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General Information  

Unless noted otherwise, all reactions were performed under a nitrogen atmosphere, and 

materials obtained from commercial suppliers were used without further purification. 
1
H 

NMR spectra were recorded on a 300 MHz, 400 MHz or 500 MHz spectrometer using 

residual solvent signal (DMSO  = 2.50 ppm) as internal standard. All coupling constants are 

reported in hertz (Hz). 
13

C NMR spectra were recorded on the same instruments, and 

chemical shifts were measured relative to solvent resonances (DMSO  = 39.9 ppm). 

High-resolution mass spectra were obtained on a quadrupole time-of-flight (QqTOF) mass 

spectrometer utilizing electrospray ionization (ESI) method. 

 

 

Typical procedure for the multicomponent reaction 

To a solution of isatin 3 (1.0 mmol), 2-aminopyridine 2 (1.35 mmol) and isocyanide 4 (1.35 

mmol) in 4 mL of n-butyl alcohol was added HClO4 (1.0 mmol), and the reaction mixture was 

stirred under reflux for 8 h. After cooling to room temperature, the precipitate was collected 

by filtration, rinsed with ethanol and dried to afford the target compound 1. 
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13-(tert-Butylamino)-6-oxo-5,6-dihydropyrido[2',1':2,3]imidazo[1,5-c]quinazolin-12-ium 

perchlorate (1a): 171 mg (42%) as a slight yellow solid; mp 252.3−253.7°C;
 1

H NMR 

(400 MHz, DMSO-d6)  1.25 (s, 9H), 5.63 (s, 1H), 7.35 (d, J = 8.4 Hz, 1H), 7.41 (t, J = 

7.2 Hz, 1H), 7.61-7.65 (m, 1H), 7.88-7.92 (m, 1H), 8.27-8.32 (m, 1H), 8.70 (d, J = 7.2 Hz, 

1H), 8.95 (d, J = 8.8 Hz, 1H), 9.14 (d, J = 6.8 Hz, 1H), 12.29 (s, 1H); 
13

C NMR (75 MHz, 

DMSO-d6)  30.4, 58.1, 110.7, 115.2, 117.5, 119.8, 123.1, 123.3, 125.3, 125.6, 127.3, 131.9, 

134.7, 135.8, 137.2, 145.0; HRMS (m/z, ESI) calc. for C18H19N4O (+) 307.1553, found 

307.1552. 

 

13-(tert-Butylamino)-10-chloro-6-oxo-5,6-dihydropyrido[2',1':2,3]imidazo[1,5-c]quinazolin-

12-ium perchlorate (1b): 234 mg (53%) as a slight yellow solid; mp 248.8−250.6 °C;  
1
H 

NMR (400 MHz, DMSO-d6)  1.25 (s, 9H), 5.69 (s, 1H), 7.40-7.43 (m, 2H), 7.62-7.66 (m, 

1H), 8.35 (dd, J = 2.0, 9.6 Hz, 1H), 8.69 (dd, J = 1.2, 8.4 Hz, 1H), 8.95 (d, J = 9.6 Hz, 1H), 

9.40 (d, J = 1.2 Hz, 1H), 12.53 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6)  30.2, 58.8, 110.5, 

116.1, 116.8, 123.9, 124.2, 125.7, 125.8, 126.8, 132.4, 133.8, 135.9, 136.3, 144.4; HRMS (m/z, 

ESI) calc. for C18H18N4OCl (+) 341.1164, found 341.1152.  

 

13-(tert-Butylamino)-10-methyl-6-oxo-5,6-dihydropyrido[2',1':2,3]imidazo[1,5-c]quinazolin-

12-ium perchlorate (1c): 160 mg (38%) as a brown solid; mp 258.9−260.4 °C; 
1
H NMR 

(400 MHz, DMSO-d6)  1.25 (s, 9H), 2.59 (s, 3H), 5.54 (s, 1H), 7.34-7.41 (m, 2H), 7.59-7.63 

(m, 1H), 8.15 (d, J = 9.2 Hz, 1H), 8.68 (d, J = 8.0 Hz, 1H), 8.84 (d, J = 9.2 Hz, 1H), 8.95 (s, 

1H), 12.26 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6)  18.2, 30.4, 58.3, 110.7, 114.5, 116.4, 

123.5, 123.8, 125.0, 125.1, 125.8, 130.5, 132.2, 133.8, 135.5, 138.7, 144.7; HRMS (m/z, ESI) 

calc. for C19H21N4O (+) 321.1710, found 321.1700. 

 

10-Bromo-13-(tert-butylamino)-6-oxo-5,6-dihydropyrido[2',1':2,3]imidazo[1,5-c]quinazolin-

12-ium perchlorate (1d): 267 mg (55%) as a slight yellow solid; mp 267.8−269.1 °C; 
1
H 

NMR (300 MHz, DMSO-d6)  1.24 (s, 9H), 5.56 (s, 1H), 7.36-7.45 (m, 2H), 7.62-7.67 (m, 

1H), 8.43 (dd, J = 1.8, 9.6 Hz, 1H), 8.69 (d, J = 7.2 Hz, 1H), 8.87 (d, J = 9.6 Hz, 1H), 9.38 (s, 
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1H), 12.45 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6)  30.2, 58.7, 110.4, 114.2, 116.2, 116.6, 

123.9, 124.1, 125.5, 125.9, 127.3, 132.6, 134.1, 135.4, 138.8, 144.4; HRMS (m/z, ESI) calc. 

for C18H18N4OBr (+) 385.0659, found 385.0653.  

 

13-(tert-Butylamino)-2-methoxy-10-methyl-6-oxo-5,6-dihydropyrido[2',1':2,3]imi- 

dazo[1,5-c]quin-azolin-12-ium perchlorate (1e): 225 mg (50%) as a grey solid; mp 

270.8−272.7 °C; 
1
H NMR (300 MHz, DMSO-d6)  1.27 (s, 9H), 2.59 (s, 3H), 3.87 (s, 3H), 

5.64 (s, 1H), 7.26-7.28 (m, 2H), 8.13-8.17 (m, 2H), 8.84 (d, J = 9.3 Hz, 1H), 8.95 (s, 1H), 

12.17 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6)  18.2, 30.5, 56.2, 58.1, 108.8, 111.4, 114.5, 

117.8, 120.0, 123.5, 124.9, 125.1, 129.2, 130.5, 133.9, 138.6, 144.4, 155.4; HRMS (m/z, ESI) 

calc. for C20H23N4O2 (+) 351.1816, found 351.1801. 

 

13-(tert-Butylamino)-10-chloro-2-methoxy-6-oxo-5,6-dihydropyrido[2',1':2,3]imi- 

dazo[1,5-c]quinazolin-12-ium perchlorate (1f): 184 mg (39%) as a yellow solid; mp 238.4−

240.5 °C; 
1
H NMR (400 MHz, DMSO-d6)  1.27 (s, 9H), 3.88 (s, 3H), 5.66 (s, 1H), 7.28-7.34 

(m, 2H), 8.18 (d, J = 2.8 Hz, 1H), 8.34 (dd, J = 2.0, 9.6 Hz, 1H), 8.96 (d, J = 9.6 Hz, 1H), 9.33 

(d, J = 1.6 Hz, 1H) 12.20 (br, 1H); 
13

C NMR (100 MHz, DMSO-d6)  30.3, 56.2, 58.5, 108.6, 

111.0, 116.2, 118.1, 120.5, 124.1, 125.2, 125.7, 127.0, 129.5, 133.9, 136.4, 144.2, 155.5; 

HRMS (m/z, ESI) calc. for C19H20N4O2Cl (+) 371.1269, found 371.1277. 

