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Experimental
General

All melting points were determined on an Electrothermal 9100 apparatus and are uncorrected.
IR spectra were recorded on a shimadzu IR-470 spectrometer. Elemental analyses for C, H,
and N were performed using a Costech ECS 4010 CHNS-O analyser at the analytical
laboratory of Islamic Azad University Yazd branch. Mass spectra were recorded on an
Agilent Technology (HP) spectrometer operating at an ionization potential of 70 eV. The 'H
nuclear magnetic resonance (NMR) and '3C NMR spectra were recorded in CDCl; on a
Bruker DRX-300 spectrometer operating at 300 MHz for 'H analysis and 75 MHz for '3C
analysis. Thin-layer chromatography (TLC) was performed on silica-gel Polygram SILG/UV
254 plates. All reagents and solvent were purchased from Merck and Aldrich and used

without further purification.

General procedure for the synthesis of novel 1,2-dihydrobenzo|a]furo[2,3-c]phenazine

derivatives (6a-p)

Initially, a mixture of 2-hydroxynaphthalene-1,4-dione 1 (1 mmol), benzene-1,2-diamine 2 (1
mmol), theophylline (20 mol%) and water (10 mL) was placed in a 50 mL round-bottomed
flask mounted over a magnetic stirrer. The contents were stirred magnetically in an oil-bath
maintained at 70°C until in less than 10 minutes benzo[a]phenazin-5-ol 3 was formed. Then,
aryl aldehyde 4 (I mmol) and 1-(2-(4-bromophenyl)-2-oxoethyl)pyridinium bromide 5 (1
mmol) were added to the above reaction mixture which was heated further at same
temperature for an appropriate time as shown in Table 2. Upon completion of the reaction,
monitored by TLC, the reaction mixture was allowed to cool to room temperature. Then, 5
mL of water was added to the mixture and filtered for separation of the crude product. The
separated product was washed twice with water (2x5 mL). The solid crude product

subsequently recrystallized from hot ethanol to give the pure product 6.



Spectral data

(4-Bromophenyl)(1-(4-chlorophenyl)-1,2-dihydrobenzo|a]furo[2,3-c]phenazin-2-
yDmethanone (6a)

Yellow powder; yield 0.502 g (89%), mp 279-281 °C; IR (KBr): v = 3045, 2900, 1691,
1627, 1591, 1535, 1499, 1415, 1386, 1332, 1224, 1131, 1045, 978, 800, 759 cm™!; 'TH NMR
(300 MHz, CDCl;): 6 5.46 (d, 1H, J=4.2 Hz, CH), 6.10 (d, 1H, J=4.2 Hz, CH), 7.22 (d, 2H,
J =8.4 Hz, Ar-H), 7.32 (d, 2H, J = 8.4 Hz, Ar-H), 7.59-7.67 (m, 4H, Ar-H), 7.78-7.83 (m,
4H, Ar-H), 7.89-7.92 (m, 1H, Ar-H), 8.15-8.20 (m, 2H, Ar-H), 9.32-9.35 (m, 1H, Ar-H) ppm;
I3C NMR (75 MHz, CDCl;): 6 50.1 and 91.9 (2CH), 115.4, 122.6, 123.9, 126.1, 128.6, 128.8,
128.9, 129.0, 129.2, 129.5, 129.7, 129.9, 130.0, 130.6, 132.3, 132.5, 133.2, 140.2, 140.4,
141.3, 141.5, 142.5 and 157.9 (Coefinic and Carom), 192.7 (C=0) ppm; MS (m/z, %): 565 (M,
1), 448 (1), 381 (100), 246 (91), 185 (15), 43 (76); Anal. Calcd for C;;HgBrCIN,O,: C,
65.80; H, 3.21; N, 4.95 %. Found: C, 66.03; H, 3.46; N, 4.87 %.

(4-Bromophenyl)(1-(2-chlorophenyl)-1,2-dihydrobenzo[a]furo[2,3-c]|phenazin-2-
yDmethanone (6b)

Orange powder; yield 0.492 g (87%), mp 243-245 °C; IR (KBr): vy = 3035, 2895, 1692,
1626, 1594, 1534, 1498, 1414, 1386, 1332, 1223, 1129, 1045, 978, 800, 759 cm!; 'TH NMR
(300 MHz, CDCly): ¢ 6.11 (s, 2H, 2CH), 6.99-7.14 (m, 3H, Ar-H), 7.39 (d, 1H, J = 7.8 Hz,
Ar-H), 7.60 (d, 2H, J = 8.7 Hz, Ar-H), 7.64-7.67 (m, 2H, Ar-H), 7.73-7.82 (m, 2H, Ar-H),
7.88 (d, 2H, J = 8.4 Hz, Ar-H), 7.93-7.96 (m, 1H, Ar-H), 8.08-8.11 (m, 1H, Ar-H), 8.17-8.21
(m, 1H, Ar-H), 9.33-9.36 (m, 1H, Ar-H) ppm; 13C NMR (75 MHz, CDCls): ¢ 46.6 and 90.9
(2CH), 115.3, 122.5, 124.0, 125.7, 126.1, 127.3, 128.5, 128.6, 128.8, 129.1, 129.3, 129.6,
129.7, 129.8, 129.9, 130.8, 131.4, 131.9, 132.2, 132.5, 132.9, 133.5, 139.3, 140.3, 141.2,
141.7, 142.7 and 158.1 (Colefinic and Carom), 191.9 (C=0) ppm; MS (m/z, %): 565 (M*, 1), 529
(1), 381 (100), 246 (9), 183 (11), 76 (4); Anal. Calcd for C3;H;3BrCIN,O,: C, 65.80; H, 3.21;
N, 4.95 %. Found: C, 65.93; H, 3.51; N, 5.10 %.

