PHENYLAM DES AS MARI NE ANTI FOULI NG AGENTS Background of _the_Inventiaon This
i nvention relates generally to a nethod of inhibiting t,h@([g} M) of /[ .
organi snms on a marine structure. |In particular, this inventl nh rel atles to
the use of certain phenyl ani de conpoundd as marine antifoul i{r}' agents.
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organi sms on marine structures. I n"oxide and ot'her "organotins have
been the nmajor marine antifouling agents in use for many years. There is
current | yBackegvoundof the dyesntidre ef fects of tin on marine environments. For
exanpl e, high levels of tin in harbor waters have been |inked to shel

def ormati on i nwsqone. bivalyv eci es,,such as,oysters., .So or ganic
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as a marine antifouling agent. These types of conBounds have not achi eved
h

commer ci & cprtgin Rbaarlaseids comnonaysds maringsartifohling agentser f or mance
requirenents as tin based antifouling agents. Certain phenyl am de conpounds
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M cr obi cictdgsnisisesrem arin®sttustiires uTeibultgltid beide andrngibePefgaictinsledvd as

marine antifouling agents. The effectiveness of mcrobicidal materials
usef ul | PeEBABEIRAIAE MariRe anpfouling agents inmselfpxmany yearsadbenrits medi a, and
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supporti marine |ife such as barnacles, slinme, hydroids, grassy brown
f elpf al ggg,forg}ﬂ)thrh)él po1Rg bivalve species, such as oysters. y J Y
Some organic compounds have been suggested as marine antifoulants. For
example, US 5,071,479 (Gruening) discloses the use of 3-iodopropargyl N-butyl
carbamate as a marine antifouling agent. These types of compounds have not
achieved commercial prominence because they do not meet the same

performance requirements as tin based antifouling agents.

Certain phenylamide compounds are known microbicides. U.S. 5,212,193
(Sherba) discloses N-(3,4-Dichlorophenyl)propionamide and N-(3,4-
dichlorophenyl)butanamide as microbicides. There is no disclosure that these

compounds are useful as marine antifouling agents.

The effectiveness of microbicidal materials useful in combatting fungi,
bacteria and the like in non-aqueous media, and microbicides effective in
combatting fungi, slime, and algae in fresh water systems, cannot be used to
predict the effectiveness of these compounds as marine antifouling agents in sea
water and brackish water capable of supporting marine life such as barnacles,

slime, hydroids, grassy brown felt algae, and the like.



The probl em addressed by this invention is to provide marine antifouling
agents having increased performance and little or no harnful effects on
marine environments. Statenent of the Invention The present invention

provides a rrethod of inhibiting the grofth of marine organisms on a narine

structure, Compp irbBleAPRANIISe PR ThidinkBhQoh h?t Fdvige ﬁMﬁ'&é Hhfdling

effective anount Of a marine antitouling agent formula: [err] V\/nerel n:
and Y ar eagewdshaviegihoqressddepedormhance dvad tigde or mlot}ralmﬂui/dffeqemn padhmexy

cyano, er.r err])al kyl err]-Cerr])al koxy,
()(/:[err]f %Y’F%‘}%P&%\I%(yl ytl‘ll(‘l;j[OITE%h)(li[, (]C%err]i(yC[err])thioal koxy,

(dJerr]-derr])hydroxyal kyI, benzoyl, S err]NC(CJerr]H CH err] CONH err],

or NR[ er r§£{Bmepit @ itHetnvdigtonX and Y cannot both be NRerr]COR, R =
(Cerr]-Cerr])alkyl, Gerr|-C[err])hydroxyaIkyI (err]-Cerr])al koxy,
(derr]-derr] haloalk CLerr err])thioal kox

(derr]-derr]} e@ﬁyﬁnt YneRBERD BX ﬁ]a)rnparwgfdmmwng the growth of

] B MBI RSERH AL R oo o

car boxy( Gharinle strectulr® ahkeffoctive amount of a marine antifouling agent of formula:
(dJerr]-derr])carbal koxy((err]-Cerr])alkyl, (Cerr] -

Clerr])carbal koxy(C([err]-(errg)al kenyl, hal ophenyl (Clerr] -(err])alkyl,
hal ophenyl (C[err]- Cerr])al ke yI, phenyl (Clerr]-Cerr])al kyl,

phenyl (Clerr]-Cerr])al keny i pheny rk]- Clerr])al kyl,

di phenyl (Cerr]-C err])al kenyl, to(C[err]-C[err])aI kyl ,
keto(C[err]- Cerr])al kenyl, di C[err])al kyl ,

di keto(Cerr]-Cerr])al kenyl, heteroc gerr]- err])al kyl,

heterocyclyl (Clerr]-Cerr])al kenyl, cyano(C[err]-Clerr])alkyl,
cyano(C[err]- (err])al kenyl, or phenyl R and Rlerr] may together forma

X -

(derr]- Oflbe’re]n)lal kyl substituted 5- to 7-menbered ri ng, optionally fused to

a phenyl ring; 3 Rerr] = hydrogen, (Cferr]-Cerr])alkyl,

(Qerr]- ci%hﬁ]?%h'g?ﬂdépenl&%gﬁw s;ele%@gd from halogen, nitro, hydrogen, hydroxy,
cyano, (C,-Cpalkyl, (C,-Cy)alkoxy, (C,-Chaloalkyl, trihalomethyl, (C;-
C,)thioalkoxy, (C,-Cy)hydroxyalkyl, benzoyl, SO.NC(CO.H)CH,CONH-, or
NR'COR, provided that X and Y cannot both be NR'COR;

