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Abstract N-Methylation of amines and imines is one of the most important reactions for C—N bond formation. It is widely
utilized for both laboratary research and industrial applications. Traditional methylation reactions involve the use of
flammable, explosive and toxic starting materials. In contrast, newly developed methods have overcome this point and provide
a mild strategy. In this transformation, C1 carbon source for the methyl group is important which determines the type of
catalyst, reaction conditions and substrate scope. Herein, the research progress for the N-methylation of amines and imines is
summarized based on different C1 carbon source.

Keywords N-methylation; carbon dioxide; formic acid; methanol; metal catalyst
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AR5 SR 10 fi AT Jie 20 R A R BE BT T 4, RN 4
KAzt e E R BT M. T IX— B, — R4
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2013 4F, Beller B! HR3E 7 FIFH CO, 1E A
P~ ZREE LT (PhSiH,) vk J5 71 1) %0 H 246 ) M. (Scheme
D). EFFH &Y H T I)E IT) [RuCly(dmso),]
AT, fEBEEC A BuPAd, MIVEFR, mRchszsl 7
PR SRR, — 5 BRI R R A OB, ¥
AR PR, BRI RS2l T Co, L
R, C1 RIFEE B 515, XA, o T
VERUAS T AZAMR ) A k0t F8, AR KA 3R 1 A% e A0
S P R .

Beller @2 M M I SR Ak e 4 A Hy, 23
T — a5 Z ) R T B4 )N (Seheme 2). 7E
SN Z AR I, A R F S BR £1 [Ru(acac); ] 1 N1k
A, 1,1,1-= (2R F B H 3L 2 B (triphos) AL A, @It
IR SR R B A, DU R AR B — RV A AL
FEd. TS, 2 — R 205 s A Be
Fric )& 3840 245 %) 43 7 T WK & (Imipramine,  1)A0Fi 2K
M (Amitriptyline, 2), F=Z0] LLIAF] 95%LA b, HA%
U S P AT 5. 38 R R TR PR R B B R AR, AN
P T ZR N R F &3, T BAE A% 75
SRR, A R A Tl AR A P 4Rt T b))
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BuPAd, (4 mol%)
[RuCly(dmso),] (2 mol%)

H PhSiHs, toluene, 100 °C CHs
c02 + /N\ ) - > N
e T e e
61% ~ 99%
CH3 ?H3
CD O C
N ~
o . R N" N7
86% CHs 81%  R=CF;97% 61% ¢p,
R = OMe, 70%
R = Cl, 82%
o

CHs N O— coo'Bu
H-C5H11\/N\/I7-C5H11 O/ N\
99% CH;

94% 75%
: h|l .
@ “CH, |

1
E N N~
. 2N ! .
1 H;C CH3 CH3 1
X 84% 63% :

B 1 DUREEGE IR SR ET (A O U R A S
Scheme 1 Ru-catalyzed N-methylation of amines with phen-
ylsilane

1 mol% [Ru(acac);]

H 2 mol% triphos 9”3
1/N\RZ co.+ H 1.5 mol% MSA 1,N\R2
R + 2 + Ry 0,
THF, 140°C, 24 h 67% ~ 99%
-H,0O

1 mol% [Ru(acac)s]
2 mol% triphos

. CH,
R3—NH2 +COp + Hy 1.5 mol% MSA R3——N/
THF, 140 °C, 24 h -
3
-H0 60% ~ 99%
CH; CHs

|
@EN\CH;», OD/NH ©/N\/\
" o

67% 71% 99%
EH3 HsG Ph
o o o
IS ,CH3
R 0% N
R = Me, 87%; R = S-Me, 96% CH,

R =F, 95%; R = Cl, 99%
R =Br, 89%

HyC
HsC Q 3¢
N

N<
N_/\/ 13CH3

O s O
95% 96%

B2 AR SONIE IR A A 50T A0 B b

Scheme 2 Ru-catalyzed N-methylation of amines with H,
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285 W) IPrZnCly fE AL, L CO, NBRIS SEIL T iz (1)
R HAL N (Scheme 3). 1E3& TEF 5T K4 o i R IR,
3% ] RNH, AJRYINE, 2658 20 h (N, EZ=0N
RNHCH,, /> &EE|“% RNHCHO 1 RN(CH;); ZERL;
U B S NI T IE K2 72 b, AR 3 A9 P2 BA N, N-—
HIE RN 3. BARIZ TV R B PE L Y& R Va
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fit.

o)
H co s IPrZnCly (5 mol%) CH; N
N 4+ CO, + PhSiH No_, +
R3TTRYT T2 *100°C, 20hor72h R R o N
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100°C, 20hor72h R -NH

0
| CH;

/
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CH;
‘ Pr i |

B 3 DUREE e A IE I B A i %0 TP AL s
Scheme 3 Zn-catalyzed N-methylation of amines with phen-
ylsilane
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i 1) 260 B AL OB . 5 3 D 0 B 2 i (PhNH A ) S iy
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.
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NH ———
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: o ()
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CH,

|
BMe 1.0 mol? N.
THF, 1h,90°C
- R,BOBR, MeO
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B 4 LL9-BBN Nk Ji7 VBY® (AL I 2 FF Ak = b

Scheme 4 VBM® catalyzed N-methylation of amines with
9-BBN
[Ru(triphos)(tmm)]

PPh,
N
PPhy iRy ‘\, L
prn,”

CO,/H, (2.0/6.0 MPa) CHs
THF, 150 °C N
[Ru(triphos)(tmm)/HNTf,
64%
CO,/H, (2.0/6.0 MPa) CHs
FaC NH, THF, 150 °C FsC Nech,
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CO,/H, (2.0/6.0 MPa) CH;
THF, 150 °C N~
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@f\f

B 5 ST AT &% i R JE AL R

Scheme 5 Ru-catalyzed N-methylation of aromatic amines
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Scheme 6 Ru-catalyzed N-methylation of imines
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H
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e
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B3R 7  CuAlO, bl iR J: 2005 75 M PR R AE e
Scheme 7 CuAlO, catalyzed N-methylation of amines, nitro-
benzenes and aromatic nitriles
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HKs b 75 v 8 T 2590 53 F A KR (Imipramine, 4) &
B, FEERIR T 85%.

Pd/CuZzrO,
H 0 CH;
N +COp+ H, (0.75 mol%) lll

R “R2 Octane R TR2

150°C,30h 719, ~ 97%
Pd/CuzrO, c o

(0.75 mol%) Hs FHs

R3—NH2 + COz + H2 W R3_N/H or RS_N\

CH,
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(|3H3 o/\ (\N/CH3
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o O C
Cl
93% 49% 79%

DA
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48% 68% 4 48k
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0,
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Scheme 8 Pd/CuZrO, catalyzed N-methylation of amines and
nitrobenzenes

2014 4E, Shimizu WA Pt 5 MoO, L [F 1%k
T TiO, b, AE AL — U AL A A 7 (Scheme
9). It ML, )8 Pt KRG, WA 85%F4 4k
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H AP 83 R s S 1 AT AR K, K 8 A0
B VO, WO, B VO,, SNETER] R KPR, 7L
RBRFR Y, SEREZEEMEATRIISCREN. R
HH—&JE M3, W PUTIO, PYALO;, (AR &1~
YA, T Al PYC 58 A AN RRIEAIZSORL. % R
DR S5 AE T8 F AR AR AL RIAE S S 5 PR 5, AT DA
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PACREF B (17 %2.(80% ~90%), TON A 433, KT 4k
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R, R R S BA BB AR R, mmH &
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ROREEEE 170~230 C, &MNAEFE 24 h, FibitdE
PIFMEACAR R B S NS A itk — D .

