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List of Known Compounds/General Methods 

All starting materials reported in the manuscript have been previously described in literature and 

prepared by the method reported.1-9 All experiments involving ruthenium were performed using 

standard Schlenk or glovebox techniques under argon or nitrogen atmosphere unless stated 

otherwise. All solvents were purchased at the highest commercial grade and used as received or 

after purification by passing through activated alumina columns or distillation from 

sodium/benzophenone under nitrogen. All other chemicals were purchased at the highest 

commercial grade and used as received. Reaction glassware was oven-dried at 140 °C for at least 

24 h or flame-dried prior to use, allowed to cool under vacuum and purged with argon (three 

cycles). All products were identified using 1H NMR analysis and comparison with authentic 

samples. GC and/or GC/MS analysis was used for volatile products. All yields refer to yields 

determined by 1H NMR and/or GC or GC/MS using an internal standard (optimization) and 

isolated yields (preparative runs) unless stated otherwise. Yields refer to isolated compounds, 

estimated to be >95% pure as determined by 1H NMR and/or GC. 1H NMR and 13C NMR spectra 

were recorded in CDCl3 on Bruker spectrometers at 500 MHz (1H NMR) and 125 MHz (13C 

NMR). All shifts are reported in parts per million (ppm) relative to residual CHCl3 peak (7.26, 
1H NMR) the 13C solvent resonance (77.2 ppm, 13C NMR). All coupling constants (J) are 

reported in hertz (Hz). Abbreviations are: s, singlet; d, doublet; t, triplet; q, quartet; brs, broad 

singlet. GC-MS chromatography was performed using Agilent HP6890 GC System and Agilent 

5973A inert XL EI/CI MSD using helium as the carrier gas at a flow rate of 1 mL/min and an 

initial oven temperature of 50 °C. The injector temperature was 250 °C. The detector 

temperature was 250 °C. For runs with the initial oven temperature of 50 °C, temperature was 

increased with a 10 °C/min ramp after 50 °C hold for 3 min to a final temperature of 280 °C, 

then hold at 280 °C for 15 min (splitless mode of injection, total run time of 33.00 min). High 

resolution mass spectra (HRMS) were measured on a 7T Bruker Daltonics FT-MS instrument. 

All flash chromatography was performed using silica gel, 60 Å, 300 mesh. TLC analysis was 

carried out on glass plates coated with silica gel 60 F254, 0.2 mm thickness. The plates were 

visualized using a 254 nm ultraviolet lamp or aqueous potassium permanganate solutions. 1H 

NMR and 13C NMR data are given for all compounds in the SI for characterization purposes. 1H 

NMR, 13C NMR and HRMS data are reported for all new compounds. 
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Experimental Procedures and Characterization Data 

General Procedure for Amide Synthesis. An oven-dried round-bottomed flask (100 mL) 

equipped with a stir bar was charged K2CO3 (8.61 mmol, 1.0 equiv), H2O (3.0 mL), Et2O (3.0 

mL), and amine (typically, 3.0 equiv) at room temperature. Acyl chloride (typically, 1.0 equiv) 

was added dropwise with vigorous stirring at 0 °C, and the reaction mixture was stirred for 2 h at 

room temperature. After the indicated time, the reaction mixture was extracted with EtOAc (20 

mL), washed with NaOH (1.0 N, 20 mL), HCl (1.0 N, 20 mL), brine (20 mL), dried, filtered and 

concentrated. Unless stated otherwise, the crude product was purified by recrystallization 

(toluene) or chromatography (hexanes/EtOAc) to give analytically pure product. 

 

General Procedure for Ru(II)-Catalyzed C–H Arylation. An oven-dried vial equipped with a 

stir bar was charged with an amide substrate (0.2 mmol, 1.0 equiv), boronic acid (typically, 0.5 

mmol, 2.5 equiv), [RuCl2(p-cymene)]2 (typically, 6.2 mg, 5 mol%), Cu(OTf)2 (typically, 14.5 

mg, 20 mol%), Ag2O (typically, 0.4 mmol, 2.0 equiv), and AgSbF6 (typically, 14.0 mg, 20 

mol%) in air. Tetrahydrofuran (typically, 0.20 M) and H2O (typically, 3.0 equiv) were added 

with vigorous stirring at room temperature, the reaction mixture was placed in an oil bath and 

stirred for an indicated time at 120 °C. After the indicated time, the reaction mixture was diluted 

with EtOAc (20 mL), filtered, and concentrated. The sample was analyzed by GC-MS and 1H 

NMR (CDCl3, 500 MHz) to obtain conversion, yield and selectivity using internal standard and 

comparison with authentic samples. Purification by chromatography on silica gel 

(hexanes/EtOAc) afforded the title product. All yields reported in the manuscript refer to isolated 

yields after purification by chromatography. 

 

Representative Procedure for Large-Scale Ru(II)-Catalyzed C–H Arylation. An oven-dried 

round-bottomed flask (100 mL) equipped with a stir bar was charged with (4-

methoxyphenyl)(pyrrolidin-1-yl)methanone (neat, 1.010 g, 5.0 mmol, 1.0 equiv), phenylboronic 

acid (1.52 g, 12.5 mmol, 2.5 equiv), [RuCl2(p-cymene)]2 (153.0 mg, 0.25 mmol, 5 mol%), 

Cu(OTf)2 (362.0 mg, 1.0 mmol, 20 mol%), Ag2O (2.31 g, 10.0 mmol, 2.0 equiv), and AgSbF6 

(345.0 mg, 1.0 mmol, 20 mol%) in air. Tetrahydrofuran (0.20 M, 25.0 mL) and H2O (0.27 mL) 

were added with vigorous stirring at room temperature, the flask was equipped with a reflux 
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condenser, the reaction mixture was placed in an oil bath and stirred for 4 h at 120 °C. After the 

indicated time, the reaction mixture was diluted with EtOAc (100 mL), filtered, and 

concentrated. The sample was analyzed by GC-MS and 1H NMR (CDCl3, 500 MHz) to obtain 

conversion, yield and selectivity using internal standard and comparison with authentic samples. 

Purification by chromatography on silica gel (hexanes/EtOAc) afforded the title product. Yield 

89% (1.25 g). White solid. Characterization data are included in the section below.  
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Characterization Data for Starting Materials 

Note: All amide starting materials have been previously reported.1-9 Analytical data are given for 

characterization purposes.  

 

	
  
Phenyl(pyrrolidin-1-yl)methanone (1a). Yellow oil. GC: rt = 14.53 min. 1H NMR (500 MHz, 

CDCl3) δ 7.51 (m, 2 H), 7.36 (m, 3 H), 3.62 (t, J = 7.0 Hz, 2 H), 3.39 (t, J = 6.6 Hz, 2 H), 2.35 

(s, 3 H), 1.93 (m, 2 H), 1.84 (m, 2 H). 13C NMR (125 MHz, CDCl3) δ 169.70, 137.28, 129.73, 

128.23, 127.07, 49.59, 46.15, 26.40, 24.47. Spectroscopic data matched literature values.1 

	
  

 
Pyrrolidin-1-yl(p-tolyl)methanone (1b). White solid. GC: rt = 15.87 min. 1H NMR (500 MHz, 

CDCl3) δ 7.40 (d, J = 7.7 Hz, 2 H), 7.16 (d, J = 7.7 Hz, 2 H), 3.60 (t, J = 7.0 Hz, 2 H), 3.41 (t, J 

= 6.7 Hz, 2 H), 2.35 (s, 3 H), 1.92 (m, 2 H), 1.83 (m, 2 H). 13C NMR (125 MHz, CDCl3) δ 

169.77, 139.84, 134.36, 128.79, 127.21, 49.64, 46.18, 26.43, 24.47, 21.39. Spectroscopic data 

matched literature values.1 

 

	
  
Pyrrolidin-1-yl(4-methoxyphenyl)methanone (1c). White solid. GC: rt =17.61 min. 1H NMR 

(500 MHz, CDCl3) δ 7.48 (d, J = 6.9 Hz, 2 H), 6.86 (d, J = 6.9 Hz, 2 H), 3.80 (s, 3 H), 3.59 (t, J 

= 7.1 Hz, 2 H), 3.44 (t, J = 6.5 Hz, 2 H), 1.91 (m, 2 H), 1.84 (m, 2 H). 13C NMR (125 MHz, 
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CDCl3) δ 169.39, 160.75, 129.45, 129.14, 113.38, 55.31, 49.78, 46.30, 26.50, 24.45. 