R = (C,-C,9alkyl, (C;-Ciy)hydroxyalkyl, (C,-C,,)alkoxy, (C;-C,haloalkyl, (C,-
Cithicalkoxy, (C,-C,y)alkenyl, (C,-C,)hydroxyalkenyl, (C,-C,,)alkenoxy,
(C,-Cy9haloalkenyl, (C,-C,,)thicalkenoxy, carboxy(C,-C,)alkyl,
carboxy(C,-C,)alkenyl, (C;-Cg)carbalkoxy(C;-C,alkyl, (C,-
Ce)carbalkoxy(C,-C,,)alkenyl, halophenyl(C,-C, )alkyl, halophenyl(C;-
Cis)alkenyl, phenyl(C;-C,4)alkyl, phenyl(C,-C,,)alkenyl, diphenyl(C,-
Cisalkyl, diphenyl(C,-C,,)alkenyl, benzoyl, keto(C,-C, )alkyl, keto(C;-
Cipalkenyl, diketo(C,-C,alkyl, diketo(C,-C,,)alkenyl, heterocyclyl(C,-
C,alkyl, heterocyclyl(C,-C,4)alkenyl, cyano(C,-C,,)alkyl, cyano(C,-
Ci4)alkenyl, or phenyl;

R and R' may together form a (C,-Cyalkyl substituted 5- to 7-membered ring,
optionally fused to a phenyl ring;



X and R may together forma 6-nmenbered ring fused to the phenyl ring.
Detail ed Description of the Invention As used herein, "marine antifouling
agents" include al gaeci des and nol | usci cides. "Marine antifoul ant activity"
is intended to include both the eliminat?on of and inhibition or prevention
of grow h pof= FpaidEenO(GAT Sakkyl N@, i O Dk adyl| bemzyiomid ol | ed by the marine
antifouling agents suitable for use in this invention include both hard and

soft fouling organisnms. Cenerally, speaking,.the term.soft fpuling
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out er-shelT;” such as barnacltes, tubeworns and nolluscs. "M crobicide"

refers both to a compound capable of inhibiting or controlling the growh
of nicroor gani éssused kerept mariteantifouling egeusyinelude algseridesandput i s not

limted to ungi. . bagter. a, I . » LS ' ' { fhcatjon,
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means any 5- or 6-nenbered ri ré%dlhaw ng one or nore heteroatons. Suitable
het er ocycMaringorgarisms rongradieddhy thevnagine antifeptisgAgents syitablsfanuse in
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absor bancéard oufer-shell, such as barnacles, tubeworms and molluscs. “Microbicide”

refers both to a compound capable of inhibiting or controlling the growth of
microorganisms in a locus. The term “microorganism” includes, but is not limited

to, fungi, bacteria, and algae.

As used in this specification, “alkyl” means straight chain, branched,
cyclic, or any combination thereof; “halogen” means fluorine, chlorine, bromine,
or iodine; and “heterocyclic’ means any 5- or 6-membered ring having one or
more heteroatoms. Suitable heterocycles include, but are not limited to:

morpholine, thiophene, piperidine, pyrrolidine, and furan.

As used in this specification, all amounts are percent by weight (“%wt”),
unless otherwise noted. All %wt ranges are inclusive. As used herein, the
following abbreviations are applied: mL = milliliter, uL = microliter, g = grams,
pug/mL = micrograms per milliliter, ppm = parts per million, mm = millimeter,
nm = nanometer, pm = micrometer, DMSO = dimethyl sulphoxide, DMF =
dimethyl formamide, ASTM = American Society for Testing and Materials, and

Abs = absqrbance.



The marine antifouling agents of the present invention are those of fornula
(I'). Preferred conpounds are those wherein X and Y are independently
sel ected from hydrogen and halogen; Ris ((err]-Cerr])alkyl,

(Cerr]-Cerr])haloalkyl, (Cferr]- Cer4])al kenyl
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of the invention include those listed in the follow ng | e. .Conmpound No.

Conpound Medfmm hydlogenl\ar(dahalaﬁenhRoso@uéﬁy)@lbyb@uﬁhdﬁ&baﬁkﬂ (C-
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N- (3, 4- digHn@1 o RY g h9a£@gaarr(cdfac@)a1ky1 (C,-C,2adkeényl| betezyl. Preferred
N- (3, 4-dichl orophenyl ) but anam de

N- ( 3, 4- dicomnovaysiscd th dnyention m;:lvgde those hsted in the following table.

N- (3, 4-di chl or ophenyl ) hexanam de 10

-chl oro-2', 6Codipmumd Nbt ( net hoxynﬁ_mngga:d-;ﬁamﬁ i de The preparation of the

conpounds of the present inv rature. Many of
t hese conpounds are commer ci ngé’d‘%lpﬁ?ﬁr}benyygmél%gﬁﬁlag fromAldrich

Chemi cal Conpany, 2M | waukee, 3Wsdmhmrﬂdec“a'lnanmm ne antifouling agents of
the present invention can be pg ﬂ t:o i phibit. e growt h of marine organi sns
by application of 3an effecti ve caBﬂQ € nore of the marine

antifouling agentg onto or igtg. (ﬁcm&bjgec}ﬂbfdiﬁbyéﬁeaﬂagndl ng upon the
particul ar structure to be protected, the narine antifouling agents of the

present inventiondcan be dir dc3.4-dichlgrondrenydneptanamide structure, applied

directly to the sfructure, OBcﬂaﬂP‘?&é)orat ed into a coating which is then
applied to the structure. Suitable structures include, but are not |limted
to: boats, ships, 70il platfolNrd, 4pstichloroglienybyutananvide el ast omeri c

rubbers, and fish ghets. The 'mfé,E-'%hchlorophenyl)octanam1de
9 N-(3,4-dichlorophenyl)hexanamide
10 2-chloro-2’,6’-diethyl-N-(methoxymethyl)acetanilide

The preparation of the compounds of the present invention are known in
the literature. Many of these compounds are commercially available, for

example, from Aldrich Chemical Company, Milwaukee, Wisconsin.

The marine antifouling agents of the present invention can be used to
inhibit the growth of marine organisms by application of an effective amount of
one or more of the marine antifouling agents onto or into a marine structure.
Depending upon the particular structure to be protected, the marine antifouling
agents of the present invention can be directly incorporated into the structure,
applied directly to the structure, or incorporated into a coating which is then

applied to the structure.

