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An efficient one-step method for the synthesis of covalently linked phthalocyanine–porphyrin (Pc–Por)
hetero-dyads and Pc–Por–Pc hetero-triads, connected directly through C–C bonds, is presented. The pro-
cedure utilizes a Pd-mediated Suzuki cross-coupling reaction of a Pc–boronate synthon and a haloge-
nated porphyrin. The two chromophores are directly linked, without spacer, through the b-pyrrolic-,
meso-, and para-position of the meso-phenyl group of the porphyrins. The electronic absorption spec-
trum of the Pc–Por–Pc triad shows red-shifted, split Q-bands reflecting energy transfer.

� 2008 Elsevier Ltd. All rights reserved.
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Porphyrins (Por) and phthalocyanines (Pc) are structurally re-
lated macrocyclic compounds with highly p-conjugated systems
exhibiting intense absorption in the visible region with strong Sor-
et and Q-bands, respectively.1 The absorption spectrum of the Por–
Pc hetero-array covers a broad range of the solar spectrum. The
sub-units interact through photoinduced electron and/or energy
transfer from Por to Pc rendering them of prime interest for light
harvesting arrays, which is of importance for effective use in pho-
tovoltaic and molecular photonics.2

A number of multi-component systems containing mixed Por–
Pc systems connected via covalent and non-covalent bonds have
been reported. Among these are non-conjugated Por–Pc hetero-
dyad systems in which the macrocycle units are joined by various
spacers such as oxygen-3 or N-linkages.4 Efficient photoinduced
energy transfer from the Por to Pc unit depends strongly on the rel-
ative orientations and distances between the chromophores. The
metal-mediated cross-coupling methodology of alkynes (con-
nected by ethynyl or butadiynyl bridges) is a highly efficient meth-
od to prepare covalently linked conjugated Por–Pc hetero-
dyads.2b,5 The availability of such conjugates permitted detailed
studies on electronic- and photonic-based cooperation between
individual sub-units of the dyads.

A few reports for the synthesis of Pc–Por dyads attached di-
rectly through C–C bonds have appeared.6 However, these earlier
reported pathways require multi-step procedures. Recently, we re-
ported7 a method for the synthesis of a Suzuki Pc–boronate syn-
thon and showed its successful application for the preparation of
Pc–Pc hetero-dyads and Pc–(Pc)2 homo-triad using a Pd-mediated
Suzuki-coupling reaction. Here, we report the use of this Pc–boro-
nate synthon to prepare Pc–Por dyads and Pc–Por–Pc triads in a
single step.
ll rights reserved.
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Scheme 1. Phthalocyanine-p-phenyl porphyrin dyads.
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Scheme 3. Phthalocyanine b-pyrrolic porphyrin dyad.
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In our first approach, we prepared the dyad containing the Por
and ZnPc chromophores with the Pc directly linked at the para-po-
sition of the meso-phenyl group of the porphyrins using the Suzuki
cross-coupling reaction (Scheme 1). A mixture of Pc–boronate (1)
(8.7 mg, 10 lmol) and 5-(p-iodophenyl)-5,10,15,trimesityl-20(p-
iodophenyl) Zn porphyrin8 (2a) (9.4 mg, 11 lmol), [1,1-bis(diphen-
ylphosphino)-ferrocene]dichloro Pd(II)-dichloromethane complex
(1:1) [Pd(dppf)Cl2] (catalyst) (5 mg), and CsF (base) (10 mg), in
DMF (5 mL) (under N2), was heated at 90 �C for 3 h. After purifica-
tion, 3a was obtained in about 60% yield. This method was used to
incorporate a number of substituted porphyrin derivatives. Treat-
ment of Pc–boronate (1) (8.7 mg, 10 lmol) with 5-(p-iodo-
phenyl)-10,15,20-tris(m-di-tert-butylphenyl) Zn porphyrin (2b)9

(12.6 mg, 11 lmol) using tris(dibenzylideneacetone) dipalladium
(Pd2dba3) (7 mg) as catalyst, 2-(2,6-dimethoxybiphenyl)-dicyclo-
hexyl phosphine (S-phos, ligand) (8 mg), and K3PO4 (10 mg), in tol-
uene (5 mL) (under N2), for 3 h at 90 �C gave 3b in 60% yield (after
purification over a silica gel column). An analytical sample was ob-
tained after HPLC on a reversed-phase C-18 column in THF–H2O. In
a similar manner, treatment of 1 with 5-(p-iodophenyl)-10,15,20-
tris (pentafluorophenyl) porphyrin (2c) and Zn derivative10 2d in
toluene under N2 using the same catalyst and ligand at 90 �C for
2–3 h afforded the corresponding dyads 3c and 3d in 50–65%
yield. 12 The metal-free 3c can be used to prepare dimetallic
Pc–Por conjugates.

