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General Methods. Unless stated otherwise, all reactions were carried out in 

flame-dried glassware under a dry argon atmosphere. All solvents were purified and 

dried according to standard methods prior to use.  
1H and 13C NMR spectra were recorded on a Varian instrument (300 MHz and 75 

MHz, respectively) and internally referenced to tetramethylsilane signal or residual 

protio solvent signals. The peaks with * indicate those of the enol isomer. Data for 1H 

NMR are recorded as follows: chemical shift (δ, ppm), multiplicity (s = singlet, d = 

doublet, t = triplet, m = multiplet or unresolved, br = broad singlet, coupling 

constant(s) in Hz, integration). Data for 13C NMR are reported in terms of chemical 

shift (δ, ppm).  
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General Procedures for the Synthesis of β-Ketoesters 3: 

R O

OO
+ OH

LiClO4

tolueneO2N
O

O

R

O

O2N
 

3a is used as an example: Ethyl benzoylacetate (960 mg, 5 mmol), 

(E)-3-(4-nitrophenyl)prop-2-en-1-ol (895 mg, 5 mmol) and lithium perchlorate (160 

mg, 1 mmol) in toluene (20 mL) was heated to 100 °C in a round bottom flask with 

distillation condenser to remove ethanol. After the reaction was complete (monitored 

by TLC), the reaction mixture was cooled, filtered. The filtrate was concentrated and 

the residue was purified by silica gel column chromatography (PE / EtOAc = 30 / 1) 

to afford the pure compound 3a. 

 

O

O

Ph

O

O2N
3a  

Yellow solid, yield 51% (ketone : enol = 4.0:1). 1H NMR (300 MHz, CDCl3) δ 4.09 (s, 

2 H), 4.87 (d, J = 6.6 Hz, 2 H), 4.92* (d, J = 6.0 Hz, 2 H), 5.74* (s, 1 H), 6.42 (dt, J = 

15.6, 6.0 Hz, 1 H), 6.51* (dt, J = 16.2, 5.7 Hz, 1 H), 6.69 (d, J = 16.2 Hz, 1 H), 6.76* 

(d, J = 15.9 Hz, 1 H), 7.46-7.63 (m, 5 H), 7.42-7.81* (m, 9 H), 7.96 (d, J = 7.5 Hz, 2 

H), 8.16 (d, J = 8.7 Hz, 2 H), 12.46* (s, 1 H); 13C NMR (75 MHz, CDCl3) δ 45.7, 

63.9, 64.9, 86.7, 123.8, 126.0, 127.0, 127.5, 128.0, 128.4, 128.5, 128.7, 131.1, 131.2, 

131.4, 133.8, 135.7, 142.4, 147.0, 167.1, 192.2; IR (thin film): νmax (cm-1) = 2978, 

1723, 1683, 1338, 1280, 1155, 1113, 979, 952, 685; MS (EI, m/z, rel. intensity) 325 

(M+, 1), 105 (100); Anal. calcd for C18H15NO5: C, 66.46; N, 4.31; H, 4.65; Found: C, 

66.60; N, 4.11; H, 4.71; m.p. 54-56 oC. 
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3b

O

O

O

O2N

Me

 

Yellow oil, yield 51% (ketone : enol = 4.2:1). 1H NMR (300 MHz, CDCl3) δ 2.40* (s, 

3 H), 2.42 (s, 3 H), 4.06 (s, 2 H), 4.87 (d, J = 6.0 Hz, 2 H), 4.91* (d, J = 6.0 Hz, 2 H), 

5.71* (s, 1 H), 6.42 (dt, J = 15.6, 6.0 Hz, 1 H), 6.52* (dt, J = 16.2, 5.7 Hz, 1 H), 6.68 

(d, J = 16.2 Hz, 1 H), 6.76* (d, J = 15.9 Hz, 1 H), 7.23* (d, J = 8.4 Hz, 2 H), 7.26 (d, 

J = 8.4 Hz, 2 H), 7.48 (d, J = 8.7 Hz, 2 H), 7.54* (d, J = 8.7 Hz, 2 H), 7.69* (d, J = 

8.1 Hz, 2 H), 7.86 (d, J = 8.1 Hz, 2 H), 8.17 (d, J = 9.0 Hz, 2 H), 8.33* (d, J = 8.4 Hz, 

2 H), 12.45* (s, 1 H); 13C NMR (75 MHz, CDCl3) δ 21.6, 45.7, 63.8, 64.9, 86.0, 123.9, 

126.0, 127.1, 127.6, 128.5, 129.2, 129.4, 130.4, 131.2, 133.3, 142.5, 144.9, 147.1, 

167.2, 191.8; IR (thin film): νmax (cm-1) = 2959, 2922, 2852, 1744, 1681, 1606, 1517, 

1459, 1343, 1265, 1181, 1146, 739; MS (EI, m/z, rel. intensity) 339 (M+, 3), 119 

(100); HRMS (EI) calcd for C19H17NO5 (M+): 339.1107. Found: 339.1103. 

 

3c

O

O

O

O2N

MeO

 

Yellow solid, yield 42%. 1H NMR (300 MHz, CDCl3) δ 3.88 (s, 3 H), 4.04 (s, 2 H), 

4.87 (t, J = 6.0 Hz, 2 H), 6.42 (dt, J = 15.9, 6.0 Hz, 1 H), 6.69 (d, J = 15.9 Hz, 1 H), 

6.96 (d, J = 9.0 Hz, 2 H), 7.49 (d, J = 9.0 Hz, 2 H), 7.95 (d, J = 8.7 Hz, 2 H), 8.18 (d, 

J = 8.4 Hz, 2 H); 13C NMR (75 MHz, CDCl3) δ 45.3, 55.3, 64.7, 113.7, 123.6, 126.9, 

127.5, 128.6, 130.6, 130.8, 142.3, 146.8, 163.8, 167.2, 190.6; IR (thin film): νmax 

(cm-1) = 2974, 1728, 1675, 1600, 1500, 1329, 1267, 1168, 1153, 1108, 1070, 994, 827, 

737; MS (EI, m/z, rel. intensity) 355 (M+, 1), 135 (100); Anal. calcd for C19H17NO6: C, 

64.22; N, 3.94; H, 4.82; Found: C, 64.12; N, 3.82; H, 4.90; m.p. 93-95 oC. 
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3d

O

O

O

O2N

Cl

 

Yellow solid, yield 75% (ketone : enol = 2.8:1). 1H NMR (300 MHz, CDCl3) δ 4.07 (s, 

2 H), 4.87 (dd, J = 6.0, 1.2 Hz, 2 H), 4.92* (dd, J = 6.0, 1.2 Hz, 2 H), 5.72* (s, 1 H), 

6.42 (dt, J = 15.6, 6.0 Hz, 1 H), 6.51* (dt, J = 15.9, 6.0 Hz, 1 H), 6.69 (d, J = 16.2 Hz, 

1 H), 6.76* (d, J = 15.9 Hz, 1 H), 7.38-7.55 (m, 4 H), 7.71-7.74* (m, 4 H), 7.90 (d, J 

= 8.4 Hz, 2 H), 7.89* (d, J = 8.9 Hz, 2 H), 8.17 (d, J = 9.0 Hz, 2 H), 8.18* (d, J = 8.7 

Hz, 2 H), 12.45* (s, 1 H); 13C NMR (75 MHz, CDCl3) δ 45.6, 64.0, 65.0, 87.0, 123.8, 

127.0, 127.3, 127.9, 128.7, 129.0, 129.8, 131.1, 131.3, 131.4, 134.0, 137.4, 140.3, 

142.3, 142.4, 147.0, 166.8, 170.6, 172.4, 191.0; IR (thin film): νmax (cm-1) = 2959, 

2922, 2852, 1744, 1681, 1606, 1517, 1459, 1343, 1265, 1181, 1146, 739; MS (EI, m/z, 

rel. intensity) 359 (M+, 3), 119 (100); Anal. calcd for C18H14NO5Cl: C, 60.09; N, 3.89; 

H, 3.92; Found: C, 60.04; N, 3.72; H, 3.99; m.p. 68-70 oC. 

 

3e

O

O

O

O2N

Br

 

Yellow solid, yield 31% (ketone : enol = 2.9:1). 1H NMR (300 MHz, CDCl3) δ 4.07 (s, 

2 H), 4.87 (d, J = 6.0 Hz, 2 H), 4.92* (d, J = 5.7 Hz, 2 H), 5.72* (s, 1 H), 6.41 (dt, J = 

15.9, 6.0 Hz, 1 H), 6.51* (dt, J = 16.2, 5.7 Hz, 1 H), 6.68 (d, J = 15.6 Hz, 1 H), 6.75* 

(d, J = 15.9 Hz, 1 H), 7.47 (d, J = 8.7 Hz, 2 H), 7.52* (d, J = 3.6 Hz, 2 H), 7.55* (d, J 

= 2.4 Hz, 2 H), 7.61 (d, J = 8.4 Hz, 2 H), 7.63* (d, J = 14.7 Hz, 2 H), 7.82 (d, J = 8.7 

Hz, 2 H), 8.15 (d, J = 8.7 Hz, 2 H), 8.17* (d, J = 8.4 Hz, 2 H), 12.44* (s, 1 H); 13C 

NMR (75 MHz, CDCl3) δ 45.6, 64.0, 65.0, 87.0, 123.8, 125.9, 127.0, 127.3, 127.4, 

127.9, 129.1, 129.8, 131.1, 131.3, 131.7, 132.0, 134.4, 142.3, 142.4, 147.0, 166.7, 
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170.6, 172.4, 191.2; IR (thin film): νmax (cm-1) = 3057, 1735, 1675, 1584, 1508, 1349, 

1318, 1147, 992, 808; MS (EI, m/z, rel. intensity) 403 (M+, 1), 183 (100); Anal. calcd 

for C18H14NO5Br: C, 53.49; N, 3.47; H, 3.49; Found: C, 53.60; N, 3.16; H, 3.81; m.p. 

45-47 oC. 

