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MAEEUE ANTI FOULI NG AGENT Background of the Invention o Sﬁ%‘—%

relates generally to a nethod of inhibiting the growh of organis

Jmarine structure. In particular, this invention relates to the use of

di phenyl di ones as nmarine antifouling agents. Marine antifouling
agents are used commercially to prevent 3rom¢h of organi sns on nmarine
structures. Tributyltin oxide and ot her @érganoti ns have been the nmjor
martne antifouling agents in use for nmany years. There is currently nuch
concern over the effects of ' ' . For exanpl e, high
| evel s of tin in harbor matg@éﬁh§H%K§§gﬁﬁ?ﬁﬂ¥§39?§ﬁgﬁilI deformation in
sone bival ve speC|es such as oysters. Sonme organi ¢ conpounds have
been suggesiBagkge ' mwentionl i ng agents. For exanple, US 5,071, 479
(G ueni ng) dlscloses the use of 3- iodopropargyl N-butyl carbamate as a

marine antifouli f \
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requi r enent srgamisms ehagndrina Btrhotﬂren@n @gﬂiﬁ\ﬂar, this invenltibrBfel 0628 t3 ke Gse
(Yoshi no et ﬁd’rp%? di Ioses a broad of c]asses of conpounds havi ng an
absor bance P &0 Pﬁ'regi on as marine antifouling
agents. Anong the cl asses of corrpounds di scl osed are aromati c ket ones,

whi ch are exemlmmmcdmpmmhwdm&dﬂmwmuﬁmmhsﬂch as

ant hr aqui none and substi t ut ed ant hr |no PPﬂghes onpounds , al go do not
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performance and little or no harnful effects on mariné environnents.
Substitute Swaently mychyengeragiyer the effects of tin on marine environments. For

example, high levels of tin in harbor waters have been linked to shell

~

deformation in some bivalve species, such as oysters.

Some organic compounds have been suggested as marine antifouling
agents. For example, US 5,071,479 (Gruening) discloses the use of 3-
iodopropargyl N-butyl carbamate as a marine antifouling agent. These tybes of
compounds have not achieved commercial prominence because they do not meet

the same performance requirements as tin-based antifouling agents.

JP 88 002 243 B (Yoshino et al.) discloses a broad list of classes of
compounds having an absorbance in the 380 nm to 800 nm wavelength region as
marine antifouling agents. Among the classes of compounds disclosed are
aromatic ketones, which are exemplified by compounds having fused ring
structures, such as anthraqﬁinone and substituted anthraquinones. These
compounds also do not meet the same performance requirements as tin-based
antifouling agents. '

There is a continuing need for marine antifouling agents having increased

performance and little or no harmful effects on marine environments.



-2 - St atenent of the Invention Accordi ng to one aspect

of the present invention there is provided a method of I nhibiting the
growth of marine organisms on a narine structure~—eeanLsLng_appLy_ng to, 5
on, or in a marine structure, article, or conp03|t |n contact with or

i ntended for contact W th sea or bragkish mate dsm
I-nhi bi ting anobunt of a di phenyl di one marine ant of the
formul a: [err] R[err] are
i ndependent IStateptantiof the Inventon( Clerr] - C[err])alkcyl an d

hal o(Cferr]-Clerr])al kyl . Accordi ng to anot her aspect of the
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marine anti fydth bélﬂoﬁﬁ%ﬁhsﬁfwét@f gl leffective amount of a diphenyldione rh&¥ing

wherein R and R err] are i end ntIy sel ected fromH, _
(C[err]-C[elaPFf%]%&Ea%ﬁ‘a° g?‘b% -Cerr])al kyl, and a second narine
antifouling agent selected fromt he group consisting of tin based 20 mari ne
anti foul ants; nanganese et hyl enebi Sdl t hi bamat e; cuprous oxide; zinc

di met hyl di t hi ocar bamat e;
2-met hyl t hi o- 4-t-butyl am no- 6-cycl

=—sBYriazine: 2, 4,5,6-

@

wherein R and R! are independently selected from H, (C:-Czo)alkyl and halo(C:-
Czo)alkyl.

