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USE OF ORGANOBORON COVPOUNDS AS ANTI FOULI NG AGENTS

BACKGROUND OF THE | NVENTI ON The ever recurring growh of fouling
organi sms on underwat er structures such as ships, docks, piers, pil-
I ngs, fishnet SWOI9¥4¥82®exchangers, dans, piping structures, =~ PCT/USAT/0062
screens, cooling towers and the like is a costly 5 and hazar dous
problemin both marine and freshwater en- deavors. The presence of
foul i ng organi sns such as bar- nacl es, zebra nussels, al gae, diatons,
hydr oi ds, bryozoa, asci di ans, tubeworns, Asiatic clans and the |ike
can wei gh down aquatic structures, hanper their hydrodynam 10

ics, reduce operating efficiency, increase susceptibility to
corfosion, cause degradation and structural fractures, - bl ock or
hanper water flow and water exchange and the | i ke. A common net hod
of controlling the presence or at- ' tachnment of fouling organisns is
to coat or perneate the 15 underwat er structure with a conposition which
conprises a toxi ¢ netal -containing conpound such as tri-n-butyl tin

or cuprous oxide. Al tSpugE OREASOBORDR SCONFIUNDS ASS ANFIFOULING AUENTS
efficacious antifoulants, they degrade slowy in aquatic

environnments and are, therefore, ecologically 20 har nf ul .
Di aryl boron conpounds are knommEh2EEEQEEELEELEEE_EHIEEIIQE secti ci dal,
acarici dal and fungl C'rslal evéle Heurgehy! gwwr.n of fcﬁfl%gpbﬁéﬂﬁiélﬁ’é‘ or§a' d

di aryl boron conpou e descri bed nts 354, 7
5 354, 741, 4. 983 MRSEHRKEr Structlrgs, sych as "enisk, B cpiess.

PCT/ US97/ 07692 ings, fishnets, heat exchangers, dams, piping structures,
intake screens, cooling towers and the like is a costly
5 and hazardous problem in both marine and freshwater en-
deavors. The presence of fouling organisms such as bar-
nacles, zebra mussels, algae, diatoms, hydroids, bryozoa,'
ascidians, tubeworms, Asiatic clams and the like can
weigh down aquatic structures, hamper their hydrodynam-
10 ics, reduce operating efficiency, increase susceptibility
to corrosion, cause degradation and structural fractures,
block or hamper water fiow and water exchange and the
like. A common method of controlling the presence or at-
tachnent of fouling organisms is to coat or permeate the
15 underwater structure with a composition which comprises a
toxic metal-containing compound such as tri-p-butyl tin
or cuprous oxide. Although said compositions are some-
what efficacious antifoulants, they degrade slowly in
aquatic environments and are, therefore, ecologically
. 20 harmful.
Diarylboron compounds are known to be effective in-
secticidal, acaricidal and fungicidal agents useful in
crop protection; said diarylboron compounds are described

in U.s. patents 5,354,740, 5,354,741, 4,983,589 and
25 5,091,377,



- 2- It is an object of this invention to provide an en-
vironnmental-ly and ecol ogi cally sound nethod of conbatting or
controlling marine and freshwater fouling organisns. It is
anot her object of this invention to provide an 5 effective nethod for
protecting ad¥R97438%% r uct ur es agai nst fouling by mari necerushhegdat er
foul i ng organ- | SIS. It is a further object of this
i nvention to provide antifoul ant conpositions which conprise
di aryl boron com 10 pounds as the active agents. It is a
feature of this invention that the antifoul =<~ i ng met hods and
conpositions are free of heavy netal com pl exes. These and
ot her features and objects of the inven- 15 tion will becone nore
apparent fromthe detailed descrip- tion set forth hereinbel ow.
SUMAMRY OF THE | NVENTI & % an objectTRf Bhischpventisn itéh PFRPYifgean emet ho
for.control - vikbfigentaInniad ekolaghBally sound asdtimide off cohbaEt G an-
i sm which conpris ' i r [ I of
with an antifoul i %% EBRERGH [y SRrind Bl g‘?%‘r%‘fép& f”“%%é‘ﬁoﬁ’%h%%%%u of
formula | 25 3t is another object of F%;ﬁ]invention to provide an
(cl[ ) 3? Qerr & \é\hetftb&tﬁvé%ﬁtﬁﬂ ]fﬁ %b}.ébﬁﬂ_\g dﬁﬁfﬂc t@[wwckleh-benyl or

err]-Clerr ynyl; an are_eac n ogen,
C[err]-C[err]aIkyP 8}ns§5fou11ng(LMNBA§§P3285Bfregﬁﬁgggg]é&ﬁflgg grgan
PCT/ US97/ 07692 isms.

It is a further object of this invention to provide
antifoulant compositions which comprise diarylboron com-
10 pounds as the active agents.
It is a feature of this invention that the antifoul-

ing methods and compositions are free of heavy metal com-
plexes.

These and other features and objects of the inven-
15 tion will become more apparent from the detailed descrip-
tion set forth hereinbelow.

OF THE ION
20 The present invention provides a method for control-
ling or combatting a marine or freshwater fouling organ-
ism which comprises contacting said organism or the locus
thereof with an antifouling-effective amount of a diaryl-
boron compound of formula I

25

30

wherein R is C;-Cgalkyl, C;-Cgalkenyl or Cp-Cgalkynyl;
W and Y are each independently halogen, C;-Cgalkyl or

