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Abstract

Porphyrins with fluorenyl and fluorenone groups at the meso-positions, and their Zn(II) complexes have been synthesized and
characterized by 1H NMR, UV–visible and fluorescence studies. Following selective excitation of the pendant arms with UV light,
the energy is transferred to the porphyrin core and reemitted as red light. In comparison to tetraphenylporphyrin 5, the lumines-
cence properties are markedly improved. The fluorescence quantum yields of tetrafluorenylporphyrin 1 and tetrafluorenonepor-
phyrin 2 are 0.22 and 0.25, respectively. To cite this article: C.O. Paul-Roth, G. Simonneaux, C. R. Chimie 9 (2006).
© 2006 Académie des sciences. Published by Elsevier SAS. All rights reserved.

Résumé

Des porphyrines possédant des groupes fluorenyl et fluorenone en positions méso, et leurs complexes de Zn(II) ont été syn-
thétisés et caractérisés par 1H NMR, spectroscopie UV–visible et de fluorescence. Après une excitation sélective des antennes par
lumière UV, l’énergie est transférée vers le cœur de la porphyrine et une lumière rouge est émise. En comparaison avec la
tétraphénylporphyrine 5, les propriétés de luminescence sont singulièrement améliorées. Le rendement quantique de fluorescence
de la tétrafluorénylporphyrine 1 et de la tétrafluorénoneporphyrine 2 sont 0,22 et 0,25, respectivement. Pour citer cet article : C.O.
Paul-Roth, G. Simonneaux, C. R. Chimie 9 (2006).
© 2006 Académie des sciences. Published by Elsevier SAS. All rights reserved.
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1. Introduction

Lanthanide complexes have been shown to function
as UV light conversion devices [1], resulting in a strong
red luminescence. Their cryptates also present interest-
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ing perspectives as luminescent labels [2]. New devel-
opments involve the design of novel ligands in order to
further improve the photophysical properties. Pure or-
ganic species like organic light-emitting diodes
(OLEDs) have also attracted considerable scientific
and industrial attention [3] due to their potential appli-
cation in large area flat-panel displays [4]. For full-col-
or applications, it is necessary to have a set of red,
green, and blue emitters with sufficiently high luminous
y Elsevier SAS. All rights reserved.
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efficiency and proper chromaticity. Actually, organic
materials for green and blue OLEDs with high lumines-
cence have largely been developed [5]. Polyfluorenes
are leading candidates for blue OLEDs [6] and are ex-
pected to be part of the full-color polymer displays. The
corresponding organic materials for red electrolumines-
cence (EL) are still rare [7]. Red light emission is usual-
ly achieved by doping red dyes into host materials with
a large gap [8]. Red dyes, such as porphyrins, are or-
ganic molecules with reasonable fluorescence effi-
ciency and good thermal stability. Thus, a conjugated
polymer, poly(9,9-dioctylfluorene), doped with a tetra-
phenylporphyrin molecule [9] dispersed into host ma-
trix, has been successfully used as a light-emitting
diode. A series of star-shaped porphyrins bearing pen-
dant oligofluorene arms, recently reported by Bo et al.
[10,11], offer a second possibility. In this example, the
porphyrin and the polyfluorene groups are conjugated
in order to achieve through-bond energy transfer be-
tween the fluorene and the porphyrin core. The rate of
through-bond energy transfer is normally a hundred
times faster than that of through-space energy transfer
(Förster) [12,13]. We have herein considered the design
of new building blocks based on fluorenylporphyrins
with the idea to obtain red emitting organic materials
after polymerization.

We have previously reported the synthesis of a free
macrocycle possessing four pendant fluorene arms at
the meso-positions and studied the catalytical properties
of the ruthenium (II) complex, either as a homogenous
catalyst or as a polymer heterogeneous material [14,15].
Very efficient catalysts for 2,3 sigmatropic reactions or
classic cyclopropanation were thus developed which
could be easily recovered and re-used [14,16,17]. We
now want to focus on the photophysical properties of
such porphyrins, including the fluorenone analogue.
The tetraphenylporphyrin macrocycle (H2TPP) will
presently be used as a reference. These building blocks,
exhibit very efficient energy transfer through bonds.
Since metallation often makes the macrocycle more ri-
gid and symmetrical, the zinc complexes have been pre-
pared [18] and their photophysical properties investi-
gated.

2. Results and discussion

2.1. Synthesis of porphyrins and metalloporphyrins

Meso-tetrafluorenylporphyrin 1 was prepared by
condensation of pyrrole and 2-fluorenecarboxaldehyde
as previously reported (Fig. 1a) [14]. Compound 2 was
synthesized by adding macrocycle 1 to a mixture of
heptane under very basic conditions (NaOH in water)
in presence of a phase-transfer reagent (Aliquat 336).
Oxidation gave the tetrafluorenone macrocycle 2 with
a good yield (68%) (Fig. 1a).

