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C(sp2)-N Bond Formation

Buchwald, S. L. et al., Chem. Rev. 2016, 116, 12564.
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C(sp3)-N Bond Formation: Other Classic Methods

MacMillan, D. W. C. et al., J. Am. Chem. Soc. 2006, 128, 84
Chiba, S. et al., ACS Catal. 2017, 7, 4697.

• Overalkylation
• Elimination
• harsh conditions
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• Sensitive to sterically 
bulky- substrates



C(sp3)-N Bond Formation: Other Transition Metal
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Inspiration of Copper-Catalyzed C(sp3)-N Bond Formation using Alkyl Halides

Fu, G. C.; Peters, J. C. et al., Science 2012, 338, 647. 9



Copper-Catalyzed C(sp3)-N Bond Formation using Alkyl Halides

10Fu, G. C.; Peters, J. C. et al., Angew. Chem. Int. Ed. 2013, 52, 5129.



Copper-Catalyzed C(sp3)-N Bond Formation using Alkyl Halides

NH I

10 mol% catalyst
1.9 equiv. LiOt-Bu

Hg lamp
MeCN, 0 °C

N

10 mol% CuI: 74%
10 mol% A: 81%

1.9 equiv.

+

11Fu, G. C.; Peters, J. C. et al., Angew. Chem. Int. Ed. 2013, 52, 5129.



Copper-Catalyzed C(sp3)-N Bond Formation using Alkyl Halides

Fu, G. C.; Peters, J. C. et al., Angew. Chem. Int. Ed. 2013, 52, 5129. 12



Copper-Catalyzed C(sp3)-N Bond Formation using Alkyl Halides

Enantioselective alkylation with tertiary alkyl chlorides

N

O

R3

R2

R R1

Cl HN

1 - 5 mol% CuCl
1.2 - 6 mol% (S)-L

1.5 equiv. LiOt-Bu
blue LEDs

toluene, -40 °C
N

O

R3

R2

R R1

N
P Ph

(S)-Lracemic
1.2 equiv.

+

13Fu, G. C.; Peters, J. C. et al., Science 2016, 351, 681.



Copper-Catalyzed C(sp3)-N Bond Formation using Alkyl Halides

14

product

95%, 98% ee

96%, 98% ee

unreacted electrophile

98% ee (S)

98% ee (R)

Fu, G. C.; Peters, J. C. et al., Science 2016, 351, 681.

N

O

Et Ph

Cl N
blue LEDs

toluene, -40 °C
N

O

Et Ph

N

racemic
1.2 equiv.

72%
92% ee

(no hv: < 1% yield)

((R) L )2Cu+

Complex 1
1.0 equiv.

N

O

Et Ph

Cl HN
catalyst

1.5 equiv. LiOt-Bu
blue LEDs

toluene, -40 °C
N

O

Et Ph

N
+

1 mol% CuCl 
1.2 mol% L :

95%, ee 95%

1 mol% Complex 1: 92%, ee 94%



Copper-Catalyzed C(sp3)-N Bond Formation using Alkyl Halides

Fu, G. C.; Peters, J. C. et al., Science 2016, 351, 681. 15



Copper-Catalyzed C(sp3)-N Bond Formation using Alkyl Halides

16Fu, G. C.; Peters, J. C. et al., J. Am. Chem. Soc. 2014, 136, 2162.



Copper-Catalyzed C(sp3)-N Bond Formation using Alkyl Halides

17Fu, G. C.; Peters, J. C. et al., J. Am. Chem. Soc. 2017, 139, 18101.



Copper-Catalyzed C(sp3)-N Bond Formation using Alkyl Halides

Fu, G. C.; Peters, J. C. et al., J. Am. Chem. Soc. 2017, 139, 18101. 18



Copper-Catalyzed C(sp3)-N Bond Formation using Alkyl Halides

19Fu, G. C.; Peters, J. C. et al., J. Am. Chem. Soc. 2017, 139, 17707.

2.0 equiv. BTPP
CH3CN/DMF, - 10°C

+

1.5 equiv.

I

Me
Me

Me
HN

Me
Me

Me

conditions yield

10 mol% CuI, 20 mol% rac-BINOL
blue LED), -10 °C

-10 °C <1%

70%

100 °C 4%

10 mol% CuI, 20 mol% rac-BINOL,100 °C 4%

Ph NH2

Ph



Copper-Catalyzed C(sp3)-N Bond Formation using Alkyl Halides

20Fu, G. C.; Peters, J. C. et al., J. Am. Chem. Soc. 2017, 139, 17707.



