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Application of N-Centered Radicals in Enamine Catalysis

Cecere, G.; König, C. M.; Alleva, J. L., MacMillan, D. W. C. J. Am. Chem. Soc. 2013, 135, 11521.
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Classification of N-Centered Radicals

Davies, J.; Morcillo, S. P.; Douglas, J. J.; Leonori, D. Chem. Eur. J. 2018, 24, 12154.
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Generation of N-Centered Radicals
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Outline

A.  Formation of sp3 C–N bonds: intramolecular cyclization

B.  Formation of sp3 C–N bonds: addition to olefins

C.  Formation fo sp2 C–N bonds: addition to aromatic compounds

D.  N-centered radicals-mediated HAT of sp3 C–H bonds

E.  Fragmentation of N-centered radicals

• Aminating reagents, forming sp3 and sp2 C–N bonds

• HAT reagents for sp3 C–H functionalization, due to large BDEs of N–H bonds (up to 110 kcal/mol)

• Fragmentation (β-scission) is possible, but not universal
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Amidyl Radical Cyclization: From Free N–H Compounds
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Incorporating Unprotected NH2: Aminochlorination of Olefins

Legnani, L.; Prina-Cerai, G.; Delcaillau, T.; Willems, S.; Morandi, B. Science 2018, 362, 434.
Minisci, F.; Galli, R. Tetrahedron Lett. 1965, 22, 1679
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Incorporating Unprotected NH2: Aminochlorination of Olefins
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Incorporating Unprotected NH2: Aminochlorination of Olefins
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Incorporating Alkyl Amines in Aminochlorination of Olefins

Falk, E.; Makai, S.; Delcaillau, T.; Gurtler, L.; Morandi, B. Angew. Chem. Int. Ed. 2020, 59, 21064.
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Incorporating Unprotected NH2: Aminoazidation of Olefins

Makai, S.; Falk, E.; Morandi, B. J. Am. Chem. Soc. 2020, 142, 21548.
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Formation of C(sp2)–N Bonds: Addition to Aromatics

Ruffoni, A.; Juliá, F.; Svejstrup, T. D.; McMillan, A. J.; Douglas, J. J.; Leonori, D. Nat. Chem. 2019, 11, 426.

protonation

N
Cl

N
H Cl

N
H

aminium radical cation

NCS, 5 mol% Ru(bpy)3Cl2
MeCN or HFIP, rt, 30 min

then 4 equiv. HClO4, rt, 1 h
blue LEDs

then basic work-up
2 equiv

N
H

H
N

86% yield

N
H

chlorination

SET
reduction

–Cl–

H

SET oxidation, 
deprotonation



Formation of C(sp2)–N Bonds: Addition to Aromatics

Ruffoni, A.; Juliá, F.; Svejstrup, T. D.; McMillan, A. J.; Douglas, J. J.; Leonori, D. Nat. Chem. 2019, 11, 426.
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Formation of C(sp2)–N Bonds: Addition to Aromatics
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Utility of late-stage amination in drug discovery
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Rössler, S. L.; Jelier, B. J.; Tripet, P. F.; Shemet, A.; Jeschke, G.; Togni, A.; Carreira, E. M. Angew. Chem. Int. Ed. 2019, 58, 526.

N

OTf

N-arylpyridinium
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Formation of C(sp2)–N Bonds: Addition to Aromatics

Foo, K.; Sella, E.; Thomé, I.; Eastgate, M. D.; Baran, P. S. J. Am. Chem. Soc. 2014, 136, 5279.
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Formation of C(sp2)–N Bonds: Addition to Aromatics

Allen, L. J.; Cabrera, P. J.; Lee, M.; Sanford, M. S. J. Am. Chem. Soc. 2014, 136, 5607.
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Outline

A.  Formation of sp3 C–N bonds: intramolecular cyclization

B.  Formation of sp3 C–N bonds: addition to olefins

C.  Formation fo sp2 C–N bonds: addition to aromatic compounds

D.  N-centered radicals-mediated HAT of sp3 C–H bonds

E.  Fragmentation of N-centered radicals

• Aminating reagents, forming sp3 and sp2 C–N bonds

• HAT reagents for sp3 C–H functionalization, due to large BDEs of N–H bonds (up to 110 kcal/mol)

• Fragmentation (β-scission) is possible, but not universal



Choi, G, J.; Zhu, Q.; Miller, D. C.; Gu, C. J.; Knowles, R. R. Nature 2016, 539, 268.

