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General Methods: All reactions were carried out in open atmosphere. All the reagents 

including N-heterocyclic carbene precursors used were purchased from commercial 

sources and used as such. 
1
H and 

13
C NMR spectra were recorded in CDCl

3 
using 400 

MHz Bruker FT-NMR spectrometer. Chemical shifts values are reported in parts per 

million relative to TMS. High Resolution Mass spectra (HRMS) were recorded on a 

Bruker maXis spectrometer. The IR spectra were recorded on a Perkin – Elmer FT IR 

spectrometer. Thin layer chromatography was performed on Merck Silica gel 60 F254 

TLC plates using Hexane/EtOAc mixture as an eluent. Column chromatography was 

carried out through silica gel (100-200 mesh). 

 

 

 

Reaction Scheme: 

 

 

 

General procedure for NHC catalysed aerobic oxidation of aryl aldehydes with aryl 

boronic acids: Aromatic aldehyde (0.65 mmol) was added to a suspension of boronic 

acid (0.5 mmol), NHC 4 (0.05 mmol) and cesium carbonate (0.75 mmol) in Toluene 

(5 mL) at room temperature. Stirring was continued at room temperature or at 60 ºC 

(in some cases) under open atmosphere (in the presence of air) until the reaction was 

complete. The reaction mass was then filtered through a pad of celite®, washed with 

EtOAc (10 mL) and dried over anhydrous Na2SO4. The solvent was evaporated under 

reduced pressure and the residue was purified through silical gel column using 

EtOAc/Hexane mixture as an eluent. 
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Phenyl-4-chloro benzoate (7):1  

Cl

O

O

 

99% Yield. White solid; mp 104 - 106 ºC; FT IR 1732 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 8.16 (d, J = 8.6 Hz, 2H), 7.50 (d, J = 8.6 Hz, 2H), 7.47 – 7.43 (m, 2H), 7.32 

– 7.28 (m, 1H), 7.24 – 7.21 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 164.4, 150.8, 

140.1, 131.6, 129.6, 128.9, 128.1, 126.1, 121.6.  

 

2-Methyl phenyl-4-chloro benzoate (8a):  

Cl

O

O

 

85% Yield. Semi-solid; FT IR 1745 cm-1; 1H NMR (400 MHz, CDCl3) δ 8.15 (d, J = 

8.6 Hz, 2H), 7.40 (d, J = 8.6 Hz, 2H), 7.29 – 7.24 (m, 2H), 7.21 – 7.17 (m, 1H), 7.13 

(d, J = 8.0 Hz, 1H), 2.23 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 164.0, 149.4, 140.2, 

131.6, 131.3, 130.2, 129.0, 128.0, 127.1, 126.3, 121.9, 16.3; HRMS (ESI) calcd for 

C14H11ClO2Na 269.0448, found 269.0345. 

 

4-Methoxy phenyl-4-chloro benzoate (8b):2  

Cl

O

O
OMe

 

84% Yield. White solid; mp 103 - 105 ºC; FT IR 1734 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 8.14 (d, J = 8.6 Hz, 2H), 7.49 (d, J = 8.6 Hz, 2H), 7.13 (d, J = 9.0 Hz, 2H), 

6.95 (d, J = 9.0 Hz, 2H), 3.84 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 164.7, 157.4, 

144.2, 140.1, 131.5, 128.9, 128.1, 122.4, 114.6, 55.6. 

 

2-Naphthyl-4-chloro benzoate (8c):3  

Cl

O

O

 

84% Yield. White solid; mp 122 - 124 ºC; FT IR 1736 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 8.20 (d, J = 8.7 Hz, 2H), 7.92 (d, J = 8.9 Hz, 1H), 7.90 – 7.84 (m, 2H), 7.70 

(d, J = 2.2 Hz, 1H), 7.55 – 7.48 (m, 4H), 7.36 (dd, J = 8.8, 2.2 Hz, 1H); 13C NMR 
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(100 MHz, CDCl3) δ 164.6, 148.4, 140.2, 133.8, 131.6, 131.5, 129.6, 129.0, 128.0, 

127.8, 127.7, 126.7, 125.9, 121.1, 118.7. 

