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ANTI-FOULING COMPOSITIONS AND 
·FOULING CONTROL OF HARMFUL AQUA TIC ORGANISMS 

FIELD OF THE INVENTION 

The present invention relates co fouling control of harmful aquatic organisms 

5 which adhere co various wacer-exposed articles. The cerm .. waca-exposed articles" is 

10 

used herein co cover m3Tine vessels. buoys. littoral indusrrial planes, inlec channels for 

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

harbor faciliries and sea pollution preventive bands for ocean civil engineering works. and 

che like. 

BACKGROUND OF THE INVENTION 

As there c::m be found many kinds of anim:lls :ind planes living in the sea. 

various orpnisms may often adhere co water-exposed articles and have adverse effe·.:ts 

thereon. The adhesion of such harmful aquatic organisms will cause a de::::-ease in the 

service speed and an incre::i.se in che fuel consumption of marine vessels. a.nc a de:::re::i.se in 

15 the carrying capacity pf inlet channels of cooling v.:acer. 

20 

To control chese adhering organisms. various antir'ouling age::cs sue:: as 

cuprous oxide and some isochiazolone de:ivacives disclosed in U.S. P:itenc :--;o. 

4, 127,687 have hitherto been known; however. their efficacy is not sufficier.c. 

SUMMARY OF THE INVENTION 

Under these circumstances. che present inventors have intensivdy studied co 

find mechods of more effectively preventing an<l inhibiting various-· organisms adhering co 

wacer-exposed articles. As :.1 resulc. chey found chac particular N-phenylisochi:izo!one 

derivatives have an effect on the prevention an<l inhibition o'r adhesion of harmful aqu:icic 

organisms. for ex:imple. harmful aquacic animals such as barnacles ant.! sc:::.i mussels: 

25 harmful aquatic plants such as algat; a1H.1 <liacoms: ant.! harmful aquatic obje::cs su~h as 

slime. thereby completing che 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-phenylisothia-

zolone derivative of the formula: 

0 
xV\_ R 

?Jl_/N-0 x- s 
( I ) 

5 wherein XI and X2 are the same or differenr and are independenrly hydrogen. chlorine or 

bromine; and R is haloalkoxy. 

The present invention also provides a method for preventing and inhibiting 

the adhesion of harmful aquaric organisms co water-exposed articles. \vhich comprises 

applying an effective amount of the anti fouling composition of the present invention co the 

10 water-exposed articles. 

15 

DETAILED DESCRIPTION OF THE INVENTIO~ 

The controlling agent and ancifouling composition of the present invention 

contain an N-phenylisorhiazolonc: derivative of the formula ( I ), which is he~einar"ter 

referred to as che compound ( I). as an active ingredic:nc. 

. In the compound ( I ). the substituent R is haloalkoxy. usually Ci -C3 haio-

alkoxy, and preferably C 1 -C~ haloalkoxy. Typical ex:unples ofthe haloalkoxy are fluorv-

alkoxy such as dit1uoromethoxy, trit1uoromerhoxy. chlorodifluoromethoxy. pencafluorn­

ethoxy and I .1.2,2-tetratluoroethoxy. 

The compound ( I ) has an effect on chc: prevc:ntion and inhibition of harmful 

20 aquatic organisms adhering to wacer-c:xposc:d articles. and such an effect can be recaind 

for a long period of time. Examplc:s of che harmful aquacic organisms are aquatic animals 

such as barnacles (Ba/wwmorplw), Serpula. pofyzoans (P_olywa), Ascidiacea. Hydrrr:.oa 

and mollusks (lvfollusc:a); aquatic planes such as Viva. Enreromorpha, Ecwrnrpus am.I 

diatoms (Diawmaceae); aml slime:. 
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In c:ise when: the:: compound { I ) is used for chc:: purpose of preventing and 

inhibicing the adhesion and propagncion of ha1111ful aqu::uic organisrns adhering co wacer-

exposed articles. ic may be applied in che form of a solucion or emulsion. Preferably. ic is 

applied in the fo1111 of a resin-conc:iining composicion. In parcicular. co w:uer-exposed 

5 ~ides presenc in the sea. che ancifouling composition of the presenc invencion is :ipplied. 

The compound ( l ) c::m be made imo an ancifouling composicion by ordinary . 
fonnulation which is usually employed in che field of paints. It is noted char the com-

pound ( I ) has no adverse effect on the storage stability, such as viscosity increase and 

quclicy change. 

