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Abstract In order to find novel triazole lead compounds, a series of new triazole derivatives containing pyridine moiety were
synthesized by the introduction of the important pyridyl backbone into the molecules of triazoles. They were structurally con-
firmed by 'H NMR, “C NMR, IR, MS and elemental analysis. Additionally, compound 4k was structurally characterized
through X-ray single crystal diffraction method. Preliminary bioassay data showed that some of the title compounds displayed

moderate fungicidal and plant growth regulatory activities.
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FEXTER A HAREPIEAT T i — DS HRAE. WP
AEENNRR S R R, ERKIKRE T, o Bt s
YIEE — 2 AR, 528 H bR SR BT
WA EME. & 2RI Scheme 1 FTR.
1 GHR5TR
1.1 HEYHNERK

1EHRLED 4 1A R, DALE Y 4 0 4,
TRUT T AR R S S A Ao L S SR (R ). AR 1 W]
DL, i DL = NS5, Pl R, Sald s
RPyFIEE 3 V5T FRR, EOKIEAE T i n eI
KWy = RN IR A IR A T, A 4i
[PIF=2R 82%. FXT T = L IR, 7,
—ERUKIB B . — AR R L e A TR
TR, IR R IAZ TV R N S A LRI
A, BRETTE. )RR AZ TR % T e H
b E .

1.2 L&Y 4k RIRGEH ST
WEY) 4k 115> TN CysH o CLN,O,, M, N 349.17,

Ov o
CH3 ,CO/EtsN

HBr O

NN HO/

g O (CH3),CO/EtsN

m.p. 96~98 C. X WENTHEIEERM, ZinikE T 1558
fm AR, S E ¢=0.6577(2) nm, b=1.4692(5) nm, c=
1.6420(5) nm, a=90°, f=100°, y=90°, V'=1.5623(8)
nm’, D,=1.484 glem’, Z=4, F(000)=712, u=0.430

mm ', RN P2(1)/e. B 1 RAEY 4k 15> T45H
B, i AL T DUE Y, IR S =R, 2RI
=WEERA A2 A 12219411 95.0°. LAY 4k 4T
ghkgr C(7) =R BN R L.
1.3 WEVDREMEE ST

HARLEY) da~a1 [AEYDIS NS Rk 2 fr
TN, DRI R RG24 R R, EINRIRES 50
ug/mL B, #85 H AR &0 B A g R R H—
SE MM YE, EF W B, ERE, 4
b EWIZEIR 414 CHsCH,, C1 A1 Br BUR (L&) 4d.
4h I 4i)iF, 0 3ERER SR AN 739008 46.9%. 47.0%
Fl 46.9%; TEXHURIF, “EVZRIE 3.4-004 CH;
ARG 4j)it, XF &k F% B IHIZN 34.6%; 4
B PNRIA 2,4-00 4 CLEUR(L A 4k, X SERE L
FIAMH 2N 46.9%. WA IR A AT 5 5 P 45 1

Br2

—_HBr
N HBr/ CHsCOOH

N

4a: R = 2- CH3, 4b: R = 3-CHj; 4c: R = 4-CHj; 4d: R = 4-CgH5CH,; de: R = 4-F; 4f: R = 2-Cl;
4g: R = 3-Cl; 4h: R = 4-Cl; 4i: R = 4-Br; 4j: R = 3,4-(CHj3),; 4k: R = 2,4-Cl,; 41: R = 2,4,5-Cl3

B 1 HARLEY 4 106 g2k

Scheme 1 The synthetic route of title compounds 4

1 RRRBAEA BRI A 4 f 15

Table 1 The effects of reaction conditions on the synthesis of the title compound 4i

Entry Base Solvent Reaction condition Yield/%
1 Et;N CH;COCH; One pot, reflux 0
2 K,CO3 CH;COCH; One pot, reflux 30
3 K,CO3 CH;CN One pot, reflux 10
4 K,CO4 CH;COCH; One pot, ice-bath 35
5 K,CO, C,H50C,H; One pot, ice-bath 30
6 K,CO3 CH;CN One pot, ice-bath 15
7 Et;N CH;COCH; One pot, ice-bath 13
8 K,CO;-KI CH;COCH; One pot, reflux 35
9 E6N CH,COCH, Ice-bath (by adding a mixture of substituted 0

phenol, Et;N and CH;COCHj5)
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Figure 1 Molecular structure of compound 4k

