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Abstract: This short review provides a mechanistic overview of the most relevant developments into the area of
intra- and intermolecular hydroamination and formal hydroamination of unactivated alkenes (excluding allenes
and 1,3-dienes) promoted by first-row late transition metal catalysts involving zinc, copper, iron and cobalt. The
different activation strategies and mechanistic disparities encountered with these systems will be highlighted.
The relevant literature from 2012 until early 2018 has been covered.
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1. Introduction

One of the most atom-efficient and
conceptually simple methods to access
valuable nitrogen-containing molecules
from relatively inexpensive and ubiqui-
tous starting reagents is the direct addi-
tion of N–H bond of an amine across a
C–C double bond of an unactivated alk-
ene, the so-called alkene hydroamination
reaction. The main research activity of
the past few decades in the field has fo-
cused on the development of Group 1–5
element- and noble metal-based catalysts
to control the selectivities and broaden
the scope of this atom-economic transfor-
mation.[1] The rising trend for the use of
earth-abundant, first-row late transition
metals in catalysis has recently led to
tremendous advances towards addressing
some of the selectivity issues and extend-
ing the reaction scope.[1e] These advances
have been gained from the exploitation of
established activation strategies but also
from the emergence of novel formal hy-
droamination strategies that do not, strict-
ly speaking, involve the direct addition of
an amine onto an unactivated alkene. This
short review will survey the most relevant
developments in the area of (formal) hy-
droamination of unactivated alkenes (ex-
cluding allenes and 1,3-dienes) promoted
by first-row late transition metal catalysts
involving zinc, copper, iron and cobalt.
Emphasis will be placed on catalytic
systems for which the mechanism under-
standing has been gained through mech-
anistic studies to provide an overview of
the different activation strategies and an
update on mechanisms encountered with
the systems described herein. It is beyond
the scope of this review to cover all the
on-going activity of the alkene hydroam-
ination field and, in this context, the lit-

erature coverage has been limited from
2012 until early 2018. Related develop-
ments in the addition of amines bearing
electron-withdrawing substituents (such
as amides, sulphonamides, carbamates…)
on unactivated alkenes, will not be includ-
ed as the addition of such electronically
biased amines are today more appropri-
ately referred to as alkene hydroamida-
tion reactions.[1g]

2. Activation Mechanisms Overview

Different strategies of activation of
the reactants by the first-row late transi-
tion metal catalysts have been exploited
to tackle the challenges associated with
the alkene hydroamination reaction.
These strategies can be gathered into
two classes of mechanisms depending
on whether the initial activation by the
catalyst is on the alkene or the amine
substrate. As schematically illustrated in
Scheme 1 and according to the metallic
system involved, the activation mecha-
nism of the alkene by the catalyst may
operate by either π-coordination of the
alkene to the Lewis acidic metal centre
or regiocontrolled hydrometalation or
H-atom transfer (HAT) mediated by an
in situ-generated metal-hydride complex.
The succeeding C–N bond formation re-
sults from either nucleophilic attack of
the amine on the electronically metal-
activated alkene, umpolung electrophilic
amination or radical coupling. In con-
trast, activation of the amine by the cat-
alyst may proceed by deprotonation of
the amine by a metal alkyl catalyst gen-
erating a reactive metal amido complex.
Subsequentalkeneinsertionintothemetal-
amido σ-bond of this reactive complex
leads to the C–N bond formation.
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pendence of the reaction rate with respect
to catalyst concentration and aminoalkene
concentration respectively and a signifi-
cant primary kinetic isotope effect (KIE)
for the cyclisation of both primary and
secondary amines promoted by 1a and 1b.
DFT calculations done with catalyst 1b,
reveal that among the two most-accessible
alkene- and amine-activation pathways,
by respectively π-coordination and depro-
tonation, the mechanistic pathway involv-
ing alkene activation by the zinc cation is
energetically the most favourable over the
too energetically demanding amine acti-
vation pathway. Computational examina-
tion of the different ligation mode of the
aminoalkene on the cationic zinc gener-
ated from 1b shows that the zinc species
simultaneously binds to the alkene and the
amine functionality is slightly more stable
than the one solely bound to the alkene or
the amine and points out that these spe-
cies may be in rapid equilibrium. On the
basis of these kinetic and computational
features, the authors suggest that the re-
action might proceed by first coordination
of the alkene moiety to the electrophilic
cationic zinc centre (generated from 1a
and [PhNMe