H Pt-MoO,/TiO, CH,
N (0.1 ~ 2 mol% PY) i
7 R2 + COp, + Hp N
R 05MPa 50Mpa 10 2%0°C RT R
: SMFa oah 63% ~ 99%

N-CHa
N—CH;
N—CH,

63% 99% 96%

BR9 Pt-MoO,/TiO, AL — Z i) T 2 A S B
Scheme 9 Pt-MoO,/TiO, catalyzed N-methylation secondary
amines

2015 4F, X EER A PHRE T 618 7 &)
R A SN, SR = (TSR HE) B 5% [B(CFs)s] 1
RHEATR, BL CO, MBRUE, TEIRAN 261 T Sl 17 2%
Ji2 1) 0 F 4k 3 B (Scheme 10). 1E& B R 3LR 'H
NMR. "B NMR. "F NMR, iE# B(C4Fs); i SEREGS L
B TE AL PR IR R R OV ], 2 JE i 2% 1 gk,
JRIHG CO, (IR JIFE % 0.5 MPa, 135N i N 5 7%
SiRAE. R R A IR ALY, N-H 2K Z (PhNHCH;) Y
RIN EIGR A W L - R T R T R, 1RO
HREMABEAT. 1EF Ny N-H A i (PhNHCHO) A2 1%
SSEF L=, TAES) J3 2 S v, R 2R 1) s
HEE R K m TR, B, 1R Ay A L 1Y
TV B2 BEA 2 T AN S P 1 38 (rate-determine step).

R NH;
/NH or + CO,
R2
140°C, 24 h

cHy
1

RY N
/N—CH3 or CH3
R2

B(CeFs)3 (5 mol%)
_— =

Hydrosilane

26% ~ 93% 50%
CH,3 CH; HiC
| | N—
o g0 Y
R 26% 52%

R = Me, 82%; R = OMe, 80%
R =F, 89%; R =Cl, 82%
R =Br, 93%

B 10 = (T35 b fi A i 1) 50 FR 4 S
Scheme 10 B(CgFs); catalyzed N-methylation of amines

SERTHHRE DAL Zn 5EAA-RERIANHC)
HI28 A ] DAL — S A 0 60 s i) 2015 48,
X EGR B % HE RN ERSR EESBENRS
Y)(F-PNHC-Zn) (Scheme 11), F3 %0 FAk S B (1935 1
BT T H%. DL N-FER % (PhNHCH,) A, EARFAL
FILFE] 100%, H27WHEA 7T1% 89 H B =)
PhNH(CH;)CHO F1 27%[#) N,N-—HZAL7*4) PhNH-
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(CH;)z, 111 L S 56 3 WL P X 12 S L R A 2 28 A 5 i
BOK. EOUTAEIE & NHC BCA i) & 01 22 [ 2
JEREJE, RN T B T S SO, BT SR )
RN T5B — . SHEMITEMEL, TR R
L PEANIE FENEATS A Ak — 2D 5 v
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(/\N+ R F
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,NJ
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N
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F-PNHC-Zn <\/N Br-
H
N

N F-PNHC-Zn (5 mol%)
+CO,
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I 20 CHy
NH  E_PNHC-Zn (5 mol%) N N
+ COZ A +
F PhSiH,
THF, 80°C, 24 h 65% 35%

B 11 F-PNHC-Zn 0 AZ 2 F IR AL AN 20 R R Ab s
Scheme 11 F-PNHC-Zn catalyzed N-formylation and N-meth-
ylation of amines

2016 4F, fECA TR B, ZiR AP gk st &
T B = IR AW poly(PPhs)-azo (Scheme 12),
5 Ag 8 Ru TR GG, AT CO, BIFALAFIA.
FH, poly(PPhs)-azo-Ru 7E 7% 7 — 2 & I 2 F 240 S B
I TR S AT 1, 1T 1 mol% Ru BIAT L 99%
(77 4 N-FRIEZE % (PhNHCH, ) 40 y NN-—FIFE S
i [PANH(CH,),]. 9256 38 B, n 5% 5 0 fd ) & 40 47
(RuCL) A1 = 2K FE B (PPhy), JBIIF= R %N 64%, 1
AT F R S TR Ru MO TG MR 22 6 EE )
YERL. 3 B 7 B (TEM) A X 5 28 56 B 7 RE S (XPS)
MARZR W, poly(PPhs)-azo-Ru Ak FITE S 87 /i Je P o ¥4
HARK A, RAIREGFRRREE, FINENHE %S
TARACP) AL R B, 72RO A 4 )8 Ru I
[ T RN AN = S AN (BN o R R N L R e
), IX— R A A F RT S T2 R AR B IR A B AR
A FRIBRAL 1 57 [ R R .

FIF Cantat BT & RERITIED, DB R E&ED
IPrZnCl, Nf#E4L 7, Billard iRAZHF 2015 4E5)H
Co, A C1 RIF, @& R R P & T — R0
"CH; (75 A& P)(Scheme 13). 1T ''C (1,,=20.4
min) AL F B, ARV GRS 'F R, E
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b Poly(PPh;)-azo: N
\xJN \:JN
Poly(PPh3)-azo-Ru
/ 1 mol%
R-NH + co, — oMol py
PhSiH; CH,

[of
THF, 120°C, 24 h 91% ~ 99%

| |
N. N.
CH, CH, N~
CH,
R

R =Me, 92% 99% 91%
R = OMe, 90%

R=F, 95%

R =Cl, 96%

BR 12 4-5480=

GASINA
Scheme 12 Poly(PPhj)-azo-Ru catalyzed N-methylation of aro-

matic secondary amines

FIEPIR GV TS & — BRE I 5 2

H IPr (1 equiv.) N
R1/N\R2 + PhSiH; + '1co, R TR2
(20 equiv.) ZnCl, (1 equiv.) 24% ~ 75%
11(|:H3 11<|;|_|3 11(|:H3
o CO o
NC OMe EtO,C
249, 75% 60%

RN

26% 42% 45%

B 13 ''CO, Z 55E-NHC %AW EAL 57 8 1 i 0 P 2640
I

Scheme 13 IPrZnCl, catalyzed N-methylation of aromatic
amines with ''CO,

& C M A A BB SRR TR . T
TR IR R Sl S SR AE G R R 5T N 1 C it T B
ARIMRIRTT R, Ihfl&H T & ' bRidZmn 1
PPk (Imipramine, 5). Jik 3 2 (Ephedrine, 6) 1 g-5 H i
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B ik 5 R
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2015 4, TR BEALILL 5-ALO;s JE Tk, 4 v N NH
HELR2092.0 nm (1 & 40KRF, IR T— R 51 e -
66% 69% %

AR 4k [ W A (Scheme  14). %7775 K ] CO, A Cl
KR, Hy NIRRT, & i — R 51005 7 A0 g s i e
A AR L AL = . A 2 b oAdE AR SS AR A ) B
AR E RS M, AVEH 0.5 mol%H) Au B 7 h B
A] SE R AL, AE R A AR R B 7R B S 8
(CO, 2 MPa, H, 6 MPa).

