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The porphyrins have long attracted chemists’ interests
because of their biological importance. Thus, considerable
effort has been devoted to designing new materials that
incorporate porphyrins as molecular building blocks.
Synthetic porphyrin-based model sytems are particularly
relevant to the probing of effects of molecular organiza-
tion on electronic communication; therefore, various
chemical synthetic strategies have been proposed to
create large arrays of covalently linked porphyrins
subunits.1

Redox chemistry can play an important role in the
generation of new materials and in redox-controlled self-
assembly, but to our knowledge only one report2 presents
an electrochemical synthesis of meso-meso-linked arrays.
Recent results have demonstrated the general utility of
electrochemical coupling as a powerful and versatile
approach to the preparation of new porphyrinic as-
semblies.3 We report here an efficient two-step electro-
chemical coupling strategy that enables the preparation
of pentameric blocks of porphyrins. The particular ar-
rangement of the reported homomeric pentamer induces
a clear difference in the redox characteristics of the
central and peripheral porphyrin subunits.

In this preparative approach, the controlled electro-
chemical oxidation of zinc octaethylporphyrin, ZnOEP,
in the presence of 4,4′-bipyridine (4,4′-bipy) as nucleo-
phile, leads to the formation of the corresponding tetra-
meso-substituted porphyrin bearing four 4,4′-bipyridin-
iums as substituents. The resulting porphyrin is the
precursor in the synthesis of the target pentaporphyrin,
which is obtained in an independent second step where
this precursor reacts as a nucleophile with electrochemi-
cally generated ZnOEP•+ π-cation radicals. The exhaus-
tive electrochemical oxidations were performed under
standard conditions previously reported.3 In the first
oxidation step, a solution of ZnOEP (1 equiv) was oxidized

in the presence of the nucleophile 4,4′-bipy (20 equiv).
After the working potential was maintained at +1.20 V
vs SCE. for 2 days, the product of the electrolysis was
isolated and characterized as the tetra-meso-substituted
zinc porphyrin (R,â,γ,δ-ZnOEP-(bipy+)4) in 85% yield,
(R,â,γ,δ-Zn in (Scheme 1).

In the second step, electrolysis of ZnOEP at +0.70 V
vs SCE in the presence of R,â,γ,δ-ZnOEP(bipy+)4 gave the
pentamer (Scheme 1), namely R,â,γ,δ-ZnOEP-meso-(V2+-
meso-ZnOEP)4 (R,â,γ,δ-Zn5 in Scheme 1 with 76% yield).

UV-vis absorption spectra (Figure 1) showed that the
precursor R,â,γ,δ-Zn exhibited a significant red shift of
the Soret (B) and visible (Q) bands compared to the
corresponding unsubstituted porphyrin.3b This batho-
chromic shift resulted from the electron-withdrawing
effect of the four meso-bipyridinium cations on the
porphyrin.4 In addition, the Soret band showed a dra-
matic decrease of its intensity and an important broad-
ening. The Soret band of the pentamer R,â,γ,δ-Zn5

showed a large band splitting, and its absorption coef-
ficient was approximately one half of the expected value
(Figure 1), suggesting substantial excitonic coupling
between the chromophores.5

The 1H NMR spectra were consistent with the struc-
tures assigned. For the precursor R,â,γ,δ-ZnOEP(bipy+)4,
1H NMR confirmed the absence of protons at the meso
positions. The bipyridinium protons appeared downfield,
respectively, as two doublets and two doubled doublets.
The ethyl proton signals appeared as one quartet and
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Figure 1. UV-vis absorption spectra: (a) ZnOEP-meso-
bipy+(see ref 3b), (b) R,â,γ,δ-Zn, and (c) pentamer R,â,γ,δ-Zn5.
Relative concentrations: (a) 1.0, (b) 1.0, and (c) 0.5.
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one triplet in the range of 2.10-0.60 ppm, indicating that
all the ethyls are equivalent and therefore that the
porphyrin is symmetrical.

