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Two new dendrimeric supramolecular assemblies bearing twelve and twenty-four fluorenyl peripheral
donor groups surrounding an organic core have been prepared and studied. These assemblies are
composed of three zinc porphyrins possessing each four (ZnTFP) and eight fluorenyl chromophores
(ZnOOFP) linked together by a central tris-pyridyl organic ligand. Due to efficient energy transfer be-
tween the fluorenyl arms, which act as antennas, and the Zn centres, which act as emitters; these as-
semblies behave as red emitters after selective UV or visible irradiation. The kinetic stability of these
supramolecular assemblies and its impact on their photophysical properties are discussed.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Porphyrin systems present wide potential applications in dif-
ferent fields, such as, for instance, light-harvesting, Organic Light
Emitting Diodes (OLEDs) or switches. For efficient solar energy
harvesting, several chromophores are needed in order to collect
light from the entire solar spectrum.! In this connection, the pho-
tosynthetic light-harvesting systems (I and II) consist of well or-
ganized porphyrin antennas in sophisticated three-dimensional
structures.? As in nature, construction of multichromophoric sys-
tems is important to ensure maximum use of solar energy. Thus, the
ability to design and construct (super- or supra-) molecular archi-
tectures in which the energy flow can be controlled constitutes
a great (and timely) challenge.

We have previously reported the synthesis of porphyrins pos-
sessing several fluorenyl arms and focused on their photophysical
properties, >~ along with their possible use in OLEDs.® Notably,
a high fluorescence quantum yield (24%) was evidenced for 1,
demonstrating the good capacity of the fluorenyl units to enhance
quantum yields by increasing the radiative deactivation process. By
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the fact that 1 exhibits good red chromaticity and enhanced emis-
sion efficiency, it is now interesting to incorporate the corre-
sponding zinc complex 3 and the related zinc porphyrin 4 in
oligomeric assemblies and to study their luminescence.

Arrays containing different kinds of dyes can be engineered in
several ways: either by using covalent bonds or by self-assembly. On
the one hand, star-shaped trimer structures in which the porphyrin
building blocks are connected covalently by a purely organic spacer
have been largely studied. In 1999, Osuka synthesized a model of
benzene connected in the 1,3 and 5 positions to three zinc por-
phyrins.” Other triangular spacers have been employed with the
same 1,3,5 topology.® Subsequently, a series of arrays containing
three, four and six tetraphenylporphyrin (TPP) units were synthe-
sized.? For covalently bonded star-shaped pentamers, the use of
(phenylethynyl)benzene spacers connected at the meso position of
a central porphyrin unit has also been made by Lindsey and co-
workers.!? Recently, Sanders reported a large scale synthesis of tri-
podal porphyrin arrays: in these assemblies, the three zinc por-
phyrins are covalently linked by an alkyne bridge to a tripodal unit.!!
On the other hand, supramolecular approaches offer an alternative
way to assemble the nano-objects in a desired manner, like in the
photosynthetic light-harvesting complexes. An interesting ap-
proach for mimicking these complicated systems is to design small-
sized chromophores, which can self-organize into light-harvesting
architectures.  Supramolecular synthetic methods!?  have
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developed rapidly and porphyrins proved particularly useful for the
design of robust architectures because of their rigid framework."
One-, two-, and three-dimensional materials are now routinely ac-
cessible by synthetic strategies based on hierarchical organization of
porphyrins. Thus, porphyrins are very useful not only as active
molecular components for light-harvesting antenna systems, but
also as rigid building blocks for the construction of variety of func-
tional devices."

