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Introduction

Desymmetrization of Bispyrrole

E

et - .
R R' o Cu(OTf), (10 mol%) R " oﬂo

\ Ligand (12 mol%) N
igan mol%
R N R4 + )]\ A —> | N N\>
S Y0,¢7 Co,Y 3AMS, B,0,0°C R _NYR“ i
: X\ (E) 1)/(
2 3 .
R R RS \R3 Ligand
O
M. cull Et0,C~ “CO,Et
n
B0 o]
Et0,C
Me \[tj Me EtOZC /O%

,11 ;Cu”Ln
Ph Me AN X
M
CO,Et © e Me /@\
2 Me N Me
Ph

7, CO,Et Ph Me

CU”Ln 2 \ /

X/

CO,Et
Wang, X.-M.; Zhang, P.; Liu, R.-R. et al. J. Am. Chem. Soc. 2021, 143, 15005

6



Introduction

CPA-Catalyzed Asymmetric Pyrrole Formation
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Pd-Catalyzed Asymmetric C-N Coupling
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CPA-Catalyzed Asymmetric Indole Formation
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Pd-Catalyzed C-H Functionalization of Pyrroles
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Introduction

Iridium(l)-Catalyzed Enantioselective Synthesis of N-N Biaryl Atropisomers
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+100% Atom Economy ¢ Broad Substrate Scope

¢ Axially Chiral Indole-pyrrole and Bispyrrole Skeletons
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Synthesis of N-N Biaryl Atropisomers

Optimization of the Reaction Conditions
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PAr PPh, © PPh, 1 L1 PhMe 90 93
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Synthesis of N-N Biaryl Atropisomers

Optimization of the Reaction Conditions
o) o)
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[a] 2.0 equiv of 2a were used. [b] Isolated yield of a 0.2 mmol scale reaction in parenthesis.

13



Synthesis of N-N Biaryl Atropisomers

Substrate Scope
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Synthesis of N-N Biaryl Atropisomers

Substrate Scope
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Synthesis of N-N Biaryl Atropisomers
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[b] The reaction was carried out at 80 °C in the presence of [I(COD)CI], (10 mol%), (R)-L3 (20 mol%) and NaBArF (40 mol%).
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Synthesis of N-N Biaryl Atropisomers
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Synthesis of N-N Biaryl Atropisomers

Substrate Scope

e
;O
<
®

o i
>(O
Me Me
3amld 3anl@l (72 h) 3a0? (72 h) 3apl@l (72 h)
86% yield, >19:1 dr 98% yield, >19:1 dr 88% yield, >19:1 dr
from estrone from ergosterol

97% yield, >19:1 dr

from D-ribofuranoside from testosterone

[a] The reaction was carried out in 0.1 mmol scale.
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Synthesis of N-N Biaryl Atropisomers
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Synthetic Applications
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Mechanistic Investigation
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Deuterium Labeling Experiment
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Mechanistic Investigation
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Proposed Mechanism
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Summary

CONR', [I(COD)CI], (5 mol%)
@ { (R)-L3 (10 mol%) @ \
; NaBArF (20 mol%)

+ /\ .
COX PhMe (0.1 M) '}'
100 °C, 24 h, Ar N

+100% Atom Economy e Excellent Enantioselectivity
¢ Axially Chiral Indole-pyrrole and Bispyrrole Skeletons

¢ Broad Substrate Scope  ¢Diverse Transformations

CONR',
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Strategy for Writing The First Paragraph

v Biaryl atropisomers are common structural motifs in
natural products, bioactive molecules, and privileged
chiral ligands.

The Importance of Biaryl
Atropisomers

v" In sharp contrast to the well-studied biaryl-based C-C
atropisomers, catalytic asymmetric construction of N-N
atropisomers remained elusive until 2021.

Asymmetric Construction of N-N
Atropisomers

T . Metal-Catal g v In recent years, transition-metal-catalyzed asymmetric
ranS|t.|on- etal- Ef‘ta y;e _ C-H functionalization has been evolved into a powerful
Asymmetric C-H Functionalization tool for enantioselective synthesis of atropisomers.
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Strategy for Writing The Last Paragraph

_ v" In summary, we have realized an Ir'-catalyzed asymmet-
Summary of This Work ric C-H alkylation of N-pyrrole substituted indole deriva-
tives.

v' This reaction offers a highly efficient construction of a

Highlights of This Work class of indole-pyrrole-type and bispyrrole-type N-N axial
atropisomers with excellent enantioselectivity.

v’ Further studies on the synthesis of N-N biaryl atropiso-
Further Expectation mers via asymmetric C-H functionalization are undergo-
ing in our laboratory.
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Representative Examples

® Among axially biaryl atropisomers, N-N biaryl atropisomers were unique and vital
skeletons found in a series of chiral molecules including natural products and chiral
ligands. (vital, wAAAJZDHY; ZEXREZH))

® Moreover, the substrates bearing a methyl, methoxy, fluoro, chloro, or bromo group at
the 5-position of indole were well compatible in this reaction, leaving the chloro and
bromo groups intact. (fR#F...5C5

® The various transformations of the products greatly expanded the diversity of the

related N-N atropisomers. (#A%...HFUZ %, diversity, ZEMH)
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