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Abstract

An antifungal composition comprising a compound
of formula (I):

wherein X represents a group of the formula -NHCOOR in
5 which R is -CH; or -C,H., or 4-thiazolyl group and a
compound of formula (II):

(II)

wherein Y represents hydrogen or halogen, 2 represents
halogen and R represents alkyl group of 1 to Sncarbon '
atoms, has_greater antifungal activity than either

10 cOmpcund taken Separately; '
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This invention relates to an industrial antifungal
composition, more particularly to an industrial antlifungal
composition having an excellent antifungal activity and
which 1g excellent in safety.

Heretofore, halogenated phenol compounds or organotin
compounds have frequently been used as active ingredients
of industrial antifungal agents.' However, these compounds
have high acute toxicity as well as chronic toxicity and

are relatively hard'to bc'decomposed. Therefore there Ls

an ever- pcesent ffear for a secondary cnvironmcntal pollutlon
-caused by accumulation of said compounds in the antifungal

- agents containing the bame .so that these compounds have
now come to be unsuitable for use as active ingredients

1n'thc industPial antifungal agents.

In these clrcumstances antifungal agents which

are higher in safety have'come to be developed enthusiastilcally.

For example, there have been developed such compounds as

2-benzimidazole carbamic acid esters, 2ﬂ(4~thiazolyl)benzimidazole,

etc. However, as revealed from MIC(minimum inhlbition concen-

‘tratlons) of these benzimidazole compounds agalnst various

species of fungl, they are not userul ag active lngredients

of PungtcthS'to be appl1ed to Lndustrlal materials and

products which are usually exposed to risk of contamination
'.with a wide variety of species of Fungi although these

- -compounds are useful when used as fungicidal agents ffor

agricultural and horticultucal application wherein the

'-contamtnation oP plants with pelatively limited spcctes

of Fungi.beCOmes asproblcm, For thls reason, there has



been made an attempt to broaden the funglcidal spectrum
or increase fungi resistance of antifungal agents by combining
a plurality of antifungal agents different in kind. However,
the fact 1s that the effect as obtained thereby is usually
1imited only to that of one of the antifungal agents or
is merely éf the expected addition of the effects respectively
of such antifungal agents, at most.

The present invention is to solve such problems
associated'with the above mentioned prior technology. Thus
an object of the present invention 1s TO provide an industrial
antifungal gomposition which has an excellent antifungal
activtty as well as excellent broad spectrum against a wide
vaviety'of species of fungi and, moreover, which 15 excellént
in.safety and free from tendencyto accumulation,and therefore
is useful and effective even with a very small.amount.

T have conducted extensive researches with a view

of solving such problems as mentioned above.and have accomplished

'the'present.invention Qn the.basts of the Pinding that a

composition comprising a COmbiriation of a particular 'compound

represented by the formula (I) and a particular compound

represeted by the formula (I1), both to be mentioned later,

has a remarkable anﬁeased antifungal‘activity as compared

wlith the case where each of these compounds 1s used sitngly.
Briefly, the present lnventlon provides an Lndustrial

ant Lfungal composition which comprises, as the active Lngredients,

at least one compound repbeéented'by the general formula (I):

\_x . (1)

4

N
H
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wherein X represents a group of the formula -NHCOOR 1in which

R is --CH3 or ~C2H5, or U-thiazolyl group and at least one

compound represented by the general formula (II):

Y O
=

(II)

N
7 - g \R

wherein Y Pepresents hydrogen or halogen, Z reppesents halogen
and R Pepresents alkyl group of 1 to 8 carbon atoms.

The industrial antifungal composition of the present
invention contains as 1ts active ingpedients both the compound
.of the Povmula.(l) and the compOund'of‘the formula (II).'
Thus'theSe compouhds muSt'be uééd.in combination, thereby'
the'antifungalactivtty of thé composition is.sharply increased

and, consequently, the composition‘COmes to havé'excellent
'antifungal activities against a wide variety ofspeéies
of fungl, and comes to be high in safety and free from tendency
to accumulation and therefore comes to be useful or effective
even with the use in a minimum amount.