Spectroscopic data matched literature values.1 

 

	
  
Pyrrolidin-1-yl(3,4,5-trimethoxyphenyl)methanone (1d). White solid. GC: rt = 20.81 min. 1H 

NMR (500 MHz, CDCl3) δ 6.73 (s, 2 H), 3.85 (s, 6 H), 3.83 (s, 3 H), 3.59 (t, J = 7.2 Hz, 2 H), 

3.43 (t, J = 6.6 Hz, 2 H), 1.93 (m, 2 H), 1.85 (m, 2 H). 13C NMR (125 MHz, CDCl3) δ 169.39, 

153.01, 139.26, 132.99, 104.54, 60.87, 56.22 (2C), 49.79, 46.26, 26.41, 24.47. Spectroscopic 

data matched literature values.2 

 

	
  
Pyrrolidin-1-yl[1,1'-biphenyl]-4-yl-methanone (1e). White solid. GC: rt = 22.19 min. 1H 

NMR (500 MHz, CDCl3) δ 7.59 (m, 6 H), 7.43 (m, 2 H), 7.35 (m, 1 H), 3.66 (t, J = 7.1 Hz, 2 

H), 3.48 (t, J = 6.6 Hz, 2 H), 1.96 (m, 2 H), 1.88 (m, 2 H). 13C NMR (125 MHz, CDCl3) δ 

169.46, 142.62, 140.36, 136.01, 128.87, 127.74, 127.72, 127.16, 126.93, 49.67, 46.26, 26.47, 

24.49. Spectroscopic data matched literature values.1 

	
  

	
  
Pyrrolidin-1-yl (4-nitrophenyl)methanone (1f). Light-brown solid . GC: rt = 18.90 min. 1H 

NMR (500 MHz, CDCl3) δ 8.27 (d, J = 8.7 Hz, 2 H), 7.68 (d, J = 8.7 Hz, 2 H), 3.66 (t, J = 7.1 
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Hz, 2 H), 3.38 (t, J = 6.6 Hz, 2 H), 1.98 (m, 2 H), 1.90 (m, 2 H). 13C NMR (125 MHz, CDCl3) δ 

167.34, 148.39, 143.17, 128.13, 123.67, 49.43, 46.36, 26.39, 24.37. Spectroscopic data matched 

literature values.1 

 

	
  
Pyrrolidin-1-yl(4-(trifluoromethyl)phenyl)methanone (1g). White solid. GC: rt = 14.17 min. 
1H NMR (500 MHz, CDCl3) δ 7.64 (d, J = 8.0 Hz, 2 H), 7.60 (d, J = 8.0 Hz, 2 H), 3.63 (t, J = 

7.1 Hz, 2 H), 3.37 (t, J = 6.7 Hz, 2 H), 1.95 (m, 2 H), 1.86 (m, 2 H). 13C NMR (125 MHz, 

CDCl3) δ 168.22, 140.68, 131.24 (q, J2
C-F = 32.8 Hz), 127.44, 125.31 (q, J3

C-F = 3.9 Hz), 125.31 

(q, J1
C-F = 270.6 Hz), 49.48, 46.25, 26.36, 24.39. 19F NMR (471 MHz, CDCl3) δ -62.91. 

Spectroscopic data matched literature values.1 
 

	
  
4-(Pyrrolidine-1-carbonyl)benzaldehyde (1h). Yellow oil.  GC: rt = 17.70 min. 1H NMR (500 

MHz, CDCl3) δ 10.02 (s, 1 H), 7.89 (d, J = 8.1 Hz, 2 H), 7.63 (d, J = 8.1 Hz, 2 H), 3.62 (t, J = 

7.0 Hz, 2 H), 3.35 (t, J = 6.7 Hz, 2 H), 1.94 (m, 2 H), 1.86 (m, 2 H). 13C NMR (125 MHz, 

CDCl3) δ: 191.60, 168.32, 142.79, 136.92, 129.71, 127.66, 49.41, 46.24, 26.36, 24.39. 

Spectroscopic data matched literature values.3 
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1-(4-(Pyrrolidine-1-carbonyl)phenyl)ethan-1-one (1i). Yellow oil. GC: rt = 22.29 min. 1H 

NMR (500 MHz, CDCl3) δ 7.97 (d, J = 7.1 Hz, 2 H), 7.58 (d, J = 7.1 Hz, 2 H), 3.63 (t, J = 7.1 

Hz, 2 H), 3.36 (t, J = 6.6 Hz, 2 H), 2.61 (s, 3 H), 1.94 (m, 2 H), 1.87 (m, 2 H). 13C NMR (125 

MHz, CDCl3) δ 197.48, 168.59, 141.53, 137.83, 128.33, 127.30, 52.30, 49.43, 46.22, 26.74, 

26.38, 24.42. Spectroscopic data matched literature values.4 

 

	
  
Methyl 4-(pyrrolidine-1-carbonyl)benzoate (1j). Yellow oil. GC: rt = 18.98 min. 1H NMR 

(500 MHz, CDCl3) δ 8.04 (d, J = 8.4 Hz, 2 H), 7.54 (d, J = 8.4 Hz, 2 H), 3.91 (s, 3 H), 3.62 (t, J 

= 6.9 Hz, 2 H), 3.35 (t, J = 6.6 Hz, 2 H), 1.94 (m, 2 H), 1.85 (m, 2 H). 13C NMR (125 MHz, 

CDCl3) δ 168.66, 166.42, 141.44, 131.15, 129.61, 127.04, 52.30, 49.43, 46.20, 26.37, 24.42. 

Spectroscopic data matched literature values.1 

 

 
Pyrrolidin-1-yl (4-fluorophenyl)methanone (1k). White solid. GC: rt = 14.38 min. 1H NMR 

(500 MHz, CDCl3) δ 7.50 (m, 2 H), 7.04 (m, 2 H), 3.60 (m, 2 H), 3.39 (m, 2 H), 1.93 (m, 2 H), 

1.86 (m, 2 H). 13C NMR (125 MHz, CDCl3) δ 168.65, 162.43 (J1
C-F = 249.6 Hz), 133.27 (J4

C-F 

= 3.5 Hz), 129.38 (J3
C-F = 8.5 Hz), 115.54 (J2

C-F = 21.7 Hz), 46.69, 46.30, 26.45, 24.44. 19F 

NMR (471 MHz, CDCl3) δ -110.43. Spectroscopic data matched literature values.1 
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Pyrrolidin-1-yl (4-chlorophenyl)methanone (1l). White solid. GC: rt = 16.63 min. 1H NMR 

(500 MHz, CDCl3) δ 7.45 (d, J = 6.6 Hz, 2 H), 7.35 (d, J = 6.6 Hz, 2 H), 3.61 (t, J = 7.0 Hz, 2 

H), 3.39 (t, J = 6.6 Hz, 2 H), 1.94 (m, 2 H), 1.86 (m, 2 H). 13C NMR (125 MHz, CDCl3) δ 

168.54, 135.81, 135.57, 128.67, 128.50, 49.61, 46.29, 26.44, 24.43. Spectroscopic data matched 

literature values.1 

 

	
  
Pyrrolidin-1-yl (4-bromophenyl)methanone (1m). White solid. GC: rt = 17.62 min. 1H NMR 

(500 MHz, CDCl3) δ 7.51 (d, J = 6.6 Hz, 2 H), 7.38 (d, J = 6.6 Hz, 2 H), 3.60 (t, J = 7.1 Hz, 2 

H), 3.38 (t, J = 6.6 Hz, 2 H), 1.92 (m, 2 H), 1.85 (m, 2 H). 13C NMR (125 MHz, CDCl3) δ 

168.57, 136.03, 131.46, 128.86, 124.10, 46.59, 46.28, 26.43, 24.43. Spectroscopic data matched 

literature values.1 

 

	
  
Naphthalen-2-yl(pyrrolidin-1-yl)methanone (1n). White solid. GC: rt = 20.37 min. 1H NMR 

(500 MHz, CDCl3) δ 8.00 (s, 1 H), 7.83 (m, 3 H), 7.60 (d, J = 8.4 Hz, 1 H), 7.50 (m, 2 H), 3.59 

(t, J = 7.1 Hz, 2 H), 3.44 (t, J = 6.5 Hz, 2 H), 1.91 (m, 2 H), 1.84 (m, 2 H). 13C NMR (125 MHz, 

CDCl3) δ 169.70, 134.56, 133.77, 132.61, 128.50, 128.06, 127.76, 127.02, 126.96, 126.54, 

124.45, 49.71, 46.30, 26.45, 24.51. Spectroscopic data matched literature values.1 

O

N

Cl

1l

O

N

Br

1m

O

N

1n



Ruthenium(II)-Catalyzed Regioselective C–H Arylation of Cyclic and N,N-Dialkyl Benzamides            Nareddy et al.	
  

SI-10 
	
  

	
  
Pyrrolidin-1-yl(thiophen-2-yl)methanone  (1o). Yellow oil. GC: rt = 20.07 min. 1H NMR 

(500 MHz, CDCl3) δ 7.53 (m, 1 H), 7.48 (m, 1 H), 7.08 (m, 1 H), 3.78 (m, 2 H), 3.69 (m, 2 H), 

1.95 (m, 2 H), 1.87 (m, 2 H). 13C NMR (125 MHz, CDCl3) δ 161.80, 139.62, 129.51, 129.48, 

127.04, 48.91, 47.32, 26.75, 24.10. Spectroscopic data matched literature values.5 

 

	
  
Furan-2-yl(pyrrolidin-1-yl)methanone (1p). White solid. GC: rt = 12.95 min. 1H NMR (500 

MHz, CDCl3) δ 7.47 (m, 1 H), 7.02 (d, J = 3.4 Hz, 1 H), 6.44 (m, 1 H), 3.78 (t, J = 6.8 Hz, 2 H), 

3.60 (t, J = 6.8 Hz, 2 H), 1.95 (m, 2 H), 1.85 (m, 2 H). 13C NMR (125 MHz, CDCl3) δ 158.09, 

148.79, 143.96, 115.65, 111.28, 47.77, 46.98, 26.57, 23.73. Spectroscopic data matched 

literature values.5 

 

	
  
(4-Methoxyphenyl)(piperidin-1-yl)methanone (1q). Yellow oil. GC: rt = 17.86 min. 1H NMR 

(500 MHz, CDCl3) δ 7.34 (d, J = 8.2 Hz, 2 H), 6.88 (d, J = 8.2 Hz, 2 H), 3.81 (s, 3 H), 3.61 (m, 

