
Chiral Transient Imine Directing Group in 
Transition Metal-Catalyzed Asymmetric 

C(sp2)-H functionalization

Reporter: Qian Zhang

Supervisor: Prof. Shengming Ma

May 20, 2022



CONTENT

3   Summary and Outlook

1   Background

 Benzaldehydes as electrophiles

2  Chiral transient imine DG in TM-catalyzed asymmetric C(sp2)-H functionalization

 Alkenes as electrophiles

 R-X as electrophiles

2



Background1

3



1  Background

 Transient Directing Group (TDG) Strategy

Nat. Rev. Chem. 2021, 5, 646–659.

 Directing Group (DG) Strategy

 General approach of C-H activation

 Always strong coordinating groups

 Extra steps to install and remove DG

 Efficiently and reversibly form new DG

 Atom- and step economy
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Alkenes as electrophiles2.1
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2.1.1 C(sp2)-H Alkenylation

2.1.1 Alkenylation of biaryl aldehydes with acrylates and styrenes

Bing-Feng Shi, 2017

Shi, B.-F.* et al. Angew. Chem., Int. Ed. 2017, 56, 6617−6621.
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Low rotation barriers

First atroposelective C-H functionalization using cTDG strategy



2.1.1 Alkenylation of biaryl aldehydes with acrylates and styrenes

Bing-Feng Shi, 2017

Shi, B.-F.* et al. Angew. Chem., Int. Ed. 2017, 56, 6617−6621.
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High rotation barriers

2.1.1 C(sp2)-H Alkenylation



Mechanism

Shi, B.-F.* et al. Angew. Chem., Int. Ed. 2017, 56, 6617−6621.
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2.1.1 C(sp2)-H Alkenylation



2.1.1 Alkenylation of biaryl aldehydes with alkenes

Lutz Ackermann, 2020

Ackermann, L.* et al. Angew. Chem., Int. Ed. 2020, 59, 13451−13457.
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2.1.1 C(sp2)-H Alkenylation

Electrochemical version



2.1.1 Alkenylation of biaryl aldehydes with alkenes

DFT calculation

Ackermann, L.* et al. Angew. Chem., Int. Ed. 2020, 59, 13451−13457. 14

2.1.1 C(sp2)-H Alkenylation

Non-covalent
interaction

branched

linear



Shi, B.-F.* et al. Angew. Chem., Int. Ed. 2017, 56, 6617−6621.
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☆ Site selectivity control in biaryl system

 Site selectivity of C−H cleavage is controlled by the bite angle of the TDG.

Shi, B.-F.* et al. Sci. China Chem. 2020, 63, 875−880.

Yu, J.-Q.* et al. J. Am. Chem. Soc. 2022, 144, 4727–4733.

 Using different TDG leads to different energy of inter- or intra-annular intermediate, so that site selectivity 

would determined by a transition state with lower energy.

Coplanarity

Non-covalent interaction

Ackermann, L.* et al. Angew. Chem., Int. Ed. 2020, 59, 13451−13457.



2.1.1 Alkenylation of biaryl aldehydes with maleimides

Upendra Sharma, 2022

Sharma, U.* et al. Adv. Synth. Catal. 2022, 364, 897– 908.
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2.1.1 C(sp2)-H Alkenylation



2.1.1 Alkenylation of biaryl aldehydes with maleimides

Mechanism

Sharma, U.* et al. Adv. Synth. Catal. 2022, 364, 897 – 908.
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2.1.1 C(sp2)-H Alkenylation

C-H activation is reversible



Jian Zhang & Guofu Zhong, 2022

Zhang, J.*; Zhong, G.* et al. Org. Chem. Front. 2022, 9, 2109–2115.

