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Design, Synthesis, Fungicidal Activity and Docking Study of
Acyl Thiourea Derivatives Containing Pyrazole Moiety

Sun, Nabo” Shen, Zhonghua® Zhai, Zhiwen” Han, Liang”

Weng, Jianquan” Tan, Chengxia” Liu, Xinghai**
(“ College of Biology and Environmental Engineering, Zhejiang Shuren University, Hangzhou 310015)
(® College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014)

Abstract A series of novel acyl thiourea derivatives containing pyrazole moiety were designed and synthesized from ethyl
acetoacetate, triethyl orthoformate, methylhydrazine by multi-step reactions. Their structures were characterized by 'H NMR,
3C NMR and HRMS. The target compounds were evaluated for their fungicidal activity. The results indicated that some of the
title compounds displayed certain fungicidal activities against Botryospuaeria berengeriana. The docking results indicated that
the hydrogen bond and n(c)-n interaction formed between N-((2,6-diethylphenyl)carbamothioyl)-1,3-dimethyl-1H-pyrazole-4-

carboxamide (6k) and succinodehydrogenase.

Keywords pyrazole; acyl thiourea; synthesis; fungicidal activity; docking
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Scheme 1 Synthetic route of pyrazole acyl thiourea compounds
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HARME SR & B 260 Scheme 1 fTs. LLZHEE
LR T SERIR = BN EE, K96 IMemD
S SEH 49 s P (R 1-FR -3 A - -4 FR R 2,
Fig(2), P85 AT KR IR L AS 3] 1- 2 -3- -1 -1k
e 4-FPR (3). P A2 5 S A 5] — &I AR s o 75 21 kg e
B 4, REALEEH T T2 RP. e &
R, SRR S X T i RN SRS,
ks 2 R SOERBR T, 75 0% 5 22 (B2 S A =R
B (1) il 2 A ORI g2 e [F]Eh @ in N PEG-600, A LA
PE R R E RS I FE A 2. H T AE B I e 2 S B
TRl 5 J e TR A BE KRR, A 1) % 15 81 i e e 6
AR EE fa, KuT 5 ARG R B, 72 AR A DT,
AT DAREAT I JEBR 25, Fi 245 281 10 Dbk ne ok 355 1 R 400 B v,
.5 T i 45 it — b alith

BREIEY) 6a~6k IRZRHILIRNE . &4 HE i
54 Scheme 1 FngEt). LML A 6k i %L
PEABIIEAT U, 241 6 76 9.01 (CONHCS) A 11.91
(ArNH) & (1 B 73 A BESSBR IRV B N—H 1)k
TESUE, EHEMMBERMA—SEHET ANH F11f NH
AT DURIER IS o B S8R TR RO 7 N S, T R E 1

2706 http://sioc-journal.cn/

© 2017 Chinese Chemical Society & SIOC, CAS

INTCHVAREE R, 6 7.96 AL BLIE Syt ERR_E S ot 115
S 6 3.89 F12.54 b (1t FLUGE S35 g E IR LA (1 N-
A C-FEE EE M B715 51, AR MERIR L
AR S WERI A CFER BT 715 506 [N e 70
g R TR 5 7 T REREF L
1.2 E£YEM