, AU/ALOZ-VS
1 R v CO, 4+ 1y, P05 mol%)
RI=NH; or S/NH 2772 440~170 °C, 7h
R
CH; R?
R'=N_ or  N-CHs
CH3 R3

78% ~ 99% 67% ~ 99%
Au/Al,05-VS

NH O, + H Au (0.5 mol%)
2 + _Au 05 mol%)
O/\ * 2% 2 a0 ~170 °C, 7 h

CH; oHy
“CH
/©/ ©/\CH3 O/ :

R- Me, 98%: R = OMe, 99% 87% 93%
R=F, 78%
Sy RO O
67% 95% 9%
CHs
XD 0O o
N N N-CH,
999 CHs 95% 8%

B 14 AR SR A PO 2 SR A S
Scheme 14 Al,O; supported AuNPs catalyzed N-methylation of
amines

Uh4b, Juventino ZEPTWF LA I, FAERMIL G
[(dippe)-Ni(u-H)], 1 2 B dh AL I Ni(COD),/deype 1£—
28 T e v 20 R A B B A R I HE AR R R
RiiE P (Scheme 15). fEMLEAET, 4 A—ZRN IR
Yo, BT DLGE R A B B R =, [ B A I
BIF=R A . 2R T EAEH 101 kPa 1) CO, BiA]
SEIEAL, AR SR 7 28 (33% ~ 69%) Ak £ 14 15
.
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[(dippe)Ni(u-H)lo/
[Ni(COD),]/dcype

Toluene
100°C, 20 h

@H@ + €O, + PhSiH,
N
CH,

35%

B 15 BLAE IR FEIE A B 50 TR S Ak S
Scheme 15 Ni catalyzed selectively N-monomethylation of
amines

LT R, SRaEmEN S5, HEA Tk
1N BT B, 2015 4E, Cazin Z5P8 R4 30 K m N ED
&, 5—MHEm4E4). i Scheme 16 Fiw, (EFRIFE
fiH CO, A C1 K, ZREEHE(PhSiH3) Ak J5 55 i 15
N, G REAN 2  ) E R B A A AT LAAE IR AN 2%
PR TERFFLHR, BRI, WAk RFmA 10
mol% Ik KO'Bu, —L)EM IR NS H B ER
fH2, B — B AE R, 5L i )ik £ 14 5

n ) Catalyst, t--BuOK (':H3

2 + €O, + PhSiH;

P P ~N
R R Toluene, 100°C, 20h R'™ R
64% ~ 99%

Catalyst, +-BuOK HsC- H3C. | .CH;
R3—NH, + €O+ PhSIH, 1= o0, 20 z:' o N

CH, CH3
N\
C|-|3
99% 75% 72%
HaC.\ -CHs HiC. -CH; HaC.-CHa~
WCV @S\ @W
50% 99% 70%

B 16 FAIA AR - (DA ) 2R 24
Scheme 16 NHC-Cu(I) catalyzed N-methylation of amines
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ARAEFLF. Bl 2,6-— H LI IONEYIRE, NN-—
HEERZ 7= 50%, NEZF=Y), RN 2 19%
(17 H L i AR . A, 12N R A A LT 5 — 2P
Wi, XF L Ry, WX R, 3,4,5-—H
ARERNE, NP2 R, T RE DR A EAR AN 4 4
ZNAEAESE — € AR . R, A U 4k
L PP A Vi T R EC A FH 3 L S 7 75 1 — 2D e 3.

TECAMEROE B b e B AR TR B 4 R b
FZ 5. 52 %, 2015 4, Ong A4 > 4% tH —Fh
AE ST FR 45 ¥ ) Bk — K 52 (Scheme 17), FE3t— 2 I
H N T4k LU S A H(9-BBN) Ay Ji7 77 A 480 F kA
R %R SAEAT H — 2 G R YInT, TR R 2
— R ALY, VIR, ZE R R ATE
B B R SR R I A Y. B R
THBRAE Y, FCBRE T RIS T4k, BT 5 E
S JE TR, )32 N T AR TR 75 A R 1k
LA

| CH,
H B Catalyst (10 mol%) N
N + + CO 1/ oo
R R2 2 toluene, 100°C,1.5h R' R
24% ~ 97%

ooy glo

24% 97%

Catalyst
Jelel i WU
o s Yy
80% 53% Dlpp i

E Dipp = 2,6-diisopropylphenyl

B 17 ke, CO,Z &Mk — R ML &P RAL SR
Scheme 17  Carbodicarbenes catalyzed N-methylation of
amines with borane and CO,

Kobayashi BREEZH K HAE T I A B B B4 30 R 5%
54 RS EY. 2016 4E, MATPMRE T —F L =%
MR 22 (zNHC, tz=1,2,3-triazol-5-ylidene) AECAA 1 £ J&
BEASE), TR AT AR R4 B RN, R
A IR LN 8 ) 1B NG SRS R LN DR/ R 2
M3 i S SVE . SRER R, 248 H] 2.53 MPa CO, I,
TG A A S R AT BUBUR () 12 4T (Scheme  18),
PRFRNY 45%~88%. FT RIS MALEL, Al AT 2R

Catalyst (10 mol%) N
0, toluene, 100 °C, 1.5 h CHs

80%
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FEEAE IR BT, CEAR R AOREAL 2P, AEh s Bl 1%
— BRI RE AR R IR (138 5.

bis-tzNHC-Rh

H (0.5 mol%) CHs
N

CO, (25MPa)  Ph,SiH, (2.0 equiv.) R'" 'R?

Ph,SiH, (2.5 equiv.) DCM, 25°C,20h 45% ~ 88%

DCM, 25 °C, 4 h
OZNON’ N-CH, EtOZCON N—CHs
\_/ \_/

R g2

45%

CHy
o
Bn.,  .Bn
N )
Boc
73% 80%

B 18 S AR RS b (1 2P b S B
Scheme 18 Bis(#zZNHC)-Rh complex catalyzed N-methylation
of amines

B sml A Ak, 2017 4E 4] K AE IR AP IRE T —
BN NI THEACH) BT R A SN, A4 i Siemaid
N, ToFT ARS8, MRSl | — k)
RN, ZITVEE NG 0R, Wi 7 5
AR ERERRE, SRR RBEM, W CO,
ISR OSSR ZR I, SR 5 1 e
r T PR e AR P AN B A T P D ). DA R R R N IR
BHEF, 7E 1.0 MPa CO,, 50 “CF o = 2243 1 H (b [
I, ££ 0.1 MPa CO,, 70 “C I 8 3 245 3 % 1AL,
HIF=8y, 1490 CO, HEZE 1 mmol, 50 C RN
FEG B —JEr Y)(Scheme 19). FETIX—SLIGE5 R, F
HHEIT SO PIHLER AN R 2 CO, JEJJRERES, B
[ ()44 HCOOSiHPh,, 55 AR 2R i e S 15 21 F AL
T, 2 CO, TNl CO, I, Hhia) ik 3 22
DL AR CHy(OSiHPhy) A T, 5 I 2R % e o 5 75 3]
TR, Ere A SR S A, T
AN BT AT ). ZIT RS T ol 5 )8
TEAG ) U A BB, T HL a8 s B 5k R, AT BAik
FEVEHD A Bl =M B AR, BROHAERE IS SR ) R
JEFIRLH.

