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   In  order  to examine  the structura!  requirement  fer the  antifungal  activity  against

Rhigoctonia selani  a  number  of O,O-dialkyl O-ary1 phosphorothioates and  related  compounds

were  prepared  and  their  EDso  values  based  on  the molar  concentration  for a  50%  
reduction

oi  the mycelial  growth of the  fungi were  determined  by  using  the agar  dilution method,  
It

was  found that  the methoxyphesphinothioyl  moiety  and  the substituents  at  2-, 4-, and  6-

positions on  benzene  ring  in the  phosphorothioates  were  essential  for enhancing  the 
antifungal

activity.  In a  series  of  O,O-dimethyl  O-C4-substituted-2,6-dichlorophenyl) phosphorothioates

the change  in the activity  was  paraborically related  to the variation  in both  
the

 
length

 
and

the  hydrophobicity  of  substituents  by  rneans  of  the  multiple  regression  analysis  using  physico-

chemical  substituent  parameters.  Moreover,  the degree  of  the activity  for a  series  of  O-alkyl

O-methyl  O-C2,4,6-trichlerophenyl) phosphorothioates decreased with  an  increase ef  
the

 
hydro-

phobicity of  the alkyl  group, These results  were  quite different from  
those

 
seen

 
in

 
this

 
type

oi  organophosphorus  insecticides whose  activity  is greatly infiuenced by  the 
electronic

 
factor

of  benzene ring  substituents,  On  the basis of  both  the eMcacy  ei  antifungal  activity  
and

 
the

ease  of  preparing  in a high  yield, O,O-dimethyl  O-(2,6-dichloro-4-methylphenyl)  phosphoro-

thioate  (tolclofos-methyl) was  best selected  as  a  practical iungicide for controlling  
soil

 
borne

diseases caused  by  R. solani.

             INTRODUCTION

  A  large number  of O,O-dialkyl O-aryl phos-

phorothioates  have  been almost  exclusively

developed as  insecticides since  the discovery of

parathion (1).2' For instance, fenitrothion (2)
has been widely  used  as  a  broad spectrum

insecticide with  low toxicity to mammals.S)

  In our  continuing  studies  on  a series of the

phosphorothioates we  have found that tbe

2,4,6-trichlorophenyl derivative (3) possesses
a  potent antifungal  activity  against  RhiEoctonia

solani  though  does not  show  any  insecticidal

activity.  The  compound  (3) had  been patented
without  the knowledge of  its antifungal  prop-

*  Studies on  OrganophosphoTus  Fungicides  (Part
 2), For  Part  1, see  Ref, 1),

erty."  In addition,  an  insecticide chlor-

thion (G) has already been reported  to have an

antibacterial  activity  against  certain  plant

pathogenic bacteria,5) These facts prompted
us  to examine  the structural  requirernent  for

antifungal  activity  in a  series  of  O,O-dialkyl

O-aryl phosphorothioates.
  This paper  deals with  their synthesis  and

relationships  between chemical  structure  and

antifungal  activity  against  R. solani.

MATERIALS  AND  METHODS

  All melting  points are  uncorrected.  The

structure  of new  compounds  was  confirmed  by

IR  and  
'H-NMR

 spectra  using  JASCO IRA-1
and  Hitachi R-24B  spectrometers,  respectively.

The  organophosphorus  compounds  synthe-

sized  were  also  submitted  to phosphorus anal-
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ysis and  the deviation from the theoretical

phosphorus content  of  each  compound  was

within  the range  of  ± O.6%.

1. S},nthesis ofPhenols
  2,6-Dichloro-4-alkoxyphenols were  obtained

by selective  demethylation of  2,6-dichloro-4-
alkoxy-1-methoxybenzene  with  a  mixture  of

48%  hydrobromic aeid  and  acetic  acid,  as

shown  in the following example.

  A  mixture  of  2,6-dichloro-1,4-dimethoxy-
benzene (10g), 48%  hydrobromic acid  (20 ml}
and  acetic  acid  (50ml) was  heated at  100-
1050C for 5 hr. After cooling,  the mixture  was

poured onto  ice (100 g). The  oil separated  was

extracted  with  ether.  The  ethereal  solution

was  washed  with  water  and  extracted  with  5%
sodium  hydroxide  solution,  The  extract  was

acidified  with  20%  hydrochloric  acid  and  the
oil  separated  was  again  extracted  with  ether.

