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1. Materials and methods 

Aldehydes and amines were obtained commercially from various chemical companies.  Ammonia 

borane (No. B5082-5G) was purchased from TCI Chemicals. Unless otherwise stated, all reagents 

were used directly without purification. GC and GC-MS analysis were recorded on Agilent 6890N 

instrument. GC conversion and yields were determined by GC-FID, HP6890 chromatograph with 

FID detector, column HP 530 m x 250 mm x 0.25 μm. NMR spectra are recorded using Bruker 300 

Fourier, Bruker AV 300 and Bruker AV 400 spectrometers. Chemical shifts are reported in ppm 

relative to the deuterated solvent. Coupling constants are expressed in Hertz (Hz). The following 

abbreviations are used: s = singlet, bs = broad singlet d = doublet, t = triplet and m = multiple. The 

residual solvent signals were used as references for 1H and 13C NMR spectra (CDCl3: δH = 7.26 ppm, 

δC = 77.16 ppm).  

 

2. General procedure for the reductive amination of amines and aldehyde 

2.1. One-pot direct reductive amination reaction: 

The magnetic stirring bar, amine (0.5 mmol), aldehyde (0.6 mmol) and 2 mL trifluoroethanol were 

transferred to 10 mL glass tube, then, ammonia borane (0.75 mmol) was added to the tube. The 

reaction mixture was stirred at room temperature under open flask condition. Upon completion of the 

reaction, as revealed by TLC, the resulting mixture was concentrated in vacuo to obtain the crude 

product, which was purified by silica gel flash chromatography to obtain the desired amine. Following 

procedure is applied for determining the conversion and yield by GC. After completion of the reaction, 

mesitylene (60 mg) as the standard was added to the reaction tube and the reaction products were 

diluted with ethyl acetate followed by filtration using plug of silica. Then the filtrate containing 

products were analysed by GC or GC-MS. 

2.2. One-pot step wise reductive amination reaction  

The magnetic stirring bar, amine (0.5 mmol), aldehyde (0.6 mmol) and 2 mL trifluoroethanol were 

transferred to 10 mL glass tube. The reaction mixture was stirred for 12-16 h at room temperature 

under open flask condition, then ammonia borane (0.75 mmol) was added to the reaction tube and 

continued the reaction for another 8-12 h. Upon completion of the reaction, the resulting mixture was 

concentrated in vacuo to obtain the crude product, which was purified by silica gel flash 

chromatography to obtain the desired product. 
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2.3. Methylation of anilines  

The magnetic stirring bar, amine (0.5 mmol), 37 w% aqueous formaldehyde (2.0 mmol) and 2 mL 

trifluoroethanol were transferred to 10 mL glass tube, then ammonia borane (1 mmol) was added to 

the tube. The reaction mixture was stirred for about 24 h at room temperature under open flask 

condition. Upon completion of the reaction, the resulting mixture was concentrated in vacuo to obtain 

the crude product, which was purified by silica gel flash chromatography to obtain the desired product. 

2.4. Reductive amination of amines and aldehydes in gram-scale. 

(a) The protocol for 15, 60, 61, 63, 64: the magnetic stirring bar, amine (7.2 mmol), aldehyde (6 mmol) 

and 20 mL trifluoroethanol were transferred to 50 mL flask. The reaction mixture was stirred for 16 

h at room temperature under open flask condition, then ammonia borane (9.0 mmol) was added to the 

reaction mixture and continue to react for another 8 h. Upon completion of the reaction, the resulting 

mixture was concentrated in vacuo to obtain the crude product, which was purified by silica gel flash 

chromatography to obtain the desired product.  

(b) The methylation of anilines to produce 62 in gram-scale: the magnetic stirring bar, amine (6 mmol), 

37 w% aqueous formaldehyde (12 mmol) and 20 mL trifluoroethanol were transferred to 50 mL flask, 

then, ammonia borane (12 mmol) was added to the flask. The reaction mixture was stirred for about 

24 h at room temperature under open flask condition. Upon completion of the reaction, the resulting 

mixture was concentrated in vacuo to obtain the crude product, which was purified by silica gel flash 

chromatography to obtain the desired product. 
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3. The scope, limitations and control experiments  

 

 

Scheme S1. Control experiment to understand the mechanism. Reaction conditions: benzaldehyde 

(0.6 mmol), aniline (0.5 mmol), TFE (2 mL), 25 °C, open flask. After 4 h, add ammonia borane (0.75 

mmol), the product yield was determined based aniline by GC using mesitylene as a standard. 

 

 

 

 

Scheme S2. 11B NMR of H3N.BH3 and the reaction mixture of benzaldehyde and aniline 
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Scheme S3. Scope and limitations. 

 

 

 

Scheme S4. Control experiments. 
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4. Characterization data of products 

NMR data  

Note: For some compounds intensity of -NH peak is very low and hence not properly visible in 1H-

NMR.  

