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A nona-porphyrin constituted of eight Zn(u) porphyrins an-
chored to a tetra-nucleosidic free-base porphyrin has been
synthesized for its light absorbance capability and its ability to
deliver this energy to the central chromophore.

In the light harvesting part of the photosynthetic system,
solar energy is collected by chlorophylls. The absorption of a
photon by a pigment in these antennae is followed by the
extremely fast migration of the excited state among the pool of
chlorophylls with minimal energy loss until the reaction center
is reached. Located within the cell membrane, this center
shelters the conversion of solar energy into chemical energy,
which in turn is used by the cells to propel protons across the
membrane.! With the aim of mimicking these antenna com-
plexes, multi-porphyrinic dendrimers have attracted growing
interest.? Increasing the number of chromophores around one
single energy acceptor enhances the probability of capturing a
photon and thus transferring energy towards the central
chromophore. We report herein the synthesis of nona-porphy-
rin 1, constituted of eight Zn(u1) porphyrins anchored to a
central tetra-nucleosidic free-base porphyrin and dedicated to
both collection of photons and delivery of their energy to the
central free-base porphyrin (Fig. 1). This multi-chromophore
photoactive device was designed as a higher oligomer of the
penta-porphyrin we reported a few years ago® in which only
four Zn(i1) porphyrins are attached to the tetra-nucleosidic
core chromophore. As such, nona-porphyrin 1 may be con-
sidered as part of the second generation of a new class of
arborescent molecules, for which the number of peripheral
chromophores is increased without addition of any intermedi-
ate susceptible of reducing the efficiency of energy transfer
toward the center of the molecular device.

The synthesis of the high molecular weight multi-porphyri-
nic array 1 is based on the stepwise functionalization of uridine
at both C-5' position of the ribose and C-5 position of the
uracil nucleic base (5 on Scheme 1). The synthesis of the uridine
derivative 4 was previously reported.’ Iodination at C-5 allows
coupling of p-(ethynyl)-benzaldehyde while protection of both
0-2’ and O-3' alcohols is necessary to selectively direct an
esterification reaction to take place at O-5". Although only one
Zn(n) porphyrin is anchored on the ribose for the synthesis of
our previously described penta-porphyrin,® a synthon contain-
ing two Zn(11) porphyrins (3) is here linked at the O-5' position
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of the sugar. Compound 3 was synthesized in four steps from
4-bromobutyric acid, 2,6-bis(hydroxymethyl)-p-cresol and 4-
{4-[10,15,20-tris-(3,5-di-tert-butyl-phenyl)-porphyrin-5-yl]-phe
noxy}-butyric acid.> A silyl protective group has been chosen
for the mild conditions required for the deprotection of the
carboxylic acid function, compatible with the presence of labile
cations inside the porphyrinic rings. After esterification of
alcohol 4 by the bis-porphyrin 3, the nucleoside—porphyrin
conjugate 5.>* as the key intermediate, bears two Zn(ir)
porphyrins at C-5" position of the ribose and one aldehydic
function at the C-5 position of the uracil nucleic base. The
construction of nona-porphyrin 1 in one step from precursor 5
is based on the latter aldehyde. 1 was obtained by construction
of the central porphyrin under the conditions developed by
Lindsey for the synthesis of sterically hindered porphyrins
(Scheme 1).°> Compound 1 was isolated with 35% yield after
tedious purification by successive column chromatography on
silica gel, followed by gel permeation chromatography (GPC)
to remove some low molecular weight impurities which could
not be removed by classical chromatography.

