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Synthesis, Structure and Their Biological Activities of
3-[(5-H/methyl-benzoimidazol-2-yl)methylthio]-5-
substituted-1,2,4-triazol-4-amine Derivatives
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(“ School of Chemistry and Chemical Engineering, Liaoning Normal University, Dalian 116029)
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Abstract Seventeen 3-[(5-H/methyl-benzoimidazol-2-yl)methylthio]-5-substituted-1,2,4-triazol-4-amine derivatives were
synthesized by the reaction of 4-amino-5-substituted-1,2,4-triazole-3-thiol with 2-chloromethyl-5-substituted-benzoimidazole
in sodium hydroxide solution. All the compounds were characterized by 'H NMR and IR spectra, and elemental analysis.
Moreover, one novel cobalt(Il) compound was obtained with the target compound 3f by solution method, and its structure was
characterized by X-ray single crystal diffraction analysis. Besides, the results of primary biological activity experiments on
wheat gemma and germination process of mung bean showed that these synthesized compounds had good activity, and the
compounds 3d and 3i even have inhibiting effect on Staphylococcus aureus.
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Scheme 1

1 SRIEERS
1.1 XE5RF
X-5 A s M A (RASHE, JE R R e AR AT PR A
H] )R R 24 BIE; VarioEL 1T J6 % 4 #r A (4 [
Elementar 23 #]); TENSOR27 i 37 AR 4 21 4 AL
(%% Bruker A#]), KBr J&)}; Bruker AXS SMART
APEX 11 CCD %Y X &5 o i 5 (B8 F A & v AXS 1
M Ti4T-2A 7]); BrukerAvance-500 MHz 4% 3t (Bt
Bruker A 7)), TMS & PR, DMSO-ds 5. Ak
Bk oy W ot s A 24t
1.2 HEMHERK
1.2.1 2-2 F A -5-BK R Fk e (la~1b) #9 &%,
IS 1208 o B BUARE e 2.2 g (0.02
mol), —% 2% 3.0 g (0.03 mol) T~ 50 mL F [l EE L,
TN 13 mL ) 6 mol/L HC1 R4, INFRIETAR 5 h, K & Y
JFIRE VI, ME K% pH=7. Wi, 5%
MR, M OREE L AR B/ NEDIR A 1a, 772
63.64%, m.p. 149.4~152.3 ‘CCCHRE: 152.5~155 C).
[FRE 7725014 1b, 773 56.78%, m.p. 124.6~126.7 “C(3L
kM 127~131 C).
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122 3-3H-4-2 I -5-FRAK-1,2,4- == (2a~20) 5%,

&Y 2a~2e $ZICHER[10, 11701, 2a: =%
42.45%, m.p. 198.7~199.9 “CCHRE"""": 199.0~201.0
‘C); 2b: FEE 54.94%, m.p. 192.0~193.0 “C k!>
192.0~193.0 C); 2¢: F*3 56.64%, m.p. 214.4~215.2
TR M 213.6 C); 2d: 77 FE 56.89%, m.p.
271.6~273.8 C; 2e: 2% 60.61%, m.p. 213.6~215.7 °C;

&) 28~2i FSCHR[12] % 28 773 71%, mup.
148.0~149.7 ‘CCCHRE": 149.0~150.0 C); 2g: =%
49.89%, m.p. 182.5~183.7 ‘C; 2h: "# 56.68%, m.p.
187.3~189.5 ‘CCCHR{E"?: 190.0~191.0 C); 2i: ;=&
87.76%, m.p. 136.2~138.4 °C.
123 B 4FA 4 3-(5-H/CHy- ¥ Ffoked 2- 2 F #
F)-5-BXA[1,2,4] =7 -4-B 4T A 4 3a~3q 895 %,

¥ 2.0 mmol 3-5HE-4-5FE-5-HUR-[1,2,4] = (2) B
71 15 mL (9 R, s TN 4 NaOH
(0.08 g, 2.0 mmol), PEG-600 £ 3 Ji, ¥ R¥EH 5 I 2.4
mmol 2-5 -5 HUAR 2RI mR v (1), 202 Tl [T,
TLC ERER, & RMNSER[EITH: VN @ V(&)=
121, FERA IR NaHCO; & pH=7. i},
3R, FH DMF/KER QR Ss, Tg)5, WA Hs
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r=4) 3a~3q.