The pentamers R,â,γ,δ-M (M ) H10 or Zn5) gave very-
well-resolved 1H NMR spectra (Figure 2). The observed
1H NMR signals could be analyzed in two sets: the first
one corresponded to porphyrinic protons (meso-H and
ethyl) and the second one to the viologen protons.
Surprisingly, the four peripheral porphyrin subunits of
the pentamer were not equivalent. Only two of these four
porphyrins resonated identically. The two others were
shifted, respectively, downfield and high field. For each
external porphyrin, two different types of meso-H signals

were also observed, in accord with the proposed meso-
monosubstitution. These two singlets, which integrated
in the ratio 2:1, appeared to be diagnostic of transannular
monosubstitution on a meso position. Similar results
were observed with the viologen proton signals.

For the demetalated pentamer R,â,γ,δ-H10, the inner
NH proton signals appeared as six different singlets
(Figure 3) and confirmed the nonequivalence of the four
peripheral porphyrin subunits. These results could sug-
gest some degree of interactions between the porphyrin
subunits.

Redox studies of the tetrasubstituted precursor have
shown that, in addition to the typical oxidations and
reductions of the porphyrin,6,7 four distinct one-electron
transfers occurred that corresponded to the successive
reductions of the four 4,4′-bipy+ substituents (Table 1).
These observed splitting for the reduction of the 4,4′-
bipy+ substituents indicated they were interacting. The
anodic shifts observed both in the reduction and the
oxidation steps of the porphyrin were consistent with the
electron-withdrawing properties8 of the substituents,
more pronounced in their oxidized than in their reduced
state.

For the pentamer, the four viologens showed only two
distinct reduction steps at -0.04 V (4e) and -0.57 V (4e)
vs SCE, respectively, which were characteristic of their
simultaneous reduction.9 The four peripheral porphyrins
were oxidized and reduced in two steps, each involving
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Scheme 1

Figure 2. 1H NMR of the pentaporphyrin R,â,γ,δ-Zn5 (300
MHz, Py-d5), aromatic region of the spectrum.

Figure 3. NH proton signals in the 1H NMR spectrum of
R,â,γ,δ-H10 (300 MHz, (CD3)2CO).
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four electrons (1e per molecule). As expected, the oxida-
tion potentials of the central subunit shifted about 0.2V
more positive than those of the peripheral subunits.3

A more striking electrochemical property of the pen-
tamer was the dramatic decrease in the HOMO-LUMO
gap (taken as ∆E ) E1/2

ox - E1/2
red of the first oxidation

and reduction) relative to the central porphyrin (which
was ∆E ) 2.02 V in the pentamer vs ∆E ) 2.53 V in the
precursor). This block design with viologen-bridged por-
phyrins thus represented a chromophore system with
highly stabilized 1e reduced and oxidized forms. Unprec-
edented, the central porphyrin became easily reducible
(first reduction at -0.83 V) compared to the similar
peripheral porphyrins (first reduction at -1.61 V). This
feature indicated a strong electron-accepting character
of this central subunit in the pentamer. Interestingly,
these characteristics demonstrated the feasibility of
building a pentameric porphyrins block where two elec-
trons may be specifically addressed to the central por-
phyrin subunit.

In summary, an efficient electrosynthetic path has
been devised for the synthesis of a fully substituted zinc
octaethylporphyrin as a precursor, allowing the synthesis
of a pentaporphyrin in an independent second step. This
method has the key advantage of allowing the synthesis
of a porphyrin block involving a central subunit whose
electronic properties markedly differ from those of the
four peripheral chromophores. In addition, these differ-
ences can be easily modulated by changing the cation in
the central subunit and/or by substitution on the periph-
ery of the porphyrins. Therefore, this electrochemical
synthetic strategy, based on a building block approach,
in which zinc octaethylporphyrins were linked via violo-
gen groups on the meso positions, provides an easy entry
to a new class of multiporphyrin arrays. Such molecular
architectures thus offer the likely possibility of developing
light-harvesting devices.

