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Three-Component Synthesis of Chromeno[4,3-d]pyrazolo[3,4-b]-
pyridine Derivatives and Their Fluorescence Properties
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Jiangsu Province, Soochow University, Suzhou 215123)

Abstract A series of 5-aminochromeno[4,3-d]|pyrazolo[3,4-b]pyridin-6(3H)-one derivatives 4a~4w were synthesized by
three-component reactions of salicylaldehydes, ethyl cyanoacetate and S-aminopyrazoles catalyzed by triethylamine (TEA).
The properties of the synthesized compounds were examined by fluorescence spectroscopy and the results indicated that some
compounds were possessed high fluorescence quantum yields.
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Table 1 Screening of reaction conditions
Entry Solvent Catalyst (mol%) 7/'C Time/h Yield®/%
1 EtOH — Reflux 24 Trace
2 EtOH p-TSA (10) Reflux 24 Trace
3 EtOH CuSOy, (10) Reflux 14 16
4 EtOH Cul (10) Reflux 14 13
5 EtOH K,CO; (10) Reflux 8 36
6 EtOH Piperidine (10) Reflux 8 52
7 EtOH Et,NH (10) Reflux 8 58
8 EtOH Et;N (10) Reflux 8 63
9 EtOH L-Proline (10) Reflux 10 35
10 CH;CN Et;N (10) Reflux 16 53
11 DMF Et;N (10) 120 4 46
12 Toluene Et;N (10) 110 24 40
13 CHCl, Et;N (10) Reflux 10 41
14 THF Et;N (10) Reflux 15 36
15 EtOH Et;N (5) Reflux 8 58
16 EtOH Et;N (15) Reflux 8 62
17 EtOH Et;N (20) Reflux 8 60
18 EtOH Et;N (10) 20 20 36
19 EtOH Et;N (10) 40 18 52
20 EtOH Et;N (10) 60 11 55

“Reaction conditions: 1a (1 mmol), 2 (1 mmol), 3a (1 mmol) in solvent (8 mL). ®Yields were determined by HPLC-MS.
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Table 2  Synthesis of 5-aminochromeno[4,3-d]pyrazolo[3,4-b]pyridin-6(3H)-one derivatives 4a~4w

Entry Product R R? R’ R* R’ Isolate yield/%
1 4a H H H Ph CH;, 61
2 4b H H Br Ph CH; 58
3 4c H CH; H Ph CH;, 55
4 4d CH;0 H H Ph CH; 48
5 4e H CH;0 H Ph CH;, 52
6 4f H H CH;0 Ph CH; 63
7 4g H H H CH; Ph 61
8 4h H CH;0 H CH; Ph 50
9 4i H H H CH; CH; 66
10 4j H H Cl CH; CH; 51
11 4k H H Br CH; CH; 52
12 41 H CH; H CH; CH; 49
13 4m CH;0 H H CH; CH; 61
14 4n H CH;0 H CH; CH; 64
15 40 H H CH;0 CH; CH; 66
16 4p H H H Ph c-C3H; 62
17 4q H H Cl Ph c-C3H; 52
18 4r H H Br Ph c-C3H; 53
19 4s H CH; H Ph c-C3H; 63
20 4t CH;0 H H Ph c-C3H; 60
21 4u H CH;0 H Ph c-C3H; 54
22 4v H H CH;0 Ph c-C3H; 67
23 4w H Et,N H Ph CH;, 65
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Table 3 Synthesis of chromeno[4,3-d]pyrazolo[3,4-b]pyridin-6(3 H)-one derivatives 6a~6e

Entry Product R' R? R® R* R® Isolated yield/%
1 6a H H H Ph CH; 35
2 6b H CH;0 H Ph CH; 38
3 6¢c H CH; H Ph CH; 40
4 6d H H H CH; CH; 46
5 6e H H CH,0 CH, CH, 49
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Figure 1 Crystal structure of compound 4a
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Scheme 2 Fluorescence properties for chromeno[4,3-d]pyrazolo[3,4-b]pyridin-6(3H)-ones
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Table 4 Luminescence and fluorescence quantum yields of products 4a~4w in EtOH

Compound Purity’/%  Epax(abs)/(Lemol 'scm ) Amax(exy/ M Amax(emy/TM RFI D’
Coumarin 151 98.50 0.8582 256.00 477.0 8870 0.749
4a 98.87 1.7258 264.00 491.0 4171 0.708
4b 98.76 0.3357 264.00 499.0 1941 0.064
4c 97.86 0.4754 266.00 488.0 4845 0.227
4d 98.43 2.0757 267.00 488.0 4308 0.880
4e 98.54 1.1118 268.00 472.0 6254 0.684
4f 98.42 1.6090 262.00 491.0 3981 0.630
4g 97.35 0.7068 271.00 494.0 4726 0.329
4h 98.95 0.7763 265.00 482.0 6494 0.496
4i 97.67 0.7493 268.00 489.0 4825 0.356
4j 98.01 0.8639 277.00 497.0 3522 0.299
4k 98.85 0.4512 278.00 494.0 3403 0.151
41 98.28 0.9813 270.00 487.0 4553 0.440
4m 98.79 0.8093 269.00 485.0 4883 0.389
4n 97.38 0.8648 279.00 469.0 5705 0.485
40 97.68 0.7654 272.00 489.0 4559 0.343
4p 98.57 1.8961 266.00 488.0 1811 0.338
4q 98.82 2.0655 265.00 508.0 1185 0.241
4r 98.61 2.3372 266.00 510.0 1083 0.249
4s 97.84 1.9172 267.00 500.0 2328 0.439
4t 98.47 2.0457 268.00 501.0 1961 0.395
4u 98.32 2.0555 270.00 493.0 3796 0.768
4v 98.02 2.0969 266.00 501.0 1772 0.366
4w 98.55 1.7235 267.00 474.0 6674 1.132

“¢=5X10 > molL . * The purity of resulting products gained by recrystallization was measured by HPLC. ¢ Relative fluorescence intensity.  Relative fluorescence

quantum yield.

