Earth-abundant 3d transition metals on the rise in catalysis
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Transition metal catalysis has emerged as a transformative platform for the assembly of increasingly complex compounds,
with enabling applications to natural product syntheses, crop
protection or medicinal chemistry. Particularly, cross-coupling
reactions [1], as well as alkene and alkyne metathesis [2,3],
have considerably changed the art of molecular synthesis, with
a major impact on neighboring disciplines, such as molecular
biology or materials sciences. Despite of these indisputable
advances, this approach has, thus far, predominantly relied on
precious, often toxic, 4d and 5d transition metals, most prominently palladium, rhodium and iridium. In sharp contrast, the
use of less expensive and less toxic Earth-abundant 3d transition metals continues to be underdeveloped. This lack of viable
catalysis strategies involving 3d transition metals is largely due
to a limited knowledge on the working mode of these metal
catalysts, which often involve single-electron-transfer-based
redox events. As a consequence, there is a strong demand for
efficient and reliable transformations to form C–C and
C–heteroatom bonds, thereby providing a more sustainable
future for, among others, drug development in generations to
come. Particularly, Nobel prize-winning palladium-catalyzed
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cross-coupling reactions have been recognized by the practitioners in agrochemical and pharmaceutical industries as one of
the most powerful methods for molecular assembly. With
regard to the cost of goods and the allowance of trace metal
impurities in medicinally relevant compounds, 3d transition
metal complexes, such as those of iron, copper, cobalt or nickel,
represent exciting, more sustainable alternatives. Furthermore,
metal-catalyzed cross-couplings do require prefunctionalizations on both substrates and generate stoichiometric quantities
of undesired chemical waste, thus reducing the sustainability of
these catalytic transformations. To address these major limitations, the past decades have witnessed major momentum in
metal-catalyzed C–H activation [4,5] as a more resource-economical strategy. This approach involves the efficient and
selective cleavage of otherwise inert, yet omnipresent C–H
bonds. This strategy avoids a variety of steps and reduces the
amount of chemical waste. Very recently, notable advances
have been accomplished with environmentally benign, Earthabundant 3d transition metals [6,7]. The articles in this thematic
issue dedicated to advances in Earth-abundant 3d metal catalysis highlight the unique power of 3d transition metals with a
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topical focus on homogeneous catalysis. Applications of this
strategy range from late-stage functionalization to modern photocatalysis and electrocatalysis, with contributions from around
the globe, including Brazil, China, Japan, Germany, India, and
South Korea, among others.
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