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ST E A YAT T AR B E IR B AT M, 25 SRR & st IR JE e B AR — B AR, [ 3-
975 T AR L -5-(1- FF -3 = 4 P - | ML -4 -4- R A H- 1,2, 4- =8 (6i) « 2-50-5-(((5-(1- FP 3E-3- = G5 F - 1 =Pk -4
Fh)-4-FKFE-AH-1,2,4- = W3- FE) AR IL ) B L) EME (65) 4-(((S-(1- FF 3-3- = 450 PR B - L - M -4- 3 -4- SR k-4 H-1 ,2,4- — 13-
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Synthesis and Biological Activity of 1,2,4-Triazole Thioether
Derivatives Containing Pyrazole Moiety

Zhai, Zhiwen Shen, Zhonghua
Liu, Xinghai™*

(College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014)

Wang, Qiao Tan, Chengxia

Weng, Jianquan

Abstract A series of novel 1,2,4-triazole derivatives were synthesized from ethyl trifluoroacetoacetate, triethyl orthoformate,
methylhydrazine, phenyl isothiocyanate by multi-step reactions. Their structures were characterized by 'H NMR, "*C NMR,
HRMS and X-ray diffraction. The target compounds were evaluated for their fungicidal activity and herbicidal activitiy. The
results indicated that some of the title compounds displayed certain fungicidal activities against Colletotrichum orbiculare and

herbicidal activity against dicotyledons.

Keywords pyrazole; 1,2,4-triazole; synthesis; fungicidal activity; herbicidal activity

PSR, BT IRV AR EE (R0 4k 25 (1 2ok H
miEE, CMEGIRILER BV, 3L
EYH T 2GRN Z KA YE TR A A
ZIFF R B O, JCHR A R AR g
WAL SR B R R PO BRET Hrmt
PLRPL B S Al S SRR A T 2 22
RYE. H—HTH, —25 124-=MHMLEMEE MR
DNTF R S A I A 2 AN BE 245, s T A HE SR ) 9B
TEPE ., SIAME, JRMEME. GUEEMESE, 5 K =MESER
HAHEE, 7A@ ECR, HRZ &), BRXTAR
PRI . AR IEVESN, S athlm s E g
REFRIEE HAEROWK, FRA RIS BT MG ER1E,
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\
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6a ~ 6m

6a: R = Ph; 6b: R = 3,4-dichlorophenyl; 6c: R = 2,4-dichlorophenyl; 6d: R = 4-chlorophenyl; 6e: R = 3-chlorophenyl;
6f: R = 2-chlorophenyl; 6g: R = 4-bromophenyl; 6h: R = CN; 6i: R = ethenyl; 6j: R = 2-chlorothiazolyl;
6k: R = 2-chloropyridyl; 6l: R = 2-fluorophenyl; 6m: R = 4-carbonitrilephenyl

B 1

=R BRSSO 2

Scheme 1 Synthetic route of title compounds

R JE AR IR (4); ANk 4 7ESRBRZE A R K IR A 54
1,2,4- = MG R vp ()44 5. G R Ak 5 B, BR Ak H i
BRI I EREE, VAT E pH="7 M= R
B, S NHTER 5 = R PR

ISR, b s BT R R AR R
AT AR A, R A2 B2 TAEF RSP, A
IWE%&E%%%%6W;%¢M% 5 5&FET

N-— H 3 FH L% (DMP) RUK VR A 7R R, DABRK IR B 1
ﬁﬁ&J SR JE BT R E S H U R 10 min, £33
BAME G, 77RIEH) 93%, 5 M ERM LR (R
NS TEA 24 h, P23 90%)HH 24, H2 S M I ] KK 46
¥
12 SRR

