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7 E: B AR 1QH)- AT RORRZWoR T 2 A F 5 5 HEHmEN, hit—F

iz RSB R A F M, KI A Castagnoli-Cushman R B BS LR LA R T 22 A~E 75
ZE RN A SRR -4- R B (BF) KoM, BARITHEMRM LR AW, £ 100 ug/mL
T, Sa~5k fe 6a~6f * b KA MEA B LA KRITHEZ T 80%, H+F SkiFtiE, ECso1EH
5.8 pg/mL, A24& T T B2 25 F| 22 Bt B (ECso = 0.094 pug/mL). m**’—#’viaé FaoM A&, EN L
FIANFEZHRTIRE, RALIARRRRAGITE EMINA TR G BLEAI B2 E A4k B 894
F; C3ERE A CA B LI ABRRAEAS FESRA., A BIRTRELREH, £ 500 pg/mL
T, Sk 9PRPPVER Brig 2R A 94.6%, L RBLE B 10 pg/mL F &880k (95.8%) 484, A
FRR T Ky iz R AL 0 it — F S MR AL AR AR 2.

KR FoE9k-1(2H)-BRF 42 ; Castagnoli-Cushman K2 ; #HZE M, @wERAMRKE
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Synthesis and antifungal activity of tetrahydroisoquinolone-4-carboxylic

acid derivatives

LIMin, YUN Chunxia, FANG Yali, ZHANG Zhijia, WANG Delong"
(College of Plant Protection, Shanxi Agricultural University, Taigu 030801, Shanxi Province, China)

Abstract: Compounds bearing structurally unique isoquinolin-1(2H)-one scaffold were found to be
widely distributed in various organisms and they exhibited a broad spectrum of biological activities. In
the present study, 22 derivatives of the isoquinolin-1(2H)-one scaffold were synthesized by Castagnoli-
Cushman reaction and esterification reaction and their antifungal activity was evaluated against
7 phytopathogens. The in vitro bioassay results indicated that the mycelial growth inhibition rates of
compounds 5a-5k and 6a-6f were higher than 80% against Sclerotinia sclerotiorum at the concentration
of 100 pg/mL. Compound 5k was the most potent activity with the EC5, value of 5.8 pg/mL, which was
lower than the commercial boscalid (ECs,= 0.094 pg/mL). The structure-activity relationship analysis
revealed that the phenyl on N atom site is superior to the alkyl, and the introduction of different

substituents to the phenyl group could improve the antifungal activity, which was subject to the
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positional selectivity and the number of substituents on the phenyl group. However, introducing

different substituents at C3 phenyl and C4 carboxyl group were unfavorable for the activity. The

preventive control efficacy of Sk was 94.6% at 500 pg/mL, which was comparable to that of boscalid at

10 pg/mL (95.8%). Taken together, these results could provide some important cues for further

optimization of tetrahydroisoquinolone-4-carboxylic acid derivatives.

Keywords: isoquinolin-1(2H)-one scaffold; Castagnoli-Cushman reaction; antifungal activity;
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Scheme 1 The skeleton of saturated (1) and unsaturated
(2) natural isoquinoline-1(2 H)-one at C3 and C4 positions

I FE P9 A0 X e v - 1 (2. ) - iR S5 A & D AR
RIE PR Ak B B D, A SRR E Bz 22
N 1 C3 A BRI DY & 7 e W 2R Ak & P00 /N 22 B
Kdva ANZE AR L B KR R R R R A
—EMZENFIR™ . BT Castagnoli-Cushman <
RLEA BRI B L SO 2% A IR R 5 5 Ak 3 T e
SR, R T 2T S B & &9 P
A E BN, DR A Tz R N R T
— RYEA - 1(2H)- BB 2R AT A ——N
S R ER-4- BRI BB (B s & WLIEIA 2),
I LA s, DU RE I B mniE PR AL
G, BT E AL S P EAT R ROR R
B Nt — B S I IR S .

1 SEIuiERsy

1.1 88, AFS5HH

Bruker Avance 111 400 MHz #Z B3R, DA
DMSO-dg 1 CDCl; N #); F Waters Xevo G2-
XS QTof 70 # B i 4% (ESI & 7). SZCL-
3B 0 R Re IR e A R ST S A
WA ); DF-101S SRR GUE TN FAid J1 i e 4%
AT T AR AR TT4E 2 |]); RE-52AA Jiehs
AR (L RAENAER) ) ZF-6 B =5t
LA (B FEIEH AR AR by e sl
X-5 BT WA A

KA R HT4al (AR), I T2 58 AR5
(L MR AR A ). & H 5 (DCM)
HIHIZR (toluene) 7ERUVIRYT T 7370l 48 S AL A5 AN
22 W JE AR BRKAE AT, A R TR B R ) v
bh, BIREFH— DAL, XHHRZGFH)N 98% WE I i
[t (boscalid) iR 245, W H FiERTHL T A4 BH By
HR A
1.2 HiXEvk R

PR B R : SR B Sclerotinia sclerotio-
rum~ FHKEIR B Botrytis cinerea~ Vi NN 2%



64 T Vol. 25
o)
i , o R ROH R
RN, — 0 R 4 N _bcc.omap \
Na,SO,, DCM ‘R! toluene, reflux, 6 h Rz DCM 2
4 R R
HO” o R'0” "0
3 5,6 7
5: R?=C¢H;

5a: R'=CH,(CH,), 5b: R'=(CH,),CH  5c: R'=CH,(CH,), 5d: R'=CH,(CH,),,
5e: R'=C,H, 5f: R'=4-FC,H, 5g: R'=4-CIC,H, 5h: R'=4-BrC,H, 5i: R'=4-IC;H,
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Scheme 2 Synthetic route of target compounds

Fusarium oxysporum f. sp. niveum~ 59 5% JH B
Colletotrichum gloeosporioides~ i 4L 5 vy fl TR
Trichothecium roseum- ¢ F BT /578 M5
Alternaria mali F1SLHG 22 4% 18 Rhizoctonia solani,
23 e Ll 8 AV R 2 ) DR AP S B AR A o T T
A AED R RS I IR A