Experimental Section

I. Materials. All solvents and chemicals were of reagent grade
quality, purchased commercially, and used without further
purification except as noted below. CH2Cl2 for use in exhaustive
electrolysis was heated at reflux with and distilled from CaH2.
The supporting electrolyte tetraethylammonium hexafluoro-
phosphate (Et4NPF6) was used without further purification.
ZnOEP was purchased from Aldrich Chemical Co. Thin-layer
chromatography (TLC) was performed on commercially prepared
alumina or silica gel plates purchased from Roth Sochiel.

II. Apparatus. All electrochemical measurements have been
carried out under argon. Voltammetric data were obtained with
a standard three-electrodes system using a Bruker E 130 M
potentiostat and a high-impedance millivoltmeter (minisis 6000,
Tacussel). Current-potential curves were obtained from an Ifelec
If 3802 X-Y recorder. The working electrode was a platinum disk
(E.D.I. type, Solea Tacussel) of 3.14 mm2 surface area. A
platinum wire was used as the auxiliary electrode. The reference
electrode was a saturated calomel electrode (SCE) that was
electrically connected to the studied solution by a junction bridge
filled with the corresponding solvent-supporting electrolyte
solution. For polarographic and differential pulse polarographic
experiments, a signal generator (GSATP from Solea-Tacussel)
was associated with a potentiostatic device (Solea-Tacussel)
comprising a potentiostat (PRT 20-2X) and a voltage pilot unit
(Servovit).

Coulometric measurements and quantitative electrochemical
synthesis were performed in a standard 100 mL cell. The
working electrode was a platinum wire (Ø ) 0.8 mm ) of 60 cm
length. For the controlled-potential electrolysis, the anodic and
cathodic compartments were separated by a fritted glass disk
to prevent diffusion of the electrogenerated species.

UV-visible spectra were recorded on a Shimazu UV-260
spectrophotometer.

1H NMR spectra were obtained in (CD3)2CO, CD3CN, or Py-
d5 on a Bruker A.C. 300 (300 Mhz) spectrometer.

Elementary analyses were performed by the microanalysis
services of Institut Charles Sadron or Chemical Department of
I.U.T. Strasbourg Sud.

III. Synthesis. Electrochemical Synthesis. General Pro-
cedure. Prior to electrolysis, the corresponding mixtures were
stirred and degassed by bubbling argon through the solution for
10 min. Then, the desired working potential was applied. During
anodic oxidation, the electrolyzed solution was continuously
stirred and maintained under argon. After electrolysis, solvents
were removed by rotary evaporator. The residue was dissolved
in a minimum of CH2Cl2, and then the mixture was poured into
water and the organic layer was washed twice.

Typical preparation and characterization of a substituted
monomer and of a pentaporphyrin are reported hereafter.

r,â,γ,δ-Zn. ZnOEP (50 mg, 0.084 mmol) and 524 mg of 4,4′-
bipyridine (3.35 mmol) were dissolved in 100 mL of CH2Cl2/CH3-
CN (4/1) 0.1 M Et4NPF6 solution. The electrolysis was carried

out during 72 h at + 1.20 V vs SCE. After treatment, the organic
extract was concentrated (∼10 mL) and chromatographed on
alumina. The first fraction (eluted with CH2Cl2/C2H5OH, 96/4)
was a mixture of bisubstituted and trisubstituted porphyrin. The
desired product was eluted with a mixture of CH2Cl2/C2H5OH
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Table 1. Electrochemical Data for the Porphyrins Studieda

