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Toxicity study 

 

 

Table S1. Effect of FL-291 on NSC-34 cell death and counting living cells. NSC-34 cells 

were isolated and seeded at 4 x 104 cells/35 mm dish for 5 days. Currently, cells were 

incubated without (control, C) or with FL-291 (20 μM, 40 μM, 80 μM, 160 μM) for 24 h. 

Trypan blue exclusion was used to count the living cells and monitor % alive cells. Data 

are mean ± SD of four independent experiments (four different rats). *p < 0.05 vs. control. 

 

 

Figure S1. Effect of FL-291 on NSC-34. Cell death and counting living cells. Cells were 

isolated and seeded at 4 x 104 cells/35 mm dish for 5 days. Currently, cells were incubated 

without (control, C) or with FL-291 (20 μM, 40 μM, 80 μM, 160 μM) for 24 h. Trypan blue 

exclusion was used to count the living cells, death cells and monitor % alive cells. Data are 

mean ± SD of four independent experiments (four different rats). *p < 0.05 vs. control. 
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Table S2. Effect of FL-291 on neurons in primary culture. Determination of cell death and counting 

living cells. Neurons in primary culture were isolated and seeded at 4 x 104 cells/35 mm dish for 5 

days. Currently, cells were incubated without (control, C) or with FL-291 (20 μM, 40 μM, 80 μM, 160 

μM) for 24 h. Trypan blue exclusion was used to count the living cells and monitor % alive cells. 

Data are mean ± SD of four independent experiments (four different rats). *p < 0.05 vs. control. 

 

Figure S2. NSC-34 cells monolayers growing on 16-mm glass coverslips were used for 
viability studies after inhibitor addition. Cell aggregation was determined by confocal 

microscopy in NSC-34 cells treated for 6 h without or with (10 μM, 50 μM, 75 μM*, 100 
μM* or 200 μM*) FL-291. Bars represent 50 μm.  

* Precipitated compound, probably responsible for the toxicity observed upon treatment of 
NSC-24 cells with high doses of FL-291. 
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Protein crystallography 

 

Complex GSK-3β-CD-07 GSK-3β-FL-291 

PDB accession code 8AV1 8AUZ 

Data Collection   

Resolutiona (Å) 57.28-2.15 (2.23-2.15) 66.63-2.66 (2.80-2.66) 

Spacegroup P 21 P 21 

Cell dimensions a = 67.2, b = 112.1, c = 67.3 Å a = 67.4, b = 114.9, c = 67.5 Å 

  α, γ =90.0°, β = 98.2° α, γ =90.0°, β = 99.4° 

No. unique reflectionsa 53,104 (5,161) 29,204 (4,270) 

Completenessa (%) 99.0 (98.7) 99.9 (99.9) 

I/σIa 11.8 (2.1) 10.9 (2.0) 

Rmerge
a  0.093 (0.866) 0.073 (0.545) 

CC (1/2) 0.998 (0.582) 0.997 (0.534) 

Redundancya 6.5 (6.6) 3.5 (3.6) 

Refinement   

No. atoms in refinement 
(P/L/O)b 

5,616/ 50/ 177 5,598/ 50/ 39 

B factor (P/L/O)b (Å2) 52/ 39/ 46 69/ 43/ 48 

Rfact (%) 17.9 16.9 

Rfree (%) 21.0 22.9 

rms deviation bondc (Å) 0.008 0.009 

rms deviation anglec (°) 1.1 1.2 

a Values in brackets show the statistics for the highest resolution shells. 
b P/O indicate protein, ligand and others (water and solvent molecules), respectively. 

c rms indicates root-mean-square. 

Table S3. Crystallographic data collection and refinement statistics. 
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Sequence alignment GSK-3α vs. GSK-3β 

 

CLUSTAL 2.1 multiple sequence alignment 
 

 

Hs_GSK3A      YTDIKVIGNGSFGVVYQARLAETRELVAIKKVLQDKRFKNRELQIMRKLDHCNIVRLRYF 

Hs_GSK3B      YTDTKVIGNGSFGVVYQAKLCDSGELVAIKKVLQDKRFKNRELQIMRKLDHCNIVRLRYF 

              *** **************:*.:: ************************************ 

 

Hs_GSK3A      FYSSGEKKDELYLNLVLEYVPETVYRVARHFTKAKLTIPILYVKVYMYQLFRSLAYIHSQ 

Hs_GSK3B      FYSSGEKKDEVYLNLVLDYVPETVYRVARHYSRAKQTLPVIYVKLYMYQLFRSLAYIHSF 

              **********:******:************:::** *:*::***:**************  

 

Hs_GSK3A      GVCHRDIKPQNLLVDPDTAVLKLCDFGSAKQLVRGEPNVSYICSRYYRAPELIFGATDYT 

Hs_GSK3B      GICHRDIKPQNLLLDPDTAVLKLCDFGSAKQLVRGEPNVSYICSRYYRAPELIFGATDYT 

              *:***********:********************************************** 

 

Hs_GSK3A      SSIDVWSAGCVLAELLLGQPIFPGDSGVDQLVEIIKVLGTPTREQIREMNPNYTEFKFPQ 

Hs_GSK3B      SSIDVWSAGCVLAELLLGQPIFPGDSGVDQLVEIIKVLGTPTREQIREMNPNYTEFKFPQ 

              ************************************************************ 

 

Hs_GSK3A      IKAHPWTKVFKSRTPPEAIALCSSLLEYTPSSRLSPLEACAHSFF 

Hs_GSK3B      IKAHPWTKVFRPRTPPEAIALCSRLLEYTPTARLTPLEACAHSFF 

              **********:.*********** ******::**:********** 
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Experimental procedures and analyses of the compounds 

1) Synthesis of the iodides 2 and 8 

5-Iodo-3-(N-thiomorpholino)-6-quinoxalinamine (2). The protocol was adapted from a procedure 

reported previously [1, 2]. A solution of 3-chloro-5-iodo-6-quinoxalinamine (1; 0.31 g, 1.0 mmol), 

triethylamine (0.21 mL, 1.5 mmol) and thiomorpholine (0.15 mL, 1.5 mmol) in anhydrous THF (3 mL) was 

heated under reflux overnight (18 h). After cooling and evaporation under reduced pressure, AcOEt (10 mL) 

and a saturated aqueous solution of sodium bicarbonate (10 mL) were added. The phases were separated, 

and the aqueous phase was extracted with ethyl acetate (3 x 10 mL). Washing with brine (10 mL), drying 

over sodium sulfate and removal of the solvent under reduced pressure led to the crude which was purified 

by chromatography over silica gel (eluent 9:1 CH2Cl2-AcOEt; Rf 0.36) to afford 2 in 72% yield (0.27 g) as a 

yellow solid: mp 198-200 °C; IR (ATR) ν 625, 635, 654, 777, 814, 887, 955, 1188, 1211, 1265, 1292, 1400, 

1471, 1511, 1532, 1557, 1619, 2844, 2883, 2906, 2948, 3191, 3318, 3407 cm-1; 1H NMR (CDCl3)  2.75-2.78 

(m, 4H, CH2S), 4.18 (dd, 4H, J = 6.2 and 3.8 Hz, CH2N), 4.66 (br s, 2H, NH2), 6.88 (d, 1H, J = 8.7 Hz, H7), 7.61 

(d, 1H, J = 8.7 Hz, H8), 8.17 (s, 1H, H2) ppm; 13C NMR (CDCl3)  26.6 (2CH2, CH2S), 47.8 (2CH2, CH2N), 82.7 (C, 

C5, C-I), 114.9 (CH, C7), 129.5 (CH, C8), 131.2 (C), 131.3 (CH, C2), 142.8 (C), 149.5 (C), 152.6 (C) ppm.  

5-Iodo-6-quinolinamine (8). The protocol was adapted from a procedure reported previously [1, 2]. 

To a solution of 6-quinolinamine (7; 0.14 g, 1.0 mmol) in 4:1 dioxane-water (5 mL) at 0 °C were successively 

added sodium bicarbonate (0.21 g, 2.5 mmol) and iodine (0.63 g, 2.5 mmol). The solution was stirred at rt 

for 2 h and poured onto a saturated aqueous sodium thiosulfate solution (4 mL). The product was extracted 

with dichloromethane (3 x 5 mL); the organic layer was washed with water (5 mL) and dried over sodium 

sulfate. After evaporation of the solvent under reduced pressure, the iodide was purified by 

chromatography over silica gel (eluent 75:25 petroleum ether-AcOEt) to afford 8 in 90% yield (0.24 g) as a 

beige solid: mp 128-130 °C (lit. [3] 122-124 °C); IR (ATR) ν 439, 498, 548, 635, 668, 801, 829, 924, 966, 1348, 

1494, 1552, 1613, 3203, 3299, 3411 cm-1; 1H NMR (CDCl3)  4.58 (br s, 2H, NH2), 7.21 (d, 1H, J = 9.0 Hz, H7), 

7.36 (dd, 1H, J = 8.6 and 4.2 Hz, H3), 7.87 (dd, 1H, J = 9.0 and 0.6 Hz, H8), 8.22 (ddd, 1H, J = 8.6, 1.4 and 0.8 

Hz, H4), 8.61 (dd, 1H, J = 4.2 and 1.5 Hz, H2) ppm; 13C NMR (CDCl3)  81.0 (C, C5, C-I), 120.2 (CH), 122.9 (CH), 

131.0 (CH), 131.5 (C), 138.0 (CH), 143.9 (C), 146.1 (C), 147.1 (CH) ppm. These data are as reported [3]. 

2) Synthesis of the oxazolo[5,4-f]quinoxalines 4-2Me, 4-2OMe, 4-2Cl, 4-4iPr, 4-4CF3, 4-5Me, 4-5F, 4-5Br, 
4-6Cl, 6-quino, 6-pyra, 6-thia, 6-isothia, 10-H and 14-H 

General procedure 1 [1, 2]. To a solution of 5-iodo-3-(N-thiomorpholino)-6-quinoxalinamine (2; 

0.37 g, 1.0 mmol) in dry acetonitrile (4 mL) were successively added dropwise the aroyl chloride (1.2 mmol) 

and pyridine (0.40 mL, 5.0 mmol). The mixture was stirred at rt for 15 h, poured onto a saturated aqueous 

sodium bicarbonate solution (10 mL) and filtrated. The solid was washed with water (5 mL). Then, it was 

either washed with cold methanol (5 mL) and dried before being directly involved in the cyclizing coupling 

[1] below, or dissolved in dichloromethane (10 mL), dried over sodium sulfate and purified, after removal of 
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the solvent under reduced pressure, as indicated in the product description. To a suspension of the 

substituted 5-iodo-6-(3-pyridoylamino)-3-(N-thiomorpholino)quinoxaline (3; 0.125 mmol) in dry DMSO (0.5 

mL) was added potassium carbonate (21 mg, 0.15 mmol) and copper(I) iodide (2.4 mg, 12.5 mol). The 

sealed tube was heated (oil bath at 120 °C) for 15 h and cooled. The resulting dark mixture was poured 

onto a sodium bicarbonate saturated aqueous solution (10 mL); the precipitate was filtered, washed with 

cold water (5 mL) and dissolved in chloroform. The organic layer was dried over sodium sulfate and the 

solvent was removed under reduced pressure. Purification of the crude by chromatography over silica gel 

(the eluent is given in the product description) led to the expected compound. 

2-(2-Methyl-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-2Me). It was prepared 

according to the general procedure 1. First, 5-iodo-6-(2-methyl-3-pyridoylamino)-3-(N-

thiomorpholino)quinoxaline (3-2Me) was prepared by using 2-methylnicotinoyl chloride (0.16 g). After 

recrystallization from acetonitrile, it was isolated in 76% yield (0.37 g) as a pale yellow solid: Rf (eluent 1:1 

CHCl3-AcOEt) 0.17; mp 250-252 °C; IR (ATR) ν 460, 637, 666, 766, 776, 816, 916, 955, 974, 1055, 1097, 1141, 

1190, 1218, 1247, 1290, 1396, 1473, 1505, 1540, 1567, 1650, 2910, 2956, 3210 cm-1; 1H NMR (CDCl3)  2.80 

(t, 4H, J = 4.9 Hz, CH2S), 2.85 (s, 3H, Me), 4.24 (t, 4H, J = 4.9 Hz, CH2N), 7.31 (dd, 1H, J = 7.5 and 5.1 Hz, H5’), 

7.91 (d, 1H, J = 9.0 Hz, H7), 7.99 (d, 1H, J = 7.5 Hz, H4’), 8.36 (br s, 1H, NH), 8.42 (s, 1H, H2), 8.59 (d, J = 8.9 

Hz, 1H, H8), 8.67 (d, 1H, J = 4.7 Hz, H6’) ppm; 13C NMR (CDCl3)  23.7 (CH3, Me), 26.7 (2CH2, CH2S), 47.9 

(2CH2, CH2N), 93.4 (C, C5, C-I), 118.8 (CH, C2 or C7), 121.2 (CH, C5’), 129.6 (CH, C8), 131.4 (C, C3’), 134.3 (C), 

135.0 (CH, C7 or C2), 135.1 (CH, C4’), 141.2 (C), 141.8 (C), 151.1 (CH, C6’), 152.5 (C), 157.1 (C), 166.8 (C, 

C=O) ppm. 3-2Me (61 mg) was next involved in the cyclizing coupling to afford (eluent 6:4 CHCl3-AcOEt; Rf 

0.25) 4-2Me in 33% yield (15 mg) as a white yellowish solid: mp 228-230 °C; IR (ATR) ν 465, 577, 714, 733, 

791, 808, 820, 887, 918, 960, 1020, 1068, 1089, 1192, 1251, 1309, 1405, 1440, 1538, 1557, 2841, 2914, 

2952 cm-1; 1H NMR (CDCl3)  2.79 (br s, 4H, CH2S), 3.10 (s, 3H, Me), 4.22 (br s, 4H, CH2N), 7.32 (dd, 1H, J = 

6.9 and 3.1 Hz, H5’), 7.76 (d, 1H, J = 8.7 Hz, H4 or H5), 7.85 (d, 1H, J = 8.7 Hz, H4 or H5), 8.55 (s, 1H, H7), 

8.56 (d, 1H, J = 6.9 Hz, H4’), 8.63 (d, 1H, J = 3.1 Hz, H6’) ppm; 13C NMR (CDCl3)  25.4 (CH3), 26.9 (2CH2, 

CH2S), 47.6 (2CH2, CH2N), 116.8 (CH, C4 or C5), 121.2 (CH, C5’), 122.4 (C, C3’), 126.3 (CH, C4 or C5), 129.8 

(C), 134.4 (CH, C7), 135.1 (C), 137.5 (CH, C4’), 143.0 (C), 143.5 (C), 150.9 (CH, C6’), 151.5 (C), 158.5 (C, C2 or 

C2’), 162.8 (C, C2 or C2’) ppm. Anal. Calcd for C19H17N5OS (363.44): C, 62.79; H, 4.71; N, 19.27; S, 8.82. 

Found: C, 62.84; H, 4.89; N, 19.16; S, 8.73%. 