3-(SH- 2K JF Bk Mg -2- 7 e )-5-(4- AR O OR
H)-[1,2,4] = Me-4-(3a): FIEE, P25 54.28%. m.p.
224.5~2259 C; 'H NMR (DMSO-d;, 500 MHz) o:
12.46 (s, 1H, NH), 7.92 [d, J=3.0 Hz, 1H, Ph; (Phenyl
connected to imidazole ring)], 7.52 (d, J=3.3 Hz, 1H,
Phy), 7.51 [(d, /=3.3 Hz, 1H, Ph, (phenyl or thiophenyl
connected to 1,2,4-triazole ring)], 7.17 (d, J=3.2 Hz, 1H,
Phy), 7.15 (d, J=3.2 Hz, 1H, Phy), 7.05~7.08 (m, 2H,
Ph)), 6.21 (s, 2H, NH,), 4.62 (s, 2H, SCH,), 3.81 (s, 3H,
OCHs;); IR (KBr) v: 3324, 3172, 2936, 2836, 1615, 1600,
1579, 1456, 1255, 1027, 828, 744, 692 cm . Anal. calcd
for C7HsN¢OS: C 57.94, H 4.58, N 23.85; found C 57.96,
H 4.55, N 23.82.

3-(SH-Z8 I K -2 3P HH it 3 )-5-(4- R 2R 3 )-[1,2,4]
M -4- 5 (3b): VAR A B fA [ A, 7% 58.33%. mup.
234.0~235.7 ‘C; 'H NMR (DMSO-ds, 500 MHz) o:
12.45 (s, 1H, NH), 7.97 (d, J=2.4 Hz, 1H, Ph), 7.75 (d,
J=2.4 Hz, 1H, Ph,), 7.74 (d, J=2.4 Hz, 1H, Ph,), 7.72 (d,
J=2.4 Hz, 1H, Ph,), 7.54 (d, J=7.0 Hz, 1H, Ph,), 7.47 (d,
J=6.9 Hz, 1H, Ph,), 7.13~7.17 (m, 2H, Ph;), 6.28 (s, 2H,
NH,), 4.64 (s, 2H, SCH,); IR (KBr) v: 3300, 3096, 1622,
1598, 1454, 1272, 826, 746, 694 cm . Anal. caled for
Ci¢H13NgSBr: C 47.65, H 3.75, N 20.94; found C 47.68, H
3.77, N 20.90.

3-(S5H- 2K I ok Mg -2 FF it i )-5-(2,4- SR S )-
[1,2,4] =M:-4-J1%(3e): = H AR EIAE, % 65.69%.
m.p. 240.5~241.8 ‘C; '"H NMR (DMSO-d,, 500 MHz) §:
12.48 (s, 1H, NH), 7.82 (d, J/=2.0 Hz, 1H, Ph;), 7.59 (d,
J=2.0 Hz, 1H, Ph,), 7.57 (s, 1H, Ph,), 7.55 (d, J=7.5 Hz,
1H, Phy), 7.47 (d, J=7.05 Hz, 1H, Ph,), 7.13~7.19 (m,
2H, Ph;), 6.01 (s, 2H, NH,), 4.65 (s, 2H, SCH,); IR (KBr)
v: 3328, 3136, 1602, 1558, 1450, 1272, 862, 814, 738, 684
cm L. Anal. caled for Ci¢H;oNgSCly: C 49.12, H 3.09 N
21.48; found C 49.16, H 3.06, N 21.45.