M REILHRIIETE Agilent Inova-400MHz 5% Agilent Ino-
va-300 MHz ZUA% i 3LHRAI &, DMSO-ds Bt CF;COOD
NV, TMS NWNFR; &2 #FB S fE Bruker MicrO-
TOF-QII JFilasil e, KA Bmi % & FIRESHEN; £
Hh-AT DG RELE UV-2500PC ZY 48 4] W53 56 e it A b
S UOEIGTELE Hitachi F-4500 9860 66 EE T Bl .
3.2 S5-EHEGEHH4,3-d]MLMEFH[3,4-b] ML IE-6(3H)-ER
TEY(da~4v)H & REE

fE 25 mL T80 [ R e R oin A K B, 1
mmol). T LM LEE(2, 1 mmol). 5-ZFEMEME@3, 1
mmol). =Z%(0.1 mmol) &% 8 mL L. JNIREWITE
PEHE NI B B 6~20 h, 2 A5 (TLC)R I S B
AR RMTERUE, AE, JORIRAEBR I AR
FL~= 5 95% . BEE 45 5 154074 4a~dw.

5S-G HE- - BE -3 IR L (007 9 [4,3-d b e F [ 3,4-b L
E-6(3H)-Hi(4a): 1A, m.p. 244~246 C; '"H NMR
(400 MHz, DMSO-d;) d: 8.30 (s, 1H, NH,-H), 8.10 (d, J=
7.2 Hz, 1H, ArH), 7.92 (d, J=7.6 Hz, 2H, ArH), 7.87 (s,
1H, NH,-H), 7.71 (t, J=7.6 Hz, 1H, ArH), 7.49~7.40 (m,
4H, ArH), 7.31 (t, J=7.6 Hz, 1H, ArH), 2.71 (s, 3H, CH;);
C NMR (100 MHz, DMSO-dy) §: 161.8, 159.4, 153.5,
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1522, 143.8, 139.1, 133.5, 129.8, 129.3, 126.1, 124.5,
121.4, 117.3, 116.6, 19.4; IR (KBr) v: 3511, 3380, 3032,
1719, 1589, 1441, 1282, 1251, 1049, 826, 772, 685 cm ';
HRMS (ESI) caled for C,0H;sN,O, [M+H]" 343.1195,
found 343.1194.

558 Fk-10- 1 - 1- 35 -3- 2R 8 €0 475 I [4,3-d] Mtk 1 I
[3,4-b)MLRE-6(3H)-H(4b): #E[E A, mp.>300 C; 'H
NMR (400 MHz, DMSO-d;) : 8.47 (s, 1H, ArH), 8.24 (s,
1H, NH,-H), 8.17 (d, J=7.6 Hz, 2H, ArH), 7.94 (s, 1H,
NH,-H), 7.88 (d, J=8.0 Hz, 1H, ArH), 7.53~7.44 (m, 3H,
ArH), 7.32 (t, J=7.6 Hz, 1H, ArH), 2.72 (s, 3H, CH;); °C
NMR (100 MHz, DMSO-d) d: 162.0, 158.9, 152.4, 150.5,
142.7, 139.0, 136.1, 1322, 129.5, 126.4, 123.0, 119.7,
117.1, 116.7, 19.5; IR (KBr) v: 3440, 2935, 1722, 1616,
1511, 1440, 1251, 1021, 826, 753, 672 cm ™ '; HRMS (ESI)
calcd for CyH3BrN4O, 420.0222, found 420.0219.

5% 5 -1,9- P O 234 O R £ 0 3 [4,3-d] i e 5
[3,4-b]MkHE-6(3H)-Hl(4c): HEA[E{E, mp. 248~250 C;
'H NMR (400 MHz, DMSO-d) 6: 8.29 (s, 1H, NH,-H),
8.21 (d, J=7.9 Hz, 2H, ArH), 8.15 (s, 1H, ArH), 7.90 (s,
1H, NH,-H), 7.56~7.51 (m, 3H, ArH), 7.39 (d, J=8.4 Hz,
1H, ArH), 7.33 (t, J=7.4 Hz, 1H, ArH), 2.76 (s, 3H, CH,),

http://sioc-journal.cn/ 1089
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247 (s, 3H, CH;); “C NMR (100 MHz, DMSO-d) o:
161.4, 159.1, 153.2, 149.9, 143.5, 143.5, 138.7, 133.9,
133.5, 129.0, 129.0, 125.8, 121.1, 116.7, 115.9, 104.0,
96.9, 30.7, 20.2, 19.0; IR (KBr) v: 3423, 3310, 1688, 1588,
1554, 1479, 1276, 1232, 1069, 818, 753, 677 cm™'; HRMS
(ESI) caled for C;H{7N40, [M—|—H]+ 357.1352, found
357.1353.