Suitable structures include, but are not limited to: boats, ships, oil

platforms, piers, pilings, docks, elastomeric rubbers, and fish nets. The marine



5 antifouling agents of the present invention are typically directly
I ncorporated into structures such as elastoneric rubber or fish net fibers
during manufacture. Direct application of the conpounds of the invention is
typically made to structures such as fish nets or wood pilings. The
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such as water; organic solvent, such as xylene, nethy

amount from 0.5 to 20 %wt; and more preferably, from 1 to 15 %wt. When

incorporated into a coating, the amount of marine antifouling agent suitable to

inhibit the growth of marine organisms is generally from 0.1 to 30 %wt based on

the weight of said coating. The amount of marine antifouling agent is preferably

from 0.5 to 15 %wt; more preferably, from 1 to 10 %wt.

If one of the marine antifouling agents of the invention is to be combined
with a second marine antifouling agent, the ratio of the first marine antifouling
agent to the second marine antifouling agent is from 99:1 to 1:99; preferably,
from 75:25 to 25:75. The total of the combined marine antifouling agents
necessary to inhibit or prevent the growth of marine organisms is from 0.1 to 30

%wt based on the weight of the structure to be protected or the weight of the
coating to be applied.

In general, the marine antifouling agents of the invention are
incorporated in a carrier such as water; organic solvent, such as xylene, methyl

isobutyl ketone, and methyl isoamyl ketone; or mixtures thereof.

Direct applications of the marine antifouling agents of the invention may

be by any conventional means, such as dipping, spraying, or coating. Fish nets,



i sobutyl ketone, and nethyl isoamnmyl ketone; or mxtures thereof. D rect
applications of the marine antifouling agents of the invention may be by
any conventional nmeans, such as dipping, spraying, or coating. Fish nets,
6 for exanple, may be also protected byédipping the fish nets into a
Conposi t fgexQAPId, Phd10bO ARG rotdeted B difisingahedishdsetalintde compesitioan and a
carrier or by spraying the fish nets with said conpositjon. Strucfures such
as wood pPmppEngade or spoecfshaggmpeupds of thainveption and pFarfenehby at i ng
the marine antifould ents he.. ucture. For exanple, a

conposi t iSBha%‘Bﬁﬁﬁfgsﬂusﬂ‘g“%%e‘”‘%‘? sanlorﬁrgorﬁn%fsllﬁéﬁant I fouling agents in a carrier
may be applied to wood used for pilings by neans of pressure treatnent or
vacuum i nmpr egSairuanresThedeas wopd pilingnandrfighaleso niay bepootpetedtbyddireatly a
fish net fiber duri nl? manuf act ype.. Mari ne coaté}g%i C%nﬁéi ﬁ.e a bi nder and
sol vent ARRPTBPYALLHRIRS MATHE ap ERRED s IR WG SIRY U Ry T BRSEATPRE: 2or gani ¢
sol vent 9{;@@&&{@ H?'dgfkﬁxeﬂdﬁmtwmd}ﬁl@%ﬁfoﬁlﬁig Agth Y alakrflBr A
suitable Tor use 1n both solvent and water based nmarine coatings. Solvent
based nubierappliedt iongsodansedoforipdlings by Amgansoofippessuredredtimaidrornv@gubm
utilized,in the mari antifoul.j.ng coati,ng,i ncorporati,ng, on r e of the
anti f oul i"ﬁ@l'%@é?ﬁ%n'o&g?ﬁeec‘?’m}%ﬂflpgﬁ.maé’u?]tsglyleénﬁ‘?l qE di"ﬂtﬁ ﬁgég ‘bqr}gbsze not
limted GQrifPnahutidiued! oride in a solvent based system chlorinated
rubber in a solvent based system acrylic resins in solvent based or

aqueous systens; vinyl chloride-vinyl acetate copol yner systens as aqueous
di spersi ons oMawhe epatings eampyise erhindeuandiselvent apdopsiongyather

but adi ene-acryl oni t.i | e,rubbers; but.adi ene-styrene-acryl onihrile .rubbers;
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nore of the follow ng inorganic pignents, organic pignments, or dyes; and
based marine coatings. Solvent based marine coatings are preferred. -

Any conventional binder may be utilized in the marine antifouling coating
incorporating one or more of the antifouling agents of the invention. Suitable
binders include, but are not limited to: polyvinyl chloride in a solvent based
system; chlorinated rubber in a solvent based system; acrylic resins in solvent
based or aqueous systems; vinyl chloride-vinyl acetate copolymer systems as
aqueous dispersions or solvent based systems; butadiene-styrene rubbers;
butadiene-acrylonitrile rubbers; butadiene-styrene-acrylonitrile rubbers; drying

oils such as linseed oil; asphalt; epoxies; siloxanes; and the like.

The marine coatings of the present invention may optionally contain one
or more of the following inorganic pigments, organic pigments, or dyes; and
controlled release materials, such as rosin. Water based coatings may also
optionally contain coalescents, dispersants, surface active agents, rheology
modifiers, or adhesion promoters. Solvent based coatings may also optionally

contain extenders, plasticizers, or rheology modifiers.

A typical marine coating comprises 2 to 20 %wt binders, 0 to 15 %wt
rosins/modified rosins, 0.5 to 5 %wt plasticizers, 0.1 to 2 %wt antisettling agent,



controlled rel ease materials, such as rosin. Water based coatings may al so
optional Iy contain coal escents, dispersants, surface active agents,

rheol ogy nodifiers, or adhesion pronoters. Solvent based coatings may al so
optionally contain extenders, plasticizers, or rheology nodifiers. A

typi cal nmari,gh gatdoleeiAliidiies 18 700694 ctlPbodll HE8E S0 t36 %wdpidhients
r osi ns/ nodi foi ed rosins, 0.5 to 5 % BI asﬁglzers, 0.1to 2 O/Evt

anti set t | ethenghan cuproys gxide), @@ dofittoddl %enimarine antifogling agenemt cupr ous
oxide, 0 to 30 % pignments (other than cuprous oxide), and O to 15 %
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are not limted to, spraying; rolling;, brushing, or dipping. It is known in
the art tmfansheyWbahlemeansolapnticatioa inghideobnt are ag@ﬁmtadago, sprayihgnced

by conbi n%m% m‘&&iﬂgf?lggﬁprﬁ%g other marine antifouling agents. Thus,

ot her known Fihe an rng-agents may be conbi ned advantageously with
the marine antifouling agents of this invention. The conpounds of this

