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This invention relatés to new and useful im-
provements. in fungicides. The invention fur-
ther relates to methods of treating plants, and to
methods of protecting organic material subject
to attack by fungi, as the immunizing of seed, and
the mildewproofing of fabrics and other mate-

" rial.
I have found that thiocarbamosulfena.mldes in

which the nitrogen of the thiocarbamo group is a -

tertiary-amino nitrogen-and the nitrogen of the

10

sulfenamide group has attached to it & hydrogen

atom and an acyl group, are effective fungicides.
The structure of the compounds may be repre-
sented by the general formula
R\ ﬁ |
) N-—C—S-—N—)J—X
. K

where R and R’ each represent an acylic, ali-
cycle, heterocyclic, aromatic or aralkyl group or
where R and R’ in combination represent al-
kylene (e. g pentamethylene) or an alkylene
containing a hetero O, N or 8 atom in the chain
(e. g. oxydiethylene, 1min‘odiethylene. or thiodi-
ethylene), and where X represents an alkyl
group. The compounds may be made by reacting
the selected thiocarbamo sulfenamide in which
the nitrogen of the thioccarbamo group is a ter-
tiary-amino nitrogen and the nitrogen of the
sulfenamide group.is a primary-amino nitrogen
with the appropriate ketene to give the desired
acyl substituent on the sulfenamide; nitrogen.
The preferred acyl substituent on the sulfen-
amide nitrogen is the acetyl group formed by re-
action of the thioccarbamosulfenamide with the
simple ketene CH>—C=0, 'The preparation of
the thiocarbamosulfenamides in which the nitro-
gen of the thiocarbamo group is a tertiary-amine
nitrogen and the nitrogen of the sulfenamide
group has attached to it a hydrogen atom and
an acyl group is described in the application of
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Philip T. Paul, Serial No. 600,209, filled June 18; -

1945, There is considerable confusion in the

technical literature as to the nomenclature of

“compounds containing the —8—N< linkage, The
nomenclature followed in this specification con-

siders the parent compound which would have’

the formuls

i
O:N—C—8—NH;:

as the amide of the hypothetical thiocarbamo-
sulfenic acid
: . g
E,N,—%—s—'oxi
The compound

i .
HiN—C—8-—-NHj
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would thus be thiocarbamosulfenamide, There
are two amino nitrogens in this formula, one
helonging to the thiocarbamo group

Hﬂ%——c—

and the other to the sulfenamide group —S—NHa,
To differentiate these nitrogens, the thiocarbamo
nitrogen is labeled “N” and the sulfenamide ni-
trogen is labeled “N’” in the nomenclature of the
compounds. Thus, the thiocarbamo (N) nitro-
gen is a tertlary amino nitrogen in the com-

pounds of the present invention, and the sulfen-

amide (N’) nitrogen Is a secondary nifrogen to
which is attached an acyl group.
Examples of the above chemicals that may be

used as fungicides according to the present in- .

vention are:

N,N-dimethyl N’-acetyl thiocarbamosulfenamide

N,N-diethyl N’-acetyl thiocarbamo sulfenamide

N,N-diallyl N’-acetyl thiocarbamo sulfenamide

N,N-dipropyl N’-acetyl thiocarbamo sulfenamide

N,N-diamyl N’-acetyl thiocarbamo sulfenamide

N, N-dibutyl N’-acetyl thiocarbamo sulfenamide

N,N-dibenzyl N’-acety! thiocarbamo sulfenamide

N,N-dimethyl N’-propionyl thiacarbamo sulfen-
amide -

N,N-dimethyl N’-butyryl thiacarbamo sulfen-
amide

N, N-dimethyl N’-valeryl thiocarbamo sulfen-
amide

N,N-diphenyl N’-acetyl dithiocarbamo sulfen-
amide

N-methyl, N-phenyl N'-acetyl dithiocarbamo sul-
fenamide

N-oxydlethylene N-acetyl
amide
The following illustrates in more detail the

preparation of the chemicals; e. g. N,N-diethyl

N’-acetyl thiocarbamosulfenamide according to

the equation:

/B
(CsH)INC—8—NH; + CHiC=0 —'

thiocarbamosulfen-

s ®
(CzHo)zNC-—S—N-—-yJ—CH
To a solution of 356 g. N,N-diethyl thiocarbamo

sulfenamide (U. 8. Patent No, 2,318,482) in 200
cc. dry ether, ketene (from 500 cc, acetone) Is

“introduced over a 8 hour period. The tempera~-

ture of reaction is held at 20° C. and additional
ether is added to keep the volume constant. At
the end of the reaction the ether is evaporated
and the residual ofl crystallizes on standing, Re-
crystallized from a benzene-ligroin mixture.
Melting point 67° C. Yield 19.6 g, The ketene
was prepared by the pyrolysis of acetone in ac-

cordance with the usual procedure. The ketene

CHy=C==0 may also be prepared by the action
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. : 3
of zinc on bromoacetyl bromide or on chloracetyl
chloride in known manner. This latter method is
the one used in preparing the higher ketenes as

by the action of zinc on the appropriate « halo-

-acyl halide.

