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A functional analog of the active site in the respiratory enzyme,
cytochrome c oxidase (CcO) has been synthesized in 35 steps.
This bio-mimetic analog reproduces every feature in CcO’s active
site: a myoglobin-like heme (heme a3), a distal tridentate
imidazole ligand set bound to copper (Cub), a phenol (tyr-244),
and a proximal imidazole. When covalently attached to a SAM
liquid-crystalline film on an Au electrode (via “click chemistry”),
this functional model continuously catalyzes the selective 4-
electron reduction of oxygen at physiological potential and pH,
under conditions where electron delivery is rate-limiting (as it is in
CcO). By selectively blocking each redox center, while measuring
partially-reduced-oxygen-species (PROS), Cub, and Tyr-244 are
shown to be essential for selective 4-electron oxygen reduction.
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At North Carolina Collman’s research focused on reactions of both
coordination and organometallic compounds of the transition
elements. He developed concepts such as oxidative-addition,
reductive-elimination, and migratory insertion and invented a
cobalt complex that hydrolyzes amide bonds at the N-terminus of
peptides at physiological pH and room temperature. At Stanford,
Collman continued his research on organometallic chemistry, but,
inspired by the late Henry Taube, he became interested in
dioxygen complexes and catalytic multi-electron redox reactions.
This lead Collman to invent functional mimics of heme-proteins
such as the “picket fence porphyrin” and more recently biomimetic
analogs of the active site in the respiratory enzyme, cytochrome c
oxidase. Collman’s other research interests encompass diverse
topics: catalytic oxygenation, multiple metal-metal bonds,
dihydrogen, and dinitrogen complexes, and superconductivity.
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