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Biologically active C–N axially chiral biaryls



Synthesis of Sotorasib

B. A. Lanman et al. Acc. Chem. Res. 2022, 55, 2892–2903.

Green Chemistry Challenge: 2022 Greener Reaction Conditions Award

(Amgen)

https://www.epa.gov/greenchemistry/green-chemistry-challenge-2022-greener-reaction-conditions-award



Synthesis of C–N axially chiral biaryls

R.-R. Liu et al. Angew. Chem. Int. Ed. 2021, 60, 21718–21722.

O. Kitagawa et al. Chem. Eur. J. 2010, 16, 6752–6755.

Enantioselective Buchwald-Hartwig reaction

Enantioselective alkyne cyclization



Synthesis of C–N axially chiral biaryls

K. Kamikawa; M. Uemura et al. J. Org. Chem. 2007, 72, 3394–3402.

B. Tan et al. Angew. Chem. Int. Ed. 2020, 59, 6775–6779.

First stereoselective C–N cross-coupling

Calytic enantioselective C–N coupling



C–N coupling for synthesizing biaryls

Ullmann coupling

Buchwald–Hartwig reaction

Chan–Lam coupling

P. Y. S. Lam et al. Tetrahedron Lett. 1998, 39, 2941–2944.

S. L. Buchwald et al. Angew. Chem. Int. Ed. 2006, 45, 6523–6527.

S. L. Buchwald et al. J. Org. Chem. 2007, 16, 6190–6199.



Atroposelective Chan–Lam coupling

General synthesis of C–N axially chiral biaryls

Our strategy

1. Hard to couple between hindered substrates

2. Who knows atroposelective Chan–Lam possible? 

Issues to be solved



Racemization barrier around C–N axis

Optimized Geometries at B3LYP/6-31G(d) Level of Theory

Racemization barrier

23 kcal/mol (Theoretical)
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Racemization barrier around C–N axis
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Racemization barriers around C–N axises

N-arylbenzimidazole N-arylimidazole



Additive effect of Chan–Lam coupling



Additive effect of Chan–Lam coupling

optimal conditions

Cu : Cu(NO3)2·3H2O

ligand : TMEDA

oxidant : MnO2 with O2

solvent : MeOH

temperature : rt



MnO2 addition effect of Chan–Lam coupling



Ligand screening (No. 1)

Screened commercially available 70 chiral ligands 

Ligand GC yield 

(%)

ee (%)

1 40 1.8

2 21 1.9

3 26 1.8

4 36 1.8

5 1.1 −0.8

6 12 3.2

7 32 −0.3

8 17 29   

9 4.2 24

10 81 57

11 90 −25

1 2 3 4

5 6 7 8

9 10 11



12 13 14 15

16 17 18 19

20 21

optimized ligand

Ligand GC yield (%) ee (%)

10 81 57

12 93 67

13 48 35

14 37 58

15 86 56

16 87 51

17 94 66

18 >95 44

19 85 69

20 88 74

21 90 (40a) 75 (76a)

aWithout MnO2.
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Ligand screening (No. 2)

Screened synthesized 22 chiral BOX ligands 



MnO2 addition effect of Chan–Lam coupling



MnO2 addition effect of Chan–Lam coupling



Transformation of product bearing bromine

Recrystalization

X-ray crystal stracture
(S)-isomer



Substrate scope and limitation (No. 1)



Substrate scope and limitation (No. 2)



Reaction mechanism of Chan–Lam coupling

24



up to >99% yield

up to 90% ee

Conclusion for Chan–Lam

First atroposelective Chan–Lam coupling

Chem. Commun. 2024, 60, 678–681.

√  First peer-reviewed atropselective Chan–Lam 

√ MnO2 signifincantly accelarete coupolings

√ Atroposelectivity controlled by bisoxazoline (BOX)



Patureau’s report

F. W. Patureau et al. Chem. Eur. J. 2024, 30, e202304378.

Patureau and his co-workers reported atroposelective Chan–Lam couplings 

right after accepting our paper.



Later on…

X. Li et al. J. Am. Chem. Soc. 2024, 146, 16567–16580.

Then, Li and his co-workers reported atroposelective Buchwald–Hartwign

reaction published in this year.

Atroposelective Buchwald–Hartwig reaction





ACS Fall in Denver



Today’s Topics
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Suzuki-Miyaura coupling 

Drawback of aromatic bronic acid

1. Hard to purify and isolate

2. Hard to know exact amount because of dehydration

3. Hard to functionalize aromatic ring

Typical aromatic boronic acid derivatives
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Boronic acid derivatives



32 Not reported before

97%

Concept of this work
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Synthesis of ArB(Epin): Dehydrative esterification
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Synthesis of ArB(Epin): Metallation & esterification
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Synthesis of ArB(Epin): Miyaura borylation
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Synthesis of ArB(Epin): C–H borylation (No. 1)



Synthesis of ArB(Epin): C–H borylation (No. 2)
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Purfication of ArB(pin) and ArB(Epin)
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10%AcOEt/Hexane

No tailing

Purfication of ArB(pin) and ArB(Epin)



Thin Layer Chromatography (TLC) behavior of 

ArB(pin) and ArB(Epin)
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Transformation with ArB(Epin) intact
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Suzuki coupling of ArB(Epin)
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Suzuki coupling of ArB(Epin)



Org. Lett. 2022, 24, 3510–3514.
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1. Stable on silica gel

2. Enabled functionalization

3. Acid and base stable

4. Enabled Suzuki coupling

Most viewed Organic Letters article in 2022

WO202218098

Conclusion for boronic acids part

Feature of ArB(Epin)
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