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Outline 

•  C-H Bond Borylation 

•  C-N Bond Formation 

•  α-Arylation of Carbonyl Compounds 



C-H Bond Borylation 

•  regiospecific borylation of methyl C-H bond 

•  borylation of arenes and heteroarenes 

•  sencondary C-H bond borylation 



The Beginning of Research Career: The Chemistry 
of Transition-Metal Boryl Complexes 

Hartwig, J. F.; Huber, S. J.  Am. Chem. Soc. 1993, 115, 4908. 



Hydrocarbon Functionalization by Iron 
Catecholboryl Complexes 

Waltz, K. M.; Hartwig, J. F. et al. J.  Am. Chem. Soc. 1995, 117, 11357. 



Stoichiometric Alkane Borylation by Tungsten 
Boryl Complex 

Waltz, K. M.; Hartwig, J. F. Science, 1997, 277, 211. 
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Catalytic Methyl Functionalization under 
Photochemical Conditions 

Chen, H.; Hartwig, J. F. Angew. Chem. Int. Ed. 1999, 38, 3391. 



Catalytic Methyl Functionalization under Thermal 
Conditions 

Chen, H.; Hartwig, J. F. et al. Science, 2000, 287, 1995. 
Lawrence, J. D.; Hartwig, J. F. et al. J. Am. Chem. Soc. 2004, 126, 15334. 



Regiospecificity of Primary C-H Bond 
Functionalization 

Wei, C. S.; Hartwig, J. F. et al. J. Am. Chem. Soc. 2010, 132, 3078. 



Iridium-Catalyzed C-H Borylation of Arenes and 
Heteroarenes: Catalyst Screening 

Ishiyama, T.; Hartwig, J. F.; Miyaura, N. et al. Adv. Synth. Catal. 2003, 45, 1103. 



Iridium-Catalyzed C-H Borylation of Arenes and 
Heteroarenes: Substrate Scope 

Ishiyama, T.; Hartwig, J. F.; Miyaura, N. et al. Chem. Commun. 2003, 2924. 



Further Functionalization of Arenes via Iridium-
Catalyzed Borylation 

Murphy, J. M.; Hartwig, J. F. et al. Org. Lett. 2007, 9, 757. 
Tzschucke, C. C.; Hartwig, J. F. et al. Org. Lett. 2007, 9, 761. 
Murphy, J. M.; Hartwig, J. F. et al. J. Am. Chem. Soc. 2007, 129, 15434. 
Liskey, C. M.; Hartwig, J. F. et al. J. Am. Chem. Soc. 2010, 132, 11389. 
Robbins, D. W.; Hartwig, J. F. Angew. Chem. Int. Ed. 2013, 52, 933. 
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Silyl-Directed Borylation of Arenes 

Boebel, T. A.; Hartwig, J. F. J. Am. Chem. Soc. 2008, 130, 7534. 



One-Pot Ortho-Borylation of Phenols 

Boebel, T. A.; Hartwig, J. F. J. Am. Chem. Soc. 2008, 130, 7534. 



Silyl-Directed Borylation Catalytic Cycle  

Boebel, T. A.; Hartwig, J. F. J. Am. Chem. Soc. 2008, 130, 7534. 



Silyl-Directed Borylation of Indole Derivatives 

Robbins, D. W.; Hartwig, J. F. et al. J. Am. Chem. Soc. 2010, 132, 3078. 



Borylation of Secondary C-H Bond 

Liskey, C. W.; Hartwig, J. F. J. Am. Chem. Soc. 2012, 134, 12422. 



Hydrosilane-Directed Borylation of Secondary 
Benzylic C-H Bond 

Cho, S. H.; Hartwig, J. F. J. Am. Chem. Soc. 2013, 135, 3375. 



Summary 

•  Cp*Rh-Catalyzed Regiospecific Borylation of 

Primary Alkane C-H Bond 

•  meta-Borylation of Substituted Arenes 

•  Silyl-Directed ortho-Borylation 

•  Ir-Catalyzed Secondary C-H Bond Borylation 



C-N Bond Formation 

•  direct amination of arenes and heteroarenes 

•  hydroamination of olefins 



Early Work On Cross Coupling of Aryl Halides 
and Tin Amides (Buchwald-Hartwig Amination) 

Paul, F.; Hartwig, J. F. et al. J. Am. Chem. Soc. 1994, 116, 5969. 
Guram, A. S.; Buchwald, S. L. j. Am. Chem. Soc. 1994, 116, 7901. 
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75-85%

Br + Bu3SnNR2
[(o-Tol)3P]2PdCl2 NR2toluene, 105 °C RR

55-88%

90-110 °C



Direct Aryl Halide Amination by Amines with 
Bulky Bases 

Louie, J.; Hartwig, J. F. Tetrahedron Lett. 1995, 36, 3609. 
Guram, A. S.; Buchwald, S. L. Angew. Chem. Int. Ed. 1995, 34, 1348. 
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A Second-Generation Catalyst in Aryl Amination 

Driver, M. S.; Hartwig, J. F. J. Am. Chem. Soc. 1996, 118, 7217. 
Louie, J.; Hartwig, J. F. et al. J. Org. Chem. 1997, 62, 1268. 
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Substrate Scope with Amines 

Hartwig, J. F.; Kawatsura, M. et al. J. Org. Chem. 1999, 64, 5575. 
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High Effiecient Chloroarene Amination Catalyzed 
by A Third-Generation Catalyst 

Stauffer, S. R.; Hartwig, J. F. et al. Org. Lett. 2000, 2, 1423. 



