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Sulfones are well-known chemical chameleons, namely build
ing blocks that can behave as either nucleophiles or electro-
philes depending on how they are activated and reacted. For 
example, a sulfone can stabilize an adjacent carbanion or al-
ternatively can be displaced by a carbon nucleophile, upon 
suitable activation. For this reason, some sulfones can be con-
sidered as 1,1-dipole synthons. This peculiar reactivity of sul-
fones continues to attract the interest of organic chemists and 
represents an invaluable source of new reactions. The story of 
this SYNTHESIS paper started with a discovery by Professor 
Kojima’s and Professor Matsunaga’s group at Hokkaido Uni-
versity (Japan) in 2018: at that time, they were studying the 
dual cobalt-photoredox catalysis for allylic alkylation. “The 
system can be considered as a new type of metallaphotoredox 
catalysis1 and worked very well for branch-selective substi-
tutions of allyl carbonates and allyl carboxylates,” said Pro-
fessor Kojima. He continued: “However, we were motivated 
to identify a unique feature of cobalt catalysis compared to 
the established rhodium or iridium catalysis.” Gratifyingly, 
Professor Kojima discovered that the cobalt-photoredox sys
tem was uniquely effective for substitution of allyl sulfones, 
which proceeded via challenging C–S bond cleavage and was 
not feasible using the known noble-metal-based catalysis 
(Scheme 1).2 Professor Kojima said: “Koji Takizawa and I also 
discovered that the 4-chlorophenylsulfonyl leaving group fa-
cilitated the allylic substitution, presumably due to greater 

leaving-group ability of 4-chlorophenylsulfinate compared to 
phenyl sulfinate.”

In 1990, Trost and Merlic proposed the potential of al-
lyl sulfone as an ambiphilic 1,1-synthon.3 “Its application in 
multistep synthesis remained a challenge, however, partly be-
cause the regioselectivity in the molybdenum-catalyzed sub-
stitution of allyl sulfones remained modest,” remarked Pro-
fessor Kojima. He continued: “We envisioned that sequential 
base-mediated α-alkylation and cobalt-photoredox-catalyzed 
allylic substitution might provide a solution to this problem.”

Graduate student Tomoyuki Sekino took over the study 
and explored the potential of allyl 4-chlorophenyl sulfone as 
a 1,1-synthon (Scheme 2). Professor Kojima said: “An unex-
pected problem came up in base-mediated α-alkylation. Ini-
tial trials using butyllithium and an alkyl iodide, followed by 
acidic workup using aqueous NH4Cl, afforded an inseparable 
mixture of allyl sulfone and vinyl sulfone.” This “isomerization 
problem” was solved by Professor Tatsuhiko Yoshino’s and 
Professor Shigeki Matsunaga’s suggestion that quenching the 
reaction under milder protonation conditions might circum-
vent the undesired isomerization. Professor Kojima said: “Fol-
lowing their advice, Tomoyuki identified the optimal workup 
method (addition of 1 M AcOH in THF at –78 °C) which finally 
enabled the practical use of the allyl 4-chlorophenylsulfone as 
a 1,1-synthon.” 
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Scheme 1  Design of photoredox-enabled cobalt catalysis for substitution of allyl sulfones
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With support from undergraduate students Shunta Sato 
and Kazuki Kuwabara, Tomoyuki Sekino revealed the broad 
scope of the sequential α-alkylation/cobalt-catalyzed allylic 
substitution of allyl sulfones (Scheme 2). “In general, group 9 
metal catalysis (rhodium4 or iridium5) affords branched pro-
ducts in high regioselectivity in allylic substitution,” explained 
Professor Kojima. He continued: “Cobalt catalysis was no ex-
ception, and the photoredox-enabled cobalt catalysis allowed 
access to synthetically valuable branched products in >20:1 
regioselectivity in most cases. Notably, functional groups in-
cluding ester and Weinreb amide were tolerated under the 
two-step transformations. We anticipate that such functional 
group compatibility will be beneficial for future applications 
in the synthesis of complex molecules.” 

“Compared to rhodium- or iridium-catalyzed methods, 
the study of cobalt-catalyzed allylic substitution has just be-
gun6,” said Professor Kojima. He concluded: “Furthermore, the 
merger of photoredox and cobalt catalysis7 is also a new and 
untapped research area compared to nickel-photoredox8 or 
copper-photoredox9 systems. With these two promising di-
rections in sight, we would like to unlock more potential and 
demonstrate the unique utility of photoredox-enabled cobalt 
catalysis for organic synthesis.”
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Scheme 2  Sequential transformations of allyl 4-chlorophenylsulfone as a 1,1-synthon
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