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Abstract Ten novel three-ring heterocyclic Schiff-base derivatives were designed and synthesized. Their structures of all
these compounds were confirmed by '"H NMR, '*C NMR, IR spectra and elemental analysis. The preliminary result of bioassay
showed that the title compounds exhibited some degree of antifungal activities on G zeae, C. mandshurica and F. oxysporum
under 50 mg/L concentration.
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Scheme 1

1 RS
1.1 XE5IRF

JEOL-ECX 500 NMR # i 3:4R A (H A< H1 ), TMS
YE N bR, DMSO-dg } % 7); Elementar Vario-III %7624y
FrAX (45 [E]); IR Prestige-21 L AR GREAL(H A A
A]), KBr 5 X-5 9% s e A LSV AR R GE). BT
RFBI A AT ali; 4-F FE-5-(3,4,5- = AR LR IE)-1,2,4-
=3B (1) I SCER[13, 1478045 4-BUR 2R X R T
Ji-5-(3,4,5- = A FL A HL)-4H-1,2,4- = M-3-5 i (2) 3 1]
SCHR[9]H 4%
1.2 FE{K 2-(3-5-LIE-2-5)-4,5- — 5-3(2H)-hk =
(4)HIE R

¥ 0.1 mol 2,3- &UERE N %2 250 mL 1) = FUfEH,
SRIGINA 100 mL 1] 80% /K& BHA, I Eli 5 h,
TLC REFZE RN 5e 4, AHEER, M KE AR
A, hIETH A 3, E 95%. mp. 169~171 “C(3CHik
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151168 C).

¥ 10 mmol FEARIMAZE 250 mL 1) = FfH,
A 100 mL IR, BP0, R 10
mmol HIALEY3, I 8 mL I 5% EhBRVAE, hna]
Wit 3 h, TLC BREZSE RV 54, Tk LW, 3K
g, FJoK CREESS &, 7779 4. BEEERAK,
% 80.8%. m.p. 201~202 °C; 'H NMR (DMSO-dg, 500
MHz) d: 8.59 (t, J=1.70 Hz, 1H, C¢H;NH), 8.41 (d, J=
230 Hz, 1H, C¢H;NH), 827 (d, J=8.05 Hz, IH,
CeH;NH), 7.66 ~7.68 (m, 1H, CH=NN); *C NMR
(DMSO-d;, 125 MHz) 6: 155.5, 149.4, 148.6, 140.5, 138.1,
137.1, 134.4, 128.5, 127.9; IR (KBr) v: 3081, 1664, 1646,
1592, 1461 cm™ .

1.3 BfLE¥ 5 MEK

# 1.5 mmol L&) 2. 1.5 mmol FITREREIAT 30 mL
ZNEET 100 mL MV, SEBHE 1S min 5, A
1.5 mmol [F] 4 £ 45 CF M. 2 h, TLC BREE S [ V. 5E 4,
g, RV IK T, S Eg, Tk e, [k
SREAE T VCH M) © M OR TR =1 115 54k
b, 13774 5a~5j.

(E)-4-50-2-(3-FUNE Iz -2-F85)-5-((4-((4-FAIE K H3E)
R H)-5-(3,4,5- — FAR L K HL)-4H-1,2,4- — M:-3- 6 ) B
H)-32H)-WER i (Sa): RO AR, 7 41.5%. m.p.
123~125 °C; "H NMR (DMSO-d, 500 MHz) &: 9.03 (s,
1H, CH=N), 8.56~8.58 (m, 1H, C¢H;NH), 8.23~8.25
(m, 1H, C¢H3NH), 7.96~7.99 (m, 2H, 4-FC¢H,), 7.72 (s,
1H, CH=NN), 7.64~7.67 (m, 1H, C¢H;NH), 7.39~7.42
(m, 2H, 4-FCgH,), 7.21 [s, 2H, (CH;0);C¢Hs], 3.71 [s, 6H,
(OCH3),], 3.68 (s, 3H, OCH3); *C NMR (DMSO-d, 125
MHz) §: 170.6, 165.0, 154.3, 153.4, 152.4, 149.4, 148.6,
140.4, 139.9, 139.7, 1352, 132.4, 131.2, 128.5, 128.3,
127.8, 121.5, 117.4, 117.2, 106.1, 60.5, 55.9; IR (KBr) v:
3018, 2933, 2835, 1732, 1693, 1672, 1600, 1510, 1477,
1429, 1283, 734 cm™ . Anal. caled for CpH,CLFN,0,S:
C 51.60, H 3.21, N 15.60; found C 51.80, H 3.33, N 15.86.

