HALOPROPARGYL COVPOUNDS AS MARI NE ANTI FOULI NG AGENTS Backgr ound oﬁmég&'ﬁ_
| ti-on.This invention relates generally to a nethod of inhi bWré
grewth~of - organi sns on a nmariné:structure. In particular, this rvent?on

riel ates to the use of certain hal opropargyl conpounds as marine antifouling
agents. Marine antifouling agents are used comercially to prevent growh

of organisns on marine structures. Tributyltin oxide and ot her organotins

have beenH AL OPROPARGYL 6CMPOUNDSHAS MARINESNTIFOULINGAGENTS! e

is currently nmuch concern over the effects of tin on nmarine environnents.

For exanple, high levels of tin in harbor waters have been |inked to shell
deformation in sone bival ve species, such as oysters. Sone organic

conpounds have been suggested as marine antifoul ants. For exanple, US

5,071, 479 (m D) fﬁlesfﬂ t he use of 3-iodopropargyl N-butyl carbamate

as mafi ne%%w#r#gﬂﬁn@iﬁﬂ. ese types of conpounds have not achi eved
conmer ci al prom nence because they do not neet the sane perfornmance

requi renent s agHis invasich relhtdsaganergllp ge atmethodefiinhibitingthe growth of

N- hal opropar gyl substituted conmpounds and N hal Qpropargyl substituted
quat er nar PrEFHEMSAR 2FRRHOA strusture Bwpartculas %@4‘%&%@?@%@&&3@8,

for exanpl ' | SG Sa‘iﬁiigﬁﬂﬁgr gyl quaternary
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mari ne antifouling agents. The effectiveness of mcrobicidal materials
useful in conbMaring ahtifgulinpagents aremuskd doanmiekeially to preventegrowthedi a, and

m crobi ci des effective (n conbatting fungj, sl] , and algae in fresh water
systens, CEEAIPMSOTIANRQSERENTES- '&h@"éﬂ%?ﬂ?ﬁﬁ%@go&e’t&g@o@ﬁ fids as
marine anjiblowhb 30hige $4riné Anfiffuling agents in use for many years. There is

currently much concern over the effects of tin on marine environments. For

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

deformation in some bivalve species, such as oysters.

Some organic compounds have been suggested as marine antifoulants. For
example, US 5,071,479 (Gruening) discloses the use of 3-iodopropargyl N-butyl
carbamate as marine antifouling agents. These types of compounds have not
achieved commercial prominence beca\-;ée they do not meet the same '

performance requirements as tin based antifouling agents.

A number of cyclic N-halopropargyl substituted compounds and N-
halopropargyl substituted quaternary ammonium compounds are known in the
art as microbicides. See, for example, US 5,411,933 (Hsu), which discloses
bromopropargyl quaternary ammonium compounds as microbicides. These

compounds are not disclosed as marine antifouling agents.

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

slime, hydroids, grassy brown felt algae, and the like.
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environnents. St aterren the I nvention The 2 ovi des a
nmet hod of inbiting the growth of mari ne organi sns on a marine structure in
sea water or brEskpssbleat addressedbby shisgnapntipinig toprovide marine tandifoalinge
structure an effective anount of a narine_antifoulin cint seI ected from
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(err]-Clerr]) alkyl, or Rerr] and R err] are the sane and are
(derr]-Clerr]) alkyl; or Rerr] and R err] together to forma 5- to 7-
nmenbered ring selected fromthe group consisting of pyrrolidinium

pi peri di nisjm m)rghghi ni' um_.di met hyl mor phol i ni um hexanet hyl enei m ni um
t hi onor ph inium optionally substituted with one or
nore (CJerr]-Clerr]) alkyl groups; Rerr] = (Cerr]-Cerr]) alkoxy;

The present invention provides a method of inhibiting the growth of

marine organisms on a marine structure, comprising applying onto or into the
marine structure an effective amount of a marine antifouling agent selected from

the group consisting of compounds of formulae:

, R10 . /X
R /
C
R‘
RS_S/N
\N—--CH2 —_—C =C—X >=o
RS
R' |, 7\3
Y o, R an

wherein:
R = (C,-C¢) alkyl or (C,-Cs) alkyl substituted with C(C=O)R>;

R, and R, are independently selected from (C,-Cs) alkyl, or R! and R? are the
same and are (Cg-C2) alkyl; or R, and R, together to form a 5- to 7-
membered ring selected from the group consisting of pyrrohdmmm
piperidinium, morpholinium, dimethylmorpholinium,
hexamethyleneiminium, thiomorpholinium, and th1azo]idim'dm,

optionally substituted with one or more (C;-Cs) alkyl groups;

R® = (Cg-C12) alkoxy:
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O or R[ err] but not both, an ~f% hat when B
=0, Rlerr] and lwa ogether form a dduBHi SRS BWASIBRENrH] and
Rlerr] taken t phenyl ri ng; opti ghal | yRERBAPEPuted fNith
hal ogen; nitro, ((err]-Cerr]) alkyl, (CJerr]= err]) aIkoxy, cyano
c(oqderr]-derr]) alkyl, C(O)CPhenyI and err] - ) hal oal ky
Rlerr] = Bg6rodN ,eprciv)dead Byt whenB/+ NBﬁeRl a&i& |=066drIE andsﬁa’ﬁ (,Dtbvslt Wi th
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(R[Cfre;]r] - CR:[[ :;Hf) mgﬁ?l%b})ﬁenyﬁggﬁsona ;ra 5?&%1%% ?/St\nﬁ% haI gflen ni t ro,

(qerr]-gq er'alt)ptidd@dlwsubﬂtﬁtwté?% erithi halogen] )ruﬂraJ €+@ylalkyl, (Qiéh) plleoy, R er r ]
- rl) r

(Crorr] - or r 9vanes BQSGieaCombsbu GOy A (RCa halodl&r: nacpendent 1 y

selected fromHor (Cerr]-Cerr]) alkyl; X = halogen; Y = an anion; and

wherein tgpe-npride o %é:%gg‘gﬁfb?s@fl %B%g.]lg%u'bgﬁtﬂeﬁ%tﬁrlﬁalééé&th%fb from

the group consisting tcor tuni cates, hydrords, sponges,

anenones, bar rnywalmas (C lt-Gb)ebninoaﬁé;dn(C,nﬁj;)l alkosy; dﬂstla(ﬂ);eﬂs)lﬁkynybt)pbnnaﬂyt he

| nvention As us her rine ant uling agents include al gaeci des and
mol | usci ci des.S Ht%eedamﬁhrr%%‘%ﬁ{% ﬁﬁﬁ.ty is intended to include both the

elimnation of and inhibition or prevention of growth of marine organisns.
R* R% RS, and R’ are independently selected from H; (C,-C3) alkyl; phenyl

optionally substituted with halogen, nitro, (C,-Cs) alkoxy, and (C;-C3)
haloaikyl; or R* and R® or R® and R’ together form a (C;-C;) saturated or a

(Cs-C7) unsaturated spirocycle;

R® and R are independently selected from H or (C,-C;) alkyl;
X =halogen; and

Y = an anion.

Detailed Description of the Invention

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

hard outer shell, such as barnacles, tubeworms and molluscs.



Marine organisns controlled by the marine anifouling agents suitable for
use in this invention include both hard and soft fouling organi sns.
General |y speaking, the term"soft fouling organisns” refers to plants and
i‘nvertebrates, such as al gae, kelp, soft 4coral's, tunicates, hydr oi ds,
sponges, ‘and anenones and the term "hard fouling organisns" refers to

I nvertebrates having, sone. type,.of harg oquter. shell, such as barnagles
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means f | uaryneambinatidnntherbof) aind<habogent dheuns Aaorinedchlorinie] bromine, or
speci ficatiogn, all amounts are percent by weight ("%w") unless otherw se
noted. Al 10 -ranges are inclusive. The follow ng abbreviations are used:
mL = mlliliter, [err]L = mcroliter, g = grans, [err]g/nL = m crograns per
mlliliter, ppRAgu lanlhiifol T A A sl S7BE = ;)é}ﬁn(fe »
[err]m = m cronet e%)é:H%ﬁth}%%:sp | ngthﬂEP %%@éﬂgeﬁﬁczﬂ?%&@hyl %?‘rrta)m de,
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t he present, i.nvention

The conpounds useful as marine antifouling agents.in the Vv

are those agigrﬂeamsma@rmseé'r %Lﬁ!,mﬁﬁ%é. FAPITPUEPTe B THERATES M ™ oT I ae

(1) and (L} m"m%{ ' IS ) s oh Ofin? & millisk conmpounds

of fornmul éﬁ"}: f?ér;é#ég]?ﬁlgse tg#‘(:? lﬁnY P?@gegg?g%o?%ﬁt he gr 0%%{"%
nanometer, um = micrometer, DMSO = dimethyl sulphoxide, DMF = dimethyl
formamide, ASTM = American Society for Testing and Materials, and Abs =

absorbance.

The compounds useful as marine antifouling agents in the present
invention are those of formulae (I) or (II), above. Preferred compounds of
formulae (I) and (II) are those wherein X is bromine or iodine. Preferred
compounds of formula (I) are those wherein Y is selected from_ the group
consisting of halogen, phosphate, acetate, benzoate, citrate, tartrate,
alkylsulfonate, arylsulfonate, or alkylsulfate. Suitable alkylsulfonates include,
but are not limited to, methanesulfonate and n-butanesulfonate. Suitable
arylsulfonates include, but are not limited to, benzenesulfonate and 4-

methylbenzenesulfonate.