 

3f

O

O

O

O2N

 

Yellow oil, yield 71% (ketone : enol = 4.2:1). 1H NMR (300 MHz, CDCl3) δ 4.22 (s, 

2 H), 4.88 (d, J = 6.0 Hz, 2 H), 4.95* (d, J = 6.0 Hz, 2 H), 5.89* (s, 1 H), 6.38 (dt, J = 

16.2, 6.0 Hz, 1 H), 6.54* (dt, J = 15.9, 5.7 Hz, 1 H), 7.39 (d, J = 8.4 Hz, 2 H), 7.56 (t, 

J = 7.5 Hz, 2 H), 7.64 (t, J = 7.5 Hz, 1 H), 7.78-8.05* (m, 9 H), 7.87-8.05 (m, 4 H), 

8.13 (d, J = 9.0 Hz, 2 H), 8.20* (d, J = 8.7 Hz, 2 H), 8.39* (s, 1 H), 8.47 (s, 1 H), 

12.54* (s, 1 H); 13C NMR (75 MHz, CDCl3) δ 45.9, 64.0, 65.0, 87.2, 122.4, 123.7, 

123.8, 123.9, 126.7, 126.8, 127.0, 127.4, 127.6, 127.8, 128.1, 128.3, 128.7, 129.0, 

129.6, 130.6, 131.2, 131.3, 132.3, 133.1, 135.8, 142.4, 147.0, 167.2, 192.1; IR (thin 

film): νmax (cm-1) = 3062, 1761, 1615, 1516, 1339, 1228, 1177, 1155, 1067, 798, 742; 

MS (EI, m/z, rel. intensity) 375 (M+, 1), 155 (100); HRMS (EI) calcd for C22H17NO5 

(M+): 375.1107. Found: 375.1094. 

 

3g

O

O

O

O2N
O

 

Yellow solid, yield 42% (ketone : enol = 20:1). 1H NMR (300 MHz, CDCl3) δ 3.97 (s, 

2 H), 4.87 (dd, J = 5.7, 1.2 Hz, 2 H), 6.45 (dt, J = 16.2, 6.0 Hz, 1 H), 6.60 (dd, J = 3.3, 

1.5 Hz, 1 H), 6.71 (d, J = 15.9 Hz, 1 H), 7.32 (d, J = 3.9 Hz, 1 H), 7.51 (d, J = 8.7 Hz, 
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2 H), 7.65 (s, 1 H), 8.16 (d, J = 8.7 Hz, 2 H); 13C NMR (75 MHz, CDCl3) δ 45.0, 64.8, 

112.6, 118.4, 123.7, 126.9, 127.4, 131.0, 142.4, 146.9, 147.1, 151.5, 166.4, 180.6; IR 

(thin film): νmax (cm-1) = 1712, 1668, 1597, 1514, 1506, 1338, 1215, 1166, 1108, 1019, 

778 745; MS (EI, m/z, rel. intensity) 95 (100); Anal. calcd for C16H13NO6: C, 60.95; 

N, 4.44; H, 4.16; Found: C, 60.72; N, 4.41; H, 4.44; m.p. 67-70 oC. 

 

 

Yellow oil, yield 75%. 1H NMR (300 MHz, CDCl3) δ 1.16 (d, J = 6.6 Hz, 6 H), 

2.67-2.81 (m, 1 H), 3.60 (s, 2 H), 4.85 (d, J = 5.7 Hz, 2 H), 6.45 (dt, J = 16.2, 6.0 Hz, 

1 H), 6.75 (d, J = 15.9 Hz, 1 H), 7.53 (d, J = 9.0 Hz, 2 H), 8.19 (d, J = 8.7 Hz, 2 H); 
13C NMR (75 MHz, CDCl3) δ 17.8, 41.3, 46.8, 64.8, 123.9, 127.1, 127.6, 131.4, 142.5, 

147.1, 167.0, 206.3; IR (thin film): νmax (cm-1) = 2974, 1749, 1714, 1519, 1345, 1155, 

975, 862, 740; MS (EI, m/z, rel. intensity) 116 (100); Anal. calcd for C15H17NO5: C, 

61.85; N, 4.81; H, 5.88; Found: C, 61.68; N, 4.69; H, 6.03. 

 

3i

O

O

O

O2N

 

Yellow oil, yield 88%. 1H NMR (300 MHz, CDCl3) δ 2.31 (s, 3 H), 3.57 (s, 2 H), 4.86 

(d, J = 4.8 Hz, 2 H), 6.46 (dt, J = 15.9, 6.0 Hz, 1 H), 6.75 (d, J = 16.2 Hz, 1 H), 7.53 

(d, J = 9.0 Hz, 2 H), 8.19 (d, J = 8.7 Hz, 2 H); 13C NMR (75 MHz, CDCl3) δ 30.2, 

49.8, 64.9, 123.9, 127.1, 127.4, 131.5, 142.4, 147.1, 166.6, 200.3; IR (thin film): νmax 

(cm-1) = 2939, 1745, 1718, 1598, 1518, 1345, 1320, 1263, 1151, 1110, 971, 862, 742; 

MS (EI, m/z, rel. intensity) 263 (M+, 1), 179 (100); Anal. calcd for C13H13NO5: C, 

59.31; N, 5.32; H, 4.98; Found: C, 59.42; N, 5.01; H, 5.29. 
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3j

O

O

O

O2N

 

Yellow oil, yield 88%. 1H NMR (300 MHz, CDCl3) δ 1.86-1.98 (m, 1 H), 2.11-2.23 

(m, 1 H), 2.32-2.44 (m, 4 H), 3.25 (t, J = 9.0 Hz, 1 H), 4.79-4.94 (m, 2 H), 6.45 (dt, J 

= 15.9, 6.0 Hz, 1 H), 6.77 (d, J = 15.9 Hz, 1 H), 7.53 (d, J = 9.0 Hz, 2 H), 8.19 (d, J = 

8.7 Hz, 2 H); 13C NMR (75 MHz, CDCl3) δ 20.8, 27.2, 38.0, 54.7, 64.9, 123.9, 127.1, 

127.7, 131.1, 142.5, 147.0, 168.9, 212.1; IR (thin film): νmax (cm-1) = 2970, 1755, 

1728, 1598, 1518, 1344, 1181, 1110, 977, 861, 740; MS (EI, m/z, rel. intensity) 289 

(M+, 1), 116 (100); Anal. calcd for C15H15NO5: C, 62.28; N, 4.84; H, 5.23; Found: C, 

62.19; N, 4.67; H, 5.41. 

 

3k

O

O

O

NO2

 

Red oil, yield 72% (ketone : enol = 3.7:1). 1H NMR (300 MHz, CDCl3) δ 4.08 (s, 2 

H), 4.84 (d, J = 6.0 Hz, 2 H), 4.88* (d, J = 6.3 Hz, 2 H), 5.73* (s, 1 H), 6.22 (dt, J = 

15.6, 6.0 Hz, 1 H), 6.31* (dt, J = 15.9, 5.7 Hz, 1 H), 7.08 (d, J = 15.9 Hz, 1 H), 7.15* 

(d, J = 15.9 Hz, 1 H), 7.36-7.58 (m, 6 H), 7.31-7.58* (m, 7 H), 7.76* (d, J = 6.6 Hz, 2 

H), 7.89 (d, J = 8.1 Hz, 1 H), 7.94 (d, J = 7.8 Hz, 2 H), 12.46* (s, 1 H); 13C NMR (75 

MHz, CDCl3) δ 45.4, 63.9, 64.8, 86.6, 124.2, 125.7, 127.8, 128.1, 128.3, 128.5, 128.6, 

131.2, 131.5, 132.7, 133.0, 133.5, 135.5, 147.3, 166.9, 171.5, 172.4, 192.1; IR (thin 

film): νmax (cm-1) = 3068, 2935, 1744, 1687, 1525, 1450, 1346, 1265, 1211, 1185, 

1145, 969, 859, 690; MS (EI, m/z, rel. intensity) 325 (M+, 1), 105 (100); Anal. calcd 

for C18H15NO5: C, 66.46; N, 4.31; H, 4.65; Found: C, 66.40; N, 4.10; H, 4.76. 
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Yellow oil, yield 69% (ketone : enol = 4.1:1). 1H NMR (300 MHz, CDCl3) δ 4.10 (s, 

2 H), 4.86 (d, J = 5.7 Hz, 2 H), 4.90* (d, J = 5.7 Hz, 2 H), 5.75* (s, 1 H), 6.37 (dt, J = 

15.9, 6.0 Hz, 1 H), 6.47* (dt, J = 15.9, 6.0 Hz, 1 H), 6.64 (d, J = 16.2 Hz, 1 H), 6.74* 

(d, J = 16.2 Hz, 1 H), 7.41-7.51 (m, 3 H), 7.41-7.71* (m, 6 H), 7.58-7.68 (m, 2 H), 

7.78* (d, J = 7.2 Hz, 2 H), 7.96 (d, J = 7.5 Hz, 2 H), 8.06 (d, J = 8.1 Hz, 1 H), 8.13 (s, 

1 H), 8.22* (s, 1 H), 12.46* (s, 1 H); 13C NMR (75 MHz, CDCl3) δ 45.6, 63.9, 64.8, 

86.7, 120.9, 122.3, 125.8, 125.9, 126.4, 128.3, 128.4, 128.6, 129.3, 131.0, 131.3, 

132.2, 132.9, 133.7, 135.6, 137.6, 137.7, 148.2, 167.0, 171.8, 172.5, 192.2, ; IR (thin 

film): νmax (cm-1) = 2938, 1744, 1685, 1531, 1450, 1352, 1266,, 1211, 1187, 1145, 

969, 733, 689; MS (EI, m/z, rel. intensity) 325 (M+, 1), 105 (100); Anal. calcd for 

C18H15NO5: C, 66.46; N, 4.31; H, 4.65; Found: C, 66.45; N, 4.21; H, 4.89. 

 

 

Red oil, yield 47% (ketone : enol = 4.6:1). 1H NMR (300 MHz, CDCl3) δ 3.94 (s, 3 

H), 3.94* (s, 3 H), 3.99 (s, 3 H), 4.00* (s, 3 H), 4.09 (s, 2 H), 4.87 (dd, J = 6.3, 1.2 Hz, 

2 H), 4.92* (dd, J = 6.3, 1.2 Hz, 2 H), 5.74* (s, 1 H), 6.17 (dt, J = 15.9, 6.0 Hz, 1 H), 

6.26* (dt, J = 15.6, 6.0 Hz, 1 H), 6.95 (d, J = 10.2 Hz, 1 H), 7.24 (d, J = 15.6 Hz, 1 H), 

7.34-7.70* (m, 6 H), 7.42-7.62 (m, 4 H), 7.78* (d, J = 8.1 Hz, 2 H), 7.95 (d, J = 7.8 

Hz, 2 H), 12.48* (s, 1 H); 13C NMR (75 MHz, CDCl3) δ 45.6, 56.2, 56.3, 64.2, 65.3, 

86.8, 107.4, 109.8, 109.9, 125.9, 126.5, 126.9, 127.0, 128.3, 128.4, 128.7, 130.1, 

130.4, 131.3, 133.7, 135.6, 139.9, 148.3, 152.9, 167.2, 171.7, 192.2; IR (thin film): 
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νmax (cm-1) = 2938, 2852, 1743, 1687, 1575, 1520, 1450, 1331, 1276, 1217, 1187, 

1070, 1001, 966, 796, 758, 690; MS (EI, m/z, rel. intensity) 385 (M+, 4), 105 (100); 

HRMS (EI) calcd for C20H19NO7 (M+): 385.1162. Found: 385.1154. 

