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ABSTRACT: Routes to efficient construction of fully aliphatic substituted tertiary chiral centers are highly challenging and desirable. 
Herein, a Ni-catalyzed enantioselective hydroalkylation of unactivated alkenes at room temperature is described, providing a general 
and practical access to tertiary stereogenic carbon centers with three alkyl substituents. This reaction involves the regio- and stere-
oselective hydrometalation of unactivated alkenes with Markovnikov selectivity, followed by coupling with unactivated alkyl elec-
trophiles to access tertiary chiral centers with full alkyl substituents. The mild and robust conditions enable the use of terminal and 
internal unactivated alkenes as well as primary and secondary unactivated alkyl, benzyl, propargyl halides for the construction of 
diverse trialkyl tertiary stereogenic carbon centers with broad functional group tolerance.

Carbon-Carbon bonds between sp3-hybridized carbon centers 
compromise the major portion framework of organic mole-
cules.1 Thus, great efforts have been attracted to build the satu-
rated stereogenic carbon centers and to avoid flat molecules, 
which play a crucial rule in chiral auxiliaries, pharmaceutical 
agents, natural products and bioactive molecules.2 Transition-
metal-catalyzed enantioselective cross-coupling of alkyl hal-
ides with alkyl metal nucleophiles is a powerful and established 
strategy for sp3-hybridized C-C bonds forming (Scheme 1a, 
left).3,4 This strategy requires the use of stoichiometric amount 
ofgennerally reactive and sensitive organometallic reagents, 
which usually require time-consuming preformation.5 
Alternatively, reductive cross-coupling would be an appealing 
alternative due to the mild conditions and avoiding use of 
metallic reagents. Specifically, cross-coupling between two al-
kyl electrophiles using chiral metal catalyst under reductive 
conditions to forge alkyl-alkyl bonds with good levels of enan-
tiomeric excess is a promising alternative to construct saturated 
carbon centers yet challenging (Scheme 1a, right).6 On the other 
hand, olefins are among the most important feedstock to syn-
thesize value-added targets due to their easy accessibility and 
diverse reactivity profiles.7 Consequently, catalytic asymmetric 
intermolecular carbofunctionalizations of olefins have been 
emerging as an attractive strategy to access stereogenic carbon 
centers by constructing C-C bonds to increase saturation of mol-
ecules.8 Among these transformations, enantioselective reduc-
tive C-C bond forming processes involving olefins are particu-
larly attractive.8a,9 Recently, significant progresses have been 
achieved on the reductive enantioselective carbofunctionaliza-
tions of activated olefins,10 including alkylarylation,10a-c hy-
droarylation,10d-f and hydroalkylation10g-k of activated olefins. 
The reductive enantioselective hydrofunctionalizations of unac-
tivated olefins remain a formidable challenge because of their 
low reactivity and poor selectivity control issues.11 Seminal 

Scheme 1. Construction of Saturated Tertiary Stereogenic 
Centers. 

 

work from Buchwald disclosed the anti-Markovnikov hy-
droamination of unactivated olefins to deliver linear alkyl 
amines by copper catalysis.11b,12 Catalytic hydrofunctionaliza-
tion of unactivated of olefins in Markovnikov selectivity re-
mains elusive due to the repulsion of ligated metal center with 
alkyl chain (Scheme 1b).13 To date, only a few examples for 
racemic transformations of Markovnikov hydrofunctionaliza-
tion of unactivated olefins are developed.14-16 In 2020, Hong re-
ported a racemic Ni-catalyzed Markovnikov hydroamination of 
unactivated olefins assisted by 8-aminoquinoline (AQ) amide 
group, which could suppress β-H elimination of alkyl-metal 
species by its rigid and saturated coordination.14 In particular, 
catalytic Markovnikov hydrocarbofunctionalizations of unacti-
vated olefins are attractive by introducing one stereogenic car-
bon center not adjacent to heteroatoms or carbonyls. In 2020, 



 

Koh and Wang reported Ni/Mn-catalyzed hydroarylation/alkyl-
ation of unactivated olefins in a racemic fashion facilitated by a 
bidentate 8-aminoquinoline.15 No example of intermolecular, 
enantioselective, Markovnikov hydrofunctionalization of unac-
tivated olefins has been reported (Scheme 1c). As part of our 
continuous interests in asymmetric alkyl-alkyl cross-cou-
pling,10g,k we envisioned developing an enantio- and Markovni-
kov-selective hydrocarbofunctionalization of unactivated ole-
fins. To address the challenging enantioselective Csp3-Csp3 cou-
pling of both electrophiles nonadjacent to an activating group 
(aryl, vinyl, carbonyl, heteroatom), we reported a regio- and en-
antioselective hydroalkylation, hydrobenzylation, hydropropar-
gylation of unactivated olefins with unactivated electrophiles in 
the presence of a weak coordinating and removable directing 
group.  

