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Abstract Using methylated pyrroloxicam as a starting material and following the principles of drug design such
as bioisosterism and active site binding, we designed and synthesized ten structurally novel target compounds,
whose structures were characterized by '"H NMR and MS analysis. The in vitro antitumor activity of these title
compounds was evaluated by measuring their inhibitory activity against pancreatic cancer cells Capan-1,
leukemia cells L1210, and human liver cancer cells SMMC-7721. The results showed that compound 6f
(IC5p=4.8+0.5 umol/L) exhibited good inhibitory activity against Capan-1 pancreatic cancer cells, that compound
6b (IC5p=2.6+0.3 umol/L) showed good inhibitory activity against L1210 leukemia cells, and that compound 6¢
(IC50=2.1£0.2 umol/L) displayed good inhibitory activity against SMMC-7721 human liver cancer cells. These
preliminary results from the antitumor activity experiments suggest that the introduction of benzothiazine
derivatives plays a certain role in enhancing the antitumor activity of this class of compounds.
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Scheme 1 Synthetic route of the target compounds
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Table 1 Physical properties of compounds 5a — 5j and 6a — 6
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Elemental analysis(%,Calcd.)

Compd. Formula Yield/% mp/C C I N
5a C,oH9N50,S, 45 192-193 55.52(55.50) 4.21(4.19) 15.27(15.31)
5b C,oH sFN50,S, 47 196-198 50.48(50.52) 3.78(3.82) 14.81(14.73)
5¢ C,oH7BrFN;0,4S, 45 203-205 43.35(43.33) 3.05(3.09) 12.65(12.63)
5d C,oH 9N505S, 42 202-204 50.75(50.73) 4.02(4.04) 14.75(14.79)
Se C,1H,N50,S, 48 198-200 53.53(53.49) 4.55(4.49) 14.81(14.85)
5f C,oH;;,C1,N50,S, 49 210-212 45.65(45.63) 3.32(3.26) 13.34(13.30)
5g CgH7N50,4S; 52 221-223 46.58(46.64) 3.68(3.70) 15.13(15.11)
5h CgH2NgO4S, 50 233-235 47.91(47.99) 4.88(4.92) 18.69(18.65)
5i C,3H,3N50,S, 42 228-230 55.48(55.52) 4.68(4.66) 14.03(14.07)
5§ Cy3H,4N4O,S, 41 225-227 53.93(53.89) 4.74(4.72) 16.36(16.40)
6a CyoH7N50;S, 64 229-231 54.60(54.66) 3.94(3.90) 15.97(15.93)
6b C,oH;6FN505S, 65 222-224 52.57(52.51) 3.51(3.53) 15.35(15.31)
6¢c C,oH;sBrFN;03S, 60 224-226 44.86(44.78) 2.86(2.82) 13.12(13.06)
6d CyoH7N50,4S, 61 223-226 52.68(52.74) 3.72(3.76) 15.36(15.38)
6e C,1H9N50;S, 67 225-227 55.63(55.61) 4.26(4.22) 15.38(15.44)
6f C,oH;5CLLN5058S, 66 240-242 47.19(47.25) 2.99(2.97) 13.80(13.78)
6g CgH 5N50;S; 73 249-251 48.57(48.53) 3.35(3.39) 15.70(15.72)
6h C1gHy0N4O;3S, 71 261-263 49.95(49.99) 4.72(4.66) 19.45(19.43)
6i C,3H,;N50;S, 59 258-260 57.64(57.60) 4.39(4.41) 14.62(14.60)
6j Cy3H,NgO;S, 59 252-254 55.82(55.86) 4.54(4.48) 16.95(16.99)
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Table 2 Spectral data of compounds 3 — 6i

Compd. 'H NMR (400 MHz, DMSO-d¢) & BC NMR (100 MHz , DMSO-dg) & E\{\iﬁg{
3 12.96(1H, s, -OH), 7.73-7.95(4H, m, Ph-H), 3.00(3H, s, -NCHj) 160, 156, 134, 132,129, 127, 124, 110,37 312
4 12.84(1H, s, -OH), 7.69-7.91(4H, m, Ph-H), 5.27(2H, s, -NHy), 3.11(3H, 5, -NCH) 167, 156, 144, 134,132,129, 127, 124, 326

