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General 

Unless otherwise noted, all reactions were carried out under ambient atmosphere using 
standard Schlenk techniques. All chemicals were purchased from commercial suppliers and used 
without further purification. All the solvents were treated prior to use according to the standard 
methods. Flash column chromatography was performed using 200–300 mesh silica gel. 

1H NMR spectra were recorded on 400 MHz spectrophotometers. Chemical shifts (δ) are 
reported in ppm from the solvent resonance as the internal standard (CDCl3: 7.26 ppm). Data are 
reported as follows: Chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, dd = 
doublet of doublets, m = multiplet), coupling constants (Hz) and integration. 13C NMR spectra were 
recorded on 100 MHz spectrophotometers with complete proton decoupling spectrophotometers 
(CDCl3: 77.0 ppm). High resolution mass spectral analysis (HRMS) was performed on Bruker 
micrOTOF-QII. Melting point was measured with Melting Point apparatus WPS-2. IR spectra were 
measured on a BRUKER TENSOR 27 FT-IR spectrometer. 

N-pyrimidyl indole derivatives [1–3] were prepared according to the literature. 

Representative Procedure for the C-H Alkylation Reaction 

 

A mixture of N-pyrimidyl indole 1a (0.20 mmol, 1.0 equiv.), diazo compounds 2a (0.24 mmol, 
1.2 equiv), [Cp*RhCl2]2 (2.5 mg, 2 mol %), and AgSbF6 (6.8 mg, 10 mol %) were combined in EtOH 
(2.0 mL) in a dried 10 mL Schlenk tube. The mixture was stirred at 50 °C for 6–18 h and monitored 
by TLC. After the reaction was finished, the volatiles were removed under reduced pressure. The 
residue was purified by flash chromatography on silica gel (petroleum ether/ethyl acetate) to afford 
the desired product 3a in 92% yield. 

Spectral Data of Compounds 
diethyl 2-(1-(pyrimidin-2-yl)-1H-indol-2-yl)malonate [4] 

 

Yield: 92%, white solid, m.p. 72 °C–73 °C 
1H NMR (400 MHz, CDCl3) δ 8.67 (d, J = 4.7 Hz, 2H), 8.56 (d, J = 8.4 Hz, 1H), 7.58 (d, J = 7.7 Hz, 

1H), 7.30 (d, J = 8.0 Hz, 1H), 7.23 (d, J = 7.5 Hz, 1H), 7.06 (d, J = 2.9 Hz, 1H), 6.71 (s, 1H), 5.59 (s, 1H), 
4.25 (q, J = 7.1 Hz, 4H), 1.24 (t, J = 7.1 Hz, 6H). 

diethyl 2-(4-methyl-1-(pyrimidin-2-yl)-1H-indol-2-yl)malonate 
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Yield: 93%, white solid, m.p. 105 °C–106 °C 
1H NMR (400 MHz, CDCl3) δ 8.68 (d, J = 4.8 Hz, 2H), 8.38 (d, J = 8.5 Hz, 1H), 7.24–7.18 (m, 1H), 

7.08 (t, J = 4.8 Hz, 1H), 7.03 (d, J = 7.2 Hz, 1H), 6.74 (s, 1H), 5.58 (s, 1H), 4.26 (d, J = 7.1 Hz, 4H), 2.54 
(s, 3H), 1.25 (t, J = 7.1 Hz, 6H). 

13C NMR (100 MHz, CDCl3) δ 167.84, 158.01, 157.74, 136.65, 131.39, 129.94, 128.48, 123.99, 
122.74, 116.73, 112.91, 107.71, 61.79, 54.37, 18.57, 14.09. 

