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ABSTRACT 
 
 The synthesis and screening for antitumor activity of a series of new N4-substituted sulfaquinoxalines 
containing moieties such as oxopyrrole, pyrroloacetamides, amino-pyrazolinone, pyrrolo[2,3-d]pyrimidinone 
and pyrrolo[2,3-b]pyridinone derivatives are reported. Some of these compounds showed interesting cytotoxic 
activities. All newly synthesized compounds were screened as antitumor agents against human tumor colon and 
breast cell lines (HCT116 and MCF7) respectively. 
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Introduction 
 
 Cancer still remains a threat to men’s health. The development of resistance against existing anticancer 
drugs highlights the importance of finding new anticancer agents. Recently, a host of structurally novel 
sulfonamide derivatives were reported to show substantial antitumor activity in vitro and/or in vivo (Aly., 2010; 
Ismail et al., 2008; Ismail et al, Rostom et al and Ghorab et al., 2006).  Pyrroles and pyrrolo[2,3-d]pyrimidines 
and their related fused heterocycles are known to exhibit antitumor activity (Alqasoumi et al, Jung et al., 2009, 
Asukai et al, Mchardy et al., 2010). Recently, several quinoxaline derivatives exhibited antitumor activity as 
potent and highly selective tyrosine kinase inhibitors (Levitzki., 1999 and 2002; Bogoyevitch et al., 2007 and 
Prudent et al., 2009). A series of structurally novel sulfonamide derivatives containing a N1-substituted 
sulfonamide moiety were reported to show substantial antitumor activity in vitro and/or in vivo (Aly., 2010; 
Ismail et al and Ghorab et al., 2006). This investigation deals with the synthesis of some novel sulfaquinoxaline 
by derivatizing the N4-amino group of sulfonamide by different biologically active heterocyclic moieties and 
testing them as antitumor agents. 
 
Material and Methods 
 
 Melting points are uncorrected and were determined on a Stuart melting point apparatus (Stuart Scientifi c, 
Redhill, UK). Elemental analysis (C, H, N) were performed on Perkin-Elmer 2400 analyser (Perkin-Elmer, 
Norwalk, CT, USA) at the microanalytical laboratories of the Faculty of Science, Cairo University. All 
compounds were within ± 0.4 % of the theoretical values. The IR spectra (KBr) were measured on Shimadzu IR 
110 spectrophotometer (Shimadzu, Koyoto, Japan), 1H-NMR spectra were obtained on a Bruker proton NMR-
Avance 300 (300 MHz) (Bruker, Munuch, Germany), in DMSO-d6 as a solvent, using tetra methylsilane (TMS) 
as internal standard. Mass spectra were run on HP Model MS-5988 (Hewlett Packard, Palo, Alto, California, 
USA). All the reagents were obtained commercially and used without purification. 
 
2-Chloro-N-(4-(N-quinoxalin-2-ylsulfamoyl)phenyl)acetamide (2). 
 
 A mixture of 4-amino-N-quinoxalin-2-yl)benzenesulfonamide (sulfaquinoxaline) 1 (0.3g, 0.01 mol) and 
chloroacetyl chloride (1.13mL, 0.01 mol) in dimethyl formamide (20 mL) was stirred at room temperature for 4 
h. The reaction mixture was poured on to ice cold water and the solid obtained was filtered and recrystallized 
from dioxane to give 2: Yield 91%; mp 180-182 0C; IR (KBr) ν cm-1: 3438, 3267 (2NH), 3030 (CH arom.), 
2923 (CH aliph.), 1702 (C=O), 1360, 1156 (SO2). 

1H-NMR (300 MHz, DMSO-d6) δ: 4.27 (s, 2H, CH2Cl), 6.56 
(s, 1H, NH, exchangeable with D2O), 7.56–7.76 (m, 4H, Ar-H), 7.8, 8.1 [2d, 4H, Ar-H AB system], 8.62 (s, 1H, 
CH quinoxaline), 10.68 (s, 1H, SO2NH). MS m/z (%): 377 (6.2), 145 (100). Anal. calcd. for C16H13ClN4O3S: C, 
50.99; H, 3.47; N, 14.94. Found: C, 51.09; H, 3.50; N, 15.10%. 



3109 
J. Appl. Sci. Res., 9(4): 3108-3117, 2013 

 

4-(3,5-dioxothiomorpholino)–N-(quinoxalin-2-yl)benzenesulfonamide (3). 
 
 A mixture of 2 (3.77g, 0.01 mol) and thioglycolic acid (0.92mL, 0.01 mol) in pyridine (20 mL) was 
refluxed for 8 h. The reaction mixture was cooled at room temperature, poured into crushed ice and acidified 
with dilute HCl. The obtained product was recrystallized from ethanol to give 3. Yield, 68%: mp 190-192 0C; IR 
(KBr) ν cm-1: 3378 (NH), 3042 (CH arom.), 1687 (C=O), 1313, 1148 (SO2). 

1H NMR (300 MHz, DMSO-d6) δ: 
2.49 (s, 4H, 2CH2), 7.57–7.79 (m, 4H, Ar-H), 7.92, 8.58 [2d, 4H, Ar-H AB system], 8.58 (s, 1H, CH 
quinoxaline), 10.33 (s, 1H, SO2NH). MS m/z (%): 414 (3.2), 145 (100) Anal. calcd. for C18H14N4O4S2: C, 52.16; 
H, 3.40; N, 13.52. Found: C, 52.33; H, 3.47; N, 13.39%. 
 
