of a “face-to-faceÏ porphyrin-corrole. A potential precursor
of a catalyst for the four-electron reduction of dioxygen
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The synthesis of a cofacial porphyrin-corrole as well as a mixed valence CoIICoIII derivative is reported.

The development of efficient catalysts for the reversible multi-
electron reduction of remains a daunting challenge forO2designers of superior fuel cells and batteries that utilize
dioxygen as the reducible reactant. In this reseach area, dico-
balt or heterobimetallic cofacial bisporphyrins are among the
very few molecular electrocatalysts able to promote the direct
reduction of dioxygen to water according to a four-electron
process in an acidic medium.1h6 The complex(FTF4)Co2described by Collman and coworkers was the Ðrst complex
exhibiting activity as a four-electron catalyst and numerous
research articles have been devoted to the elucidation of the
key steps of the catalytic reaction.3,5,7 An important result has
revealed the unexpectedly high dioxygen affinity of a mixed-
valence CoIICoIII cofacial porphyrin,8 the key intermediate
complex being a l-superoxo derivative.8 Dioxygen adducts of
binuclear porphyrin complexes are also of high importance for
mimicking the reaction mechanism of cytochrome c oxi-
dases.9,10

Since very recently, some of our work has been devoted to
developing a general methodology whereby a face-to-face
porphyrin-corrole with an anthracenyl linkage can be pre-
pared. Indeed, it is now well-known that the corrole macro-
ring leads to the formation of highly stable CoIII complexes11
whereas porphyrins stabilize cobalt in the II oxidation state.
Thereby, the design of new face-to-face derivatives leading to
mixed-valence CoIICoIII compounds represents an interesting
challenge since such systems could be very useful in probing
many currently unanswered questions in biochemistry and
particularly should act as models for cytochrome c oxidases.
Moreover, the bis-metallic derivatives of such cofacial
porphyrin-corroles should be able to catalyse the four-
electron reduction of dioxygen to water. Recently, linear
porphyrin-corrole dyads possessing para-phenyl linking units
have been reported but no electronic interaction was observed
between the two chromophores.12
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In order to prepare the porphyrin-corrole, theH5PCA13
porphyrin-dipyrromethane 3, bearing ethyl ester protecting
groups, was prepared as the key intermediate (Scheme 1). The
monoprotected monoaldehyde bridge [1-(1,3-dithiacyclohex-
2-yl)-8-formylanthracene] recently described by Collman et al.
was used as the starting derivative.14 This monoprotected
linker was cyclized with the desired a,c-biladiene using the
classical Harris procedure.15 In situ deprotection with BF3and DDQ gave the monoporphyrin monoaldehyde 1 in
[25% yield (starting from the 1,8-diformylanthracene),16
which was then condensed with 2 equiv. of ethyl 3,4-
dimethylpyrrole-5-carboxylate 2 (Scheme 1) to give the
porphyrin-dipyrromethane derivative 317 in 81% yield.
SaponiÐcation and decarboxylation according to the method
of Abdalmuhdi and Chang18 a†orded the a-free porphyrin-
dipyrromethane intermediate in 89% yield, which was then
reacted with 2 equiv. of monoformyl pyrrole 4 to lead to the
target porphyrin-a,c-biladiene 6. In situ addition of sodium
hydrogenocarbonate and p-chloranil, followed by addition of
50% hydrazine in water, gave the porphyrinyl corrolyl anthra-
cene 8 as a crude compound after solvent removal. Final puri-
Ðcation by chromatography on basic alumina a†orded 8 in
5% yield. Compound 8 displays the expected pseudo-
molecular peak [LSIMS (liquid secondary ion mass spectrom-
etry : m/z 1092 [M ] H]` (100%)], a Soret band at 406 nm
and four Q bands at 503, 536, 572 and 626 nm.

