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ANTI-FOULING COMPOSITIONS AND
-FOULING CONTROL OF HARMFUL AQUATIC ORGANISMS

FIELD OF THE INVENTION

The present invention relates to fouling control of harmful aquatic organisms
which adhere to various water-exposed articles. The term “water-exposed articles™ is
used herein to cover marine vessels, buoys, littoral industrial plants, inlet channels for

cooling watar in thermal or nuclear power stations, drilling rigs for submarine oil fields,

harbor facilities and sea pollution preventive bands for ocean civil enginearing works. and

the like.

BACKGROUND OF THE INVENTION

As thers can be found many kinds of animals and plants living in the sea.
various organisms may often adhers to water-exposed aricles and have adv
thereon. The adhesion of such harmful aquatic organisms will cause a decrease in the
service spead and an increase in the fuel consumption of marine vessals, anc a decraase in
the carrying capacity of inlet channels of cooling water.

To control these adhering organisms, various antifouling agants such as

cuprous oxide and some isothiazolons derivarives disclosed in U.S. Patent No.

4,127,687 have hitherio been known; however. their efficacy is not sufficient.

SUMMARY OF THE INVENTION

Under these circumstances, the present inventors have intensively studizd to
find methods of more effectively prc;/enting and inhibiting variou$-drganisms adhering (0 -
water-exposed articles. As a result, they found that particular N-phenylisothiazoione
derivatives have an effect on the prevention and inhibition of adhesion of harmiul aquatic
organisms, for example, harmtul aquatic animals such as barnacles and sea mussels:
harmtul aquatic plants such as algae und diatoms: and harmful aquatic objects such as

slime, thereby completing the present invention.
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Thus, the present invention provides a controlling agent and an antifouling
composition against harmful aquatic organisms, which comprise an N-phenvlisothia-

zolone derivative of the formula:

0
x! R
X*" s

wherein X! and X2 are the same or different and are independently hydrogen, chlorine or

bromine; and R is haloalkoxy.

The present invention also provides a method for preventing and inhibiting
the adhesion of harmful aquatic organisms to water-exposed articles, which comprises
applying an effective amount of the antifouling corﬁposi[ion of the present inveation to the

water-exposed articles.

DETAILED DESCRIPTION OF THE INVENTION

The controlling agent and antifouling composition of the preseat invenation
contain an N-phenylisothiazolone derivative of the formula ( [ ), which is herzsinafter
referred to as the compound { ), as an active ingredient.

"In the compound ( I ), the substituent R is haloalkoxy, usually C;-C3 haic-
alkoxy, and preferably C;-C. haloalkoxy. Typical examples of the haloalkoxy are fluoro-
alkoxy such as difluoromethoxy, trifluoromethoxy, chlorodifluoromethoxy, pentafluoro-
ethoxy and 1,1,2,2-tetrafluoroethoxy.

The compound ( ) has an eftect on the prevention and inhibition of harmrul
aquatic organisms adhering to »;zaler-exposcd articles, and such an effect can be retained
for a long period of time. Examples of the harmful aquatic organisms are aquatic animals
such as bamacles (Bulunomorpha), Serpula, polyzoans (Polyzoa), Ascidiacea. Hidrozou
and mollusks (Moliusca); aquatic plants such as Ulva, Enteromaorpha, Ectocarpus and

diatoms (Divtomaceae); and slime.
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In case where the compound ( 1) is used for the purpose of preveating and
inhibiting the adhesion and propagation of harmful aquatic organisms adhering to water-
ex'posed articles. it may be applied in the form ot a solution or emulsion. Preferably, it is
applied in the form of a resin-containing composition. In particular, to water-exposed
articles present in the sea. the antifouling composition of the present invention is applied,

The compound ( [ ) can be made into an antifouling composition by ordinary
formulation which is usually employed in the field of paints. It is noted that t'n;, com-
pound ( 1) has no adverse effect on the storage stability, such as viscosity increase and
quality change.