The zinc porphyrin monomers, 3 and 4 (Fig. 1b)
were prepared by treatment of free ligands 1 and 2 with
(Zn(CH3CO2)2·2H2O) in dichloromethane at room tem-
perature [19]. Whereas, the reaction time is only 12 h
for complete metallation in case of the phenyl substitu-
ent (5), 48 h are necessary for 1. This could be attrib-
uted to the steric effect of the bulky meso-fluorene
groups. In contrast, for the metallation of free-base tet-
rafluorenoneporphyrin (2), the reaction time is only 3 h,
as revealed by UV-monitoring. Probably, the strong
withdrawing electron fluorenone arm is the major effect
in this case.

Surprisingly, the proton NMR signals obtained in
deuterated chloroform for zinc complex 4, were very
broad (Fig. 2b). This was not observed for the zinc
complex 3. Aggregation is often observed with por-
phyrins and metalloporphyrins bearing strongly elec-
tron withdrawing groups at either the meso or β position
[20]. Presently, the [ZnTFOP] complex 4 has two po-
tentially interacting functional sites: C=O and Zn(II)
[21]. We could hinder π-staking in the case of these
zinc complexes, by making use of the supplementary
coordination sites at the apical positions, with ligand
like pyridine. Accordingly, addition of a slight quantity
of pyridine renders the 1H NMR spectrum immediately
well resolved (Fig. 2c). Tamiaki et al. [22] have indeed
shown earlier that oligomeric forms can disappear with
addition of a coordinating ligand like THF, giving
monomer species. Ligation of pyridine ring to zinc por-
phyrin is intrinsically weak (association constant
10−3 M−1) and, in solution, coordination oligomers are
generally in equilibrium with monomers [23]. A large
amount of monomers is therefore expected at the low
concentrations used for photophysical measurements
(ca. 10−6 M), even in the absence of pyridine.
2.2. Photophysical properties of free macrocyclic
ligand
Energy transfer from fluorene groups to porphyrin
core was anticipated to favor red light emission. There-
fore, the photophysical properties of the free ligands,
H2TFP and H2TFOP, in dichloromethane solution
were studied, using H2TPP as a reference.



Fig. 1. (a) Synthesis of tetrafluorenoneporphyrins 2, (b) Preparation of zinc complexes of ligand 1 and 2.
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2.2.1. Electronic spectra

The porphyrin skeleton has an extended π-conjuga-
tion system with 24-π electrons leading to a wide range
of wavelengths for light absorption. The bands in dif-
ferent spectral regions are denoted as Q, B, N, L and M.
The most representative of these, are the Q bands, the
weak absorptions in the visible region, and the Soret
band B, more intense absorption occurring in the near
UV region. The other bands labeled N, L and M appear
as weak absorption in the UV region [24]. Variations of
substituents on the porphyrin ring often cause minor
change to the intensities and wavelengths of these ab-
sorptions [25].

Actually, it is known that the meso-aryl groups are
not orthogonal to the porphyrin plane, but slightly tilted
[26], allowing the meso group to develop some conju-
gative interaction with the main porphyrin framework.
Thus, in spite of the large dihedral angle between the
plane of the phenyl ring and the porphyrin π system in
the H2TPP series, conjugation exists to some extent
and is affected by the substituents on the phenyl ring.
This conjugative interaction of the aromatic meso-sub-
stituents with HOMO level a2u can explain the slight
red shift observed for the fluorene derivative 1 which
exhibits a Soret band at 425 nm (Fig. 3), in comparison
to the absorption of 5 (417 nm).

In the visible spectrum, the macrocycle 1 exhibits an
intense B(0,0) band, together with four weak Q-bands
between 500 and 700 nm. An additional broad band
corresponding to the fluorene absorption is also ob-
served in the UV range (268 nm), blue shifted from
ca. 40 nm in comparison to fluorene (301 nm).

The UV–visible spectrum of 2 exhibits an intense
Soret band with a maximum absorption around
427 nm (Fig. 3). This band is also red shifted (10 nm)
compared to 5, as well as the Q bands. The fluorenone
arms absorb in the UV range with a maximum absorp-
tion peak at 258 nm, this peak is remarkably sharper
and stronger than the corresponding fluorene absorption
peak (Fig. 3).



Fig. 2. 1H NMR spectra of:
(a) H2TFOP (2), (b) [ZnTFOP] (4), (c) [ZnTFOP + pyridine].
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2.2.2. Luminescence studies

The fluorescence of the free macrocycles 1 and 2
was studied in dichloromethane (using dilute solution
in order to avoid self-quenching), while the measure-
ments for the quantum yield were done in toluene to
allow comparison with reported references.