4 H), 1.57 (m, 6 H). 13C NMR (125 MHz, CDCl3) δ 170.28, 160.49, 128.84, 128.63, 113.61, 

55.32, 48.94, 43.41, 26.07, 26.07, 24.06. Spectroscopic data matched literature values.6 
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(4-Methoxyphenyl)(morpholino)methanone (1r). Yellow oil. GC: rt = 17.57 min. 1H NMR 

(500 MHz, CDCl3) δ 7.36 (d, J = 8.6 Hz, 2 H), 6.89 (d, J = 8.6 Hz, 2 H), 3.81 (s, 3 H), 3.67 (m, 

8 H). 13C NMR (125 MHz, CDCl3) δ 170.39, 160.89, 129.19, 127.13, 113.78, 66.91, 55.36, 

48.13, 43.20. Spectroscopic data matched literature values.6 

 

	
  
N,N-Diisopropyl-4-methoxybenzamide (1s). Yellow oil. GC: rt = 15.84 min. 1H NMR (500 

MHz, CDCl3) δ 7.26 (d, J = 7.6 Hz, 2 H), 6.87 (d, J = 7.6 Hz, 2 H), 3.81-3.79 (m, 5 H), 1.32 (m, 

12 H). 13C NMR (125 MHz, CDCl3) δ 170.96, 159.88, 131.36, 127.46, 113.66, 55.28, 49.65, 

47.08, 20.83 (4 C). Spectroscopic data matched literature values.7 

 

	
  
N,N-Diethyl-4-methoxybenzamide (1t). Yellow oil. GC: rt = 15.16 min. 1H NMR (500 MHz, 

CDCl3) δ 7.32 (d, J = 7.0 Hz, 2 H), 6.88 (d, J = 7.0 Hz, 2 H), 3.81 (s, 3 H), 3.31 (m, 4 H), 1.16 

(m, 6 H). 13C NMR (125 MHz, CDCl3) δ 171.22, 160.25, 129.50, 128.17, 113.63, 55.30, 43.37, 

39.39, 14.09, 13.11. Spectroscopic data matched literature values.8 
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N,N-Dimethyl-4-methoxybenzamide (1u). Yellow oil. GC: rt = 14.09 min. 1H NMR (500 

MHz, CDCl3) δ 7.36 (d, J = 9.2 Hz, 2 H), 6.86 (d, J = 9.2 Hz, 2 H), 3.79 (s, 3 H), 3.02 (s, 6 H). 
13C NMR (125 MHz, CDCl3) δ 171.48, 160.57, 129.10, 128.39, 113.52, 55.30, 39.78, 35.54. 

Spectroscopic data matched literature values.9 
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Ruthenium(II)-Catalyzed C–H Arylation of Cyclic Amides: Variation of Amides 

[1,1'-Biphenyl]-2-yl(pyrrolidin-1-yl)methanone (3a): 

 
According to the general procedure, the reaction of phenyl(pyrrolidin-1-yl)methanone (35.0 mg, 

0.2 mmol, 1.0 equiv), phenylboronic acid (61.0  mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-cymene)]2 

(6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 equiv), AgSbF6 

(14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, afforded after 

chromatography the title compound in 88% yield (44.0 mg). Yellow oil. GC: rt = 19.56 min. 1H 

NMR (500 MHz, CDCl3) δ 7.50 (m, 2 H), 7.42 (m, 3 H), 7.37 (m, 3 H), 7.33 (m, 1 H), 3.39 (bs, 

2 H), 2.73 (bs, 2 H), 1.62 (bs, 2 H), 1.45 (bs, 2 H). 13C NMR (125 MHz, CDCl3) δ 169.72, 

139.97, 138.29, 136.97, 129.46, 129.33, 128.52, 128.38, 127.70, 127.58, 127.14, 47.50, 45.33, 

25.55, 24.22. HRMS: calcd for C34H34O2N2Na (2 M+ + Na) 525.2512, found 525.2507.  

 

(5-Methyl-[1,1'-biphenyl]-2-yl)(pyrrolidin-1-yl)methanone (3b): 

	
  

According to the general procedure, the reaction of p-tolyl(pyrrolidin-1-yl)methanone (38.0 mg, 

0.2 mmol, 1.0 equiv), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-cymene)]2 

(6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 equiv), AgSbF6 

(14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, afforded after 

chromatography the title compound in 88% yield (47.0 mg). Yellow oil. GC: rt = 20.48 min. 1H 

NMR (500 MHz, CDCl3) δ 7.48 (m, 2 H), 7.36 (m, 2 H), 7.31 (m, 2 H), 7.23 (m, 1 H), 7.19 (s, 1 

H), 3.38 (m, 2 H), 2.73 (m, 2 H), 2.41 (s, 3 H), 1.61 (m, 2 H), 1.43 (m, 2 H). 13C NMR (125 
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MHz, CDCl3) δ 169.93, 140.13, 139.16, 138.25, 134.23, 130.08, 128.47, 128.34, 128.32, 127.47, 

127.17, 47.53, 45.31, 25.54, 24.24, 21.36. HRMS: calcd for C36H38O2N2Na (2 M+ + Na) 

553.2825, found 553.2817.  

 

(5-Methoxy-[1,1'-biphenyl]-2-yl)(pyrrolidin-1-yl)methanone (3c): 

 
According to the general procedure, the reaction of (4-methoxyphenyl)(pyrrolidin-1-

yl)methanone (41.0 mg, 0.2 mmol, 1.0 equiv), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 

equiv), [RuCl2(p-cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 

0.4 mmol, 2.0 equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 

h at 120 °C, afforded after chromatography the title compound in 90% yield (50.0 mg). Yellow 

amorphous solid. Mp: 67-71 °C. GC: rt = 21.79 min. 1H NMR (500 MHz, CDCl3) δ 7.49 (m, 2 

H), 7.37 (m, 3 H), 7.33 (m, 1 H), 6.91 (s, 2 H), 3.86 (s, 3 H), 3.36 (m, 2 H), 2.71 (m, 2 H), 1.59 

(m, 2 H), 1.42 (m, 2 H). 13C NMR (125 MHz, CDCl3) δ 169.75, 160.09, 140.04, 139.99, 129.74, 

128.76, 128.42, 128.38, 127.71, 114.71, 113.08, 55.42, 47.57, 45.35, 25.55, 24.25. HRMS: calcd 

for C36H38O4N2Na (2 M+ + Na) 585.2724, found 585.2711.  

 

(4,5,6-Trimethoxy-[1,1'-biphenyl]-2-yl) (pyrrolidin-1-yl)methanone (3d): 

	
  

According to the general procedure, the reaction of 3,4,5-trimethoxyphenyl)(pyrrolidin-1-

yl)methanone (53.0 mg, 0.2 mmol, 1.0 equiv), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 

equiv), [RuCl2(p-cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 

0.4 mmol, 2.0 equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 

1c 3c
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h at 120 °C, afforded after chromatography the title compound in 83% yield (56.4 mg). 1H NMR 

yield >95%. Yellow amorphous solid. Mp: 77-81 °C. GC: rt = 22.93 min. 1H NMR (500 MHz, 

CDCl3) δ 7.43 (m, 2 H), 7.34 (m, 2 H), 7.27 (m, 1 H), 6.75 (s, 1 H), 3.92 (s, 3 H), 3.90 (s, 3 H), 

3.55 (s, 3 H), 3.27 (bs, 2 H), 2.81 (bs, 2 H), 1.57 (bs, 2 H), 1.43 (bs, 2 H). 13C NMR (125 MHz, 

CDCl3) δ 169.03, 153.15, 151.29, 143.00, 135.24, 133.44, 129.96, 127.82, 127.27, 125.41, 

106.75, 61.09, 61.01, 56.05, 47.55, 45.23, 25.47, 24.20. HRMS: calcd for C20H24O4N (M+ + H) 

342.1705, found 342.1714.  

 

[1,1':3',1''-Terphenyl]-4'-yl(pyrrolidin-1-yl)methanone (3e): 

	
  

According to the general procedure, the reaction of [1,1'-biphenyl]-4-yl(pyrrolidin-1-

yl)methanone (50.0 mg, 0.2 mmol, 1.0 equiv), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 

equiv), [RuCl2(p-cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (90.0 mg, 

0.4 mmol, 2.0 equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 

h at 120 °C, afforded after chromatography the title compound in 91% yield (59.5 mg). Yellow 

solid. Mp: 118-122 °C. GC: rt = 26.68 min. 1H NMR (500 MHz, CDCl3) δ 7.62 (m, 4 H), 7.56 

(m, 2 H), 7.51 (m, 1 H), 7.45 (m, 2 H), 7.36 (m, 4 H), 3.43 (bs, 2 H), 2.80 (bs, 2 H), 1.65 (bs, 2 

H), 1.48 (bs, 2 H). 13C NMR (125 MHz, CDCl3) δ 169.60, 142.23, 140.35, 139.99, 138.82, 

135.85, 128.88, 128.55, 128.45, 128.29, 127.74, 127.74, 127.72, 127.19, 126.41, 47.58, 45.38, 

25.58, 24.24.  HRMS: calcd for C23H21ONNa (M+ + Na) 350.1521, found 350.1527.  

