WD 2007/ 088172 PCT/ EP2007/ 050927 1 COVBI NATI ONS OF

4- BROVD- 2- ( 4- CHLOROPHENYL) - 5- ( TRI FLUOROVETHYL) - 1 H PYRROLE- 3- CARBONI TRI LE
AND METAL COMPOUNDS 5 [0001] The present invention relates to conbinations
of 4-brono-2-(4-chloro-phenyl)- 5-(trifluoromethyl)-1

H pyrrol e- YORWYWEM™2rile, or a salt thereof, and copperP?OVERR RSO pounds
whi ch provide an inproved protecting effect against fouling organisns. Mre
particularly, the present invention relates to conpositions conprising a
conbi nati on of 4-brono-2-(4-chlorophenyl)-5-(trifluoronethyl)-1 Hpyrrole-3

10 carbonitri r I . t i or zinc
conpounds s e¢§@?&ﬁﬁp®%} %&%ﬁ‘%ﬁé%%&%@ﬁﬁ@@q@ﬁ@ﬁﬂ% SCN,
CuCB, ZnO, Znd 2, 7HBYRROLEARCARBONITRIKE ADDMERALROMROUNBSpect i ve
proportions to provide a synergistic effect against fouling organisns and
the use of these conpositions for protecting materials agal nst f1oul i ng
organi sns. 15 hOOOZ It has now been found that the combinati on of

4- br ono- 2 (419981 or HleAesRM nventionrelates tcamRiRatons of 4lbremesa-athierapbehoni tri | e
(‘her ei naf t er 5qefigroraethyp 1 HyarolegBaczebdnithile, @rratsaltaharegfpard appar srzinconpound

Incre, - znsortoups Hehlice 3 Proy I RERAY ekl bl ufiirb im0 02

conponent | | Morengasticulasly niée gresentdnwentiencielages tolsempesiiangicomprisiedi#i ng or gani sms.
As used her ghhibinatfoRdf &Brome-8-(ehibrRBAerlyD-5-Mubéemeip-1HpyRid-8on of _
attachnment or set,t_l enent ot& fﬁ&' ing organisns to the surface of an object,
the remottl ERPPUHE: AP SRIERTEShEOILIEE WUIF ene AP INRRPY 87 FRECUTIRIURER of an

obj ect, and télected oavh ICugD, Co@H) L uSTYacoppaspyritiorfleDGOSEN, CuCO3, Zn0,

4- Brono- 2- (4 I e -5 i€ J: = . =3 bonitrile is
di scl osed i nZE@?g%,’ %éafa 59&@({3 Htﬁn‘ﬁfn?%Feﬁéﬁnméggpgééf\éd){o 6%"15%93%d can be
represent ed Bynergigicrefipehadainst fpplingrerganjsmsramig the uses of thesggomposiignsewr. 0, 746, 979
descri bes t hgrot@n@materibi @gBingr-fbuling BrgahgRizeny! ) - 5- (trifluoro- methyl)-1

H pyrrol s 3-carbonitrile in antifoul ant conpositions which are applied to
underwater s es, In order to event the attachnent foulin gani sns
Vo sard - undliohZf eF et i B8RS ond aRb e SRR 2 e ARG B

4- br ono- 2- (4{tdhiopmesthyihdftplryel&-3(cartionitile (hereirafley teferecHo @y combenedt Yanthoni tri | e
wi th bethoxagicfeod bkl cotmpd Al Ebibbia o CJ®, BLEH)3IE 4, Soffth pRHiRbRET | N0

mat eri al s again ng organi sns. . ) - i
CuSCN, CuCOg;, Zn0O, ZnCly, ZnSO,, zineb, and zinc pyrithione (hereinafter referred

20 to as a component Il), has a synergistic effect on the control of fouling organisms. As

used herein, "control" is defined to include the inhibition of attachment or settiement of
fouling organisms to the surface of an object, the removal of fouling organisms that are
attached to the surface of an object, and the growth of fouling organisms.

25 [0003] 4-Bromo-2-(4-chlorophenyl)-5-(trifluoromethyl)-1H-pyrrole-3-carbonitrile is
disclosed in EP-0,312,723 for controlling molluscs. Said compound can be
represented by the formula :

Br, CN

e 0
| Cl

H
30 [0004] EP-0,746,979 describes the use of 4-bromo-2-(4-chlorophenyl)-5-(trifluoro-
methyl)-1H-pyrrole-3-carbonitrile in antifoulant compositions which are applied to
underwater surfaces in order to prevent the attachment of fouling organisms to said
underwater surfaces. W0-03/039256 discloses combinations of 4-bromo-2-(4-chloro-
phenyl)-5-(trifluoro-methyl)-1 H-pyrrole-3-carbonitrile with bethoxazin, DCOIT,
35 tolylfluanid and dichlofluanid for protecting materials against fouling organisms.



WD 2007/ 088172 PCT/ EP2007/ 050927 2 [0005] The copper and zinc conpounds,

al so referred to as conponents (I1), are the followng : - conponent (lI-a)

: Cu20 or copper (lI) oxide; 5 - component (Il-b) : Cu(OH)2 or copper (I1)

hydr oxi de; _ - conmponent (11-c) : CuSO4 or copper (I1) sulfate: - conmponent

(I'1-d) cop}yé)rzoﬁwn&mi one is a conplex_ of one or two pyr P¢HERRWOSER ecul es

with copper ligands, in particular cu? or Cue+, thereby formng

(1- hydroxy-2( 1H) - pyri di net hi onat o- O, S) copper (CAS 10 154592-20-8) or

bi s(1- hydroxy-2(1 H)-pyridinethionato-O S) copper (CAS 14915-37-8); -

conponent (11-e) : CuSCN or copper thiocyanate; - conmponent (II-f) : CuCQO3

or copper carbonate; - conponent (Il-g) : ZnOor zinc (Il) oxide; 15 -

conponent (/1 ]00R%) : ThermGpperandzinecompbyndshaier reflered to as corpporeents ({1 &€ theZnSO4 or

zinc (I1) su} fll&\kiﬁg .- conponent (l1-j) zineb or zinc

et hyl enebi s(dit hi ocar bamat_g); and - cor%lom_ant (I'1-k) : zinc pyrithione or

(bi s( 1- hydr oxy<oPenRRt(Hi® i GHe@ PhFAPRSE G-Q¥08) - T-4) zinc. 20 [0006] Werever

t he tlerm5' 4-blrommoﬁel(]tf(’rlfﬂﬂl:Gu(!m-h)groybc)pp'ér(ln) hydrbxmngonﬁt hyl %1-1 I—I-h

pyrrol e- 3-car ptrilen or . is. Used throughout this text, it is
Eipheni<3 . SHECRSpEitpel () plne

nmeant to incl S ot In'base”’or in salt form the latter
bei ng obt ai nedcdamponeelidid) o aorper pyrihibagsie afcomplexiof Aneer twppydivionat e aci d.

