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Professor Yao Wang’s research group at Shandong University 
(P. R. of China) focuses on the development of innovative ca-
talytic processes mediated by non-classical weak interactions. 
“We have the ambition to expand the boundaries of supramo-
lecular catalysis,” said Professor Wang, adding: “Catalysis with 
weak interactions provides a fundamental platform to carry 
out chemical reactions; however, for this particular catalysis 
discipline, the use of heteroatom-participating reactants was 
required since the donation of electrons from these hetero-
atoms is necessary to generate catalytic activity. Taking a step 
forward, we reckoned that the activation of hydrocarbons by 
weak interactions and harnessing the potential of this process 
in catalysis are unresolved problems faced by the scientific 
community.”

A typical case, as pointed out Professor Wang, is the acti
vation of alkenes by weak interactions, which has long been 
considered as an unfavorable approach in organic synthesis, 
although alkenes have been thoroughly used as raw materi-
als for a range of transformations. “Conventionally, the acti
vation of alkenes has been achieved by action of transition 
metals or strong Lewis acids. It is generally considered that 
weak interactions with alkenes make it difficult to generate 
sufficient reactivity to drive chemical reactions. Furthermore, 
it appears less likely that a weak interaction with an alkene 
substrate could give a unique reactivity that is beyond what 
can be achieved with a metal or a strong Lewis acid,” explain
ed Professor Wang. He continued: “Perhaps owing to these 
viewpoints, e.g. the lack of reactivity and the perceived lack of 
urgency to pursue this strategy, the exploration on the activa-
tion of alkenes by weak interactions is almost uncharted terri-
tory in supramolecular catalysis. Thus, we became interested 
in this topic and had a strong wish to discover unprecedented 
capabilities of weak interactions on alkene substrates.” 

Divalent chalcogenides have been conventionally used as 
Lewis base catalysts via covalent catalysis. Recent research 
has shown that divalent chalcogenides could be used as chal-
cogen bonding catalysts to activate electron donors (Scheme 
1). Before starting this project, Professor Wang’s team had ex-
tensively investigated the concept of chalcogen bonding catal
ysis, developing a class of efficient phosphonium chalcogenide 
catalysts, which have subsequently found applications in di-
verse reaction processes. “However, these catalysts showed 

no catalytic activity in the activation of alkenes, even using a 
stoichiometric amount of catalyst. We realized that the devel
opment of new catalysts was the key to success,” remarked 
Professor Wang. By using a rationally designed catalyst, the 
team was recently able to establish a Se···π bonding catalysis 
approach to the activation of alkenes (Scheme 2). For proof-
of-concept studies, the authors investigated alkene cycliza-
tion reactions as well as ene-type reactions: the Se···π bon-
ding catalysis approach enabled these reactions to take place 
smoothly, thus demonstrating the feasibility of this catalysis 
method.

“While intramolecular enyne cyclizations have been ex-
tensively investigated by using a variety of transition metals 
such as gold, palladium, and rhodium for decades, transi
tion-metal-catalyzed intermolecular enyne cyclizations are 
rare,” said Professor Wang, who continued: “Specifically, for 
intermolecular [3+2] enyne cyclizations, only one reaction 
promoted by Rh catalysis has been reported so far, and this 
reaction was achieved at an elevated temperature (80 °C). 
Our recent work showed that Se···π bonding interactions can 
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Scheme 1  Research background and aim
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activate alkenes to enable intermolecular enyne cyclizations 
taking place at room temperature, while these reactions could 
be complete within few hours (Scheme 2).” Professor Wang 
believes that this Se···π bonding catalysis approach to inter-
molecular enyne cyclizations demonstrates that it is possible 
to shift from transition-metal-catalysis mode to weak-inter-
action catalysis for achieving activation of alkenes, and this 
can even result in an increase of efficiency. “This capability 
provides a distinctive platform to study alkene chemistry,” re-
marked Professor Wang.

To further demonstrate the potential of Se···π bonding 
catalysis, the controlled cross coupling of triple alkenes was 
studied next. According to Professor Wang, literature reports 
indicated that only two-component coupling of alkenes could 
take place, even using an optimized Lewis acid such as In(OTf)3 
coupled with carrying out these reactions under harsh condi-
tions (120 °C) (Scheme 3). “The inertness of this type of reac-
tion is determined by the strength of the Lewis acid required 

for substrate activation, since the in situ generated carbanion 
would strongly coordinate to a Lewis acid to form a relatively 
inactive complex. The latter complex not only loses reactivi-
ty when involved in a next coupling reaction with the alkene, 
but it requires harsh reaction conditions to release the catal
yst. Therefore, it is not surprising that the controlled cross 
coupling of triple alkenes remains a significantly unresolved 
problem in organic synthesis,” remarked Professor Wang. He 
continued: “However, weak interactions have distinct chemi-
cal properties in contrast to strong Lewis acids, thus providing 
an improved option to solve such problems, which are hard to 
tackle by conventional approaches.”

The authors showed that this Se···π bonding catalysis 
approach has indeed the potential to achieve the controlled 
cross coupling of triple alkenes. “To realize this transforma
tion, a range of notable problems had to be resolved. The 
first issue was controlling the chemoselectivity in the initial 
coupling step, which potentially could proceed through three 
distinct reaction pathways involving hetero or homo coupling 
of two alkenes. Once the coupling reaction had occurred, the 
management of the reactivity of the transient intermediate 
arises as a new issue, since this catalyst-stabilized species 
must be reactive enough to engage in a further coupling re-
action to avoid stopping at a bimolecular coupling stage. Next, 
the chemoselectivity issue was met again, this time regarding 
the candidate of the second coupling reaction. Finally, the re-
action must precisely stop at a triple-alkene coupling stage to 
avoid alkene polymerization,” explained Professor Wang. 
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Scheme 2  Shifting catalysis mode

Scheme 3  The controlled cross-coupling of triple alkenes
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Professor Wang concluded: “This Se···π bonding catalysis 
approach tells an unprecedented story, e.g. that weak interac-
tions can catalyze chemical reactions that strong Lewis acids 
cannot. This new capability will change some common no-
tions, potentially opening up promising opportunities for ca-
talysis. We anticipate that this novel catalysis approach would 
serve as a new platform to develop reactions involving various 
π-systems such as alkenes, alkynes and aromatics.”
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