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Abstract. The palladium-catalysed direct arylation of acetanilides by using C–H activation methodo-
logy has been demonstrated. Several acetanilides were coupled with aryl iodides in the presence of 
10 mol% of Pd(OAc)2, 1⋅0 equiv of Cu(OTf)2, and 0⋅6 equiv of Ag2O to afford the corresponding products in 
moderate to excellent yields. The results showed that the amount of Ag2O was important for this  
protocol. 
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1. Introduction 

Aryl-aryl bond formation plays an important role in 

the area of modern organic synthesis. These bonds are 

common in natural products, pharmaceuticals, cata-

lyst ligands, and materials.
1
 Traditionally, transition 

metalcatalysed cross-coupling reactions of organo-

metallic reagents and aryl halides or pseudohalides 

constitute one of the most useful methods for the 

synthesis of biaryl molecules. However, these strate-

gies, requiring installation of functionality on both 

coupling components, are neither atom economic 

nor green.
2
 C–H functionalization is the most sus-

tainable and straight-forward method to construct 

complicated structures and has received significant 

attention in the past several decades.
3
 Various func-

tional groups containing heteroatoms such as ace-

toamino,
4
 oxazolyl,

5
 pyridyl,

6
 or imino

7
 groups act 

as directing groups, and influence the regioselecti-

vity of the reaction. With the help of acetamido group, 

ortho C–H of acetanilide could be functionlized
8
  

regioselectively. Shi and coworkers have developed 

palladium-catalysed ortho-arylation of amides with 

aryl boronic acids
8f

 and trialkoxysilanes,
8g

 using 

Cu(OTf)2 and Ag(I) as stoichiometric oxidants. 

Daugulis has reported coupling reactions of pivalani-

lides with aryl iodides using a catalytic amount of 

Pd(OAc)2 and 1 equivalent of Ag(OAc)2 as an addi-

tive.
8j
 In this method, highly acidic CF3COOH must 

be used as solvent, and only 2,6-diarylpivalanilides 

were obtained when pivalanilide and 4-substituted 

pivalanilides were used as substrates. Inspired by 

these results, we report here ortho arylation of acet-

anilide with aryl iodides in the presence of Pd(OAc)2 

(10 mol%), Cu(OTf)2 (1⋅0 equiv), and Ag2O 

(0⋅6 equiv). 

2. Experimental 

NMR spectra were recorded on a Mercury 4N-PEG-

300 (
1
H: 300 MHz; 

13
C: 75 MHz) spectrometer, using 

CDCl3 as a solvent and TMS as the internal standard. 

IR spectra were recorded on Nicolet Nexus 670 FT–

TR spectrophotometer in KBr pellets or KBr film. 

Mass spectra were recorded by the EI method on a 

HP 5998 mass spectrometer. 

2.1 General experimental procedure 

A mixture of acetanilide 1 (0⋅2 mmol), aryl iodide 2 

(1 mmol 5⋅0 equiv), Pd(OAc)2 (0⋅02 mmol, 0⋅10 

equiv), anhydrous Cu(OTf)2 (0⋅2 mmol, 1⋅0 equiv), 

Ag2O (0⋅12 mmol, 0⋅6 equiv.) and dried 1,2-

dichloroethane (2 ml) was added to a 14 × 90 mm 

glass test tube. The tube was sealed with a rubber 

plug, and the reaction mixture was stirred and 

heated at 90°C in an oil bath. The progress of the  

reaction was monitored by thin-layer chromatography. 

After completion, the reaction mixture was poured 

into an excess of water and extracted with CH2Cl2 

(3 × 1 ml). The organic phases were dried and the 



Guo-Zhen Zhang et al 

 

150 

solvent was evaporated. The residue was purified by 

preparative TLC using petroleum ether-EtOAc  

(8
 
:
 
1) as the eluent to afford the desired coupled 

products. 

 

2.1a N-(4,5-Dimethyl-biphenyl-2-yl)-acetamide 

(3aa): White solid; m.p.: 120–121°C; 
1
H NMR 

(300 MHz, CDCl3): δ = 7⋅95 (s, 1H, NH), 7⋅45–7.34 

(m, 5H), 7⋅05 (d, J = 12⋅30 Hz, 2H), 2⋅30 (s, 3H), 

2⋅26 (s, 3H), 2⋅00 (s, 3H); 
13

C NMR (75 MHz, 

CDCl3): δ = 168⋅26, 138⋅31, 136⋅71, 132⋅93, 132⋅05, 

131⋅01, 130⋅34, 129⋅17, 128⋅83, 127⋅53,123⋅47, 

24⋅33, 19⋅69, 19⋅15; IR (KBr plate, CDCl3, cm
–1

) 

ν = 3276, 3025, 1667, 1521; MS (EI): m/z = 239, 

197. Anal. Calcd. for C16H17NO: C, 80⋅30; H, 7⋅16; 

N, 5⋅85. Found: C, 80⋅48; H, 7⋅30; N, 5⋅92. 

