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General Remarks: 
1H NMR spectra were recorded on a Bruker Avance 300 MHz and 400 MHz instruments, using CDCl3. The 1H and 13C 

chemical shifts are reported in ppm relative to tetramethylsilane, using the residual solvent signal as an internal reference. 

Mass spectra were recorded by using a Kratos MS50TC and a Kratos Mach III data system. The ion source temperature was 

150-250 °C as required. High resolution EI-mass spectra were performed with a resolution of 10000. The low resolution 

spectra were obtained with a HP5989A MS instrument. For thin layer chromatography, analytical TLC plates (Alugram SIL 

G/UV254 and 70-230 mesh silicagel (E.M.Merck)) were used. The Pd(PPh3)4, CuTC and boronic acids were purchased from 

Acros Organics (Janssen Pharmaceutical, Geel) and were used without further purification. All starting pyrazinones were 

prepared according to a  known litrature procedure.12 All the compounds were fully characterised by comparison of their 

spectral data and melting points. Melting points of the compounds are uncorrected. 

 

Microwave Irradiation Experiments:  
All microwave irradiation experiments were carried out in a dedicated CEM-Discover-CoolmateTM monomode microwave 

apparatus (CEM Corporation P.O. Box 200 Matthews, NC 28106), operating at a frequency of 2.45 GHz with continuous 

irradiation power from 0 to 300 W. The reactions were carried out in an open 10 mL double walled glass vial which was 

cooled to 0 °C - 35 °C using a microwave transparent cooling liquid.11(b) The temperature of the cooling liquid was between 

10 °C and 15 °C. Irradiation and cooling were started simultaneously, starting with the reaction mixture at rt. The temperature 

was measured with a fiber-optic device inserted into the reaction vessel (a schematic representation of the set-up can be found 

at http://cemsynthesis.com/.  

 

General Procedure of Liebeskind cross-Couping of Pyrazinone 1 with Boronic Acids : 

 
A) Liebeskind Condition: To a suspension of pyrazinone 1 (0.076 g, 0.21 mmol) in THF (3 mL) were added boronic 

acid (0.63 mmol, 3 equiv), Pd(PPh3)4 (5 mol %) and CuTC (2.0 equiv). The reaction mixture was heated at 65 °C for 

various time interval (Table 1). After completion of the reaction, the solvent was removed under reduced pressure 

and the residue was purified by column chromatography [silica gel, n-hexane-CH2Cl2 (95:5)] to furnish the products 

3{1}-3{5}. 

B) Upon microwave irradiation with simultaneous cooling at 0 °C : To a suspension of pyrazinone 1 (0.076 g, 0.21 

mmol) in THF (3 mL) were added boronic acid (0.63 mmol, 3 equiv), Pd(PPh3)4 (5 mol %) and CuTC (2.0 equiv). 

The mixture was irradiated at 35 °C continuously at the maximum power of 300 W for 1 h. After completion of the 

reaction, the solvent was removed under reduced pressure. The crude product was then absorbed on silica gel and 
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the residue was purified by column chromatography over silica gel using n-Hexane/ CH2Cl2 (95:5) as the eluent, to 

give the C-3-arylated pyrazinones 3{1}-3{34}. 

 

5-chloro-3-(3-ethoxyphenyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{1}). It was obtained as a yellow oil in 88 % yield. 

1H NMR (400 MHz, CDCl3): � 7.99-7.95 (m, 2H), 7.34-7.25 (m, 3H), 7.14(s, 1H), 7.00-6.98 (m, 1H), 6.89-6.87 (d, 2H, 

J=8.36 Hz), 5.03 (s, 2H), 4.11-4.06 (q, 2H, J = 6.9 Hz),  3.76 (s, 3H), 1.42-139 (t, 3H, J = 6.9 Hz). 13C NMR (100 MHz, 

CDCl3): 160.13, 158.78, 154.50, 151.9, 136.19, 130.46, 129.18, 126.41, 125.32, 121.93, 117.70, 114.81, 114.72, 63.66, 

55.44, 52.45, 14.92. HRMS (EI): calcd for C20H19O3N2Cl: 370.1084, found: 370.1071. 

5-chloro-3-(3-trifluoromethylphenyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{2}). It was obtained as a yellow solid 

m.p. 107-108 °C in 83 % yield. 1H NMR (300 MHz, CDCl3): � 8.72 (s, 1H), 8.63-8.60 (m, 1H), 7.71-7.68 (m, 1H), 7.58-7.53 

(m, 1H), 7.32-7.30 (d, 2H, J = 8.2Hz), 7.23 (s, 1H), 6.93-6.90 (d, 2H, J = 9.1 Hz), 5.08 (s, 2H), 3.8 (s, 3H). 13C NMR (100 

MHz, CDCl3): 160.18, 154.25, 150.18, 135.50, 132.40, 121.97, 130.35, 129.03, 128.55, 126.98, 126.46, 126.08, 114.72, 

114.23, 55.31, 52.49. HRMS (EI): calcd for C19H14O2N2 F3Cl: 394.0696, found: 394.0684. 

5-chloro-3-(4-phenoxyphenyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{3}). It was obtained as a yellow oil in 80 % 

yield. 1H NMR (300 MHz, CDCl3): � 8.43-8.40 (s, 1H), 7.39-7.25 (m, 4H), 7.17-7.01 (m, 6H),), 6.92-6.89 (d, 2H, J = 9.12 

Hz), 5.06 (s, 2H), 3.81 (s, 3H). 13C NMR (75 MHz, CDCl3): 160.19, 159.86, 156.45, 154.59, 151.60, 131.41, 130.49, 

129.88, 129.21, 126.66, 126.50, 124.61, 124.07, 119.74, 117.88, 114.78, 55.50, 52.51. HRMS (EI): calcd for C24H19O3N2Cl: 

418.1084, found: 418.1081. 

