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• 1. C-C bond formation 

• 2. C-N bond formation 

• 3. C-O bond formation 

• 4. C-Halide bond formation 

• 5. Other 



1.C-C bond formation 

• 1-1. Pyridine as Directing Group=DG (2006-10, 1 
pub.) 

• 1-2. Oxazoline as DG (2006, 1 pub.) 

• 1-3. Carboxylic acid as DG (2007-08, 2010-11, 3+2 
pub.) 

• 1-4. CONHX as DG (2008-11, 7 pub.) 

• 1-5. No DG (2009-10, 3 pub.) 

• 1-6. NHCOX as DG (2010, 1 pub.) 

• 1-7. Remote DG (2012, 1 pub.) 

 

 



1-1 Pyridine as DG  

23 examples in total 



1-2 Oxazoline as DG 

Every 3h per batch 
19 examples 

Every 0.5h per batch 



1-3 Carboxylic acid as DG 

6 examples 

6 examples 

8 examples 



1-3 Carboxylic acid as DG 

9 more examples 

EDG>EWG 
Electrophilic palladation pathway 



1-3 Carboxylic acid as DG 

27 more examples 

Excellent regioselectivity 



1-3 Carboxylic acid as DG 

Why? 
Related to Q3 



1-3 Carboxylic acid as DG 

21 more substrates 



1-4 CONHX as DG  

Bulky solvent to prevent homocoupling  
and beta-hydride elimination 

O2 instead of Ag2O 

6 more examples 

8 more examples 



1-4 CONHX as DG  

15 more examples 



1-4 CONHX as DG  

Using ArI instead of Boronic acid 
 

Pd:0II also can work 



1-4 CONHX as DG  

DMSO stabilizes the Pd(0) 
 

BQ is crucial for R.E. and 
Reoxidation. 

10 examples in total 



1-4 CONHX as DG  

20 examples in total 

Might be the reason of 
para-selective 



1-4 CONHX as DG  

10 examples in total 



1-4 CONHX as DG  

19 examples in total 



1-5 No DG  

14 examples in total 



1-5 No DG  



1-5 No DG  

21 examples in total 

16 eq. of 1 
The olefin is the 
limiting reagent. 

KIE=4.0 
So it is not a 
Friedel-Crafts rxn. 



1-5 No DG  

24 examples in total 

6 eq. of pyridine 
The olefin is the 
limiting reagent. 

KIE=4.2 
C-H activation may via 
Concert metalation 



1-6. NHCOX as DG 

20 examples in total 

TsO- is crucial 
Reason see next slide 



1-6. NHCOX as DG 

Allow CO to attach to Pd 



1-6. NHCOX as DG 



1-7. Remote DG 



1-7. Remote DG 



1-7. Remote DG 

T2 is more easier to remove. 
Good functional groups tolerence. 
38 examples in total. 



1-7. Remote DG 

T2 is more easier to remove. 
Good functional groups tolerence. 
38 examples in total. 



Summary 

• 1. Good directing group is the most important 

• 2. Many types of reactants as coupling partner 

Boronic acid, Halides, CO, Olefins… 

• 3. Two different mechanism are purposed. 

 



2.C-N bond formation 

• 2-1. Intramolecular C-N bond formation 

                                                    ----Cyclization reaction 

From 2008-09, 3 publications. 

• 2-2. Intermolecular C-N bond formation 

From 2011, 1 publication. 

 



2.C-N bond formation 

• Let’s tell the story from the beginning…  



2-1. Intramolecular C-N 

Only 7 examples are 
synthesized in this way 
 
 



2-1. Intramolecular C-N 

18 examples in total. 
 
 



2-1. Intramolecular C-N 

24 examples in this 
procedure. 
 
 

Ce(SO4)2 was the first oxidant that  
shows good reactivity. 9 examples. 
But the acetoxylation product also gave  
35% yield. 
 



2-2. Intermolecular C-N 

12 examples using this  
amine partner. 
Does other amines work? 
 



2-2. Intermolecular C-N 

12 examples using this  
amine partner. 
Does other amines work? 
 



2-2. Intermolecular C-N 

I think F also play an important role here. 



Future 

• 1. sp3 C-N bond 

• 2. practical approach --- no Ag, or expensive F 

 



3.C-O bond formation 

• 3-1. C-OAc as Product 

from 2005-10, 3 publications. 

• 3-2. C-OH as Product 

2009, 1 publication. 

• 3-3. Cyclization reaction 

2010, 1 publication. 



3-1. C-OAc as Product 

15 examples 50-90% yield  

2005 

2006 
18 examples 

2010 

23 examples, 33-93% yield 



3-2. C-OH as Product 



3-3. Cyclization reaction 

23 examples in total. 42-91% yield.  



4. C-Halide bond formation 

• 4-1. C-I Bond formation 

From 2005-10, 4+3 (application) Publications. 

• 4-2. C-Cl Bond formation 

2006 1 Publication. 

• 4-3. C-F Bond formation 

From 2009-2011, 2 Publications. 

• 4-4. C-CF3 Bond formation 

From 2010-12, 2 Publications. 

 



4-1. C-I Bond formation 

4 more examples with d.r. selectivity 



4-1. C-I Bond formation 

18 examples in total. 41-83% yield. 



4-1. C-I Bond formation 

17 examples in total. 29-95% yield. 



4-1. C-I Bond formation 

DMF can promote this reaction. Use the following condition for 14 examples, with 
65-85% yield.  



4-1. C-I Bond formation 

• Application 

 

7 examples, from 24-88% 
yield 



4-2. C-Cl Bond formation 

14 examples 
20-92% yield 



4-2. C-Cl Bond formation 

14 examples 
20-92% yield 



4-3. C-F Bond formation 

17 examples, 41-88% yield 

20 examples in total, 36-88% yield 



4-4. C-CF3 Bond formation 

13 examples, 33-88% 
yield 



4-4. C-CF3 Bond formation 

19 examples, 32-94% 
yield 



5. Other 

• 5-1. Ligand development 

3 publications, one science. Very important, related to 
many JACS publications. 

• 5-2. Cyclization reaction: 5 publications. 

• 5-3. C-B Bond and C-P Bond (not C-H) Formation 

1 publication for each 

• 5-3. Mechanism related: 6 publications. 

2 computational, 2 kinetic, 1 Pd complex, 1 model study. 

• 5-4. Application: 2 publications. 

• 5-5. Other works: 3-4 publications. 



5-1. Ligand 



5-1. Ligand 



Thanks! 

 





Kinetic 


