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Abstract A series of novel acyl urea derivatives containing pyrazole moiety were synthesized from ethyl acetoacetate, tri-
ethyl orthoformate, methylhydrazine by multi-step reactions. Their structures were characterized by "H NMR and HRMS spec-
tra. The target compounds were evaluated for their fungicidal activity. The results indicated that some of the title compounds
displayed certain fungicidal activities against Cercospora arachidicola, Sclerotinia sclerotiorum, Rhizoctonia solani and Phy-
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salopora piricola. The docking results indicated the hydrogen bond formed between the amide group and Ser 39 residue.
Keywords pyrazole; acyl urea; synthesis; fungicidal activity; docking
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Figure 1 Design strategy of title compounds
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Sheme 1 The synthetic route of pyrazole acylurea compounds
1 ZER5He
1.1 ARSKIE

AR & L OB OBR LB 5 R P IR = Ol N
JFR}, Zeid 200 I NS O P R 4 1R3-S 1 -

ML PE-4- FHEIE(S). fEG RSB P AR 5 U R b, $597
T AN TR 2 2% A R AT A B S WL B A s Y DY TR
(THF) N5, (UK N INZUKK THE 3, Hilo
N 54.7%; A LAERAEE R, fEUKHE R SR 2 h S A
Kb, TGRSRV NN BRER R )
THF VREEW, =il N 2 h, W3R 90%, BT i H
T TRORRIR & AR5 5 5 SAE AR B
FS I P Tt S SRR 6, e 2 W40 Mk A T i S SRR I 5 I
AT AL ST H L4 7.

DACEY Ti ORI, AR 6 11.26 AN
10.18 Ak FAJ U 53 73 D B FE R A LA N—H #5115
TSl 5 8.38 AL EIENNEIEIR EE BT TS S S
3.81 1 2.45 Ab g sy 75 L ERA_EARIE ) N- AN
C-FE: EARIR 75 S0 AR MR BT
Gl [FIN m P A R R OR 5 TR R KR L
1.2 REDEM

A W (Alternaria solani)s /NZEFREEI H
(FusaHum graminearum)~ =58 Z W 5895 18 (Phytophthora
infestans)~ FRMUE F295 B (Phytophthora capsici)~ 3% JINK
99 B (Botrytis cinerea)~ M=% W #% B (Sclerotinia
sclerotiorum) IKFESUNIE T (Thanatephorus cucumeris)~
EAE M B 18 (Cercospora arachidicola) SESHH U0 B
(Botryospuaeria berengeriana) I WIETES] T3 1, Wl
BIR BN 50 pg/mL. B3 1 A%, 7E 50 mg/L IR T,
12 ASE &5 Bl B AN R I — € s . E
BACKE, £ 1208y, aw 7i R0 1)
AT, A0 TS AL . KIESUR T . AEA AR T
7 RIS SR S0 P A0 o e X TR 24 A T P A 24,
[ s %o 2 A 7 0TI i 5 0 A o 45 P 4 1 1
UbAh, G Ta, Te A1 7§ WIEFERILH T — & ) 3 5%
PR G ek P g JOR 2R A 5 0 R R L R

K1 HIMLEYRBE S0 mg/L)
Table 1 The fungicidal activity of title compounds (50 mg/L)

Compd. R AR ML DREWZE BRERE ME RIUKE KBS EAEERE SEREL
7a 4-Et 58.1 51.5 62.2 61.9 76.9 61.0 52.3 5.0 19.2
7b 2-NO,-4-Cl1 323 12.1 13.5 47.6 38.5 36.6 11.6 5.0 423
Tc 2,5-2F 22.6 21.2 13.5 23.8 57.7 36.6 17.4 60.0 30.8
7d 2-NO,-4-CH; 48.4 51.5 29.7 26.2 69.2 48.8 233 5.0 46.2
Te 2,4-2F 64.5 60.6 56.8 61.9 76.9 61.0 52.3 30.0 76.9
7f 2,6-2F 323 21.2 21.6 26.2 38.5 29.3 11.6 5.0 38.5
7g 4-Cl 38.7 21.2 16.2 23.8 19.2 39.0 34.9 5.0 46.2
7h 4-Bu 41.9 21.2 10.8 333 57.7 61.0 442 10.0 38.5
7i 3-Cl 66.7 143 13.6 83 98.2 45.5 88.4 100.0 100.0
7j 2-CH;-4-CF(CF;), 66.7 20.0 22.7 83 85.7 45.5 86.0 90.0 36.4
7k 3-CF; 333 11.4 9.1 11.1 67.9 27.3 46.5 30.0 50.0
71 2-OCF; 222 8.6 18.2 11.1 26.8 12.1 11.6 10.0 4.5