 

(3): 1H NMR (300 MHz, Chloroform-d) δ 7.49 – 7.29 (m, 5H), 7.29 – 7.19 (m, 2H), 6.79 (tt, J = 

7.4, 1.1 Hz, 1H), 6.74 – 6.65 (m, 2H), 4.39 (s, 2H), 4.29 – 3.97 (m, 1H). 13C NMR (75 MHz, 

Chloroform-d) δ 148.16, 139.48, 129.39, 128.75, 127.66, 127.36, 117.76, 113.04, 48.49. 

 

 

 

(5): 1H NMR (400 MHz, Chloroform-d) δ 7.16 (t, J = 7.4 Hz, 1H), 7.13 – 7.06 (m, 4H), 7.01 (dtt, J 

= 7.4, 1.3, 0.7 Hz, 1H), 6.65 (tt, J = 7.4, 1.1 Hz, 1H), 6.60 – 6.53 (m, 2H), 4.21 (s, 2H), 2.27 (s, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 148.20, 139.37, 138.45, 129.39, 128.67, 128.48, 128.16, 

124.77, 117.79, 113.10, 48.59, 21.56. 

 

 

(6): 1H NMR (300 MHz, Chloroform-d) δ 7.35 – 7.28 (m, 2H), 7.24 – 7.16 (m, 4H), 6.78 – 6.71 (m, 

1H), 6.70 – 6.64 (m, 2H), 4.31 (s, 2H), 2.67 (q, J = 7.6 Hz, 2H), 1.26 (t, J = 7.6 Hz, 3H). 13C NMR 

(75 MHz, Chloroform-d) δ 148.27, 143.47, 136.66, 129.38, 128.26, 127.78, 117.72, 113.05, 48.31, 

28.66, 15.76. 

 

 

(7): 1H NMR (300 MHz, Chloroform-d) δ 7.45 – 7.30 (m, 4H), 7.21 (dd, J = 8.6, 7.4 Hz, 2H), 6.76 

(t, J = 7.3 Hz, 1H), 6.70 (d, J = 8.7 Hz, 2H), 4.32 (s, 2H), 1.35 (s, 9H). 13C NMR (75 MHz, 

Chloroform-d) δ 147.83, 146.65, 140.22, 134.23, 128.54, 128.31, 127.12, 121.41, 108.86, 108.19, 

101.00, 53.00, 31.63, 30.26, 29.83. 
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(8): 1H NMR (300 MHz, Chloroform-d) δ 7.14 – 7.05 (m, 2H), 6.81 – 6.72 (m, 2H), 6.71 – 6.62 (m, 

2H), 6.61 – 6.53 (m, 2H), 5.86 (s, 2H), 4.16 (s, 2H). 13C NMR (75 MHz, Chloroform-d) δ 148.04, 

147.78, 146.93, 133.19, 129.41, 120.87, 118.10, 113.33, 108.44, 108.28, 101.14, 48.52. 

 

 

(9): 1H NMR (300 MHz, Chloroform-d) δ 8.12 – 8.04 (m, 1H), 7.94 – 7.86 (m, 1H), 7.82 (d, J = 8.3 

Hz, 1H), 7.59 – 7.50 (m, 3H), 7.44 (dd, J = 8.2, 7.0 Hz, 1H), 7.25 – 7.18 (m, 2H), 6.82 – 6.69 (m, 

3H), 4.76 (s, 2H). 13C NMR (75 MHz, Chloroform-d) δ 134.02, 131.70, 129.48, 128.91, 128.39, 

126.50, 126.34, 125.99, 125.68, 123.71, 118.04, 113.19, 46.75. 

 

 

(10): 1H NMR (300 MHz, Chloroform-d) δ 7.26 – 7.17 (m, 2H), 6.76 (t, J = 7.3 Hz, 1H), 6.71 (d, J 

= 7.4 Hz, 2H), 4.25 (s, 2H), 2.30 (s, 6H), 2.27 (s, 3H), 2.25 (s, 6H). 13C NMR (101 MHz, 

Chloroform-d) δ 164.15, 148.34, 134.88, 133.33, 133.06, 132.38, 129.40, 120.86, 117.48, 112.71, 

43.73, 17.27, 17.10, 16.89, 16.51, 16.21. 

 

 

(11): 1H NMR (300 MHz, Chloroform-d) δ 7.41 – 7.30 (m, 2H), 7.25 – 7.17 (m, 2H), 7.12 – 6.99 

(m, 2H), 6.82 – 6.71 (m, 1H), 6.69 – 6.60 (m, 2H), 4.32 (d, J = 1.1 Hz, 2H), 4.09 (s, 1H). 13C NMR 

(75 MHz, Chloroform-d) δ 163.79, 160.54, 147.99, 135.18 (d, J = 3.2 Hz), 129.41, 129.13 (d, J = 

8.0 Hz), 117.91, 115.55 (d, J = 21.4 Hz), 113.04. 

 

 

(12): 1H NMR (300 MHz, Chloroform-d) δ 7.22 (s, 4H), 7.13 – 7.05 (m, 2H), 6.65 (tt, J = 7.6, 1.1 

Hz, 1H), 6.56 – 6.49 (m, 2H), 4.22 (s, 2H). 13C NMR (75 MHz, Chloroform-d) δ 147.81, 138.02, 

133.02, 129.44, 128.88, 128.86, 118.05, 113.12, 47.81. 
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(13): 1H NMR (300 MHz, Chloroform-d) δ 7.39 – 7.26 (m, 2H), 7.17 – 7.04 (m, 4H), 6.65 (tt, J = 

7.5, 1.1 Hz, 1H), 6.60 – 6.52 (m, 2H), 4.36 (s, 2H). 13C NMR (75 MHz, Chloroform-d) δ 147.71, 

136.68, 133.40, 129.66, 129.43, 129.21, 128.54, 127.08, 118.04, 113.21, 46.11. 

