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Background

PART ONE01
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Axial and Planar Chirality

Rosa Llpez and Claudio Palomo, Angew. Chem. Int. Ed. 2022, 61, e202113504. 

Three Types of Chirality Molecules with Only Planar Chirality

Jun Wang et al, Angew. Chem. Int. Ed. 2022, 61, e202201522.

central chirality

axial chirality

planar chirality
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Planar Chirality

Rosa Llpez and Claudio Palomo, Angew. Chem. Int. Ed. 2022, 61, e202113504. 

Cyclophane-Rotation Barrier Racemization of Cyclophane

1. Planar chirality of cyclophane was 
generated by hindered rotation of the 
benzene ring
2. Cyclophane can racemize at specific 
temperatures, depending on its rotation 
barrier.

Xiaoyu Yang et al, Angew. Chem. Int. Ed. 2022, 61, e202201064
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Construction of Planar chirality

1. Asymmetric Catalysis Macrocyclization for synthesis of Nature Products

Four ways to construct planar chirality,
which was similar to the construction of axial chirality

For natural products containing planar chirality, 
macrocyclization is the most commonly used method

Rosa Llpez and Claudio Palomo, Angew. Chem. Int. Ed. 2022, 61, e202113504. 

Qian Cai et al, Org. Lett. 2017, 19, 1804−1807. Christopher M. Beaudry et al, Org. Lett. 2013, 17, 4540-4543. 
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Construction of Planar chirality

2. Point to Planar Chirality Transfer

Chiral centers disappear and new chiral plane
generated with chirality preserved

Chiral centers are retained, and new chiral plane generated 
with high diastereoselectivity

Murakami, M. et al, Nat. Commun. 2014, 5, 3111−3120.

Shair, M. D. et al, J. Am. Chem. Soc. 2002, 124, 773−775.

3. Chiral induction
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Vancomycin and Vancomycin aglycon

1. M(A-B) axial chirality
2. M(C-D) planar chirality
3. M(D-E) planar chirality

1. Isolated in 1956 from Streptomyces orientalis
2. Last resort against infections
3. Two 16-membered diaryl ethers (orange and purple)
4. [12]paracyclophane
5. Arylglycine-rich heptapeptide 

K. C. Nicolaou et al, Angew. Chem. Int. Ed. 1999, 38, 2096-2152.
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Total synthesis of Vancomycin and Vancomycin aglycon

Vancomycin aglycon

David A. Evans

1998

32 LLS

0.4% overall yield

K. C. Nicolaou

1998

24 LLS

0.05% overall yield

Dale L. Boger

2020

17 LLS

5% overall yield

1999

25 LLS

0.2% overall yield

Vancomycin

K. C. Nicolaou

1998

11 LLS

14% overall yield

chemical method

(From Vancomycin aglycon
to Vancomycin)

Dale L. Boger

2014

2 LLS

80% overall yield

enzymatic method

David A. Evans et al, Angew. Chem. Int. Ed. 1998, 37, 2700-2704.

K. C. Nicolaou et al, Angew. Chem. Int. Ed. 1998, 19, 2708-2714. 

Dale L. Boger et al, J. Am. Chem. Soc. 1999, 121, 10004-10011. Dale L. Boger eet al, Org. Lett. 2014, 16, 3572−3575Dale L. Boger et al, J. Am. Chem. Soc. 2020, 142, 16039−16050.
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Construction of Axial and Planar Charity in 
Vancomycin

PART TWO02
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A-B Axial Chirality

David A. Evans 

David A. Evans et al, J. Am. Chem. Soc. 1993, 115, 6426-6427.

Vanadium mediated oxidative coupling

David A. Evans et al,  J. Am. Chem. Soc. 1997, 119, 3417-3418.
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A-B Axial Chirality

David A. Evans 

David A. Evans et al, Angew. Chem. Int. Ed. 1998, 37, 2700-2704.

A(1,3) strain        A-B Axial chirality
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A-B Axial Chirality

David A. Evans 

A(1,3) strain

David A. Evans et al, Angew. Chem. Int. Ed. 1998, 37, 2700-2704.

Preorganization of C-D macrocycle

Thermal equilibrium       A-B Axial chirality

Removal of intalled methoxy group
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A-B Axial Chirality

K. C. Nicolaou et al, Angew. Chem. Int. Ed. 1998, 19, 2708-2714. Dale L. Boger et al, J. Am. Chem. Soc. 1999, 121, 10004-10011.

Suzuki-Mayaura coupling

K. C. Nicolaou 

Dale L. Boger 
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A-B Axial Chirality

K. C. Nicolaou et al, Chem. Eur. J. 1999, 9, 2584-2601. 

Dale L. Boger et al, J. Am. Chem. Soc. 2020, 142, 16039−16050.

K. C. Nicolaou 

Dale L. Boger 

Chiral ligand        A-B Axial chirality
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C-D planar chirality
David A. Evans 

SNAr Reaction

David A. Evans et al, Angew. Chem. Int. Ed. 1998, 37, 2700-2704.

1. Hindered rotation of benzene C
2. C-Cl facing outward from the paper
3. SNAr Reaction followed by Sandme-
yer Reaction (NO2 to Cl or H)
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C-D planar chirality
David A. Evans 

SNAr Reaction

David A. Evans et al, Angew. Chem. Int. Ed. 1998, 37, 2700-2704.