The antitouling compositi_on of the present invention contains the compound
( T) in admixterz with a resin.  Examples of the resin are vinyl chloride resins, vinyl
chleride-vinvl acerate copoivmers, vinyl chioride-viny! isobutyl ether copcivmers,
chlorinated rubber rasins, chlorinated polyethvlene rasins, chlorinated polyoropylens
resins, acrylic resins, sivrene-butadiene copolvmers, polvester resins, epoxy resins,

phenclic resins. svathetic rubbers, silicone rubbers, silicone resins, petroleum resins. oil
rasins, rosin eSter rasing, rosin soap and rosin. Preferred are vinyl chloride resins. vinyl
chloridz-vinvl acztaie copolvmers, vinyl chloride-vinvl isobutyl ether copolvmers, acrylic
resins and styrene-butadiene copolymers.

The resin is mixed in an amount of 0.1% to 80% by weight, preferably 0.1%
10 60% by weight, based on the total weight of the antifouling composition of the present
inveation,

The antifouling composition of the present invention may further contain
varrous additives which are usnimlly used in conventional paints, for example. plasiicizers
such as chiorinated puraftin and trimetacresyl phosphate: color pigments such as red iron
oxide and titanium divxide:; extender pigments such as zine oxide and silica powder; and

- organic solvents such as xylene and methyl isobutyl ketone.
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Preferably. a copper compound or a metallic copper is added to the control-
ling agent and antifouling composition of the present invention to obtain more excellent
controlling effects. Examples of the copper compound are cuprous oxide. copper
rhodanide, oxine-copper, copper naphthenate. copper glycinate, cuprous chioride and
cuprous carbonate. Preferred are cuprous oxide and copper rhodanide.

The controlling agent and the antifouling composition of the present inveation

may further concain other conventional antifouling agents, if required. Examples of the
antifouling agent are those which have been found in the 209th research meating of the
Japan Shipbuilding Research Association. such as zinc dimethyldithiocarbamarte, 2-meth-
vithio-4-t-butylamino-6-cyclopropylamino-s mazme, 2.4.5 6-tetrachioroisophithalonitsile,

N,N-dimethyl-N"-(3,4-dichiorophenvluraa, 4,53- alcnloro-"J n-octvl-4-isothiazelin-3-cne,
;\-'-(ﬂuorodichloromethyithio)_ohthalimide. N, N-dimethyl-N"-phenyl-N"-(tluorodichiore-
methylthio)sulfamide, 2-pyridinethiol- {-oxide zinc salt, tetramethylihivram disuliice, Cu-
10% Ni solid solution ailey, N-(2,4.5-trichlorophenyl)maleimide, 2,3.3,6-t2trachicio-
4-{methylsulfonyl)pyridine. 3-iodo-2-propynyvibutylcarbamare. diiodomethyi-p-i0
fone. bisdimethyldithiccarbamoyl zine ethylenebisdithiocarbamate and tetraphenyitorane
pvridine salt,

The compound { I ) 1s mixad in an amount of 0.1 to 60% by weight, prafer-
ably 0.1 o 40% by weight, based on the total weight of the controlling agent ot the anii-
fouling composition of the present invention. When the amount is less than 0.15% by
weight, no controlling 2ect will be expected. When the amount is greater than 605 by

weight, defects such as cracks and peeling will readily occur on the coating film formed
from the antifouling composition.

[n case where a copper compound or a metallic copper is to be 2dded o the
controlling agent or the antifouling composition of the present invention. the sroportion of
the copper compound vr the metallic copper o the compound ( [ ) may vary case by case,

but it is preferubly in the range of 0.1 o 100 parts by weight to one part by weight uf the
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compound ( [ ). The total amount of compound ( | ) and copper compbund or metallic
copper is preferably 0.1% to 80% by weight, based on the total weight ot the controlling
agent or the antifouling composition of the present invention. When the total amount is
less than 0.1% by weight, no controlling eff ct will be expected. When the total amount
is greater than 80% by weight, defects such as cracks and peeling will readily oceur on
the coating film formed from the antifouling composition, which makes it difficult to
arain the desired antifouling effect.