The emission spectrum of compound 1, after excita-
tion in the fluorene absorption (262 nm), in the Soret
band (425 nm) or in the highest Qy(0,1) transition
(519 nm) reveals a strong red fluorescence with peak
maximum at 662 nm and a weak shoulder at 726 nm
(Fig. 4a). Intensity of luminescence increases following
λ262 < λ519 < λ425.

The excitation spectrum obtained after exciting in
the strongest emission band at 661 nm, reveals the Sor-
et band, the three first Q bands (Qy(0,1), Qy(0,0) and Qx

(0,1)), and the fluorene. This indicates that excitation
over all the 200–650-nm region leads to the population
of the fluorescent excited state of the porphyrin, except
for the fluorene chromophore involved in the UV ab-
sorption process.

There is a good energy transfer between fluorene
and porphyrin, since almost no residual emission of
the fluorene is observed in comparison to the porphyrin
emission (Fig. 4a). Thus, almost all the absorbed energy
by the antennae is reemitted by the porphyrin rings.
The remaining emission from fluorenes in compound
1 (~300 nm) accounts for the competition between the
direct emission from fluorenes and energy transfer to
the porphyrin macrocycle.



Fig. 4. (a) Photoluminescence spectrum of free ligand 1, (b)
Photoluminescence spectrum of free ligand 2.

Fig. 3. UV–visible absorption spectra for compounds 1 and 2 compared to reference 5.
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The low Stokes shift observed between the lowest
absorption at 651 nm and the fluorescence band
661 nm, indicates that the distortion occurring in going
from the ground state to the fluorescent excited state is
not important.

The emission spectrum of compound 2 after excita-
tion> in the fluorenone arms (258 nm), in the Soret
band (427 nm) or in the highest energy Qy(0,1) transi-
tion (519 nm) also reveals strong red light emission
(Fig. 4b). Intensity of luminescence increases following
λ260 ≈ λ519 < λ427. So there is also an efficient energy
transfer between antennae and porphyrin for compound
2, as illustrated by the spectrum between 260 and
800 nm (Fig. 4b). Again, there is evidence of almost
no residual emission of the fluorenone units
(~300 nm) in comparison to the porphyrin emission,
so quite all the absorbed energy by the antennae is re-
emitted by the porphyrin. Finally, the Stokes-shifts in-
crease only slightly when the fluorene (10 nm) is re-
placed by fluorenone (12 nm) (compound 2).

2.3. Photophysical properties of the zinc complexes

The distortion due to general flexible character of the
free macrocycles 1 and 2, causes a significant break up
in conjugation. Accordingly, there is an alteration of π-
energy levels, including a destabilization of the HOMO,
and some stabilization of the LUMO. The net result is
to reduce further the HOMO–LUMO gap. Previous the-
oretical calculations (INDO/s calculations) are in agree-
ment with these observations [27]. By introducing a
metal in the central cavity, the optimal conjugation
should therefore be restored. The porphyrin macro-
cycles 1 and 2 were metallated with zinc to afford more
rigid luminophores 3 and 4. We studied the photophy-
sical properties of these new Zn2+ complexes 3 and 4 in
dichloromethane solutions. The Zn(II) porphyrin com-



Fig. 6. (a) Photoluminescence spectrum of zinc complex 3, (b)
Photoluminescence spectrum of zinc complex 4.
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plexes exhibit characteristic change in the electronic
spectra compared to the free-base porphyrins.

2.3.1. Electronic spectra
The absorption spectra of Zn(II) porphyrins display

a single Q band absorption which is a combination of
the QX and QY bands due to the D4h symmetry of metal
porphyrins instead of the D2h symmetry of free-base
porphyrins. Thus, the zinc(II) complexes have two dis-
cernible Q bands (Q(0,1) and Q(0,0)) [24,28,29]. In the
visible spectra, 3 and 4 exhibit an intense B band to-
gether with two weak Q-bands. An additional broad
band corresponding to π–π* absorption of fluorene (3)
or fluorenone (4) is still observed in UV range. Nota-
bly, the UV absorption is particularly strong for the
fluorenone derivative 4 (Fig. 5). The π–π* absorption
in the UV range at 260 nm, for fluorenone is almost as
big as the Soret band at 431 nm, for this compound, the
absorption is notably exalted.