2
H][B(C

6
F
5
)
4
]) leading to the

formation of species A, which is in rap-
id equilibrium with B (and its analogue
monoligated by the amine functionality)
suggested to be the catalyst resting state
(Scheme 2). Then, the coordinated alkene
undergoes nucleophilic nitrogen attack by
the tethered amine moiety to generate the
ammonium alkylzinc adduct C and subse-
quent intramolecular rate-limiting proton

1b in presence of [PhNMe
2
H][B(C

6
F
5
)
4
]

co-catalyst affords comparable catalytic
activities to that of Roesky’s [N-isopropyl-
2-( isopropylamino)troponiminato]
methylzinc catalyst for the intramolecular
hydroamination of functionalised primary
and secondary aminoalkenes into the cor-
responding 5- and 6-membered rings. To
unravel the operating mechanistic cycle of
the zinc-based hydroamination reaction,
a combined experimental and computa-
tional study was conducted. As expected
and as previously observed, in situ NMR
experiment confirms the formation of a
catalytically active cationic zinc species
from the reaction of 1a and [PhNMe

2
H]

[B(C
6
F
5
)
4
] by methyl abstraction from the

boron-based Lewis activator. Kinetic stud-
ies underline a first-order and inverse de-

3. Alkene Activation Mechanisms

3.1 Alkene π-Coordination
The olefin-activation mechanism by

π-coordination is undoubtedly the most
widely spreadmechanism amongst the cat-
alytic alkene hydroamination methodolo-
gies reported over the years and mediated
by late transition metal elements. For ex-
ample, it has been proposed from detailed
mechanistic investigations that the mono-
cationic rhodium system, Rh(COD)

2
]BF

4
/

bis(diethylamino)xantphos ligand, which
is among the most general and active
late-transition metal-based systems report-
ed so far for the alkene cyclohydroami-
nation of primary and secondary amines,
operates through a similar alkene-acti-
vation mode.[2] From deep mechanistic
and computational studies, an analogue
olefin activation has also been suggest-
ed for the [Ir(COD)Cl]

2
-catalysed alkene

hydroamination of aminoalkenes.[3] In the
burgeoning area of first-row late transition
metals, this postulated activation pathway
has been at the origin of the preliminary,
and succeeding, catalyst developments
for alkene hydroamination and related
hydroamidation reactions with copper,[4]
iron[5] and zinc[6] metal. In 2012, inspired
by the elegant work of the Roesky group on
the use of aminotroponiminate-ligated and
ligand-free methyl zinc complexes for the
cyclohydroamination of aminoalkenes,[6]
Mandal and co-workers investigated the
catalytic application of a well-defined
methyl zinc complexes stabilised by a
symmetrical N-alkylsubstituted phenal-
enyl ligand 1 in alkene hydroamination
(Scheme 2).[7] During their investigations,
they found that the catalytic activity was
significantly enhanced in presence of the
activator [PhNMe

2
H][B(C

6
F
5
)
4
] as noticed

previously by the Roesky group[6] and that
the N-substituent of the ligand affects the
reaction rate following the trend Cy (1b)
≥ iPr (1a)>> Me (1 with R4 = Me). The
more efficient catalytic systems 1a and