The compound ( [') wherein X! is hydrogen can be prepared by reacting a

disulfide of the formula (10):

W 0
R I \
)

vhacad

whersin R is as defined above, with a halogenating agent. The compound [ ) wherzi:
X! is chlorine or bromine can be prepared by reacting the compound ( [ ) whersin X* is

hydrogen, with a halogenating agent.

(47

The above reaction is usually carried out in the presence or absenc

i

olvent at a tzmperature of 0° 10 {30°C for a pericd of | to 24 hours. The halogenagng

tn

agentis used in an amounc of | to 10 equivaleats to one egquivalent of the disulfide {11} or
the compound ( I ) wherein X! is hvdrogen.

Typical examples of the halogenating agent are chlorine gas. suifurvi
chioride, bromine, N-chiorosuctinimide and N-bromosuccinimide. .

Examples of the solveat are aliphatic hvdrocarbons such as hexare, heptane.
ligroin and petroleum ether: aromatic hydrocarbons such as benzene. toluene and <vlene;
halogenated hydrocarbons such as chloroform. carbon tetrachloride, dichloroethane.
chlorobenzene and dichlorobenzene: ketones such as acetone. methyl ethyl k2tone,
methyl isobutyl ketone, isophorone and cyclohexanone: tatty acids such as formic acid,
acetic acid and oleic acid; alcohols such as methanol, ethanol, isopropanol. i-butanol.

octanol, cyclohexanol. methyt cellosolve, diethylene glycol and glycering esters such as
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cthyl formate, ethyl acetate, butyl acetate and diethyl carbonate: nitro compounds such as
nitroethane and nitrobenzene; nitriles such as acetonitrile and isobutyronitrile; tertiary
amines such as pyridine. triethylamine, N.N-diethylaniline, tributylamine and N-methyl-
morpholine; acid amides such as formamide, N.N-dimethylformamide and acetamide:
and sulfur compounds such as dimethyl sulfoxide and sulfolane. These solvents can be
used alone or in combination.

After completion of the reaction, the reaction mixture is subjected to 2a
ordinary post-treatment such as organic solvent extraction and concentration. When
sulfurvl chloride is used as the halogenating agent, 2 saturated aqueous soluticn of
sodium hydrogen carbonate may be added 1o the reaction mixture, if necessary, berore e

organic solvent extraction and concenrration. The reaction product may be purifigd. if

e

necessary, by a purification procedure such as chromatography, distillation ¢r recrysi
zation. Thus, the compound ( [ ) can te obtained.

Typical examples of the compound { ) which can be prepared in this manner
are shown in Table I; these examples are, however, o Ce construed as merely illusa-

tive, and not limitations of the present invention in any way whatsoever.

TABLE 1
55 R
Compound No. Xl i X R
(1) H i H 2.0CF3
(2) H | H 3-OCF3
3) H | H 4-OCF3
() H ; H 2-OCFaH
(5) H i H 3-OCF3H
{(6) H ; H 4-0OCF,H
(7) H H 2-OCFaCFaH
(8) H o H 3-OCFACFaH
(9) H : H 4-OCF2CF2H
(1o H : H 4-OCF-Cl




TABLE ( (contn’d)

Compound No. x| X2 R
(n Cl . Cl 2-0CF;
(12) cl Cl 3-OCF;3
(13) Cl Cl 4-OCF;3
(14) cl cl 2-0CF2H
(15) Cl Cl 3-OCF3H
(16) Ci Cl 4-0CF;H
(17) Cl Cl 2-OCF2CF3H
(18) Cl Cl 3-0OCF2CFaH
(1% Cl Cl 4.0CF2CF2H
(20) Cl Cl 4-0CF,Cl
(21) H Cl 2-0CF;5
(22) H Cl 3-OCF;
(23) H ; Cl 4.0CF3
(24) H i Cl 2-OCF>H
(25 H ? cl 3-OCFaH
(26) H ; Cl 4.0CF2H
(27 H _= Cl 2-OCF>CF2H
(238) H Cl 3-OCF;CF2H
(2%) H | 4-0OCF,CFqH
{(30) H i Cl 4.0CFaCl
(1) Cl ! H 2-OCF;
(32) Cl ; H 3-OCF;
(33) Cl ! H 4-OCF3
(34) Cl i H 2-OCF3H
(35 Cl ! H 3-OCF;H
(36) Cl ! H 4-0OCFzH
37 Cl ; H 2-0CF>CF2H
(38) o] ! H 3-OCF2CFaH
(39) Cl H 4-OCF2CFaH
(40) cl H . 4-0CF>Cl
(£1) Br i Br 2.0CF;
(42) Br i Br 3-0OCF;5
(43) Br Br 4-OCF;3 i
(44) Br i Br 2-OCF3H '
(43) Br i Br 3-OCF3H
(46) Br Br 4-0QCFH
7 Br | Be 2-0OCF.CFaH
(48) Br i Br 3-OCF-CFaH
(49) Br i Be 4.QCF2CF2H
(30) Br | Br 4.0CF:Cl