3-(SH- 7K Ff WK e -2- 3P FH it 6 )-5-(2- 72 2 R L )-
[1,2,4] = M:-4-JiZ (3d): [ 4k, =2 68.18%. m.p.
241.7~242.9 °C; 'H NMR (DMSO-d, 500 MHz)5: 12.45
(s, 1H, NH), 11.02 (s, 1H, Ph,-OH ), 7.86~7.90 (m, 1H,
Ph,), 7.55 (d, J=7.5 Hz, 1H, Ph,), 7.49 (d, J/=7.5 Hz, 1H,
Ph,), 7.33~7.37 (m, 1H, Phy), 7.13~7.18 (m, 2H, Ph)),
6.94~7.03 (m, 2H, Ph,), 6.12 (s, 2H, NH,), 4.64 (s, 2H,
SCH,); IR (KBr) v: 3332, 3272, 3060, 1626, 1596, 1490,
1440, 1276, 746, 730, 670 cm ' Anal. caled for
CisH14NOS: C 56.79, H 4.17, N 24.84; found C 56.81, H
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4.14,N 24.81.

3-(5H- 75 Ff WK W -2- 7. F A % )-5-(2- F R R A 0 )-
[1,2,4] = M:-4-J1z (3e): &8 AEHR AR, 2% 60.00%.
m.p. 236.2~238.7 “C; "H NMR (DMSO-d,, 500 MHz) J:
12.44 (s, 1H, NH), 7.66 (d, J=5.0 Hz, 1H, Ph,), 7.48~
7.55 (m, 2H, Ph,), 7.16 (d, J=5.0 Hz, 1H, Ph;), 7.15 (d,
J=5.0 Hz, 1H, Ph,), 7.05 (d, J=5.0 Hz, 1H, Ph,), 6.21 (s,
2H, NH,), 4.61 (s, 2H, SCH,), 2.43(s, 3H, Ph,-CH3); IR
(KBr) v: 3320, 3092, 2944, 2784, 1622, 1594, 1494, 1450,
1272, 730, 676 cm™ '. Anal. calcd for C;sH4NgS,: C 52.61,
H 3.98, N 24.54; found C 52.63, H 3.97, N 24.55.

3-(SH-ZRFFBRME-2- 7 FR R AL )-5- £ 55-[1,2,4] = M- 4-
Wz (3f): seda o fh ik, 73 46.18%. m.p. 193.1~193.7
‘C; '"H NMR (DMSO-ds, 500 MHz) d: 12.41 (s, 1H, NH),
7.49~7.52 (m, 2H, Phy), 7.16 (d, J=3.1 Hz, 1H, Ph,),
7.14 (d, J=3.1 Hz, 1H, Ph,), 5.92 (s, 2H, NH,), 4.55 (s,
2H, SCH,), 2.49~2.69 (q, J=7.6 Hz, 2H, CH,), 2.0 (t,
J=17.6 Hz, 3H, CH3); IR (KBr) v: 3344, 3188, 2970, 2940,
1624, 1534, 1452, 1272, 768, 684, 662 cm™'. Anal. calcd
for C17H ¢N4OS: C 52.54, H 5.88, N 30.63; found C 52.55,
H 5.85, N 30.67.

3-(SH-ZR FF K M2 M it I )-5- 2R 4 JE-[1,2,4] =
e -4- Jli (3g): B €0k R [ A, 77 # 71.68%. mup.
198.8~199.7 C; 'H NMR (DMSO-ds;, 500 MHz) o:
12.43 (s, 1H, NH), 7.54 (d, J=7.0 Hz, 1H, Ph,), 7.46 (d,
J=17.0 Hz, 1H, Ph,), 7.28~7.32 (m, 2H, Ph,), 6.96~7.16
(m, 5H, Phy), 6.14 (s, 2H, NH,), 5.17 (s, 2H, OCH,), 4.62
(s, 2H, SCH,); IR (KBr) v: 3340, 3192, 2936, 2860, 1622,
1600, 1454, 1230, 1078, 744, 686 cm'. Anal. caled for
Ci7HsNOS: C 57.94, H 4.58, N 23.85; found C 57.92, H
4.61,N 23.82.

