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1. General experimental details 
Chemicals were either purchased or purified by standard techniques without special 

instructions. 1H NMR and 13C NMR spectra were measured on a 300 MHz Bruker 
spectrometer (1H 300 MHz, 13C 75 MHz), using CDCl3 as the solvent with 
tetramethylsilane (TMS) as the internal standard at room temperature. Chemical shifts 
are given in δ relative to TMS, the coupling constants J are given in Hz. All reactions 
were conducted under air atmosphere. Column chromatography was performed using 
EM Silica gel 60 (300-400 mesh). 

1.1 General procedure:  
Under air atmosphere, a reaction tube was charged with 2-aryl pyridine (0.4 mmol), 

carboxylic acid (0.2 mmol), CuI (14.4 mg, 40 mol %), Rh(cod)Cl dimmer (4.9 mg, 5 
mol %), PCy3

.HBF4 (5.5 mg, 7.5 mol %) and NMP (2 mL). The mixture was stired at 
130 oC for 36 h. After the completion of the reaction, as monitored by TLC, 10 mL of 
ethyl acetate was added and the mixture was washed with water (3×5 mL) Then the 
organic layer was concentrated in vacuo and the residue was purified by flash column 
chromatography on a silica gel to give the desired product. 
 

1.2 Preparation of 2-aryl pyridines:1 
Under air atmosphere, a reaction tube was charged with 2-bromopyridine (0.5 

mmol), aryl boronic acids (0.75 mmol), PdCl2 (4.4 mg, 0.025 mmol), K3PO4
.3H2O 

(1.5 mmol) and toluene (3 mL). After the mixture was heated at 100 oC for 8 h, the 
solvent was evaporated under reduced pressure and the residue was purified by flash 
column chromatography on a silica gel to give the product. 

 

1.3. kinetic isotope effect experiment 

N
+ PhCOOH

N

O Ph

O

[Rh(cod)Cl]2 (5 mol%) 
PCy3

.HBF4 (7.5 mol %)

  CuI (40 mol %)
 NMP, 130 oC

D

yield: 67%
D/H = 49/51

(D)H

96% D

 

Under air atmosphere, a reaction tube was charged with 2-phenylpyridine (0.4 
mmol, 96% D), benzoic acid (0.2 mmol), CuI (14.4 mg, 40 mol%), Rh(cod)Cl 
dimmer (4.9 mg, 5 mol %), PCy3

.HBF4 (5.5 mg, 7.5 mol %) and NMP (2 mL). The 
mixture was stired at 130 oC for 36 h. After the completion of the reaction, as 
monitored by TLC, 10 mL of ethyl acetate was added and the mixture was washed 
with water (3×5 mL) Then the organic layer was concentrated in vacuo and the 
                                                           
 
1.Pan, C.; Liu, M.; Zhang, L.; Wu, H.; Ding J.; Cheng, J. Catal. Comm. 2008, 9, 508. 

S2



 

 

residue was purified by flash column chromatography on a silica gel to give the 
desired product. 
1H NMR (CDCl3, 300 MHz): δ 8.52-8.51 (m, 1H), 8.02-7.99 (m, 2H), 7.73-7.70 (m, 
0.51H), 7.55-7.17 (m, 8H), 7.11-7.08 (m, 1H). 
 

2. Experimental characterization data for compounds 

3-Methyl-2-(pyridin-2-yl)phenyl benzoate (3aa) 

N

O

O  
1H NMR (CDCl3, 300 MHz): δ 8.65-8.63 (m, 1H), 7.86-7.83 (m, 2H), 7.64-7.49 (m, 
2H), 7.38-7.13 (m, 7H), 2.19 (s, 3H). 
13C NMR (CDCl3, 75 MHz): δ 165.1, 155.8, 149.4, 148.6, 138.2, 136.0, 133.6, 133.3, 
129.9, 129.3, 128.9, 128.3, 127.9, 124.8, 122.0, 120.1, 19.9. 
IR (prism, cm-1): ν 2984, 1741, 1373, 1241, 1047. 
HRMS (EI) Calcd. for C19H15NNaO2 (M+Na)+ 312.1000, found 312.0995. 
 