Appropriate acids conpri semdiciuled Wit e8Pt fgarids Oh @aficGlaPCh I Cuherdsy t he
hydrohal i ¢ acids, i.e. hydrofluoric, gyg E_Ighl %c,, h‘%/gig)br oni ¢ ggd
hydroi odic, sulfuric acid, HMNGE-NYdoY- {3 RpIRstionale- & SIRBRYHLAP: aci d
and the 10 ke; or organi c adbd’92-2048)or &s(1-fiysiroxy e hid)-myridmethidnato- @i panoi c,
hydroxyacetic, 2-hydroxypr gégs 149X _é)opanoi c, ethanedioic,

pr opanedi oi ¢, but anedi oi c, ? - 2-but enedi oi't, (E)-2-butenedioic,

2- hydr oxybut aneimrsangnt (31-e3- &U%zir%wmﬂrﬁ}‘@!?@ﬁt@, 30

2-hydroxy- 1, 2, conigomRanelfy i: CacoQwy bégper @béraesul foni c, et hanesul fonic,
benzenesul foni ¢, 4-net ﬂ1yl - Qe zemeszll| f oai ¢, cycl ohexanesul fam c,

2- hydr oxybenz ofEMPONENLEG 5 280K ARG L)8&TSvi ¢ and the i ke acids. Said
conponent5 (1) caypomkesiqlldyi: ZnClror zinb@l)febloridenf sol vat es, such as hydrates. 35

)
I o i P e
powder but at sepmponent (llj) :zineb or zinc ethylenebis(dithiocarbamate); and
- component (II-k) : zinc pyrithione or (bis(1-hydroxy-2(1H)-pyridinethionato-0O,S)-
T-4) zinc.
20
[0006] Wherever the term "4-bromo-2-(4-chlorophenyl)-5-(trifluoromethyl)-1 H-
pyrrole-3-carbonitrile” or component (1) is used throughout this text, it is meant to
include said compound both in base or in salt form, the latter being obtained by
reaction of the base form with an appropriate acid. Appropriate acids comprise, for
25 example, inorganic acids, such as the hydrohalic acids, i.e. hydrofluoric, hydrochloric,
hydrobromic and hydroiodic, sulfuric acid, nitric acid, phosphoric acid, phosphinic acid
and the like; or organic acids, such as, for example, acetic, propanoic, hydroxyacetic,
2-hydroxypropanoic, 2-oxopropanoic, ethanedioic, propanedioic, butanedioic,
(2)-2-butenedioic, (E)-2-butenedioic, 2-hydroxybutanedioic, 2,3-dihydroxybutanedioic,
30 2-hydroxy-1,2,3-propanetricarboxylic, methanesulfonic, ethanesulfonic,
benzenesuifonic, 4-methyl-benzenesulfonic, cyclohexanesulfamic, 2-hydroxybenzoic,
4-amino-2-hydroxybenzoic and the like acids. Said component (1) may also exist in
the form of solvates, such as hydrates.

35 [0007] The copper and zinc compounds as components (1) may also be used in the
form of a hydrate. For instance, CuSQO, is available as an anhydrous powder but also
exists in hydrated form such as e.g. CuSO,4.5H,0. ZnSQO, is commercially available



exists in hydrated formsuch as e.g. CuSO.5H20. ZnSO4 is commercially
avai |l abl e WO 2007/ 088172 PCT/ EP2007/ 050927 3 both as a nonohydrate or a
hept ahydrate. CuC 2 is comercially available as an anhydrous powder and as
a dlhydrate drated forns of conmponents (I1) are neant to be included in
the term " YOMEWERM™2(11)" as used thrﬁughout this text. PEVEBYBEORr f aces or
obj ects exposed to hum d or aqueous environnments are readily colonized by
aquatic organi sms such as al gae, fungi, bacteria, mcrobes, and aquatic
animal s such as, e.g. tunicates, hydroids, bivalves, bryozoans, polychaete

wor ms, spon ._barna these organis settle on or
LTS, PG 13RS B BRI o R AR LS The
att achnment oanhygtaus powder and asfa dikyidrater Gydrateddoring chteopdneotsr{liparefmaant ng' of a

structure. TRAKBIMdR thellim REFBORK () aéss&ehhﬁfou?‘]ﬁo%nn%rteﬁf the object may
deteriorate, the surface changes, e.g. from snoot cl ean and streamnined

to rough, foul and turbulent, the weight of the object increases by the
deposit of t[0008) g&lﬁa'sesomtrﬂedtsheipbsecEMnanﬁcsor agoeoushenvivoranerits greoéadilhe obj ect

Ty | Decome Bl SASHEREL S os Uiel WG ARl midebabhblqand syst em

i nvol ved 15 omers X ous envi ronmeh eri1 orates.
The common nBRiRGIE Sueh asEHa. t¥igatesy Nydred %tqvéb’ﬁﬁé?ﬁYOZ@P"% BoEhAgtOVY S sns i s by

treating thessdngus,bafrcled, iRl melluets Asathesu dr@tarﬁsrﬂs)@étmm@w whdtiabh @oggr | ses an
A oS, 85Rks, M o HE < GRILA BALLOBR S HhEBHadherlSr RRRERL |

invention aré es ect surraces or
const ant 1®r pf @fﬂ@n'%ﬁtsai’sﬁo KRioOWR aﬁ/d?k‘!hngffﬁ ersiraeure; ridge gxterigt, Pb\*{ﬂﬂﬁé‘h‘b’ or

settl enent Obls@hmﬁten&%fmwwﬂmay@eféﬂbrdtes thefsafase &fan@éé @4 FoM snpefRpOosi tion
oropor 1 ons. EERLRG peEmin@)it B, Mo, aFp EREREDE hohasinel b PR o

