Catalytic Asymmetric Reactions in Organic Chemistry:Bibliography

I Automatically generated from web of science, mistakes possible!

4.5 Dual Activation on A Single Metal Center: Activated Systems
4.5.1 Aldol, Mannich and Allylation Reactions

1. Denmark, S. E.; Winter, S. B. D.; Su, X. P.; Wong, K. T., Chemistry of trichlorosilyl enolates .1. New reagents for catalytic,
asymmetric aldol additions. J. Am. Chem. Soc. 1996, 118 (31), 7404-7405.

2. Hagiwara, E.; Fujii, A.; Sodeoka, M., Enantioselective addition of enol silyl ethers to imines catalyzed by palladium complexes: A
novel way to optically active acylalanine derlvatlves J. Am. Chem. Soc. 1998, 120 (10), 2474-2475.

3. Nakamura, H.; Nakamura, K.; Yamamoto, Y., Catalytic asymmetric allylation of imines via chiral bis-pi- allylpalladium complexes. J.
Am. Chem. Soc. 1998, 120 (17), 4242-4243.

4. Fujii, A.; Hagiwara, E.; Sodeoka, M., Mechanism of palladium complex-catalyzed enantioselective Mannich-type reaction:
Characterization of a novel binuclear palladium enolate complex. J. Am. Chem. Soc. 1999, 121 (23), 5450-5458.

5. Nakamura, K.; Nakamura, H.; Yamamoto, Y., Chiral pi-allylpalladium-catalyzed asymmetric allylation of imines: Replacement of
allylstannanes by allylsilanes. J. Org. Chem. 1999, 64 (8), 2614-2615.

6. Yanagisawa, A.; Kageyama, H.; Nakatsuka, Y.; Asakawa, K.; Matsumoto, Y.; Yamamoto, H., Enantioselective addition of allylic
trimethoxysilanes to aldehydes catalyzed by p-Tol-BINAP center dot AgF. Angew. Chem.-Int. Edit. 1999, 38 (24), 3701-3703.

7. Denmark, S. E.; Fu, J. P., On the mechanism of catalytic, enantioselective allylation of aldehydes with chlorosilanes and chiral Lewis
bases. J. Am. Chem. Soc. 2000, 122 (48), 12021-12022.

8. Denmark, S. E.; Stavenger, R. A., The chemistry of trichlorosilyl enolates. Aldol addition reactions of methyl ketones. J. Am. Chem.
Soc. 2000, 122 (37), 8837- 8847

9. Denmark, S. E.; Stavenger, R. A., Asymmetric catalysis of aldol reactions with chiral Lewis bases. Accounts Chem. Res. 2000, 33 (6),
432-440.

10. Juhl, K.; Gathergood, N.; Jorgensen, K. A., Catalytic asymmetric direct Mannich reactions of carbonyl compounds with alpha-imino
esters. Angew. Chem.-Int. Edit. 2001, 40 (16), 2995-2997.

11. Knudsen, K. R.; Risgaard, T.; Nishiwaki, N.; Gothelf, K. V.; Jorgensen, K. A., The first catalytic asymmetric aza-Henry reaction of

nitronates with imines: A novel approach to optically active beta-nitro- alpha-amino acid- and alpha,beta-diamino acid derivatives. J. Am. Chem.
Soc. 2001, 123 (24), 5843-5844.

12. Denmark, S. E.; Fujimori, S., The effects of a remote stereogenic center in the Lewis base catalyzed aldol additions of chiral
trichlorosilyl enolates. Org. Lett. 2002, 4 (20), 3477-3480.
13. Shimada, T.; Kina, A.; lkeda, S.; Hayashi, T., A novel axially chiral 2,2 "-bipyridine N,N-dioxide. Its preparation and use for

asymmetric allylation of aldehydes with allyl(trichloro)silane as a highly efficient catalyst. Org. Lett. 2002, 4 (16), 2799-2801.

14. Denmark, S. E.; Fu, J. P., Understanding the correlation of structure and selectivity in the chiral-phosphoramide-catalyzed
enantioselective allylation reactions: Solution and solid-state structural studies of bisphosphoramide center dot SnCl4 complexes. J. Am. Chem.
Soc. 2003, 125 (8), 2208-2216.

15. Evans, D. A.; Seidel, D.; Rueping, M.; Lam, H. W.; Shaw, J. T.; Downey, C. W., A new copper acetate-bis(oxazoline)-catalyzed,
enantioselective Henry reaction. J. Am. Chem. Soc. 2003, 125 (42), 12692-12693.

16. Fernandes, R. A.; Stimac, A.; Yamamoto, Y., Chiral bis-pi-allylpalladium complex catalyzed asymmetric allylation of imines:
Enhancement of the enantioselectivity and chemical yield in the presence of water. J. Am. Chem. Soc. 2003, 125 (46), 14133-14139.

17. Hamada, T.; Manabe, K.; Kobayashi, S., Catalytic asymmetric allylation of hydrazono esters in aqueous media by using ZnF2-chiral
diamine. Angew. Chem.-Int. Edit. 2003, 42 (33), 3927-3930.

18. Kobayashi, S.; Ogawa, C.; Konishi, H.; Sugiura, M., Chiral Sulfoxides as neutral coordinate-organocatalysts in asymmetric allylation
of N-acylhydrazones using allyltrichlorosilanes. J. Am. Chem. Soc. 2003, 125 (22), 6610-6611.

19. Malkov, A. V.; Bell, M.; Orsini, M.; Pernazza, D.; Massa, A.; Herrmann, P.; Meghani, P.; Kocovsky, P., New Lewis-basic N-oxides

as chiral organocatalysts in asymmetric allylation of aldehydes. J. Org. Chem. 2003, 68 (25), 9659-9668.

20. Malkov, A. V.; Dufkova, L.; Farrugia, L.; Kocovsky, P., Quinox, a quinoline-type N-oxide, as organocatalyst in the asymmetric
allylation of aromatic aldehydes with allyltrichlorosilanes: The role of arene-arene interactions. Angew. Chem.-Int. Edit. 2003, 42 (31), 3674-
3677.

21. Suzuki, T.; Kinoshita, A.; Kawada, H.; Nakada, M., New asymmetric tridentate carbazole ligand: Its preparation and application to
Nozaki-Hiyama allylation. Synlett 2003, (4), 570-572.
22. Fernandes, R. A.; Yamamoto, Y., The first catalytic asymmetric allylation of imines with the tetraallylsilane-TBAF-MeOH system,

using the chiral bis-pi- allylpalladium complex. J. Org. Chem. 2004, 69 (3), 735-738.



23. Fernandes, R. A.; Yamamoto, Y., Catalytic asymmetric carbalkoxyallylation of Imines with the chiral bis-pi-allylpalladium complex.
J. Org. Chem. 2004, 69 (10), 3562-3564.

24. Ogawa, C.; Sugiura, M.; Kobayashi, S., Stereospecific, enantioselective allylation of alpha-hydrazono esters by using
allyltrichlorosilanes with BINAP dioxides as neutral-coordinate organocatalysts. Angew. Chem.-Int. Edit. 2004, 43 (47), 6491-6493.

25. Palomo, C.; Oiarbide, M.; Mielgo, A., Unveiling reliable catalysts for the asymmetric nitroaldol (Henry) reaction. Angew. Chem.-Int.
Edit. 2004, 43 (41), 5442-5444.

26. Russell, A. E.; Fuller, N. O.; Taylor, S. J.; Aurriset, P.; Morken, J. P., Investigation of the Rh-catalyzed asymmetric reductive aldol
reaction. Expanded scope based on reaction analysis. Org. Lett. 2004, 6 (14), 2309-2312.

27. Wada, R.; Oisaki, K.; Kanai, M.; Shibasaki, M., Catalytic enantioselective allylboration of ketones. J. Am. Chem. Soc. 2004, 126 (29),
8910-8911.

28. Zanoni, G.; Gladiali, S.; Marchetti, A.; Piccinini, P.; Tredici, I.; Vidari, G., Enantioselective catalytic allylation of carbonyl groups by
Umpolung of pi-allyl palladium complexes. Angew. Chem.-Int. Edit. 2004, 43 (7), 846-849.

29. Denmark, S. E.; Bui, T., Mechanistic insights into the chiral phosphoramide-catalyzed, enantioselective crossed-aldol reactions of
aldehydes. J. Org. Chem. 2005, 70 (25), 10393-10399.

30. Denmark, S. E.; Fan, Y.; Eastgate, M. D., Lewis base catalyzed, enantioselective aldol addition of methyl trichlorosilyl ketene acetal
to ketones. J. Org. Chem. 2005, 70 (13), 5235-5248.

31. Denmark, S. E.; Fujimori, S.; Pham, S. M., Lewis base catalyzed aldol additions of chiral trichlorosilyl enolates and silyl enol ethers.
J. Org. Chem. 2005, 70 (26), 10823-10840.

32. Lee, J. Y.; Miller, J. J.; Hamilton, S. S.; Sigman, M. S., Stereochemical diversity in chiral ligand design: Discovery and optimization
of catalysts for the enantioselective addition of allylic halides to aldehydes. Org. Lett. 2005, 7 (9), 1837-1839.

33. Malkov, A. V.; Bell, M.; Castelluzzo, F.; Kocovsky, P., METHOX: A new pyridine N-oxide organocatalyst for the asymmetric
allylation of aldehydes with allyltrichlorosilanes. Org. Lett. 2005, 7 (15), 3219-3222.

34. Nishiyama, H.; Shiomi, T.; Tsuchiya, Y.; Matsuda, I., High performance of Rh(Phebox) catalysts in asymmetric reductive aldol
reaction: High anti-selectivity. J. Am. Chem. Soc. 2005, 127 (19), 6972-6973.

35. Palomo, C.; Oiarbide, M.; Laso, A., Enantioselective henry reactions under dual Lewis acid/amine catalysis using chiral amino alcohol
ligands. Angew. Chem.-Int. Edit. 2005, 44 (25), 3881-3884.

36. Wadamoto, M.; Yamamoto, H., Silver-catalyzed asymmetric Sakurai-Hosomi allylation of ketones. J. Am. Chem. Soc. 2005, 127 (42),
14556-14557.

37. Kloetzing, R. J.; Thaler, T.; Knochel, P., An improved asymmetric Reformatsky reaction mediated by (-)-N,N-
dimethylaminoisoborneol. Org. Lett. 2006, 8 (6), 1125-1128.

38. Wada, R.; Shibuguchi, T.; Makino, S.; Oisaki, K.; Kanai, M.; Shibasaki, M., Catalytic enantioselective allylation of ketoimines. J. Am.
Chem. Soc. 2006, 128 (23), 7687-7691.

39. Zhao, D. B.; Oisaki, K.; Kanai, M.; Shibasaki, M., Dramatic ligand effect in catalytic asymmetric reductive aldol reaction of allenic
esters to ketones. J. Am. Chem. Soc. 2006, 128 (45), 14440-14441.

40. Carosi, L.; Hall, D. G., Catalytic enantioselective preparation of alpha-substituted allylboronates: One-pot addition to functionalized
aldehydes and a route to chiral allylic trifluoroborate reagents. Angew. Chem.-Int. Edit. 2007, 46 (31), 5913-5915.

41. Kargbo, R.; Takahashi, Y.; Bhor, S.; Cook, G. R.; Lloyd-Jones, G. C.; Shepperson, I. R., Readily accessible, modular, and tuneable

BINOL 3,3'-perfluoroalkylsulfones: Highly efficient catalysts for enantioselective in-mediated imine allylation. J. Am. Chem. Soc. 2007, 129
(13), 3846-+.

42. Lou, S.; Moquist, P. N.; Schaus, S. E., Asymmetric allylboration of acyl imines catalyzed by chiral diols. J. Am. Chem. Soc. 2007, 129
(49), 15398-15404.

43. Shiomi, T.; Nishiyama, H., Intermolecular asymmetric reductive aldol reaction of ketones as acceptors promoted by chiral Rh(phebox)
catalyst. Org. Lett. 2007, 9 (9), 1651-1654.

44, Bee, C.; Han, S. B.; Hassan, A.; Lida, H.; Krische, M. J., Diastereo- and enantioselective hydrogenative aldol coupling of vinyl
ketones: Design of effective monodentate TADDOL-Like phosphonite ligands. J. Am. Chem. Soc. 2008, 130 (9), 2746-+.

45. Du, Y.; Xu, L. W.; Shimizu, Y.; Oisaki, K.; Kanai, M.; Shibasaki, M., Asymmetric Reductive Mannich Reaction to Ketimines
Catalyzed by a Cu(l) Complex. J. Am. Chem. Soc. 2008, 130 (48), 16146-+.

46. Dubs, C.; Hamashima, Y.; Sasamoto, N.; Seidel, T. M.; Suzuki, S.; Hashizume, D.; Sodeoka, M., Mechanistic studies on the catalytic

asymmetric Mannich-type reaction with dihydroisoquinolines and development of oxidative Mannich-type reactions starting from
tetrahydroisoquinolines. J. Org. Chem. 2008, 73 (15), 5859-5871.

47. Fujita, M.; Nagano, T.; Schneider, U.; Hamada, T.; Ogawa, C.; Kobayashi, S., Zn-catalyzed asymmetric allylation for the synthesis of
optically active allylglycine derivatives. Regio- and stereoselective formal alpha-addition of allylboronates to hydrazono esters. J. Am. Chem.
Soc. 2008, 130 (10), 2914-2915.

48. Hernandez-Toribio, J.; Arrayas, R. G.; Carretero, J. C., Direct Mannich Reaction of Glycinate Schiff Bases with N-(8-
Quinolyl)sulfonyl Imines: A Catalytic Asymmetric Approach to anti-alpha,beta-Diamino Esters. J. Am. Chem. Soc. 2008, 130 (48), 16150-+.
49. Kim, I. S.; Ngai, M. Y.; Krische, M. J., Enantioselective iridium-catalyzed carbonyl allylation from the alcohol or aldehyde oxidation

level using allyl acetate as an allyl metal surrogate. J. Am. Chem. Soc. 2008, 130 (20), 6340-+.



50. Kim, I. S.; Ngai, M. Y.; Krische, M. J., Enantioselective Iridium-Catalyzed Carbonyl Allylation from the Alcohol or Aldehyde
Oxidation Level via Transfer Hydrogenative Coupling of Allyl Acetate: Departure from Chirally Modified Allyl Metal Reagents in Carbonyl
Addition. J. Am. Chem. Soc. 2008, 130 (44), 14891-14899.

51. Lipshutz, B. H.; Amorelli, B.; Unger, J. B., CuH-Catalyzed Enantioselective Intramolecular Reductive Aldol Reactions Generating
Three New Contiguous Asymmetric Stereocenters. J. Am. Chem. Soc. 2008, 130 (44), 14378-+.
52. Malkov, A. V.; Ramirez-Lopez, P.; Biedermannova, L.; Rulisek, L.; Dufkova, L.; Kotora, M.; Zhu, F. J.; Kocovsky, P., On the

mechanism of asymmetric allylation of aldehydes with allyltrichlorosi lanes catalyzed by QUINOX; a chiral Isoquinoline N-oxide. J. Am. Chem.
Soc. 2008, 130 (15), 5341-5348.

53. Umeda, R.; Studer, A., Ag-catalyzed stereoselective cyclohexadienyl transfer: A novel entry into arylphenylmethanols. Org. Lett.
2008, 10 (5), 993-996.

54. Yamaguchi, A.; Matsunaga, S.; Shibasaki, M., Direct catalytic asymmetric Mannich-type reactions of gamma-butenolides:
Effectiveness of Bronsted acid in chiral metal catalysis. Org. Lett. 2008, 10 (11), 2319-2322.

55. Denmark, S. E.; Eklov, B. M.; Yao, P. J.; Eastgate, M. D., On the Mechanism of Lewis Base Catalyzed Aldol Addition Reactions:
Kinetic and Spectroscopic Investigations Using Rapid-Injection NMR. J. Am. Chem. Soc. 2009, 131 (33), 11770-11787.

56. Zhang, G. Q.; Yashima, E.; Woggon, W. D., Versatile Supramolecular Copper(ll) Complexes for Henry and Aza-Henry Reactions.
Adv. Synth. Catal. 2009, 351 (9), 1255-1262.

57. Fandrick, K. R.; Fandrick, D. R.; Reeves, J. T.; Gao, J.; Ma, S. L.; Li, W. J.; Lee, H.; Grinberg, N.; Lu, B.; Senanayake, C. H., A

General Copper-BINAP-Catalyzed Asymmetric Propargylation of Ketones with Propargyl Boronates. J. Am. Chem. Soc. 2011, 133 (27), 10332-
10335.

58. Gao, X.; Han, H.; Krische, M. J., Direct Generation of Acyclic Polypropionate Stereopolyads via Double Diastereo- and
Enantioselective Iridium-Catalyzed Crotylation of 1,3-Diols: Beyond Stepwise Carbonyl Addition in Polyketide Construction. J. Am. Chem. Soc.
2011, 133 (32), 12795-12800.

59. Shimizu, H.; lgarashi, T.; Miura, T.; Murakami, M., Rhodium-Catalyzed Reaction of 1-Alkenylboronates with Aldehydes Leading to
Allylation Products. Angew. Chem.-Int. Edit. 2011, 50 (48), 11465-11469.

60. Xu, H. H.; Wolf, C., Asymmetric Synthesis of Chiral 1,3-Diaminopropanols: Bisoxazolidine-Catalyzed C?C Bond Formation with a-
Keto Amides. Angew. Chem.-Int. Edit. 2011, 50 (51), 12249-12252.

61. Geary, L. M.; Woo, S. K.; Leung, J. C.; Krische, M. J., Diastereo- and Enantioselective Iridium-Catalyzed Carbonyl Propargylation
from the Alcohol or Aldehyde Oxidation Level: 1,3-Enynes as Allenylmetal Equivalents. Angew. Chem.-Int. Edit. 2012, 51 (12), 2972-2976.

62. Grayson, M. N.; Pellegrinet, S. C.; Goodman, J. M., Mechanistic Insights into the BINOL-Derived Phosphoric Acid-Catalyzed
Asymmetric Allylboration of Aldehydes. J. Am. Chem. Soc. 2012, 134 (5), 2716-2722.

63. Leighty, M. W.; Shen, B.; Johnston, J. N., Enantioselective Synthesis of alpha-Oxy Amides via Umpolung Amide Synthesis. J. Am.
Chem. Soc. 2012, 134 (37), 15233-15236.

64. Luo, Y. F.; Hepburn, H. B.; Chotsaeng, N.; Lam, H. W., Enantioselective Rhodium-Catalyzed Nucleophilic Allylation of Cyclic
Imines with Allylboron Reagents. Angew. Chem.-Int. Edit. 2012, 51 (33), 8309-8313.

65. Montgomery, T. P.; Hassan, A.; Park, B. Y.; Krische, M. J., Enantioselective Conversion of Primary Alcohols to alpha-exo-Methylene
gamma-Butyrolactones via Iridium-Catalyzed C-C Bond-Forming Transfer Hydrogenation: 2-(Alkoxycarbonyl)allylation. J. Am. Chem. Soc.
2012, 134 (27), 11100-11103.

66. Shi, S. L.; Wei, X. F.; Shimizu, Y.; Kanai, M., Copper(l)-Catalyzed Enantioselective Incorporation of Ketones to Cyclic Hemiaminals
for the Synthesis of Versatile Alkaloid Precursors. J. Am. Chem. Soc. 2012, 134 (41), 17019-17022.

67. Vieira, E. M.; Haeffner, F.; Snapper, M. L.; Hoveyda, A. H., A Robust, Efficient, and Highly Enantioselective Method for Synthesis
of Homopropargyl Amines. Angew. Chem.-Int. Edit. 2012, 51 (27), 6618-6621.

68. Woo, S. K.; Geary, L. M.; Krische, M. J., Enantioselective Carbonyl Propargylation by Iridium-Catalyzed Transfer Hydrogenative
Coupling of Alcohols and Propargyl Chlorides. Angew. Chem.-Int. Edit. 2012, 51 (31), 7830-7834.

69. Dechert-Schmitt, A. M. R.; Schmitt, D. C.; Krische, M. J., Protecting-Group-Free Diastereoselective C-C Coupling of 1,3-Glycols and
Allyl Acetate through Site-Selective Primary Alcohol Dehydrogenation. Angew. Chem.-Int. Edit. 2013, 52 (11), 3195-3198.

70. Kawai, J.; Chikkade, P. K.; Shimizu, Y.; Kanai, M., In situ Catalytic Generation of Allylcopper Species for Asymmetric Allylation:
Toward 1H-Isochromene Skeletons. Angew. Chem.-Int. Edit. 2013, 52 (28), 7177-7180.

71. Kohn, B. L.; Ichiishi, N.; Jarvo, E. R., Silver-Catalyzed Allenylation and Enantioselective Propargylation Reactions of Ketones.
Angew. Chem.-Int. Edit. 2013, 52 (16), 4414-4417.

72. Ogasawara, M.; Kotani, S.; Nakajima, H.; Furusho, H.; Miyasaka, M.; Shimoda, Y.; Wu, W. Y.; Sugiura, M.; Takahashi, T.;

Nakajima, M., Atropisomeric Chiral Dienes in Asymmetric Catalysis: C-2-Symmetric (Z,2)-2,3-Bis 1-(diphenylphosphinyl)ethylidene tetralin as
a Highly Active Lewis Base Organocatalyst. Angew. Chem.-Int. Edit. 2013, 52 (51), 13798-13802.

73. Shimoda, Y.; Kubo, T.; Sugiura, M.; Kotani, S.; Nakajima, M., Stereoselective Synthesis of Multiple Stereocenters by Using a Double
Aldol Reaction. Angew. Chem.-Int. Edit. 2013, 52 (12), 3461-3464.

74. Yin, L.; Takada, H.; Kumagai, N.; Shibasaki, M., Direct Catalytic Asymmetric Vinylogous Mannich-Type Reaction of gamma-
Butenolides with Ketimines. Angew. Chem.-Int. Edit. 2013, 52 (28), 7310-7313.

75. Chikkade, P. K.; Shimizu, Y.; Kanai, M., Catalytic enantioselective synthesis of 2-(2-hydroxyethyl)indole scaffolds via consecutive
intramolecular amido-cupration of allenes and asymmetric addition of carbonyl compounds. Chem. Sci. 2014, 5 (4), 1585-1590.



76. Feng, J.; Garza, V. J; Krische, M. J., Redox-Triggered C-C Coupling of Alcohols and Vinyl Epoxides: Diastereo- and
Enantioselective Formation of All-Carbon Quaternary Centers via tert-(Hydroxy)-Prenylation. J. Am. Chem. Soc. 2014, 136 (25), 8911-8914.

77. Hepburn, H. B.; Lam, H. W., The Isomerization of Allylrhodium Intermediates in the Rhodium-Catalyzed Nucleophilic Allylation of
Cyclic Imines. Angew. Chem.-Int. Edit. 2014, 53 (43), 11605-11610.

78. Meng, F.; McGrath, K. P.; Hoveyda, A. H., Multifunctional organoboron compounds for scalable natural product synthesis. Nature
2014, 513 (7518), 367-374.

79. Meng, F. K.; Haeffner, F.; Hoveyda, A. H., Diastereo- and Enantioselective Reactions of Bis(pinacolato)diboron, 1,3-Enynes, and
Aldehydes Catalyzed by an Easily Accessible Bisphosphine-Cu Complex. J. Am. Chem. Soc. 2014, 136 (32), 11304-11307.

80. Wu, H.; Haeffner, F.; Hoveyda, A. H., An Efficient, Practical, and Enantioselective Method for Synthesis of Homoallenylamides
Catalyzed by an Aminoalcohol-Derived, Boron-Based Catalyst. J. Am. Chem. Soc. 2014, 136 (10), 3780-3783.

81. Yin, L.; Brewitz, L.; Kumagai, N.; Shibasaki, M., Catalytic Generation of alpha-CF3 Eno late: Direct Catalytic Asymmetric Mannich-
Type Reaction of alpha-CF3 Amide. J. Am. Chem. Soc. 2014, 136 (52), 17958-17961.

82. Bao, Y. M.; Kumagai, N.; Shibasaki, M., Managing the retro-pathway in direct catalytic asymmetric aldol reactions of thioamides.
Chem. Sci. 2015, 6 (11), 6124-6132.

83. Brewitz, L.; Arteaga, F. A.; Yin, L.; Alagiri, K.; Kumagai, N.; Shibasaki, M., Direct Catalytic Asymmetric Mannich-Type Reaction of
alpha- and beta-Fluorinated Amides. J. Am. Chem. Soc. 2015, 137 (50), 15929-15939.

84. Hatano, M.; Nishimura, T., Hydroxoiridium/Chiral Diene Complexes as Effective Catalysts for Asymmetric Annulation of alpha-Oxo-
and Iminocarboxamides with 1,3-Dienes. Angew. Chem.-Int. Edit. 2015, 54 (37), 10949-10952.

85. Ishida, N.; Necas, D.; Masuda, Y.; Murakami, M., Enantioselective Construction of 3-Hydroxypiperidine Scaffolds by Sequential
Action of Light and Rhodium upon N-Allylglyoxylamides. Angew. Chem.-Int. Edit. 2015, 54 (25), 7418-7421.

86. Liang, T.; Nguyen, K. D.; Zhang, W. D.; Krische, M. J., Enantioselective Ruthenium-Catalyzed Carbonyl Allylation via Alkyne-

Alcohol C-C Bond-Forming Transfer Hydrogenation: Allene Hydrometalation vs Oxidative Coupling. J. Am. Chem. Soc. 2015, 137 (9), 3161-
3164.

87. Liang, T.; Zhang, W. D.; Chen, T. Y.; Nguyen, K. D.; Krische, M. J., Ruthenium Catalyzed Diastereo- and Enantioselective Coupling
of Propargyl Ethers with Alcohols: Siloxy-Crotylation via Hydride Shift Enabled Conversion of Alkynes to pi-Allyls. J. Am. Chem. Soc. 2015,
137 (40), 13066-13071.

88. Liang, T.; Zhang, W. D.; Krische, M. J., Iridium-Catalyzed C-C Coupling of a Simple Propargyl Ether with Primary Alcohols:
Enantioselective Homoaldol Addition via Redox-Triggered (Z)-Siloxyallylation. J. Am. Chem. Soc. 2015, 137 (51), 16024-16027.
89. Wang, G.; Franke, J.; Ngo, C. Q.; Krische, M. J., Diastereo- and Enantioselective Iridium Catalyzed Coupling of Vinyl Aziridines

with Alcohols: Site-Selective Modification of Unprotected Diols and Synthesis of Substituted Piperidines. J. Am. Chem. Soc. 2015, 137 (24),
7915-7920.

90. Alam, R.; Diner, C.; Jonker, S.; Eriksson, L.; Szabo, K. J., Catalytic Asymmetric Allylboration of Indoles and Dihydroisoquinolines
with Allylboronic Acids: Stereodivergent Synthesis of up to Three Contiguous Stereocenters. Angew. Chem.-Int. Edit. 2016, 55 (46), 14415-
14419.

91. Feng, J. J.; Noack, F.; Krische, M. J., Modular Terpenoid Construction via Catalytic Enantioselective Formation of All-Carbon
Quaternary Centers: Total Synthesis of Oridamycin A, Triptoquinones B and C, and Isoiresin. J. Am. Chem. Soc. 2016, 138 (38), 12364-12367.
92. Garza, V. J.; Krische, M. J., Hydroxymethylation beyond Carbonylation: Enantioselective Iridium-Catalyzed Reductive Coupling of
Formaldehyde with Allylic Acetates via Enantiotopic pi-Facial Discrimination. J. Am. Chem. Soc. 2016, 138 (11), 3655-3658.

93. Lee, K.; Silverio, D. L.; Torker, S.; Robbins, D. W.; Haeffner, F.; van der Mei, F. W.; Hoveyda, A. H., Catalytic enantioselective
addition of organoboron reagents to fluoroketones controlled by electrostatic interactions. Nat. Chem. 2016, 8 (8), 768-777.

94. Liang, T.; Woo, S. K.; Krische, M. J., C-Propargylation Overrides O-Propargylation in Reactions of Propargyl Chloride with Primary
Alcohols: Rhodium-Catalyzed Transfer Hydrogenation. Angew. Chem.-Int. Edit. 2016, 55 (32), 9207-9211.

95. Liu, R. Y.; Yang, Y.; Buchwald, S. L., Regiodivergent and Diastereoselective CuH-Catalyzed Allylation of Imines with Terminal
Allenes. Angew. Chem.-Int. Edit. 2016, 55 (45), 14077-14080.

96. Martinez, J. I.; Smith, J. J.; Hepburn, H. B.; Lam, H. W., Chain Walking of Allylrhodium Species Towards Esters During Rhodium-
Catalyzed Nucleophilic Allylations of Imines. Angew. Chem.-Int. Edit. 2016, 55 (3), 1108-1112.

97. Nguyen, K. D.; Herkommer, D.; Krische, M. J., Enantioselective Formation of All-Carbon Quaternary Centers via C-H
Functionalization of Methanol: Iridium-Catalyzed Diene Hydrohydroxymethylation. J. Am. Chem. Soc. 2016, 138 (43), 14210-14213.

98. Yeung, K.; Ruscoe, R. E.; Rae, J.; Pulis, A. P.; Procter, D. J., Enantioselective Generation of Adjacent Stereocenters in a Copper-
Catalyzed Three-Component Coupling of Imines, Allenes, and Diboranes. Angew. Chem.-Int. Edit. 2016, 55 (39), 11912-11916.

99. Jiang, Y.; Schaus, S. E., Asymmetric Petasis Borono-Mannich Allylation Reactions Catalyzed by Chiral Biphenols. Angew. Chem.-
Int. Edit. 2017, 56 (6), 1544-1548.

100. Noda, H.; Amemiya, F.; Weidner, K.; Kumagai, N.; Shibasaki, M., Catalytic asymmetric synthesis of CF3-substituted tertiary
propargylic alcohols via direct aldol reaction of alpha-N-3 amide. Chem. Sci. 2017, 8 (4), 3260-3269.

101. Meza, A. T.; Wurm, T.; Smith, L.; Kim, S. W.; Zbeig, J. R.; Stivala, C. E.; Krische, M. J., Amphiphilic pi-Allyliridium C,0-Benzoates

Enable Regio- and Enantioselective Amination of Branched Allylic Acetates Bearing Linear Alkyl Groups. J. Am. Chem. Soc. 2018, 140 (4),
1275-1279.

