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Recent Progress of Photocatalytic Methylation of Arenes

Du, Jianbo“ Chen, Yuegang” Zuo, Zhiwei***
(“ School of Physical Science and Technology, ShanghaiTech University, Shanghai 201210)
(® State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, Shanghai 200032)

Abstract Methylation of arenes is one of the versatile approaches to achieve structural modification in organic and medicinal
chemistry. Installation of a methyl group onto an aromatic ring can lead to significant improvenent of the physical properties
and biological activity of this molecule, thusly the effect oftentimes is called the “magic methyl effect”. During the past few
years, visible-light-induced photocatalysis has emerged as a powerful tool for the development of efficient transformations in
organic synthesis. Compared to traditional radical mediated reactions, the use of visible light as energy input is more
environmentally benign. Recently, a series of aryl methylation reactions enabled by visible light photoredox catalysis have
been reported and applied in the synthesis of pharmaceutically-interested products. In this review, the recent progress of
visible-light-induced aryl methylation reactions is briefly summaried, with discussions of different reaction pathways.
Keywords methylation; radical-mediated reaction; methyl radical; photoredox catalysis
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FEORBA IR F R (MeOTs) 1 Ay Y B A R S 3 17 0I5 2
R TG 1) FH Ak, FE1Z I R R A, X R KR R FH R
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FIFH N 1) 75 5 FE AL =)

Br Me
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COMe LiBr (1.5 equiv.), blue LEDs, 6 h CO,Me
1 2,62% yield
PF6
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B2 OB 07 3R ALY T AL S
Scheme 2 Visible light-promoted methylation of aryl halides
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F)(F5 NI E AR 7, IR R RS EI NG A
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Scheme 3  Proposed mechanistic cycle for silyl-mediated
cross-coupling via photoredox
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Scheme 4 Photoredox-catalyzed methylation of aryl chlorides
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Scheme 7 Mechanism of generation of methyl radical through
direct excitation of boracene-based methylborate
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Scheme 8 Late-stage functionalization of biologically active
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| = I
_'|\+. —+> '
Y -H /\ “HO
Ho oo
69 70

Photoredox
. catalytic cycle
—OH RS H

5 SET
Tl
HAT Organocatalytic cycle
wi—OH /
’ /L \J

R 10 w7 WDt i FF R D AR 2 7 A i 1 e
e N HLEE

Scheme 11 Proposed mechanism for methanol as methylation
agents in heteroarene functionalization

KRR A5, 19312495 5 B AL HEs7=4 76.
2016 4, M5 A PR IE 106 LA R
AL, 8 [Ru(bpy)s]Cl fEAEAL 7, BI-OAc 1
R, TERT IR AR NSRS IR C—H B
) F AL,
VEZ B W ) I SEALFR 1T Scheme 12 TR, 7E)GIE S

H
\SET/+H+
= |
) Ir IV % |||
H
68

LS ,‘\\\

Chin. J. Org. Chem. 2020, 40, 3646~3655

© 2020 Chinese Chemical Society & SIOC, CAS

R Ru" A2 HOR, 193RI R AL B
RASH R A5 7K R AL BI-OAC KAEHH
TR, 0 R A AR B D S A R AR TR R PR
A4 80. FifiJm, 1% [ H3E -5 F LM AR S o 20 5k Jse o v ]
81 BRHE G HE FRAMES R LRSS
A 83 KA, 5 Ru™ LA LAl
TR, MAMEE] C—H B HF LK) 85, SEROLE
IR SR AR,

¢l Ru(bpy)sCl, (1 mol%) cl
Y ., Me—B(OH), EtI(IDAcQ.Oequw.) X
_ visible light, HFIP _
N™ “H 30°C, Ar, 48 h N™ "Me
76 77, 2.0 equiv. g, 78, 46% yield
I\
oI ©:<O
o]
) o VT
Ru(ll)‘\‘ v
Ru(ll) N )
BIOAc | *H

Photoredox +
catalytic cycle / N Me

B 12 HRWNIRZ 5 R -2 07 i P R SR
Scheme 12 Photoredox-mediated Minisci C—H methylation of
N-heteroarenes using methylboronic acid

2017 4F, fRHEgR AR T O R
ERAE A AL, [ Ru FEYRMEARF, 67T W64
PFR L IE B ALK C2 A7 C—H B AL I RN, &
M. VRS2 I R BHLEE AT Scheme 13 PR,
Ru" fEALFITER] WOGHES N 280K, 38R A1) Ru"
TEALTR. B S 2R 0 R (4677 5 8467 BI—OAc
RABH TR, 15 3 MICR TR B B 4E 80 2 Ru'™ i
PR, 330 Ru" AR 5 P = e £ 87 KA
PR, SR RS mEE PR hESHE E A
W 89 AN NAT 2 H LI T 90. fJmiZH
FH 22 SH 25 A4 I T T4 8 ) AR B YRR | e 2 80 %Ak,
13 3 AL H) B FR9) 91.

2017 4F, A ZE IR PR T3 R AR D

http://sioc-journal.cn/ 3651



95, 65% vyield

BHE
[Ru(bpy)s(PFe), (2 mol%) A 300 W xenon lamp, TFA X
N BIOAG (3.0 equiv.) N | het +  MeOH > ||het==Me
/[Aj\ TFA (2.0 equiv.) /EAJ\ N7 DCM, rt. NZ
+ + MeBFaK +
Me N H DCM/H,0 (V:V =1:1) Me N Me
o rt, 24 h, 36 W blue LEDs o Me
86 87, 2.0 equiv. 88, 38% yield ©\)j\ b\
~
N N
| _ 93, 80% yield 93, 70% yleld 94, 60% yield
N”"H
S (e G
MeBF4K ‘Me—32 » .. LH iz

Me

/ r}l Me ’Tj

N 5
(N <
@% @%

Rulll)  catalytic cycle  Ru(ll
[/ —
>\\ . sET
(@)
v
B 13 ke S C2 A5 FF B R AL EE
Scheme 13 Mechanism of visible-light-induced C2 methylation
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