[0010] Exanpbethesiepesii o thaerpamerss and By exmnants; and e vicimily ahite obish rpawl | s

har bor i nst Bédo%é éﬁ%%ucté‘d BF éncaBereld! TREfuncibrYdr ek SkpEdt %nd §}§t@rﬁ AveiRées, | ocks,
bri dges, T plvereA s ofhes Hetedieons pidntes HeleBTalts. diecamen Baifed ™
reser voi rs t bgontioling theagactmentof fofilimgtosghnisoti ie by tredtingditestructuse todst | onal

equi pment ,  SPkfechR Wit 4 BQARE Which @bmpHdes anRftoliigSigedki S, and any 30 ot her
object in constant or frequent contact with water.” [0011] The invention al so

provides a nmethod to protect materials, in particular surfaces or objects
in frequent mooebn'ﬁleaaqmbirmtiba&asQljaitﬂed\ivamelpresagtihvmioﬁ angl aspeciallyrsydatilens by

appl yi ngag o ﬁ?gbr@te@t@u%&&s o’% o%fé%%béds%t Gﬂ%bﬁ'dagtaémuﬂ Waek ke foting or
antifouling ano

et her W|th one of
the conponefti¥ lﬂ(“fﬂ °me'@8}th t?fﬁ:igag ygg)t ﬁ@éHé#eS@fgblaﬁta donponent (11)
are in respecenpasitioprcomprisingcmmpanept (¢)\and ene osthe eompartdnts (¢ ineespeatia nst
fouling orgapisBRions to provide a synergistic effect against fouling organisms.

25 [0010] Examples of said surfaces or objects are for instance, shiphulls, harbor
installations, piers and pilings, drying docks, sluice-gates, locks, mooring masts,
buoys, offshore oil rigging equipment, drilling platforms, bridges, pipelines, fishing
nets, cables, ballast water tanks, ship reservoirs that draw water from infested bodies
of water, recreational equipment, such as surfboards, jet skis, and water skis, and any

30 other object in constant or frequent contact with water.

[0011] The invention also provides a method to protect materials, in particular
surfaces or objects in frequent or constant contact with water, against fouling
organisms by applying to said objects a composition comprising an effective

35 antifouling amount of a combination of component (l) together with one of the
components (Il) wherein the amount of component (1) and component (Il) are in
respective proportions to provide a synergistic effect against fouling organisms.

| e B - SO ——
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WO 2007/ 088172 PCTI EP2007/ 050927 4 [0012] The present invention further
provi des a nethod of protecting a surface which conprises applying to the
surface a conposition conprising an effective antifouling anount of a
conbi nati on_of conmponent (1) together with one of the ¢ !%

wher ei n t YOG B conmponent (1) agd conmponent (11) g@‘?ﬁﬁ%@g zctlve
proportions 5 to provide a synergistic effect against fouling organisns. An
especially inportant use of the nmethod of the invention conprises a nethod
for inhibiting fouling of a ship's hull, which conprises applying to the
hul I an ant| it oul i ng
Ul 20 bt SRAP A R BUEELE BB oY SR

cor r espondi nepraeiseapmlyingitogrsutfasn @ corpesiay capprising aareﬁeqwman&fpuimge in fuel

10 consunpt i gfodHet i BEHGASRM dﬁbrﬁb&ﬁﬁﬂmﬁtogéiﬁér%tﬁsoﬁ@%? &b%niﬂoﬁéhté foval of
nbi nati on o corrponent

t he foul 001 Th t

(13 1 oget hor wIFTPR TaaRoat of HEmeagRRgNeAt Sompejenhil fis i FEIRCIYetRROrarS
conponents (| jo providec synergistic effedtlagainsteouling oegapiatsi Ve gspegaltytimporsant osgr ovi de a
synergistic g tﬁé‘ﬁ{gth%g%# {h%tm\feﬂh'éd &%ﬁﬂ’s%"& rﬁ%ﬂ?%gjn?r ﬁrﬁﬁ'iturg;gfoHrﬁ@dofta%h@‘s%ﬂCt

constructions s
circul ation whlchg¢m@n8@h@pplwan§1theaul @a@mféouhng oempasitioniimaecardaace wilsthee. g. i n

manuf act u- rinO&tthaPBlﬂmQronltlﬁb RAIIE OE SHsH fot @;&mm: |h6i’é§§és|fﬁétloﬁ&5drad\bi% junction of
whi ch can be I{%al re

e _an mul.tiplication of fouling
or gani sns. FE" Bgnd&gaqt%re@gea}%ee ﬁﬁﬁ’ia%‘%’eéﬁ%' yp%ﬂdtaé1 'B‘frg?ﬁfl P&Heﬁgs such as
fl oors, tutecorsnapiiomeed inaédsedomaimtendnce gssts assoidtegl vethasmevdl bethefigulig.om
danpness such as cellars, bathroons, kitchens, washing houses and the Iike,
and which are hot - beds for fouling. Fouling not only is problematic from
t he vi ewpoi nt0033] thCé’ﬁ‘@Oé'H%f‘Sa@g’tpﬁé'ﬂg é‘§°mBkﬁ?t"H‘I o GoFRRN ( 'é@gﬁtaﬁ'i With osses

because sai éiné%ﬂtlhéjd: nem@/( ﬂbrwhia‘ﬂéi@tr%tdmtﬁjnﬂ@ﬂc@ﬁip@h@t@l?b@dt&ﬁp?dn@nﬂﬂf?hrap' dly
of e

th d d. 25 |

o ent | rnﬁeﬁ&ei'%nggcjfw%eropﬂ“@a% A A A I
reduce of5 el ¢ar beatsedtidprofackemnstrectiohs auphaasi €.9. Svigeaningspmlss baths,a®olpigyt opl ankt on
(di nof | agel lﬁ]éll%? iR g @if ﬁ%énd fﬁ&b‘s?ﬁéfp E]s |¥> ﬁstallaﬁ@lﬁé rg(?e it RBRRLHS-

anphi pods), rot | ers, aet es
ct enophor es, ringRiants 8f @rwr&oa@'&;%mngs@stﬁwfsa “‘ﬁ1fé”%tspﬁé>|f yhish ican B?ntmﬁadfaqi Phg
conposi ti onSthefprésleﬁceoamnme moNipiidatiemofdaning b&Rnists. Farkerigradpleabiet y of

2pp! 1 ¢ati OnSyiejnok AANBAT BlouRGHRAEN BLARES Bulck UhdmeFudle o ORIt T o

pul p and pap ess ers an sUs recovery
syst ens, 205 pi Pla¢asgufferingdem dempness sechas dellarg, batlurpgms kitalipnsheaghingahouses

i n- It ank/ i n- Cary tﬂé ik @hd ARicATare NG RRHS fof ¥uRhd. Hing hdtioRRyis BroBtenf2Bt #EMI
enul si ons,
\Mﬁe viewpoint of hygiene and aesthetics, but also causes economic losses because
said buildings and/or decorating materials deteriorate more rapidly than desired.