5-chloro-3-(4-methoxyphenyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{4}). It was obtained as a yellow solid m.p. 96-

97 °C in 90 % yield. 1H NMR (300 MHz, CDCl3): � 8.44-8.41 (d, 2H, J = 9.1 Hz), 7.30-7.27 (d, 2H, J = 8.2 Hz), 7.1 (s, 1H), 

6.95-6.88 (m, 4H), 5.03 (s, 2H), 3.84 (s, 3H), 3.79 (s, 3H). 13C NMR (75 MHz, CDCl3): 161.78, 160.01, 154.53, 151.60, 

131.26, 130.37, 127.75, 126.53, 124.07, 114.62, 113.56, 55.41, 52.36. HRMS (EI): calcd for C19H17O3N2Cl: 356.0928, 

found: 356.0938 

5-chloro-3-phenyl-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{5}). It was obtained as a yellow oil in 90 % yield. 1H NMR 

(300 MHz, CDCl3): � 8.36-8.33 (m, 2H), 7.44-7.42 (m, 3H), 7.31-7.28 (d, 2H, J = 8.2Hz), 7.16 (s, 1H), 6.91-6.88 (d, 2H, J = 

9.12 Hz), 5.04 (s, 2H), 3.79 (s, 3H). 13C NMR (75 MHz, CDCl3): 160.10, 154.50, 152.24, 134.94, 130.74, 130.46, 129.37, 

128.21, 126.56, 126.35, 125.22, 114.68, 55.41, 52.48. HRMS (EI): calcd for C18H15O2N2Cl: 326.0822, found: 326.0817 

5-chloro-3-(2-fluorophenyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{6}). It was obtained as a yellow solid m.p. 69-70 

°C in 75 % yield. 1H NMR (400 MHz, CDCl3): � 7.64-7.59 (m, 1H), 7.46-7.39 (m, 1H), 7.33-7.31(d, 2H, J = 8.22 Hz) 7.23-

7.21(m, 2H) 7.18-7.11(m, 1H) 6.92-6.90 (d, 2H, J = 8.22 Hz), 5.05 (s, 2H), 3.80 (s, 3H). 13C NMR (100 MHz, CDCl3): 

161.89, 160.17, 159.38, 153.91, 152.25, 131.83, 131.75, 131.25, 131.22, 130.64, 130.52, 126.24, 126.17, 126.11, 123.99, 
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123.96, 123.64, 123.55, 116.15, 115.93, 114.70, 55.33, 52.52. HRMS (EI): calcd for C18H14O2N2ClF: 344.0728, found: 

344.0734. 

5-chloro-3-(3-fluorophenyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{7}). It was obtained as a dark yellow solid 107-

108 °C in 76 % yield. 1H NMR (300 MHz, CDCl3): � 8.23-8.14 (m, 2H), 7.43-7.36 (m, 1H), 7.33-7.30 (d, 2H, J = 8.22 Hz) 

7.20-7.14 (m, 2H) 6.92-6.90 (d, 2H, J = 8.22 Hz), 5.07 (s, 2H), 3.81 (s, 3H). 13C NMR (75 MHz, CDCl3): 164.25, 161.02, 

160.22, 154.38, 150.57, 130.55, 129.64, 126.53, 126.17, 125.89, 125.13, 117.82, 117.55, 116.45, 116.15, 114.81, 114.38, 

55.50, 52.63. HRMS (EI): calcd for C18H14O2N2ClF: 344.0728, found: 344.0732. 

5-chloro-3-(2,4-difluorophenyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{8}). It was obtained as a yellow solid m.p. 

105-106 °C in 80 % yield. 1H NMR (300 MHz, CDCl3): � 7.66-7.62 (m, 1H), 7.32-7.25 (m, 3H), 6.92-6.89 (m, 4H), 5.04 (s, 

2H), 3.80 (s, 3H). 13C NMR (75 MHz, CDCl3): 160.22, 154.28, 153.80, 153.61, 151.66, 151.51, 150.42, 150.23, 148.29, 

148.22, 131.83, 130.49, 126.47, 126.05, 125.89, 118.80, 118.52, 114.78, 114.35, 55.44, 52.66. HRMS (EI): calcd for 

C18H13O2N2ClF2: 362.0634, found: 362.0630. 

5-chloro-3-(3,4-difluorophenyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{9}). It was obtained as a yellow solid m.p. 80-

81 °C in 75 % yield. 1H NMR (300 MHz, CDCl3): � 8.40-8.33 (m, 1H), 8.26 (bs, 1H), 7.31-7.28 d, 2H, J = 8.22 Hz), 7.21-

7.17 (m, 2H) 6.92-6.89 (d, 2H, J = 8.22 Hz), 5.06 (s, 2H), 3.80 (s, 3H). 13C NMR (75 MHz, CDCl3): 160.22, 154.28, 153.80, 

153.61, 151.66, 151.51, 150.42, 150.23, 148.29, 148.22, 131.83, 130.49, 126.47, 126.05, 125.89, 118.80, 118.52, 114.78, 

114.35, 55.44, 52.66. HRMS (EI): calcd for C18H13O2N2ClF2: 362.0634, found: 362.0629. 

5-chloro-3-(2-chlorophenyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{10}). It was obtained as a yellow solid m.p. 98-99 

°C in 31 % yield. 1H NMR (300 MHz, CDCl3): � 7.46-7.33 (m, 3H), 7.30-7.27 (m, 4H), 6.91-6.89 (m, 2H), 5.06 (s, 2H), 3.80 

(s, 3H). 13C NMR (75 MHz, CDCl3): 160.13, 154.74, 134.54, 133.69, 133.30, 130.95, 130.83, 130.58, 129.85, 126.81, 

126.14, 114.71, 55.41, 52.57. HRMS (EI): calcd for C18H14O2N2Cl2: 360.0432, found: 360.0429. 

