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Magnesium(I1) porphine, MgP (1), was synthesised according to the Lindsey procedure allowing to
isolate and crystallise 1-formyldipyrromethane (2) as a synthetic intermediate. Unprecedented X-
ray diffraction studies revealed multiple intermolecular associations in the crystal between
neighbouring units of 2, namely hydrogen bond and CH--x. The electrochemical behaviour of 1
was examined by means of cyclic voltammetry. In oxydation, two well-defined and distinct steps
are assigned to macrocycle concerned electron transfers yielding initially the n-cation radical and =
dication, respectively. The highly reactive dication condenses neutral magnesium porphine to form
a diprotonated di-isoporphine species, which is assumed to be a key intermediate at the origin of
the electropolymerisation. Electrolyses were performed at the potential of the n-cation radical
generation. Investigation of the electrolysed solution by UV-visible spectroscopy and Maldi-tof
spectrometry revealed the presence of several oligoporphyrins, with diporphine as an important
product. In all the oligomers series, extensive demetallation is evidenced, due to the increasing
acidity of the medium as oligomerisation progresses. This demetallation could be prevented by
addition of 2,6-lutidine as a base prior to electrolysis. In the oligomer series, the porphine units
seem to be connected through meso-meso bonds, an argument supported by certain features of the
UV-visible spectrum. Finally, the mechanism of oxidative oligomerisation is discussed, from the

point of view of the initial steps of the electropolymerisation.

Introduction

For many decades, porphyrins have been the subject of intense
research in numerous areas such as artificial photosynthesis,
molecular electronic devices, electrochemical sensors and
electrocatalysis.® The complexity of these macrocycle
structures is continually increasing, as new specifically
designed fragments are added on the periphery of the
porphyrin in the aim of developing multifunctional materials.

Conversely, the simplest porphyrin representative, called
porphine, is of great fundamental interest. Porphine is a
totally unsubstituted porphyrin with twelve free g and meso
positions. Although several studies have been reported on free
base and metallated porphine molecules (in the solid state?2 or
in solution®4), the majority of such studies are theoretical due
to the extreme structural simplicity of this macrocycle,
requiring less power/memory for calculations.® The relative
rarity of experimental studies dedicated to porphine or
metalloporphine certainly stems from the poor commercial
availability of this molecule.? Indeed, until now, its synthesis
was reputed to be awkward, with dissuasively poor yields.® In
addition, its solubility is very weak in common organic
solvents. However, an efficient and concise synthesis has
recently been developed by Lindsey research group, leading in
three steps to magnesium(ll) porphine 1 (MgP, overall yield
starting from pyrrole: 17%).”8 The latter exhibits good
solubility in common organic solvents (CHCIs, CH2Clz,
EtOAc, EtOH, MeOH, toluene, acetone, DMF, CHsCN,
Et20...) and is even slighly soluble in n-hexane. The good
solubility and availability of MgP offer the opportunity for

comprehensive studies of its physico-chemical properties.
Surprisingly, until now, the detailed study of the
ss electrochemical behaviour of solute porphine or its metallated
derivatives, particularly MgP, has never been reported.
Indeed, for 1, only the first oxidation potential and the
experimental  HOMO-LUMO gap (potential difference
between the first oxidation and reduction) have been briefly
0 mentioned.®!* The presence of the magnesium(ll) ion in the
porphine cavity is of particular interest in electrochemistry
since magnesium insertion is known to drastically reduce the
porphyrin redox potentials compared to free bases, providing
an easier access to the oxidised states.!?
es Bearing in mind that, when oxidised, partially unhindered
porphyrins can undergo C-C coupling vyielding porphyrin
oligomers,*34 this totally unsubstituted magnesium porphyrin
should have unique redox reactivity.
We thus wish to report here our investigation of the
70 electrochemical and spectroelectrochemical behaviour of 1,
with a particular emphasis on its oxidative reactivity, in
relation to the mechanism of anodic polymerisation.

