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An X—H - A interaction is called a ”hydrogen bond”, if 
1. it constitutes a local bond 

2. X—H acts as proton donor to A

Strong Moderate Weak
type of bonding Mostly covalent Mostly 

electrostatic
Electrostatic

Length of H-bond 
(Å)

1.2-1.5 1.5-2.2 2.2-3.2

Bond angles (º) 175-180 130-180 90-150
Bond energy 

(kcal/mol)
14-40 4-15 < 4

Typical example NH—N in 
conjugate acid of 

proton sponge

NH—O=C in 
peptide helices 

and sheets

Bonds involving C
—H donors to N 
or O acceptors

Taylor, M. S. & Jacobsen, E. N. Angew. Chem. Int. Ed. 2006, 45, 1520
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Costas - H-bond recognition

Cat. 2 
+ Ba(ClO4)2

1:4 4% 16%

Olivo, G. et al. Angew. Chem. Int. Ed. 2017, 56, 16565
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Cat. 2 9:1 18% 2%

Cat. 2 selectively oxidizes amine 
substrate due to H-bonding



Costas - H-bond recognition

Olivo, G. et al. Angew. Chem. Int. Ed. 2020, 59, 12703

Cat. 1

Cat. 2

M

N
N

N

N

O

M

N
N

N

N

O
O

O

OO
O

O

H3N
BF4

H

Me H

H

O Me

H3N H

Me H

H

O Me

BF4

Mn

HO



Costas - H-bond recognition

Olivo, G. et al. Angew. Chem. Int. Ed. 2020, 59, 12703

Cat. 1

Cat. 2

M

N
N

N

N

O

M

N
N

N

N

O
O

O

OO
O

O

H3N
BF4

H

Me H

H

O Me

H3N H

Me H

H

O Me

BF4

Mn

HO

H3N H

Me H

H

O Me
HO

10 products 
11% total yield

BF4



Costas - H-bond recognition

Olivo, G. et al. Angew. Chem. Int. Ed. 2020, 59, 12703

Cat. 1

Cat. 2

M

N
N

N

N

O

M

N
N

N

N

O
O

O

OO
O

O

H3N
BF4

H

Me H

H

O Me

H3N H

Me H

H

O Me

BF4

Mn

HO

Main product 
25% yield

BF4

H3N H

Me H

H

O
OHMe

H3N H

Me H

H

O Me
HO

10 products 
11% total yield

BF4



Ir C—H Borylation

substrate

O
O

O

OO
O

N

N N

N
Mn

X

Hydrogen bond 
acceptor

Cho, J.-Y., Tse, M.K., Holmes, D., Maleczka, R. E. & Smith, M. R. Science 2001, 295, 305



Ir C—H Borylation

substrate

O
O

O

OO
O

N

N N

N
Mn

X

Hydrogen bond 
acceptor

N N

O

HH

N

N

Ir substrate

Hydrogen bond 
donor

Cho, J.-Y., Tse, M.K., Holmes, D., Maleczka, R. E. & Smith, M. R. Science 2001, 295, 305



Ir C—H Borylation

substrate

O
O

O

OO
O

N

N N

N
Mn

X

Hydrogen bond 
acceptor

N N

O

HH

N

N

Ir substrate

Hydrogen bond 
donor

Ir catalyzed C-H borylation

Cho, J.-Y., Tse, M.K., Holmes, D., Maleczka, R. E. & Smith, M. R. Science 2001, 295, 305



Ir C—H Borylation

substrate

O
O

O

OO
O

N

N N

N
Mn

X

Hydrogen bond 
acceptor

N N

O

HH

N

N

Ir substrate

Hydrogen bond 
donor

Ir catalyzed C-H borylation

Cho, J.-Y., Tse, M.K., Holmes, D., Maleczka, R. E. & Smith, M. R. Science 2001, 295, 305

OMe

H

HH

OMe OMe OMe
[Ir(COE)2Cl]2

(4,4’ di-t-Bu)bpy

O
B
O

B
O

OH3C
H3C

H3C
H3C

CH3
CH3

CH3
CH3

1 74 25

Can ligands change selectivity?



Kanai - C—H Borylation

NR2

O

NR2

O
O

B
O

B
O

OH3C
H3C

H3C
H3C

CH3
CH3

CH3
CH3

Ir L

Kuninobu, Y., Ida, H., Nishi, M. & Kanai, M. Nat. Chem. 2015, 7, 712

N

N

Ir

common ligand for C—H 
borylation



Kanai - C—H Borylation

NR2

O

NR2

O
O

B
O

B
O

OH3C
H3C

H3C
H3C

CH3
CH3

CH3
CH3

Ir L

Kuninobu, Y., Ida, H., Nishi, M. & Kanai, M. Nat. Chem. 2015, 7, 712

N

N

Ir

common ligand for C—H 
borylation

N N

O

HH

N(hex)2

O

H-bond accepting motif



Kanai - C—H Borylation

NR2

O

NR2

O
O

B
O

B
O

OH3C
H3C

H3C
H3C

CH3
CH3

CH3
CH3

Ir L

Kuninobu, Y., Ida, H., Nishi, M. & Kanai, M. Nat. Chem. 2015, 7, 712

N

N

Ir

common ligand for C—H 
borylation

N N

O

HH

N(hex)2

O

H-bond accepting motif

N N

O

HH

N

N

Ir N(hex)2

O

New catalyst for selectivity



Kanai - C—H Borylation

NR2

O

NR2

O
O

B
O

B
O

OH3C
H3C

H3C
H3C

CH3
CH3

CH3
CH3

Ir L

Kuninobu, Y., Ida, H., Nishi, M. & Kanai, M. Nat. Chem. 2015, 7, 712

Cond. A.

