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   For  30 N-(S,4-diethoxyphenyl)carbamoyl  esters  with  various  alcoholic  moiety  sub-

stituents,  their fungicidal acti  N. 
':ty

 against  Botis,tis cinex.m  Tesistant  to benzimidazole  fungicides

was  determined  by  the  agar  mediuin  dilution method  and  the structure-activity  relationships

werc  analyzcd  by  using  the rnultiple  regressiori  technique.  The  hydrophobicity  of  the  sub-

stituents  was  favorable  to the  activity.  The  activity  was  related  parabolically to thc rnaxi-

mum  width  of  the substitiients  ancl  thc 
``fi-branchin.a.

 

''
 ef  the  substituents  was  detrimental

to  thc  activity.  The  preventive  activity  of  compounds  against  gray  mold  of  cucumber

caused  by  the resistant  B. ci7ierea  was  determined  by  the foliar application  in pot tests. The

preventive activity  was  dcpendent  on  the  magnitude  of  the  fungicidal activity  and  the  ec-

branching  of  the  substituents  on  analysis  by  the  adaptive  Ieast-squarcs method,

             INTRODUCTION

  AJ-Phenylcarbamates  such  as  methyl  N-<3,
5-dichlorophenyl)carbamate  (MDPC) and

isepropyl N-(3,4-diethoxyphenyl)carbamate

(diethofencarb) possess high fungicidal ac-

tivity against  varieus  plant-pathogenic fungi
resistant  to benzimidazole fungicicles. There  is

negatively  correlated  eross-resistance  between
these AJ-phenylcarbamates and  benzimidazole

fungicides,i'3) In the preceding paper  of  tliis

series,`)  we  analyzed  the structure-activity

relationships  of  methyl  N-phenylcarbamates

with  various  benzene ring  substituents  in the

tungicidal activity  against  the resistant  strain

of  Botr.vtis cinerea.  The  3,4-diethoxy sub-

stitution  on  the benzene ring  of  methyl  N-

phenylcarbamates was  found to be one  of  the
appropriate  substitutions  for high  activity.Si`)

  In order  to clarify  the effect  ef  the alcoholic
moiety  substituents  of  Ai-phenylcarbamoyl

*
 Fun.cricidal

 (Part 6).
 Activity  of  N-Phenylcarbaniates

Fer  Part  5, see  Ref. 4).

esters  on  the iungicidal activity,  we  have

synthesized  a  number  of  Ai-(3,4-diethoxy-

phenyl)carbamoyl esters  with  various  alcoholic

moietv  substituents  and  determined their     Jfungicidal

 actii,Tity  against  the resistant  B.

ci"erea  by  the agar  medium  dilution method.

XVe have  analyzed  quantitatively the structure-

activity  relationships  by the Hansch-Fujita

methed.5)  We  ]iave also  determined their

preventive  activity  against  gray  mold  of

cucumber,  caused  bv  the resistant  B. cinerea,

by the foliar application  in pot tests, and

examined  the relationship  with  their agar

medium  fungicidal activity･  using  the adaptive

least-squares {ALS) rncthod.6'  In this paper
we  discuss the physicochemical roles  of  the

alcoholic  moiety  substituents  of  Ar-(3,4-di-
ethoxyphenyl)carbamoyl  esters  in the fungieidal
activity  and  the  factors relating  to the clif-

ference in bioassay system.

       MATERIALS  AND  METHODS

1. CemPozands

  All ALphenylcarbamates listed in Table 1
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were  reported  previously3,7) or  prepared by  the

reaction  of  3,4-diethoxyaniline wFith  chloro-

tormates in the presence  of  a  base  or  by  the

reaction  of  3,4-cliethoxyphenyl isocyanate ",ith
alcohols.e)  The  structure  of  the compounds

was  confirmed  by  PMR  and  IR  spectra,  All
melting  points are  uncorrected.