111,38
Sa  12.88(1H, s, -OH), 7.65-7.89(9H, m, Ph-H), 5.43(2H, s, -NHy), 3.31(2H, t, -SCH)), 200, 159, 156, 144, 137, 134,133,132, 458
3.13(3H, s, -NCHs), 3.05(2H, t, -CH,-C=0) 129,127, 124, 111,42, 38,27
b 12.82(1H, s, -OH), 7.45-7.86(8H, m, Ph-H), 5.46(2H, s, -NH,), 3.35(2H, t, -SCH,), 200, 162, 18, 156, 143, 135, 134,133, 476
3.12(3H, s, -NCH,), 3.02(2H, t, -CH,-C=0) 132,128, 127, 124, 111,41, 38,28
Sc 12.78(1H, s, -OH), 7.36-8.06(7H, m, Ph-H), 5.54(2H, s, -NH,), 3.29(2H, t, -SCH,), 200, 161, 159, 156, 144, 138, 134,133, 554
3.07(3H, s, -NCHy), 2.97(2H, t, -CH,-C=0) 132,128, 127, 124, 118, 110, 41, 38, 28
5d 12.77(1H, s, -OH), 10.68(1H, s, Ph-OH), 7.18-7.86(8H, m, Ph-H), 5.48(2H, s, -NH,), 200, 163, 159, 156, 144, 135,133,132, 474
3.17(2H, t, -SCH,), 3.09(3H, 5, -NCHj), 2.93(2H, t, -CH,-C=0) 129,127, 124, 122, 118, 110, 41, 38, 28
Se  12.83(1H, s, -OH), 7.21-7.87(8H, m, Ph-H), 5.64(2H, s, -NH,), 3.22(2H, t, -SCH,), 200, 160, 156, 144, 143, 135, 134,133, 472
3.11(3H, 5, -NCH3), 2.95(2H, t, -CH,-C=0), 1.51(3H, 5, Ph-CHj) 132,129, 127, 124, 118, 110, 42, 38, 28,
21
St 12.84(1H, s, -OH), 7.66-8.26(7H, m, Ph-H), 5.52(2H, s, -NHy), 3.27(2H, t, -SCH,), 200, 159, 156, 144, 138, 136, 134,133, 526
3.07(3H, s, -NCH), 2.98(2H, t, -CH,-C=0) 132,130, 128, 127, 110,41, 38,28
Sz 12.80(1H, s, -OH), 7.32-7.86(4H, m, Ph-H), 7.16-7.66(3H, d, thiophene-H), 5.44(2H, s, - 192, 159, 156, 144, 134, 133,132,129, 464
NH,), 3.27(2H, t, -SCH,), 3.11(3H, s, -NCH), 2.98(2H, t, -CH,-C=0) 127, 124, 110, 40, 37, 27
Sh  12.78(1H, s, -OH), 7.34-7.88(4H, m, Ph-H), 5.50(2H, s, -NHy,), 3.23(2H, t, -SCH,), 175,159, 156, 144, 142, 135, 134,132, 451
3.10(3H, s, -NCHy), 2.95(2H, t, -CH,-C=0), 2.69(4H, t, -CH,-N-CHy), 1. 33(4H, t, 129, 127, 124, 110, 49, 38,32, 29, 25
pyrrolidine-CH,-CH,)
Si 12.82(1H, s, -OH), 7.34-7.85(7H, m, Ph-H), 5.58(2H, s, -NHy), 3.19(2H, t, -SCH,), 200, 159, 156, 148, 144, 142,135,134, 498
3.11(3H, s, -NCH3), 2.89(2H, t, -CH,-C=0), 1.35-1.95(6H, m, -CH,-CH,-CH,) 132, 129, 127, 126, 124, 110, 40, 38, 33,
28,25
5j  12.86(1H, s, -OH), 7.26-7.82(8H, m, Ph-H), 5.62(2H, s, -NH,), 3.32-4.42(6H, m, 172,159, 156, 144, 135, 134,132,129, 513
piperidine-H), 3.29(2H, t, -SCH,), 3.03(3H, s, -NCHy), 2.77(2H, t, -CH,-C=0), 127,126, 124, 111, 49, 48, 38, 32, 29

6a 12.78(1H, s, -OH), 7.65-7.94(9H, m, Ph-H), 3.23(2H, t, -SCH,), 3.07(3H, s, .NCH;), 165, 159, 156, 144, 135,132,129, 128, 440
2.75(2H, t, -CH,-C=N) 127, 124, 111, 37, 33, 31

6b  12.68(1H, s, -OH), 7.46-7.84(8H, m, Ph-H), 3.31(2H, t, -SCH,), 3.12(3H, s, -NCH;), 165, 160, 159, 156, 144, 135,133,132, 458
2.79(2H, t, -CH,-C=N) 131, 129, 127, 124, 116, 111, 37, 33, 31

6¢c 12.74(1H, s, -OH), 7.30-7.96(7H, m, Ph-H), 3.29(2H, t, -SCH,), 3.03(3H, s, -NCH,), 165, 159, 156, 144, 138, 136, 135, 132, 536
2.69(2H, t, -CH,-C=N) 128, 124, 120, 118, 110, 37, 33, 31

