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Conjunctive Cross-Coupling
(Short)

Today’s topics in nickel cross-coupling:
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Things not covered:

1. Ancient history (Kochi, etc.)

2. Multimetallic chemistry

3. Metallophotoredox (“lazy nickel”)
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Properties of nickel vs. palladium (Diao):

Diccianni, J. B.; Diao, T. Trends Chem. 2019, 9, 830–844.
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(Short)

Topics in nickel cross-coupling:
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(a) Standley, E. A.; Smith, S. J.; Müller, P.; Jamison, T. F. Organometallics 2014, 33, 2012–2018; (b) Chatt, J.; 
Shaw, B. L. J. Chem. Soc. 1960, 1718–1729.

Jamison: Early report of air-stable Ni(II) precatalysts (2014)



Nickel Catalysis

7
(a) Standley, E. A.; Smith, S. J.; Müller, P.; Jamison, T. F. Organometallics 2014, 33, 2012–2018; (b) Chatt, J.; 
Shaw, B. L. J. Chem. Soc. 1960, 1718–1729.

Jamison: Early report of air-stable Ni(II) precatalysts (2014)
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(a) Standley, E. A.; Smith, S. J.; Müller, P.; Jamison, T. F. Organometallics 2014, 33, 2012–2018; (b) Chatt, J.; 
Shaw, B. L. J. Chem. Soc. 1960, 1718–1729.

Jamison: Early report of air-stable Ni(II) precatalysts (2014)

Useful for entry into Ni(0)/Ni(II) chemistry
Not modular: Need to know ideal ligand
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9Shields, J. D.; Gray, E. E.; Doyle, A. G. Org. Lett. 2015, 17, 2166–2169.

Doyle: Air-stable, modular precatalyst (2015)
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10Dander, J. E.; Weires, N. A.; Garg, N. K. Org. Lett. 2016, 18, 3934–3936.

Garg: Ni(cod)2 paraffin capsules (2016)

open capsule sealed capsule
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11Nattmann, L.; Saeb, R.; Nöthling, N.; Cornella, J. Nat. Catal. 2020, 3, 6–13.

Cornella: “Kinetic” air stability—Ni(stb)3 (2020)
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Cornella: “Kinetic” air stability—Ni(stb)3 (2020)

space-filling: Ni(0) atom inaccessible to O2 in solid-state (kinetic stability)

Nattmann, L.; Saeb, R.; Nöthling, N.; Cornella, J. Nat. Catal. 2020, 3, 6–13.
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Cornella: “Kinetic” air stability—Ni(stb)3 (2020)

Nattmann, L.; Saeb, R.; Nöthling, N.; Cornella, J. Nat. Catal. 2020, 3, 6–13.

solution-state substitution viable for a number of ligands (even bpy, THF, MeCN!)
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Cornella follow-up: Ni(t-Bustb)3

Nattmann, L.; Cornella, J. Organometallics 2020, 39, 3295–3300.
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Cornella follow-up: Ni(t-Bustb)3

Nattmann, L.; Cornella, J. Organometallics 2020, 39, 3295–3300.
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Cornella follow-up: Ni(t-Bustb)3

Nattmann, L.; Cornella, J. Organometallics 2020, 39, 3295–3300.
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Engle: Ni(cod)(DQ) (2020)—“thermodynamic” stability

Tran, V. T.; Li, Z.-Q.; Apolinar, O.; Derosa, J.; Joannou, M. V.; Wisniewski, S. R.; Eastgate, M. D.; Engle, K. M. 
Angew. Chem. Int. Ed. 2020, 59, 7409–7413.
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Engle: Ni(cod)(DQ) (2020)—“thermodynamic” stability

Tran, V. T.; Li, Z.-Q.; Apolinar, O.; Derosa, J.; Joannou, M. V.; Wisniewski, S. R.; Eastgate, M. D.; Engle, K. M. 
Angew. Chem. Int. Ed. 2020, 59, 7409–7413.
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Engle: Ni(cod)(DQ) (2020)—“thermodynamic” stability

note: viable transformations require in situ 
catalyst to be more thermodynamically 

stable

Tran, V. T.; Li, Z.-Q.; Apolinar, O.; Derosa, J.; Joannou, M. V.; Wisniewski, S. R.; Eastgate, M. D.; Engle, K. M. 
Angew. Chem. Int. Ed. 2020, 59, 7409–7413.
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(Short)

Topics in nickel cross-coupling:
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Favero, G.; Morvillo, A.; Turco, A. J. Organomet. Chem. 1983, 241, 251–257.
Tolman, C. A.; Seidel, W. C.; Druliner, J. D.; Domaille, P. J. Organometallics 1984, 3, 33–38.
Miller, J. A. Tetrahedron Lett. 2001, 42, 6991–6993.