(4-Bromophenyl)(1-(2,4-dichlorophenyl)-1,2-dihydrobenzo[a]furo[2,3-c|phenazin-2-
yD)methanone (6¢)

Yellow powder; yield 0.534 g (89%), mp 256-257 °C; IR (KBr): v, = 3110, 2905, 1683,
1626, 1591, 1534, 1500, 1412, 1380, 1351, 1221, 1134, 1065, 978, 800, 761 cm™!; 'TH NMR



(300 MHz, DMSO-dq): 6 5.92 (d, 1H, J= 3.9 Hz, CH), 6.74 (d, 1H, J= 3.9 Hz, CH), 7.16 (d,
1H, J= 8.4 Hz, Ar-H), 7.25 (dd, 1H, J, = 8.7 Hz, J, = 2.1 Hz, Ar-H), 7.73 (d, 1H, J= 2.1 Hz,
Ar-H), 7.84-7.89 (m, 4H, Ar-H), 7.94-8.02 (m, 3H, Ar-H), 8.05 (d, 2H, J = 8.7 Hz, Ar-H),
8.13-8.16 (m, 1H, Ar-H), 8.28-8.32 (m, 1H, Ar-H), 9.31-9.34 (m, 1H, Ar-H) ppm; 3C NMR
(75 MHz, DMSO-dg): 6 49.3 and 90.4 (2CH), 114.9, 122.9, 123.7, 126.1, 128.3, 128.8, 129.0,
129.3, 129.8, 131.1, 131.2, 131.7, 132.1, 132.6, 133.0, 133.2, 134.0, 138.2, 140.0, 140.9,
141.5, 142.3 and 158.5 (Colefinic and Ciyrom), 193.2 (C=0) ppm; MS (m/z, %): 600 (M*, 1), 523
(1), 415 (100), 352 (16), 182 (20), 57 (14); Anal. Calcd for C3;H;7BrCI,N,O,: C, 62.03; H,
2.85; N, 4.67 %. Found: C, 62.27; H, 2.64; N, 4.76 %.

(4-Bromophenyl)(1-(4-nitrophenyl)-1,2-dihydrobenzo|a]furo[2,3-c]phenazin-2-
yDmethanone (6d)

Yellow powder; yield 0.516 g (90%), mp 283-285 °C; IR (KBr): v, = 3025, 2905, 1689,
1624, 1593, 1532, 1507, 1447, 1393, 1336, 1223, 1132, 1046, 941, 803, 754 cm™!; 'TH NMR
(300 MHz, CDCl3): 6 5.72 (d, 1H, J = 4.8 Hz, CH), 6.10 (d, 1H, J = 4.8 Hz, CH), 7.56-7.70
(m, 7H, Ar-H), 7.78-7.83 (m, 2H, Ar-H), 7.86-7.89 (m, 3H, Ar-H), 8.11-8.14 (m, 3H, Ar-H),
9.34-9.37 (m, 1H, Ar-H) ppm; 3C NMR (75 MHz, CDCl;): 6 50.5 and 90.6 (2CH), 115.3,
122.3, 124.0, 125.5, 127.3, 128.0, 128.5, 128.7, 129.1, 129.5, 129.7, 130.0, 130.1, 130.2,
130.3, 131.6, 132.5, 132.9, 133.5, 139.3, 140.3, 141.4, 141.5, 142.5, and 157.5 (Cyjefinic and
Carom), 192.6 (C=0) ppm; MS (m/z, %): 576 (M*, 1), 530 (1), 384 (2), 344 (48), 271 (68), 57
(100); Anal. Calcd for C3;H;3BrN;O4: C, 64.60; H, 3.15; N, 7.29 %. Found: C, 64.48; H,
3.37; N, 7.53 %.

(4-bromophenyl)(1-(2-hydroxy-5-nitrophenyl)-1,2-dihydrobenzo|a]furo[2,3-c]phenazin-
2-yl)methanone (6e)

Green powder; yield 0.503 g (85%), mp 156-157 °C; IR (KBr): vyax = 3050, 2910, 1688,
1632, 1591, 1527, 1500, 1415, 1386, 1336, 1224, 1152, 1063, 948, 811, 754 cm™!; 'TH NMR
(300 MHz, CDCl;): 0 5.74 (d, 1H, J = 4.8 Hz, CH), 6.13 (d, 1H, J=4.5 Hz, CH), 7.43 (t, IH,
J=17.8 Hz, Ar-H), 7.60-7.67 (m, 3H, Ar-H), 7.75-7.84 (m, 3H, Ar-H), 7.86-7.90 (m, 3H, Ar-
H), 8.03-8.06 (m, 1H, Ar-H), 8.12-8.19 (m, 2H, Ar-H), 8.30 (t, 1H, J = 2.1 Hz, Ar-H), 9.32-
9.35 (m, 1H, Ar-H), 10.80 (s, 1H, OH) ppm; *C NMR (75 MHz, CDCl;): ¢ 49.7 and 91.6
(2CH), 114.8, 122.5, 122.7, 123.1, 126.1, 128.7, 129.1, 129.7, 129.8, 130.0, 130.7, 130.9,
131.2, 131.5, 131.6, 132.3, 132.6, 134.2, 137.2, 138.5, 140.2, 141.4, 141.9, 143.9 and 157.8



(Cotefinic and Carom), 192.4 (C=0) ppm; MS (m/z, %): 592 (M*, 1), 575 (2), 415 (100), 345
(22), 182 (49), 57 (92); Anal. Calcd for C5;H3sBrN3;Os: C, 62.85; H, 3.06; N, 7.09 %. Found:
C, 62.63; H, 3.15; N, 7.26 %.