3-(5H- 7K I K e -2- V. Y fig s )-5-(4- PG R 4 1
HE)-[1,2,4] = M:-4-J1Z (3h): S O gL AR, 7 59.94%.
m.p. 191.5~192.9 ‘C; "H NMR (DMSO-d,, 500 MHz) ¢:
12.43 (s, 1H, NH), 7.51 (d, J=7.2 Hz, 1H, Ph;), 7.49 (d,
J=8.5 Hz, 1H, Ph,), 7.12~7.16 (m, 2H, Ph,), 7.11 (d, J=
10.5 Hz, 1H, Ph,), 7.08 (d, J=8.5 Hz, 1H, Ph,), 6.97 (d,
J=8.6 Hz, 1H, Ph,), 6.94 (d, J=8.55 Hz, 1H, Ph,), 6.11
(s, 2H, NH,), 5.15 (s, 2H, OCH,), 4.62 (s, 2H, SCH,), 2.49
(s, 3H, Ph,-CH;); IR (KBr) v: 3184, 3136, 2920, 2860,
1614, 1588, 1510, 1454, 1078, 814, 740, 684 cm™'. Anal.
calcd for C;gH;sNcOS: C 59.00, H 4.95, N 22.93; found C
59.02, H 4.92, N 22.95.

3-(5H- 7K I K Me -2- . Y fing s )-5-(3- P 6 R 4
FHE)-[1,2,4] = M -4-Jlz (3i): S48 (A fh 4K, 773 78.03%.
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m.p. 196.9~198.3 °C; '"H NMR (DMSO-d,, 500 MHz) -
12.45 (s, 1H, NH), 7.51 (d, J=4.85 Hz, 1H, Ph;), 7.50 (d,
J=4.45 Hz, 1H, Ph)), 7.18 (t, J=7.0 Hz, 1H, Ph,), 7.14~
7.16 (m, 2H, Ph,), 6.78~6.89 (m, 3H, Ph,), 6.12 (s, 2H,
NH,), 5.15 (s, 2H, OCH,), 4.62 (s, 2H, SCH,), 2.49 (s, 3H,
Ph,-CH;); IR (KBr) v: 3324, 3176, 2928, 2784, 1586,
1490, 1454, 1288, 1024, 742, 684 cm™'. Anal. caled for
C1sH1sNgOS: C 59.00, H 4.95, N 22.93; found C 59.04, H
4.90,N 22.91.

3-(5- P — 2% I 9k 2= 3V F A, i )-5-(4- 480 6
Ho)-[1,2,4] = M:-4- 1% (3f): B A AR, 77H 56.80%.
m.p. 214.6~215.6 °C; '"H NMR (DMSO-d,, 500 MHz)
12.30 (s, 1H, NH), 7.95 (d, J=2.1 Hz, 1H, Ph;), 7.93(d,
J=2.1 Hz, 1H, Phy), 7.37 (d, J=3.0 Hz, 1H, Ph,), 7.29 (d,
J=3.0 Hz, 1H, Ph,), 7.07 (d, J=2.0 Hz, 1H, Ph,), 7.05 (d,
J=2.0 Hz, 1H, Ph,), 6.97 (s, 1H, Ph), 6.21 (s, 2H, NH,),
4.58 (s, 2H, SCH,), 3.82 (s, 3H, Ph,-OCH3) 2.39 (s, 3H,
Ph,-CH;); IR (KBr) v: 3464, 3116, 2936, 2846, 1616,
1582, 1484, 1458, 1254, 1022, 834, 800, 694 cm'. Anal.
calcd for CgH;sNsOS: C 59.00, H 4.95, N 22.93; found C
59.02, H4.91, N 22.97.