Miller, J. A.; Dankwardt, J. W.; Penney, J. M. Synthesis 2003, 1643–1648.

C–CN oxidative addition to nickel(0), 1983:

Compounds confirmed by IR, though slowly decompose
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Oxidative addition of benzonitriles (Jones, 2002):
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Oxidative addition of benzonitriles (Jones, 2002):
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Favero, G.; Morvillo, A.; Turco, A. J. Organomet. Chem. 1983, 241, 251–257.
Tolman, C. A.; Seidel, W. C.; Druliner, J. D.; Domaille, P. J. Organometallics 1984, 3, 33–38.
Miller, J. A. Tetrahedron Lett. 2001, 42, 6991–6993.

Miller, J. A.; Dankwardt, J. W.; Penney, J. M. Synthesis 2003, 1643–1648.

X

R

CN

R

ClMg

+

5 mol% NiCl2(PMe)3

LiZR additive

THF, 60 ºC, 1 h

X

R

R

16 examples
69–97% yield

LiZR = LiOt-Bu,
LiSPh, LiOBHT

Kumada coupling using nitriles (Miller, 2001):

For amination, see Miller et al., 2003.

Role of bulky base additive: form modified ArMgZR (prevents nitrile addition)
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(a) Wenkert, E.; Michelotti, E. L.; Swindell, C. S. J. Am. Chem. Soc. 1979, 101, 2246–2247; (b) Dankwardt, J. W. 
Angew. Chem. Int. Ed. 2004, 43, 2428–2432.

Dankwardt, 2004:Wenkert, 1979:

OMe

R

PhMgBr (2–4 equiv)
NiCl2(PPh3)2 (10 mol%)

THF, reflux, 72 h

Ph

R

Cross-coupling using aryl ethers (Wenkert and Dankwardt)
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(a) Tobisu, M.; Morioka, T.; Ohtsuki, A.; Chatani, N. Chem. Sci. 2015, 6, 3410–3414; (b) Tobisu, M.; Chatani, N. 
Acc. Chem. Res. 2015, 48, 1717–1726.

Evidence for C–O oxidative addition: Tobisu and Chatani, 2015
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27Yu, D.-G.; Yu, M.; Guan, B.-T.; Li, B.-J.; Zheng, Y.; Wu, Z.-H.; Shi, Z.-J. Org. Lett. 2009, 11, 3374–3377.

Shi: Iterative cross-coupling of ethers and nitriles (2009)
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Activation of alternate aryl C–O electrophiles
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Guo, L.; Hsiao, C.-C.; Yue, H.; Liu, X.; Rueping, M. ACS Catal. 2016, 6, 4438–4442.

Iterative cross-coupling of ”unreactive” electrophiles (Reuping):
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31Entz, E. D.; Russel, J. E. A.; Hooker, L. V.; Neufeldt, S. R. J. Am. Chem. Soc. 2020, 142, 15454–15463.

Neufeldt: Cl vs. OTs iterative cross-couping (2020)
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Cl vs. OTs iterative cross-couping (Neufeldt):

Entz, E. D.; Russel, J. E. A.; Hooker, L. V.; Neufeldt, S. R. J. Am. Chem. Soc. 2020, 142, 15454–15463.
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Cl vs. OTs iterative cross-couping (Neufeldt):

Entz, E. D.; Russel, J. E. A.; Hooker, L. V.; Neufeldt, S. R. J. Am. Chem. Soc. 2020, 142, 15454–15463.
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Cl vs. OTs iterative cross-couping (Neufeldt):

Steric feature: More stabilizing Ni–O=S interaction in TS using PMe3

Entz, E. D.; Russel, J. E. A.; Hooker, L. V.; Neufeldt, S. R. J. Am. Chem. Soc. 2020, 142, 15454–15463.
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Topics in nickel cross-coupling:
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Guan, B.-T.; Xiang, S.-K.; Wang, B.-Q.; Sun, Z.-P.; Wang, Y.; Zhao, K.-Q.; Shi, Z.-J. J. Am. Chem. Soc. 2008, 130, 
3268–3269.

