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The diverse reaction chemistry generated by the limited number
of metalloenzyme catalytic motifs arises from rigorous definition
of active-site environments by the protein matrix. Rigidly fixing
the spatial arrangement of metal ligands and the relative proximity
of electronically disparate transition-metal centers thus constitute
challenging aspects of biologically inspired catalyst design. In
this report, we exploit the finesse of metal-mediated cycloaddition
reaction chemistry to build well-defined (porphinato)metal struc-
turest? An exemplary set of such reactions is described that utilize

alkyne-elaborated porphyrinic reactants, demonstrating that such

transformations offer new opportunities for engineering catalytic,

chromophoric, and supramolecular properties of structures based

on these macrocycles.

Metal-catalyzed cross-coupling reaction schetfigzrovide
straightforward entry into both monomeric and oligomeric por-
phyrin-based structures that feature augmented conjugitias.
such, ethyne-containing porphyrinic cycloaddition templéatey/
were prepared readily from appropriately halogenated (porphi-
nato)zinc(ll) specie$® Scheme 1 highlights the products formed
when|—IV are reacted with 1,6-heptadiyne in the presence of
Coy(COk.’

Reaction ofl —III under the conditions described in Scheme 1
constitutes a powerful new route into cofacial porphyrin com-
pounds. Since the first reports of these remarkable sp&oidy,

minor methodological advancements have been made with respec
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Scheme 1.Examples of Co-Mediated [Z 2 + 2]
Cycloaddition Reactions of Ethyne-Containing Porphyrin
Structures with 1,6-Heptadiyfe

aReagents and conditions: 4:1 toluene:dioxane,”Q@i) | (67 umol),
,6-heptadiyne (678mol), Ca(CO) (134umol), (87%); (i)l (43umol),
,6-heptadiyne (430mol), Ca(CO) (86 umol), (85%);(iii) Il (25xmol),
1,6-heptadiyne (50@&mol), Co(CO) (100 umol), (87%);(iv) IV (64
umol), 1,6-heptadiyne (1.28 mmol), &€0) (128 umol), (64%).
Experimental details available as Supporting Information.

to the conventional pyrrole and aldehyde condensation routes to
rigidly linked cofacial porphyrin structuréhis has both limited
the range of electronic structural modifications possible in such
constructs and required considerable synthetic effort to build
related, rigid face-to-face structures that comprise more than two
porphyrin units'®

Mesoto-mesoethyne-bridged serves as a precursor 6,
which features a ligand motif closely related to the 1,2-
diporphyrylphenylene frameworks shown by Naruta to support
metal-catalyzed homogeneous oxidation of watein X-ray
crystallographic structure of -(MeOH), is shown in Figure 1.
Interestingly, Osuka has reported the structure of 1,2-b{&[3-
(p-tolyl)porphinato]zinc(ll)]benzene, which features coplanar
(porphinato)zinc(ll) units that manifest a minimal 3.43 A average
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reactions. Compoundll is an example of a newly defined class
of conjugated porphyrin arrays in which adjacent (porphinato)-
metal units differ substantially with respect to their electronic
structuret® potentiometric analysis shows that [5,15-di(perfluo-
roalkyl)porphinato]zinc(ll) species possess HOMOs and LUMOs
that are uniformly lowered in energy by0.33 V relative to their
conventional, electron-rich counterpatté® Congruently,VIl 's
optical spectrum shows clear evidence of charge resonance
character in the prominent absorption bands, and photophysical
behavior consistent with low-lying charge-transfer states.
Co-assisted cycloaddition ¢¥ and 1,6-heptadiyne produces
VIII , a complex that differs markedly from other previously
delineated examples of (porphinato)metal species that feature
covalently attached axial liganéfsBecause the metal-bound axial
pyridyl moiety of VIII is linked directly to the macrocycle via
an entirely aromatic structure, the conformation of the multidentate
ligand is highly restricted (Supporting Information). Such coor-
Figure 1. ORTEP view of compountf-(MeOH), with thermal ellipsoids dination _environme_nts built _via two succ_essive metal-templated
at 30% probability. cycloaddition reactions define a potential approach to control
rigorously metal-centered redox potential and d orbital oc-
interplanar separation distan®/-(MeOH), thus constitutes an  cupancy:® as well as a synthetic strategy to be exploited in heme
open-structure analogue of Osuka’s 1,2-diporphyrylphenylene protein bioinorganic chemistry.
complex having a cavity-bound, hydrocarbon-based small mol- Metal-templated cycloaddition reactions involving appropriately
ecule redox substrate. Key metrical parameter¥ ¢MeOH), elaborated porphyrinic synthons not only define new routes to
include a Zn-Zn distance of 6.54 A, a large 56.dihedral angle facially functionalized (porphinato)metal species and cofacial
between least-squares planes defined by the four central nitrogerporphyrin structures; they provide a new means to modulate
atoms of its respective (porphinato)zinc(ll) units, and a substantive optical and electronic properties within these structural motifs.
lateral shift? between the two porphyryl zinc atoms of 3.66 A.  With respect to this latter class of compounds, it is important to
Importantly, theV+-(MeOH), structure underscores: (i) that even note that because palladium-catalyzed cross-coupling of ethyne-
when (porphinato)metal species are held in a cofacial arrangemen@nd halogen-bearing porphyrin templates makes straightforward
by a 1,2-phenylene bridge, the structural plasticity necessary tothe syntheses of heterobimetallic, electron-rich, electrophilic,
accommodate both substrates and intermediates in catalytic redoand electronically asymmetric ethyne-bridged bis(porphyrin)
cycles is clearly inherent, and (i) that the energies required to System$2P15sequential cross-coupling/cycloaddition reactions
distort a rigid, cofacial bis[(porphinato)metal] compound into the enable the construction of entirely new classes of cofacial
open “Pac-Man” structuté are no more than that provided by porphyrin species; such structures will make manifest numerous
axial ligation and crystal packing forcés. new opportunities with respect to redox catalyst desfgh.
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