 

6-Methoxy naphthyl-4-chloro benzoate (8d): 

Cl

O

O
OMe

 

92% Yield. White solid; mp 153 - 155 ºC; FT IR 1732 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 8.19 (d, J = 8.9 Hz, 2H), 7.80 (d, J = 8.9 Hz, 1H), 7.73 (d, J = 8.6 Hz, 1H), 

7.62 (d, J = 2.4 Hz, 1H), 7.52 (d, J = 8.7 Hz, 2H), 7.31 (dd, J = 8.8, 2.4 Hz, 1H), 7.21 

(d, J = 2.5 Hz, 1H), 7.18 (s, 1H), 3.94 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 164.7, 

157.7, 146.8, 140.2, 132.8, 131.6, 129.1, 129.0, 128.9, 128.2, 128.1, 121.4, 119.6, 

118.6, 105.8, 55.4; HRMS (ESI) calcd for C18H13ClO3Na 335.0553, found 335.0445. 

 

Benzo[d][1,3]dioxol-6-yl 4-chlorobenzoate (8e):  

Cl

O

O

O

O

 

98% Yield. White solid; mp 92 – 94 ºC; FT IR 1729 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 8.13 (d, J = 8.7 Hz, 2H), 7.49 (d, J = 8.7 Hz, 2H), 6.83 (d, J = 8.4 Hz, 1H), 

6.73 (d, J = 2.3 Hz, 1H), 6.66 (dd, J = 8.4, 2.3 Hz, 1H), 6.02 (s, 2H); 13C NMR (100 

MHz, CDCl3) δ 164.6, 148.1, 145.6, 145.0, 140.2, 131.5, 128.9, 127.9, 114.0, 108.1, 

103.8, 101.8; HRMS (ESI) calcd for C14H9ClO4Na 299.0189, found 299.0082. 

 

4-Vinylphenyl-4-chlorobenzoate (8f):4  

Cl

O

O

 

99% Yield. White solid; mp 104 - 106 ºC; FT IR 1732 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 8.15 (d, J = 8.7 Hz, 2H), 7.52 – 7.46 (m, 4H), 7.18 (d, J = 8.6 Hz, 2H), 6.74 

(dd, J = 17.6, 10.9 Hz, 1H), 5.74 (dd, J = 7.6, 0.7 Hz, 1H), 5.28 (dd, J = 10.9, 0.7 Hz, 

1H) ; 13C NMR (100 MHz, CDCl3) δ 164.3, 150.3, 140.2, 135.9, 135.6, 131.6, 129.0, 

127.9, 127.3, 121.7, 114.2. 
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4-tert-Butylphenyl-4-chlorobenzoate (8g):  

Cl

O

O

 

86% Yield. White solid; mp 117 – 118 ºC; FT IR 1747 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 8.15 (d, J = 8.7 Hz, 2H), 7.50 (d, J = 8.7 Hz, 2H), 7.45 (d, J = 8.8 Hz, 2H), 

7.14 (d, J = 8.8 Hz, 2H), 1.35 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 164.5, 148.9, 

148.4, 140.0, 131.5, 128.9, 128.2, 126.5, 120.9, 34.5, 31.4; HRMS (ESI) calcd for 

C17H17ClO2Na 311.0917, found 311.0809. 

 

(4-Phenyl) phenyl-4-chlorobenzoate (8h):5  

Cl

O

O
Ph

 

90% Yield. White solid; mp 169 - 171 ºC;  FT IR 1732 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 8.18 (d, J = 8.7 Hz, 2H), 7.65 (d, J = 8.7 Hz, 2H), 7.62 – 7.60 (m, 2H), 7.52 

(d, J = 8.7 Hz, 2H), 7.49 – 7.45 (m, 2H), 7.40 – 7.36 (m, 1H), 7.30 (d, J = 8.7 Hz, 2H); 
13C NMR (100 MHz, CDCl3) δ 164.4, 150.2, 140.3, 140.2, 139.2, 131.6, 129.0, 128.9, 

128.3, 128.0, 127.4, 127.2, 121.9. 

 

3-(Dimethylamino) phenyl-4-chlorobenzoate (8i):  

Cl

O

O

N

 

80% Yield. White solid; mp 142 – 144 ºC; FT IR 1731 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 8.15 (d, J = 8.7 Hz, 2H), 7.45 (d, J = 8.7 Hz, 2H), 7.28 (t, J = 8.2 Hz, 1H), 

6.64 (dd, J = 8.4, 1.9 Hz, 1H), 6.57 – 6.53 (m, 2H), 2.98 (s, 6H); 13C NMR (100 MHz, 

CDCl3) δ 164.5, 151.9, 151.7, 139.9, 131.5, 129.8, 128.9, 128.3, 110.2, 109.3, 105.5, 

