
A b s t r a c t
Single–carbon atom doping reactions are lacking in organic 

synthesis, partly because of the absence of atomic carbon sources 
under standard solution-phase conditions. We found that N-hetero-
cyclic carbenes can serve as atomic carbon donors. This strategy 
is applicable to single–carbon atom doping to α,β-unsaturated 
amides, which can be converted into γ-lactams through the for-
mation of four single bonds at one carbon center in one operation.

 ▍ Background & Results

One-carbon homologation reactions, in which a carbon-chain or 
a carbon-ring of the starting molecule is expanded by one-carbon 
unit, represent indispensable methods that underpin the synthesis 
of natural products, pharmaceuticals, and functional materials. Al-
though a number of C1 reagents for use in homologation reactions 
have been developed to date, an atomic carbon, the simplest C1 
source, has never been employed from the synthetic perspective, 
clearly due to its instability. We discovered that a class of mole-
cules known as N-heterocyclic carbenes work as a stabilized ver-

sion of an atomic carbon equivalent. By a straightforward reaction 
with α,β-unsaturated amides, various homologated γ-lactams 
were produced via the formation of four new single bonds in one 
operation. The reaction mechanism by which N-heterocyclic car-
benes functions as an atomic carbon equivalent was elucidated 
by isotope labeling experiments and computational studies. Fur-
thermore, the obtained γ-lactams can be derivatized to the corre-
sponding pyrroles and pyrrolidines.

 ▍ Significance of the research and Future perspective

While N-heterocyclic carbenes are commonly used as ligands 
for metal catalysts or as organocatalysts, their use as an atomic 
carbon equivalent represents a new remarkable application. This 
study shows that atomic carbon equivalents can be used in organ-
ic synthesis under standard solution-phase conditions. Reaction 
efficiency is an important factor in chemical processes. The strate-
gy of single-carbon atom doping potentially shorten synthetic pro-
cess to create more elaborate compounds, since the use of atomic 
carbons allows for the formation of the maximum number of new 
bonds at one carbon center in a single step.
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