The disultide (II) which is an intermediate compound for use in the produc-

tion of the compound ( [ ) caa be prepured through the tollowing puthway:
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wherein Y is halogzn and R is as defined above.

That is, 3,3 -dithiopropionic acid (III) is halogenated with a halogenating
agent to give an acid halide (IV), which is then reacted with aniline derivative (V) in the
presence of a base to give the desired disulfide (D).

- The respective steps will hereinafter be explained in detail.
- Step | Halogenation of 3.3"-dithiopropionic acid (III) into acid halids ({V?

The reaction is usually carried out in a solvent and. if necessary, in ihe
presence of a cacalyst, at a tamperature of 07 to 150°C for a period of 0.5 to 20 houss.
Examples of the halogenating agent are thionyl chloride, phosphorus pentachlorice,
phosphorus trichloride and phosgene. Examples of the catalyst are pyridine, triethyi-
amine and N,N-dimc[hylforn;amidc. The halogenating agent and catalyst are used in
amounts of 2 to 3 equivalents and 0.05 to 0.25 equivalent, respectively. to one equivalent
of 3,3"-dithiopropionic acid (1{1).

Step 2: Reaction of ucid halide (1V) with aniline derivative (V) to give

disultide (1)
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The reaction is usually carried out in a solvent and in the presence of a base at
a temperature of 0° to 150°C for a period of | to 24 hours. Examples of the base are
inorganic bases such as sodium hydroxide, potassium hydroxide and potassium
carbonate; and organic bases such as thethylamine and pyridine. The aniline derivative
(V) and the base are used in amounts of 2 to 2.2 equivaleats and 2 to 3 equivalents,
respectively, to one equivalent of the acid halide (IV).

Typical examples of the solvent which can be used in steps | and 2 are
aliphatic hydrocarbons such as hexane, heptane, ligroin and petroleum ether: aromatic
hydrocarbons such as tenzene, toluene and xylene; halogenated hyvdrocarbens such as
chloroform. dichloroethane, chlorobenzene and dichlorobenzene; ethers such as diethyl
ether, diisopropy! ether. dioxane, tetrahydrofuran and diethviene glvcol dimethyl ether:
esters such as ethyl formate, ethyl acetate, butyl acetate and diethyl carponate; nitro
compounds such as nitroethane and nitrobenzene; nitriles such as acetonitniie and iso-
butyronitrile; actd amides such as formamide. N,N-dimethvlformamide and acetamice:
and sulfur compounds such as dimethyl sulfoxide and sulfolane. These solvents can be
used alone or in combination. [n step 2, water may be addad to the reaction svsiem for
double phase reaction.

After completion of the reaction in step I, the reaction mixture is subjected o
an ordinary post-trearment such as removal of the solvent. The acid halide (I1V) may te
isolated, if necessary. by distilling or purifying the reaction product. Alernatively, the
reaction mixture obtained in step | may be used directly for the reaction in step 2.

Alter completion of the reaction in step 2. the reaction mixture is subjected to
an ordinary post-treatment suc.h as removal of the solvent. extraction with a solvent and
concentration, followed by. if necessary, depositing crystals with the addition of aqueous
hydrochloric acid and washing the crystals with water. The disulfide ([1) may be isolated.

if necessary, by purifying the reaction product by chrothatography or recrystallization.
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Typical examples of the disulfide (I{) which can be prepared in this manner
" are shown in Table 2: these examples are, however, to be construed as merely illustra-

tive, and not limitations of the present invention in any way whatsoever.