 

2.1b N-(5-Chloro-biphenyl-2-yl)-acetamide (3ba): 

White solid; m.p.: 115–116°C; 
1
H NMR (300 MHz, 

CDCl3): δ = 8.19 (d, J = 8⋅70 Hz, 1H, NH), 7⋅50–

7⋅39 (m, 3H), 7⋅33–7⋅27 (m, 3H), 7⋅22–7⋅16 (m, 2H), 

1⋅94 (s, 3H); 
13

C NMR (75 MHz, CDCl3): 

δ = 168⋅17, 136⋅77, 133⋅72, 133⋅27, 129⋅71, 129⋅16, 

128⋅93, 128⋅40, 128⋅13, 122⋅92, 24⋅41; IR (KBr 

plate, CDCl3, cm
–1

) ν = 3267, 2920, 1666, 1517; MS 

(EI): m/z = 247, 245, 203. Anal. Calcd. for C14H12 

ClNO: C, 68⋅44; H, 4⋅92; N, 5⋅70. Found: C, 68⋅61; 

H, 4⋅79; N, 5⋅54. 

 

2.1c N-Acetyl-4-chloro-2,6-diphenyl-aniline (4ba): 

White solid; m.p.: 176–177°C
 1

H NMR (300 MHz, 

CDCl3): δ = 7⋅43–7⋅35 (m, 12H), 6⋅51 (s, 1H, NH), 

1⋅68 (s, 3H); 
13

C NMR (75 MHz, CDCl3): δ = 68⋅39, 

142⋅50, 138⋅55, 133⋅16, 130⋅00, 129⋅65, 128⋅56, 

128⋅33, 127⋅79, 22⋅69; IR (KBr plate, CDCl3,  

cm
–1

) ν = 3228, 2924, 1655, 1515; MS (EI): 

m/z = 323, 321, 279. Anal. Calcd. for C20H16ClNO: 

C, 74⋅65; H, 5⋅01; N, 4⋅35. Found: C, 74⋅71; H, 

5⋅11; N, 4⋅28. 

 

2.1d N-(3-Methyl-biphenyl-2-yl)-acetamide (3ca): 

White solid; m.p.: 106–108°C; 
1
H NMR (300 MHz, 

CDCl3): δ = 7⋅41–7⋅22 (m, 7H), 7⋅17–7⋅14 (m, 1H), 

6⋅98 (s, 1H, NH), 2⋅27 (s, 3H), 1⋅93 (s, 3H);
13

C 

NMR (75 MHz, CDCl3): δ = 169⋅43, 139⋅57, 139⋅52, 

136⋅70, 132⋅57, 129⋅95, 128⋅72, 128⋅15, 127⋅76, 

127⋅27, 127⋅18, 22⋅77, 18⋅47; IR (KBr plate, CDCl3, 

cm
–1

) ν = 3257, 3027, 1660, 1524; MS (EI): 

m/z = 225, 183. Anal. Calcd. for C15H15NO: C, 

79⋅97; H, 6⋅71; N, 6⋅22. Found: C, 80⋅15; H, 6⋅54; 

N, 6⋅39. 

2.1e N-(4-Chloro-biphenyl-2-yl)-acetamide (3ea): 

White solid; m.p.: 108–109°C; 1
H NMR (300 MHz, 

CDCl3): δ = 8⋅37 (s, 1H, NH), 7⋅51–7⋅42 (m, 3H), 

7⋅34–7⋅30 (m, 2H), 7⋅24–7⋅14 (m, 1H), 7⋅11 (s, 2H), 

2⋅00 (s, 3H); 
13

C NMR (75 MHz, CDCl3): δ = 168⋅16, 

137⋅00, 135⋅63, 133⋅94, 130⋅84, 130⋅16, 129⋅22, 

129⋅06, 128⋅27, 124⋅20, 121⋅21 24⋅55⋅ IR (KBr plate, 

CDCl3, cm
–1

) ν = 3278, 2919, 1673, 1516; MS (EI): 

m/z = 247, 245, 203. Anal. Calcd. for C14H12ClNO: 

C, 68⋅44; H, 4⋅92; N, 5⋅70. Found: C, 68⋅29; H, 

4⋅99; N, 5⋅85. 