102. Reddy, D. S.; Corey, E. J., Enantioselective Conversion of Oligoprenol Derivatives to Macrocycles in the Germacrene, Cembrene, and
18-Membered Cyclic Sesterterpene Series. J. Am. Chem. Soc. 2018, 140 (49), 16909-16913.



103. Tsai, E. Y.; Liu, R. Y.; Yang, Y.; Buchwald, S. L., A Regio- and Enantioselective CuH-Catalyzed Ketone Allylation with Terminal
Allenes. J. Am. Chem. Soc. 2018, 140 (6), 2007-2011.

104. Brito, G. A,; Jung, W. O.; Yoo, M.; Krische, M. J., Enantioselective Iridium-Catalyzed Allylation of Acetylenic Ketones via 2-
Propanol-Mediated Reductive Coupling of Allyl Acetate: C14-C23 of Pladienolide D. Angew. Chem.-Int. Edit. 2019, 58 (52), 18803-18807.

105. Li, C. X,; Liu, R. Y.; Jesikiewicz, L. T.; Yang, Y.; Liu, P.; Buchwald, S. L., CuH-Catalyzed Enantioselective Ketone Allylation with
1,3-Dienes: Scope, Mechanism, and Applications. J. Am. Chem. Soc. 2019, 141 (12), 5062-5070.

106. Liu, R. Y.; Zhou, Y. J.; Yang, Y.; Buchwald, S. L., Enantioselective Allylation Using Allene, a Petroleum Cracking Byproduct. J. Am.
Chem. Soc. 2019, 141 (6), 2251-2256.

107. Mitsunuma, H.; Tanabe, S.; Fuse, H.; Ohkubo, K.; Kanai, M., Catalytic asymmetric allylation of aldehydes with alkenes through

allylic C(sp(3))-H functionalization mediated by organophotoredox and chiral chromium hybrid catalysis. Chem. Sci. 2019, 10 (12), 3459-3465.

108. Fager, D. C.; Morrison, R. J.; Hoveyda, A. H., Regio- and Enantioselective Synthesis of Trifluoromethyl-Substituted Homoallylic o-
Tertiary NH2-Amines by Reactions Facilitated by a Threonine-Based Boron-Containing Catalyst. Angewandte Chemie International Edition
2020, 59 (28), 11448-11455.

109. Green, J. C.; Zanghi, J. M.; Meek, S. J., Diastereo- and Enantioselective Synthesis of Homoallylic Amines Bearing Quaternary Carbon
Centers. J. Am. Chem. Soc. 2020, 142 (4), 1704-17009.

110. Ye, Y.; Kevlishvili, I.; Feng, S.; Liu, P.; Buchwald, S. L., Highly Enantioselective Synthesis of Indazoles with a C3-Quaternary Chiral
Center Using CuH Catalysis. J. Am. Chem. Soc. 2020, 142 (23), 10550-10556.

111. Zanghi, J. M.; Meek, S. J., Cu-Catalyzed Diastereo- and Enantioselective Reactions of y,y-Disubstituted Allyldiboron Compounds
with Ketones. Angewandte Chemie International Edition 2020, 59 (22), 8451-8455.

112. Zhong, F.; Xue, Q.-Y.; Yin, L., Construction of Chiral 2,3-Allenols through a Copper(l)-Catalyzed Asymmetric Direct Alkynylogous
Aldol Reaction. Angewandte Chemie International Edition 2020, 59 (4), 1562-1566.

113. Jung, W.-O.; Mai, B. K.; Spinello, B. J.; Dubey, Z. J.; Kim, S. W.; Stivala, C. E.; Zbieg, J. R.; Liu, P.; Krische, M. J., Enantioselective

Iridium-Catalyzed Allylation of Nitroalkanes: Entry to -Stereogenic a-Quaternary Primary Amines. J. Am. Chem. Soc. 2021, 143 (25), 9343-
9349.

114. Klake, R. K.; Edwards, M. D.; Sieber, J. D., Synthesis of 1,2-Aminoalcohols through Enantioselective Aminoallylation of Ketones by
Cu-Catalyzed Reductive Coupling. Org. Lett. 2021, 23 (16), 6444-6449.
115. Ortiz, E.; Shezaf, J. Z.; Chang, Y.-H.; Gongalves, T. P.; Huang, K.-W.; Krische, M. J., Understanding Halide Counterion Effects in

Enantioselective Ruthenium-Catalyzed Carbonyl (a-Aryl)allylation: Alkynes as Latent Allenes and Trifluoroethanol-Enhanced Turnover in The
Conversion of Ethanol to Higher Alcohols via Hydrogen Auto-transfer. J. Am. Chem. Soc. 2021, 143 (40), 16709-16717.

116. Wang, L.; Wang, L.; Li, M.; Chong, Q.; Meng, F., Cobalt-Catalyzed Diastereo- and Enantioselective Reductive Allyl Additions to
Aldehydes with Allylic Alcohol Derivatives via Allyl Radical Intermediates. J. Am. Chem. Soc. 2021, 143 (32), 12755-12765.
117. Xiang, M.; Pfaffinger, D. E.; Ortiz, E.; Brito, G. A.; Krische, M. J., Enantioselective Ruthenium-BINAP-Catalyzed Carbonyl

Reductive Coupling of Alkoxyallenes: Convergent Construction of syn-sec,tert-Diols via (Z)-c-Allylmetal Intermediates. J. Am. Chem. Soc.
2021, 143 (23), 8849-8854.

118. Zhou, P.; Shao, X.; Malcolmson, S. J., A Diastereodivergent and Enantioselective Approach to syn- and anti-Diamines: Development
of 2-Azatrienes for Cu-Catalyzed Reductive Couplings with Imines That Furnish Allylic Amines. J. Am. Chem. Soc. 2021, 143 (34), 13999-
14008.

119. Calogero, F.; Potenti, S.; Bassan, E.; Fermi, A.; Gualandi, A.; Monaldi, J.; Dereli, B.; Maity, B.; Cavallo, L.; Ceroni, P.; Cozzi, P. G.,
Nickel-Mediated Enantioselective Photoredox Allylation of Aldehydes with Visible Light. Angewandte Chemie International Edition 2022, 61
(11), €202114981.

120. Meyer, C. C.; Dubey, Z. J.; Krische, M. J., Enantioselective Iridium-Catalyzed Reductive Coupling of Dienes with Oxetanones and N-
Acyl-Azetidinones Mediated by 2-Propanol. Angewandte Chemie International Edition 2022, 61 (14), e202115959.

4.5.2 Hydrogenation of Imines and Ketones

1. Noyori, R.; Ohkuma, T.; Kitamura, M.; Takaya, H.; Sayo, N.; Kumobayashi, H.; Akutagawa, S., ASYMMETRIC
HYDROGENATION OF BETA- KETO CARBOXYLIC ESTERS - A PRACTICAL PURELY CHEMICAL ACCESS TO BETA-HYDROXY
ESTERS IN HIGH ENANTIOMERIC PURITY. J. Am. Chem. Soc. 1987, 109 (19), 5856-5858.

2. Kitamura, M.; Ohkuma, T.; Inoue, S.; Sayo, N.; Kumobayashi, H.; Akutagawa, S.; Ohta, T.; Takaya, H.; Noyori, R,
HOMOGENEOUS ASYMMETRIC HYDROGENATION OF FUNCTIONALIZED KETONES. J. Am. Chem. Soc. 1988, 110 (2), 629-631.

3. Brunner, H.; Obermann, U., Asymmetric Catalysis .45. Enantioselective Hydrosilylation of Ketones with Rh(Cod)CI
2/Pyridinyloxazoline Catalysts Chem. Berlchte 1989, 122 (3), 499-507.

4. Chan, Y. N. C.; Osborn, J. A., Iridium(lii) Hydride Complexes for the Catalytic Enantioselective Hydrogenation of Imines. J. Am.
Chem. Soc. 1990, 112 (25), 9400-9401.

5. Spindler, F.; Pugin, B.; Blaser, H. U., Novel Diphosphinoiridium Catalysts for the Enantioselective Hydrogenation of N-
Arylketimines. Angew. Chem.-Int. Edit. Engl. 1990, 29 (5), 558-559.

6. Burk, M. J.; Feaster, J. E., Enantioselective Hydrogenation of the C=N Group - a Catalytic Asymmetric Reductive Amination

Procedure. J. Am. Chem. Soc. 1992, 114 (15), 6266-6267.



7. Burk, M. J.; Martinez, J. P.; Feaster, J. E.; Cosford, N., Catalytic Asymmetric Reductive Amination of Ketones Via Highly
Enantioselective Hydrogenatlon of the C=N Double- Bond Tetrahedron 1994, 50 (15), 4399-4428.

8. Willoughby, C. A.; Buchwald, S. L., Catalytic Asymmetric Hydrogenation of Imines with a Chiral Titanocene Catalyst - Scope and
Limitations. J. Am. Chem. Soc. 1994, 116 (20), 8952-8965.

9. Willoughby, C. A.; Buchwald, S. L., Catalytic Asymmetric Hydrogenation of Imines with a Chiral Titanocene Catalyst - Kinetic and
Mechanistic Investigations. J. Am. Chem. Soc. 1994, 116 (26), 11703-11714.

10. Nagata, T.; Yorozu, K.; Yamada, T.; Mukaiyama, T., Enantioselective Reduction of Ketones with Sodium-Borohydride, Catalyzed by
Optically-Active (Beta-Oxoaldiminato)Cobalt(li) Complexes. Angew. Chem.-Int. Edit. Engl. 1995, 34 (19), 2145-2147.

11. Nagata, T.; Sugi, K. D.; Yamada, T.; Mukaiyama, T., Effects of ligands and additive alcohols on enantioselection in highly efficient
asymmetric borohydride reduction of ketones catalyzed by optically active aldiminato cobalt(l) complexes. Synlett 1996, (11), 1076-&.

12. Verdaguer, X.; Lange, U. E. W.; Reding, M. T.; Buchwald, S. L., Highly enantioselective imine hydrosilylation using (S,S)-
ethylenebis(eta(5)-tetrahydroindenyl)titanium difluoride. J. Am. Chem. Soc. 1996, 118 (28), 6784-6785.

13. Schnider, P.; Koch, G.; Pretot, R.; Wang, G. Z.; Bohnen, F. M.; Kruger, C.; Pfaltz, A., Enantioselective hydrogenation of imines with
chiral (phosphanodihydrooxazole)iridium catalysts. Chem.-Eur. J. 1997, 3 (6), 887-892.

14. Sugi, K. D.; Nagata, T.; Yamada, T.; Mukaiyama, T., Enantioselective borohydride reduction of N-diphenylphosphinyl imines using
optically active cobalt(ll) complex catalysts. Chem. Lett. 1997, (6), 493-494.

15. Verdaguer, X.; Lange, U. E. W.; Buchwald, S. L., Amine additives greatly expand the scope of asymmetric hydrosilylation of imines.
Angew. Chem.-Int. Edit. 1998, 37 (8), 1103-1107.

16. Burk, M. J., Modular phospholane ligands in asymmetric catalysis. Accounts Chem. Res. 2000, 33 (6), 363-372.

17. Hansen, M. C.; Buchwald, S. L., A method for the asymmetric hydrosilylation of N-aryl imines. Org. Lett. 2000, 2 (5), 713-715.

18. Takei, I.; Nishibayashi, Y.; Ishii, Y.; Mizobe, Y.; Uemura, S.; Hidai, M., Ruthenium-catalysed asymmetric hydrosilylation of
ketoximes using chiral oxazolinylferrocenylphosphines. Chem. Commun. 2001, (22), 2360-2361.

19. Xiao, D. M.; Zhang, X. M., Highly enantioselective hydrogenation of acyclic imines catalyzed by Ir-f-binaphane complexes. Angew.
Chem.-Int. Edit. 2001, 40 (18), 3425-+.

20. Daley, C. J. A,; Bergens, S. H., The first complete identification of a diastereomeric catalyst- substrate (alkoxide) species in an
enantioselective ketone hydrogenation. Mechanistic investigations. J. Am. Chem. Soc. 2002, 124 (14), 3680-3691.

21. Hamada, T.; Torii, T.; lzawa, K.; Noyori, R.; Ikariya, T., Practical synthesis of optically active styrene oxides via reductive
transformation of 2-chloroacetophenones with chiral rhodium catalysts. Org. Lett. 2002, 4 (24), 4373-4376.

22. Lipshutz, B. H.; Lower, A.; Noson, K., Copper(l) hydride-catalyzed asymmetric hydrosilylation of heteroaromatic ketones. Org. Lett.
2002, 4 (23), 4045-4048.

23. Tao, B. T.; Fu, G. C., Application of a new family of P,N ligands to the highly enantioselective hydrosilylation of aryl alkyl and
dialkyl ketones. Angew. Chem.-Int. Edit. 2002, 41 (20), 3892-3894.

24. Wu, J.; Chen, H.; Kwok, W.; Guo, R. W.; Zhou, Z. Y.; Yeung, C.; Chan, A. S. C., Air-stable catalysts for highly efficient and
enantioselective hydrogenation of aromatic ketones. J. Org. Chem. 2002, 67 (22), 7908-7910.

25. Chi, Y. X,; Zhou, Y. G.; Zhang, X. M., Highly enantioselective reductive amination of simple aryl ketones catalyzed by Ir-f-
Binaphane in the presence of titanium(lV) isopropoxide and iodine. J. Org. Chem. 2003, 68 (10), 4120-4122.

26. Kadyrov, R.; Riermeier, T. H., Highly enantioselective hydrogen-transfer reductive amination: Catalytic asymmetric synthesis of
primary amines. Angew. Chem.-Int. Edit. 2003, 42 (44), 5472-5474.

27. Kadyrov, R.; Riermeier, T. H.; Dingerdissen, U.; Tararov, V.; Borner, A., The first highly enantioselective homogeneously catalyzed
asymmetric reductive amination: Synthesis of alpha-N- benzylamino acids. J. Org. Chem. 2003, 68 (10), 4067-4070.

28. Lipshutz, B. H.; Noson, K.; Chrisman, W.; Lower, A., Asymmetric hydrosilylation of aryl ketones catalyzed by copper hydride
complexed by nonracemic biphenyl bis-phosphine ligands. J. Am. Chem. Soc. 2003, 125 (29), 8779-8789.

29. Locatelli, M.; Cozzi, P. G., Effective modular iminooxazoline (IMOX) ligands for asymmetric catalysis: Zn(IMOX) -promoted
enantioselective reduction of ketones by catecholborane. Angew. Chem.-Int. Edit. 2003, 42 (40), 4928-4930.

30. Yamada, T.; Nagata, T.; Sugi, K. D.; Yorozu, K.; Ikeno, T.; Ohtsuka, Y.; Miyazaki, D.; Mukaiyama, T., Enantioselective borohydride
reduction catalyzed by optically active cobalt complexes. Chem.-Eur. J. 2003, 9 (18), 4485-45009.

31 Gade, L. H.; Cesar, V.; Bellemin-Laponnaz, S., A modular assembly of chiral oxazolinylcarbene-rhodium complexes: Efficient
phosphane-free catalysts for the asymmetric hydrosilylation of dialkyl ketones. Angew. Chem.-Int. Edit. 2004, 43 (8), 1014-1017.

32. Genov, D. G.; Ager, D. J., Asymmetric hydrogenation of ketones catalyzed by Ru-II-bicp complexes. Angew. Chem.-Int. Edit. 2004,
43 (21), 2816-2819.

33. Junge, K.; Hagemann, B.; Enthaler, S.; Oehme, G.; Michalik, M.; Monsees, A.; Riermeier, T.; Dingerdissen, U.; Beller, M.,
Enantioselective hydrogenation of beta-ketoesters with monodentate ligands. Angew. Chem.-Int. Edit. 2004, 43 (38), 5066-5069.

34. Lei, A. W,; Wu, S. L.; He, M. S.; Zhang, X. M., Highly enantioselective asymmetric hydrogenation of alpha- phthalimide ketone: An

efficient entry to enantiomerically pure amino alcohols. J. Am. Chem. Soc. 2004, 126 (6), 1626-1627.

35. Lipshutz, B. H.; Shimizu, H., Copper(l)-Catalyzed Asymmetric Hydrosilylations of Imines at Ambient Temperatures. Angew. Chem.-
Int. Edit. 2004, in press.



36. Ohkuma, T.; Hattori, T.; Ooka, H.; Inoue, T.; Noyori, R., BINAP/1 4-diamine-ruthenium(ll) complexes for efficient asymmetric
hydrogenation of 1-tetralones and analogues. Org. Lett. 2004, 6 (16), 2681-2683.

37. Makino, K.; Hiroki, Y.; Hamada, Y., Dynamic Kinetic resolution catalyzed by Ir axially chiral phosphine catalyst: Asymmetric
synthesis of anti aromatic beta-hydroxy-alpha-amino acid esters. J. Am. Chem. Soc. 2005, 127 (16), 5784-5785.

38. Nolin, K. A.; Ahn, R. W.; Toste, F. D., Enantioselective reduction of imines catalyzed by a rhenium(V)-oxo complex. J. Am. Chem.
Soc. 2005, 127 (36), 12462-12463.

39. Graves, C. R.; Scheidt, K. A.; Nguyen, S. T., Enantioselective MSPV reduction of ketimines using 2-propanol and (BINOL)AI(III).
Org. Lett. 2006, 8 (6), 1229-1232.

40. Zaitsev, A. B.; Adolfsson, H., Enantioswitchable catalysts for the asymmetric transfer hydrogenation of aryl alkyl ketones. Org. Lett.
2006, 8 (22), 5129-5132.

41. Cheruku, P.; Diesen, J.; Andersson, P. G., Asymmetric hydrogenation of di and trisubstituted enol phosphinates with N,P-ligated
iridium complexes. J. Am. Chem. Soc. 2008, 130 (16), 5595-5599.

42. Li, S.; Zhu, S. F.; Zhang, C. M.; Song, S.; Zhou, Q. L., Iridium-catalyzed enantioselective hydrogenation of alpha,beta-unsaturated
carboxylic acids. J. Am. Chem. Soc. 2008, 130 (27), 8584-+.

43. Liu, S. M.; Bolm, C., Highly Enantioselective Synthesis of Optically Active Ketones by Iridium-Catalyzed Asymmetric
Hydrogenation. Angew. Chem.-Int. Edit. 2008, 47 (46), 8920-8923.

44. Lu, W. J;; Chen, Y. W.; Hou, X. L., Iridium-Catalyzed Highly Enantioselective Hydrogenation of the C=C Bond of alpha, beta-
Unsaturated Ketones. Angew. Chem.-Int. Edit. 2008, 47 (52), 10133-10136.

45, Norman, D. W.; Carraz, C. A.; Hyett, D. J.; Pringle, P. G.; Sweeney, J. B.; Orpen, A. G.; Phetmung, H.; Wingad, R. L., Bidentates

versus monodentates in asymmetric hydrogenation catalysis: Synergic effects on rate and allosteric effects on enantioselectivity. J. Am. Chem.
Soc. 2008, 130 (21), 6840-6847.

46. Diab, L.; Smejkal, T.; Geier, J.; Breit, B., Supramolecular Catalyst for Aldehyde Hydrogenation and Tandem Hydroformylation-
Hydrogenation. Angew. Chem.-Int. Edit. 2009, 48 (43), 8022-8026.

47. Donoghue, P. J.; Helquist, P.; Norrby, P. O.; Wiest, O., Prediction of Enantioselectivity in Rhodium Catalyzed Hydrogenations. J. Am.
Chem. Soc. 2009, 131 (2), 410-+.

48. Evanno, L.; Ormala, J.; Pihko, P. M., A Highly Enantioselective Access to Tetrahydroisoquinoline and beta-Carboline Alkaloids with
Simple Noyori-Type Catalysts in Aqueous Media. Chem.-Eur. J. 2009, 15 (47), 12963-12967.

49. Han, Z. B.; Wang, Z.; Zhang, X. M.; Ding, K. L., Spiro[4,4]-1,6-nonadiene-Based Phosphine-Oxazoline Ligands for Iridium-
Catalyzed Enantioselective Hydrogenation of Ketimines. Angew. Chem.-Int. Edit. 2009, 48 (29), 5345-5349.

50. Hou, G.; Gosselin, F.; Li, W.; McWilliams, C.; Sun, Y. K.; Weisel, M.; O'Shea, P. D.; Chen, C. Y.; Davies, I. W.; Zhang, X. M.,
Enantioselective Hydrogenation of N-H Imines. J. Am. Chem. Soc. 2009, 131 (29), 9882-+.

51. Kadyrov, R.; Koenigs, R. M.; Brinkmann, C.; Voigtlaender, D.; Rueping, M., Efficient Enantioselective Synthesis of Optically Active
Diols by Asymmetric Hydrogenation with Modular Chiral Metal Catalysts. Angew. Chem.-Int. Edit. 2009, 48 (41), 7556-7559.

52. Mikhailine, A.; Lough, A. J.; Morris, R. H., Efficient Asymmetric Transfer Hydrogenation of Ketones Catalyzed by an Iron Complex
Containing a P-N-N-P Tetradentate Ligand Formed by Template Synthesis. J. Am. Chem. Soc. 2009, 131 (4), 1394-+.

53. Steinhuebel, D.; Sun, Y. K.; Matsumura, K.; Sayo, N.; Saito, T., Direct Asymmetric Reductive Amination. J. Am. Chem. Soc. 2009,
131 (32), 11316-+.

54. Zhang, B.; Xu, M. H,; Lin, G. Q., Catalytic Enantioselective Synthesis of Chiral Phthalides by Efficient Reductive Cyclization of 2-
Acylarylcarboxylates under Aqueous Transfer Hydrogenation Conditions. Org. Lett. 2009, 11 (20), 4712-4715.

55. Chen, D. J.; Wang, Y. T.; Klankermayer, J., Enantioselective Hydrogenation with Chiral Frustrated Lewis Pairs. Angew. Chem.-Int.
Edit. 2010, 49 (49), 9475-9478.

56. Inagaki, T.; Ito, A.; Ito, J.; Nishiyama, H., Asymmetric Iron-Catalyzed Hydrosilane Reduction of Ketones: Effect of Zinc Metal upon
the Absolute Configuration. Angew. Chem.-Int. Edit. 2010, 49 (49), 9384-9387.

57. Malkov, A. V., Change of Direction: Enantioselective CuH-Catalyzed 1,2-Reduction of alpha,beta-Unsaturated Ketones. Angew.
Chem.-Int. Edit. 2010, 49 (51), 9814-9815.

58. Zhou, S. L.; Fleischer, S.; Junge, K.; Das, S.; Addis, D.; Beller, M., Enantioselective Synthesis of Amines: General, Efficient Iron-
Catalyzed Asymmetric Transfer Hydrogenation of Imines. Angew. Chem.-Int. Edit. 2010, 49 (44), 8121-8125.

59. Berkessel, A.; Reichau, S.; von der Hoh, A.; Leconte, N.; Neudorfl, J. M., Light-Induced Enantioselective Hydrogenation Using
Chiral Derivatives of Casey's Iron-Cyclopentadienone Catalyst. Organometallics 2011, 30 (14), 3880-3887.

60. Steward, K. M.; Gentry, E. C.; Johnson, J. S., Dynamic Kinetic Resolution of alpha-Keto Esters via Asymmetric Transfer
Hydrogenation. J. Am. Chem. Soc. 2012, 134 (17), 7329-7332.

61. Zuo, W. W.; Lough, A. J.; Li, Y. F.; Morris, R. H., Amine(imine)diphosphine Iron Catalysts for Asymmetric Transfer Hydrogenation
of Ketones and Imines. Science 2013, 342 (6162), 1080-1083.

62. Yang, J.; Yoshikai, N., Cobalt-Catalyzed Enantioselective Intramolecular Hydroacylation of Ketones and Olefins. J. Am. Chem. Soc.
2014, 136 (48), 16748-16751.

63. Yu, C.-B.; Huang, W.-X.; Shi, L.; Chen, M.-W.; Wu, B.; Zhou, Y.-G., Asymmetric Hydrogenation via Capture of Active

Intermediates Generated from Aza-Pinacol Rearrangement. J. Am. Chem. Soc. 2014, 136 (45), 15837-15840.



64. Bleith, T.; Wadepohl, H.; Gade, L. H., Iron Achieves Noble Metal Reactivity and Selectivity: Highly Reactive and Enantioselective
Iron Complexes as Catalysts in the Hydrosilylation of Ketones. J. Am. Chem. Soc. 2015, 137 (7), 2456-2459.

65. Ji, Y.; Shi, L.; Chen, M. W.; Feng, G. S.; Zhou, Y. G., Concise Redox Deracemization of Secondary and Tertiary Amines with a
Tetrahydroisoquinoline Core via a Nonenzymatic Process. J. Am. Chem. Soc. 2015, 137 (33), 10496-10499.
66. Chen, G. Q.; Lin, B. J.; Huang, J. M.; Zhao, L. Y.; Chen, Q. S,; Jia, S. P.; Yin, Q.; Zhang, X. M., Design and Synthesis of Chiral oxa-

Spirocyclic Ligands for Ir-Catalyzed Direct Asymmetric Reduction of Bringmann's Lactones with Molecular H-2. J. Am. Chem. Soc. 2018, 140
(26), 8064-8068.

67. Zhang, J. W.; Wang, J., Atropoenantioselective Redox-Neutral Amination of Biaryl Compounds through Borrowing Hydrogen and
Dynamic Kinetic Resolution. Angew. Chem.-Int. Edit. 2018, 57 (2), 465-469.

68. Mas-Roselld, J.; Smejkal, T.; Cramer, N., Iridium-catalyzed acid-assisted asymmetric hydrogenation of oximes to hydroxylamines.
Science 2020, 368 (6495), 1098-1102.

69. Xu, R.; Wang, K,; Liu, H.; Tang, W.; Sun, H.; Xue, D.; Xiao, J.; Wang, C., Anti-Markovnikov Hydroamination of Racemic Allylic
Alcohols to Access Chiral y-Amino Alcohols. Angewandte Chemie International Edition 2020, 59 (49), 21959-21964.

70. Hall, C. J. J.; Goundry, W. R. F.; Donohoe, T. J., Hydrogen-Borrowing Alkylation of 1,2-Amino Alcohols in the Synthesis of

Enantioenriched y-Aminobutyric Acids. Angewandte Chemie International Edition 2021, 60 (13), 6981-6985.

4.5.3 Other Addition Reactions to Carbonyls/Imines

1. Tomioka, K.; Inoue, I.; Shindo, M.; Koga, K., Catalytic Asymmetric Addition of Organolithiums to Aldimines. Tetrahedron Lett.
1991, 32 (26), 3095-3098.

2. Denmark, S. E.; Nakajima, N.; Nicaise, O. J. C., Asymmetric Addition of Organolithium Reagents to Imines. J. Am. Chem. Soc. 1994,
116 (19), 8797-8798.

3. Denmark, S. E.; Stiff, C. M., Effect of ligand structure in the bisoxazoline mediated asymmetric addition of methyllithium to imines.
J. Org. Chem. 2000, 65 (18), 5875-5878.

4. Fujihara, H.; Nagai, K.; Tomioka, K., Copper-amidophosphine catalyst in asymmetric addition of organozinc to imines. J. Am. Chem.
Soc. 2000, 122 (48), 12055-12056.

5. Hayashi, T.; Ishigedani, M., Rhodium-catalyzed asymmetric arylation of alpha,beta- unsaturated imines with arylstannanes. Catalytic
asymmetric synthesis of allylic amines. Tetrahedron 2001, 57 (13), 2589-2595.

6. Choi, H. W.; Nakajima, K.; Demeke, D.; Kang, F. A.; Jun, H. S.; Wan, Z. K.; Kishi, Y., Asymmetric Ni(ll)/Cr(I1)-mediated coupling
reaction: Catalytic process. Org. Lett. 2002, 4 (25), 4435-4438.

7. Koradin, C.; Polborn, K.; Knochel, P., Enantioselective synthesis of propargylamines by copper- catalyzed addition of alkynes to
enamines. Angew. Chem.-Int. Edit. 2002, 41 (14), 2535-+.

8. Wei, C. M.; Li, C. J., Enantioselective direct-addition of terminal alkynes to imines catalyzed by copper(l)pybox complex in water and
in toluene. J. Am. Chem Soc 2002, 124 (20), 5638-5639.

9. Berkessel, A.; Menche, D.; Sklorz, C. A.; Schroder, M.; Paterson, I., A highly enantioselective catalyst for the asymmetric Nozaki-
Hiyama-Kishi reaction of allylic and vinylic halides. Angew. Chem.-Int. Edit. 2003, 42 (9), 1032-+.

10. Boezio, A. A.; Charette, A. B., Catalytic enantioselective addition of dialkylzinc to N- diphenylphosphinoylimines. A practical
synthesis of alpha- chiral amines. J. Am. Chem. Soc. 2003, 125 (7), 1692-1693.

11. Boezio, A. A.; Pytkowicz, J.; Cote, A.; Charette, A. B., Asymmetric, catalytic synthesis of alpha-chiral amines using a novel
bis(phosphine) monoxide chiral ligand. J. Am. Chem. Soc. 2003, 125 (47), 14260-14261.

12. Cozzi, P. G., Enantioselective alkynylation of ketones catalyzed by Zn(salen) complexes. Angew. Chem.-Int. Edit. 2003, 42 (25),
2895-2898.

13. Gommermann, N.; Koradin, X.; Polborn, K.; Knochel, P., Enantioselective, copper(l)-catalyzed three-component reaction for the
preparation of propargylamines. Angew. Chem.-Int. Edit. 2003, 42 (46), 5763-5766.

14. Huddleston, R. R.; Jang, H. Y.; Krische, M. J., First catalytic reductive coupling of 1,3-diynes to carbonyl partners: A new regio- and
enantioselective C-C bond forming hydrogenation. J. Am. Chem. Soc. 2003, 125 (38), 11488-11489.

15. Koradin, C.; Gommermann, N.; Polborn, K.; Knochel, P., Synthesis of enantiomerically enriched propargylamines by copper-
catalyzed addition of alkynes to enamines. Chem.-Eur. J. 2003, 9 (12), 2797-2811.

16. Lu, G.; Li, X. S.; Jia, X.; Chan, W. L.; Chan, A. S. C., Enantioselective alkynylation of aromatic ketones catalyzed by chiral
camphorsulfonamide ligands. Angew. Chem.-Int. Edit. 2003, 42 (41), 5057-5058.

