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Cycloadditions are a broad class of reactions where unsaturated species combine to form a cyclic adduct. Often cycloadditions are ‘click reactions’ that produce high yields, tolerate other functional groups, and utilize simple reaction conditions. Unlike additional polymerizations ambient water and oxygen do not cause unwanted side reactions. Furthermore, unlike condensation reactions, small molecules are not produced, allowing for the formation of high molecular weight species and glassy mechanisms and their widespread uses in small molecular synthesis, cycloadditions are seldom used for polymerizations. In my talk I will discuss the unique attributes and advantages of cycloaddition polymerizations for the synthesis of functional materials.
The Diels-Alder reaction will be shown as a versatile reaction for the fabrication of advanced materials, such as reversibly crosslinked polymer networks, healable materials, and advanced photoresists for microstereolithography. Upon heating, polymer networks formed by the Diels-Adler reaction depolymerize and revert to a liquid. Rheological and spectroscopic measurements demonstrate that the gel point of the material is consistent with the extent of reaction predicted by the Flory-Stockmayer equation. Furthermore, in the gelled state a relaxation process occurs at the rate of bond cleavage in the material. As such, the materials state (solid or liquid), and its viscoelastic properties can be predicted from chemical equilibrium and reaction kinetics. A healable material can be created by the addition of magnetically susceptible particles that heat in the presence electromagnetic field. This heating process is inherently self-limiting and enables the material to achieve its native properties over ten cycles of facture and repair. The reversible nature of the crosslinks also allows the material to function as a photoresist. The reversibility of the Diels-Alder adducts can be selectively eliminated using masked or focused laser light. Upon depolymerization the unexposed materials is removed allowing for the fabrication of arbitrary two and three dimensional objects.

The photochemical catalysis of the copper catalyzed azide-alkyne cycloaddition (CuAAC reaction) will be shown to be a powerful technique for gaining spatial and temporal control of the CuAAC reaction using standard photolithographic techniques. In this approach common photoinitiators are used to reduce copper (II) to copper (I) and catalyze the CuAAC reaction. Like other click reactions this process is tolerant of both oxygen and water, and unlike the conventional use of sodium ascorbate as a reductant, this technique is readily adaptable to organic media. Initial rate experiments suggest that the CuAAC reaction is the rate determining step, and undesirable side reactions of Cu(I) such as disproportionation, reduction of Cu(I) by radicals, and the reaction of Cu(I) with oxygen are avoided, likely by ligand protection. Such interactions explain the high fidelity of patterning in systems where rapid diffusion of the photogenerated catalyst would otherwise be expected.

Combined these examples demonstrate that cycloaddition reactions are any efficient means of synthesizing polymers with a variety of desirable attributes and applications. Moreover the merit of further developing this underutilized family of reactions is revealed.