5-chloro-3-(3-chlorophenyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{11}). It was obtained as a yellow solid m.p. 124-

125 °C in 81 % yield. 1H NMR (300 MHz, CDCl3): � 8.39-8.36 (d, 2H, J = 8.22 Hz), 7.40-7.37 (d, 2H, J = 8.22 Hz), 7.30-

7.27 (d, 2H, J = 8.22 Hz), 7.17 (s, 1H), 6.91-6.88 (d, 2H, J = 8.22 Hz), 5.04 (s, 2H), 3.79 (s, 3H) 13C NMR (75 MHz, 

CDCl3): 160.16, 154.38, 150.72, 136.95, 133.39, 130.77, 130.46, 128.42, 126.53, 126.20, 125.59, 114.74, 55.44, 52.57. 

HRMS (EI): calcd for C18H14O2N2Cl2: 360.0432, found: 360.0431. 

5-chloro-3-(4-chlorophenyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{12}). It was obtained as a yellow solid m.p. 128-

129 °C in 73 % yield. 1H NMR (300 MHz, CDCl3): � 8.41 (s, 1H), 8.32-8.29 (d, 1H, J = 8.22 Hz), 7.39-7.35 (m, 2H), 7.31-

7.28 (d, 2H, J = 8.22 Hz), 7.20 (s, 1H), 6.91-6.88 (d, 2H, J = 8.22 Hz), 5.05 (s, 2H), 3.79 (s, 3H) 13C NMR (75 MHz, 

CDCl3): 160.16, 154.28, 150.35, 136.52, 134.24, 130.65, 130.46, 129.43, 129.21, 127.48, 126.47, 126.11, 125.99, 114.74, 

55.44, 52.60. HRMS (EI): calcd for C18H14O2N2Cl2: 360.0432, found: 360.0428. 
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5-chloro-3-(3,4-dichlorophenyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{14}). It was obtained as a yellow solid m.p. 

114-115 °C in 89 % yield. 1H NMR (300 MHz, CDCl3): � 8.62-8.61 (m, 1H), 8.35-8.31 (m, 1H), 7.51-7.48 (d, 1H, J = 8.22 

Hz), 7.32-7.29 (d, 2H, J = 8.22 Hz), 7.22 (s, 1H), 6.93-6.91 (d, 2H, J = 8.22 Hz), 5.07 (s, 2H), 3.81 (s, 3H) 13C NMR (75 

MHz, CDCl3): 160.16, 154.28, 150.35, 136.52, 134.24, 130.65, 130.46, 129.43, 129.21, 127.48, 126.47, 126.11, 125.99, 

114.74, 55.44, 52.60. HRMS (EI): calcd for C19H15ON2Cl3: 394.0043, found: 394.0028. 

5-chloro-3-(3-bromophenyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{16}). It was obtained as a dark yellow solid m.p. 

109-110 °C in 84 % yield. 1H NMR (300 MHz, CDCl3): � 8.55 (s, 1H), 8.37-8.34 (d, 1H, J = 8.22 Hz), 7.57-7.55 (d, 1H, J = 

6.39 Hz), 7.31-7.28 (d, 2H, J = 8.22 Hz), 7.32-7.25 (m, 3H), 7.20 (s, 1H), 6.92-6.89 (d, 2H, J = 8.22 Hz), 5.05 (s, 2H), 3.80 

(s, 3H). 13C NMR (75 MHz, CDCl3): 160.19, 154.31, 150.32, 136.77, 133.60, 132.11, 130.49, 129.73, 127.97, 126.56, 

126.11, 126.02, 122.39,114.78, 55.47, 52.66. HRMS (EI): calcd for C18H14O2N2ClBr: 403.9927, found: 403.9930. 

5-chloro-3-(2-methylphenyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{17}). It was obtained as a yellow solid m.p. 115-

116 °C in 28 % yield. 1H NMR (400 MHz, CDCl3): � 7.46-7.44 (d, 1H, J = 7.4 Hz), 7.31-7.29 (m, 3H), 7.25-7.23 (m, 3H), 

6.91-6.89 (d, 2H, J = 8.7), 5.03 (s, 2H), 3.80 (s, 3H), 2.31 (s, 3H). 13C NMR (100 MHz, CDCl3): 161.27, 157.08, 155.46, 

137.20, 134.95, 130.74, 130.55, 129.70, 126.50, 126.17, 125.61, 114.80, 55.46, 52.57, 20.11. HRMS (EI): calcd for 

C19H17O2N2Cl: 340.0978, found: 340.0979. 

5-chloro-3-(3-methylphenyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{18}). It was obtained as a yellow solid m.p. 151-

152 °C in 81 % yield. 1H NMR (300 MHz, CDCl3): � 8.17-8.15 (bs, 2H), 7.34-7.24 (m, 4H), 7.14 (s, 1H), 6.90-6.87 (m, 2H), 

5.02 (s, 2H), 3.78 (s, 3H), 2.39 (s, 3H). 13C NMR (75 MHz, CDCl3): 160.04, 154.47, 152.46, 137.77, 134.88, 131.56, 

129.76, 128.06, 126.59, 126.41, 125.10, 114.62, 55.38, 52.39, 21.56. HRMS (EI): calcd for C19H17O2N2Cl: 340.0978, found: 

340.0980. 

5-chloro-3-(4-methylphenyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{19}). It was obtained as a yellow solid m.p. 108-

109 °C in 85 % yield. 1H NMR (300 MHz, CDCl3): � 8.31-8.28 (d, 2H, J = 8.22 Hz), 7.31-7.28 (d, 2H, J = 9.12 Hz), 7.22-

7.12 (d, 2H, J = 8.22 Hz), 7.13 (s, 1H), 6.91-6.88 (d, 2H, J = 9.15 Hz), 5.04 (s, 2H), 3.80 (s, 3H), 2.39 (s, 3H). 13C NMR (75 

MHz, CDCl3): 160.13, 154.59, 152.30, 141.22, 132.32, 130.46, 129.40, 129.0, 126.56, 124.71, 114.71, 55.47, 52.45, 21.65. 

HRMS (EI): calcd for C19H17O2N2Cl: 340.0978, found: 340.0979. 