 

2.1f N-Biphenyl-2-yl-acetamide (3fa): White 

solid; m.p.: 104–105°C; 
1
H NMR (300 MHz, CDCl3): 

δ = 8.26 (d, J = 8⋅10 Hz, 1H, NH), 7⋅51–7⋅34 (m, 

6H), 7⋅25–7⋅13 (m, 3H), 2⋅02 (s, 3H); 
13

C NMR 

(75 MHz, CDCl3): δ = 168⋅19, 138⋅07, 134⋅55, 

132⋅34, 129⋅94, 129⋅06, 128⋅91, 128⋅22, 127⋅79, 

124⋅32, 121⋅84, 24⋅33; IR (KBr plate, CDCl3, cm
–1

) 

ν = 3288, 3028, 1661, 1532; MS (EI): m/z = 211, 

169. Anal. Calcd. for C14H13NO: C, 79⋅59; H, 6⋅20; 

N, 6⋅63. Found: C, 79⋅41; H, 6⋅38; N, 6⋅47. 

 

2.1g N-Acetyl-2,6-diphenyl-aniline (4fa): White 

solid; m.p.: 228–230°C; 
1
H NMR (300 MHz, CDCl3): 

δ = 7⋅45–7⋅33 (m, 13H), 6⋅73 (s, 1H, NH), 1⋅65 (s, 

3H); 
13

C NMR (75 MHz, CDCl3): δ = 169⋅36, 140⋅89, 

139⋅76, 129⋅85, 129⋅11, 128⋅70, 128⋅10, 127⋅65, 

127⋅21, 22⋅70; IR (KBr plate, CDCl3, cm
–1

) ν = 3232, 

3025, 1653, 1522; MS (EI): m/z = 287, 245. Anal. 

Calcd. for C20H17NO: C, 83⋅59; H, 5⋅96; N, 4⋅87. 

Found: C, 83⋅44; H, 6⋅14; N, 5⋅01. 

 

2.1h N-(5-Methyl-biphenyl-2-yl)-acetamide (3ga): 

White solid; m.p.: 104–106°C; 
1
H NMR (300 MHz, 

CDCl3): δ = 8⋅06 (d, J = 8⋅40 Hz, 1H, NH), 7⋅48–

7⋅33 (m, 5H), 7⋅16 (d, J = 8⋅40 Hz, 1H), 7⋅05 (s, 2H), 

2⋅27 (s, 3H), 1⋅99 (s, 3H); 
13

C NMR (75 MHz, 

CDCl3): δ = 168⋅19, 138⋅34, 134⋅06, 132⋅50, 132⋅05, 

130⋅58, 129⋅13, 128⋅91, 128⋅87, 127⋅76, 122⋅06, 

24⋅38, 20⋅80; IR (KBr plate, CDCl3, cm
–1

) ν = 3271, 

3028, 1666, 1518; MS (EI): m/z = 225, 183. Anal. 

Calcd. for C15H15NO: C, 79⋅97; H, 6⋅71; N, 6⋅22. 

Found: C, 79⋅79; H, 6⋅89; N, 6⋅12. 

 

2.1i N-Acetyl-4-methyl-2,6-diphenyl-aniline (4ga): 

White solid; mp: 206–208°C; 
1
H NMR (300 MHz, 

CDCl3): δ = 7⋅40–7⋅32 (m, 10H), 7⋅19 (s, 2H), 6⋅53 

(s, 1H, NH), 2⋅42 (s, 3H), 1⋅63 (s, 3H); 
13

C NMR 

(75 MHz, CDCl3): δ = 169⋅61, 140⋅81, 139⋅90, 

137⋅52, 130⋅61, 129⋅11, 128⋅73, 128⋅60, 127⋅19, 
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22⋅79, 21⋅05; IR (KBr plate, CDCl3, cm
–1

) ν = 3275, 

3023, 1658, 1523; MS (EI): m/z = 301, 259. Anal. 

Calcd. for C21H19NO: C, 83⋅69; H, 6⋅35; N, 4⋅65. 

Found: C, 83⋅85 H, 6⋅19; N, 4⋅74. 

