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This invention relates to fungicidal composi-
tions suitable for application to living plants.
More particularly it relates to. fungicidal com-
positions containing as an active agent a com-
pound of the formula !

MSC——I\lI——R-—N—(ﬁSM
R’ RS

wherein R represents a divalent hydrocarbon
eroup or a divalent aliphatic’ chain containing
more than three carbon atoms separated by at
jeast one nitrogen atom to form alkylene groups
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of at least two carbon atoms each, R’ and R""
taken individually represent hydrogen or taken .

jointly represent a divalent hydrocarbon group
which in conjunction with the .
’ —N—R—N—
i |
group forms & heterocycle, and M represents &
salt-forming group or metal.

While sulfur and some of the sulfur-contain-
ing compounds are known to have fungicidal
value, not all compounds containing sulfur are
fungicidal. Nor are all sulfur compounds safe
16 use on living plants.

I have found that the sulfur-containing com-
pounds of the above formula are exceptionally
effective in fungicidal compositions and are low
in phytocidal action. Thus compositions con-
taining a compound of the formula

MSC—N—R—N—CSM
l ’ ﬁl’ g

are useful for preventing and controlling fungus
growth on living plants and are suprisingly more
effective than previously knowx compounds
which contain 2 single dithiocarbamaste group
or a thiuram grouping. :

These compounds are preparved by reacting a
polyamine and carbon disulfide, generally in the
presence of a free base. In preparing them there
may be used a di- or other poly-amine having
hydrogen atoms available on nitrogen atoms in
the amine groups. Suitable polyamines include
ethylenediamine, propylenediamine, tetramethyl-
enediamine, piperazine, paraphenylenediamine,
diethylenetriamine, triethylenetetramine, tetra-~
ethylenepentamine, bis(aminoethyl) propylenedi-
amine, etc. When one of these amines is re-
acted with carbon disulfide, there results the
amine salt of a pisdithiocarbamic geid. If the
reaction between amine and carbon disulfide is
carried out in the presence of a strong base, the

amine salt group is gisplaced and a salt formed
from the cation of the base.

As a base there
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may be used lithium, sodium, potasstum, calcium,
pbarium, ebe. hydroxide or a strongly basic qua-
ternary ammonium hydroxide, such as benzyl
trimethyl ammonium hydroxide or dibenzyl di-
ethyl ammonium hydroxide. A soluble salt of &
bisdithiocarbamic acid may be converted to an
snsoluble or less soluble salt by metathesis.

The salt, whether soluble or insoluble, may be
suspended . or dissolved in an agueous spray or
may be mixed with or coated on a carrier, such
as clay, magnesiumn carbonate, or similar inert
material, and applied from a dust or from an
aqueous spray. The salt may be used as the sole
fungicidal material or it may be used in conjunc-
tion with other fungicidal agents. Also, the salt
of a bisdithiocarbamic acid may be used in con-
junction with an insecticidal agent or insecticidal
agents. - .

. Example 1

A mixture of 250 parts of 12% ethylenediamine
and 480 parts of a 50% agqueous sodium hydrox-
jde solution was stirred and externally cooled
while 478 parts of carbon disulfidé was added
dropwise below the surface of the mixture. The
addition of carbon disuifide required two hours,
during which time the temperature was held
pelow 25° €. The reaction mixture was further
stirred for two hours at the end of which time
it set to a solid. . This was recrystallized from
1800 parts of anhydrous ethanol to give 868 parts
of an air-dried solid which melted within the
range of 85°~110° C. and which consisted essen-
tially of the disodium salt of ethylene bisdithio-
carbamic acid.

Tested against . spores of Macrosporium sar-
cinaeforme Cav. the above product had a Bor-
deaux coefficient of 11 to 12 which is about three-
fold the coefficient of the dithiocarbamates which
have heretofore been proposed for insecticidal or
fungicidal uses and which is many times the co-
efficient for insoluble copber compounds which
have been successfully used. .

Applied in agueous sprays to lving plants, the
compound as prepared above was highly effec~
tive in controlling black spot on rosebushes and
scab on apple trees.

Example 2

A mixture of 302 parts of 73.5% propylenedi-
amine and 320 parts of a 50% aqueous sodium
hydroxide solution was stirred and externally
cooled while 501 parts of carbon disulfide was
added during a 45-minute period. The reaction
was stirred for about two hours when it set to a
solid mass, which was recrystallized from 700
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parts of anhydrous ethanol. There was obtained
700 parts of a solid, melting between 55° C. and
60° C. The product was finely powdered and ap-
plied from aqueous sprays to plants without evi-
dence of phytocidal action. At one pound per
. hundred gallons of spray excellent control of
 black spot on roses was obtained.

