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Effective molecules  against  resistant  strains  ofP.vricutaria  o.vzae  to thc melanin  biosynthesis inhibitors (MBI-D)
were  designed  by modifying  the amine  and  acid  parts of  carpropamid  {(1RS,3SR>-2,2-dichloro-N-[(R)-1-(4-
chlerophenyl)ethyl]-1-ethyl-3-methylcyclopropanecarbexamide}.  Substitution ofthe  1-pheny]ethylamine moiety

with  a  2-pbeny]ethylarnine increased the inhibitory activity  against  MBI-D-resistant strains.  Reduction of  the

bulkiness ofthe  amine  part by replacing  the benzene ring  of  2-phenylethylarnine with  thiophene  was  effective  to

improve  the activity.  Among  the derivatives, 5-chloro-3-ethylthiophene compounds  showed  tbe highest erncacy.

Through the studies  regarding  structure-activity  relationship  ef  the compounds  with  five-membered heterocyclic

rings,  the discovery of  new  resistance  buster compounds  could  be prospective, @Pesticide Science Society of

JapanKevwords:

 resistant  strains  of  MBI-D  fungicides, resistanee  buster compounds,  chemical  modification  of

          MBI-D  compounds.

                  Introduction

Melanization in appressoria  is essential for the virulence  of

bricularia or.vzae,i)  

'IWo
 types ofenzyme,  reductase  and  de-

hydratase, function in fungal melanin  biosynthesis,!) and  are

good targets for developing rice  blast control  agents.  PCBA3)

and  ftha]ide4) were  developed in the 1960's as  the first

melanin  biosynthesis inhibitors fo11owcd by two  more  corn-

pounds, tricyclazole5) and  pyroquilon6) in the 1970's. Al-

though  the functions of  these compounds  have been unknown
fbr a  while,  they  were  widely  used  as  potcnt fUngicides for

rice  blast diseasc in Japan. All compounds  developed in the

1960's and  1970's were  asccrtained  to be inhibjtors of  reduc-

tase for melanin  biosynthcsis (MBI-R).7)
  A  new  class  of  melanin  biosynthesis inhibitors acting  on

dehydratase (MBI-D) has been anticipated  for some  time,

Carpropamid  {(IRS,3SR)-2,2-dichloro-N-[(R)-1-(4-chloro-
phenyl)ethyl]-1-ethyl-3-rnethylcyclopropane-carboxamide},
the first MBI-D  fungicide for rice  blast disease was  found in
the 1980's. The  compound  was  registered  in 1997 and

launched on  the market  as  the first MBI-D  fungicide.8'iO)

Carproparnid has been widely  used  in Japan since 1998, be-
cause  of  its outstanding  long-term control  of  rice  blast dis-
ease.  Subscquently, diclocymetit) and  fenoxanil,T2} com-

pounds wnh  the same  mode  of  action  as  carpropamid,  werc

developcd in 2000 and  20e1, respectively,

                             o  Cl cl

NH

Cl

 NTN  33853(carpropamid)

'
 Tb whom  correspondence  should  be addressed.

 E-mail:kurahay@mb.peint.ne,jp

 (1･ Pesticide Science Socicty ofJapan

  In 20e1 , carproparnid  treatment  by nurscry  box application,

however, did not  work  well,  and  severe  leaf and  panicle blast

infections appeared  in a  restricted  area  in the Matsuura River
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Fig. 1. The structure  of  carpropamid  (bal]-and-stick model)  in a

complex  with  wild-type  scytalone  dehydratase (the accessien  code  of

Protein Data Bank: 2STD),i6) The  side  chains  efamino  acid  residues

forming the active-site  pocket are  shown  as stick medels,  The  two

small  spheres  are  hydration water  rnoiecules,  The  dotted lines indi-
cate  possible hydrogen  bonds between carpreparnid  and  the side

chains.

Basin  in Saga Prefecture. Many  strains  offlyricuiaria  oi),zae

isolated from blast lesions in a  carpropamid-treated  fie]d ex-
hibited low sensitivity  to the compound  and  showed  cross-re-

sistances  to other  MBI-D  fungicides.i3)

  The  cause  of  the resistance  was  identified as  a  point rnuta-

tion in the gene encoding  scytalone  dehydratase (SDH) deter-
rnined  through  systematic  genomic  analyses. Namely, valine

is mutated  to methienine  in the SDH  of  resistant  strains

(Vh175Met).i"'i5) In the crystal  structure  of  the SDH-

carpropamid  complex,  valine  75 at the  tip of  the C-helix
forms the mouth  of  a  binding pocket (Fig. 1),i6} MBI-D  fungi-
cides  are  tight-binding inhibitors, and  their phenyl ring  tightly

bind with  the valine residue.i7)  Because methionine  has a

larger side  chain  than valine,  it is inferred that the side  chain

ofmethionine  protrudes toward  an  active  pocket.iS) Therefore,

the binding aennity  ofMBI-D  fungicide molecules  for an  ac-

tive eavity  of  mutant  SDH  is drastically reduced.  However,
because the enzymatic  activity  for dehydrating scytalone  to

1,3,8-trihydroxynaphthalene is not  severely  reduced  in mutant

SDH,]8) the mutant  is expected  to have little infiuence on  the
enzyme's  stmcture  around  the active  center.  Thus, the patho-

genicity of  the resistant  strains is maintained.

  The  chemical  structure  of  carpropamid  is divided into two

parts, the  arnine  part, 1-(4-chlorophenyl)ethylamine, and  the

acid  part, 2,2-dichloro-1-ethyl-3-rnethyl-cyclopropanecar-

founnaltof'JlesticideScienc,e

boxylic acid.  In this study,  chemical  rnodifications  of  each

part were  carried  out,  and  many  new  derivatjves of  MBI-D

were  synthesized  and  examined  for their controlling effect on

resistant  and  susceptiblc Ilyricularia otyiae  strains.  In addi-
tion, the inhibitory activity  ofthe  new  derivatives was  exam-

ined in vitro  for recombinant  wild-type  and  Vh175Met-mu-

tated enzymes.  In this paper, we  present the structure-activity
relationshjps  of these dcrivatives and  candidates  for novel  rc-

sistance  buster fungicides.

