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Abstract: Nickel catalysts have recently played an important 
role for rapidly and reliably converting feedstock chemicals 
into valuable compounds of interest for both pharmaceutical 
and academic laboratories. Herein, we summarize the recent 
advances on the ability of nickel catalysts to trigger olefin 
isomerization via “chain-walking”, causing a displacement of 
the nickel catalyst throughout the alkyl chain while opening up 
new grounds for forging C–C and C-heteroatom linkages at 
remote, yet unfunctionalized, sp3 C–H bonds. 
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1. Introduction 

During the last decades, transition metal-catalyzed C–
H functionalization has gained significant momentum at 
the scientific community for forging C–C and C–
heteroatom bonds.[1] While sp2 C–H functionalization 
has evolved into a mature tool for advanced organic 
synthesis, extensions to sp3 C–H bond linkages has 
shown to be not as straightforward as one might initially 
anticipate.[2] This is likely due to the observation that 
sp3 C–H bonds are considerably less acidic than sp2 C–
H linkages, and that these motifs lack proximal empty 
low-energy or filled high-energy orbitals that interact 
with the d orbitals of the transition metal. In addition, 
site-selectivity principles come into play due to the 
presence of multiple, yet similar, sp3 C–H bonds in 
regular alkyl side-chains.[3] Chemists have navigated 
this challenge via directing group protocols or carbene-
mediated reactions.[2] However, the introduction and 
detachment of directing groups might not be particularly 
trivial, whereas the need for carbene precursors might 
hamper the implementation of other C–C bond-forming 
events, respectively. sp3 C–H bond-cleavage can also be 
triggered via open-shell species or enzyme-mediated 
processes.[2] However, the former protocols are dictated 
by bond-dissociation energies whereas subtle changes in 
both the enzyme and on the substrate might hamper 
reactivity and site-selectivity in the latter. Despite the 
advances realized, C–C bond-formation at unactivated 
primary sp3 C–H bonds, the strongest C–H bonds in the 

alkyl series is still particularly problematic. While 
originally designed for controlling polymer topology, 
the recent years have witnessed renewed interest in 
olefin isomerization as a vehicle for enabling bond-
construction at remote, yet unfunctionalized, primary 
sp3 C–H sites.[4] This process – oftentimes coined as 
“chain-walking” – operates via dynamic displacement of 
the catalyst throughout the alkyl chain. Although 
significant progress has been made with Zr, Ru, Rh, Co 
or Pd complexes,[4] the versatility and flexibility in 
synthetic design offered by Ni catalysts[5] have only 
been recognized recently in “chain-walking”. From a 
mechanistic standpoint, these techniques operate via 
alkyl-Ni species obtained by (a) iterative migratory 
insertion/b-hydride elimination events or (b) [1,3]-
hydride migration (Scheme 1).[4] 
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Scheme 1. Ni-catalyzed “chain-walking” reactions. 
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In these transformations, “chain-walking” leads to the 

formal translocation of a double-bond (or alkyl-Ni 
intermediate) in a selective manner to the terminal 
position of the alkyl side-chain, presumably due to 
steric effects during the functionalization reaction 
(Scheme 2, path a), or to a resonance-stabilized position 
such as adjacent to an aromatic or a carbonyl group 
(Scheme 2, path b). In a formal sense, these 
observations stand as a testament that the “chain-
walking” motion might a priori be controlled by either 
subtle modification of the catalyst or the nature of the 
functional groups within the alkyl side-chain.[4] 

 

Scheme 2. Multidirectionality of Ni-catalyzed “chain-walking” 
reactions. 
 

As judged by the recent literature data, Ni-catalyzed 
“chain-walking” techniques have received considerable 
attention, becoming powerful tools for the organic 
synthesis chemist’s arsenal for enabling C–C and C–
heteroatom formation at remote sp3 C–H bonds. While 
significant advances have been reported in “chain-
walking” polymerizations or sequential isomerization-
functionalization strategies,[6] the purpose of this 
account is to summarize the most recent and important 
advances in Ni-catalyzed “chain-walking” reactions, 
including mechanistic considerations and synthetic 
applications, when appropriate. 