75 i 5% 99 W (Alternaria solani)~ /NZE TR B
(FusaHum graminearum)~ 5% E W 23 & (Phytophthora
infestans)~ FEMUE 59 W (Phytophthora capsici)~ 3% JINK
FZ W B (Botrytis cinerea) « M 3% i A% i & (Sclerotinia
sclerotiorum) FKFESUNIH R (Thanatephorus cucumeris)~
TEAE BB B (Cercospora arachidicola)~ - F5eS0UH
(Botryospuaeria berengeriana)¥] AW iEPES T-% 1, Wl
IR N 50 pg/mL. H#E 1 AT%, 7650 pg/mL K E T,
11 AN it e P L AR R AL & 0] K B A 2 R B — 2
FAMHIEYE. (HRACSKRE, 72 11 MHiadd, e
6k RILH BRI ARG TE, JCH RN TR LU0 Y
U] 1 5 %o FE 2 S e AT g A 24, ) B X 6 A 4 TR
(70.0%)~ # RAEZG(61.1%) IKFELURE (69.8%) A1
TR (64.5%) 55 1A THARE BRI, tAh, e
6a, 6b, 6g I 6i X FRICLUHWIFEFERINH T HIFH &
B R (73% ~85%). Xt & i e i, KAS b & A
HHREERPNEEE. Wik &9 6a, 6f, 6g, 6h, 6i, 6j Fl 6k
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XoF 2 Jim - 995 1A U 1) P R P A (42% ~ 65%), T XS
HEL 24 3 P BT TR A (88.9%). X TSR T A%, S b &
R 50 B R IS TE, Wb B9 6a (53.8%), 6b
(53.8%), 6¢ (69.2%)F1 6g (57.7%). *FT 3% INIK &I, 1
EW) 6a (61.0%)F1 6b (61.0%) I 1: 5 Xt B 24 5w
P BBER%(63.6%)HH 24, LEW) 6¢ (48.8%)F1 6g (56.1%)1H
R T PSRRI ENE . TN RN S
R RO BN, X 24 G B R ) LT 0
TEH, TithEY) 6a~6e X B B HAT H 4 0 5 1)
I V5 1 (42% ~ 50%), FHE AN AL RA S .
MF 2 7T LB LAY 6b A1 6k 3 B 805 B 1 5+
PR E Y, XA LURK ECsy A 1041 A1 9.28
pg/mL, 55X 8 24 96U TR I i AH LL(ECs0=7.93 pg/mL)i&
PEAH . M bR A PS5 B RS BV M 1 56 R AT LR
(R 1), HAZRIRRIEE IR IR 0 PR R AR AR 2
BF, 03P S5 S0 B TE AL T oAb AL &4, 124 2
BRI AR g = G LB, LV VERRAG, 150 I H A7 1
RAFI T2 i 1.

1.3 HFxE

M PDB J% (http://www.rcsb.org) T #5 B% H L Jiit & B
535 R IWE &5 1KPDB:2FBW) ] PDB X ff. A
ZER I TALEELE Discovery Studio 2.5 B AFFRHEAT, RIS
X B A& 6k 24T At A4k, R A CDOCK #EHidiAT
Iy TR, i 20 MR L, JEEET 4 da e R e
FHAT M. ATAVERASEEEFHRNBEHR AR E
B SRR HIVE R RHEAT 4 TR R, i 2
B, Histba¥ 6k 5 SDH HIAHEAEHE. Hd, H
WA EY) 6k BRME LR ERIE IR R T S5
C B 1% Ser39 1 Hisd2 FRIEEIE A BAER, [ ipme
5 B His216 B n-n AHEAEH, KIS C B
Ned0 W o-n MEAMER. M MWK L SHED
penflufen {XAF/EHANEEE, HHlRHIRER TS C 8 LM

Ser39 M F5 B 85K Trpl73 BRIL A BEER. M
2 0l W, & 6k 5 penflufen S )45 &AL S ATIT
B4 AN CHEX 48k, JLIHZHBE Ser39 JE LA, [HNS, 1k
G 6k SI NTRIRF 2 )5, A 6k SEE 2 [AITER T 5
NFaE I n-n A EAEFH, X ATRER LAY 6k BAT R s 1)
B T ) SRR