Copper-Catalyzed C(sp3)-N Bond Formation using Alkyl Halides

21Fu, G. C. et al., J. Am. Chem. Soc. 2019, 141, 14864.

[CuI]-Nu

N
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Ph [CuIII]X

Nu
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X
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N
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exchange
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Nucleophilic substitution by nitrogen

[CuI]-Nu

[CuI]-X
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Copper-Catalyzed C(sp3)-N Bond Formation using Alkyl Halides

22Fu, G. C. et al., J. Am. Chem. Soc. 2019, 141, 14864.
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Coupling partners

X

alkyl halide
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Copper-Catalyzed C(sp3)-N Bond Formation using C-H Nucleophiles

24Hartwig, J. F. et al., J. Am. Chem. Soc. 2014, 136, 2555.



Copper-Catalyzed C(sp3)-N Bond Formation using C-H Nucleophiles
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Copper-Catalyzed C(sp3)-N Bond Formation using C-H Nucleophiles

Hartwig, J. F. et al., J. Am. Chem. Soc. 2014, 136, 2555. 27



Copper-Catalyzed C(sp3)-N Bond Formation using C-H Nucleophiles

KÖnig, B. et al., ACS Catal. 2020, 10, 8582−8589. 28

Pproposed mechanism

t-BuO-[CuII]X2

XCuII(phth)
phthH 

+
[CuII]X2

CuIIIX
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O reductive
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Copper-Catalyzed C(sp3)-N Bond Formation using C-H Nucleophiles

Powell, D. A. et al., Org. Lett., 2006, 8, 6031. 29



Copper-Catalyzed C(sp3)-N Bond Formation using C-H Nucleophiles

Warren, T. H. et al., Angew. Chem. Int. Ed. 2010, 49, 8850.
Warren, T. H. et al., Angew. Chem. Int. Ed. 2012, 51, 6488.
Warren, T. H. et al., J. Am. Chem. Soc. 2014, 136, 10930. 30

[CuI]

[CuII]-Ot-Bu[CuII]-NR'R''

t-BuOOt-Bu

•Ot-BuR•

R-HHOt-Bu

R-NR'R''

H-NR'R''HOt-Bu

ligand exchange



Copper-Catalyzed C(sp3)-N Bond Formation using C-H Nucleophiles

Landais, Y. et al., Chem. Commun., 2020, 56, 13013. 31



Copper-Catalyzed C(sp3)-N Bond Formation using C-H Nucleophiles

Landais, Y. et al., Chem. Commun., 2020, 56, 13013. 32



Copper-Catalyzed C(sp3)-N Bond Formation using C-H Nucleophiles

Qin, J. et al., Chem. Eur. J. 2016, 22, 16057. 33
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Copper-Catalyzed C(sp3)-N Bond Formation using Carboxylic Acids

MacMillan, D. W. C. et al., Nature 2018, 559, 83.

IrIII

oxidant
2

IrIII

photocatalyst
1

IrII

reductant
5

O

OH
Mes

I
OCOCy

OCOCy

•

No purification
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MesI(OAc)2
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Copper-Catalyzed C(sp3)-N Bond Formation using Carboxylic Acids

MacMillan, D. W. C. et al., Nature 2018, 559, 83.

Primary acids:
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Copper-Catalyzed C(sp3)-N Bond Formation using Carboxylic Acids

MacMillan, D. W. C. et al., Nature 2018, 559, 83.

Scope of nitrogen nucleophiles:

N
N

CO2Me

81%

N N
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Br
Cl

N
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N
N
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CF3
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Copper-Catalyzed C(sp3)-N Bond Formation using Carboxylic Acids

MacMillan, D. W. C. et al., Nature 2018, 559, 83. 38

No reaction

No reaction



Copper-Catalyzed C(sp3)-N Bond Formation using Carboxylic Acids

Hu, X. et al., Nat Catal. 2018, 1, 120 . 39



Copper-Catalyzed C(sp3)-N Bond Formation using Carboxylic Acids

Hu, X. et al., Nat Catal. 2018, 1, 120 .

Secondary acids:

H
N
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71%

H
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Copper-Catalyzed C(sp3)-N Bond Formation using Carboxylic Acids

Hu, X. et al., Nat Catal. 2018, 1, 120 .

Natural products and drugs:
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Copper-Catalyzed C(sp3)-N Bond Formation using Carboxylic Acids

Hu, X. et al., Nat Catal. 2018, 1, 120 .

