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Structure-activity relationship of cantharidin-related
compounds on stomach poisoning of Plutella xylostella

LIU Zhong-yi.SUN Wen-bo,ZHANG Ya-lin
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Northwest A& F University ,Yangling » Shaanxi 712100, China)

Abstract: [Objective] This study was to investigate the structure-activity relationship of 25 canthari-
din-related compounds on stomach poisoning of Plutella xylostella 1. to improve the study of pesticides u-
sing cantharidin. [Method) Cantharidic acid ([l ) was synthesized with cantharidin ( | ), while norcan-
tharidic acid (IV) ,norcantharimide ('V ), N-substituted-norcantharimide analogues ( VI ) and N-substituted-
norcantharimide acid analogues (\[) were synthesized with norcantharidin ([ll ). The structures of all com-
pounds were confirmed by 'H NMR and HRMS. Insecticidal activities (stomach toxicities) of all com-
pounds on P. xylostella L. were determined. [Result] Among all the compounds studied, I and ]| showed
highest toxicities while [l and [V had much lower toxicities,LCs, of T , Il - Il sand [V were 12.37,13.77,
140. 47 and 129. 35 mg/L,respectively. V had no insecticidal activity. Insecticidal activities of V[ were sig-
nificantly higher than that of V[. The most toxic compound among VI was W[-8 with LC;, of 134. 43 mg/L.
[Conclusion] Toxicities of cantharidin-related compounds can be highly increased with the existence of

methyl of bit-4 and 5. Ring-opened forms of cantharidin-related compounds with showed higher insecticidal
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activities, Variation of electron cloud density and stereohindrance effect caused by substituent had impor-

tant impact on the activities of cantharidin-related compounds.

Key words: cantharidin;norcantharidin;derivatives;insecticidal activity;structure-activity relationship
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Fig. 1 Synthesis route of target compounds
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Table 1 'H NMR data of compounds [[ —V
I
"ﬂﬁu% 'H NMR (500 MHz,CDCl; /TMSO)
Compound
I 1.03(s,6H,H-9,10),1.44(d,J=8.51 Hz,2H,H-1,2,ex0),1.76(d,J=7.88 Hz,2H,H-1,2,endo) ,4. 53(brs,2H, H-
3,6)
1 1.66(d,J=7.57 Hz,2H,H-1,2,ex0),1.92(d,J=7.88 Hz,2H,H-1,2,endo),3. 21(s,2H,H-4,5),5. 06 (brs,2H, H-
3,6)
g 1.48~1.60(m,4H,H-1,2),2.92(s,2H,H-4,5),4.67(d,J=2.21 Hz,2H.H-3,6),12. 05(brs,2H,H-9,10)
v 1.60(d,J=7.57 Hz,2H,H-1,2,ex0),1.87(d,J=7.57 Hz,2H,H-1,2,endo),2. 93(brs,2H,H-4,5),4. 92(brs,2H,

H-3,6),8.33(brs,1H,H-9)
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Table 2 'H NMR data of compounds VI
I
‘/H:L'% 'H NMR(500 MHz,CDCl; / TMSO)
Compound

, 1.58~1. 64(m.2H,H-1,2.e20) . 1. 83~1, 90(m,2H, H-1,2 ,endo) . 2. 89 (s, 2H, H-4,5) 2. 96 (s.3H,H-1") .4, 88 (brs,

V-1
2H,H-3,6)
0.91(t,J=7.25 Hz,3H,H-4"),1. 29(sxt, J=7.31 Hz,2H,H-3"),1. 52(quin, J=7. 41 Hz,2H,H-2"),1. 60(d,J =

VI-2 7.25 Hz,2H,H-1.2,ex0),1.86(d,J=7.88 Hz,2H,H-1,2,endo),2.86(s,2H,H-4,5),3.46(t,J=7.25 Hz,2H, H-
17),4.87(brs,2H,H-3.6)