(E)-4-5-2-(3- 5L IE -2-FE)-5-((4-((4-F R FE R T
R I )-5-(3,4,5- = H A JE ORI )-4H-1,2,4- = W3- i
H55)-3Q2H)- Mk I (Sb): H KK, 7% 39.2%. m.p.
149~151°C; '"H NMR (DMSO-ds, 500 MHz) J: 9.07 (s,
1H, CH=N), 8.61 (d, J=5.15 Hz, 1H, C¢H;NH), 8.28 (d,
J=6.30 Hz, 1H, C¢H;NH), 7.95 (d, J=8.55 Hz, 2H,
4-CIC¢Hy), 7.67 (d, J=8.55 Hz, 2H, 4-CIC¢H,), 7.76 (s,
1H, CH=NN), 7.70 (t, J=4.55 Hz, 1H, C¢H;NH), 7.67 (d,
J=8.55 Hz, 2H, 4-CIC4H,), 7.24 [s, 2H, (CH;0);CsHa],
3.75 [s, 6H, (OCH,),], 3.72 (s, 3H, OCHs); >C NMR
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(DMSO-d, 125 MHz) 6: 170.4, 154.3, 153.5, 152.4, 149.5,
148.6, 140.5, 139.9, 139.8, 139.7, 139.2, 135.3, 131.4,
131.3, 130.5, 130.2, 128.5, 127.9, 121.5, 106.3, 60.7, 56.4;
IR (KBr) v: 3075, 2931, 2831, 1714, 1680, 1674, 1633,
1589, 1475, 1429, 1242, 735 cm '. Anal. caled for
C,7H1CL5N;0,S: C 50.28, H 3.13, N 15.20; found C 50.53,
H 3.43, N 15.53.

(E)-d-50-2-(3- ML IE -2- 2 )-5-((4-((H e Y R 3 )
5 )-5-(3,4,5- = H A O DR O )-4H-1,2,4- = M3 38 ) B
HE)-3(2H)-MER A (Se): RFTERIAR, 7H 41.5%. m.p.
199~201°C; '"H NMR (DMSO-d;, 500 MHz) d: 9.03 (s,
1H, CH=N), 8.56 (d, J=5.15 Hz, 1H, C¢H;NH), 8.23 (d,
J=6.90 Hz, 1H, CcH;NH), 7.88 (d, J=7.40 Hz, 2H,
CeHsH), 7.73 (s, 1H, CH=NN), 7.64~7.67 (m, 2H,
CeH;NH+C¢HsH), 7.55 (t, J=7.45 Hz, 2H, C¢H;H), 7.22
[s, 2H, (CH;0);C¢H>], 3.71 [s, 6H, (OCHs),], 3.67 (s, 3H,
OCHj;); *C NMR (DMSO-d;, 125 MHz) 6: 171.9, 154.2,
153.5, 152.4, 149.5, 148.6, 140.4, 139.9, 139.7, 139.6,
135.2, 134.5, 131.6, 131.1, 130.0, 129.6, 128.5, 127.8,
121.5, 106.1, 60.6, 56.4; IR (KBr) v: 3061, 2929, 2835,
1730, 1687, 1674, 1611, 1583, 1479, 1423, 1236, 731
cm” L. Anal. caled for Co;Hy CLN;0,S: C 53.12, H3.47, N
16.06; found C 53.43, H 3.62, N 16.34.