2-(4-mercaptophenylamino)-N-(4-(N-quinoxalin-2-ylsulfamoyl)phenyl)acetamide (4). 
 
 A mixture of 2 (3.77g, 0.01 mol) and 4-aminothiophenol (1.25g, 0.01 mol) was dissolved in dimethyl 
formamide (30 mL) then refluxed for 4-5 h. The reaction mixture then cooled and poured on to ice cold water. 
The solid product was collected and recrystallized from ethanol to give 4. Yield, 88%: mp 196-198 0C; IR (KBr) 
ν cm-1: 3437, 3356, 3252 (3NH), 3068 (CH arom.), 2920 (CH aliph.), 1683 (C=O), 1520 (SH), 1344, 1149 
(SO2). 

1H NMR (300 MHz, DMSO-d6) δ: 2.49 (s, 2H, CH2), 3.53 (s, 1H, SH), 5.89, 6.54 (2s, 2H, 2NH, 
exchangeable with D2O), 6.93–7.28 (m, 8H, Ar-H), 7.58, 7.98 [2d, 4H, Ar-H AB system], 8.51 (s, 1H, CH 
quinoxaline), 10.52 (s, 1H, SO2NH). MS m/z (%): 366[M+] (3.2), 145 (100). Anal. calcd. for C22H19N5O3S2: C, 
56.76; H, 4.11; N, 15.04. Found: C, 56.73; H, 4.30; N, 5.19%. 
 
N-(4-(N-quinoxalin-2-ylsulfamoyl)phenyl)-2-thiocyanatoacetamide (5). 
 
 A mixture of 2 (3.77g, 0.01 mol) and potassium thiocyanate (0.97g, 0.01mol) in acetonitrile (30 mL) was 
refluxed for 5 h. The reaction mixture was cooled to room temperature, poured into crushed ice and acidified 
with dilute HCl. The obtained product was recrystallized from ethanol to give 5. Yield, 68%: mp 186-188 0C; IR 
(KBr) ν cm-1: 3390, 3252 (2NH), 3042 (CH arom.), 2923 (CH aliph.), 2250 (CNS), 1688 (C=O), 1312, 1151 
(SO2). 

1H NMR (300 MHz, DMSO-d6) δ: 2.49 (s, 2H, CH2), 6.56 (s, 1H, NH, exchangeable with D2O), 7.01–
7.57 (m, 4H, Ar-H), 7.60, 8.07 [2d, 4H, Ar-H AB system], 8.62 (s, 1H, CH quinoxaline), 10.19 (s, 1H, SO2NH). 
MS m/z (%): 399 [M+] (10.49), 145 (100) Anal. calcd. for C17H13N5O3S2: C, 51.12; H, 3.28; N, 17.53. Found: C, 
51.23; H, 3.30; N, 17.39%.  
 
4-amino-3-cyano-5-(phenylamino)-N-(4-(N-quinoxalin-2-yl-sulfamoyl)phenyl)thiophene-2- carboxamide (6). 
 
 A mixture of 2 (3.77g, 0.01 mol), malononitrile (0.66g, 0.01 mol) and phenylisothiocyanate (1.35mL, 0.01 
mol) dissolved in dimethyl formamide (30 mL) was stirred for 4 h. The reaction mixture was poured into 
crushed ice, the solid product was collected and it recrystallized from ethanol to give 6. Yield, 86%: mp 200-202 
0C; IR (KBr) ν cm-1: 3429, 3390, 3378, 3256 (3NH, NH2), 3042 (CH arom.), 2923 (CH aliph.), 2205 (C ≡N), 
1682 (C=O), 1313, 1148 (SO2).

1H NMR (300 MHz, DMSO-d6) δ: 4.26 (s, 2H,  NH2 exchangeable with D2O), 
6.56 (s, 1H, NH, exchangeable with D2O), 6.86–7.75 (m, 10H, Ar-H + NH), 7.91, 8.23 [2d, 4H, Ar-H AB 
system], 8.59 (s, 1H, CH quinoxaline), 10.49 (s, 1H, SO2NH). MS m/z (%): 540 [M-] (12.39), 54 (100). Anal. 
calcd. for C26H19N7O3S2: C, 57.66; H, 3.54; N, 18.10. Found: C, 57.42; H, 3.43; N, 18.14%. 
 
Ethyl-4-amino-5-(phenylamino)-2-(4-(N-quinoxalin-2-ylsulfamoyl)phenylcarbamoyl)thiophene-3-carboxylate 
(7). 
 
 A mixture of 2 (3.77g, 0.01 mol), ethylcyanoacetate (1.13mL, 0.01 mol) and phenyl isothiocyanate 
(1.35mL, 0.01 mol) dissolved in dimethyl formamide (30 mL) was stirred for 4 h. The reaction mixture was 
poured into crushed ice, the solid product was collected and recrystallized from ethanol to give 7. Yield, 86%:  
mp 170-172 0C; IR (KBr) ν cm-1: 3436, 3359, 3378, 3251 (3NH, NH2), 3072 (CH arom.), 2923 (CH aliph.), 
1696, 1723 (2C=O), 1311, 1153 (SO2).

 1H NMR (300 MHz, DMSO-d6) δ: 1.39 (t, 3H, CH3), 4.08 (q, 2H, CH2), 
4.25 (s, 2H,  NH2 exchangeable with D2O), 6.54 (s, 1H, NH, exchangeable with D2O), 6.85–7.73 (m, 10H, Ar-H 
+ NH), 7.94, 8.24 [2d, 4H, Ar-H AB system], 8.54 (s, 1H, CH quinoxaline), 10.76 (s, 1H, SO2NH). MS m/z (%): 
588 (8.29), 54 (100). Anal. calcd. for C28H24N6O5S2: C, 57.13; H, 4.11; N,14.28. Found: C, 57.31; H, 4.06; N, 
14.32%. 
 