Preferred compounds of the invention include the following:

Compound Name
1-tetradecyl-1-(3-bromopropargyl)-pyrrolidinium 4-methylbenzenesulfonate
1-tetradecyl- 1-(3-bromopropargyl)-morpholinium benzenesulfonate '
1-tetradecyl-1-(3-bromopropargyl)-morpholinium 4-methylbenzenesulfonate
1-tetradecyl-1-(3-bromopropargyl)-morpholinium methanesulfonaté
1-tetradecyl-1-(3-bromopropargyl)-pyrrolidinium benzenesulfonate
1-tetradecyl-1-(3-bromopropargyl)-piperidinium methanesulfonate
1-tetradecyl-1-(3-bromopropargyl)-morpholinium n-butanesulfonate
1-tetradecyl- 1-(3-bromopropargyl)-pyrrolidinium n-butanesulfonate

CDG)\IG)UIAOON'-‘E

1-tetradecyl-1-(3-bromopropargyl)-morpholinium bromide
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consi sting of hal ogen, phosphate, acetate, benzoate, citrate, tartrate,

al kyl sul fonate, arylsulfonate, or alkylsulfate. Suitable alkyl sulfonates
i-ncl ude, but are not limted to, nethanesul fonate and n-butanesul fonate.
Sui tabl e aryl sul fonates include, but ar® not limted to, benzenesul fonate
and 4- -met hyl benzenesul fonate. Preferred conpounds of the invention include
the following: No. . .. ppound Nane 1

1-tet radeC)}p- 1-( 31-"t§fd8ﬁ‘6'6F%’Bﬁ‘?’wr_(}pﬁﬁypF'B?Tﬁ?hrﬁlﬁ%bfﬁmﬁe? hyl benzenesul fonate 2
1 -tetradeayl - 1 FiSabecghbA-mpmogrppargyip moimdioliniuanbrbmideenesul f onate 3

1-tetradecyl, 1(3; - fonate 4
T et radend - 1 THBIRAI GRS WA 4l TherhaReanaaL T gnat ©
1- t et r adecyiB- 1- ( 3-kexedesyl- babrgppiropareyymomheliniymysethanpsuliomathat e 6 1

-tetradecylpy 1 -(Brehfaaé@pI-@%Mi&pﬂ%ﬂ@%&&zﬁ&lwemmasuI fonate 7
1-tetradecyl - 1- (mdethyiBsnrerésRE6gYs ) - mor phol i ni um n- but anesul fonate 8

Lot R PR
1-tridecyl- 1-(3- ?8 fﬁzSp%lsr“g?ﬂ = nor phol i ni um brom de 11 1 - hexadecyl -
1- ( 3- br onopBopar gytejradesyh h(3-bminaprobareyh-Genetlpyl-piperidinivy benpenesulfonate
1- (3- br onopgopar @aﬁéelram;pn@.mw?oéaxgﬁﬁ.Pﬁﬁbﬁﬁﬂmnﬁéﬂé&e@ﬂ%%tel3 1

1-(3 ) - nor pho

- hexadecyl - - br omopr opar gy [ I nj um et hanesul fonate 14 1
-tetradecyl!8 1 - (tossy TBAPAPRETEYDammopiym Pengenespkionats ym 4-
19 dimethyloctyl(3-bromopropargyl)ammonium benzenesulfonate
20 trioctyl(3-bromopropargyl)ammonium 4-methylbenzenesulfonate
21 dimethyldodecylammonium 4-methylbenzenesulfonate
22 trihexyl(3-bromopropargyl)ammonium benzenesulfonate
23 trihexyl(8-bromopropargyl)ammonium 4-methylbenzenesulfonate
24 tridodecyl(3-bromopropargyl)ammonium 4-methylbenzenesulfonate
25 methyldioctyl(3-bromopropargyl)ammonium 4-methylbenzenesulfonate
26 methyldioctyl(3-bromopropargyl)ammonium benzenesulfonate
27 tri-iso-octyl(3-bromopropargyl)Jammonium benzenesulfonate
28 tri-iso-decyl(3-bromopropargy)ammonium benzenesulfonate
29 tri-n-nonyl (3-bromopropargyl)ammonium benzenesulfonate
30 tri-n-decyl (3-bromopropargyl)ammonium benzenesulfonate
31 1-(2-hydroxyethyl)- 1-(3-iodopropargyl)-pyrrolidinium 4-methylbenzenesulfonate
32 1-(12-hydroxydodecyl)-1-(3-iodopropargyl)-pyrrolidinium 4-
methylbenzenesulfonate
33 1-(8-hydroxyoctyl)- 1-(3-iodopropargyl)-pyrrolidinium 4-methylbenzenesulfonate
34 1-(7-hydroxyheptyl)-1-(3-iodopropargyl)-pyrrolidinium 4-methylbenzenesulfonate
35 1-(9-hydroxynonyl)- 1-(3-iodopropargyl)-pyrrolidinium 4-methylbenzenesulfonate
36 1-tetradecyl-1-(3-iodopropargyl)-pyrrolidinium 4-methylbenzenesulfonate
37 1-hexadecyl- l-(3-iodopropar_gyl)-pyrrolidin_ium 4-methylbenzenesulfonate
38 1-tridecyl-1-(3-iodopropargyl)-pyrrolidinium 4-methylbenzenesulfonate
39 l-butylf1-(3-iodopropargyl)-pyrrolidinium 4-methylbenzenesulfonate
40 1-pentadecyl- 1-(3-iodopropargyl)-pyrrolidinium 4-methylbenzenesuifonate
41 1-decyl-1-(3-iodopropargyl)-pyrrolidinium 4-methylbenzenesulfonate
42 ~ l-octyl- 1-(3-iodopropargyl)-pyrrolidinium 4-methylbenzenesulfonate
43 1-dodecyl- 1-(3-iodopropargyl)-pyrrolidinium 4-methylbenzenesulfonate
44 l-hexyl-l-(3-iodopropargyl)-pyrrolidinium 4-methylbenzenesulfonate

45 1-undecy!- 1-(3-iodopropargyl)-pyrrolidinium 4-methylbeﬁzenesulfonate



net hyl benzenesul fonate 15

1-tetradecyl - 1-( 3- bronnpropargyl) 2- et hyl - pi peri di ni um 4-
nmet hyl benzenesul fonate 16

-t etradecyl - 1- ( 3- bronnpropargyl) 2- met hy@ - pi peri di ni um benzenesul fonate 17
1-tetradecyl - 1-( 3- bronDpropargyI) pi peri di ni um benzenesul fonate 18
trioctyl-(3- bronnproparg ) anmoni um benzenesul fonate 19

di met hyl oct y#( 3- briowiaste

di et hyl dode yIa

dr%wdy%rmsrlmm@ln&@H@shw'ém&e@ew‘ﬂfonaw
trioctyl (3- hﬂOﬂDprlOzﬁ@thL Iﬁmm?ﬁaagyﬁmpérmlﬁ]gxb@nmmgmbmn@wox&le

- et zenesul f onat
i hexyl (3 BPomopr AP By AR RIS EPFURALE 4pethylbensencoulonate
t ri hexyl ( 3- @9onopricf dhggtoxamueryluini3deduptdpytgyb ipipenidinekrh dnat e 24
t ri dodecyl ( 3- br onopetbylhergghdsalionatd um 4- net hyl benzenesul f onate 25

met hyl di oct yly( 3- brloagmgmﬁi&}i Q},ﬁmfudumo ar@% B;ﬁhh@mﬁﬂ'%&&ril,%m&e&ﬁfonace

nethyldloctyl(3 br onopi opar gy

ni um benzenesul fonat e

tri-iso-octl(3- brio@dyeess m@yl))lemqsiﬁmmrs@rf@ﬁe%r%ﬁa'teéhﬂl@menesulfmate
tri=iso-decyp(3- briogrpioRpearinlleeHyON{34H50BRPERTD Pieridimig 429

( 3- br onopr opar gyl ntethylbénzeadacomaresul f onate 30

‘tri-n-decyl

tri-n-nonyl

g__32 tz)r ﬁ;’rg ng@g{ ﬁg: glalmgrog B@ gi 1 go;élrt;pg%r)r% Og’enélmlum 4-methylbenzenesulfonate
4- et hyl bendénesulf@hatexBreptyl)-1-(3-iodopropargyl)-piperidinium 4-methylbenzenesulfonate
1-(12-hydr O)SKdOdeCMl‘.Qtralie%% 1-@AARp AP Y plpePilrifth 4dh dth iR} enesulfonate

nmet hyl benzenesul f onat e

1- (8- hydr oxybct y| )=hexadesyBdoBriedenroggieyd-piperidiniym dimpthylbenzenesulfonate

4- et hyl bengenesulif@dajdrolodecyl)- 1-(3-iodopropargyl)-tetramethyleneiminium 4-

1- ( 7- hydr oxyhept yImetHylkehzéraeafinapar gyl ) - pyrrolidinium
4-met hyl be nggnes uI ftgﬂgxie%g-é@-mdoalg%pﬂl(g*g 3 o%}ge nlnu%] eltl']gylbenfene§\gfonate

1-(3- |odopro argyl) g
1- tetradecyﬁ 1- ( 34moRt

60
61
62
63
64
65

66
67
68
69
70
71
72
73

74
75
76

77
78
79
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1-dodecyl-1-(3-iodopropargyl)-pyrrolidinium benzenesulfonate
1-tridecyl- 1-(3-iodopropargyl)-pyrrolidinium benzenesulfonate
1-hexadecyl- 1-(3-iodopropargyl)-pyrrolidinium benzenesulfonate
1-pentadecyl- 1-(3-iodopropargyl)-pyrrolidinium benzenesulfonate
1-tetradecyl-1-(3-iodopropargy])-pyrrolidinium benzenesulfonate
1-hexadecyl-1-(3-iodopropargyl)-pyrrolidinium methanesulfonate
1-tridecyl-1-(3-iodopropargy])-pyrrolidinium methanesulfonate
1-dodecy!- 1-(3-iodopropargyl)-pyrrolidinium methanesulfonate
1-pentadecyl-1-(3-iodopropargyl)-pyrrolidinium methanesulfonate
1-tetradecyl- 1-(3-iodopropargyl)-pyrrolidinium methanesulfonate
1-hexadecyl-1-(3-iodopropargyl)-morpholinium methanesulfonate
4-tetradecyl-4-(3-iodopropargyl)-morpholinium benzenesulfonate
4-tetradecyl-4-(3-iodopropargyl)-morpholinium methanesulfonate