3-Methyl-2-(pyridin-2-yl)phenyl 4-methylbenzoate (3ab) 

N

O

O  
1H NMR (CDCl3, 300 MHz): δ 8.65-8.63 (m, 1H), 7.74 (d, J = 8.2 Hz, 2H), 7.63-7.59 
(m, 1H), 7.36-7.14 (m, 7H), 2.36 (s, 3H), 2.19 (s, 3H). 
13C NMR (CDCl3, 75 MHz): δ 165.1, 155.8, 149.4, 148.7, 144.0, 138.1, 136.0, 133.2, 
129.9, 129.0, 128.8, 127.8, 126.5, 124.8, 122.0, 120.1, 21.6, 19.9. 
IR (prism, cm-1): ν 3062, 2922, 1735, 1460, 1267, 1223, 1081. 
HRMS (EI) Calcd. for C20H17NNaO2 (M+Na)+ 326.1157, found 326.1151. 
 
3-Methyl-2-(pyridin-2-yl)phenyl 3-methylbenzoate (3ac) 

N

O

O  
1H NMR (CDCl3, 300 MHz): δ 8.66-8.64 (m, 1H), 7.65-7.62 (m, 3H), 7.36-7.14 (m, 
7H), 2.33 (s, 3H), 2.19 (s, 3H). 
13C NMR (CDCl3, 75 MHz): δ 165.2, 155.9, 149.4, 148.7, 138.2, 138.1, 136.0, 134.0, 
133.7, 130.5, 129.2, 128.8, 128.2, 127.8, 127.0, 124.8, 122.0, 120.0, 21.1, 19.9. 
IR (prism, cm-1): ν 3014, 2923, 1736, 1460, 1275, 1224, 1187, 1093, 746. 
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HRMS (EI) Calcd. for C20H17NNaO2 (M+Na)+ 326.1157, found 326.1151. 
 
3-Methyl-2-(pyridin-2-yl)phenyl 4-methoxybenzoate (3ad) 

N

O

O

OMe

 
1H NMR (CDCl3, 300 MHz): δ 8.65-8.63 (m, 1H), 7.80 (d, J = 7.0 Hz, 2H), 7.63-7.59 
(m, 1H), 7.37-7.12 (m, 5H), 6.83 (d, J = 7.0 Hz, 2H), 3.83 (s, 3H), 2.18 (s, 3H). 
13C NMR (CDCl3, 75 MHz): δ 164.8, 163.6, 155.9, 149.4, 148.7, 138.1, 136.0, 133.7, 
132.0, 128.8, 127.8, 124.8, 122.0, 121.6, 120.2, 113.5, 55.4, 19.9. 
IR (prism, cm-1): ν 3014, 2924, 1730, 1654, 1460, 1317, 1222, 1080. 
HRMS (EI) Calcd. for C20H17NNaO3 (M+Na)+ 342.1106, found 342.1101. 
 
3-Methyl-2-(pyridin-2-yl)phenyl 2-methoxybenzoate (3ae) 

N

O

O OMe  
1H NMR (CDCl3, 300 MHz): δ 8.69-8.68 (m, 1H), 7.68-7.61 (m, 1H), 7.40-7.12 (m, 
7H), 6.91-6.80 (m, 2H), 3.79 (s, 3H), 2.17 (s, 3H). 
13C NMR (CDCl3, 75 MHz): δ 164.2, 159.6, 156.0, 149.4, 148.6, 138.1, 136.1, 133.9, 
133.7, 131.8, 128.8, 127.8, 124.9, 122.0, 120.3, 119.9, 118.8, 111.9, 55.9, 19.9. 
IR (prism, cm-1): ν 3061, 2925, 1744, 1583, 1461, 1255, 1215, 1050, 745. 
HRMS (EI) Calcd. for C20H17NNaO3 (M+Na)+ 342.1106, found 342.1101. 
 