PC

PC•+

PC

h

ArNH-CuI

I

CuI

IV

Ar
H
N R

ArNH2

base

R CuII
NHAr

II

R CuIII
NHAr

III

AO R

O

AO R

O
R•Fragmentation

-CO2, -A

Proposed mechanism:

SET
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Copper-Catalyzed C(sp3)-N Bond Formation using Carboxylic Acids

Hu, X. et al., Nat Catal. 2018, 1, 120 . 43
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Et3N, MeCN, RT, blue LEDs, 12 h

Br

12%
(2 h ,1.4% GC yield)

OMe

OMe

N
H

O
OH

O



Copper-Catalyzed C(sp3)-N Bond Formation using Carboxylic Acids

Hu, X. et al., Angew. Chem. Int. Ed. 2018, 57, 9501. 44
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1 mol% Ir cat.
20 mol% Cu(MeCN)4PF6
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CF3

HNCAr2 =
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Copper-Catalyzed C(sp3)-N Bond Formation using Alkyl Boronic Acid Derivatives

Sueki, S. et al., Org. Lett. 2013, 15, 1544.
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Copper-Catalyzed C(sp3)-N Bond Formation using Alkyl Boronic Acid Derivatives

CuIIX2

X-CuII-NR1R2 

A
R-CuII-NR1R2 

B

H-NR1R2

H-X

X = OAc or Ot-Bu

R-BpinX-Bpin
C

(t-BuO)2

R-NR1R2

Proposed mechanism

transmetalation

ligand 
exchange

reductive
elimination

47Sueki, S. et al., Org. Lett. 2013, 15, 1544.



Copper-Catalyzed C(sp3)-N Formation Bond using Alkyl Boronic Acid Derivatives

Watson, D. A. et al., Chem. Eur. J. 2016, 22, 15654. 48
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Copper-Catalyzed C(sp3)-N Bond Formation using Alcohol Derivatives

Sakamoto, R. et al., Chem. Eur. J. 2017, 23, 9030.

Ph N
H

O O

98%

Ph N
H

Me

MeO

94%

Ph N
H

Me

O

97%

N

N
H
N Me

68%

50



Copper-Catalyzed C(sp3)-N Bond Formation using Alcohol Derivatives

Proposed mechanism

(phen)CuI-X

C-N formation SET

ligand exchange

R
Me

O

Ph

O
TMS

R
Me

O

Ph

-scission

R

(phen)CuII X
OTMS

(phen)CuII
X

N
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O
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R1

O

NH2
TMSOH

R

R1

O

N
H

R

51Sakamoto, R. et al., Chem. Eur. J. 2017, 23, 9030.
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Copper-catalyzed Intermolecular Coupling of N-nucleophiles and C(sp3) Partners
Prospect

Asymmetric C-N bond synthesis

Mechanism study
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Creutz, S. E.; Lotito, K. J.; Fu, G. C.; Peters, J. C. Science. 2012, 338, 647.

(–2.03 V for 8; –2.17 V for 7 versus SCE in DMF)
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[LnCuI(OAr)]
E

[LnCuI(OAr)]
F

[LnCuII(OAr)]X
G

[LnCuII(NHR)]X
H

[LnCuIX]
I

R-X

R•

H2NRArOHArO- base

R NHR

R•

ArO-

X-

ligand
exchange

excitation

electron
transfer

ligand
exchange

coupling

A possible pathway

Fu, G. C.; Peters, J. C. et al., J. Am. Chem. Soc. 2017, 139, 17707.



KÖnig, B. et al., ACS Catal. 2020, 10, 8582−8589. 59

Excitation wavelength: 385 nm, entrance slit: 10 nm, exit slit: 10 nm. 
Quenching experiments 

Fluorescence spectra of Cu(AcO)2 (1 x 10-3 M) and 
dtbbpy (2 x 10-3 M) in CH3CN with different amount 
of DTBP.

Fluorescence spectra of CuI (1.65 x 10-4 M) and 
dtbbpy (3.3 x 10-4 M) in CH3CN with different 
amount of DTBP. 
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Hu, X. et al. Nat Catal. 2018, 1, 120 .

PC

PC

PC

hv

ArNH-Mn

I

Mn

IV

Ar
H
N R

ArNH2

base

R Mn+1
NHAr

II

R Mn+2
NHAr

III

AO R

O

AO R

O
R•Fragmentation

-CO2, -A
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MacMillan, David W. C. et al., Nature., 2018, 559, 83.

E1/2 red

[*Iriii/Irii]=0.94 VE1/2 red [Cuii(BPhen)2/Cui (BPhen)2]=0.08V 63


