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Stabilization of buthiobate in the combination wettable powder of buthiobate and captan

was studied. Decomposition of buthiobate seems to be caused by the reaction between pyri-

dine ring of buthiobate and hydrochloric acid produced by hydrolysis of captan.

Hydrox-

ides such as Ca(OH), and Mg(OH), and oxides such as CaO and MgO act as stabilizers, and

these compounds do not influence captan stability significantly.

In this way, a satisfactory

combination wettable powder of buthiobate and captan could be obtained and shows good

fungicidal efficacy.

INTRODUCTION

S-n-butyl S’-p-tert-butylbenzyl N-3-pyridyl-
dithiocarbonimidate, buthiobate (Denmert®)
is a fungicide invented by Sumitomo Chemical
Co., Ltd., which shows excellent fungicidal
efficacy against powdery mildew of fruit trees
and vegetables.”” The fungicidal spectrum of
buthiobate, however, is narrow. As a way
of using the excellent fungicidal efficacy of
buthiobate against powdery mildew, combina-
tion formulations were developed in order to
reinforce efficacy against powdery mildew of
conventional fungicides. As one of them, the
combination wettable powder with N-[(tri-
chloromethyl)thio] -4-cyclohexene-1,2-dicarbo-
ximide (captan) was formulated but buthio-
bate became very unstable by mixing it with
captan. The combination wettable powder is
thus not usable without stabilization. There-
fore we conducted research to determine
suitable stabilizers for buthiobate in a com-
bination wettable powder with captan.

EXPERIMENTAL

1. Materials
Buthiobate was synthesized in the Pesticide
Synthetic Laboratory, Pesticides Division,

Sumitomo Chemical Co., Ltd. Captan tech-
nical material used in this work was supplied
by Stauffer Chemical Co., Ltd. and chemical
structures of these compounds are shown in
Fig. 1. Additives used as stabilizers were of
a reagent grade, and the stabilizers for poly-
vinylchloride were supplied from Sakai Chemi-
cal Co., Ltd.

2. Methods

Samples were prepared by blending 59, of
buthiobate, 509, of captan, a certain amount
of stabilizer and carriers with a household
blender. Contents of buthiobate and captan
in the combination formulation were analyzed
after accelerated storage by gas chromatog-
raphy (GC) under the conditions shown in
Table 1. In the presence of captan, partial
decomposition of buthiobate was observed in
GC. Therefore, buthiobate was analyzed after
extraction with #n-hexane which hardly dis-
solves captan. After extraction of buthiobate
from 1 g of the formulation with 5 ml of #n-
hexane, followed by centrifugation, 2 ml of
the extract was pipetted out into a conical
flask and 3 ml of chloroform solution of an
internal standard (0.7 g/100 ml) was added to
the conical flask and it was then applied to
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Table 1 GC conditions for analysis of buthiobate and captan.

Buthiobate

Captan

Apparatus
Column

Liquid phase 2% PEG-20M

Support Chromosorb W, AW, DMCS
{60/80 mesh)
Column temp. 220°C
Injection temp. 240°C
N; flow rate 80 ml/min
Internal standard Triphenvlbenzene

Shimadzu GC-5A (FID)
0.5 m x 3 mm (glass)

Shimadzu GC-5A (T'ID)
1.0 m x 3 mm (glass)
29, Silicone XE-60

Chromosorb W, AW, DMCS
(60/80 mesh)

170°C

210°C

30 ml/min
Dibutylsebacate

Buthiobate
ol
N

Captan

75-(n)C,Hg
NS-CHy(O-(1)C Hg

0

n

C~
OC,N—s-cc13

n

0

Fig. 1 Chemical structures of buthiobate and
captan.

GC analysis. Captan was extracted from 0.5 g
of the formulation with 25 ml of chloroform
and 5 ml of chloroform solution of an internal
standard (2.5 g/100 ml) was added to the
extracts. After centrifugation, it was applied
to GC analysis.

RESULTS AND DISCUSSION

1. Decomposition Mechanism

Table 2 shows the stability of buthiobate
and captan in the various kinds of formula-
tions. It is clear that buthiobate is very
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 suggested
because pH changes to acidic side after ac-
celerated storage of the samples containing
captan. Captan is known to form hydro-
chloric acid by hydrolysis, as shown in Fig. 2.2
Therefore the acidic material formed after
accelerated storage seems to be hydrochloric

Table 2 Stability of combination formulation of
buthiobate and captan.

Buthiobate (TG®’, 93.0°%,) 5.5 5.5 —
Captan (TG, 92.0°,) 56.0 — 56.0
Tokusil GU-N 5.0 5.0 5.0
Radiolite 200 33.5 89.5 39.0

Decomposition (%) B C B C

0°C, 30 days 13.0 0 0 0
40°C, 30 days 100 1.0 1.2 0.8
50°C, 14 days 100 1.0 1.5 1.3

®> technical grade, B: buthiobate, C: captan.