3-Methyl-2-(pyridin-2-yl)phenyl 3-nitrobenzoate (3af) 

N

O

O
NO2

 
1H NMR (CDCl3, 300 MHz): δ 8.64-8.59 (m, 2H), 8.40-8.32 (m, 1H), 8.19-8.17 (d, J 
= 8.6 Hz, 1H), 7.80-7.58 (m, 2H), 7.39-7.18 (m, 5H), 2.20 (s, 3H). 
13C NMR (CDCl3, 75 MHz): δ 162.9, 155.5, 149.6, 148.2, 148.1, 138.4, 136.2, 135.5, 
133.4, 131.1, 129.6, 129.0, 128.4, 127.7, 124.8, 124.7, 122.3, 119.7, 19.9. 
IR (prism, cm-1): ν 3020, 2926, 1744, 1534, 1351, 1256, 1220, 1118, 758. 
HRMS (EI) Calcd. for C19H14N2NaO4 (M+Na)+ 357.0851, found 357.0846. 
 
3-Methyl-2-(pyridin-2-yl)phenyl 4-formylbenzoate (3ag) 
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N

O

O

CHO

 
1H NMR (CDCl3, 300 MHz): δ 10.1 (s, 1H), 8.63-8.62 (m, 1H), 8.00 (d, J = 8.3 Hz, 
2H), 7.87 (d, J = 8.3 Hz, 2H), 7.67-7.60 (m, 1H), 7.33-7.14 (m, 5H), 2.20 (s, 3H). 
13C NMR (CDCl3, 75 MHz): δ 191.5, 164.1, 155.6, 149.6, 148.3, 139.3, 138.3, 136.1, 
134.2, 133.4, 130.4, 129.4, 129.0, 128.2, 124.8, 122.2, 119.8, 19.9. 
IR (prism, cm-1): ν 3063, 2823, 1740, 1704, 1460, 1264, 1221, 1084. 
HRMS (EI) Calcd. for C20H15NNaO3 (M+Na)+ 340.0950, found 340.0944. 
 
3-Methyl-2-(pyridin-2-yl)phenyl 4-bromobenzoate (3ah) 

N

O

O

Br

 
1H NMR (CDCl3, 300 MHz): δ 8.64-8.62 (m, 1H), 7.71-7.48 (m, 5H), 7.36-7.12 (m, 
5H). 2.19 (s, 3H). 
13C NMR (CDCl3, 75 MHz): δ 164.4, 155.7, 149.5, 148.4, 138.2, 137.7, 136.1, 131.6, 
131.4, 131.3, 128.9, 128.5, 128.1, 124.7, 122.1, 119.9, 19.9. 
IR (prism, cm-1): ν 3063, 2923, 1738, 1586, 1460, 1265, 1222, 1082, 748. 
HRMS (EI) Calcd. for C19H14BrNNaO2 (M+Na)+ 390.0106, found 390.0100. 
 
3-Methyl-2-(pyridin-2-yl)phenyl cinnamate (3ai) 

N

O

O  
1H NMR (CDCl3, 300 MHz): δ 8.70-8.69 (m, 1H), 7.70-7.67 (m, 1H), 7.57 (d, J = 
16.0 Hz, 1H), 7.46-7.10 (m, 10H), 6.34 (d, J = 16.0 Hz, 1H), 2.18 (s, 3H). 
13C NMR (CDCl3, 75 MHz): δ 165.3, 155.8, 149.5, 148.4, 146.2, 138.2, 136.0, 134.1, 
133.7, 130.5, 128.9, 128.9, 128.2, 127.9, 124.8, 122.1, 120.0, 116.9, 19.9. 
IR (prism, cm-1): ν 3060, 2924, 1729, 1634, 1459, 1220, 1140, 757. 
HRMS (EI) Calcd. for C21H17NNaO2 (M+Na)+ 338.1157, found 338.1151. 
 
3-Methyl-2-(pyridin-2-yl)phenyl acetate (3aj) 

N

O

O  
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1H NMR (CDCl3, 300 MHz): δ 8.71-8.70 (m, 1H), 7.76-7.71 (m, 1H), 7.31-7.17 (m, 
4H), 6.98 (d, J = 8.0 Hz, 1H), 2.15 (s, 3H), 1.95 (s, 3H). 
13C NMR (CDCl3, 75 MHz): δ 169.5, 155.8, 149.5, 148.3, 138.2, 136.0, 133.6, 128.8, 
128.0, 124.7, 122.1, 119.9, 20.5, 19.9. 
IR (prism, cm-1): ν 3061, 2924, 1765, 1461, 1201. 
HRMS (EI) Calcd. for C14H13NNaO2 (M+Na)+ 250.0844, found 250.0838. 
 