WEY 6a BT AMEIILE 1. kS fETR
B, tb& 6a JE R R, P21/c 2B, MRS a=
9.784(6) A, b=16.580(9) A, ¢=12.299(7) A, p=
108.603(7)°, ¥=1890.8(18) A, Z=4, F(000)=856, D, =
1.459 geem®, £1=0.217 mm ', R=0.053, wR,=0.1195.
WK 1R, ik 6a FRIIE IR =R, IR C(8)—
C(13)F1 C(15)—C(20)JF A 55.4°, 104.6°F1 98.7°. 1K,
BB A AR S SRR ) — g

B AED 6a 5T 4 M K

Figure 1 Molecular structure of compound 6a
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1.3 SEYEM

IKREGSHHIR B (TC) T Hh P 6 (48) RIS IRIE
I3 B (CO)~ B8 IR B 1 (BO) I AR B VA M4 T3 1, Ak
WEEN 20 pg/mL. HHFE 1 041, £ 20 mg/L FIRE T 12
T A A A R e 350 3 T L — s s . AR T
HoAHER TR, BT Pxs IR I TR AN 2 hh 2 0
BRSNS TR =, AR X CMEEY) 6e X R IE Ik
B BT, R 44.4%. (BEEAORE 12 ML &It R
RIS EMEGR 2). @D AT R vE I, M
F2AIFE W, LAY 6, 6, 6m XTI SEZE I H B A
TEYE, PIHIRIE 80%. TV B FE 4008 Sl M 22 0y
L) 7501 tof ] - 2 B AR R 25 LA R B A 4
YER, T ASHF 58 o = MR IE 2R Ak G ) 5 Ui B M f 45 )
A —EMABLZ AL, 7T H bR G402 5 04
YITEFP T8 RO RE R A 220 24T T MRIPE R, Hok
(IR ML Fr it — 2Bt 9T

1 HIMLA YR TSP 2/%)

Table 1 Fungicidal activity of title compounds (inhibition
rate/%)
Compd. e AS Co BC
6a 1.36 21.84 18.06 8.57
6b 11.33 22.99 36.11 4.29
6¢c 15.53 26.44 30.56 10.00
6d 3.99 20.69 37.50 15.71
6e 10.81 25.29 44.44 4.29
6f 241 20.69 29.17 8.57
6g 1.36 14.94 30.56 8.57
6h 3.99 13.79 36.11 15.71
6i 10.28 9.20 30.56 0
6j 4.51 11.49 36.11 1.43
61 1.89 20.69 37.50 12.86
6m 2.41 16.09 29.17 4.29
ME K T 1 78.56 60.12 70.35 25.63
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IS
£2  HARLAYITE 200 mg/L #SE RGN H /%)
Table 2 Herbicidal activity of title compounds at concentration of 200 mg/L (inhibition rate/%)
N g BEL V) B3 & b
Compd. — — — — = =
L i = i E o i = i =
6a 0 0 0 0 0 0 0 0 0 0 30 0
6b 0 0 0 0 0 0 0 0 0 0 0 0
6¢ 0 0 0 0 0 0 0 0 0 0 0 0
6d 0 0 0 0 0 0 20 0 40 20 0 0
6e 0 0 0 0 0 0 0 0 60 30 0 0
of 0 0 0 0 0 0 0 0 0 0 0 0
6g 0 0 0 0 0 0 0 0 0 0 0 0
6h 0 0 20 0 0 0 30 0 0 0 0 0
6i 0 0 0 0 0 0 30 0 80 80 30 0
6j 0 0 0 0 0 0 30 0 80 80 50 30
6l 0 0 0 0 0 0 0 0 30 0 30 0
6m 0 0 0 0 0 0 50 0 80 80 50 20
A i o 95 95 100 90 100 95 95 90 100 100 100 90
2 &g R AARE R, 77F 69%. mp. 56~57 CCCHAERY:

K FHE PRI PR R R AR 25 Q01 7, L= LBk
LR CBENIER), G250 SN A i — 2R 51T 2 e
W =R B A Y, B S MEAEREILIRETE |
Bt . B AT S A v 40 RS A AT R s L 4, IR RAK
TS BE T R TSR . 5 UK
WBE SN s BR8N SRR S NSRS S
AT T AR E S BREEMEYITE. 4R SRt SR
H— R R IR BRI BR B M, G A DARR B3 1 ik
AW 61, 6, 6m X SV P A A

