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Primary alkyl halogens have wide applications in academic 
and industrial chemical research as a result of their excellent 
reactivity toward various organic transformations. In terms of 
access to this key class of compounds, catalytic halogenation 
of feedstock olefins is most attractive but highly challenging.1 

Alternatively, the halogenation of alkenes generally provides 
branched alkyl halides, but there is a lack of methods to pre
pare linear alkyl halides directly from terminal alkenes, let 
 alone from internal alkenes and mixtures of alkene isomers. 
Very recently, a remote oxidative halogenation of  alkenes 
 under palladium catalysis was reported by the research group 
of Professor Guosheng Liu at Shanghai Institute of  Organic 
 Chemistry, Chinese Academy of Sciences (Shanghai, P. R. of 
China), who demonstrated that both terminal and internal 
alkenes can be regioselectively converted into  primary alkyl 
halides with high efficiency (Scheme 1a). “Remote hydro
functionalizations of internal alkenes under reductive or 
redox neutral reaction conditions have been extensively 
investi gated in recent  decades. Meanwhile, remote oxidation 
reactions, such as oxidative halogenation and oxygenation re
actions, are of great interest but have not been documented 
to date,” said Professor Liu. The first author, Dr. Xiang Li, re
marked: “Research interests in our group focused on oxidative 
functionalization of unactivated alkenes. Recently, we report

ed a palladiumcatalyzed enantioselective diacetoxylation2 
and oxycarbonylation3 of terminal alkenes with high regio 
and enantioselectivity, wherein the simplest alkenes, such as 
propylene and butene, performed very well. Notably, these 
reactions were enabled by introducing substituents into a py
ridyloxazoline (Pyox) ligand at the C6 of pyridine, prompting 
us to survey the formal antiMarkovnikov hydrochlorination 
of terminal alkenes and remote hydrochlorinations of internal 
alkenes.” 

With the proposed mechanism (Scheme 1b), the engi
neer ed Pyox ligand L3 with a hydroxyl group was demons
trated as an efficient ligand to carry out palladiumcatalyzed 
hydro chlorination of both terminal and internal alkenes with 
excellent chemo and regioselectivity, where the commonly 
used Nchlorosuccinimide (NCS) was employed as an electro
philic chlorine source and iPr3SiH as a compatible hydrogen 
source (Scheme 2a). “Compared to ligands L1 and L2, the ex
cellent performance of L3 revealed that both the alkyl sub
stituent in the pyridyl residue and the OH group in the oxa
zoline ring were essential for the reaction, where the former 
could promote the fast palladium migration, and the latter 
could acceler ate the oxidative chlorination of CL–PdII(L3) by 
NCS, owing to the hydrogenbonding between OH group in 
L3 and the oxygen atom of NCS (Scheme 2a),” said Professor 
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Scheme 1  Palladium-catalyzed hydrohalogenation of alkenes
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Liu.  “Notably, the amount of water is vital for the reaction’s 
reproducibility, which could activate hydrosilane to promote 
PdH species formation. Moreover, addition of a trace of NEt3 
acted as a labile ligand to suppress the side oxygenation and 
amination reactions,” he added.

“Inspired by the results of the chlorination process, we 
made further great efforts on the hydrobromination of al
kenes; however, the difficulty encountered in this endeavor 
was beyond our expectation,” said Professor Liu. In fact, under 
similar reaction conditions, a series of commonly used elec

trophilic bromination reagents turned out to be incompatible 
with silanes. The reactions failed to deliver hydrobromina
tion product 4, affording debromination products instead. 
 After numerous failures, the group finally found that the mild 
brominating reagent NaNMBI efficiently afforded the linear 
hydrobromination product 4 (Scheme 2b). “The optimized 
reaction conditions have broad substrate scope in terms of al
kenes, in which also the simplest internal alkenes give linear 
alkyl halides in good yields with exquisite siteselectivity. The 
catalytic system is also good for the mixture of alkene isomers 
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Scheme 2  Remote hydrohalogenation of internal alkenes
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generated from dehydrogenation of alkanes, providing a win
dow to investigate the highvalue utilization of inexpensive 
alkane substrates,” said Professor Liu.

Professor Liu concluded: “This new catalytic system pro
vides an easy access to primary alkyl halogens in moderate 
to excellent yields, with exquisite siteselectivity and good 
functional group tolerance under very mild conditions. A ra
tionally designed Pyox ligand played a critical role in the re
action efficiency and selectivity. This ligandpromoted chain 
migration paves the way for the palladiumcatalyzed selective 
functionalization of internal alkenes.”
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