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•  C–H activation methods are limited to proximal C–H bonds, 
which are spatially and geometrically accessible from the directing 
functional group 

•  Site selectivity in C–H functionalization reactions is a 
significant challenge, especially when the target C–H bond is 
distant from existing functional groups 

•  In 2012, Yu and coworkers reported a set of flexible, U-shaped 
templates to direct meta-C–H activation 

•  The development of more general and efficient approaches 
to achieve meta-C–H activation remains an important goal! 
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Yu et al.  
Nature 2012, 486, 518 

12-membered ring 
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11-membered ring 

Yu et al. Nature 2012, 486, 518 
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Yu et al. J. Am. Chem. Soc. 2013, 135, 18056 

Yu et al. J. Am. Chem. Soc. 2013, 135, 7567 

O

NN

N

X =
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Yu et al. Nature 2014, 507, 215 
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Yu et al. Angew. Chem. Int. Ed. 2015, 54, 888 

Yu et al. J. Am. Chem. Soc. 2014, 136, 10807 
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8 
Yu’s template 

K. L. Tan et al. J. Am. Chem. Soc. 2013, 135, 18778 

Tan’s template 

Raffaele Colombo @ Wipf Group Page 8 of 30 5/1/2015



D
e

p
a

rt
m

e
n

t 
o

f 
C

h
e

m
is

tr
y   Gaunt Template approach 

9 

M. J. Gaunt et al. Angew. Chem. Int. Ed. 2011, 50, 463 
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10 

DG DG

Pd

DG

Pd

DG

R

Template

Pd N C

… inspired by Catellani reactions 

“We expect that this approach will enable many previously reported 
ortho-C–H activation reactions to be rendered highly meta-selective” 

Yu et al. Nature 2015, 519, 334-338 
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11 

M. Catellani et al. Angrew. Chem. Int. Ed. 1997, 36, 119!

H
I

H
+ I R1

R2
+

Pa(0) cat, base

DMA, 20oC, 30h
R1 R1

R2

Yield: 31~100%
E type: 89~95%

R

R=H, Me, CO2Me
R1=n-Bu, BnCH2,n-Oct
R2=CO2Me, Ph, n-Hex

R = Alkyl, Aryl 
X = I, Br, Cl 
TA: Terminating Agent = Aryl, Alkenyl, H, CN 
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12 

R1= Alkyl, Aryl 
R2=Aryl, Alkenyl, H, CN 
R = H, or bulky 
substisuents!

R1
PdllX

R
Pd0

H
PdllX

R

H

R

R2-Y

R1
R2

R

H
X

R

XPdll

Base

Base•HX
R

Pdll

R1-X

R

PdlV
X

R1

R

R1

XPdll

Ternination

Oxidative Addition 1

Carbopalladation with 
norbornene

Palladacycle

Oxidative Addition 2

Reductive 
Elimination

Norbornene 
Extrusion

M. Catellani et al. Angrew. Chem. Int. Ed. 1997, 36, 119!

or 
R

PdII

XPdII

R1
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Bach et al. J. Am. Chem. Soc. 2011, 133, 12990!
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14 

DG DG

Pd

DG

Pd

DG

R

H

NHArF

O

Pd(II)-L

N

O

ArFPd
LH

H
N

O
ArF

R

ortho functionalization

Pd
L

NHArF

O

NHArF

O

reductive elimination

R
R

NHArF

O

difunctionalization

Pitfalls

R-X

R
Pd

NArF

O

L

R

NHArF

O

Pd(II)-L
H+

Pd(II)-L, R-X,
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16 

H

H
N

O

F

F
Cl

H

Pd(OAc)2 (10 mol%)
Pyridine (20 mol%)

Norbornene (1.5 eq)
AgOAc (3 eq)
DCE, 95 °C, 16 h

F

F

CF3

NHArF

O

Cl

2a 61%
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H

H
N

O

F

F
Cl

H
F

F

CF3

Pd(OAc)2 (10 mol%)
Ligand (20 mol%)

Norbornene (1.5 eq)
AgOAc (3 eq)
DCE, 95 °C, 16 h

Me-I

( 3 eq)

NHArF

O

Cl

2a Me

NHArF

O

Cl

3a

N

No reaction

CF3F3C N MeF3C

No reaction

N

2a: 8%
3a: 9%

CO2Me

N

2a: 4%
3a: 12%

OMe N

2a: 12%
3a: 15%

OMe

N

2a: 8%
3a: 23%

OMeMeO

OMe

N

2a: 8%
3a: 32%

NMe2

No Ligand
No reaction N

2a: 15%
3a: 15%

N

2a: 16%
3a: 29%

N

2a: 8%
3a: 13%

N

2a: 9%
3a: 17%

N

2a: 25%
3a: 37%

N

N

N
2a: 22%
3a: 30%

2a: 51%
3a: 28%

2a: 56%
3a: 28%

N O
2a: 3%
3a: 13%

N

2a: 20%
3a: 80%

O N

2a: 20%
3a: 80%

O

N

O

N O

OMe

2a: 15%
3a: 85%

(80% isolated yield)
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H

H
N

O

F

F
Cl

H
F

F

CF3

Pd(OAc)2 (10 mol%)
Ligand (20 mol%)

Norbornene (1.5 eq)
AgOAc (3 eq)
DCE, 95 °C, 16 h

Me-I

( 3 eq)

NHArF

O

Cl

2a Me

NHArF

O

Cl

3a

N

2a: 20%
3a: 80%

O N

2a: 20%
3a: 80%

O

N

O

N O

OMe

2a: 15%
3a: 85%

(80% isolated yield)

H

H
N

O

F

F
Cl

H
F

F

CF3

Pd(OAc)2 (10 mol%)

Norbornene (1.5 eq)
AgOAc (3 eq)
DCE, 95 °C, 16 h( 3 eq.)