L

N N

t-But-Bu



Kanai - C—H Borylation

NR2

O

NR2

O
O

B
O

B
O

OH3C
H3C

H3C
H3C

CH3
CH3

CH3
CH3

Ir L

Kuninobu, Y., Ida, H., Nishi, M. & Kanai, M. Nat. Chem. 2015, 7, 712

Cond. A.

L

N N

t-But-Bu

L
N

N

HH

O

NN

Cond. B.



Kanai - C—H Borylation

N(hex)2

O

CF3

Cond. A. >99% yield (1:1.1 m:p)
Cond. B. >99% yield (30:1 m:p)

N(hex)2

O

OMe

Cond. A. 40% yield (1:2 m:p)
Cond. B. 59% yield (7.8:1 m:p)

N(hex)2

O

Cond. A. 57% yield (1:2 m:p)
Cond. B. 51% yield (17:1 m:p)

NR2

O

NR2

O
O

B
O

B
O

OH3C
H3C

H3C
H3C

CH3
CH3

CH3
CH3

Ir L

Kuninobu, Y., Ida, H., Nishi, M. & Kanai, M. Nat. Chem. 2015, 7, 712

Cond. A.

L

N N

t-But-Bu

L
N

N

HH

O

NN

Cond. B.



Importance of H-bonding

Ha HbCat. Substrate HcEntry

1

2

3

2.5 mM 0

2.5 mM 2.5 mM

2.5 mM 160 mM

5.65

5.78

~7.00

3.60

3.74

5.88

3.63

3.65

3.89

N

N

HbHa
Hc

O

NN

substrate

Kuninobu, Y., Ida, H., Nishi, M. & Kanai, M. Nat. Chem. 2015, 7, 712



Importance of H-bonding

Ha HbCat. Substrate HcEntry

1

2

3

2.5 mM 0

2.5 mM 2.5 mM

2.5 mM 160 mM

5.65

5.78

~7.00

3.60

3.74

5.88

3.63

3.65

3.89

N

N

HbHa
Hc

O

NN

substrate

H-Bonding titration shows substrate—
catalyst binding

Kuninobu, Y., Ida, H., Nishi, M. & Kanai, M. Nat. Chem. 2015, 7, 712



Importance of H-bonding

Ha HbCat. Substrate HcEntry

1

2

3

2.5 mM 0

2.5 mM 2.5 mM

2.5 mM 160 mM

5.65

5.78

~7.00

3.60

3.74

5.88

3.63

3.65

3.89

N

N

HbHa
Hc

O

NN

substrate

Ha HcCat. SubstrateEntry

1

2

3

2.5 mM 0

2.5 mM 2.5 mM

2.5 mM 160 mM

6.26

6.26

6.37

3.91

3.91

3.92

N

N

CH3Ha
Hc

O

NN

substrate

H-Bonding titration shows substrate—
catalyst binding

Kuninobu, Y., Ida, H., Nishi, M. & Kanai, M. Nat. Chem. 2015, 7, 712



Importance of H-bonding

Ha HbCat. Substrate HcEntry

1

2

3

2.5 mM 0

2.5 mM 2.5 mM

2.5 mM 160 mM

5.65

5.78

~7.00

3.60

3.74

5.88

3.63

3.65

3.89

N

N

HbHa
Hc

O

NN

substrate

Ha HcCat. SubstrateEntry

1

2

3

2.5 mM 0

2.5 mM 2.5 mM

2.5 mM 160 mM

6.26

6.26

6.37

3.91

3.91

3.92

N

N

CH3Ha
Hc

O

NN

substrate

H-Bonding titration shows substrate—
catalyst binding

Methylation disrupts catalyst—substrate 
binding

Kuninobu, Y., Ida, H., Nishi, M. & Kanai, M. Nat. Chem. 2015, 7, 712



Kanai - C—H Borylation

Kuninobu, Y., Ida, H., Nishi, M. & Kanai, M. Nat. Chem. 2015, 7, 712

NR2

O

NR2

O
O

B
O

B
O

OH3C
H3C

H3C
H3C

CH3
CH3

CH3
CH3 CF3

Ir L

CF3



Kanai - C—H Borylation

CH3CH3

Cy

O

NN

(3)

CH3H

Cy

O

NN

(2)

HH

Cy

O

NN

(1)

Kuninobu, Y., Ida, H., Nishi, M. & Kanai, M. Nat. Chem. 2015, 7, 712

Yield meta:para

1

2

3

95% 18

90% 1.6

90% 0.84

L

NR2

O

NR2

O
O

B
O

B
O

OH3C
H3C

H3C
H3C

CH3
CH3

CH3
CH3 CF3

Ir L

CF3



Kanai - C—H Borylation

CH3CH3

Cy

O

NN

(3)