IR ν: 2988, 1734, 1722, 1569, 1424, 1339, 1290, 1273, 1179, 1146, 901, 862, 799, 773 cm−1. 
HRMS m/z: calcd for C20H21N3O4Na [M + Na+] 390.1424, found 390.1434. 
diethyl 2-(4-(benzyloxy)-1-(pyrimidin-2-yl)-1H-indol-2-yl)malonate 

 

Yield: 92%, white solid, m.p. 131 °C–132 °C 
1H NMR (400 MHz, CDCl3) δ 8.68 (d, J = 4.8 Hz, 2H), 8.16 (d, J = 8.5 Hz, 1H), 7.49 (d, J = 7.3 Hz, 

2H), 7.39 (t, J = 7.4 Hz, 2H), 7.33 (d, J = 7.2 Hz, 1H), 7.20 (t, J = 8.2 Hz, 1H), 7.08 (t, J = 4.8 Hz, 1H), 6.89 
(s, 1H), 6.72 (d, J = 7.9 Hz, 1H), 5.54 (s, 1H), 5.21 (s, 2H), 4.24 (d, J = 7.1 Hz, 4H), 1.23 (t, J = 7.1 Hz, 
6H). 

13C NMR (100 MHz, CDCl3) δ 167.77, 158.05, 157.74, 151.96, 138.21, 137.37, 130.56, 128.52, 
127.80, 127.36, 124.65, 116.83, 108.79, 106.53, 104.04, 70.05, 61.77, 54.37, 14.07. 

IR ν: 2949, 1730, 1642, 1563, 1496, 1231, 1152, 1106, 985, 910, 856, 803, 747 cm−1. 
HRMS m/z: calcd for C26H25N3O5Na [M + Na+] 482.1686, found 482.1683. 
diethyl 2-(4-(methoxycarbonyl)-1-(pyrimidin-2-yl)-1H-indol-2-yl)malonate 

 

Yield: 91%, white solid, m.p. 110 °C–111 °C 
1H NMR (400 MHz, CDCl3) δ 8.68 (d, J = 4.8 Hz, 2H), 8.38 (d, J = 8.5 Hz, 1H), 7.20 (d, J = 8.0 Hz, 

1H), 7.05 (dd, J = 18.4, 6.0 Hz, 2H), 6.74 (s, 1H), 5.58 (s, 1H), 4.25 (s, 4H), 2.54 (s, 3H), 1.25 (t, J = 7.1 
Hz, 6H). 

13C NMR (101 MHz, CDCl3) δ 167.83, 158.02, 157.73, 136.65, 131.39, 129.93, 128.48, 123.99, 
122.74, 116.72, 112.91, 107.71, 61.78, 54.37, 18.56, 14.08. 
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IR ν: 2998, 1746, 1701, 1572, 1429, 1354, 1276, 1182, 1139, 1023, 964, 816, 759, 632 cm−1. 
HRMS m/z: calcd for C21H22N3O6 [M + H+] 412.1503, found 412.1507. 
diethyl 2-(4-chloro-1-(pyrimidin-2-yl)-1H-indol-2-yl)malonate 

 

Yield: 87%, white solid, m.p. 107 °C–108 °C 
1H NMR (400 MHz, CDCl3) δ 8.79 (d, J = 8.4 Hz, 1H), 8.71 (d, J = 4.8 Hz, 2H), 8.02–7.97 (m, 1H), 

7.41 (s, 1H), 7.35 (s, 1H), 7.14 (s, 1H), 5.57 (s, 1H), 4.27 (q, J = 7.1 Hz, 4H), 1.26 (t, J = 7.1 Hz, 6H). 
13C NMR (100 MHz, CDCl3) δ 167.51, 167.41, 157.85, 137.49, 134.14, 128.60, 125.43, 123.18, 

121.54, 120.03, 117.24, 109.99, 61.87, 54.47, 51.83, 14.08. 
IR ν: 2982, 1731, 1570, 1420, 1339, 1290, 1273, 1238, 1149, 1027, 866, 756 cm−1. 
HRMS m/z: calcd for C19H18ClN3O4Na [M + Na+] 410.0878, found 410.0878. 
diethyl 2-(5-methyl-1-(pyrimidin-2-yl)-1H-indol-2-yl)malonate 

