
Pesticide Science Society of Japan

NII-Electronic Library Service

Pest.icideScience  Society  of  Japan

dllHPPHHH"11dlH

 NoteIPPPFPHIHHIIIIIIH

Synthesis and  nematocidal  activity  of

    ascaridole  derivatives against

      Meloidogyne ineagnita and

        Aphelenchoides bessayi

Yao-Pin YEN," Ming-Jen YEH

    and  Wen-Feng HsiAot

Department  oj'tllzptied Chemistry, Proi'idence C]'nivesis'ity, 200

 Chungchi  Road, Sha-Lt{, thicht{ng Hesien, 43301, thiwan
'i'Dq)artment

 ofBioFusvur(/es, ,Nbtional ania.vi UhiT,ersic" 300

      [,laivei'sit.v Road, Chia.yi Cit.v,, 60083, foiu,an

(Rcccived Novcmbcr  14, 2e06; Accepted November 27. 2006)

A  series of  ascarido[e derivatives 1-10 were  successfuILy  synthc-

sizcd  and  thcir structurcs  wcre  charactcrized  by 
iH,

 
i3C

 NMR  and

high-resolution mass  spcctroscopy,  Thc ncmatocidal  activities  of

these compeunds  were  eva[uated and  the resuLts  indicated that

thesc dcrivativcs havc bcttcr nematocidal  activities  against

iWeloiclctgv,ne  incirgnita than Aphelenchoides besseyi, Intcrest-

ingly, cis-isemcrs  of  Z-3,6-epidioxy-[-methyl-4-isopropylcyc]o-

hexene {2) and  Z-3,6-epidioxy-1-methyl-4-isopropenylcyclohcx-

ene  (4) are  more  active  than their corresponding  trans-isomers,

Among  them,  1,4-cpidioxy-4-igopropyl-2-cyclohcxenoic acid  (8)
and  1,4-ep{dioxy-4-isepropyl-2-cyclohexenecarboxylic acid

mcthyL  cstcr (10) exhibited signilicant higher nematocida]  activi-

ties than those of  othcr  analogs:  thcrcfore the carboxylic  acid  or

carboxyl  ester  substituent  on  the ring  might  be essentia]  for high

nematocidal  activity. Compurcd  with  the toxicity ofa  commercial

nernatocjde,  Oxarny[, these  derivativcs can  bc considcred  cffbc-

tive and  promising. @  Pesticjde Science Society ofJapan

Ke.vwords: ascaridole,nematocidalactivity.

Introduction

Plant diseases can  be caused  by parasitic nematodes.i)  The most

destructive species  are  ,t4eloidogr,ne  incognita and  Aphelen-

choides  hesseyi, which  can  cause serious prob]ems fbr a number
of  economieally  important agricultural  crops  including grape, pa-

paya, guava, watermelon,  rice  and  strawberry.i)  The current  man-

agement  of  M. incagnita and  A, besse.vi primarily relies  on  toxic

nematocide  application2);  however, due to these chemicaLs  creat-

ing a  potential hazard to the environment  and  human  health, al-
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ternatives to ncw  crivironmcntally  friendty nematocides  are  desir-
able,

  Chenopodium ambFoEioides  is a  natural  product which  has

shown  to be efiective  in controlling  ncmatodes.3)  It is used  to pro-
duce Chenopodium  oil, which  has been used  as  an  anthelrnintjc

for the trcatment of  intestinal worms  for many  years.4) The an-
thelmjntjc property of  Chenopodium  oiL is due to its major  com-

ponent, ascaridole.4)  Recent]y, ascaridole  was  reported  to have

nematocida]  activity  to kM  Caenorhabditis elegans5)  Pollack et

aL  observed  that ascaridole could  jnhjbit the growth ofPlasmod-

ium  ,fatcipantm in vino,  and  a  similar  compound  cjneol,  lacking

the internal 1.4-endoperoxide, was  found to be inactive.
Artemisinin, on  the other  hand which  contains  a  1,4-cndoperox-