35



- 3- Jerr]-{err]hal oal kyl ; m and n are each

| ndependently O or an integer of 1, 2 or 3; Qis [err]
or [err] Xis NRerr] or S Rlerr] is H hal ogen
C[err] Cerr]alkyl, or (Jerr]-Cerr]al kenyl; ~Rerr] and Rlerr] are
each i ndependeWDI99f41ﬂ,23 Clerr]-(err]alkyl, Cerr]-Cerr]- PCT/US97/07692
hal oal kyl, Cerr]-Cerr]al koxy, (err]-{err]hal oal koxy, hal ogen, CN,
NOJ err], CORerr] or phenyl optionally substituted with one to
three hal ogen or HRlerr] R err] groups or R[er#_] and R[err] may be
t aken together with the atons to which they are at- tached to
forma saturated or unsaturated 6-nenbered carbocyclic ring
optionally substituted with one to three hal ogen, NJerr],
Cerr]-Cerr]al kyl or err C[err;alkoxy groups; Rlerr] is
Clerr].-derr]al kyl, dPRi¥Ykenyl or phenyl; and Rlerr], Rerr]
and Rlerr] are each a:miapemcherédc}\ Hndepéiﬁﬁmt]lyqoeror] arkyntegér of 1, 2 The
present invention also proyjdes a method for the protection of aquatic
structures agai nst foullng ‘tly a na- rine or freshwater fouling
organi sm and an anti f oul ant conpogtiy on suitable for use therefor. 25
DETAI LED DESCREPTI ON OF TH INVENTICN iy A\ R Controlling or conbatting
fouling organi sms @nis R i erenv\ Lofmrents w t hout harmning beneficia
species or threate ?ng he ecol o I cal bal ance of said environnment 30
is a continuing scientific cillenge. Ryt Ras now been found that
particularly effective antifouling agents are - t hose di aryl boron
compounds of fornuKais NRy 3% S; W) 97/42823
PCT/ US97/ 07692 Ry is H, halogen, C;-Cgalkyl, or Cz~-Cgalkenyl;
10 Ry and R3 are each independently H, C;~Cgalkyl, C;~Cg-
haloalkyl, C;-Cgalkoxy, C;~-Cghaloalkoxy, halogen, CN,
NOz, CORs or phenyl optionally substituted with one
to three halogen or NRgR; groups or R; and R, may be
taken together with the atoms to which they are at-
15 tached to form a saturated or unsaturated 6-membered
carbocyclic ring optionally substituted with one to
three halogen, NO;, C3-Cgalkyl or Cj;-Csalkoxy groups;
Rq is Cj;-Cgalkyl, Cy-Cgalkenyl or phenyl; and
Rs, Rg and Ry are each independently H or C;-Cszalkyl.

20 The present invention also provides a method for the
protection of aquatic structures against fouling by a ma-
rine or freshwater fouling organism and an antifoulant
composition suitable for use therefor.

25 .

DETAILED DESCRIPTION OF THE INVENTION -
Controlling or combatting fouling organisms in
aquatic environments without harming beneficial species
or threatening the ecological balance of said environment

30 is a continuing scientific challenge. It has now been

found that particularly effective antifouling agents are
those diarylboron compounds of formula I

35



-4- | [err]

(1) 5 : wherein Ris (Jerr]-Cerr]Jalkyl, Cerr]-C[err]al kenyl or
derr]- C[err]al kynyl ; Wand Y are each |ndependently hal ogen,
Cerr]-Cerr]al kyl or Cerr]-Cerr]hal oal kyl; 10 mand n are
each i ndepend¥@97M282 or an integer of 1, 2 or 3;pcTmsyinIeel i S
[err] or [err] X is NR[err] or S; Rl err] is H, hal ogen,
Cerr]-Cerr]alkyl, or (Jerr]-Cerr]al kenyl; Rlerr] and Rlerr] are

each independently H derr]-Cerr]alkyl, Cerr]-Cerr]- 20
hal oal kyl, C[err]-(err]al koxy, Cerr]-d errmal oal koxy, hal ogen, CN,

NJ err], COR[err] or phenyl optionally substituted with one to
three halogen or NRlerr]Rerr] groups or Rerr] and R err] may be

taken together with the atons to which they e at- tached to
forma saturated or unsaturated 6- ? Wear bocyclic ring
opti.onally substituted with one tomaqg@_ hal ogen, NJ err],
Cerr]-Cerr]alkyl or err]-Cerr]alk grdup Rerr] is
Cerr]-Cerr]alkyl, Cerr]-C(err]al kenyl or @henyl; and Rerr],

Rlerr] and Rl err] are each independently H or C[err] d err]al kyl .

Preferred antifoul ant agents suitable for udddin the 30 nmet hods and
conposi tion of the invention are those di- aryl boron conpounds of
formula | wherein Ris (err]-Cerr]alkyl or CJerr]- C[err]al kenyl; X

N d 0; | kyl ~
IC[S er rR][ ea 13r r Fa?EeHgF%gi[‘e*rﬂli[ ?éqﬁéﬂbcgerégfé?ség{srﬁ!‘?b[é r‘}z‘ﬂseﬂ-k}'w%yl or

phenyl ; and Rl err ¥ asdhydargeasach ifRidpenden8ly halogen,\@;9¢54D8A3 or
PCT/ U897/ 07692

C3~Cghaloalkyl;
10 n and n are each independently. 0 or an Lnteqer of 1, 2
or 3;
l, 1,
N = N
A 7\ R
Q is RN X or —_ L
15
R, Ry

X is NRg or S;
R; is H, halogen, C;-Cgalkyl, or C-Cgalkenyl;
Ry and R3 are each independently H, C3-Cgalkyl, C3~Cg~
20 haloalkyl, cC;-Cgalkoxy, C;-Cghalocalkoxy, halogen, CN,
ROz, CORs or phenyl optionally substituted with one
to three halogen or NRgR7 groups or R; and Ry may be
taken together with the atoms to which they are at-
tached to form a saturated or unsaturated 6~membered
25 carbocyclic ring optionally substituted with one to
three halogen, NO;, C;-Csalkyl or C;~Cgqalkoxy groups;
R4 is C1-Cgalkyl, C;-Cgalkenyl or phenyl; and .
Rs, Rg and Ry are each independently H or C;-Cqalkyl.
Preferred antifoulant agents suitable for use in the
3g methods and composition of the invention are those di-
arylboron compounds of formula I wherein R is Cj~-Cgqalkyl
or Cy-Cjalkenyl; X is NRy; m and n are 0; Rq is C3~Cgqalkyl
or Cy-Csalkenyl; Ry is hydrogen, halogen, C;~Cjalkyl or
phenyl; and R; is hydrogen or methyl.
35



- 5- In the specification and clains the term hal ogen

designates C, Br, | or F and the term hal oal kyl desig- - nates any alkyl
group (Jerr]H err] having from1 hal ogen atom to 2n+1 hal ogen atons
wherein the hal ogen atons are the same or different. Simlarly

hal oal koxy dew@om282% an OC[err]H err] group having fromPCTAU8Y70J692 at om
to 2n+1 hal ogen atons wherein the hal ogen atons are the sane or differ-
ent . Anong the diaryl boron conpounds suitable for use in t he
met hods and conposition of the invention are: 10