K2 HbsEY 4a~41 B B ATR A KR 1S 1k
Table 2 Fungicidal and plant growth regulatory activities of target compounds 4a~41

Fungicidal activity/% (50 pg/mL)

Plant growth regulatory activity/%

Compd. G. zeae A. solani C. ara. P. piricola C. cucum. (10 pg/mL)
4a 19.0 19.2 11.8 18.8 36.0 0
4b 18.4 143 9.0 31.8 10.0 +25.6
4c 13.2 16.5 332 15.1 0 0
4d 0 30.8 11.8 46.9 0 0
de 143 30.8 11.8 37.5 8.0 0
4f 0 0 0 0 0 0
4g 0 0 0 0 0 0
4h 23.7 22.9 9.0 47.0 15.0 +51.3
4i 19.0 26.9 11.8 46.9 20.0 +56.9
4j 143 34.6 5.9 343 0 0
4k 23.8 19.2 11.8 46.9 12.0 0
41 0 0 0 0 0 0

Triadimefon 72.8 66.3 73.7 85.3 81.2 —

@« refers to “not tested”.
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BRAC-0-1H-1,2,4- =M 1-35) Z B FE e (3) /2 10 mL 4
TR, N, ORI T, RSB 205, ki A T
FFR N 6 mmol BUCHEZEE . 12 mmol = Z &AM P (20
mL)FREVEM, WEE, GREAE 0 CHidE 4~5 h KA.
1R, HhIE, HORZEBRIER, TSR 60 mL
KT, WRIKHK. WSS KB, TG
IKERERBE T . IR, WiE, FRRMEAEE M V(A
it) @ (LR CT8)=3 : 110 B3 3 B st &4 4a~41.

1-( ML i -2- J )-2-(2- HH 36 O AR 56 )-2-(a- 1 H-1,2,4- =
Me-1-58) 2 f (4a): A A, P7F 46%. mp. 115~
116 ‘C; '"H NMR (CDCl;, 300 MHz) 6: 2.08 (s, 3H,
Ar-CH;), 6.96~7.15 (m, 4H, Ar-H), 7.51~7.56 (m, 1H,
Py-H), 7.88~7.94 (m, 1H, Py-H), 7.98 (s, 1H, Tr-CH),
8.09 (s, 1H, Tr-H), 8.18 (d, J=7.8 Hz, 1H, Py-H), 8.54 (s,
1H, Tr-H), 8.65 (d, /=4.8 Hz, 1H, Py-H). Anal. calcd for
C16H14N4O,: C 65.30, H 4.79, N 19.04; found C 65.44, H
4.60, N 19.06.

1-( Mk B -2-35)-2-(3- A 2L R4 L )-2-(0-1H-1,2,4- —
ME-1-J5) 2 F (4b): E EE AR, P2 55%. mp. 73~
74 “C; 'H NMR (CDCl;, 300 MHz) §: 2.29 (s, 3H,
Ar-CH;), 6.89~7.18 (m, 4H, Ar-H), 7.52~7.56 (m, 1H,
Py-H), 7.88~7.97 (m, 1H, Py-H and Tr-H), 8.07~8.19
(m, 2H, Py-H and Tr-H), 8.55 (s, 1H, Tr-H), 8.68 (d, J=
4.8 Hz, 1H, Py-H). Anal. caled for C;¢H4N4O,: C 65.30, H
4.79, N 19.04; found C 65.16, H 4.61, N 18.90.

1-( Mk B -2- 35 )-2-(4- F 2L R4 L )-2-(0-1H-1,2,4- —
ME-1-55) 2B (4e): BB E AR, F7E 68%. mp. 93~
95 C; '"H NMR (CDCl;, 300 MHz) &: 2.29 (s, 3H,
Ar-CH3), 6.96 (d, J=8.7 Hz, 2H, Ar-H), 7.08 (d, J=8.7
Hz, 2H, Ar-H), 7.52~7.56 (m, 1H, Py-H), 7.88~7.94 (m,
1H, Py-H), 7.97 (s, 1H, Tr-CH), 8.07 (s, 1H, Tr-H), 8.18
(d, J=7.8 Hz, 1H, Py-H), 8.55 (s, 1H, Tr-H), 8.68 (d, J=
4.8 Hz, 1H, Py-H); "C NMR (CDCl;, 75 MHz) J: 20.6,
83.7, 117.0, 123.7, 128.3, 130.3, 133.4, 137.3, 144.4,
149.4, 150.5, 151.8, 154.0, 188.7. Anal. calcd for
C16H14N4O,: C 65.30, H 4.79, N 19.04; found C 65.21, H
4.99,N 19.21.