To test the feasibility of the proposal, we commenced to iden-
tify the reaction parameters using terminal olefin 1a and 1-iodo-
2-phenylpropane 2a as prototype substrates in the presence of 
silane and base. After extensive preliminary optimization, we 
chose NiBr2ꞏglyme (10 mol%) as the nickel catalyst precursor, 
(MeO)3SiH as hydride source and potassium phosphate mono-
hydrate as base in THF (0.1 M) for further evaluation (Tables 
S1-10). Then, a wide range of chiral ligands were tested for this 
reaction (L1-L8). To our delight, using the chiral BOX ligand 
L1 with a methyl substituent at 5-position of oxazolidine ring 
could catalyze the regio- and enantioselective hydroalkylation 
reaction of unactivated olefin, delivering the Markovnikov hy-
droalkylated product 3a in 86% yield with 80% ee. Only trace 
amount of anti-Markovnikov hydroalkylated regioisomer 3a’ 
was detected. Increasing the steric hindrance at 5-position of the 
chiral ligand from methyl to propyl improved the enantioselec-
tivity of the desired product (L1-L3), furnishing 3a in 79% 
yield with 86% ee with L3 as anchoring ligand. Further increas-
ing the size of the substituent at 5-position of the BOX ligand 
(L4) delivered 3a in diminished yield with identical enantiose-
lectivity. Alternating the substituent R2 on BOX ligand from 
methyl to ethyl (L5), n-propyl (L6), benzyl (L7), or 4-tert-bu-
tylbenzyl (L8) led to lower yields and enantioselectivities. Fur-
ther evaluation the solvent effect of this reaction disclosed that 
3a was obtained in 72% yield with 91% ee in dioxane (0.1 M).  

Table 1. Condition Evaluation of the Reactiona 

 
a The reaction was conducted using 1a (0.1 mmol) and 2a (0.2 
mmol) in the presence of (MeO)3SiH (0.6 mmol) and potassium 
phosphate monohydrate (0.6 mmol) in 1 mL of solvent under indi-
cated conditions for 10 h unless otherwise stated. Yield was deter-
mined by GC using n-dodecane as internal standard. Isolated yield 
is shown in the parentheses. The enantiomeric excess was deter-
mined by HPLC using a chiral stationary phase. b NiBr2·glyme (5 
mol%), (R,R)-L3 (6 mol%) were used. c The reaction was run in 
dioxane (0.05 M). 

Testing the effect of additives revealed that the use of N-me-
thyl-4-trifluoromethylphenylsulfonamide (A1, 30 mol%) in-
creased the yield of 3a to 81% with 92% ee. Decreasing the 
loading of A1 could further increase the enantioselectivity of 3a 
without erasing the efficiency of this reaction. After routine op-
timization, we defined the use of NiBr2·glyme (5 mol%) and 
(R,R)-L3 (6 mol%) as catalyst, A1 (6 mol%) as additive in the 
presence of (MeO)3SiH (0.6 mmol) and potassium phosphate 
monohydrate (0.6 mmol) in dioxane (0.05 M) as standard con-
ditions, affording the desired product 3a in 86% yield with 96% 
ee.16 

With the optimized conditions in hand, we turned to evaluate 
the scope of this reaction. The protocol tolerated a wide variety 
of functional groups and substitution patterns for this 
enantioselective Markovnikov hydrocarbofunctionalization of 
unactivated olefins (Figures 1 and 2). In general, this reaction 
afforded tertiary stereogenic carbon center with full alkyl 
substitution in high effeciency with excellent regioselectivity. 
First, we tested the scope of unactivated olefins (Figure 1). N-
Aryl 3-enamides with electron-withdrawing or electron-
donating groups on the aromatic ring were well-tolerated under 
the standard conditions, undergoing Markovnikov 
hydroalkyation in good yields (58-83% yield) with excellent 
regio- (rr = 8:1 to 26:1) and enantioselectivities (87-96% ee) 
(3b-3m). Notably, aryl halides, such as fluorides and iodides 
were compatible in the reaction, delivering the desired products 
(3g and 3h) in 83% and 64% yields with 93% and 92% ee, 
respectively. Unsaturated functional groups, including ester (3j), 
ketone with acidic protons (3k), nitrile (3l), were compatible in 
the reaction, furnishing corresponding products (3j-3k) in 67-
79% yields with 87-95% ee. Heteroaromatic aniline derived 
olefin underwent the desired transformation smoothly,  