 

10-Bromo-13-(tert-butylamino)-2-methoxy-6-oxo-5,6-dihydropyrido[2',1':2,3]imi- 

dazo[1,5-c]quinazolin -12-ium perchlorate (1g): 247 mg (48%) as a brown solid; mp 249.5−

251.3 °C; 
1
H NMR (300 MHz, DMSO-d6)  1.26 (s, 9H), 3.88 (s, 3H), 5.65 (s, 1H), 7.28-7.32 

(m, 2H), 8.17 (d, J = 2.1 Hz, 1H), 8.42 (dd, J = 1.5, 9.6 Hz, 1H), 8.87 (d, J = 9.6 Hz, 1H), 9.37 

(s, 1H) 12.35 (s, 1H); 
13

C NMR (125 MHz, DMSO-d6)  30.4, 56.3, 58.5, 108.7, 111.1, 114.2, 

116.3, 118.1, 120.5, 123.9, 125.5, 127.2, 129.4, 134.2, 138.8, 144.2, 155.6; HRMS (m/z, ESI) 

calc. for C19H20N4O2Br (+) 415.0764, found 415.0764. 
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13-(tert-Butylamino)-2-chloro-6-oxo-5,6-dihydropyrido[2',1':2,3]imidazo[1,5-c]quinazolin- 

12-ium perchlorate (1h): 163 mg (37%) as a slight yellow solid; mp 285.7−287.4 °C; 
1
H 

NMR (300 MHz, DMSO-d6)  1.25 (s, 9H), 5.77 (s, 1H), 7.35 (d, J = 9.0 Hz, 1H), 7.67 (dd, J 

= 2.4, 8.7 Hz, 1H), 7.89 (t, J = 6.9 Hz, 1H), 8.32 (t, J = 7.8 Hz, 1H), 8.71 (d, J = 2.1 Hz, 1H), 

8.95 (d, J = 9.0 Hz, 1H), 9.17 (d, J = 6.6 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6)  30.1, 58.1, 

111.9, 114.8, 118.3, 120.0, 123.6, 124.0, 124.5, 127.2, 131.7, 132.3, 134.4, 134.8, 136.5, 

144.4; HRMS (m/z, ESI) calc. for C18H18N4OCl (+) 341.1164, found 341.1156.  

 

10-Bromo-13-(tert-butylamino)-2-chloro-6-oxo-5,6-dihydropyrido[2',1':2,3]imi- 

dazo[1,5-c]quinazolin-12-ium perchlorate (1i): 213 mg (41%) as a grey solid; mp 265.6−

267.3 °C; 
1
H NMR (400 MHz, DMSO-d6)  1.25 (s, 9H), 5.68 (s, 1H), 7.38 (d, J = 8.4 Hz, 

1H), 7.71 (d, J = 8.4 Hz, 1H), 8.47 (d, J = 9.6 Hz, 1H), 8.70 (s, 1H), 8.87 (d, J = 9.2 Hz, 1H), 

9.40 (s, 1H), 12.57 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6)  30.2, 58.9, 111.9, 114.6, 116.2, 

118.5, 124.4, 124.5, 124.8, 127.5, 127.9, 132.4, 134.2, 134.5, 139.5, 144.2; HRMS (m/z, ESI) 

calc. for C18H17N4OClBr (+) 419.0269, found 419.0251.  

 

2-Bromo-13-(tert-butylamino)-6-oxo-5,6-dihydropyrido[2',1':2,3]imidazo[1,5-c]quinazolin- 

12-ium perchlorate (1j): 189 mg (39%) as a slight yellow solid; mp 284.8−286.5 °C; 
1
H NMR 

(400 MHz, DMSO-d6)  1.25 (s, 9H), 5.76 (s, 1H), 7.31 (s, 1H), 7.81-7.92 (m, 2H), 8.33 (s, 

1H), 8.86-8.96 (m, 2H), 9.18 (s, 1H), 12.44 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6)  30.4, 

58.4, 115.2, 115.5, 118.5, 120.4, 121.6, 123.8, 124.4, 127.7, 134.7, 135.2, 137.2, 137.7, 144.6; 

HRMS (m/z, ESI) calc. for C18H18N4OBr (+) 385.0659, found 385.0658. 

 

2,10-Dibromo-13-(tert-butylamino)-6-oxo-5,6-dihydropyrido[2',1':2,3]imidazo[1,5-c]quin- 

azolin-12-ium perchlorate (1k): 197 mg (35%) as a slight yellow solid; mp 259.7−261.6 °C; 

1
H NMR (400 MHz, DMSO-d6)  1.25 (s, 9H), 5.68 (s, 1H), 7.31 (d, J = 8.8 Hz, 1H), 7.82 (d, 

J = 7.2 Hz, 1H), 8.47 (d, J = 9.2 Hz, 1H), 8.84-8.89 (m, 2H), 9.39 (s, 1H), 12.56 (s, 1H); 
13

C 

NMR (100 MHz, DMSO-d6)  30.2, 58.9, 112.3, 114.5, 115.6, 116.2, 118.7, 124.2, 124.5, 

127.4, 127.8, 134.2, 134.7, 135.1, 139.5, 144.2; HRMS (m/z, ESI) calc. for C18H17N4OBr2 (+) 
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462.9764, found 462.9748. 

 

13-(tert-Butylamino)-10-chloro-2,4-dimethyl-6-oxo-5,6-dihydropyrido[2',1':2,3]imi- 

dazo[1,5-c]quinazolin-12-ium perchlorate (1l): 188 mg (40%) as a brown solid; mp 242.3−

244.2 °C; 
1
H NMR (300 MHz, DMSO-d6)  1.24 (s, 9H), 2.38 (s, 3H), 2.43 (s, 3H), 5.54 (s, 

1H), 7.34 (s, 1H), 8.33 (d, J = 9.9 Hz, 1H), 8.43 (s, 1H), 8.95 (d, J = 9.3 Hz, 1H), 9.32 (s, 1H) 

11.50 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6)  18.0, 20.8, 30.3, 58.7, 110.5, 116.3, 123.4, 

123.8, 125.2, 125.4, 125.8, 127.1, 131.8, 132.9, 133.7, 134.9, 136.3, 144.7; HRMS (m/z, ESI) 

calc. for C20H22N4OCl (+) 369.1477, found 369.1477.  

 

13-(tert-Butylamino)-10-chloro-4-fluoro-6-oxo-5,6-dihydropyrido[2',1':2,3]imi- 

azo[1,5-c]quinazolin-12-ium perchlorate (1m): 174 mg (38%) as a yellow solid; mp 236.5−

238.4 °C; 
1
H NMR (300 MHz, DMSO-d6)  1.24 (s, 9H), 5.60 (s, 1H), 7.43-7.45 (m, 1H), 

7.56-7.62 (m, 1H), 8.39 (dd, J = 1.8, 9.3 Hz, 1H), 8.50 (d, J = 7.8 Hz, 1H), 8.96 (d, J = 9.6 Hz, 

1H), 9.36 (d, J = 1.5 Hz, 1H), 12.57 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6)  30.2, 58.8, 

112.6, 116.2, 118.1, 118.2, 121.6, 124.3, 124.5, 124.6, 125.1, 125.5, 127.3, 134.1, 137.1, 

144.3; HRMS (m/z, ESI) calc. for C18H17N4OClF (+) 359.1069, found 359.1069. 