ring oxidation ring reduction
porphyrins E1/2

III E1/2
II E1/2

I
reduction of 4,4′-bipy+ or bipy2+

E1/2 E1/2
I E1/2

II E1/2
III E1/2

IV

ZnOEP 0.94 0.68 -1.60
R,â,γ,δ-Zn 1.47irr 1.27irr -0.34b -1.26b -1.41b

-0.48b

-0.71b

-0.82b

R,â,γ,δ-Zn5 1.35irr 1.19irr (5e) 0.97(4e) -0.04(4e)b -0.57(4e)b -0.83b -1.10b -1.61(4e)b -1.80(4e)b

a Voltammetry in CH3CN/1,2-C2H4Cl2 (1:4), Et4NPF6 0.1 M. Working electrode: Pt. All potentials in V vs SCE. All steps were reversible
one-electron transfers except those with brackets identifying the number of electrons transferred. The underlined potential corresponded
both to the first oxidation step of the four peripheral porphyrin (4 × 1e) and the second oxidation step of the internal porphyrin (1 × e).
b Potential obtained by polarography (dropping mercury electrode).
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(92/8). After evaporation of the solvent, R,â,γ,δ-Zn was recrystal-
lized from CH2Cl2 and n-hexane to give violet-blue crystals (128
mg, 0.071 mmol), yield 85 %. R,â,γ,δ-Zn was dried under vacuum
at 120 °C during 48 h: UV-vis (CH2Cl2/DMF, 99/1) λmax, nm (ε,
M-1‚cm-1) 462 (55 800), 590 (12 500); 1H NMR (300 MHz, CD3-
CN, 25 °C) δ 11.32 (d, Jo ) 6.4 Hz, 8 H, 4,4′-bipy+), 9.42 (d, Jo
) 6.4 Hz, 8 H, 4,4′-bipy+), 9.16 (d, Jo ) 6.4 Hz, 8 H, 4,4′-bipy+),
8.26 (d, Jo ) 6.4 Hz, 8 H, 4,4′-bipy+), 2.05 (q, 3J ) 7.2 Hz, 16 H,
8 CH2 of -CH2CH3), 0.65 (t, 3J ) 7.2 Hz, 24 H, 8 CH3 of CH2-
CH3); MS (FAB+, NBA) m/z 1798.7 (C76H72N12Zn(PF6)4

+), 1653.7
(C76H72N12Zn(PF6)3

+), 1507.7 ([C76H72N12Zn(PF6)2 - H]+), 1362.7
([C76H72N12Zn(PF6) - H]+); mp >300 °C.

Anal. Calcd for C76H72N12Zn(PF6)4 (M ) 1798.73 g‚mol-1): C,
50.74; H, 4.03; N, 9.35. Found: C, 50.84; H, 4.39; N, 9.12.

Pentaporphyrin r,â,γ,δ-Zn5. ZnOEP (41 mg, 0.068 mmol)
and 30 mg of R,â,γ,δ-Zn (0.017 mmol) were dissolved in 100 mL
of 1,2-C2H4Cl2/CH3CN (4/1), 0.1 M Et4NPF6 mixture. The

electrolysis was carried out at +0.70 V vs SCE during 72 h. After
treatment, the organic extract was chromatographed on a silica
gel column (Kieselgel, 230-400 mesh). The first fraction (elution
with CH2Cl2) gave unoxidized ZnOEP. Further elution with CH2-
Cl2/CH3OH (94/6) gave the pentamer R,â,γ,δ-Zn5. After evapora-
tion of the solvent, R,â,γ,δ-Zn5 was recrystallized from CH2Cl2,
n-hexane to give black red crystals (62 mg, 0.013 mmol): yield
76 %; UV-vis (CH2Cl2/CH3OH, 99/1) λmax, nm (ε, M-1‚cm-1) 412
(446 000), 544 (39 300), 578 (52 000); 1H NMR (300 MHz, Py-
d5, 25 °C) δ 11.25-10.95 (m, 16 H, H of bipy2+), 10.59 (s, 2 H,
meso H), 10.58 (s, 4 H, meso H), 10.48 (s, 1 H, meso H), 10.34