 

(5-Nitro-[1,1'-biphenyl]-2-yl)(pyrrolidin-1-yl)methanone (3f): 
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According to the general procedure, the reaction of (4-nitrophenyl)(pyrrolidin-1-yl)methanone 

(44.0 mg, 0.2 mmol, 1.0 equiv), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-

cymene)]2 (12.4 mg, 10 mol%), Cu(OTf)2 (29.0 mg, 40 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 

equiv), AgSbF6 (28.0 mg, 40 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 140 °C, 

afforded after chromatography the title compound in 70% yield (42.0 mg). 1H NMR yield = 

85%. Yellow amorphous powder. Mp: 101-104 °C. GC: rt = 22.97 min. 1H NMR (500 MHz, 

CDCl3) δ 8.32 (bs, 1 H), 8.23 (d, J = 8.3 Hz, 1 H), 7.60 (d, J = 8.3 Hz, 1 H), 7.53 (m, 2 H), 7.43 

(m, 3 H), 3.41 (bs, 2 H), 2.72 (bs, 2 H), 1.65 (bs, 2 H), 1.49 (bs, 2 H). 13C NMR (125 MHz, 

CDCl3) δ 167.48, 148.28, 142.67, 140.02, 137.63, 128.84, 128.81, 128.57, 128.42, 124.56, 

122.56, 47.38, 45.56, 25.57, 24.09. HRMS: calcd for C17H17O3N2 (M+ + H) 297.1239, found 

297.1243.  

 

(5-(Trifluoromethyl)-[1,1'-biphenyl]-2-yl)(pyrrolidin-1-yl)methanone (3g): 

	
  

According to the general procedure, the reaction of (4-trifluoromethyl)phenyl (pyrrolidin-1-

yl)methanone (48.0 mg, 0.2 mmol, 1.0 equiv), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 

equiv), [RuCl2(p-cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 

0.4 mmol, 2.0 equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 

h at 120 °C, afforded after chromatography the title compound in 54% yield (33.5 mg). Yellow 

oil. GC: rt = 18.63 min. 1H NMR (500 MHz, CDCl3) δ 7.69 (bs, 1 H), 7.64 (d, J = 8.0 Hz, 1 H), 

7.54 (d, J = 8.0 Hz, 1 H), 7.50 (m, 2 H), 7.38 (m, 3 H), 3.40 (bs, 2 H), 2.73 (bs, 2 H), 1.64 (bs, 2 

H), 1.48 (bs, 2 H). 13C NMR (125 MHz, CDCl3) δ 168.28, 140.23, 139.10, 138.53, 131.10 (q, J2 

= 32.6 Hz), 128.66, 128.47, 128.34, 127.85, 126.43, 124.48 (q, J3 = 3.7 Hz), 120.54 (q, J1 = 

270.75 Hz), 47.46, 45.46, 25.55, 24.14. 19F NMR (471 MHz, CDCl3) δ -62.74. HRMS: calcd 

for C18H16OF3NNa (M+ + Na) 342.1076, found 342.1071.  

 

6-(Pyrrolidine-1-carbonyl)-[1,1'-biphenyl]-3-carbaldehyde (3h): 

1g 3g
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According to the general procedure, the reaction of 4-(pyrrolidine-1-carbonyl)benzaldehyde 

(40.6 mg, 0.2 mmol, 1.0 equiv), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-

cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 

equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, 

afforded after chromatography the title compound in 53% yield (30.7 mg). Yellow oil. 1H NMR 

(500 MHz, CDCl3) δ 10.09 (s, 1 H), 7.96 (bs, 1 H), 7.91 (m, 1 H), 7.59 (m, 1 H), 7.53 (m, 2 H), 

7.40 (m, 3 H), 3.41 (bs, 2 H), 2.74 (bs, 2 H), 1.65 (bs, 2 H), 1.48 (bs, 2 H). 13C NMR (125 MHz, 

CDCl3) δ: 191.60, 168.35, 142.38, 139.32, 138.57, 136.91, 130.85, 128.82, 128.65, 128.48, 

128.30, 128.11, 47.38, 45.45, 25.56, 24.13. HRMS: calcd for C18H18O2N (M+ + H) 280.1338, 

found 280.1350.  

 

1-(6-(Pyrrolidine-1-carbonyl)-[1,1'-biphenyl]-3-yl)ethan-1-one (3i): 

	
  

According to the general procedure, the reaction of 1-(4-(pyrrolidine-1-carbonyl)phenyl)ethan-1-

one (44.0 mg, 0.2 mmol, 1.0 equiv), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 equiv), 

[RuCl2(p-cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 

mmol, 2.0 equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 

120 °C, afforded after chromatography the title compound in 64% yield (37.4 mg), light yellow 

oil. GC: rt = 22.83 min. 1H NMR (500 MHz, CDCl3) δ 8.02 (bs, 1 H), 7.96 (d, J = 7.4 Hz, 1 H), 

7.51 (m, 3 H), 7.40 (m, 3 H), 3.40 (bs, 2 H), 2.72 (bs, 2 H), 2.64 (s, 3 H), 1.63 (bs, 2 H), 1.47 (bs, 

2 H). 13C NMR (125 MHz, CDCl3) δ 197.48, 168.65, 141.13, 138.99, 138.83, 137.73, 129.49, 

1h 3h
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128.58, 128.50, 128.12, 127.64, 127.54, 47.40, 45.42, 26.80, 25.55, 24.14. HRMS: calcd for 

C19H19O2NNa (M+ + Na) 316.1308, found 316.1327.  

 

Methyl 6-(pyrrolidine-1-carbonyl)-[1,1'-biphenyl]-3-carboxylate (3j): 

	
  

According to the general procedure, the reaction of methyl 4-(pyrrolidine-1-carbonyl)benzoate 

(47.0 mg, 0.2 mmol, 1.0 equiv), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-

cymene)]2 (12.5 mg, 5 mol%), Cu(OTf)2 (29 mg, 40 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 

equiv), AgSbF6 (28.0 mg, 40 mol%) and H2O (6.0 equiv) in THF (0.20 M) for 24 h at 120 °C, 

afforded after chromatography the title compound in 73% yield (48.2 mg). Yellow oil. GC: rt = 

23.00 min. 1H NMR (500 MHz, CDCl3) δ 8.13 (s, 1 H), 8.06 (m, 1 H), 7.49 (m, 3 H), 7.36 (m, 3 

H), 3.94 (s, 3 H), 3.40 (bs, 2 H), 2.72 (bs, 2 H), 1.63 (bs, 2 H), 1.47 (bs, 2 H). 13C NMR (125 

MHz, CDCl3) δ 168.74, 166.45, 141.02, 138.94, 138.61, 130.99, 130.79, 128.76, 128.54, 128.51, 

128.05, 127.43, 52.34, 47.39, 45.41, 25.56, 24.15. HRMS: calcd for C19H20O3N (M+ + H) 

310.1443, found 310.1452. 

 

(5-Fluoro-[1,1'-biphenyl]-2-yl)(pyrrolidin-1-yl)methanone (3k): 

	
  

According to the general procedure, the reaction of (4-fluorophenyl)(pyrrolidin-1-yl)methanone 

(38.6 mg, 0.2 mmol, 1.0 equiv), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-

cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 

equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, 

afforded after chromatography the title compound in 68% yield (36.5 mg). Yellow oil. GC: rt = 

1j 3j

O Ph B(OH)2

2a

+

H

H N [RuCl2(p-cymene)]2
AgSbF6

Ag2O, Cu(OTf)2 
H2O, THF,  120 °C, 24 h

O

Ph

H N

MeO2C MeO2C

1k 3k

O Ph B(OH)2

2a

+

H

H N [RuCl2(p-cymene)]2
AgSbF6

Ag2O, Cu(OTf)2 
H2O, THF,  120 °C, 24 h

O

Ph

H N

F F



Ruthenium(II)-Catalyzed Regioselective C–H Arylation of Cyclic and N,N-Dialkyl Benzamides            Nareddy et al.	
  

SI-19 
	
  

19.26 min. 1H NMR (500 MHz, CDCl3) δ 7.48 (m, 2 H), 7.35 (m, 4 H), 7.12 (m, 1 H), 7.07 (m, 

1 H), 3.38 (bs, 2 H), 2.71 (bs, 2 H), 1.61 (m, 2 H), 1.44 (m, 2 H). 13C NMR (125 MHz, CDCl3) 

δ 168.91, 161.92 (J1
C-F = 248.4 Hz), 140.77 (J3

C-F = 8.0 Hz), 138.84, 133.11 (J4
C-F = 3.4 Hz), 

129.22 (J3
C-F = 8.6 Hz), 128.54, 128.35, 128.15, 116.08 (J2

C-F = 22.2 Hz), 114.56 (J2
C-F = 21.4 

Hz), 47.53, 45.44, 25.55, 24.20. 19F NMR (471 MHz, CDCl3) δ -111.81. HRMS: calcd for 

C17H16ONFNa (M+ + Na) 292.1108, found 292.1118.  

 

(5-Chloro-[1,1'-biphenyl]-2-yl)(pyrrolidin-1-yl)methanone (3l): 

 
According to the general procedure, the reaction of (4-chlorophenyl)(pyrrolidin-1-yl)methanone  

(42.0 mg, 0.2 mmol, 1.0 equiv), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-

cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 

equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, 

afforded after chromatography the title compound in 65% yield (37.0 mg). Yellow oil. GC: rt = 

21.11 min. 1H NMR (500 MHz, CDCl3) δ 7.47 (m, 2 H), 7.36 (m, 6 H), 3.38 (bs, 2 H), 2.71 (bs, 

2 H), 1.61 (m, 2 H), 1.44 (m, 2 H). 13C NMR (125 MHz, CDCl3) δ 168.69, 140.11, 138.64, 

135.38, 135.06, 129.41, 128.67, 128.55, 128.38, 128.17, 127.75. 47.49, 45.42, 25.55, 24.18. 

