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General Information:  

 

Infrared (IR) spectra were recorded on a Perkin Elmer 500 spectrometer. All NMR spectra 

were recorded on Bruker Avance 400 MHz NMR spectrometer in chloroform-d solvent, running 

at 400 MHz for 1H and 100 MHz for 13C, respectively. Chemical shifts are reported in δ ppm 

with reference to TMS an internal standard. Chemical shifts (δ) are reported in ppm relative to 

residual solvent signals (CHCl3, 7.26 ppm for 1H NMR, CDCl3, 77.0 ppm for 13C NMR). The 

following abbreviations are used to indicate the multiplicity in NMR spectra: s, singlet; d, 

doublet; t, triplet; q, quartet; m, multiplet; bs, broad signal. HRMS spectra were recorded on 

JEOL SX-102A. The X-ray diffraction measurements were carried out at 298 K on a KAPPA 

APEX II CCD area detector system equipped with a graphite monochromator and a Mo-Kα fine-

focus sealed tube (k = 0.71073 Å). Analytical thin layer chromatography (TLC) was performed 

using pre-coated aluminium-backed plates (Merck Kieselgel 60 F254) and visualized by 

ultraviolet irradiation (254 nm) or KMnO4 stain. Analytical grade solvents and commercially 

available reagents were used without further purification. For flash chromatography (FC) silica 

gel (Silica gel 60, 230-400 mesh, Fluka) was used. Starting materials; 2-oxo-3-butynoates1 and 

salicylhydrazones,2 which were not commercially available were prepared by following the 

literature methods. 

2. Preparation	of	starting	materials	

2.1. Typical procedure for preparation	of	2‐oxo‐3‐butynoates1	

An oven-dried two neck round bottom flask equipped with a magnetic stirrer bar was 

allowed to cool under nitrogen. The flask was charged in sequence with CuI (10.1 mg, 0.05 

mmol), triethylamine (0.28 mL, 2 mmol), and THF (5 mL). Once a colourless clear solution 

formed, the alkyne (1 mmol) and monooxalyl chloride (2 mmol) were added and the reaction 

was allowed to proceed at room temperature. When the reaction was completed, saturated 

aqueous NaHCO3 (5 mL) and diethyl ether (20 mL) were added. The reaction system was 

allowed to partition, and the organic phase was dried with Na2SO4, filtered, and concentrated on 

a rotary evaporator. The residue was purified by silica gel chromatography to give the cross-

coupling product.  
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2.2. Typical procedure for preparation	of	salicylhydrazones2 

A methanol mixture of benzohydrazide (1 equiv) and salicylaldehyde (1 equiv) was 

refluxed for 4 h. The solvent was removed under reduced pressure till it yields a white solid 

residue and the crude material was mixed with minimum amount of ether and sonicated for 10 

min. The suspension was left at room temperature for 30 min. An insoluble white precipitate was 

separated by filtration, washed with ether and dried on air to give pure product. 

 

3. General	procedure	for	the	organocascade	reaction:	
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A capped glass vial equipped with magnetic stir bar was charged with salicylhydrazide 1 (0.2 

mmol, 1.0 equiv.) and 2-oxo-3-butynoates 2 (0.3 mmol, 1.5 equiv.) in dichloromethane (0.4 mL, 

0.5 M). Then,  DABCO (2.2 mg, 10 mol%) was added and the reaction mixture was allowed to 

stir at given temperature (either at 25 or 40 C). The reaction progress was monitored through 

TLC analysis. The crude samples were subjected directly to silica gel (230-400 mesh) flash 

column chromatographic purification and gradient mixture ethylacetate : hexanes (1:9) was used 

to elute the desired product 3.  
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4. Analytical	data	for	products	3a‐3z	
	

 

 

Light yellow solid. 85 mg (95% yield). m.p. = 131.2-132.3 °C. 1H 

NMR (400 MHz, CDCl3): δ 7.45 (d, J = 8.7 Hz, 2H), 7.41 (d, J = 7.7 Hz, 1H), 7.36 (t, J = 7.8 

Hz, 2H), 7.30-7.28 (m, 1H), 7.15 (d, J = 7.8 Hz, 2H), 7.05 (t, J = 7.5 Hz, 1H), 6.97-6.93 (m, 2H), 

6.79 (d, J = 8.8 Hz, 2H),  5.96 (s, 1H), 5.92 (s, 1H), 5.58 (s, 1H), 4.53-4.44 (m, 2H), 3.7 (s, 3H), 

1.47 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 166.1, 160.8, 150.4, 146.8, 146.4, 

130.2, 129.5, 128.2, 127.0, 126.7, 121.5, 120.6, 120.0, 116.9, 114.0, 113.8, 104.2, 93.2, 85.4, 

62.9, 55.2, 14.2. HRMS (ESI) calcd for C26H24N2O5Na, [M+Na]+ 467.1585, found: 467.1583. 

IR (KBr) ṽ (cm−1): 3292, 1754, 1667, 1483, 1377, 1261, 1138, 1084, 974, 754, 695. 