2. Ni-catalyzed remote sp3 functionalization 

2.1. Ni-catalyzed remote hydroarylation of olefins and 
alkyl halides  

In 2013, Lee reported an intriguing hydroarylation of 
allylbenzenes at remote sp3 C–H bonds with Ni(COD)2 
(COD = 1,4-cyclooctadiene) as precatalyst in 
combination with N-heterocyclic carbenes (NHC) as 
ligands (Scheme 3).[7] Although no mechanistic studies 
were conducted, the authors proposed a pathway 
consisting of [1,3]-hydride migration. In this manner, an 
intermediate styrene is generated via p-allyl nickel 
hydrides, thus facilitating a subsequent hydroarylation 
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event at the benzylic site with heteroarene coupling 
partners. Particularly interesting was the lack of olefin 
isomerization with AlMe3, leading to linear arylation 
instead. Although a wide range of heteroarenes could be 
employed, generally possessing low pKa values, it is 
worth noting that a rather specific set of olefin partners 
could be employed as substrates. For instance, excellent 
site-selectivities could only be found for sp3 C–H sites 
adjacent to an olefin partner, thus showing the inherent 
limitations of this rather appealing “chain-walking” 
scenario when elongating the alkyl side-chain. 

 

Scheme 3. Ni/L1-catalyzed remote hydroarylation of olefins 

A related transformation was reported by Hartwig with 
trifluoromethylarenes as counterparts and internal 
olefins, resulting in C–C bond-formation at the terminal, 
primary sp3 C–H site (Scheme 4).[8] In analogy with 
Lee’s protocol,[7] a regime based on Ni(COD)2 and NHC  
ligand, and arenes possessing low pKa values were 
critical for success. Although the authors only showed 
the viability of this method with octene as the olefin 
partner, one might have expected a similar outcome to 
that of Lee’s if a phenyl substituent was incorporated 
adjacent to the olefin motif.[7] The observed site-
selectivity at terminal, primary sp3 C–H sites was 
attributed to the steric hindrance imposed by the bulky 
NHC ligand. Notably, reaction without NHC led to 
mixture of olefins, thus suggesting that forging C–C 
bonds via “chain-walking” was due to the intermediacy 
of Ni(L2). Although the authors favoured a [1,2]-
hydride migration pathway, it is worth noting that no 
mechanistic investigations were pursued; therefore, 
other conceivable scenarios might come into play. 

 

Scheme 4. Ni/L2-catalyzed isomerization/hydroalkylation 

Prompted by these precedents, Zhu’s group reported a 
hydroarylation of olefins with (hetero)aryl iodides with 
C–C bond-formation occurring at distal, benzylic sp3 C–

H sites and polymethylhydrosiloxane (PMHS) as 
hydride precursor (Scheme 5).[9] As for other Ni-
catalyzed cross-coupling reactions via discrete alkyl 
nickel species,[10] it was found that 2,2’-bipyridine 
ligands possessing substituents adjacent to the nitrogen 
motif were critical for success. The reaction exhibited a 
broad scope and excellent site-selectivity at the sp3 
benzylic site. As expected, a regioconvergent arylation 
was within reach with statistical mixtures of 
phenyloctenes. While no mechanistic studies were 
performed, the authors favoured a mechanism consisting 
of an initial olefin migration via nickel hydrides 
followed by oxidative addition of (hetero)aryl iodides to 
in situ generated benzyl nickel species. Whether this 
outcome indicates that “chain-walking” occurs via 
Ni(II)Ln or Ni(I)Ln species still remains speculative. 

 

Scheme 5. Ni-catalyzed remote hydroarylation of olefins with ArI. 

Prompted by a “chain-walking” protocol of alkyl 
halides developed by Martin,[11] Zhu extended the 
generality of their Ni-catalyzed arylation at remote sp3 
C–H sites by using aryl- and alkyl bromide counterparts 
with Mn as reductant under otherwise similar Ni/L3 
regime (Scheme 6).[12] In analogy with a recent 
reductive alkyne hydroamidation,[13] the authors found 
that 1-bromopropane could be used as a masked hydride 
source via b-hydride elimination. Notably, this protocol 
did not require CsF or expensive (hetero)aryl iodides, 
thus constituting a bonus from a synthetic standpoint 
when compared to the results summarized in Scheme 
5.[9] The site-selectivity followed an identical outcome 
to that shown in Scheme 5, with C–C bond-formation 
occurring predominantly at the benzylic sp3 C–H site. 

