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Abstract: Pyrazolecarboxamide derivatives have attracted much attention in the field of agrochemical
discovery. With the objective of exploring the novel fungicides, 14 novel N-(2-trifluoromethyl-4-
chlorophenyl)-2-pyrazoleamide cyclohexylsulfonamides were obtained by amidation method using
EDCI/HOBLt. Their structures were characterized by '"H NMR, *C NMR, MS and elemental analysis.
The crystal structure and stereo configuration of compound 3g were determined by X-ray diffraction.
The bioactivities against Botrytis cinerea revealed that the synthesized compounds possessed good
fungicidal activities. The bioactivities determined by the mycelium growth rate method showed that the
EC;s, values of compounds 3a, 3e and 3j were 4.28, 10.08 and 11.31 mg/L, respectively, and the
activities were lower compared with the positive controls, namely boscalid and procymidone. However,

7 compounds with the inhibition rates against spore germination of more than 85% showed better
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activities compared to the positive controls. The further in vivo bioassay showed that compound 3e
exhibited better control effect (the control effect is 77.5% with tomato leaves and 65.2% with the

flowers st the application concentration of 200 mg/L) than the commercial fungicides, which could be

used as lead compounds for further study.

Keywords: pyrazolamide; organic synthesis; Botrytis cinerea; fungicidal activity; structure-activity

relationship
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Scheme 2 Novel pyrazole amide fungicides developed in recent years
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Table 1

Physical properties, mass spectrometry and elemental analysis data of compounds 3a-3n

HUfRIE Substituent

TEERMT (GHEAE, %)

wEY AR o 5 R [ it Elemental analysis (Calcd, %)
Compd. Molecular weight m.p./C Yield/% MS, m/z
R' R? R? C H N

3a / / / 514.90 157.6~158.8 77 513.86(M-H")  44.32(44.30)  3.92(3.84)  10.88(10.96)
3b 4-F CF; / 612.95 204.5~206.4 74 613.40(M-H")  47.03(47.21)  3.29(3.04) 9.14(8.99)
3c 4-CF; CF; / 662.96 184.3~185.8 86 662.08(M-H")  45.29(45.45)  3.04(2.95) 8.45(8.71)
3d 3-Br CF; / 672.00 144.5~145.3 83 672.00(M)  42.78(42.96) 2.99(3.12)  8.31(8.15)
3e 3-F CF; / 612.95 196.4~197.2 93 612.08(M-H")  47.03(46.89)  3.29(3.09) 9.14(9.26)
3f 3-Br CHF, / 655.86 197.1~198.4 65 656.03(M) 43.95(44.11)  3.23(3.10) 8.54(8.69)
3g 3-F CHF, / 594.96 195.2~196.3 87 593.96(M-H")  48.45(48.71) 3.56(3.28) 9.42(9.19)
3h 2,4-2Cl CF; / 663.84 182.6~183.7 88 662.82(M-H")  43.42(43.58)  2.88(3.02) 8.44(8.25)
3i 2,4-2C1  CHF, / 645.85 192.4~193.1 81 646.10(M) 44.63(44.85)  3.12(2.93) 8.67(8.81)
3j 2-Cl CF; / 629.40 105.6~106.3 81 627.93(M-H")  45.80(46.02) 3.20(3.44) 8.90(8.74)
3k / / 4-Br 708.30 167.8~168.7 90 708.30(M) 40.70(40.58) 2.70(2.59) 7.91(8.10)
31 / / 4-Cl 662.01 176.3~177.8 84 662.01(M) 43.42(43.22)  2.88(3.01) 8.44(8.23)
3m / / / 629.40 201.7~203.2 65 629.40(M)  45.80(46.03)  3.20(3.46)  8.90(9.12)
3n / / 4-CF; 696.04 149.2~149.8 89 696.04(M) 43.06(42.91)  2.75(2.62) 8.03(8.25)

" FRTCHUREE (No substituent)
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%447 3a~3n B9 '"H NMR F1 °C NMR #(32

Table 2 The 'H NMR and “C NMR data of compounds 3a-3n

waEm
Compd.