3 X
3.1 U5

IR B TAS IR AT X-4 $v B SUE s,
IR E AR IE; BRUKER 400 MHz, 500 MHz 5% 600
MHz #HEFEIRI(CDCL AT, TMS AWER); ZHER
LC-QTOF- MS =43 ## )i 151X, Bruker APEX-II CCD
fmfiTEHY; SEE CEM /A &) Discovery ™ i & A, sk
IR o alialofl, REabs, HEH.
3.2 LWHE
321 1-FAI-ZRFAE-1H-w2-4-F R CEE(2) 49
B AR

¥ =5 B 28 2.15(40 mmol) A F R = 2. g (60
mmol){E ZFREF(0.12 mol) F RIS 8 h, [Bigk 5
TR ZETH, AR 1 SRETEVKIA T, FrRiEA 1 40
mmol)ii % F £ (60 mmol) 5 2.1 (20 mL)E &,
60 ‘CM8h, [MEEHJEHIEZE, ALK CEEQ20
mL) 5 EhKZERL, A 0L oK R BN K 5 &
K, 3 1-FIE 3 = U -1 H-IER-4- TR R 218 (2),
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55~56 °C); '"H NMR (CDCls, 500 MHz) 6: 1.35 (t, J=7
Hz, 3H), 3.97 (s, 3H), 4.25~4.32 (m, 2H), 7.92 (s, 1H).
322 1-FPA3-Z AT A-1H-wkwd-4-F BEBH(3) 89 &
&

B AP 2 (5 mmol) A F Z (10 mL)H, HiEHE
T 80%(J51 £ 43 £0) 7K & (10 mmol), [E1R M 10 h,
S LGS G IR ZE T, A A, R K sE g, 45
MEER IR 3, 2B TSR AK, 77 85%. mop. 146~147 C;'H
NMR (CDCls, 500 MHz) &: 3.94 (s, 3H), 4.46 (s, 2H), 8.24
(s, 1H), 9.46 (s, 1H).

333 5-(1-FA-3-Z A F A-1H-wted-4-5)-4- R A& -
4H-1,2,4- = 7% 3-FiEL(5) 89 & &

0t P EE I 3 (5 mmol) II A F ZEE(10 mL)H, I
P T ISR R IR A EE(6 mmol), [FIFIKRN 3 h f5¥
H, i E A, e A 4. FRiE R 4 FE R R BN
5%EEAENA TR 4 h S, N 1 moleL ™' £hg
A, Mk, HhE, CREEG RSOk Ak S, At
B4, 77% 87%. m.p. 154~155 ‘C; 'H NMR (CDCl;,
500 MHz) &: 3.85 (s, 3H, CH;), 7.31 (t, J=6 Hz, 2H), 7.50
(d, J=7 Hz, 3H), 7.85 (s, 1H), 14.21 (s, 1H).

3.2.4  BiRAA4 6a~6m 894 A&

PL 37 B 8 -5-(1- FF R -3- = 4 A 26 -1 - DL e -4
FH)-4-FKF-4H-1,2,4-=1:(6a) NI, 15 Ik b [AARR S 5
(1 mmol)iNAF| DMF (10 mL)H, AIAS (1.2 mmol),
BT, RS G IR E 28T, O E L,k
ENTRAV s -V ewe=2 1 1), B HMLEY) 6a.
itk &4 6b~6m FH [FIFE 7 i il 15

3- R AR -5-(1- FF 2 -3- = Y AL - L - M -4- )4
AKHE-AH-1,2,4- =M (6a): HEEE, 77 90.7%. m.p.
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122~123 °C; 'H NMR (CDCls, 400 MHz) J: 3.89 (s, 3H),
4.50 (s, 2H), 7.02 (d, J=8 Hz, 2H), 7.27 (s, 1H), 7.31~
7.35 (m, 4H), 7.41~7.46 (m, 4H); *C NMR (CDCls, 150
MHz) J: 37.46, 39.81, 107.07, 119.52, 121.31, 127.13,
127.78, 128.68, 129.20, 129.69, 129.95, 132.62, 133.09,
136.34, 140.53, 146.86, 152.47, HRMS caled for
CoH,7F3NsS [M+H]" 416.1151, found 416.1149.