 

13-(Cyclohexylamino)-10-methyl-6-oxo-5,6-dihydropyrido[2',1':2,3]imidazo[1,5-c]quin- 

azolin-12-ium perchlorate (1n): 232 mg (52%) as a grey solid; mp 244.9−246.6 °C; 
1
H NMR 

(400 MHz, DMSO-d6)  1.13-1.22 (m, 3H), 1.38-1.43 (m, 2H), 1.56-1.59 (m, 1H), 1.65-1.72 

(m, 2H), 1.92-1.94 (m, 2H), 2.60 (s, 3H), 3.04-3.07 (m, 1H), 5.70 (d, J = 6.0 Hz, 1H), 7.35 (d, 

J = 8.0 Hz, 1H), 7.44 (t, J = 7.6 Hz, 1H), 7.62 (t, J = 8.0 Hz, 1H), 8.14 (d, J = 9.2 Hz, 1H), 

8.44 (d, J = 8.0 Hz, 1H), 8.82 (d, J = 9.2 Hz, 1H), 8.88 (s, 1H), 12.25 (s, 1H); 
13

C NMR 

(100 MHz, DMSO-d6)  18.3, 25.1, 25.6, 33.6, 57.1, 110.8, 114.5, 116.5, 122.7, 124.5, 124.7, 

124.9, 131.0, 131.9, 133.3, 135.2, 138.5, 144.6; HRMS (m/z, ESI) calc. for C21H23N4O (+) 

347.1866, found 347.1852. 
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10-Chloro-13-(cyclohexylamino)-6-oxo-5,6-dihydropyrido[2',1':2,3]imidazo[1,5-c]quin- 

azolin-12-ium perchlorate (1o): 224 mg (48%) as a brown solid; mp 258.7−260.4 °C; 
1
H 

NMR (400 MHz, DMSO-d6)  1.13-1.17 (m, 3H), 1.36-1.41 (m, 2H), 1.56-1.59 (m, 1H), 

1.65-1.72 (m, 2H), 1.92-1.96 (m, 2H), 3.06 (m, 1H), 5.74 (d, J = 4.4 Hz, 1H), 7.38 (d, J = 

8.0 Hz, 1H), 7.48 (t, J = 7.6 Hz, 1H), 7.64 (d, J = 7.6 Hz, 1H), 8.35 (dd, J = 1.6, 9.6 Hz, 1H), 

8.43 (d, J = 8.0 Hz, 1H), 8.92 (d, J = 9.6 Hz, 1H), 9.32 (s, 1H), 12.44 (s, 1H); 
13

C NMR 

(125 MHz, DMSO-d6)  25.2, 25.7, 33.6, 57.4, 110.5, 116.1, 116.7, 123.4, 124.8, 124.9, 125.1, 

125.5, 127.5, 132.4, 133.3, 135.3, 136.4, 144.4; HRMS (m/z, ESI) calc. for C20H20N4OCl (+) 

367.1320, found 367.1313.  

 

10-Bromo-13-(cyclohexylamino)-6-oxo-5,6-dihydropyrido[2',1':2,3]imidazo[1,5-c]quin- 

azolin-12-ium perchlorate (1p): 230 mg (45%) as a brown solid; mp 286.6−288.7 °C; 
1
H 

NMR (300 MHz, DMSO-d6)  1.12-1.21 (m, 3H), 1.38-1.44 (m, 2H), 1.56-1.57 (m, 1H), 

1.65-1.73 (m, 2H), 1.92-1.95 (m, 2H), 3.03-3.04 (m, 1H), 5.73 (d, J = 6.9 Hz, 1H), 7.38 (d, J = 

8.1 Hz, 1H), 7.45-7.50 (m, 1H), 7.63-7.68 (m, 1H), 8.41-8.45 (m, 2H), 8.84 (d, J = 9.6 Hz, 

1H), 9.36 (s, 1H), 12.43 (s, 1H); 
13

C NMR (125 MHz, DMSO-d6)  25.2, 25.7, 33.6, 57.5, 

110.5, 114.7, 116.2, 116.7, 123.1, 124.8, 125.1, 125.4, 126.7, 132.4, 133.6, 135.3, 138.7, 

144.4; HRMS (m/z, ESI) calc. for C20H20N4OBr (+) 411.0815, found 411.0800. 

 

10-Chloro-13-(cyclohexylamino)-2-methoxy-6-oxo-5,6-dihydropyrido[2',1':2,3]imi- 

dazo[1,5-c]quinazolin-12-ium perchlorate (1q): 234 mg (47%) as a brown solid; mp 269.5−

271.2 °C; 
1
H NMR (300 MHz, DMSO-d6)  1.13-1.22 (m, 3H), 1.38-1.43 (m, 2H), 1.56-1.59 

(m, 1H), 1.65-1.72 (m, 2H), 1.92-1.95 (m, 2H), 3.07-3.10 (m, 1H), 3.88 (s, 3H), 5.81 (d, J = 

6.6 Hz, 1H), 7.28-7.36 (m, 2H), 7.90 (d, J = 2.1 Hz, 1H), 8.33 (dd, J = 1.5, 9.3 Hz, 1H), 8.92 

(d, J = 9.6Hz, 1H), 9.33 (s, 1H), 12.34 (br, 1H); 
13

C NMR (75 MHz, DMSO-d6)  25.1, 25.6, 

33.7, 56.1, 57.5, 107.6, 111.0, 116.1, 118.1, 120.3, 123.0, 124.7, 125.5, 127.3, 129.0, 133.2, 

136.1, 144.1, 156.0; HRMS (m/z, ESI) calc. for C21H22N4O2Cl (+) 397.1426, found 397.1419. 

 



S8 

 

10-Bromo-13-(cyclohexylamino)-2-methoxy-6-oxo-5,6-dihydropyrido[2',1':2,3]imi- 

dazo[1,5-c]quinazolin-12-ium perchlorate (1r): 206 mg (38%) as a green solid; mp 275.2−

277.3 °C; 
1
H NMR (500 MHz, DMSO-d6)  1.15-1.22 (m, 3H), 1.40-1.44 (m, 2H), 1.57-1.60 

(m, 1H), 1.69-1.72 (m, 2H), 1.92-1.96 (m,  2H), 3.08-3.10 (m, 1H), 3.88 (s, 3H), 5.78 (d, J = 

6.2 Hz, 1H), 7.28-7.35 (m, 2H), 7.90 (s, 1H), 8.41 (d, J = 9.5 Hz, 1H), 8.85 (d, J = 9.5 Hz, 

1H), 9.36 (s, 1H), 12.31 (s, 1H); 
13

C NMR (125 MHz, DMSO-d6)  25.1, 25.7, 33.8, 56.2, 

57.7, 107.8, 111.1, 114.6, 116.2, 118.2, 120.3, 123.0, 125.4, 126.6, 129.1, 133.6, 138.5, 144.1, 

156.2; HRMS (m/z, ESI) calc. for C21H22N4O2Br (+) 441.0921, found 441.0900.  