 

 

(14): 1H NMR (300 MHz, Chloroform-d) δ 7.50 (d, J = 8.4 Hz, 2H), 7.32 – 7.26 (m, 2H), 7.22 (dd, 

J = 8.6, 7.2 Hz, 2H), 6.78 (t, J = 7.3 Hz, 1H), 6.66 (d, J = 7.6 Hz, 2H), 4.33 (s, 2H). 13C NMR (75 

MHz, Chloroform-d) δ 147.83, 138.60, 131.80, 129.41, 129.17, 121.03, 117.98, 113.05, 47.77. 

 

 

(15): 1H NMR (300 MHz, Chloroform-d) δ 7.72 – 7.63 (m, 2H), 7.24 – 7.16 (m, 2H), 7.16 – 7.11 

(m, 2H), 6.76 (tt, J = 7.5, 1.1 Hz, 1H), 6.67 – 6.58 (m, 2H), 4.30 (s, 2H). 13C NMR (75 MHz, 

Chloroform-d) δ 147.81, 139.30, 137.75, 129.44, 129.40, 117.96, 113.07, 113.03, 92.51, 47.84. 

 

 

(16): 1H NMR (300 MHz, Chloroform-d) δ 8.24 – 8.12 (m, 2H), 7.60 – 7.46 (m, 2H), 7.24 – 7.11 

(m, 2H), 6.82 – 6.70 (m, 1H), 6.65 – 6.53 (m, 2H), 4.48 (s, 2H). 13C NMR (75 MHz, Chloroform-

d) δ 147.55, 147.32, 147.29, 129.51, 127.84, 124.00, 118.41, 113.11, 47.78. 

 

 

(17): 1H NMR (300 MHz, Chloroform-d) δ 8.10 (d, J = 8.3 Hz, 2H), 7.51 (d, J = 8.7 Hz, 2H), 7.25 

– 7.15 (m, 2H), 6.76 (tt, J = 7.4, 1.1 Hz, 2H), 6.69 – 6.60 (m, 1H), 4.47 (s, 2H). 13C NMR (101 MHz, 

Chloroform-d) δ 171.53, 146.92, 145.46, 130.75, 129.52, 128.43, 127.64, 118.88, 113.80, 48.66. 
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(18): 1H NMR (400 MHz, Chloroform-d) δ 8.48 (d, J = 39.5 Hz, 2H), 7.61 (d, J = 7.8 Hz, 1H), 7.20 

– 7.13 (m, 1H), 7.13 – 7.04 (m, 2H), 6.65 (tt, J = 7.3, 1.1 Hz, 1H), 6.57 – 6.49 (m, 2H), 4.26 (s, 2H). 

13C NMR (101 MHz, Chloroform-d) δ 149.05, 148.58, 147.68, 135.29, 129.40, 123.68, 118.07, 

113.00, 45.79. 

 

 

(19): 1H NMR (400 MHz, Chloroform-d) δ 8.54 (d, J = 0.7 Hz, 1H), 7.61 (dd, J = 8.3, 2.5 Hz, 1H), 

7.34 – 7.28 (m, 1H), 7.23 – 7.13 (m, 2H), 6.74 (tt, J = 7.3, 1.1 Hz, 1H), 6.70 – 6.62 (m, 2H), 4.45 (s, 

2H). 13C NMR (101 MHz, Chloroform-d) δ 157.01, 148.19, 147.53, 136.56, 130.52, 129.44, 122.47, 

118.15, 113.30, 49.04. 

 

 

(20): 1H NMR (300 MHz, Chloroform-d) δ 7.24 – 7.22 (m, 1H), 7.22 – 7.17 (m, 3H), 7.05 – 7.00 

(m, 1H), 6.97 (dd, J = 5.0, 3.5 Hz, 1H), 6.82 – 6.74 (m, 1H), 6.74 – 6.67 (m, 2H), 4.52 (s, 2H). 13C 

NMR (75 MHz, Chloroform-d) δ 163.98, 147.31, 129.44, 127.02, 125.39, 124.84, 118.59, 113.64, 

43.83. 
 

 

(21): 1H NMR (400 MHz, Chloroform-d) δ 7.39 (dd, J = 1.9, 0.9 Hz, 1H), 7.25 – 7.17 (m, 2H), 6.77 

(tt, J = 7.3, 1.1 Hz, 1H), 6.73 – 6.67 (m, 2H), 6.34 (dd, J = 3.2, 1.8 Hz, 1H), 6.28 – 6.20 (m, 1H), 4.34 

(s, 2H). 13C NMR (101 MHz, Chloroform-d) δ 152.81, 147.67, 142.05, 129.36, 118.21, 113.34, 

110.46, 107.14, 41.59. 