 

 

 

White solid. 90 mg (95% yield). m.p. = 171.7-172.2 °C. 1H NMR 

(400 MHz, CDCl3): δ 8.23 (s, 1H), 7.80 (d, J = 7.6 Hz, 1H), 7.65 (d, J = 7.7 Hz, 2H), 7.50-7.46 

(m, 3H), 7.36 (t, J = 7.5 Hz, 2H), 7.29-7.25 (m, 1H), 7.09 (t, J = 7.5 Hz, 1H), 6.93 (d, J = 8.2 Hz, 

1H), 6.79 (d, J = 8.7 Hz, 2H), 6.03 (s, 1H), 5.55 (s, 1H), 4.53-4.40 (m, 2H), 3.73 (s, 3H), 1.46 (t, 

J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 166.29, 166.26, 161.1, 150.2, 145.5, 132.3, 

132.1, 130.2, 128.64, 128.61, 128.3, 127.2, 125.6, 121.8, 119.7, 116.3, 113.9, 104.0, 93.1, 87.1, 

63.0, 14.1. HRMS (ESI) calcd for C27H24N2O5Na, [M+Na]+ 495.1533, found: 495.1532. IR 

(KBr) ṽ (cm−1): 3266, 1748, 1665, 1487, 1383, 1268, 1139, 1081, 977, 759, 694. 
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White solid. 99 mg (98% yield). m.p. = 191.8-192.0 °C. 1H 

NMR (400 MHz, CDCl3): δ 8.24 (s, 1H), 7.83 (d, J = 2.0 Hz, 1H), 7.64 (d, J = 7.5 Hz, 2H), 

7.50-7.45 (m, 3H), 7.36 (t, J = 7.5 Hz, 2H), 7.22 (dd, J = 8.7, 2.4 Hz, 1H), 6.87 (d, J = 8.8 Hz, 

1H), 6.81 (d, J = 8.7 Hz, 2H), 6.00 (s, 1H), 5.52 (s, 1H), 4.50-4.41 (m, 2H), 3.74 (s, 3H), 1.45 (t, 

J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 166.3, 166.0, 161.3, 148.8, 145.6, 132.2, 132.1, 

130.4, 128.7, 128.6, 127.8, 127.2, 126.8, 125.3, 121.1, 117.8, 114.0, 103.5, 93.2, 86.4, 63.1, 55.2, 

14.1. HRMS (ESI) calcd for C27H23ClN2O6Na, [M+Na]+ 529.1143, found: 529.1143. IR (KBr) ṽ 

(cm−1): 3267, 1743, 1664, 1477, 1366, 1251, 1127, 1084, 964, 746, 695.  

 

 

 

White solid. 88 mg (88% yield). m.p. = 160.3-160.8 °C. 1H 

NMR (400 MHz, CDCl3): δ 8.29 (s, 1H), 7.70-7.64 (m, 3H), 7.50-7.45 (m, 3H), 7.36 (t, J = 7.6 

Hz, 2H), 6.69 (d, J = 8.8 Hz, 2H), 6.63 (dd, J = 8.5, 2.4 Hz, 1H) 6.47 (d, J = 2.3 Hz, 1H), 5.98 (s, 

1H), 5.55 (s, 1H), 4.52-4.39 (m, 2H), 3.75 (s, 3H), 3.73 (s, 3H), 1.45 (t, J = 7.1 Hz, 3H). 13C 

NMR (100 MHz, CDCl3): δ 166.3, 166.2, 161.1, 161.0, 151.1, 145.2, 132.3, 132.1, 128.9, 128.6, 

128.5, 127.1, 125.6, 113.8, 112.0, 109.0, 103.8, 100.8, 93.1, 87.0, 63.0, 55.3, 55.2, 14.1. HRMS 

(ESI) calcd for C28H26N2O7Na, [M+Na]+ 525.1638, found: 525.1640. IR (KBr) ṽ (cm−1): 3421, 

1748, 1628, 1506, 1445, 1373, 1255, 1131, 1086, 972, 736, 697. 

 

 

 

White solid. 90 mg (95% yield). m.p. = 171.7-172.2 °C. 1H NMR (400 

MHz, CDCl3): δ 8.21 (s, 1H), 7.83 (d, J = 7.6 Hz, 2H), 7.64 (m, 1H), 7.57-7.55 (m, 2H), 7.48 (t, 

J = 7.3 Hz, 1H), 7.37 (t, J = 7.6 Hz, 2H), 7.30-7.26 (m, 4H), 7.08 (t, J = 7.5 Hz, 1H), 6.94 (d, J = 
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8.2 Hz, 1H),  6.05 (s, 1H), 5.66 (s, 1H), 4.54-4.42 (m, 2H), 1.47 (t, J = 6.9 Hz, 3H). 13C NMR 

(100 MHz, CDCl3): δ 166.3, 166.2, 150.2, 145.8, 133.2, 132.3, 132.2, 130.3, 130.1, 128.7, 128.5, 

128.3, 127.2, 127.1, 121.9, 119.6, 116.3, 105.7, 92.9, 87.1, 63.1, 14.1. HRMS (ESI) calcd for 

C26H22N2O5Na, [M+Na]+ 465.1429, found: 465.1427. IR (KBr) ṽ (cm−1): 3296, 1756, 1666, 

1481, 1369, 1267, 1141, 1081, 972, 757, 696.  

