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 the selection of a reasonable catalyst to increase the reactivity, to 

efficiently control C/O chemoselectivity of the 2-naphthols; 

 the choice of a chiral catalyst to efficiently induce stereocontrol in the 

conjugated addition step;  

 the use of mild reaction conditions to transfer the chirality and 

obviate the axial rotation. 

Several challenges: 

Y.-H. Chen, D.-J. Cheng and B. Tan, J. Am. Chem. Soc. 2015, 137, 15062-15065. 
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Optimization of the reaction conditions 
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entry catalyst solvent T (oC) 

 

yield (%) 

 

ee (%) 

1 C1 toluene 25 90 57 

2 C2 toluene 25 85 3 

3 C3 toluene 25 85 3 

4 C4 toluene 25 83 0 

5 C5 toluene 25 88 -41 

6 C6 toluene 25 81 -4 

7 C1 DCM 25 92 72 

8 C1 DCE 25 90 65 

9 C1 DCM 0 92 80 

10 C1 DCM -78 90 93 



Substrate scope of direct arylation reaction 

9 



Substrate scope of direct arylation reaction 

10 



Proposed reaction process 

11 

 Chiral phosphoric acid promote the first step of enantioselective 

conjugative addition to form intermediate A; 

 The following step transfers its central chirality information to its 

axial chirality, affording the final chiral biaryldiol. 
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Substrate scope——axially chiral arylindoles 
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Substrate scope——aniline-indoles 
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Substrate scope——aniline-indoles 
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Substrate scope——pyrroloindolines 
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Substrate scope——pyrroloindolines 
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Transformation and control experiments 
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  Electrophilic aromatic substitution is a textbook organic reaction, in which 

the aromatic ring acts as a nucleophile. Many important transformations, 

such as aromatic nitration, halogenation, sulfonation, acylation and 

alkylation, can be mediated by this type of reaction. In sharp contrast, 

nucleophilic aromatic substitution involving aryl C–H cleavage is rarely 

described. Although aromatic rings have been used as formal electrophiles 

to react with different nucleophiles in many useful transformations involving 

transition-metal catalysed aryl C–H activation, organocatalytic arylation 

involving formal nucleophilic aromatic substitution remains to be developed. 

Encouraged by these elegant works, we speculated that an electron-

withdrawing group on an aromatic ring might interact with a Brønsted acid 

organocatalyst through hydrogen bonding, which might render the aromatic 

ring electrophilic enough for nucleophilic aromatic attack to take place. 
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As we all know, the azo group has served as an excellent directing group in 

a number of transition-metal-catalysed C–H activation transformations, 

including halogenation, oxygenation, arylation, acylation, amination, 

aminoalkylation, aminocarbonylation and cyclization. However, to the best of 

our knowledge, the organocatalytic arylation by azobenzene derivatives has 

never been documented. In this sense, using the azo group as both an 

activating group and a directing group together with an organocatalyst 

represents a novel and significant reaction modality and opens new avenues 

for the development of asymmetric organocatalysis. 
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  In summary, we have discovered that the azo group can not only 

effectively activate an aromatic ring for nucleophilic attack, but also 

efficiently directs the formal nucleophilic aromatic substitution, which allows 

for the successful development of unprecedented organocatalytic 

enantioselective arylation of indoles. The important features of these 

reactions are as follows: (1) organocatalytic formal nucleophilic aromatic 

substitution is realized, involving azobenzene derivatives as electrophiles; 

(2) the azo group acts as a directing and activating group for 

organocatalytic asymmetric arylation of indoles; (3) axially chiral arylindoles 

and aniline-indoles are accessed in good yields with excellent 

enantioselectivities by using chiral phosphoric acid as organocatalyst;  
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(4) enantioenriched pyrroloindoles bearing two contiguous quaternary chiral 

centres are forged using a cascade approach with good results; and (5) 

catalyst loading can be reduced to 0.05 mol% for effective transformation 

under mild conditions. We anticipate that this strategy will foster the 

development of many other useful transformations and motivate new 

enthusiasm for organocatalytic asymmetric aryl functionalization. 
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