IO The :mcifouling composition of the presenc invencion contains che compound - . 

I ) in admixture with a resin. Examples of che resin are vinyl chloride resins. vinyl 

chloride-vinyl ace::i.ce copoiymers. vinyl chioride-vinyl isobucyl echer copciymers. 

chlorinated rubbe:- resins. chlorinated polye~hylene resins. chlorinated polypropylene 

resins. acrylic resins. sryrene-bucadiene copolymers. polyescer resins. epoxy resins. 

!5 phenoiic resins. symhetic rubbers. siiicone rubbers. silicone resins. petroleum resins. oil 

resins. rosin ester resins. rosin soap :md rosin. Preferred are vinyl chloride resins. vinyl 

chloride-vinyl ace:::.te copolymers. vinyl chloride-vinyl isobutyl ether copolymers. :i.crylic 

resins and scyrene-bucadiene copolymers. 

The resin is mixed in :in ::;mount of 0.1 % ro 80% by weight, prde::-:i.bly 0.1 % 

20 co 60% by weighr. b:ised on che coral weighc of the :inti fouling composicion of rhe present 

invenricn. 

The :incifouling composicion of che present invention may furche:- conrain 

various additives which are usually used in conventional paints. for example:. plas;ii:izers 

such :is chlorinated paraffin an<l trirneracresyl phosphate::: i:olor pigmems such :is red iron 

25 oxide:: and ticanium dioxide: excem.kr pigments such as zini: oxide :i.n<l silii:a pl>Wl.1:::-; :ind 

org:inic solvencs sui:h :is xylc:ne am.f merhyl isoburyl. keconc:. 



Preferably. a ~opper compound or a mc::callic copper is adtlt:d co che comrol­

ling agenc and ancifouling composicion of the present invention co obtain more excdknc 

comrolling effects. Examples of the copper compound are cuprous oxide. copper 

rhodanide, oxine-copper, copper naphchenare. copper glycinace. cuprous chioride and 

5 cuprous carbonace. Preferred are cuprous oxide and copper rhodanide. 

The controlling agenc and the anti fouling composition of che present invention 

may further comain other convencion::tl anti fouling agencs, if required. Ex3.IT1ples of the 

anrifouling agenc are chose which have been found in the 209th research meering of rhe 

Japan Shipbuilding Rese:!.r:h Association. such as zinc dimethyldithioc::i.rb::un:ire. 2-::-,e:h-

l 0 y I chi o-4-c-bu cy Jamin o-6-·: yc!o prop y lruni no-:Hri :izi ne, 2. <l.5. 6-cerr::ich l oro iso p hch:i.I on! c:i ie. 

N,N-dimethyl-N' -(3,4-dichiorophenyl)urea. 4.5-dichloro-2-n-occyl-4-isochi::.:ciin-3-cne. 

N-(fluorodichloromechyirhio )phchalimide. N .N-dimechyl-N' -phenyl-N · -( t1uorodichiorn­

methylthio)sulfamide, 2-pyridinechiol-1-oxide zinc sale, cecramethylchiuram dis<.?lf:ce. Cu-

10% i'ii solid solucion ailoy, :\'-(2.4.6-trichlorophenyl)m:ileimide, 2.3.5.6-te[r:J.chkro-

15 4-(merhylsul fonyl)pyridi;ie. 3-iodo-2-propynylbucylcarbamare. diiodomechy!-;::Hol y!sul-

fone. bisdimethyldithicc:irbamoyl zinc ethylenebisdichioc:i.rbarnace and re~apb~nyltcr1z:e 

pyridine salt. 

Tne compound ( I ) is mixed in an amounc of O. l w 60% by we:g:ic. pre:·er­

ably 0. ! to 40% by weighc. based on the corn.I weighc of the controlling age:1t ·Jr cb:: ::..mi-

20 fouling composicion of the presenc invencion. When ch.: amount is less cha.:i 0. ! -::C by 

weighc. no concrolling .~:Te::: will be expe(;ced. When che :imounc is greacer •h:i.n 60<;C by 

weighc. defecrs such as cracks :ind peding \Viii readily occur on che co:icing tiirn forrr,ed 

from the ancifouling composirion. 