(3-vinylimdazolinio)vinyl di phenyl boron; ~5-

(3- et hyl pyri di ni o) net hyl di phenyl bor on;

(4- phenyl pyri di ni o) met hyl di phenyl bor on;

(4-tsopropyl pyri-di ni o) met hyl di phenyl bor on; (4-t- butylpyrldlnlo)
met hyl di phenyl boron; = In i@ specpfbpytion dmdbiclaias Ehayterhhahaase: on;
(th'a20|'n'0)nEtrUﬂéEf&K%ﬁ@é“&lonBr, I or F and the term haloalkyl desig-

5,6,7,8-tetrahyd I th h h
(1 s0qui nol 1 i ) NEVTRRSH AR ANKITOAECUD. Catlart VNG trom 1 halogen atem

(3- bronDpyrldln|o)met29+1hnitngphbatoms wherein the halogen atoms are the

-acetyl pyri di ni 0) ngf Fﬁ#?ﬁd £on, larly haloalkoxy designates an
(4-cyanopyri digi 0) malk% %I en I'Jégloronsmi aa; ialo en a Y o g oqe
( 3- br onoi soqui nol |9Fld§2mtlh?¥‘éﬁlbﬁ&’(}|"ﬂ foom gen atom %o 2ptf, halogen

di aryl bor on conpoustiomsa nwhems itodhet haldgeprapmse axenther sageser ididfifenr U. S.

patents 5, 354, 740, 5,091, 377 and 4, 983, 589. A fouling
or gani sm whi ch may %e conbatted or con- troll 5§F&ﬁf t hod of, t he
i nvention can be any nefPeRg the d@BFYFPEE?NWEQHP?ﬁQﬁﬁ1 2 ?Eu?ﬁﬁiﬁgbh

to an inner or theouéenodswénuxeouboALBiomoaintheMﬁnﬂ¢nt§08u&nswged or in

ngae |ng?Eérﬂ;ahégOoéég%%¥4%gkg¥¥ﬁyb’Egﬁg éhf! nsgﬁdlghaeophyt;|Ude
m cr obes, tunicat e§3'4“ﬁ§hlﬁbli’h’gl methyld Phe"iﬂf%p‘?ﬁ‘hss Asci di acea, such

as C ona intestinakasphen@bpyridinio)methyYELSTérPRBRAON;
PCT/USQ7/O7692 (4-isopropylpyridinio)methyldiphéryiboron;
(4-t-butylpyridinio)methyldiphenylboron;

15 (3-isopropylimidazolinio)vinyldiphenylboron;
{thiazolinio)methyldiphenylboron;
(5,6,7,8-tetrahydroisoquinolinio)methyldiphenylboron;
(isoquinolinio)methyldiphenylboron;

20 (3-bromopyridinio)methyldiphenylboron;
(4-acetylpyridinio)methyldiphenylboron;
(4-cyanopyridinio)methyldiphenylboron; and
(3-bromoisoquinolinio)methyldiphenylboron.

said formula I diarylboron compounds and methods to

25 prepare same are described in U.S. patents 5,354,740,
5,091,377 and 4,983,589.

A fouling organism which may be combatted or con-
trolled by the method of the invention can be any marine
or freshwater organism which can attach to an inner or

30 outer surface of a structure which is submerged or in

continual contact with water. Exemplary organisms in-
clude algae, including members of the phyla Chlorophyta
and Phaeophyta, microbes, tunicates, including members of
the class Ascidiacea, such as Ciona intestinalis, '

35



D pl osoma listerianium and Botryllus sclosseri, nenbers of the class

Hydr ozoa,. i-ncl udi ng C ava squanata, Hy- dractinia echinata, Obelia
geni cul ata, and Tubul ari a ~ larnyx, bivalves, including Mytilus edulis,
Crassostrea SQW@virginica, Cstrea edulis, Ostrea chilensia, and Lasaea
rubra, bryozod¥@9742883| udi ng Ectra pil osa, Bugula nerit- Wall

Bower banki a gracilis, polychaete worns, includ- I ng FNdFE?GQ%Mﬁag
norvegi ca, sponges and nenbers of the cl ass Cirripedia (barnacles),
such as Bal anus anphitrite, Lepas 10 anatifera, Bal anus bal anus, Bal anus
bal anoi des, Bal anus hameri, Bal anus®renatus, Bal anus i nprovi sus,

Bal anus gal eatus, and Bal anus eburneus. Organisns of the genus

Bal anus are frequent foulers of aquatic structures. Spe- cific fouling

organi sns to which this invention is espe- 15 cially directed include
barnacl es, zeBiplesone| Listanjanium, andi Botnyllusg dolasserinyvenbers _
afC'dLanS1 &;BQhWﬁénﬁﬁﬁﬁﬁlH%drﬁzﬁ?,aRhEIghﬁﬁﬁ-C!aY?]s ﬁpg%&?nﬂ?Lhe aquatic
structures whigc e protecte , e od of inyvention are any
subner ged or HﬁPFEgﬁfﬁ 3é¥fh§ﬁﬂmﬂQQSé&“s?%ﬁ%?%&égsﬁﬂﬂﬂﬂa BFdaor
stationary, sdemrnyx, bivalvdsshimetludiogt Mythivs edulimy, Oriasspsepaki Ng

tower, pipe- virgihiBh, S4EAED dfu1i8cabserelo8h lendiil) dnﬁti?gaﬁgreen or
the |ike. Ln actual practice the antif ulln%dl ryl boron com 25
oound may be BPOEGNt PFROEPANn ANCINALRS BPLER | PALRas Hughla’ nerge- o)

coating the adwndaj,casdrBarertankid gracilis) cpolychaete lwoams, includ-
anti f oul i ng- ef. ' E§§g(j ' (o) ch that
the antifouli r%iggg &%g%tg@#sr};?zg{ ASea gbﬂ&¥%§téﬂ?h%e%%eu%i@§0§%\gi ?gﬁﬁ%nt

i mredi at el y afiEEdReALpc(Raxnagies),csugh ag, Batanuy amphdtsiteet Lepasb)

i ncl udi nggan amaitifera, Balknus)-blantisiVBadanustbalandided,apalllansn

R o Hieds? BRLERIL! AT | Bo0aflls BLASs il Bl a0
then rel eases sal d Conpound, C) reledsing an an odﬁlng- effective
amount of sai §2IEAEYSnd2ee (ZalaRus @bYrpREs35 Organisms)\of theogepus