R1R2NH2

Alkene-activation mechanisms

Deprotonation
M = Fe, Co, Cu

NR1R2M

Amine-activation mechanism

NR1R2HNR1R2M

M = Zn

M = Cu, Fe
MH BzONR1R2Hydrometalation

HHAT
M = Fe

ArNO2 NHArH

π-coordination R1R2NH

NR1R2H

M

Scheme 1. Simplified
overview of the alk-
ene- and amine-acti-
vation mechanisms of
zinc-, copper-, iron-
and cobalt-catalysed
alkene hydroamina-
tion discussed herein.
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Scheme 2. Cation-
ic zinc-catalysed
exo-cyclohydroami-
nation of primary and
secondary amines
tethered to terminal
alkenes and its pro-
posed mechanism
operating by π-coor-
dination of the alk-
ene (L = phenalenyl
ligand).
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the observation of an apparent fractional
order dependence of the rate on copper
concentration.[17] Subsequent regioselec-
tive 2,1-migratory insertion of the styrene
olefin into the L*Cu(i)H σ-bond through
a four-centre planar transition state gives
an alkyl copper(i) species E (Scheme 4).
Linear free energy relationships between
the Hammet electronic parameters of
p-substituted styrene derivatives and the
observed enantiomeric excesses, and deu-
terium-labelling experiments suggest that
the hydrocupration step is enantio-deter-
mining and irreversible. Subsequent elec-
trophilic amination of the ensuing alkyl
copper(i) species E by the amination rea-
gent occurs by cleavage of the amine N–O
bond via intramolecular S

N
2 displacement,

that produces species F, followed by fac-
ile and stereoretentive reductive elimi-
nation. This step leads to the C–N bond
formation and product release, and forms
L*CuOCOAr which should be the catalyst
resting state as revealed by NMR and MS
studies. The active L*Cu(i)H catalyst is re-
generated by transmetalation between the
copper carboxylate and the silane reagent.
The linear Hammet correlation between
the reaction rate with the electronic param-
eters of p-substituted amine electrophiles
indicates that more electron-rich amine
electrophiles increase the reaction rate.
This observation, coupled to the absence
of influence of the p-substitution of the sty-
rene on the rate, the zero-order dependence
of the rate on styrene and amine concentra-
tion and the first-order rate dependence on
silane concentration are consistent with the
catalyst regeneration being the rate-limit-
ing step of the catalytic cycle.

From these mechanistic insights, the
enhanced efficiency of more-electron
rich esters on the amine transfer agent

tem. The former is indeed well-suited for
the conversion of a variety of functional-
ised styrenes, cis/trans-β-substituted and
β,β-disubstituted arylarenes, vinylsilanes,
alkenyl 1,8-diaminonaphthyl boronates
and 1,1-dialkyl-substituted alkenes into
the corresponding chiral branched amines,
α-amino silanes, α-amino boronic acid
derivatives and β-chiral amines in good
to excellent yields and with high enantio-
induction (Scheme 3).[10,14] Thanks to the
use of electrophilic nitrogen partners bear-
ing a 4-(dimethylamino)benzoate moiety,
this DTBM-SEGPHOS-CuH-based pro-
cess was successfully extended to the
preparation of chiral secondary amines
and the conversion of highly challenging
and rarely explored internal olefins.[15]
It was observed that the introduction of
the more electron-rich 4-(dimethylami-
no)benzoate group on the amine transfer
agent instead of the previously employed
benzoate group was crucial to reach high
hydroamination yields in these transfor-
mations.