4-tetradecyl-4-(3-iodopropargyl)-2,G-dimethylmorpholinium 4.
methylbenzenesulfonate

1-hexadecyl- 1-(3-iodopropargyl)-tetramethyleneiminium 4-
methylbenzenesulfonate

1-tetradecyl-1-(3-iodopropargyl)- tetramethyleneunmlum 4.
methylbenzenesulfonate

4-hexadecyl-4-(3-iodopropargyl)-2,8-dimethylmorpholinium 4-
methylbenzenesulfonate

ﬂrb@a@@ytdpaw})mrphhhnlmmmmlmhmm@ne@uI f onat e

4:hexadecyl-4-(3-iodopropargyl)-2,6-dimethylmorpholinium benzenesulfonate
4-hexadecyl-4-(3-iodopropargyl)-2,6-dimethylmorpholinium methanesulfonate
4-hexadecyl-4-(3-iodopropargyl)-morpholinium 4-methylbenzenesulfonate
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37 1- hexadecyl - 1- (3-i odopr opar gyl ) - pyrrolidini um
4- met hyl benzenesul fonate 38 1 -tridecyl- 1
-(3-i odopropargyl)-pyrrolidinium 4-met hyl benzenesul f onate 39 1 -butyl -

t- (3-i odopropargyl)-pyrrolidinium 4- et iyl benzenesul f onate 40
1- pent adecyl - 1- (3-i odopropargyl)-pyrrolidinium 4-nmethyl benzenesul fonate 41
1-decyl - 1- (3-i odopropargyl ) - pyrrolidinium 4- et h%/;l benzenesul fonate 42
1-octyl - 1 803-i oddpwegesrio(3yicdnpraneraylimerahelinivra berzenesulfenass ul f onat e 43
1- dodecyl - 1-g43- i 0dO@pdePAREYY1-3-iBI0pF&Yal& ) H-MBIhe I piBbridth Re Veabaesllfonaat € 44
1 -hexyl- 1 -(3-io0do roparg‘y 3) rrolidinium 14-.m=3t | benzenesyl f onate 45
1- undecyl - 1883-j odé‘ﬁ‘?‘f?ﬁﬁ?y&/ S -“B‘E%F?S’Iafﬁi" M-SR PIREPIN Y B BeARNERH 1OBR% & 6
46 1- ogBadecyi-@ekrdddeyloH@Brodupaspgydy))- 103/ 8,6 @étrahiydrappridinium benzenesulfonate
4- et hyl benzgnesul.f t 71 ens - hyl - oo L )
1-(3-i odoprégar gyll'gngdggggéﬁsﬁﬁmf&i@%’g&hw JB'étr}\lfle‘r’{gesrﬁ ‘Chate 48 1
- (2- hydr oxyet hyl ) - ? - 'odopr opar gyl )-Bi peridi ni um 4- met hyl benzenesul f onat e
49 1- ( 88- hy dridsepradeeydyl-B-iodoppaparay Fomeibul-piperjdipinpanethapasyiionate
net hyl benzepgsul f QU@dtade&)D-1-(3-iodbprobdrey AnfaYSIREER Ybazenesulfonate
1-(3-1i odopr% argyl) - pi erhdl .um 4- met hy benzig sul f onat e
- (9- hydr oxyRényl ) FetradecyDet§ipdopzapgiayP-tpioparngipiu prenzenesulionate
4- et hy| benagnes ulst(eateidecyd3-(3-iodopiopbrkybtilnidayelimin byt zehdsylfonate
1- (3-i odopr gpar gyl;) - pi hohi @i.um. 4- dJ A 3 1
- (8- hydr oxyggt yi)- (iéw-”?g‘{y ?@d@ﬁé@ﬁ?f’ﬁﬁ W .é%??‘?%ﬁ%?’h”&ﬁ&“m‘?
4- met hyl ben28nes ullfhsnadeeyl54(3-iodopropaxgy)) ipjneridinjire bengepesulfonate
- (3-i odopr opar gy! )i-Heki g}xdl.@uw%b#o- BRI ReaEAE Mk Mealenae 1
-(tetradecyl % 1 -(3-i 3 opro ardgylp) -PI Petl di,ni.um 4- met hy| benzenesul f onat e
9 I-(tetradecyl)- 1-(3-iodopropargyl)
93 1-(dodecyloxycarbonyl)methyl-1-(8-iodopropargyl)-pyrrolidinium 4-
methylbenzenesulfonate '

-piperidinium methanesu)f}onate

94 " 1-(dodecyloxycarbonyl)methyl-1-(3-iodopropargyl)-pyrrolidinium benzenesulfonate

95 1-(decyloxycarbonyl)methyl-1-(3-iodopropargyl)-pyrrolidinium 4-
methylbenzenesulfonate

96 4-(decyloxycarbonyl)methyl-4-(3-iodopropargyl)-morpholinium 4-
methylbenzenesulfonate

97 4-(decyloxycarbonyl)methyl-4-(3-iodopropargyl)-morpholinium benzenesulfonate

98 4-(dodecyloxycarbonyl)methyl-4-(3-iodopropargy!l)-morpholinium 4-

: methylbenzenesulfonate

929 1-(tetradecyl)- 1-(3-iodopropargyD)-pyrrolidinium bromide

100 1-(decyloxycarbonyl)methyl- 1-(3-iodopropargyl)-pyrrolidinium benzenesulfonate

101 4-(tetradecyl)-4-(3-iodopropargyl)-morpholinium bromide '

102 4-(tetradecy!)-4-(3-iodopropargyl)-morpholinium iodide

103 4-benzyl-4-(3-iodopropargyl)-morpholinium 4-methylbenzenesulfonate

104 4-benzyl-4-(3-iodopropargyl)-morpholinium methanesulfonate

105 1-(dodecyloxycarbonyl)methyl-1-(3-iodopropargyl)-pyrrolidinium

methanesulfonate _ ,

106 4-(dodecyloxycarbonyl)methy!l-4-(8-iodopropargyl)-morpholinium
methanesulfonate

107 1-n-butyl-1-(3-iodopropargyl)-pyrrolidinium bromide

108 1-decyl-1-(3-iodopropargyl)-pyrrolidinium bromide

109 1-dodecyl- 1-(3-iodopropargyl)-pyrrolidinium bromide

110 1-hexadecyl-1-(3-iodopropargyl)-pyrrolidinium bromide

111 4-{5-(hexyloxycarbonyD]pentyl-4-(8-iodopropargyl)-morpholinium 4-

methylbenzenesulionate :
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56 1 - (hexadecyl)- 1-(3-iodopropargyl)-piperidinium

4- met hyl benzenesul fonate 57

1- (12- hydr oxydodecyl ) - 1- ( 3-i odopr opar gyl ) -t et ramet hyl enei m ni um 4-

et hyl benzenesul f onate 58
4-tetradecy|-4-(3-iodopropargyl)-nnrphoﬁiniun14-nethy|benzenesulfonate 59
- 4- et hyl - 4- (3-1i odopr opar gyl ) - nor phol i ni um 4- et hyl benzenesul f onate 60

1- dodecyl -1-(3-i0 ropar gyl ) - pyrrolidi gi.um benzepnesul fanate, 61

I-tri decyl -22(3- g—iﬁggfy@aﬁé%ﬁﬁﬁngﬁﬁm RS Y
-hexadecyl - 1- ( 3- PSUSPIPBFAFTN P2 Byr r ol i di ni um benzenesul fonate 63 1
-pent adecyl H31 - ( 3{5-Geaypxyoanbgyy)lpenyylricBiietiopropargsBmospheliniymnat e 64
1-tetradecyl 1-(3methdopudionatgyl)-pyrrolidinium benzenesul fonate 65 1

- hexadecyl -4 (3-i ¢ - 110 13d ogg}gzmdiﬁﬁﬁxe 66
1-tridecyl -l%?(S-i : ﬁgﬁ%’gﬁg’“’%‘?{“ﬁﬂ%ﬁﬁfdﬁ met hanesul fonate 67 1

-dodecyl - 1-(3-iodagpropargyl)-pyrrolidinjum nethanesul fonate 68

1- pent adecyi1?1- ( 3-1j(ﬁﬁa&cﬁg‘éf(é'iﬂd?prﬁﬁrﬁglb'_F”(!I‘f’ﬁi_i’ﬂm“frﬁlhﬂ%Y g74*Bnat e 69 _
1;] t et (r]I ad ef:yxl 161- E gu_mdﬁﬂﬁcmar(g-)’dldbpmwrgyib -rn_rln_rholimxmtat-hwylsalfbrfam ?t e , ZO 1
- hexadecyl - - (351 r r - W ) e

4-t et radecylll} 4-(3-1'!(t§gf§%erc ‘3?‘%‘1‘%‘3%4’%%@? * I[#l’u_m. g}g‘n@g‘ﬁg%ﬁﬁ%%te 72

4-t et r adecyll184- ( 3¢-pentefecyirhfiipdopronargybonombelinive methanesylfosaat e 73
4-tetradecyljg4- ( 34-&9&&9[43{%%&%%{ LayD:- b BSLUN U R eRRkduMob e 4-

a
met hyl benzenesul fonate” 74 | - héxadecyl. - .
1- (3-i odopridBar gy?'}"-"i%’(h“&@é?‘*??T@ﬁ%ﬁyﬁi‘?ﬂrﬁgﬁlﬂwwmﬁ%‘g@%ﬂésuI fonate 75
1 - ':1 elt lr3 adeagh - I1f 4-decyl-0@Ppa6ap @Yy mbphblisiamirhsthareealfnateum 4-
net hyl benzepesul f onat e . .
e hoxadecy . ( 5. FRREEHERiedonTpRased-mombeymaPshanssuifonate,.