i nventi on may Beisdordwméd the aft thatghe phff@rbﬁ&edofrﬁfarﬁﬁ; mﬁfdxﬂiﬂgamgd @JSSUCh a
conbi nati on has the advant age. of . reduci ng the anoynt of tin used an
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tin used and thereby lessening the amount of tin in the environment. Other
marine antifouling agents useful in combination with the compounds of the
invention include, but are not limited to: cuprous oxide; copper metal:
manganese ethylenebisdithiocarbamate; zinc dimethyl dithiocarbamate: 2-
methyl-4-t-butylamino-6-cyclopropylamino-s-triazine; 2,4,5,6-
tetrachloroisophthalonitrile; N,N-dimethyl dichlorophenyl urea; zinc
ethylenebisdithiocarbamate; copper thiocyanate; 4,5-dichloro-2-n-octyl-3-
isothiazolone; N-(fluorodichloromethylthio)-phthalimide; N,N-dimethyl-N’-
phenyl-N’-fluorodichloromethylthio-sulfamide; zinc 2-pyridinethiol- 1.-oxide;
tetramethylthiuram disulfide; copper-10% nickel alloy solid solution; 2,4,6-
trichlorophenylmaleimide; 2,3,5,6-tetrachloro-4-(methylsulfonyl)-pyridine; 3-
iodo-2-propynyl butyl carbamate; diiedomethyl p-tolyl sulfone; bis dimethyl
dithiocarbamoyl zinc ethylenebisdithiocarbamate; phenyl (bispyridil) bismuth
dichloride; 2-(4-thiazolyl)-benzimidazole; pyridine triphenyl borane;
halopropargyl compounds; pyridazinone compounds; or 2-haloalkoxyaryl-3-
isothiazolones. Suitable 2-haloalkoxyaryl-3-isothiazolones include, but are not
limited to: 2-(4-trifluoromethoxyphenyl)-3-isothiazolone, 2-(4-
trifluoromethoxyphenyl)-5-chloro-3-isothiazolone, and 2-(4-
trifluoromethoxyphenyl)-4,5-dichloro-3-isothiazolone. '



phenyl - N -fl uorodi chl oronet hyl t hi o-sul fam de; zinc 2-pyridinethiol-1-oxide;
tetranet hyl t hi uram di sul fi de; copper- 10% ni ckel alloy solid solution;
2,4,6- trichlorophenyl mal ei m de;

2,3,5,6-tetrachl oro-4-(nmethyl sul fonyl)-gyridine; 3- iodo-2-propynyl butyl
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trifl uor ocrnbesitipheayiprising vudior merewf3he sompionnds of the invedtipRdncd nmpounds

of the inventi,on are akso _useful.as mg£hraebicl : I BL1C, ]

i nhi bi ti nPtAYeASHER gf“ﬁ?\gier FEFFARME ,lggﬁgﬂgggl%g%lt%Ill%lgc%glr?gg?ﬁﬁéflf’ in a

| ocus. Wight ySeHofEmitad b iwGitsle rgadie seREnouith 4 ethterigwlondli diethglenei t her
be added directly to the [ocus to be protected or added as a comnposition

conpri si nglyoole pyepylene ghfcol, idiprapylenmelycel xyleae; tnlueme.r asters; aui t abl e
carrier. Suitable carriers useful for mcrobicidal applications include,

but are n%‘tlxﬁ"ilﬁﬁ‘;?lé?fef) , water; organic solvent, such as ethyl ene glycol,

di et hyl ene gl ycol, propylene glycol, dipropylene glycol, xylene, toluene,

or esters; or Thxtompsuhliseovftte inteationnresudiabdé fdrhesei invant loons aequisingt abl e
for use in any_logcus requiring protection fr m,m'croogganism;. Exg | es of

| oci vvher@'ottﬁ‘él%ffﬁﬁbmi%m@?g%mémismﬁ‘e‘iﬁmmsﬁﬁi"%é"}lﬁéd ¢ empaunds gt the e not

limted t&&eﬁ%ﬁbirﬂﬂﬁg%"if{eﬁ;in@liur e"‘ﬁéi‘&feshotpﬂﬁ:]@rteﬁ%: le?ﬁﬁ%%v@&es?%iﬁg flui ds;
adhesi ves; caul ks; st1cs; sealants; agriculture adjuvant preservation;
const r uct wash@soguld and papeebraessing fludids eadhesivess bamfkspmastics; sehbaattant s
and antiseptics; emyl sions and di spersions;, )

agriculture aqjuvant preservation; construction products; cosmetics and

toiletries; shampoos; disinfectants and antiseptics; emulsions and dispersions;

formulated industrial and consumer products; laundry rinse water; leather and

leather products; lubricants; hydraulic fluids; medical devices; metalworking

fluids; odor control fluids; paints; latexes; coatings; petroleum processing fluids;

fuel; oilfield fluids; photographic chemicals; printing fluids; sanitizers; soaps;

detergents; textiles; textile products; and wood.

When used as microbicides, the amount of the phenylamide compounds of the
invention necessary to control or inhibit the growth of microorganisms depends
upon the locus to be protected, but is typically from 0.5 to 2000 ppm based on the
locus to be protected. For example, a locus such as a metal working fluid may
require 5 to 50 ppm of the compounds of the invention to control or inhibit
microorganism growth where a locus such as paint may require 1000 to 2000

ppm.