Examples of the compounds of the formula (I) to
be used in the industrial antlfungal composltions of the
present lnvention lnclude methyl 2~benzimidaZOIe carbamate,
ethyl 2-benzimidazole carbamate, 2-(4-thlazolyl)benzimidazole,
etc. In this connection, these benzimidazole compounds
are known to be high in safety and Pree-from tendency to
accumulation. As mentioned prevtously, however, they have
selectivity to Fungicidal Spectrum and are or no practtcal
- use when they are used singly. . .

- | The compounds of the formula (II) to be used ln-'

the Lndustvial antifungal compositions oP the prebent invention



includes, for example, 4,5~dichloro~2—methyl igsothlazolline
3~-one, 5~chlorom2~methyl isothlazolline 3-one, i}  5-dichloro-
2-octyl isothiazoline 3-one, etc. These {sothlazoline compounds
are free from tendency to accumulation and the necessavy
amount of use may be minimilzed owlng to excellent synerglstic
effect obtained by the use of the aforementloned imidazole
compounds 1n combination therewith, and thus 1n accordance
with the present invention it is possible to provide an
industrlal antifungal composition which is substantially harmless.

‘The proportion of the compounds of the formula
(I) to the'compounds_of the formula (II) to be used in the
industrial antLFungal composition of the present 1nvention
may be varied over a wide range. 'However the'behzimldazole
compound of the formula (I) ié used preferably in an
amount of 10-90% by welght, more preferably 10-50% by weight,
based on the total'weight of the benztmtdazole compounds
,oF the Formula (I) and the isothtazoltne compounds of the
formula (II) to be used Ln the anttfungal composition, because
the synerglstic effect of these two compounds L8 markedly
exhlblted Ln particular.

According to the partlicular purpose ffor whilch
they are used, the antlfungal composltion of the present
lanvent Lon may be appliled, as they are, dlpectly to the objects
to which they are applied, or they may be applled thepeto
after having been formed 1nto such vavLous formulations,
Fovlexamplc, as oll type formulations prepaped by dissolving
the present compostttons in such 1iqu1ds as alcohols glycols
alkyl ethers of glycol and aromattcs, emulsion type formulation
ppepaped by addpng to saild oll type Formulations, nonitonic
',ourfactants such as polyoxyethylene'alkylethers, polyoxy-

ethylene alkylapyl ethev polyoxyethY1eno alkyl esters,
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sorbitan fatty acid esters, polyoxyethylene sorbitan fatty
acid esters, etc. and anionic surfactants, such as sulfate
ester salts of polyethylene glycol ether, sulfonates of

fatty acld ester, phosphates ester salts of polyethylene

glycol ether, etc.; aqueous suspensions (flowable formulat fons)
prepared by rendering the present antifungal compositions
hydrophilic on the surface thereof in water with nonionic
surfactants, such as polyoxyethylene alkylphenylethers,
polyoxyethylene alkyi'ethers, polyoxyethylene'stypylphenyl

ethers, etc.; dispersing the thus treated compositions with

‘anionic surfactants, such as dialkyl sulfosucclilnates, condensates

of naphthalenesulfonic acild with formalin, polyoxyethylene
alkylallylethers, etc., and adding to the thus dispersed

compositlons such protective-collotds as guar gum, gum arabilc,

‘tragacanth gum, xanthan gum, alkall salts oflcarboxymethyl

cellulose, ammonium'arginate,'polyvinyl'alcohol, polyvinyl

pyrrolidone, sodlium polyacrylate, polyacrylic acid amide,

etc., and thickeners; flne particulate formulations prepared

by mixing the present compositions with'clay, talc, calcium

carbonate,.amopphous slllcon dioxide, alumlnum sllicate,

etec., welttable powders ppepabed by adding to sald fine partlculate
formulattong such nonlonic surfactants as polyoxyethylene

alkyl ethers, polyoxyethylene alkylaryl ethers, polyoxyethylene
alkylesters, sorbitan Patty'acid esters, and such anlonic
surflactants as sulfate ester salts of polyethylene glycol

ether, sulfonates of fatty acid esters, phousphate ester

salts of polyethylene glycol ethév; and.other granular and

paste formulations. '