 

 

Yellow solid, yield 31% (ketone : enol = 1:1.4). 1H NMR (400 MHz, CDCl3) δ 4.15 (s, 

2 H), 4.88 (dd, J = 6.0, 1.5 Hz, 2 H), 4.96* (dd, J = 6.0, 1.5 Hz, 2 H), 5.85* (s, 1 H), 

6.43 (dt, J = 16.0, 6.0 Hz, 1 H), 6.52* (dt, J = 16.0, 6.0 Hz, 1 H), 6.29 (d, J = 16.0 Hz, 

1 H), 6.78* (d, J = 16.0 Hz, 1 H), 7.51 (d, J = 8.8 Hz, 2 H), 7.55* (d, J = 8.8 Hz, 2 H), 

7.96* (d, J = 8.4 Hz, 2 H), 8.13 (d, J = 8.8 Hz, 2 H), 8.18 (d, J = 8.8 Hz, 2 H), 8.20* 

(d, J = 8.8 Hz, 2 H), 8.28* (d, J = 8.8 Hz, 2 H), 8.34 (d, J = 9.2 Hz, 2 H), 12.43* (s, 1 

H); 13C NMR (75 MHz, CDCl3) δ 46.0, 64.4, 65.4, 89.7, 123.8, 124.0, 127.0, 127.1, 

127.2, 127.6, 129.6, 131.7, 132.0, 139.0, 140.1, 142.3, 142.4, 147.3, 149.3, 150.6, 

166.4, 168.9, 172.1, 190.8; IR (thin film): νmax (cm-1) = 2936, 1646, 1594, 1514, 1425, 

1340, 1298, 1195, 1076, 860, 834, 743; MS (EI, m/z, rel. intensity) 393 (M+Na); 

HRMS (EI) calcd for C18H14N2O7 (M+): 370.0801. Found: 370.0798; m.p. 106-109 
oC. 

 

 

Red solid, yield 40%. 1H NMR (400 MHz, CDCl3) δ 5.06 (dd, J = 5.6, 1.2 Hz, 2 H), 

6.58 (dt, J = 16.0, 6.0 Hz, 1 H ), 6.81 (d, J = 16.4 Hz, 1 H), 7.17 (t, J = 7.6 Hz, 1 H), 

7.26-7.36 (m, 2 H), 7.44 (d, J = 8.4 Hz, 1 H), 7.55 (d, J = 8.8 Hz, 2 H), 7.71 (d, J = 

8.4 Hz, 1 H), 8.20 (d, J = 8.4 Hz, 2 H), 8.97 (br, 1 H); 13C NMR (100 MHz, CDCl3) δ 
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64.6, 109.3, 111.9, 121.0, 122.7, 124.0, 125.7, 126.7, 127.2, 127.4, 128.0, 131.6, 

137.0, 142.5, 147.3, 161.6; IR (thin film): νmax (cm-1) = 3321, 1689, 1517, 1342, 1248, 

1199, 1145, 1109, 970, 773, 747; MS (EI, m/z, rel. intensity) 322 (M+, 24), 116 (100); 

Anal. calcd for C18H14N2O4: C, 67.07; N, 8.69; H, 4.38; Found: C, 66.87; N, 8.55; H, 

4.40; m.p. 180-183 oC. 

 

O

O

O

NO2

MeO

BnO
MeO

BnO

3p  
Red solid, yield 32% (ketone : enol = 13.3:1). 1H NMR (300 MHz, CDCl3) δ 3.89 (s, 

3 H), 3.95 (s, 3 H), 4.00 (s, 2 H), 4.83 (d, J = 5.4 Hz, 2 H), 5.14 (s, 2 H), 5.18 (s, 2 H), 

6.14 (dt, J = 15.9, 6.0 Hz, 1 H), 6.88 (d, J = 7.8 Hz, 1 H), 6.91 (s, 1 H), 7.19-7.52 (m, 

13 H), 7.63 (s, 1 H); 13C NMR (75 MHz, CDCl3) δ 45.3, 55.8, 56.2, 65.2, 70.5, 70.9, 

109.4, 110.1, 110.4, 111.8, 123.2, 126.5, 127.1, 127.3, 127.4, 128.0, 128.2, 128.5, 

128.6, 129.1, 130.2, 135.4, 135.8, 140.0, 147.3, 149.4, 152.8, 153.5, 167.3, 190.7; IR 

(thin film): νmax (cm-1) = 2939, 1741, 1675, 1519, 1330, 1276, 1210, 1148, 1068, 1023, 

870, 802, 740, 697; MS (EI, m/z, rel. intensity) 597 (M+, 1), 91 (100); HRMS (EI) 

calcd for C34H31NO9 (M+): 597.1999. Found: 597.2003; m.p. 43-46 oC. 
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General Procedure for the Synthesis of Benzylbutyrolactones Derivatives: 

 

A flame dried Schlenk tube was cooled to room temperature and filled with argon. To 

this flask, β-keto esters 3 (0.2 mmol), DBU (0.02 mmol, 3 mg), and DMF (2 mL) 

were added. The reaction mixture was stirred at room temperature or 60 oC. After the 

reaction was complete (monitored by TLC), the reaction mixture was diluted with 

Et2O and saturated NH4Cl. The organic layer was separated, and the aqueous layer 

was extracted three times with Et2O. The combined organic layers were dried over 

Na2SO4, and concentrated to afford the crude product. The residue was purified by 

silica gel column chromatography to afford the desired product 4. 

 

Colorless solid, yield 98%. 1H NMR (300 MHz, CDCl3) δ 2.97 (dd, J = 7.8, 2.4 Hz, 2 

H), 3.51-3.63 (m, 1 H), 4.13 (dd, J = 8.7, 6.9 Hz, 1 H), 4.36 (d, J = 7.2 Hz, 1 H), 4.54 

(dd, J = 8.7, 7.2 Hz, 1 H), 7.33 (d, J = 8.4 Hz, 2 H), 7.45 (t, J = 7.8 Hz, 2 H), 7.61 (t, J 

= 7.5 Hz, 1 H), 7.88 (d, J = 7.5 Hz, 2 H), 8.10 (d, J = 8.4 Hz, 2 H); 13C NMR (75 

MHz, CDCl3) δ 37.9, 40.5, 53.7, 71.4, 124.0, 128.7, 129.2, 129.7, 134.2, 135.2, 145.1, 

146.9, 171.8, 192.3; IR (thin film): νmax (cm-1) = 2922, 1770, 1681, 1598, 1518, 1347, 

1151, 1020, 860; MS (EI, m/z, rel. intensity) 325 (M+, 7). 105 (100); HRMS (EI) 

calcd for C18H15NO5 (M+): 325.0950, Found: 325.0949; Anal. calcd for C18H15NO5: C, 

66.46; N, 4.31; H, 4.65; Found: C, 66.31; N, 4.23; H, 4.66; m.p. 109-111 oC. 
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4b

O
O

O

O2N

Me
 

Yellow oil, yield 90%. 1H NMR (300 MHz, CDCl3) δ 2.42 (s, 3 H), 2.97 (dd, J = 7.5, 

1.8 Hz, 2 H), 3.49-3.61 (m, 1 H), 4.12 (dd, J = 9.0, 6.3 Hz, 1 H), 4.31 (d, J = 6.6 Hz, 1 

H), 4.54 (dd, J = 9.0, 7.2 Hz, 1 H), 7.25 (d, J = 8.1 Hz, 2 H), 7.33 (d, J = 8.7 Hz, 2 H), 

7.77 (d, J = 8.4 Hz, 2 H), 8.11 (d, J = 8.7 Hz, 2 H); 13C NMR (75 MHz, CDCl3) δ 

21.7, 38.0, 40.4, 53.6, 71.5, 124.0, 129.3, 129.4, 129.7, 132.7, 145.1, 145.5, 147.0, 

172.0, 191.8; IR (thin film): νmax (cm-1) = 2923, 2854, 1768, 1679, 1606, 1517, 1346, 

1152, 1019, 861, 819, 736, 701; MS (EI, m/z, rel. intensity) 339 (M+, 5), 119 (100); 

HRMS (EI) calcd for C19H17NO5 (M+): 339.1107, Found: 339.1098; Anal. calcd for 

C19H17NO5: C, 67.25; N, 4.13; H, 5.05; Found: C, 67.25; N, 3.83; H, 5.29. 

 

4c

O
O

O

O2N

MeO
 

Yellow solid, yield 96%. 1H NMR (300 MHz, CDCl3) δ 2.97 (d, J = 7.8 Hz, 2 H), 

3.56 (m, 1 H), 3.88 (s, 3 H), 4.12 (dd, J = 9.0, 6.3 Hz, 1 H), 4.26 (d, J = 6.6 Hz, 1 H), 

4.54 (dd, J = 9.0, 7.2 Hz, 1 H), 6.92 (d, J = 8.7 Hz, 2 H), 7.34 (d, J = 8.4 Hz, 2 H), 

7.87 (d, J = 9.0 Hz, 2 H), 8.13 (d, J = 8.7 Hz, 2 H); 13C NMR (75 MHz, CDCl3) δ 

38.0, 40.2, 53.5, 55.6, 71.5, 114.0, 124.0, 128.2, 129.7, 131.7, 145.2, 147.0, 164.4, 

172.1, 190.3; IR (thin film): νmax (cm-1) = 2902, 1768, 1655, 1597, 1509, 1349, 1256, 

1168, 1023, 831, 697, 599; MS (EI, m/z, rel. intensity) 355 (M+, 3), 135 (100); HRMS 

(EI) calcd for C19H17NO6 (M+): 355.1056, Found: 355.1067; Anal. calcd for 

C19H17NO6: C, 64.22; N, 3.94; H, 4.82; Found: C, 64.12; N, 3.87; H, 4.78; m.p. 