Detailed Description of the Invention

As used herein, “marine antifouling agents” include algaecides and
molluscicides. “Marine antifoulant activity” is intended to include both the
elimination of and inhibition or prevention of growth of marine organisms.
Marine organisms controlled by the marine antifouling agents suitable for use in
this invention include both hard and soft fouling organisms. Generally
speaking, the term “soft fouling organisms” refers to plants and invertebrates,
such as slime, algae, kelp, soft corals, tunicates, hydroidis, sponges, and
anemones and the term “hard fouling organisms” refers to invertebrates having

some type of hard outer shell, such as barnacles, tubeworms and molluscs.

The term “alkyl” means straight chain, branched, cyclic, or any
combination thereof. The terms “halogen” and “halo” mean fluorine, chlorine,
bromine, or iodine. All amounts are percent by weight (“%wt”), unless otherwise

noted, and all %wt ranges are inclusive. As used herein, the following
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-2A - tetrachl oroi sophthalonitrile;

3-(3, 4-di chl orophenyl ) -1, 1-di met hyl urea; zinc

et hyl enebi sdi t hi ocar bamat e; copper thiocyanate;
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Substitute sheet - 12 July
The arilﬁe hg‘oxglmg 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 marine structure to be protected, the marine
antifouling agents of the present invention can be directly incorporated into the
marine structure, applied directly to the marine structure,' or incorporated into a
coating which is then applied to the marine structure.

Suitable structures include, but are not limited to: boats, ships, oil
platforms, piers, pilings, docks, elastomeric rubbers, and fish nets. The marine
antifouling agents of the present invention are typically directly incorporated
into structures such as elastomeric rubber or fish net fibers during manufacture.
Direct application of the compounds of the invention is typically made to
structures such as fish nets or wood pilings. The compounds of the invention can

also be incorporated into a marine coating, such as a marine paint or varnish.

In general, the amount of marine antifouling agent neceésary to inhibit or
prevent the growth of marine organisms is 0.1 to 30 %wt based on the weight of



-2B - anermones and the term"hard fouling organi sms" refers to

I nvertebrates having sone type of hard outer shell, such as barnacles,
.tubeworns and nol | uscs. The term "al kyl" neans strai ght chain,
branched, cyclic, or any conbination thereof. The terns "hal ogen" and

"hal 0" mean fluorine, chlorine, bromne, or iodine. Al anounts are percent
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In general, the marine anﬁfou]ing 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,
for example, may be also protected by dipping the fish nets into a composition
comprising one or more of the compounds of the invention and a carrier or by

spraying the fish nets with said composition.

Structures such as wood pilings and fish nets may be protected by directly
incorporating the marine antifouling agents into the structure. For example, a
composition comprising one or more marine antifouling agents in a carrier may

be applied to wood used for pilings by means of pressure treatment or vacuum



structures such as fish nets or wood pilings. The conpounds of the

I nvention can al so be incorporated into a narine coating, such as a narine
pai nt or varnish. In general, the anount of marine antifouling agent
necessary to inhibit or prevent the growh of marine organisns is 0.1 to 30
%v based on the weight of

4 the structure to be protected or based® on the wei ght of the coating to

be applied. Wien the marine antifouling agents of the invention are
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sprayi ng, orbwﬁtomg!le?sfwswév@% Ymﬁr@&#%m&eyl eﬁsgatse%eqwebmt@eﬁea by
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conpounds of the invéntion and a carrier or by sprayi ng the fish nets with

sai d conposi butadiene-acrylonitrile;ruhbers; butadiengs stymene-atrylonifile mabbersidnying nay
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t he structure.” For exanp 'Oh conpri’sing one Or nore marine
antifouling agents in a carriezmgﬁg be applied to wood used for pilings by
€

means of pressur éChemarimecoating present invention may optionally contain one
or more of the following: inorganic pigments, organic pigments, or dyes, and

natural resins, 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.

Marine coating compositions of the present invention typically comprise 2
to 20 %wt binders, up to 15 %wt rosins/modified rosins, 0.5 to 5 %wt plasticizers,
0.1 to 2 %wt antisettling agent, 5 to 60 %wt solvent/diluent, up to 70 %wt
cuprous oxide, up to 30 %wt pigments (other than cuprous oxide), and up to 30
%wt marine antifouling agent.