TABLE 2
1 0
Ry,
4@— NHC—CH,~—CH,—3
56 2
Compound No. R~
(101) 2-0CF3
(102) 3-OCF3
(103) 4-OCF;
{104) 2-0CFaH
(103) 3-QCFaH
(106) 4-0CFaH
{107) 2-OCF;CFaH
(108) 3-0CF-CFH
(109) 4-QCF2CF-H
(110) 4-0CF,Cl

The preseac inveation will be further illustraced by the following exampizs.

test examples, comparative examples and reference examples, which are not © &2

i

construed to limirt the scope thereof, Unless otherwise indicated, the term “pary(s)” refess
to pari(s) by weight. Specific examples of the compound ( [ ) are designated by &2
respective compound numpers shown in Table 1.
Examples (-4 and Comparative Examples -2

10 To each of the compound (3). {13) and {A) of the formula depicted below
were added the ingredients as shown in Table 3. These mixtures were independently
mixed and dispersed with a paint conditioner, which afforded paint compositions of
Examples [-4. [n the same manner, paint compositions of Compacative Examples 1-2

were obtained. The trade names of the ingredients used are as follows:



LAROFLEX MP-43: viayl chlonide-vinyl isobutyl ether copolymer made by

BASF A.G., in Germany

PLIOLITE S-5B: styrene-butadiene copolymer made by The Goodyear Co.,

in the U.S.A.
AEROZIL #200: silica powder made by Degsa A.G., in Germany

i

The compound (A) used for comparison is represented by the formula:

o
a I‘(
a” s
TABLE 3
i Comparative
Ingredients Examples ! Exa{i'np!es

! A T

Compound (3) 30 30 g i i

Compound (13) ! 30 ! 15 i .

Compound (A) I i i 30 ‘
LAROFLEX MP-45 0 | N U R (2 N [ 2 R

PLIOLITES-5B 10
Copper rhodanide : 33
ed iron oxide 5 5040 s fos s i
Zinc oxide 5 500 5 12 b5 0 s
AEROZIL #200 1 A A
Chlorinated paraffin 2 eI H T T
Rosin 0] o |} 10§ 1w § 10 i I
Xylene 32 2 ) 32 ) ox» | 2 | =
Methy! isobutyl ketone 5 s s ] s ] s ] s
Total 100 | 100 | 100 | 100 | 100 | 100
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Test Example |

Each of the paint compositions obtained in Examples {-4 and Comparative
Examples -2 was applied by means of ar air spray to a sandblasted steel panel of 300 x
100 x 3.2 mm in size, which had been coated with a shop primer and an anti-corrosive
paint of the vinyl tar type, in such a manner thata dry film of 100 wm in thickness was
obtained. These sample panels were dried for 7 days, and immersed and left at res: in the
sea off the coast of Miyajima in the Bay of Hiroshima at Hiroshima Prefecturz, and
examined for the adhesion of harmful aquatic animals and plants as well as the adhesion
of slime. The results are shown in Table 4. The amount of adhering harmful aguatic
animals and plants in the table was evaluared as the percentage (%) of area to which they
adhered, and the amount of adhering slime in the table was evaluared by the foilowing
critenia:

0: no adhesion: |: slight adhesion: 2: small adhesion: 3: modarate

adhesion; 4: moderate to great adhesion; and 5: great adhesion.

TABLE 4
Immersion nrhe 9 e te
period 6 menths % 12 months ; 13 months
Harmful I Harmiul
, . aquatc aquatic
o.-\dhe.nng~ Slime animals Slime animals Slime !
rganisms ;
= and and !
plants plants
Example | I 0 Pys 200
Example 2 2 o 2 5 3 I3
Example 3 0 . 0 } 1 0 U 0
Example 4 | 0 2 10 300
Comparative 4 30 5 90 s e
Example | |
Comparative 5 10 5 ] 60 5 i 100
Example 2 i
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Examples 3-9 and Comparative Examples 3-5
Using compound (3). (13) or (A) and other ingredients as shown in Table 5,
five paint compositions of Examples 5-9 and three paint compositions of Comparaiive

Examples 3-5 were obtained in the same manner as described in Examples 1-4.