123 4-n-butyl-4-(3-iodopropargyl)-morpholinium methanesulfonate

124 4-ethyl-4-(3-iodopropargyl)-morpholinium methanesulfonate
125 -4-{2-(decyloxycarbonyl)jethyl-4-(3-iodopropargyl)-morpholinium methanesulfonate

126 4-[2-(decyloxycarbonyl)]ethyl-4-(3-iodopropargyl)-morpholinium 4-
methylbenzenesulfonate

127 1-{2-(decyloxycarbonyl)jethyl-1-(3-iodopropargyl)-pyrrolidinium 4-
methylbenzenesulfonate

128 1-{2-(decyloxycarbonyl)}ethyl- 1-(8-iodopropargyl)-pyrrolidinium methanesulfonate

129 4-n-butyl-4-(3-iodopropargyl)-morpholinium bromide

130 4-hexadecyl-4-(3-iodopropargyl)-morpholinium bromide

131 1-(8-iodopropargyl)-3-(3,5-dichlorophenyl)-5-methylhydantoin

132 1-(3-iodopropargyl)-3-(3,5-dichlorophenyl)-5-methylhydantoin

133 1-(3-iodopropargyl)-3-(4-chlorophenyl)-5-methylhydantoin

134 1-(3-iodopropargyl)-3-(4-fluorophenyl)-5-methylhydantoin

135 1-(3-iodopropargyl)-3-(3,5-dichlorophenyl)-5,5-spirocyclohexane-hydantoin

136 1-(3-iodopropargyl)-3-(3,5-dichlorophenyl)-5,5-dimethylhydantoin

137 1-(3-iodopropargyl)-3-(3,5-dichlorophenyl)hydantoin

138 1-(3~iodopr0pargyl)-3-benzyl-5,5-dimethylhydantoin

139 1-(3-iodopropargyl)-3-n-butyl-5,5-dimethylhydan_toin

140 1-(3-iodopropargyl)-3-n-octyl-5,5-dimethylthydantoin

141 1,3-bis-(3-iodopropargyl)-5,5-dimethylhydantoin

142 | 3-(3-iodopropargyl)-5,5-dimethylhydantoin

143 1-(1,1-dimethyl-3-iodopropargyl)-3-(3,5-dichlorophenyl)-hydantoin

144 3-(3-iodopropargyl)- 1-benzyl-5,5-dimethylhydantoin

145 3-(3-iodopropargyl)-hydantoin

146 3-(3-iodopropargyl)-2-benzoxazolohe



met hyl benzenesul fonate 77 '
4- hexadecyl - 4- ( 3-i odopr opar gyl ) - 2, 6-di net hyl nor phol i ni um benzenesul f onat e

78 4- hexadecyl - 4- ( 3-i odopr opar gyl ) - 2, 6- di met hyl nmor phol i ni um
met hanesul fonate 79 4-hexadecy|-4-(§-iodopropargyl)-nnrpholinium
4- et hyl benzenesul f onat e 7 80

4- hexadecyl - 4- (3-i odopr opar gyl ) - nor phol i ni um benzenesul fonate 81
1-(tetradecyl)-1-(3-iodopropargyl)-2-nethyl-piperidini umbenzenesul fonate
82 1-(tetradecyl)-1-(3-iodopropargyl)-4-nethyl-piperidinium
benzenesul fonate 83 1 -(tetradecyl)- 1 -(3-iodopropargyl)- 1

, 2, 3, 6- t et r ahy Theptepdratisrrodehizcompotdds et thePresent invention are known in
1-(tetradecyl)-1-(3-i odopropa{g | ) - 2- met hyl - pi peri di ni um 4-
e,

met hy| benske lisenaturm: Eogexample, bromopropargyl quaternary ammonium compounds

1-(tetrad - -3 :.g%‘n)' - nethyl - pi-nerddi i Resal fonate
86 1(3%%{'3%}%8%%%‘?%%%9% oprggaa%% F%hggza(’)ﬁﬁll% um er)i'tzagnesul fonate
87 4halide oz datfphptatin 3-suithbpe sglaemt; shch s aretonepmeathylene chloride,
benzenesul f onat e, 88 3-(tetradecyl)-3-(3-iodqoproparqgyl):imdazalini um
benzenesuRfepBitailggwater, aﬁd(‘i‘ét&‘rkﬁdééﬁlt?mﬂefﬁtqu ng%?ﬁwgd #ﬁ[})g& &l um
benzenesu - Qx%?‘f sl 3l SREk el b &l
benzenesu% Rgﬁl}%gs @%he bron%?_pﬂgéa cé}‘-a%r%%‘*gg%géopar % f’giﬁg‘gh ib%iﬁliﬁ]hd

met hanesuld Th8t &,971,933 (Hsu),(Wisichds heyéhy intefbratebly ogferepde) - pi peri di ni um
met hanesul f onate 93 1- (dodecyl oxycar bonyl ) met hyl -

1-(3-i odopropa | )-pyrrolidinium4- nethyl benzenesul f onat e 94
" Godecy! oxy ol AP EIR ST e R A BRI OO Ppropared
benzenesuh{ @Badteng a cyclic amine with an iodopropargyl halide or sulfonate in a suitable

solvent at a temperature between 0 and 100 °C. Both the cyclic amines and the

iodopropargyl halides or sulfonates are generally commercially available, for
example, from Aldrich Chemical Company. The synthesis of the iodopropargyl
cyclic quaternary ammonium compounds can be found in U.S. 5,266,567 (Hsu),

which is hereby incorporated by reference.

Iodopropargyl hydantoin compounds can be prepared by propargylating
hydantoins to yield N-propargylhydantoin compounds, which can be transformed
into N-iodopropargylhydantoin compounds by use of a suitable iodinating agent,
such as iodine, iodine-amino complex, or N-iodosuccinimide. The synthesis of
iodopropargyl hydantoin compounds can be found in U.S. 5,346,913 (Hsu),

which is hereby incorporated by reference.

Todopropargyl benzoxazolone compounds can be prepared either by
alkylating benzoxazolone compounds with iodopropargyl halide or by alkylating
a benzoxazolone with a propargyl halide and subsequently iodinating with a
suitable iodinating agent, such as iodine, iodine-amino complex, or N-
1odosuccinimide. The synthesis of the iodopropargyl benzoxazolone compounds

can be found in U.S. 5,102,898 (Hsu), which is hereby incorporated by reference.

The marine antifouling agents of the present invention can be used to

inhibit the growth of marine organisms by application of an effective amount of
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95 1- (decyl oxycar bonyl ) net hyl - 1- ( 3-i odopr opar gyl ) - pyrrol i di ni um 4-
nmet hyl benzenesul fonate 96

4- (decyl oxycar bonyl ) net hyl - 4- ( 3-i odopr opar gyl ) - nor phol i ni um 4-

et hyl benzenesul f onate 97 10

4- (decyl oxycar bonyl ) net hyl - 4- ( 3-i odopr opar gyl ) - mor phol i ni um

benzenesul fonate 98 ; ; ) . .

4- ( dodecy| BREMEEH o ShicmarineantfoulingAganss §9F9 A RIPARIRS ftgucture.

met hyl ben %}F@Hﬁk % 32 particul £ tected, the marine antifoulin
1- (tet radég - 1- ?gﬁ)itoodopr%aprarcgy s—%‘ﬁt?cl; i%llbﬁipa?nebreor’ﬁ de 100 g

1- (decy! oxageatdofithe pedsent inventin catobe dpecty liheqrporateddnto astructure,
benzenesul f onate,.101 4- (tetradecyl)-4-(3-ipdapropargyl )z nmorpholini um
b on de. 1APPLLEA ALFectl fou ik SHTCHRE GO BRI GAI LD A LIRS VRIB S DER e 103
4- benzyl - %@é&%qmre%ﬁ;&ﬂg_- mor phol i ni um 4- net hyl benzenesul f onate 104

4- benzyl - 4-(3-1 odopr opar gyl ) - nor phol i ni um nmet hanesul f onate 105 1

- (dodecyl oxycar bonyl ) met hyl - 1 -(3-iodopropargyl)-pyrrolidinium
m(at hanegm f gnat&‘gxigdde structures include, but are not ﬂxmte to: boats, ships, ail

4- (dodecyl gxycarbonyl ) met.hyl - 4- ¢ 3- i;odopr opar gwl ) - Nl .

me'g hanesﬁlﬁaﬁg}"ggi rg’ pli"‘?-ﬁﬁ’-% 1 91?%?‘8%5‘8%%3%‘??%%%%%?% B

brom de 1%ﬁfouhﬁ§¢@@nks of thi predent BRAnH0K) are\typitalls direstlydinesipiaaldd

1- dodecyl - 1- (3-i odopropar gyl )-pyrrolidiniumbromde 110 _

1- hexadecyihtastracturgs suop as @i@gtownccnubben pr fish netifibers during manufacture.
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structures such as fish nets or wood pilings. The compounds of the invention can

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

In general, the amount of marine antifouling agent necessary to inhibit or
prevent the growth of marine organisms is from 0.1 to 30 %wt based on the
weight of the structure to be protected or based on the weight of the coating to be
applied. When the marine antifouling agents of the invention are directly
incorporated into or directly applied onto a structure, the amount of the
antifouling agent suitable to inhibit the growth of marine organisms is generally

from 0.1 to 30 %wt based on the weight of the structure to be protected. Itis
preferred to use an amount from 0.5 to 20 %wt, and more preferably, from 1 to
15 %wt. When incorporated into a coating, the amount of marine antifouling
agent suitable to inhibit the growth of marine organisms is generally from 0.1 to
30 %wt based on the weight of said coating. The amount of marine antifouling
agent is preferably from 0.5 to 15 %wt, and more preferably, from 1 to 10 %wt.