25 [0014] Another application of the combinations of the present invention is the
treatment or disinfection of ballast water to reduce or eliminate the presence of aquatic
organisms such as phytoplankton (dinoflagellates and diatoms), crustaceans (crabs,
shrimp, copepods, amphipods), rotifers, polychaetes, mollusks, fish, echinoderms,
ctenophores, and coelenterates.

30
[0015] The synergistic antifouling compositions of the present invention can also be
used in a variety of applications :
industrial aqueous process fluids, e.g. cooling waters, pulp and paper mill process
waters and suspensions, secondary oil recovery systems, spinning fluids, metal
35 working fluids, and the like

in-tank/in-can protection of aqueous functional fluids, e.g. polymer emulsions, water
based paints and adhesives, glues, starch slurries, thickener solutions, gelatin, wax



based paints and adhesives, glues, starch slurries, thickener solutions,

gel atin, wax WD 2007/088172 PCT/ EP2007/ 050927 5 enul sions, inks, polishes,
pi gnent and m neral slurries, rubber |atexes, concrete additives, drilling
mud's, toiletries, aqueous cosnetic formul ati ons, pharnmaceuti cal

for nul ati oW9 204§8%'he |ike. 5 [0016] The term "foul i ng WrHEROGEY2Y s neant
to conprise organisns that attach, séttle, grow on or adhere to various

ki nds of surfaces, in particular in humd or aqueous environnents such as,
mari ne waters, fresh waters, brackish waters, rain water, and al so cooling
wat er, drai nage ter, waste water and sewage. Foulin rgani sns,_are Al gae
such as, for eXBPPES "N?Pc‘?ogfﬁ'?eﬁag'gmgﬁga.ndﬂﬂﬂ?fglr%lfm%FHP:Q%E ﬁgeg‘,gs’ﬁ"‘f\rlﬁk‘?i cul a,
Anphi prora, Mehdiitives,,drilog cwds) ©jlet@d, aqyebosoosmsstic @rirutatibhg phalmechutical
Anabaena, Pha R ridium Macroal gae, e.g. Enteronorpha,

Cl adophor a, Egﬁag@‘g%%’lﬁg’,@"ﬂéﬁ%c aetium Ceram um Pol ysi phoni a and Horm di um
sp.; fungi; mcrobes; tunicates, including nenbers of the class Ascidiacea

such as @ 0nﬁ)016]nt'ﬂ1%ttéﬂﬁﬁ+f6lﬂin? BiganRERME nhdabt tecomptisebrgamiemBeat itdcis

schl osseri ; nbers of the ¢ tass.15 k}l:{%drgﬁgﬁb i ncl UEI nag.CeJav. squamat a,

Pydr act i ni a S¥ Ao exsdiete 16 AoS KIS obsRCenpat it b PG T b val ves,
i ncl udi ng Myadquenss edironsentSsacsass Magae wales, fiegawaters, bragkislewalerss railGst r ea
chi | ensi a, iqﬁ/%qeﬁ Iﬁgame;&w[ﬁgrﬂ?&l §rafRBEEwWHS SRR wABhrd3e@B88e. Pilifg

bryozoans, , g E ecI a pilosa, Bugula neritina, and Bowerbankia
gracilis; poopupERRE ARG RUChiascIPLEnaTRIsMITeRIgRs et ATRIPEa ACkSIH8ES; and
menbers 1 t NevielisSAmpHipréial Mepeied) Coctarleisd Chigmpddreonas, CalocklI&] Wivthpedi a

(oot nect ¢9) B4R BRI BRI ok S0E3e Mty 1 Dol 2

Bal anus bal anoti anus’ namert,” , 1us, nus i nprovisus,
Bal anus gal e&tagephosdh FoRRmYSsAGsRRhantium ; Cesgaium, Rpisinkoniagntodenmidiumsa.; Ver r uca.

25 [0017] Thgngiehmiidnes; RheRes ihditingdtheRBEr ONMB CIaeS hs@ititcd KicRas (0féha
conmponents (11 i sing a conbi ion o onent (1)

In conpositions conpr nat co

o0 one of  HiEsielsoABREGE [APYEnTE S0 S0k e SRR e e A PESHRE 1
synler gi st§ ¢ Hjdrezda, mghidingtC/dvadquanatar Hedractinta echinata, Obefzegeitulata andconposi tion
i ncluding, a . 1) . r a
conponent (| ?y&g‘?r%ﬁ%}yxﬁg‘@m%gq%%”ﬁd@@%%dgﬁ% ra?‘?%gg;éeas‘&)igh%ldglgﬁefhe art, 30
t he sai d syne@uissPsteeagihfiensia, Pegjsi68a splyAPREa (aRPtaMAssels) Aod sagaes s e ons of
Ul 1 ng. or gan g B e e oo ra el 15 Lo be
{reat od.  BacBRe B IEJRsKIGE HEgroGEH a0k AR RRorghE O HTORES ACE Ashat f on
;)f E Ee s3er Grustacea,afdieding Aftersiacanddzimmpediatbaomeslesy anctbas Selahes areghitétec or di tng1

o] e proce - %%g eri nmen )
As a gelr[:er al g%#?,n%fg'\tﬁg\%}rgﬁbﬁs%}a'n%??%%a@gi )’atn E’g'? ‘ or H#ggtgm? g’uéfl n’Eép

crenatus, Balanus improvisus, Balanus galeatus, and Balanus eburneus; and Elminius

modeslus, and Verruca.

