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Keteniminium ions are important reaction intermediates in 
organic chemistry. Their electrophilic heterocumulene nature 
has been exploited rather extensively for inter- and intramole
cular cycloaddition reactions.

“While the reactivity of keteniminium ions is well under-
stood and has been elegantly exploited for years, notably after 
the pioneering work of my Belgian colleague Léon Ghosez in 
this area, little was known about the behavior of their acti-
vated analogues bearing an electron-withdrawing group on 
the nitrogen atom,” said Professor Gwilherm Evano at the Uni-
versité libre de Bruxelles (Belgium). He added: “We became 
interested in the reactivity of such species, for which we felt 
an untapped potential, in continuation of our studies on the 
chemistry of ynamides.” After spending quite some time on 
the development of various efficient methods for their pre-
paration and with some of these building blocks now com-
mercially available, the group started exploring the reactivi-
ty of keteniminium ions and their use in chemical synthesis. 
Professor Evano said: “If the study of the anionic chemistry 

of ynamides was rather straightforward and easy to predict, 
their cationic chemistry, and especially their use as precursors 
of activated keteniminium ions, was much more problematic. 
This was really frustrating at the beginning since we felt that 
these highly reactive and electrophilic intermediates clearly 
held a great potential and might be able to react with any nu-
cleophile, even the poorest ones.” He continued: “To be com-
pletely honest, we didn’t think right away about their use for 
the activation of C–H bonds, which was actually discovered 
by pure serendipity while looking at the hydrofluorination of 
ynamides.”

Upon treatment of o-tolyl-substituted ynamides with a 
strong acid to promote the generation of the desired ketenimi-
nium ion, the authors noted a rather unexpected cyclization in 
which the key step, which triggered the cationic cyclization, 
was a [1,5]-sigmatropic hydrogen shift involving the keten
iminium ion and an activated benzylic C–H bond. This reac-
tion was then studied in detail. “With these results in hand, 
we next wondered if activated keteniminium ions would be 
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reactive enough to promote a [1,5]-hydride shift from unac-
tivated C–H bonds. In this case, we could potentially use this 
activation to promote a cyclization between the newly gene-
rated enamide and a carbocation, a simple concept that was at 
the onset of our project,” said Professor Evano. 

“All it takes to make the reaction work is a talented and 
highly motivated PhD student, and I was lucky enough to have 
Morgan Lecomte working, all by himself, on this project,” 
commented Professor Evano. ”Morgan was clearly not afraid 
to spend a lot of time studying the scope and limitations of the 
reaction in detail, which involved preparing all the starting 
materials and going to the complex examples that demon- 
strated the synthetic potential of this cyclization. I was actually 
concerned that one might argue this was just another synthe-
sis of piperidine derivatives, which would be a fair comment 
although some piperidines are still challenging to prepare 
in an efficient and straightforward manner, including most 
of the ones that can be accessed through our keteniminium 
ion initiated cyclization,” remarked Professor Evano. He con-
tinued: “The main advantages of this reaction are clearly the 
availability of the starting ynamides as well as the operatio
nal simplicity and efficiency of the cyclization. Moreover, de-
pending on the substitution pattern of the starting ynamide,  
spirocyclic and bicyclic piperidine derivatives are easily ob-
tained and double and triple cyclizations are also found to 
be quite efficient, enabling an access to nitrogen heterocycles 
that are otherwise difficult to prepare.”

Morgan Lecomte commented: “The key factor for this 
transformation is actually the acid used for the generation of 
the activated keteniminium ion. If a weak acid is sufficient to 
protonate the triple bond of the starting ynamide, the main 
problem is actually due to the nucleophilicity of the conju

gated base which needs to be as low as possible to make sure 
it won’t trap the keteniminium ion before the hydride shift 
can occur. Triflic acid was therefore found to be the best acid 
to trigger the cyclization and the corresponding tetrahydropy-
ridines are formed within minutes (basically the time it takes 
to check the reaction) at –60 °C.”

Morgan continued: “In order to increase the molecular 
complexity of the products, we wondered if the intermediate 
cyclic iminium ion could be trapped by an external nucleo
phile, which would enable the formation of polysubstitut-
ed piperidines instead of tetrahydropyridines.” The authors 
revealed that for this reaction to be successful, the order of 
addition of the reagents turned out to be critical. Indeed, if 
the nucleophile was added at the beginning of the reaction, 
it reacted with the keteniminium ion before the [1,5]-hydride 
shift could occur. However, by simply adding the nucleophile 
after the cyclization (which was shown to stop at the cyclic 
iminium ion, the elimination to tetrahydropyridine occurring 
during the workup only), a set of polysubstituted piperidines 
was formed, in most cases in a highly diastereoselective man-
ner. In addition, by using triethylsilane, the iminium ion could 
be readily reduced to the corresponding piperidine in good 
yields.

According to the authors, in addition to the synthetic use-
fulness of the reaction in heterocyclic chemistry, this study 
demonstrates the remarkable potency and the unique reac-
tivity of activated keteniminium ions, the activation of C–H 
bonds being especially difficult to achieve. “There is clearly an 
enormous potential with these species which still deserves 
to be explored and we hope to be able to capitalize on their 
unique reactivity for the design of other processes,” said Pro-
fessor Evano. “Right now, and in direct connection with this 
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project, we are trying to extend the scope of this reaction by 
replacing the acid used for the generation of the ketenimi-
nium ion by an electrophile, which is not as easy as initially 
anticipated, and to extend the cyclization to the preparation 
of other heterocycles starting from oxygen-, sulfur- and phos-
phorus-substituted alkynes instead of ynamides.”

Morgan Lecomte concluded: “Unfortunately, the use of an 
internal nucleophile has met with little success so far, this nu-
cleophile being intercepted by the keteniminium ion before 
the hydride shift or, when this is not the case, the reaction 
being too messy.”
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