 

Scheme 6. Ni-catalyzed reductive arylation at benzylic sp3 C–H sites.  
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Recently, Yin and co-workers reported an otherwise 
similar arylation event to that shown in Scheme 6 by 
using bathocuproine (L4) and Zn as reductant (Scheme 
7).[14] The observed induction period in the presence of 
TEMPO (TEMPO = (2,2,6,6-Tetramethylpiperidin-1-
yl)oxyl) contributed to the perception that a radical 
chain-type mechanism was involved in. It is worth 
noting that a redox-neutral protocol based on 
PhB(OH)2/LiOMe led to the targeted arylation event, 
albeit in lower yields. In analogy with related Ni-
catalyzed cross-electrophile coupling reactions,[15] the 
authors suggested a pathway consisting of an initial 
oxidative addition of the aryl bromide to Ni(0)(L4) 
followed by recombination with in situ generated alkyl 
radical species. “Chain-walking” was proposed to occur 
via [1,2]-hydride migrations from (aryl)(alkyl)Ni(III) 
species followed by final C–C bond-formation at the 
benzylic sp3 site. This hypothesis tacitly suggests that b-
hydride elimination should occur at a significantly faster 
rate than C–C bond reductive elimination, a rather 
provocative observation if one takes into consideration 
the known literature data on Ni-catalyzed cross-
coupling reactions.[5] Shortly after, Yin described that 
the merger of Ni catalysis with photoredox catalysis 
might constitute a powerful alternative for enabling a 
remote functionalization of benzylic sp3 C–H sites.[16] 
This result is particularly noteworthy, as stoichiometric 
amounts of Zn or Mn could be replaced by diisopropyl 
amine as terminal reductant;[17] although a bonus from a 
synthetic standpoint, it is worth mentioning that these 
reactions require a photoreactor to operate. 

 

Scheme 7. Ni-catalyzed remote reductive benzylic arylation of 
(hetero)aryl bromides with alkyl bromides. 

2.2. Ni-catalyzed remote benzylic alkenylation of alkyl 
bromides with 1,1,-difluoroalkenes. 

Inspired by a series of related Ni-catalyzed remote 
functionalization techniques with a different set of 
electrophilic partners,[4,9-12,14] Feng’s group recently 
described the means to forge C–C bonds by combining 
unactivated alkyl bromides with gem-difluoroalkenes as 
coupling counterparts (Scheme 8).[18] As for Zhu[10,12] 
and Yin’s protocols,[14,16] the reaction took place at the 
benzylic sp3 C–H site. Although a longer distance 
between the initial prefunctionalized motif and the 
targeted remote sp3 C–H site might a priori influence 
site-selectivity of the C–C bond-forming event,[19] the 
reaction proved to be equally effective four carbons 
away from the initial C–Br bond. The use of ytterbium 
(III) triflate (Yb(OTf)3) was crucial for improved 
reactivity. Among various scenarios, the authors 

proposed a “chain-walking” based on Ni(I) 
intermediates followed by insertion into the 
difluoroolefin backbone and β-fluoride elimination to 
give rise to the targeted product. This assumption is 
certainly intriguing, particularly if one takes into 
account that “chain-walking” reactions have been 
proposed to operate via Ni(II) cationic species instead.[4] 
Particularly interesting was the ability to use the 
resulting fluoroalkene products for further manipulation 
via subsequent epoxidation, bromination, dioxygenation, 
or hydrogenation, among others.  

 

Scheme 8. Ni-catalyzed remote alkenylation with difluoroalkenes. 
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reported a catalytic remote sp3 C–H alkylation of alkyl 
iodides with internal alkenes via Ni-catalyzed reductive 
“chain-walking” and sequential alkylation relay process 
via Ni-hydride intermediate species (Scheme 9).[22] 
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Scheme 9. Ni-catalyzed remote hydroalkylation of internal olefins. 