The absorption spectrum of complex 3 in CH2Cl2
displays a Soret band at 428 nm and the two Q bands:
(Q(0,1) and Q(0,0)) at 551 and 594 nm, respectively.
On the other hand, the spectrum of complex 4 exhibited
an intense Soret band with a maximum absorption
around 431 nm and the two Q bands at 556 and
599 nm. In both case, these bands are red shifted
compared to the reference [ZnTPP] compound 6
(421, 550 and 585 nm, respectively). Reduction of the
distortion of the free macrocycle by metallation in-
creases only slightly the red-shift of the Soret band in
comparison to the non metallated analogues 1 and 2
(ca. 3 nm).
Fig. 5. UV–visible spectra of zinc complexes 3 and 4 compared to
reference 6.
2.3.2. Luminescence studies

Room temperature fluorescence spectrum of zinc(II)
complex 4 is shown in Fig. 6. The emission spectrum
consists of three bands. The 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
the zinc complexes [ZnTPP], [ZnTFP] and
[ZnTFOP], compared to their corresponding free-base
H2TPP, H2TFP and H2TFOP, is the remarkable hyp-
sochromic shift of ~50 nm for the strongest emission
band Q(1,0) and 70 nm for the second Q(0,0), due to
the metal coordination.

Excitation of compound 3, at the π–π* absorption of
the fluorene, the Soret band and the first Q band gave a
fluorescence with peak maxima at 609, 659 nm and a
very weak at 725 nm. Thus, the difference in wave-
length compared to the corresponding free ligand 1 is
53 nm for Q(1,0) and 68 nm for the Q(0,0). For com-
plex 6, a narrow peak at 610 nm and weak band at
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660 nm are attributed to the excited triplet states of the
Q-bands.

As observed on the spectrum between 270 and
720 nm, there is evidence of almost no residual emis-
sion of the fluorenone units. This contrasts slightly with
the emission of the free ligand.

We next studied the complex 4 in dichloromethane,
by excitation at the same wavelengths, i.e. in the π–π*
of the fluorenone (260 nm), the Soret band (431 nm)
and first Q band (556 nm). Fluorescence peaks with
maximum at 614 nm, 660 and 725 nm were observed
(Fig. 6). The emission profiles of [ZnTFP] and of
[ZnTFOP] are nearly identical, except the weak band
near 725 nm assigned as Q(2,0) which actually appears
stronger for complex [ZnTFP].

For ZnTFP, when monitoring the emission wave-
length at 610 and 660 nm, the excitation spectrum, ex-
hibits an intense Soret band at 428 nm and the Q(1,0)
and Q(0,0) bands at 551 and 594 nm, respectively,
which roughly correspond to the ground state absorp-
tion spectrum. This indicates that excitation over all the
240–700 nm region leads efficiently to the population
of the fluorescent excited state of the porphyrin except
for the fluorene chromophore involved in the UV ab-
sorption process.

A self-quenching experiment on the emission of
[ZnTFP] and [ZnTFOP] was performed in the concen-
tration range 1 × 10−6 to 1 × 10−5 M in CH2Cl2 at
298 K, and a detectable quenching effect was found at
~10−5 M.

Emission spectra of [ZnTPP], [ZnTFP] and
[ZnTFOP] by excitation at antennae and Q band were
then studied. For complex 3 and reference 6, the emis-
sion after exciting at 260 nm, is very weak in compar-
ison to the first Q band (ratio is 6.5 and 4.2). This was
also observed for the corresponding free ligands. In
contrast, for 4, the luminescence is similar when excit-
ing the antennae or to the first Q band (ratio is 1.3)
Table 1
Quantum yield (%) of free macrocycles and zinc complexes

Quantum yield (%) of free macrocycles
Compounds H2TPP(5)
λex (nm) 420a

λem (nm) 653 and 721
Quantum yield (%) 12a

Quantum yield (%) of zinc complexes
Compounds ZnTPP(6)
λex (nm) 423b

λem (nm) 597 and 646
Quantum yield (%) 3.3b

Measured in degassed toluene, at 298 K.
a From [30].
b From [34].
confirming an efficient energy transfer between fluore-
none and porphyrin. There is no evidence of residual
emission of the fluorenone units (Fig. 6).

Again, slight Stokes-shifts are observed for com-
plexes 3 and 4. Actually, these shifts are similar for
both compounds (15 nm).

2.4. Fluorescence quantum yields

The fluorescence quantum yields of free ligands 1
and 2 were determined by comparing with a calibration
standard of 5 in degassed toluene solution with a fluor-
escence quantum yield of 0.12 [30], preferentially to a
benzene solution with a fluorescence quantum yield of
0.13 [7] (in this case different refractive indices of the
solvents used in the standard and sample must be cor-
rected) [31]. All measurements were made under argon
atmosphere to limit photo-oxidative degradation.

