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Experimental Section 

 
General Methods. Tetrahydrofuran was freshly redistilled from sodium under 

Argon when using. Thin layer chromatography was performed on Merck 60 F254 

pre-coated silica gel plates. Flash column chromatography was performed using 

normal phase silica gel (40-60 μm , 230-400 mesh, Silicycle P60). 1H NMR or 13C 

NMR spectra were recorded on Mercury 300 and MR 400. Proton chemical shifts 

were given in relative to tetramethylsilane (δ 0.00 ppm) in CDCl3 or the undeuterated 

solvent residual signals. Carbon chemical shifts were internally referenced to the 

deuterated solvent signals. Infrared spectra were recorded using Nicolet 380FT-IR. 

Mass spectra were recorded on a Shimadzu LCMS-2010EV mass spectrometer (ESI). 

High resolution mass spectra were recorded on IonSpec 4.7 Tesla FTMS mass 

spectrometer (MALDI) and Bruker APEXIII 7.0 TESLA FTMS (ESI). Preparation of 

monomalonic amide was following the reported procedure. Relative configuration of 

5d and 5s was eastablished by analysis of the crystallographic data of 5d and 5s and 

the relative configuration of 5o was comfirmed by analyzing the NOESY spetrum of 

5o. 

 

COOH

CONH2  

Prepared according to literature.1 

COOH

CONHPh  

Prepared according to literature.2 

COOH

CONHBn  

Prepared according to.literature.3 

COOH

CONHCOOMe  
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Prepared from benzyl hydrogen malonate according to literature.4 

COOH

CONHTs  
Prepared according to literature.5 

General Procedure for Preparation of malonic diamides of tryptamine 

derivatives. To a mixture of malonic monoamide (10 mmol, 1 eq)and Nb-benzyl 

tryptamine (12 mmol, 1.2 eq) in dichloromethane 150 ml was added 

diisopropylethylamine (4 mmol, 4 eq) and BOP-Cl (15 mmol, 1.5 eq). The solution 

was stirred at rt overnight, then washed with 0.1 M HCl 100 ml twice and brine, dried 

over Na2SO4, purified through silica gel column to give malonic diamides of 

tryptamine derivatives. 

General procedure of oxidative-coupling reaction using I2 as oxidant. The 

malonic diamide (0.2 mmol, 1 eq) was dissolved in anhydrous THF 2.9 ml with 

stirring under Argon, and cooled to -78oC with dry ice-acetone bath. Then 1 M 

LiHMDS solution in THF (0.66 ml, 0.66 mmol, 3.3 eq) was added dropwise. After 30 

min, the freshly prepared I2 solution in THF (0.44 ml, 0.22 mmol, 1.1 eq, M = 0.5) 

was added dropwise. After 10 min, the cold bath was removed. the mixture was 

stirred at rt for 4 h, then quenched by saturated aqueous NH4Cl, diluted with ethyl 

acetate, washed with 10% aqueous Na2S2O3 and brine, dried over Na2SO4, purified 

through silica gel column to give product. 

 

N
H

Bn
N

O

NH2

O

 
N1-(2-(1H-indol-3-yl)ethyl)-N1-benzylmalonamide 1a (mixture of rotamers and 

tautomers). Rf = 0.6 (dichloromethane:methanol 10:1). Yield 50%, white solid, mp 

144-146oC. 1H NMR (300MHz, d6-acetone) δ 2.99 (t, J = 8.1 Hz, 1H), 3.07 (t, J = 7.8 

Hz, 1H), 3.35 (s, 1H), 3.38 (s, 1H), 3.62 (dd, J = 6.6 Hz, 15.3 Hz, 2H), 4.66 (s, 1H), 

4.69 (s, 1H), 6.48 (brs, 0.5H), 6.96-7.39 (m, 9H), 7.58 (t, J = 9 Hz, 1H), 10.03 (brs, 

0.3H), 10.11 (brs, 0.4H); 13C NMR (100MHz, d6-acetone) δ 169.17, 169.10, 167.94, 
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149.15, 138.48, 137.98, 136.64, 136.59, 129.05, 128.76, 127.87, 127.76, 127.52, 

127.44, 127.41, 127.30, 123.60, 123.12, 121.45, 121.38, 118.83, 118.70, 118.66, 

118.53, 111.88, 111.86, 111.81, 111.30, 98.71, 51.78, 48.79, 47.92, 46.95, 42.23, 

41.79, 24.40, 23.48; IR (thin film): 3383, 3192, 2935, 1673, 1613, 1457, 1399, 1250, 

1233, 1168, 954, 739, 702, 540, 427 cm-1; ESI-MS m/z 336.3 (M + H )+; HRMS (ESI) 

calcd. for C20H22N3O2 336.1707 (M + H)+, found 336.1698. 

 

N
H

Bn
N

O

NHPh

O

 
N1-(2-(1H-indol-3-yl)ethyl)-N1-benzyl-N3-phenylmalonamide 1b (mixture of 

rotamers and tautomers). Rf = 0.3 (ethyl acetate-petroleum 1:1). Yield 84%, light 

yellow solid, mp 60-62oC. 1H NMR (300MHz, CDCl3) δ 2.96 (t, J = 7.2 Hz, 1H), 3.04 

(t, J = 7.5 Hz, 1H), 3.33 (s, 1H), 3.43 (s, 1H), 3.54 (t, J = 7.2 Hz, 1H), 3.72 (t, J = 7.5 

Hz, 1H), 4.04 (s, 1H), 4.64 (s, 1H), 6.89 (dd, J = 1.5 Hz, 17.1 Hz, 1H), 7.04-7.31 (m, 

11H), 7.44-7.60 (m, 3H), 8.27 (brs, 0.4H), 8.42 (brs, 0.5H), 9.98 (brs, 0.5H), 10.21 

(brs, 0.4H); 13C NMR (100MHz, CDCl3) δ 169.16, 169.05, 164.38, 137.80, 137.74, 

136.72, 136.29, 135.86, 129.07, 128.98, 128.94, 128.81, 127.97, 127.90, 127.72, 

127.29, 126.91, 126.29, 124.38, 124.34, 122.47, 122.34, 122.14, 122.11, 120.19, 

120.17, 119.70, 119.46, 118.57, 118.21, 112.56, 111.55, 111.52, 111.35, 52.36, 49.14, 

48.51, 48.26, 40.50, 40.14, 24.57, 23.45; IR (thin film): 3303, 3058, 2925, 1626, 1548, 

1497, 1443, 1338, 1233, 1159, 1080, 955, 743, 695, 504 cm-1; ESI-MS m/z 412.4 (M 

+ H )+; HRMS (MALDI) calcd. for C26H26N3O2 412.2019 (M + H)+, found 412.2014. 

 

N
H

Bn
N

O

NHBn

O

 
N1-(2-(1H-indol-3-yl)ethyl)-N1,N3-dibenzylmalonamide 1c (mixture of rotamers 

and tautomers). Rf = 0.4 (ethyl acetate-petroleum 1:1). Yield 73%, white solid, mp 

150-152oC. 1H NMR (300MHz, CDCl3) δ 2.96-3.04 (m, 2H), 3.28 (s, 1H), 3.36 (s, 
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1H), 3.58 (t, J = 7.5 Hz, 1H), 3.70 (t, J = 7.5 Hz, 1H), 4.43-4.45 (m, 2H), 4.49 (d, J = 

6 Hz, 1H), 4.61 (s, 1H), 6.94 (s, 1H), 7.06-7.14 (m, 2H), 7.16-7.20 (m, 2H), 7.26-7.35 

(m, 9H), 7.51 (dd, J = 7.8 Hz, 21.6 Hz, 1H), 7.94 (brs, 0.5H), 8.04 (brs, 0.4H), 8.15 

(brs, 1H); 13C NMR (100MHz, CDCl3) δ 168.94, 168.85, 166.19, 166.16, 138.10, 

136.86, 136.21, 136.00, 128.99, 128.72, 128.67, 128.64, 127.93, 127.81, 127.70, 

127.67, 127.60, 127.38, 127.34, 127.25, 126.90, 122.35, 122.12, 121.99, 119.73, 

118.60, 118.27, 112.75, 111.75, 111.39, 111.21, 52.37, 48.94, 48.01, 43.44, 40.20, 

39.84, 24.56, 23.39; IR (thin film): 3305, 3058, 3029, 2922, 1725, 1632, 1496, 1453, 

1339, 1233, 1203, 1061, 953, 815, 741, 698, 607, 422 cm-1; ESI-MS m/z 426.3 (M + 

H )+; HRMS (MALDI) calcd. for C27H28N3O2 426.2176 (M + H)+, found 426.2186. 

 

N
H

Bn
N

O

NHCOOMe

O

 
methyl 3-((2-(1H-indol-3-yl)ethyl)(benzyl)amino)-3-oxopropanoylcarbamate 1d 

(mixture of rotamers and tautomers). Rf = 0.3 (ethyl acetate-petroleum 2:1). Yield 

57%, white solid, mp 66-68oC. 1H NMR (300MHz, CDCl3) δ 2.97-3.06 (m, 2H), 3.50 

(t, J = 6 Hz), 3.66-3.75 (m, 5H), 4.35 (s, 1H), 4.64 (s, 1H), 6.97 (d, J = 18 Hz), 

7.10-7.17 (m, 3H), 7.24-7.36 (m, 5H), 7.49 (dd, J = 7.8, 27.6 Hz), 8.36 (brs, 0.4H), 

8.52 (brs, 0.6H), 9.21 (brs, 0.4H), 9.35 (brs, 0.4H); 13C NMR (100MHz, CDCl3) δ 

167.54, 167.47, 151.97, 151.88, 151.86, 136.81, 136.34, 135.89, 129.00, 128.68, 

128.05, 127.86, 127.57, 127.28, 126.87, 126.50, 122.71, 122.66, 122.45, 122.41, 

122.16, 122.13, 121.93, 119.54, 119.51, 119.29, 118.58, 118.07, 112.53, 112.46, 

111.67, 111.36, 53.01, 52.93, 52.46, 48.78, 48.28, 47.94, 42.02, 41.54, 24.22, 23.31; 

IR (thin film): 3346, 2953, 1781, 1708, 1630, 1496, 1452, 1356, 1340, 1216, 1079, 

1010, 934, 775, 742, 700, 606, 566, 508, 458, 426 cm-1; ESI-MS m/z 394.3 (M + H )+; 

HRMS (MALDI) calcd. for C22H24N3O4 394.1761 (M + H)+, found 422.1750. 
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N
H

Bn
N

O

NHTs

O

 
N1-(2-(1H-indol-3-yl)ethyl)-N1-benzyl-N3-tosylmalonamide 1e (mixture of rotamers 

and tautomers). Rf = 0.3 (ethyl acetate-petroleum 5:1). Yield 48%, white solid, mp 

78-80oC. 1H NMR (300MHz, CDCl3) δ 2.38 (s, 3H), 2.90 (t, J = 6.9 Hz, 1H), 

2.98-3.00 (m, 2H), 3.03 (s, 1H), 3.43 (t, J = 6.6 Hz, 1H), 3.68 (d, J = 6.9 Hz, 1H), 

4.27 (s, 1H), 4.61 (s, 1H), 6.89-7.53 (m, 12H), 7.94 (dd, J = 8.1 Hz, 15.6 Hz, 2H), 

8.24 (brs, 0.3H), 8.29 (brs, 0.5H), 11.25 (brs, 0.4H), 11.64 (brs, 0.3H); 13C NMR 

(100MHz, CDCl3) δ 167.74, 167.72, 164.81, 164.69, 144.96, 144.90, 136.37, 136.31, 

136.28, 135.86, 135.81, 135.38, 129.55, 129.51, 129.10, 128.82, 128.42, 128.38, 

128.08, 127.99, 127.81, 127.24, 126.72, 126.27, 122.74, 122.45, 122.38, 122.06, 

119.71, 119.42, 118.44, 117.95, 112.16, 111.79, 111.50, 111.12, 52.18, 49.06, 48.38, 

48.20, 39.86, 39.44, 24.15, 23.30, 21.67; IR (thin film): 3403, 3059, 2922, 1717, 1624, 

1425, 1347, 1169, 1088, 944, 865, 814, 743, 703, 665, 547, 426 cm-1; ESI-MS m/z 

490.4 (M + H )+; HRMS (MALDI) calcd. for C27H28N3O4S 490.1795 (M + H)+, found 

490.1799. 

 

N
H

Bn
N

O

NHCOOMe

O
F

 
methyl 3-(benzyl(2-(6-fluoro-1H-indol-3-yl)ethyl)amino)-3-oxopropanoyl 

carbamate 1f (mixture of rotamers and tautomers). Rf = 0.7 (ethyl acetate-petroleum 

3:1). Yield 85%, brown solid, mp 62-64oC. 1H NMR (300MHz, CDCl3) δ 2.95-3.03 (q, 

J = 6.9 Hz, 2H), 3.44 (s, 1H), 3.51 (t, J = 6.6 Hz, 1H), 3.64-3.77 (m, 5H), 4.37 (s, 1H), 

4.65 (s, 1H), 6.85 (q, J = 8.4 Hz, 1H), 6.97 (d, J = 8.7 Hz, 1H), 7.04 (t, J = 9 Hz, 1H), 

7.11 (d, J = 6.9 Hz, 1H), 7.23-7.46 (m, 5H), 8.46 (brs, 0.4H), 8.77 (brs, 0.5H), 9.24 

(brs, 0.6H); 13C NMR (100MHz, CDCl3) δ 167.58, 167.45, 161.17, 158.81, 151.76, 

136.67, 136.39, 136.27, 135.78, 129.02, 128.90, 128.70, 128.23, 128.01, 127.91, 

127.63, 126.48, 126.24, 123.89, 123.52, 122.60, 119.37, 119.26, 118.81, 118.71, 
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112.65, 111.54, 108.43, 108.18, 108.15, 107.90, 98.09, 97.84, 97.69, 97.43, 53.03, 

52.93, 52.45, 48.75, 48.29, 47.78, 42.04, 41.34, 24.11, 23.27; IR (thin film): 3334, 

2955, 1771, 1708, 1627, 1496, 1453, 1284, 1221, 1081, 1062, 951, 803, 766, 624, 597, 

563, 520 cm-1; ESI-MS m/z 412.3 (M + H )+; HRMS (MALDI) calcd. for 

C22H23N3O4F 412.1667 (M + H)+, found 412.1665. 

 

N
H

Bn
N

O

NHCOOMe

O

F

 

methyl 3-(benzyl(2-(4-fluoro-1H-indol-3-yl)ethyl)amino)-3-oxopropanoyl 

carbamate 1g (mixture of rotamers and tautomers). Rf = 0.2 (ethyl acetate-petroleum 

2:1). Yield 60%, white solid, mp 73-75oC. 1H NMR (300MHz, CDCl3) δ 3.03-3.14 (m, 

2H), 3.52 (t, J = 6.9 Hz), 3.62-3.72 (m, 6H), 4.37, 4.62 (2s, 2H), 6.65-6.75 (m, 1H), 

6.90 (s, 0.6H), 7.02-7.13 (m, 3H), 7.24-7.29 (m, 4H), 8.85 (brs, 0.3H), 9.01 (brs, 

0.6H), 9.39 (brs, 0.7H); 13C NMR (100MHz, CDCl3) δ 167.60, 158.12, 155.69, 

151.96, 139.40, 139.34, 139.28, 139.22, 136.92, 135.96, 129.14, 128.95, 128.80, 

128.61, 128.24, 128.01, 127.91, 127.79, 127.48, 126.44, 126.24, 123.31, 123.13, 

122.54, 122.46, 122.28, 122.21, 116.02, 115.82, 115.77, 115.57, 110.89, 109.80, 

108.02, 107.95, 107.93, 107.68, 107.66, 104.49, 104.30, 104.12, 53.01, 52.95, 52.38, 

52.33, 49.33, 48.95, 48.69, 41.99, 41.51, 25.54, 24.41; IR (thin film): 3328, 2954, 

1780, 1708, 1629, 1581, 1505, 1451, 1349, 1224, 1079, 1034, 935, 838, 778, 735, 699, 

589, 482 cm-1; ESI-MS m/z 412.3 (M + H )+; HRMS (MALDI) calcd. for 

C22H23N3O4F 412.1667 (M + H)+, found 412.1672. 