ide, was  active against Ptasmodium  ,falciparum, These observa-

tions promptcd Pollack et  aL  to conclude  that the endoperexide  in

ascaridole  was  essential  for its anthelmintic  activity,6' Kiuchi et

al, reported  that the natural  product, (-)-(IS,4S)ip-mentha-2,8-
dien-1-hydroperoxide, which  has an  isopropcnyl group appended

to the cyclohexenyl  ring,  showed  stronger trypanocidal activity

than  ascaridole.])  Mao  et aL  also  reported  that derivatives of

Tebufenozide containing  a  carboxylic  acid  or  ester  substituent  re-

sulted  in increasing theit  insecticida[ activities.7) Encouraged by

these reports  and  with  thc aim  of  fUrther exploring  new  potential
ncmatocides,  ascaridole  derivatives bearing some  functional

greups such  as  carboxylic  acid  or  ester  were  considered,  In this

paper we  describe the synthesis of a serics  of  ascaridolc  deriva-

tives and  the comparison  of  their nematocidal  activities  against

,t4, incagnita and  A, bessq,i,

Materials and  Methods

J. Chemicals
a-Terpinene,  rose  bengal, a-phellandrene,  carvone,  and  iso-

propcnyl acctate  were  obtained  from Aldrich. The precursor com-

pounds, 1-methyL-4-isopropcnyi-2,6-cyclohexadiene (11), 1-

methyl-2-acetoxy-4-isopropenyl-2,6-cycLohexadicnc  (12), 4-iso-

propyl-1,3-cyclohexadiene-carboxylic acid  (13), 4-jsopropyl-1,3-
cyclohexadienc-1-rnethanol(14),and4-isopropyl-1,3-cyclohexa-

dienecarboxylic acid  methyt  cster  (15) were  prepared fo11ewing

published procedures.H 
i
 
i)

2, Geneml syntheticpivcedurefor ascaridole  rD and  its de-

   ,'ivati),e,y e-IO
To each  precursor compound  such  as  a-terpine and  etc,

(73.6 nmiol)  in methanol  (800 ml)  was  added  60 mg  of  rose  ben-

gal. The  reaction  mixture  was  stirred  at OOC. Oxygen  was  bub-

bled through the mixture  (fiow rate  6.3 mlfs)  and  irradiated with  a

500W  tungsten  lamp. After thc starting  materia]  disappeared ac-

cording  to TLC,  the reaction  mixture  was  thcn concentrated  in
vacuo,  Thc rcsiduc  was  purified by column  chromatography  to

give products 1--10. The spectra  data of  ascaridol  (1), Z-3,6-epid-

ioxy-1-methyl-4-isopropylcyclohexene (2), and  E-3,6-epidioxy-

1-methyl-4-isopropylcyclohexene (3) were  consistent with  those
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  2.1. Z-3,6-EPidiox.v-J-meth.L,l-4isopfppetn)lny)clohexene (ID
Yield, 29%;  bp 136--t38eC (36mni Hg); [a], +17.90 {c 1.4,
CHCI,); iH

 NMR  6, (CDCI,): 1,71-1.79 (m, 1H), ].88 (s, 3H).
1.96 (s, 3H), 2.09-2,IS (m, IH), 220-2.25 (m, IH), 4.43-4,46
(m, 1H), 4,50-4.S2 (m, IH), 4.94 (s, IH), 5.00 <s, 1H), 6.37 6,39
(m, III); 

i3C
 NMR  6, (CDCI,): 18,6, 2[.6, 26.2. 40,8, 74.8, 7S.g,

111.9, 126.0, 141.0, 145,5; HR-EIMS  m/z  (M'): Found

166.0989, Calcd. for C,,H,,O,: 166.0994.