The quantum yield was calculated from the follow-
ing equation:

Φs ¼ ΦI
FS

F I

AI

AS

nI
nS

� �2

In the above expression, ΦS is the fluorescent quan-
tum yield of the new compound, F is the integration of
the emission intensities, n is the refraction index of the
solution, and A is the absorbance of the solution at the
exciting wavelength. The subscripts I and S denote the
reference and unknown samples, respectively [32].

Values of quantum yield of free ligands 1 and 2 are
reported in Table 1. The corresponding zinc complexes
3 and 4, showing less intense fluorescence in solution at
room temperature, are also reported.

Compound 1 presents an interesting luminescence
quantum yield (22%), which is higher than that of the
reference compound 5 (12%). Compound 2 possesses
also a high luminescence quantum yield (25%), slightly
higher than the parent compound 1.
H2TFP(1) H2TFOP(2)
427 431
661 and 726 661 and 727
22 25

ZnTFP(3) ZnTFOP(4)
430 434
609 and 660 614 and 661
5.0 4.9



Fig. 7. Free ligand tetrafluorenoneporphyrin: compound 2.
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Complexes 3 and 4 have low luminescence quantum
yield (around 5%), which is higher than this of the re-
ference compound 6 (3.3%).

3. Conclusion

In summary, we have synthesized and characterized
a new porphyrin 2, bearing fluorenone pendant arms at
the meso-positions starting from free macrocycle tetra-
fluorenylporphyrin 1, as well as the corresponding zinc
complexes 3 and 4.

We have shown that free porphyrins 1 and 2 emit
red light after UV–visible irradiation, as well as the
corresponding zinc complexes 3 and 4. As expected,
the compounds deliver good red chromaticity. The con-
jugation system of these porphyrins with pendant arms
is enhanced compared to 5, resulting in a longer wave-
length of the absorption and emission peaks. The en-
ergy transfer process from the fluorene or fluorenone
arms to the porphyrin cycle is apparently very efficient.
In comparison to the reference macrocyclic 5, the lumi-
nescence properties are doubled, as revealed by the
measurement of the fluorescence quantum yields that
range from 0.22 (for 1) to 0.25 (for 2), values much
higher than for many other porphyrins [33]. The fluor-
escence of the Zn(II) complexes 3 and 4 is however less
intense than 1 and 2, but higher than the corresponding
zinc complex 6.

These molecules might therefore be of high interest
to make luminescent materials. These promising results
prompt us to design now ligands incorporating more
than four antennae in order to achieve higher lumines-
cence, and to explore oxidative electropolymerization
of these new compounds.

4. Experimental section

4.1. General procedures

All reactions were performed under argon and were
magnetically stirred. Solvents were distilled from ap-
propriate drying agent prior to use, CH2Cl2 from
CaH2, CHCl3 from P2O5 and all other solvents were
HPLC grade. Commercially available reagents were
used without further purification unless otherwise sta-
ted.

All reactions were monitored by TLC with Merck
pre-coated aluminum foil sheets (silica gel 60 with
fluorescent indicator UV254). Compounds were visua-
lized with UV light at 254 and 365 nm. Column chro-
matography was carried out using silica gel from Merck
(0.063–0.200 mm). 1H NMR and 13C NMR in CDCl3
were recorded using Bruker 200 DPX, 300 DPX and
500 DPX spectrometers. The chemical shifts are refer-
enced to internal TMS. The assignments were per-
formed by 2D NMR experiments: Correlation Spectro-
scopy (COSY), Heteronuclear Multiple Bond
Correlation (HMBC) and Heteronuclear Multiple Quan-
tum Coherence (HMQC). High-resolution mass spectra
were recorded on a ZabSpec TOF Micromass spectro-
meter 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
spectra were recorded on UVIKON XL from Biotek
instruments. PL emission was recorded on a Photon
Technology International (PTI) apparatus coupled on
an 814 Photomultiplier Detection System, Lamp Power
Supply 220B and MD-5020. Aliquat 336, pyrrole and
2-fluorenecarboxaldehyde were purchased from Aldrich
and were used as received. TFP = tetrafluorenylpor-
phyrin dianion, TPP tetraphenylporphyrin dianion,
TFOP = tetrafluorenoneporphyrin dianion.

4.2. Porphyrin synthesis

4.2.1. Meso-tetrakis-5,10,15,20-(fluoren-2-yl)-
porphyrin 1

It was synthesized as previously described in [14].