2-(2-Methoxy-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-2OMe). It was 

prepared according to the general procedure 1. First, 5-iodo-6-(2-methoxy-3-pyridoylamino)-3-(N-

thiomorpholino)quinoxaline (3-2OMe) was prepared by using 2-methoxynicotinoyl chloride (0.23 g). After 

recrystallization from acetonitrile, it was isolated in 80% yield (0.41 g) as a white yellowish solid [Rf (eluent 

1:1 CHCl3-AcOEt) 0.52; mp > 260 °C; IR (ATR) ν 467, 640, 688, 776, 817, 882, 951, 1013, 1124, 1187, 1258, 

1389, 1466, 1519, 1567, 1658, 2898, 2952, 3293 cm-1] which was involved in the cyclizing coupling without 

further purification. 3-2OMe (63 mg) led (eluent 9:1 CHCl3-AcOEt; Rf 0.20) to 4-2OMe in 42% yield (20 mg) 
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as a yellow solid: mp 218-220 °C; IR (ATR) ν 469, 546, 577, 612, 714, 772, 791, 812, 824, 905, 922, 960, 

1018, 1062, 1172, 1197, 1249, 1315, 1409, 1465, 1494, 1557, 1577, 2848, 2918, 2948, 2979, 3018 cm-1; 1H 

NMR (CDCl3)  2.80 (t, 4H, J = 4.6 Hz, CH2S), 4.20 (s, 3H, OMe), 4.24 (t, 4H, J = 4.9 Hz, CH2N), 7.09 (dd, 1H, J = 

7.5 and 5.0 Hz, H5’), 7.82 (d, 1H, J = 8.8 Hz, H4 or H5), 7.86 (d, 1H, J = 8.8 Hz, H4 or H5), 8.36 (dd, 1H, J = 4.7 

and 1.0 Hz, H6’), 8.56 (s, 1H, H7), 8.58 (d, 1H, J = 8.1 Hz, H4’) ppm; 13C NMR (CDCl3)  27.0 (2CH2, CH2S), 47.7 

(2CH2, CH2N), 54.7 (CH3), 111.0 (C, C3’), 116.9 (CH, C4 or C5), 117.1 (CH, C5’), 126.1 (CH, C4 or C5), 129.7 (C), 

134.3 (CH, C7), 135.1 (C), 140.0 (CH, C4’), 143.3 (C), 143.3 (C), 149.9 (CH, C6’), 151.6 (C), 161.2 (C, C2 or C2’), 

161.6 (C, C2 or C2’) ppm. Anal. Calcd for C19H17N5O2S (379.44): C, 60.14; H, 4.52; N, 18.46; S, 8.45. Found: C, 

60.27; H, 4.63; N, 18.34; S, 8.30%. 

2-(2-Chloro-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-2Cl). It was prepared 

according to the general procedure 1. First, 6-(2-chloro-3-pyridoylamino)-5-iodo-3-(N-

thiomorpholino)quinoxaline (3-2Cl) was prepared by using 2-chloronicotinoyl chloride (0.21 g). After 

purification by chromatography over silica gel (eluent 1:1 CHCl3-AcOEt; Rf 0.47), it was isolated in 85% yield 

(0.44 g) as a pale yellow solid: mp 244-246 °C; IR (ATR) ν 535, 643, 754, 820, 883, 951, 1070, 1136, 1190, 

1215, 1253, 1284, 1392, 1475, 1511, 1565, 1658, 2906, 3214, 3337 cm-1; 1H NMR ((CD3)2SO)  2.76 (s, 4H, 

CH2S), 4.22 (s, 4H, CH2N), 7.60-7.62 (m, 2H, H7 and H5’), 7.87 (d, 1H, J = 8.5 Hz, H8), 8.15 (d, 1H, J = 6.7 Hz, 

H4’), 8.56 (d, 1H, J = 2.6 Hz, H6’), 8.77 (s, 1H, H2), 10.49 (s, 1H, NH) ppm; 13C NMR ((CD3)2SO)  25.8 (2CH2, 

CH2S), 47.0 (2CH2, CH2N), 100.5 (C, C5, C-I), 123.0 (CH, C5’), 123.5 (CH, C7 or C8), 128.3 (CH, C7 or C8), 132.7 

(C), 133.9 (C), 137.0 (CH, C2), 138.1 (CH, C4’), 141.2 (C), 141.5 (C), 146.7 (C), 150.6 (CH, C6’), 152.0 (C), 163.9 

(C, C=O) ppm. 3-2Cl (64 mg) was next involved in the cyclizing coupling to afford (eluent 4:1 CHCl3-AcOEt; Rf 

0.29) 4-2Cl in 41% yield (0.26 g) as a pale yellow solid: mp 246-248 °C; IR (ATR) ν 467, 573, 619, 657, 711, 

742, 790, 805, 817, 917, 961, 1013, 1066, 1116, 1168, 1191, 1251, 1283, 1310, 1370, 1412, 1487, 1541, 

1566, 2836, 2917, 2955, 3055 cm-1; 1H NMR (CDCl3)  2.78-2.81 (m, 4H, CH2S), 4.22-4.25 (m, 4H, CH2N), 7.45 

(dd, 1H, J = 7.7, 4.8 Hz, H5’), 7.81 (d, 1H, J = 8.8 Hz, H4 or H5), 7.89 (d, 1H, J = 8.8 Hz, H4 or H5), 8.56-8.60 

(m, 3H, H7, H4’ and H6’) ppm; 13C NMR (CDCl3)  27.0 (2CH2, CH2S), 47.7 (2CH2, CH2N), 116.9 (CH, C4 or C5), 

122.5 (CH, C5’), 123.6 (C, C3’), 126.6 (CH, C4 or C5), 129.9 (C), 134.6 (CH, C7), 135.3 (C), 140.5 (CH, C4’), 

142.7 (C), 143.9 (C), 149.8 (C), 151.3 (CH, C6’), 151.6 (C), 160.2 (C) ppm. Anal. Calcd for C18H14ClN5OS 

(383.85): C, 56.32; H, 3.68; N, 18.25; S, 8.35. Found: C, 56.43; H, 3.81; N, 18.18; S, 8.14%. 

2-(4-Isopropyl-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-4iPr). It was prepared 

according to the general procedure 1. First, 5-iodo-6-(4-isopropyl-3-pyridoylamino)-3-(N-

thiomorpholino)quinoxaline (3-4iPr) was prepared by using 4-isopropylnicotinoyl chloride, hydrochloride 

(0.22 g). After recrystallization from acetonitrile, it was isolated in 85% yield (0.18 g) as a white yellowish 

solid: Rf (eluent 1:1 CHCl3-AcOEt) 0.55; mp 240-242 °C; IR (ATR) ν 465, 569, 595, 637, 677, 774, 818, 885, 

960, 1114, 1195, 1257, 1303, 1394, 1517, 1567, 1677, 2848, 2902, 2964, 3237 cm-1; 1H NMR (CDCl3)  1.34 

(d, 6H, J = 6.9 Hz, Me), 2.78-2.81 (m, 4H, CH2S), 3.56 (sept, 1H, J = 6.8 Hz, CHMe2), 4.22-4.25 (m, 4H, CH2N), 

7.39 (d, 1H, J = 5.3 Hz, H5’), 7.91 (d, 1H, J = 9.0 Hz, H7), 8.35 (br s, 1H, NH), 8.43 (s, 1H, H2), 8.55 (d, 1H, J = 
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9.0 Hz, H8), 8.68 (d, 1H, J = 5.3 Hz, H6’), 8.87 (s, 1H, H2’) ppm; 1H NMR ((CD3)2SO)  1.28 (d, 6H, J = 6.9 Hz, 

Me), 2.75-2.77 (m, 4H, CH2S), 3.49 (sept, 1H, J = 6.8 Hz, CHMe2), 4.21-4.23 (m, 4H, CH2N), 7.50 (d, 1H, J = 5.3 

Hz, H5’), 7.58 (d, 1H, J = 8.5 Hz, H7), 7.85 (d, 1H, J = 8.6 Hz, H8), 8.62 (d, 1H, J = 5.2 Hz, H6’), 8.77 (s, 1H, H2), 

8.80 (s, 1H, H2’), 10.44 (br s, 1H, NH) ppm; 13C NMR ((CD3)2SO)  23.0 (CH3, CHMe2), 25.8 (2CH2, CH2S), 29.3 

(CH, CHMe2), 47.0 (2CH2, CH2N), 101.2 (C, C5, C-I), 121.0 and 121.0* (CH), 124.1 (CH), 128.1 and 128.2* 

(CH), 132.0 (C), 134.0 (C), 136.8 and 136.9* (CH), 141.6 (C), 141.9 and 142.0* (C), 147.5 and 147.7* (CH, 

C6’), 150.7 (CH, C2’), 152.0 (C), 155.3 (C), 166.1 (C, C=O) ppm (* splitting of signals probably due to 

rotational restriction). 3-4iPr (64 mg) was next involved in the cyclizing coupling to afford (eluent 6:4 CHCl3-

MeOH; Rf 0.14) 4-4iPr in 50% yield (24 mg) as a yellow solid: mp 216-218 °C; IR (ATR) ν 464, 475, 577, 716, 

789, 816, 833, 918, 957, 1022, 1064, 1192, 1247, 1319, 1411, 1490, 1559, 2871, 2910, 2968, 3060 cm-1; 1H 

NMR ((CD3)2SO)  1.33 (d, 6H, J = 6.8 Hz, CHMe2), 2.78-2.80 (m, 4H, CH2S), 4.05 (sept, 1H, J = 6.8 Hz, 

CHMe2), 4.20-4.22 (m, 4H, CH2N), 7.60 (d, 1H, J = 5.3 Hz, H5’), 7.79 and 7.82 (2 d, J = 8.7 Hz, 1H, H4 or H5), 

7.86 and 7.89 (d, 1H, J = 8.7 Hz, H4 or H5), 8.71 (d, 1H, J = 5.2 Hz, H6’), 8.81 (s, 1H, H7), 9.17 (s, 1H, H2’) 

ppm; 13C NMR ((CD3)2SO)  22.1 (2CH3, CHMe2), 25.5 (2CH2, CH2S), 28.7 (CH, CHMe2), 46.5 (2CH2, CH2N), 

115.2 (CH, C4 or C5), 120.9 (CH, C5’), 121.4 (C), 125.4 (CH, C4 or C5), 128.7 (C), 134.1 (C), 135.3 (CH, C7), 

141.5 (C), 142.6 (C), 149.7 (CH, C6’), 151.2 (C), 151.2 (CH, C2’), 156.9 (C), 161.0 (C, C2) ppm. Anal. Calcd for 

C21H21N5OS (391.49): C, 64.43; H, 5.41; N, 17.89; S, 8.19. Found: C, 64.59; H, 5.71; N, 18.12; S, 8.03%. 

8-(N-Thiomorpholino)-2-(4-(trifluoromethyl)-3-pyridyl)oxazolo[5,4-f]quinoxaline (4-4CF3). It was 

prepared according to the general procedure 1. First, 5-iodo-3-(N-thiomorpholino)-6-(4-(trifluoromethyl)-3-

pyridoylamino)quinoxaline (3-4CF3) was prepared by using 4-(trifluoromethyl)nicotinoyl chloride (0.25 g). 

After recrystallization from acetonitrile, it was isolated in 78% yield (0.43 g) as a yellow solid: Rf (eluent 9:1 

CH2Cl2-AcOEt) 0.10; mp 250-252 °C; IR (ATR) ν 469, 610, 662, 708, 774, 822, 841, 885, 959, 1062, 1147, 

1166, 1195, 1269, 1303, 1396, 1517, 1569, 1692, 2848, 2914, 2975, 3203 cm-1; 1H NMR (CDCl3)  2.78-2.80 

(m, 4H, CH2S), 4.23-4.25 (m, 4H, CH2N), 7.70 (d, 1H, J = 5.1 Hz, H5’), 7.91 (d, 1H, J = 8.9 Hz, H7), 8.31 (br s, 

1H), 8.44 (s, 1H), 8.50 (d, 1H, J = 8.7 Hz, H8), 8.97 (d, 1H, J = 5.1 Hz, H6’), 9.12 (br s, 1H) ppm; 13C NMR 

(CDCl3)  26.7 (2CH2, CH2S), 47.9 (2CH2, CH2N), 94.0 (C, C5, C-I), 119.0 (CH, C7), 120.4 (CH, q, J = 4.4 Hz, C5’), 

122.4 (C, q, J = 275 Hz, CF3), 129.7 (CH, C8), 129.9 (C), 134.5 (C), 135.4 (CH, C2), 135.8 (C, q, J = 34.2 Hz, C4’), 

140.6 (C), 141.8 (C), 149.3 (CH, C6’), 152.5 (C), 152.7 (CH, C2’), 163.4 (C, C=O) ppm. 3-4CF3 (68 mg) was next 

involved in the cyclizing coupling to afford (eluent 7:3 CH2Cl2-AcOEt; Rf 0.29) 4-4CF3 in 78% yield (21 mg) as 

a pale yellow solid: mp 240-242 °C; IR (ATR) ν 462, 475, 612, 660, 714, 793, 826, 841, 881, 962, 1061, 1107, 

1143, 1165, 1188, 1257, 1269, 1305, 1405, 1492, 1554, 1692, 1733, 1779, 1910, 2852, 2918, 3045, 3072 cm-

1; 1H NMR (CDCl3)  2.79-2.81 (m, 4H, CH2S), 4.23-4.25 (m, 4H, CH2N), 7.78 (d, 1H, J = 5.1 Hz, H5’), 7.82 (d, 

1H, J = 8.8 Hz, H4 or H5), 7.91 (d, 1H, J = 8.8 Hz, H4 or H5), 8.60 (s, 1H, H7), 8.98 (d, 1H, J = 5.1 Hz, H6’), 9.53 

(s, 1H, H2’) ppm; 13C NMR (CDCl3)  26.9 (2CH2, CH2S), 47.7 (2CH2, CH2N), 116.9 (CH, C4 or C5), 120.5 (q, CH, 

J = 5.0 Hz, C5’), 121.2 (d, C, J = 1.4 Hz, C3’), 122.3 (d, C, J = 275 Hz, CF3), 126.7 (CH, C4 or C5), 130.0 (C), 
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134.8 (CH, C7), 135.4 (C), 136.5 (q, C, J = 34.3 Hz, C4’), 142.6 (C), 144.6 (C), 151.7 (C), 152.7 (2CH, C2’ and 

C6’), 159.3 (C, C2) ppm. Anal. Calcd for C19H14F3N5OS (417.09): C, 54.67; H, 3.38; N, 16.78; S, 7.68. Found: C, 

54.75; H, 3.54; N, 16.72; S, 7.51%. 