B R 45 4 IREE R (PINDSTRUP) Hlg £
FEIRARRILEL 8 - 2 LU BIR EAE AR TR AL, 1E
64 cm® PRI SEM T (AP R 938, BEAL
BT 3~5 B, HAERZES 25 C. 12012 h 1108
JAHA) #5597, B 6~8 WA B AN 7 o b ialp Kl
1.3 BirtEPINERK
1.3.1 WEMREM 3 Gk 22 S0 J7 VAR i
%o B LKBRIREN (15 mmol) IIAF] 25 mL [HJE
Fe A, BRI INEE (5.5 mmol). Ji% (5 mmol)
K &M BE (10 mL), =i NP 24 h, I
JZZHT (TLC, RIFFIN VO MEE) : (LR CER) =
9: 1) WM P TER . I YETFIER, IR A A
A, & OmE, ARG IRIERR 2GR, 15
HRaAE % 3, oRsdifth, BHEMT T —H &M,
132 WEAREME-4-RRENEN (Sa~6f)
e ZHECERITIEPY fil 4% . 1) 25 mL K ke
T AR IR B B % 3 (3 mmol). R BR R BiF
(3 mmol) FIFE/K 2K (20 mL), FHEZE 120 °C [A]
WA 6 ho FFRBITERE, A A RE A, g
I 5 mL SIEHeER G 15 BAAR R s A R AR B[
e, TR BR 250555, Kb A A 10 mL &
EWFERIE, WIEHH 5 mL ABEVES, SEA
Ko BIRFEA R CREHEE BT BIEEY

5a~6f.

1-EAR-2- T HE-3- 28 3 -1,2,3,4- TU &0 57 W Ik - 4 - 32 iR
(5a): AWK, 77H 86%; A5 171~175 C. 'HNMR
(400 MHz, DMSO-dy), 6: 13.10 (s, 1H), 8.00~7.98 (m, 1H),
7.38~7.37 (m, 2H), 7.24~7.17 (m, 4H), 7.11~7.09 (m, 2H),
5.36 (s, 1H), 4.10 (s, 1H), 3.99~3.93 (m, 1H), 2.83~2.78 (m,
1H), 1.67~1.53 (m, 2H), 0.86 (t, J = 5.6 Hz, 3H)."C NMR
(100 MHz, DMSO-d), 6: 172.2, 163.3, 139.6, 133.6, 131.9,
129.7,129.3, 128.7, 128.0, 127.6, 126.9, 126.1, 60.9, 50.8,
47.8,20.8, 11.4. ESI-HRMS: m/z [M + H]* C;H,(NO; 5
fH: 310.1443; WEAE: 310.1440.

1-5 AR -2-F P 3E-3- K 5 -1,2,3,4- DU & 53 v b -4- FR TR
(5b): HMERHE, F7%F 81%; A 179~181 C. 'H NMR
(400 MHz, DMSO-d), 6: 13.10 (s, 1H), 7.96~7.94 (m, 1H),
7.38~7.36 (m, 2H), 7.20~7.08 (m, 6H), 5.38 (s, 1H), 4.86~4.80
(m, 1H), 4.04 (s, 1H), 1.20 (d, J= 6.8 Hz, 3H), 0.85 (d, J=7.2
Hz, 3H). °C NMR (100 MHz, DMSO-dy), 6: 172.1, 162.6,
141.3, 133.1, 131.5, 130.3, 129.3, 128.3, 127.8, 127.2, 126.9,
126.1, 56.3, 51.6, 45.3, 20.2, 19.6. ESI-HRMS: m/z [M + H]
CoH5oNO; HHAAE: 310.1443; MIEAH: 310.1440.

1-58AR-2- TR FE-3-2E - 1,2,3,4- WU & 5 Ik -4- R 1
(5¢): EBEMRK, F=% 83%; Ml 157~160 C. 'H NMR
(400 MHz, DMSO-dy) , 6: 13.00 (s, 1H), 8.04~8.02 (m, 1H),
7.55~7.50 (m, 2H), 7.45~7.19 (m, 4H), 7.02~7.00 (m, 2H),
5.11(d,J=4.8 Hz, 1H), 4.73 (d, J = 4.8 Hz, 1H), 3.85~3.79
(m, 1H), 2.88~2.82 (m, 1H), 1.58~1.52 (m, 1H), 1.47~1.43 (m,
1H), 1.23~1.22 (m, 4H), 0.82 (t, J = 5.2 Hz, 3H). *C NMR
(100 MHz, DMSO-dy) , d: 170.4, 162.6, 137.4, 133.5, 131.7,
129.1, 128.1, 128.1, 127.9, 127.7, 127.3, 127.2, 61.2, 48.2,
45.6, 28.5,27.0, 21.8, 13.8. ESI-HRMS: m/z [M + H]*
Cy HyNO; 545 : 338.1756; MEAH: 338.1752.