4.2.2. Meso-tetrakis-5,10,15,20-(fluorenone)-porphyrin
2

It was synthesized by oxidation of precursor 1, as
described below. One equivalent (0.1 mmol) of com-
pound 1, was dissolved in 40 ml of heptane. Aqueous
NaOH (30%, 20 ml) is carefully added, followed by
addition of 20 drops of Aliquat 336 (tricaprylmethylam-
monium chloride). The mixture is stirred vigorously for
4 days. Reaction progress is monitored by TLC, spot-
ting directly from the organic layer. Then, the dark
brown heptane solution was separated and concen-
trated. The dark brown crude is chromatographed on
silica gel column with a dichloromethane/heptane
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(80:20) mixture to dichloromethane. The red–brown
crystalline compound 2, meso-tetrakis-5,10,15,20-fluor-
enoneporphyrin was obtained with a yield of 68%.

This new compound 2, was characterized by UV–
visible, IR, NMR, microanalysis and mass spectrome-
try. The hydrogen and carbon atom-labeling scheme for
the porphyrin ligands is shown below (Fig. 7).

Characterization by NMR (DEPT 135, proton de-
coupling, NOE difference, HMQC and HMBC, high
and low temperature) of free ligand H2TFOP (2):

● 1H NMR (CDCl3): 8.98 (s, 8H, pyrrole), 8.56 (s,
4H, HD′), 8.36 (d, 3JHH = 7.3 Hz, 4H, HB′), 7.98 (d,
3JHH = 7.2 Hz, 4H, HA′), 7.86 (d, 3JHH = 6.2 Hz, 4H,
HD), 7.83 (d, 3JHH = 6.8 Hz, 4H, HA), 7.69 (t, 3JHH
= 7.7 Hz, 4H, HB), 7.48 (t, 3JHH = 7.3 Hz, 4H, HC),
–2.72 (s, 2H, NH).

● 13C NMR (CDCl3): 194.23 (CE), 146.69 (CJ),
144.42 (CG), 144.05 (CG′), 143.05 (CC′), 140.28
(CB′), 135.01 (CF), 134.99 (CB), 132.98 (CF′),
131.20 (Cpyrrole), 129.55 (CD′, CC), 124.58 (CD),
120.85 (CA), 119.38 (CI), 118.88 (CA′).

● UV–visible (in CH2Cl2): 258 nm (fluorenone, ε258
= 335 128), 427 nm (Soret band, ε427 = 506 282),
519 nm (Q band, ε519 = 23 974), 556 nm (Q band,
ε556 = 18 589), 593 nm (Q band, ε593 = 9448),
649 nm (Q band, ε649 = 8333). IR: 1715 cm−1 (CO
band), 1613 cm−1 (fluorenone), 1601 cm−1, (fluore-
none), 1455 cm−1 (fluorenone), 1107, and 736 cm−1.
Analysis: calcd for C72H38N4O4·2 CH2Cl2 C: 74.50,
H: 3.55, N: 4.70, found C: 74.24, H: 3.84, N: 4.58.
MS (ESI): calcd for C72H38N4O4: 1023.2971
[MH]+, found: 1023.2978 [MH]+.

4.3. Porphyrin zinc complexes synthesis

4.3.1. Meso-tetrakis-5,10,15,20-(fluoren-2-yl)
porphyrinato zinc(II) 3

Free-base porphyrin 1 (100 mg, 0.10 mmol) was dis-
solved in 20 ml of distilled dichloromethane. Zinc acet-
ate dihydrate (108 mg, 0.49 mmol) is added in one por-
tion to the stirred solution. The mixture was stirred
vigorously for 48 h at room temperature. Reaction pro-
gress 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/CH2Cl2 mixture (2–10%
MeOH). Compound 3, was obtained as a dark-red color
powder in a yield of 87%. This new porphyrin complex
(3) was characterized by NMR, UV–visible, IR, micro-
analysis and mass spectrometry.
1H NMR (CDCl3): 8.97 (s, 8H, pyrrole), 8.42 (s,
4H, HD′), 8.28 (d, 3JHH = 8.2 Hz, 4H, HB′), 8.20 (d,
3JHH = 7.6 Hz, 4H, HA′), 8.10 (d, 3JHH = 6.6 Hz, 4H,
HA), 7.72 (d, 3JHH = 6.8 Hz, 4H, HD), 7.56 (t, 3JHH
= 5.7 Hz, 4H, HB), 7.46 (t, 3JHH = 6.8 Hz, 4H, HC),
4.23 (s, 8H, HE).UV–visible (CH2Cl2): 263 nm (fluor-
ene, ε263 = 81 323), 428 nm (Soret band, ε428 = 627
058), 552 nm (Q band, ε552 = 20 735), 594 nm (Q band,
ε594 = 6618). IR: 2961, 2924, 2853, 1464, 1452, 1415,
1396, 1346, 1261, 1097, 1022, 800 cm−1. Analysis:
calcd for C72H44N4Zn.2CH2Cl2·3CH3OH C: 71.33, H:
4.66, N: 4.32, found C: 71.17, H: 5.08, N: 3.90 MS
(ESI): calcd for C72H44N4Zn: 1030.4703 [MH]+,
found: 1030.470 [MH]+.