 

2.1j N-(3-Methoxy-4'-methyl-biphenyl-2-yl)-aceta-

mide (3hb): White solid; m.p.: 124–125°C; 
1
H 

NMR (300 MHz, CDCl3): δ = 7⋅26–7⋅18 (m, 5H), 

6⋅93 (d, J = 8⋅40 Hz, 2H), 6⋅66 (s, 1H, NH), 3⋅87 (s, 

3H), 2⋅40 (s, 3H), 2⋅00 (s, 2H), 1⋅68 (s, 1 H); 
13

C 

NMR (75 MHz, CDCl3): δ = 169⋅50, 155⋅09, 140⋅91, 

136⋅94, 136⋅45, 128⋅90, 128⋅44, 128⋅00, 122⋅83, 

122⋅38, 110⋅29, 55⋅87, 23⋅14, 21⋅12; IR (KBr plate, 

CDCl3, cm
–1

) ν = 3254, 2955, 1665, 1519; MS (EI): 

m/z = 255, 213. Anal. Calcd. for C16H17NO2: C, 

75⋅27; H, 6⋅71; N, 5⋅49. Found: C, 75⋅19; H, 6⋅88; 

N, 5⋅63. 

 

2.1k N-(4,4′,5-Trimethyl-biphenyl-2-yl)-acetamide 

(3ab): White solid; m.p.: 122–124°C; 
1
H NMR 

(300 MHz, CDCl3): δ = 7⋅95 (s, 1H, NH), 7⋅24 (t, 

J = 8⋅4 Hz, 4H), 7⋅07 (s, 1H), 7⋅01 (d, J = 14⋅4 Hz, 

1H), 2⋅40 (s, 3H), 2⋅29 (s, 3H), 2⋅24 (s, 3H), 2⋅00 (s, 

3H); 
13

C NMR (75 MHz, CDCl3): δ = 168⋅21, 

137⋅32, 136⋅50, 135⋅26, 132⋅78, 132⋅16, 131⋅03, 

130⋅11, 129⋅57, 129⋅04, 123⋅22, 24⋅39, 21⋅11, 19⋅68, 

19⋅16; IR (KBr plate, CDCl3, cm
–1

) ν = 3275, 3022, 

1668, 1522; MS (EI): m/z = 253, 211. Anal. Calcd. 

for C17H19NO: C, 80⋅60; H, 7⋅56; N, 5⋅53. Found: C, 

80⋅72; H, 7⋅69; N, 5⋅59. 

 

2.1l N-(4-Chloro-4'methyl-biphenyl-2-yl)-acet-

amide (3eb): White solid; 
1
H NMR (300 MHz, 

CDCl3): δ = 8⋅40 (s, 1H, NH), 7⋅29 (d, J = 8⋅40 Hz, 

2H), 7⋅21 (d, J = 8⋅10 Hz, 3H), 7⋅12 (s, 2H), 2⋅42 (s, 

3H), 2⋅01 (s, 3H); 
13

C NMR (75 MHz, CDCl3): 

δ = 168⋅14, 138⋅23, 135⋅81, 134⋅04, 133⋅86, 131⋅86, 

130⋅87, 129⋅98, 128⋅98, 124⋅16, 121⋅00, 24⋅61 21⋅18; 

IR (KBr plate, CDCl3, cm
–1

) ν = 3273, 2920, 1668, 

1517; MS (EI): m/z = 261, 259, 217. Anal. Calcd. 

for C15H14ClNO: C, 69⋅36; H, 5⋅43; N, 5⋅39. Found: 

C, 69⋅51; H, 4⋅60; N, 5⋅23. 

 

2.1m N-(3′,4,5-Trimethyl-biphenyl-2-yl)-acetamide 

(3ac): White solid; m.p.: 92–93°C; 
1
H NMR 

(300 MHz, CDCl3): δ = 7⋅98 (s, 1H, NH), 7⋅34 (t, 

J = 7⋅2 Hz, 1H), 7⋅21–7⋅09 (m, 4H), 7⋅02 (s, 1H), 

2⋅41 (s, 3H), 2⋅31 (s, 3H), 2⋅25 (s, 3H), 2⋅01 (s, 3H); 
13

C NMR (75 MHz, CDCl3): δ = 168⋅15, 138⋅64, 

138⋅22, 136⋅59, 132⋅73, 132⋅12, 130⋅95, 130⋅23, 

129⋅95,128⋅67, 128⋅28, 126⋅10, 123⋅18, 24⋅38, 

21⋅40, 19⋅69, 19⋅14; IR (KBr plate, CDCl3, cm
–1

) 

ν = 3271, 3022, 1665, 1522; MS (EI): m/z = 253, 

211. Anal. Calcd. for C17H19NO: C, 80⋅60; H, 7⋅56; 

N, 5⋅53. Found: C, 68⋅49; H, 7⋅43; N, 5⋅62. 