               Materials  and  Methods

i. C7iemicats

  1.1. Standardconrpoundg

Tricylazole and  carpropamid  were  used  as  standards.  In the

enzyme  assays,  the  active  isomer (KTU 3616b) of

carpropamid  was  used  as  a  reference.  Carproparnid and  its
isomer were  supplied  by Bayer Crop Science. Tricyclazole

was  provided  by Kumiaj Chemical Co.

  I,2. DerivativesofMBLDblasticides

All the derivatives of  MBI-D  werc  synthesized  at Gifu Uni-
versity.  The derivatives were  designed by inspecting the

chemical  structures  ofcarpropamid  and  diclocymet.

  1.2.i, thdijication ofamine neoiety
Amides  of  2,2-dichloro-1-ethyl-3-methylcyclopropanecar-

boxylic acid  the acid fbrm of  carpropamid  were  synthesized.

The amides  were  classified  into the fo11owing five groups ac-

cording  to structure.

  a-1)  alkyl-,  cycloalkylmethyl-  and  trifluorornethylamines.

      (1-7).
  a-2)  4-chloroaniline, 4-chlorobenzylarnine, 1- or  2-(4-

      chlorophenyl)ethylarnines  and  1-, 2- or  3-(4-

      ch]orophenyl)propylamines.(9-15)

  a-3)  2-phenylethylarnine derivatives having yarious  sub-

      stituents  at different positions on  the benzene ring.

      (16-24)
  b-1) 1- or  

-2-thienylethylamines,
 in which  the thiophene

      ring is substituted with  one  or  two chlorine  atoms  or  a

      brornine atom.  (25-35)
  b-2) 2-(chloro-substituted thiazolyl)ethy]amines. (36-37)
  1.2.2. Modptcationqf'carbaryiicacidmoiety

The arnine  part was  fixed with  5-chloro-3-thienylethyl amine.

The carboxylic  acids are classified into two  groups.

  c-1) 2,2-dichlorocyclopropanecarboxylic acid  in which  the

      ring  is alkylated  at its 1- andfor  3-position. (38-42)
  c-2)  3,3-dimethylbutyric aciq  in which  the 2-position is

      substituted  with  a cyano,  a  chlorine  or  a  bromine

      atom.  (43-45)
  I,2.3. Pteparationofconu)ounds

All melting  points (mp) are  uncorrected.  NMR  spectra were

obtaincd  with  a Varian  Gemini  2000 C!H  <400MHz). The
chemieal  shifts  were  recorded  in 6 (ppm) and  the coupling

constants  J  in Hz, Mass  spectra  were  recorded  using  a  Joel

JMS-700.

  The final products were  prepared from acid  chloridesii･i9}
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and  the corresponding  amines.  The representative  entry  of

new  amines  started  with  the  reduction  of  arylacetic  acid  using

boron-dimethylsulfide, The  alcohol  was  then  tosylated and  the

tosylate was  substituted with  sodiurn  azide.  The reduction  of

the azide  with  triphenylphosphine  gave the amine.

 N-f2-6-Chloro-3-thienyOethyU-2,2-dichloro-i-etlryl-3-

methylc),clopKtpanecarbexamide  (26), Tb an  icc-cold solution

of 5-chloro-3-thienylethylamine (161mg, 1mmol), triethyl-
arnine  (152 rng,  1.5 mrnol)  in toluene  (15ml) was  added  a so-

lution of  2,2-dichloro-1-ethyl-3-methylcyclopropanecarbonyl

chloride  (215mg, 1 mmol)  in to]uene  (5ml) dropwise. Stir-
ring  was  continued  at  arnbient  ternperature for 10hr, then at
800C  for 20min.  Afier cooling,  the rnixture  was  diluted with

15ml  oftoluene,  and  washed  with  water  (30ml), 1%  aq  HCI

(20ml) and  then brinc, and  dried over  anhydrous  magnesium

sulfate,  The toluene  was  evaporated  and  column  chromatogra-

phy of  the residual  liquid on  Si02 with  n-hexanelisopropyl

ether 3:1 gave 278mg  (82% yield) of  product. Mp:  106-
1070C.  IR  (KBr) cm-i:  1635. 'H

 NMR  6 (CDCI,): O.92 (3H,
t, J=7.3, CH,CH,),  1.20 (3H, a J=6.6, 3-eyclopropyl-CH,),

1.52 (1H, rn, CH2.CH,), 1.87 (IH, m,  CH,,CH,), 2.19 (1H, q,
,J=6.6, 3-cyclopropyl-U), 2.80 (2H, rn, thiophene-CH,),  3.57

(2H, q, J=6.6, CH,CH,NH), 5,90 (IH, bs, NH),  6.80 (2H, s,
2,4-thienyl-H). EI-MS  m/i  <relative intensity; 9,"): 339 (M',
2), 144 (100).
 The  other  products were  prepared similarly from the corre-
sponding  amines  and  acid  chlorides.

 NL(J-(lyclopentyteth.vij-2,2-dichloro-J-etlp?l-3-metdytc.vclo-

propanecarboxamide  (5). Mp:  84eC. IR (KBr) cm-i:  1630,
iH

 NMR  6 (CDCI,)i O.99 (3H, m,  CH,CH3,), 1.15-2.00

(17H, overlap,  3-cyclopropyl-CU3+cyclopentyl+NCHCH,,

CH2.CH]+CH2bCH3), 2.20 (tH, q, J==6.6, 3-cyclopropyl-U),
3.95 (IH, m,  NHCH),  5.60 (IH, bs, NH). EI-MS  mli  (relative
intensity; %): 291 (M', 5), 179 (64), 55 (100).
 N-t2-r4-Chlorophenyl)ethyU-2,2-dichloro-1-eth.vl-3-

metlt},lcJ,ctopKtpanecarboxamide  (11). Mp: 1l8eC. IR (KBr)
cm  

':
 163s. iH

 NMR  6 (CDCI,): O,90 (3H, t, J=7.7,

CH2CU3),  1.19 (3H, a  J=6,6, 3-cyclopropyl-CH,), 1,52 (IH,
rn, CU2.CH]), 1･85 (1H, rr1, CH2hCH3), 2.18 (IH, q, J=6,6, 3-
cyclopropyl-U),  2.84 (2H, m,  NCH,Cll,), 3.59 (2H, m,