 

 

(22): 1H NMR (400 MHz, Chloroform-d) δ 7.24 – 7.14 (m, 2H), 6.71 (tt, J = 7.3, 1.1 Hz, 1H), 6.68 

– 6.59 (m, 2H), 3.05 (d, J = 7.2 Hz, 2H), 2.24 – 2.12 (m, 1H), 1.91 – 1.78 (m, 2H), 1.72 – 1.53 (m, 

4H), 1.36 – 1.22 (m, 2H). 13C NMR (101 MHz, Chloroform-d) δ 148.69, 129.33, 117.22, 112.84, 

49.63, 39.59, 30.81, 25.42. 
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(23): 1H NMR (300 MHz, Chloroform-d) δ 7.25 – 7.12 (m, 2H), 6.69 (tt, J = 7.4, 1.1 Hz, 1H), 6.66 

– 6.56 (m, 2H), 2.97 (d, J = 6.7 Hz, 2H), 1.90 – 1.67 (m, 5H), 1.65 – 1.48 (m, 1H), 1.42 – 1.11 (m, 

3H), 1.11 – 0.87 (m, 2H). 13C NMR (75 MHz, Chloroform-d) δ 148.68, 129.34, 117.07, 112.80, 

77.58, 77.16, 76.74, 50.77, 37.67, 31.44, 26.71, 26.11. 

 

(24): 1H NMR (300 MHz, Chloroform-d) δ 7.23 – 7.10 (m, 2H), 6.74 – 6.63 (m, 1H), 6.59 (dtt, J = 

7.5, 2.1, 1.2 Hz, 2H), 3.58 (s, 1H), 3.06 (tt, J = 7.2, 1.4 Hz, 2H), 1.69 – 1.55 (m, 2H), 1.05 – 0.93 (m, 

3H). 13C NMR (75 MHz, Chloroform-d) δ 148.63, 129.31, 117.16, 112.79, 45.89, 22.83, 11.74. 

 

 

(25): 1H NMR (300 MHz, Chloroform-d) δ 7.25 – 7.14 (m, 2H), 6.77 – 6.66 (m, 1H), 6.66 – 6.58 

(m, 2H), 3.13 (dd, J = 7.4, 6.7 Hz, 2H), 1.69 – 1.55 (m, 2H), 1.53 – 1.39 (m, 2H), 1.04 – 0.93 (m, 

3H). 13C NMR (75 MHz, Chloroform-d) δ 148.69, 129.34, 129.21, 117.19, 112.81, 43.80, 31.82, 

20.44, 14.04. 

 

 

(26): 1H NMR (400 MHz, Chloroform-d) δ 7.24 – 7.15 (m, 2H), 6.71 (tt, J = 7.3, 1.1 Hz, 1H), 6.68 

– 6.60 (m, 2H), 5.75 – 5.65 (m, 2H), 3.10 – 3.04 (m, 2H), 2.27 – 2.16 (m, 1H), 2.15 – 2.05 (m, 2H), 

1.98 – 1.74 (m, 3H), 1.42 – 1.29 (m, 1H). 13C NMR (101 MHz, Chloroform-d) δ 148.29, 129.04, 

126.99, 125.66, 116.88, 112.50, 49.51, 33.27, 29.53, 26.57, 24.53. 

 

 

(27): 1H NMR (300 MHz, Chloroform-d) δ 7.26 – 7.18 (m, 2H), 6.86 – 6.78 (m, 2H), 6.78 (s, 1H), 

4.42 (s, 1H), 4.15 (s, 2H). 13C NMR (75 MHz, Chloroform-d) δ 146.24, 129.52, 119.18, 113.50, 

100.29, 63.16. 

 

 

(28): 1H NMR (300 MHz, Chloroform-d) δ 7.32 – 7.09 (m, 5H), 6.89 (d, J = 8.6 Hz, 2H), 6.47 (d, 

J = 8.6 Hz, 2H), 4.21 (s, 2H), 2.15 (s, 3H). 13C NMR (75 MHz, Chloroform-d) δ 145.98, 139.74, 

129.88, 128.73, 127.64, 127.29, 126.94, 113.17, 48.80, 20.53. 
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(29): 1H NMR (300 MHz, Chloroform-d) δ 7.49 – 7.36 (m, 4H), 7.36 – 7.25 (m, 1H), 6.57 (d, J = 

8.5 Hz, 1H), 6.53 (d, J = 2.6 Hz, 1H), 6.43 (dd, J = 8.5, 2.6 Hz, 1H), 4.36 (s, 2H), 3.88 (s, 3H), 3.80 

(s, 3H). 13C NMR (75 MHz, Chloroform-d) δ 152.13, 148.03, 139.88, 132.53, 128.63, 127.67, 

127.17, 110.54, 103.80, 99.27, 55.87, 55.55, 48.94. 