Table 2. Scope for the Reaction in Terms of Olefinsa 
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a Standard conditions, see Table 1 for detail. rr = ratio of branched 
product and linear product (3:3’ or 4:4’). rr was determined by GC. 
b The reaction was conducted using NiBr2·glyme (10 mol%), (R,R)-
L3 (12 mol%), A1 (1.0 equiv) in dioxane (0.1 M). 



 

 

Table 3. Scope for the Enantioselective Hydrofunctionalizations of Unactivated Alkenes with Respect to Organohalidesa 
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CCDC 2054450

 
a Standard conditions, see Table 1 for detail. Alkyl iodide was used unless otherwise noted. rr = ratio of branched product and linear product. 
rr was determined by GC. b The reaction was conducted on 2.0 mmol scale. c 3.0 equiv of alkyl halide was used. d NiBr2‧glyme (10 mol%),  
(R,R)-L3 (12 mol%), A1 (50 mol%) were used.

delivering 3n in 55% yield with 87% ee. Alkyl amine based 
amide tethered olefins could be tranformed into corresponding 
amides with a trialkyl substituted tertiary stereogenic center in 
synthetic useful yields with 73% ee (3o and 3p). Notably, 
internal olefins were also good substrates for this reaction, 
giving diverse trialkyl steregenic carbon centers in good yields 
(70%-80%) with 92-95% ee (4a-4d), representing one of the 
few examples for transition metal-catalyzed enantioselective 
conversion of unactivated internal olefins with high levels of 
enantiocontrol.11b 

Next, the scope of organic halides for this reaction was eval-
uated (Table 3). A wide variety of alkylhalides (including io-
dides and bromides), benzylchlorides, and propargyl bromides 
are tolerated in this reaction, delivering a myriad of enantioen-
riched trialkyl tertiary stereogenic carbon center in high effi-
ciency with excellent levels of enantioselectivity. First, primary 

alkyl halides were tested. 2-Phenyl-1-iodopropane was con-
verted to trialkyl chiral amide 5a in 82% yield with 95% ee. The 
reaction worked well on 2.0 mmol scale, affording 5a in 73% 
yield with 97% ee. Linear and α-branched alkyl iodides could 
be transformed into corresponding amides (5b-5g) in 65%-84% 
yields with 94%-96% ee. Functional groups, such as esters, am-
ides, ethers, silyl ethers, acetals, and nitriles were compatible in 
the reaction, delivering the desired hydroalkylation products 
(5h-5o) in 67%-82% yields with 83%-95% ee. Ketone with 
acidic protons could be tolerated to give corresponding hydroal-
kylation product 5p in 62% yield with 92% ee. Amides with 
free N-H bond were also tolerated in the reaction, delivering 
desired products (5q and 5r) in synthetic useful yields with 93% 
and 97% ee. Free alcohol could be tolerated in the reaction, giv-
ing desired product 5s in 54% yield with 90% ee. Heterocycles, 
such thiophene, indole, derived alkyl iodides were transformed 
to desired products (5t and 5u) in 72% and 83% yields with 94% 



 

