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Figure 1 The methyl effect on biomolecules (color online).
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Figure 2 Representative examples of methylated drugs (color online).
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Figure 3 The methylation of 2-nitrophenol with dimethylsulfate
(color online).
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Figure 4 The methylation of alkyl alcohols with dimethylsulfites
(color online).
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Figure 5 The cross-coupling reactions of MeOTs with alkyl bromides and aryl chlorides, respectively (color online).
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Figure 6 The cross-coupling reactions between MeOTs and aryl halides/pseudohalides (color online).
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Figure 7 Photocatalytic cross-coupling reactions of alkyl bromides
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Figure 9 Lewis acid-pormoted methylation using methyl phosphonates as methylating agents (color online).
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Figure 10 Methylation of methyl phosphonates and aryl boronic esters (color online).

25 B A FPE JE A5 B B ohr F S 423; 5 —
T, A 255 SN A Z Hb it i e EE R S R T A
A FE26. 1% IESATIRA, R AE TR+
2, ARSI, NN-THIE, BRIt S —
RIVERER], XFTH R A, AL
RS C,C-XF AL =),

20144F, OboraZs“Hfil T k(L H b 22 5
R F B SR S 0, DA R BT B 75 7 R A5 31 T H 3
=923 (F12). G, HF 27, FiEE. K
HE R RE = R AR, FEMI R AL SR, AT oSS
L= 200 B R IR SN, — 49215 B4k A 4028, i il

532

SN AAR 22 AR R RT DA% B e S FHL R 29 ) ofor L R
PRI 3L, BEJE, AnderssoniffiZH i ] 42 @ 4k
AR E=RCARVE AT, tEE L R I BIF5 10 7= %45
Flo-H R HED)

20164F, Seayad 4RI T AT AL A
SN, PLEE98% = 3 SEEL 1 B it oo R JE AL (1 13).
Ak, FE30. FESRA A3 ofir B AT LALEET AHBC AR
TEALAE ] TR 2 5 M s2 Blo- FEEAL v, B, Kundu
R 2H O3 5 S R BR AR ST T AT AL I 2 4 4
BE, 153 T o- 3B AN o- FE AL B R SE RS0 &,

20174, Das25°*V% & T 4040k A 1L



REFRE: b 2020 0 50%E 5

o 5) n;ol% '[Rngéglz]z 1 0
equiv Cs,CO4 R
R1\)J\R2 - R?
0O,, MeOH, 65 °C Me 55
22 up to 95% yield
(0] 0 " e}
e
WMG /©)J\|/ Me
o} Me Me,N Me Me
92% o
LU 73%
Q o)
Me |
MeO \ Me <o Me
__________ O e M% 5%
Proposed mechanism: (0]

Rh! Rh''-H
base—H
(0]
e
Me

Bl 11 RAEAL AR ) o A S W (1 25 RiORZ 1 )

Figure 11 Rh-catalyzed a-methylation of ketones (color online).
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Figure 12 Ir-catalyzed a-methylation of ketones (color online).
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Figure 13 Ru-catalyzed a-methylation of ketones (color online).
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Figure 15 Pt-catalyzed a-methylation of ketones (color online).
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Figure 16 Ni-catalyzed o-methylation of ketones (color online).
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Figure 17 Ru-catalyzed f-methylation of alcohols (color online).
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Figure 18 Fe-catalyzed B-methylation of alcohols (color online).
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Figure 19 Mn-catalyzed B-methylation of alcohols (color online).
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Figure 20 Minisci-type methylation of N-heteroarenes (color online).
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Figure 21 The proposed mechanism of Minisci-type methylation of N-heteroarenes (color online).
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Figure 22 Ir-catalyzed methylating reactions of indoles and pyrroles (color online).
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Figure 23 Metal-free-catalyzed radical methylating reactions of N-heteroarenes (color online).
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Figure 24 HCl-protomoted radical methylation of N-heteroarenes (color online).
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Figure 25 Ru-catalyzed methylation of amines (color online).
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Figure 26 Ag- and Pd-catalyzed methylation of amines (color online).
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Figure 27 Mn-catalyzed methylation of amines (color online).
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Figure 28 The newly developed methylating agent TEMPO-Me (color online).
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Figure 29 Other methyl ether-type methylating agents (color online).
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Figure 31 The methylation of PSMS with heteroarenes (color online).
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Figure 32 Ortho-C—H bonds methylation of acetanilides (color online).
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Figure 33 The reactions of d3-methylating agents with nucleophilic reagents (color online).
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Figure 34 Rh-catalyzed o-methylating reactions of ketones (color online).