  2.2. E-3,6-Epidiex.v-1-meth.vl-4-isopropet",lc.vclohexene ew
Yield, 26%;  bp 132-1370C <34mrn Hg); [a], +23.10  (c 1.7,
CHCI,); TH

 NMR  6, (CDCI,): t.37-1.41 (m, IH), 1.70 (s, 3H),
1.96 (s, 3H), 2.42-2,48 (m, IH), 2.93-2.98 (rn, IH), 4.50-4,51

(m, 1H), 4.56 (s, IH), 4.61-4.64 (m, IH), 4.7g (s, 1H), 6,17-6.20
(m, IH); 

"]C
 NMR  6, (CDCI,): 18,4, 21,9, 28,6, 40,9, 73,8, 75,7,

111.0, 123,4, 141,4, 145,2; HR-EIMS  m/z  (M): Found 166,098S,

Catcd, forCi,H,,O,: 166,0994.

  2.3. Z-3,6-E)7idiox.v-J-meth.vl-2-acetony,-4-isopmpen.v,icyclo-

       hexene (IV
Yield, 37%;  bp 188-194eC (30mrn Hg); [a], +14,9a  (c O.8,
CHCI,); TH

 NMR  6, (CDCI,): 1.84 (s. 3H), 1.85 (s, 3H),
2.08-2.16 (m, 2H), 2.23 (s, 3H), 2.82-2.86 (rn, 1H), 4.55 (s, ]H),
4.58-4.59 (m, IH), 4.96 (s, IH), 5,03 (s, ]H): i]C

 NMR  6,

(CDCI,): 12,2, 20.8, 21,6, 28.7, 40.7, 75.4, 76.3, 111,3, 124,O,

142,O, 143.9, 167.3; HR-FABMS  mhff  (M+H'): Found 225.1126,

Ca]cd, forC,,H,,O,: 225.1127,

  2.4. E-3,6-Epidioo'-1-methyl-2-acetoo,-4-isopropenyte.vclo-

       hexene (ny
Yield, 29%;  bp 192-1990C (30mm Hg): [a], +16,Oe (c 1.0,
CHCI"; iH

 NMR  5, (CDCI,): 1.46-1.51 {m, IH), 1,74 (s, 3H),
1.g3 (s, 3H), 2.20 (s, 3H), 2.39 2,46 (m, IH), 2.96-2.98 Crn, 1H),

4.60 (s, 1H), 4.66-4,67 (m, IH), 4.68-4.69 (m, IH), 4.85 (s, 1H).
i3C

 NMR  6c (CDC13): 12.1, 20.3, 21.6, 272. 40.2, 77,2, 77･3,

112.0, 122.5, 144,7, 145.6, 169.2; HR-FABMS  mii  (M+HT):
Found 225.1129, CaLcd. for C,,H,,O,: 225.1 127,

  2.5. 1,4-EPidiopJ-4-isopropyt-2-cvclohexenoic acid  (e)
Yield 68Ya, bp 228-230eC (40mm Hg). 

'H
 NMR  6, (CDCI,):

O.99 (a 3H, J=6,8Hz), 1,03 (a 3H, J=6,8Hz), 1,90-2.01 (m,
3H, -OH  hide in), 2,13-2,20 (m, IH), 2,40-2.47 (m, IH), 2,64-
2,72 (m, IH), 5,97 (d IH, J= 10,4Hz), 6.77 (d 1H, J=1O,4  Hz);
[]c

 NMR  6, (cDCI,): 16,4, 17,3, 30,8, 33.8, 36.7, 71.& 76.6,
129,2, t53,1, ]99,5: MS  tnlz : 154 (M--CO,), 111 (100), 97

(11), 83 (56), 67 (8), 5S (41), 43 (23).
  2.6. 1,4-lipidiory-4-isopronvt-2-qyclohexene-l-methanol ({V
Yield 56Y{); bp 180-182eC (40rnm Hg); iH

 NMR  6, (CDCI,)/
1.02 (d, 6H, J-8,O}{z), 1.33-1.43 (m, IH), 1.56 -1.66 (m, IH),
1,77 (brs, IH, OH), 1.92-2.14 (m, 3H), 3.7S-3.83 (m, 2H), 6,57
{d, IH, J=8.8Hz), 6.65 (d IH. J=8,8Hz); ]3C

 NMR  6,

(CDCI,): 17.0, 17.1, 24.6, 24.7, 32.0, 64.3, 77.9. 80,5, 132.7,

133,6; HR-EABMS  mt:  (M+H'): Found 185,1182, CaLed. fbr
CloH,60]: 185,117s.

