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C(sp3)–H Methylation Enabled by Peroxide 

Photosensitization and Ni-mediated Radical Coupling

Shannon S. Stahl et al. Science 2021, 372, 398-403
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tankyrase-2 (TNKS2) inhibitor
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Magic Methyl Effect

Matthieu Schapira et al. Med. Chem. Commun. 2017, 8, 1970-1981

hydrophobic interactions

演示者
演示文稿备注
在从 PDB 中提取的蛋白质-配体中观察到的最常见非共价相互作用的频率分布。疏水接触是迄今为止蛋白质-配体复合物中最常见的相互作用。疏水相互作用是药物-受体相互作用的主要驱动力。在苯环上引入甲基，可以占据蛋白质口袋中的疏水空腔同时排出一个结合不利的水分子，
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Magic Methyl Effect
conformational effects
GSK, 2008 p38α MAP3 kinase

Metabolic stability changes

Lovastatin Simvastatin
2-fold increase in 𝒕𝒕𝟏𝟏/𝟐𝟐

Alvimopan

convert an agonist into an antagonist

μ-opioid receptor antagonist

Morphine
treatment of postoperative ileus

H. Schönherr, T. Cernak, Angew. Chem. Int. Ed. 2013, 52, 12256–12267
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L. Zhang et al. J. Am. Chem. Soc. 2009, 131, 8394– 8395

Reagents and conditions: a) Boc2O, THF/H2O, NaOH; b) 20 mol % RuO2⋅x H2O, NaIO4, 
EtOAc/H2O; c) MeMgBr; d) TFA then NaOH; e) Pd(OH)2/C, H2 (45 psi). Boc=tert-
butoxycarbonyl, THF=tetrahydrofuran, TFA=trifluoroacetic acid.

C-H Activation

1 2 3
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C-H Activation

4d transition metals: Pd, Rh, and Ru

Darren J. Dixon et al. Chem. Soc. Rev. 2021, 50, 5517-5563
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C-H Activation

S. J. Tremont and H. U. Rahman , J. Am. Chem. Soc. 1984, 106, 5759 —5760



8

C-H Activation

J.-Q. Yu et al. J. Am. Chem. Soc. 2006, 128, 1, 78–79

J.-Q. Yu et al. J. Am. Chem. Soc. 2006, 128, 12634 —12635

efficient transmetalating agents

pyridyl-directed C–H activation by Pd
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Directed C(sp3)-H Methylation

Dibenzyl phosphate as solid-to-solution 
phase transfer catalyst for Ag+

Gong Chen et al. J. Am. Chem. Soc. 2013, 135, 2124–2127
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Gong Chen et al. J. Am. Chem. Soc., 2013, 135 , 12135 —12141
B.-F. Shi et al. Chem. Sci., 2013, 4 , 3906 —3911

Directed C(sp3)-H Methylation

Concerted metalation-deprotonation mechanism

U. Sharma et al. Org. Lett., 2020, 22, 305 —309



David W. C. MacMillan et al. Science 2015, 349, 1532–1536 
11

Oxidative C(sp3)-H Activation

演示者
演示文稿备注
羟基邻位烷基化



David W. C. MacMillan et al. Nature 2017, 547, 79-83
12

combined photoredox, polarity-matched HAT, and nickel catalytic cycles

high positional selectivity is determined via polarity-matched HAT

Oxidative C(sp3)-H Methylation

演示者
演示文稿备注
Oxidation of quinuclidine by excited Ir(iii) generates an electrophilic nitrogen radical which then abstracts a hydrogen from the most electron rich (hydridic) C–H bond of the substrate, forming a nucleophilic α-aminoalkyl radical in this case. The Ir(ii) species formed then reduces a Ni(i) intermediate to furnish a Ni(0) complex which can productively combine with an α-aminoalkyl radical to form a Ni(i)–alkyl complex. Subsequent oxidative addition to the alkylating agent forms a Ni(iii) species, with reductive elimination delivering the α-alkylated heterocycle and regenerating Ni(i). With this approach, exclusive alkylation at the most electron rich C–H site of the substrate was achieved, notably even in the presence of activated benzylic C–H bonds.
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A. Paul and D. Seidel , J. Am. Chem. Soc. 2019, 141, 8778 —8782