2018 4F, H4IRAIR IR — 1A B 3R
[4.3.0]-1,5- ~%(-5-+—#(DBU), 17 1 mol%f# 1k
, 101 kPa CO, "~ BRI AJ S 280 A — R i 80 A A0 S
(Scheme 20). 1% 77 V2% 55 K ) FF (2 R AE FH R e Si /E 4
I JR T, T S A8 A A% R X TG R 1) 5 FR 2R T e (PMIHSS)
PEIE A, KKBEAC T AR, 22 HAIEH CO.1E N Cl
RV IR f5 A TSR (1) 7V, B R 0 L Js vt AT 75—
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BIKE

SR SR

= 0o® CH
Ay

FHa m N-cHo
0,
NH 4 co, + PhysiH, —(19mo%) ©/
- CH3CN

(1.0 MPa) (2 equiv.)
50°C, 18h 929 NMR yield

< 0®
>N
CHj ® 9 CHs
0,
NH 4 co, + PhySiH, __(5mol%) _ N‘CH3
(0.1 MPa) (2 equiv.) CH3CN
70°C, 12 h
96% NMR yield
>N
E:S /\[r CHy GH
0,
©/ +CO, + PhySiH, — O ) 0 mst) ©/ &, \©
- CH3CN
(~ 1 mmol) (3 equiv.) 50°C, 4 h 93% NMR yield

B 19 S SRR A 1A 2 P A S

Scheme 19 Glycine betaine catalyzed N-methylation of amines

CH
DBU (1 mol? 3
Neg, * CO, +PMHS U (1 mol%) /Ill\ ,
R' R CH3CN, 100°C, 48 h R’ R
(101 kPa) 28% ~ 50%
CHy CH; Pr CHj4
I
N\ AN N\ N\
J: j | _N | |
R 0,
R =Me, 85%; R = OMe, 86%  97% 74%

R = CO,CHj, 58%; R = Cl, 37%

[ I\ ©/\lﬁ/\© (i)Hs
N\ CH; SN~

51% CH3 54% 28%

B 20 A7 HLBBAE AL 1A 20 R A S

Scheme 20 DBU catalyzed N-methylation of amines with
PMHS and CO,

SRR, TOHR IR e P B AT AR (K.
2 PIERER AR

F R 7E [ AR b SB35,
R P AR LA B KR, 3 A I I T 4% 28 Tl i
rEpEd [, R T DAL R R K AR CO, A
PG, AR5 B4 PR R G S Bk, T DA
FAMERAE A OB IS 7). B LG B, FERATH T4
LR N, A IR — NV TE R UM R, R R
CO, 1By C1 SRTE R R LA S B i, (HR R
7 4% P 388 3 7 B e IR RN R, SR 5206 5 MR A
FR. TSR R A T L R R AR AT RV A C 1
SKVE, AL T SeedifE, hisk— Bk T & 1L
(9L 4% AF, 37Ok T R 3 Y L T X — AR,
FIF FERTE A 1 SRIE K H MR HIAR (8 S -t A 4
BARIE, HCT S5 (PR A It 22 AR B 1 R R
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TE AL 25 R

2014 4, Beller WAL HRE T —BiIF) F FHER1E N
C1 SRIFH % AL [ % (Scheme 21). 1E& B Ex— &R
b & J@ AL AT IR ik, RIE B S YRR B
i, PR AT Karstedt fE A6 F7E A B AT AT BC A4 1)
TEOLT, AT 0.5 mol% R i) A5 Rl s H R 2 25 g 117 2 3%
WIRR(>99% GC yield). BEIZREERGE R FH &, 7EHH
A RN — 2% PhNH, 34T % %%, [FFECLET2(90%
GC yield)f3 3| N,N- - H 3% PAN(CH;),. #F—5 @il
P AGECAR TR G, RIAEAE A 1,3- 00 2R ) T
Fe(dppp) i, — i (s R AT Lk — 2B 35 (>99% GC
yield). HHILW R, 7EMHFERIER C1 KiER, Pvdppp
RO AR S L e

Karstedt's catalyst/dppp CH3

N+ HCOOH + PhSiHy N
N r.t.or60°C 1 N2
R' R2 M R' 'R
18 h, "Bu,O 68% ~ 99%
Karstedt's catalyst/dppp CH;
R3—NH, + HCOOH +PhSiH; 3—N
r.t. or 60 °C bH3
18h, "Bu;0 65% ~ 99%
CH3 H3C\
N Cl (I:H3 N—CH3;
“CH, N. 0
CH; A\
R N‘N
R= Me, 980/0; R= F, 98% ©/ \
R =CN, 73%; R = COOMe, 94%  99% 65%

R C|H3 CH3 CH3

SN ol e

N (¢}
R = Cl, 99%; R = CgHs, 86% H
R = CF3, 78% 68% 87%
HsC, .CHs Hs%C_ 13
Si—=CH, 3 S\~CHs
O,
Si—=CH, OY%,

25
eange

B 21 Kbk, RS S5HMEAI R T I RN
Scheme 21 Pt catalyzed N-methylation of amines with PhSiH;
and HCOOH

S AR YR e b RIS B TESE, ik A
~ﬁ&igﬂ&\%%&iﬁ§&\A%%¥%ljﬁ
e REA AR, ¥arLUEES & e 215 3
HAsr=9, 1 H N2 A1 A (Scheme 21). X T3
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PEEWD, 7EEUR R EDA SN, S F AR R e, AR
ERIRERmE 60 CENHAAHI R, MG, 1F
FAE N KB ARG BERY H°COOH 1E RS, RIN{E 4-
I B M MRAN 2-( AR AR )-N- 3 RN 2
W5 FHEIN PCH,, Bh 91%F1 85%7 =% 433 1°C Frid
k&Y 8 f 9, HEAEEMEAME. X T/EA
{AIE B HCOOH [AIAE AT LAME A S 340 [ B C1 R,
T ELoNJE SO S PR 1 B B, 32 Rk TAE B4
F AR A B OBE P S B . R~
TR DA K T Ak S 45 5 T

2014 4, Cantat P95 F FERVE MARIE, 138 T 47
AL 520 R b I N, (B 12 R B A7 A 35 58 K 1 =1 BR
PR, RN EEA S, TEMHSIE 6 equiv.
HCOOH, K MNiREFE 150 C. HJEY N —F i,
SN F R ARG, 23 [R5 2 F L JE AT N N- I,
PRI T 1% 77k N FVE Il (Scheme 22). HR, R0 &
SEIRLR W, 1% N M AL S P AR T R N B
[, B R RE N — G, DA SR SR i R SRR 7= R
85%, LA 4-GH BRI SR 72 200 66%, M 41
IR RN 9% (Scheme 22). fE#F @I FRGHHE
PR BALEREAT T AT, WORTE R M FEH, HCOOH
AMUFEH T C1HSRIE, M H HCOOH tn] LLYE Ru fiE{k
FWER FBEER CO,, AT CO, tHIRIFEERN C1
KRS 5 T FREAIR.

Ru(COD)(methylallyl), (1.0 mol%)
triphos (1.0 mol%)

R! MSA (1.5 mol%) R
'N-H + HCOOH "N-CH,
¥ 150°C, 24 h, THF ¥
(i:H;; CI;H3 (I:H;;
cl
85% 66% 9%

Ru(COD)(methylallyl), (1.0 mol%)
MSA (1.5 mol%)
R3 NH, + HCOOH
150°C, 24 h, THF

triphos (1.0 mol%)
CH; CH;
OO
CH;

R3=H 71% 17%
R3="Bu 56% 19%
R3=F 63% 23%
R =Cl 51% <1%
R3 = OMe 57% 29%

BR 22 WS 5T E T R R
Scheme 22 Ru catalyzed N-methylation of amines with
HCOOH

2015 4F, (SRR LR RN BIE, Wi TR

Chin. J. Org. Chem. 2020, 40, 1874~1890

© 2020 Chinese Chemical Society & SIOC, CAS

S IRMEALT, TR B(CoFs)s JHEAL IR BT 34k 2
[i(Scheme 23). fHA—HEHISE, 1% MR R 7 ML S
5 FH P R J2 0 R A R KB B P R B 6 e e (PMIHLS),
KKPBEART BLRRCA, $&m T 17 E RN FAAME. R
TR, B3 4-30T 3 E ik, Sipidx
i, Lh 91%[ A e i 4159 2 255 s Ak I 25905 & 2555
(butenafine, 3). 1% LAEH KM SAET, WS H IR
RNHABIFRER, R SEAb S BT LR AR R R e 31k
L VEEFI R IX — S, R R A 25 o Tk
DUt /R (piribedil, 10)F178 A}~ % (cinacalcet, 11), H#FH
PRI .
B(CeFs)s (0.5~ 1.0mol%)  ¢Hs
B0, 100°C R R2
68% ~ 98%

