USE OF PYRROLE COVPOUNDS AS ANTI FOULI NG AGENTS %%i}‘ 5,& {3Thi$ invention
relates to the use of pyrrol e conpounds as ahtiféuling agents. Mre
pasti-edl arly this invention rel ates to met hods ugigggpkgn91e conmpounds
for controlling 10 or conbatting the attachnment ofafdhlrng én@%nisns to an
underwat er surface and for protecting an_aquatic structure & 3 hat
fouling by marine or freshwater fouIing'&FganisnB. Al so provided are
marine or freshwater antifoul ant conpositions. 15 The ever
recurring growh of fouling organisns on underwat er structures such as
shi ps, docks, piers, pilings, fishnets, heat exchangers, dans, piping
structures, intake screens, cooling towers and the like is a costly and
20 hazardous problemin both marine and freshwater endeavors. The

presence of fouli ng %r%%mﬁ'ﬁ‘ioﬁchﬁ I einﬁ%rtﬁ. NG @m@ s, al gae,
di at ons, hydroids,—gryU2TEr-1Enﬂ1ﬁ1mT;gg&bgﬁéﬁbewurnET—éEﬁ1ﬂ%‘U—CIans and the
| i ke can wei gh down aquatic structures, hanper their hydrodynam cs,
reduce 2% operating efficiency, increase susceptibility to corrosion,
cause degradation and structural fractures, block or hamper wat er fl ow
and wat er exchange and the |ike. A conmon met hod of controlling the
presence or ahiacimesaht 0bnfoElangs to EhEaNsESHE pPriOlE0abmpbupasNBat e the
under wat er struc%urf.SO mntg a Cﬁng05|tlgn mﬂ|0$ COﬁPrISGS a_toxic

met al - cont ai MthGtOL LRI PBENES suchCas PRFEASBURHTY t PR Br LRUBPBIS oxi de.

Al t hough saidetaupsstoi nathads ssheghpyredlecacmposnds fant cdéntrahi sngt hey
degradejﬁﬂowéy égmﬁgﬂéihﬁ ERY LOPOERhENt of fouling organisms to an

underwater surface and for protecting an agquatic structure

against fouling by marine or freshwater fouling organisms.
Also provided are marine or freshwater antifoulant
compositions.

15
The ever recurring growth of fouling organisms on
underwater structures such as ships, docks, piers, pilings,
fishnets, heat exchangers, dams, piping structures, intake
screens, cooling towers and the like is a costly and

20 hazardous problem in both marine and freshwater endeavors.
The presence of fouling organisms such as barnacles, zebra
mussels, algae, diatoms, hydroids, bryozoa, ascidians,
tubeworms, Asiatic clams and the like can weigh down
aguatic structures, hamper their hydrodynamics, reduce

25 operating efficiency, increase susceptibility to corrosion,
cause degradation and structural fractures, block or hamper
water flow and water exchange and the like. A common
method of controlling the presence or attachment of fouling
organ-isms is to coat or permeate the underwater structure

30 with a composition which comprises a toxic metal-containing
compound such as tri-n-butyl tin or cuprous oxide.
Although said compositions are somewhat efficacious
antifoulants, they degrade slowly in aquatic environments
and are, therefore, ecologically harmful.



and are, therefore, ecologically harnful

ACY- 33155 -2- Aryl pyrrol e
coirpounds and N-acyl ated aryl pyrrol e conmpounds are known to be
effective insecticidal and endect oci dal agents useful in crop
protection and ani nal heal t h; said pyrrole conpounds are de¥eBiBhéd in
US 5 patents 5,310,938 and 5, 328,928, respectively. It is an
object of this invention to provide an ~2- environmental |y and ecol ogical |y
sound net hod of conbatting or controlling marine and freshwater fouling
or gani sns w t hout the use of toxic netal - containing conpounds 10

It is another obj hg iAventign 1o .pro ecti_ve nmet hod
for protecting aq%é? g&é%E&%tﬁgegogagﬁngpd o aFggﬁFﬁa BﬁyﬁEVFﬁ@
freshwat er f e@mpeYyndisgawies kown to be effecslaefmnsbetlabﬁaata@ﬁ this
I nvention to u orpo o |se
eBHR%ieS idal %@%hEQ h@@%uﬁ gH éEB n%ouﬁ%cggog d_ animal agent s.

2-arylpyrrol e and 15 acyl afed 2-arylpyrrole as't
It is a featBP8LER/t RIS RYEKELEnCPRRPURAE aﬁe|ﬁ§aprmged lnnﬁtﬁods and

conposi t idnspactentees, eﬂohea%yaﬁatsl399ﬁ9bexe§especemdel?X'C
met al - cont ai ni ng ggnpoun and other features and objects

of the invention ﬁflFnbggaﬁgtnBFetgbﬁaFEHFnFF8ﬁ1FﬁepHBVégﬁeéndescrlptlon
set f or t BnMérenmestewly and ecologically sound BENVWARYoEFcOhbatNYRYTI ON

25 Theopr esgRol 2y aR! haglaaoghﬁehasﬁagégg E8ﬁlln%89ﬁg%§%%1:sng or

combatting a farine or i ses
cont acti ng sYt8hBR§akhen®et REakoxic Eﬁtﬁiogpnﬁgléingcﬂpmpoandant of a

2-aryl pyrg ol e compeung @hotherf 8b§HER bf3Phis invention to provide an
effective method for protecting aquatic structures against
fouling by marine or freshwater fouling organisms.

It is a further object of this invention to provide
antifoulant compositions which comprise 2-arylpyrrole and

15 acylated 2-arylpyrrole compounds as the active agents.

It is a feature of this invention that the antifouling
methods and compositions are free of heavy metal complexes
and toxic metal-containing compounds.

These and other features and objects of the invention

20 will become more apparent from the detailed description set
forth hereinbelow.

SUMMARY OF THE INVENTION
25 The present invention provides a method for
controlling or combatting a marine or freshwater fouling
organism which comprises contacting said organism with an
antifouling-effective amount of a 2-arylpyrrole compound of
formula I
30



[err] -3- wherein X

I's hal ogen, CN, NO2 or S(OnR[err]; Y i s hydrogen, hal ogen or
S(OnRerr]; Z is halogen, Cerr]-C4hal oal kyl or S(OnRerr]; 5nis
an integer of 0, 1 or 2; Rlerr] is (Jerr]-C4hal oal kyl ; Lis

hydr ogen or hal ogen; M and Q are each independently hydr&g€én}3habogen,
Cerr]-c4 : al kyl, d -C4hal oal kyl,, [ err]-C4al koxy,
Cerr]l-Calkylthio, Cferr]- 10 C@élkylsulfinyl,
( err]-C4al kyl sul fonyl, CN, NO2, R2CO or NR3R4, or when M and Q
are on adjacent positions and are taken together with the carbon
atons to which they are attached MQ represents the structure

