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General: Air and/or moisture sensitive reactions were carried out in anhydrous solvents 

under an atmosphere of argon in oven-dried glassware. All anhydrous solvents were distilled 

prior to use: Acetonitrile and DMF from CaH2; Triethylamine from KOH. Commercial 

reagents were used without purification. Column chromatography was carried out by using 

Spectrochem silica gel (100–200 mesh). 1H and 13C NMR spectroscopy measurements were 

carried out on Bruker AC 200 MHz or Bruker DRX 400 MHz spectrometers, and TMS was 

used as internal standard. 1H and 13C NMR chemical shifts are reported in ppm downfield 

from TMS and coupling constants (J) are reported in Hertz (Hz). The following 

abbreviations are used to designate signal multiplicity: s = singlet, d = doublet, t = triplet, q = 

quartet, m = multiplet, br = broad. The multiplicity of 13C NMR signals was assigned with 

the help of DEPT spectra and the abbreviations used:  s = singlet d = doublet  t = triplet q = 

quartet, represent C (quaternary), CH, CH2 and CH3 respectively. Mass spectroscopy was 

carried out on a API QStar Pulsar (Hybrid Quadrupole-TOF LC/MS/MS) spectrometer or 

UPLC coupled Mass Spectrometer (Waters) and HRMS on 4800 plus MALDI TOF/TOF 

Applied Biosystem spectrometer. Elemental analysis data were obtained on a Thermo 

Finnigan Flash EA 1112 Series CHNS analyzer.  

General Procedure for Sonogashira Coupling:5 To a solution of alkyne  (1 mmol), aryl 

iodide  (1.2 mmol) in Et3N (16 mL) and DMF (8 mL), TPP (0.1 mmol) and Pd(PPh3)2Cl2 (0.1 

mmol), were added and degassed with argon for 30 min. CuI (0.1 mmol) was added and 

degassed with argon for 10 min and stirred at rt for 5 h. The reaction mixture was partitioned 

between ethyl acetate and water. Organic layer was separated, washed with brine, dried 

(Na2SO4), concentrated and the residue obtained was purified by column chromatography 

(ethyl acetate in petroleum ether) to afford 1. 

Characterization data 

Compound 1aa. Yellow liquid, 83% yield. IR (CHCl3): ν 3351, 

2926, 2224, 1678, 1613, 1511, 1466, 1273, 1035 cm–1. 1H NMR (200 

MHz, CDCl3): δ 1.87 (qui, J = 6.4 Hz, 2H), 1.87 (br s, 1H), 2.60 (t, J 

= 6.8 Hz, 2H), 3.83 (t, J = 6.1 Hz, 2H), 7.38 (ddd, J = 2.1, 6.6, 8.1 
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Hz, 1H), 7.51 (dt, J = 1.4, 7.8 Hz, 1H), 7.56 (dd, J = 2.2, 7.6 Hz, 1H), 7.95 (dd, J = 1.3, 7.8 

Hz, 1H) ppm. 13C NMR (50 MHz, CDCl3): δ 16.2 (t), 30.7 (t), 61.2 (t), 76.3 (s), 98.3 (s), 

118.9 (s), 124.3 (d), 127.9 (d), 132.6 (d), 134.6 (d), 149.8 (s) ppm. ESI-MS: m/z 206.4 

(100%, [M+H]+). Anal. Calcd for C11H11NO3: C, 64.38; H, 5.40; N, 6.83. Found: C, 64.47; 

H, 5.52; N, 6.62. 

Compound 1ab. Procuring the clean spectral data of 1ab was found to be difficult as it was 

slowly converting to the cycloisomerization products on standing. 