TABLE S

) Examples Comparative Examples
Ingredients

- 5 6 7 8 9 3 4 ‘5
Compound (3) 5 S
Compound (13) 5 5 5
Compound (A) . 5
LAROFLEX MP-45 10 10 10 10 10
PLIOLITE 8-SB 10 10 10
Cuprous oxide a5 35 15 20 20 15 35
Copper rhodanide 20
Zine dimethyldithio- 10
carbamate
N,N-dimethyl-N'-(3 4- 10
dichlorophenylurea
2-Pyridinethiol-1-oxide 10
zine salt
Red iron oxide 5 bt S 5 5 5 5 5
Zine oxide S 5 5 b 5 5 5 5
ALROZIL 1200 ! | ! ! | ! 1 1
Chlorinated paraffin 2 2 2 2 2 2 2 2
Rosin 10 10 10 10 10 10 10 10
Xylene 22 22 22 27 27 22 21 32
Methyl isobuty! ketone 5 S 5 5 5 5 5 5

Total 100 100 100 100 100 100 100 100

71
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Test Example 2

The paint compositions obtained in Examples 5-9 and Comparative Examples
3-5 were examined by the same method as used in Test Example . The results are

shown in Table 6.

TABLE 6
Immersion 6 months 12 months 18 months
period :
Harmful Harmful Harmiul
Adhering aquatc aguatic ! aquadc
oreanisms Slime animals Slime animals Slime : animals
= and and { and
plants plants .. plants
Example 5 l 0 | 2| 0 2 0
Example 6 0 0 t 0 i o 0
Example 7 1 0 L 0 ' 2 0
Example 8 2 o | 2 0 3001 20
Example 9 ! o i 2 0 2 10
Comparative 5 o | 3 15 501049
Example 3 ; j
Comparative 5 o i 3 10 51030
Example 4 |
Comparative 3 o i 3 0 5 1 8
Example 5 5

Refarence Example I: Preparation of compounds (3) and (23)
First, 18.73 g of N,N'-di-(-trifluoromethoxyphenyl)-3,3"-dithiopropion-

amide was suspended in 200 ml of toluene, after which 23.92 g of sulfuryl chioride was
then added dropwise to the suspension at room temperature, and the resultant mixqure was
stirted for 12 hours. After cor.npl::tioﬁ of the reaction, the reaction mixture was conean-
trated, and 250 ml of a saturated aqueous solution of sodium hydrogencarbonate was

added to the concentrate with taking care to prevent foaming. The product was extraczed

with ethyl acetate. The organic layer was washed with water, dricd with muagnesium

. sulfate, and concentrated. The concentrute was purified by column chromatwgraphy
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(hexane : ethyl acetate =3 : | to [ : 1) to give 6.4 g of 2-(4-trifluoromethoxyphenyl)-4-
isothiazolin-3-on (compound (3): m.p.. 117-118°C) and 5.1 g of 2-(4-trifluoromethoxy-
phenyl)-5-chloro-4-isothiazolin-3-on (compound (23); m.p., 51-52°C).

Reference Example 2: Preparation of compound (13)

First, a mixture containing 6.4 g of 2-(4-trifluoromethoxyphenyl)-4-iso-
thiazolin-3-on and 5.1 g of 2-(4-triﬂuorome:hoxyphenyl)-S-chloro-4-isochiazolin-3-on
was suspended in 100 mi of dichloromethane, after which 19 g of sulfuryl chloride was
then added dropwise to the suspension at room temperature, and the resultant mixwure was
stirred for 12 hours. After completion of the reaction, 200 ml of a saturated aqueous
solution of sodium hydrogencarbonate was added to the reaction mixture, and the
dichloromethane layer was separated. Ths aqueous layer was extracted with 130 ml of
dichloromethane. The combined dichloromethane layer was washed with water, dried
with magnesium sulfate, and concentrated. The concentrate was purified by column
chromatography (hexane : ethyl acetate = 6 [) to give 4 g of 2-(4-trifluoromethoxy-
phenyl)-4,5-dichloro-4-isothiazolin-3-on (compound (13); m.p.. 129-130°C).