CH3H

Cy

O

NN

(2)

HH

Cy

O

NN

(1)

N

N

N N

O

Cy

H H
(6)

N N

t-But-Bu

(5)

HH

Cy

O

NN

(4)

Kuninobu, Y., Ida, H., Nishi, M. & Kanai, M. Nat. Chem. 2015, 7, 712

4

5

6

99%

98%

99%

1.0

0.96

1.1

Yield meta:para

1

2

3

95% 18

90% 1.6

90% 0.84

L

NR2

O

NR2

O
O

B
O

B
O

OH3C
H3C

H3C
H3C

CH3
CH3

CH3
CH3 CF3

Ir L

CF3



Kanai - C—H Borylation

CH3CH3

Cy

O

NN

(3)

CH3H

Cy

O

NN

(2)

HH

Cy

O

NN

(1)

N

N

N N

O

Cy

H H
(6)

N N

t-But-Bu

(5)

HH

Cy

O

NN

(4)

Kuninobu, Y., Ida, H., Nishi, M. & Kanai, M. Nat. Chem. 2015, 7, 712

4

5

6

99%

98%

99%

1.0

0.96

1.1

Yield meta:para

1

2

3

95% 18

90% 1.6

90% 0.84

L

NR2

O

NR2

O
O

B
O

B
O

OH3C
H3C

H3C
H3C

CH3
CH3

CH3
CH3 CF3

Ir L

CF3

Ligand is responsible for selectivity in 
reaction



Reek - Ortho C—H borylation

Bai, S.T., Bheeter, C. B., & Reek, J. N. H. Angew. Chem. Int, Ed. 2019, 58, 13039

N
H

O
O

B
O

B
O

OH3C
H3C

H3C
H3C

CH3
CH3

CH3
CH3

100% conversion 
(1:2 m:p)

H

H

H

Ir L
CH3 N

H

O

CH3



Reek - Ortho C—H borylation

Bai, S.T., Bheeter, C. B., & Reek, J. N. H. Angew. Chem. Int, Ed. 2019, 58, 13039

How do we achieve ortho- without directing 
groups?

N
H

O
O

B
O

B
O

OH3C
H3C

H3C
H3C

CH3
CH3

CH3
CH3

100% conversion 
(1:2 m:p)

H

H

H

Ir L
CH3 N

H

O

CH3



Reek - Ortho C—H borylation

Bai, S.T., Bheeter, C. B., & Reek, J. N. H. Angew. Chem. Int, Ed. 2019, 58, 13039

How do we achieve ortho- without directing 
groups?

N N

62% 38% 0%

L

N
H

O
O

B
O

B
O

OH3C
H3C

H3C
H3C

CH3
CH3

CH3
CH3

100% conversion 
(1:2 m:p)

H

H

H

Ir L
CH3 N

H

O

CH3



Reek - Ortho C—H borylation

Bai, S.T., Bheeter, C. B., & Reek, J. N. H. Angew. Chem. Int, Ed. 2019, 58, 13039

How do we achieve ortho- without directing 
groups?

N N

62% 38% 0%

L

N
H

O
O

B
O

B
O

OH3C
H3C

H3C
H3C

CH3
CH3

CH3
CH3

100% conversion 
(1:2 m:p)

H

H

H

Ir L
CH3 N

H

O

CH3

N N

O

HN

HN CH3

CH3

4% 2% 94%

L



Reek - Ortho C—H borylation

Bai, S.T., Bheeter, C. B., & Reek, J. N. H. Angew. Chem. Int, Ed. 2019, 58, 13039

How do we achieve ortho- without directing 
groups?

N
H

O
O

B
O

B
O

OH3C
H3C

H3C
H3C

CH3
CH3

CH3
CH3

100% conversion 
(1:2 m:p)

H

H

H

Ir L
CH3 N

H

O

CH3

N N

O

HN

HN CH3

CH3

4% 2% 94%

L

N

N
Ir

O N
H

N

CH3

CH3

R

O

N
H

H

H

BAIPy-Ir catalyst



Enantioselective Suzuki-Miyaura

N N

O

HH

N

N

Ir substrate

Hydrogen bond 
donor

Organizing catalyst—substrate 
for C—H activation

Pearce-Higgins, R. et al. JACS 2022, 144, 15026



Enantioselective Suzuki-Miyaura

N N

O

HH

N

N

Ir substrate

Hydrogen bond 
donor

Organizing catalyst—substrate 
for C—H activation

H-bonding for selective 
reductive elimination 

L Pd

R

S
O

O O

O

O H
H

L Pd

R
O

OH

H
vs.

Pearce-Higgins, R. et al. JACS 2022, 144, 15026



Enantioselective Suzuki-Miyaura

N N

O

HH

N

N

Ir substrate

Hydrogen bond 
donor

Organizing catalyst—substrate 
for C—H activation

H-bonding for selective 
reductive elimination 

L Pd

R

S
O

O O

O

O H
H

L Pd

R
O

OH

H
vs.