Methylation of benzylic C–OMe electrophiles (Shi, 2008)
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Guan, B.-T.; Xiang, S.-K.; Wang, B.-Q.; Sun, Z.-P.; Wang, Y.; Zhao, K.-Q.; Shi, Z.-J. J. Am. Chem. Soc. 2008, 130, 
3268–3269.

Methylation of benzylic C–OMe electrophiles (Shi, 2008)
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38Taylor, B. L.; Swift, E. C.; Waetzig, J. D.; Jarvo, E. R. J. Am. Chem. Soc. 2011, 133, 389–391.

Jarvo (2011): Enantiospecific methylation of α-aryl ethers
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Jarvo (2012): Enantiospecific arylation of α-aryl ethers
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Watson (2013): Enantiospecific Suzuki–Miyaura arylation of α-aryl pivalates
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Watson (2013): Enantiospecific Suzuki–
Miyaura arylation of α-aryl pivalates

Zhou, Q.; Srinivas, H.; Dasgupta, S.; Watson, M. P. J. Am. Chem. Soc. 2013, 135, 3307–3310.

Note: all electrophiles are π-extended or conjugated π
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Watson (2016): Application to quaternary acetates

Zhou, Q.; Cobb, K. M.; Tan, T.; Watson, M. P. J. Am. Chem. Soc. 2016, 138, 12057–12060.

Again: all electrophiles are π-extended or conjugated π

PCy2

Ph

CyJohnPhos



Nickel Catalysis

43

Carmona (1989): Isolation of benzylic Ni(II) compounds

Carmona, E.; Paneque, M.; Poveda, M. L. Polyhedron 1989, 8, 285–291.

60%

50%

Benzylic CH2 (1H NMR):
η1 (eq. 1): 1.71 (s, 2H) ppm

η3 (eq. 2): 1.00 (br s, 2H) ppm
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Martin (2013): Isolation of benzylic Ni(II) compounds

León, T.; Correa, A.; Martin, R. J. Am. Chem. Soc. 2013, 135, 1221–1224.
See also: Matsubara, R.; Gutierrez, A. C.; Jamison, T. F. J. Am. Chem. Soc. 2011, 133, 19020–19023.

Cl

1.64 mmol Ni(cod)2

1.64 mmol PCyp3

1.96 mmol

Et2O
cold to r.t., 3 h

Ni
PCyp3

Cl

0.50 g, 72%
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Watson (2016): Application to quaternary acetates

Zhou, Q.; Cobb, K. M.; Tan, T.; Watson, M. P. J. Am. Chem. Soc. 2016, 138, 12057–12060.

PCy2

Ph

CyJohnPhos

Again: all electrophiles are π-extended or conjugated π
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Jarvo (2013): Enantiospecific Suzuki–Miyaura arylation of α-aryl pivalates (retention or inversion)
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Zhang, S.-Q.; Taylor, B. L. H.; Ji, C.-L.; Gao, Y.; Harris, M. R.; Hanna, L. E.; Jarvo, E. R.; Houk, K. N.; Hong, X. J. 
Am. Chem. Soc. 2017, 139, 12994–13005.

Jarvo, Houk, Hong (2017): Computational study of retention/inversion mechanism
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Zhang, S.-Q.; Taylor, B. L. H.; Ji, C.-L.; Gao, Y.; Harris, M. R.; Hanna, L. E.; Jarvo, E. R.; Houk, K. N.; Hong, X. J. 
Am. Chem. Soc. 2017, 139, 12994–13005.

Jarvo, Houk, Hong (2017): Computational study of retention/inversion mechanism

PCy3: Curtin–Hammett scenario operational
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Zhang, S.-Q.; Taylor, B. L. H.; Ji, C.-L.; Gao, Y.; Harris, M. R.; Hanna, L. E.; Jarvo, E. R.; Houk, K. N.; Hong, X. J. 
Am. Chem. Soc. 2017, 139, 12994–13005.

Jarvo, Houk, Hong (2017): Computational study of retention/inversion mechanism

SIMes: Curtin–Hammett scenario not operational
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Zhang, S.-Q.; Taylor, B. L. H.; Ji, C.-L.; Gao, Y.; Harris, M. R.; Hanna, L. E.; Jarvo, E. R.; Houk, K. N.; Hong, X. J. 
Am. Chem. Soc. 2017, 139, 12994–13005.