3-(3,4- AR EEAR FE)-5-(1- FF -3 = g F - 1 -
ME-4-FE)-4- T -4H-1,2.4- =M (6b): WFE MR, PoR
86.0%. m.p. 125~126 “C; "H NMR (CDCls, 400 MHz) ¢:
3.89 (s, 3H), 4.42 (s, 2H), 7.06 (d, J=6 Hz, 2H), 7.22~
7.25 (m, 1H), 7.26 (s, 1H), 7.36 (d, J=8 Hz, 1H), 7.43~
7.49 (m, 4H); “C NMR (CDCl;, 150 MHz) ¢: 35.89,
39.84, 106.92, 119.50, 121.29, 127.02, 128.65, 129.82,
130.13, 130.52, 132.58, 132.91, 136.99, 140.75, 147.10,
151.72; HRMS caled for C,0H;sCLF;NsS [M + H] *
484.0372, found 484.0371.

3-(2,4- AR EEAR FE)-5-(1- FF -3 = g F - 1 -
ME-4-36)-4- I 4H-1,2,4- = (6¢): VR B (O [Efk, PER
66.0%. m.p. 141~142 °C; "H NMR (CDCls, 400 MHz) ¢:
3.89 (s, 3H), 4.56 (s, 2H), 7.05 (d, J=7 Hz, 2H), 7.19 (d,
J=8 Hz, 1H), 7.23 (s, 1H), 7.37 (s, 1H), 7.41~7.50 (m,
3H), 7.57 (d, J=8 Hz, 1H); >C NMR (CDCl;, 150 MHz)
5: 34.18, 39.84, 107.01, 119.51, 121.30, 127.05, 127.29,
129.41, 129.79, 130.07, 132.49, 132.94, 133.32, 134.38,
134.99, 140.78, 147.09, 152.04; HRMS caled for
CoH,sCLF;NsS [M+H]" 484.0372, found 484.0374.

3-(4- R LB 2 )-5-(1- FF -3 — 50 P - 1 H- M -
4-F)-4-FKFH 4H-12.4- = Wk (6d): R B 0 K, PR R
65.7%. m.p. 107~108 °C; 'H NMR (CDCls, 400 MHz) ¢:
3.89 (s, 3H), 4.45 (s, 2H), 7.03~7.05 (m, 2H), 7.25~7.29
(m, 4H), 7,32 (s, 1H), 7.42~7.48 (m, 3H); >C NMR
(CDCl;, 150 MHz) J: 34.18, 39.84, 107.01, 119.51,
127.05, 127.29, 129.41, 129.80, 130.07, 132.46, 132.49,
132.94, 133.32, 134.99, 140.54, 147.09, 152.04; HRMS
caled for C,0H;cCIF;NsS [M—i—H]+ 450.0762, found
450.0757.

3-(3- 5 AL 2 )-5-(1- FF k-3 — 5 FFY - 1 H- L -
4-FE)-4- T T 4H-12.4- = M (6e): I B (0 [H 4, R
83.7%. m.p. 108~109 C; "H NMR (CDCls, 400 MHz) ¢:
3.89 (s, 3H), 4.45 (s, 2H), 7.02~7.05 (m, 2H), 7.23~7.24
(m, 3H), 7.27 (s, 1H), 7.33 (s, 1H), 7.41~7.48 (m, 3H);
BC NMR (CDCl;, 150 MHz) §: 36.71, 39.84, 106.99,
119.50, 121.29, 127.07, 127.43, 127.96, 129.20, 129.77,
129.90, 130.06, 132.61, 132.98, 134.40, 138.53, 140.78,
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147.00, 151.99; HRMS calcd for CyoH;cCIF3NsS [M+H]"
450.0762, found 450.0758.