3-(5- F 35— % I 1k e -2 I R i )-5-(4- 1R 2K 3 )-
[1,2,4] = M:-4- iz (3k): B[, 7% 53.40%. m.p.
2102~211.9 ‘C; 'H NMR (DMSO-ds, 500 MHz) o
12.29 (s, 1H, NH), 7.96 (d, J=8.5 Hz, 1H, Ph,), 7.73 (d,
J=8.5 Hz, 1H, Ph,), 7.41 (d, J=4.0 Hz, 1H, Ph,), 7.33 (d,
J=4.0 Hz, 1H, Ph,), 7.00 (d, J=8.0 Hz, 1H, Ph,), 6.96 (d,
J=8.0 Hz, 1H, Ph,), 6.95 (s, 1H, Ph,), 6.27 (s, 2H, NH,),
4.60 (s, 2H, SCH,), 2.38 (s, 3H, Ph;-CH;); IR (KBr) v:
3331, 3164, 2936, 2846, 1616, 1582, 1484, 1458, 1254,
1022, 834, 800, 694 cm . Anal. calcd for C;;H,sN¢SBr: C
45.06, H 3.34, N 20.24; found C 45.08, H 3.32, N 20.27.

3-(5- FP 3 — 28 O K g 2= V. H B R )-5-(2,4- UK
H)-[1,2,4] = M -4- e 31): A p E [l A4, 77 46.30%.
m.p. 221.4~222.9 °C; '"H NMR (DMSO-d,, 500 MHz)
12.32 (s, 1H, NH), 7.81 (d, J=1.95 Hz, 1H, Ph;), 7.60 (d,
J=2.0 Hz, 1H, Ph,), 7.41 (d, J=8.2 Hz, 1H, Ph,), 7.34 (d,
J=7.8 Hz, 1H, Phy), 7.25 (s, 1H, Ph,), 6.98 (s, 1H, Ph,),
6.01 (s, 2H, NH,), 4.62 (s, 2H, SCH,), 2.39 (s, 3H,
Ph,-CH;); IR (KBr) v: 3300, 3144, 2938, 2820, 1600,
1558, 1528, 1450, 1280, 1050, 860, 808, 678 cm '. Anal.
calcd for C;7H 4sNeSCl,: C 50.38, H 3.13, N 20.68; found C
50.36, H 3.16, N 20.69.

3-(5- FF 3 — 2% I 1k 2= 3TV F A 3 )-5-(2- R 3 A At
F)-[1,2,4] = M-4- (3m): LI EEAA, F2F 68.60%.
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m.p. 213.6~214.5 °C; '"H NMR (DMSO-d,, 500 MHz) J:
12.30 (s, 1H, NH), 7.66 (d, J=5.1 Hz, 1H, Ph;), 7.40 (d,
J=8.2 Hz, 1H, Ph,), 7.34(d, J=8.9 Hz, 1H, Ph,), 7.04 (d,
J=5.1 Hz, 1H, Ph,), 6.96 (s, 1H, Ph;), 6.20 (s, 2H, NH,),
4.57 (s, 2H, SCH,), 2.50 (s, 3H, Phy-CHj), 2.38 (s, 3H,
Ph;-CH3); IR (KBr) v: 3332, 3104, 2920, 2810, 1632,
1540, 1496, 1448, 1278, 1098, 876, 834, 804, 678 cm .
Anal. calcd for C; HigNgS,: C 53.91, H 4.53, N 23.58;
found C 53.92, H 4.50, N 23.59.