OH

OH

Hard to synthesize in high 
selectivity

Pearce-Higgins, R. et al. JACS 2022, 144, 15026



Enantioselective Suzuki-Miyaura

N N

O

HH

N

N

Ir substrate

Hydrogen bond 
donor

Organizing catalyst—substrate 
for C—H activation

H-bonding for selective 
reductive elimination 

L Pd

R

S
O

O O

O

O H
H

L Pd

R
O

OH

H
vs.

OH

OH

Hard to synthesize in high 
selectivity

Challenging for simple 
substrates

OH

OH

H

H

R

R

Pearce-Higgins, R. et al. JACS 2022, 144, 15026



Enantioselective Suzuki-Miyaura

N N

O

HH

N

N

Ir substrate

Hydrogen bond 
donor

Organizing catalyst—substrate 
for C—H activation

H-bonding for selective 
reductive elimination 

L Pd

R

S
O

O O

O

O H
H

L Pd

R
O

OH

H
vs.

OH

OH

Hard to synthesize in high 
selectivity

Challenging for simple 
substrates

OH

OH

H

H

R

R

OH

OH

BPin

Br

R

R

Can H-bonding control reductive 
elimination for selectivity?

Pearce-Higgins, R. et al. JACS 2022, 144, 15026



Enantioselective Suzuki-Miyaura

OH

OH

BPin

Br

Me

F

Pd L

OH
OHMe

F

73%
92% ee

Pearce-Higgins, R. et al. JACS 2022, 144, 15026



Enantioselective Suzuki-Miyaura

Na

PCy2
OMe

SO3

MeO

(R)-sSPhos

L

OH

OH

BPin

Br

Me

F

Pd L

OH
OHMe

F

73%
92% ee

Pearce-Higgins, R. et al. JACS 2022, 144, 15026



Enantioselective Suzuki-Miyaura

Na

PCy2
OMe

SO3

MeO

(R)-sSPhos

L

OH

OH

BPin

Br

Me

F

Pd L

OH
OHMe

F

73%
92% ee

OH
OHMe

F

73%
92% ee

OH
OHCl

F

NHBoc

55%
98% ee

OH
OHCl

F

O
Cl

Cl

55%
89% ee

OH
OHCl

F3CO

49%
94% ee

Pearce-Higgins, R. et al. JACS 2022, 144, 15026



Enantioselective Suzuki-Miyaura

OH

OH

BPin
Br

Me

F

Br

HO

BPin

F

Pearce-Higgins, R. et al. JACS 2022, 144, 15026



Enantioselective Suzuki-Miyaura

OH

OH

BPin
Br

Me

F

Br

HO

BPin

F

Pd L

OH
OH

F

OH

F

45%
98% ee

Me

Me

F
OH

OH

OH

F

15%
achiral

Me

Me

Pearce-Higgins, R. et al. JACS 2022, 144, 15026



Enantioselective Suzuki-Miyaura

OH

OH

BPin
Br

Me

F

Br

HO

BPin

F

Pd L

OH
OH

F

OH

F

45%
98% ee

Me

Me

F
OH

OH

OH

F

15%
achiral

Me

Me

Pearce-Higgins, R. et al. JACS 2022, 144, 15026

OH

OH

BPin

Br

Me

F

Effect of blocking the H-bond donors



Enantioselective Suzuki-Miyaura

OH

OH

BPin
Br

Me

F

Br

HO

BPin

F

Pd L

OH
OH

F

OH

F

45%
98% ee

Me

Me

F
OH

OH

OH

F

15%
achiral

Me

Me

Pearce-Higgins, R. et al. JACS 2022, 144, 15026

OH

OH

BPin

Br

Me

F

Pd L

OH
OHMe

F

73%
92% ee

OH
OMeMe

F

67%
85% ee

OMe
OHMe

F

71%
66% ee

OMe
OMeMe

F

29%
<5% ee

Effect of blocking the H-bond donors



Enantioselective Suzuki-Miyaura

Pearce-Higgins, R. et al. JACS 2022, 144, 15026

OHF

OHMe

70%
-8% ee

OH

OH

BPin

Br

Me

F

Pd L PCy2
OMe

SO3iBu

MeO

(R)-sSPhos-i-Bu

L



Enantioselective Suzuki-Miyaura

Pearce-Higgins, R. et al. JACS 2022, 144, 15026

OHF

OHMe

70%
-8% ee

OH

OH

BPin

Br

Me

F

Pd L PCy2
OMe

SO3iBu

MeO

(R)-sSPhos-i-Bu

L

Use of alkylated ligand leads to poor ee



Enantioselective Suzuki-Miyaura

Pearce-Higgins, R. et al. JACS 2022, 144, 15026

OHF

OHMe

70%
-8% ee

OH

OH

BPin

Br

Me

F

Pd L PCy2
OMe

SO3iBu

MeO

(R)-sSPhos-i-Bu

L

Use of alkylated ligand leads to poor ee

MeO
P

MeO

Cy2 Pd

R

S
O

O O

O

O H
H

H-bonding controls
enantioselectivity



Alcohols as H-bond directing groups

N
Me

OH

Me
OH

N

Me
MePc[M]NHC

CbzCbz

Alcohols as cross-coupling partners

Chen, R., Intermaggio, N. E., Xie, J., Ross-Ashton, J. A., Gould, C. A., Martin, R. T., Alcázar, J. & MacMillan, D. W. C. Science 2024, 383, 1350



Alcohols as H-bond directing groups

N
Me

OH

Me
OH

N

Me
MePc[M]NHC

CbzCbz

Alcohols as cross-coupling partners

Can the ability of alcohols to engage in H-
bonding control site-selectivity?