40.5; HRMS (ESI) calcd for C15H14ClNO2Na 298.0713, found 298.0605. 
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2,5-dimethylphenyl-4-chlorobenzoate (8j):  

Cl

O

O

 

78% Yield. Semi-solid; FT IR 1746 cm-1; 1H NMR (400 MHz, CDCl3) δ 8.18 (d, J = 

8.6 Hz, 2H), 7.51 (d, J = 8.6 Hz, 2H), 7.18 (d, J = 7.7 Hz, 1H), 7.02 (d, J = 7.7 Hz, 

1H), 6.98 (s, 1H), 2.37 (s, 3H), 2.20 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 164.1, 

149.2, 140.1, 137.0, 131.5, 130.9, 129.0, 128.0, 127.0, 126.9, 122.4, 20.9, 15.8; 

HRMS (ESI) calcd for C15H13ClO2Na 283.0604, found 283.0496. 

 

4-Cyano phenyl-4-chlorobenzoate (8k):2  

Cl

O

O
CN

 

70% Yield. White solid; mp 110 - 112 ºC;  FT IR 2360, 1738 cm-1; 1H NMR (400 

MHz, CDCl3) δ 8.13 (d, J = 8.8 Hz, 2H), 7.76 (d, J = 8.8 Hz, 2H), 7.52 (d, J = 8.8 Hz, 

2H), 7.37 (d, J = 8.8 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 163.5, 154.0, 140.8, 

133.8, 131.7, 129.2, 127.1, 122.9, 118.2, 110.1. 

 

3-Nitro phenyl-4-chlorobenzoate (8l):6  

Cl

O

O

NO2

 

68% Yield. White solid; mp 134 - 136 ºC;  FT IR 1745, 1523, 1358 cm-1; 1H NMR 

(400 MHz, CDCl3) δ 8.20 – 8.14 (m, 2H), 8.15 (d, J = 8.6 Hz, 2H), 7.66 – 7.58 (m, 

2H), 7.53 (d, J = 8.7 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 163.7, 151.0, 148.9, 

140.9, 131.7, 130.2, 129.2, 128.2, 127.0, 121.0, 117.5. 

 

4-Fluoro phenyl-4-chlorobenzoate (8m):7  

Cl

O

O
F

 

88% Yield. White solid; mp 96 - 98 ºC; FT IR 1734 cm-1; 1H NMR (400 MHz, CDCl3) 

δ 8.14 (d, J = 8.7 Hz, 2H), 7.50 (d, J = 8.7 Hz, 2H), 7.21 – 7.09 (m, 4H); 13C NMR 
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(100 MHz, CDCl3) δ 164.4, 161.6, 146.6, 140.3, 131.6, 129.0, 127.7, 123.1, 123.0, 

116.3, 116.1. 

 

4-Chloro phenyl-4-chlorobenzoate (8n):8  

Cl

O

O
Cl

 

95% Yield. White solid; mp 96 - 98 ºC;  FT IR 1744 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 8.13 (d, J = 8.3 Hz, 2H), 7.50 (d, J = 8.3 Hz, 2H), 7.40 (d, J = 8.6 Hz, 2H), 

7.17 (d, J = 8.6 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 164.1, 149.2, 140.4, 131.6, 

131.5, 129.6, 129.0, 127.6, 123.0. 

 

Phenyl benzoate (9a):1  

O

O

 

86% Yield. White solid; mp 68 - 70 ºC;  FT IR 1731 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 8.25 – 8.22 (m, 2H), 7.68 – 7.64 (m, 1H), 7.56 – 7.52 (m, 2H), 7.48 – 7.43 

(m, 2H), 7.32 – 7.28 (m, 1H), 7.25 – 7.22 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 

165.2, 151.0, 133.6, 130.2, 129.6, 129.5, 128.6, 125.9, 121.7. 

 

Phenyl-(4-phenyl) benzoate (9b):9  

O

O

Ph  

97% Yield. White solid; mp 160 - 162 ºC;  FT IR 1730 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 8.26 (d, J = 8.5 Hz, 2H), 7.72 (d, J = 8.5 Hz, 2H), 7.66 – 7.63 (m, 2H), 7.50 

– 7.38 (m, 5H), 7.29 – 7.21 (m, 3H); 13C NMR (100 MHz, CDCl3) δ 165.1, 151.0, 

146.4, 139.9, 130.7, 129.5, 129.0, 128.4, 128.3, 127.4, 127.3, 125.9, 121.8. 

