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Non-Covalent Interactions (NCIs)

Steric repulsion

Hydrogen bond 

Halogen bond

Ion pair

Dispersion

π−π stacking 

Ion-π interaction

XH-π interaction
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δ δδ δ
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H H
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Ito, Y. et al. Tetrahedron Lett. 1986, 27, 191−194
Trost, B. M. et al. J. Am. Chem. Soc. 1999, 121, 4545−4554 4
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Hydrogen Bond Interactions:

Dixon, D. J. et al. Chem. - Eur. J. 2018, 24, 17660−17664

CN Ts +
R1

N

R2

L1 (10 mol%)

Ag2O (5 mol%)

AcOEt (0.1 M), 0°C
24 h

up to 98% yield
up to 97% ee

DPP N N

TsR2
R1

PPD

NCIs between Chiral Ligands and Substrates 

N
NH

N

O

PPh2

L1

OMe

R1

O
OR2

O

+ PhH

CuCl (10 mol%)
L2 (10 mol%)

K2CO3 (30 mol%)

solvent (0.4 ml)
25 °C, 48 h

R1

Ph

HO OR2

O

up to 99% yield
up to 94% ee

N

P

OH
H

L2

Sawamura, M. et al. Chem. Sci. 2018, 9, 3484−3493

N
H

O

X

R

PhI NNs (2 equiv.)
10 mol% Ag(PF6), phen

12 mol% L3 ,4Å MS

CH2Cl2, r.t, 26 h N
H

O

X

R
NHNs

up to 88% yield
up to 97% ee

Bach, T. et al. J. Am. Chem. Soc. 2020, 142, 7374−7378

N

N

NH

H

OH
H

L3

Ion-Pairing Interactions:

R

O

COOH

Rh(NBD)2BF4/L4
H2(10 bar)

EtOH, 6 h, rt R

O

COOH

> 99% Conv.
up to 99% ee

Fe

P

NMe2

PPh2

L4

O
H

Zhang, X. et al. Angew. Chem., Int. Ed. 2017, 56, 6808−6812

π−π Stacking Interactions:

R3

R2

R2
AgPF6 (4 mol%)

C5 (4 mol%)

ClCH2CH2Cl
24 °C, 12 h - 14 d

R2

R2

H
R3

R1

R1

up to 99% yield
up to 92% ee

R1

+ NuH
AgPF6 (1 mol%)

C5 (1 mol%)

PhCF3
24 °C, 12 h - 18 h

Nu

R1

up to 75% yield
up to 98% ee

R2 R2

N

CF3
F3C

P Au

Ad
Ad

Cl

CF3

F3C

C5 (Ad- = adamantyl)

Echavarren, A. M. et al. J. Am. Chem. Soc. 2019, 141, 11858−11863
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Common Ligands & Catalysts

N
NH

N

O

PPh2

R

Quinine-Derived Ligands

N

P

OH
R

H

H

Prolinol-Derived Ligands

N

N

NH

H

OH
H

Chiral Lactam Ligands

Ir

N

N

N

N

O

O

R1

R1
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H H

R2

R2

Co
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NH2 H2
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R
R

R
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R
R

Chiral-at-metal Catalysts

O
O

R

R

BINOL-Derived Ligands
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N
NH

N

O

PPh2

R

Quinine-Derived Ligands

Darren Dixon
（University of Oxford）

金属配位

氢键供体

Aldol reaction / Mannich reaction
Dixon, D. J. et al. J. Am. Chem. Soc. 2011, 133, 1710−1713
Dixon, D. J. et al. Angew. Chem., Int. Ed. 2014, 53, 3462−3465
Dixon, D. J. et al. Angew. Chem., Int. Ed. 2015, 54, 4895−4898
Dixon, D. J. et al. Chem. Commun. 2016, 52, 10632−10635
Dixon, D. J. et al. Chem. - Eur. J. 2018, 24, 17660−17664

N

O

HO N

CN R2

CO2R1

O N

Ar CO2Me
Ph

O N

CO2MeEt
Ph

N N

CO2t-BuMe
Ar

Ph2(O)P

HN N

CO2t-BuMe
Ar Me

N N

TsMe

Ph2(O)P

N
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Quinine-Derived Ligands—Initial Work