5-chloro-3-(3,4-dimethylphenyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{20}). It was obtained as a yellow solid m.p. 

179-180 °C in 80 % yield. 1H NMR (300 MHz, CDCl3): � 7.96 (s, 2H), 7.32-7.29 (d, 2H, J = 9.15 Hz), 7.14 (s, 1H), 7.09 (s, 

1H), 6.91-6.88 (d, 2H, J = 9.12 Hz), 5.05 (s, 2H), 3.80 (s, 3H), 2.36 (s, 6H). 13C NMR (75 MHz, CDCl3): 160.10, 154.56, 

152.82, 137.68, 134.88, 132.60, 130.43, 127.11, 126.50, 124.89, 114.71, 55.44, 52.42, 21.50. HRMS (EI): calcd for 

C20H19O2N2Cl: 354.1135, found: 354.1133. 
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5-chloro-3-(4-tert.butylphenyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{21}). It was obtained as a yellow solid m.p. 

98-99 °C in 96 % yield. 1H NMR (300 MHz, CDCl3): � 8.31-8.28 (d, 2H, J = 8.22 Hz), 7.46-7.43 (d, 2H, J = 9.13 Hz), 7.30-

7.20 (d, 2H, J = 8.22 Hz), 7.13 (s, 1H), 6.90-6.87 (d, 2H, J = 9.15 Hz), 5.04 (s, 2H), 3.79 (s, 3H), 1.33 (s, 9H). 13C NMR (75 

MHz, CDCl3): 160.10, 154.56, 154.16, 152.40, 132.26, 130.43, 129.18, 126.56, 125.22, 124.74, 114.68, 55.44, 52.39, 34.97, 

31.25. HRMS (EI): calcd for C22H23O2N2Cl: 382.1448, found: 382.1447. 

5-chloro-3-(5-methylthiophene)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{23}). It was obtained as a yellow solid m.p. 

104-105 °C in 64 % yield. 1H NMR (300 MHz, CDCl3): � 8.19-8.17 (d, 1H, J = 3.66 Hz), 7.31-7.28 (d, 2H, J = 8.22 Hz) 7.03 

(s, 1H), 6.92-6.89 (d, 2H, J = 8.22 Hz), 6.83-6.81 (d, 1H, J = 3.66), 5.07 (s, 2H), 3.81 (s, 3H), 2.54 (s, 3H). 13C NMR (75 

MHz, CDCl3): 160.07, 153.16, 147.89, 147.58, 135.98, 132.44, 130.46, 130.40, 126.81, 126.50, 122.69, 114.78, 55.44, 

52.24, 15.74. HRMS (EI): calcd for C17H15O2N2ClS: 346.0542, found: 346.0540. 

5-chloro-3-(1- naphthalene)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{26}). It was obtained as a yellow solid m.p. 173-

174 °C in 90 % yield. 1H NMR (300 MHz, CDCl3): � 7.93-7.84 (m, 3H), 7.79-7.76 (d, 1H, J = 7.29 Hz), 7.54-7.45 (m, 4H), 

7.32-7.25 (m, 2H), 6.90-6.87 (d, 2H, J = 9.15), 5.01 (s, 2H), 3.78 (s, 3H). 13C NMR (75 MHz, CDCl3): 160.19, 155.78, 

154.89, 133.84, 132.44, 131.07, 130.65, 128.64, 128.39, 126.75, 126.32, 126.08, 125.95, 125.22, 124.98, 114.71, 55.44, 

52.69. HRMS (EI): calcd for C22H17O2N2Cl: 376.0979, found: 376.0977. 

5-chloro-3-(2-naphthalene)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{27}). It was obtained as a yellow solid m.p. 156-

157 °C in 88 % yield. 1H NMR (300 MHz, CDCl3): � 8.38-8.35 (m, 1H)7.97-7.95 (m, 1H), 7.87-7.81 (m, 3H), 7.52-7.48 (m, 

2H), 7.33-7.30 (d, 2H, J = 8.22 Hz), 7.17 (s, 1H) 6.92-6.89 (d, 2H, J = 9.15 Hz), 5.08 (s, 2H), 3.79 (s, 3H). 13C NMR (75 

MHz, CDCl3): 160.16, 154.74, 151.66, 134.48, 133.02, 132.35, 130.68, 130.46, 129.67, 129.46, 127.81, 127.66, 126.75, 

126.41, 126.32, 125.71, 125.10, 114.78, 55.47, 52.57. HRMS (EI): calcd for C22H17O2N2Cl: 376.0979, found: 376.0979. 

5-chloro-3-(2-ethoxycarbonyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{28}). It was obtained as a yellow oil in 26 % 

yield. 1H NMR (300 MHz, CDCl3): � 7.97-7.95 (d, 1H, J = 8.22 Hz), 7.617.52 (m, 3H), 7.32-7.29 (d, 2H J = 9.15 Hz), 6.90-

6.87 (d, 2H, J = 9.12 Hz), 4.98 (s, 2H), 4.23-4.16 (q, 2H, J = 6.8 Hz), 3.79 (s, 3H), 1.43-1.38 (t, 3H, J = 7.29 Hz). 13C NMR 

(75 MHz, CDCl3): 166.32, 160.13, 154.38, 150.72, 138.84, 131.86, 130.46, 129.24, 126.56, 126.29, 126.11, 114.71,61.22, 

55.41, 52.60, 14.40. HRMS (EI): calcd for C21H19O4N2Cl: 398.1033, found: 398.1028. 

 

5-chloro-3-(4- ethoxycarbonyl)-1-(4-methoxybenzyl)-2(1H)-pyrazinone (3{29}). It was obtained as a yellow solid m.p. 