 

Phenyl-(4-bromo) benzoate (9c):1  

O

O

Br  
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99% Yield.  White solid; mp 120 - 122 ºC; FT IR 1731 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 8.08 (d, J = 8.6 Hz, 2H), 7.67 (d, J = 8.6 Hz, 2H), 7.48 – 7.42 (m, 2H), 7.32 

– 7.28 (m, 1H), 7.23 – 7.20 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 164.5, 150.8, 

131.9, 131.7, 129.6, 128.9, 128.5, 126.1, 121.6. 

 

Phenyl-(4-nitro) benzoate (9d):10  

O

O

O2N  

95% Yield. White solid; mp 129 - 131 ºC; FT IR 1741, 1520, 1347 cm-1; 1H NMR 

(400 MHz, CDCl3) δ 8.41 – 8.36 (m, 4H), 7.50 – 7.45 (m, 2H), 7.35 – 7.31 (m, 1H), 

7.26 – 7.23 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 163.3, 150.9, 150.5, 135.0, 131.3, 

129.7, 126.4, 123.7, 121.4. 

  

Phenyl-(3-fluoro) benzoate (9e):11  

O

O
F

 

90% Yield. White solid; mp 53 - 55 ºC; FT IR 1734 cm-1; 1H NMR (400 MHz, CDCl3) 

δ 8.03 – 8.01 (m, 1H), 7.91 – 7.88 (m, 1H), 7.54 – 7.43 (m, 3H), 7.38 – 7.28 (m, 2H), 

7.24 – 7.21 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 163.9, 150.8, 130.3, 130.2, 129.6, 

126.1, 125.9, 121.6, 120.8, 120.6, 117.2, 116.9. 

 

Phenyl-(4-methylester) terephalate (9f):1  

O

O

MeO

O  

96% Yield. White solid; mp 110 - 112 ºC; FT IR 1734, 1719 cm-1; 1H NMR (400 

MHz, CDCl3) δ 8.28 (d, J = 8.6 Hz, 2H), 8.18 (d, J = 8.6 Hz, 2H), 7.48 – 7.43 (m, 

2H), 7.33 – 7.22 (m, 3H), 3.98 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.2, 164.4, 

150.8, 134.5, 133.4,  130.2, 129.7, 129.6, 126.2, 121.6, 52.55. 

 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011



 S9  

Phenyl thiophene-2-carboxylate (9g):12  

O

O

S  

82% Yield. Semi-solid; FT IR 1741 cm-1; 1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 

3.8, 1.2 Hz, 1H), 7.68 (d, J = 5.0 Hz, 1.3 Hz, 1H), 7.46 – 7.41 (m, 2H), 7.31 – 7.22 (m, 

2H), 7.19 (dd, J = 5.0, 3.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 160.6, 150.6, 

134.7, 133.5, 132.9, 129.5, 128.1, 126.0, 121.7. 

 

Phenyl furan-2-carboxylate (9h):10  

O

O

O  

60% Yield. White solid; mp 54 - 56 ºC; FT IR 1738 cm-1; 1H NMR (400 MHz, CDCl3) 

δ 7.69 (dd, J = 1.7, 0.9 Hz, 1H), 7.46 – 7.41 (m, 2H), 7.40 (dd, J = 3.5, 0.9 Hz, 1H), 

7.30 – 7.26 (m, 1H), 7.24 – 7.21 (m, 2H), 6.61 (dd, J = 3.5, 1.7 Hz, 1H); 13C NMR 

(100 MHz, CDCl3) δ 156.9, 150.2, 147.1, 144.0, 129.5, 126.1, 121.6, 119.4, 120.2. 

 

Phenyl-(4-cyano) benzoate (9i):1  

O

O

NC  

93% Yield. White solid; mp 89 - 91 ºC; FT IR 2233, 1741 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 8.32 (d, J = 8.2 Hz, 2H), 7.83 (d, J = 8.2 Hz, 2H), 7.48 – 7.45 (m, 2H), 7.34 

– 7.30 (m, 1H), 7.23 (d, J = 8.0 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 163.6, 150.5, 

133.4, 132.4, 130.7, 129.7, 126.4, 121.5, 117.9, 117.0. 