Unlike the previous olefin hydroarylation event,[10,12] 
the utilization of a pyrox-type ligand resulted in the C–
C bond-formation at an unactivated primary sp3 C–H 
bond. These results suggested the intermediacy of alkyl 
nickel complexes that undergo a rapid iterative series of 
b-hydride elimination/migratory insertions with a 
formal translocation of the nickel complex at a terminal, 
yet unactivated, sp3 C–H site (Scheme 9, bottom).[4] 
Deuterium labelling studies revealed that a “chain-
walking” was indeed operative, but the origin behind the 
selectivity at primary sp3 C–H sites remains unclear. In 
addition, there exists a reasonable ambiguity on whether 
“chain-walking” occurs via Ni(I), as proposed by the 
authors, or Ni(II) intermediates, thus suggesting that 
further investigation will be needed to unravel the 
intricacies of this or related processes. 

 

Scheme 10. Site-selective Ni-catalyzed reductive alkylation of 
unactivated olefins with a-haloboranes. 
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putative nickel intermediates within the catalytic cycle.  
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Scheme 11. Enantioconvergent Ni-catalyzed hydroalkylation of 
olefins with racemic a-bromo amides.  

The available portfolio on “chain-walking” reactions 
suggested that the installation of chiral sp3–carbon 
centers should by no means be a chimera. Challenged by 
this observation, Fu and Zhu independently described a 
Ni-catalyzed enantioconvergent coupling of racemic 
secondary or tertiary a-bromo amides with olefin 
partners in which C–C bond-formation occurred at 
remote sp3 C–H sites, thus giving rise to the targeted 
products in good yields and high enantioselectivities by 
using bisoxazolines or pyrox-type ligands (Scheme 
11).[25,26] While undoubtedly an enormous step-forward 
in the field, it is worth noting that these technologies 
remain restricted to the utilization of activated organic 
halides (e.g, a-bromo amides), leaving ample room for 
future asymmetric transformations, particularly when 
utilizing unactivated electrophilic partners.  

2.4. Ni-catalyzed remote amination of olefins  

The ubiquity of (hetero)aryl amines in a myriad of 
pharmaceuticals or agrochemicals has prompted 
chemists to develop de novo catalytic techniques for 
forging sp2 and sp3 C–N bonds by using chemical 
feedstocks as precursors.[27] To such end, Zhu recently 
described a Ni-catalyzed amination of nitroarenes with 
olefins at remote benzylic sp3 C–H sites operating via 
alkene isomerization followed by relay hydroamination 
(Scheme 12),[28] thus complementing existing methods 
for preparing sp3 C–N linkages. If esters were employed 
as substrates, however, sp3 C–N bond-formation took 
place at the a position instead, thus resulting in an 
intriguing route for preparing N-aryl amino acids. 
Undoubtedly, the synthetic potential of this protocol 
will encourage the development of alternate methods 
with improved atom economy or cheaper reductants to 
be employed in late-stage functionalization. 

 

Scheme 12. Remote hydroamination of alkenes with ArNO2. 

2.5. Ni-catalyzed remote hydrothiolation of olefins 

The pivotal role of sp3 C–S linkages in metabolites or 
bioactive molecules that are essential to life has 
prompted chemists to design new sp3 C–S bond-forming 
reactions.[29] A particularly attractive, yet atom-
economical, endeavour is the catalytic hydrothiolation 
of olefins. Very recently, Zhu described the merger of 
olefin isomerization via “chain-walking” with a 
subsequent sp3 C–S bond-formation at either remote 
benzylic sites or adjacent to ether motifs (Scheme 
13).[30] In sharp contrast to previous reductive remote 
hydrofunctionalization of olefins, this reaction does not 
require sophisticated electrophilic reagents, but rather 
simple and commercially available alkyl or aryl thiols. 
The utilization of phenanthroline ligands possessing 
groups adjacent to the nitrogen motif – a common 
feature found in Ni-catalyzed “chain-walking” reactions 
and reductive couplings –[4,10] and pinacolborane as 
hydride source was found to be critical for success. 
Interestingly, the utilization of alkynes as counterparts 
was equally effective, delivering the targeted benzylic 
hydrothiolation while reinforcing the notion that the 
reaction is initiated by insertion of a nickel hydride 
across the unsaturated backbone. A subtle modification 
of the reaction conditions resulted in a site-selectivity 
switch, favoring the anti-Markovnikov hydrothiolation 
of terminal alkenes. Preliminary studies revealed the 
formation of RSBPin species that act as the 
corresponding pronucleophile, whereas the nature of the 
solvent had a non-negligible impact on the formation of 
the propagating nickel hydride species. 