(4-Bromophenyl)(1-(thiophen-2-yl)-1,2-dihydrobenzo|a]furo[2,3-c]phenazin-2-
yDmethanone (6f)

Brown powder; yield 0.431 g (80%), mp 160 °C; IR (KBr): v, = 3050, 2895, 1687, 1629,
1579, 1524, 1489, 1412, 1386, 1330, 1219, 1133, 1063, 973, 834, 750 cm™'; 'H NMR (300
MHz, CDCL): 6 5.79 (d, 1H, J = 3.9 Hz, CH), 6.21 (d, 1H, J = 3.9 Hz, CH), 7.87-8.89 (m,
1H, Ar-H), 7.05 (d, 1H, J = 3.3 Hz, Ar-H), 7.11 (d, 1H, J = 4.8 Hz, Ar-H), 7.60-7.68 (m, 5H,
Ar-H), 7.76-8.79 (m, 2H, Ar-H), 7.89 (d, 1H, J = 8.4 Hz, Ar-H), 7.95-7.98 (m, 1H, Ar-H),
8.14-8.19 (m, 2H, Ar-H), 9.30-9.34 (m, 1H, Ar-H) ppm; '3C NMR (75 MHz, CDCls): 6 45.6
and 91.8 (2CH), 115.0, 122.7, 123.9, 124.7, 125.4, 126.0, 127.1, 128.5, 128.8, 128.9, 129.5,
129.6, 129.7, 129.8, 129.9, 130.7, 132.0, 132.3, 132.5, 132.6, 140.2, 141.3, 141.6, 142.5,
145.0, and 157.8 (Coefinic and Cyrom), 192.5 (C=0) ppm; MS (m/z, %): 537 (M, 1), 426 (2),
353 (100), 246 (18), 183 (14), 76 (5); Anal. Calcd for CyoH17BrN,O,S: C, 64.81; H, 3.19; N,
5.21; S, 5.97 %. Found: C, 65.06; H, 3.26; N, 5.30; S, 5.82 %.

(4-bromophenyl)(1-(p-tolyl)-1,2-dihydrobenzo|a]furo[2,3-c]phenazin-2-yl)methanone
(6g)

Green powder; yield 0.441 g (81%), mp 260-263 °C; IR (KBr): vax = 3045, 2900, 1684,
1633, 1594, 1533, 1500, 1416, 1382, 1331, 1222, 1130, 1063, 978, 828, 749 cm™!; 'TH NMR
(300 MHz, CDCly): 0 2.27 (s, 3H, CH3), 5.37 (d, 1H, J = 3.9 Hz, CH), 6.15 (d, 1H, J=4.2
Hz, CH), 7.06 (d, 2H, J = 7.8 Hz, Ar-H), 7.29 (d, 2H, J = 7.8 Hz, Ar-H), 7.58-7.66 (m, 4H,
Ar-H), 7.77-7.82 (m, 4H, Ar-H), 7.89-7.94 (m, 1H, Ar-H), 8.15-8.22 (m, 2H, Ar-H), 9.32-
9.35 (m, 1H, Ar-H) ppm; 3C NMR (75 MHz, CDCl3): 6 21.1 (CH3), 50.6 and 92.2 (2CH),
116.0, 122.6, 124.1, 126.0, 127.7, 128.4, 128.7, 128.8, 129.3, 129.6, 129.7, 129.8, 129.9,
130.6, 132.2, 132.5, 132.6, 137.1, 138.9, 140.2, 141.3, 141.8, 142.5 and 157.9 (Cyefinic and
Carom), 192.9 (C=0) ppm; MS (m/z, %): 545 (M*, 1), 466 (2), 361 (100), 270 (5), 183 (9), 57
(3); Anal. Calcd for C;,H,BrN,O,: C, 70.47; H, 3.88; N, 5.14 %. Found: C, 70.71; H, 3.69;
N, 5.22 %.



(4-Bromophenyl)(1-(4-methoxyphenyl)-1,2-dihydrobenzo|a]furo|2,3-c]phenazin-2-
yD)methanone (6h)

Brown powder; yield 0.566 g (83%), mp 180-181 °C; IR (KBr): vyax = 3025, 2895, 1688,
1628, 1583, 1531, 1507, 1410, 1390, 1330, 1223, 1133, 1061, 948, 820, 750 cm™!; 'TH NMR
(300 MHz, CDCl3): 6 3.68 (s, 3H, OCH3), 5.35 (d, 1H, J= 3.9 Hz, CH), 6.12 (d, 1H, J=4.2
Hz, CH), 6.77 (d, 2H, J = 8.4 Hz, Ar-H), 7.30 (d, 2H, J = 8.7 Hz, Ar-H), 7.53-7.62 (m, 4H,
Ar-H), 7.67-7.80 (m, 5H, Ar-H), 8.12-8.19 (m, 2H, Ar-H), 9.29-9.32 (m, 1H, Ar-H) ppm; 3C
NMR (75 MHz, CDCl;): ¢ 50.3 (CH), 55.2 (OCH3;), 92.2 (CH), 114.2, 116.0, 122.6, 124.0,
126.0, 128.4, 128.7, 128.8, 128.9, 129.3, 129.6, 129.7, 129.9, 130.6, 132.2, 132.4, 132.5,
134.0, 140.1, 141.3, 141.8, 142.5 and 158.8 (Coefinic and Cyrom), 193.0 (C=0) ppm; MS (m/z,
%): 561 (M*, 1), 425 (1), 377 (100), 246 (20), 183 (12), 76 (4); Anal. Calcd for
C;3;H,BrN,Os: C, 68.46; H, 3.77; N, 4.99 %. Found: C, 68.57; H, 3.96; N, 5.18 %.