17. Miller, K. M.; Huang, W. S.; Jamison, T. F., Catalytic asymmetric reductive coupling of alkynes and aldehydes: Enantioselective
synthesis of allylic alcohols and alpha-hydroxy ketones. J. Am. Chem. Soc. 2003, 125 (12), 3442-3443.

18. Shi, M.; Wang, C. J., The catalytic asymmetric addition of diethylzinc to N- (diphenylphosphinoyl) imines catalyzed by Cu(OTf)(2)-
chiral N- (binaphthyl-2-yl)thiophosphoramide ligands. Adv. Synth. Catal. 2003, 345 (8), 971-973.

19. Soeta, T.; Nagai, K.; Fujihara, H.; Kuriyama, M.; Tomioka, K., Asymmetric alkylation of N-toluenesulfonylimines with dialkylzinc

reagents catalyzed by copper-chiral amidophosphine. J. Org. Chem. 2003, 68 (25), 9723-9727.



20. Wang, C. J.; Shi, M., Chiral binaphthylthiophosphoramide-Cu(l)-catalyzed asymmetric addition of diethylzinc to N-sulfonylimines. J.
Org. Chem. 2003, 68 (16), 6229-6237.

21. Zhang, X. M.; Zhang, H. L.; Lin, W. Q.; Gong, L. Z.; Mi, A. Q.; Cui, X,; Jiang, Y. Z.; Yu, K. B., Evaluation of chiral oxazolines for
the highly enantioselective diethylzinc addition to N-(diphenylphosphinoyl) imines. J. Org. Chem. 2003, 68 (11), 4322-4329.

22. Bercot, E. A.; Rovis, T., A palladium-catalyzed enantioselective alkylative desymmetrization of meso-succinic anhydrides. J. Am.
Chem. Soc. 2004, 126 (33), 10248-10249.

23. Cote, A,; Boezio, A. A.; Charette, A. B., Evidence for the structure of the enantioactive ligand in the phosphine-copper-catalyzed
addition of diorganozinc reagents to imines. Angew. Chem.-Int. Edit. 2004, 43 (47), 6525-6528.

24. Hayashi, T.; Kawai, M.; Tokunaga, N., Asymmetric synthesis of diarylmethyl amines by rhodium-catalyzed asymmetric addition of
aryl titanium reagents to imines. Angew. Chem.-Int. Edit. 2004, 43 (45), 6125-6128.

25. Inoue, M.; Nakada, M., Studies on catalytic asymmetric Nozaki-Hiyama propargylation. Org. Lett. 2004, 6 (17), 2977-2980.

26. Jiang, B.; Si, Y. G., Highly enantioselective construction of a chiral tertiary carbon center by alkynylation of a cyclic N-acyl ketimine:
An efficient preparation of HIV therapeutics. Angew. Chem.-Int. Edit. 2004, 43 (2), 216-218.

27. Kuriyama, M.; Soeta, T.; Hao, X. Y.; Chen, O.; Tomioka, K., N-BOC-L-valine-connected amidomonophosphane rhodium(l) catalyst
for asymmetric arylation of N-tosylarylimines with arylboroxines. J. Am. Chem. Soc. 2004, 126 (26), 8128-8129.

28. Patel, S. J.; Jamison, T. F., Asymmetric catalytic coupling of organoboranes, alkynes, and imines with a removable
(trialkylsilyloxy)ethyl group-direct access to enantiomerically pure primary allylic amines. Angew. Chem.-Int. Edit. 2004, 43 (30), 3941-3944.

29. Ramon, D. J.; Yus, M., Chiral tertiary alcohols made by catalytic enantioselective addition of unreactive zinc reagents to poorly
electrophilic ketones? Angew. Chem.-Int. Edit. 2004, 43 (3), 284-287.

30. Tokunaga, N.; Otomaru, Y.; Okamoto, K.; Ueyama, K.; Shintani, R.; Hayashi, T., C-2-symmetric bicyclo 2.2.2 octadienes as chiral

ligands: Their high performance in rhodium-catalyzed asymmetric arylation of N-tosylarylimines. J. Am. Chem. Soc. 2004, 126 (42), 13584-
13585.

31 Xu, Z. Q.; Chen, C.; Xu, J. K;; Miao, M. B.; Yan, W. J.; Wang, R., Highly enantioselective addition of phenylacetylene to aldehydes
catalyzed by a camphorsulfonamide ligand. Org. Lett. 2004, 6 (8), 1193-1195.

32. Miller, K. M.; Jamison, T. F., Highly regioselective, catalytic asymmetric reductive coupling of 1,3-enynes and ketones. Org. Lett.
2005, 7 (14), 3077-3080.

33. Ng, S. S.; Jamison, T. F., Highly enantioselective and regioselective nickel-catalyzed coupling of allenes, aldehydes, and silanes. J.
Am. Chem. Soc. 2005, 127 (20), 7320-7321.

34. Otomaru, Y.; Tokunaga, N.; Shintani, R.; Hayashi, T., C-2-symmetric bicyclo 3.3.1 nonadiene as a chiral ligand for rhodium-
catalyzed asymmetric arylation of N-(4-nitrobenzenesulfonyl)arylimines. Org. Lett. 2005, 7 (2), 307-310.

35. Shintani, R.; Okamoto, K.; Otomaru, Y.; Ueyama, K.; Hayashi, T., Catalytic asymmetric arylative cyclization of alkynals: Phosphine-
free rhodium/diene complexes as efficient catalysts. J. Am. Chem. Soc. 2005, 127 (1), 54-55.

36. Suarez, A.; Downey, C. W.; Fu, G. C., Kinetic resolutions of azomethine imines via copper-catalyzed 3+2 cycloadditions. J. Am.
Chem. Soc. 2005, 127 (32), 11244-11245.

37. Tomita, D.; Wada, R.; Kanai, M.; Shibasaki, M., Enantioselective alkenylation and phenylation catalyzed by a chiral CuF complex. J.
Am. Chem. Soc. 2005, 127 (12), 4138-4139.

38. Aschwanden, P.; Stephenson, C. R. J.; Carreira, E. M., Highly enantioselective access to primary propargylamines: 4-piperidinone as
a convenient protecting group. Org. Lett. 2006, 8 (11), 2437-2440.

39. Bisai, A.; Singh, V. K., Enantioselective one-pot three-component synthesis of propargylamines. Org. Lett. 2006, 8 (11), 2405-2408.
40. Colombo, F.; Benaglia, M.; Orlandi, S.; Usuelli, F.; Celentano, G., Very mild, enantioselective synthesis of propargylamines catalyzed
by copper(l)-bisimine complexes. J. Org. Chem. 2006, 71 (5), 2064-2070.

41. Inoue, M.; Nakada, M., Studies into asymmetric catalysis of the Nozaki-Hiyama allenylation. Angew. Chem.-Int. Edit. 2006, 45 (2),
252-255.

42. Komanduri, V.; Krische, M. J., Enantioselective reductive coupling of 1,3-enynes to heterocyclic aromatic aldehydes and ketones via

rhodium-catalyzed asymmetric hydrogenation: Mechanistic insight into the role of Bronsted acid additives. J. Am. Chem. Soc. 2006, 128 (51),
16448-16449.

43. Kong, J. R.; Ngai, M. Y.; Krische, M. J., Highly enantioselective direct reductive coupling of conjugated alkynes and alpha-ketoesters
via rhodium-catalyzed asymmetric hydrogenation. J. Am. Chem. Soc. 2006, 128 (3), 718-719.

44, Liu, G. X.; Lu, X. Y., Cationic palladium complex catalyzed highly enantioselective intramolecular addition of arylboronic acids to
ketones. A convenient synthesis of optically active cycloalkanols. J. Am. Chem. Soc. 2006, 128 (51), 16504-16505.

45. Mazet, C.; Roseblade, S.; Kohler, V.; Pfaltz, A., Kinetic resolution of diols and pyridyl alcohols by Cu(ll)(borabox)-catalyzed
acylation. Org. Lett. 2006, 8 (9), 1879-1882.

46. Shintani, R.; Inoue, M.; Hayashi, T., Rhodium-catalyzed asymmetric addition of aryl- and alkenylboronic acids to isatins. Angew.
Chem.-Int. Edit. 2006, 45 (20), 3353-3356.

47. Taylor, A. M.; Schreiber, S. L., Enantioselective addition of terminal alkynes to isolated isoquinoline iminiums. Org. Lett. 2006, 8 (1),
143-146.

48. Wolf, C.; Liu, S. L., Bisoxazolidine-catalyzed enantioselective alkynylation of aldehydes. J. Am. Chem. Soc. 2006, 128 (34), 10996-

10997.



49. Wu, T. R.; Chong, J. M., Asymmetric synthesis of propargylamides via 3,3 '-disubstituted binaphthol-modified alkynylboronates. Org.
Lett. 2006, 8 (1), 15-18.

50. Chaulagain, M. R.; Sormunen, G. J.; Montgomery, J., New N-heterocyclic carbene ligand and its application in asymmetric nickel-
catalyzed aldehyde/alkyne reductive couplings. J. Am. Chem. Soc. 2007, 129 (31), 9568-+.
51. Cook, M. J.; Rovis, T., Rhodium-catalyzed enantioselective desymmetrization of meso-3,5-dimethyl glutaric anhydride: A general

strategy to syn-deoxypolypropionate synthons. J. Am. Chem. Soc. 2007, 129 (30), 9302-+.

52. Hong, Y. T.; Cho, C. W.,; Skucas, E.; Krische, M. J., Enantioselective reductive coupling of 1,3-enynes to glyoxalates mediated by
hydrogen: Asymmetric synthesis of beta,gamma-unsaturated alpha-hydroxy esters. Org. Lett. 2007, 9 (19), 3745-3748.

53. Johnson, J. B.; Bercot, E. A.; Williams, C. M.; Rovis, T., A concise synthesis of eupomatilones 4, 6, and 7 by rhodium-catalyzed
enantioselective desymmetrization of cyclic meso anhydrides with organozinc reagents generated in situ. Angew. Chem.-Int. Edit. 2007, 46 (24),
4514-4518.

54. Jung, B. H,; Hong, M. S.; Kang, S. H., Enantioselective synthesis of tertiary alcohols by the desynnnetrizing benzoylation of 2-
substituted glycerols. Angew. Chem.-Int. Edit. 2007, 46 (15), 2616-2618.

55. Ngai, M. Y.; Barchuk, A.; Krische, M. J., Enantioselective Iridium-catalyzed imine vinylation: Optically enriched allylic Amines via
alkyne-imine reductive coupling mediated by hydrogen. J. Am. Chem. Soc. 2007, 129 (42), 12644-+.

56. Saito, B.; Egami, H.; Katsuki, T., Synthesis of an optically active Al(salalen) complex and its application to catalytic
hydrophosphonylation of aldehydes and aldimines. J. Am. Chem. Soc. 2007, 129 (7), 1978-1986.

57. Siewert, J.; Sandmann, R.; von Zezschwitz, P., Rhodium-catalyzed enantioselective 1,2-addition of aluminum organyl compounds to
cyclic enones. Angew. Chem.-Int. Edit. 2007, 46 (37), 7122-7124.

58. Skucas, E.; Kong, J. R.; Krische, M. J., Enantioselective reductive coupling of acetylene to N-arylsulfonyl imines via rhodium
catalyzed C-C bond-forming hydrogenation: (Z)-Dienyl allylic amines. J. Am. Chem. Soc. 2007, 129 (23), 7242-+.

59. Sun, Z. K.; Yu, S. Y.; Ding, Z. D.; Ma, D. W., Enantioselective addition of activated terminal alkynes to 1-acylpyridinium salts
catalyzed by Cu- bls(oxazollne) complexes J. Am Chem. Soc 2007, 129 (30), 9300-+.

60. Xia, G. Y.; Yamamoto, H., Catalytic enantioselective allenylation reactions of aldehydes with tethered bis(8-quinolinolato) (TBOX)
chromium complex. J. Am. Chem. Soc. 2007, 129 (3), 496-497.

61. Yang, Y.; Zhu, S. F.; Duan, H. F,; Zhou, C. Y.; Wang, L. X.; Zhou, Q. L., Asymmetric reductive coupling of dienes and aldehydes

catalyzed by nickel complexes of spiro phosphoramidites: Highly enantioselective synthesis of chiral bishomoallylic alcohols. J. Am. Chem. Soc.
2007, 129 (8), 2248-+.

62. Duan, H. F.; Xie, J. H.; Qiao, X. C.; Wang, L. X.; Zhou, Q. L., Enantioselective rhodium-catalyzed addition of arylboronic acids to
alpha-ketoesters. Angew Chem. Int Edit. 2008, 47 (23), 4351- 4353
63. Johnson, J. B.; Cook, M. J.; Rovis, T. In Ligand differentiated complementary Rh-catalyst systems for the enantioselective

desymmetrization of meso-cyclic anhydrides, 9th Tetrahedron Symposium on Challenges in Organic and Bioorganic Chemistry, Berkeley, CA,
Jul 22-25; Berkeley, CA, 2008; pp 3202-3210.

64. Lou, S.; Schaus, S. E., Asymmetric Petasis reactions catalyzed by chiral biphenols. J. Am. Chem. Soc. 2008, 130 (22), 6922-+.

65. Naodovic, M.; Xia, G.; Yamamoto, H., TBOXCr(lII)Cl-catalyzed enantioselective synthesis of 1,3-butadien-2-ylcarbinols. Org. Lett.
2008, 10 (18), 4053-4055.

66. Pizzuti, M. G.; Minnaard, A. J.; Feringa, B. L., Catalytic enantioselective addition of organometallic reagents to N-formylimines using
monodentate phosphoramidite ligands. J. Org. Chem. 2008, 73 (3), 940-947.

67. Trincado, M.; Ellman, J. A., Enantioselective synthesis of alpha-aryl alkylamines by Rh-catalyzed addition reactions of arylboronic
acids to aliphatic imines. Angew. Chem.-Int. Edit. 2008, 47 (30), 5623-5626.

68. Yang, Y.; Zhu, S. F.; Zhou, C. Y.; Zhou, Q. L., Nickel-Catalyzed Enantioselective Alkylative Coupling of Alkynes and Aldehydes:
Synthesis of Chiral Allylic Alcohols with Tetrasubstituted Olefins. J. Am. Chem. Soc. 2008, 130 (43), 14052-+.

69. Aikawa, K.; Hioki, Y.; Mikami, K., Highly Enantioselective Alkenylation of Glyoxylate with Vinylsilane Catalyzed by Chiral
Dicationic Palladium(ll) Complexes. J. Am. Chem. Soc. 2009, 131 (39), 13922-+.

70. Coeffard, V.; Aylward, M.; Guiry, P. J., First Regio- and Enantioselective Chromium-Catalyzed Homoallenylation of Aldehydes.
Angew. Chem.-Int. Edit. 2009, 48 (48), 9152-9155.

71. Fernandez-lbanez, M. A.; Macia, B.; Pizzuti, M. G.; Minnaard, A. J.; Feringa, B. L., Catalytic Enantioselective Addition of
Dialkylzinc Reagents to N-Acylpyridinium Salts. Angew. Chem.-Int. Edit. 2009, 48 (49), 9339-9341.

72. Friedman, R. K.; Rovis, T., Predictable and Regioselective Insertion of Internal Unsymmetrical Alkynes in Rhodium-Catalyzed
Cycloadditions with Alkenyl Isocyanates. J. Am. Chem. Soc. 2009, 131 (30), 10775-10782.

73. Guo, H. B.; Dong, C. G.; Kim, D. S.; Urabe, D.; Wang, J. S.; Kim, J. T.; Liu, X.; Sasaki, T.; Kishi, Y., Toolbox Approach to the
Search for Effective Ligands for Catalytic Asymmetric Cr-Mediated Coupling Reactions. J. Am. Chem. Soc. 2009, 131 (42), 15387-15393.

74. Han, S. B.; Kim, I. S.; Krische, M. J., Enantioselective iridium-catalyzed carbonyl allylation from the alcohol oxidation level via
transfer hydrogenation: minimizing pre-activation for synthetic efficiency. Chem. Commun. 2009, (47), 7278-7287.

75. Hrdina, R.; Opekar, F.; Roithova, J.; Kotora, M., Neutral and ionic reaction mechanisms for the allylation of aldehydes by bipyridine
N,N'-dioxides. Chem. Commun. 2009, (17), 2314-2316.

76. Itoh, J.; Han, S. B.; Krische, M. J., Enantioselective Allylation, Crotylation, and Reverse Prenylation of Substituted Isatins: Iridium-

Catalyzed C-C Bond-Forming Transfer Hydrogenation. Angew. Chem.-Int. Edit. 2009, 48 (34), 6313-6316.



77. Liu, S. B.; Kim, J. T.; Dong, C. G.; Kishi, Y., Catalytic Enantioselective Cr-Mediated Propargylation: Application to Halichondrin
Synthesis. Org. Lett. 2009, 11 (20), 4520-4523.

78. Lu, Y.; Kim, I. S.; Hassan, A.; Del Valle, D. J.; Krische, M. J., 1,n-Glycols as Dialdehyde Equivalents in Iridium-Catalyzed
Enantioselective Carbonyl Allylation and Iterative Two-Directional Assembly of 1,3-Polyols. Angew. Chem.-Int. Edit. 2009, 48 (27), 5018-5021.
79. Ma, G. N.; Zhang, T.; Shi, M., Catalytic Enantioselective Arylation of N-Tosylarylimines with Arylboronic Acids Using C-2-
Symmetric Cationic N-Heterocyclic Carbene Pd2+ Diaquo Complexes. Org. Lett. 2009, 11 (4), 875-878.

80. Nishimura, T.; Kumamoto, H.; Nagaosa, M.; Hayashi, T., The concise synthesis of chiral tfb ligands and their application to the
rhodium-catalyzed asymmetric arylation of aldehydes. Chem. Commun. 2009, (38), 5713-5715.

81. Okamoto, K.; Hayashi, T.; Rawal, V. H., Electronic and steric tuning of chiral diene ligands for rhodium-catalyzed asymmetric
arylation of imines. Chem. Commun. 2009, (32), 4815-4817.

82. Shen, Z. M.; Dornan, P. K.; Khan, H. A.; Woo, T. K.; Dong, V. M., Mechanistic Insights into the Rhodium-Catalyzed Intramolecular
Ketone Hydroacylation. J. Am. Chem. Soc. 2009, 131 (3), 1077-1091.

83. Shibata, Y.; Tanaka, K., Rhodium-Catalyzed Highly Enantioselective Direct Intermolecular Hydroacylation of 1,1-Disubstituted
Alkenes with Unfunctionalized Aldehydes. J. Am. Chem. Soc. 2009, 131 (35), 12552-+.

84. Sugiura, M.; Kumahara, M.; Nakajima, M., Asymmetric synthesis of 4H-1,3-oxazines: enantioselective reductive cyclization of N-
acylated beta-amino enones with trichlorosilane catalyzed by chiral Lewis bases. Chem. Commun. 2009, (24), 3585-3587.

85. Tomita, D.; Yamatsugu, K.; Kanai, M.; Shibasaki, M., Enantioselective Synthesis of SM-130686 Based on the Development of
Asymmetric Cu(l)F Catalysis To Access 2-Oxindoles Containing a Tetrasubstituted Carbon. J. Am. Chem. Soc. 2009, 131 (20), 6946-+.

86. Wang, W. F.; Zhang, T.; Shi, M., Chiral Bis(NHC)-Palladium(Il) Complex Catalyzed and Diethylzinc-Mediated Enantioselective
Umpolung Allylation of Aldehydes. Organometallics 2009, 28 (8), 2640-2642.

87. Williams, V. M.; Kong, J. R.; Ko, B. J.; Mantri, Y.; Brodbelt, J. S.; Baik, M. H.; Krische, M. J., ESI-MS, DFT, and Synthetic Studies

on the H-2-Mediated Coupling of Acetylene: Insertion of C=X Bonds into Rhodacyclopentadienes and Bronsted Acid Cocatalyzed
Hydrogenolysis of Organorhodium Intermediates. J. Am. Chem. Soc. 2009, 131 (44), 16054-16062.

88. Yamamoto, Y.; Kurihara, K.; Miyaura, N., Me-bipam for Enantioselective Ruthenium (l1)-Catalyzed Arylation of Aldehydes with
Arylboronic Acids. Angew. Chem.-Int. Edit. 2009, 48 (24), 4414-4416.

89. Yazaki, R.; Kumagai, N.; Shibasaki, M., Direct Catalytic Asymmetric Addition of Allyl Cyanide to Ketones. J. Am. Chem. Soc. 2009,
131 (9), 3195-+.

90. Yu, R. T.; Friedman, R. K.; Rovis, T., Enantioselective Rhodium-Catalyzed [4+2+2] Cycloaddition of Dienyl Isocyanates for the
Synthesis of Bicyclic Azocine Rings. J. Am. Chem. Soc. 2009, 131 (37), 13250-+.

91. Chakrabarti, A.; Konishi, H.; Yamaguchi, M.; Schneider, U.; Kobayashi, S., Indium(l)-Catalyzed Asymmetric Allylation, Crotylation,

and alpha-Chloroallylation of Hydrazones with Rare Constitutional and High Configurational Selectivities. Angew. Chem.-Int. Edit. 2010, 49
(10), 1838-1841.

92. Fandrick, D. R.; Fandrick, K. R.; Reeves, J. T.; Tan, Z. L.; Tang, W. J.; Capacci, A. G.; Rodriguez, S.; Song, J. H. J.; Lee, H.; Yee, N.
K.; Senanayake, C. H., Copper Catalyzed Asymmetric Propargylation of Aldehydes. J. Am. Chem. Soc. 2010, 132 (22), 7600-+.

93. Han, S. B.; Gao, X.; Krische, M. J., Iridium-Catalyzed anti-Diastereo- and Enantioselective Carbonyl (Trimethylsilyl)allylation from
the Alcohol or Aldehyde Oxidation Level. J. Am. Chem. Soc. 2010, 132 (26), 9153-9156.

94. Han, S. B.; Han, H.; Krische, M. J., Diastereo- and Enantioselective anti-Alkoxyallylation Employing Allylic gem-Dicarboxylates as
Allyl Donors via Iridium-Catalyzed Transfer Hydrogenation. J. Am. Chem. Soc. 2010, 132 (6), 1760-+.

95. Ito, H.; Okura, T.; Matsuura, K.; Sawamura, M., Desymmetrization of meso-2-Alkene-1,4-diol Derivatives through Copper(l)-
Catalyzed Asymmetric Boryl Substitution and Stereoselective Allylation of Aldehydes. Angew. Chem.-Int. Edit. 2010, 49 (3), 560-563.

96. Kim, H. Y.; Kim, S.; Oh, K., Orthogonal Enantioselectivity Approaches Using Homogeneous and Heterogeneous Catalyst Systems:
Friedel-Crafts Alkylation of Indole. Angew. Chem.-Int. Edit. 2010, 49 (26), 4476-4478.

97. Shi, S. L,; Xu, L. W,; Oisaki, K.; Kanai, M.; Shibasaki, M., Identification of Modular Chiral Bisphosphines Effective for Cu(l)-
Catalyzed Asymmetric Allylation and Propargylation of Ketones. J. Am. Chem. Soc. 2010, 132 (19), 6638-+.

98. Shintani, R.; Isobe, S.; Takeda, M.; Hayashi, T., Rhodium-Catalyzed Asymmetric Synthesis of Spirocarbocycles: Arylboron Reagents
as Surrogates of 1,2-Dimetalloarenes. Angew. Chem.-Int. Edit. 2010, 49 (22), 3795-3798.

99. Shintani, R.; Takeda, M.; Tsuji, T.; Hayashi, T., Rhodium-Catalyzed Asymmetric Arylation of N-Tosyl Ketimines. J. Am. Chem. Soc.
2010, 132 (38), 13168-13169.

100. Usanov, D. L.; Yamamoto, H., Asymmetric Nozaki-Hiyama Propargylation of Aldehydes: Enhancement of Enantioselectivity by
Cobalt Co-Catalysis. Angew. Chem.-Int. Edit. 2010, 49 (44), 8169-8172.

101. Zhang, Y. J.; Yang, J. H.; Kim, S. H.; Krische, M. J., anti-Diastereo- and Enantioselective Carbonyl (Hydroxymethyl)allylation from
the Alcohol or Aldehyde Oxidation Level: Allyl Carbonates as Allylmetal Surrogates. J. Am. Chem. Soc. 2010, 132 (13), 4562-+.

102. Zhou, C. Y.; Zhu, S. F.; Wang, L. X.; Zhou, Q. L., Enantioselective Nickel-Catalyzed Reductive Coupling of Alkynes and Imines. J.
Am. Chem. Soc. 2010, 132 (32), 10955-10957.

103. Albright, A.; Gawley, R. E., Application of a C-2-Symmetric Copper Carbenoid in the Enantioselective Hydrosilylation of Dialkyl
and Aryl-Alkyl Ketones. J. Am. Chem. Soc. 2011, 133 (49), 19680-19683.

104. Cai, F.; Pu, X. T.; Qi, X. B.; Lynch, V.; Radha, A.; Ready, J. M., Chiral Allene-Containing Phosphines in Asymmetric Catalysis. J.

Am. Chem. Soc. 2011, 133 (45), 18066-18069.



105. Campbell, M. J.; Toste, F. D., Enantioselective synthesis of cyclic carbamimidates via a three-component reaction of imines, terminal
alkynes, and p-toluenesulfonylisocyanate using a monophosphine gold(l) catalyst. Chem. Sci. 2011, 2 (7), 1369-1378.

106. Cui, Z.;; Yu, H. J;; Yang, R. F.; Gao, W. Y.; Feng, C. G.; Lin, G. Q., Highly Enantioselective Arylation of N-Tosylalkylaldimines
Catalyzed by Rhodium-Diene Complexes. J. Am. Chem. Soc. 2011, 133 (32), 12394-12397.

107. Gao, X.; Zhang, Y. J.; Krische, M. J., Iridium-Catalyzed anti-Diastereo- and Enantioselective Carbonyl (alpha-
Trifluoromethyl)allylation from the Alcohol or Aldehyde Oxidation Level. Angew. Chem.-Int. Edit. 2011, 50 (18), 4173-4175.

108. Hassan, A.; Zbieg, J. R.; Krische, M. J., Enantioselective Iridium-Catalyzed Vinylogous Reformatsky-Aldol Reaction from the
Alcohol Oxidation Level: Linear Regioselectivity by Way of Carbon-Bound Enolates. Angew. Chem.-Int. Edit. 2011, 50 (15), 3493-3496.

109. Khan, H. A.; Kou, K. G. M.; Dong, V. M., Nitrogen-directed ketone hydroacylation: Enantioselective synthesis of benzoxazecinones.
Chem. Sci. 2011, 2 (3).

110. Kurono, N.; Nii, N.; Sakaguchi, Y.; Uemura, M.; Ohkuma, T., Asymmetric Hydrocyanation of alpha,beta-Unsaturated Ketones into
beta-Cyano Ketones with the Ru(phgly)(2)(binap) /C(6)H(5)OLi Catalyst System. Angew. Chem.-Int. Edit. 2011, 50 (24), 5541-5544.

111. Liu, P.; Krische, M. J.; Houk, K. N., Mechanism and Origins of Regio- and Enantioselectivities in Rh(l)-Catalyzed Hydrogenative
Couplings of 1,3-Diynes and Activated Carbonyl Partners: Intervention of a Cumulene Intermediate. Chem.-Eur. J. 2011, 17 (14), 4021-4029.

112. Masuda, K.; Sakiyama, N.; Tanaka, R.; Noguchi, K.; Tanaka, K., Rhodium-Catalyzed Enantioselective Cyclizations of gamma-
Alkynylaldehydes with Acyl Phosphonates: Ligand- and Substituent-Controlled C-P or C-H Bond Cleavage. J. Am. Chem. Soc. 2011, 133 (18),
6918-6921.

113. Moran, J.; Smith, A. G.; Carris, R. M.; Johnson, J. S.; Krische, M. J., Polarity Inversion of Donor-Acceptor Cyclopropanes:
Disubstituted delta-Lactones via Enantioselective Iridium Catalysis. J. Am. Chem. Soc. 2011, 133 (46), 18618-18621.

114. Nadeau, C.; Aly, S.; Belyk, K., Rhodium-Catalyzed Enantioselective Addition of Boronic Acids to N-Benzylnicotinate Salts. J. Am.
Chem. Soc. 2011, 133 (9), 2878-2880.

115. Tran, D. N.; Cramer, N., Enantioselective Rhodium(l)-Catalyzed 3+2 Annulations of Aromatic Ketimines Induced by Directed C?H
Activations. Angew. Chem.-Int. Edit. 2011, 50 (47), 11098-11102.

116. Usanov, D. L.; Yamamoto, H., Enantioselective Alkynylation of Aldehydes with 1-Haloalkynes Catalyzed by Tethered Bis(8-
quinolinato) Chromium Complex. J. Am. Chem. Soc. 2011, 133 (5), 1286-1289.

117. Wisniewska, H. M.; Jarvo, E. R., Enantioselective silver-catalyzed propargylation of imines. Chem. Sci. 2011, 2 (4), 807-810.

118. Yin, L.; Kanai, M.; Shibasaki, M., A Facile Pathway to Enantiomerically Enriched 3-Hydroxy-2-Oxindoles: Asymmetric

Intramolecular Arylation of alpha-Keto Amides Catalyzed by a Palladium-DifluorPhos Complex. Angew. Chem.-Int. Edit. 2011, 50 (33), 7620-
7623.

119. Zbieg, J. R.; Moran, J.; Krische, M. J., Diastereo- and Enantioselective Ruthenium-Catalyzed Hydrohydroxyalkylation of 2-Silyl-
butadienes: Carbonyl syn-Crotylation from the Alcohol Oxidation Level. J. Am. Chem. Soc. 2011, 133 (27), 10582-10586.

120. Zhu, S. F.; Qiao, X. C.; Zhang, Y. Z.; Wang, L. X.; Zhou, Q. L., Highly enantioselective palladium-catalyzed umpolung allylation of
aldehydes. Chem. Sci. 2011, 2 (6), 1135-1140.

