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ABSTRACT

Highly efficient synthesis of meso ,meso -dibromo doubly and triply fused diporphyrins has been achieved through a powerful oxidative coupling
mediated by AuCl 3−AgOTf combination. In addition, palladium-catalyzed debromination of meso -bromoporphyrins has been developed. This
debromination protocol enables employment of bromine as a protecting group for the reactive meso -position of porphyrins.

Porphyrin arrays with extensive delocalizedπ-conjugation
are the current focus of intensive research because of their
application for conductive organic materials, near-infrared
dyes, NLO materials, molecular wires, molecular devices,
and so forth.1 In particular, directly fused porphyrin arrays
(porphyrin tapes) have strong electronic communication
between neighboring porphyrins, exhibiting the lowest energy
absorption bands that reach the infrared region.2 In addition,
the triply linked porphyrin tapes exhibit exceptionally large
two-photon absorption (TPA) cross sections (σ).3 They have

also been used for the construction of functional conjugates
with fullerenes due to specific supramolecular interactions.4

The synthesis of directly fused porphyrin arrays mostly
relies on the DDQ-Sc(OTf)3 oxidation procedure so far. This
combination also induces a fusion reaction of 5,10,15-
trisubstituted porphyrins to the correspondingmeso-â,
meso-â doubly fused orâ-â, meso-meso, â′-â′ triply fused
diporphyrins depending on the central metals in the porphyrin
core.5 However, electron-withdrawing substituents on the
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starting porphyrins sometimes retard or disturb the coupling
processes due to lowering of the oxidation potentials. For
example, DDQ-Sc(OTf)3 oxidation ofmeso-bromoporphyrins
is difficult. Although a two-step synthesis of triply fused
porphyrin dimers viameso-mesosingly linked diporphyrins
would be an alternative method, Anderson et al. reported
that DDQ-Sc(OTf)3 oxidation of dibromodiporphyrin1
afforded the desired product2 in only 9% yield (Scheme
1).6 In view of promises of the directly fused diporphyrin

motif in various fields of material science, one can foresee
the usefulness of brominated fused porphyrins as building
blocks for easy installation of a variety of functionalities via
transition metal catalyzed transformations.

Recently, aromatic C-H bond activation has been exten-
sively explored in the field of organometallic chemistry,
among which He et al. has reported a gold-catalyzed reaction
of benzene derivatives with propiolates via C-H bond
cleavage.7 We have also reported that metalation of [26]-
hexaphyrin with NaAuCl4 provided a bis-Au(III) complex
of hexaphyrin via four consecutive C-H bond cleavages.8

We then explored the reaction ofmeso-free porphyrin
derivatives with gold salts, and found that gold salts induced
oxidative coupling of porphyrins probably via one-electron
oxidation rather than the expected reaction involving C-H
bond activation.9 Herein we report an efficient and reliable
method toward the synthesis of directly fused dibromodi-
porphyrins through the AuCl3-AgOTf mediated oxidation

reaction ofmeso-bromo-substituted porphyrins. The gold-
mediated oxidative coupling turned out to be more powerful
and convenient than the previous protocol based on DDQ-
Sc(OTf)3 oxidation, enabling the synthesis of directly fused
dibromodiporphyrins quickly.

We were pleased to see that treatment of 5-bromo-10,20-
diaryl-Ni(II)-porphyrin 3 with a combination of AuCl3 (1
equiv)-AgOTf (6 equiv) in dichloroethane at room temper-
ature resulted in the clean formation ofmeso-â,meso-â
doubly fused porphyrin dimer4 exclusively, without notice-
able formation ofâ-â, meso-meso,â′-â′ triply fused
porphyrin dimer7, in 73-82% isolated yield rapidly (2-3
min) (Scheme 2). Importantly, bromide functionality is

tolerant under the present reaction conditions. In addition, a
simple workup procedure is beneficial and only filtration with
a short pad of silica gel provided the pure product. However,
excess AuCl3 and longer reaction time led to the formation
of polymeric residue, but lowering the catalyst amount
resulted in partial transformations to the desired product. The
use of silver salt as an additive is essential because reaction
with only AuCl3 provided a complicated reaction mixture
containing chlorinated products.