(4-Bromophenyl)(1-(3,4-dimethoxyphenyl)-1,2-dihydrobenzo[a]furo[2,3-c]phenazin-2-
y)methanone (6i)

Brown powder; yield 0.460 g (78%), mp 162-164 °C; IR (KBr): v = 3040, 2910, 1688,
1629, 1594, 1551, 1512, 1415, 1386, 1331, 1223, 1137, 1048, 948, 800, 752 cm™!; 'TH NMR
(300 MHz, CDCl5): 6 3.76 (s, 3H, OCH,3), 3.78 (s, 3H, OCHj3), 5.37 (d, 1H, J =4.2 Hz, CH),
6.18 (d, 1H, J=4.2 Hz, CH), 6.73 (d, 1H, J = 8.4 Hz, Ar-H), 6.91 (dd, 1H, J, =8.1 Hz, J, =
1.8 Hz, Ar-H), 6.99 (d, 1H, J = 1.8 Hz, Ar-H), 7.58-7.67 (m, 4H, Ar-H), 7.77-8.84 (m, 4H,
Ar-H), 7.89-7.93 (m, 1H, Ar-H), 8.16-8.21 (m, 2H, Ar-H), 9.32-9.35 (m, 1H, Ar-H) ppm; 13C
NMR (75 MHz, CDCl): 6 50.6 (CH), 55.8 and 56.0 (20CH3;), 92.1 (CH), 111.4, 111.5,
115.8, 119.7, 122.6, 124.0, 126.0, 128.4, 128.7, 129.4, 129.7, 129.8, 129.9, 130.6, 131.7,
131.9, 132.2, 132.4, 132.5, 134.4, 140.1, 141.3, 141.8, 142.5, 148.3, 149.0 and 157.8 (Ciefinic
and Cgyom), 193.0 (C=0) ppm; MS (m/z, %): 591 (M*, 1), 454 (1), 407 (100), 345 (13), 182
(23), 57 (11); Anal. Calcd for C53H3BrN,Oy: C, 67.01; H, 3.92; N, 4.74 %. Found: C, 67.19;
H, 3.85; N, 4.90 %.

(4-Bromophenyl)(1-(2-hydroxy-3-methoxyphenyl)-1,2-dihydrobenzo|a]furo[2,3-
clphenazin-2-yl)methanone (6))

Orange powder; yield 0.458 g (79%), mp 251-252 °C; IR (KBr): v = 3025, 2900, 1674,
1620, 1581, 1524, 1468, 1416, 1392, 1337, 1220, 1133, 1063, 979, 809, 753 cm™!; 'H NMR
(300 MHz, CDCls): ¢ 3.82 (s, 3H, OCH3), 5.67 (d, 1H, J = 3.0 Hz, CH), 6.55 (d, 1H, J=3.0

6



Hz, CH), 6.74-6.77 (m, 1H, Ar-H), 6.85 (t, 1H, J = 7.8 Hz, Ar-H), 7.07 (d, 1H, J = 6.9 Hz,
Ar-H), 7.55 (d, 2H, J = 8.4 Hz, Ar-H), 7.66-7.82 (m, 6H, Ar-H), 8.15-8.21 (m, 3H, Ar-H),
9.25-9.28 (m, 1H, Ar-H), 10.12 (s, 1H, OH) ppm; 3C NMR (75 MHz, CDCl;): ¢ 44.0 (CH),
56.0 (OCH3;), 90.3 (CH), 111.0, 116.1, 118.1, 121.5, 122.7, 124.1, 126.0, 127.5, 128.7, 129.0,
129.4, 129.8, 129.9, 130.2, 130.3, 130.7, 131.8, 132.1, 132.4, 140.3, 140.6, 141.9, 143.8,
150.5 and 158.5 (Cyefinic and Cyrom), 192.4 (C=0) ppm; MS (m/z, %): 577 (M*, 1), 407 (1),
358 (96), 285 (100), 142 (6), 89 (4); Anal. Caled for C;,H,1BrN,Oy4: C, 66.56; H, 3.67; N,
4.85 %. Found: C, 66.78; H, 3.90; N, 4.89 %.

(4-bromophenyl)(1-(4-chlorophenyl)-11-methyl-1,2-dihydrobenzo[a]furo[2,3-
c|phenazin-2-yl)methanone (6k)

