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Characterizations: All chemicals and solvents were purchased from commercial suppliers. The 

1
H NMR and 

13
C NMR spectra were recorded in solution of CDCl3 or DMSO-d6 with 

tetramethylsilane (TMS) as the internal standard using a Bruker wide bore Avance 300 NMR 

Spectrometer. 
1
HNMR spectra often include a water peak. The quoted chemcial shifts are in ppm 

and J values are expressed in Hz. The signals have been designed as follows: s (singlet), d 

(doublet), t (triplet), q (quartet), dd (doublet of doublets), and m (multiplets). IR spectra were 

recorded as KBr pellets using a Nicolet AVATAR 360 FTIR ESP spectrometer with a Hewlett 

Packard Desk jet 840C plotter. Mass spectra were measured using direct injection probe Q-MS. 

High resolution MS spectra were recorded using Apex-IV mass spectrometer and JEOL GCmate. 

X-ray crystallography data collection was recorded using an Apex2 Bruker 2005.  

 

Experimental Section 

General procedure A 

 

Benzofurazan oxide (3) and any of its derivatives were synthesised according to a modified 

literature procedure.
1
 

 

Derivatives of o-nitroaniline (43.5 mmol) were dissolved in 20% ethanol/ KOH (250 mL). The 

deep red solution was cooled in an ice bath (0-5 
o
C). Commercial Clorox 

(NaOCl) (200 mL) was added with stirring until no o-nitroaniline was present in the solution, 

that is, when the solution no longer changed color from yellow to red upon the addition of 

Chlorox . The bright yellow precipitate was collected by suction filtration and was washed with 

cold water. The solid was dried under vacuum. Recrystallization, when needed, was performed 

using a solution of 1:3 water-ethanol solution, yielded yellow crystalline benzofurazan oxide 3 or 

its derivatives (80-92% yield). 



 
 

2,3-Dihydro-1H-cyclopenta[b]quinoxaline-4,9-dioxide (2a) 

 

In 200ml beaker, Benzofurazan oxide (1a) (5 g, 36 mmol) and cyclopentanone (11 g, 131 mmol) 

were dissolved in minimum amount of acetonitrile (25-30 mL). The solution was heated to its 

boiling point. The effervescent solution was left to stand at room temperature for 1 minute. To 

the hot solution, pyrrolidine (5 mL) was added drop-wise resulting in an exothermic reaction 

(effervescent) with a color change from brown-yellow to dark black. The reaction mixture was 

left to stand under room temperature for 30 minutes. The yellowish crystals were formed in the 

bottom of the flask. The latter were collected by suction filtration, washed with cold methanol, 

dried under vacuum, and identified as 2,3-dihydro-1H-cyclopenta[b]quinoxaline-4,9-dioxide (2a) 

(60% yield; m.p. 186-187
 o
C). When it was necessary, recrystallization was performed using 

methanol. 
1
H-NMR (300 MHz, CDCl3): δ 8.55-8.59(2H, m), 7.78-7.83(2H, m), 3.33-3.42(4H, 

m), 2.28-2.42(2H, m). 
13

C NMR (75 MHz , CDCl3): δ 145.02, 138.31, 130.64, 120.01, 29.21, 

19.60. FTIR (KBr):  3078(w), 2969(w), 1547(s), 1503(m), 1428(w), 1315(s), 1295(s), 1099(m), 

1045(s), 872(m), 789(s), 699(s), 631(s) cm
-1

. HRMS calculated for C11H10N2Na1O2 (M+Na) m/z 

225.05617, found 225.06345. 

6,7-Dimethyl-2,3-dihydro-1H-cyclopenta[b]quinoxaline-4,9-dioxide (2b) 

 

6,7-dimethyl-2,3-dihydro-1H-cyclopenta[b]quinoxaline-4,9-dioxide (2b) was collected in 67% 

yield; m.p. 197 
o
C. FTIR (KBr):  3484(w, b), 2950(w), 1556(m), 1494(m), 1340(s), 1186(w), 

1118(m), 1025(s), 886(m), 775(m), 683(s), 578(w) cm
-1

. 

 

1,2,3,4-tetrahydrophenazine-5,10-dioxide (3a)
2
 

In 200ml beaker, Benzofurazan oxide (1a) (5 g, 36 mmol) and cyclohexanone (11 g, 112.2 

mmol) were dissolved in minimum amount of acetonitrile (25-30 mL). The solution was heated 



to its boiling point. The effervescent solution was left to stand at room temperature for 1 minute. 

To the hot solution, pyrrolidine (5 mL) was added drop-wise resulting in an exothermic reaction 

(effervescent) with a color change from brown-yellow to dark black. The reaction mixture was 

left to stand at room temperature for 30 minutes. The yellowish crystals were formed in the 

bottom of the flask. The latter were collected by suction filtration, washed with cold methanol, 

dried under vacuum, and identified as 1,2,3,4-tetrahydrophenazine-5,10-dioxide (3a) 

 (57% yield; m.p. 183-184
 o
C). 