 

N
H

Bn
N

O

NHCOOMe

O

Br

 
methyl 3-(benzyl(2-(5-bromo-1H-indol-3-yl)ethyl)amino)-3-oxopropanoyl 

carbamate 1h (mixture of rotamers and tautomers). Rf = 0.4 (ethyl acetate-petroleum 

3:1). Yield 53%, white solid, mp 72-74oC. 1H NMR (300MHz, CDCl3) δ 2.96 (dd, J = 
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8.4 Hz, 15.3 Hz, 2H), 3.46-3.51 (m, 2H), 3.65 (t, J = 7.2 Hz, 1H), 3.72-3.78 (m, 4H), 

4.37 (s, 1H), 4.64 (s, 1H), 7.00 (d, J = 17.4 Hz), 7.13 (d, J = 6.9 Hz, 1H), 7.23-7.35 

(m, 6H), 7.58 (d, J = 17.7 Hz, 1H), 8.41 (brs, 0.5H), 8.63 (brs, 0.5H), 9.15 (brs, 0.7H); 
13C NMR (100MHz, CDCl3) δ 167.62, 167.52, 152.12, 152.02, 136.64, 135.71, 

135.03, 134.97, 129.07, 129.03, 128.77, 128.65, 128.03, 127.68, 126.69, 124.78, 

124.57, 124.27, 123.97, 121.00, 120.62, 113.35, 113.01, 112.62, 112.41, 111.95, 

110.86, 53.07, 53.01, 52.54, 48.81, 47.59, 42.24, 41.74, 24.01, 23.07; IR (thin film): 

3330, 2952, 1779, 1707, 1629, 1451, 1215, 1079, 883, 798, 775, 737, 701, 605, 423 

cm-1; ESI-MS m/z 472.4 (M + H )+; HRMS (MALDI) calcd. for C22H23N3O4Br 

472.0867 (M + H)+, found 472.0878. 

 

N
H

Bn
N

O

NHCOOMe

O

OMe

 

methyl 3-(benzyl(2-(4-methoxy-1H-indol-3-yl)ethyl)amino)-3-oxopropanoyl 

carbamate 1i (mixture of rotamers and tautomers). Rf = 0.7 (ethyl acetate-petroleum 

2:1). Yield 49%, pink solid, mp 72-74oC. 1H NMR (300MHz, CDCl3) δ 2.88, 2.95 (2s, 

1H), 3.08 (t, J = 7.2 Hz, 1.4H), 3.15 (t, J = 7.2 Hz, 0.5H), 3.56 (t, J = 7.5 Hz, 2H), 

3.64 (s, 1H), 3.76, 3.78(2s, 4H), 3.92 (s, 2H), 4.41 (s, 0.5H), 4.63 (s, 1.5H), 6.42-6.51 

(m, 1H), 6.82 (s, 0.7H), 6.91-6.97 (m, 1H), 7.08 (t, J = 7.8 Hz, 1.4H), 7.22-7.31 (m, 

5H), 8.20 (brs, 0.2H), 8.27 (brs, 0.6H), 9.67 (brs, 0.6H); 13C NMR (100MHz, CDCl3) 

δ 167.64, 167.50, 166.88, 162.67, 154.40, 154.20, 151.84, 151.76, 138.23, 138.19, 

137.02, 136.21, 128.91, 128.58, 127.91, 127.65, 127.42, 126.22, 122.90, 122.63, 

121.73, 117.11, 116.84, 112.73, 111.65, 104.99, 104.82, 99.39, 99.18, 55.13, 54.92, 

52.93, 52.87, 52.11, 49.95, 48.98, 41.68, 40.95, 36.53, 31.49, 26.10, 24.98; IR (thin 

film): 3342, 2953, 2837, 1782, 1708, 1631, 1508, 1451, 1361, 1255, 1217, 1081, 734 

cm-1; ESI-MS m/z 424.2 (M + H )+; HRMS (MALDI) calcd. for C23H26N3O5 

424.1867 (M + H)+, found 424.1861. 
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N
H

Bn
N

O

NHCOOMe

O

MeO

 
methyl 3-(benzyl(2-(5-methoxy-1H-indol-3-yl)ethyl)amino)-3-oxopropanoyl 

carbamate 1j (mixture of rotamers and tautomers). Rf = 0.6 (ethyl acetate-petroleum 

3:1). Yield 70%, white solid, mp 68-70oC. 1H NMR (300MHz, CDCl3) δ 2.95-3.04 (m, 

2H), 3.50-3.54 (m, 2H), 3.67-3.84 (m, 8H), 4.38 (s, 1H), 4.66 (s, 1H), 6.83-6.95 (m, 

2H), 7.01 (s, 1H), 7.12 (d, J = 7.2 Hz, 1H), 7.23-7.33 (m, 5H), 8.08 (brs, 0.4H), 8.22 

(brs, 0.4H), 9.14 (brs, 0.5H); 13C NMR (100MHz, CDCl3) δ 154.10, 153.92, 151.90, 

151.80, 136.79, 135.88, 131.47, 128.98, 128.87, 128.67, 128.03, 127.87, 127.64, 

127.58, 127.22, 126.50, 123.36, 123.13, 112.41, 112.30, 112.16, 112.04, 111.19, 

100.44, 99.94, 55.93, 53.01, 52.92, 52.45, 48.70, 48.07, 47.62, 41.95, 41.94, 41.46, 

24.25, 23.35; IR (thin film): 3346, 2951, 1781, 1761, 1708, 1628, 1486, 1452, 1215, 

1070, 924, 799, 775, 738, 702, 633, 569 cm-1; ESI-MS m/z 424.3 (M + H )+; HRMS 

(MALDI) calcd. for C23H26N3O5 424.1867 (M + H)+, found 424.1883. 

 

N
H

Bn
N

O

NHCOOMe

O

OMe  

methyl 3-(benzyl(2-(7-methoxy-1H-indol-3-yl)ethyl)amino)-3-oxopropanoyl 

carbamate 1k (mixture of rotamers and tautomers). Rf = 0.5 (ethyl acetate-petroleum 

2:1). Yield 68%, pink solid, mp 70-72oC. 1H NMR (300MHz, CDCl3) δ 2.97-3.06 (m, 

2H), 3.49-3.54 (m, 2H), 3.66-3.72 (m, 1.6H), 3.76, 3.79 (2s, 3H), 3.94 (s, 3H), 4.35 (s, 

1H), 4.63 (s, 1H), 6.63-6.66 (m, 1H), 6.94-7.33 (m, 8H), 8.29 (brs, 0.4H), 8.37 (brs, 

0.5H), 9.16 (brs, 0.6H); 13C NMR (100MHz, CDCl3) δ 167.40, 151.87, 146.32, 

146.19, 136.89, 135.97, 128.96, 128.69, 128.64, 128.27, 128.09, 127.81, 127.52, 

126.81, 126.75, 126.49, 122.07, 121.92, 120.14, 119.82, 113.15, 112.06, 111.46, 

110.93, 102.12, 101.91, 55.31, 52.97, 52.91, 52.47, 48.80, 48.26, 48.03, 41.62, 24.44, 

23.45; IR (thin film): 3307, 2953, 1785, 1760, 1708, 1628, 1578, 1497, 1450, 1261, 

1215, 1080, 1055, 781, 732, 701, 600 cm-1; ESI-MS m/z 424.3 (M + H )+; HRMS 
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(MALDI) calcd. for C23H26N3O5 424.1867 (M + H)+, found 424.1874. 

 

N
H

Bn
N

O

NHCOOMe

O
BnO

 
methyl 3-(benzyl(2-(6-(benzyloxy)-1H-indol-3-yl)ethyl)amino)-3-oxopropanoyl 

carbamate 1l (mixture of rotamers and tautomers). Rf = 0.7 (ethyl acetate-petroleum 

2:1). Yield 58%, light yellow solid, mp 66-68oC. 1H NMR (300MHz, CDCl3) δ 

2.94-3.03 (m, 2H), 3.46-3.53 (m, 2H), 3.67-3.71 (m, 2H), 3.74 (s, 2H), 3.71 (s, 1H), 

4.37 (s, 1H), 4.64 (s, 1H), 5.09 (d, J = 2.4 Hz, 2H), 6.86-6.91 (m, 3H), 7.11 (d, J = 6.6 

Hz, 1H), 7.23-7.47 (m, 10H), 7.98 (brs, 0.3H), 8.13 (brs, 0.5H), 9.15 (brs, 0.5H); 13C 

NMR (100MHz, CDCl3) δ 167.61, 167.45, 155.68, 155.55, 151.86, 137.47, 137.39, 

137.09, 137.01, 136.81, 135.92, 128.99, 128.68, 128.53, 128.05, 127.84, 127.53, 

126.53, 122.02, 121.63, 121.57, 121.36, 119.91, 118.69, 112.44, 111.39, 110.32, 

109.99, 96.45, 70.60, 53.01, 52.92, 52.45, 48.74, 48.31, 47.92, 42.04, 41.47, 24.25, 

23.41; IR (thin film): 3346, 2952, 1781, 1760, 1708, 1628, 1497, 1452, 1215, 1164, 

1080, 802, 737, 698 cm-1; ESI-MS m/z 500.4 (M + H )+; HRMS (MALDI) calcd. for 

C29H30N3O5 500.2180 (M + H)+, found 500.2170. 

 

N
H

Bn
N

O

NHCOOMe

O

Cl  

methyl 3-(benzyl(2-(7-chloro-1H-indol-3-yl)ethyl)amino)-3-oxopropanoyl 

carbamate 1m (mixture of rotamers and tautomers). Rf = 0.6 (ethyl acetate-petroleum 

2:1). Yield 86%, grey solid, mp 60-62oC. 1H NMR (300MHz, CDCl3) δ 3.02 (dd, J = 

8.4 Hz, 15.3 Hz, 2H), 3.52 (t, J = 7.2 Hz, 1H), 3.60, 3.66 (2s, 1H), 3.69 (s, 1H), 3.77, 

3.79 (2s, 3H), 7.00-7.25 (m, 5H), 7.30-7.48 (m, 4H), 8.32-8.51 (m, 1H), 9.08, (brs, 

0.6H); 13C NMR (100MHz, CDCl3) δ 167.45, 167.41, 152.10, 152.01, 136.77, 135.86, 

133.52, 133.48, 128.98, 128.86, 128.66, 128.46, 128.04, 127.87, 127.57, 126.53, 

123.42, 123,18, 121.59, 121.33, 120.35, 120.11, 117.37, 116.94, 116.86, 116.65, 
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113.81, 112.71, 53.04, 52.98, 52.53, 48.86, 48.14, 47.76, 42.26, 41.91, 24.33, 23.36; 

IR (thin film): 3285, 2954, 1782, 1708, 1635, 1494, 1215, 1079, 894, 778, 735, 700, 

621, 597, 560 cm-1; ESI-MS m/z 428.3 (M + H )+; HRMS (MALDI) calcd. for 

C22H23N3O4Cl 428.1372 (M + H)+, found 428.1387. 

 

N
H

Bn
N

O

NHCOOMe

O

 
methyl 3-(benzyl(2-(5-methyl-1H-indol-3-yl)ethyl)amino)-3-oxopropanoyl carba- 

mate 1n (mixture of rotamers and tautomers). Rf = 0.2 (ethyl acetate-petroleum 1:1). 

Yield 60%, white foam. 1H NMR (300MHz, CDCl3) δ 2.43, 2.44 (2s, 3H), 2.95-3.05 

(m, 2H), 3.48-3.53 (m, 2H), 3.66-3.71 (m, 1.6H), 3.76, 3.79 (2s, 3H), 4.36 (s, 0.7H), 

4.66 (s, 1H), 6.93 (s, 0.5H), 6.99, 7.02 (2s, 1.4H), 7.12 (d, J = 6.6 Hz, 1H), 7.21-7.35 

(m, 6H), 8.07 (brs, 0.3H), 8.21 (brs, 0.5H), 9.25 (brs, 0.5H); 13C NMR (100MHz, 

CDCl3) δ 167.48, 167.39, 151.69, 136.77, 135.85, 134.59, 134.57, 128.99, 129.89, 

128.86, 128.67, 128.58, 128.31, 128.11, 127.87, 127.59, 127.47, 127.05, 126.50, 

123.91, 123.64, 122.56, 122.38, 118.22, 117.79, 112.20, 111.21, 111.07, 110.89, 53.00, 

52.90, 52.47, 48.73, 48.14, 47.93, 24.23, 23.27, 21.50, 21.47; IR (thin film): 3350, 

2952, 1781, 1708, 1632, 1496, 1451, 1363, 1318, 1215, 1080, 797, 775, 739, 702, 618, 

567, 427 cm-1; ESI-MS m/z 408.2 (M + H )+; HRMS (MALDI) calcd. for C23H26N3O4 

408.1918 (M + H)+, found 408.1906. 

 

N
H

Bn
N

O

NHCOOMe

O

 
methyl 3-(benzyl(2-(2-methyl-1H-indol-3-yl)ethyl)amino)-3-oxopropanoylcarba- 

mate 1o (mixture of rotamers and tautomers). Rf = 0.2 (ethyl acetate-petroleum 1:1). 

Yield 58%, white foam. 1H NMR (300MHz, CDCl3) δ 2.30, 2.33 (2s, 3H), 2.91-2.99 

(m, 2H), 3.43 (t, J = 6.6 Hz, 2H), 3.57 (t, J = 7.2 Hz, 1H), 3.67 (s, 1H), 3.73, 3.78 (2s, 

3H), 4.35 (s, 0.7H), 4.66 (s, 1H), 7.04-7.13 (m, 3H), 7.26-7.43 (m, 6H), 7.97 (brs, 
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0.3H), 8.17 (brs, 0.5H); 13C NMR (100MHz, CDCl3) δ 167.32, 167.26, 151.69, 

136.77, 135.84, 135.26, 135.20, 132.04, 131.84, 128.99, 128.67, 128.42, 128.08, 

128.00, 127.91, 127.59, 126.61, 121.31, 121.04, 119.52, 119.28, 117.66, 117.13, 

110.67, 110.30, 108.24, 107.31, 53.01, 52.92, 52.64, 48.70, 47.91, 47.86, 41.72, 41.29, 

23.16, 22.18, 11.52, 11.45; IR (thin film): 3350, 2953, 1782, 1761, 1708, 1632, 1496, 

1463, 1363, 1303, 1215, 1080, 935, 742, 702 cm-1; ESI-MS m/z  (M + H )+; HRMS 

(MALDI) calcd. for C23H26N3O4 408.1918 (M + H)+, found 408.1906. 

 

N
H

Bn
N NHCOOMe

O O
Ph

 
methyl 3-(benzyl(2-(2-phenyl-1H-indol-3-yl)ethyl)amino)-3-oxopropanoylcarb- 

amate 1p (mixture of rotamers and tautomers). Rf = 0.5 (ethyl acetate-petroleum 1:1). 