Yellow powder; yield 0.504 g (87%), mp 307-309 °C; IR (KBr): v = 3025, 2910, 1690,
1624, 1593, 1530, 1501, 1405, 1352, 1315, 1225, 1132, 1047, 1003, 817, 761 cm™'; 'H NMR
(300 MHz, CDCl;): ¢ 2.54 (s, 3H, CHs3), 5.45 (d, 1H, J=4.2 Hz, CH), 6.08 (d, 1H, J=4.2
Hz, CH), 7.22 (d, 2H, J = 8.4 Hz, Ar-H), 7.32 (d, 2H, J = 8.4 Hz, Ar-H), 7.49 (dd, 1H, J, =
8.7 Hz, J, = 1.8 Hz, Ar-H), 7.61 (d, 2H, J = 8.4 Hz, Ar-H), 7.76-7.83 (m, 5H, Ar-H), 7.95 (s,
1H, Ar-H), 8.14-8.17 (m, 1H, Ar-H), 9.29-9.33 (m, 1H, Ar-H) ppm; 3C NMR (75 MHz,
CDCl5): 6 21.9 (CH3), 50.1 and 91.9 (2CH), 115.4, 122.6, 126.0, 128.2, 128.3, 128.4, 128.7,
129.0, 129.2, 129.4, 129.8, 130.6, 131.1, 132.3, 132.5, 132.6, 133.2, 135.0, 137.1, 137.2,
139.2, 140.5, 141.0, 157.4 and 157.7 (Cojefinic and Cyrom), 192.8 (C=0) ppm; MS (m/z, %): 579
(M*, 1), 439 (1), 395 (27), 260 (100), 130 (12), 57 (14); Anal. Calcd for C3,H,,BrCIN,O;: C,
66.28; H, 3.48; N, 4.83 %. Found: C, 66.45; H, 3.51; N, 4.98 %.

(4-bromophenyl)(11-methyl-1-(4-nitrophenyl)-1,2-dihydrobenzo[a]furo[2,3-c|phenazin-
2-yl)methanone (61)

Yellow powder; yield 0.511 g (87%), mp 296-297 °C; IR (KBr): v, = 3045, 2900, 1690,
1629, 1594, 1563, 1508, 1480, 1391, 1330, 1226, 1144, 1062, 943, 820, 761 cm™!; 'TH NMR
(300 MHz, CDCls): 0 2.51 (s, 3H, CH3), 5.72 (d, 1H, J = 4.5 Hz, CH), 6.07 (d, 1H, J=4.5
Hz, CH), 7.49-7.64 (m, 6H, Ar-H), 7.76-7.88 (m, 5H, Ar-H), 8.09-8.13 (m, 3H, Ar-H), 9.32-
9.35 (m, 1H, Ar-H) ppm; *C NMR (75 MHz, CDCls): 6 21.7 (CH3), 51.2 and 90.4 (2CH),
110.9, 115.9, 118.1, 121.5, 122.8, 124.1, 126.1, 127.4, 128.8, 129.0, 129.4, 129.7, 129.9,
130.2, 130.4, 130.6, 131.8, 132.0, 132.4, 140.2, 140.6, 141.8, 143.9, 150.6 and 158.4 (Ciefinic
and Cgyom), 192.3 (C=0) ppm; MS (m/z, %): 590 (M*, 1), 406 (100), 360 (20), 284 (7), 184



(16), 57 (20); Anal. Calcd for C5,H,oBrN3;Oy4: C, 65.10; H, 3.41; N, 7.12 %. Found: C, 65.33;
H, 3.52; N, 7.01 %.

(4-Bromophenyl)(11-methyl-1-(p-tolyl)-1,2-dihydrobenzo[a]furo[2,3-c]phenazin-2-
yl)methanone (6m)

Brown powder; yield 0.449 g (80%), mp 205-207 °C; IR (KBr): vipax = 2995, 2910, 1692,
1631, 1595, 1532, 1502, 1479, 1396, 1331, 1223, 1147, 1049, 950, 820, 758 cm™!; 'TH NMR
(300 MHz, CDCls): 0 2.33 (s, 3H, CH3), 2.57 (s, 3H, CH3), 5.48 (d, 1H, J= 4.2 Hz, CH), 6.23
(d, 1H, J=3.9 Hz, CH), 7.16 (d, 2H, J= 7.2 Hz, Ar-H), 7.38 (d, 2H, J = 7.8 Hz, Ar-H), 7.53-
7.58 (m, 2H, Ar-H), 7.68 (d, 2H, J = 8.4 Hz, Ar-H), 7.82-8.82 (m, 5H, Ar-H), 8.27-8.30 (m,
1H, Ar-H), 9.37-9.41 (m, 1H, Ar-H) ppm; 3C NMR (75 MHz, CDCl;): ¢ 21.1 and 21.9
(2CH3), 50.6 and 92.1 (2CH), 116.0, 122.5, 123.8, 125.8, 125.9, 127.4, 127.7, 128.1, 128.3,
128.5, 128.6, 129.1, 129.3, 129.6, 129.7, 130.6, 131.0, 132.2, 132.3, 132.5, 137.0, 138.8,
139.0, 140.3, 141.1, 142.6, 157.4 and 157.7 (Cgiefinic and Cyrom), 193.0 (C=0) ppm; MS (m/z,
%): 559 (M7, 1), 440 (2), 375 (100), 260 (20), 183 (10), 57 (3); Anal. Caled for
C;33H»3BrN>Os,: C, 70.85; H, 4.14; N, 5.01 %. Found: C, 70.77; H, 3.37; N, 5.25 %.

