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Imines and enamines are ubiquitously encountered inter­
mediates in organic synthesis, especially in recently devel­
oped aminocatalysis reactions for the efficient and selective 
functionalization of aldehydes and ketones. Imines featuring 
α-hydrogens are in equilibrium with their enamine tau­
tomers. This imine–enamine tautomerism is the nitrogen 
analogue of keto–enol tautomerism, but with higher reacti­
vity. This feature makes the tautomerizable imine resemble 
the reactivity of the corresponding enamine in organic trans­

formations. Although several examples have been reported on 
the utilization of this tautomerizable character of imines for 
organic synthesis, the exact difference in reactivity between 
the imine-derived enamine tautomer and the real enamine 
remains underdeveloped. In light of this, the research groups 
of Professor Weiping Su and Wei Zhuang at Fujian Institute 
of Research on the Structure of Matter, Chinese Academy 
of Sciences (P. R. of China) collaborated to develop a unique 
model reaction pattern that could discriminate this subtle 
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Scheme 1 The dissimilarity in reactivity between enamine and α-hydrogen-containing imine, with selected examples 
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discrepancy, affording molecular diversity depending on the 
chemistry of imine and enamine tautomers and offering an 
insight into their structure–reactivity relationship.

As a continuing interest in the oxidative transformations 
with TEMPO (2,2,6,6-tetramethylpiperidine-1-oxyl) as oxid
ant in Professor Su’s group, Dr. Xiaoming Jie initiated the in­
vestigation with reactions of amines, cyclohexanones and 
TEMPO. He explained: “It has been established that the out­
come of the reaction is exclusively dependent on the amine 
species, in which a distinct difference could be exhibited be
tween enamines and tautomerizable imines: i) when primary 
amines were used, the in situ generated tautomerizable imines 
gave rise to the formation of α-amino enones, which are ver­
satile synthetic intermediates for heterocycle synthesis; ii) 
conversely, when secondary amines were used, the in situ 
generated enamines led to the production of arylamines; the 
latter is orthogonal to the established strategy making use of 
transition-metal catalysts (Scheme 1).”

Dr. Yaping Shang made a contribution to the substrate 
scope development as well as experimental mechanism stu­
dies (Scheme 2). She explained: “I examined the reaction of 
presynthesized imine and enamine with TEMPO under stan­
dard reaction conditions, and obtained α-amino enone and 
aryl amine, respectively, indicating that imine and enamine 
are indeed reaction intermediates. Moreover, both the isol­
ated α-aminoxylated ketone intermediate and the 18O-label
ing experiment revealed that the oxygen atom in the α-amino 
enone originated from TEMPO.” In order to make further con­
firmations about the product structure, Dr. Xiaofeng Zhang 
characterized the structures of four representative com­
pounds.

Dr. Zhe-Ning Chen and Prof. Wei Zhuang helped to con­
duct computational studies to give an in-depth understanding 
about the differences between imines and enamines in this 
transformation at a molecular level. They said: “The results 
demonstrate that the NH-containing enamine kinetically fa­
vors α-radical formation by TEMPO-mediated hydrogen atom 
abstraction from the NH moiety and then 1,4-elemination to 
generate α-amino enones. Whereas the NH-lacking enamine 
– derived from a secondary amine – prefers β-radical forma­
tion and subsequent consecutive β-elimination of H/TEMPO 
to deliver arylamines. Therefore, due to imine–enamine tau­
tomerization, the α-hydrogen-containing imine displays di­
stinctly different reactivity in terms of regioselectivity and 
chemoselectivity relative to the enamine that lacks the NH 
moiety.”

    Prof. Su concluded: “This protocol offers a simple 
platform to combine the chemistry of imine and enamine 
together and to show their reactivity differences through 
distinctive product distribution under nearly identical reac­
tion conditions. The underlying mechanism is interesting and 
we anticipate that our findings will provide valuable clues to 
enlighten more diverse reaction patterns based on the reac­
tivity difference of tautomerizable imines and enamines. We 
will continue to investigate in this direction and are curious to 
see what we will discover in the future.”
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Scheme 2 Experimental mechanistic studies 
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