Compound 1ac. Yellow liquid, 81% yield. IR (CHCl3): ν 3368, 

2949, 2230, 1605, 1555, 1530, 1478, 1345, 1259, 1110, 1058, cm–1. 
1H NMR (200 MHz, CDCl3): δ 1.76 (br s, 1H), 1.87 (qui, J = 6.5 

Hz, 2H), 2.60 (t, J = 6.9 Hz, 2H), 3.82 (t, J = 6.1 Hz, 2H), 7.49 (d, J 

= 1.3 Hz, 2H), 7.97 (t, J = 1.3 Hz, 1H) ppm. 13C NMR (50 MHz, 

CDCl3): δ 16.3 (t), 30.7 (t), 61.2 (t), 75.5 (s), 99.6 (s), 117.6 (s), 124.6 (d), 132.8 (d), 133.7 

(s), 135.6 (d), 150.1 (s) ppm. ESI-MS: m/z 240.4 (100%, [M+H]+). Anal. Calcd for 

C11H10ClNO3: C, 55.13; H, 4.21; Cl, 14.79; N, 5.84. Found: C, 55.22; H, 4.29; Cl, 14.62; N, 

5.67. 

Compound 1ad. Yellow liquid, 77% yield. IR (CHCl3): ν 3365, 

3017, 2954, 2230, 1719, 1619, 1534, 1437, 1289, 1090 cm–1. 1H 

NMR (200 MHz, CDCl3): δ 1.85 (qui, J = 6.4 Hz,  2H), 2.34 (br 

s, 1H), 2.60 (t, J = 6.9 Hz, 2H), 3.79 (t, J = 6.1 Hz, 2H), 3.91 (s, 

3H), 7.58 (dd, J = 8.1 Hz, 1H), 8.10 (dd, J = 1.7, 8.1 Hz, 1H), 

8.55 (d, J = 1.7 Hz, 1H) ppm. 13C NMR (50 MHz, CDCl3): δ 16.4 (t), 30.6 (t), 52.7 (q), 61.0 

(t), 76.1 (s), 102.2 (s), 123.1 (s), 125.4 (d), 129.6 (s), 132.9 (d), 134.9 (d), 149.6 (s), 164.5 

(s) ppm. ESI-MS: m/z 264.5 (100%, [M+H]+). Anal. Calcd for C13H13NO5: C, 59.31; H, 4.98; 

N, 5.32. Found: C, 59.32; H, 5.00; N, 5.33.  

Compound 1ba.  Yellow liquid, 71% yield. IR (CHCl3): ν 3351, 2936, 

2225, 1682, 1613, 1503, 1466, 1299, 1035 cm–1. 1H NMR (200 MHz, 

CDCl3): δ 1.66–1.79 (m, 5H), 2.51 (t, J = 6.4 Hz, 2H), 3.69 (t, J = 6.0 
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Hz, 2H), 7.37 (ddd, J = 2.1, 6.8, 8.2 Hz, 1H), 7.50 (dt, J = 1.4, 7.7 Hz, 1H), 7.56 (dd, J = 2.1, 

7.7 Hz, 1H), 7.94 (dd, J = 1.3, 7.8 Hz, 1H) ppm. 13C NMR (50 MHz, CDCl3): δ 19.4 (t), 24.5 

(t), 31.6 (t), 62.1 (t), 76.2 (s), 98.8 (s), 119.0 (s), 124.2 (d), 127.8 (d), 132.5 (d), 134.6 (d), 

149.8 (s) ppm. ESI-MS: m/z 220.3 (100%, [M+H]+). Anal. Calcd for C12H13NO3: C, 65.74; 

H, 5.98; N, 6.39. Found: C, 65.59; H, 5.91; N, 6.52. 