4-(2-oxo-2,3-dihydropyrrol-1-yl)-N-(quinoxalin-2-yl)benzenesulfonamide derivatives (8,9). 
 
 A mixture of 2 (3.77g, 0.01 mol), malononitrile or ethylcyanoacetate (0.66g or 1.13mL, 0.01 mol) and 
anhydrous potassium carbonate (0.5 gm) dissolved in dimethyl formamide (30 mL) was refluxed for 4-5 h. The 
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reaction mixture was cooled, poured on to ice cold water and acidified with dilute HCl to give 8 and 9 
respectively. The obtained products were recrystallized from dioxane. 
 
4-(5-amino-4-cyano-2-oxo-2,3-dihydropyrrol-1-yl)-N-(quinoxalin-2-ylbenzenesulfonamide (8). 
 
 Yield, 86%: mp 160-162 0C; IR (KBr) ν cm-1: 3431, 3356, 3182 (NH, NH2), 3064 (CH arom.), 2199 (C≡N), 
1694 (C=O), 1342, 1148 (SO2).

 1H NMR (300 MHz, DMSO-d6) δ: 2.49 (s, 2H, CH2-pyrrole), 4.26 (s, 2H, NH2 
exchangeable with D2O), 7.56–7.91(m, 4H, Ar-H), 8.04, 8.29 [2d, 4H, Ar-H AB system], 8.64 (s, 1H, CH 
quinoxaline), 10.8 (s, 1H, SO2NH). MS m/z (%): 407 [M+] (27.49), 161 (100). Anal. calcd. for C19H14N6O3S: C, 
56.15; H, 3.47; N, 20.68. Found: C, 56.22; H, 3.53; N, 20.54%. 
 
4-(3-isocyano-2,5-dioxo-2H-pyrrol-1(5H)-yl)-N-(quinoxalin-2-yl)benzenesulfonamide (9). 
 
 Yield, 83%: mp 170-172 0C; IR (KBr) ν cm-1: 3360 (NH), 3042 (CH arom.), 2923 (CH aliph.), 2200 (C≡N), 
1738, 1693 (2C=O), 1311, 1148 (SO2).

 1H NMR (300 MHz, DMSO-d6) δ: 6.12 (s, 1H, CH-pyrrole), 7.33–
7.76(m, 4H, Ar-H), 7.91, 8.08 [2d, 4H, Ar-H AB system], 8.62 (s, 1H, CH quinoxaline), 9.8 (s, 1H, SO2NH). 
MS m/z (%): 406 [M+] (8.29), 64 (100). Anal. calcd. for C19H11N5O4S: C, 56.29; H, 2.74; N, 17.28. Found: C, 
56.34; H, 2.86; N, 17.32%. 
 
4-(4,6-dioxo-3,4,5,6-tetrahydropyrrolo[2,3-d]pyrimidin-7-yl)-N-quinoxalin-2-yl)benzene sulfonamide (11). 
 
 A solution of compound 8 (4g, 0.01 mol) in formic acid (30 mL) was refluxed for 5 h, the reaction mixture 
was cooled and then poured on to cold water, the obtained solid was recrystallized from dioxane to give 
compound 11. Yield, 78%; mp 200-202 0C; IR (KBr) ν cm-1: 3383, 3247 (NH), 3072 (CH arom.), 1738, 1623 (2 
C=O), 1612 (C=N), 1372, 1165 (SO2). 

1H NMR (300 MHz, DMSO-d6) δ: 2.49 (s, 2H, CH2-pyrrole), 7.56–
7.91(m, 4H, Ar-H), 8.04, 8.29 [2d, 4H, Ar-H AB system], 8.64 (s, 1H, CH quinoxaline), 10.8 (s, 1H, SO2NH). 
MS, m/z (%): 434 (1.99), 55 (100). Anal. calcd. for C20H14N6O4S: C, 55.29; H, 3.25; N, 19.35. Found: C, 55.32; 
H, 3.41; N, 19.51%. 
 
4-(2-methyl-4,6-dioxo-3,4,5,6-tetrahydropyrrolo[2,3-d]pyrimidin-7-yl)-N-(quinoxalin-2-yl)benzenesulfonamide 
(12). 
 
 A solution of compound 8 (4. 34g, 0.01 mol) in acetic anhydride (20 mL) was refluxed for 1 h, the reaction 
mixture was then concentrated, the solid separated was recrystallized from ethanol to give compound 12: Yield, 
65%; mp 120-122 0C  ; IR (KBr) ν cm-1: 3466, 3242 (2NH), 3062 (CH arom.), 2924 (CH aliph.), 1695, 1656 (2 
C=O), 1620 (C=N), 1370, 1163 (SO2). 

1H NMR (300 MHz, DMSO-d6) δ: 1.32 (s, 3H, CH3), 2.48 (s, 2H, CH2-
pyrrole), 7.57–7.94(m, 4H, Ar-H), 8.03, 8.28 [2d, 4H, Ar-H AB system], 8.67 (s, 1H, CH quinoxaline), 10.4 (s, 
1H, SO2NH), 11.0 (s, 1H, NH pyrimidine). MS m/z (%): 448 (0.89), 145 (100). Anal. calcd. for C21H16N6O4S: 
C, 56.24; H, 3.60; N, 18.74. Found: C, 56.32; H, 3.41; N, 18.51%. 
 