PCT/ US97/ 0769Balanus are freguent foulers of aquatic 7structuresaqugpes
envi ronment. sg:qmwgiag%%gfw ®o! GhREnPERIs invdftilon’ 10k sdg-a.”y
ot her net hod erei n the diar or on conmpound cones i n CONTAEE with the
foul i ng asgani®@lly directedhinghiiebaznagiary| BRPEH RusR%ISndadgaBe used in
t he met hodlieftomsyehydpoids | | bzvagcascdiagné p tdise Wanisi and
' Asiatic clams. :
among the aquatic structures which may be protected
by the method of invention are any submerged or partially
20 Submerged structure, either mobile or stationary, such as
a fishnet, boat, ship, piling, pier, cooling tower, pipe-
line, standpipe, heat exchanger, dam, intake screen or
the like.
In actual practice the antifouling diarylboron com-
25 pound may be brought into contact with a fouling organism
by: a) coating the aquatic structure to be protected
with an antifouling-effective amount of said diafylhoron
compound such that the antifouling compound is released
into the aquatic environment immediately adjacent the ex~
10 ternal surface of said structure, b) including an anti-
fouling-effective amount of the diarylboron compound
within material formed into an aquatic structure which
then releases said compound, c} releasing an antifouling-
effective amount of said compound directly into the

is



conpound used, the identity of the fouling organismto be controlled,
degree of infestation of the surrounding aquatic environnent, the water
tenperature t he node of contact and the like. 10 Conposi tions of
the invention conprise an aquati c- ally acceptable inert carrier and an
antifouling- WOSHI8%tive anount of a diaryl boron conpound CRCEUSIWNTER | .
For application onto structural surfaces, preferred com posi tions of
the invention include a filmform ng conpo- 15 nent such as a pol yner
resin solution. Exenplary polyner resins include unsaturated

pol yester resins fornmed from a) unsaturpted acids or anhydrides, such
as mal ei ¢ anhy- | dride, fumaric acid, itaconic acid and the |ike; b)

sat u- rated aci ds or anhydrides, such as phthalic anhydride, 20

i sopht hal i ¢ anhydride, terephthalic anhydride, tetrahy- ~drophthalic

anhydri de, tetrahahﬁﬂﬁfﬂijéﬁbfyuﬁﬁihkdgurroundiﬂﬂ(HHE“Eﬂ%d%&hée ﬁd'ﬂé ﬁHU d

o1 opyl ZnZC'gf'y-a”d kegted. i sy SRORE, PR AthEIT (e et Ligeen

vi nyl nmononer spmpuuhd&soxﬁqrmnepntanyl withi thee fas-ﬂlimgomneiaem-
brormStyre“e met hyl met gpg oetlt I&é'aﬁ@fb&f&?@oﬂﬂdlﬁid'to be uﬁé&ﬂﬁt&ea”d
the |ike. Oher swtable resms I NC est vin

acetate-, and \§ nyRethpdrefcinvantdanoaill vary pccqrding, R‘%ﬁﬁﬁﬁ%@rﬂ s,
vul cani zed rubberscompdundcused, thdddentatydof cdiensfouling organism tni e

to present a nore %Lﬁ@i-?ﬁg& é@cﬁcuéq%q)finfeﬁ_ﬁaéﬂﬁl'@ﬂ’ YHd %r%ﬂﬁﬁil '

exarrpl es thereof are se ese exanples are_ ner
illustrative and amguatic emyixonmant,,ddesvaber a*se’l'l? AtuRe I’F\?esE'Bﬁ ohd

underlying 35 . contac¥Oafd/ ¥82AXke.
PCT/ US97/ 07692

les
of the inventi¥h in any vva?os}t’a%%% Ofvzﬁheoﬁ'swention %m?m(.:xésﬁ SRSBQPQG%Q
i nvention, in addi ®ldy escentakle inextheAriny 2R AR ARE HAWiRg~\i | |
becone apparent to dtffective ambihit |l d Riak@1Boton resmpdund @fl deirngla I.

examl es a0 L0, oSy PRREARHEReA SR A clcur B hIRILLL e rdhccshsc
positions of the anentxon inclu e a film-forming compo-

15 nent such as a polymer resin solution. Exemplary polymer
resins include unsaturated polyester resins formed from:
a) unsaturated acids or anhydrides, such as maleic anhy-
dride, fumaric acid, itaconic acid and the like; b) satu-
rated acids or anhydrides, such as phthalic anhydride,

20 isophthalic anhydride, terephthalic anhydride, tetrahy-
drophthalic anhydride, tetrahalophthalic anhydride,
chlorendic acid, adipic acid, subacic acid, and the like;
c) giycols, such as ethylene glycol, 1,2 propylene gly-
col; dibromoneo-pentyl glycol, and the like; or d) vinyl

25 Rmonomers, such as styrene, vinyl toluene, chlorostyrene,
bromostyrene, methylmethacrylate, ethylene glycol_dimeth—
acrylate and the like. Other suitable resins include vi-
nyl ester-, vinyl acetate-, and vinyl chloride-based res-
ins, elastomeric components, vulcanized rubbers, and ure-

10 thane-based resins.

In order to present a more clear understanding of
the invention, specific examples thereof are set forth
below. These examples are merely illustrative and are
not to be understood as limiting the scope and underlying

35



10 _ 15 - 20 25 -~ 30 35 WD 97/ 42823
PCT/ US97/ 07692 - O-

EXAMPLE: 1 Eval uation O Marine Antifouling Activity'of Test Conpounds
The crustaceous marine animal Artemia salina is used as a nodel
organi sm f or wadrses28ar i ne ani nal foulers (e.g. PCT/USYI07692

principles of the invention in any way. Indeed, varioug
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

5 foregoing description. Such modifications are also in-
tended to fall within the scope of the appended claims.