25 [0017] The relative proportions of component (l) and one of the components (l1) in
compositions comprising a combination of component (I) and one of the components
(1) are those proportions which result in a synergistic effect against fouling organisms
when compared to a composition including, as an active ingredient, either component
() alone or a component (Il) alone. As will be understood by those skilled in the art,

30 the said synergistic effect may be obtained within various proportions of components
(I) and (1l) in the composition, depending on the kind of fouling organism towards
which effect is measured and the substrate to be treated. Based on the teachings of
the present application, determination of the synergistic effect of such combinations
can be performed according to the procedures of the Poison Plate Assay as described

35 in Experiment 1. As a general rule, however, it may be said that for most fouling
organisms the suitable proportions by weight of the amount of component (I) to
component (1) in the combinations should lie in the range from 10:1 to 1:10.



organi snms the suitable proportions by weight of the amobunt of conponent (1)
to conponent (lI1) in the conbinations should lie in the range from1l0:1 to
1:10. WD 2007/088172 PCT/ EP2007/ 050927 6 Particularly, this range is from
8:2to 2:8, nore particularly from3:1 to 1:3 or 2:1 to _1:2. Another

parti cul ar MOAPH8Y2conponent (1) to conponent (11) in PHEERSAGEIY i ons of
the present inventionis a 1:1 rati o%bet ween conponent (lI) and one of the
conmponents (I1). 5 [0018] The quantity of each of the active ingredients in
conposi tions conprising a conbination of conponent (1) and one of the
conponent s ( be so t Istic effect ai ed. . Ln
particul ar ar)tlgWgrgn fhisignds &8 rotnhgg t?% grgd))grt[cafaadgﬁomcﬂoﬁp %Eg B# t he

pr esent |nveAnotberpm)tlcptar§éloco®mpmpmlent It;ncompmnta(ﬂdv))mrtheocbmpmsntloeastthel w %
based on the I f SR eady to
10 use conpogfetg%rgﬁns\)é@fcl)&rrg% Fge1 rt(:a?:])(rilngon n'?éé%?&{laplt yr)f{ngr?@gnphﬁggﬁpgﬁvw /(“?o 40 wt %
based on the total weight of the conposition. The anobunt of conponent (11)
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and addi t5 vesompasitiondimgameinstancesabeantifoulidg S(pJEpCESItIOgS mgmmd directlyloans,
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enpl oyed by e artrsan I n preparin g ositi1ons
antifoul i ng EYEEBLIIES (9ﬁ§°'6¢‘e PW@?eﬁV@Q‘ér‘l‘Pm ﬁ‘%‘ﬁt‘ W haﬁ%ﬁpuﬁ@f prgapic msadi i se
sui tabl e sue@dme@mtﬂammmgnntbh@daé be @bvdréd itthatdrconiposifiomss uéearm exanpl e

natural or 3 erat n.ner ubs ances sol vent | Spersa
surfactants, g‘ﬁeqeﬁ?ﬁ %resené%h%@‘o\r)egzon?% r@‘?@ﬁ@? n tﬁ? I?g Ea P | -f reeze
agents, E(épeboremssnon@eh badilutediiad reagdy to usemndeneormalsrztaybartkcﬂhsrtly\bmoee -repel ling
agents, siccggdves, UV-stabilizers and other active ingredients. Suitable

surfactants are non-ionic, cationic and/or anioni c surfactants having good

enul sifying, dispersing and wettin Bert ies. The term "surfactants” wll
[0018] A composition comprlsmg a combination of component (1) and one of the

components (l1) in respective proportions to provide a synergistic effect against fouling

25  organisms is thus suitably used together with carriers and additives, including wetting
agents, dispersing agents, stickers, adhesives, emulsifying agents and the like such as
those conventionally employed by the artisan in preparing antifouling compositions.
The antifouling compositions of the present invention may further comprise suitable
substances known in the art of formulation, such as, for example natural or

30  regenerated mineral substances, solvents, dispersants, surfactants, wetting agents,
adhesives, thickeners, binders, anti-freeze agents, repellents, colour additives,
corrosion inhibitors, water-repelling agents, siccatives, UV-stabilizers and other active
ingredients. Suitable surfactants are non-ionic, cationic and/or anionic surfactants
having good emulsifying, dispersing and wetting properties. The term "surfactants” will

35  also be understood as comprising mixtures of surfactants.



35 al so be understood as conprising m xtures of surfactants. WO 2007/088172
PCT/ EP2007/ 050927 7 [0020] Antifouling conpositions conprising a

conbi nati on of conponent (1) and one of the conponents (I'l) in respective
proportions to rOV|de a synergistic effect against ﬁé 0 ﬁ nLsms nmay
be preparég ‘ﬁ "known nanner, for l.nstance by honpge @ %Vng,
coati ng and/ or grlndlng t he conblnatlon of active ingredients 5 (i.
conmponent (1) and one of the components (I1)), in a one-step or nulti-steps
procedure, with the selected carrier material and, where appropriate, the

bi nder s col (I0F0) ZAtuia thcRfBn 6B gsibinatlyT BFRBBSn (b ShEBRECS S,
Sui t abl e car@ftéﬁ? eornpanests|(11)dn respaelivaprapegions tecprovide a gynesgistis; effesragalist or

f1 owabl e poibﬂfﬂ{gsorgé}ﬁé?n@ﬁlﬁygéﬁ%bl%@rﬁ aﬁ)}’l@fowﬂ%neptfor%‘t’eﬂfcéfbw affect the
active ingredi ent bent oni t e,

acid clay, ahyme @e?q%ewlxmga%gnq ??F|/°'y%ﬂ2éﬂgf@ Cm"@?f}’bﬁﬁ@ﬁl n@ eaeatsol i t e

powder, &nd tileecdmgoagnt (§iahd oas of the corepaneptsdll)), |d|ame{$tEpanmmJltestep§1 silicic

aci d anhydri gr%cod;ﬂ}rg %vntﬂﬁl‘f\?ﬁe&eqt?cﬂ%rﬁ#%étérka%nd ?hcarél})%rolp?ﬂ{ e ojrt'lf_iarpo""der

activated ch _ hese sol'l’ be used either
singly or i naqdiives Aeah asrsuFace-aRlive AgRRIS clispgisantesthicheners, bisBrsefRIPYt e carriers

for liquid faddifiegtdofBSiommBibiore antBhs Iket hat does not adversely affect the
active ingredients, for exanple, water, alcohols (for exanple, 20 nethyl

al cohol, ethyl alcohol, ethylene glycol, propylene glycol, diethylene
gl ycol, tfl ycHORH, Siitablp cakietsonesplid famukiamspbesh aschstsndispereatiig or fiowable ket one,

