
Synthesis of Novel N-Linked
Porphyrin −Phthalocyanine Dyads
Ana R. M. Soares, †,‡ M. Victoria Martı́nez-Dı́az, ‡ Anita Bruckner, §

Ana M. V. M. Pereira, † João P. C. Tomé ,† Cristina M. A. Alonso, †
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ABSTRACT

Two types of covalently NH-linked porphyrin −phthalocyanine dyads, connected either through the meso phenyl group or the â-pyrrolic position
of the porphyrin, have been synthesized following statistical condensation methodologies for phthalocyanine preparation and palladium-
catalyzed amination methods. Photophysical studies have revealed that energy transfer from the porphyrin to the phthalocyanine prevails
regardless of linkage.

The remarkable properties of both porphyrins (Ps) and
phthalocyanines (Pcs) as individual chromophores1 have
given rise in recent years to the synthesis and study of
porphyrin-phthalocyanine (P-Pc) ensembles as light-
harvesting systems with a wider absorption spectrum.
Moreover, since the Q-band absorption of phthalocyanine
almost overlaps the fluorescence wavelength of porphyrins,
upon excitation, singlet-state intramolecular energy transfer

from the porphyrin to the phthalocyanine occurs very
efficiently in most P-Pc dyads.

In P-Pc systems previously described, different types of
rigid or flexible spacers have been used to connect the two
chromophores.2 Some examples of P-Pc dyads directly
connected through themesoor theâ-pyrrolic position of the
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porphyrin have also been reported,3 thus allowing a close
proximity of the two units.

We report herein the synthesis of novel P-Pc dyads1
and 2 (Figure 1) where the two macrocycles are linked
through an amino group located either at theâ-pyrrolic
position or the meso phenyl groups of the porphyrin,
respectively. The nitrogen atom located between the two
macrocycles could play the role of “active” spacer, since it
typically behaves as a pH- and redox-sensitive group.

The relevance of phthalocyanines4 in the field of molecular
materials lies not only in their strong optical absorption in
the red/near-infrared zone but also in their versatility as
molecular building blocks whose properties can be tuned by
introduction of different peripheral substituents. Among the
wide variety of substituents that have been introduced, the
amino group plays an important role regarding its influence
in the phthalocyanine properties.5 In contrast, very few
efficient methods for introducing this functional group have
been described. In most cases, amino-substituted phthalo-
cyanines are prepared by reduction of a nitro derivative.6,7

In recent years, palladium-catalyzed coupling reactions have
proved an effective method for phthalocyanine functional-
ization, mainly for attaching alkynyl chains at the peripheral
positions.8 However, a palladium-catalyzed reaction has been

applied only once for connecting amino chains onto the Pc
macrocycle.9 This last method would allow the preparation
of arylaminophthalocyanines, thus making possible the
introduction of relatively elaborate substituents. As far as
porphyrins are concerned, palladium-catalyzed amination has
emerged as a powerful approach for the formation of
carbon-nitrogen bonds.10

Herein, we also report on the use of the palladium-
catalyzed Buchwald-Hartwig amination reaction11 as a good
method to prepare porphyrinylaminophthalocyanines.

Two different synthetic approaches have been followed
for the preparation of dyads1 and2. One of them involves
the classical statistical cross-condensation of two differently
substituted phthalonitriles, and the other is based on a
palladium-catalyzed Buchwald-Hartwig amination reaction
of adequately functionalized phthalocyanine and porphyrin
fragments. The synthesis of dyad1a using a statistical
condensation methodology required the preparation of 4-por-
phyrinylaminophthalonitrile4 (Scheme 1). This compound
was obtained in good yield (ca. 60%) by a Buchwald-
Hartwig amination reaction of Ni(II)-2-amino-meso-tet-
raphenylporphyrin (3)12 and 4-iodophthalonitrile. The
Pd(OAc)2/rac-BINAP catalytic system was employed to-
gether with potassiumtert-butoxide as base. Similar yields
were obtained when the reactions were carried out either in
toluene or THF at refluxing temperatures. Initially, the NiP-
ZnPc dyad1a was prepared in 33% yield by statistical con-
densation of the porphyrinylaminophthalonitrile4 with an
excess of 4-tert-butylphthalonitrile in a refluxing mixture of
o-dichlorobenzene andN,N-dimethylaminoethanol (DMAE)
using zinc chloride as template (Scheme 1). As expected,
the reaction afforded a mixture of the desired dyad1a and
Zn(II) tetra-tert-butylphthalocyanine (Zn tBu4Pc) as major
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Neves, M. G. P. M. S.; Tomé, A. C.; Silva, A. M. S.; Cavaleiro, J. A. S.;
Martı́nez-Dı́az, M. V.; Torres, T.; Rahman, G. M. A.; Ramey, J.; Guldi, D.
M. Eur. J. Org. Chem.2006, 257. (c) Ito, F.; Ishibashi, Y.; Khan, S. R.;
Miyasaka, H.; Kameyama, K.; Morisue, M.; Satake, A.; Ogawa, K.; Kobuke,
Y. J. Phys.Chem. A2006,110, 12734.