  2,7. J,4-Ebidiory-4-isny)ti\p,l-2-()ielohexenecarbox.vtic acid

       metlt}Jt estel' ae)
Yield 69%; bp 162-1640C (40mmHg). 

tH
 NMR  6. (CDCI,):

1.00 (ct 3H, J=2,8Hz), 1.02 (d 3H, J=2,8Hz), 1.52-1.59 (m,

Ji)urnalqffe.gticideScienee

IH), 1.72-1.79 (m, IH), 1,93-2.00 (m, IH), 2.06-2.13 (m, IH),
2,40-2.46 (m, IH), 3.89 (s, 3H, OMe), 6.60 (q IH, J=8.8Hz),
6,78 (d IH, J=:8.8Hz): 

i]C
 6, NMR  {CDCL,): 17.0, 17,[, 24.3,

27,1, 31,8, 52,8, 77.2, 80,5, 132.0, l33.9, 169.6i HR.EABMS  mli

(M+H'): Found 21 3.1 134 Calcd. for C.H,,O,: 213.1 127.

3. NL]matodes

Meloidqgn,ne incagnita was  isolated from the roots  of a tomato

plant infested by Mbloidog},ne incognita, Apheienchoides hessq}'i

was  isolated from rice  seed  from a  paddy field infested by A.

hessqFi.

  3.1. Nbmaticidtiiactivity

Due to the peor water  solubility  of  ascaridole  and  its derivativcs,

the test solution  was  prepared by serial  dilutions of  each  com-

pound with O.05 g of Abkunol AG-L, The nematocidal  test against

M, incognita and  A. besb'ep,i was  carried out as dcscribcd previ-
ously.T])  LCso values  were  calculated  by usjng the computer  pro-

gramPOLO-pc.i4)

               Results and  Discussion

i. Prz\)avations

Compounds  1-10 were  prepared as  shown  in Fig. 1, Ascaridole

(1) was  synthesized  by the photooxygenation of  a-terpine.iS)

Analogs 2 and  3 were  prepared by the reaction  of or-phellandrene

with  singlet  oxygen.  Compounds  4 and  S were  prepared by the
reaction  of  singtet  oxygen  with  1-methy]-4-isopropenyl-2,6-cy-

clohexadiene  (11),gJ which  was  synthesized  by the conversion  of

carvone  to the corresponding  tosy]hydrazone  fo11owed by treat-
ment  with  rnethyt  ljtbium. Jn ordcr to introduce the acetoxy

group on  the 2-position of  the cyclohexenyl  ring  of  4 and  5, the

precursor 1-methyl-2-acetoxy-4-isopropcnyl-2,6-cyclohexadiene

(12)V) was  prepared by the reaction  of  carvone  with  isoprepenyl

acetate.  Singlet oxygen  reacted  with  12 affbrded  two  new  deriva-
tives 6 and  7. Commcrcially available  a-pinene  was  eMciently