2, Fftngicidal and  Prez,evetilwe Activities

  The  fungicidal activity  against  B, c-inertea

resistant  to benzimidazole fungicides was

dctcrmined by  the  agar  medium  dilution
method  as  described in our  previous  pal)er!'
and  expressed  as  plso value,  the negative

logarithm  of  the  molar  concentration  required

for 500,,a inhibition ef  mycelial  growth,  The

preventive  activity  by  the foliar application

in pot tests was  evaluated  according  to  the

methed  reported  previouslyi) and  rated  by

visual  observation  from  1 to 3: 1, below 70Cl,f.

prevention  relative  to the untreated  control

at  the rate  of  50 ppm;  2, above  or  equal  to

70%  at  50ppm;  3, above  or  equal  to 70%

at  12.5 ppm.

3. 2uantitative Correlation Ana4yses

  The  structure-activity  relationships  were

analyzed  quantitatively by  the Hansch-Fujita
method5'  according  to Eq.  (1>,
         plso=a  log P+Z  biEi +c  (1)
where  P  is a  partition coeencient  in 1-octanol/

water  system  and  Et denotes a  free-energy

related  substituent  parameter  concerning  physi-
cochemical  effeets  sucli  as  steric  and  electronic.

a,  bi and  c are  susceptibility  constants  and  an

intercept determined by  means  of regression

analysis.

  In the preceding paper we  examined  tlie

relatienship  between logP  and  logh' values

±or  N-(3,4-diethoxyphen>･rl)carbamoyl  esters

with  various  alcoholic  moiety  substituents,

such  as  metliyl,  eth},Jl, propyl, isopropyl, butyl,
isobutyl, cyclo-pent>rl,  allyl,  1-methyl-2-pro-

pynyl, I,3-dibromo-2-propyl, 2-methoxy,ethyi,
l-chloro-3-methoxy-2-propyl,  2-cyanoethyl and
benzyl, We  obtained  Eq, (2).7)
          logP=-2,680Iogfe'+2.028 (2>
In Eq. (2), h' is the capacity  factor in high-

performance liquid chromato.crraphy  (HPLC>
defined according  to Eq. <8),

ge 4 
P7

 fiB fa 63 al 11 H

              h'=(tR-to)/to (3)
whcre  tH and  to are  respectively  tlie retention

tirne of  the  test compound  and  potassium
iodide as  the unretained  reference.  HPLC  was

carried  out  using  octadecylsilane  column,

Zorbax  ODS  (25emmx4,6mm, Du  Pont),

kept at  50eC  by･ column  oven  with  water-

acetonitrile  (4:7, v/v)  as  the mobi]e  phase.
Tlie standard  deviation of  the log h' obtained

from  three replicate  measurements  was  within

e.Ol. T}ie log P  values  of  the  compounds  (1-
6, 10, 13, 17, 25, 26, 28 and  29) were  deter-

mined  by  the  shake  fiask method')  and  those

of  others  were  estimated  from their logk'

values  by  using  Eq,  (2). The  logk' values

used  for the  estimation  of  logP  values  are

listed in Table  1 together with  the log P  values.

  The  STERIMOL  Bfi values  were  calculated

by  the STERIMOL  program  and  used  as  the

steric  parameter. The  STERIMOL  parame-
ters are  the set  of  values  developed by  Verloop
et al,9) and  the Bs represents  the maximum

width  of  the substituent  in the direction pcr-

pendicular to the axis  connecting  the st-atom

of  substituents  with  the  rest  of  the  molecule.

The  Bs values  used  in the correlation  are  also

listed in Table l.

  Since the preventive  activity  in pot tests

was  represented  as  rating  scores,  we  analyzed

the relationship  between  the preventive ac-

tivity and  fungicidal activity  by  using  the

ALS  method,6)  which  can  be represented  by
Eq.  (4),
     PA=wo+ze,ixi+Tg,zx2+...+ze,p;ep (4)
where  PA  is the discriminant score  tor classi-

fication, xk  (h=O, 1, ..., P) is the kth descriptor
for the  structure,  and  w,ic (k=O, 1, ..., P) is the
hth  weight  coefllcient.  Classification was  per-
formed  using  the value  of  PA  as  follows: if

PA$I,5,  then  the  compouncl  was  assigned  to

class  1; if 1,5<PAg2.5,  then  it was  assigned

to class  2; if PA  >2.5,  then  it was  assigned  to

class  3. The  accuracy  of  thc correlation  was

confirmed  by  the leave-one-out prediction.