Similarly, when N,N-dimethyl thiocarbamo .

‘sulfenamide is reacted with the ketene in the
sbove procedure, there is obtained N ,N-dimethyl
N’-acetyl thiocarbamo sulfenamide, M. P, 135°
- €C.; using morpholyl thiocarbamo sulfenamide for
reaction with the same ketene in the above pro-
cedures results in N-oxydiethylene N-acetyl thio-
carbamo sulfenamide, M, P. 163-164° C.; using
N ,N-diphenyl thiocarbamo sulfenamide (M, P,
148° C.), there is obtained N,N-diphenyl' N’-
acetyl thiocarbamo sulfenamide, M, P. 167° C.;
and from N-methyl N-phenyl thiocarbamo sul-
fenamide (M. P, 86-87° C.), N-methyl N-phenyl
N’-gcetyl thiocarbame sulfenamide M, P, 127-
128° C. is prepared. :

The compounds of the present invention may
be used as seed protectants and to protect plants,
which term includes plant parts, and soli. from
microorganisms harmful to seeds and plants.
They may also be applied to prevent or retard
fungus growth and the formation of, for ex-
ample, mildew on organic material such as cel-
lulosic material, rope, wood, fur, hair, feathers,
cotton, wool, and leather. They may be applied
as & dust, undiluted or mixed with a powdered
solid ‘carrier, such as clay or talc, or as a liquid
or spray in a llquid carrier, as in solution in &
suitable solvent, or suspended in a suitable non-
solvent, for example, water. Preferably when
applied in aqueous suspension, the composition
contains a dispersing agent for the chemicals.
In seed treatment, the compounds of the present
invention are preferably applied to the seeds as
by tumbling with the straight chemicsal, or with
the chemical admixed with a powdered solid car-
rler. In foliage treatment, the compounds of
the present invention are preferably eapplied to
the plant parts as by spraying with an aqueous
suspension of the chemical containing a dis-
persing agent. Similar aqueous suspensions are
preferred for the mildewproofing of textiles, such
as cotton fabrics. -The chemicals may be ap-
plled as to foliage by the aerosol method. Solu-
tions for the aerosol treatment may be prepared
by dissolving the chemical directly in the highly
volatile lquid carrier or first dissolving the
chemical in a less volatile solvent and theh ad-
mixing such solution with the highly volatile
liquid aerosol carrier. The compounds may be
used admixed with carriers that are active of
themselves, for example, other ‘fungicides, or
kactericides, insecticides, insectifuges, fertilizers,
hormones, buffering or softening agents.

The following illustrates the invention:

Barley seeds, known to be infected with the

destructive root rotting fungus Helminthosporium
sativum, were tumbled with 1% by welght of the
- chemical of the invention wunder evaluation.
Twenty-five of the seeds thus treated with one
of the chemicals, and twenty-five of the infected
seeds not treated with any chemical, were placed

on pads of filter paper in separate petri dishes

which contained 2 cc. of a 2% aqueous dextrose
solution, and allowed to stand for six days at
room temperature. This was repeated for vari-
ous chemicals of the Invention as shown in the
table below. After the six days standing at room
temperature, observations were made. Infection
of the seeds that were not successfully disin-
fected, could readily be detected by the presence

~
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‘infection (0% control).

o 4

of dark colored Helminthosporium sporulating ot:
the surface of the seeds and in g narrow zone on
the fllter paper around the seeds. The seeds
under test were scored as to percent control. In
every run where the seeds were not treated with
& chemical there was found one hundred percent
The -control of the in-
fectlon of seeds treated with chemicals of the

invention are shown in the table below:

. Per cent
Chemical: control
N.N-diethyl N’-acetyl thiocarbamo sulfen-
amide .. : 160
N,N-diphenyl N’-acetyl thiccarbamo sul-
fenamide . ____ . __ 160
N-methyl N-phenyl N’-acetyl thiocar-
bamo sulfenamide. ..o oo 76
‘N,N-dimethyl N’-acetyl thiocarbamo sul-
fenamide oo .. ———— 100

Heving thus described my invention, what I
icBlalm and deslre to protect by Letters Patent
1, A fungicldal composition comprising as an
active ingredient a thiocarbamosulfenamide in
which the nitrogen of the thiocarbamo group is

! tertiary-amino nitrogen and the nitrogen of
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the sulfenamide group has attached to it & hy-
drogen atom and an acyl group, and & carrier
therefor selected from the group consisting of
powdered solld carriers, and water containing a
dispersing gagent.