B2 a6k MRz
Figure 2 Molecular docking of compound 6k

2 i

ASCUN W LFR CBENIERL, B2 00 [ NA e —
E IR Rl AL e ety S R i e /E e 2 B
PRGN = 70 BT 2 M i s FLEE M. DA A0 F 0 T
(Alternaria solani)~ /INZ% 7% 5599 W (Fusahum gramine-
arum)~ R E W0 B (Phytophthora infestans)~ B
J% 2295 B (Phytophthora capsici)~ ¥l K 2295 B (Botrytis
cinerea)~ HEH 1% H (Sclerotinia sclerotiorum)~ 7Kg
SU K 995 B (Thanatephorus  cucumeris)~ 1% 4 15 BT 9
(Cercospora arachidicola)~ - F 5 80 i (Botryospuaeria
berengeriana) 5y MBAT T AR RIEVEIFIEL. 258 BoR K
IS IR SE R SO0 T B AT B R AR RS I, O
G 6k v LMEN e SAE Wi — B AL

R 1 AR E R B A 2/ %)
Table 1 Fungicidal activity of title compounds (inhibition rate/%)

Compd. R EAEIE NERE LREWIE BRUES WREZ BNKE KFESH IR ZE EARE R

6a 2-F 38.7 273 18.9 47.6 53.8 61.0 11.6 11.1 30.0 76.9

6b 3-F 48.4 12.1 243 47.6 53.8 61.0 12.8 16.7 50.0 84.6

6¢c 3,4-F, 38.7 12.1 21.6 429 69.2 48.8 12.8 11.1 20.0 65.4

6d 2,6-F, 32.3 455 16.2 429 19.2 22.0 17.4 27.8 20.0 53.8

6e 2-OCF; 29.0 15.2 21.6 452 38.5 24.4 17.4 222 20.0 46.2

6f 2-CF; 419 212 13.5 429 19.2 24.4 16.3 38.9 50.0 65.4

6g 2-CH; 452 212 16.2 50.0 57.7 56.1 23.3 222 10.0 73.1

6h 3,5-(CH;), 452 15.2 16.2 31.0 15.4 12.2 16.3 44.4 40.0 61.5

6i 4-Et 48.4 36.4 18.9 38.1 26.9 29.3 11.6 333 30.0 73.1

6j 2,3,4-F, 48.4 212 13.5 38.1 38.5 24.4 34.9 11.1 10.0 69.2

6k 2,6-Et, 64.5 30.3 29.7 38.1 38.5 22.0 69.8 61.1 70.0 96.2

P B TR M 88.9 30.3 29.7 38.1 96.4 63.6 88.4 44.4 100 84.6
Chin. J. Org. Chem. 2017, 37, 2705~2710 © 2017 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 2707
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F2 LAY 6b F 6k X3 FE LU ECs) H
Table 2 ECs, of compounds 7b and 7k

Compd. y=a+bx r  ECso/(ng'mL™")
6b y=1.6661x+3.2750 0.9937 10.41
6k y=2.2238x+2.8481 0.9936 9.28
FURE B y=1.1363x+3.9777 0.9825 7.93

3 XIS
3.1 X5

bR T AEE R AT X-4 B s B A
IR RS IE; BRUKER 400 MHz i1 500 MHz K% R4 3
PRAX(CDCl; MR, TMS HNHNHR); %4 LC-QTOF-
MS I HEREA. RFIER A BT 2l 7). R ab B,
HEMH.

3.2 ZWHE

KA A4 1, 2, 3, 4 3% TR T IEPOPIE L.
3.2.1  HARL A4 6a~6k 94 A%

Btk et AL A 4 (1.58 g, 10 mmol) A F 57K
P20 mL)+, MIABLIEEE#(0.99 g, 13 mmol), KV
P R BRI ZIE YOE AR O AR R AT 1, = EAFE 1 h 5=
TR RAR N, SRR 1 h, RSids ik, JiERe 2 ik
HeJ5, Yok 2 TR AT VR B[] A Lk e R R B S,
TLHRANEERT T2 &M

H 0.36 g (2 mmol)HL ME I S B R RV T 7 mL
) CH,CL, ", i N\ 2 mmol A ERAR R e (X T 3] 44 iy B A
KW, BHBET CHCL FFHEAN), nse/a =EaHE 12
h, AEREA, HhiE, CHLCL BEi, T, 15 R5MEW
6a—~6k.