5-G HL-8- F AR Bk - 1- R k-3 DR L £ 075 I [4,3-d Mk ek
I [3,4-b] M UE -6(3H)- Fil (4d): F (A [H 1K, mp. 262~
263 ‘C; '"H NMR (400 MHz, DMSO-d;) 6: 8.26 (s, 1H,
NH»-H), 8.19 (d, J=7.6 Hz, 2H, ArH), 7.91 (s, 1H,
NH,-H), 7.88~7.85 (m, 1H, ArH), 7.52 (t, J=7.6 Hz, 2H,
ArH), 7.42~7.41 (m, 2H, ArH), 7.31 (t, J=7.6 Hz, 1H,
ArH), 3.94 (s, 3H, CH;0), 2.72 (s, 3H, CH;); °C NMR
(100 MHz, DMSO-dq) J: 161.5, 159.5, 153.6, 147.5, 143.9,
141.9, 139.3, 129.4, 129.1, 126.2, 124.3, 121.5, 120.9,
115.6, 104.7, 56.7, 19.4; IR (KBr) v: 3431, 3327, 3081,
1700, 1605, 1562, 1474, 1283, 1214, 1098, 789, 766, 742
cm '; HRMS (ESI) caled for CyH¢N4O3 372.1222, found
372.1213.

5% Fk -9 FF A k-1 - FT Sk -3 2R S 00 075 1[4, 3~ L e
I [3,4-b] Mt E -6(3H)- il (4e): # {0 [l 44, m.p. 247 ~
248 C; 'H NMR (400 MHz, DMSO-d;) o: 8.33 (s, 1H,
NH,-H), 8.16~8.15 (m, 3H, ArH), 7.73 (s, 1H, NH,-H),
7.48 (t, J=7.2 Hz, 2H, ArH), 7.29 (t, J=6.8 Hz, 1H, ArH),
7.00 (d, J=8.0 Hz, 1H, ArH), 6.94 (s, 1H, ArH), 3.87 (s,
3H, CH;0), 2.67 (s, 3H, CH;); *C NMR (100 MHz,
DMSO-dg) 0: 161.5, 160.2, 154.7, 151.3, 143.7, 141.9,
139.3, 130.4, 129.4, 126.1, 121.4, 116.3, 105.3, 105.1,
104.7, 101.2, 56.1, 19.5; IR (KBr) v: 3421, 3320, 3070,
1697, 1610, 1508, 1477, 1259, 1170, 877, 759, 690 cm ™ ';
HRMS (ESI) caled for C,Hi¢N4O; 372.1222, found
372.1206.

554 HE-10- F AR - 1 - P -3 R L €8 0 (4,3 -] P e
I [3,4-b] M. BE -6(3H)- i (4f): F (0 [& /4, m.p. 239 ~
240 ‘C; 'H NMR (400 MHz, DMSO-d;) 6: 8.33 (s, 1H,
NH,-H), 8.19 (d, J=6.4 Hz, 2H, ArH), 7.89 (s, 1H, NH.-
H), 7.78 (s, 1H, ArH), 7.53~7.32 (m, 5H, ArH), 3.92 (s,
3H, CH;0), 2.80 (s, 3H, CH;); *C NMR (100 MHz,
DMSO-dg) 0: 159.6, 155.8, 149.9, 146.5, 143.7, 129.4,
126.2, 121.5, 121.0, 118.5, 117.2, 115.1, 112.5, 104.5,
100.1, 97.4, 56.5, 20.0; IR (KBr) v: 3431, 3318, 3013,
1698, 1610, 1483, 1387, 1248, 1155, 811, 752, 693 cm ™ ';
HRMS (ESI) caled for C,H{¢N4O; 372.1222, found
372.1216.
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5-GHE-3- -1 -OR J (4 9T [4,3-d ] T R I 3,4-b L
WE-6(3H)-fi(4g): ¥ fE A, mp. 234~236 C; '"H NMR
(400 MHz, DMSO-dj) 0: 8.26 (s, 1H, NH,-H), 7.84 (s, 1H,
NH,-H), 7.51~7.35 (m, 7H, ArH), 7.10 (d, J=7.6 Hz, 1H,
ArH), 6.62 (t, J=7.6 Hz, 1H, ArH), 3.94 (s, 3H, CH;); "°C
NMR (100 MHz, DMSO-d;) d: 161.8, 159.4, 153.7, 152.3,
146.0, 143.4, 1353, 133.1, 130.9, 129.5, 128.9, 128.8,
123.1, 116.8, 115.9, 101.1, 97.4, 33.9; IR (KBr) v: 3451,
3335, 3046, 1696, 1603, 1454, 1364, 1268, 1052, 824, 764,
697 cm '; HRMS (ESI) caled for CyoH;3N,0, [M—H]™
341.1039, found 341.1054.