In the present contribution, the synthesis of the desired por-
phyrin trimer is based on the pyridine-to-metal coordination. Thus,
porphyrins are connected by dative bonds to a new kind of organic
bridge having three pyridine sites pointing at 120° from each
other.! This bridge consists of an original tripodal ligand (7), which
was synthesized in a straightforward way from a readily available
tris-alkynyl isocyanurate precursor, independently developed by
some of us.”® Such a ligand is expected to exhibit a better trans-
parency in the near UV and visible range, and therefore to impart
a higher photostability to the supramolecular assembly than related
1,3,5-phenylene based derivatives. Two different porphyrins were
used to test this approach: (i) the known monomeric zinc porphyrin
3 bearing four fluorenyl units rigidly held on the meso positions and
(ii) a new zinc porphyrin mentioned above (4), bearing eight pen-
dant fluorenyl units more flexibly connected to the same positions
via methylene linkers. Following the synthesis of these new building
blocks, we will describe the self-assembly and characterization of
the desired porphyrin oligomers 5 and 6, respectively. Finally, the
photophysical studies of the building blocks and related super-
molecular systems will be reported and discussed.

2. Results and discussion
2.1. Synthesis

Zinc porphyrins 3 and 4. The meso-tetrafluorenylporphyrin free
base 1 was prepared as previously reported,'® while the synthesis
of the dendrimeric free base 27 is based on the condensation re-
action reported by Fréchet. The metallation of these porphyrin
monomers by zinc acetate proceeds in dichloromethane at reflux,'®
to give the corresponding zinc porphyrins 3° and 4, in 87% and 81%
yield, respectively (Scheme 1). The new complex 4 was fully char-
acterized by means of NMR spectroscopy, microanalysis and high
resolution mass spectrometry.

Zn(CH3C02)2,2H20

CH,Cl,,
Reflux /2h

Yield 87%

Zn CH3COz)2 2H20

J CH,Cl,, MeOH
Reflux /2h Q’

Yield 81%

New tris-pyridyl spacer 7. This new isocyanurate-based ligand
was obtained in one step from the corresponding triyne 8,'° and 4-
bromopyridine (9) following a Sonogashira coupling protocol in
DMF (Scheme 2). After purification, 7 is obtained as a beige solid in
51% yield. This new ligand was also fully characterized by usual
means. Its high symmetry allows monitoring the progress of the
catalytical coupling reaction, in a straightforward way, by 'H NMR.

Supramolecular assemblies 5 and 6. To a solution of 3 equiv of 3 or
4in CH,Cly, 1 equiv of tris-pyridyl ligand 7 is added (Scheme 3). After
1 h, the desired porphyrin trimers 5 or 6 can be isolated, as deep
violet powders. These new products were characterized by usual
solution spectroscopies (NMR, UV—vis and IR) and microanalysis,
but proved too fragile to be characterized by mass spectrometry,
since only the constitutive fragments were detected by LSI-MS.

Ligation of pyridyl rings to zinc porphyrins is intrinsically weak
(association constant, ca. 1x10> M~') and relatively labile; thus, in
solution, coordination oligomers are generally in equilibrium with
the monomers.!® For these supramolecular systems, stability in
(dilute) solution is therefore a key question. The stability of the
supramolecular assemblies 5 and 6 in CH,Cl, solution was thus
checked by a combination of '"H NMR, UV—vis absorption and
spectrofluorimetric measurements.

The 'H NMR signals obtained in deuterated chloroform for zinc
complexes 3 and 4 are fine and well resolved. A clear difference in
shift is observed for the bridging tripodal ligand 7 when free and in
the corresponding assemblies 5 and 6 (Figs. 1 and 2). The latter is
induced by axial coordination of 7 to zinc porphyrin units. In both
cases, H—H polarization transfer studies (COSY) allowed to assign
the various signals detected, the integration of the signals revealed
that adducts 5 and 6 have the correct stoichiometry.

For example, the 'H NMR spectrum of 5 reveals the two 'H res-
onances of the pyridine units, Hy and Hp, significantly upfield of
their positions in 7, as expected for protons located within the
shielding cone of a porphyrin (Fig. 2).!920 This effect decreases
gradually as the proton distance from the shielding macrocycles
increases, with A¢=—3.0 and Aj=-0.8 for Ha and Hp, respectively.
These signals are also broader and less resolved, in line with the
highly fluxional nature of the ligand at ambient temperature. In
addition, we can notice that all the twelve peripheral protons on the
porphyrin meso-fluorene arms are equivalent. Similar statements
hold for the larger assembly 6, except that Hp is not observed at
25 °C, in reason of its strong fluxionality.