(4) (a) de la Torre, G.; Claessens, C. G.; Torres, T.Chem. Commun.
2007, in press. DOI: 10.1039/b614234f. (b) de la Escosura, A.; Martı́nez-
Dı́az, M. V.; Thordarson, P.; Rowan, A. E.; Nolte, R. J. M.; Torres, T.J.
Am. Chem. Soc.2003, 125, 12300. (c) Guldi, D. M.; Gouloumis, A.;
Vázquez. P.; Torres, T.; Georgalikas, V.; Prato, M.J. Am. Chem. Soc.2005,
127, 5811. (d) Garcı́a-Frutos, E. M.: Fernández-Lázaro, F.; Maya, E. M.;
Vázquez, P.; Torres, T.J. Org. Chem.2000,65, 6841.

(5) Achar, B. N.; Lokesh, K.S.J. Organomet. Chem.2004,689, 3357.
(6) Kudrevich, S. V.; Ali, H.; van Lier, J. E.J. Chem. Soc., Perkin Trans.

1 1994, 2767.
(7) Examples of amino-substituted phthalocyanines prepared by other

methods: (a) Sastre, A.; Torres, T.; Hanack, M.Tetrahedron Lett.1995,
36, 8501. (b) Strassert, C. A.; Dicelio, L. E.; Awruch, J.Synthesis2006,
799.

(8) (a) Sharman, W. M.; van Lier, J. E.J. Porphyrins Phthalocyanines
2000, 4, 441. (b) Bottari, G.; Dı́az, D. D.; Torres, T.J. Porphyrins
Phthalocyanines2006, 10, 1083.

(9) Tian, H.; Ali, H.; van Lier, J. E.Tetrahedron Lett.2000,41, 8435.
(10) (a) Takanami, T.; Hayashi, M.; Hino, F.; Suda, K.Tetrahedron Lett.

2003,44, 7353. (b) Gao, G.-Y.; Chen, Y.; Zhang, X. P.Org. Lett.2004,6,
1837. (c) Chen, Y.; Gao, G.-Y.; Zhang, X. P.Tetrahedron Lett.2005,46,
4965. (d) Chen, Y.; Zhang, X. P.J. Org. Chem.2003,68, 4432. (e) Gao,
G.-Y.; Chen, Y.; Zhang, X. P.J. Org. Chem.2003,68, 6215. (f) Khan, M.
M.; Ali, H.; van Lier, J. E.Tetrahedron Lett.2001,41, 1615. (g) Chen, Y.;
Fields, K. B.; Zhang, X. P.J. Am. Chem. Soc.2004,126, 14718.

(11) Wolfe, J. P.; Buchwald, S. L.J. Org. Chem.2000,65, 1144.
(12) Alonso, C. M. A.; Neves, M. G. P. M. S.; Tomé, A. C.; Silva, A.
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Figure 1. Porphyrin-phthalocyanine dyads1 and2.
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products. Additionally, during purification of the reaction
mixture by column chromatography, a minor amount of a
product identified by HRMS (MALDI-TOF) as a(NiP)2-
ZnPc triad was obtained. On the other hand, the same dyad
1a was prepared in 70% yield using the above-mentioned
Buchwald-Hartwig reaction conditions from the aminopo-
rphyrin 3 and Zn(II)-2(3),9(10),16(17)-tri-tert-butyl-23-
iodophthalocyanine (5).13 Finally, in order to obtain the
photoactive ZnP-ZnPc dyad1b, the porphyrin moiety of
the NiP-ZnPc derivative1a was demetalated to the corre-
sponding free base, followed by standard metalation using
zinc acetate (Scheme 1).

The same strategies were applied to the synthesis of dyad
2. The required porphyrinylaminophthalonitrile precursor7
was prepared in four steps from the free-basemeso-
tetraphenylporphyrin (TPP). First, selective mononitration
with concentrated nitric acid, followed by reduction of the
nitro group with SnCl2 in HCl and metalation of the free-
base porphyrin with zinc acetate, yielded derivative6 in 21%
global yield.14,15 This compound was finally subjected to a
palladium-catalyzed coupling reaction with 4-iodophthaloni-
trile (Scheme 2). The amination reaction gave the porphy-
rinylaminophthalonitrile7 in low yield (15-20%) whenever
refluxing toluene or THF was employed as solvent. When
the porphyrinylaminophthalonitrile7 was subjected to cross-
condensation with an excess of 4-tert-butylphthalonitrile
using the standard conditions, dyad2 was obtained in 17%
yield from the reaction mixture (Scheme 2).

The desired ZnP-ZnPc2 could also be prepared in 41%
yield by coupling Zn(II) 5-(4-aminophenyl)-10,15,20-tri-
phenylporphyrin (6) with monoiodoPc5 in toluene.