5~ 5k -9- F AR i -3- T R - 1- 2Rk 0 075 - [4,3-d] Pk 1
I [3,4-b] M BE -6(3H)- li (4h): A [H 4K, mp. 251~
253 °C; '"H NMR (400 MHz, DMSO-d;) J: 8.24 (s, 1H,
NH.-H), 7.78 (s, 1H, NH,-H), 7.45~7.37 (m, 5H, ArH),
6.99 (d, J=8.8 Hz, 1H, ArH), 6.95 (s, 1H, ArH), 6.17 (d,
J=8.4 Hz, 1H, ArH), 3.93 (s, 3H, CHs), 3.80 (s, 3H,
CH;0); *C NMR (100 MHz, DMSO-d;) d: 163.1, 162.0,
159.5, 154.6, 154.3, 153.7, 146.1, 143.6, 135.4, 132.0,
129.5, 128.9, 128.9, 111.1, 109.1, 100.8, 95.9, 56.4, 33.9;
IR (KBr) v: 3491, 3392, 3058, 1696, 1606, 1466, 1285,
1265, 1167, 877, 803, 778, 707 cm”'; HRMS (ESI) calced
for C5H;sN,O; [M—H]~ 371.1144, found 371.1127.

528 5k-1,3- T B B ) I [4,3-d ] P 5 [3,4-b] ML IE -
6(3H)- (4i): # (& 1A, mp. 256~258 ‘C; 'H NMR
(400 MHz, DMSO-dy) d: 8.26 (d, J=8.0 Hz, 1H, ArH),
8.14 (s, 1H, NH,-H), 7.69 (t, J=7.6 Hz, 1H, ArH), 7.62 (s,
1H, NH,-H), 7.44 (t, J=8.4 Hz, 2H, ArH), 3.75 (s, 3H,
CHs), 2.60 (s, 3H, CH;); °C NMR (100 MHz, DMSO-d;)
5: 161.8, 159.1, 153.6, 152.2, 143.6, 141.4, 133.3, 129.5,
124.5, 117.3, 116.8, 102.8, 95.9, 33.4, 19.4; IR (KBr) v:
3455, 3351, 2978, 1687, 1600, 1478, 1261, 1066, 821, 765,
687, 651 cm™'; HRMS (ESI) caled for CysH;;N,O, [M—
H]™ 279.0882, found 279.0869.

5-8 H-10-5(-1,3- = F R €847 5 [4,3-d] Lk e 5 [3,4-
b mE-6(3H)-Hf (4j): ¥ ElE A, mp. 250~253 C; 'H
NMR (400 MHz, DMSO-d;) 6: 8.37 (s, 1H, ArH), 8.16 (s,
2H, NH,-H), 7.77 (s, 1H, ArH), 7.54 (s, 1H, ArH), 3.81 (s,
3H, CHj), 2.67 (s, 3H, CH;); “C NMR (100 MHz,
DMSO-dg) : 161.1, 158.7 153.3, 150.5, 142.0, 140.8,
132.5, 128.1, 128.0, 118.9, 117.9, 102.5, 96.3, 33.1, 19.0;
IR (KBr) v: 3376, 3175, 3024, 1701, 1629, 1512, 1439,
1259, 1056, 826, 720, 664 cm'; HRMS (ESI) caled for
CysH,,CIN,O, [M+H]" 315.0649, found 315.0648.

5S-G HE-10-358-1,3- — B B 8475 91 [4,3-d] Pk e [ 3,4-
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bIMLIE-6(3H)-Fi(4k): & [E 1k, mp. 246~248 C; 'H
NMR (400 MHz, DMSO-d;) 0: 8.49 (s, 1H, ArH), 8.16 (s,
1H, NH»-H), 7.89 (d, J=8.6 Hz, 1H, ArH), 7.77 (s, 1H,
NH,-H), 7.46 (d, J=8.6 Hz, 1H, ArH), 3.81 (s, 3H, CH3),
2.66 (s, 3H, CH;); “C NMR (100 MHz, DMSO-dy) o:
161.0, 158.6, 153.3, 150.9, 141.9, 140.8, 135.2, 130.9,
119.2, 118.4, 115.6, 102.4, 96.3, 33.1, 19.0; IR (KBr) v:
3380, 3181, 3022, 1703, 1631, 1512, 1443, 1261, 1254,
833, 705, 667 cm™'; HRMS(ESI) caled for CsH;,BrN,O,
[M+H]" 359.0144, found 359.0156.

5-F H-1,3,9- = W B (0 ) I [4,3-d] Ak e 5T [3,4-b] AL
WE-6(3H)-Ff(41): ¥ E A, mp. 214~215 C; 'H NMR
(400 MHz, DMSO-dj) d: 8.16 (s, 1H, NH,-H), 8.03 (s, 1H,
ArH), 7.64 (s, 1H, NH,-H), 7.49 (d, J=8.4 Hz, 1H, ArH),
7.30 (d, J=8.4 Hz, 1H, ArH), 3.77 (s, 3H, CHs), 2.61 (s,
3H, CH;), 2.41 (s, 3H, CH3); *C NMR (100 MHz, DMSO-
dg) d: 161.5, 158.7, 153.1, 149.7, 1432, 140.9, 133.6,
133.2, 128.6, 116.5, 116.0 102.3, 96.0, 33.0, 20.2, 19.0; IR
(KBr) v: 3371, 3174, 1688, 1612, 1513, 1442, 1266, 1227,
1064, 829, 763, 673 cm '; HRMS (ESI) caled for
Ci6HsN4O, [M+H]" 295.1195, found 295.1203.

