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Abstract—This paper reports the synthesis and the characterization of peptides encompassing an assigned sequence of chro-
mophores. The obtained pentaporphyrin is expected to be a good candidate for the elaboration of redox switches. © 2002 Elsevier

Science Ltd. All rights reserved.

The processing of information at the molecular level,
and the controlled elaboration of nano-materials such
as photonic or electronic wires capable of excited-state
energy transfer or electron-transfer processes are nowa-
days attracting growing interest.! In particular consid-
erable efforts are dedicated to the elaboration of
molecular switches through the development of new
bi-functional compounds able to properly generate or
inhibit a signal in a controlled manner.?> Such a signal
may be, for instance, the emission of an electromagnetic

wave by pigment molecules such as porphyrins, which
thus appear as good candidates for the elaboration of
photonic logical gates. In such wires, directing the
excited-state energy transmission towards a non-
luminescent bi-functional switch site and gating the
energy transfer process towards this component of the
molecule will allow the emission to be switched on/off
in a controlled manner. In this spirit, we have recently
synthesized the pentapeptide represented on Fig. 1. The
peptidic backbone allowed the elaboration of this pen-
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Figure 1. The pentapeptide 1 was obtained by oligomerization of a lysine derivative functionalized by various porphyrins, either
metallated or not. Substituents on the tetraphenylporphyrins are omitted here for clarity.
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taporphyrin with an assigned sequence of chro-
mophores (1), through the synthesis of a peptide built
according to a pre-determined sequence of amino-acids
holding porphyrin-functionalized lateral chain.?

Since the physico-chemical properties of a molecule
depends on its structure among other features, a pep-
tide with a symmetrical environment of metallated por-
phyrins around a unique Mg(II) core chromophore has
been chosen, so as to combine both antenna effect and
bi-functionality of the central Mg(II) porphyrin.
Indeed, a Mg(Il) porphyrin in its oxidized non-lumines-
cent form has a first singlet excited state which lies
lower than the first singlet excited state of a free-base
porphyrin, and is therefore a perfect switching site
candidate. We thus expect that the photonic energy
collected on both ends of the pentapeptide 1 by the two
Zn(11) porphyrins will be transferred towards the cen-
tral oxidized Mg(II) chromophore. Hence, energy trans-
fer from the free-base porphyrins to the Mg(Il) core
chromophore should be inhibited or permitted depend-
ing on the oxidation state of the latter. Such a control
of the energy transfer path via electrochemical control
of the redox state of the Mg(II) porphyrin should allow
an on/off switching of the luminescence of the
compound.

The preparation of the multi-porphyrinic peptide 1 is
depicted in Schemes 1 and 2. It is based on the
oligomerization of a porphyrin functionalized lysine
derivative bearing either a free-base (2)* or a metallated
chromophore. To preclude any demetallation of the
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porphyrins during the course of the acidic cleavage of
the BOC protecting group, the peptide growth was
realized at the C-terminus. After metallation of the
free-base porphyrin of the lysine derivative 2 with zinc
acetate in refluxing chloroform, compound 3 was
obtained by selective deprotection of the carboxylic
acid under basic conditions with an overall yield of 91%
(Scheme 1).* Meanwhile, cleavage of the BOC protect-
ing group of 2 in a 1 M dichloromethane solution of
trimethylsilylchloride and phenol at room temperature
for 6 h 30 min gave compound 4 in 91% yield.> A
peptidic coupling reaction was then realized between
the latter free primary amine (4) and the carboxylic acid
3 in dichloromethane in the presence of N,N’-dicyclo-
hexylcarbodiimide (DCC) and 1-hydroxybenzotriazole
(HOBT) for one night at room temperature.® Dimer 5,
bearing the free-base porphyrin at the C-terminus, was
obtained in 80% yield.

After having quantitatively cleaved the allyl ester of 5
in a 4/1 mixture of dimethylacetamide/piperidine in the
presence of a catalytic amount of tetrakistriphenyl-
phosphine palladium(0) at room temperature for 6 h,
an amino-acid bearing a Mg(Il) porphyrin (7) was
coupled at the C-end of the dipeptide under similar
conditions as those used for the synthesis of dimer 5. It
is worth noting that the Mg(Il) cation was introduced
into the porphyrinic ring after deprotection of the
amino group. Indeed, a Mg(Il) porphyrin is acid
sensitive’ and this cation is too labile to survive the
acidic conditions required for the cleavage of the BOC
group. The tripeptide 8 was thus obtained in 85% yield.

