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Redox-Neutral a-Arylation of Alkyl Nitriles with Aryl Sulfoxides:
A Rapid Electrophilic Rearrangement

J. Am. Chem. Soc. 2017, 139, 4211-4217

o-Aryl nitriles are structural frameworks frequently encoun-
tered in drugs and bioactive compounds. These compounds
are also versatile synthetic building blocks that can be used to
synthesize a-aryl amides, carboxylic acids, ketones and p-aryl
amines by simple hydrolysis or reduction. Although various
approaches can produce a-aryl nitriles, the use of impracti-
cal substrates, expensive and toxic transition-metal catalysts
and limited functional group tolerance have been obstacles
towards their synthetic applications.
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Scheme 1 Serendipitous discovery of the method

Recently, Professor Bo Peng from Zhejiang Normal Uni-
versity (P. R. of China) disclosed a metal-free cross-coupling
reaction between readily available aryl sulfoxides and alkyl
nitriles, achieving an unprecedented a-arylation of nitriles.
Professor Peng said: “Like other fascinating reactions found
by accident, our method also came from a serendipitous dis-
covery (Scheme 1). Initially, a Master’s student - Li Shang -
unexpectedly obtained ortho-cyanomethylated product 3aa
in his attempts to prepare a triaryl sulfonium salt. Eventually,
a molecule of the solvent - acetonitrile - was unambiguous-
ly anchored on the ortho-position of the aryl sulfoxide.” He
continued: “We soon realized that this preliminary result was
clearly due to a novel reaction pathway leading to a-arylation
of nitriles. Therefore, we decided to study the reaction further.”

Professor Peng explained: “The transformation actually
consisted of two steps including the triflic anhydride (Tf,0)
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Scheme 2 Optimization of reaction conditions

treatment and subsequent base neutralization (Scheme 2).
Neither step is well understood at the moment. Also, a myste-
rious intermediate I, arising as a black box, retarded optimi-
zation of the first step. However, the overall transformation
could still be evaluated according to its efficiency in producing
final product 3ab. This one-pot, two-step reaction would act
as a probe, eventually allowing us to identify the elusive in-
termediate 1.”

He continued: “Although without proper understanding
of the reaction, we were fortunate to get the optimum condi-
tions that allowed us to study the reaction mechanism further.
Subsequent low-temperature NMR studies not only identified
the structure of the imine sulfonium I but also witnessed its
robust formation and its extreme instability (Scheme 3). We
further investigated the reaction by using DFT calculations
and found that the reaction could be divided into three essen-
tial steps, including electrophilic assembling, deprotonation,
and [3,3]-sigmatropic rearrangement.”

Professor Peng added: “The reaction also proved to be
applicable to a wide range of aryl sulfoxides and alkyl nitriles
(Scheme 4). It’s remarkable that the reaction tolerated various
functionalities including alkyl halide, alkynyl bromide, ether,
ester, carbonate, ketone, and nitrile to produce a-aryl nitriles
3 in modest to very good yields (Scheme 4).”

Professor Peng remarked: “The transformability of pro-
ducts and the scalability of this reaction were demonstrated
by our further efforts. But the most exciting aspect to us is the
attempt to use a chiral base to induce asymmetric a-arylation
of nitrile 2b (Scheme 5). We found that the use of quinine as
a chiral base indeed influenced the stereoselectivity of the
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reaction. Although a low enantiomeric ratio (er = 57:43) was
observed, this preliminary result still confirmed the feasi-
bility of developing T,0/chiral-base-mediated asymmetric
a-arylation of alkyl nitriles.”

Professor Peng concluded: “We were very lucky. An acci-
dental discovery led us to a robust arylation transformation
(Scheme 1). The advent of the reaction not only provides a new

Literature Coverage

method to access a-aryl nitriles but also promotes the develop-
ment of other ‘S-N’ bond breaking induced [3,3]-sigmatropic
rearrangements. We envision that the electrophilic rearran-
gement protocol would become a unique type of Claisen re-
arrangement in the future.”
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Scheme 3 Proposed mechanism supported by NMR studies and DFT calculations
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Scheme 4 Substrate scope (new bonds highlighted in red bold)
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Scheme 5 Attempts of chiral-base-induced asymmetric a-arylation of nitriles
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