etc.), et her?ovﬂée‘?é r@ér%’ﬁ?éd’ersa‘ﬁl Prapdbes nB?écfv@E\é@ra?fE&rtﬁé‘act%'r{g?éd?érff&for

di et hyl ene gl ycol |rreth et her, etc. rocar ons (for

exanpl e, hexﬁ’F?é“p"k@fad%Qﬁéexa&p@ yaolig, Rarignite. %’iﬁg‘?'%éf‘% dJike 1l K anpl e,
Eerzene, tgl oeintple, Xald ﬁdslede(rsadambht@p@hddﬂaandrmé ke, smiapmfbndxen@le etc.), d25
al ogenat e r C i de

el ogenat o YR AEBSIARA e AP Bnce R BLBE T el LEGEC LY

exanpl e, 15vet pgwdesmastivated chaseas, anéﬂWlkeaEb@wseh@sarws nmnqelusa@etﬂmre est er

fatt y acid génb@fbi in cgﬁbfhhtlor%ffiwé or MBE dpetied | es  (for exanple, acetonitri | e,
etc.). These solvents may be used either singly or in conbination of two or

rmre species. 30 [0023] Emulsifiable concentrates of the antifouling
conposi t i ons[tae2jor Appnepriate damiers memtormmumimamdrqu&itbat does abit ai ned upon

Ul able o EAErSHGERRE OB CABRES bl 280 b bl BRI 25, £, o,
of at |edst medyl Q}@m)L sylaeehob #ﬁ]Y?WQWﬁQj RIgRYigne M%éfﬁ’y'%l%ﬁﬁﬂ, e for this
type 35 of fgiyeatinaétcketdnes yotdlampla)ataiond, MtHeethliketnd, &6l aners gort he

hydr ocar bon, Chl ?e, dloxgng tetrahydrofuran, cellosolve, diethylene glycol dimethyl ether, etc.),

ahphatlc hydrocarbons (for example, hexane, kerosene, etc.), aromatic hydrocarbons

(for example, benzene, toluene, xylene, solvent naphtha, methyl naphthalene, etc.),

25  halogenated hydrocarbons (for example, chloroform, carbon tetrachloride, etc.), acid
amides (for example, dimethyl formadide, etc.), esters (for example, methyl acetate
ester, ethyl acetate ester, butyl acetate ester, fatty acid glycerin ester, etc.), and nitriles
(for example, acetonitrile, etc.). These solvents may be used either singly or in
combination of two or more species.

30
[0023] Emulsifiable concentrates of the antifouling compositions according to the
present invention can also be obtained upon dilution of the combination of components
() and (Il) with at least a suitable organic solvent (i.e. a liquid carrier) followed by the
addition of at least a solvent-soluble emulsifying agent. Solvents suitable for this type

35  of formulation are usually water-immiscible and belong to the hydrocarbon, chlorinated
hydrocarbon, ketone, ester, alcohol and amide classes of solvents, and they can be

properly selected by those skilled in the art based on the solubility’s of components (1)



hydr ocar bon, ketone, ester, alcohol and am de classes of solvents, and they
can be properly selected by those skilled in the art based on the
solubility's of conponents (1) WD 2007/088172 PCT/ EP2007/050927 8 and (I1)
respectiv EnuIS|f|abIe concentrates usually contain |n nto the
organic so“%@ﬁ?‘?? fromabout 10 to 50% by wei ght of t %W%ﬂﬁgp?on of
active ingredients, fromabout 2 to 20% of enul sifying agent(s) and up to
20% ot her additives such as stabilisers, corrosion inhibitors and the like.
The conbi nation of conponents 5 (1) and (I1) may al so be formul ated as a
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surface active agents such as previously described; viscosity regulators; corr03|on

inhibitors; pigments such as titanium dioxide; stabilisers such as sodium benzoate,

25  sodium hexametaphosphate and sodium nitrite; mineral or organic colorants and the
like. The ways of formulating such additives together with the component (I) and one
or more components (l) of the present invention is also well within the knowledge of
those skilled in the art. Such protective compositions may be used not only to cure
and/or limit the damaging effects of fouling organisms but also in order to prevent

30 deterioration to occur on materials which may be subjected to the harmful environment
and effects of fouling organisms.

[06025] The antifouling compositions according to the present invention can be
applied by a number of conventional methods, such as hydraulic spray, air-blast spray,
35  aerial spray, atomising, dusting, scattering or pouring. The most appropriate method
will be chosen by those skilled in the art in accordance with the intended objectives
and the prevailing circumstances, namely the kind of fouling organism to be controlled,



35 aerial spray, atom sing, dusting, scattering or pouring. The nost
appropriate nethod will be chosen by those skilled in the art in accordance
with the intended objectives and the prevailing circunstances, nanely the
ki nd of foulin anismto be controlled, WD 2007/088172 PCT| EP2007/ 050927
9 the typeW80 dﬁﬁghent avail abl e and _the type of mat erPGH/ERGOHEIR! ot ect ed.
[ 0026] As previously indicated, the cdmbi nati on of conponents (1) and (I1)
is preferably applied in the f or m of conpositions wherein both said
ingredients are 5 intinmately adm xed in order to ensure sinultaneous

adm nistratign.to the mat ecte dm ni ation or
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I T
CuS™4, coppethapy? h@lthoﬁblS a@rsejmre r@tm@canm@ar@mmrmsmw by siewa and zi nc
pyri thione, ﬁﬁta@ie%ﬁr@i@' ﬁb@kédé’bofrdb’nsﬁg EPIB&é%%ﬁ@H@ntéﬁheﬁﬂQ&'@/ﬁﬁ 'a%rnwﬁa%n wher ei n

Sald a a eCt|V ro tlonS to |St|C
STt oot hgar neamsinBrise adtyt cRbaat (), et G ronrRh Mg DBy
Experi met®8 lcompising@n qotnaatcﬂmpmaryt (Ma%em’fore tree resemé inyerttionyatsond:

4- br ono- 2- (4, ﬁig,@ gsegta%&qud r(ternFnh uoronethyl)- 1 Hpyrrole-3-carbonitrile
2

as conponent ination partners: - Cu20 as conponent

(11-a); - Ca@p%trpﬁmmlsmﬁbmmo -2-(egrdese-pheny)-aftritenrmaem- 161 | - c) ;. -

copper pyri t hl ByiRle-3-cerbomird dr A %At B0k Gd cdhpdhent @, Bed hi onat o- 0, S) copper,

as component (b) a composition comprising a component (Il), selected from Cu,0O, Cu(OH)s,

20 CuSQy,, copper pyrithione, CuSCN, CuCOg, ZnO, ZnCl,, ZnSO,, zineb, and zinc
pyrithione, as a combination for simultaneous or sequential use, wherein said (a)
and (b) are in respective proportions to provide a synergistic effect against fouling

organisms.