(4-Bromophenyl)(1-(4-chlorophenyl)-10-nitro-1,2-dihydrobenzo[a]furo[2,3-c]phenazin-
2-yl)methanone (6n)

Yellow powder; yield 0.518 g (85%), mp 275-277 °C; IR (KBr): v = 3055, 2900, 1684,
1625, 1590, 1551, 1514, 1415, 1388, 1332, 1220, 1125, 1046, 1005, 818, 761 cm™!; 'H NMR
(300 MHz, CDCl;): 6 5.43 (d, 1H, J = 4.5 Hz, CH), 6.16 (d, 1H, J = 4.5 Hz, CH), 7.23-7.35
(m, 4H, Ar-H), 7.63 (d, 2H, J = 8.7 Hz, Ar-H), 7.80-7.88 (m, 4H, Ar-H), 8.00 (d, 1H, J=9.3
Hz, Ar-H), 8.19-8.22 (m, 1H, Ar-H), 8.40 (dd, 1H, J, = 8.7 Hz, J, = 2.4 Hz, Ar-H), 9.11 (d,
1H, J = 2.4 Hz, Ar-H), 9.31-9.35 (m, 1H, Ar-H) ppm; 3C NMR (75 MHz, CDCl;): 6 49.8
and 92.2 (2CH), 115.6, 122.9, 123.1, 126.4, 126.5, 128.6, 128.8, 128.9, 129.0, 129.1, 129.2,
129.8, 130.2, 130.6, 131.0, 132.4, 132.5, 139.8, 140.4, 141.3, 141.5, 142.5 and 157.9 (Coiefinic
and Cyom), 192.2 (C=0) ppm; MS (m/z, %): 610 (M*, 1), 551 (1), 426 (53), 291 (100), 182
(23), 43 (44); Anal. Calcd for C3;H7;BrCIN;Oy4: C, 60.95; H, 2.81; N, 6.88 %. Found: C,
70.19; H, 2.88; N, 6.98 %.

(4-bromophenyl)(10-nitro-1-(4-nitrophenyl)-1,2-dihydrobenzo|a|furo|2,3-c|phenazin-2-
yl)methanone (60)



Yellow powder; yield 0.544 g (88%), mp 312-314 °C; IR (KBr): v = 3070, 2910, 1688,
1629, 1589, 1552, 1510, 1412, 1386, 1337, 1225, 1141, 1046, 979, 822, 762 cm™!; 'TH NMR
(300 MHz, CDCl3): 6 5.69 (d, 1H, J=4.5 Hz, CH), 6.16 (d, 1H, J = 4.5 Hz, CH), 7.53-7.59
(m, 2H, Ar-H), 7.65 (d, 2H, J = 8.7 Hz, Ar-H), 7.88-7.89 (m, 4H, Ar-H), 8.13-8.20 (m, 3H,
Ar-H), 8.33 (d, 1H, J= 9.3 Hz, Ar-H), 8.42 (dd, 1H, J; = 9.3 Hz, J, = 2.4 Hz, Ar-H), 8.80 (d,
1H, J = 2.4 Hz, Ar-H), 9.34-9.37 (m, 1H, Ar-H) ppm; 3C NMR (75 MHz, CDCls): ¢ 51.1
and 90.5 (2CH), 113.8, 115.8, 122.2, 123.4, 125.3, 125.5, 127.1, 128.1, 129.2, 130.3, 130.4,
130.9, 131.0, 132.2, 133.0, 133.5, 137.3, 139.9, 140.2, 141.1, 141.7, 143.0 and 157.3 (Colefinic
and Cyom), 191.7 (C=0) ppm; MS (m/z, %): 621 (M*, 1), 577 (2), 437 (17), 375 (65), 184
(33), 43 (100); Anal. Calcd for C5;H7;BrN4Og4: C, 59.92; H, 2.76; N, 9.02 %. Found: C,
60.11; H, 2.59; N, 8.90 %.

(4-bromophenyl)(1-(2-chlorophenyl)-10-nitro-1,2-dihydrobenzo|a]furo[2,3-c]phenazin-
2-yl)methanone (6p)

Yellow powder; yield 0.521 g (85%), mp 300 °C; IR (KBr): vy = 3030, 2900, 1686, 1627,
1583, 1526, 1493, 1409, 1386, 1333, 1223, 1145, 1048, 1004, 808, 757 cm™'; "H NMR (300
MHz, CDCL): ¢ 6.07 (d, 1H, J = 4.2 Hz, CH), 6.18 (d, 1H, J = 4.2 Hz, CH), 7.06-7.14 (m,
3H, Ar-H), 7.34 (d, 1H, J= 7.8 Hz, Ar-H), 7.62 (d, 2H, J = 8.4 Hz, Ar-H), 7.83-7.88 (m, 4H,
Ar-H), 8.14-8.17 (m, 1H, Ar-H), 8.32 (d, 1H, J = 9.3 Hz, Ar-H), 8.40 (dd, 1H, J, =9.3 Hz, J,
= 2.4 Hz, Ar-H), 8.83 (d, 1H, J = 2.4 Hz, Ar-H), 9.34-9.37 (m, 1H, Ar-H) ppm; *C NMR (75
MHz, CDCl;): 6 50.3 and 91.3 (2CH), 113.9, 122.9, 125.2, 125.3, 127.1, 127.2, 128.1, 128.2,
128.9, 129.0, 129.1, 129.6, 129.7, 129.9, 131.6, 132.2, 132.8, 132.9, 140.1, 140.5, 141.4,
141.5, 142.8 and 156.9 (Cjefinic and Cyrom), 192.5 (C=0) ppm; MS (m/z, %): 610 (M*, 1), 572
(1), 426 (100), 316 (20), 182 (20), 76 (6); Anal. Calcd for C;;H;BrCIN;O,: C, 60.95; H,
2.81; N, 6.88 %. Found: C, 61.12; H, 2.94; N, 6.71 %.
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Figure 1: '"H NMR spectrum of compound 6a (300 MHz, CDCl5).
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Figure 2: 3C NMR spectrum of compound 6a (75 MHz, CDCIs).
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Figure 3: Expanded *C NMR spectrum of compound 6a (75 MHz, CDCls).
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Figure 4: Mass spectrum of compound 6a.
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Figure 5: 'H NMR spectrum of compound 6b (300 MHz, CDCI;).
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Figure 6: 3C NMR spectrum of compound 6b (75 MHz, CDCl;).
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Figure 7: Expanded 13C NMR spectrum of compound 6b (75 MHz, CDCls).
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Figure 8: Mass spectrum of compound 6b.
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Figure 9: 'H NMR spectrum of compound 6¢ (300 MHz, DMSO).

