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C-H ACTIVATION 
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C-H ACTIVATION –  
1,4-MIGRATION 
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-  no directing group; 
-  Introduction of palladium moiety to a remote site  
where direct introduction of palladium may be difficult 
-  C–H bond that is four or five bonds away from palladium 



LITERATURE DATA 

Conditions 
2% Pd(OAc)2 
4% PPh3 
Et3N, MeNO2, 
100 C, 3d 
47% 
Heck 

5% Pd(OAc)2 
K2CO3 
N-Bu4NBr, DMF, 
100 C, 3d 
69% 
Dyker 

0.5% Pd(OAc)2(PPh3) 
HCOOH, Et3N 
MeCN 
80 C, 6.5 h 
87% 
Cacchi 
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SYNTHESIS OF 
FLUORENES 

14 examples with good to moderte yields 
- Aryl iodides with EDG and EWG; 
- Heteroatomic halides 

Tian, Q.; Larock, R.C. Org. Lett. 2000, 21,  3329 – 3332, J. Org. Chem. 2001, 66, 7372-7379 
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MECHANISM 

Tian, Q.; Larock, R.C. Org. Lett. 2000, 21,  3329 - 3332  
 

This process appears to involve  
(1) oxidative addition,  
(2) alkyne insertion,  
(3) 1,4-Pd migration, and  
(4) aryl-aryl coupling.  
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ARYL TO ARYL 
MIGRATION 

8 

Karig, G.; Moon, M.T.; Thasan, N.; Gallagher, T. Org.Lett. 2002, 18, 3115-3118 



MECHANISM 
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PROOF OF 
MECHANISM 

Masselot D., Charmant, J.P.H., Gallagher, T. JACS 2006, 128, 694-695 
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ARYL TO ARYL 
PALLADIUM MIGRATION  

Campo, M.A.; Larock, R.C. JACS 2002, 124, 14326-14327 1
1 



Campo, M.A.; Zhang, H.; Yao, T.; Ibdah, A.; McCulla, R.D.; Huang, Q.; Zhao, J.; Jenks, W.S.;  
Larock, R.C. JACS 2007, 129, 6298-6307 
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Campo, M.A.; Zhang, H.; Yao, T.; Ibdah, A.; McCulla, R.D.; Huang, Q.; Zhao, J.; Jenks, W.S.;  
Larock, R.C. JACS 2007, 129, 6298-6307 
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Campo, M.A.; Zhang, H.; Yao, T.; Ibdah, A.; McCulla, R.D.; Huang, Q.; Zhao, J.; Jenks, W.S.;  
Larock, R.C. JACS 2007, 129, 6298-6307 
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Conditions: 1.4 equiv of arylboronic acid, 5 mol% Pd(Oac)2, 5 mol% dppm,  
2.0 equiv. CsPiv, 2.0 equiv of PA, and 20 equiv of H2O in 4 mL of DMF at 100 °C  
 



ARYL TO ARYL PALLADIUM 
MIGRATION – SYNTHESIS OF 
FUSED POLYCYCLES  

Campo, M.A.; Huang, Q.; Yao, T.; Tian, Q.; Larock, R.C. JACS 2003, 125, 11506-11507 15
 

Conditions: 5 mol% Pd(OAc)2, 5 mol% dppm, 2 equiv. of CsPiv  
in DMF, at 100 °C  
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Campo, M.A.; Huang, Q.; Yao, T.; Tian, Q.; Larock, R.C. JACS 2003, 125, 11506-11507 

ARYL TO ARYL PALLADIUM 
MIGRATION – SYNTHESIS OF 
FUSED POLYCYCLES  
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23 examples, 
45-86% yield 
Y = O, NR; 
R1 = EDG, EWG 

8 examples, 
30-85% yield 

Li, P.; Li, Q.; Weng, H.; Diao, J.; Yao, H.; Lin, A. Org.Lett. 2019, 21, 6765-6769 

ARYL TO ARYL PALLADIUM 
MIGRATION – SYNTHESIS OF 
FUSED POLYCYCLES  



ARYL TO ALKYL 
MIGRATION 
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16 examples with good to moderte yields 
-  Anilines with EDG and EWG; 

Br
R t-Bu

t-Bu

Toluene, 110 °C, 4h

ArNH2 (1.2 equiv.)
[Pd2(dba)3] (5 mol%)
SIPr*HBF4 (11 mol%)
NaOt-Bu (1.5 equiv.)