and 95% ee, respectively. Moreover, α-bromoesters could be 
coupled in the reaction to give desired products (5v and 5w) in 
76% and 84% yields with 88% and 90% ee, respectively.1,1,1-
Trifluoro-3-iodopropane and (iodomethyl)trimethylsilane were 
successfully converted to corresponding products (5x and 5y) 
in 69% and 65% yields with 96% and 87% ee. Next, secondary 
alkyl halides were tested. Interestingly, cyclic and acyclic sec-
ondary alkyl halides were all good substrates for this reaction 
(6a-6g). Carbon, nitrogen or oxygen tethered cyclic secondary 
alkyl iodides could be transformed to corresponding products 
(6a-6d) in moderate to good yields with 90-95% ee. 2-Iodopro-
pane was coupled to give the hydroalkylated product 6e in 54% 
yield with 93% ee. Unsymmetrical acyclic iodides were suc-
cessfully involved in the reaction to give the desired products 
(6f and 6g) in moderate yields with the same level of enantiose-
lectivity for both diastereomers (91% ee), indicating the facile 
control of vicinal saturated carbon centers from two unactivated 
racemic electrophiles.4h,17 Next, benzyl halides were tested for 
this reaction. It is found that benzyl chlorides with electron-do-
nating or electron-withdrawing group could undergo Markov-
nikov hydrobenzylation to give corresponding products with a 
trialkyl substituted tertiary stereogenic center (6h-6k) in 72-87% 
yields with 91-96% ee. Heretoaryl containing benzyl chlorides 
were well-tolerated under the reaction conditions, giving de-
sired products (6l and 6m) in 80% and 68% yields with 93% 
and 80% ee, respectively. Furthermore, propargyl bromides 
were examined for this reaction. Methyl, phenyl, and trime-
thylsilyl substituted propargyl could be coupled to give the de-
sired hydropropargylation products (6o-6q) in moderate to 
good yields with 91%-97% ee, representing the first example of 
enantioselective hydropropargylation of unactivated olefins. 

 

Figure 1. Application of the reaction for late-stage functionaliza-
tion using alkyl iodide. For reaction conditions, see Table 1 for de-
tail. rr = ratio of branched product and linear product. rr was deter-
mined by GC. a NiBr2‧glyme (10 mol%), (R,R)-L3 (12 mol%), A1 
(50 mol%) were used. 

To demonstrate the robustness and usefulness of this protocol, 
we applied this condition to late-stage functionalization of com-
plex molecules, including natural product and drug molecules 
(Figure 1). (+)-Borneol derivative could be tolerated to give 
construct the trialkyl tertiary carbon center 7a in 65% yield with 
98:2 dr. Theobromine derived alkyl iodide was converted to 
corresponding product 7b in 69% yield with 96% ee. Menthol 
was also compatible under the reaction conditions, providing 
menthol containing product 7c in 76% yield with 97:3 dr. Drug 
molecules, such as isoxepac and oxaprozin, were transformed 
into corresponding products 7d and 7e in 70% and 65% yields 
with 94% and 95% ee. Moreover, Indomethacin could be incor-
porated in the reaction to deliver 7f in 70% yield with 92% ee.  

To further prove the synthetic potential of this protocol, the en-
antioenriched β-chiral amide product was employed to convert to 
other functionalized compounds (Figure 2). First, enantioselective 
γ-chiral amine 8a was obtained from 5a (97% ee) in 81% yield with 
97% ee. Second, 5a could be transformed into γ-chiral alcohol 8b 
in 74% yield with 98% ee. Moreover, β-chiral carboxylic acid 8c 
could be furnished from 5a in 79% yield with 96% ee. Furthermore, 
3a was converted to unfunctionalized enantiopure alkane 8d with a 
trialkyl tertiary stereogenic carbon center in 65% yield with 95% 
ee, providing a route to pure carbon chiral molecules challenging 
to access otherwise. The aforementioned derivatizations render this 
protocol amenable to diverse chiral compounds bearing different 
functional groups with excellent levels of enantioselectivity. 

 

Figure 2. Synthetic application of product. For detailed reaction 
conditions, see Supporting Information. a) BH3‧Me2S, THF, 0 oC 
to reflux. b) 1) NaH, BnBr, DMF, 0 oC to rt; 2) LAH, THF, 0 oC to 
reflux. c) 1) 2-FPyr, (CF3SO2)O, DCM, -78 oC to 0 oC; 2) CeCl3, 
EtMgBr, THF, -78 oC. d) 1) (Boc)2O, Et3N, DMAP, DCM, 0 oC to 
rt; 2) LiOH, H2O2, THF/H2O = 3:1, 0 oC to rt, THF, 0 oC to reflux. 
e) 1) NaH, BnBr, DMF, 0 oC to rt; 2) LAH, THF, 0 oC to reflux; 3) 
Et3SiH, tris(pentafluorophenyl)borane, DCM, rt. 