Results
Synthesis of MgP

751 was synthesised according to the Lindsey procedure.”®
During the course of the synthesis, the precursor 1-
formyldipyrromethane 2 was purified by column
chromatography protected from the light. Colourless crystals
of 2 suitable for X-ray crystallography were grown in the dark

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], 00-00 | 1



from slow diffusion of n-pentane in a solution of 2 in
dichloromethane. The crystallographic structure reveals two
types of interactions in the crystal (Fig. 1).

s Fig. 1 Ortep® view of three 1-formyldipyrromethane (2) asymmetric
units. The thermal ellipsoids are at the 50% probability level. Hydrogen
bonds and CH: - = interactions are indicated by dashed lines.

In the asymmetric unit, the angle between two pyrrole rings
is 63.85(6)°. 2 exhibits two intermolecular hydrogen bonds
10 (N(1)-H...0(1) = 2.01 A, N(2)-H...O(1) = 2.05 A) forming a
dimer in the crystal as has been previously observed for
dipyrrone!® or bilirubin?. These hydrogen bonds can account
for the particularly highfield chemical shift of the aldehyde
hydrogen atom (9.26 ppm in CDCls, 300 MHz in our
15 conditions, see also reference'®). More original for dipyrrole
molecules is the fact that the stability of the crystal is also
ensured by CH---m interactions between H(10) from the
aldehyde and the a-unsubstituted pyrrole unit defined by
centroid Ct(1) (C(10)-Ct(1) = 3.4721(6) A, H(10)-Ct(1) =
20 2.5639(6) A, C(10)-H(10)-Ct(1) = 160.1(5)°).

Electrochemistry

The electrochemical behaviour of 1 was examined in
dichloromethane with 0.1 mol L' TBAP as supporting
electrolyte (available potential range : -2.2 to 1.8 V vs. SCE).
s As outlined above, voltammetric data for 1 have previously
been published, but few details were given. Indeed, only the
first oxidation®1 potential E(ox1)12* and the difference
E(ox1)12 — E(red1)12 were reported.tt* Particularly, the cyclic
voltammogram was not reproduced in any case.
w0  The cyclic voltammogram of 1 recorded at v = 100 mV s
is presented in Fig. 2 (solid line) including both initial
positive and negative potential directions. In the positive
potential direction, two well defined peaks appear (Epa' =
0.69 V and Epp' = 1.09 V). The first step seems to be nearly
s reversible (system A/A’ : ipalipa ~ 1, according to the
empirical Nicholson formula), but the second step is not (no
prominent peak B facing peak B’ in the backward scan). In the
negative potential direction, the current response is not so
straightforward. Two wide, ill-defined and poorly irreversible
40 peaks are located near the solvent discharge (Epe ~ — 1.55 V
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Fig. 2 Cyclic voltammograms of 1 in CH,Cl, with TBAP 0.1 M.
Concentration: 5x10 (solid line) and 10 M (dotted line); WE: Pt @ = 2
mm, scan rate: v=100 mV s; initial potential = —0.20 V.

Usually, metalloporphyrins with a non-electroactive metal
like Mg afford two ring centred reductions and two ring-
centred oxidations for the respective formation of the r-anion
radical and n-dianion and the r-cation radical and =-
dication.*? The very common diagnostic criteria for purely
macrocycle concerned electron transfers (ETs) are the
experimentally determined HOMO-LUMO gap, the potential
difference between the first and the second oxidations, and the
difference between the first and second reductions. Table 1
shows that the values measured for MgP are close to those
found in the OEP and TPP series. It can thus be concluded
that, in MgP, the electron transfers as primary steps only
affects the macrocycle.