(E)-4-50-2-(3- G -2- 5 )-5-((4-((4- T AL R U
FH L) 2 HE)-5-(3,4,5- = AL R O)-4H-1,2,4- — -3 -4E)
T IE)-3(2H)-ME BRI (5d): ¥R FEERR, 77% 43.3%. m.p.
163~165 ‘C; "H NMR (DMSO-d;, 500 MHz) d: 8.91 (s,
1H, CH=N), 8.57 (d, J=4.55 Hz, 1H, C¢H;NH), 8.24 (d,
J=8.05 Hz, 1H, C¢H;NH), 7.84 (d, J=8.60 Hz, 2H,
4-CH;0CgH,), 7.71 (s, 1H, CH=NN), 7.66 (t, J=6.55 Hz,
1H, C¢H;NH), 7.23 [s, 2H, (CH;0);CsH,], 7.09 (d, J=8.60
Hz, 2H, 4-CH;0C4H,), 3.82 (s, 3H, OCH,), 3.70 [s, 6H,
(OCHs),], 3.67 (s, 3H, OCH3); *C NMR (DMSO-d, 125
MHz) 6: 171.23, 154.6, 153.2, 152.4, 149.6, 148.8, 140.5,
139.9, 139.7, 135.3, 131.9, 130.9, 128.7, 127.9, 123.9,
121.6, 115.5, 106.0, 60.7, 60.2, 56.3; IR (KBr) v: 3021,
2931, 2833, 1735, 1693, 1666, 1598, 1556, 1514, 1427,
1238, 744 cm™'. Anal. caled for C,gHy;CLN,OsS: C 52.51,
H 3.62, N 15.31; found C 52.60, H 3.91, N 15.64.