Chen, R., Intermaggio, N. E., Xie, J., Ross-Ashton, J. A., Gould, C. A., Martin, R. T., Alcázar, J. & MacMillan, D. W. C. Science 2024, 383, 1350



Alcohols as H-bond directing groups

N
Me

OH

Me
OH

N

Me
MePc[M]NHC

CbzCbz

Alcohols as cross-coupling partners

N

Me
O

Cbz

H

H

M L

N

Me
O

Cbz

H

H-bond
directed

Can the ability of alcohols to engage in H-
bonding control site-selectivity?

Chen, R., Intermaggio, N. E., Xie, J., Ross-Ashton, J. A., Gould, C. A., Martin, R. T., Alcázar, J. & MacMillan, D. W. C. Science 2024, 383, 1350



Alcohols as Lewis Basic directing groups

(+)-Menthyl(O2C)-Leu-OH

L
O

Me

MeMe

N
H

O
O OH

Me

Me
Me

OH

Me

H

CO2Et

Me

O

Me

CO2Et

Pd L

Lu, Y., Wang, D. H., Engle, K. & Yu, J.-Q. JACS 2010, 132, 5916



Alcohols as Lewis Basic directing groups

Me

O

Me

[PdII]

anionic
X-type ligand

(+)-Menthyl(O2C)-Leu-OH

L
O

Me

MeMe

N
H

O
O OH

Me

Me
Me

OH

Me

H

CO2Et

Me

O

Me

CO2Et

Pd L

Me

O

Me

H[PdII]

neutral
L-type ligand

Limited to Csp2 functionalization

Lu, Y., Wang, D. H., Engle, K. & Yu, J.-Q. JACS 2010, 132, 5916



Distal Alcohol Functionalization

Strassfeld, D. A., Chen, C.-Y., Park, H. S., Phan, D. Q. & Yu, J.-Q. Nature 2023, 622, 80

H

H3C

OH

CH3H

H

I

CO2Me

H3C

OH

CH3H

H

MeO2C

Pd L
L

S
N
HO

CF3
O

CH3

CH3

HN

O

Novel ligand

H-bond 
acceptor



Distal Alcohol Functionalization

Strassfeld, D. A., Chen, C.-Y., Park, H. S., Phan, D. Q. & Yu, J.-Q. Nature 2023, 622, 80

H

H3C

OH

CH3H

H

I

CO2Me

H3C

OH

CH3H

H

MeO2C

Pd L
L

S
N
HO

CF3
O

CH3

CH3

HN

O

Novel ligand

H-bond 
acceptor

HBA

H

H3C O
CH3 H

Pd

X

O

Key H-bond 
accepting 

group on ligandH3C O
CH3 H

Pd

X

N

O
H

Enables alcohol directed C—H arylation



Distal Alcohol Functionalization

OH

H3C CH3
Cl

H

I

CO2Me

OH

H3C CH3
Cl

CO2Me

Pd L

H

H3C O
CH3 H

Pd

L

N

O

N
O

AcHN CH3

CH3

<1% yield

N
O

AcHN CH3

CH3

<1% yield

N

HN

O

<1% yield
Coulombic destabilization

Strassfeld, D. A., Chen, C.-Y., Park, H. S., Phan, D. Q. & Yu, J.-Q. Nature 2023, 622, 80



Distal Alcohol Functionalization

OH

H3C CH3
Cl

H

I

CO2Me

OH

H3C CH3
Cl

CO2Me

Pd L

H

H3C O
CH3 H

Pd

L

N

O

N
O

AcHN CH3

CH3

<1% yield

N
O

AcHN CH3

CH3

<1% yield

N

HN

O

<1% yield
Coulombic destabilization

Strassfeld, D. A., Chen, C.-Y., Park, H. S., Phan, D. Q. & Yu, J.-Q. Nature 2023, 622, 80

Increased stabilization?

H

H3C O
CH3 H

Pd

X

N

O

0



Distal Alcohol Functionalization

OH

H3C CH3
Cl

H

I

CO2Me

OH

H3C CH3
Cl

CO2Me

Pd L

H

H3C O
CH3 H

Pd

L

N

O

N
O

AcHN CH3

CH3

<1% yield

N
O

AcHN CH3

CH3

<1% yield

N

HN

O

<1% yield
Coulombic destabilization

Strassfeld, D. A., Chen, C.-Y., Park, H. S., Phan, D. Q. & Yu, J.-Q. Nature 2023, 622, 80

Increased stabilization?