NHArF

O

Cl

2a: 33%

NHArF

O

Cl

4a: 67%
(63% isolated yield)

O

OEt
I

N O

OMe

20 mol%

EtO

O
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19 

N

2a: 20%
3a: 80%

O N

2a: 20%
3a: 80%

O

N

O

N O

OMe

2a: 15%
3a: 85%

(80% isolated yield)

Yu et al. Science 2014, 343, 1216 
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2
0 

H

NHArF

O

H

X
Y

ArF = 4-(CF3)C6F4

+
R-I

(3 eq.)

Pd(OAc)2 (10 mol%)

Norbornene (1.5 eq)
AgOAc (3 eq)
DCE, 95 °C, 16 h

N O

OMe

20 mol%

1a-1x

NHArF

O

R

X
Y

3a-3x (when R = Me)
4a-4x (when R = CH2CO2Et

NHArF

O

R

Cl

3c, 80%
4c, 63%

NHArF

O

R

OMe

3a, 91%
4a, 73%

NHArF

O

R

Me

3b, 90%
4b, 84%

NHArF

O

R

Br

3d, 88%
4d, 81%

NHArF

O

R

F

3e, 86%
4e, 68%

NHArF

O

R

CF3

3f, 72%
4f, 75%

NHArF

O

R

3g, 87%
4g, 82%

F

F
NHArF

O

R

3f, 87%
4f, 82%

MeO

OMe
NHArF

O

R
3m, 72%
4m, 51%

F3CNHArF

O

R

3l, 90%
4l, 86%

FNHArF

O

R

3i, 56%
4i, 47%

BrNHArF

O

R

3h, 84%
4h, 32%

Me
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H

NHArF

O

H

X
Y

ArF = 4-(CF3)C6F4

+
R-I

(3 eq.)

Pd(OAc)2 (10 mol%)

Norbornene (1.5 eq)
AgOAc (3 eq)
DCE, 95 °C, 16 h

N O

OMe

20 mol%

1a-1x

NHArF

O

R

X
Y

3a-3x (when R = Me)
4a-4x (when R = CH2CO2Et

NHArF

O

R

3n, 87%
4n, 82%

NHArF

O

R

3p, 80%
4p, <10%

RNHArF

O

R

3o, <10%
4o, 68%

MeO

NHArF

O

R

3q, 85%
4q, 59%

R

F

NHArF

O

R

3r, 72%
4r, <10%

R
Me

NHArF

O

R

3s, 75%
4s, <10%

R
OAc

NHArF

O

R

3t, 72%
4t, 52%

R
OBn

NHArF

O

R

3u, 82%
4u, <10%

R
NPhth
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22 

H

NHArF

O

H

X
Y

ArF = 4-(CF3)C6F4

+
R-I

(3 eq.)

Pd(OAc)2 (10 mol%)

Norbornene (1.5 eq)
AgOAc (3 eq)
DCE, 95 °C, 16 h

N O

OMe

20 mol%

1a-1x

NHArF

O

R

X
Y

3a-3x (when R = Me)
4a-4x (when R = CH2CO2Et

3v, 71%
4v, 43%

R

O NHArF

3w, 71%
4w, 69%

R

O NHArF

O

3x, 81%
4x, <10%

R

O

O
NHArF

3y, 73%
4y, <10%

R

N

O
NHArF

Ts
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NHArF

O

Et

Me

21%

NHArF

O

Me

Ph

NHArF

O

Me

Cl

NHArF

O

Me

CF3

NHArF

O

Me

Br

NHArF

O

Me

Cl

NHArF

O

Me

F

NHArF

O

Me

Me

66% 65% 71%

75% 75% 63% 60%

H

NHArF

O

H

ArF = 4-(CF3)C6F4

+
Alkyl-I

(6 eq.)

Pd(OAc)2 (10 mol%)

Norbornene (1.5 eq)
AgOAc (3 eq)
DCE, 95 °C, 16 h

N O

OMe

20 mol%

1a-1x

NHArF

O

R

Me
Me
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24 

H

NHArF

O

H

ArF = 4-(CF3)C6F4

+
Aryl-I

(3 eq.)

Pd(OAc)2 (10 mol%)

Norbornene (1.5 eq)
AgOAc (3 eq)
TBME, 95 °C, 16 h

N O

OMe

20 mol%

1a-1x

NHArF

O

R

Me
Me

with m- and p-iodobenzoate, benzocyclobutene was the major product   

NHArF

O

Me

CO2Me

NHArF

O

Me

CO2Me

Cl

NHArF

O

Me

CO2Me

Me

NHArF

O

Me

CO2Me

F

NHArF

O

Me

O

NHArF

O

Me

CF3F3C

O

O

NHArF

CO2Me

N

O

NHArF

CO2Me

Ts

64% 45% 66% 39%

48% 70% 82% 69%
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Yu et al. J. Am. Chem. Soc. 2014, 136, 344. 

MPAA =  
Mono-N-Protected Amino Acid 

Yu et al. Angew. Chem. Int. Ed. 2014, 53, 2683 
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Revised mechanism 

Bach et al. J. Am. Chem. Soc. 2012, 134, 14563 
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