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Abstract: Prothioconazole is a new triazolinthione fungicide with broad spectrum bioactivities. A big challenge in the

large scale preparation of prothioconazole is the oxidation condition. Thus a clean and mild continuous flow oxidation

process was studied. The intermediate 1-(2-(1-chlorocyclopropyl)-3-(2-chlorophenyl)-2-hydroxypropyl)-1H-1,2,4-triazole-

5(4H)-thione was oxidized in the presence of oxidant in micro-reactor to generate prothioconazole continuously. Prothio-

conazole could be synthesized efficiently under optimized condition. The continuous flow oxidation method featured with

the advantages of mild reaction condition and high total yield, and it was suitable for industrial production.
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3 30 mL
2h
N N 1 h, NH,CI
o 0.5h
c o HN‘N/;N oo 2, 89% v 80%.
|>L‘<_/Cl [ < Xy 'H NMR 400 MHz -d § 7.53-7.47 m 1H .7.38-
1 4\N_ 732 m 1H .7.23-7.16 m 2H .4.16 s IH .3.70-3.58 m
% cl 2H .3.13 s 1H .1.33 s 1H .1.03-0.77 m 4H .
©/\Mgc1 ©/\Mga MS m/z 279.00 [M+H] 279.34 [M+H] .
1.2.2 3
a o W cl on 6.12 g 22 mmol 2 9mL 180 mmol
. \= . 100°C HPLC 2
c NN °
2 s =/ 3
DK S 2.47 mL 36% HCl 0.5h
‘ 2)HCHO, NHiSCN ‘ ) HPLC
97% o
M M 5g 154mmol 129¢g
N 17 mmol .1.25 g 17 mmol 40%
s 35 mL 75°C
3 W‘Hﬁi%ﬁ@ HPLC o
1 o
1 3.
'H NMR 400 MHz -d 6 7.56-7.55 m 1H .7.37-
1.1 735 m 1H .7.22-7.18 m 2H .6.51 br 1H -OH .5.12 t
DRX 400 MHz Bruker J=112 Hz 1H -NH .4.60-4.56 m 2H .4.48 t J=6.8 Hz
Agilent 1260 . - Agilent IH -NH .4.16 s 2H .3.62 d J=14.0 Hz 1H .3.08 d J=13.6
6540 RE-201D Hz 1H .1.02-0.83 m 4H .
P270 5C NMR 100 MHz -d & 181.63.135.10.134.21 .
. 133.54.129.31.128.07.126.29.76.90.61.57 .54.36 . 46.21 .,
- -1- 97% . 38.20.11.21.11.15,
. MS m/z 346.05 [M+H] 346.08 [M+H] .
o 1.2.3
1.2 10 mmol/L 3 A
1.2.1 2 20 mmol/L  FeCl; B oA
N 1 000 mL B 1:1
o 28 20°C
g 0.174 mol 150 mL HPLC
54¢ 0226 .
mol .30 mL 2 mL o . o
o 30°C 'HNMR 400 MHz -d611.92 s 1H 785 s 1H |
2h 1 h 7.57-752 m 1H .7.39-7.34 m 1H 721 s 2H 479 s

26.6g 0.174 mol 1- -1-

1H 450 s 1H 427 s 1H 3.62 s 1H .3.17 s 1H .



18 17 5

0.98-0.86 m 2H .0.85-0.73 m 2H . - KMnO,
B3C NMR 100 MHz -d 6 165.56.137.38.135.21. 2h 32%.
133.83.133.49.129.46.128.28 .126.38.77.22.53.85.45.56 . FeCl;
38.34.11.35.11.11, H,0,/K,CO; 2h
MS m/z 344.03 [M+H].366.02 [M+Na]
344.07 [M+H].366.03 [M+Na] o 1o N S
2 (e}
FeCl;
3 {4 o FeCl, o
1]
© 1
k /C /h 1%
° 1 Oy/K.CO; 20 24 42
2.1 2 0y8 20 24 18
HPLC 3 H,0, 20 12 35
) 4 H0,/K.CO; 20 2 95
° 5 KMnO, 20 2 32
HPLC p270 6  FeCl 20 2 99
HPLC
T 2.3
o 1.5 mm 5.7 m
HPLC 10.0 mL, A 3
50 MPa 10 mmol/L B 20 mmol/L
3 MPa FeCl, A B 1:1
o 3 5.0.2.5.1.67.1.25.1.0.84 mL/min
- 2.4.6.8.10 12 min
=09 20°C 5
il 3
[\ A
E) 7 12 min 100%.
= °¢ = 100
B <
é & 90
K
) % 85
T 80
2.2 75
2 4 6 8 10 12
3 2 B il /min
[7-9] 3
5 O,/S 3
24 h 18%,
- - FCC13
o 02/K2C03 /HZO
2 mol/L 24 h 42%. 20°C 12 min 3
30% o
12 h 35% 2 mol/L K,CO,

2h 95%. ( 27 )



2018 10 70% 27
M 3
4 0,
ECD 70%
fitEm
9.481 min ©
R S
3.867 min ©
5 1 mg/L
2.4 [1] , , ,
10 mL D E 10 . ,2008, 35 (6): 519-524.
mL A lmin 1.3 (2] . :
1.4 . ,2012, 32 (10): 47-49; 27.
3 2 70% 3] . 1. ,2012, 35 (8):
54.55.
6
— [4] , , ,
’ 0. 2005, 44 (11): 519-520.
/min /mAU /(mg-L™) (5]
9.563 1277515 2.1
. ,2015,43 (12): 130-131; 138.
D 9.549 137 959.1 23
9.565 119781.7 1.9 6] .. -GC (-
9.575 437751.5 7.2 ,2009, 8 (1): 40-41.
E 9.565 466 758.5 7.7 [7] , , ,
9.573 489 759.3 8.1 0. ,2012,51 (8): 584-586.
[8] , , , 9.
HTEY ,2004, 16 (5): 282-285.
9.471 min
[9] , , , / -
[J1. ,
2013, 32 (3): 287-292.
6 70% 20 mg/L ( : )
( 18 ) [8] JIHF, NiuY B, Liu D M, et al. Synthesis and Characterization of 1-
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