Table 3 pH change of chloroform solutions of
buthiobate and captan after accelerated

storage.
Buthiobate 15mg 15 mg —
(TG, 93.0%)
Captan 150 mg — 150 mg
(TG, 92.0%)
chloroform balance to 10 ml
P}{s)
0°C, 30 days 4.1 5.5 4.8
40°C, 30 days 3.7 5.5 4.5
50°C, 30 days 3.6 5.4 4.1

»> condition for determination of pH: CHCl,
solution (3 ml)/H,O (50 ml).

0
g 2H,0
ﬂ::[CDN S-cCly ————
6
0
"
OSZN—S-COOH + 3HCI
1
o}

Fig. 2 Hydrolysis of captan.
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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

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 decomposition. The proposed mech-
anism is supported by the fact that hydro-
chloride of buthiobate is very unstable in  captan is known to inhibit the SH group of
practice.” The proposed mechanism is also  an enzyme. Accordingly, interaction between
_supported by the fac{: .that 3-aminopyridine :C/SR, [R: (1)-CHs, R’: ~CHa-{>-(fert)CaH)
is decomposed by mixing with captan, as “SR
shown in Table 4. Moreover, as shown in  moiety of buthiobate and captan is considered
Table 5, the addition of a drying agent such as s another decomposition mechanism.

CaCl: into the package of the formulation Compound A having m-nitrobenzene ring

improved buthiobate stability remarkably.® — (Hammet constant, o =0.71) instead of pyri-
dine ring (0=0.62) of buthiobate, however,

was not decomposed after mixing with captan
as shown in Table 4. Moreover, it was also
found that buthiobate is chemically com-
patible with Maneb which is known as an SH

Table 4 Stability of buthiobate and its related
compounds in the combination formula-
tions with captan.

Buthiobate (TG, 93.0%) 5 = = group inhibitor of the enzyme in the same
Compound A* — > = manner as captan. From these results, the
3-Aminopyridine I > hypothesis of interaction of captan with
Captan (TG, 92.0%) 55 55 55 SR
Radiolite 200 40 40 40 =C{gR, in buthiobate is not the case.
Decomposition (%)
0°C, 10 days 6.6 0 67.3 2. Stabilization
50°C, 10 days 100 5.7 100 Captan is unstable in alkaline aqueous
» Compound A. medium. For example, half lives of captan
NO (50 ppm) in aqueous §uspension at 20°C are
2 _S-(n)C Hy 35hr, 9.1 hr and 5min at pH 4, 7 and 9,

N=C

N
s-cnz-®- (£)C Hg

respectively. Therefore combined application
with alkaline pesticides is inhibited.”> In
practice, captan is more unstable in Carplex

Table 5 Effect of HCl scavengers and CaCl, on stability of buthiobate.

Decomposition (9%,)

Storage conditions

Additive None Leaq sul_fate Lead Calcium Dioctyl tin
tribasic stearate  stearate maleate polymer
0°C, 30 days 13 0 0 0 0
40°C, 30 days 100 6.6 47 21 40
40°C, 30 days 39 -— 5.0 — 10
(CaCly, dry)
[composition]
Buthiobate (TG, 93.09%,) 5.5
Captan (TG, 92.09,) 56.0
Additive 5.0
Tokusil GU-N 5.0
Radiolite 200 balance
100.0
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#1120 which is an alkaline precipitated silica
than in Carplex #80 which is a weak acidic
one. Decomposition percentages in each
carrier containing 109, captan are 86 and 229%,,
respectively, after accelerated storage at 50°C
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 shown
in Table 5, acid scavengers tested here showed
a stabilizing effect to some extent. Especially,
lead sulfate tribasic [(PbSO.)(PbO)sH:0] show-
ed remarkable stabilizing effect, although this
material is slightly basic. Therefore these

results support the decomposition mechanism
proposed in the preceding section 1.

Next, weak alkaline inorganic salts were
tested although influence on captan stability
might be expected. CaCOs, NaHCOs, Na:COs,
Na:B:O: and Na:HPO. showed considerable
stabilizing 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 CO: 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 phosphate on stability of buthiobate.

Decomposition (%)

Cfrfgfzifl . Additive None CaCOs NaHCO; Na,COs Na;B,0;  Na,HPO,
B C B C B C B C B C B C
0°C, 30 days 13 0 0o 0 0 O 0 O 0 0 0 O
40°C, 30 days 100 1.0 7.8 1.3 0o 2.0 2.7 0.9 14 1.2 8.1 1.1
40°C, 60 days 100 2.2 13 2.0 0.52.5 — — 18 — 20
50°C, 30 days 100 1.7 40 2.1 16 2.0 11 2.6 100 2.3 57 2.2
B: buthiobate, C: captan.
[composition]
Buthiobate (TG, 93.09%) 5.5
Captan (TG, 92.09%,) 56.0
Additive 5.0
Tokusil GU-N 5.0
Radiolite 200 balance
100.0

Table 7 Effect of oxides and hydroxides on stability of buthiobate.