3-(5- A B DR IR IR M-2- I FR A 6 )-5- £, 9 -[1,2,4] —
Me-4-Jfz (3m): VT EAE AR, 72 43.78%. m.p. 207.8~
208.9 ‘C; 'H NMR (DMSO-dq, 500 MHz) o: 12.25(s, 1H,
NH), 7.40 (s, J=7.65 Hz, 1H, Ph,), 6.99 (s, 1H, Ph,), 6.96
(s, J=7.65 Hz, 1H, Ph)), 5.92 (s, 2H, NH,), 4.52 (s, 2H,
SCH,), 2.58 (q, J=7.55 Hz, 2H, CH,), 2.38 (s, 3H,
Ph,-CH3), 1.21 (t, J=7.55 Hz, 3H, CHs); IR (KBr) v:
3352, 3200, 2976, 2940, 1632, 1538, 1450, 1276, 854, 798,
664 cm™!. Anal. caled for C;3H,NgS: C 54.91, H 4.26, N
29.56; found C 54.93, H 4.23, N 29.53.

3-(5- F 35— 58 O bk w2 WP PR 5 5L )-5- 2 AR PR -
[1,2,4] = M:-4-J1Z (30): M o5w R IE K, =3 53.70%.
m.p. 195.9~196.9 ‘C; "H NMR (DMSO-d,, 500 MHz) ¢:
12.29 (s, 1H, NH), 7.32 (s, 1H, Phy), 7.31 (d, J=7.3 Hz,
1H, Phy), 7.29 (d, J=7.3 Hz, 1H, Ph,), 6.96~7.07 (m, 5H,
Phy), 6.13 (s, 2H, NH,), 5.17 (s, 2H, OCH,), 4.58 (s, 2H,
SCH,), 2.38 (s, 3H, Ph;-CH3); IR (KBr) v: 3336, 3104,
2928, 2816, 1632, 1600, 1528, 1496, 1452, 1238, 1078,
852, 804, 748, 686 cm '. Anal. calcd for C3H;sN4OS: C
59.00, H 4.95, N 22.93; found C 59.03, H 4.92, N 22.93.

3-(5- F R~ - K - 2- 3V, PP 66 ) - 5- (4- FR 2R 40 R
FHEH-[1,2,4] = M -4- % Bp): oo ¥ 00 B AR B4R, =%
68.40%. m.p. 174.9~175.5 ‘C; "H NMR (DMSO-ds, 500
MHz) d: 12.28 (s, 1H, NH), 7.40 (d, J=4.0 Hz, 1H, Ph,),
7.26 (d, J=4.1 Hz, 1H, Ph,), 7.08 (d, J/=8.4 Hz, 1H, Ph,),
6.98 (s, 1H, Ph)), 6.96 (d, J=2.9 Hz, 1H, Ph,), 6.95 (d,
J=2.0 Hz, 1H, Ph,), 6.94 (d, J=8.4 Hz, 1H, Ph,), 6.12 (s,
2H, NH,), 5.12 (s, 2H, OCH>,), 4.58 (s, 2H, SCH,), 2.49 (s,
3H, CHj), 2.38 (s, 3H, Ph;-CH;); IR (KBr) v: 3400, 3144,
3032, 2924, 2868, 1616, 1590, 1512, 1450, 1282, 1018,
858, 804, 682 cm '. Anal. caled for CoH,N:OS: C 59.98,
H 5.30, N 22.09; found C 59.96, H 5.34, N 22.07.

3-(5- F R~ I ok - 2- 3V, PP 66 )-5-(3- F 2R 48
HE)-[1,2,4] = M-4-J1Z (3q): st dh ik, 7% 52.50%.
m.p. 171.6~172.9 “C; "H NMR (DMSO-d,, 500 MHz) J:
12.28 (s, 1H, NH), 7.40 (d, J=3.6 Hz, 1H, Ph,), 7.29 (d,
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J=3.7 Hz, 1H, Ph)), 7.17 (t, J=7.7 Hz, 1H, Ph,), 6.98 (s,
1H, Ph,), 6.89 (s, 1H, Ph,), 6.87 (d, J=7.5 Hz, 1H, Phy),
6.85 (d, J=8.0 Hz, 1H, Ph,), 6.12 (s, 2H, NH,), 5.14 (s,
2H, OCH,), 4.59 (s, 2H, SCH.), 2.49 (s, 3H, Ph,-CHs),
2.38 (s, 3H, Ph,-CHs); IR (KBr) v: 3342, 3248, 2924,
2816, 1588, 1530, 1490, 1450, 1298, 1084, 866, 804, 636
em ' Anal. caled for CoHxNgOS: C 59.98, H 5.30, N
22.09; found C 59.97, H 5.32, N 22.08.