In-depth experimental and computa-
tional investigations,[16] conducted on the
hydroaminationof styrenesandO-benzoyl-
N,N-dialkyl-hydroxylamine promoted by
the Buchwald system and a simplified
version of the reported racemic Hirano/
Miura system ((1,2-bis(diphenylphosphi-
no)benzene·Cu(OAc)

2
/LiOtBu/Me

3
SiH)

respectively, favour the mechanistic pic-
ture depicted in Scheme 4. Initial treat-
ment of the biphosphine(L*)/copper(ii)
acetate with an hydrosilane results, after
reduction and transmetalation, in the for-
mation of catalytically competent mono-
meric L*Cu(i)H (supported by the linear
relationship ee

prod
= f(ee

ligand
)), which is in

equilibrium with its dimer or higher-order
species (or aggregates), as suggested by

transfer from the ammonium functionality
onto the Zn-C unit provides the product-li-
gated zinc complex D by cleavage of the
Zn–C σ-bond. Displacement of the prod-
uct by the incoming aminoalkene regener-
ates the catalytically competent species A
and liberates the cyclised hydroamination
product. DFT calculations further indicate
that the higher stability of the cationic
zinc complex derived from 1b, evaluated
by the value of its HOMO-LUMO ener-
gy gap, accounts for the higher activity of
this complex among the assessed series of
N-alkylsubstituted phenalenyl-based zinc
complexes.

Early in 2017, a copper-based meth-
odology proceeding through a similar alk-
ene-activation strategy was disclosed by
the group of Monnier and Taillefer.[8a] This
methodology that uses copper(ii) triflate as
catalyst is the first report of copper-cata-
lysed hydroamination of terminal allenes
and cyclic secondary amines (or aniline),
both partners bearing functional groups.
This procedure provides selectively the
corresponding linear (E)-allylamines as
sole hydroamination products under mild
reaction conditions, but with large excess
of amine. A collaborative experimental
and theoretical mechanistic study with the
groups of Ciofini and Grimaud elegantly
identified a cationic copper(i) species as
the catalytically competent active spe-
cies and rationalised the observed regio-
and stereoselectivity for the linear (E)-
allylamine product.[8b,c] This study allows
the extension of the methodology to other
classes of allene-type compounds.

3.2 Alkene Hydrometalation
In 2013, the Hirano/Miura’s[9] and

Buchwald’s[10] groups independently re-
ported a mechanistically novel approach
for the C–N bond formation from ar-
ylalkenes and hydroxylamine esters as
amine sources, elegantly exploiting the
well-developed phosphine-based cop-
per-hydride chemistry[11] and the elec-
trophilic character[12] of hydroxylamine
esters. These original reports, that are tre-
mendous breakthoughs in the field of for-
mal hydroamination, emphasise that the
combination of a copper(i) or (ii) source
and a chiral biphosphine ligand in the pres-
ence of a reducing silane agent are par-
ticularly efficient catalytic systems for the
enantio- and regioselective intermolecular
formal hydroamination of arylalkene de-
rivatives and O-benzoylhydroxylamines
via an umpolung electrophilic amination
strategy.[13] The Buchwald system ((R)-
DTBM-SEGPHOS·Cu(OAc)

2
(2 mol%)/

HSiMe(OEt)
2
) offers a broader substrate

scope than theHirano/Miura system((S,S)-
Me-Duphos (or (R,R)-Ph-BPE)·CuCl (10
mol%)/LiO tBu/diethoxymethylsilane)
and is nowadays the most exploited sys-

O
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Scheme 3. Regio- and enantioselective (R)-DTBM-SEGPHOS·CuH-catalysed formal hydroamina-
tion of alkene derivatives and N,N-dialkyl-O-benzoyl hydroxylamines.
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nitroalkanes deliver no or low yields of
hydroamination product and is not com-
patible with α-substituted styrenes, 2-ni-
tropyridines, nitroimidazoles and nitro-
phenyl bearing ortho-esters or free thiol
or alcohol. From literature precedents[25]
and some control experiments, the authors
propose that the reaction proceeds via the
mechanism displayed in Scheme 5. This
mechanism accounts for the formation of
the desired hydroamination product and
the main by-products, the amino(hetero)
arenes (from reduction of the nitro(hete-
ro)arene) and the N,O-alkylated products
H. The initial reaction of Fe(acac)