 

 

 

White solid. 71.3 mg (68% yield). m.p. = 171.7-172.2 °C. 1H NMR 

(400 MHz, CDCl3): δ 8.09 (s, 1H), 7.86 (d, J = 2.2 Hz, 1H), 7.62 (d, J = 7.5 Hz, 2H), 7.57-7.55 

(m, 2H), 7.48 (t, J = 7.3 Hz, 1H), 7.37 (t, J = 7.6 Hz, 2H) 7.33-7.28 (m, 3H), 7.24 (dd, J = 8.7, 

2.5 Hz, 1H), 6.88 (d, J = 8.7 Hz, 1H),  6.02 (s, 1H), 5.64 (s, 1H), 4.53-4.41 (m, 2H), 1.46 (t, J = 

7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 166.3, 165.8, 148.8, 145.9, 132.9, 132.3, 132.1, 

130.5, 130.3, 128.7, 128.6, 127.9, 127.3, 127.1, 126.9, 121.0, 117.8, 105.3, 93.0, 86.5, 63.1, 14.1. 

HRMS (ESI) calcd for C26H21ClN2O5Na, [M+Na]+ 499.1035, found: 499.1037. IR (KBr) ṽ 

(cm−1): 3286, 1754, 1668, 1481, 1367, 1271, 1142, 1081, 982, 758, 696. 

 

 

 

White solid. 77 mg (74% yield). m.p. = 189.3-190.1 °C. 1H NMR 

(400 MHz, CDCl3): δ 8.27 (s, 1H), 7.99 (d, J = 2.4 Hz, 1H), 7.62 (d, J = 7.4 Hz, 2H), 7.57-7.55 

(m, 2H), 7.46 (t, J = 7.4 Hz, 1H), 7.39-7.35 (m, 3H), 7.33-7.30 (m, 3H), 6.83 (d, J = 8.8 Hz, 1H),  

6.02 (s, 1H), 5.63 (s, 1H), 4.52-4.40 (m, 2H), 1.45 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, 

CDCl3): δ 166.3, 165.8, 149.3, 145.9, 133.4, 132.9, 132.2, 132.0, 130.7, 130.3, 128.6, 128.5, 

127.2, 127.1, 121.5, 118.2, 114.1, 105.2, 93.0, 86.3, 63.1, 14.1. HRMS (ESI) calcd for 

C26H21BrN2O5Na, [M+Na]+ 543.0533, found: 543.0532. IR (KBr) ṽ (cm−1): 3279, 1757, 1664, 

1471, 1371, 1276, 1147, 1088, 991, 751, 689. 
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White solid. 58 mg (62% yield). m.p. = 137.7-138.5 °C. 1H NMR 

(400 MHz, CDCl3): δ 8.24 (s, 1H), 7.64 (d, J = 7.4 Hz, 2H), 7.57 (dd, J = 7.8, 2.2 Hz, 2H) 7.48 

(t, J = 7.4 Hz, 1H), 7.39-7.35 (m, 3H), 7.32 (m, 3H), 6.86 (d, J = 1.1 Hz, 2H), 6.02 (s, 1H), 5.64 

(s, 1H), 4.54-4.41 (m, 2H), 3.86 (s, 3H), 1.46 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 

166.4, 166.3, 154.4, 145.7, 144.0, 133.2, 132.3, 132.2, 130.1, 128.7, 128.5, 127.2, 127.1, 119.9, 

117.7, 117.2, 111.5, 105.7, 92.9, 87.2, 63.1, 55.8, 14.1. HRMS (ESI) calcd for C27H24N2O6Na, 

[M+Na]+ 495.1530, found: 495.1532. IR (KBr) ṽ (cm−1): 3231, 1752, 1764, 1513, 1487, 1378, 

1258, 1128, 1035, 957, 748, 698. 

 

 

 

White solid. 54.8 mg (58% yield). m.p. = 156.3-157.2 °C. 1H NMR 

(400 MHz, CDCl3): δ 8.27 (s, 1H), 7.71 (d, J = 8.6 Hz, 1H), 7.64 (d, J = 7.4 Hz, 2H), 7.57-7.54 

(m, 2H), 7.48 (t, J = 7.4 Hz, 1H), 7.37 (t, J = 7.6 Hz, 2H) 7.33-7.27 (m, 3H), 6.65 (dd, J = 8.5, 

2.4 Hz, 1H), 6.49 (d, J = 2.4 Hz, 1H),  6.02 (s, 1H), 5.65 (s, 1H), 4.55-4.42 (m, 2H), 3.76 (s, 3H), 

1.47 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 166.3, 166.2, 161.2, 151.1, 145.6, 

133.3, 132.3, 132.1, 130.0, 129.0, 128.6, 128.5, 127.2, 127.1, 112.0, 109.1, 105.6, 100.8, 92.9, 