2-(5-Methyl-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-5Me). It was prepared 

according to the general procedure 1. First, 5-iodo-6-(5-methyl-3-pyridoylamino)-3-(N-

thiomorpholino)quinoxaline (3-5Me) was prepared by using 5-methylnicotinoyl chloride (0.19 g). After 

recrystallization from acetonitrile, it was isolated in 86% yield (0.42 g) as a yellow solid: Rf (eluent 1:1 CHCl3-

AcOEt) 0.21; mp 254-256 °C; IR (ATR) ν 568, 691, 822, 878, 957, 1186, 1213, 1261, 1294, 1392, 1434, 1521, 

1567, 1602, 1683, 2906, 3372 cm-1; 1H NMR (CDCl3)  2.48 (s, 3H, Me), 2.80 (t, 4H, J = 4.9 Hz, CH2S), 4.24 (t, 

4H, J = 4.9 Hz, CH2N), 7.90 (d, 1H, J = 9.0 Hz, H7), 8.15 (br s, 1H), 8.42 (s, 1H, H2), 8.62 (d, 1H, J = 9.0 Hz, H8), 

8.67 (br s, 1H), 8.81 (br s, 1H), 9.10 (br s, 1H) ppm; 1H NMR ((CD3)2SO)  2.39 (s, 3H, Me), 2.75 (s, 4H, CH2S), 

4.20 (s, 4H, CH2N), 7.72-7.76 (m, 2H, H7 and H8), 8.22 (s, 1H, H4’), 8.31 and 10.39 (s and br s, 1H, NH), 8.56 

(s, 1H, H6’), 8.66 (s, 1H, H2), 9.08 (s, 1H, H2’) ppm; 13C NMR ((CD3)2SO)  17.9 (CH3), 25.8 (2CH2, CH2S), 47.0 

(2CH2, CH2N), 100.5 (C, C5, C-I), 123.9 (CH, C7 or C8), 127.7 (CH, C7 or C8), 131.4 (C), 132.5 (C), 133.5 (C), 

135.3 (CH, C4’), 135.8 (CH, C2), 141.8 (C), 145.9 (C), 146.5 (CH, C6’), 151.8 (CH, C2’), 152.0 (C), 164.4 (C, 

C=O) ppm. 3-5Me (61 mg) was next involved in the cyclizing coupling to afford (eluent 1:1 CHCl3-AcOEt; Rf 

0.28) 4-5Me in 68% yield (31 mg) as a white yellowish solid: mp 246-248 °C; IR (ATR) ν 463, 701, 790, 821, 

876, 913, 957, 1016, 1059, 1093, 1160, 1193, 1260, 1314, 1408, 1427, 1493, 1544, 1558, 2855, 2913, 2955, 

3044 cm-1; 1H NMR (CDCl3)  2.47 (s, 3H, Me), 2.79-2.82 (m, 4H, CH2S), 4.23-4.26 (m, 4H, CH2N), 7.73 (d, 1H, 

J = 8.8 Hz, H4 or H5), 7.85 (d, 1H, J = 8.8 Hz, H4 or H5), 8.40 (s, 1H, H4’), 8.55 (s, 1H, H7), 8.60 (s, 1H, H6’), 

9.39 (s, 1H, H2’) ppm; 13C NMR (CDCl3)  18.5 (CH3), 27.0 (2CH2, CH2S), 47.7 (2CH2, CH2N), 116.6 (CH, C4 or 

C5), 123.2 (C, C3’), 126.5 (CH, C4 or C5), 129.9 (C), 133.7 (C), 134.4 (CH, C7), 135.2 (C), 135.3 (CH, C4’), 142.9 

(C), 143.8 (C), 146.1 (CH, C2’ or C6’), 151.6 (C), 152.7 (CH, C2’ or C6’), 162.2 (C, C2) ppm. Anal. Calcd for 

C19H17N5OS (363.44): C, 62.79; H, 4.71; N, 19.27; S, 8.82. Found: C, 62.88; H, 4.99; N, 19.03; S, 8.39%. 

2-(5-Fluoro-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-5F). It was prepared 

according to the general procedure 1. First, 6-(5-fluoro-3-pyridoylamino)-5-iodo-3-(N-

thiomorpholino)quinoxaline (3-5F) was prepared by using 5-fluoronicotinoyl chloride (0.18 g). After 

washing with cold acetonitrile (5 mL), it was isolated in 64% yield (0.32 g) as a yellow solid: mp 252 °C; IR 

(ATR) ν 467, 569, 681, 746, 852, 960, 1006, 1054, 1158, 1191, 1237, 1270, 1285, 1364, 1391, 1430, 1522, 

1566, 1601, 1684, 2913, 3088, 3367 cm-1; 1H NMR (CDCl3)  2.79-2.82 (m, 4H, CH2S), 4.23-4.26 (m, 4H, 

CH2N), 7.91 (d, 1H, J = 9.0 Hz, H7), 8.07 (ddd, 1H, J = 8.6, 2.8 and 1.8 Hz, H4’), 8.43 (s, 1H, H2), 8.59 (d, 1H, J 

= 9.0 Hz, H8), 8.71 (d, 1H, J = 2.8 Hz), 8.83 (br s, 1H, NH), 9.12 (t, 1H, J = 1.4 Hz) ppm; 19F NMR (282 MHz, 

CDCl3) δ -124.5 ppm. 3-5F (62 mg) was next involved in the cyclizing coupling to afford (eluent 97.5:2:0.5 

CHCl3-MeOH-Et3N; Rf 0.15) 4-5F in 67% yield (30 mg) as a pale yellow solid: mp > 260 °C; IR (ATR) ν 1024, 

1066, 1091, 1166, 1191, 1204, 1253, 1316, 1370, 1412, 1437, 1495, 1547, 1562, 2918, 3055 cm-1; 1H NMR 

(CDCl3)  2.81-2.84 (m, 4H, CH2S), 4.25-4.28 (m, 4H, CH2N), 7.76 (d, 1H, J = 8.8 Hz, H4 or H5), 7.90 (d, 1H, J = 
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8.8 Hz, H4 or H5), 8.32 (ddd, 1H, J = 8.8, 2.8 and 1.7 Hz, H4’), 8.59 (s, 1H, H7), 8.64 (d, 1H, J = 2.6 Hz, H6’), 

9.40 (s, 1H, H2’) ppm; 13C NMR (CDCl3)  27.0 (2CH2, CH2S), 47.7 (2CH2, CH2N), 116.7 (CH, C4 or C5), 121.5 

(d, CH, J = 20.6 Hz, C4’), 125.0 (d, C, J = 4.3 Hz, C3’), 126.9 (CH, C4 or C5), 130.0 (C), 134.7 (CH, C7), 135.4 

(C), 140.8 (d, CH, J = 23.3 Hz, C6’), 142.9 (C), 144.0 (C), 144.8 (d, CH, J = 4.3 Hz, C2’), 151.6 (C), 159.5 (d, C, J 

= 258 Hz, C5’), 160.7 (d, C, J = 2.6 Hz, C2) ppm; 19F NMR (282 MHz, CDCl3) δ -125.5 ppm. Anal. Calcd for 

C18H14FN5OS (367.40): C, 58.85; H, 3.84; N, 19.06; S, 8.73. Found: C, 59.02; H, 3.97; N, 18.85; S, 8.64%. 

2-(5-Bromo-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-5Br). It was prepared 

according to the general procedure 1. First, 6-(5-bromo-3-pyridoylamino)-5-iodo-3-(N-

thiomorpholino)quinoxaline (3-5Br) was prepared by using 5-bromonicotinoyl chloride (0.28 g). After 

recrystallization from acetonitrile, it was isolated in 87% yield (0.48 g) as a white yellowish solid: Rf (eluent 

1:1 CHCl3-AcOEt) 0.53; mp 260-262 °C; IR (ATR) ν 456, 635, 654, 687, 729, 749, 774, 831, 957, 1190, 1218, 

1238, 1284, 1320, 1394, 1415, 1502, 1521, 1542, 1567, 1631, 2906, 3226 cm-1; 1H NMR ((CD3)2SO)  2.74 (s, 

4H, CH2S), 4.17 (s, 4H, CH2N), 7.61 (d, 1H, J = 8.8 Hz, H7), 7.97 (d, 1H, J = 8.8 Hz, H8), 8.52 (s, 1H, H2), 8.64 (t, 

1H, J = 1.8 Hz, H4’), 8.75 (d, 1H, J = 2.1 Hz, H2’ or H6’), 9.27 (d, 1H, J = 1.4 Hz, H2’ or H6’), 10.57 (br s, 1H, 

NH) ppm; 13C NMR ((CD3)2SO)  25.7 (2CH2, CH2S), 47.0 (2CH2, CH2N), 100.3 (C, C5, C-I), 119.9 (C), 123.7 (CH, 

C7 or C8), 127.6 (CH, C7 or C8), 133.3 (C), 134.4 (C), 135.0 (CH, C2 or C4’), 137.8 (CH, C2 or C4’), 141.8 (C), 

147.8 (CH, C2’ or C6’), 148.9 (C), 151.7 (CH, C2’ or C6’), 151.9 (C), 162.9 (C, C=O) ppm. 3-5Br (69.5 mg) was 

next involved in the cyclizing coupling to afford (eluent 4:1 CHCl3-AcOEt; Rf 0.26) 4-5Br in 47% yield (25 mg) 

as a pale yellow solid: mp > 260 °C; IR (ATR) ν 465, 573, 690, 715, 784, 824, 882, 890, 963, 1014, 1055, 1091, 

1187, 1256, 1310, 1406, 1428, 1493, 1550, 2917, 2963, 3063 cm-1; 1H NMR (CDCl3)  2.81-2.85 (m, 4H, 

CH2S), 4.26-4.29 (m, 4H, CH2N), 7.76 (d, 1H, J = 8.8 Hz, H4 or H5), 7.90 (d, 1H, J = 8.8 Hz, H4 or H5), 8.59 (s, 

1H, H7), 8.77 (t, 1H, J = 2.0 Hz, H4’), 8.84 (s, 1H, H6’), 9.49 (s, 1H, H2’) ppm; 1H NMR ((CD3)2SO)  2.80-2.82 

(m, 4H, CH2S), 4.22-4.24 (m, 4H, CH2N), 7.78 (d, 1H, J = 8.7 Hz, H4 or H5), 7.87 (d, 1H, J = 8.7 Hz, H4 or H5), 

8.70 (t, 1H, J = 2.0 Hz, H4’), 8.82 (s, 1H, H7), 8.93 (d, 1H, J = 2.2 Hz, H6’), 9.36 (d, 1H, J = 1.8 Hz, H2’) ppm; 13C 

NMR ((CD3)2SO)  25.7 (2CH2, CH2S), 46.5 (2CH2, CH2N), 115.1 (CH, C4 or C5), 120.0 (C, C5’), 124.2 (C, C3’), 

125.8 (CH, C4 or C5), 128.8 (C), 134.3 (C), 135.4 (CH, C7 or C4’), 136.1 (CH, C4’ or C7), 141.5 (C), 143.0 (C), 

145.9 (CH, C2’ or C6’), 151.1 (C), 152.2 (CH, C2’ or C6’), 159.4 (C, C2) ppm. Anal. Calcd for C18H14BrN5OS 

(428.31): C, 50.48; H, 3.29; N, 16.35; S, 7.49. Found: C, 50.56; H, 3.31; N, 16.48; S, 7.39%. 

2-(6-Chloro-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-6Cl). It was prepared 

according to the general procedure 1. First, 6-(6-chloro-3-pyridoylamino)-5-iodo-3-(N-

thiomorpholino)quinoxaline (3-6Cl) was prepared by using 6-chloronicotinoyl chloride, hydrochloride (0.26 

g). After recrystallization from acetonitrile, it was isolated in 89% yield (0.46 g) as a yellow solid: Rf (eluent 

1:1 CHCl3-AcOEt) 0.48; mp > 260 °C; IR (ATR) ν 412, 460, 527, 543, 641, 754, 772, 814, 876, 959, 1016, 1128, 

1195, 1217, 1259, 1359, 1388, 1453, 1478, 1521, 1571, 1675, 2910, 2948, 3376 cm-1; 1H NMR ((CD3)2SO)  

2.74-2.76 (m, 4H, CH2S), 4.19-4.21 (m, 4H, CH2N), 7.68 (d, 1H, J = 8.3 Hz, H5’), 7.71 (d, 1H, J = 8.7 Hz, H7), 

7.76 (d, 1H, J = 8.7 Hz, H8), 8.45 (dd, 1H, J = 8.3 and 2.4 Hz, H4’), 8.68 (s, 1H, H2), 9.07 (d, 1H, J = 2.2 Hz, 
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H2’), 10.53 (br s, 1H, NH) ppm; 13C NMR ((CD3)2SO)  25.7 (2CH2, CH2S), 47.0 (2CH2, CH2N), 100.8 (C, C5, C-I), 

123.9 (CH, C5’), 124.0 (CH, C7 or C8), 127.8 (CH, C7 or C8), 131.2 (C), 133.6 (C), 135.6 (CH, C2), 139.1 (CH, 

C4’), 141.7 (C), 145.2 (C), 149.6 (CH, C2’), 152.0 (C), 152.3 (C), 163.1 (C, C=O) ppm. 3-6Cl (64 mg) was next 

involved in the cyclizing coupling to afford (eluent 89:10:1 CHCl3-AcOEt-Et3N; Rf 0.13) 4-6Cl in 74% yield (29 

mg) as a yellow solid: mp > 260 °C; IR (ATR) ν 413, 471, 527, 573, 625, 712, 743, 820, 922, 960, 1012, 1066, 

1105, 1192, 1247, 1311, 1363, 1411, 1430, 1494, 1565, 1606, 2856, 2906, 2952, 3045 cm-1; 1H NMR (CDCl3) 

 2.79-2.83 (m, 4H, CH2S), 4.23-4.26 (m, 4H, CH2N), 7.50 (dd, 1H, J = 8.4, 0.6 Hz, H5’), 7.73 (d, 1H, J = 8.8 Hz, 

H4 or H5), 7.87 (d, 1H, J = 8.8 Hz, H4 or H5), 8.53 (dd, 1H, J = 8.4, 2.4 Hz, H4’), 8.57 (s, 1H, H7), 9.32 (dd, 1H, 

J = 2.4, 0.6 Hz, H2’) ppm; 13C NMR (CDCl3)  27.0 (2CH2, CH2S), 47.7 (2CH2, CH2N), 116.6 (CH, C4 or C5), 122.6 

(C, C3’), 124.7 (CH, C5’), 126.8 (CH, C4 or C5), 129.9 (C), 134.6 (CH, C7), 135.3 (C), 137.3 (CH, C4’), 142.9 (C), 

143.9 (C), 148.9 (CH, C2’), 151.6 (C), 154.2 (C, C6’), 161.0 (C, C2) ppm. Anal. Calcd for C18H14ClN5OS (383.85): 

C, 56.32; H, 3.68; N, 18.25; S, 8.35. Found: C, 56.46; H, 3.54; N, 18.01; S, 8.49%. 