Compound 1bb.  Yellow liquid, 70% yield. IR (CHCl3): ν 3368, 

3086, 2949, 2230, 1605, 1555, 1530, 1478, 1345, 1152, 1058 cm–1. 
1H NMR (200 MHz, CDCl3): δ 1.66–1.76 (m, 4H), 2.01 (br s, 1H), 

2.38 (s, 3H), 2.48 (t, J = 6.4 Hz, 2H), 3.68 (t, J = 5.8 Hz, 2H), 7.29 

(dd, J = 1.1, 7.9 Hz, 1H), 7.41 (d, J = 7.9 Hz, 1H), 7.73 (s, 1H) 

ppm. 13C NMR (50 MHz, CDCl3): δ 19.4 (t), 20.9 (q), 24.5 (t), 31.6 (t), 62.1 (t), 76.1 (s), 

97.6 (s), 116.1 (s), 124.5 (d), 133.3 (d), 134.3 (d), 138.7 (s), 149.7 (s) ppm. ESI-MS: m/z 

234.5 (100%, [M+H]+). Anal. Calcd for C13H15NO3: C, 66.94; H, 6.48; N, 6.00. Found: C, 

67.04; H, 6.53; N, 5.89. 

Compound 1bc.  Yellow liquid, 73% yield. IR (CHCl3): ν 3387, 

3018, 2952, 2230, 1605, 1545, 1528, 1478, 1346, 1258, 1110, 1051 

cm–1. 1H NMR (200 MHz, CDCl3): δ 1.62–1.79 (m, 4H), 2.12 (br s, 

1H), 2.49 (t, J = 6.5 Hz, 2H), 3.68 (t, J = 6.0 Hz, 2H), 7.47 (d, J = 

1.3 Hz, 2H), 7.94 (t, J = 1.3 Hz, 1H) ppm. 13C NMR (50 MHz, 

CDCl3): δ 19.6 (t), 24.4 (t), 31.6 (t), 62.2 (t), 75.4 (s), 100.1 (s), 117.7 (s), 124.6 (d), 132.8 

(d), 133.6 (s), 135.6 (d), 150.1 (s) ppm. ESI-MS: m/z 254.7 (100%, [M+H]+). Anal. Calcd for 

C12H12ClNO3: C, 56.81; H, 4.77;Cl, 13.98; N, 5.52. Found: C, 56.79; H, 4.71;Cl, 13.71; N, 

5.39. 

Compound 1bd.  Yellow liquid, 83% yield. IR (CHCl3): ν 

3377, 3017, 2952, 2228, 1728,  1621, 1533, 1437, 1234, 1098 

cm–1. 1H NMR (200 MHz, CDCl3): δ 1.66–1.77 (m, 4H), 2.04 

(br s, 1H), 2.52 (t, J = 6.5 Hz, 2H), 3.68 (t, J = 6.0 Hz, 2H), 

3.92 (s, 3H), 7.59 (dd, J = 8.1 Hz, 1H), 8.11 (dd, J = 1.6, 8.1 

Hz, 1H), 8.56 (d, J = 1.6 Hz, 1H) ppm. 13C NMR (50 MHz, CDCl3): δ 19.6 (t), 24.3 (t), 31.5 
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(t), 52.7 (q), 62.0 (t), 76.0 (s), 102.7 (s), 123.2 (s), 125.4 (d), 129.5 (s), 132.8 (d), 134.9 (d), 

149.7 (s), 164.5 (s) ppm. ESI-MS: m/z 278.4 (100%, [M+H]+). Anal. Calcd for C14H15NO5: 

C, 60.64; H, 5.45; N, 5.05. Found: C, 60.75; H, 5.39; N, 5.22. 

Compound 1ca.  Yellow liquid, 70% yield. IR (CHCl3): ν 3020, 2918, 

2223, 1608, 1578,  1480, 1345, 1216, 1068 cm–1. 1H NMR (200 MHz, 

CDCl3): δ 2.29 (br s, 1H), 3.71–3.81 (m, 4H), 4.47 (s, 2H),  7.37 (ddd, 

J = 2.1, 6.9, 8.1 Hz, 1H), 7.50 (dt, J = 1.3, 7.8 Hz, 1H), 7.56 (dd, J = 

1.9, 7.7 Hz, 1H), 7.94 (dd, J = 1.1, 7.8 Hz, 1H) ppm. 13C NMR (50 

MHz, CDCl3): δ 58.9 (t), 61.5 (t), 71.3 (t), 81.6 (s), 93.0 (s), 117.7 (s), 124.4 (d), 128.8 (d), 

132.8 (d), 134.7 (d), 149.5 (s) ppm. ESI-MS: m/z 221.4 (100%, [M]+). Anal. Calcd for 

C11H11NO3: C, 59.73; H, 5.01; N, 6.33. Found: C, 59.59; H, 5.25; N, 6.18. 