138-141 oC. 
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4d

O
O

O

O2N

Cl
 

Yellow solid, yield 96%. 1H NMR (300 MHz, CDCl3) δ 2.97 (d, J = 7.8 Hz, 2 H), 

3.54-3.66 (m, 1 H), 4.13 (dd, J = 9.0, 6.9 Hz, 1 H), 4.27 (d, J = 7.2 Hz, 1 H), 4.53 (dd, 

J = 9.0, 7.5 Hz, 1 H), 7.34 (d, J = 8.7 Hz, 2 H), 7.44 (d, J = 8.7 Hz, 2 H), 7.86 (d, J = 

8.7 Hz, 2 H), 8.14 (d, J = 8.7 Hz, 2 H); 13C NMR (75 MHz, CDCl3) δ 37.9, 40.0, 53.9, 

71.5, 124.1, 129.1, 129.6, 130.7, 133.5, 141.0, 145.0, 147.0, 171.5, 190.8; IR (thin 

film): νmax (cm-1) = 2897, 1771, 1683, 1518, 1345, 1272, 1150, 1091, 1025, 858, 798; 

MS (EI, m/z, rel. intensity) 359 (M+, 1), 139 (100); Anal. calcd for C18H14ClNO5: C, 

60.09; N, 3.89; H, 3.92; Found: C, 59.85; N, 3.74; H, 4.13; m.p. 142-144 oC. 

 

4e

O
O

O

O2N

Br
 

Yellow solid, yield 93%. 1H NMR (300 MHz, CDCl3) δ 2.97 (d, J = 7.8 Hz, 2 H), 

3.54-3.66 (m, 1 H), 4.13 (dd, J = 9.0, 6.9 Hz, 1 H), 4.27 (d, J = 6.9 Hz, 1 H), 4.53 (dd, 

J = 9.0, 7.5 Hz, 1 H), 7.34 (d, J = 8.7 Hz, 2 H), 7.61 (d, J = 8.7 Hz, 2 H), 7.78 (d, J = 

8.7 Hz, 2 H), 8.14 (d, J = 8.7 Hz, 2 H); 13C NMR (75 MHz, CDCl3) δ 37.9, 40.0, 53.9, 

71.5, 124.1, 129.6, 129.8, 130.7, 132.1, 133.9, 144.9, 147.0, 171.4, 191.0; IR (thin 

film): νmax (cm-1) = 2897, 1770, 1683, 1585, 1517, 1344, 1272, 1149, 1025, 858; MS 

(EI, m/z, rel. intensity) 403 (M+, 3), 183 (100); Anal. calcd for C18H14BrNO5: C, 53.49; 

N, 3.47; H, 3.49; Found: C, 53.73; N, 3.47; H, 3.63; m.p. 150-153 oC. 
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4f

O
O

O

O2N

 

Yellow solid, yield 99%. 1H NMR (300 MHz, CDCl3) δ 2.96 (d, J = 7.8 Hz, 2 H), 

3.53-3.60 (m, 1 H), 4.13 (dd, J = 8.7, 6.9 Hz, 1 H), 4.51-4.56 (m, 2 H), 7.28 (d, J = 

8.4 Hz, 2 H), 7.52 (dd, J = 8.1, 6.9 Hz, 1 H), 7.61 (dd, J = 8.1, 6.9 Hz, 1 H), 7.81-7.90 

(m, 4 H), 8.03 (d, J = 8.4 Hz, 2 H), 8.36 (s, 1 H); 13C NMR (75 MHz, CDCl3) δ 37.8, 

40.6, 53.7, 71.5, 123.8, 123.9, 127.0, 127.7, 128.6, 129.2, 129.6, 129.7, 131.8, 132.1, 

132.6, 135.8, 145.1, 146.8, 172.1, 192.4; IR (thin film): νmax (cm-1) = 2918, 1771, 

1677, 1518, 1347, 1152, 1019, 860, 753, 702; MS (EI, m/z, rel. intensity) 375 (M+, 7), 

155 (100); Anal. calcd for C22H17NO5: C, 70.39; N, 3.73; H, 4.56; Found: C, 70.41; N, 

3.63; H, 4.42; m.p. 47-50 oC. 

 

4g

O
O

O

O2N

O

 

Yellow solid, yield 93%. 1H NMR (300 MHz, (CD3)2SO) δ 2.92 (dd, J = 13.5, 8.7 Hz, 

1 H), 3.05 (dd, J = 13.5, 6.6 Hz, 1 H), 3.33-3.44 (m, 1 H), 4.11 (t, J = 8.7 Hz, 1 H), 

4.52 (t, J = 8.4 Hz, 1 H), 4.64 (d, J = 9.9 Hz, 1 H), 6.73 (dd, J = 3.6, 1.8 Hz, 1 H), 

7.42-7.48 (m, 3 H), 7.99-8.03 (m, 3 H); 13C NMR (75 MHz, (CD3)2SO) δ 36.4, 41.0, 

53.1, 71.3, 113.0, 121.5, 123.3, 130.2, 146.1, 146.7, 149.3, 151.3, 173.1, 181.8; IR 

(thin film): νmax (cm-1) = 2908, 1766, 1666, 1513, 1467, 1357, 1162, 1014, 830, 784, 

703; MS (EI, m/z, rel. intensity) 315 (M+, 7), 95 (100); Anal. calcd for C16H13NO6: C, 

60.95; N, 4.44; H, 4.16; Found: C, 60.93; N, 4.26; H, 4.28; m.p. 144-147 oC. 
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Yellow solid, yield 75%. 1H NMR (300 MHz, CDCl3) δ 1.00 (d, J = 7.2 Hz, 3 H), 

1.08 (d, J = 6.9 Hz, 3 H), 2.92 (d, J = 7.8 Hz, 2 H), 3.00-3.10 (m, 1 H), 3.38-3.51 (m, 

1 H), 3.63 (d, J = 7.5 Hz, 1 H), 4.03 (dd, J = 8.7, 6.6 Hz, 1 H), 4.43 (dd, J = 9.0, 7.8 

Hz, 1 H), 7.37 (d, J = 8.1 Hz, 2 H), 8.19 (d, J = 8.4 Hz, 2 H); 13C NMR (75 MHz, 

CDCl3) δ 17.0, 18.3, 38.0, 38.3, 40.2, 55.7, 71.2, 124.0, 129.6, 145.1, 147.0, 171.7, 

206.0; IR (thin film): νmax (cm-1) = 2976, 1771, 1714, 1516, 1342, 1156, 1068, 1019, 

864; MS (EI, m/z, rel. intensity) 291 (M+, 2), 43 (100); Anal. calcd for C15H17NO5: C, 

61.85; N, 4.81; H, 5.88; Found: C, 61.60; N, 4.74; H, 5.99; m.p. 77-79 oC. 

 

 

Yellow solid, yield 71%. 1H NMR (300 MHz, CDCl3) δ 2.38 (s, 3 H), 2.89 (dd, J = 

13.5, 8.4 Hz, 1 H), 2.98 (dd, J = 13.5, 6.6 Hz, 1 H), 3.40-3.51 (m, 2 H), 4.02 (dd, J = 

6.9, 6.9 Hz, 1 H), 4.37 (dd, J = 7.2 7.2 Hz, 1 H), 7.38 (d, J = 8.7 Hz, 2 H), 8.19 (d, J = 

8.7 Hz, 2 H); 13C NMR (75 MHz, CDCl3) δ 29.6, 37.7, 37.9, 58.4, 71.0, 124.0, 129.5, 

145.2, 146.9, 171.5, 199.5; IR (thin film): νmax (cm-1) = 2920, 1755, 1716, 1511, 1346, 

1240, 1177, 1151, 1006, 863; MS (EI, m/z, rel. intensity) 263 (M+, 1), 43 (100); Anal. 

calcd for C13H13NO5: C, 59.31; N, 5.32; H, 4.98; Found: C, 59.63; N, 5.19; H, 5.28, 

m.p. 107-109 oC. 
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Yellow solid, yield 83% (4:1). 1H NMR (300 MHz, CDCl3) δ 1.87-1.95 (m, 2 H), 

2.31-2.34 (m, 2 H), 2.47-2.59 (m, 2 H), 2.84-3.02 (m, 3 H), 4.13-4.19 (m, 1 H), 

4.33-4.39 (m, 1 H), 7.34 (d, J = 8.4 Hz, 2 H), 8.20 (d, J = 8.7 Hz, 2 H); 13C NMR (75 

MHz, CDCl3) δ 19.9, 32.6, 32.8, 39.5, 46.5, 59.4, 70.3, 124.0, 129.4, 145.2, 146.9, 

174.7, 213.5; IR (thin film): νmax (cm-1) = 1770, 1732, 1522, 1350, 1091, 1010, 853; 

MS (EI, m/z, rel. intensity) 289 (M+, 1), 153 (100); Anal. calcd for C15H15NO5: C, 

62.28; N, 4.84; H, 5.23; Found: C, 62.12; N, 4.76; H, 5.44; m.p. 129-131 oC. 

 

4k

O
O

ONO2

 

Yellow oil, yield 92%. 1H NMR (300 MHz, CDCl3) δ 3.09 (dd, J = 13.5, 7.8 Hz, 1 H), 

3.26 (dd, J = 13.5, 7.2 Hz, 1 H), 3.57-3.69 (m, 1 H), 4.19 (dd, J = 9.0, 6.6 Hz, 1 H), 

4.49 (d, J = 7.2 Hz, 1 H), 4.56 (dd, J = 9.3, 7.5 Hz, 1 H), 7.30-7.60 (m, 6 H), 7.83 (d, 

J = 7.5 Hz, 2 H), 7.92 (dd, J = 8.4, 0.9 Hz, 1 H); 13C NMR (75 MHz, CDCl3) δ 34.9, 

40.2, 53.8, 71.4, 125.3, 128.3, 128.6, 129.0, 132.3, 132.7, 133.4, 133.9, 135.3, 148.9, 

172.2, 192.5; IR (thin film): νmax (cm-1) = 3067, 1772, 1682, 1525, 1346, 1155, 1019, 

859, 690; MS (EI, m/z, rel. intensity) 105 (100); Anal. calcd for C18H15NO5: C, 66.46; 

N, 4.31; H, 4.65; Found: C, 66.78; N, 4.17; H, 4.50. 