If one of the marine antifouling agents of the invention is to be combined
with a second marine antifouling agent, the ratio of the first marine antifouling
agent to the second marine antifouling agent is from 99:1 to 1:99, preferably,
from 75:25 to 25:75. The total of the combined marine antifouling agents

necessary to inhibit or prevent the growth of marine organisms is from 0.1 to 30



8. 112 1-[ 5- (hexyl oxycar bonyl )] pentyl - 1- (3-i odopropar gyl )-pyrrolidinium
4- et hyl benzenesul fonate 113

4-[5- (hexyl oxycar bonyl )] pentyl -4-(3-i odopr opar gyl ) - nor phol i ni um

met hanesul fonate 114 1- [ 5- (hexyl oxycat bonyl )] pentyl -

1- (3-i odopropargyl ) - norphol i ni um net hanesul fonate 115 1 -(tetradecyl)-
1-(3-i odopropar gyl) - pi.peri di nlcgm n- butyl sul fonate 11

4- (t et r ade &t basedon g pewgiral fhe shme W%W‘WJ"H&&W She mesighiofithe

1-(tetrade opargyl)-pyrrolidiniumn-butylsul fonate 118
4- pent adecg%ltéf’%g‘( 3§g9§%ar gyl') - mor phol i ni um net hanesul fonate 119

4-tridecyl -4-(3-iodopropargyl)-norphol i ni um et hanesul f onate 120
4- dodecyl - 4- ( 3- Ingepexathpympriner pitifoilingragentshaf @euinventivn are1

4- decyl - 4- ( 3-i odo hal th | fonate 122
A neout y1 - 0 I8 BobActies SHE B ST TERBCTANATt: Foriaps xfisge, methyl
4-n-butyl - ﬁbﬁﬁt&l@%@%&ﬁ&hﬂ%@&ﬁh RbtoRel'Bh HARANGS tRERIE 124

4- et hyl - 4- (3-i odopr opar gyl )-m)rpho i ni um et hanesul fonate 125
-4-[ 2- (decyl oxycar bonyl L] et hyl - 4- (3-i odopr opar gyl ) - nor phol i ni um
met hanesul f onat npggapp cations of the manne antifo gagents of the invention may

fre'E ﬁyl( g:ﬁé’éﬁ& og%‘/g)m@x}ay mea? suc axsD cﬁxp%argyl;))ra%gp Q? bﬂlﬁ'én f5sh nets,
-[ 2- (decyl ﬂfﬂé@:&hﬁﬂ@ywﬂid”%ﬂbo préfRcteddpdipping Yhe fisl Mes ixbiord édthposition

met hyl benzenesul fonate 128
1- [ 2- ( decy¢tIRpBESDENRA 971 Bron pf the compennpiopfthe inyention andn eaxrigr or by
met hanesul :t‘p(ﬂ?*ir?g E’l?egﬁsh nef‘s Qn&xuérﬁh cgm&)%sm)dopr opar gyl ) - mor phol i ni um brom de

Structures such as wood pilings and fish nets may be protected by directly
incorporating the marine antifouling agents into the structure. For example, a
composition comprising one or more marine antifouling agents in a carrier may
be applied to wood used for pilings by means of pressure treatment or vacuum
impregnation. These compositions may also be incorporated into a fish net fiber

during manufacture.

Marine coatings comprise a binder and solvent and optionally other
ingredients. The solvent may be either organic solvent or water. The marine
antifouling agents of the invention are suitable for use in both solvent and water

based marine coatings. Solvent based marine coatings are preferred.

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



130 4- hexadecyl - 4- ( 3-i odopr opar gyl ) - nor phol i ni um brom de 131
“1-(3-iodopropargyl)-3-(3,5-di chl orophenyl ) -5-net hyl hydantoin 132

1- (3-i odopropargyl)-3-(3, 5-di chl orophenyl ) -5-net hyl hydant oin 133

.1-(3-i odopropargyl)-3-(4-chl orophenyl)-f et hyl hydant oi n 134

1- (3-1 odopropargyl)-3-(4-fluorophenyl)-5-nmethyl hydantoin 135

1- (3-i odopropargyl)-3-(3,5-di chl orophenyl)-5, 5-spi rocycl ohexane- hydant oi n

136 1- ( 3- iTHArhes dtings dfhe piesdtdnophtioy imapoptionaly byntaynlaneoi n
137 1-(3- |odopr otgar gyl )-3-(3, 5-dichl oropheny| ) hydantoin 138
1- ( 3-i odopriopes of lgenng nmrsaamwgmﬁm EEABIGPIgTPAts, or dyes, and

S T R s oy s

1, 3- bi s- (optionN cund ﬁ.ﬁw doﬁe&eﬁ@ﬂi&b@r&%ﬁ@ﬂﬁﬁfﬁc&éﬁve agents, rheology
3- (3-iodopropargyl)-5, 5-di met hyl hydant oi n 143 .
1- (1, 1- dimediigrs.3oy W%HF@?P‘)@& Solvengbaged centingsmayAlaAptrnally 4

g Eg :ggo‘%ngg:%éH\aﬁ 5&{&%609&1?@@9%% o(%gpr ogagggl) 2- benzoxazol one

9 The preparation of the corrpounds of the present invention are known in

the |iteratureA tymicakmaridecoating mpaprises to 046wt hirderanfrtmilatewbnpounds
can be prepa e [eact ertiar n b opar gyl
hal i de orrosmermadiaed msine o4 b Soubplasticizerd £ 740 2 Kb drlist R FERT:
chloride,s t5 60 %wt solvent/diluent, 0 to 70 %wt cuprous oxide, 0 to 30 %wt pigments

(other than cuprous oxide), and 0 to 15 %wt marine antifouling agent.

Coatings containing the marine antifouling agents of the invention may
be applied to a structure to be protected by any of a number of conventional
means. Suitable means of application include, but are not limited to, spraying;

rolling; brushing; or dipping.

It is known in the art that the performance of marine antifouling agents
may be enhanced by combination with one or more other marine antifouling
agents. Thus, other known marine antifouling agents may be combined
advantageously with the marine antifouling agents of this invention. The
compounds of this invention may be combined with, e.g., tin based marine
antifoulants. Such a combination has the advantage of reducing the amount of
tin used and thereby lessening the amount of tin in the environment. Other
marine antifouling agents useful in combination with the compounds of the
invention include, but are not limited to: manganese
ethylenebisdithiocarbamate; zinc dimethyl dithiocarbamate; 2-methyl-4-t-
butylamino-6-cyclopropylamino-s-triazine; 2,4,5,6-tetrachloroisophthalonitrile;
N,N-dimethyl dichlorophenyl urea; zinc ethylenebisdithiocarbamate; copper
thiocyanate; 4,5-dichloro-2-n-octyl-3-isothiazolone; N-(fluorodichloromethylthio)-
phthalimide; N,N-dimethyl-N’-phenyl-N’-fluorodichloromethylthio-sulfamide;
zinc 2-pyridinethiol-1-oxide; tetramethylthiuram disulfide; coﬁper- 10% nickel
alloy solid solution; 2,4,6-trichlorophenylmaleimide; 2,3,5,é-tetrachloro-4-
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acetonitrile, water, and the like, at a tenperature between 20 and 100
[err]C. The synthesis of the bronopropargyl quaternary ammobni um conpounds
can be found in U S. 5,411,933 (Hsu), which is hereby incorporated by
reference. | odopropargyl cyclic quaternggy anmmoni um conpounds can be
prepared by reacting a cyclic amne with an iodopropargyl halide or
sulfonate in a suitable solvent at a tenperature between 0 and 100 [err]C
Bot h t he (methydsalfouyly-pyrilihées-iatepepaymyl butyl carbanmatesdiiédoraethy] @r e
generally commercially avail abl e,  for exagple, fr n&f@ld ch eni cal
Conpany. ~ Tzl sylfepeidis dimeinyd 4@&8&%3&}@ me%'fhw 12 a‘{éhﬁaw AT um
conpounds L AHRG) 1857 (4 1hidaol b Raini dASERD Yyidin

i ncor pora g@%@@ﬂﬁ%ﬁm’o@#‘%"?ﬁo‘%ﬁ@ggﬁ%? (%y antooYl?lJ g:orzrpounds cg%mbe ¢

pr epar eg ﬁsiphmﬂabh mhabtbyuddmedﬁmf 'lmHy_ébbna!yel\L;qﬂgéanmm. ﬁlbmmf[oi n |
conpounds, ich can be transfo iato i Qdopr.apar ydant oi n,conpounds
by use of P¥% F’c’%%‘leé’oi"&ﬂ“d%i H’QEQ"égﬂﬁl?(%&%Wl%ngPgHgﬁﬂng%dgﬂgﬁgh fio

conpl ex, ' %%3 > 8L:Qh#H: sl k Sr@fhot BREPEPERT 2y4- hydant oi n
corrpoundsplt%%ﬂdr%:l efo lrclg 1?%%%10%%46, 91‘43,%%5), 0whi ch is he}r(eb

i ncor por atsflubyomethoxgphenyl) Sdispthipzslgué, Hés-triflapvimethoxyph $5-chdorde

prepared gi.ther by al kylaLing nzoxazol one co W t Q. odopr opar gyl

el | e or Stoingiane. Ao iiies SRt nPRRoED o SRaRIPrO- b SRREAIGRe.
subsequently iodinating with-a suitable iodinating agent, such as i odine,

i odi ne- am no CoHBlfeHowRig dkarhpIeH#E ?r@ééﬂté& to Testext! fuefhidr Wiriduaspects
|odopropa;gyl benzoxazol one conmpounds_can be found in U S. 5, 102,898 (Hsu),
whi ch is afthengresaabinxentiond by arenet infeaded e Limit the seone afdheilnyentdemt s of
t he present invent iton can be used to inhibit the growth of marine organisns
by appli cHt ABY 35P%En effective anount of

Example 1

Tests were conducted to determine the toxicity of the marine antifouling
agents of the invention to Amphora. Amphora are indicative of soft fouling

organisms.