117-118 °C in 90 % yield. 1H NMR (300 MHz, CDCl3): � 8.48-8.45 (d, 2H, J = 8.22 Hz), 8.09-8.07 (d, 2H, J = 8.22 Hz), 

7.32-7.29 (d, 3H, J = 9.15 Hz), 6.91-6.88 (d, 2H, J = 9.15 Hz), 5.06 (s, 2H), 4.42-4.35 (q, 2H, J = 6.8 Hz), 3.79 (s, 3H), 

1.22-1.18 (t, 3H, J = 7.29 Hz). 13C NMR (75 MHz, CDCl3): 167.05, 160.04, 157.60, 154.80, 135.98, 133.57, 131.47, 130.49, 
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130.31, 129.73, 129.52, 126.47, 125.47, 114.59, 61.25, 55.41, 52.30, 14.13. HRMS (EI): calcd for C21H19O4N2Cl: 398.1033, 

found: 398.1028. 

5-chloro-1-(cyclohexyl)-3-(3-ethoxyphenyl)-2(1H)-pyrazinone (3{30}). It was obtained as a yellow oil in 90 % yield. 1H 

NMR (300 MHz, CDCl3): � 7.97 (s, 2H), 7.35-7.30 (t, 1H, J=8.22 Hz), 7.27(s, 1H), 7.00-6.97 (m, 1H), 4.84-4.81 (m, 1H), 

4.13-4.06 (q, 2H, J = 7.32 Hz), 2.00-1.92 (m, 4H), 1.80-1.76 (m,1H), 1.54-1.39 (m, 7H), 1.27-1.20.(m, 1H) 13C NMR (75 

MHz, CDCl3): 158.76, 154.04, 151.45, 136.43, 129.12, 126.75, 122.39, 121.93, 117.73, 114.78, 63.69, 55.38, 32.25, 25.74, 

25.34, 14.95. HRMS (EI): calcd for C18H21O2N2Cl: 332.1292, found: 332.1300. 

5-chloro-1-(cyclohexylmethyl)-3-(3-ethoxyphenyl)-2(1H)-pyrazinone (3{31}). It was obtained as a yellow solid m.p. 79-

80 °C in 89 % yield. 1H NMR (300 MHz, CDCl3): � 7.99-7.97 (m, 2H), 7.35-7.30 (t, 1H, J = 8.22 Hz), 7.27(s, 1H), 7.01-6.97 

(m, 1H), 4.13-4.061 (q, 2H, J = 6.42 Hz), 3.78-3.76 (d, 2H, J = 7.32 Hz), 1.91-1.85 (m, 1H), 1.72-1.69 (m,6H), 1.44-1.39 (t, 

4H, J = 7.29 Hz), 1.25-1.21.(m, 2H), 1.06-0.99.(m, 2H). 13C NMR (75 MHz, CDCl3): 158.76, 154.56, 151.76, 136.22, 

129.12, 126.62, 125.95, 121.90, 117.70, 114.81, 63.66, 56.93, 36.76, 30.64, 26.19, 25.61, 14.92. HRMS (EI): calcd for 

C19H23O2N2Cl: 346.1448, found: 346.1450. 

5-chloro-3-(3-ethoxyphenyl)-1-(3-phenylpropyl)-2(1H)-pyrazinone (3{32}). It was obtained as a yellow oil in 92 % yield. 

1H NMR (300 MHz, CDCl3): � 7.98-7.95 (m, 1H), 7.36-7.18 (m, 7H), 7.12(s, 1H), 7.02-6.98 (m, 1H), 4.14-4.07 (q, 2H, J = 

7.32 Hz), 3.99-3.94 (t, 2H, J = 7.29 Hz), 2.76-2.71 (t, 4H, J = 7.29 Hz), 2.21-2.11 (p, 2H, J = 7.29 Hz) 1.45-1.40 (t, 2H, J = 

7.29 Hz). 13C NMR (75 MHz, CDCl3): 158.76, 154.38, 151.69, 140.15, 136.13, 129.15, 128.73, 128.36, 126.50, 126.29, 

126.05, 121.87, 117.73, 114.78, 63.66, 50.41, 32.88, 29.76, 14.92. HRMS (EI): calcd for C21H21O2N2Cl: 368.1291, found: 

368.1288. 

1-benzyl-5-chloro-3-(3-ethoxyphenyl)-6-methyl-2(1H)-pyrazinone (3{33}). It was obtained as a yellow solid m.p. 135-136 

°C in 91 % yield. 1H NMR (300 MHz, CDCl3): � 8.01-7.99 (m, 2H), 7.36-7.31 (m, 4H), 7.26-7.25(m, 2H), 6.99-6.97 (d, 1H, 

J = 7.29 Hz), 5.40 (s, 2H), 4.13-4.06 (q, 2H, J = 7.32 Hz), 2.44 (s, 3H), 1.44-1.39 (t, 2H, J = 7.29 Hz). 13C NMR (75 MHz, 

CDCl3): 158.82, 155.47, 148.34, 136.43, 135.09, 134.76, 129.18, 128.09, 126.81, 126.62, 121.66, 119.65, 117.24, 114.62, 

63.66, 49.10, 17.21, 14.95. HRMS (EI): calcd  for C20H19O2N2Cl: 354.1135, found: 354.1132. 

