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Ltd..

   Stabilization of  buthiobate  in the combination  wettable  poiK,der of  buthiobate ancl  captan

was  studied.  Decomposition  oi  bnthiobatc  seems  to be  caused  by  thc  rcaction  1)etween pyri-
dine ring  ef  lmthiobate  and  hydrechloric  acid  produced  by  hydrolysis  of  captan.  Hydrox-

ides such  as  Ca(OH)2  and  ]vT.cr(OII)2 and  oxides  such  as  CaO  and  )vlgO act  as  stabilizers,  and

these  compounds  do  not  infiucnce captan  stability  sj.crnificant]y.  In this ",ay,  a  satisfactory

combination  wettable  powder  oi  buthiobatc  and  captan  could  be obtained  and  shows  good
fung. icidal efficacy.

             INTRODUCTION

  S-n-bitt),Fl S'-?5-tart-butylbenzuvl N-3-pyridyl-

dithiocarbonimidate,  buthiobate  (DenmcrtO)
is a  fungicide invented by  Sumitomo  Cheinical
Co., Ltd., which  shows  excellent  fungicidal
ethcacy  against  powdery  mildew  of  fruit trees

and  vegetables.i)  The  fungicidal spectrum  of

buthiobate, hox-rever, is narrow.  As  a  way

of  using  the excellent  fungicidal etheaey  ef

buthiobate against  powdery  milde"i,  combina-

tion formulations were  developed  in order  to

reinforce  efficacy･  against  powdery  mildew  of

conventional  fungicides. As  ene  ef  them,  the

combination  wettable  powder  with  Ai-[(tri-
cbloromethyl)thio]-4-cyclohexene-l,2-dicarbo-

ximide  (captan) was  formulated  but buthio-
bate became  very  unstable  by  mixing  it with

captan,  The  combination  "rettable  p{)wder is

thus  not  usable  xvithout  stabilization.  There-
fore we  conducted  research  to determine
suitable  stabilizers  for buthiobate in a  com-

bination  wettable  powder  with  captan.

             EXPERIMENTAL

1, ]faterials
  Buthiobate was  svnthesized  in the Pesticide                 J

Synthetic  Laboratory,  Pesticides DiL'i'sion,

Sumitomo  Chemical Co,, Ltd, Captan  tech-

nical  material  used  in this work  x4ras supplied

by  Stauffer Chemical Co., Ltd. and  chemical

structures  of  these coTnpounds  are  shown  in
Fig. 1. Additives  used  as  stabilizers  were  of

a  reagent  grade, and  the stabiliz-ers  for poly-
vinylchloride  were  supplied  from Sakai Chemi-
cal  Co., Ltd.

2. Methoas

  Sarnples were  prepared by  blending  59/.' of

buthiobate, 509/i, ef  captan,  a  eertain  ameunt

of  stzbilizer  and  carriers  "rirh  a  household

blender. Contents of  buthiobate  and  captan

in the combination  formulation were  analyzed

after  accelerated  storagc  by  gas chromatog-

raphy  (GC) under  the conditions  shown  in

Table 1. In the presence  of  captan,  partial
decomposition of  buthiobate was  observed  in

(-JC. Therefore, buthiobate was  analyzed  after

extraction  with  n-hexane  which  hardly dis-

solves  captan.  After extraction  of  buthiobate
from 1g  of  the  formulation with  5ml  of  n-

hexane, followed by  centrifugation,  2ml  of

the extract  was  pipetted out  into a  conical

fiask and  3ml  of  chloroform  solution  of  an

internal standard  (O.7g/leO ml)  was  added  to

the conical  flask and  it was  then  applied  to
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Table
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1 GC  conditions  for analysis  c)f buthiebate  and  captan.

Buthiobate

A])pnratus

Colllll]Il

 Liquid  phase

 SUPPOi't

Column  temp,

Injection temp.