10

15

20

25

30
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5 barnacles) in this laboratory assay. Test conpounds are di ssolved in
di net hyl sul.foxi de at a concentration of 4,000 ppm diluted to a
concentration of 200 ppmw th wa- ter and further diluted with Probst
artificial seawater to a concentration of 10 ppm Approxi mately 30
Artem a 10 savo93428extar |1 | arvae are incubated in mcroweldctnissiesoz
in 2 m of Probst artificial seawater containing 10 ppm of the test
conpound. Survival of the organismis eval u- ated after 24 hours, and
test conmpounds are rated accord- ing to ##e scal e shown bel ow. Test
results are shown in 15 Table I. RATI NG
SCALE 20 Rat i ng Definition 1

No activity, 0% - <20% nnortality Toxi c effect,

20%80% nortal ity 3 gggggszgly active, >80%nortality
%ET/U897/8$692 Ega;uatiog ﬁﬂgﬁiﬁi%%8£gt;gouligg Q%&%Vit! Of Test Compounds
Tabl'e | The crustacpows @anpeeranimal Artemia salina is useq
‘ as a model organism for other marine animal foulers (e.q.
5 barnacles) in this laboratory assay. Test compounds are
dissolved in dimethylsulfoxide at a concentration of
4,000 ppm, diluted to a concentration of 200 ppm with wa~
ter and further diluted with Probst artificial seawater
to a concentration of 10 ppm. Approximately 30 Artemia
10 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 evalu-
ated after 24 hours, and test compounds are rated accord-
ing to the scale shown below. Test results are shown in

15 Table I.
RATING SCALE
20 atin - Definition
No activity, 0% - <20% mortality
Toxic effect, 20%-80% mortality
COmpletély active, >80% mortality
25
30
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(3-vinylimdazolinio)vinyldi phenyl boron 3 5
(4-1sopropyl pyridinio) ethyldi phenyl boron 3

(3- nmet hyl pyri di ni o) met hyl di phenyl bor on 3
(3-isopropylimdazolinio) vinyldiphenyl boron 1

(thi azol i ni o) wex9raesis phenyl bor on 1 10 peryusernee:

( 3- br onmoi soqui nol i ni 0) net hyl di phenyl bor on 1
(3- bronopyri di ni 0) net hyl di phenyl bor on 1

(4- phenyl pyri di ni o) met hyl di phenyl bor on 1
(4-cyanopyri di ni o) met hyl di phenyl boron 1
[err]Artem a 20 25 30 35 WD 97/ 42823
PCT/ US97/ 07692 ' _

Table I '
Test Compound - Argd
(3-vinylimidazolinio)vihyldiphenylboron 3
5 (4-isopropylpyridinio)methyldiphenylboron 3
(z-methylpyridinio)nethyldiphenylboron 3
(3-isopropylimidazolinio)vinyldiphenylboron 1
{thiazolinio)methyldiphenylboron | 1
10 (3-bromoisoquinolinio)methyldiphenylboron 1
(3~-bromopyridinio)methyldiphenylboron 1
(A-phenylpyridinio)methyldiphenylboron 1
(4-cyanopyridinio)methyldiphenylboron 1
15 _ '
lartemia
20
25
30

35



-11- EXAMPLE 2 Field Eval uation O
Marine Antifouling Activity of Test Conmpounds (Raft Exposure)

In thjis evaluation, test conpounds are dissolved in 5 cycl ohexanone. The
solution is treat.ed with vinylite (manuf actured by Union carbide) to
obtain a finalwoeTit2823 - tration of 26%in the dried coat ipagmushde®roar ds
(100x20x5m) are degreased by washing with ethanol and ~ coated with the
test fornulation by brushing (2 coats). 10 The total thickness of the test
filmis approxi mately 50[err]M The exact quantity of test conpound on
each board is determined by conparing thei+nitial and final weights.
The test sanple boards are placed in a franme and i nmersed to a depth
of IMin the North sea. The frames are sus- 15 pended fromthe bottom of a
raft and are intermittently - raised to evaluate the surface fouling.

The rating sys- temused is shomn bengag;ﬂgggdata are shomn in Table
. ° 20

No growth on the par ‘ ‘ 1 yy—=ani mal
foulers 25 e covered by anlnal foulers

3 41-60% of the Surfﬁﬁetﬁﬂﬂeéeﬁlﬁﬂtfﬁﬂ'“ﬂes%oabﬁ§§unds are dlsﬁolveﬁl iR0%
of the surface covere ani nal

surface cover eds by XA PEE*PBENR: s (F°s‘|'uti°“3§s tréated \)ééﬁ/"dffy te®
PCT/ US97/ 07692 (manufactured by Union Carbide) to obtain a final concen-

tration of 26% in the dried coating. PVC boards
(100x20xSmm) are degreahed by washing with ethanol and
coated with the test formulation by brushing (2 coats).
10 The total thickness of the test film is approximately
SOUM. The exact guantity of test compound on each board
is determined by comparing the initial and final weights.
The test sample boards are placed in a frame and immersed
to a depth of 1M in the North Sea. The frames are sus-
15 pended from the bottom of a raft and are intermittently
raised to evaluate the surface fouling. The rating sys-
tem used is shown below. The data are shown in Table II.

0

20 RATING SCALE
Rating .
0 No growth on the panel
1 1-20% of the surface covered by animal foulers'
25 2 21-40% of the surface covered by animal foulers
3 41-60% of the surface covered by animal foulers
4 61-80% of the surface covered by animal foulers
5 81-100% of the surface covered by animal foulers
30