The identification of nona-porphyrin 1 by MALDI-TOF
mass spectrometry could only be obtained upon addition of
TFA to the sample. Such an acidification of the medium
resulted in full demetallation of the nona-porphyrin to its
free-base analog, which could be identified as its mono-proto-
nated derivative (11251.1, [M — 8Zn>" + 16H" + H*]*, calcd:
11251.8). The purity of nona-porphyrin 1 was then confirmed
by elemental analysis (C730H796N44064Zng - CH,Cl,, calced. C,
73.1;H, 6.7; N, 5.1; found. C, 72.9; H, 6.9; N, 5.2%). '"H-NMR
spectroscopy experiments were carried out at room tempera-
ture and under heating, but only ill resolved spectra were
obtained. A fine structure emerged in the '"H-NMR spectrum
recorded at 400 K, but it was not resolved enough to allow
clear interpretation of the spectrum. However, the signal at ~9
ppm corresponding to the B-pyrrolic protons which barely
appears as a doublet at 300 K spreads into one singlet and
one AB system at 400 K, thus showing the expected "H-NMR
signature of the peripheral A;B porphyrins. Even though no
fine structure could be obtained upon heating, prohibiting the
clear interpretation of the "H-NMR spectrum, these studies
clearly demonstrate that rather slow conformational motions
(on the NMR time-scale) exist for this nona-porphyrin. The
CD spectrum represented on Fig. 2 highlights unexpected
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Fig. 1 Tetra-nucleosidic nona-porphyrin 1.

features concerning the conformations adopted by nona-por-
phyrin 1. Optical activity is displayed by compound 1, which
can be assigned to exciton interactions between the porphyr-
ins.*”7 Since only the uridine spacer is chiral, the optical
activity of 1 can be attributed to a porphyrin helicity induced
by the enantio-purity of the nucleosidic linkers. Indeed, the
intrinsic optical activity of the nucleosidic fragment can be

‘Bu tBU

Scheme 1
48 h then p-chloranil, reflux, 3 h, 35%.

detected on the bands of this unit appearing further in the UV
spectral region. Further investigations concerning the type of
helicity adopted by the porphyrins in nona-porphyrin 1 are
currently under way.

The absorption spectrum of 1 in toluene matches quite well a
superposition of the nine porphyrin constituent units, indicat-
ing a modest electronic coupling between components. The

CHO

Reagents and conditions: (a) TBAF, DMF, rt, 7 h, 94%. (b) DCC-DMAP, CH,Cl,, rt, 7 h, 50%. (c) pyrrole, CHCl3, BF; - OEt, cat., rt,
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Fig. 2 UV (upper panel) and CD (lower panel) spectra of nona-
porphyrin 1 (solid line) in toluene solutions. In the upper panel, the

absorption spectra of components, the Zn(i) porphyrin PZn (dotted
line) and the free-base porphyrin FBS (dashed line).

luminescence spectrum of 1 (Fig. 3) displays bands at 600, 651
and 719 nm, which can be respectively assigned to the Zn(ir)
porphyrin (595 and 645 nm) and to the free-base porphyrin
constituent (653 nm and 719 nm). The excitation spectrum of
the emission registered at 720 nm, where only the central free-
base unit emits, displays an important contribution at 552 nm
(Fig. 3, inset A) where Zn(11) porphyrin has a strong absorption
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Fig. 3 Luminescence spectrum of 1 (lexe = 550 nm). The excitation
spectrum of 1 (solid line), of the model Zn(i1) porphyrin PZn (dotted
line) and free-base porphyrin FBS (dashed line) are reported in inset A.
In inset B the luminescence decay of 1 (filled circles) is shown with the
decay of the model Zn(11) porphyrin PZn (empty circles), excitation at
532 nm.
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band. This indicates an efficient energy transfer from the Zn
porphyrin periphery to the free-base core.

Time resolved luminescence experiments with picosecond
resolution of 1 in toluene confirm the existence of fast quench-
ing processes at 600 nm for the Zn(11) porphyrin unit in 1 when
compared with the reference model PZn (Fig. 3, inset B). The
luminescence decay at 600 nm of 1 can be fitted by a tri-
exponential law, with lifetimes of 0.175, 0.990 and 2.2 ns with
relative weight of 50%, 30% and 20%, respectively. A multi-
exponential behavior is typical of the Zn(ir) porphyrin donor
luminescence decay in either flexible or rigid dendritic multi-
porphyrin arrays for light harvesting and is due to the existence
of several donor—acceptor pairs with different distances and
orientations.” In the present case this composite decay could be
well described by three mean lifetimes. It should be noticed
that the longest luminescence lifetime of 1 is coincident with
that of the Zn(i1) model unit PZn (2.2 ns) and indicates that a
fraction of peripheral donors remain unquenched. This could
be due to large distances between Zn(11) porphyrin donors and
free-base porphyrin acceptors in extended conformations,
which could prevent the energy transfer from competing with
the intrinsic deactivation of the donor excited state.® Further
studies to determine the detailed mechanisms of the photo-
induced processes in 1 are in progress.