With the most common porphyrins (TPP or OEP, for
instance), these ET steps are essentially reversible. The net
deviation of MgP from this ideal behaviour stems from the
high reactivity of the electrogenerated species, as expected for
this  totally  unprotected macrocycle. Particularly,
oligomerisation and polymerisation processes were expected.
Accordingly, we observed that repetitive oxidative scans lead
to a black/violet deposit on the electrode surface together with
a progressive evolution of the cyclic voltammogram (peak
broadening, baseline increase).” However, we assume that this
evolution is not effective on the time scale of a single scan, so
that completely formed oligomeric species do not interfere
with the collected current, but oligomerisation/polymerisation
intermediates do, as will be shown below. From a closer
examination of the positive scan initiated voltammogram,
other particularities are noted (Fig. 2). Firstly, peak B’ is
clearly higher than A’ (ippfipas ~ 1.7 at 100 mV s?).
Moreover, in Fig. 2, B’ looks like more symmetrical and
sharper than A’. Tentatively, we propose that the cation
radical can adsorb or depose on the electrode surface, but in a

s rather slow process, so that B’ arises from oxidation of both

adsorbed and diffusive MgP** species (Scheme 1), explaining
that the shape of the peak is intermediate between diffusion
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Table 1

Potential characteristics of MgP and expected values for purely macrocycle concerned ETs

E(0x1)12 — E(redi)u (V)

E(OXz)l/z — E(0X1)1/2 (V) E(redl)l/z — E(redz)l/z (V)

Diagnostic criterion *° 2.15+0.15 0.29 +£0.05 0.42 +£0.05
MgP 217 0.40 ~0.26
and adsorption: by the addition of a nucleophile on the doubly oxidised
porphyrin, i.e. the dication?%2! (Scheme 2):
Peak A' °t+ A
Mg -e —_—— Mg 2+ .
Peak A solution
( ) Plh - Ph Nu |
« slow Both Ph— Zn |—Ph + Nu — » Ph— Zn |—Ph
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.t at peal Ph Ph
Mg
(surface) )
Ph
Ph
|
with Mg = with  Ph—{ zn |—=Ph == Ph Ph
|
Ph
5 Scheme 1 ZnTPP Ph
) Scheme 2

Accordingly, ipa> varies linearly with 2, as a pure
diffusion current, but ip - does not.
Additional details are noted in Fig. 2, particularly a weak
peak (named C) at Ep = 0.24 V vs. SCE at 100 mV s*. We
10 verified that this peak does not appear if the potential scan is
inverted after A’, so that C must be assigned to a species
resulting from the chemical evolution of the dication MgP?*,
Fig. 2 illustrates the effect of concentration on the oxidative
behaviour of MgP. Doubling the concentration induces
1s dramatic changes in the voltammetric trace of MgP. Most
obviously, a net increase in peak C is observed. The shape of
this peak is now clearly symmetrical, denoting that the
corresponding electroactive species is either adsorbed or
deposited on the electrode surface. Additionally, peak C is
20 accompanied by a shoulder at Ep ~ 0.40 V vs. SCE. For the
doubled concentration (Fig. 2, dotted lines), new voltammetric
trends also appear on the forward anodic scan : after peak B’,
the current no longer decreases (like at lower concentrations),
but increases regularly, which indicates that the dication
25 chemical evolution product is oxidised in this potential zone.
In fact, these concentration dependant voltammetric
features are of primary importance shining light on the early
intermediates  of  the initiating  steps of  the
electropolymerisation process. First, as the most immediate
30 information, these modifications testify to ET associated
multiple order chemical processes. Another level of
information concerns the identity of the evolution product.
Basically, we evidenced this product to be reduced around 0.4
V and oxidised at a potential higher than 1.25 V which are
35 typical values for isoporphyrin-like species.
Isoporphyrins are porphyrins derivatives usually obtained

In isoporphyrins, the conjugation is interrupted by the
nucleophile added carbon atom, profoundly changing the
electronic character. The electrochemical analysis of some of
these compounds has been carried out.2%?2 Isoporphyrins are

45 reversibly oxidised by one electron at potentials slightly
higher than the corresponding porphyrin and irreversibly
reduced by two-electrons at a potential which ranges from 0.2
to 0.6 V vs. SCE. Peaks C and D’ fall in these potential
intervals and account for the electroactivity of such species.

T2+ ok T

Mg * Mg Mg / Mg

2+

oxidised on peak D'

50 reduced on peak C

Scheme 3

To match the usual way of isoporphyrin formation, we
suggest that the dication MgP?* reacts with the nucleophilic
neutral magnesium porphine, continuously flowing towards

ss the electrode from the bulk of the solution (Scheme 3).