Amidyl Radical Induced 1,5-HAT for sp3 C–H Functionalization
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Choi, G, J.; Zhu, Q.; Miller, D. C.; Gu, C. J.; Knowles, R. R. Nature 2016, 539, 268.

Amidyl Radical Induced 1,5-HAT for sp3 C–H Functionalization
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Chu, J. C. K.; Rovis, T. Nature 2016, 539, 272.

Amidyl Radical Induced 1,5-HAT for sp3 C–H Functionalization
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Amidyl Radical Induced 1,5-HAT for sp3 C–H Functionalization
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Choi, G, J.; Zhu, Q.; Miller, D. C.; Gu, C. J.; Knowles, R. R. Nature 2016, 539, 268.

Amidyl Radical as HAT Reagent for Intermolecular sp3 C–H Functionalization
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Schmidt, V. A.; Quinn, R. K.; Brusoe, A. T.; Alexanian, E. J. J. Am. Chem. Soc. 2014, 136, 14389.

Amidyl Radical as HAT Reagent: C–H Bromination
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Schmidt, V. A.; Quinn, R. K.; Brusoe, A. T.; Alexanian, E. J. J. Am. Chem. Soc. 2014, 136, 14389.

Amidyl Radical as HAT Reagent: C–H Bromination
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Quinn, R. K. et al., J. Am. Chem. Soc. 2016, 138, 696.

Amidyl Radical as HAT Reagent: C–H Chlorination
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Amidyl Radical as HAT Reagent: C–H Xanthylation

Czaplyski, W. L.; Na, C. G.; Alexanian, E. J. J. Am. Chem. Soc. 2016, 138, 13854.
Williamson, J. B.; Czaplyski, W. L.; Alexanian, E. J.; Leibfarth, F. A. Angew. Chem. Int. Ed. 2018, 57, 6261.
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Outline

A.  Formation of sp3 C–N bonds: intramolecular cyclization

B.  Formation of sp3 C–N bonds: addition to olefins

C.  Formation fo sp2 C–N bonds: addition to aromatic compounds

D.  N-centered radicals-mediated HAT of sp3 C–H bonds

E.  Fragmentation of N-centered radicals

• Aminating reagents, forming sp3 and sp2 C–N bonds

• HAT reagents for sp3 C–H functionalization, due to large BDEs of N–H bonds (up to 110 kcal/mol)

• Fragmentation (β-scission) is possible, but not universal



Dauncey, E. M.; Morcillo, S. P.; Douglas, J. J.; Sheikh, N. S.; Leonori, D. Angew. Chem. Int. Ed. 2018, 57, 744.

Fragmentation of N-Radicals: !-Scission of Iminyl Radical
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Wang, J.; Zheng, N. Angew. Chem. Int. Ed. 2015, 54, 11424.

Fragmentation of N-Radicals: !-Scission of Aminyl Radical Cation
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N
Pr k = 1.2 × 10 5 s–1 N

Pr
k = 1.2 × 10 7 s–1

Harmata, A. S.; Sowden, M. J.; Stephenson, C. R. J. ChemRxiv. doi: 10/26434/chemrxiv.13118528.v1

Fragmentation of N-Radicals: !-Scission of Aminyl Radical Cation
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Summary

A.  Formation of sp3 C–N bonds: intramolecular cyclization

B.  Formation of sp3 C–N bonds: addition to olefins

C.  Formation fo sp2 C–N bonds: addition to aromatic compounds

D.  N-centered radicals-mediated HAT of sp3 C–H bonds

E.  Fragmentation of N-centered radicals
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