HN

O

HO

O

3% yield

N
H

O

NHAc

CH3

CH3

H3C

6% yield

HO

O

NHAc

CH3

CH3

3% yield
H

H3C O
CH3 H

Pd

X

N

O

0



Distal Alcohol Functionalization

OH

H3C CH3
Cl

H

I

CO2Me

OH

H3C CH3
Cl

CO2Me

Pd L

H

H3C O
CH3 H

Pd

L

N

O

N
O

AcHN CH3

CH3

<1% yield

N
O

AcHN CH3

CH3

<1% yield

N

HN

O

<1% yield
Coulombic destabilization

Strassfeld, D. A., Chen, C.-Y., Park, H. S., Phan, D. Q. & Yu, J.-Q. Nature 2023, 622, 80

Increased stabilization?

HN

O

HO

O

3% yield

N
H

O

NHAc

CH3

CH3

H3C

6% yield

HO

O

NHAc

CH3

CH3

3% yield
H

H3C O
CH3 H

Pd

X

N

O

0



Distal Alcohol Functionalization

OH

H3C CH3
Cl

H

I

CO2Me

OH

H3C CH3
Cl

CO2Me

Pd L

Strassfeld, D. A., Chen, C.-Y., Park, H. S., Phan, D. Q. & Yu, J.-Q. Nature 2023, 622, 80

HN

O

HO

O

3% yield

N
H

O

NHAc

CH3

CH3

H3C

6% yield

HO

O

NHAc

CH3

CH3

3% yield

HBA

H

H3C O
CH3 H

Pd

X

N

O

Internal H-Bond acceptor?

H

H3C O
CH3 H

Pd

X

N

O

0



Distal Alcohol Functionalization

OH

H3C CH3
Cl

H

I

CO2Me

OH

H3C CH3
Cl

CO2Me

Pd L

Strassfeld, D. A., Chen, C.-Y., Park, H. S., Phan, D. Q. & Yu, J.-Q. Nature 2023, 622, 80

HN

O

HO

O

3% yield

N
H

O

NHAc

CH3

CH3

H3C

6% yield

HO

O

NHAc

CH3

CH3

3% yield

HBA

H

H3C O
CH3 H

Pd

X

N

O

Internal H-Bond acceptor?

NF3C N
H

O

NHAc

Me

Me

14% yield

H

H3C O
CH3 H

Pd

X

N

O

0



Distal Alcohol Functionalization

OH

H3C CH3
Cl

H

I

CO2Me

OH

H3C CH3
Cl

CO2Me

Pd L

Strassfeld, D. A., Chen, C.-Y., Park, H. S., Phan, D. Q. & Yu, J.-Q. Nature 2023, 622, 80

HN

O

HO

O

3% yield

N
H

O

NHAc

CH3

CH3

H3C

6% yield

HO

O

NHAc

CH3

CH3

3% yield

HBA

H

H3C O
CH3 H

Pd

X

N

O

Internal H-Bond acceptor?

NF3C N
H

O

NHAc

Me

Me

14% yield

S
N
H

NHAc

Me

Me

53% yield

O
O

CF3

H

H3C O
CH3 H

Pd

X

N

O

0



Distal Alcohol Functionalization

OH

H3C CH3
Cl

H

I

CO2Me

OH

H3C CH3
Cl

CO2Me

Pd L

Strassfeld, D. A., Chen, C.-Y., Park, H. S., Phan, D. Q. & Yu, J.-Q. Nature 2023, 622, 80

HN

O

HO

O

3% yield

N
H

O

NHAc

CH3

CH3

H3C

6% yield

HO

O

NHAc

CH3

CH3

3% yield

HBA

H

H3C O
CH3 H

Pd

X

N

O

Internal H-Bond acceptor?

NF3C N
H

O

NHAc

Me

Me

14% yield

S
N
H

NHAc

Me

Me

53% yield

O
O

CF3

S
N
H

Bn

NHAc
O

O
O

CH3

86% yield

H

H3C O
CH3 H

Pd

X

N

O

0



Distal Alcohol Functionalization

H

H3C

OH

CH3H

H

I

CO2Me

H3C

OH

CH3H

H

MeO2C

Pd L

Strassfeld, D. A., Chen, C.-Y., Park, H. S., Phan, D. Q. & Yu, J.-Q. Nature 2023, 622, 80



Distal Alcohol Functionalization

H

H3C

OH

CH3H

H

I

CO2Me

H3C

OH

CH3H

H

MeO2C

Pd L

S
N
H

HN
O

p-tolyl
O Bn

H-bond 
acceptor O

O

Me

S
N
HO

CF3
O

CH3

CH3

HN

O

H-bond 
acceptor

more 
active 
base

Strassfeld, D. A., Chen, C.-Y., Park, H. S., Phan, D. Q. & Yu, J.-Q. Nature 2023, 622, 80



Distal Alcohol Functionalization

H

H3C

OH

CH3H

H

I

CO2Me

H3C

OH

CH3H

H

MeO2C

Pd L

S
N
H

HN
O

p-tolyl
O Bn

H-bond 
acceptor O

O

Me

S
N
HO

CF3
O

CH3

CH3

HN

O

H-bond 
acceptor

more 
active 
base

Strassfeld, D. A., Chen, C.-Y., Park, H. S., Phan, D. Q. & Yu, J.-Q. Nature 2023, 622, 80