ZnOOFP '
(4)

Scheme 1. Synthesis of zinc complexes 3 and 4.
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Scheme 2. Synthesis of ligand 7.

2.2. Photophysical properties

2.2.1. Electronic spectra. The absorption spectra of Zn(Il) porphyrins
display a single Q band absorption, which is a combination of the Qx
and Qy bands due to the D4 symmetry of metal porphyrins [instead
of the D, symmetry of free base porphyrins], with two discernible
sub-bands (Q(0,1) and Q(0,0)).2'~%3 Thus, the zinc complexes 3 and 4
exhibit an intense B band (Soret band), together with two weak Q-
bands in the visible range (Fig. 3 and Table 1). An additional broad
band is also observed in UV range, which corresponds to w—m*

3

A

\_/

~

CH,Cly, 1h

25°C

absorption of the fluorene chromophores. This UV absorption is
stronger for the zinc complex 4 due to the larger number (eight vs
four) of fluorene groups in the meso arms.

The free tris-pyridine ligand 7 in CHyCl, displays two bands:
astrong one at 285 nm and a weak one at 302 nm (Fig. 3a and Table
1). Upon apical binding of a pyridyl ligand to a zinc porphyrin, a red
shift of 2—10 nm of the characteristic absorptions observed for the
free porphyrin is expected, due to the stabilisation of the corre-
sponding excited-states in the pyridyl-Zn adduct.’® Actually, these
red shifts are observed for both 5 (Fig. 3b) and 6 (see

N

A

Scheme 3. Synthesis of supramolecular assemblies 5 and 6.



S. Drouet et al. / Tetrahedron 68 (2012) 98—105 101
Hg'
HS'\ / | N\
_—~6
R < d
c Il
H, H Co T8
\2 / 3 H3'\C/ 4 C4.. \\08(08\'\ ||
C,—C N Hg
ey U hed
&’\ } 4 CZ§C1 \ "He
ST 0
| | Hy: HDOYN o]
Cis 01\9 /C6\c He N\"/N
| Va AN ” He o)
C17\C C/ 8 P N
|16 Ie Ha I 7 X ~
AL /N\C/Cw\ N N
%\14 / 11 7
C13=Cq2
3
He'
Hs: /
\ _C¢
O
.
Ca, /CS\
Hy—c7 " g ;CS{CB\IH
U 8'
\C2'°C/.Cg qgng
HH \(SHHH.I.
H \ He o\ /HG'
\2 / 3HB\ /CD /Hﬁ | C5'=CG'\
CoCq  GF GE P Ca . %y
9, R
4. A w-Car
D\Cg N CS/ B/ N CZ'\\ /Cgi /Cg C\8
A
—Cyo 6~ HB N o
(|3|18 N N ﬁ37 HrL HHy  H
Cind N_Cg
(|31e Cfg
CisN\_~Cio
D7 € Gy D
4
C13°C12
4

Fig. 1. Hydrogen and carbon atom-labelling for the porphyrin complexes 3, 4 and ligand 7.

Supplementary data S1), but only at relatively high concentrations
(103 M). At lower concentrations, due to the labile coordination of
the pyridine to the zinc centres, the complex is more dissociated. As
aresult, the free ligand 7 and corresponding porphyrin dominate in
solution over the adduct, resulting in no apparent bathochromic
shift. Appreciable spectral changes, indicative of dissociation, are
observed upon dilution to 1.0x10% M. Under these high dilutions
conditions (10~® M), axial dissociation takes place, as shown mainly
by a blue shift in absorption and for fluorescence (as we shall see
below), the absorption peaks shifting back to the values observed
for porphyrins 3 and 4. The Soret band in the absorption spectra of
the self-assembled systems 5 and 6 can thus be usefully used to
determine the concentrations at which these labile systems pre-
dominate in solution over their constituents (1.0x10~3 M). Notably,
less marked shifts take place with the other absorption bands
detected, such as the fluorene band near 300 nm or these charac-
teristics of the apical ligand 7 near 285 nm.

