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There is great demand for unnatural and non-proteinogenic 
α-amino acids, which find a number of applications both in 
basic and applied research. For example, unnatural amino acid 
side chains modulate the chemical, physical, and pharmaceu-
tical properties of peptides, proteins and other bioactive mo-
lecules. Chiral amino acids are also used as chiral building 
blocks for chiral catalysts and as chiral auxiliaries. Despite the 
development of many powerful synthetic methods to access 
optically active α-amino acids, efficient catalytic enantio-
selective methods are still sought after and the subject con-
tinues to attract strong interest in modern organic chemistry.1 

The research group of Professor Eric Meggers at the Uni-
versity of Marburg (Germany), in collaboration with Profes-
sor Shuming Chen at Oberlin College (Ohio, USA), recently re-
ported a new synthetic strategy to access chiral non-racemic 
α-amino acids (Scheme 1). “Our two-step method is surpris-
ingly simple and straightforward,” said Chen-Xi Ye, who is first 
author of the title article, adding: “Abundant and easily acces-
sible carboxylic acid feedstock molecules are first ligated to 
a nitrene precursor followed by a stereocontrolled 1,3-nitro-
gen shift from the carboxylic acid oxygen to the α-carbon.” 
Accord ing to the authors, the method displays a broad scope, 
providing rapid access to non-racemic α-amino acids with 

aryl, allyl, propargyl, and alkyl side chains, also permitting 
stereocontrolled late-stage amination of carboxylic acid con-
taining drugs and natural products. The method builds on 
recent advances in asymmetric nitrene C(sp3)–H insertion 
chemistry. “While these reported examples are typically de-
signed as intramolecular reactions to provide cyclic nitrogen-
containing compounds with high regio- and stereocontrol,2 
our new method combines the advantages of an intramolecu-
lar nitrene insertion with the ability to access acyclic amine-
containing molecules by using an unprecedented stereocon-
trolled 1,3-migratory nitrene C(sp3)–H insertion process,” said 
Professor Meggers. Professor Chen added: “Density function 
theory (DFT) calculations support a triplet nitrene mechan-
ism via a hydrogen atom transfer (HAT) followed by a C–N 
bond formation.” 

While initial experiments were performed with a chiral-
at-metal ruthenium catalyst, it later turned out that a chiral 
iron complex serves as an equally powerful catalyst for the 
stereocontrolled 1,3-nitrogen migration. “There is currently 
great interest in the development of iron-catalyzed reactions, 
including asymmetric reactions,3 due to the high abundance 
of iron on Earth in combination with its low toxicity profile,” 
said Xiang Shen, the second author on this Nat. Chem. paper. 
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Scheme 1  Overview of the developed α-amino acid synthesis by stereocontrolled 1,3-nitrogen migration
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He added: “The robust iron catalyst is easy to synthesize and 
stable on the benchtop. Besides the economic and environ-
mental benefits, the iron catalyst has the additional advan-
tage that it allows access to non-racemic α-amino acids with 
aliphatic side chains.”

Professor Meggers concluded: “We are convinced that 
this work will expedite the synthesis of unnatural α-amino 
acids. The developed method has several attractive features: 
it uses easily accessible carboxylic acid feedstock molecules; 
it provides chiral α-amino acids with a protecting group that 
can be removed under mild reaction conditions; the nitrogen 
shift features excellent stereocontrol, and can even be catal-
yzed with a robust iron catalyst; last but not least, the reaction 

scope is excellent, also permitting stereocontrolled late-stage 
aminations of carboxylic acid containing drugs and natural 
products.” 
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