 

7,8-Dimethyl-1,2,3,4-tetrahydrophenazine-5,10-dioxide (3b) 

7,8-Dimethyl-1,2,3,4-tetrahydrophenazine-5,10-dioxide (3b) was collected in 63% yield; 

m.p. 211-213 
o
C. 

1
H-NMR (300 MHz, CDCl3) δ  1.94 (4H, m), 2.50 (6H, s), 3.11 (4H, m), 8.35 

(2H, s).
13

C-NMR (75 MHz ,CDCl3)  δ   20.34, 20.71, 21.65, 24.29, 29.08, 29.70, 118.76, 119.00, 

134.97, 141.55, 142.00. FTIR: 2940, 2872, 1517, 1503, 1452, 1422, 1344, 1332, 1307, 1133, 

1072, 972, 879,676 cm
-1

. Anal. Calcd for C14H16N2O2  (244.29): C, 68.83; N, 11.47. Found: C, 

68.87; N, 11.57. 

 

7,8,9,10-Tetrahydro-6H-cyclohepta[b]quinoxaline-5,11-dioxide (4a) 

 

Benzofurazan oxide (1a) (5 g, 36.8 mmol) and cycloheptanone (11 g, 98 mmol) were 

dissolved in acetonitrile (30-35 mL). The solution was heated to the boiling point. The 

effervescent solution was left to stand under room temperature for 1 minute. To the hot solution, 

pyrrolidine (5 mL) was added drop-wise resulting in an exothermic reaction, effervescent, with a 

color change from orange-yellow to dark black. The reaction mixture was left to stand at room 

temperature for 30 minutes. The yellow crystals were formed in the bottom of the flask. The 



latter was collected by suction filtration, washed with cold methanol (until no more pyrrolidine 

was found), dried under vacuum, and identified as 7,8,9,10-tetrahydro-6H-

cyclohepta[b]quinoxaline-5,11-dioxide (4a) (61% yield; m.p. 160
 o
C). 

1
H-NMR (300 MHz, 

CDCl3) δ  8.64-8.53 (2H, m), 7.81-7.78 (2H, m), 3.47-3.35 (4H, m), 2.42-2.38 (4H, m), 1.62-

1.48 (m, 2H). (FTIR (KBr):  2934(m), 2856(m), 1513(m), 1442(m), 1348(s), 1305(s), 1266(m), 

1206(s), 1044(s), 963(s), 916(s), 865(s), 785(s), 647(s), 611(s) cm
-1

.  

2,3-Dihydro-1H-cyclopenta[b]quinoxalin-1-yl acetate-4-oxide (5a) 

 

2,3-Dihydro-1H-cyclopenta[b]quinoxaline-4,9-dioxide (2a) (1 g, 5 mmol) was dissolved 

in a mixture of acetic anhydride (4 mL) and acetic acid (1 mL). The mixture was stirred at room 

temperature for 12 hours. The blue black reaction mixture was poured over crushed ice (20 g) 

with vigorous stirring for 1 hour. The aqueous mixture was left to stand at 0-5 
o
C for 12 hours. 

The pale yellow precipitate was collected by suction filtration, washed with cold water, dried 

under vacuum, and identified as 2,3-dihydro-1H-cyclopenta[b]quinoxalin-1-yl acetate-4-oxide 

(5a) (50%; m.p. 95-97
 o
C). When recrystallization was required, it was performed using 

methanol. 
1
H-NMR (300 MHz, CDCl3): δ 8.62-8.65(1H, dd, J1=9Hz, J2=1.5Hz), 8.16-8.19(1H, 

dd, J1=8.4Hz, J2=1.2Hz), 7.73-7.84(2H, m), 6.27-6.31(1H, dd, J1=7.5Hz, J2=5.1Hz), 3.39-

3.44(1H, m), 3.25-3.30(1H, m), 2.79-2.84(1H, m), 2.21-2.29(3H, m), 2.17(3H, s). 
13

C NMR (75 

MHz , CDCl3): δ 170.31, 158.36, 145.73, 141.71, 136.99, 131.07, 130.32, 130.03, 118.37, 75.39, 

28.59, 25.05, 21.10. FTIR (KBr):  2957(m), 1741(s), 1570(m), 1497(s), 1358(m), 1232(s, b), 

1043(s), 974(m), 903(s), 765(s), 733(m), 677(m), 651(s), 615(m), 541(s), 469(m), 440(s) cm
-1

. 

MS calculated for C13H13N2O3 (M+H) m/z 245.1, found 245.1. 

 

 



6,7-Dimethyl-2,3-dihydro-1H-cyclopenta[b]quinoxalin-1-yl acetate-4-oxide (5b) 

 

6,7-dimethyl-2,3-dihydro-1H-cyclopenta[b]quinoxalin-1-yl acetate-4-oxide (5b) was collected in 

55% yield; m.p. 162-163
o
C. 