N-2- F 2% 8 )-1,3- = F Bk -1 1= b e -4 T R A% IR
(6a): WEOFEAR, 72 60%. m.p. 144~146 C; 'H NMR
(400 MHz, CDCLs) 8: 2.56 (s, 3H, CH;), 3.92 (s, 3H, CH;),
7.17~17.26 (m, 4H, Ph), 7.96 (s, 1H, CH), 8.33 (t, J=7.2
Hz, 1H, Ph), 8.93 (s, 1H, NH), 12.67 (s, 1H, NH); "*C
NMR (125 MHz, CDCl;) 6: 13.53, 38.37, 111.48, 115.56,
115.71, 124.19, 127.05, 128.01, 134.74, 135.24, 149.55,
150.98, 154.35, 156.31, 164.14, 164.46, 180.55; HRMS
caled for C;3H4FN,OS [M—l—H]+ 293.0867, found
293.0860.

N-(B-3 A FE)-1,3- — B B -1 H- 1k e -4 g L 75 R (6b):
WOEEK, P2Z 57.5%. mp. 136~138 C; "H NMR (400
MHz, CDCly) §: 2.55 (s, 3H, CH;), 3.93 (s, 3H, CH;),
6.99~7.01 (m, 1H, Ph), 7.06~7.08 (m, 1H, Ph), 7.39 (t,
J=2.0 Hz, 1H, Ph), 7.73 (d, J=10.0 Hz, 1H, Ph), 7.93 (s,
1H, CH), 8.79 (s, 1H, NH), 12.73 (s, 1H, NH); *C NMR
(125 MHz, CDCl;) d: 13.51, 38.67, 108.99, 109.20,
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110.53, 111.04, 111.24, 111.54, 112.68, 112.85, 120.24,
130.15, 130.22, 134.69, 135.23, 134.68, 135.23, 139.60,
149.53, 150.91, 160.66, 162.59, 163.99, 164.44, 179.51;
HRMS caled for C;3H4FN,OS [M+H]" 293.0867, found
293.0891.

N-((3,4- A E)-1,3- - 1 - -4 gk A R
(6c): MEOEE, % 60.7%. m.p. 155~157 C; 'H
NMR (400 MHz, CDCl3) 6: 2.54 (s, 3H, CH3), 3.92 (s, 3H,
CH;), 7.14~7.22 (m, 2H, Ph), 7.78~7.82 (m, 1H, Ph),
7.94 (s, 1H, CH), 8.86 (s, 1H, NH), 12.64 (s, 1H, NH); "*C
NMR (125 MHz, CDCl;) 6: 13.50, 38.35, 111.52, 112.20,
112.37, 114.14, 114.30, 117.07, 117.22, 121.77, 134.69,
135.22, 149.52, 150.91, 163.90, 164.43, 180.04; HRMS
caled for C;3H;3F,N,OS [M—I—H]+ 311.0773, found
311.0768.

N-(2,6- R 5E)-1,3- = F 5L - L H-Hk e -4 o R A f
(6d): HEEEEAR, 775K 46.7%. mp. 163~164 C; 'H
NMR (400 MHz, CDCl) : 2.56 (s, 3H, CH3), 3.93 (s, 3H,
CH;), 7.04 (t, J=8.4 Hz, 2H, Ph), 7.33~7.40 (m, 1H, Ph),
7.91 (s, 1H, CH), 8.96 (s, 1H, NH), 11.83 (s, 1H, NH); "*C
NMR (125 MHz, CDCly) 6: 13.52, 38.79, 111.46, 111.74,
111.93, 116.11, 129.28, 129.36, 129.44, 134.75, 151.03,
156.99, 157.02, 158.97, 159.01, 163.70, 182.47; HRMS
caled for C;3H;3F,N,OS [M—i—H]+ 311.0773; found
311.0771.