 

2.1n N-(3′-Methyl-biphenyl-2-yl)-acetamide (3fc): 

White solid; 
1
H NMR (300 MHz, CDCl3): δ = 8⋅27 

(d, J = 7⋅20 Hz, 1H, NH), 7⋅39–7⋅33 (m, 2H), 7⋅26–

7⋅18 (m, 6H), 2⋅41 (s, 3H), 2⋅01 (s, 3H);
 13

C NMR 

(75 MHz, CDCl3): δ = 168⋅19, 138⋅89, 138⋅04, 134⋅68, 

132,18 131⋅78, 129⋅97, 128⋅87, 128⋅66,128⋅27, 

126⋅10, 124⋅21, 121⋅43, 24⋅59, 21⋅43; IR (KBr plate, 

CDCl3, cm
–1

) ν = 3291, 3033, 1687, 1520; MS (EI): 

m/z = 225, 183. Anal. Calcd. for C15H15NO: C, 79⋅97; 

H, 6⋅71; N, 6⋅22. Found: C, 80⋅13; H, 6⋅58; N, 6⋅40. 

 

2.1o N-Acetyl-2,6-di-(3-chlorophenyl)-aniline (4fc): 

White solid; m.p.: 110–112°C; 
1
H NMR (300 MHz, 

CDCl3): δ = 7⋅42–7⋅28 (m, 4H), 7⋅21–7⋅14 (m, 7H), 

6⋅55 (s, 1H, NH), 2⋅41 (s, 6H), 1⋅70 (s, 3H); 
13

C 

NMR (75 MHz, CDCl3): δ = 69⋅17, 140⋅81, 139⋅76, 

137⋅77, 131⋅18, 130⋅19, 129⋅80, 129⋅48, 127⋅98, 

127⋅60, 125⋅72, 22⋅89, 21⋅46; IR (KBr plate, CDCl3, 

cm
–1

) ν = 3241, 3027, 1657, 1526; MS (EI): m/z = 

315, 273. Anal. Calcd. for C22H21NO: C, 83⋅78; H, 

6⋅71; N, 4⋅44. Found: C, 83⋅62; H, 6⋅86; N, 4⋅53. 

 

2.1p N-(4′-Methoxy-4,5-dimethyl-biphenyl-2-yl)-

acetamide (3ad): White solid; m.p.: 136–138°C; 
1
H 

NMR (300 MHz, CDCl3): δ = 7⋅95 (s, 1H, NH), 7⋅27 

(d, J = 8⋅7 Hz, 2H), 7⋅05–6⋅97 (m, 4H), 3⋅85 (s, 3H), 

2⋅95 (s, 3H), 2⋅24 (s, 3H), 2⋅01 (s, 3H); 
13

C NMR 

(75 MHz, CDCl3): δ = 168⋅16, 159⋅05, 136⋅38, 

132⋅78, 132⋅25, 131⋅07, 130⋅44, 130⋅31, 129⋅87, 

123⋅21, 114⋅28, 55⋅26, 24⋅40, 19⋅66, 19⋅14; IR (KBr 

plate, CDCl3, cm
–1

) ν = 3289, 1674, 1517; MS (EI): 

m/z = 269, 227. Anal. Calcd. for C17H19NO2: C, 

75⋅81; H, 7⋅11; N, 5⋅20. Found: C, 75⋅94; H, 7⋅01; 

N, 5⋅30. 

 

2.1q N-(4′-Ethoxy-4,5-dimethyl-biphenyl-2-yl)-

acetamide (3ae): White solid; m.p.: 102–103°C; 
1
H NMR (300 MHz, CDCl3): δ = 7⋅95 (s, 1H, NH), 

7⋅25 (d, J = 8.4 Hz, 2H), 7⋅07–6⋅95 (m, 4H), 4⋅08 

(dd, J = 6⋅9, 6⋅9 Hz, 2H), 2⋅29 (s, 3H), 2⋅24 (s, 3H), 

2⋅01 (s, 3H) 1⋅45 (t, J = 6⋅9 Hz, 3H); 
13

C NMR 

(75 MHz, CDCl3): δ = 168⋅16, 158⋅42, 136⋅31, 

132⋅74, 132⋅24, 131⋅06, 130⋅28, 129⋅92, 123⋅18, 

114⋅78, 63⋅45, 24⋅39, 19⋅66, 19⋅14, 14⋅78; IR (KBr 

plate, CDCl3, cm
–1

) ν = 3286, 1669, 1518; MS (EI): 

m/z = 283, 241. Anal. Calcd. for C18H21NO2: C,
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Table 1. Ortho arylation of acetanilide under different conditionsa 

 
 

