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Electrothermal %&?%,ﬁ{m%ﬁ(, MERCURY-PLUS400 ﬂ&%i@?ﬁﬁ( ( ﬁ’ft%ﬁjjﬁ{ﬁ 5 , TMS ol
F5) ; Micromass ZQ4000 R 1E{Y ; Vario ELITI CHNSO JCZ 43 #711% ; Thermo Fisher Nicolet 6700 YZT /MY
WL (KBr FEF) 3 GF,,,60 U3 2 EMTRERS (5 S ek T ).
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4-= MRS ISR [ 22 ] 7R l4S, m.p. 201 ~203 °C (SCHRE ™ : 198 ~200 C ).
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7a: R'=H, R?=4-FC;H,CH,; 7b: R' =H, R?=CH=CCH,; 7c¢: R'=H, R*=4-CIC4H,COCH, ; 7d: R' =H, R*=C4H;CH, ; 7e:
R!'=H, R*=Me; 7f; R' =H, R*>=4-Me C,H,COCH,; 9a: R' =H, R*=CH,, R*=Me; 9b: R' =H, R*=CH,, R®=C,H;CH,;
9¢: R'=H, R*=C¢Hs, R*=CH,C =CH,; 9d: R'=H, R®=C¢H;, R*=4-FC,H,CH,; 9¢: R' =H, R*=CH,, R*=CH=CCH, ;
9f; R'=3,4,5-(MeO),, R* =3,4,5-(Me0);CsH,, R® =Me; 9g: R' =3,4,5-(MeO);, R*=3,4,5-(MeO);CsH,, R® =
CH,C=CH,; 9h: R'=3,4,5-(MeO),, R*=3,4,5-(Me0);C,H,, R®* =CH=CCH,; 9i: R' =3,4,5-(MeO),, R*=3,4,5-
(Me0),C4H,, R*=4-FC,H,CH,; 9j: R' =3,4,5-(MeO),, R*>=3,4,5-(MeO),C4H,, R* =2-CIC{H,CH,; 9k; R' =3,4,5-
(MeO),, R*=3,4,5-(Me0),C¢H,, R*=4-CIC;H,COCH, ; 91: R' =3,4,5-(MeO),, R*=3,4,5-(Me0),C¢H,, R* =C¢H;CH,;
9m: R'=3,4,5-(Me0),, R2=4-FC,H,, R* =Me; 9n: R' =3,4,5-(MeO);, R>=4-FC,H,, R®=C¢H;CH,; 90: R' =3,4,5-
(MeO),, R®=4-FC;H,, R® =2-CIC4H,CH,; 9p: R! =3,4,5-(MeO);, R* =4-FC,H,, R® =4-FC,H,CH,; 9q: R' =3,4,5-
(MeO),, R?=4-FC;H,, R*=CH=CCH,; 9r;: R' =3,4,5-(Me0O) ;, R*=4-FC4H,, R* =CH,C = CH,.
Scheme 1 Synthetic routes of the title compounds
1.2.1 #FEER6 18 A RIKME 2-[3-ARH-5-GRM-1H-1,2,4- =14 (5H) - ] 505 We-1,3-
(6) HUA I K5 1.92 g(10.0 mmol) 4-ZHFe3-FIL-1H-1,2 4-=M-5 (4H) -BREIFN 1. 63 g(11.0 mmol)
LBOR ZHIFRIHA T 30 mL PKESTR T, InFAImly , A TLC W s i, 58 s, IR BR 25500, H QB 2
P RO RIAR 1.38 g, R 81% , m. p. 216 ~218 °C. '"H NMR (400 MHz, CDCL,), &: 7.43(dd,
J=10.6, 18.6 Hz, 2H, ArH), 7.51(d, J=7.6 Hz, 1H, ArH), 7.63(d, J=7.2 Hz, 2H, ArH), 7. 87 ~
7.91(m, 2H, ArH), 8.01(dd, J=3.0, 5.4 Hz, 2H, ArH), 11.12(s, 1H, NH) ; ESI-MS, m/z. 345.7
[M+Na]*, 323.7[M+1]"; IR(KBr), #/em™"; 3295, 2360, 1801, 1757, 1738, 1371, 1292, 719.

(E) 4-HURIRIL T ZFe-3-(3,4,5- = HEAFEHRIL) -1 H-1,2 ,4- =15 (4H) B i (8) A F 1.92
2(10.0 mmol) 4-ZFE-3-FKIL-1H-1,2 ,4-=Mk-5(4H) -BR BT 10. 2 mmol B S T 20 mL TT/K &
BErh, JEIA 2 W VKEERR , AR 2 ~3 h, RBISEMUE, WATEE R, Hrilh REEA, ok, T,
FH B 25 A A5 TG 8 B0 8 €5 i 1K

(E)4-RIE W R HE-3-FKFE-1H-1,2 ,4-=1-5 (4H) -Bi B (8a) . JLELFAIR, WK 89% , m. p. 167 ~
168 °C. '"H NMR (400 MHz, CDCl,), §: 7.48 ~7.57(m, 6H, ArH), 7.89(d, J=7.2 Hz, 2H, ArH),
7.95(t, J=6.4 Hz, 2H, ArH), 10.07(s, 1H, CH=N), 11.56(s, 1H, NH); ESI-MS, m/z: 303.7
[M+Na]*, 281.7[M+1]"; IR(KBr), #/cm™"; 3110, 3055, 3027, 2999, 1573, 1504, 1483, 1276, 712,
680.