In summary, a nona-porphyrin constituted of eight Zn(i)
porphyrins anchored to a tetra-nucleosidic free-base porphyrin
has been synthesized for its light absorbance capability and its
ability to deliver this energy to the central chromophore.
Photo-physical studies highlighted the existence of several
conformations resulting in various donor—acceptor pairs with
different distances and orientations, as well as an efficient
energy transfer from the Zn(u) peripheral porphyrins to the
free-base core for the non-extended conformers bearing face-
to-face chromophores. The enantio-pure nucleosidic linkers
generate a chiral spatial arrangement of the porphyrins, prob-
ably helical, and thus confer optical activity on this high
molecular weight compound. Furthermore, one interest in
the use of uridine linkers concerns the possibility of taking
advantage of the hydrogen bonds that nucleic bases can
establish with a complementary unit. It will thus be possible
to extend our nona-porphyrin to bigger arrays, including a
larger number of peripheral Zn(11) porphyrins, by self-assem-
bling processes with complementary moieties functionalized
with Zn(ir) porphyrins.

Experimental

Uncorrected emission spectra in spectroscopic grade toluene
solutions were detected by a Spex Fluorolog II spectrofluori-
meter equipped with a Hamamatsu R928 photomultiplier.
Luminescence lifetimes were determined by an apparatus based
on a Nd:YAG laser (Continuum PY62-10) with a 35 ps pulse
duration, 532 nm, 1 mJ/pulse and a Streak Camera (Hama-
matsu C1587 equipped with M1952). Fitting of the lumines-
cence decays was performed by standard iterative non linear
programs taking into consideration the instrumental response.

Syntheses

Bis-porphyrin 3. Bis-porphyrin 2 (210 mg, 0.08 mmol, 1 eq.)
is dissolved in dry DMF (5 ml). A 1 M solution of TBAF in
THF (0.48 ml, 0.48 mmol, 6 eq.) is added and the reaction
mixture is stirred for 7 h under inert atmosphere at room
temperature. The DMF is then evaporated. The crude product
is dissolved in CH,Cl, and washed with distilled water. After
evaporation of the solvent, the crude product is chromato-
graphed over silica gel (AcOEt-hexane 80 : 20) and the desired
compound is isolated in 94% yield (190 mg, 0.08 mmol).

3: Purple glassy product. '"H-NMR (300 MHz, CDCls): 6
9,00 (s, 8H, Hp), 8.99 (d, 4H, Hg, 3J =5.6 Hz), 8.96 (d, 4H, Hg,
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3J = 5.0 Hz), 8.11 (d, 4H, H,, °J = 8.6 Hz), 8.09 (d, 8H, H,/,
*J = 2.0 Hz), 8.08 (d, 4H, H,, *J = 2.4 Hz), 7.78 (t, 6H, H,, ,
4J = 1.8 Hz), 7.23 (s, 2H, Hy), 7.18 (d, 4H, H,,, >J = 8.6 Hz),
5.17 (s, 4H, Hy), 4.22 (t, 4H, CH,y, °J = 6.0 Hz), 4.00 (t, 2H,
H,, 3J = 6.0 Hz), 2.68 (t, 4H, CH,o, *J = 7.1 Hz), 2.68 (t, 2H,
Hs, >J =7.1 Hz), 2.35 (s, 3H, CH3), 2.25 (quin, 4H, CH,p, °J =
6.6 Hz), 2.21 (m, 2H, H,, 3J = 6.6 and 7.7 Hz), 1.51 (s, 108H,
'Bu). Elemental analysis for C,s7H;75sNgO¢Zn,: C, 76.9; H, 7.3;
N, 4.6. Found: C, 75.3; H, 7.4; N, 4.5%.