2.2.2. Luminescence studies. The fluorescence spectra at 25 °C of
the zinc(Il) complexes 3 and 4 (Fig. 4) consist of three sub-bands

assigned to a vibronic progression from a Q state: the very weak
band near 720 nm is assigned as Q(2,0) and actually appears as an
extended tail on the Q(1,0) band. The major difference between
them, compared to their corresponding free-bases (1 and 2), is the
remarkable hypsochromic shift of ~50nm for the strongest
emission band Q(1,0) and ~70 nm for the second Q(0,0), due to the
metal coordination.®

We then studied the photophysical properties of supramolecu-
lar assemblies 5 and 6. At concentrations around 103 M and using
a front-face (FF) fluorescence detection setup instead of a classical
right-angle (RA) detection setup, we could observe a characteristic
red shift (Fig. 4) for the emission spectra recalling that previously
observed for 3 (Ay(Q1)=4) or 4 (Ay=5 nm for Q(1,0) and Ay=5 nm
for the Q(0,0)). This red shift, already observed in absorption be-
tween 3 and 5 (respectively 4 and 6), is characteristic of the apical
coordination of the pyridine ligand to the metal (Table 2). Notably,
when the fluorescence spectra are recorded for more dilute solu-
tions, no difference can be stated compared to the corresponding
monomer 3 (respectively 4). These results clearly indicate that
supramolecular assemblies 5 and 6 are mainly dissociated at
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Fig. 2. NMR spectra of zinc complex 5.

concentrations required by the classical right-angle detection
(10-—10"7 M), (Fig. 5).

2.2.3. Fluorescence quantum Yyields. The fluorescence quantum
yields @f of these compounds were determined by comparing
with proper calibration standards®® (Table 1). By comparison
with the fluorescence quantum yield of the reference zinc com-
plex of tetraphenylporphyrin ZnTPP (®r=3.3%), we found that
compound 3 presents an unusually high luminescence quantum
yield of 8.5%. Compound 4 presents a fair luminescence quantum
yield of 3.4%, which is quite similar to that of ZnTPP. The fluo-
rescence quantum yield of the pure organic linker 7 is much
lower (®p=0.3%).

2.2.4. Energy transfer studies. The emission spectra of 3 and 4
presently used as supramolecular building blocks suggest that the
fluorenyl donor transfers energy with high efficiency to the por-
phyrin acceptor. Indeed, excitation for both zinc complexes at
300 nm (i.e., in the fluorene band) results in the characteristic red
emission of porphyrins (Fig. 4a). As a result, the blue fluorenyl
emission is almost completely quenched for both compounds,
and emission is seen predominantly from the porphyrin ring.
Similar effect could also be observed for the assemblies 5 and 6,
with an emission also coming quasi-exclusively from the por-
phyrins (Fig. 4b).

3. Conclusions

We have synthesized and characterized two new threefold
symmetric architectures from two porphyrins bearing numerous
fluorenyl pendant arms and an original isocyanurate tris-pyridyl
tripodal ligand 7. The goal was to obtain luminescent soluble
super-molecular architectures by combining simple and highly
luminescent porphyrin building blocks with very transparent and
stable bridging ligands. These new compounds along with the new
porphyrin monomer 4 and the new ligand 7, were fully character-
ized and their luminescence was studied.

While 7 is essentially non luminescent in the free state, 4 proved
to exhibit properties similar to 3. It emits dominantly red light after
selective UV or visible irradiation. Actually, in case of UV irradiation,
such systems comprising a central zinc porphyrin core linked to
peripheral photon-harvesting fluorene moieties have been shown
to act as efficient relays between the antennas and the Zn atom. For
these compounds, the red luminescence can be obtained from
a large range of excitation wavelengths from UV to red.

