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General: 

Solvents (CH2Cl2, CHCl3, ClCH2CH2Cl, MeOPh and MeCN) are anhydrous. TBPA+. was 

purchased from  commercial source and used without further purification. Flash chromatography 

was carried out with silica gel (200-300 mesh). Analytical TLC was performed with silica gel 

GF254 plates, and the products were visualized by UV detection. 1H NMR and 13C NMR (400 

MHz, 600 MHz and 100 MHz, 150 MHz respectively) spectra were recorded in CDCl3. Chemical 

shifts () are reported in ppm using TMS as internal standard and spin-spin coupling constants (J) 

are given in Hz. EI-MS spectra were measured by direct inlet at 70eV.  

Synthesis of Starting Materials 

 
A solution of N-methylaniline (10 mmol), paraformaldehyde (10mmol) and TMSCl (30 mmol) in 

10 mL CHCl3 was refluxed for 6 hours. After completion monitored by TLC, the solvent was 

removed under reduced pressure, and then P(OMe)3 (5 mmol), triethylamine (5 mmol) and toluene 

(5 mL) was added. After the reaction solution was refluxed for additional 6 hours, the product was 

separated by silica gel column chromatography eluted with petroleum ether/acetone (v/v 5:1) to 

afford the pure compound. 

General Experimental Procedure 

 
A solution of 1 (1mmol) in CHCl3 (5ml) was mixed fully and flushed with O2, then TBPA+. (5 

mol %) was added dropwise under oxygen atmosphere. The reaction solution was stirred under 

60oC. After completion monitored by TLC (by UV visualization), the reaction was quenched by 

addition of saturated Na2CO3 in MeOH (10 ml) solution. The mixture was poured into a separator 

funnel with the addition of excess CHCl3 (10 ml), and then the crude organic solution was 

extracted three times with water to remove inorganic salts. The organic phase was then dried over 

anhydrous magnesium sulfate, filtered, and the solvent was removed under reduced pressure. The 

products were separated by silica gel column chromatography eluted with petroleum ether/acetone 

(v/v 10:1) to afford the products. 

Analytical data for compounds 

N-Methyl-N-(p-tolyl)formamide (2a) 

1H NMR (600 MHz, CDCl3) δ 8.40 (s, 1H), 7.19 (d, J = 7.6 Hz, 1H), 7.04 (d, J = 8.0 Hz, 1H), 

3.28 (s, 2H), 2.35 (s, 2H); 13C NMR (151 MHz, CDCl3) δ 162.3, 139.7, 136.4, 130.1, 122.5, 32.2, 

20.8; EI-MSm/z (relative intensity, %): 149 (91.0%), 120 (100%), 108 (43.0%), 91 (26.8%). 

N-(4-Methoxyphenyl)-N-methylformamide (2b) 
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1H NMR (600 MHz, CDCl3) δ 8.32 (s, 1H), 7.08 (d, J = 8.7 Hz, 2H), 6.91 (d, J = 8.7 Hz, 2H), 3.80 (s, 

3H), 3.25 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 162.4, 158.3, 135.2, 124.6, 114.7, 55.5, 

32.7;EI-MSm/z (relative intensity, %): 165 (100%), 136 (15.4%), 124 (55.6%), 108 (12.0%), 94 

(25.5%). 

N-(4-ethoxyphenyl)-N-methylformamide (2c) 
1H NMR (600 MHz, CDCl3) δ 8.33 (s, 1H), 7.07 (d, J = 8.8 Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 4.03 (q, 

J = 7.0 Hz, 2H), 3.26 (s, 3H), 1.41 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 162.4, 157.6, 

135.0, 124.6, 115.2, 63.8, 32.6, 14.7;EI-MSm/z (relative intensity, %): 179 (100%), 150 (13.0%), 138 

(21.4%), 122 (84.6%), 110 (52.9%), 94 (28.9%). 

N-Methyl-N-phenylformamide (2d) 
1H NMR (600 MHz, CDCl3) δ 8.47 (s, 1H), 7.41 (t, J = 7.2 Hz, 2H), 7.27 (t, J = 7.2 Hz, 1H), 7.17 (d, J 

= 7.5 Hz, 2H), 3.32 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 162.3, 142.2, 129.6, 126.4, 122.4, 32.0; 

EI-MSm/z (relative intensity, %): 135 (91.4%), 120 (12.3%), 106 (100%), 94 (34.9%), 77 (44.3%), 44 

(61.8%). 