87.1, 63.0, 55.3, 14.1. HRMS (ESI) calcd for C27H24N2O6Na, [M+Na]+ 495.1536, found: 

495.1532. IR (KBr) ṽ (cm−1): 3276, 1751, 1663, 1477, 1371, 1263, 1135, 1087, 978, 751, 692. 

 

 

 

White solid. 84 mg (91% yield). m.p. = 168.9-169.8 °C. 1H NMR (400 
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MHz, CDCl3): δ 8.20 (s, 1H), 7.81 (d, J = 7.6 Hz, 1H), 7.61 (d, J = 7.7 Hz, 2H),  7.56-7.54 (m, 

2H), 7.42 (t, J = 7.3 Hz, 1H), 7.33-7.24 (m, 6H), 7.05 (t, J = 7.5 Hz, 1H), 6.92 (d, J = 8.2 Hz, 

1H), 6.02 (s, 1H), 5.67 (s, 1H), 5.28 (sept, J = 6.3 Hz, 1H), 1.43 (d, J = 6.3 Hz, 6H). 13C NMR 

(100 MHz, CDCl3): δ 166.3, 165.5, 150.2, 145.6, 133.3, 132.2, 132.1, 130.1, 130.0, 128.5, 128.4, 

128.3, 127.13, 127.10, 121.7, 119.6, 116.3, 105.8, 92.8, 87.0, 70.9, 21.6, 21.5. HRMS (ESI) 

calcd for C27H24N2O5Na, [M+Na]+ 479.1585, found: 479.1583. IR (KBr) ṽ (cm−1): 3284, 1747, 

1666, 1487, 1376, 1257, 1130, 1086, 961, 736, 698. 

 

 

 

White solid. 78 mg (83% yield). m.p. = 186.2-186.6 °C. 1H NMR (400 

MHz, CDCl3): δ 8.21 (s, 1H), 7.82 (d, J = 7.6 Hz, 1H), 7.64 (d, J = 7.5 Hz, 2H),  7.56-7.54 (m, 

2H), 7.47 (t, J = 7.3 Hz, 1H), 7.36 (t, J = 7.7 Hz, 2H), 7.30-7.25 (m, 4H), 7.06 (t, J = 7.4 Hz, 

1H), 6.92 (d, J = 8.2 Hz, 1H), 6.02 (s, 1H), 5.64 (s, 1H), 1.66 (s, 9H). 13C NMR (100 MHz, 

CDCl3): δ 166.3, 165.1, 150.4, 145.5, 133.4, 132.3, 132.1, 130.1, 130.0, 128.6, 128.5, 128.3, 

127.2, 127.1, 121.6, 119.7, 116.3, 106.2, 92.8, 87.1, 84.2, 27.9. HRMS (ESI) calcd for 

C28H26N2O5Na, [M+Na]+ 493.1743, found: 493.1740. IR (KBr) ṽ (cm−1): 3291, 1755, 1674, 

1490, 1387, 1267, 1125, 1080, 957, 724. 

 

 

 

White solid. 68 mg (68% yield). m.p. = 131.5-132.2 °C. 1H NMR (400 

MHz, CDCl3): δ 8.25 (s, 1H), 7.82 (d, J = 7.3 Hz, 1H), 7.60 (d, J = 7.4 Hz, 2H),  7.50-7.46 (m, 

4H), 7.44-7.37 (m, 4H), 7.33 (t, J = 7.6 Hz, 2H), 7.29-7.27 (m, 2H), 7.25-7.23 (m, 2H), 7.07 (t, J 

= 7.4 Hz, 1H), 6.92 (d, J = 8.2 Hz, 1H), 6.03 (s, 1H), 5.62 (s, 1H), 5.43 (q, J = 12.0 Hz, 2H). 13C 

NMR (100 MHz, CDCl3): δ 166.3, 166.0, 150.1, 145.9, 134.8, 133.1, 132.2, 132.1, 130.3, 130.1, 

128.68, 128.66, 128.60, 128.46, 128.43, 128.38, 128.30, 127.2, 127.1, 121.8, 119.6, 116.3, 105.4, 



10 
 

93.0, 87.1, 68.2. HRMS (ESI) calcd for C31H24N2O5Na, [M+Na]+ 527.1585, found: 527.1583. 

IR (KBr) ṽ (cm−1): 3291, 1755, 1674, 1490, 1387, 1267, 1125, 1080, 957, 724. 