R

t-Bu

H
N Ar

1a 3

R = iPr, OTMS, TMS
O

O

O

O

Me
O

O

Pan, J.; Su., M.; Buchwald, S.L. Angew. Chem. 2011, 123, 8806 –8810   
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30 examples, 
38-90% yield 
 
Conditions A: Pd(PCy3)2 (10 mol%), CsOPiv (1.0 equiv),  
toluene, 140 C (sealed tube) 
 
 Rocaboy, R.; Anastasiou, I.; Baudoin, O. ACIE 2019, 58, 14625-14628 

ARYL TO ALKYL PALLADIUM 
MIGRATION – SYNTHESIS OF 
FUSED POLYCYCLES  



ARYL TO VINYL PALLADIUM   
MIGRATION  
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17 examples, 
57-83% yield 

Hu, T.J.; Zhang, G.; Chen, Y-H; Feng, C-G.; Lin, G.-Q. JACS 2016, 138, 2897−2900  
  



DEUTERIUM-LABELING 
EXPERIMENTS  
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ARYL TO VINYL PALLADIUM   
MIGRATION – SYNTHESIS OF 
1,3-DIENES  

22
 

Hu, T.J.; li, M.Y.; Zhang, G.; Chen, Y-H; Feng, C-G.; Lin, G.-Q. ACIE 2018, 57, 5871 –5875 
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27 examples, 
34-86% yield (>90:10) 

6 examples, 
57-78% yield (>90:10) 

ARYL TO VINYL PALLADIUM   
MIGRATION – SYNTHESIS OF 
1,3-DIENES  

Hu, T.J.; li, M.Y.; Zhang, G.; Chen, Y-H; Feng, C-G.; Lin, G.-Q. ACIE 2018, 57, 5871 –5875 



ARYL TO ACYL  
PALLADIUM MIGRATION 

8 examples,  
good to moderate yields 

Kesharwani, T.; Verma, A.K.; Emrich, D.; Ward., J.A.; Laroch, R.C.  
Org. Lett. 2009, 12, 2591-2593  
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ARYL TO IMIDOYL 
PALLADIUM MIGRATION  

N
I

NDMF, 100 °C,

Pd(OAc)2 (5 mol%)
dppm (5 mol%)
CsPiv (2 equiv.)

HCl/H2O O

13 examples, 
56-100% yield

N

I

O

DMF, 100 °C,

Pd(OAc)2 (5 mol%)
dppm (5 mol%)
CsPiv (2 equiv.)

O

O

X Y X Y

14 examples, 
20-80% yield

X

Y

X

Y

X

Y

Zhao, J.; Yue, D.; Campo, M.A.; Larock, R.C. JACS 2007, 129, 5288-5295 25
 



VINYLIC TO ARYL 
PALLADIUM MIGRATION  

28 examples with good to moderte yields 
- Aryl iodides with EDG and EWG; 

Zhao, J.; Larock, R.C. J.Org.Chem. 2006, 71, 5340-5348  26
 

Conditions: 5 mol% Pd(OAc)2,  
5 mol% dppm, 2 equiv. CsPiv in DMF, 100 °C 
 



DEUTERIUM LABELING 
EXPERIMENTS  
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ALKYL TO ARYL 
MIGRATION  

Huang, Q.; Fazio, A.; Dai, G.; Campo, M.A.; Larock, R.C. JACS, 2004, 126, 7460-7461 28
 



SCOPE 

Huang, Q.; Fazio, A.; Dai, G.; Campo, M.A.; Larock, R.C. JACS, 2004, 126, 7460-7461 29
 



ALKYL TO ARYL 
PALLADIUM MIGRATION 

16 examples, 
47-95% yields 

9 examples, 
60-95% yields 

Lu, Z.; Hu, C.; Guo, J.; Li, J.; Cui, Y.; Jia, Y. Org.Lett. 2010, 12, 480-483  30
 



DEUTERIUM LABELING 
EXPERIMENTS  
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ALKYL TO ARYL 
MIGRATION 
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Piou, T.; Bunescu, A.; Wang, Q.; Neuville, L.; Zhu, J. Angew. Chem. Int. Ed. 2013, 52, 12385 –12389  
 



SCOPE 
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R3

N

OR2

R1

R
DMA, 140 °C

Pd(OAc)2 (0.1 equiv.)
PCy3*HBF4 (0.2 equiv.)

CsOPiv (2.0 equiv.)
N,n-diethylaniline (2.0 equiv.)

N
O

R1

R3

R2

R3

R1 = Bn, PMB, Ph, SEM, Me;
R2 = H, OMe, Me, CN;
R3 = H;
R = Me, Ph, OMe, F

16 examples, 
25-97% yield 

Piou, T.; Bunescu, A.; Wang, Q.; Neuville, L.; Zhu, J. Angew. Chem. Int. Ed. 2013, 52, 12385 –12389  
 



SCOPE 
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Piou, T.; Bunescu, A.; Wang, Q.; Neuville, L.; Zhu, J. Angew. Chem. Int. Ed. 2013, 52, 12385 –12389  
 



ALKYL TO ARYL 
MIGRATION 
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25 examples, 
31-87% yields 

17 examples, 
35-82% yields 

12 examples, 
36-75% yields 

25 examples, 
31-87% yields 

Wang, M.; Zhang, X.; Zhuang, Y-X.; Xy, Y-H.; Loh, T.-C. JACS 2015, 137, 1341−1347  
 



CONCLUSION 
Remote C–H activation via through-space palladium migration 
shows to be an efficient method to introduce a palladium moiety 
into a position where direct palladium introduction may not be 
straightforward. 
 
To force the 1,4 migration we can: 
- Use monodentate ligands; 
- Dilute the reaction mixture; 
- Use pivalates and acetates as bases; 
- Create steric hindrance around Pd atom to avoid direct cross-
coupling reaction; 
- Stabilize the Pd-intermediate.  
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