The reaction forms in fact a diprotonated derivative of the
diporphine. Therefore, to account for such a species, at least
at the time scale of this voltammetric experiment,
deprotonation necessarily proceeds after C-C coupling.

s Deprotonation would be too slow to take effect on the time
scale of the potential scan allowing voltammetric observation
of this metastable intermediate of the early steps of the
electropolymerisation process.
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Spectroelectrochemistry

In order to obtain more detailed information about the
oxidation of the magnesium porphine, spectroelectrochemical
experiments were performed in CH2Cl2 containing 0.1 mol L
s TBAP. Solutions of MgP were electrolysed on a large area
platinum electrode (Eapp = 0.70 V). In the course of the
electrolysis, the UV-vis spectrum of the reacting solution was
periodically picked up by means of an immersed probe. The
electrolysis was stopped for an amount of electricity
w0 corresponding to one electron transferred per molecule of
MgP and the resulting crude solution directly analysed by
RDE voltammetry, ESR spectroscopy and Maldi-TOF mass
spectrometry.
In a first experiment, given the high molar extinction
15 coefficient of the MgP Soret band,” the concentration was set
rather low ([MgP]i = 1.8x10-5 mol L!) so that the maximum
absorbance fell into the readable spectrometer range. During
the electrolysis, the colour changed from pink to light
green/brown. The spectrum evolution is presented on Fig. 3.
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Fig. 3 Electrolysis of a 1.8x10° M solution of 1 followed by UV-Vis

spectroscopy (I =2 mm, 0.1 M TBAP in CH,Cl,, Esp, = 0.70 V vs. SCE, —

1 electron, WE: Pt wire).

20

It follows that the initial Soret band (Amax = 400 nmM; Amax =
5 1.535) did not undergo any shift, but a significant intensity
decrease (down to Amax = 0.622 for one electron transferred).
To obtain a better resolution on the weaker bands of the
UV-vis spectrum, electrolyses were also performed at higher
concentrations. A representative evolution is displayed in Fig.
20 4A for [MgP]i = 5x10* mol L1. Two major trends are noted:
1) the progressive decrease in the initial bands at Amax = 536
nm (Q band) and Amax = 309 nm; 2) the emergence of two new
bands at 442 and 427 nm, although these do not appear
simultaneously. Indeed, the band at 442 nm is already present
3 at the very beginning of the electrolysis, grows progressively,
reaches a maximum (time coordinate ~ 70% of the electrolysis
duration) and then slightly decreases. Comparatively, the band
at 427 nm appears later (time coordinate = 19% of the
electrolysis duration), but grows continuously until the end of
w0 the electrolysis. Finally, after one-electron transfer, several
analyses were carried out. First, the crude solution was found
to be ESR silent, attesting to the instability of the radical

cation on the electrolysis time scale. Second, the electrolysed
solution exhibited almost no response by RDE voltammetry,
ss indicating that no more electroactive species survived in
solution. In relation to this observation, a black/violet deposit
was observed on the platinum working electrode together with
a dark-coloured precipitate suspended in solution, all in all
poor

giving evidence of the solubility of the

s0 electrosynthesised products.
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Fig. 4 Electrolysis of a 5x10* M solution of 1 without (A) or with (B) 2

equiv. of 2,6-lutidine followed by UV-Vis spectroscopy (I =2 mm, 0.1 M
TBAP in CHyCly, Eapp = 0.70 V vs. SCE, — 1 electron, WE: Pt wire).