(E)4-(3,4,5- =W HEFLKIL) WHIE3-(3,4,5- = HEAEFEFEL) -1H-1,2 ,4-=M-5(4H) B i (8b) -
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Tt , W% 94% , m. p. 208 ~210 °C. "H NMR (400 MHz, CDCL,), &: 3.86(s, 6H, 2x0CH,),
3.90(s, 9H, 3xOCH,), 3.94(s, 3H, OCH,), 7.15(s, 2H, ArH), 7.27(s, 2H, ArH), 9.76(s, 1H,
CH=N), 11.38(s, 1H, NH); ESI-MS, m/z; 483.6[ M+Na]*, 461.7[M+1]"; IR(KBr), #/cm™;
3262, 2360, 1594, 1507, 1471, 1455, 1134, 840.

(E) 4% AT 2 353-(3,4,5- = HAA LRI ) -1H-1,2 ,4-=W-5 (4H) -l (8c) . TRHT( Ak,

WH 93% , m.p. 191 ~193 °C. '"H NMR(400 MHz, CDCl,), &§: 3.84(s, 6H, 2xOCH,), 3.89(s, 3H,
OCH,), 7.15~7.24(m, 4H, ArH) , 7.91(s, 2H, ArH), 9.96(s, I1H, CH=N), 11.51(s, 1H, NH);
ESI-MS, m/z: 411.7[ M+Na]*, 389.7[ M+1]*; IR(KBr), #/cm™; 3270, 2360, 1558, 1508, 1468,
1240, 1153, 837.
1.2.2 Hixfa Ta~TE 5 9a~9r &K% HAMMLEY) Ta ~7f (0GB 7] 100 mL 5550 5 JIE B
HIA0.50 g(1.55 mmol) Ha{A 6. 0.26 g(1.86 mmol) FriF IIBRIREE K 30 mL Jo/K L8, 20 Rtk
20 min, fITA 1.55 mmol 0K/ INFRBIRAREE S 1z, I TLC Wil )2 B, 29 6 ~8 h J& b AR 5 4.
itk WA, SREIAE AT [ VAR - VONER) = 8: 1 15 HAMEGY) Ta ~ 71,

2-(5-AHEI N FRORILAH-1,2 ,4- =4 FL) 5205061 ,3- [ (7a) . FHERKIEK, 1F73% , m. p.
172 ~173 °C. '"H NMR (400 MHz, CDCL,), 6: 4.43(s, 2H, SCH,), 6.94(t, J=8.8 Hz, 2H, ArH),
7.30(dd, J=5.2, 8.8 Hz, 2H, ArH), 7.37(d, J=7.2 Hz, 3H, ArH), 7.58(t, J=4.2 Hz, 2H, ArH) ,
7.87(dd, J=3.2, 5.6 Hz, 2H, ArH), 7.94(dd, J=2.8, 5.6 Hz, 2H, ArH) ; ESI-MS, m/z: 431.2
[M+1]*; IR(KBr), #/em™" ; 3457, 3073, 1802, 1760, 1475, 1253, 726; JLE WM (% , C,,H,FN,0,S
HEE): C64.49(64.18), H3.61(3.51), N 12.97(13.02), S7.24(7.45).

2-(3,5- RIS BRIV FE G FEAH-1 2, 4-= k458 ) S -1 3- T/ (7h) o TR RE AR, iR
71% , m.p. 125 ~127 °C. "H NMR(400 MHz, CDCL,) , &: 2.25(s, 1H, =CH), 3.93(s, 2H, SCH,),
7.40(dd, J=7.0, 14.2 Hz, 3H, ArH), 7.58(d, J=7.2 Hz, 2H, ArH), 7.89(d, J=2.8 Hz, 2H,
ArH), 7.96(d, J=2.8 Hz, 2H, ArH); ESI-MS, m/z: 399. 1 [ M+K]*, 361.2[ M+1]"; IR(KBr),
p/em™: 3243, 1801, 1757, 1443, 1283, 645; JLE (%, C,,H,,N,0,S T15MH) ;. C 63.06(63.32),
H 3.10(3.36), N15.51(15.55), S9.16(8.90).

2-[5- I3 (2 XA E I 2 PRILIRIL ) 4H-1 2 4- =R 4-FE ] Sm|E1 3-T 1 (7c) . TREE R,
WK 67% , m.p. 153 ~155 °C. '"H NMR (400 MHz, CDCL,), 6: 4.96(s, 2H, SCH,), 7.37 ~7.47(m,
5H, ArH), 7.57(t, J=2.1Hz, 2H, ArH), 7.87 ~7.96(m, 6H, ArH); ESI-MS, m/z: 475.2[ M+1]*;
IR(KBr), #/cm™; 3081, 1802, 1757, 1673, 1462, 1235, 713 ; JLZE 7 (%, C, H,CIN,0,S {5
). C60.32(60.70), H2.98(3.18), N 11.59(11.80), S 6.93(6.75).

