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Enzymes control catalysis by tuning microenvironments within the active site. An open question that my research group aims to
address is: what minimal degree of complexity needs to be incorporated into synthetic systems in order to be able to accomplish
this? Three subquestions related to this are: i) what are the requirements for a tethered functional group (A) to interact with
another functional group (B) in its immediate surroundings on the surface, in order to facilitate cooperative heterogeneous catal-
ysis, (ii) can the isolation of a grafted metal cation and its surrounding environment be programmed for catalysis using an or-
ganic ligand, and (iii) can metal cluster active sites be made stable and accessible simultaneously, while providing for the pos-
sibility of electronic tuning, with the use of an organic ligand? The latter subquestion is inspired by enzymes consisting of met-
al clusters at the active site. Results within area (i) are discussed by understanding the role of organically-modified surface in
heterogeneous aminocatalysis, and applying these results for the hydrolysis of linkages relevant to the depolymerization of cellu-
lose, the main component of biomass. In area (ii), grafted Al(l1l) calixarenes are used as oxo ligands for Al(lIl) grafted sites. The
calixarene scaffold enforces site isolation as shown via 2’Al MAS solid-state NMR spectroscopy, and control of steric and elec-
tronic effects surrounding the active on a highly refined level. This approach has led to the design and synthesis of the most
enantioselective catalyst reported for MPV reaction, using an Al(lll)-calixarene active site. A heterogeneous variant of the ca-
lixarene-containing MPV catalyst provides valuable information into the open/closed connectivity requirements for heterogene-
ous catalysis, and this is demonstrated with new mechanistic information in related heterogeneous olefin epoxidation catalysis
using organic hydroperoxides as oxidant. Finally, in area (iii), organically-modified metal clusters are used because the organic
portion of these materials makes the electronic structure of the metal near the surface readily tunable via synthesis, and useful
as a building block for heterogeneous catalysis. When using calixarenes as surface ligands for metal clusters, this passivation
decreases the ubiquitous tendency of metal clusters to aggregate during catalysis, and enables programming of the electronic
and steric environment on the metal surface. Corroborative data for programming electronic environment on the metal surface
via ligand effects is provided by FTIR Spectroscopy, X-ray photoelectron spectroscopy (XPS) and single-crystal X-ray diffraction
in comparative studies of iridum and gold clusters bound with calixarene phosphine ligands.
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