  Oxidant Additive 
Entry Pd (mol %) (equiv) (equiv) Solvent (ml) 3aa

b % 
 

 1 Pd(OAc)2 Cu(OAc)2 – DCE 16 
 (10⋅0) (1⋅0)    
 2 Pd(OAc)2 BQ – DCE  0 
 (10⋅0) (1⋅0)    
 3 Pd(OAc)2 CuCl – DCE  0 
 (10⋅0) (1⋅0)    
 4 Pd(OAc)2 Cu(OTf)2 – DCE 33 
 (10⋅0) (1⋅0)    
 5 Pd(OAc)2 Cu(OTf)2 Ag2O DCE 43 
 (10⋅0) (1⋅0) (1⋅0)   
 6 Pd(OAc)2 Cu(OTf)2 Ag2O DCE 46 
 (10⋅0) (2⋅0) (1⋅0)   
 7 Pd(OAc)2 Cu(OTf)2 Ag2O DCE 83 
 (10⋅0) (1⋅0) (0⋅6)   
 8 Pd(OAc)2 Cu(OTf)2 Ag2O DCE 78 
 (10⋅0) (1⋅0) (0⋅5)   
 9 Pd(OAc)2 Cu(OTf)2 Ag2O Toluene 80 
 (10⋅0) (1⋅0) (0⋅6)   
10 Pd(OAc)2 Cu(OTf)2 Ag2O Dioxane 78 
 (10⋅0) (1⋅0) (0⋅6) 

aAll the reactions were carried out in the presence of 0⋅1 mmol of 1a and 0⋅5 mmol 2a in the sol-
vent mentioned in each entry (1⋅0 mL) at 90°C for14 h. bisolated yields 

 

76⋅29; H, 7⋅47; N, 4⋅94. Found: C, 76⋅44; H, 7⋅61; 

N, 4⋅81. 

 

2.1r N-(4-Chloro-4'-ethoxy-biphenyl-2-yl)-aceta-

mide (3ee): White solid; m.p.: 132–134°C; 
1
H NMR 

(300 MHz, CDCl3): δ = 8⋅38 (s, 1H, NH), 7⋅26–7⋅12 

(m, 5H), 7⋅02 (m, 2H), 4⋅09 (dd, J = 7⋅20 Hz, 2H), 

2⋅02 (s, 3H), 1⋅43 (t, J = 7⋅20 Hz, 3H); 
13

C NMR 

(75 MHz, CDCl3): δ = 168⋅11, 158⋅94, 135⋅85, 

133⋅64, 130⋅91, 130⋅28, 129⋅79, 128⋅86, 124⋅08, 

120⋅91, 115⋅15, 63⋅57, 24⋅65, 14⋅79; IR (KBr plate, 

CDCl3, cm
–1

) ν = 3301, 2920, 1666, 1517; MS (EI): 

m/z = 291, 289, 247. Anal. Calcd. for C16H16ClNO2: 

C, 66⋅32; H, 5⋅57; N, 4⋅83. Found: C, 66⋅49; H, 

5⋅41; N, 5⋅01. 

 

2.1s N-(3′-Chloro-4,5-dimethyl-biphenyl-2-yl)-ace-

tamide (3af): White solid; m.p.: 106–108°C; 
1
H 

NMR (300 MHz, CDCl3): δ = 7⋅83 (s, 1H, NH), 

7⋅37–7⋅34 (m, 3H), 7⋅26–7⋅22 (m, 1H), 7⋅00 (s, 2H), 

2⋅29 (s, 3H), 2⋅25 (s, 3H), 2⋅01 (s, 3H); 
13

C NMR 

(75 MHz, CDCl3): δ = 168⋅41, 140⋅27, 137⋅32, 

133⋅41, 131⋅84, 130⋅86, 129⋅95, 129⋅43, 129⋅31, 

127⋅63, 127⋅27, 124⋅25, 109⋅71, 24⋅23, 19⋅71, 19⋅17; 

IR (KBr plate, CDCl3, cm
–1

) ν = 3259, 3022, 1662, 

1524; MS (EI): m/z = 275, 273, 231. Anal. Calcd. 

for C16H16ClNO: C, 70⋅20; H, 5⋅89; N, 5⋅12. Found: 

C, 70⋅36; H, 5⋅78; N, 5⋅16. 

