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Abstract This Graphical Review provides an overview of amide bond activation achieved by selective oxidative addition of the
N–C(O) acyl bond to transition metals and nucleophilic acyl addition, resulting in acyl and decarbonylative coupling together
with key mechanistic details pertaining to amide bond distortion underlying this reactivity manifold.
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The importance of amide bond is undeniable. The amide bond is the fundamental linkage of life in
peptides and proteins. Due to its special dipolar character, amides are indispensable in pharmaceuticals,
pesticides, polymers. At present, more than 50% of drug candidates contain amide bonds. Remarkably,
reactions of amides are the most common type of reactions used in current medicinal chemistry.

Typical planar amides feature strong amidic resonance, nN → *C=O conjugation (15-20 kcal/mol), which
renders amide bond cleavage extremely difficult. However, the amide bond can be sterically-twisted or
electronically-activated by functionalizing the nitrogen atom of the amide bond. In this way, the amide
bond resonance can be significantly decreased or diverted onto the activating group, thus enabling
highly selective activation of N–C(O) amide bonds.

The recent years have seen an explosion of amide bond activation methods. Although the concept of
amide bond twisting and the concurrent decrease of amidic resonance in bridged lactams was proposed
as early as in 1930s, it was not until 2015 that generic acyclic twisted amides were used for the first time as
cross-coupling partners in selective N–C(O) bond activation, thus effectively serving as surrogates for
acyl and aryl halides and pseudohalides in transition-metal-catalysis.

Amide bond activation can be categorized as acyl coupling and decarbonylative coupling. This reactivity
is triggered by selective oxidative addition of the N–C(O) acyl bond to transition metal, leading to either
direct transmetalation or CO de-insertion. Furthermore, the successful use of amides as acyl halide
equivalents in transition-metal-catalysis spearheaded the development of an array of highly selective
methods for nucleophilic acyl addition to amide bonds, resulting in an alternative disconnection to acyl
products. In many cases, the direct nucleophilic acyl addition shows advantages over transition-metal-
catalyzed variants; however, it should be noted that these manifolds are broadly complementary.

This Graphical Review provides an overview of the key studies in amide bond activation covering the
period of 2015 to 2022. The goal of this Graphical Review is to provide a summary of the reactions
developed and manifolds established in the main areas of amide bond activation, including acyl and
decarbonylative coupling as well as acyl nucleophilic addition, while highlighting the underlying
mechanisms and amides that are critical to this reactivity manifold. Throughout the review we have
attempted to cite the seminal reports and precedents. However, the Reader should note that due to the
format of this review and the large number of contributions, the review is not comprehensive.

Throughout the review, the reactions are categorized by the type of mechanism. An important aspect
that the Reader should pay special attention to is the role of specific amides that participate in each
reaction of manifold. In general, sterically-twisted or electronically-activated amides can be prepared
(1) from carboxylic acids or derivatives, or (2) from generic 1° or 2° amides. Both methods are valuable in
terms of synthetic advantages of amide bonds in cross-coupling and acyl addition chemistry. However, for
derivatization of biomolecules and late-stage functionalization of pharmaceuticals, only amides that can
be generically prepared from 1° or 2° amides are useful. We hope that the review will stimulate
further progress in this tremendously important field of chemistry.
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Figure 1 Amide bond activation: concept and discoveries.1
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Figure 2 Transition-metal-catalyzed acyl Suzuki-Miyaura coupling of amides.2
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Figure 3 Synthesis of ketone via transition-metal-catalysis and metal-fee conditions.3
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Figure 4 Amides as acylating reagents in various synthetic methodologies.4
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Figure 5 Cross-coupling of amides with versatile partners.5
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Figure 6 Transamidation of amides under metal-catalysis and metal-free conditions.6
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Figure 7 Esterification of amides via metal-catalysis and metal-free conditions.7
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Figure 8 Decarbonylative cross-coupling of amides: discoveries and mechanism.8
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Figure 9 Decarbonylative cross-coupling of amides: construction of carbon-carbon and carbon-hydrogen bonds.9
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Figure 10 Decarbonylative cross-coupling of amides: construction of carbon-heteroatom bonds.10,11
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