121. Best, D.; Kujawa, S.; Lam, H. W., Diastereo- and Enantioselective Pd(Il)-Catalyzed Additions of 2-Alkylazaarenes to N-Boc Imines
and Nitroalkenes. J. Am. Chem. Soc. 2012, 134 (44), 18193-18196.

122. Imaizumi, T.; Yamashita, Y.; Kobayashi, S., Group 11 Metal Amide-Catalyzed Asymmetric Cycloaddition Reactions of Azomethine
Imines with Terminal Alkynes. J. Am. Chem. Soc. 2012, 134 (49), 20049-20052.

123. Liu, X.; Li, X. Y.; Chen, Y.; Hu, Y. M,; Kishi, Y., On Ni Catalysts for Catalytic, Asymmetric Ni/Cr-Mediated Coupling Reactions. J.
Am. Chem. Soc. 2012, 134 (14), 6136-6139.

124. Luo, Y. F.; Carnell, A. J.; Lam, H. W., Enantioselective Rhodium-Catalyzed Addition of Potassium Alkenyltrifluoroborates to Cyclic
Imines. Angew. Chem.-Int. Edit. 2012, 51 (27), 6762-6766.

125. Madduri, A. V. R.; Harutyunyan, S. R.; Minnaard, A. J., Asymmetric Copper-Catalyzed Addition of Grignard Reagents to Aryl Alkyl
Ketones. Angew. Chem.-Int. Edit. 2012, 51 (13), 3164-3167.

126. Mecinturff, E. L.; Yamaguchi, E.; Krische, M. J., Chiral-Anion-Dependent Inversion of Diastereo- and Enantioselectivity in Carbonyl
Crotylation via Ruthenium-Catalyzed Butadiene Hydrohydroxyalkylation. J. Am. Chem. Soc. 2012, 134 (51), 20628-20631.

127. Nishimura, T.; Noishiki, A.; Tsui, G. C.; Hayashi, T., Asymmetric Synthesis of (Triaryl)methylamines by Rhodium-Catalyzed
Addition of Arylboroxines to Cyclic N-Sulfonyl Ketimines. J. Am. Chem. Soc. 2012, 134 (11), 5056-5059.

128. Saxena, A.; Choi, B.; Lam, H. W., Enantioselective Copper-Catalyzed Reductive Coupling of Alkenylazaarenes with Ketones. J. Am.
Chem. Soc. 2012, 134 (20), 8428-8431.

129. Zhu, T.-S.; Jin, S.-S.; Xu, M.-H., Rhodium-Catalyzed, Highly Enantioselective 1,2-Addition of Aryl Boronic Acids to alpha-
Ketoesters and alpha-Diketones Using Simple, Chiral Sulfur-Olefin Ligands. Angew. Chem.-Int. Edit. 2012, 51 (3), 780-783.

130. Amatore, M.; Leboeuf, D.; Malacria, M.; Gandon, V.; Aubert, C., Highly Enantioselective Rhodium-Catalyzed 2+2+2 Cycloaddition
of Diynes to Sulfonimines. J. Am. Chem. Soc. 2013, 135 (12), 4576-4579.

131. Cardoso, F. S. P.; Abboud, K. A.; Aponick, A., Design, Preparation, and Implementation of an Imidazole-Based Chiral Biaryl P,N-
Ligand for Asymmetric Catalysis. J. Am. Chem. Soc. 2013, 135 (39), 14548-14551.

132. Cirriez, V.; Rasson, C.; Hermant, T.; Petrignet, J.; Alvarez, J. D.; Robeyns, K.; Riant, O., Copper-Catalyzed Addition of Nucleophilic

Silicon to Aldehydes. Angew. Chem.-Int. Edit. 2013, 52 (6), 1785-1788.



133. Harper, K. C.; Vilardi, S. C.; Sigman, M. S., Prediction of Catalyst and Substrate Performance in the Enantioselective Propargylation
of Aliphatic Ketones by a Multidimensional Model of Steric Effects. J. Am. Chem. Soc. 2013, 135 (7), 2482-2485.

134. Hong, K.; Morken, J. P., Catalytic Enantioselective One-pot Aminoborylation of Aldehydes: A Strategy for Construction of
Nonracemic alpha-Amino Boronates. J. Am. Chem. Soc. 2013, 135 (25), 9252-9254.

135. Johnson, T.; Lautens, M., Palladium(Il)-Catalyzed Enantioselective Synthesis of alpha-(Trifluoromethyl)arylmethylamines. Org. Lett.
2013, 15 (16), 4043-4045.

136. Nishimura, T.; Ebe, Y.; Hayashi, T., Iridium-Catalyzed 3+2 Annulation of Cyclic N-Sulfonyl Ketimines with 1,3-Dienes via C-H
Activation. J. Am. Chem. Soc. 2013, 135 (6), 2092-2095.

137. Nishimura, T.; Nagamoto, M.; Ebe, Y.; Hayashi, T., Enantioselective 3+2 annulation via C-H activation between cyclic N-acyl
ketimines and 1,3-dienes catalyzed by iridium/chiral diene complexes. Chem. Sci. 2013, 4 (12), 4499-4504.

138. Nishimura, T.; Noishiki, A.; Ebe, Y.; Hayashi, T., Hydroxorhodium/Chiral Diene Complexes as Effective Catalysts for the
Asymmetric Arylation of 3-Aryl-3-hydroxyisoindolin-1-ones. Angew. Chem.-Int. Edit. 2013, 52 (6), 1777-1780.

139. Tran, D. N.; Cramer, N., Rhodium-Catalyzed Dynamic Kinetic Asymmetric Transformations of Racemic Allenes by the 3+2
Annulation of Aryl Ketimines. Angew. Chem.-Int. Edit. 2013, 52 (40), 10630-10634.

140. Wang, H.; Jiang, T.; Xu, M. H., Simple Branched Sulfur-Olefins as Chiral Ligands for Rh-Catalyzed Asymmetric Arylation of Cyclic
Ketimines: Highly Enantioselective Construction of Tetrasubstituted Carbon Stereocenters. J. Am. Chem. Soc. 2013, 135 (3), 971-974.

141. Zi, W. W,; Toste, F. D., Gold(l)-Catalyzed Enantioselective Carboalkoxylation of Alkynes. J. Am. Chem. Soc. 2013, 135 (34), 12600-
12603.

142. Ahlin, J. S. E.; Donets, P. A.; Cramer, N., Nickel(0)-Catalyzed Enantioselective Annulations of Alkynes and Arylenoates Enabled by
a Chiral NHC Ligand: Efficient Access to Cyclopentenones. Angew. Chem.-Int. Edit. 2014, 53 (48), 13229-13233.

143. Bisai, V.; Suneja, A.; Singh, V. K., Asymmetric Alkynylation/Lactamization Cascade: An Expeditious Entry to Enantiomerically
Enriched Isoindolinones. Angew. Chem.-Int. Edit. 2014, 53 (40), 10737-10741.

144. Cook, A. M.; Wolf, C., Catalytic enantioselective nucleophilic addition of ynamides to aldehydes. Chem. Commun. 2014, 50 (24),
3151-3154.

145. Ebe, Y.; Nishimura, T., Iridium-Catalyzed Annulation of Salicylimines with 1,3-Dienes. J. Am. Chem. Soc. 2014, 136 (26), 9284-
9287.

146. Hensel, A.; Nagura, K.; Delvos, L. B.; Oestreich, M., Enantioselective Addition of Silicon Nucleophiles to Aldimines Using a
Preformed NHC- Copper( I) Complex as the Catalyst. Angew. Chem.-Int. Edit. 2014, 53 (19), 4964-4967.

147. Jiang, C. H.; Lu, Y. X.; Hayashi, T., High Performance of a Palladium Phosphinooxazoline Catalyst in the Asymmetric Arylation of
Cyclic N-Sulfonyl Ketimines. Angew. Chem.-Int. Edit. 2014, 53 (37), 9936-9939.

148. Kou, K. G. M.; Le, D. N.; Dong, V. M., Rh(l)-Catalyzed Intermolecular Hydroacylation: Enantioselective Cross-Coupling of
Aldehydes and Ketoamides. J. Am. Chem. Soc. 2014, 136 (26), 9471-9476.

149. Lin, W. L.; Cao, T.; Fan, W.; Han, Y. L.; Kuang, J. Q.; Luo, H. W.; Miao, B. K. Y.; Tang, X. J.; Yu, Q.; Yuan, W. M.; Zhang, J. S,;

Zhu, C.; Ma, S. M., Enantioselective Double Manipulation of Tetrahydroisoquinolines with Terminal Alkynes and Aldehydes under Copper(l)
Catalysis. Angew. Chem.-Int. Edit. 2014, 53 (1), 277-281.

150. Mszar, N. W.; Haeffner, F.; Hoveyda, A. H., NHC-Cu-Catalyzed Addition of Propargylboron Reagents to Phosphinoylimines.
Enantioselective Synthesis of Trimethylsilyl-Substituted Homoallenylamides and Application to the Synthesis of S-(-)-Cyclooroidin. J. Am.
Chem. Soc. 2014, 136 (9), 3362-3365.

151. Shirai, T.; Ito, H.; Yamamoto, Y., Cationic Ir/Me-BIPAM-Catalyzed Asymmetric Intramolecular Direct Hydroarylation of alpha-
Ketoamides. Angew. Chem.-Int. Edit. 2014, 53 (10), 2658-2661.

152. Yada, A.; Fujita, S.; Murakami, M., Enantioselective Insertion of a Carbenoid Carbon into a C-C Bond To Expand Cyclobutanols to
Cyclopentanols. J. Am. Chem. Soc. 2014, 136 (20), 7217-7220.

153. Chen, T.-Y.; Tsutsumi, R.; Montgomery, T. P.; Volchkov, I.; Krische, M. J., Ruthenium-Catalyzed C-C Coupling of Amino Alcohols
with Dienes via Transfer Hydrogenation: Redox-Triggered Imine Addition and Related Hydroaminoalkylations. J. Am. Chem. Soc. 2015, 137 (5),
1798-1801.

154. Dasgupta, S.; Rivas, T.; Watson, M. P., Enantioselective Copper(l)-Catalyzed Alkynylation of Oxocarbenium lons to Set Diaryl
Tetrasubstituted Stereocenters. Angew. Chem.-Int. Edit. 2015, 54 (47), 14154-14158.

155. Fu, W.; Nie, M.; Wang, A.; Cao, Z.; Tang, W., Highly Enantioselective Nickel-Catalyzed Intramolecular Reductive Cyclization of
Alkynones. Angew. Chem.-Int. Edit. 2015, 54 (8), 2520-2524.

156. Grayson, M. N.; Krische, M. J.; Houk, K. N., Ruthenium-Catalyzed Asymmetric Hydrohydroxyalkylation of Butadiene: The Role of
the Formyl Hydrogen Bond in Stereochemical Control. J. Am. Chem. Soc. 2015, 137 (27), 8838-8850.

157. Kubota, K.; Yamamoto, E.; Ito, H., Copper(l)-Catalyzed Enantioselective Nucleophilic Borylation of Aldehydes: An Efficient Route
to Enantiomerically Enriched alpha-Alkoxyorganoboronate Esters. J. Am. Chem. Soc. 2015, 137 (1), 420-424.

158. Kumar, R.; Hoshimoto, Y.; Yabuki, H.; Ohashi, M.; Ogoshi, S., Nickel(0)-Catalyzed Enantio- and Diastereoselective Synthesis of

Benzoxasiloles: Ligand-Controlled Switching from Inter- to Intramolecular Aryl-Transfer Process. J. Am. Chem. Soc. 2015, 137 (36), 11838-
11845.

159. Li, H. M.; Belyk, K. M.; Yin, J. J.; Chen, Q. H.; Hyde, A.; Ji, Y. N.; Oliver, S.; Tudge, M. T.; Campeau, L. C.; Campos, K. R,
Enantioselective Synthesis of Hemiaminals via Pd-Catalyzed C-N Coupling with Chiral Bisphosphine Mono-oxides. J. Am. Chem. Soc. 2015,
137 (43), 13728-13731.



160. Pappoppula, M.; Cardoso, F. S. P.; Garrett, B. O.; Aponick, A., Enantioselective Copper-Catalyzed Quinoline Alkynylation. Angew.
Chem.-Int. Edit. 2015, 54 (50), 15202-15206.

161. Rong, J.; Oost, R.; Desmarchelier, A.; Minnaard, A. J.; Harutyunyan, S. R., Catalytic Asymmetric Alkylation of Acylsilanes. Angew.
Chem.-Int. Edit. 2015, 54 (10), 3038-3042.

162. Schrapel, C.; Peters, R., Exogenous-Base-Free Palladacycle-Catalyzed Highly Enantioselective Arylation of Imines with
Arylboroxines. Angew. Chem.-Int. Edit. 2015, 54 (35), 10289-10293.

163. Talwar, D.; Gonzalez-de-Castro, A.; Li, H. Y.; Xiao, J. L., Regioselective Acceptorless Dehydrogenative Coupling of N-Heterocycles
toward Functionalized Quinolines, Phenanthrolines, and Indoles. Angew. Chem.-Int. Edit. 2015, 54 (17), 5223-5227.

164. Ye, J.; Limouni, A.; Zaichuk, S.; Lautens, M., Synthesis of Enantioenriched 5,6-Dihydrophenanthridine Derivatives through retro-
Carbopalladation of Chiral 0-Bromobenzylamines. Angew. Chem.-Int. Edit. 2015, 54 (10), 3116-3120.

165. Zhang, W.-Z.; Chu, J. C. K.; Oberg, K. M.; Rovis, T., Enantioselective Rhodium-Catalyzed Isomerization of 4-Iminocrotonates:
Asymmetric Synthesis of a Unique Chiral Synthon. J. Am. Chem. Soc. 2015, 137 (2), 553-555.

166. Zhao, C. F.; Seidel, D., Enantioselective A(3) Reactions of Secondary Amines with a Cu(l)/Acid-Thiourea Catalyst Combination. J.
Am. Chem. Soc. 2015, 137 (14), 4650-4653.

167. Arai, T.; Kakino, J., Catalytic Asymmetric Synthesis of 3-Indolyl Methanamines Using Unprotected Indoles and N-Boc Imines under
Basic Conditions. Angew. Chem.-Int. Edit. 2016, 55 (49), 15263-15267.

168. Chen, Q. G.; Tang, Y.; Huang, T. Y.; Liu, X. H.; Lin, L. L.; Feng, X. M., Copper/Guanidine-Catalyzed Asymmetric Alkynylation of
Isatins. Angew. Chem.-Int. Edit. 2016, 55 (17), 5286-5289.

169. Clarke, C.; Incerti-Pradillos, C. A.; Lam, H. W., Enantioselective Nickel-Catalyzed anti-Carbometallative Cyclizations of Alkynyl
Electrophiles Enabled by Reversible Alkenylnickel E/Z Isomerization. J. Am. Chem. Soc. 2016, 138 (26), 8068-8071.

170. Hayashi, M.; Bachman, S.; Hashimoto, S.; Eichman, C. C.; Stoltz, B. M., Ni-Catalyzed Enantioselective C-Acylation of alpha-
Substituted Lactams. J. Am. Chem. Soc. 2016, 138 (29), 8997-9000.

171. Hu, H. P.; Liu, Y. B.; Lin, L. L.; Zhang, Y. H.; Liu, X. H.; Feng, X. M., Kinetic Resolution of 2H-Azirines by Asymmetric Imine
Amidation. Angew. Chem.-Int. Edit. 2016, 55 (34), 10098-10101.

172. Huang, Y.; Huang, R. Z.; Zhao, Y., Cobalt-Catalyzed Enantioselective Vinylation of Activated Ketones and Imines. J. Am. Chem.
Soc. 2016, 138 (20), 6571-6576.

173. Lutz, J. P.; Chau, S. T.; Doyle, A. G., Nickel-catalyzed enantioselective arylation of pyridine. Chem. Sci. 2016, 7 (7), 4105-4109.

174. Nguyen, K. D.; Herkommer, D.; Krische, M. J., Ruthenium-BINAP Catalyzed Alcohol C-H tert-Prenylation via 1,3-Enyne Transfer
Hydrogenation: Beyond Stoichiometric Carbanions in Enantioselective Carbonyl Propargylation. J. Am. Chem. Soc. 2016, 138 (16), 5238-5241.
175. Paioti, P. H. S.; Abboud, K. A.; Aponick, A., Catalytic Enantioselective Synthesis of Amino Skipped Diynes. J. Am. Chem. Soc. 2016,
138 (7), 2150-2153.

176. Wu, X. S.; Chen, Z. W.; Bai, Y. B.; Dong, V. M., Diastereodivergent Construction of Bicyclic gamma-Lactones via Enantioselective
Ketone Hydroacylation. J. Am. Chem. Soc. 2016, 138 (37), 12013-12016.

177. Yang, Y.; Perry, I. B.; Buchwald, S. L., Copper-Catalyzed Enantioselective Addition of Styrene-Derived Nucleophiles to Imines
Enabled by Ligand-Controlled Chemoselective Hydrocupration. J. Am. Chem. Soc. 2016, 138 (31), 9787-9790.

178. Bartlett, S. L.; Keiter, K. M.; Johnson, J. S., Synthesis of Complex Tertiary Glycolates by Enantioconvergent Arylation of
Stereochemically Labile alpha-Keto Esters. J. Am. Chem. Soc. 2017, 139 (10), 3911-3916.

179. Callingham, M.; Partridge, B. M.; Lewis, W.; Lam, H. W., Enantioselective Rhodium-Catalyzed Coupling of Arylboronic Acids, 1,3-
Enynes, and Imines by Alkenyl-to-Allyl 1,4-Rhodium(1) Migration. Angew. Chem.-Int. Edit. 2017, 56 (51), 16352-16356.

180. Holmes, M.; Nguyen, K. D.; Schwartz, L. A.; Luong, T.; Krische, M. J., Enantioselective Formation of CF3-Bearing All-Carbon

Quaternary Stereocenters via C-H Functionalization of Methanol: Iridium Catalyzed Allene Hydrohydroxymethylation. J. Am. Chem. Soc. 2017,
139 (24), 8114-8117.

181. Jang, H.; Romiti, F.; Torker, S.; Hoveyda, A. H., Catalytic diastereo- and enantioselective additions of versatile allyl groups to N-H
ketimines. Nat. Chem. 2017, 9 (12), 1269-1275.

182. Kim, S. W.; Zhang, W. D.; Krische, M. J., Catalytic Enantioselective Carbonyl Allylation and Propargylation via Alcohol-Mediated
Hydrogen Transfer: Merging the Chemistry of Grignard and Sabatier. Accounts Chem. Res. 2017, 50 (9), 2371-2380.

183. Kubota, K.; Osaki, S.; Jin, M.; Ito, H., Copper(l)-Catalyzed Enantioselective Nucleophilic Borylation of Aliphatic Ketones: Synthesis
of Enantioenriched Chiral Tertiary a-Hydroxyboronates. Angewandte Chemie International Edition 2017, 56 (23), 6646-6650.

184. Pulis, A. P.; Yeung, K.; Procter, D. J., Enantioselective copper catalysed, direct functionalisation of allenes via allyl copper
intermediates. Chem. Sci. 2017, 8 (8), 5240-5247.

185. Wang, H. B.; Lu, G.; Sormunen, G. J.; Malik, H. A.; Liu, P.; Montgomery, J., NHC Ligands Tailored for Simultaneous Regio- and
Enantiocontrol in Nickel-Catalyzed Reductive Couplings. J. Am. Chem. Soc. 2017, 139 (27), 9317-9324.

186. Wei, X. F.; Xie, X. W.; Shimizu, Y.; Kanai, M., Copper(l)-Catalyzed Enantioselective Addition of Enynes to Ketones. J. Am. Chem.
Soc. 2017, 139 (13), 4647-4650.

187. Ambler, B. R.; Turnbull, B. W. H.; Suravarapu, S. R.; Uteuliyev, M. M.; Huynh, N. O.; Krische, M. J., Enantioselective Ruthenium-

Catalyzed Benzocyclobutenone-Ketol Cycloaddition: Merging C-C Bond Activation and Transfer Hydrogenative Coupling for Type Il
Polyketide Construction. J. Am. Chem. Soc. 2018, 140 (29), 9091-9094.



188. Cabrera, J. M.; Tauber, J.; Zhang, W. D.; Xiang, M.; Krische, M. J., Selection between Diastereomeric Kinetic vs Thermodynamic
Carbonyl Binding Modes Enables Enantioselective Iridium-Catalyzed anti-(alpha-Aryl)allylation of Aqueous Fluoral Hydrate and
Difluoroacetaldehyde Ethyl Hemiacetal. J. Am. Chem. Soc. 2018, 140 (30), 9392-9395.

189. Chen, S. M.; Zheng, Y.; Cui, T. J.; Meggers, E.; Houk, K. N., Arylketone pi-Conjugation Controls Enantioselectivity in Asymmetric
Alkynylations Catalyzed by Centrochiral Ruthenium Complexes. J. Am. Chem. Soc. 2018, 140 (15), 5146-5152.

190. Choi, K.; Park, H.; Lee, C., Rhodium-Catalyzed Tandem Addition-Cyclization-Rearrangement of Alkynylhydrazones with
Organoboronic Acids. J. Am. Chem. Soc. 2018, 140 (33), 10407-10411.

191. Karad, S. N.; Panchal, H.; Clarke, C.; Lewis, W.; Lam, H. W., Enantioselective Synthesis of Chiral Cyclopent-2-enones by Nickel-
Catalyzed Desymmetrization of Malonate Esters. Angew. Chem.-Int. Edit. 2018, 57 (29), 9122-9125.

192. Li, K. N.; Shao, X. X.; Tseng, L.; Malcolmson, S. J., 2-Azadienes as Reagents for Preparing Chiral Amines: Synthesis of 1,2-Amino
Tertiary Alcohols by Cu-Catalyzed Enantioselective Reductive Couplings with Ketones. J. Am. Chem. Soc. 2018, 140 (2), 598-601.

193. Nagamoto, M.; Sakamoto, K.; Nishimura, T., Iridium/Chiral Diene-Catalyzed Enantioselective (3+2) Annulation of Aromatic
Ketimines with 1,3-Enynes via C-H Activation. Adv. Synth. Catal. 2018, 360 (4), 791-795.

194. Schwamb, C. B.; Fitzpatrick, K. P.; Brueckner, A. C.; Richardson, H. C.; Cheong, P. H. Y.; Scheidt, K. A., Enantioselective Synthesis
of alpha-Amidoboronates Catalyzed by Planar-Chiral NHC-Cu(l) Complexes. J. Am. Chem. Soc. 2018, 140 (34), 10644-10648.

195. Schwarzer, M. C.; Fujioka, A.; Ishii, T.; Ohmiya, H.; Mori, S.; Sawamura, M., Enantiocontrol by assembled attractive interactions in
copper-catalyzed asymmetric direct alkynylation of alpha-ketoesters with terminal alkynes: OH center dot center dot center dot O/sp(3)-CH
center dot center dot center dot O two-point hydrogen bonding combined with dispersive attractions. Chem. Sci. 2018, 9 (14), 3484-3493.

196. Shao, X. X.; Li, K. N.; Malcolmson, S. J., Enantioselective Synthesis of anti-1,2-Diamines by Cu-Catalyzed Reductive Couplings of
Azadienes with Aldimines and Ketimines. J. Am. Chem. Soc. 2018, 140 (23), 7083-7087.

197. DeRatt, L. G.; Pappoppula, M.; Aponick, A., A Facile Enantioselective Alkynylation of Chromones. Angew. Chem.-Int. Edit. 2019, 58
(25), 8416-8420.

198. Feng, J. J.; Oestreich, M., Tertiary alpha-Silyl Alcohols by Diastereoselective Coupling of 1,3-Dienes and Acylsilanes Initiated by
Enantioselective Copper-Catalyzed Borylation. Angew. Chem.-Int. Edit. 2019, 58 (24), 8211-8215.

199. Moskowitz, M.; Wolf, C., Catalytic Enantioselective Ynamide Additions to Isatins: Concise Access to Oxindole Alkaloids. Angew.
Chem.-Int. Edit. 2019, 58 (11), 3402-3406.

200. Schwartz, L. A.; Holmes, M.; Brito, G. A.; Goncalves, T. P.; Richardson, J.; Ruble, J. C.; Huang, K. W.; Krische, M. J.,

Cyclometalated Iridium-PhanePhos Complexes Are Active Catalysts in Enantioselective Allene-Fluoral Reductive Coupling and Related
Alcohol-Mediated Carbonyl Additions That Form Acyclic Quaternary Carbon Stereocenters. J. Am. Chem. Soc. 2019, 141 (5), 2087-2096.

201. Spielmann, K.; Xiang, M.; Schwartz, L. A.; Krische, M. J., Direct Conversion of Primary Alcohols to 1,2-Amino Alcohols:
Enantioselective Iridium-Catalyzed Carbonyl Reductive Coupling of Phthalimido-Allene via Hydrogen Auto-Transfer. J. Am. Chem. Soc. 2019,
141 (36), 14136-14141.

202. Gao, P.-S.; Weng, X.-J.; Wang, Z.-H.; Zheng, C.; Sun, B.; Chen, Z.-H.; You, S.-L.; Mei, T.-S., Cull/TEMPO-Catalyzed
Enantioselective C(sp3)-H Alkynylation of Tertiary Cyclic Amines through Shono-Type Oxidation. Angewandte Chemie International Edition
2020, 59 (35), 15254-15259.

203. Genoux, A.; Gonzélez, J. A.; Merino, E.; Nevado, C., Mechanistic Insights into C(sp2)—C(sp)N Reductive Elimination from Gold(III)
Cyanide Complexes. Angewandte Chemie International Edition 2020, 59 (41), 17881-17886.

204. Groves, A.; Sun, J. W.; Parke, H. R. I.; Callingham, M.; Argent, S. P.; Taylor, L. J.; Lam, H. W., Catalytic enantioselective arylative
cyclizations of alkynyl 1,3-diketones by 1,4-rhodium(i) migration. Chem. Sci. 2020, 11 (10), 2759-2764.

205. Lu, Z.; Hu, X.-D.; Zhang, H.; Zhang, X.-W.; Cai, J.; Usman, M.; Cong, H.; Liu, W.-B., Enantioselective Assembly of Cycloenones
with a Nitrile-Containing All-Carbon Quaternary Center from Malononitriles Enabled by Ni Catalysis. J. Am. Chem. Soc. 2020, 142 (16), 7328-
7333.

206. Cai, Y.; Ruan, L.-X.; Rahman, A.; Shi, S.-L., Fast Enantio- and Chemoselective Arylation of Ketones with Organoboronic Esters
Enabled by Nickel/N-Heterocyclic Carbene Catalysis. Angewandte Chemie International Edition 2021, 60 (10), 5262-5267.

207. Cali, Y.; Shi, S.-L., Enantioconvergent Arylation of Racemic Secondary Alcohols to Chiral Tertiary Alcohols Enabled by Nickel/N-
Heterocyclic Carbene Catalysis. J. Am. Chem. Soc. 2021, 143 (31), 11963-11968.

208. Davies, T. Q.; Murphy, J. J.; Dousset, M.; Furstner, A., Nickel-Catalyzed Enantioselective Synthesis of Pre-Differentiated
Homoallylic syn- or anti-1,2-Diols from Aldehydes and Dienol Ethers. J. Am. Chem. Soc. 2021, 143 (34), 13489-13494.

209. De Jestis Cruz, P.; Crawford, E. T.; Liu, S.; Johnson, J. S., Stereodivergent Nucleophilic Additions to Racemic -Oxo Acid

Derivatives: Fast Addition Outcompetes Stereoconvergence in the Archetypal Configurationally Unstable Electrophile. J. Am. Chem. Soc. 2021,
143 (39), 16264-16273.

210. Duan, S.; Deng, G.; Zi, Y.; Wu, X.; Tian, X.; Liu, Z.; Li, M.; Zhang, H.; Yang, X.; Walsh, P. J., Nickel-catalyzed enantioselective
vinylation of aryl 2-azaallyl anions. Chem. Sci. 2021, 12 (18), 6406-6412.

211. He, Q.; Zhu, L.; Yang, Z.-H.; Zhu, B.; Ouyang, Q.; Du, W.; Chen, Y.-C., Palladium-Catalyzed Modular and Enantioselective cis-
Difunctionalization of 1,3-Enynes with Imines and Boronic Reagents. J. Am. Chem. Soc. 2021, 143 (43), 17989-17994.

212. Hu, X.-D.; Chen, Z.-H.; Zhao, J.; Sun, R.-Z.; Zhang, H.; Qi, X.; Liu, W.-B., Enantioselective Synthesis of a-All-Carbon Quaternary
Center-Containing Carbazolones via Amino-palladation/Desymmetrizing Nitrile Addition Cascade. J. Am. Chem. Soc. 2021, 143 (10), 3734-
3740.



213. Li, L.; Liu, Y.-C.; Shi, H., Nickel-Catalyzed Enantioselective a-Alkenylation of N-Sulfonyl Amines: Modular Access to Chiral a-
Branched Amines. J. Am. Chem. Soc. 2021, 143 (11), 4154-4161.

214. Li, T.; Cheng, X.; Qian, P.; Zhang, L., Gold-catalysed asymmetric net addition of unactivated propargylic C—H bonds to tethered
aldehydes. Nature Catalysis 2021, 4 (2), 164-171.

215. Li, Y.-L.; Zhang, S.-Q.; Chen, J.; Xia, J.-B., Highly Regio- and Enantioselective Reductive Coupling of Alkynes and Aldehydes via
Photoredox Cobalt Dual Catalysis. J. Am. Chem. Soc. 2021, 143 (19), 7306-7313.

216. Liang, L.; Zhou, S.; Zhang, W.; Tong, R., Catalytic Asymmetric Alkynylation of 3,4-Dihydro-B-carbolinium lons Enables Collective
Total Syntheses of Indole Alkaloids. Angewandte Chemie International Edition 2021, 60 (47), 25135-25142.

217. Tan, F.; Pu, M.; He, J,; Li, J,; Yang, J.; Dong, S.; Liu, X.; Wu, Y.-D.; Feng, X., Catalytic Asymmetric Homologation of Ketones with
a-Alkyl a-Diazo Esters. J. Am. Chem. Soc. 2021, 143 (5), 2394-2402.