N-Q2- =G R L 2R 3L )-1,3- — FF k- | -t -4 i ik
TR (6e): R ALK, % 50.6%. m.p. 111~113 C;
'"H NMR (400 MHz, CDCl3) d: 2.57 (s, 3H, CH3), 3.93 (s,
3H, CH;), 7.31~7.33 (m, 1H, Ph), 7.37~7.41 (m, 2H,
Ph), 7.94 (s, 1H, CH), 8.57 (d, J=8.4 Hz, 1H, Ph), 8.81 (s,
1H, NH), 12.90 (s, 1H, NH); *C NMR (125 MHz, CDCl,)
0: 13.45, 38.79, 111.40, 121.48, 127.20, 127.41, 127.65,
131.02, 134.80, 135.24, 141.22, 150.98, 164.36, 180.47,
HRMS (ESI) caled for CH4FsN,0,S [M + H] ©
359.0784, found 359.0792.

N-(2- =5 42 5E)-1,3- = F - 1 - -4 T 26 i
fIR(6f): W EEAE, 7% 553%. mp. 147~148 C; 'H
NMR (400 MHz, CDCl3) : 2.56 (s, 3H, CH3), 3.92 (s, 3H,
CH;), 7.46 (t, J=7.6 Hz, 1H, Ph), 7.65 (t, J=8.0 Hz, 1H,
Ph), 7.75 (t, J=8.0 Hz, 1H, Ph), 7.92 (t, J=8.4 Hz, 1H,
Ph), 7.96 (s, 1H, CH), 8.98 (s, 1H, NH), 12.55 (s, 1H, NH);
BC NMR (125 MHz, CDCly) ¢: 13.51, 38.37, 111.40,
126.09, 126.13, 127.63, 130.96, 132.74, 134.82, 135.95,
150.99, 164.39, 181.98; HRMS (ESI) calcd for C,H 4Fs-
N,OS [M+H]" 343.0835, found 343.0827.
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N-(2-FUR HE)-1,3- — W KL -1 H- I e -4- P FE Rt JUR (6g):
WEGEE, PP 56.3%. mp. 175~176 C; 'H NMR
(400 MHz, CDCl3) 6: 2.57 (s, 3H, CH3), 3.93 (s, 3H, CHs),
7.25~7.27 (m, 1H, Ph), 7.37 (d, J=8.0 Hz, 1H, Ph),
7.48~7.51 (m, 1H, Ph), 7.94 (s, 1H, CH), 8.31~8.33 (m,
1H, Ph), 8.85 (s, 1H, NH), 12.69 (s, 1H, NH); °C NMR
(125 MHz, CDCLy) 8: 13.54, 38.79, 111.48, 111.57, 127.20,
127.23, 128.07, 128.22, 128.35, 129.18, 129.44, 134.79,
135.24, 135.41, 150.96, 164.13, 164.46, 180.62; HRMS
(ESI) caled for Ci3H14CIN,OS [M+H]" 309.0571, found
309.0564.

N-(3,5- 3L ZKFE)-1,3- — F -1 -tk e -4- g 2 At
fik(6h): R EEE, 7F 64.7%. mp. 142~143 C; 'H
NMR (400 MHz, CDCl;) 8: 2.36 (s, 3H, CH3), 2.55 (s, 3H,
CH3), 3.92 (s, 3H, CH3), 6.86 (s, 1H, Ph), 7.31 (s, 2H, Ph),
7.92 (s, 1H, CH), 8.77 (s, 1H, NH), 12.48 (s, 1H, NH); "*C
NMR (125 MHz, CDCl;) d: 13.53, 20.85, 38.38, 111.63,
120.82, 121.61, 126.08, 127.59, 134.62, 135.26, 137.82,
149.55, 150.86, 164.13, 164.47, 179.06; HRMS (ESI)
caled for C;sH;oN,OS [M + H]+ 303.1274, found
303.1276.