 

 

 

White solid. 57 mg (63% yield). m.p. = 172.2-172.8 °C. 1H NMR (400 

MHz, CDCl3): δ 8.24 (s, 1H), 7.82 (d, J = 7.6 Hz, 1H), 7.63 (d, J = 7.6 Hz, 2H),  7.55 (d, J = 7.4 

Hz, 2H), 7.45 (t, J = 7.4 Hz, 1H), 7.34 (t, J = 7.6 Hz, 2H), 7.30-7.25 (m, 4H), 7.07 (t, J = 7.4 Hz, 

1H), 6.93 (d, J = 8.2 Hz, 1H), 6.11-6.01 (m, 2H), 5.67 (s, 1H), 5.48 (d, J = 17.2 Hz, 1H), 5.37 (d, 

J = 10.3 Hz, 1H), 4.94-4.84 (m, 2H). 13C NMR (100 MHz, CDCl3): δ 166.3, 165.8, 150.1, 145.9, 

133.2, 132.2, 132.21, 130.9, 130.3, 130.1, 128.6, 128.5, 128.3, 127.2, 127.1, 121.8, 119.7, 119.6, 

116.3, 105.5, 93.0, 87.1, 67.2. HRMS (ESI) calcd for C27H22N2O5Na, [M+Na]+ 477.1426, found: 

477.1427. IR (KBr) ṽ (cm−1): 3308, 1756, 1667, 1487, 1373, 1251, 1125, 1087, 943, 760, 698. 

 

 

 

White solid. 78 mg (80% yield). m.p. = 175.7-176.4 °C. 1H NMR 

(400 MHz, CDCl3): δ 8.25 (s, 1H), 7.62 (d, J = 7.5 Hz, 2H), 7.56-7.54 (m, 2H), 7.45 (t, J = 7.3 

Hz, 1H), 7.37-7.27 (m, 6H), 6.80 (d, J = 0.6 Hz, 2H), 6.00 (s, 1H), 5.63 (s, 1H), 5.28 (sept, J = 

6.2 Hz, 1H), 3.84 (s, 3H), 1.43 (d, J = 6.2 Hz, 6H). 13C NMR (100 MHz, CDCl3): δ = 166.4, 

165.7, 154.3, 145.6, 144.2, 133.3, 132.3, 132.1, 130.0, 128.6, 128.4, 127.2, 127.1, 119.9, 117.6, 

117.1, 111.5, 105.8, 92.8, 87.1, 71.0, 55.8, 21.6, 21.5. HRMS (ESI) calcd for C28H26N2O6Na, 

[M+Na]+ 509.1686, found: 509.1689. IR (KBr) ṽ (cm−1): 3292, 1747, 1668, 1496, 1376, 1256, 

1085, 1034, 965, 733, 697. 
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White solid. 90 mg (99% yield). m.p. = 181.4-182.2 °C. 1H NMR 

(400 MHz, CDCl3): δ 8.22 (s, 1H), 7.85 (d, J = 2.1 Hz, 1H), 7.61 (d, J = 7.6 Hz, 2H), 7.56-7.54 

(m, 2H), 7.44 (t, J = 7.4 Hz, 1H), 7.35-7.28 (m, 5H), 7.22 (dd, J = 8.7, 2.4 Hz, 1H) 6.87 (d, J = 

8.8 Hz, 1H), 6.00 (s, 1H), 5.63 (s, 1H), 5.28 (sept, J = 6.3 Hz, 1H), 1.43 (d, J = 6.3 Hz, 6H). 13C 

NMR (100 MHz, CDCl3): δ 166.3, 165.2, 148.9, 145.8, 133.0, 132.2, 132.1, 130.4, 130.2, 128.6, 

128.5, 127.8, 127.2, 127.1, 126.7, 121.0, 117.8, 105.3, 92.9, 86.4, 71.1, 21.6, 21.5. HRMS (ESI) 

calcd for C27H23ClN2O5Na, [M+Na]+ 513.1195, found: 513.1193. IR (KBr) ṽ (cm−1): 3436, 

1748, 1668, 1481, 1376, 1260, 1083, 961, 733, 695. 

 

 

 

 

White solid. 102 mg (93% yield). m.p. = 132.3-132.8 °C. 1H NMR 

(400 MHz, CDCl3): δ 7.85 (s, 1H), 7.79 (d, J = 7.4 Hz, 1H), 7.54-7.49 (m, 3H), 7.30-7.23 (m, 

4H), 7.07 (t, J = 7.3 Hz, 1H), 6.93 (d, J = 8.1 Hz, 1H), 6.85 (d, J = 8.5 Hz, 2H), 6.10 (s, 1H), 

5.55 (s, 1H), 4.48-4.42 (m, 2H), 3.78 (s, 3H), 1.44 (t, J = 7.0 Hz, 3H). 13C NMR (100 MHz, 

CDCl3): δ 166.15, 166.11, 161.3, 150.2, 145.3, 135.5, 133.4, 131.8, 130.3, 129.4, 128.9, 128.3, 

127.4, 125.7, 121.8, 119.7, 119.6, 116.4, 113.9, 104.4, 93.0, 87.1, 63.0, 55.4, 14.2. HRMS (ESI) 

calcd for C27H23BrN2O5Na, [M+Na]+ 573.0637, found: 573.0637. IR (KBr) ṽ (cm−1): 3239, 

1756, 1668, 1487, 1383, 1255, 1124, 1087, 960, 749, 697. 
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White solid. 82 mg (77% yield). m.p. = 174.0-174.6 °C. 1H NMR (400 

MHz, CDCl3): δ 7.99 (s, 1H), 7.80 (d, J = 7.5 Hz, 1H), 7.59-7.57 (m, 2H), 7.45 (d, J = 7.5 Hz, 