Jarvo, Houk, Hong (2017): Computational study of retention/inversion mechanism

Retention pathway:
Key distortion of (η2–Ni–L angle)

PCy3: Retention occurs SIMes: Inversion occurs

*Ground-state analysis*—but early TS in both cases
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Zhang, S.-Q.; Taylor, B. L. H.; Ji, C.-L.; Gao, Y.; Harris, M. R.; Hanna, L. E.; Jarvo, E. R.; Houk, K. N.; Hong, X. J. 
Am. Chem. Soc. 2017, 139, 12994–13005.

Jarvo, Houk, Hong (2017): Computational study of retention/inversion mechanism

PCy3: Retention occurs

SIMes: Inversion occurs
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Zhang, S.-Q.; Taylor, B. L. H.; Ji, C.-L.; Gao, Y.; Harris, M. R.; Hanna, L. E.; Jarvo, E. R.; Houk, K. N.; Hong, X. J. 
Am. Chem. Soc. 2017, 139, 12994–13005.

Jarvo, Houk, Hong (2017): Computational study of retention/inversion mechanism

PCy3: Retention occurs

SIMes: Inversion occurs
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Zhang, S.-Q.; Taylor, B. L. H.; Ji, C.-L.; Gao, Y.; Harris, M. R.; Hanna, L. E.; Jarvo, E. R.; Houk, K. N.; Hong, X. J. 
Am. Chem. Soc. 2017, 139, 12994–13005.

Jarvo, Houk, Hong (2017): Computational study of retention/inversion mechanism

PCy3: Retention occurs

SIMes: Inversion occurs
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Watson (2013): Coupling of benzylic ammonium compounds

Maity, P.; Shacklady-McAtrr, D. M.; Yap, G. P. A.; Sirianni, E. R.; Watson, M. P. J. Am. Chem. Soc. 2013, 135, 
280–285.
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Watson (2013): Coupling of benzylic ammonium compounds

Maity, P.; Shacklady-McAtrr, D. M.; Yap, G. P. A.; Sirianni, E. R.; Watson, M. P. J. Am. Chem. Soc. 2013, 135, 

280–285.
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Maity, P.; Shacklady-McAtrr, D. M.; Yap, G. P. A.; Sirianni, E. R.; Watson, M. P. J. Am. Chem. Soc. 2013, 135, 
280–285.

Watson (2013): Coupling of benzylic ammonium compounds
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Watson (2018): Loss of aromaticity according to sterically accessible positions

Pound, S. M.; Watson, M. P. Chem. Commun. 2018, 54, 12286–12301.
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Nambo and Crudden (2018): Coupling of benzylic sulfones
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Fu: Halide exchange for benzylic substrates (2013)
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(Short)

Topics in nickel cross-coupling:
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Knochel (1995): One of the first nickel-catalyzed C(sp3)–X cross-coupling reactions

Devasagayaraj, A.; Stüdemann, T.; Knochel, P. Angew. Chem. Int. Ed. Engl. 1995, 34, 2723–2725.

discovery: nickel-catalyzed cross-coupling in presence of alkene

In absence of alkene: only Br–Zn exchange observed
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Knochel (1995): One of the first nickel-catalyzed C(sp3)–X cross-coupling reactions

Proposal:

Devasagayaraj, A.; Stüdemann, T.; Knochel, P. Angew. Chem. Int. Ed. Engl. 1995, 34, 2723–2725.
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Knochel (1995): One of the first nickel-catalyzed C(sp3)–X cross-coupling reactions

Devasagayaraj, A.; Stüdemann, T.; Knochel, P. Angew. Chem. Int. Ed. Engl. 1995, 34, 2723–2725.
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Knochel (1998): Use of exogenous alkene as ligand

Giovannini, R.; Stüdemann, T.; Dussin, G.; Knochel, P. Angew. Chem. Int. Ed. 1998, 110, 2449–2502.
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Yamamoto (1997): Reductive elimination promoted by electron-deficient substrate

Yamamoto, T.; Abla, M. J. Organomet. Chem. 1997, 535, 209–211.
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Yamamoto (1997): Reductive elimination promoted by electron-deficient substrate

Yamamoto, T.; Abla, M. J. Organomet. Chem. 1997, 535, 209–211.
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Fu (2003): Alkyl–alkyl cross-coupling using pybox ligands

Zhou, J.; Fu, G. C. J. Am. Chem. Soc. 2003, 125, 14726–14727.