NCU2CH2),  5.84  (1H, bs, NH),  7.15 (2H, a J=8.1, ortho  H),
7.28 (2H, d  J=8.1, meta  U). EI-MS  m/z  (relative intensity;

%): 333 (M', 13), 13g (100).
 N-l2-(2,4-DtfluomphenyOethJ,ij-2,2-dichloro-f-ethyl-3-

meth.ylc.vcloprr2panecarboxauaide  (17). Mp:  1010C. IR  (KBr)
cm-i:  16so. IH NMR  6 (CDCI,): O.90 <3H, t, J=7.7,

CH,CH,),  1.19 (3H, a  J=6.2, 3-eyclopropyl-CH,), 1,53 (1H,
M,  CH2.CH",  1,89 (IH, m,  CU2bCH3), 2.18 (1H, q, J=6,2, 3-
cyclopropyl-H),  2,87 (2H, t, J=6.S,  NCH2CH2),  3.58 (2H, M,
NCH,CH,), 5.94 (IH, bs, NH), 6.80 (2H, m),  7.20 (IH, dd
J=8･IH  F18,IH.F,  phenyl-3-H). EI-MS  mlz  (relative intensity;

%): 337 (M', 30), 141 (100).
 NLI2-"-7)'ijfluorometllyipheny,ijetio,ij-2,2-dichloro-1-eth.vl-

3-metlp,tqJJctoprqpanecarb(ixamide (18). Mp:  t130C. IR

Resistant buster compounds  for MBI-D  insesitive vice  blast fungus 87

(KBr) cm'  
':
 1645. iH

 NMR  6 (CDCL,): O.89 (3H, t, J=7.5,
CH,CU,),  1.l9 (3H, d J=6.6, 3-cyclopropyl-Cli,), 1.52 (1H,
rn, CH2,CH3), 1･85 (1H, M,  CHzbCH3), 2.18 (IH, q, J= 6.6, 3-

cyclopropyl-H),  2.93 (2H, m,  NCH,CH,),  3.63 (2H, m,

NCH2CH2),  5.86 (1H, bs, NU),  7.34 (2H, d J=  8.0, ortho  H  to

CH,), 7.28 (2H, d J=8,O, meta  H  to CH,). EI-MS  mlz  (rela-
tive intensity; %): 367 <M', 94), 173 (100).
 NLP-re,4-DichlorophenyOethyij-2,2-dichtoro-1-ethyl-3-
metirytc.vcloptzzpanecarboxamide  (21). Mp:  1040C. IR  (KBr)
cm-i:  1625. iH

 NMR  6 (CDCI,): O.93 (3H, t, J=7.3,

CH2CH3),  1.20 (3H, q J=6.7, 3-cyclopropyl-CH,), 1.52 (IH,
M,  CHz.CH3), 1･90 (1H, M,  CH2bCH3), 2.19 (IH, q, J=6.7, 3-
cyclopropyl-H),  2.98 (2H, rn,  NCH2CH,),  3.60 (2H, M,

NCU2CH2),  5,82 (IH, bs, NH),  7.21-726  (2H, rn,  aromatic),

7.39 (]H, m,  aromatic).  EI-MS  mle  (relative intensity; %):
367 (M', 1O), l79 (100).
 N-t2-(4-Chloro-2-thieayijethyU-2,2-dichloro-J-ethyl-3-

metbylc.)'cl(tg7Krpanecarboxamide  (27). Mp:  102-105"C. IR

(KBr) crn  
i:
 1635. iH

 NMR  6 (CDCI,)] O.93 (3H, t, J=7.4,
CH2CH3),  120  (3H, ct J=6.6, 3-cyclopropyl-CH,), 1.52 (IH,
rn,  CU2,CH3), 1･87 (1H, M,  CHzbCH3), 2.19 (IH, q, J=6,6, 3-
cyclopropyl-H),  3.02 (2H, tn, thiophene-CH,),  3.60 (2H, m,
CH,CH,NH),  5.93 (IH, bs, NU),  6.74 (IH, d  J=1,5, 3-

thicnyl-H),  6.95 (1H, a  J =1.5,
 5-thienyl-H). EI-MS  mlz  (rela-

tive intcnsity; %): 339 (M 
",
 14), l44  (1OO).

 NL2-ld,5-Dichloro-2-thienyVeth.vU-2,2-dichtoro-1-eth.vl-3-
metirylq},clopropanecarbaxamide  (31), Mp:  100eC. IR (KBr)
cm-i:  1635. ]H

 NMR  6 (CDCI,): O.92 (3H, t, J=7.3,

CH,CH,),  1.18 (3H, a J=6.6, 3-cyclopropyl-Ck), 1.53 (1H,
M,  CH2.CH3), 1･92 (IH, m,  CH2bCH3), 2.17 <1H, q, J=:6.6, 3-
cyclopropyl-H),  2.94 (2H, m,  thiophene-CH,), 3.54 (2H, rn,
CH2CU2NH), 6.14 (IH, bs, NH),  6.63 (IH, s, 3-thienyl-U).
EI-MS  m/i  (relative intensity; %): 375 (M', 1O), 178 (1OO).
 N-f2-(?-Chloro-4-thiazoij,ijeth.vU-2,2-dichloro-J-eth.vl-3-

meth.vlc.vctopmpanecarbaxamide  (36). Mp:  550C. IR (KBr)
crn  

i:
 16sO. iH

 NMR  6 (CDCI,): O.92 (3H, t, J==7.7,

CH2CH3),  121 (3H, d J=6.6, 3-cyclopropyl-CH,), 1.54 (IH,
m,  CH2.CH3), 1.97 (1H, m,  CH,,CH,), 2.21 (IH, q, J=6.6, 3-
cyclopropyl-H),  2.95 (2H, t, J=6.6, NCH,CH,),  3.68 (2H, rn,
NCH,CH,), 6.52 (IH, bs, NU),  6.92 (IH, s, 5-thiazolyl-H),