2-(5- I3 KGRI AH-1,2 ,4- =4 FL) SFE5[0E-1 3- i (7d) . IRFC R, WOR 74% , m. p.
138 ~140 °C. '"H NMR (400 MHz, CDCL,), &: 4.47(s, 2H, SCH,), 7.26 ~7.41(m, 8H, ArH), 7.58
(d, J=7.6 Hz, 2H, ArH), 7.86(d, J=3.2 Hz, 2H, ArH), 7.94(t, J=3.6 Hz, 2H, ArH); ESI-MS,
m/z: 435.2[ M+Na]*, 413.3[M+1]"; IR(KBr), #/cm™"; 3062, 1804, 1757, 1706, 1454, 1296, 713;
JLEIHT (% , C,yH N,0,S HEAMH): C67.07(66.97), H3.66(3.91), N 13.51(13.58), S 7.95
(7.77).

2-(3-HIBRIE-5-FRIEAH-1,2 4-= 43 ) US| 3- T (Te) . IRFEOBER, IR 71%, m. p.
117 ~119 °C. "H NMR (400 MHz, CDCL,), &: 2.69(s, 3H, SCH,), 7.34 ~7.40(m, 3H, ArH), 7.56
(d, J=7.2 Hz, 2H, ArH), 7.87(dd, J=3.2, 5.2 Hz, 2H, ArH), 7.96(dd, J=3.2 Hz, J=5.2 Hz,
2H, ArH) ; ESI-MS, m/z: 359. 1 M+Na]*, 337.3[M+1]*; IR(KBr), #/cm™; 1797, 1756, 1467,
1299, 823; JLE4MM (% , C,H,,N,0,S I {H) : € 60.92(60.70), H3.55(3.60), N 16.69(16.66),
S9.71(9.53).

2-[3-(2-FRFE 2K LA LR FE ) SR FEA4H-1 2 4- =k 4-KE ] S0 -1 3- R (76) . ¥R 8 (4 [
R, K 79% , m.p. 122 ~124 °C. "H NMR(400 MHz, CDCI,), 8: 2.40(s, 3H, Ar—CH,), 4.99(s,
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2H, SCH,), 7.26(d, J=8.0 Hz, 2H, ArH), 7.39(dd, J=7.4, 13.4 Hz, 3H, ArH); 7.58(d, J=6.8
Hz, 2H, ArH), 7.88(t, J=3.4 Hz, 4H, ArH), 7.95(dd, J=3.2, 5.6 Hz, 2H, ArH) ; ESI-MS, m/z:
455.3[M+1]*; IR (KBr), #/em™; 3406, 1799, 1757, 1676, 1439, 1280, 712; JTCZE W Hr (%,
CysH (N, 0, ST AE) : € 66.30(66.07), H4.10(3.99), N 12.09(12.33), S7.17(7.05).

HErE G 9a ~9r BUE L 17 25 mL BEELIHR T ANA 1.2 mmol H[E{A 8 F14. 8 mL 0.01 g/mL &
SFALENR W, IR NP S AR T W, SRJS TN 1. 1 mmol AR DMF ¥ (1 mL).
TLC WE 52 N 58 BUR , B RONVIR B EIATK T, B i (1 sk o 6o A, S, sk, QB g e
Hirft 59 9a ~9r.

(E)3-H i de-5-F8FL-N-ZE Y H 3L 4H-1 2 ,4- =847 (9a) . HEAREAK, K 86% , m.p. 87 ~89
°C. '"H NMR(400 MHz, CDCl,), 6. 2.77(s, 3H, SCH,), 7.42 ~7.52(m, 5H, ArH), 7.58(t, J=7.4
Hz, 1H, ArH), 7.82(d, J=7.6 Hz, 2H, ArH), 7.89(dd, J=2.8, 6.4 Hz, 2H, ArH), 8.48(s, 1H,
CH=N); ESI-MS, m/z: 317.0[ M+Na]*, 295.1[M+1]*; IR(KBr), #/cm™; 3401, 1609, 1469,
1437, 1421, 999, 769, 691; JLE W H (%, C, H,,N,S i15{H): C 65.32(65.28), H4.61(4.79),
N 19.08(19.03), S 10.51(10.89).

(E)-5-EH-N-ZEW P B30 B A BE4H-1,2, 4-= M 4-7 (9b) . 10 AR, W& 78% , m. p.
111 ~112 °C. "H NMR (400 MHz, CDCL,), &: 4.50(s, 2H, SCH,), 7.25 ~7.31(m, 3H, ArH), 7.35
(dd, J=2.0, 7.6 Hz, 2H, ArH), 7.41 ~7.44(m, 3H, ArH), 7.48(t, J=7.6 Hz, 2H, ArH), 7. 50 ~
7.59(m, 1H, ArH), 7.75(t, J=4.2 Hz, 2H, AtH), 7.90 ~7.92 (m, 2H, ArH), 8.28 (s, 1H,
CH=N); ESI-MS, m/z: 393.1[M+Na]*, 371.1[M+1]*; IR(KBr), #/em™: 3296, 1610, 1494,
1450, 1417, 777, 7065 JTTE 7 (% , C,H N,S TH5H) : C71.43(71.31), H 4.80(4.90), N 15.23
(15.12), S 8.54(8.66).