91%
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Nickel-catalyzed C(sp3)–X cross-coupling (Fu)

Fu, G. C. ACS Cent. Sci. 2017, 3, 692–700.
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Examples of nickel-catalyzed C(sp3)–X cross-coupling

Fu, G. C. ACS Cent. Sci. 2017, 3, 692–700.
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Examples of enantioconvergent nickel-catalyzed C(sp3)–X cross-coupling
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Vicic, (terpy)Ni–Me (JACS, 2004):
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Vicic, (terpy)Ni–Me (2004)
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Jones, G. D.; Martin, J. L.; McFarland, C.; Allen, O. R.; Hall, R. E.; Haley, A. D.; Brandon, R. J.; Konovalova, T.; 
Desrochers, P. J.; Pulay, P.; Vicic, D. A. J. Am. Chem. Soc. 2006, 128, 13175–13183.

Vicic, (terpy)Ni–Me (2004)

Radical in extended π-system: g = 2.003–2.005
4-coordinate Ni(I): g = 2.18
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Vicic, (terpy)Ni–Me (2004)

+

major inorganic

product (R’ = H)

+

79%

Anderson, T. J.; Jones, G. D.; Vicic, D. A. J. Am. Chem. Soc. 2004, 126, 8100–8101; Jones, G. D.; McFarland, C.; 
Anderson, T. J.; Vicic, D. A. Chem. Commun. 2005, 4211–4213.
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Fu: Mechanistic study of C(sp3)–Br Negishi cross-coupling
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One of the first Ni(I)–aryl compounds!!

Schley, N. D.; Fu, G. C. J. Am. Chem. Soc. 2014, 136, 16588–16593.

Fu: Mechanistic study of C(sp3)–Br Negishi cross-coupling

TM with Ni(II)Br2 is facile
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One of the first Ni(I)–aryl compounds!!

Schley, N. D.; Fu, G. C. J. Am. Chem. Soc. 2014, 136, 16588–16593.

Fu: Mechanistic study of C(sp3)–Br Negishi cross-coupling
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78Schley, N. D.; Fu, G. C. J. Am. Chem. Soc. 2014, 136, 16588–16593.

Fu: Mechanistic study of C(sp3)–Br Negishi cross-coupling

(pybox)Ni(I)–Ph seems less relevant to productive C–C bond formation
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Hazari: Synthesis, stability of Ni(I)–aryl compounds

Mohadjer Beromi, M.; Bannerjee, G.; Brudvig, G. W.; Hazari, N.; Mercado, B. Q. ACS Catal. 2018, 8, 2526–2533.
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Fu: Mechanistic study of C(sp3)–Br Negishi cross-coupling

Compare with (pybox)NiBr:

reaction takes 4 h

1. (pybox)NiBr likely activates Alk–Br (faster activation)

2. (pybox)Ni(II)Ph[X] captures radical (consistent with Alk–Br activation by Ni(I)Br)
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Kinetics of substrate activation are distinct from thermodynamics of electron transfer (likely not ET mechanism)

Schley, N. D.; Fu, G. C. J. Am. Chem. Soc. 2014, 136, 16588–16593.

Fu: Mechanistic study of C(sp3)–Br Negishi cross-coupling

Proposal:
1. (pybox)NiBr likely activates Alk–Br
2. (pybox)Ni(II)Ph[X] captures radical
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Resting state established as Ni(II)–Ar by 19F NMR and UV-vis spectroscopy

Schley, N. D.; Fu, G. C. J. Am. Chem. Soc. 2014, 136, 16588–16593.

Fu: Mechanistic study of C(sp3)–Br Negishi cross-coupling

4-FPh by 19F NMR (DME):

(pybox)NiIIAr+: −62.33 ppm

Product: −116.97 ppm
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Fu: Mechanistic study of C(sp3)–Br Negishi cross-coupling

Very small amount of nickel “activates” (i.e., turns to Ni(I))
Essentially a radical initiation/propagation mechanism

For related Kumada cross-coupling study: Yin, H.; Fu, G. C. J. Am. Chem. Soc. 2019, 141, 15433–15440.
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(a) Cornella, J.; Edwards, J. T.; Qin, T.; Kawamura, S.; Wang, J.; Pan, C.-M.; Gianatassio, R.; Schmidt, M.; Eastgate, M. D.; 

Baran, P. S. J. Am. Chem. Soc. 2016, 138, 2174–2177.

(b) Huihui, K. M. M.; Caputo, J. A.; Melchor, Z.; Olivares, A. M.; Spiewak, A. M.; Johnson, K. A.; DiBenedetto, T. A.; Kim, S.; 

Ackerman, L. K. G.; Weix, D. J. J. Am. Chem. Soc. 2016, 138, 5016–5019.