A Fourth-Generation Catalyst Applied to Wide-
Ranged Amines and Mild Reaction Conditions 

Shen, Q.; Hartwig, J. F. et al. Angew. Chem. Int. Ed. 2005, 44, 1371. 
Shen, Q.; Hartwig, J. F. Org. Lett. 2008, 18, 4109. 
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Aniline Derivatives from Direct Amination  

Lee, D. -Y.; Hartwig, J. F. Org. Lett. 2005, 7, 1169. 
Shen, Q.; Hartwig, J. F. J. Am. Chem. Soc. 2006, 128, 10028. 
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Recent Published Work on Cu-Catalyzed 
Amidation of Unactivated C-H Bond  

Tran, B. L.; Hartwig, J. F. et al. J. Am. Chem. Soc. 2014, 136, 2555. 
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Pd-Catalyzed Olefin Hydroamination 

Kawatsura, M.; Hartwig, J. F. J. Am. Chem. Soc. 2000, 122, 8546. 
Nettekoven, U.; Hartwig, J. F. J. Am. Chem. Soc. 2002, 124, 1166. 
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Brønsted Acid-Catalyzed Intramolecular 
Hydroamination 

Schlummer, B.; Hartwig, J. F. Org. Lett. 2002, 4, 1471. 
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Hydroamination of 1,3-diene 

Pawlas, J.; Hartwig, J. F. et al. J. Am. Chem. Soc. 2002, 124, 3669. 



Exchange Amines with Allylic Amines 

Pawlas, J.; Hartwig, J. F. et al. J. Am. Chem. Soc. 2002, 124, 3669. 



Tropene Derivatives from Hydroamination of 
Cycloheptatrene 

Sakai, N.; Hartwig, J. F. et al. J. Am. Chem. Soc. 2006, 128, 8134. 



Rh-Catalyzed Anti-Markovnikov Hydroamination 

Utsunomiya, M.; Hartwig, J. F. et al. J. Am. Chem. Soc. 2003, 125, 5608. 



Intramolecular Anti-Markovnikov Hydroamination 

Takemiya, A.; Hartwig, J. F. J. Am. Chem. Soc. 2006, 128, 6042. 



Hydroamination of Unactivated Olefins 

Liu, A.; Hartwig, J. F. J. Am. Chem. Soc. 2008, 130, 1570. 
Sevov, C. S.; Hartwig, J. F. et al. J. Am. Chem. Soc. 2014, 136, 3200. 
Strom, A. E.; Hartwig, J. F. J. Org. Chem. 2013, 78, 8909. 
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Hydroaminomethylation of Unactivated Olefins 

Herzon, S. B.; Hartwig, J. F. J. Am. Chem. Soc. 2008, 130, 14940. 
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Summary 

•  Amination of Arenes and Heteroarenes by Four 

Generations Palladium Catalysts 

•  (phen)Cu(I)-Catalyzed Amination on Alkyl C-H 

Bond 

•  Controlled Regioselectivity of Hydroamination of 

Styrene Derivatives and Unactivated Olefins 



α-Arylation of Carbonyl Compounds 

•  α-arylation and heteroarylation of ketones, 

aldehydes and carboxylic derivatives 

•  α-arylation of activated enolates 



Palladium-Catalyzed α-Arylation of Ketones 

Hamann, B. C.; Hartwig, J. F. J. Am. Chem. Soc. 1997, 119, 8232. 



α-Arylation of Amides and Esters 

Shanghnessy, K. H.; Hartwig, J. F. J. Org. Chem. 1998, 63, 6546. 
Lee, S.; Hartwig, J. F. et al. J. Am. Chem. Soc. 2001, 123, 8410. 
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α-Arylation of Nitriles and Aldehydes 

Culkin, D. A.; Hartwig, J. F. J. Am. Chem. Soc. 2002, 124, 9330. 
Wu, L.; Hartwig, J. F. J. Am. Chem. Soc. 2005, 127, 15824. 
Vo, G. D.; Hartwig, J. F. Angew. Chem. Int. Ed. 2008, 47, 2127. 
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Asymmetric α-Arylation and Heteroarylation of 
Ketones 

Ge, S.; Hartwig, J. F. J. Am. Chem. Soc. 2011, 133, 16330. 



Asymmetric α-Arylation and Heteroarylation of 
Ketones 

Ge, S.; Hartwig, J. F. J. Am. Chem. Soc. 2011, 133, 16330. 



α-Arylation of Silyl Enolates 

Liu, X.; Hartwig, J. F. J. Am. Chem. Soc. 2004, 126, 5182. 
Su, W.; Hartwig, J. F. et al.  Angew. Chem. Int. Ed. 2006, 45, 5852. 
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α-Arylation via in-situ Zinc Enolates 

Hama, T.; Hartwig, J. F. et al. J. Am. Chem. Soc. 2006, 128, 4976. 
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Copper(I) Enolate-Mediatedα-Arylation: 
Synthesis of Cu(I) Enolated Complexes 

Huang, Z.; Hartwig, J. F. Angew. Chem. Int. Ed. 2012, 51, 1028. 



Copper(I) Enolate-Mediatedα-Arylation: 
Reactions with PhI 

Huang, Z.; Hartwig, J. F. Angew. Chem. Int. Ed. 2012, 51, 1028. 



Copper(I) Enolate-Mediatedα-Arylation: Kinetic 
Studies 

Huang, Z.; Hartwig, J. F. Angew. Chem. Int. Ed. 2012, 51, 1028. 



Copper(I) Enolate-Mediatedα-Arylation: 
Selectivity with o- and p-Substituted Iodobenzene 

Huang, Z.; Hartwig, J. F. Angew. Chem. Int. Ed. 2012, 51, 1028. 



Copper(I) Enolate-Mediatedα-Arylation: 
Proposed Catalytic Cycle 

Huang, Z.; Hartwig, J. F. Angew. Chem. Int. Ed. 2012, 51, 1028. 