ss  Still in the case of this one-electron electrolysis, the
MALDI-TOF mass spectrum of the reacting mixture (Fig. 5A)
revealed the formation of oligomers up to the pentamer.’
Additionally, the oligomer formation was accompanied by
extensive demetallation since, in all the collected fragments,
60 at least one magnesium atom was missing (+ 22 mass gap for
gain/loss for one Mg atom) compared to the corresponding
fully metallated oligomer.
The occurrence of demetallation here is not surprising since
it is well-known that magnesium porphyrins can react in such
s a way in acidic media.?® In the context of electrochemically
driven oligomerisation of MgP, each bond formed between
two porphyrin units releases two protons, as exemplified in
the dimer formation (Scheme 4). Thus, as oxidation of MgP
and, subsequently, oligomerisation are proceeding, the
70 electrolytic medium is becoming more and more acid causing
progressive demetallation of the initial magnesium porphine
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and the magnesium containing oligomers. Like the free base
porphine,?* the resulting demetallated species should be less
soluble, and accordingly precipitate and thus stop the
electrolysis for lack of oxidisable material in solution.
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Fig. 5 MALDI-TOF mass spectra of the crude solution resulting from the
electrolysis of a 5x10* M solution of 1 without (A) or with (B) 2 equiv.
of 2,6-lutidine (0.1 M TBAP in CH,Cl,, Esp = 0.70 V vs. SCE, - 1
electron, WE: Pt wire). The peaks marked by asterisks correspond to
10 matrix impurities. Magnesium porphine oligomers are drawn in a linear
fashion for aesthetic reasons; zigzag or branched chains can also be
envisaged.

Eapp =0.70 V vs. SCE

Mg |— Mg

2e,-2H"
Scheme 4

15 To circumvent this demetallation process, an excess of 2,6-
lutidine (2.0 equivalents) as a base was added to the initial
solution and the electrolysis was repeated in the same
experimental conditions (Fig. 4B). The initial pink solution
turned red/yellow/brown. A similar evolution of the UV-Vis

20 sSpectrum was observed but without the 427 nm band (Fig.
4A). After one-electron-transfer, no precipitate was observed
in the resulting solution although a black/purple solid was still
deposited on the platinum working electrode. Contrary to the

S

S

a

experiment without a base, the RDE voltammetry

2s measurements confirmed the existence of redox-active

products in solution with an anodic current response in the
same potential range as MgP. Additionally, a clear reduction
signal was observed at ~ -0.6 V corresponding to the
protonated 2,6-lutidine reduction. Hence, due to the
characteristic potential position of this signal, the base may
act here as a proton probe, allowing examination of the proton
release during the electrolysis.

Maldi-Tof analysis corroborated the existence of almost
totally metallated oligomers (Fig. 5B) although minor peaks
were still present, the result of the loss of a single magnesium
atom from the fully metallated oligomers. Retrospectively,
and correlating these Maldi-tof observations, it follows that,
in the UV-visible evolution, the 442 nm band must be
associated with the fully metallated dimer and the 427 nm
with the partially or totally demetallated dimer.

The question of dimer formation by chemical oxidation of
metalloporphyrins has been the focus of numerous studies. In
this reaction, the most usual oxidant is a silver(l) salt.?> The
coupling proceeds on condition that some peripheric positions
on the porphyrin ring are totally unhindered. Osuka
discovered that the link between the porphyrin units (meso-
meso or meso-S) could be selected thanks to the metal
incorporated in the porphyrin ring.** Mg and Zn lead to meso-
meso arrangements whereas Cu, Pd and Ni favour the meso-£
one.* The B, # configuration can also be synthesised, but not
directly by way of the oxidative pathway.?® As a general rule,
the absorption spectrum of the dimers presents two Soret
bands of similar intensity. The band difference is a key
argument in distinguishing between the different link types.
Among the numerous reports in the literature, for free base
and zinc porphyrin dimers, the wavelength gap for g, f and
meso-4 dimers falls into the range of [9-19 nm]*426.27 or is not
clearly resolved?® whereas meso-meso derivatives are
characterised by a significantly larger interval, [31-40
nm].1329 In our case, it can be doubly argued that the (MgP)2
dimer belongs to the meso-meso linked class because first, the
Soret band difference is estimated at 35 nm" and is clearly
affiliated with the wide interval category and, second, the
magnesium effect directs the reaction towards the meso-meso
link type.

This meso-meso link type may possibly be generalised to
all the oligomer series. However, until now, no direct
evidence of the meso-meso bond (e.g. NMR or
crystallographic proof) have been obtained. As a matter of
fact, we did not succeed in separating the oligomers by means
of classical column chromatography or even by size exclusion
chromatography. New synthetic strategies are presently under
investigation in the hope of obtaining individual access to the
oligomeric compounds.