Marine antifouling coatings of the present invention may be applied to a

structure to be protected by any of a number of conventional means. Suitable



5 inpregnation. These conpositions nmay al so be incorporated into a fish
net fiber during manufacture. Mari ne coatings typically conprise a
binder, solvent, and other optional ingredients. The solvent nmay be either
organic solvent, water or mxtures thereof. The marine antifouling agents
of the invention are suitable for use ingboth solvent and water based

mari ne coatings. Solvent based marine coatings are preferred. Any
conventional binder may be utilized in the marine antifouling coating

i ncor por at i Rgefidofapplitationtincludie, bt aveaidt lingitedytn) spraying; rellingy brushimg;
Sui t abl e binders include, but are not limted to: polyvinyl chloride in a
sol vent baséﬂ“k@@?éﬂj chlorinated rubber in a solvent based systenm acrylic
resins in solvent based or aqueous systens; vinyl chloride-vinyl acetate
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but adi ene- stny;seh@ea}earweémcpmben%%@#?;wero;i%e er mayipe aatifoyling. § o |
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of convent i anethyhthiv4-t-bSitylamihe6-cyclopropylamine-s-triazine; 2,4,5,6-
tetrachloroisophthalonitrile; 3-(3,4-dichlorophenyl)-1,1-dimethylurea; 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; diiodomethyl p-tolyl sulfone; bis dimethyl
dithiocarbamoyl'zinc ethylenebisdithiocarbamate; phenyl (bispyridil) bismuth
dichloride; 2-(4-thiazolyl)-benzimidazole; pyridine triphenyl borane;
phenylamides; halopropargyl 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.

The following examples are presented to illustrate further various aspects
of the present invention, but are not intended to limit the scope of the invention

in any aspect.



6 neans of application include, but are not limted to, spraying; rolling;
brushi ng; or dipping. It is known in the art that the perfornmance of
.marine antifouling agents may be enhanced by conbi nation with one or nore
other marine antifouling agents. Thus, other known marine antifouling
agents may be conbi ned advant ageously mhth the marine antifouling agents of
this invention. The conpounds of this invention nmay be conbined with, e.g.,
tin’based nmarine antifoul ants. Such a conbinati on has the advant age of

reduci ng the anmount of tin used and ghghglv | essening the anount of tin in
the environment. OQther marine antifouling agents useful in conbination with

t he conpounds of the invention ingclude, but are not limted tqg; nanganese
et hyl enebi sdi t hi'e¥amexegenductedtosetermingdhe soxicityofthemariae aptifalingsnat e
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et hyl enebi faliling exganismsat e; copper thi ocyanate; 4,5-dichloro-2-n-octyl - 3-
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henyl - N -f 1l uor o] de
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hre
2- (4-thiazqglyl)-benzi mdazol e; pyridine tri phenyl orane;_ phenyl am des;
hal oproparg;qgmﬁb@ﬁﬁa@lg rmmvemod\ﬁﬂeac}nbmys wn (preparedacsordingite db e

2- hal oal ko Oxyp ‘"Ft% iél%ﬁs %ﬂfﬁa“ﬁ&hoﬁ‘&aﬁﬁ&h@?tAEﬂy‘lﬁﬂnko 2-(4-

trifluoronet
2- (4-trifl OvgamsnioSsmyddian Microbilegyo voluaros, Gk960) anad used for

2-(4-trifluoromet.noxyphen 4 dICh| ot hi azol one. The

fol | owi ng B@?ﬁ@? ﬁ% g/%%%?%‘i" tﬁﬁg‘ﬁ%%t sftﬁﬂeﬁ%Fa%q%ﬁénggpect s of
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i nvention in_any aspect. 7

Exanple 1 *C). Tests were conducted to determine the toxicity of the

marine antifoulj \‘rﬂ agents of the Bresent i.nvention to Dunaliella.
Dunal i el | a are PWdnEeswere g5ewa dn 50mal of medisimg sontaired in 250 mL baffle

flasks with silicone sponge closures (Bellco Glass, Vineland, New Jersey, #2004-
00004, 28mm), on a rotary shaker under constant cool white illumination. 'Log-
phase cultures (4-7 days old) were used in testing. The culture was standardized
to an absorbance of 0.1 at 490 nm by addition of fresh medium. The
standardized culture was then diluted with an equal volume of fresh medium.
The inoculated medium was dispensed into a 96 well plate, using an eight
channel microliter pipettor. Each well in Column 1 received 195 uL; all the
other wells received 100 pL.