4-(3-amino-5-oxo-4,5-dihydropyrrolo[2,3-c]pyrazol-6(1H)-yl)-N-(quinoxalin-2-yl)benzenesulfonamide (13). 
 
 A mixture of 8 (4.34g, 0.01 mol), hydroxylamine hydrochloride (0.69g, 0.01 mol) and sodium ethoxide (10 
mL) was dissolved in (20 mL) ethanol was refluxed for 4 h. The reaction mixture then cooled, poured into 
crushed ice and acidified with dilute HCl. The obtained product was recrystallized from ethanol to give 13. 
Yield, 65%; mp 204-2060C; IR (KBr) ν cm-1: 3465, 3332, 3242, 3156 (2NH, NH2), 3062 (CH arom.), 1734 
(C=O), 1615 (C=N), 1341, 1146 (SO2). 

1H NMR (300 MHz, DMSO-d6) δ: 2.48 (s, 2H, CH2-pyrrole), 6.51 (s, 
2H, NH2), 7.58–7.97(m, 4H, Ar-H), 8.06, 8.38 [2d, 4H, Ar-H AB system], 8.69 (s, 1H, CH quinoxaline), 10.3 (s, 
1H, SO2NH), 11.01 (s, 1H, NH pyrazole). MS m/z (%): 421 (17.49), 106 (100). Anal. calcd. for C19H15N7O3S: 
C, 54.15; H, 3.59; N, 23.27. Found: C, 54.32; H, 3.71; N, 23.41%. 
 
4-(4-cyano-2-oxo-5-(3-phenylthioureido)-2,3-dihydropyrrol-1-yl)-N-(quinoxalin-2-yl)benzenesulfonamide (14). 
 
 A mixture of 8 (4.34g, 0.01 mol) and phenylisothicyanate (1.35mL, 0.01 mol) in ethanol (20 mL) 
containing 3 drops of triethylamine was heated under reflux for 3 h. The reaction mixture then cooled, poured 
into crushed ice and acidified with dilute HCl. The obtained product was recrystallized from ethanol to give 14. 
Yield, 65%; mp 210-212 0C; IR (KBr) ν cm-1: 3429, 3362, 3246(3NH), 3042 (CH arom.), 2199 (C ≡N), 1700 
(C=O), 1280 (C=S), 1339, 1145 (SO2). 

1H NMR (300 MHz, DMSO-d6) δ: 2.48 (s, 2H, CH2-pyrrole), 5.39, 5.65 
(2s, 2H, 2NH-CS), 7.58–7.94(m, 9H, Ar-H), 8.03, 8.27 [2d, 4H, Ar-H AB system], 8.66 (s, 1H, CH 
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quinoxaline), 10.4 (s, 1H, SO2NH). Anal. calcd. for C26H19N7O3S2: C, 57.66; H, 3.54; N, 18.10. Found: C, 
57.52; H, 3.41; N, 18.21%. 
 
4-(4-imino-6-oxo-3-phenyl-2-thioxo-1,2,3,4,5,6-hexahydropyrrolo[2,3-d]pyrimidin-7-yl)-N-(quinoxalin-2-yl 
(benzenesulfonamide)remove space between (z - e) in benzenesulfonamide word (15). 
 
 Method (A): A mixture of 8 (4.34g, 0.01 mol), phenylisothiocyanate (1.35mL, 0.01 mol) and pyridine (20 
mL) was refluxed in an oil bath for 6 h. The reaction mixture was cooled, diluted with ethanol and the resulting 
solid was crystallized from dioxane to give 15.  
 Method (B): A solution of 14 (5.4g, 0.01 mol) in pyridine (10 mL) was refluxed for 5 h. The reaction 
mixture was then cooled and diluted with ethanol/H2O to give 15. Yield, 71%; mp 180-182 0C; IR (KBr) ν cm-1: 
3407, 3337, 3248 (3NH), 3030 (CH arom.), 1694 (C=O), 1607 (C=N), 1220 (C=S), 1339-1145 (SO2). 

1H NMR 
(300 MHz, DMSO-d6) δ: 2.48 (s, 2H, CH2-pyrrole), 6.45 (s, 1H, NH=C), 7.57–7.94(m, 9H, Ar-H), 8.05, 8.31 
[2d, 4H, Ar-H AB system], 8.87 (s, 1H, CH quinoxaline), 10.42 (s, 1H, SO2NH), 11.2 (s, 1H, NH pyrimidine). 
Anal. calcd. for C26H19N7O3S2: C, 57.66; H, 3.54; N, 18.10. Found: C, 57.43; H, 3.46; N, 18.26%. 
 
4-(4-amino-5-cyano-2-oxo-6-(pyridin-4-yl)-2,3-dihydropyrrolo[2,3-b]pyridin-1-yl)-N-(quinoxalin-2-yl)benzene 
sulfonamide (16). 
 
 A mixture of 8 (4.34g, 0.01 mol) and 4-pyridinylidenecyanothioacetamide (1.89g, 0.01 mol) containing 3 
drops of piperidine in ethanol (20 mL) was refluxed for 4 h. The reaction mixtures then cooled, poured into 
crushed ice and neutralized with dilute HCl. The obtained product was recrystallized from ethanol to give 16. 
Yield, 88 %; mp 200-202 0C; IR (KBr) ν cm-1: 3412, 3341, 3217 (NH, NH2), 3024 (CH arom.), 2932 (CH 
aliph.), 2199 (C ≡N), 1695 (C=O), 1324-1134 (SO2). 