35
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Tabl e 11

Weeks after treatnent Test Conpound
10 14. 22 31 (3-vinylimdazolinio)vinyl di phenyl boron 0 0
0 0 : (3- net hyl pyri di ni o) et hyl di phenyl bor on 0 0 1 2 1
(3-1sopropyl pyoisus282») vi nyl di phenyl bor on 0 1 5 5 PETUSYINTGD2
(t hi azol i ni o) net hyl di phenyl bor on .0 0 "1 2 2
( 3- br onoi soqui nol i ni 0) met hyl di phenyl bor on 5 5 5 10
(3- bronopyri di ni 0) net hyl di phenyl bor on _gz_ 2 5 3* 5
(4-acetyl pyridini o) met hyl di phenyl bor on 2 2* 3
(4- phenyl pyri di ni o) net hyl di phenyl bor on 2 2 2
(4- cyanopyrldlnlo)nethyldlphenylboron 0 2 5 4 3 15
1 9 17 27 (1 soqui nol i ni o) et hyl di phenyl bor on 0
4 5 5 (4-t-butyl pyridinio)neth | bor on 0 2 4 5
4 (4-1sopropyl pyridini o) net hyl di phenyl bor on 0 0 1 1*
(5, 6, 7, 8-t etrahydroi soqui nol i ni 0) net hyl - 0o 2 4_!§§EL52922952§29§_
di phenyl bor‘on Cupr OUS&M 6 ® 14 1 3
3 Tri(n-butyTyITrn Oxrde 0_1L2.L42_5_L
Cont r ol s (3-vjny1mi.dazolmm)vmy 505050250 o
*no bar nacl es 2” ]g;4ﬁ2823
PCT/ US97/ 07692 ‘3 pyridish ’“‘WWMQ o 0o 1 2 1
hmpnmyhyrﬁﬁnh»vuwhhphmwnxzcn 0 1 S 5 4
(thiazolinio)methyldiphenyYboron o 0 1 2 2
(3-bromoisoquinolinio)methyldiphenylboron o 3 5 S 5
10 (3-bromopyridinio) methyldiphenylboron 0 2 S5 3% 5
(4-acetylpyridinio)methyldiphenylboron 0 1 2 2+« 3
(4-phenylpyridinio)methyldiphenylboran o 1 2 2 2
(4~-cyanopyridinio) methyldiphenylboron o 2 5 4 3
b N s 17 -
15 . - - 2 11 2
(isoquinol inic)methyldiphenylboron 0 1 4 5
(4-t~butylpyridinio) methyldiphenylboron 0 2 4 4
(4-isopropylpyridinio)methyldiphenylboron 0 o 1 L §
(5,6,7,8~tetrahydroisoquinolinio)methyl- 0 2 4 s5*% 3
Niphenyil
20
Cuprous Oxide o 0 1 3
Tri (n-butyl) Tin Oxide o 1 2 4
Contxrol 4 S 5 5 S
25
*no barnacles”
30

35

6
0

1



-13- EXAMPLE 3 Eval uati on of Leaching

Properties O Test Conpounds Usi ng essentially the sane procedure
described in Exanpl e 2, test panels (100x10x5mm) are prepared. In 5
this evaluation test panels are placed in 80 m artifi- - - cial sea water
which is reneﬂ@ﬂ’ﬁ@@%?y. At two week in- tervals, just XCTABINTESeca
water is refreshed, Artem a Is added to each treatnent. Three days
after the addi- tion of Artem a, the experinment is evaluated using the
10 rating scale shown below. The activityi1gk the test com . pound is
expressed as the nunber of weeks during which the leaching is
sufficient to cause a toxic effect, i.e. a rating of at least 2. The
results are shown in Table 1. 15 Rat i ng
system Rating 20 1 No agiamMpii, 3 conparable to contro

2 Toxic effect,_b '

Conpl etely active ¥ SRS : 9 -
Using essentially the same procedure described in

Example 2, test panels (100x10xSmm) are prepared. In
s this evaluation test panels are placed in 80 ml artifi-
cial sea water which is renewed weekly. At two week in- -
texrvals, just after the sea water is refreshed, Artemia
is added to each treatment. Three days after the addi-
tion of Artemia, the experiment is evaluated using the
10 rating scale shown below. The activity of the test com-
pound is expressed as the number of weeks during which
the leaching is sufficient to cause a toxic effect, i.e.
a rating of at least 2. The results are shown in Table

IXI.
i5
Rating System
Rating

20 , 1 No ‘activity, comparable to control

2 Toxic effect, but not 100% mortality (20-<80%)

3 Completely active (80-100% mortality)
25
30

35
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-14- o Table 111
Weeks, O Test Conpound Ef fective
Leachi ng (3-vinylimdazolinio)vinyldi phenyl boron >32 5
( 3- met hyl pyr i SYQP%43t hy| di phenyl bor on >32 PCT/US97107692
(3-1sopropyl pyridinio)vinyl di phenyl boron 0
(t hi azol i'ni o) met hyl di phenyl bor on 24
( 3- br onoi soqui nol oni 0) et hyl di phenyl bor on 0
(3- bronopyri di ni o) met hyl di phenyl bor on -14- 0 10
(4-acetyl pyridini o) nmet hyl di penyl boron 0
(4- phenyl pyri di ni o) met hyl di phenyl bor on >32
(4- cyanopyri di ni o) met hyl di phenyl bor on 0
(1 soqui nol i ni o) met hyl di phenyl bor on Table XIXI 20
(4-t-butyl pyridinio)nethyl di phenyl bor on >28 15
(4-1isopropyl pyridi ni o) met hyl di phenyl bor on >28 Weeks Of
(5,6,7,8-tetrahydroi soqui nol i fes®) cearpbira 0_EffectiveDi@BNingdOr On
Cuprous i de 0 20
Tri(n-butyl)Tin Ok:l-dvewlmidazolinio)vmymmm:m 28 >32Cont r ol
0 25 5 30 (3-methylgfridinio) methyldiphenylboron : >32
- (3~isopropylpyridinio) vinyldiphenylbaron 0
{thiazolinio)methyldiphenylboron 24
(3-kramoisoquinolinio)methyldiphenylboron 0
3-bromopyridinio) methyldiphenylboron , 0
10 4-acetylpyridinio)methyldiphenylboron 0
{4-phenylpyridinio)methyldiphenylboron >32
{4-cyanopyridinio)methyldiphenylboron 0
{ isoquinolinio)methyldiphenylboron _ 20
(4-t-butylpyridinio) methyldiphenylboron >28
15 (4—isopropylpyridinio)methyldiphenylboron >28
{5.6,7 8-tetrahydroisoquinol1n10)methyl- 0
diphenylboron
Quprous Oxide 0
20 Tri (n-luatyl)Tin Oxide . 28
Control 0
25
30

35



WD 97/ 42823 PCT/ US97/ 07692
- 15- VE CLAI M hod for controllihg or
conbatti'ng the attachnent o I!'I!I' ﬁ![[ﬁigam smto an underwater surface
whi ch conprises contacting | ocus thereof with an

antifoul i ng efWweotmees anount of a corrpound of fornula I PCT/USY?/07692
[err] (n) wherein R
is CJerr]-Cerr]alkyl, Cerr]-Cerr]al kenyl or CJerr]-Cerr]al kynyl; W
and Y are each independently hal ogen, Cerr]-Cerr]al kyl or