 

Yield: 86%, white solid, m.p. 95 °C–95 °C 
1H NMR (500 MHz, CDCl3) δ 8.66 (d, J = 4.8 Hz, 2H), 8.45 (d, J = 8.6 Hz, 1H), 7.36 (s, 1H), 7.12 

(dd, J = 8.6, 1.5 Hz, 1H), 7.05 (t, J = 4.8 Hz, 1H), 6.62 (s, 1H), 5.58 (s, 1H), 4.24 (q, J = 6.9 Hz, 4H), 2.44 
(s, 3H), 1.24 (s, 6H). 

13C NMR (100 MHz, CDCl3) δ 167.81, 158.02, 157.67, 135.12, 132.09, 131.74, 129.08, 125.34, 
120.43, 116.48, 115.25, 109.11, 61.74, 54.52, 21.31, 14.09. 

IR ν: 2969, 1718, 1643, 1570, 1567, 1426, 1375, 1248, 1064, 969, 794 cm−1. 
HRMS m/z: calcd for C20H21N3O4Na [M + Na+] 390.1424, found 390.1428. 
diethyl 2-(5-methoxy-1-(pyrimidin-2-yl)-1H-indol-2-yl)malonate 

 

Yield: 90%, white solid, m.p. 136 °C–136 °C 
1H NMR (400 MHz, CDCl3) δ 8.66 (d, J = 4.8 Hz, 2H), 8.50 (d, J = 9.1 Hz, 1H), 7.08–7.02 (m, 2H), 

6.93 (dd, J = 9.1, 2.6 Hz, 1H), 6.63 (s, 1H), 5.59 (s, 1H), 4.25 (d, J = 7.1 Hz, 4H), 3.86 (s, 3H), 1.25 (t, J = 
7.1 Hz, 6H). 

13C NMR (100 MHz, CDCl3) δ 167.77, 157.66, 155.64, 132.62, 131.72, 129.60, 116.59, 116.47, 
113.06, 109.22, 102.71, 61.77, 55.70, 54.57, 14.09. 

IR ν: 2975, 1737, 1612, 1569, 1424, 1339, 1301, 1253, 1141, 1021, 946, 854, 733 cm−1. 
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HRMS m/z: calcd for C20H21N3O5Na [M + Na+] 406.1373, found 406.1382. 
diethyl 2-(5-(benzyloxy)-1-(pyrimidin-2-yl)-1H-indol-2-yl)malonate 

 

Yield: 94%, white solid, m.p. 106 °C–107 °C 
1H NMR (400 MHz, CDCl3) δ 8.65 (d, J = 4.8 Hz, 2H), 8.51 (d, J = 9.1 Hz, 1H), 7.47 (d, J = 7.4 Hz, 

2H), 7.38 (t, J = 7.3 Hz, 2H), 7.32 (d, J = 7.1 Hz, 1H), 7.10 (s, 1H), 7.04 (dd, J = 8.7, 3.3 Hz, 2H), 6.61 (s, 
1H), 5.59 (s, 1H), 5.12 (s, 2H), 4.25 (d, J = 7.1 Hz, 4H), 1.24 (t, J = 7.1 Hz, 6H). 

13C NMR (100 MHz, CDCl3) δ 167.76, 157.91, 157.66, 154.81, 137.47, 132.67, 131.91, 129.57, 
128.55, 127.83, 127.51, 116.61, 116.49, 113.84, 109.25, 104.26, 70.61, 61.78, 54.57, 14.10. 