The  ethereal  solution  was  concentrated  in
vacuo  and  the residue  was  chromatographed

over  silica gel. Elution with  hexane-acetone

(3 :1,  vlv)  gave 5,5g (59%) of  2,6-dichloro-4-
methoxyphenol,  mp  76-77eC (Ref. 6), 76eC).
2,6-Dichloro-4-methylthiophenol was  prepared
by  methylation  of  2,6-dichloro-4-mercapto-

phenol (purchased ±rom  Philips-Duphur Co.)
with  equimolar  amounts  of  methyl  iodide and
sodium  methoxide  in methanol.7)  Phenols
except  for those described above  were  pre-
pared  by  the known  methodS}  or  were  com-

mercially  available.

2. S3,nthesis of Organqf5hosphorus Compounds
  O,O-Dimetdyl O-a,yl Phesp]iorothioates (gen-
eral Procedure)
  To  a  suspension  of  phenols  (O.05 mol),  finely

powdered  potassium carbonate  (O,06 mol)  and

 copper  (I) chleride  (O.5g) in toluene (30ml)
 O,O-dimethyl phosphorochloridothioate (O,05
 mol)  was  added  dropwise at  80-850C for 3hr.

 After cooling,  the reaction  mixture  was  filtered

 through  Celite. The  fltrate was  concentrated

 in vacuo  and  the  residue  was  purified by  recrys-

 tallization or  by column  chromatography  on

 silica  gel, The  yield and  the physical property
 of  each  synthesized  compound  are  summarized

 in Tables 1 and  2. 0ther O,O-dialkyl O-ary1

 phosphorothioates  were  prepared by  the meth-

 od  described above  except  that the reaction

 temperature  was  kept at  100-1050C (Table 3).

   O-Aldyl O-metdyl O-(2, 4, 6-trichlorqPheayl)

Phosphorothioates (general Procedure)
  To  a  soiution  ef  2,4,6-trichlorophenol (O.05
mol}  in toluene (50ml), triethylamine  (O.05
mol)  was  added  drepwise at  O-50C while  stir-

ring.  The resultant  mixture  was  kept at  20-
25aC for 2hr. After cooling  to ODC, sodium

methoxide  (O,06 mol)  was  added  to the mix-

ture, and  then  toluene (50 ml)  and  5%  hydro-
chloric  acid  solution  (50 ml)  was  added.  The
toluene solution  separated  was  successively

washed  with  water,  5%  sodium  carbonate

solution  and  water,  dried over  sodium  sulfate,

filtered and  concentrated  in vacuo.  The  residue

was  chromatographed  over  silica gel. Elution
with  hexane-acetone (14:1,v/v) gave  the
desired product. The  results  are  listed in
Table 4.

  O-Metdyl N-aldyl O-aryl PhosPhoramidothio-
ates  were  prepared  by  the method  described
above  (Table 3).

  O,O-Dimetllyl O-(ZOdichloro-4-metdyipheayl)
Phosphate (43) was  prepared according  to
Steinberg."}

  O,S-Dimat]lyl O-(2,6Ldichloro-･4-met]lylybheayl)

PhosPhorothiolate (44)
  To  a  solution  of  14 (6.0g) in methanol  (30
ml)  potassium  N,IV-dimethyldithiocarbamate

(3.5g) was  added  at  20-250C while  stirring.

The  reaction  was  continued  at 25-300C for 5
hr. To  the  mixture,  methyl  iodide (5.0 g) was

added  and  the  resultant  mixture  was  refiuxed

for 1hr. After cooling,  the mixture  was  con-

centrated  in vacuo  to remove  methanol  and

extracted  with  toluene, The  toluene  solution

was  successively  washed  with  water,  2%  sodi-

um  carbonate  solution  and  water,  and  con-

centrated  in vacuo.  The  residue  was  chromato-
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graphed over  silica gel. Elution with  hexane-

acetone  (2:1, v/v)  gave 4.3g (71%) of  ".