H3C

OH

CH3

MeO2C
74%

Ph

OH

MeO2C
40%

OH

MeO2C
50%

CH3



Distal Alcohol Functionalization

Strassfeld, D. A., Chen, C.-Y., Park, H. S., Phan, D. Q. & Yu, J.-Q. Nature 2023, 622, 80

H

O

H3C CH3
CH3

Ar

O

H3C CH3
CH3

Pd L

I not detected



Distal Alcohol Functionalization

Strassfeld, D. A., Chen, C.-Y., Park, H. S., Phan, D. Q. & Yu, J.-Q. Nature 2023, 622, 80

H

O

H3C CH3
CH3

Ar

O

H3C CH3
CH3

Pd L

I not detected

Alcohol is crucial for reaction



Distal Alcohol Functionalization

Strassfeld, D. A., Chen, C.-Y., Park, H. S., Phan, D. Q. & Yu, J.-Q. Nature 2023, 622, 80

OH

H3C CH3
Cl

H OH

H3C CH3
Cl

Ar

Pd L

I



Distal Alcohol Functionalization

Strassfeld, D. A., Chen, C.-Y., Park, H. S., Phan, D. Q. & Yu, J.-Q. Nature 2023, 622, 80

OH

H3C CH3
Cl

H OH

H3C CH3
Cl

Ar

Pd L

I

NF3C N
H

O

NHAc

CH3

CH3

14% yield

N

F3C N
H

O

NHAc

CH3

CH3

1% yield



Distal Alcohol Functionalization

Strassfeld, D. A., Chen, C.-Y., Park, H. S., Phan, D. Q. & Yu, J.-Q. Nature 2023, 622, 80

OH

H3C CH3
Cl

H OH

H3C CH3
Cl

Ar

Pd L

I

NF3C N
H

O

NHAc

CH3

CH3

14% yield

N

F3C N
H

O

NHAc

CH3

CH3

1% yield

N
H

NHAc

CH3

CH3

O

CH3

16% yield

N
H

NHAc

CH3

CH3CH3 O

4% yield



Distal Alcohol Functionalization

Strassfeld, D. A., Chen, C.-Y., Park, H. S., Phan, D. Q. & Yu, J.-Q. Nature 2023, 622, 80

OH

H3C CH3
Cl

H OH

H3C CH3
Cl

Ar

Pd L

I

NF3C N
H

O

NHAc

CH3

CH3

14% yield

N

F3C N
H

O

NHAc

CH3

CH3

1% yield

N
H

NHAc

CH3

CH3

O

CH3

16% yield

N
H

NHAc

CH3

CH3CH3 O

4% yield

Ligand isomers not competent



Ion-Pairing

N N

O

HH

N

N

Ir

H-Bonding

substrate

Hydrogen-bonding

t-Bu

t-Bu

O

N N
O

Mn

O

t-Bu
t-Bu

achiral
ligand

chiral
counterion

P

Ion-pairing

C

O Me

MeH

C

Ru Ru

SMeMeS
Cl

Cp*Cp*
H

N

N
H

TsO

Ion-pairing & H-Bonding



Ion-Pairing

N N

O

HH

N

N

Ir

H-Bonding

substrate

Hydrogen-bonding

t-Bu

t-Bu

O

N N
O

Mn

O

t-Bu
t-Bu

achiral
ligand

chiral
counterion

P

Ion-pairing

C

O Me

MeH

C

Ru Ru

SMeMeS
Cl

Cp*Cp*
H

N

N
H

TsO

Ion-pairing & H-Bonding



Ion-Pairing - Breslow

anion

cation

Ion-Pairing



Ion-Pairing - Breslow

anion cation

O H

anion

cation

Ion-Pairing



Ion-Pairing - Breslow

Ronald Breslow 
(1931-2017)


Columbia University

anion cation

O H

anion

cation

Ion-Pairing



Breslow - Ion-Pairing oxidation

2 point binding

H3C

CH3

CH3
CH3

O

O O

O

N

O

N

H3C
H3C

n

Rajagopalan, R., Schwarz, J., & Breslow, R. JACS 1981, 103, 2905



Breslow - Ion-Pairing oxidation

2 point binding

O

O O

OO

n

Ar

ArH3C

CH3

CH3
CH3

O

O O

O

N

O

N

H3C
H3C

n

Rajagopalan, R., Schwarz, J., & Breslow, R. JACS 1981, 103, 2905



Breslow - Ion-Pairing oxidation

C-6C-2

2.6%

C-3

1.4%

C-4

22%

C-5

74%OH
C2

C3

C4

C5

C4

C3

C2
HO

O O

2.7% 1.7% 2.7% 93%
OH

O

HO

O
C2

C3

C4

C5

C5

C4

C3

C2

34%1% 0.2% 3.6% 62%
C2

C3

C4

C5

C6

C6

C5

C4

C3

C2
HO

O

OH

O

2 point binding

O

O O

OO

n

Ar

ArH3C

CH3

CH3
CH3

O

O O

O

N

O

N

H3C
H3C

n

Good selectivity, not really practical

Rajagopalan, R., Schwarz, J., & Breslow, R. JACS 1981, 103, 2905



Sawamura - Ion-Pairing π-allyl

H-bonding
Pd

R R

PP O

O

MeO OMe

O
H

Hayashi - H-bonding

Ito, Y., Hagihara, T., Yamamotom A., & Hayashi, T. Tet. Lett. 1986, 27, 191; Sawamura, M., Nagata, H., Sakamoto, H., & Ito, Y. JACS 1992, 114, 2586