- OCH20 OCF20-, or -CH=CH CH=CH-; 15 R is hydrogen,

Cerr]- C4a|wﬁ§§59k9|x Efeh?}oqﬁabk9Nh|HQBk9¥ SO RS0, R is

([ err] - CAal kyl isChgeatrbgedhahaableh, ogngo}nﬁgalkoxy or NR3R4; R3 is

hydr ogen or er ydro C[err] C4al kyl or

Rl err] CO al %?ingFE h9€r€@ﬂﬁi§91%¥£ 1847 and 20 R6 is

Cerr]- C@alhyllsC§nriht€éhﬁloﬁlﬁyI1 erzr] CAaIkoxy, C2-C6

al kenyl oxy, ﬁ% éﬂéa @éﬁ] phenyl optionally substituted
with one to three Eier yl® groups, benzyl, phenoxy,

benzyl oxy, G ekg]hydupagncarbbajbosy; C3- C6 cycl oal kyl ,

napht hyl, pymi gyd, Qtarénaécnrlﬁaégauaen8§y hydrog ane H&fé§8ﬁ '@g jion also

provi des, & et hod, [y e, ndi SLBEH O o A9y 'C.ifhr—é‘;a‘l’éﬁwé"fﬂéiant
conposi tlidon suita@&&ikm&sm&fnmyﬁﬁEﬁfﬁc4alﬁy1sulfonyl, CN, NO2, R3CO or
NR3R4, or when M and Q are on adjacent positions and
are taken together with the carbon atoms to which they
are attached MQ represents the structure -OCH50-,
-OCF20~-, or =-CH=CH-CH=CH-;
15 R is hydrogen, C;-Cgalkoxyalkyl, Ci-Csalkythiocalkyl or RgCO;
R2 is C1-Cgalkyl, C;-Cghaloalkyl, Cji-Cgalkoxy or NR3Ry;
R3 is hydrogen or C;-Cgalkyl;
R4 is hydrogen, C;-Cgalkyl or RsCO;
Rs is hydrogen or C;-Csalkyl; and
20 Rg is C31-C4alkyl, C1-Cghaloalkyl, Ci-Caalkoxy, C-Cg
alkenyloxy, Ci-Cghaloalkoxy, phenyl optionally
substituted with one to three C;-Cjalkyl groups,
benzyl, phenoxy, benzyloxy, Ci1-Cgalkylcarbonyloxy, C3-
Ce cycloalkyl, naphthyl, pyridyl, thienyl or furanyl.
25 The present invention also provides a method for the
protection of aquatic structures against fouling by a
marine or freshwater fouling organism and an antifoulant
composition suitable for use therefor.

30
DETAILED DESCRIPTION OF THE INVENTION

Controlling or combatting fouling organisms in agquatic
environments without harming beneficial species or
threatening the ecological balance of said environment is a

35 continuing scientific challenge. It has now been found



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Controlling or combatting
fouling organisns in aquatic envi ronnents w t hout harm ng benefi ci al
speci es’ or t hreateni ng the ecol ogi cal bal ance of said environnent is a
35 continuing scientific challenge. It has now been found

-4- that 2-aryl pyrrol e conmpounds havi ng a hydrogen oraay-33155
hydrol yticly labile group on the pyrrole ring nitrogen atom are
particularly effective as antifouling agédnts. Preferably, the

2-aryl pyrrol es useful for conmbatting and 5 controlling marine and
freshwater fouling organisns . are t hose conpounds having the structure
of fornmula I #egrb_ 1 13 wher ei n X bs hal ogen, CN, NO2 or
S(O[err] R eFPfF 2 3X¥1PYTROdEoGORPOHRASgBAVORI SEFHAFEERT: OF @ 7 s
halogen C[ehyﬁrdﬂhaﬁcaykybbddeSQEbpprthLhérbyrrolenrnﬁgaﬂlt@bgggraQBmQ, 1

or 2, Eﬁkugégﬁgogk%gctﬁa Ogghgng%g?g $ggoggenLOgen M and

Q are each |ngepen ent| al kyl ,
d - C4hal oal kjreferapiy- c&hﬁkaxﬁtry@pyrrpleaauayfuh. 6prCtembitting and

Cdal kyl s\ fiaghtreiennl- ﬁé@ﬁﬁé'§thQB&Eth%Er“@guIEQSI%Q anls 5,2 NR3R4,
or when Nlanggépare on_adj.ac ositions and 20 Fogether

with the carbBR5t 6REPPY gﬁvf gyt e Structua?e°§tfa€meaawe represents
the structure - OCH2O,

10 wherein X is halogen, CN, NOz or S(O)pRi;

Y is hydrogen, halogen or S(O)pRi;

Z is halogen, Cj3-Cghaloalkyl or S(O)pnRi;

n is an integer of 0, 1 or 2;

Ry is C1-Csghaloalkyl;

15 L is hydrogen or halogen;

M and Q are each independently hydrogen, halogen, C1-Cyg
alkyl, C1-Cghaloalkyl, Cji-Cgalkoxy, C3-Cgalkylthio, Ci-
Cqalkylsulfinyl, Ci-Cgalkylsulfonyl, CN, NOz, R3CO or
NR3R4, or when M and Q are on adjacent positions and

20 are taken together with the carbon atoms to which they
are attached MQ represents the structure -OCHy0-,
-OCF20-, or -CH=CH-CH=CH-;
R is hydrogen, Ci-Cgalkoxyalkyl, Ci-Cgalkythiocalkyl or RgCO;
Rz is C1-Cgalkyl, C31-Cghaloalkyl, C;-Cgalkoxy or NR3Rg;
25 R3 is hydrogen or Ci-Cgalkyl;

R4 is hydrogen, Cj-Cgalkyl or Rs5CO;

Rs is hydrogen or C;-Cgalkyl; and

Rg is C3-Cgalkyl, Ci-Cghaloalkyl, C3-Cgalkoxy, Cy-Cg
alkenyloxy, Ci-Cghaloalkoxy, phenyl optionally

30 substituted with one to three C1-Cgalkyl groups,



-OCF20-, or -CH=CH CH=CH; R is hydrogen, (err]-C4al koxyal kyl ,

d err]-C4al kyt hi oal kyl or R6CG, R2 is (Jerr]-Cdal kyl, O -Cihaloal kyl,
Clerr]-C4al koxy or NR3R4; 25 R3 is hydrogen or C[err]-C4al kyl ; R4 is
hydrogen, (err]-C4al kyl or R err] CO Rlerr] is hydrogen or

( err]-C4al kyl ; and R6 is (Jerr]-Cdal kyl, (err]-Cdhal oal k@¥;>33155
Cerr]- C4a|koxy C2- C6 al kenyl oxy, ([ err]-C4hal oal koxy, phenyl
optionally 30 substituted with omé-to three d err]-C4al kyl groups,

- 5- benzyl, phenoxy, benzyl oxy, ([ err]-C4al kyl carbonyl oxy, C3-
C6 cycl oal kyl , naphthyl, pyridyl, thienyl or furanyl. Mor e

referred antlfou ant agents suitaple for use t hods and
Eonp05|t|on of th%enﬁxghtP%ﬁngfg’t B88Y29%Y g 5%y¢$ﬁ&¥¥i&?%§%ﬁ%ﬁﬁ%& df3-
formul a | wher ei N"CRdys Ipadrkygen.naphthi¥rlef QJyahJ@yl ltshﬂeml/r]olgﬂﬂ farrdyglogen.
Preferably M and e ogen or
Clerr]- C4%aloalk ﬁb?& prefe??%g %ﬁg§g§gg$ frca |og Eﬁgiﬁs Phelrsr AP

hal ogen EE§|@ﬁéh@@sCPndBﬁomPOGFtFDandfthbetenwehahoalkyé tdbskgnates 10
any al kyls gréﬂ?l@figaiéeébxhpbéﬁaggofr e&ﬁ.kuba' 99@He§égf{' 5\0 §“H§zdrogeﬂa' ogen

at ons wher ei 0g are the sane or
Among the 2- §¥§F$§?SL¥e cbﬁphgaaeggﬁl?abhélPs?nusgreﬁerabIth aeeh@dsrand
conposi ti on edchhéndependeonlwrkyditbgen, halogen or Ci-Cghaloalkyl.