218. Xiang, M.; Ghosh, A.; Krische, M. J., Diastereo- and Enantioselective Ruthenium-Catalyzed C-C Coupling of 1-Arylpropynes and
Alcohols: Alkynes as Chiral Allylmetal Precursors in Carbonyl anti-(a-Aryl)allylation. J. Am. Chem. Soc. 2021, 143 (7), 2838-2845.

219. Xiao, B.-X.; Jiang, B.; Yan, R.-J.; Zhu, J.-X,; Xie, K.; Gao, X.-Y.; Ouyang, Q.; Du, W.; Chen, Y.-C., A Palladium Complex as an
Asymmetric n-Lewis Base Catalyst for Activating 1,3-Dienes. J. Am. Chem. Soc. 2021, 143 (12), 4809-4816.

220. Chen, Z.-H.; Sun, R.-Z,; Yao, F.; Hu, X.-D.; Xiang, L.-X.; Cong, H.; Liu, W.-B., Enantioselective Nickel-Catalyzed Reductive
Aryl/Alkenyl-Cyano Cyclization Coupling to All-Carbon Quaternary Stereocenters. J. Am. Chem. Soc. 2022, 144 (11), 4776-4782.

221. Dong, Y.; Schuppe, A. W.; Mai, B. K.; Liu, P.; Buchwald, S. L., Confronting the Challenging Asymmetric Carbonyl 1,2-Addition

Using Vinyl Heteroarene Pronucleophiles: Ligand-Controlled Regiodivergent Processes through a Dearomatized Allyl-Cu Species. J. Am. Chem.
Soc. 2022, 144 (13), 5985-5995.

222. Ji, H.; Lin, D.; Tai, L.; Li, X.; Shi, Y.; Han, Q.; Chen, L.-A., Nickel-Catalyzed Enantioselective Coupling of Acid Chlorides with a-
Bromobenzoates: An Asymmetric Acyloin Synthesis. J. Am. Chem. Soc. 2022, 144 (50), 23019-23029.

223. Wen, W.; Ai, Z.-P.; Yang, C.-L.; Li, C.-X.; Wu, Z.-L.; Cai, T.; Guo, Q.-X., Enantioselective synthesis of a-amino ketones through
palladium-catalyzed asymmetric arylation of a-keto imines. Chem. Sci. 2022, 13 (13), 3796-3802.

224, Wu, G,; Yao, Y.; Li, G,; Zhang, X.; Qian, H.; Ma, S., Enantioselective Allenation of Terminal Alkynes Catalyzed by Copper Halides
of Mixed Oxidation States and Its Application to the Total Synthesis of Scorodonin. Angewandte Chemie International Edition 2022, 61 (4),
€202112427.

225. Chen, P.; Tan, S.-Z.; Zhu, L.; Ouyang, Q.; Jia, Z.-J.; Du, W.; Chen, Y.-C., Palladium-Catalyzed Inverse and Normal Dehydrogenative
Aza-Morita-Baylis—Hillman Reactions with v,5-Unsaturated Compounds. Angewandte Chemie International Edition 2023, 62 (23), €202301519.
226. Guo, X.; Shi, Z.; Zhang, F.-H.; Wang, Z., Cr-Catalyzed Regio-, Diastereo-, and Enantioselective Reductive Couplings of Ketones and
Propargyl Halides. ACS Catalysis 2023, 13 (5), 3170-3178.

227. Ruan, L.-X.; Sun, B.; Liu, J.-M.; Shi, S.-L., Dynamic kinetic asymmetric arylation and alkenylation of ketones. Science 2023, 379
(6633), 662-670.

4.5.4 Conjugate Reduction/Hydrogenation

1. Vineyard, B. D.; Knowles, W. S.; Sabacky, M. J.; Bachman, G. L.; Weinkauff, D. J., ASYMMETRIC HYDROGENATION - RHODIUM
CHIRAL BISPHOSPHINE CATALYST. J. Am. Chem. Soc. 1977, 99 (18), 5946-5952.

2. Miyashita, A.; Yasuda, A.; Takaya, H.; Toriumi, K.; Ito, T.; Souchi, T.; Noyori, R., SYNTHESIS OF 2,2'-BIS(DIPHENYLPHOSPHINO)-
1,1-BINAPHTHYL (BINAP), AN ATROPISOMERIC CHIRAL BIS(TRIARYL)PHOSPHINE, AND ITS USE IN THE RHODIUM(I)-
CATALYZED ASYMMETRIC HYDROGENATION OF ALPHA-(ACYLAMINO)ACRYLIC ACIDS. J. Am. Chem. Soc. 1980, 102 (27),
7932-7934.

3. Ohgo, Y.; Takeuchi, S.; Natori, Y.; Yoshimura, J., Asymmetric Reactions .10. Asymmetric Hydrogenation Catalyzed by
Bis(Dimethylglyoximato)Cobalt(li)-Chiral Co-Catalyst (Amino Alcohol) System. Bull. Chem. Soc. Jpn. 1981, 54 (7), 2124-2135.

4. Landis, C. R.; Halpern, J., ASYMMETRIC HYDROGENATION OF METHYL-(Z)-ALPHA-ACETAMIDOCINNAMATE CATALYZED
BY (1,2-BIS((PHENYL-ORTHO-ANISOYL)PHOSPHINO)ETHANE)RHODIUM(I) - KINETICS, MECHANISM, AND ORIGIN OF
ENANTIOSELECTION. J. Am. Chem. Soc. 1987, 109 (6), 1746-1754.

5. Vonmatt, P.; Pfaltz, A., Enantioselective Conjugate Reduction of Alpha,Beta-Unsaturated Carboxamides with Semicorrin Cobalt Catalysts.
Tetrahedron: Asymmetry 1991, 2 (7), 691-700.

6. Misun, M.; Pfaltz, A., Enantioselective reduction of electrophilic C=C bonds with sodium tetrahydroborate and ‘Semicorrin' cobalt catalysts.
Helv. Chim. Acta 1996, 79 (4), 961-972.

7. Appella, D. H.; Moritani, Y.; Shintani, R.; Ferreira, E. M.; Buchwald, S. L., Asymmetric conjugate reduction of alpha,beta-unsaturated esters
using a chiral phosphine-copper catalyst. J. Am. Chem. Soc. 1999, 121 (40), 9473-9474.

8. Hu, A.G,; Fu, Y.; Xie, J. H,; Zhou, H.; Wang, L. X.; Zhou, Q. L., Monodentate chiral spiro phosphoramidites: Efficient ligands for rhodium-
catalyzed enantioselective hydrogenation of enamides. Angew. Chem.-Int. Edit. 2002, 41 (13), 2348-2350.

9. Kitamura, M.; Tsukamoto, M.; Bessho, Y.; Yoshimura, M.; Kabs, U.; Widhalm, M.; Noyori, R., Mechanism of asymmetric hydrogenation of
alpha- (acylamino)acrylic esters catalyzed by BINAP-ruthenium(ll) diacetate. J. Am. Chem. Soc. 2002, 124 (23), 6649-6667.

10. Knowles, W. S., Asymmetric hydrogenations (Nobel lecture). Angew. Chem.-Int. Edit. 2002, 41 (12), 1999-2007.



11. Pena, D.; Minnaard, A. J.; de Vries, J. G.; Feringa, B. L., Highly enantioselective rhodium-catalyzed hydrogenation of beta-dehydroamino
acid derivatives using monodentate phosphoramidites. J. Am. Chem. Soc. 2002, 124 (49), 14552-14553.

12. Tang, W. J.; Zhang, X. M., Highly efficient synthesis of chiral beta-amino acid derivatives via asymmetric hydrogenation. Org. Lett. 2002, 4
(23), 4159-4161.

13. Yue, T. Y.; Nugent, W. A., Enantioselective hydrogenation of 3-alkylidenelactams: High- throughput screening provides a surprising
solution. J. Am. Chem. Soc. 2002, 124 (46), 13692-13693.

14. Hua, Z. H.; Vassar, V. C.; Ojima, l., Synthesis of new chiral monodentate phosphite ligands and their use in catalytic asymmetric
hydrogenation. Org. Lett. 2003, 5 (21), 3831-3834.

15. Hughes, G.; Kimura, M.; Buchwald, S. L., Catalytic enantioselective conjugate reduction of lactones and lactams. J. Am. Chem. Soc. 2003,
125 (37), 11253-11258.

16. Pena, D.; Minnaard, A. J.; de Vries, A. H. M.; de Vries, J. G.; Feringa, B. L., Mono- versus bidentate ligands in rhodium-catalyzed
asymmetric hydrogenation. A comparative rate study. Org. Lett. 2003, 5 (4), 475-478.

17. Czekelius, C.; Carreira, E. M., Convenient catalytic, enantioselective conjugate reduction of nitroalkenes using CuF2. Org. Lett. 2004, 6 (24),
4575-4577.

18. Fu, Y.; Guo, X. X.; Zhu, S. F,; Hu, A. G.; Xie, J. H.; Zhou, Q. L., Rhodium-catalyzed asymmetric hydrogenation of functionalized olefins
using monodentate spiro phosphoramidite ligands. J. Org. Chem. 2004, 69 (14), 4648-4655.

19. Hoen, R.; van den Berg, M.; Bernsmann, H.; Minnaard, A. J.; de Vries, J. G.; Feringa, B. L., Catechol-based phosphoramidites: A new class
of chiral ligands for rhodium-catalyzed asymmetric hydrogenations. Org. Lett. 2004, 6 (9), 1433-1436.

20. Hoge, G.; Wu, H. P; Kissel, W. S.; Pflum, D. A.; Greene, D. J.; Bao, J., Highly selective asymmetric hydrogenation using a three hindered
quadrant bisphosphine rhodium catalyst. J. Am. Chem. Soc. 2004, 126 (19), 5966-5967.

21. Hu, X. P.; Zheng, Z., Unsymmetrical hybrid ferrocene-based phosphine- phosphoramidites: A new class of practical Ligands for Rh-
catalyzed asymmetric hydrogenation. Org. Lett. 2004, 6 (20), 3585-3588.

22. Lipshutz, B. H.; Servesko, J. M.; Petersen, T. B.; Papa, P. P.; Lover, A. A., Asymmetric 1,4-reductions of hindered beta-substituted
cycloalkenones using catalytic SEGPHOS-ligated CuH. Org. Lett. 2004, 6 (8), 1273-1275.

23. Lipshutz, B. H.; Servesko, J. M.; Taft, B. R., Asymmetric 1,4-hydrosilylations of alpha,beta-unsaturated esters. J. Am. Chem. Soc. 2004, 126
(27), 8352-8353.

24. Wu, H. P.; Hoge, G., Highly enantioselective asymmetric hydrogenation of beta- acetamido dehydroamino acid derivatives using a three-
hindered quadrant rhodium catalyst. Org. Lett. 2004, 6 (20), 3645-3647.

25. Wu, S. L.; Zhang, W. C.; Zhang, Z. G.; Zhang, X. M., Synthesis of new monodentate spiro phosphoramidite ligand and its application in Rh-
catalyzed asymmetric hydrogenation reactions. Org. Lett. 2004, 6 (20), 3565-3567.

26. Hoen, R.; Boogers, J. A. F.; Bernsmann, H.; Minnaard, A. J.; Meetsma, A.; Tiemersma-Wegman, T. D.; de Vries, A. H. M.; de Vries, J. G.;
Feringa, B. L., Achiral ligands dramatically enhance rate and enantioselectivity in the Rh/phosphoramidite-catalyzed hydrogenation of
alpha,beta-disubstituted unsaturated acids. Angew. Chem.-Int. Edit. 2005, 44 (27), 4209-4212.

27. Hu, X. P.; Zhuo, Z., Practical Rh(l)-catalyzed asymmetric hydrogenation of beta-(acylamino)acrylates using a new unsymmetrical hybrid
ferrocenylphosphine-phosphoramidite ligand: Crucial influence of an N-H proton in the ligand. Org. Lett. 2005, 7 (3), 419-422.

28. Panella, L.; Feringa, B. L.; de Vries, J. G.; Minnaard, A. J., Enantioselective Rh-catalyzed hydrogenation of enol acetates and enol
carbamates with monodentate phosphoramidites. Org. Lett. 2005, 7 (19), 4177-4180.

29. Lee, D.; Kim, D.; Yun, J., Highly enantioselective conjugate reduction of beta,beta-disubstituted alpha,beta-unsaturated nitriles. Angew.
Chem.-Int. Edit. 2006, 45 (17), 2785-2787.

30. Lipshutz, B. H.; Tanaka, N.; Taft, B. R.; Lee, C. T., Chiral silanes via asymmetric hydrosilylation with catalytic CuH. Org. Lett. 2006, 8 (10),
1963-1966.

31. Tsuchiya, Y.; Hamashima, Y.; Sodeoka, M., A new entry to Pd-H chemistry: Catalytic asymmetric conjugate reduction of enones with EtOH
and a highly enantioselective synthesis of warfarin. Org. Lett. 2006, 8 (21), 4851-4854.

32. Chen, W. P.; McCormack, P. J.; Mohammed, K.; Mbafor, W.; Roberts, S. M.; Whittall, J., Stereoselective synthesis of ferrocene-based C-2-
symmetric diphosphine ligands: Application to the highly enantioselective hydrogenation of alpha-substituted cinnamic acids. Angew. Chem.-Int.
Edit. 2007, 46 (22), 4141-4144.

33. Desrosiers, J. N.; Charette, A. B., Catalytic enantioselective reduction of beta,beta-disubstituted vinyl phenyl Sulfones by using bisphosphine
monoxide Ligands. Angew. Chem.-Int. Edit. 2007, 46 (31), 5955-5957.

34. Ito, M.; Endo, Y.; Ikariya, T., Well-Defined Triflylamide-Tethered Arene-Ru(Tsdpen) Complexes for Catalytic Asymmetric Hydrogenation
of Ketones. Organometallics 2008, 27 (23), 6053-6055.

35. Jiang, H. Y.; Yang, C. F.; Li, C.; Fu, H. Y.; Chen, H,; Li, R. X.; Li, X. J. In Heterogeneous Enantioselective Hydrogenation of Aromatic
Ketones Catalyzed by Cinchona- and Phosphine-Modified Iridium Catalysts, International Sympsium on Creation and Control of Advanced
Selective Catalysis, Kyoto, JAPAN, 2008; Kyoto, JAPAN, 2008; pp 9240-9244.

36. Li, C. Q.; Xiao, J. L., Asymmetric hydrogenation of cyclic imines with an ionic Cp*Rh(lll) catalyst. J. Am. Chem. Soc. 2008, 130 (40),
13208-13209.

37. Shaikh, N. S.; Enthaler, S.; Junge, K.; Beller, M., Iron-catalyzed enantioselective hydrosilylation of ketones. Angew. Chem.-Int. Edit. 2008,
47 (13), 2497-2501.



38. Breuil, P. A. R.; Patureau, F. W.; Reek, J. N. H., Singly Hydrogen Bonded Supramolecular Ligands for Highly Selective Rhodium-Catalyzed
Hydrogenation Reactions. Angew. Chem.-Int. Edit. 2009, 48 (12), 2162-2165.

39. Breuil, P. A. R.; Reek, J. N. H., Amino Acid Based Phosphoramidite Ligands for the Rhodium-Catalyzed Asymmetric Hydrogenation. Eur.
J. Org. Chem. 2009, (35), 6225-6230.

40. Rupnicki, L.; Saxena, A.; Lam, H. W., Aromatic Heterocycles as Activating Groups for Asymmetric Conjugate Addition Reactions.
Enantioselective Copper-Catalyzed Reduction of 2-Alkenylheteroarenes. J. Am. Chem. Soc. 2009, 131 (30), 10386-+.

41. Soltani, O.; Ariger, M. A,; Carreira, E. M., Transfer Hydrogenation in Water: Enantioselective, Catalytic Reduction of (E)-beta,beta-
Disubstituted Nitroalkenes. Org. Lett. 2009, 11 (18), 4196-4198.

42. Wu, H. C.; Hamid, S. A;; Yu, J. Q.; Spencer, J. B., Possible Origin of Electronic Effects in Rh(I)-Catalyzed Enantioselective Hydrogenation.
J. Am. Chem. Soc. 2009, 131 (28), 9604-9605.

43. Moser, R.; Boskovic, Z. V.; Crowe, C. S.; Lipshutz, B. H., CuH-Catalyzed Enantioselective 1,2-Reductions of alpha,beta-Unsaturated
Ketones. J. Am. Chem. Soc. 2010, 132 (23), 7852-+.

44. van Leeuwen, P.; Rivillo, D.; Raynal, M.; Freixa, Z., Enantioselective Supramolecular Catalysis Induced by Remote Chiral Diols. J. Am.
Chem. Soc. 2011, 133 (46), 18562-18565.

45. Zhang, J. Z.; Li, Y.; Wang, Z.; Ding, K. L., Asymmetric Hydrogenation of a- and ss-Enamido Phosphonates: Rhodium(l)/Monodentate
Phosphoramidite Catalyst. Angew. Chem.-Int. Edit. 2011, 50 (49), 11743-11747.

46. Wang, X. M.; Han, Z. B.; Wang, Z.; Ding, K. L., Catalytic Asymmetric Synthesis of Aromatic Spiroketals by SpinPhox/Iridium(l)-Catalyzed
Hydrogenation and Spiroketalization of a,a'-Bis(2-hydroxyarylidene) Ketones. Angew. Chem.-Int. Edit. 2012, 51 (4), 936-940.

47. Mueller, M.-A;; Pfaltz, A., Asymmetric Hydrogenation of alpha,beta-Unsaturated Nitriles with Base-Activated Iridium N,P Ligand
Complexes. Angew. Chem.-Int. Edit. 2014, 53 (33), 8668-8671.

48. Gao, M.; Meng, J.-j.; Lv, H.; Zhang, X., Highly Regio- and Enantioselective Synthesis of gamma,delta-Unsaturated Amido Esters by
Catalytic Hydrogenation of Conjugated Enamides. Angew. Chem.-Int. Edit. 2015, 54 (6), 1885-1887.

49. Li, W.; Schlepphorst, C.; Daniliuc, C.; Glorius, F., Asymmetric Hydrogenation of Vinylthioethers: Access to Optically Active 1,5-
Benzothiazepine Derivatives. Angew. Chem.-Int. Edit. 2016, 55 (10), 3300-3303.

50. Trost, B. M.; Masters, J. T.; Taft, B. R.; Lumb, J. P., Asymmetric synthesis of chiral beta-alkynyl carbonyl and sulfonyl derivatives via
sequential palladium and copper catalysis. Chem. Sci. 2016, 7 (9), 6217-6231.

51. Zhou, Y. J,; Bandar, J. S;; Liu, R. Y.; Buchwald, S. L., CuH-Catalyzed Asymmetric Reduction of alpha,beta-Unsaturated Carboxylic Acids
to beta-Chiral Aldehydes. J. Am. Chem. Soc. 2018, 140 (2), 606-609.

52. Armstrong, R. J.; Akhtar, W. M.; Young, T. A.; Duarte, F.; Donohoe, T. J., Catalytic Asymmetric Synthesis of Cyclohexanes by Hydrogen
Borrowing Annulations. Angew. Chem.-Int. Edit. 2019, 58 (36), 12558-12562.

53. Onneken, C.; Bussmann, K.; Gilmour, R., Inverting External Asymmetric Induction via Selective Energy Transfer Catalysis: A Strategy to -
Chiral Phosphonate Antipodes. Angewandte Chemie International Edition 2020, 59 (1), 330-334.

54. Yamani, K.; Pierre, H.; Archambeau, A.; Meyer, C.; Cossy, J., Asymmetric Transfer Hydrogenation of gem-Difluorocyclopropenyl Esters:
Access to Enantioenriched gem-Difluorocyclopropanes. Angewandte Chemie International Edition 2020, 59 (42), 18505-18509.

55. Nishino, S.; Miura, M.; Hirano, K., An umpolung-enabled copper-catalysed regioselective hydroamination approach to a-amino acids. Chem.
Sci. 2021, 12 (34), 11525-11537.

56. Czekelius, C.; Carreira, E. M., Catalytic enantioselective conjugate reduction of beta,beta- disubstituted nitroalkenes. Angew. Chem.-Int.
Edit. 2003, 42 (39), 4793-4795.

57. Lipshutz, B. H.; Servesko, J. M., CuH-catalyzed asymmetric conjugate reductions of acyclic enones. Angew. Chem.-Int. Edit. 2003, 42 (39),
4789-4792.

58. Hsiao, Y.; Rivera, N. R.; Rosner, T.; Krska, S. W.; Njolito, E.; Wang, F.; Sun, Y. K.; Armstrong, J. D.; Grabowski, E. J. J.; Tillyer, R. D,;
Spindler, F.; Malan, C., Highly efficient synthesis of beta-amino acid derivatives via asymmetric hydrogenation of unprotected enamines. J. Am.
Chem. Soc. 2004, 126 (32), 9918-9919.

4.5.5 Conjugate Addition

1. deVries, A. H. M.; Meetsma, A.; Feringa, B. L., Enantioselective conjugate addition of dialkylzinc reagents to cyclic and acyclic
enones catalyzed by chiral copper complexes of new phosphorus amidites. Angew. Chem.-Int. Edit. Engl. 1996, 35 (20), 2374-2376.

2. Gomez-Bengoa, E.; Heron, N. M.; Didiuk, M. T.; Luchaco, C. A.; Hoveyda, A. H., Ni-catalyzed asymmetric addition of Grignard
reagents to unsaturated cyclic acetals. The influence of added phosphine on enantioselectivity. J. Am. Chem. Soc. 1998, 120 (30), 7649-7650.

3. Takaya, Y.; Ogasawara, M.; Hayashi, T.; Sakai, M.; Miyaura, N., Rhodium-catalyzed asymmetric 1,4-addition of aryl- and
alkenylboronic acids to enones. J. Am. Chem. Soc. 1998, 120 (22), 5579-5580.

4. Versleijen, J. P. G.; van Leusen, A. M.; Feringa, B. L., Copper(l) phosphoramidite catalyzed asymmetric conjugate addition of

dialkylzinc reagents to alpha,beta-unsaturated nitroacetates; an enantioselective route to beta-aryl- nitroalkanes. Tetrahedron Lett. 1999, 40 (31),
5803-5806.

5. Pichota, A.; Pregosin, P. S.; Valentini, M.; Worle, M.; Seebach, D., X-ray, molecular diffusion, and NOESY NMR studies of chiral,
tetranuclear Cu-I catalysts based on monodentate thiol analogues of TADDOL. Angew. Chem.-Int. Edit. 2000, 39 (1), 153-+.



6. Bertozzi, F.; Pineschi, M.; Macchia, F.; Arnold, L. A.; Minnaard, A. J.; Feringa, B. L., Copper phosphoramidite catalyzed
enantioselective ring-opening of oxabicyclic alkenes: Remarkable reversal of stereocontrol. Org. Lett. 2002, 4 (16), 2703-2705.

7. Degrado, S. J.; Mizutani, H.; Hoveyda, A. H., Efficient cu-catalyzed asymmetric conjugate additions of alkylzincs to trisubstituted
cyclic enones. J. Am. Chem. Soc. 2002, 124 (45), 13362-13363.

8. Hayashi, T.; Tokunaga, N.; Yoshida, K.; Han, J. W., Rhodium-catalyzed asymmetric 1,4-addition of aryltitanium reagents generating
chiral titanium enolates: Isolation as silyl enol ethers. J. Am. Chem. Soc. 2002, 124 (41), 12102-12103.

9. Liang, L.; Au-Yeung, T. T. L.; Chan, A. S. C., Highly enantioselective 1,4-addition of diorganozinc reagents to cyclic enones using
chiral diphosphite Ilgands derived from H-8-binaphthol. Org. Lett. 2002, 4 (22), 3799-3801.

10. Luchaco-Cullis, C. A.; Hoveyda, A. H., Cu-catalyzed enantioselective conjugate addition of alkylzincs to cyclic nitroalkenes:
Catalytic asymmetric synthesis of cyclic alpha-substituted ketones. J. Am. Chem. Soc. 2002, 124 (28), 8192-8193.

11. Shintani, R.; Fu, G. C., Copper-catalyzed enantioselective conjugate addition of diethylzinc to acyclic enones in the presence of
planar-chiral phosphaferrocene-oxazoline ligands. Org. Lett. 2002, 4 (21), 3699-3702.

12. Zhou, H.; Wang, W. H.; Fu, Y.; Xie, J. H.; Shi, W. J.; Wang, L. X.; Zhou, Q. L., Highly enantioselective copper-catalyzed conjugate
addition of diethylzinc to enones using chiral spiro phosphoramidites as ligands. J. Org. Chem. 2002, 68 (4), 1582-1584.

13. Boiteau, J. G.; Imbos, F.; Minnaard, A. J.; Feringa, B. L., Rhodium-catalyzed asymmetric conjugate additions of boronic acids using
monodentate phosphoramidite ligands. Org. Lett. 2003, 5 (5), 681-684.

14. Boiteau, J. G.; Minnaard, A. J.; Feringa, B. L., High efficiency and enantioselectivity in the Rh-catalyzed conjugate addition of
arylboronic acids using monodentate phosphoramidites. J. Org. Chem. 2003, 68 (24), 9481-9484.

15. Cauble, D. F.; Gipson, J. D.; Krische, M. J., Diastereo- and enantioselective catalytic carbometallative aldol cycloreduction: Tandem
conjugate addition-aldol cyclization. J. Am. Chem. Soc. 2003, 125 (5), 1110-1111.

16. Christoffers, J.; Baro, A., Construction of quaternary stereocenters: New perspectives through enantioselective Michael reactions.
Angew. Chem.-Int. Edit. 2003, 42 (15), 1688-1690.

17. Doi, H.; Sakai, T.; Iguchi, M.; Yamada, K.; Tomioka, K., Chiral ligand-controlled asymmetric conjugate addition of lithium amides to
enoates. J. Am. Chem. Soc. 2003, 125 (10), 2886-2887.

18. Duursma, A.; Hoen, R.; Schuppan, J.; Hulst, R.; Minnaard, A. J.; Feringa, B. L., First examples of improved catalytic asymmetric C-C
bond formation using the monodentate ligand combination approach. Org. Lett. 2003, 5 (17), 3111-3113.

19. Duursma, A.; Minnaard, A. J.; Feringa, B. L., Highly enantioselective conjugate addition of dialkylzinc reagents to acyclic
nitroalkenes: A catalytic route to beta(2)- amino acids, aldehydes, and alcohols. J. Am. Chem. Soc. 2003, 125 (13), 3700-3701.

20. Hayashi, T.; Ueyama, K.; Tokunaga, N.; Yoshida, K., A chiral chelating diene as a new type of chiral ligand for transition metal
catalysts: Its preparation and use for the rhodium-catalyzed asymmetric 1,4-addition. J. Am. Chem. Soc. 2003, 125 (38), 11508-11509.

21. Hird, A. W.; Hoveyda, A. H., Cu-catalyzed enantioselective conjugate additions of alkyl zinc reagents to unsaturated N-
acyloxazolidinones promoted by a chiral triamide phosphane. Angew. Chem.-Int. Edit. 2003, 42 (11), 1276-1279.

22. Hu, Y. C.; Liang, X. M.; Wang, J. W.; Zheng, Z.; Hu, X. Q., Readily prepared chiral P,N Ligands and their applications in Cu-
catalyzed enantioselective conjugate additions. J. Org. Chem. 2003, 68 (11), 4542-4545.

23. Krauss, I. J.; Leighton, J. L., Highly practical and enantioselective Cu-catalyzed conjugate addition of alkylzinc reagents to cyclic
enones at ambient temperature. Org. Lett. 2003, 5 (18), 3201-3203.

24. Liang, L.; Su, L. M,; Li, X. S.; Chan, A. S. C., Highly enantioselective 1,4-conjugate addition of dialkylzinc to alpha,beta-unsaturated
lactone catalyzed by diphosphite- copper complexes. Tetrahedron Lett. 2003, 44 (38), 7217-7220.

25. Oi, S.; Taira, A.; Honma, Y.; Inoue, Y., Asymmetric 1,4-addition of organosiloxanes to alpha,beta- unsaturated carbonyl compounds
catalyzed by a chiral rhodium complex. Org. Lett. 2003, 5 (1), 97-99.

26. Piarulli, U.; Claverie, C.; Daubos, P.; Gennari, C.; Minnaard, A. J.; Feringa, B. L., Copper phosphoramidite-catalyzed enantioselective
desymmetrization of meso-cyclic allylic bisdiethyl phosphates. Org. Lett. 2003, 5 (23), 4493-4496.

217. Shi, Q.; Xu, L. J.; Li, X. S.; Jia, X.; Wang, R. H.; Au-Yeung, T. T. L.; Chan, A. S. C.; Hayashi, T.; Cao, R.; Hong, M. C., Bipyridyl-

based diphosphine as an efficient ligand in the rhodium-catalyzed asymmetric conjugate addition of arylboronic acids to alpha,beta-unsaturated
ketones. Tetrahedron Lett. 2003, 44 (34), 6505-6508.

28. Subburaj, K.; Montgomery, J., A new catalytic conjugate addition/aldol strategy that avoids preformed metalated nucleophiles. J. Am.
Chem. Soc. 2003, 125 (37), 11210-11211.

29. Wan, H. H.; Hu, Y. C,; Liang, Y. X.; Gao, S.; Wang, J. W.; Zheng, Z.; Hu, X. Q., Highly enantioselective conjugate addition of
diethylzinc to acyclic enones with fine-tunable phosphite-pyridine ligands. J. Org. Chem. 2003, 68 (21), 8277-8280.

30. Watanabe, M.; Murata, K.; Ikariya, T., Enantioselective Michael reaction catalyzed by well-defined chiral Ru amido complexes:
Isolation and characterization of the catalyst intermediate, Ru malonato complex having a metal- carbon bond. J. Am. Chem. Soc. 2003, 125 (25),
7508-7509.

31. Watanabe, T.; Knopfel, T. F.; Carreira, E. M., Asymmetric conjugate addition reactions of Meldrum's acid derived acceptors
employing chiral phosphoramidite ligands. Org. Lett. 2003, 5 (24), 4557-4558.

32. Yoshida, K.; Ogasawara, M.; Hayashi, T., Generation of chiral boron enolates by rhodium-catalyzed asymmetric 1,4-addition of 9-
aryl-9-borabicyclo 3.3.1 nonanes (B-Ar- QBBN) to alpha,beta-unsaturated ketones. J. Org. Chem. 2003, 68 (5), 1901-1905.