1-EAR-2- I+ ke 6k -3- 28 561,23 4- U & 7 v k-4 2
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B (5d): EEMAR, 72 75%; 45 166~168 “C. 'H NMR
(400 MHz, DMSO-dy), 6: 13.01 (s, 1H), 8.03~8.02 (m, 1H),
7.55~7.48 (m, 2H), 7.44~7.00 (m, 6H), 5.10 (d, J = 4.8 Hz,
1H), 4.71 (d, J = 4.8 Hz, 1H), 3.84~3.78 (m, 1H), 2.87~2.82
(m, 1H), 1.54~1.43 (m, 2H), 1.27~1.19 (m, 18H), 0.86 (t, J =
4.4 Hz, 3H). *C NMR (100 MHz, DMSO-dy) , 6: 170.4, 162.6,
137.4,133.5,131.7, 129.1, 128.5, 128.1, 127.9, 127.7, 127.3,
126.0, 61.2, 48.2, 45.7, 31.3, 29.0, 29.0, 28.9, 28.7, 27.3, 26.3,
22.1, 13.9. ESI-HRMS: m/z [M + H]* C,3H;4NO; 518 :
436.2852; MEAH: 436.2841.
1-5048-2,3- 0 8- 1,2,3 4- T S 7 R -4- 32 TR (Se): A
EAA, P25 89%; #A 4 203~205 C. 'H NMR (400 MHz,
DMSO-dy), 6: 13.03 (s, 1H), 8.09~8.07 (m, 1H), 7.62~7.57 (m,
2H), 7.52~7.48 (m, 1H), 7.33~7.29 (m, 2H), 7.20~7.16 (m,
6H), 7.05~7.03 (m, 2H), 5.50 (d, J = 5.6 Hz, 1H), 4.96 (d, J =
5.6 Hz, 1H). *C NMR (100 MHz, DMSO-dy), d: 170.5, 162.9,
141.7,137.3, 134.3, 132.3, 129.2, 128.6, 128.2, 128.0, 127.9,
127.8, 127.6, 127.4, 126.6, 64.4, 49.0. ESI-HRMS: m/z [M +
H]' Cp,H (NO; 518 : 344.1287; MEALE: 344.1277.
1-58AR-2-(4- 5 R ) -3- 2K 36 -1,2,3,4- I & 7 W Ik -4- 2
B (50): IR, 775 88%; M5 191~193 C. 'H NMR
(400 MHz, DMSO-dy), 6: 12.97 (s, 1H), 8.10~8.09 (m, 1H),
7.62~7.57 (m, 2H), 7.52~7.49 (m, 1H), 7.24~7.21 (m, 2H),
7.19~7.18 (m, 3H), 7.15~7.11 (m, 2H), 7.07~7.05 (m, 2H),
5.51 (d, J=4.8 Hz, 1H), 4.93 (d, J = 4.8 Hz, 1H). *C NMR
(100 MHz, DMSO-dy), 6: 170.4, 163.0, 160.2 (d, 'Jep = 244.9
Hz), 137.8 (d, *Jcr = 2.9 Hz), 137.1, 134.4, 132.3, 129.5 (d,
Jer=8.6 Hz), 129.0, 128.1, 128.0, 128.0, 127.8, 127.7, 127.6,
115.3 (d, 2Jcp = 22.7 Hz), 64.4, 49.0. ESI-HRMS: m/z [M +
H]" C,,H,FNO, #5{H: 362.1192; JE(E: 362.1189.
1-5AR-2-(4- R HE)-3- 2K 2-1,2,3,4- DU &0 57 M k-4 - 12
iR (5g): HEMAE, 75 79%; A 201~203 'C. 'HNMR
(400 MHz, DMSO-dy), 6: 13.03 (s, 1H), 8.08~8.06 (m, 1H),
7.60~7.59 (m, 2H), 7.52~7.48 (m, 2H), 7.38~7.35 (m, 2H),
7.23~7.17 (m, 4H), 7.06~7.04 (m, 2H), 5.54 (d, J = 5.6 Hz,
1H), 4.88 (d, J = 5.6 Hz, 1H). *C NMR (100 MHz, DMSO-dy),
5:170.5, 163.1, 140.4, 137.1, 134.5, 132.5, 130.8, 129.3,
128.9, 128.6, 128.2, 128.1, 128.0, 127.9, 127.8, 127.7,
64.1,49.1. ESI-HRMS: m/z [M + H]" C5,H,,CINO; 5 1E :
378.0897; MIEAEH: 378.0888.
1-5AR-2-(4-TR 2K 25)-3- 2K H-1,2,3,4- U & 57t e Ok -4 - 322
B2 (5h): EHER A, 775K 82%; A 223~225C. 'H
NMR (400 MHz, DMSO-dg), d: 12.99 (s, 1H), 8.09~8.08 (m,
1H), 7.60~7.49 (m, 4H), 7.19~7.15 (m, 6H), 7.07~7.05 (m,
2H), 5.55 (d, J = 4.4 Hz, 1H), 4.89 (d, J = 4.4 Hz, 1H). °C
NMR (100 MHz, DMSO-dg), 5: 170.4, 163.0, 140.8, 137.0,
134.5,132.5, 131.5, 129.6, 128.9, 128.2, 128.0, 127.9, 127.9,