HRMS: calcd for C17H16ONClNa (M+ + Na) 308.0818, found 308.0826.  

 

(5-Bromo-[1,1'-biphenyl]-2-yl)(pyrrolidin-1-yl)methanone (3m): 

	
  

According to the general procedure, the reaction of (4-bromophenyl)(pyrrolidin-1-yl)methanone 

(50.0 mg, 0.2 mmol, 1.0 equiv.), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-
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cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 

equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, 

afforded after chromatography the title compound in 72% yield (47.5 mg). Yellow oil. GC: rt = 

21.99 min. 1H NMR (500 MHz, CDCl3) δ 7.59 (bs, 1 H), 7.51 (m, 1 H), 7.47 (m, 2 H), 7.35 (m, 

3 H), 7.29 (m, 1 H), 3.37 (bs, 2 H), 2.72 (bs, 2 H), 1.60 (m, 2 H), 1.44 (m, 2 H). 13C NMR (125 

MHz, CDCl3) δ 168.68, 140.30, 138.53, 135.83, 132.32, 130.68, 128.83, 128.55, 128.39, 128.18, 

123.23. 47.49, 45.41, 25.54, 24.17. HRMS calcd for C34H32O2N2Br2Na (2 M+ + Na) 683.0705 

found 683.0695.  

 

(3-Phenylnaphthalen-2-yl)(pyrrolidin-1-yl)methanone (3n): 

	
  

According to the general procedure, the reaction of naphthalen-2-yl(pyrrolidin-1-yl)methanone 

(44.0 mg, 0.2 mmol, 1.0 equiv), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-

cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 

equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, 

afforded after chromatography the title compound in 80% yield (48.0 mg). Yellow oil. GC: rt = 

24.80 min. 1H NMR (500 MHz, CDCl3) δ 7.95 (bs, 1 H), 7.87 (m, 3 H), 7.61 (m, 2 H), 7.51 (m, 

2 H), 7.41 (m, 2 H), 7.36 (m, 1 H), 3.44 (bs, 2 H), 2.78 (bs, 2 H), 1.64 (bs, 2 H), 1.45 (bs, 2 H). 
13C NMR (125 MHz, CDCl3) δ 169.61, 139.97, 136.22, 135.57, 133.53, 132.25, 128.74, 128.58, 

128.42, 128.00, 127.92, 127.59, 127.03, 126.84,126.59, 47.66, 45.42, 25.60, 24.24. HRMS calcd 

for C42H38O2N2Na (2 M+ + Na) 625. 2819 found 625.2825.  
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According to the general procedure, the reaction of thiophen-2-yl(pyrrolidin-1-yl)methanone 

(33.0 mg, 0.2 mmol, 1.0 equiv), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-

cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 

equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, 

afforded after chromatography the title compound in 77% yield (39.6 mg). Yellow oil. GC: rt = 

20.07 min. 1H NMR (500 MHz, CDCl3) δ 7.46 (m, 2 H), 7.36 (m, 3 H), 7.31 (m, 1 H), 7.14 (d, J 

= 5.0 Hz, 1 H), 3.59 (m, 2 H), 3.34 (m, 2 H), 1.80 (m, 4 H). 13C NMR (125 MHz, CDCl3) δ 

163.91, 140.23, 135.62, 133.09, 128.74, 128.01, 127.74, 127.67, 126.09, 47.93, 46.06, 25.65, 

24.30. HRMS calcd for C30H30O2S2N2Na (2 M+ + Na) 537.1641, found 537.1657. 

 

(3-Phenylfuran-2-yl)(pyrrolidin-1-yl)methanone (3p): 

 
According to the general procedure, the reaction of furan-2-yl(pyrrolidin-1-yl)methanone (36.0 

mg, 0.2 mmol, 1.0 equiv), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-

cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 

equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, 

afforded after chromatography the title compound in 91% yield (43.6 mg). Yellow oil. GC: rt = 

19.08 min. 1H NMR (500 MHz, CDCl3) δ 7.56 (m, 2 H), 7.47 (d, J = 2.1 Hz, 1 H), 7.36 (m, 2 

H), 7.30 (m, 1 H), 6.62 (d, J = 2.1 Hz, 1 H), 3.59 (m, 2 H), 3.34 (m, 2 H), 1.80 (m, 4 H). 13C 

NMR (125 MHz, CDCl3) δ 160.12, 143.10, 142.56, 132.38, 128.45, 128.40, 128.29, 127.73, 

112.40, 47.67, 46.33, 26.13, 24.00. HRMS calcd for C15H16O2N (M+ + H) 242.1176, found 242. 

1191.  
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Ruthenium(II)-Catalyzed C–H Arylation of Cyclic Amides: Variation of Boronic Acids 

(4'-Methyl-[1,1'-biphenyl]-2-yl)(pyrrolidin-1-yl)methanone (3q): 

	
  

According to the general procedure, the reaction of phenyl(pyrrolidin-1-yl)methanone (35.0 mg, 

0.2 mmol, 1.0 equiv), p-tolylboronic acid (68.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-cymene)]2 

(6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 equiv), AgSbF6 

(14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, afforded after 

chromatography the title compound in 88% yield (46.6 mg). Yellow oil. GC: rt = 20.35 min. 1H 

NMR (500 MHz, CDCl3) δ 7.36 (m, 6 H), 7.18 (m, 2 H), 3.41 (bs, 2 H), 2.74 (bs, 2 H), 2.37 (s, 

3 H), 1.64 (s, 2 H), 1.47 (s, 2 H). 13C NMR (125 MHz, CDCl3) δ 169.86, 138.27, 137.31, 

137.06, 136.86, 129.43, 129.27, 129.11, 128.35, 127.41, 127.11, 47.49, 45.33, 25.57, 24.26, 

21.18. HRMS: calcd for C36H38O2N2Na (2 M+ + Na) 553.2805, found 553.2785. 

 

(4'-(tert-Butyl)-[1,1'-biphenyl]-2-yl)(pyrrolidin-1-yl)methanone (3r): 

	
  

According to the general procedure, the reaction of phenyl(pyrrolidin-1-yl)methanone (35.0 mg, 

0.2 mmol, 1.0 equiv), 4-tert-butylphenylboronic acid (89.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-

cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 

equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, 

afforded after chromatography the title compound in 89% yield (54.6 mg). Yellow oil. GC: rt = 

22.06 min. 1H NMR (500 MHz, CDCl3) δ 7.37 (m, 8 H), 3.40 (bs, 2 H), 2.73 (bs, 2 H), 1.59 (bs, 

2 H), 1.42 (bs, 2 H), 1.33 (s, 9 H). 13C NMR (125 MHz, CDCl3) δ 169.86, 150.60, 138.22, 
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136.98, 136.90, 129.33, 129.28, 128.19, 127.44, 127.13, 125.22, 47.45, 45.36, 34.56, 31.34, 

25.52, 24.25. HRMS: calcd for C42H50O2N2Na (2 M+ + Na) 637.3770, found 637.3790.  

 

(4'-Methoxy-[1,1'-biphenyl]-2-yl)(pyrrolidin-1-yl)methanone (3s): 

	
  

According to the general procedure, the reaction of phenyl(pyrrolidin-1-yl)methanone (35.0 mg, 

0.2 mmol, 1.0 equiv), p-methoxyphenylboronic acid (76.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-

cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 

equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, 

afforded after chromatography the title compound in 64% yield (36.0 mg). Yellow oil. GC: rt = 

21.68 min. 1H NMR (500 MHz, CDCl3) δ 7.35 (m, 6 H), 6.91 (m, 2 H), 3.83 (s, 3 H), 3.42 (bs, 2 

H), 2.74 (bs, 2 H), 1.68 (s, 2 H), 1.49 (s, 2 H). 13C NMR (125 MHz, CDCl3) δ 169.91, 159.20, 

137.89, 136.79, 132.45, 129.66, 129.29, 129.26, 127.21, 127.09, 113.83, 55.30, 47.47, 45.31, 

25.58, 24.26. HRMS: calcd for C36H38O4N2Na (2 M+ + Na) 585.2724, found 585.2743.  

 

Pyrrolidin-1-yl(4'-(trifluoromethyl)-[1,1'-biphenyl]-2-yl)methanone (3t): 

	
  

According to the general procedure, the reaction of phenyl(pyrrolidin-1-yl)methanone (35.0 mg, 

0.2 mmol, 1.0 equiv), 4-trifluoromethylphenylboronic acid (95.0 mg, 0.5 mmol, 2.5 equiv), 

[RuCl2(p-cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 

mmol, 2.0 equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 

120 °C, afforded after chromatography the title compound in 66% yield (42.0 mg). White solid. 

Mp: 98-102 °C. GC: rt = 18.81 min. 1H NMR (500 MHz, CDCl3) δ 7.61 (m, 4 H), 7.41 (m, 4 
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H), 3.39 (bs, 2 H), 2.75 (bs, 2 H), 1.65 (m, 2 H), 1.50 (m, 2 H). 13C NMR (125 MHz, CDCl3) δ: 

169.20, 143.61, 137.08, 136.80, 129.57 (JF = 32.5 Hz), 129.51, 129.50, 128.88, 128.53, 127.19, 

125.26 (JF = 3.5 Hz), 123.07 (JF = 253.7 Hz), 47.70, 45.41, 25.62, 24.22. 19F NMR (471 MHz, 

CDCl3) δ -62.48. HRMS calcd for C18H17F3NO (M+ + H) 320.1262, found 320.1274.   