t o e oo 2 (1 5heLalt LLLUBES:Re LR 018e Orne v orn nafB5807 1111

4- br ono- 5-chl oro ropheny rro
4- br ono- 2- (pd%ﬁlgnébﬁ%ngl) Br(tEi rubrandt blpé) pgrmohel8alkyl designates

car boni i | eany0alkyl group C H2n having from 1 halogen atom to 2n+l
3, 4-dichl oro- 2- dlchloro 12 yrrole-5-carbonitril

4-chl or o- 2- (%@%%9%?0%59%§IV r%%?l o?%%%gﬁ9l§b9m$o§€93the same or
carbonitril edifferdnb: di br ono- 2- (p-chl orophenyl)-3-(trifl uoronethyl -

Among the 2-arylpyrrole compounds suitable for use in
the methods and composition of the invention are:
15 4,5-dichloro-2-(o, o, 0-trifluoro-p-tolyl)pyrrole-3-
carbonitrile;
4-bromo-5-chloro-2- (p-chlorophenyl)pyrrole-3-carbonitrile;
4-bromo-2- (p-chlorophenyl)-5- (trifluoromethyl)pyrrole-3-
carbonitrile;
20 3,4-dichloro-2-(3,4-dichlorophenyl)pyrrole-5-carbonitrile;
4-chloro-2-(p-chlorophenyl) -5- (trifluoromethyl)pyrrole-3-
carbonitrile;
4,5-dibromo-2-(p-chlorophenyl)-3-(trifluoromethyl-
sulfonyl)pyrrole; )
25 4-bromo-2-(3,5-dichlorophenyl)-5-(trifluoromethyl)pyrrole-3-
carbonitrile;
2-(p-chlorophenyl) -5- (trifluoromethyl)-4- (trifluoro-
methylthio)pyrrole-3-carbonitrile;
4-bromo-2-(2,3,4~-trichlorophenyl)-5-(trifluoromethyl) -
30 pyrrole-3-carbonitrile;
4-bromo-2-(2,3,5-trichlorophenyl) -5-(trifluoromethyl) -
pyrrole-3-carbonitrile;
4-bromo-2- (p-chlorophenyl)-5-(qa, B, B-tetrafluoroethyl-

thio)pyrrole-3-carbonitrile;



sul fonyl )pyrrole; 25

4- br onp- 2- (3, 5-di chl orophenyl )-5-(trifluoronethyl)pyrrole-3-
carbonitrile; 2- (p-chl orophenyl )-5-(trifluoronmethyl)-4-(trifluoro-
met hyl t hi o) pyrrol e-3-carbonitrile;
4-brono-2-(2,3,4-trichlorophenyl)-5-(trifluoronmethyl)- 30 ACY-33155
pyrrol e-3-carbonitrile;
4-bronD-2-(2,3,5-trichIorophenyl)-5-(trrﬁruoronethyl)-

pyrrol e-3-carbonitrile;

4- br ono- 2- (p-chl orophenyl ) -5-([err]-tetrafl uoroethyl -

o br o 2. (i TPEEPSpRe T FEoFPPheTY) sl iyt Fhypraesiyy pyrrole-3-

carbonitrile; carp@8nbtdital orophenyl )-5-(trifluoronethyl)-4-(trifl uoro-

L )k 91 - s ppbepan) ) -0k o gpmney) LB €L proplenyt)

([err]-brono-[err C I rol car Itrile.
Said fornula | ar§ephytehéotByipeakes3 aparherhodtles and prepare sane are
descri bed in4ibfbmpazennscﬁlaﬁﬁpﬂéﬂyhhds-[(B&ﬁ??ﬁ&rgzg,aheﬁgfmubggqnporated
by reference. 10 . foul 1 ng, organi sm whi ch. may be conbatted or
cgntrolled by theeEBY%BQ&8?p¥ﬁﬁg}ﬁvgﬁ??ﬁho%%ﬁrb%eany mari ne or
freshwat er organi Saidhfohmebha atanmghpyorabe i compowids an@uh@%héﬂéfa§e of a
structure I 1S.S r L I Qu o ! ter

Exenpl ary \c,)\,pblg g"15%1%5 |gnc u%gglgésg?b%%? Jl?lsrgglll]u% %at?rééﬁ%%r%s'%\#ét% pfa

Chl or ophyt a gn%izsl92$>ha]é%§ﬁy@a}n<hﬁ>m@b@§$§tbmilcaf@sgn¢¢|c! udi ng nenbers of

t he 10l ass ASCAUfSATERg SHEHN BSm GiRNGh | MPbé NebhiSatr Ehp! SONE
listerianiu agd ﬁgt yl | us sclosseél, menbers of fhe class Hydr ozoa,

i ncl udi ng Cﬂ%@%.%ﬁ %éi%Y FarmetRef 20 £ AR at BV eBHLOmYRAN P MY RAE Aleand
Tubul ari a | esmykreshwat eesorganismohhikngcddtat tescledtd i sn Gimes0stT ea
virginica, L&A surface of a structure which is submerged or in

-6-

continual contact with water. Exemplary organisms include
15 algae, including members of the phyla Chlorophyta and
Phaeophyta, microbes, tunicates, including members of the
class Ascidiancea, such as Ciona intestinalis, Diplosoma
listerianium, and Botryllus sclosseri, members of the class
Hydrozoa, including Clava squamata, Hydractinia echinata,
20 Obelia geniculata, and Tubularia larnyx, bivalves,
including Mytilus edulis, Crassostrea virginica, Ostrea
edulis, Ostrea chilensia, and Lasaea rubra, bryozoans,
including Ectra pilosa, Bugula neritinia, and Bowerbankia
gracilis, polychaete worms, including Hydroides norvegica,
25 sponges and members of the class Cirripedia (barnacles),
such as Balanus amphitrite, Lepas anatifera, Balanus
balanus, Balanus balanoides, Balanus hameri, Balanus
crenatus, Balanus improvisus, Balanus galeatus, and Balanus
eburneus. Organisms of the genus Balanus are frequent
30 foulers of aquatic structures. Specific fouling organisms
to which this invention is especially directed include
barnacles, zebra mussels, algae, diatoms, hydroids,
bryozoa, ascidians, tube worms and Asiatic clams.
Among the aquatic structures which may be protected by
35 the method of invention are any submerged or partially



edulis, Ostrea chilensia, and Lasaea rubra, bryozoans, I ncludi ng Ectra

pil osa, Bugula neritinia, and Bower banki a gracilis, polychaete wornmns,
i ncl udi hg Hydroi des norvegica, 25 sponges and nenbers of the cl ass
Cirripedia (barnacles), such as Bal anus anphitrite, Lepas anatifera,
Bal anus bal anus, Bal anus bal anoi des, Bal anus haneri, Bal angg-33155
crenatus, Bal anus inprovisus, Bal anus gal eatus, and Bal anus ebur neus.
Organi sme-of the genus Bal anus are frequént 30 foulers of aquatic
structures. Specific fouling organisns to which this invention is
especially directed include bar nacl es, zebra nussels, al gae, diatons,

hydr oi ds, ryozoa, asc ans wor ns_and Asiatic cl ams
Anong t he aqﬁ&gpér§€%uéF5P§§u%ﬁvcﬁlﬁg§rb@°BF$?e€Feat6§lQBatheSH€@h@§ &f
i nvention ar éiashpesybbengedshippaptilahby pier, cooling tower, plpe-

