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Reduction of activated carbon-halide (C-X) bonds has attracted considerable interest,
especially in organic synthesis due to generation of carbon-centered radical intermediates.
The scope of photocatalytic bond activations is generally limited by the energy of the visible
photon, which in principle allows the cleavage of weak C—I, C(sp3)-Br and n bonds by
energy or electron-transfer mechanisms. However, a single visible photon does not provide
sufficient energy for the dissociation of the stronger aryl-Br, C-Cl, C-O, and C—H bonds.
Accordingly, visible-light-mediated aromatic functionalization protocols require the use of
highly electrophilic arene diazonium salts. ™ Therefore, activation of higher energy aryl
halides (Br, Cl) is found to be a significantly more challenging task. The bond-dissociation
energy (BDE) of aryl-Br bonds (e.g., BDEpgr = 3.6 €V) considerably exceeds the maximum
photonic energy of visible light (3.1 eV). The reduction potentials of non-activated aryl
bromides (e.g., PhBr: —2.68 eV vs. SCE) are also beyond the excited triplet energies of
common photoactive one-electron reductants (eosin Y: 1.9 eV; [Ru(bpy)s]*": 2.0 eV;
[Ir(ppy)s]™: 2.5 eV); even more so when considering the energy loss during ISC and structural
reorganizations.

In order to overcome this limitation, some recent examples have shown that upconversion
processes (two-photons) are suitable techniques for the activation of aryl halides, including
bromides and chlorides, using visible light as energy source. Regarding two-photon energized
forms, photogeneration of radical anions of aryl halides (Br) can be achieved by means of
both consecutive PET processes (see Figure 1A) involving a doublet excited state @ or
formation of a delayed fluorescence (higher energy) afforded by triplet-triplet annihilation
(lower energy) (see Figure 1B). ! Thus, these approaches have been used to turn photoredox
catalysts into “super reductants” with visible light. Herein, last results related to both

methodologies will be discussed, including the elucidation of the main mechanistic aspects of
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these processes.
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Figure 1: Two-photon absorption methodologies to activate aryl bromides in mild conditions:

A: Generation a doublet excited state by absorption of a second photon.

B: Photon Upconversion (P-up) by means of triplet-triplet annihilation (TTA) to form a high energetic
fluorescence for single electron transfer (SET).
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