 

2,10-Dichloro-13-(cyclohexylamino)-6-oxo-5,6-dihydropyrido[2',1':2,3]imidazo[1,5-c]quin- 

azolin-12-ium perchlorate (1s): 256 mg (51%) as a slight purple solid; mp 249.1−250.8 °C; 

1
H NMR (500 MHz, DMSO-d6)  1.16-1.22 (m, 3H), 1.38-1.42 (m, 2H), 1.56-1.59 (m, 1H), 

1.65-1.72 (m, 2H), 1.92-1.94 (m, 2H), 3.03-3.06 (m, 1H), 5.88 (d, J = 6.8 Hz, 1H), 7.39 (d, J = 

8.8 Hz, 1H), 7.71-7.73 (m, 1H), 8.38-8.44 (m, 2H), 8.92 (d, J = 9.6 Hz, 1H), 9.31 (s, 1H), 

12.55 (s, 1H); 
13

C NMR (125 MHz, DMSO-d6)  25.1, 25.7, 33.8, 57.6, 112.0, 116.1, 118.7, 

122.2, 124.2, 125.1, 126.1, 127.7, 128.6, 132.2, 133.5, 134.3, 137.0, 144.2; HRMS (m/z, ESI) 

calc. for C20H19N4OCl2 (+) 401.0930, found 401.0917. 

 

10-Bromo-2-chloro-13-(cyclohexylamino)-6-oxo-5,6-dihydropyrido[2',1':2,3]imi- 

dazo[1,5-c]quinazolin-12-ium perchlorate (1t): 218 mg (40%) as a slight purple solid; mp 

278.8−280.8 °C; 
1
H NMR (400 MHz, DMSO-d6)  1.12-1.22 (m, 3H), 1.35-1.43 (m, 2H), 

1.56-1.59 (m, 1H), 1.65-1.72 (m, 2H), 1.92-1.99 (m, 2H), 3.02-3.06 (m, 1H), 5.88 (d, J = 

6.8 Hz, 1H), 7.38 (d, J = 8.8 Hz, 1H), 7.71 (dd, J = 2.4, 8.8 Hz, 1H), 8.42-8.48 (m, 2H), 8.84 

(d, J = 9.6 Hz, 1H), 9.36 (d, J = 1.2 Hz, 1H), 12.56 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6) 

 25.1, 25.6, 33.7, 57.6, 112.0, 114.8, 116.1, 118.6, 121.7, 124.0, 125.9, 126.9, 128.5, 132.0, 

133.6, 134.2, 139.2, 144.2; HRMS (m/z, ESI) calc. for C20H19N4OClBr (+) 445.0425, found 

445.0419. 
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2-Bromo-10-chloro-13-(cyclohexylamino)-6-oxo-5,6-dihydropyrido[2',1':2,3]imi- 

dazo[1,5-c]quinazolin-12-ium perchlorate (1u): 186 mg (34%) as a slight yellow solid; mp 

286.8−288.7 °C; 
1
H NMR (300 MHz, DMSO-d6)  1.12-1.21 (m, 3H), 1.38-1.42 (m, 2H), 

1.57-1.58 (m, 1H), 1.69-1.73 (m, 2H), 1.91-1.95 (m, 2H), 3.04 (m, 1H), 5.90 (d, J = 6.9 Hz, 

1H), 7.31 (d, J = 8.7 Hz, 1H), 7.82 (dd, J = 2.1, 8.7 Hz, 1H), 8.37 (dd, J = 1.8, 9.6 Hz, 1H), 

8.56 (d, J = 1.8 Hz, 1H), 8.91 (d, J = 9.6 Hz, 1H), 9.32 (d, J = 1.2 Hz, 1H), 12.57 (s, 1H); 
13

C 

NMR (75 MHz, DMSO-d6)  25.1, 25.6, 33.7, 57.5, 112.4, 116.0, 116.2, 118.7, 121.8, 125.0, 

126.1, 127.0, 127.6, 133.3, 134.5, 134.8, 136.8, 144.2; HRMS (m/z, ESI) calc. for 

C20H19N4OClBr (+) 445.0425, found 445.0430. 

 

2,10-Dibromo-13-(cyclohexylamino)-6-oxo-5,6-dihydropyrido[2',1':2,3]imidazo[1,5-c]quin- 

azolin-12-ium perchlorate (1v): 219 mg (37%) as a green solid; mp 278.2−280.3 °C; 
1
H NMR 

(500 MHz, DMSO-d6)  1.14-1.21 (m, 3H), 1.38-1.41(m, 2H), 1.57-1.58 (m, 1H), 1.69-1.73 

(m, 2H), 1.91-1.94 (m, 2H), 3.03-3.05 (m, 1H), 5.86 (d, J = 7.0 Hz, 1H), 7.32 (d, J = 8.8 Hz, 

1H), 7.82 (d, J = 8.9 Hz, 1H), 8.45 (d, J = 9.5 Hz, 1H), 8.55 (s, 1H), 8.84 (d, J = 9.5 Hz, 1H), 

9.35 (s, 1H), 12.53 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6)  25.1, 25.6, 33.7, 57.6, 112.4, 

114.8, 116.1, 116.2, 118.8, 121.6, 125.9, 126.8, 127.0, 133.5, 134.7, 139.1, 144.2; HRMS (m/z, 

ESI) calc. for  C20H19N4OBr2 (+) 488.9920, found 488.9906. 

 

13-(Cyclohexylamino)-2-iodo-10-methyl-6-oxo-5,6-dihydropyrido[2',1':2,3]imi- 

dazo[1,5-c]quinazolin-12-ium perchlorate (1w): 206 mg (36%) as a slight yellow solid; mp 

285.7−287.8 °C; 
1
H NMR (400 MHz, DMSO-d6)  1.15-1.22 (m, 3H), 1.40-1.49 (m, 2H), 

1.58-1.60 (m, 1H), 1.71-1.78 (m, 2H), 1.92-1.95 (m, 2H), 2.60 (s, 3H), 3.01-3.04 (m, 1H), 

5.83 (d, J = 6.4 Hz, 1H), 7.14 (d, J = 8.4 Hz, 1H), 7.91 (d, J = 8.8 Hz, 1H), 8.16 (d, J = 9.2 Hz, 

1H), 8.75 (s, 1H), 8.81 (d, J = 9.2 Hz, 1H), 8.89 (s, 1H), 12.33 (s, 1H); 
13

C NMR (100 MHz, 

DMSO-d6)  18.3, 25.1, 25.7, 33.8, 57.3, 87.7, 113.0, 114.5, 118.5, 121.1, 124.6, 125.3, 131.2, 

132.9, 133.4, 134.8, 138.9, 139.9, 144.4; HRMS (m/z, ESI) calc. for C21H22N4OI (+) 473.0833, 

found 473.0811.  
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10-Bromo-13-(cyclohexylamino)-4-fluoro-6-oxo-5,6-dihydropyrido[2',1':2,3]imi- 

dazo[1,5-c]quinazolin-12-ium perchlorate (1x): 175 mg (33%) as a slight yellow solid; mp 