V-3 1.62~1.68(m,2H,H-1,2,ex0),1.87~1.92(m,2H,H-1,2,endo),3. 02(s,2H,H-4,5),4. 95-5. 02(m,2H,H-3,6),
7.24~7.29(m,2H,H-3",5"),7.35~7.41(m,1H,H-4"),7.43~7.49(m,2H,H-2",6")
1.09~1.20(m,3H,H-8"),1.63~1.72(m,2H,H-1,2,ex0),1.88~1.96(m,2H,H-1,2,endo) ,2. 38~2.51(m,2H, H-

V-4 77),3.04~3.13(m,2H,H-4,5),4.97~5.05(m,2H,H-3,6).6.97~7.09(m,1H,H-4"),7. 27~7.33(m,1H,H-6"),
7.38(quin, J=7.65 Hz,2H,H-37,57)
1.65(d,J=7.25 Hz,2H,H-1,2,ex0),1.90(d,J=7.88 Hz,2H,H-1,2,endo) ,3. 00-3. 10 (m,2H,H-4,5),3.76~3. 82

V[-5 (m,3H,H-7"),4.99(d,J=2.84 Hz,2H,H-3,6),6.97~7.05(m,2H,H-3",4"),7.06~7.17(m,1H,H-5"),7. 39(t,
J=7.72 Hz,1H,H-6")
1.62~1.69(m,2H,H-1,2,ex0),1.87~1.95(m,2H,H-1.2,endo) ,3.03(s,2H,H-4,5),3.81(s,3H,H-7"),5. 00(brs,

V-6 2H,H-3.6),6.78(s,1H,H-4"),6.84(d,J=7.88 Hz,1H,H-2"),6.94(dd,J=8.35,1.73 Hz,1H,H-6"),7. 36 (t,]J=
8.04 Hz,1H,H-5")

V-7 1.66 (d,J=7.25 Hz,2H,H-1,2,ex0),1.90(d, J=8. 20 Hz,2H,H-1,2,endo),3. 02(s,2H,H-4,5),3. 82(s,3H, H-
77).,4.99 (brs,2H,2H,H-3,6),6.97(d,J=8.83 Hz,2H,H-3".5"),7.17(d,J=8.83 Hz,2H,H-2",6")

1.68 (d,J=7.25 Hz,2H,H-1,2,ez0), 1. 92(d,J =7. 88 Hz,2H,H-1,2,endo),3. 11~3. 21 (m,2H, H-4,5) ,4. 96 ~

V-8 5.06(m,2H,H-3,6),7. 41(d,J =7. 57 Hz, 1H, H-4"),7. 61(t, ] =7. 57 Hz, 1IH, H-5"),7. 70~7. 80 (m,1H,H-6"),
8.18(d,J= 8.20 Hz, 1H,H-3")

V-9 1.66~1.74(m,2H,H-1,2,ex0),1.91~1.98(m,2H,H-1.,2,endo),3.10(s,2H,H-4,5),4. 99~5. 06(m,2H,H-3,6),

o 7.62~7.73(m,2H,H-2".,4"),8.20~8.30(m,2H,H-5".6")

-10 1.66~1.73(m,2H,H-1,2,ex0),1.94(d,J=38. 20 Hz,2H,H-1,2,endo) ,3.10(s,2H,H-4,5),5. 02(brs,2H,2H, H-3,
6),7.57(d,J=8.83 Hz,2H,H-2,6),8. 33(d,J=8.51 Hz,2H,H-3",5")
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Table 3 'H NMR data of compounds [
A
"ﬂﬁn% 'H NMR(500 MHz,DMSO-ds / TMSO)
Compound

V-1 1.45~1.70(m,4H,H-1,2),2.57(s,3H,H-1"),2.88~2.95 (m,2H,H-4,5),4. 60 (d,J=4.73 Hz,1H,H-6) .4. 79(d,
J=4.41 Hz,1H,H-3)
0.88(t.J=7.25 Hz.3H,H4").1.23~1.32 (m.2H.H-3"),1.32~1.40 (m.2H,H-2").1.42~1, 63(m.4H.H-1,2),