IR ν: 2976, 1724, 1611, 1430, 1380, 1348, 1220, 1174, 1027, 953, 837, 738 cm−1. 
HRMS m/z: calcd for C26H25N3O5Na [M + Na+] 482.1686, found 482.1676. 
diethyl 2-(5-bromo-1-(pyrimidin-2-yl)-1H-indol-2-yl)malonate 

 

Yield: 93%, white solid, m.p. 104 °C–105 °C 
1H NMR (400 MHz, CDCl3) δ 8.69 (d, J = 4.8 Hz, 2H), 8.46 (d, J = 9.0 Hz, 1H), 7.70 (d, J = 1.9 Hz, 

1H), 7.38 (dd, J = 9.0, 2.0 Hz, 1H), 7.12 (t, J = 4.8 Hz, 1H), 6.64 (s, 1H), 5.59 (s, 1H), 4.25 (d, J = 7.1 Hz, 
4H), 1.25 (t, J = 7.1 Hz, 6H). 

13C NMR (101 MHz, CDCl3) δ 167.48, 157.82, 135.52, 133.38, 130.51, 126.67, 123.10, 117.12, 
117.07, 115.55, 108.47, 61.91, 54.34, 14.08. 

IR ν: 2924, 1722, 1640, 1569, 1550, 1425, 1311, 1247, 1172, 1083, 965, 807, 798 cm−1. 
HRMS m/z: Calcd for C19H18BrN3O4Na [M + Na+] 454.0373, found 454.0396. 
diethyl 2-(5-chloro-1-(pyrimidin-2-yl)-1H-indol-2-yl)malonate 

 

Yield: 92%, white solid, m.p. 112 °C–113 °C 
1H NMR (500 MHz, CDCl3) δ 8.68 (d, J = 4.7 Hz, 2H), 8.51 (d, J = 8.9 Hz, 1H), 7.54 (d, J = 2.1 Hz, 

1H), 7.24 (d, J = 2.2 Hz, 1H), 7.11 (s, 1H), 6.64 (s, 1H), 5.58 (s, 1H), 4.24 (dd, J = 7.1, 6.7 Hz, 4H), 1.24 
(t, J = 7.1 Hz, 6H). 

13C NMR (100 MHz, CDCl3) δ 167.50, 157.81, 135.19, 133.51, 129.94, 127.85, 124.02, 120.01, 
117.05, 116.73, 108.59, 61.91, 54.38, 14.08. 

IR ν: 2988, 1720, 1570, 1425, 1378, 1308, 1247, 1173, 1112, 1037, 918, 797 cm−1. 
HRMS m/z: calcd for C19H19ClN3O4 [M + H+] 388.1059, found 388.1038. 
diethyl 2-(6-methyl-1-(pyrimidin-2-yl)-1H-indol-2-yl)malonate 
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Yield: 90%, white solid, m.p. 119 °C–120 °C 
1H NMR (400 MHz, CDCl3) δ 8.69 (d, J = 4.8 Hz, 2H), 8.37 (s, 1H), 7.46 (d, J = 7.9 Hz, 1H), 7.11–

7.04 (m, 2H), 6.65 (s, 1H), 5.55 (s, 1H), 4.24 (d, J = 7.1 Hz, 4H), 2.50 (s, 3H), 1.24 (t, J = 7.1 Hz, 6H). 
13C NMR (100 MHz, CDCl3) δ 167.82, 158.01, 157.73, 137.18, 133.83, 131.41, 126.61, 123.90, 

120.22, 116.61, 115.30, 109.20, 61.75, 54.39, 22.15, 14.08. 
IR ν: 2924, 1882, 1566, 1420, 1339, 1295, 1247, 1145, 1096, 1029, 863, 732 cm−1. 
HRMS m/z: calcd for C20H21N3O4Na [M + Na+] 390.1424, found 390.1430. 
diethyl 2-(6-(methoxycarbonyl)-1-(pyrimidin-2-yl)-1H-indol-2-yl)malonate 

N

N N

CO2Et

CO2Et

O

O

 

Yield: 90%, white solid, m.p. 118 °C–119 °C 
1H NMR (400 MHz, CDCl3) δ 8.66 (d, J = 4.8 Hz, 2H), 8.50 (d, J = 9.1 Hz, 1H), 7.04 (d, J = 2.5 Hz, 

2H), 6.93 (dd, J = 9.1, 2.6 Hz, 1H), 6.63 (s, 1H), 5.59 (s, 1H), 4.25 (d, J = 7.1 Hz, 4H), 3.86 (s, 3H), 1.25 
(t, J = 7.1 Hz, 6H). 