EI-MS  mfz  (rclative intensity; Y6): 340 (M', 28), 145 (100).
 Mre-(5-Chtoro-3-thien.v.ijeth.vl7-2,2-dichtoro-t-isoprcvvJl-

qy'clqpropanecarboxamide (41). Mp:  108-1090C. IR (KBr)
cm-i:  16so. ]H

 NMR  6 (CDCI,): 1.01 (3H, ct J=6.9,
CH(CH,),), 120  (3H, d, J=6.9, CH(CH,),), 1,33 (]H, d
J=7.4, 3-cyclopropyl-H), 1,66 (1H, m,  CU(CH3)2), 1.87 <1H,
ct J=7.4, 3-cyelopropyl-H), 2.78 (2H, m,  thiophene-CU,

CH,), 3.52 (IH, m,  CH,CU,,NH),  3.58 (IH. rn,

CH,CH,bNH),  5.59 (IH, bs, NH),  6.7g (2H, s, 2,4-thienyl-U).
EI-MS  m/z  (relative intensity; %): 339 (M 

"
 , 4), 144 (1OO).

 N-l2-(5-Chloro-3-thien.vijethyU-2-e.vano-3,3-dimethylhu-

tanamide  (43). Mp:  80-820C. IR  (KBr) cm'i:  2240, 1650. ]H

NMR  6 (CDCI,): 1.13 (9H, s, C(CH,),), 2.79 (2H, t, J==7.0,
thiophene-CH,CH,), 3,12 (IH, s, CHCN),  3.S3 (2H, m,

NII-Electronic  
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CH2Cli,NH), 6.06 (IH, bs, NH),  6,79 (IH, s, 2-thienyl-H),

6.80 (IH, s, 4-thienyl-U). EI-MS  mlz  (relative intensity; Y6):

284 (M', 3), 1 1O (1OO).

2  fottests

  2,1. Riceplants,  blastfangi andculture  method

XNb used  seedlings  of  Otyza sativa  L. cv. Nihonbare through-
out  the pot test to evaluate  the antiblast  activity  of  the deriva-
tives. Rice seedlings  were  grown  in 7-cm  plastic pots in a

greenhouse kept at 22-300C. A  wild  strain  (Hoku-1) and  a  re-

sistant  strain  SW  (ovU-1) with  Vai75Met- SDH  ofthe  rice
blast fungus were  used  for all pot tests. The Vta175Met strain

SW  (OYU-l) was  kindly supplied  by Dr. So. All the strains

were  maintained  on  PDA  slants,  transplanted  and  cultured  fbr

one  week  on  oatrneal  agar  plates at  260C. To induce sporula-
tion, oatmeal  agar  plates were  kept under  a BLB  lamp (Black
Light Blue, near-ultraviolet  radiation  at 290-410nm),  after

the scratching  off  of  acrial  hyphac on  the  plate. When  many

spores  had formed on  the plate, a  blast spore  suspension  for

pot tests was  prepared by washing  the surface of  the plates
with  distilled water.

  2.2. Procedureofpottests

The erncacy  ofthe  test compounds  against  rice  blast was  eval-

uated  through foliar spray  and  systemic  application tests.

Each  derivative was  dissolved to the  extent  of  1%  (w/v) in
DMF  (NllVLdirnethylfbrmamide) solution  containing  5%

TWeen  20mp'.

  For the foliar application tests, every  cornpound  solution

was  diluted to 5 ptglml with  thc blast spore  suspension  (3ouO
sporesfoinocular  × 100), and  the resulting  mixture  was

sprayed  on  rice  seedlings  grown in 7-cm  plastic pots. The

treated pots were  incubated in a moisture  chamber  at 260C.

Then, the chemical  treatment  and  rice  blast inoculation were

simultaneously  advanced.

  For the systemic  application  tests, hydroponic culture  was

earried  eut.  The cornpound  solution  was  diluted to a concen-

tration of  5-1Oug/ml  with  a  500 "glml ammoniurn  sulfate so-

lution. Fifty rnilliliters  of  each  diluted solution  was  poured
into 50-ml black bottles. Rice seedlings  at  the 3 to 4-leaf

stage  grown in plastic pots were  pulled out from the pots, and
the roots  were  carefu11y  washed  with  tap water  to remove  pot
seil. Then, three rice  seedlings  were  transplanted  into each

bottle. After the  black bottles were  kept in a  greenhouse at

22-300C  for 3-4 days, the rice  plants were  inoculated with

the blast spore suspension  (30-40 sporeshinocular  X100).

The tests were  carried  out  with  2-3 replicates.

  Five to seven  days after  inoculation, the rice blast damage

was  evaluated  by counting  blast lesions formed  on  the S rice

seedlingslpot  in the spray tests and  3 rice seedlingsfbottle in
the systemic  tests. A  preventive value  (PV) was  calculated  for
each  chemical  using  the fo11owing equation.

k)urnalof'Ptesticide&/ien(,e

     PV={I-(meanoflesions/treatedstem)1(meanoflesions

         luntreatedstem)}×100.

  PV  was  calculated  from the average  ofeach  test result.  For

sirnplicity,  the erncacy  ofeach  chemical  is represented  by the

fbllowing four ranks  delineated on  the basis oftest  results,

  Rank: A  B  C D

  PV: l90  <90-l65  <65-l40  <40

3. Measurement of inhibitoty aetivities of new  com-

   pounds
Tb evaluate  the inhibitory activities  of  the cornpounds  for

wild-type  and  Va175Met  SDHs,  we  carried  out  an  in vitro  en-

zyme  assay  to rneasure  the reaction  rate  catalyzing the conver-

sion of  scytalone  to 1,3,8-trihydroxynaphalene in the presence
of  the compounds.