Yield 58%, white foam. 1H NMR (400MHz, CDCl3) δ 3.17 (t, J = 7.2 Hz, 1H), 3.23 (t, 

J = 7.4 Hz, 1H), 3.37-3.41 (m, 3H), 3.67 (t, J = 7.4 Hz, 1H), 3.76, 3.79 (2s, 3H), 4.27 

(s, 1H), 4.46 (s, 1H), 7.05 (d, J = 6.8 Hz, 1H), 7.11-7.17 (m, 2H), 7.19-7.32 (m, 3H), 

7.37-7.42 (m, 2H), 7.45-7.51 (m, 4H), 7.55-7.62 (m, 2H), 8.10 (brs, 0.5 H), 8.18 (brs, 

0.6H); 13C NMR (100MHz, CDCl3) δ167.55, 167.19, 151.73, 136.78, 135.93, 135.81, 

135.07, 132.93, 132.73, 129.11, 129.04, 128.64, 128.49, 128.21, 128.13, 127.97, 

127.87, 127.82, 127.56, 126.59, 122.61, 122.53, 120.11, 119.92, 118.94, 118.17, 

111.36, 111.00, 109.63, 108.46, 52.96, 52.92, 52.50, 48.46, 47.82, 47.71, 41.14, 41.09, 

23.23, 22.51; IR (thin film): 3293, 3057, 3027, 2953, 1760, 1708, 1632, 1496, 1451, 

1213, 1077, 742, 699 cm-1; ESI-MS m/z 470.3 (M + H )+; HRMS (MALDI) calcd. for 

C28H28N3O4 470.2074 (M + H)+, found 470.2064. 

 

N
H

Bn
N

O

NHCOOMe

O

 
methyl 3-((2-(1H-indol-3-yl)ethyl)(benzyl)amino)-2-methyl-3-oxopropanoyl 

carbamate. 1q (mixture of rotamers and tautomers). Rf = 0.6 (ethyl acetate-petroleum 
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3:1). Yield 86%, white foam. 1H NMR (300MHz, CDCl3) δ 1.35 (d, J = 7.2 Hz, 2H), 

1.41 (d, J = 6.9 Hz, 1H), 2.97-3.07 (m, 2H), 3.52-3.70 (m, 2H), 3.76 (s, 2H), 3.78 (s, 

1H), 3.80-3.90 (m, 1H), 4.43-4.54 (m, 1.4H), 4.84, 4.89 (2s, 0.5H), 6.99 (d, J = 3.6 Hz, 

1H), 7.09-7.22 (m, 4H), 7.28-7.37 (m, 4H), 7.45 (d, J = 7.5 Hz, 0.6H), 7.55 (d, J = 7.8 

Hz, 0.4H), 8.32 (brs, 0.3H), 8.50 (brs, 0.5H), 9.44 (brs, 0.5H), 9.48 (brs, 0.3H); 13C 

NMR (100MHz, CDCl3) δ 172.19, 171.96, 169.87, 169.45, 169.43, 151.76, 151.53, 

136.90, 136.44, 136.38, 136.05, 129.04, 128.96, 128.93, 128.90, 128.82, 128.10, 

128.08, 127.96, 127.72, 127.31, 126.95, 126.70, 126.63, 122.75, 122.68, 122.42, 

122.35, 122.18, 122.01, 119.65, 119.36, 118.63, 118.62, 118.60, 118.15, 112.42, 

111.75, 111.38, 53.01, 52.89, 52.80, 52.29, 52.24, 48.83, 48.38, 48.33, 47.92, 45.30, 

45.21, 44.85, 44.77, 24.57, 23.16, 17.19, 17.15, 16.97, 16.89; IR (thin film): 3351, 

2987, 2952, 1780, 1715, 1624, 1496, 1457, 1356, 1220, 1098, 1066, 1030, 743, 699, 

600, 560, 427 cm-1; ESI-MS m/z 408.2 (M + H )+; HRMS (MALDI) calcd. for 

C23H26N3O4 408.1918 (M + H)+, found 408.1918. 

 

N
H

Bn
N

O

NHTs

O

 
N1-(2-(1H-indol-3-yl)ethyl)-N1-benzyl-2-methyl-N3-tosylmalonamide 1r (mixture 

of rotamers and tautomers). Rf = 0.6 (ethyl acetate-petroleum 1:1). Yield 50%, white 

solid, mp 78-80oC. 1H NMR (300MHz, CDCl3) δ 1.18 (d, J = 7.2 Hz, 1.9H), 1.29 (d, J 

= 6.9 Hz, 1.2H), 2.41 (s, 3H), 2.93 (dd, J = 6.6 Hz, 10.2 Hz, 1H), 3.01 (t, J = 7.2 Hz, 

1H), 3.15 (q, J = 6.9 Hz, 0.6H), 3.41-3.85 (m, 2H), 4.21-4.89 (m, 2H), 6.88 (d, J = 2.1 

Hz, 1H), 6.96 (d, J = 2.4 Hz, 1H), 7.09-7.21 (m, 3H), 7.26-7.55 (m, 7H), 7.89-7.96 (m, 

2H), 8.17 (brs, 1H), 10.36 (s, 0.6H), 10.73 (s, 0.3H); 13C NMR (100MHz, CDCl3) δ 

172.19, 171.92, 168.53, 168.09, 144.86, 144.78, 136.60, 136.28, 135.80, 135.64, 

129.51, 129.45, 129.05, 128.83, 128.33, 127.99, 127.92, 127.79, 127.22, 126.58, 

126.21, 122.56, 122.47, 122.23, 122.15, 119.89, 119.51, 118.47, 117.83, 112.27, 

111.83, 111.39, 111.16, 52.16, 48.91, 48.29, 47.86, 44.85, 44.26, 24.44, 23.23, 21.66, 

17.93, 17.51; IR (thin film): 3403, 3059, 2923, 1716, 1624, 1495, 1421, 1347, 1174, 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



S14 

1081, 857, 814, 743, 701, 663, 548 cm-1; ESI-MS m/z 504.4 (M + H )+; HRMS 

(MALDI) calcd. for C28H29N3O4SNa 526.1771 (M + Na)+, found 526.1782. 

 

N
H

Bn
N

O

NHTs

O

Ph

 

N1-(2-(1H-indol-3-yl)ethyl)-N1-benzyl-2-phenyl-N3-tosylmalonamide 1s (mixture 

of rotamers and tautomers). Rf = 0.6 (ethyl acetate-petroleum 1:1). Yield 46%, pink 

solid, mp 70-72oC. 1H NMR (300MHz, CDCl3) δ 2.38 (s, 3H), 2.85-3.01 (m, 2H), 

3.21-3.30 (m, 0.6H), 3.40-3.47 (m, 1H), 3.92 (brs, 0.4H), 4.05, 4.10 (2s, 1H), 

4.23-5.04 (m, 2H), 6.84 (s, 2H), 7.11-7.49 (m, 17H), 7.84 (d, J = 8.4 Hz, 1H), 7.88 (d, 

J = 8.1 Hz, 1H), 8.03 (brs, 0.3H), 8.13 (brs, 0.5H), 11.13 (brs, 0.4H), 11.84 (brs, 0.2H); 
13C NMR (100MHz, CDCl3) δ 169.67, 169.54, 166.27, 165.73, 144.57, 136.43, 

136.38, 135.73, 132.73, 129.51, 129.47, 129.33, 129.21, 129.01, 128.72, 128.63, 

128.55, 128.47, 128.28, 128.03, 127.88, 127.80, 127.73, 127.64, 127.11, 126.98, 

126.49, 126.45, 122.69, 122.32, 122.14, 119.87, 119.50, 118.52, 117.80, 112.25, 

111.97, 111.37, 111.27, 65.36, 55.52, 55.07, 51.82, 49.01, 48.02, 47.73, 24.18, 23.00, 

21.62; IR (thin film): 3400, 3059, 2923, 1717, 1620, 1455, 1417, 1348, 1173, 1087, 

891, 814, 743, 701, 658, 583, 545, 425 cm-1; ESI-MS m/z 566.4 (M + H )+; HRMS 

(MALDI) calcd. for C33H31N3O4SNa 588.1927 (M + Na)+, found 588.1943. 

 

N
H

Bn
N

O

NHTs

O

Ph

 

N1-benzyl-N1-(2-(2-methyl-1H-indol-3-yl)ethyl)-2-phenyl-N3-tosylmalonamide 1t 

(mixture of rotamers and tautomers). Rf = 0.4 (ethyl acetate-petroleum 2:1). Yield 

48%, white foam. 1H NMR (300MHz, CDCl3) δ 2.19 (s, 3H), 2.36 (s, 3H), 2.80-3.39 

(m, 3.6H), 3.67-3.75 (m, 0.3H), 3.95 (s, 0.5H), 4.14, 4.19 (2s, 1H), 4.52 (s, 0.3H), 

5.10, 5.15, 5.26 (3s, 0.7H), 7.01-7.28 (m, 16H), 7.82-7.91 (m, 2.7H), 11.09 (brs, 0.5H), 
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11.94 (brs, 0.2H); 13C NMR (100MHz, CDCl3) δ169.55, 169.45, 166.34, 165.52, 

144.65, 144.60, 136.33, 135.76, 135.72, 135.55, 135.20, 135.05, 132.93, 132.63, 

131.94, 131.92, 129.49, 129.34, 129.24, 129.14, 128.98, 128.92, 128.84, 128.78, 

128.70, 128.63, 128.56, 128.47, 128.42, 128.30, 128.25, 128.14, 128.05, 127.99, 

127.98, 127.93, 127.90, 127.86, 127.78, 127.73, 127.70, 127.61, 126.69, 121.86, 

121.06, 119.75, 119.30, 117.53, 116.77, 111.27, 110.41, 107.74, 107.13, 55.48, 54.75, 

51.98, 48.87, 47.88, 47.28, 23.03, 21.93, 21.61, 11.37, 11.33; IR (thin film): 3394, 

3059, 3029, 2920, 1718, 1621, 1541, 1419, 1350, 1173, 1139, 1087, 963, 814, 742, 

695, 581, 545 cm-1; ESI-MS m/z 580.4 (M + H )+; HRMS (MALDI) calcd. for 

C34H34N3O4S 580.2265 (M + H)+, found 580.2269. 

 

N
H

N
H

Bn
N

H

O

O
H

 

5a Rf = 0.4 (dichloromethane-methane 10:1). Yield 21%, white foam. 1H NMR 

(300MHz, d6-DMSO) δ 1.87 (d, J = 13.5 Hz, 1H), 1.94-2.04 (m, 1H), 3.19 (d, J = 

13.2 Hz, 1H), 3.25 (s, 1H), 3.48 (td, J = 1.2 Hz, 3.43-3.53 (m, 1H), 4.58 (ABq, J = 15 

Hz, 2H), 5.19 (d, J = 1.8 Hz, 1H), 6.51 (s, 1H), 6.54 (d, J = 7.8 Hz, 1H), 6.66 (t, J = 

6.9 Hz, 1H), 7.02 (t, J = 7.2 Hz, 1H), 7.19-7.38 (m, 6H), 8.49 (s, 1H); 13C NMR 

(100MHz, d6-DMSO) δ 170.34, 164.27, 149.16, 149.01, 137.82, 133.67, 129.15, 

128.99, 127.85, 127.61, 123.80, 118.78, 109.83, 75.17, 55.76, 53.53, 50.18, 43.62, 

32.17; IR (thin film): 3421, 2254, 2128, 1659, 1051, 1027, 1005, 826, 764, 630 cm-1; 

ESI-MS m/z 334.2 (M + H )+; HRMS (MALDI) calcd. for C20H20N3O2 334.1550 (M 

+ H)+, found 334.1545. 

 

N
H

N
Ph

Bn
N

H

O

O
OH
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6 Rf = 0.3 (ethyl acetate-petroleum 1:1). Yield 43%, white solid, mp 120-122oC. 1H 

NMR (300MHz, d6-acetone) δ 2.20 (dt, J = 2.7 Hz, 13.5 Hz, 1H), 2.33 (td, J = 4.5 Hz, 

13.8 Hz, 1H), 3.36 (ddd, J = 2.7 Hz, 4.5 Hz, 13.5 Hz, 1H), 3.69 (td, J = 3.3 Hz, 13.5 

Hz, 1H), 4.60 (d, J = 14.7 Hz, 1H), 4.79 (d, J = 14.7 Hz, 1H), 5.19 (s, 1H, disappeared 

after 1 drop D2O was added), 6.07 (d, J = 3.9 Hz, 1H), 6.21 (d, J = 2.7 Hz, 1H, 

disappeared after 1 drop D2O was added), 6.58 (d, J = 7.5 Hz, 1H), 6.72 (t, J = 7.5 Hz, 

1H), 7.04 (td, J = 0.6 Hz, 7.8 Hz, 1H), 7.20-7.32 (m, 7H), 7.41 (d, J = 7.5 Hz, 2H), 

7.66 (d, J = 8.1 Hz, 2H); 13C NMR (100MHz, d6-acetone) δ 169.11, 167.86, 147.72, 

136.47, 135.96, 129.46, 129.37, 128.92, 128.12, 127.95, 127.43, 126.83, 126.79, 

123.48, 119.94, 110.19, 79.49, 54.05, 51.56, 42.71, 32.04; IR (thin film): 3352, 2925, 

1704, 1651, 1489, 1403, 1298, 1155, 1062, 997, 801, 750, 696 cm-1; ESI-MS m/z 

426.4 (M + H )+; HRMS (MALDI) calcd. for C26H23N3O3Na 488.1632 (M + Na)+, 

found 448.1639. 

 

N
H

N
Bn

Bn
N

H

O

O
H

 

5c Rf = 0.3 (ethyl acetate-petroleum 1:1). Yield 59%, white foam. 1H NMR (300MHz, 

CDCl3) δ 1.86 (d, J = 14.1 Hz, 1H), 2.00-2.05 (m, 1H), 3.09-3.13 (m, 2H), 3.75 (s, 

1H), 4.11 (d, J = 15 Hz, 1H), 4.31 (d, J = 14.7 Hz, 1H), 4.70 (brs, 1H), 4.87 (s, 1H), 

5.02 (d, J = 3 Hz, 1H), 5.07 (d, J = 2.4 Hz, 1H), 5.29 (s, 1H), 6.64 (d, J = 7.8 Hz, 1H), 

6.82 (t, J = 7.2 Hz, 1H), 7.07-7.36 (m, 12H); 13C NMR (100MHz, CDCl3) δ 167.90, 

164.56, 147.37, 136.68, 135.89, 133.32, 129.38, 128.87, 128.83, 128.17, 128.01, 

127.73, 123.23, 120.69, 111.29, 78.22, 55.77, 51.41, 51.04, 44.17, 43.26, 32.73; IR 

(thin film): 3305, 3058, 3029, 2922, 1725, 1632, 1496, 1453, 1339, 1233, 1203, 1061, 

953, 741, 698, 607, 422 cm-1; ESI-MS m/z 424.2 (M + H )+; HRMS (MALDI) calcd. 

for C27H26N3O2 424.2019 (M + H)+, found 424.2029. 
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N
H

N
COOMe

Bn
N

H

O

O
H

 

5d Rf = 0.3 (ethyl acetate-petroleum 4:1). Yield 80%, white solid, mp 200-202oC. 1H 

NMR (300MHz, CDCl3) δ 2.03, 2.05 (2s, 2H), 3.30-3.36 (m, 1H), 3.42-3.49 (m, 1H), 

3.83 (s, 1H), 3.91 (s, 3H), 4.44 (d, J = 14.7 Hz, 1H), 4.89 (d, J = 14.7 Hz, 1H), 5.61 (s, 

1H), 6.64 (d, J = 7.8 Hz, 1H), 6.81 (d, J = 7.5 Hz, 1H), 7.12 (q, J = 7.8 Hz, 2H), 

7.26-7.38 (m, 5H); 13C NMR (100MHz, CDCl3) δ 166.18, 162.64, 152.64, 146.79, 

136.26, 130.99, 129.67, 128.83, 128.27, 127.85, 123.08, 120.10, 109.80, 78.81, 56.08, 

53.99, 50.89, 49.06, 43.12, 31.02; IR (thin film): 3369, 2954, 1760, 1723, 1640, 1608, 

1486, 1436, 1286, 1156, 955, 754 cm-1; ESI-MS m/z 393.3 (M + H )+; HRMS 

(MALDI) calcd. for C22H22N3O4 392.1605 (M + H)+, found 392.1616. 

