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Palladium-catalyzed C–H functionalization reactions have 
become powerful synthetic tools in organic chemistry. How-
ever, most of the reported examples rely on the use of direct-
ing groups to increase the reactivity and selectivity of these 
processes. Only a few examples of efficient Pd-catalyzed C–H 
functionalization on non-directed arenes have been reported, 
and the presence of an external ligand is generally required.

The research group of Professor M. Ángeles (Tati) 
 Fernández-Ibáñez at the University of Amsterdam (The 
Netherlands) has discovered a new type of S,O-ligand, namely 
thioether carboxylic acid, that can promote a variety of C–H 
functionalization reactions on non-directed arenes. “A unique 
feature of the Pd/S,O-ligand catalytic system is its high ca-
talytic activity, enabling the functionalization of substrates 
that are unreactive using other catalysts,” explained Profes-
sor Fernández-Ibáñez. She continued: “The site-selectivity of 
these processes is dictated by stereoelectronic effects, with 
the functionalization taking place at the most electron-rich 
position of the arene, similarly to electrophilic aromatic sub-
stitutions.”

The functionalization of electron-rich arenes at the meta-
position is challenging. Recently, the meta-arylation of anisole 
derivatives using palladium/norbornene (Pd/NBE) coopera-
tive catalysis was reported for the first time (J. Am. Chem. 
Soc. 2019, 141, 14870–14877). Professor Fernández-Ibáñez 
commented: “However, in this manuscript several limitations 
were found, as for example the catalytic system did not work 
for anilines or for anisoles bearing electron-withdrawing sub-
stituents. As we experienced in our lab, these types of sub-
strates are reac tive in C–H functionalization processes using 
our Pd/S,O-ligand catalytic system (J. Am. Chem. Soc. 2019, 
141, 6719–6725; Eur. J. Org. Chem. 2021, 2021, 4132–4135). 
Thus, we decided to investigate if we could overcome the 
 limitations of the previously reported catalytic system by 
combining the Pd/S,O-ligand with an appropriate NBE.”

Although the group’s initial efforts on anilines were un-
successful in obtaining the desired product, they were happy 
to see that under the conditions previously reported, anisole 
could be functionalized at the meta-position in high yields, 
demonstrating the compatibility of the Pd/S,O-ligand catal-
yst with NBE. “The high activity of the new catalytic sys-
tems  allowed us to reduce the amount of Pd catalyst, and the 

NBE could be used in catalytic amounts, which is not very  
common in this type of transformation,” said Professor 
Fernández-Ibáñez. She continued: “In addition, anisoles bear-
ing electron-withdrawing substituents, which were previous-
ly unreactive, were also meta-functionalized. Furthermore, 
we found out that by using the appropriate NBE, we could per-
form the unsymmetrical meta-diarylation of anisole, which is 
in my  opinion highly relevant, as it is difficult to achieve with 
an alternative synthesis using the simple anisole as starting 
material.”

In addition to the methodology work, the group per-
formed several experiments to obtain some insights about the 
mechanism of this transformation. “We were able to isolate 
the complex after the first C–H activation/NBE insertion, as 
well as the complex after the second C–H activation,” revealed 
Prof. Fernández-Ibáñez, continuing: “We were surprised to 
see that the first C–H activation was not the rate-limiting step, 
which is generally the case, especially for non-directed C–H 
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Scheme 1 Direct synthesis of meta-arylated anisoles by revers-
ing the conventional site-selectivity using the Pd/S,O-ligand 
catalytic system in conjunction with norbornene
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activation processes. We also observed that the presence of 
HFIP as solvent has a positive effect in the first C–H activa tion 
step. Although this behavior has been previously observed, 
the exact reason for this acceleration is still under debate and 
more research should be done in that direction.”

“The field of C–H functionalization still has, after more 
than 20 years of research, a large number of challenges that 
need to be overcome,” said Professor Fernández-Ibáñez. She 
concluded: “In the case of non-directed C–H functionalization 
reactions, the discovery of more active catalysts will be cru-
cial for the development of new transformations such as those 
that involved electron-poor arenes. In addition, more active 
catalysts will also permit to reduce the catalyst loading, which 
is still too high in the majority of the reported methodol ogies 
for industrial applications. On the other hand, to achieve non-
conventional selectivities, the use of NBEs as mediators is cur-
rently becoming a common approach. However, moving away 
from the NBE structure will open new possibilities for novel 
reactivities.”
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