25 Experiment : Poison plate assay
Experiment 1 : poison plate assay

Name of the primary compound:  4-bromo-2-(4-chloro-phenyl)-5-(trifluoromethyl)-
1H-pyrrole-3-carbonitrile as component (1)

30  Name of the combination partners: - Cu,0 as component (II-a);

- Cu(OH), as component (lI-b);

- CuSQ,4.5H,0 as component (lI-c);

- copper pyrithione, i.e. bis(1-hydroxy-2(1H)

pyridinethionato-O,S) copper, as component

35 (1-dy;

- CuSCN as component (lI-e);

- CuCOg as component (l1-f);

- ZnO as component (l1-g);



35 (11-d); - CuSCN as conponent (ll-e); - CuCO3 as conponent (114); - ZnO
as conponent (11-g); WD 2007/088172 PCT/ EP2007/050927 10 - Znd 2 as
conponent (ll-h); - ZnSO4. 7H20 as conponent (I1-i); - zineb as conponent
(I'l-j); - zinc pyrithione as conponent (Il-k). 5 Stock solution: 8000 and
80. 000 ppn’fvpr?o‘ﬁrﬂ)‘)é@nTest combi nations;. % product A + % RGBT 82100 + 0 10
80 + 20 66 + 33 50 + 50 33 + 66 2@ + 80 15 0 + 100 Concentrations of
total single active ingredient in the toxicity tests : a series of
concentrations increasing with steps of 1/3 : 0.03 - 0.04 - 0.05 - 0.06 -
0.08 - 0.11 - _

0. 15- 0. 20- 0. 27- 0. 35- 0. 47- 0. 63- 0. 84- LSRR HBY_ 3 56.4.75 20

6. 33- 8. 44-11. 25-15. 00- 20. 00- 26. 70- 35.28047H40-a63om@o@eNt 8B1)112. 50- 150. 00 -
200. 00 ppm Concentrations of total _%\é@cbmgsﬁgﬁﬁpﬁ; in the conbination
tests : a series of ~concentrations increasing Wt ste% csf 1/3: 0.08 -
0.11 - 0.15 - 0.20 - 0.27 - 0.35 - 2§ RyFNPNEES goBRONept (Bk).

1.50-2.00- 2. 67- 3. 56-4. 75-6. 33-8. 44- 11.25- 15.00- 20.00 ppm For

conbi nat i onsSieck sol@wd804, and ZnSO4, &d0diahd 60.000 psrein BMIS@ th 1/ 3 steps was
used: 0.03-0.05-0.06-0.08-0.11 -0.14-0.19-0. 25-0. 34-0. 45-0. 60-0. 80- 1.07-
30 1.42- 1.99: ; =4.50-6. 00- 8., | § ium al gae: BG 11
liquid m nerg?sgﬁéﬁ?lﬁ%%%&nem a sali na{°%g°rc%a% ciQ;I Aﬁé@%\%’?g 35 Experi ment al
set up : 24-well plates Species of alOae (1) * Blorella vulgaris CCAP

211/12 19 80 + 20
66 + 33

50 + 50

33 + 66

20 + 80

15 0 + 100

Concentrations of total single active ingredient in the toxicity tests : a series of
concentrations increasing with steps of 1/3: 0.03 - 0.04 - 0.05 - 0.06 - 0.08 - 0.11 -
0.15-0.20-0.27-0.35-0.47-0.63-0.84 - 1.13-1.50 - 2.00 - 2.67 - 3.56 - 4.75 -

20 6.33-844-11.25-15.00-20.00 - 26.70 - 35.60 - 47.46 - 63.28 - 84.38 - 112.50 -
150.00 - 200.00 ppm.

Concentrations of total active ingredient in the combination tests : a series of
concentrations increasing with steps of 1/3: 0.08 - 0.11 -0.15-0.20 - 0.27 - 0.35 -

25 047-063-0.84-1.13-150-2.00-2.67-3.56-4.75-6.33-8.44-11.25-15.00-
20.00 ppm.

For combinations with CuSQ,, and ZnSQ,, a different series with 1/3 steps was used:
0.03-0.05-0.06-0.08-0.11-0.14-0.19-0.25-0.34-045-0.60-0.80-1.07 -
30 1.42-1.90-253-3.38-4.50-6.00 - 8. 00 ppm.

Culture medium : algae: BG 11 liquid mineral medium
Artemia salina: artificial seawater

35  Experimental set up : 24-well plates

Species of algae : (1) : Chlorella vulgaris CCAP 211/12
(2) : Anabaena cylindrica CCAP 1403/2A

(3) : Chlamydomonas sphagnophila CCAP 11/36E
40



(2) : Anabaena cylindrica CCAP 1403/2A (3) : Chlanydononas sphagnophil a
CCAP 11 /36E 40 WD 2007/088172 PCT/ EP2007/050927 11 Inoculum: al gae: 1990
pi of a 1/10 dilution in BG 11 of a two week old culture Arternia: 1990 |
artificial seawater with 20 - 40 Artemi a |larvae (24 hours ol d_L‘ 5 Culture
condi ti onsWOB881735 o4 r e ati ve huni g ty, 1000 lux, 16PAHEP2PHGIYPeri od

Eval uation: algae: after 3 weeks of e fposure Artem'a after 24 hours of
exposure 10 Synergi sm between conmponent (1) and one of the conponents (I1)
was determ ned by a commnly used and accepted nethod described by Kull