Discussion

Analytical methodology

The electrochemical oxidation of MgP was explored
according to two distinct experimental lines: 1) cyclic
voltammetry; 2) controlled-potential electrolysis

This journal is © The Royal Society of Chemistry [year]
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complemented by spectroscopic identification of the products
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in solution. This analytical approach was adequate to the
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Scheme 5

s purpose of this work, providing information at two
complementary levels.Accordingly, in the dimension of space,
cyclic voltammetry concerns species lying near the electrode
or deposited on the surface whereas the spectroelectrolytic
method is dedicated to species dispersed in solution.

10 Additionally, regarding the aspect of time scale in each
method, cyclic voltammetry allowed to observe transient
intermediates, whereas only definitively stable products can
be characterised by the other method.

Mechanistic information concerning electropolymerisation

15 Cyclic voltammetry. The electrochemical oxidation of MgP
(1) gives sequential access to the corresponding =-cation
radical and m-dication. In the studied range of concentrations
and scan rates (see Figure 2), the n-cation radical appears
unreactive, contrary to the m-dication which is found to be

20 highly reactive. In fact, MgP?* undergoes a fast reaction with
the starting neutral MgP to afford a diprotonated di-
isoporphine, which can be observed voltammetrically, since
its thermodynamically favoured deprotonation takes longer
than the experiment time window. These results find echoes in

25 the mechanism of anodic polymerisation of the extensively
studied pyrrole or thiophene (Scheme 5).%°

With MgP as with pyrrole or thiophene, access to the
"diprotonated" dimer is provided by successively an electron
transfer step followed by C-C coupling, before deprotonation

3 operates (sequence A in Scheme 5). A marked difference lies
in the stability of the respective cation radical which is much
more unstable when issued from pyrrole or thiophene.ll The
apparent stability of MgP** is in accordance with its less
electrophilic character due to a more extended =-conjugation.

3 As a consequence of this difference in reactivity, in the case
of pyrrole or thiophene, the "diprotonated” dimer arises from
homocoupling (cation radical versus cation radical) as
opposed to heterocoupling (dication versus neutral MgP) in
the voltammetry of 1.

40 Spectroelectrolysis. It was first demonstrated above that
MgP** is reactive on a longer experiment time scale. Indeed,
its selective generation at the applied electrolysis potential
results in the formation of the oligoporphines. Although we
have no sufficient experimental proof, the same mechanistic

4 pathway observed in pyrrole or thiophene seems likely
(Scheme 5, sequence A).

Identified in the electrolysis product mixture, the
triporphine necessarily derives from one monomer and one
dimer unit. As a possible mechanism, sequence B seems to be

so reasonable, as it is built on similar steps as sequence A, i.e.
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electron transfer, followed by CR-CR coupling, and then
deprotonation. The same mechanism may also be associated
with the superior homologues (tetraporphine, pentaporphine,
...). In a more general sense, it may be the principle
underlying polymer chain elongation at the electrode.

Experimental
Crystallography

X-ray Crystallographic Study. Crystal data for [C10H10N20],
colourless prism crystal of dimension 0.45 x 0.42 x 0.40 mm,
M = 174.20 g mol-t, monoclinic, space group P2i/c, Z =4, a =
11.8435(5) A, b = 6.9555(2) A, ¢ = 11.1256(4) A, B =
106.470(1)°, V = 878.89(6) A3, Dx = 1.317 g cm™3, T = 115(2)
K, F(000) = 368, Mo-Kq radiation (A = 0.71073 A), p = 0.088
mm~!, 3559 reflections measured in the range 3.43° < 0 <
27.48°, with 1985 being unique (Rint = 0.0301) which were
used in all calculations. The structure was solved by direct
methods and refined using full-matrix least-squares on F? to
R1 = 0.0404, S = 1.047, for 1985 reflections with | > 2c(l)
and 119 refined parameters, wR2 = 0.1087 (all data).