It is known in the art that the performance of microbicides may be enhanced
by combination with one or more other microbicides. Thus, other known

microbicides may be combined advantageously with the microbicides of this



formul ated industrial and consuner products; laundry rinse water; |eather
and | eat her products; lubricants; hydraulic fluids; nmedical devices;

met al wor ki ng fluids; odor control fluids; paints; |atexes; coatings;

pet rol eum processing fluids; fuel; oilfi%ld fluids; photographic chemcals;

printing fluids; nitizers; seaps; deatergents..textiles:. textpl,e products;
P wooq. InAEHDRs A rbb R LR co B RHRR b R i BiieliSH Bh ik
conpoundsp@fseh hhveMtRIN inelu 0 RS 226 Yot Binfited £l5-eHlotdDirhédhyli3e growt h of

m croor gani sms depends ugon the | ocus to be protected, but is typically

from 0. 5 isetinesgoppn? 1-3risethéazalens 2-n-dstylpi-trotkiasgloneod,Sesighiare:2-a
| ] i ngy fluid ' t .ppm of ,t he
Locbs R BB IR Ik AP TbaFe! 3 SRBRR LTS

a | ocus sgiepaishitane] mublyleadis-¢hibePshite, 2Q8thcpRivmethylshisbendbthinzohe art
that the performance_of m crobicides may be enhanced by conbi nation with
one or notedrashieoisephthalositate, 5-bremo-Hnitee- Ldigxanecd PoPmiodes nay be

conbi ned & I A ] I G : 1S 3: ' ' )
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I nvent i ondiimuthytlis;dantbing beomethlorddiRghihydan€dihpl @-Ber@idiliiazdlin-3-one,

| sot hi azol ope,_ 2-nethyl-3-isothiazol one, 2-n-octyl-3-isothiazol one,

4, 5- di chl Hrb4d-tramgthylene-2-methylad-tsthiazologgopr opar gyl but yl car bamat e,
1, 2-di brono- 2, 4- di cyanobut ane, met hyl ene-bi s-t hi ocyanate,

2- t hi ocyanonetyyl fdﬂogﬁggze‘%mpggﬁége ng%e%?ﬁmo%‘ﬁis&%whgﬁhgf'%ﬁ%? aspects

5-brono-5-nitro-1, 3- ane, ni't opr opanedi

2, 2- di br axfuh8-preseritliopenpioonbut ake, ndY, iNtercd adetoHymityidescype bf flie invention

di met hyl hydant oi n, ., br onochl or odi net hyl hydant oi n,

1, 2- benzil\écﬁ“rﬁ 3SR n- 3- one, and 4, 5-tri met hyl ene- 2- net hyl - 3-i ost hi azol one.
The foll ow ng exanples are presented to illustrate further various aspects
of the present invention, but are n@yimprnded to limt the scope of the

i nvention

Tests were conducted to determine the toxicity of the marine antifouling

agents of the invention to Amphora. Amphora are indicative of soft fouling

organisms.

Amphora coffeaeformis var. perpusilla was isolated from a natural biofilm
and cultured axenically in Guillard’s F2 medium. A log phase culture of
Amphora was diluted with the F2 medium to give a chlorophyll a concentration
of 0.25 ug/mL. Chlorophyll @ was meaéured by passing a measured
volume (FV) of cell culture through a 3 um pore, 25 mm diameter cellulose
nitrate filter. The filter plus trapped algal cells was transferred to a glass tube.
A measured volume (SV) of DMSO solvent was added to the glass tube. The
tubes were incubated for 1.5 hours in darkness. After incubation, the
absorbance of the sample was read in a spectrophotometer at 630 and 664 nm

against a DMSO/filter blank. The chlorophyll a concentration can be calculated

using the following equation:

Chlorophyll @ (ug/mL) = 11.47 x Abs gg4 - 0.4 x Abs g30 x SV/FV



in any aspect. Exanple 1 Tests were conducted to determ ne the toxicity of
the marine antifouling agents of the invention to Anphora. Anphora are

i ndicative of soft fouling organisns. Anphora coffeaeform s var. perpusilla
was isolated froma natural biofilmand wultured axenically in Quillard's
F2 medium A | ogePRASEE G &M&d@ulﬁl’f@h@ﬁ@ i‘fﬁ%teg'lh%ngﬁsWtﬁbeé h’Pex'f Lgdi um to
give a chlorophyll a concentration of % | orophyl I a was
measur ed bypapassintifoalimgagentdrviol uh:ma(si?vfcmudel DMEIwaﬂ@ddddr@L@n:ha 3

2 t 1 ul trate filte he.f
L apbed wisiapd B I E TR werantufafesl o hRubuminhBe b shrbE ob203E (sv)
of DVBO sgby@Bthdias b@ﬁ%qhb@hldaﬁpﬁm%scowbﬁera&laﬁ drehes tmsé Yashhabkaled. for

1.5 hours in darkness. After incubation, the absorbance of the sanple was
read in a’lélp@ctmpbh@ttesméteech alteam(enamcme@wedm’l&xgaaff&;ts of DrBOefartifonlibgank.

The chloro cqoncent rat i, n be cul ated using,t f ol |.ow
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Ten [err]L of marine antifouling agent or, in the case of controls, was
added to d4O% growth.t ResultsTobthe tiests avershawrchelawed on an i | | uni nat ed
orbital shaker at 20 [err]C for 96 hours before the chl orophyl | a

concentration of each tube S ree r ates of each treatnent
were used. The effects of V\ﬁ%noﬁ s "Im Hor re calculated as %
i nhibition of the nearg Q(BUIQA. The err] 1s the goge effective at

preventi ng 50% gr om h—Jhe _v'e.l;t-]__l_s__:he_dose_e,f_i.ecu#e_at_preventl ng 100%

grow h. Results of the teéts are shof®el ow. Acti vy Agai nst Anphora

(ppm 2 >20.0 >20.0
3 >20.0 >20.0
4 0.18 10.0
5 8.0 20.0
6 10.0 >20.0
7 0.42 5.0
8 9.0 >20.0
9 4.0 10.0
10 4.5 20.0

Compounds showing activity against Amphora in the low ppm range are
considered active against soft fouling organisms. These results demonstrate the
compounds of this invention are efficacious against soft fouling organisms in low

concentrations.

Example 2

Tests were conducted to determine the toxicity of the marine antifouling

agents of the invention to Artemia. Artemia are indicative of hard fouling

organisms.