3
and

PhSiH
3
in EtOH generates in situ [Fen]-H

species.[26,27]This hydride species will fur-
ther promote the formal single-electron re-
duction of both the nitro(hetero)arene into
a nitroso(hetero)arene and the substituted
alkene into the corresponding alkyl radi-
cal intermediate by regioselective HAT.
Both reductions will liberate [Fen–1] spe-
cies. The nitroso species (ArNO) could
be further reduced by [Fen]-H species
into the arylamine, which was isolated
as side-product. Succeeding radical at-
tack of either one or two equivalent(s) of
alkyl radical on the nitroso functionality
would form the oxygen-centred radical
G and N,O-dialkyl compound H respec-
tively. Single-electron reduction of G by
[Fen–1] species will give the corresponding
hydroxylamine anion intermediate, which
after solvolysis and second single-electron
reduction,will provide the hydroamination
product and regenerate the active [Fen]+

species. Alternatively, the hydroxylamine
intermediate formed after solvolysis could
also originate from a proton transfer pro-
cess between G and a [Fen]-H species as
suggested by the authors. The double alky-
lation compound H, otherwise isolated as
a byproduct, is converted into the formal
hydroamination product by Zn/HCl treat-
ment. Control experiments point out that
iron is involved in the activation of both
reaction partners and that nitroso(hete-
ro)arenes and hydroxylamines, and not
amino(hetero)arenes, are part of the pro-
ductive pathway of C–N bond formation.
Some improvements to this iron-hydride
based methodology in terms of reaction
temperature and catalyst loading were
subsequently disclosed using isopropox-
y(phenyl)silane and an amine-bis(phe-
nolate)iron(iii) complex respectively.[28]

4. Amine Activation Mechanism

The preferred elements of the peri-
odic table for encountering mechanisms
proceeding by amine activation via ini-
tial deprotonation are unquestionably the
Group I–IV (and to a lesser extent Group
V) elements involving strongly basic cat-

as reducing agent.[20] In contrast to the cop-
per system, this system is not suitable for
the hydroamination of α- and β-methylsty-
renes, p-Cl and p-CF

3
-styrene and aliphatic

terminal alkenes. From mechanistic stud-
ies, and similarly to the CuH-methodology,
a regioselective hydrometalation of styrene
from a FeH species (generated from FeCl

2
and Grignard reagent) is proposed as the
key step, followed by electrophilic amina-
tion of the subsequent iron alkyl complex.

3.3 H-Atom Transfer (HAT)
In 2015, the group of Baran reported

an iron-based methodology for formal
alkene hydroamination that operates via a
different mechanism than the alkene-acti-
vation by π-coordination or hydrometala-
tion described above.[21] Exploiting some
literature background[22] and their own
expertise on Fe(iii)-H promoted H-atom
transfer (HAT) processes for radical me-
diated C–C bond formation from alkene
substrates,[23] the group discloses a con-
venient iron-hydride-mediated procedure
for C–N bond formation from the reaction
of nitro(hetero)arenes and mono- and pol-
ysubstituted alkenes leading to the syn-
thesis of (hetero)aryl secondary amines
substituted by a secondary or tertiary alkyl
group.[24] Using the ligand-free pre-cata-
lyst Fe(acac)

3
(30 mol%) and an excess

of PhSiH
3
(2–3 equiv) under the optimal

reaction conditions described in Scheme
5, a prominent range of hindered (hetero)
aryl secondary amines was prepared in
low to good isolated yields and with ex-
clusive Markovnikov selectivity. This air-
and moisture-compatible procedure has
an impressive broad functional group tol-
erance including amide, amine, alcohol,
thioether, ketone, halide, nitrile, triflate,
boronic acid and this provides a great op-
portunity for further derivatisations in an
orthogonal manner to the classical C–N
bond formation methodologies. However,
this method, that requires an excess of
olefin, is limited to nitro(hetero)arenes as

