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R e a c t i o n s  of  C a p t a n  a n d  F o l p e t  w i t h  T h i o l s  ~ 

Captan (N-trichloromethylthio-4-cyclohexene-1,  2-di- 
Carboximide) (I) and Fo lpe t  (N- t r ich loromethyl - th io-  
fPhtThalimide ) (II) bo th  have  ex tens ive  appl ica t ion;  the 
~ mer being ut i l ized p r imar i ly  as a general  fungicide for 
~ e t r ea tment  of a wide va r i e ty  of foliar, soil and seed- 

Orne diseases~-~ In  addi t ion  to being a p re -harves t  
PeSticide, Cap tan  also has a wide use as a pos t -ha rves t  
Chemieal~ Fo lpe t  is also a general  fungicide used in the  
t reatment  of foliage and soil infections on fruit ,  vegetables  
and ornamentals .  
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Our studies wi th  Captan  and Fo tpe t  involve  a va r i e ty  
of metabolic and feeding invest igat ions .  In  recovery  
Studies of Cap tan  and Fo lpe t  f rom an imal  tissues and 
Whole blood, i t  was found t h a t  the  amoun t s  of the  fungi- 
cides recovered f rom mice in jec ted  s.c. and then  sacrificed 
~t t ime intervals  were ve ry  small  (ca. 5% for a 1 mg/ani -  
~aal dose) (the whole mouse carcass was ex t rac ted  wi th  
Solvent and the  Cap tan  or  Fo lpe t  residue analyzed 
c°torimetricatly by  the  resorcinol  m e t h o d  of KITTI.ESON 7). 

Since earl ier  work  wi th  mouse  
9C;Ptan and F o l p e t  indica t  spiked ex t r ac t  of bo th  

a recovery  of grea ter  t h a n  
~ ,  the low recovery  f rom injected  animals  was sug- 

Stive of hydrolys is  and /or  b inding of bo th  Cap tan  and 
lpet. LUKENS and SISLER s have  shown t h a t  Cap tan  or  

~mhloromethylsulfenyl chloride (C1SCC13) reacts  wi th  
~Ysteine to form UV-absorb ing  products ,  and in the  case ~ . Captan the  isolated p roduc t  was p roven  to be 2- 

~azolidine-thione-4-carboxylic acid. Recen t ly  RmH-  
SeND and SOI~,{ERS II repor ted  on the  react ion of Cap tan  
With cell thiols of Neurospom crassc~ conidia. 

In order to e labora te  t he  ra te  of th io l  in teract ion,  the  
reactions of  Cap tan  and Fo lpe t  wi th  blood was s tudied  
2 ith. the aid of bo th  the  su l fhydryl  reagen t  5, 5 ' -di thiobis 

"nitro-benzoic acid) (DTNB) and p-ni t ro thiophenol .  
D~When Captan or  Fo lpe t  are added to a sys tem in which 

£ N B  has been allowed to react  wi th  the  free su l fhydryl  
rOups in buffered blood solutions,  decolor izat ion of the  
ellow I ) T N B - e o m p l e x  is observed.  The  ra te  and  ex t en t  

Ofclecoloriz . . . .  1 t an b s e n t h a t  th - a t lon is shown in F igure  . I c e e 
t~. e initial ra te  of react ion for bo th  Captan  and Fo lpe t  in 
,~us milieu is ex t r eme ly  rapid,  wi th  a m a x i m u m  of reac- 
~ . l t y  being reached in less t h a n 1  min  for Cap tan  and 
h l ~ d r n m  for Fo lpe t  (both a t  concent ra t ions  of 15 #g/#l  

). 
"When D T N B  is added t to a sys tem in which buffered 

blood has been incuba t  wi th  Cap tan  or Folpet ,  forma-  

t ion of t he  D T N B - c o m p l e x  is inhib i ted  to some ex ten t .  A 
s u m m a r y  of the  d a t a  is g iven in the. Table.  

The  react ion of Cap tan  and Fo lpe t  wi th  p -n i t rophenol  
(NTP) was nex t  studied,  The  d isappearance  of the  ab- 
sorbance m a x i m u m  of N T P  at  410 nm was indica t ive  of 
react ion,  and was followed over  a wide p H  range• The 
da t a  are summar ized  in Figure  2. Since the  ex ten t  of loss 
of ye l low color denotes  the  e x t e n t  of react ion,  note  t h a t  
the  lower  the  ~/o when compared  to the  control ,  t he  
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Fig• 1. Decolorization of DTNB-blood sulfhydryl complex by Folpct 
and Captan• 
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greater the reaction. The pH range in which the reactions 
could be studied is limited to between 5 and 8 pH units 
because at lower than 5 pH units, the thiophenol itself 
was only a pale yellow color, and at higher than 8 pH 
units the color was intense and became more so with 
addition of Captan or Folpet. This appeared to indicate 
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reactions different from those occurring in the 5-8 pit 
range, but  the nature of the reactions was not investi" 
gated further. The reactions of Captan and Folpet wi@ 
NTP were followed at a concentration of 3.3 fig of corn" 
pound/ml buffer solution. Concentrations as low as 0.33 
ffg/ml were found to be reactive. 

The reaction of Captan and Fotpet with the biologically 
important  thiols cysteine and glutathione over a wide 
pH range was studied with results shown in Figures 3 and 
4 respectively. Thiol groups are very reactive at phySi0" 
logical pH. The reaction of Captan, trichloromdthyl" 
sulfenyl chioride and Folpet respectively with cysteine 
essentially does not occur below pH 4 and its rate rises 
rapidly above pH 6.0 as illustrated in Figure 3. 

As shown in Figure 4, the reaction of Captan, trichloro" 
methylsulfenyl chloride and Folpet respectively witi~ 
glutathione does not occur below pH 5.0 and its rate als0 
rises rapidly above pH 6.0. 
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Fig. 2. Reactions of Folpet and Captan with p-nitrothiophenol. 
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Fig, 3, UY-reaction products of Folpet, Captan and trichloromethyl- 
sulfenyl chloride with cysteine. 
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Fig. 4. UV-reaction products of Folpet, Captan and trichlorometbY 1" 
sulfenyl chloride with glutathione. 

Compound Concentration, % estimated 
ffg/cd blood/ml prevention 
total volume of complex 

formation 

Captml 20]6]3 65 
50]6/3 65 

1001613 65 

Folpet 20/6/3 30 
50/6/3 45 

100/6/3 70 

Zusammenfassung. Es wird gezeigt, dass die Pflanze~" 
schutzmittel Captan und Folpet mit  Verbindungen, die 
Thiolgruppen enthalten, unter physiologischen ]3edit" 
gnngen (gepuffertes Blur) reagieren. 
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