        RESULTS  AND  DISCUSSION

1. RelatilonshiP betma'een Structttre ancl  Fttngil-

    cildal Activ/ity

  The  fungicidal activity  on  agar  medium,

plso, of N-(3,4-diethoxyphenyl)carbameyl
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esters  was  varied  v"iith  the variation  oi' the

alcoholic  moiety  substituents  (Table 1). Tl]e
activity  of  the derivatives, 6, 21 and  23,
possessing alkyl  groups whose  fi-carbon atom

is linked with  more-than-one  alkvl  or  halo
substituents  was  considerablv  lowei  than  that

of  the structurally  related  co'mpounds  without
"19-branching.''

 The  tert-butyl derivative (8)
having  tertiary  branching  at  tlie st-position

also  showed  reduced  activitv,  Therefore, we

first examined  the structurE-activity  correla-

tion  for compounds,  excluding  the derivatives

6, 8, 21 and  23.

  The  fungiciclal activity  was  not  well  cor-

related  with  logP  al()nc  (r=O.563). The
addition  of  {Bs)2 and  Bs terms  to the equation

with  only  logP  term  significantly  improvcd

the correlation  te give Eq.  (5) {F2,zL,=10.5,
F2,22,o,oi=5,7),

  plso =O.41  1 1og P-O.1  79(Bs) !' +l.588Bs
       (O.246) CO.083) (0.721)
       +2,354
         (1.645) (5)
    n=26,  s==O.257,  r=O.806,  F3,uz･=13.6

In this and  the  following equations,  n  is the

number  of  compounds  included in the correla-

tion, s is the standard  deviatien, r is the cor-

relation  coeMcient,  and  1;.i,.2 is the F  value

of  the correlation,  wherc  vL==m  and  v2=n-

m-1:  m  is the number  of  independent  vari-

ables.  The  figures in parentheses are  the 95%
confidence  limits of  the corresponding  co-

eflicients,  All terms  were  justified above  99.59,6

level by･ t-test. The  usc  of  other  steric  pa-
rameters  such  as  STERI"IOL  L  and  Bi,")
Hancock's corrected  steric  Eg:,iO) molar  re-

fractivity A4R,it) molecular  weight  MIV  and

van  cler  XVaals volume  Vw[2) instead of  B3 did
not  afford  any  significant  correlation.  The

addition  of  the hydrophobic (logP)2 and

electronic  a*iS)  terms  to Eq. (5) did net  pro-
cluce any  significant  result  either,

  The  plso values  of  tl]e 
"fi-branching'i

derivatives, which  were  not  used  in Eq.  (5),
were  found  to be 1,1 to 1.9 lower than  those
calculated  by  Eq.  (5). The  detrimental  effect

of  the 
``fi-branching''

 was  tound  to be best
represented  by  an  indicator variable,  I,{, which

takes  I for the  
``fi-branchingd'

 derivatives or  O

for the others.  Equation (6) shows  that the in-

dicator variable,  Ifi, is highly significant  in
correlating  thc activity  value  of  the whole

series  of  compounds,  except  for the tert-butyl

derivative (8),

  plso =  O.428 1og P-O.  1 80(Bi) 2+  1 ,592Bs
       (O.237) (O.088) (0.768)
       -1.4,41I,,22.307  (6)
         (O,371) (l.731)
    n=29,  s=e.275,  r=O.876,  F4,24=I9.9

  The  positive sign  of  the logP  term  in Eq.

(6) means  that  the greater the hydrephobicity

of  the substituents,  thc higher the activity.

X･Vhen the 1iydrophobie  terms  are  significant  in

a  9SAR  equation,  three cases  are  possible
with  respect  to the hydropliobic  effect  of  sub-

stituents  er  compounds  : the effect  is attributed
to a  hydrophobic interaction with  the receptor

site,  the membrane  transport, or  both, In the

previous structure-activity  study  for methyl

AL(substituted  phenyl)carbamate$, we  re-

ported that the greater the  hydrophobicity  of

the benzene  ring  substituents,  the higher the

activity  against  the resistant  strain  of  B.