 

4m

O
O

ONO2

MeO

MeO

 

Yellow solid, yield 72%. 1H NMR (300 MHz, CDCl3) δ 3.10 (dd, J = 13.5, 8.4 Hz, 1 

H), 3.31 (dd, J = 13.5, 6.6 Hz, 1 H), 3.64-3.75 (m, 1 H), 3.77 (s, 3 H), 3.91 (s, 3 H), 

4.21 (dd, J = 7.5, 6.9 Hz, 1 H), 4.46 (d, J = 7.5 Hz, 1 H), 4.63 (dd, J = 7.5, 7.2 Hz, 1 
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H), 6.57 (s, 1 H), 7.46 (t, J = 7.8 Hz, 2 H), 7.55-7.63 (m, 2 H), 7.85 (d, J = 7.2 Hz, 2 

H); 13C NMR (75 MHz, CDCl3) δ 35.4, 40.6, 54.0, 56.3, 71.4, 108.5, 113.3, 127.8, 

128.8, 129.0, 134.1, 135.5, 141.0, 147.9, 153.1, 172.3, 192.6; IR (thin film): νmax 

(cm-1) = 2926, 1758, 1681, 1580, 1523, 1332, 1271, 1170, 1062, 1004, 892, 801; MS 

(EI, m/z, rel. intensity) 385 (M+, 3), 105 (100); HRMS (EI) calcd for C20H19NO7 (M+): 

385.1162. Found: 385.1174; m.p. 194-196 oC. 

 

4n

O
O

O

O2N

O2N

 

Light yellow solid, yield 76%. 1H NMR (400 MHz, DMSO-d6) δ 2.94 (dd, J = 13.6, 

8.4 Hz, 1 H), 3.04 (dd, J = 13.6, 7.2 Hz, 1 H), 3.46-3.53 (m, 1 H), 4.15 (t, J = 8.8 Hz, 

1 H), 4.54 (t, J = 8.4 Hz, 1 H), 5.14 (d, J = 9.6 Hz, 1 H), 7.43 (d, J = 8.4 Hz, 2 H), 

7.97 (d, J = 8.8 Hz, 2 H), 8.05 (d, J = 8.4 Hz, 2 H), 8.31 (d, J = 9.2 Hz, 2 H); 13C 

NMR (100 MHz, DMSO-d6) δ 36.3, 41.1, 53.2, 71.3, 123.5, 123.7, 130.1, 130.2, 

140.0, 146.2, 146.8, 150.2, 172.6, 193.6; IR (thin film): νmax (cm-1) = 3429, 3108, 

2929, 1769, 1689, 1604, 1515, 1477, 1348, 1290, 1281, 1154, 1111, 1019; MS (EI, 

m/z, rel. intensity) 393 (M+Na); HRMS (EI) calcd for C18H14N2O7 (M+): 370.0801. 

Found: 370.0805; m.p. 210-212 oC. 

 

 

Yellow solid, yield 71% . 1H NMR (300 MHz, CDCl3) δ 3.28-3.30 (m, 2 H), 4.58(d, J 

= 10.8 Hz, 1H), 4.69-4.74 (m, 2 H), 7.02 (d, J = 8.7 Hz, 1H), 7.18 (t, J = 7.2 Hz, 1 H), 

7.24-7.31 (m, 3 H), 7.50 (s, 1 H), 7.75 (d, J = 8.1 Hz, 1 H), 8.12 (d, J = 8.4 Hz, 2 H); 
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13C NMR (75 MHz, CDCl3) δ 38.1, 51.8, 68.8, 109.5, 111.2, 121.7, 122.4, 123.5, 

124.8, 126.3, 126.7, 130.3, 136.1, 143.6, 147.3, 159.1; IR (thin film): νmax (cm-1) = 

2929, 1720, 1519, 1342, 1320, 1179, 1089, 765; MS (EI, m/z, rel. intensity) 322 (M+, 

15), 186 (100); HRMS (EI) calcd for C18H14N2O4 (M+): 322.0954. Found: 322.0964; 

m.p. 211-214 oC. 

 

4p

O
O

ONO2

BnO

MeO

BnO OMe
 

Yellow solid, yield 78%. 1H NMR (300 MHz, CDCl3) δ 3.09-3.26 (m, 2 H), 3.59-3.68 

(m, 1 H), 3.78 (s, 3 H), 3.90 (s, 3 H), 4.18 (dd, J = 8.7, 7.5 Hz, 1 H), 4.39 (d, J = 7.2 

Hz, 1 H), 4.59 (t, J = 7.8 Hz, 1 H), 5.09 (s, 2 H), 5.23 (s, 2 H), 6.58 (s, 1 H), 6.89 (d, J 

= 8.4 Hz, 1 H), 7.32-7.44 (m, 12 H), 7.59 (s, 1 H); 13C NMR (100 MHz, CDCl3) δ 

35.3, 40.8, 53.7, 56.0, 56.3, 70.8, 71.2, 71.5, 110.5, 111.1, 112.1, 113.7, 124.1, 127.2, 

127.6, 128.1, 128.2, 128.5, 128.7, 128.8, 129.0, 135.5, 136.0, 141.0, 147.0, 149.6, 

153.3, 153.7, 172.6, 191.0; IR (thin film): νmax (cm-1) = 1761, 1677, 1580, 1524, 1421, 

1271, 1226, 1140, 1008; MS (EI, m/z, rel. intensity) 597 (M+, 1), 91 (100); HRMS 

(EI) calcd for C34H31NO9 (M+): 597.1999. Found: 597.2004; m.p. 203-205 oC. 

 

Procedure for the Synthesis of 4aa: 

 

To a solution of 4a (135.5 mg, 0.42 mmol) in EtOAc (5 mL) was added 10% Pd/C 

(27.8 mg) under Ar atmosphere. Then the reactor was charged with 1 atm of H2 and 

the reaction mixture was stirred at room temperature. After 4a was fully consumed 
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(monitored by TLC), the reaction mixture was filtrated through a celite pad. After 

removal of the solvent, the residue was purified by silica gel column chromatography 

(n-Hexane/EtOAc = 100/1) to afford the amine. To a solution of the amine in dioxane 

(2 mL) and H2O (1 mL) was added NaNO2 (21.4 mg, 0.31 mmol) and H2O (2 mL). 

This mixture was stirred at 0 oC. After 30 min, a solution of KI (83.3 mg, 0.50 mmol) 

in water (5 mL) was added slowly. Then the reactor was heated at 80 oC for 2h. The 

reaction mixture was extracted with CH2Cl2 and the combined organic layers were 

washed with brine and dried over Na2SO4. After removal of the solvent, the residue 

was purified by column chromatography on silica gel (n-Hexane/EtOAc = 3/1) to 

afford 56.1 mg of 4aa (3 steps, 33% yield) as yellow oil. 1H NMR (300 MHz, CDCl3) 

δ 2.74-2.88 (m, 2H), 3.36-3.43 (m, 1H), 4.13 (dd, J = 9.0, 5.4 Hz, 1H), 4.28 (d, J = 

6.3 Hz, 1H), 4.52 (dd, J = 9.0, 7.2 Hz, 1H), 6.91 (d, J = 8.4 Hz, 2H), 7.45 (t, J = 8.1 

Hz, 2H), 7.58-7.61 (m, 3H), 7.80 (d, J = 7.2 Hz, 2H). 13C NMR (75 MHz, CDCl3) δ 

37.8, 41.0, 53.8, 71.7, 92.4, 128.7, 129.2, 130.9, 134.1, 135.2, 137.0, 137.9, 172.3, 

192.7. IR (thin film): νmax (cm-1) = 2920, 1770, 1680, 1596, 1484, 1447, 1382, 1247, 

1152, 1006, 737; MS (EI, m/z, rel. intensity) 406 (M+, 7), 105 (100); HRMS (EI) 

calcd for C18H15IO3 (M+): 406.0066. Found: 406.0068. 
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X-ray Crystallography of 4a 
Single Crystal X-Ray Analysis. A representative crystal was surveyed on a 

Bruker APEX diffractometer. All crystallographic calculations were facilitated by the 
SHELXL-97 system.  
computing_data_collection       'Bruker SMART' 
computing_cell_refinement      'Bruker SMART' 
computing_data_reduction       'Bruker SHELXTL' 
computing_structure_solution    'Bruker SHELXTL' 
computing_structure_refinement  'Bruker SHELXTL' 
computing_molecular_graphics   'Bruker SHELXTL' 
computing_publication_material  'Bruker SHELXTL' 

 
(Thermal ellipsoids are set at 30% probability) 
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Table 1.  Crystal data and structure refinement for cd27310.  

Identification code                

Empirical formula                

Formula weight                  

Temperature                    

Wavelength                     

Crystal system, space group        

Unit cell dimensions              

 

 

Volume                        

Z, Calculated density             

Absorption coefficient          

F(000)                              

Crystal size                     

Theta range for data collection      

Limiting indices                 

Reflections collected / unique      

Completeness to theta = 27.00        

Absorption correction              

Max. and min. transmission         

Refinement method                

Data / restraints / parameters         

Goodness-of-fit on F^2             

Final R indices [I>2sigma(I)]        

R indices (all data)                

Extinction coefficient              

Largest diff. peak and hole          

cd27310  

C18 H15 N O5 

325.31 

293(2) K 

0.71073 A  

Monoclinic,  P2(1)/c 

a = 5.8692(11) A  alpha = 90 deg. 

b = 7.6984(14) A  beta = 94.634(3) deg.

c = 34.643(7) A   gamma = 90 deg. 

1560.2(5) A^3 

4,  1.385 Mg/m^3 

0.102 mm^-1   

680 

0.496 x 0.267 x 0.215 mm  

2.36 to 27.00 deg. 

-7<=h<=6, -9<=k<=7, -41<=l<=44   

8662 / 3360 [R(int) = 0.1004]      

98.6 % 

Empirical 

1.00000 and 0.75534 

Full-matrix least-squares on F^2 

3360 / 0 / 218 

0.944 

R1 = 0.0607, wR2 = 0.1486 

R1 = 0.0919, wR2 = 0.1601 

0.006(2) 

0.249 and -0.209 e.A^-3 
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Table 2. Atomic coordinates (x 10^4) and equivalent isotropic          

displacement parameters (A^2 x 10^3) for cd27310. U(eq) is defined as one third of 

the trace of the orthogonalized Uij tensor. 

         

________________________________________________________________  

                        x            y             z           U(eq)        

________________________________________________________________  

          O(1)        -1406(3)       4655(2)       2821(1)       72(1)  

          O(2)        -2782(3)       6978(2)       2510(1)       60(1)  

          O(3)         2560(3)       7169(3)       3206(1)       69(1)  

          O(4)         2597(4)      11699(4)       4877(1)      108(1)  

          O(5)         5104(4)      12779(3)       4527(1)      113(1)  

          N(1)         3281(4)      12096(3)       4564(1)       84(1)  

          C(1)        -1834(4)       6168(3)       2823(1)       49(1)  

          C(2)        -3261(4)       8757(3)       2603(1)       57(1)  

          C(3)        -1670(4)       9191(3)       2960(1)       48(1)  

          C(4)        -1454(3)       7424(3)       3156(1)       42(1)  

          C(5)          846(3)       7106(3)       3378(1)       43(1)  

          C(6)          964(3)       6796(2)       3799(1)       40(1)  

          C(7)         -811(4)       6100(3)       3985(1)       52(1)  

          C(8)         -614(5)       5902(4)       4386(1)       72(1)  

          C(9)         1342(5)       6442(4)       4596(1)       75(1)  

          C(10)        3106(5)       7101(4)       4417(1)       71(1)  

          C(11)        2966(4)       7264(3)       4020(1)       53(1)  

          C(12)       -2572(4)      10659(3)       3197(1)       60(1)  

          C(13)       -1051(4)      11075(3)       3556(1)       51(1)  

          C(14)       -1687(4)      10641(3)       3920(1)       59(1)  

          C(15)        -279(4)      10979(3)       4251(1)       64(1)  

          C(16)        1758(4)      11763(3)       4212(1)       58(1)  

          C(17)        2442(4)      12235(3)       3858(1)       62(1)  
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          C(18)        1030(4)      11886(3)       3530(1)       58(1)  

________________________________________________________________  

 

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2010



 S56

Table 3. Bond lengths [A] and angles [deg] for cd27310.  

