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entrya PdCl2(dppf) CuCl Ligand yield (%)b erc 

1 5 10 L1 90 78:22 

2 10 10 L1 91 88:12 

3 15 10 L1 86 91:9 

4 20 10 L1 70 90:10 

5 15 5 L1 86 93:7 

6 15 2.5 L1 72 93:7 

7d 15 5 L1 88 93.5:6.5 

8d 15 5 L2 90 90:10 

9d 15 5 L3 89 93:7 

10d 15 5 L4 76 92:8 

11d 15 5 L5 65 55:45 

12d 15 5 L6 72 52:48 

13d 15 5 L7 80 54:46 

14d 15 5 L8 81 54:46 

15d,e 15 5 L1 90 94.5:5.5 

16d,e,f 15 5 L1 95 95.5:4.5 

17d,e,f,g 15 5 L1 94(88) 96:4 

aReaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), B2(pin)2 (0.4 mmol), PdCl2(dppf) (x mol%), CuCl (y mol%), and NaOMe (0.5 mmol) 

in THF (2.0 mL) at 20 oC for 3 h. bDetermined by 1H NMR spectroscopy with dimethyl terephthalate as an internal standard. Yield of the 

isolated product given within parentheses. cDetermined by HPLC. dCuBr instead of CuCl. e10 mol% TFP was added as additive. 
fNaOEt instead of NaOMe. gMixed solvents: 2.0 mL THF and 1.0 mL 2-MeTHF. THF= tetrahydrofuran. 
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Importance of chiral allenes 

Classical methods of synthesizing chiral allenes  

New methods of synthesizing chiral allenes  

Challenge of synthesizing chiral allenes  



Given their unique structural characteristics (cumulated diene and axial 

chirality), related biological activities, and physical and chemical properties, 

chiral allene scaffolds are not only widely present in natural products, 

pharmaceuticals, and materials, but also frequently employed as an 

important class of synthetic intermediates in various organic transformations. 

Allene chemistry has stimulated the interest of organic and medicinal 

chemists for decades. However, general and efficient enantioselective 

synthetic method to access axially chiral allenes from prochiral precursors is 

a longstanding challenge. Many classical methods predominantly rely on 

central-to-axial chirality transfer or resolution of racemic allenes. Until 

recently, increasing attention has focused on developing catalytic 

asymmetric approaches for the synthesis of chiral allenes. 
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Summary of this work 

Explanation of the 

mechanism by theoretical 

calculations  
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In summary, we have developed an efficient approach for the synthesis of 

multisubstituted chiral allenes with excellent enantioselectivities by 

cooperative Cu/Pd-catalyzed 1,4-arylboration of 1,3-enynes. By employing 

this protocol, the prochiral aryl-, alkyl-, and 2-substituted 1,3-enynes were 

smoothly converted into the corresponding tri- and tetrasubstituted allenes. 

Theoretical calculations disclosed that the transmetallation of allenylcopper 

species was the rate-limiting step, which had a much lower energy barrier 

than both racemization steps, to realize a highly stereospecific 1,4-

arylboration of 1,3-enynes. 
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Shortly thereafter (此后不久 soon afterwards), the groups of Ge and Engle  

independently disclosed the same protocols (协议，规则：方法). 

Similarly, the addition of chiral Cu-Bpin species to 1,3-enynes also enables 

the generation of chiral allenylcopper intermediates, which were readily 

captured by aldehydes and ketones to afford the corresponding propargylic 

products with excellent selectivities. 

关系代词which在非限制性定语从句中所指代和修饰的可以是主句中的名词、

形容词、短语、其他从句或整个主句，在从句中作主语、动词宾语、介词宾
语或表语。 

The challenge of this strategy is to maintain the highly stereospecific 

metal-to-metal transfer. 

表示“做某事的挑战”“挑战做某事”，习惯上要接不定式。 
也可以改为：This strategy faces the challenge of maintaining the highly 

stereospecific metal-to-metal transfer. 
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