-7- S r ur [ |l e sta nar suc

fi shnet, boa’?ggghg%gaﬁhpi%re gﬁgﬁ,gggéﬁgﬁgrfodgm' %8% %rﬁeﬁeor tne

st andpi pe, héakeexchanger dam intake screen or the like. 5 In
actual practice the aptibhoubiragt2zar zheyaﬁeheoullnsoapgyggggwo% br ought
into contact wth a fouli anismby: a) coatin aquatic
structure toc8@p°undp98¥egge3rﬂF9h aﬁnéﬁtFPBEPFEgWéFheétﬁ?&laﬁﬁunt of said
2- aryIpprgahesmobpeund)suohtﬁhgtthheaQﬁhtieustgCﬁaﬂﬁoqubbS 10

I di medi acen xt er nal
Curface of sSraCEePlkEncaN! RRETERIAAEECEREEL Y BOLASERE of sodfy S hnount
of the 2- aryapylpmr§0é@ng@mpeund swchhithatathei ahtf 6puddngntomppuadudtsi ¢
StrUCtUﬁﬁ)“hfémeEQ@a 1ntorEh@a§8§a§§bdeﬁ99P8ﬂﬁgntc gﬁ@hggﬁbﬂgngﬁjgﬁent

anti foul i ng- effectiye ampunt” of said com pound direc
aquatic enviF ﬁnﬁﬁFe§BPFoﬁHHﬁﬁ§etﬁ§ spidcBbructurpe b) ipréudéngdanor d)

any ot her neahofifeheiagrefiecBigeybfiytingl 6f theCPORLYIPYEOBES BmMPORHACt
with the fOULiQﬂlﬂrggge§le formed into an aquatic structure which then
releases said compound, c) releasing an antifouling-

15 effective amount of said com-pound directly into the
aquatic environment surrounding the structure to be
protected, or d) any other method wherein the 2-arylpyrrole
compound comes in contact with the fouling organism.

The amount of 2-arylpyrrole compound to be used in the

20 method of invention will vary according to the specific
compound used, the identity of the fouling organism to be
controlled, degree of infestation of the surrounding
aquatic environment, the water temperature, the mode of
contact and the like.

25 Compositions of the invention comprise an aquatically
acceptable inert carrier and an antifouling-effective
amount of a 2-arylpyrrole compound, preferably a compound
of formula I. For application onto structural surfaces,
preferred compositions of the invention include a film-

30 forming component such as a polymer resin solution.
Exemplary polymer resins include unsaturated polyester
resins formed from: a) unsaturated acids or anhydrides,
such as maleic anhydride, fumaric acid, itaconic acid and
the like; b) saturated acids or anhydrides, such as

35 phthalic anhydride, isophthalic anhydride, terephthalic



The amount of 2-aryl pyrrole conpound to be used in the 20 met hod of

invention will vary according to the specific conpound used, the
identity of the fouling organismto be control |l ed, degree of

i nfestation of the surrounding aquatic environnment, the water
tenperature, the node of contact and the like. 25 Gagposiisgns of
the invention conprise an aquatically acceptable inert carrier and an
antifouling-effective anount of a 2-&-yl pyrrol e conpound, preferably a
conpound of formula |I. For application onto structural surfaces,
preferred conpositions of the invention include a film 30 form ng

conponent such aa a_polyner resin solution. Exenpl ary pol yner resins

i ncl ude unsafBPBEEYIBol F8ErahydrophEhakdct aphvdridem tafransacehahed isci ds

or danhydr |h desnhydridechcasopehaie gah&ldr iadﬁpit:ugaiac aﬁiﬁdcibt ae%ﬁi,ﬁa'?ﬁi d

an the |like;:h). saturat cids pr_an rides, such.as_ 35 phthalic

anhydri de, ié%%h%ﬁg%fcg;nﬁéﬁggégf FgFﬁpﬁ§h8¥H¥iene a1YE817%173

ACY- 33155 propylene glycol, dibromoneo-pen8yl glycolanhudrtHe, like;

tetr ahydmophihali CvanPy dnbismelst r aljatoght bal,| g d | hl orendi ¢

acid, adipic acié,vsu acic a@?d? a%geh QEtEg§%§ﬁ%f X?H ?yé%?g?ngﬂch as

et hyl ene gl yedtoraspyrene, Bropeseygepeol nehyinabhesrviatel gthrdeneand

tEF Iik?; 5glp¢oﬂ)dﬂ?éﬁhaﬁﬁ?@ﬂ?ﬁsfndgﬁhea§%H%Yre@?ﬂeyi§Mité§h§?9@sﬁns

chl orostyreng, braonostyrene, nethyl nethacry|ate, e ene ¢Q

dinethacryla%%cg% etHéX¥$k3$tﬁfﬁerV§ﬂ¥ aBf t?%@?nsang VFH¥FUBE99¥h§P‘

ester-, vinybasedtneeinsandlasnghechtoconpenentsbpaseticarszad, rabbeteneric

conponentys, YibCRPLE QnéUQQEég’réQin nd urethane-based resins. In
nde

order to present a clearer u rstandi ng of the invention, specific
exanpl es thereof BReCEEET{EPtRArH8EBI @ Cleghesecursianptanding afrthe

iIlustrativeigpeneiénNotpbibec exaMpliesStROfeds Li81 LEPIrbPenSeaps,and
underlyi ng n@ﬁggépéﬁgméfesogréhﬁeéngniiszégagggemgga aégdggg,tga£gous
nodi fication
understood as limiting the scope and underlying principles
15 of the invention in any way. Indeed, various modifications
of the invention, in addition to those shown and described
herein, will become apparent to those skilled in the art
from the following examples and the foregoing description.
Such modifications are also intended to fall within the

20 scope of the appended claims.



of the invention, in addition to those shown and descri bed herein, wll
becone apparent to those skilled in the art fromthe foll ow ng exanpl es
and the-foregoing description. Such nodifications are also intended to
fall within the 20 scope of the appended cl ai ns.

-9 - EXAMPLE 1 Eval ua€YoR3 05
Marine Antifouling Activity O Test Conpounds The crustaceous
marine animal Artenia salina is used 5 a9-a nodel organi smfor other marine
animal foulers (e.g. barnacles) in this |aboratory assay. Test
conpounds are di ssol ved in dinethyl sul foxide at a concentration of
4,000 ppm diluted to a concentration of 200 ppmw th water and

further diluted with Probst artifici r to a 10 concentration of 10
ppm Approxi mat el gv3QuAttieni afsdarfide Antifishaintl Ataivadevaod Mestbated in
mcrowell plates in2 m of Probst artificial seawater containing 10
ppm of the tggggg—ggéonpound. Survival of the organismis evaluated after
24 hours, andThestcrustpcecds oeeingt edimedoAditrgito seidngcdise UBRSShown

bel ow. Test resul Le [ I : imal foul e.d.
RATI NG S LEa% Y bRaRh dﬂ%%ﬂ%%?qu%bo%hbr marine anl?ﬁnitfgners (e.g

No activity, bemnacdzed, dey thiiis ylaboratory assay. Test CegRoungst &5
20% 80% nort gliidehlved in dimeth¥lsulfoxideOER! at ebyicaditirae ion3@h mMpracd ity

ppm, diluted to a concentration of 200 ppm with water and
further diluted with Probst artificial seawater to a

10 concentration of 10 ppm. Approximately 30 Artemia salina
instar II larvae are incubated in microwell plates in 2 ml
of Probst artificial seawater containing 10 ppm of the test
compound. Survival of the organism is evaluated after 24
hours, and test compounds are rated according to the scale

15 shown below. Test results are shown in Table TI.