M TR Tt fi 88.9 30.3 29.7 38.1 96.4 63.6 88.4 100 84.6
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PR AZ 0 B UK B i B B E . Wtk &4 7a, Te,
Ti K7 E A A R (58 %~ 66%),
T3 - o 8 24 0 A 19 1 (88.9%). St TS B i, K
H A BRI BT ST, &Y 7a (76.9%),
7e (76.9%), 7i (98.2%) 1 7j (85.7%), JLHRZIEM 7i 5
ot FE 24 e B R B AH 2. XT3 NR B, B Ta
(61.0%), 7e (61.0%)F1 Th (61.0%)FIFMH]E M 5 X 24
24, tbEW) 7d (48.8%), Ti (45.5%)F1 7j (45.5%) & B
T PSR AN . TN RER . DR
N~ BRBUCREFEIN « %o FE 24 e B TR fre ) 1 F- e
MALEY) Ta Fl Te M/NEIREEIR . DR EMER . B
P B0 LA TR AR IS . AR 2 WTRUE LG
) 73 R0 7§ PSR REAZR . KFEGURR . AEE BT AT
SR GO H A R A SNE 71 AN 7§ X IR A )
ECso N 7.47 1 6.71 pg/mL, XKFESAER K ECso A
9.98 #19.44 ng/mL, XJ{E EMEBEI ) ECso M 7.67 A1 6.45
pg/mL, Hrh 7i 6E R LU I ECso 4 10.41 pg/mL, 5
o 24 g W B B i (ECso = 0.7287, 5.38, 0.060, 7.93
pg/mL)AE LLIEPERS b, AN E FRA A4 25 6 R TR 1R 1)
KAET LG H, 2R BRI (a7 SR, Al
T A VR AZIR . KRS . A4 B
A R SUR TS LT A A Y, T A AL T HAR
HE R ARG ORI, R VERRAR, Ul B AE (A7 1 H A P
KRAF TP mid k. A28 60 A BUREER, EYIRE
PERA BRAR. SARKRE, IR AR ) v A7 1 A
TR T A A P PR 2 M K.
2 HELEY 7i 0 75 S5 BAKE) ECso 18
Table 2 ECs, of compounds 7i and 7j
Compd. JHEBEAZI AKFBLNH TeABWBH  FRELUR

7i 7.48 9.98 7.67 10.41
7 6.71 9.44 6.45 —
-
E e
, 0.73 5.38 0.06 7.93
P frix

1.3 SFxE

M PDB J (http://www.rcsb.org) I 235 1R i 2 i
5345 R0 H & 54 (PDB:2FBW) ] PDB . A4
F ) FAL FEAE Discovery Studio 2.5 B i#E4T. RN XT
HARMEEY 7i AT 85 k. K CDOCK #iHe 2474y
TXHEE, fr 20 MR R, JREUT o B M R B
BTN, ATAERAS A E5RNBNRN A RE &
VSRR GE R AR Xt S AT e e 20 i 2 fip
N, HEMEEY) 71 53R I Z RS (SDH) B AH ELAE .
Horr, B bRt A 7i R L0 S R e 5 35 40 531 5
C BE 1) Ser39 FRIETE s A A FH.
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Figure 2 Molecular docking of compound 7i
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VN AN VN VS SN E 2 SN A K
RYH LSRR AL S ). B bR B AL IR
SRR = 2 P o B e H g, I DA S R TR
(Alternaria solani)~ /|N7Z 75599 B (FusaHum gramine-
arum)~ 5% WG90 B (Phytophthora infestans)~ X
J% 8295 B8 (Phytophthora capsici)~ %% K 5295 B (Botrytis
cinerea)~ JMZ WK% B (Sclerotinia sclerotiorum) 7K
SN 9% 1 (Thanatephorus  cucumeris) 1t A # BT 9
(Cercospora arachidicola)~ - 356 80U 1 (Botryospuaeria
berengeriana) sy MIEAT T R HIE IR E. SR 2R GE
V) TSR B R . SEREESOR B KBS R
TS B0 W B A B R EE T, W UME R RS
Wit — 2.

3 XIERST
31 UE5EHA

JER BT IR AT X-4 7 SR BRE SAL,
TR TR IE; BRUKER 400 MHz 5% 500 MHz #% R 3%
PRAL(CDCLy A H, TMS AWR);, i LC-QTOF-
MS & HER A AR A Al A, RE AL,
EREAEA.

