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C−H bond arylation of 

diamondoids catalyzed

by Pd(OAc)2



Introduction



Introduction C–H activation
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Directed C–H activation:

C–H bond functionalization:

First attempt for C–H activation on adamantane:

R. Parella, S. A. Babu Synlett 2014, 25, 1395-1402.



Directing groups for activation C(sp3) –H

Role of the directing groups:

• Direct the transition metal close to the C–H bond to activate

• Increased reactivity because of metal coordination

• Efficient control over the reactivity/selectivity

Limitations:

• Additional synthetic steps: install the DG and remove it
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Adamantane based bioactive compounds
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Cointaining aromatic ring in the structure:
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Results



Results
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Results

Optimized conditions:
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Hexafluoroisopropanol

(HFIP):



Results

Screening of aryl iodides:

Ar-I

Yield
62% (B)

10% (C)
48% (B) 75% (B)

62% (B)

5% (C)
SM SM 56% (B) 36% (B) SM SM
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Results

Substrates scope:
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Results

Directing group removal:
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Results

Synthesis of a bioactive derivative:

Diseases of the central nervous system (NMDA receptor):
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Results

Pelletier, G.; Charette, A. B. Org. Lett. 2013, 15, 2290-2293.

Synthesis of imidazo[1,5-a]pyridine (group present in antitumor agents).
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Mechanistic studies
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Mechanistic studies
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Scan 2 Compound 1+4 _2 #88 RT: 1.11 AV: 1 NL: 5.64E5
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360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680

m/z

0

10

20

30

40

50

60

70

80

90

100

R
e
la

ti
v
e
 A

b
u
n
d
a
n
c
e

649.25269
z=1

377.07855
z=? 663.24725

z=1629.64624
z=1

365.33960
z=1

421.22366
z=1

391.28491
z=1

556.21014
z=1

682.24554
z=1530.98145

z=?
449.18240

z=1
481.31470

z=1
591.49988

z=1



Mechanistic studies

The dimer was observed in ESI experiments:
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Mechanistic studies

Palladacycle formation:
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Mechanistic studies

Deuterium experiments show that the palladacycle formation is reversible:

Reaction at 80 °C            No Deuterium was observed
23



Mechanistic studies

Transition state of C-H activation step:

R. Giri, Y. Lan, P. Liu, K. N. Houk, J-Q. Yu J. Am. Chem. Soc. 2012, 134, 14118-14126. 24



Mechanistic studies

Oxidative addition step:
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Arylation step:

Mechanistic studies
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Mechanistic studies
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Formation of disubstituted compound:



Mechanistic studies

Comparative experiment:
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Kinetic studies

Reaction progress:
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Kinetic studies

Dependence with the temperature:
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Mechanistic studies
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Mechanistic studies

Deuterium experiments with second arylation:
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Kinetic studies

Reaction progress diarylated:
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Mechanistic studies

Deuterium experiments on diamondoids derivatives:
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Mechanistic studies

Deuterium experiments on diamondoids derivatives:
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ESI HRMS experiments of the crude reaction mixture

Detected side products:

Palladium reduction

Mechanistic studies
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Mechanistic studies

Pd(II)/Pd(0) arylation step:
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Other substrates that did not react:



Mechanistic studies
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Mechanistic studies
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Alkylation
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Lactam formation
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Initial attempts:

Entry Conditions

1 Pd(OAc)2 (2 mol%), AgOAc (1.2 equiv.), C6F5I MW 120 °C 1.5 h

2 Pd(OAc)2 (10 mol%), AgOAc (1.2 equiv.) or Ag2CO3 (1.2 equiv.), C6F5I MW 160 °C 1.5 h

3 CuCl (0.25 equiv.), PhCO2Na (1.3 equiv.), benzoquinone (1.2 equiv.), o-xylene 130 °C 20 h

4 Cu(OAc)2.H2O (0.2 equiv.), Ag2CO3 (2.8 equiv.), DCE 140 °C 24 h

W-W. Sun, P. Cao, R-Q. Mei, Y. Li, Y-L. Ma, B. Wu Org. Lett. 2014, 16, 480-483.

Z. Wang, J. Ni, Y. Kuninobu, M. Kanai Angew. Chem. 2014, 53, 3496-3499.

X. Wu, Y. Zhao, G. Zhang, H. Ge Angew. Chem. 2014, 53, 3706-3710.



Lactam formation

C. Zhu, Y. Liang, X. Hong, H. Sun, W-Y. Sun, K. N. Houk, Z. Shi J. Am. Chem. Soc. 2015, 137, 7564-7567. 6



Lactam formation
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Acetoxylation

5Q. Li, S-Y. Zhang, G. He, W. A. Nack, G. Chen Adv. Synth. Catal. 2014, 356, 1544-1548.

Initial attempts:



Acetoxylation
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Inital attempts:



Acetoxylation
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One-pot o selectivity with Br



Results

Intramolecular C-H activation:



Baran bromination

Directing group removal:
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Borilation