1H NMR (300 MHz, DMSO-d6) δ: 2.46 (s, 2H, CH2-
pyrrole), 4.3 (s, 2H, NH2 dis), 6.93-7.34 (m, 4H, Ar-H), 7.57-7.93 (m, 4H, 4CH pyridine), 8.03, 8.28 [2d, 4H, 
Ar-H AB system], 8.67 (s, 1H, CH quinoxaline), 10.37 (s, 1H, SO2NH), MS m/z (%): 535 [M+] (27.19), 55 
(100).  Anal. calcd. for C27H18N8O3S: C, 60.32; H, 3.61; N, 20.71. Found: C, 60.24; H, 3.68; N, 20.71%. 
 
4-(4-amino-3-cyano-2,6-dioxo-2,3,6,7-tetrahydropyrrolo[2,3-b]pyridin-7-yl)-N-(quinoxalin-2-yl)benzenesulfon-
amide (18).  
 
 A mixture of compound 8 (4.34g, 0.01 mol), ethylcyanoacetate (1.13mL, 0.01 mol) and piperidine (0.5 mL) 
in dimethyl formamide (10 mL) was heated under reflux for 3h.The solid product was collected and 
recrystallized from ethanol to give 18. Yield, 48 %; mp 210-212 0C; IR (KBr) ν cm-1: 3424, 3331, 3212 (2NH, 
NH2), 3021 (CH arom.), 2203 (C≡N), 1716, 1694 (2C=O), 1328-1142 (SO2). 

1H NMR (300 MHz, DMSO-d6) δ: 
2.49 (s, 2H, CH2-pyrrole), 5.34 (s, 2H, NH2 exchangeable with D2O), 6.44 (s, IH, NH), 7.43–7.86(m, 4H, Ar-H), 
7.97, 8.18 [2d, 4H, Ar-H AB system], 8.72 (s, 1H, CH quinoxaline), 10.23 (s, 1H, SO2NH). MS m/z (%): 473 
[M-2] (0.89), 145 (100).  Anal. calcd. for C22H15N7O4S: C, 55.80; H, 3.19; N, 20.71. Found: C, 55.72; H, 3.31; 
N, 20.81%. 
 
(E)-Ethyl-N-3-cyano-5-oxo-1-(4-(N-quinoxalin-2-ylsulfamoyl)phenyl)-4,5-dihydro-1H-pyrrol-2-yl) formimidate 
(19). 
 
 A solution of compound 8 (4.34g, 0.01 mol) in triethylorthoformate (30 mL) containing 3 drops of acetic 
anhydride was refluxed for 8 h, the reaction mixture was cooled and then poured on to ice cold water. The 
obtained solid was recrystallized from methanol to give compound 19. Yield, 78%; mp 200-202 0C; IR (KBr) ν 
cm-1: 3256 (NH), 3071 (CH arom.), 2972 (CH aliph.), 2205 (C ≡N), 1710 (C=O), 1586 (C=N), 1378, 1175 
(SO2).

 1H NMR (300 MHz, DMSO-d6) δ: 1.27 (t, 3H, CH3-ethyl), 2.50 (s, 2H, CH2-pyrrole), 4.22 (q, 2H, CH2-
ethyl), 6.51 (s, 1H, NH=C), 7.33–7.76(m, 4H, Ar-H), 7.91, 8.08 [2d, 4H, Ar-H AB system], 8.62 (s, 1H, CH 
quinoxaline), 9.23 (s, 1H, SO2NH). MS, m/z (%): 461 [M-] (0.52), 145 (100). Anal. calcd. for C22H18N6O4S: C, 
57.13; H, 3.92; N, 18.17. Found: C, 57.32; H, 3.71; N, 18.21%. 
 
In-vitro antitumor activity: 
 
 Chemicals Used, dimethyl sulfoxide (DMSO), crystal violet and trypan blue dye were purchased from 
Sigma (St. Louis, Mo., USA) (Mosmann., 1983 and Vijayan et al., 2004). Fetal bovine serum, DMEM, RPMI-
1640, HEPES buffer solution, L-glutamine, gentamycin and 0.25% trypsin-EDTA were purchased from Lonza. 
Crystal violet stain (1%): It composed of 0.5% (w/v) crystal violet and 50% methanol then made up to volume 
with deionized water and filtered through a Whatmann No.1 filter paper. 
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 The cells were propagated in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% heat-
inactivated fetal bovine serum, 1% L-glutamine, HEPES buffer and 50 µg/mL gentamycin. All cells were 
maintained at 37 ºC in humidified atmosphere with 5% CO2 and were subcultured two times a week. Cell 
toxicity was monitored by determining the effect of the test samples on cell morphology and cell viability. 
Cytotoxicity evaluation using viability assay: For cytotoxicity assay, the cells were seeded in 96-well plate at a 
cell concentration of 1×104 cells per well in 100µl of growth medium. Fresh medium containing different 
concentrations of the test sample was added after 24 h of seeding. Serial two-fold dilutions of the tested 
chemical compound were added to confluent cell mono layers dispensed into 96-well, flat-bottomed micro titer 
plates (Falcon, NJ, USA) using a multichannel pipette. The micro titer plates were incubated at 37 ºC in a 
humidified incubator with 5% CO2 for a period of 48 h. Three wells were used for each concentration of the test 
sample. Control cells were incubated without test sample and with or without DMSO. The little percentage of 
DMSO present in the wells (maximal 0.1%) was found not to affect the experiment. After incubation of the cells 
for 24 h at 37 °C, various concentrations of sample (50, 25, 12.5, 6.25, 3.125 & 1.56 µg) were added, and the 
incubation was continued for 48 h and viable cells yield was determined by a colorimetric method.  
 In brief, after the end of the incubation period, media were aspirated and the crystal violet solution (1%) 
was added to each well for at least 30 minutes. The stain was removed and the plates were rinsed using tap 
water until all excess stain was removed. Glacial acetic acid (30%) was then added to all wells and mixed 
thoroughly, and then the absorbance of the plates were measured after gently shaken on Micro plate reader 
(TECAN, Inc.), using a test wavelength of 490 nm. All results were corrected for background absorbance 
detected in wells without added stain. Treated samples were compared with the cell control in the absence of the 
tested compounds. All experiments were carried out in triplicate. The cell cytotoxic effect of each tested 
compound was calculated (Mosmann., 1983 and Vijayan et al., 2004). 
 