127.7,127.7, 119.2, 64.0, 49.1. ESI-HRMS: m/z [M + H]"
CpH,BINO; 81 422.0392; MEAL: 422.0387.
1-0R-2-(4- I ) -3- 9K 31,2, 3, 4- DU S e i -4- 32
g (51): AERMAR, 7% 80%; A 231~234 C. 'HNMR
(400 MHz, DMSO-dy), 6: 12.99 (s, 1H), 8.08~8.07 (m, 1H),
7.66~7.59 (m, 4H), 7.51~7.48 (m, 1H), 7.18~7.17 (m, 3H),
7.05~7.01 (m, 4H), 5.53 (d, J=4.4 Hz, 1H), 4.89 (d, J=4.4
Hz, 1H). *C NMR (100 MHz, DMSO-dy), 6: 170.9, 163.4,
141.8, 137.9, 137.5, 134.9, 133.0, 130.3, 129.4, 128.7, 128.6,
128.4, 128.3, 128.2, 125.8, 92.6, 64.5, 49.6. ESI-HRMS: m/z
[M +H]" Cy,H,;INO; 1548 : 470.0253; MEE: 470.0246.
1-58AR-2-(3- TR 28 FE)-3- 2K 3-1,2,3 4- VU S 7 M IR -4- 1R
2 (5): FAEKAR, 7% 18%; ##5217-219 C. 'HNMR
(400 MHz, DMSO-dy), 6: 13.04 (s, 1H), 8.11~8.10 (m, 1H),
7.62~7.58 (m, 2H), 7.52~7.49 (m, 2H), 7.40~7.17 (m, 6H),
7.10~7.08 (m, 2H), 5.58 (d, J = 4.8 Hz, 1H), 4.93 (d, J =
4.8 Hz, 1H). "C NMR (100 MHz, DMSO-dy), d: 170.5, 163.1,
143.0, 137.0, 134.5, 132.6, 130.5, 130.4, 129.5, 128.9, 128.2,
128.1, 128.0, 127.8, 127.7, 126.5, 120.9, 64.1, 49.1. ESI-
HRMS: m/z [M + H]* C5,H,BrNO; 518 : 422.0392;
HAE: 422.0387.
1-8048-2-(3,4- T L) -3- K 5E-1,2,3,4- DU A 5 W k-4~
RIE (5k): AR, K 91%; M 230~232 °C. 'THNMR
(400 MHz, DMSO-dy), 6: 13.01 (s, 1H), 8.09~8.08 (m, 1H),
7.61~7.58 (m, 2H), 7.57~7.54 (m, 2H), 7.52~7.49 (m, 1H),
7.20~7.10 (m, 6H), 5.62 (d, J = 4.4 Hz, 1H), 4.86 (d, J=4.4
Hz, 1H). *C NMR (100 MHz, DMSO-dy), 6: 170.5, 163.2,
141.3, 136.8, 134.6, 132.7, 130.7, 130.3, 129.6, 129.0, 128.7,
128.3, 128.2, 128.0, 127.9, 127.8, 127.8, 63.8, 49.2. ESI-
HRMS: m/z [M + H]" Cp,H,;CLNO; i+ 58 : 412.0507; il
#1H: 412.0500.
1-508-2-(3,4- Z G K IE)-3-(4- A FE 2R 3E)-1,2,3,4- DU
FE-4- 322 (6a): HEMAK, =2 76%; IFm 221~
224 “C. 'H NMR (400 MHz, DMSO-dy), J: 12.97 (s, 1H),
8.07~8.06 (m, 1H), 7.61~7.49 (m, 5H), 7.16~7.14 (m, 1H),
6.99~6.74 (m, 4H), 5.54 (d, J = 4.4 Hz, 1H), 4.81 (d, J= 4.4
Hz, 1H), 3.66 (s, 3H). °C NMR (100 MHz, DMSO-d), :
170.5, 163.1, 158.9, 141.4, 134.7, 132.6, 130.7, 130.3, 129.6,
129.2, 128.9, 128.6, 127.9, 127.9, 127.8, 127.7, 113.6, 63.3,
54.9,49.2. ESI-HRMS: m/z [M + H]' Cp3H,sCLLNO, %518 :
442.0613; MIEfH: 442.0618.
1-58AR-2-(3,4- UK HL)-3-(4-(R A ) #35)-1,2,3,4-10
A REM-4- T (6b): HEMK, 7 80%: A
208~210 ‘C. 'H NMR (400 MHz, DMSO-dy), J: 12.96 (s,
1H), 8.07~8.06 (m, 1H), 7.61~7.55 (m, 4H), 7.51~7.14 (m,
2H), 6.97~6.72 (m, 4H), 5.53 (d, J = 4.4 Hz, 1H), 4.80 (d, J =
4.4 Hz, 1H), 3.84 (t, J = 4.8 Hz, 2H), 1.65~1.61 (m, 2H),
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1.34~1.28 (m, 4H), 0.86 (t, J = 5.6 Hz, 3H). *C NMR (100
MHz, DMSO-dy), 6: 170.5, 163.1, 158.3, 141.4, 134.7, 132.6,
130.7, 130.3, 129.6, 129.2, 128.9, 128.7, 128.5, 128.0, 127.9,
127.8,127.8, 114.1, 67.3, 63.4, 49.3, 28.3, 27.7, 21.9, 13.9.
ESI-HRMS: m/z [M + H]* C,;HcCI,NO, T8 : 498.1239;
IEAE: 498.1243.
1-58A40-2-(3,4- —E oK H)-3-(3,4- I ZR HL)-1,2,3.4-
VOS5 -4- R TR (6¢): HEMAR, 7% 85%;: J&M
233~235 ‘C. 'H NMR (400 MHz, DMSO-dg), 6: 13.02 (s,
1H), 8.09~8.07 (m, 1H), 7.61~7.49 (m, 4H), 7.21~7.14 (m,
2H), 6.77~6.65 (m, 3H), 5.56 (d, J = 4.0 Hz, 1H), 4.75 (d, J =
4.0 Hz, 1H), 3.65 (s, 3H), 3.53 (s, 3H). *C NMR (100 MHz,
DMSO-d), 5: 170.7, 163.3, 148.5, 148.0, 141.4, 134.9, 132.6,
130.6, 130.2, 129.8, 128.9, 128.8, 128.2, 128.0, 127.8, 127.7,
125.3,120.6, 111.7, 111.2, 63.5, 55.3, 55.1, 49.6. ESI-HRMS:
m/z [M + H]" Cp4HyoCLLNOs tHEAH: 472.0719; W HAH:
472.0732.
1-4AR-2-(3,4- G URHE)-3-(4- 3 K 0k )-1,2,3, 4- T A e e
Wh-4-F2 1% (6d): HEHIR, 7% 77%: M A(233~235C.
'H NMR (400 MHz, DMSO-dy), 6: 13.04 (s, 1H), 8.08~8.07
(m, 1H), 7.63~7.51 (m, 5H), 7.17~7.02 (m, 5H), 5.65 (d, J =
4.4 Hz, 1H), 4.83 (d, J = 4.4 Hz, 1H). °C NMR (100 MHz,
DMSO-dy), d: 170.5, 163.1, 161.7 (d, 'Je.p = 245.4 Hz), 141.1,
134.6, 133.1 (d, *Jo.r = 2.7 Hz), 132.7, 130.8, 130.3, 130.1 (d,
Jer = 8.2 Hz), 129.8, 129.1, 128.5, 127.9, 127.8, 115.1 (d,
2Jop = 21.5 Hz), 63.0, 49.2. ESI-HRMS: m/z [M + H]"
CyH,sCLFNO; T H: 430.0413; JE(E: 430.0416.
1-58R-2-(3,4- “RURFE)-3-(4- S K 3E)-1,2,3,4- VI S 7 1
Wh-4-FRER (6e): HTHIAR, 773 82%; I A 235~237 C.
'"H NMR (400 MHz, DMSO-dg), d: 13.09 (s, 1H), 8.11~8.10
(m, 1H), 7.66~7.53 (m, 5H), 7.32~7.30 (m, 2H), 7.20~7.18 (m,
1H), 7.14~7.12 (m, 2H), 5.68 (d, J = 4.4 Hz, 1H), 4.89 (d, J =
4.4 Hz, 1H). "C NMR (100 MHz, DMSO-dy), J: 170.4, 163.1,
141.1, 135.9, 134.4, 132.8, 132.8, 130.8, 130.4, 129.9, 129.7,
128.5, 128.3, 128.0, 128.0, 127.9, 127.7, 63.0, 49.1. ESI-
HRMS: m/z [M + H]* Cp,H,sCI3NO; i+ 54l : 446.0118; il
BiH: 446.0123.
1-58AR-2-(3,4- RO HE)-3-(4- K H)-1,2,3 4- 0 & 7 %
Wh-4- 212 (6f): HEMAK, 77F 79%; IS 245~247 C,
'H NMR (400 MHz, DMSO-dy), 6: 13.09 (s, 1H), 8.11~8.09
(m, 1H), 7.71~7.61 (m, 5H), 7.58~7.53 (m, 2H), 7.23~7.18 (m,
1H), 7.07~7.05 (m, 2H), 5.66 (d, J = 4.4 Hz, 1H), 4.89 (d, J =
4.4 Hz, 1H). "C NMR (100 MHz, DMSO-dy), d: 170.4, 163.0,
141.1, 136.3, 134.4, 132.7, 131.6, 130.8, 130.3, 130.2, 129.7,
129.1, 128.5, 128.0, 127.9, 127.7, 126.5, 121.4, 63.1, 49.0.
ESI-HRMS: m/z [M + H]' Cy,H,sBrCL,NO; i 518 : 489.9612;
MEAE: 489.9607.