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

following equation:

Chlorophyll a (ug/mL) = 11.47 x Abs gg4 - 0.4 x Abs g3 x SV/FV
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10 one or nore of the marine antifouling agents onto or into a marine
structure. Depending upon the particular structure to be protected, the
marine antifouling agents of the present invention can be directly
Fncorporated into a structure, applied dédrectly to the structure, or

I ncorporated into a coating which is then applied to the structure.
Suitable structures_include, but are not limted to: boats, ships, oj

platforms, pieden miiofiihe diled cultare Jaspipetiedaningloss whes: i Ten pbeof The
mari ne antj .0Q: ' ' ViH Gal 4.V di.rectly

I ncor por a&%q#%tag%@%lgééggét éﬁgﬁ%{g%g&ag{é;o\{né?élé’ophﬁ)&atsoﬁ@sdﬁ enae¥J fibers
during napldsciubes THY tubek vagreliheabated of at Midumdnmeduibital shhker av20eCon i s
typically made to structures such as fish nets or wood pilings. The
conpounds ferr 96 heursmbedore she ehlorephydl geoneentratien of gach tebeywag mersuredt i ng,

such as a rin i.n [ Marnish. . ln n I i .

ot 1t oul | Mes REpRAIR oPLodtthilaPlint HefE LR, Tttt thalihe Bt ling

or gani sis agénts &8 daldulabedBls WinHibiivh 6fthelaed®icghtroRf ThBEC 60US thé dos® be
protected or based on the vvei‘ght of  the coating to be applied. Wien the

mar i ne anefeefive At PEeNeRtingd0bgrowitlhc dhedhC 109 1githe dope effactayerat at ed i nto
or direct gﬂﬁt ' t th 4034 t ntifoul i ng agent
sui tabl e k%el n |Itﬁe?o?ﬁ'eé}8?%§vt k&%%aeorfit%g%%rgan?éﬁsg%sﬂég%‘g'eral ly fromO0.1 to
30 %v based on the weight of the structure to be protected. It is
preferred to use an anmobunt from 0.5 t &able ¥t, and nore preferably, from1l
to 15 % . Wien incorporated into a coating, the anount of narine

antifoul i ng agent ui.{aRI e. t?AI nhj bit the growth of narir rgani sms is
general Iy from O@Hb(yé y Agains mgﬁgrg cof{eae&rmzs var. perpust a?ppng

Compound . EC 50 EC 100
.36 1.9 5
138 2.5 20
146 3 _ 20

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

concentrations.

Example 2

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

organisms.

Substitute ocean water was prepared following ASTM Method D 1141-90.
The water was sterilized by filtration through a 0.22 micron cellulose acetate
membrane filter. San Francisco Bay Brand® Artemia salina cysts were

purchased from a local aquarium supply store. The cysts were hatched in a 250
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30 % based on the weight of said coating. The anmount of marine
antifouling agent is preferably from0.5 to 15 %w, and nore preferably,
froml1lto 10 % . If one of the marine antifouling agents of the invention
is to be conmbined with a second marine ap¢ifouling agent, the ratio of the
first marine antifouling agent to the second marine antifouling agent is
from99:1 to 1:99, preferably, from 75:25 to 25:75. The total of the

conbi ned AL BMenfieybP AlabRI 'I%Wtémm&?ﬁ:g qosz Howert whighedinfy & seevilizdie
grow h of marine organisns is fromO. %W\ based on the wei ht of

the structflask.t @rtﬁehpndt@cmédofcatenlﬁeAﬁ/@% laea u»ratemraé addeddotbe Baskpp

in o car 108 K aR LA e oRbinal PSSR af anbrfuEy | riteapTfH poraid

i sobutyl kefMiite arigs FE! Miter Mam&s kB¢ @DRtends of the AASI veffeb@bﬁﬁfed hitbect
applications of the marine antifouling agents of the _invention ..be by

any converseparatoryrfammel. STheegs shellpwarg separajedfrompthedetemig. nqq nets,

lﬁﬁpié?{'P'éﬁmzf%%%@ﬁ%%&i?ﬁﬂg’*%ﬁ%%dﬂ@%q%hﬁﬂt%ﬁs bify el Rkl B R Bask g
carrier offoP¥néfHed)d4 BotResHakihg. nq‘h& inbétlusd wasgrepardd bppoushguheur es such
as wood pilings and fish nets ma protected by directly i ncorporating

the mari naanpliifintn aﬁgya;glémg %b4$ houzs affer thecysts wezg smgieally placed
may bo. apgh B kR0 MPSH nd R, SRt RRR e o RO Wl £ s ' O
vacuum i naegglogicab rpxpa'ﬂ%e&ﬁdqmaﬂsfe‘rfedqnso eRytidraeysallizingrdiski.aThd into a
fish net fslxxts)g(-rmsxon was stirred with a magnetic stirrer enough to keep the nauplii in
suspension. Eighty mL of sterile sea water was added to the suspension. Usix_lg
an eight channel microliter pipetter loaded with wide bore pipette tips, 100 uL of
_the suspension was transferred into a column of a 96 well, flat bottom, tissue
culture plate. The number of nauplii in 3 to 4 wells was counted under a
microscope. The number was averaged, and the inoculum was adjusted through

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

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

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

Ninety six well, flat bottom, tissue culture plates were used for these tests.
One hundred ninety uL of sterile ASTM sea water was added to column 1 of each
plate. One hundred uL of sterile ASTM sea water was added to columns 2
through 12 of each plate. Ten uL of a stock solution of one compound to be tested
was added to the first three wells of column 1. The next 2 wells were skipped, as
they serve as untreated controls. Ten uL of a stock solution of a second
compound to be tested was added to the last three wells of column 1. Serial
dilutions were performed by mixing and transferring 100 gL from column 1 to

column 2, then from column 2 to 3, and the process was continued until all 12
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during manufacture. Marine coatings conprise a binder and sol vent and
optionally other ingredients. The solvent may be either organic solvent or
water. The marine antifouling agents of the invention are suitable for use
i'n both sol vent and water based nmarine cgatings. Solvent based narine
coatings.are preferred. Any conventional binder may be utilized in the
mari ne antifouling coating incorporating one or nore of the antifouling

agents of dde@mn3weste dilutedUiOR®handréd AL Fromdolitken 18/wasdiscaeled.i Ohied to:
pol yvinyl chloride in a solvent based system chlorinated rubber in a

sol vent ~ baswadesgsnl of the stirring réemia inecubimenas addeditaeachguel of the plates;
i nyl chl g4 de-vi tate t . i '

ol vent baieiedfaldin Pag sP e et Want HoBhe pERe R PR L ERSRRARE 1

rubbers; batadiKhasHt@see-acrylonitrile rubbers; drying oils such as

|l i nseed oil; asphalt; epoxies; siloxanes; and the |ike. 12 The mari ne

coatings of the present invention pay optignally contain one or npre of the
fol | owi ng: i norljateswererread undex g low anagnjfisation mjcrosgene 24 apdcghheurs ed

rel ease i al.s [ O%i t S ' | S0 hopal |y
cont ai n: ng%g#etglf e%% 3 d?glbeegg%érﬁ "s"%s?fﬁlﬁgc e?gff?'? %ééiéﬁélﬁ@ﬁ '?ln%o %’Sén%?
modi fi ers,themaAafplisdretidadde®he LT 1050 Neriplii kae @onsidetéd giveramt mMovement
optionally contain_extenders, plasticizers, or rheology nodifiers. A

typi cal ndfisaen dyaingthecvepine peripd; Respltsyof thisiest are shawn beloyyy
rosins/nodified rosins, 0.5 to 5 %w plasticizers, 0.1 to 2 %u
antisettling agent, Table 2

Artemia LC 100 (ppm)

Compound 24 Hours
18 <8
36 1

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

organisms.



5 to 60 % sﬂlsvsggéﬁgyéegpﬂﬁi g to 70 9t cuprous oxide, O to 30 %

pi gnents (othe OXIde) and 0 to 15 % narine antifouling
agent. Coati ng E'm, w e -marine antifouling agents of. the I nvention
may be applied

conventional means. Suitable neans of applicatifor fﬁﬁTeHA$EEEQr £ not
limted to, spraying; rolling; brushing; or di ﬂknown n the art
that the perfornmance of rrarl ne antl'roul [ ng agents may sed- by

known mar i antl ouI i,ng ned advant ageousl y W|th t he
mari ne ant The conmpounds of this

i nvention may be conbi ned - WI th, e.g., ti n based marine antifoul ants. Such a
conbi nati on hasy, th%é%ﬁﬁﬂhlﬁhﬂg%@%@tﬁ RE nPdPNE brgtinising onS# th At
thereby | essening the anmpunt of tin in the environment. Qther narine

anti f oul i rifragiune scompising appém onieiopAntd the masinestpetinge apfeffagtive

i nvention incl ufjg%gbm .are Limte

et byl enebi LRPERT Gt adiRpiRr Bntlimad bt oot A E5E crapmconsivtingof 4.

but yl am nQefnsatal dddfIerhalddio- s-tri azi ne;
2,4,5,6-tetrachl oroi sophthalonitrile; N, N-dinmethyl dichl orophenyl urea;

zi nc et hyl enebi sdi t hi ocar banat e; copper thiocyanate; R

4,5-di chl oro-2-n-octyl -3-isot hi azol one; N-(fl uorodi ci®or é%(fthl 0) -

pht hal i m de; N, N-di met hyl - N - phenyl -N -fl uorodi chl oro hi o- sul f am de;
zinc 2-pyridinethiol-1-oxide; tetramethylthiuramdigulfife; copper-10%

conbi nation with one or || !’w tIfOU| i ng agents. Thus, other
tS i nwen

ni ckel alloy solid solution; 2,4,6-trichlorophenyl ﬁilei de;
2,3,5,6-tetrachiqro-4- RP—y"
N—CHZ —_—C ==C—X =0
6
R! l2 7"
2 Y- @ , R’ a
wherein:

R = (C;-C,¢) alkyl or (C,-Cs) alkyl substituted with C(C=0)R>;

R, and R, are independently selected from (C,-C3) alkyl, or R! and R? are the
same and are (Cg4-C,2) alkyl; or R, and R, together to form a 5- to 7-
membered ring selected from the group consisting of pyrrolidinium,
piperidinium, morpholinium, dimethylmorpholinium,
hexamethyleneiminium, thiomorpholinium, and thiazolidinium,
optionally substituted with one or more (C;-Cs) alkyl groups;

R® = (Cg-C,o) alkoxy;