\I-2 2.81~2.87(m,2H,H-1"),2.94~3.05(m,2H,H-4,5) ,4. 48(d,J=4. 41 Hz,1H,H-6),4. 74(d,J=4. 10 Hz,1H, H-
3),7.33 (t,J=5.20 Hz,1H,H-9),11. 89(brs,1H,H-10)

V-3 1.47~1.68(m,4H,H-1,2),2.93~3.12(m,2H,H-4,5).4. 61~4.81(m,2H,H-3,6).,7.03(t,J=7.41 Hz,1H,H-
47),7.29(t,J=7.72 Hz,2H,H-3",5"),7.54(d, J=7.88 Hz,2H,H-2",6"),9.67(s, 1H,H-9),11. 99(brs,1H,H-10)
1.15(t,J=7.41 Hz,3H,H-8"),1.54~1.73(m,4H,H-1,2),2.58(q,J=7.57 Hz,2H,H-7"),3. 06~3.15(m,2H, H-

VI-4 4,5),4.74(d,J=5.04 Hz,1H,H-6),4.87(d.,J=3.47 Hz,1H,H-3),7.05~7.10 (m,1H,H-4"),7.13~7. 22(m,2H,
H-37,57),7.66 (d.J=7.88 Hz,1H,H-6"),8.76(s,1H,H-9),12. 21(brs,1H,H-10)
152~1.72(m,4H,H-1,2),3.05~3.17(m,2H.H-4.5),3.83(s,3H,H-7"),4. 71(d, J=5. 04 Hz,1H,H-6"),4. 89(d,

I-5 J=3.47 Hz.1H,H-3"),6.86~6.93(m,1H,H-5"),7.02(d,J=4.10 Hz,2H,H-3",4"),8.11(d.J=7.88 Hz,1H, H-
67),8.87(s,1H,H-9),12. 20(brs, 1H,H-10)
1.47~1.70(m,4H,H-1,2),2.95(d,J=9.46 Hz,1H,H-4),3.07(d,J=9.77 Hz,1H,H-5) ,4. 64(d,J=4.41 Hz,1H,

VI-6 H-6),4.80(d,J=3.78 Hz,1H,H-3),6.61(dd,J=8.20,1.89 Hz,1H,H-4"),7.05(d,J=8.20 Hz,1H,H-6"),7. 15~
7.22(m,1 H,H-5"),7.29(s,1H,H-2").,9. 68(s,1H,H-9),11. 99(brs, 1H,H-10)
1.46~1.69(m,4H,H-1,2),2.94(d,J=9.77 Hz,1H,H-4),3.03(d,J=9.46 Hz,1H,H-5),4.63(d,J=4.10 Hz,1H,

I-7 1H,H-6),4.79(d,J=3.78 Hz,1H,1H,H-3),6. 87(d,J=8.83 Hz,2H,H-3",5"),7. 44(d, J=8. 83 Hz,2H,H-2",
67),9.51(s,1H,H-9).,11.93(brs,1H,H-10)
1.46~1.72(m,4H,H-1,2).2. 98~3. 12(m,2H,H-4,5) .4. 63~4. 85(m,2H,H-3,6).,7. 60(t,J=38. 20 Hz,1H., H-

\I-8 47),7.82(d,J=7.88 Hz,1H,H-5"),7.90(d, J=7.88 Hz,1H,H-6"),8. 65(brs, 1H,H-3"),10. 28 (brs, 1H,H-9),
12.02~12.09(m,1H,H-10)
1.45~1.70(m,4H,H-1,2),2.94~3.01(m,1H,H-4),3. 03~3.09(m, 1H,H-5),4. 67(brs, 1H,H-6),4. 79(brs,1H,

VI-9 H-3),7.19~7.30(m,2H,H-4",6"),7.39(d,J=7.88 Hz,1H,H-5"),7. 96 (brs, 1H,H-2"),9. 91(brs, 1H,H-9)12. 01
(s, 1H,H-10)
1.48~1.70(m,4H,H-1,2),3.02(d,J=9.46 Hz,1H,H-4),3.12(d,J=9. 46 Hz,1H,H-5),4. 71(brs,1H,H-6),4. 81