Furthepmore, the antifungal compositions of’ the

present lnvention can also be used in admixture with other

,  kn¢wn ahtifungal cOmpounds such as N~fluorodichloromethylthio



phthalimide, o-phenylphenol, bis(tributyltin)oxlde, 2-{thiocyano-

methylthio) benzothiazole, N, N-dimethyl-~N'-phenyl (N'-fluorocdi-

chloromethylthio)-phthalimide, Al~an1tposo~N~cyclohexyl

hydroxylamine, Zn-2~pyridinethiol~1—oxide, 2,4,5,6~tetra"

2 1‘

omethyl-p-torylsulfone, <, -

} 4

chloroisophthalonitrile, dilod

trichlopo-Z’~hydroxydiphenyl ether, etc.,; pacteriocides

such as 1,2~benzisothiazoline~3~0ne, methylene bisthiocyanate,

tetrahydpo—S,5-dimethyl-2H—1,3,5~thiadiazine~2~thione, bisbromo-

acetoxyethane, 2-bromo- 2-nitrobutane- 1,3~diol, 2-bromo-2-

bromomerhylglutaronifrile, 2,2~ dibromo~3- nitrilopropionamide,

bis(tvibromomethyl) sulfone, emc., and ilnsecticides such

as O, O dimethyl-0- (3-methyl-1,4- nitrophenyl) phOSPhovorhioare

(Penitrothion), 0,0-dimethyl-0- (3~ methyl 4 methylthiophenyl)

phosphorothloate(Fenthion) 0« (2 2 - dichlorovlnyl) ~-0,0~- dlmerhyl

phosphate(DLchlorvos) 0,0~ dierhyl - = (2 LsopPOpyl~} ~-methyl-

6-pyrimidinyl) phosphorothioate(Diazinon), 0-2,l-dichlorophenyl-

O-ethyl-S-propyl phosphorodithoate(?rorhiofos) (BE)-0-2-

isopPOpoxycarbonyl—d methylv1nyl ~-0-methyl- ~-N-ethyl phos—

phoramidothioare(Ppopetamphos) 0,0-dimethyl-0- (3, 5,6~ TPLCthPO“

2 - pyridyl) phosphororhioate(Chlorpyrlfos -methyl), etc.

The antifuhgal compositions of the present invention

are applicable to varilous {ndustrial materlals and products,

for example, paints, coating'colors, adhesives, fibers,

wood and bamboo products, leather products, paper products,

electronic parts, wall decorative materials, resin molded

articles, etc.
This invention will be explained concretely Dby

the following examples and test examples, which are given

by way of illustration but not for limifation of the scope

of the invention, In Thebe examples, pevcen?ages and parts

are by weight-unless specified'othepwise, and names of the
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Compounds of the general formula (I)

Methyl > _-benzimidazole carbamate: BICM
Ethyl 2 _.henzimidazole carbamate: BICE
-(4-Thiazolyl)benzimidazole: TBZ

Compounds of the general formula (IT)
§-chloro-2-methyl isothiazoline 3-one: CMIT

4 5-dichloro-2-octhyl isothiazoline 3-one: DOILT

Other known antifungal compounds
2.4, ,6-trichlorophenol TCP

methylene bisthiocyanate MB'T

EXAMPLE 1 (wettable powder)

A wettablé powder was prepared Dby homogeneously
mixing together 3% TBZ, 7% DOIT, 5% polpoyethylene octylphenyl

~ ether sulfate and 85A clay, Pollowed by pulverization.

”EXAMPLE 2 (quwable Formulation)

'A'Flowébie Povmulation (suspension) was prepared
by mixing fogerhep 5% BICM, 5% CMIT, 2.5% polyoxyethylene
nonylphenyl ethep, 2% dioctyl sulFosucclnafe, 1.5% white

fcarbon,_O 2% xanfhan gum and 83.8% warep, followed by passing

through a wet grinder.