FEE AR 1~4 S5 3R TER A5 k.
32 KEYMERK
3.2.1 1,3-=F 2 -1H-wvd-4-F 8 (3) 89 A &

OB AR AEE(5.2 g, 40 mmol). JEHR = 2B
(8.9 g, 60 mmol)7E Z. TR (12.3 g, 0.12 mol)H [ &2 ¥ 8
h, SONEE IR &, A 1 SRR FEVKIR T,
B TaMA 1 (7.5 g, 40 mmol)ii N E 60% 0 FH L i (4.6 g,
60 mmol) 5 Z (20 mL)VR & H, 60 C B 8 h, S
SRR IRZETE, N 8 (20 mL)-5 A £ #h K
L, AHUZH KRR E B, 15 1-HFH-3-=
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R - 1 - Pk-4-F R 2016 (2), SR I e 2 7E VR
AN GBI P AT R BEFE 12 h, BBRIER 0
J&, KRR ERRIKE, AR, fri el 3, i
JEMET. "H NMR (CDCls, 500 MHz) d: 7.87 (s, 1H, pyra-
zole-H), 3.88 (s, 3H, N-CH3;), 2.48 (s, 3H, pyrazole-CH3).
322 13-=F A -1H-wkodk-4-F BRI (5) 09 & m%

¥ 14 g (0.1 mol) 1,3-—F2E-1H-MEM-4-FER3) N
A 250 mL B, 212 MA 75 mL SOCL, Jn#k(H]
W4 h, HEORE(TLCO) KM i M 58 4, 8 2810k %
SOCL, 3kt 1A 4. 7£ 500 mL TR A 34
g ZIK(25%) 1 15.2 g K,COs, FAIA 100 mL THF g,
WHEE ARG A EE 0 C, VKB TN IR vk 3% 0 i 44
T 100 mL THF MREW, A AEaFEE~4, W
M 2 h, TLC Rl je B 5642, ek 2818 Bk 2 THF,
A BCKE A, HhE, KEE, T, SaAaEESs 112 g,
WA 170~171 COCEMED 172~173 C), Bk
1% 81%. 'H NMR (CDCl;, 500 MHz) 6: 8.03 (s, 1H,
pyrazole-H), 7.25 (s, 1H, NH,), 6.82 (s, 1H, NH,), 3.75 (s,
3H, N-CHs), 2.51 (s, 3H, pyrazole-CHj3).

323  HARL A4 Ta~T1 896 %

¥ 1.39 g (10 mmol) 1,3-— FJE-1 H-MEmk-4- F ik i
(5)%T 80 mL CH,CL 1, #iHE¥I5), B2 A 1.9 ¢ (15
mmol) EFEE, KIA S, =il 1 h, A5
RN 7 h, RO FL A R NPT, TLC R B 58
4, B HGIRRZENE, TR A 1.5 g, R
N 91%, LFRMANWALEIN T —B M. # 033 g (2
mmol)FEE MK 57 SRR 6 ¥ T 7 mL (9 CHLCL Y, A 2
mmol ¥ A R e Onf T [ 4 1) OO B, 3 s T
CH,CL JG FHN), N5t fa =il st 12 h, B sk,
JE, CH.CL ek, TR, R RIIED) Ta~T1.

N-(4- 2 F 2R TE)-1,3- — W1 Bk - 1 -tk e -4- T B JIR (7 )
B 40.2%, AGEAK, mp. 235~236 C; 'H NMR
(CDCls, 400 MHz) d: 10.98 (s, 1H, NHC=0), 10.14 (s,
1H, ArNH), 8.41 (s, 1H, pyrazole-H), 7.49 (d, /=8.1 Hz,
2H, ArH), 7.21 (d, J=8.1 Hz, 2H, ArH), 3.77 (s, 3H,
NCH3), 2.67 (q, J=7.6 Hz, 2H, CH,), 2.54 (s, 3H, pyra-
zole-CH3), 1.25 (t, J=7.6 Hz, 3H, CH;); ESI-HRMS calcd
for C,sH;oN,O, [M+H]" 287.1503, found 287.1499.

N-Q2-Tl Fe-4- 5 K FE)-1,3- — -1 F- itk k-4 ik & IR
(7b): WLH 47.5%, FEFEAK, mp. 197~199 C; 'H
NMR (CDCls, 400 MHz) 6: 12.53 (s, 1H, NHC=0), 8.52
(d, J/=9.1 Hz, 1H, ArNH) 8.31 (s, 1H, pyrazole-H), 8.18
(s, 1H, ArH), 7.93 (s, 1H, ArH), 7.57 (d, J=9.1 Hz, 1H,
ArH), 3.86 (s, 3H, NCHj;), 2.54 (s, 3H, pyrazole-CHj3);
ESI-HRMS caled for Ci3HsCINsO, [M+H]" 338.0651,
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found 338.0648.