5-chloro-3-(3-ethoxyphenyl)-1,6-dimethyl-2(1H)-pyrazinone (3{34}). It was obtained as a yellow solid m.p. 155-156 °C in 

94 % yield. 1H NMR (300 MHz, CDCl3): � 7.94 (s, 1H), 7.35-7.30 (t, 1H, J = 8.22 Hz), 7.26(s, 1H), 6.98-6.96 (d, 1H, J = 

7.29 Hz), 4.14-4.07 (q, 2H, J = 7.32 Hz), 3.64 (s, 3H), 2.5 (s, 3H), 1.45-1.40 (t, 2H, J = 7.29 Hz). 13C NMR (75 MHz, 

CDCl3): 158.73, 155.32, 147.28, 136.43, 135.15, 129.06, 126.11, 121.48, 117.03, 114.41, 63.57, 32.86, 17.39, 14.92. HRMS 

(EI): calcd for C14H15O2N2Cl: 278.0822, found: 278.0824. 
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 and 13C

 spectra for com
pound 3{14} 

                            

N N
O

C
l

O
M

e

C
l

C
l

160.2900

154.2890

149.2933

135.0068
134.7326
132.6003
131.1381
130.5289
130.1938
128.5794
126.5689
126.2033
126.0206

114.8411

77.5865
77.1600
76.7335

55.5017

52.7297

(ppm
)

10
20

30
40

50
60

70
80

90
100

110
120

130
140

150
160

N N
O

C
l

O
M

e

C
l

C
l

0.8439

0.9018

1.0765

1.9709

1.0102

1.9127

1.8546

3.0000

Integral

8.6216
8.6155
8.3506
8.3446
8.3232

7.5104
7.4830

7.3247
7.2973
7.2608
7.2242
6.9381
6.9107

5.0749

3.8176

-0.0000

(ppm
)

0.4
0.8

1.2
1.6

2.0
2.4

2.8
3.2

3.6
4.0

4.4
4.8

5.2
5.6

6.0
6.4

6.8
7.2

7.6
8.0

8.4
8.8

9.2
9.6

10.0
10.4
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S21  
 

  1H
 and 13C

 spectra for com
pound 3{16} 

                            

N N
O

C
l

O
M

e

B
r

160.1986

154.3195

150.3290

136.7736
133.6055
132.1129
130.4984
129.7369
127.9701
126.5689
126.1120
126.0206

122.3956

114.7802

77.5865
77.1600
76.7335

55.4713

52.6383

(ppm
)

0
10

20
30

40
50

60
70

80
90

100
110

120
130

140
150

160 N N
O

C
l

O
M

e

B
r

0.8059

0.8892

1.0163

3.1836

0.9414

1.8956

1.7690

3.0000

Integral

8.5577
8.3720
8.3446

7.5774
7.5530
7.3247
7.3156
7.2973
7.2882
7.2577
7.2029
6.9229
6.8955

5.0567

3.8054

0.0000

(ppm
)

0.4
0.8

1.2
1.6

2.0
2.4

2.8
3.2

3.6
4.0

4.4
4.8

5.2
5.6

6.0
6.4

6.8
7.2

7.6
8.0

8.4
8.8

9.2
9.6

10.0
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S22  
 

  1H
 and 13C

 spectra for com
pound 3{17} 

                            

N N
O

C
l

M
e

O
M

e

160.2756

157.0832

154.4671

137.2010
134.9565
130.7404
130.5584
129.7016
126.5016
126.1755
125.6144

114.8088

77.4785
77.1600
76.8415

55.4655

52.5764

20.1143

(ppm
)

0
10

20
30

40
50

60
70

80
90

100
110

120
130

140
150

160

N N
O

C
l

M
e

O
M

e

1.1585

3.3601

2.7629

1.0618

1.9287

1.9228

2.9994

3.0114

Integral

7.4657
7.4471
7.3177
7.3127
7.3063
7.2963
7.2909
7.2509
7.2332
7.1924
6.9173
6.8955

5.0296

3.8030

2.3185

0.0005

(ppm
)

0.4
0.8

1.2
1.6

2.0
2.4

2.8
3.2

3.6
4.0

4.4
4.8

5.2
5.6

6.0
6.4

6.8
7.2

7.6
8.0

8.4
8.8

9.2
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S23  
 

  1H
 and 13C

 spectra for com
pound 3{18} 

                            

N N
O

C
l

O
M

e

M
e

160.0463

154.4718
152.4613

137.7788
134.8849
131.5646
130.3766
129.7674
128.0615
126.5993
126.4166
125.1067

114.6279

77.5560
77.1600
76.7335

55.3799

52.3946

21.5674

(ppm
)

0
10

20
30

40
50

60
70

80
90

100
110

120
130

140
150

160
170

N N
O

C
l

O
M

e

M
e

1.8987

4.1473

1.0051

1.9672

1.9348

2.9714

3.0000

Integral

8.1710
8.1528

7.3430
7.3156
7.3034
7.2973
7.2760
7.2669
7.2455
7.1420
6.9015
6.8711

5.0262

3.7841

2.3989

0.0000

(ppm
)

0.4
0.8

1.2
1.6

2.0
2.4

2.8
3.2

3.6
4.0

4.4
4.8

5.2
5.6

6.0
6.4

6.8
7.2

7.6
8.0

8.4
8.8

9.2
9.6

10.0
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S24  
 

  1H
 and 13C

 spectra for com
pound 3{19} 

                            

1.9059

2.2991

2.5804

0.9582

2.0019

1.9657

3.0000

3.0892

Integral

8.3111
8.2837

7.3186
7.2882
7.2516
7.2242
7.1299

6.9168
6.8863

5.0475

3.8024

2.3929

-0.0000

(ppm
)

0.4
0.8

1.2
1.6

2.0
2.4

2.8
3.2

3.6
4.0

4.4
4.8

5.2
5.6

6.0
6.4

6.8
7.2

7.6
8.0

8.4
8.8

N N
O

C
l

O
M

e

M
e

N N
O

C
l

O
M

e

M
e

160.1377

154.5937
152.3090

141.2210

132.3261
130.4680
129.4018
129.0058

126.5689
124.7107

114.7193

77.5865
77.1600
76.7640

55.4713

52.4556

21.6588

(ppm
)

0
10

20
30

40
50

60
70

80
90

100
110

120
130

140
150

160
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S25  
 

  1H
 and 13C

 spectra for com
pound 3{20} 

                            

N N
O

C
l

O
M

e

M
e

M
e

160.1072

154.5632
152.8269

137.6874

134.8849
132.6003
130.4375

127.1172
126.5080
124.8935

114.7193

77.5560
77.1600
76.7335

55.4408

52.4251

21.5065

(ppm
)