2-(Pyridin-2-yl)phenyl benzoate (3ba)2 

N

O

O  
1H NMR (CDCl3, 300 MHz): δ 8.60-8.59 (m, 1H), 8.10-8.08 (m, 2H), 7.78-7.75 (m, 
1H), 7.61-7.32 (m, 8H), 7.16-7.13 (m, 1H). 
13C NMR (CDCl3, 75 MHz): δ 165.2, 155.5, 149.6, 148.3, 136.2, 133.5, 133.3, 130.9, 
130.2, 129.7, 129.5, 128.5, 126.4, 123.7, 123.3, 122.2. 
 
5-Methyl-2-(pyridin-2-yl)phenyl benzoate (3ca) 

N

O

O

 
1H NMR (CDCl3, 300 MHz): δ 8.58-8.57 (m, 1H), 8.11-8.08 (m, 2H), 7.70-7.43 (m, 
6H), 7.20-7.11 (m, 3H), 2.44 (s, 3H). 
13C NMR (CDCl3, 75 MHz): δ 165.3, 155.5, 149.5, 148.1, 140.2, 136.1, 133.4, 130.6, 
130.3, 130.1, 129.5, 128.5, 127.3, 123.7, 123.5, 121.9, 21.2. 
IR (prism, cm-1): ν 3016, 1737, 1587, 1509, 1259, 1131, 1062, 755. 
HRMS (EI) Calcd. for C19H15NNaO2 (M+Na)+ 312.1000, found 312.0995. 
 
2,4-Dimethyl-6-(pyridin-2-yl)phenyl benzoate (3da) 

N

O

O  
1H NMR (CDCl3, 300 MHz): δ 8.56-8.55 (m, 1H), 8.11-8.08 (m, 2H), 7.59-7.11 (m, 
8H), 2.40 (s, 3H), 2.23 (s, 3H). 
13C NMR (CDCl3, 75 MHz): δ 164.8, 156.1, 149.4, 144.7, 136.0, 135.8, 133.3, 132.2, 
131.0, 130.1, 129.4, 128.9, 128.4, 128.2, 123.5, 121.9, 20.9, 16.5. 
                                                           
 
2. Dick, A. R.; Kampf, J. W.; Sanford, M. S. J. Am. Chem Soc. 2005, 127, 12790. 

S6



 

 

IR (prism, cm-1): ν 3061, 2923, 1737, 1586, 1456, 1264, 1194, 1118, 1060, 708. 
HRMS (EI) Calcd. for C20H17NNaO2 (M+Na)+ 326.1157, found 326.1151. 
 
4-Methyl-2-(pyridin-2-yl)phenyl benzoate and 2-Methyl-6-(pyridin-2-yl)phenyl 
benzoate (3ea) 

O

N

O

O

N

O  
1H NMR (CDCl3, 300 MHz) See the Copies. 
 
5-Methoxy-2-(pyridin-2-yl)phenyl benzoate (3fa) 

N

O

O

OMe  
1H NMR (CDCl3, 300 MHz): δ 8.57-8.56 (m, 1H), 8.11-8.09 (m, 2H), 7.75 (d, J = 8.7 
Hz, 1H), 7.74-7.44 (m, 5H), 7.13-7.12 (m, 1H), 6.98-6.94 (m, 1H), 6.84 (d, J = 2.5 Hz, 
1H), 3.86 (s, 3H). 
13C NMR (CDCl3, 75 MHz): δ 165.0, 160.8, 155.1, 149.2, 149.2, 136.5, 133.5, 131.6, 
130.2, 129.3, 128.5, 125.3, 123.5, 121.7, 112.6, 108.7, 55.6. 
IR (prism, cm-1): ν 3014, 2929, 1738, 1616, 1464, 1260, 1155, 1124, 757. 
HRMS (EI) Calcd. for C19H15NNaO3 (M+Na)+ 328.0950, found 328.0944. 
 