To gain insight into the reaction process, we carried out a se-
ries of experiments to probe the reaction mechanism. First, re-
actions using deuterated silane were conducted (Fig. 3a). The 
reaction of terminal olefin with deuterated silane (PhSiD2) un-
der otherwise identical to standard conditions afforded deuter-
ated hydroalkylation product 9 in 70% yield with 95% ee. Deu-
terium incorporation (>94% D) was exclusively delivered to γ-
position of 9. No deuterium incorporation was found at β- or α-
position of 9. The reaction of internal olefin with deuterated 
silane (PhSiD2) delivered the desired product 10 in 63% yield 
with 89% ee in single diastereosisomer. The results indicated 
that Ni-H insertion onto olefin to form alkyl-Ni species  

 
Figure 3. Mechanistic investigation of the reaction. 

might be irreversible and enantio-determining. Furthermore, the 
reaction of olefin with (bromomethyl)cyclopropane afforded 
the hydroalkylation product 11 in 40% yield with 78% ee with 



 

the ring-opening of cyclopropane (Fig. 3b), indicating the radi-
cal nature of oxidative addition step of alkyl halides to nickel 
intermediate. 

Based on the mechanistic results and literature,10 a tentative 
mechanism is proposed and depicted in Fig. 4. Nickel hydride 
species (Ni-H) could be generated from ligated Ni(I) precursor 
in the presence of silane and base. Ni-H would coordinate with 
unactivated alkenes (1) to form M1 in the assistance of a coor-
dinating group, which could undergo regio- and enantioselec-
tive hydrometalation to give alkyl nickel intermediate M2. M2 
could undergo oxidative addition with alkyl halides (2) in a 
stepwise fashion to form Ni(III) intermediate M3, which could 
undergo reductive elimination to give the product bearing a ter-
tiary carbon center 3 and regenerate Ni(I) catalyst. 

 

Figure 4. Tentative mechanism for the reaction. Ligand is omitted 
for clarity. 

In summary, a unified protocol for Ni-catalyzed regio- and 
enantioselective hydrocarbofunctionalizations of unactivated 
olefins with organohalides under mild conditions has been de-
veloped. The use of a modified chiral bisoxazolidine ligand en-
ables the Markovnikov hydroalkylation, hydrobenzylation, and 
hydropropargylation of unactivated olefins in the presence of a 
removable and transformable directing group in good yields 
with excellent levels of enantioselectivity, providing a straight-
forward access to fully alkyl substituted tertiary saturated car-
bon centers which are otherwise challenging to access. 

ASSOCIATED CONTENT 
General procedures for the enantioselective hydrocarbofunctional-
izations of unactivated olefins, condition optimization, characteri-
zation of new compounds, X-ray data of 5e (CCDC 2054450), cop-
ies of NMR spectra, and HPLC traces (PDF). The Supporting In-
formation is available free of charge on the ACS Publications web-
site. 

AUTHOR INFORMATION 
Corresponding Author 
*shuw@sustech.edu.cn 

Author Contributions 
All authors have given approval to the final version of the manu-
script. 
Notes 
The authors declare no competing financial interests. 

ACKNOWLEDGMENT  
We sincerely thank NSFC (21971101 and 21801126), Guangdong 
Basic and Applied Basic Research Foundation 

(2019A1515011976), The Pearl River Talent Recruitment Program 
(2019QN01Y261), Thousand Talents Program for Young Scholars, 
Guangdong Provincial Key Laboratory of Catalysis (No. 
2020B121201002) for financial support. We acknowledge the as-
sistance of SUSTech Core Research Facilities. We thank Dr. 
Xiaoyong Chang (SUSTech) for X-ray crystallographic analysis of 
5e and Dr. Yu Wang (SUSTech) for reproducing the results of 3h, 
4a, 5h and 6b. 

REFERENCES 
1. (a) Lovering, F.; Bikker, J.; Humblet, C. Escape from Flatland: 

Increasing Saturation as an Approach to Improving Clinical Success. J. 
Med. Chem. 2009, 52, 6752-6756. (b) Carreira, E. M.; Yamamoto, H. 
(eds) Comprehensive Chirality (Academic, Amsterdam, 2012). (c) Lin, 
G.-Q.; You, Q.-D.; Cheng, J.-F. (eds) Chiral Drugs: Chemistry and Bi-
ological Action (Wiley, New York, 2011). 

2. Geist, E.; Kirschning, A.; Schmidt, T. sp3–sp3 Coupling Reac-
tions in the Synthesis of Natural Products and Biologically Active Mol-
ecules. Nat. Prod. Rep. 2014, 31, 441-448. 