5-54 ik -8- F AR Jk - 1,3- — F 3k €0 0 I [4,3-d] it e
[3,4-b] Wt B -6(3H)- i (4m): ¥ A [ 14, mp. 282 ~
284 °C; '"H NMR (400 MHz, DMSO-d) 6: 8.19 (s, 1H,
NH»-H), 7.89 (t, J=6.8 Hz, 1H, ArH), 7.72 (s, 1H,
NH,-H), 7.43~7.40 (m, 2H, ArH), 3.95 (s, 3H, CH,), 3.81
(s, 3H, CH;0), 2.66 (s, 3H, CH;); *C NMR (100 MHz,
DMSO-dy) d: 161.7, 159.3, 152.1, 147.7, 143.7, 143.2,
141.4, 124.1, 123.5, 117.5, 114.2, 102.8, 95.8, 56.4, 33.4,
19.4; IR (KBr) v: 3404, 3259, 2933, 1678, 1544, 1486,
1274, 1106, 822, 787, 731, 675 cm™'; HRMS (ESI) calcd
for C,¢H,3N40; [M—H]~ 309.0988, found 309.0979.

55 5k -9- H AR FE -1,3- 3k € 075 9 [4,3-d] L Ik 5
[3,4-b]MLHE-6(3H)-HH(4n): {444, m.p. 260~262 C;
'H NMR (400 MHz, DMSO-d;) J: 8.26 (d, J=8.7 Hz, 1H,
ArH), 8.17 (s, 1H, NH,-H), 7.63 (s, 1H, NH,-H), 7.05 (d,
J=8.7 Hz, 2H, ArH), 3.91 (s, 3H, OCH3), 3.78 (s, 3H,
CH3), 2.64 (s, 3H, CH;); *C NMR (100 MHz, DMSO-dq)
5: 163.0, 161.6, 158.9, 153.8, 153.3, 143.6, 141.1, 130.4,
111.9, 109.5, 102.1, 101.0, 94.7, 56.1, 33.0, 19.0; IR (KBr)
v: 3401, 3274, 3014, 1687, 1617, 1509, 1436, 1283, 1063,
838, 779, 687 cm '; HRMS (ESI) calcd for Ci¢H;sN4O3
[M-+H]" 311.1144, found 311.1138.

5S-G HE-10- A A 31,3 — F JE (00 I [4,3-d] ML e -
[3,4-b]LIE-6(3H)-Fl(40): T B[4, m.p. 258~260 C;

Chin. J. Org. Chem. 2019, 39, 1085~1094

© 2019 Chinese Chemical Society & SIOC, CAS

'H NMR (400 MHz, DMSO-d,) d: 8.25 (s, 1H, NH,-H),
7.76 (s, 1H, ArH), 7.67 (s, 1H, NH,-H), 7.41 (d, J=8.8 Hz,
1H, ArH), 7.31 (d, J=8.8 Hz, 1H, ArH), 3.90 (s, 3H,
CH;0), 3.80 (s, 3H, CH;N), 2.72 (s, 3H, CH;); *C NMR
(100 MHz, DMSO-dq) J: 162.1, 159.4, 155.9, 153.8, 146.5,
143.7, 141.1, 120.8, 118.8, 112.2, 102.8, 100.0, 96.7, 56.3,
33.6, 20.0; IR (KBr) v: 3385, 3267, 2975, 1690, 1627,
1481, 1278, 1198, 1072, 813, 765, 663 cm™'; HRMS (ESI)
caled for C,gH;3N4O; [M — H] ~  309.0988, found
309.0982.

5S-G HE-1- PR B -3- 2R B (005 T [4,3-d L M I 3,4-6)
M e -6(3H)- i (4p): B (A [E /&, mp. 234~236 C; 'H
NMR (400 MHz, DMSO-d;) 6: 8.97 (d, J=8.0 Hz, 1H,
ArH), 8.29 (s, 1H, NH,-H), 8.19 (d, J=7.7 Hz, 2H, ArH),
7.91 (s, 1H, NH,-H), 7.76~7.72 (m, 1H, ArH), 7.54~7.49
(m, 4H, ArH), 7.32 (t, J=7.4 Hz, 1H, ArH), 2.29~2.19
(m, 1H, CH), 1.27~1.25 (m, 2H, CH,), 1.21~1.17 (m,
2H, CH,); “C NMR (100 MHz, DMSO-ds) J: 161.2,
159.1, 153.2, 151.9, 147.7, 143.5, 138.8, 133.1, 129.7,
128.9, 125.8, 123.9, 121.1, 116.8, 116.3, 104.0, 96.8, 13.4,
9.3; IR (KBr) v: 3497, 3366, 1707, 1582, 1503, 1445,
1305, 1246, 1052, 828, 751, 690 cm™'; HRMS (ESI) calcd
for C5,H;N,0, [M+H]" 369.1352, found 369.1345.