 

 

(30): 1H NMR (300 MHz, Chloroform-d) δ 7.40 – 7.28 (m, 2H), 7.03 (t, J = 8.8 Hz, 2H), 5.86 (s, 

2H), 4.26 (d, J = 1.0 Hz, 2H), 3.77 (s, 6H), 3.76 (s, 3H). 13C NMR (75 MHz, Chloroform-d) δ 163.79, 

160.54, 154.04, 144.79, 135.08, 135.04, 130.41, 129.26, 129.15, 115.70, 115.42, 90.64, 61.17, 55.99, 

48.27. 

 

 

(31): 1H NMR (300 MHz, Chloroform-d) δ 7.35 – 7.28 (m, 2H), 7.15 – 7.09 (m, 2H), 7.07 – 6.99 

(m, 2H), 6.57 – 6.51 (m, 2H), 4.28 (s, 2H). 13C NMR (75 MHz, Chloroform-d) δ 163.87, 160.62, 

146.41, 134.62 (d, J = 3.3 Hz), 129.21 (d, J = 5.5 Hz), 129.06, 122.58, 115.67 (d, J = 21.3 Hz), 114.20, 

47.86. 

 

 

(32): 1H NMR (300 MHz, Chloroform-d) δ 7.29 – 7.15 (m, 5H), 7.02 (d, J = 9.0 Hz, 2H), 6.46 (d, 

J = 8.9 Hz, 2H, 4.21 (s, 2H). 13C NMR (75 MHz, Chloroform-d) δ 146.64, 138.97, 129.21, 128.83, 

127.57, 127.52, 122.35, 114.15, 48.53. 
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(33): 1H NMR (300 MHz, Chloroform-d) δ 7.40 – 7.29 (m, 2H), 7.10 – 6.92 (m, 4H), 6.72 – 6.60 

(m, 2H), 4.35 (s, 2H). 13C NMR (75 MHz, Chloroform-d) δ 163.88, 160.63, 153.26, 150.10, 136.42 

(d, J = 11.7 Hz), 134.69 (d, J = 3.1 Hz), 129.07 (d, J = 8.1 Hz), 124.72 (d, J = 3.5 Hz), 117.22 (d, J = 

7.1 Hz), 115.66 (d, J = 21.5 Hz), 114.59 (d, J = 18.3 Hz), 112.50 (d, J = 3.3 Hz), 47.32. 

 

 

(34): 1H NMR (300 MHz, Chloroform-d) δ 7.38 – 7.30 (m, 2H), 7.05 (t, J = 8.7 Hz, 2H), 6.52 (d, J 

= 9.0 Hz, 2H), 6.56 – 6.49 (m, 2H), 4.30 (s, 2H). 13C NMR (75 MHz, Chloroform-d) δ 163.88, 

160.63, 146.80, 134.54 (d, J = 3.2 Hz), 132.12, 129.11 (d, J = 8.0 Hz), 115.68 (d, J = 21.3 Hz), 114.72, 

109.64, 47.77.  

 

 

(35): 1H NMR (300 MHz, Chloroform-d 3) δ 7.45 – 7.36 (m, 8H), 7.35 – 7.26 (m, 2H), 3.88 (s, 4H), 

1.80 (s, 1H). 13C NMR (75 MHz, Chloroform-d) δ 140.39, 128.54, 128.50, 128.44, 128.34, 128.32, 

128.30, 128.26, 127.05, 53.24. 

 

 

(36): 1H NMR (300 MHz, Chloroform-d) δ 7.41 – 7.26 (m, 2H), 7.21 – 7.11 (m, 4H), 7.10 – 7.03 

(m, 2H), 3.82 (s, 2H), 3.69 (s, 2H), 2.26 (s, 3H).13C NMR (75 MHz, Chloroform-d) δ 137.62, 137.02, 

136.76, 133.92, 130.38, 129.64, 129.24, 128.45, 128.29, 126.90, 52.91, 50.76, 21.23. 

 

 

(37): 1H NMR (300 MHz, Chloroform-d) δ 7.02 – 6.95 (m, 4H), 6.94 – 6.87 (m, 1H), 6.56 – 6.48 

(m, 1H), 6.48 – 6.37 (m, 2H), 5.59 (s, 2H), 3.44 (s, 2H), 3.37 (s, 2H). 13C NMR (75 MHz, 

Chloroform-d) δ 147.84, 146.65, 140.22, 134.23, 128.54, 128.31, 127.12, 121.41, 108.86, 108.30, 

108.19, 101.11, 101.00, 53.01, 52.96. 