converted  to 4-isopropy]-1,3-cyclohexadienecarboxylic acid

(13)'O) by treatment with  KMn04  and  H2S04. Reduction of  13

with LiAIH4 gave 4-isopropyl-1,3-cyctohexadtene-1-methanol

(14).i3) Esterification of 13 with thiony] chloride and methanol

gave 4-isopropy]-1,3-cyclohexadienecarboxyEic acid  methy]  ester

(15),H} ParaLLeL rcactions  of  13-15 with  
i02

 gave the correspon-

ding derjvatives 8, 9, and  1O, respectively.  Compounds  1-10 were

purified by column  chromatography  and  their structures  were

characterized  by iH  and  
ijC

 NMR  and  HRMS,

2. IVlematocidalactivity
The in vinv  nematecidal  activities of  ascaridolc  derivatives were

evaluated  ugainst  M. incagnita and  A. bessep,i. Compounds 1-10
exhibited  1OO%  ofmorta]ity  against  M/ incognita at the concen-

tration of 100yglml. With regard  to A. besse.vi, 8 and  10 at the

concentration of200  ug/ml showed  100%  mortality, but 1, 6, and

9 only  exhibited  <50%  morta]ity  at the same  concentration,

These results  indicate that ascaridole  derivatives have better ne-

matocidal  activity  against  M. incognita than A, besscyi, Accord-

jnglM their LCso values  werc  dctermincd and  are  listed in Thble 1.

  It was  fbund that the cis  configuration  is preferred hy two-fold

NII-Electronic  
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 6
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 9

 co2Meo･o1

                   10

1. Synthesisefeempoundsl-10.

nematocidal  activity  over  the trans configuration  as  in the eases

of  2J3 (25:51ugJml) and  415 (12:23 "glml). Moreover, 4 and  5

exhibited  two-fold nematocidal  activity  as  compared  to 2 and  3,

respectivc]y,  indicating that an  sp2  isopropenyl group is preferred
over  an  sp]  isopropyl group. As regard  to the cyclohexenyl  ring,

an  acetoxy  substitucnt  at the 2-position deteriorated nematocidat

activity based on  the comparison  of  617 with  4/5. Ameng these

asearidole derivatives, 8 and 10 exhibited  the highest nematocidal

activity  with  LCsu values  of  2 ttglml. Apparently, carboxyLic  acid

(8) or  carboxyl  ester  (10) significantly  jrnproves nernatocida]  ac-

tivity against both M/ inc(ignita and  A, hessqyi. In addition,

chang{ng  the methyl  group in 1 to methyL  alcohol  in 9 did not  afL

fect nematocidal  activity  On  the basis of these results, we  might

conclude  that the carbonyl  groups in 8 and  10 arc  csscntjal  for
high nematocidal  activity.

(5)

(6)

(7)

(3}

.,//"
 dr/.

7

OAc(4)

  Oxamyl has been uscd  widcly  to control  plant parasitic nema-

todcs, and  thc  values  ofLC,-o  against  M. incagnita and  A. besse},i
were  determined to be O.07 and  O,10"glml, respectively  (Tlable
1). Oxamyl  was  reported  to have an  LCso value  of  3.1 mgtkg  to-

wards  rats,i6) and  its oral texicity  was  classified as eategory  t.

These properties show  that it has high mammalian  toxicity and  is
not  environmental  ftiendly; however, ascaridole  was  reported  to

have low mammaLian  toxicity with  LDLo  of  2SO rnglkg.i7'  tn our

study,  the LCso  values  of  ascaridole  against  M/ incagnita and  A.

bessqyi were  dctermined as  S2 and  365uglml, respectively;

therefore, ascaridole  derivatives 1-10 can  be considered  as  syn-

thetic promising nematocides  with  lower toxicity,
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[ktble 1. LCso  values  of  ,l( incognita and  A. besse,vi for ten

ascaridolederivativesandoxamyt")

Chemicals
       LCsn(mg,'rn1)

Mineognita A. hesse.vi

  1

  2

  3

  4

  5

  6

  7

  s

  9

  10Oxamyl

522551122350Sl2552

 O.07

365

 69,110

 21

 so302306

 4402

 2

 O,10

`')The

 lethal ceneentration  cxpressed  as  pgimt. End-point mer-
ta1ity is obtained  at 24 hr after treatment.
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