  O,S-Dimetdyl O-(2,0dicntoro-4-mehtyipheayl)

PhosPhorothionothiolate (45) was  prepared by

modifying  the method  of  Malatesta and

PizzottiiO) as  follows.

  Potassium hydroxide (2.8g) dissolved in

water  (2,8g) was  diluted with  methanol  (50
ml).  To  the solution,  hydrogen sulfide gas was

introduced until  saturation  and  then  O-<2,6-

dichloro-4-methylphenyl) phosphorodichlorido-
thioate (5.2g) was  added  at  25-33eC. The

reaction  was  continued  at  50-550C for 1 hr.

After cooling,  methyl  iodide (5.0 g) was  added

and  the mixture  was  refluxed  for 1hr. The

precipitate produced was  fltered off  and  the

hltrate was  concentrated  in vacuo.  The  residue

was  directly chromatographed  over  silica  gel.

Elution with hexane-acetone (14 : 1, v/v)  gave
O.6 g (20%) of 45.
  2-(26-Diehloro-4-metdyipheayl)-1.a2-dioxa-

Phospholan-2-sndfide (50) was  prepared accord-

ing to Tolkmith and  Britton.i')

3. Antilfhangal Activity against R. solani

  Antifungal  activity  was  determined by  using

the agar  dilution method  similar  to that  re-

ported earlier.i') The  EDso  value  of  each

tested compound  was  based on  the molar  con-

centration  for a  50%  reduction  of  the mycelial

growth of  R. solani. The  activity  is also  ex-

pressed as 
-log  EDso, as }isted in each  Table.

4. Structure-Activity Correlations

  The  structure-activity  correlations  for a

series  of  O,O-dimethyl O-(4-substituted-2,6-di-
chloropheny!)  phosphorothioates and  O-alky!

O-methyl O-(2,4,6-trichlorophenyl) phosphoro-
thioates were  analyzed  with  the multiple

regression  technique.'5) The  hydrophobic  7,

hydrogen  bonding HB,  Hammett  cr, Taft Eg

and  Verloop STERIMOL  parameters  were  used

in the analyses.  Their values  were  taken  from

Ref. 16) and  some  of  them  are  listed in Tables

2 and  4. The  levels of  significance  of  correla-

tions and  terms were  examined  by  t and  F

tests,

               RESULTS

1. Synthesis ofCompound
  Themethylationof2,6-dichlorohydroquinone
with methyl  iodide occurs  predominantly be-

tween  the chlorine  atoms.6)  In fact, an  at-

tempt  to prepare 2,6-dichloro-4-alkoxyphenol
by alkylation  of  2,6-dichlorohydroquinone with

alkyl  iodide resulted  in poor yield (<5%).
Thus  we  felt it necessary  to devise an  alterna-

tive methed  for the preparation of  2,6-dichloro-

4-alkoxyphenol  in quantity. This  was  achieved

in good yield by  selective  demethylation of

2,6-dichloro-4-alkoxy-1-rnethoxybenzene with

a  mixture  of  48%  hydrobromic'acid and  acetic

acid.

  Phosphorylation of  phenols with  O,O-dialkyl

phosphorochloridothioates proceeded smoothly

by  using  finely powdered  potassium  carbonate

as  a  base in the presence of  a  catalytic  amount

of  copper  (I) chloride.

2. Relationshilbs between Chemical Structure and

   Antdengal Activity against  R. solani

  PositiQn isomers of  the trichlorophenyl phos-

phorothioates  were  prepared and  their anti-

fungal activities  were  exarnined  in order  to

test the effect  of  substitution  positions on

benzene  ring, As shown  in Table 1, the degree

of  activity  decreased in the  following order:

2,4,6- >  2,4,5- >  2,3,6- >  2,3,4- >  3,4,5- >  2,3,5-

posltlen.
  The  replacement  of  chlorine  atoms  at  the

2,4,6-position of  compound  3 by  bromine

atom,  nitro  group or methyl  group  caused

significant  change  in activity.  For  instance,

compounds  14, 15, 19 and  21 in Table  1 were

found to be mere  effective  than 3 was  particu-
larly interesting, The increase of activity  seen

for 14 and  the effect of  substituents  at  the 4-

position on  the benzene ring was  examined  in

more  detail. For  this purpose the structure-

activity  correlation  for a  series  of  O,O-di-

methyl  O-(4-substituted-2,6-dichlorophenyl)

phosphorothioates is analyzed  with  the multi-

ple regression  technique.t5) As  a  result, we

derived Eq.  (4) for a  series  of  22 derivatives

with  the STERIMOL  parameters L2 and  L,

and  the hydrophobic  parameter  squared  n2.