3. (a) Iwasaki, T.; Kambe, N. in Comprehensive Organic Synthesis 
2nd edn, Vol. 3 (eds Knochel, P. et. al.) 337-391 (Elsevier, Amsterdam, 
2014). (b) Cherney, A. H.; Kadunce, N. T.; Reisman, S. E. Enantiose-
lective and Enantiospecific Transition-Metal-Catalyzed Cross-Cou-
pling Reactions of Organometallic Reagents to Construct C-C Bonds. 
Chem. Rev. 2015, 115, 9587-9652. (c) Fu, G. C. Transition-Metal Ca-
talysis of Nucleophilic Substitution Reactions: A Radical Alternative 
to SN1 and SN2 Processes. ACS Cent. Sci. 2017, 3, 692-700. (d) Choi, 
J.; Fu, G. C. Transition Metal-Catalyzed Alkyl-Alkyl Bond Formation: 
Another Dimension in Cross-Coupling Chemistry. Science 2017, 356, 
eaaf7230. 

4. For selected examples, see: (a) Arp, F. O.; Fu, G. C. Catalytic 
Enantioselective Negishi Reactions of Racemic Secondary Benzylic 
Halides. J. Am. Chem. Soc. 2005, 127, 10482-10483. (b) Fischer, C.; 
Fu, G. C. Asymmetric Nickel-Catalyzed Negishi Cross-Couplings of 
Secondary α-Bromo Amides with Organozinc Reagents. J. Am. Chem. 
Soc. 2005, 127, 4594-4595. (c) Son, S.; Fu, G. C. Nickel-Catalyzed 
Asymmetric Negishi Cross-Couplings of Secondary Allylic Chlorides 
with Alkylzincs. J. Am. Chem. Soc. 2008, 130, 2756-2757. (d) Owston, 
N. A.; Fu, G. C. Asymmetric Alkyl-Alkyl Cross-Couplings of Unacti-
vated Secondary Alkyl Electrophiles: Stereoconvergent Suzuki Reac-
tions of Racemic Acylated Halohydrins. J. Am. Chem. Soc. 2010, 132, 
11908-11909. (e) Zultanski, S. L.; Fu, G. C. Catalytic Asymmetric γ-
Alkylation of Carbonyl Compounds via Stereoconvergent Suzuki 
Cross-Couplings. J. Am. Chem. Soc. 2011, 133, 15362-15364. (f) 
Wilsily, A.; Tramutola, F.; Owston, N. A.; Fu, G. C. New Directing 
Groups for Metal-Catalyzed Asymmetric Carbon-Carbon Bond-Form-
ing Processes: Stereoconvergent Alkyl-Alkyl Suzuki Cross-Couplings 
of Unactivated Electrophiles. J. Am. Chem. Soc. 2012, 134, 5794-5797. 
(g) Cordier, C. J.; Lundgren, R. J.; Fu, G. C. Enantioconvergent Cross-
Couplings of Racemic Alkylmetal Reagents with Unactivated Second-
ary Alkyl Electrophiles: Catalytic Asymmetric Negishi α‑Alkylations 
of N‑Boc-Pyrrolidine. J. Am. Chem. Soc. 2013, 135, 10946-10949. (h) 
Mu, X.; Shibata, Y.; Makida, Y.; Fu, G. C. Control of Vicinal Stereo-
centers through Nickel-Catalyzed Alkyl-Alkyl Cross-Coupling. Angew. 
Chem. Int. Ed. 2017, 56, 5821-5824. 

5. (a) Lu, X.; Xiao, B.; Zhang, Z.; Gong, T.; Su, W.; Yi, J.; Fu, Y.; 
Liu, L. Practical Carbon-Carbon Bond Formation from Olefins through 
Nickel-Catalyzed Reductive Olefin Hydrocarbonation. Nat. Commun. 
2016, 7, 11129. (b) Sun, S.-Z.; Börjesson, M.; Martin-Montero, R.; 
Martin, R. Site-Selective Ni-Catalyzed Reductive Coupling of α‑Halo-
boranes with Unactivated Olefins. J. Am. Chem. Soc. 2018, 140, 12765-
12769. (c) Zhou, F.; Zhu, J.; Zhang, Y.; Zhu, S. NiH-Catalyzed Reduc-
tive Relay Hydroalkylation: A Strategy for the Remote C(sp3)-H Al-
kylation of Alkenes. Angew. Chem. Int. Ed. 2018, 57, 4058-4062. (d) 
Sun, S.-Z.; Romano, C.; Martin, R. Site-Selective Catalytic Deamina-
tive Alkylation of Unactivated Olefins. J. Am. Chem. Soc. 2019, 141, 
16197-16201. (e) Bera, S.; Hu, X. Nickel-Catalyzed Regioselective 
Hydroalkylation and Hydroarylation of Alkenyl Boronic Esters. Angew. 
Chem. Int. Ed. 2019, 58, 13854-13859. 