'H NMR (DMSO-dg, 600 MHz, TMS), ¢

C NMR (DMSO-d;, 151 MHz, TMS), §

3a

3b

3¢

3d

3e

3f

3g

3h

3i

3j

3k

31

3m

3n

9.34 (s, [H), 8.39 (s, [H), 7.76~7.59 (m, 4H), 7.24 (t, Jg = 52.9 Hz, 1H),
4.70 (m, 1H), 3.93 (s, 3H), 3.52 (dt, /= 11.0, 3.6 Hz, 1H), 2.12~1.38 (m,

8H).

9.31 (s, 1H), 9.03 (s, 1H), 8.03~7.41 (m, 8H), 4.75 (m, 1H), 3.56 (dt, J =

11.0, 3.8 Hz, 1H), 2.16~1.41 (m, 8H).

9.34 (s, 1H), 8.54 (d, J = 8.9 Hz, 1H), 8.04~7.64 (m, 8H), 4.75 (m, 1H),
3.51(dt, J=11.1, 3.5 Hz, 1H), 2.16~1.38 (m, 8H).

9.42 (s, 1H), 8.63 (d, J = 8.5 Hz, 1H), 8.00~7.50 (m, 8H), 4.20 (m, 1H),
3.37(dd, J=10.7, 3.0 Hz, 1H), 2.36~1.13 (m, 8H).

9.33 (s, 1H), 8.53 (d, J= 9.1 Hz, 1H), 8.06~7.30 (m, 8H), 4.75 (m, 1H),
3.50 (dt, J= 12.0, 3.5 Hz, 1H), 2.17~1.31 (m, 8H).

9.39 (s, 1H), 8.37 (s, 1H), 8.21~7.41 (m, 9H), 4.77 (m, 1H), 3.55 (dt, J =
11.1,3.4 Hz, 1H), 2.17~1.15 (m, 8H).

9.39 (s, 1H), 8.33 (s, 1H), 8.19~7.38 (m, 9H), 4.76 (m, 1H), 3.55 (dt, J =
11.7, 3.6 Hz, 1H), 2.24~1.34 (m, 8H).

9.35 (s, 1H), 8.50 (d, J= 9.0 Hz, 1H), 8.19~7.63 (m, 7H), 4.75 (m, 1H),
3.52 (s, 1H), 2.20~1.37 (m, SH).

9.41 (s, 1H), 8.40 (s, 1H), 8.22~7.36 (m, 8H), 4.76 (m, 1H), 3.54 (d, J=
11.7 Hz, 1H), 2.19~1.34 (m, SH).

9.35 (s, 1H), 8.50 (d, J= 9.0 Hz, 1H), 8.16~7.53 (m, 8H), 4.76 (m, 1H),
3.52 (s, 1H), 2.22~1.37 (m, SH).

9.28 (s, 1H), 8.57 (d, J= 8.8 Hz, 1H), 7.81~7.62 (m, 7H), 4.73 (m, 1H),
3.51 (dt, J=12.1, 3.3 Hz, 1H), 2.08~1.37(m, 8H).

9.28 (s, 1H), 8.57 (d, J = 8.9 Hz, 1H), 7.86~7.54 (m, 7H), 4.73 (m, 1H),
3.51 (dt, J=12.1,3.3 Hz, 1H), 2.11~1.37 (m, 8H).

9.28 (s, 1H), 8.60 (d, J = 8.9 Hz, 1H), 7.81~7.62 (m, 8H), 4.70 (m, 1H),
3.51 (dt, J=12.0, 3.7 Hz, 1H), 2.07~1.34 (m, 8H).

9.29 (s, 1H), 8.61 (d, J = 8.8 Hz, 1H), 8.04~7.65 (m, 7H), 4.74 (m, 1H),
3.60~3.45 (m, 1H), 2.11~1.30 (m, SH).

161.6, 144.7, 134.0, 133.5, 131.1, 130.7, 127.0 (q, 3Jpc = 6.0 Hz), 126.4
(q, 2Jpc = 30.2 Hz), 122.9 (q, 1Jpc = 273.8 Hz, CF;), 116.2, 110.1 (t,
1Jpc = 234.1 Hz, HCF,), 62.9, 55.2, 44.6, 30.6, 24.0, 21.6, 19.7

161.8 (d, 1Jgc = 245.7 Hz, F-Ph ), 160.0, 141.0, 135.2, 133.5, 132.3,
131.1, 130.6, 126.9 (q, 3Jpc = 4.9 Hz), 126.4(q, 2Jpc = 30.2 Hz),
122.9(q, 1Jpc = 273.8 Hz, CF;), 122.3, 122.2, 120.9(q, 1Jpc = 266.5 Hz,
CFy), 118.1, 117.2, 117.0, 62.8, 44.9, 30.5, 24.0, 21.7, 19.8