1.3.3 WA FYEME-4- 2 BB KATEY (Ta~Te)
AR S CERITIES il . L&Y 5k (1 mmol)
IINE] 25 mL B ERJEREI S, BRI A TEGK =
AHFE (SmL). OB % (DCC) (1.1 mmol).
4-— HEFMIE (DMAP) (0.1 mmol) A¥EEIEAL A
¥ (1.1 mmol), =i FH#E 8 h, TLC WM (JEIT
A VAR - V(LR TR = 8 : 2) &N 58 Ko
FEUE 1% IR SN W ve s, &AM, H
ToKBREREN T, BUERR R0 7, SEERAEEM
S (e VCRIMES) : V(CTRAER) =15: 1)
REHLE, H VOahER) : MR LR =1:1 fiR
GUEFEL &, LAY Ta~Te.
1-5AR-2-(3,4- R HE)-3- 28 35 1,2, 3 4- DU S 57 e k-4
BRI (7Ta): TEFZHMRY, 7% 83%. 'HNMR
(400 MHz, CDCLy), 6: 8.23~8.22 (m, 1H), 7.52~7.51 (m, 1H),
7.49~7.47 (m, 2H), 7.41~7.21 (m, 6H), 7.13~7.12 (m, 2H),
5.60 (s, 1H), 4.03 (d, J= 0.8 Hz, 1H), 3.76 (s, 3H). *C NMR
(100 MHz, CDCLy), 8: 171.3, 163.6, 142.0, 138.8, 133.2, 133.1,
132.5, 131.3, 130.9, 130.0, 129.4, 129.2, 129.2, 129.1, 128.9,
128.6, 126.6, 126.5, 65.0, 53.4, 51.8. ESI-HRMS: m/z [M +
H]* Cp3H,sCLNO; iH5{H: 426.0664; JEAEH: 426.0656.
1A -2-(3,4- R IE)-3- 2K 8- 1,2,3,4- DU & 57 W Tk -4-
RIRRNR (Tb): HEMEE, 772 81%; MM 131~134 C.
'"H NMR (400 MHz, CDCl;), 6: 8.30~8.28 (m, 1H),
7.54~7.52 (m, 3H), 7.40~7.39 (m, 4H), 7.30~7.28 (m, 3H),
7.26~7.23 (m, 2H), 7.20~7.18 (m, 2H), 7.00~6.98 (m, 2H),
5.67 (s, 1H), 4.30 (d, J = 0.8 Hz, 1H). *C NMR (100 MHz,
CDCl3), 8:169.6, 163.5, 150.7, 141.9, 138.6, 133.4, 133.1,
132.0, 131.5, 131.0, 130.0, 130.0, 129.4, 129.4, 129.3, 129.3,
129.1, 128.8, 126.8, 126.7, 126.7, 121.5, 64.9, 51.9. ESI-
HRMS: m/z [M + H]" CpgH,oCLNO; i+ 5 {H: 488.0820; il
H{H. 488.0825.
1-5804R-2-(3,4- SR 3E)-3- 5 35-1,2,3,4- DU & 57 W Wk -4-
BIREEE (To): ABRMA, 7% 84%; IFri 161~163 C.
'"H NMR (400 MHz, CDCl;), 6: 8.25~8.23 (m, 1H), 7.49~7.47
(m, 2H), 7.41~7.40 (m, 1H), 7.34~7.32 (m, 4H), 7.25~7.20 (m,
6H), 7.13~7.12 (m, 2H), 7.06~7.05 (m, 1H), 5.57 (s, 1H),
5.24~5.12 (m, 2H), 4.07 (d, J = 0.8 Hz, 1H). *C NMR (100
MHz, CDCly), d: 170.6, 163.6, 141.9, 138.8, 135.4, 133.2,
132.9, 132.5, 131.2, 130.9, 129.9, 129.3, 129.3, 129.1, 129.0,
129.0, 128.9, 128.6, 128.4, 126.6, 126.3, 68.0, 65.0, 52.1. ESI-
HRMS: m/z [M + H]" CpoH,,CLLNO; i+ 518 502.0977; 3l
FAf: 502.0981.
1-504R-2-(3,4- &R 3E)-3- 8 3E-1,2,3,4- U & 7 W Wk -4-
BRIER TG (7d): AEMEE, 772 87%; IF 161~164 C,
'H NMR (400 MHz, CDCl,), J: 8.23~8.22 (m, 1H), 7.48~7.45
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(m, 3H), 7.38~7.37 (m, 1H), 7.25~7.23 (m, 6H), 7.16~7.14 (m,
2H), 7.11~7.10 (m, 2H), 7.03~7.02 (m, 2H), 5.53 (s, 1H),
4.42~4.33 (m, 2H), 3.97 (d, J = 0.4 Hz, 1H), 2.86 (t,J = 4.4
Hz, 2H). C NMR (100 MHz, CDCl,), d: 170.7, 163.5, 141.9,
138.8, 137.6, 133.1, 133.0, 132.5, 131.2, 130.9, 130.1, 129.3,
129.2,129.1, 129.1, 129.0, 128.9, 128.8, 128.6, 127.0, 126.6,
126.4, 66.7, 64.9, 51.9, 35.2. ESI-HRMS: m/z [M +
H]* C30H,4CLNO; 158 516.1133; MEAEH: 516.1137.
158 -2-(3,4- R IE)-3- 8 3K-1,2,3,4- DU & 5 IR -4-
BRI COE (Te): HEMEIME, 73 92%; M 137~139 C.
'"H NMR (400 MHz, CDCly), 8: 8.23~8.22 (m, 1H), 7.53~7.46
(m, 3H), 7.40~7.39 (m, 1H), 7.26~7.21 (m, 5H), 7.15~7.14 (m,
2H), 5.59 (s, 1H), 4.87~4.84 (m, 1H), 4.01 (d, J = 1.2 Hz, 1H),
1.79~1.24 (m, 10H). *C NMR (100 MHz, CDCl;), d: 170.2,
163.7, 142.0, 139.0, 133.0, 133.0, 131.2, 130.9, 129.8, 129.3,
129.2, 129.1, 128.9, 128.8, 128.5, 126.6, 126.4, 74.6, 65.1,
52.3,31.6,31.4,25.5,23.5, 23.4. ESI-HRMS: m/z [M + H]"
CogHyeCLNO; 154 : 494.1290; WIEA{H: 494.1292.
1.4 SE£HEMENE
141 BARMEEENE RHBE 24 K%
M 5E H ARtk &Y7E 100 pg/mL FXF 7 Fh R4
993 JER LB PO B T MR e A R I B R
B2 (mm), ZAI (1) HEIHIZE (1)