may result from a better regeneration of
the active copper hydride species and a
reduced non-productive degradation of
the electrophilic amine by the catalyst as
supported by DFT calculations.[16b] The
observed Markovnikov and anti-Mark-
ovnikov selectivity for arylalkenes (and
vinylsilanes) and linear alkenes may be
rationalised by electronic stabilisation of
the alkylcopper intermediate by the adja-
cent aryl or silyl group and generation of
a less sterically hindered alkylcopper in-
termediate during the enantio-determining
step. Computational studies examining the
through-bond and through-space interac-
tions between the CuH catalyst bearing
various biphosphine ligands and aliphatic
alkenes reveal that the enhanced reactivity
observed with the bulky biphosphine li-
gand DTBM-SEGPHOS results essential-
ly from greater dispersion interactions be-
tween the tert-butyl groups on the ligand
and the alkyl substituent of the olefin,
stabilising the hydrocupration transition
state.[16c] Moreover, DFT calculations on
the enantio-determining hydrocupration
step of trans-butene mediated by (R)-
DTBM-SEGPHOS-CuH shows that the
high alkene enantiofacial discrimination
comes from the spatial organisation of the
tert-butylsubstituted aryl groups of the li-
gand during this step.[15b] From this better
mechanistic understanding, further opti-
misation studies have been conducted on
the structure of the turnover-limiting step
components (silane, amine transfer agent)
and led, with the aid of additives (PPh

3
,

tBuOH), to significant improvement in
terms of efficiency, scope and practi-
cality.[16a,18,19]

A similar electrophilic amination ap-
proach based on iron was reported by
the group of Yang for the regioselec-
tive Markovnikov hydroamination of
arylalkenes and hydroxylamine esters
using the catalytic system FeCl

2
/2,6-

diiminopyrdine ligand in the presence of
cyclopentylmagnesium bromide (4 equiv)

regio- and enantio-determining,
olefin 2,1-insertion

Bn2N-OCOAr

rate-limiting
transmetalation

L*
R13SiH

Cu(OAc)2

L*CuH

[CuH]n

Ph

Ph

L*Cu

Ph

L*Cu
Bn2N OCOAr

SN2-type N-O bond cleavage

L*CuOCOAr

Ph

NBn2

facile, stereoretentive
reductive elimination

R13SiOCOAr

R13SiH

E

F

Scheme 4. Pro-
posed mechanism
for (R)-DTBM-SEG-
PHOS·CuH-catalysed
formal hydroam-
ination of alkene
derivatives and
N,N-dialkyl-O-ben-
zoyl hydroxylamines
proceeding by alkene
hydrometalation (L*
= (R)-DTBM-SEG-
PHOS).
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alysts. Early in 2014 and in the quest to
develop an undisclosed iron-based alkene
hydroamination methodology for electron-
ically unbiased primary amines, the group
of Hannedouche considered using this
amine activation mode, generally reserved
to Group I–V catalysts, to design efficient
iron-based hydroamination catalysts.[29]
Encouraged by previous reports,[30] the
group speculated that structurally defined
low coordinateβ-diketiminatoiron(ii) alkyl
complexes could have an adequate reactiv-
ity to primarily activate the unprotected
primary amines tethered to alkenes and
subsequently deliver the hydroamination
product. Indeed, optimisation studies have
highlighted that the well-defined four-co-
ordinate β-diketiminatoiron(ii) alkyl com-
plex 2-Fe was efficient as catalyst for the
selective exo-cyclisation of primary amines
tethered to alkenes, giving the correspond-
ing 5- and 6-membered ring compounds in
good to excellent yields at 90 °C (Scheme
6). The presence of a catalytic amount
of cyclopentylamine as a non-bulky non
cyclisable primary amine additive allows
to enhance the hydroamination selectivity
(over the oxidative amination) from 83%
(without additive) to 96%but at the expense
of the reaction rate. This methodology is,
up to now, restricted to gem-disubstituted
aminoalkenes as Thorpe-Ingold-free sub-
strates do not cyclise under these reaction
conditions. The kinetic dependence of the
cyclohydroamination reaction was deter-
mined to be first-order on the catalyst con-
centration and inverse-order upon the ami-
noalkene and cyclopentylamine concentra-
tion. A KIE (k