Solutions of test compound at 40x the highest concentration to be tested
were prepared in an appropriate solvent. A single channel microliter pipettor
was used to deliver 5 pL of the compound solution to three replicate wells of
Column 1. Two wells in Column 1 received no compound solution and were used
as reference growth control wells. The eight-channel pipettor was used to mix
the contents of Column 1 by drawing up and dispensing back to the wells a 100
uL volume. This was repeated 3-4 times, then 100 pL from the wells in Column



The effectiveness of the marine antifouling agents of the present invention
and 3-i odopropargyl N-butyl carbamate (Conparative) against Dunaliell aparva
_were determined by a twofold serial dilution procedure which determ ned the
M ni mum | nhi bitory Concentration ("M C) of test conpound required to
inhibit the gromh of an al gal inoculum gMLachlan's Medi um ( prepared
;according to J. MLachlan, "The Culture of Dunaliella Tertiolecta Butcher -
A Euryhal ine Organi sm', Canadi an Journal of M crobiology, volunme 6, 1960)
was used f oil was transfaired tec Qolume 2. e pixihg and transferrings procedewas wer e

i ed out in.96-, well d bott ' t at e bat
o done at combinyed WEpugh ERtgh 12 il'dhe 356435 100 1 BuLBRITER ot Copia dor ' ©"
medi um cont gisggrlledn 18teshvdrt c6vdrbd With Plaktc Gssuec@iture Hasgplacédaisids

(Bell co d ass, Vinelan New Jersey, #20Q4- 00004, 28my), on a rot ar
shaker undePlastigdbagswithyappesseals, and placedunder fingeesgentdights tq incubatefory jays

old) were u t I ﬁ,@fgﬂ ﬂllé#l r bance of
0.1 at 490 ﬁlrgnggfgléd |:tl|l€gn%y@r es éf'tgegﬁﬁeﬁ_ an aggl '?au%?e was
t hen di | ut eevidendeddry wdalmbletgmemcolbr,ememwedrmpnbwteaded medi um

was di spensed into a 96 well plate, using an eight channel mcroliter
pi pettor. Each vWells shovinigigrowth caupanable m%ap'atthd_uniaeatedmnmhweﬂ&vel |'s

recei ved 100 err wy» i ons t_conpound 40 |ghest
Concentrat | SRS i ap ot ad st Hav i pO iR R BRI Fifng o Ui d

si ngl e chanwells thatldd drdy sngnegﬁomhwme wated “t40” dRésﬂﬁrw&e[&éderd@E théle
conmpound sol utjon three plicate wel|s of CoI wells in Colum

1 received W8 A IIGP cAte x %'?e‘i?l’&"s“e P"e‘?’& eJRHWINIR ont 1 of
wel | s. The ?@Cused to mx the contents of Colum 1
by draw ng ﬁd;ﬁgélﬁggﬁgggﬁ%lﬁ?\g%?% tthe wells a 100 [err]L volume. This
was repeated 3-4 tines, then 100 [err]L fromthe wells in Colum

8 1 was transferred to Colum 2. The m xing and transferring process was
conti nued through Colum 12, vvlth t he, excess 100 [err]l fromthe well in
Col um 2 discarded. The pl at Astivisy Azainss Dumobiella Darvat i c tissue cul ture

|l ids, placed inside plastd th—zTppe -Wd—pfaced under
fluorescent lights to incugaéé—%gjI one week: I%'rel end of that tine, the
pl ates were exani ned for gBG‘V\Rh‘H.S evi denced By easily visible green
color, using a mrrored mqronl reader. Wl | s show ng growth
corrparable to that in the Untrea ed control vvePrs were rated as "+", and
wel I's having no growh were given a rating of "0", and wells that had only
slight growh were rated " [err] ". Results were recorded as the :

poet

Compounds showing activity against Duniella at less than 1 ppm are
considered to have high activity against soft fouling organisms. These results
demonstrate the compounds of this invention are more efficacious against soft
fouling organisms than known antifouling agents.