Next, we prepared a dyad where the Pc moiety is directly
bonded to a meso-position of the tetraphenylporphyrin (Scheme
2). The Pc–boronate synthon 1 (10 lmol) and 5-bromo-10,20-
bis(3,5-bis-tert-butylphenyl) Zn porphinato11 (4) (9 mg, 11 lmol),
catalyst Pd2dba3 (6 mg), ligand S-phos (10 mg), and K3PO4 (base)
(10 mg) were dissolved in toluene (8 mL) under N2, and the mix-
ture was heated at 90 �C for 24 h. Two products corresponding to
the reduced porphyrin analog and Pc–Por dyad 5 (50%) were iso-
lated. In the third group of dyads, the Pc moiety is directly bonded
to a b-pyrrolic position of a meso-tetraphenylporphyrin. To Pc–bor-
ane complex 1 (13 mg, 15 lmol) and b-bromo-5,10,15,20-tetra-
phenyl Zn porphyrin (6) (13 mg, 16 lmol), Pd2dba3 (7 mg)
(catalyst), S-Phos (ligand) (9 mg), and K3PO4 (10 mg) (base) was
added toluene (8 mL) (under N2), and the mixture was heated at
90 �C for 24 h. Purification on a silica gel column, followed by HPLC
gave 7 in about 25–30% yield (Scheme 3). As expected, the reactiv-
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Scheme 2. Phthalocyanine–meso-porphyrin dyad.
ity of the bromoporphyrin is less than that of the iodo analog. The
coupling product 7 gave the expected HRMS and UV–vis spectra in
THF corresponding to the dyad with a broad absorption Soret band
at 349 nm and Q-band at 676 nm characteristic of Pc and a 418 nm
porphyrin Soret band. The spectra were similar to those of the cor-
responding monomers and were in close agreement with those re-
ported by Torres et al.,6b who obtained the same compound
through a multi-step procedure in 30% yield.

Dihalo porphyrin derivatives were also investigated for the syn-
thesis of Pc–Por–Pc triad using the above procedure. Two types of
triads were prepared in which the Pc was connected at either the
p-phenyl-or meso-position of the porphyrins. Pc–borane 1
(26 mg, 30 lmol) and 5,15-bis(3,5di-tert-butylphenyl)-10,20-
bis(p-iodophenyl) Zn(II) porphyrin (8a) (12 mg, 10 lmol), Pd2dba3

(10 mg) (catalyst), S-Phos (12 mg) (ligand), and K3PO4 (10 mg)
were dissolved in toluene (10 mL) and reacted for 4 h at 90 �C.
After purification by silica gel column chromatography, HPLC anal-
ysis showed the presence of a number of peaks. Two main compo-
nents were characterized as the triad 9a (30%) and a dyad in which
one of the halo groups is reduced, that is, 10a (25%). Compounds 8b
and 8c were treated with 1 in the same manner as described for 8a
to yield the corresponding trimers 9b and 9c together with the re-
duced dyads 10b and 10c as secondary products (Scheme 4). No at-
tempts were made to optimize the reaction conditions to improve
the yield of the triad. In an analogous manner, Pc–Por–Pc triads
substituted at the two meso-positions of the porphyrin were also
prepared. Treatment of 11 with a 3 M excess of 1 gave Pc–Por di-
mer 5 (20%) and a trimer 12 (25%) (Scheme 5) along with some
other products. When the above reaction was conducted in THF
using tetrakis (triphenylphosphine) Pd(0) (catalyst) and K3PO4

(base), a dyad containing a bromo group was also obtained. The
latter product could serve as a substrate for further modifications.
The metal-free derivatives can be used to prepare different hetero-
dimetallic oligomers.

The spectral features of the 3, 7, and 9 dyad arrays are very sim-
ilar to those of the monomers. Compounds 3a and b exhibit a
strong Soret band at 425 nm, and 3c at 421 nm and 3d at
414 nm show weak Soret bands at about 350 nm along with weak
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Scheme 4. Phthalocyanine-p-phenyl porphyrin-phthalocyanine triads.
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Q-bands for the porphyrins and a strong Q-band at 676 nm for the
Pc. Similarly, the spectral features of triad arrays containing two Pc
units and one Por unit, that is, 9a, 9b, and 9c, exhibit strong Soret
bands at 425, 423, and 417 nm, respectively, and a strong Q-band
at 676 nm along with other weak absorption peaks. However, the
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Scheme 5. Phthalocyanine–meso-porphyrin–phthalocyanine triads.
ratio between the intensities of the Soret band of the Por and Q-
band of the Pc decreases confirming the presence of two Por units
per molecule. The absorption spectra of the arrays are approxi-
mately imposable on the absorption spectra of the Por and Pc
monomers. These results indicate that the added torsional con-
straints do not significantly alter the overall structure of the array
or result in discernible changes in the electronic coupling between
the constituents, which conform with weak electronic coupling.
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Figure 1. Electronic spectra of ZnPc(t-bu)-4-borane 1 (blue), the Por–Pc dimer 5
(red), and Pc–Por–Pc triad 12 (green).
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The absorption spectrum of compound 5 exhibits an intense
Soret band at 418 nm and weaker Q-band at 554 nm attributed
to the porphyrin moiety; the additional Soret band at 354 nm
and intense Q-band at 677 nm reflect the presence of the Pc moi-
ety. The absorption spectrum of compound 12 exhibits an intense
Soret band at 424 nm and weaker Q-bands of the porphyrin moiety
at 563 nm. The Soret band of the Pc moiety lies near 350 nm with a
relatively strong split Q-band at 676 nm and 685 nm (Fig. 1). The Pc
Q-bands are red-shifted 11 nm relative to those of the Pc–borane
synthon. This red shift is attributed to extension of the conjugated
p-system involving the two linkers from the attached porphyrins.

In summary, we report the synthesis of covalently C–C linked
Pc–Por hetero-dimers and Pc–Por–Pc hetero-triads using a Pd-cat-
alyst Suzuki cross-coupling reaction and Pc–boronate synthon.
Photophysical data reveal p-conjugation between the sub-units
that correlate to the degree of planarity of the molecules.
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