Conpound ECl err] EC(err] 1 0. 08

1.0 2 >20.0 >20.0 3 >20.0 >20.0 4
0.18 10.0 5 8.0 20.0 6 10.0
>20.0 7 0. 42 5.0 9.0 >20.0 9
4.0 Sulistftutdocean water wés Brepared followingZRSPMORRIANAMD SiqVeRY

nst Anphora in the |ow p are consi dered active agai nst

activit [ range
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i ndicative of hard foul ing organi sns. Substitute ocean water was

prepared fBlExlenmexeriingkt Abe Avtamin cxsos (BRe) wearerveigbed inta 4 steatized

[ [ e _acet ate e, fi San
Franc sco Han- 7 an fugired nll SF BRAE AR o AL Wae R TR e 7o
aquar i um dlyshl waspmced ohhen oytital sheiker Baf Qﬁ@ﬁpﬂoﬁhxﬁa?ﬁ? 150 ﬂéfér%}r% flask.

The Artem a cysts g) were weighed into a sterilized flask e hundred
m. of st er“i“l“é%ASTlI@I %’%acwa&f@&r %bowa&w cantents ¢fl thelflaskhwerd pakreddstphaced

Cerryc ararafftBlpdd. The SRUBHIE drarsiedtinePe Alpiaorhebi a
(larvae), as the shells floated to the top. The nauplii were returned to the flask
for another 24 hours shaking. The inoculum was prepared by pouring the
nauplii into a crystallizing dish 48 hours after the cysts were originally placed
on the shaker. After the nauplii congregated, they were taken up in a sterile
serological- pipette and transferred into another crystallizing dish. The
suspension was stirred with a magnetic stirrer enough to keep the nauplii in
suspension. Eighty mL of sterile sea water was added to the suspension. Using
an eight channel microliter pipetter loaded with wide bore pipette tips, 100 uL of
the suspension was transferred into a column of a 96 well, flat bottom, tissue
culture plate. The number of nauplii in 3 to 4 wells was counted under a
microscope. The number was averaged, and the inoculum was adjusted through

further dilution, to 25 to 30 nauplii per 100 mL.

Stock solutions of the compounds to be tested were prepared on a weight
to volume basis. Stock solutions were prepared at 40 times the highest
concentration to be tested. Solvents were chosen based on the solubility of the
compound to be tested. Solvents used were DMSO, acetone, or isopropanol. The

solvents were tested to make sure that they had no effect on the test results.

Ninety six well, flat bottom, tissue culture plates were used for these tests.
One hundred ninety pL of sterile ASTM sea water was added to column 1 of each
plate. One hundred uL of sterile ASTM sea water was added to columns 2
through 12 of each plate. Ten uL of a stock solution of one compound to be tested

was added to the first three wells of column 1. The next 2 wells were skipped, as



separatory funnel. The egg shells were separated fromthe Artem a nauplii

(larvae), as the shells floated to the top. The nauplii were returned to
the flask for another 24 hours shaking. The inocul um was prepared by
pouring the nauplii into a crystallizind?dish 48 hours after the cysts were

originally placed on the shaker. After the naup]ii, congregated, they were
t aken up ¥}heya5‘°s“t"érqsl%“téé?@:acfﬁpé’éﬁls-p{rﬁ’ét“t&edﬁﬂt%i‘ SRRt ‘étgagFWBdanot her
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enough to e naup I n suspension. Eighty nL of sterile sea water
was added dilatiolns vesrepmrfirared bis mgirgnaed gransfdraigel 00k Erfedrmtcelurpnpleta er

| oaded wit i d i pette tips, 10 L of th ! [
L7 anst or r 6B & BVDAGHNCURIE 980 AT thE AFOGSE MARCOPFERIES Sk o A2l at o.
The, nunbetGndauel ifhihd e hulkl:bd 06ROUME] #1UBS dhaibacasepRe. The

nunber was averaged, and the I'nocul umwas adjusted throu urther
di | uti on, huad?&d 1tb dE@heatipting Aeemidihotuluibtwak addédito each whlltdfiehe phgreunds

to be tested wer repared on a, yweight to, volu basjs. ,Stock, sol utions

were pr epg‘ﬁéd}e?ﬂﬁ&g" P"laﬁé@"%‘wg ‘Fﬂtgﬁ"bg as&‘ﬁr‘i@éﬁ?ﬁgﬁ%ﬁpi%e apd ingpbated \ ont s
were chosgf) Qg4 4ecsol ubility of the conpound to be tested. Sol vents
used were DVMSO, acetone, or isopropanol. The solvents were tested to nake

sure that they had no effect on the test results. Ninety six well, flat
bottom ti ssuePlates weze pead ssderpdowsragihificatine seicrestse 20aadvhboers ni nety

err]L of sterile ASIM sea ter s added.tq .col u 1.of. each.,plate. One
handr ed [ BT ERagPEr pres ASted bolfoafate. e hihedt Totiah inniat efugn 12
of each pat ﬁauﬂ'ﬁf‘ax[eedédd—isqfhe%@oé?ciq aﬁBhPEfé’Ebr%fidé}'aﬂ aEﬁ'EHPHHE' & eediest ed
was added to the first three wells of colum 1. The next 2 wells were

ski pped, #sseen diring blye viewisggeriod: rRestudts afahis tiss ardelmoyebeldw.of a stock
solution of a second conpound to be tested was added to the last three

wells of colum 1. Serial diluti gnﬁ V\ercheEfor:{'red by m xi ng and
transferring 100 [err]L from col - % {DDIM

Compound 24 Hours 48 Hours
1 20.0 20.0
2 >20.0 5.0
3 >20.0 10.0
4 20.0 20.0
5 2.5 25
6 10.0 25
7 20.0 10.0
8 1.0 1.0
9 2.5 2.5
10 >20.0 >20.0

Compounds showing activity against Artemia in the low ppm range are
considered active against hard fouling organisms. These results demonstrate
that the compounds of this invention are efficacious against hard fouling

organisms.



colum 2, then fromcolum 2 to 3, and the process was continued until all
12 colums were diluted. One hundred [err]L fromcolu di scar ded.
One hundred [err]L of the stirring Artejga inoculum m@[,ﬁﬂ?@ﬂ,ﬂﬁﬂﬂtﬂnuﬂell
of the plate. The test plate was covered with a plastic-+

plate |i dyaadid Aawpaied for 24 hours at 25 [err]C Plates were read ufider a
| ow magnification m croscope 24 and 48 hours after the nauplii were added
to the plate. The hi ghest_di_l ution in which all of the nauplii are dead is
the L err]. Naubmat asi@fWiw@ae growid efimappe ATEarisMs 9% adBanRg i ng
the view el | t -t hi ' Jerr]
(oo Corpaigre. YompiigHp dorlyin'y Urto oF Fhedife ARHR stRleite hicfRbave