Beyond halides: Baran and Weix—Ni-catalyzed reactions of redox-active esters

Baran (2016): Weix (2016):
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Cornella, J.; Edwards, J. T.; Qin, T.; Kawamura, S.; Wang, J.; Pan, C.-M.; Gianatassio, R.; Schmidt, M.; Eastgate, 
M. D.; Baran, P. S. J. Am. Chem. Soc. 2016, 138, 2174–2177.

Baran: Ni-catalyzed reactions of redox-active esters
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Baran: Ni-catalyzed reactions of redox-active esters

Std. conditions:

Cornella, J.; Edwards, J. T.; Qin, T.; Kawamura, S.; Wang, J.; Pan, C.-M.; Gianatassio, R.; Schmidt, M.; Eastgate, 
M. D.; Baran, P. S. J. Am. Chem. Soc. 2016, 138, 2174–2177.
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Baran: Ni-catalyzed reactions of redox-active esters

Cornella, J.; Edwards, J. T.; Qin, T.; Kawamura, S.; Wang, J.; Pan, C.-M.; Gianatassio, R.; Schmidt, M.; Eastgate, 
M. D.; Baran, P. S. J. Am. Chem. Soc. 2016, 138, 2174–2177.
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Baran: Ni-catalyzed reactions of redox-active esters

Qin, T.; Cornella, J.; Li, C.; Malins, L. R.; Edwards, J. T.; Kawamura, S.; Maxwell, B. D.; Eastgate, M. D.; Baran, P. 
S. Science 2016, 352, 801–805.
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Ni-catalyzed reactions of redox-active esters
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(HO)2BClZn
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ClZn R3
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ClZn
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Bpin Bpin H SiPhH2

Redox-active esters:

[M]–R2 sources
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Katritzky, A. R.; De Ville, G.; Patel, R. C. Tetrahedron 1981, 37, 25–30; Basch, C. H.; Liao, J.; Xu, J.; Piane, J. J.; 
Watson, M. P. J. Am. Chem. Soc. 2017, 139, 5313–5316.

Watson: Nickel-catalyzed activation of alkyl pyridiniums (Katritzky salts):
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Watson: Nickel-catalyzed activation of alkyl pyridiniums (Katritzky salts):

Katritzky, A. R.; De Ville, G.; Patel, R. C. Tetrahedron 1981, 37, 25–30; Basch, C. H.; Liao, J.; Xu, J.; Piane, J. J.; 
Watson, M. P. J. Am. Chem. Soc. 2017, 139, 5313–5316.
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Watson: Nickel-catalyzed activation of alkyl pyridiniums (Katritzky salts):

Katritzky, A. R.; De Ville, G.; Patel, R. C. Tetrahedron 1981, 37, 25–30; Basch, C. H.; Liao, J.; Xu, J.; Piane, J. J.; 
Watson, M. P. J. Am. Chem. Soc. 2017, 139, 5313–5316.
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Watson: Nickel-catalyzed activation of alkyl pyridiniums (Katritzky salts):

Katritzky, A. R.; De Ville, G.; Patel, R. C. Tetrahedron 1981, 37, 25–30; Basch, C. H.; Liao, J.; Xu, J.; Piane, J. J.; 
Watson, M. P. J. Am. Chem. Soc. 2017, 139, 5313–5316.
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Merchant, R. R.; Edwards, J. T.; Qin, T.; Fruszyk, M. M.; Bi, C.; Che, G.; Bao, D.-H.; Qiao, W.; Sun, L.; Collins, M. 
R.; Fadeyi, O. O.; Gallego, G. M.; Mousseau, J. J.; Nuhant, P.; Baran, P. S. Science 360, 2018, 75–80.

Baran: Nickel-catalyzed activation of alkyl sulfones (2018)

Inspiration for these leaving groups (Denmark 2013, iron chemistry):
Denmark, S. E.; Cresswell, A. J. J. Org. Chem. 2013, 78, 12593–12628.
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Baran: Nickel-catalyzed activation of alkyl sulfones (2018)

Merchant, R. R.; Edwards, J. T.; Qin, T.; Fruszyk, M. M.; Bi, C.; Che, G.; Bao, D.-H.; Qiao, W.; Sun, L.; Collins, M. 
R.; Fadeyi, O. O.; Gallego, G. M.; Mousseau, J. J.; Nuhant, P.; Baran, P. S. Science 360, 2018, 75–80.
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Topics in nickel cross-coupling:



Nickel Catalysis

97
Everson, D. A.; Shrestha, R.; Weix, D. J. J. Am. Chem. Soc. 2010, 132, 920–921.

Prototypical cross-electrophile coupling (Weix, 2010)
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(a) Everson, D. A.; Weix, D. J. J. Org. Chem. 2014, 79, 4793–4798; (b) Hartwig, J. Organotransition Metal 
Chemistry: From Bonding to Catalysis. University Science Books: Sausalito, 2010.

