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Cyclobutane derivatives are very versatile building blocks, thanks to the perfect
balance between reactivity and stability. They can provide a source of chemical diversity due
to their inherent ring strain as well as very interesting molecular scaffolds due to their specific
behavior. Photochemical reactions can give an access to complex molecules that are difficult
to obtain otherwise, such as our four-membered ring compounds.

This presentation will focus on our recent achievements on the development of light-
initiated reactions to prepare functionalized cyclobutane B-amino acids, but also to create
molecular diversity through the combination of a photochemical step with thermal

transformations or other photochemical reactions.
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Some cyanopolyynes (R-(C=C),-CN with R = H or Me) have been detected in the interstellar
medium (ISM)* and on Titan for some of them.’ For several years, our laboratory has been studying
these compounds. The syntheses, chemical reactivity and photochemical reactivity of cyanopolyynes
bearing two conjugated C=C triple bonds (n = 2),? will be discussed. However, the synthesis of their
superior counterparts (n = 3) stays elusive so far.

To solve this problem, we synthesized the bromocyanobutadiyne (Br-C=C-C=C-CN) and
reacted it with different terminal alkynes under Cadiot-Chodkiewicz conditions.* Surprisingly, the
corresponding cyanopolyynes were not obtained but more complex compounds, resulting from
cascade reactions, were isolated. In particular, dienes were obtained stereoselectively when using
monoacetylenic reactants. With triisopropylsilylbutadiyne, a functionalized benzofulvene was
obtained (Figure 1). The mechanisms of formation of these unexpected products will be discussed.

Another methodology to access conjugated triynes, based on alkyne metathesis, will be

discussed.’
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Figure 1. Reactivity of bromocyanobutadiyne with triisopropylsilylacetylene and triisopropylsilylbutadiyne
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CURRENT RESEARCH INTERESTS

1) The interstellar organic chemistry and the origins of life

Following the idea that the main building blocks of life could have been brought on Earth from the interstellar
medium (panspermy theory), we are willing to understand which kind of organic molecules are present in space,
why, and what could be the relationship between them and prebiotically relevant compounds. In particular, we
are interested in cyanopolyynes (H-(C=C),-CN) and derivatives. We published new syntheses of cyanobutadiyne
(Angew. Chem. Int. Ed. 2005) and methylcyanobutadiyne (Chem. Eur. J. 2013, J. Org. Chem. 2016). We also
perform photolyses experiments in the gas phase in order to understand how these molecules could be formed in
the interstellar medium, and experiments in condensed phase to examine their reactivity.
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In order to synthesize the following members of this family, we synthesized the bromocyanobutadiyne (Br-C=C-
C=C-CN) and reacted it with terminal acetylenes. Contrary to what was anticipated, the corresponding



cyanopolyynes were not obtained but other complex molecules were isolated, following an unprecedented
mechanism (Chem. Eur. J. 2015, Helv. Chim. Acta 2019).
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2) The synthesis of new 1,1,4,4-tetracyanobutadienes

We recently showed that a certain number of ynamides reacted very well with tetracyanoethylene to give 1,1,4,4-
tetracyanobutadienes (TCBDs) in high yields, following a sequence of [2+2]cycloaddition-
[2+2]retroelectrocyclization (Chem. Eur. J. 2014; Chem. Asian J. 2017). We are currently taking profit of the
exceptional electron-withdrawing abilities of the TCBD group to tune the optoelectronic properties of some -
extended compounds (Chem. Eur. J. 2018).
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