In case where a copper compound or a mec:illic copper is co be :.iud:::d w rhe 

25 controlling agenc or the ancifouling composicion of che presenc invencion. ch::: prnponion of 

che copper compounu or rhe mcrallic copper co the compound ( ( } may vary 1::1se by .::isc, 

buc ic is preferably in Che r;ing::: ot' 0.1 co I{)() pans by weigh! cu uni.: pa!'I by w:::igh1 •Jr" :h::: 
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compound ( I ). The: coca! amount of compound ( I ) and coppc:r compound or rnc:callic 

copper is prefc:rably 0. I% co 80% by weight, based on chc: coca) weight of the controlling 

agenc or che ancifouling composition of che present invencion. When che coca! amount is 

less than O. l % by weight, no concrolling effect will be e:".pecced. When the coca! amounc 
'. -~· 

5 is greater chan 80% by weighc. defects such as cracks and peding will readily occur on 

the coating film formed from the antifouling composition. which makes ic difficult co 

arrain the desired a.ncifouling effect. 

The compound ( [ ) wherein xi is hydrogen C:ln be prepared by reac:ing a 

disulfide of che for.nub (II): 

10 (
-~-~ : R \ 
0- :<HC- CH, - CH,-S), 

wherein R is as defined above. wich a halogenacing agent. The compound ( I ) whe~e::i 

XI is chlorine or bromine can be oreo:ired bv reacting the comoound ( I ) wherein X: is 
• .. .I - • 

hydrogen, wich a ha!ogenacing agenc. 

The abo·:e reaction is usually c:J..rried Ol!C in rhe presence or ::.bsence ;::( .J. 

! 5 solvenc :J.c a cemper:lture Oi. o· ro 1 SO'C for a period of I co :.+ hours. The h:lloge:i::.ring 

agent is used in an amount of l co 10 equivalents co one equi·:aJenr of the disuli'ide :)[)or 

che compound ( I ) whe:-e:n XI is hydrogen. 

Typical e:c1mples of the halogenacing agent are chlorine g:J.s. sulr°'..!ry[ 

chloride, bromine, N-chiorosuc:.:inimide and N-bromosuccinimide. 

20 Examples ofche solve:ic are aliphatic hydrocarbor.s such as hex:J.r.e. hqcane. 

ligroin and petroleum ether: aromatic.: hydrocarbons such as benzene. coluene ar.d :<:1le:ie: 

halogenated hydrocarbons such :is chloroform. carbon tetrachloride:. dichloroech:lne. 

chlorobenz:::nc: and dichlorobenz:::nc: keconc:s such as :i.c:::rnn:::. rnc:thyl ::::hyl k::::one. 

mc:thyl isobutyl ketone. isophoronc and cyclohc:xanonc:: foccy acids sm:h as formic :.:.cit.! . 
., - . 
_) ac:::uc.: ac.:ic..I anc..1 olo::ic.: ac.:ic..I: akohlll.s such as mcthanlll, cth:rnol. isopropanlll. t-buc:1nol. 

Ol:t:lnOI, cy<.:f1Jhe.'(.:.tllUI. llle:hyl t.:ellosolvc:. Jic::hylc:nc: g!yc.:ol :111c..J glyt.:;::rin: ::stt.:~S Sllt.:h JS 
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ethyl formate!. ethyl acet:ice. butyl acetate and dic:!chyl carbonate; nitro compounds such as 

nitrot!thane and nitrobenzene; nitriks such as acetonicrik and isobutyronicrik; tertiary 

amines such as pyridine. criethylamine. N.N-diethylaniline. cributyl:imine and N-methyl­

morpholine; acid amides such as formamide. N.N-dimethylformamide and acet:imide; 

5 and sulfur compounds such :is dimc:!chyl sulfo."<ide and sulfolJ.ne. These solvents c:in be 

used alone or in combination. 

After compktion of the reaction. the re:i.ction mi:<ture is subjected co an 

ordin:i.ry posc-tre:icmc::nc such as o'rganic sol vent e."<tr:icrion and concencr:Hion. \Vl:en 

sulfuryl chloride is used :is rhc:: halogenaring agenc. :i sacuraced aqueous solution of 

I 0 sodium hydrogen c:irbonace may be added co the reaction rr1.ixrure. if necess;u:." before :i:e 

organic solvenc excraccion and concencracion. The re:iction produce may be ~urirled. if 

necess:iry. by a purific:uion procedure such as chrom:uogr:iphy. distillacion er recrys;J.;::-

zacion. Thus. the! compound ( I ) can be obtained. 

