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Characterization data for products: 

 

N-Phenylpiperidine-1-carbothioamide [1], amorphous solid (white), 1H NMR (300 MHz, 

chloroform-d) δ 7.38 – 7.27 (m, 2H), 7.13 (m, 3H), 3.78 (s, 4H), 1.67 (s, 6H). 13C NMR 

(75 MHz, chloroform-d) δ 182.7, 140.3, 129.1, 124.8, 122.6, 50.9, 25.5, 24.1.  

 

 

3-Oxo-1-phenylbutyl pyrrolidine-1-carbodithioate (6a) [2], yellow oil, isolated yield (96%, 

28 mg), purification by preparative TLC (n-hexane/ethyl acetate 9:1), 1H NMR (300 MHz, 

chloroform-d) δ 7.49 – 7.38 (m, 2H), 7.38 – 7.22 (m, 3H), 5.62 (dd, J = 9.9, 5.0 Hz, 1H), 3.92 (t, 

J = 6.8 Hz, 2H), 3.68 – 3.45 (m, 3H), 3.18 (dd, J = 16.4, 9.9 Hz, 1H), 2.15 (s, 3H), 2.03 (m, 4H). 

13C NMR (75 MHz, chloroform-d) δ 205.7, 191.0, 139.2, 128.7, 128.2, 127.7, 54.9, 50.5, 50.3, 

49.9, 29.8, 26.0, 24.2. MS: (EI, 70 eV): m/z = 293 [M+], Anal. Calcd for C15H19NOS2: C 61.40; 

H 6.53; N 4.77; Found: C 61.15; H 6.13; N 4.70. 

 

 

3-Oxo-1-phenylbutyl piperidine-1-carbodithioate (6b) [3], yellow oil, isolated yield (87% 

26.72 mg), purification by preparative TLC (n-hexane/ethyl acetate 9:1), 1H NMR (300 MHz, 

chloroform-d) δ 7.46 – 7.37 (m, 2H), 7.34 – 7.25 (m, 3H), 5.58 (dd, J = 10.1, 4.6 Hz, 1H), 4.27 

(d, J = 33.0 Hz, 2H), 3.83 (s, 2H), 3.54 (dd, J = 16.3, 4.6 Hz, 1H), 3.18 (dd, J = 16.3, 10.2 Hz, 

1H), 2.14 (d, J = 1.5 Hz, 3H), 1.69 (s, 6H). 13C NMR (75 MHz, chloroform-d) δ 205.7, 190.9, 
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139.2, 128.7, 128.2, 127.7, 54.9, 50.5, 50.3, 49.9, 29.8, 26.0, 24.2. MS: (EI, 70 eV): m/z = 307 

[M+], Anal. Calcd for C16H21NOS2: C 62.50; H 6.83; N 4.56; Found: C 62.55; H 6.61; N 4.40. 

 

 

1-(4-Chlorophenyl)-3-oxobutyl pyrrolidine-1-carbodithioate (6c), brown oil, isolated yield 

(78%, 25.57 mg), purification by preparative TLC (n-hexane/ethyl acetate 9:1), 1H NMR 

(300 MHz, chloroform-d) δ 7.37 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 8.5 Hz, 2H), 5.59 (dd, J = 9.7, 

5.0 Hz, 1H), 3.91 (t, J = 6.9 Hz, 2H), 3.57 (d, J = 7.7 Hz, 2H), 3.46 (dd, J = 16.4, 4.7 Hz, 1H), 

3.14 (dd, J = 16.7, 9.7 Hz, 1H), 2.14 (s, 3H), 2.10 – 2.04 (m, 2H), 2.01 – 1.93 (m, 2H). 13C NMR 

(75 MHz, chloroform-d) δ 205.4, 190.5, 138.2, 133.4, 129.7, 128.8, 55.0, 50.6, 49.4, 46.42, 29.9, 

26.0, 24.2. MS: (EI, 70 eV): m/z = 328 [M+], Anal. Calcd for C15H18ClNOS2: C 54.95; H 5.53; 

N 4.27; Found: C 54.56; H 5.19; N 4.01. 