VI-10 (brs,1H,H-3),7.80(d,J=8.83 Hz,2H,H-2",6"),8. 22(d,J=8.83 Hz,2H,H-37,57),10. 40(s,1H, H-9),12. 09

(brs,1H,H-10)
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Table 4 Physical and MS data of target compounds
&Y YA CER FEE) Y% 1 1/ °C ESI-MS
Compound State(r. t. ) Yield m. p. m/z
i 0 [ & White solid 93 232~233 213.077 3 [M—1]~
m 9 {5 [ & White solid 84 116~117 191.042 3 [M-+Na]~
Iy {7 [ & White solid 87 137~138 185.045 5 [M—1]—
V H {7 [ & White solid 88.5 186~188 190. 047 4 [M+Na "
V-1 1 {6 [f & White solid 93 132~133 204.063 3 [M+Na]™*
V-2 [ o [ & White solid 89 80~81 246.110 1 [M+Na]*
V-3 {4, [ 4& White solid 81 167~168 266.076 8 [M+Na]*
V-4 {7 [ & White solid 78.5 122~123 294.120 8 [M+Na "
VI-5 4 5, [ A& White solid 71 149~150 296.100 1 [M+Na]™*
V-6 {6 [f & White solid 79 147~148 296.101 5 [M~+Na]"
V-7 o [ & White solid 85 189~190 296.101 1 [M+Na]*
V-8 HWi{n [E & Yellow solid 52 179~181 311.062 3 [M+Na]"
V-9 # [ K Yellow solid 63 209~210 311.063 9 [M+Na]*
VI-10 # @ F 1 Yellow solid 70 203~204 311.067 1 [M+Na]*
V-1 6 [f & White solid 84 144~146 198.076 6 [M—1]
I-2 H {7 [E A& White solid 83.5 139~140 264.121 3 [M+Na]"
VI-3 H {4 [E /& White solid 76 164~165 284.091 0 [M+Na]™
V-4 [ o [ & White solid 80 172~173 288.124 6 [M—1]~
\I-5 0[5 & White solid 66 151~152 314.100 8 [M+Na "
-6 H {7 [E A& White solid 73 165~166 314.098 3 [M+Na]™*
V-7 €4 [ fA& White solid 71 167~168 314.102 5 [M~+Nal*
\I-8 WA [ & Yellow solid 47 155~156 329.075 4 [M+Na]"
-9 0 A Yellow solid 44 178~179 329.077 1 [M+Na] ™
VI-10 # A [E A& Yellow solid 54 156~157 329.076 3 [M+Na]™*
x5 WMEZRXUEGYI/NFEE I BHRAOFRFEHE
Table 5 Stomach toxicities of cantharidin-related compounds against 3™-instar larvae of P. xylostella L.
Wy % ) [ 7 A , I‘C3<7(95%ﬁ{7§l[zml)/ LCS)Q(95%E{§JXI\HJ)/
Compound Line fitting equation " x (‘mg ._L ,) (‘mg ._L ?
LCs0(95% CD LCo (95% CD
1 Y=—0.9855+3.677 7X 0.99 2.26 12.37(10.90~14. 04) 27.60(22.03~34.59)
1 Y=—0.573 1+3.886 6X 0.99 4.12 13.77(12.26~15.47) 29.43(22.69~38.17)
ik Y=—6.143 1+5.188 7X 0.97 5.26 140.47(126.10~156. 48) 248.08(158, 63~331.54)
v Y=—6.415 6+5.405 7X 0.98 4. 27 129.35(118.59~141.10) 223.29(175.76~283.67)
Vv - - - =2 000 =2 000
VI-1 - - - =2 000 =2 000
V[-1 Y=—8.306 8+5.073 3X 0.99 6.17 419.69(381.77~461. 38) 750.84(610.84~922.92)
VI-2 — — — =2 000 =2 000
\I-2 Y=—17.607 2-+7.289 8X 0.98 6.21 1262.42(1 183.29~1 346.84) 1 892.39(1 632.62~2 193.49)
VI-3 — — — =2 000 =2 000
V-3 Y=—14.534 0+6.536 9X 0.98 3. 40 973.29(903.40~1 048.59) 1528.61(1 208.69~1 933. 21)
V-4 — - - =2 000 =2 000
VI-4 — — — =2 000 =2 000
VI-5 - - - =2 000 =2 000
I-5 Y=—10.356 3+5.412 8X 0.99 2.18 687.09(636.06~742.22) 1 185.18(947.50~1 482. 48)
VI-6 — — — =2 000 =2 000
V-6 Y=-—10.845 3+5.611 4X 0.99 2.16 666.45(618.02~718.68) 1127.61(922.98~1 377.61)
VI-7 - - — =>2 000 =2 000
I-7 Y=-—10.583 7+5.491 0X 0.98 2. 40 688.72(638,19~743.26) 1 178.80(946.35~1 468. 36)
VI-8 Y=-—27.809 6+10.533 3X 0.98 4. 05 1302.76(1 243.46~1364.89) 1 723.99(1 606.41~1 850.19)
\[-8 Y=—6.260 2+5.290 2X 0.99 3.57 134.43(122.21~147.87) 234.83(181.60~303.67)
VI-9 — — — =2 000 =2 000
VI-9 — — — =2 000 =2 000
VI-10 — — — =2 000 =2 000
Vi-10 — — — =2 000 =2 000