N-(2,5- 3 2K 3E)-1,3- — F 35 -1 - g nee -4 i g
(7e): WK 54.4%, A A, mp. 222~224 C; 'H
NMR (CDCls, 400 MHz) d: 11.46 (s, 1H, NHC=0), 9.52
(s, 1H, ArNH), 8.28 (s, 1H, pyrazole-H), 8.09~8.00 (m,
1H, ArH), 7.17~7.11 (m, 1H, ArH), 6.81 (s, 1H, ArH),
3.92 (s, 3H, NCH;), 2.57 (s, 3H, pyrazole-CH;); ESI-
HRMS calcd for C3H,5F,N40, [M+H]" 295.1001, found
295.1004.

N-(2-Fi s -4- FA FE R L )-1,3- — FA k- | - -4
R (7d): WH 42.6%, B G FE A, mp. >300 C; 'H
NMR (CDCl;, 400 MHz) ¢: 12.42 (s, 1H, NHC=0), 8.56
(s, 1H, ArNH), 8.38 (d, J/=8.4 Hz, 1H, pyrazole-H), 8.01
(s, 2H, ArH), 7.46 (d, J=8.9 Hz, 1H, ArH), 3.87 (s, 3H,
NCH3), 2.58 (s, 3H, pyrazole-CH3), 2.44 (s, 3H, Ar-CHj;);
ESI-HRMS caled for C,H(NsO, [M+H]" 318.1197,
found 318.1197.

N-(2,4- 90K 58 )-1,3- — F1 JE - LH- Wk e -4- 15 5 JiR
(7e): WK 39.1%, A A, mp. 236~238 C; 'H
NMR (CDCl;, 400 MHz) o: 11.48 (s, 1H, NHC=0), 9.67
(s, IH, ArNH), 8.31 (s, 1H, pyrazole-H), 8.08~7.99 (m,
1H, ArH), 7.19~7.10 (m, 1H, ArH), 6.84~6.78 (m, 1H,
ArH), 3.92 (s, 3H, NCHj), 2.56 (s, 3H, pyrazole-CHj3);
ESI-HRMS caled for C3H3FoN,0, [M+H]™ 295.1001,
found 295.1000.

N-(2,6- — % 2K 35 )-1,3- — F 5 -1 - g nee -4 i g
(70): WK 47.6%, HAEREAK, mp. 227~229 C; 'H
NMR (CDCls, 400 MHz) d: 10.61 (s, 1H, NHC=0), 10.54
(s, IH, ArNH), 8.30 (s, 1H, pyrazole-H), 7.27 (m, 1H, ArH),
7.02 (t, J=8.0 Hz, 2H, ArH), 3.68 (s, 3H, NCH3), 2.50 (s,
3H, pyrazole-CH;); ESI-HRMS calcd for C;3H;3F,N,0,
[M+H]" 295.1001, found 295.0999.

N-(4- F R B )-1,3- — I B -1 H- Ptk Pk -4- Tt 5 R (7 g):
% 68.5%, AGEMAK, mp. 229~230 C; 'H NMR
(CDCl3, 400 MHz) 6: 11.11 (s, 1H, NHC=0), 9.87 (s, 1H,
ArNH), 8.29 (s, 1H, pyrazole-H), 7.54 (d, J=7.9 Hz, 2H,
ArH), 7.35 (d, J=7.9 Hz, 2H, ArH), 3.82 (s, 3H, NCHj;),
2.55(s, 3H, pyrazole-CH;); BC NMR (CDCl;, 125 MHz) o:
13.51, 38.62, 112.18, 121.35, 127.13, 128.76, 133.93,
136.79, 150.56, 151.46, 164.34; ESI-HRMS calcd for
CisH¢F3NgS, [M+H]" 293.0800, found 293.0800.

N-(4-BUT B HE)-1,3- = FF -1 H- it -4 T 66 fIR
(7Th): 3 17.5%, AR, mp. 182~185 C; 'H
NMR (CDCl;, 400 MHz) ¢: 10.95 (s, 1H, NHC=0), 10.38
(s, 1H, ArNH), 8.49 (s, 1H, pyrazole-H), 7.49 (d, J=8.1

http://sioc-journal.cn/ 2047
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Hz, 2H, ArH), 7.41 (d, J=38.1 Hz, 2H, ArH), 3.77 (s, 3H,
NCHs;), 2.57 (s, 3H, pyrazole-CHj3;), 1.34 (s, 9H, C(CH,)5);
ESI-HRMS caled for C;H»3N,0, [M+H]" 315.1816,
found 315.1809.