 

6. (a) Wang, Z.; Yin, H.; Fu, G. C. Catalytic Enantioconvergent Cou-
pling of Secondary and Tertiary Electrophiles with Olefins. Nature 
2018, 563, 379-383. (b) Zhou, F.; Zhang, Y.; Xu, X.; Zhu, S. NiH-Cat-
alyzed Remote Asymmetric Hydroalkylation of Alkenes with Racemic 
α-BromoAmides. Angew. Chem. Int. Ed. 2019, 58, 1754-1758. 

7. (a) Kolb, H. C.; Van Nieuwenhze, M. S.; Sharpless, K. B. Cata-
lytic Asymmetric Dihydroxylation. Chem. Rev. 1994, 94, 2483-2547. 
(b) Zhu, Y.; Wang, Q.; Cornwall, R. G.; Shi, Y. Organocatalytic Asym-
metric Epoxidation and Aziridination of Olefins and Their Synthetic 
Applications. Chem. Rev. 2014, 114, 8199-8256. 

8. For selected reviews, see: (a) Xi, Q.; Diao, T. Nickel-Catalyzed 
Dicarbofunctionalization of Alkenes. ACS Catal. 2020, 10, 8542-8556. 
(b) Derosa, J.; Apolinar, O.; Kang, T.; Tran, V. T.; Engle, K. M. Recent 
Developments in Nickel-Catalyzed Intermolecular Dicarbofunctional-
ization of Alkenes. Chem. Sci. 2020, 11, 4287-4296. (c) Diccianni, J.; 
Lin, Q.; Diao, T. Mechanisms of Nickel-Catalyzed Coupling Reactions 
and Applications in Alkene Functionalization. Acc. Chem. Res. 2020, 
53, 906-919. 

9. Poremba, K. E.; Dibrell, S. E.; Reisman, S. E. Nickel-Catalyzed 
Enantioselective Reductive Cross-Coupling Reactions. ACS Catal. 
2020, 10, 8237-8246. 

10. (a) Tu, H.-Y.; Wang, F.; Huo, L.; Li, Y.; Zhu, S.; Zhao, X.; Li, 
H.; Qing, F.-L.; Chu, L. Enantioselective Three-Component Fluoroal-
kylarylation of Unactivated Olefins through Nickel-Catalyzed Cross-
Electrophile Coupling. J. Am. Chem. Soc. 2020, 142, 9604-9611. (b) 
Wei, X.; Shu, W.; García-Domínguez, A.; Merino, E.; Nevado, C. 
Asymmetric Ni-catalyzed Radical Relayed Reductive Coupling. J. Am. 
Chem. Soc. 2020, 142, 13515-13522. (c) Guo, L.; Yuan, M.; Zhang, Y.; 
Wang, F.; Zhu, S.; Gutierrez, O.; Chu, L. General Method for Enanti-
oselective Three-Component Carboarylation of Alkenes Enabled by 
Visible-Light Dual Photoredox/Nickel Catalysis. J. Am. Chem. Soc. 
2020, 142, 20390-20399. (d) Cuesta-Galisteo, S.; Schörgenhumer, J.; 
Wei, X.; Merino, E.; Nevado, C. Nickel-Catalyzed Asymmetric Syn-
thesis of α-Arylbenzamides. Angew. Chem. Int. Ed. 2021, 60, 1605-
1609. (e) He, Y.; Liu, C.; Yu, L.; Zhu, S. Enantio- and Regioselective 
NiH-Catalyzed Reductive Hydroarylation of Vinylarenes with Aryl Io-
dides. Angew. Chem. Int. Ed. 2020, 59, 21530-21534. (f) He, Y.; Song, 
H.; Zhu, S. NiH-Catalyzed Asymmetric Hydroarylation of N-Acyl 
Enamines to Chiral Benzylamines. Nat. Commun. 2021, 12,638. (g) Shi, 
L.; Xing, L.-L.; Hu, W.-B.; Shu, W. Regio- and Enantioselective Ni-
Catalyzed Formal Hydroalkylation, Hydrobenzylation and Hydropro-
pargylation of Acrylamides to α-Tertiary Amides. Angew. Chem. Int. 
Ed. 2021, 60, 1599-1604. (h) Bera, S.; Mao, R.; Hu, X. Enantioselec-