 EXAMPLE 3 (Flowable formulation)

. A Flowable Formulation (suspension) Wwas prepaped
”bymixing together'ﬂ% BICE,-6% CMIT, 2.0% polyoxyethylene “
stylylphenyl chev, 1% dioctyl sulfosuccinate, 1.5% white
cabbon; 0.2% xanthan gum énd 8h.3% water, followed by passing

.thpough a wet 'grinder.

CONTROL EXAMPLES

. There were prepared corresponding formulations
same as those of EXAMPLES 1, 2 and 3 except that the content

of the active ingpedient was 10% each of BICM, BICE, TBZ, CMIT,

and DOIT above. Fupthep, similar formulations containing 5%
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of one of the compounds of the general formula (I) or (II)
in combination with 5% of MBT or TCP were prepared. These

formulations were used as control examples.

Test Example 1 (fungus resistance of emulsion paint)

A vinyl acetate-acrylic type emulsion paint (ENVfE
#60, a product of Shinto Paint Company, Limited) added with
a specified amount of the antifungal agent was uniformly
coated on qualitative test filter paper in an amount (weight)
same as that of said filter paper and then dried to prepare
~a specimen. Thereafter, antifungal ef'fect waseevaluated.
in accofdanceWith,tne test method of'peint'as described
in "Methods of Test Fcr Fungus Resistence" stipuleted in
. JIS Z 2911 In the test conducted fhere weredused as tne 
j,test strains Peniclllium ep and Cladosporium sp which
‘chad acruelly gvown on the surfece of the specimen in addirion
:To the stveine specified in the aforesaid JIS 7 2911. The
results;obtained-are,shown in Table 1. In the Table, the '
degree oP-fnngus grOWth was determined according to the
"Fcllowingfbatinge. . . : . -
"(;)' No“fungusgrowthie obsebved at*all on the specimen.

() " The aree of the specimen on which fungus have grown

does not exceed 1/10 of the total area of said speclmen.

(++)  The area of the specimen on which fungus have grown
s 1/10 to 1/3 of the'total area of sald specimen.
(+++) The area of the specimen on which fungus have grown

exceeds 1/3 of the total area of saild epecimen.

In the test results obtained in Test Examples 2 and 3, respec-

tively, the same ratings as above were'adOpted, as well.



TABLE 1

gl P R p—— P—

el P i

-

'7f~;Control Example
-} (TBZ 10%) .
, "'{(wettable powdev)

—. i s

Composition

tested

e

- No active

ingredient

contained

Composition of

" | Example 1 (TBZ
| 3%, DOIT 7%)

fContPol Example

| (pOIT 10%) .
'(wettable powdev)_

 7ppprontPol Example o
(TBZ 5% MBT 5%).

Control Bxamplé
(TBZ 5%, TCP5%)

| Control Example

(DOIT 5%, MBT 5%)

” Control Example

' °_(DOIT 5%, TCP 5%)

Amount added
(%)

2.0

0.25
0.5
1.0
2.0

©0.25
1.0
2.0

2035

p——

A

Degree of
fungus growth

+ + +

ok

S

b




Ag is clear from the results shown 1in Table 1,
a marked antifungal effect was observed 1in case of the present

composition 1in comparison with the cases where each of the
active ingredients was used alone or in combination with

an antifungal compound other than those of the present invention.

Test Example 2 (fungus resistance of wood )

A sapwood of Scotch pine (2 em width x5cm length
x0.5cm thick) was dipped for 30 seconds in a bath containing'
the actlve ingredlent dlluted to a specified concentration,
followed by air drying ~ This specimen was placed on a potato

j'dextrose agar plate, nd lml of a mixed fungus Spore agqueous

"fsuepenelon Was sprayed over the speclmen, Followed by culturing

' ;et 28 C For 14 days.' The test strains used were Chaetominum

"3'globosum, Tricoderma virlde,_Penicillium Funiculosum and

a Wild strain(Fusarium sp ) actually grown on the Scotch_

:~opine. 1he Pesults obtained are shown in Table 2 .