We next attempted to compare the photophysical properties of
5 and 6 to these of the starting porphyrin monomers 3 and 4.
However, due to weak coordination of the pyridine end-groups of 7
to the Zn centres, the new assemblies 5 and 6 are quite labile in
solution and exist mostly in the form of their dissociated compo-
nents at concentrations where fluorescence studies are usually
made. This frustrated us from the quantitative determination of the
fluorescence yield of these fascinating assemblies. Nevertheless, at
higher concentrations these assemblies are more stable and pres-
ent distinct properties from their constitutive monomers, as evi-
denced by UV—vis and luminescence studies using a front-face
detection setup. We are now planning to investigate their poten-
tial directly in the solid state, by using them directly as active layers
(after deposition or spin coating from very concentrated solutions)
in OLED or related devices.

4. Experimental section
4.1. General procedures

All reactions were performed under argon (with magnetic stir-
ring). Solvents were distilled from appropriate drying agent prior to
use, CH;Cl, from CaH;, CHCl3 from P,05 and all other solvents were
HPLC grade. Commercially available reagents were used without
further purification unless otherwise stated. 5,10,15,20-Tetra-9H-
fluoren-2-yl-21H,23H-porphine 1 (TFP) was prepared as described
in our earlier report.'®

All reactions were monitored by thin layer chromatography
(TLC) with Merck pre-coated aluminium foil sheets (Silica gel 60
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Fig. 3. (a) UV—vis absorption spectra in 10-mm path length cells of compounds 3 (black line), 7 (blue line) in CH,Cl, at 25 °C at a concentration of ca. 10-° M, of a mixture solution of
3 equiv of 3 and 1 equiv of 7 at ~10~5 M concentration (red line) and theoretical absorption spectrum resulting from the additive contribution of 3 equiv of 3 and 1 equiv of 7
(dashed line). (b) Absorption spectra in 1-mm path length cell of compounds 3 and 5 in CH,Cl, at 25 °C at higher concentration (1.5x10~> M).

with fluorescent indicator UVjs54). Compounds were visualized
with ultra-violet light at 254 and 365 nm. Column chromatography
was carried out using silica gel from Merck (0.063—0.200 mm).
TH NMR and ®C NMR in CDCl; were recorded using Bruker 200

Table 1
Photophysical properties of the zinc fluorenyl porphyrins 3 and 4 and of ligand 7, in
CH,Cl, solution at 298 K (~10~¢ M)

Compound }\?Easx2 ? [nm]  emaxz b }\g?asxl ! [nm]  emax > Ammax © !
[em™! [em™'  [nm]
M| M|
Tripod 7 285 102,000 302 93,000 316 0.003¢
ZnTFP (3) 264 76,000 428 535,000 608,657 0.085"
ZnOOFP (4) 269 216,000 425 519,000 602, 650 0.034"

¢ Experimental absorption maxima.

b Molar extinction coefficients.

¢ Experimental emission maxima.

4 Fluorescence quantum yield.

¢ Determined relative to anthracene in EtOH (®#p=0.27%%).

f Determined relative to tetraphenyl-porphine in toluene ($r=0.12%%).

DPX, 300 DPX and 500 DPX spectrometers. The chemical shifts are
referenced to internal tetramethylsilane (TMS) and coupling con-
stants are in hertz. The assignments were performed by 2D NMR
experiments: COSY (Correlation Spectroscopy), HMBC (Hetero-
nuclear Multiple Bond Correlation) and HMQC (Heteronuclear
Multiple Quantum Coherence). For Hydrogen and/or carbon atom-
labelling for the porphyrin complexes 3, 4 and for the tripodal li-
gand 7, see Fig. 1. High-resolution mass spectra were recorded on
a ZabSpec TOF Micromass spectrometer in FAB mode or ESI positive
mode at the CRMPO. IR spectra were recorded on Bruker IFS 28,
using KBr pellets or in dichloromethane solution. UV—vis spectra
were recorded on UVIKON XL from Biotek instruments.

