The Effects of Alkyl Linker Length and Pore Size on the Bifunctional Catalytic Activity of Amine-Functionalized Silica Materials for C-C Bond Formation

Eric G. Moschetta, Nicholas A. Brunelli, Virginia E. Collier, George I. Lindy, and Christopher W. Jones*

School of Chemical & Biomolecular Engineering

Georgia Institute of Technology, 311 Ferst Drive NW, Atlanta, GA 30332

*cjones@chbe.gatech.edu

	Bifunctional catalysts employ two catalytic species that interact cooperatively to increase the catalytic activity of the material such that the observed activity is greater than the sum of the activities of the separate catalytic species. These bifunctional, or cooperative, catalysts are designed to separate the catalytic moieties spatially on the heterogeneous support to allow them to interact with each other, yet without deactivation of either entity. The interactions of the catalytic species with themselves and/or the reactants enhance the catalytic activity in a manner that may be unattainable otherwise. Additionally, the heterogeneous nature of the catalytic material allows for facile separation from the reactive mixture. Mesoporous silica is a popular choice as a support for bifunctional catalysts due to its chemically modifiable surface silanols, which can also act as weak Brønsted acids in an acid-base bifunctional material. Trialkoxysilanes bearing functional groups such as amines, thiols, and carboxylic acids are the most common choices for chemical modification of the silica surface. The chemical nature of the catalytic units and the structure of the heterogeneous support dictate the catalytic activity of the synthesized bifunctional material.
[bookmark: _GoBack]	We present a study of the effects of the alkyl linker length of the aminosilane and the pore diameter of the mesoporous silica on the cooperative catalytic activity of amino-silanol acid-base catalysts. Our model reactions are the aldol and nitroaldol condensations, two common methods for C-C bond formation in organic synthesis. We prepared catalytic materials using MCM-41 and SBA-15 silicas of various pore diameters and functionalized them with aminosilanes of different alkyl linker lengths. Additionally, we characterized these materials using XRD, TGA, SEM, nitrogen physisorption, and elemental analysis to ensure structural integrity and to determine the amine content of each sample. We then evaluated each catalyst for its activity in the aldol and nitrolaldol condensations and calculated turnover frequencies (TOFs) during the first hour of reaction. Our results demonstrate that the optimal linker length depends on the pore diameter of the silica, meaning that the alkyl linker of the amine must be long and flexible enough in a given pore diameter to interact with the silanols on the surface of the silica.[1]
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