Typical ex:lmples of the compound ( I ) which can be prepared in :Jis manr.e~ 

! 5 are shown in Table I: these examples are. however. w be .::onscrued as me~dy illus:::i-

ci·:e. :1.nd ncic limic:uions of che presenc invemion in any w:iy whatsoever. 

Compound No. 

(I) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 

(8) 
(9) 

( ({)) 

TABLE 1 

0 

X~~µ~R ,JLJ !\d 
x~ s ~ 3 

xi i x2 
H i H 
H I H 
H ! H 
H ' H 

! 
H i 

H 
H H ' 
H H 
1-1 H 
H H 
1-1 ' 1-1 

l R 

I 2-0CF3 
3-0CF3 

i 4-0CF3 I 

I 
2-0CF2H 
3-0CF2H 

I 4-0CF1H I 

I '2-0cF;cF2H 
I 3-0Cf.,Cf.,H 
I 4-0CF;CF~H 
I 

4-0CF~CI -I 
! 
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TABLE l (contn'd) 

Compound No. xi I x2 I R 

( 11) Cl Cl 2-0CFJ 
(12) Cl Cl 3-0CF3 
( 13) Cl Cl 4-0CFJ 
( 14) Cl Cl 2-0CF2H 
( 15) Cl I Cl 3-0CF2H 
( 16) Cl I Cl 4-0CF2H 
( 17) Cl Cl 2-0CF2CF2H 
( 18) Cl I Cl 3-0CF2CF2H 
( 19) Cl I 

Cl 4-0CF2CF2H 
(20) Cl ! Cl 4-0CF2Cl 
(21) H Cl 2-0CF3 
(22) H i Cl 3-0CFJ I 

(23) H I Cl 4-0CF3 ! 

(24) H i Cl 

I 
2-0CF2H I (25) H i CI 3-0CF2H I 

(26) H I CI 4-0CF2H I I 

(27) H ! CI 2-0CF2CF2H ! 
(23) H Cl 3-0CFJCF?H i 
(29) H CI 4-0CF;CF;H I 
(30) H CI I 4-0CF:iCI - I (31) CI H 2-0CF3 I (32) Cl H 3-0CF:; 
(33) Cl H 4-0CF; 

I 

I 
(34) Cl H I 2-0CF;H 

I (35) Cl H 3-0CF;H 
(36) Cl H I 4-0CFzH I I 
(37) CI H I 2-0Cf,CF?H I 

I 

(38) Cl H I 3-0CF;cF;H ! 
(39) Cl H 4-0CFzCF;H 

I 

(40) CI H- 4-0CF,CI I 
(4I) Br Br 2-0CF) l 
(42) Br Br 3-0CF:; 

I 

' 
(43) Br Br 4-0Cfj 

i 

i 
(44) Br Br 2-0CF2H I 

(45) Br Br 3-0CF2H i 
(46) Br Br 4-0CF:iH i 

i (47) Br Br 2-0CF;Cf.,H I (48) Br I Br 3-0CF;CF;H I 

(49) Br Br 4-0CF2CFzH I 
I 

(50) Br I Br 4-0CF2Cl I I 

The disulfak (II) whic.:h is an incc:rrm:tliacc:: c.:ornpountl for use:: in ct:c: protluc.:-

cion of the: compound ( I ) can be:: prc:paretl chrough the: following pachway: 
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I halogenating agent 

T 

---(s-CH 2-CH2-COY \ 

base 

T 

( Ro-NHLCH,-CH,-s)
2 

wherein Y is halogen and R is as defined above. 

l 11 l} 

(IV) 

(V) 

(II) 

That is. 3,3'-dithiopropionic acid (III) is halogen:ued wirh a ha!ogenar!:ig 

agem to give an acid halide (IV), which is then reacted with aniline derivative (V) in the 

presence of a b<ise to give the desired disulfide (II). 

The respective steps will hereinafter be explained in det:i.il. 

Step I: Halogenation of 3 .3 · -dichiopropionic acid (III) into acid halide (IV:' 

The reaccion is usually carried ouc in a solvenc and. if necessary. in 1he 

presence of a catalyse. ac a remperacure of O' co l 50'C for a period of 0.5 co 20 hours. 

Examples of che halogenacing agenc are thionyl chloride, phosphorus penc:ichloride. 