 
 

Ar
N
R1

O
R2

Br

54% (Ni/L10) 
99% ee

N
Ph

O
Et

Me

( )3

Cl

Cl

Ph
N
Ph

O
Et

( )3

60% (Ni/L10)
97% ee

S

Ar = p-F-C6H4

Me Me

N

OO

N
PhPh

Ph
Ph

Ph
Ph

+

NiBr2·glyme (10 mol%)
L9 (12 mol%)

(EtO)3SiH, PhMe
or

NiI2·xH2O (10 mol%)
L10 (15 mol%)

(EtO)2MeSiH, DCE/DMPU

Ar
N
R1

O
R2

n

±

*

L9

L10
N N

O

Ar

Me
Me

Me

DMPU = N,N’-Dimethylpropyleneurea

n = 0-4

Ph
N
H

O
Et

n-Pr
66% (Ni/L9)

90% ee

Ha n

+

NiI2 (10 mol%)
L3 (11 mol%)n Ar

H

(Het)Ar–NO2
(MeO)2MeSiH
DMPU/DMA

n Ar

NH(Het)Ar

n Ar

H

Ni H

Ni
L3

H

n Ar

Ni
(Het)ArNO

n Ar

N
OH(Het)Ar

Ni H

mechanistic rationale

+
n Ar

H

(Het)Ar–NO2

hydride 
source
Ni

n = 0-4

Ph
68% 62% 74%

H
NH

PinB

Ph
H

NH

O

Ph

NH

Me

TBSO

n Ar

NH(Het)Ar



Nickel-Catalyzed Remote sp3 C–H Functionalization via “chain-walking” 

 7 

 

Scheme 13. Ni-catalyzed hydrothiolation of alkenes or alkynes 
at remote benzylic sp3 sites. 

2.6. Ni-catalyzed remote sp3 C–H acylation of alkenes or 
alkyl halides  

The natural occurrence of carboxylic acids makes 
them ideal counterparts for building up molecular 
complexity via C–C bond-forming reactions. Among 
various scenarios, the ability to convert carboxylic acids 
into their corresponding ketone congeners constitutes a 
powerful alternative to classical acylation techniques 
based on toxic reagents.[31] Unlike classical ipso-
acylation of carboxylic acids,[31] Zhu and Wang recently 
described the use of the latter as electrophilic partners in 
the context of “chain-walking” reactions with either 
alkyl halides or alkene counterparts,[32] resulting in a 
site-selective acylation event at remote benzylic sp3 C–
H sites (Scheme 14). The authors proposed a similar 
mechanistic rationale to that shown in previous “chain-
walking” reactions via olefin migration[4] triggered by 
nickel hydrides followed by C–C bond-formation with 
in situ generated Boc-anhydride as the carbonyl source.  

 

Scheme 14. Ni-catalyzed reductive remote acylation of alkyl 
halides and alkenes.  

The transformation outlined above merits some 
further discussion. As for other related “chain-walking” 
events,[10] substituents adjacent to the nitrogen atom on 
the ligand backbone were found to be critical for the 

dynamic displacement of the catalyst throughout the 
side-chain. Likewise, the inclusion of NaI and 
NiBr2·3H2O had a non-negligible impact on reactivity; 
while a Filkenstein-type reaction might account for the 
former, the presence of water in the latter might 
facilitate the formation of the key nickel hydride 
intermediate. In addition, MgCl2 and Boc2O were 
required to activate the carboxylic acid by forming an 
acid anhydride that precedes C–C bond-formation.[33] As 
judged by the data provided, a wide range of carboxylic 
acids with a diverse set of substitution patterns or 
sensitive functional groups were equally effective. As 
initially anticipated, regioconvergency was within reach 
by using statistical mixtures of olefins. Unlike related 
Ni-catalyzed ipso-acylation techniques, this protocol 
remains unfortunately limited to aliphatic acids, and the 
nature of the nickel intermediates remains speculative. 