H
Nt HCOOH +PMHS
R "R

m CH
B(CsFs)3 (0.5 ~ 1.0 mol%) FHs
R3—NH, + HCOOH +PMHS 3_N

2+ HCOOH n-Bu,0, 100 °C R

"CH,
83% ~ 93%

CH CH
P _CHj re
or s oy
R EtOOC
R = Me, 97%; R = Br, 88% 94% 68%
R = OMe, 98%:; R = NO,, 84%
CH;
|
N s CHy Ph §H3
Q @[,f < > N “CH,
CH,
87% 93%

i S Ny
O b nny
i N\CH3 N~ i

CF3

3,91% 10, 82%
H
gN
OO 11, 87%

B 23 = (TR B e o e 10 260 R S
Scheme 23 B(CgFs); catalyzed N-methylation of amines
MR T AR AT 5, AR R 4
5 TT SR A 7 | ] [l SOR FH 25 2P0 2016 4R, 3K
TR S RIE T 7 ik PYC ARSI A AR Ji R i
HI R 3640 [ S (Scheme 24). JEIE%} W24 HIEAL,
RIS FH R VR R, R e fE, nTeA¥ PhNH-
CH; =#B#48 PON(CHa),, 775N 97%, 1M HJLF#
BIF=¥) PhAN(CH;)CHO (AR, AR 4. il
PRSI N ICP B B < @A, ik SE1Z s B BT D B
ARSI R A I AR, 12 R A Z 00 T R B P T
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BHLE FR5iHtRE
CHs H ohsiH Cu(OAc), CH;
—_—
H _PYC (0.1~03mol%) ri-N g2 rVR2 HEOOH = Fheis n-Bu0, 80°C . RYR?
Ri- gz + HEOOH + PhSHs = e 80°C, 15 h 55% ~ 93% 8or16h 37% ~ 79%
CHj
’ CH
Pt/C (0.1 ~0.3mol%) R3—N 3 ) Cu(OAc), CH;
3 - R3-NH,+ HCOOH + PhSiH; — —— » R3_
R*=NH, +HCOOH + PhSiH: ) iene, 80°C, 15 1 CHy ? * B0 80°C N N\CHs
0/ ~ 0, 8or16h
36% ~ 96% 46% ~ 98%
RS CHs
_ PYC (0.1 ~ 0.3 mol%) 5 CH CH
/NJ + HCOOH + PhSiH, - 50°C_ 15T R4/N\/R '{l 3 (I:H3 [{] 3
R4 oluene, . 41% ~ 93% /@/ “CH, ©/NY [ j
CH, CH; CHs R o
cl N 46% 71%

N
o g
R

0, 0,
R=Me, 80%; R = OMe, 74% 07 9%

R = Br, 79%; R = NO,, 61%

CH; CH; CH;

N N
oo atog
Cl

96% 36% 93%

13,
_Ph CHs 13CH;
CH N N
PO O o
Ph CH,3
41% 78% 75%

B 24 B ARIIAR AL 5 7 il DL B T R 260 R A IR B2
Scheme 24 Heterogeneous Pt/C catalyzed N-methylation of
aromatic amines and imines

BRI — Bl — R A AR AOR, JE H e
JIG 1) A, 22 ) AN BELAF G 8K 1) 45 SR G T, it —25
PR T RPBLE VG EL. 4R HPCOOH ARRIET,
FIHAE B AR T 5l N “CH,, MK EFAL Kbrid 2y
VIR AE 7B R vk, XL AE S, AN NN AERIA,
7 B AR AL R &, LG TR AN A I 44,
R AT S s DR v R 5 AR 2, TON A 1700, 1 HAE A
FILE J5 45 3RS v AR 77 {8 b ok 8B 2. [RIE, %07
AL AR, OB SRR, R S RAE, B
FIFSEBRAE = .

CEIRIEF, DIFER N C1 RIE, I 4Rmibm
RPN A A A P RuPY %5 4R,
DA S FRATT T R R B AE A PUCPS AL 7). 7E 2017 4F, i
KRR A A POV AT T E A, A A R AR A R
Cu(OAc), 1E MM, RLThsL Il T f i 20 F B A0 s B
(Scheme 25). L PhNHCH; Jy #& ¥t J&E 4, #F fd
Cu(OTf),, CuF, 1 Cu(OAc), NHEA TN, HFR™4) N,N-
T HEIEIE I GC PR 99%, FAAEE BN
K11 Cu(OAc), HHATIRITU BB 7T. hildt B 2RI A1,
75 B R AN g g e 250 mT DAGUR M 52 Bl Ak, A BT 5 e s
HEr= A, 1R R K HIRFEAE T, T Cu(OAc) 1
FEALT, ARKBRAR T LA, T HX PR 5 AT,
A O ERIFRR.
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R = Me, 98%; R = OMe, 92%
R=Cl, 87%

CH; <|:H3
l{l /\/\N/CHs N
©/ “CH;3 éH /©/ CHj;
3
9 37% MeO 73%
79% o o

BRI 25 e R T fre ) S R R A S
Scheme 25 Cu(OAc), catalyzed N-methylation of amines

3 ARER N

A — ki = & 1 FA R, ) 2 B T
26 M RL ) & . FER LA R, R R
1) C1SKIR, IS 58RI B, Ak A0 R B
B PR AR O N . BRSO . FRAEIRIE AL OB . 4
T F TS s B RN G0 S Ak S B, FH AL R B .
BERIRR RN P) Hidh CH,OH 78 AN Y i 0 4k e
PRI, A SREUE TR KR .

2010 4F, #RFRIEEA L CH;0H A C1 R, &
ORI R, $RIE T 6 PA/C AL IR A A R AL
X i(Scheme 26). Z R MAEZR T RITHHT, YR AR
SN RN — S i, R e AR il N N- R R A
W, BE R & R, %R N AR SR BE A8 IR AT
WEE4) 12 113, ¥ CH;OH ¥ # A EtOH, [FREHIJEY)
WA R AR CHA L, BAS AR I3, Y R SR
Ff Bn fRIE, WPUEMEIEATAEY) 14, 78RN AT
T, 2B e R BR AR IR B i R, B 89%
ERBERUAREMERTEMA=Y 15 2017 4F,
Feringa Fll Barta %5 VR ] & J@ 47 5 18K 48 W AL
7, EHBEGR T @I MBI N, A Tk
T RMAE R AR R, G T A AT R4
B, NBERIE GBI T — R ik

T, ORI R ) R SR s N R 7 B E IR 2%
ERHREAT, 2015 4, AERBAYY KT CH0H I
& E L, Ch— e i o e SR, HRiE T —
W %R R A I 5 AL ) B (Scheme 27). 1EZ&{#
F Pd/TiO, NIGHEALT, CH;OH N C1 KUK, TER4sMG
MR, B AT AR G A A — Rk R R R R
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n Pd/C (10 mol%) (\jt
—_— = n
E/%,COOH +CH3OH-+H, (balloon) —~— — N