(E)-5- K3 HE BN R4 H-1 2 4- =47 (9¢) . FIE AR, 1% 83% , m. p.
91 ~93 °C. "H NMR(400 MHz, CDCl,), 8: 3.90(d, J=7.2 Hz, 2H, SCH,), 5.14(d, J=10.0 Hz, 1H,
—CH,), 5.28(dd, J=1.2,16.8 Hz, 1H, =CH, ), 5.93 ~6.03(m, 1H, CH,CH=) , 7. 41 ~7.45(m,
3H, AtH), 7.50(t, J=7.4 Hz, 2H, ArH), 7.57 ~7.60 (m, 1H, ArH), 7.83(t, J=4.4 Hz, 2H,
ArH), 7.91 ~7.93(m, 2H, ArH), 8.48(s, 1H, CH = N); ESI-MS, m/z: 343.4[ M+Na]*, 321.4
[M+1]"; IR(KBr), #/cm™ ; 3452, 1607, 1471, 1450, 1421, 989, 703; JCEHr (% , C HN,S II&
f): C67.19(67.47), H4.96(5.03), N 17.43(17.49), S 9.80(10.01).

(E)-5-FEHE-N-ZETE P I3 XF R IR B4 H-1,2  4- =4z (9d) . FIE A, 183 69% , m. p.
79 ~81 °C. '"H NMR (400 MHz, CDCL,), &: 4.56(s, 2H, SCH,), 6.95(t, J=8.6 Hz, 2H, ArH),
7.31 ~7.35(m, 2H, ArH), 7.42(dd, J=3.6, 6.4 Hz, 3H, ArH), 7.48(t, J=7.4 Hz, 2H, AtH),
7.58(dd, J=4.0, 10.4 Hz, 1H, ArH), 7.76(t, J=4.2 Hz, 2H, ArH), 7.89 ~7.91(m, 2H, ArH),
8.32(s, 1H, CH=N); ESI-MS, m/z: 411.2[ M+Na]*, 389.2[ M+1]*; IR(KBr), #/cm™"; 1598,
1508, 1471, 1452, 1220, 774, 701; JGE (%, C, H,,FN,S iHE{H): C 68.24(68.02), H 4.32
(4.41), N 14.50(14.42), S 8.54(8.25).

(E)-5-RHE3-HepN FE G SE-N-ZE W B BE4H-1,2 ,4-= W4z (9e) . A, 103 85% , m. p.
77 ~79 °C. "H NMR (400 MHz, CDCl,), &: 2.28(t, J=2.6 Hz, 1H, =CH), 4.04(d, J=2.4 Hz, 2H,
SCH,), 7.44(t, J=3.4 Hz, 3H, ArH), 7.51(t, J=7.6 Hz, 2H, ArH), 7.58 ~7.61(m, 1H, ArH),
7.83(t, J=9.6 Hz, 2H, ArH), 7.90 ~7.93(m, 2H, ArH), 8.50(s, 1H, CH=N); ESI-MS, m/z:
341.1[ M+Na]*, 319.0[ M+1]*; IR(KBr), #/cm™": 3290, 3279, 1601, 1464, 1357, 1227, 699, 687;
JEEMHT (%, C H,N,S THEH): C 67.81(67.90), H 4.36(4.43), N 17.63(17.60), S 10.18
(10.07).

(E)-3-Hmide-5-(3,4,5- = HAFEEIL)-N-(3,4,5- = F A FLIR T L) 4H-1,2, 4- = Wh4-fi
(9f) : FE A, 13 94% , m.p. 168 ~169 C. "H NMR(400 MHz, CDCL,), &: 2.76(s, 3H, SCH,) ,
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3.83(s, 6H, 2x0OCH,), 3.87(s, 3H, OCH,), 3.90(s, 6H, 2xOCH,) , 3.94(s, 3H, OCH,), 7. 08(s,
2H, ArH), 7.19(s, 2H, ArH), 8.37(s, 1H, CH=N); ESI-MS, m/z: 497.3[ M+Na]*, 475.3[ M+
1]%; IR(KBr), #/em™ ; 3357, 2975, 1577, 1467, 1359, 1244, 1123, 740; JCEH (% , C,,H,,N,0,S
) . € 55.77(55.68), H5.32(5.52), N11.98(11.81), S 6.66(6.76).

(E)3-MNFEIE-5-(3,4,5- = H A LI IL ) -N-(3,4,5- = H AL IR FL W H 3L ) 4H-1,2 ,4- = 4-
Wiz (9g) . HFEMA, I 88% , m. p. 145 ~147 °C. "H NMR (400 MHz, CDCl,), &: 3.83 (s, 6H,2x
OCH,), 3.88(s, 3H, OCH,), 3.91(s, 6H, 2xOCH,), 3.92(d, J=4.8 Hz, 2H, SCH,), 3.95(s, 3H,
OCH,), 5.16(d, J=10.0 Hz, 1H, = CH,), 5.28(dd, J=1.2, 17.2 Hz, 1H, =CH,), 5.94 ~6.04
(m, 1H, CH,CH=),7.10(s, 2H, ArH), 7.24(s, 2H, ArH), 8.36(s, 1H, CH=N) ; ESI-MS, m/z:
523.4[M+Nal*, 501.4[ M+1]"; IR(KBr), #/em™: 3365, 2992, 2360, 1589, 1481, 1467, 1360,
1124, 720 ; TGRS (% , C,,HyyN,0,S THHEAE) . C57.47(57.59), H5.47(5.64), N11.38(11.19),
S6.38(6.41).