6d 12.78(1H, s, -OH), 10.66(1H, s, Ph-OH), 7.12-7.76(8H, m, Ph-H), 3.19(2H, t, -SCH,), 165, 163, 159, 156, 144, 135, 132, 129, 456
3.11(3H, s, -NCHj;), 2.73(2H, t, -CH,-C=N) 127,124,121, 118, 110, 37, 33, 31

6e 12.73(1H, s, -OH), 7.18-7.87(8H, m, Ph-H), 3.27(2H, t, -SCH,), 3.07(3H, s, -NCH;), 165, 159, 156, 144, 141,135, 132, 131, 454
2.75(2H, t, -CH,-C=N), 1.47(3H, s, Ph-CH;) 129, 127, 124, 110, 42, 37,33, 31, 21

6f 12.74(1H, s, -OH), 7.56-8.18(7H, m, Ph-H), 3.19(2H, t, -SCH,), 3.01(3H, s, -NCHj;), 165, 159, 156, 144, 138, 136, 135, 134, 508
2.68(2H, t, -CH,-C=N) 132,130, 129, 126, 110, 37, 33, 31

6g 12.82(1H, s, -OH), 7.44-7.84(4H, m, Ph-H), 7.10-7.62(3H, d, thiophene-H), 3.20Q2H, t, - 165, 159, 156, 144, 134, 132,129,127, 446
SCH,), 2.993H, (s, -NCH,), 2.68(2H, t, -CH,-C=N) 126, 124, 110, 37, 34, 31

6h 12.74(1H, s, -OH), 7.44-7.78(4H, m, Ph-H), 3.23(2H, t, -SCH,), 3.04(3H, s, -NCH), 159, 156, 149, 144, 134, 132,129, 127, 433
2.75(2H, t, -CH,-C=N), 2.58(4H, t, -CH,-N-CH,), 1.66(4H, t, pyrrolidine-CH,-CH,) 124, 110, 49, 37, 31, 30, 26

6i 12.76(1H, s, -OH), 7.44-7.84(7H, m, Ph-H), 3.23(2H, t, -SCH,), 3.13(3H, s, -NCH3), 165, 159, 156, 149, 146, 144, 135, 132, 480
2.63(2H, t, -CH,-C=N), 1.35-1.87(6H, m, -CH,-CH,-CH,) 129,127, 124, 110, 37, 33, 31, 25

6j 12.82(1H,s,-OH), 7.22-7.78(8H, m, Ph-H), 3.36-4.44(6H, m, piperidine-H), 3.25(2H, t, - 159, 156, 144, 140, 135, 134, 132, 130, 495
SCH,), 3.07(3H, s, -NCH3), 2.73(2H, t, -CH,-C=N), 129, 126, 123, 111, 45,37, 32, 27,22
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Table3 Anti-cell proliferative activity of the tested compounds
against Capan-1, SMMC-7721 and L1210 tumor cells (£+s, n=3)

ICs5,/(umol/L)

Compd. Capan-1 SMMC-7721 L1210
6a 15.7+1.4 18.2+1.7 14.6£1.5
6b 9.8+1.0 8.6+0.9 2.6+0.3
6¢c 9.6+1.0* 2.1£0.2% 8.7+0.8%*
6d 10.8+1.1% 11.6£1.2 10.2+1.0*
6e 14.6+1.5 15.3£1.5 16.2+1.6
of 4.8+0.5% 8.7+0.7* 9.4+0.9*
6g 11.4+1.2 14.1+1.4 15.8+1.6
6h 11.8+1.2 13.6+1.4* 13.8+1.4
6i 11.7£1.2 10.7£1.2% 9.2+0.9*
6j 12.8+1.3 11.6+1.2 13.6+1.4

Doxorubicin 3.5+0.6 2.7+0.2 1.4+0.2
1 >100 >100 >100
2 80.2+8.1 78.5+7.3 77.4+7.3
3 65.5£6.6 71772 73.6+7.5
4 64.6+6.5 70.3£7.0 72.5+7.2
Sa 15.2+1.4 17.2+1.7 15.6£1.6
5b 10.2£1.0 9.2+0.9 24403
Se 9.8+1.0% 6.2+0.6* 6.7+0.8*
Sd 10.6+1.1% 10.8+1.2 9.8+1.0%
Se 15.6+1.5 15.1£1.5 15.4+1.5
st 7.6+0.7* 8.2+0.7* 8.8+0.9*
5g 12.2+1.2 14.3+1.4 14.2+1.4
Sh 12.6£1.2 11.2+1.1% 13.6£1.4
Si 12.7+1.3 11.6+1.2% 8.6+0.9*
5j 11.8+1.2 13.6+1.4 15.2+1.5

*P<0.05 vs doxorubicin
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