H
/k

D
) value of 3 (90 °C) was

measured upon analysis of the reaction of
an N-proteo-amine versus an N-deutero-
amine. The observed kinetic isotope effect
on the cyclisation reactivity suggests that
a N–H bond breaking is involved in the
rate-limiting step of the catalytic cycle.
Stoichiometric reaction of 2-Fe and 2,2-di-
phenylpent-4-en-1-amine that leads to the
formation of iron amido complex I, struc-
turally characterised as a centrosymmetric
amido-bridged dimer [I]

2
in the solid state,

endorses the activation of the aminemoiety
by the basic iron catalyst. Additionally, the
formation of insertive products from the
isolated reactivity of this dimer confirms
the viability of migratory insertion of the
tethered alkene into the Fe–N σ-bond of
the complex. It was noticed a similar cat-
alytic efficiency between complexes 2-Fe
and [I]

2
, also reflecting the involvement of

the latter in the catalytic cycle. On the basis
of these kinetic studies and the observed
reactivities of isolated iron-amido dim-
er [I]

2
, a stepwise σ-insertive mechanism

featuring a rate-determining aminolysis
step was proposed as operating mecha-
nism (Scheme 6a). This insertive type
mechanism has been previously suggested

as preferred mechanistic pathway for some
alkaline and rare earth element-catalysed
alkene hydroamination reactions.[31] Initial
σ-bond metathesis between the coordina-
tively unsaturated iron complex 2-Fe leads
to the formation of monomeric complex I,
which is in rapid equilibrium with its di-
mer [I]

2
. Then 1,2-migratory insertion of

the pendant alkene into the Fe–N σ-bond
of I provides the insertive complex J fea-
turing a Fe–C σ-bond which subsequently
undergoes turnover-limiting aminolysis
with either the aminoalkene or cyclopen-
tylamine to deliver the competent cata-
lytic species I and the cyclopentylamido
complex K respectively with liberation of
the hydroamination product. The similar
catalytic efficiency of K, independently
prepared, is consistent with an equilibrat-
ed process between I and K. The extended
reaction time in presence of this additive
may be attributed to the presence of this
equilibrium process. The beneficial effect
of the amine additive on the reaction se-
lectivity, that results from the competitive
pathways for rate-determining aminolysis
and β-hydride elimination of J, may arise
from the involvement of the additive in the
rate-limiting step.

In 2009, the group of Sawamura repor-
tedanefficientcopper-basedcatalyticsystem
(Cu(Ot-Bu)/4,5-bis(diphenylphosphino)-
9,9-dimethylxanthene (Xantphos)) for
the exo-cyclohydroamination of primary
and secondary amines tethered to termi-
nal alkenes affording the corresponding
pyrrolidines and piperidines in excellent
yields (79–99%). Although no mechanis-
tic evidence has been gained, this system is

proposed to go through a similar stepwise
σ-insertive mechanism.[32]