254.6−256.7 °C; 
1
H NMR (400 MHz, DMSO-d6)   1.14-1.22 (m, 3H), 1.38-1.444 (m, 2H), 

1.58-1.60 (m, 1H), 1.67-1.76 (m, 2H), 1.91-1.94 (m, 2H), 3.03-3.05 (m, 1H), 5.77 (d, J = 

6.4 Hz, 1H), 7.46-7.51 (m, 1H), 7.57-7.62 (m, 1H), 8.23 (d, J = 7.6 Hz, 1H), 8.46 (d, J = 

9.2 Hz, 1H), 8.87 (d, J = 9.2 Hz, 1H), 9.39 (s, 1H), 12.53 (s, 1H); 
13

C NMR (100 MHz, 

DMSO-d6)  25.1, 25.6, 33.5, 57.5, 112.7, 114.8, 116.2, 117.8, 118.0, 120.7, 123.8, 124.0, 

125.2, 125.9, 126.9, 133.7, 139.2, 144.2; HRMS (m/z, ESI) calc. for C20H19N4OBrF (+) 

429.0721, found 429.0725. 

 

10-Chloro-13-(cyclohexylamino)-2,4-dimethyl-6-oxo-5,6-dihydropyrido[2',1':2,3]imi- 

dazo[1,5-c]quinazolin-12-ium perchlorate (1y): 188 mg (38%) as a yellow solid; mp 

212.4−214.2 °C; 
1
H NMR (300 MHz, DMSO-d6)   1.14-1.22 (m, 3H), 1.38-1.43 (m, 2H), 

1.54-1.60 (m, 1H), 1.66-1.72 (m, 2H), 1.89-1.93 (m, 2H), 2.38 (s, 3H), 2.42 (s, 3H), 3.01-3.04 

(m, 1H), 5.66 (d, J = 6.9 Hz, 1H), 7.31 (s, 1H), 8.10 (s, 1H), 8.24 (dd, J = 1.8, 9.3 Hz, 1H), 

8.95 (d, J = 9.3 Hz, 1H), 9.26 (s, 1H); 
13

C NMR (100 MHz, DMSO-d6)  18.1, 21.0, 25.1, 

25.6, 33.7, 57.4, 110.4, 116.2, 122.4, 123.8, 124.2, 124.8, 126.4, 127.1, 132.6, 132.7, 134.3, 

135.0, 144.9; HRMS (m/z, ESI) calc. for C22H24N4OCl (+) 395.1633, found 395.1632. 

 

Note: Yields and NMR shifts of the compounds (1a, 1e, 1f, 1l, 1m, 1r, 1u, 1v and 1w) were 

already published in CN105017253 A. 

 

 

 

 

 



S11 

 

1
H NMR and 

13
C NMR spectra 

1a 

 

 



S12 

 

 

1b 

 

 

 



S13 

 

 

 

 

 

1c  

 



S14 

 

 

 

 

 

 

 



S15 

 

1d 

 

 

 

 



S16 

 

 

1e 

 

 

 



S17 

 

 

 

1f 

 

 

 



S18 

 

 

 

 

 

1g 



S19 

 

 

 

 



S20 

 

1h 

 

 



S21 

 

 

1i 

 

 

 

 



S22 

 

 

 

 

1j 



S23 

 

 

 

 

 

1k 



S24 

 

 

 

 

 

 

 



S25 

 

 

1l 

 

 

 

 



S26 

 

 

1m 

 

 

 



S27 

 

 

 

1n 

 

 

 



S28 

 

 

 

 

 

1o 

 



S29 

 

 

 

 

 

1p 



S30 

 

 

 

 



S31 

 

1q 

 

 



S32 

 

 

1r 

 



S33 

 

 

 

1s 



S34 

 

 

 

 



S35 

 

1t 

 

 

 

 

 



S36 

 

 

 

1u 

 

 



S37 

 

 

1v 

 



S38 

 

 

 

 

 

1w 

 



S39 

 

 

 

 

 

 

 



S40 

 

1x 

 

 

 

 

 



S41 

 

 

 

1y 

 

 

 



S42 

 

 

 

X-ray data for compound 1o 

 

 

 

 



S43 

 

 

ORTEP structure for compound 1o 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S44 

 

 

Table 1. Crystal data and structure refinement for compound 1o. 

Identification code  03071a 

Empirical formula  C20 H20 Cl2 N4 O5 

Formula weight  467.30 

Temperature  150(2) K 

Wavelength  1.54184 Å 

Crystal system  Monoclinic 

Space group  P 21/c 

Unit cell dimensions a = 9.9958(2) Å = 90°. 

 b = 15.0623(3) Å = 119.167(2)°. 

 c = 15.2761(4) Å  = 90°. 

Volume 2008.34(8) Å3 

Z 4 

Density (calculated) 1.545 Mg/m3 

Absorption coefficient 3.287 mm-1 

F(000) 968 

Crystal size 0.38 x 0.34 x 0.25 mm3 

Theta range for data collection 4.43 to 66.86°. 

Index ranges -11<=h<=11, -14<=k<=17, -18<=l<=18 

Reflections collected 10354 

Independent reflections 3542 [R(int) = 0.0349] 

Completeness to theta = 66.86° 99.6 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.4937 and 0.3681 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3542 / 24 / 366 

Goodness-of-fit on F2 1.095 

Final R indices [I>2sigma(I)] R1 = 0.0535, wR2 = 0.1350 



S45 

 

R indices (all data) R1 = 0.0616, wR2 = 0.1439 

Largest diff. peak and hole 0.346 and -0.858 e.Å-3 
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103) for compound 

1o.   

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

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

C(1) 2496(3) 10243(2) 3302(2) 32(1) 

C(2) 1349(3) 10548(2) 3488(2) 36(1) 

C(3) 1150(3) 10162(2) 4237(2) 35(1) 

C(4) 2082(3) 9481(2) 4818(2) 32(1) 

C(5) 5412(3) 8140(2) 5161(2) 32(1) 

C(6) 8023(3) 7772(2) 4638(2) 37(1) 

C(7) 8947(3) 7710(2) 4208(2) 40(1) 

C(8) 8624(3) 8197(2) 3346(2) 36(1) 

C(9) 7418(3) 8771(2) 2929(2) 31(1) 

C(10) 5204(3) 9391(2) 3079(2) 27(1) 

C(11) 4690(3) 9203(2) 3737(2) 25(1) 

C(12) 3452(3) 9551(2) 3875(2) 27(1) 

C(13) 3254(3) 9173(2) 4639(2) 27(1) 

C(14) 6757(3) 8335(2) 4174(2) 28(1) 

C(15) 3453(3) 9754(2) 1300(2) 37(1) 

C(16) 3218(13) 10672(5) 657(4) 52(3) 

C(17) 1349(10) 10290(7) -336(5) 61(2) 

C(18) 1947(13) 9871(8) -909(9) 43(3) 

C(19) 2333(14) 8940(5) -272(5) 52(2) 

C(20) 3987(16) 9194(9) 737(11) 44(3) 

C(15B) 3453(3) 9754(2) 1300(2) 37(1) 

C(16B) 2551(11) 10483(6) 753(6) 39(2) 

C(17B) 1916(14) 10566(7) -422(6) 49(3) 
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C(18B) 2252(17) 9620(9) -859(12) 35(3) 