33. Alexakis, A.; Polet, D.; Rosset, S.; March, S., Biphenol-based phosphoramidite ligands for the enantioselective copper-catalyzed
conjugate addition of diethylzine. J. Org. Chem. 2004, 69 (17), 5660-5667.



34. Arink, A. M.; Braam, T. W.; Keeris, R.; Jastrzebski, J.; Benhaim, C.; Rosset, S.; Alexakis, A.; van Koten, G., Copper(l) thiolate
catalysts in asymmetric conjugate addition reactions. Org. Lett. 2004, 6 (12), 1959-1962.

35. Choi, H.; Hua, Z. H.; Ojima, 1., Highly enantioselective copper-catalyzed conjugate addition of diethylzinc to nitroalkenes. Org. Lett.
2004, 6 (16), 2689-2691.

36. Defieber, C.; Paquin, J. F.; Serna, S.; Carreira, E. M., Chiral 2.2.2 dienes as ligands for Rh(l) in conjugate additions of boronic acids to
a wide range of acceptors. Org. Lett. 2004, 6 (21), 3873-3876.

37. Duncan, A. P.; Leighton, J. L., Enantioselective Cu-catalyzed conjugate addition of diethylzinc to acyclic aliphatic enones. Org. Lett.
2004, 6 (22), 4117-4119.

38. Duursma, A.; Boiteau, J. G.; Lefort, L.; Boogers, J. A. F.; de Vries, A. H. M.; de Vries, J. G.; Minnaard, A. J.; Feringa, B. L., Highly

enantioselective conjugate additions of potassium organotrifluoroborates to enones by use of monodentate phosphoramidite ligands. J. Org.
Chem. 2004, 69 (23), 8045-8052.

39. Hamashima, Y.; Somei, H.; Shimura, Y.; Tamura, T.; Sodeoka, M., Amine-salt-controlled, catalytic asymmetric conjugate addition of
various amines and asymmetric protonation. Org. Lett. 2004, 6 (11), 1861-1864.

40. Hayashi, T.; Tokunaga, N.; Inoue, K., Rhodium-catalyzed asymmetric 1,6-addition of aryltitanates to enynones giving axially chiral
allenes. Org. Lett. 2004, 6 (2), 305-307.

41. Lopez, F.; Harutyunyan, S. R.; Minnaard, A. J.; Feringa, B. L., Copper-catalyzed enantioselective conjugate addition of Grignard
reagents to acyclic enones. J. Am. Chem. Soc. 2004, 126 (40), 12784-12785.

42. Mampreian, D. M.; Hoveyda, A. H., Efficient Cu-catalyzed asymmetric conjugate additions of alkylzinc reagents to aromatic and
aliphatic acyclic nitroalkenes. Org. Lett. 2004, 6 (16), 2829-2832.

43. Mauleon, P.; Carretero, J. C., Rhodium-catalyzed enantioselective conjugate addition of organoboronic acids to alpha,beta-unsaturated
sulfones. Org. Lett. 2004, 6 (18), 3195-3198.

44. Palomo, C.; Oiarbide, M.; Halder, R.; Kelso, M.; Gomez-Bengoa, E.; Garcia, J. M., Catalytic enantioselective conjugate addition of
carbamates. J. Am. Chem. Soc. 2004, 126 (30), 9188-9189.

45, Shintani, R.; Tokunaga, N.; Doi, H.; Hayashi, T., A new entry of nucleophiles in rhodium-catalyzed asymmetric 1,4-addition
reactions: Addition of organozinc reagents for the synthesis of 2-aryl-4-piperidones. J. Am. Chem. Soc. 2004, 126 (20), 6240-6241.

46. Shintani, R.; Ueyama, K.; Yamada, |.; Hayashi, T., Chiral norbornadienes as efficient ligands for the rhodium- catalyzed asymmetric
1,4-addition of arylboronic acids to fumaric and maleic compounds. Org. Lett. 2004, 6 (19), 3425-3427.

47. Watanabe, M.; Ikagawa, A.; Wang, H.; Murata, K.; Ikariya, T., Catalytic enantioselective Michael addition of 1,3-dicarbonyl
compounds to nitroalkenes catalyzed by well-defined chiral Ru amido complexes. J. Am. Chem. Soc. 2004, 126 (36), 11148-11149.

48. Brown, M. K.; Degrado, S. J.; Hoveyda, A. H., Highly enantioselective Cu-catalyzed conjugate additions of dialkylzinc reagents to

unsaturated furanones and pyranones: Preparation of air-stable and catalytically active Cu-peptide complexes. Angew. Chem.-Int. Edit. 2005, 44
(33), 5306-5310.

49. Chen, G.; Tokunaga, N.; Hayashi, T., Rhodium-catalyzed asymmetric 1,4-addition of arylboronic acids to coumarins: Asymmetric
synthesis of (R)- tolterodme Org. Lett 2005, 7 (ll) 2285-2288.

50. Chen, O.; Kuriyama, M.; Soeta, T.; Hao, X. Y.; Yamada, K. |.; Tomioka, K., Asymmetric synthesis of 5-arylcyclohexenones by
rhodium(l)-catalyzed conjugate arylation of racemic 5-(trimethylsilyl)cyclohexenone with arylboronic acids. Org. Lett. 2005, 7 (20), 4439-4441.

51. d'Augustin, M.; Palais, L.; Alexakis, A., Enantioselective copper-catalyzed conjugate addition to trisubstituted cyclohexenones:
Construction of stereogenic quaternary centers. Angew. Chem.-Int. Edit. 2005, 44 (9), 1376-1378.

52. Esquivias, J.; Arrayas, R. G.; Carretero, J. C., Copper-catalyzed enantioselective conjugate addition of dialkylzinc reagents to (2-
pyridyl)sulfonyl imines of chalcones. J. Org. Chem. 2005, 70 (18), 7451-7454.

53. Guo, R. W.; Morris, R. H.; Song, D., Enantioselective tandem Michael addition/H-2-hydrogenation catalyzed by ruthenium hydride
borohydride complexes containing beta-aminophosphine ligands. J. Am. Chem. Soc. 2005, 127 (2), 516-517.

54. Hayashi, T.; Yamamoto, S.; Tokunaga, N., Rhodium-catalyzed asymmetric 1,6-addition of aryl zinc reagents to dienones. Angew.
Chem.-Int. Edit. 2005, 44 (27), 4224-42217.

55. Hird, A. W.; Hoveyda, A. H., Catalytic enantioselective alkylations of tetrasubstituted olefins. Synthesis of all-carbon quaternary
stereogenic centers through Cu-catalyzed asymmetric conjugate additions of alkylzinc reagents to enones. J. Am. Chem. Soc. 2005, 127 (43),
14988-14989.

56. Jagt, R. B. C.; de Vries, J. G.; Feringa, B. L.; Minnaard, A. J., Enantioselective synthesis of 2-aryl-4-piperidones via
rhodium/phosphoramidite-catalyzed conjugate addition of arylboroxines. Org. Lett. 2005, 7 (12), 2433-2435.

57. Kina, A.; Ueyama, K.; Hayashi, T., Enantiomerically pure rhodium complexes bearing 1,5-diphenyl-1,5-cyclooctadiene as a chiral
diene ligand. Their use as catalysts for asymmetric 1,4-addition of phenylzinc chloride. Org. Lett. 2005, 7 (26), 5889-5892.

58. Knopfel, T. F.; Zarotti, P.; Ichikawa, T.; Carreira, E. M., Catalytic, enantioselective, conjugate alkyne addition. J. Am. Chem. Soc.
2005, 127 (27), 9682-9683.

59. Lopez, F.; Harutyunyan, S. R.; Meetsma, A.; Minnaard, A. J.; Feringa, B. L., Copper-catalyzed enantioselective conjugate addition of
Grignard reagents to alpha,beta-unsaturated esters. Angew. Chem.-Int. Edit. 2005, 44 (18), 2752-2756.

60. Murphy, K. E.; Hoveyda, A. H., Catalytic enantioselective synthesis of quaternary all-carbon stereogenic centers. Preparation of

alpha,alpha’-disubstituted beta,gamma-unsaturated esters through Cu-catalyzed asymmetric allylic alkylations. Org. Lett. 2005, 7 (7), 1255-1258.



61. Nicolaou, K. C.; Tang, W. J.; Dagneau, P.; Faraoni, R., A catalytic asymmetric three-component 1,4-addition/aldol reaction:
Enantioselective synthesis of the spirocyclic system of vannusal A. Angew. Chem.-Int. Edit. 2005, 44 (25), 3874-3879.

62. Nishikata, T.; Yamamoto, Y.; Gridnev, |. D.; Miyaura, N., Enantioselective 1,4-addition of Ar3Bi, ArBF3 K, and ArSiF3 to enones
catalyzed by a dicationic palladium(Il)-chiraphos or -dipamp complex. Organometallics 2005, 24 (21), 5025-5032.

63. Otomaru, Y.; Okamoto, K.; Shintani, R.; Hayashi, T., Preparation of C-2-symmetric bicyclo 2.2.2 octa-2,5-diene ligands and their use
for rhodium-catalyzed asymmetric 1,4-addition of arylboronic acids. J. Org. Chem. 2005, 70 (7), 2503-2508.

64. Paquin, J. F.; Defieber, C.; Stephenson, C. R. J.; Carreira, E. M., Asymmetric synthesis of 3,3-diarylpropanals with chiral diene-
rhodium catalysts. J. Am. Chem. Soc. 2005, 127 (31), 10850-10851.

65. Paquin, J. F.; Stephenson, C. R. J.; Defieber, C.; Carreira, E. M., Catalytic asymmetric synthesis with Rh-diene complexes: 1,4-
addition of arylboronic acids to unsaturated esters. Org. Lett. 2005, 7 (17), 3821-3824.

66. Pineschi, M.; Del Moro, F.; Crotti, P.; Macchia, F., Catalytic asymmetric ring opening of 2,3-substituted norbornenes with
organometallic reagents: A new formal aza functionalization of cyclopentadiene. Org. Lett. 2005, 7 (17), 3605-3607.

67. Shintani, R.; Duan, W. L.; Nagano, T.; Okada, A.; Hayashi, T., Chiral phosphine-olefin bidentate ligands in asymmetric catalysis:
Rhodium-catalyzed asymmetric 1,4-addition of aryl boronic acids to maleimides. Angew. Chem.-Int. Edit. 2005, 44 (29), 4611-4614.

68. Shintani, R.; Hayashi, T., Rhodium-catalyzed addition of arylzinc reagents to aryl alkynyl ketones: Synthesis of beta,beta-
disubstituted indanones. Org. Lett. 2005, 7 (10), 2071-2073.

69. Shintani, R.; Okamoto, K.; Hayashi, T., Carbon-carbon bond-forming enantioselective synthesis of chiral organosilicon compounds by
rhodium/chiral diene-catalyzed asymmetric 1,4-addition reaction. Org. Lett. 2005, 7 (21), 4757-4759.

70. Shintani, R.; Yamagami, T.; Kimura, T.; Hayashi, T., Asymmetric synthesis of 2-aryl-2,3-dihydro-4-quinolones by rhodium-catalyzed

1,4-addition of arylzinc reagents in the presence of chlorotrimethylsilane. Org. Lett. 2005, 7 (23), 5317-5319.

71. Soeta, T.; Kuriyama, M.; Tomioka, K., Catalytic asymmetric conjugate addition of dialkylzinc reagents to beta-aryl-alpha,beta-
unsaturated N-2,4,6-triisopropylphenylsulfonylaldimines with use of N-Boc-L-val-connected amidophosphane-copper(l) catalyst. J. Org. Chem.
2005, 70 (1), 297-300.

72. Stemmler, R. T.; Bolm, C., Planar-chiral cyrhetrenes for the rhodium-catalyzed asymmetric 1,4-addition and the hydrogenation of
enamides. J. Org. Chem. 2005, 70 (24), 9925-9931.

73. Wau, J.; Mampreian, D. M.; Hoveyda, A. H., Enantioselective synthesis of nitroalkanes bearing all-carbon quaternary stereogenic
centers through Cu-catalyzed asymmetric conjugate additions. J. Am. Chem. Soc. 2005, 127 (13), 4584-4585.

74. Wu, T. R.; Chong, J. M., Ligand-catalyzed asymmetric alkynylboration of enones: A new paradigm for asymmetric synthesis using
organoboranes. J. Am. Chem. Soc. 2005, 127 (10), 3244-3245.

75. Chen, F. X.; Kina, A.; Hayashi, T., High performance of a chiral diene-rhodium catalyst for the asymmetric 1,4-addition of
arylboroxines to alpha,beta-unsaturated ketones. Org. Lett. 2006, 8 (2), 341-344.

76. Fillion, E.; Wilsily, A., Asymmetric synthesis of all-carbon benzylic quaternary stereocenters via Cu-catalyzed conjugate addition of
dialkylzinc reagents to 5-(1-arylalkylidene) Meldrum's acids. J. Am. Chem. Soc. 2006, 128 (9), 2774-2775.

77. Harutyunyan, S. R.; Lopez, F.; Browne, W. R.; Correa, A.; Pena, D.; Badorrey, R.; Meetsma, A.; Minnaard, A. J.; Feringa, B. L., On

the mechanism of the copper-catalyzed enantioselective 1,4-addition of grignard reagents to alpha,beta-unsaturated carbonyl compounds. J. Am.
Chem. Soc. 2006, 128 (28), 9103-9118.

78. Howell, G. P.; Fletcher, S. P.; Geurts, K.; ter Horst, B.; Feringa, B. L., Catalytic asymmetric synthesis of acyclic arrays by tandem 1,4-
addition-aldol reactions. J. Am. Chem. Soc. 2006, 128 (46), 14977-14985.

79. Kina, A.; Iwamura, H.; Hayashi, T., A kinetic study on Rh/binap-catalyzed 1,4-addition of phenylboronic acid to enones: Negative
nonlinear effect caused by predominant homochiral dimer contribution. J. Am. Chem. Soc. 2006, 128 (12), 3904-3905.

80. Lee, K. S.; Brown, M. K.; Hird, A. W.; Hoveyda, A. H., A practical method for enantioselective synthesis of all-carbon quaternary
stereogenic centers through NHC-Cu-catalyzed conjugate additions of alkyl- and arylzinc reagents to beta-substituted cyclic enones. J. Am.
Chem. Soc. 2006, 128 (22), 7182-7184.

81. Li, K. Y.; Alexakis, A., Asymmetric conjugate addition to alpha-halo enones: Dramatic effect of styrene on the enantioselectivity.
Angew. Chem.-Int. Edit. 2008, 45 (45), 7600-7603.

82. Nishimura, T.; Hirabayashi, S.; Yasuhara, Y., Hayashi, T., Rhodium-catalyzed asymmetric hydroarylation of
diphenylphosphinylallenes with arylboronic acids. J. Am. Chem. Soc. 2006, 128 (8), 2556-2557.

83. Shintani, R.; Duan, W. L.; Hayashi, T., Rhodium-catalyzed asymmetric construction of quaternary carbon stereocenters: Ligand-
dependent regiocontrol in the 1,4-addition to substituted maleimides. J. Am. Chem. Soc. 2006, 128 (17), 5628-5629.

84. Walter, C.; Auer, G.; Oestreich, M., Rhodium-catalyzed enantioselective conjugate silyl transfer: 1,4-addition of silyl boronic esters to
cyclic enones and lactones. Angew. Chem.-Int. Edit. 2006, 45 (34), 5675-5677.

85. Bertz, S. H.; Cope, S.; Murphy, M.; Ogle, C. A.; Taylor, B. J., Rapid injection NMR in mechanistic organocopper chemistry.
Preparation of the elusive copper(lll) intermediate. J. Am. Chem. Soc. 2007, 129 (23), 7208-+.

86. Duan, W. L.; lwamura, H.; Shintani, R.; Hayashi, T., Chiral phosphine-olefin ligands in the rhodium-catalyzed asymmetric 1,4-
addition reactions. J. Am. Chem. Soc. 2007, 129 (7), 2130-2138.

87. Hu, H. P.; Snyder, J. P., Organocuprate conjugate addition: The square-planar "Cu-Ill" intermediate. J. Am. Chem. Soc. 2007, 129

(23), 7210-+.



88. Nishimura, T.; Katoh, T.; Takatsu, K.; Shintani, R.; Hayashi, T., Rhodium-catalyzed asymmetric rearrangement of alkynyl alkenyl
carbinols: Synthetic equivalent to asymmetric conjugate alkynylation of enones. J. Am. Chem. Soc. 2007, 129 (46), 14158-+.

89. Palais, L.; Mikhel, I. S.; Bournaud, C.; Micouin, L.; Falciola, C. A.; Vuagnoux-d'Augustin, M.; Rosset, S.; Bernardinelli, G.; Alexakis,
A., SimplePhos monodentate ligands: Synthesis and application in copper-catalyzed reactions. Angew. Chem.-Int. Edit. 2007, 46 (39), 7462-7465.

90. Ruiz, B. M.; Geurts, K.; Fernandez-lIbanez, M. A.; ter Horst, B.; Minnaard, A. J.; Feringa, B. L., Highly versatile enantioselective
conjugate addition of Grignard reagents to alpha,beta-unsaturated thioesters. Org. Lett. 2007, 9 (24), 5123-5126.

91. Shintani, R.; Ichikawa, Y.; Hayashi, T.; Chen, J.; Nakao, Y.; Hiyama, T., Catalytic asymmetric synthesis of allylsilanes through
rhodium/chiral diene-catalyzed 1,4-addition of alkenyl[2-(hydroxymethyl)phenyl]dimethylsilanes. Org. Lett. 2007, 9 (22), 4643-4645.

92. Shintani, R.; Takatsu, K.; Hayashi, T., Rhodium-catalyzed asymmetric synthesis of 3,3-disubstituted 1-indanones. Angew. Chem.-Int.
Edit. 2007, 46 (20), 3735-3737.

93. Sibi, M. P.; Soeta, T., Enantioselective conjugate addition of hydrazines to alpha,beta-unsaturated imides. Synthesis of chiral
pyrazolidinones. J. Am. Chem. Soc. 2007, 129 (15), 4522-+.

94. Wu, T. R.; Chong, J. M., Asymmetric conjugate alkenylation of enones catalyzed by chiral diols. J. Am. Chem. Soc. 2007, 129 (16),
4908-+.

95. Alexakis, A.; Backvall, J. E.; Krause, N.; Pamies, O.; Dieguez, M., Enantioselective copper-catalyzed conjugate addition and allylic
substitution reactions. Chem. Rev. 2008, 108 (8), 2796-2823.

96. Desrosiers, J. N.; Bechara, W. S.; Charette, A. B., Catalytic enantioselective addition of diorganozinc reagents to vinyl sulfones. Org.
Lett. 2008, 10 (11), 2315-2318.

97. Feng, C. G.; Wang, Z. Q.; Shao, C.; Xu, M. H.; Lin, G. Q., Highly practical catalytic asymmetric 1,4-addition of arylboronic acids in
water using new hydrophilic chiral bicyclo[3.3.0] diene ligands. Org. Lett. 2008, 10 (18), 4101-4104.

98. Gendrineau, T.; Chuzel, O.; Eijsberg, H.; Genet, J. P.; Darses, S., C-1-symmetric monosubstituted chiral diene ligands in asymmetric
rhodium-catalyzed 1,4-addition reactions. Angew. Chem.-Int. Edit. 2008, 47 (40), 7669-7672.

99. Hawner, C.; Li, K. Y.; Cirriez, V.; Alexakis, A., Copper-Catalyzed Asymmetric Conjugate Addition of Aryl Aluminum Reagents to
Trisubstituted Enones: Construction of Aryl-Substituted Quaternary Centers. Angew. Chem.-Int. Edit. 2008, 47 (43), 8211-8214.

100. Henon, H.; Mauduit, M.; Alexakis, A., Regiodivergent 1,4 versus 1,6 Asymmetric Copper-Catalyzed Conjugate Addition. Angew.
Chem.-Int. Edit. 2008, 47 (47), 9122-9124.

101. Lalic, G.; Corey, E. J., Enantioselective rhodium(l)-triethylamine catalyzed addition of potassium isopropenyl trifluoroborate to
enones. Tetrahedron Lett. 2008, 49 (33), 4894-4896.

102. Lee, J. E.; Yun, J., Catalytic asymmetric boration of acyclic alpha,beta-unsaturated esters and nitriles. Angew. Chem.-Int. Edit. 2008,
47 (1), 145-147.

103. May, T. L.; Brown, M. K.; Hoveyda, A. H., Enantioselective synthesis of all-carbon quaternary stereogenic centers by catalytic

asymmetric conjugate additions of alkyl and aryl aluminum reagents to five-, six-, and seven-membered-ring beta-substituted cyclic enones.
Angew. Chem.-Int. Edit. 2008, 47 (38), 7358-7362.

104. Navarre, L.; Martinez, R.; Genet, J. P.; Darses, S., Access to enantioenriched alpha-amino esters via rhodium-catalyzed 1,4-
addition/enantioselective protonation. J. Am. Chem. Soc. 2008, 130 (19), 6159-6169.

105. Nishimura, T.; Guo, X. X.; Uchiyama, N.; Katoh, T.; Hayashi, T., Steric tuning of silylacetylenes and chiral phosphine ligands for
rhodium-catalyzed asymmetric conjugate alkynylation of enones. J. Am. Chem. Soc. 2008, 130 (5), 1576-+.

106. Robert, T.; Velder, J.; Schmalz, H. G., Enantioselective Cu-catalyzed 1,4-addition of Grignard reagents to cyclohexenone using
Taddol-derived phosphine-phosphite ligands and 2-methyl-THF as a solvent. Angew. Chem.-Int. Edit. 2008, 47 (40), 7718-7721.

107. Shizuka, M.; Snapper, M. L., Catalytic enantioselective Hosomi-Sakurai conjugate allylation of cyclic unsaturated ketoesters. Angew.
Chem.-Int. Edit. 2008, 47 (27), 5049-5051.

108. Sieber, J. D.; Morken, J. P., Asymmetric Ni-catalyzed conjugate allylation of activated enones. J. Am. Chem. Soc. 2008, 130 (14),
4978-4983.

109. Wakabayashi, K.; Aikawa, K.; Kawauchi, S.; Mikami, K., Catalyst self-adaptation in conjugate addition to nitroalkenes and
nitroacrylates: Instant chirality control in diphenylmethane-based phosphoramidite ligands. J. Am. Chem. Soc. 2008, 130 (15), 5012-+.

110. Walter, C.; Oestreich, M., Catalytic asymmetric C-Si bond formation to acyclic alpha,beta-unsaturated acceptors by Rh-I-catalyzed
conjugate silyl transfer using a Si-B linkage. Angew. Chem.-Int. Edit. 2008, 47 (20), 3818-3820.

111. Burgi, J. J.; Mariz, R.; Gatti, M.; Drinkel, E.; Luan, X. J.; Blumentritt, S.; Linden, A.; Dorta, R., Unprecedented Selectivity via

Electronic Substrate Recognition in the 1,4-Addition to Cyclic Olefins Using a Chiral Disulfoxide Rhodium Catalyst. Angew. Chem.-Int. Edit.
2009, 48 (15), 2768-2771.

112. Chen, I. H.; Yin, L.; Itano, W.; Kanai, M.; Shibasaki, M., Catalytic Asymmetric Synthesis of Chiral Tertiary Organoboronic Esters
through Conjugate Boration of beta-Substituted Cyclic Enones. J. Am. Chem. Soc. 2009, 131 (33), 11664-+.

113. Hu, X. C.; Zhuang, M. Y.; Cao, Z. P.; Du, H. F., Simple Chiral Chain Dienes as Ligands for Rh(l)-Catalyzed Conjugated Additions.
Org. Lett. 2009, 11 (20), 4744-4747.

114. Lee, K. S.; Hoveyda, A. H., Monodentate Non-C-2-symmetric Chiral N-Heterocyclic Carbene Complexes for Enantioselective
Synthesis. Cu-Catalyzed Conjugate Additions of Aryl- and Alkenylsilylfluorides to Cyclic Enones. J. Org. Chem. 2009, 74 (12), 4455-4462.

115. Mahoney, S. J.; Dumas, A. M.; Fillion, E., Asymmetric Addition of Alkenylstannanes to Alkylidene Meldrum's Acids. Org. Lett.

2009, 11 (22), 5346-5349.



116. Nishimura, T.; Sawano, T.; Hayashi, T., Asymmetric Synthesis of beta-Alkynyl Aldehydes by Rhodium-Catalyzed Conjugate
Alkynylation. Angew. Chem.-Int. Edit. 2009, 48 (43), 8057-8059.

117. Nishimura, T.; Tokuji, S.; Sawano, T.; Hayashi, T., Rhodium-Catalyzed Asymmetric Conjugate Alkynylation of Enones with
Alkynylsilanols. Org. Lett. 2009, 11 (15), 3222-3225.

118. Okamoto, M.; Yamamoto, Y.; Sakaguchi, S., A new approach to switching of enantioselectivity in NHC-Cu-catalyzed conjugate
addition of alkylzincs to cyclic enones. Chem. Commun. 2009, (47), 7363-7365.

119. Shintani, R.; Ichikawa, Y.; Takatsu, K.; Chen, F. X.; Hayashi, T., Tuning the Chiral Environment of C-2-Symmetric Diene Ligands:
Development of 3,7-Disubstituted Bicyclo[3.3.1]nona-2,6-dienes. J. Org. Chem. 2009, 74 (2), 869-873.

120. Shintani, R.; Tsutsumi, Y.; Nagaosa, M.; Nishimura, T.; Hayashi, T., Sodium Tetraarylborates as Effective Nucleophiles in

Rhodium/Diene-Catalyzed 1,4-Addition to beta,beta-Disubstituted alpha,beta-Unsaturated Ketones: Catalytic Asymmetric Construction of
Quaternary Carbon Stereocenters. J. Am. Chem. Soc. 2009, 131 (38), 13588-+.

121. Thaler, T.; Knochel, P., Copper-Catalyzed Asymmetric Michael Addition of Magnesium, Zinc, and Aluminum Organometallic
Reagents: Efficient Synthesis of Chiral Molecules. Angew. Chem.-Int. Edit. 2009, 48 (4), 645-648.

122. Uchida, T.; Katsuki, T., Construction of a new type of chiral bidentate NHC ligands: copper-catalyzed asymmetric conjugate
alkylation. Tetrahedron Lett. 2009, 50 (33), 4741-4743.

123. Zhang, P.; Morken, J. P., Catalytic Enantioselective Allylation of Dienals through the Intermediacy of Unsaturated pi-Allyl
Complexes. J. Am. Chem. Soc. 2009, 131 (35), 12550-+.

124. Chen, J,; Chen, J. M;; Lang, F.; Zhang, X. Y.; Cun, L. F.; Zhu, J.; Deng, J. G.; Liao, J., A C-2-Symmetric Chiral Bis-Sulfoxide Ligand

in a Rhodium-Catalyzed Reaction: Asymmetric 1,4-Addition of Sodium Tetraarylborates to Chromenones. J. Am. Chem. Soc. 2010, 132 (13),
4552-+,

125. den Hartog, T.; Rudolph, A.; Macia, B.; Minnaard, A. J.; Feringa, B. L., Copper-Catalyzed Enantioselective Synthesis of trans-1-
Alkyl-2-substituted Cyclopropanes via Tandem Conjugate Addition-Intramolecular Enolate Trapping. J. Am. Chem. Soc. 2010, 132 (41), 14349-
14351.

126. Feng, J. J.; Chen, X. F.,; Shi, M.; Duan, W. L., Palladium-Catalyzed Asymmetric Addition of Diarylphosphines to Enones toward the
Synthesis of Chiral Phosphines. J. Am. Chem. Soc. 2010, 132 (16), 5562-+.
127. Guo, S. M.; Xie, Y. J.;; Hu, X. Q.; Xia, C. G.; Huang, H. M., Diastereo- and Enantioselective Catalytic Tandem Michael

Addition/Mannich Reaction: Access to Chiral Isoindolinones and Azetidines with Multiple Stereocenters. Angew. Chem.-Int. Edit. 2010, 49 (15),
2728-2731.

128. Hargrave, J. D.; Allen, J. C.; Kociok-Kohn, G.; Bish, G.; Frost, C. G., Catalytic Enantioselective Dieckmann-Type Annulation:
Synthesis of Pyrrolidines with Quaternary Stereogenic Centers. Angew. Chem.-Int. Edit. 2010, 49 (10), 1825-1829.
129. Hawner, C.; Muller, D.; Gremaud, L.; Felouat, A.; Woodward, S.; Alexakis, A., Rhodium-Catalyzed Asymmetric 1,4-Addition of

Aryl Alanes to Trisubstituted Enones: Binap as an Effective Ligand in the Formation of Quaternary Stereocenters. Angew. Chem.-Int. Edit. 2010,
49 (42), 7769-7772.

130. Lee, J. C. H.; Hall, D. G., Chiral Boronate Derivatives via Catalytic Enantioselective Conjugate Addition of Grignard Reagents on 3-
Boronyl Unsaturated Esters and Thioesters. J. Am. Chem. Soc. 2010, 132 (16), 5544-+.

131. Lee, K. S.; Hoveyda, A. H., Enantioselective Conjugate Silyl Additions to Cyclic and Acyclic Unsaturated Carbonyls Catalyzed by Cu
Complexes of Chiral N-Heterocyclic Carbenes. J. Am. Chem. Soc. 2010, 132 (9), 2898-+.

132. Nakamura, A.; Lectard, S.; Hashizume, D.; Hamashima, Y.; Sodeoka, M., Diastereo- and Enantioselective Conjugate Addition of
alpha-Ketoesters to Nitroalkenes Catalyzed by a Chiral Ni(OAc)(2) Complex under Mild Conditions. J. Am. Chem. Soc. 2010, 132 (12), 4036-+.
133. Nishimura, T.; Makino, H.; Nagaosa, M.; Hayashi, T., Rhodium-Catalyzed Enantioselective 1,6-Addition of Arylboronic Acids to
Enynamides: Asymmetric Synthesis of Axially Chiral Allenylsilanes. J. Am. Chem. Soc. 2010, 132 (37), 12865-12867.

134. Nishimura, T.; Wang, J.; Nagaosa, M.; Okamoto, K.; Shintani, R.; Kwong, F. Y.; Yu, W. Y.; Chan, A. S. C.; Hayashi, T., Rhodium-

Catalyzed Asymmetric Addition of Arylboronic Acids to beta-Phthaliminoacrylate Esters toward the Synthesis of beta-Amino Acids. J. Am.
Chem. Soc. 2010, 132 (2), 464-+.