TRBLE;2-.
Composition N  ;Conc¢ntpetion '. Degree of .
tested .   _0?-bath'(%) ] fungus growth

No.active-
ingredient
-contalned

Composition
of Example 2
| (BICM 5%,
CMIT 5%)

(continued)

- 10 -



TABLE 2 {continued)

Control
Example
(BICM 10%)

_(suspension)

Control Example
(CMIT 10%)
(suspenSion)

As is clear from the Pesults shown in Table 2

'.Ta marked antifungal effect of the present composition was

' obsered in compavison with the cases where the active ingredients

|  wePe used Singly as shown in Control Examples

,'- :Test Example 3 (Fungus Pesistance oF 81zed cotton cloth)

A mixture comprising 5 parts wheat stacch 2 . 5

 ecpaPts PVA 0 5 part Maconol@)H (a soFtener,'a product of

| : Matsumoto Fats & Oils Co Ltd ) and 92 parts watec was heated'
-tto prepare a sizing solution The sizing solution was incoc~ 
'porated wlth a specified amount of the-active,ingredient '
and thereafter broad cotton cloth was dipped with said slzing
solution of the same welight as that of said cotton cloth
and then dried Thereafter, antifungal performance of the
active ingpedient thus incorporated was evaluated on the

basis of the Textile Product Test Method (wet process) as
stipulated in "Methods of Testf%mlFungus Resistance of

JIS Z 2911. In the test, there were used as the test strains
Cladosporium Sp and Alternaria sp._actuallygrown on the
_,cotton cloth in addition to the strains as SpeciFLed in t

' said JIS A 2911 The results obtained are shown 1n Table 3

‘..;. 11 -



TABLE 3

Composition Amount added Degree of
tested (%) fungus growth

W ) —p—

No active
ingredient O | + + +
contained

vl

Present
composition

of Example 3
(BICE 4%, CMIT 6%)

| + + b
| Control Example .
(BICE 10%)
(suspension) b
e ol

.'°Control Example
{(CMIT 10%)

._,(SQSpenSion)_

bk

- Ae 1e olearhfrom the vesulte shown 1n Table 3,

a mepked enthungel eFPect oP the present oompoeitton was
observed in compepison with the cases where the active
.ingvediente were used singly as shown in Control Exemplee;
The compoeltione of the preeent invention, ae

'can be evidenced by the Popegolng teet examplee, exhibit

a mevkedly 1mproved ePPectiveneee in comparieon wibh the

.caees whebe the compositlons ueed contaLn the active ingredients

‘alone, or in combinetion with an antifungal compound other

than those contemplated hepein,'end that they are quite
.;suitable as antiPungel agents Fov use 1n vavioue 1ndustvlal

| metepial and ppoducts.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An industrial antifungal composition comprising at

least one compound represented by the formula (I):

- SR

wherein X represents a group of the formula -NHCOOR in
which R is -CH; or -C,H;, or 4-thiazolyl group and at

least one compound represented by the formula (II):

O
’ Z

(II)
N

Z S~ R
wherein Y represents hydrogen or halogen, Z represents
halogen and R represents alkyl group of 1 to 8 carbon

atoms.

2. An industrial antifungal composition as claimed in
claim 1, wherein the compound represented by the formula
(I) is present in an amount of 10 to 90% by weight based
on the total weight of the compounds represented by the

formulas (I) and (II).

3. A composition as claimed in claim 1, wherein the

compound represented by the formula (I) is selected from

- 13 -
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at least one member of the group comprising methyl 2-
benzimidazole carbamate and 2- (4-thiazolyl)

benzimidazole.

4 . A composition as claimed in claim 1, wherein the
compound represented by the formula (II) is selected
from at least one member of the group comprising 4, 5-
dichloro-2-octylisothiazoline-3-one and 5-chloro-2-

methylisothiazoline-3-one.

-14 -
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