C(19B) 2963(13) 8914(11) -311(9) 64(4) 

C(20B) 3830(20) 9007(10) 797(14) 50(5) 

Cl(1) 9776(1) 8073(1) 2807(1) 47(1) 

N(1) 4211(3) 8495(2) 5223(2) 31(1) 

N(2) 5631(2) 8553(1) 4400(2) 26(1) 

N(3) 6496(2) 8830(1) 3364(2) 26(1) 

N(4) 4695(3) 9980(2) 2310(2) 35(1) 

O(1) 6240(2) 7555(1) 5675(2) 46(1) 

Cl(2) 2792(1) 7038(1) 2155(1) 33(1) 

O(2) 3053(4) 7401(3) 3097(3) 72(1) 

O(3) 2480(5) 6082(3) 2161(4) 50(1) 

O(4) 1580(5) 7456(4) 1388(4) 106(2) 

O(5) 4181(3) 7094(2) 2121(3) 49(1) 

Cl(2B) 2792(1) 7038(1) 2155(1) 33(1) 

O(2B) 4164(18) 7195(10) 2911(11) 78(5) 

O(3B) 2014(19) 6292(10) 1917(13) 39(4) 

O(4B) 1700(20) 7652(12) 2041(18) 93(7) 

O(5B) 2822(17) 7331(7) 1133(9) 58(4) 

________________________________________________________________________________ 
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Table 3. Bond lengths [Å] and angles [°] for compound 1o. 

_____________________________________________________  

C(1)-C(2)  1.387(4) 

C(1)-C(12)  1.397(4) 

C(1)-H(1)  0.9500 

C(2)-C(3)  1.382(4) 

C(2)-H(2)  0.9500 

C(3)-C(4)  1.379(4) 

C(3)-H(3)  0.9500 

C(4)-C(13)  1.404(3) 

C(4)-H(4)  0.9500 

C(5)-O(1)  1.203(3) 

C(5)-N(1)  1.358(3) 

C(5)-N(2)  1.426(3) 

C(6)-C(7)  1.373(4) 

C(6)-C(14)  1.395(4) 

C(6)-H(6)  0.9500 

C(7)-C(8)  1.400(5) 

C(7)-H(7)  0.9500 

C(8)-C(9)  1.363(4) 

C(8)-Cl(1)  1.723(3) 

C(9)-N(3)  1.377(3) 

C(9)-H(9)  0.9500 

C(10)-N(4)  1.359(4) 

C(10)-C(11)  1.361(4) 

C(10)-N(3)  1.423(3) 

C(11)-N(2)  1.394(3) 

C(11)-C(12)  1.450(3) 

C(12)-C(13)  1.397(4) 



S49 

 

C(13)-N(1)  1.387(4) 

C(14)-N(3)  1.357(4) 

C(14)-N(2)  1.368(3) 

C(15)-N(4)  1.473(3) 

C(15)-C(20)  1.479(14) 

C(15)-C(16)  1.645(9) 

C(15)-H(15A)  1.0000 

C(16)-C(17)  1.833(14) 

C(16)-H(16A)  0.9900 

C(16)-H(16B)  0.9900 

C(17)-C(18)  1.425(15) 

C(17)-H(17A)  0.9900 

C(17)-H(17B)  0.9900 

C(18)-C(19)  1.641(15) 

C(18)-H(18A)  0.9900 

C(18)-H(18B)  0.9900 

C(19)-C(20)  1.664(17) 

C(19)-H(19A)  0.9900 

C(19)-H(19B)  0.9900 

C(20)-H(20A)  0.9900 

C(20)-H(20B)  0.9900 

C(16B)-C(17B)  1.591(12) 

C(16B)-H(16C)  0.9900 

C(16B)-H(16D)  0.9900 

C(17B)-C(18B)  1.675(16) 

C(17B)-H(17C)  0.9900 

C(17B)-H(17D)  0.9900 

C(18B)-C(19B)  1.326(19) 

C(18B)-H(18C)  0.9900 
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C(18B)-H(18D)  0.9900 

C(19B)-C(20B)  1.48(2) 

C(19B)-H(19C)  0.9900 

C(19B)-H(19D)  0.9900 

C(20B)-H(20C)  0.9900 

C(20B)-H(20D)  0.9900 

N(1)-H(1A)  0.84(3) 

N(4)-H(4A)  0.7692 

Cl(2)-O(4)  1.362(4) 

Cl(2)-O(5)  1.417(2) 

Cl(2)-O(2)  1.439(3) 

Cl(2)-O(3)  1.474(4) 

 

C(2)-C(1)-C(12) 120.0(3) 

C(2)-C(1)-H(1) 120.0 

C(12)-C(1)-H(1) 120.0 

C(3)-C(2)-C(1) 119.9(3) 

C(3)-C(2)-H(2) 120.1 

C(1)-C(2)-H(2) 120.1 

C(4)-C(3)-C(2) 121.4(2) 

C(4)-C(3)-H(3) 119.3 

C(2)-C(3)-H(3) 119.3 

C(3)-C(4)-C(13) 119.1(3) 

C(3)-C(4)-H(4) 120.5 

C(13)-C(4)-H(4) 120.5 

O(1)-C(5)-N(1) 126.4(3) 

O(1)-C(5)-N(2) 121.4(2) 

N(1)-C(5)-N(2) 112.2(2) 

C(7)-C(6)-C(14) 117.0(3) 
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C(7)-C(6)-H(6) 121.5 

C(14)-C(6)-H(6) 121.5 

C(6)-C(7)-C(8) 120.9(3) 

C(6)-C(7)-H(7) 119.6 

C(8)-C(7)-H(7) 119.6 

C(9)-C(8)-C(7) 121.3(2) 

C(9)-C(8)-Cl(1) 119.3(2) 

C(7)-C(8)-Cl(1) 119.4(2) 

C(8)-C(9)-N(3) 117.5(3) 

C(8)-C(9)-H(9) 121.2 

N(3)-C(9)-H(9) 121.2 

N(4)-C(10)-C(11) 131.1(2) 

N(4)-C(10)-N(3) 123.6(2) 

C(11)-C(10)-N(3) 105.3(2) 

C(10)-C(11)-N(2) 108.6(2) 

C(10)-C(11)-C(12) 133.4(2) 

N(2)-C(11)-C(12) 118.0(2) 

C(1)-C(12)-C(13) 119.7(2) 

C(1)-C(12)-C(11) 123.4(2) 

C(13)-C(12)-C(11) 116.9(2) 

N(1)-C(13)-C(12) 120.2(2) 

N(1)-C(13)-C(4) 119.8(2) 

C(12)-C(13)-C(4) 120.0(2) 

N(3)-C(14)-N(2) 106.4(2) 

N(3)-C(14)-C(6) 121.4(2) 

N(2)-C(14)-C(6) 132.2(3) 

N(4)-C(15)-C(20) 112.5(6) 

N(4)-C(15)-C(16) 103.5(3) 

C(20)-C(15)-C(16) 96.9(7) 
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N(4)-C(15)-H(15A) 114.1 

C(20)-C(15)-H(15A) 114.1 

C(16)-C(15)-H(15A) 114.1 

C(15)-C(16)-C(17) 91.3(7) 