18



13C-Dr.maghscdlou—- ccde 352 (yazdani)-

@ ARNRIROOBOND DN OO DT D

3] DONOONCNCOMRA-TENCOM~~O0O0 = NONTOD=®
Ao NoarhanenoelneEeas aeadggEe

© N rocgfUdNldrrrogododnas S 2 :

@ BETIIITRONONOONONNNNNNNN- D T

- FrrFrEFEEFERrFRFFRFFRYFRERFRFRFRFRFRFR G SEFTFTOMOO
(% ] 4

b
8
V
{

Current Data Parameters

NAME Use
EXPNO 953
PROCNO .
F2 - Acquisition Parameters
Date_ 20160426
Time 23.58
INSTRUM spect
PROBHD 5 mm PABBC BB-
PULPROG zgpg30
D 65536
SOLVENT DMSC
NS 10000
DS 4
SWH 18115,941 Hz
FIDRES 0.276427 Hz
AQ 1.8087935 sec
RG 202
DW 27.600 usec
DE 6.50 usec
TE 295.6 K
D1 2,00000000 sec
D11 0.03000000 sec
TDO 1
Br == CHANNEL fl
75.6554892 b
13C
10.00 usec
30.00000000 w
== CHANNEL £f2 ==
300.8477518
Nucz2 1
CPDPRG([2 waltzl6
PCPD2 90.00 usec
PLW2 6.40000010 W
PLW12Z 0.17778000 W
PLW13 0.14399999 w
F2 - Processing parameters
SI 32768
: 1 | » " SF 75.6479250 MHz
; ! " L Wi i WD EM
| ssB 0
I [ | LB 1.00 Hz
GB 0
T T T T T T T T T T T BC 1.40
200 180 160 140 120 100 80 60 40 20 0 ppm

Figure 10: 3C NMR spectrum of compound 6¢ (75 MHz, DMSO).
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Figure 11: Expanded '*C NMR spectrum of compound 6¢ (75 MHz, CDCI;).

20



1800000

1600000,

12000004

1000000,

nmiz>

571

%0

D1

100

Scan 180(1617nir): DIRECT PRCB 830Ddaians

1829

1331

2251

Br

200

3141
‘ ‘ \\H\ h " \‘\

4150

. 4673 584 Fp1 600

0 20 A KD

Figure 12: Mass spectrum of compound 6c.
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Figure 12: '"H NMR spectrum of compound 6d (300 MHz, CDCls).
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Figure 14: 3C NMR spectrum of compound 6d (75 MHz, CDCl;).

23



Abundance

Scan 189 (1.693 min): DIRECT PROB_858.D\data.ms
217.0([|| [246.0]l|| 271.0 |||l 299.0 344.1 384.1

14000
13000
12000
11000
10000 4151

9000

8000

7000 Br

6000

5000 5304

4000

3000

2000 4502 4805

\
1000 5053

56575.7
0
220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560

m/z—->

Figure 15: Mass spectrum of compound 6d.
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Figure 16: '"H NMR spectrum of compound 6e (300 MHz, CDCI;).
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Figure 17: 3C NMR spectrum of compound 6e (75 MHz, CDCls).

26



13C-Dr.maghsodlou- code 354 (yazdani)-

[~ X [~ - R X N mo
BRERERRIRNOR
i f - b
A EELEEE

157.84
——143.96
—141.92
—141.47
—140.20
——138.52
—137.25
——134.26

32
32

=—

b e WM

——126.17
_—123.15
——122.71

T~—122.57

T T T T T T
155 150 145 140 135 130

Figure 18: Expanded '*C NMR spectrum of compound 6e (75 MHz, CDCI;).
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Figure 19: Mass spectrum of compound 6e.

28



Dr.maghsodlou- code 362 (yazdani)-

BRUKER

Current Data Parameters
NAME

UsB
EXPNO 844
PROCNQ 1
F2 - Acquisition Parameters
Date_ 20160416
Time 11.45
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
D 65536
SOLVENT €DC13
NS 2
DS 2
SWH 6024.096 Hz
FIDRES 0.091920 Hz
AQ 5.4394879 sec
RG 202
DW 83.000 usec
DE 6.50 usec
TE 294.9 K
D1 1.00000000 sec
TDO 1
= CHANNEL f1 ===
300.8484063
1H