(E)-4-50-2-(3- UL e -2-F5)-5-((4-((2,3- A A L 2R
I ) 2 2E)-5-(3,4,5- — W AR R R 5E)-4H-1,2,4- — 4:-3-
TR IE)-32H)-MEHE I (Se): IRTTER AR, F7R 44.5%.
m.p. 203~205 C; 'H NMR (DMSO-ds, 500 MHz) §:
8.98 (s, 1H, CH=N), 8.55 (d, J=4.60 Hz, 1H, C4H;NH),
8.22 (d, J=8.00 Hz, 1H, C¢H;NH), 7.78 (s, 1H, CH=
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NN), 7.61~7.69 [m, 2H, C¢H;NH~+(CH;0),C¢Hs], 7.37
[d, J=3.45 Hz, 1H, (CH;0),C¢Hs], 7.21 [s, 2H, (CH;0);-
CeHs], 7.11 [d, J=9.15 Hz, 1H, (CH;0),C¢Hs], 3.73 [s,
6H, (OCH,),], 3.70 (s, 3H, OCH3), 3.69 [s, 6H, (OCH3),];
C NMR (DMSO-d;, 125 MHz) 0: 165.3, 154.9, 154.3,
153.7, 153.5, 152.6, 149.5, 148.6, 140.4, 139.8, 139.2,
135.1, 132.2, 130.8, 129.2, 128.5, 127.9, 123.1, 121.8,
114.8, 109.9, 106.4, 65.58, 57.00, 56.4, 56.1; IR (KBr) v:
3091, 2935, 2835, 1721, 1689, 1674, 1587, 1571, 1481,
1425, 1128, 732 cm™ L. Anal. caled for CooHysCLN,O6S: C
51.95, H 3.76, N 14.62; found C 51.98, H 3.83, N 14.83.
(E)-4-5-2~(3- ML IE -2-38)-5-((4-((2- A KL IR F )
A H)-5-(3,4,5- = WA KL R HE)-4H-1,2,4- — M -3- 5 B
H5)-3(2H)-ME MR (S6): R AR KR, 77F 46.6%. m.p.
222~224 °C;'H NMR (DMSO-d;, 500 MHz) d: 9.19 (s,
1H, CH=N), 8.60 (d, J=4.55 Hz, 1H, C¢H;NH), 8.27 (d,
J=8.00 Hz, 1H, CsH;NH), 8.05 (t, J=7.45 Hz, 1H,
CeH;NH), 7.69 (s, 1H, CH=NN), 7.68~7.69 (m, 2H,
2-FC¢H,), 7.40~7.47 (m, 2H, 2-FC¢H,), 7.26 [s, 2H,
(CH;0)5C¢H,], 3.77 [s, 6H, (OCHs,),], 3.73 (s, 3H, OCH3);
C NMR (DMSO-d;, 125 MHz) 0: 164.9, 163.5, 161.4,
154.2, 153.4, 152.5, 149.5, 148.6, 140.4, 139.9, 139.8,
139.6, 136.8, 135.1, 131.1, 128.6, 127.9, 126.1, 121.6,
119.4, 117.2, 106.2, 60.8, 56.3; IR (KBr) v: 3013, 2933,
2829, 1730, 1693, 1676, 1614, 1585, 1465, 1423, 1238,
775 em ', Anal. caled for Co7HyCLFN,0,S: C 51.60, H
3.21, N 15.60; found C 51.91, H 3.53, N 15.82.
(E)-4-50-2-(3-FMEE -2-F)-5-((4-(B- AL X FH 3L
A H)-5-(3,4,5- = WA K R HE)-4H-1,2,4- — M -3- L) B
H55)-3Q2H)-REWE I (5g): R AR R, 7% 46.1%. m.p.
213~215 ‘C;'H NMR (DMSO-d;, 500 MHz) d: 9.04 (s,
1H, CH=N), 8.57 (d, J=4.55 Hz, 1H, C¢H;NH), 8.24 (d,
J=8.00 Hz, 1H, C¢H;NH), 7.50~7.75 [m, 6H, (C¢H;N-
H+ CH=NN+3-FC¢H,)], 7.21 [s, 2H, (CH;0);C¢H.],
3.72 [s, 6H, (OCH,),], 3.68 (s, 3H, OCHs); >C NMR
(DMSO-d, 125 MHz) §: 170.3, 163.8, 161.8, 154.2, 153.6,
152.5, 149.8, 148.9, 148.8, 140.5, 139.8, 135.3, 133.9,
132.3, 131.3, 128.6, 127.9, 126.3, 121.4, 121.2, 115.5,
106.2, 60.5, 56.6; IR (KBr) v: 3033, 2933, 2842, 1767,
1566, 1556, 1454, 1444, 1423, 1420, 1236, 750 cm .
Anal. caled for CyHCLFN;0,S: C 51.60, H 3.21, N
15.60; found C 51.76, H 3.43, N 15.93.
(E)-4-5-2-(3- S ML e -2-35)-5-((4-((2,5- FH A L ok 5
WK 3 2 )-5-(3,4,5- — F A HE Rk )-4H-1,2,4- — W3-