Decomposition (°)

Storage Additive CaO MgO Ca(OH), Mg(OH), NaOH
conditions {(content) (2.59%) (2.5%) (4°%) (4°5) (2.59%,)
B C B C B C B C B C
0°C, 30 days 0 0 0 0 0 0 0 0 3.5 0
40°C, 30 days 4.1 1.9 3.3 2.0 54 2.0 4.7 2.3 15 2.1
50°C, 30 days 7.8 2.4 6.9 2.2 7.4 2.7 7.6 2.6 48 2.9
B: buthiobate, C: captan.
[composition]
Buthiobate (TG, 93.09%,) 5.5
Captan (TG, 92.0%,) 56.0
Additive 2.50r 4.0
Tokusil GU-N 5.0
Radiolite 200 balance
100.0
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Table 8 Effect of content of hydroxides on stability of buthiobate.
Decomposition (%)
Storage conditions Additive Ca(OH), Ca(OH), Ca(OH); Mg(OH), Mg(OH), Mg(OH),
(content)  (1.0%)  (3.0%)  (5.0%)  (0.5%)  (1.0%)  (3.0%)
40°C, 30 davs 3.7 4.6 8.0 3.9 2.2 5.
40°C, 90 days 12 — — —— 5.9
50°C, 30 days 100 5.6 9.5 100 8.5 8.4
[composition]
Buthiobate (TG, 93.09;) 5.5
Captan (TG, 92.0°;) 56.0
Additive 0.5-5.0
Tokusil GU-N 5.0
Radiolite 200 balance
100.0
Table 9 Effect of NaOH on stability of buthiobate and captan.

Buthiobate (TG, 93.09,) 5.5 5.5 5.5 5.5 — —
Captan (TG, 92.09%,) 56.0 56.0 — — 56.0 56.0
NaOH — 2.5 — 2.5 — 2.5
Tokusil GU-N 5.0 5.0 5.0 5.0 5.0 5.0
Radiolite 200 33.5 31.0 89.5 87.0 39.0 36.5
Decomposition (%) B C B C B B C C

50°C, 20 days 100 1.0 19 10 1.5 1.9 1.0 7.2
60°C, 20 days 100 1.5 100 14 2.3 2.5 1.3 10
B: buthiobate, C: captan.

Ca(OH): and Mg(OH): were tested. Con- is unstable in alkaline medium, but the influ-

sequently, it was found that these oxides and
hydroxides showed remarkable stabilizing ef-
fect® as shown in Table 7 and did not signifi-
cantly influence 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 effect was not as good when the amount of
hydroxides added was small (19,) and a larger
decomposition of buthiobate was observed
when the amount of hydroxides added was
too great (59%,). It is supposed that accelera-
tion of hydrolysis of captan takes place by
addition of an excess amount of hydroxides.
Therefore a suitable amount of hydroxides to
be added seems to be about 39,.

In the case of NaOH, as shown in Table 9,
its addition accelerated captan decomposition
and showed a stabilizing effect on buthiobate
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

ence of hydroxides such as Ca(OH)., Mg(OH):
and NaOH on captan stability is little in the
case of mixing in the formulation as men-
tioned above. From these results, it is under-
stood that the influence of alkaline materials
on captan stability is not as large under a low
moisture condition such as in the formulation
(1-29,). In Carplex #1120, captan is slightly
unstable because of higher moisture content
(4-9%,). Therefore, it is clear that the influ-
ence of water on captan stability is very large.

3. Bioassay

The fungicidal efficacy of a combination
wettable powder of buthiobate and captan
stabilized by the addition of Mg(OH): against
powdery mildew and downy mildew (cucum-
ber) was tested in a greenhouse. Fifty ml of
suspension containing the prescribed dosage
was applied to cucumber foliar using a spray
gun. Spore suspension was inoculated at 0, 3
and 7 days after treatment and then the plants
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Table 10 Efficacy of combination wettable powder of buthiobate and captan.

Percentage of powdery mildew (cucumber) control

Conc. of a.1.*’

Inoculation (days after treatment)

(ppm) 0 3 7
2.5 43 13 5
Buthiobate 5 77 45 38
20 WP 10 100 93 82
20 100 99 95
2.5/25 55 45 37
Combination 5/50 97 78 67
WP (5/50) 10/100 100 99 82
20/200 100 100 100

a):  Active ingredient.

Table 11

Efficacy of combination wettable powder of buthiobate and captan.

Percentage of downey mildew (cucumber) control

Conc. of a.i.

Inoculation (days after treatment)

(ppm) 0 3 7
12.5 96 0 0
Captan 25 99 49 13
80 WP 50 100 79 35
100 100 98 77
1.25/12.5 77 3 0
Combination 2.5/25 92 47 17
WP (5/50) 5/50 100 81 23
10/100 100 97 68
were kept at 25°C in a greenhouse. After 10 5) W. Tida, A. Kamito, R. Sato & T. Yamasaki:

days, disease control percentage was calculat-
ed in accordance with the usual method. As
shown in Tables 10 and 11, a combination
wettable powder of buthiobate and captan
showed good fungicidal efficacy against both
powdery mildew and downy mildew.
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