Compound 1cb.  Off white solid, Mp. 79 °C, 70% yield. IR 

(CHCl3): ν 3327, 3021, 2952, 2219, 1609, 1595, 1525, 1434, 

1344, 1216, 1084 cm–1. 1H NMR (200 MHz, CDCl3): δ 2.23 (br 

s, 1H), 2.41 (s, 3H), 3.71–3.81 (m, 4H), 4.45 (s, 2H), 7.35 (dd, J 

= 1.0, 7.9 Hz, 1H), 7.48 (d, J = 7.9 Hz, 1H), 7.73 (s, 1H) ppm. 
13C NMR (50 MHz, CDCl3): δ 21.1 (q), 59.1 (t), 61.7 (t), 71.3 (t), 81.7 (s), 92.0 (s), 114.9 

(s), 124.9 (d), 133.6 (d), 134.5 (d), 139.9 (s), 149.5 (s) ppm. ESI-MS: m/z 236.2 (100%, 

[M+H]+). Anal. Calcd for C12H13NO4: C, 61.27; H, 5.57; N, 5.95. Found: C, 61.09; H, 5.63; 

N, 5.81. 

Compound 1cc.  Yellow liquid, 82% yield. IR (CHCl3): ν 3421, 

2974, 2932, 2229, 1605,  1556, 1533, 1478, 1345, 1261, 1110, 

882, 833, 759, 656 cm–1. 1H NMR (200 MHz, CDCl3): δ 2.15 (br 

s, 1H), 3.72–3. 83 (m, 4H), 4.47 (s, 2H),  7.54 (d, J = 1.3 Hz, 1H), 

7.55 (s, 1H), 8.03 (t, J = 1.3 Hz, 1H) ppm. 13C NMR (50 MHz, 

CDCl3): δ 59.1 (t), 61.7 (t), 71.4 (t), 80.8 (s), 94.2 (s), 116.3 (s), 124.9 (d), 133.1 (d), 134.9 

(s), 135.7 (d), 149.9 (s) ppm. ESI-MS: m/z 256.6 (100%, [M+H]+). Anal. Calcd for 

C11H10ClNO3: C, 51.68; H, 3.94; Cl, 13.87; N, 5.48. Found: C, 51.51; H, 3.78; Cl, 13.61; N, 

5.39. 
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Compound 1cd.  Yellow liquid, 74% yield. IR (CHCl3): ν 

3325, 2927, 2220, 1754, 1608, 1526, 1345, 1250, 1120, 1056 

cm–1. 1H NMR (200 MHz, CDCl3): δ 2.30 (br s, 1H),  3.71–3.83 

(m, 4H), 3.95 (s, 3H), 4.49 (s, 2H), 7.68 (d, J = 8.1 Hz, 1H), 

8.18 (dd, J = 1.5, 8.1 Hz, 1H), 8.65 (d, J = 1.5 Hz, 1H) ppm. 13C 

NMR (50 MHz, CDCl3): δ 52.8 (q), 59.1 (t), 61.4 (t), 71.5 (t), 81.3 (s), 96.6 (s), 121.8 (s), 

125.6 (d), 130.6 (s), 133.1 (d), 135.0 (d), 149.5 (s), 164.4 (s) ppm. ESI-MS: m/z 280.3 (100%, 

[M+H]+). Anal. Calcd for C13H13NO6: C, 55.91; H, 4.69; N, 5.02. Found: C, 55.77; H, 4.52; 

N, 4.95. 
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