1
H NMR (300 MHz, CDCl3): δ 8.32-8.34(1H, d, J=6Hz), 7.89-

7.90(1H, d, J=4.5Hz), 6.24-6.28(1H, dd, J1=7.5Hz, J2=5.1Hz), 3.36-3.47(1H, m), 3.18-3.28(1H, 

m), 2.77-2.86(1H, m), 2.52(3H, s), 2.48(3H, s), 2.21-2.28(1H, m), 2.17(1H, s). FTIR (KBr):  

2956(w), 1734(s), 1585(s), 1489(s), 1448(m), 1360(m), 1335(m). 1233(s, b), 1121(m), 1025(m), 

961(s), 909(m), 865(s), 785(s), 704(s), 565(s), 446(m) cm
-1

. MS calculated for C15H16N2O3 

(M+H) m/z 273.1, found 273.4. 

1-Acetoxy-1,2,3,4-tetrahydrophenazine-5-oxide (6a) 

1,2,3,4-tetrahydrophenazine-5,10-dioxide (3a) (1 g, 3.8 mmol) was dissolved in a mixture of 

acetic anhydride (4 mL) and acetic acid (1 mL). The mixture was stirred at room temperature for 

12 hours. The deep black reaction mixture was poured over crushed ice (20 g) with vigorous 

stirring for 1 hour. The aqueous mixture was left to stand at 0-5 
o
C for 12 hours. The pale yellow 

precipitate was collected by suction filtration, washed with cold water, dried under vacuum, and 

identified as 1-Acetoxy-1,2,3,4-tetrahydrophenazine-5-oxide (6a) (50%; m.p. 141-143
 o
C).      

1
H-NMR (300 MHz, CDCl3) δ 2.17 (7H, m), 3.07 (1H, m), 3.22 (1H, m), 6.14 (1H, t, J = 6 Hz), 

7.77 (2H, m), 8.10 (1H, d, J = 6 Hz), 8.56 (1H, d, J = 6 Hz). 
13

C-NMR (75 MHz, CDCl3):  δ 

16.71, 21.27, 24.59, 27.87, 70.68, 118.47, 130.57, 130.78, 136.24, 140.64, 143.41, 152.14, 

153.81, 170.13. FTIR: 1728, 1575, 1485, 1432, 1341, 1239, 1103, 1056, 1013, 969, 908, 768  

cm
-1

. MS: m/z calcd for C14H14N2O3  258.4, Found 259.2. 

1-Acetoxy-7,8-dimethyl-1,2,3,4-tetrahydrophenazine-5-oxide (6b) 

1-Acetoxy-7,8-dimethyl-1,2,3,4-tetrahydrophenazine-5-oxide (6b) was collected in 43% 

yield; m.p. 150-152
o
C. 

1
H NMR (300 MHz, CDCl3): δ 2.25 (7H, m), 2.48 (6H, d, J=12 Hz), 3.01 



(1H, m), 3.23 (1H, m), 6.11 (1H, t, J=0.3 Hz), 7.83 (1H, s), 8.29 (1H, s). 
13

C NMR (75 MHz, 

CDCl3): δ 16.34, 19.71, 20.14, 20.89, 24.09, 27.50, 30.54, 117.15, 128.68, 134.19, 139.44, 

140.97, 141.92, 150.43, 169.76. FTIR: 1733, 1700, 1569, 1506, 1483, 1380, 1368, 1351, 1238, 

1198, 1064, 1049, 991, 955, 912 cm
-1

. MS: m/z calcd for C16H18N2O3 286.3, Found 286.1. 

 

7,8,9,10-Tetrahydro-6H-cyclohepta[b]quinoxalin-6-yl acetate-11-oxide (7a) 

 

In a 2-necked round bottom flask, 7,8,9,10-tetrahydro-6H-cyclohepta[b]quinoxaline-

5,11-dioxide (4a) (2.5 g, 11 mmol) was dissolved in acetic acid (20 mL). The mixture was heated 

to the reflux temperature. Acetic anhydride (1.63 g, 16 mmol) was added dropwise, over 20 

minutes. After cooling, the solution was poured over crushed ice (20 g) and stirred for 12 hours. 

The pale yellow solid was collected by suction filtration, washed with cold water, dried by 

vacuum, and identified as 7,8,9,10-tetrahydro-6H-cyclohepta[b]quinoxalin-6-yl acetate-5-oxide 

(7a) (57%; m.p. 78-80
 o
C). When recrystallization was required, it was performed using 

methanol. 

1
H NMR (300 MHz, CDCl3): δ 8.54-8.58(1H, dd, J1=7.8Hz, J2=2.1Hz), 8.01-8.05(1H, dd, 

J1=6.9Hz, J2=2.2Hz), 7.70-7.77(2H, m), 6.06-6.09(1H, dd, J1=7.2Hz, J2=5.4Hz), 3.86-3.95(1H, 

m), 3.23-3.36(1H, m), 2.25(3H, s), 2.05-2.14(3H, m), 1.90-1.95(2H, m), 1.67-1.78(1H, m).      