Example 3
The sodium salt of ethylene bisdithiocarbamic

acid was prepared as in Example 1 and 2200 parts.

of the crystallized product dissolved in 10,000
parts of water. A solution containing 2200 parts
of crystalline copper sulfate, dissolved in 10,000
parts of water, was mixed therewith, resulting
in precipitation of a copper salt. ‘The:precipitate
was filtered, washed, and ‘dried. The product
amounted to 2278 parts and corresponded by
analysis to (—SSCHNCH.NHCSS—)Cu. It was
finely ground and used in suspension in aqueous
sprays -which were applied to living plants with
complete control of fungus thereon.
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In an entirely comparable manner there may .

+ he prepared other insoluble or relatively insoluble
salts of the bisdithiocarbamic acids, such as the
ferrous or ferric ‘salts, the zinc salt or the
cadmium salt. All of these salts have been tested
and found effective fungicidally. In one series of
tests these salts were applied to roses in a garden
where powdery mildew was present. ' The sprays
were prepared with two pounds of a given salt per
hundred gallons of spray. In some tests wetting
and spreading agents were used. After three ap-
plications the incidence of. disease was observed
and rated on a scale from ten to zero, the lower
numbers being best.
were rated at 3.3 and sections sprayed with flota-
tion sulfur were also rated at 3.3. The section
sprayed with the above copper bisdithiocarbamate
were rated at 0.5; that with the ferrous salt at
1.0; that with ferric salt with a wetting agent pre-
pared by reacting polyglycerol, cocoanut fatty
acid, and phthalic anhydride at 0.9; and that
with ferrous salt, with or without wetting
agents, 2.3. ‘ i

Pea seeds were dusted in a tumbler with 0.25%
- of their weight of powdered compounds and

planted three-quarters of an inch deep. The per
cent. emergence was noted at the end of the first
week and after the second, third, and fourth
weeks. With the sodium salt of ethylene bisdi-
thiocarbamate the per cent. emergence was found
at these times to be 18, 32, 45, and 63; with the
cadmium salt 43, 50, 56, and 64. With untreated
seed emergence was 1, 3, 8, and 20 while seed
treated with a standard mercury preparation for
preventing damping-off gave emergence figures
of 5,7, 12; and 23.

Iclaim: ]

[1. A fungicidal composition having as an
active ingredient a salt of an alkylene bisdithio-
carbamic acid.} '

[2. A fungicidal composition having as an
active ingredient a salt of ethylene bisdithiocar~
bamic acid.} )

I3. A fungicidal composition having as an
active ingredient the disodium salt of ethylene
hisdithiocarbamic acid.]

The unsprayed sections’
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[4. A fungicidal composition having as an
active ingredient the cupric salt of ethylene bis-
dithiocarbamic acid.} .

I5. A fungicidal composition having as an
active ingredient the ferric salt of ethylene bis-.
dithiecarbamic acid.} _ S

6. The pracess of controlling fungus growth on
living plants” which comprises applying to the
plant o fungicidal composition having as an
active ingredient a salt of an alkylene bisdithio-
carbamic acid. )

7. The process of controlling fungus growth _
on living plants which comprises applying to the -
plant e fungicidal composition having as an ac-
tive ingredient. a salt of ethylene bisdithiocar-.

"bamic acid.

8. The process of controlling fungus growth on
living plants which comprises applying to the
plant a fungicidal composition having as an ac-
tive ingredient a bivalent metal salt of ethylene
bisdithioedrbamic acid.

9. The process of controlling fungus growth on
living plants which comprises applying to the
plant a fungicidal composition having as an ac-
live ingredient the sodium salt of ethylene bis-
dithiocarbamic acid. : .

10. The process of controlling fungus growth
on living plants which comprises applying to the
rlant a fungicidal composition having as an ac-
tive ingredient the cupric sailt of ethylene bis-

‘dithiocarbamic acid.

11. The process of controlling fungus growth
on living plants which comprises applying to the
plant a fungicidal composition having as an ac~
tive ingredient the ferric salt of ethylene bis-
dithiocarbamic acid. .

12. The process of controlling fungus growth
on living plants which comprises applying to the
plant a fungicidal composition having as an ac-
tive ingredient the zine salt of ethylene bisdithio-
carbamic deid. S

13. The process of controlling fungus grbwth o

on living plants which comprises applying to the
plant a fungicidal composition having as -an ac-
tive ingredient the cadmium salt of ethylene bis-
dithiocarbamic acid.

ROHM & HAAS COMPANY,

Assignee of William F. Hester, deceased,
By STANTON C. KELTON,
Secretary.
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