3-Methoxy-2-(pyridin-2-yl)phenyl benzoate (3ga) 

N

O

O

MeO

 
1H NMR (CDCl3, 300 MHz): δ 8.59-8.58 (m, 1H), 7.90-7.87 (m, 2H), 7.65-7.34 (m, 
6H), 7.16-7.12 (m, 1H), 6.97-6.93 (m, 2H), 3.79 (s, 3H). 
13C NMR (CDCl3, 75 MHz): δ 165.0, 157.9, 153.1, 149.5, 149.2, 135.8, 133.3, 130.0, 
129.6, 129.3, 128.3, 125.8, 123.4, 122.0, 115.3, 108.8, 56.1. 
IR (prism, cm-1): ν 3007, 2929, 1738, 1608, 1584, 1464, 1264, 1223, 1094, 751, 707. 
HRMS (EI) Calcd. for C19H15NNaO3 (M+Na)+ 328.0950, found 328.0944. 
 
5-Fluoro-2-(pyridin-2-yl)phenyl benzoate (3ha) 
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N

O

O

F  
1H NMR (CDCl3, 300 MHz): δ 8.59-8.57 (m, 1H), 8.08-8.06 (m, 2H), 7.80-7.43 (m, 
6H), 7.16-7.07 (m, 3H). 
13C NMR (CDCl3, 75 MHz): δ 164.7, 162.8 (d, JC-F = 248.3 Hz), 154.7, 149.6, 148.9, 
136.2, 133.7, 132.0 (d, JC-F = 9.3 Hz), 130.2, 129.5, 129.0, 128.6, 123.6, 122.2, 113.6 
(d, JC-F = 21.1 Hz), 111.1 (d, JC-F = 24.5 Hz). 
IR (prism, cm-1): ν 3065, 2925, 1742, 1601, 1464, 1257, 1177, 1145, 1057, 706. 
HRMS (EI) Calcd. for C18H12FNNaO2 (M+Na)+ 316.0750, found 316.0744. 
 
5-Chloro-2-(pyridin-2-yl)phenyl benzoate (3ia) 

N

O

O

Cl  
1H NMR (CDCl3, 300 MHz): δ 8.59-8.58 (m, 1H), 8.08-8.05 (m, 2H), 7.75 (d, J = 8.3 
Hz, 1H), 7.63-7.34 (m, 7H), 7.20-7.14 (m, 1H). 
13C NMR (CDCl3, 75 MHz): δ 164.8, 154.5, 149.7, 148.6, 136.3, 134.9, 133.7, 131.9, 
131.8, 130.2, 128.9, 128.6, 126.7, 123.8, 123.6, 122.4. 
IR (prism, cm-1): ν 3064, 2922, 1742, 1598, 1460, 1254, 1197, 1057, 706. 
HRMS (EI) Calcd. for C18H12ClNNaO2 (M+Na)+ 332.0454, found 332.0449. 
 
Methyl 3-(benzoyloxy)-4-(pyridin-2-yl)benzoate (3ja) 

N

O

O

COOMe  
1H NMR (CDCl3, 300 MHz): δ 8.63-8.61 (m, 1H), 8.10-8.06 (m, 3H), 7.99-7.98 (m, 
1H), 7.89-7.87 (d, J = 8.1 Hz, 1H), 7.65-7.61 (m, 3H), 7.49-7.44 (m, 2H), 7.25-7.21 
(m, 1H), 3.94 (s, 3H). 
13C NMR (CDCl3, 75 MHz): δ 165.9, 164.9, 154.3, 149.6, 148.2, 137.2, 136.6, 133.7, 
131.6, 131.1, 130.2, 129.0, 128.6, 127.4, 124.8, 123.9, 122.8, 52.4. 
IR (prism, cm-1): ν 3020, 1726, 1585, 1436, 1293, 1243, 758. 
HRMS (EI) Calcd. for C20H15NNaO4 (M+Na)+ 356.0899, found 356.0893. 
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