VR FE)-3(2H)- LR (Sh): RO K, 77% 38.3%.
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m.p. 185~187 °C;'H NMR (DMSO-d;, 500 MHz) ¢: 9.02
(s, 1H, CH=N), 8.56 (d, J=4.00 Hz, 1H, C¢H;NH), 8.23
(d, J=8.00 Hz, 1H, C¢H;NH), 7.77 (s, 1H, CH=NN),
7.65 (t, J=8.60 Hz, 1H, C¢H;NH), 7.51 [d, J=8.00 Hz,
1H, (CH;0),C¢H;], 7.31 [d, J=8.05 Hz, 1H, (CH;O),-
CeHs], 7.20 [s, 3H, (CH;0),CsH;+(CH;0);CH, ], 3.82 (s,
3H, OCH,), 3.72 [s, 6H, (OCH;),], 3.68 (s, 3H, OCH,),
3.64 (s, 3H, OCHs); °C NMR (DMSO-d,, 125 MHz) ¢:
165.1, 154.5, 154.2, 153.6, 153.3, 152.8, 149.4, 148.7,
140.8, 139.0, 139.1, 135.0, 132.1, 130.1, 129.0, 128.1,
127.4, 123.0, 121.3, 114.5, 109.6, 106.2, 65.5, 57.2, 56.3,
56.2; IR (KBr) v: 3050, 2960, 2837, 1730, 1668, 1591,
1573, 1494, 1477, 1427, 1238, 744 cm™'. Anal. calcd for
CaoHpsCILN,04S: C 51.95, H 3.76, N 14.62; found C 60.21,
H 3.96, N 14.85.
(E)-4-5-2-(3- 5L e -2-35)-5-((4-((E)-(E)-3- 2L LI
VR R ) B0 )-5-(3,4,5- = HUARU I 3L )-4 H-1,2,4- = -
3-3L) i 5L )-3(2H)-MEWE R (S): IR K, 7% 39.8%.
m.p. 226~228 C; 'H NMR (DMSO-ds, 500 MHz) §:
8.73 (d, J=9.15 Hz, 1H, CH=N), 8.60 (d, J=4.60 Hz,
1H, C¢H;NH), 8.27 (d, J=8.00 Hz, 1H, C¢H;NH), 7.76~
7.78 (m, 2H, CH=CH), 7.74 (s, 1H, CH=NN), 7.69 (t,
J=8.05 Hz, 1H, C¢H;NH), 7.36~7.51 (m, 5H, C¢HsH),
7.21 [s, 2H, (CH;0);C¢H,], 3.81 [s, 6H, (OCH3),], 3.74 (s,
3H, OCH;); "C NMR (DMSO-d,, 125 MHz) §: 173.7,
1543, 153.3, 152.3, 150.2, 149.5, 148.7, 140.4, 140.2,
139.7, 135.0, 131.4, 130.8, 129.6, 129.0, 128.5, 127.8,
122.9, 121.9, 121.6, 106.3, 105.7, 60.7, 56.5; IR (KBr) v:
3019, 2922, 1770, 1625, 1577, 1556, 1519, 1479, 1423,
1296, 1240, 723 cm™ L. Anal. caled for CooHyCLN,0,S: C
54.72, H 3.64, N 15.40; found C 54.92, H3.87, N 15.71.
(E)-4-5-2-(3- ML IE -2-38)-5-((4-((2-F AR KL IR FE)
A HE)-5-(3,4,5- = AU L R Ok )-4H-1,2,4- = M -3- 3 ) it
HE)-3(2H)- MR (55): R EOROR, 7% 35.8%. mup.
231~233 ‘C; '"H NMR (DMSO-d,, 500 MHz) d: 9.14 (s,
1H, CH=N), 8.56 (d, J=4.55 Hz, 1H, C¢H;NH), 8.23 (d,
J=6.90 Hz, 1H, C¢H;NH), 8.08 (d, J=7.45 Hz, 1H,
2-CIC¢Hy), 7.78 (s, 1H, CH=NN), 7.61~7.67 (m, 3H,
2-CIC¢H,+C¢H3NH), 7.51 (t, J=7.45 Hz, 1H, 2-CIC4H,),
7.19 [s, 2H, (CH;0);C¢H,], 3.73 [s, 6H, (OCH3),], 3.69 (s,
3H, OCH;); "C NMR (DMSO-d,, 125 MHz) §: 166.0,
1542, 153.5, 152.8, 149.6, 148.7, 140.4, 140.2, 139.9,
139.3, 136.0, 135.7, 134.9, 131.1, 130.7, 129.1, 128.8,
128.6, 128.5, 127.9, 121.6, 106.7, 60.8, 56.6; IR (KBr) v:
3061, 2922, 1739, 1676, 1589, 1558, 1479, 1456, 1423,
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1236, 1132, 771 em” ', Anal. caled for CyHaCLI3N;0,S: C
54.72, H 3.64,N 15.40; found C 54.92, H 3.87, N 15.71.