4.2. Synthesis of [5,10,15,20-tetra-9H-fluoren-2-yl-21H,23H-
porphinato(2-)]zinc(Il) (3)

Free base porphyrin 1 (100 mg, 0.10 mmol) was dissolved in
20 mL of distilled dichloromethane. Zinc acetate dihydrate (108 mg,
0.49 mmol) was added in one portion to the stirred solution. The
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Fig. 4. (a) Photoluminescence spectra of compound 4 at different excitation wave-
lengths. (b) Photoluminescence spectra of compound 4 and of supramolecular as-
sembly 6 (1.5 103 M) in CH,Cl, at 25 °C (excitation at 430 nm).

mixture was stirred 2 h at reflux. Reaction progress is monitored by
TLC, spotting directly from the organic layer. Then, the solvent was
removed, and the black red residue was chromatographed on silica
gel column with a MeOH/CH,Cl, mixture (2 %—10 % MeOH). Com-
pound 3, was obtained as a dark red colour powder in a yield of 87%.
This porphyrin complex (3) was already described earlier.> For
clarity, the 'H NMR data are however reported below. 'H NMR
(500 MHz, CDCl3, 6 in ppm): 8.97 (s, 8H, Hp_pyrrotic), 8.42 (s, 4H, Hy/),
8.28 (d, }Jyy4=8.2 Hz, 4H, H3'), 8.20 (d, *Ji4=7.6 Hz, 4H, Hy'), 8.10 (d,
3Jun=6.6 Hz, 4H, Hs), 7.72 (d, 3Jyu=6.8 Hz, 4H, Hg), 7.56 (t,
3J4un=5.7 Hz, 4H, Hg'), 7.46 (t, 3Jyn=6.8 Hz, 4H, H7'), 4.23 (s, 8H, Hy
and Hg).

4.3. Synthesis of [5,10,15,20-tetrakis[3,5-bis(9H-fluoren-2-
ylmethoxy)phenyl]-21H,23H-porphinato(2-)]zinc(II) (4)

To a solution of free base porphyrin 2 (60 mg, 28 umol) in CH,Cl,
(15 mL) was added Zn(OAc),-2H,0 (30 mg, 140 pmol) in methanol
(7 mL) and the mixture was stirred 2 h at reflux. When metallation
was complete (TLC checking), the reaction mixture was washed
with water, dried over MgSO4 and purified by column chroma-
tography (CH,Cly) to afford 50 mg of a pink solid ZnOOFP (81%). 'H
NMR (500 MHz, CDCl3 8 in ppm): 8.94 (s, 8H, Hp_pyrrolic), 768 (d, 8H,
3Jun=8 Hz, 8H, Hy), 7.64 (d, 3Jyn=8 Hz, 8H, Hs'), 7.46 (s, 8H, Hy/),
7.45 (d, 3y u=7 Hz, 8H, Hg'), 7.41 (s, 8H, Hp), 7.32 (d, *Jyn=7 Hz, 8H,
Hy), 7.28 (t, *Jiu=7 Hz, 8H, Hg), 7.25 (t, }Jy4=7 Hz, 8H, Hy'), 6.85 (s,
4H, Hg), 5.02 (s, 16H, OCH5), 3.75 (s, 16H, Hy and Hgr). 3C NMR
(125 MHz, CDC13_ 01in ppm): 157.6 (Cc), 149.9 (C147679711714715719),
144.6 (Ca), 143.5 (Cy#), 143.3 (Cgr), 141.6 (C4r), 141.2 (Csr), 135.1 (Cy),
132.0 (Co_3-7-8-12-13-17-18), 126.8 (Cg'), 126.7 (C7), 126.5 (C3),
125.0 (Cg), 124.5 (Cy/), 120.7 (Ca), 119.9 (Cs), 119.8 (C5_10-15-20),
115.3 (Cg), 102.2 (Cp), 70.6 (Cy), 36.8 (Cy). UV—vis (A max, CHoCly,
nm): 270, 292 and 303 (fluorene), 425 (Soret band), 551 (Q band),
596 (Q band). Anal. Calcd (%) for C156H10gN40sZn-H0: C, 83.28; H,
4.93; N, 2.49. Found: C, 82.86; H, 4.88; N, 2.36. MS (ESI-CH,Cl;/
CH3COCH3: 90/10): caled for Cis6H108N4OgNazZn: 2251.73508
[MNa]*. Found 2251.73500 [MNa]™.