13
C NMR (75 MHz, CDCl3): δ 169.97, 156.57, 143.09, 142.30, 135.73, 130.72, 130.08, 130.00, 

119.27, 75.94, 31.49, 27.01, 25.37, 24.18, 21.06. FTIR (KBr): 2939(m), 2861(w), 1725(s), 

1576(m), 1487(s), 1445(w), 1380(s), 1339(s), 1220(s), 1154(m), 1038(s), 964(m), 919(m), 

896(w), 876(w), 768(s), 617(m) cm
-1

. MS calculated for C15H17N2O3 (M+H) m/z 273.1, found 

273.1. 

 

 



1-Hydroxy-2,3-dihydro-1H-cyclopenta[b]quinoxaline-4-oxide (8a)  
 

1-Acetoxy-2,3-dihydro-1H-cyclopenta[b]quinoxaline-4-oxide (5a) (2 g, 8.2 mmol) was 

dissolved in the minimum amount (10 mL) of methanol and placed in an ice bath for 5 minutes. 

2% methanolic base (30 mL) was added to the cold solution. The solution was kept in an ice bath 

at  0
 o
C for 5 minutes. The reaction was halted by the addition of cold water (50 mL). The black-

green mixture was extracted with ethyl acetate, dried over MgSO4 and concentrated under 

vacuum. The crude product was then purified via silica gel column chromatography (Hexane: 

Ethyl acetate, 7:3) to yield 1-hydroxy-2,3-dihydro-1H-cyclopenta[b]quinoxaline-4-oxide (8a) 

(56% yield; m.p. 162-163
 o
C). 

1
H-NMR (300 MHz, CDCl3): δ 8.57-8.60(1H, dd, J1=8.4Hz, 

J2=1.5Hz), 8.11-8.14(1H, dd, J1=8.4Hz, J2=1.5Hz), 7.70-7.81(2H, m), 5.41-5.46(1H, t, J=6.9Hz), 

4.60(1H, s), 3.41-3.51(1H, m), 3.10-3.22(1H, m), 2.72-2.78(1H, m), 2.23-2.30(1H, m). 
13

C NMR 

(75 MHz , CDCl3): δ 162.49, 145.26, 141.31, 136.92, 131.05, 129.65, 129.51, 118.45, 73.44, 

30.59, 24.70. FTIR (KBr):  3353(s, b), 2964(w), 1734(s), 1570(s), 1493(s), 1435(m), 1350(m), 

1101(m), 1060(s), 970(s), 896(s), 782(s), 647(m), 612(w) cm
-1

. HRMS calculated for 

C11H10N2Na1O2 (M+Na) m/z 225.05617, found 225.06345. 

6,7-Dimethyl-2,3-dihydro-1H-cyclopenta[b]quinoxalin-1-ol-4-oxide (8b) 

 

6,7-dimethyl-2,3-dihydro-1H-cyclopenta[b]quinoxalin-1-ol-4-oxide (8b) was obtained in 

55% yield; m.p. 175-176 
o
C. 

1
H NMR (300 MHz, CDCl3): δ 8.25(1H, s), 7.75(1H, s), 5.38-

5.43(1H, dd, J1=7.5Hz, J2=6Hz), 3.38-3.47(1H, m), 3.09-3.18(1H, m), 2.69-2.74(1H, m), 

2.48(3H, s), 2.45(3H, s), 2.23-2.32(1H, m). 
13

C NMR (75 MHz, CDCl3): δ 161.38, 143.83, 

141.59, 140.69, 135.03, 128.43, 117.48, 73.26, 30.67, 24.69, 20.44, 20.19. FTIR (KBr):  3255(m, 

b), 2969(w), 1569(s), 1484(m), 1458(w), 1359(m), 1337(w), 1223(w), 1102(m), 1050(s), 



1011(m), 967(m), 905(w), 877(m), 790(m), 651(w, b) cm
-1

. MS calculated for C13H15N2O2 

(M+H) m/z 231.1, found 231.1. 

7,8,9,10-Tetrahydro-6H-cyclohepta[b]quinoxalin-6-ol-11-oxide (9a) 

7,8,9,10-Tetrahydro-6H-cyclohepta[b]quinoxalin-6-yl acetate-5-oxide (7a) (2 g, 7.35 mmol) was 

dissolved in 5% methanolic base (30 mL). The solution was refluxed for 10 minutes. After 

cooling, the solvent was removed under reduced pressure. The residue was extracted with 

CH2Cl2, dried over MgSO4 and concentrated under vacuum. The crude product was then purified 

via silica gel column chromatography (Hexane: Ethyl acetate, 8:2) to yield 7,8,9,10-tetrahydro-

6H-cyclohepta[b]quinoxalin-6-ol-11-oxide (9a) (42% yield; m.p. 130 
o
C). 