2 ZR5WE

21 BHEHE
2.1.1 A

R AR 2-JFRE-3- G BE ) A R, R 80% /KA
JWF R RV 70 A s N 40, AR I ) 4 281 AR ) 7
KRR 2-(3-FUEIE -3-3E)-4,5- 5 -3(2H)- Mk R i
DA R, BRI 5% 3k B i A 15
REAE— S PR RE 45 B N N TR O N A A 12 50 26 BRI
WAEMEAT, 1R 3 h, RV 54, AMMAERER KV IRGE
AT, AN SEANITTE 6 h) .

HAsb & 5 6k, LLEFRMEEY) Se (MG
W, KT CNEMRBRAER, FH L 6 h, RV
564%, TLC FREERINAT M= i, AEJEHT 4 5453 H
FrAtE 1) Se FRURARIKI R 6, 2 J5 75 AR I SO 4%
PEF, BT 45 °C, HidbE4 2 h, ROV5E4, 46k
TN TR, AHEIF 6 IR EH K2 AR, HE A
SE T AT, EITVE R INGAT AN 5 AL B A
P 6 MIEEGE R Eq. 1, BURRMLI R AR,
P2 % 30.9%. m.p. 168~170 C; "H NMR (DMSO-d;, 500
MHz) d: 8.99 (s, 1H, CH=N), 8.96 (s, 1H, CH=N), 8.51
(d, J=4.60 Hz, 1H, C¢H;NH), 8.16 (d, J=6.85 Hz, 1H,
CeH;NH), 7.85 (s, 1H, CH=NN), 7.58~7.61 (m, 1H,
CeH;NH), 7.35~7.36 [m, 2H, (CH;0),C¢H;], 7.18 [d, J=
2.85 Hz, 1H, (CH;0),C¢Hs], 7.16 [s, 2H, (CH;0);C¢H,],
7.15 [d, J=3.45 Hz, 1H, (CH;0),C¢Hs], 7.09 [s, 2H,
(CH;0);C¢H,], 7.07 [d, J=9.20 Hz, 1H, (CH;0),C¢Hs],
7.04 [d, J=9.75 Hz, 1H, (CH;0),C¢Hs], 3.71 [s, 6H,
(OCH,),], 3.69 [s, 6H, (OCH,),], 3.68 [s, 6H, (OCHs),],
3.67 (s, 3H, OCHj,), 3.66 [s, 6H, (OCHs),], 3.65 (s, 3H,
OCHj;); *C NMR (DMSO-d;, 125 MHz) d: 165.1, 164.2,
155.2, 154.9, 153.7, 153.5, 152.3, 150.9, 149.7, 148.6,
142.4, 142.0, 140.5, 140.3, 139.6, 139.5, 135.9, 131.6,
128.6, 127.7, 123.0, 122.9, 121.8, 121.7, 120.0, 119.9,
114.8, 114.7, 109.9, 109.7, 106.4, 105.8, 60.7, 56.9, 56.4,
56.4, 56.1; IR (KBr) v: 3013, 2913, 1714, 1660, 1587,
1496, 1458, 1427, 1350, 1224, 1126, 713 cm '. Anal.
caled for CyHysCIN;;O;S,: C 55.28, H 4.36, N 14.47;
found C 54.89, H 4.69, N 14.29.
212 Az

B P A 4 T RE SO HLEE W, Scheme 2. 564k
B 2-WEHE-3- G E (3) S ke FRAHE 1) p-AUR -1
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Table 1 Antifungal activities of target compound 5 (percent
inhibition/%)

Compound G. zeae C. mandshurica F. oxysporum
S5a 41.5+1.8 9.32+1.8 17.55+1.1
5b 46.4+3.0 5.02+1.7 19.54+0.8
Sc¢ 5.64+0.82 8.63+1.3 5.94+0.81
5d 29.97+1.0 9.32+1.7 21.85+1.2
Se 14.24+1.01 12.95+1.1 10.94+1.00
5f 16.91+1.25 9.71+£1.3 17.81+£1.32
5¢ 16.62+0.79 13.30+1.3 18.44+1.05
5h 6.53+1.09 4.68+1.2 3.13+0.83
5i 193119 5.02+1.7 15.23+0.9
5j 1.19£0.77 6.11+1.3 1.56+0.71

Carbendazim 100+5.4 100+6.0 100+5.9

R 1 AL, 7F 50 mg/L FIRIE T, (a4 5 5/
FEAREETR A~ SR R B AR, 2R W — s Il
HER, JLHr Sa L5 Sb bl /N2 7R B0 1R IR 26 43 31 )
L H 41.5%, 46.4%, H 6 /N2 R85 1A I 4R H Sk
S B S ST S0 S TR 9 VT AU 295 T 1.
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