2.2.2  Alkenylation of styrenes with alkenes
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2.1.1 C(sp2)-H Alkenylation



2.1.1 Alkenylation of styrenes with alkenes

Bing-Feng Shi, 2020

Shi, B.-F.* et al. Angew. Chem., Int. Ed. 2020, 59, 6576−6580.
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2.1.1 C(sp2)-H Alkenylation



2.2.1 Alkenylation of styrenes with alkenes

Mechanistic study

Shi, B.-F.* et al. Angew. Chem., Int. Ed. 2020, 59, 6576−6580.
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2.1.1 C(sp2)-H Alkenylation



2.1.1 Alkenylation of heterobiaryl aldehydes with alkenes
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2.1.1 C(sp2)-H Alkenylation
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2.1.2 Naphthylation of biaryl aldehydes with 7-oxabenzonorboranadienes

Shi, B.-F.* et al. Angew. Chem., Int. Ed. 2019, 58, 11464-11468.

Bing-Feng Shi, 2019
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2.1.2 C(sp2)-H Naphthylation



Shi, B.-F.* et al. Angew. Chem., Int. Ed. 2019, 58, 11464-11468.

Mechanism

2.1.2 Naphthylation of biaryl aldehydes with 7-oxabenzonorboranadienes
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2.1.2 C(sp2)-H Naphthylation



2.1.3 Allylation of biaryl aldehydes with allylic acetate

Bing-Feng Shi, 2018

Shi, B.-F.* et al. Angew. Chem. Int. Ed. 2018, 57, 17151-17155.
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2.1.3 C(sp2)-H Allylation



2.1.3 Allylation of heterobiaryl aldehydes with 1,1-disubstituted alkenes

Lutz Ackermann, 2021

Ackermann, L.* et al. Chem. Sci. 2021, 12, 14182–14188.

N-C axial chirality
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2.1.3 C(sp2)-H Allylation



Xin Cui, 2019

Cui, X.* et al. J. Am. Chem. Soc. 2019, 141, 15730−15736.

2.1.4 Synthesis of indolines
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2.1.4 C(sp2)-H Intramolecular Hydroarylation



Mechanism

2.1.4 Synthesis of indolines

Cui, X.* et al. J. Am. Chem. Soc. 2019, 141, 15730−15736.
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2.1.4 C(sp2)-H Intramolecular Hydroarylation



Jun Wang, 2020

. Wang, J.* et al. Angew. Chem., Int. Ed. 2020, 59, 3475−3479.

2.1.4 Synthesis of  2,3-dihydrobenzofuran
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2.1.4 C(sp2)-H Intramolecular Hydroarylation



R-X as electrophiles2.2
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2.2.1 Alkynylation of biaryl aldehydes with silyl protected alkynyl bromides

Bing-Feng Shi, 2018

Shi, B.-F.* et al. Angew. Chem., Int. Ed. 2018, 57, 3661−3665. 30

2.2.1 C(sp2)-H Alkynylation



2.2.1 Alkynylation of heterobiaryl aldehydes  with alkyne bromides

Bing-Feng Shi, 2019

Shi, B.-F.* et al. ACS Catal. 2019, 9, 1956−1961.
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2.2.1 C(sp2)-H Alkynylation



2.2.1 Alkynylation of heterobiaryl aldehydes with alkyne bromides

DFT calculation

Shi, B.-F.* et al. ACS Catal. 2019, 9, 1956−1961.

S O
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2.2.1 C(sp2)-H Alkynylation



2.2.2 Arylation of ferrocenes with aryl iodides

Xiaohua Xu & Zhong Jin, 2018

Xu, X.*; Jin, Z.* et al. Chem. Commun. 2018, 54, 689−692.
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2.2.2 C(sp2)-H Arylation



2.2.2 Arylation of ferrocenes with aryl iodides

Mechanistic study

Xu, X.*; Jin, Z.* et al. Chem. Commun. 2018, 54, 689−692.
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2.2.2 C(sp2)-H Arylation



Benzaldehydes as electrophiles2.3

35



2.3 Coupling of benzaldehydes

Jun Wang, 2019

Wang, J.* et al. Chem. - Eur. J. 2019, 25, 4688−4694.
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2.3 Benzaldehydes as electrophiles



Mechanistic study

Wang, J.* et al. Chem. - Eur. J. 2019, 25, 4688−4694.
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2.3 Benzaldehydes as electrophiles



Mechanism

Wang, J.* et al. Chem. - Eur. J. 2019, 25, 4688−4694.
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2.3 Benzaldehydes as electrophiles

chiral metal center

monodentate TDG
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3  Summary
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