  Wild-type and  Va175Met  SDHs  were  prepared using  the

overexpression  system  ofE.  coli,  as  described previously.i7･iS)
Scytalone was  purchased from Extrasynthese (France). Bc-

cause  carpropamid  has three asymrnetric  carbon  atorns,  eight

stereoisomers  are  possible. In this assaM  we  used  the purified
isomer KTU3616b  which  acts  as  a  tight-binding inhibitor of

wild-type  SDH.]7)

  Enzymatic activity  at  300C in the presence of  the eom-

pounds was  measured  by monitoring  the changes  in UV  ab-

sorption  at  282 and  352nm  caused  by the conversion  of  scy-

talone to 1,3,8-trihydroxynaphthalene using  thc spectropho-

tometer U-2001 (HITACHI, Tokyo, Japan). The sample  solu-

tions contained  O.6nM  SDH,  50"M  scytalone,  75nM  corn-

pound and  O.5%  ofdimethylsulfbxide,  fbr dissolving the corn-

pounds and  scytalone  in 50mM  PIPES  buffer (pH 7.0). The
reaction  rate  was  calculated  from the tangent  ofthe  progress
curves  at  the initial stage  ofthe  reaction,  assuming  differences
in the molar  extinction  eoeMcient  AE2s2 of  

-8.0mM-i
 em-i

and  AE3s2 of5,9  mM-i  cm-i  at  the two  wavelengths.

                      Reslllts

1. lhdij7cationqf'aminemoiety

  1.J. Amidesofalkylamine

In the  triats to reduce  the bulkiness ofthe  aminc  moiety,  the

benzene ring  was  replaced  with  a less bulky linear-chain,
branched-chain or  cyctoalkyl  group. The results  for the  alkyl

arnino  compounds  in this test are  summarized  in Tlable 1. In

the pot tests, almost  all the alkyl  derivatives were  ineffective

against rice blast infection. Only the compound  with  cy-

clopentyl  (5) exhibited  any  erncacy  in the  hydroponic tests. In

the enzyme  assay,  however, none  ofthe  compounds  including

compound  5 showed  any  inhibitory activity  against  the metab-

olism  ofscytalone.  In the  first step of  the trials, we  looked for
a signal to direct our next  molecular  design in the induction of

weak  activity  ofthe  cyclopentyl  derivative.

  J,2, Mbdij7cation oj'theatkyisidechain
The test results for the phenyi-alkyl amino  compounds  are
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[[hble 1.Antifungal and  enzyme  inhibitory activity  ofderivation  compounds-Conversion  ofamine  moiety

Efi'ectiveness ofpet  test (A-D) SDH  Enzyme  Assay")

R-strain S-strain

Metabolism  ratio  of

    scytalone

   a.oo-o.ee)

Compd,

 Ne. R

Foliarspray
Systemic

FoliarspraySystemic
R-strainS-strain

12

3

45678a8bBlank

R-I

R-II

R-III

(CH,)(I)/<.[

A]kyli-Prs-Bu-Haloalkyl

CHI  1

CF]-C}I,-CH-

Cyclealkyl n/4-7

           n=4

    CH        3           nt=5

           n=6

           n=:7

Carpropamid

KTU  36 1 6b (Active isomer)

DD

D

DC/'DDDC

DD

D

DDDDC

DD

D

DDDDA

DD

D

DCDDA

1.051,e4

1.08

1.081.081.04O,99

O.601.00

O.98O.93

].05

e.981.03O.98O.75

o.oo1.00

")Conditionsofreaction:inhibitors,75

 nM;  enzyme,  O.6 nM;  substitutc,  50"M;PIPES,  50 mM;  pH  7.0; Tbmp., 300C.

shown  in Table 2. Carpropamid rnaintained  moderate  eMcacy

against  the resistant  rice  blast strain  Va175Met  in the  pot tests.

Of  the various  (substituted-phenyl)alkyl groups, 2-(4-

chlorophenyl)ethyl  (11) was  as  effective  as carpropamid  in
controlling  MBI-D-resistant rice  blast disease. As  the  stereo

strueture  of  the inhibitor-binding cavity  in the enzyme  is

changed  by the rnutation,  the inhibitors tested appeared  to

combine  little with  either  the wild-type  or mutated  enzyme.

However, 2-(4-chlorophenyl) ethyl (11) was  effective  against

both the wild-type  and  Va175Met-mutated strains.  This fea-

ture was  observed  more  clearly  in the enzyme  assay;  11 and

14 {2-methyl-2-(4-chlorophenyl)ethyl} showed  inhibitory ac-
tivities for both wild  and  Va175Met  enzymes.

  Benzyl (10), 1-(4-chlorophenyl)ethyl (KTU 3616b, 8a), 3-
(4-chlorophenyl)propyl (12), 1-(4-chlorophenyl)propyl (13)
and  l-methyl-2-(4-chlorophenyr)ethyl (15) were  active against

the wild-type  enzyme,  but were  clearly  lcss active  against

VZi175Met, The benzene derivative with  no  alkyl  side  chain  (9)
did not show  any  activity.

  I.3. Substitution at  thepheiv,l  ring

In the modification  ofthe  alkyl  side  chain,  we  selected  the 2-

(4-chlorophenyl)ethyl (11) as the most  suitable  lead com-

pound  for the next  stage. To improve the inhibitory eMcacy

against the wild-type  and  MBI-D-resistant strains,  ha]ogens,

trifiuorornethyl and  methyl-substituted  derivatives were  syn-

thesized  and  tested (Table 3). 2-Phenylethylamine derivatives

with  various  substituents,  exccpt  4-methyl (24), were  some-

what  effective against both strains,  Ofthe  derivatives, 4-trifiu-
oromethyl  (18) was  fbund to be the most  effective against

both strains  through  the spray and  systemic  treatments. The
2,4-dichloro (21) and  3,4-dichloro (22) derivatives were  infe-
rior  to the 4-trifluoromethyl derivative (18) in terms  of  the ef

ficacy in the systemic  treatrnent. The 4-fluoro ( 16) and  2,4-di-

fluoro <17) derivatives were  ]ess effective than  the 4-trifiuo-
romethyl  derivatives against  the resistant  strain,  The substitu-

tion by 2-, 3- or 4-chloro (19, 20 and  11) resulted  in almost

thesameerncacies.