 

N
H

N
Ts

Bn
N

H

O

O
H

 

5e Rf = 0.6 (ethyl acetate-petroleum 1:1). Yield 80%, white solid, mp 114-116oC. 1H 

NMR (300MHz, CDCl3) δ 2.02-2.05 (m, 2H), 2.42 (s, 3H), 3.21-3.28 (m, 1H), 

3.32-3.40 (m, 1H), 3.71 (s, 1H), 4.62 (s, 2H), 5.79 (s, 1H), 6.69 (d, J = 7.8 Hz, 1H), 

6.80 (t, J = 7.8 Hz, 1H), 7.03 (d, J = 7.8 Hz, 1H), 7.11-7.20 (m, 3H), 7.26-7.33 (m, 

6H), 7.92 ( d, J = 8.1 Hz, 2H); 13C NMR (100MHz, CDCl3) δ 166.46, 162.10, 146.52, 

145.53, 136.13, 134.73, 130.80, 129.79, 129.64, 128.82, 128.59, 128.05, 127.76, 

123.09, 120.40, 109.91, 98.72, 80.15, 55.57, 50.90, 43.04, 31.76, 21.73; IR (thin film): 

3374, 2924, 1740, 1648, 1487, 1356, 1171, 1088, 958, 814, 749, 664, 583, 545 cm-1; 

ESI-MS m/z 488.4 (M + H )+; HRMS (ESI) calcd. for C27H26N3O4S 488.1639 (M + 

H)+, found 488.1643. 
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5f Rf = 0.8 (dichloromethane-methane 10:1). Yield 83%, pink solid, mp 98-100oC. 1H 

NMR (300MHz, CDCl3) δ 2.04 (d, J = 4.5 Hz, 2H), 3.31 (dt, J = 3.9 Hz, 13.5 Hz, 1H), 

3.41-3.51 (m, 1H), 3.79 (s, 1H), 3.89 (s, 3H), 4.41 (d, J = 14.4 Hz, 1H), 4.88 (d, J = 

14.4 Hz, 1H), 5.40 (s, 1H), 5.64 (s, 1H), 6.33 (dd, J = 2.1 Hz, 9.6 Hz, 1H), 6.43-6.50 

(m, 1H), 7.00 (dd, J = 2.1 Hz, 8.1 Hz, 1H), 7.27-7.35 (m, 5H); 13C NMR (100MHz, 

CDCl3) δ 166.01, 164.18 (d, J = 243.5 Hz), 162.50, 152.55, 148.46 (d, J = 12.2 Hz), 

136.15, 128.84, 128.24, 127.88, 126.62, 123.95 (d, J = 10.8 Hz), 106.33 (d, J = 23.3 

Hz), 97.59 (d, J = 26.7 Hz), 79.16, 56.12, 54.04, 50.89, 48.38, 43.00, 31.16; IR (thin 

film): 3363, 2954, 1793, 1759, 1728, 1647, 1621, 1497, 1437, 1268, 1141, 1095, 958, 

840, 783, 733, 698, 565, 457 cm-1; ESI-MS m/z 410.2 (M + H )+; HRMS (MALDI) 

calcd. for C22H21N3O4F 410.1511 (M + H)+, found 410.1512. 
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5g Rf = 0.7 (dichloromethane-methane 10:1). Yield 82%, white solid, mp 90-92oC. 1H 

NMR (300MHz, CDCl3) δ 1.99-2.05 (m, 1H), 2.27-2.37 (m, 1H), 3.32 (d, J = 12.6 Hz, 

1H), 3.45 (t, J = 11.7 Hz, 1H), 3.91 (s, 3H), 4.04 (s, 1H), 4.42 (d, J = 14.7 Hz, 1H), 

4.91 (d, J = 14.7 Hz, 1H), 5.60 (s, 1H), 6.41 (d, J = 7.8 Hz, 1H), 6.47 (t, J = 9 Hz, 1H), 

7.09 (dd, J = 7.8 Hz, 13.8 Hz, 1H), 7.27-7.36 (m, 5H); 13C NMR (100MHz, CDCl3) δ 

166.02, 162.29, 159.72 (d, J = 245.2 Hz), 152.68, 149.98 (d, J = 8.1 Hz), 136.17, 

131.71 (d, J = 8.9 Hz), 128.82, 128.21, 127.83, 116.23 (d, J = 17.2 Hz), 106.96 (d, J = 

20.1 Hz), 105.65 (d, J = 2.3 Hz), 78.72, 54.53, 54.08, 50.91, 48.40, 42.90, 28.98; IR 

(thin film): 3354, 2954, 1792, 1759, 1731, 1628, 1479, 1437, 1293, 1039, 780, 727, 

698 cm-1; ESI-MS m/z 410.3 (M + H )+; HRMS (MALDI) calcd. for C22H21N3O4F 
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410.1511 (M + H)+, found 410.1512. 
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5h Rf = 0.8 (dichloromethane-methane 10:1). Yield 70%, white solid, mp 214-216oC. 
1H NMR (300MHz, d6-DMSO) δ 1.90 (d, J = 13.5 Hz, 1H), 1.99-2.08 (m, 1H), 3.20 

(d, J = 12.6 Hz, 1H), 3.60 (td, J = 0.6 Hz, 11.4 Hz, 1H), 3.77, 3.79 (2s, 4H), 4.27 (d, J 

= 15 Hz, 1H), 4.84 (d, J = 15 Hz, 1H), 5.72 (s, 1H), 6.56 (d, J = 8.1 Hz, 1H), 7.08 (s, 

1H), 7.19 (dd, J = 1.2 Hz, 8.1 Hz, 1H), 7.28-7.36 (m, 5H), 7.61, (s, 1H); 13C NMR 

(100MHz, d6-DMSO) δ 166.75, 162.48, 151.58, 149.16, 147.54, 137.45, 134.85, 

132.03, 128.98, 127.92, 127.66, 127.05, 111.33, 109.47, 98.71, 78.48, 55.53, 53.77, 

50.25, 49.42, 43.44, 30.22; IR (thin film): 3349, 2952, 1791, 1727, 1647, 1482, 1437, 

1271, 1074, 1042, 814, 759, 733, 697, 519 cm-1; ESI-MS m/z 470.2 (M + H )+; 

HRMS (MALDI) calcd. for C22H21N3O4Br 470.0710 (M + H)+, found 470.0719. 
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5i Rf = 0.7 (dichloromethane-methane 10:1). Yield 87%, yellow solid, mp 102-104oC. 
1H NMR (300MHz, CDCl3) δ 1.87 (dt, J = 3 Hz, 14.1 Hz, 1H), 2.38-2.49 (m, 1H), 

3.26-3.33 (m, 1H), 3.39-3.48 (m, 1H), 3.81 (s, 3H), 3.90 (s, 3H), 4.18 (s, 1H), 4.45 (d, 

J = 14.4 Hz, 1H), 4.88 (d, J = 14.7 Hz, 1H), 5.55 (s, 1H), 6.30 (dd, J = 8.1 Hz, 18.9 

Hz, 2H), 7.09 (t, J = 8.1 Hz, 1H), 7.26-7.33 (m, 5H); 13C NMR (100MHz, CDCl3) δ 

166.74, 163.07, 156.46, 152.88, 148.09, 136.48, 131.14, 128.73, 128.21, 127.71, 

116.02, 103.02, 102.53, 78.63, 55.27, 53.99, 53.93, 50.94, 48.76, 43.21, 27.78; IR 

(thin film): 3365, 2953, 1790, 1758, 1648, 1608, 1494, 1474, 1438, 1292, 1086, 779, 

728 cm-1; ESI-MS m/z 422.4 (M + H )+; HRMS (MALDI) calcd. for C23H24N3O5 
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422.1710 (M + H)+, found 422.1724. 
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5j Rf = 0.8 (dichloromethane-methane 10:1). Yield 83%, pink solid, mp 98-100oC. 1H 

NMR (300MHz, CDCl3) δ 2.03-2.06 (m, 2H), 3.31-3.37 (m, 1H), 3.41-3.48 (m, 1H), 

3.73 (s, 3H), 3.80 (s, 1H), 3.91 (s, 3H), 4.42 (d, J = 14.7 Hz, 1H), 4.90 (d, J = 14.7 Hz, 

1H), 5.61 (s, 1H), 6.57 (d, J = 8.4 Hz, 1H), 6.68-6.72 (m, 2H), 7.27-7.38 (m, 5H); 13C 

NMR (100MHz, CDCl3) δ 165.99, 162.57, 154.43, 152.68, 140.44, 136.24, 132.24, 

128.83, 128.29, 127.86, 115.05, 110.68, 109.56, 79.51, 56.07, 55.95, 53.98, 50.89, 

49.44, 43.16, 30.84; IR (thin film): 3364, 2952, 1791, 1759, 1728, 1647, 1496, 1437, 

1272, 1210, 1036, 812, 760, 699, 519 cm-1; ESI-MS m/z 422.3 (M + H )+; HRMS 

(MALDI) calcd. for C23H24N3O5 422.1710 (M + H)+, found 422.1701. 
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5k Rf = 0.8 (dichloromethane-methane 10:1). Yield 80%, white solid, mp 97-99oC. 1H 

NMR (300MHz, CDCl3) δ 2.04-2.07 (m, 2H), 3.33 (dt, J = 4.2 Hz, 12.9 Hz, 1H), 

3.40-3.50 (m, 1H), 3.82 (s, 4H), 3.92 (s, 3H), 4.45 (d, J = 14.7 Hz, 1H), 4.89 (d, J = 

15 Hz, 1H), 5.65 (s, 1H), 6.71-6.83 (m, 3H), 7.27-7.34 (m, 5H); 13C NMR (100MHz, 

CDCl3) δ 166.12, 162.60, 152.56, 145.06, 136.26, 135.90, 131.55, 128.83, 128.29, 

127.84, 121.05, 114.99, 111.17, 79.27, 56.06, 55.46, 54.01, 50.86, 49.81, 43.10, 31.01; 

IR (thin film): 3373, 2953, 1793, 1724, 1651, 1495, 1439, 1294, 1067, 957, 759, 731, 

698 cm-1; ESI-MS m/z 422.3 (M + H )+; HRMS (MALDI) calcd. for C23H24N3O5 

422.1711 (M + H)+, found 422.1725. 
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5l Rf = 0.8 (dichloromethane-methane 10:1). Yield 87%, yellow solid, mp 93-95oC. 1H 

NMR (300MHz, CDCl3) δ 1.99-2.03 (m, 2H), 3.30 (dt, J = 4.2 Hz, 13.5 Hz, 1H), 

3.38-3.48 (m, 1H), 3.78 (s, 1H), 3.89 (s, 3H), 4.42 (d, J = 14.7 Hz, 1H), 4.88 (d, J = 

14.7 Hz, 1H), 4.99 (s, 2H), 5.17 (brs, 1H), 5.59 (s, 1H), 6.26 (d, J = 2.4 Hz, 1H), 6.41 

(dd, J = 2.4 Hz, 8.4 Hz, 1H), 6.96 (d, J = 8.4 Hz, 1H), 7.26-7.39 (m, 10H); 13C NMR 

(100MHz, CDCl3) δ 166.17, 162.69, 160.65, 152.73, 148.19, 136.85, 136.28, 128.83, 

128.58, 128.28, 127.97, 127.85, 127.37, 123.62, 106.10, 97.19, 79.21, 70.17, 56.32, 

54.01, 50.87, 48.41, 43.13, 31.19; IR (thin film): 3364, 2952, 1791, 1727, 1647, 1621, 

1498, 1282, 1157, 1100, 1027, 956, 825, 782, 735, 697 cm-1; ESI-MS m/z 498.4 (M + 

H )+; HRMS (MALDI) calcd. for C29H28N3O5 498.2023 (M + H)+, found 498.2023. 
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5m Rf = 0.8 (dichloromethane-methane 10:1). Yield 87%, white solid, mp 100-102oC. 
1H NMR (300MHz, CDCl3) δ 2.05-2.08 (m, 2H), 3.33 (dt, J = 3.9 Hz, 13.5 Hz, 1H), 

3.42-3.51 (m, 1H), 3.81 (s, 1H), 3.93 (s, 3H), 4.44 (d, J = 14.7 Hz, 1H), 4.89 (d, J = 

14.7 Hz, 1H), 5.37 (brs, 0.5H), 5.67 (s, 1H), 6.76 (t, J = 7.5 Hz, 1H), 6.99 (d, J = 7.5 

Hz, 1H), 7.14 (d, J = 7.2 Hz, 1H), 7.27-7.36 (m, 5H); 13C NMR (100MHz, CDCl3) δ 

165.78, 162.27, 152.50, 144.10, 136.14, 132.37, 129.41, 128.85, 128.28, 127.90, 

121.37, 121.00, 115.08, 78.42, 56.01, 54.16, 50.89, 50.01, 42.90, 31.23; IR (thin film): 

3342, 2953, 1793, 1760, 1724, 1652, 1478, 1437, 1300, 1044, 757, 731, 698 cm-1; 

ESI-MS m/z 426.2 (M + H )+; HRMS (MALDI) calcd. for C22H21N3O4Cl 426.1215 

(M + H)+, found 426.1227. 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



S22 

N
H

N
COOMe

Bn
N O

O

H  

5n Rf = 0.4 (ethyl acetate-petroleum 1:1). Yield 66%, white foam. 1H NMR (400MHz, 

CDCl3) δ 2.06 (s, 2H), 2.26 (s, 3H), 3.35 (s, 1H), 3.46 (s, 1H), 3.82 (s, 1H), 3.91 (s, 

3H), 4.44 (d, J = 13.6 Hz, 1H), 4.91 (d, J = 13.2 Hz, 1H), 5.08 (brs, 1H), 5.62 (s, 1H), 

6.55 (d, J = 8 Hz, 1H), 6.93 (t, J = 8.4 Hz, 2H), 7.30-7.37 (m, 8H); 13C NMR 

(100MHz, CDCl3) δ 166.16, 162.68, 152.71, 144.39, 136.27, 131.15, 130.08, 129.68, 

128.82, 128.29, 127.83, 123.70, 109.74, 79.24, 56.13, 54.03, 50.89, 49.04, 43.20, 

31.01, 20.79; IR (thin film): 3367, 2953, 2862, 1791, 1729, 1648, 1498, 1437, 1293, 

1042, 957, 815, 761, 700, 520 cm-1;ESI-MS m/z 406.2 (M + H )+; HRMS (MALDI) 

calcd. for C23H24N3O4 406.1761 (M + H)+, found 406.1746. 