1
H NMR (300 MHz, 

CDCl3): δ 8.58-8.61(1H, dd, J1=8.7Hz, J2=1.8Hz), 8.04-8.07(1H, dd, J1=8.4Hz, J2=1.2Hz), 7.71-

7.81(2H, m), 5.46-5.47(1H, d, J=4.2Hz), 4.91-4.97(1H, m), 4.39-4.46(1H, m), 2.43-2.52(1H, m), 

2.35-2.39(1H, m), 2.1-2.17(2H, m), 1.49-1.63(1H, m), 1.28-1.41(1H, m). 
13

C NMR (75 MHz, 

CDCl3): δ 159.56, 142.70, 141.03, 136.07, 131.03, 129.89, 129.07, 119.55, 71.99, 36.63, 28.76, 

25.20, 24.73. FTIR (KBr):  3405(w, b), 2936(s), 2853(m), 1581(m), 1485(s), 1392(m), 1330(m), 

1287(m), 1258(s), 1096(w), 1050(s), 959(s), 827(w), 771(s) cm
-1

.  MS calculated for C13H15N2O2 

(M+H) m/z 231.1, found 231.1. 

2,3-Dihydro-1H-cyclopenta[b]quinoxaline-4-oxide (10a) 

 

Product 10a was obtained as a side product in the hydrolysis reaction (formation of 8a). It 

was purified via silica gel column chromatography, and collected in 27% yield; m.p. 52-53 
o
C. 

1
H-NMR (300 MHz, CDCl3): δ 8.48-8.51(1H, dd, J1=8.4Hz, J2=1.2Hz), 7.95-7.98(1H, d, 

J=8.4Hz), 7.61-7.73(2H, m), 3.20-3.32(4H, m), 2.25-2.35(2H, m). 
13

C NMR (75 MHz , CDCl3): 

δ 163.04, 144.84, 142.25, 135.78, 130.45, 129.08, 128.60, 118.09, 33.37, 27.62, 19.96. FTIR 

(KBr):  3067(w, b), 2965(w, b), 1590(m), 1485(s), 1426(w), 1382(m), 1358(m), 1308(m), 



1085(s), 861(m), 796(s), 661(w), 607(w) cm
-1

. MS calculated for C11H11N2O (M+H) m/z 187.1, 

found 187.1. 

7,8,9,10-Tetrahydro-6H-cyclohepta[b]quinoxaline-11-oxide (11a) 

Product 11a was obtained as a side product in the hydrolysis reaction (formation of 9a). It 

was purified via silica gel column chromatography, and collected in 24% yield; m.p.54-55 
o
C. 

Knowing that, the yield of this side product (11a) increases with increasing the reflux period.   

1
H NMR (300 MHz, CDCl3): δ 8.55-8.58(1H, dd, J1=8.1Hz, J2=1.8Hz), 7.79-8.00(1H, dd, 

J1=7.8Hz, J2=1.8Hz), 7.65-7.76(2H, m), 3.49-3.52(2H, m), 3.19-3.23(2H, m), 1.79-2.01(6H, m). 

13
C NMR (75 MHz, CDCl3): δ 161.15, 144.70, 142.61, 135.36, 130.57, 129.29, 129.22, 119.38, 

39.05, 31.68, 26.46, 25.77, 25.65. FTIR (KBr):  3269(m, b), 2915(m), 2854(m), 1582(s), 

1487(s), 1444(w), 1320(s), 1305(s), 1147(m), 1077(s), 960(s), 924(s), 770(s), 655(w) cm
-1

.      

MS calculated for C13H15N2O1 (M+H) m/z 215.1, found 215.0. 

2,3-Dihydro-1H-cyclopenta[b]quinoxaline-1-one (13a) 

 

1-Hydroxy-2,3-dihydro-1H-cyclopenta[b]quinoxaline-4-oxide (8a) (1g, 5mmol) was 

dissolved in a solution of methanol (20 mL)/ acetic acid (10 mL). The reaction mixture was 

refluxed for 12 hours. The brownish solution was neutralized with 10% sodium carbonate 

solution (50 mL), extracted with CH2Cl2 and dried over MgSO4.The crude product was purified 

by column chromatography on silica gel (Hexane: Ethyl acetate, 8:2) to yield 2,3-dihydro-1H-

cyclopenta[b]quinoxaline-1-one (13a) as greenish solid (67% yield; m.p. 150-151
o
C). 

1
H-NMR 

(300 MHz, CDCl3): δ 8.33-8.36(1H, dd, J1=8.1Hz, J2=1.2Hz), 8.15-8.18(1H, dd, J1=8.7Hz, 

J2=1.5Hz), 7.84-7.97(2H, m), 3.52-3.56(2H, m), 3.02-3.07(2H, m). 
13

C NMR (75 MHz , CDCl3): 

δ 204.06, 164.58, 147.16, 144.28, 143.11, 133.15, 131.62, 130.75, 128.97, 35.38, 26.43. FTIR 

(KBr):  3037(w), 2935(w), 1720(s), 1653(w), 1556(m), 1500(m), 1435(w), 1402(m), 1360(m), 



1271(w), 1150(s), 1116(s), 1046(s), 983(m), 804(m), 781(s), 521(s) cm
-1

. HRMS calculated for 

C11H8N2Na1O (M+Na) m/z 207.04561, found 207.05288. 