Reactivity with C(sp2)–X electrophiles

Reactivity with C(sp3)–X electrophiles
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+ X

R

R

NiL
n

R

R

• + X NiIIL
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‡

Typical reactivity trends (important for discriminating between coupling partners in cross-electrophile coupling)
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Prevailing mechanism: “Radical chain” mechanism
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X
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Biswas, S.; Weix, D. J. J. Am. Chem. Soc. 2013, 135, 16192–16197.
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Ph I n-C8H17 I

(2–40 equiv) (2–40 equiv)

(dtbbpy)Ni(cod)
(1 equiv)

DMF, r.t.

conv. PhI: 89%
conv. Alk–I: 19%

+

Ph Ph

Ph H Ph C8H17

C8H17 C8H17

Weix, 2013: Reactivity of Ni(0) with electrophiles
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Gong: Reactivity with C(sp2)–X and C(sp3)–X electrophiles

N
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I

ClCO2i-Pr (2 equiv)
Ni(cod)2 (1 equiv)
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Zn (0 or 3 equiv)
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+
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O
no Zn
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1/2 Zn

–1/2 ZnCl2

NiI(bpy)

Oi-Pr

O

Zn (0 equiv): 0% (mainly remaining R–I)
Zn (3 equiv): 27% (mainly reduced R–H)
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O
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Diao: Reactivity of Ni(I)–Aryl compounds
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Weix, 2013: Mechanism of cross-electrophile coupling

steep slope consistent with catalyst resting state being 

(L)Ni(II)(Ar)(X)

(or another productive intermediate)
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Weix, 2013: Mechanism of cross-electrophile coupling
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Chi, B. K.; Widness, J. K.; Gilbert, M. M.; Salgueiro, D. C.; Garcia, K. J.; Weix, D. J. ACS Catal. 2022, 12, 580–
586.

Weix: Dual ligand system for selective activation of electrophiles (2022)
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For reviews: Knappke, C. E. I.; Grupe, S.; Gärtner, D.; Corpet, M.; Gosmini, C.; von Wangelin, A. J. Chem. Eur. J. 2014, 20, 6828–6842; Everson, D. A.; 

Weix, D. J. J. Org. Chem. 2014, 79, 4793–4798; Weix, D. J. Acc. Chem. Res. 2015, 48, 1767–1775; Goldfogel, M. J.; Huang, L.; Weix, D. J. Cross-
Electrophile Coupling: Principles and New Reactions, pp. 183– 222, in Nickel Catalysis in Organic Synthesis. Wiley-VCH, 2020; Gu, J.; Wang, X.; Xue, 

W.; Gong, H. Org. Chem. Front. 2015, 2, 1411–1421; Wang, X.; Dai, Y.; Gong, H. Top. Curr. Chem. 2016, 374, 43; Lucas, E. L.; Jarvo, E. R. Nat. 

Chem. Rev. 2017, 1, 0065; Richmond, E.; Moran, J. Synthesis 2018, 50, 499–513; Diccianni, J. B.; Diao, T. Trends Chem. 2019, 1, 830–844; Diccianni, 

J.; Lin, Q.; Diao, T. Acc. Chem. Res. 2020, 53, 906–919.

R(sp2) XR(sp3) X R(sp3) R(sp2)

cat. Ni
reductant

+

Ralk X

X = I, Br, Cl

Cl

R1

R2

O
CNCl

R

ArCl

R

SiR3Cl

R

Cl F

F

R2

R1

O

O

N

O

O

R2N

R1Ph

PhPh

BF4

RO

O

NMeO

R

X

X
R

OR

O

R

O

Cl R

O

S R

O

N

B
N

Br

R2

R1

NCl

R

X

I

R

Overview: Reductive cross-electrophile coupling

Representative R(sp3)–X coupling partners

Representative R(sp2)–X coupling partners
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Cross-electrophile coupling with π-electrophiles (CO2) (Tsuji, 2012)
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Cross-electrophile coupling with π-electrophiles (CO2) (Tsuji, 2012)
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Cross-electrophile coupling with π-electrophiles (CO2) (Tsuji, 2012)
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Reductive carboxylation using CO2 (Martin)
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Reductive carboxylation using CO2 (Martin)
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Diao: Migratory insertion into CO2

O

P(t-Bu)2

Me

Me

P(t-Bu)2

NiI R

Ni(II): requires forcing conditions
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Somerville, R. J.; Odena, C.; Obst, M. F.; Hazari, N.; Hopmann, K. H.; Martin, R. J. Am. Chem. Soc. 2020, 142, 
10936–10941.