 

N
H

N

Bn
N

O

Me

O

CO2Me

H

 
N
H

N

Bn
N

O

CH3

O

CO2Me

HH1

NOE
 

5o Rf = 0.4 (ethyl acetate-petroleum 1:1). Yield 80%, white foam. The relative 

configuration of 5o was established by NOE experiment. The existence of NOE 

between H1 and methyl proton indicated that methyl group was syn to the 

piperidinone ring. 1H NMR (400MHz, CDCl3) δ 1.73 (s, 3H), 1.87-1.96 (m, 1H), 

2.11-2.20 (m, 1H), 3.35-3.54 (m, 2H), 3.71 (s, 1H), 3.87 (s, 3H), 4.69 (dd, J = 14.4 Hz, 

36.3 Hz, 2H), 5.52 (brs, 1H), 6.62 (d, J = 10 Hz, 1H), 6.80 (t, J = 10 Hz, 1H), 7.10 (d, 

J = 10 Hz, 2H), 7.31-7.38 (m, 5H); 13C NMR (100MHz, CDCl3) δ 166.20, 163.53, 

152.79, 146.28, 136.36, 132.66, 129.40, 128.78, 128.51, 127.91, 122.74, 120.20, 

109.89, 88.97, 54.18, 53.64, 51.59, 50.58, 44.07, 28.94, 20.97; NOE (CDCl3) H1 (H2); 

IR (thin film): 3382, 2952, 1789, 1759, 1717, 1652, 1610, 1487, 1470, 1436, 1305, 

1160, 1100, 1068, 938, 750, 705 cm-1; ESI-MS m/z 406.2 (M + H )+; HRMS (MALDI) 

calcd. for C23H24N3O4 406.1761 (M + H)+, found 406.1757. 
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5p Rf = 0.2 (ethyl acetate-petroleum 1:1). Yield 77%, yellow foam. 1H NMR 

(400MHz, CDCl3) δ 1.69-1.76 (m, 3H), 2.88-2.92 (m, 1H), 3.77 (s, 4H), 4.18 (d, J = 

14 Hz, 1H), 4.52 (d, J = 14.4 Hz, 1H), 5.79 (s, 1H), 6.74 (d, J = 7.6 Hz, 1H), 6.85 (t, J 

= 7.6 Hz, 1H), 7.07-7.10 (m, 4H), 7.15-7.19 (m, 2H), 7.24-7.26 (m, 3H), 7.34 (t, J = 

7.2 Hz, 1H), 7.41 (t, J = 7.2 Hz, 1H), 7.88 (d, J = 7.6 Hz, 1H); 13C NMR (100MHz, 

CDCl3) δ 166.54, 162.72, 152.56, 146.33, 137.67, 136.08, 132.41, 129.99, 129.25, 

129.03, 128.98, 128.74, 128.61, 127.72, 127.45, 124.99, 122.95, 120.55, 110.13, 

95.52, 53.83, 53.61, 53.29, 50.68, 43.14, 29.13; IR (thin film): 3392, 2953, 1791, 

1763, 1720, 1647, 1609, 1488, 1436, 1292, 1157, 1094, 1072, 1042, 958, 747, 703, 

604, 534 cm-1; ESI-MS m/z 468.2 (M + H )+; HRMS (MALDI) calcd. for C28H26N3O4 

468.1918 (M + H)+, found 468.1921. 
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5r Rf = 0.7 (ethyl acetate-petroleum 1:1). Yield 25%, white foam. 1H NMR (300MHz, 

CDCl3) δ 1.29 (s, 3H), 2.03 (d, J = 13.8 Hz, 1H), 2.13-2.22 (m, 1H), 2.41 (s, 3H), 

3.14-3.16 (m, 2H), 4.46 (d, J = 14.4 Hz, 1H), 4.71 (d, J = 14.4 Hz, 1H), 5.79 (s, 1H), 

6.70 (d, J = 7.8 Hz, 1H), 6.79 (t, J = 7.5 Hz, 1H), 6.96 (d, J = 7.5 Hz, 1H), 7.12-7.19 

(m, 3H), 7.26-7.33 (m, 5H), 7.95 (d, J = 8.1 Hz, 2H); 13C NMR (100MHz, CDCl3) δ 

171.12, 166.37, 148.16, 145.50, 136.47, 134.75, 129.66, 129.58, 128.76, 128.41, 

128.05, 127.84, 127.65, 124.93, 119.90, 110.11, 81.21, 56.14, 54.46, 51.28, 42.30, 

33.85, 21.73, 19.97; IR (thin film): 3371, 3027, 2935, 1735, 1652, 1488, 1471, 1451, 

1432, 1358, 1310, 1171, 1086, 885, 814, 753, 702, 666, 580, 548 cm-1; ESI-MS m/z 

502.4 (M + H )+; HRMS (MALDI) calcd. for C28H28N3O4S 502.1795 (M + H)+, found 
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502.1779. 
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5s Rf = 0.6 (ethyl acetate-petroleum 1:1). Yield 70%, white foam. 1H NMR (300MHz, 

CDCl3) δ 1.85 (dd, J = 4.2 Hz, 15 Hz, 1H), 2.21 (ddd, J = 6.9 Hz, 12.6 Hz, 14.4 Hz, 

1H), 2.43 (s, 3H), 3.42-3.49 (m, 1H), 3.57 (td, J = 5.4 Hz, 12.6 Hz, 1H), 4.49 (d, J = 

14.1 Hz, 1H), 4.66 (d, J = 14.4 Hz, 1H), 5.22 (d, J = 7.5 Hz, 1H), 5.40 (s, 1H), 5.82 (s, 

1H), 6.35 (t, J = 7.5 Hz, 1H), 6.63 (d, J = 7.8 Hz, 1H), 7.05 (d, J = 8.7 Hz, 2H), 

7.23-7.41 (m, 11H), 7.95 (d, J = 8.4 Hz, 2H); 13C NMR (100MHz, CDCl3) δ 167.50, 

164.13, 145.98, 145.46, 136.49, 135.87, 134.80, 129.64, 129.43, 128.92, 128.63, 

128.31, 128.03, 127.86, 127.38, 126.48, 119.06, 109.70, 76.09, 65.03, 55.81, 51.51, 

43.39, 26.41, 21.75; IR (thin film): 3416, 3058, 3030, 2986, 2929, 2864, 1752, 1706, 

1651, 1473, 1352, 1242, 1166, 1090, 1053, 812, 746, 705, 587, 547 cm-1; ESI-MS m/z 

564.4 (M + H )+; HRMS (MALDI) calcd. for C33H30N3O4S 564.1951 (M + H)+, found 

564.1950. 
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5t Rf = 0.4 (ethyl acetate-petroleum 1:1). Yield 21%, white foam. 1H NMR (400MHz, 

CDCl3) δ 1.88 (s, 3H), 1.98-2.02 (m, 1H), 2.07-2.13 (m, 1H), 2.43 (s, 3H), 3.57 (s, 

2H), 4.68 (dd, J = 14 Hz, 22.8 Hz, 2H), 5.11 (d, J = 7.6 Hz, 1H), 5.67 (brs, 1H), 6.33 

(t, J = 7.6 Hz, 1H), 6.63 (d, J = 7.6 Hz, 1H), 7.00 (t, J = 7.6 Hz, 3H), 7.23 (t, J = 6.8 

Hz, 2H), 7.28-7.34 (m, 8H), 7.89 (d, J = 8.4 Hz, 2H); 13C NMR (100MHz, CDCl3) δ 

167.61, 163.83, 145.85, 145.10, 136.00, 135.60, 129.60, 129.42, 129.33, 128.73, 

128.60, 128.55, 128.23, 127.91, 127.14, 118.93, 109.20, 89.45, 62.54, 59.00, 52.69, 
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43.59, 29.73, 25.05, 22.44, 21.79; IR (thin film): 3407, 3059, 2924, 2853, 1741, 1636, 

1496, 1486, 1473, 1454, 1356, 1238, 1174, 1152, 1085, 750, 704, 664, 579 cm-1; 

ESI-MS m/z 578.4 (M + H )+; HRMS (MALDI) calcd. for C34H32N3O4S 578.2108 (M 

+ H)+, found 578.2100. 
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      Table 1.  Crystal data and structure refinement for 5d.  
        Identification code               cd211522  
        Empirical formula                 C22 H21 N3 O4  
        Formula weight                    391.42  
        Temperature                       293(2) K  
        Wavelength                        0.71073 A  
        Crystal system, space group       Monoclinic,  P2(1)/n  
        Unit cell dimensions    a = 13.4875(9) A   alpha = 90 deg.  
                              b = 10.5732(7) A    beta = 103.886(2) deg.  
                              c = 13.9427(9) A   gamma = 90 deg.  
        Volume                            1930.2(2) A^3  
        Z, Calculated density             4,  1.347 Mg/m^3  
        Absorption coefficient            0.094 mm^-1  
        F(000)                            824  
        Crystal size                      0.165 x 0.123 x 0.112 mm  
        Theta range for data collection   1.89 to 26.00 deg.  
        Limiting indices            -16<=h<=16, -12<=k<=13, -10<=l<=17  
        Reflections collected / unique    11475 / 3797 [R(int) = 0.0223]  
        Completeness to theta = 26.00     99.9 %  
        Absorption correction             Empirical  
        Max. and min. transmission        1.00000 and 0.86561  
        Refinement method              Full-matrix least-squares on F^2  
        Data / restraints / parameters    3797 / 0 / 267  
        Goodness-of-fit on F^2            1.033  
        Final R indices [I>2sigma(I)]     R1 = 0.0411, wR2 = 0.1015  
        R indices (all data)              R1 = 0.0520, wR2 = 0.1095  
        Largest diff. peak and hole       0.211 and -0.179 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 cd211522. 

U(eq) is defined as one third of the trace of the orthogonalized 
Uij tensor. 

   
         
________________________________________________________________  
   
                       x             y             z           U(eq)  
         
________________________________________________________________  
   
         N(1)         5440(1)       8243(1)      -1280(1)       46(1)  
         N(2)         6629(1)       6756(1)       -253(1)       37(1)  
         N(3)         7242(1)       8800(1)       2143(1)       42(1)  
         O(1)         8345(1)       6217(1)        261(1)       51(1)  
         O(2)         8638(1)       7608(1)       2187(1)       58(1)  
         O(3)         5235(1)       5580(1)       -951(1)       60(1)  
         O(4)         6788(1)       4681(1)       -538(1)       53(1)  
         C(1)         6046(1)       9016(2)      -1706(1)       44(1)  
         C(2)         5890(2)       9389(2)      -2683(1)       66(1)  
         C(3)         6574(2)      10235(3)      -2915(2)       82(1)  
         C(4)         7388(2)      10705(2)      -2207(2)       77(1)  
         C(5)         7538(1)      10332(2)      -1221(1)       54(1)  
         C(6)         6868(1)       9479(1)       -984(1)       40(1)  
         C(7)         6792(1)       8975(1)         15(1)       34(1)  
         C(8)         5987(1)       7907(1)       -306(1)       37(1)  
         C(9)         7660(1)       6957(1)        190(1)       35(1)  
         C(10)        7753(1)       8303(1)        593(1)       34(1)  
         C(11)        7910(1)       8215(1)       1719(1)       38(1)  
         C(12)        6357(1)       9539(2)       1625(1)       47(1)  
         C(13)        6473(1)      10012(1)        638(1)       40(1)  
         C(14)        6141(1)       5628(1)       -617(1)       42(1)  
         C(15)        6367(2)       3480(2)       -924(2)       75(1)  
         C(16)        7345(1)       8664(2)       3209(1)       50(1)  
         C(17)        6541(1)       7813(2)       3454(1)       43(1)  
         C(18)        6074(1)       8149(2)       4195(1)       54(1)  
         C(19)        5353(2)       7372(2)       4446(2)       69(1)  
         C(20)        5090(2)       6249(2)       3952(2)       71(1)  
         C(21)        5547(2)       5903(2)       3210(2)       65(1)  
         C(22)        6266(1)       6676(2)       2963(1)       53(1)  
         
________________________________________________________________  
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Table 3.  Bond lengths [A] and angles [deg] for 5d. 

           
_____________________________________________________________  
   
            N(1)-C(1)                     1.386(2)  
            N(1)-C(8)                     1.4266(19)  
            N(1)-H(1)                     0.851(19)  
            N(2)-C(9)                     1.3963(18)  
            N(2)-C(14)                    1.3974(18)  
            N(2)-C(8)                     1.4844(17)  
            N(3)-C(11)                    1.3411(19)  
            N(3)-C(12)                    1.4642(19)  
            N(3)-C(16)                    1.4658(19)  
            O(1)-C(9)                     1.1967(16)  
            O(2)-C(11)                    1.2222(17)  
            O(3)-C(14)                    1.2008(18)  
            O(4)-C(14)                    1.3153(18)  
            O(4)-C(15)                    1.441(2)  
            C(1)-C(2)                     1.384(2)  
            C(1)-C(6)                     1.395(2)  
            C(2)-C(3)                     1.378(3)  
            C(2)-H(2)                     0.9300  
            C(3)-C(4)                     1.381(3)  
            C(3)-H(3)                     0.9300  
            C(4)-C(5)                     1.397(3)  
            C(4)-H(4)                     0.9300  
            C(5)-C(6)                     1.373(2)  
            C(5)-H(5)                     0.9300  
            C(6)-C(7)                     1.519(2)  
            C(7)-C(13)                    1.5231(19)  
            C(7)-C(10)                    1.5276(18)  
            C(7)-C(8)                     1.5547(19)  
            C(8)-H(8)                     0.9800  
            C(9)-C(10)                    1.5241(19)  
            C(10)-C(11)                   1.537(2)  
            C(10)-H(10)                   0.9800  
            C(12)-C(13)                   1.508(2)  
            C(12)-H(12A)                  0.9700  
            C(12)-H(12B)                  0.9700  
            C(13)-H(13A)                  0.9700  
            C(13)-H(13B)                  0.9700  
            C(15)-H(15A)                  0.9600  
            C(15)-H(15B)                  0.9600  
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            C(15)-H(15C)                  0.9600  
            C(16)-C(17)                   1.509(2)  
            C(16)-H(16A)                  0.9700  
            C(16)-H(16B)                  0.9700  
            C(17)-C(18)                   1.380(2)  
            C(17)-C(22)                   1.390(2)  
            C(18)-C(19)                   1.380(3)  
            C(18)-H(18)                   0.9300  
            C(19)-C(20)                   1.376(3)  
            C(19)-H(19)                   0.9300  
            C(20)-C(21)                   1.375(3)  
            C(20)-H(20)                   0.9300  
            C(21)-C(22)                   1.374(3)  
            C(21)-H(21)                   0.9300  
            C(22)-H(22)                   0.9300  
   