 

 

(38): 1H NMR (300 MHz, Chloroform-d) δ 8.38 (d, J = 23.8 Hz, 2H), 7.58 (d, J = 7.7 Hz, 1H), 7.25 

– 7.17 (m, 4H), 7.15 – 7.06 (m, 2H), 3.68 (s, 4H), 3.53 (s, 1H). 13C NMR (75 MHz, Chloroform-d) 

δ 149.67, 148.47, 139.16, 136.18, 135.08, 128.55, 128.30, 127.31, 123.53, 52.93, 50.11. 
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(39): 1H NMR (300 MHz, Chloroform-d) δ 7.62 – 7.54 (m, 1H), 7.54 – 7.44 (m, 1H), 7.29 – 7.25 

(m, 4H), 7.22 – 7.10 (m, 2H), 6.95 (t, J = 7.7 Hz, 1H), 3.71 (q, J = 6.6 Hz, 1H), 3.58 – 3.39 (m, 2H), 

1.29 (d, J = 6.6 Hz, 3H). 13C NMR (75 MHz, Chloroform-d) δ 145.39, 143.28, 137.17, 135.99, 

130.17, 128.63, 127.46, 127.14, 126.76, 94.59, 57.70, 51.09, 24.61. 

 

 

(40): 1H NMR (300 MHz, Chloroform-d) δ 7.20 – 7.13 (m, 5H), 7.13 – 7.04 (m, 1H), 6.12 (dd, J = 

3.2, 1.9 Hz, 1H), 5.97 – 5.89 (m, 1H), 3.61 (q, J = 6.6 Hz, 1H), 3.54 – 3.35 (m, 2H), 1.19 (d, J = 6.6 

Hz, 3H). 13C NMR (75 MHz, Chloroform-d) δ 154.13, 145.18, 141.84, 128.60, 127.14, 126.87, 

110.16, 106.89, 57.18, 44.10, 24.37. 

 

 

(41): 1H NMR (300 MHz, Chloroform-d) δ 7.36 – 7.27 (m, 4H), 7.26 – 7.16 (m, 1H), 3.71 (q, J = 

6.6 Hz, 1H), 2.34 (dd, J = 11.5, 6.2 Hz, 1H), 2.23 (dd, J = 11.5, 7.1 Hz, 1H), 1.78 – 1.61 (m, 5H), 

1.36 – 1.07 (m, 7H), 0.95 – 0.78 (m, 2H). 13C NMR (75 MHz, Chloroform-d) δ 146.22, 128.45, 

126.83, 126.66, 58.54, 54.74, 38.31, 31.68, 31.55, 26.82, 26.23, 26.18, 24.66. 

 

 

(42): 1H NMR (300 MHz, Chloroform-d) δ 7.26 – 7.14 (m, 8H), 6.80 (d, J = 8.7 Hz, 2H), 3.76 – 

3.66 (m, 4H), 3.60 – 3.45 (m, 2H), 1.25 (d, J = 6.6 Hz, 3H). 13C NMR (75 MHz, Chloroform-d) δ 

158.91, 139.17, 136.14, 128.55, 128.52, 128.04, 127.28, 127.05, 114.04, 56.99, 55.34, 51.25, 23.80. 

 

 

(43): 1H NMR (300 MHz, Chloroform-d) δ 7.63 – 7.55 (m, 2H), 7.40 – 7.35 (m, 4H), 7.33 – 7.23 

(m, 4H), 7.18 – 7.09 (m, 2H), 6.92 – 6.83 (m, 2H), 3.87 (dd, J = 8.6, 5.6 Hz, 1H), 3.62 (d, J = 13.8 

Hz, 1H), 3.43 (d, J = 13.9 Hz, 1H), 3.08 – 2.85 (m, 2H). 13C NMR (75 MHz, Chloroform-d) δ 138.77, 

137.41, 130.12, 129.40, 128.59, 128.55, 127.49, 127.38, 126.58, 63.64, 50.73, 45.34. 
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(44): 1H NMR (300 MHz, Chloroform-d) δ 7.28 – 7.16 (m, 2H), 6.98 – 6.87 (m, 2H), 3.70 (d, J = 

0.8 Hz, 2H), 2.26 (s, 2H), 0.84 (s, 9H). 13C NMR (75 MHz, Chloroform-d) δ 163.60, 160.36, 136.66, 

129.63, 129.52, 115.30, 115.02, 61.66, 54.00, 31.63, 27.92. 

 

 

(45): 1H NMR (300 MHz, Chloroform-d) δ 7.38 – 7.19 (m, 5H), 3.73 (d, J = 0.6 Hz, 2H), 1.18 (s, 

9H). 13C NMR (75 MHz, Chloroform-d) δ 141.64, 128.52, 128.36, 126.84, 50.79, 47.41, 29.29. 

 

 

(46): 1H NMR (300 MHz, Chloroform-d) δ 7.30 – 7.10 (m, 2H), 6.80 – 6.59 (m, 3H), 2.88 (s, 6H). 

13C NMR (75 MHz, Chloroform-d) δ 150.70, 129.12, 128.73, 122.34, 116.68, 112.71, 40.62. 

 

 

(47): 1H NMR (300 MHz, Chloroform-d) δ 7.57 – 7.45 (m, 2H), 7.33 (t, J = 0.5 Hz, 1H), 7.00 – 

6.90 (m, 1H), 3.03 (s, 6H). 13C NMR (75 MHz, Chloroform-d) δ 150.93, 129.67, 117.74, 110.82, 

106.28, 40.49. 