N"  fiuw rate

Internal standard

s}iiTila-,izu cL.(J-sA cFTD)
O.tt) in  x  3 inni  (glass}
29,･G PEG.20M

Chromosorb  Mr, tX"J',  1))ICS
  (60/'8e mesh)

220zc24eJc80

 m[imill

Triphenylbenzenc

        Cuptan
"SFiimadzu

 Eitt-sA (I;l'iS)'
 1.0 m × 3 mm  (gluss)
 2%  SHicone  XE-60

 Chromosorb  VLr, AW,  ])}'ICS
  (60 ･'80 mesh)
 170Lc

 210L･c

 30  inl/tnin

 Dibutylsebacate

Buthiobate

-S-(n)C4Hg

XS-CH20Ct)C4Hg

Table  2Stabilitv  of  cembination

buthiobate  and  captan.formulation

 ef

ON=,
      Captan

               o
                11

            o               :)N-S-CCt3
                bp

               o

  ]'igff. 1 Chcmical  structures  of  buthiobate  and

       captall,

GC  analysis,  Captan  "ras  extracted  from 0,5 g
of  the formulation  with  25ml  of  chloroform

and  5 ml  of  chloroform  solution  of  an  internal
standard  (2.5g,/IOOml) was  addcd  to the
extracts.  After centrifugation,  it was  applied

to GC  analysis,

        RESULTS  AND  DISCUSSION

1. DecomPosittlon lt･fechan71sm

  Tab]e  2 shows  the stability  of  buthiobate
and  captan  in the various  kinds of  formula-
tions.  It is clear  that buthiobate is v･erv                                     J

unstable  in the  combination  formulation  while

stable  in the  single  active  ingredient formula-
tion, Table 3 shows  pH  change  after  accelerat-

ed  storage  of aqueous  suspension  of  chloroform

solutions  of  buthiobate and  captan.  Forma-
tion of  acidic  material  from  captan  is suggestcd

because pH  changes  to acidjc  side  after  ac-

celerated  sterage  of  the samples  containing

eaptan.  Captan  is known  to form  hydro-

chloric  acid  by  hydrolysis, as  shown  in I;ig. 2.2)
Therefore  the acidic  material  formed after

accelerated  storage  seems  to be hydrochloric

Buthiobatc  (TGft', 93.09'6)

Captan  (TG, 92.0e.)
Tokusil GU-N

Radio]ite  200

 55  5.5  -

56,O  -- 56.0

 5.0  5.0  5.0

33.5  89.5  39.0

Decomposition  (

  oCC. 30  days

 40CC, 30  davs

 50CC, 14 clays

%)B C B C

13.0

 roo

 IOO

o1.01.0o o

1.2 O,8

1.5 1.3

a)t
¢ ehnical  grade, B:  buthiobate,  C: captan.

Tablc  3pH  change  of  chloroform  solutions  oC

buthiobate  and  captan  after  accelerated

stoTage.

Buthiobate
 (TG, 93.0o/.)

Captan

 (TG, 92.09'.)
chlorol'orrn

 15 m.u. 15 nig  
-

l50 mg  
-

 150 mg

  balance  to 10 ml

PHa)
  ooc,

 400c,

 500c,

30 days30

 days30
 davs

4.13.73.6

H/,conditien  for deterln' ihatioll-6f

solution  <3 ml)  
,/H!O

 (50 rn1).

((]]i]i

e

5.55.Si:44.84.54.1

Fig.

pH:  CHCIs

Pi
            2H20

E)N-s-ccl3 -

bi

 P,
 CN
  .N-S--COOH  +  3HC[
 c
 1)

 o2

 Hydrolysisofcaptan.
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acid,

  On  the other  hand,  buthiobate is a  base

having pyridine ring,  thus  it is readily  supposed

that  buthiobate forms hydrochloride by  reac-

tion with  hydrochloric acid,  followed by
further decornposition. The  proposed  mech-

anism  is supported  by  the  fact that hydro-
chloride  of  buthiobate is very  unstable  in

practice,S) The  proposed mechanism  is also

supported  by  the fact that 3-aminopyridine
is decomposed  by  mixing  with  captan,  as

shown  in Table  4. Moreover,  as  shown  in

Table 5, the addition  of  a  drying agent  such  as

CaC12 into the package  of  the formulation
improved buthiobate  stability  remarkably,4'

 Table  4 Stabilitv of  buthiobate  and  its related

        compounds  in the  combination  formula-

        tiolls with  captan,

Buthiobate  (TG. 93.0g,a}
Compound  Aa)

3-Aminopyridinc

Captan  (TG, 92.09.6)
Radiolite 200

5

5540

5

5540

55540

Decomposition  (9,1'))
  O"C, 10 days

 sOOC,  10 days

6.6  0 67.3
100 5.7  100

[)
 Compound  A.