 

2.1t N-(4′-Iodo-4,5-dimethyl-biphenyl-2-yl)-acet-

amide (3ag): White solid; m.p.: 176–178°C; 
1
H 

NMR (300 MHz, CDCl3): δ = 7⋅85 (s, 1H, NH), 7⋅77 

(d, J = 8⋅40 Hz, 2H), 7⋅09 (d, J = 8⋅40 Hz, 2H), 6⋅96 

(d, J = 10⋅80, 2H), 2⋅29 (s, 3H), 2⋅25 (s, 3H), 2⋅02 (s, 

3H); 
13

C NMR (75 MHz, CDCl3): δ = 168⋅39, 

137⋅91, 137⋅21, 133⋅44, 131⋅79, 131⋅06, 130⋅81, 

129⋅70, 124⋅24, 93⋅32, 24⋅28, 19⋅71, 19⋅18; IR (KBr 

plate, CDCl3, cm
–1

) ν = 3254, 3020, 1653, 1525; MS 

(EI): m/z = 365, 323. Anal. Calcd. for C16H16INO: C, 

52⋅62; H, 4⋅42; N, 3⋅84. Found: C, 52⋅74; H, 4⋅33; 

N, 4⋅01. 

 

2.1u N-(4′-Iodo-3-methyl-biphenyl-2-yl)-acetamide 

(3cg): White solid; m.p.: 148–150°C; 
1
H NMR
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Table 2. Arylation of acetanilides.a 

Entry Acetanilide Aryl iodide Arylation acetanilide Time/h Yieldb % 
      

1 
   

14 83 

2 
 

2a 

 

18 
51 
13 

3 
 

2a 

 

18 69 

4 
 

2a 

 

24 0 

5 
 

2a 
 

16 65 

6 
 

2a 

 

18 
60 
21 

7 
 

2a 

 

18 
53 
24 

8 
  

 

24 69 

9 1a 2b 

 

14 79 

10 1e 2b 

 

16 70 

11 1a 

 
 

14 80 

12 1f 2c 

 

18 

49 
 
 
 
 
 

18 

13 1a 
 

 

15 82 

(Contd…) 
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Table 2. (Contd…) 

Entry Acetanilide Aryl iodide Arylation acetanilide Time/h Yieldb % 
      

14 1a 
 

 

15 80 

15 1e 2e 

 

16 73 

16 1a 
 

 

15 67 

17 1a 
 

 

24 49 

18 1c 2g 

 

24 40 

aAll the reactions were carried out with acetanilide 1 (0⋅2 mmol) and aryl iodide 2 (1⋅0 mmol) in the 
presence of Pd (OAc)2 (10 mol%), Cu(OTf)2 (1⋅0 equiv), and Ag2O (0⋅6 equiv) in DCE (2 ml) at 
90°C. bisolated yields 

 

 

(300 MHz, CDCl3): δ = 7⋅72 (d, J = 8⋅40 Hz, 2H), 

7⋅31–7⋅25 (m, 2H), 7⋅14–7⋅11 (m, 1H), 7⋅06 (d, 

J = 8⋅40 Hz, 2H), 6⋅66 (s, 1H, NH), 2⋅29 (s, 3H), 

2⋅01 (s, 3H); 
13

C NMR (75 MHz, CDCl3): δ = 69⋅34, 

139⋅16, 138⋅67, 137⋅39, 137⋅03, 132⋅34, 130⋅72, 

130⋅46, 128⋅46, 127⋅65, 94⋅25, 23⋅04, 18⋅54; IR 

(KBr plate, CDCl3, cm
–1

) ν = 3246, 3022, 1646, 

1524; MS (EI): m/z = 351, 309. Anal. Calcd. For 

C15H14INO: C, 51⋅30; H, 4⋅02; N, 3⋅99. Found: C, 

51⋅46; H, 4⋅17; N, 3⋅84. 

3. Results and discussion 

In our initial screening experiments, acetanilide (1a) 

and iodobenzene (2a) were used as the prototype 

substrates for optimizing the reaction conditions. 

When 1a and 2a were catalysed with Pd(OAc)2 in 

the presence of Cu(OAc)2, 3aa was isolated in low 

yield (table 1, entry 1). It was found that Cu(OTf)2 

was more effective than Cu(OAc)2 as oxidant for 

this transformation (table 1, entry 4). We studied the 

effect of additive and solvent on this reaction. When 

1a was treated with 2a under the conditions utilized 

by Shi group for the arylation of N-alkyl acetani-

lides, compound 3aa was only isolated in 43% yield 

(table 1, entry 5). Further studies indicated that the 

amount of Ag2O was very important for this reac-

tion. A 83% yield of 3aa was obtained when the 

amount of Ag2O was decreased to 60 mol % (table 

1, entry 7). Among the solvents tried, 1,2-dichloro-

ethane (DCE) proved to be the most suitable (table 1, 

entry 7, 9 and 10). 