C(15)-C(16)-H(16A) 113.4 

C(17)-C(16)-H(16A) 113.4 

C(15)-C(16)-H(16B) 113.4 

C(17)-C(16)-H(16B) 113.4 

H(16A)-C(16)-H(16B) 110.7 

C(18)-C(17)-C(16) 94.8(8) 

C(18)-C(17)-H(17A) 112.8 

C(16)-C(17)-H(17A) 112.8 

C(18)-C(17)-H(17B) 112.8 

C(16)-C(17)-H(17B) 112.8 

H(17A)-C(17)-H(17B) 110.2 

C(17)-C(18)-C(19) 93.5(10) 

C(17)-C(18)-H(18A) 113.0 

C(19)-C(18)-H(18A) 113.0 

C(17)-C(18)-H(18B) 113.0 

C(19)-C(18)-H(18B) 113.0 

H(18A)-C(18)-H(18B) 110.4 

C(18)-C(19)-C(20) 101.1(8) 

C(18)-C(19)-H(19A) 111.5 

C(20)-C(19)-H(19A) 111.5 

C(18)-C(19)-H(19B) 111.5 

C(20)-C(19)-H(19B) 111.5 

H(19A)-C(19)-H(19B) 109.4 

C(15)-C(20)-C(19) 101.1(9) 

C(15)-C(20)-H(20A) 111.6 
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C(19)-C(20)-H(20A) 111.6 

C(15)-C(20)-H(20B) 111.6 

C(19)-C(20)-H(20B) 111.6 

H(20A)-C(20)-H(20B) 109.4 

C(17B)-C(16B)-H(16C) 107.0 

C(17B)-C(16B)-H(16D) 107.0 

H(16C)-C(16B)-H(16D) 106.7 

C(16B)-C(17B)-C(18B) 109.6(9) 

C(16B)-C(17B)-H(17C) 109.7 

C(18B)-C(17B)-H(17C) 109.7 

C(16B)-C(17B)-H(17D) 109.7 

C(18B)-C(17B)-H(17D) 109.7 

H(17C)-C(17B)-H(17D) 108.2 

C(19B)-C(18B)-C(17B) 125.4(13) 

C(19B)-C(18B)-H(18C) 106.0 

C(17B)-C(18B)-H(18C) 106.0 

C(19B)-C(18B)-H(18D) 106.0 

C(17B)-C(18B)-H(18D) 106.0 

H(18C)-C(18B)-H(18D) 106.3 

C(18B)-C(19B)-C(20B) 118.8(13) 

C(18B)-C(19B)-H(19C) 107.6 

C(20B)-C(19B)-H(19C) 107.6 

C(18B)-C(19B)-H(19D) 107.6 

C(20B)-C(19B)-H(19D) 107.6 

H(19C)-C(19B)-H(19D) 107.1 

C(19B)-C(20B)-H(20C) 107.4 

C(19B)-C(20B)-H(20D) 107.4 

H(20C)-C(20B)-H(20D) 106.9 

C(5)-N(1)-C(13) 127.0(2) 
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C(5)-N(1)-H(1A) 113(2) 

C(13)-N(1)-H(1A) 120(2) 

C(14)-N(2)-C(11) 109.4(2) 

C(14)-N(2)-C(5) 125.0(2) 

C(11)-N(2)-C(5) 125.6(2) 

C(14)-N(3)-C(9) 121.9(2) 

C(14)-N(3)-C(10) 110.3(2) 

C(9)-N(3)-C(10) 127.8(2) 

C(10)-N(4)-C(15) 121.6(2) 

C(10)-N(4)-H(4A) 120.6 

C(15)-N(4)-H(4A) 112.4 

O(4)-Cl(2)-O(5) 114.7(3) 

O(4)-Cl(2)-O(2) 109.6(4) 

O(5)-Cl(2)-O(2) 108.07(19) 

O(4)-Cl(2)-O(3) 110.8(3) 

O(5)-Cl(2)-O(3) 105.9(2) 

O(2)-Cl(2)-O(3) 107.5(3) 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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Table 4. Anisotropic displacement parameters (Å2x 103) for compound 1o.  

The anisotropic displacement factor exponent takes the form: -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

C(1) 18(1)  50(2) 20(1)  -8(1) 1(1)  7(1) 

C(2) 18(1)  49(2) 28(1)  -10(1) 1(1)  11(1) 

C(3) 16(1)  47(2) 38(2)  -17(1) 11(1)  1(1) 

C(4) 16(1)  42(2) 35(1)  -12(1) 11(1)  -2(1) 

C(5) 24(1)  35(1) 40(2)  -2(1) 18(1)  2(1) 

C(6) 21(1)  42(2) 44(2)  -8(1) 13(1)  6(1) 

C(7) 19(1)  44(2) 52(2)  -13(1) 14(1)  3(1) 

C(8) 17(1)  45(2) 47(2)  -22(1) 16(1)  -8(1) 

C(9) 20(1)  42(2) 33(1)  -16(1) 14(1)  -9(1) 

C(10) 15(1)  35(1) 23(1)  -10(1) 3(1)  0(1) 

C(11) 13(1)  33(1) 21(1)  -10(1) 2(1)  0(1) 

C(12) 12(1)  38(1) 25(1)  -13(1) 3(1)  1(1) 

C(13) 15(1)  33(1) 30(1)  -11(1) 8(1)  -2(1) 

C(14) 14(1)  34(1) 31(1)  -10(1) 8(1)  -1(1) 

C(15) 20(1)  71(2) 18(1)  -8(1) 7(1)  -4(1) 

C(16) 71(6)  46(4) 20(3)  -4(2) 7(3)  16(4) 

C(17) 38(4)  104(7) 26(3)  21(4) 4(3)  -13(4) 

C(18) 39(5)  54(6) 22(3)  5(4) 4(3)  -2(4) 

C(19) 65(6)  50(4) 27(3)  -19(3) 11(4)  -20(4) 

C(20) 53(4)  47(5) 32(4)  -6(4) 20(3)  -1(4) 

C(15B) 20(1)  71(2) 18(1)  -8(1) 7(1)  -4(1) 

C(16B) 29(4)  61(5) 21(3)  11(3) 6(3)  -10(3) 

C(17B) 53(6)  57(6) 24(4)  -3(4) 9(4)  4(4) 

C(18B) 35(5)  43(5) 23(4)  -4(4) 11(4)  -2(4) 
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C(19B) 28(5)  129(11) 40(5)  -43(6) 20(4)  -22(6) 

C(20B) 89(9)  24(5) 26(5)  -6(4) 20(5)  -29(5) 

Cl(1) 27(1)  59(1) 64(1)  -28(1) 30(1)  -10(1) 

N(1) 24(1)  34(1) 41(1)  0(1) 19(1)  3(1) 

N(2) 14(1)  34(1) 27(1)  -5(1) 7(1)  2(1) 

N(3) 14(1)  35(1) 27(1)  -13(1) 8(1)  -3(1) 

N(4) 31(1)  39(1) 24(1)  -5(1) 5(1)  0(1) 

O(1) 39(1)  43(1) 65(1)  19(1) 33(1)  19(1) 

Cl(2) 19(1)  42(1) 36(1)  -15(1) 13(1)  -6(1) 

O(2) 82(3)  93(3) 64(2)  -55(2) 53(2)  -48(2) 