Dc - Dr
1/% = ———
/% De

Hrh, DX RHARERFREKES: Db
PAHEEEKAER. WL RN 3 55 IR
WP + drkiR 2, BRI E SRR E
3NPATEE.

T BRI i 3 1 L 1 E AR AL A 0 8 K ECs,
BH. WEYREREREZEREN 100, 50, 20,
10 1 5 pg/mL o PH A4 Xof B e Tk 1 e 11 Joi 22 3k 3
FEVE N 1.0, 0.5, 0.22 0.1 f10.05 ug/mL. K Jii
TR FE AN 1) e 43 Gl e Ak R P BUE A LR A )
I SCHR 57559 T ECso [E RN 95% (1 B A5 X ]
142 ZEWRHZNE RHEEN R HLENE
PR A B W 0T T SR TR AZ R 11 2 P 2 R SR i R
R KH SR EM=Er . 75% PR
TV BT . AT LA AAE K 4 d 3R A%
W B % U2 FE DT (B4R 5 mm), FEAER F Ao
FVE G s, o FL R B i Ak
SRIGECH] 500, 200 F1 100 pg/mL AR & 7E
W, PRYER TR BEAE B AT 1 d Wi, YR T ERITE
PRV S 1 d W, i 24 SO B I KR
B . DANEMERE I (10 pg/mL) AFATEXIE, T

x 100 (1)

IKALE A R R E S ANEE . Kk

HE B TR SRR R (R 25 °C, Xt

WIE80%), 2d /)5, TFXXIEMERNER,

AN KI5 B R 3 IRAS TR 3A67 + 38 X & HX

VAN AR, SRE T E AR T 19 B

BOFEIME, %30 Q) tHEPHA R (B).
So—S

E/%=""2""Tx100 ©)
So

Horr: S AMIRADRBET A, em?s Sy
A BRI PR, em?e SRR S ANEE N
BE £ prifEiR 2 .

2 FER5UHE

2.1 B EMMERSRIE

A B SAR BI P AFAE 3,4 SR s 30
R R H OARE SCER AT, KT C3 A
RERRIZRUEY, RAFWEE 6y mT
50, Oy KEAKT 43, I H Jgspe DT 2.0 HZS,
XTI A A, Oy T 5.0, H T RN RN )
PERVER ong BT 4.5, BANEEENE B 2|
TR SR H gz e KT 4.0 HZP, 4510E, 18
RS R A A 7T A1, Sa. Sb Fl 7a~
Te N 3.4 Ar s aUIAY,  6e~6f I s 74 AL EL 451 43 531
HN10: 1. 5:1. 10: 1 f15:3, HRAEEW AR
XA, CHRERY, ERMEFET, WM
N, N"-¥IE ki (CDI) & EREY FE S A LB K
WU 2510 3,4 AL BRI i s AR TSR
I, Sk £ DCC/DMAP 454 2614+ T FIFE & 5 5
REN, N3R5 Ta~Te. 1R A RAL
&Y 5a AT, 613.10 IR RIE ERME
U, 58.00~7.09 (ML IR |9 NAMIE
S, §5.36 F1 5 4.10 [HIES IR H3 A1 HA 1
B0, HANN2 LIERIEMNE S, R
W, 5 172.2 F1163.3 43 A2 SR B B AR BL 5k 1145
S, 660.9 F150.8 433l & C3 Fl C4 (115 5%,
HARTETS & X IR (6 126.1~139.6) & 2R3 I
B EME S0, =3 X WO IE o TE T B B S 5
W, T AE A Y Se IS, 95.50 Fil64.95
(I Cys g = 5.6 Hz) 43 5052 H3 #1 H4 {5 5
U o T R0 ARG PR SIS IR ) —— 408 PR R R g
A HER N SRR R e . SRR R i . 4R
FANE . 2,3- IR EAN 2,6- — LR, AWt
FLH AR R IAT FERL ) H AR = o
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2.2 Bt EMREENE

22,1 BAEMEENE HIsLEY Sa~5k. 6a~6f
Al 7a~Te 7F 100 pg/mL R Xt 7 FiAE Y7 5 E B 1
22K AR R 1. R, fE2 5
B N T B NAFREARE (Sa~5k) X} 7 Bl R
FUTR TR 22 AR K R I A AR, AR S AR R
AR ES . TR E, ikt & E
22 K I R L 5] 80% A L, Hi, (k&
5g~5k ANH] B 90%. 1 &Y 5F XF LA 22
BRI BRI 22 AR K R B R e, H0HI 2R  93.7%, 1L
W Se X R R I B T 22 A K A A A F A

F=1

PR A 87.5%, HoARAA W I 5 Bl (18075 i
B A B A R S S o A S P P TR
FI T T K B T AN S SRR VR I B A
NSRS, Eem A2 7 00N 82.3%. 78.0%
F178.8%. B4k A 4% Ky 41 5% bify 60 11 110 0 ) 4
Wiz . 163 SOl AR FERES 2L &Y
6a~6f Xf 7 F J5 S 1R TG PE A A R A s T
Bt &9 Ta~Te AMH R IMET 20%. 25 L,
FIT 5 P U 0 S s R - 4- PR R Ak & W %ot %2 P
JE B A AR, RS i S B A B 1 4 1 2
Rt

1k &4 5a~5Kk. 6a~6f 1 Ta~Te 7£ 100 pg/mL T Xt 7 FE YRR EE 22 4 K HNH =R

Table 1 The inhibition rates of compounds 5a-5k. 6a-6f and 7a-7e against mycelial growth of