18 : LCs0>2 000 mg/L BAL& 1. Bk LCso {41, HiAth 25 T L™ — 7 37 AR A5 2 S K dis o

Note: Items of compounds with LCs, higher than 2 000 mg/L are shown as
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HRAE 2 5 oI BE JF L Bk B W 450 . vl DL AR
R 458

(1)4.5 o B 5 1) 77 76 BB Al R Ml B2 i BE 25 32 2%
R W R UG T

(2)BRETAE A=W IR N B Kk i g — e k. ¥ 22 1
BEEE R 45 H v 5 00T PR H R IS 5 AR R BE W )R . T
TEARG KEAT . T 55 IV AR B0 P 22
SRR E VARIUR SUG M BER R L S
A& WU PR T A R 2 R I e 2k A
VI it HE T, T PR OK 4T HF 5 5 XF B2 R 2Rk
BYR R RGP R EE,

(O AbA I % Ha T P Bt BRUAR 35 4 i) 57 B &4z
o1 T i R R V-1 V-2 V-3 R V-4

(DO BRV-9WI-10 &k A4 40 VI Y A% HUE 1 B 2R
b S H P 3 T . V-8 XN 3 i
4 Ui B PE (LCs =134, 43 mg/L) 54k AW 11
LR E (LC,, =140. 47 mg/L) LR F X 7.
V-8 M — SRR G E A W e 2k & 9. Rt
T R IR 1 5 P e B T S e A BF o D B R
FAb A W B A B P LY 2 3 408 0 JE AT F
A% HTE P 45 R G R W

3 i i

PETE 2R A5 A1 HY R A A7 A i HOR HUE PR AE AR 22
PEZE R KA B Y b BT L (HIE X 2 A Al
PEZE R 09N A5 UM HC IR A o 38 S A OG0 B R
B FLITER K AT IT 5 105 0 BE 2 R 2B & Wy o 1l
PR 2 G T 8. A Jim O A H T T TR I R s T B R Y
BEEZIALE Y . A N-HRAR 2 HBE 2 I e 1R 2%
A1 CNID F9 23% HE P2 B 3 £ 2 1] 67 L A1 P £
P TR A P B0 285 2R i LA 9/ 0N BOA 35 1) 225 ) o7 BHL 2%
VB EA T iR i 2 I ANGE S DR VSR o S O i 4
19 A% HUIE P B2 2K AL & W I e 2075 I ) AL

s TR | S S N NI E N B B L IR B2 €
SEVIPNe VI RV S R o i g2 € P
P W R B R 5 03 B o A b 4R AL D L R B .
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