O(3) 38(2)  39(2) 79(3)  -11(2) 34(2)  -11(2) 

O(4) 41(2)  145(5) 91(4)  58(4) -1(2)  20(3) 

O(5) 37(2)  54(2) 78(2)  -11(2) 46(2)  -9(1) 

Cl(2B) 19(1)  42(1) 36(1)  -15(1) 13(1)  -6(1) 

O(2B) 72(6)  67(6) 68(6)  -8(4) 12(4)  -10(4) 

O(3B) 39(6)  28(5) 45(5)  -5(4) 17(4)  -6(4) 

O(4B) 113(15)  87(11) 120(16)  24(11) 89(14)  66(10) 

O(5B) 113(12)  39(6) 60(8)  6(5) 72(8)  3(6) 

______________________________________________________________________________ 
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (Å2x 10 3) for compound 1o. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(1) 2630 10505 2784 39 

H(2) 702 11021 3102 43 

H(3) 354 10370 4354 42 

H(4) 1933 9223 5331 38 

H(6) 8236 7447 5225 44 

H(7) 9817 7331 4499 48 

H(9) 7222 9118 2359 38 

H(15A) 2499 9534 1285 45 

H(16A) 3984 10749 430 62 

H(16B) 3156 11212 1006 62 

H(17A) 850 9866 -90 73 

H(17B) 644 10785 -699 73 

H(18A) 2873 10169 -845 52 

H(18B) 1174 9798 -1624 52 

H(19A) 2450 8439 -648 63 

H(19B) 1532 8794 -92 63 

H(20A) 4523 8656 1120 53 

H(20B) 4671 9527 555 53 

H(16C) 3157 11025 1065 47 

H(16D) 1653 10501 863 47 

H(17C) 2426 11067 -561 58 

H(17D) 801 10686 -764 58 

H(18C) 1240 9408 -1386 42 

H(18D) 2830 9792 -1207 42 
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H(19C) 3683 8697 -534 77 

H(19D) 2185 8444 -471 77 

H(20C) 4930 9064 992 60 

H(20D) 3720 8443 1088 60 

H(1A) 4130(40) 8290(20) 5710(30) 38 

H(4A) 5231 10341 2299 42 

________________________________________________________________________________ 
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Table 6. Torsion angles [°] for compound 1o. 

________________________________________________________________  

C(12)-C(1)-C(2)-C(3) -0.4(4) 

C(1)-C(2)-C(3)-C(4) 0.8(4) 

C(2)-C(3)-C(4)-C(13) -0.2(4) 

C(14)-C(6)-C(7)-C(8) 0.4(4) 

C(6)-C(7)-C(8)-C(9) 2.4(4) 

C(6)-C(7)-C(8)-Cl(1) -177.9(2) 

C(7)-C(8)-C(9)-N(3) -2.4(4) 

Cl(1)-C(8)-C(9)-N(3) 177.97(18) 

N(4)-C(10)-C(11)-N(2) -178.9(2) 

N(3)-C(10)-C(11)-N(2) 0.1(3) 

N(4)-C(10)-C(11)-C(12) -0.7(5) 

N(3)-C(10)-C(11)-C(12) 178.3(2) 

C(2)-C(1)-C(12)-C(13) -0.4(4) 

C(2)-C(1)-C(12)-C(11) -179.1(2) 

C(10)-C(11)-C(12)-C(1) -2.3(4) 

N(2)-C(11)-C(12)-C(1) 175.7(2) 

C(10)-C(11)-C(12)-C(13) 178.9(3) 

N(2)-C(11)-C(12)-C(13) -3.0(3) 

C(1)-C(12)-C(13)-N(1) -179.1(2) 

C(11)-C(12)-C(13)-N(1) -0.3(3) 

C(1)-C(12)-C(13)-C(4) 1.0(4) 

C(11)-C(12)-C(13)-C(4) 179.7(2) 

C(3)-C(4)-C(13)-N(1) 179.4(2) 

C(3)-C(4)-C(13)-C(12) -0.7(4) 

C(7)-C(6)-C(14)-N(3) -3.2(4) 

C(7)-C(6)-C(14)-N(2) -179.5(3) 

N(4)-C(15)-C(16)-C(17) -163.7(4) 
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C(20)-C(15)-C(16)-C(17) 81.1(8) 

C(15)-C(16)-C(17)-C(18) -90.7(9) 

C(16)-C(17)-C(18)-C(19) 85.5(8) 

C(17)-C(18)-C(19)-C(20) -80.8(10) 

N(4)-C(15)-C(20)-C(19) 172.4(5) 

C(16)-C(15)-C(20)-C(19) -79.9(9) 

C(18)-C(19)-C(20)-C(15) 76.4(10) 

C(16B)-C(17B)-C(18B)-C(19B) -1(2) 

C(17B)-C(18B)-C(19B)-C(20B) -14(2) 

O(1)-C(5)-N(1)-C(13) 179.6(3) 

N(2)-C(5)-N(1)-C(13) 0.4(4) 

C(12)-C(13)-N(1)-C(5) 1.7(4) 

C(4)-C(13)-N(1)-C(5) -178.3(3) 

N(3)-C(14)-N(2)-C(11) -1.3(3) 

C(6)-C(14)-N(2)-C(11) 175.4(3) 

N(3)-C(14)-N(2)-C(5) 175.4(2) 

C(6)-C(14)-N(2)-C(5) -7.9(4) 

C(10)-C(11)-N(2)-C(14) 0.8(3) 

C(12)-C(11)-N(2)-C(14) -177.7(2) 

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

C(12)-C(11)-N(2)-C(5) 5.6(3) 

O(1)-C(5)-N(2)-C(14) 0.4(4) 

N(1)-C(5)-N(2)-C(14) 179.7(2) 

O(1)-C(5)-N(2)-C(11) 176.6(3) 

N(1)-C(5)-N(2)-C(11) -4.1(4) 

N(2)-C(14)-N(3)-C(9) -179.6(2) 

C(6)-C(14)-N(3)-C(9) 3.3(4) 

N(2)-C(14)-N(3)-C(10) 1.4(3) 

C(6)-C(14)-N(3)-C(10) -175.8(2) 
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C(8)-C(9)-N(3)-C(14) -0.4(3) 

C(8)-C(9)-N(3)-C(10) 178.5(2) 

N(4)-C(10)-N(3)-C(14) 178.1(2) 

C(11)-C(10)-N(3)-C(14) -0.9(3) 

N(4)-C(10)-N(3)-C(9) -0.9(4) 

C(11)-C(10)-N(3)-C(9) -179.9(2) 

C(11)-C(10)-N(4)-C(15) -85.6(3) 

N(3)-C(10)-N(4)-C(15) 95.6(3) 

C(20)-C(15)-N(4)-C(10) -78.4(7) 

C(16)-C(15)-N(4)-C(10) 178.2(4) 

________________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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Table 7. Hydrogen bonds for compound 1o [Å and °]. 

____________________________________________________________________________  

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

____________________________________________________________________________  

 N(4)-H(4A)...O(3)#1 0.77 2.31 3.026(5) 156.1 

 N(1)-H(1A)...O(5)#2 0.84(3) 2.22(4) 3.047(4) 171(3) 

____________________________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  

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