         

_____________________________________________________________  

            O(1)-C(1)                     1.192(2)  

            O(2)-C(1)                     1.333(2)  

            O(2)-C(2)                     1.440(3)  

            O(3)-C(5)                     1.211(2)  

            O(4)-N(1)                     1.224(4)  

            O(5)-N(1)                     1.208(3)  

            N(1)-C(16)                    1.476(3)  

            C(1)-C(4)                     1.507(3)  

            C(2)-C(3)                     1.525(3)  

            C(2)-H(2A)                    0.9700  

            C(2)-H(2B)                    0.9700  

            C(3)-C(12)                    1.517(3)  

            C(3)-C(4)                     1.520(3)  

            C(3)-H(3)                     0.9800  

            C(4)-C(5)                     1.519(3)  

            C(4)-H(4A)                    0.9800  

            C(5)-C(6)                     1.475(3)  

            C(6)-C(7)                     1.377(3)  

            C(6)-C(11)                    1.396(3)  

            C(7)-C(8)                     1.391(3)  

            C(7)-H(7)                     0.9300  

            C(8)-C(9)                     1.372(4)  

            C(8)-H(8)                     0.9300  

            C(9)-C(10)                    1.348(4)  

            C(9)-H(9)                     0.9300  

            C(10)-C(11)                   1.376(3)  

            C(10)-H(10)                   0.9300  

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2010



 S57

            C(11)-H(11)                   0.9300  

            C(12)-C(13)                   1.504(3)  

            C(12)-H(12A)                  0.9700  

            C(12)-H(12B)                  0.9700  

            C(13)-C(18)                   1.381(3)  

            C(13)-C(14)                   1.385(3)  

            C(14)-C(15)                   1.383(3)  

            C(14)-H(14)                   0.9300  

            C(15)-C(16)                   1.356(4)  

            C(15)-H(15)                   0.9300  

            C(16)-C(17)                   1.369(4)  

            C(17)-C(18)                   1.378(3)  

            C(17)-H(17)                   0.9300  

            C(18)-H(18)                   0.9300  

            C(1)-O(2)-C(2)              109.78(16)  

            O(5)-N(1)-O(4)              124.0(3)  

            O(5)-N(1)-C(16)             118.1(3)  

            O(4)-N(1)-C(16)             117.9(3)  

            O(1)-C(1)-O(2)              121.81(19)  

            O(1)-C(1)-C(4)              127.80(19)  

            O(2)-C(1)-C(4)              110.39(18)  

            O(2)-C(2)-C(3)              105.81(16)  

            O(2)-C(2)-H(2A)             110.6  

            C(3)-C(2)-H(2A)             110.6  

            O(2)-C(2)-H(2B)             110.6  

            C(3)-C(2)-H(2B)             110.6  

            H(2A)-C(2)-H(2B)            108.7  

            C(12)-C(3)-C(4)             116.45(19)  

            C(12)-C(3)-C(2)             112.61(17)  

            C(4)-C(3)-C(2)              100.87(16)  
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            C(12)-C(3)-H(3)             108.8  

            C(4)-C(3)-H(3)              108.8  

            C(2)-C(3)-H(3)              108.8  

            C(1)-C(4)-C(5)              110.76(17)  

            C(1)-C(4)-C(3)              103.39(16)  

            C(5)-C(4)-C(3)              114.12(17)  

            C(1)-C(4)-H(4A)             109.5  

            C(5)-C(4)-H(4A)             109.5  

            C(3)-C(4)-H(4A)             109.5  

            O(3)-C(5)-C(6)              121.33(17)  

            O(3)-C(5)-C(4)              118.87(19)  

            C(6)-C(5)-C(4)              119.76(18)  

            C(7)-C(6)-C(11)             118.62(19)  

            C(7)-C(6)-C(5)              123.33(18)  

            C(11)-C(6)-C(5)             118.04(19)  

            C(6)-C(7)-C(8)              120.3(2)  

            C(6)-C(7)-H(7)              119.9  

            C(8)-C(7)-H(7)              119.9  

            C(9)-C(8)-C(7)              119.5(2)  

            C(9)-C(8)-H(8)              120.2  

            C(7)-C(8)-H(8)              120.2  

            C(10)-C(9)-C(8)             120.8(2)  

            C(10)-C(9)-H(9)             119.6  

            C(8)-C(9)-H(9)              119.6  

            C(9)-C(10)-C(11)            120.5(2)  

            C(9)-C(10)-H(10)            119.8  

            C(11)-C(10)-H(10)           119.8  

            C(10)-C(11)-C(6)            120.2(2)  

            C(10)-C(11)-H(11)           119.9  

            C(6)-C(11)-H(11)            119.9  
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            C(13)-C(12)-C(3)            113.29(17)  

            C(13)-C(12)-H(12A)          108.9  

            C(3)-C(12)-H(12A)           108.9  

            C(13)-C(12)-H(12B)          108.9  

            C(3)-C(12)-H(12B)           108.9  

            H(12A)-C(12)-H(12B)         107.7  

            C(18)-C(13)-C(14)           118.2(2)  

            C(18)-C(13)-C(12)           120.9(2)  

            C(14)-C(13)-C(12)           121.0(2)  

            C(15)-C(14)-C(13)           121.5(2)  

            C(15)-C(14)-H(14)           119.2  

            C(13)-C(14)-H(14)           119.2  

            C(16)-C(15)-C(14)           118.2(3)  

            C(16)-C(15)-H(15)           120.9  

            C(14)-C(15)-H(15)           120.9  

            C(15)-C(16)-C(17)           122.2(2)  

            C(15)-C(16)-N(1)            118.3(3)  

            C(17)-C(16)-N(1)            119.5(3)  

            C(16)-C(17)-C(18)           119.1(2)  

            C(16)-C(17)-H(17)           120.5  

            C(18)-C(17)-H(17)           120.5  

            C(17)-C(18)-C(13)           120.8(2)  

            C(17)-C(18)-H(18)           119.6  

            C(13)-C(18)-H(18)           119.6  

           

_____________________________________________________________  

          Symmetry transformations used to generate equivalent atoms:  
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Table 4.  Anisotropic displacement parameters (A^2 x 10^3) for cd27310. The 

anisotropic displacement factor exponent takes the form: -2 pi^2 [ h^2 a*^2 U11 + ... 

+ 2 h k a* b* U12 ] 

      

____________________________________________________________________  

             U11       U22       U33      U23       U13       U12   

_____________________________________________________________________  

   

    O(1)     86(1)      54(1)      72(1)     -11(1)     -15(1)       8(1)  

    O(2)     72(1)      63(1)      43(1)      -5(1)     -15(1)      -2(1)  

    O(3)     46(1)     114(2)      48(1)      10(1)       7(1)       8(1)  

    O(4)    103(2)     153(3)      62(2)     -36(2)     -14(1)       1(2)  

    O(5)     66(1)     155(2)     116(2)     -54(2)     -22(1)       0(1)  

    N(1)     66(2)     102(2)      81(2)     -41(2)     -14(1)      19(1)  

    C(1)     51(1)      50(1)      43(1)      -1(1)      -7(1)      -2(1)  

    C(2)     64(1)      58(1)      46(1)       5(1)     -14(1)       1(1)  

    C(3)     47(1)      49(1)      45(1)       2(1)     -10(1)      -1(1)  

    C(4)     40(1)      50(1)      36(1)       1(1)      -3(1)       1(1)  

    C(5)     37(1)      51(1)      40(1)      -1(1)       0(1)       3(1)  

    C(6)     42(1)      40(1)      37(1)       0(1)      -4(1)       7(1)  

    C(7)     48(1)      53(1)      52(1)       9(1)       0(1)       1(1)  

    C(8)     78(2)      88(2)      51(2)      24(1)      13(1)      11(1)  

    C(9)     90(2)      94(2)      41(2)      13(1)       2(2)      23(2)  

    C(10)    74(2)      86(2)      48(2)      -5(1)     -24(1)      13(2)  

    C(11)    46(1)      60(1)      51(1)       0(1)      -7(1)       2(1)  

    C(12)    60(1)      50(1)      67(2)      -3(1)     -18(1)       7(1)  

    C(13)    52(1)      40(1)      60(2)     -11(1)      -9(1)       8(1)  

    C(14)    52(1)      55(1)      71(2)     -12(1)       0(1)       3(1)  

    C(15)    66(2)      66(2)      60(2)     -14(1)       1(1)      13(1)  

    C(16)    53(1)      58(1)      61(2)     -22(1)      -7(1)      13(1)  
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    C(17)    50(1)      54(1)      80(2)     -12(1)      -9(1)      -1(1)  

    C(18)    59(1)      52(1)      63(2)      -2(1)      -2(1)       3(1)  

    

_____________________________________________________________________  
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Table 5.  Hydrogen coordinates ( x 10^4) and isotropic displacement parameters 

(A^2 x 10^3) for cd27310.  

         

________________________________________________________________  

                         x            y             z           U(eq)        

________________________________________________________________  

   

          H(2A)       -4846          8889          2658          68  

          H(2B)       -2965          9516          2390          68  

          H(3)         -175          9527          2877          57  

          H(4A)       -2674          7287          3330          51  

          H(7)        -2148          5761          3843          62  

          H(8)        -1800          5408          4511          86  

          H(9)         1452          6351          4864          90  

          H(10)        4426          7449          4563          85  

          H(11)        4209          7687          3898          63  

          H(12A)      -2741         11691          3037          72  

          H(12B)      -4075         10345          3272          72  

          H(14)       -3094         10111          3942          71  

          H(15)        -717         10676          4494          77  

          H(17)        3841         12783          3840          74  

          H(18)        1484         12201          3289          70  

________________________________________________________________  
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Table 6.  Torsion angles [deg] for cd27310. 