            C(1)-N(1)-C(8)              109.34(12)  
            C(1)-N(1)-H(1)              122.7(13)  
            C(8)-N(1)-H(1)              119.6(13)  
            C(9)-N(2)-C(14)             128.48(12)  
            C(9)-N(2)-C(8)              113.84(11)  
            C(14)-N(2)-C(8)             117.66(11)  
            C(11)-N(3)-C(12)            125.65(12)  
            C(11)-N(3)-C(16)            119.45(13)  
            C(12)-N(3)-C(16)            114.82(12)  
            C(14)-O(4)-C(15)            116.48(13)  
            C(2)-C(1)-N(1)              128.54(16)  
            C(2)-C(1)-C(6)              121.11(17)  
            N(1)-C(1)-C(6)              110.25(13)  
            C(3)-C(2)-C(1)              117.62(19)  
            C(3)-C(2)-H(2)              121.2  
            C(1)-C(2)-H(2)              121.2  
            C(2)-C(3)-C(4)              121.87(19)  
            C(2)-C(3)-H(3)              119.1  
            C(4)-C(3)-H(3)              119.1  
            C(3)-C(4)-C(5)              120.3(2)  
            C(3)-C(4)-H(4)              119.9  
            C(5)-C(4)-H(4)              119.9  
            C(6)-C(5)-C(4)              118.29(19)  
            C(6)-C(5)-H(5)              120.9  
            C(4)-C(5)-H(5)              120.9  
            C(5)-C(6)-C(1)              120.81(15)  
            C(5)-C(6)-C(7)              130.20(15)  
            C(1)-C(6)-C(7)              108.77(13)  
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            C(6)-C(7)-C(13)             111.14(12)  
            C(6)-C(7)-C(10)             114.24(11)  
            C(13)-C(7)-C(10)            110.75(11)  
            C(6)-C(7)-C(8)              100.77(11)  
            C(13)-C(7)-C(8)             114.48(11)  
            C(10)-C(7)-C(8)             105.07(11)  
            N(1)-C(8)-N(2)              114.41(12)  
            N(1)-C(8)-C(7)              105.03(12)  
            N(2)-C(8)-C(7)              102.88(10)  
            N(1)-C(8)-H(8)              111.3  
            N(2)-C(8)-H(8)              111.3  
            C(7)-C(8)-H(8)              111.3  
            O(1)-C(9)-N(2)              127.19(13)  
            O(1)-C(9)-C(10)             125.92(13)  
            N(2)-C(9)-C(10)             106.87(11)  
            C(9)-C(10)-C(7)             104.80(11)  
            C(9)-C(10)-C(11)            107.35(11)  
            C(7)-C(10)-C(11)            117.23(11)  
            C(9)-C(10)-H(10)            109.1  
            C(7)-C(10)-H(10)            109.1  
            C(11)-C(10)-H(10)           109.1  
            O(2)-C(11)-N(3)             123.07(14)  
            O(2)-C(11)-C(10)            118.20(13)  
            N(3)-C(11)-C(10)            118.73(12)  
            N(3)-C(12)-C(13)            112.13(12)  
            N(3)-C(12)-H(12A)           109.2  
            C(13)-C(12)-H(12A)          109.2  
            N(3)-C(12)-H(12B)           109.2  
            C(13)-C(12)-H(12B)          109.2  
            H(12A)-C(12)-H(12B)         107.9  
            C(12)-C(13)-C(7)            112.76(12)  
            C(12)-C(13)-H(13A)          109.0  
            C(7)-C(13)-H(13A)           109.0  
            C(12)-C(13)-H(13B)          109.0  
            C(7)-C(13)-H(13B)           109.0  
            H(13A)-C(13)-H(13B)         107.8  
            O(3)-C(14)-O(4)             126.39(14)  
            O(3)-C(14)-N(2)             121.57(14)  
            O(4)-C(14)-N(2)             112.04(12)  
            O(4)-C(15)-H(15A)           109.5  
            O(4)-C(15)-H(15B)           109.5  
            H(15A)-C(15)-H(15B)         109.5  
            O(4)-C(15)-H(15C)           109.5  
            H(15A)-C(15)-H(15C)         109.5  
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            H(15B)-C(15)-H(15C)         109.5  
            N(3)-C(16)-C(17)            112.89(13)  
            N(3)-C(16)-H(16A)           109.0  
            C(17)-C(16)-H(16A)          109.0  
            N(3)-C(16)-H(16B)           109.0  
            C(17)-C(16)-H(16B)          109.0  
            H(16A)-C(16)-H(16B)         107.8  
            C(18)-C(17)-C(22)           118.40(16)  
            C(18)-C(17)-C(16)           119.85(15)  
            C(22)-C(17)-C(16)           121.74(15)  
            C(17)-C(18)-C(19)           120.83(17)  
            C(17)-C(18)-H(18)           119.6  
            C(19)-C(18)-H(18)           119.6  
            C(20)-C(19)-C(18)           120.00(19)  
            C(20)-C(19)-H(19)           120.0  
            C(18)-C(19)-H(19)           120.0  
            C(21)-C(20)-C(19)           119.85(19)  
            C(21)-C(20)-H(20)           120.1  
            C(19)-C(20)-H(20)           120.1  
            C(22)-C(21)-C(20)           120.09(18)  
            C(22)-C(21)-H(21)           120.0  
            C(20)-C(21)-H(21)           120.0  
            C(21)-C(22)-C(17)           120.82(17)  
            C(21)-C(22)-H(22)           119.6  
            C(17)-C(22)-H(22)           119.6  
           
_____________________________________________________________  
   
           Symmetry transformations used to generate equivalent atoms:  
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Table 4.  Anisotropic displacement parameters (A^2 x 10^3) for 5d. 
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)     42(1)      45(1)      42(1)      -3(1)     -11(1)       2(1)  
N(2)     38(1)      33(1)      37(1)      -2(1)       2(1)       3(1)  
N(3)     42(1)      49(1)      31(1)      -3(1)       2(1)       3(1)  
O(1)     43(1)      44(1)      62(1)      -8(1)       4(1)      13(1)  
O(2)     54(1)      67(1)      41(1)       1(1)      -9(1)      23(1)  
O(3)     49(1)      51(1)      71(1)      -8(1)      -6(1)      -6(1)  
O(4)     59(1)      33(1)      59(1)      -6(1)       1(1)       3(1)  
C(1)     47(1)      47(1)      36(1)       0(1)       2(1)      15(1)  
C(2)     73(1)      83(1)      38(1)       4(1)       4(1)      23(1)  
C(3)     93(2)     109(2)      48(1)      30(1)      24(1)      31(2)  
C(4)     78(1)      81(1)      80(2)      35(1)      38(1)      15(1)  
C(5)     50(1)      52(1)      62(1)      14(1)      15(1)       7(1)  
C(6)     41(1)      39(1)      38(1)       5(1)       7(1)      12(1)  
C(7)     32(1)      33(1)      32(1)       0(1)       1(1)       4(1)  
C(8)     33(1)      37(1)      37(1)      -2(1)       3(1)       5(1)  
C(9)     36(1)      37(1)      30(1)       1(1)       5(1)       4(1)  
C(10)    30(1)      35(1)      34(1)       0(1)       3(1)       3(1)  
C(11)    37(1)      38(1)      34(1)      -3(1)      -3(1)       1(1)  
C(12)    43(1)      54(1)      41(1)      -8(1)       5(1)      12(1)  
C(13)    37(1)      37(1)      41(1)      -4(1)      -1(1)       9(1)  
C(14)    49(1)      38(1)      35(1)      -1(1)       3(1)      -1(1)  
C(15)    87(1)      36(1)      87(2)     -13(1)      -9(1)      -1(1)  
C(16)    53(1)      60(1)      31(1)      -5(1)       3(1)      -4(1)  
C(17)    43(1)      44(1)      35(1)       0(1)      -1(1)       5(1)  
C(18)    58(1)      52(1)      51(1)      -5(1)      13(1)       1(1)  
C(19)    62(1)      81(1)      69(1)      -1(1)      24(1)      -3(1)  
C(20)    58(1)      75(1)      76(1)      13(1)       7(1)     -16(1)  
C(21)    70(1)      48(1)      65(1)       1(1)     -10(1)      -7(1)  
C(22)    58(1)      50(1)      46(1)      -5(1)       2(1)       5(1)  
    
_____________________________________________________________________
__  
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Table 5.  Hydrogen coordinates ( x 10^4) and isotropic 
displacement parameters (A^2 x 10^3) for cd211522. 

           
________________________________________________________________  
   
                       x             y             z           U(eq)  
         
________________________________________________________________  
   
          H(2)         5343          9080         -3165          79  
          H(3)         6485         10496         -3567          99  
          H(4)         7839         11272         -2387          92  
          H(5)         8078         10654          -738          65  
          H(8)         5531          7848           144          44  
          H(10)        8353          8705           443          40  
          H(12A)       6269         10256          2032          56  
          H(12B)       5749          9019          1527          56  
          H(13A)       6981         10680           744          48  
          H(13B)       5829         10371           278          48  
          H(15A)       5719          3356          -767         113  
          H(15B)       6825          2813          -634         113  
          H(15C)       6277          3470         -1628         113  
          H(16A)       7298          9493          3493          60  
          H(16B)       8015          8323          3509          60  
          H(18)        6247          8909          4530          64  
          H(19)        5046          7608          4948          83  
          H(20)        4605          5725          4120          86  
          H(21)        5369          5145          2875          78  
          H(22)        6573          6434          2461          64  
          H(1)        5006(14)      7729(18)     -1614(14)      59(5)  
         
________________________________________________________________  

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



S115 

Table 6.  Torsion angles [deg] for 5d. 
         
________________________________________________________________  
   
       C(8)-N(1)-C(1)-C(2)                                 168.47(16)  
       C(8)-N(1)-C(1)-C(6)                                 -15.19(17)  
       N(1)-C(1)-C(2)-C(3)                                 175.89(17)  
       C(6)-C(1)-C(2)-C(3)                                  -0.1(3)  
       C(1)-C(2)-C(3)-C(4)                                  -0.2(3)  
       C(2)-C(3)-C(4)-C(5)                                  -0.2(3)  
       C(3)-C(4)-C(5)-C(6)                                   1.0(3)  
       C(4)-C(5)-C(6)-C(1)                                  -1.3(2)  
       C(4)-C(5)-C(6)-C(7)                                -175.25(16)  
       C(2)-C(1)-C(6)-C(5)                                   0.9(2)  
       N(1)-C(1)-C(6)-C(5)                                -175.78(13)  
       C(2)-C(1)-C(6)-C(7)                                 176.00(14)  
       N(1)-C(1)-C(6)-C(7)                                  -0.66(17)  
       C(5)-C(6)-C(7)-C(13)                                 67.12(19)  
       C(1)-C(6)-C(7)-C(13)                               -107.39(14)  
       C(5)-C(6)-C(7)-C(10)                                -59.1(2)  
       C(1)-C(6)-C(7)-C(10)                                126.40(13)  
       C(5)-C(6)-C(7)-C(8)                                -171.16(15)  
       C(1)-C(6)-C(7)-C(8)                                  14.33(14)  
       C(1)-N(1)-C(8)-N(2)                                 -88.10(15)  
       C(1)-N(1)-C(8)-C(7)                                  23.94(15)  
       C(9)-N(2)-C(8)-N(1)                                 122.64(13)  
       C(14)-N(2)-C(8)-N(1)                                -58.94(17)  
       C(9)-N(2)-C(8)-C(7)                                   9.31(15)  
       C(14)-N(2)-C(8)-C(7)                               -172.26(12)  
       C(6)-C(7)-C(8)-N(1)                                 -22.54(13)  
       C(13)-C(7)-C(8)-N(1)                                 96.80(14)  
       C(10)-C(7)-C(8)-N(1)                               -141.49(12)  
       C(6)-C(7)-C(8)-N(2)                                  97.49(12)  
       C(13)-C(7)-C(8)-N(2)                               -143.18(12)  
       C(10)-C(7)-C(8)-N(2)                                -21.46(13)  
       C(14)-N(2)-C(9)-O(1)                                  7.6(2)  
       C(8)-N(2)-C(9)-O(1)                                -174.21(14)  
       C(14)-N(2)-C(9)-C(10)                              -171.32(13)  
       C(8)-N(2)-C(9)-C(10)                                  6.89(15)  
       O(1)-C(9)-C(10)-C(7)                                160.59(14)  
       N(2)-C(9)-C(10)-C(7)                                -20.49(14)  
       O(1)-C(9)-C(10)-C(11)                               -74.07(18)  
       N(2)-C(9)-C(10)-C(11)                               104.85(12)  
       C(6)-C(7)-C(10)-C(9)                                -83.69(14)  
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       C(13)-C(7)-C(10)-C(9)                               149.90(12)  
       C(8)-C(7)-C(10)-C(9)                                 25.79(14)  
       C(6)-C(7)-C(10)-C(11)                               157.44(12)  
       C(13)-C(7)-C(10)-C(11)                               31.03(17)  
       C(8)-C(7)-C(10)-C(11)                               -93.08(14)  
       C(12)-N(3)-C(11)-O(2)                               179.93(15)  
       C(16)-N(3)-C(11)-O(2)                                -3.3(2)  
       C(12)-N(3)-C(11)-C(10)                               -0.3(2)  
       C(16)-N(3)-C(11)-C(10)                              176.48(13)  
       C(9)-C(10)-C(11)-O(2)                                57.68(17)  
       C(7)-C(10)-C(11)-O(2)                               175.17(13)  
       C(9)-C(10)-C(11)-N(3)                              -122.09(14)  
       C(7)-C(10)-C(11)-N(3)                                -4.59(19)  
       C(11)-N(3)-C(12)-C(13)                              -22.2(2)  
       C(16)-N(3)-C(12)-C(13)                              160.92(13)  
       N(3)-C(12)-C(13)-C(7)                                49.28(17)  
       C(6)-C(7)-C(13)-C(12)                               178.24(12)  
       C(10)-C(7)-C(13)-C(12)                              -53.65(16)  
       C(8)-C(7)-C(13)-C(12)                                64.91(16)  
       C(15)-O(4)-C(14)-O(3)                                 2.3(3)  
       C(15)-O(4)-C(14)-N(2)                              -177.97(15)  
       C(9)-N(2)-C(14)-O(3)                                177.27(15)  
       C(8)-N(2)-C(14)-O(3)                                 -0.9(2)  
       C(9)-N(2)-C(14)-O(4)                                 -2.5(2)  
       C(8)-N(2)-C(14)-O(4)                                179.39(12)  
       C(11)-N(3)-C(16)-C(17)                             -106.52(16)  
       C(12)-N(3)-C(16)-C(17)                               70.61(18)  
       N(3)-C(16)-C(17)-C(18)                             -137.74(16)  
       N(3)-C(16)-C(17)-C(22)                               43.5(2)  
       C(22)-C(17)-C(18)-C(19)                               0.2(3)  
       C(16)-C(17)-C(18)-C(19)                            -178.59(17)  
       C(17)-C(18)-C(19)-C(20)                              -0.2(3)  
       C(18)-C(19)-C(20)-C(21)                               0.0(3)  
       C(19)-C(20)-C(21)-C(22)                               0.2(3)  
       C(20)-C(21)-C(22)-C(17)                              -0.1(3)  
       C(18)-C(17)-C(22)-C(21)                               0.0(2)  
       C(16)-C(17)-C(22)-C(21)                             178.75(16)  
         
________________________________________________________________  
   
         Symmetry transformations used to generate equivalent atoms:  
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 Table 7.  Hydrogen bonds for cd211522 [A and deg.].  
 
_____________________________________________________________________ 
   
 D-H...A                   d(D-H)      d(H...A)    d(D...A)    <(DHA)  
 N(1)-H(1)...O(3)       0.851(19)   2.445(19)   2.8772(19)  112.2(15)  
 N(1)-H(1)...O(2)#1     0.851(19)   2.20(2)     2.9655(17)  149.4(17)  
 
_____________________________________________________________________ 
   

Symmetry transformations used to generate equivalent atoms: 
#1 x-1/2,-y+3/2,z-1/2 
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OTEP Drawing of 5s  
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Table 1.  Crystal data and structure refinement for 5s. 
   
   
        Identification code               cd212115  
        Empirical formula                 C36 H35 N3 O5 S  
        Formula weight                    621.73  
        Temperature                       293(2) K  
        Wavelength                        0.71073 A  
        Crystal system, space group       Monoclinic,  P2(1)/n  
        Unit cell dimensions  a = 10.4770(6) A   alpha = 90 deg.  
                            b = 11.2649(7) A    beta = 100.4940(10) deg.  
                            c = 27.4274(16) A   gamma = 90 deg.  
        Volume                            3182.9(3) A^3  
        Z, Calculated density             4,  1.297 Mg/m^3  
        Absorption coefficient            0.149 mm^-1  
        F(000)                            1312  
        Crystal size                      0.321 x 0.213 x 0.146 mm  
        Theta range for data collection   1.96 to 26.00 deg.  
        Limiting indices             -12<=h<=9, -13<=k<=13, -31<=l<=33  
        Reflections collected / unique    18279 / 6245 [R(int) = 0.0359]  
        Completeness to theta = 26.00     100.0 %  
        Absorption correction             Empirical  
        Max. and min. transmission        1.00000 and 0.42722  
        Refinement method              Full-matrix least-squares on F^2  
        Data / restraints / parameters    6245 / 0 / 413  
        Goodness-of-fit on F^2            1.032  
        Final R indices [I>2sigma(I)]     R1 = 0.0522, wR2 = 0.1267  
        R indices (all data)              R1 = 0.0702, wR2 = 0.1366  
        Largest diff. peak and hole       0.331 and -0.319 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 cd212115. 