Results and Discussion 
 
Chemistry: 
 
 A series of novel pyrrole, oxopyrrole, and related pyrroloacetamide derivatives, thiomorphline, thiophene, 
thiocarbamoyl, pyrrolo[2,3-d]pyrimidinone, pyrrolo[2,3-b]pyridinone  and pyrrolo pyrazole derivatives bearing 
a substituted sulfonamide moiety was synthesized (Schemes 1-5) and biologically evaluated for their in vitro 
antitumor activity. Each new compound that was synthesized was characterized from its elemental analysis and 
1H NMR and MS spectral data. Salient spectral data that characterizes the structure is cited in the text, and full 
details of the spectra were included in the experimental section. The starting material 4-N-chloro-
acetylsulfaquinoxaline 2 was synthesized from acetylation of 4-amino-N-(quinoxalin-2-yl)benzenesulfonamide 
(sulfaquinoxaline) 1 with chloroacetyl chloride at room temperature, based on the elemental analysis and IR 
spectrum, which showed the presence of bands at 1702 cm-1 (C=O) and 3267 cm-1 (NH). 1H NMR spectrum of 
compound 2 (in DMSO-d6) revealed signals at 4.27 corresponding to CH2Cl group and 6.56, 10.68 due to NH 
which disappeared with D2O and NHSO2 group. N4-Chloroacetylsulfaquinoxaline 2 underwent nucleophilic 
substitution reactions with various reagents. The synthesis of thiomorphline derivative 3 was isolated on hot via 
reaction of compound 2 with thioglycolic acid in pyridine (Scheme 1). 1H NMR spectrum of compound 3 
revealed singlet signals at 2.49 and 8.58 corresponding to methylene and quinoxaline proton and singlet signals 
at 10.33 due to NHSO2 protons. This NH group has band in the IR spectrum at 3378; an intense band at 1687 
cm-1 was attributed to the carbonyl group. The mass spectrum of 3 revealed a molecular ion peak at m/z = 414 
and a base peak at m/z = 145. Also when the chlorine atom in compound 2 was substituted with another 
nucleophilic reagent, it reacted with 4-amino thiophenol to give sulfide derivative 4 (Scheme 1). 1H NMR 
spectrum of compound 4 revealed singlet signals at 2.49 and 3.53 corresponding to methylene and SH protons 
and three singlet signals at 5.89, 6.54 and 10.52 due to 2NH which disappear with D2O and NHSO2 proton. 
These NH groups have two bands in the IR spectrum at 3437and 3356 cm-1; an intense band at 1683 cm-1 was 
due to the carbonyl group. SH group appears at 1520 cm-1. The reactivity of N4-chloroacetylsulfaquinoxaline 2 
towards some nucleophile reagents and active methylene compounds was investigated. Thiocyanate derivative 5 
was achieved by treatment of chloroacetamide derivative 2 with potassium thiocyanate under reflux in dimethyl 
formamide. Thus, condensation of phenyl isotiocyanate with chloroacetamide derivative 2 and malononitrile or 
ethylcyanoacetate in presence of dimethyl formamide lead to the formation of thiophene derivatives 6 and 7 
respectively (Scheme 1). The structures were elucidated by elemental analyses and spectral data. 
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Scheme 1: Synthesis and various reactions of chloroacetylsulfaquinoxaline 2. 
 