 The optimized reaction conditions were applied 

for the arylation of a number of differently substi-

tuted acetanilides with a variety of aryl iodides  

(table 2). Of the aromatic aryl iodides investigated, 

1,4-diiodobenzene (2g) gave the lowest yield of ary-

lated product (table 2, entry 17, 18). On the other 

hand, acetanilides substituted in 2-or 3-positions 

only afforded monoarylated products. Both mono-

arylation and diarylation products were attained, 

when acetanilide (1f) and 4-substituted acetanilides 

were used as substrates (table 2, entry 2, 6, 7, 12). 

We found that 2-nitroacetanilide did not undergo 

arylation under the standard reaction conditions  

(table 2, entry 4). 

4. Conclusions 

In conclusion, a direct and efficient method for the 

ortho arylation of acetanilides has been developed. 

A number of acetanilides were coupled with aryl  

iodides to afford the corresponding products in mod-

erate to high yields. Further investigations on the 

scope and synthetic applications of this reaction are 

in progress. 



Palladium-catalysed ortho arylation of acetanilides 

 

155

Acknowledgement 

The authors thank State Key Laboratory of Applied 

Organic Chemistry for financial support. 

References 

1. (a) Hassan J, Sevignon M, Gozzi C, Schulz E and 
Lemaire M 2002 Chem. Rev. 102 1359; (b) Storr T E, 
Firth A G, Wilson K, Darley K, Baumann C G, Fair-
lamb I J S 2008 Tetrahedron 64 6125 

2. (a) Stanforth S P 1998 Tetrahedron 54 263; (b) 
Bressy C, Alberico D and Lautens M 2005 J. Am. 
Chem. Soc. 127 13148 

3. (a) Alberico D, Scott M E and Lautens M 2007 
Chem. Rev. 107 174; (b) Campo M A, Huang Q, Yao 
T, Tian Q and Larock R C 2003 J. Am. Chem. Soc. 
125 11506; (c) Chen X, Li J-J, Hao X-S, Goodhue C 
E and Yu J-Q 2006 J. Am. Chem. Soc. 128 78; (d)  
Lafrance M, Shore D and Fagnou K 2006 Org. Lett. 8 
5097; (e) Li W, Nelson D P, Jensen M S, Hoerrner R 
S, Javadi G J, Cai D and Larsen R D 2003 Org. Lett. 
5 4835 

4. (a) Kametani Y, Satoh T, Miura M and Nomura M 
2000 Tetrahedron Lett. 41 2655; (b) Tsang W C P, 
Zheng N and Buchwald S L 2005 J. Am. Chem. Soc. 

127 14560; (c) Tremont S J and Rahman H U 1984 J. 
Am. Chem. Soc. 106 5759 

5. (a) Oi S, Aizawa E, Ogino Y and Inoue Y 2005 J. 
Org. Chem. 70 3113; (b) Giri R, Chen X and Yu J-Q 
2005 Angew. Chem. Int. Ed. 44 2112 

6. (a) Kalyani D, Deprez N R, Desai L V and Sanford M 
S 2005 J. Am. Chem. Soc. 127 7330; (b) Oi S, Fukita 
S, Hirata N, Watanuki N, Miyano S and Inoue Y 
2001 Org. Let. 3 2579; (c) Ackermann L 2005 Org. 
Lett. 14 3123 

7. Larivee A, Mousseau J J and Charette A B 2008 J. 
Am. Chem. Soc. 130 52 

8. (a) Dupont J, Consorti C S and Spencer J 2005 Chem. 
Rev. 105 2527; (b) Wang Z, Zhang Z and Lu X 2000 
Organometallics 19 775; (c) Horino H and Inoue N 
1981 J. Org. Chem. 46 4416; (d) Zaitsev V G and 
Daugulis O 2005 J. Am. Chem. Soc. 127 4156; (e) 
Boele M D K, van Strijdonck G P F, de Vries A H M, 
Kamer P C J, de Vries J G and van Leeuwen P W N 
M 2002 J. Am. Chem. Soc. 124 1586 (f) Shi Z, Li B, 
Wan X, Cheng J, Fang Z, Cao B, Qin C and Wang Y 
2007 Angew. Chem. Int. Ed. 46 5554 (g) Yang S, Li 
B, Wan X and Shi Z 2007 J. Am. Chem. Soc. 129 
6066; (h) Wan X, Ma Z, Li B, Zhang K, Cao S, 
Zhang S and Shi Z 2006 J. Am. Chem. Soc. 128 7416; 
(i) Shabashov D and Daugulis O 2007 J. Org. Chem. 
72 7720; (j) Daugulis O and Zaitsev V G 2005 
Angew. Chem., Int. Ed. 44 4046 

 

 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