20.0 2  amount 328 nflarine antifouling agéntlof¥ormula:  >20.0 10.0 4
20.0 20.0 5 2.5 2.5 6 10.0
2.5 7 20.0 o 10.08 1.0 1.0 9
2.5 2.5 10 >20.0 >20. 0 Conpounds show ng
activity against Artem a irg | ow p ange are considered active agai nst
hard fouling organi sns. These rasult# deprgpstrate that the conpounds of
this invention are efficaci ous a&@ foul i ng organi sns. 13 What
s clai ned: ! ==/ Y O

wherein

X and Y are independently selected from halogen, nitro, hydrogen, hydroxy,
cyano, (C,-Cpalkyl, (C;-Cyalkoxy, (C,-Cohaloalkyl, trihalomethyl, (C,-
CJothioalkoxy, (C,-C)hydroxyalkyl, benzoyl, SO,NC(CO.H)CH.CONH,,
NR'COR, provided that both X and Y are not NR'COR;

R = (C,-Cyyalkyl, (C;-C )hydroxyalkyl, (C,-Cj,)alkoxy, (C,-Ci)haloalkyl, (C,-
Ciothioalkoxy, (C,-C,alkenyl, (C,-C,; )hydroxyalkenyl, (C,-C,9alkenoxy,
(C,-Ci haloalkenyl, (C,-C,ythioalkenoxy, carboxy(C;-C,alkyl,
carboxy(C,-C,y)alkenyl, (C1-Ce)carhalkoxy(C,-C,;)alkyl, (C)-
Ce)carbalkoxy(C,-C,)alkeny], halophenyl(C,-C,,)alkyl, halophenyl(C,-
C,4)alkenyl, phenyl(C,-C,)alkyl, phenyl(C,-C,s)alkenyl, diphenyl(C;-
Ciyalkyl, diphenyl(C,-C,4)alkenyl, benzoyl, keto(C,-C;yalkyl, keto(C,-
Cioalkenyl, diketo(C,-C,)alkyl, diketo(C,;-C,,)alkenyl, heterocyclyl(C,-
Ci¢alkyl, heterocyclyl(C,-C,galkenyl, cyano(C,-C,oalkyl, cyano(C;-
C,4)alkenyl, or phenyl;

R and R! may together form a (C,-C,)alkyl substituted 5- to 7-membered ring,
optionally fused to a phenyl ring;

R' = hydrogen, (C;-C,alkyl, (C,-Cy4)alkenyl, benzyl; and

X and R' may together form a 6-membered ring fused to the phenyl ring.



1. A nethod of inhibiting the growth of marine organl

structure, conprising applying onto or into the marin mﬂ!wlw l“l
effective anmount of a marine antifouling agent of for erein X
and Y are independently selected from¥hal ogen, nitro, hydrogen, hydroxy,

cyano, (( errg-LeéthlodaddeytdingCbeldihn Clvtiddel@tkorarine antifouling agent
(Clerr]-Cerr])haloal kyl, trihalonethyl, (Cerr]- C[err])thioal koxy,

(d err] - hethg Jorynilaxyal kyI benzoyl , Sqerr]NC(CCIerr]H)CH[err]CC]\lH[err],
NR[ err] COR, provided that both X and Y are not NRlerr]COR, R =

(derr]-derr])al kyl, C[err]UC[err])hydroxyaIkyI (err]-Cerr])al koxy,
(derr]- C[err])haloalkyl C[ rr] - C[err])thloalkoxy
Cerry

(derr]-Cerr])al kenyl, err, noxyal kenyl ,
(derr]-derr])al kenoxy, rr]yWal oal kenyl ,
(derr]-Cerr])thioal kenoxy, caybE@] C[err])al kyl,

carboxy((err]-err])al kenyl,

(derr]- C[err])carbalkoxy(C[err] Cerr])al kyl, (C[err]
Clerr])carbal koxy(Clerr]-Cerr])al kenyl, halophenyl(C[err]-C[err])aIkyI,

hal ophenyhegfiarr] - C[ err])al kenyl , phenyl (derr]-derr])al kyl,

SPSEZLﬁé@‘(] %[r‘é alkﬁl’éh@?geﬁéﬁ%‘ift‘%@{’%‘i’t&rﬁr@@érr])a| kyl ,

ket o( ([ eprik- ﬁd}t@mdn; memdm)lﬁut@ksar @Cm,].)amam] {&LRydhaloalkenyl,
di keto(( err err , heteroc err]- Cferr])al kyl,

het er ocycl vyl (pjpmylléepe;)albyét kwl(ccéaﬁ@(k@[n&'l. phegydrand al kyl |

t th f
(Gorr] ErshrgroeeinlCrEiodin G Enlkimd Bivptg. | Ty Logether forms
phenyl ring; ﬂ&%&thnd@(:@ﬁﬂﬂﬁ? to Q:glﬁf 2 lwkdreid Ihélda¥ine antifouling agent is
(Cerr]-Cerr])al kenyl, benzy X and R may together forma 6-nenbered

ring fusedlectediftemphergrbup |cngslstmgp£ N-(3.A- dmh]mqnh@udmor@gortaéntd&aﬁnﬁi

wher ei n «Ih ﬁlor{'%magaena%%d];oglé 8% n&ecgﬁgnﬂl e, t39 - ﬁlo[re-r:ir-]
chloropropaneanilide, N-(3,4-dichlorophenyl)heptanamide, octanilide, N-(3,4-
dichlorophenyl)butanamide, N-(3,4-dichlorophenyl)octanamide, N-(3,4-
dichlorophenyl)hexanamide, and 2-chloro-2’,6’-diethyl-N-
(methoxymethyl)acetanilide.

4. A method according to claim 1 wherein the marine antifouling agent is

incorporated in a carrier or a coating.