U(eq) is defined as one third of the trace of the orthogonalized 
Uij tensor. 

          
________________________________________________________________  
   
                        x             y             z           U(eq)  
         
________________________________________________________________  
   
         S(1)         5634(1)       6148(1)        908(1)       35(1)  
         N(1)         2852(2)       5646(2)        156(1)       48(1)  
         N(2)         4084(2)       6257(2)        960(1)       37(1)  
         N(3)         2187(2)       4532(2)       1706(1)       45(1)  
         O(1)         4229(1)       7866(1)       1479(1)       46(1)  
         O(2)         3336(2)       5980(2)       2153(1)       53(1)  
         O(3)         6403(1)       6220(1)       1388(1)       49(1)  
         O(4)         5664(1)       5090(1)        621(1)       44(1)  
         O(5)         1025(3)       7637(3)       8309(1)      122(1)  
         C(1)         1950(2)       6523(2)         17(1)       40(1)  
         C(2)         1633(2)       7086(2)       -437(1)       50(1)  
         C(3)          634(3)       7893(2)       -501(1)       60(1)  
         C(4)          -58(3)       8117(2)       -129(1)       62(1)  
         C(5)          254(2)       7547(2)        327(1)       50(1)  
         C(6)         1287(2)       6773(2)        402(1)       38(1)  
         C(7)         1806(2)       5954(2)        838(1)       35(1)  
         C(8)         3057(2)       5471(2)        676(1)       36(1)  
         C(9)         3630(2)       7034(2)       1286(1)       36(1)  
         C(10)        2295(2)       6562(2)       1345(1)       35(1)  
         C(11)        2646(2)       5648(2)       1773(1)       39(1)  
         C(12)        1390(2)       4045(2)       1257(1)       51(1)  
         C(13)         833(2)       4979(2)        885(1)       45(1)  
         C(14)        1384(2)       7488(2)       1495(1)       40(1)  
         C(15)         379(2)       7125(3)       1727(1)       55(1)  
         C(16)        -514(3)       7932(4)       1837(1)       77(1)  
         C(17)        -410(3)       9102(4)       1731(1)       81(1)  
         C(18)         596(3)       9487(3)       1515(1)       68(1)  
         C(19)        1485(2)       8677(2)       1397(1)       52(1)  
         C(20)        2669(3)       3642(2)       2086(1)       55(1)  
         C(21)        3624(3)       2815(2)       1913(1)       52(1)  
         C(22)        3475(3)       1604(3)       1938(1)       71(1)  

         C(23)        4356(5)        853(3)       1779(1)       97(1) 
         C(24)        5374(5)       1313(5)       1593(1)      105(2)  
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         C(25)        5534(3)       2524(4)       1567(1)       86(1)  
         C(26)        4671(3)       3258(3)       1727(1)       64(1)  
         C(27)        5977(2)       7366(2)        556(1)       37(1)  
         C(28)        6562(2)       8365(2)        789(1)       50(1)  
         C(29)        6840(2)       9303(2)        506(1)       56(1)  
         C(30)        6544(2)       9274(2)         -5(1)       47(1)  
         C(31)        5964(2)       8261(2)       -228(1)       53(1)  
         C(32)        5679(2)       7307(2)         46(1)       48(1)  
         C(33)        6830(3)      10305(2)       -316(1)       65(1)  
         C(34)        1386(4)       8078(5)       7531(1)      125(2)  
         C(35)        1222(3)       7244(4)       7920(1)       90(1)  
         C(36)        1347(7)       5980(5)       7841(3)      202(3)  
         
________________________________________________________________  
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Table 3.  Bond lengths [A] and angles [deg] for 5s. 
           
_____________________________________________________________  
   
            S(1)-O(3)                     1.4152(15)  
            S(1)-O(4)                     1.4319(15)  
            S(1)-N(2)                     1.6608(17)  
            S(1)-C(27)                    1.752(2)  
            N(1)-C(1)                     1.373(3)  
            N(1)-C(8)                     1.417(3)  
            N(1)-H(1)                     0.81(3)  
            N(2)-C(9)                     1.395(3)  
            N(2)-C(8)                     1.497(3)  
            N(3)-C(11)                    1.347(3)  
            N(3)-C(12)                    1.462(3)  
            N(3)-C(20)                    1.469(3)  
            O(1)-C(9)                     1.197(2)  
            O(2)-C(11)                    1.216(2)  
            O(5)-C(35)                    1.208(4)  
            C(1)-C(2)                     1.381(3)  
            C(1)-C(6)                     1.394(3)  
            C(2)-C(3)                     1.374(4)  
            C(2)-H(2)                     0.9300  
            C(3)-C(4)                     1.378(4)  
            C(3)-H(3)                     0.9300  
            C(4)-C(5)                     1.390(3)  
            C(4)-H(4)                     0.9300  
            C(5)-C(6)                     1.376(3)  
            C(5)-H(5)                     0.9300  
            C(6)-C(7)                     1.530(3)  
            C(7)-C(13)                    1.520(3)  
            C(7)-C(10)                    1.552(3)  
            C(7)-C(8)                     1.557(3)  
            C(8)-H(8)                     0.9800  
            C(9)-C(10)                    1.533(3)  
            C(10)-C(14)                   1.519(3)  
            C(10)-C(11)                   1.553(3)  
            C(12)-C(13)                   1.508(3)  
            C(12)-H(12A)                  0.9700  
            C(12)-H(12B)                  0.9700  
            C(13)-H(13A)                  0.9700  
            C(13)-H(13B)                  0.9700  
            C(14)-C(19)                   1.375(3)  
            C(14)-C(15)                   1.388(3)  
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            C(15)-C(16)                   1.377(4)  
            C(15)-H(15)                   0.9300  
            C(16)-C(17)                   1.357(5)  
            C(16)-H(16)                   0.9300  
            C(17)-C(18)                   1.370(5)  
            C(17)-H(17)                   0.9300  
            C(18)-C(19)                   1.385(4)  
            C(18)-H(18)                   0.9300  
            C(19)-H(19)                   0.9300  
            C(20)-C(21)                   1.506(4)  
            C(20)-H(20A)                  0.9700  
            C(20)-H(20B)                  0.9700  
            C(21)-C(22)                   1.376(4)  
            C(21)-C(26)                   1.385(4)  
            C(22)-C(23)                   1.380(5)  
            C(22)-H(22)                   0.9300  
            C(23)-C(24)                   1.366(6)  
            C(23)-H(23)                   0.9300  
            C(24)-C(25)                   1.377(6)  
            C(24)-H(24)                   0.9300  
            C(25)-C(26)                   1.356(4)  
            C(25)-H(25)                   0.9300  
            C(26)-H(26)                   0.9300  
            C(27)-C(32)                   1.379(3)  
            C(27)-C(28)                   1.380(3)  
            C(28)-C(29)                   1.373(3)  
            C(28)-H(28)                   0.9300  
            C(29)-C(30)                   1.379(3)  
            C(29)-H(29)                   0.9300  
            C(30)-C(31)                   1.381(3)  
            C(30)-C(33)                   1.503(3)  
            C(31)-C(32)                   1.374(3)  
            C(31)-H(31)                   0.9300  
            C(32)-H(32)                   0.9300  
            C(33)-H(33A)                  0.9600  
            C(33)-H(33B)                  0.9600  
            C(33)-H(33C)                  0.9600  
            C(34)-C(35)                   1.454(5)  
            C(34)-H(34A)                  0.9600  
            C(34)-H(34B)                  0.9600  
            C(34)-H(34C)                  0.9600  
            C(35)-C(36)                   1.450(7)  
            C(36)-H(36A)                  0.9600  
            C(36)-H(36B)                  0.9600  
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            C(36)-H(36C)                  0.9600  
   
            O(3)-S(1)-O(4)              119.62(10)  
            O(3)-S(1)-N(2)              108.42(9)  
            O(4)-S(1)-N(2)              103.18(9)  
            O(3)-S(1)-C(27)             109.21(10)  
            O(4)-S(1)-C(27)             108.75(9)  
            N(2)-S(1)-C(27)             106.88(9)  
            C(1)-N(1)-C(8)              110.50(19)  
            C(1)-N(1)-H(1)              127.9(18)  
            C(8)-N(1)-H(1)              120.6(18)  
            C(9)-N(2)-C(8)              114.10(16)  
            C(9)-N(2)-S(1)              123.61(14)  
            C(8)-N(2)-S(1)              122.21(13)  
            C(11)-N(3)-C(12)            126.86(18)  
            C(11)-N(3)-C(20)            118.21(19)  
            C(12)-N(3)-C(20)            114.28(19)  
            N(1)-C(1)-C(2)              128.4(2)  
            N(1)-C(1)-C(6)              110.38(19)  
            C(2)-C(1)-C(6)              121.2(2)  
            C(3)-C(2)-C(1)              118.1(2)  
            C(3)-C(2)-H(2)              120.9  
            C(1)-C(2)-H(2)              120.9  
            C(2)-C(3)-C(4)              121.2(2)  
            C(2)-C(3)-H(3)              119.4  
            C(4)-C(3)-H(3)              119.4  
            C(3)-C(4)-C(5)              120.8(2)  
            C(3)-C(4)-H(4)              119.6  
            C(5)-C(4)-H(4)              119.6  
            C(6)-C(5)-C(4)              118.5(2)  
            C(6)-C(5)-H(5)              120.8  
            C(4)-C(5)-H(5)              120.8  
            C(5)-C(6)-C(1)              120.1(2)  
            C(5)-C(6)-C(7)              131.1(2)  
            C(1)-C(6)-C(7)              108.37(18)  
            C(13)-C(7)-C(6)             110.71(16)  
            C(13)-C(7)-C(10)            111.05(16)  
            C(6)-C(7)-C(10)             116.57(17)  
            C(13)-C(7)-C(8)             112.62(17)  
            C(6)-C(7)-C(8)              100.69(16)  
            C(10)-C(7)-C(8)             104.65(15)  
            N(1)-C(8)-N(2)              113.87(17)  
            N(1)-C(8)-C(7)              104.90(17)  
            N(2)-C(8)-C(7)              101.95(15)  
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            N(1)-C(8)-H(8)              111.8  
            N(2)-C(8)-H(8)              111.8  
            C(7)-C(8)-H(8)              111.8  
            O(1)-C(9)-N(2)              124.28(19)  
            O(1)-C(9)-C(10)             129.75(19)  
            N(2)-C(9)-C(10)             105.93(16)  
            C(14)-C(10)-C(9)            114.88(17)  
            C(14)-C(10)-C(7)            115.13(16)  
            C(9)-C(10)-C(7)             102.47(15)  
            C(14)-C(10)-C(11)           108.96(16)  
            C(9)-C(10)-C(11)            102.42(16)  
            C(7)-C(10)-C(11)            112.24(17)  
            O(2)-C(11)-N(3)             123.1(2)  
            O(2)-C(11)-C(10)            117.8(2)  
            N(3)-C(11)-C(10)            119.12(18)  
            N(3)-C(12)-C(13)            113.51(19)  
            N(3)-C(12)-H(12A)           108.9  
            C(13)-C(12)-H(12A)          108.9  
            N(3)-C(12)-H(12B)           108.9  
            C(13)-C(12)-H(12B)          108.9  
            H(12A)-C(12)-H(12B)         107.7  
            C(12)-C(13)-C(7)            112.27(18)  
            C(12)-C(13)-H(13A)          109.2  
            C(7)-C(13)-H(13A)           109.2  
            C(12)-C(13)-H(13B)          109.2  
            C(7)-C(13)-H(13B)           109.2  
            H(13A)-C(13)-H(13B)         107.9  
            C(19)-C(14)-C(15)           118.0(2)  
            C(19)-C(14)-C(10)           122.8(2)  
            C(15)-C(14)-C(10)           119.2(2)  
            C(16)-C(15)-C(14)           120.6(3)  
            C(16)-C(15)-H(15)           119.7  
            C(14)-C(15)-H(15)           119.7  
            C(17)-C(16)-C(15)           120.7(3)  
            C(17)-C(16)-H(16)           119.7  
            C(15)-C(16)-H(16)           119.7  
            C(16)-C(17)-C(18)           119.8(3)  
            C(16)-C(17)-H(17)           120.1  
            C(18)-C(17)-H(17)           120.1  
            C(17)-C(18)-C(19)           119.8(3)  
            C(17)-C(18)-H(18)           120.1  
            C(19)-C(18)-H(18)           120.1  
            C(14)-C(19)-C(18)           121.1(3)  
            C(14)-C(19)-H(19)           119.4  
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            C(18)-C(19)-H(19)           119.4  
            N(3)-C(20)-C(21)            111.20(19)  
            N(3)-C(20)-H(20A)           109.4  
            C(21)-C(20)-H(20A)          109.4  
            N(3)-C(20)-H(20B)           109.4  
            C(21)-C(20)-H(20B)          109.4  
            H(20A)-C(20)-H(20B)         108.0  
            C(22)-C(21)-C(26)           118.7(3)  
            C(22)-C(21)-C(20)           120.6(3)  
            C(26)-C(21)-C(20)           120.6(2)  
            C(21)-C(22)-C(23)           120.2(3)  
            C(21)-C(22)-H(22)           119.9  
            C(23)-C(22)-H(22)           119.9  
            C(24)-C(23)-C(22)           119.9(4)  
            C(24)-C(23)-H(23)           120.1  
            C(22)-C(23)-H(23)           120.1  
            C(23)-C(24)-C(25)           120.3(4)  
            C(23)-C(24)-H(24)           119.8  
            C(25)-C(24)-H(24)           119.8  
            C(26)-C(25)-C(24)           119.6(4)  
            C(26)-C(25)-H(25)           120.2  
            C(24)-C(25)-H(25)           120.2  
            C(25)-C(26)-C(21)           121.2(3)  
            C(25)-C(26)-H(26)           119.4  
            C(21)-C(26)-H(26)           119.4  
            C(32)-C(27)-C(28)           120.5(2)  
            C(32)-C(27)-S(1)            119.37(16)  
            C(28)-C(27)-S(1)            120.16(17)  
            C(29)-C(28)-C(27)           119.2(2)  
            C(29)-C(28)-H(28)           120.4  
            C(27)-C(28)-H(28)           120.4  
            C(28)-C(29)-C(30)           121.6(2)  
            C(28)-C(29)-H(29)           119.2  
            C(30)-C(29)-H(29)           119.2  
            C(29)-C(30)-C(31)           117.9(2)  
            C(29)-C(30)-C(33)           121.8(2)  
            C(31)-C(30)-C(33)           120.3(2)  
            C(32)-C(31)-C(30)           121.8(2)  
            C(32)-C(31)-H(31)           119.1  
            C(30)-C(31)-H(31)           119.1  
            C(31)-C(32)-C(27)           119.0(2)  
            C(31)-C(32)-H(32)           120.5  
            C(27)-C(32)-H(32)           120.5  
            C(30)-C(33)-H(33A)          109.5  
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            C(30)-C(33)-H(33B)          109.5  
            H(33A)-C(33)-H(33B)         109.5  
            C(30)-C(33)-H(33C)          109.5  
            H(33A)-C(33)-H(33C)         109.5  
            H(33B)-C(33)-H(33C)         109.5  
            C(35)-C(34)-H(34A)          109.5  
            C(35)-C(34)-H(34B)          109.5  
            H(34A)-C(34)-H(34B)         109.5  
            C(35)-C(34)-H(34C)          109.5  
            H(34A)-C(34)-H(34C)         109.5  
            H(34B)-C(34)-H(34C)         109.5  
            O(5)-C(35)-C(36)            121.8(5)  
            O(5)-C(35)-C(34)            118.2(4)  
            C(36)-C(35)-C(34)           120.0(4)  
            C(35)-C(36)-H(36A)          109.5  
            C(35)-C(36)-H(36B)          109.5  
            H(36A)-C(36)-H(36B)         109.5  
            C(35)-C(36)-H(36C)          109.5  
            H(36A)-C(36)-H(36C)         109.5  
            H(36B)-C(36)-H(36C)         109.5  
           