6,7-Dimethyl-2,3-dihydrocyclopenta[b]quinoxalin-1-one (13b) 

 

6,7-dimethyl-2,3-dihydrocyclopenta[b]quinoxalin-1-one (13b) was collected in 70% 

yield; m.p. 170-171 
o
C. 

1
H NMR (300 MHz, CDCl3): δ 8.04(1H, s), 7.88(1H, s), 3.46-3.50(2H, 

m), 2.97-3.03(2H, m), 2.56(3H, s), 2.53(3H, s). 
13

C NMR (75 MHz, CDCl3): δ 204.34, 164.11, 

146.25, 144.88, 143.44, 142.22, 141.74, 130.17, 127.82, 35.30, 26.33, 20.90, 20.46. FTIR (KBr):  

2923(m, b), 1733(s), 1585(s), 1488(s), 1419(m), 1405(m), 1364(s), 1287(w), 1209(s), 1165(m), 

1144(s), 1045(s), 1003(m), 879(w), 785(w), 722(m), 400(s) cm
-1

. MS calculated for C13H13N2O1 

(M+H) m/z 213.1, found 213.0. 

 7,8,9,10-Tetrahydrocyclohepta[b]quinoxalin-6-one (14) 

7,8,9,10-tetrahydro-6H-cyclohepta[b]quinoxalin-6-ol-11-oxide (9a) (1 g, 4.7 mmol) was 

dissolved in a solution of methanol (20 mL)/ acetic acid (10 mL). The reaction mixture was 

refluxed for 12 hours. The brownish solution was neutralized with 10% sodium carbonate 

solution (50 mL), extracted with CH2Cl2 and dried over MgSO4.The crude product was purified 

by column chromatography on silica gel (Hexane: Ethyl acetate, 8:2) to yield 7,8,9,10-

tetrahydrocyclohepta[b]quinoxalin-6-one (14) as yellow solid (77% yield; m.p. 150-151
o
C).   

1
H 

NMR (300 MHz, CDCl3): δ 8.21-8.25(1H, dd, J1=8.4Hz, J2=1.5Hz), 8.06-8.09(1H, dd, J1=8.1Hz, 

J2=1.8Hz), 7.75-7.86(2H, m), 3.29-3.33(2H, t, J=6Hz), 2.93-2.98(2H, m), 2.07-2.16(2H, m), 

1.94-2.03(2H, m). 
13

C NMR (75 MHz, CDCl3): δ 204.38, 154.19, 151.23, 142.45, 141.12, 

131.70, 130.27, 130.04, 128.55, 40.60, 34.83, 24.56, 22.14. FTIR (KBr):  2964(w), 2870(w), 

1691(s), 1530(m), 1484(m), 1457(m), 1408(w), 1355(m), 1240(w), 1207(w), 1118(m), 1066(w), 

1044(m), 533(m) cm
-1

. MS calculated for C13H13N2O1 (M+H) m/z 213.1, found 213.0. 



 

1-hydroxyphenazine (15a)
3
 

1-Acetoxy-1,2,3,4-tetrahydrophenazine-5-oxide (0.5 g, 1.93 mmol) was dissolved in 5% 

KOH/MeOH (10 mL). The solution was refluxed for 15 minutes and then left to cool to room 

temperature. The violet solution was neutralized with HCl (5 mL), extracted with CH2Cl2. and 

dried over MgSO4.The crude product was purified by column chromatography on silica gel 

(Hexane: Ethyl acetate, 8:2) to yield 1-hydroxyphenazine as yellow solid (37% yield; m.p. 156-

157
o
C). 

 

8H-Indolo[3,2-a]phenazine (17a), Quinolino[2,3,c]cylclopentadienone[2,3-b]quinoxaline 

(18a) 

2,3-Dihydro-1H-cyclopenta[b]quinoxaline-1-one (13a) (0.2 g, 1.1 mmol), and o-amino 

benzaldehyde (0.26 g, 2.2 mmol) were dissolved in a solution of methanol (20 mL) and acetic 

acid (10 mL). The reaction mixture was refluxed for 72 hour. The reaction mixture was 

neutralized with 10% sodium carbonate solution (20 mL), extracted with CH2Cl2 and dried over 

MgSO4.The crude product was loaded on a silica gel column and eluted with a 5:1 mixture of 

dichloromethane: hexane. Two main products were isolated. The major  product was isolated as 

an orange solid and identified as quinolino[2,3,c]cylclopentadienone[2,3-b]quinoxaline (18a) 

(47% yield; m.p. 283-284
 o
C). 

1
H NMR (300 MHz, CDCl3): δ 8.75(1H, s), 8.43-8.47(2H, m), 

8.34-8.35(1H, d, J=1.8Hz), 8.03-8.04(1H, d), 7.89-7.96(3H, m), 7.71-7.73(1H, m). 
13

C NMR (75 

MHz, CDCl3): δ 187.8, 153.3, 152.6, 152.2, 145.3, 144.7, 144.2, 143.8, 134.15, 133.7, 133.3, 

131.7, 131.6, 131.15, 130.9, 130.8, 129, 128.86. FTIR (KBr): 2924(m, b), 1726(s), 1584(m), 



1492(w), 1453(w), 1333(s), 1285(s), 1056(w), 939(m), 758(m) cm
-1

. MS calculated for 

C18H10N3O1 (M+H) m/z 284.1, found 284.0. 