135. Nishimura, T.; Yasuhara, Y.; Sawano, T.; Hayashi, T., Iridium/Chiral Diene-Catalyzed Asymmetric 1,6-Addition of Arylboroxines to
alpha,beta,gamma,delta-Unsaturated Carbonyl Compounds. J. Am. Chem. Soc. 2010, 132 (23), 7872-+.

136. Pattison, G.; Piraux, G.; Lam, H. W., Enantioselective Rhodium-Catalyzed Addition of Arylboronic Acids to Alkenylheteroarenes. J.
Am. Chem. Soc. 2010, 132 (41), 14373-14375.

137. Wang, Z. Q.; Feng, C. G.; Zhang, S. S.; Xu, M. H.; Lin, G. Q., Rhodium-Catalyzed Asymmetric Conjugate Addition of
Organoboronic Acids to Nitroalkenes Using Chiral Bicyclo 3.3.0 Diene Ligands. Angew. Chem.-Int. Edit. 2010, 49 (33), 5780-5783.

138. Welker, M.; Woodward, S.; Alexakis, A., Tandem Reactions with Chiral Enolates: Preparation of Allylic Alcohols via Trapping with
Vinyl Oxiranes. Org. Lett. 2010, 12 (3), 576-579.

139. Yazaki, R.; Kumagai, N.; Shibasaki, M., Direct Catalytic Asymmetric Conjugate Addition of Terminal Alkynes to alpha,beta-
Unsaturated Thioamides. J. Am. Chem. Soc. 2010, 132 (30), 10275-10277.

140. Ibrahem, I.; Breistein, P.; Cordova, A., One-Pot Three-Component Catalytic Enantioselective Synthesis of Homoallylboronates.
Angew. Chem.-Int. Edit. 2011, 50 (50), 12036-12041.

141. Kikushima, K.; Holder, J. C.; Gatti, M.; Stoltz, B. M., Palladium-Catalyzed Asymmetric Conjugate Addition of Arylboronic Acids to
Five-, Six-, and Seven-Membered beta-Substituted Cyclic Enones: Enantioselective Construction of All-Carbon Quaternary Stereocenters. J. Am.
Chem. Soc. 2011, 133 (18), 6902-6905.



142. Lee, J. C. H.; McDonald, R.; Hall, D. G., Enantioselective preparation and chemoselective cross-coupling of 1,1-diboron compounds.
Nat. Chem. 2011, 3 (11), 894-899.

143. Li, Q. A; Dong, Z; Yu, Z. X., alpha,beta-Divinyl Tetrahydropyrroles as Chiral Chain Diene Ligands in Rhodium(l)-Catalyzed
Enantioselective Conjugated Additions. Org. Lett. 2011, 13 (5), 1122-1125.
144. May, T. L.; Dabrowski, J. A.; Hoveyda, A. H., Formation of Vinyl-, Vinylhalide- or Acyl-Substituted Quaternary Carbon Stereogenic

Centers through NHC-Cu-Catalyzed Enantioselective Conjugate Additions of Si-Containing Vinylaluminums to beta-Substituted Cyclic Enones.
J. Am. Chem. Soc. 2011, 133 (4), 736-739.

145. Nishimura, T.; Sawano, T.; Ou, K. Y.; Hayashi, T., Cobalt-catalyzed conjugate addition of silylacetylenes to alpha,beta-unsaturated
ketones. Chem. Commun. 2011, 47 (36), 10142-10144.

146. Rudolph, A.; Bos, P. H.; Meetsma, A.; Minnaard, A. J.; Feringa, B. L., Catalytic Asymmetric Conjugate Addition/Oxidative
Dearomatization Towards Multifunctional Spirocyclic Compounds. Angew. Chem.-Int. Edit. 2011, 50 (26), 5834-5838.

147. Takatsu, K.; Shintani, R.; Hayashi, T., Copper-Catalyzed 1,4-Addition of Organoboronates to Alkylidene Cyanoacetates: Mechanistic
Insight and Application to Asymmetric Catalysis. Angew. Chem.-Int. Edit. 2011, 50 (24), 5548-5552.

148. Wang, L.; Meng, W.; Zhu, C. L.; Zhen, Y.; Nie, J.; Ma, J. A,, The Long-Arm Effect: Influence of Axially Chiral Phosphoramidite
Ligands on the Diastereo- and Enantioselectivity of the Tandem 1,4-Addition/Fluorination. Angew. Chem.-Int. Edit. 2011, 50 (40), 9442-9446.

149. Wang, X.; Buchwald, S. L., Rh-Catalyzed Asymmetric Hydroformylation of Functionalized 1,1-Disubstituted Olefins. J. Am. Chem.
Soc. 2011, 133 (47), 19080-19083.

150. Wei, C. H.; Mannathan, S.; Cheng, C. H., Enantioselective Synthesis of beta-Substituted Cyclic Ketones via Cobalt-Catalyzed
Asymmetric Reductive Coupling of Alkynes with Alkenes. J. Am. Chem. Soc. 2011, 133 (18), 6942-6944.

151. Yanagida, Y.; Yazaki, R.; Kumagai, N.; Shibasaki, M., Asymmetric Synthesis of Isothiazoles through Cu Catalysis: Direct Catalytic
Asymmetric Conjugate Addition of Allyl Cyanide to alpha,beta-Unsaturated Thioamides. Angew. Chem.-Int. Edit. 2011, 50 (34), 7910-7914.

152. Yazaki, R.; Kumagai, N.; Shibasaki, M., Enantioselective Synthesis of a GPR40 Agonist AMG 837 via Catalytic Asymmetric
Conjugate Addition of Terminal Alkyne to alpha,beta-Unsaturated Thioamide. Org. Lett. 2011, 13 (5), 952-955.

153. Yazaki, R.; Kumagai, N.; Shibasaki, M., Cooperative Activation of Alkyne and Thioamide Functionalities; Direct Catalytic
Asymmetric Conjugate Addition of Terminal Alkynes to alpha,beta-Unsaturated Thioamides. Chem.-Asian J. 2011, 6 (7), 1778-1790.

154. Aikawa, K.; Okamoto, T.; Mikami, K., Copper(l)-Catalyzed Asymmetric Desymmetrization: Synthesis of Five-Membered-Ring
Compounds Containing All-Carbon Quaternary Stereocenters. J. Am. Chem. Soc. 2012, 134 (25), 10329-10332.

155. Burns, A. R.; Gonzalez, J. S.; Lam, H. W., Enantioselective Copper(l)-Catalyzed Borylative Aldol Cyclizations of Enone Diones.
Angew. Chem.-Int. Edit. 2012, 51 (43), 10827-10831.

156. Gosiewska, S.; Raskatov, J. A.; Shintani, R.; Hayashi, T.; Brown, J. M., The Origins of Enantioselectivity in Rh-Diene Complex
Catalysed Arylation of Cyclohex-2-enones. Chem.-Eur. J. 2012, 18 (1), 80-84.

157. Gremaud, L.; Alexakis, A., Enantioselective Copper-Catalyzed Conjugate Addition of Trimethylaluminium to beta,gamma-
Unsaturated alpha-Ketoesters. Angew. Chem.-Int. Edit. 2012, 51 (3), 794-797.

158. Huang, Y. H.; Pullarkat, S. A.; Teong, S.; Chew, R. J.; Li, Y. X.; Leung, P. H., Palladacycle-Catalyzed Asymmetric Intermolecular
Construction of Chiral Tertiary P-Heterocycles by Stepwise Addition of H-P-H Bonds to Bis(enones). Organometallics 2012, 31 (13), 4871-
4875.

159. Kobayashi, S.; Xu, P. Y.; Endo, T.; Ueno, M.; Kitanosono, T., Chiral Copper(ll)-Catalyzed Enantioselective Boron Conjugate
Additions to alpha,beta-Unsaturated Carbonyl Compounds in Water. Angew. Chem.-Int. Edit. 2012, 51 (51), 12763-12766.

160. Maksymowicz, R. M.; Roth, P. M. C.; Fletcher, S. P., Catalytic asymmetric carbon-carbon bond formation using alkenes as alkylmetal
equivalents. Nat. Chem. 2012, 4 (8), 649-654.

161. Nishimura, T.; Takiguchi, Y.; Hayashi, T., Effect of Chiral Diene Ligands in Rhodium-Catalyzed Asymmetric Addition of
Arylboronic Acids to alpha,beta-Unsaturated Sulfonyl Compounds. J. Am. Chem. Soc. 2012, 134 (22), 9086-9089.

162. Ogawa, T.; Kumagai, N.; Shibasaki, M., Catalytic Asymmetric Conjugate Addition of Thiols to alpha,beta-Unsaturated Thioamides:
Expeditious Access to Enantioenriched 1,5-Benzothiazepines. Angew. Chem.-Int. Edit. 2012, 51 (34), 8551-8554.

163. Sasaki, K.; Nishimura, T.; Shintani, R.; Kantchev, E. A. B.; Hayashi, T., Rhodium/diene-catalyzed tandem 1,4-shift/1,4-addition of
(E)-1,2-diphenylethenylboronic acid to enones: density functional theory modeling and asymmetric catalysis. Chem. Sci. 2012, 3 (4), 1278-1283.
164. Sawano, T.; Ashouri, A.; Nishimura, T.; Hayashi, T., Cobalt-Catalyzed Asymmetric 1,6-Addition of (Triisopropylsilyl)-acetylene to
alpha,beta,gamma,delta-Unsaturated Carbonyl Compounds. J. Am. Chem. Soc. 2012, 134 (46), 18936-18939.

165. Shu, W.; Buchwald, S. L., Enantioselective ss-Arylation of Ketones Enabled by Lithiation/Borylation/1,4-Addition Sequence Under
Flow Conditions. Angew. Chem.-Int. Edit. 2012, 51 (22), 5355-5358.

166. Tsuchikawa, H.; Maekawa, Y.; Katsumura, S., Palladium-Catalyzed Asymmetric 6-Endo Cyclization of Dienamides with Substituent-
Driven Activation. Org. Lett. 2012, 14 (9), 2326-2329.

167. Wang, Z.; Chen, Z. L.; Bai, S.; Li, W.; Liu, X. H.; Lin, L. L.; Feng, X. M., Highly Z-Selective Asymmetric Conjugate Addition of
Alkynones with Pyrazol-5-ones Promoted by N,N'-Dioxide-Metal Complexes. Angew. Chem.-Int. Edit. 2012, 51 (11), 2776-2779.

168. Yoshida, M.; Ohmiya, H.; Sawamura, M., Enantioselective Conjugate Addition of Alkylboranes Catalyzed by a Copper-N-
Heterocyclic Carbene Complex. J. Am. Chem. Soc. 2012, 134 (29), 11896-11899.

169. Eitel, S. H.; Jautze, S.; Frey, W.; Peters, R., Asymmetric Michael additions of alpha-cyanoacetates by soft Lewis acid/hard Bronsted

acid catalysis: stereodivergency with bi- vs. monometallic catalysts. Chem. Sci. 2013, 4 (5), 2218-2233.



170. Endo, K.; Hamada, D.; Yakeishi, S.; Shibata, T., Effect of Multinuclear Copper/Aluminum Complexes in Highly Asymmetric
Conjugate Addition of Trimethylaluminum to Acyclic Enones. Angew. Chem.-Int. Edit. 2013, 52 (2), 606-610.

171 Goncalves-Contal, S.; Gremaud, L.; Alexakis, A., Enantioselective Copper-Catalyzed Conjugate Addition of Trimethylaluminum to
beta,gamma-Unsaturated alpha-Ketoamides: Efficient Access to gamma-Methyl-Substituted Carbonyl Compounds. Angew. Chem.-Int. Edit.
2013, 52 (48), 12701-12704.

172. Holder, J. C.; Zou, L. F.; Marziale, A. N.; Liu, P.; Lan, Y.; Gatti, M.; Kikushima, K.; Houk, K. N.; Stoltz, B. M., Mechanism and
Enantioselectivity in Palladium-Catalyzed Conjugate Addition of Arylboronic Acids to beta-Substituted Cyclic Enones: Insights from
Computation and Experiment. J. Am. Chem. Soc. 2013, 135 (40), 14996-15007.

173. Kantchev, E. A. B., Cooperativity between steric repulsion and crossed diene coordination governs the enantioselectivity in
rhodium(l)/chiral, 1,4-and 1,5-diene-catalysed 1,4-addition reaction: a DFT study. Chem. Sci. 2013, 4 (4), 1864-1875.

174. Eschenbrenner-Lux, V.; Kuchler, P.; Ziegler, S.; Kumar, K.; Waldmann, H., An Enantioselective Inverse-Electron-Demand Imino
Diels-Alder Reaction. Angew. Chem.-Int. Edit. 2014, 53 (8), 2134-2137.

175. Luo, Y.; Roy, I. D.; Madec, A. G. E.; Lam, H. W., Enantioselective Synthesis of Allylboronates and Allylic Alcohols by Copper-
Catalyzed 1,6-Boration. Angew. Chem.-Int. Edit. 2014, 53 (16), 4186-4190.

176. McGrath, K. P.; Hoveyda, A. H., A Multicomponent Ni-, Zr-, and Cu-Catalyzed Strategy for Enantioselective Synthesis of Alkenyl-
Substituted Quaternary Carbons. Angew. Chem.-Int. Edit. 2014, 53 (7), 1910-1914.

177. Wang, J.; Wang, M.; Cao, P.; Jiang, L.; Chen, G.; Liao, J., Rhodium-Catalyzed Asymmetric Arylation of beta,gamma-Unsaturated

alpha-Ketoamides for the Construction of Nonracemic gamma,gamma-Diarylcarbonyl Compounds. Angew. Chem.-Int. Edit. 2014, 53 (26), 6673-
6677.

178. Yin, L.; Takada, H.; Lin, S. Q.; Kumagai, N.; Shibasaki, M., Direct Catalytic Asymmetric Vinylogous Conjugate Addition of
Unsaturated Butyrolactones to a, b-Unsaturated Thioamides**. Angew. Chem.-Int. Edit. 2014, 53 (21), 5327-5331.
179. Zeng, X.; Gao, J. J.; Song, J. J.; Ma, S.; Desrosiers, J.-N.; Mulder, J. A.; Rodriguez, S.; Herbage, M. A.; Haddad, N.; Qu, B.; Fandrick,

K. R.; Grinberg, N.; Lee, H.; Wei, X.; Yee, N. K; Senanayake, C. H., Remarkable Enhancement of Enantioselectivity in the Asymmetric
Conjugate Addition of Dimethylzinc to (Z)-Nitroalkenes with a Catalytic (MeCN)(4)Cu PF6-Hoveyda Ligand Complex. Angew. Chem.-Int. Edit.
2014, 53 (45), 12153-12157.

180. Zhang, L.; Qureshi, Z.; Sonaglia, L.; Lautens, M., Sequential Rhodium/Palladium Catalysis: Enantioselective Formation of
Dihydroquinolinones in the Presence of Achiral and Chiral Ligands. Angew. Chem.-Int. Edit. 2014, 53 (50), 13850-13853.

181. Boeser, C. L.; Holder, J. C.; Taylor, B. L. H.; Houk, K. N.; Stoltz, B. M.; Zare, R. N., Mechanistic analysis of an asymmetric
palladium-catalyzed conjugate addition of arylboronic acids to beta-substituted cyclic enones. Chem. Sci. 2015, 6 (3), 1917-1922.

182. Chen, Y. J.; Hu, T. J,; Feng, C. G.; Lin, G. Q., Synthesis of chiral cyclobutanes via rhodium/diene-catalyzed asymmetric 1,4-addition:
a dramatic ligand effect on the diastereoselectivity. Chem. Commun. 2015, 51 (42), 8773-8776.

183. Drissi-Amraoui, S.; Morin, M. S. T.; Crevisy, C.; Basle, O.; de Figueiredo, R. M.; Mauduit, M.; Campagne, J. M., Copper-Catalyzed

Asymmetric Conjugate Addition of Dimethylzinc to Acyl-N-methylimidazole Michael Acceptors: a Powerful Synthetic Platform. Angew. Chem.-
Int. Edit. 2015, 54 (40), 11830-11834.

184. Filloux, C. M.; Rovis, T., Rh(l)-Bisphosphine-Catalyzed Asymmetric, Intermolecular Hydroheteroarylation of alpha-Substituted
Acrylate Derivatives. J. Am. Chem. Soc. 2015, 137 (1), 508-517.

185. He, Z. T.; Tang, X. Q.; Xie, L. B.; Cheng, M.; Tian, P.; Lin, G. Q., Efficient Access to Bicyclo 4.3.0 nonanes: Copper-Catalyzed
Asymmetric Silylative Cyclization of Cyclohexadienone-Tethered Allenes. Angew. Chem.-Int. Edit. 2015, 54 (49), 14815-14818.

186. Huang, Y. H.; Hayashi, T., Asymmetric Synthesis of Triarylmethanes by Rhodium-Catalyzed Enantioselective Arylation of
Diarylmethylamines with Arylboroxines. J. Am. Chem. Soc. 2015, 137 (24), 7556-7559.

187. Kitanosono, T.; Zhu, L.; Liu, C.; Xu, P. Y.; Kobayashi, S., An Insoluble Copper(ll) Acetylacetonate-Chiral Bipyridine Complex that
Catalyzes Asymmetric Silyl Conjugate Addition in Water. J. Am. Chem. Soc. 2015, 137 (49), 15422-15425.

188. Kubota, K.; Hayama, K.; lwamoto, H.; Ito, H., Enantioselective Borylative Dearomatization of Indoles through Copper(l) Catalysis.
Angew. Chem.-Int. Edit. 2015, 54 (30), 8809-8813.

189. Wang, M,; Liu, Z. L.; Zhang, X.; Tian, P. P.; Xu, Y. H.; Loh, T. P., Synthesis of Highly Substituted Racemic and Enantioenriched
Allenylsilanes via Copper-Catalyzed Hydrosilylation of (Z)-2-Alken-4-ynoates with Silylboronate. J. Am. Chem. Soc. 2015, 137 (47), 14830-
14833.

190. Yasukawa, T.; Suzuki, A.; Miyamura, H.; Nishino, K.; Kobayashi, S., Chiral Metal Nanoparticle Systems as Heterogeneous Catalysts
beyond Homogeneous Metal Complex Catalysts for Asymmetric Addition of Arylboronic Acids to alpha,beta-Unsaturated Carbonyl Compounds.
J. Am. Chem. Soc. 2015, 137 (20), 6616-6623.

191. Yue, G. Z.; Lei, K. N.; Hirao, H.; Zhou, J. R., Palladium-Catalyzed Asymmetric Reductive Heck Reaction of Aryl Halides. Angew.
Chem.-Int. Edit. 2015, 54 (22), 6531-6535.

192. Dou, X. W.; Huang, Y. H.; Hayashi, T., Asymmetric Conjugate Alkynylation of Cyclic ,-Unsaturated Carbonyl Compounds with a
Chiral Diene Rhodium Catalyst. Angew. Chem.-Int. Edit. 2016, 55 (3), 1133-1137.

193. Dou, X. W.; Lu, Y. X, Hayashi, T., Base-Free Conditions for Rhodium-Catalyzed Asymmetric Arylation To Produce
Stereochemically Labile alpha-Aryl Ketones. Angew. Chem.-Int. Edit. 2016, 55 (23), 6739-6743.

194. Han, Y. X.; Breitler, S.; Zheng, S. L.; Corey, E. J., Enantioselective Conversion of Achiral Cyclohexadienones to Chiral

Cyclohexenones by Desymmetrization. Org. Lett. 2016, 18 (23), 6172-6175.



195. Meng, F. K.; Li, X. B.; Torker, S.; Shi, Y.; Shen, X.; Hoveyda, A. H., Catalytic enantioselective 1,6-conjugate additions of propargyl
and allyl groups. Nature 2016, 537 (7620), 387-393.

196. Wang, Z. X.; Bai, X. Y.; Yao, H. C.; Li, B. J., Synthesis of Amides with Remote Stereocenters by Catalytic Asymmetric gamma-
Alkynylation of alpha,beta-Unsaturated Amides. J. Am. Chem. Soc. 2016, 138 (45), 14872-14875.

197. Wu, C. L.; Yue, G. Z; Nielsen, C. D. T.; Xu, K.; Hirao, H.; Zhou, J. R., Asymmetric Conjugate Addition of Organoboron Reagents to
Common Enones Using Copper Catalysts. J. Am. Chem. Soc. 2016, 138 (3), 742-745.

198. Yao, Q.; Liao, Y. T,; Lin, L. L; Lin, X. B; Ji, J.; Liu, X. H.; Feng, X. M., Efficient Synthesis of Chiral Trisubstituted 1,2-Allenyl
Ketones by Catalytic Asymmetric Conjugate Addition of Malonic Esters to Enynes. Angew. Chem.-Int. Edit. 2016, 55 (5), 1859-1863.

199. Kamikawa, K.; Tseng, Y. Y.; Jian, J. H.; Takahashi, T.; Ogasawara, M., Planar-Chiral Phosphine-Olefin Ligands Exploiting a

(Cyclopentadienyl) manganese(l) Scaffold To Achieve High Robustness and High Enantioselectivity. J. Am. Chem. Soc. 2017, 139 (4), 1545-
1553.

200. Orlandi, M.; Hilton, M. J.;; Yamamoto, E.; Toste, F. D.; Sigman, M. S., Mechanistic Investigations of the Pd(0)-Catalyzed
Enantioselective 1,1-Diarylation of Benzyl Acrylates. J. Am. Chem. Soc. 2017, 139 (36), 12688-12695.

201. Rodriguez-Fernandez, M.; Yan, X. C.; Collados, J. F.; White, P. B.; Harutyunyan, S. R., Lewis Acid Enabled Copper-Catalyzed
Asymmetric Synthesis of Chiral beta-Substituted Amides. J. Am. Chem. Soc. 2017, 139 (40), 14224-14231.

202. Shu, T.; Zhao, L.; Li, S.; Chen, X. Y.; von Essen, C.; Rissanen, K.; Enders, D., Asymmetric Synthesis of Spirocyclic-Lactams through
Copper-Catalyzed Kinugasa/Michael Domino Reactions. Angew. Chem.-Int. Edit. 2018, 57 (34), 10985-10988.

203. Wang, Z.; Hayashi, T., Rhodium-Catalyzed Enantioposition-Selective Hydroarylation of Divinylphosphine Oxides with Aryl
Boroxines. Angew. Chem.-Int. Edit. 2018, 57 (6), 1702-1706.

204. Zhang, D.; Lin, L. L.; Yang, J.; Liu, X. H.; Feng, X. M., Asymmetric Synthesis of Tetrahydroindolizines by Bimetallic Relay
Catalyzed Cycloaddition of Pyridinium Ylides. Angew. Chem.-Int. Edit. 2018, 57 (38), 12323-12327.

205. Zheng, X. X.; Guo, R.; Zhang, G. Z.; Zhang, D. Y., Rhodium(l)-catalyzed asymmetric 4+2 cycloaddition reactions of 2-
alkylenecyclobutanols with cyclic enones through C-C bond cleavage: efficient access to trans-bicyclic compounds. Chem. Sci. 2018, 9 (7), 1873-
1877.

206. Clement, H. A.; Boghi, M.; McDonald, R. M.; Bernier, L.; Coe, J. W.; Farrell, W.; Helal, C. J.; Reese, M. R.; Sach, N. W.; Lee, J. C,;
Hall, D. G., High-Throughput Ligand Screening Enables the Enantioselective Conjugate Borylation of Cyclobutenones to Access Synthetically
Versatile Tertiary Cyclobutylboronates. Angewandte Chemie International Edition 2019, 58 (51), 18405-18409.

207. Mao, W. B.; Xue, W. C.; Irran, E.; Oestreich, M., Copper-Catalyzed Regio- and Enantioselective Addition of Silicon Grignard
Reagents to Alkenes Activated by Azaaryl Groups. Angew. Chem.-Int. Edit. 2019, 58 (31), 10723-10726.

208. Wu, L. Q.; Wang, F.; Chen, P. H.; Liu, G. S., Enantioselective Construction of Quaternary All-Carbon Centers via Copper-Catalyzed
Arylation of Tertiary Carbon-Centered Radicals. J. Am. Chem. Soc. 2019, 141 (5), 1887-1892.

209. Guo, L.; Yuan, M.; Zhang, Y.; Wang, F.; Zhu, S.; Gutierrez, O.; Chu, L., General Method for Enantioselective Three-Component
Carboarylation of Alkenes Enabled by Visible-Light Dual Photoredox/Nickel Catalysis. J. Am. Chem. Soc. 2020, 142 (48), 20390-20399.

210. Guo, S.; Zhu, J.; Buchwald, S. L., Enantioselective Synthesis of B-Amino Acid Derivatives Enabled by Ligand-Controlled Reversal of
Hydrocupration Regiochemistry. Angewandte Chemie International Edition 2020, 59 (47), 20841-20845.

211 He, C.-Y.; Tan, Y.-X.; Wang, X.; Ding, R.; Wang, Y.-F.; Wang, F.; Gao, D.; Tian, P.; Lin, G.-Q., Copper(l)-catalyzed diastereo- and
enantio-selective construction of optically pure exocyclic allenes. Nature Communications 2020, 11 (1), 4293.

212. Larin, E. M.; Loup, J.; Polishchuk, I.; Ross, R. J.; Whyte, A.; Lautens, M., Enantio- and diastereoselective conjugate
borylation/Mannich cyclization. Chem. Sci. 2020, 11 (22), 5716-5723.

213. Zhong, C.; Huang, Y.; Zhang, H.; Zhou, Q.; Liu, Y.; Lu, P., Enantioselective Synthesis of 3-Substituted Cyclobutenes by Catalytic
Conjugate Addition/Trapping Strategies. Angewandte Chemie International Edition 2020, 59 (7), 2750-2754.

214. Choo, K.-L.; Mirabi, B.; Demmans, K. Z.; Lautens, M., Enantioselective Synthesis of Spiro-oxiranes: An Asymmetric
Addition/Aldol/Spirocyclization Domino Cascade. Angewandte Chemie International Edition 2021, 60 (39), 21189-21194.

215. Cooze, C. J. C.; McNutt, W.; Schoetz, M. D.; Sosunovych, B.; Grigoryan, S.; Lundgren, R. J., Diastereo-, Enantio-, and Z-Selective
a,d-Difunctionalization of Electron-Deficient Dienes Initiated by Rh-Catalyzed Conjugate Addition. J. Am. Chem. Soc. 2021, 143 (28), 10770-
10777.

216. Liu, W.; Pu, M.; He, J.; Zhang, T.; Dong, S.; Liu, X.; Wu, Y.-D.; Feng, X., Iron-Catalyzed Enantioselective Radical Carboazidation
and Diazidation of o,f3-Unsaturated Carbonyl Compounds. J. Am. Chem. Soc. 2021, 143 (30), 11856-11863.

217. Ozols, K.; Onodera, S.; Wozniak, L.; Cramer, N., Cobalt(IIl)-Catalyzed Enantioselective Intermolecular Carboamination by C—H
Functionalization. Angewandte Chemie International Edition 2021, 60 (2), 655-6509.

218. Shi, L.; Xing, L.-L.; Hu, W.-B.; Shu, W., Regio- and Enantioselective Ni-Catalyzed Formal Hydroalkylation, Hydrobenzylation, and
Hydropropargylation of Acrylamides to a-Tertiary Amides. Angewandte Chemie International Edition 2021, 60 (3), 1599-1604.

219. Wang, C.; Huang, K.; Ye, J.; Duan, W.-L., Asymmetric Synthesis of P-Stereogenic Secondary Phosphine-Boranes by an Unsymmetric
Bisphosphine Pincer-Nickel Complex. J. Am. Chem. Soc. 2021, 143 (15), 5685-5690.

220. Yang, Y.; Chen, L.; Xu, S., Iridium-Catalyzed Enantioselective Unbiased Methylene C(sp3)-H Borylation of Acyclic Amides.
Angewandte Chemie International Edition 2021, 60 (7), 3524-3528.

221. Duchemin, N.; Aubert, S.; de Souza, J. V.; Bethge, L.; Vonhoff, S.; Bronowska, A. K.; Smietana, M.; Arseniyadis, S., New
Benchmark in DNA-Based Asymmetric Catalysis: Prevalence of Modified DNA/RNA Hybrid Systems. JACS Au 2022, 2 (8), 1910-1917.



222. Wu, D.; Wu, L.; Chen, P.; Liu, G., Asymmetric Alkynylation of Tertiary Carbon-Centered Radical via Copper-Catalyzed Radical
Relay. Chinese Journal of Chemistry 2022, 40 (14), 1699-1704.

4.5.6 Other Reactions

1. Kimmich, B. F. M.; Landis, C. R.; Powell, D. R., Synthesis and characterization of boron-containing ferrocenyl ligands for
asymmetric catalysis. Organometallics 1996, 15 (20), 4141-4146.

2. Sodergren, M. J.; Bertilsson, S. K.; Andersson, P. G., Allylic alcohols via catalytic asymmetric epoxide rearrangement. J. Am. Chem.
Soc. 2000, 122 (28), 6610-6618.

3. Ferreira, E. M.; Stoltz, B. M., The palladiuim-catalyzed oxidative kinetic resolution of secondary alcohols with molecular oxygen. J.
Am. Chem. Soc. 2001, 123 (31), 7725-7726.

4. Jensen, D. R.; Pugsley, J. S.; Sigman, M. S., Palladium-catalyzed enantioselective oxidations of alcohols using molecular oxygen. J.
Am. Chem. Soc. 2001, 123 (30), 7475-7476.

5. Alexakis, A.; Croset, K., Tandem copper-catalyzed enantioselective allylation-metathesis. Org. Lett. 2002, 4 (23), 4147-4149.

6. Juhl, K.; Jorgensen, K. A., Catalytic asymmetric direct alpha-amination reactions of 2-keto esters: A simple synthetic approach to
optically active syn- beta-amino-alpha-hydroxy esters. J. Am. Chem. Soc. 2002, 124 (11), 2420-2421.

7. Magnus, A.; Bertilsson, S. K.; Andersson, P. G., Asymmetric base-mediated epoxide isomerisation. Chem. Soc. Rev. 2002, 31 (4),
223-229.