0
10

20
30

40
50

60
70

80
90

100
110

120
130

140
150

160

N N
O

C
l

O
M

e

M
e

M
e

1.8127

2.2185

1.9892

1.9459

1.8750

2.9629

6.0000

Integral

7.9610

7.3217
7.2912
7.2547
7.1420
7.0903

6.9198
6.8894

5.0506

3.8024

2.3685

-0.0000

(ppm
)

0.4
0.8

1.2
1.6

2.0
2.4

2.8
3.2

3.6
4.0

4.4
4.8

5.2
5.6

6.0
6.4

6.8
7.2

7.6
8.0

8.4
8.8

9.2
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S26  
 

  1H
 and 13C

 spectra for com
pound 3{21} 

                            

1.9004

2.2365

2.1878

0.9194

2.0835

1.9105

3.0000

9.3218

Integral

8.3111
8.2837

7.4647
7.4343
7.3095
7.2821

7.1299

6.9046
6.8741

5.0414

3.7902

1.3334

0.0000

(ppm
)

0.0
0.4

0.8
1.2

1.6
2.0

2.4
2.8

3.2
3.6

4.0
4.4

4.8
5.2

5.6
6.0

6.4
6.8

7.2
7.6

8.0
8.4

8.8

O
M

e

NN

O

C
l

M
eM

e
M

e

O
M

e

NN

O

C
l

M
eM

e
M

e

160.1072

154.5632
154.1672
152.4004

132.2652
130.4375
129.1886

126.5689
125.2286
124.7412

114.6888

77.5865
77.1600
76.7335

55.4408

52.3946

34.9705

31.2542

(ppm
)

0
10

20
30

40
50

60
70

80
90

100
110

120
130

140
150

160
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S27  
 

  1H
 and 13C

 spectra for com
pound 3{23} 

                            

N N
O

C
l

O
M

e

S
M

e

160.0768

153.1619

147.8921
147.5875

135.9815

132.4480
130.4680
130.4071
126.8126
126.5080

122.6698

114.7802

77.5865
77.1600
76.7335

55.4408

52.2423

15.7492

(ppm
)

0
10

20
30

40
50

60
70

80
90

100
110

120
130

140
150

160

N N
O

C
l

O
M

e

S

M
e

0.8334

1.9190

0.8690

1.9421

1.0086

1.9202

2.9980

2.9964

Integral

8.1893
8.1771

7.3125
7.2851
7.2608

7.0324
6.9228
6.8954
6.8315
6.8193

5.0719

3.8115

2.5420

-0.0000

(ppm
)

0.0
0.4

0.8
1.2

1.6
2.0

2.4
2.8

3.2
3.6

4.0
4.4

4.8
5.2

5.6
6.0

6.4
6.8

7.2
7.6

8.0
8.4

8.8
9.2
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S28  
 

  1H
 and 13C

 spectra for com
pound 3{26} 

                            

O
M

e

NN

O

C
l

2.5772

1.0889

3.7427

2.1827

1.9260

2.0000

3.0881

Integral

7.9336
7.9062
7.8818
7.8696
7.8605
7.8483
7.7935
7.7692
7.5469
7.5226
7.4921
7.4800
7.4708
7.4586
7.3217
7.2943
7.2547
6.9046
6.8741

5.0140

3.7841

-0.0000

(ppm
)

0.0
0.4

0.8
1.2

1.6
2.0

2.4
2.8

3.2
3.6

4.0
4.4

4.8
5.2

5.6
6.0

6.4
6.8

7.2
7.6

8.0
8.4

8.8

O
M

e

NN

O

C
l

160.1986

155.7817
154.8983

133.8492
132.4480
131.0772
130.6508
128.6403
128.3966
126.7517
126.3252
126.0815
125.9597
125.2286
124.9849

114.7193

77.5865
77.1600
76.7335

55.4408

52.6993

(ppm
)

0
10

20
30

40
50

60
70

80
90

100
110

120
130

140
150

160
170

PRIVILEGED DOCUMENT FOR REVIEW PURPOSES ONLY



S29  
 

  1H
 and 13C

 spectra for com
pound 3{27} 

                            

O
M

e

NN

O

C
l

1.1672

1.2474

1.4211

2.8123

2.1191

2.4857

1.1020

2.3972

1.9433

3.3495

Integral

9.2122

8.3811
8.3567
8.3506

7.9731
7.9518
7.8788
7.8483
7.8148
7.5287
7.5226
7.5134
7.5043
7.4891
7.4830
7.3308
7.3034
7.2516
7.1755
6.9259
6.8954

5.0840

3.7963

-0.0000

(ppm
)

0.0
0.4

0.8
1.2

1.6
2.0

2.4
2.8

3.2
3.6

4.0
4.4

4.8
5.2

5.6
6.0

6.4
6.8

7.2
7.6

8.0
8.4

8.8
9.2

9.6

O
M

e

NN

O

C
l

160.1681

154.7460

151.6693

134.4889
133.0268
132.3566
130.6812
130.4680
129.6760
129.4627
127.8178
127.6655
126.7517
126.4166
126.3252
125.7160
125.1067

114.7802

77.5865
77.1600
76.7335

55.4713

52.5774

(ppm
)

0
10

20
30

40
50

60
70

80
90

100
110

120
130

140
150

160
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S30  
 

  1H
 and 13C

 spectra for com
pound 3{28} 

                            

167.0525

160.0463

157.6094

154.8069

135.9816
133.5751
132.1738
131.4732
130.4984
130.3157
129.7369
129.5237
128.7926
127.4827
126.4775
126.2947
125.4723

114.5974

77.5865
77.1600
76.7335

61.2590

55.4104

52.3033

14.1347

(ppm
)

10
20

30
40

50
60

70
80

90
100

110
120

130
140

150
160

170

N N
O

C
l

O
M

e

C
O

O
E

t

N N
O

C
l

O
M

e

C
O

O
E

t

0.9468

0.3602

3.2199

2.3156

1.2749

2.0527

1.8464

1.9304

2.9492

3.0000

Integral

7.9762
7.9518
7.8483
7.6170
7.5926
7.5652
7.5500
7.5226
7.4952
7.3186
7.2912
7.1907