     
.

b
･2

             /s-{n)C4Hg
           N=C

              
Xs-cH20

(t}C4Hg

             Table  5 Efiect oi  HCI  scaven.crers

   Buthiobate  stability  after  opening  the package,
   however, is not  good. It seems  reasonable  to

   conclude  that  hydrolysis of  captan  was  sup-

   pressed by  decreasing the moisture  in the

   formulation  by  addition  of  drying  agent.  This

   result  also  supports  hydrolysis of  captan,

    On  the other  hand  mechanism  of  action  of
         - t'
   captan  is  known  to mhibit  the SH  group of

   an  enzyme.  Accordingly,  interactien between

  =c<gl:,  ;R: (n)-C4Hg, R': -CH2-O-(tert)C4Hg]

  moiety  of  buthiobate and  captan  is considered

  as  another  decomposition mechanism,

    Cornpound  A  having m-nitrobenzene  ring

   (Hammet constant,  a=O.71)  instead of  pyri-
  dine ring  (a==O.62) of  buthiobate, however,

  was  not  decomposed  after  mixing  with  captan

  as  shown  in Table 4, Moreoyer, it was  also

  found  that  buthiobate  is chemically  com-

  patible with  Maneb  which  is known  as  an  SH

  greup inhibitor of  the enzyme  in the same

  manner  as  captan,  From  these  results,  the

  hypothesis of  interaction of  captan  with

    .SR

  
[CxsR,

 in buthiobate is not  the case.

  2, Stabilixation

    Captan is unstable  in alkaline  aqueous

  rnedium.  For example,  hal'f Iives of  captan

  C50ppm) in aqueous  suspension  at  200C are

  35hr, 9.1hr and5min  at  pH  4, 7 and  9,

  respectively.  Therefure combined  application

  with  alkaline  pesticides is inhibited.5' In

  practice, captan  is more  unstable  in Carplex

and  CaClz on  stabilitv  of  buthiobate,

Decomposition  (Or'3}
Storage  conditions

Additive  None
Leacl suLfatc

  tribasic
 Lead  Calcium  1)ioctvl  tin
stearate  stcaratc  maleatepolymer

 oOC, 30  days

40:C, 30 days

40:C, 30 days

  (CaC]21 
d.IIT>

 1310039 o6.6 o47

 5.0

o21 o4010

[compesitionl
   Buthiobatc  (TG, 93.093)
   Captan  (TG, 92.0?.･i,)
   Additive

   Tokusil GIJ-N
   Radiolite 200

  5.5

  56.0

  5.0

  5.0ba]ance100.0
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#l120 which  is an  alkaline  precipitated silica

than in Carplex  #8e which  is a  weak  acidic

one.  Decomposition percentages  in each

carrier  containing  100/･{, captan  are  86 and  22Y,s.' ,

respectively,  after  accelerated  storage  at  500C
for 14 days. Therefore, at  first, neutral  stabi-

lizers for PVC  acting  as  HCI  scavengers  were

tested for buthiobate  stabilization,  considering

captan  instability in basic medium.  As  shuwn

in Table 5, acid  scavengers  tested herc showed

a  stabilizing  effect  to some  extent,  Especially,
lead sulfate  tribasic  r(PbS04)<PbO)3H20] show-

ed  remarkable  stabilizing  effect,  although  this

material  is slightly  basic. Therefore these

results  support  the dccomposition mechanism

proposed  in the preceding  scction  1.

  Next, weak  alka]ine  inorganic salts  were

testcd altliough  influence on  captan  stability

might  be expected.  CaCOs, NaHCOs,  Na2C03,

Na2B40T  and  Na2HP04  showed  considerable

stabjlizing  effect  without  any  significant  influ-

ence  on  captan  stability,  as  shown  in Table 6.

Especially, carbonates  showed  a  high stabiliz-

ing effect  but  expansion  of  the package  attrib-

uted  to C02 gas evolution  was  observed  when

the formulation was  stored  in a  polyethylene-
laminated  aluminium  foil bag, Then,  oxides

such  as  CaO  and  MgO  and  hydroxides such  as

Table  6 Effect of  carbonates,borate  and  pho3phate  onstabilitv  of  buthiobate.

Decomposition  <9i,)
 Storage
conditionsfNdditive

 None CaC03 NaHCOsNa2COs N5;BJ,o,Na2HP04

Bc Bc BC Bc Bc

 oac,40Cc,40C･C,50[･C,3o dk'y's30
 days60
 davs30
 davs

 13 O100
 1.0

100 2,2
100  1.7

 oo
 7.8 1.3

13 2,O

40 2.1

ooO
 2.0

O.5 2.5

16 2.0

oo2.7
 O,9

     -11

 2.6

 oo
 l4 1,218

 -100

 2.3

IBC

 6o
 8.1 Ll

2057
 2.2

B: buthiobale,  c:' captan.  