Sawamura - Ion-Pairing π-allyl

H-bonding
Pd

R R

PP O

O

MeO OMe

O
H

Ion-pairing
Pd

PP

O

MeO OMe

O

K

Hayashi - H-bonding Sawamura - Ion-pairing

Ito, Y., Hagihara, T., Yamamotom A., & Hayashi, T. Tet. Lett. 1986, 27, 191; Sawamura, M., Nagata, H., Sakamoto, H., & Ito, Y. JACS 1992, 114, 2586



Sawamura - Ion-Pairing π-allyl

H-bonding
Pd

R R

PP O

O

MeO OMe

O
H

Ion-pairing
Pd

PP

O

MeO OMe

O

K

Hayashi - H-bonding Sawamura - Ion-pairing

Ito, Y., Hagihara, T., Yamamotom A., & Hayashi, T. Tet. Lett. 1986, 27, 191; Sawamura, M., Nagata, H., Sakamoto, H., & Ito, Y. JACS 1992, 114, 2586

Fe PPh2

PPh2

N

H Me

Me

O

O
O

N
O

O

Pd L
CH3

OO

OAc
K

CH3

OO

L



Sawamura - Ion-Pairing π-allyl

H-bonding
Pd

R R

PP O

O

MeO OMe

O
H

Ion-pairing
Pd

PP

O

MeO OMe

O

K

Hayashi - H-bonding Sawamura - Ion-pairing

Ito, Y., Hagihara, T., Yamamotom A., & Hayashi, T. Tet. Lett. 1986, 27, 191; Sawamura, M., Nagata, H., Sakamoto, H., & Ito, Y. JACS 1992, 114, 2586

Pd L
CH3

OO

OAc
K

CH3

OO

Fe PPh2

PPh2

N

H Me

Me

O

O
O

N
O

O

L



Sawamura - Ion-Pairing π-allyl

Ito, Y., Hagihara, T., Yamamotom A., & Hayashi, T. Tet. Lett. 1986, 27, 191; Sawamura, M., Nagata, H., Sakamoto, H., & Ito, Y. JACS 1992, 114, 2586

Pd L
CH3

OO

OAc
K

CH3

OO

Fe PPh2

PPh2

N

H Me

Me

O

O
O

N
O

O

L

O
O

O

N
O

O

Pd
PP

OO

K

Me



Sawamura - Ion-Pairing π-allyl

Ito, Y., Hagihara, T., Yamamotom A., & Hayashi, T. Tet. Lett. 1986, 27, 191; Sawamura, M., Nagata, H., Sakamoto, H., & Ito, Y. JACS 1992, 114, 2586

Pd L
CH3

OO

OAc
K

CH3

OO

Fe PPh2

PPh2

N

H Me

Me

O

O
O

N
O

O

L

O
O

O

N
O

O

Pd
PP

OO

K

Me

Solvent %ee%conv.

THF 4190

Mesitylene 60100

Toluene 5290

CH3CN 2842

CH2Cl2 2181

MeOH -0



Sawamura - Ion-Pairing π-allyl

Ito, Y., Hagihara, T., Yamamotom A., & Hayashi, T. Tet. Lett. 1986, 27, 191; Sawamura, M., Nagata, H., Sakamoto, H., & Ito, Y. JACS 1992, 114, 2586

Pd L
CH3

OO

OAc
K

CH3

OO

Fe PPh2

PPh2

N

H Me

Me

O

O
O

N
O

O

L

O
O

O

N
O

O

Pd
PP

OO

K

Me

Solvent %ee%conv.

THF 4190

Mesitylene 60100

Toluene 5290

CH3CN 2842

CH2Cl2 2181

MeOH -0

Solvent dependence suggests Ion-pairing 



Luo - Photoredox Ion-Pairing

Jia, Z. Zhang, L. & Luo, S. JACS 2022, 144, 10705

O

CO2Et

MePh

Am Co Pc
O

CO2Et

Ph



Luo - Photoredox Ion-Pairing

Jia, Z. Zhang, L. & Luo, S. JACS 2022, 144, 10705

O

CO2Et

MePh

Am Co Pc
O

CO2Et

Ph

Am

Me

Me
Me

N

ONH2TfOH

Co

N

N

N

C2H4
C2H4

O
H

O

N
N

C2H4
C2H4

O H

O

Cl

N
MeMe

CoPc Ir(ppy)2(dtbbpy)(PF6)



Luo - Photoredox Ion-Pairing

Jia, Z. Zhang, L. & Luo, S. JACS 2022, 144, 10705
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Curious lack of Metallaphotoredox methods utilizing these interactions for selective catalysis
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