1H), 7.35-7.32 (m, 3H), 7.31-7.27 (m, 1H), 7.24-7.16 (m, 3H), 7.07 (t, J = 7.5 Hz, 1H), 6.91 (d, J 

= 8.3 Hz, 1H), 6.10 (s, 1H), 5.64 (s, 1H), 5.25 (sept, J = 6.0 Hz, 1H), 1.42 (dd, J = 6.3, 2.5 Hz, 

6H). 13C NMR (100 MHz, CDCl3): δ 166.1, 165.5, 150.2, 145.5, 135.4, 133.3, 131.6, 130.2, 

130.1, 129.2, 128.5, 128.3, 127.5, 127.3, 121.7, 119.6, 119.4, 116.3, 106.0, 92.6, 87.0, 71.0, 

21.59, 21.56. HRMS (ESI) calcd for C27H23BrN2O5Na, [M+Na]+ 557.0689, found: 557.0688. IR 

(KBr) ṽ (cm−1): 3436, 1747, 1635, 1487, 1375, 1257, 1132, 1086, 963, 750, 698.  

 

 

 

White solid. 62 mg (68% yield). m.p. = 132.6-133.4 °C. 1H NMR (400 

MHz, CDCl3): δ 7.51-7.49 (m, 2H), 7.41 (d, J = 7.6 Hz, 1H), 7.35 (d, J = 7.8 Hz, 2H), 7.28-7.23 

(m, 4H), 7.14 (d, J = 7.9 Hz, 2H), 7.04 (t, J = 7.4 Hz, 1H), 6.96-6.92 (m, 2H), 5.98 (s, 1H), 5.93 

(s, 1H), 5.67 (s, 1H), 5.32 (sept, J = 6.3 Hz, 1H), 1.45 (d, J = 6.3 Hz, 6H). 13C NMR (100 MHz, 

CDCl3): δ 165.5, 150.4, 147.1, 146.3, 134.6, 130.2, 129.6, 129.5, 128.3, 126.8, 126.7, 121.5, 

120.6, 119.9, 116.9, 114.1, 105.9, 93.0, 85.3, 70.9, 21.7, 21.6. HRMS (ESI) calcd for 

C26H24N2O4Na, [M+Na]+ 451.1635, found: 451.1634. IR (KBr) ṽ (cm−1): 3300, 1748, 1602, 

1487, 1376, 1256, 1088, 960, 751, 696. 
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White solid. 37 mg (40% yield). m.p. = 128.2-129.1 °C. 1H NMR 

(400 MHz, CDCl3): δ 7.48 (d, J = 7.4 Hz, 1H), 7.27-7.24 (m, 1H), 7.13-7.09 (m, 4H), 7.06-7.01 

(m, 2H), 6.98 (t, J = 7.5 Hz, 2H), 6.77 (d, J = 8.8 Hz, 2H), 6.08 (s, 1H), 5.59 (s, 1H), 5.30 (sept, 

J = 6.3 Hz, 1H), 3.71 (s, 3H), 2.21 (s, 3H), 1.43 (d, J = 6.3 Hz, 6H). 13C NMR (100 MHz, 

CDCl3): δ 166.3, 157.1, 151.3, 146.0, 138.6, 137.7, 135.2, 129.9, 129.8, 128.1, 128.0, 126.8, 

126.6, 124.8, 121.5, 121.2, 116.8, 114.4, 105.7, 93.4, 86.6, 70.4, 55.3, 21.7, 21.3. HRMS (ESI) 

calcd for C28H27N2O5Na, [M+Na]+ 480.1787, found: 480.1792. IR (KBr) ṽ (cm−1): 3296, 1755, 

1487, 1374, 1256, 1125, 1030, 958, 759, 694. 

 

 

 

White solid. 89 mg (95% yield). m.p. = 192.1-192.8 °C. 1H NMR 

(400 MHz, CDCl3): δ 8.26 (s, 1H), 7.81 (d, J = 7.6 Hz, 1H), 7.65 (d, J = 7.6 Hz, 2H),  7.47-7.42 

(m, 3H), 7.34 (t, J = 7.5 Hz, 2H), 7.27-7.23 (m, 1H), 7.08-7.03 (m, 3H), 6.92 (d, J = 8.2 Hz, 1H), 

6.02 (s, 1H), 5.60 (s, 1H), 5.29 (sept, J = 6.3 Hz, 1H), 2.27 (s, 3H), 1.44 (d, J = 6.3 Hz, 6H). 13C 

NMR (100 MHz, CDCl3): δ 166.2, 165.7, 150.3, 145.6, 140.2, 132.3, 132.1, 130.5, 130.1, 129.2, 

128.6, 128.3, 127.2, 127.0, 121.7, 119.7, 116.3, 105.0, 92.9, 87.0, 70.9, 21.6, 21.5, 21.2. HRMS 

(ESI) calcd for C28H26N2O5Na, [M+Na]+ 493.1737, found: 493.1740. IR (KBr) ṽ (cm−1): 3433, 

1747, 1645, 1487, 1375, 1286, 1130, 1085, 959, 735, 685. 