'

/1 cornposition]

   Buthiobatc  <TG, 93,OOi>

   Captan  (TG, 92.0?,tl)
   Additive

   Tokusil  GU-N

   Radiolitc 200

   5,5

  56.0

   5.0
   5.0
balance100.0

Tab!e7  Effcct of  oxides  and  hvdrexides  on  stability  of  buthiobate.

 Storage
conditions

Decempositien  ("i,)

Additive

(content)
 ca.oC2.59b')  MgO(2.5%) Ca(OH)2'

 (g.o6)
MgCOH)2

 (49b)

B C B C B (: B c

.NaOHc,.5e･o2.

B C

 OJC,40ec,soec,30 davs30

 days30

 days

o4.17.8o1.92.4 o3.36.9o2.02.2 o5.47.4o2.02.7 o4.77.6o2.32.6  3.51548e2.12.9

B:  buthiobate,  C: captan.

//colnposition]

   Buthiobate  CTG, 93.0e･b' 
')

   Captan  (TG, 92.0e,'i)
   Additive

   Tokusil  GIJ-N

   Rudiolite 200

    5.5

   56.0

2 5 or  4.0
    5.0

 balancc

   ieo Jo
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Table  8Effect  of  content  uf  hydroxides  on  stability  ol  buthiobate.

Storage  cenditions Additivc  CaCOH)2

Ccontent) (1.0gO

P. ef-o.rnpofil!ion  (?,O
Ca(OII)2
(3.00G}Ca(OH)2C5.09,8)]･lgCOH)2 go.. .. 

5
 9･･3 )

  3.9'

 100

Mg(oH),  N'fg.'(o'H),
 OO%)  <3,O?O

40DC, 30 davs  

-

400C, 90 days
sOOC,

 i9..days .. .. --.

[cemposition] 

'

   Buthiobatc  (TG, 93  .09.)

   Captan (TG, 92.0%)
   Additive

   Tokusil  GU-N

   Radiolite 200

 3.7
 12100

4,6

5.6

8.0

9.5

2.25.98.5 5,O

8.4

   5.5

  56.0

O.5-5.0

   5.0
balance

Table

                1OO.O

9 Effcct of  NaOH  en  stability  of  buthiobate  and  captan.

  Buthiebate  (TG, 93.09'.')

   Captan (TG, 92 , 09,1,)

   NaOH

   Tokusil  GU-N

" lil.F..digiite2oo

 5,556.0

 5.033,5

 5.556.0

 2.5

 5.031.0

 5,5

 5.089,5

 5,5

        56.0

 2.5
 5,O 5.0

87.0  39,O

56,O

 2.5
 5.036.5

Decompositjen  (O,6}

 500C, 20 days

 600C, 20 davs

B C

IOO 
'1.0

100 1.5

B c B B c c

 19IOO

'-
 B: buthiebate,  c: captttil/.  

'

Ca(OH)2  and  Mg(OH)2  were  tested, Con-
sequent)y,  it was  found  that these oxides  and

hydroxides  showed  remarkable  stabilizing  ef-

fect6) as  shown  in Table  7 and  did not  signifi-

cantly  infiuence captan  stability.  However,
there seems  to be an  optimum  value  in the
amount  of  hydroxides to be added  as  shown  in
Table 8, That  is, the durability of  the stabiliz-

ing eflfect was  not  as  good  when  the amount  of

hydroxides  added  was  small  (1 9,3) and  a  larger
decomposition of  buthiobate was  observed

when  the amount  of  hydroxides  added  was

too great (5%), It is supposed  that accelera-

tion of  hydrolysis of captan  takes place by
addition  ef  an  excess  amount  of  hydroxides.
Therefore a  suitable  amount  of  hydroxides to
be added  seems  to be about  39f.'.

  In the case  of  NaOH,  as  shown  in Table  9,
its addition  accelerated  captan  decomposition
and  showed  a  stabilizing  effect  on  buthiebate
to some  extent  by  trapping  HCI, but the effect

was  not  good enough  for practical use.  In the
case  of  aqueous  solution  or  suspension,  captan

1014 l.52.3 1,92.5 1.01.3  7.210

is unstable  in alkaline  medium,  but the infiu-
ence  of  hydroxides  such  as  Ca(OH)r, Mg(OH)2
and  NaOH  on  captan  stability  is little in the
case  of  mixi'ng  jn the formulation as  men-

tioned above.  From  these results,  it is under-
steod  that the infiuen¢ e  of  alkaline  materials

on  captan  stability  is not  as  large under  a  Iow

moisture  condition  such  as  in the formulation

(1-2%). In Carplex #l120, captan  is slight]y

unstable  because of  higher moisturc  content

(4-9%). Therefore, it is clear  that the influ-
ence  of  water  on  captan  stability  is very  large.