COOH
H H,C
n=1.2 87% ~ 90%
COOH Pd/C (10 mol%) R._COOH
Y + CH;0H + Hz (balloon) —— Y
NH rt, 24 ~88h N
HsC™' “CH,4

72% ~ 94%

HO,,
O—COOH
N
CH,

Do (1
N N
v |

COOH
R
R = CH3, 89% R = CHj, 90% 12. 879
R = Et, 85% R = Et, 86% » B0
WCOOH ©/\(COOH )YCOOH
CH3
94% 92% 93%
BnO, OBn HO, OH
™ o Ipt
— o
HO /N‘CHS Bno\\' N OH HO ,}l OH
H CH,
13, 72% 14 15, 89%

B 26 AEHME LRI H 2ELRUN
Scheme 26 Pd/C catalyzed N-methylation of amino acids

o
H CH.OM PA/TIO, Mg
>
Mgz T 0-2on e R

R 86% ~ 96%
/CH3

Pd/TiO, R3-N

3_ —_— \
RO-NH,  +  CHOH o rt CH;

71% ~ 98%

CH;

.CH
H3;C

96% 86% 87%
C|-|3 CH;
“CH; CH3 O/ “CH,
MeO
71% 98% 97%
G,

NG, Pd/TiO,
+ CHOH — — —2
hv, 10 ~20 h, r.t.

B 27 A/ RO IG5 AL A W 2 TR AL S
Scheme 27 Pd/TiO,-hv catalyzed N-methylation of amines and
nitro-compound

N IX A2 RN R LR 5 R IAER R, B4R HCHO
1 Pd-H 7& R EE, Z 5 HCHO 54 sl %, A%
4 Pd-H bR B &SR A=Y, 05 DAREFEZE N

N.
oL

76%
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ACAR BERE, TG 7 IS &AM, 2EAH [F 1 454 T~ AT —
13 5] PhN(CH,),. BIRIZN &Lt #E, A
& A XK & AR (4-CICHNH, . 4-BrCoH,NH,) AR AT
AR 1 26 A4 A R 02 T R Ak 7= 4.

2015 4F, Saito ZEHRIE T =R T LLFHEE N C1SRIE,
Ag/TiO, I 0 54k [ S (Scheme 28). A& HiLf
il Ag/TiO, +rfasE, ATUEER. T FRAFA=A
HULE, 1 HRYEAEREAR) . B, 75ttt

T, ¥ N-Boc %] [1)— e Fl — 25 Jiz 35 m] DA g Rt 5¢
LA, RIFPIEAN S Z R, 2 2K N RV,
IR A 2 7 MR = FIEA =0, 4 bR IR AL 5 15
FPEP16. 52 M, AwTiO,, Pd/TiO, 5% Pt/TiO, 7E 518
FIZAE T 23 R AR T VB8 T, N-Allyl 2 [ Bt bR 25 gl
A

CH,4
H hv, Ag/TiO, ;
N, + CHOH ————»  N__
R!” “R? 25°C,10h R R
80% ~ 97%
hv, Ag/TiO CH;
RE—NH, + CHOH —— 2 2 pga_\/
25°C, 10 h \
CH,4

55% ~ 94%

N-CHa
CH

ﬁN/CHg

3

O o7% 80% 95%
N/CH3 \/OY\ /\M/\N _CH3
(I:Hg \/O CH3 H3
85% 55% 94%
.CH; H
N H cH. HsC., .CH,
Boc-. JQ Boc” Y N7 N THal
N CHs CHs
97% 77% 16, 80%

B 28 Y SR BRO G I A i 1 R0 A J L

Scheme 28 Ag/TiO, photo-catalyzed N-methylation of amines

2015 4, Seayad /NUSRIE T 7E LA[RuCp*Cl,], f
dpePhos JEL {7 K KIHC &1 A HEALTT . CH30H J C1 2k
P~ 5 mol% LiOBu NI, &GN —
i VA R Tl 5 e 329 R DA v 2880 A 28 Y A SN (Scheme
29). HAREERR, FIFE LRI A AR, 7585
— R RN G e B M A R T R S, TR DT —
PR =0 A N N-—F 3o . AR iz X —
7, &3 2] T R F=Y)(—)-N-methylephedrine (17)
FZGW5 7255 35 (Naftifine, 18). 7EBFFTHIERIL, 4
R Py O, R OHA N FREA LU A, (HZ
FERAEEAR. EMEALTERRF, Bk LIO'Bu VR INJg 2 50
), BEWR CH;0H &Ly CH;0Li, 5 Ru JEHL
Ru-OCH; M SS, FifE H 4R HCHO. $55% I, 7E/R
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BiliLE FiR5itR
[RuCp*Cly]o/dpePhos  por—NH _CH3
— NH HN
Ar—NHy + CHOH ~505C FBuoLi, 24 h CHs 2 cat. (5 moft
0/ ~ O79, at. mol
73% ~ 97% RN 4 CHoH LR
oH = MeOH, KOH =
[RuCp*Cly],/dpePhos SHs MW, 120 °C .
R'—NH, + CH3;0H 5 - R'—N_ NMR yield
2 100 °C, t-BuOLi, 24 h
65% ~ ;73 N N §
(] 0 ~ ~ ~
W T T
o eO Br HaN
0 g’ > 95% >95% >95%

N\’

S CHON [RUCp*Cly],/dpePhos ©/ ‘H/CH?’
©/ 3 100 °C, t-BuOLi, 24 h

97%

CH; CH3 CHy
B0 ) o
N~

R=H, 95%; R =Me, 88% 73% 90%
R=1,97%; R = Cl, 93%
R = CN, 96%
HO\e/\N .CH3 ©/k/ ©j\n/
7°/ HaC CH; O
° 3
17, 83% 639%
E %/ Ru
5 cl PPh2 PPh2
i [RuCp*Cly]» dpePhos
E @MCF?'
i 18, 84%

B 29 ST — 07 NRIIIG LA RE TG I 1 P A S
L\L

Scheme 29 Ru catalyzed N-methylation of primary aromatic
and aliphatic amines and sulfonamide

% UL CH;OH NEREMMELA R R, N #21 Jek
i HCHO, 51 B i rp () A i, 46 3o 3 JA 71 B
M-H &5, 55245 2 % 340 4.

2015 4E, Crabtree /NH"HRIE T —14 Ir-NHC f#4k,
DL R 9 700, A A B R O A 1 0 R AL e
(Scheme 30). 1ZJ7iERI M 0075 IR FEIE, X T —
FR BN TR BRUAR (140 2% e 24 o e 39 L A ol o — S0 HR S Ak 1)
FER, BIFEY) NN-— YIS ERT 5%, RYER
PERFFC R, WH L0 NO, CFs SEMAR % (1) 55 1%
P, AT FAARR 52 L PO 3 12

2016 4%, Beller NP % T — RFIM L T 5t &R
AR AR BRIARBC &9, EWF 70 M 5 R R e ot
PR i, RIL P AIBURIERT S B MR AR K, o
SRR B (Scheme 31). BETRHZ A8 AL 75 B T
HUAR IR I i U 34k S I, R LA 40 LA R
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_______________________

60% 14% oc” r\Co
BR300 HEEZS HEKR EAECHUIRIZ I R T B R 8

Scheme 30 Ir-NHC catalyzed N-methylation of anilines with
methanol

NH, HN/CH3

0,
R1—'\ + CH4OH Cat. (3 mol%) ol AN
= t-BuOK (1 equiv.) Pz

100°C, 24 h 52% ~ 94%

A Ae e

R = Me, 86%; R = Et, 85% 89% 67%
R = OMe, 92%; R = OEt, 88%
R= t-Bu, 85%:; R = Br, 87%