543



Bz FRAE: A B wE 7T it f

HE T BRIE, ORI RS T SR, AR TR AR
HE .

20184F, VE X F i@ H5# T R,N-BHy/DMF
RAR TR BRI, B o-f7 210 B (EI35).
W E MBI R EGY), KN E e AR
U, BERZ. REREIE LT E REFI R R ir a2y, LA
B SR AS Bl o- FE AL =), A0 B 3SR, 15
B 1 FIEAL =7 AN N 8%, X A BT 7ERR Ak &R
BE A A P /K I B . X6 S SR AT AR S8 A B, A
HITARFIDME A FE R YR, 45 21 5051 240 =478,
2 B = i AR e AR, DU AR RRORUTAR FE
WrEE79; TR B STARDME AT = B R AR e i
54 31 =7 H 310 7= 4180.

20154, Chatani i 211 45 5 5 = FRL b
82 (PhMe;N Ty H HEAR 77, 8-Z S bk Jy 5 i 22 [,

£ =GR PR R AOHEAL T, L & 81192 5 47
CpoHERE 35 AL e 1L FE 1R A5 2 TP R AL 183 (&136).
KT CopHEE, HHEALHRE L RIFHI ™ R BEAT; CyH
FEHE ] T RBAR R, T LL68% ™ F 45 21 i 77 1k
2 [ry- AL = 184,

2.1.4  pLE

TR e 2 A WL A B 5 B ) HR 271, 2 Sn 2o
T EUAR 2 I BEAE ). FL7E 18994, Purdieift iz
FHRLA e S B 1 FLBR8S Y H I I B, 1% I B AE S AL
WIENAER T, BL65%HI = R3] T FLER H g
86 (K137). TEAMMRMIMEIL/ER, o-FEH BT, &
TRt v DLAR 2% 75 Hb 5 il B e e 75 31 2 Ak
Pyt R A BRI, IR 5 5 SRR
RSB ERVERTR, R, B, B,

o 1.0 equiv Me,NH-BH3 Me
1.5 equiv NaO'Bu
A EWG  * H)J\N'Me Ar)\EWG
I\I/Ie 80 °C

up to 98% yield

CN CN CN
i
MeO PFQJ\N
83% H 81% 58%
Me M
! e
N
OEt NMe
/ W 2
o o}
Me
8% NCT e
. D
o 1.0 equiv Me,NH-BH; J:
1.5 equiv NaO'Bu
A CN ¢ DJ\N’CD3 - - Ar” CN
' DMSO, 80 °C
CD,4 78
(o) 1.0 equiv Me3N-tBD3 D D
1.5 equiv NaO'Bu
A TGN+ HJ\N'Me d I
. DMF, 80 °C Ar” CN
Me
79
) 1.0 equiv MesN-BD; 0.2 b
1.5 equiv NaO'Bu
A CNH |:))J\N/CD3 . j:
! DMSO, 80 °C Ar” CN
CD, 80

B 35 R;N-BHyDMFRR FHIE. Fess. MWiAZraf H A0 s B () 45 iR )
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Figure 36 Ni-catalyzed C—H bonds methylation directed by 8-aminoquiloline (color online).
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Figure 37 The reactions of methyl iodides with nucleophilic reagents (1) C-HEEH HA1k
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Figure 38 Ortho-C—H bonds methylation of acetanilides (color online).
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Figure 40 Ni-catalyzed methylating reactions of aryl halides (color
online).
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Abstract: Methyl group is not only an important building block of biologically active molecules and drug molecules,

but also the important structural unit of complex molecules. Methylation of complex molecules is generally achieved

through methylating reactions, which mainly include nucleophilic attack, electrophilic attack, and radical pathways. This

review summarized the literatures of the past few decades and covered commonly used methylating agents used in

methylation. In this review, the recently developed new methylating agents and methylation reactions are highlighted,

and the reaction mechanisms are also detailed discussed. We expect that this review will inspire others to devote their

research in the field of methylation.
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