  Despite the moderate  ethcacy  against both strains  in the pot
tests, the in vitrv  assay  demonstrated that both the 2,4- and  the

3,4-dichloro-substituted derivatiyes of  2-phenylethylamjne

(21 and  22) were  most  active  against  the wild-type  and  resist-

ant strains.  Subsequently, 4-trifluoromethyl (18) and  2,4-diflu-
oro  (17) showed  relatively  stronger activity against  the mu-

tated enzyrne  than the 4-chloro-substituted derivatives, In the

in vitro  and  in vivo  tests, the 2-chloro, 3-chloro and  4-fiuoro

derivatives (19, 20 and  16) were  comparable  to the 4-chloro

derivative(ll),

  1,4. TVziopheneanalogues

Because only  the cyclopentyl  derivative (5) arnong  the alkyl
derivatives showed  any  eMcacM  five members  of  the hetero-
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Table2. Antifungal and  enzyme  inhibitory activity  ofderivation  eempounds-Change  ofalkyl  chain  bound  with  phenyl ring

Compd.

 No.

R
  XNH

oCl
 Cl Effectiveness ofpot  test (A-D) SDH  Enzymc  Assayev}

R-strain S-strain
Metabolismratioofscytalone

      (1,OO-O,OO)

Foliar
Systemic

Foliar

R spray spray
Systemic R-strain S-strain

9

10

11

12

13

14

15

Blunk

        ,i.or
       cl.OCH2-
    clO

CH2-CH2-

clO

CH2-CcHH22--CcHH2-

3

Cl

Cl

ftu-tu
1

1

CiO

H3CH2/

cH2XH

       3

D

D

C

D

D

c

D

D

C/D

c

CID

D

CID

C/D

D

CtD

C

C

CID

c

D

D

C

C

C

D

c

D

1.06

1.02

O.69

1.01

O.85

O.65

O.97

1,OO

1,03

O.30

O.S2

O.31

O.20

O.73

O,75

1,OO

")
 Conditions of  reaction:  inhibitors, 75 nM;  enzyme,  O.6 nM;substitute,50uM;PIPES,  50 mM;  pH  7.0; Tlemp., 30ec.

cyclic  ring  were  introduced as  less bulky compounds,

  In the beginning, a thiophene  ring  was  introduced instead
ofa  cyclopentyl  or phenyl ring.  In all the derivatives of  this

group, the side  chain  was  fixed by an  ethyl.  The  thiophene

ring  was  substituted  with  one  or  two  chlorine  atoms.

  Among  thc thiophene  derivatives, 5-chloro-3-ethylthio-

phene (26) was  the most  effective  against  both strains.  4-

Chlero-2-ethylthiophene (27) was  comparable  or  slightly  infe-

rior  to 26 in ecacacy  in the spray  and  systemic  tests. The efi

feets of  5-chloro-2-ethylthiophene and  2,5-dichloro-3-ethylth-

iophene (28 and  30) were  comparable  to that of  26 on  spray

application,  but inferior on  systemic  application.

  The effects  of  the thiophene derivatives with  a branched

ethyl  side  chain  <32-35), particularly against R-strain, were

clearly  inferior to those of  the derivatives with  a linear ethyl

side chain, In the enzymc  assay,  derivatives with  linear ethyl

side  chains  showed  some  inhibitory activity against  both en-

zymes.  Meanwhile, the derivative with  a branched ethyl  side

chain  was  obviously  inferior to that with  a  linear ethyl side

chajn  regarding  the activity  against  Va175Met-SDH,  despite
has strong  activity  against  the  wild-type  enzyme.

  The derivatives with  linear alky1 groups, 5-chloro-3-ethyl

(26), 3-ethyl-5-bromo (29) and  2,5-dichloro-3-ethyl (30),

showed  marked  inhibitory activity  against  both SDH  en-

zymes.  However, the results  did not  correlate  with  those in the

pot tests. In particu!ar, 30  and  31 having streng  activity  in the

enzyme  assay  were  not  very  effective in the pot tests.

  1,5, Other hetetocyclic derivatives
In the modification  of  the five-rnernbered heterocyclic ring,

1,3-thiazole derivatives (36 and  37) were  synthesized.  Despite

the weak  activity  in the enzyme  assaM  the derivatives showed

relatively  high erncacy  but were  inferior to thiophene deriva-
tives with  the same  substitutions  in the pot test.

2. Mbdifcationqftheacidmoiety
In modifying  the acid  moietM  the amine  part of  the deriva-

tives was  fixcd with  3-ethyl-5-chlorothiophene.

  2.1, AcidmoietymimickingcarpFopamid

A!ky1 substituents  at the cyclopropane  ring  in the acid  moiety

of  carpropamid  were  changed.  The derivative of  1-isopropy]

(41) showed  relatively  high eMcacy  in the pot tests, fo11owed
by the 1,3,3-trirnethyl derivative (40). However, the com-

pound with  the 2,2-dichloro-1-ethyl-3-rnethyl substitution

(26), which  was  the acid  moiety  ofcarproparniq  was  most  efi

fective, and  no  other  compounds  with  the substituents sur-

passed 26 in eMcacy.



Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScienceSociety  ofJapan

Xlo1. 3t, No. 2, 85-94 (2006) Resistant buster compounds  for MBI-D  insesitive vice  blast fungus 91

Ihble3,  Antifungal and  enzyme  inhibitory actiyity  efderivation  compounds-Change  of  substitution  at  phenethyl ring

Compd.

 No.

RxNHo

 CI CI
Effectiveness ofpot  test (A--D) SDH  Enzyme  Assay")

R-strain S-strain
Metabolism ratio  ofscytalone

      (1.00-O.OO)

R

Foliarspray
Systemic

Foliarspray
Systemic R-strain S-strain

16

17

IS

19

20

21

22

23

24

 FO CHiCH,-

 FiCHiCH2-
CF30 CHiCH2-

     Cl

  OlcHicHi-
  Cl

   e,ciHicH,-
 CIVCHiCH2-
   Cl

 clbcHicH7

 BrOcHicHi-

Me-O-cHicH,-

C

C

BIC

C

C/D

B/C

BtC

C

D

C

C

B

C

C

C

C

D

D

B/C

BtC

B/C

C

C

B/C

C

C/D

D

BIC

BfC

B/C

C

C

C

c

D

D

O.66

O,51

O.40

O.62

O.67

O.27

O,22

O,68

e.81

O.88

e.67

O.31

O,72

OJ7

O.17

O,25

e.71

O.79

")
 Conditions ofreaction:  inhibitors, 75 nM;  enzyme,  O,6nM; substitute,  50 "M;  PIPES,  so mM;  pH  7.o; Iemp,, 3oec.