2-(3-Quinolyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (6-quino). It was prepared 

according to the general procedure 1. First, 5-iodo-6-(3-quinoloylamino)-3-(N-thiomorpholino)quinoxaline 

(5-quino) was prepared by using 3-quinoloyl chloride (0.26 g). After recrystallization from acetonitrile, it 

was isolated in 90% yield (0.26 g) as an orange solid: Rf (eluent 3:2 CHCl3-AcOEt) 0.23; mp > 260 °C; IR (ATR) 

ν 458, 550, 756, 776, 820, 955, 1190, 1211, 1263, 1297, 1388, 1521, 1569, 1606, 1685, 2910, 3376 cm -1; 1H 

NMR ((CD3)2SO)  2.75-2.78 (m, 4H, CH2S), 4.21-4.24 (m, 4H, CH2N), 7.69 (d, 1H, J = 8.6 Hz, H7), 7.73 (ddd, 

1H, J = 8.1, 7.0 and 1.2 Hz, H6’), 7.85 (d, 1H, J = 8.6 Hz, H8), 7.91 (ddd, 1H, J = 8.4, 6.9 and 1.5 Hz, H7’), 8.14 

(d, 1H, J = 9.3 Hz, H5’), 8.17 (dd, 1H, J = 8.5 and 0.81 Hz, H8’), 8.75 (s, 1H, H2), 9.05 (d, 1H, J = 2.0 Hz, H4’), 

9.51 (d, 1H, J = 2.2 Hz, H2’), 10.58 (s, 1H, NH) ppm. 5-quino (66 mg) was involved in the cyclizing coupling to 

afford (eluent 79:20:1 CHCl3-MeOH-Et3N; Rf 0.23) 6-quino in 51% yield (26 mg) as a white yellowish solid: 

mp 260-262 °C; IR (ATR) ν 419, 467, 619, 717, 753, 785, 822, 913, 963, 1068, 1089, 1195, 1253, 1408, 1489, 

1558, 2855, 2913, 3063, 3412 cm-1; 1H NMR (CDCl3)  2.81-2.84 (m, 4H, CH2S), 4.24-4.27 (m, 4H, CH2N), 7.62 

(t, 1H, J = 7.4 Hz, H6’), 7.77 (d, 1H, J = 8.7 Hz, H4 or H5), 7.80 (ddd, 1H, J = 8.2, 6.6 and 1.1 Hz, H7’), 7.87 (d, 

1H, J = 8.8 Hz, H4 or H5), 7.97 (d, 1H, J = 8.0 Hz, H5’), 8.18 (d, 1H, J = 8.4 Hz, H8’), 8.55 (s, 1H, H7), 9.04 (d, J 

= 1.4 Hz, 1H, H4’), 9.79 (br s, 1H, H2’) ppm; 13C NMR (CDCl3)  27.1 (2CH2, CH2S), 47.7 (2CH2, CH2N), 116.7 

(CH, C4 or C5), 120.6 (C), 126.7 (CH, C4 or C5), 127.4 (C), 127.9 (CH), 128.9 (CH), 129.7 (CH), 129.9 (C), 131.6 

(CH), 134.5 (CH), 135.3 (CH), 135.6 (C), 143.1 (C), 143.9 (C), 148.6 (CH), 149.0 (C), 151.6 (C), 162.2 (C, C2) 

ppm. Anal. Calcd for C22H17N5OS (399.47): C, 66.15; H, 4.29; N, 17.53; S, 8.03. Found: C, 65.93; H, 4.30; N, 

17.23; S, 7.88%. 

2-(1-Methyl-4-pyrazyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (6-pyra). It was prepared 

according to the general procedure 1. First, 5-iodo-6-(1-methyl-4-pyrazoylamino)-3-(N-

thiomorpholino)quinoxaline (5-pyra) was prepared by using 1-methyl-4-pyrazoyl chloride (0.14 g). After 

recrystallization from acetonitrile, it was isolated in 73% yield (0.19 g) as a yellow solid: mp 266-268 °C; IR 

(ATR) ν 956, 1190, 1214, 1263, 1285, 1391, 1519, 1566, 1602, 1681, 2909, 3366 cm-1; 1H NMR (CDCl3)  
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2.78-2.81 (m, 4H, CH2S), 4.00 (s, 3H, Me), 4.21-4.24 (m, 4H, CH2N), 7.85 (d, 1H, J = 9.0 Hz, H7), 8.00 (s, 1H), 

8.01 (s, 1H), 8.38 (s, 1H), 8.43 (br s, 1H, NH), 8.59 (d, J = 9.0 Hz, 1H) ppm. 5-pyra (60 mg) was involved in the 

cyclizing coupling to afford (eluent 99.5:0.5 CHCl3-MeOH; Rf 0.13) 6-pyra in 67% yield (27 mg) as a pale 

yellow solid: mp 238-240 °C; IR (ATR) ν 979, 1041, 1058, 1099, 1164, 1193, 1210, 1251, 1262, 1312, 1368, 

1410, 1428, 1491, 1549, 1576, 1630, 2859, 2922, 3101 cm-1; 1H NMR (CDCl3)  2.77-2.81 (m, 4H, CH2S), 4.00 

(s, 3H, Me), 4.20-4.24 (m, 4H, CH2N), 7.67 (d, 1H, J = 8.7 Hz, H4 or H5), 7.82 (d, 1H, J = 8.7 Hz, H4 or H5), 

8.16 (s, 1H, H3’ or H5’), 8.22 (d, 1H, J = 0.5 Hz, H3’ or H5’), 8.52 (s, 1H, H7) ppm; 13C NMR (CDCl3)  26.9 

(2CH2, CH2S), 39.5 (CH3), 47.6 (2CH2, CH2N), 111.2 (C), 116.2 (CH, C4 or C5), 126.0 (CH, C4 or C5), 129.5 (C), 

131.1 (CH), 133.9 (CH), 134.6 (C), 139.4 (CH), 142.6 (C), 143.0 (C), 151.4 (C), 159.8 (C, C2) ppm. Anal. Calcd 

for C17H16N6OS (352.42): C, 57.94; H, 4.58; N, 23.85; S, 9.10. Found: C, 57.83; H, 4.56; N, 23.93; S, 8.89%. 

2-(5-Thiazyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (6-thia). It was prepared according to 

the general procedure 1. First, 5-iodo-6-(5-thiazoylamino)-3-(N-thiomorpholino)quinoxaline (5-thia) was 

prepared by using 5-thiazoyl chloride (0.18 g). After recrystallization from acetonitrile, it was isolated in 

91% yield (0.44 g) as a yellow solid: Rf (eluent 1:1 CHCl3-AcOEt) 0.25; mp 244-246 °C; IR (ATR) ν 458, 554, 

602, 779, 824, 883, 951, 1093, 1189, 1264, 1289, 1392, 1520, 1568, 1668, 2905, 3056, 3347 cm-1; 1H NMR 

((CD3)2SO)  2.74-2.76 (m, 4H, CH2S), 4.18-4.20 (m, 4H, CH2N), 7.65 (d, 1H, J = 8.7 Hz, H7 or H8), 7.75 (d, 1H, 

J = 8.7 Hz, H7 or H8), 8.61 (s, 1H), 8.67 (s, 1H, H2), 9.22 (s, 1H), 10.50 (br s, 1H, NH) ppm; 13C NMR ((CD3)2SO) 

 25.8 (2CH2, CH2S), 47.0 (2CH2, CH2N), 100.8 (C, C5, C-I), 124.0 (CH), 127.9 (CH), 133.6 (C), 135.7 (CH), 137.4 

(C), 141.7 (C), 144.1 (CH), 144.9 (C), 152.0 (C), 157.9 (CH), 159.4 (C, C=O) ppm. 5-thia (60 mg) was involved 

in the cyclizing coupling to afford (eluent 69:30:1 CHCl3-AcOEt-Et3N; Rf 0.25) 6-thia in 83% yield (37 mg) as a 

yellow solid: mp > 260 °C; IR (ATR) ν 469, 601, 627, 710, 788, 815, 821, 872, 909, 959, 1025, 1043, 1061, 

1087, 1118, 1191, 1212, 1252, 1309, 1410, 1494, 1549, 1571, 2907, 3083, 3388 cm-1; 1H NMR ((CD3)2SO)  

2.79-2.81 (m, 4H, CH2S), 4.19-4.21 (m, 4H, CH2N), 7.70 (d, 1H, J = 8.7 Hz, H4 or H5), 7.82 (d, 1H, J = 8.7 Hz, 

H4 or H5), 8.71 (s, 1H, H2’ or H4’), 8.77 (s, 1H, H7), 9.34 (s, 1H, H2’ and H4’) ppm; 13C NMR ((CD3)2SO)  25.7 

(2CH2, CH2S), 46.5 (2CH2, CH2N), 114.9 (CH, C4 or C5), 124.5 (C, C5’), 125.7 (CH, C4 or C5), 128.6 (C), 134.1 

(C), 135.2 (CH, C7), 141.6 (C), 142.5 (C), 144.8 (CH, C2’ or C4’), 151.1 (C), 157.1 (C, C2), 157.5 (CH, C2’ or C4’) 

ppm. Anal. Calcd for C16H13N5OS2 (355.43): C, 54.07; H, 3.69; N, 19.70; S, 18.04. Found: C, 54.14; H, 3.70; N, 

19.80; S, 18.15%. 

2-(5-Isothiazyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (6-isothia). It was prepared 

according to the general procedure 1. First, 5-iodo-6-(5-isothiazoylamino)-3-(N-thiomorpholino)quinoxaline 

(5-isothia) was prepared by using 5-isothiazoyl chloride (0.18 g). After washing with acetonitrile, it was 

isolated in 87% yield (0.42 g) as an orange solid: Rf (eluent 6:4 CH2Cl2-AcOEt) 0.40; mp > 260 °C; IR (ATR) ν 

657, 696, 732, 768, 779, 817, 832, 872, 885, 953, 993, 1033, 1047, 1100, 1132, 1192, 1216, 1263, 1295, 

1334, 1356, 1390, 1453, 1522, 1566, 1607, 1667, 1922, 2475, 2911, 3346 cm-1; 1H NMR ((CD3)2SO)  2.71-

2.74 (m, 4H, CH2S), 4.13-4.17 (m, 4H, CH2N), 7.51 (d, 1H, J = 8.8 Hz, H7 or H8), 7.54 (d, 1H, J = 0.9 Hz, H3’ or 

H4’), 8.07 (d, 1H, J = 8.8 Hz, H7 or H8), 8.42 (s, 1H, H2), 8.46 (d, 1H, J = 1.6 Hz, H3’ or H4’) ppm (NH not 
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seen). 5-isothia (60 mg) was involved in the cyclizing coupling to afford (eluent 3:2 CH2Cl2-AcOEt; Rf 0.62) 6-

isothia in 58% yield (26 mg) as a pale yellow solid: mp 228-230 °C; IR (ATR) ν 710, 735, 759, 789, 814, 835, 

881, 912, 959, 1057, 1083, 1190, 1255, 1305, 1404, 1496, 1550, 1571, 2922 cm-1; 1H NMR (CDCl3)  2.80-

2.82 (m, 4H, CH2S), 4.23-4.25 (m, 4H, CH2N), 7.73 (d, 1H, J = 8.7 Hz, H4 or H5), 7.87 (d, 1H, J = 8.7 Hz, H4 or 

H5), 8.03 (d, 1H, J = 1.9 Hz, H3’ or H4’), 8.57 (s, 1H, H7), 8.60 (d, 1H, J = 1.9 Hz, H3’ or H4’) ppm; 13C NMR 

(CDCl3)  27.0 (2CH2, CH2S), 47.7 (2CH2, CH2N), 116.6 (CH, C4 or C5), 124.5 (CH), 126.9 (CH, C4 or C5), 129.9 

(C), 134.6 (CH, C7), 135.3 (C), 142.8 (C), 143.5 (C), 151.6 (C), 152.1 (C), 157.1 (C), 158.1 (CH) ppm. Anal. 

Calcd for C16H13N5OS2 (355.43): C, 54.07; H, 3.69; N, 19.70; S, 18.04. Found: C, 53.86; H, 3.85; N, 19.86; S, 

17.87%. 

2-(3-Pyridyl)oxazolo[5,4-f]quinoline (10-H). It was prepared according to the general procedure 1, 

however using 5-iodo-6-quinolinamine (8; 0.27 g, 1.0 mmol) instead of 2. First, 5-iodo-6-(3-

pyridoylamino)quinoline (9) was prepared by using nicotinoyl chloride (0.16 g). After washing with cold 

methanol (5 mL), the solid was dried to afford 9 in 79% yield (0.30 g) as a pale beige solid: mp 200-202 °C; 

IR (ATR) ν 446, 499, 532, 641, 705, 737, 800, 829, 924, 970, 1303, 1332, 1494, 1524, 1589, 1647, 3262 cm -1; 

1H NMR ((CD3)2SO)  7.63 (dd, 1H, J = 7.9 and 4.9 Hz, H5’), 7.68 (dd, 1H, J = 8.6 and 4.2 Hz, H3), 7.89 (d, 1H, J 

= 8.9 Hz, H7), 8.10 (d, 1H, J = 8.9 Hz, H8), 8.41 (d, 1H, J = 8.0 Hz, H4’), 8.52 (d, 1H, J = 8.4 Hz, H4), 8.82 (dd, 

1H, J = 4.8 and 1.4 Hz, H6’), 8.93 (dd, 1H, J = 4.1 and 1.2 Hz, H2), 9.25 (d, 1H, J = 1.6 Hz, H2’), 10.65 (s, 1H, 

NH) ppm; 13C NMR ((CD3)2SO)  102.4 (C, C5, C-I), 123.5 (CH, C5’), 123.7 (CH), 129.7 (C), 129.8 (CH), 129.9 

(CH), 130.3 (C), 135.5 (CH), 139.3 (C), 140.2 (CH), 146.7 (C), 148.8 (CH), 151.2 (CH), 152.5 (CH), 164.2 (C, 

C=O) ppm. 9 (47 mg) was involved in the cyclizing coupling to afford (eluent 69:30:1 CHCl3-AcOEt-Et3N; Rf 

0.11) 10-H in 67% yield (21 mg) as a white solid: mp 150-152 °C; IR (ATR) ν 562, 616, 627, 699, 718, 770, 

808, 831, 928, 1016, 1068, 1245, 1378, 1413, 1426, 1515, 1586, 1606, 3041, 3376 cm -1; 1H NMR (CDCl3)  

7.51 (dd, 1H, J = 7.8 and 4.8 Hz, H5’), 7.60 (dd, 1H, J = 8.3 and 4.3 Hz, H8), 8.10 (d, 1H, J = 9.0 Hz, H4), 8.16 

(d, 1H, J = 9.0 Hz, H5), 8.57 (dt, 1H, J = 7.9 and 1.6 Hz, H4’), 8.67 (dd, 1H, J = 8.2 and 0.65 Hz, H9), 8.80 (br s, 

1H, H6’), 8.99 (dd, 1H, J = 4.1 and 1.2 Hz, H7), 9.54 (br s, 1H, H2’) ppm; 13C NMR (CDCl3)  116.0 (C), 121.9 

(CH), 122.3 (CH), 123.6 (C), 124.0 (CH), 127.2 (CH), 129.2 (CH), 134.7 (CH, C4’), 139.0 (C), 145.6 (C), 146.4 

(C), 148.6 (CH), 149.7 (CH), 152.2 (CH, C6’), 161.4 (C, C2) ppm. Anal. Calcd for C15H9N3O (247.26): C, 72.87; 

H, 3.67; N, 16.99. Found: C, 72.95; H, 4.02; N, 16.77%. 

2-(3-Pyridyl)oxazolo[5,4-f]quinoxaline (14-H). It was prepared according to the general procedure 

1, however using 5-iodo-6-quinoxalinamine (12; 0.10 g, 0.36 mmol) instead of 2. First, 5-iodo-6-(3-

pyridoylamino)quinoxaline (13-H) was prepared by using nicotinoyl chloride (65 mg). After washing with 

cold methanol (2 mL), the solid was dried to afford 13-H in 80% yield (0.11 g) as a white solid identified by 

NMR: 1H NMR ((CD3)2SO)  7.51 (ddd, 1H, J = 7.9, 4.8 and 0.8 Hz, H5’), 7.94 (d, 1H, J = 9.0 Hz, H7), 8.30 (d, 

1H, J = 9.0 Hz, H8), 8.45 (dt, 1H, J = 7.9 and 1.9 Hz, H4’), 8.68 (dd, 1H, J = 4.8 and 1.7 Hz, H6’), 8.75 (d, 1H, J = 

1.9 Hz, H2'), 8.87 (d, 1H, J = 1.9 Hz, H2 or H3), 9.33 (d, 1H, J = 1.4 Hz, H2 or H3), 10.61 (br s, 1H, NH) ppm. 

The compound was directly used in the next step. 13-H (94 mg, 0.25 mmol) was involved in the cyclizing 



S15 
 

coupling to afford (eluent 7:3 CHCl3-AcOEt; Rf 0.10) 14-H in 67% yield (42 mg) as a white solid: mp 230-232 

°C; IR (ATR) ν 414, 470, 527, 626, 696, 748, 800, 866, 926, 1014, 1075, 1223, 1260, 1351, 1429, 1453, 1508, 

1545, 1585, 1604, 2605, 2853, 2923, 3053 cm-1; 1H NMR (CDCl3)  7.51 (dd, 1H, J = 7.6 and 5.0 Hz, H5’), 8.13 

(d, 1H, J = 8.9 Hz, H4 or H5), 8.18 (d, 1H, J = 8.9 Hz, H4 or H5), 8.64 (d, 1H, J = 7.9 Hz, H4’), 8.80 (d, 1H, J = 

3.9 Hz, H6’), 8.95 (d, 2H, J = 6.6 Hz, H7 and H8), 9.61 (br s, 1H, H2’) ppm; 13C NMR (CDCl3)  123.0 (CH), 

123.3 (C), 124.0 (CH), 127.4 (CH), 131.4 (C), 135.1 (CH), 142.1 (C), 142.5 (C), 144.6 (CH), 145.0 (CH), 145.1 

(C), 149.1 (CH, C2’), 152.5 (CH, C6’), 162.7 (C, C2) ppm. Anal. Calcd for C14H8N4O (248.24): C, 67.74; H, 3.25; 

N, 22.57. Found: C, 67.98; H, 3.71; N, 22.28%. 