_____________________________________________________________  
   
           Symmetry transformations used to generate equivalent atoms:  
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Table 4.  Anisotropic displacement parameters (A^2 x 10^3) for 5s. 
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 

    
_____________________________________________________________________ 
   

S(1)     35(1)      39(1)      33(1)      -1(1)       8(1)       1(1) 
N(1)     50(1)      65(1)      32(1)      -7(1)      10(1)       9(1) 
N(2)     36(1)      39(1)      36(1)      -5(1)      11(1)      -4(1) 
N(3)     54(1)      45(1)      37(1)       6(1)       8(1)      -6(1) 
O(1)     47(1)      43(1)      50(1)     -13(1)      13(1)      -8(1) 
O(2)     63(1)      57(1)      36(1)       1(1)      -1(1)      -5(1) 
O(3)     43(1)      62(1)      39(1)       4(1)       2(1)       2(1) 
O(4)     48(1)      40(1)      47(1)      -4(1)      18(1)       2(1) 
O(5)    137(2)     167(3)      73(2)       1(2)      47(2)      -4(2) 
C(1)     41(1)      44(1)      33(1)      -3(1)       3(1)      -8(1) 
C(2)     56(1)      60(2)      33(1)       1(1)       4(1)     -13(1) 
C(3)     73(2)      57(2)      41(1)      11(1)      -9(1)     -10(1) 
C(4)     62(2)      60(2)      57(2)       6(1)      -8(1)      10(1) 
C(5)     46(1)      57(2)      43(1)       0(1)       2(1)       5(1) 
C(6)     38(1)      41(1)      34(1)       2(1)       5(1)      -5(1) 
C(7)     36(1)      40(1)      29(1)      -1(1)       7(1)      -3(1) 
C(8)     39(1)      36(1)      32(1)      -4(1)       5(1)      -3(1) 
C(9)     40(1)      36(1)      32(1)      -1(1)       9(1)       0(1) 
C(10)    37(1)      40(1)      31(1)      -1(1)      10(1)      -2(1) 
C(11)    39(1)      47(1)      32(1)       1(1)      11(1)      -2(1) 
C(12)    58(2)      50(1)      45(1)       4(1)       9(1)     -16(1) 
C(13)    43(1)      51(1)      40(1)       0(1)       8(1)     -11(1) 
C(14)    39(1)      49(1)      30(1)      -4(1)       5(1)       3(1) 
C(15)    48(1)      69(2)      51(1)       0(1)      17(1)       4(1) 
C(16)    52(2)     109(3)      75(2)     -11(2)      28(1)      11(2) 
C(17)    62(2)      97(3)      82(2)     -24(2)       7(2)      31(2) 
C(18)    72(2)      58(2)      70(2)      -5(1)      -2(2)      21(2) 
C(19)    53(1)      51(2)      50(1)       0(1)       8(1)       8(1) 
C(20)    71(2)      53(2)      43(1)      13(1)      12(1)      -5(1) 
C(21)    65(2)      48(1)      38(1)       8(1)      -4(1)      -4(1) 
C(22)    99(2)      50(2)      55(2)       4(1)      -6(2)     -10(2) 
C(23)   143(4)      58(2)      75(2)     -12(2)     -23(2)      20(2) 
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C(24)   117(3)     120(4)      65(2)     -23(2)     -17(2)      59(3) 
C(25)    71(2)     114(3)      68(2)       1(2)      -1(2)      22(2) 
C(26)    61(2)      68(2)      61(2)       7(1)       5(1)       3(1) 
C(27)    33(1)      40(1)      38(1)      -1(1)       9(1)      -2(1) 
C(28)    54(1)      55(2)      41(1)      -6(1)       7(1)     -17(1) 
C(29)    62(2)      48(1)      58(2)      -7(1)      10(1)     -23(1) 
C(30)    40(1)      46(1)      57(1)       7(1)      12(1)      -5(1) 
C(31)    64(2)      56(2)      40(1)       4(1)       9(1)      -9(1) 
C(32)    59(1)      43(1)      40(1)      -2(1)       8(1)     -12(1) 
C(33)    61(2)      56(2)      78(2)      20(1)      15(1)     -11(1) 
C(34)   103(3)     214(5)      59(2)      27(3)      16(2)      47(3) 
C(35)    57(2)     151(4)      63(2)     -12(2)      15(2)     -10(2) 
C(36)   210(7)     128(5)     255(8)     -49(5)       8(6)     -50(5) 

    
_____________________________________________________________________ 
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Table 5.  Hydrogen coordinates ( x 10^4) and isotropic 
displacement parameters (A^2 x 10^3) for 5s. 

   
         
________________________________________________________________  
   

                x             y             z           U(eq) 
         
________________________________________________________________  
   

H(2)         2084          6923          -691          60 
H(3)          421          8295          -801          71 
H(4)         -742          8656          -184          74 
H(5)         -225          7686           575          59 
H(8)         3208          4633           764          43 
H(12A)        683          3593          1350          61 
H(12B)       1914          3503          1102          61 
H(13A)         74          5329           985          53 
H(13B)        556          4608           564          53 
H(15)         307          6329          1809          66 
H(16)       -1195          7674          1985          92 
H(17)       -1020          9640          1805          97 
H(18)         681         10289          1449          82 
H(19)        2162          8942          1247          62 
H(20A)       1944          3187          2162          66 
H(20B)       3085          4039          2387          66 
H(22)        2778          1291          2063          85 
H(23)        4256            35          1798         117 
H(24)        5963           807          1482         126 
H(25)        6230          2835          1442         103 
H(26)        4785          4075          1711          77 
H(28)        6766          8402          1133          60 
H(29)        7238          9974           662          67 
H(31)        5762          8223          -572          64 
H(32)        5291          6632          -111          57 
H(33A)       6513         11024          -193          97 
H(33B)       6409         10184          -654          97 
H(33C)       7750         10366          -301          97 
H(34A)        836          8755          7545         188 
H(34B)       1156          7700          7214         188 
H(34C)       2275          8331          7579         188 
H(36A)       1334          5564          8145         303 
H(36B)       2152          5825          7732         303 
H(36C)        638          5714          7592         303 
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H(1)         3330(20)      5340(20)        -9(9)       49(7) 
         
________________________________________________________________  
 
 
  

Table 6.  Torsion angles [deg] for cd212115. 
         
________________________________________________________________  
   

O(3)-S(1)-N(2)-C(9)                                  40.06(19) 
O(4)-S(1)-N(2)-C(9)                                 167.86(16) 
C(27)-S(1)-N(2)-C(9)                                -77.55(18) 
O(3)-S(1)-N(2)-C(8)                                -136.52(16) 
O(4)-S(1)-N(2)-C(8)                                  -8.72(17) 
C(27)-S(1)-N(2)-C(8)                                105.87(16) 
C(8)-N(1)-C(1)-C(2)                                 168.7(2) 
C(8)-N(1)-C(1)-C(6)                                 -14.3(3) 
N(1)-C(1)-C(2)-C(3)                                 176.0(2) 
C(6)-C(1)-C(2)-C(3)                                  -0.7(3) 
C(1)-C(2)-C(3)-C(4)                                  -1.6(4) 
C(2)-C(3)-C(4)-C(5)                                   1.2(4) 
C(3)-C(4)-C(5)-C(6)                                   1.4(4) 
C(4)-C(5)-C(6)-C(1)                                  -3.6(3) 
C(4)-C(5)-C(6)-C(7)                                -175.0(2) 
N(1)-C(1)-C(6)-C(5)                                -173.9(2) 
C(2)-C(1)-C(6)-C(5)                                   3.3(3) 
N(1)-C(1)-C(6)-C(7)                                  -0.8(2) 

C(2)-C(1)-C(6)-C(7)                                 176.47(19) 
C(5)-C(6)-C(7)-C(13)                                 66.3(3) 
C(1)-C(6)-C(7)-C(13)                               -105.8(2) 
C(5)-C(6)-C(7)-C(10)                                -61.9(3) 

C(1)-C(6)-C(7)-C(10)                                125.99(19) 
C(5)-C(6)-C(7)-C(8)                                -174.4(2) 
C(1)-C(6)-C(7)-C(8)                                  13.5(2) 
C(1)-N(1)-C(8)-N(2)                                 -88.0(2) 
C(1)-N(1)-C(8)-C(7)                                  22.6(2) 
C(9)-N(2)-C(8)-N(1)                                 117.5(2) 
S(1)-N(2)-C(8)-N(1)                                 -65.6(2) 
C(9)-N(2)-C(8)-C(7)                                   5.1(2) 

S(1)-N(2)-C(8)-C(7)                                -178.02(13) 
C(13)-C(7)-C(8)-N(1)                                 96.8(2) 
C(6)-C(7)-C(8)-N(1)                                 -21.1(2) 

C(10)-C(7)-C(8)-N(1)                               -142.44(17) 
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C(13)-C(7)-C(8)-N(2)                               -144.21(16) 
C(6)-C(7)-C(8)-N(2)                                  97.85(17) 
C(10)-C(7)-C(8)-N(2)                                -23.48(19) 
C(8)-N(2)-C(9)-O(1)                                -166.3(2) 
S(1)-N(2)-C(9)-O(1)                                  16.9(3) 
C(8)-N(2)-C(9)-C(10)                                 15.8(2) 

S(1)-N(2)-C(9)-C(10)                               -161.04(14) 
O(1)-C(9)-C(10)-C(14)                                26.9(3) 

N(2)-C(9)-C(10)-C(14)                              -155.28(16) 
O(1)-C(9)-C(10)-C(7)                                152.5(2) 
N(2)-C(9)-C(10)-C(7)                                -29.7(2) 
O(1)-C(9)-C(10)-C(11)                               -91.0(3) 

N(2)-C(9)-C(10)-C(11)                                86.76(18) 
C(13)-C(7)-C(10)-C(14)                              -80.2(2) 
C(6)-C(7)-C(10)-C(14)                                47.8(2) 

C(8)-C(7)-C(10)-C(14)                               158.03(17) 
C(13)-C(7)-C(10)-C(9)                               154.37(17) 

C(6)-C(7)-C(10)-C(9)                                -77.6(2) 
C(8)-C(7)-C(10)-C(9)                                 32.6(2) 
C(13)-C(7)-C(10)-C(11)                               45.2(2) 

C(6)-C(7)-C(10)-C(11)                               173.24(17) 
C(8)-C(7)-C(10)-C(11)                               -76.56(19) 
C(12)-N(3)-C(11)-O(2)                              -177.9(2) 
C(20)-N(3)-C(11)-O(2)                                -7.7(3) 
C(12)-N(3)-C(11)-C(10)                                1.7(3) 

C(20)-N(3)-C(11)-C(10)                              171.89(19) 
C(14)-C(10)-C(11)-O(2)                              -69.7(2) 
C(9)-C(10)-C(11)-O(2)                                52.4(2) 

C(7)-C(10)-C(11)-O(2)                               161.62(19) 
C(14)-C(10)-C(11)-N(3)                              110.8(2) 
C(9)-C(10)-C(11)-N(3)                              -127.1(2) 
C(7)-C(10)-C(11)-N(3)                               -18.0(3) 
C(11)-N(3)-C(12)-C(13)                              -13.2(3) 
C(20)-N(3)-C(12)-C(13)                              176.3(2) 
N(3)-C(12)-C(13)-C(7)                                41.1(3) 

C(6)-C(7)-C(13)-C(12)                               170.95(19) 
C(10)-C(7)-C(13)-C(12)                              -57.9(2) 
C(8)-C(7)-C(13)-C(12)                                59.1(2) 
C(9)-C(10)-C(14)-C(19)                               25.0(3) 
C(7)-C(10)-C(14)-C(19)                              -93.7(2) 
C(11)-C(10)-C(14)-C(19)                             139.2(2) 

C(9)-C(10)-C(14)-C(15)                             -157.12(19) 
C(7)-C(10)-C(14)-C(15)                               84.2(2) 
C(11)-C(10)-C(14)-C(15)                             -42.9(3) 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



S133 

C(19)-C(14)-C(15)-C(16)                               2.3(4) 
C(10)-C(14)-C(15)-C(16)                            -175.6(2) 
C(14)-C(15)-C(16)-C(17)                              -1.5(4) 
C(15)-C(16)-C(17)-C(18)                              -0.4(5) 
C(16)-C(17)-C(18)-C(19)                               1.4(5) 
C(15)-C(14)-C(19)-C(18)                              -1.3(3) 
C(10)-C(14)-C(19)-C(18)                             176.5(2) 
C(17)-C(18)-C(19)-C(14)                              -0.5(4) 
C(11)-N(3)-C(20)-C(21)                             -104.7(2) 
C(12)-N(3)-C(20)-C(21)                               66.7(3) 
N(3)-C(20)-C(21)-C(22)                             -128.6(2) 
N(3)-C(20)-C(21)-C(26)                               51.5(3) 
C(26)-C(21)-C(22)-C(23)                              -0.1(4) 
C(20)-C(21)-C(22)-C(23)                             180.0(3) 
C(21)-C(22)-C(23)-C(24)                              -0.4(5) 
C(22)-C(23)-C(24)-C(25)                               0.6(5) 
C(23)-C(24)-C(25)-C(26)                              -0.2(5) 
C(24)-C(25)-C(26)-C(21)                              -0.4(5) 
C(22)-C(21)-C(26)-C(25)                               0.5(4) 
C(20)-C(21)-C(26)-C(25)                            -179.6(2) 

O(3)-S(1)-C(27)-C(32)                               159.53(18) 
O(4)-S(1)-C(27)-C(32)                                27.4(2) 

N(2)-S(1)-C(27)-C(32)                               -83.37(19) 
O(3)-S(1)-C(27)-C(28)                               -19.2(2) 

O(4)-S(1)-C(27)-C(28)                              -151.31(18) 
N(2)-S(1)-C(27)-C(28)                                97.92(19) 
C(32)-C(27)-C(28)-C(29)                               0.3(4) 

S(1)-C(27)-C(28)-C(29)                              178.98(19) 
C(27)-C(28)-C(29)-C(30)                               0.3(4) 
C(28)-C(29)-C(30)-C(31)                              -0.6(4) 
C(28)-C(29)-C(30)-C(33)                             179.1(2) 
C(29)-C(30)-C(31)-C(32)                               0.4(4) 
C(33)-C(30)-C(31)-C(32)                            -179.4(2) 
C(30)-C(31)-C(32)-C(27)                               0.2(4) 
C(28)-C(27)-C(32)-C(31)                              -0.5(3) 

S(1)-C(27)-C(32)-C(31)                             -179.24(19) 
         
________________________________________________________________  
   
         Symmetry transformations used to generate equivalent atoms:  
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Table 7.  Hydrogen bonds for5s [A and deg.]. 
_____________________________________________________________________ 
   
 D-H...A                   d(D-H)      d(H...A)    d(D...A)    <(DHA)  
   
 N(1)-H(1)...O(4)#1        0.81(3)     2.20(3)     2.975(3)    163(2)  
 
_____________________________________________________________________  
 Symmetry transformations used to generate equivalent atoms:  
 #1 -x+1,-y+1,-z      
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