NII-ElectronicMbraryService
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Table1  Synthesis  and

aryl  phosphorothioates.antifungal

 activityagainst  R.

    sc,H.:g>bi-

solani  for a

  R2 R3

O R,

  R- Rs

series  of  O,O-dialkyl  O-

No. R2R3R4Rs R6Yield(%)mp(eC)  or  n2.0EDso(pM)  -logEDso

 5

 6

 7

 3
 8

 910111213141516171819202122

   Cl

   Cl
   Cl
   Cl
   Cl

   H

 CH3

 CH3

 CHs

 CH,

  Cl

  Cl

 N02

  Br
  Br

  Cl
  H
  CICH30

ClClClHHCIHHHHHHHHHHHHH  Cl

  H

  H

  CL

  CI
  CICH3CHs

 Cl

 ClCHsCH3CH3CHsCH3

 ClCH3CHBCH3

HCIHHCICIHHHHHHHHHHHHH  H
  H

  CI
  CI

  H

  HCHs

 ClCH3

 Cl
 ClN02N02

 BrN02N02

 Br

 Br

 Cl

85B88692909245635375906528925548868538l.56721.56301.567097-98s)

38"4ob)1.56301.5190e)

1.53951.5443d)

1,5562e)

79-79.5
78-7997-9881-837S.741.55671.531873-746465

 18.0180.0

 11,8
 O.83

 4.6046.0

 5.90

 1.35

 3.60

 1.65
 O,31

 O,1115.0

 l.27

 O.79
 O.48

 1.80

 O,36

 5.00

4.743.744.936.085.S34.335.235.875.445,786,516.964.825,906.106.325.746.445.30

a]
 Ref. 5}, 59-60"C.  Our  sample  (3) has shown  extrernely  high  melting  point  in comparison  with

that  of  Ref. 5). The  structure  of  3 was  cofirmed  on  the basis of  its elementary  analysis  and  spec-

trometric  data. b)
 Ref. 12), 40eC. 

C)
 Ref. 13}, nba･b  1.5165. d)

 ReL  13), nB'  1.5432, e) Ref, l3),
nk5  1.5514,

    
-log

 EDsD=-O,557L+  6.710 (1)
               (O,300) (O.681)
     n==22,  s=O.628,  r=:O.655,  Fi,2o=15.00

    
-log

 EDso=-O.157LZ+  6,365 (2)
               (O.061) (O.393)
     n==22,  s=O.530,  r=O.769.  Fi,2o=28.89

  
-logEDso

 :-O.356L2+O.864L+5.601  (3)
             (O.197) (O.819) (O.810)
     n==22,  s=O.485,  r=O.821,  F2,tg=19.68

   
-IogEDse=-O.`ro5L2+

 1,10SL

              (O.194) (O,821)
              

-O.287rr2+
 5.529 (4)

              (O.327) (O.770).
     n=22,  s=  O.457, r=O.852,  F3,is== 15.91

  In these and  equations  described later, n  is
the number  of  compounds  included in the cor-

relation,  s is the standard  deviation, r  is the
correlation  coethcient  and  F.i, vs  is the  F  ratio of

the correlatien  where  vi=m  and  v2=n-m-1:

m  is the number  of  independent  variables  used

in the correlation.  The  figures in parenthesis
are  the 95%  confidence  intervals of  the cor-
responding  constants.  In Eq.  (4), both the L2
and  the intercept were  justified by  t test at

levels of  more  than  99.5%,  while  the L  and

the n2  terms  were  justified at  levels of  more

than  97.5%  and  90.0%, respectively.  The
compound  (23) was  used  as  a  reference  so  as

to make  L(H)=O  and  T(H)=O.  A  further
improvement  was  obtained  in Eq.  (5) by  using

the same  parameters described above,  if such
substituents  as ethyl,  cyano  and  formyl  group
were  omitted  because of  their large deviation.