RATING SCALE

Rating Definition
1 No activity, 0% - <20% mortality
2 Toxic effect, 20%-80% mortality
3 Completely active, >80% mortality

20
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- 10- Tabl e | Test Conpound
Art 4, -5-dichloro-2-([err]-trifluoro-p-tolyl)pyrrole-3- 3 carbonitrile;
4- br ono- 5- chl or o- 2- (p- chl orophenyl ) pyrr ol e- 3- 3 cangnngigg;

4- br ono- 2- (p-chl orophenyl ) -5-(trifl uoronethyl)-

pyrrol e-3-carbonitrile; 3,4-dichloro-2-(3, 4- dlchlorophenyl)pyrrole 5-

3 carbonitrile; 4-chloro-2-(p- chlorophenyl) 5-(trifluoronethyl)- 3
pyrrol e-3-carbonitrile; 4,5-dibrono-2-(p-chlorophenyl)-3-(trifluoro-

3 met hyl sul fonyl ) pyrrole; 4-brono-2-(3,5-dichlorophenyl)-5-(trifluoro-

3 methyl)pyrrole-3-carbonitrile; 2-(pgaghlorophenyl)-5-(trifluoronethyl)-4-
3 (trifluoromethylthio)pyrrole-3-carbonitrile;

4- br ono- 2- (2, 3, 4- trlchlorophen¥l) 5- gtriflgoro- ‘ 3 1
met hyl ) pyr r oe—3—earbeni-tre—Lest Compoun Art
4,5-dichloro-2- (0, o, a-trifluoro-p-tolyl)pyrrole-3- 3
carbonitrile;
4-bromo-5-chloro-2-(p-chlorophenyl)pyrrole-3- 3
carbonitrile;
4-bromo-2- (p-chlorophenyl)-5-(trifluoromethyl) - 3
pyrrole-3-carbonitrile;
3,4-dichloro-2-(3,4- dlchlorophenyl)pyrrole 5- 3
carbonltrlle,
4-chloro-2-(p-chlorophenyl)-5-(trifluoromethyl) - 3

pyrrole-3-carbonitrile;

4,5-dibromo-2- (p-chlorophenyl)-3-(trifluoro- 3
methylsulfonyl)pyrrole;

4-bromo-2-(3,5-dichlorophenyl)-5-(trifluoro- 3
methyl)pyrrole-3-carbonitrile;

2- (p-chlorophenyl) -5~ (trifluoromethyl) -4- 3
(trifluoromethylthio)pyrrole-3-carbonitrile;

4-bromo-2-(2,3,4-trichlorophenyl)-5-(trifluoro- 3
nmethyl)pyvrrole-3-carbonitrile;

4-bromo-2-(2,3,5-trichlorophenyl)-5- 3
(trifluoromethyl)pyrrole-3-carbonitrile;

4-bromo-2- (p-chlorophenyl) -5- (¢, o, B, B-tetra- 3
fluoroethylthio)pyrrole-3-carbonitrile;

4-bromo-2- (m-fluorophenyl)-5- (trifluoromethyl) - 3
pyrrole-3-carbonitrile;

2-(3,5-dichlorophenyl)-5- (trifluoromethyl) -4- 3
(trifluoromethylthio)pyrrole-3-carbonitrile;

4-bromo-2- (p~-chlorophenyl) -5-[ (B-bromo-B, ¢, a- 3
trifluoro)ethylthiolpyrrole-3-carbonitrile.

1 .
Artemia



4-brono-2-(2,3,5-trichl orophenyl) - 5- 3
(trifluoronethyl)pyrrole-3-carbonitrile; 4-brono-2- (p-chlorophenyl) -5-
([err], -tetra- 3 fluoroethylthio)pyrrol e-3-carbonitrile;

4- bronn 2-(mfluorophenyl)-5-(trifluoronethyl)- 3

pyrrol e-3-carbonitrile; 2-(3,5-dichlorophenyl)-5-(trifluoromthyiliirds

3 (trifluoronethylthio)pyrrole-3-carbonitrile; 4-brono-2- (p-chlorophenyl)

-5-[( [err]-brono-[err] 3 -11-
trifluoro)ethylthio]pyrrole-3-carbonitrile. Artem a

-11- EXAMPLE 2 Eval uation O
Freshwater Antifouling Activity O Test Conounds The test

conpound i s nechanically dispersed i BXRMEEE 25 wgter to give a stock

sol ution having sEeahegnisrtOONFPéshwat 2DANEY L Of1 Bed i Aot i RoFedbeNtesthi s
st ock S°|Ut';¥h!5hnd subsequently diluted to give further test

concentrati he water used is a 1:1 m xture of well water and
distilled watBre fest aclohpowmdr bs mecledsi odl bppd bepenaé@! yneguabf10

of Oasy 310 AEPhS TRy o WL LG POOYRE P | RO B °h oncenCONLELA 08 90T

of test solution concentrati ons |ca an
control s are3e@/L of activepipgredient. re’&@%le%lt@@kzslohwmomnterval s.

Mrtality subsedqeeeftediifutde tEH;'S@ﬂfefﬁhf@hé@ e oS EcbhSeNBFYESoHRON 15
gently prod as_co d, to cp e test conpound, used is
A bromor 20 (PR R aig 58 = ETFIRHFEER B TR pYRTOT A8 CRF oM LPAl ¢
water. Ten adult zebra mussels of approxi-mately equal
10 biomass are placed in a 2L white polypropylene bucket
containing 90mL of test solution. All test concentrations
are replicated and two controls are used.
Mortality is recorded at 24 hour intervals. Mortality
is recorded if the mussel fails to close its valves upon
15 gently prodding as compared to control.
The test compound used is 4-bromo-2-(p-chlorophenyl)-5-
(trifluoromethyl)pyrrole-3-carbonitrile.
The daily mortality at each concentration is shown in

Table IT.
20 Table TII

Concentration Mortality Total after
(mg /L) 24h 48h 72h 96h 96h
254 10 10 - - - - - - 20
25.4 10 10 - - - - - - 20
2.54 10 10 - - - - - - 20
0.254 1 1 3 2 4 4 2 2 19
0.025 0 0 1 0 3 2 1 2 9

Control 0 0 0 0 0 0 0 0 0



The daily nortality at each concentration is shown in Table I'l. 20

Table I Cbncentration Tot
aiter - eI llff‘niﬂ " sen e

- * 25. 4

10 10 - - - - - 2.54 ACYIG31506
- - - - - 20 0.254 1 1 3 2 4
2 2 19 0. 025 -12- O 1 0 3 2 1 2
9 Cont r ol o 0 o o o o o0 o 0

-12- CLAI MS: 1. A nmethod for controlling or conbatting the

attachnment of a fouling organismto an underwater surface which conprises

contacting s@ldIMIrani smw th an anti- fouling-effective anmobunt of a
conpound of formula I [err]

1. A method for controlling or combatting the
attachment of a fouling organism to an underwater surface
which comprises contacting said organism with an anti-
fouling-effective amount of a compound of formula I

wherein X is halogen, CN, NOz or S(O)nR1;

Y is hydrogen, halogen or S(O)nRi1;

7Z is halogen, Ci-Csghaloalkyl or S(O)nRi:

n.is an integer of 0, 1 or 2;

Ry is C1-Cghaloalkyl;

L is hydrogen or halogen;

M and Q are each independently hydrogen, halogen, C1-C4
alkyl, Ci-Cghaloalkyl, Ci-Cgalkoxy, Ci-Cgalkylthio, Ci-
Cgalkylsulfinyl, Ci;-Csalkylsulfonyl, CN, NO2, R2CO or
NR3Rsa, or when M and Q are on adjacent positions and
are taken together with the carbon atoms to which they
are attached MQ represents the structure -OCH20-,
-OCF30-, or -CH=CH-CH=CH-;