1-( Mk B -2- 35 )-2-(4- % 2 R4 L )-2-(0-1H-1,2,4- —
ME-1-J8) ZF (4d): E AR, P2 72%. mp. 60~
62 ‘C; '"H NMR (CDCl;, 300 MHz) 0: 3.92 (s, 2H, CH,),
6.98~7.31 (m, 9H, Ar-H), 7.52~7.56 (m, 1H, Py-H),
7.88~7.94 (m, 1H, Py-H), 7.97 (s, 1H, Tr-CH), 8.09 (s,
1H, Tr-H), 8.17 (d, J=4.8 Hz, 1H, Py-H), 8.55 (s, 1H,
Tr-H), 8.67 (d, J=4.8 Hz, 1H, Py-H). Anal. calcd for
CxH sN4O,: C 71.34, H 4.90, N 15.13; found C 71.14, H
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5.01, N 15.09.
1-(MEE B -2-3)-2-(4- AR E 3L )-2- (a- 1 H-1,2,4- = -1 -
)M (4e): AR, P2% 82%. m.p. 110~112 C;
'H NMR (CDCls, 300 MHz) J: 6.98~7.04 (m, 4H, Ar-H),
7.54~7.58 (m, 1H, Py-H), 7.90~7.96 (m, 1H, Py-H), 7.98
(s, 1H, Tr-CH), 8.03 (s, 1H, Tr-H), 8.19 (d, /=7.8 Hz, 1H,
Py-H), 8.56 (s, 1H, Tr-H), 8.69 (d, J=4.5 Hz, 1H, Py-H).
Anal. caled for C;sH;;FN,O,: C 60.40, H 3.72, N 18.78;
found C 60.28, H 3.78, N 18.72.
1-(MERE-2-55)-2-2-F AR 5 HE)-2-(0- 1H-1,2,4- = - 1-
) 4f): AR, 2% 64%. mp. 101~103 C;
'H NMR (CDCls, 300 MHz) d: 7.03~7.38 (m, 4H, Ar-H),
7.52~7.56 (m, 1H, Py-H), 7.89~7.95 (m, 1H, Py-H), 7.97
(s, 1H, Tr-CH), 8.07 (s, 1H, Tr-H), 8.20 (d, J=8.1 Hz, 1H,
Py-H), 8.60 (s, 1H, Tr-H), 8.64 (d, J=4.2 Hz, 1H, Py-H);
C NMR (CDCls, 75 MHz) ¢: 84.1, 116.9, 128.1, 128.4,
129.8, 130.7, 137.4, 144.8, 149.3, 150.4, 152.0, 187.9.
Anal. calcd for CsH,;;CIN,O,: C 57.24, H 3.52, N 17.80;
found C 57.26, H 3.59, N 17.60.
1-(MERE-2-55)-2-3- AR 5 HE)-2-(0- 1H-1,2,4- = P-1-
) Z W (4g): FOEE, 723 74%. mp. 87~88 C; 'H
NMR (CDCls, 300 MHz) d: 6.97~7.24 (m, 4H, Ar-H),
7.52~7.57 (m, 1H, Py-H), 7.88~7.94 (m, 1H, Py-H), 7.99
(s, 1H, Tr-CH), 8.13 (s, 1H, Tr-H), 8.17 (d, J=7.8 Hz, 1H,
Py-H), 8.59 (s, 1H, Tr-H), 8.67 (d, J=3.9 Hz, 1H, Py-H);
C NMR (CDCls, 75 MHz) d: 83.0, 115.0, 117.7, 123.8,
124.1, 128.5, 130.6, 135.2, 137.4, 144.4, 149.5, 150.3,
1519, 156.7, 188.1. Anal. calcd for C;sH;;CIN4O,: C
57.24, H3.52, N 17.80; found C 57.15, H 3.70, N 18.00.
1-(MERE-2-55)-2-(4-F R 5 HE)-2-(0- 1H-1,2,4- = - 1-
)T (4h): BEEAE, P23 80%. m.p. 109~111 C;
'H NMR (CDCls, 300 MHz) d: 7.02~7.27 (m, 4H, Ar-H),
7.53~7.58 (m, 1H, Py-H), 7.90~7.95 (m, 1H, Py-H), 7.99
(s, 1H, Tr-CH), 8.09 (s, 1H, Tr-H), 8.18 (d, /=7.8 Hz, 1H,
Py-H), 8.58 (s, 1H, Tr-H), 8.68 (d, /=4.8 Hz, 1H, Py-H);
C NMR (CDCls, 75 MHz) : 83.4, 118.4, 129.0, 129.8,
137.4, 1444, 149.5, 150.3, 151.9, 154.7, 162.3, 188.2.
Anal. calcd for CsH,;;CIN,O,: C 57.24, H 3.52, N 17.80;
found C 57.21, H 3.56, N 17.73.
1-(MHE g -2-5)-2-(4- TR E ) -2-(a- 1 H-1,2,4- = -1 -
) ZH(4i): AEEE, 795 82%. mp. 97~98 C; 'H
NMR (CDCls, 300 MHz) d: 6.97~7.41 (m, 4H, Ar-H),
7.53~7.57 (m, 1H, Py-H), 7.89~7.94 (m, 1H, Py-H), 7.98
(s, 1H, Tr-CH), 8.09 (s, 1H, Tr-H), 8.17 (d, J=7.8 Hz, 1H,
Py-H), 8.57 (s, 1H, Tr-H), 8.67 (d, J=3.9 Hz, 1H, Py-H);
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C NMR (CDCl;, 75 MHz) o: 83.2, 116.5, 118.8, 123.8,
128.5, 132.8, 137.4, 144.4, 149.5, 150.3, 151.9, 1552,
188.2; IR (KBr) v: 3092, 3056, 2958, 1730 (C=0), 1582,
1507, 1486, 1435, 1384, 1272, 1227, 1196, 1136, 1110,
1073, 994, 954, 907, 876, 836, 820, 801, 774, 742 cm ';
MS (ESI) m/z (%): 187 (100), 106 (24), 78 (70). Anal.
caled for CsH;BrN,O,: C 50.16, H 3.09, N 15.60; found
C 49.98, H 3.15, N 15.46.

