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Reactions of Captan and Folpet with Thiols?

cagfpt?ﬂ. (N-trichloromethylthio-4-cyclohexene-1, 2-di-
Phthox'lm}de) (I) and Folpet (N-trichloromethyl-thio-
for a‘hmlfle) (II) both have extensive application; the
TRer being utilized primarily as a general fungicide for
0(;_ trea@m@nt of a wide variety of foliar, soil and seed-
Pes?‘e‘ diseases2-8. In addition to being a pre-harvest
che icide, Captan also has a wide use as a post-harvest
e aillcal“, Folpet is also a general fungicide used in the
ment of foliage and soil infections on fruit, vegetables

Ornamentals.
O 0
é i
New&Ge C—C —S—C—C
o/ S$—C—Cl, | )\C/N S—C—Cly
[ i
I 8] II

Our studies with Captan and Folpet involve a variety
stué’}etabolic and feeding investigations. In recovery
Wholles of Captan and Folpet from animal tissues and
; € blood, it was found that the amounts of the fungi-
€S recovered from mice injected s.c. and then sacrificed
e intervals were very small (ca, 5% for a 1 mg/ani-
oa doSe) (the whole mouse carcass was extracted with
coxve-nt and the Captan or Folpet residue analyzed
OFlmetricany by the resorcinol method of KITTLESON").
Ince earlier work with spiked mouse extract of both
sobtan and Folpet indicated a recovery of greater than
gest, the low recovery from injected animals was sug-
Fol Ve of hydrolysis andjor binding of both Captan and
tl‘icﬁft' Luxens and SisLER® have shown that Captan or
Oromethylsulfenyl chloride (CISCCly) reacts with
Steine to form UV-absorbing products, and in the case
thiacap-ta-n the isolated product was proven to be 2-
ONZOlldlne-thione-4-carboxylic acid. Recently RicH-
WitID and SoMers® reported on the reaction of Captan
1 cell thiols of Neurospora crassa conidia.
rea?t.ﬂrder to elaborate th:a rate of thiol interaction, ‘§he
Wit 'ons of Captan and Folpet with blood was _stuvdle.d
2 the aid of both the sulfhydryl reagent 5, 5’-dithiobis
Wtro-benzoic acid) (DTNB) and p-nitrothiophenol.
D hen Captan or Folpet are added to a system in which
has been allowed to react with the free sulfhydryl
in buffered blood solutions, decolorization of the
4 DTNB-complex is observed. The rate and extent
Scolorization is shown in Figure 1. It can be seen that
¢ ?Smlf:igl rate of reaction for both Captan _and Folpet in
vy mlhe}l is extremely rapid, with a maximum of reac-
ity bf?mg reached in less than 1 min for Captan and
bk‘loil )n.mn for Folpet (both at concentrations of 15 ug/ul
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bl(;when DTNB is added to a system in which buffered
°d has been incubated with Captan or Folpet, forma-

tion of the DTNB-complex is inhibited to some extent. A
summary of the data is given in the. Table,

The reaction of Captan and Folpet with p-nitrophenol
(NTP) was next studied. The disappearance of the ab-
sorbance maximum of NTP at 410 nm was indicative of
reaction, and was followed over a wide pH range. The
data are summarized in Figure 2. Since the extent of loss
of yellow color denotes the extent of reaction, note that
the lower the 9%, when compared to the control, the
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Fig. 1. Decolorization of DTNB-blood sulfhydryl complex by Folpet
and Captan.

1 This study was supported by Research Contract No, PH 43-64-57,
National Cancer Institute, National Institutes of Health, Public
Health Service, and represents Paper No, 33 of this Contract.
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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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Fig. 2. Reactions of Folpet and Captan with p-nitrothiophenol.
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Fig, 3, UV-reaction products of Folpet, Captan and trichloromethyl-
sulfenyl chloride with cysteine.
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reactions different from those occurring in the 5-8 PI_'I
range, but the nature of the reactions was not inveét"
gated further. The reactions of Captan and Folpet with
NTP were followed at a concentration of 3.3 pg of cOT
pound/ml buffer solution. Concentrations as low as 0.3
pug/ml were found to be reactive.

The reaction of Captan and Folpet with the biolagica.ny
important thiols cysteine and glutathione over 2 wide
pH range was studied with results shown in Figures 3 a_nd
4 respectively. Thiol groups are very reactive at physio”
logical pH. The reaction of Captan, trichlorome‘ch}’l'
sulfenyl chloride and Folpet respectively with cystein®
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, trichlof®
methylsulfenyl chloride and Folpet respectively with
glutathione does not occur below pH 5.0 and its rate also
rises rapidly above pH 6.0.
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Fig. 4. UV-reaction products of Folpet, Captan and trichloromethy!
sulfenyl chloride with glutathione.

Compound Concentration, A estimated
pglul blood/ml prevention
total volume of compleX

formation

Captan 20/643 G5

50/6/3 63

100/6/3 [¢%)

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 Bedit”
gungen (gepuffertes Blut) reagieren.

M. K. Liv and L. FisuBEN

Bionetics Reseavch Labovatorvies Inc., Falls Church
(Virginia, USA), October 10, 1966.