R is hydrogen, Ci-Caalkoxyalkyl, Ci- C4alkyth10a1kyl or RgCO;

Ry is C1-Cgqalkyl, C1-Cghaloalkyl, Ci-Cgalkoxy or NR3R4;

R3 is hydrogen or Cj;-Csalkyl;

R4 is hydrogen, Ci-Cgalkyl or RsCO;

Rs is hydrogen or Cj;-Cgalkyl; and

Rg is C3-Cgalkyl, Ci1-Cghaloalkyl, Ci-Cgalkoxy, C2-Cs
alkenyloxy, Ci-Cghaloalkoxy, phenyl optionally
substituted with one to three C;-C4alkyl groups,



wherein X is halogen, CN, NO2 or S(Of[err]Rerr]; Y is hydrogen, halogen or

S(Qlerr]Rerr]; Zis halogen haloalkyl or S(OnRerr]; nis an
integer of 0, 1 or 2; Rerr] &h ﬂutﬁuﬂyl L is hydrogen or
hal ogen; M and Q are each |ndep hal ogen, C[err]-C4

al kyl, Cerr]-C4hal oal kyl, Clerr]- CAaIkoxy, C[err] C4al kyl t hi acyChehrkk-

C4al kyl sul finyl, C[err]-C4aIkyIsquonyI CN, N2, R2CO or NR3R4, or
when M and Q are on adj acent positions aba- are taken together with the
carbon atons to which they are attached MQ represents the structure

- OCH20, - OCF20-, or CH:CH-CH:CH- R i s hydrogen,

Cerr]-Cerr]alk yalk Jerr]- C4a|kyth|oalkyl or R6CO, S

d err] - C4al kyl , C? C4P§PB&WVyIbeeF¥#PFY€A§ﬂk@x@lbylﬁﬁébmnYFQXYs C3-

hydrogen or d er r LsGaat kydTkyRY, | SagiehiPme oy 8T ) r@ﬁ@éﬁ§pl$ylf@faﬂfrr]w
Rlerr] is hydrogen or CJerr]-C4alkyl; and R err] is (err]-Cal kyl,
Cerr]-C4hal oal kyl, Cferr]- C[err]alkoxy C2- C6 ~al kenyl oxy,

Clerr]- CAhanaIkozy, pAbey methbdoaakbyding tosubatit at etlewetih e@he to three

(err]-Cal k p
penzyl phenﬁé‘;?&@én?;-‘?s%gsmcfsr splerked) SFRy SarnaRgrBroneitting ofy
cycl oal kyl , BBaBRERYES,pgePdpl MUSRRaAY| adgatur dhgtoms, hydrzids,The net hod

according tobelakBnl wheraiAnkherfiBelbPAsORAANASTLES Seharked from the
group consi sting of barnacles, zebra nussels, algae, diatons, hydroids,

bryozoa, ascidi ans, tubeworns and Asiatic clans.
3. The method according to claim 1 or claim 2

wherein the formula I compound is selected from the group

consisting of

4,5-dichloro-2-(d, o, a-trifluoro-p-tolyl)pyrrole-3-
carbonitrile;

4-bromo-5-chloro-2-(p-chlorophenyl)pyrrole-3- carbonltrlle,

4-bromo-2- (p-chlorophenyl) -5- (trifluoromethyl)pyrrole-3-
carbonitrile;

3,4-dichloro-2-(3, 4-dichlorophenyl)pyrrole-5-carbonitrile;

4-chloro-2- (p-chlorophenyl) -5-(trifluoromethyl)pyrrole-3-
carbonitrile;

4,5-dibromo-2- (p-chlorophenyl) -3- (trifluoromethyl-
sulfonyl)pyrrole;

4-bromo-2-(3,5-dichlorophenyl)-5- (trifluoromethyl)pyrrole-3-
carbonitrile;

2-(p-chlorophenyl)-5- (trifluoromethyl)-4- (trifluoro-
methylthio)pyrrole-3-carbonitrile; '

4-bromo-2-(2,3,4-trichlorophenyl) -5~ (trlfluoromethyl)—
pyrrole-3-carbonitrile; '

4—bromo—2—(2,3,5—tr1chlorophenyl)—5~(trifluoromethyl)—
pyrrole-3-carbonitrile;

4—bromo—2—(p—chlorophenyl)—s—una,B,B—tetrafluoroethyl—
thio)pyrrole-3-carbonitrile;

4-bromo-2- (m-fluorophenyl)-5- (trifluoromethyl)pyrrole-3-
carbonitrile; '

2-(3,5-dichlorophenyl)-5- (trifluoromethyl)-4- (trifluoro-
methylthio)pyrrole-3-carbonitrile; and



3. The nethod according to claim1l or claim2 wherein the formula |
conpound. i s selected fromthe grou& conS|st|ng of

4,5-dichloro-2-([err]-trifluoro ﬂ, gyu lur ﬂIFonltrllgarbonitrile;

4- br ono- 5- chl or o- 2- (p- chl or ophe
4- br ono- 2- (p- chl or ophenyl ) - 5- (trlfluorone hyl) pyrrol e- 3- AEYrB3aibhril e;
3, 4-di chl oro-2- (3, 4-di chl orophenyl ) pyrrol e-5-carbonitrile;
4-ch|oro-2-(p-ch|orophenyl)-5-(trif|uor6 thyl ) pyrrol e-3-

carbonitrile; 4,5-dibronp-2-(p-chlorophenyl)-3-(trifluoronethyl-

sul fonyl ) pyrrol e;

4- brono-2-(3,5;di chl aragphe trlfl th pyrrol e- 3-
carbonitrile® 2XPBS % 356 ﬁéﬁéPP Fgﬁ B§W§¥H§T§ % 5 ¥ firpR) -

met hyl t hi o) pyrr ol etBydahieniphfirbee-3- carbonltrlle.
4-brono-2-(2,3,4-trichlorophenyl)-5-(trifluoronethyl)-

pyrrol e-3-carbonitrile;

4- br onp- 2- ( 2, 3, 5- #r.i chRomephedy [fpr5pfotietitiagomeat hyfuptic structure

pyrrol e- 3- CaéBQ@hEE'E%ulipBrggoa mﬁ&ﬁ hggrggggﬂmg er foulﬁng organism

-5-([err]-tetrafluoro rrole- arbon
4- br ono- 2- (nWPPGBr68W€ﬁ9§?SSaPPﬂVﬂFGoPBFQtﬁylPﬁymﬁ@ﬁéng-lnto seadbonitril e;

2- (3, 5-di chl geepheqayk) ab- éhth&b&@&ﬁ@eb@fhbtévétémBhHQrBf a compound of
nethylthlo)p%rrolﬁ 3-carbonitrile; and

-14- 4- br e E-Chlorophenyl) -5- [ ([err]-bromo-[err]-trifluoro) -
et hyl t hi o] pyrrol e- 3 carbonitrile.

wherein X is halogen, CN, NO; or S(O)pRi;

Y is hydrogen, halogen or S(O)pRi1;

Z is halogen, C1-Cghaloalkyl or S(O)pR1;

n is an integer of 0, 1 or 2;

Ry is C3-Cghaloalkyl;

L is hydrogen or halogen;