Next, we turned our attention to the synthesis ofâ-â,
meso-meso,â′-â′ triply fused dibrominated Zn(II)-dipor-
phyrin 2 on the basis of the present reaction of a 5-bromo-
10,20-diaryl-Zn(II)-porphyrin. Unfortunately, however, no
desired dimer was detected due to the extensive demetalation
of zinc from the starting porphyrin. Instead, treatment of
meso-mesosingly linked bis-Ni(II) porphyrin dimer5 with
AuCl3 (1 equiv)-AgOTf (6 equiv) affordedâ-â, meso-
mesodoubly fused porphyrin dimer6 as a predominant
product beside a trace amount of triply fused diporphyrin7,
whereas the use of AuCl3 (2 equiv)-AgOTf (10 equiv)
resulted in the formation of7 in excellent yields (Scheme
3). These results suggested that the present oxidative fusion
reaction proceeds in a stepwise manner via6 to 7.

Interestingly, the1H NMR spectrum of6 at room tem-
perature does not exhibit the corresponding signals to ortho
protons of the aromatic substituents, whereas those protons
can be detected at-45 °C (Supporting Information). This
can be accounted for by partly restricted rotation of the
aromatic groups due to steric hindrance induced by the
largely ruffled structure ofâ-â, meso-mesodoubly fused
diporphyrin.5a

With two types of fused dibromodiporphyrins4 and7 in
our hands, we undertook their functionalization by transition
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Scheme 1. DDQ-Sc(OTf)3 Oxidation of Brominated
Diporphyrin

Scheme 2. Gold-Mediated Coupling ofmeso-Bromoporphyrin
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metal catalyzed reactions. Sonogashira coupling of4 and7
with trimethylsilylacetylene provided bis-alkynylated dipor-
phyrin8aand9a10 both in excellent yields under the standard
conditions (Scheme 4).11

We then attempted debromination of4 and7 by palladium-
catalyzed reduction. However, the Pd-catalyzed dehaloge-
nation reaction remains to be explored formeso-halogeno
porphyrins. Thus, we initially optimized the reaction condi-
tions for dehalogenation of simple 5,15-dibromo porphyrin
10 in the presence of a palladium catalyst with formic acid
as a hydride source (Scheme 5).12 After several experiments,
we selected the conditions of run 5 as the optimal in terms
of the desired debromination product yield as well as the
amount of palladium catalyst (Scheme 5). Then, the reduc-
tions of 4 and 7 were efficiently accomplished to provide
8b and9b in high yields. Here, it is worthy to note that the
present protocol is particularly useful for the synthesis of
meso-unsubstituted fused diporphyrins.13 This feature is an
apparent advantage, since DDQ-Sc(OTf)3 oxidation ofmeso-
unsubstituted porphyrins is known to result in extensive
polymerization. This is the first application of palladium-
catalyzed dehalogenation to porphyrin derivatives, to the best

of our knowledge.14 Furthermore, bromide can be used as a
removable protecting group atmeso-positions, which is
reactive toward electrophilic substitution reactions.

UV/vis absorption spectra of doubly and triply fused
diporphyrins are shown in Figure 1. Incorporation of alkynyl
moieties resulted in distinct red shift and enhancement of
Q-bands. Sincemeso-alkynyl-conjugated porphyrins often
exhibit quite large TPA cross sections,15 we have measured
the TPA cross sections (σ) of 7, 9a, and9b by an open-
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Scheme 3. Gold-Mediated Fusion Reaction of Porphyrin
Dimer

Scheme 4. Palladium-Catalyzed Transformation of4 and7

Scheme 5. Optimization for Palladium-Catalyzed
Debromination
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aperture Z-scan method with∼130 fs laser pulses (5 kHz
repetition rate) at 1200 nm in toluene (Table 1). Disappoint-
ingly, however, the enhancement of the TPA value by
introduction of the alkynyl moiety was found to be only
marginal.3b

In summary, we have explored a practical and simple
synthesis ofmeso-brominated doubly fused diporphyrins4

and6 and triply fused diporphyrin7 through AuCl3-AgOTf
mediated oxidation in high yields. Debromination of4 and
7 allows the synthesis ofmeso-free doubly fused andmeso-
free triply fused diporphyrins in good yields, hence opening
a convenient way to use a bromine substituent as a protecting
group for the reactivemeso-position of porphyrins. Further
investigations to expand the scope of the present reaction
and utilize the bromo functionality at themeso-position of
the fused diporphyrins for many transition metal-catalyzed
transformations are ongoing and will be reported in due
course.
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Figure 1. UV-vis absorption spectra of (a) doubly linked
diporphyrins4, 6, 8a, and8b and (b) triply linked diporphyrins7,
9a, and9b in dichloromethane.

Table 1. TPA Cross-Sections of Triply Lined Porphyrin
Dimers

sample σ(2) (GM) concn (mM) wavelength (nm)

9a 11 300 0.15 1 200
9b 10 500 0.15 1 200
7 9 980 0.14 1 200
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