8. Bagdanoff, J. T.; Ferreira, E. M.; Stoltz, B. M., Palladium-catalyzed enantioselective oxidation of alcohols: A dramatic rate
acceleration by Cs2CO3/t-BuOH. Org. Lett. 2003, 5 (6), 835-837.

9. Matsumura, S.; Maeda, Y.; Nishimura, T.; Uemura, S., Palladium-catalyzed asymmetric arylation, vinylation, and allenylation of tert-
cyclobutanois via enantioselective C-C bond cleavage. J. Am. Chem. Soc. 2003, 125 (29), 8862-8869.

10. Matsumura, Y.; Maki, T.; Murakami, S.; Onomura, O., Copper ion-induced activation and asymmetric benzoylation of 1,2-diols:
Kinetic chiral molecular recognition. J. Am. Chem. Soc. 2003, 125 (8), 2052-2053.

11. Nishibayashi, Y.; Yamauchi, A.; Onodera, G.; Uemura, S., Oxidative kinetic resolution of racemic alcohols catalyzed by chiral
ferrocenyloxazolinylphosphine-ruthenium complexes. J. Org. Chem. 2003, 68 (15), 5875-5880.

12. Piarulli, U.; Daubos, P.; Claverie, C.; Roux, M.; Gennari, C., A catalytic and enantioselective desymmetrization of meso cyclic allylic
bisdiethylphosphates with organozinc reagents. Angew. Chem.-Int. Edit. 2003, 42 (2), 234-+.

13. Larsen, A. O.; Leu, W.; Oberhuber, C. N.; Campbell, J. E.; Hoveyda, A. H., Bidentate NHC-based chiral ligands for efficient Cu-

catalyzed enantioselective allylic alkylations: Structure and activity of an air-stable chiral Cu complex. J. Am. Chem. Soc. 2004, 126 (36), 11130-
11131.

14. Pineschi, M.; Del Moro, F.; Crotti, P.; Di Bussolo, V.; Macchia, F., Catalytic regiodivergent kinetic resolution of allylic epoxides: A
new entry to allylic and homoallylic alcohols with high optical purity. J. Org. Chem. 2004, 69 (6), 2099-2105.

15. Tissot-Croset, K.; Polet, D.; Alexakis, A., A highly effective phosphoramidite ligand for asymmetric allylic substitution. Angew.
Chem.-Int. Edit. 2004, 43 (18), 2426-2428.

16. Trend, R. M.; Stoltz, B. M., An experimentally derived model for stereoselectivity in the aerobic oxidative kinetic resolution of
secondary alcohols by (Sparteine)PdCI2. J. Am. Chem. Soc. 2004, 126 (14), 4482-4483.

17. Aoyama, H.; Tokunaga, M.; Kiyosu, J.; Iwasawa, T.; Obora, Y.; Tsuji, Y., Kinetic resolution of axially chiral 2,2 '-dihydroxy-1,1 -
biaryls by palladium-catalyzed alcoholysis. J. Am. Chem. Soc. 2005, 127 (30), 10474-10475.

18. Dong, L.; Xu, Y. J;; Cun, L. F,; Cui, X.; Mi, A. Q.; Jiang, Y. Z,; Gong, L. Z., Asymmetric nitroallylation of arylboronic acids with

nitroallyl acetates catalyzed by chiral rhodium complexes and its application in a concise total synthesis of optically pure (+)-gamma-lycorane.
Org. Lett. 2005, 7 (19), 4285-4288.

19. Goldsmith, P. J.; Teat, S. J.; Woodward, S., Enantioselective preparation of beta,beta-disubstituted alpha-methylenepropionates by
MAQO promotion of the zinc Schlenk equilibrium. Angew. Chem.-Int. Edit. 2005, 44 (15), 2235-2237.

20. Radosevich, A. T.; Musich, C.; Toste, F. D., Vanadium-catalyzed asymmetric oxidation of alpha-hydroxy esters using molecular
oxygen as stoichlometric oxidant. J. Am. Chem. Soc. 2005, 127 (4), 1090-1091.

21. Yorimitsu, H.; Oshima, K., Recent progress in asymmetric allylic substitutions catalyzed by chiral copper complexes. Angew. Chem.-
Int. Edit. 2005, 44 (29), 4435-4439.

22. Falciola, C. A.; Tissot-Croset, K.; Alexakis, A., beta-disubstituted allylic chlorides: Substrates for the Cu-catalyzed asymmetric S(N)2
" reaction. Angew. Chem.-Int. Edit. 2006, 45 (36), 5995-5998.

23. Geurts, K.; Fletcher, S. P.; Feringa, B. L., Copper catalyzed asymmetric synthesis of chiral allylic esters. J. Am. Chem. Soc. 2006, 128
(49), 15572-15573.

24. Chen, T.; Jiang, J. J.; Xu, Q.; Shi, M., Axially chiral NHC-Pd(II) complexes in the oxidative kinetic resolution of secondary alcohols
using molecular oxygen as a terminal oxidant. Org. Lett. 2007, 9 (5), 865-868.

25. Falciola, C. A.; Alexakis, A., 1,4-dichloro- and 1,4-dibromo-2-butenes as substrates for Cu-catalyzed asymmetric allylic substitution.
Angew. Chem.-Int. Edit. 2007, 46 (15), 2619-2622.



26. Ito, H.; Ito, S.; Sasaki, Y.; Matsuura, K.; Sawamura, M., Copper-catalyzed enantioselective substitution of allylic carbonates with
diboron: An efficient route to optically active alpha-chiral allylboronates. J. Am. Chem. Soc. 2007, 129 (48), 14856-+.

27. Umeda, R.; Studer, A., Desymmetrization of 1,4-cyclohexadienyltriisopropoxysilane using copper catalysis. Org. Lett. 2007, 9 (11),
2175-2178.

28. Arita, S.; Koike, T.; Kayaki, Y.; lkariya, T., Aerobic oxidative kinetic resolution of racemic secondary alcohols with chiral
bifunctional amido complexes. Angew. Chem.-Int. Edit. 2008, 47 (13), 2447-2449.

29. Ebner, D. C.; Trend, R. M.; Genet, C.; McGrath, M. J.; O'Brien, P.; Stoltz, B. M., Palladium-catalyzed enantioselective oxidation of
chiral secondary alcohols: Access to both enantiomeric series. Angew. Chem.-Int. Edit. 2008, 47 (34), 6367-6370.

30. Haak, R. M.; Berthiol, F.; Jerphagnon, T.; Gayet, A. J. A.; Tarabiono, C.; Postema, C. P.; Ritleng, V.; Pfeffer, M.; Janssen, D. B.;

Minnaard, A. J.; Feringa, B. L.; de Vries, J. G., Dynamic kinetic resolution of racemic beta-haloalcohols: Direct access to enantioenriched
epoxides. J. Am. Chem. Soc. 2008, 130 (41), 13508-+.

31 Hojo, D.; Noguchi, K.; Hirano, M.; Tanaka, K., Enantioselective synthesis of spirocyclic benzopyranones by rhodium-catalyzed
intermolecular [4+2] annulation. Angew. Chem.-Int. Edit. 2008, 47 (31), 5820-5822.

32. Krishnan, S.; Bagdanoff, J. T.; Ebner, D. C.; Ramtohul, Y. K.; Tambar, U. K,; Stoltz, B. M., Pd-catalyzed enantioselective aerobic
oxidation of secondary alcohols: Applications to the total synthesis of alkaloids. J. Am. Chem. Soc. 2008, 130 (41), 13745-13754.

33. Lee, Y.; Akiyama, K.; Gillingham, D. G.; Brown, M. K.; Hoveyda, A. H., Highly site- and enantioselective Cu-catalyzed allylic
alkylation reactions with easily accessible vinylaluminum reagents. J. Am. Chem. Soc. 2008, 130 (2), 446-+.

34. Miller, J. J.; Sigman, M. S., Quantitatively correlating the effect of ligand-substituent size in asymmetric catalysis using linear free
energy relationships. Angew. Chem.-Int. Edit. 2008, 47 (4), 771-774.

35. Seiser, T.; Cramer, N., Enantioselective C-C Bond Activation of Allenyl Cyclobutanes: Access to Cyclohexenones with Quaternary
Stereogenic Centers. Angew. Chem.-Int. Edit. 2008, 9294-9297.

36. Shintani, R.; Takatsu, K.; Hayashi, T., Rhodium-catalyzed kinetic resolution of tertiary homoallyl alcohols via stereoselective carbon-
carbon bond cleavage. Org. Lett. 2008, 10 (6), 1191-1193.

37. Trend, R. M.; Stoltz, B. M., Structural Features and Reactivity of (Sparteine)PdCI2: A Model for Selectivity in the Oxidative Kinetic
Resolution of Secondary Alcohols. J. Am. Chem. Soc. 2008, 130 (47), 15957-15966.

38. Wills, M., Asymmetric catalysis using air: Clean kinetic resolution of secondary alcohols. Angew. Chem.-Int. Edit. 2008, 47 (23),
4264-4267.

39. Alamsetti, S. K.; Muthupandi, P.; Sekar, G., Chiral Cobalt-Catalyzed Enantiomer-Differentiating Oxidation of Racemic Benzoins by
Using Molecular Oxygen as Stoichiometric Oxidant. Chem.-Eur. J. 2009, 15 (22), 5424-5427.

40. Ebner, D. C.; Bagdanoff, J. T.; Ferreira, E. M.; McFadden, R. M.; Caspi, D. D.; Trend, R. M.; Stoltz, B. M., The Palladium-Catalyzed
Aerobic Kinetic Resolution of Secondary Alcohols: Reaction Development, Scope, and Applications. Chem.-Eur. J. 2009, 15 (47), 12978-12992.
41. Langlois, J. B.; Alexakis, A., Dynamic kinetic asymmetric transformation in copper catalyzed allylic alkylation. Chem. Commun.
2009, (26), 3868-3870.

42. Mashiko, T.; Kumagai, N.; Shibasaki, M., Managing Highly Coordinative Substrates in Asymmetric Catalysis: A Catalytic
Asymmetric Amination with a Lanthanum-Based Ternary Catalyst. J. Am. Chem. Soc. 2009, 131 (41), 14990-14999.

43. Muthupandi, P.; Alamsetti, S. K.; Sekar, G., Chiral iron complex catalyzed enantioselective oxidation of racemic benzoins. Chem.
Commun. 2009, (22), 3288-3290.

44, Selim, K. B.; Matsumoto, Y.; Yamada, K.; Tomioka, K., Efficient Chiral N-Heterocyclic Carbene/Copper(l)-Catalyzed Asymmetric
Allylic Arylation with Aryl Grignard Reagents. Angew. Chem.-Int. Edit. 2009, 48 (46), 8733-8735.

45. Akiyama, K.; Gao, F.; Hoveyda, A. H., Stereoisomerically Pure Trisubstituted Vinylaluminum Reagents and their Utility in Copper-
Catalyzed Enantioselective Synthesis of 1,4-Dienes Containing Z or E Alkenes. Angew. Chem.-Int. Edit. 2010, 49 (2), 419-423.

46. Brown, M. K.; Blewett, M. M.; Colombe, J. R.; Corey, E. J., Mechanism of the Enantioselective Oxidation of Racemic Secondary
Alcohols Catalyzed by Chiral Mn(lI1)-Salen Complexes. J. Am. Chem. Soc. 2010, 132 (32), 11165-11170.

47. Fananas-Mastral, M.; Feringa, B. L., Copper-Catalyzed Regio- and Enantioselective Synthesis of Chiral Enol Acetates and beta-
Substituted Aldehydes. J. Am. Chem. Soc. 2010, 132 (38), 13152-13153.

48. Gao, F.; Lee, Y.; Mandai, K.; Hoveyda, A. H., Quaternary Carbon Stereogenic Centers through Copper-Catalyzed Enantioselective

Allylic Substitutions with Readily Accessible Aryl- or Heteroaryllithium Reagents and Aluminum Chlorides. Angew. Chem.-Int. Edit. 2010, 49
(45), 8370-8374.

49. Gao, F.; McGrath, K. P.; Lee, Y.; Hoveyda, A. H., Synthesis of Quaternary Carbon Stereogenic Centers through Enantioselective Cu-
Catalyzed Allylic Substitutions with Vinylaluminum Reagents. J. Am. Chem. Soc. 2010, 132 (40), 14315-14320.

50. Guzman-Martinez, A.; Hoveyda, A. H., Enantioselective Synthesis of Allylboronates Bearing a Tertiary or Quaternary B-Substituted
Stereogenic Carbon by NHC-Cu-Catalyzed Substitution Reactions. J. Am. Chem. Soc. 2010, 132 (31), 10634-10637.

51. Jackowski, O.; Alexakis, A., Copper-Free Asymmetric Allylic Alkylation with Grignard Reagents. Angew. Chem.-Int. Edit. 2010, 49
(19), 3346-3350.

52. Palais, L.; Bournaud, C.; Micouin, L.; Alexakis, A., Copper-Catalysed Ring Opening of Polycyclic meso-Hydrazines with
Trialkylaluminium Reagents and SimplePhos Ligands. Chem.-Eur. J. 2010, 16 (8), 2567-2573.

53. Seiser, T.; Cramer, N., Rhodium(l)-Catalyzed Enantioselective Activation of Cyclobutanols: Formation of Cyclohexane Derivatives

with Quaternary Stereogenic Centers. Chem.-Eur. J. 2010, 16 (11), 3383-3391.



54. Seiser, T.; Cramer, N., Rhodium-Catalyzed C-C Bond Cleavage: Construction of Acyclic Methyl Substituted Quaternary Stereogenic
Centers. J. Am. Chem. Soc. 2010, 132 (15), 5340-+.

55. Brozek, L. A.; Ardolino, M. J.; Morken, J. P., Diastereocontrol in Asymmetric Allyl-Allyl Cross-Coupling: Stereocontrolled Reaction
of Prochiral Allylboronates with Prochiral Allyl Chlorides. J. Am. Chem. Soc. 2011, 133 (42), 16778-16781.

56. Cai, Y. F.; Liu, X. H.; Jiang, J.; Chen, W. L.; Lin, L. L.; Feng, X. M., Catalytic Asymmetric Chloroamination Reaction of alpha,beta-
Unsaturated gamma-Keto Esters and Chalcones. J. Am. Chem. Soc. 2011, 133 (15), 5636-5639.

57. Dabrowski, J. A.; Gao, F.; Hoveyda, A. H., Enantioselective Synthesis of Alkyne-Substituted Quaternary Carbon Stereogenic Centers
through NHC-Cu-Catalyzed Allylic Substitution Reactions with (i-Bu)(2)(Alkynyl)aluminum Reagents. J. Am. Chem. Soc. 2011, 133 (13), 4778-
4781.

58. Huang, J. R.; Cui, H. L.; Lei, J.; Sun, X. H.; Chen, Y. C., Organocatalytic chemoselective asymmetric N-allylic alkylation of
enamides. Chem. Commun. 2011, 47 (16), 4784-4786.

59. Kumar, P.; Troast, D. M.; Cella, R.; Louie, J., Ni-Catalyzed Ketene Cycloaddition: A System That Resists the Formation of
Decarbonylation Side Products. J. Am. Chem. Soc. 2011, 133 (20), 7719-7721.

60. Kunisu, T.; Oguma, T.; Katsuki, T., Aerobic Oxidative Kinetic Resolution of Secondary Alcohols with Naphthoxide-Bound
Iron(salan) Complex. J. Am. Chem. Soc. 2011, 133 (33), 12937-12939.

61. Langlois, J. B.; Alexakis, A., ldentification of a Valuable Kinetic Process in Copper-Catalyzed Asymmetric Allylic Alkylation.
Angew. Chem.-Int. Edit. 2011, 50 (8), 1877-1881.

62. Maity, P.; Srinivas, H. D.; Watson, M. P., Copper-Catalyzed Enantioselective Additions to Oxocarbenium lons: Alkynylation of
Isochroman Acetals. J. Am. Chem. Soc. 2011, 133 (43), 17142-17145.

63. Park, J. K.; Lackey, H. H.; Ondrusek, B. A.; McQuade, D. T., Stereoconvergent Synthesis of Chiral Allylboronates from an E/Z
Mixture of Allylic Aryl Ethers Using a 6-NHC-Cu(l) Catalyst. J. Am. Chem. Soc. 2011, 133 (8), 2410-2413.

64. Shen, K.; Liu, X. H.; Wang, G.; Lin, L. L.; Feng, X. M., Facile and Efficient Enantioselective Hydroxyamination Reaction: Synthesis
of 3-Hydroxyamino-2-Oxindoles Using Nitrosoarenes. Angew. Chem.-Int. Edit. 2011, 50 (20), 4684-4688.

65. Shintani, R.; Takatsu, K.; Takeda, M.; Hayashi, T., Copper-Catalyzed Asymmetric Allylic Substitution of Allyl Phosphates with Aryl-
and Alkenylboronates. Angew. Chem.-Int. Edit. 2011, 50 (37), 8656-8659.

66. Waibel, M.; Cramer, N., Desymmetrizations of meso-tert-norbornenols by rhodium(l)-catalyzed enantioselective retro-allylations.
Chem. Commun. 2011, 47 (1), 346-348.

67. Fananas-Mastral, M.; Perez, M.; Bos, P. H.; Rudolph, A.; Harutyunyan, S. R.; Feringa, B. L., Enantioselective Synthesis of Tertiary

and Quaternary Stereogenic Centers: Copper/Phosphoramidite-Catalyzed Allylic Alkylation with Organolithium Reagents. Angew. Chem.-Int.
Edit. 2012, 51 (8), 1922-1925.

68. Gao, F.; Carr, J. L.; Hoveyda, A. H., Copper-Catalyzed Enantioselective Allylic Substitution with Readily Accessible Carbonyl- and
Acetal-Containing Vinylboron Reagents. Angew. Chem.-Int. Edit. 2012, 51 (27), 6613-6617.

69. Giannerini, M.; Fananas-Mastral, M.; Feringa, B. L., Z-Selective Copper-Catalyzed Asymmetric Allylic Alkylation with Grignard
Reagents. J. Am. Chem. Soc. 2012, 134 (9), 4108-4111.

70. Jung, B.; Hoveyda, A. H., Site- and Enantioselective Formation of Allene-Bearing Tertiary or Quaternary Carbon Stereogenic Centers
through NHC-Cu-Catalyzed Allylic Substitution. J. Am. Chem. Soc. 2012, 134 (3), 1490-1493.

71. Langlois, J. B.; Emery, D.; Mareda, J.; Alexakis, A., Mechanistic identification and improvement of a direct enantioconvergent
transformation in copper-catalyzed asymmetric allylic alkylation. Chem. Sci. 2012, 3 (4), 1062-1069.

72. Li, H. L.; Muller, D.; Guenee, L.; Alexakis, A., Copper-Catalyzed Enantioselective Synthesis of Axially Chiral Allenes. Org. Lett.
2012, 14 (23), 5880-5883.

73. Shido, Y.; Yoshida, M.; Tanabe, M.; Ohmiya, H.; Sawamura, M., Copper-Catalyzed Enantioselective Allylic Substitution with
Alkylboranes. J. Am. Chem. Soc. 2012, 134 (45), 18573-18576.

74. Ye, J. T.; Li, S. H.; Chen, B.; Fan, W.; Kuang, J. Q.; Liu, J. X,; Liu, Y.; Miao, B. K. Y.; Wan, B. Q.; Wang, Y. L.; Xie, X,; Yu, Q;

Yuan, W. M.; Ma, S. M., Catalytic Asymmetric Synthesis of Optically Active Allenes from Terminal Alkynes. Org. Lett. 2012, 14 (5), 1346-
1349.

75. Chau, S. T.; Lutz, J. P.; Wu, K.; Doyle, A. G., Nickel-Catalyzed Enantioselective Arylation of Pyridinium lons: Harnessing an
Iminium lon Activation Mode. Angew. Chem.-Int. Edit. 2013, 52 (35), 9153-9156.
76. Dabrowski, J. A.; Haeffner, F.; Hoveyda, A. H., Combining NHC-Cu and BrOnsted Base Catalysis: Enantioselective Allylic

Substitution/Conjugate Additions with Alkynylaluminum Reagents and Stereospecific Isomerization of the Products to Trisubstituted Allenes.
Angew. Chem.-Int. Edit. 2013, 52 (30), 7694-7699.

77. Delvos, L. B.; Vyas, D. J.; Oestreich, M., Asymmetric Synthesis of -Chiral Allylic Silanes by Enantioconvergent -Selective Copper(l)-
Catalyzed Allylic Silylation. Angew. Chem.-Int. Edit. 2013, 52 (17), 4650-4653.

78. Hornillos, V.; Perez, M.; Fananas-Mastral, M.; Feringa, B. L., Copper-Catalyzed Enantioselective Allyl-Allyl Cross-Coupling. J. Am.
Chem. Soc. 2013, 135 (6), 2140-2143.

79. Gao, F.; Carr, J. L.; Hoveyda, A. H., A Broadly Applicable NHC-Cu-Catalyzed Approach for Efficient, Site-, and Enantioselective
Coupling of Readily Accessible (Pinacolato)alkenylboron Compounds to Allylic Phosphates and Applications to Natural Product Synthesis. J.
Am. Chem. Soc. 2014, 136 (5), 2149-2161.

80. Harada, A.; Makida, Y.; Sato, T.; Ohmiya, H.; Sawamura, M., Copper-Catalyzed Enantioselective Allylic Alkylation of Terminal
Alkyne Pronucleophiles. J. Am. Chem. Soc. 2014, 136 (39), 13932-13939.



81. Li, H.; Grassi, D.; Guenee, L.; Buergi, T.; Alexakis, A., Copper-Catalyzed Propargylic Substitution of Dichloro Substrates:
Enantioselective Synthesis of Trisubstituted Allenes and Formation of Propargylic Quaternary Stereogenic Centers. Chem.-Eur. J. 2014, 20 (50),
16694-16706.

82. Maji, B.; Baidya, M.; Yamamoto, H., Asymmetric construction of quaternary stereocenters by magnesium catalysed direct amination
of beta-ketoesters using in situ generated nitrosocarbonyl compounds as nitrogen sources. Chem. Sci. 2014, 5 (10), 3941-3945.

83. Souillart, L.; Cramer, N., Exploitation of Rh(I)-Rh(Ill) cycles in enantioselective C-C bond cleavages: access to beta-tetralones and
benzobicyclo 2.2.2 octanones. Chem. Sci. 2014, 5 (2), 837-840.

84. Souillart, L.; Cramer, N., Highly Enantioselective Rhodium(l)-Catalyzed Carbonyl Carboacylations Initiated by C-C Bond Activation.
Angew. Chem.-Int. Edit. 2014, 53 (36), 9640-9644.

85. ‘Yamamoto, E.; Takenouchi, Y.; Ozaki, T.; Miya, T.; Ito, H., Copper(l)-Catalyzed Enantioselective Synthesis of alpha-Chiral Linear or
Carbocyclic (E)-(gamma-Alkoxyallyl)boronates. J. Am. Chem. Soc. 2014, 136 (47), 16515-16521.

86. Yang, D.; Wang, L.; Han, F.; Li, D.; Zhao, D.; Cao, Y.; Ma, Y.; Kong, W.; Sun, Q.; Wang, R., Highly Enantioselective Ring-Opening

Reactions of Aziridines with Indole and Its Application in the Building of C-3-Halogenated Pyrroloindolines. Chem.-Eur. J. 2014, 20 (50),
16478-16483.

87. Yang, D.; Wang, L.; Han, F.; Li, D.; Zhao, D.; Wang, R., Intermolecular Enantioselective Dearomatization Reaction of beta-Naphthol
Using meso-Aziridine: A Bifunctional In Situ Generated Magnesium Catalyst. Angew. Chem.-Int. Edit. 2015, 54 (7), 2185-2189.

88. You, H.; Rideau, E.; Sidera, M.; Fletcher, S. P., Non-stabilized nucleophiles in Cu-catalysed dynamic kinetic asymmetric allylic
alkylation. Nature 2015, 517 (7534), 351-355.

89. Deng, L.; Xu, T.; Lo, H. B.; Done, G. B., Enantioselective Rh-Catalyzed Carboacylation of C=N Bonds via C-C Activation of
Benzocyclobutenones. J. Am. Chem. Soc. 2016, 138 (1), 369-374.

90. Han, J. T.; Jang, W. J; Kim, N.; Yun, J., Asymmetric Synthesis of Borylalkanes via Copper-Catalyzed Enantioselective
Hydroallylation. J. Am. Chem. Soc. 2016, 138 (46), 15146-15149.

91. Shi, Y.; Hoveyda, A. H., Catalytic S(N)2-and Enantioselective Allylic Substitution with a Diborylmethane Reagent and Application in
Synthesis. Angew. Chem.-Int. Edit. 2016, 55 (10), 3455-3458.

92. Yasuda, Y.; Ohmiya, H.; Sawamura, M., Copper-Catalyzed Enantioselective Allyl-Allyl Coupling between Allylic Boronates and
Phosphates with a Phenol/N-Heterocyclic Carbene Chiral Ligand. Angew. Chem.-Int. Edit. 2016, 55 (36), 10816-10820.

93. Guo, R.; Zheng, X. X.; Zhang, D. Y.; Zhang, G. Z., Rhodium(l)-catalyzed stereoselective 4+2 cycloaddition of oxetanols with alkynes
through C(sp(3))-C(sp(3)) bond cleavage. Chem. Sci. 2017, 8 (4), 3002-3006.

94, Hojoh, K.; Ohmiya, H.; Sawamura, M., Synthesis of alpha-Quaternary Formimides and Aldehydes through Umpolung Asymmetric
Copper Catalysis with Isocyanides. J. Am. Chem. Soc. 2017, 139 (6), 2184-2187.

95. Rideau, E.; You, H. Z.; Sidera, M.; Claridge, T. D. W.; Fletcher, S. P., Mechanistic Studies on a Cu-Catalyzed Asymmetric Allylic
Alkylation with Cyclic Racemic Starting Materials. J. Am. Chem. Soc. 2017, 139 (15), 5614-5624.

96. Xu, G. X.; Zhao, H. Y.; Fu, B.; Cang, A. J.; Zhang, G.; Zhang, Q.; Xiong, T.; Zhang, Q., Ligand-Controlled Regiodivergent and
Enantioselective Copper-Catalyzed Hydroallylation of Alkynes. Angew. Chem.-Int. Edit. 2017, 56 (42), 13130-13134.

97. Yang, S.; Li, Q. Z; Xu, C.; Xu, Q.; Shi, M., Rhodium-catalyzed asymmetric hydroamination and hydroindolation of keto-
vinylidenecyclopropanes. Chem. Sci. 2018, 9 (22), 5074-5081.

98. Cao, J.; Chen, L,; Sun, F. N.; Sun, Y. L.; Jiang, K. Z; Yang, K. F.; Xu, Z;; Xu, L. W., Pd-Catalyzed Enantioselective Ring
Opening/Cross-Coupling and Cyclopropanation of Cyclobutanones. Angew. Chem.-Int. Edit. 2019, 58 (3), 897-901.

99. Liu, Z.-L.; Yang, C.; Xue, Q.-Y.; Zhao, M.; Shan, C.-C.; Xu, Y.-H.; Loh, T.-P., Copper-Catalyzed Asymmetric Silylation of Propargyl
Dichlorides: Access to Enantioenriched Functionalized Allenylsilanes. Angewandte Chemie International Edition 2019, 58 (46), 16538-16542.
100. Sun, F. N.; Yang, W. C.; Chen, X. B.; Sun, Y. L.; Cao, J.; Xu, Z.; Xu, L. W., Enantioselective palladium/copper-catalyzed C-C sigma-
bond activation synergized with Sonogashira-type C(sp(3))-C(sp) cross-coupling alkynylation. Chem. Sci. 2019, 10 (32), 7579-7583.

101. Bai, D.; Yu, Y.; Guo, H.; Chang, J.; Li, X., Nickel(0)-Catalyzed Enantioselective [3+2] Annulation of Cyclopropenones and o,f3-
Unsaturated Ketones/Imines. Angewandte Chemie International Edition 2020, 59 (7), 2740-2744.

102. Iwamoto, H.; Ozawa, Y.; Takenouchi, Y.; Imamoto, T.; Ito, H., Backbone-Modified C2-Symmetrical Chiral Bisphosphine TMS-
QuinoxP*: Asymmetric Borylation of Racemic Allyl Electrophiles. J. Am. Chem. Soc. 2021, 143 (17), 6413-6422.

103. O’Connor, T. J.; Mai, B. K.; Nafie, J.; Liu, P.; Toste, F. D., Generation of Axially Chiral Fluoroallenes through a Copper-Catalyzed
Enantioselective B-Fluoride Elimination. J. Am. Chem. Soc. 2021, 143 (34), 13759-13768.

104. Qi, J.; Wei, F.; Huang, S.; Tung, C.-H.; Xu, Z., Copper(l)-Catalyzed Asymmetric Interrupted Kinugasa Reaction: Synthesis of a-
Thiofunctional Chiral B-Lactams. Angewandte Chemie International Edition 2021, 60 (9), 4561-4565.

105. Wan, Q.; Xie, J.-H.; Zheng, C.; Yuan, Y.-F.; You, S.-L., Silver-Catalyzed Asymmetric Dearomatization of Electron-Deficient
Heteroarenes via Interrupted Barton—Zard Reaction. Angewandte Chemie International Edition 2021, 60 (36), 19730-19734.

106. Wu, R.; Lu, J,; Cao, T.; Ma, J.; Chen, K.; Zhu, S., Enantioselective Rh(Il)-Catalyzed Desymmetric Cycloisomerization of Diynes:

Constructing Furan-Fused Dihydropiperidines with an Alkyne-Substituted Aza-Quaternary Stereocenter. J. Am. Chem. Soc. 2021, 143 (36),
14916-14925.

107. Xu, X.; Peng, L.; Chang, X.; Guo, C., Ni/Chiral Sodium Carboxylate Dual Catalyzed Asymmetric O-Propargylation. J. Am. Chem.
Soc. 2021, 143 (49), 21048-21055.



108. Hou, S.-H.; Yu, X.; Zhang, R.; Wagner, C.; Dong, G., Rhodium-Catalyzed Diastereo- and Enantioselective Divergent Annulations
between Cyclobutanones and 1,5-Enynes: Rapid Construction of Complex C(sp3)-Rich Scaffolds. J. Am. Chem. Soc. 2022, 144 (48), 22159-
22169.