Postulated Catalyst Activation Mode:

Dixon, D. J. et al. J. Am. Chem. Soc. 2011, 133, 1710−1713

N

O

HO N

O

NH
N

N

Ph2P

L6

CN CO2Me

R
+

R1

O

H

L6 (5 mol%)

Ag2O (2.5 mol%)

MTBE, 4Å MS, -20 °C
17-48 h

O N

R1 CO2Me
R

up to 93% yield
up to 98% ee

9

NH
PPh2O

Ar
N

Ligating site

Basic site

MLn

R'O2C NC
O

R H

HN
PPh2O

Ar
N

M
O H

R

CN

O OR`

H

O N

R CO2R'

配位模型存在问题



Dixon, D. J. et al. (2014):

Dixon, D. J. et al. Angew. Chem., Int. Ed. 2014, 53, 3462−3465
Dixon, D. J. et al. Angew. Chem., Int. Ed. 2015, 54, 4895−4898

N

O

HO N

N
NH

N

O

PPh2

L7

CN
O

O
R1

Ar

N

R2

L7 (20 mol%)

Ag2O (5 mol%)

4Å MS, EtOAc 
60 h, -20 °C

up to 98% yield
up to 99% ee

+
DPP N N

CO2R1R2
Ar

PPD

CN
O

O
R1

R1

O

R2

L8 (5 mol%)

Ag2O (2.5 mol%)

4Å MS, EtOAc 
72 h, -20 °C

up to 84% yield
up to 98% ee

+
O N

CO2RR2
R1

N
NH

N

O

PPh2

L8

OMe
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Dixon, D. J. et al. (2015):

Quinine-Derived Ligands—Possible Interactions



Control Experiments: Structure of L9a∙AgOAc:

Ag
N

O

P

H

Proposed Transition Structure:

Dixon, D. J. et al. Chem. Commun. 2016, 52, 10632−10635

存在NH…O氢键作用

N

O

HO N

11

Me

CN CO2
tBu

+ N P(O)Ph2

MePh

1) L9 (10 mol%), AgOAc(5 mol%)    AcOEt, 4 A MS, -20 °C, 48 h°

2) 1 M HCl, CH2Cl2, 20 °C, 12 h

N NH

Me CO2
tBu

MePh

OMe

N

PPh2

O

NH

L9a

O

NH

L9c

PPh2

O

O

L9d

PPh2

O

NH

L9b

PPh2

O

N

L9e
L9

N

Entry 5 Yield (%) ee

1 L9a 90 89

2 L9b 89 20

3 L9c 23 5

4 L9d 75 72

5 L9e 86 27

Quinine-Derived Ligands—Hydrogen Bond 



N

O

HO N

CN Ts +
R1

N

R2

L8 (10 mol%)

Ag2O (5 mol%)

AcOEt (0.1 M), 0°C
24 h

up to 97% ee
dr > 95:5

DPP N N

TsR2
R1

PPD

N
NH

N

O

PPh2

L8

OMe

Dixon, D. J. et al. Chem. - Eur. J. 2018, 24, 17660−17664 12

Quinine-Derived Ligands—DFT Calculations

证实配体-底物间

氢键作用



Proposed Interactions:

Phipps, R. J. et al. Science 2020, 367, 1246−1251

N

O

HO N

N
OH

N

O

t-Bu

t-Bu

t-Bu
t-Bu

N
N

S
O

O

O

L10

N
OH

N

O

R2

R2

S
O

O O

N N
Ir

Bpin Bpin
Bpin

N
H

O

R1H

Probing ligand-substrate interactions:

Temp (℃) conv. (%) ee (%)

a -10 91 91

b -10 0 -

a 10 > 95 73

b 10 > 95 8

N

Br Br

R
CF3

O

R = H, a; R = Me, b

Probing ligand-cation interactions:

N
OH

N

Ar

OMe

Ar

N
N

N
N

SO3

Bu4N

chiral cation (Ar = 3,5-tBuC6H3) L11 L12 13

Quinine-Derived Ligands—Chiral Cation

72% yield
96% ee

HN O

CF3

CF3F3C

1.5 mol% [Ir(COD)OMe]2
3 mol% L10

2 equiv. B2Pin2
CPME, -10 °C

HN O

CF3

CF3F3C

BPin

H2O2

THF/MeOH
rt

HN O

CF3

CF3F3C

OH

1.5 mol% [Ir(COD)OMe]2
Additives (see below)