 

(4'-Fluoro-[1,1'-biphenyl]-2-yl)(pyrrolidin-1-yl)methanone (3u): 

	
  

According to the general procedure, the reaction of phenyl(pyrrolidin-1-yl)methanone (35.0 mg, 

0.2 mmol, 1.0 equiv), 4-fluorophenylboronic acid (70.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-

cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 

equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, 

afforded after chromatography the title compound in 68% yield (37.0 mg). Yellow oil. GC: rt = 

19.30 min. 1H NMR (500 MHz, CDCl3) δ 7.46 (m, 2 H), 7.37 (m, 4 H), 7.06 (t, J = 8.4 Hz, 2 

H), 3.40 (bs, 2 H), 2.74 (bs, 2 H), 1.66 (bs, 2 H), 1.50 (m, 2 H). 13C NMR (125 MHz, CDCl3) δ 

169.56, 161.48 (JF = 245.4 Hz), 137.17, 136.97, 136.01 (JF = 3.2 Hz), 130.17 (JF = 32.5 Hz), 

129.35 (JF = 4.9 Hz), 127.82, 127.08, 115.43, 115.26, 47.56, 45.34, 25.60, 24.25. 19F NMR (471 

MHz, CDCl3) δ -114.77. HRMS calcd for C17H16FNONa (M+ + Na) 292.1114, found 292.1129.   

 

(4'-Bromo-[1,1'-biphenyl]-2-yl)(pyrrolidin-1-yl)methanone (3v): 

	
  

According to the general procedure, the reaction of phenyl(pyrrolidin-1-yl)methanone (35.0 mg, 

0.2 mmol, 1.0 equiv), 2,4-difluorophenylboronic acid (80.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-

cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 
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equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, 

afforded after chromatography the title compound in 70% yield (40.0 mg). Yellow oil. GC: rt = 

18.63 min. 1H NMR (500 MHz, CDCl3) δ 7.38 (m, 5 H), 6.85 (m, 2 H), 3.40 (t, J = 7.1 Hz, 2 

H), 2.99 (t, J = 6.7 Hz, 2 H), 1.74 (m, 2 H), 1.63 (m, 2 H). 13C NMR (125 MHz, CDCl3) δ 

169.06, 161.43 (dd, J = 249.4, 11.9 Hz), 158.38 (dd, J = 248.7, 11.8 Hz), 137.82, 132.56 (dd, J = 

9.6, 4.6 Hz), 131.62, 130.88 (d, J = 2.3 Hz), 128.92, 128.25, 126.98, 123.50 (dd, J = 15.0, 3.9 

Hz), 111.22 (dd, J = 20.9, 3.7 Hz), 103.96 (t, J = 25.9 Hz), 48.07, 45.38, 25.84, 24.35. 19F NMR 

(471 MHz, CDCl3) δ -110.38 (m), -113.65 (m). HRMS calcd for C17H16F2NO (M+ + H) 

288.1194, found 288.1210.  

 

(4'-Bromo-[1,1'-biphenyl]-2-yl)(pyrrolidin-1-yl)methanone (3w): 

	
  

According to the general procedure, the reaction of phenyl(pyrrolidin-1-yl)methanone (35.0 mg, 

0.2 mmol, 1.0 equiv), 3,5-difluorophenylboronic acid (80.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-

cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 

equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, 

afforded after chromatography the title compound in 61% yield (35.0 mg). Yellow solid. Mp: 73-

77 °C. GC: rt = 18.76 min. 1H NMR (500 MHz, CDCl3) δ 7.38 (m, 4 H), 7.03 (m, 2 H), 6.77 

(m, 1 H), 3.45 (m, 2 H), 2.83 (m, 2 H), 1.73 (m, 2 H), 1.59 (m,  2H). 13C NMR (125 MHz, 

CDCl3) δ 168.94, 163.74 (dd, J = 13.1, 247.5 Hz), 143.28, 136.96, 135.97, 129.50, 129.34, 

128.70, 127.22, 111.37 (m), 102.80 (t, J = 25.3 Hz), 47.85, 45.52, 25.75, 24.30. 19F NMR (471 

MHz, CDCl3) δ -109.40. HRMS calcd for C34H30F4N2O2Na (2 M+ + Na) 597.2136, found 

597.2150.  
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According to the general procedure, the reaction of phenyl(pyrrolidin-1-yl)methanone (35.0 mg, 

0.2 mmol, 1.0 equiv), 4-chlorophenylboronic acid (78.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-

cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 

equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, 

afforded after chromatography the title compound in 63% yield (36.0 mg). Yellow oil. GC: rt = 

21.10 min. 1H NMR (500 MHz, CDCl3) δ 7.35 (m, 8 H), 3.40 (bs, 2 H), 2.73 (bs, 2 H), 1.66 (m, 

2 H), 1.50 (m, 2 H). 13C NMR (125 MHz, CDCl3) δ 169.44, 138.44, 136.97, 136.93, 133.77, 

129.82, 129.41, 129.36, 128.60, 128.05, 127.14, 47.61, 45.38, 25.63, 24.25. HRMS: calcd for 

C17H16ONClNa (M+ + Na) 308.0828, found 308.0840.  

 

(4'-Bromo-[1,1'-biphenyl]-2-yl)(pyrrolidin-1-yl)methanone (3y): 

	
  

According to the general procedure, the reaction of phenyl(pyrrolidin-1-yl)methanone (35.0 mg, 

0.2 mmol, 1.0 equiv), 4-bromophenylboronic acid (100.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-

cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 

equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, 

afforded after chromatography the title compound in 69% yield (45.5 mg). Yellow oil. GC: rt = 

21.97 min. 1H NMR (500 MHz, CDCl3) δ 7.53 (m, 2 H), 7.39 (m, 6 H), 3.42 (bs, 2 H), 2.76 (bs, 

2 H), 1.69 (m, 2 H), 1.53 (m, 2 H). 13C NMR (125 MHz, CDCl3) δ 169.42, 138.91, 136.98, 

136.88, 131.55, 130.15, 129.43, 129.32, 128.02, 127.17, 47.63, 45.39, 25.63, 24.25. HRMS 

calcd for C34H32O2N2Br2Na (2 M+ + Na) 683.0740, found 683.0720.  
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(2-(Naphthalen-1-yl)phenyl)(pyrrolidin-1-yl)methanone (3z): 

	
  

According to the general procedure, the reaction of phenyl(pyrrolidin-1-yl)methanone (35.0 mg, 

0.2 mmol, 1.0 equiv), 2-napthylboronic acid (86.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-cymene)]2 

(6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 equiv), AgSbF6 

(14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, afforded after 

chromatography the title compound in 69% yield (41.5 mg). Yellow oil. GC: rt = 24.10 min. 1H 

NMR (500 MHz, CDCl3) δ 7.98 (bs, 1 H), 7.85 (m, 3 H), 7.65 (d, J = 8.4 Hz, 1 H), 7.54 (d, J = 

7.6 Hz, 1 H), 7.47 (m, 4 H), 7.41 (m, 1 H), 3.38 (bs, 2 H), 2.76 (bs, 2 H), 1.53 (bs, 2 H), 1.39 (bs, 

2 H). 13C NMR (125 MHz, CDCl3) δ 169.76, 138.18, 137.45, 137.19, 133.36, 132.60, 129.84, 

129.40, 128.28, 128.00, 127.79, 127.62, 127.44, 127.29, 126.66, 126.26, 126.19, 47.57, 45.34, 

25.53, 24.12. HRMS calcd for C42H38O2N2Na (2 M+ + Na) 625.2831, found 625.2845.  

 

(2-(Naphthalen-1-yl)phenyl)(pyrrolidin-1-yl)methanone (3aa): 

	
  

According to the general procedure, the reaction of phenyl(pyrrolidin-1-yl)methanone (35.0 mg, 

0.2 mmol, 1.0 equiv), 1-napthylboronic acid (86.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-cymene)]2 

(6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 equiv), AgSbF6 

(14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, afforded after 

chromatography the title compound in 54% yield (32.5 mg). Yellow oil. GC: rt = 23.28 min. 1H 

NMR (500 MHz, CDCl3) δ 7.87 (d, J = 8.1 Hz, 1 H), 7.83 (m, 2 H), 7.46 (m, 7 H), 7.41 (t, J = 

7.5 Hz, 1 H), 3.26 (m, 1 H), 3.06 (m, 1 H), 2.95 (m, 1 H), 2.70 (m, 1 H), 1.47 (m, 1 H), 1.41 (m, 
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2 H), 1.13 (m, 1 H). 13C NMR (125 MHz, CDCl3) δ 169.15, 138.59, 137.12, 136.75, 133.73, 

131.57, 131.46, 128.41, 128.38, 128.07, 127.79, 127.62, 127.13, 126.07, 125.69, 125.54, 125.17, 

48.03, 45.05, 25.47, 24.04. HRMS calcd for C42H38O2N2Na (2 M+ + Na) 625.2831, found 

625.2847.  