10 phosphorus rrichloride and phosgene. Examples of che cacalysc are pyridine. crie:hyi-

amine and N,N-dimechylformamide. The halogenaring agent and cacalyst are used in 

amounts of 2 co 5 equivalents and 0.05 co 0.25 equivalenc. rt!Spt!ctively. co Ont! equivalent 

of 3,3 '-dithiopropionic acid (111). 

Seep 2: Rc::at:cion of :.it:id halide ([V) wirh aniline deri•1acive (V) co give 

15 disul tide (11) 
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The reaction is usually carried our in a solvenc and in che presence of a base ac 

a cemperacure of o· co 150"C for a period of t co 24 hours. E:<:ampks of che base are 

inorganic bases such as sodium hydroxide. pocassium hydroxide and potassium 

carbonate; and organic bases such as criechylamine and pyridine. The aniline derivative 

5 (V) and the base are used in amouncs of 2 co 2.2 equivalencs and 2 co 3 equivalencs. 

respeccively, co one equivalem of the acid halide (lV). 

Typical examples of the solvent which can be used in seeps I and 2 are 

aliphatic hydrocarbons such as hexane. hepcane. ligroin and petroleum ether: aromacic 

hydrocarbons such as benzene. coluene and xylene: h:tlogen:iced hydroc:i.rbcns such ::is 

I 0 chloroform. dichloroerhane, chlorobenze:ie and dichlorobenzene: ethers such as diethyl 

echer, diisopropyl echer. dioxane. cecr:ihydrofuran and diethylene glycol dimethyl e:her: 

esters such as ethyl formace. echyl acecace. bucyl acetate ::md diechyl c:i.rbonate; nicro 

compounds such as nicroerhane :ind nitrobenzene; nitriles such as aceconitriie and iso­

bucyronitrile: acid amides such as formamide. N.N-dimechylform::unide and acern.mi<ie: 

15 and sulfur compounds such as dimethyl sulfoxide and sulfolane .. These solvents can be 

used alone or in combinacion. In seep 2. wacer may be added co che reaccion system for 

double phase reaccion. 

After compierion of chc: reaccion in seep 1. che reaction rnixcure is subjecred co 

an ordinary posr-cre:umenc such as removal of che solvenc. The acid halide (IV) may be 

20 isolated. if necessary. by distilling or purifying the reaccion product. Alcernacively. che 

reaction mixcure obcained in seep l may be used directly for rhe re:iction in step 2. 

After complerion of cht: reaction in seep 2. che reaction mixture is subjected to 

:in ordinary posc-cre:umem such as removal of che solvenc. excracrion wirh a solvenc and 

concenrracion. followed by. if nei.:c:ssary. depositing crysr:als wirh rht: a<ldicion of aqueous 

25 hydrochloric acid :lnd washing chc crysrals with warer. The disulfide (II) m:ay l:t: isolacd. 

if ni::cess:iry. by pu1ifying chc n:ai.:1ion prouucc by chrori1:.uography or rei.:ryscallizaiion. 
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Typical c:xamplc:s of che disul tii.k ([I) which can be prepami in chis manner 

· are shown in Table 2: these examplc:s an~. however. co be construed as merely illustra-

cive, and not limicacions of che presc::nc invention in any way whatsoever. 

TABLE 2 

( 

' ., 0 t R ) - I! J"01- NHC- CH 2-CH2-S 

) 6 2 

Compound No. R. 

( 10 l) 2-0CF3 
( 102) 3-0CF3 
( 103) :!.-QCF:; 
( 104) 2-0CF.,H 
( 105) 3-0CF;H 
( 106) 4-0CF;H 
( 107) 2-0CF;CF-iH 
( 108) 3-0CF~CF~H 
( 109) 4-0CF;CF~H 
( 110) :!.-OCFi°CI -

The presenc invention will be furrher illustratd by che following examples. 

5 test examples. comparative examples and reference examples, which are noc to ce 

conscrued co limic che scope chereof. unless orher.vise indicaced. che cenn ··pan(s)" refe:s 

to pan:(s) by weighc. Spe:ific examples of che compound ( I ) are designated by ::..':e 

respe::rive compound numbers shown in T.'.lble l. 