N-(4-Fluorophenyl)-N-methylformamide (2e) 
1H NMR (600 MHz, CDCl3) δ 8.38 (s, 1H), 7.18 – 7.06 (m, 4H), 3.29 (s, 3H); 13C NMR (151 MHz, 

CDCl3) δ 162.2, 161.0 (d, JCF= 246.7 Hz), 138.3 (d, JCF = 3.0 Hz), 124.6 (d, JCF = 8.4 Hz), 116.5 (d, 

JCF= 22.8 Hz), 32.5; EI-MSm/z (relative intensity, %): 153 (66.5%), 124 (100%), 112 (34.6%), 97 

(36.3%), 83 (31.1%). 

N-(4-Chlorophenyl)-N-methylformamide (2f) 
1H NMR (600 MHz, CDCl3) δ 8.44 (s, 1H), 7.37 (d, J = 8.5 Hz, 2H), 7.10 (d, J = 8.4 Hz, 2H), 3.29 (s, 

3H); 13C NMR (151 MHz, CDCl3) δ 162.0, 140.7, 132.0, 129.7, 129.1 (minor rotamor), 124.6 (minor 

rotamor), 123.5, 32.0, 30.9 (minor rotamor); EI-MSm/z (relative intensity, %): 171 (23.3%), 169 

(77.5%), 142 (30.9%), 140 (100%), 130 (17.9%), 128 (59.4%). 

N-(4-Bromophenyl)-N-methylformamide (2g) 
1H NMR (600 MHz, CDCl3) δ 8.45 (s, 1H), 7.52 (d, J = 8.7 Hz, 2H), 7.05 (d, J = 8.7 Hz, 2H), 3.29 (s, 

3H); 13C NMR (151 MHz, CDCl3) δ 161.9, 141.2, 132.7, 132.0 (minor rotamor), 124.8 (minor rotamor), 

123.8, 119.7, 32.0;EI-MSm/z (relative intensity, %): 215 (84.2%), 213 (86.2%), 186 (89.0%), 184 

(100%), 174 (65.9%), 172 (72.1%), 105 (42.0). 

N-(2,4-Dimethylphenyl)-N-methylformamide (2h) 
1H NMR (600 MHz, CDCl3) δ 8.09 (s, 1H), 7.09 (s, 1H), 7.04 (d, J = 7.9 Hz, 1H), 6.98 (d, J = 7.9 Hz, 

1H), 3.16 (s, 3H), 2.33 (s, 3H), 2.21 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 163.1, 138.3, 138.1, 135.1, 

132.0, 127.7, 127.6, 33.06, 20.91, 17.53; EI-MSm/z (relative intensity, %): 163 (100%), 146 (66.2%), 

134 (46.6%), 122 (31.6%), 120 (46.9%), 107 (18.4%), 91 (24.9%), 44 (39.3%). 

N-Methyl-N-(m-tolyl)formamide (2i) 
1H NMR (600 MHz, CDCl3) δ 8.45 (s, 1H), 7.28 (t, J = 7.6 Hz, 1H), 7.09 (d, J = 7.5 Hz, 1H), 6.97 (m, 

2H), 3.30 (s, 3H), 2.38 (s, 3H); 13C NMR (151 MHz, CDCl3, two rotamers) δ 162.3, 142.2, 139. 7, 

132.5, 130.1, 129.4, 127.2, 125.6, 123.1, 122.6, 119.5, 32.1, 29.7, 21.4; EI-MSm/z (relative 

intensity, %): 149 (100%), 120 (75.3%), 108 (35.8%), 91 (34.9%), 80 (28.0%). 

N-(2-Fluoro-4-methylphenyl)-N-methylformamide (2k) 
1H NMR (600 MHz, CDCl3) δ 8.21 (s, 1H), 7.09 – 7.02 (m, 1H), 7.01 – 6.94 (m, 2H), 3.23 (s, 3H), 

2.36 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 162.9, 157.2 (d, JCF = 249.1 Hz), 139.8 (d, JCF = 7.5 Hz), 

127.1 (d, JCF = 1.4 Hz), 125.4 (d, JCF = 3.4 Hz), 117.4, 117.3, 32.8, 21.0; EI-MSm/z (relative 

intensity, %): 167 (55.1%), 138 (100%), 126 (13.6%), 109 (11.6%), 91 (18.3%). 
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N-Ethyl-N-(p-tolyl)formamide (2l) 
1H NMR (600 MHz, CDCl3) δ 8.30 (s, 1H), 7.20 (d, J = 7.7 Hz, 2H), 7.05 (d, J = 8.0 Hz, 2H), 3.82 (q, 

