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Background

2013 (Keisuke Takahashi, MR)
Mono-, Bis-, and Tris(phosphine)/Borane-Ligated Complexes

“PBP” Pincer Ligand-Supported Complexes

Our group’s works

(and Thakun’s current research topic)
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“PBP” pincer ligand vs. bidentate boryl ligand

N
B

N
PR2
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M (M = Ir, Rh, Pt, Ru, Co, Ni)
(M = Ir, Pt)

PBP pincer ligand bidentate boryl ligand

rigid coordination sphere

more stable boryl group

applications in catalysis: many

more flexible coordination sphere

potentially less stable boryl group

application in catalysis: rare
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Bidentate Boryl Ligand Introduction

Mostly borylation 



Reported examples 

Bidentate Boryl Ligand Examples of Complexes
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By Braunschweig,
Angew. Chem. Int. Ed. 2006, 45, 8048.

By Wesemann,
Chem. Commun. 2014, 50, 2738.
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Pt(PEt3)2

By Braunschweig,
Angew. Chem. Int. Ed. 2005, 44, 5647.

By Roper & Wright
Organometallics 2002, 21, 1714.

By Roper & Wright
Angew. Chem. Int. Ed. 2000, 39, 948.

By Eisenstein & Crabtree
Organometallics 1995, 14, 1168.

No catalytic reaction developed by above ones
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Synthesis of N,B-bidentate ligand (via B−B activation)

J. Am. Chem. Soc. 2015, 137, 8058.
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Complexation via B−B activation

[Ir(cod)Cl]2
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Inspiration of ligand

Iridium’s reactivity towards B−B bond
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B,N-type Boryl Ligand C−H Borylation (Li, 2015)



B,N-type Boryl Ligand C−H Borylation (Li, 2015)

Comparison with tmphen ligand

J. Am. Chem. Soc. 2015, 137, 8058.
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B,N-type Boryl Ligand Directed C−H Borylation (Li, 2017)

Synthesis of Complex (via B−Si activation)

J. Am. Chem. Soc. 2015, 139, 91.
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B,N-type Boryl Ligand Directed C−H Borylation (Li, 2017)

Optimization of conditions

J. Am. Chem. Soc. 2015, 139, 91.

Negative reactivity
Negative selectivity
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B,N-type Boryl Ligand Directed C−H Borylation (Li, 2017)

Compatibility

J. Am. Chem. Soc. 2015, 139, 91.



B,N-type Boryl Ligand Asymmetric C−H Borylation (Li, 2021)

Synthesis of chiral ligand

ACS Catal. 2021, 11, 7339.



B,N-type Boryl Ligand Asymmetric C−H Borylation (Li, 2021)

Ligand optimization

ACS Catal. 2021, 11, 7339.

Low ee

Low yield



B,N-type Boryl Ligand Asymmetric C−H Borylation (Li, 2021)

Compatibility

ACS Catal. 2021, 11, 7339.



B,N-type Boryl Ligand Asymmetric C−H Borylation (Li, 2021)

TS for C–H activation step

ACS Catal. 2021, 11, 7339.

Very similar parameters
Ir-H length

Ir-C1 length

Different parameters

C1-H length

∠C2−C3−C4

TS-Sout: most feasible



B,N-type Boryl Ligand Asymmetric C−H Borylation (Li, 2021)

TS-Sout: A weak interaction

ACS Catal. 2021, 11, 7339.



B,N-type Boryl Ligand Asymmetric C−H Borylation (Ke & Xu, 2019)

Introduction
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Complexation via B−Si & B−B activation
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J. Am. Chem. Soc. 2019, 141, 5334.

In-situ generation of active species



B,N-type Boryl Ligand Asymmetric C−H Borylation (Ke & Xu, 2019)

Computational study on mechanism

J. Am. Chem. Soc. 2019, 141, 5334.



B,N-type Boryl Ligand Asymmetric C−H Borylation (Ke & Xu, 2019)

Proposed mechanism

J. Am. Chem. Soc. 2019, 141, 5334.



B,N-type Boryl Ligand Asymmetric C−H Borylation (Ke & Xu, 2019)

Asymmetric C–H borylation of cyclopropanes

J. Am. Chem. Soc. 2019, 141, 10599.



B,N-type Boryl Ligand Asymmetric C−H Borylation (Ke & Xu, 2019)

Proposed mechanism

J. Am. Chem. Soc. 2019, 141, 10599.



B,N-type Boryl Ligand Asymmetric C−H Borylation (Ke & Xu, 2023)

Regio- and enantioselective C–H borylation of sulfoximine

Angew. Chem. Int. Ed. 2023, 62, e202217130.

Challenges on the substrate



B,N-type Boryl Ligand Asymmetric C−H Borylation (Ke & Xu, 2023)

Ligand optimization

Angew. Chem. Int. Ed. 2023, 62, e202217130.

rr = 2aa/3aa+4aa

Inverse rr
Inverse ee



B,N-type Boryl Ligand Asymmetric C−H Borylation (Ke & Xu, 2023)

Optimized ligand (CBL8)

Angew. Chem. Int. Ed. 2023, 62, e202217130.

Side arms on pyridine clearly show steric effect



B,N-type Boryl Ligand Asymmetric C−H Borylation (Ke & Xu, 2023)

Computational study

Angew. Chem. Int. Ed. 2023, 62, e202217130.



B,N-type Boryl Ligand Asymmetric C−H Borylation (Ke & Xu, 2023)

Discussion on TS1 (OA of C–H bond is the enantio-determining step)

Angew. Chem. Int. Ed. 2023, 62, e202217130.

Selectivity on 1) N-/O-atom; 2) trans-/cis- of C/B; 3) R/S of sulfoximine   



B,N-type Boryl Ligand Asymmetric C−H Borylation (Ke & Xu, 2023)

Discussion on ortho- and para-borylation

Angew. Chem. Int. Ed. 2023, 62, e202217130.

Selectivity on 1) N-/O-atom; 2) trans-/cis- of C/B; 3) R/S of sulfoximine   



B,P-type Boryl Ligand

B,P-type ligand-supported Ni complex (Nozaki, 2022)

B,P-type ligand-supported Ir complexes (Nozaki, 2022)
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Organometallics 2022, 41, 1063.

neutral cationic cationic

Ethylene Polymerization (Nozaki, 2022)



Conclusion

Flexible coordination

    Nature of bidentate ligand enables various stereo structures, where the 

rational choice of substituent could direct the reaction process selectively.

Limited reaction variety

    Most developed examples were C–H borylation (racemic of enantioselective 

borylation).

    More catalytic applications are expected.

THANK YOU FOR YOUR PATIENCE