cinerea,  where  the coethcient  of  the n  term  fer

the o- and  m-substituents  was  1.075 and  that

for the P-substituents was  O,632.D Compared
with  these two  values,  the coethcient  of  the

log P  term  in Eq.  (6) is somewhat  small.  Such
a  position-spccific hydrophebic effect  of  sub-

stituents  may  indicate the existence  of  a

hydrophobic interaction with  the receptor

site  at  the critical  step,  It can  bc said  that

the receptor  region  correspor}ding  to the al-
coholic  moiety  substituents  may  be less
hydrophobic than  those corresponding  to the

benzene ring  substituents.  There is the possi-
bility, however,  that a  certain  part of  each

hydrophobic term  of  the benzene  ring  and

alcoholic  moiety  substituents  may  be at-

tributed to the membrane  transport stated,  A
direct experiment  on  the transport oi  thc com-

pounds  through  the membrane  of  fungi would

clarifv  this issue.

  Eq'uation (6) shows  that the activity  is

related  parabolically to the  maximum  width,

Bs, of  the alcoholic  moiety  substituents

reaching  maximum  when  Bs is 4.42A, The

suitable  steric  fit of  the mo]ecule  around  the
substituents  with  the receptor  site  may  1)e

important  for high  fungicidal activity.  The
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fact that  the coethcient  ofthe

(6) is -1.44  means  that the

lowers the activity  down  to
expected  for the  compounds

branching,'' other  things
"6-branching''

 of  the

fere wit}]  the interaction
and  the receptor  site.  Thc

tert-butyl derivative (8) is
calculated  by  Eq.  (6) as

This  suggests  that  the tertiary

the a-position  also  causes

the activity,  The  lack of  the

in Eq. (6) is due to the fact

property  oi' thc substituents

much  within  the set

  Although  having  a  structural

to the  
`"fi-branching,''

 the

phenylethyl derivativcs (30)
in Eq. <6). Here, the  6-carbon
derivatives are  sP2  ones.

indicate that the  planarity at

receptor  slte,

2. Correlation betee,een

   tilz,e Acti"t;ities

wtltro  fungicidal activity  on  the

From  the viewpoint  of

fungicide, i-n z,･ivo  fungicidal

to be considered.  The

ventive  activity  by  the

tests wit]i fungicidal activity

in Table 1, excluding  for the
tive (8), by  using  the ALS

the factors relating  to the

assay  system.  The  direct
tween  the two  t-vpes of  

'

significant  (Rs=O.504), and  tlie

not  improved by  the addition

and  Bs, singly  or  together.
criniinant  function for the
formulated within  20 

'
 

'

was  Eq. (7) with  plio and  an

f., which  takes 1 for the
tives or  O for the others,  as

variable.

    PA  =O.285plsu+O.693I.-

       n=29  (three grades), Rs

ge\ftizth. e13ts

                           Is term  in Eq.

                            
"fi-branching''

                          about  1130 that

                             without  
``rs-

                        being  equal.  The

                   substituents  may  inter-
                     between the molecule

                          activitv  of  the

                        about  li130 that

                       shown  in Table 1.

                             branching at

                      unfavorable  effect  on

                           electronic  term

                        that the electronic

                           dQes net  vary

                  of  compounds.

                           featurc similar

                       benz}Jl (29) and  l-
                        were  we]1  included
                           atoms  of  these

                         This result  mav                                       J

                            the  fi-position
does not  interfere with the  interaction with  the

                    Fu･ngicidal and  Pyeven-

  The  above  mentioned  examination  was  for i･n

                            agar  medium.

                       practical use  as  a

                          activity  is also

                      relationship  of  pre-
                    foliar application  in pot
                            on  the agar

medium  was  hence  analy･  zed  for the compounds

                         tert-butyl deriva-

                        method  to clarify

                         difference in bio-

                          relationship  be-
                       actlvltlcs  was  not

                           correlation  was

                           of logP, (Bs)2
                           The  best dis-

                       preventlve  actlvlty

                     iterative  calculations

                        indicator variable,

                       ct-branching  deriva-

                          an  independent

                           O.060 (7)
                            -O.773

                                  '

rg 4g  eefN 63 IP 11 fi

Table2  The  squared  correlation  matrix  (r2)
for the variables  of  Eqs.  (5) and  C6).

log P(Bs)Z  Bs Ja Jp

log P(Bs)2BsIaIfi1.oeoO.4501.000O,437O,9781.000O.211O,041O.0481.000O 030O.O18e.o31O.O161.000

  7t.L. =9(O),  n.is(after  leave-one-out) :=  1 1 (O)
In this equation,  PA  is the discriminant score
of  the preventive activity  for the classification.