3) Synthesis of the pyridyl-substituted oxazolo[5,4-f]quinoxalines 4-2pyrro, 4-2NMe2 and 4-6NMe2 

2-(2-(N-Pyrrolidino)-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-2pyrro). First, 5-

iodo-6-(2-(N-pyrrolidino)-3-pyridoylamino)-3-(N-thiomorpholino)quinoxaline (3-2pyrro) was prepared as 

follows. To a suspension of 6-(2-chloro-3-pyridoylamino)-5-iodo-3-(N-thiomorpholino)quinoxaline (3-2Cl; 

0.255 g, 0.50 mmol) in dry toluene (15 mL) was added pyrrolidine (0.18 g, 0.21 mL, 2.5 mmol). The mixture 

was heated at 90 °C for 12 h and cooled. After removal of the solvent under reduced pressure and addition 

of a saturated aqueous solution of sodium bicarbonate (5 mL), the product was extracted by ethyl acetate 

(3 x 20 mL). The organic phase was washed with water (10 mL) and brine (10 mL), and then dried over 

sodium sulfate. Removal of the solvent under reduced pressure led to the crude which was purified by 

chromatography over silica gel (eluent 9:1 CH2Cl2-AcOEt; Rf 0.18) to afford 3-2pyrro in 64% yield (175 mg) 

as a yellow solid: mp 168-170 °C; IR (ATR) ν 479, 531, 564, 776, 818, 878, 951, 1088, 1120, 1195, 1217, 

1255, 1282, 1392, 1452, 1509, 1565, 1685, 2848, 2875, 2929, 2964, 3372 cm-1; 1H NMR (CDCl3)  1.95 (t, 4H, 

J = 6.6 Hz, NCH2CH2-pyrro), 2.80 (t, 4H, J = 4.9 Hz, CH2S), 3.55 (t, 4H, J = 6.6 Hz, NCH2CH2-pyrro), 4.23 (t, 4H, J 

= 4.9 Hz, CH2N-morpho), 6.80 (dd, 1H, J = 7.5 and 4.8 Hz, H5’), 7.88 (d, 1H, J = 9.0 Hz, H7), 7.98 (dd, 1H, J = 

7.5 and 1.8 Hz, H4’), 8.32 (dd, 1H, J = 4.8 and 1.8 Hz, H6’), 8.40 (s, 1H, H2), 8.70 (d, 1H, J = 9.0 Hz, H8), 8.98 

(br s, 1H, NH) ppm; 13C NMR (CDCl3)  25.8 (2CH2, CH2CH2N-pyrro), 26.7 (2CH2, CH2S), 47.9 (2CH2, CH2N-

morpho), 50.3 (2CH2, CH2N-pyrro), 91.9 (C, C5, C-I), 113.2 (CH, C5’), 117.5 (C, C3’), 118.6 (CH, C7), 129.6 (CH, 

C8), 134.1 (C), 134.7 (CH, C2), 138.7 (CH, C4’), 141.7 (C), 141.8 (C), 150.1 (CH, C6’), 152.5 (C), 156.3 (C), 

166.9 (C, C=O) ppm. This carboxamide was directly involved in the cyclizing coupling as follows. To a 

suspension of 3-2pyrro (68 mg, 0.125 mmol) in dry DMSO (0.5 mL) was added potassium carbonate (21 mg, 

0.16 mmol) and copper(I) iodide (2.3 mg, 12.5 mol). The sealed tube was heated at 130 °C for 12 h and 

cooled. The resulting dark mixture was poured onto a sodium bicarbonate saturated aqueous solution (10 

mL); the precipitate was filtered, washed with cold water (5 mL) and dissolved in chloroform. The organic 

layer was washed with water (10 mL), dried over sodium sulfate and the solvent was removed under 

reduced pressure. The crude was purified by chromatography over silica gel (eluent 1:1 CHCl3-AcOEt; Rf 

0.38) to afford 4-2pyrro in 64% yield (33.5 mg) as a yellow solid: mp 206-208 °C; IR (ATR) ν 467, 519, 562, 

618, 714, 764, 789, 816, 960, 1012, 1059, 1089, 1192, 1245, 1426, 1455, 1492, 1552, 1598, 2841, 2868, 



S16 
 

2902, 2948, 2979 cm-1; 1H NMR (CDCl3)  1.87 (br s, 4H, CH2-pyrro), 2.78 (s, 4H, CH2S-morpho), 3.40 (s, 4H, 

CH2-pyrro), 4.22 (s, 4H, CH2N-morpho), 6.73 (dd, 1H, J = 7.0 and 5.1 Hz, H5’), 7.75 (d, 1H, J = 8.7 Hz, H4 or 

H5), 7.85 (d, 1H, J = 8.7 Hz, H4 or H5), 8.08 (d, 1H, J = 7.3 Hz, H4’), 8.32 (d, 1H, J = 3.7 Hz, H6’), 8.55 (s, 1H, 

H7) ppm; 13C NMR (CDCl3)  25.8 (2CH2, CH2CH2N-pyrro), 26.9 (2CH2, CH2S), 47.7 (2CH2, CH2N-morpho), 49.9 

(2CH2, CH2N-pyrro), 107.1 (C, C3’), 111.9 (CH, C5’), 116.6 (CH, C4 or C5), 126.0 (CH, C4 or C5), 129.8 (C), 

134.2 (CH, C7), 134.8 (C), 140.9 (CH, C4’), 142.9 (C), 143.3 (C), 150.3 (CH, C6’), 151.6 (C), 156.3 (C, C2 or C2’), 

163.8 (C, C2 or C2’) ppm. Anal. Calcd for C22H22N6OS (418.52): C, 63.14; H, 5.30; N, 20.08; S, 7.66. Found: C, 

62.86; H, 5.54; N, 20.01; S, 7.51%. 

2-(2-(Dimethylamino)-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-2NMe2). First, 

6-(2-(dimethylamino)-3-pyridoylamino)-5-iodo-3-(N-thiomorpholino)quinoxaline (3-2NMe2) was prepared 

as follows. To a suspension of 6-(2-chloro-3-pyridoylamino)-5-iodo-3-(N-thiomorpholino)quinoxaline (3-2Cl; 

0.255 g, 0.50 mmol) in dry THF (15 mL) was added dimethylamine (2.5 mL of a 2.0 M solution in THF, 5.0 

mmol). The mixture was heated at 60 °C for 15 h and cooled. After removal of the solvent under reduced 

pressure and addition of a saturated aqueous solution of sodium bicarbonate (10 mL), the product was 

extracted by dichloromethane (3 x 10 mL). The organic phase was washed with water (10 mL) and brine (10 

mL), and then dried over sodium sulfate. Removal of the solvent under reduced pressure led to the crude 

which was purified by chromatography over silica gel (eluent 9:1 CH2Cl2-AcOEt; Rf 0.23) to afford 3-2NMe2 

in 62% yield (0.16 g) as a white yellowish solid: mp 182-184 °C; IR (ATR) ν 431, 471, 566, 652, 725, 774, 789, 

820, 937, 949, 962, 1126, 1192, 1205, 1255, 1272, 1386, 1442, 1475, 1513, 1559, 1606, 1661, 2914, 2948, 

3060 cm-1; 1H NMR (CDCl3)  2.78-2.80 (m, 4H, CH2S), 2.99 (s, 6H, NMe2), 4.22-4.24 (m, 4H, CH2N), 7.09 (dd, 

1H, J = 7.6 and 4.8 Hz, H5’), 7.87 (d, 1H, J = 9.1 Hz, H7), 8.34 (dd, 1H, J = 7.6 and 1.9 Hz, H4’), 8.38 (s, 1H, 

H2), 8.43 (dd, 1H, J = 4.8 and 1.9 Hz, H6’), 8.80 (d, 1H, J = 9.1 Hz, H8), 11.11 (br s, 1H, NH) ppm; 13C NMR 

(CDCl3)  26.7 (2CH2, CH2S), 43.6 (CH3, NMe2), 47.9 (2CH2, CH2N), 91.3 (C, C5, C-I), 118.2 (CH, C7), 119.2 (CH, 

C5’), 120.8 (C, C3’), 129.5 (CH, C8), 134.0 (C), 134.6 (CH, C2), 140.6 (CH, C4’), 141.9 (C), 142.7 (C), 150.3 (CH, 

C6’), 152.5 (C), 160.9 (C, C2’), 165.1 (C, C=O) ppm. This carboxamide was directly involved in the cyclizing 

coupling as follows. To a suspension of 3-2NMe2 (65 mg, 0.125 mmol) in dry DMSO (0.5 mL) was added 

potassium carbonate (21 mg, 0.16 mmol) and copper(I) iodide (2.3 mg, 12.5 mol). The sealed tube was 

heated at 130 °C for 12 h and cooled. The resulting dark mixture was poured onto a sodium bicarbonate 

saturated aqueous solution (10 mL); the precipitate was filtered, washed with cold water (5 mL) and 

dissolved in chloroform. The organic layer was washed with water (10 mL), dried over sodium sulfate and 

the solvent was removed under reduced pressure. The crude was purified by chromatography over silica 

gel (eluent 2:3 CHCl3-AcOEt; Rf 0.12) to afford 4-2NMe2 in 30% yield (15 mg) as a yellow solid: mp 210-212 

°C; IR (ATR) ν 461, 479, 540, 557, 715, 767, 790, 824, 903, 957, 1041, 1064, 1103, 1199, 1249, 1260, 1395, 

1408, 1494, 1552, 1564, 1585, 2852, 2917, 2944, 3055 cm-1; 1H NMR (CDCl3)  2.77-2.80 (m, 4H, CH2S), 3.08 

(s, 6H, NMe2), 4.21-4.24 (m, 4H, CH2N), 6.88 (dd, 1H, J = 7.0 and 5.0 Hz, H5’), 7.75 (d, 1H, J = 8.7 Hz, H4 or 

H5), 7.86 (d, 1H, J = 8.7 Hz, H4 or H5), 8.29 (d, 1H, J = 7.2 Hz, H4’), 8.37 (d, 1H, J = 3.8 Hz, H6’), 8.56 (s, 1H, 
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H7) ppm; 13C NMR (CDCl3)  26.9 (2CH2, CH2S), 41.9 (CH3, NMe2), 47.7 (2CH2, CH2N), 110.1 (C, C3’), 113.2 

(CH, C5’), 116.6 (CH, C4 or C5), 126.3 (CH, C4 or C5), 129.8 (C), 134.4 (CH, C7), 134.9 (C), 142.8 (C), 142.9 

(CH, C4’), 143.3 (C), 147.7 (CH, C6’), 151.6 (C), 157.4 (C, C2 or C2’), 162.4 (C, C2 or C2’) ppm. Anal. Calcd for 

C20H20N6OS (392.48): C, 61.21; H, 5.14; N, 21.41; S, 8.17. Found: C, 61.24; H, 4.83; N, 21.28; S, 8.07%. 

2-(6-(Dimethylamino)-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-6NMe2). First, 

6-(6-(dimethylamino)-3-pyridoylamino)-5-iodo-3-(N-thiomorpholino)quinoxaline (3-6NMe2) was prepared 

as follows. To a suspension of 6-(6-chloro-3-pyridoylamino)-5-iodo-3-(N-thiomorpholino)quinoxaline (3-6Cl; 

0.21 g, 0.42 mmol) in dry THF (10 mL) was added dimethylamine (2.1 mL of a 2.0 M solution in THF, 4.2 

mmol). The mixture was heated at 60 °C for 15 h and cooled. After removal of the solvent under reduced 

pressure and addition of a saturated aqueous solution of sodium bicarbonate (10 mL), the product was 

extracted by dichloromethane (3 x 10 mL). The organic phase was washed with water (10 mL) and brine (10 

mL), and then dried over sodium sulfate. Removal of the solvent under reduced pressure led to the crude 

which was purified by chromatography over silica gel (eluent 1:1 CHCl3-AcOEt; Rf 0.14) to afford 3-6NMe2 in 

73% yield (0.16 g) as a red solid: mp > 260 °C; IR (ATR) ν 423, 464, 564, 612, 718, 756, 774, 822, 951, 1172, 

1192, 1209, 1259, 1276, 1355, 1388, 1515, 1565, 1598, 1665, 2856, 2918, 2960, 3357, 3388 cm-1; 1H NMR 

((CD3)2SO)  2.75-2.77 (m, 4H, CH2S), 3.13 (s, 6H, NMe2), 4.21-4.23 (m, 4H, CH2N), 6.75 (d, 1H, J = 9.0 Hz, 

H5’), 7.68 (d, 1H, J = 8.7 Hz, H7), 7.83 (d, 1H, J = 8.7 Hz, H8), 8.11 (dd, 1H, J = 9.0 and 2.5 Hz, H4’), 8.75 (s, 

1H, H2), 8.82 (d, 1H, J = 2.1 Hz, H2’), 9.76 (s, 1H, NH) ppm; 13C NMR ((CD3)2SO)  25.8 (2CH2, CH2S), 37.6 

(2CH3, NMe2), 47.0 (2CH2, CH2N), 100.3 (C, C5, C-I), 104.8 (CH, C5’), 116.7 (C), 123.4 (CH), 128.0 (CH), 133.7 

(C), 136.5 (CH), 136.6 (CH), 141.4 (C), 142.3 (C), 148.6 (CH, C2’), 152.0 (C), 160.2 (C), 164.0 (C) ppm. This 

carboxamide was directly involved in the cyclizing coupling [1] as follows. To a suspension of 3-6NMe2 (65 

mg, 0.125 mmol) in dry DMSO (0.5 mL) was added potassium carbonate (21 mg, 0.16 mmol) and copper(I) 

iodide (2.3 mg, 12.5 mol). The sealed tube was heated at 110 °C for 12 h and cooled. The resulting dark 

mixture was poured onto a sodium bicarbonate saturated aqueous solution (10 mL); the precipitate was 

filtered, washed with cold water (5 mL) and dissolved in chloroform. The organic layer was washed with 

water (10 mL), dried over sodium sulfate and the solvent was removed under reduced pressure. The crude 

was purified by chromatography over silica gel (eluent 1:1 CHCl3-AcOEt; Rf 0.31) to afford 4-6NMe2 in 77% 

yield (38 mg) as a yellow solid: mp 248-250 °C; IR (ATR) ν 421, 467, 554, 629, 714, 787, 812, 914, 955, 1064, 

1091, 1141, 1193, 1251, 1392, 1505, 1556, 1567, 1608, 2848, 2914 cm-1; 1H NMR (CDCl3)  2.77-2.80 (m, 4H, 

CH2S), 3.10 (s, 6H, NMe2), 4.19-4.23 (m, 4H, CH2N), 6.57 (d, 1H, J = 9.0 Hz, H5’), 7.68 (d, 1H, J = 8.7 Hz, H4 or 

H5), 7.80 (d, 1H, J = 8.7 Hz, H4 or H5), 8.27 (dd, 1H, J = 9.0 and 2.3 Hz, H4’), 8.49 (s, 1H, H7), 9.11 (d, 1H, J = 

2.0 Hz, H2’) ppm; 13C NMR (CDCl3)  26.9 (2CH2, CH2S), 38.2 (2CH3, NMe2), 47.6 (2CH2, CH2N), 105.3 (CH, 

C5’), 111.1 (C, C3’), 116.3 (CH, C4 or C5), 125.8 (CH, C4 or C5), 129.5 (C), 133.8 (CH, C7), 134.6 (C), 136.1 

(CH, C4’), 143.0 (C), 143.4 (C), 148.7 (CH, C2’), 151.5 (C), 160.1 (C, C2 or C6’), 164.1 (C, C2 or C6’) ppm. Anal. 