   -log  EDso=-O.372L2+  O.936L

              (O,lr6) (O.489)
             

-O.29672+
 5.679 (5)

              (O.191) (O.445)
     n=  l9, s=O.258,  r=O.952,  F3,is=48.16
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Table  2 Synthesis  and  antifungal  activity  against  R. solani  for a

O-(4-substituted-2,6-dichlorophenyl}phosphorethieates,

                        :::o.>S:'-obR4

                                Cl

series  of  O,O-dimethyl

No. R4
Yield(%) EDso(AtM}LzL

na  Obsd.
-logEDso

mpCeC>  or  nD
Calcd.a) Calcd.b)

232432526ld272829303132S3343536373839404142     H

     F

     CI

     Br

      I

    CHs

   C2H,

  i-CsH,

  n-CsH7

   oCH,

  OC!Hs
cHtocH,
   sCHs

  SC2H,

CH2SCHs

    CN

   CHO
  cocHs

 cOC2Hs

cOOC,Hs
    CFs

    N02

B58992908290908881737967BO827673466756488772  51-54

  52-53
  97-98
 103-105
  95-96

  79-79.5
! 5500 (18)c)
1 5491  (2s)e)
1 5589  (22)c)
1 5581  (22)e)
1 5510  (25)e)
1 5473 (26)e)
1 5920  <26)c)
1 5834  (26)c)
1 5752  C26)c)
 110-111

  72-74

1.5622  (26}c)
  49-50

1.5440 (24}e)
  60-61

  5-55

 3.20

 1.10

 O.83

 2.40

 5.20

 O.31
 O.23

 4.5028.0

 O,77
 4.90

 6.00

 1.3027.046.0

 O.17

 9.0

 O,68
 18.5115,O

 1.00

 O.20

o.oo o.oo
O.35 O,59
2.13  1,46
2.13 1,77

4.17 2,17
O.88 O,94

4.20  2.05
4,20  2,05

8.94  2.99
3.69  1.92
8.18  2.86
8,12  2,85

5,02  2.24
10.11 3.IB

11.22  3.S5
4.71  2.17

2.16 1.47

4.00 2.00
 8.94  2,99
15.21 3.90

 1,54  1.24
 1,90 1.38

O,OO 5,50
O.02  5.96
O.50 6.08

O.74  5,62

1 25 5.20

O.31 6.51

1,04  6.64

2.34 5.35

2,40 4.55
O,OO 6,11
O.14  5,30
O.61  5.22

O.37  5.89
1.14  4.56
O.08 4.34

O.32 6.77

O,42  5.04

O,30  6,17

O,OO 4.74

O,26  3.90
O,77 6.00
O.08 6.69

5,536.036.IS6.005.666.125.795.424.526.155.335.215.864.614,655.926,156,035.203.606.056.265,686.106,105.955.586.14(5.72)d}5,344.446.105.27S.145,804.554.61(5,86)d)

C6,12)d)5,975.l53.596.046,24

a]  Calculated  by  using  Eq.  (4), b)  Calculated  by  using  Eq.  (5).
the  temperature  rneasured,  

d)
 Not  included  in the correlation.c)

 The  figures in parenthesis show

In Eq. (5), all terms  were  justified at Ievels of

more  than 99.5%  by  t test. The  -logEDso

values  of  each  compound  calculated  by  using

Eqs. (4) and  (5) are  summarized  in Table  2,

together with  the observed  values.  The  use  of

other  physicochemical parameters did not

afford  any  significant  improvement,

  As shown  in Table 3, the substitution  of  P=

S (14) to P=O  <43) caused  a  drastic reduction

in activity  against  R. sogani.  A  similar  result

was  obtained  in the case  between  phosphoro-
thiolates "  and  45. The  phosphoramidothio-
ates  51, 52 and  53 were  less effective  than  3.

The  change  of  dimethoxyphosphinothioyl group
of  compound  14 to other  dialkoxyphosphino-
thioyl group resulted  in a  marked  decrease in

the degree of  activity  (Nos. 46, 47, 48 and  49}.