Rs is the Spearman's rank  correlation  co-

e'encient  and  n.t,  is the  number  of  misclassified

compounds.  The  figure in parentheses after

the value  of  n.i,  is the number  of  compounds

misclassified  into the next  class bv  one.  The                             J

squared  correlation  matrix  for variables  used

in Eqs. (6) and  (7) is listed in Table 2. The
correlation  was  not  improved  by  the addition

of  logP, (Bs)2 and  Bs to Eq, (7), singly  or

togcther.

  The  plso term  in Eq.  (7) indicates that the

preventive  activity  by the foliar application

in pot tests is related  to  the fungicidal activity
on  the agar  medium.  The  positive ceetlicient

of  the plse term  means  that  the greater the
fungicidal activity,  the greater the preventive
activity.  The  positive sign  of  the L, term
indicates that the  a-branching  of  the sub-

stituents  increases the activity.  Generaily,
the stability  of  a  compound  is one  of  the
factors affecting  the activity  variation  in pot
tests. In substituents  possessing a-branch-

ing, metabolic  degradation of  the molecule  in

the plant body  at  the carbamate  moiety  may

be supressed.  Therefore, the positive sign  of

the I. term  mav  indicate that the stabilitv  of

the compounds"is  important  for high pre"en-
tive activity,  According to Eq.  (7), the high

preventive  activity  of  the isopropyl analo.or  (4),
diethofencarb, is due to its large plso value

and  the at-branching.  The  QSAR analysis  on

the  in vitro  fun.cricidal activity  could  serve  to
estimate  the in ttivo preventive  activity  when

the  branching pattern of  the  compound  is

taken  into account.

  Our  conclusion  is that N-(3,4-diethoxy-
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phenyl ）carbamoyl 　 esters 　 having　 alcoholic

moiety 　substituents 　with 　great　hydrophobicit｝
・

and 　4ppropriate　Inaxilnum 　width 　and 　without
‘‘
β
一branching ”

show 　 the　 high　 fungicidal　 ac −

tivity　on 　the　agar 　medium ．　 Tlle　compounds

witll 　high　fungicidal　 activity ，　 which 　 have α 一

branched 　substituents
，
　 shQw 　high　preventive

activity 　by　the　foliar　apPlication 　in　pot　tests・
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要 約

　殺 菌活性 を有 す る 2V−（3 ， 4−diethoxyphenyl）−

　carbamate 類の 定量的構造活 性相 関
＊

　　　　　　高僑淳 也 ， 桐野　修 ， 高山干代蔵 ， 中村成 子

　　　　　　　　　　　　　野 口 裕志 ， 加藤寿郎，鴨下克 三

　 ア ル コ ール 部位 に 種 々 の 置換基 を 有 す る 30 個 の N ．

（3，4−diethoxyphenyl）carbamate 類 の ，
　 benzimidazole系

殺 菌剤耐性 の Botr）・tis　cinerca に 対す る 殺菌活性 を，寒
．
天培地希釈法 で 測定 した．構造 と 活性 との 関係 を 重 回帰

分析 に よ り，定 量．的 に 解析 し た ．そ の 結．果， 殺菌 活 性

は ， 置換 基 の 疎 水性が増人 す る ほ ど大 き く な る こ とが 判

明 し た ．ま た 活性 は 置換基 の 最大幅 に 対 し て 放物線 的 な

関 係 に あ り ， 置換基 の βイ・”：の 枝分れ は 活性 を低下 させ

る こ と が 明らか と な っ た．さら に ，茎葉処理 ポ ッ ト試験

で 測定 した 殺 菌剤耐性 の B ．　 cinerea に よ る キ ュウ リ灰色

か び病 に 対す る 防除効．果は ，適応 最小 二 乗 法 に よ り，殺
一
菌活性 と α

一
位 の 枝分れ と に 関係す る こ とが 判明 し た．

＊ 1＞LPhenylcarbamates の 殺菌 活 性 （第 6 報）
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