1-(PHEIE -2- 45 )-2-(3,4- — W R R 4 ik )-2-(a-1H-1,2,4-
SWE1-3E) BR(4)): AR, FEF 63%. mp. 110~
112 C; 'H NMR (CDCl;, 300 MHz) 6: 2.17 (s, 3H,
Ar-CHs), 2.19 (s, 3H, Ar-CHj), 6.80~7.04 (m, 3H, Ar-H),
7.50~7.54 (m, 1H, Py-H), 7.86~7.91 (m, 1H, Py-H), 7.97
(s, IH, Tr-CH), 8.08 (s, 1H, Tr-H), 8.16 (d, /=7.8 Hz, 1H,
Py-H), 8.55 (s, 1H, Tr-H), 8.67 (d, J=4.2 Hz, 1H, Py-H);
BC NMR (CDCl;, 75 MHz) o: 18.9, 20.0, 83.6, 113.9,
118.4, 123.7, 128.3, 130.6, 132.1, 137.3, 138.3, 144.4,
149.4, 150.6, 151.8, 154.1, 188.8; IR (KBr) v: 3121, 3050,
2987, 2946, 1726, 1615, 1582, 1503, 1418, 1341, 1267,
1247, 1201, 1162, 1131,1043, 1005, 954, 886, 870, 806,
772, 737 em . Anal. caled for C;;H sN4O,: C 66.22, H
5.23,N 18.17; found C 66.14, H 5.39, N 18.24.