Réference Example 3: Preparation of compound (103)

Firs:, a mixwre containing 100 g of p-triflucromethoxvaniline, 7C0 ml of
toluene and 98.2 g of pyridine was cooled to 0°C, after which 69.7 g of 3.3 -dithio-
propionic acid dichlorde were added dropwise to the mixture, and the resultant mixiure
was stirred at room temperature (approximately 20°C) for | hour and then at 80°C for
2 hours. After completion of the reaction, the solvent was removed from the rzaction
mixture, and 500 ml of a2 5% aqueous solution of hydrochloric acid was added to the
residue for crystaliization. and the deposited crystals were collected by filtration. The
crystals were washed with water and dried under reduced pressure to give 160.3 g of
N,N’-di(4-trifluoromethoxyphenyl)-3,3"-dithiopropionamide.

{H-NMR (CDCI3-DMSO-d®) § (ppm): 10.3 (brs. 2H). 7.7 (d, 4H), 7.1
(d, 4H), 2.9 (m, 8H) '

[R (KBr): 3310 cem!, 1661 cm!
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Reference Example 4: Preparation of 3,3'-dithiopropionic acid dichloride

First, 100 g of 3.3'-dithiopropionic acid was added to 500 m! of toluene,
after which 2.5 ml of N.N-dimethylformamide was added to the mixture and 135.5 g of
thionyl chloride was then added dropwise to the mixture, the resultant mixture was stirred
at 50°C for 2 hours. After completion of the reaction, the toluene was removed from the
reaction mixture, which gave 122 g of 3.3'-dithi0propion"ic acid dichloride as a brown
liquid.

TH-NMR (CDCl3) & (ppm): 3.3 (t. 4H), 3.0 (¢, 4H)

IR (neat): 1800 cm-!
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What is claimed is:

1. A controlling agent against harmful aquatic organisms, which comprises

as an active ingredient, an N-phenylisothiazolone derivative of the formula:
O
x!
N
X- 'S

wherein X! and X2 are the same or different and are independently hydrogen, chlodne or

w

bromine; and R is haloalkoxy.

2. A controlling agent according to claim 1, which further comprises a

- copper compound or a metallic copper.
3. A controlling agent according to claim |, which further comprises a
10 copper compound selected from the group consisting of cuprous oxide. copper rhoda-
nide, oxine-copper, copper naphthenate, copper glycinate. cuprous chloride and cuprous
‘carbonate, or metallic copper.
4. A conuolling agent according to claim 3, wherein the copper compound is
cuprous oxide.

5. An antifouling composition against harmful aquatic organisms. which

—
n

comprises an N-phenylisothiazolone dervative of the formula:

!

wherein X! and X2 are the same or different and are independently hydrogen, chlorine or
bromine; and R is haloalkoxy, and a resin.
20 . 6. An antifouling composition according to claim 5. which Further comprises
a copper compound or a metallic copper.
7. An antifouling composition according to claim 5 or 6, wherein the resin is

sclected from the group consisting of vinyl chloride resins, vinyl chloride-vinyl acztate
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copolymers, vinyl chloride-vinyl isobutyl ether copolymers, chlorinated rubber resins,
chlorinated polyethylene resins, chlorinated polypropylene resins, acrylic resins, styrene-
butadiene copolymers, polyester resins, epoxy resins, phenolic resins, synthetic rubbers,
silicone rubbers, silicone resins, petroleum resins, oil resins, cosin ester resins, rosin
soap and rosin.

8. A method for preventing or inhibiting the adhesion of harmful aquatic
organisms to a water-exposed article, which comprises applying an effective amount of an
antifouling composition according to any one of claims 5-7 to the water-exposed article.

9. A method according to claim 8, wherein the water-exposed article is a
marine vessel. |

10. Use of the N-phenylisothiazolone derivative ( ) described in claim | as

a controlling agent against harmful aguatic organisms.



