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ABSTRACT

Selective cross-metathesis of type I and type II meso -functionalized porphyrin olefins afforded alkenyl-coupled dimeric and trimeric porphyrin
systems in good yield with excellent E/Z selectivity. The synthetic utility of the method is demonstrated through the preparation of mixed
metalated (M ) 2H, Zn) porphyrin dimer and trimer.

The linking of porphyrin chromophores by covalent bonds
in a simple and systematic way to form stable, multiporphyrin
architectures and well-defined arrays is important for creating
novel molecular wires, light-harvesting systems, energy
transduction devices, and catalytic scaffolds and in molecular
recognition applications.1 Many successful porphyrin-to-
porphyrin coupling techniques have been developed,2 yet
alternative methods suitable for forming regiospecifically
mixed metal systems and systems containing sensitive
pendant functional groups are still sought. The olefin cross-

metathesis (CM) reaction has developed into an extremely
useful coupling technique due to its mild reaction conditions
and exceptional tolerance toward a variety of functional
groups. Recently, metathesis conditions have been utilized
in porphyrin modifications3 and the covalent capture of
supramolecular assemblies using Grubbs’ first- or second-
generation catalyst.4 To the best of our knowledge, in all of
the supramolecular examples the CM was performed using
a homocoupling strategy. Targeting mixed-olefin CM prod-
ucts should improve selectivity and specificity, allowing
greater functional flexibility to the synthesis and better
control of the products formed by virtue of the different* Corresponding author. Tel:+61 3 9905 4569. Fax:+61 3 9905 4597.
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kinetics associated with type I and type II olefins.5 In a
reaction mixture containing type I and type II olefins (Figure
1), two type I olefins readily homodimerize under metathesis
conditions. The olefinic product of this reaction can undergo
a subsequent CM with the type II olefin to yield an unreactive
heterodimer with good selectivity and yield.6 Homodimer-
ization of type II olefins is slow and does not compete
favorably with k1 or k2. Here, we demonstrate the use of

olefin CM reactions for generating multiporphyrin systems7

and demonstrate its versatility by synthesizing the dimer1
and trimer 2 bearing mixed-metal (free-base and Zn(II))
species.

Porphyrin3 containing a type I olefin was purified from
a statistical mix using the Adler method,8 condensing 4 equiv
of pyrrole with a 2.5:1.5 ratio9 of p-methoxybenzaldehyde
and p-butenylbenzaldehyde in acidic media. The zinc(II)
adduct4 was prepared via the acetate metalation method in
near-quantitative yield.10 We began our investigation by
conducting a model involving porphyrin3 and the acryloyl
olefins 5 and 6. Using 10 mol % loading of catalyst7
(Grubbs’ second-generation catalyst), we were able to prepare
the porphyrins8 and 9 in 36 and 54% yield, respectively
(Scheme 1).11 TheE/Z selectivity of the reaction was heavily
biased toward theZ-isomer, with only trace amounts of the
sterically less favoredE-isomer identified. With the models
in hand, the metalloporphyrin4 was reacted under similar
conditions (20 mol % loading of catalyst7, 24 h) with the
free-base acrylate porphryin1012 in a 1:2 ratio to bias the
products toward the mixed species1 (Scheme 1).13 The
reaction proceeded well as after 24 h all of4 had been
comsumed and a new, major band was detected from TLC
monitoring. The heterodimer1 was isolated in a 43% yield14

after column chromatography and characterized by high-
resolution1H and13C NMR spectroscopy as well as MALDI-
TOF mass spectrometry (see the Supporting Information).
Under this CM strategy, the dimer1 is able to be further
metalated/transmetalated utilizing the lability of the Zn(II)
metalloporphyrin without the statistical complications as-

Figure 1. Schematic representation of the CM reaction involving
type I and type II olefins.

Scheme 1. Olefin Cross-Metathesis Reactions Using Second-Generation Grubb’s Catalyst Form Porphyrin Dimers and Trimers
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sociated with the bis-free-base analogue of1. Catalytic
hydrogenation of the alkene1 (H2/Pd/C/THF/48 h) gave the
bisporphyrin11 in 96% yield (Scheme 1),15 as evinced by

the loss of alkenyl resonances and formation of upfield
triplets within the1H NMR spectrum of11.16

Cross-metathesis of the 5,15-dialkenylporphyrin13bearing
type I olefins, prepared by Zn(II) metalation of12,17 with
the type II-containing olefin10 (4 equiv), was achieved in
48% yield using a stoichiometric amount of7 (Scheme 1).18

The trimer product2 comprising a central dibutenylzinc
porphyrin13 capped by two free base acrylate porphyrins
10 was characterized by1H and 13C NMR spectroscopies
and MALDI TOF mass spectrometry (m/z) 2477.9 [M+]).
A comparison of the1H NMR spectra of10, 13, and2
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Figure 2. 1H NMR spectroscopic comparison of (a) zinc porphyrin13, (b) free base monoalkenylporphyrin10, and (c) resulting trimer2.
Resonances are annotated as per assigned protons and * indicates residual solvent resonances.
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(Figure 2) provides clear evidence for formation of the trimer
as well as to theE/Zselectivity of the CM reaction. Of most
significance is the disappearance of the olefinic proton
resonances of porphyrins10 and 13 (Figure 2a and b,
respectively) and only equal intensity resonances assignable
to thetwo internalZ olefin protons of2 seen at approximately
δ 6.4 and 7.6 (hidden) in Figure 2c, indicating that both
terminal alkenes of13 had reacted with the acrylate unit of
10. In addition to this, the remaining proton resonances (â-
pyrrolic and inner periphery protons of10,meso-protons of
13, meso-aromatic and alkyl protons of10 and13) are all
present in the spectrum of2 at chemical shifts similar to
their respective isolated spectra and of correct integration.

In conclusion, we have shown that the CM reaction is
suitable as a construction protocol for porphyrinic arrays
which exhibit a high degree ofE/Z selectivity in the products.
Removal of the alkene linkage has also been shown to be
possible by catalytic hydrogenation in the case of1. The

application of this synthesis strategy to more elaborate arrays
is an active research area within our laboratory, and further
results will be reported in due course.
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