(s, 1 H, meso H), 10.27 (s, 1 H, meso H), 10.07 (s, 2 H, meso H),
9.95 (s, 1 H, meso H), 9.70-9.49 (m, 8 H, H of bipy2+), 9.28-
9.22 (m, 2 H, H of bipy2+), 9.10-8.93 (m, 6 H, H of bipy2+), 4.31-
3.90 (m, 52 H, 26 CH2, Et), 3.80 (q, 3J ) 7.2 Hz, 12 H, 6 CH2,
Et), 2.50-2.30 (m, 12 H, 6 CH2, Et), 2.23 (q, 3J ) 7.0 Hz, 6 H,
2 CH3, Et), 2.01-1.80 (m, 78 H, 26 CH3, Et), 1.66 (t, 3J ) 7.2
Hz, 18 H, 6 CH3, Et), 1.41 (m, 18 H, 6 CH3, Et), 0.79 (t, 3J )
7.00 Hz, 6 H, 2 CH3, Et). Anal. Calcd for C220H244N28Zn5(PF6)8
(M ) 4766.90 g‚mol-1): C, 55.43; H, 5.16; N, 8.23; Zn, 6.86.
Found: C, 55.78; H, 5.22; N, 8.12; Zn, 7.02.

Pentaporphyrin r,â,γ,δ-H10. Hydrochloric acid (25%, 100
mL) was added to an acetone solution of R,â,γ,δ-Zn5, and the
mixture was stirred for 30 min at room temperature. After
addition of 200 mL of water, the organic layer was separated,
washed with water, and neutralized with saturated sodium
acetate solution. The solution was washed with water again,
dried over CaSO4, and evaporated. Recrystallization of the
residue gave R,â,γ,δ-H10 in almost quantitative yield: UV-vis
(CH2Cl2/CH3OH, 99/1) λmax, nm (ε, M-1‚cm-1) 405 (240 200), 506
(40 800), 538 (29 700), 571 (22 900), 623 (18 200); 1H NMR (300
MHz, (CD3)2CO, 25 °C) δ 10.60-10.53 (m, 16 H, H of bipy2+),
10.59 (s, 4 H, meso H), 10.57 (s, 1 H, meso H), 10.52 (s, 2 H,
meso H), 10.18 (s, 1 H, meso H), 10.17 (s, 1 H, meso H), 9.86 (s,
2 H, meso H), 9.73-9.56 (m, 9 H, H of bipy2+ + 1 meso H), 9.08-
8.98 (m, 8 H, H of bipy2+), 4.29-3.93 (m, 52 H, 26 CH2, Et),
3.75 (q, 3J ) 7.35 Hz, 12 H, 6 CH2, Et), 2.58 (q, 3J ) 7.35 Hz, 12
H, 6 CH2, Et), 2.19 (q, 3J ) 7.71 Hz, 4 H, 2 CH2, Et), 2.01-1.65
(m, 72 H, 24 CH3, Et), 1.62 (t, 3J ) 7.35 Hz, 6 H, 2 CH3, Et),
1.42 (t, 3J ) 7.35 Hz, 18 H, 6 CH3, Et), 0.93 (t, 3J ) 7.35 Hz, 18
H, 6 CH3, Et), 0.68 (t, 3J ) 7.71 Hz, 6 H, 2 CH3, Et), -2.07 (s,
2 H, NH peripheral OEP), -2.41 (s, 1 H, NH OEP central), -2.51
(s, 1 H, NH OEP central), -3.02 (s, 2 H, NH peripheral OEP),
-3.41 (s, 2 H, NH peripheral OEP), -3,56 (s, 2 H, NH peripheral
OEP); mp >300 °C. Anal. Calcd for C220H254N28(PF6)8 (M )
4450.12 g‚mol-1): C, 59.37; H, 5.75; N, 8.81. Found: C, 59.71;
H, 6.13; N, 8.43.
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