 

 

1-(4-Chlorophenyl)-3-oxobutyl piperidine-1-carbodithioate (6d), brown oil, isolated yield 

(72%, 24.61 mg), purification by preparative TLC (n-hexane/ethyl acetate 9:1), 1H NMR 

(300 MHz, chloroform-d) δ 7.37 (d, J = 8.1 Hz, 3H), 7.29 (d, J = 7.8 Hz, 2H), 5.56 (m, 1H), 4.26 

(m, 2H), 3.85 (m, 2H), 3.49 (dd, J = 16.7, 4.7 Hz, 1H), 3.14 (dd, J = 16.7, 4.5 Hz, 1H), 2.14 (s, 

3H), 1.68 (s, 6H). 13C NMR (75 MHz, chloroform-d) δ 207.1, 198.2, 141.9, 136.4, 129.8, 129.4, 

129.2, 128.8, 127.4, 50.9, 31.0, 27.7, 22.5. MS: (EI, 70 eV): m/z = 341 [M+], Anal. Calcd for 

C16H20ClNOS2: C 56.21; H 5.90; N 4.10; Found: C 56.13; H 5.83; N 4.20. 
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3-Oxo-1-(o-tolyl)butyl pyrrolidine-1-carbodithioate (6e), yellow oil, isolated yield (92%, 

28.61 mg), purification by preparative TLC (n-hexane/ethyl acetate 9:1),  1H NMR (300 MHz, 

chloroform-d) δ 7.30 (d, J = 8.4 Hz, 1H), 7.19 (m, 3H), 5.71 (dd, J = 10.8, 4.5 Hz, 1H), 3.94 (t, 

J = 6.8 Hz, 2H), 3.67 – 3.45 (m, 3H), 3.29 (dd, J = 16.5, 10.7 Hz, 1H), 2.51 (s, 3H), 2.11 (s, 3H), 

2.08 – 1.91 (m, 4H). 13C NMR (75 MHz, chloroform-d) δ 206.0, 191.3, 137.0, 136.3, 130.9, 

127.8, 126.9, 126.1, 60.4, 54.8, 50.5, 49.3, 46.7, 29.6, 26.0, 24.2, 21.1, 19.7, 14.2. MS: (EI, 70 

eV): m/z = 307 [M+], Anal. Calcd for C16H21NOS2: C 62.50; H 6.88; N 4.56; Found: C 62.35; H 

6.63; N 4.49. 

 

 

3-Oxo-1-(o-tolyl)butyl piperidine-1-carbodithioate (6f), yellow oil, isolated yield (84%, 

27.31 mg), purification by preparative TLC (n-hexane/ethyl acetate 9:1), 1H NMR (300 MHz, 

chloroform-d) δ 7.28 (s, 2H), 7.20 (m, 2H), 5.70 (dd, J = 10.9, 4.4 Hz, 1H), 4.29 (s, 2H), 3.82 (s, 

2H), 3.55 (dd, J = 16.5, 4.4 Hz, 1H), 3.29 (dd, J = 16.5, 10.9 Hz, 1H), 2.51 (s, 3H), 2.12 (s, 3H), 

1.72 (s, 6H). 13C NMR (75 MHz, chloroform-d) δ 206.0, 194.1, 137.1, 136.3, 130.9, 127.8, 

126.9, 126.1, 49.4, 47.5, 29.6, 24.2, 19.8. MS: (EI, 70 eV): m/z = 321 [M+], Anal. Calcd for 

C17H23NOS2: C 63.51; H 7.21; N 4.36; Found: C 63.37; H 7.33; N 4.10. 
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3-Oxo-1-(p-tolyl)butyl pyrrolidine-1-carbodithioate (6g), yellow oil, isolated yield (85%, 

26.43 mg), purification by preparative TLC (n-hexane/ethyl acetate 9:1), 1H NMR (300 MHz, 

chloroform-d) δ 7.31 (d, J = 7.8 Hz, 2H), 7.13 (d, J = 7.6 Hz, 2H), 5.56 (dd, J = 10.1, 5.0 Hz, 

1H), 3.92 (t, J = 6.8 Hz, 2H), 3.62 – 3.45 (m, 3H), 3.16 (dd, J = 16.2, 10.2 Hz, 1H), 2.32 (s, 3H), 

2.14 (s, 3H), 2.01 (dq, J = 19.5, 6.7 Hz, 4H). 13C NMR (75 MHz, chloroform-d) δ 205.9, 191.1, 

137.6, 136.0, 129.4, 128.1, 54.8, 50.5, 50.1, 49.9, 29.8, 26.0, 24.2, 21.1. MS: (EI, 70 eV): m/z = 

307 [M+], Anal. Calcd for C16H21NOS2: C 62.50; H 6.88; N 4.56; Found: C 62.41; H 6.52; N 

4.29. 