This compound was found to be very unstable when left in
solution in the presence of air and light. This observation
compares to our recent report on molecular oxygen oxidation
of the corrole macrocycle, leading to an open-chain tetra-
pyrrole (biliverdin) structure.19 The substitution of the b-
pyrrole positions (positions 2, 3, 17, 18) of cofacial biscorroles
by phenyl groups prevents the oxidative attack of the ring and
cleavage of the 1,19-double bond.20 According to these
preliminary results and in order to increase the stability of
our aimed for porphyrin-corrole system, the porphyrin-
dipyrromethane intermediate 3 was reacted with 2 equiv. of
2-formyl-3,4-diphenylpyrrole 520 to yield 7. Using the same
experimental procedure as described for 8, the porphyrin-
corrole 921 was obtained, after solvent removal, as a crude
compound. Final puriÐcation was achieved by column chro-
matography on basic alumina, using methylene chlorideÈ
heptane as eluent (70 : 30), and 9 was Ðnally isolated in [10%
yield. The LSIMS conÐrms the bis(tetrapyrrole) nature of 9
(m/z 1283 [M] H]`). The electronic absorption spectrum of
9 shows a very slight red-shift of the Soret band and of the Q
bands (Soret band), 507, 541, 575 nm] compared[kmax \ 398
to the well-known free-base “PacmanÏ porphyrin H4DPA18

(Soret band), 506, 539, 578 and 631 nm] (Fig. 1).[kmax\ 395
Due to the presence of electronic interactions between the two
macrocycles as already observed for “Pacman“ porphyrins, the
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Scheme 1

UV/VIS absorption spectrum of 9 is not a simple super-
position of the porphyrin and corrole chromophore spectra.18

In order to study further the potential catalytic properties
for the electroreduction of dioxygen directly to water, the
mixed-valence CoIICoIII complex was prepared. The free-base
porphyrin-corrole 9 was classically metalated with cobalt
acetate in pyridine.22 It is interesting to note that only the
metalation of the corrole ring occurs at 60 ¡C. This is clearly
evidenced by the electronic spectrum, which exhibits in the
visible region the pattern of both the cobalt corrole
(absorption at 600 nm in pyridine) and of the free base
porphyrin (Q bands at 503 and 541 nm in pyridine). In the
Soret region, only the strong absorption of the free base
porphyrin at 406 nm is observed. This mono-metalation of the
corrole moiety is also proven by the mass spectrum, which

Fig. 1 Absorption spectra of 9 and H4DPA

exhibits the pseudo-molecular ion (m/z[CoH2(PCA)] H]`
\ 1340) as the parent peak. As the temperature is increased
up to reÑux, the metalation of the porphyrin ring leads to a
bispyridine coordinated dicobalt complex. The decoordination
of pyridine linked to the cobalt corrole moiety is readily done
at room temperature under vacuum. In the UV/VIS spectrum
in methylene chloride solution, the Soret band is observed at
427 nm for compound 10 (e/mol~1 l cm~1)\ 354[kmax/nm
(70 500), 384 (91 600), 427 (127 000)], as are two Q bands of
increasing intensity at 538 (29 000) nm and 567 (22 800) nm. In
LSIMS mode, the pseudo-molecular peak for the PCA
complex was observed at m/z\ 1397 [M] H]` (100%). The
reactivity towards dioxygen as well as the electrochemical
properties of this new mixed valence CoIICoIII cofacial
porphyrin-corrole will be detailed in a full paper.

The free-base porphyrin-corrole reported herein is the Ðrst
cofacial porphyrin-corrole known up to now, to our know-
ledge. The peculiar propensity of this porphyrin-corrole
system to be metalated Ðrst on the corrole ring is particularly
interesting for developing a methodology for the preparation
of heterobimetallic derivatives. We do hope that such a
method will promote the synthesis of a wide variety of homo-
and heterobimetallic complexes because the rigidity of the
porphyrin cofacially linked to the corrole macroring should
favour metalÈmetal interactions. Work is presently underway
in these directions to prove the versatile chemical reactivity of
the bimetallic complex towards small molecules such as orO2N2 .

Note added at proof. Preliminary electrochemistry of
has been carried out in several non-aqueous sol-(PCA)Co2vents and indicates a behavior quite di†erent than that of the

simple monomeric CoII porphyrin or CoIII corrole units under
similar experimental conditions. The oxidation and reduction
potentials of appear to be inÑuenced in part by an(PCA)Co2interaction between the two electroactive metallomacrocycles
and in part by an irreversibility of the electrode reactions due
to the occurrance of coupled chemical processes, some of
which may involve a gain or loss of axially coordinated
ligands following electron transfer. Further electrochemical
and spectroelectrochemical studies are now in progress to
clarify the nature of these electron transfer steps and associ-
ated chemical processes.
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