::.ngéx?t \/\12: i:h‘ni ‘S‘A@'ﬁl I(:ﬁl at edcz[%'bl ggﬁ%%a Wﬁg‘? 541 %33@1@ S(i’ Q{%%t‘t X %ng/ggrgy

| ndex (SI) Q+ Q@ e whenlbira: QA is the concentration of conmpound A in

ppm, 26t ng alone, v ch PyoEfodtly ANtk 200 iR lafBe Y ond
Mﬁg%’ fi ration of conpound B in ppm acting

poi nt (V\/rghMC) B is the#
c

al one, produced an end point (e.g. MC, 25 @ is the concentration
of conpound Buiture ppmditions : t I2¢ “CriEstd redativathumiditpr@d0 ded 16 hourguhdioperiost (€. g.
MC. MCis the mninuminhibitory concentration, S. the | owest

concentratio ch test ! of test conpounds sufficient
to inhibit vFé’@%ﬁt%ﬁ rowt h. aﬁg{ﬁ%ﬁgt egk%gr%%%‘?‘? ndex is greater than 1.0,
ant agoni smis indi cat ed. Wistenidiaftg|24ihoursc @gposute 1. 0, additivity is

indicatetR Wien the SI is less than 1.0, synergismis denbnstrated.
Synergism between component (I) and one of the components (1) was determined by

a commonly used and accepted method described by Kull F.C. et al. in Applied
Microbiology, 9, 538-541 (1961) using the Synergy Index, which is calculated as
follows for two compounds A and B:
15
Q. Q
Synergy Index (SI) = Q_A + Q_B
wherein:
e Q, is the concentration of compound A in ppm, acting alone, which produced an
20 end point (e.g. MIC),
¢ Qjis the concentration of compound A in ppm, in the mixture, which produced an
end point (e.g. MIC),
e Qg isthe concentration of compound B in ppm, acting alone, which produced an
end point (e.g. MIC),
25 e Qpis the concentration of compound B in ppm, in the mixture, which produced an
end point (e.g. MIC).

MIC is the minimum inhibitory concentration, i.e. the lowest concentration of each test
compound or mixture of test compounds sufficient to inhibit visible growth.

30
When the Synergy Index is greater than 1.0, antagonism is indicated. When the Sl is
equal to 1.0, additivity is indicated. When the Sl is less than 1.0, synergism is
demonstrated.

35  When the Synergy index is greater than 1.0, antagonism is indicated. When the Sl is
equal to 1.0, additivity is indicated. When the Sl is less than 1.0, synergism is
demonstrated.
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Chlorella vulgaris

(2) : Anabaena cylindrica
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[rom 020, Ol Ol oBABEn BN ) 4 P S GHEER a0 20 2

zZineb, a Z|nc and one of the
components (1) respectve pf?@é@é‘éﬂq W@Vléﬁ éﬁwqulétl'ﬁse tagamsméhrw YIRSt i C
ef fect against fouling organisns. 10 2. A conposition as clainmed in claim1l

wher ei n tibe coMpodRiPostibn s blainfdddd claifh 1 AhErRIMARS tdrhgdheds(Ilflsaduyed in claim 1
wherein the corrponent (rr)y is Cu(OoH 2. 4 A conposition as clainmed in claim

i aim 1 wher o n A RHES b ALHERAN IHE LyfRER e sFRoehL) SRR Gompos: ¢ 1 on

as clainmed in cI aim1l wherein the conponent (I1) is CuSCN.
4. A composition as claimed in claim 1 wherein the component (ll) is CuSOy,.

15
5. A composition as claimed in claim 1 wherein the component (ll) is copper
pyrithione.

6. A composition as claimed in claim 1 wherein the component (I1) is CuSCN.
20
7. A composition as claimed in claim 1 wherein the component (11) is CuCO,.
8. A composition as claimed in claim 1 wherein the component (11) is ZnO.
25 9. Acomposition as claimed in claim 1 wherein the component (l1) is ZnCl,.

10. A composition as claimed in claim 1 wherein the component (Il) is ZnSQO,.

11. A composition as claimed in claim 1 wherein the component (lf) is zineb.

30
12. A combination as claimed in claim 1 wherein the component (il) is zinc pyrithione.
13. A composition according to any of claims 1 to 12 wherein the ratio by weight of
component (l) to one of the components (Il) is 10:1 to 1:10.
35

14. A composition according to any of claims 1 to 12 wherein the ratio by weight of
component (l) to one of the components (I1) is 3:1 to 1:3.

15. A composition as claimed in any of claims 1 to 14 wherein the amount of
40 component (1) ranges from 1 wt% to 40 wt% based on the total weight of the
composition.



20 7. A conposition as clained in claim1l wherein the conponent (I1) is
CuCC3. 8. A conposition as clainmed in claim1l wherein the conponent (Il) is
ZnO. 25 9. A conposition as clainmed in claim1 wherein the conmponent (I11)
is ZnC 2. 10. A conposition as clainmed in claim1 wherein the conponent (I1)
is ZnSO4. WMA200K0883Pposition as claimed in claimil wher @CAEPRO7T8YAHonent

(11) is zineb. 30 12. A conbination d8 clained in claim1 wherein the
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claims 1 to 1% lsePE? ﬁ°’t‘%'tloata\°6°’8'99\?6é"i"&lﬂf°@ iR ?Cf"i“}°'f’ fogkng of the
conponents (I1) organi8ms. to 1:3. 15. A conpositi on as cI aimed in any of clains
1 to 14 wherein the anmount of 40 conponent (I) ranges from1l w%to 40 wt %

based on the tot i . /
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material s agai ngf 3 EOHbdsNDN YcEHFBinG IBany i elathd fhe. said 5 method conpri ses
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according to anyaoofnpotmonmcmrcﬂr@tQEnyd(tléh@s1Ao ps.oduct containing (a) a
conposi tihgn conprising 4-brono-2-(4-chloro-phenyl)-5-(trifluoronethyl)-1 H
pyrrol e-3-carbonitrile, or a salt thereof, as conmponent (1), and (b) a
conposi ti on d8mprAredusicentaidn@onent (11), selected from Cu20, Cu(OH 2, 15

Cust4, COpper pxé)lat&umemo@@ﬁw r@mmo@@cn@%ﬂenymﬁmuomn-wd zinc
pyri thione, qn‘% ﬂ’ g h neous or fﬁ? uential use, wherein
said (a) and (b)oyrégg- “GaPon réf)’e‘?ftals\? r%f%%oarsﬁ%}?g ¢ 'g' ide a synergistic
ef fect agai nst flgud ¢Gompositigracdrsprising 2&@mponent (11), selected from Cu,0, Cu(OH),,
15 CuSO0Oy, copper pyrithione, CuSCN, CuCQO3, ZnO, ZnCl,, ZnSQy, zineb, and zinc

pyrithione,

as a combination for simultaneous or sequential use, wherein said (a) and (b) are

in respective proportions to provide a synergistic effect against fouling organisms.
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