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Carbo- and heterocyclic core structures – such as 2,3-dihydro-
benzofurans, indolines, and indanes – are common motifs 
in bioactive and therapeutic molecules, as well as in natural 
products. Due to their usefulness, it remains  important to 
identify efficient routes to access these compounds  easily, 
quickly, and inexpensively. The groups of Dr. Indrawan  
J. McAlpine from Pfizer Oncology Medicinal Chemistry (San 
Diego, USA), Professor Peng Liu from the University of Pitts-
burgh (USA) and Professor Keary M. Engle from the Scripps 
Research Institute (La Jolla, USA) collaborated on the work 

leading to the publication of this paper in Nature Communi-
cations. Professor Engle said: “Based on the development of 
Larock-type (hetero)annulation reactions between ambiphi-
lic aryl halides and alkenes over the past 30 years, as well as 
prior work in 8-aminoquinol ine (AQ)-directed alkene 1,2-di-
functionalization, we sought to develop an all-encompassing 
 annulation process that could unite non-conjugated alkenes 
and a diverse collection of O-, N- and C-based coupling part-
ners using a mechanistic approach distinct from prior (hete-
ro)annulations, namely one that relies on an initial nucleo-
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palladation event, subsequent oxidative addition, and finally 
C(sp3)–Ar reductive elimination, involving an overall Pd(II)/
Pd(IV) redox couple.”

At first, the three research groups were wary that the de-
velopment of this reaction could end up facing insurmount-
able challenges. Professor Engle explained: “For example: (1) 
 phenols and anilines have proven ineffective coupling partners 
in AQ-directed nucleopalladation reactions; (2) the  strained 
transition states for intramolecular Pd(II)/Pd(IV) oxid ative ad-
dition and reductive elimination appeared to be potentially 
high-energy; (3) competitive pathways arising from Heck- or 
Wacker-type oxidative alkene addition, hydrofunctionali-
zation, or the alkene isomerization may diminish yield.” He 
continued: “To our surprise and delight, however, the en-
visioned method was indeed viable (Scheme 1). More over, 
the substrate scope and the functional group tolerance of this 
reaction is impressive. In fact, this reaction system  tolerates 
ortho-iodophenols, ortho-iodoanilines with or without pro-
tecting groups (such as N-acetyl, -tosyl, and -alkyl groups), 
various aminoiodopyridines, different carbon-based coupling 
partners, internal alkenes, and α-substituted alkenes.” The 
authors found that good to excellent yields and diastereo-
selectivities were observed in most cases. The reaction was 
found to tolerate both air and moisture, and its performance 
did not require any special precautions. “Due to its operational 
convenience, the methodology can be easily scaled and gram 
quantities are obtained through simple work-up and purifica-
tion. Unlike prior methods, where syn-oxy/aminopalladation 
is proposed to take place, in this reaction system an anti-nu-
cleopalladation pathway is operative, as evidenced by single-
crystal X-ray diffraction data from a representative product,” 
remarked Professor Engle, who continued: “Importantly, the 
reaction tolerates both air and moisture and does not require 
any special precautions to perform. As a result, this method-
ology could be conveniently scaled up, allowing for isolation 
of 14.3 g of the desired product with minimal impurities after 
an operationally simple work-up and purification procedure.”

Professor Engle concluded: “Thanks to the joint efforts 
of three research groups, we have discovered a method that 
provides direct access to useful 2,3-dihydrobenzofurans, 
 indolines, and indanes by employing ambiphilic aryl  halide 
coupling partners and non-conjugated alkenyl amides. 
 Mechanistic experiments and DFT studies shed light on the 
origins of diastereoinduction, anti-selectivity, and other fund-
amental aspects of this Pd(II)/Pd(IV) annulation process.”
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