Figure 2 shows the UV/vis spectrum of dyad1b in THF
compared to the spectra of Zn(II)-meso-tetraphenylporphyrin

(ZnTPP) andZntBu4Pc. The spectrum of the dyad1b shows
the characteristic absorptions of the individual macrocyclic
components, namely strong absorptions assigned to the
porphyrin and phthalocyanine Q and Soret bands. However,

Scheme 1. Synthesis of Porphyrin-Phthalocyanines1a and1b

Scheme 2. Synthesis of Porphyrin-Phthalocyanine Dyad2

Figure 2. UV/vis spectrum of dyad1b in THF, compared to the
ones of theZnTPP andZntBu4Pc references.

Org. Lett., Vol. 9, No. 8, 2007 1559



the red shift (ca. 23 nm) experienced by the phthalocyanine
Q-band in dyad1b is quite remarkable, suggesting a
reduction of its HOMO-LUMO gap as a consequence of
the electron-donor character of the porphyrinylamino sub-
stituent. The same trend was observed in the UV/vis spectrum
of dyad2 (see the Supporting Information).

Excited-state interactions in1b and2 were tested by means
of fluorescence and transient absorption spectroscopies.
Mirror imaging the absorption spectra, the fluorescence
maxima in the dyads shifts relative to theZnTPP (i.e.,
toluene, 595 nm; THF, 600 nm) andZn tBu4Pc (i.e., toluene
and THF, 680 nm) referencessnotably to the red. In THF,
1b exhibits maxima at 605 and 695 nm, whereas those for
2 are at 610 and 710 nm. This trend, which reflects the
mutual ZnP/ZnPc electronic coupling, is excitation wave-
length independent. More quantitative information was
deduced from fluorescence quantum yield determinations.
When photoexciting at 425 nm, in the blue part of the
spectrum (i.e., 575-675 nm, corresponding to theZnTPP
part) fluorescence quantum yields of 0.003 and 0.008 were
determined for1b and 2, respectively.ZnTPP fluoresces
under these conditions with much higher quantum yields of
0.04. In the red part (i.e., 675-800 nm, corresponding to
theZntBu4Pcpart), on the other hand, a fluorescence pattern
evolves that is identical to that ofZn tBu4Pc with quantum
yields of 0.15 (1b) and 0.26 (2). Notably, at 425 nm
excitation the ZnP/ZnPc absorption ratio in1b and2 exceeds
a value of 0.9. In other words, detecting ZnPc fluorescence
quantum yields that are nearly quantitativesfor Zn tBu4Pc
the corresponding value is 0.3sdespite its negligible absorp-
tion in 1b and2 at 425 nm, implies an efficient transduction
of singlet excited-state energy. Proof for this hypothesis came
from excitation spectra recorded for the 695 and 710 nm
fluorescence. They revealed in both cases spectra that are
essentially mirror images of the ground-state absorption.
Particularly relevant are in this context the ZnTPP contribu-
tions.16

In time-resolved fluorescence measurements the following
lifetimes emerged for theZnTPP and Zn tBu4Pc refer-
ences: 1.7 ns recorded at∼600 nm and 3.0 ns recorded at
∼700 nm. In the 600-650 nm range no detectable fluores-
cence was, however, noted for1b and2 within the 0.1 ns
detection range. Turning to the 700-750 nm range for both
dyads, lifetimes were noted (2.1 ns (1b) and 2.1 ns (2)) that

are similar and somewhat slower than that of theZn tBu4Pc
reference. Although fluorescence spectroscopy already shed
light onto the nature of excited-state interactions we extended
our investigation to time-resolved transient absorption spec-
troscopy. ForZnTPP the differential spectrum recorded, for
example, right after the conclusion of the laser pulse is
characterized by bleaching of the porphyrinQ-band at 550
and broad absorption between 570 and 750 nm. These
spectral attributes are indicative of theZnTPP singlet excited
state (Esinglet ) 2.00 eV) which decays (i.e., 2.1 ns-4.0×
108 s-1) to the energetically lower-lying triplet excited state
(Etriplet ) 1.53 eV) predominantly via intersystem crossing.
For Zn tBu4Pc we see singlet excited-state features (Esinglet

) 1.80 eV)sincluding bleaching of theQ-band at 680 and
broad absorption between 400 and 600 nmsthat decay
slightly slower (i.e., 3.0 ns-3.3 × 108 s-1) to the corre-
sponding triplet manifold (Etriplet ) 1.30 eV). In contrast to
the aboveswhen photoexciting at 387 nm or 560 nms1b
(i.e., 8.1 ps-1.2× 1011 s-1) and2 (i.e., 18.8 ps-5.3× 1010

s-1) show a rapid transformation of the ZnP singlet excited
state. Products of this process are the ZnPc singlet excited-
state as evidenced by features that are practically identical
to those recorded for theZn tBu4Pc reference. In1b and2
this state is metastable and decays to the triplet excited state.

This work follows previous investigations, whereZnTPP
andZn tBu4Pc building blocks have been covalently linked.
Transduction of singlet excited-state energy prevails regard-
less of linkage to theâ-pyrrolic or themesoposition. Our
work further underlines the transduction efficiency of the
â-pyrrolic linkage, although different separations (conjugated
linkers) between donor and acceptor might also play a role.
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