         

________________________________________________________________  

          C(2)-O(2)-C(1)-O(1)                                 175.7(2)  

          C(2)-O(2)-C(1)-C(4)                                  -3.7(2)  

          C(1)-O(2)-C(2)-C(3)                                  22.3(2)  

          O(2)-C(2)-C(3)-C(12)                               -155.45(19)  

          O(2)-C(2)-C(3)-C(4)                                 -30.6(2)  

          O(1)-C(1)-C(4)-C(5)                                  41.7(3)  

          O(2)-C(1)-C(4)-C(5)                                -138.84(18)  

          O(1)-C(1)-C(4)-C(3)                                 164.4(2)  

          O(2)-C(1)-C(4)-C(3)                                 -16.2(2)  

          C(12)-C(3)-C(4)-C(1)                                149.72(18)  

          C(2)-C(3)-C(4)-C(1)                                  27.5(2)  

          C(12)-C(3)-C(4)-C(5)                                -89.9(2)  

          C(2)-C(3)-C(4)-C(5)                                 147.92(19)  

          C(1)-C(4)-C(5)-O(3)                                  57.1(3)  

          C(3)-C(4)-C(5)-O(3)                                 -59.1(3)  

          C(1)-C(4)-C(5)-C(6)                                -125.3(2)  

          C(3)-C(4)-C(5)-C(6)                                 118.5(2)  

          O(3)-C(5)-C(6)-C(7)                                -155.7(2)  

          C(4)-C(5)-C(6)-C(7)                                  26.8(3)  

          O(3)-C(5)-C(6)-C(11)                                 25.5(3)  

          C(4)-C(5)-C(6)-C(11)                               -152.03(19)  

          C(11)-C(6)-C(7)-C(8)                                  1.2(3)  

          C(5)-C(6)-C(7)-C(8)                                -177.6(2)  

          C(6)-C(7)-C(8)-C(9)                                   1.5(4)  

          C(7)-C(8)-C(9)-C(10)                                 -2.5(4)  

          C(8)-C(9)-C(10)-C(11)                                 0.7(4)  

          C(9)-C(10)-C(11)-C(6)                                 2.0(4)  

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2010



 S64

          C(7)-C(6)-C(11)-C(10)                                -2.9(3)  

          C(5)-C(6)-C(11)-C(10)                               175.9(2)  

          C(4)-C(3)-C(12)-C(13)                                62.8(3)  

          C(2)-C(3)-C(12)-C(13)                               178.6(2)  

          C(3)-C(12)-C(13)-C(18)                               71.5(3)  

          C(3)-C(12)-C(13)-C(14)                             -107.9(2)  

          C(18)-C(13)-C(14)-C(15)                              -1.0(3)  

          C(12)-C(13)-C(14)-C(15)                             178.4(2)  

          C(13)-C(14)-C(15)-C(16)                               0.4(3)  

          C(14)-C(15)-C(16)-C(17)                               0.5(4)  

          C(14)-C(15)-C(16)-N(1)                             -178.9(2)  

          O(5)-N(1)-C(16)-C(15)                               179.3(2)  

          O(4)-N(1)-C(16)-C(15)                                -2.4(4)  

          O(5)-N(1)-C(16)-C(17)                                -0.1(4)  

          O(4)-N(1)-C(16)-C(17)                               178.2(3)  

          C(15)-C(16)-C(17)-C(18)                              -0.7(4)  

          N(1)-C(16)-C(17)-C(18)                              178.6(2)  

          C(16)-C(17)-C(18)-C(13)                               0.1(3)  

          C(14)-C(13)-C(18)-C(17)                               0.7(3)  

          C(12)-C(13)-C(18)-C(17)                            -178.7(2)  

 ________________________________________________________________  

      Symmetry transformations used to generate equivalent atoms:  
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X-ray Crystallography of 4j 

Single Crystal X-Ray Analysis. A representative crystal was surveyed on a 
Bruker APEX diffractometer. All crystallographic calculations were facilitated by the 
SHELXL-97 system.  
computing_data_collection       'Bruker SMART' 
computing_cell_refinement      'Bruker SMART' 
computing_data_reduction       'Bruker SHELXTL' 
computing_structure_solution    'Bruker SHELXTL' 
computing_structure_refinement  'Bruker SHELXTL' 
computing_molecular_graphics   'Bruker SHELXTL' 
computing_publication_material  'Bruker SHELXTL' 

 

(Thermal ellipsoids are set at 30% probability) 
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Table 1.  Crystal data and structure refinement for cd28519.  

         

Identification code 

Empirical formula 

Formula weight 

Temperature 

Wavelength 

Crystal system, space group 

Unit cell dimensions 

 

 

Volume 

Z, Calculated density 

Absorption coefficient         

F(000)    

Crystal size 

Theta range for data collection 

Limiting indices                   

Reflections collected / unique     

Completeness to theta = 25.48      

Absorption correction              

Max. and min. transmission         

Refinement method                  

Data / restraints / parameters     

Goodness-of-fit on F^2             

Final R indices [I>2sigma(I)]      

R indices (all data)               

Largest diff. peak and hole        

cd28519 

C15 H15 N O5 

289.28 

293(2) K 

0.71073 A 

Monoclinic,  P2(1)/c 

a = 6.8274(9) A   alpha = 90 deg.       

b = 8.8266(11) A  beta = 96.661(2) deg.  

c = 23.345(3) A   gamma = 90 deg. 

1397.3(3) A^3 

4,  1.375 Mg/m^3 

0.104 mm^-1 

608 

0.304 x 0.168 x 0.155 mm 

1.76 to 25.48 deg. 

-8<=h<=8, -5<=k<=10, -28<=l<=28 

7130 / 2597 [R(int) = 0.0997] 

99.9 % 

Empirical 

1.0000 and 0.7612 

Full-matrix least-squares on F^2 

2597 / 0 / 190 

1.081 

R1 = 0.0632, wR2 = 0.1538 

R1 = 0.0808, wR2 = 0.1656 

0.180 and -0.202 e.A^-3 
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Table 2.  Atomic coordinates ( x 10^4) and equivalent isotropic         

displacement parameters (A^2 x 10^3) for cd28519. U(eq) is defined as one third of 

the trace of the orthogonalized Uij tensor.  

        

________________________________________________________________  

                          x           y            z          U(eq)          

________________________________________________________________  

   

          N(1)         2540(3)       5493(4)       -620(1)       84(1)  

          O(1)         3367(4)      -2699(2)       1280(1)      112(1)  

          O(2)         6605(3)      -1371(2)       2540(1)       88(1)  

          O(3)         6869(3)       -332(2)       1687(1)       75(1)  

          O(4)         2725(3)       6793(3)       -443(1)      108(1)  

          O(5)         2415(5)       5160(4)      -1124(1)      131(1)  

          C(1)         2818(4)      -2092(3)       1687(1)       58(1)  

          C(2)         1311(4)      -2650(3)       2042(1)       67(1)  

          C(3)         1712(4)      -1803(3)       2607(1)       69(1)  

          C(4)         2466(4)       -278(3)       2435(1)       60(1)  

          C(5)         3639(3)       -570(2)       1931(1)       46(1)  

          C(6)         5821(4)       -827(2)       2102(1)       61(1)  

          C(7)         5569(4)        343(3)       1223(1)       65(1)  

          C(8)         3668(3)        676(2)       1475(1)       46(1)  

          C(9)         1884(4)        793(3)       1029(1)       60(1)  

          C(10)        2077(3)       2026(2)        594(1)       48(1)  

          C(11)        2277(3)       3525(3)        764(1)       55(1)  

          C(12)        2450(3)       4653(3)        371(1)       58(1)  

          C(13)        2410(3)       4276(3)       -201(1)       59(1)  

          C(14)        2247(4)       2811(3)       -383(1)       68(1)  

          C(15)     2078(4)     1691(3)     16(1)       63(1)       

________________________________________________________________  
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Table 3.  Bond lengths [A] and angles [deg] for cd28519.  

           

_____________________________________________________________  

            N(1)-O(5)                     1.207(4)  

            N(1)-O(4)                     1.220(3)  

            N(1)-C(13)                    1.463(3)  

            O(1)-C(1)                     1.189(3)  

            O(2)-C(6)                     1.198(3)  

            O(3)-C(6)                     1.343(3)  

            O(3)-C(7)                     1.447(3)  

            C(1)-C(2)                     1.479(3)  

            C(1)-C(5)                     1.539(3)  

            C(2)-C(3)                     1.513(4)  

            C(2)-H(2A)                    0.9700  

            C(2)-H(2B)                    0.9700  

            C(3)-C(4)                     1.512(3)  

            C(3)-H(3A)                    0.9700  

            C(3)-H(3B)                    0.9700  

            C(4)-C(5)                     1.521(3)  

            C(4)-H(4A)                    0.9700  

            C(4)-H(4B)                    0.9700  

            C(5)-C(6)                     1.514(3)  

            C(5)-C(8)                     1.531(3)  

            C(7)-C(8)                     1.515(3)  

            C(7)-H(7A)                    0.9700  

            C(7)-H(7B)                    0.9700  

            C(8)-C(9)                     1.511(3)  

            C(8)-H(8)                     0.9800  

            C(9)-C(10)                    1.506(3)  

            C(9)-H(9A)                    0.9700  
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            C(9)-H(9B)                    0.9700  

            C(10)-C(15)                   1.381(3)  

            C(10)-C(11)                   1.383(3)  

            C(11)-C(12)                   1.367(3)  

            C(11)-H(11)                   0.9300  

            C(12)-C(13)                   1.373(3)  

            C(12)-H(12)                   0.9300  

            C(13)-C(14)                   1.362(4)  

            C(14)-C(15)                   1.373(3)  

            C(14)-H(14)                   0.9300  

            C(15)-H(15)                   0.9300  

   

            O(5)-N(1)-O(4)              123.4(3)  

            O(5)-N(1)-C(13)             118.1(3)  

            O(4)-N(1)-C(13)             118.5(3)  

            C(6)-O(3)-C(7)              110.05(19)  

            O(1)-C(1)-C(2)              127.1(2)  

            O(1)-C(1)-C(5)              123.7(2)  

            C(2)-C(1)-C(5)              109.3(2)  

            C(1)-C(2)-C(3)              104.9(2)  

            C(1)-C(2)-H(2A)             110.8  

            C(3)-C(2)-H(2A)             110.8  

            C(1)-C(2)-H(2B)             110.8  

            C(3)-C(2)-H(2B)             110.8  

            H(2A)-C(2)-H(2B)            108.8  

            C(4)-C(3)-C(2)              103.95(19)  

            C(4)-C(3)-H(3A)             111.0  

            C(2)-C(3)-H(3A)             111.0  

            C(4)-C(3)-H(3B)             111.0  

            C(2)-C(3)-H(3B)             111.0  
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            H(3A)-C(3)-H(3B)            109.0  

            C(3)-C(4)-C(5)              106.31(18)  