13C NMR (101 MHz, CDCl3) δ 167.76, 157.92, 157.65, 155.64, 132.63, 131.73, 129.60, 116.59, 
116.46, 113.05, 109.22, 102.72, 61.76, 55.69, 54.57, 14.09. 

IR ν: 2969, 1757, 1717, 1574, 1422, 1352, 1269, 1174, 1044, 991, 918, 746 cm−1. 
HRMS m/z: calcd for C21H21N3O6Na [M + Na+] 434.1323, found 434.1319. 
diethyl 2-(6-fluoro-1-(pyrimidin-2-yl)-1H-indol-2-yl)malonate 

 

Yield: 89%, white solid, m.p. 98 °C–99 °C 
1H NMR (400 MHz, CDCl3) δ 8.69 (d, J = 4.8 Hz, 2H), 8.37 (dd, J = 11.3, 2.2 Hz, 1H), 7.49 (dd, J = 

8.6, 5.6 Hz, 1H), 7.11 (t, J = 4.8 Hz, 1H), 7.00 (dd, J = 8.9, 2.3 Hz, 1H), 6.67 (s, 1H), 5.60 (s, 1H), 4.25 (d, 
J = 7.1 Hz, 4H), 1.25 (t, J = 7.1 Hz, 6H). 

13C NMR (100 MHz, CDCl3) δ 167.66, 157.83, 157.77, 136.83, 132.56, 132.52, 125.12, 121.17, 
121.07, 116.95, 109.08, 103.05, 61.85, 54.45, 14.09. 

IR ν: 2997, 1730, 1571, 1475, 1421, 1348, 1294, 1246, 1154, 1021, 985, 805, 731 cm−1. 
HRMS m/z: calcd for C19H18FN3O4Na [M + Na+] 394.1174, found 394.1162. 
diethyl 2-(6-chloro-1-(pyrimidin-2-yl)-1H-indol-2-yl)malonate 
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Yield: 89%, white solid, m.p. 118 °C–119 °C 
1H NMR (400 MHz, CDCl3) δ 8.70 (d, J = 4.8 Hz, 2H), 8.64 (d, J = 1.4 Hz, 1H), 7.48 (d, J = 8.3 Hz, 

1H), 7.21 (dd, J = 8.3, 1.8 Hz, 1H), 7.12 (s, 1H), 6.68 (s, 1H), 5.59 (s, 1H), 4.25 (d, J = 7.1 Hz, 4H), 1.25 
(t, J = 7.1 Hz, 6H). 

13C NMR (100 MHz, CDCl3) δ 167.54, 157.83, 157.71, 137.08, 132.89, 129.79, 127.30, 122.95, 
121.29, 117.09, 115.75, 109.03, 61.89, 54.38, 14.08. 

IR ν: 2995, 1732, 1570, 1417, 1337, 1293, 1240, 1152, 1020, 860, 803, 736 cm−1. 
HRMS m/z: calcd for C19H18ClN3O4Na [M + Na+] 410.0878, found 410.0876. 
diethyl 2-(1-(5-methylpyrimidin-2-yl)-1H-indol-2-yl)malonate 

 

Yield: 87%, white solid, m.p. 120 °C–121 °C 
1H NMR (400 MHz, CDCl3) δ 8.52 (s, 2H), 8.48 (d, J = 8.3 Hz, 1H), 7.58 (d, J = 7.6 Hz, 1H), 7.30–

7.18 (m, 2H), 6.69 (s, 1H), 5.54 (s, 1H), 4.25 (d, J = 7.1 Hz, 4H), 2.31 (s, 3H), 1.25 (t, J = 7.1 Hz, 6H). 
13C NMR (100 MHz, CDCl3) δ 167.77, 157.76, 156.14, 136.75, 131.92, 128.68, 126.11, 123.71, 