Calcd for C20H20N6OS (392.48): C, 61.21; H, 5.14; N, 21.41; S, 8.17. Found: C, 61.35; H, 5.44; N, 21.37; S, 

7.98%. 
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4) 2-(2-Fluoro-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-2F) 

It was prepared by adapting a procedure reported previously [4]. To 2-(2-chloro-3-pyridyl)-8-(N-

thiomorpholino)oxazolo[5,4-f]quinoxaline (4-2Cl; 40 mg, 0.10 mmol), was added tetramethylammonium 

fluoride·(tert-amyl alcohol)1.33 [4] (32 mg, 0.15 mmol) and DMSO (0.5 mL). The red mixture was heated at 

80 °C for 2 h, and then cooled to rt. Brine (10 mL) was added, and extraction was performed with AcOEt (3 x 

10 mL). The organic layer was washed with brine (10 mL), dried over Na2SO4, and the solvent was 

evaporated under reduced pressure. Purification by chromatography over silica gel (eluent 1:1 CH2Cl2-

AcOEt; Rf 0.72) led to the title product in 65% yield (25 mg) as a pale yellow solid: mp > 260 °C; IR (ATR) ν 

712, 742, 759, 791, 822, 852, 909, 961, 1025, 1064, 1087, 1118, 1193, 1255, 1313, 1369, 1408, 1450, 1491, 

1558, 1574, 1614, 2913 cm-1; 1H NMR (CDCl3)  2.79-2.83 (m, 4H, CH2S), 4.23-4.27 (m, 4H, CH2N), 7.42 (ddd, 

1H, J = 7.6, 4.8 and 1.7 Hz, H5’), 7.80 (d, 1H, J = 8.8 Hz, H4 or H5), 7.88 (d, 1H, J = 8.8 Hz, H4 or H5), 8.41 

(ddd, 1H, J = 4.8, 1.9 and 1.2 Hz, H6’), 8.58 (s, 1H, H7), 8.76 (ddd, 1H, J = 9.4, 7.6 and 2.0 Hz, H4’) ppm; 13C 

NMR (CDCl3)  27.0 (2CH2, CH2S), 47.7 (2CH2, CH2N), 111.2 (d, C, J = 26.0 Hz, C3’), 116.8 (CH, C4 or C5), 121.9 

(d, CH, J = 4.7 Hz, C5’), 126.7 (CH, C4 or C5), 129.9 (C), 134.6 (CH, C7), 135.3 (C), 141.1 (CH, C4’), 142.8 (C), 

143.8 (C), 150.3 (d, CH, J = 14.9 Hz, C6’), 151.6 (C, C8), 158.8 (d, C, J = 9.9 Hz, C2), 160.5 (d, C, J = 248.6 Hz, 

C2’) ppm; 19F NMR (282 MHz, CDCl3) δ -62.4 ppm. Anal. Calcd for C18H14FN5OS (367.40): C, 58.85; H, 3.84; N, 

19.06; S, 8.73. Found: C, 59.09; H, 3.97; N, 18.81; S, 8.56%. 

5) 2-(5-(3-Thienyl)-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-5thienyl) 

The protocol was adapted from a procedure reported previously [5]. To 2-(5-bromo-3-pyridyl)-8-(N-

thiomorpholino)oxazolo[5,4-f]quinoxaline (4-5Br; 107 mg, 0.25 mmol) and palladium 

tetrakis(triphenylphosphine) (17 mg, 14 mol) was added degassed dioxane (5 mL) and, 5 min later, 

thiophene-3-boronic acid (39 mg, 0.35 mmol) and sodium carbonate (0.8 mL of a 1 M aqueous solution, 

0.75 mmol). The mixture was heated under argon at 110 °C for 4 h. Water (10 mL) was added before 

extraction with chloroform (3 x 20 mL). The organic phase was washed with water (10 mL), dried over 

sodium sulfate, and the solvent was removed under reduced pressure. The crude was purified by 

chromatography over silica gel (eluent 1:1 CHCl3-AcOEt; Rf 0.28) to afford 4-5thienyl in 77% yield (82.5 mg) 

as a white yellowish solid: mp 266-268 °C; IR (ATR) ν 456, 541, 643, 716, 762, 789, 816, 905, 962, 1022, 

1061, 1093, 1195, 1251, 1319, 1411, 1423, 1496, 1557, 2914, 2987, 3072 cm-1; 1H NMR (CDCl3)  2.82-2.85 

(m, 4H, CH2S), 4.26-4.30 (m, 4H, CH2N), 7.50-7.54 (m, 2H, H2” and H5”), 7.71 (dd, 1H, J = 2.6 and 1.6 Hz, 

H4”), 7.78 (d, 1H, J = 8.8 Hz, H4 or H5), 7.90 (d, 1H, J = 8.8 Hz, H4 or H5), 8.59 (s, 1H, H7), 8.78 (t, 1H, J = 2.1 

Hz, H4’), 9.02 (d, 1H, J = 2.0 Hz, H6’), 9.49 (d, 1H, J = 1.8 Hz, H2’) ppm; 1H NMR ((CD3)2SO)  2.81-2.83 (m, 

4H, CH2S), 4.23-4.25 (m, 4H, CH2N), 7.71-7.74 (m, 2H, H2” and H5”), 7.79 (d, 1H, J = 8.7 Hz, H4 or H5), 7.87 

(d, 1H, J = 8.7 Hz, H4 or H5), 8.15 (dd, 1H, J = 2.3 and 1.95 Hz, H4”), 8.75 (t, 1H, J = 2.1 Hz, H4’), 8.81 (s, 1H, 

H7), 9.15 (d, 1H, J = 2.2 Hz, H6’), 9.31 (d, 1H, J = 2.0 Hz, H2’) ppm; 13C NMR ((CD3)2SO)  25.7 (2CH2, CH2S), 

46.5 (2CH2, CH2N), 115.1 (CH, C4 or C5), 122.7 (C), 123.0 (CH, C4”), 125.6 (CH), 125.6 (CH), 127.2 (CH), 128.8 
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(C), 130.8 (CH, C4’), 130.9 (C), 134.2 (C), 135.2 (CH, C7), 136.7 (C), 141.7 (C), 142.9 (C), 145.8 (CH, C2’ or 

C6’), 149.2 (CH, C2’ or C6’), 151.1 (C), 160.9 (C, C2) ppm. Anal. Calcd for C22H17N5OS2 (431.53): C, 61.23; H, 

3.97; N, 16.23; S, 14.86. Found: C, 61.93; H, 4.05; N, 15.04%. 

6) 8-Bromo-2-(3-pyridyl)oxazolo[5,4-f]quinoline (10-Br) 

The title product was obtained as follows, by adapting a reported procedure [6, 7]. To 2-(3-

pyridyl)oxazolo[5,4-f]quinoline (10-H; 0.11 g, 0.76 mmol) in tetrachloromethane (1 mL) was slowly added 

bromine (0.24 g, 1.5 mmol) and, after 1 h at 77 °C, pyridine (0.12 mL, 1.5 mmol) at the same temperature. 

After heating at 77 °C for 12 h and cooling, a 2 M aqueous sodium hydroxide solution (1 mL) was added 

before extraction with dichloromethane (2 x 10 mL). The organic layer was dried over sodium sulfate and 

the solvent was removed under reduced pressure. The crude product was purified by chromatography over 

silica gel (eluent 7:3 CH2Cl2-AcOEt; Rf 0.11) to afford 10-Br in 41% yield (95 mg) as a yellow solid: mp 224-

226 °C; IR (ATR) ν 562, 698, 718, 792, 814, 831, 897, 1022, 1067, 1095, 1193, 1330, 1411, 1479, 1581, 1606, 

2852, 2922, 3039, 3345 cm-1; 1H NMR (CDCl3)  7.50 (ddd, 1H, J = 8.0, 4.9 and 0.5 Hz, H5’), 8.01-8.08 (m, 2H, 

H4 and H5), 8.53 (dt, 1H, J = 8.0 and 2.0 Hz, H4’), 8.72 (d, 1H, J = 2.3 Hz, H9), 8.79 (d, 1H, J = 3.8 Hz, H6’), 

8.93 (d, 1H, J = 2.3 Hz, H7), 9.50 (s, 1H, H2’) ppm; 13C NMR (CDCl3)  116.5 (C), 118.5 (C), 122.2 (CH), 123.4 

(C), 123.9 (CH), 127.5 (CH), 130.1 (CH), 134.7 (CH, C4’), 139.7 (C), 144.5 (C), 144.9 (C), 148.7 (CH), 151.1 

(CH), 152.3 (CH, C6’), 161.7 (C, C2) ppm.  

7) Amination of 3-bromoquinoline, 2-(5-bromo-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-
f]quinoxaline (4-5Br) and 8-bromo-2-(3-pyridyl)oxazolo[5,4-f]quinoline (10-Br) 

3-(N-Morpholino)quinoline. It was prepared as follows, by adapting a procedure reported 

previously [8]. To a mixture of 3-bromoquinoline (0.14 mL, 0.21 g, 1.0 mmol), morpholine (0.13 mL, 0.13 g, 

1.5 mmol) in toluene (2 mL) was added, after 2 min stirring at rt, sodium tert-butoxide (0.14 g, 1.5 mmol), 

tris(dibenzylideneacetone)dipalladium(0) (Pd2(dba)3; 18 mg, 20 mol) and Xantphos (34 mg, 60 mol). The 

reaction mixture was heated at 100 °C for 12 h and cooled. Water (10 mL) was added before extraction 

using ethyl acetate (2 x 20 mL), drying over sodium sulfate and removal of the solvent under reduced 

pressure. The crude was purified by chromatography over silica gel (eluent 1:1 CHCl3-AcOEt; Rf 0.32) to 

afford 3-(N-morpholino)quinoline in 81% yield (175 mg) as a fluorescent orange-yellow solid: mp 98-100 °C; 

IR (ATR) ν 424, 488, 619, 704, 752, 783, 850, 879, 928, 980, 1048, 1115, 1141, 1195, 1216, 1265, 1356, 

1378, 1492, 1592, 2858, 2958, 3061 cm-1; 1H NMR (CDCl3)  3.25-3.28 (m, 4H, CH2N), 3.90-3.93 (m, 4H, 

CH2O), 7.33 (d, 1H, J = 2.8 Hz, H4), 7.43-7.55 (m, 2H, H6 and H7), 7.67 (dd, 1H, J = 7.9 and 1.5 Hz, H5), 8.00 

(dd, 1H, J = 8.0 and 0.9 Hz, H8), 8.78 (d, 1H, J = 2.9 Hz, H2) ppm; 13C NMR (CDCl3)  49.5 (2CH2, CH2N), 66.8 

(2CH2, CH2O), 116.9 (CH), 126.7 (CH), 126.8 (CH), 127.1 (CH), 128.9 (C), 129.0 (CH), 143.1 (C), 144.4 (CH), 

144.8 (C) ppm. These data correspond to those reported previously [9]. 

8-(N-Thiomorpholino)-2-(5-(N-thiomorpholino)-3-pyridyl)oxazolo[5,4-f]quinoxaline (4-

5Smorpho). It was similarly prepared from 2-(5-bromo-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-
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f]quinoxaline (4-5Br; 60 mg, 0.14 mmol) and thiomorpholine (17 L, 0.17 mmol). Purification by 

chromatography over silica gel (eluent 7:3 AcOEt-CH2Cl2; Rf 0.25) led to 4-5Smorpho in 60% yield (38 mg) as 

a pale white yellowish solid: mp > 260 °C; IR (ATR) ν 697, 714, 734, 789, 817, 855, 902, 952, 1008, 1065, 

1103, 1191, 1247, 1280, 1360, 1420, 1474, 1556, 2910 cm-1; 1H NMR (CDCl3)  2.79-2.84 (m, 8H, CH2S), 3.72-

3.76 (m, 4H, CH2N), 4.25-4.28 (m, 4H, CH2N), 7.76 (d, 1H, J = 8.8 Hz, H4 or H5), 7.88 (d, 1H, J = 8.8 Hz, H4 or 

H5), 8.02 (dd, 1H, J = 2.9 and 1.8 Hz, H4’), 8.42 (s, 1H, H7), 8.58 (s, 1H, H6’), 9.02 (s, 1H, H2’) ppm; 13C NMR 

(CDCl3)  26.6 (2CH2, CH2S), 27.0 (2CH2, CH2S), 47.7 (2CH2, CH2N), 51.2 (2CH2, CH2N), 116.5 (CH, C4 or C5), 

121.0 (CH), 123.6 (C), 126.6 (CH, C4 or C5), 129.9 (C), 134.5 (CH), 135.2 (C), 139.3 (CH), 141.6 (CH), 142.9 

(C), 143.8 (C), 146.7 (C), 151.6 (C), 162.5 (C, C2) ppm. Anal. Calcd for C22H22N6OS2 (450.58): C, 58.64; H, 4.92; 

N, 18.65; S, 14.23. Found: C, 58.75; H, 5.16; N, 18.80; S, 14.22%. 

