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Regiocontrolled rearrangements taking place in high yields 
using experimentally simple conditions are key assets in the 
organic chemistry toolbox, especially if such processes result 
in the selective functionalization of unactivated C–H bonds. 
Recently, the groups of Professor Ryan A. Altman at The Uni-
versity of Kansas (USA) and Professor Paul Ha-Yeon Cheong 
at Oregon State University (USA) joined forces to investigate 
a novel methodology for achieving the decarboxylative para-
functionalization of benzyl ester derivatives promoted by pal-
ladium catalysts and simple amine bases.

“This was a fortuitous finding from the get-go,” remarked 
Professor Altman. He continued: “At the outset of the project 
we were optimizing a decarboxylative benzylation reaction 
(Angew. Chem. Int. Ed. 2016, 55, 9080–9083), and one astute 
PhD student recognized an intriguing and unexpected minor 
side product that occasionally popped up in reactions. Her for-

titude to first optimize and then characterize the minor side 
product revealed a para-selective functionalized arene, which 
was produced from a benzyl-substituted substrate. Though 
such products had been seen in analogous reactions, prev ious 
research teams could not control the chemoselectivity for 
benzylation vs. para-selective functionalization. However, we 
discovered that one could control the chemoselectivity using 
simple amine bases. Though there were initial concerns that 
the reaction would only work on fluorinated ketone-derived 
nucleophiles, later researchers expanded the scope of compa-
tible substrates to include non-fluorinated and nitrile-based 
nucleophiles (Scheme 1).”

Professor Altman explained that rigorous mechanistic 
experiments and thorough computational studies by Pro-
fessor Cheong’s group supported a catalytic cycle involving 
an in triguing reversible dearomatization/irreversible base-
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Scheme 1  A para-selective functionalization reaction converts benzylic electrophiles into para-functionalized toluene derivatives. 
Notably, the pKa and size of the amine are essential for the reaction, with α,α-difluorinated ketone enolate-derived substrates 
requir ing trialkylamine bases, and non-fluorinated nitrile-derived substrates requiring guanidine bases.
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mediated rearomatization sequence that provided the para-
substituted arene products (Scheme 2). Notably, the group’s 
computational efforts revealed that the reaction proceeded 
through a “hidden” dearomatized intermediate that likely 
transiently exists in other catalytic processes and might be 
exploited in to-be-developed reactions. “This unusual finding 
will hopefully spark new insight and opportunities to access 
unique products as yet inaccessible by current means,” said 
Professor Altman. He continued: “We hope to exploit this 
 dearomatization/rearomatization sequence to expand the 
scope of the reaction to include a broad spectrum of alternate 
nucleophiles.” 

Also notably, the project connected two significant re-
action paradigms in organic chemistry, namely decarboxyl-
ative coupling and C–H functionalization reactions. Profes-
sor  Altman told us: “Although these two reaction paradigms 
typically require orthogonal substrates and proceed under 
complementary reaction conditions [e.g. Pd(0/II) vs. Pd(II/IV) 
cycles, basic vs. acidic additives, reductive vs. oxidative con-
ditions], in our hands, simple amine bases linked the comple-
mentary mechanisms. Notably, this reaction did not require 
chelation or template assistance and functioned on a diverse 
array of electron-donating and electron-withdrawing arenes, 
which contrasts many C–H functionalization reactions of 
 arenes.” 

“Overall, this was a complete team effort from start to 
 finish with both the Kansas and Oregon State teams com-
pletely turning over personnel,” said Professor Altman, who 
concluded: “Thus, the project really transcended two different 
generations of researchers in each laboratory, and is a testa-
ment to the scientific insight, grit, teamwork, and communi-
cation from both groups.”

Scheme 2  The use of amine bases converted a decarboxylative benzylation reaction into a para-selective C–H functionalization. 
Both reactions proceed through LnPd(benzyl)(enolate) complexes that exist as an equilibrium of O- and C-bound enolates. From 
the C-bound enolate, classical reductive elimination provides the benzylation product, while the O-bound enolate can undergo a 
revers ible sigmatropic reductive elimination to generate a hidden dearomatized intermediate. This intermediate bears an acidic 
proton that, in the presence of an appropriate weak base, will undergo a 1,5-prototropic shift to deliver the product of para-selec-
tive functionalization.
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