B = O or NR?, provided that when B = NR®, R* and R° =0 or R® and R" = O, but
not both, and further provided that when B = O, R* and R® taken together
form a double bond and R® and R’ taken.together form a phenyl ring
optionally substituted with halogen, nitro, (C,-C,) alkyl, (C,-C,) alkoxy,
cyano, C(0)O(C;-C,) alkyl, C(O)OPhenyl, and (C,-C,) haloalkyl;

R® = (C;-C,2) alky), straight or branched; benzyl; phenyl optionally substituted
with halogen, nitro, cyano, (C;-C;) haloalkyl; (C;-Cs) alkoxy; allyl; (C3-Cg)
alkynyl optionally substituted with halogen; and H; _



13 (et hyl sul f onyl ) - pyri di ne; m ”m | s
dii odome%t}/l eepas eplsdsl f one,“! A !nt 14

et hyl eneb te; phenyl (bispyridil) '
2-(4-thia I dazol e; pyridine ltsri pheny v

tri phenyl borane; phenyl am de conpounds; pyridazi none co’rrpunds; .r

2- hal oal koxyaryl - 3-i sot hi azol ones. Suitable 2- .

hal oal koxygs s 61 504 Wa&ehﬂ orl a1y ARledtil fE HIAT, ICoybliaf; pRenyd (4-
trifluoronet’hoxyphenyl)-3-isothi azol one,

2- (4-trifl uor onoytiomallyharbstitutedcwithr lalogen, swittn, §2pCahalkoxaydand (C,-Cs)

2-(4-trifluoronetho henyl ) - -di.ghl o - i spt hi,azol gpe.~ Jhe, foll pw ng
exanpl es are pﬁg%lé '?'gﬁi %ﬁ‘é&gr"ﬁﬁ]ﬁ’ﬂi ﬁ‘;g?g‘%gf”ﬂ ﬁgg@gf@s t}ur@heépgrr Bsent
i nvention, but @@fq%sgmﬁig&gpﬁgq@édt the scope of the invention in any
aspect. Exanple T fests were conducted to determ ne the toxi city of the

mari ne antR} and RiY angbrdepeniently seleeted from HooxaighHew) @alkyphora are

i ndi cati ve)ég_f ?slgft fouling organisns. Anphora coffeaeforms var. perpusilla
was i sol ateF 1208 ural biofilmand cultured axenically in Guillard's
F2 medi umyA:Latnibase culture of Anphora was diluted with the F2 mediumto
give a chlorophyll a concentration of 0.25 [err]g/nL. Chlorophyll a was
neasured by pashi dymethedsccordingtoclaint t\wheyein &{ is hnomigeoriedizggh a 3
[err]mpore, 25 mmdianeter cellulose nitrate filter. The filter plus
trapped algal cells was transferred to a glass tube. A neasured volune (SV)
of DMSO sol vent was added to the glass tube. The tubes were incubated for
1.5 hours in darkness. After incubation, the absorbance of the sanple was
read i n a spect3.ophntethed accortding36H dain @6¢hereindhe nsrive antifouling agent is

selected from the group consisting of: trioctyl-(3-bromopropargyl) ammonium

benzenesulfonate, 1-tetradecyl-1-(3-iodopropargyl)-pyrrolidinium 4- |
methylbenzenesulfonate, 1-(3-iodopropargyl)-3-benzyl-5,5-dimethythydantoin,

and 3-(3-iodopropargyl)-2-benzoxazolone.

4. A method according to claim 1 wherein Y is selected from the group
consisting of halogen, phosphate, acetate, benzoate, citrate, tartrate,
alkylsulfonate, arylsulfonate, or alkylsulfate.

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

incorporated in a carrier or a coating.

6. A method according to claim 5 wherein the amount of the marine
antifouling agent in the carrier or coating is from 0.1 to 30 %wt based on the
weight of the structure to be protected or based on the weight of the coating to be
applied.
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I;)IVBO’fiIter. bl
the foll ot

X Abs[err] futed c
gl ass tub : of marine antifadg9 i ng agsg
controls, DW was added to each gl ass tube. The tH&be SN
i1lumnated orbital shaker at 20 [err]C for 96 hours be or ophyl |
a concentr at i orf.oA methodtadoerding torekdon & wheFeinether apbintiobtheni azineh

treat ment wer sed. The fects of ri antJ f,oul.i ng,agents ar

ol cul at e EtoutiRg AesE i Fae Foatns 1R O P % Paetd 38 The yaEtnat the
effective : tddiflied0% growt h. The EC 100 is the dose effective at
preventi n&aégga?g?%v&lﬂgle%sul ts of the tests are shown below. Table 1
Activity Agai nst Anphora coffeaeform s var. perpusilla (ppm) Conpound

EC 50 , EC 100 36 1.9

5 138 2.5 20 146

3 . ] AChI V] b St ora in
the | ow ppmr a#geAg%%hSSﬁa%F%@“Qg?‘f@?%%?ﬁ% seo%&fl%?ﬁr% ”8@5@% sns.
These r esuhitifoding agentie thdeaxriomie droin 008 té R0 Sewhbasdd emthe weidlit ofaheous

agai nst soft fouling organisns in | ow concentrations.
structure to be protected.

k. Thela%&f)gﬂ%rl"'Iﬂ;lmiﬂuﬂmyﬂr:_?n can 2(73 )c(al cul at ed usi 'ng
,Wmn Ten nL of the’di By fLRCTES

9. A method according to claim 1 wherein the marine antifouling agent is
a combination of the marine antifouling agent of formula I and a second marine
antifouling agent selected from the group consisting of: tin based marine
antifoulants, manganese ethylenebisdithiocarbamate; zinc dimethyl
dithiocarbamate; 2-methyl-4-t-butylamino-6-cyclopropylamino-s-triazine; 2,4,5,6-
tetrachloroisophthalonitrile; N,N-dimethyl dichlorophenyl urea; zinc
ethylenebisdithiocarbamate; copper thiocyanate; 4,5-dichloro-2-n-octyl-3-
isothiazolone; N-(fluorodichloromethylthio)-phthalimide; N,N-dimethyl-N’- _
phenyl-N’-fluorodichloromethylthio-sulfamide; zinc 2-pyridinethiol-1-oxide;
tetramethylthiuram disulfide; copper-10% nickel alloy solid solution; 2,4,6-
trichlorophenylmaleimide; 2,3,5,6-tetrachloro-4-(methylsulfonyl)-pyridine; 3-
iodo-2-propynyl butyl carbamate; djiodoniethyl p-tolyl sulfone; bis dimethyl
dithiocarbamoyl zinc ethylenebisdithiocarbamate; phenyl (bispyridil) bismuth
dichloride; 2-(4-thiazolyl)-benzimidazole; pyridine triphenyl borane; or 2-
haloalkoxyaryl-3-isothiazolones.

10. A method according to claim 1 wherein the marine organisms whose
growth is inhibited are selected from the group consisting of: algae, soft corals,

tunicates, hydroids, sponges, anemones, barnacles, tubeworms and molluscs.

11. The steps or features disclosed herein or any combination thereof.
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_Exanpl e 2 Tests were conducted to determne the toxicity of the marine
“antifouli ng agents of the invention to Artemia. Artemia are indicative of
hard fouling organi sns. Substitute ocean water was prepared foll ow ng ASTM

Method D 1141-90. The water was sterilized by filtration through a 0.22

m cron cellul ose acetate nenbrane filt&. San Franci sco Bay Brand[err]
Artem a salina cysts were purchased Jfags@icer | ocal aquarium supply store. The .
cysts were hatched in a 250 15 m—FErtemeyer flask. The Artem a cysts

(0.2 g) were wei ghed |ntoa sterlllzed flask. One hundred of sterile
ASTM sea wat er waHALFROBARGYLy (MPOLNDS, AS MARTNE AN n an orbital

shaker set at approximately 150 rotations per mnute and 28 [err]C. After
24 hours, the contents of the flask were poured into a separatory funnel.
The egg shel IBiselused i¢ panvdthdd fof dnhibitingr thengrwihugf miarineorganismaont die
shells floated to the top. The nauplii, were returned to the flask for

anot her NPAFIRG SLEUCIHAR) bagapmhengmée OB ARt MATAR R SURFTWER R HAdoR 0P aR &Yl i |

on tho GEREFR ATy Pt it Shming, Baldireblfet ok ol ititing, Braced
st eri | e hadspiopargflhydaigbirecififlotthd Iiise@@mpYuth d@lafdie dimeﬂyl l'izing
di sh. The suspension was stirred with a nagnetic stirrer_enqugh to keep t he

naupl i i incorposptadsingn thEurgan;aera:nmuseerMgmufacbnev\dsreaﬂHeamlm 119

suspensi Usi ng an ei ght neI liter tter.loaded with w de
bore pi ﬁg?ts the Iﬁ%drfq_ Chute y me s&e coating.
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the suspension was transferred into a colum of a 96 well, flat bottom
tissue culture plate. The nunber of nauplii in 3 to 4 vveIIs was count ed
under a m croscope. The nunmber was averaged, and the inocul umwas adjusted
t hrough further dilution, to 25 to 30 nauplii oy St sql utj ons
of the compounds to be tested wer e prepared SuBA1 A0 ke — g% : @
St ock solutions were prepared at 40 tines t%e hi ghest concentration to be
tested. Solvents were chosen based on the solubility of the conpound to be

testeg Sol vEnts umr{»ebhhnDNE&-esaé‘cBbﬁ?fﬁsmeﬂmh aa@m@hdeﬁa—;ﬁl @bﬁﬁfdtﬂmlg?
tested to make sure that they o effect o et u |nety Si X
wel |, flat botassRis® #eegéneemjfaexgwamce\ﬁadehtsieew RQharmEd to meyige
hundred ni net \envBlohblen®f, sterile ASTM sea water was added to colum 1 of
each plate. One hundred [err]L of sterile ASTM sea-water was added . to
colums 2 through 12 of each plate. Ten [err]L of a stock solution of one

conpound to be tested was added to the first three wells of columm 1. ‘The
next 2 wells were skipped, as they serve as untreated controls. Ten [err]L

of a stock solﬂgt'#gﬂfgf_q_ﬂm%pnpound to be tested was added to the |ast
three wells of colum™1. Serial dilutions were perfornmed by mxing and
transferring 100 [ L fro 4 Q_3,
and the process M%M@%&%%W%W%mre nta'e%n}m&

hundr ed [ err] Lodf 4 mgrife btwchrd #n sva Svathr ¢ dradizidh waree, dmn;ndismg ai:glyinhtonaf ot ingd the