The cyclic  compound  (50) were  also found  to

possess oniy  a  low antifungal  activity.

  On  the other  hand, a  good  correlation  was

derived in a  series  of  O-alkyl O-methyl O-(2,4,6-
trichlorophenyl) phosphorothioates  as  shown

in the following equation.

   -log  EDso==-1.420"+  7.000 (6)
              (O.464) (O,856)
     n==6,  s:=:O,292,  r =e,973,  Fi,4=72.l9

  In Eq. (6), all  terms were  justified at  Ievels

of  more  than  99.5%  by  t test. The  
-Iog

 EDso

values  of  each  compound  calculated  by  using

Eq. (6> are  listed in Table 4, together with  the

observed  values.  The  antifungal  activity  for

this series  was  not  correlated  well  by  a,  E,

and  L.
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Table  3 Synthesis  and  antifungal  activity  against  R. sotani  for a  series  ef  O,O-dialkyl O-aryl

phosphorothioates  and  related  compounds.

                         :;>l'-obR4

                               CL

No. R, RB xR4Yield(o,'6)mpCeC)  or  nkO?pDe-5r  
-logEDso

ca14"45-64748495051525354   cHso  cHso

   CHsO  CH30

   CHsO  CH3S

   CH30  CHsS

  C2HsO  CzH,O

 n-CsH70  n-CsH70

 "-C4HsO  n-C4HgO

CHsOCH2CHxO  CHsOCH2CH,O

     
-OCH2CH20-

   CHsO  NH2

   CH30  CH3NH

   CH,O  (CHs)2N
   CH30  C6H,

osossssssssssCH3CHsCH3CH3CHsCHsCHBCH3CHBCHs

 CI

 CI

 CI

85907120677075563260677360l.527779-79.51,5590

 (25)a)
52-531.5409

 c26)a)
1.53101.50701.528088-9082-8378.5-79.5

1.5733l.6186

 (21.5)a)

 I05.0
   O.31
  15.5

   2.5

 145,O

 220.0>500.0

 380,O

  76.0

  15.0
   7.0>500.0

  43.0

3.986,514.815.603.843.66-b)3,424.124.805.t5umb)4,37

")

 The  figures in parenthesis show  the temperature  measured,

b)  Notcalculated.

Table  4 Synthesis and  antifungal  activity  against  R. solani  for a  series  of  O-alkyl O-methyl
O-(2,4,6-trichlorophenyl) phosphorothioates.

                        c::g>3'`-ob ci

                                cl

No. Rl Yield (%)mp(Oc)or
 ntsO

EDsoCltM)
"

-log  EDso

Obsd. Calcd.a)

35556575859  CH3

  C2Hsn-CsHTn-C4Hg

 i'C,Hg

n-CsHti

92333628394297-9849-501.55181.54231.55101.5390 O.83

 1.90

 12.0135,O21e.o470.0

O.54l.081,622,162.032,706.085.724,923,873.703.336.235,474,703.934.123.17

a}
 Calculated  by  using  Eq.  (6).

             DISCUSSION

  The  trichlorophenyl phosphorethioates ap-

peared suitable  as  position isomers for testing
qualitatively the effect  of  substitution  posi-
tions on  benzene  ring, because they  could  be
conveniently  prepared. Consequently, the sub-

stituents  at  2-, 4-, and  6-positions on  benzene
ring was  found to be essential  for enhancing

the antifungal  activity  against  R. solani.

  In a  series  of  O,O-dimethyl  O-(4-substitut-
ed-2,6-dichlorophenyl)  phosphorothioates, the
antifungal  activity  can  be represented  by  Eq.