 

Scheme 15. Site-selective Ni-catalyzed reductive carboxylation 
of alkyl halides at remote sp3 C–H sites.  

2.7. Ni-catalyzed remote sp3 C–H carboxylation of alkyl 
halides and alkenes 

Ni-catalyzed reductive carboxylations have recently 
gained momentum as powerful alternatives to existing 
methods for accessing carboxylic acids,[34] privileged 
motifs in a wide variety of compounds that display 
important biological activities.[35] Despite the significant 
advances realized, the available carboxylation portfolio 
contributed to the perception that prefunctionalization 
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was required for the reaction to occur. Challenged by 
this notion, Martin reported a catalytic carboxylation at 
remote sp3 C–H sites via “chain-walking” (Scheme 15, 
top).[11] In line with their knowledge on reductive cross-
couplings, bipyridine or phenanthroline ligands with 
substituents adjacent to the nitrogen atom were 
absolutely critical for the reaction to occur,[10] an 
observation that has rapidly been embraced in other C–
C bond-formations (Schemes 5-14). A plethora of alkyl 
(pseudo)halides with sensitive functional groups were 
converted to carboxylic acids, constituting a bonus 
when compared to conventional carboxylations based on 
stoichiometric and highly reactive organometallics. 
Particularly intriguing was the preservation of the chiral 
integrity of carbon centers, an observation that tacitly 
suggests that the nickel catalyst does not get disengaged 
from the olefin.[36] Importantly, site-selectivity could be 
controlled and switched by a subtle control of the 
temperature, enabling C–C bond-formation at different 
sp3 sites (Scheme 15, middle) while challenging the 
perception that multidirectional “chain-walking” 
motions could not be implemented.[4] As expected, 
regioconvergent strategies could be within reach by 
converting abundant alkanes or mixtures of alkenes into 
single carboxylic acids. In addition, related protocols 
could be implemented by converting carboxylic acids 
into their corresponding isotope-labelling analogues by 
using 13CO2 or 14CO2.[10a] Although metal reductants 
(Mn) are required to turn over the Ni catalyst, Martin, 
König and Crespi recently designed a photoredox 
protocol based on the utilization of Hantzsch esters 
(HEH = Diethyl 1,4-dihydro-2,6-dimethyl-3,5-
pyridinedicarboxylate) as reductants under Blue-LED 
irradiation with 4CzIPN (4CzIPN = 1,2,3,5-
Tetrakis(carbazole-9-yl)-4,6-dicyanobenzene) as 
photocatalyst (Scheme 16).[37] While one might argue 
that a similar ligand set should be employed regardless 
of whether a photochemical event[37] or a protocol based 
on Mn is utilized,[11] this was not the case; indeed, 
benzylic carboxylation was found for a protocol based 
on Ni/L12 whereas CO2 insertion takes place at primary 
sp3 site via Ni/L3 regimes. Spectroelectrochemical 
studies supported a CO2 insertion into C–Ni(I) whereas 
theoretical calculations ruled out a “chain-walking” 
based on alkyl-Ni(I); the latter is particularly important, 
reinforcing the relevance of cationic alkyl-Ni(II) species 
in b-hydride elimination while arguing against olefin 
migration occurring via alkyl-Ni(I), an argument that 
has been drawn in numerous “chain-walking” reactions.  

 

 

Scheme 16. Site-selective photochemical Ni-catalyzed 
carboxylation of alkyl halides at remote sp3 C–H bonds. 

Following up his interest in remote carboxylation 
techniques,[10,11] Martin showed the ability to promote 
CO2 insertion at remote sp3 sites with olefin feedstocks 
and by simply using water as hydride source with a 
protocol based on Ni/L4 (Scheme 17).[38] This result is 
particularly noteworthy, as it represents an opportunity 
to repurpose three abundant feedstocks (water, CO2 and 
olefins). As expected, regioconvergency from unrefined 
mixtures of olefins was portrayed for site-selective 
carboxylation at a single, remote sp3 C–H site. In this 
context, preliminary mechanistic experiments did not 
only confirm water as hydride source, but also revealed 
a non-negligible role of the substituents proximal to the 
nitrogen donor, an aspect worth considering for future 
mechanistic studies that unravel the intricacies exerted 
by the ligand backbone.  