M and Q are each independently hydrogen, halogen, C1-Cq
alkyl, Ci-Cghaloalkyl, C3-Cgalkoxy, C1-Cgalkylthio, Cy1-
Cgalkylsulfinyl, C3-Cgalkylsulfonyl, CN, NOz, R,CO or
NR3R4, or when M and Q are on adjacent positions and
are taken together with the carbon atoms to which they
are attached MQ represents the structure -OCHO-,
-OCF20-, or -CH=CH-CH=CH-;

R is hydrogen, C;-Cgalkoxyalkyl, C;-Cgalkythiocalkyl or RgCO;

Rz is C31-Cgalkyl, C3-Cghaloalkyl, C3;-Cgalkoxy or NR3Rg4;

R3 1s hydrogen or C;-Cgalkyl;

Rg is hydrogen, Ci-Cgalkyl or RsCO;

Rs 1s hydrogen or C;-Cgalkyl; and

Rg is C1-Cgalkyl, C3-Cghaloalkyl, Cj-Cgalkoxy, Cz-Cg
alkenyloxy, Ci1-Cghaloalkoxy, phenyl optionally



4. A nethod for protecting an aquatic structure agai nst fouling by a
mari ne or freshwater fouling rrses appl ying onto or
permeating into said structuralﬂmHm"ﬁr @ fective anmount of a
conpound of forrmula I [err erel n I s hal ogen, CN, or
S(OnRerr]; Yis hydrogen halogen or S(C»[err]R[err] Zi:sHGMr&ﬁ&ﬁS
(err]-Cahal oal kyl or S(OnRerr]; n is an integer of 0, 1 or 2; Rerr] is
Cerr]-C4hal oal kyl; L is hydrogen or hallsgen; Mand Q are each

i ndependent |y hydrogen, hal ogen, Clerr]-C4 al kyl, ( err]-C4hal oal kyl ,

( err]-C4al koxy, Cerr]- CAaIkyIthio C[err] C4al kyl sul finyl,

C4al kyl sul f when M and
) acent post 1 orta:Eited Jith UG 76 gutes i 1d 0y L AR o (0

whi ch t hey dmmatlacpieehmr eperzeldsy i her Stqaldkylroa rkiotdOoxy, C3-

- OCF20-, or - gy: ot IS n, rsC,h - l; al kyl

Cerr]- C4a|kyth|oéi lﬁ?&rrf%égEagg g%gg&¥fg§gﬁE§?¥ OK furanyl.

d err]-C4hal oal kyl , C[err] C4al koxy or NR3R4; R3 is hydrogen or
Clerr]-C4alkyl; R4 is hydrogen Cl CAaIkyI or Rlerr]CO R err] is hydrogen

or (Jerr]-C4al kyl ; and - C4al (é}rrA C4hal oal kyl

Clerr]-Jerr]al koky, ?Ipet h&% ty HEPEE KB X5He pheny |

optionally aquatic structure is a fishnet, boat; Jéhlp, piling, pier,
intake screen, cooling tower, pipeline or standpipe.

6. The method according to claim 4 or claim 5
wherein the marine or freshwater fouling organism is
selected from the group consisting of barnacles, zebra
mussels, algae, diatoms, hydroids, bryozoa, ascidians,
tubeworms and Asiatic clams.

7. The method according to any one of claims 4 to 6
wherein the formula I compound is selected from the group
consisting of
4,5-dichloro-2-(o, 0, a-trifluoro-p-tolyl)pyrrole-3-

carbonitrile;
4-bromo-5-chloro-2- (p-chlorophenyl)pyrrole-3-carbonitrile;
4-bromo-2- (p-chlorophenyl)-5-(trifluoromethyl)pyrrole-3-

carbonitrile;
3,4-dichloro-2-(3,4-dichlorophenyl)pyrrole-5-carbonitrile;
4-chloro-2-(p-chlorophenyl)-5-(trifluoromethyl)pyrrole-3-
carbonitrile;
4,5-dibromo-2-(p-chlorophenyl)-3-(trifluoromethyl-
sulfonyl)pyrrole;
4-bromo-2-(3,5-dichlorophenyl) -5- (trifluoromethyl)pyrrole-3-
carbonitrile;
- {p-chlorophenyl)~5-(trifluoromethyl)-4-(trifluoro-
methylthio)pyrrole-3-carbonitrile;
4-bromo-~2-(2,3,4-trichlorophenyl) -5~ (trifluoromethyl) -
pyrrole-3-carbonitrile;



substituted wth one to three (Jerr]-C4al kyl groups, benzyl, phenoxy,

benzyl oxy, C[err]-C4aIkylcarbonyloxy C3- C6 cycl oal kyl, napht hyl,
pyridyl, thienyl or furanyl. unﬁij hod accordlng to claimé4
wherein the aquatic structure i I“J““Im “rl m“ ship, piling, pier,

i ntake screen, cooling tower, pipelfne or" st®and pi pe. 6ACY—‘BrBelSrﬁet hod

according to cIa|n14 or cIa|n15 wherein the marine or freshwater fouling

organismis selected fromthe group con3|§t|ng of barnacl es, zebra nussels,
al gae, di atons, hydroids, bryozoa, ascidians, tubeworns and Asiatic clans.
7. The rrethod according to any one of claims 4 to 6 wherein the formula |

conpound is rem [ 9 0f .~
4, 5-di chl or o- 2 [err]zftrl 'f1'dor o- W&&% %e ylg étrlfluoc“a S e;
4- br onp- 5- chl or o- @-Ygﬁi%]%ﬁ‘@l’tﬂﬁ@%ﬂl)tpwlreol e 3-carbonitrile;

4- br ono- 2- (p%-mmnm@mﬂﬁ-)c%ﬂdﬂdpﬁémnemtmu) BVBI@éeréfluoroeeawom trile;
3, 4-di chl oro-2-(3,4-.dichl or yI)pyrroIe 5-carbonitril

4- chl or o- 2- (p- chl éﬁ?*) qunhﬂﬁﬂGﬁétﬁyl)pyrrole 3-
carbonitrile4 -b;@m-@rﬁmﬂqqrodﬁemwdp Reryit-1 31 (oroket o Aeiyitole - 3 -
sul fonyl ) pyrrol e;

4- br ono- 2- ( 3, 5- d|€ﬁﬁﬁﬁ?ﬁ%§ﬁﬁ% 5-(trifluoronethyl)pyrrole-3-
carbonltrlIe2‘23(éﬂgﬂquQMmeﬁnyﬂs-@kdtﬁhﬁdmomembﬁhyl4—@&ﬂmMummumro—

”Ethy|th'0)pyrr0|ﬁmﬁh%QE 1Y) ﬂf%le 3- FFfPonltrlle' and

4- br ono-2-(2,3 oro enyl }-5-( thyl) -
pyrrol e- 3- car‘lbghrl o I e C?H. % lt) LiB—bro [5 o,-trifluoro) -

ethylthiolpyrrole-3-carbonitrile.