5-5HE-10-50- 1-F4 P -3 2R B (A 03 R [4,3-d) ik ek I
[3,4-b]MkIE-6(3H)-Hl(4q): (LA, m.p. 220~221 C;
'H NMR (400 MHz, DMSO-dq) : 9.05 (d, J=2.4 Hz, 1H,
ArH), 8.24 (s, 1H, NH,-H), 8.17 (d, J=7.7 Hz, 2H, ArH),
7.95 (s, 1H, NH,-H), 7.76 (dd, J=8.8, 2.4 Hz, 1H, ArH),
7.56~7.47 (m, 3H, ArH), 7.32 (t, J=7.4 Hz, 1H, ArH),
2.26~2.15 (m, 1H, CH), 1.38~1.31 (m, 2H, CH,), 1.24~
1.19 (m, 2H, CH,); *C NMR (100 MHz, DMSO-d;) J:
160.9, 159.0, 153.2, 150.6, 147.2, 142.3, 138.6, 132.6,
128.9, 128.6, 128.0, 125.9, 121.1, 118.8, 117.8, 103.9,
96.9, 13.6, 9.4; IR (KBr) v: 3476, 3344, 3124, 1714, 1608,
1509, 1433, 1247, 1026, 832, 752, 689 cm™'; HRMS (ESI)
caled for C,H;cCIN,O, [M—i—H]+ 403.0962, found
403.0967.

5-28 HE-10-1- 1-FR TR -3 - R B €0 )5 9 [4,3 - L e 5
[3,4-b]MkLHE-6(3H)-Fll(4r): HEA[E A, mp. 219~221 C;
'H NMR (400 MHz, DMSO-dg) 6: 9.17 (d, J=1.9 Hz, 1H,
ArH), 8.24 (s, 1H, NH,-H), 8.17 (d, J=8.0 Hz, 2H, ArH),
7.95 (s, 1H, NH,-H), 7.87 (dd, J=8.8, 2.0 Hz, 1H, ArH),
7.51 (t, J=7.9 Hz, 2H, ArH), 7.45 (d, J=8.8 Hz, 1H,
ArH), 7.32 (t, J=7.3 Hz, 1H, ArH), 2.18 (dd, J=11.8, 6.6
Hz, 1H, CH), 1.34 (d, J=3.0 Hz, 2H, CH,), 1.26 (d, J=
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7.7 Hz, 2H, CH,); *C NMR (100 MHz, DMSO-dy) o:
160.8, 159.0, 153.2, 151.0, 147.2, 142.2, 138.7, 135.4,
131.4, 129.0, 125.9, 121.1, 119.1, 118.3, 115.7, 103.9,
97.0, 13.6, 9.4; IR (KBr) v: 3484, 3367, 3006, 1719, 1612,
1504, 1431, 1250, 1031, 814, 758, 689 cm™'; HRMS (ESI)
caled for C,H;:BrN,O, [M—|—H]+ 447.0457, found
447.0460.

S-S B - 130 TN 5L -9- F k-3 JR B £ 075 - [4,3-d ik ek
I [3,4-b] M BE -6(3H)- i (4s): 5 (0 [ 44, m.p. 199 ~
200 C; 'H NMR (400 MHz, DMSO-d;) o: 8.73 (s, 1H,
ArH), 8.29 (s, 1H, NH,-H), 8.19 (d, J=7.7 Hz, 2H, ArH),
7.88 (s, 1H, NH,-H), 7.52 (t, J=8.0 Hz, 3H, ArH), 7.41~
7.28 (m, 2H, ArH), 2.44 (s, 3H, CH3), 2.30~2.19 (m, 1H,
CH), 1.35~1.28 (m, 2H, CH,), 1.20~1.15 (m, 2H, CH,);
C NMR (100 MHz, DMSO-d) d: 161.3, 159.1, 153.1,
149.9, 147.6, 143.5, 138.8, 133.9, 133.2, 129.2, 128.9,
125.8, 121.1, 116.5, 115.9, 103.9, 96.8, 30.7, 20.3, 13.5,
9.6; IR (KBr) v: 3428, 3325, 2988, 1705, 1594, 1504,
1410, 1251, 1049, 840, 755, 673 cm_'; HRMS (ESI) calcd
for Co3HoN,O, [M+H]" 383.1508, found 383.1508.

5S-G Bk -1-3A 7 B -8- HH A -3- R ik €0 07 9F: (4,3~ it
W 3 [3,4-b] Mk € -6(3H)- i (4t): 2% (L [E 4K, mp. 263~
264 °C; 'H NMR (400 MHz , DMSO-d;) J: 8.45 (dd, J=
6.4, 2.8 Hz, 1H, ArH), 8.27 (s, 1H, NH,-H), 8.17 (d, J=
7.9 Hz, 2H, ArH), 7.88 (s, 1H, NH,-H), 7.51 (t, J=7.9 Hz,
2H, ArH), 7.42~7.36 (m, 2H, ArH), 7.31 (t, J=7.4 Hz,
1H, ArH), 3.93 (s, 3H, CH;0), 2.26~2.15 (m, 1H, CH),
1.31~1.11 (m, 4H, 2 X CH,); *C NMR (100 MHz,
DMSO-dg) 0: 162.5, 161.1, 159.2, 153.3, 147.9, 147.1,
144.0, 141.6, 138.8, 129.0, 125.9, 123.8, 121.3, 120.9
117.0, 115.2, 104.3, 97.0, 56.3, 30.9, 13.5, 9.5; IR (KBr) v:
3485, 3358, 3010, 1687, 1581, 1503, 1436, 1271, 1086,
861, 756, 690 cm'; HRMS (ESI) calcd for Cp3H;oN4O;
[M+H]" 399.1457, found 399.1461.

