Dendrimers as scaffolds for the synthesis of spherical porphyrin arrays
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This communication describes a self assembled porphyrin sphere. The globular macromolecular assembly contains 12 terminal

porphyrins and has a molecular mass in excess of 15000 g mol.

Nature’s most sophisticated solar energy storage systems, found in photosynthetic organisms, contain large numbers of porphyrins
held in particular three-dimensional arrays. These complex assemblies capture photons and transfer them to a reaction center where
they ultimately power cellular processes. Since their discovery a considerable amount of effort has been directed towards designing
and synthesizing artificial structures capable of converting solar energy into a useable fuel.1 One particularly successful route towards
these macromolecular structures has been to use supramolecular or non-covalent chemistry.2 These methods have the advantage of
simplicity of synthesis, which in turn allows us to test structural modifications and correct any faults in design, without resynthesizing
the complete macromolecule. In this paper, we report our initial efforts in this area, namely the self assembly of a large spherical array
of porphyrins. Our general design involves a spherical ‘scaffold” molecule capable of coordinating a large number of porphyrin units
to its periphery.

Specifically, our design involved the pyridine terminated dendrimer 1, which has the potential to coordinate up to 16 zinc porphyrins
to its periphery.s Dendrimer 1 was synthesized from the commercially available DAB dendrimer 2 that possesses 16 terminal amine
groups (Scheme 1).4 Reaction with an excess (2 equivalents per amine) of the activated ester of 4-pyridine carboxylic acid 3s and
purification by aqueous extraction followed by precipitation, gave the desired pyridine terminated dendrimer in low yield.s The 1H
NMR spectrum of 1 showed all of the signals normally associated with DAB dendrimers, with additional signals at 7.75 ppm (32H,
d) and 8.70 ppm (32H, d), which correspond to the 16 pyridine units. A peak correspond- ing to the molecular ion was also observed
in the MALDI-TOF mass spectrum.

Unfortunately, our initial attempts to form a porphyrin ball using tetraphenylporphyrin failed. The solubility of dendrimer 1 in all
available non-coordinating solvents is lower than the mM level, so neither the UV/Vis absorption spectrum nor the 1H NMR spectrum
of a mixture of tetraphenylporphyrin and dendrimer 1 could be recorded. A mM solution of a 16+1 mixture of tetraphenylporphyrin
and dendrimer 1 could be generated in 1% v/v methanol-dichloromethane. However at this concentration, the dendrimer—porphyrin
coordination inter- actions are too weak to cause assembly (K =~ 103 M21), and the red shift of the porphyrin Soret band, characteristic

of pyridine— zinc coordination, was not observed in the UV/Vis absorption



spectrum.7 Binding to systems containing multiple interaction sites (such as the pyridine terminated dendrimer 1) can be improved if
several ligands are tethered together. These improvements are often orders of magnitude greater than the additive affinities of the
original monomeric ligands. Therefore, a zinc porphyrin oligomer with more interaction sites than the corresponding monomer should
bind to the terminal pyridine moieties of 1 with a much higher affinity. If the cooperativity between the individual binding interactions
is strong enough, such an oligomeric assembly should be able to withstand the presence of the competitive coordinating solvents
required to dissolve dendrimer 1. Using this principle the porphyrin trimer 4 was prepared as a candidate terminal oligomeric ligand.s
The rigidity of trimer 4 should minimize entropic losses in cooperativity due to the restriction of conformational mobility. However,
4 is also sufficiently supple to allow distortion away from a planar geometry in order to optimize interactions with the convex surface

of the dendrimer and ensure that all three porphyrins can be presented to the outer pyridine surface at the
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Scheme 1 Synthesis of terminally functionalised dendrimer 1

same time. A mM solution of porphyrin trimer 4 and dendrimer 1 (2+1 with respect to individual porphyrin units and pyridine groups)



was generated in 1% v/v methanol/dichloromethane. In this system, the UV/Vis absorption spectrum clearly indicated that zinc—
pyridine complexation had occurred, as evidenced by the characteristic shift in the porphyrin Soret band (from 423 to 431 nm).s In
an effort to assess the stoichiometry of the complex, aliquots of the porphyrin trimer 4 (1.0 3 1025 M in chloroform) were titrated into
a cuvette containing 1.5 ml of a 4.25 3 1027 M solution of dendrimer 1 in 1% v/v methanol—chloroform. Fig. 1 shows how the intensity
of the porphyrin Soret band increases as a function of the amount of trimer added. The gradient clearly changes between 3.5 and 4.0
equivalents of porphyrin trimer 4 (the data for free and bound porphyrin show similar trends).

During the first phase of the titration a porphyrin—dendrimer complex is formed, and once all of the accessible dendrimer sites are
occupied, any additional porphyrin added remains uncomplexed. The change in gradient in the titration corresponds to approximately
11 porphyrins coordinated to the outer surface of the dendrimer. This is somewhat less than the theoretical maximum of 16 porphyrins,

but presumably the trimer linker group is geometrically sub-optimal and sterically
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Fig. 1 Titration plots of trimer 4 added to dendrimer 1 (following the absorbance for bound porphyrin at 437 nm and free porphyrin at 417 nm).
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blocks access to some of the pyridine sites on the dendrimer surface. The value of 3.6 trimers coordinated to pyridine ligands suggests

that after three trimers are bound to the surface of the dendrimer, there are no longer any sites that present three suitably orientated

accessible pyridine ligands for tridentate complexation of another trimer. Therefore, the final trimer can only coordinate through two



pyridine moieties, which still provide a cooperative binding interaction, and the final porphyrin is left unsatisfied. Thus the final
product is a 4+1 complex with 11 coordinated porphyrins and one dangling zinc porphyrin, which is not coordinated to a pyridine
ligand.

In conclusion, our initial results described in this communica- tion provide a unique example of a self assembled porphyrin sphere.
The globular macromolecular assembly contains 12 terminal porphyrins (1 porphyrin remaining uncomplexed) and has a molecular
mass in excess of 15300 g molzi. The principles illustrated should provide a novel, general and simple methodology for the
construction of spherical porphyrin arrays. Further extension of this methodology is currently being investigated in our laboratory.
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