(l>-(4) or,  preferably, by Eq.  (5), though  the

precise reason  for the  large deviation observed
in such  substituents  as  ethyl,  cyano  and  formyl

group is still not  clear,  These  correlations

indicate that the change  in the activity  is
paraborically related  to the variation  in both
the length and  the hydrophobicity of sub-
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stituents.  Moreover, according  to Eq. (6), the

degree of  the activity  for a  series  of  O-alkyl

O-methyl O-(2,4,6-trichlorophenyl) phosphoro-
thioates decreased with  an  increase in the

hydrophobicity of  the alkyl  group. The sub-

stitution  of  P=S  to P=O  as  well  as  the change  of

dimethoxyphosphinothioyl greup to other  di-

alkoxyphosphinothioyl  group  in the phosphoro-
thioates was  also  shown  to cause  a  drastic

reduction  in the antifungal  activity  against

R. solani.

  In complete  contrast  to the above  results,

it has  been  reported  that in a  series  of  O,O-

dialkyl O-aryl phosphorothioates having an

insecticidal activity  the activity  is greatly
influenced by  the electronic  iactor of  benzene

ring  substituents  and  the inhibitory potency
of  anticholinesterase  is activated  by  the met-

abolic  oxidation  of P=S  to P=O.t7) Therefore,

the results  of  the  present study  suggest  that

the mode  of  antifungal  action  may  not  be

related  to esterase  inhibition, considering  that

the effect of substituents  for the antifungal

activity  is quite different frorn that for the

structurally  similar  organophosphorus  insec-

ticide.
  It is known  that  certain  trialkyl esters  of

phosphorothioic  acids  are  effective  against  R.

solani,  Thus, O,O-diethyl S-methyl phosphoro-
thiolothionate'e' and  O,O-diethyl  S-ethylthio-

methyl  phosphorothiolothionatei"' are  good

fungicides, while  O,O,O-trimethyl phosphoro-
thioate20) is almost  ineffective against  R. solani

In this context,  it is worth  noting  that  the

methoxyphosphinothioyl  moiety  for this series

of  compounds  studied  is essential  for enhancmg

the antifungal  activity.
                                     .

  Although compounds  having  higher  anti-

fungal activity  than  14 were  obtained  as

shown  in Tables 1 and  2, O,O-dimethyl  O-(2,

 6-dichloro-4-methylphenyl) phosphorothioate

 (tolclofos-methyl, 14) is the  most  promismg

 fungicide among  all of O,O-dialkyl O-aryl phos-
 phorothioates examined  for controlling  soil

 borne diseases caused  by  R, solani  on  the base

 of  both the eMcacy  of  antifungal  activity  and

 the ease  of  preparing  in a  high yield. Already,

 mode  of  action,2i)  metabolism  in rats  and

 mice,22}  and  photodegradation  in water  and

 on  soil  surfaceZS)  of  14 have been reported  else-

 where.  Practical methods  of  use  were  estab-

lished in Europe.2`)
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要 約

0 ．0 −Dialkyl　O −aryl 　phosphorothioatesお よび

関連化合 物の 合成 と抗菌活性
＊

　　　　　　　　　 佐 々 木満，大石 正，加藤寿郎

　　　　　　　　　　　　　 高山 千 代蔵 ， 向井邦男

提題化合物 の Rhigootonia　solani に 対 す る 抗菌活性 を

寒天培地希釈法を用い て 検討した ．抗菌活性 を高 め る た

め に は ，
methoxyphosphinethioyl 部 とベ ン ゼ ン 環 の 2，

4，6一置換様式 が 必須 で あ っ た ． O ，O −dimethy10 −（4−sub −

stituted −2，6−dichlorophenyl ）phosphorothioa 士es で は ，

抗菌活性 は ，
パ ラ 置換基 の 長 さ と 疎水性 と に 放物線的 に

相関す る こ と が 判明した ．ま た ，
0−alkyl 　O −methyl 　O −

（2．4，6−trichiorophenyl）phosphorothioates で は ， 抗菌活

性 は ア ル キ ル 基部分の 疎水 性 の 増加 と と もに 低下 した ．

こ れ らは，本系統類似 の 殺虫剤と は そ の 作用発現 に 対す

る置換基効果が ま っ た く異な る もの で あ っ た ．抗菌活性

の 強さお よび 高収率 で 合成 で きる 容易さ か ら ，
O，　O −di−

methyl 　O −（2，6−dichloro−4−methylphenyl ｝phosphoro −

thioate （tolclofos一皿 ethyl
、
14）が 実用性の あ る殺菌剤 と

して 選抜さ れ た．

＊
有機 リ ン 殺菌剤の 研究 （第 2 報）
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