J = 7.1 Hz, 2H), 2.36 (s, 3H), 1.14 (t, J = 7.2 Hz, 3H); 13C NMR (151 MHz, CDCl3, two rotamers) δ 

162.0, 138.2, 136.8, 132.5, 130.1, 129.9, 126.0, 125.6, 124.5, 40.1, 20.9, 13.0; EI-MSm/z (relative 

intensity, %): 163 (93.8%), 148 (9.6%), 135 (32.5%), 120 (100%), 91 (42.7%). 

N-Ethyl-N-phenylformamide (2m) 
1H NMR (600 MHz, CDCl3) δ 8.36 (s, 1H), 7.41 (t, J = 7.3 Hz, 2H), 7.30 (t, J = 7.3 Hz, 1H), 7.17 (d, J 

= 7.6 Hz, 2H), 3.86 (q, J = 6.9 Hz, 2H), 1.16 (t, J = 7.1 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 162.0, 

140.8, 129.6, 126.8, 124.3, 40.1, 13.0; EI-MSm/z (relative intensity, %): 149 (100%), 121 (64.4%), 106 

(99.9%), 97 (41.3%), 57 (68.7%). 

N-Propyl-N-(p-tolyl)formamide (2n) 
1H NMR (400 MHz, CDCl3) δ 8.33 (s, 1H), 7.21 (d, J = 8.0 Hz, 2H), 7.06 (d, J = 8.2 Hz, 2H), 3.79 – 

3.72 (m, 2H), 2.37 (s, 3H), 1.61 – 1.49 (m, 2H), 0.89 (t, J = 7.4 Hz, 3H); 13C NMR (151 MHz, CDCl3) 

δ 162.4, 138.4, 136.8, 130.1, 124.4, 46.6, 20.9, 20.8, 11.2; EI-MSm/z (relative intensity, %): 177 

(43.7%), 148 (21.3%), 135 (49.5%), 120 (100%), 91 (28.3%). 

N-Butyl-N-(p-tolyl)formamide (2o) 
1H NMR (600 MHz, CDCl3) δ 8.31 (s, 1H), 7.20 (d, J = 8.0 Hz, 2H), 7.04 (d, J = 8.2 Hz, 2H), 3.79 (t, J 

= 7.2 Hz, 2H), 2.36 (s, 3H), 1.55 – 1.39 (m, 2H), 1.35 – 1.24 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H); 13C 

NMR (151 MHz, CDCl3) δ 162.3, 138.5, 136.8, 130.1, 124.4, 44.8, 29.6, 20.9, 20.0, 13.7; EI-MSm/z 

(relative intensity, %): 191 (39.5%), 148 (17.1%), 135 (36.9%), 120 (100%), 91 (23.9%). 

N-Hexyl-N-(p-tolyl)formamide (2p) 
1H NMR (600 MHz, CDCl3) δ 8.31 (s, 1H), 7.20 (d, J = 8.1 Hz, 2H), 7.04 (d, J = 8.3 Hz, 2H), 3.79 – 

3.74 (t, J = 7.2 Hz, 2H), 2.36 (s, 3H), 1.54 – 1.46 (m, 2H), 1.31 – 1.19 (m, 6H), 0.84 (t, J = 6.8 Hz, 3H); 

13C NMR (151 MHz, CDCl3) δ 162.3, 138.5, 136.7, 130.1, 124.4, 45.0, 31.4, 27.5, 26.4, 22.5, 20.9, 

13.9; EI-MSm/z (relative intensity, %): 219 (38.4%), 148 (17.2%), 135 (47.0%), 120 (100%), 91 

(23.6%). 

N-Isobutyl-N-(p-tolyl)formamide (2r) 
1H NMR (600 MHz, CDCl3) δ 8.35 (s, 1H), 7.20 (d, J = 7.7 Hz, 2H), 7.06 (d, J = 8.0 Hz, 2H), 3.63 (d, 

J = 7.5 Hz, 2H), 2.35 (s, 3H), 1.81 (m, 1H), 0.87 (d, J = 6.6 Hz, 6H); 13C NMR (151 MHz, CDCl3) δ 

162.8, 138.6, 136.7, 130.2, 124.3, 51.7, 26.6, 20.9, 20.0; EI-MSm/z (relative intensity, %): 191 (20.2%), 

148 (29.6%), 135 (64.6%), 120 (100%), 91 (23.0%). 

