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1.1 Three-component dialkylation of alkenes

4

Chu, L., et al. Chem. Soc. Rev. 2021, 50, 10836-10856; Giri, R., et al. Acc. Chem. Res. 2021, 54, 3415-3437; Duan, X., et al. Chem. Commun. 2022, 58, 730-746; Hajra, A., et al. 

Chem. Rec. 2023, 23, e202300121; Qiu, X., et al. Chin. J. Org. Chem. 2024, 10.6023/cjoc202312020; Engle, K. M., et al. Chem. Sci. 2020, 11, 4287-4296; Diao, T. N., et al. ACS 

Catal. 2020, 10, 8542-8556.

General strategies

presynthesis of vinylboron ate complexes

Bioactive molecular framework



1.1 Three-component dialkylation of alkenes

5Giri, R., et al. Chem. Rec. 2018, 18, 1314-1340; Chu, L., et al. Synthesis 2020, 52, 1346-1356; Chen, L., et al. ChemCatChem 2023, 15, e202300803.

Activated alkenes

Unactivated alkenes

• High polarization

• Good reactivity and regioselectivity

• Be not prone to β-H elimination

Challenges:

• Low polarization and even distribution of electrons

• Weak interaction with transition metals

• Be prone to β-H elimination

• Hard to control chemo- and regio- selectivity
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Engle, K. M., et al. Chem. Sci. 2018, 9, 5278-5283; Lee, H., et al. Adv. Synth. Catal. 2019, 361, 2136-2140; Li, C., et al. Chin. J. Chem. 2019, 37, 452-456; Li, C., et al. Chin. J. 

Chem. 2019, 37, 630-631; Li, J., et al. Sci. Adv. 2019, 5, eaav9839. 

1.2 Three-component dialkylation of unactivated alkenes

2018

Ni catalysis

2019

Fe  catalysis

2019

Cu catalysis

The first example catalyzed by Ni

The development: Seminar content

Only one example



1.3 Ni-catalyzed three-component dialkylation of unactivated alkenes
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• Earth-abundant

• Multiple oxidation states (Ni0-NiIV)

• Excellent coordination ability

• Relatively slow β-H elimination process

Major difficulities are from:
Challenges:

• Low reactivity and poor catalytic efficiency

• Competitive side reactions via β-H elimination, atom 

transfer radical addition and homocoupling

• Hard to control regio- and chemo- selectivity
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2.1 Redox-neutral dialkylation of unactivated alkenes

electronically

distinguishable



10Engle, K. M., et al. Chem. Sci. 2018, 9, 5278-5283.

2.1 Redox-neutral dialkylation of unactivated alkenes

The Mechanistic Experiments

Proposed Mechanism

Five-membered

DG-bound nickelacycle



11Engle, K. M., et al. Angew. Chem. Int. Ed. 2020, 59, 7029-7034.

The Mechanistic Experiments

nickel π–allyl species 

serves as the intermediate

electronically

distinguishable

2.1 Redox-neutral dialkylation of unactivated alkenes
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Proposed Mechanism

Engle, K. M., et al. Angew. Chem. Int. Ed. 2020, 59, 7029-7034.

2.1 Redox-neutral dialkylation of unactivated alkenes

Five-membered

DG-bound nickelacycle

Five-membered

DG-bound nickelacycle



13MacMillan, D. W. C., et al. Nature 2024, doi.org/10.1038/s41586-024-07165-x.

electronically and 

sterically distinguishable

2.1 Redox-neutral dialkylation of unactivated alkenes
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electronically and 

sterically distinguishable

MacMillan, D. W. C., et al. Nature 2024, doi.org/10.1038/s41586-024-07165-x.

2.1 Redox-neutral dialkylation of unactivated alkenes

The Mechanistic Experiments
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The rate-determining step:

The reaction of alkyl chloride 

with photocatalyst

MacMillan, D. W. C., et al. Nature 2024, doi.org/10.1038/s41586-024-07165-x.

2.1 Redox-neutral dialkylation of unactivated alkenes
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Proposed Mechanism

MacMillan, D. W. C., et al. Nature 2024, doi.org/10.1038/s41586-024-07165-x.

2.1 Redox-neutral dialkylation of unactivated alkenes
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2.2 Reductive dialkylation of unactivated alkenes
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The Mechanistic Experiments Proposed Mechanism

Koh, M. J., et al. J. Am. Chem. Soc. 2020, 142, 21410-21419.

2.2 Reductive dialkylation of unactivated alkenes

Five-membered

DG-bound nickelacycle
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DFT calculations

Koh, M. J., et al. J. Am. Chem. Soc. 2020, 142, 21410-21419.

2.2 Reductive dialkylation of unactivated alkenes

The calculated free energy barrier for the 

ISET process of 2 was 13.1 kcal/mol 

lower than COA process of 2

The calculated free energy barrier for the 

ISET process of 3 was 10.5 kcal/mol 

lower than other processes
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DFT calculations

Koh, M. J., et al. J. Am. Chem. Soc. 2020, 142, 21410-21419.

2.2 Reductive dialkylation of unactivated alkenes

The calculated free energy barrier for the 

ISET process of 2 was 5.4 kcal/mol 

lower than other processes

The calculated free energy barrier for the 

OSET process of 3 was 12.2 kcal/mol 

lower than ISET and COA process of 3
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Synthetic applications

Koh, M. J., et al. J. Am. Chem. Soc. 2020, 142, 21410-21419.

2.2 Reductive dialkylation of unactivated alkenes



23Koh, M. J., et al. Chem 2020, 6, 738-751; Yang, T., et al. Org. Lett. 2024, 26, 1190-1195.

sterically 

distinguishable

2.2 Reductive dialkylation of unactivated alkenes



24Shu, W., et al. Org. Lett. 2022, 24, 3844-3849.

2.2 Reductive dialkylation of unactivated alkenes

electronically

distinguishable

4a′ serves as the intermediate

The Mechanistic Experiments
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2.2 Reductive dialkylation of unactivated alkenes

4a′ serves as the intermediate

Proposed Mechanism
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2.2 Reductive dialkylation of unactivated alkenes
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2.2 Reductive dialkylation of unactivated alkenes

iminium ion serves as the intermediate

radical-iminium addition process

The Mechanistic Experiments



28Huang, H., et al. Nat. Catal. 2023, 6, 847-857.

2.2 Reductive dialkylation of unactivated alkenes

Proposed Mechanism

rule out the alkyl-nickel species
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3. Summary and Outlook

Summary:

Sensitive alkylmetallic reagents Stoichiometric metal reductant

• Devoid of  sensitive alkylmetallic reagents

• Devoid of  stoichiometric metal reductant

A chelating-group-assisted 

strategy

Identify differential 

alkylation reagents
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Outlook:
➢ The development of green and efficient photocatalysis/electrocatalysis

➢ The construction of an asymmetric dialkylation reaction

➢ The construction of 1,n-dialkylation of unactivated alkenes

3. Summary and Outlook
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