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A meso-to-¢ directly linked hexameric porphyrin triangle
was synthesized by the SuzukiMiyaura cross-coupling reaction
via either one-pot or a stepwise route. Hexakis-zinc(II) complex
of the porphyrin triangle exhibits a split Soret band in the
absorption spectrum, reflecting the effective exciton coupling
over the whole molecule.

Electronically interactive multiporphyrinic systems have
received much attention in light of their potential applications in
optoelectronic devices, sensors, photovoltaic devices, and non-
linear optical (NLO) materials.1 To achieve desirable electronic
and photophysical properties, manipulation of interporphyrinic
interaction is often essential.2 Along this line, we reported Ag(I)-
promoted mesomeso coupling reactions of 5,15-diaryl-substi-
tuted Zn(II) porphyrins and subsequent DDQ/Sc(OTf)3-induced
oxidative fusion reaction into porphyrin tapes,3 which yielded
extremely long molecules,3b extensively ³-conjugated mole-
cules,3c directly linked porphyrin rings,3e and an antiaromatic
porphyrin sheet.3f These examples showed that the directly
linked porphyrin arrays have a strong advantage of precise
control in the large electronic interactions.

The SuzukiMiyaura coupling4 is another effective syn-
thetic protocol for directly linked porphyrin arrays.5,6 Along
this line, we have explored Ir-catalyzed ¢-borylation reaction of
meso-free meso¤-aryl-type porphyrins.7 These borylated porphy-
rins have been used for the construction of various functional
oligomeric porphyrinoids including doubly ¢-to-¢ bridged
diporphyrins that have butadiyne-,8a 2,5-thiophene-,8b and 2,6-
pyridine-spacers.8c8e This double bridging strategy secures a
rigid conformation and substantial electronic interaction, which
induce significant enhancements of two-photon absorption
(TPA) properties.8a8d

Recently we have reported a porphyrin LEGO block
strategy, which provides directly and multiply meso¢ linked
porphyrin rings efficiently.8f The SuzukiMiyaura cross-cou-
pling of diborylated Ni(II) porphyrin 1 and dibromoporphyrin 2
gave directly linked cyclic porphyrin tetramer Ni2F2 in 16%
yield.8f Careful examination of the reaction products led to an
isolation of hexamer Ni3F3 in 0.7% yield13 (Scheme 1). The
1HNMR spectrum of Ni3F3 exhibits a singlet signal for the meso-
protons and one singlet and four doublet peaks for ¢-protons,
suggesting the high symmetry of Ni3F3. The parent ion peak of
Ni3F3 was observed at m/z 4843.87 (calcd for C330H366N24Ni3,
4843.75 [M]+) in its MALDI-TOF mass spectrum. Free-base
hexamer F3F3 was quantitatively obtained by demetallation of
Ni3F3 with H2SO4, which was quantitatively converted to zinc(II)
complex Zn3Zn3 upon treatment with Zn(OAc)2.

Definitive structural assignment has been accomplished
through single-crystal X-ray diffraction analysis of Zn3Zn3,9

which unveiled a triangle conformation as a rare case (Figure 1).
The porphyrin rings are relatively planar, suggesting less

Scheme 1. One-pot synthesis of meso-to-¢ directly linked
cyclic porphyrin arrays.

Figure 1. X-ray crystal structure of Zn3Zn3. tert-Butyl groups,
solvent molecules, and hydrogen atoms are omitted for clarity.
The ellipsoids are scaled to 50% probability.
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structural strain than Ni2F2.8f The central 5,15-linked porphyrin
moiety is tilted by 74.4° to the adjacent 2,18-linked porphyrin
moiety.10 ZnZn distance between the 5,15-linked porphyrin
moieties is 8.19¡.

We then examined a stepwise rational synthetic route to
Ni3F3 (Scheme 2). Coupling of 7 equiv of 1 with 2 provided
diborylated porphyrin trimer 3 in ca. 90% yield, which was then
coupled with an equivalent of brominated porphyrin trimer 48f in
the presence of a palladium catalyst to afford Ni3F3 in 8% yield.

The UVvis absorption spectrum of Zn3Zn3 showed Soret
bands at 455 and 422 nm with a shoulder at 410 nm and Q-bands
at 609 and 564 nm (Figure 2). These split Soret bands can be
understood in terms of exciton coupling theory11 in the same
manner as performed for the mesomeso-linked Zn(II) porphyrin
oligomers.3b It is appropriate to place two transition dipole
moments of each porphyrin unit as shown in inset of Figure 2.
Given the roughly orthogonal conformations for the neighboring
porphyrins, the exciton coupling of parallel transition dipoles
(red and purple arrows) is effective but other interactions (blue
arrows) should be zero. The interacting component leads to a
red-shifted Soret band (455 nm), while the noninteracting
component leaves a Soret band at the same position as the
porphyrin monomer (around 410 nm). Small interaction between
purple and green arrows results in the slightly red-shifted Soret
band (422 nm). The fluorescence spectrum of Zn3Zn3 exhibits a
broad structure with a relatively high fluorescence quantum yield
(ΦF = 0.085, Figure 2).

In summary, meso-to-¢ directly linked porphyrin hexamer
with a trigonal structure was constructed by the SuzukiMiyaura
cross-coupling reaction. Recognition of guest molecules by this

hexameric porphyrin triangle and detailed photophysical studies
are currently being explored in our laboratories.

This paper is in celebration of the 2010 Nobel Prize
awarded to Professors Richard F. Heck, Akira Suzuki, and
Ei-ichi Negishi.
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Scheme 2. A stepwise synthesis of Ni3F3.

Figure 2. UVvis absorption (®) and fluorescence (- - -)
spectra of Zn3Zn3 in CH2Cl2.
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