(E)3-JRNFEEAIE-5-(3,4,5- = H A ILHKIL ) -N-(3,4,5- = H A ILILFL T 3L ) 4H-1,2 ,4-=4-
iz (9h) : AR, HE 79% , m.p. 182 ~184 C. '"H NMR (400 MHz, CDCL,), 6: 2.29(t, J=2.4
Hz, 1H, =CH), 3.83(s, 6H, 2xOCH,) , 3.88(s, 3H, OCH,), 3.91(s, 6H, 2xOCH,) , 3.95(s, 3H,
OCH,), 4.05(d, J=2.4 Hz, 2H, SCH,), 7.09 (s, 2H, ArH), 7.22(s, 2H, ArH), 8.38 (s, 1H,
CH=N); ESI-MS, m/z: 499.3[ M+1]"; IR(KBr), #/em™: 3380, 3246, 2360, 1588, 1481, 1468,
1159, 1124, 722 ; JTCEDHT (%, C,,Hy N, 0,S TH5AH): C 57.49(57.82), H5.07(5.26), N 11.06
(11.24), S6.54(6.43).

(E)-5-(3,4,5- = H A FRIL) 3 FEMIL-N-(3,4,5-= IR I H L) 4H-1,2 ,4-= -
4-Jz(9i) : HAEA, SR 75% , m.p. 157 ~158 °C. '"H NMR (400 MHz, CDCL,), &: 3.83(s, 6H, 2x
OCH,), 3.89(s, 9H, 3xOCH,), 3.94(s, 3H, OCH,), 4.44(s, 2H, SCH,), 6.95(d, J=8.8 Hz, 2H,
ArH), 7.01 (s, 2H, ArH), 7.21 (s, 2H, ArH), 7.34(d, J=5.6 Hz, 2H, ArH), 8.15(s, 1H,
CH=N); ESI-MS, m/z; 591.3[ M+Na]", 569.4[ M+1]"; IR(KBr), #/em™: 3326, 1578, 1477,
1457, 1239, 1188, 1129; JCHE M1 (% , CxH,yN,0,S 5 {H): € 59.26(59.14), H 5.30(5.14),
N 9.95(9.85), S 5.55(5.64).

(E)-5-(3,4,5- = HEFIREL) 3-AF G K HANEE-N-(3,4,5-— H A FERFLW F 3 ) 4H-1,2 ,4-— M-
4-Wz(9)) : HOEA, R 78% , m.p. 124 ~125 °C. "H NMR (400 MHz, CDCL,), &: 3.83(s, 6H, 2x
OCH,), 3.88(s, 3H, OCH,), 3.90(s, 6H, 2xOCH,), 3.94(s, 3H, OCH,), 4.59(s, 2H, SCH,),
7.01(s, 2H, AtH), 7.15 ~7.24(m, 4H, ArH), 7.35(dd, J=1.6, 7.6 Hz, 1H, ArH), 7.48(dd, J=
1.8, 7.4 Hz, 1H, ArH), 8.18(s, 1H, CH=N) ; ESI-MS, m/z: 607.3[ M+Na]*, 585.3[ M+1]*; IR
(KBr), #/em™; 3458, 2995, 1608, 1481, 1469, 1242, 1127, 1006, 738; JTCE /M1 (% , CpH,yN,0,S
TEAE) . € 57.41(57.48), H4.93(5.00), N9.45(9.58), S5.60(5.48).

(E)-1-XJ @ AHE-S5-(3,4,5-=HAILRRL) 2-[4-(3,4,5- = HEILFEIL FH W 3L ) 14H-1,2 ,4-=
Me 3B KL 2B (9K ) : F AR, R 76% , m.p. 149 ~ 151 °C. "H NMR (400 MHz, CDCL,), &: 3.82
(s, 6H, 2xOCH,) , 3.88(s, 3H, OCH,), 3.91(s, 6H, 2x0CH,) , 3.95(s, 3H, OCH,), 4.91(s, 2H,
SCH,), 7.09(s, 2H, ArH), 7.18(s, 2H, ArH) , 7.47(d, J=4.4 Hz, 2H, ArH), 7.99(d, J=8.8 Hz,
2H, ArH), 8.44(s, 1H, CH=N) ; ESI-MS, m/z: 635.2[ M+Na]*, 613.3[ M+1]*; IR(KBr), #/cm™";
3466, 2941, 1589, 1487, 1360, 1155, 1130, 770; JLE M1 (% , C,,H, CIN,0,S i1 {H) . C 56.72
(56.81), H4.67(4.77), N9.06(9.14), S 5.44(5.23).

