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Mechanistic studies: cross-coupling of 1a with 2 or V 
 



13 

Mechanistic studies: roles of hydoquinone for reaction 



14 

Mechanistic studies 



15 

Proposed reaction mechanism 



16 

Ni-catalyzed difluoromethylation 

entry Ni(COD)2 (mol%) L (mol%) solvent yield (%) 

1 15 dtbpy (15) DMSO 0 

2 15 phen (15) DMSO 0 

3 10 dppf (10) toluene trace 

4 10 dppf (10) dioxane trace 

5 10 dppf (10) DMPU trace 

6 10 dppf (10) THF 10 

7 10 dppf (10) MeCN 15 

Xu, L.;  Vicic, D. A.  J. Am. Chem. Soc.  2016, 138, 2536. 
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entry Ni(COD)2 (mol%) L (mol%) solvent yield (%) 

 8 10 dppf (10) DMF 16 

 9 10 dppf (10) DMSO 51 

10 15 dppf (15) DMSO 80 

11 15 xantphos (15) DMSO 10 

Ni-catalyzed difluoromethylation 

All of the reactions were run on a 0.1 mmol scale in 0.5 mL of solvent for 24 

h; 1.2 equiv of [(DMPU)2Zn(CF2H)2] was used. The yields of ArCF2H were 

determined by 19F NMR analysis using α,α,α-trifluorotoluene as an internal 

standard. 
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Substrate scope: aryl and heteroaryl  iodides 
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Substrate Scope: aryl bromides and triflates 
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Pd-catalyzed difluoromethylation of arenes with ClCF2H 
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Optimization of arylboronic acid and esters 
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Proposed reaction mechanism 
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entry reaction conditions yield (%), 3-H/3-D 

1 B = B(OH)2, ClCF2H 57/22 

2 B = Beg, ClCF2H 40/27 

3 No hydroquinone 1/- 

Mechanistic studies 
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The first paragraph 

The wide application of fluorinated compounds in agrochemicals, 

pharmaceuticals and materials science has triggered many efforts to 

develop general and efficient methods for selective introduction of 

fluorinated groups into organic molecules. Particularly owing to the unique 

properties of CF2H, which can serve as a bioisostere of hydroxyl and thiol 

groups, and also as a lipophilic hydrogen bond donor, the selective 

introduction of this motif onto aromatic rings can remarkably improve their 

metabolic stability, oral bioavailability and solubility compared with their 

non-fluorinated counterparts. Thus, difluoromethylation has become a 

useful strategy for the modification of biologically active compounds. 
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The last paragraph 

In summary, we have established that the palladium-catalysed 

difluoromethylation of (hetero)arylboronic acids and esters with the 

cheap and simple ClCF2H can efficiently access a variety of 

difluoromethylated aromatics and that the conditions are compatible 

with a range of functional groups, including heteroarenes. The ability to 

directly introduce a difluoromethyl group at metabolic positions of 

pharmaceuticals provides good opportunities to use ClCF2H for the 

synthesis and development new medicinal agents. Preliminary 

mechanistic studies reveal that a palladium difluorocarbene pathway is 

involved in the reaction. Current efforts are devoted to elucidating the 

detailed mechanism and to lower the loading amount of catalyst and 

ClCF2H. 


