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Asymmetric electrophilic amination 

Entry Enolate Yield (%) N-/O- Ee of N- (%) 

1 n = 1 90 97/3 86 

2 n = 2 95 96/4 > 99 

3 n = 3 96 > 99/1 97 

4 94 > 99/1 77 

5 97 > 99/1 98 
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Asymmetric X-H insertion with sulfo(xo)nium ylides 
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Asymmetric C-H insertion with sulfonium ylides 

Müller, P. et al. Helv. Chim. Acta. 1999, 82, 935. 
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Burtoloso, A. C. B. et al. Angew. Chem. Int. Ed. 2020, 59, 15554. 



17 

Burtoloso, A. C. B. et al. Angew. Chem. Int. Ed. 2020, 59, 15554. 

Asymmetric S-H insertion with sulfoxonium ylides 

 



Enantioselective synthesis of α-tertiary amino ketones 

18 

Sun, J. et al. J. Am. Chem. Soc. 2020, 142, 14384. 



Evaluation of the reaction conditionsa 
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Entry Cat. T (oC) t (h) Solvent Ee (%)b 

1 (S)-A1 25 1 DCM 24 

2 (S)-A2 25 1 DCM 24 

3 (S)-A3 25 1 DCM 0 

4 (S)-A4 25 1 DCM 44 

5 (S)-A5 25 1 DCM 43 

6 (S)-A4 25 1 toluene 54 

7 (S)-A4 25 36 Et2O 46 

8 (S)-A4 25 1 CHCl3 34 

9 (S)-A4 -30 72 toluene 80 

10 (S)-A4 -40 96 toluene 83 

a Reaction scale: 1a (0.10 mmol), 2a (0.11 mmol), catalyst (0.01 mmol), 

and solvent (1.0 mL). b Determined by chiral HPLC.  
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a Reaction scale: 1 (0.5 mmol), 2 (0.55 mmol), (S)-A4 (10 mol %), toluene  (5.0 mL). b Run with A4 (20 mol %), -40  oC, 72 

h, followed by 24 h at r.t. after the addition of Cu(OAc)2. 
c (S)-A6 (10 mol %), 4 Å MS (100 mg), -50 oC, 120 h. d (S)-A6 (15 

mol %), -30  oC. e (S)-A6 (20 mol %), -40  oC, 120 h. f (R)-A7 (10 mol %) . 
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Scope for α-nonmethyl aminoketonesa  
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a Reaction scale: 1 (0.5 mmol), 2 (0.55 mmol), (S)-A6 (10 mol %), and 4 Å MS (250 mg) with  

 toluene  (5.0 mL).  



Synthesis of chiral α-amino estersa  
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a Reaction scale: 1 (0.5 mmol), 2 (0.55 mmol), (S)-A7 or (R)-B (10 mol %), and 4 Å MS (100 mg) with  

 toluene  (2.0 mL).  
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Figure 1. 31P NMR study of the reaction species involved (all with 10 mol % of  A4). 
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Summary 
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化合物的重要性 

目前文献成功报道一些例子，
并指出其缺陷，进而引出作者

工作。 

写作思路 

Introduction 

介绍本文采用的策略，进而引
出作者工作。 
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Chiral α-amino ketones are substructures present in numerous important 

molecules of pharmaceutical relevance. They also serve as important 

precursors to β-aminol alcohols, which are widely used as chiral ligands. As 

a result, the efficient asymmetric synthesis of such important chiral amines 

has been a constant pursuit of organic chemists. In the past decades, a few 

catalytic enantioselective approaches have been devised for this purpose. 

Among them, direct electrophilic α-amination of ketone enolates represents 

the most general approach. However, this elegant method has its 

limitations. For example, the majority of current examples dealt with cyclic 

ketones or activated ketones (such as β-ketoesters), whose stereocontrol 

might benefit from the restricted conformation of cyclic enolates or 

interaction with the additional carbonyl group. Moreover, they are mainly 

limited to the construction of tetrasubstituted stereocenters, which likely             
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avoids racemization of the otherwise labile tertiary stereocenter. Another 

point probably worthy of note is that currently known approaches rarely 

employ free amines as the nitrogen source. Instead, masked or protected 

amines (e.g., diazocarboxylate, azide, and amides) were typically required 

to be compatible with the catalytic systems. While recent progress by other 

ingenious strategies has been achieved, catalytic asymmetric approaches 

for the synthesis of acyclic α-tertiary amino ketones remain scarce. Herein 

we introduce a completely different approach to address these challenges.  

 



32 

指出工作特点 

写作思路 

The Last Paragraph  

总结工作 

展望催化剂的应用领域 
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We have developed a new catalytic asymmetric synthesis of chiral α-

amino ketones whose access has been limited and challenging particularly 

for acyclic α-tertiary cases. This is also a rare demonstration of asymmetric 

insertion reactions of α-carbonyl sulfonium ylides, a family of versatile and 

safe surrogates of diazocarbonyl compounds. With the proper choice of 

chiral phosphoric acids, the intermolecular C-N bond formation process 

proceeds efficiently with free amines to provide a wide range of highly 

enantioenriched α-amino ketones. Postreaction enhancement of the 

product enantiopurity was also demonstrated by an operationally simple, 

stereochemically matched Cu-CPA-catalyzed kinetic resolution. The design 

of new chiral catalysts also enabled the extension to α-amino esters. The 

products are precursors to a range of important chiral amine derivatives, 

including drug molecules and chiral ligands. Mechanistic studies indicated 

that the enantioselectivity is controlled by dynamic kinetic resolution in the 

rate-determining amination step rather than the initial protonation.  
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Finally, the privileged chiral phosphoric acids are now being applied to 

new types of substrates and reactions. This process also opens up a new 

platform for the development of other related insertion reactions. 

 



Representative Examples 

35 

The relative basicity of the sulfonium ylide inspired us to envision that 

protonation with a chiral acid would lead to a chiral sulfonium ion pair, in 

which the labile α-tertiary stereocenter bearing a good leaving group 

(organosulfide) would be susceptible to nucleophilic substitution.  

(激励我们……) 

Another point probably worthy of note is that currently known approaches 

rarely employ free amines as the nitrogen source. (其它可能值得注意的是

……) 

This process also opens up a new platform for the development of other 

related insertion reactions. (开辟了……) 
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