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羰基化合物的反应类型
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烯醇体催化模式
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2.1 INTRODUCTION

Carbonyl compounds including ketones, aldehydes and carboxylic acid 
derivatives constitute a class of carbon acids, the acidity of which falls in 
the pKa range of 25 to 35 in dimethylsulfoxide (DMSO). 

To generate an enolate from a carbonyl substrate, a suitable base 
should be chosen to meet two criteria:

1. Adequate basicity to ensure the selective deprotonation process for 
enolate generation

2. A sterically hindered structure so that nucleophilic attack of this 
base on the carbonyl centers can be prevented.
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2.1 INTRODUCTION

弱酸 烯醇化（碱选择）
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2.1 INTRODUCTION

The metal amide bases had enjoyed much popularity since the 
introduction of sterically more hindered bases 1-4. 

Advantages:
 most suitable and commonly used bases for carbonyl deprotonation.
 quite soluble in ethereal solvent systems.
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2.2.3 Chelation-Enforced Intra-annular Chirality 
Transfer （配位型的环内不对称诱导）

As illustrated in the equations in Scheme 2-11. A lithium-coordinated 
five-membered or six-membered ring fixes the orientation between the 
inducing asymmetric center and the enolate:
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2.2.3.2 Prolinol-Type Chiral Auxiliaries

Evans and Takacs demonstrated a diastereoselective alkylation based
on metal ion chelation of a lithium enolate derived from a prolinol-type
chiral auxiliary. This method can provide effective syntheses of a-
substituted carboxylic acids.

Si-face attack

Re-face attack
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2.2.3.2 Prolinol-Type Chiral Auxiliaries
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2.2.3.2 Prolinol-Type Chiral Auxiliaries

Lin, G. Q. et al 1984, 

易回收
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2.2.3.2 Prolinol-Type Chiral Auxiliaries （C2-对称性）

外消旋二羧酸拆分

Evans et al
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2.2.3.3 Imide Systems (酰亚胺体系)

Evans 试剂
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2.2.3.3 Imide Systems (酰亚胺体系)
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2.2.3.3 Imide Systems (酰亚胺体系)
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2.2.3.3 Imide Systems (酰亚胺体系)

Evans 试剂合成改进-Wuts  （S-缬氨酸）

16



2.2.3.3 Imide Systems (酰亚胺体系)

Wenglowsky and Hegedus reported a more practical route to a-amino aldehydes via 
an oxazolidinone method. 
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2.2.3.4 Chiral Enamine Systems （烯胺体系）

机理？
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2.2.3.4 Chiral Enamine Systems
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2.2.3.5 Chiral Hydrazone Systems （手性腙）

In 1976, Corey and Enders demonstrated the great synthetic potential 
of metalated dimethylhydrazones as highly reactive intermediates in 
regio- and diastereoselective C-C bond formation reactions. 
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2.2.3.5 Chiral Hydrazone Systems
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2.2.3.5 Chiral Hydrazone Systems

光学活性信息素

四个可能的立体异构体

应用实例 1
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major

Enders, D. ACIE 1979, 397. Rev: T. 2002, 
2253.



2.2.3.5 Chiral Hydrazone Systems

应用实例 2
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2.2.3.5 Chiral Hydrazone Systems

Denmark
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2.2.3.6 Oxazoline Systems （手性噁唑啉）

优点：

原料易制备，稳定性好

潜在羧酸前体
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2.2.3.6 Oxazoline Systems
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2.2.3.6 Oxazoline Systems

应用实例 1.  不对称烷基化
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2.2.3.6 Oxazoline Systems

应用实例 2.    1，4-共轭加成

β
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2.2.3.6 Oxazoline Systems

R’Li H+

应用实例 2.   1，4-共轭加成
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2.2.3.7 Acylsultam Systems （酰基磺内酰胺）

Oppolzer   首创---α, α-二取代羧酸
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2.2.3.7 Acylsultam Systems （酰基磺内酰胺）

Oppolzer   首创
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2.2.3.7 Acylsultam Systems （酰基磺内酰胺）

非天然α-氨基
酸合成
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2.2.3.7 Acylsultam Systems （酰基磺内酰胺）

1, 4-共轭加成
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2.3 PREPARATION OF QUATERNARY 
CARBON CENTERS （手性季碳中心构建）

Mayers et al

双环内酰胺
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2.3 PREPARATION OF QUATERNARY 
CARBON CENTERS

Mayers et al

不对称环丙环化

3 steps
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2.3 PREPARATION OF QUATERNARY 
CARBON CENTERS

Seebach et al

“手性中心自我再生法” (self-regeneration of stereocenters, SRS)
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2.4 PREPARATION OF α-AMINO ACIDS

非蛋白氨基酸合成

二酮哌嗪-手性六元杂环
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金属催化的α-芳基化反应 Buchwald, JACS 2002, 350
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金属催化的α-芳基化反应 Buchwald, JACS 2009, 990
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金属催化的α-芳基化反应: 
ester

Huang, Z.-Y.; Liu, Z.; Zhou, J. S. J. Am. 
Chem. Soc. 2011, 133, 15882.
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有机催化的α-烷基化反应 O’Donnell, M. J. Tetrahedron. 1994, 
4507.
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有机催化的α-烷基化反应
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List, B. J. Am. Chem. Soc. 2004, 
450.有机催化的α-烷基化反应
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SOMO 
catalysis
Singly Occupied 
Molecular Orbital 
Activation
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有机催化的羰基α-卤代反应 MacMillan, D. W. C. JACS 2005, 
8826.
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有机催化的羰基α-卤代反应 Bartoli, G. Angew. Chem. Int. Ed. 2005, 
6219.
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有机催化的羰基α-卤代反应 Maruoka, K. J. Am. Chem. Soc. 2008, 
3728.
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New Directions
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Cooperative catalysis

Relay catalysis, sequential catalysis 
(metal/organo)

Chiral anion directed catalysis (ACDC by 
List)
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