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Condition Optimization 

entrya solvent T (oC) L* yield (%)b erc 

1 THF 25 L1 <5 -- 

2 THF 25 L2 26 53:47 

3 THF 25 L3 70 62:38 

4 THF 25 L4 54 76:24 

5 THF 25 L5 62 85:15 

6 THF 0 L5 66 87:13 

7 Hexane 0 L5 58 95:5 

8 Octane 0 L5 62 95:5 

9 MTBE 0 L5 60 96:4 

10d MTBE 0 L5 89 96:4 

a Conditions: 1a (0.1 mmol), [Ir(OMe)(COD)]2 (2 mol%), L* (4 mol%), B2pin2 (0.1 mmol) in 

solvent (1.0 mL). b The yields obtained by 1H NMR with CH2Br2 as internal standard. c er 

values were determined by chiral HPLC. d 1.2 equiv of B2pin2 was used, [Ir(OMe)(COD)]2 

(3 mol%) and L5 (6 mol%) was used.    
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Synthesis of Organoboron Compounds  

 

 



entrya L* solvent yield (%)b ee (%)c 

1 none THF trace n.d. 

2 L1 THF 58 19 

3 L2 THF 67 13 

4 L3 THF 95 90 

5 L4 THF 90 85 

6 L3 1,4-dioxane 90 74 

7 L3 nhexane 87 74 

8d L3 THF 98(88) 94 

a Conditions: 8a (0.1 mmol), [IrCl(COD)]2 (5 mol%), L* (10 mol%), B2pin2 (1.0 

mmol) in THF (1.0 mL)  at 80 oC for 12 h. b Yield of 9a was determined by 1H 

NMR using CH2Br2 as internal standard. c The enantiomeric excess was 

determined by chiral HPLC. d The reaction temperature was 70 oC.  

Condition Optimization 



Substrate Scope 



entrya L* conv. (%)b ee11a (%)d ee10a (%)c se 

1 L3 35 89 48 28 

2 L4 26 85 30 17 

3 L6 19 96 22 39 

4 L7 26 93 33 44 

5 L8 30 94 41 68 

a Conditions: 10a (0.1 mmol), [IrCl(COD)]2 (2.5 mol%), L* (5 mol%), B2pin2 (0.06 mmol) in THF 

(1.0 mL)  at 70 oC for 24-48 h. b Conversion was calculated by [ee10a/(ee11a + ee10a)]. 
c ee10a 

was determined using GC on a chiral B-DA column; d ee11a was determined by chiral HPLC 

after oxidation with NaBO3. 
e s = Kfast/Kslow = ln[(1 - conv./100)(1 – ee10a/100)/ln[(1 - 

conv./100)(1 + ee10a/100)].  

Condition Optimization 



entrya Ar; Ar’ conv. (%)b ee11 (%)c ee10 (%)c sd 

1 Ph; 3,5-(CF3)2C6H3 30 94 41 68 

2 3-MeC6H4; 3,5-(CF3)2C6H3 30 90 40 25 

3 3-ClC6H4; 3-MeO-5-MeC6H3 28 90 35 27 

4 Ph; 3,5-(MeO)2C6H3 33 85 42 19 

5e 3-PhC6H4; 3-Me-5-ClC6H3  39 87 55 23 

6e 3-PhC6H4; 3-MeO-5-ClC6H3  37 87 51 24 

7e 3-PhC6H4; 3,5-(CF3)2C6H3 27 93 34 33 

8f Ph; 3,5-Br2C6H3 24 90 28 22 

9g 3-ClC6H4; 3-MeO-5-CF3C6H3 50 88 88 45 

a Conditions: 10 (0.1 mmol), [IrCl(COD)]2 (2.5 mol%), L* (5 mol%), B2pin2 (0.06 mmol) in THF (1.0 mL)  at 70 
oC for 24-48 h. b Conversion was calculated by [ee10/(ee11 + ee10)]. 

c ee10 was determined using GC or HPLC 

on chiral stationary phase; c ee11 was determined by chiral HPLC after oxidation with NaBO3. 
d s = Kfast/Kslow = 

ln[(1 - conv./100)(1 – ee10/100)/ln[(1 - conv./100)(1 + ee10/100)]. e 0.80 equiv of B2pin2 was used. f 1.2 equiv of 

B2pin2 was used.   g 1.2 equiv of B2pin2 was used.    

Substrate Scope 



Synthetic Application  



 Proposed Mechanism  



Summary 

Xu, S. et al. J. Am. Chem. Soc. 2019, 141, 5334. 

Hartwig, J. F. et al. Angew. Chem. Int. Ed. 2017, 56, 7205. 

Asymmetric C(sp2)-H Borylation (Relay-directed) 

Asymmetric C(sp2)-H Borylation (Chelate-directed) 



    Optically active organoboron compounds are of great 

importance in synthetic chemistry, drug discovery, and catalysis. 

Accordingly, a number of synthetic methods for these compounds 

have been developed during the past decades. Early methods 

usually rely on chiral reagents and auxiliaries, including lithiation-

borylation and Matteson homologation.  

The First Paragraph 



    Some of these suffered from harsh reaction conditions. 

Transition-metal-catalyzed asymmetric carbon-boron coupling of 

carbon-halogen bonds, asymmetric hydroboration of π 

unsaturated substrates, carbene insertion into B-H bonds, and C-

C coupling of gem-diboron compounds have been developed 

under mild conditions. These methods are also compatible with a 

wide range of functional groups. However, substrates for these 

reactions need to be prefunctionalized, which will cost extra 

reaction steps, purifications, and other reagents. 

The First Paragraph 



The Last Paragraph 

    We have developed a new class of bidentate chiral boryl ligands, 

which enable chelate-directed iridium-catalyzed asymmetric 

C(sp2)-H borylation using free amines as directing groups. With 

this protocol, we realized Ir-catalyzed desymmetrization of 

prochiral diarylmethylamines and kinetic resolution racemic 

diarylmethylamines for the first time. This protocol provides a vast 

range of optically active diarylmethylamines with excellent enantio- 

selectivities.  



The Last Paragraph 

    We also demonstrated that the borylated products can be used 

as versatile precursors in the preparation of a variety of 

functionalized chiral diarylmethylamines, including potent ligands. 

Further applications of chiral boryl ligands in other catalytic 

asymmetric transformations are currently underway in our laboratory.  
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