Early this year, Hannedouche and
co-workers in collaboration with the group
of Ujaque and Lledos have explored the re-
activity of the cobalt analogue 2-Co of iron
complex 2-Fe in alkene hydroamination
and disclosed that such a well-defined low
coordinate β-diketiminatocobalt(ii) alkyl
complex also displays unique catalytic
abilities to promote the selective exo-cy-
clohydroamination of primary alkeny-
lamines and represents the first cobalt-me-
diated hydroamination of unprotected pri-
mary amines.[33,34] In contrast to the iron
complex, 2-Co requires the introduction of
a phenyl ring at the terminal position of the
substrate alkene unit to avoid isomerisation
of the alkene as the main reactive pathway.
Under this condition, a range of gem-disub-
stituted pyrrolidines and piperidines bear-
ing functionalised aryl rings has been pre-
pared and isolated in satisfactory yields
(Scheme 6). The reaction mechanism has
been scrutinised by stoichiometric, kinet-
ics and deuterium-labelling experiments
and detailed computational studies. On the
basis of these investigations and in contrast
to the iron complex, an original stepwise
non-insertive mechanism was put forward
(Scheme 6b). This mechanism features, af-
ter σ-bond metathesis between 2-Co and
the aminoalkene and coordination of a sec-
ond substrate molecule, a rate-determining
nucleophilic attack of the amido function-
ality of the resulting monomeric cobalt(ii)
amidoalkene-aminoalkene adduct inter-
mediate L to the non coordinated tethered
alkene leads to the formation of zwitteri-

Fe(acac)3 (30 mol%)

PhSiH3 (2-3 equiv)
EtOH, 60 °C, 1 h
then Zn, HClaq,
60 °C, 1 h

+

1 equiv

ArNO2R1

24-80% yield
(113 examples)

R2

R3

3-5 equiv
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R2 R3
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Fe(acac)3

2 [Fen]

2 [Fen]-H

2 [Fen-1]

R1

R2
R3

ArNO2

R1

R2
R3

ArNO

H

R3

H
N
R1 R2

Ar

O

R3

H
N
R1 R2

Ar

O

R3

HH
N
R1 R2

Ar

EtOH

R1

R2
R3

Zn/HCl

PhSiH3

G

EtOH

+

H ArNH2

[Fen]-H

[Fen-1]

Scheme 5. Iron-pro-
moted formal hy-
droamination of
nitro(hetero)arenes
and (poly)substituted
alkenes and its pro-
posed metal-hydride
H-atom transfer (HAT)
mechanism.
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controlled) hydrometalation and H-atom
transfer process of the alkene have ele-
gantly enriched the portfolio of alkene-ac-
tivation mechanisms leading to some out-
standing successes and milestones in the
field. However, the overall atom- and -step
efficiency of these formal hydroamination
strategies deviate from the original concept
of hydroamination. Research studies that
have been conducted to meet the criteria
of a truly hydroamination transformation
using more classical alkene π-coordination
or amine deprotonation as activation strate-
gies need to be emphasised and reinforced.
Undoubtedly, the mechanistic understand-
ings gained through these deep investiga-
tions will inspire the next development and
rational design of base metal catalysts with
enhanced, or alternative, one- or two-elec-
tron reactivity and selectivity in olefin hy-
droamination but also in other alkene hy-
drofunctionalisation reactions.
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a reactivity study of isolated dimer [L]
2

without the assistance of an additional
amine militates against such a concerted
process. The proposed stepwise non-inser-
tive mechanism for this cobalt-catalysed
hydroamination methodology is in agree-
ment with the empirical second-order rate
law (v= k[Co catalyst]1[aminoalkene]1), no
KIE observation, the syn-addition of N–D
bond across the C–C double bond, and the
activation parameters determined experi-
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M the rapid proton transfer is faster than
the C

1
–C

2
bond rotation and accounts for

the syn-stereochemistry of the cyclisation.

5. Conclusion

This short review offers an outline of
the mechanistic studies conducted on the
most relevant and recent developments in
the nascent field of first-row late transition
metal-catalysed hydroamination of unacti-
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manifest that the emergence of the well-es-
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onic species M. Species L is proposed as
the catalytically competent active species
in rapid equilibrium with its centrosym-
metric amido-bridged dimer [L]

2
which

was isolated and characterised by X-ray
diffraction analysis. The rate-limiting step
is associated subsequently to a rapid pro-
ton transfer from the amino moiety of the
coordinated aminoalkene to the methylene
anion C
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ofM providing neutral intermedi-

ate N. The active species L is regenerated
by displacement of the cyclised product
by another substrate molecule. Detailed
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