3-(2- TN HE R )-5-(1- H JE-3- = 50 H - 1 H- L k-
4-FE)-4- FE FE -AH-1,2,4- = L (6f): % HE O [E K, PR R
77.7%. m.p. 102~103 ‘C; '"HNMR (CDCl;, 400 MHz) §:
3.89 (s, 3H), 4.61 (s, 2H), 7.01 (d, J=7 Hz, 2H), 7.20~
7.26 (m, 3H), 7.36 (d, J=7 Hz, 1H), 7.40~7.46 (m, 3H),
7.55(d, J=7 Hz, 1H); *C NMR (CDCl;, 150 MHz) ¢:
35.13, 39.82, 107.06, 119.54, 121.32, 127.03, 127.12,
129.28, 129.63, 129.73, 129.99, 131.56, 132.57, 133.02,
134.36, 134.50, 140.75, 146.99, 152.30; HRMS calcd for
CaoH 6CIF5NsS [M+H]" 450.0762, found 450.0759.

3-(4- PR BT L )-5-(1- H 2 -3- = 40 H - 1 - k-
4-F5)-4-FKFE4H-1,24- =W (6g): AT, 7F 93.8%.
m.p. 127~128 °C; 'H NMR (CDCls, 400 MHz) d: 3.90 (s,
3H), 4.44 (s, 2H), 7.03~7.05 (m, 2H), 7.24 (s, 1H), 7.26
(m, 2H), 7.41~7.43 (m, 3H), 7.45~7.48 (m, 2H); "°C
NMR (CDCl;, 150 MHz) J: 36.52, 39.84, 107.01,
119.50, 121.75, 127.06, 129.76, 130.04, 130.91, 131.76,
132.56, 133.00, 135.66, 140.79, 146.98, 152.06; HRMS
caled for C,oH;BrFsNsS [M + H] " 494.0256, found
494.0249.

2-[(5-(1- H 2k -3 = 560 Y 2 -1 -t e -4 3 )-4- R 3 -
AH-12,4- — W3- F) i 5] 2 B (6h): #5844, 77 R
28.9%. m.p. 96~97 ‘C; 'H NMR (CDCls;, 400 MHz) §:
3.92 (s, 3H), 4.13 (s, 2H), 7.22 (d, J=6 Hz, 2H), 7.37 (s,
1H), 7.50~7.55 (m, 3H); *C NMR (CDCls, 150 MHz) ¢:
17.81, 39.92, 115.43, 126.91, 130.15, 130.59, 132.41,
132.83, 140.77, 147.97, 149.22; HRMS caled for
CisH1oF3NgS [M+H]" 365.0791, found 365.0790.

345 TA) 2 g 2 -5-(1- F R -3 = G R S - 1 - L e -4
F)-4-FH-4H-12,4- =M (6): O EE, F7E 56.4%.
m.p. 101~102 ‘C; '"H NMR (CDCls, 400 MHz) : 3.91 (s,
4H), 3.92 (s, 2H), 5.15~5.32 (m, 2H), 5.99 (m, 1H),
7.17~7.19 (m, 2H), 7.30 (s, 1H), 7.46~7.49 (m, 3H); "°C
NMR (CDCls, 150 MHz) §: 35.41, 39.84, 107.15, 119.19,
127.17, 129.79, 130.03, 132.45, 132.63, 133.17, 140.54,
146.86, 152.33; HRMS caled for C;¢H;sF5N5S [M+H]"
366.0995, found 366.0994.