160.4, 142.2, 141.0, 133.9, 133.6, 132.8, 131.2, 130.9, 130.3, 128.3,
127.2, 127.1, 127.0, 124.0(q, 1Jpc = 272.7 Hz, CF), 122.9 (q, 1Jpc =
274.2 Hz, CF;), 122.3, 122.0, 120.5, 118.7, 62.9, 44.8, 30.7, 24.1, 21.5,
19.5

160.5, 142.2, 141.0, 140.7, 133.9, 133.6, 132.8, 131.2, 130.9, 130.3,
128.3, 127.2, 127.1, 127.0 (q, 3Jpc = 5.5 Hz), 124.0 (q, 1Jpc = 272.6 Hz,
CF,), 122.9 (q, 1Jpc = 274.1 Hz, CF5), 120.4, 118.6, 62.9, 44.8, 30.7,
24.1,21.5,19.5

162.1 (d, 1Jgc = 246.4 Hz, F-Ph ), 160.5, 140.7, 140.3, 140.2, 133.9,
133.6, 131.6, 131.0, 130.0 (q, 2Jpc = 39.3 Hz), 127.0 (q, 3Jc = 5.3 Hz),
122.9 (q, 1Jpc = 273.3 Hz, CF3), 119.6 (q, 1Jpe = 270.3 Hz, CF;), 122.7,
121.9, 117.5, 114.4, 62.9, 44.8, 30.7, 24.1, 21.5, 19.5

161.3, 140.9, 140.4, 135.9, 133.9, 133.6, 132.7, 131.4, 131.2, 130.9,
128.7, 127.0 (q, 3Jgc = 5.2 Hz), 126.5 (q, 2Jpc = 28.7 Hz), 125.2, 122.8
(q, 1Jge = 274.3 Hz, CF;), 121.7, 120.3, 107.9 (t, 1Jpc = 236.4 Hz,
HCF,), 62.9, 44.9, 30.5, 24.0, 21.7, 19.8

162.5 (d, 1Jgc = 246.9 Hz, F-Ph ), 161.5, 140.0, 136.1, 135.9, 133.9,
133.6, 131.2, 130.9, 128.5, 128.4, 127.0 (q, 3Jgc = 5.5 Hz), 126.5(q,
2Jpc = 30.2 Hz), 122.9 (q, 1Jpe = 274.3 Hz, CF3), 122.9, 119.9, 116.4,
116.3, 107.9 (t, LJpc = 235.6 Hz, HCF,), 62.9, 44.9, 30.5, 24.0, 21.7,
19.7

160.1, 141.6, 141.5, 136.6, 135.6, 133.9, 133.6, 132.7, 131.6, 131.3,
131.0, 130.2, 128.9, 127.0 (q, 3Jsc = 5.3 Hz), 126.1, 122.9 (q, 1Jgc =
273.3 Hz, CF5), 119.4 (q, 1Jgc = 270.3 Hz, CF5), 118.4, 62.9, 44.8, 30.7,
24.1,21.6,19.6

161.1, 140.5, 137.2, 136.2, 136.0, 133.9, 133.6, 133.1, 131.5, 131.3,
131.0, 130.0, 128.5, 127.0 (q, 3Jpc = 5.2 Hz), 126.5 (q, 2Jgc = 30.2 Hz),
122.9 (q, 1Jgc = 274.8 Hz, CF;), 119.4, 107.8 (t, 1Jpc = 235.5 Hz,
HCF,), 62.8, 44.9, 30.5, 24.0, 21.7, 19.7

160.2, 141.3, 141.1, 136.6, 136.5, 133.9, 133.6, 132.7, 131.4, 131.2,
130.9, 130.5, 130.0, 128.6, 127.0 (q, 3Jrc = 5.3 Hz), 126.4, 122.9 (q,
1Jpe =273.3 Hz, CFy), 119.4 (q, 1Jpc = 270.3 Hz, CF5), 62.9, 44.8, 30.7,
24.1,21.6,19.6