 

Pyrrolidin-1-yl(2-(thiophen-3-yl)phenyl)methanone (3ab): 

	
  

According to the general procedure, the reaction of phenyl(pyrrolidin-1-yl)methanone (35.0 mg, 

0.2 mmol, 1.0 equiv), 3-thienylboronic acid (86.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-cymene)]2 

(12.5 mg, 5 mol%), Cu(OTf)2 (29.0 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 equiv), 

AgSbF6 (28.0 mg, 20 mol%) and H2O (6.0 equiv) in THF (0.20 M) for 24 h at 120 °C, afforded 

after chromatography the title compound in 51% yield (26.2 mg). Yellow oil. GC: rt = 23.28 

min. 1H NMR (500 MHz, CDCl3) δ 7.47 (m, 1 H), 7.33 (m, 5 H), 7.28 (m, 1 H), 3.48 (bs, 2 H), 

2.79 (bs, 2 H), 1.72 (bs, 2 H), 1.55 (m, 2 H). 13C NMR (125 MHz, CDCl3) δ 169.80, 140.33, 

136.62, 132.75, 129.21, 128.84, 127.79, 127.63, 126.91, 125.65, 122.75, 47.59, 45.49, 25.64, 

24.37. HRMS calcd for C30H30O2S2N2Na (2 M+ + Na) 537.1663, found 537.1681. 
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Ruthenium(II)-Catalyzed C–H Arylation of Cyclic Amides: Variation of Amides 

(5-Methoxy-[1, 1’-biphenyl]-2-yl)(piperidin-1-yl)methanone (3ac):	
  

	
  

According to the general procedure, the reaction of (4-methoxyphenyl)(piperidin-1-

yl)methanone (0.2 mmol, 1.0 equiv), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 equiv), 

[RuCl2(p-cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 

mmol, 2.0 equiv), AgSbF6 (14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 

140 °C, afforded after chromatography the title compound in 74% yield (44.0 mg). Yellow oil. 

GC: rt = 22.25 min. 1H NMR (500 MHz, CDCl3) δ 7.47 (m, 2 H), 7.37 (m, 2 H), 7.31 (s, 2 H), 

6.91 (m, 2 H), 3.85 (s, 3 H), 3.52 (m, 1 H), 3.41 (m, 1 H), 2.86 (m, 1 H), 2.66 (m, 1 H), 1.44 (m, 

1 H), 1.30 (m, 2 H), 1.21 (m, 1 H), 1.10 (m, 1 H), 0.53 (m, 1 H). 13C NMR (125 MHz, CDCl3) δ 

169.79, 159.96, 140.09, 139.90,129.10, 128.73, 128.51, 128.40, 127.74, 114.49, 113.17, 55.42, 

47.54, 42.35, 25.45, 25.03, 24.21. HRMS: calcd for C38H42O4N2Na (2 M+ + Na) 613.3042, 

found 613.3058.  

 

(5-Methoxy-[1,1'-biphenyl]-2-yl)(morpholino)methanone (3ad):	
  

 
According to the general procedure, the reaction of (4-methoxyphenyl)(morpholino)methanone 

(0.2 mmol, 1.0 equiv), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-cymene)]2 

(6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 equiv), AgSbF6 

(14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, afforded after 

chromatography the title compound in 70% yield (42.0 mg). Yellow amorphous powder. Mp: 

1q 3ac
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103-107 °C. GC: rt = 22.19 min. 1H NMR (500 MHz, CDCl3) δ 7.46 (m, 2 H), 7.35 (m, 4 H), 

6.91 (m, 2 H), 3.86 (s, 3 H), 3.64 (m, 1 H), 3.57 (m, 1 H), 3.41 (m, 1 H), 3.22 (m, 2 H), 2.95 (m, 

1 H), 2.73 (m, 1 H), 2.43 (m, 1 H). 13C NMR (125 MHz, CDCl3) δ 170.04, 160.35, 140.28, 

139.71, 129.51, 128.68, 128.64, 128.10, 127.27, 114.52, 113.36, 66.14, 66.04, 55.46, 46.84, 

41.92, 24.21. HRMS: calcd for C36H38O6N2Na (2 M+ + Na) 613.2628, found 617.2645.  

 

N,N-Diisopropyl-5-methoxy-[1,1'-biphenyl]-2-carboxamide (3ae): 

	
  

According to the general procedure, the reaction of N,N-diisopropyl-4-methoxybenzamide (0.2 

mmol, 1.0 equiv), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-cymene)]2 (12.5 

mg, 10 mol%), Cu(OTf)2 (29 mg, 40 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 equiv), AgSbF6 

(28.0 mg, 40 mol%) and H2O (6.0 equiv) in THF (0.20 M) for 24 h at 140 °C, afforded after 

chromatography the title compound in 54% yield (33.0 mg). Yellow oil. GC: rt = 20.62 min. 1H 

NMR (500 MHz, CDCl3) δ 7.54 (m, 2 H), 7.32 (m, 3 H), 7.22 (m, 1 H), 6.89 (m, 2 H), 3.85 (s, 3 

H), 3.43 (m, 1 H), 3.17 (m, 1 H), 1.49 (d, J = 6.9 Hz, 3 H), 1.26 (d, J = 6.7 Hz, 3 H), 0.88 (d, J = 

6.9 Hz, 3 H), 0.31 (d, J = 6.7 Hz, 3 H). 13C NMR (125 MHz, CDCl3) δ 170.36, 159.41, 139.83, 

139.32, 130.84, 129.33, 128.30, 128.06, 127.66, 114.47, 113.07, 55.38, 50.54, 45.54, 20.91, 

20.82, 19.44, 19.42. HRMS: calcd for C40H50O4N2Na (2 M+ + Na) 645.3668, found 645.3685.  

 

N,N-Diethyl-5-methoxy-[1,1'-biphenyl]-2-carboxamide (3af): 

	
  

According to the general procedure, the reaction of N,N-diethyl-4-methoxybenzamide (0.2 

mmol, 1.0 equiv), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-cymene)]2 (6.2 

mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 equiv), AgSbF6 
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(14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, afforded after 

chromatography the title compound in 78% yield (44.0 mg). Yellow oil. GC: rt = 20.11 min. 1H 

NMR (500 MHz, CDCl3) δ 7.46 (m, 2 H), 7.29 (m, 4 H), 6.91 (m, 2 H), 3.85 (s, 3 H), 3.74 (s, 1 

H), 2.96 (s, 2 H), 2.62 (s, 1 H), 0.86 (m, 3 H), 0.71 (m 3 H). 13C NMR (125 MHz, CDCl3) δ: 

170.61, 159.78, 140.06, 139.83, 129.07, 128.77, 128.51, 128.30, 127.65, 114.69, 113.04, 55.40, 

42.30, 38.37, 33.41, 11.96. HRMS: calcd for C36H42O4N2Na (2 M+ + Na) 589.3042, found 

589.3056.  

 

N,N-Dimethyl-5-methoxy-[1,1'-biphenyl]-2-carboxamide (3ag): 

	
  

According to the general procedure, the reaction of N,N-dimethyl-4-methoxybenzamide (0.2 

mmol, 1.0 equiv), phenylboronic acid (61.0 mg, 0.5 mmol, 2.5 equiv), [RuCl2(p-cymene)]2 (6.2 

mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 equiv), AgSbF6 

(14.0 mg, 20 mol%) and H2O (3.0 equiv) in THF (0.20 M) for 24 h at 120 °C, afforded after 

chromatography the title compound in 67% yield (34.0 mg). Yellow oil. GC: rt = 19.17 min. 1H 

NMR (500 MHz, CDCl3) δ 7.45 (m, 2 H), 7.35 (m, 4 H), 6.92 (m, 2 H), 3.86 (s, 3 H), 2.82 (s, 3 

H), 2.38 (s, 3 H). 13C NMR (125 MHz, CDCl3) δ 171.38, 160.12, 140.45, 139.98, 129.10, 

128.40, 128.38, 127.73, 114.59, 113.16, 55.43, 38.08, 34.65. HRMS: calcd for C32H34O4N2Na (2 

M+ + Na) 533.2416, found 533.2428.  
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Optimization Experiments 
 

Table SI-1. Optimization Studies in the Ru(II)-Catalyzed C–H Arylation of Cyclic and N,N-

Dialkyl Amides with Boronic Acids – Effect of Additives.a 

 
Entry Oxidant Additive Base Solvent Yield (%)b 

1 Ag2O (1.0 equiv) -- -- THF 15 

2c Ag2O (1.0 equiv) Cu(OTf)2 (20 mol%) -- THF	
   38 

3 Ag2O (1.0 equiv) Cu(OTf)2 (20 mol%) -- THF 59 

4 Ag2O (1.0 equiv) Cu(OTf)2 (100 mol%) -- THF 21 

5c Ag2O (1.5 equiv)	
   --	
   -- THF	
   15 

6c Ag2O (1.5 equiv)	
   Cu(OTf)2 (20 mol%)	
   -- THF	
   50 

7c Cu(OAc)2•H2O 
(1.0 equiv)	
  

--	
   -- THF	
   7 

8c Cu(OAc)2•H2O 
(1.0 equiv)	
  

Cu(OTf)2 (20 mol%)	
   -- THF	
   <2 

9 Ag2O (1.0 equiv)	
   Cu(OTf)2 (20 mol%)	
   -- iPrOH	
   20 

10 Ag2O (1.0 equiv)	
   Cu(OTf)2 (20 mol%)	
   -- Dioxane	
   30 

11c Ag2O (1.0 equiv)	
   Cu(OTf)2 (20 mol%)	
   -- DMF	
   45 

12 Ag2O (1.0 equiv)	
   Cu(OTf)2 (20 mol%)	
   K2CO3 THF	
   30 

13 Ag2O (1.0 equiv)	
   Cu(OTf)2 (20 mol%)	
   Cs2CO3 THF	
   32 

14 Ag2O (1.0 equiv)	
   Cu(OTf)2 (20 mol%)	
   K3PO4 THF	
   20 

aConditions: phenyl(pyrrolidin-1-yl)methanone (0.2 mmol), [RuCl2(p-cymene)]2 (5 mol%), AgSbF6 (20 mol%), PhB(OH)2 (2.5 
equiv), oxidant, additive, air, base (2 equiv), solvent (0.20 M), 120 °C, 24 h. bDetermined by 1H NMR and/or GC-MS. cInert 
atmosphere. Note: in all entries, mono-/diarylation selectivity >98:2. 
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Table SI-2. Optimization Studies in the Ru(II)-Catalyzed C–H Arylation of Cyclic and N,N-