5S-G B -1-3A 7 Bk -9- HH AU -3- R ik €0 475 9F: [4,3-] it
W 3 [3,4-b1 ML IE -6(3H)-HH (4u): 78 ([ 4A, m.p. 247~
248 °C; '"H NMR (400 MHz, DMSO-d;) J: 8.92 (d, J=9.0
Hz, 1H, ArH), 8.26 (s, 1H, NH,-H), 8.19 (d, J=7.7 Hz,
2H, ArH), 7.84 (s, 1H, ArH), 7.52 (t, J=7.9 Hz, 2H, ArH),
731 (t, J=7.4 Hz, 1H, ArH), 7.18~7.03 (m, 2H, ArH),
3.92 (s, 3H, CH;0), 2.23 (s, 1H, CH), 1.29~1.15 (m, 4H,
2X CH,); *C NMR (100 MHz, DMSO-dj) 6: 163.2, 161.5,
159.2, 153.9, 153.3, 147.7, 143.8, 138.8, 131.0, 128.9,
125.8, 121.1, 111.7, 109.5, 103.6, 101.0, 95.4, 56.1, 13.5,
9.3; IR (KBr) v: 3472, 3341, 3016, 1687, 1582, 1502,
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1442, 1250, 1018, 840, 754, 690 cm™'; HRMS (ESI) calcd
for Co3HoN4O5 [M+H]" 399.1457, found 399.1466.

528 HE-1-PA P £E-10- H A R -3- IR B (0 0 I [4,3-d i
W 3 [3,4-b] ML IE -6(3H)- Bl (4v): B& A [E 4K, m.p. 222~
223 °C; 'H NMR (400 MHz, DMSO-d;) 6: 8.37 (d, J=2.8
Hz, 1H, ArH), 8.33 (s, 1H, NH,-H), 8.18 (d, J=7.7 Hz,
2H, ArH), 7.90 (s, 1H, NH,-H), 7.52 (t, J=7.9 Hz, 2H,
ArH), 7.46 (d, J=9.0 Hz, 1H, ArH), 7.40~7.29 (m, 2H,
ArH), 3.87 (s, 3H, CH;0), 2.36~2.25 (m, 1H, CH),
1.32~1.21 (m, 2H, CH,), 1.20~1.11 (m, 2H, CH,); "°*C
NMR (100 MHz, DMSO-dg) d: 161.3, 159.1, 155.3, 153.0,
147.7, 146.0, 143.3, 138.7, 128.9, 125.8, 121.1, 118.8,
117.7, 116.9, 114.3, 103.9, 96.9, 56.0, 30.7, 13.3, 9.8; IR
(KBr) v: 3420, 3320, 3005, 1702, 1589, 1507, 1438, 1246,
1059, 827, 752, 686 cm™'; HRMS (ESI) calcd for Ca3Ho-
N,O; [M+H]" 399.1457, found 399.1468.

SR F-9-( T L FEEFL)-1-H B30 5 [4,3-d)
ML A [ 3,4-B] I e -6(3 H)- Bl (4w): 35 (A& 14, m.p. 190~
192 C; '"H NMR (400 MHz, CF;COOD) J: 8.86~8.80
(m, 1H, ArH), 7.97~7.93 (m, 2H, ArH), 7.77~7.69 (m,
3H, ArH), 7.62 (d, J=7.2 Hz, 2H, ArH), 3.97 (q, J=7.1
Hz, 4H, 2 X CH,N), 3.01 (s, 3H, CH;), 1.40 (t, J=7.2 Hz,
2 X CHs); “C NMR (100 MHz, CF;COOD) 6: 157.2,
156.7, 152.9, 150.2, 145.4, 144.4, 135.4, 135.1, 134.8,
133.2, 127.9, 121.7, 119.6, 118.7, 117.7, 115.9, 114.9,
107.4, 101.8, 57.9, 18.8, 11.6; IR (KBr) v: 3373, 2976,
1682, 1581, 1518, 1349, 1262, 1092, 818, 795, 757 cm ™ ';
HRMS (ESI) caled for C,4HyuNsO, [M+H]" 414.1930,
found 414.1905.

3.3  lEFH[4,3-d| it H[3,4-b] L LE-6(3H)-BR T4 4
(6a~6e)HI&

fE 25 mL 08 1 bl i e A i A K B (1, 1
mmol). 4Bt ZBR ZEE(S, 1 mmol). 5-ZFEMEMG3, 1
mmol). = Z%(0.1 mmol) &% 8 mL L. R MIREWITE
LT I B3R SON. 6~20 h, )2 A (TLC)I 2 N
R RMSERUG, B, 8RR AR 2 AR P A,
FH= 5 95% £, BE B 45 S A3 4671 6a~6e.

1,5- I3 IR B0 IR [4,3-d ML M - [3,4-b ] I -
6(3H)-Mi(6a): A [E K, mp. 207~208 C; '"H NMR
(400 MHz, DMSO-ds) J: 8.37 (d, J=8.0 Hz, 1H, ArH),
8.21~8.19 (m, 2H, ArH), 7.78~7.74 (m, 1H, ArH),
7.62~7.58 (m, 2H, ArH), 7.55~7.50 (m, 2H, ArH), 7.41
(t, J=8.0 Hz, 1H, ArH), 3.00 (s, 3H, CH;), 2.86 (s, 3H,
CH;); >C NMR (100 MHz, CF;COOD) ¢: 164.2, 157.3,
155.9, 151.6, 145.4, 142.2, 136.7, 136.2, 134.5, 134.4,
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130.1, 129.7, 121.7, 119.9, 118.9, 117.7, 116.9, 116.1,
114.7, 25.7, 19.8; IR (KBr) v: 3061, 1740, 1593, 1541,
1503, 1274, 1248, 1011, 811, 750, 659 cm™'; HRMS (ESI)
caled for C, H;sNaN;O, [M—i—Na]+ 364.1062, found
364.1044.