Oxidative C(sp3)-H Methylation
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M. Christina White et al. Nature 2020, 580, 621–627

Oxidative C(sp3)-H Methylation

演示者
演示文稿备注
The oxidative conditions do not involve the use of strong nucleophilic bases or the generation of an alkoxide by-product, making the substrate scope markedly tolerant of common functionalities. The resultant hemiaminals or hemiacetals could then be ionized by Lewis acids such as BF3·OEt2, diethylaminosulfur trifluoride (DAST) or in some cases by esterification with TFAA and subsequent activation with TFA, to furnish the reactive iminium or oxocarbenium intermediates.  The use of AlMe3 proved to be essential in delivering C–H methylated products with high functional group tolerance.
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C.-J. Li et al. ACS Catal. 2020, 10, 6248–6253

C(sp3)-H Methylation

演示者
演示文稿备注
Mechanistic studies suggested that the methanol is dehydrated into methyl carbene intermediate via a bimolecular mechanism.
the reaction began with the dehydration of methanol molecules into methyl carbenes on the surface of p-GaN under the irradiation of the Xe lamp. 



B.S. Chemistry (1992) Postdoctoral (1997---1999)

Ph.D. Chemistry (1997)

Advisor: Professor John E. Bercaw
Thesis: Mechanistic Studies of Alkane 

Activation by Platinum(II) Complexes

Advisor: Professor Stephen J. Lippard
Thesis: Mechanistic Enzymology of Soluble

Methane Monooxygenase

Professor of Chemistry

Palladium or Copper Catalyzed Aerobic Oxidation

Developing new heterogeneous catalysts for organic synthesis

Electrocatalysis and Electrochemical Organic Synthesis

Energy Storage and Conversion 16

Shannon S. Stahl

演示者
演示文稿备注
威斯康星大学麦迪逊分校
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Directed C(sp3)-H Methylation
Three fundamental reactivity concepts:

competition between HAT and β-methyl scission

elevated temperatures: β-methyl scission

lower temperatures: HAT
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Directed C(sp3)-H Methylation
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Directed C(sp3)-H Methylation
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Directed C(sp3)-H Methylation
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Directed C(sp3)-H Methylation
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Oxidative C(sp3)-H Methylation

Song Lin et al. J. Am. Chem. Soc. 2022, https://doi.org/10.1021/jacs.1c09412



Thanks for Attention



J. Am. Chem. Soc. 2022, https://doi.org/10.1021/jacs.1c09412 25

演示者
演示文稿备注
最新JACS电化学方式实现氮原子邻位甲基化（包括乙基，苯等）
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27J.-Q. Yu et al. J. Am. Chem. Soc., 2014, 136 , 13194 —13197

9-Methylacridine(9-甲基吖啶) was identified as a generally effective 
ligand to promote a Pd(II)-catalyzed C(sp3)–H and C(sp2)–H alkylation of 
simple amides with various alkyl iodides.

演示者
演示文稿备注
Notably, N-heteroaromatic ligands were found to be crucial to reaction efficiency, where an acridine derivative was identified as optimal amongst an array of potential ligands.配体作为导向基团



David A. Evans et al. J. Am. Chem. Soc. 101, 1994–1997 (1979).

Theoretical Studies of the Oxy Anionic Substituent Effect

28
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演示者
演示文稿备注
ortho to a large rotatable substituent on an aryl ring
on substituted rings where an axial or equatorial preference of substituents can be influenced
between two freely rotatable bonds that are substituted with bulky groups.
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