2 equiv. B2Pin2
CPME, -10 °C

With 3 mol% chiral cation and 3 mol% L11: Racemic
With 3 mol% chiral cation and 3 mol% L12: 58% ee

HN

CF3 CF3

CF3

O HN

CF3 CF3

CF3

O
Bpin



N

P

OH
H

H

N

P

OH
H

H

Prolinol-Derived Ligands

Masaya Sawamura
（Hokkaido University）

双氢键作用

伦敦色散力

Sawamura, M. et al. Org. Lett. 2007, 9, 3901–3904
Sawamura, M. et al. Chem. - Eur. J. 2013, 19, 13547−13553
Sawamura, M. et al. Chem. - Eur. J. 2017, 23, 8400−8404
Sawamura, M. et al. Chem. Sci. 2018, 9, 3484−3493
Sawamura, M. et al. Org. Lett. 2019, 21, 1717−1721

NH
OH

H

O

+ SiiPr3H

CuOtBu (10 mol%)
ligand (10 mol%)

solvent (0.4 ml)
25 or 40 °C, 48 h

H OH

SiiPr3

94% ee

In 2013

Ph H +
H

N
O Ph Cu(OTf)2

 (10 mol%)

ligand (10 mol%)

Et2NH (1.0 eq)
toluene, -40 °C, 24 h

N
Ph

OPh

92% ee

In 2017

Ph

O
OMe

O

+ PhH

CuCl (10 mol%)
ligand (10 mol%)
K2CO3 (30 mol%)

solvent (0.4 ml)
25 °C, 48 h

Ph
Ph

HO OMe

O

In 2018

90% ee

OR
+ N

H
NaPh

O

Cu(OTf)2
 (10 mol%)

ligand (10 mol%)
Et2NH (1.0 eq)

solvent, 25 °C, 6 h
N

NaPh

O

92% ee

In 2019
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Design of Hydrogen-Bonding-Based Catalysts:

The Effect of Solvents and Chiral Ligands:

非质子性溶剂

质子性溶剂（醇）

Sawamura, M. et al. Org. Lett. 2007, 9, 3901–3904
Sawamura, M. et al. Chem. - Eur. J. 2013, 19, 13547−13553

NH
OH

N

P

OH
HN

P

OH
H N

P

OMe
H

L13 L14 L15

H

O

+ SiiPr3H

CuOtBu (10 mol%)
ligand (10 mol%)

solvent (0.4 ml)
25 or 40 °C, 48 h

H OH

SiiPr3

Entry Ligand Solvent T (℃) Yield (%) e.r.

1 L13 toluene 40 43 66:34

2 L13 THF 40 32 64:38

3 L13 MeCN 40 18 72:28

4 L13 EtOH 40 70 82:18

5 L13 iPrOH 40 92 83:17

6 L13 tBuOH 40 92 82:18

7 L14 tBuOH 40 0 -

8 L15 iPrOH 40 95 94:6

9 L15 iPrOH 25 99 95:5

10 L15 tBuOH 25 98 96:4 15

Ph2P
Me

H

PPh2

H
Me

Fe

Fe

(S,S)-(R,R)-Ph-TRAP

O

Cu

C

O

H

R

C

P
H R

Ph

Ph

R`

P Ph
Ph

*
δ+

δ
-

δ+δ
- N

P
R3

R3

OHH
R1

R2

P,N,OH-Ligands
 
(L)

O

Cu

C

O

H

R

C

P

H R

R`

P

R3
δ+

δ
-

δ+δ
-

R2

R1H

Prolinol-Derived Ligands—Design & Initial Work

配体影响



Sawamura, M. et al. Chem. - Eur. J. 2013, 19, 13547−13553

Proposed Reaction Pathway: DFT Calculations:

NH
OH

16

O

Cu

C

O
H

C
N H

R3

R2

P

R1

H

HOR

E

C C R2HC
C

R2

R3

OHH

alkyne
exchange O

Cu

C
H

O
H

C
N

R2

P

R1

H

R

CuOtBu/L/

(ROH, solvent)

proton
transfer

A

O

Cu
C H

O
H

C

N

R2

P

R1

H
R

B

δ
-

δ+

O

R3H

aldehyde
binding

O

Cu

C

OH

C
N

R2

P

R1

H

HOR

C

H
R3

δ+

δ
-

O

Cu
C

O
H

C
N

R2

P

R1

H
HOR

D(TS)

H R3

proton-assisted
nucleophilic

addition

C C R2H

Prolinol-Derived Ligands—Mechanism & DFT Calculations

非经典氢键作用
（距离小于O-H范德华半径）



Enantiocontrolled Kinugasa Reaction:

Sawamura, M. et al. Chem. - Eur. J. 2017, 23, 8400−8404

Prolinol-Derived Ligands—Application
NH

OH

O

Cu H

NH

N

R1

P
Ar2 H

H
Et

SinPr3

A

Et
O

Cu

NHEt2H

N

R1

P
Ar2 H

H

SinPr3

B
N

HR2

O Ar1

O
Cu

NHEt2
H

N

R1

P
Ar2 H

H

SinPr3

C

H
O N

R2
H

Ar1

O
Cu

NHEt2

H

N

R1

P
Ar2 H

H

SinPr3

TS(C-D)

H
O N

R2

H

Ar1

δ+

O
Cu

NHEt2

H

N

R1

P
Ar2 H

H

SinPr3

H
O N
R2

H

Ar1

D

O
Cu

NHEt2

H

N

R1

P
Ar2 H

H

SinPr3

O N

R2
H

Ar1

N

O

R3

R1

R2
HR1

E

R1 H +

R2 H

N
O R3

Cu(OTf)2
 (10 mol%)

L16 (10 mol%)

Et2NH (1.0 eq)
toluene, -40 °C, 24 h

N
R3

OR1

R2

up to 99% ee

N

P

OH
Sinpr3

H

L16

MeO

OMe
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Sawamura, M. et al. Chem. Sci. 2018, 9, 3484−3493

NH
OH

R1

O
OR2

O

+ PhH

CuCl (10 mol%)
L17 (10 mol%)

K2CO3 (30 mol%)

solvent (0.4 ml)
25 °C, 48 h

R1

Ph

HO OR2

O

up to 99% yield
up to 94% ee

Ph
Ph

HO OiPr

O

99% yield
90% ee

Ph

HO OtBu

O

Br
Ph

HO OtBu

O

N Ph

HO OtBu

O

O

O

HO

Ph

97% yield
92% ee

91% yield
93% ee

85% yield
90% ee

99% yield
90% ee

N

P

OH
H

L17

18

Prolinol-Derived Ligands—Application



Sawamura, M. et al. Chem. Sci. 2018, 9, 3484−3493

炔烃酮酯

配体

伦敦色散力（影响面选择性）

NH
OH

N

P

OH
H

L17

N

P

OH
H

L18

19

Prolinol-Derived Ligands—Dispersion Interactions



Chiral Lactam Scaffolds NH
O

R

Thorsten Bach
（Technical University of Munich）

Bach, T. et al. (2010)

Bach, T. et al. J. Am. Chem. Soc. 2010, 132, 15911−15913
Bach, T. et al. J. Am. Chem. Soc. 2012, 134, 12869−12878
Bach, T. et al. Angew. Chem., Int. Ed. 2014, 54, 691−695
Bach, T. et al. Angew. Chem., Int. Ed. 2018, 57, 2953−2957
Bach, T. et al. J. Am. Chem. Soc. 2020, 142, 7374−7378
Bach, T. et al. Angew. Chem., Int. Ed. 2021, 60, 7920–7926

20

N
N

N
N Ru

Ar'

Ar

Ar
CO

NH
O

H

N
N

N
N Mn

Ar'

Ar

Ar
Cl

NH
O

H

N
N N

N
Ag

NH

H

OH
H

Bach, T. et al. (2018)

Bach, T. et al. (2020)



N N

NN
Ru Ph

Mes

Mes
NH

O

H
CO

NH
O

R

Design of Catalysts:

炔基直线结构：避免底物结合受金属影响

双氢键作用（供受体）

金属卟啉化合物
模拟细胞色素P450催化氧化：

Bach, T. et al. J. Am. Chem. Soc. 2010, 132, 15911−15913

O
HR

S-Cys

FeIII

R H

S-Cys

FeIII

R H

e

S-Cys

FeIIR H

S-Cys

FeII

R H O2

e

H
S-Cys

FeIII

R H O
OH

HS-Cys

FeIV

R H O

R OH

H2O

21

Chiral Lactam Scaffolds—Design



NH
O

R

Bach, T. et al. J. Am. Chem. Soc. 2010, 132, 15911−15913

* 催化剂C19中 N-H 变为 N-Me

Semiempirical Calculation:

N
R

O

N ClCl
O

(1.1 eq)

C19 (1 mol%)

solvent N
R

O

O

H

a R = H;  b
 R = Me

entry substrate solvent T (℃) product yield (%) ee (%)
1 a benzene 25 2a 71 95
2 b benzene 25 2b 55 ≤ 5
3* a benzene 25 2a 68 14

22

Chiral Lactam Scaffolds—Double Hydrogen Bonds

N N

NN
Ru Ph

Mes

Mes
NH

O

H
CO

C19

底物-配体间双氢键模型



NH
O

R

Bach, T. et al. J. Am. Chem. Soc. 2012, 134, 12869−12878

NHligand−Osubstrate distance: 1.85 Å 

Oligand−HNsubstrate distance: 1.81 Å

NHligand−Osubstrate distance: 1.86 Å 

Oligand−HNsubstrate distance: 1.77 Å

N
H

O

R1

R2

R

N
H

O

R1

R2

R

Si
 face attack

Re face attack

(more stable)

23

Chiral Lactam Scaffolds—DFT Calculations



NH
O

R

Control Experiments:

Bach, T. et al. Angew. Chem., Int. Ed. 2018, 57, 2953−2957

HN

O

X

R
R

PHIO (2.0 eq.)
C20 (2 mol%)

DCM, 0 °C, 16 h

HN

O

X

R
R

OH

up tp 99% ee

HN

O

MeO
PHIO (1.0 eq.)
C20 (2 mol%)

DCM, 0 °C, 16 h

45% yield
53% ee

OH

HN

O

MeO

OH
+

HN

O

MeO

O

52% yield

N

O

MeO
PHIO (2.0 eq.)
C20 (2 mol%)

DCM, 0 °C, 16 h

14% yield
5% ee

N

O

MeO

OH

HN

O

MeO
PHIO (2.0 eq.)
C20 (2 mol%)

DCM, 0 °C, 16 h

68% yield
99% ee

HN

O

MeO

OH

24

Chiral Lactam Scaffolds—Enantioselective C-H Oxygenation

N
N

N
N Mn

C6F5

C6F5

F5C6
Cl

NH
O

H
C20



NH
O

R

Groves, J. T. et al. J. Am. Chem. Soc. 2007, 129, 12416−12417
Bach, T. et al. Angew. Chem., Int. Ed. 2018, 57, 2953−2957

Substrate with Mn Catalyst:

Groves, J. T. et al. (2007):

25

Chiral Lactam Scaffolds—Oxidation Mechanism

N N
NN Mn

X

v C-H abstraction
N N

NN Mn

OH

X

R
R

R

IV

oxygen
rebound

N N
NN Mn

X

III

O

H
R

R
R

OH
R

R
R

Cl

N
N

N
N Mn

C6F5

C6F5

F5C6
O

N
O

H

H

N
O

H

Hpro-R

Hpro-S

X

选择性C-H键氧化



NH
O

R

Bach, T. et al. J. Am. Chem. Soc. 2020, 142, 7374−7378 26

Chiral Lactam Scaffolds—Enantioselective Amination

N
H

O

X

R

PhI NNs (2 equiv.)
10 mol% Ag(PF6), phen
12 mol% L21 ,4Å MS

CH2Cl2, r.t, 26 h N
H

O

X

R
NHNs

up to 88% yield
up to 97% ee

N

N

NH

H

OH
H

L21

N
N N

N
Ag

NH

H

OH
H

site for hydrogen bonding

N

N N

N

Ag

NH

H

OH
H

HN
O

H
H

NNs

selective C-H bond insertion



PART 3

Ion-Pairing Interactions
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Ion-Pairing Interactions