15.00 usec
6.40000010 W

F2 - Processing parameters
51 65536

SE 300.8465809 MHz
wDW EM

SSB a

LB 0.30 Hz
GB 0

BC 1.00

sl

Figure 20: '"H NMR spectrum of compound 6f (300 MHz, CDCl5).
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Figure 21: 3C NMR spectrum of compound 6f (75 MHz, CDCl;).
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Figure 23: Mass spectrum of compound 6f.
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Figure 24: '"H NMR spectrum of compound 6g (300 MHz, CDCls).
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Figure 25: 3C NMR spectrum of compound 6g (75 MHz, CDCl).
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Figure 26: Expanded '*C NMR spectrum of compound 6g (75 MHz, CDCl5).
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Figure 27: Mass spectrum of compound 6g.
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Figure 28: '"H NMR spectrum of compound 6h (300 MHz, CDCls).
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Figure 29: 3C NMR spectrum of compound 6h (75 MHz, CDCl;).
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Figure 30: Expanded 3C NMR spectrum of compound 6h (75 MHz, CDCl;).
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Figure 31: Mass spectrum of compound 6h.
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Figure 32: '"H NMR spectrum of compound 6i (300 MHz, CDCls).
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Figure 33: 3C NMR spectrum of compound 6i (75 MHz, CDCIl;).
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Figure 34: Expanded 3C NMR spectrum of compound 6i (75 MHz, CDCl;).
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Figure 35: Mass spectrum of compound 6i.
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Figure 36: '"H NMR spectrum of compound 6j (300 MHz, CDCl5).
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Figure 37: 3C NMR spectrum of compound 6j (75 MHz, CDCl5).
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Figure 38: Expanded 13C NMR spectrum of compound 6j (75 MHz, CDCI;).
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Figure 39: Mass spectrum of compound 6j.
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Figure 40: '"H NMR spectrum of compound 6k (300 MHz, CDCls).
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Figure 41: 3C NMR spectrum of compound 6k (75 MHz, CDCls).
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Figure 42: Expanded *C NMR spectrum of compound 6k (75 MHz, CDCl3).
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Figure 43: Mass spectrum of compound 6k.
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Figure 44: "H NMR spectrum of compound 61 (300 MHz, CDCl;).

53

CHANNEL f1
300.8484063 MHz
18

15.00 usec
6.40000010 W

F2 - Processing parameters

65536
300.8465777 MHz

EM
0
0.30 Hz
0
1.00



Cl3CPD- Yazdani code 365-

C><)
BRUKER

s g o ~
i 2 o ~
2 et b &
b |
Current Data Parameters
NAME USB
EXPNO 1776
NO PROCNO 1
2 F2 - Acquisition Parameters
Date_ 20160503
Time 9.56
INSTRUM spect
PROBHD 5 mm PABBO BB-
= PULPROG zgpg30
N D 65536
| SOLVENT CDC13
NS 8704
N\ O DS q
/ SuH 18115.941 Hz
] FIDRES 0.276427 Hz
aQ 1.8087935 sec
O RG 202
DW 27.600 usec
DE 6.50 usec
TE 295.8 K
D1l 2.00000000 sec
D11 0.03000000 sec
TDO 1
Br
== CHANNEL fl = =
SFO1 75.6554892 MHz
NUC1 13C
Pl 10.00 usec
PLW1 30.00000000 W
======== CHANNEL f2 ====
SFO2 300.8477518
NUC2 11
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 6.40000010 W
PLW12 0.17778000 W
PLW13 0.14399999 W
F2 - Processing parameters
SI 32768
SF 75.6479250 MHz
LNDYW EM
[S5B 0
B 1.00 Hz
GB 0
T T T T T T T T eC 1.40
200 180 160 140 120 100 80 20 ppm

Figure 45: 3C NMR spectrum of compound 61 (75 MHz, CDCl;).

54



Aburdance

Scan261 (2306 min): DIRECT PROB 880D\datans

300000) 571

150000, 971

100000

50000, 1371

Br

ZB.2
m

301

50 100 150 20 X0 300 30

mz>

Figure 46: Mass spectrum of compound 6l.
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Figure 47: '"H NMR spectrum of compound 6m (300 MHz, CDCI;).
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Figure 48: 3C NMR spectrum of compound 6m (75 MHz, CDCl;).
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Figure 49: Expanded 13C NMR spectrum of compound 6m (75 MHz, CDCl).
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Figure 50: Mass spectrum of compound 6m.
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Figure 51: "H NMR spectrum of compound 6n (300 MHz, CDCIs).
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Figure 52: 3C NMR spectrum of compound 6n (75 MHz, CDCl;).
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Figure 53: Mass spectrum of compound 6n.

Scan 247 (2.186 min): DIRECT PROB_871.D\data.ms
291.1

Cl
O,N
126177 |N
N\ O
"/
O
Br
3752
3321
. .4721 5114 5516 | 6036
L A e W e L A S
300 350 400 450 500 550 600

62



Dr.maghsodlou- code 369 (yazdani)-

NO,

Br

<)
BRUKER
(<)

Current Data Parameters

NAME USB
EXPNOQ 851
PROCNQ i

F2 - Acguisition Parameters
Date_ 20160417
Time 9.07
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930

TD 65536
SOLVENT cbC13

NS 400

DS 2

SWH 6024.096 Hz
FIDRES 0.091920 Hz
AQ 5.4394879 sec
RG 202

DW 83.000 usec
DE 6.50 usec
TE 294.9 K
D1 1,00000000 sec
TDO £

CHANNEL f1
300.8484063 MHz
1H

15.00 usec
6.40000010 W

F2 - Processing parameters
6

I 2| I T ¥ B T I i I

12 11 10 9 8

ey s

Figure 54: "H NMR spectrum of compound 60 (300 MHz, CDCl5).
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Figure 55: 3C NMR spectrum of compound 60 (75 MHz, CDCIs).
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Figure 56: Mass spectrum of compound 6o.
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Figure 57: "H NMR spectrum of compound 6p (300 MHz, CDCIs).
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Figure 58: 3C NMR spectrum of compound 6p (75 MHz, CDCIl;).
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Figure 59: Mass spectrum of compound 6p.
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