4.3.2. Meso-tetrakis-5,10,15,20-(fluorenone)
porphyrinato zinc(II) 4

Free-base porphyrin 2 (100 mg, 0.10 mmol) was dis-
solved in 20 ml of distilled dichloromethane. Zinc acet-
ate (108 mg, 0.49 mmol) was added in one portion to
the stirred solution. The mixture was stirred for 3 hours
at room temperature. Then, the solvent was removed,
and the black green residue was chromatographed on
silica gel column with a MeOH/CH2Cl2 mixture (2–
10% MeOH). Compound 4, was obtained as a dark
green color powder in a yield of 90%. Surprisingly,
the proton NMR spectrum is very large and broad in
deuterated chloroform. By adding progressively pyri-
dine, the spectrum becomes less complex and gives a
spectrum corresponding to 5,10,15,20-tetrafluorenone-
porphyrin complex of zinc. This new porphyrin com-
plex (4) was characterized by NMR, UV–visible, IR,
microanalysis and mass spectrometry.

1H NMR (py-d5 in CDCl3): 8.98 (s, 8H, pyrrole),
8.51 (s, 4H, HD′), 8.35 (d,

3JHH = 7.2 Hz, 4H, HB′), 7.92
(d, 3JHH = 7.6 Hz, 4H, HA′), 7.84 (d,

3JHH = 6.4 Hz, 4H,
HA), 7.82 (d, 3JHH = 6.4 Hz, 4H, HD), 7.67 (t, 3JHH
= 7.2 Hz, 4H, HB), 7.45 (t, 3JHH = 7.3 Hz, 4H, HC.
UV–visible (in CH2Cl2): 260 nm (fluorenone, ε260
= 370 714), 431 nm (Soret band, ε431 = 458 357),
556 nm (Q band, ε556 = 35 910), 599 nm (Q band,
ε599 = 17 857). IR: 1715 cm−1 (CO band), 1616,
1455, 1180, 1105, 877, 736 cm−1. Analysis: calcd for
C72H36N4O4Zn·4CH3OH C: 75.15, H: 4.32, N: 4.61,
found C: 74.94, H: 4.33, N: 4.29 MS (ESI in
CH2Cl2/CH3CN/pyridine): calcd for C72H36N4O4Zn:
1086.2033 [MH]+, found: 1086.2069 [MH]+.

By IR spectroscopy (KBr pellets), the nCO value ob-
served for H2TFOP, [ZnTFOP] and [ZnTFOP.py] are
unchanged at 1715 cm−1.



[15

[16

[17

[18

[19

[20

[21

[22

[23

[24

[25
[26

[27

[28
[29
[30

[31
[32
[33
[34

C.O. Paul-Roth, G. Simonneaux / C. R. Chimie 9 (2006) 1277–12861286
Acknowledgements

The authors are grateful to S. Sinbandhit (CRMPO),
M. Werts (UMR CNRS 6510) and P. Le Maux for their
technical assistance and helpful discussions.

References

[1] C. Paul-Roth, J.-M. Lehn, J. Guilhem, C. Pascard, Helv. Chim.
Acta 78 (1995) 1895.

[2] J.-M. Lehn, C.O. Roth, G. Mathis, Patent, cis Bio International,
France, 1991.

[3] J.R. Sheat, H. Antoniadis, M. Hueschen, W. Leonard, J. Miller,
R. Moon, D. Roitman, A. Stocking, Science 273 (1996) 884.

[4] J.H. Burroughes, D.D.C. Bradley, A.B. Brown, R.N. Marks,
K. Mackey, R.H. Friend, P.L. Bum, A.B. Holmes, Nature 347
(1990) 539.

[5] H. Nakamura, C. Hosokawa, T. Kusumoto, in: R.H. Mauch,
H.E. Gumlich (Eds.), Inorganic and Organic Electrolumines-
cence/EL 96, Wissenschaft und Technik, Berlin, 1996, p. 65.

[6] J. Rault-Berthelot, Electrochemistry 10 (2003) 265.
[7] X.H. Zang, Z.Y. Xie, F.P. Wu, L.L. Zhou, O.Y. Wong, C.S.

Lee, H.L. Kwong, S.T. Lee, S.K. Wu, Chem. Phys. Lett. 382
(2003) 561.

[8] M.A. Baldo, D.F. O’Brien, Y. You, A. Shoustikov, S. Sibley,
M.E. Thompson, S.R. Forrest, Nature 395 (1998) 151.