2 ZR5HE
21 BRUEVHEK

¥ 3-dE-4-EIE-5-HU-1,2,4- =M 5 2-SUFIER
WK e 7 S A AN ) R RV R RN, B H AR A
3, ZPEfE A, SREOIMR. OV LL PEG-600 A AL AL
7, YIRBET, HREHR, TLC BRES, 2 h W58, K
ZHAEYIIIFEHRAE 56% LA 1. 3-5ii3E-4- 2 3E-5-BUAR-
1,2,4- = AEBE S5 A, AR 220 T BORR: 58 1R $ 56% 47
T, DMIEASERARA, 5 2-50 L 2K K e 3k AT e v,
ERCH B G, NS ISR AR R Y
2.2 Bt EYRYBIEHHE

His b & er s 5dis Wor, a4 3a~3q £
3300 13200 cm ' BT B = MR 4 7B SR N—
H 45 RS, (E 3052~3088 cm ' Ak ELAFR K
C—H 4R WIE; 7F 2968~2920 F1 2872~2836
em ' AR HBUBAT C—H HR4ERSIRIIE; 1500~1630
em LIRS AR C=N, C=C M4k sh(H 284k
SR 2500 em ' A A R I (B I 1 T AR S A
M) IR A 246 i B WL 25 T E 685 em ! FfHIE HE IR
C—S—C Mgt sh Wi, A% mE e 2t 4 ) 8 2ds 2
R, AW 3a~3q FIKMEER | NH [R5 5 063 B
RIS, 1E 6 12.41~12.46 2 [f]; S-CH, [ 115 5143
7E 0 4.60 [T, =Mk 4 f7 b NH, F5 15 5 06 HBIAE o
6.20 PRHT. IXECHHR I HTEE R, k1 )42
RN RAAE SH b, S TSI R N, Sk
B IE— BT
2.3 BirkEY 3f 5 Co’ B &M R IREUR S

KA ik, VR BRI, B3 EAR &)

3f 5 CoClye6H O T J5 I 25 46 38 0 1) F A% T 5 00 i A
WEHRIE R . RAFIE S MR EY), T Bruker AXS
SMART APEX I CCD %Y X B2k f b fir it b, FIH &
A7 5 O AL I Mo Ka $1£8(1=0.071073 A)HEATHTE %L
Pk, R HEVEMZE{E Fourier £kl i fh ik L:
M. SRR, B ZRIEEIE. AR T AR S
ISR IR, LT SHELX 97 R il e .
A5 100 CoH14CpCoNgS, M,=404.18, M IE
LA, J&T Pbca ZEMEE, MilIZ4 @=9.9203(9) A,
b=13.6171(13) A, ¢=24.1152) A, p=90°, /i AF
V=3257.6(5) A, D.=1.648 Mgem >, Z=8, F(000)=
1640, R;=0.0373, wR,=0.0853 [I>20(])], s=1.004, %I
A7 T 0L [ QUM A oL, CCDC 52k 782242, Fi4yk
K. BATITE L

(S WSLIWER 7/ 0F ey 3] S R SRS ) G o s IS 7
ANGURT SRR T = MRk IR E R PIAS N JRF IR
BOAr B, TR — A DU TR S5 R TFIK I 5 1,2,4- =i
i C—S—C L, HAYER—Fii, —MhA 30.6°
M 1 e DUE B, R IE D 2.01002) ~
2.2623(9) A, #MAIEHEAE 105.54(7)°~118.99(4)°, JyHil
i PR S5 8. AR R A ) Hirfb &
WA R 5 R 43 AT 4 R A — BT