7 plant pathogenic fungi at the concentration of 100 pg/mL

F#12 Inhibition rate/%

&)

Compd. Sc. (4 d) Bo. (6 d) Fu. (6 d) Co. (74d) Tr. (7 d) Al (7 d) Rh. (3 d)
5a 89.2+0.6 68.6+ 1.8 783 +0.3 823+0.5 30.8+13 66.9 = 0.5 84.7+12
5b 86.5+ 1.6 74.9+0.9 777+ 2.1 84.8+0.3 321420 66.3+0.3 89.5+2.5
5c 87.7+2.7 702+2.5 79.7+ 1.6 83.6+ 1.5 343+25 65.7+1.3 76.8 +4.0
5d 82.1+1.6 67.3+2.6 68.8+0.5 80.1+0.9 72.7+0.9 63.1+2.1 70.7+ 1.6
Se 84.5+1.2 68.9+2.0 823+12 87.5+0.5 440+04 68.4+1.2 822+0.8
sf 858+ 1.1 564+ 1.5 37.9+26 68.1+1.1 923+18 66.3+ 1.3 93.7 +10.1
5¢g 90.6+ 1.8 63.6+2.9 427409 73.1+15 459+3.7 69.5+ 1.0 772+78
5h 91.1+ 1.8 59.7+1.2 39.4+04 746+ 1.5 423+2.1 72.4+0.3 78.6+9.9
5i 914+1.1 67.6+0.3 393+ 1.7 73.6+22 50.0+7.6 747+ 1.3 68.2+4.7
5j 90.6 + 0.9 56.8+ 1.0 39.0+3.2 69.9+ 0.9 462424 74.5+3.8 78.6 +5.3
5k 92.9+0.3 62.3+2.0 46.8+0.4 76.8+ 1.7 52.7+2.6 73.6+13 728422
6a 81.1+2.0 66.2+ 1.3 46.1+18 68.6+ 1.3 284434 73.1+£0.2 61.1+0.1
6b 83.7+2.0 73.3+0.3 69.1+0.3 77.8+0.2 67.3+29 73.8+0.7 923+1.8
6c 89.2+1.4 69.2+0.5 37.4+34 465+ 1.7 341+14 61.3+2.1 52.6+2.4
6d 90.2 0.5 72.1+1.1 478+0.2 57.9+2.0 55.4+26 71.3+09 83.4+0.8
6e 90.0 + 1.8 77.7+0.6 62.9+0.9 73.8+0.9 558+ 1.1 771+ 14 89.1+0.7
of 87.2+1.1 78.0+0.5 60.6+ 1.1 71303 59.9+1.4 78.8+0.9 87.9+1.2
7a 0 9.6+ 1.0 44+30 78+1.6 207+ 1.4 6.0+12 10.1+0.3
7b 1.5+0.6 102+1.2 6.9+0.6 7.1+0.9 183409 3.8+1.4 7.1+18
7e 149+23 49+02 15+04 8.8+1.2 39+1.5 113+13 73+1.1
7d 10.3+0.2 16.8+2.0 10.7 0.7 71404 53+14 118404 22406
7e 19.8+2.0 13.7+1.8 94+14 7.8+2.0 9.1+0.5 6.0+1.5 02+02

e T B4 % boscalid 100.0 100.0 67.6+0.8 100.0 57.8+1.0 90.6+ 0.8 98.1+0.4

W 165 WRBEOR R S A SRR REG Rh8daoy 3 YOS BRI K T = bz .

Note: Sc.-Sclerotinia sclerotiorum; Bo.-Botrytis cinerea; Fu.-Fusarium oxysporum f. sp. niveum; Co.-Colletotrichum gloeosporioides; Tr.-Trichothecium

roseum; Al.-Alternaria mali; Rh.-Rhizoctonia solani. The number of days in brackets indicates the number of days between the inoculation and the inspection

results. The data in the table are the mean + standard error (SE) of three repeated experiments.
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B 2 L &) Sa~5k 1 6a~6f X I SE
IR 2K BECso fH. &5 (R 2) £H, A&
[Fi] A A5 9 %o Yol TR A 07 T T 2 A K R s
FrZESe. Hodr, A& skt i SE R m R0 B
WML, ECso {HN 5.8 ng/mL, {BVEPEAS Koxf iR

2457 W Ik 1 % (EC50=0.094 pg/mL) (K 1); XF
6a~6f, 6f MR TG s®, ECsy {H N 32.0 pg/mL,
AR T S AW Sk BeZRib 590 Ta~Te 1E 200
pg/mL T 0] S B A T IR TR 22 A A 2R I IR
T 30%. UL Eg5REK, EEY) Sk 3 A RIR

#2 LAY 5a~5k. 6a~6f Fl Ta~Te IMKEZFRENAELEKNEN @ d)
Table 2 The toxicities of compounds 5a-5k, 6a-6f and 7a-7e against S. sclerotiorum (4 d)

tan # HIX R ECay (gl 959% H (X [

ompd. Regression equation Correlation coefficent 95% CL/(pg/mL)
Sa y =2.609x +0.828 0.988 39.7 21.0~75.1
Sb y =2.303x+1.160 0.985 46.5 22.2~97.6
S¢ ¥ =2.290x + 1.087 0.990 51.1 27.2~96.1
5d »y =2.860x +0.061 0.994 53.3 32.2~88.2
Se y =2.748x + 0.384 0.983 479 21.3~107.4
5f y =2.590x + 0.720 0.977 449 17.8~113.3
S5g ¥ =2.009x +2.071 0.973 28.7 11.8~70.1
5h v =1.867x+2.470 0.981 22.6 11.0~46.7
5i y =1.697x+2.720 0.976 22.0 9.8~49.8
5j y=1.799x +2.479 0.970 25.2 10.1~63.2
5k y=1.116x+4.145 0.992 5.8 3.9~8.7
6a y =2.045x + 1.553 0.978 48.4 19.3~121.8
6b y=3.316x—0.757 0.985 54.5 24.8~119.4
6¢ y=3.3%x-0.771 0.975 50.2 18.4~136.4
6d y =3.045x + 0.043 0.981 422 18.6~95.8
6e y =2.842x +0.448 0.979 39.9 17.3~92.2
of y =1.795x +2.298 0.972 32.0 12.8~80.5
Ta — — >200 _
Tb — — >200 i
Tc — — >200 —
7d — — >200 —
Te — — >200 _

WEBE T % boscalid y=1110x+6.142 0.993 0.094 0.063~0.14
Ee T RRRIE AR
Note: “—" Indicates that the result is not calculated.