8-(N-Morpholino)-2-(3-pyridyl)oxazolo[5,4-f]quinoline (10-Smorpho). It was similarly prepared 

from 8-bromo-2-(3-pyridyl)oxazolo[5,4-f]quinoline (10-Br; 65 mg, 0.20 mmol) and thiomorpholine (24 L, 

0.24 mmol). Purification by chromatography over silica gel (eluent 7:3 CH2Cl2-AcOEt; Rf 0.11) led to 10-

Smorpho in 35% yield (25 mg) as a pale yellow solid: mp 220-222 °C; IR (ATR) ν 448, 580, 608, 700, 718, 

756, 814, 919, 969, 1026, 1067, 1186, 1227, 1296, 1392, 1413, 1462, 1590, 2910 cm-1; 1H NMR (CDCl3)  

2.83-2.84 (m, 4H, CH2S), 3.75-3.79 (m, 4H, CH2N), 7.47 (dd, 1H, J = 7.9 and 4.8 Hz, H5’), 7.67 (d, 1H, J = 2.8 

Hz, H9), 7.81 (d, 1H, J = 8.9 Hz, H4), 7.95 (d, 1H, J = 8.9 Hz, H5), 8.54 (dt, 1H, J = 8.0 and 1.8 Hz, H4’), 8.73 (d, 

1H, J = 2.9 Hz, H7), 8.76 (dd, 1H, J = 4.8 and 1.8 Hz, H6’), 9.51 (s, 1H, H2’) ppm; 13C NMR (CDCl3)  26.8 

(2CH2, CH2S), 51.6 (2CH2, CH2N), 109.7 (CH), 116.4 (C), 118.3 (CH), 123.9 (CH, C5’), 126.9 (CH, C5), 134.6 (CH, 

C4’), 139.3 (C), 140.8 (C), 144.0 (CH, C7), 145.0 (C), 145.1 (C), 148.6 (CH, C2’), 150.0 (C), 152.0 (CH, C6’), 

161.0 (C, C2) ppm. Anal. Calcd for C19H16N4OS (348.42): C, 65.50; H, 4.63; N, 16.08; S, 9.20. Found: C, 65.56; 

H, 4.75; N, 16.11; S, 9.17%. 

8) 2-(6-Methyl-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-6Me) 

The protocol was adapted from a procedure reported previously [10]. A mixture of 2-(6-chloro-3-pyridyl)-

8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-6Cl; 96 mg, 0.25 mmol), potassium carbonate (47 mg, 

0.34 mmol), methylboronic acid (20 mg, 0.34 mmol) and palladium tetrakis(triphenylphosphine) (8 mg, 7.0 

mol) in dry, degassed dioxane (3 mL) was heated under argon at 110 °C for 18 h. Water (10 mL) was added 

before extraction with chloroform (3 x 20 mL). The organic phase was washed with water (10 mL), dried 

over sodium sulfate, and the solvent was removed under reduced pressure. The crude was purified by 

chromatography over silica gel (eluent 68:31:1 CHCl3-AcOEt-Et3N; Rf 0.10) to afford 4-6Me in 17% yield (16 

mg) as a yellow solid: mp > 260 °C; IR (ATR) ν 410, 471, 714, 733, 789, 822, 918, 955, 1064, 1091, 1193, 

1247, 1367, 1411, 1428, 1492, 1548, 1563, 1611, 2852, 2921, 2952, 3049 cm-1; 1H NMR (CDCl3)  2.67 (s, 3H, 

Me), 2.79-2.83 (m, 4H, CH2S), 4.23-4.27 (m, 4H, CH2N), 7.33 (d, 1H, J = 8.1 Hz, H5’), 7.74 (d, 1H, J = 8.8 Hz, 

H4 or H5), 7.86 (d, 1H, J = 8.8 Hz, H4 or H5), 8.48 (dd, 1H, J = 8.1 and 2.2 Hz, H4’), 8.56 (s, 1H, H7), 9.44 (d, 

1H, J = 1.8 Hz, H2’) ppm; 13C NMR (CDCl3)  24.9 (CH3, Me), 27.0 (2CH2, CH2S), 47.7 (2CH2, CH2N), 116.6 (CH, 
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C4 or C5), 120.9 (C, C3’), 123.4 (CH, C5’), 126.5 (CH, C4 or C5), 129.8 (C), 134.4 (CH, C7), 135.1 (C), 135.2 

(CH, C4’), 143.0 (C), 143.7 (C), 148.5 (CH, C2’), 151.6 (C), 161.8 (C, C2 or C6’), 162.4 (C, C2 or C6’) ppm. Anal. 

Calcd for C19H17N5OS (363.44): C, 62.79; H, 4.71; N, 19.27; S, 8.82. Found: C, 62.60; H, 4.79; N, 19.40; S, 

8.93%. 

9) 2-(6-Ethynyl-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-6ethynyl) 

8-(N-Thiomorpholino)-2-(6-(trimethylsilyl)ethynyl-3-pyridyl)oxazolo[5,4-f]quinoxaline (4-6CCSiMe3) was 

first prepared as follows by adapting a procedure reported previously [11]. A mixture of 2-(6-chloro-3-

pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-6Cl; 96 mg, 0.25 mmol), (trimethylsilyl)acetylene 

(38 L, 27 mg, 0.275 mmol), palladium bis(triphenylphosphine) dichloride (4.8 mg, 6.9 mol), 

triphenylphosphine (6.55 mg, 25 mol) and copper(I) iodide (1.2 mg, 6.5 mol) in 3:1 triethylamine-

dimethylformamide (3 mL) was heated under argon at 120 °C for 1 h. The solvent was removed under 

reduced pressure before addition of water (10 mL) and extraction with dichloromethane (20 mL). The 

organic phase was washed with water (3 x 10 mL), dried over sodium sulfate, and the solvent was removed 

under reduced pressure. The crude was purified by chromatography over silica gel (eluent 68:31:1 CHCl3-

AcOEt-Et3N; Rf 0.30) to afford 4-6CCSiMe3 in 79% yield (83 mg) as a white yellowish solid: mp 250-252 °C; IR 

(ATR) ν 444, 471, 714, 760, 841, 868, 960, 1066, 1093, 1193, 1247, 1407, 1461, 1563, 2852, 2898, 2952 cm-

1; 1H NMR (CDCl3)  0.30 (s, 9H, SiMe3), 2.79-2.82 (m, 4H, CH2S), 4.22-4.26 (m, 4H, CH2N), 7.61 (d, 1H, J = 8.2 

Hz, H5’), 7.73 (d, 1H, J = 8.8 Hz, H4 or H5), 7.86 (d, 1H, J = 8.8 Hz, H4 or H5), 8.53 (dd, 1H, J = 8.9 and 2.7 Hz, 

H4’), 8.55 (s, 1H, H7), 9.49 (d, 1H, J = 1.5 Hz, H2’) ppm; 13C NMR (CDCl3)  -0.22 (3CH3, SiMe3), 27.0 (2CH2, 

CH2S), 47.7 (2CH2, CH2N), 98.4 (C), 103.4 (C), 116.6 (CH, C4 or C5), 122.5 (C, C3’), 126.7 (CH, C4 or C5), 127.3 

(CH, C5’), 129.8 (C), 134.5 (CH, C7), 134.8 (CH, C4’), 135.3 (C), 142.9 (C), 143.8 (C), 145.2 (C), 149.0 (CH, C2’), 

151.5 (C), 161.5 (C, C2) ppm. This was dissolved in dry THF (5 mL) and treated by tetra-n-butylammonium 

fluoride (50 mol, 50 L) for 1 h at rt. The solvent was removed under reduced pressure, and water (10 mL) 

was added before extraction with chloroform (20 mL). The organic phase was washed with water (10 mL), 

dried over sodium sulfate, and the solvent was removed under reduced pressure. The crude was purified by 

chromatography over silica gel (eluent 68:31:1 CHCl3-AcOEt-Et3N; Rf 0.25) to afford 4-6ethynyl in 51% yield 

(38 mg) as a white yellowish solid: mp > 260 °C; IR (ATR) ν 471, 631, 712, 762, 791, 822, 847, 959, 1010, 

1064, 1095, 1192, 1245, 1363, 1409, 1463, 1492, 1561, 2105, 2910, 3049, 3253, 3291 cm-1; 1H NMR (CDCl3) 

 2.81-2.84 (m, 4H, CH2S), 3.35 (s, 1H, C≡CH), 4.25-4.28 (m, 4H, CH2N), 7.65 (dd, 1H, J = 8.2 and 0.7 Hz, H5’), 

7.76 (d, 1H, J = 8.8 Hz, H4 or H5), 7.89 (d, 1H, J = 8.8 Hz, H4 or H5), 8.58 (s, 1H, H7), 8.58 (dd, 1H, J = 8.2 and 

2.2 Hz, H4’), 9.54 (dd, 1H, J = 2.2 and 0.8 Hz, H2’) ppm; 1H NMR ((CD3)2SO)  2.75-2.77 (m, 4H, CH2S), 4.17-

4.19 (m, 4H, CH2N), 4.62 (s, 1H, C≡CH), 7.73 (d, 1H, J = 8.7 Hz, H4 or H5), 7.77 (d, 1H, J = 8.2 Hz, H5’), 7.80 (d, 

1H, J = 8.7 Hz, H4 or H5), 8.50 (dd, 1H, J = 8.1 and 2.1 Hz, H4’), 8.82 (s, 1H, H7), 9.29 (d, 1H, J = 2.1 Hz, H2’) 

ppm; 13C NMR ((CD3)2SO)  26.1 (2CH2, CH2S), 46.8 (2CH2, CH2N), 79.2 (CH, C≡CH), 82.9 (C, C≡CH), 115.5 (CH, 

C4 or C5), 122.3 (C, C3’), 126.2 (CH, C4 or C5), 127.7 (CH, C5’), 129.0 (C), 134.3 (C), 135.0 (CH, C7 or C4’), 
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135.9 (CH, C7 or C4’), 141.9 (C), 143.0 (C), 143.7 (C), 148.2 (CH, C2’), 151.1 (C), 161.6 (C, C2) ppm. Anal. 

Calcd for C20H15N5OS (373.43): C, 64.33; H, 4.05; N, 18.75; S, 8.59. Found: C, 64.37; H, 4.26; N, 18.90; S, 

8.32%. 

10) 2-(3-Isoquinolyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (6-isoquino) 

First, 5-iodo-6-(4-isoquinoloylamino)-3-(N-thiomorpholino)quinoxaline (5-isoquino) was prepared by 

adapting a reported procedure [12]. A solution of 5-iodo-3-(N-thiomorpholino)-6-quinoxalinamine (2; 0.19 

g, 0.50 mmol) in pyridine (3 mL) was added to a solution of 4-isoquinolinecarboxylic acid (86 mg, 0.50 

mmol) in pyridine (3 mL). The resulting solution was stirred at 40 °C for 20 min. Triphenyl phosphite (0.13 

mL, 0.50 mmol) was added, and the reaction mixture was stirred for 5 h at 100 °C and 24 h at rt. The 

mixture was added to water (20 mL) and filtered. The product was purified by column chromatography 

over silica gel (eluent 98:1:1 CHCl3-MeOH-Et3N; Rf 0.13). It was obtained in 60% yield (0.16 g) as a pale 

yellow solid: mp 250 °C; IR (ATR) ν 458, 594, 1056, 1187, 1210, 1239, 1295, 1308, 1380, 1391, 1472, 1516, 

1539, 1568, 1641, 2909, 2947, 3205 cm-1; 1H NMR (CDCl3)  2.79-2.82 (m, 4H, CH2S), 4.23-4.26 (m, 4H, 

CH2N), 7.74 (t, 1H, J = 7.5 Hz, H6’ or H7’), 7.87 (ddd, 1H, J = 8.4, 7.0 and 1.3 Hz, H6’ or H7’), 7.94 (d, 1H, J = 

9.0 Hz, H7 or H8), 8.09 (d, 1H, J = 8.2 Hz, H5’ or H8’), 8.43 (s, 1H), 8.60 (d, 1H, J = 8.5 Hz, H5’ or H8’), 8.70 (br 

s, 1H), 8.70 (d, 1H, J = 8.9 Hz, H7 or H8), 9.05 (s, 1H), 9.41 (s, 1H) ppm. 5-isoquino (66 mg) was involved in 

the cyclizing coupling to afford (eluent 98:1:1 CHCl3-MeOH-Et3N; Rf 0.40) 6-isoquino in 60% yield (30 mg) as 

a pale yellow solid: mp > 260 °C; IR (ATR) ν 1064, 1191, 1197, 1251, 1432, 1503, 1534, 1557, 1576, 1622, 

2901 cm-1; 1H NMR (CDCl3)  2.83-2.85 (m, 4H, CH2S), 4.28-4.30 (m, 4H, CH2N), 7.78 (t, 1H, J = 7.5 Hz, H6’ or 

H7’), 7.86 (d, 1H, J = 8.7 Hz, H4 or H5), 7.92 (d, 1H, J = 8.7 Hz, H4 or H5), 7.99 (t, 1H, J = 7.6 Hz, H6’ or H7’), 

8.13 (d, 1H, J = 8.1 Hz, H5’ or H8’), 8.60 (s, 1H, H7), 9.41 (s, 1H, H1’ or H3’), 9.57 (d, 1H, J = 8.6 Hz, H5’ or 

H8’), 9.59 (s, 1H, H1’ or H3’) ppm; 13C NMR (CDCl3)  27.0 (2CH2, CH2S), 47.8 (2CH2, CH2N), 116.8 (CH, C4 or 

C5), 118.3 (C), 125.8 (CH), 126.4 (CH, C4 or C5), 128.3 (CH), 128.6 (C), 128.7 (CH), 129.9 (C), 132.8 (CH), 

133.0 (C), 134.6 (CH), 135.4 (C), 143.2 (C), 143.3 (C), 144.8 (CH), 151.7 (C), 155.3 (CH), 162.1 (C, C2) ppm. 

Anal. Calcd for C22H17N5OS (399.47): C, 66.15; H, 4.29; N, 17.53; S, 8.03. Found: C, 66.01; H, 4.42; N, 17.58; S, 

7.87%. 

11) 8-Chloro-2-(3-pyridyl)oxazolo[5,4-f]quinoxaline (14-Cl) 

3-Chloro-5-iodo-6-(3-pyridoylamino)quinoxaline (13-Cl) was first prepared as reported previously [1]. To 

a solution of 3-chloro-5-iodo-6-quinoxalinamine (1; 1.2 g, 4.0 mmol) in dry acetonitrile (24 mL) were 

successively added dropwise nicotinoyl chloride (0.64 g, 4.4 mmol) and pyridine (1.6 mL, 20 mmol). The 

mixture was stirred at rt for 18 h, poured onto a saturated aqueous sodium hydrogen carbonate solution 

(40 mL) and filtrated. The solid was washed with water (20 mL) and cold methanol (20 mL), and dried to 

afford 13-Cl in 81% yield (1.3 g) as a white yellowish solid: mp > 260 °C; IR (ATR) ν 443, 518, 591, 636, 658, 

670, 711, 780, 827, 925, 971, 985, 1045, 1107, 1130, 1195, 1236, 1296, 1329, 1398, 1417, 1479, 1522, 1557, 
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1593, 1683, 3041, 3182 cm-1; 1H NMR ((CD3)2SO)  7.51 (ddd, 1H, J = 7.9, 4.8 and 0.8 Hz, H5’), 7.96 (d, 1H, J 

= 9.0 Hz, H7), 8.32 (d, 1H, J = 9.0 Hz, H8), 8.45 (dt, 1H, J = 8.0 and 2.0 Hz, H4’), 8.69 (dd, 1H, J = 4.8 and 1.7 

Hz, H6’), 8.74 (s, 1H, H2), 9.32 (dd, 1H, J = 2.1 and 0.7 Hz, H2’), 10.45 (br s, 1H, NH) ppm. This compound, 

identical to that reported previously [1], was directly involved in the next step as follows. To a suspension 

of 13-Cl (1.3 g, 3.0 mmol) in dry DMSO (6 mL) was added potassium carbonate (0.62 g, 4.5 mmol). After 2 h 

(dissolution of the substrate), copper (95 mg, 1.5 mmol) was introduced, and the sealed tube was heated at 

140 °C for 15 min and cooled. After removal of the solvent under reduced pressure, the crude product was 

extracted with hot toluene. It was purified by chromatography over silica gel (eluent 95:5 CH2Cl2-MeOH; Rf 

0.26) to afford 14-Cl in 47% yield (0.93 g) as a white yellowish solid: mp > 260 °C; IR (ATR) ν 448, 479, 550, 

595, 623, 700, 753, 811, 834, 912, 1015, 1073, 1112, 1177, 1219, 1241, 1406, 1430, 1466, 1543, 1583, 1605, 

3059 cm-1; 1H NMR (CDCl3)  7.53 (dd, 1H, J = 7.9 and 4.9 Hz, H5’), 8.13 (d, 1H, J = 8.9 Hz, H4 or H5), 8.18 (d, 

1H, J = 8.9 Hz, H4 or H5), 8.66 (dt, 1H, J = 8.0 and 1.8 Hz, H4’), 8.83 (d, 1H, J = 3.7 Hz, H6’), 8.87 (s, 1H, H7), 

9.63 (s, 1H, H2’) ppm; 13C NMR (CDCl3)  122.9 (CH), 123.1 (C), 124.0 (CH), 127.1 (CH), 130.0 (C), 135.2 (CH), 

139.9 (C), 143.7 (C), 144.2 (C), 144.5 (CH), 148.4 (C), 149.2 (CH), 152.7 (CH), 163.3 (C, C2) ppm. Anal. Calcd 

for C14H7ClN4O (282.69): C, 59.48; H, 2.50; N, 19.82. Found: C, 59.50; H, 2.64; N, 19.66%. 

