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C(sp’)-H Methylation Enabled by Peroxide

Photosensitization and Ni-mediated Radical Coupling
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Magic Methyl Effect
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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，


Magic Methyl Effect
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C-H Activation
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C-H Activation
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C-H Activation
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C-H Activation
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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 Activation
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Oxidative C(sp3)-H Methylation
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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.


Oxidative C(sp3)-H Methylation
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Oxidative C(sp3)-H Methylation
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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.


C(sp3)-H Methylation
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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. 
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Directed C(sp3)-H Methylation

Three fundamental reactivity concepts:
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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

A condition selection guide
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Directed C(sp3)-H Methylation

(i) a-Amino substrate scope

Me
N,Boc
o H

40% (c)*+ 44% (c)*
1.3:1d.r

Me

N Boc
Br
HO
bromperidol core
22
55% (cl;-T 28% (c)t
4.1:1dr 1.6:1dr

(iii) Late-stage functionalization

\\ .‘,r

MEOD
w G
H

g.ﬁ.fbunde precursor
nabumetone Cl
26 43% (b}§
35% (b)*+$ 6.7:1rr

Me Me
.Boc
0 ij\ N /—éN—Boc
0] @]
(@]

31% (c)t
3.8:1dr

;U““ e

nspend l:i.l"'.'iE‘.I core

23 ()
38% (c)} 29% (c)
>10:1 d.r 3.2:1dr

Me (8] HN'JJ\ A(J%
Me 0
\ N\_) H

s:tagffpmacyf F bezafibrate
29

61% (€) 38% (b)§

1.6:1d.r 59:1rr

O\C/N-' BOI:

20 =0
42% (d)f o
84:1dr Y

Me
N,Bo-c
HN
Me
o

25
53% (c)

Me O
NN
ool

agomelatine

30
49% (b)S
25:1rr

21



A Effect of protonation on C(sp®)—H methylation

innate selectivity
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Oxidative C(sp3)-H Methylation

Anodic oxidation
Q Trifluoroethanol
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A. Cnmmun.l].r proposed ECEC mechanim in the literature:
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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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Yu, 2014
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9-Methylacridine(9-FH E I E) was identified as a generally effective
ligand to promote a Pd(II)-catalyzed C(sp3)—H and C(sp?)—H alkylation of
simple amides with various alkyl iodides.

J.-Q.Yuetal. J.Am. Chem. Soc., 2014,136 ,13194 —13197 27
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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


Theoretical Studies of the Oxy Anionic Substituent Effect
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a) ortho substitution
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potency cl potency
Me O Me

2135-fold
boost in

potency
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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.


-

{iy BuLi 1.3 equivalent
ligand 0.2 equivalent

bispidine 1.2 equivalent

Boc

(i) TMSCI

s-Buli

\]III
N N

{-)-Sparteine

(—)-Sparteine
(5)-FProduct, 76%, 80% ee
llsl ™S (+)-Sparteine surrogate
Boc {R)-Product, 66%, 88% ee

5-Bu-H

Bispidine

s
W N

Me

(+)-Sparteine
surrogate
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intramolecular Py

transmetalation (4)
: _ad
Me
1a
- ™
07 "Me

Pd(OAC):, 10 mol%s
Me,Sn, 02.0?5 equiv x 10 Ci Me Me: Ci Me
Cu(Ohc)s, 1 quixﬁr [:\]/LN Me + @\/“N
benzoguinane, 0.5 eqiuv
MaCN, 100 °C, 40 h Me Me

1¢, 20% 1d, 64% O e

L‘nenchumcne
™S @i e o @i R @f‘ e
-H “(' \4 HOAC Pci P:I-.L

Oxa"“pd ~  Pe-aryl Aco—-_

A .
PAiOAC) ™ complex 1a ib, L was m:rt identified 1e, 95% yield

Me,Sn (batch-wise)
CU{GAC}Q henzoq uinone
Pd® Oxa

benzuqumone

31



	幻灯片编号 1
	幻灯片编号 2
	幻灯片编号 3
	幻灯片编号 4
	幻灯片编号 5
	幻灯片编号 6
	幻灯片编号 7
	幻灯片编号 8
	幻灯片编号 9
	幻灯片编号 10
	幻灯片编号 11
	幻灯片编号 12
	幻灯片编号 13
	幻灯片编号 14
	幻灯片编号 15
	幻灯片编号 16
	幻灯片编号 17
	幻灯片编号 18
	幻灯片编号 19
	幻灯片编号 20
	幻灯片编号 21
	幻灯片编号 22
	幻灯片编号 23
	幻灯片编号 24
	幻灯片编号 25
	幻灯片编号 26
	幻灯片编号 27
	幻灯片编号 28
	幻灯片编号 29
	幻灯片编号 30
	幻灯片编号 31