S5k

CK 100 pg/mL 50 pg/mL 20 ug/mL 10 pg/mL 5 ug/mL

I T 1 fie
boscalid

CK 1 pg/mL 0.5 pg/mL 0.2 pg/mL 0.1 pg/mL 0.05 pg/mL
1 AELIREALEYD Sk FOEREEREXT M3 E & mE ML A E 2% KHI R0

Fig. 1 Effects of compounds 5k and boscalid against S. sclerotiorum at different concentrations
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EBIEARIE L KR 4 5 A7 52 B 3 AT ER A 3 AR T
TEPERE

WSRO RN R, 75N TP L5 AA
[7) P BAR T 6 A & 4 1A 400 T 3 1 2 7 AR S [ 2
M. [t R b B B RN, MR E R T
FEa% (5a > 5¢>5d); N JET AR e St
W& S EE K (5a> Sb); £ Se B N HUX
R IR ESI N B0 i 7 B, AR
PEA i s, HAR I BRI A7 B A% B k4%
P, 2 4-BrCgH, U (5h) (& TEE SR T 3-BrCgH,
AR (55), BAK 4-CIC¢H, HUAR (Sg) HITEPEMR T 3.,4-
diCIC¢H; HUX (5k). 74b, HMRETERE N B
(R 2R P b W R, T i A R AR ) B A T AT P 92
U1 ECso fH B N : 4-IC¢H,(51) = 4-BrCgH,(5h) <
4-CIC¢H,(5g) < 4-FC(H4(5f). F C3 fiZE3f 5|\
AFRHAREE, hAEWREESEAREERN T
B, XU R — NEURER AL, (EJR SR
o H R LR B AR ) RO R A AR ) 2R A 1) F T
LHEE e MITE C4 LI AR FRAMES S, hE
WIS B35 P, R C4 17 3R 3 2 AR i v
FIT e A ]
222 A Sk E NGB E SR ARAEL

EME T AGA W SkOx I SE B A% 1 2 Y B IR 2K
R & RNE3IAE 2. NFRIFETH, LG
W Sk FEAS[R) o 59K BT T 06 9 S B AZ i ) SR I —
TR BRI R T A R, HARPE R T
BITPER . A8 EW LY 500 pg/mL B, R
P AEFR B 20N 94.6%, 50 B 24 57 e Bk 1 i 7E
10 pg/mL T ERSVE R BT 2, 1M AE 100 pg/mL
200 pg/mL FHMERT AR5 . A 2 Fm]
a, 5P, MEEMEY Sk TEIRET
B0, 98 B AR R T RS o

R3 LAY Sk IHREZRBRIPAHR
Table 3 The control efficacy of compound 5k against

S. sclerotiorum

B e R

e R R Control efficacy/%
Corun # Concentration/ -
pd. (ug/mL) R 1EH BITIEA
Preventive effect Curative effect
5k 100 494+7.0 20.9+3.9
200 73.5+11.2 37.3+10.8
500 94.6+3.4 52.1+13.1
WE 9k B 12 boscalid 10 958+ 1.5 547+93

e RPEIRS 5 YOMSLE IR P BEEAR R ZE (n=5).
Note: The data in the table are the mean + SE (n=5).

7 AT RR
blank control

boscalid (10 pg/mL)

WEME R (10 pg/mL) 5k (100 pg/mL)

5K (200 pg/mL) 5Kk (500 pg/mL)

2 A Sk MR R EARFPIER
Fig. 2 The representative photos of preventive effect of compound 5k against
S. sclerotiorum on detached oilseed rape leaves

3 g

FIH Castagnoli-Cushman Jz N A K il g s v
BT 22 N B MR- 12 H)- R & 2R D A R
WK -4- R TR (BR) RGP B PR 75 M e 25
RRW, %A B YD I R 2R B R I B
R maE T, H &Y sk BiE R, ECs
B4 5.8 pg/mL, (AT X MEZFIEBER I =N
Biia ORI R, LAY Sk £E 500 pg/mL i X
TH S TR AZ LR 374 50k B 24 75 g Tk TR i A
10 pg/mL KA Y, "IN e UG — 20
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RNA T3t (RNA interference, fiH RNAD) A& B AZAEY) F—Fh s B AR 57 1) F KT
BILG, ErEERAGFEY R SEA) IR TS M RNAL &= RO &t
R HENBE 2GR R RITIT Y, (HBR T MY 506 5 DAAh, R AR AR AE Y
FMAL R RSB, AR 45 T RNAL AFFT I DT e &, MBI RIE AR A E 4 7
FEF RNAI I B 75 H A0 i ) @R R rs, 55 s e ad 7 AR ) R0 B0 18 41 R BE X RNA 4
FIBIERm, DAY BB RNAI U Z 56 RNA TR IsEm . thah, &
LRV T RNAL R A& SR B AR, 2 RNAL R A 10 & F0 R A 3 it
TfE%.

RNA interference (RNAIi) is a highly conserved gene silencing phenomenon in
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eukaryotes, which has shown broad potential application in medicine and plant protection.
Products related to RNAi have entered or are poised to enter the market for pharmaceuticals

MR KT

and insecticides, but the commercialization of RNA1 for other plant diseases beyond viral
infections has yet to be realized. Here, the development of RNAI research is summarized, and new ideas that may help improve
the development of RNAi-based fungicides are introduced. It focuses on the impact of plant and fungal cell walls on the delivery
of RNA molecules, as well as the differences between plant and fungal RNAi components and their effect on RNAI efficacy. At
the same time, the influence of RNAi-based fungicides on traditional chemical fungicides is discussed, which is the innovation
and application of RNAi fungicides.

REER:
RIS, wE, FIHE" T RNA TR 7T R S H X2 8 A 52 m 7). R 2554, 2023, 25(1): 1-11.

SONG Xiushi?, GAO Jing", ZHOU Mingguo’. Development of fungicides based on RNAi mechanism and its influence on
chemical fungicides[J]. Chin J Pestic Sci, 2023, 25(1): 1 - 11.
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