N-(4- £ 3E 38 )-1,3- — F I -1 - b e -4 7 56 1t MR
(6i): WEOEER, 7% 55.2%. m.p. 89~90 C; 'H NMR
(500 MHz, DCCl3) 6: 1.26 (t, J=4.0 Hz, 3H, CH3), 2.54
(s, 3H, CH3), 2.66~2.70 (m, 2H, CH,), 3.91 (s, 3H, CH;),
7.25 (d, J=8.5 Hz, 2H, Ph), 7.94 (s, 1H, CH), 8.86 (s, 1H,
NH), 12.50 (s, 1H, NH); >C NMR (125 MHz, CDCl5) §:
13.52, 15.50, 27.69, 38.38, 111.65, 123.31, 124.25, 127.85,
127.95, 134.61, 135.25, 135.65, 141.76, 149.76, 150.83,
164.05, 164.46, 179.30; HRMS caled for C,;sH;sN,OS
[M+H]" 303.1274, found 303.1276.

N-(2,3,4- = G0 FE)-1,3- - FFF k- 1 - n A -4 i L 7
iR (6j): #WOEE, F7F 42.2%. mp. 171~172 C; 'H
NMR (400 MHz, CDCl;) 8: 2.55 (s, 3H, CH3), 3.92 (s, 3H,
CH3), 7.00~7.06 (m, 1H, Ph), 7.86~7.90 (m, 1H, Ph),
791 (s, 1H, CH), 8.87 (s, 1H, NH), 12.52 (s, 1H, NH); "*C
NMR (125 MHz, CDCLy) d: 13.52, 38.79, 111.42, 111.61,
111.72, 123.01, 123.07, 124.35, 124.43, 134.76, 135.24,
146.64, 147.84, 151.04, 163.90, 181.63; HRMS calcd for
C13H,F5N,0S [M+H]" 329.0678, found 329.0672.

N-(2,6- . 2. 3L ZKFE)-1,3- — B -1 - itk e -4- Tt L At
fiR(6Kk): R E A EE, 77F 50.5%. mp. 111~112 C; 'H
NMR (400 MHz, CDCls) 8: 1.26 (t, J=7.5 Hz, 6H, 2CH3),
2.54 (s, 3H, CHs), 2.66~2.69 (m, 4H, 2CH,), 3.89 (s, 3H,
CH3), 7.19 (d, J=8.0 Hz, 2H, Ph), 7.32 (t, J=7.5 Hz, 1H,
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Ph), 7.96 (s, 1H, CH), 9.01 (s, 1H, NH), 11.91 (s, 1H, NH);
13C NMR (125 MHz, CDCLy) 6: 13.55, 14.39, 14.48, 24.26,
24.51, 38.77, 111.662, 126.16, 127.87, 133.87, 134.72,
134.91, 140.72, 141.19, 150.84, 164.15, 181.38; HRMS
caled for CpH;N,08 [M -+ H] © 331.1587, found
331.1588.
322 AdEHENEEK

RICXT R Bt 950 Bl (Alternaria solani)~ /N2 7%
B B (Fusahum graminearum) « 55 % 3 W 7% %
(Phytophthora infestans)~ kMU 590 B (Phytophthora
capsici)~ ¥ JNIKFE9 # (Botrytis cinerea)~ T2 B A% B
(Sclerotinia sclerotiorum) IKFELSUE I & (Thanatephorus
cucumeris)~ ¥ )R 2295 B (Fusarium oxysporum). 14
5 B 93 B (Cercospora arachidicola) < ¥ 8 % S0
(Botryospuaeria berengeriana).

IR A (L4541 F DMF IR 1% EC % . R
F B 22 AL, TP A A IAE 50 pg/mL &
TR 10 FRERFEAR I % N R BEE T, WS PR A S
£ 1 PR,

4 B#1 KL (Supporting Information) L&) 6a~6k [
"H NMR F1 HRMS 3. X 8EARE AT LA 2 AT 3l
(http://sioc-journal.cn/) I N #k.
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