9- F 4R 2k -1,5- — FF 5L -3 OR k€ 075 9 [4,3-d] ML Wk 5
[3,4-b]MENE-6(3H)-Fi(6b): Ll A, m.p. 227~229 C;
'H NMR (400 MHz, DMSO-d;) 6: 8.31 (d, J=9.7 Hz, 1H,
ArH), 8.20 (d, J=7.6 Hz, 2H, ArH), 7.60 (t, J=8.0 Hz,
2H, ArH), 7.40 (t, J=7.4 Hz, 1H, ArH), 7.11~7.09 (m,
2H, ArH), 3.93 (s, 3H, CH;0), 2.98 (s, 3H, CHj), 2.85 (s,
3H, CH;); *C NMR (100 MHz, CF;COOD) ¢: 172.9,
160.2, 155.3, 151.5, 1452, 136.7, 136.2, 134.3, 130.0,
119.9, 118.9, 118.7, 117.1, 116.1, 115.7, 112.6, 111.2,
105.2, 59.4, 25.5, 19.8; IR (KBr) v: 3068, 2940, 1733,
1616, 1540, 1504, 1469, 1278, 1024, 881, 753, 688 cm ';
HRMS (ESI) caled for C,,HsN3O; [M+H]" 372.1348,
found 372.1333.

1,5,10- = F L -3- 2R L 0 ) I [4,3-d] Mtk e I [3,4-b] L
E-6(3H)-BH(6¢): FELE 1A, m.p. 205~206 C; 'H NMR
(400 MHz, DMSO-dg) 6: 8.22~8.18 (m, 3H, ArH), 7.63~
7.57 (m, 3H, ArH), 7.44~7.40 (m, 2H, ArH), 3.00 (s, 3H,
CHj;), 2.88 (s, 3H, CH3), 2.49 (s, 3H, CH;); *C NMR (100
MHz, CF;COOD) ¢: 166.4, 164.4, 155.9, 155.4, 151.6,
145.3, 143.4, 141.0, 136.7, 136.2, 134.2, 134.0, 130.0,
121.4, 117.4, 116.8, 114.6, 25.6, 22.5, 19.8; IR (KBr) v:
3061, 2916, 1724, 1620, 1536, 1504, 1248, 1199, 1045,
804, 752, 669 cm '; HRMS (ESI) calcd for CpHsN50,
[M+H]" 356.1399, found 356.1374.

1,3,5- = H 3 &8 0 JF [4,3-d] ML e 5 [3,4-b] ML B -
6(3H)-Mii(6d): L&A, mp. 195~197 C; 'H NMR
(400 MHz, DMSO-ds) J: 8.32 (d, J=7.9 Hz, 1H, ArH),
7.72 (t, J=17.7 Hz, 1H, ArH), 7.48 (t, J=8.6 Hz, 2H, ArH),
4.02 (s, 3H, CH3), 2.95 (s, 3H, CH3), 2.75 (s, 3H, CH,);
C NMR (100 MHz, DMSO-d) o: 161.4, 159.3, 151.9,
151.2, 141.8, 140.8, 133.1, 129.4, 124.1, 116.8, 116.2,
109.2, 106.5, 33.5, 30.7, 27.6, 18.6; IR (KBr) v: 3000,
2934, 1721, 1610, 1516, 1372, 1247, 1189, 1044, 811, 753,
680 cm™'; HRMS (ESI) caled for CigH;3sNaN;0, [M+
Na]* 302.0905, found 302.0898.

10- F 48 H-1,3,5- = I B (005 9 [4,3-d] ML L 5 [3,4-b]
M0 -6(3H)-H (6e): A & [E A&, m.p. 204~205 C; 'H
NMR (400 MHz, DMSO-d;) 6: 7.81 (d, J=2.9 Hz, 1H,
ArH), 7.44 (d, J=9.0 Hz, 1H, ArH), 7.33 (dd, J=9.0, 2.9
Hz, 1H, ArH), 4.04 (s, 3H, CH;0), 3.92 (s, 3H, CH;0),
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2.98 (s, 3H, CH3), 2.85 (s, 3H, CH;); °*C NMR (100 MHz,
DMSO-dg) d: 161.5, 159.5, 155.3, 151.2, 146.3, 141.8,
140.7, 120.5, 118.0, 116.7, 109.5, 106.6, 56.0, 33.6, 30.7,
27.7, 19.1; IR (KBr) v: 3008, 2980, 1731, 1565, 1493,
1379, 1234, 1180, 1040, 812, 755, 649 cm™'; HRMS (ESI)
caled for C;7H;sNaN;0; [M—|—Na]+ 332.1011, found
332.0995.

HBhA &L (Supporting Information) L5 4a~4w Al
6a~6e %L ILIR SIS FIBRE . X SR AT DL G 2
AF] Wk (http://sioc- journal.cn/) I %,
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