 When chloroacetamide derivative 2 was refluxed with malononitrile in dimethyl formamide in the presence 
of anhydrous potassium carbonate, adopting the reaction conditions (Schafer et al., 1989) reported by Gewald, 
yielded 2,3-dihydropyrrole derivatives 8. The formation of compound 8 was assumed to proceed via the initial 
alkylation of malononitrile to form the intermediate followed by intramolecular cyclization (Basu., 1947) 
through nucleophilic addition of amino group to one of the cyano group and tautomerization (Scheme 2). 1H 
NMR spectrum of compound 8 (DMSO-d6) exhibited the following signals: 2.49 (s, 2H, CH2-pyrrole), 4.26 (s, 
2H, NH2 exchangeable with D2O), 7.56–7.91(m, 4H, Ar-H), 8.04, 8.29 [2d, 4H, Ar-H AB system], 8.64 (s, 1H, 
CH quinoxaline), 10.8 (s, 1H, SO2NH). The mass spectrum of compound 8 had a molecular ion peak at m/z = 
407 [M+1] and a base peak at m/z = 161. Its IR spectrum was characterized by the presence of C ≡N group at 
2199 cm-1 and NH2 absorption band at 3356-3185 cm-1. On the other hand, when compound 2 was reacted 
with ethyl cyanoacetate in refluxing dimethyl formamide containing anhydrous potassium carbonate, two 
possible structures 9 and 10 can be formed. Structure 10 was readily excluded on the basis of analytical and 
spectral data. IR spectra of 9 exhibited absorption band for C ≡N and the absence of OC2H5 fragment in 1H 
NMR spectrum. The formation of compound 9 can be explained on the basis initial alkylation of ethyl 
cyanoacetate followed by intramolecular cyclization to give the intermediate dihydropyrroles, which are 
oxidized (Elgemeie et al., 1999) under the reaction conditions to yield the novel pyrrole derivatives 9 (Scheme 
2). The 1H NMR spectrum of compound 9 (DMSO-d6) exhibited the following signals: 6.12 (s, 1H, CH-
pyrrole), 7.33–7.76(m, 4H, Ar-H), 7.91, 8.08 [2d, 4H, Ar-H AB system], 8.62 (s, 1H, CH quinoxaline), 9.8 (s, 
1H, SO2NH). The mass spectrum of compound 9 had a molecular ion peak at m/z = 406 [M+1] and a base peak 
at m/z = 64. Its IR spectrum was characterized by the presence of 2C=O groups at 1738, 1693 cm-1 and NH 
absorption band at 3360 cm-1.  
 Heteroaromatic o-aminocarbonitriles are versatile intermediates which have been extensively utilized in the 
synthesis of condensed heterocyclic compounds (Levitzki., 2002 and Bogoyevitch et al 2007). The o-
aminonitrile function of compound 8 was exploited to synthesize some new oxopyrrole and related 
pyrroloacetamide, pyrolo[2,3-d]primidine and pyrolo[2,3-b]pyridine derivatives containing a sulfonamide 
moiety. The behaviour of compound 8 towards acid was also investigated. Thus, heating compound 8 with 
formic acid caused cyclization to give pyrrolo[2,3-d] pyrimidinone derivative 11. When compound 8 was 
reacted with acetic anhydride, the fused system pyrrolopyrimidone 12 was isolated through initial formation of 
the monoacetyl intermediate. The monoacetyl or diacetyl derivatives were eliminated from consideration on the 
basis of elemental analyses, IR and 1H NMR spectroscopy, (Scheme 3). The IR spectrum of compound 12 
showed the disappearance of (C≡N) band and presence of bands at 3242 cm-1 (NH), 1700, 1650 cm-1 (2C=O), 
1620 cm-1 (C=N). 1H NMR spectrum of (11 in DMSO-d6) showed signals at δ 0.9 [s, 3H, CH3], 4.1 [s, 1H, 
CH2], 6.53 [s, 1H, quinoxaline-H), 7.76–8.69 (m, 8H, Ar–H), 10.8 (s, 1H, NHSO2). Mass spectrum of 
compound 12 revealed a molecular ion peak m/z 448 with a base peak at 145. 
 When compound 8 was refluxed with hydroxylamine in ethanol in the presence of sodium ethoxide, it gave 
the novel pyrrolo[2,3-c]pyrazole derivative 13 on the basis of analytical and spectral data (Scheme 3). In 
addition, the behavior of compound 8 towards phenyl isothiocyanate under different conditions was also 
studied. Thus, reaction of compound 8 with phenyl isothiocyanate in boiling ethanol afforded a product 
(C26H19N7O3S2) for which two structures 14 and 15 seemed possible. Structure 14 was established for the 
reaction product on the basis of its IR spectrum, which showed the presence of (CN) band. Compound 8 
reacted with phenylisothiocyanate in pyridine to give pyrrolo[2,3-d]pyrimidine derivative 15. Compound 15 was 
also obtained by heating compound 14 in pyridine. Structure 15 is obtained by nuclophilic addition of imino 
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group to cyano group and cyclized to pyrrolo[2,3-d]pyrimidine derivative. It established for the reaction product 
on the basis of its IR spectrum which showed the absence of (CN) band, (Scheme 3). 
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Scheme 2: Reaction of chloroacetylsulfaquinoxaline 2 with active methylene. 
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Scheme 3: Various reactions of pyrrole derivative 8. 

 Compound 8 underwent nucleophilic addition with specific reagent under mild conditions. Thus, 8 reacted 
with Pyridinylidenecyanothioacetamide in refluxing ethanol in presence piperidine to afford derivative 16 
(Scheme 4). The structure 16 was assigned based on the elemental analysis and spectral data. The formation of 
compound 16 can be explained on the basis of an initial Michael addition of the amino function group in 
compound 8 to the double bond of benzylidinecyanothioacetamide followed by intermolecular cyclization, loss 
of hydrogen cyanide, hydrogen sulfide and tautomerization. Treatment of compound 8 with ethyl cyanoacetate 
in refluxing ethanol may produce either pyrrolo[2,3-b]pyridine 17 or pyrrolo[2,3-d]pyrimidine 18 similar to that 
which has recently been reported from our laboratories (Scheme 4). In fact, only a single product was obtained. 
Structure 17 was ruled out on the basis of its elemental analysis and spectroscopic data. The formation of 
compound 18 was assumed to proceed via elimination of one mole of ethanol followed by intramolecular 
cyclization at cyano function group and tautomerization.  
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 Scheme 4: Various reactions of pyrrole derivative 8. 
 