4.4. Synthesis of tripod 7

In a Schlenk tube under argon containing a mixture of starting
triyne’> 8 (0.50 g, 1.16 mmol), 4-bromopyridine hydrochloride 9
(1.36 g, 7 mmol, 6 equiv), Cul (18 mg, 0.09 mmol, 0.08 equiv) and
PdCl,(PPhs); (33 mg, 0.047 mmol, 0.04 equiv) were added dry DMF
(40 mL) and distilled triethylamine (10 mL). After 2 days of stirring
at 70 °C and cooling to room temperature, the solvents were re-
moved by cryoscopic transfer. The reaction mixture was extracted
with CH;Cly, washed with water and dried over MgSO4. After fil-
tration and evaporation to dryness, the crude product was purified
by column chromatography on neutral aluminium oxide eluting
with pure ethyl acetate first and then a mixture of ethyl acetate/
methanol (95/5), to afford the corresponding product 7 as a beige
solid (0.39 g, 51%). 'H NMR (200 MHz, CD,Cl, 6 in ppm): 8.66 (d,
3]y =6 Hz, 6H), 7.78 (d, *Jun=9 Hz, 6H), 7.52—7.45 (m, 12H). BC
NMR (50 MHz, CD,Cl): 150.3, 148.6,134.5,133.3,131.1,129.2,125.9,
124.0, 92.6, 88.4. IR (KBr, cm™'): 2224 (m, vc=c), 1778 (vw, C=0),

Excitation Excitation
hv hv
y  Eneroy DILUTION Energy
hy . Fe—Jransfer ho JF Transfer
M ;)Psﬂ F h N
Blue light — Red light Blue light ~ v
Red light
F
F

Concentration 10> M

* NMR concentration
* 1-mm path length UV-Vis
* FF luminescence

Concentration 10°® M

* classical 1-cm path length UV-Vis

* classical RA luminescence

Fig. 5. Dissociation of supramolecular systems 5 and 6.
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Table 2
Photophysical properties of the zinc fluorenyl porphyrins 3 and 4, and of the su-
pramolecular systems 5 and 6 at 1.5x10~> M in CH,Cl, solution at 298 K

Compound 230 2 [nm] A& 2 [nm]
ZnTFP (3) 556, 598 621, 660
(ZnTFP);-tripod (5) 562, 605 620, 664
ZnOOFP (4) 553, 594 604, 654

(ZnOOFP);-tripod (6) 558, 599 609, 659

2 Experimental absorption and emission maxima.

1717 (vs, C=0). HRMS—ESI: calcd for C4Hy5Ng03 661.1988
[M+H]". Found 661.1981.

