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reactions have been developed during the last 5 years using photoredox catalysis. This review pro-
vides a summary of recent advances in the field of photoredox-catalyzed oxidative cross-coupling
reactions, and could be used as a reference guide or a platform to inspire the development of new
photoredox-catalyzed oxidative cross-coupling reactions with improved efficiency and selectivity.
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1. Introduction

The development of efficient methods for the formation of
new chemical bonds under mild and green conditions is one of
the fundamental challenges of synthetic chemistry. Transi-
tion-metal catalyzed cross-coupling reactions have been prov-
en to be powerful tools for the formation of C-C, C-N, C-0 and
C-S bonds, and reactions of this type have been widely applied
in both academia and industry [1-6]. However, classic
cross-coupling reactions between electrophiles and nucleo-
philes generally require separate pre-functionalization and
de-functionalization steps, which can reduce the overall effi-
ciency of the transformation. A new strategy has recently been
developed to overcome this difficulty involving the oxidative
coupling of two nucleophiles [7], where the use of hydrocar-
bons as nucleophiles is considered by many to be an ideal ap-

proach. There has been a recent increase in number of oxida-
tive cross-coupling reactions being reported recently involving
single electron transfer processes with first-row transition
metal catalysts (i.e, Cu and Fe), and radical oxidative coupling
reactions of this type represent a promising development in
green chemistry [8].

With respect to the development of new sustainable and
green synthetic methods, the application of visible light as a
renewable source of energy has attracted significant interest
from organic chemist working in a variety of different fields
[9-12]. Based on photo-induced single electron transfer pro-
cesses, visible light photocatalysis provides a new strategy for
the oxidation of C-H bonds, and therefore represents an envi-
ronmentally friendly approach to the construction of valuable
chemicals under mild conditions. Although many organic mol-
ecules do not possess the structural features required to absorb
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Transition-metal catalyzed oxidative cross-coupling reactions
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Scheme 1. Visible light-photocatalyzed oxidative cross-coupling reac-
tions.

visible light, the use of visible light photocatalysts (photosensi-
tizers) in conjunction with electron/energy transfer processes
could allow for a wide variety of efficient photochemical reac-
tions to be conducted under visible light irradiation conditions.
Although significant developments have been achieved in
transition-metal catalyzed oxidative cross-coupling reactions,
synthetic strategies based on visible light photoredox reactions
have emerged as efficient pathways for the formation of new
chemical bonds between two nucleophiles during the last few
years. Based on the mild and environmentally benign features
of photoredox catalysis and the synthetic step economy of oxi-
dative coupling reactions, the utilization of visible light pho-
to-induced single electron transfer processes in oxidative
cross-coupling reactions continues to attract increasing levels
of attention (Scheme 1). Furthermore, the increased interest in
this area has led to the development of many different types of
photocatalyzed oxidative coupling reactions during the last 5
years, including the visible light-photocatalyzed oxida-
tion/coupling reaction of amines, photo-induced oxidative de-
carboxylative coupling reactions and cross-coupling hydrogen
evolution (CCHE) reactions. To date, several important reviews
have been published providing a summary of fundamental or-
ganic transformations [13-19]. The aim of this review, howev-
er, is to highlight the recent development of visible
light-photocatalyzed oxidative coupling reactions.

2. Visible light-photocatalyzed oxidation of amines

2.1. Visible light-photocatalyzed oxidative cross-coupling
reactions with iminium ions as intermediate
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Scheme 2. Photoredox-catalyzed oxidative aza-Henry reaction.

The visible light-photocatalyzed oxidation of an sp3 C-H
bond adjacent to the N atom of a tertiary amine would provide
access to an activated iminium ion, which could be trapped
with a wide range of different nucleophiles to yield the direct
coupling products. Photocatalyzed oxidative cross-coupling
pathways of this type have been shown to be powerful proto-
cols for the functionalization of amines. For example, Stephen-
son et al. [20] reported an oxidative aza-Henry reaction under
photoredox conditions in 2010, which proceeded via the for-
mation of an iminium ion intermediate (Scheme 2). Notably,
this work provided the first example of the visible light medi-
ated functionalization of an sp3 C-H bond adjacent to a nitrogen
atom. The results of this study also revealed that visible light
and the catalyst were both required for a successful conversion,
and that the absence of oxygen resulted in much lower yields of
the product. Furthermore, it was revealed that oxygen and
CH3NO2 could both act as oxidants in this transformation.
Based on a series of Stern-Volmer studies, the authors went on
to propose a mechanism for this transformation. Briefly, visible
light excitation of the Ir3+ catalyst followed by reductive
quenching would lead to the formation of a radical cation of
tetrahydroisoquinoline 2. The authors proposed that oxygen
could play a critical role in the reaction. The corresponding
superoxide radical anion could abstract a H atom from the tri-
alkylammonium radical cation to give the iminium ion. Nucle-
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