1 EEw ik
Figure 1 Crystal structure of complex
24 HEMBEMENE
AR FETEE: S ROCER13100E HFsb &4 3a~3q
X /NZE SER R AR A RO S SR R IR s A R
FIFR 2 FIR 3 bl K 2 Rk 3 Bl kW], = MIf 5

1 WEYHTERKA). #HC)
Table 1 Selected bong longths (A) and angles (°)for the complex

Co(1)—N(1) 2.010(2)
Co(1)—CI(2) 2.224(9)
N(1)—Co(1)—N(@3) 106.49(10)
N(3)—Co(1)—Cl(2) 109.45(7)
N(3)—Co(1)—CI(1) 118.99(4)

Co(1)—N(3) 2.013(2)
Co(1)—CI(1) 2.262(9)
N(1)—Co(1)—Cl(2) 107.96(7)
N(1)—Co(1)—CI(1) 107.76(7)
Cl(2)—Co(1)—CI(1) 105.54(7)
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R PR AR DAy 2% B4 0 HY AR UK R B I, AL & )
3a~3q RNAEZFREE KN S SR R R DU e it
PR =3 5 LU AR, 2.4- — SO I A
I, HEY 3a~3q /DA ZFRE ORISR G PR Ry
RIUANHEAERL AT AR, b 1,2,4- = MAIE R A
PRI AR SAL S Y BAT e, ZE KPR
e, T AT e B AR A 3 A 5 0 T 2 T 4 ) £
FI. XS5 N IR S TS it 1 vl e (4K
R2 AEY) 3a~3q KN ZFIREE K FIEME

Table 2 Biological activities of compounds 3a~3q with wheat

gemma

Compd. Effect/% Grade® | Compd. Effect/% Grade”
3a 10.15 C 3b —1.03 skl
3¢ —0.11 e 3d 0.64 D
3e 10.15 C 3f 2.78 C
3g 4.13 D 3h —0.04 il
3i 1.39 D 3j 8.75 D
3k —0.15 31 —0.09  HIH
3m 2.76 D 3n 1.17 D
30 2.78 D 3p —0.01 il
3q —0.08 il

“C, D fREZRIPIN G

#3 AW 3a~3q GG R PR KENEE
Table 3 Biological activities of compounds 3a~3q with mung
bean germination

Germination/%
Compd.

1d 2d 3d 4d

3a 50 70 100 100
3b 0 10 50 70
3c 40 60 80 100
3d 10 50 80 80
3e 40 60 80 100
3f 20 60 70 85
3g 20 50 60 90
3h 10 30 60 60
3i 20 40 75 85
3j 50 70 85 90
3k 20 50 60 70
31 10 40 60 80
3m 20 70 80 80
3n 20 50 7 80
30 20 60 80 85
3p 0 40 60 60
3q 0 20 50 60
o T 10 50 70 80
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PR RN SRTIIEAC A 1, R B 4 v (A 2
BB KIBAFTE. WA 6 mm (1)K R IEAT T N
4 100 mg/mL ¥ A5 3a~3q, FHPEXTIZN 2
mg/mL &N H R 5 mg/mL MRREHR. =5
FI 6 DMSO . 129 24 h, 102 CHET, KRR
RIS 0.5 mL 552 AR AR 1 R A4S 2R S5 R 7 B
SR, FH GBS A IR 2 Bt R 9 ek )
PEAC T MELE AR b, R 5 E 36 CHF% 24 hAA
PR E A 3 Wk, B 3 IRE ST IME. ML R
BoR, HEY) 3e B 3i ANET ELAR 59000 7 A9 mm, %)
DB e B VR T RBURR R P R IO AR S U, TL Ak &
7/ IR E N IESRRe o
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