94% 57% 73% 86% CH
{Catalyst g |
_CH : H N
= HN H\ ; N/_ ‘ PR,
\N .O CH;! Mn
i P” |
& Rl
52% 70% 5 co
° 0% ! R =Pror Cy,
B 31 HEES S5 IR 2R e 1) 0B A s

Scheme 31 Mn catalyzed N-methylation of anilines with meth-
anol

VO, S AR 2R B 2 AT DLade 8 1 b AR A B 1)
FESR G =9, (B2, SR FERM 100 mol%[)
+-BuOK, LA CH;OH ANAEFIZA RS A AT

2017 4F, Sortais 25 MRZIE T Mn 1 Pincer 14644
(Scheme 32), fE¥s N 20 mol% KOBu %4+ T, LA
CH;OH A C1 R¥E, nI UG EEPE R — e i Ab 9 F
W r= Wy, %071 AESERT Beller TAFRERE EPY3ET Tk
I A Mn KEPIECARSE 1, 51 NIERE BT,
I -BuOK 5 A 100 mol% A 2 20 mol%.
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Cat. (5 mol%) /CH3
R'—NH + CHOH —— — " » 1_
2 3 t-BuOK, toluene RI—NH
120 °C, 24/60 h
CH; Ph  CHs CH,
/©/NH ©/NH Br\©/ NH
R
R = Me, 87% 35% 98%
R = OMe, 93% T Gatder T
R=F,71% alalys @
R = NO,, 60% ,
R = CN, 90% ! | S
CH i =
S o AN NN
S | (Pr);HP——Mn——PH(Pr),
e} , ~ | N
. oc co
1 co O
98% . —Br:

B 32 HEE. DS 5HEMELIR MR T A R R
Scheme 32 Mn-complex catalyzed N-methylation of amines
with CH;0OH and H,

Co(acac), (5 mol%)

CH
H P(CHoCH,PPh,)s (5 mol%), KsPOy e
N+ CH;OH N
R R? 140°C, 24 h R” R?
85% ~ 99%
Co(acac), (5 mol%)
1 P(CH,CH,PPhy)s (5 mol%), KsPOs CH3
R'—NH, + CH;OH 140°C. 241 R—N
CH,4
78% ~ 95%
N,CH3 \/\N/\/ N/
o CH, CH,
99% 99% 85%
N-CHa
N/CH3 /\/\ N/CH3 O |
) | ~NU CH;
CH; CH; S
95% 80% o] 78%
CH3 CHs CHs
o fj so8
95% 82% 84%

B 33 FIEES 530 T4l O (A 1A % AR P e ) 2 Y R S
Scheme 33 Co-complex catalyzed N-methylation of amines
with methanol

2017 4, X EFGE A PH L N AR, )
T8 72T Co(acac), HIMEAK R (Scheme 33). A T #EM
SBLPEE fEE  BNAR R PRI KsPO,, I HAEH
P(CH,CH,PPhy); FCAA. 4 PL =i iy RIS, 55 75 i il
NI e 38y mT LA vy = 2 S R0 Ak 2 DA I — S
REENS, KA CH;OH AR A A AL iR K & A7
15, BRFF=YEE LN NN-" BN E; H2EH LT
B R JE R, 0 oK g e LB Y, RS 3 o
KsPO, W=, FMVsR LR BRI = . A& &
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ISR R I, X TR R — S )
PhNHMe TERLZAETN, Toikidt— Dk LT R 8 X
— 25 AN UL B 05 B AR 7 — GG AE b 26 A T IR B
PR, 1m0 H AR 7 A& A T AR W e — .

2019 4, Natte 25> Wi 7 FF @k Ak Pd/C L)
SR AL N, RN 2 5/ ‘BuOK, 7E 130 C M
12 h, WS I 2 R4 SN (Scheme 34). 78 M
R, LR IESMTIEIEFA], CH;OH [FEEA C1 Al
H, RE, 25 3 BAMEMER . ZEn &R T 55
F R AEE TS B e, HRX T — R IR B AR IR &
O = N-FJE =4, 10 52 38 2K 2 (R =)
N N,N-—F 574,

Pd/C (10 mol%) CH,

/
+BuOK, 130°C, 12h  R'—NH
54% ~ 98%

el

R'—NH, + CH;OH + H,0

95% 89% 90% 90%

O

N \MQ«\M;

|

CH, CH;

89% 92% 87%

§ ' H
SiFoad Yoo
HO 0
91% Hordinine 54% 98%
ER 34 HFEES SHUR AL IZ 10 2 R 240 s

Scheme 34 Pd/C catalyzed N-methylation of amines with
methanol

[FBE LA CH;OH i C1SRE, 2R R B2 B0 A AL 771
MR R Cp*Ir N4 AW)(Scheme 35). JoaTFERATIRE
AAIRIE T Ir B A E AL B R R S P, S i 7R
In—E Z MK Cs,CO,, LMY, TR
AT DLSEI LR A AR BB 5 Co mfiEfthik
FRAEP, 55 F — i) = F =0 S, T e i —
G 1) BN NON- R R . A5 R e fre A DR
YIS, ZITEFEFEEUS T AR ACR. TRLE M, B
CH;OH NBRIF AT & kA, B T e fEsh, H
il Sz 7 8 T AR R TR EE (> 100 °C) R HEAT, HEALFI
TEHEA R — D

4 HEKIER

b DR AP A I RR I R, CO, AL FTR]
JAHNTIRAIE FE ATk, R S A SR e A I e R B e
LR e BT AE ] CO, A1 CO, BIINE ™)
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HCOOH, VAKX HEEAEN Cl RIE. bz 4b, HAhmRE,
= R EA(DMSO0). 2 5 H S S5t mT DUAE A& 3
HISEEY C1SRYR, AH LA fEA A 2R 7E STk o ol i 2 41

1.

Cat. (1 mol%) CH,
i l
Cs,C0O3 (0.3/0.5 equiv.) Ar—NH
120 °C, under air 78% ~ 95%

Cat. (1 mol%)

Ar—NH, + CH;OH

_ CH;,
RI—NH, + CH;OH Cs,C0O3 (0.3/0.5 equiv.) R1—N\
120 °C, under air CHj3
78% ~ 94%
Cat. (1 mol%) (R" = alkyl)
H Cs,C03 (0.3/0.5 equiv.) CI:Hs
_N_ . + CHZOH : N
R2 RS 120 °C, under air R27V RS

78% ~ 83%
Cat. (1 mol%) O CH
Cs,C04 (0.3/0.5 equiv.) oo/

R4— s NH
120 °C, under air

I
R*—S—NH, + CH,OH
o)

89% 96%

e M N CH
NH ~rs
oo G
R N ©
R =Me, 85%; R = F, 93% 95% 90%

R = OCF3, 92%; R = CN, 82%
R = CO,CH3, 78%

gHs HsC EHa HsCs ™
CHy TENTTNN Tk, N.
CH; 78% o 3
94% o 83%
I
S.-CHa
_N N. O H
H,C CH, 06%
78% A
| Catalyst
Q CH; ! Y el
S—NH !
Il i
(0] ! I
89% ; I-c
: N
| N
S
BR 35 WEES SN NET EAb N

Scheme 35 Cp*Ir complex catalyzed N-methylation of amines
with CH,0H

2014 4E, HERBEBAPIRIE T —F EtN/
DMSO/HCOOH e BiAA 5, 7E— R — g i i) U H
AN R 3 AN IR (Scheme 36). 38 i 428 ) S
5, HED b H L 2Ok B T DMSO, DMSO EBEAE
R FRIAE R AT, AT NH) CHs A A H
}EH DMSO, —A H KiiT HCOOH. 7EIXIILAEH,
VR I AE ST AL SR PR I FeCle TH,0, D 5B
TSR — AR, BRI O R, 2
J& FREAT R L R R B4k, PR b I S R R A
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ALK 89%. X — SRWE AN ] T2 B vFA B I 4 i Ak
AR, DR R AR RS IR A N (150 C)iE T, JEH
T EE K KIS B A HCOOH Fl EGN, AL R 45
AT, eAN, 1E 7R T Galipinine (19)(%) 42
AR, R IR — % T P O TR U B R B T fE
FEARLRFFAAE(95%—92% ee).