159.2, 140.1, 139.8, 135.6, 135.0, 134.0, 133.5, 131.1, 130.8, 130.1,
129.0, 127.9, 127.8, 126.9 (q, 3Jsc = 5.0 Hz), 126.3, 122.9 (q, 1Jgc =
274.8 Hz, CF3), 120.5 (q, 1Jgc = 270.3 Hz, CF;), 116.6, 62.8, 45.1, 30.8,
24.2,21.6,19.4

159.1, 140.1 139.8, 135.6, 135.0, 134.0, 133.5, 131.1, 130.8, 130.1,
129.0, 127.9, 127.0 (q, 3Jpc = 5.1 Hz), 126.1, 126.0, 122.9 (q, 1Jpc =
273.3 Hz, CF3), 120.5 (q, LJgc = 270.3 Hz, CF;), 116.4, 62.8, 45.1, 30.8,
24.2,21.6,19.4

159.3, 139.8, 139.6, 136.8, 134.0, 133.5, 131.1, 130.8, 130.4, 130.0,
128.8, 127.0 (q, 3Jpc = 5.1 Hz), 126.2, 126.1, 126.0, 122.9 (q, 1Jgc =
273.3 Hz, CF3), 120.6 (q, LJgc = 270.3 Hz, CF;), 116.4, 62.8, 45.1, 30.8,
24.2,21.6,19.4

159.0, 140.5, 140.2, 139.9, 134.0, 133.5, 130.8, 130.4, 130.2, 129.0,
127.3, 126.9 (q, 3Jpc = 5.2 Hz), 126.8, 126.7, 126.2, 124.0 (q, 1Jgc =
271.8 Hz, CFy), 123.0 (q, 1Jpc = 274.8 Hz, CF3), 120.5 (q, 1Jsc = 270.3
Hz, CF,), 117.0, 62.8, 45.1, 30.8, 24.2, 21.6, 19.4
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Fig. 1 The '"HNMR of compound 3g
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Fig.2 The "C NMR of compound 3g

de g, BEH %318 11.7 Hz F1 3.6 Hz.

7£ BC NMR #F (E 2), (L&Y 3g 3Rk -
6 MR EAAI R AL T 19.0~63.0 Z 1], ZEIABRAY
2R R M AL T 120.0~140.0 2 18], {HIEA FUR
TR AETE 162.5 BT, FHZRL5 OB, 13
A BN 246.9 Hzo Wi 25 1 P 1 3 SE AL R 1
161.5 fir; — 5 H E&m A T 108.0 ftix, &5k
=ZHIE, 1Jpc=235.6 Hz; =@ HF HEmbT
123.0 ffHils, %4538 4 B, 1Jpc=2743 Hz, 5
HAE M EIATR ) 2Jpc =30.2 Hz, 3Jpc=5.5 Hz.

ZHEH 1D RPN A =ZRP RS
H, SRR TR ENE . SF 24
B3 AN =R i, RONE ARG ES,
— R B HEH R R 2 ZRIE IR AR L.
&) 3g LS5 R (CCDC:1864629) WA 3,
Hor R gt A, Hd SO,NH Z A7 T 74k
B, C7 N SHE, CONH T E I, CI12 AR
MR, TN 2 ANEREE R T SR S AR e
fEE. Tk, 3g BIE 3 H il B {E A 595.100 0,
SEIAE N 595.100 1.
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Fig.3 X-ray crystal structure of compound 3g
#F3 LAY 3a-3n MEAMRBRE N BEREEM
Table 3 The bioactivity of compounds 3a-3n against B. cinerea in vitro
ECs 5 (95% B EFR) -
&Y ECs, value(95% confidence interval )/(mg/L) {@}iﬁﬁfxi‘qmﬂi (10 mg/L)
Compd. nhibition rgte qgal/r;/st spore
KZ-9 CY-09 AS-11 germination/%
3a 4.28 (1.34~13.67) 9.85 (4.20~23.09) 15.14 (5.36~48.75) 88
3b 16.80 (6.73~41.91) / / 63
3¢ 16.33 (6.52~40.92) 19.38 (10.97~34.23) 35.21 (10.37~119.6) 89
3d >50 / / 83
3e 10.08 (3.81~26.62) 7.69 (4.09~14.45) 22.59 (10.27~49.67) 91
3f >50 / / 84
3g >50 / / 85
3h >50 / / 88
3i >50 / / 90
3j 11.31 (4.67~26.40) >50 14.11 (4.94~49.29) 84
3k 31.07 (13.10~73.69) / / 80
31 >50 / / 87
3m 22.58 (13.00~32.04) / / 68
3n >50 / / 81
% T B4 % boscalid 3.95 (1.86~8.39) 0.68 (0.29~1.57) 2.94 (1.76~4.91) 100
J# % procymidone <0.01 5.83 (3.51~9.70) <0.01 82

“1” R TLHHE (No data).