(E)-5-(3,4,5- =R HE) 3 BB HE-NV-(3,4,5- = AU LA LT 1 L ) 4 H-1 2, 4- =Mk 4-Jiig
(91): FGEMA, WK 73% , m. p. 141 ~142 <C. 'H NMR (400 MHz, CDCl,), 8: 3.82(s, 6H, 2x
OCH,), 3.87(s, 3H, OCH,), 3.89(s, 6H, 2x0CH,), 3.93 (s, 3H, OCH,), 4.49(s, 2H, SCH,),
7.01(s, 2H, ArH), 7.23(s, 2H, ArH), 7.27 ~7.31(m, 3H, ArH), 7.35(dd, J=2.0 Hz, J=7.6 Hz,
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2H, ArH), 8.13(s, 1H, CH=N) ; ESI-MS, m/z: 573.4[ M+Na]*, 551.4[ M+1]*; IR(KBr) , #/cm™";
3432, 2937, 1578, 1524, 1457, 1239, 1128, 1006, 742; JGEIMHF (% , C,H, N, 0,S T15E) : C61.34
(61.08), H5.38(5.49), N 10.32(10.18), S 5.63(5.82).

(E)-3-HHik-5-(3,4,5- = HAEEREL) -N-X R IE T H L4 H-1,2,4- =184 (9m) . P REE,
W 71% , m.p. 168 ~169 °C. 'H NMR(400 MHz, CDCL,), 8: 2.76(s, 3H, SCH;), 3.80(s, 6H, 2x
OCH,), 3.87(s, 3H, OCH,), 7.20(t, J=6.8 Hz, 4H, ArH), 7.87(dd, J=5.6, 8.4 Hz, 2H, ArH) ,
8.49(s, 1H, CH = N); ESI-MS, m/z: 425.7[ M+Na]*, 403.8[ M+1]"; IR(KBr), #/cm™"; 2939,
1614, 1522, 1487, 1234, 1158, 1122, 850, 735; Ju&R 77 #Hr (%, C,H,,FN,0,S i1 5 H) . C 56.99
(56.70), H4.65(4.76), N 14.07(13.92), S7.68(7.97).

(E)-5-(3,4,5- = HAFIRRL ) 3K I FE-N-XF AR S I 4H-1,2,4- =41 (9n) . [
M, WF 69% , m.p. 125 ~127 °C. "H NMR (400 MHz, CDCL,), §: 3.78(s, 6H, 2xOCH, ), 3.84(s,
3H, OCH,), 4.44(s, 2H, SCH,), 7.13 ~7.17(m, 4H, ArH), 7.23 ~7.25(m, 3H, ArH), 7.30(t,
J=6.0 Hz, 2H, ArH), 7.76 ~7.79(m, 2H, ArH), 8.22(s, 1H, CH=N) ; ESI-MS, m/z: 501.7[ M+
Nal*, 479.7[M+1]*; IR(KBr), #/em™"; 2970, 2938, 1602, 1524, 1457, 1173, 1125, 738; JLE /T
(% , C,sH,,FN,0,S i151f) : C 62.50(62.75), H4.78(4.84), N11.78(11.71), S 6.93(6.70).

(E)-5-(3,4,5-=HAFIRIL) 3AF G T IR IL-N-XF A TE W HH 4 H-1,2 4-=M 41 (90) : H
A, I 69% , m.p. 125 ~127 °C. "H NMR (400 MHz, CDCL,), &: 3.79(s, 6H, 2xOCH,) , 3. 86
(s, 3H, OCH,), 4.55(s, 2H, SCH,), 7.14 ~7.19(m, 6H, ArH), 7.31(dd, J=1.4, 8.0 Hz, 1H,
ArH), 7.42(d, J=1.6 Hz, 1H, ArH), 7.79(dd, J=5.4, 8.6 Hz, 2H, ArH), 8.32(s, 1H, CH=N);
ESI-MS, m/z: 535.6[ M+Na]*, 513.6[ M+1]*; IR(KBr), #/ecm™": 2952, 2932, 1614, 1601, 1486,
1461, 1152, 863, 774, 539; JLE W #H7 (%, C,H,, CIFN,0,S 15 ). C 58.78(58.53), H 4.23
(4.32), N11.05(10.92), S 6.17(6.25).

(E)-5-(3,4,5- = A FEIERL ) 3050 Fomit FL-N-XF F A LW F L4 H-1,2,4- =Mk 4-}2(9p) : H
@FEA, IR 78% , m. p. 136 ~137 °C. "H NMR(400 MHz, CDCL,), &: 3.79(s, 6H, 2xOCH,) , 3. 85
(s, 3H, OCH,), 4.42(s, 2H, SCH,), 6.94(t, J=8.6 Hz, 2H, ArH), 7. 17(t, J=7.2 Hz, 4H, ArH) ,
7.30(dd, J=5.4,8.6 Hz, 2H, ArH), 7.79(dd, J=5.4, 8.6 Hz, 2H, ArH), 8.28(s, 1H, CH=N);
ESI-MS, m/z: 519.6[ M+Na]*, 497.7[ M+1]*; IR(KBr), #/em™"; 2961, 2937, 1601, 1510, 1479,
1172, 1126, 860; JTLE W (% , C,sH,,F,N,0,S T3 AH) . C 60.63(60.47), H 4.38(4.47), N 11.41
(11.28), S6.73(6.46).