122.06, 120.60, 114.97, 108.60, 61.78, 54.16, 15.06, 14.10. 
IR ν: 3002, 1748, 1557, 1436, 1344, 1292, 1233, 1134, 1016, 853, 821, 746 cm−1. 
HRMS m/z: calcd for C20H22N3O4 [M + H+] 368.1605, found 368.1585. 
diethyl 2-(1-(5-bromopyrimidin-2-yl)-1H-indol-2-yl)malonate 

 
Yield: 88%, white solid, m.p. 114 °C–115 °C 
1H NMR (400 MHz, CDCl3) δ 8.70 (s, 2H), 8.49 (d, J = 8.3 Hz, 1H), 7.58 (d, J = 7.6 Hz, 1H), 7.35–

7.28 (m, 1H), 7.25 (d, J = 6.9 Hz, 1H), 6.72 (s, 1H), 5.51 (s, 1H), 4.25 (q, J = 7.1 Hz, 4H), 1.26 (t, J = 7.1 
Hz, 6H). 

13C NMR (100 MHz, CDCl3) δ 167.56, 158.20, 156.16, 136.74, 131.96, 128.89, 124.18, 122.70, 
120.77, 115.44, 114.11, 110.10, 61.90, 54.28, 14.11. 

IR ν: 2977, 1722, 1553, 1429, 1340, 1250, 1116, 1036, 968, 856, 790, 739 cm−1. 
HRMS m/z: calcd for C19H18BrN3O4Na [M + Na+] 454.0373, found 454.0363. 
dimethyl 2-(1-(pyrimidin-2-yl)-1H-indol-2-yl)malonate [5] 
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Yield: 90%, colorless oil. 
1H NMR (500 MHz, CDCl3) δ 8.69 (d, J = 4.8 Hz, 2H), 8.58 (d, J = 8.4 Hz, 1H), 7.58 (d, J = 7.7 Hz, 

1H), 7.32 (s, 1H), 7.23 (s, 1H), 7.09 (t, J = 4.8 Hz, 1H), 6.69 (s, 1H), 5.59 (s, 1H), 3.77 (s, 6H). 
diisopropyl 2-(1-(pyrimidin-2-yl)-1H-indol-2-yl)malonate3 

 

Yield: 92%, white solid, m.p. 114 °C–115 °C 
1H NMR (400 MHz, CDCl3) δ 8.69 (d, J = 4.8 Hz, 2H), 8.55 (d, J = 8.3 Hz, 1H), 7.58 (d, J = 7.6 Hz, 

1H), 7.31–7.21 (m, 2H), 7.08 (t, J = 4.8 Hz, 1H), 6.70 (s, 1H), 5.54 (s, 1H), 5.17–5.09 (m, 2H), 1.25 (dd, J 
= 6.0, 5.3 Hz, 12H). 

dibenzyl 2-(1-(pyrimidin-2-yl)-1H-indol-2-yl)malonate 

 

Yield: 91%, yellow oil. 
1H NMR (500 MHz, CDCl3) δ 8.56 (d, J = 8.4 Hz, 1H), 8.34 (d, J = 4.8 Hz, 2H), 7.51 (d, J = 7.7 Hz, 

1H), 7.29 (s, 10H), 7.27 (d, J = 1.2 Hz, 1H), 7.23 (s, 1H), 7.22–7.18 (m, 1H), 6.87 (s, 1H), 6.57 (s, 1H), 
5.62 (s, 1H), 5.26 (d, J = 12.2 Hz, 2H), 5.16 (d, J = 12.2 Hz, 2H). 

13C NMR (101 MHz, CDCl3) δ 167.43, 157.78, 157.50, 136.82, 135.37, 131.64, 128.80, 128.62, 
128.53, 128.37, 123.99, 122.36, 120.64, 116.56, 115.60, 109.68, 67.44, 54.44. 