Hopmann and Martin, 2020: Insertion into CO2
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Somerville, R. J.; Odena, C.; Obst, M. F.; Hazari, N.; Hopmann, K. H.; Martin, R. J. Am. Chem. Soc. 2020, 142, 
10936–10941.

Hopmann and Martin, 2020: Insertion into CO2
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Huang, Y.-C.; Majumdar, K.; Cheng, C.-H. J. Org. Chem. 2002, 67, 1682–1684; Nogi, K.; Fujihara, T.; Terao, J.; Tsuji, Y. J. Org. Chem. 2015, 80, 11618–11623; Correa, 
A.; León, T.; Martin, R. J. Am. Chem. Soc. 2014, 136, 1062–1069; Yanagi, T.; Somerville, R. J.; Nogi, K.; Martin, R.; Yorimitsu, H. ACS Catal. 2020, 10, 2117–2123; 

Vandavasi, J. K.; Hua, X.; Halima, H. B.; Newman, S. G. Angew. Chem. Int. Ed. 2017, 56, 15441–15445; Garcia, K. J.; Gilbert, M. M.; Weix, D. J. J. Am. Chem. Soc. 

2019, 14, 1823–1827; (a) Meng, Q.-Y.; Wang, S.; König, B. Angew. Chem. Int. Ed. 2017, 56, 13426–13430; Wang, S.; Xi, C. Org. Lett. 2018, 20, 4131–4134; Ma, C.; 
Zhao, C.-Q.; Xu, X.-T.; Li, Z.-M.; Wang, X.-Y.; Zhang, K.; Mei, T.-S. Org. Lett. 2019, 21, 2464–2467; Correa, A.; Martin, R. J. Am. Chem. Soc. 2014, 136, 7253–7256; 

Wang, X.; Nakajima, M.; Serrano, E.; Martin, R. J. Am. Chem. Soc. 2016, 138, 15531–15534; Dorn, S. C. M.; Olsen, A. K.; Kelemen, R. E.; Shrestha, R.; Weix, D. 
Tetrahedron Lett. 2015, 56, 3365– 3367; Ninokata, R.; Yamahira, T.; Onodera, G.; Kimura, M. Angew. Chem. Int. Ed. 2017, 56, 208–211; Xiao, J.; Wang, Y.-W.; Peng, Y. 

Synthesis 2017, 49, 3576–3581; Anthony, D.; Lin, Q.; Baudet, J.; Diao, T. Angew. Chem. Int. Ed. 2019, 58, 3198–3202; Walker, B. R.; Sevov, C. S. ACS Catal. 2019, 9, 

7197–7203; Lin, T.; Mi, J.; Song, L.; Gan, J.; Luo, P.; Mao, J.; Walsh, P. J. Org. Lett. 2018, 20, 1191–1194.

Reductive coupling with C(sp2) π-electrophiles:
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Advances in conjunctive cross-coupling (Engle):

Regimes:
1. Radical 1,2 addition chemistry

2. Coordination-insertion chemistry

Derosa, J.; Apolinar, O.; Kang, T.; Tran, V. T.; Engle, K. M. Chem. Sci. 2020, 11, 4287–4296.
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Nickel-catalyzed, directed conjunctive cross-coupling (Engle, 2017):
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Radical conjunctive cross-coupling regime (Nevado, 2017):
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5-exo-trig radical cyclization observed (cage-escaped radical)

Reaction with ArI leads to (dtbbpy)Ni(II)(aryl)(I)

Oxidative addition intermediate is competent in stoichiometric reaction

García-Domínguez, A.; Li, Z.; Nevado, C. J. Am. Chem. Soc. 2017, 139, 6835–6838.

Radical conjunctive cross-coupling regime (Nevado, 2017):
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Radical conjunctive cross-coupling regime (Nevado, 2017):

For a relevant mechanistic study, see:
Lin, Q.; Diao, T. J. Am. Chem. Soc. 2019, 141, 17937–17948.
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