4.5. Synthesis of supramolecular assembly 5

To a solution of zinc complex ZnTFP (3) (50 mg, 49 pmol) in
CH,Cl; (15 mL) was added the ligand 7 (10 mg, 15 umol). The re-
action mixture was stirred at room temperature under argon. After
1h (TLC checking), the reaction mixture was concentrated and
precipitated with pentane to afford 51 mg (91%) of the desired
supramolecular assembly 5 as a purple solid. 'TH NMR (500 MHz,
CDCl3, 6 in ppm): 8.98 (s, 24H, Hp-pyrrolic), 8.40 (large s, 12H, Hy),
8.26 (large d, 3Jyu=7 Hz, 12H, Hz), 8.13 (d, 3Juu=7 Hz, 12H, Hy),
8.05 (d, 3Jy=8 Hz, 12H, Hs'), 7.68 (d, 3Juy=7 Hz, 12H, Hg'), 7.52 (t,
Juu=6Hz, 12H, Hg), 742 (t, Juu=6Hz, 12H, Hz), 7.34 (d,
3Juu=8 Hz, 6H, Hpheny1), 7.21 (d, *Jun=8 Hz, 6H, Hpheny1), 6.55 (large
d, 3]HH:5 Hz, 6H, Hg), 5.71 (v large d, 6H, Ha), 4.20 (s, 24H, Hg,
CHafluorene). UV—vis (4 max, CH,Cly, nm): 263 (fluorene), 303 (li-
gand 7), 428 (Soret band), 554 (Q band), 596 (Q band). FT-IR (KBr,
cm™1): 2221 (m, ve=c), 1740 (s, vc=o). Anal. Calcd (%) for
C253H156N]303Zn3-3CH2C12: C, 78.23; H, 4.07; N, 6.29. Found: C,
78.97; H, 4.38; N, 6.23.

4.6. Synthesis of supramolecular assembly 6

To a solution of zinc complex ZnOOFP (4) (50 mg, 22 umol) in
CHyCl; (15 mL) was added ligand tripod 7 (5 mg, 7 umol). The re-
action mixture was stirred at room temperature under argon. After
1h (TLC checking), the reaction mixture was concentrated and
precipitated with pentane to afford 48 mg (96%) of desired supra-
molecular assembly 6, as a purple solid. '"H NMR (500 MHz, CDCl5,
0 in ppm): 8.94 (s, 24H, Hp-pyrrolic), 7.76 (d, 3Jun=8 Hz, 24H, Hy),
7.75 (d, *Jyn=8 Hz, 24H, Hs'), 7.66 (s, 24H, Hy/), 7.54 (s, 24H, Hp),
7.51 (d, 3Jy =7 Hz, 24H, Hg), 747 (d, }Juu=7 Hz, 24H, Hy), 7.34 (t,
3Jun=7Hz, 24H, Hg), 7.27 (t, 3Juu=7Hz, 24H, Hy), 716 (d,
3Jun=8 Hz, 6H, Hppenyt), 712 (s, 12H, Hg), 7.01 (d, 3Juu=8 Hz, 6H,
Hphenyt), 5.90 (large s, 6H, Hpyridine), 5.26 (s, 48H, OCH>), 3.86 (s,
48H, Hg' and Hg). UV—vis (A max, CH,Clp, nm): 270 (fluorene), 304
(ligand 7), 425 (Soret band), 551 (Q band), 591 (Q band). FT-IR (KBr,
cm™1): 2223 (m, ve=c), 1740 (s, vc=0). Anal. Calcd (%) for
C510H348N18027ZH3-3CHC13Z C, 79.87; H, 4.59; N, 3.27. Found: C,
78.82; H, 5.36; N, 3.09.

4.7. Photophysical methods

All photophysical properties measurements have been per-
formed at room temperature (298 K). UV—vis absorption spectra
were recorded on a Jasco V-570 spectrophotometer, using 10-mm or
1-mm path length quartz cells, depending on the concentration of

the solution. Fluorescence measurements on dilute solutions
(1078 M, optical density <0.1) were performed using a right-angle
detection setup in standard 10-mm quartz cuvettes on an Edin-
burgh Instruments (FLS920) spectrometer equipped with a 450 W
Xenon lamp and a Peltier-cooled Hamamatsu R928P photo-

multiplier tube in photon-counting mode. Fully corrected emission

spectra were obtained, for each compound, at dex=A2DS with an

optical density at 1e¢x<0.1 to minimize internal absorption. Fluo-
rescence quantum yields were measured according to literature
procedures.>*?5 Fluorescence measurements at higher concentra-
tions (10~3 M) were performed using a front-face detection setup in
1-mm path length quartz cells on a Horiba Jobin-Yvon Fluorolog-3
spectrometer equipped with 450 W Xenon lamp an a Hamamatsu
R928P photomultiplier tube.
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