6.9076
6.8802

4.9866

4.2316
4.2073
4.1829
4.1616

3.7963

1.2269
1.2056
1.1812

-0.0000

(ppm
)

0.0
0.4

0.8
1.2

1.6
2.0

2.4
2.8

3.2
3.6

4.0
4.4

4.8
5.2

5.6
6.0

6.4
6.8

7.2
7.6

8.0
8.4

8.8
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S31  
 

  1H
 and 13C

 spectra for com
pound 3{29} 

                            

N N
O

C
l

C
O

O
E

t

O
M

e

166.3214

160.1377

154.3804

150.7250

138.8450

131.8692
130.4680
129.2495
126.5689
126.2947
126.1120

114.7193

77.5865
77.1600
76.7640

61.2285

55.4104

52.6079

14.4089

(ppm
)

0
10

20
30

40
50

60
70

80
90

100
110

120
130

140
150

160
170

1.7862

1.8899

1.8358

0.9079

1.7859

1.7822

1.9920

2.7196

3.0000

Integral

8.4816
8.4542

8.0980
8.0706

7.3217
7.2912
7.2425

6.9168
6.8863

5.0627

4.4265
4.4052
4.3808
4.3565

3.7933

1.4308
1.4065
1.3852

0.0000

(ppm
)

0.4
0.8

1.2
1.6

2.0
2.4

2.8
3.2

3.6
4.0

4.4
4.8

5.2
5.6

6.0
6.4

6.8
7.2

7.6
8.0

8.4
8.8

9.2
9.6

10.0

N N
O

C
l

O
M

e

C
O

O
E

t
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S32  
 

  1H
 and 13C

 spectra for com
pound 3{30} 

                            

N N
O

C
l

O
E

t

158.7669

154.0453

151.4561

136.4385

129.5237
129.1277

126.7517

122.3956
121.9387

117.7350

114.7802

77.5865
77.1600
76.7640

63.6959

55.8368

32.2595

25.7406
25.3446

14.9572

(ppm
)

0
10

20
30

40
50

60
70

80
90

100
110

120
130

140
150

N N
O

C
l

O
E

t

1.8819

1.2204

0.8713

0.9142

0.8898

1.9740

3.9147

1.3662

3.4092

3.6085

1.7745

Integral

7.9730

7.3550
7.3276
7.3002
7.2667
7.0080
7.0019
6.9745

4.8465
4.8191

4.1371
4.1128
4.0915
4.0671

2.0061
1.9696
1.9209
1.8052
1.7625
1.5434
1.5068
1.4825
1.4429
1.4216
1.3972
1.2755
1.2450
1.2054

-0.0001

(ppm
)

0.4
0.8

1.2
1.6

2.0
2.4

2.8
3.2

3.6
4.0

4.4
4.8

5.2
5.6

6.0
6.4

6.8
7.2

7.6
8.0

8.4
8.8

9.2
9.6

10.0
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S33  
 

  1H
 and 13C

 spectra for com
pound 3{31} 

                            

158.7669

154.5632

151.7607

136.2252

129.1277
126.6298
125.9596

121.9082

117.7045

114.8107

77.5865
77.1600
76.7335

63.6655

56.9334

36.7678

30.6450

26.1976
25.6188

14.9267

(ppm
)

0
10

20
30

40
50

60
70

80
90

100
110

120
130

140
150

160

N N
O

C
l

O
E

t

N N
O

C
l

O
E

t

1.6592

1.2483

0.8842

0.8705

1.9840

1.8157

1.5299

6.0208

3.1590

2.4282

1.9558

Integral

7.9945
7.9701

7.3551
7.3277
7.3003
7.2638
7.1481
7.0111
7.0020
6.9776

4.1342
4.1129
4.0886
4.0672

3.7872
3.7628

1.9179
1.9058
1.8936
1.8814
1.8662
1.8571
1.7292
1.6957
1.4430
1.4217
1.3974
1.2573
1.2177
1.0655
1.0290
0.9955

0.0000

(ppm
)

0.4
0.8

1.2
1.6

2.0
2.4

2.8
3.2

3.6
4.0

4.4
4.8

5.2
5.6

6.0
6.4

6.8
7.2

7.6
8.0

8.4
8.8

9.2
9.6

10.0
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S34  
 

  1H
 and 13C

 spectra for com
pound 3{32} 

                            

N N
O

C
l

O
E

t

158.7669

154.3804

151.6998

140.1548

136.1339
129.1581
128.7317
128.3661
126.5080
126.2947
126.0510

121.8778

117.7350

114.7802

77.5865
77.1600
76.7335

63.6655

50.4146

32.8382

29.7616

14.9267

(ppm
)

0
10

20
30

40
50

60
70

80
90

100
110

120
130

140
150

160

N N
O

C
l

O
E

t

1.5637

3.0022

3.2108

0.9553

0.8754

2.0021

1.8320

1.9061

1.8832

3.1147

Integral

8.0013
7.9739
7.3803
7.3529
7.3255
7.2981
7.2768
7.2555
7.2281
7.2007
7.1428
7.0363
7.0302
7.0058

4.1594
4.1350
4.1137
4.0893
4.0132
3.9889
3.9615

2.7803
2.7559
2.7285

2.2353
2.2079
2.1836
2.1592
2.1349

1.4682
1.4469
1.4225

0.0160

(ppm
)

0.4
0.8

1.2
1.6

2.0
2.4

2.8
3.2

3.6
4.0

4.4
4.8

5.2
5.6

6.0
6.4

6.8
7.2

7.6
8.0

8.4
8.8

9.2
9.6

10.0
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S35  
 

  1H
 and 13C

 spectra for com
pound 3{33} 

                            

N N
O

C
l
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  1H
 and 13C

 spectra for com
pound 3{34} 
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