 

Phenyl-(4-ethyl) benzoate (9j):13  

O

O

 

80% Yield. Semi-solid; FT IR 1723 cm-1; 1H NMR (400 MHz, CDCl3) δ 8.13 (d, J = 

8.3 Hz, 2H), 7.46 – 7.41 (m, 2H), 7.34 (d, J = 8.4 Hz, 2H), 7.32 – 7.20 (m, 3H), 2.76 

(q, J = 7.6 Hz, 2H), 1.29 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 165.3, 

151.0, 150.6, 130.4, 129.5, 128.1, 127.0, 125.8, 121.8, 29.1, 15.3. 
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Phenyl-(4-methoxy) benzoate (9k):10  

O

O

O
 

40% Yield. White solid; mp 74 - 76 ºC; FT IR 1727 cm-1; 1H NMR (400 MHz, CDCl3) 

δ 8.19 (d, J = 8.6 Hz, 2H), 7.47 – 7.43 (m, 2H), 7.31 – 7.27 (m, 1H), 7.23 (d, J = 8.1 

Hz, 2H), 7.01 (d, J = 8.6 Hz, 2H), 3.92 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 164.9, 

163.9, 151.1, 132.3, 129.5, 125.7, 121.9, 121.8, 113.9, 55.5. 

Phenyl benzo[d][1,3]dioxole-5-carboxylate (9l):1  

O

O

O

O  

75% Yield. White solid; mp 73 - 75 ºC; FT IR 1724 cm-1; 1H NMR (400 MHz, CDCl3) 

δ 7.84 (dd, J = 8.2, 1.7 Hz, 1H), 7.63 (d, J = 1.7 Hz, 1H), 7.46 – 7.41 (m, 2H), 7.30 – 

7.26 (m, 1H), 7.22 – 7.20 (m, 2H), 6.91 (d, J = 8.2 Hz, 1H), 6.08 (s, 2H); 13C NMR 

(100 MHz, CDCl3) δ 164.6, 152.2, 151.0, 147.9, 129.5, 126.2, 125.8, 123.5, 121.8, 

109.9, 108.2, 101.9. 

 

Phenyl-(ferrocene)-1-carboxylate (9m):14  

Fe

O

O
 

33% Yield. White solid; mp 117 - 119 ºC; FT IR 1723 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 7.48 – 7.44 (m, 2H), 7.31 – 7.27 (m, 1H), 7.22 (d, J = 8.0 Hz, 2H), 5.00 (s, 

2H), 4.53 (s, 2H), 4.34 (s, 5H); 13C NMR (100 MHz, CDCl3) δ 170.3, 150.9, 129.5, 

125.6, 121.8, 71.9, 70.7, 70.1, 69.9. 

 

(E)-Phenyl cinnamate (9n):10  

O

O

 

25% Yield. White solid; mp 76 - 77 ºC; FT IR  1710 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 7.88 (d, J = 16.0 Hz, 1H), 7.63 – 7.59 (m, 2H), 7.46 – 7.39 (m, 5H), 7.29 – 

7.22 (m, 1H), 7.20 – 7.17 (m, 2H), 6.65 (d, J = 16.0 Hz, 1H); 13C NMR (100 MHz, 

CDCl3) δ 165.4, 150.6, 146.6, 134.2, 130.7, 129.5, 129.0, 128.3, 125.8, 121.6, 117.3. 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2011



 S11  

Isotopic labelling experiment: A solution of p-chlorobenzaldehyde (60.0 mg, 0.43 

mmol) and phenyl boronic acid (40.0 mg, 0.33 mmol) in toluene (2 mL) was added to 

a suspension of NHC 4 (14.0 mg, 0.033 mmol) and cesium carbonate (160.0 mg, 0.49 

mmol) in Toluene (2 mL) at room temperature. The reaction mixture was stirred 

under 18O2 atmosphere at room temperature for 5 h. The reaction mass was then 

filtered through a pad of celite®, washed with EtOAc (10 mL) and dried over 

anhydrous Na2SO4. The solvent was evaporated under reduced pressure and the 

residue was purified through silical gel column using EtOAc/Hexane mixture to give 

10 as a white solid.  

Cl

O

O
18

 

Yield 92%; White solid; mp 104 - 106 ºC; FT IR 1730 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 8.15 (d, J = 8.7 Hz, 2H), 7.50 (d, J = 8.7 Hz, 2H), 7.47 – 7.42 (m, 2H), 7.32 

– 7.27 (m, 1H), 7.24 – 7.20 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 164.4, 150.8, 

140.1, 131.6, 129.6, 128.9, 128.0, 126.1, 121.6; HRMS (ES) calcd for C13H9ClO2 

235.0412 [M+H], found 235.0419; EI MS: m/z 234.91 (M + H)+, 141.00, 139.03 (base 

peak). 
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