Distance dependencies of the representative noncovalent interactions

Zhang, X. et al. Chem. Sci. 2016, 7, 6669−6673

Entry Noncovalent interaction Energy dependence on distance

1 Steric repulsion 1/r 12

2 Hydrogen bond ~ 1/r 2

3 Ion pair 1/r

R CH3 RH3C

N H O

R NH3 RO2C

28



Fe
PPh2

PPh2

N

Me

NEt2

Fe
PPh2

PPh2

N

Me

26% ee Racemic

Control Experiments: Ion-Pairing Interaction:

Ito, Y.; Sawamura, M. et al. J. Am. Chem. Soc. 1986, 108, 6405−6406
Togni, A. et al. J. Org. Chem. 1990, 55, 1649−1664

Togni, A. et al. (1990):

R1 H

O
+ CN CO2Me

[Au(CyNC)2]
+BF4

- (1mol%)

L22 (1 mol%)

CH2Cl2, 25 °C O N

R1 CO2Me

up to 97% ee

Fe
PPh2

PPh2

N

Me

NEt2

L22

29

支链长度影响 -NEt2基团影响

Ion-Pairing Interactions—Initial Work

Au
O R

H

OMe

O

N

H

C

P

P N

*

NHEt2

Fe

H

N NHMe2

PPh2

PPh2

Au
N

H

OMe
O

O

Ph
H



Ooi, T. et al. Nat. Chem. 2014, 6, 47−51

NosN O

O

R1

+ R2
CN

CO2Et Toluene

Pd2(dba)3
.
CHCl3

(Pd 2.5 mol%)
L23 (5 mol%)

NosN

R1

R2

CN
CO2Et

up to 99% yield
up to 99% ee

N

Me

PAr2
2

L23
(Ar1 = 

β-naphthyl, Ar2 = 4-CF
3C6H4)

IAr1

Ar1

+

N O

O

Pd
PdL

N

N

PdL

N

PdL
NsN

N P
I

R

Reaction Process:
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Ion-Pairing Interactions—Ammonium Derivative Ligand

双离子对作用



Ooi, T. et al. Nat. Chem. 2014, 6, 47−51

NosN O

O

+ Ph
CN

CO2Et Toluene, r.t., 1 h

Pd2(dba)3
.
CHCl3

(Pd 2.5 mol%)
ligand (5 mol%) NosN

Ph
CN
CN

N

Me

PAr2
2

X
Ar1

Ar1

NMe3

PPh2

X

1-X 2-X

2a-X (Ar1 = Ar2 = Ph)

2b-X (Ar1 = 
β-Naph, Ar2 = Ph)

2c-X (Ar1 = Ph, Ar2 = 4-CF
3C6H4)

2d-X (Ar1 = 
β-Naph, Ar2 = 4-CF

3C6H4)

Entry Ligand Yield (%) ee (%)

1 PPh3 43 -

2 1-Br 99 -

3 2a-Br 94 63

4 2b-Br 99 63

5 2c-Br 99 57

6 2d-Br 99 75

7 2d-Cl 99 72

8 2d-I (L23) 99 90
31

N-与Pd结合

X-与Pd结合

Ion-Pairing Interactions—Ammonium Derivative Ligand



Zhang, X. et al. Chem. Sci. 2016, 7, 6669−6673

Design of  Ligands:

R COOH R COOH

up to 99% ee

Rh(NBD)2BF4/Wudaphos
H2 (1 bar)

EtOH, 6 h, rt
Fe

P

NMe2

CH3

PCy2

L24, Wudaphos

Fe

P

NMe2

R1 (S)
PR2

2
 (L)

P

P
M

R3 R4

NHMe2

COO
Rh

P P
S

Ferr L

L
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Ion-Pairing Interactions—Wudaphos

配体-底物间离子对作用力 大位阻基团占据三象限



Zhang, X. et al. Chem. Sci. 2016, 7, 6669−6673

Control Experiments:

COOH
COOH

COOH

> 99% Conv.
98% ee

> 99% Conv.
7% ee

> 99% Conv.
3% ee

a) chain length effect:

b) noncovalent ion pair interaction:

COOMe
Rh(NBD)2BF4/Wudaphos

H2(1 bar), 6 h, rt
COOMe

No reaction!