2, A fungicidal composition comprising an
aqueous suspension of a thiocarbamosulfenamide
in which the nitrogen of the thiocarbamo group
is'a tertiary-amino nitrogen and the nitrogen of
the sulfenamide group has attached to it & hy-
drogen atom:and an acyl group. )

"3. A fungicidel  composition: comprising an
aqueous ‘suspension of  a -thiocarbamosulfen-
amide in which the nitrogen of the thiccarbamo
group is a tertiary-amino nitrogen and the ni-
trogen of the sulfenamide group has attached
to it a hydrogen atom and an acyl group, said
aqueous suspension - containing a dispersing
agent.

4. A fungicidal composition comprising an
aqueous suspension of N,N-dimethyl N’-acetyl
thiocarbamo-sulfenamide.

5. A fungicidal composition comprising an
aqueous suspension of N,N-dimethyl N’-acetyl
thiocarbamo-sulfenamide containing e dispers-
ing agent. .

6. The method of protecting organic material
subject to attack by microorganisms which com-
prises applying to saild material a thiocarbamo-
sulfenamide in which the nitrogen of the thio-
carbamo group is a tertiary-amino nitrogen and
the nitrogen of the sulfenamide group has at-
tached to it a hydrogen atom and an acyl group.

7.. The method of controlling fungi on grow-

- Ing plants which comprises treating the foliage

of the plants with a thiocarbamosulfenamide in
which the nitrogen of the thiocarbamo group is &
tertlary-amino nitrogen and the nitrogen of the
sulfenamide group has attached to it 8 hydrogen
atom and anacyl group.

8. The method of controlling fungi on growing
plants which comprises treating the follage of
the plants with N,N-dimethyl N’-acetyl thiocar-
bamosulfenamide.

9. The method of controlling fungl on grow-
ing plants which comprises spraying the foliage
of the plants with a thiocarbamosulfenamide in
which the nitrogen of the thiocarbamo group is a
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tertiary-amino nitrogen and the nitrogen of the
sulfenamide group has attached to it a hydrogen
atom and an acyl group. ‘

10. The method of controlling fungi on grow-
ing plants which comprises spraying the foliage
of the plants with N,N-dimethyl N’-acetyl +hio-
carbamosulfenamide.

11. The method of protecting seeds, plants and
soil subject to attack or infestation by fungi which
comprises treating said material with a thio-
carbamosulfenamide in which the nitrogen of the
thiocarbamo group is a tertiary-amino nitrogen
and the nitrogen of the sulfenamide group has
attached to it a hydrogen atom.and an acyl group.

12. The method of immunizing seed which com-
prises treating said seed with a thiocarbamo-
sulfenamide in which the nitrogen of the thio-
carbamo group is a tertiary-amino nitrogen and
the nitrogen-of the sulfenamide group has at-
tached to it a hydrogen atom and an acyl group.

13. The method of immunizing seed which com-
prises treating seid seed with N,N-dimethyl N’-
acetyl thiocarbamosulfenamide. .

14. The method of controlling fungi on living
organisms which comprises treating sald .organ-
isms with & thlocarbamosulfenamide in which
the nitrogen of the thiocarbamo group is & ter-
tiary-amino nitrogen and the nitrogen of the
sulfenamide group has attached to it & hydrogen
atom and an acyl group.

15. The method of controlling fungi on living
organisms which comprises treating sald organ-
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{sms with N N-dimethyl N’-acetyl thiocarbamo-
sulfenamide., - .

16. The method of destroying fungus which
comprises subjecting said fungus to the acticn of
a thiccarbamosulfenamide in which the nitrogen
of the thiocarbamo group is a tertiary-amino
nitrogen and the nitrogen of the sulfenamide”
group has attached to it & hydrogen atom and
an acyl group.

17. The method of destroying fungus which
comprises subjecting said fungus to the action of
N,N-dimethyl N’-acetyl thiocarbamosulfenamide.

18. The method of controilirg mildew on tex-
tiles which comprises treating sald textiles with
a thiocarbamosulfenamide in which the nitrogen
of the thiocarbamo group is a tertiary-amino
nitrogen and the nitrogen of the sulfenamide
group has attached to it & hydrogen atom and an
acyl group.

19. The method of controlling mildew on tex-
tiles which comprises treating sald textiles with
N N-dimethyl N’-acetyl thiocarbamosulfenamide.

o JOSEPH B. SKAPTASON.
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