 

 

Scheme 17. Site-selective Ni-catalyzed carboxylation of olefins 
at remote sp3 C–H sites with water as hydride source. 

2.8. Ni-catalyzed remote sp3 C–H silylation of olefins 

Catalytic hydrosilylation of olefins constitutes one of 
the most widely applied methods in the silicones 
industry for preparing monomers containing C–Si 
linkages and cross-linking polymers.[39] These processes 
are oftentimes catalyzed by noble platinum catalysts 
such as the silicon-soluble Karstedt’s catalyst.[40] In 
recent years, non-precious transition metal catalysts has 
gained considerable momentum in these endeavors.[41] 
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silylation of internal olefins at remote primary sp3 C–H 
sites via “chain-walking” strategies (Scheme 18).[42] 
Although the use of trialkoxysilanes might furnish 
industrially-relevant silicones, this process remained 
particularly problematic. To such end, Hu developed a 
simple, stable and recyclable Ni-based nanocatalyst 
Ni(OtBu)2.xKCl that turned out to outperform previous 
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Ni-based methods and particularly applicable to the 
coupling of a-olefins and internal alkenes, the latter via 
“chain-walking” at remote sp3 sites.[43] As expected, this 
heterogeneous protocol could be applied in 
regioconvergent techniques with unrefined mixture of 
olefins to deliver linear silicones in high site-selectivity. 

 

Scheme 18. Ni-catalyzed remote hydrosilylation of olefins 

2.9 Ni-catalyzed remote Wacker-type oxidation of 
alkenes 

Beyond any reasonable doubt, the Wacker oxidation 
of olefins ranks amongst the most direct and applicable 
methods for accessing high value-added ketones.[44] At 
present, these protocols primarily rely on Pd catalysts, 
invariably forging a C–O bond at the prefunctionalized 
alkene terminus. Recently, Han reported a rather 
intriguing Ni-catalyzed Wacker oxidation-type protocol 
that results in the functionalization of remote benzylic 
sites via “chain-walking”, thus allowing to convert 
olefins substituted with aryl groups into the 
corresponding alkyl aryl ketones (Scheme 19).[45] As for 
other Ni-catalyzed “chain-walking” reactions,[10] the 
nature of the ligand was critical for success, with 
nitrogen-containing ligands containing substituents 
adjacent to the nitrogen atom providing the best results 
(L12). From a mechanistic standpoint, the method 
seems to operate via the canonical olefin migration 
enabled by nickel hydrides followed by homolysis of the 
C–Ni bond in the presence of oxygen, ultimately leading 
to the oxidation at the benzylic site. Among the many 
interesting aspects behind this hypothesis, the ability to 
trigger a dynamic displacement of the nickel hydride 
throughout the side-chain under oxidative conditions is 
undoubtedly noteworthy, and might open new avenues 
in remote functionalization by means of Ni catalysis. 

 

 

Scheme 19. Ni-catalyzed Wacker oxidation at remote, benzylic 
sp3 C–H bonds. 

2.10. Stereoselective transition metal-catalyzed olefin 
isomerization 

Stereoselective olefin isomerization is particularly 
interesting for the practice of organic synthesis, as the 
precise location and geometry of the C=C bond often 
defines the physical and chemical characteristics of the 
molecule.[46] Not surprisingly, considerable attention 
has been devoted to enable catalytic stereoselective 
olefin isomerization in an efficient and regioselective 
manner. While nickel-based protocols have shown to be 
suited for such purposes, the low efficiency and 
selectivity of these processes reinforced the need for 
alternate protocols with improved flexibility and 
generality.[47] Recently, Schoenebeck and co-workers 
have disclosed the olefin isomerization of industrially 
relevant olefins catalyzed by a chloro-bridged dimeric 
nickel complex supported by electron-rich NHC ligand 
L2 (Scheme 20).[48] Control experiments and DFT 
calculations ruled out the intervention of either 
(L2)2Ni(0) or (L2)Ni(II)(H)Cl and suggested a pathway 
consisting of a radical-based [1,n]–H shift via open shell, 
monomeric (L2)Ni(I)Cl species instead. Unfortunately, 
the non-negligible effect exerted by the ligand on both 
reactivity and selectivity remains to be elucidated. As 
judged by the data provided, the reaction exhibited a 
broad substrate scope and excellent E-selectivity profile 
for a wide number of differently substituted olefins, 
including challenging combinations such as long-chain 
olefin isomerization. 
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Scheme 20. Stereoselective Ni-catalyzed isomerisation of 
unactivated olefins. 