5. A method according to claim 4 wherein the carrier is water, organic

solvent, or mixtures thereof.

6. A method according to claim 5 wherein the amount of the marine
antifouling agent in the carrier or coating is from 0.1 to 30 %wt based on the
weight of the structure to be protected or based on the weight of the coating to be
applied.

7. A method according to claim 5 wherein the amount of the marine
antifouling agent in the coating is from 0.5 to 15 %wt based on the weight of the
coating to be applied.



wherein X and Y are independently selected from hydrog RS
(Jerr]-derr])alkyl, ((err]-derr])hal oal kyl, (C[errmmﬂgﬁmmmﬂﬁmm
(Cerr]-derr])hal oal kenyl, phenyl(Cerr]l-Cerr])alkyl,>» ¢ v % g "%
phenyl (Cerr]-Cerr])al kenyl, phenyl; ah Rlerr] is hydrogen,
(Cerr]-d err]3ahkyéthodCGaeprdingtercldingblsehstein ke amount. of Aherhhrideaccor di ng
to claim2 wherein the marine antifquling agent is selected fromthe group
consi st i ngnBfoultgzagent ishihe easmeRys Yiame 9 DR AP dewt Based on the weight of the
di chl or od il qe, 3., 3 sdi chl orodecananilide, 3,4 -dichloro-3-
chl oropro%%ﬁggir%ﬁtf)g%,p%-“(‘@?gn di chl or ophenyl ) hept anam de, octanili de,
N- (3, 4- dichl orophenyl ) but anam de, N- (3, 4-di chl orophenyl) oct anam de,
(I\L(3h4- di cEI g.o%myh?mgxmaiﬁgdm claﬂddﬁmﬂalreigob}&' nnﬁ'rinféiaaftﬂinii«:luhlistgv\;h agent ii

met hoxynet hyl )acetaniljide. 4. A nethod accordjpg t aimil erein, the
mari ne and FeBbiRgongEthe nsm%anggqtd*wagﬁmao armda I gnda serondgarine A

met hod acgor. gl | i Lef: | t i ¢ sol vent,
or i xt or SLihe, fede N Rle W Ul ERT EbRSlipk DOVEH haed BB ST TN
t he mari ngntifolil A0ts; cOprageside;copper eetal;ghaggaset ing is from0.1 to 30
%v based on the weight of the structure to be protected or based on the

wei ght ofethiylensabisditiaiocarhamale) rincgdinrethyl dithienarbamate) hripatbybfdr m 5
wherei n th mount .of {he rine anti.fouli nt_in,the coating..is from
0.5 to 1P HABERES Sl ier R BhieRte Bk AT bpcBiordpepRRiAilicdy 577,
met hod aqqaV-@in@thel GlcRldFophuhel @ied; kil ARl ebpdditidcaFydnigtedBéppedul | Ng
agent in the carrier is fromO0.5 to 20 % based on the weight of the
st ruct ur ¢hiecyissape;ot,6adiehiloro-2-n-octyl-3-isothiazolone; N-(fluorodichloromethylthio)-
phthalimide; N,N-dimethyl-N’-phenyl-N’-fluorodichloromethylthio-sulfamide;
zinc 2-pyridinethiol-1-oxide; tetramethylthiuram disulfide; copper-10% nickel
alloy solid solution; 2,4,6-trichlorophenylmaleimide; 2,3,5,6-tetrachloro-4-
(methylsulfonyl)-pyridine; 3-iodo-2-propynyl butyl carbamate; diiodomethyl p-
tolyl sulfone; bis dimethyl dithiocarbamoyl zinc ethylenebisdithiocarbamate;
phenyl (bispyridil) bismuth dichloride; 2-(4-thiazolyl)-benzimidazole; pyridine
triphenyl borane; or 2-haloalkoxyaryl-3-isothiazolones.

10. A method according to claim 1 wherein the marine structure is
selected from the group consisting of boats, ships, oil platforms, piers, pilings,

docks, elastomeric rubbers, and fish nets.

11. The steps or features disclosed herein or any combination thereof.



9. A nethod according to claim1 wherein the marine antifouling agent is a
conbi nation of the marine antifouling agent of fornula I and a second
marine antifouling agent selected fromthe group consisting of tin based
marine antifoul ants; cuprous oxi de; copper netal; manganese

et hyl enebi sdi t hi ocarbamate; zinc dinethyl dithiocarbamate; 2-nethyl-4-t-
but yl am no- 6- cycl opr opyl am no-s-tri azi nek

2,4,5,6-tetrachl oroi sopht hal oni tbrshl ¢ oMy ﬁ e di chl orophenyl wurea;

zi nc et hyl enebi sdi t hi ocar bamat &, ,

4,5-di chl oro-2-n-octyl -3-isot hi azol one; N-(fl uorodichl oronethylthio)-
phthal i m de; N, N-di net hyl gNmm@aRRY ks Ns,‘ﬁ i EWMg hi o-sul f am de;

¢ i

zi nc 2-pyridinethi ol - | - oxirdeTtetranmethyrthtdr-am-t—st-+de—copper - 10%
ni ckel alloy solid solution;

) 2.4.6-trichl orophenyl| rr?l ei m de; )
2,3, 5, 6-t et r adlisgloged is apmethod of Wu@sihe@ﬁﬁhy RAANS OFEARHSHA O gt y |

ety enc ot Pt AFSIEERE, haf 2o ke oRHR b g e SR A Pl ASRAe ! 7°

2- (4-thi gg@bvuhdbergéds Mﬁé@nﬂﬁfdy%é‘&ﬂeﬁg? R RYHp ok 2fedi®ito Phe marine

2- hal oal koxyaryl - 3-i sot hi azol ones. . A hod according to claim1l
wher ei n straichure deringrmanufactuse sdirectledppliednto lthe gtmepure; oziapplied tofthe

boats, shjps, oil platforpns, piers, pilings, docks, elastoneric rubbers,
and fi shshg’tcg‘.‘rel}iy ?q??é‘%‘f{e%@ Ngeatures di scl osed herein or any
conbi nati on t hereof.