2-50-5-(((5-(1- F k-3 = 55 R k- 1 - e 4- 35 )40
FE-AH-1,2,4- = W3- ) B ) HH D5k ) WE A (6): B2 4 £ ]
&, P23 87.2%. m.p. 115~116 C; 'H NMR (CDCl;, 400
MHz) d: 3.90 (s, 3H), 4.62 (s, 2H), 7.11 (d, J=7 Hz, 2H),
731 (s, 1H), 7.47 (s, 1H), 7.50~7.53 (m, 3H); °C NMR
(CDCl;, 150 MHz) &: 28.62, 39.89, 106.81, 119.46,
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121.25, 126.94, 130.24, 132.65, 132.76, 136.70, 140.61,
147.41, 15129, 152.24; HRMS calcd for C;sH;¢F3NS,
[M+H]" 457.0278, found 457.0275.

2-5-5-(((5-(1- F Jk-3- = 35 k- L - -4 05 ) -4 O
Fe-AH-1,2,4- = W3- FE) B 56 ) 26 L e (6k): 7 fEu i
1K, PEER 65.6%. mp. 154~155 C; '"H NMR (CDCl;,
400 MHz) 6: 3.89 (s, 3H), 4.45 (s, 2H), 7.07~7.09 (m,
2H), 7.26 (d, J=7 Hz, 1H), 7.27 (s, 1H), 7.46~7.50 (m,
3H), 7.78~7.81 (m, 1H), 8.38 (d, J=2 Hz, 1H); *C NMR
(CDCl;, 125 MHz) 6: 32.96, 39.96, 106.84, 119.48,
121.26, 124.14, 126.97, 129.90, 130.22, 131.95, 132.57,
132.82, 139.77, 147.22, 149.99, 150.71, 151.46; HRMS
caled for CoH;sCIFsNgS [M + H] " 451.0714, found
451.0713.

3-((2-FUF 2 ) B 4 )-5-(1- FF -3 - = 50 H - 1 - -
4-FE)-4- KL AH-1 2,4- =W (6): VR {0 AR, PR
66.0%. m.p. 158~159 °C; 'H NMR (CDCls, 400 MHz) ¢:
3.89 (s, 3H), 4.53 (s, 2H), 7.02~7.10 (m, 4H), 7.26 (s,
1H), 7.40~7.49 (m, 4H); *C NMR (CDCl;, 150 MHz) ¢:
3039.82, 107.07, 115.41, 115.55, 119.52, 121.31, 123.79,
123.88, 124.25, 127.09, 129.69, 129.73, 129.99, 131.50,
132.57, 133.04, 140.54, 146.98, 152.26, 160.16, 161.80;
HRMS calcd for Cy0H ¢FsNsS [M+H]" 434.1057, found
434.1056.

A-(((5-(1-FF JE-3- = 350 H 2 - L H-IEE e -4 )-4- R B -
4H-1,2,4- —Me-3- ) B ) FF ) 2RI (6m): V% 8 6 [ 4k
FEF 78.0%. m.p. 122~123 ‘C; '"H NMR (CDCls, 400
MHz) 0: 3.91 (s, 3H), 4.53 (s, 2H), 7.06 (d, J=6 Hz, 2H),
7.27 (s, 1H), 7.44~7.50 (m, 3H), 7.53 (d, J=7 Hz, 2H),
7.60 (d, J=7 Hz, 2H); *C NMR (CDCl;, 150 MHz) o:
36.30, 39.86, 106,85, 111.54, 118.60, 119.49, 121.28,
126.99, 129.87, 129.99, 130.20, 132.20, 132.38, 132.52,
132.65, 132.86, 140.76, 142.37, 147.17, 151.58; HRMS
caled for CyH;sFsNeS [M + H] © 441.1104, found
441.1103.

32,5 AdEMNR

K 22 A KERIEP, 7820 mg/L HIKRE T, Xt
IKFESUEIR R (TC)~ o AH F-PEWT P (AS)~ TRIERIE B
(CO)~ ¥ JRIKEEIR B (BC)IX 4 Fiviy WIR FEHEAT T F0E Ml
W R SCER23]B a8 by 3R, HsE. N
e AL AT 1 R B M.

4 BT KL (Supporting Information) L5 %) 6a~6m [
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'H NMR, “C NMR Ffll HRMS i, x84y DL 4G 37
AT 3 (http://sioc-journal.cn/)_F T %K.
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