 

 

1-(3-Nitrophenyl)-3-oxobutyl pyrrolidine-1-carbodithioate (6h), brown oil, isolated yield 

(69%, 23.36 mg), purification by preparative TLC (n-hexane/ethyl acetate 8:1), 1H NMR 

(300 MHz, chloroform-d) δ 8.28 (s, 1H), 8.11 (d, J = 8.5 Hz, 1H), 7.84 (d, J = 7.9 Hz, 1H), 7.50 

(q, J = 8.0, 6.9 Hz, 1H), 5.73 (dd, J = 9.2, 5.1 Hz, 1H), 3.91 (t, J = 6.9 Hz, 2H), 3.61 (t, J = 6.9 

Hz, 2H), 3.48 (dd, J = 17.4, 5.1 Hz, 1H), 3.23 (dd, J = 17.4, 9.2 Hz, 1H), 2.17 (s, 3H), 2.13 – 

1.97 (m, 4H). 13C NMR (75 MHz, chloroform-d) δ 204.7, 189.7, 148.2, 142.5, 135.2, 129.3, 

123.1, 122.6, 55.1, 50.6, 49.3, 49.1, 30.0, 26.0, 24.2. MS: (EI, 70 eV): m/z = 338 [M+], Anal. 

Calcd for C15H18N2O3S2: C 53.23; H 5.36; N 8.28; Found: C 53.11; H 5.22; N 8.29. 
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1-(3-Chlorophenyl)-3-oxobutyl piperidine-1-carbodithioate (6i), brown oil, isolated yield 

(81%, 28.7 mg), purification by preparative TLC (n-hexane/ethyl acetate 8:1), 1H NMR 

(300 MHz, chloroform-d) δ 7.41 (s, 1H), 7.27 (m, 3H), 5.58 (dd, J = 9.9, 4.8 Hz, 1H), 4.47 – 

4.14 (m, 2H), 3.84 (s, 2H), 3.49 (dd, J = 16.8, 4.8 Hz, 1H), 3.15 (dd, J = 16.8, 9.9 Hz, 1H), 2.16 

(s, 3H), 1.71 (s, 6H). 13C NMR (75 MHz, chloroform-d) δ 205.3, 193.1, 141.6, 134.4, 129.8, 

128.5, 127.9, 126.7, 50.4, 49.80, 29.9, 24.2. MS: (EI, 70 eV): m/z = 341 [M+], Anal. Calcd for 

C16H20ClNOS2: C 52.21; H 5.90; N 4.10; Found: C 52.01; H 5.97; N 4.02. 

 

 

1-(3-Chlorophenyl)-3-oxobutyl pyrrolidine-1-carbodithioate (6j), brown oil, isolated yield 

(88%, 29.9 mg), purification by preparative TLC (n-hexane/ethyl acetate 8:1), 1H NMR 

(300 MHz, chloroform-d) δ 7.40 (s, 1H), 7.37 – 7.18 (m, 4H), 5.60 (dd, J = 9.5, 5.1 Hz, 1H), 

3.91 (t, J = 6.9 Hz, 2H), 3.58 (t, J = 6.5 Hz, 2H), 3.45 (dd, J = 16.8, 5.1 Hz, 1H), 3.15 (dd, J = 

16.9, 9.5 Hz, 1H), 2.15 (s, 3H), 2.10 – 1.94 (m, 4H). 13C NMR (75 MHz, chloroform-d) δ 205.2, 

190.4, 141.8, 134.3, 129.8, 128.4, 127.9, 126.6, 55.0, 50.6, 49.6, 49.6, 29.9, 26.0, 24.2. MS: (EI, 

70 eV): m/z = 327 [M+], Anal. Calcd for C15H18ClNOS2: C 54.95; H 5.53; N 4.27; Found: C 

54.91; H 5.22; N 4.54. 
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3-Oxo-1-phenylbutyl dimethylcarbamodithioate (6k), yellow oil, isolated yield (90%, 

24.06 mg), purification by preparative TLC (n-hexane/ethyl acetate 9:1), 1H NMR (300 MHz, 

chloroform-d) δ 7.42 (d, J = 6.6 Hz, 2H), 7.32 (dd, J = 15.1, 7.9 Hz, 3H), 5.54 (dd, J = 10.0, 4.9 

Hz, 1H), 3.52 (d, J = 16.9 Hz, 4H), 3.32 (s, 3H), 3.18 (dd, J = 16.3, 10.0 Hz, 1H), 2.15 (s, 3H). 