Jerr]-err]hal oal kyl ; m and n are each independently O or an integer
of 1, 2 or 3; Qis [err] =159r [err] . Xis NRerr]
or S; Rlerr] is H halogen, Cerr]-Clerr]Jalkyl, or (Jerr]-Cerr]al kenyl;

Rletr] and Rl err] are each independently H Clerr]-Cerr]alkyl,
Cerr]-Cerr]- ha\}ﬂ%r‘ .Jerr]-Cerr]al koxy, Cerr]-

d err]hal oal koxy, h, CN, NJerr], COR err] or phenyl optionally
substituted with one to three halogen or NR{err]Rerr] groups or

Rlerr] and Rlerr] mayjbe tﬂ‘?ﬂ&h&@ﬂﬁtchﬁ&omh Br combatuc% the diBéhn#in® GF at Puliyg Ch
they are attached ta forma aturate?a@g unsaturate er ed

me
carbocyclic ri ng®Gpusg{gppm ffﬂ@‘("‘fﬂf W’@F"thkF°B’rPé‘s"tscF°PﬁFté‘!¥ s2id prganism &'
NJ err], d err] - gces thembkyith en antifeulinp effective pmiolutof a goropgmgd of formplarlr | i s
Cerr]- C[err]al kyl, C{err]-Clerr]al kenyl or phenyl; and Rlerr], Rerr]
and Rerr] are each i ndependently H or (Jerig- C[err] | kyl . 2.
The met hod according to claim1l wiexe X

Ris (Jerr]-Cerr]alkyl or CJerr]-(a

(I)

wherein R is C,-Cgalkyl, C,-Csalkenyl or C,-Cgalkynyl;
W and Y are each independently halogen, C;-Cgalkyl or
C,-Cghaloalkyl;
* m and n are each independently 0 oran integerof 1,2 -
or 3

: |
WA
- Qis RsJ\YX or \ __ 1
R, R, R,

XisNR,orS;

R, is H, halogen, C;-Csalkyl, or C,-Cyalkeny};

R, and R; are each independently H, C,-Cgalkyl, C,-Cq-haloalkyl, C;-Csalkoxy, C;-
Cghaloalkoxy, halogen, CN, NO,, COR; or phenyl optionally substituted with
one to three halogen or NR¢R, groups or R, and R, may be taken together with
the atoms to which they are attached to form a saturated or unsaturated 6-
membered carbocyclic ring optionally substituted with one to three halogen,
NO,, C,-C,alkyl or C,-C,alkoxy gréups; |

R, is C,-Cgalkyl, C,-C;alkenyl or pheny!; and

Rs, Rg and R; are each independently H or C,-C,alkyl.

2 The method according to claim ! wherein m and n are 0;
R is C;-C,alkyl or C,-C,alkenyl; and Q is



WD 97/ 42823

[Pgr/r ]U§97-/'07692 ”"l"”"mnuHWHHmdl ng to claim1 \-/mlg;el n the

fouling organismis selectéd % r dm #hesgreup consi sting of barnacl es,
zebra nussel swoabmqmgs di at ons, hydr oi ds, bryozoa, asmdlari%i,r

and Asiatic clans. 4. - The nmethod according to al m
the formula | compound is sel ected fromthe group consisting of

(3- et hyl pyri di ni o) net hyl di phenyl boron, (4-

phenyl - pyri di ni o) met hyl di phenyl bor on,

(4-t-butyl pyridinio)-mnethyl di phenyl boron, -{4-

i sopropyl pyridi ni o) met hyl - di phenyl bor on,

( 3- bronmopyri di ni 0) met hyl di phenyl bor on,

(4-acetyl pyridini o) met hyl di phenyl bor on,

(4- cyanopyri di ni o) - net hyl di phenyl bor on,

(i soqui nol i ni o) met hyl di pheny! bor on,

( 3- br onoi soqui nol i ni 0) met hyl di phenyl boron; and

(5, 6,7, 8-tetrahydroi soqui nol i ni 0) met hyl di nyl boron). 5. A
met hod for protecting an aquatic structulg against fouling by a mari ne or
freshwater fouling organi smwhich conpsi sy appl yi ng onto or perneati ng
into said structure an antifouling-effectiyge andbunt of a conpound of

erel n

formula | 2 [err]
(n) wherein Ris (Jerr]-(err]alkyl, Cerr]-Cerr]al kenyl or
Cerr]-Cerr]al kynyl; Wand Y are each i ndependently hal ogen,
Clerr]-Cerr]al kyl or C[err]haloal kyl ;

3. The method acco ing to claim 1 wherein the fouling organism is

selected from the group consisting of barnacies, zebra mussels, algae, diatoms,
hydroids, bryozoa, ascidians, tubeworms and Asiatic clams.

4, The method according to claim 1 wherein the formula I compound is

selected from the group consisting of (3-methylpyridinio)methyldiphenylboron, (4-

phenyl-pyridinio)methyldiphenylboron, (4-t-butylpyridinio)-methyldiphenyliboron, (4-

isopropylpyridinio)methyl-diphenylboron, (3-bromopyridinio)methyldiphenylboron,

(4-acetylpyridinio)methyldiphenylboron,  (4-cyanopyridinio)-methyldiphenylboron,

- (isoquinolinio)methyldiphenylboron,  (3-bromoisoquinolinio)methyidiphenylboron
and (5,6,7,8-tetrahydroisoquinolinio)methyldiphenylboron).