22 FREEM

221 BRIXFEN BHTRAANFHXAKE
PR R AR KPR A 24 7K~ AN R, B DA AR Rl A
VI U E AN ] o B 22 2F Kl S0k e 4
(G2 3) R : 14 A Hbrb & W0 BB 3 = 1 B
Pk KZ-9 B 2 A KA A FRR B e, 3
LAY 3a. 3e Fl 3j 1 ECsq {H 537N 4.28.
10.08 F1 11.31 mg/L, A BEIEHERLT, HH XU
PERMR B AR CY-09 F1 AS-11 JETERG 25, sAkk
Ey HARA Y03 K 0 b R 22 A2 K TR 0 )

T AR T R 24 75 e I TR G R B R . TR
RIGLE R (R 3) R, HIFRLAE Y5 KB 6
7k A B s s, £ 10 mg/L R,
B 10 MEEWH 2 & TR EFR (82%), H
G4 3e Al 30 NI 2K T 90%, i 0} fR 24555
WE 9t 181 % (100%) .

222 FEHRAEENE BREMEER (KR
B: 7£200 mg/L ~, K& Hbrtb &Y F
R ERIRER B AR RPIE AR, Khf
O MNP 7 6 R I T ) 24 59 E T A M
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Table 4 The bioactivity of compounds 3a-3n against

B. cinerea in vivo (200 mg/L)
e B ¥R 2R Control efficacy/%
Compd. it Leaf {£ Flower
3a 75.4 /
3b 452 /
3c 69.4 46.8
3d 80.2 322
3e 77.5 65.2
3f 78.4 33.4
3g 78.0 429
3h 28.0 /
3i 67.6 28.6
3j 68.7 29.1
3k 54.9 /
31 — /
3m 53.8 /
3n 78.2 21.5
WE Bt 1% boscalid 59.8 303
J& F A procymidone 449 28.9

IE (Note):  “/” FRTEHHE (No data); “—” FIRTEPIRL (No
fungicidal activity).
(59.8%) FJEEF| (44.9%), tb&Y) 3d HIBG 1A RR
i T 80%. MK 4 hEHRICTFTE L, GE X
ZHFRIAE N I BT A 24 77075 35 AR b BB iR R 3
BALTF A L, HA A9 3e fEm L MIBHIA XL
RN T77.5%, 1EfE LHIEE] 65.2%, St T
SR EEE
223 HIFEMAHB K RN -3
T - 1ML P-4 PR i 2 22 b 0 1 ot e L PR T
AWEA R IEE LG, B ZSH G 3a &
B TR AR E Y. 54 Ea 3a ki, A
13AEAL SR T RIFFIREEM. A
IR R L oRE, MR b 147 A S A R
WAL S E R R, 21 O R BRI 2K A
B PEAE X 2, W& 9 3b il 3e X B 22 (1) 411
HEPE B B T &9 3d. 3F A1 3n 25, Hodfk
AW 3e(MEMEIR 1-074 3-F AR I . 5 A0 =5 F
B R K i R E R R A T R
P R B

3 ZHig

S DL 1-FE 3 R HR AR I -4 - FR R 9 ) R
gk, ARV -BURREEME M- 4- R R0 59 (1)
RIERL, @i EDCI/HOBt Btfi% ik 5 N-(2- =%

R -4 GRS ) -2- U R IR U e SE Ik e (2) S i s
BT 14 AR W SCHERRIE (10 e Ik i A b A A
M (3), R (60%~90%).

ApiE g KR, B G 3 XK
B A RIS IEE . WVIE S50 516 1
KEG, SUEWEIR 147 B & R et i (3a) A
e, 78 1-f0 5] NsEURIR B RE 8 52 THb & W05 K
B A BIEE, Rl A 3e, ML E
K ECso 164 10.08 mg/L, 7E 10 mg/L F X+
W & M H R EIA 91%, £ 200 mg/L %) 32 i
AL &K 55 5 T B ¥6 R o AN 77.5% Fi
65.2%, JRRILH T ILFR R EENE, A2
I8 BB -
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