Dialkyl Amides with Boronic Acids – Effect of Water.a 

	
  

Entry Cu(OTf)2  

(x mol%) 

H2O  

(y equiv) 

Yield (%)b 

1c -	
   3 equiv 28 

2c 20 mol%	
   3 equiv	
   54 

3 20 mol%	
   3 equiv	
   65 

4 100 mol%	
   3 equiv	
   38 

6d 20 mol%	
   3 equiv	
   70 

7d 20 mol%	
   6 equiv	
   68 

8d,e 20 mol%	
   3 equiv	
   64 

aConditions: phenyl(pyrrolidin-1-yl)methanone (0.2 mmol), [RuCl2(p-cymene)]2 (5 mol%), AgSbF6 (20 mol%), PhB(OH)2 (1.5 
equiv), oxidant, additive, air, water (x equiv), solvent (0.20 M), 120 °C, 24 h. bDetermined by 1H NMR and/or GC-MS. cInert 
atmosphere. dPhB(OH)2 (2.5 equiv). eTHF (0.10 M). Note: in all entries, mono-/diarylation selectivity >98:2. 
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Table SI-3. Optimization Studies in the Ru(II)-Catalyzed C–H Arylation of Cyclic and N,N-

Dialkyl Amides with Boronic Acids – Effect of Additives.a 

	
  

Entry Additive Yield (%)b 

1 Cu(OTf)2	
   70 

2 Sm(OTf)3	
   38 

3 Zn(OTf)2	
   27 

4 B(OH)3	
   20 

5c B(OH)3	
   13 

6 Cu(OAc)2	
   44 

7 CuSO4	
   43 

8 CuCl2	
   48 

9 HBF4	
   52 

aConditions: phenyl(pyrrolidin-1-yl)methanone (0.2 mmol), [RuCl2(p-cymene)]2 (5 mol%), AgSbF6 (20 mol%), PhB(OH)2 (2.5 
equiv), oxidant, additive, air, water (3 equiv), solvent (0.20 M), 120 °C, 24 h. bDetermined by 1H NMR and/or GC-MS. cB(OH)3 
(1.0 equiv). Note: in all entries, mono-/diarylation selectivity >98:2. 
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Table SI-4. Optimization Studies in the Ru(II)-Catalyzed C–H Arylation of Cyclic and N,N-

Dialkyl Amides with Boronic Acids – Effect of Stoichiometry.a 

 

Entry AgSbF6  

(x mol%) 

Ag2O  

(y equiv) 

Cu(OTf)2  

(z mol%) 

Yield (%)b 

1c 20 mol% 1.0 20 mol%	
   60 

2 20 mol%	
   1.0 20 mol%	
   70 

3d 20 mol%	
   1.0 20 mol%	
   62 

4 40 mol%	
   1.0 20 mol%	
   82 

5 40 mol%	
   1.0 40 mol%	
   68 

6 20 mol%	
   1.0 40 mol%	
   64 

7 20 mol%	
   1.0 10 mol%	
   85 

8 20 mol%	
   1.5 10 mol%	
   85 

9 20 mol%	
   2.0 10 mol%	
   87 

10 20 mol%	
   1.0 5 mol%	
   80 

11 20 mol%	
   1.0 2.5 mol%	
   53 

12 20 mol% 2.0 20 mol% 88e 

aConditions: phenyl(pyrrolidin-1-yl)methanone (0.2 mmol), [RuCl2(p-cymene)]2 (5 mol%), AgSbF6 (x mol%), PhB(OH)2 
(2.5 equiv), oxidant, additive, air, water (3 equiv), solvent (0.20 M), 120 °C, 24 h. bDetermined by 1H NMR and/or GC-MS. 
c100 °C. dO2 atmosphere. eIsolated yield. Note: in all entries, mono-/diarylation selectivity >95:5. 
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Selectivity Studies – Amides 

 

General Procedure. According to the general procedure for C–H arylation, an oven-dried vial 

equipped with a stir bar was charged with phenylboronic acid (0.10 mmol), two amide substrates 

(each 2.0 equiv), [RuCl2(p-cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O 

(92.0 mg, 0.4 mmol, 2.0 equiv), and AgSbF6 (14.0 mg, 20 mol%) in air. Tetrahydrofuran (0.20 

M) and H2O (3.0 equiv) were added with vigorous stirring at room temperature, the reaction 

mixture was placed in an oil bath, and stirred for the indicated time at 120 °C. After the indicated 

time, the reaction mixture was cooled down to room temperature, diluted with EtOAc (20 mL), 

filtered, and concentrated. The sample was analyzed by GC-MS and 1H NMR (CDCl3, 500 

MHz) to obtain conversion, yield and selectivity using internal standard and comparison with 

authentic samples. 

 

Scheme SI-1. Selectivity Study in the Ru(II)-Catalyzed C–H Arylation of Tertiary Amides: 

Amide Electronics. 
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Selectivity Studies – Boronic Acids 

 

General Procedure. According to the general procedure for C–H arylation, an oven-dried vial 

equipped with a stir bar was charged with phenyl(pyrrolidin-1-yl)methanone (0.10 mmol), two 

boronic acid substrates (each 2.0 equiv), [RuCl2(p-cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 

mg, 20 mol%), Ag2O (92.0 mg, 0.4 mmol, 2.0 equiv), and AgSbF6 (14.0 mg, 20 mol%) in air. 

Tetrahydrofuran (0.20 M) and H2O (3.0 equiv) were added with vigorous stirring at room 

temperature, the reaction mixture was placed in an oil bath, and stirred for the indicated time at 

120 °C. After the indicated time, the reaction mixture was cooled down to room temperature, 

diluted with EtOAc (20 mL), filtered, and concentrated. The sample was analyzed by GC-MS 

and 1H NMR (CDCl3, 500 MHz) to obtain conversion, yield and selectivity using internal 

standard and comparison with authentic samples.	
  

	
  

Scheme SI-2. Selectivity Study in the Ru(II)-Catalyzed C–H Arylation of Tertiary Amides: 

Boronic Acids. 
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Selectivity Studies – Amides 

 

General Procedure. According to the general procedure for C–H arylation, an oven-dried vial 

equipped with a stir bar was charged with phenylboronic acid (0.10 mmol), two amide substrates 

(each 2.0 equiv), [RuCl2(p-cymene)]2 (6.2 mg, 5 mol%), Cu(OTf)2 (14.5 mg, 20 mol%), Ag2O 

(92.0 mg, 0.4 mmol, 2.0 equiv), and AgSbF6 (14.0 mg, 20 mol%) in air. Tetrahydrofuran (0.20 

M) and H2O (3.0 equiv) were added with vigorous stirring at room temperature, the reaction 

mixture was placed in an oil bath, and stirred for the indicated time at 120 °C. After the indicated 

time, the reaction mixture was cooled down to room temperature, diluted with EtOAc (20 mL), 

filtered, and concentrated. The sample was analyzed by GC-MS and 1H NMR (CDCl3, 500 

MHz) to obtain conversion, yield and selectivity using internal standard and comparison with 

authentic samples. 

 

Scheme SI-3. Selectivity Study in the Ru(II)-Catalyzed C–H Arylation of Tertiary Amides. 

 

entry 
1-I 

(R1,R2) 

1-II 

(R1,R2) 

2 

 (equiv) 

 3-I:3-II 

(R1,R2)b 

1 -(CH2)4- Me, Me 0.5 4.10:1.0 

2 -(CH2)4- i-Pr, i-Pr 0.5 25.0:1.0 
aConditions: amide (0.2 mmol), [RuCl2(p-cymene)]2 (5 mol%), AgSbF6 (20 mol%), PhB(OH)2 (0.5 equiv), Ag2O (2 equiv), 
Cu(OTf)2 (20 mol%), water (3 equiv), THF (0.20 M), 120 °C, 24 h. bDetermined by 1H NMR and/or GC-MS. 
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Deuterium Quenching Experiments 
 

General Procedure. An oven-dried vial equipped with a stir bar was charged with (4-

methoxyphenyl)(pyrrolidin-1-yl)methanone (0.20 mmol, 1.0 equiv), [RuCl2(p-cymene)]2 (6.2 

mg, 5 mol%), and AgSbF6 (14.0 mg, 20 mol%) in air. Tetrahydrofuran (0.20 M) and D2O (5.0 

equiv) were added with vigorous stirring at room temperature, the reaction mixture was placed in 

an oil bath, and stirred for the indicated time at 120 °C. After the indicated time, the reaction 

mixture was cooled down to room temperature, diluted with EtOAc (20 mL), filtered, and 

concentrated. The sample was analyzed by 1H NMR (CDCl3, 500 MHz) and GC-MS to obtain 

conversion and yield using internal standard and comparison with authentic samples. The 

observed selectivity is consistent with reversible C–H activation by cationic Ru(II) complexes.10 

 

Scheme SI-4. Deuterium Quenching Experiments in the Ru(II)-Catalyzed C–H Activation of 

Tertiary Amides. 
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