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ride abstraction from cyclic amines, part I2

NO2
R2

1.5 equiv

mechanism

N
Ph

[Pt]

H

1/2 O2

N

Ph

– H

N

Ph

NO2
Ph

N
Ph

Ph
NO2

as catalyst

K2PtCl4 (10 mol%)
O2 (1 atm)

1,4-dioxane/H2O 
(2:1, 0.1 M), 5 Å MS

60 °C, 13–21 h

N

R1

R2

NO2

R1 R2 % Yield

H
H
H
H
H
H
4-MeO
4-Br
4-Me

Ph
2-Me-C6H4

3-Cl-C6H4

4-MeO-C6H4

2-furyl
Cy
Ph
Ph
2-Cl-C6H4

70
46
54
40
41
20*
71
40
68

Selected scope

NO2

[Pt] +
1/2 H2O

+ H

– H

OH

NO2R2

PtCl2 (10 mol%)
O2(1 atm)

1,4-dioxane/H2O
(2:1, 0.1 M), 5 Å MS

80 °C, 19–25 h

* Reaction temperature is 80 °C.

+ N

R1

O

H

H

NO2

R2

R1 R2 % Yield

H
4-MeO
4-Br
2-Bn
H

H
H
H
H
5-MeO

65
57
52
65
62

Selected scope

, J. Org. Chem. 2010, 75, 2893.
dride abstraction mechanism in Pt(II)-catalyzed reactions involving acyclic 
 and tertiary amines, see: (2b) Brunet, Organometallics 2006, 25, 2943.

Proposed mechanism

PdCl2

Bn N

Bn N

PdIICl

CO

Bn N

O
PdIICl

EtOH

Bn N

OEt
O

Pd0

CuII

CuI

O2

N
R1

n

CO/O2 (5:1, 1 atm)
R3OH (10 equiv)
PdCl2 (10 mol%)

Cu(OAc)2 (20 mol%)
KI (1 equiv)

MeCN (0.1 M)
80 °C, 12 h

R2

N
R1

nR2 OR3

O

Select

N

75%

Me

Palladium as catalyst

* Cu(O
   form(2c) He & Fan, Chem. Commun. 2017, 53, 4002.

CHO

Ph

Proposed mechanism

+ PdCl2
O

Cl2Pd
Ph

N
Ph

OPh

Cl2Pd

O

PdCl2

Ph

+ Ph N

O
Ph

N
Ph

+ PdC

N
Ph

+

3 equiv

PdCl2 (5 mol%), t-BuOO

PhMe (0.2 M), air, 80

CHO

Ph

Alternative pathway

(2d) He & Fan, Org. Lett. 2020, 22, 9053.

H

H + H

– PdCl2

enative Michael addition/cyclization with nitroolefins Dehydrogenative β-alkoxy carbonylation



Graphical ReviewSynOpen

Figure 3  Hyd
290

W. Chen et al.

© 2022. Thieme. All rights reserved. SynOpen 2022, 6, 286–305
Georg Thieme Verlag KG, Rüdigerstraße 14, 70469 Stuttgart, Germany

ride abstraction from cyclic amines, part II3



Graphical ReviewSynOpen

Figure 4  Hyd
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ride abstraction from cyclic amines, part III4
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le-electron transfer (SET) from cyclic amines, part I5
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le-electron transfer (SET) from cyclic amines, part II6
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le-electron transfer (SET) from cyclic amines, part III7
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rogen atom transfer (HAT) from cyclic amines, part I8 
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rogen atom transfer (HAT) from cyclic amines, part II9
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drogen atom transfer (HAT) from cyclic amines, part III10
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rected -C–H bond activation of cyclic amines, followed by -hydride elimination, part II12
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(12b) Musaev, Yeung & Sarpong, ACS Catal. 2020, 10, 2929.
For computational studies on the reactivity and selectivity of this
see: (12c) Sarpong & Musaev, J. Am. Chem. Soc. 2020, 142, 2
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rected -C–H bond activation of cyclic amines13
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, J. Am. Chem. Soc. 2013, 135, 12135.

w on the topic of this Figure, see: (1i) Bull, Synthesis 2019, 51, 3171.
eactions using C2-8-aminoquinolinamide as a directing group, see: 
 Org. Lett. 2014, 16, 4956. (13c) Liu & Zhang, Eur. J. Org. Chem. 2015, 142.

rg.Lett. 2015, 17, 3798. (13e) Bull, Eur. J. Org. Chem. 2016, 139. 
& Wu, Asian J. Org. Chem. 2016, 5, 608.
eiber, J. Am. Chem. Soc. 2017, 139, 11300.
hailiuk, Org. Biomo. Chem. 2019, 17, 4342.
plication of this method to the synthesis and modification of bioactive compounds, see:
rg. Lett. 2014, 16, 480. (13j) Cao, Dong & Wu, J. Org. Chem. 2016, 81, 956.
aier, J. Org. Chem. 2016, 81, 11646.
etrahedron Lett. 2017, 58, 606. See also: (13f) and (13g).

Other C2-directing groups

(13m) Stamos & Yu, Chem. Eur. J. 2016, 22

C4-directing groups
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(13t) Bull, Adv. Synth. Catal. 2022, 364, 1488. See also: (13s
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2  ,
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I
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(13o) Maes, ACS Catal. 2016, 6, 4486.
See also: (13p) Maulide, Angew. Chem. Int. Ed. 2018, 57, 10

(13r) Bull, Org. Lett. 2018, 20, 3948.
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CF3
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O

N
H

(13

ilver cation is speculated to 1) promote the oxidative addition via a SN2 pathway; 2) act as a halide scavenger 
ting the reductive elimination; and 3) remove the halide from PdII to regenerate a more active PdII catalyst.
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rected - and more remote C–H bond activation of cyclic amines, part I14 
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rected - and more remote C–H bond activation of cyclic amines, part II15 

ular C–H functionalization with a 2nd-generation Pd catalyst system

N
DG

Pd(OAc)2 (10 mol%)
ligand (5 mol%)
CsOPiv (3 equiv)

ArI (30 equiv)

neat, air
150 °C, 18 h

N
R

DG

Ar

ligand N
O

OH

 scope

N

Ph

OMe

DG

N

F
F

CF3

F

F

DG =

ithout ligand: 62%
ith ligand: 90%

O

N

Ph

DG

without ligand: 33%
with ligand: 76%

N

Ph

Ph

DG

without ligand: 34%
with ligand: 64%

N

N
N

O

NHC7H7

Ph

O

H

without ligand: 45%
with ligand: 81%

 and azanorbornane substrates*

N
DG

Br

MeO

46%

N
DG

F3C

47%

N
DG

47%

O
Me

N
DG

40% OMe

N
DG

MeO

50%

N
DG

MeO

O

O

N
DG

42%

OMe

N
DG

tropane core

N
DG

ut ligand: trace
ligand: 49%

N
DG

azanorbornane

NH

N

Cl

epibatidine (frog poison)

54%

45 equiv ArI; reaction of the azanorbornane substrate is performed with quinoline-2-carboxylic acid as the ligand.

The effect of the ligand is thought to rescue off-cycle Pd species based on experimental studies.

nford, J. Am. Chem. Soc. 2018, 140, 5599.
es on this reaction with an increased substrate scope and its application in medicinal chemistry, see: 
Dechantsreiter & Dandapani, J. Org. Chem. 2020, 85, 6747.
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(15c) Sanford, Angew. Chem. Int. Ed. 2021, 60, 11227.

* Reaction time is 3 h for the borylation step.
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directed remote C–H bond activation of cyclic amines16
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