3. Summary and Outlook 

As judged by the wealth of literature data, it is evident 
that the functionalization of olefins and the metal-
catalyzed cross-coupling reactions of alkyl halides has 
led to new knowledge in retrosynthetic analysis, 
significantly improving our ever-expanding synthetic 
arsenal for forging sp3 linkages. Ironically, however, the 
success of these methodologies has contributed to the 
perception that bond-construction should only occur at a 
previously functionalized site. Fortunately, the recent 
years have witnessed a dramatic progress in earth-
abundant nickel catalysts, allowing to establish new 
design principles that seek new chemical knowledge 
instead of following traditional or preconceived ideas. 
Among these, particularly attractive is the ability of a 
catalyst to trigger a dynamic displacement throughout 
the alkyl side-chain coined as “chain-walking”, allowing 
to promote bond-forming reactions at remote sp3 C–H 
sites. While originally designed for controlling polymer 
topology, the recent years have witnessed considerable 
progress on nickel-catalyzed “chain-walking” reactions 
of olefins or alkyl halides, allowing to promote not only 
new, yet counterintuitive, bond-disconnections but also 
providing new vistas for sp3  C–H functionalization. 
Although the use of nickel-catalyzed “chain-walking” 
reactions is still at its infancy when compared with the 
traditional cross-coupling reactions of alkyl halides or 
olefin counterparts, the widespread use of this new 
technology holds great promise to change logics in 
organic synthesis.  

Despite the preparative advances realized in nickel-
catalyzed “chain-walking” reactions for forging C–C 
and C–heteroatom bonds at remote sp3 sites, a number 
of daunting challenges remain in these rather appealing 
scenarios: (1) while the functionalization of benzylic or 
primary sp3 C–H bonds is routine in these techniques, 
the means to develop ”a la carte” “chain-walking” 
reactions at different sp3 C–H bonds within an alkyl 
side-chain with reliable and predictable site-selectivity – 
including the always elusive methylene sp3 C–H bonds–, 
is still considered terra incognita; (2) although 
regioconvergent scenarios from statistical mixtures of 
olefins or alkyl halides have been implemented, the 
ability to reliably switch the site-selectivity via the 
regiodivergent scenarios remains largely underexplored; 

(3) “chain-walking” reactions are still substrate-specific. 
Indeed, the inclusion of branched substituents within the 
alkyl side-chain typically hinders the dynamic 
displacement of the catalyst throughout the hydrocarbon 
side-chain and a general solution to trigger “chain-
walking” reactions of tri- or tetrasubstituted olefins still 
remains rather problematic; (4) catalytic asymmetric 
“chain-walking” reactions are scarce; (5) a non-
negligible number of “chain-walking” reactions still 
require stoichiometric metal reductants or high-
molecular weight silanes; while the adoption of 
photoredox catalysis might bring new chemical spaces 
in these endeavors, these strategies are still at their 
infancy; (6) undoubtedly the major challenge in “chain-
walking” techniques lies on the ambiguity behind the 
putative nickel species within the catalytic cycle, the 
enigmatic role exerted by the ligand backbone and 
whether Ni(I), Ni(II) or even Ni(III) are responsible for 
the motion throughout the alkyl side-chain. At present, 
progress in this field is based on empirical discoveries, 
and the lack of mechanistic data on “chain-walking” 
reactions might prevent the field to reach the maturity 
required to change new paradigms in organic synthesis. 
Taking into consideration the new knowledge acquired 
in catalytic endeavors, particularly on catalyst design, it 
is fair to look at the field with certain optimism. We are 
certainly convinced that many of the challenges 
highlighted above will be addressed in the not so distant 
future. Particular attention should be devoted to unravel 
the mechanistic intricacies of these processes in order to 
understand all elementary steps in Ni-catalyzed “chain-
walking” reactions at the molecular level, serving as the 
basis to design future cross-coupling techniques in this 
intellectually rewarding field of expertise. 
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