IR ν: 2964, 1737, 1568, 1425, 1341, 1225, 1140, 1004, 906, 807, 732 cm−1. 
HRMS m/z: calcd for C29H23N3O4Na [M + Na+] 500.1581, found 500.1552. 
1-ethyl 3-methyl 2-(1-(pyrimidin-2-yl)-1H-indol-2-yl)malonate 

N

N N

CO2Me

CO2Et

 

Yield: 88%, colorless oil. 
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1H NMR (400 MHz, CDCl3) δ 8.68 (d, J = 4.8 Hz, 2H), 8.57 (d, J = 8.4 Hz, 1H), 7.58 (d, J = 7.7 Hz, 
1H), 7.31 (t, J = 7.4 Hz, 1H), 7.23 (s, 1H), 7.09 (t, J = 4.8 Hz, 1H), 6.70 (s, 1H), 5.58 (s, 1H), 4.24 (q, J = 
7.1 Hz, 2H), 3.77 (s, 3H), 1.24 (t, J = 7.1 Hz, 3H). 

13C NMR (100 MHz, CDCl3) δ 168.29, 167.65, 157.76, 136.84, 131.94, 128.79, 124.00, 122.41, 
120.66, 117.69, 116.77, 115.46, 109.44, 108.14, 61.89, 54.25, 52.84, 14.07. 

IR ν: 2984, 1736, 1567, 1423, 1296, 1241, 1147, 1026, 926, 857, 740 cm−1. 
HRMS m/z: calcd for C18H17N3O4Na [M + Na+] 362.1111, found 362.1102. 
3-(1-(pyrimidin-2-yl)-1H-indol-2-yl)pentane-2,4-dione 

 

Yield: 85%, white solid, m.p. 93 °C–95 °C 
1H NMR (400 MHz, CDCl3) δ 8.72 (d, J = 4.8 Hz, 2H), 8.28 (d, J = 8.4 Hz, 1H), 7.63 (d, J = 7.8 Hz, 

1H), 7.32 (s, 1H), 7.26 (d, J = 6.7 Hz, 1H), 7.13 (t, J = 4.8 Hz, 1H), 6.61 (s, 1H), 1.93 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 191.99, 158.19, 157.59, 136.56, 134.89, 128.93, 123.69, 122.14, 

120.55, 117.35, 114.06, 110.10, 107.59, 24.12. 
IR ν: 2924, 1721, 1645, 1620, 1562, 1419, 1342, 1294, 1213, 1154, 980, 857, 803, 746 cm−1. 
HRMS m/z: calcd for C17H15N3O2Na [M + Na+] 316.1056, found 316.1060. 
ethyl 2-(diethoxyphosphoryl)-2-(1-(pyrimidin-2-yl)-1H-indol-2-yl)acetate 

 

Yield: 89%, yellow oil. 
1H NMR (500 MHz, CDCl3) δ 8.78 (d, J = 4.8 Hz, 2H), 8.31 (d, J = 8.2 Hz, 1H), 7.61 (d, J = 7.7 Hz, 

1H), 7.27 (s, 1H), 7.24 – 7.19 (m, 2H), 7.15 (t, J = 4.8 Hz, 1H), 5.99 (d, J = 25.6 Hz, 1H), 4.27–4.20 (m, 
2H), 4.10–4.03 (m, 3H), 1.26 (d, J = 7.1 Hz, 4H), 1.20 (dd, J = 7.0, 3.5 Hz, 6H). 

13C NMR (100 MHz, CDCl3) δ 167.06, 167.03, 158.12, 136.86, 129.62, 129.56, 128.81, 128.78, 
123.70, 122.17, 120.77, 117.19, 114.31, 110.56, 110.50, 63.56, 63.49, 63.02, 62.95, 61.91, 46.26, 44.92, 
29.71, 16.32, 16.27, 16.26, 14.09. 