N-(Cyclopropylmethyl)-N-(p-tolyl)formamide (2t) 
1H NMR (400 MHz, CDCl3) δ 8.31 (s, 1H), 7.21 (d, J = 8.3 Hz, 2H), 7.11 (d, J = 8.2 Hz, 2H), 3.65 (d, 

J = 7.1 Hz, 2H), 2.38 (s, 3H), 1.07 – 0.85 (m, 1H), 0.51 – 0.37 (m, 2H), 0.27 – 0.15 (m, 2H); 13C NMR 

(151 MHz, CDCl3) δ 162.4, 138.7, 137.0, 130.1, 125.1, 49.6, 20.9, 9.8, 3.8; EI-MSm/z (relative 

intensity, %): 189 (26.9%), 160 (21.8%), 120 (100%), 107 (84.0%), 91 (34.0%), 55 (32.9%). 

N-(cyclohexylmethyl)-N-(p-tolyl)formamide (2u) 
1H NMR (600 MHz, cdcl3) δ 8.35 (s, 1H), 7.20 (d, J = 8.1 Hz, 2H), 7.05 (d, J = 8.3 Hz, 2H), 3.65 (d, J 

= 7.4 Hz, 2H), 2.36 (s, 3H), 1.74 – 1.57 (m, 6H), 1.57 – 1.48 (m, 1H), 1.17 – 1.06 (m, 2H), 0.99 – 0.91 

(m, 2H); 13C NMR (151 MHz, CDCl3) δ 162.8, 138.9, 136.6, 130.1, 124.2, 50.7, 35.9, 30.7, 26.3, 25.7, 

20.9; EI-MSm/z (relative intensity, %): 231 (24.3%), 148 (15.8%), 135 (100%), 120 (88.2%), 107 

(14.4%), 91 (19.1%). 

N-Benzyl-N-(p-tolyl)formamide (2v) 
1H NMR (600 MHz, CDCl3) δ 8.49 (s, 1H), 7.29 – 7.25 (m, 2H), 7.22 (t, J = 7.4 Hz, 3H), 7.13 (d, J = 
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7.7 Hz, 2H), 6.97 (d, J = 7.9 Hz, 2H), 4.96 (s, 2H), 2.32 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 162.4, 

138.4, 136.9, 136.7, 130.1, 128.5, 127.9, 127.4, 124.3, 49.0, 20.9; EI-MS m/z (relative intensity, %): 

225 (91.3%), 196 (12.1%), 135 (4.0%), 120 (5.9%), 91 (100%). 

N-Phenethyl-N-(p-tolyl)formamide (2w) 
1H NMR (600 MHz, CDCl3) δ 8.32 (s, 1H), 7.27 (t, J = 7.4 Hz, 2H), 7.19 (m, 5H), 6.98 (d, J = 8.0 Hz, 

2H), 4.02 (t, J = 7.8 Hz, 2H), 2.86 (t, J = 7.7 Hz, 2H), 2.37 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 

162.3, 138.4, 138.3, 136.9, 130.2, 128.8, 128.5, 126.5, 124.4, 46.8, 33.8, 20.9; EI-MS m/z (relative 

intensity, %): 239 (7.6%), 148 (26.1%), 135 (100%), 120 (93.5%), 91 (33.1%). 

3,4-Dihydroquinoline-1(2H)-carbaldehyde (2x) 
1H NMR (600 MHz, CDCl3) δ 8.79 (s, 1H), 7.23 – 7.13 (m, 3H), 7.13 – 7.08 (m, 1H), 3.82 – 3.80 (t, J 

= 6.0 Hz,2H), 2.81 (t, J = 6.4 Hz, 2H), 1.99 – 1.93 (m, 2H); 13C NMR (151 MHz, CDCl3) δ 161.1, 

137.3, 129.6, 128.9, 127.1, 124.6, 117.0, 40.3, 27.1, 22.3; EI-MS m/z (relative intensity, %): 161 

(82.9%), 132 (100%), 117 (25.0%), 91 (8.4%), 77 (12.6%). 
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1H and 13C spectra 
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31P NMR Spectra: 

 

 


