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In recent years, significant progress on transition-metal-ca-
talyzed site-selective C–H bond activation has been achieved 
by introducing directing groups on substrates.1 However, this 
method has inherent limitations: the process of construction 
of the original substrates and removal of the directing groups 
diminishes the efficiency and/or compatibility of the reac-
tions. Therefore, there is a demand for developing a process 
without installing a directing group. The groups of Professor 
Guigen Li from Nanjing University (P. R. of China) and Profes-
sor Haibo Ge from Indiana University–Purdue University Indi-
anapolis (IUPUI, USA) are aiming to design a specific catalyst 
as a transient directing group that can bind reversibly to the 
substrate and the metal center. Professor Ge said: “Some pre-
vious literature indicates that the reversible imine linkage was 
effective in Rh- or Pd-catalyzed selective C–H bond functiona-
lization reactions.2 Very recently, our group reported the di-

rect palladium-catalyzed γ-arylation of primary alkylamines 
with glyoxylic acid as a transient directing group.3”

He continued: “However, the direct β-functionalization of 
aliphatic aldehydes has not yet been discovered. Based on our 
previous results, we believe that the arylation of unactivated 
β-C–H bonds of aliphatic aldehydes is feasible using metal ca-
talysts by employing appropriate amine compounds as transi-
ent directing groups.”

After extensive investigations, 3-aminopropanoic acid was 
proven to be the most suitable transient directing group in the 
process of Pd-catalyzed arylation of unactivated β-C–H bonds 
of aliphatic aldehydes. “As expected, this reaction exhibited 
excellent functional group compatibility and site-selectivity. 
In the process, functionalization of the unactivated β-C–H 
bonds of methyl groups was favored over the β-methylene, 
γ- or δ-methyl C–H bonds,” said Professor Ge. He continued: 
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Scheme 1 Selected substrate scope of palladium-catalyzed direct β-arylation of aliphatic aldehydes
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“Moreover, unactivated secondary sp3 carbons could also be 
functionalized (Scheme 1). More importantly, β-arylation of 
n-pentanal could also be accomplished in this catalytic cy-
cle by using 3-amino-3-methylbutanoic acid as the transient  
directing group. Furthermore, the control experiments indi-
cated that dehydrogenation of aliphatic aldehydes was not in-
volved in this process and a [5,6]-bicyclic palladium complex 
might be the intermediate in the catalytic cycle. After a mul-
titude of attempts, the [5,6]-bicyclic palladium complex was 
finally isolated by employing pyridine as an auxiliary ligand, 
and the desired arylated product was also captured from the 
reaction of palladium intermediate with iodobenzene suc-
cessfully (Scheme 2).”

Professor Ge concluded: “We hope that further detailed 
mechanistic studies of this reaction will provide us more in-
sights in developing novel transient directing groups to ex-
tend both the substrate and reaction scopes.”
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Scheme 2 Synthesis of the [5,6]-bicyclic palladium complex and the subsequent arylation reaction
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