[9] T. Virgili, D.G. Lidzey, D.D.C. Bradley, Synth. Met. 111–112
(2000) 203.

[10] B. Li, J. Li, Y. Fu, Z. Bo, J. Am. Chem. Soc. 126 (2004) 3430.
[11] B. Li, X. Xu, M. Sun, Y. Fu, G. Yu, Y. Liu, Z. Bo, Macromo-

lecules 39 (2006) 456.
[12] S. Speiser, Chem. Rev. 96 (1996) 1953.
[13] G.S. Jiao, L.H. Thorensen, K. Burgess, J. Am. Chem. Soc. 125

(2003) 14668.
[14] C. Paul-Roth, J. Rault-Berthelot, G. Simonneaux, Tetrahedron

60 (2004) 12169.
] C. Poriel, Y. Ferrand, P. Le Maux, C. Paul-Roth, G. Simon-
neaux, J. Rault-Berthelot, J. Anal. Electrochem. 583 (2005)
92.

] G. Simonneaux, E. Galardon, C. Paul-Roth, M. Gulea, S. Mas-
son, J. Organomet. Chem. 617–618 (2001) 360.

] C. Poriel, Y. Ferrand, P. Le Maux, C. Paul, J. Rault-Berthelot,
G. Simonneaux, Chem. Commun. 18 (2003) 2308.

] Y. Uemori, A. Kitamura, H. Munakata, H. Imai, S. Nakagawa,
Inorg. Chim. Acta 325 (2001) 29.

] J.J. Bonnet, S.S. Eaton, G.R. Eaton, R.H. Holm, J.A. Ibers,
J. Am. Chem. Soc. 95 (1973) 2141.

] M.O. Senge, C.W. Eigenbrot, T.D. Brennan, J. Shusta, W.R.
Scheidt, K.M. Smith, Inorg. Chem. 32 (1993) 3134.

] U. Rempel, S. Meyer, B. Von Maltzan, C. Von Borczyskowski,
J. Luminesc. 78 (1998) 97.

] H. Tamiaki, S. Kimura, T. Kimura, Tetrahedron 59 (2003)
7423.

] A. Prodi, C. Chiorboli, F. Scandola, E. Lengo, E. Alessio, R.
Dobrava, F. Wurthner, J. Am. Chem. Soc. 127 (2005) 1454.

] M. Gouterman, The Porphyrins, vol. 3. Academic Press, New
York, 1978, p. 24.

] W.R. Scheidt, Y.J. Lee, J. Struct. Bond. (Berlin) 1 (1987) 64.
] J.A. Shelnutt, K.M. Kadish, K.M. Smith, R.E. Guilard, The Por-
phyrins, vol. 7, Academic Press, New York, 2000, p. 167.

] K.M. Barkigia, M.D. Berber, J. Fajer, C.J. Medforth, M.W. Re-
nner, K.M. Smith, J. Am. Chem. Soc. 112 (1990) 8851.

] M. Gouterman, J. Mol. Spectrosc. 6 (1961) 138.
] E. Austin, M. Gouterman, Bioinorg. Chem. 9 (1978) 281.
] J.W. Owens, R. Smith, R. Robinson, M. Robins, Inorg. Chim.
Acta 279 (1998) 226.

] D.J. Quimby, F.R. Longo, J. Am. Chem. Soc. 97 (1975) 5111.
] J.N. Demas, G.A. Crosby, J. Phys. Chem. 75 (1971) 991.
] R.G. George, M. Padmanabhan, Polyhedron 22 (2003) 3145.
] S. Yang, J. Seth, J.-P. Strachan, S. Gentemann, D. Kim, D. Hol-
ten, J.S. Lindsey, D.F. Bocian, J. Porphyrins Phthalocyanines 3
(1999) 117.


	Porphyrins with fluorenyl and fluorenone pendant arms as red-light-emitting devices
	Introduction
	Results and discussion
	Synthesis of porphyrins and metalloporphyrins
	Photophysical properties of free macrocyclic ligand
	Electronic spectra
	Luminescence studies

	Photophysical properties of the zinc complexes
	Electronic spectra
	Luminescence studies

	Fluorescence quantum yields

	Conclusion
	Experimental section
	General procedures
	Porphyrin synthesis
	Meso-tetrakis-5,10,15,20-(fluoren-2-yl)-porphyrin 1
	Meso-tetrakis-5,10,15,20-(fluorenone)-porphyrin 2

	Porphyrin zinc complexes synthesis
	Meso-tetrakis-5,10,15,20-(fluoren-2-yl)porphyrinato zinc(II) 3
	Meso-tetrakis-5,10,15,20-(fluorenone)porphyrinato zinc(II) 4


	Acknowledgements
	References