 

 

 

White solid. 93 mg (99% yield). m.p. = 104.3-104.9 °C. 1H NMR 
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(400 MHz, CDCl3): δ 8.48 (s, 1H), 7.82 (d, J = 7.6 Hz, 1H), 7.65 (d, J = 7.6 Hz, 2H),  7.44 (t, J = 

7.3 Hz, 1H), 7.35-7.31 (m, 4H), 7.28-7.24 (m, 1H), 7.16 (t, J = 7.8 Hz, 1H), 7.11-7.04 (m, 2H), 

6.92 (d, J = 8.2 Hz, 1H), 6.03 (s, 1H), 5.61 (s, 1H), 5.28 (sept, J = 6.2 Hz, 1H), 2.26 (s, 3H), 1.44 

(d, J = 6.2 Hz, 6H). 13C NMR (100 MHz, CDCl3): δ 166.3, 165.9, 150.3, 145.9, 138.1, 133.2, 

132.4, 132.0, 130.8, 130.1, 128.5, 128.3, 127.7, 127.1, 124.3, 121.7, 119.7, 116.3, 105.4, 92.9, 

87.1, 71.0, 21.59, 21.57, 21.3. HRMS (ESI) calcd for C28H26N2O5Na, [M+Na]+ 493.1738, found: 

493.1740. IR (KBr) ṽ (cm−1): 3301, 1748, 1668, 1487, 1376, 1269, 1086, 963, 759, 711. 

 

 

 

White solid. 84 mg (82% yield). m.p. = 104.8-105.8 °C. 1H NMR 

(400 MHz, CDCl3): δ 8.30 (s, 1H), 7.81 (d, J = 7.6 Hz, 1H), 7.67 (d, J = 7.4 Hz, 2H),  7.49 (d, J 

= 8.3 Hz, 2H), 7.44 (d, J = 7.3 Hz, 1H), 7.37-7.29 (m, 4H), 7.26-7.22 (m, 1H), 7.04 (t, J = 7.4 

Hz, 1H), 6.91 (d, J = 8.2 Hz, 1H), 6.02 (s, 1H), 5.62 (s, 1H), 5.29 (sept, J = 6.3 Hz, 1H), 1.44 (d, 

J = 6.3 Hz, 6H), 1.23 (s, 9H). 13C NMR (100 MHz, CDCl3): δ 166.2, 165.8, 153.4, 150.3, 145.5, 

132.3, 132.0, 130.4, 130.1, 128.6, 128.2, 127.2, 126.8, 125.4, 121.7, 119.7, 116.3, 105.3, 92.9, 

87.1, 71.0, 34.6, 31.1, 21.61, 21.60. HRMS (ESI) calcd for C31H32N2O5Na, [M+Na]+ 535.2213, 

found: 535.2209. IR (KBr) ṽ (cm−1): 3287, 1748, 1668, 1488,1364, 1260, 1085, 961, 753, 790. 

 

 

 

White solid. 70 mg (74% yield). m.p. = 191.8-192.0 °C. 1H NMR 

(400 MHz, CDCl3): δ 8.27 (s, 1H), 7.79 (d, J = 7.6 Hz, 1H), 7.64 (d, J = 7.7 Hz, 2H),  7.56-7.52 

(m, 2H), 7.47 (t, J = 7.4 Hz, 1H), 7.36 (t, J = 7.6 Hz, 2H), 7.28 (d, J = 7.6 Hz, 1H), 7.07 (t, J = 

7.5 Hz, 1H), 6.99-6.92 (m, 3H), 6.01 (s, 1H), 5.60 (s, 1H), 5.28 (sept, J = 6.4 Hz, 1H), 1.44 (d, J 

= 6.3 Hz, 6H). 13C NMR (100 MHz, CDCl3): δ 166.3, 165.6, 165.1, 162.6 (d, 1JC-F = 248.5 Hz), 

150.2, 144.9, 132.2, 132.1, 130.3, 129.4 (d, 4JC-F = 3.1 Hz), 129.1 (d, 3JC-F = 8.5 Hz), 128.7, 

128.2, 127.1, 121.8, 119.5, 116.3, 115.4 (d, 2JC-F = 21.8 Hz), 105.6, 92.8, 87.1, 71.1, 21.63, 
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21.60. HRMS (ESI) calcd for C27H23N2O5Na, [M+Na]+ 497.1493, found: 497.1489. IR (KBr) ṽ 

(cm−1): 3201, 1756, 1667, 1508, 1381, 1257, 1085, 975, 759, 697. 