(E)-3-RNFERIES-(3,4,5-= I E LR L) -N-XH R FL T F R4 H-1,2 4- =42 (9q) : H{
AR, W% 85% , m. p. 147 ~ 148 °C. '"H NMR (400 MHz, CDCL,), &: 2.26(t, J=2.6 Hz, 1H,
=CH), 3.79(s, 6H, 3xOCH,), 3.85(s, 3H, OCH,), 4.00(d, J=2.4 Hz, 2H, SCH,), 7.19(t, J=
9.4 Hz, 4H, ArH), 7.87(dd, J=5.4, 8.6 Hz, 2H, ArH), 8.48 (s, 1H, CH=N); ESI-MS, m/z:
449. 6 M+Na]*, 427.7[M+1]*; IR(KBr), #/cm™"; 3253, 2987, 1601, 1484, 1284, 1240, 1125, 860,
734, 543; LRI (%, C, H FN,0,S T15{H) : €59.39(59.14), H4.32(4.49), N 13.49(13.14),
S7.39(7.52).

(E)3-JHNEEIE-5-(3,4,5- = WA FE AR I ) N UK FE W H HE4AH-1,2 4-— 417 (9r) . HE
AR, YH 76% , m.p. 115 ~116 °C. "H NMR(400 MHz, CDCL,) , &: 3.78(s, 6H, 2xOCH,) , 3. 84(s,
3H, OCH,), 3.92(d, J=4.8 Hz, 2H, SCH,), 5.11(d, J=10.0 Hz, 1H, =CH,), 5.25(dd, J=1.2,
17.2 Hz, 1H, =CH,), 5.87 ~5.96(m, 1H, CH,CH =), 7.17(dd, J=6.8, 10.0 Hz, 4H, ArH),
7.87(dd, J=5.4,8.6 Hz, 2H, ArH), 8.46(s, 1H, CH=N); ESI-MS, m/z: 451.7[ M+Na]*, 429.7
[M+1]"; IR(KBr), #/em™ : 3008, 2360, 1600, 1482, 1452, 1238, 1158, 1125, 863, 539; JLE /T
(% , C, H, FN,0,S HH(H) : € 58.93(58.87), H4.74(4.94), N 13.23(13.08), S 7.72(7.48).
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2 RGN

21 & K

I 445 TS PR R T 5 S AR Al 5 W e i o e S 0 e i o K i A T 4-E AR
FE-1H-1,2,4-= -5 (4H) Tl (5) 72 CBEH S ke 22, Ho 4 2R RS, LA, MEL
SBERONL. A/ B DKL RE B R 2 A S W ROV A, (R A A IR B, o I e o )R
8 A LI AR B, I ASCREAAR Z v AT . S g ) ik S A 2 L B8 BRI BT RS SR I fe WU HU A A — o
JUAT Sy, AR E B 1o BT B R Ak T 2 5 E-2CA B, A & 5 55 BOPUAR P B ) 4 5 iR R 52
PERsl. AR EPRMEA Y 9a ~9r B, BEFFE NaOH A IRAE, ffi (E)-4-BURHEIL ZFH-3-(3,
4,5- =SSR ) -1 H-1,2 ,4- = -5 (AH) BB A S0 HE 0708 1, REAR A M5 1 A S AR R U U
RAE R AR E Y. T BB VAT, AN TR BARE S 2 A ATURE AT, il 7528
AR, RISl b A B R A
2.2 EYiEN
2.2.1 WMHEFEE RAAKERE, DIFEMZER (Fusarium oxysporum f. sp. cubense) . H—F K BE
( Pestalotiopsis palmarum) . #5 BE¥s f 1 ( Corynespora cmssiicola) . =5 5 AH Wi ( Colletotrichum gloeospori-
oides ) N IKFEEUHR ] ( Rhizoctonia solani) A INAEER, LA 35 HLEE S 18 77 60 1S ( Flusilazole ) iy X FR 2
A, AT THVEREPEIE , L 150 mg/L, PNALERILE 1.

Table 1 Fungicidal activities of compounds 7a—7f and 9a—9r”

Inhibitory ratio( % )

Compd. Fusarium oxysporum Pestalotiopsis Corynespora cmssticola Colletotrichum Rhizoctonia
[ sp. cubense palmarum (Berk & Curt. ) Wei gloeosporioides PenZ solani
Ta ++ - - - +
7b + - - - -
Tc - - - - +
7d - - - + +
Te + - - - -
7f + - - - +
9a ++ + + + ++++
9b - - - - ++
9¢ + - + + ++
9d ++ ++ - + ++++
9e + - + + ++++
9f - - - - +
9g - - + - ++
9h - - - + ++
9i - - + - +
9j - + - - +
9k - - - -
91 - - - ++ ++
9m - - - - +
9n - + - - ++
90 ++ - - - +
9p - - + - ++
9q ++ - - - +
9r - - + - ++
Flusilazole ++++ ++++ ++++ +++ ++++

* Rating system for the inhibition percentage: ++++ =90% ;

+++ =80% ; ++ =60% ;

+ =50% ; - < 50%.