1-(MHE g -2-3)-2-(2,4- R S 3 )-2-(a- 1H-1,2,4- =
M-8 2 F (4k): AR, PR A 71%. mp. 96~
98 C; '"HNMR (CDCl;, 300 MHz) 0: 7.17~7.36 (m, 3H,
Ar-H), 7.52~7.57 (m, 1H, Py-H), 7.89~7.95 (m, 1H,
Py-H), 7.97 (s, 1H, Tr-CH), 8.03 (s, 1H, Tr-H), 8.19 (d, J=
7.8 Hz, 1H, Py-H), 8.62 (s, 1H, Tr-H), 8.64 (d, J=4.8 Hz,
1H, Py-H). >C NMR (CDCl;, 75 MHz) J: 84.2, 119.6,
123.8, 126.0, 128.2, 128.5, 129.8, 130.4, 137.5, 144.8,
149.4, 150.3, 150.8, 152.0, 187.6. Anal. calcd for
CysH,oCILN40,: C 51.60, H 2.89, N 16.05; found C 51.47,
H2.87,N 15.88.

1-(ME W -2- 75 )-2-(2,4,5- = S A 5 FE)-2-(a-1H-1,2,4-
I AR 41 A EA, AR 73%. mp. 141~
142 “C; '"H NMR (CDCls, 300 MHz) 0: 7.46 (s, 1H, Ar-H),
7.54~7.60 (m, 1H, Py-H and Ar-H), 7.92~7.97 (m, 1H,
Py-H), 8.00 (s, 1H, Tr-CH), 8.03 (s, 1H, Tr-H), 8.21 (d, J=
8.1 Hz, 1H, Py-H), 8.65 (s, 1H, Tr-H), 8.67 (d, J=3.9 Hz,
1H, Py-H). Anal. calcd for C;sHoCI3N4O,: C 46.96, H 2.36,
N 14.60; found C 47.06, H 2.51, N 14.40.

3.3 BiFEY 4k B REFZSNE

b HArME A Y 4k T4 - 2 CBE R &
BRI, EEIR T EERERE S X AT i
#h. /£ BRUKER SMART 1000 CCD ¥ firhiiy FT
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294 K T, KRHS A SR EIER AT Mo Ka S4k(A=
0.071073 nm) SEERTH R BEELHE, KA 0 fl 0 =,
EHBRERIEIAT T Lp IF AW IE. Shfkds
P I JFi(SHELXS-97) P i . SR 45 Wy B 17 T 3%
= &1 Hi o, CCDC 524 1426903.

3.4 B EPaEE NN

KBRS IENE T BHAREYRAREETE. K
PR FIETO B 21 TR — e 58k, 28)5 %A 1
mL Z3E A FRILA, B alinN 9 mL 85375, #£5)
JE IR 50 pg/mL F 24, PAERIN 1 mL KB KPR
s AT, FHEAR 4 mm (94T FLES W R 22 /b U B
B, BEEA PR LN EST =R KRR IRTE
2441 ClEHEIEFFANEETE. 72 h G E BB ALY
JRER, RPHME, 52 A% B P 5AR X 4
R R 2 (%) = W B T B9 J8 T 2 AR — AL 24
ALY RSP B IR R AL R P E AR X 100%.
WX G AN N IR (Gibberella zeae) i - 1%
(Alternaria solani) {tAEMGBE(Cercospora arachidicola)-
3R ¥ 4 (Physalospora  piricola) F1 3 JK #f 25
(Cladosporium cucumerium). F B 25 7 N = M R
(Triadimefon).

K FH SR IR R0 8 T B AR S R A
AR ATENE. LR R AR R R, B
J&, PRk R/ — SRR A FLRE S EC A1 3 K F R
FOEE B0 E R B R AR s, R IIEIK RN 10
ng/mL, VEFION NN-T IR BARGE Y B 3
mg FE AT 3 mL N,N- I RG R, RRE 10 £,
HY 0.3 mL Y2515 T 6 cm HARMIELACH b, FFEFIRAT
Ja, /£ 6 cm BARRIEFRILA, NS S IE4 )y —
gk, DIAZEIEZK 2 mL, 10 KLFh 735 50 MU B7E & A S 1
JEAUH b, BN 10 pg/mL [RAE S ARER, INZETE K T
M, TR =S C)RFFR3 d, WE TR,
MREHEP IR E .

#HBh# £l (Supporting Information) LA 4k 11 1A
HEARE R A4 4a~41 [¥) "H NMR 3. X SepR)n] DL
G B WAST ¥ 36 (http://sioc-journal.cn/) I T %4,
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