  In the enzyme  assay,  a clear  difference was  not  observed  in

the activity of  any  of  the derivatives between the wild-type

and  Va175Met-SDH.  The  compound  with  the 1-ethyl-37

methyl  substitution  (26) showed  strong  activity  and  none  of

the other  compounds  were  better than 26 in the enzyme  assay

(Tlable6).
  2,2. Acidmoie4,mimickingdiclocymet

In modifying  the acid  moiety  of diclocymet (2-cyano-3,3-di-
rnethyl-butanoic  acid),  the cyano  group was  rep]aced  with  a

bromine or  chlorine  atom.  The  cyano  derivative was  very  ef

fective but inferior to cornpound  26. In the enzyme  assay,  all

the derivatives with  the acid  ofdiclocymet  type  showed  strong

activity  against  the wild-type  enzyme  but weakly  inhibited

Va175Met  (Tlable 6).

                   Discussion

In this study,  seyeral compounds  effbctive  against  the MBI-D-

resistant  strain  of  rice  blast were  found by modifying  the

chemical  structures  of  known  MBI-D  fungicides. Here, we
discuss the role  ofthe  chemical  groups introduced in thc de-
rivatives  and  the novel  fungicides effective  against  the wild-

type  and  MBI-D-resistant strains.

  On  the basis of  the  crystal  structure  of  the SDH-

carpropamid  complex,  the Vh175Met  substitution  is expectecl

to cause  a  small  stmctural  change  in the active-site pocket as

well  as  the entire  structuTe  of  SDH.  The  Va175Met  substitu-

tion may  result  in a  small  protrusion ofthe  side  chain  into the

mouth  of the pocket. MBI-D  fungicides are  classified  as  tight-

binding inhibitors,i7) and  their amine  moieties  bind to the

mouth  of  the pocket,iS} Thus, even  small  changes  in ligand

structure  may  reduce  their aMnity  for the active  pocket as dis-
cussed  previously.iE) Tb  recover  the aMnity  of  inhibitors for
the  cavity,  we  attempted  to reduce  the bulkiness ofthe  amine

rnoiety  in the chemical  structure.

  Of  the derivatives in which  1-phenylethylamine groups in

the amine  moiety  are  substituted  by several  linear, branching
alkyl chains  or  cycloalkyl  groups, only  the planar cyclopenty1

derivative showed  any  eMcacy  ([lable 1). From  this result,  an

arornatic  ring  seerned  to be an  irnportant factor in acquiring
anti-blast  activity,  and  the introduction of  a five-rnernbered
heterocyclic ring  into the arnine  moiety  is being planned.

  When  inspecting the structure of  carpropamid  complexed
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table4.  Antifungal and  enzyme  inhibitory aetivity  ofderiyatives  having heterocyclic ring-Introduction efthieny]  ring

Effectiveness efpot  test (A-D) SDH  Enzyme Assaya)

R-strain S-strain
Metabotismratioofscytalone

      (1.oo-e.oo)

Cornpd.

 No. R

Foliarspray
Systemic

Foliarspray
Systemic R-strain S-strain

25

26

27

28

29

30

31

cR'R,

::I:
"

,

'L

  "sCHiCH,-
  clAscH2-cH2-

B

LIIIIILillll,c'e
C

iZ21,-
 Cl

  clAscHicH2-

D

B

B

B/C

c

B

C

D

B

B

B

C

C/D

C/D

C

B

B/C

B/C

BfC

BIC

CID

C/D

B

BIC

C

D

D

C

O.88

O.45

O.S4

O,69

O.43

029

O,32

O.93

O.50

O.56

O.76

O.44

O.36

e,32

32

33

34

35

CI

Cl

  
XQsrCH3

"       CH3

     ciK,
"3

Ccii)(>rCH3

D

D

D

D

CD

D

CID

CfD

CID

CfD

C/D

C

C/D

CD

C

cm

O.92

O.96

O.97

O.68

O.19

O.48

O.23

O.Ol

a)
 Conditions of  reaction:  inhibitors, 7S nM;  enzyme,O,6  nM;  substitute,  SO "M;  PIPES,  50 mM;  pH  7.0; Temp,,3oec'1

with  wild-type  SDH,i4) the methyl  substitution at the a-posi-

tion of  the benzyl side  chain  seems  to protrude from the facet

of  other  parts ef  the compound  such  as  the phenyl and  cyclo-

propyl rings.  The  protmsion may  cause  sterie  hindrance fbr

the inhibitor when  binding to the active-site pocket of

Vla175Met-SDH.i6} Then, the side  chain  of  the benzyl group is
modified  to the other  alky1  chain.  The 2-phenylethylamine de-

rivatives  with  linear ethyl  groups (11, 16, 17, 18 and  21) show

an  improved eMcacM  but 1-(4-chloro-phenyl)propyl and  1-

methyl-2-(4-chlorophenyl)ethyl  derivatives with  branched
side  chains  (13 and  15) had neither  eencacy  in the pot tests

nor  activity  in the  enzyme  assay  against  Vtt175Met-SDH,

Among  the  branched-side-chain derivatives, 14 {2-methyl-2-
(4-chlorophenyl)ethyl} showed  relatively  strong  inhibitory ac-

tivity against  Vlei175Met-SDH and  was  comparable  to 11 with

a  linear ethyl  side  chain  in eMcacy  against  the wild-type  and

mutant  strains in the pot tests. From  these  results,  it is sug-

gested that an  ethyl  side  chain  is one  of  the key stmctures  for

improving the binding arnnity  of  inhibitors for ViL175Met-

SDH.  According to the  structure-activity  relationships  exarn-

inect an  aromatic  ring and  an  ethyl side chain  were  incorpo-
rated  for further derivation ofthe  compounds  ([[lable 2).