IR ν: 2980, 1733, 1565, 1422, 1342, 1296, 1245, 1152, 1096, 1021, 962, 807, 733 cm−1. 
HRMS m/z: calcd for C20H24N3O5PNa [M + Na+] 440.1346, found 440.1347. 

 

Figures S1–S60 are the NMR spectra and HRMS of compounds of 3a–v. 
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Figure S1.  1H NMR spectrum of 3a. 

 

Figure S2. 1H NMR spectrum of 3b. 
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Figure S3. 13C NMR spectrum of 3b. 
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Figure S4. HRMS of 3b. 
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Figure S5. 1H NMR spectrum of 3c. 

 

 

Figure S6. 13C NMR spectrum of 3c. 
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Figure S7. HRMS of 3c. 
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Figure S8. 1H NMR spectrum of 3d 

 

 

Figure S9. 13C NMR spectrum of 3d. 
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Figure S10. HRMS of 3d. 
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Figure S11. 1H NMR spectrum of 3e. 

 

 

Figure S12. 13C NMR spectrum of 3f. 
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Figure S13. HRMS of 3d. 
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Figure S14. 1H NMR spectrum of 3f. 

 

 

Figure S15. 13C NMR spectrum of 3f. 
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Figure S16. HRMS of 3f. 
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Figure S17. 1H NMR spectrum of 3g. 

 

 

Figure S18. 13C NMR spectrum of 3g. 
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Figure S19. HRMS of 3g. 
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Figure S20. 1H NMR spectrum of 3h. 

 

 

Figure S21. 13C NMR spectrum of 3h. 
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Figure S22. HRMS of 3h. 
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Figure S23. 1H NMR spectrum of 3i. 

 

 

Figure S24. 13C NMR spectrum of 3i. 
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Figure S25. HRMS of 3i. 
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Figure S26. 1H NMR spectrum of 3j 

 

 

Figure S27. 13C NMR spectrum of 3j. 
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Figure S28. HRMS of 3j. 
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Figure S29. 1H NMR spectrum of 3k. 

 

 

Figure S30. 13C NMR spectrum of 3k. 
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Figure S31. HRMS of 3k. 
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Figure S32. 1H NMR spectrum of 3l. 

 

 

Figure S33. 13C NMR spectrum of 3l. 
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Figure S34. HRMS of 3l. 
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Figure S35. 1H NMR spectrum of 3m. 

 

 

Figure S36. 13C NMR spectrum of 3m. 
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Figure S37. HRMS of 3m. 
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Figure S38. 1H NMR spectrum of 3n. 

 

 

Figure S39. 13C NMR spectrum of 3n. 
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Figure S40. HRMS of 3n. 
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Figure S41. 1H NMR spectrum of 3o. 

 

 

Figure S42. 13C NMR spectrum of 3o. 
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Figure S43. HRMS of 3o. 
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Figure S44. 1H NMR spectrum of 3p. 

 

 

Figure S45. 13C NMR spectrum of 3p. 
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Figure S46. HRMS of 3p. 
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Figure S47. 1H NMR spectrum of 3q 

 

 

Figure S48. 1H NMR spectrum of 3r. 
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Figure S49. 1H NMR spectrum of 3s. 

 

 

Figure S50. 13C NMR spectrum of 3s. 
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Figure S51. HRMS of 3s. 
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Figure S52. 1H NMR spectrum of 3t. 

 

 

Figure S53. 13C NMR spectrum of 3t. 
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Figure S54. HRMS of 3t. 
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Figure S55. 1H NMR spectrum of 3u. 

 

 

Figure S56. 13C NMR spectrum of 3u. 

 



Catalysts 2016, 6, 89; doi:10.3390/catal6060089 S46 of S48 

 

 

Figure S57. HRMS of 3u. 
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Figure S58. 1H NMR spectrum of 3v. 

 

 

Figure S59. 13C NMR spectrum of 3v. 
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Figure S60. HRMS of 3v. 
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