6

Scheme 1. (a) Zn(OAc),2H,0, CHCl,, reflux, 3 h, 92%. (b) Pd(PPh,),, piperidine/DMA 1/5, rt, 3 h, 99%. (c) Me;SiCl, PhOH,
CH,Cl,, rt, 6 h 30 min, 91%. (d) DCC, HOBT, CH,Cl,, rt, overnight, 80%. (¢) Pd(PPh,),, piperidine/DMA 1/5, rt, 6 h, 99%. (f)
Mgl,, NEt(‘Pr),, CH,CL, rt, 45 min, 71%. (g) DCC, HOBT, CH,Cl,, rt, overnight, 85%. The pink dots stand for Zn(II) cations

and the green dots for Mg(Il) cations.
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Scheme 2. (a) Na,CO,;, THF/H,0, reflux, 7 days. (b) DCC, HOBT, CH,Cl,, rt, overnight, 45%. (c) Na,CO,, THF/H,0, reflux,
7 days, 90%. (d) DCC, HOBT, CH,Cl,, rt, overnight, 64%. The pink dots stand for Zn(II) cations and the green dots for Mg(II)

cations.

The preparation of pentamer 1 was then realized by
following a similar synthetic strategy based on the
C-end oligomerization of other amino-acids. However,
cleavage of the allyl ester of trimer 8 required harsher
basic conditions. Indeed, deprotection of the carboxylic
acid was performed in a mixture THF/H,O, in the
presence of sodium carbonate under reflux for 7 days.
We believe this may be due to the presence of the
Mg(Il) porphyrin, since no particular difficulty was
encountered for the cleavage of the allyl ester of the
free-base tetramer> and octamer.® Besides, the tendency
of the Mg(Il) porphyrin to accept axial ligands such as
carboxylates probably explains the unusually low yield
observed for the peptidic coupling of the deprotected
trimer 9 with the free-amine 10.” Even though similar
reaction conditions were used for the synthesis of both
the heterodipetide 5 or higher oligomers in the free-base

family,® the desired tetramer was obtained in only 45%
yield. Pentapeptide 1 was finally obtained in 64% yield
by realizing one more peptidic coupling between the
carboxylic acid 11 and the free-amine 12. The recovery
of a better yield was ascribed to the larger distance
which exists between the free carboxylic function and
the Mg(II) porphyrin in 11 when compared to com-
pound 9. Pentapeptide 1 was purified by column chro-
matography on silica gel (CH,Cl, containing 0.1% of
NEt; was used as eluent to avoid demetallation of the
Mg(II) porphyrin), and by gel permeation chromatog-
raphy (GPC) in toluene. Compound 1 was character-
ized by FAB mass spectrometry (6124.4, [M]*, calcd
6125.5), 'H NMR and UV-vis spectroscopy (Fig. 2).

The comparison of the absorption spectrum of pen-
tapeptide 1 with the sum of the absorption spectra of
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Figure 2. Q bands: UV-vis spectra of the three monomers (free-base, Mg(Il) and Zn(Il)), trimer 8 and pentamer 1. Soret band:
comparison of the absorption spectrum of pentamer 1 (red) with the sum of the absorption spectra of two Zn(I) monomers, two

free-base monomers and one Mg(Il) monomer (blue).
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the components shows, as expected, a close match of
the spectra in the Q band region. However, the latter
comparison highlights a 5 nm broadening of the Soret
band (Fig. 2), which documents the existence of some
interaction between the porphyrins. The chromophores
probably adopt a more or less parallel conformation
allowing them to come in close proximity: if this orien-
tation was absent, these porphyrins, which are held
together by a non-conjugated peptidic backbone, would
be unable to exhibit any electronic coupling. Such
interactions are expected to favor energy transfers
along the pentapeptide by decreasing as much as possi-
ble the inter-chromophore distances. We therefore have
confidence in the potential redox switching capabilities
of pentapeptide 1. Gating studies on this peptide, as
well as the determination of its physico-chemical prop-
erties, are currently under way.

The use of a new porphyrin functionalized amino-acid
for the elaboration of peptides bearing an assigned
sequence of chromophores is documented here through
the synthesis and characterization of a pentaporphyrin.
This polyporphyrin is expected to be a good candidate
as a redox switching device. We anticipate that in such
a device, the energy transfer process will be selectively
gated by one-clectron alteration of the redox state of
the Mg(Il) core porphyrin, thus enabling an electro-
chemical control of the luminescence.
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