13C NMR (75 MHz, chloroform-d) δ 205.7, 195.3, 139.0, 128.7, 128.3, 127.8, 51.5, 49.8, 45.2, 

41.4, 29.8. MS: (EI, 70 eV): m/z = 267 [M+], Anal. Calcd for C13H17NOS2: C 58.39; H 6.41; N 

4.24; Found: C 58.61; H 6.09; N 4.68. 

 

 

1-(4-Chlorophenyl)-3-oxobutyl dimethylcarbamodithioate (6l), brown oil, isolated yield 

(85%, 27.2 mg), purification by preparative TLC (n-hexane/ethyl acetate 8:1), 1H NMR 

(300 MHz, chloroform-d) δ 7.38 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 8.3 Hz, 2H), 5.52 (dd, J = 9.8, 

5.0 Hz, 1H), 3.54 (s, 3H), 3.47 (dd, J = 16.9, 4.8 Hz, 1H), 3.33 (s, 3H), 3.14 (dd, J = 16.8, 9.8 

Hz, 1H), 2.15 (s, 3H). 13C NMR (75 MHz, chloroform-d) δ 205.30, 133.5, 129.7, 128.8, 77.4, 

77.0, 76.6, 50.7, 49.6, 45.2, 41.4, 29.9. MS: (EI, 70 eV): m/z = 301.04 [M+], Anal. Calcd for 

C13H16ClNOS2: C 51.73; H 5.34; N 4.64; Found: C 51.81; H 5.30; N 4.79. 
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3-Oxo-1-(o-tolyl)butyl dimethylcarbamodithioate (6m), yellow oil, isolated yield (89%, 

25.04 mg), purification by preparative TLC (n-hexane/ethyl acetate 9:1), 1H NMR (300 MHz, 

chloroform-d) δ 7.34 – 7.27 (m, 1H), 7.24 – 7.14 (m, 3H), 5.64 (dd, J = 10.8, 4.5 Hz, 1H), 3.53 

(m, 4H), 3.35 – 3.21 (m, 4H), 2.50 (s, 3H), 2.12 (s, 3H). 13C NMR (75 MHz, chloroform-d) δ 

205.9, 195.7, 137.1, 136.2, 130.9, 130.2, 127.8, 126.9, 126.4, 126.1, 77.2, 49.1, 48.1, 45.14, 41.3, 

29.6, 19.7. MS: (EI, 70 eV): m/z = 281 [M+], Anal. Calcd for C14H19NOS2: C 59.75; H 6.81; N 

4.98; Found: C 59.31; H 6.12; N 4.89. 

 

 

1-(3-Chlorophenyl)-3-oxobutyl diethylcarbamodithioate (6n), brown oil, isolated yield (87%, 

29.7 mg), purification by preparative TLC (n-hexane/ethyl acetate 8:1), 1H NMR (300 MHz, 

chloroform-d) δ 7.53 (s, 1H), 7.40 (m, 4H), 5.54 (dd, J = 9.9, 4.8 Hz, 1H), 4.02 (m, 4H), 3.47 

(dd, J = 16.8, 4.8 Hz, 1H), 3.14 (dd, J = 16.8, 9.9 Hz, 1H), 2.39 (s, 3H), 1.27 (m, 6H). 13C NMR 

(75 MHz, chloroform-d) δ 205.28, 193.2, 141.6, 134.3, 129.8, 128.1, 127.9, 126.4, 50.3, 49.4, 

46.7, 29.9, 27.8, 12.5, 11.6. MS: (EI, 70 eV): m/z = 329 [M+], Anal. Calcd for C15H20ClNOS2: C 

54.61; H 6.11; N 4.25; Found: C 54.81; H 6.02; N 4.69. 
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1-(3-Nitrophenyl)-3-oxobutyl dimethylcarbamodithioate (6o), brown oil, isolated yield (76%, 

