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The development of new methods for the asymmetric
synthesis of amines from readily available monomer feed-
stocks is an important research area that has profound
implications for expedited drug discovery and the production
of pharmaceuticals.[1] In this context, the catalytic hydro-
amination of alkenes with amines is a powerful transforma-
tion that holds promise to rapidly deliver value-added chiral
amines from simple and accessible starting materials.

Despite the significant advancements of transition-metal-
catalyzed hydroaminations,[2] there still exist several limita-
tions that have precluded the more general application of this
reaction. In particular, the ability to establish both regio- and
enantioselective control for intermolecular additions of
amines to alkenes with unactivated substrates remains a con-
siderable challenge (Scheme 1). For hydroamination reac-

tions that are regioselective for the Markovnikov branched-
amine products, there exists the opportunity to develop
powerful asymmetric amine syntheses. However, the reported
examples of enantioselective additions have either been
limited to the use of aryl amines with simple styrenes or
strained alkenes as reaction partners, or have achieved only
a moderate degree of enantioselection.[3] In addition, the
identification of general conditions for the synthesis of linear
alkyl amines by the anti-Markovnikov addition of amines to
unactivated alkenes has also been limited to a few reported
examples.[4] Recently, significant progress has been made
towards addressing these limitations through the investigation
of an alternative umpolung approach to the hydroamination
of alkenes using a Cu-catalyzed electrophilic amination with
easily accessible O-benzoyl hydroxylamines.[5]

Lalic and co-workers reported an elegant two-step, one-
pot procedure for the synthesis of linear tertiary amines,
which proceeds through the formal anti-Markovnikov hydro-
amination of terminal alkenes (Scheme 2).[6] Although this
reaction does not represent a true catalytic alkene hydro-
amination, but rather a stepwise stoichiometric hydrobora-
tion/copper-catalyzed electrophilic amination sequence, this
report documents the concept of using alternative reversed
polarity sources of amines to install new C(sp3)�N bonds
using widely available alkene feedstocks.

Recently, the groups of Miura[7] and Buchwald[8] have
independently reported mild, Cu-catalyzed conditions for the
highly enantioselective synthesis of branched tertiary amines.
Using a mechanistically distinct electrophilic alkene amina-
tion approach, in the presence of a suitable hydride source,
these methods have provided access to a breadth of highly
substituted chiral alkyl amines (Scheme 3). In contrast,
previous metal-mediated hydroamination strategies for ac-
cessing similar products have relied heavily on nucleophilic
addition or oxidative addition/alkene insertion/reductive
elimination mechanisms.[2]

Scheme 1. General examples of challenging regio- and enantioselective
hydroamination reactions.

Scheme 2. One-pot alkene hydroboration/Cu-catalyzed electrophilic
amination sequence for linear amine synthesis. 9-BBN= 9-borabicyclo-
[3.3.1]nonane, Bz = benzoyl.

Scheme 3. Proposed catalytic cycle for the Cu-catalyzed hydroamina-
tion of alkenes with substituted O-benzoyl hydroxylamines (L* =chiral
phosphine ligand).
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Building on their previous work concerning the Cu-
catalyzed aminoboration of vinylarenes,[9] Hirano, Miura, and
co-workers have recently described a Cu-catalyzed method
for the enantioselective hydroamination of substituted styr-
enes with exclusive Markovnikov regioselectivity.[7] Following
optimization studies, a catalytic mixture of Cu(OAc)2/CF3-
dppbz (10 mol%), in the presence of LiOtBu and polyme-
thylhydrosiloxane (PMHS) as the hydride source, were
identified as optimal for the regioselective hydroamination
of styrene with O-benzoyl-N,N-diethylhydroxylamine as the
electrophilic amine source. These conditions were shown to
be effective for the hydroamination of a variety of a- and a,b-
substituted styrenes with a range of N,N-dialkyl hydroxyl-
amines to generate the racemic branched amines in good to
excellent yields (Scheme 4a). Moving beyond these initial

conditions, an enantioselective version of this reaction was
realized using a combination of CuCl (10 mol %) with either
(S,S)-Me-DuPhos (L1) or (R,R)-Ph-BPE (L2) ligands, which
provided chiral amine products with enantiomeric ratios
ranging from 83:17 to 97:3 (Scheme 4b). Despite showing
good scope in substituted styrenes and hydroxylamines, the
extension of this work to include substrates featuring cis
olefins or simple aliphatic alkenes was not possible using the
described conditions.

Independent of the work described by Miura and Hirano,
Buchwald and co-workers have documented similar Cu-
catalyzed conditions for both the asymmetric synthesis of
branched amines and the anti-Markovnikov hydroamination
of terminal aliphatic alkenes (Scheme 5).[8] After screening
several conditions, the use of a Cu(OAc)2 and (R)-DTBM-
Segphos (2 mol% Cu; Cu/L = 1:1.1), with diethoxymethylsi-
lane (DEMS) serving as a suitable hydride source, were

identified as optimized conditions for the mild asymmetric
hydroamination of styrene with O-benzoyl N,N-dibenzyl
hydroxylamine. Importantly, this system is differentiated
from the previously described example by its ability to
accommodate substrates featuring cis-b-substituted alkenes,
such as indene, 1,2-dihydronaphthalene, and a,b,b-trisubsti-
tuted styrenes, with high levels of enantiomeric excess. In
addition to these advantages, the same conditions were also
shown to be effective for the hydroamination of terminal
aliphatic alkenes to generate linear tertiary amines, resulting
from regioselective anti-Markovnikov addition, in high yields.
This divergence in regioselectivity has been attributed to the
lack of an electronic advantage for Cu to form a 28 alkyl bond,
as was the case for the Markovnikov hydroamination of
styrenes, over a less sterically encumbered terminal Cu-
intermediate.

In conclusion, through the use of an innovative electro-
philic amination strategy, the methods described in this
highlight have demonstrated significant advancements to
the field of alkene hydroamination. In particular, the devel-
opment of mild, Cu-catalyzed procedures for the highly
enantioselective synthesis of branched tertiary amines from
readily available substrate feedstocks has been established. In
addition, the anti-Markovnikov hydroamination of terminal
aliphatic amines has been described using similar Cu-based
methods. Despite this progress, important challenges still
remain for the identification of conditions that achieve the
asymmetric synthesis of branched amines from unactivated
internal and terminal alkenes and alkylamines.[10] Future
efforts to address these and other remaining challenges in the
field of hydroamination with an electrophilic amination
approach will render such reactions well-suited for applica-
tion in drug discovery and development.
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