 

 

(48): 1H NMR (300 MHz, Chloroform-d) δ 6.88 – 6.79 (m, 2H), 6.78 – 6.71 (m, 2H), 3.75 (s, 3H), 

2.85 (s, 6H). 13C NMR (75 MHz, Chloroform-d) δ 152.12, 145.89, 115.02, 114.75, 55.85, 41.93. 
 

 

(49): 1H NMR (300 MHz, Chloroform-d) δ 7.37 – 7.19 (m, 5H), 3.41 (s, 2H), 2.23 (s, 6H). 13C 

NMR (75 MHz, Chloroform-d) δ 139.01, 129.22, 128.34, 127.14, 64.54, 45.49. 
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(50): 1H NMR (300 MHz, Chloroform-d) δ 7.71 – 7.61 (m, 2H), 7.48 (s, 1H), 7.37 – 7.28 (m, 1H), 

7.24 – 7.15 (m, 1H), 7.08 (s, 1H), 6.91 (s, 1H), 3.86 (s, 2H), 3.04 (s, 6H). 13C NMR (75 MHz, 

Chloroform-d) δ 145.13, 142.46, 126.75, 124.96, 124.82, 120.55, 118.67, 111.89, 109.63, 41.30, 

37.24. 

 

 

(51): 1H NMR (300 MHz, Chloroform-d) δ 6.73 – 6.66 (m, 1H), 6.28 – 6.22 (m, 2H), 4.18 – 4.14 

(m, 2H), 4.14 – 4.09 (m, 2H), 2.77 (s, 6H). 13C NMR (75 MHz, Chloroform-d) δ 146.34, 143.85, 

135.79, 117.49, 107.36, 102.70, 64.87, 64.36, 41.72, 29.83. 

 

 

(52): 1H NMR (300 MHz, Chloroform-d) δ 7.26 – 7.18 (m, 2H), 6.81 – 6.75 (m, 2H), 6.67 (tt, J = 

7.2, 1.1 Hz, 1H), 3.63 – 3.49 (m, 1H), 2.77 (s, 3H), 1.89 – 1.75 (m, 4H), 1.68 (dtt, J = 14.1, 3.1, 1.5 

Hz, 1H), 1.48 – 1.26 (m, 4H), 1.20 – 1.05 (m, 1H). 13C NMR (75 MHz, Chloroform-d) δ 150.32, 

129.23, 116.35, 113.29, 58.27, 31.30, 30.20, 26.36, 26.10. 

 

 

(54): 1H NMR (300 MHz, Chloroform-d) δ 7.32 – 7.21 (m, 4H), 7.21 – 7.06 (m, 2H), 7.06 – 6.91 

(m, 3H), 3.73 (q, J = 6.6 Hz, 1H), 3.59 – 3.42 (m, 2H), 2.25 (d, J = 0.8 Hz, 3H), 1.28 (d, J = 6.6 Hz, 

3H). 13C NMR (75 MHz, Chloroform-d) δ 145.65, 140.59, 138.05, 129.01, 128.56, 128.36, 127.70, 

127.02, 126.81, 126.76, 125.29, 57.68, 51.77, 24.54, 21.49. 

 

 

 

(55): 1H NMR (300 MHz, Chloroform-d) δ 7.39 – 7.32 (m, 4H), 7.32 – 7.21 (m, 1H), 6.82 (dq, J = 

1.5, 0.5 Hz, 1H), 6.78 – 6.67 (m, 2H), 5.92 (s, 2H), 3.80 (q, J = 6.6 Hz, 1H), 3.63 – 3.45 (m, 2H), 

1.37 (d, J = 6.6 Hz, 3H). 13C NMR (75 MHz, Chloroform-d) δ 147.73, 146.49, 145.66, 134.77, 

128.57, 127.02, 126.78, 121.23, 108.80, 108.78, 108.13, 100.92, 57.43, 51.51, 24.61. 
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(56): 1H NMR (300 MHz, Chloroform-d) δ 7.39 (d, J = 8.4 Hz, 2H), 7.35 – 7.29 (m, 4H), 7.26 – 

7.18 (m, 1H), 7.12 (d, J = 8.6 Hz, 2H), 3.74 (q, J = 6.6 Hz, 1H), 3.62 – 3.45 (m, 2H), 1.33 (d, J = 6.6 

Hz, 3H). 13C NMR (75 MHz, Chloroform-d) δ 145.46, 139.80, 131.51, 129.96, 128.63, 127.14, 

126.77, 120.68, 57.59, 51.04, 24.60. 
 

 

(57): 1H NMR (300 MHz, Chloroform-d) δ 8.15 (q, J = 3.7 Hz, 1H), 7.95 – 7.84 (m, 1H), 7.77 (t, J 

= 8.4 Hz, 2H), 7.58 – 7.38 (m, 5H), 7.24 – 7.13 (m, 2H), 4.68 (q, J = 6.6 Hz, 1H), 3.78 – 3.60 (m, 

2H), 1.53 (dd, J = 6.7, 1.3 Hz, 3H). 13C NMR (75 MHz, Chloroform-d) δ 140.82, 139.76, 134.16, 

131.55, 131.47, 130.07, 129.13, 127.49, 125.92, 125.88, 125.52, 123.06, 123.03, 120.80, 53.17, 51.24, 

23.82. 