            C(3)-C(4)-H(4A)             110.5  

            C(5)-C(4)-H(4A)             110.5  

            C(3)-C(4)-H(4B)             110.5  

            C(5)-C(4)-H(4B)             110.5  

            H(4A)-C(4)-H(4B)            108.7  

            C(6)-C(5)-C(4)              114.2(2)  

            C(6)-C(5)-C(8)              101.52(17)  

            C(4)-C(5)-C(8)              117.76(17)  

            C(6)-C(5)-C(1)              105.83(17)  

            C(4)-C(5)-C(1)              103.46(18)  

            C(8)-C(5)-C(1)              113.79(18)  

            O(2)-C(6)-O(3)              121.6(2)  

            O(2)-C(6)-C(5)              127.9(2)  

            O(3)-C(6)-C(5)              110.5(2)  

            O(3)-C(7)-C(8)              105.47(19)  

            O(3)-C(7)-H(7A)             110.6  

            C(8)-C(7)-H(7A)             110.6  

            O(3)-C(7)-H(7B)             110.6  

            C(8)-C(7)-H(7B)             110.6  

            H(7A)-C(7)-H(7B)            108.8  

            C(9)-C(8)-C(7)              113.8(2)  

            C(9)-C(8)-C(5)              116.95(18)  

            C(7)-C(8)-C(5)              102.21(17)  

            C(9)-C(8)-H(8)              107.8  

            C(7)-C(8)-H(8)              107.8  

            C(5)-C(8)-H(8)              107.8  

            C(10)-C(9)-C(8)             112.84(19)  

            C(10)-C(9)-H(9A)            109.0  
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            C(8)-C(9)-H(9A)             109.0  

            C(10)-C(9)-H(9B)            109.0  

            C(8)-C(9)-H(9B)             109.0  

            H(9A)-C(9)-H(9B)            107.8  

            C(15)-C(10)-C(11)           118.3(2)  

            C(15)-C(10)-C(9)            121.0(2)  

            C(11)-C(10)-C(9)            120.8(2)  

            C(12)-C(11)-C(10)           121.2(2)  

            C(12)-C(11)-H(11)           119.4  

            C(10)-C(11)-H(11)           119.4  

            C(11)-C(12)-C(13)           118.7(2)  

            C(11)-C(12)-H(12)           120.6  

            C(13)-C(12)-H(12)           120.6  

            C(14)-C(13)-C(12)           121.8(2)  

            C(14)-C(13)-N(1)            119.8(3)  

            C(12)-C(13)-N(1)            118.4(3)  

            C(13)-C(14)-C(15)           118.8(2)  

            C(13)-C(14)-H(14)           120.6  

            C(15)-C(14)-H(14)           120.6  

            C(14)-C(15)-C(10)           121.2(2)  

            C(14)-C(15)-H(15)           119.4  

            C(10)-C(15)-H(15)           119.4  

           

_____________________________________________________________  

           Symmetry transformations used to generate equivalent atoms:  
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Table 4.  Anisotropic displacement parameters (A^2 x 10^3) for cd28519. The 

anisotropic displacement factor exponent takes the form: -2 pi^2 [ h^2 a*^2 U11 + ... 

+ 2 h k a* b* U12 ] 

    

_____________________________________________________________________  

              U11      U22       U33       U23       U13       U12   

_____________________________________________________________________  

   

    N(1)     65(2)     112(2)      76(2)      43(2)      11(1)      15(1)  

    O(1)    178(2)      63(1)     108(2)     -41(1)      72(2)     -33(1)  

    O(2)     85(1)      77(1)      99(2)      40(1)      -8(1)       5(1)  

    O(3)     59(1)      69(1)      98(1)      29(1)      16(1)       7(1)  

    O(4)     97(2)      95(2)     132(2)      53(2)      12(1)       1(1)  

    O(5)    160(3)     170(3)      62(2)      50(2)      18(2)      16(2)  

    C(1)     80(2)      38(1)      58(2)      -6(1)      16(1)      -5(1)  

    C(2)     70(2)      56(2)      76(2)       6(1)      11(1)     -13(1)  

    C(3)     73(2)      76(2)      61(2)      14(1)      21(1)      -2(1)  

    C(4)     85(2)      53(1)      46(1)      -1(1)      17(1)      10(1)  

    C(5)     61(1)      34(1)      44(1)      -2(1)      10(1)       2(1)  

    C(6)     71(2)      39(1)      74(2)      11(1)       8(1)       0(1)  

    C(7)     69(2)      62(2)      68(2)      14(1)      20(1)       0(1)  

    C(8)     58(1)      38(1)      43(1)      -1(1)       8(1)      -2(1)  

    C(9)     63(1)      62(2)      53(1)       2(1)       2(1)     -11(1)  

    C(10)    48(1)      56(1)      40(1)      -1(1)       0(1)      -1(1)  

    C(11)    65(1)      62(2)      37(1)      -2(1)       3(1)       7(1)  

    C(12)    61(1)      53(1)      58(2)       4(1)       0(1)       6(1)  

    C(13)    48(1)      78(2)      51(1)      19(1)       5(1)       9(1)  

    C(14)    80(2)      85(2)      38(1)      -1(1)       5(1)      11(1)  

    C(15)    77(2)      64(2)      47(1)      -6(1)       0(1)       2(1)     

_____________________________________________________________________  
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 Table 5.  Hydrogen coordinates ( x 10^4) and isotropic  

         displacement parameters (A^2 x 10^3) for cd28519.  

     ________________________________________________________________  

                          x           y             z           U(eq) 

________________________________________________________________  

          H(2A)        1440         -3734          2104          80  

          H(2B)          -6         -2434          1858          80  

          H(3A)         516         -1692          2790          83  

          H(3B)        2694         -2324          2869          83  

          H(4A)        3301           174          2754          73  

          H(4B)        1375           403          2321          73  

          H(7A)        5334          -352           900          78  

          H(7B)        6136          1268          1090          78  

          H(8)         3825          1649          1677          56  

          H(9A)        1690          -169           830          72  

          H(9B)         727           987          1223          72  

          H(11)        2295          3769          1152          66  

          H(12)        2591          5657           490          69  

          H(14)        2249          2574          -771          81  

          H(15)        1962           688          -105          76  

________________________________________________________________  
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 Table 6.  Torsion angles [deg] for cd28519.  

________________________________________________________________  

          O(1)-C(1)-C(2)-C(3)                                 159.5(3)  

          C(5)-C(1)-C(2)-C(3)                                 -19.4(3)  

          C(1)-C(2)-C(3)-C(4)                                  32.8(3)  

          C(2)-C(3)-C(4)-C(5)                                 -34.4(3)  

          C(3)-C(4)-C(5)-C(6)                                 -92.4(2)  

          C(3)-C(4)-C(5)-C(8)                                 148.6(2)  

          C(3)-C(4)-C(5)-C(1)                                  22.2(2)  

          O(1)-C(1)-C(5)-C(6)                                 -60.1(3)  

          C(2)-C(1)-C(5)-C(6)                                 118.9(2)  

          O(1)-C(1)-C(5)-C(4)                                 179.4(3)  

          C(2)-C(1)-C(5)-C(4)                                  -1.6(3)  

          O(1)-C(1)-C(5)-C(8)                                  50.5(3)  

          C(2)-C(1)-C(5)-C(8)                                -130.5(2)  

          C(7)-O(3)-C(6)-O(2)                                -176.9(2)  

          C(7)-O(3)-C(6)-C(5)                                   2.5(3)  

          C(4)-C(5)-C(6)-O(2)                                  30.2(3)  

          C(8)-C(5)-C(6)-O(2)                                 158.1(3)  

          C(1)-C(5)-C(6)-O(2)                                 -82.9(3)  

          C(4)-C(5)-C(6)-O(3)                                -149.05(19)  

          C(8)-C(5)-C(6)-O(3)                                 -21.2(2)  

          C(1)-C(5)-C(6)-O(3)                                  97.8(2)  

          C(6)-O(3)-C(7)-C(8)                                  17.9(3)  

          O(3)-C(7)-C(8)-C(9)                                -157.00(19)  

          O(3)-C(7)-C(8)-C(5)                                 -30.0(2)  

          C(6)-C(5)-C(8)-C(9)                                 155.0(2)  

          C(4)-C(5)-C(8)-C(9)                                 -79.5(3)  

          C(1)-C(5)-C(8)-C(9)                                  41.8(3)  

          C(6)-C(5)-C(8)-C(7)                                  30.1(2)  
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          C(4)-C(5)-C(8)-C(7)                                 155.6(2)  

          C(1)-C(5)-C(8)-C(7)                                 -83.1(2)  

          C(7)-C(8)-C(9)-C(10)                                -59.7(3)  

          C(5)-C(8)-C(9)-C(10)                               -178.64(19)  

          C(8)-C(9)-C(10)-C(15)                               117.7(2)  

          C(8)-C(9)-C(10)-C(11)                               -61.7(3)  

          C(15)-C(10)-C(11)-C(12)                               0.8(3)  

          C(9)-C(10)-C(11)-C(12)                             -179.9(2)  

          C(10)-C(11)-C(12)-C(13)                               0.4(3)  

          C(11)-C(12)-C(13)-C(14)                              -1.4(4)  

          C(11)-C(12)-C(13)-N(1)                              178.3(2)  

          O(5)-N(1)-C(13)-C(14)                                 3.0(4)  

          O(4)-N(1)-C(13)-C(14)                              -178.6(3)  

          O(5)-N(1)-C(13)-C(12)                              -176.7(3)  

          O(4)-N(1)-C(13)-C(12)                                 1.7(4)  

          C(12)-C(13)-C(14)-C(15)                               1.3(4)  

          N(1)-C(13)-C(14)-C(15)                             -178.4(2)  

          C(13)-C(14)-C(15)-C(10)                              -0.2(4)  

          C(11)-C(10)-C(15)-C(14)                              -0.9(4)  

          C(9)-C(10)-C(15)-C(14)                              179.8(2)  

         

________________________________________________________________  

     Symmetry transformations used to generate equivalent atoms:  
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Table 7.  Hydrogen bonds for cd28519 [A and deg.].  

_____________________________________________________________________  

  D-H...A                  d(D-H)      d(H...A)    d(D...A)     <(DHA)  

 C(12)-H(12)...O(1)#1         0.93        2.36        3.169(3)    145.6  

 C(8)-H(8)...O(2)#2           0.98        2.57        3.494(3)    157.4  

 C(7)-H(&B)...O(4)#3         0.97        2.47        3.398(4)    161  

 

_____________________________________________________________________  

   

 Symmetry transformations used to generate equivalent atoms:  

 #1 x,y+1,z    #2 -x+1,y+1/2,-z+1/2     #3 1-x, 1-y, -z 
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