8. A marine or freshwater antifoulant composition
which comprises an aquatically acceptable inert carrier or
diluent and an antifouling-effective amount of a compound of
formula I

b 0
Z X M
N
|
R L

wherein X is halogen, CN, NO; or S(O)pRi;

Y is hydrogen, halogen or S(O)pR1:

Z is halogen, C3-Cghaloalkyl or S(O)pRi;

n is an integer of 0, 1 or 2;

Ry is Ci-Cghaloalkyl;

L is hydrogen or halogen;

M and Q are each independently hydrogen, halogen, C1-Cyg
alkyl, Ci-Cghaloalkyl, Ci-Cgalkoxy, C1-Cgalkylthio, Ci1-
Csalkylsulfinyl, C3-Cgalkylsulfonyl, CN, NOz, R,CO or
NR3R4, or when M and Q are on adjacent positions and
are taken together with the carbon atoms to which they
are attached MQ represents the structure -OCH,0-,
-OCF20~, or -CH=CH-CH=CH-;



- 16- 4- brono- 2- (2, 3,5-trichl orophenyl)-5-(trifluoronethyl)-

pyrrol e-3-carbonitrile; 4brom)ﬂ“| m yI) -5-

-([err]-tetrafl uoroet hyl ] " ﬂﬁ W&ﬂE Ar bonitril e; o
4- br ono- 2- (mfl uorophenyl ) -5-(tr*f | aoronet pyrrol e- 3- carbonitrile;
2-(3,5-dichl orophenyl)-5-(trifluoromnethyl)- 4 (trifluoro- ACY-33155

nmet hyl t hi o) pyrrol e-3-carbonitrile; and 4-brono-2- (p-chlorophenyl) -5- [(
[err]-brono- [err],-trifluoro) - ethytthiol pyrrol e-3-carbonitrile.

8. A marine or freshwater antifoul ant conposition which conprises an
aquatical ly acceptable inert carrier or diluent and an

l.a
wherein X sthapoBtaroBRR Nep ot AT R o8 +E 4o K e oty o diesgen or
S(O[err] R eRe]is chscdrﬁslllﬁg]en CiGCahrloBAkalloalCkyC 0t k&SP ber NRERgrr] n is

an integer of;0islhPirdgeRlotscleEld hal oal kyl; L is hydrogen or
hal ogen; M an% t?arg ga%e |% de %nd{ §§thdrogen hal ogen, Cerr]-C4

al kyl, C[errfe Cih o BEF RYED @quqa]MdJ K% \RsCGierr] - C4al kyl thio, Cerr]-
C4al kyI sul firylis qaﬁdfég&%i(y(tﬁ-uufame G¥a N2, R2CO or NR3R4, or

uhen M and kS SPLRASEY, ROLLERIR TN | e uhkar bogEt her e th the
- OCH20, CEF?KEDYbDXYC}E£}€£h$i§$lkoxy, phenyl optionally
substituted with one to three Cj-Cgalkyl groups,
benzyl, phenoxy, benzyloxy, Ci-Cqalkylcarbonyloxy, Ciz-
Ce cycloalkyl, naphthyl, pyridyl, thienyl or furanyl.

9. The method according to claim 8 wherein L is

hydrogen or halogen and M and Q are each independently
hydrogen, halogen or Ci-Cghaloalkyl.

10. The composition according to claim 8 wherein the
formula I compound is selected from the group consisting of
4,5-dichloro-2- (0, o, a-trifluoro-p-tolyl)pyrrole-3-
carbonitrile; _
4-bromo-5-chloro-2-(p-chlorophenyl)pyrrole-3-carbonitrile;
4-bromo-2-(p-chlorophenyl)-5-(trifluoromethyl)pyrrole-3-
carbonitrile;

3,4-dichloro-2-(3,4-dichlorophenyl)pyrrole-5-carbonitrile;

4-chloro-2-(p-chlorophenyl) -5- (trifluoromethyl)pyrrole-3-
carbonitrile;

4,5-dibromo-2- (p-chlorophenyl) -3~ (trlfluoromethyl—
sulfonyl)pyrrole;

4—bromo—2—(3,5—dichlorophenyl)—5—(trifluoromethyl)pyrrole~3—
carbonitrile;

- (p-chlorophenyl) -5- (trifluoromethyl) -4~ (trifluoro-

methylthio)pyrrole-3-carbonitrile;

4-bromo-2-(2,3,4-trichlorophenyl)-5- (trlfluoromethyl)—
pyrrole-3-carbonitrile;

4—bromo—2—(2,3,5—tr1chlorophenyl)—5—(trifluoromethy1)—
pyrrole-3-carbonitrile;



-17- R is hydrogen, (err]-C4al koxyal kyl, C[err]-C4al kyt hi oal kyl or
R6CO, R2 is (ferr]-C4al kyl, C[erdmomal oal kyI (] e- C4al koxy or NR3R4; R3

s hydrdgen or Clerr]-Clalkyl . ﬂlrlﬁluﬁﬂﬁruuﬂqe;h ke

C err]-C4hal oal kyl, Cerr]- CAaIkoxy, - * al kenyl oxy, ACY-33155

d err] - C4hal oal koxy, phenyl optlonally substituted with one to three
C err]-C4al kyl groups, benzyl, phendfy, benzyl oxy,

d err] - C4al kyl car bonyl oxy, C3- C6 cycl oal kyl, naphthyl, pyridyl,

t hi enyl or furanyl. 9. The net hod according to claim8 wherein L

i s hydrogen hal ogen and_ M and_Q are each i nde endentl hydr ogen, hal ogen
or (Jerr]- C4ﬁaPSQWQy? (p-chlorpghenyd ) cSmidsitt B yereethybinisg) -

wherein the fornub@rkoqgagogggbb§l§§hqgted fron1the group consi sting of
4, 5-di chl oro,2; err% trif uoro -to e- 3- carbonitrile;

4- br ono- 5- chﬁoP ogorg-dmrd BBHQ Ffﬁ}g %FétglééPﬁﬁﬁW?FhVé)pyrr°1e 3-
4- br ono- 2- (p- chl orapbenykyidettri f | uoromet hyl ) pyrrol e- 3- carbonitrile;

3, 4-di chl 2 3 4 I I b
4- chlg?o gr?p grorgqlﬁzé?f8§e§¥¥ ) yg& ﬁg}Hﬁggﬁﬁgﬁxﬁé é"(trlfluoro‘
carbonitrile; 4,5mg8cbydbie) pprrhilerdphenkbhisriieif hndronet hyl -

sul fonyl) pyr 4ebesmo-2- (p-chlorophenyl)-5- [q}bromo B,o, a-trifluoro)-
4- brono- 2- (3, 5-di ch] orophenyl )-5-(trifluoroneth rrole-3-

carbonitrile; 2- (ﬁtEHﬂﬁgéﬁﬁgﬁyF?lS ?rF?FbG&#BﬁEXﬁyI) 4-(trifluoro-



met hyl+t hi-0) pyrrole-3-carbonitrile;
4-brono-2-(2,3,4-trichlorophenyl)-5-(trifluoronethyl)-

pyrrol’el 3-carbonitrile;
4-brono-2-(2,3,5-trichlorophenyl)-5-(trifluoronethyl)-

pyrrol e-3-carbonitrile; ACY833155
4- bronp-2- (p-chl orophenyl) -5- ([err]-tetrafluoroethylthio) -

pyrrol e-3-carbonitrile; -19-

4- br ono- 2- (m fl uorophenyl ) -5-(trifluoronethyl)pyrrol e-3- carbonitrile;
2-(3,5-dichlorophenyl)-5-(trifluoromethyl)-4-(trifluoro-

nmet hyl t hi o) pyrrol e-3-carbonitrile; and 4-brono-2- (p-chlorophenyl) -5-
[([err]-brono-[err], [err]-trifluoro) -

et hyl t hi o] pyrrol e-3-carbonitrile.

USE_OF PYRROLE COMPOUNDS AS ANTIFOULING AGENTS

ABSTRACT

10 There is provided a method for controlling or
combatting the attachment of a fouling organism to an
underwater surface which comprises contacting said organism
with an antifouling-effective amount of a 2-arylpyrrole
compound. A method for protecting aquatic structures

15 against fouling by a marine or freshwater fouling organism
and antifoulant compositions therefor are also provided.