N-(3-5A K IE)-1,3-— F FE- 1 H-PHE M-4- R JE IR (i) Ui
R 47.9%, % OEAK, mp. 201~203 C; 'H NMR
(CDCl3, 400 MHz) ¢6: 11.26 (s, 1H, NHC=0), 10.18 (s,
1H, ArNH), 8.38 (s, 1H, pyrazole-H), 7.76 (s, 1H, ArH),
7.32~7.27 (m, 2H, ArH), 7.14 (d, J/=7.4 Hz, 1H, ArH),
381 (s, 3H, NCH;), 2.52 (s, 3H, pyrazole-CHj3);
ESI-HRMS calcd for Ci3H4CIN,O, [M+H]" 293.0800,
found 293.0800.

N-Q2-F Be-4-H 5 N JE R 3 )-1,3- — HE JE- 1 H-TLE -
4- T 3 IR (75): WEE 15.9%, k¥ € [E 4k, mp. 222~
223 °C; '"H NMR (CDCls, 400 MHz) ¢: 11.15 (s, 1H, NH-
C=0), 9.82 (s, 1H, ArNH), 8.24 (s, 1H, pyrazole-H), 8.14
(d, J=8.4 Hz, 1H, ArH), 7.51~7.41 (m, 2H, ArH), 3.70
(s, 3H, NCH3), 2.51 (s, 3H, pyrazole-CHj3), 2.45 (s, 3H,
Ar-CH;); ESI-HRMS caled for Cj;H ¢F/N,O, [M+H]"
450.0762, found 450.0759.

N-(3- =50 28 FE)-1,3- — FF - | =P -4 S IR
(7k): W 30.7%, AGEA, mp. 186~188 C; 'H
NMR (CDCl;, 400 MHz) o: 11.34 (s, 1H, NHC=0), 10.02
(s, 1H, ArNH), 8.27 (s, 1H, pyrazole-H), 7.90 (s, 1H, ArH),
7.74 (d, J=8.3 Hz, 1H, ArH), 7.49 (t, J=7.9 Hz, 1H,
ArH), 7.42 (d, J/=7.8 Hz, 1H, ArH), 3.73 (s, 3H, NCHs),
2.53 (s, 3H, pyrazole-CH;); ESI-HRMS calcd for
C4H,F3N,O0, [M+H]" 327.1063, found 327.1067.

N-Q2- =4 R FE AR HE)-1,3- — I - 1 H- itk e -4 5
BR(TY): W 29.2%, AMEA, mp. 199~200 C; 'H
NMR (CDCl;, 400 MHz) ¢: 11.53 (s, 1H, NHC=0), 9.70
(s, 1H, ArNH), 8.27 (s, 1H, pyrazole-H), 8.26 (s, 1H, ArH),
7.39~7.34 (m, 1H, ArH), 7.31 (d, /=8.0 Hz, 1H, ArH),
7.19 (t, J=7.8 Hz, 1H, ArH), 3.82 (s, 3H, NCH3), 2.56 (s,
3H, pyrazole-CH;); HRMS calcd for Ci4H4FsN4,O; [M+
H]" 343.1013, found 343.1010.

322 AdpEHENEEK

RIGNT G B W B (Alternaria solani) /N2 7%
R B (FusaHum graminearum) « B 8 2 W % 95 1H
(Phytophthora infestans) ~ FHUZE 22 # (Phytophthora
capsici)~ ¥ JNIKEEI9 B (Botrytis cinerea)~ M=% B A% B
(Sclerotinia sclerotiorum) TKFELUE I (Thanatephorus
cucumeris)~ 16 AEMPLIR B (Cercospora arachidicola)
REC LU T (Botryospuaeria berengeriana).

Wb, K16 &Y DMF ##A 1% EC

2048 http://sioc-journal.cn/
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# M. R E L ERMENE, N s WAE 50
mg/L 75Xk O P SR 1 2 P4 % B 1, T I
ZORMER 1 PR,

4 Bi#1k (Supporting Information) L&Y 7Ta~71 [
"H NMR Fl HRMS 3. 3 £k n] DL 6 3 AT 99 33
XL RL AT DL A B AT sy | TR ER.
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