18

C-D planar chirality

K. C. Nicolaou 

Ullmann coupling

K. C. Nicolaou et al, J. Am. Chem. Soc. 1997, 119, 3421-3422.

The Triazene based Ullmann reaction successfully achieved macrocyclization
How about the planar chirality control of these two cyclophanes?

Triazene unit 
1. Electron sink
2. Attract the Nu- through coordination with Cu(I)
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C-D planar chirality

K. C. Nicolaou 

No planar selectivity
How to make dr higher to a single atropisomer?Design: A(1,3) strain

K. C. Nicolaou et al, Angew. Chem. Int. Ed. 1998, 19, 2708-2714. K. C. Nicolaou et al, J. Am. Chem. Soc. 2002, 124, 10451-10455.

A(1,3) strain       C-D planar chirality
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C-D planar chirality

K. C. Nicolaou 

K. C. Nicolaou et al, J. Am. Chem. Soc. 2002, 124, 10451-10455.

A(1,3) strain       C-D planar chirality
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C-D planar chirality

Dale L. Boger 

Dale L. Boger et al, J. Am. Chem. Soc. 1999, 121, 10004-10011.

Thermal equilibrium      C-D planar chirality



22

C-D planar chirality

Dale L. Boger 

Dale L. Boger 

Dale L. Boger et al, J. Am. Chem. Soc. 2020, 142, 16039−16050.

natural A-B ring system improves C-D atropselectivity

Intact A-B macrocycle      C-D planar chirality
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C-D planar chirality

Dale L. Boger 

Dale L. Boger et al, J. Am. Chem. Soc. 2020, 142, 16039−16050.

1. Increase in silyl ether protecting group improved diastereoselctivity
2. Substrate with intact A-B ring system affords higher dr

Steric hindrance       C-D planar chirality
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C-D planar chirality

Dale L. Boger et al, J. Am. Chem. Soc. 2020, 142, 16039−16050.

4d with preorganization of AB ring system
adopts a cis amide conformation

substituent effect that sterically further directs 
the nitro group distal to the large silyl ether

Steric hindrance       C-D planar chirality
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C-D planar chirality

Dale L. Boger 

Dale L. Boger et al, J. Am. Chem. Soc. 2020, 142, 16039−16050.

1. MEM ether was used to preclude C-terminus
epimerization
2. Introduce of MEM ether along with an efficient
deprotection-oxidation sequcene (53%, 4 steps)
3. tert-butyl ester with judicious choice of reaction
condition avoid epimerization
4. tert-butyl ester afford a higher dr

Remote ester group       C-D planar chirality
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D-E planar chirality

1. C-Cl Facing inside the paper surface
2. Ullmann coupling favors unnatural 

D-E macrocycle
3. Thermal equilibrium gives a 1:1 dr

K. C. Nicolaou 

Thermal equilibrium      D-E planar chirality

K. C. Nicolaou et al, Angew. Chem. Int. Ed. 1998, 19, 2708-2714. 
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D-E planar chirality

David A. Evans 

David A. Evans et al, Angew. Chem. Int. Ed. 1998, 37, 2700-2704.

Intact C-D configuration      D-E planar chirality
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D-E planar chirality

David A. Evans 

David A. Evans et al, Angew. Chem. Int. Ed. 1998, 37, 2700-2704.

Natural A-B configuration      D-E planar chirality

The cis amide conformation may cause high atropselectivity
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D-E planar chirality

David A. Evans 

David A. Evans et al, Angew. Chem. Int. Ed. 1998, 37, 2700-2704.

Chloro substituent in ring C is not a dominant stereochemical determinant

Natural C-D configuration      D-E planar chirality
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D-E planar chirality

Dale L. Boger 

Preorganization of A-B and C-D macrocycle 
significantly improves dr

Increase in silyl ether protecting group 
slightly improved diastereoselctivity

Steric hindrance       D-E planar chirality

Dale L. Boger 

Dale L. Boger et al, J. Am. Chem. Soc. 1999, 121, 10004-10011. Dale L. Boger et al, J. Am. Chem. Soc. 2020, 142, 16039−16050.
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D-E planar chirality

Dale L. Boger 

Dale L. Boger et al, J. Am. Chem. Soc. 1999, 121, 10004-10011.

Steric hindrance      D-E planar chirality

Dale L. Boger et al, J. Am. Chem. Soc. 2020, 142, 16039−16050.
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D-E planar chirality

Dale L. Boger 

Dale L. Boger et al, J. Am. Chem. Soc. 2020, 142, 16039−16050.

Remote ester group       D-E planar chirality
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Summary and Outlook

PART Three
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Summary
A-B Axial Chirality
1. A(1,3) strain

3. Asymmetric catalysis

2. Thermal equilibrium 
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Summary
C-D planar chirality

1. A(1,3) strain 2. Sequence

3. Steric hindrance 4. Thermal equilibrium 
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Summary

D-E planar chirality

1. Steric hindrance 2. Sequence

3. Thermal equilibrium 
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Outlook

第 37 页

Steric hindrance 

Assemble Sequence

Asymmetric catalysis

Total synthesis of nature products with chiral cyclophane
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Outlook

Asymmetric catalysis Desymmetry strategy
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Thanks for Listening

PART Three
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