COOH
Rh(NBD)2BF4/Wudaphos

H2(1 bar), 6 h, rt
Base

COOH

Cs2CO3
 (0.5 equiv.):   

NEt3
 (1.0 equiv.): Conv.% > 99, ee% = 79

Conv.% = 91, ee% = 0

Fe

P

NMe2

CH3

PCy2

L24, Wudaphos
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Ion-Pairing Interactions—Wudaphos

验证离子对作用力

对反应的影响



Zhang, X. et al. Chem. Sci. 2016, 7, 6669−6673

3D Models (L25):

Fe

P

NMe2

CH3

PPh2

L25

34

Ion-Pairing Interactions—Wudaphos



Zhang, X. et al. Angew. Chem., Int. Ed. 2017, 56, 6808−6812

Fe

P

NMe2

PPh2

L26, SPO-Wudaphos

O
H

R

O

COOH

Rh(NBD)2BF4/L26
H2 (10 bar)

EtOH, 6 h, rt R

O

COOH

> 99% Conv.

up to 99% ee

Ion pair 
2 H-bonds
Favored

3 H-bonds
(no Ion pair)
Disfavored
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Ion-Pairing Interactions—Wudaphos



PART 4

π−π Stacking Interactions

36



π−π Stacking Interactions—Sidearm Strategy

Tang, Y. et al. Angew. Chem., Int. Ed. 2013, 52, 1452-1456 

N
NCOR1

+
CO2R3

CO2R3
R2

10 mol% Ni(ClO4)2
12 mol% L27

4Å MS, DME 
40 °C, N2

N
NCOR1

R3O2C
R3O2C R2

R1 = o-CF
3C6H4-, R3 = tBuCH

2
- up to 98% ee

> 20:1 dr

催化剂设计-边臂策略

L

L
M L

L M

SA
边臂

(Sidearm)

催化中心 N

OO

N

N
O

π-donating sidearm

L27
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Tang, Y. et al. Angew. Chem., Int. Ed. 2013, 52, 1452-1456 

The Coordination Model (DFT):

Kinetic Resolution Experiments:

N

O

Ni N
O

O
ORO

H
H

ORa

N

O
H

Ph

38

π−π Stacking Interactions—Sidearm Strategy

(S)-构型更稳定

N
NCOR1

+

CO2R2
CO2R2

Ph

a

rac-b

R1 = o-CF
3C6H4-, R2 = tBuCH

2
-

Ni(ClO4)2/L27

4Å MS, DME
40 °C, N2

N
NCOR1

R2O2C
R2O2C Ph

c

+

CO2R2
CO2R2

Ph
(R)-b

49% yield
d.r. > 20:1

91% ee

49% yield
88% ee50% conv.

N

OO

N

N
O

L27



Tang, Y. et al. Angew. Chem., Int. Ed. 2013, 52, 1452-1456 

N

O

Ni N
O

O
ORO

H
H

ORa

N

O
H

Ph

R = tBuCH2
-
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π−π Stacking Interactions—Sidearm Strategy

侧视图
（π−π堆积作用）

正视图
（空间效应）



Tang, Y. et al. Angew. Chem., Int. Ed. 2013, 52, 1452-1456 

Control Experiments:

40

π−π Stacking Interactions—Sidearm Strategy

N
NCOR1

+ CO2R2
CO2R2

R

R1 = o-CF
3C6H4-, R2 = tBuCH

2
-

Ni(ClO4)2/L

4Å MS, DME
40 °C, N2

N
NCOR1

R2O2C
R2O2C R

a R = Ph;  b R = Me

a) L
 = L28, R = Ph (a), 73% yield (74% conv., 120 h), 42% ee, d.r. = 14:1

b) L
 = L27, R = Me (b), 35% yield (40 

°C, 10 d), 25% ee, d.r. > 25:1

N

OO

N

N
O

L27

N

OO

N

N
O

L28

验证π−π堆积作用

对反应的影响



Echavarren, A. M. et al. J. Am. Chem. Soc. 2019, 141, 11858−11863 41

π−π Stacking Interactions—Enyne Cyclization

Design of Catalysts:

R3

R2

R2
AgPF6 (4 mol%)

C29 (4 mol%)

ClCH2CH2Cl
24 °C, 12 h - 14 d

R2

R2

H
R3

R1

R1

up to 99% yield
up to 92% ee

Ar

+ NuH
AgPF6 (1 mol%)

C29 (1 mol%)

PhCF3
24 °C, 12 h - 18 h

Nu

Ar

up to 75% yield
up to 98% ee

R1 R1

N

CF3
F3C

P Au

Ad
Ad

Cl

CF3

F3C

C29 (Ad- = adamantyl)



Echavarren, A. M. et al. J. Am. Chem. Soc. 2019, 141, 11858−11863 42

Control Experiments:

MeO2C
MeO2C AgPF6 (4 mol%)

C29 (4 mol%)

ClCH2CH2Cl
24 °C, 12 h - 14 d

MeO2C
MeO2C

H

55% yield, 34% ee

+
PhCF3

24 °C, 12 h - 18 h OH

H2O

68% yield, 90% ee

AgPF6 (4 mol%)

C29 (4 mol%)

R3

R2

R2
AgPF6 (4 mol%)

C29 (4 mol%)

ClCH2CH2Cl
24 °C, 12 h - 14 d

R2

R2

H
R3

R1

R1

up to 99% yield
up to 92% ee

Ar

+ NuH
AgPF6 (1 mol%)

C29 (1 mol%)

PhCF3
24 °C, 12 h - 18 h

Nu

Ar

up to 75% yield
up to 98% ee

R1 R1

N

CF3
F3C

P Au

Ad
Ad

Cl

CF3

F3C

C29 (Ad- = adamantyl)

π−π Stacking Interactions—Enyne Cyclization



DFT Calculations:

Echavarren, A. M. et al. J. Am. Chem. Soc. 2019, 141, 11858−11863 43

NCI Plots

π−π Stacking Interactions—Enyne Cyclization



DFT Calculations:

Echavarren, A. M. et al. J. Am. Chem. Soc. 2019, 141, 11858−11863 44

NCI Plots

π−π Stacking Interactions—Enyne Cyclization



Colobert, F. et al. ACS Catal. 2019, 9, 2532−2542

Design of  Ligands:

π−π相互作用：

手性构型稳定

45

π−π Stacking Interactions—Arene‐Perfluoroarene

FF

F

FF

HN

O

+ Ar-I

Pd(TFA)2
 (10 mol%)

L30 (15 mol%)

Ag2CO3
 (2 equiv.)

NaTFA (50 mol%)
0.1 M Hex/CHCl3

 2:1

80 °C,24 h

FF

F

FF

HN

O

R

up to 92% yield
up to 95% ee

SO

p-Tol

NH
Ar

O

(Ar = -4-tBu-C6H4)
L30

SO

p-Tol

NH
Ar

O

Me

F
F

F
FF

H
N

S
O

N
Pd

Ar

O

H

H
H O



Colobert, F. et al. ACS Catal. 2019, 9, 2532−2542

Proposed Mechanism:

46

π−π Stacking Interactions—Arene‐Perfluoroarene

顺式产物



Colobert, F. et al. ACS Catal. 2019, 9, 2532−2542

NCI Plots:DFT Calculations:
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π−π Stacking Interactions—Arene‐Perfluoroarene

重叠度更大



Summary

48

NCIs between Chiral Ligands and Substrates 

Hydrogen Bond Interactions:

π−π Stacking Interactions:

Ion-Pairing Interactions:

N H O

R NH3 RO2C

N
NH

N

O

PPh2

R

Quinine-Derived Ligands

N

P

OH
R

H

H

Prolinol-Derived Ligands

N

N

NH

H

OH
H

Chiral Lactam Ligands

Hydrogen Bond Interactions

Ligand Design Non-Covalent Interactions DFT Calculations & Control Experiments 



THANKS
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