 

The minor product was isolated as a pale yellow solid and identified as 8H-indolo[3,2-

a]phenazine (17a) (21% yield; m.p. above 300
 o

C). 
1
H NMR (300 MHz, CDCl3): δ 9.14-9.17(1H, 

dd, J1=5.7Hz, J2=2.7Hz), 8.74(1H, s, b), 8.35-8.39(1H, dd, J1=8.7Hz, J2=1.2Hz), 8.21-8.24(1H, 

dd, J1=8.4Hz, J2=1.2Hz), 8.07-8.10(1H, d, J=9.3Hz), 7.92-7.95(1H, d, J=9.3Hz), 7.72-7.85(2H, 

m), 7.56-7.59(1H, m), 7.43-7.48(2H, m). 
13

C NMR (75 MHz, CDCl3): δ 141.90, 140.83, 140.44, 

140.09, 137.29, 137.07, 128.94, 128.51, 128.48, 127.63, 126.93, 124.13, 123.52, 122.64, 120.62, 

118.69, 113.97, 110.26. FTIR (KBr):  3228(s, b), 2910(s), 2853(m), 1586(m), 1452(w), 1333(m), 

1250(s), 1183(w), 1057(w), 800(s, b), 752(w) cm
-1

. MS calculated for C18H12N3 (M+H) m/z 

270.1, found 270.1 

 

2,3-Dimethyl-8H-indolo[3,2-a]phenazine (17b) 

 

2,3-dimethyl-8H-indolo[3,2-a]phenazine (17b) was collected in 19% yield; m.p. above 

300 
o
C. 

1
H NMR (300 MHz, CDCl3): δ 9.10-9.2(1H, m), 8.8(1H, s, b), 8.18(1H, s), 8.10-

8.13(1H, d, J=9.3Hz), 8.10(1H, s), 7.93-7.96(1H, d, J=9.3Hz), 7.6-7.63(1H, m), 7.47-7.50(2H, 

m), 2.58-2.6(6H, m). 
13

C NMR (75 MHz, CDCl3): δ 142.24, 141.63, 141.41, 141.11, 140.82, 

140.46, 139.60, 138.10, 128.09, 128.04, 127.90, 124.98, 124.76, 124.54, 123.65, 121.41, 118.72, 

111.16, 20.69, 20.62. FTIR (KBr):  3227(m, b), 2924(m, b), 2853(w, b), 1478(w), 1372(w), 

1333(w), 1230(s), 1053(m), 765(m) cm
-1

. MS calculated for C20H16N3 (M+H) m/z 298.1, found 

298.2.  

See X-Ray Fig.1 in the main text. 

 



3,4-Dimethylquinolino[2,3,c]cylclopentadienone[2,3-b]quinoxaline (18b) 

3,4-Dimethylquinolino[2,3,c]cylclopentadienone[2,3-b]quinoxaline (18b) was collected in 56% 

yield; m.p. 291-292 
o
C. 

1
H NMR (300 MHz, CDCl3): δ 8.69(1H, s), 8.41-8.44(1H, d, J=8.4Hz), 

8.16(1H, s), 8.07(1H, s), 8.00-8.03(1H, dd, J1=8.4Hz, J2=1.2Hz), 7.88-7.94(1H, dt, J1=7.2Hz, 

J2=1.5Hz), 7.65-7.71(1H, dt, J1=7.2Hz, J2=1.2Hz), 2.58(3H, s), 2.56(3H, s). 
13

C NMR (75 MHz, 

CDCl3): δ 187.98, 158.27, 154.85, 151.85, 149.45, 144.85, 143.20, 142.93, 142.69, 133.73, 

133.38, 131.03, 130.83, 130.57, 129.84, 128.80, 128.67, 128.41, 20.89, 20.58. FTIR (KBr):  

2927(w, b), 1715(s), 1611(s), 1547(m), 1493(s), 1406(w), 1360(s), 1217(m), 1175(m), 1139(m), 

1076(s), 868(m), 797(m), 761(m), 436(s) cm
-1

. MS calculated for C20H14N3O1 (M+H) m/z 312.1, 

found 312.1. 

See X-Ray, Fig. 2 in the main text.  

