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Intermolecular Radical Mediated Anti-Markovnikov Alkene
Hydroamination Using N-Hydroxyphthalimide
J. Am. Chem. Soc. 2018, 140, 12318–12322
Nitrogen atoms are ubiquitous in pharmaceuticals, natural
products, materials, and commodity chemicals. The simplest
amine – ammonia – is central to life since its use as fertilizer
quite literally feeds the world. Biological systems are finely
tuned to use ammonia as a building block for complex mo
lecule synthesis, but the use of ammonia in the laboratory is
met with many obstacles ranging from the conceptual to the
practical. “Ammonia is a flammable and highly corrosive gas.
It also reacts readily with many common reagents and forms
stable, and often inert, Werner complexes in the presence of

many transition metals. These obstacles have impeded the
usage of ammonia directly in synthetic methodology develop
ment,” said Professor Valerie A. Schmidt from the University
of California, San Diego (USA). The Schmidt group consider
ed that an inexpensive ammonia surrogate could be used to
create new C–N bonds via alkene hydroamination.
In an effort to realize this, the authors investigated
N-hydroxyphthalimide (NHPI) as a potential ammonia surro
gate. “We reasoned that – if a suitable deoxygenation proced
ure was identified and hydroamination occurred – the alkyl

Scheme 1 General strategy

Scheme 2 Hydroamination substrate scope
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phthalimide products could be hydrolyzed to the correspond
ing primary amines,” said Professor Schmidt. She continued:
“The overall transformation achieved would be the formal
addition of ammonia across a C–C double bond.”
To achieve this, the group developed a dual radical atom
and group transfer approach using phosphorus(III) reagents.
Professor Schmidt explained: “This strategy leverages the
relatively weak O–H and N–O bonds of NHPI to forge strong
N–C, C–H, and phosphoranyl units. Because our dual transfer
approach would generate an N-centered, phthalimidyl radical,
alkene addition should preferentially result in the formation
of the anti-Markovnikov regioisomeric amine products.”

Professor Schmidt concluded: “This is a user-friendly, twostep procedure to access primary amines from unactivated
and functionalized alkenes with a bench-stable, solid ammon
ia surrogate and inexpensive phosphite reagent. We are now
investigating the kinetic and thermodynamic limits of this re
action as well as the generality of this mechanistic approach
with other functional groups.”
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