MR R R, B BARE S Y ARG 2 . 7 KB | AR 00 B S 2 SRR I T
PR RCE A TG 5 R G PR KR SUR o A B R B A, JE GRS 9a,
9d Fl9e MMM BCRAT LT AR R e, BAE— AN E. BIRRE , W 1,2 4- = AT A=
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Y1 (9a ~9r) Xt KRGS B A0 5P B T IR e 28 A B (Ta ~76) , FBANE 3L A (1951 AH R T
RSN E IS E. ST IREEEA Y (9a ~9r) , 245 =M IR E4EAE AR EBURIE R A H
(9a ~9e) I}, HAMBETEMEE I BALT R' 793,4,5-(MeO), BIILA Y 9f ~91 LA R' iy 4-F BUCIER 1L
G 9m ~9r, KILE 5O R 5| ABRIEAF]FHE S & W s . i, SHeEsYH
o, fEAH 9a, 9d Fil 9e I TR TG MEfe iy, FEWI =M BR 307 A7 Mk I A0 BOF % H A Ak A 9 B 30 18 76
Ve RTA:SE=A T

2.2.2 A EME LA S-FRURMENE (5-Fu) S XE R 254, SR DU F A S s b R b i SN HE (8 1k
(MTT) M E T BAREA Y Ta ~ 7 F1 9a ~9r XAl 40 ( A549 ) | LA 40 i (MD-MBA-231 ) FIi 51
g A0 ( PC-3M) RSN IR 16 1, IR SR an 3k 2 iR

Table 2 IC,, values of target compounds 7a—7f and 9a—9r against A549, MD-MBA-231 and PC-3M "

IC5/ (pmol « L71) 1Csp/ (pmol « L71)
Compd. Compd.

A549 MD-MBA-231 PC-3M A549 MD-MBA-231 PC-3M
7a >200 >200 >200 9h >200 >200 >200
7b >200 >200 >200 9i >200 >200 91.6
Tc 38.3 >200 >200 9j >200 >200 98.0
7d >200 >200 >200 9k 36.7 147.5 60.7
Te >200 >200 >200 91 >200 >200 >200
7 44.6 >200 >200 9m >200 >200 >200
9a >200 >200 34. 1 9n >200 89.6 >200
9b >200 >200 97.9 90 >200 >200 59.8
9¢c >200 >200 >200 9p >200 >200 >200
9d 104. 6 59.8 >200 9q >200 >200 61.3
9e >200 >200 41.1 9r >200 >200 >200
9f >200 >200 99.2 5-Fu 35.4 14.2 22.6
9¢ >200 >200 73.2

# 1Cyy values mean of three experiments in replicate.

PRSI 1 P T e 45 SR 3R B, A B W A B MR A S . AR E W Te, 76 19k XS
TEARM (AS49) 1 1C, (354 38. 3, 44. 6 F136.7 wmol/L, 5%+ FE 24 54 5 - Fa b M 1 f14 e g 410 1 335 42k
(1Cs,=35.4 pmol/L) HEALL T[] —/KF-. ek, LEH) 9k Xf MD-MBA-231 Fl PC-3M 4l 1C,, (A
SR 147.5 F160. 7 pmol/L, PRI Ry 15 i b J6 400 0 37 k. A SCHE 5 48 = R IR 1A [] HUA 6 X
HARME A PP 5 02 e IEA AR B AR, X IS A B W 0B ORI i 8 T A TR A
FEIETE#EATH.
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Syntheses and Biological Activities of Novel Imine and Imide
Derivatives Bearing 1,2 4-Triazole Moiety’

YANG Haikui', XU Wanfu®, DUAN Anna', YOU Wenwei' ", ZHAO Peiliang'*
(1. School of Pharmaceutical Sciences, 2. School of Basic Medical Sciences,

Southern Medical Universtiy, Guangzhou 510515, China)

Abstract According to active groups combination principle, a series of novel imine and imide derivatives
bearing 1,2 ,4-triazole moiety was designed and synthesized. The key intermediate 3-substituted phenyl-4-ami-
no-1,2,4-triazole-5-thiones was synthesized by esterification, hydrazinolysis, salt and cyclization reactions,
and then was condensed with aromatic aldehydes and isobenzofuran-1,3-dione to obtain imine and imide
derivatives, which were subjected to the thioetherification with suitable halides (RX) to produce the corre-
sponding 24 novel imine and imide derivatives bearing 1,2 ,4-triazole moiety. The structures of target com-
pounds were fully characterized by 'H NMR, IR, mass spectroscopy and elemental analysis. The preliminary
bioassay results showed that most of the compounds possessed certain fungicidal activities. At the concentration
of 150 mg/L, the inhibition rates of compounds 9a, 9d and 9e against Rhizoctonia solani were very similar
with the commercial fungicide Flusilazole. Meanwhile, the preliminary structure-activity relationships ( SAR)
were discussed in order to investigate the essential structures required for their bioactivities. In addition, their
in vitro antitumor activities were evaluated against three cancer cell lines [ human alveolar epithelial cells
(A549) , human breast cancer cells ( MD-MBA-231) and human prostate cancer cells (PC-3M) ] by the
methyl thiazolyl tetrazolium( MTT) chromatometry method with Fluorouracil as a positive contrast drug. The
bioassay data indicated that compounds 7¢, 7f and 9k showed similar antiproliferation with Fluorouracil against
A549 cell lines with 1C; values of 38. 3, 44. 6 and 36. 7 pwmol/L, respectively. Most interestingly, compound
9k also exhibited a broad spectrum of antitumor activity against MCF-7 and MKN45 with 1C,, values of 147. 5
and 60. 7 pmol/L, respectively.

Keywords 1,2 ,4-Triazole; Fungicidal activity; Antitumor activity
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