12,13,14-Trihydroindolo[2,3-c]cyclohepta[2,3-b]quinoxaline (22) 

 

This was accomplished via a modified literature procedure.
4  

Briefly, small amount of 

trifluoroacetic acid (1 mL) was added to a solution of 14a (0.1 g, 0.47 mmol) and 

phenylhydrazine (0.05 g, 0.47 mmol) in glacial acetic acid. The resulting reaction mixture was 

stirred at 90°C for 2hours. After cooling, the reaction mixture was neutralized with 10% sodium 

carbonate solution (20 mL), extracted with CH2Cl2 and dried over MgSO4. The crude product 

was purified by silica gel column chromatography (Hexane: Ethyl acetate, 7:3) to yield 12,13,14-

Trihydroindolo[2,3-c]cyclohepta[2,3-b]quinoxaline (22) in 74% yield as a yellowish solid. 
1
H 

NMR (300 MHz, CDCl3): δ 8.83-8.80(1H, d, J=9.3Hz), 8.61-8.59(1H, dd, J1=8.7Hz, J2=1.2Hz), 

8.33(1H, s, b), 8.30-8.29(1H, d, J=2.1Hz), 8.17-8.15(1H, dd, J1=8.1Hz, J2=0.9Hz), 7.76-7.73(1H, 

t, d, J1=8.7Hz, J2=1.5Hz), 7.65-7.63(1H, t, d, J1=6.9Hz, J2=1.2Hz), 7.39-7.35(1H, m), 7.30-



7.29(1H, d, J=3.6Hz), 3.65-3.62(2H, m), 3.30-3.25(2H, m), 2.36-2.30(2H, m). MS calculated for 

C19H14N3 (M-H) m/z 284.1, found 284.1. 

 

13,14,15-Trihydroquinolino[2,3-c]cyclohepta[2,3-b]quinoxaline (23) 

 

7,8,9,10-Tetrahydrocyclohepta[b]quinoxalin-6-one (14a) (1 g, 5 mmol) and o-amino 

benzaldehyde (0.6 g, 5 mmol) were dissolved in a solution of methanol (20 mL) and acetic acid 

(10 mL). The reaction mixture was refluxed for 72 hour. The reaction mixture was neutralized 

with 10% sodium carbonate solution, extracted with CH2Cl2 and dried over MgSO4. The crude 

product was purified by silica gel column chromatography (Hexane: Ethyl acetate, 8:2) to yield 

13,14,15-trihydroquinolino[2,3-c]cyclohepta[2,3-b]quinoxaline (23) as a yellow solid (68% 

yield; m.p.167-168 
o
C). 

1
H NMR (300 MHz, CDCl3): δ 8.40-8.36(2H, m), 8.11-8.16(2H, m), 

7.89-7.86(1H, d, J=8.1Hz), 7.84-7.73(3H, m), 7.64-7.59(1H, t, J=7.8Hz), 3.08-3.04(2H, m), 

2.86-2.82(2H, m), 2.44-2.39(2H, m). 
13

C NMR (75 MHz, CDCl3): δ 156.59, 155.11, 153.32, 

147.68, 142.15, 142.12, 135.60, 132.53, 130.42, 130.31, 130.27, 129.49, 129.36, 128.54, 128.51, 

127.47, 126.97, 33.30, 29.85, 29.50. FTIR (KBr): 3369(w, b), 2957(m), 1666(w), 1620(w), 

1493(m), 1450(w), 1356(m), 1260(w), 999(s), 912(m), 775(s), 612(m)cm
-1

. MS calculated for 

C20H16N3 (M+H) m/z 298.1, found 298.2. 

13,14,15-Trihydroquinoxalino[2,3-c]cyclohepta[2,3-b]quinoxaline-1,6-dioxide (24) 

7,8,9,10-tetrahydrocyclohepta[b]quinoxalin-6-one (14) (1 g, 5 mmol) and benzofurazan 

oxide (1a) (0.68 g, 5 mmol) were dissolved in acetonitrile (30-35 mL). The solution was heated 

to the boiling point. The effervescent solution was left to stand under room temperature for 1 

minute. To the hot solution, pyrrolidine (5 mL) was added drop-wise resulting in an exothermic 

reaction, effervescent, with a color change from orange-yellow to dark black. The reaction 

mixture was left to stand under room temperature for 30 minutes. The reaction mixture was 



extracted with ethyl acetate. The organic layer was collected, dried over Na2SO4, and evaporated 

to dryness under vacuum. The crude product was purified by silica gel column chromatography 

(the side products were eliminated with ethyl acetate and  product 24 was eluted by MeOH) to 

yield a green product of 13,14,15-trihydroquinoxalino[2,3-c]cyclohepta[2,3-b]quinoxaline-1,6-

dioxide (24) (65%; m.p. 210-212 
o
C). 

1
H NMR (300 MHz, CDCl3): δ 8.74-8.81(2H, m), 8.30-

8.34(1H, m), 8.14-8.17(1H, m), 7.83-7.97(4H, m). 
13

C NMR (75 MHz, CDCl3): δ 154.46, 

144.31, 142.53, 142.35, 141.30, 138.31, 138.04, 137.44, 132.48, 131.86, 131.56, 130.23, 129.94, 

128.81, 121.14, 120.51, 32.86, 26.35, 23.08. FTIR (KBr):  3469(m, b), 1494(w), 1380(s), 

1296(s), 1119(m), 1083(s), 991(s), 891(m), 766(s), 659(m) cm
-1

.  MS calculated for C19H15N4O2 

(M+H) m/z 331.1, found 331.1. 
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