(0]

RI—NH, + H30/§j<H HCOOH, Et;N R1—NiCH3
[H 150°C, 12~48h CH,4
40% ~ 97%
2 9 2
AN + Ho SN _HCOOH EtN _ "Ny_cn,
NH ¢y T50°C 12-481 {
R3 H R

50% ~ 98%

n 0] {
Il
©:ﬁ> +H C,S\KH HCOOH, Et;N N tor2
N 3 0 ~ I n=1o0r
B u H 150°C,12~48h CH

3
68% ~ 92%

NO, 9 CH,
©/ i 4 HCOOH, Et;N N
. .
HyC” \KH 150°C, 12~ 48 h ©/ CHs
7

0%

CH;

A

R = Me, 84%; R = OMe, 91%
R = Br, 78%; R = CF3, 84%
R = CN, 40%

U “CHs
88% 73%

OMe

19 82%, 92% ee OJ:

B 36 —HEIMN. =4, FRS5ERNET R RN
Scheme 36 N-Methylation of amines with Et;N, HCOOH and
DMSO

2013 4F, AUERBAPTRIF 2 RFEEN C1 RiE,
FIH CuAlO, AEALT, Hy ik J5 57, 38 T — RAIEH
5 3K [ B (Scheme  37). 1% [ I v LAAR &7 @& FH T
— R A g, HRR TR T S — i N R,
SR AT D B PR A B SR B = . T2 s T e PR
2T, AR RTCVEIE H TR — %, s
.

2014 4F, A IREHPRE T RANEY-Ni flE1Lf
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CUuAIO, CH;3
THF, 120/140°C, 9 h R1'—NH
61% ~ 89%

R'—NH, + (CH,0),* H,

CH,
CuAlO, '
/N\
THF, 120/140°C, 9h R! R2
67% ~ 99%
GHa

-

89%

H
+H
R1/N\R2+ (CH;0), 2

chy

NH N~
o :
R 73%

R = Me, 85%; R = OMe, 76%
R =t-Bu, 80%; R=F, 70%
R=CN, 61% CH,

N U /CH3
i N
CH, ©/ o)

99% 7% 79%

CH,

EHR 37 ZEREWE.ES535 CuAlO, bz 1% Bk ) B
Scheme 37 CuAlO, catalyzed N-methylation of amines with
paraformaldehyde and H,

RIS, UZ RPN C1 RiE, Hy NiEJR
7, SRR AL A 7K (Scheme 38). {H A3 1EE 1
fe, X AR FO T e B AR L R T, X
FUAb A A RAEEIA B . AEF B B TN, R
JS2FHLER S 22 58 TR 1 2 5 e T AR I Jrg v () 4, 2
Rl Hy iE A5 3] R 2. 1% SR — KRR A
T, LG RANEY-Ni 78 455, AT LA fa] 5t
PEIY S, WEE ARG SRR, PEIAME U, AL
TR ORFRIEE, 77 2SS Rl P A

_Ni CH3
N 4 (CH0), + Hy RANEY-Ni N
N 100 ~180°C, 1.3 ~2.0 MPa _ N+,
R" R R"” R
3~8h 90% ~ 97%
s (CH,0), + H RANEY-Ni - N,C"'s
S + + J—
RE—NH, 22n™ 72400 ~ 180 °C, 1.3 ~ 2.0 MPa CH,
3~8h 21% ~ 93%

SARNGEG

|
90% 97% CH3
CHs 95%
HO N. _CHj
\©/ CH; ~_ -~ N,CH3 ©/\CNH
|
CH 3

21% 93% : 80%

B 38 ZETEE. 4535 RANEY-Ni 40 1A P E4b

S
Scheme 38 RANEY-Ni catalyzed N-methylation of amines with
paraformaldehyde and H,

25 Hi, Beller #REFAH VR i A AL Karstedt AL
), IR EE L HCOOH A Cl K5 & 31k )2
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AR S o 11 O (LK (- I VAR e N N R R I R
TR AT AR N AR BN 2 5 — G e ) T B A
S Ni(Scheme 39). IR SR AF AL, 1E# K IE
AN 2,246 2"terpyridine (tpy)/F AECAASE, NG
3 BRMESE T, 72200 T BT A R e B Ak, AEX T T
PEr, VB BEEBE T MR, AL 56%~94%
), ARG ) — R RNk %, 730N 58%. S
wimnE, EERMESNLAE py BIEOT, kR _H
BRI MEE R T HCOOH, fH & IX T TF e B B )
S, UESE TR — R R AR AT DAVE D R A .
Karstedt's complex (1 mol%) CH,
H o tpy (1 mol%) !

+ +PhSiH N
/N\Rz\o)Lo/ *n-Bu,0, 18h, rt ~100°C R" “R?
56% ~ 94%

Karstedt's complex (1 mol%) cI:H3

/
NHx0 tpy (1 mol%) N
+ Y=0+PhSiH, - CHs
g n-BuyO, 18 h, r.t. ~ 100°C

~ 58%
CH; CHs CHy
ot ot on
R
R = Me, 87% 94% 92%
R = OMe, 70%
R=F,93% --""-mmmmmmoomomommmmomosooooooooones
CH; |
N : N/ \/
O et
Cl i Pt
56% i Karstedt's complex

B 39 RS 5 Karstedt’s complex (Pt)fi {1k i 1) %0 FF 5

R RE
Scheme 39 Karstedt’s complex (Pt) catalyzed N-methylation of
amines with carbonate

4 ERERE

i FIID e 1) 260 HR B A N R R B8 7 W RN 245 49 5y T
(i 24 MBI AL T EE R T, WARE R R bRD
ST T A RE AR, B RN R A 2 —
SRR, ORI I i 2 R 64 52 N 119 e e A i o BT o6
FH B R Ak 0 R 28 A 1, A IR . I RE R
CO,. HCOOH, #RIEAF C1 KiF, —RIMEHARF
PEACT . ASTR] SN 25 A 7 v Bl SR i ke, L e B
(R PR R B P B AN 2N 1) R R I R S A
HIFCRA, FINFF &S O R TR R J7 Mk AT, 6l
AL FERCR, M4 )8 Pt. Rus Rh. Ir Z5id 5
Cu, M IEIAHE (A 751 3 98 20 AT [ S R 00 Sl 380 A A 550
1E C1 KR b, CO, LBt 2 ik £, (HR 5 R B
JIXAFITF R B, 15 AR & HCOOH fE
RERY). TERRR e, AT 0 A B4 ) B2 1)
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S NEE PEATE DA fp it — b4, JCH T A %
KW, MAh, AR R R F AR SRR, IR S8
UL MG 2R AN IR RI R, PRAR SO pleAs, - ] 4k 352

(=47

B, R SEBRAR A T Ak B B9 A,
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