12) 2-(3-Pyridyl)-8-(N-thiazolidino)oxazolo[5,4-f]quinoxaline (14-thiazo or MH-124) 

To a mixture of 8-chloro-2-(3-pyridyl)oxazolo[5,4-f]quinoxaline (14-Cl; 25 mg, 88 mol) and thiazolidine 

hydrochloride (16 mg, 0.13 mmol) in dry DMSO (0.5 mL) was added N-ethyl-N,N-diisopropylamine (44 L, 

0.26 mmol). The reaction mixture was heated at 110 °C for 5 h and cooled at rt before addition of a 

saturated aqueous sodium bicarbonate solution (5 mL). The precipitate was collected by filtration and 

washed with water (2 mL). It was next dissolved in dichloromethane (10 mL) and dried over sodium sulfate. 

After removal of the solvent under reduced pressure, chromatography over silica gel (eluent 99:1 CH2Cl2-

MeOH) was performed to afford 14-thiazo in 49% yield (14 mg) as a pale yellow solid: Rf (eluent 99:1 CHCl3-

MeOH) 0.25; mp 172 °C; IR (ATR) ν 871, 892, 926, 1016, 1058, 1089, 1186, 1220, 1244, 1261, 1290, 1328, 

1355, 1397, 1420, 1462, 1488, 1557, 1574, 1605, 1681, 2864 cm-1; 1H NMR (CDCl3)  3.27 (t, 2H, J = 6.2 Hz, 

CH2CH2S), 4.12 (t, 2H, J = 6.2 Hz, CH2CH2N), 4.93 (s, 2H, SCH2N), 7.49 (dd, 1H, J = 7.8 and 5.0 Hz, H5’), 7.78 

(d, 1H, J = 8.8 Hz, H4 or H5), 7.91 (d, 1H, J = 8.8 Hz, H4 or H5), 8.46 (s, 1H, H7), 8.62 (dt, 1H, J = 8.0 and 1.7 

Hz, H4’), 8.78 (dd, 1H, J = 4.7 and 1.4 Hz, H6’), 9.59 (d, 1H, J = 1.4 Hz, H2’) ppm; 13C NMR (CDCl3)  30.9 (CH2, 

CH2CH2S), 49.8 (CH2, CH2N), 50.0 (CH2, CH2N), 116.7 (CH, C4 or C5), 123.6 (C, C3’), 123.8 (CH, C5’), 126.8 (CH, 

C4 or C5), 130.1 (C), 134.9 (CH, C7 or C4’), 135.0 (CH, C7 or C4’), 135.7 (C), 142.9 (C), 143.9 (C), 149.0 (CH, 

C2’), 150.3 (C), 152.2 (CH, C6’), 162.0 (C, C2) ppm. Anal. Calcd for C17H13N5OS (335.38): C, 60.88; H, 3.91; N, 

20.88; S, 9.56. Found: C, 60.72; H, 3.79; N, 20.69; S, 9.54%.  
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5-Iodo-3-(N-thiomorpholino)-6-quinoxalinamine (2) 

1H NMR (300 MHz, CDCl3) 

 

13C NMR (75 MHz, CDCl3) 
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5-Iodo-6-(2-methyl-3-pyridoylamino)-3-(N-thiomorpholino)quinoxaline (3-2Me) 

1H NMR (400 MHz, CDCl3) 

 

13C NMR (101 MHz, CDCl3) 

 

  



S26 
 

2-(2-Methyl-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-2Me) 

1H NMR (400 MHz, CDCl3) 

 

13C NMR (101 MHz, CDCl3) 
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2-(2-Methoxy-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-2OMe) 

1H NMR (400 MHz, CDCl3) 

 

13C NMR (101 MHz, CDCl3) 
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6-(2-Chloro-3-pyridoylamino)-5-iodo-3-(N-thiomorpholino)quinoxaline (3-2Cl) 

1H NMR (500 MHz, (CD3)2SO) 

 

13C NMR (126 MHz, (CD3)2SO) 
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2-(2-Chloro-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-2Cl) 

1H NMR (400 MHz, CDCl3) 

 

13C NMR (101 MHz, CDCl3) 
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6-(4-Isopropyl-3-pyridoylamino)-5-iodo-3-(N-thiomorpholino)quinoxaline (3-4iPr) 

1H NMR (300 MHz, CDCl3) 

 

1H NMR (500 MHz, (CD3)2SO) 
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13C NMR (126 MHz, (CD3)2SO) 
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2-(4-Isopropyl-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-4iPr) 

1H NMR (500 MHz, (CD3)2SO, 374 K) 

 

13C NMR (126 MHz, (CD3)2SO, 374 K) 
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5-Iodo-3-(N-thiomorpholino)-6-(4-(trifluoromethyl)-3-pyridoylamino)quinoxaline (3-4CF3) 

1H NMR (500 MHz, CDCl3) 

 

13C NMR (126 MHz, CDCl3) 

 

  



S34 
 

8-(N-Thiomorpholino)-2-(4-(trifluoromethyl)-3-pyridyl)oxazolo[5,4-f]quinoxaline (4-4CF3) 

1H NMR (500 MHz, CDCl3) 

 

13C NMR (126 MHz, CDCl3) 
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5-Iodo-6-(5-methyl-3-pyridoylamino)-3-(N-thiomorpholino)quinoxaline (3-5Me) 

1H NMR (400 MHz, CDCl3) 

 

1H NMR (500 MHz, (CD3)2SO) 
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13C NMR (126 MHz, (CD3)2SO) 
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2-(5-Methyl-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-5Me) 

1H NMR (300 MHz, CDCl3) 

 

1H NMR (500 MHz, CDCl3) 
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13C NMR (75 MHz, CDCl3) 

 

13C NMR (126 MHz, CDCl3) 
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6-(5-Fluoro-3-pyridoylamino)-5-iodo-3-(N-thiomorpholino)quinoxaline (3-5F) 

1H NMR (300 MHz, CDCl3) 

 

19F NMR (282 MHz, CDCl3) 
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2-(5-Fluoro-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-5F) 

1H NMR (300 MHz, CDCl3) 

 

13C NMR (75 MHz, CDCl3) 
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19F NMR (282 MHz, CDCl3) 
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6-(5-Bromo-3-pyridoylamino)-5-iodo-3-(N-thiomorpholino)quinoxaline (3-5Br) 

1H NMR (300 MHz, (CD3)2SO) 

 

1H NMR (500 MHz, (CD3)2SO) 
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13C NMR (126 MHz, (CD3)2SO) 
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2-(5-Bromo-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-5Br) 

1H NMR (300 MHz, CDCl3) 

 

1H NMR (500 MHz, (CD3)2SO, 374 K) 
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13C NMR (126 MHz, (CD3)2SO, 374 K) 
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6-(6-Chloro-3-pyridoylamino)-5-iodo-3-(N-thiomorpholino)quinoxaline (3-6Cl) 

1H NMR (500 MHz, (CD3)2SO) 

 

13C NMR (126 MHz, (CD3)2SO) 
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2-(6-Chloro-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-6Cl) 

1H NMR (300 MHz, CDCl3) 

 

13C NMR (75 MHz, CDCl3) 
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2-(3-Quinolyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (6-quino) 

1H NMR (300 MHz, CDCl3) 

 

13C NMR (126 MHz, CDCl3) 
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5-Iodo-6-(1-methyl-4-pyrazoylamino)-3-(N-thiomorpholino)quinoxaline (5-pyra) 

1H NMR (300 MHz, CDCl3) 
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2-(1-Methyl-4-pyrazyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (6-pyra) 

1H NMR (300 MHz, CDCl3) 

 

13C NMR (75 MHz, CDCl3) 
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5-Iodo-6-(5-thiazoylamino)-3-(N-thiomorpholino)quinoxaline (5-thia) 

1H NMR (500 MHz, (CD3)2SO) 

 

13C NMR (126 MHz, (CD3)2SO) 
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2-(5-Thiazyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (6-thia) 

1H NMR (500 MHz, (CD3)2SO, 374 K) 

 

13C NMR (126 MHz, (CD3)2SO, 374 K) 
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5-Iodo-6-(5-isothiazoylamino)-3-(N-thiomorpholino)quinoxaline (5-isothia) 

1H NMR (300 MHz, (CD3)2SO) 
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2-(5-Isothiazyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (6-isothia) 

1H NMR (500 MHz, CDCl3) 

 

13C NMR (126 MHz, CDCl3) 
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5-Iodo-6-(3-pyridoylamino)quinoline (9) 

1H NMR (300 MHz, (CD3)2SO) 

 

13C NMR (75 MHz, (CD3)2SO) 
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2-(3-Pyridyl)oxazolo[5,4-f]quinoline (10-H) 

1H NMR (500 MHz, CDCl3) 

 

13C NMR (126 MHz, CDCl3) 
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5-Iodo-6-(3-pyridoylamino)quinoxaline (13-H) 

1H NMR (300 MHz, (CD3)2SO) 
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2-(3-Pyridyl)oxazolo[5,4-f]quinoxaline (14-H) 

1H NMR (500 MHz, CDCl3) 

 

13C NMR (126 MHz, CDCl3) 
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5-Iodo-6-(2-(N-pyrrolidino)-3-pyridoylamino)-3-(N-thiomorpholino)quinoxaline (3-2pyrro) 

1H NMR (500 MHz, CDCl3) 

 

13C NMR (126 MHz, CDCl3) 
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2-(2-(N-Pyrrolidino)-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-2pyrro) 

1H NMR (400 MHz, CDCl3) 

 

13C NMR (101 MHz, CDCl3) 
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6-(2-(Dimethylamino)-3-pyridoylamino)-5-iodo-3-(N-thiomorpholino)quinoxaline (3-2NMe2) 

1H NMR (500 MHz, CDCl3) 

 

13C NMR (126 MHz, CDCl3) 
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2-(2-(Dimethylamino)-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-2NMe2) 

1H NMR (300 MHz, CDCl3) 

 

13C NMR (126 MHz, CDCl3) 
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6-(6-(Dimethylamino)-3-pyridoylamino)-5-iodo-3-(N-thiomorpholino)quinoxaline (3-6NMe2) 

1H NMR (500 MHz, (CD3)2SO) 

 

13C NMR (126 MHz, (CD3)2SO) 
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2-(6-(Dimethylamino)-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-6NMe2) 

1H NMR (300 MHz, CDCl3) 

 

13C NMR (75 MHz, CDCl3) 
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2-(2-Fluoro-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-2F) 

1H NMR (300 MHz, CDCl3) 

 

13C NMR (126 MHz, CDCl3) 
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19F NMR (282 MHz, CDCl3) 
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2-(5-(3-Thienyl)-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-5thienyl) 

1H NMR (300 MHz, CDCl3) 

 

1H NMR (500 MHz, (CD3)2SO, 374 K) 
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13C NMR (126 MHz, (CD3)2SO, 374 K) 
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8-Bromo-2-(3-pyridyl)oxazolo[5,4-f]quinoline (10-Br) 

1H NMR (300 MHz, CDCl3) 

 

13C NMR (75 MHz, CDCl3) 
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8-(N-Thiomorpholino)-2-(5-(N-thiomorpholino)-3-pyridyl)oxazolo[5,4-f]quinoxaline (4-5Smorpho) 

1H NMR (300 MHz, CDCl3) 

 

13C NMR (75 MHz, CDCl3) 
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8-(N-Morpholino)-2-(3-pyridyl)oxazolo[5,4-f]quinoline (10-Smorpho) 

1H NMR (300 MHz, CDCl3) 

 

13C NMR (75 MHz, CDCl3) 

 

  



S72 
 

2-(6-Methyl-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-6Me) 

1H NMR (300 MHz, CDCl3) 

 

13C NMR (75 MHz, CDCl3) 
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8-(N-Thiomorpholino)-2-(6-(trimethylsilyl)ethynyl-3-pyridyl)oxazolo[5,4-f]quinoxaline (4-6CCSiMe3) 

1H NMR (300 MHz, CDCl3) 

 

13C NMR (75 MHz, CDCl3) 
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2-(6-Ethynyl-3-pyridyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (4-6ethynyl) 

1H NMR (300 MHz, CDCl3) 

 

1H NMR (500 MHz, (CD3)2SO) 
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13C NMR (126 MHz, (CD3)2SO) 
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5-Iodo-6-(4-isoquinoloylamino)-3-(N-thiomorpholino)quinoxaline (5-isoquino) 

1H NMR (300 MHz, CDCl3) 
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2-(4-Isoquinolyl)-8-(N-thiomorpholino)oxazolo[5,4-f]quinoxaline (6-isoquino) 

1H NMR (500 MHz, CDCl3) 

 

13C NMR (126 MHz, CDCl3) 
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3-Chloro-5-iodo-6-(3-pyridoylamino)quinoxaline (13-Cl) 

1H NMR (300 MHz, (CD3)2SO) 
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8-Chloro-2-(3-pyridyl)oxazolo[5,4-f]quinoxaline (14-Cl) 

1H NMR (300 MHz, CDCl3) 

 

13C NMR (126 MHz, CDCl3) 
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2-(3-Pyridyl)-8-(N-thiazolidyl)oxazolo[5,4-f]quinoxaline (14-thiazo or MH-124).  

1H NMR (300 MHz, CDCl3) 

 

13C NMR (126 MHz, CDCl3) 
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HPLC analysis of 14-thiazo / MH-124 

 

After silica preparative plate purification (eluent CH2Cl2-acetonitrile 4:1; Rf = 0.06), 14-thiazo / 

MH-124 was analyzed by HPLC on reverse phase (C18 apolar column Hypersyl Gold 5µm; 150 x 

4,6 mm) by using as eluent H2O-acetonitrile 3:2 containing acetic acid (0.06%) under the following 

conditions: 24 °C; 1 mL.min-1; λ = 254 nm; analysis time = 15 min. 

 

 

Peak N° Peak name Rf (min) Area Relative area (%) 

1 na 2,13 2,136 0,81 

2 MH-124 7,23 258,958 98,51 

3 na 8,55 1,786 0,68 
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Titration curves for IC50 determination 

 

4-2Cl 

 

 

4-2F 

 

 

 

 

 

 

 

4-4iPr 
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