 Thus, the alkylation reaction of pyrrolidinone derivative 8 with triethylorthoformate in acetic anhydride led 
to the formation of (E)-ethyl-N-3-cyano-5-oxo-1-(4-(N-quinoxalin-2-ylsulfamoyl)phenyl)-4,5-dihydro-1H-
pyrrol-2-yl formimidate 19. On using triethylorthoformate only without acetic anhydride the same product 19 
was obtained in good yield. The formation of compound 19 was supported by micro analytical and spectral data. 
Its IR spectrum showed the presence of a band at 2205 cm-1 corresponding to the cyano group. Also 1H NMR 
spectrum of compound 19 (in DMSO-d6) exhibited the presence of a triplet (3 protons) at 1.27 ppm and a 
quartet (2 protons) at 4.19 ppm for the ethyl group. Finally, when compound 19 was treated with hydrazine 
hydrate at room temperature, the starting material 8 was obtained instead of the expected N-amino derivative 20. 
This can be explained on the basis of formation of an intermediate 21. The formation of 8 from the reaction of 
19 with hydrazine hydrate was assumed to proceed via the addition of hydrazine at the imino, function group to 
form intermediate 21 followed by elimination of ethyl formate hydrazone (Scheme 5). This was confirmed by 
IR, mixed melting point. 
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Scheme 5: Reactions of pyrrole derivatives with triethylorthoformate followed by hydrazonolysis. 
 
Biological activity: 
 
In-vitro anticancer evaluation: 
 
 The newly synthesized compounds were evaluated for their in vitro anticancer activity against human colon 
cancer cell line (HCT116) and breast cancer cell line (MCF7). Vinblastine, the reference drug used in this study 
is one of the most effective antitumor agents used to produce regressions in acute leukemia’s Hodgkin’s disease, 
and other lymphomas. The relationship between surviving fraction and drug concentration was plotted; the 
response parameters calculated was IC50 value, which corresponds to the compound concentration causing 50% 
mortality in net cells (Table 1). From Table 1, From the results in Table 1, it was found that some of the tested 
compounds were found to be higher potent while others showed lower IC50 than vinblastine (IC50 = 9.8 or 11.6 
μg/ml) for colon and breast human cell line respectively, where, the starting material 2 showed high IC50 
compared to most of the tested compounds (IC50 = 38.12 μg/mL). While, the tested compounds showed that the 
pyrolo derivative 14 having phenylthioureido at position 5 with cyano group at position 4 was the most active 
compound (IC50= 6.4 and 8.6 µg/mL) and was found to be more active than the pyrolo derivative 8 having 
amino at position 5 with cyano group at position 4 (IC50= 7.5 and 9.8 µg/mL) and the pyrolo derivative 9 having 
cyano at position 3 (IC50= 8.2 and 10.3 µg/mL), both were more than the reference drug vinblastine (IC50 = 9.8 
or 11.6 μg/mL) for colon and breast human cell line respectively. The pyrolo derivative 8 was the most active 
derivatives among those containing cyclic heterocyclic moieties as thiophene derivative 6 and they found to be 
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more active than the reference drug. The cell killing potency is high may be due to the presence of phenyl 
thiourea and free cyano group in the testing compounds. The presence of sulfur atom increased the cytotoxic 
activity and it is nearly as active as the reference drug vinblastine as positive control. The substitution on pyrolo 
derivative resulted in a decrease in the activity in most of the compounds. Furthermore, thiophene derivative 7 
having amino at position 2 with ethyl ester group at position 3 (IC50= 22.4 and 24.8 µg/mL) gives moderate 
potent. On the other hand the cyclic system pyridinyl[2,3-b]pyrrole derivative 16 bearing pyridinyl at position-2 
with (IC50 value = 23.2, 25.7 µg/mL) exhibited higher potency than the pyridinyl[2,3-b]pyrrole derivative 18 
with (IC50 value 37.4, 42.1µg/mL) for colon and breast human cell line respectively. While compounds 11 and 
12 which contain The fused system pyrolo[2,3-d] pyrimidinone, 13 pyrolo [2,3-c]pyrazole  16, 18 pyrolo[2,3-
b]pyridine showed IC50 values ranging from 32–43 μg / mL. 
 
Table 1: In-vitro anticancer screening of compounds 1-18 against human colon cell line (HCT116) and human breast cell line (MCF7) 
Compound             Cytotoxicity (IC50)

a,b (μg / mL)  
      HCT116    MCF7 
     1        > 50    > 50 
     2        38.1    39.1 
     3        32.2    34.7 
     4         39.2    40.1 
     5         40.8    43.6 
     6        9.6    11.8 
     7        8.2    10.3 
     8         7.5    9.8 
     9         22.4    24.8 
     11       33.7    36.9 
     12       34.2    37.7 
     13        10.2    12.7 
     14        6.4    8.6 
     15       36.7    36.9 
     16       23.2    25.7 
     17        37.4    42.1 
     19        28.5    30.6 
Vinblastine        9.8     11.6 
a IC50 compounds concentration required to inhibit tumor cell proliferation by 50% 
b Values are means of three experiments 

 
Conclusions: 
 
 We report here the synthesis of some new pyrrole and pyrimidopyrrole derivatives containing biologically 
active sulfonamide moiety, it was clearly observed that thiophene with either free amino and free cyano 6 or 
ethylester 7 or pyrrole with free phenylthiourea with free cyano and benzenesulfonamide moiety 14 exhibited 
higher antitumor activity than the reference drug vinblastine. Finally, compounds 8 and 14 were high potent and 
compounds 6, 7, 13  which are nearly as active as vinblastine as positive control. Compounds 9, 15 and 18 
exhibited a moderate activity, while compounds 2, 3, 4, 5, 11, 12, 15 and 18 showed less activity. Where, the 
starting material 1 showed high IC50 compared to most of the tested compounds (IC50 > 50 μg/ mL). 
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