Examples 1-4 and Comparacive Exarnpks 1-2 

IO To each of the compound (3). ( 13) and (A) of the formula depicted bdow 

were ac.ldc:!d the ingredients as shown in Table 3. These:! mixtures were intlepc:ndencly 

mixed <:1nd dispersed with :1 painc comlitioner. which <:1fforc.lt:tl paint composicions of 

Examples 1-4. In the: samt: mannc:r. paint ~l)mpositions of Comparati vc: Exampks 1-2 

were obrainc:tl. The: rratle names ufrhc: ingn:dic:nts used art: as follows: 
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LAROFLEX MP-45: vinyl i.:hloride-vinyl isobucyl c::chc::r i.:opolymer made by 

BASF A.G .. in Germany 

PUOLITE S-5B: scyrene-bucadiene copolymer made by The Goodye:ir Co .. 

in chc:: U.S.A. 

AEROZ!L #200: silica powder made by Degsa A.G .. in Gc::nnany 

The compound (A) used for comparison is represenred by chc:: fonnula: 

TABLE 3 

i Comparaci·:e Examples 
I 

I Examples lngrediencs ! 

I l I 2 3 I ·' I l I .. 
I ..,. 

Compound (3) 30 
I JO I i I I I 

Compound { 13) I 30 i 15 I i I I ! I I 

Compound (A) I i 30 ' 
I i 

LAROFLEX MP-45 10 I 10 ! I,, 10 ; ',, 
l .v i.'w' 

I 

PLIOLITE S-58 I 10 ' i 

Copper rhod:inide i 30 
I 

Red iron oxide 5 I 5 5 5 " :: I _, I -
I 

. 
Zinc O."<ide 5 5 5 20 5 

; 

" 
AEROZIL #200 l I I l l I l 

Chlorinated paraffin 2 I 2 2 2 2 .. 
' ! I 

Rosin [Q I lO [Q lO i 10 10 
I I I 

Xylene .. .., I .. .., .. .., I 32 i .. .., 
J~ .)_ .)_ .)_ 

I 
.)_ 

; 

Mechyl isobucyl kc::conc:: 5 I 5 5 I 5 I 5 5 

Total I 100 I 100 100 I 100 I 100 100 

. ,. 
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Test Ex:lrnpk I 

Each of the paint compositions obtained in Examples 1-4 and Comparative 

Examples l-2 was applied by me:.ins of an air spray co a sandblasted steel panel Qf 300 x 

100 x 3.2 mm in size, which had been coated wich a shop primer and an anti-corrosive 

5 paint of the vinyl tar type, in such a manner th:u a dry film of I 00 µm in thickness was 

obtained. These sample panels were dried for 7 days. and immersed and left ac res;: in the 

sea off che coasc of Miyajima in the Bay of Hiroshima at Hiroshima Prefeccure. and 

examined for the adhesion of harmful aquatic animals and planes as well as che adhesion 

of slime. The results are shown in Table 4. The amount of adhering harmful ~quacic 

10 animals and planes in the table was evaluated as the percentage(%) of are:i to which they 

adhered. and the amount of adhering slime in the cable was evaluated by the foii0wing 

criteria: 

0: no adhesion: l: slight adhesion: 2: small adhesion: 3: moderate 

adhesion: 4: moder:ue co great adhesion: and 5: gre:u adhesion. 

TABLE 4 

Immersion I 6 months 12 momhs i 18 monchs period ' i 

I Harmful ! Harmful ' H :!.!7i1fu1 I 

:iqu:icic i l aquacic aau:::cic Adhering I 1 
Slime animals i Slime animals Slime miim~s organisms i and I and :in~ 

! 
I 

planes i planes I p\:lrHS 
I 

Example l I I 0 ! I 5 I 2 ! I} 
i I 

Example 2 2 
I 

0 
i 

'2 5 I .., 
15 i I .) 

i 

Example 3 0 I 0 I 1 0 I I 0 
I. ! 

Example4 I I 0 I 2 I 10 I 3 
..,,, 

! 
.)') 

Comparative ,, 

I 30 I 5 I 90 I 5 I ICO ... I I 

Example I I I I i 
Comparative 5 I 10 I 5 i 60 I 5 i ICO 

I I Example 2 I I I I 

... 
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Examplc:s 5-9 and Comparative Examplc:s 3-5 

Using compound (3). ( 13) or (A) and ocher ingredients as shown in Table 5. 

five paint composicions of Examplc:s 5-9 and chree painc composicions of Compar:itive 

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



·J' 

'.rAHL!o: 5 

lngrcdic:nls 
I :xamplcs Comparnlive Examples 

5 I 6 . I 7 I 8 I 9 3 4 ·5 
Compound (3) 5 n 5 
Comp1lu11tl (I]) 5 5 
Compound(.'\) 

5 
LAROFLEX MP-,15 I 0 I JO I 0 JO I 0 
PLIOUTE S-SB 111 10 10 
Cuprous oxide 35 I 35 35 20 20 35 I 35 
Coppc:r rhodanidc I I 20 
Zinc dimc:1hyldi1hio-

10 carhama1c: 

N ,N-dimc:1hyl-N' -(3,4- 10 
did1lornphcnyl)urca .p. 