Example 2

Tests were conducted to determine the toxicity of the marine antifouling
agents of the present invention to Artemia. Artemia are indicative of hard

fouling organisms.

Substitute ocean water was prepared following ASTM Method I 1141-90.
The water was sterilized by filtration through a 0.22 micron cellulose acetate



medi an of the three replicate results and are reported bel ow as the m ni num

concentration to inhibit growh (MC). Activity
JAgai nst Dunaliella parva Conmpound M C(ppm
R=R[ err]=H 0.6 Conmparative

6.2 Conmpounds show ng activity @gal nst Duniella at less than 1 ppm

are _considered to have high activity against soft fouling organi sns. These
results denonstrate the conpounds of this invention are nore efficacious
agai nst sof meinhranefilter.gSan Mmmwﬁmm(smﬂtanmca@ay&and Inc.,

mar i he. ant | NETRFkCAIERIE) Ariepie SRR BV MRRCRHI st d o s el AT ar o

i ndi cative gfp dlﬁ%ttréoq'hbli\é}gstem@haf&edmazso L E drirhéyr JRERN THRL er  was
prepared fol I'owm ng ASTM Method D 1141-90. The water was sterilized by

filtration Aremigrysis (0-22) were veaigher inton steridised flask. One hundred mL of
9 menbranegliid ﬁé’)ﬂ\/ﬁﬁ{ﬁ ‘Em.w a3 Yo ﬁieaﬁgsk( S&‘Be'ﬁ] ‘iﬁa&i’%xﬁ&ﬁ”d Inc.,
as e

Newar k, Calitornia em a salna Cysts were purc froma [ ocal
aquari um sugmhlit;al shadcer.sefl’ hEammxmawlyelﬂwotMS peraniiiube ahd EBP@NAfyar24 | ask.

The Artem intp. a sterilize K. One hundred
tof st or | POTRHe Onferi o i Bask Rt pouted indo fisBngraté Junnél « ThESER | aced
on an or bi t gHells Wdee sepdrated framthe X ridit & naupli (raw@é)l &¢hel¥hells 04t tand
28[err]C. After 24 hours, the contents of the flask were poured into a

separ at ory thertapy Themaupliiywerareturngd te the laf@oamtbw 34 boyysishakingaaupl i i

'Elhgr:‘/?g)sk for anﬁ@@ﬁ%%ﬁg&gﬁ%ﬁ%gwﬁg HQ' S prepéol gr‘%;d ‘e

pouri ng t hehovarapftier thewtystawere/axiginhlly pt@ed |oarth48hhberc Afidrt the rtawplityst s wer e
|1 I d Af .t t h h
Caken up | nOREEGRARY ShEE PRI token v peele O PEicAL pEpeH st Sansterted "°' ©

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, including 3-iodopropargyl
N-butyl carbamate (Comparative), 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 pL 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
they served as untreated controls. Ten pL of a stock solution of a second



into another crystallizing dish. The suspension was stirred with a nagnetic
stirrer enough to keep the nauplii in suspension. Eighty nL of sterile sea
Wwater was added to the suspension. Using an eight channel mcroliter

pi petter | oaded with wi de bore pipette tips, 100 [err]L of the suspension
was ‘transferred into a colum of a 96 well, flat bottom tissue culture
plate. The nunber of nauplii in 3 to 4 wdlll s was counted under a

m croscope. The nunber was averaged, and the inoculum was adjusted through

further dilution, 5 to 30 nauplij p 100, mi. St ock sol utions of
t he corrpound§°IPB°"HEdo§°§%‘? ' %fgi ﬁ?%ﬁkf?ﬁﬂ%"f@mﬂ §§F‘B§rra_te
(Conpar ati ve§ila¥¥gh$ wek @P&T&%ﬂbﬁmﬂﬁh@*&h lePankPriiEy Rﬁﬁﬁlﬁ&oﬁi SfHim$Cl ¢4 1 OnS

were prepared at 40 tines the hi'ghest "concentration t e tested. Sol vents
wer e chosen pelusm %When&mmlbmnzW&fanmedu‘nmamsmonmueéunwaﬂsal vents

used were n n T YaalS O ke
Sure that (neyeRas hascreikt OREBRBARIL I B PLER 2 VEL ek BRbAC AR 1
flat bot tL 0”} hﬁdﬁdﬁmfs%rmﬁhgw‘seWmouggﬂxdﬁas aamlﬁistb éaehtv?eﬂ éithe Mﬂér ed
ninety pL of steri sea s added to colu of eac