X-ray equipment and refinement. Diffraction data were
collected on a Nonius KappaCCD diffractometer equipped
with a nitrogen jet stream low-temperature system (Oxford
Cryosystems). The X-ray source was graphite-monochromated Mo-
Ko radiation (4 = 0.71073 A) from a sealed tube. The lattice
parameters were obtained by least-squares fit to the optimised
setting angles of the entire set of collected reflections. No
significant temperature drift was observed during data collection.
Data were reduced by using the DENZOQ3! software without
applying absorption corrections; the missing absorption
corrections were partially compensated by means of the data
scaling procedure in the data reduction. The structure was
solved by direct methods using the SIR92%? program. Refinements
were carried out by full-matrix least-squares on F? using the
SHELXL97% program on the complete set of reflections. Aniso-
tropic thermal parameters were used for non-hydrogen atoms.
All H atoms, on carbon atom, were placed at calculated positions
using a riding model with C—H = 0.95 A (aromatic), 0.99 A
(methylene) with Uiso(H) = 1.2Ueq(CH2, CH). H atoms on
nitrogen atoms were located in the Fourier difference maps.
Their positional parameters were refined freely with Uiso(H) =
1.2Ueq(N).

Reagents and instrumentation

1-formyl-dipyrromethane 2 and magnesium porphine 1 were
synthesised according to known procedures.” The data (*H
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NMR, 3C NMR, absorption, and Maldi-Tof) were consistent
with those obtained in reference.” Dichloromethane (Carlo
Erba, 99.5% for analysis) was distilled on P20s just before
use. Tetra-n-butylammonium perchlorate (TBAP) was
purchased from Fluka (electrochemical grade) and used as
received. 2,6-lutidine (=99%) was purchased from Sigma-
Aldrich and used as received.

All  manipulations were performed using Schlenk
techniques in an atmosphere of dry oxygen-free argon. The
supporting electrolyte was degassed under vacuum before use
and then dissolved to a concentration of 0.1 mol L%
Voltammetric analyses were carried out in a standard three-
electrode cell, with an EG&G Princeton Applied Research
(PAR) Model 263 A potentiostat, connected to an interfaced
computer that employed Electrochemistry Power Suite
software. The reference electrode was a saturated calomel
electrode (SCE) separated from the solution by a sintered
glass disk. The auxiliary electrode was a platinum wire
separated from the solution by a sintered glass disk. For all
voltammetric measurements, the working electrode was a
platinum electrode (@ = 2 mm). In these conditions, when
operating in CH2Clz, the formal potential for the ferrocene
(+/0) couple was found to be +0.46 V vs. the SCE. Bulk
electrolyses were performed in a cell with three compartments
separated with glass frits of medium porosity with an Amel
552 potentiostat coupled with an Amel 721 electronic
integrator and followed in situ by an UV-Vis immersion probe
(Hellma, | = 2 mm) connected through fibre optic to a Varian
UV-visible spectrophotometer Cary 50 scan. A platinum wire
spiral (I = 53 cm, @ = 1 mm) was used as the working
electrode, a platinum plate as the counter electrode and a
saturated calomel electrode as the reference electrode.

Mass spectra were obtained on a Bruker ProFLEX Il
spectrometer (MALDI-TOF) using dithranol as the matrix.

Conclusions

The detailed electrochemical characterisation of
magnesium(l1) porphine in dichloromethane is presented here
for the first time.

On the time scale of cyclic voltammetry, the
electrogenerated m-cation radical could be reversibly reduced
to the neutral product contrary to the m-dication, which may
react with the neutral MgP vyielding an isoporphine
intermediate.

On a longer time scale, i.e. during electrolysis experiment,
the abstraction of one electron at an applied potential
corresponding to the =m-cation radical generation leads to the
formation of porphine oligomers in solution. The proposed
mechanism for the oligomer chain elongation is similar to that
of the well-known pyrrole electropolymerisation one, with a
fast m-cation radical/m-cation radical coupling as an initial
step, followed by a slow deprotonation of this intermediate.

Our efforts are now focused on the separation, purification
and characterisation of the MgP oligomers which may have
interesting applications in molecular devices such as nonlinear
optical devices, sensors or photoactive species...
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