5. A method for protecting an aquatic structure against fouling by a

marine or freshwater fouling organism which comprises applying onto or permeating
into said structure an antifouling-effective amount of a compound of formula I

- {I)

0 —t —x

wherein R is C,-Cyalkyl, C,-Cgalkenyl or C;-Cgalkynyl;
W and Y are each independently halogen, C,-Cgalkyl or
_Cl-Cghaloalkyl;
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m and n are each independently O or an integer of 1, 2 or 3;
Qis [err] or . J[err] Xis NRerr] or S Rlerr] is H,

hal ogen,  errywo®mzmial kyl, or C(Jerr]-(err]al kenyl; R evcdrosngrest err ]
are each independently H, C[err] Cerr]Jalkyl, Cerr]-(err]-hal oal kyl,
Cerr]- qm—koxy—e[—eFH—— C[err]hal oal koxy, hal ogen, CN,

NJ err], optlonally substituted wth one to
t hree haI m, liﬁiﬁﬂ r] groups or R[err] and Rlerr] may be taken
together wt e atoms to which7they are attached to forma
saturated or unsaturat ed 6- menber ed carbocyclic ring
optionally substituted with one to three hal ogen, NOJ err],
Cerr]-Cerr]alkyl or Jerr]-Cerr]al koxy groups;: Rlerr] is :
Cerr]-Cerr]alkyl, (err]-Cerr]al kenyl or phenyl; and Rlerr], Rerr]
and Rlerr] are each independently Hor Clerr]-Cerr]alkyl. 6.

The nethod accor diﬂﬂﬂﬁe@écﬁhiﬁeéeﬂdbﬂly@&aﬁmfcﬂerrbfaw 0; and Ris (err]-
Cerr]al kyl or (err] qerr]al enyl . The net hod
according to claim5b Sherein the aquatic structure is a fishnet, boat,
ship, piling, pier, intdke scre .cool ing tower, pipeline or standpipe.

8. The net hod accor dj §\to Clai W\ S Wherein the marine or freshwater
fouling organi smgsg § of r'Ym the lhroup consi sting of barnacles, zebra
nmussel s, al gae, i at m; hy ds, bryozoa asci di ans, tubeworns and
Asi atic clans. - R 9.R, AR marine or freshwater antifoul ant

conposition which conprises an aquatically acceptable inert carrier or
di luent and an adisiNRylori8g- ef fecti ve anount of a conpound of formula I

WO 97/ 42823 R, is H, halogen, C,-C,alkyl, or C,-Cgalkenyt; PCT/ US97/ 07692
' R, and R; are each independently H, C;-Calkyl, C,-Cg-haloalkyl, C,-Csalkoxy, C,-
| Cghaloalkoxy, halogen, CN, NO,, COR; or pheny! optionally substituted with
one to three halogen or NR¢R, groups or R, and R, may be taken together with
the atoms to which they are attached to form a saturated or unsaturated 6-
. membered carbocyclic ring optionally substituted with one to three halogen,

' NO,, C;-Calkyl or C,-C,alkoxy groups;

R, is C;-Cgalkyl, C,-Cqalkenyl or phenyl; and

R, R and R, are each independently H or C,-C,alkyl. .
6. The method according to clalm 5 wherein m and n are 0; and R is C;-
C,alkyl or C,-Calkenyl. '

1. The method according to claim 5 wherein the aquatic structure is a
fishnet, boat, ship, piling, pier, intake screen, cooling tower, pipeline or standpipe.

8. The method according to 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.

9. A marine or freshwater antifoulant composition which comprises an '
aquatically acceptable inert carrier or diluent and an antifouling-effective amount ofa
compound of formula I
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I wherein Ris err r err]al kenyl or
(C[)err] Cerr]al kynyl ; a Wa]nclmmmmmm,!m e]ndg[nt I y] hal oggn

Cerr]-Cerr]al kyl or al oal kyl ; mand n are
each mdepend&fﬂ%@or an integer of 1, or 3; pcrusyneredz[err]
or [err] Xis NR[err] or S R[err] I's H hal ogen,
Cerr]-Cerr]alkyl, or (Jerr]-Cerr]al kenyl; Rlerr] and Rl err] are each
i ndependently H, Cerr]-Cerr]alkyl, C[err]-Cerr]hal oal kyl,
Cerr]-Cerr]al koxy, Cerr]- C[err]hal oal koxy, hal ogen, CN, NJerr],
COR[err] or phenyl optionally substitut ed W8h one 10. The
conposition according to claim9 wherein the formula | conpound i's

sel ected fromthe group consisting of : :

(3-vinylimdazolinio)vinyldi pheny] boron '(3? W

nethyl pyri di ni o) net hyl di phenyl bomo - "
(4- phenyl pyri di ni 0) - net hyl di phenyl bo 4?
I sopropyl pyri di ni o) net hyl - di phenyl bor O, 0

(4-t-butyl pyridini o) met hyl di phenyl bor on,
(3-1sopropylimdazolinio)vinyldiphenyl borogg)
(thiazo-1inio)nethyldi phenyl boron,

(5,6,7,8-tetrahydroi so-qui nol i ni o) net hyl di phenyl bor on,

(isoquinolinio)nethyl diphenylboron

((13 ﬁrorrf)gyrl di nl\,@m Ry € ﬂﬁ | Q f ijkgy i di ni ozjmet hyl -
i phenyl bor on, 0): i p ron, an

( 3- br onpi soqui no |°ﬂ‘¥8’na'g¥a°h ?%#%P”ﬁ%gﬁmoébﬁ kyPor

C 1-Cghaloalkyl;
m and n are each independently 0 or an integer of 1, 2

or 3;
| {
0_ N*
A
Qis Rs/g(x or _ 1
R, R, R,
X isNR, or §;

R, is H, halogen, C,-Cgalkyl, or C,-Cgalkenyl;
R, and R; are each independently H, C,-Cgalkyl, C;-Cg-haloalkyl, C,-C;alkoxy, C;-
C;haloalkoxy, halogen, CN, NO,, COR; or phenyl optionally substituted with one

10.  The composition according to claim 9 wherein the formula I compound
is selected from the group consisting of (3-vinylimidazolinio)vinyldiphenylboron, (3-
methyl-pyridinio)methyldiphenylboron, (4-phenylpyridinio)-methyldiphcnylboron, “-
isopropylpyridinio)methy)-diphenylboron, (4-t-butylpyridinio)methyldiphenylboron,
(3-isopropylimidazolinio)vinyldiphenylboron, (thiazo-linio)methyldiphenylboron,
(5,6,7,8-tetrahydroiso-quinolinio)methyldiphenylboron, (isoquinolinio)methyl-
diphenylboron, (3-bromopyridinio)methyldiphenylboron, (4-acetylpyridinio)methyl-
diphenylboron, (4-cyanopyridinio)-methyldiphenylboron, and (3-bromoisoquinolinio)-
methyldiphenylboron.