26.5 mg), purification by preparative TLC (n-hexane/ethyl acetate 8:1), 1H NMR (300 MHz, 

chloroform-d) δ 8.27 (s, 1H), 8.11 (d, J = 8.2 Hz, 1H), 7.83 (d, J = 7.8 Hz, 1H), 7.49 (t, J = 8.0 

Hz, 1H), 5.65 (dd, J = 9.3, 5.1 Hz, 1H), 3.48 (m, 4H), 3.34 (s, 3H), 3.22 (dd, J = 17.4, 9.3 Hz, 

1H), 2.16 (s, 3H). 13C NMR (75 MHz, chloroform-d) δ 204.6, 194.1, 148.2, 142.4, 135.2, 129.3, 

123.0, 122.6, 77.5, 77.0, 76.6, 50.3, 49.2, 45.4, 41.5, 30.0. MS: (EI, 70 eV): m/z = 312 [M+], 

Anal. Calcd for C13H16N2O3S2: C 49.98; H 5.16; N 8.97; Found: C 50. 20; H 5.72; N 8.79. 
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1H NMR, 13C NMR {1H} and mass spectra 

 

1H NMR (300 MHz, chloroform-d) of thiourea 
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13C NMR {1H} (75 MHz, chloroform-d) of thiourea 
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1H NMR (300 MHz, chloroform-d) of compound 6a 
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13C NMR {1H} (75 MHz, chloroform-d) of compound 6a 
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Mass spectrum of compound 6a 
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1H NMR (300 MHz, chloroform-d) of compound 6b 
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13C NMR {1H} (75 MHz, chloroform-d) of compound 6b 
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Mass spectrum of compound 6b 
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1H NMR (300 MHz, chloroform-d) of compound 6c 
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13C NMR {1H} (75 MHz, chloroform-d) of compound 6c 
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Mass spectrum of compound 6c 
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1H NMR (300 MHz, chloroform-d) of compound 6d 
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13C NMR {1H} (75 MHz, chloroform-d) of compound 6d 
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Mass spectrum of compound 6d 
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1H NMR (300 MHz, chloroform-d) of compound 6e 
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13C NMR {1H} (75 MHz, chloroform-d) of compound 6e 
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Mass spectrum of compound 6e 
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1H NMR (300 MHz, chloroform-d) of compound 6f 
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13C NMR {1H} (75 MHz, chloroform-d) of compound 6f 
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Mass spectrum of compound 6f 
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1H NMR (300 MHz, chloroform-d) of compound 6g 
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13C NMR {1H} (75 MHz, chloroform-d) of compound 6g 
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Mass spectrum of compound 6g 
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1H NMR (300 MHz, chloroform-d) of compound 6h 
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13C NMR {1H} (75 MHz, chloroform-d) of compound 6h 
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Mass spectrum of compound 6h 
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1H NMR (300 MHz, chloroform-d) of compound 6i 

  



  S37 
 

 

13C NMR {1H} (75 MHz, chloroform-d) of compound 6i 
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Mass spectrum of compound 6i 
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Mass spectrum of compound 6i 
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1H NMR (300 MHz, chloroform-d) of compound 6j 
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13C NMR {1H} (75 MHz, chloroform-d) of compound 6j 
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Mass spectrum of compound 6j 
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Mass spectrum of compound 6j 
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1H NMR (300 MHz, chloroform-d) of compound 6k 

  



  S45 
 

 
13C NMR {1H} (75 MHz, chloroform-d) of compound 6k 
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Mass spectrum of compound 6k 
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1H NMR (300 MHz, chloroform-d) of compound 6l 
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13C NMR {1H} (75 MHz, chloroform-d) of compound 6l 
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Mass spectrum of compound 6l 
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1H NMR (300 MHz, chloroform-d) of compound 6m 
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13C NMR {1H} (75 MHz, chloroform-d) of compound 6m 
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Mass spectrum of compound 6m 
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1H NMR (300 MHz, chloroform-d) of compound 6n 
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13C NMR {1H} (75 MHz, chloroform-d) of compound 6n 
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Mass spectrum of compound 6n 
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Mass spectrum of compound 6n 
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1H NMR (300 MHz, chloroform-d) of compound 6o 
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13C NMR {1H} (75 MHz, chloroform-d) of compound 6o 
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Mass spectrum of compound 6o 
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