2-Pyridinclhiol-1-oxidc 
10 zinc sah 

Red iron oxide: 5 5 5 5 5 5 5 5 
Zinc oxide 5 5 5 5 5 5 5 5 
AEROZIL 112(X) I I I I I I I I 
Chlorina1cd paraffin 2 2 2 2 2 2 2 2 
Rosin 10 I 0 I 0 I 0 10 10 10 10 
Xylcnc: 22 22 22 27 27 22 27 32 
Mc1hyl isob1!1yl kc1onc 5 5 5 5 5 5 5 5 

Trnal I (X) 100 100 I 100 100 I I 00 100 100 
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Test Example: 2 

The painc composicions obcainc::d in Examples 5-9 and Comparative Examples 

3-5 were examined by che same mechod as used in T esc Example l. The resulcs are 

shown in Table 6. 

TABLE 6 

Immersion 6 monchs I l2 months I l8 months 
period 

Harmful 

I 
Harmful 

I 
Harmful 

Adhering aquatic aauacic aaumic 
Slime animals Slime an"im:i.ls Slime ar1imcls 

organisms and i 

I 
and I and I 

planes ! planes I pl:1ms I 
Ex:unple 5 l I 0 

: 
2 I 0 I 2 0 

I 

fa.ample 6 0 i 0 l 0 
i 

l 0 
I i 

Example 7 l I 0 l 0 ! 2 0 
! 

Example 8 2 I 0 2 0 J 3 20 l 
Example 9 I ! 0 2 0 2 ·• 10 

Comoaracive 5 I 0 5 

I 
15 5 40 

Ex:mlple 3 I 
I 

Comoaracive 5 I 0 5 I 10 5 30 I 
Example 4 I 

I I 

Comoarative 3 I 0 ) I ..!Q ! 5 so 
Example 5 I I I 

; 

Reference Ex:i.mple 1: Preparation of compounds (3) and (23) 

First, l 8 .73 g of N ,N · -di-(4-tritluorornechoxyphenyl )-3.3 · -dichiopropion-

amide was suspended in 200 ml of coluene. after which 23.9?. g of sulfuryl chloride was 

then :idded dropwise to the suspension m room cemperacure. and the resultant mixrun:: w:i.s 

stirred for 12 hours. After complc:cion of the reaction. che reaction mixture was concen-

10 traced, and 250 ml of a saturated aquc::ous solution or sodium hydrogencarbonace was 

adtlec.I co the concencrace wich caking care co prevent foaming. The prouuct was :::xcr::c:d 

wich ethyl acec:i.ce. The organic layer was washeu wich waci::r. c.lric:u with magnesium 

sulfate. ant.! coni.:encraceu. The i.:uni.:encrace was puri fiec.I by column chrumacography 
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(hexane: echyl acetate= 3 : I co l : l) to give 6.4 g of 2-(4-tritluoromethoxyphenyl)-4-

isochiazolin-3-on (compound (3 ): m.p .. l 17- l I 8°C) and 5.1 g of 2-( 4-triflu_oromethoxy­

phenyl)-5-chloro-4-isothiazolin-J-on (compound (23); m.p., 5 l-52"C). 

Reference Example 2: Preparation of compound ( l3) 

5 Firsr. a mixture conraining 6.4 g of 2-(4-crifluoromechoxyphenyl)-4-iso-

chiazolin-3-on and 5. I g of 2-( 4-crifluoromechoxyphenyl)-5-chloro-4-isochiazolin-3-on 

was suspended in 100 ml of dichloromechane, after which 19 g of sulfuryl chloride was 

then added dropwise to the suspension ar room cemperacure, and che resultant mixture was 

stirred for 12 hours. After completion of che reaction. 200 ml of a sacuraced aqueous 

10 solution of sodium hydrogencarbonate was ndded co the reaction mixture. and che 

dichloromerhane layer was separated. The aqueous layer was exrracred wirh I 50 ml of 

dich!oromethane. The combined dichloromethane layer was washed with ware~. dried 

with magnesium sulfate, and concentrated. The concencrare was purified by column 

chromarography (hexane : erhyl acecace = 6 : 1) co give 4 g of 2-(4-trifluoromethoxy-

!5 phenyl)-4,5-dichloro-4-isorhiazolin-3-on (compound (13); m.p .. l 29- l 30°C). 