tive C(sp3)-C(sp3) Cross-Coupling of Non-Activated Alkyl Electro-
philes via Nickel Hydride Catalysis. Nat. Chem. 2021, DOI: 
10.1038/s41557-020-00576-z. (i) Qian, D.; Bera, S.; Hu, X. J. Am. 
Chem. Soc. 2021, 143, 1959-1967. (j) Wang, J.-W.; Li, Y.; Nie, W.; 
Chang, Z.; Yu, Z.-A.; Zhao, Y.-F.; Lu, X.; Fu, Y. Catalytic Asymmetric 
Reductive Alkylation of Enamines to Chiral Aliphatic Amines. 
ChemRxiv 2020, doi.org/10.26434/chemrxiv.13102307.v1.  (k) Wang, 
S.; Zhang, T.-Y.; Zhang, J.-X.; Meng, H.; Chen, B.-H.; Shu, W. 
Enantioselective Access to Dialkyl Amines and Alcohols via Ni-
Catalyzed Reductive Hydroalkylations. ChemRxiv 2020, 
doi.org/10.26434/chemrxiv.13284416.v1. 

11. (a) Anaikov, V. P.; Tanaka, M. Hydrofunctionalization. Top. Or-
ganomet. Chem. 2013, 43, 1-20. (b) Yang, Y.; Shi, S.-L.; Niu, D.; Liu, 
P.; Buchwald, S. L. Catalytic Asymmetric Hydroamination of Unacti-
vated Internal Olefins to Aliphatic Amines. Science 2015, 349, 62-66. 

12. (a) Pirnot, M. T.; Wang, Y.-M.; Buchwald. S. L. Copper Hydride 
Catalyzed Hydroamination of Alkenes and Alkynes. Angew. Chem. Int. 
Ed. 2016, 55, 48-57. (b) Liu, R. Y.; Buchwald, S. L. CuH-Catalyzed 
Olefin Functionalization: From Hydroamination to Carbonyl Addition. 
Acc. Chem. Res. 2020, 53, 1229-1243. (c) Zhu, S.; Buchwald, S. L. 
Enantioselective CuH-Catalyzed Anti-Markovnikov Hydroamination 
of 1,1-Disubstituted Alkenes. J. Am. Chem. Soc. 2014, 136, 15913- 
15916. 

13. (a) Tsui, G. C.; Menard, F.; Lautens, M. Org. Lett. 2010, 12, 
2456-2459. (b) Tsui, G. C.; Lautens, M. Angew. Chem. Int. Ed. 2010, 
49, 8938-8941. (c) Matsuura, R.; Jankins, T. C.; Hill, D. E.; Yang, K. 
S.; Gallego, G. M.; Yang, S.; He, M.; Wang, F.; Marsters, R. P.; McAl-
pine, I.; Engle, K. M. Chem. Sci. 2018, 9, 8363-8368. (d) Lv, H.; Xiao, 
L. J.; Zhao, D.; Zhou, Q.-L. Chem. Sci. 2018, 9, 6839-6843. (e) Lv, H.; 
Kang, H.; Zhou, B.; Xue, X.; Engle, K. M.; Zhao, D. Nat. Commun. 
2019, 10, 5025. 

14. Jeon, J.; Lee, C.; Seo, H.; Hong, S. NiH-Catalyzed Proximal-
Selective Hydroamination of Unactivated Alkenes. J. Am. Chem. Soc. 
2020, 142, 20470-20480. 

15. (a) Chen, X.; Rao, W.; Yang, T.; Koh, M. J. Alkyl Halides as 
Both Hydride and Alkyl Sources in Catalytic Regioselective Reductive 
Olefin Hydroalkylation. Nat. Commun. 2020, 11, 5857. (b) Liu, T.; 
Yang, Y.; Wang, C. Manganese-Catalyzed Hydroarylation of Unacti-
vated Alkenes. Angew. Chem. Int. Ed. 2020, 59, 14256-14260. 

16. For more details on the condition optimization, see Supporting 
Information. 

17. Huo, H.; Gorsline, B. J.; Fu, G. C. Catalyst-Controlled Doubly 
Enantioconvergent Coupling of Racemic Nucleophiles and Electro-
philes. Science 2020, 367, 559-564. 



 

 

7

 

 