3. Bioassa･v

  The  fun'gicidal ethcacy  ef  a  combination

wettable  powder  of  buthiobate and  captan

stabilized  by  the addition  of  Mg(OH)2  against

powdery  mildew  and  downy  mildew  (cucum-
ber) was  tested  in a  grecnhouse. Fifty ml  of

suspension  centaining  the prescribed dosage
was  applied  to cucumber  foliar using  a  spray

gun. Spore suspension  was  inoculated at  O, 3
and  7days  after  treatment  and  then  the  plants
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Table 　 10E 伍 cacy 　Qf 　combillatioll 　wcttable 　powder 　o 「buth ｛ol 〕ate 　and 　 captan ．

　　　　　　　　　　　　　　　　　　 Perccntage 　of 　powdcr ｝
・mildcw 〔cucumber ｝control

Col、c．　of 　a 、i．掩ノ

　　 〔Ppm ｝

Inoculation 　l：days 　 after 　treatlnent ）

Buthiobate

　 20WP

04377100100 3 7

52
【
DOO

　

　

12

∩
」
一
D30

」

14Q

迂
0丿

气）

82

气凵

　

380

」

Combination

　 “ 「p （5ノ
「50｝

2 ．5ii25

　 5tJro10110020

／
i200

559710elOO 457899100 376782100

の
： Active 　ingrediellt．

Table 　 I　1E 伍 CaCy 　Of 　COmbination 　wettable 　pOwder 　Of 　buthiobate 　and 　Captan ．

　　　　　　　　　　　　　　　　　　　Percentage 　of 　downey 　nli】dew （cucumber 〕control

Conc ，　 of 　 a ，i．
　　（Ppm ｝

lnoculatien 　（days 　after 　treatment ）

0 3 7

Captan

　 80WP

12．52550100 9699100100779210010009

∩」
OU

　

4凸
79

0
∩
」

幣
」

7

　

10

」

7

Conibination

　 、N
’
1）

（5！50）

1，25Sl2 ．5

2．5125

　　5！5 
　 10！100

3717　

4R

り
Qゾ

0738　

126

were 　kept　 at 　25
°C　in　a　greenhouse．　 After　 lO

days
，
　disease　control 　percentage　was 　calculat −

ed 　 in　 accordance 　 with 　the　 usual 　 nlethod ．　 As

shown 　 in　 Tables　 lO　 and 　l　l，　 a　 colnbination

wettable 　 powder 　 of 　 buthiobate 　and 　 captan

showed 　 good　 fungicidal　 eMcacy 　 against 　both

powdery 　mildew 　and 　downy 　mildew ．
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要 約

　ブチオ ベ ー ト ・キ ャ プタン 混合水和剤中 での ブ

　チオベ ー トの 安 定化

　　　　　　　　　　　　　　　　　　　 堀 出文 男 ， 辻　
．
孝i三

　ブ チ オ ベ ー
ト
・

キ ャ ブ領 ン 混 合水 和剤で の ブ チ オ ベ ー

トの 安 定 化 に つ い て 検討 した ．ブ チ オ ベ ー
トの 分解 は キ

ャ プ タ γ の 加水分解 に よ っ て 生 じ る塩酸 と ブ チ オ ベ ート

の ピ リ ジ ソ 環 の 反 応 に よ る も の と考え られ る．ブ チ オ ベ

ー i・の 安定 化 に は Ca 〔C）H ）2，　 Mg （OH ｝2 等 の 水酸化物 あ

る い は CaO ，　MgO 等の 酸化物 の 添加 が 有効 で あ っ た が ，

こ れ らの 化合物 は キ ャ プ タ ン の 安定性 に 対 し て 有意 な 影

響 を与え る こ と は な か っ た ．こ の よ うに し て ， 実用的 な

ブ チ オ ベ ー ト ・キ ャ プ タ ン 混合水和剤 （5＋ 50％ ）が得 ら

れ ，効力面 で も優 れ た 防除効 果を 示 した ．
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