  Among  the  derivatives with  a  phenethyl ring  substituted  by

various  halogens, 18 with  2-(4-trifluoromethylphenyl)ethyl is

most  favorable, but 24 with  a 2-(4-methylphenyl)ethyl has lit-
tle ethcacy.  In the enzyrne  assayl  all the  compounds  except  24

in this group showed  some  level of  activity  against  both en-

zymes,  These results  suggest  that electron-withdrawing  sub-

stituents are required  fbr designing fungicides effective

against  both strains.  The two dichloro-substituted derivatives

(21 and  22) showed  the greatest activity  in this group in the

enzyme  assay;  but were  not  suMciently  effective  in the pot
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Thble5, Antifungal and  enzyme  inhibitory activity  ofderiyatives  having hcterocyclic ring-Introduction  ofthiazole  ring

Compd.

 No.

RxNH

Cl Cl
Efi'cctiveness of  pot test {A-D) SDH  Enzyme  Assay`')

o
R-strain S-strain

Metabolismratioofscytalone

     (1.00-O.OO)

R

Fo[iarspray
Systcmic

Fdiarspray
Systemic R-strain S-straln

36

37

ciJ)t>

CHicHi.

cl.XlylscH2-cHi-

BIC

B/C

BIC

C

BIC

B/C

BtC

c

O,89

O.90

O.96

1.03

")
 Cenditions of  reaction:  inhjbitors, 75 nM;  cnzyme,  e.6 nM;  substitute,  5e uM;  PIPES, 50 rnM;  pH  7,O; Iemp,, 300C,

            Table 6. Antifungal and  cnzyme  inhibitory activity  ofderivativcs  modified  at acid  moiety

Compd.

 No.

    IN
CI S

      R

R
Effectivcness ofpot  test (A-D) SDH  Enzyme  Assaya)

R-strain S-strain
Metabolism  ratio ofscytalone

     (1.00-O.OO)

Foliarspray
Systcmic

Foliarspray
Systemic R-strain S-strain

38

39

40

41

42

43

44

45

1) Acid  moiety  carpropamid  type

    xNHJI.;lslcl

    XNHeq

    xNHpt
      O  CI CI

  xNH-jl-,2gs

       iPro  CICI

     .NHJI.>,X

          nPr

2) Acid moiety  diclocymet type

       o

   XNH& Bu-t

       O  CN

   x.NH& Bu-t

       O  CI

   XNH& Bu-t

          Br

D

D

C

BIC

D

BIC

C/D

BfC

D

D

C

BIC

D

B/C

CD

C

C

D

C

BIC

D

B/C

B/C

BIC

C

D

C

B/C

D

B

C

C

.l.OO

].oo

O.91

O.71

O.89

O.86

O.99

O.79

O.97

O.87

O.90

O.82

O.83

O,64

O,56

O.34

")
 Conditions ofreaction:  inhibitors, 75 nM;  cnzyme,  O.6nM;  substitute,  50"M;  PIPES, 50 rnM;  pH  7.0; Temp., 300C,
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tests. In particular, they  are less effective  with  systemic  appli-

cation.  These compounds  may  have a  low mobility  to the fun-

gal acting  site through  rice  plants on  systemic  application

(fable3).
  On  the basis ofthe  results described above,  five-rnembered

heteroarornatic rings  were  incorporated into the  subsequent

derivatives. As  expected  the effect  and  activity of  26 (5-
chroro-3-ethyl-thiophene)  are  good in the pot tests and  en-

zyme  assay,  and  the compound  is superior  to 11, 2-(4-

chlorophenyl)ethyl,  Thiophcne compounds  32-35 with

branched alkyl  side  chains  show  outstanding  inhibitory activi-

ties against  the wild-type  enzyme.  On  the  other hanct their in-
hibitory activities against Va175Met-SDH are  clearly  weak.

Thus, branched alkyl  side  chains  tend to reduce  the inhibitory

activity ofWti175Met-SDH  in the case  ofthe  thiophene  as  well

as  phenyl rings  (Tables 2 and  4). Compounds  36 and  37 hav-
ing thiazole rings  were  somewhat  inferior to 26 having thio-
phene rings  in eMcacy  in pot tests and  activity  in the enzyme

assay  (Table 5).

  When  modifying  the acid  moiety  in the arnido  derivatives,

the amine  moiety  was  fixed as 5-chloro-3-ethylthiophene. The
first group is of  the carpropamid  type, and  the derivatives of

varieus alkyl-substituted cyclopropanes  at  1,3,3-positions

were  synthesized.  The structure-activity  relationships  of  the

substituted  cyclopropane  derivatiyes are  similar  to those  of

the carpropamid  derivatives in the forrner study9) (fable 6).

The second  is of  the diclocymet type, and  2-halogen-substi-
tuted-3,3-dimethygbutanic  acid  was  synthesized.  In cornpari-

son  with  the  carpropamid  type, there are  no  compounds  supe-

rior  to the compounds  with  2,2-dichloro-1-ethyl-3-methyl-

cyclopropanecarboxylic  acid  in the in vitro  and  in vivo  tests.

The  chloro- and  bromo-substituted derivatives (44 and  45) of

diclocymet acid  are  not  better than  the cyano-substituted  de-

rivative (43) in eencacy.  In the enzyme  assayl the diclocymet-
type  compounds  have considerably  strong  activity  for the
wild-type  enzyme  but weak  activity  for Va175Met-SDH

(Tbble 6),

  This study  is still in progress. Surnmarizing the  results  so

fai, an  ethyl  side  chain  linked with  an  arornatic  ring  was

proved to be important in improving the inhibitory activity  of

new  derivatives against  the wild-type  and  mutant  enzymes.  A

thiophene or  thiazole ring  substituted  with  an  electron-with-

drawing group is superior  to the derivatives of  the similarly
substituted  benzene ring  in erncacy, The  introduction of  the

Jburnal ofPbsticide Science

other  heterocyclic arornatic  rings  is expected  to further im-

prove the activity.
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