 

(58): 1H NMR (300 MHz, Chloroform-d) δ 7.10 – 6.95 (m, 8H), 6.94 – 6.87 (m, 2H), 3.57 (d, J = 

13.2 Hz, 1H), 3.40 (d, J = 0.4 Hz, 4H), 3.30 (dd, J = 7.1, 6.6 Hz, 1H), 2.76 – 2.68 (m, 2H). 13C NMR 

(75 MHz, Chloroform-d) δ 175.16, 139.71, 137.44, 129.34, 128.50, 128.46, 128.24, 127.14, 126.80, 

62.19, 52.12, 51.76, 39.86. 

 

(59): 1H NMR (300 MHz, Chloroform-d) δ 7.16 – 7.03 (m, 3H), 7.02 – 6.91 (m, 4H), 6.83 – 6.69 

(m, 2H), 3.59 (dq, J = 13.3, 0.9 Hz, 1H), 3.47 (s, 3H), 3.44 – 3.24 (m, 2H), 2.86 – 2.67 (m, 2H). 13C 

NMR (75 MHz, Chloroform-d) δ 175.15, 163.70, 160.45, 137.41, 135.42, 129.82, 129.72, 129.34, 

128.53, 126.86, 115.36, 115.07, 62.06, 51.84, 51.36, 39.87. 
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(60): 1H NMR (300 MHz, Chloroform-d) δ 77.32 – 7.19 (m, 8H), 7.19 – 7.13 (m, 2H), 3.81 (d, J = 

13.2 Hz, 1H), 3.64 (s, 3H), 3.57 – 3.51 (m, 1H), 2.96 (d, J = 7.5 Hz, 2H). 13C NMR (75 MHz, 

Chloroform-d) 175.14, 139.69, 137.43, 129.39, 129.33, 128.49, 128.45, 128.23, 128.15, 127.13, 

126.79, 62.23, 62.17, 52.11, 51.75, 39.91, 39.85. 

 

 

(61): 1H NMR (300 MHz, Chloroform-d) δ 7.32 – 7.13 (m, 5H), 3.59 (s, 3H), 3.42 (dd, J = 9.4, 5.8 

Hz, 1H), 3.05 (dd, J = 13.4, 9.4 Hz, 1H), 2.93 (dd, J = 13.4, 5.8 Hz, 1H), 2.38 (s, 6H). 13C NMR (75 

MHz, Chloroform-d) δ 171.93, 138.21, 129.13, 128.45, 126.50, 69.70, 51.10, 41.95, 35.84. 

 

 
(62): 1H NMR (300 MHz, Chloroform-d) δ 7.32 – 7.25 (m, 1H), 7.22 – 7.07 (m, 6H), 7.06 – 6.97 

(m, 1H), 5.86 (t, J = 7.0 Hz, 1H), 3.64 – 2.57 (m, 4H), 2.40 – 2.23 (m, 4H), 2.14 (s, 6H). 13C NMR 

(75 MHz, Chloroform-d) δ 143.56, 141.42, 140.23, 139.44, 137.18, 130.06, 129.49, 128.74, 128.35, 

128.10, 127.48, 127.10, 126.07, 125.84, 77.58, 77.16, 76.74, 59.60, 45.48, 33.90, 32.15, 28.07. 

 

 

(63): 1H NMR (300 MHz, Chloroform-d) δ 7.40 – 7.32 (m, 4H), 7.32 – 7.23 (m, 1H), 6.86 – 6.80 

(m, 1H), 6.79 – 6.68 (m, 2H), 5.93 (s, 2H), 3.81 (q, J = 6.6 Hz, 1H), 3.53 (q, 2H), 1.37 (d, J = 6.6 Hz, 

3H). 13C NMR (75 MHz, Chloroform-d) δ 147.75, 146.51, 145.63, 134.74, 128.59, 127.05, 126.80, 

121.27, 108.83, 108.15, 100.95, 57.45, 51.52, 24.60. 

 

 

(64): 1H NMR (300 MHz, Chloroform-d) δ 8.15 – 8.03 (m, 1H), 7.81 – 7.68 (m, 1H), 7.67 – 7.59 

(m, 1H), 7.59 – 7.49 (m, 1H), 7.44 – 7.26 (m, 5H), 7.24 – 7.13 (m, 2H), 4.50 (q, J = 6.6 Hz, 1H), 2.68 

– 2.39 (m, 4H), 1.81 – 1.62 (m, 2H), 1.38 (d, J = 6.6 Hz, 3H). 13C NMR (75 MHz, Chloroform-d) δ 

143.22, 141.34, 134.11, 131.88 (d, J = 1.5 Hz), 131.43, 131.07 – 129.78 (m), 129.10, 128.77, 127.30, 

125.84 (d, J = 4.5 Hz), 125.43, 125.15 (q, J = 3.8 Hz), 123.04, 122.78, 53.89, 47.38, 33.51, 31.99, 

23.74. 
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5. Characterization spectrum of products 

NMR and HPLC spectra  
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