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The preparation of nitrogen-containing molecules is of
utmost importance to all fields of organic chemistry, and the
prevalence of C¢N motifs in natural products, drugs, fine
chemicals, agrochemicals, and materials is a constant driver
for innovation of synthetic methods.[1] Among the numerous
concepts for forging a C¢N bond, the hydroamination of
olefins constitutes an especially attractive strategy, which
relies upon olefins and amines as most basic, widely available,
yet diverse families of starting materials.[2] Today, a vast
arsenal of metal-catalyzed hydroamination methods are
available (Scheme 1). Depending on the nature of the

employed metal catalyst and substrates, the reaction mech-
anism can be based on one of two general activation modes:
The formation of active amido or imido complexes is mostly
observed with Lewis acidic catalysts (alkaline earth, rare
earth, early transition metals).[2] Late transition metals and
Group 11 and 12 metals mostly undergo coordinative
p-activation of the alkene.[2] Contrary to this, electrophilic
aminations have been reported with hydroxylamine deriva-
tives.[3] These strategies require the employment of a hydride
reagent (hydrosilane, alkyl magnesium halide). The low price
and the low toxicity of iron have recently stimulated great
interest in the development of iron-catalyzed hydroamination
procedures based on either mechanistic scenario.[4] However,
the substrate scope is still very limited (styrenes with weakly
nucleophilic tosylamines,[4a] intramolecular reactions of gem-

dialkyl-substituted aminoalkenes,[4b–d] low functional-group
tolerance because of the Grignard reagent).[4e]

A conceptually different radical addition with nitroarenes
was very recently added to the manifold of net hydroamina-
tion processes.[5] Baran et al. reported the sequential combi-
nation of an Fe-catalyzed hydrogen atom transfer (HAT)[6]

and an Fe-catalyzed reductive deoxygenation in a one-pot
operation that allows the facile preparation of tert- and sec-
alkyl aryl amines. Based on some literature precedents,[7,8]

a highly practical procedure was developed, which uses
various alkenes, aromatic nitro compounds as N electrophiles,
phenylsilane as the HAT reagent, and iron(III) acetylaceto-
nate as the pre-catalyst under thermal conditions (ethanol,
60 88C; Scheme 2). Isolated examples of Fe-catalyzed HAT to
alkenes and subsequent reactions of the alkyl radicals with
1-butylnitrite to give nitrosoalkanes under similar conditions
were reported by Mukaiyama and Kato in 1992.[7a] Boger and
co-workers extended this formal hydroamination method to
include other N-based radical traps (NaN3, KOCN,
NaNO2).[7b] Cobalt-catalyzed oxidative hydroaminations were
reported by Carreira et al. and Shigehisa and co-workers.[8]

The new Fe-catalyzed hydroamination is believed to
proceed by dual substrate activation through initial HAT
from an in situ prepared hydrido iron complex[9] to both the
alkene and the nitroarene (Scheme 3). The resultant alkyl
radical and the nitrosoarene combine to an aminyloxyl
radical,[10] which engages in sequential re-oxidation of two
equivalents of iron catalyst upon generation of a hydroxyl-
amine intermediate, which ultimately leads to the amine
product. It is especially noteworthy that the reduction of the

Scheme 1. Common modes of substrate activation in metal-catalyzed
nucleophilic (top) and electrophilic (bottom) hydroaminations.[2–4]

Scheme 2. Evolution of iron-mediated radical hydroaminations.[5, 7]

acac =acetylacetonate.
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N electrophile (nitroarene) is embedded within the overall
catalytic cycle, which obviates the need for a separate
reductive operation. The mechanistic design of Baran and
co-workers elegantly draws on two closed catalytic one-
electron redox cycles. These effect two H atom transfers to
the alkene and the nitroarene, which are both formal one-
electron reductions of FeIII to FeII, and two sequential one-
electron oxidations of FeII to FeIII by the intermediate alkyl
aminyloxyl species. This mechanistic layout in combination
with the use of simple starting materials renders the method
utmost industrial relevance. The double alkylation of the
nitrosoarene to give the N,O-dialkyl hydroxylamine as a side
product could be suppressed by addition of Zn/HCl to the
reaction mixture. Some of the nitrosoarene undergoes further
reduction to give the corresponding aniline, which is un-
reactive under these reaction conditions (Scheme 3, bottom
right).

The reaction tolerates various functional groups, including
thioethers, amides, ketones, amines, halides, triflates, alcohols,
nitriles, heterocycles, and boronic acids. The covered chemical
space is much wider and diverse than that achieved with
common hydroamination reactions, and includes the synthesis
of many highly substituted and functionalized amines for the
first time. Sterically congested amines can easily be obtained
from the tri- and tetrasubstituted olefins in a single catalytic
operation (Scheme 4). However, the general procedure is
limited to aromatic nitro compounds and cannot be applied to
the synthesis of tertiary amines.

This strategy bears great potential to significantly shorten
and streamline the synthesis of bioactive molecules, as
exemplarily shown by vinblastine functionalizations[7b] and
the preparation of an HIV-1 reverse transcriptase inhibitor,
which had required three synthetic steps with noble-metal
catalysts thus far (Scheme 5).[11]

A key challenge of common hydroamination endeavors is
the strict control of regioselectivity. Significant efforts have
been devoted to the development of anti-Markovnikov
reactions owing to the immediate relevance of linear alkyl
amines as biologically active building blocks. On the contrary,
the radical nature of the underlying mechanism stipulates that
the reaction developed by Baran et al. will proceed with
Markovnikov selectivity. Technical applications will certainly

benefit from the inexpensive, stable, easy-to-handle, and
“ligand-free” pre-catalyst [Fe(acac)3] in comparison with
common rare-earth or transition-metal catalyst systems.
However, the addition of 2–3 equiv phenylsilane (830 E/
mol) as the H atom donor and excess amounts of Zn
(20 equiv) as a reductant of the undesired double alkylation
product diminish the overall efficiency. Altogether, this Fe-
catalyzed reductive hydroamination of alkenes with nitro-
arenes is an important addition to the arsenal of available
amine syntheses, which is based on a different mechanistic
paradigm than the common hydroamination reactions of rare-
earth, alkaline-earth, and transition-metal catalysts. Highly
functionalized, sterically encumbered alkyl aryl amines could
thus be prepared, and the method exhibits an orthogonal
scope to Buchwald–Hartwig and reductive amination reac-
tions. Its incipient exploitation in syntheses of important
bioactive molecules by Baran and co-workers is surely only
the beginning of an era to come during which such strategies
will be gaining a strong foothold among modern amination
methods.
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Scheme 3. Proposed mechanism involving dual catalytic activation.

Scheme 4. Selected substrate scope.

Scheme 5. Exemplary synthesis of an HIV-1 reverse transcriptase
inhibitor by conventional noble-metal and new iron catalysis.
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