 

 

 

White solid. 82 mg (77% yield). m.p. = 177.5-178.0 °C. 1H NMR 

(400 MHz, CDCl3): δ 8.43 (s, 1H), 7.77 (d, J = 7.6 Hz, 1H), 7.65 (d, J = 7.9 Hz, 2H),  7.46-7.38 

(m, 5H), 7.34 (t, J = 7.6 Hz, 2H), 7.29-7.25 (m, 1H), 7.06 (t, J = 7.5 Hz, 1H), 6.92 (d, J = 8.2 Hz, 

1H), 5.99 (s, 1H), 5.64 (s, 1H), 5.27 (sept, J = 6.4 Hz, 1H), 1.43 (d, J = 6.2 Hz, 6H).13C NMR 

(100 MHz, CDCl3): δ 166.3, 165.5, 150.2, 144.9, 132.4, 132.2, 132.0, 131.6, 130.3, 128.7, 128.6, 

128.2, 127.1, 124.3, 121.8, 119.4, 116.3, 106.2, 92.7, 87.0, 71.1, 21.6, 21.5. HRMS (ESI) calcd 

for C27H23N2O5Na, [M+Na]+ 557.0687, found: 557.0688. IR (KBr) ṽ (cm−1): 3435, 1755, 1634, 

1487, 1341, 1256, 1130, 1086, 898, 738. 675. 

 

 

 

White solid. 41 mg (44% yield). m.p. = 182.5-183.3 °C. 1H NMR (400 

MHz, CDCl3): δ 7.98 (s, 1H), 7.75 (d, J = 7.7 Hz, 1H), 7.59-7.55 (m, 4H), 7.46 (t, J = 7.4 Hz, 

1H), 7.35 (t, J = 7.5 Hz, 2H), 7.27-7.21 (m, 4H), 7.06 (t, J = 7.5 Hz, 1H), 6.91 (d, J = 8.1 Hz, 

1H), 5.54 (s, 1H), 5.29 (sept, J = 6.4 Hz, 1H), 1.95 (s, 3H), 1.45 (d, J = 6.3 Hz, 6H). 13C NMR 

(100 MHz, CDCl3): δ 166.1, 165.0, 148.9, 147.7, 133.2, 131.6, 131.0, 128.8, 128.5, 127.6, 127.4, 

126.1, 126.07, 126.03, 124.4, 121.0, 115.5, 104.9, 92.6, 88.3, 70.0, 22.0, 20.6. HRMS (ESI) calcd 

for C28H26N2O5Na, [M+Na]+ 493.1740, found: 493.1739. IR (KBr) ṽ (cm−1): 3440, 1732, 1661, 

1487, 1381, 1266, 1182, 1094, 1000, 737, 699. 
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White solid. 58.3 mg (60% yield). m.p. = 193.3-194.5 °C. 1H NMR 

(400 MHz, CDCl3): δ 8.09 (s, 1H), 7.74 (d, J = 7.7 Hz, 1H), 7.61 (d, J = 7.8 Hz, 2H),  7.48-7.44 

(m, 3H), 7.36 (t, J = 7.5 Hz, 2H), 7.22 (t, J = 7.5 Hz, 1H), 7.06-7.03 (m, 3H), 6.90 (d, J = 8.1 Hz, 

1H), 5.48 (s, 1H), 5.28 (sept, J = 6.4 Hz, 1H), 2.25 (s, 3H), 1.94 (s, 3H), 1.44 (d, J = 6.3 Hz, 6H). 

13C NMR (100 MHz, CDCl3): δ 167.0, 166.1, 149.9, 148.7, 139.8, 132.5, 131.8, 131.3, 129.4, 

128.9, 128.5, 127.0, 126.96, 126.93, 125.4, 121.8, 116.3, 104.8, 93.6, 89.2, 70.9, 22.8, 21.53, 

21.50, 21.1. HRMS (ESI) calcd for C29H28N2O5Na, [M+Na]+ 507.1896, found: 507.1898. IR 

(KBr) ṽ (cm−1): 3461, 1745, 1665, 1486, 1379, 1287, 1127, 1094, 1001, 758, 698. 

 

5. Crystal	data	and	structure	refinement	for	3p.		
Identification code  d18675 

Empirical formula  C27 H23 Br N2 O6 

Formula weight  551.38 

Temperature  200(2) K 

Wavelength  0.71073 Å 

Crystal system  Orthorhombic 

Space group  P b c n 

Unit cell dimensions a = 16.1053(13) Å = 90°. 

 b = 20.5425(16) Å = 90°. 

 c = 16.5420(12) Å  = 90°. 

Volume 5472.8(7) Å3 

Z 8 

Density (calculated) 1.338 Mg/m3 

Absorption coefficient 1.543 mm-1 

F(000) 2256 

Crystal size 0.16 x 0.04 x 0.02 mm3 
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Theta range for data collection 2.33 to 25.03°. 

Index ranges -19<=h<=16, -24<=k<=21, -18<=l<=19 

Reflections collected 35238 

Independent reflections 4835 [R(int) = 0.1473] 

Completeness to theta = 25.03° 99.8 %  

Absorption correction multi-scan 

Max. and min. transmission 0.9698 and 0.7903 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 4835 / 0 / 327 

Goodness-of-fit on F2 1.119 

Final R indices [I>2sigma(I)] R1 = 0.0887, wR2 = 0.1406 

R indices (all data) R1 = 0.1358, wR2 = 0.1580 

Largest diff. peak and hole 0.634 and -0.707 e.Å-3 
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