Reference Ex.1I11ple 3: Prepararion of compound ( 103) 

Fim. a mixture containing lOO g of p-crifluoromethoxyaniline. 700 ml of 

roluene and 98.2 g of pyridine was cooled co o·c. after which 69.7 g of 3.3' -dithio­

propionic acid dichloride were added dropwise to the mixrure, and che resulranr mixrure 

20 was stirred ac room cemperacure (approximately 2.0'C) for l hour and chen at SO'C for 

2 hours. After completion of the reaccion. the solvent was removed from rhe reacrion 

mixture. and 500 ml of a 5% aqueous solurion of hydrochloric acid was added to rhe 

residue for crystallization. and the deposited crystals were collected by fdrration. Tne 

crysca.Js were washed wich water and dried under reduced pressure to give !60.3 g of 

25 N,N' -di(4-crifluorome::rhoxyphenyl)-J.J · -dichiopropionamide::. 

IH-NMR (CDCl3-0iv!SO-d6) 8 (ppm): 10.J (brs. 2H). 7.7 (ti. 4H). 7. l 

(d. 4H). 2.9 (rn, 8H) 

IR (K8r): :DI01:m·l. 16611:m·l 



17 

Reference Example 4: Preparacion of 3.3 · -dichiopropionic acid dichloride 

Firsc. 100 g of 3,3'-dichiopropionic acid was added to 500 ml of toluene, 

after which _2.5 ml of N.N-dimethylformamide was added co the mixture and 135.5 g of 

thionyl chloride was then added dropwise to the mixcure, che resultant mixture was stirred 

5 at 50°C for 2 hours. After completion of the reaction, the coluene was removed from the 

reaction mixture, which gave 122 g of 3,3'-dichiopropionic acid dichloride as a brown 

liquid. 

I H-NMR (CDCl3) 6 (ppm): 3.3 (t. 4H). 3.0 (t. 4H) 

IR (neat): 1800 cm-1 
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* C L M S * 
What is claimed is: 

I. A controlling agent against harmful aqu::uic organisms, which comprises 

as a~ active ingredient, an N-phenylisothiazolone derivative of che formula: 

0 

XY'N-OR .)l__/ -x- s 
( [ ) 

5 wherein XI and X2 are che same or different and are independently hydrogen, chlorine or 

bromine; and R is haloaL1-oxy. 

2. A concrolling agenc according co claim I, which fun:her comprises a 

copper compound or a met:i.llic copper. 

3. A concrolling agenc according co claim l, which funher comprises a 

10 copper compound selected from che group consisting of cuprous oxide. copper rhoda-

15 

20 

nide, oxine-copper. copper naphchenare, copper glycinace. cuprous chloride and cuprous 

·carbonate, or metallic copper. 

4. A concrolling agent according to claim 3, wherein the copper compcur.d is 

cuprous oxide. 

5. An :incifouling composition against harmful aquacic organisms. which 

comprises an N-phenylisochiazolone derivative of the formub: 

0 X')C R 
I N-0 , / -x- s 

( l ) 

wherein XI and x2 are che same or different and are independencly hydrogen, chlorine or 

bromine; and R is haloalkoxy. and a resin. 

6. An ancifouling composicion according to claim 5. which further comprises 

a copper compound or a metallic copper. 

7. An anti fouling composicion according co claim 5 or 6. wherein che re~in is 

sclccced from che group c:onsiscing of vinyl chloride resins. vinyl chloric.le-vinyl ;J.c;:::.icc 
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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, rosin ester resins, rosin 

5 soap and rosin. 

8. A method for preventing or inhibiting the adhesion of harmful aquacic 

organisms to a water-exposed article, which comprises applying an effective runounc of an 

amifouling 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 

I 0 marine vessel. 

IO. lise of the N-phenylisothiazolone derivative ( I) described in claim l as 

a controlling agent against harmful aquatic organisms. 