One hundred pie &St{LiWas g weﬁgeiﬂﬁﬁwwmus&&@arwf%ﬁGMW t§ gh 12
of each pl at g, shHpubr§hat bbe 6f a stock solution of one conpound to be tested

was added to the first three wells of colum 1. The next 2 wells were

ski pped, as they served as uptreated contrgls.. Ten [err]L of a stock
sol ution of a Se&S}ﬁ s were read under a low magnification microscope 24 and 48 hours 1

conpound to (WeTe N T StTI#eh:ﬁ &kdii Cv?!h I¢ Serial
di l utions vve?%eltjglr%f or rlr’{e‘g ;gg%l&%&&%n?l%t?ans er T 6‘31 Perr rom coI um
1 to col unm the nawpliifarede 100.3Nauphi mtee:o alweesif aopit i nued unti |

i scar ded. R HRE Breph Myipie PHIARE Poribh, Rept b RE R B Al BE Bucea 1o

each wel | ofTable 2ol ate. The test plate was covered vvlth a plastic tissue
culture plate lid and incubated for 24 hours at 25 C Pl ates were
read under a | ow magnification mcroscope 24 and 48 hours after the nauplili
were added to the plate. The highest dilution in which all of the nauplii
are dead is the LC 100. Nauplii are considered alive if any novenent is
seen during the viewing period. Results of this test are shown in Table 2.




Artema L err] (ppm Conmpound 24 Hours
R=R[ err] =H 12.5 Conparative

.25 Conmpounds showi ng activity against Artema at 5-25 ppm are
considered to have noderate activity against hard fouling organi sns. These
results denonstrate that the conpounds of. this invention are nore

ef fi caci ous agai nst hard fouling organis t han known antifouling agents.

-12- What is claimed is: 1. A nmet hod of inhibiting the
growt h of marine organisms on a My4h&q LC Hpture, article, or
conposition in contact with or inten act with sea or

bracki sh wat er conprisjing &opipound t 0o, on, o24iHowsch marine structure a
marine organismb5 inhibitirRg_gourt of a di phen ione marine antifouling
agent of fornul a: RF=RTH [err] ﬁg wher ei n -R and
Rlerr] are independently s(him;mradvérom H, (C[erza Clerr])alkyl and
hal o(Cerr]-Cerr])al kyt= Fhe—rethed—oef—claim 1l wherein R
and Rlerr] are selected fromH, (C[err] C[err])al kyl 10 and
halo(Clerr]-Clerr])al kyl .

Compounds showing activity against Artemia at 5-25 ppm are considered

to have moderate activity against hard fouling organisms. These results

demonstrate that the compounds of this invention are more efficacious against
hard fouling organisms than known antifouling agents.



3. The nethod of claim2 wherein R and R err] are independently sel ected

fromH and net hyl . 4, The nmethod of claim 1l wherein the
~marine antifouling agent is incorporated in a carrier or marine
‘coating. 15 5. The nethod of claim4 wherein the anount of the
marine antifouling agent in the carrier or coating is ThisGRePHA Helh RaDlac
%Wt based on the weight of the structurei2to be protecte

t he wei ght of the coating to be applied. 6. A“HHHMHHHH l
inhibitingthe grow h of marine organlsms on a marine S :

article, or conposition in contact t“l I‘“I"m nr"iﬂ for contact with sea or
20 brackish water, conprising appl J/ such marine structure,
article, or . ggid-ion a mar i i rg‘anl"smlnﬁl biting anmount of a

. : atis
conmbi nati on I pheny d| one marl ne antifouling agent of fornula:

- 13 - [err] wherein R and Rerr] are

i ndependent |y sel- eét@@thpﬂ@ﬁmb{tqgeﬁhe]grm pf maripg|organisms on a marine
hal o err I t

sel e((:tqed f]roén%[‘m}r?gC ‘group”’ ggﬁ%lg(?s?& %&ﬁgb@fégpgl@ﬂngﬁﬁgcaﬁt&f? asr?tas

manganese ebhbtaekishi walier hompasimgmnp&ymg pran Sr ox Sy marine st,tmmneydn
di t hi ocar bangt 2- et t hy but am no- 6z s-triazine;
2.4 5, 6- g&(&@’ (%Iéﬁékﬁqyﬂyﬁﬁa qq%ganuﬁm%nga mmﬂﬁ%%nnﬂp
3-(3, 4-di chl orophenyl ) -1, 1-di met hyl urea; zinc
ethylenebisdithiocarbanate; copper thioc
4,5-di chl oro-2-n-octyl - 3- i sot hi azoffone; | .
N—(fIuorod|chloronethylth|o) phthaI|n1d . NNA[dr et hyl - N - phenyl - N - 10

d yri di net hi ol - 1- oxi de;
per-10% ni ckel alloy-solid solution;

tetramet hyl t hi uram d|
2,4,6-trichl orophenyl maRei , 3, 5l 6-
tetrachl oro-4- (et hyl sul f on yridine; 3-iodo-2-propyn butyl carbanate;
di i odonet hyl p-tolyl sul fone; bis dinmethyl dithiocalbanoyl zinc
et hyl enebi sdi t hi ocar bamat e; phenyl

wherein R and R! are independently selected from H, (C:i-Cz0)alkyl and halo(C:-

Czo)alkyl.

2. The method of claim 1 wherein R and R! are selected from H, (C:-
Ce)alkyl and halo(C1-Cs)alkyl.

3. The method of claim 2 wherein R and R! are independently selected
from H and methyl.

4. The method of claim 1 wherein the marine antifouling agent is

incorporated in a carrier or coating.

5. The method of claim 4 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.

6. The method of claim 1 wherein another marine antifouling agent
selected from the group consisting of tin based marine antifoulants; manganese
ethylenebisdithiocarbamate; cuprous oxide; zinc dimethyl dithiocarbamate; 2-
methylthio-4-t-butylamino-6-cyclopropylamino-s-triazine; 2,4,5,6-
tetrachloroisophthalonitrile; 3-(3,4-dichlorophenyl)-1,1-dimethylurea; zinc



(bi spyridil) bisnuth dichloride; zi m dazol e; pyridine
tri phenyl borane; 15 and 2-hal oaI m[“l m]ﬂ" !" lmgzol ones is applied to,
on or in the marine structure: whereinrn e ratio of the diphenyl dione
marine antifouling agent to the second marine antifouling agent is
from99:1 to 1:99. 7. The method of claim1 wherein the
marine structure is selected fromthe 13 group consisting of boats, oil

pl atforns, piers, pilings, docks, and fish nets. 20 8. A

marine antifoul | ng, cQating conposition _conpri si n% a marine antjfouling
agent of t heethg}epgb:g&thxocarbamate, copper thiocyanate; 4,5-dichloro-2-n-octyl-3- - 13A

[err]; ?@, élflﬁ@e Qﬂnﬁ lpct ed from
H (derr]- err ?e,ygﬁgﬁﬁmﬁn err?k@[egbﬁ ﬂdﬁ an }gﬂclgrrler
sel ect ed fr qrhenlyd- mthuhisrmﬂethgltbio sxdfaandemgaﬁ-lpwndmethml leoxidesi Xt ures 5
t her eof . ositio Rlerr]
are sel ect eoteﬂagfﬁtw%w :ﬁsﬁ%ﬁgﬁogpng?g‘ﬁ:@&eiﬁ@o%gﬁlfﬁﬁgﬁp?,%} rr])al kyl .
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; and 2-
haloalkoxyaryl-3-isothiazolones is applied to, on or in the marine structure

7. The method of 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.

8. A marine antifouling composition comprising a compound of the
formula

()

wherein R and R! are independently selected from H, (C;-Cz20)alkyl and halo(Cs-
Czo)alkyl; and a carrier.

9. The composition of claim 8 wherein the carrier is selected from water,

organic solvent and mixtures thereof.

10. The composition of claim 8 wherein R and R! are selected from H, (C:-
Cs)alkyl and halo(C,-Cs)alkyl.
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