Bis-porphyrinic precursor 5. Functionalized uridine 4 (22 mg,
0.05 mmol, 1.2 eq.) and DMAP (11 mg, 0.09 mmol, 2.2 eq.) are
dissolved in CH,Cl, stabilized with amylene (10 ml). Bis-
porphyrin 3 (100 mg, 0.04 mmol, 1 eq.) and DCC (12 mg,
0.06 mmol, 1.5 eq.) are added and the reaction mixture is
stirred for 7 h under inert atmosphere at room temperature.
The solvent is then evaporated and the formed dicyclohexylur-
ea is precipitated in toluene. After filtration over a glass frit, the
toluene is evaporated. The crude product is chromatographed
over silica gel (AcOEt-hexane 60 : 40) and the desired com-
pound 5 is isolated with 50% yield (60 mg, 0.02 mmol).

5: Purple glassy product. '"H-NMR (300 MHz, CDCl;): é
9.82 (s, 1H, CHO), 9.00 (s, 8H, Hp), 8.98 (d, 4H, Hy, 3J=50
Hz), 8.96 (d, 4H, Hg, °J = 5.0 Hz), 8.11 (d, 4H, Ho, *J = 8.9
Hz), 8.10 (d, 4H, Ho", *J = 1.5 Hz), 8.09 (d, 8H, Ho', *J = 1.8
Hz), 7.78 (t, 6H, Hp,p', *J = 1.8 Hz), 7.65 (d, 2H, Hp, *J = 8.4
Hz),7.48 (d, 2H, Ha, *J = 8.2 Hz), 7.49 (s, 1H, Hg), 7.27 (s, 2H,
Ho), 7.20 (d, 4H, H,,, °J = 8.8 Hz), 5.35 (d, 1H, H,/, >/ = 4.2
Hz), 5.23 (t, 1H, Hy, *J = 5.7 Hz), 5.20 (t, 1H, Hy, 3J = 4.8
Hz), 5.16 (s, 4H, H), 4.25 (t, 4H, CH,,, 3J = 6.0 Hz), 4.10 (dd,
2H, Hs, 3J = 3.3 and 12.6 Hz), 3.94 (m, 1H, H,), 3.92 (t, 2H,
H,, 3J = 6.0 Hz), 2.75 (t, 4H, CH,,, °J = 7.3 Hz), 2.72 (t, 2H,
Hi, 37 = 7.7 Hz), 2.37 (s, 3H, CH;), 2.28 (m, 4H, CHag,
3J = 6.0 and 7.0 Hz), 2.16 (quin, 2H, H,, 3J = 6.0 Hz), 2.00
(s, 3H, CH; OAc), 1.98 (s, 3H, CH3 OAc), 1.52 (s, 72H, tBu’),
1.50 (s, 36H, tBu). Elemental analysis for C;79H9N19O7Zn5:
C, 74.3; H, 6.8; N, 4.8. Found: C, 73.0; H, 6.9; N, 4.8%.

Nonaporphyrin 1. Precursor 5 (250 mg, 0.086 mmol, 4 eq.)
and pyrrole (6 ul, 0.086 mmol, 4 eq.) are dissolved in CHCl;
(9 ml). A catalytic amount of a 3.2 M solution of BF; - OEt; in
CHCl; (9 pl, 0.029 mmol, 3.3 x 1073 M) is added. The mixture
is stirred at room temperature under inert atmosphere for 48 h.
p-chloranil is then added (16 mg, 0.065 mmol, 3 eq.) and the
mixture is stirred for 2 h 30 under reflux. NEt; is then added
(8 ul, 0.029 mmol, 2.1 eq.) and the solvent evaporated. The
crude mixture is chromatographed twice over silica gel (AcOEt
—hexane 50 : 50 to AcOEt-MeOH 95 : 5). After a final size
exclusion chromatography in toluene, the nonaporphyrin 1 is
isolated in 35% yield (90 mg, 0.0076 mmol).

1: Brownish glassy product. MALDI-TOF MS: mass peak
obtained upon addition of TFA and formation of the deme-

View Article Online

tallated and protonated species: m/z 11251.1 (11251.8 calcd for
C732H312N44064). UV-VIS ;”max (CH2C12)/nm: 424 (3562000),
516 (61900), 552 (175000), 593 (78000), 649 (19400). Fluores-
cence: Aey (CH,Clp)/nm: 603, 651, 721 nm. Elemental analysis
for C732H796N44064Zn8 'CH2C12: C, 73], H, 67, N, 5.1.
Found: C, 72.9; H, 6.9; N, 5.2%.
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