;It g:él/\rlt\gsA(r:t)\em a, |nocul um vgg added to%teach weII agqng ate % 5éﬁest

consisting of compounds of formulac.
‘ . 10 X
. R® R /C/
| &
R‘
+ R5l/ N
\N——'CH; ——C R C—X _ Fo
R! 2 » l?’6-7‘\3
Y O, R’ (82))
wherein:

R = (C;-Cio) alkyl or (C,-Cy) alkyl substituted with C(C=O)RS;

Ry and R, are independently selected from (C;-Cy) alkyl, or R' and R® are the
same and are (cs~cm)' alkyl; or R; and R, together to form a 5- to 7-
membered ring selected from the group consisting of pyrrohdlmum,
piperidinium, morphohmum dlmethy]morphohmum, '
hexamethyleneiminjum, thmmorphohmum and thlazohdlmum
optionally substituted with one ox more (C;-Cg) alkyl groups:;

R® = (Cs-C1o) alkoxy; - .
- REPLACEMENT SHEETS SG
REPLACEMENT SHEET BDescription : : paged 2. to paged 3.
BTlaim(s) : paged T o paged 14
0 6 NOV 1999 O Drawing(s) : paged ..... to paged .....
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for 24 hours at 25 [err]C. Plates were read under a | ow nagnification

m croscope 24 and 48 hours after the nauplii were added to the plate. The
hi ghest dilution in which all of the nauplii are dead is the LC [err].
Nauplii are considered alive if any novensubstituteaihedt!I- HNdvERad EFING
pertod. Results of this test are shown be%ow. Table 2 Artem a LC I00 {ppm
Conpound 24 Hours 18 <8 36

1 Conpounds showi ng activity against Artemia in the | ow ppmrange are
consi dered ckioyer Nt pedvided thalt Wten'® =ONBARSaBd RTkad or REamd R’ dObustrat e

that the conpounds of .this invention_are effjcacgi oys ai,nst, hard faoulin
or gani sns. ™ 1709k heth, and fyrthey pravided &atﬁm ﬁoﬂ %ﬁagﬁf’rﬂg t@ﬂﬁﬂ t‘t‘ﬁféﬁﬁ? ogw h
of marine organi gy, QM GABIREddiard RYGhH'H takes WgdtRbrforRl a Phakylisie VAt er ,

conprising applying onto or into the marine structure an e?f ective anount
of a marine anti bptibhally sybstitutesd withdralogennnitre, Gk allols(Gré o alkexy,

compounds of T or gl 38 c{05ble:- ¥ S C(0)OPhenyl, and (Cr-Co haloalkyl;

R® = (C,-Cyo) alkyl; benzyi; phenyl Optiohally-substituted with halogen, nitro,
cyano, (C1-Cs) haloalkyl; (C;-Cs) alkoxy; allyl; (Cs-Cg) alkynyl optionally -
substituted with halogen; and H;

N\ R% R% R® and R’ ave ip&épehdenﬂy selected from H; (C;-Cy) alkyl; phenyl
optionally substituted with halogen, nitro, (C;-Co) alkoxy, and (C,-Cs)
haloalkyl; or R and R® or R® and R’ together form a (C5-Cy) saturated or a
(Cs-C1) unsaturated spirocycle;

' B® and R™ are independently selected from H or (C;-Cy) alkyl;

X = halogen;
Y" = an anjon; and _

" wherein the marine organisms whose growth is inhibited are selected from the group
consisting of: algae, soft corals, tumicates, hydroids, sponges, anemones, barnacles,
tubeworms and molluscs. - | |
Detailed Description of the Invention

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

hard outer shell, such as barnacles, tubeworms and mollusecs.
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R'="(Cerr]-Cerr]) alkyl or (CJerr]-Cerr]) alkyl substituted with
C(CORerr]; Rerr] and Rerr] are independently selected from
(derr]-der r] and Rlerr] are the sane and are
(derr]-deg or Rlerr] and Rlerr] together to forma 5 to 7- 10
menbered ri Mi’m d}{ummmt he group consisting of pyrrolidinium

pi peridiniu di met hyl nor phol isabstirutee xhest hy3 eloeenbeni 1A%

t hi onor phol i ni um an t Ri aZol i di ni um op J,ona y substituted W one o
more ((Jerr]-Cferr]) alkyl groups; R[err} =(derr]-Cerr]) al koxy; 15 B =
Oor NRerr], provided that when B = NRlerr], Rerr] and R err] O or
Rlerr] and Mﬂm&g not both, and furt her provi ded t hat Wnen B=0
Rlerr] and R err] taken together form a double bond and Rlerr] and Rl err]

t aken toget her form FE&H%E g%[gﬁﬁ iRt infiribedtagtse
nitro,. (Cerr]- err‘?1 y "%@?ﬁ i err]) al koxy cyano

C(O) O O er ] selveasar] dr Wndiish wﬁ(eﬂ)mpmxpg applythg( @pe oy jntethe 20

Rlerr] = (Cerr err]) al ht or b I% :}fadg[ M
opti onal | ?l‘gﬂ’éﬂ"%\n H‘“ﬁﬁ‘f@ﬂ%{?ﬁ‘% 58{7%‘%& er F Of
hal oal kyl ; “‘“&?ﬁw Goptmihe: al koxy; al kyl ; (C[err] Clerr]) al kynyI
optionally substituted with hal ogen; and H; 18 Rerr], Rerr], R[err]

and R[err] are independently selected fromH, ((err]- C[e!r“’r]) glzk ; phenyl
optionally substituted with hal ogen, nitro, (Cerr]- qir\;‘]/)sﬁ oxy, and :

(derr]-Cerr]) haloalkyl; or Rerr] and R err] or R er nd Rlerr]
t oget her forma (dJerr]-Cerr]) saturated or a (C[elr.r] Cjerr]) unsaturated

spi rocycl e; err] and R err] are independently ss_‘_e;IQNed fromH or
(derr]- C[err]) ca —C E=c—x o
l : R‘—7\'B
s Ry - o , & @
wherein:

R= (Cl-Cu;) alkyl or (C;-Cg) alkyl substituted with G(C=O)R%; :
R, and R, are independently selected from (Ci-Cs) alkyl, or R! and R? are the
same and are (Cs-Cyo) alkyl; or R; and R, together to form a 5- to 7-

10 membered ring selected from the group consisting of pyrrolidinium,
piperidininm, morpholinium, dimethylmorpholinium,
hexamethyleneiminium, thiomorpholinium, and thiazolidinium,

7 optionally substituted with one or more (C;-Cy) alkyl groups;
= (C-C12) alkoxy;
1S B =0 or NR®, provided that when B = NR®, R* and Rs =0 orB® and R" =0, but
not both, and further provided that when B = O, R* and R® taken together
form a double bond and R® and R” taken together form a phenyl ring
optionally substituted with halogen, nitro, (C;-Co alkyl, (C;-Co alkoxy,
cyano, C(O)O(Ci-Cy) alkyl, C(O)OPhenyl, and (C,-Cp) haloalkyl;
20 R%=(C,-Cyp) alky), straight or branched; benzyl; phenyl optionally substituted
with halogen, nitro, cyano, (C;-Cs) haloalkyl; (C,-Cy) alkoxy; allyl; (C5-Ce)
alkynyl optionally substituted with halogen; and H; |
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X = hal ogen; Y.= an anion; and \Ahefei n the marine organi sns whose growh is
I nhibited are selected fromthe group consisting of: algae, soft corals,

t uni cat es, hydrgj_dsf__spgnges——aﬁﬁmnes bar.nacl es, 10 t ubeworns and
m)lluscs : A net-hod accordmﬁto claim1 wherein X is bromne or

i odi he. 3. mm“m “ o claim2 wherein the marine antifouling
agent is selecte

p consi st pugstatute sheet - 5 November 1999
trioctyl-(3- brom)propar gyI ) ammoni um benzenesulfonate, 1-

tetradecyl - 1- ( 3-i odopropar gyl ) - pyr rolidil® um 4- met hyl benzenesul f onat e,
1-(3- |odopropar yI) 3- benzyl -5, 5-di net hyl hydant oi n, and

3- (3-i odopr opaR§R’) RS- d@dri&’(axamdbméenﬂ& selected\foomt W (C, 4G olil; pheryd cl ai m 1

heetate, benzout o ERepAS opSEh Y8 0RRs HUEPHCR Pindi3), 38F . CARIRAGYS or
al kyl sul face. 5. R¥aneRhofRhsmbRUitGyettep foripi (CAC)H B8R drhe(QYET,) nBsaturated

antifouling agent is.incorporated in a carrier or a coating. 25 6. A
met hod according tosPé‘PEY"ﬂ?;S wher ei n-t'he anount of the mari'ne antifouling

agent in thegcps ﬁﬁ@ﬂeh%ﬂﬁr% 1 0m Iy sed on the wei ght of
t he structureto protecte or bgsed on ]Ig |gt of the coating to be
appl i ed. 19X 7= halogemhod according to claim5 wherein the amount of the

mari ne antlfouﬁ,lngmf\gﬁgﬁ ahﬁ the coating is fromO0.5 to 15%t based on the
wei ght of the

wherein -the marine organisms whose growth is inhibited are selected from the group .
consisting of: algae, soft corals, tunicates, hydrmds sponges, anemones, barnacles,
10 tubeworms and monuscs. :

)

2. A method according to claim 1 wherein X is bromine or iodine.

.3 Amethod accordmgtocla:mz wherein the marine antifouling agent is selected

15 from the graup consmtmg of: trioctyl-(3-bromopropargyl) ammonium benzenesulfonate, 1-

tetradecyl-1-(3-iodopropargyl)-pyrrolidinium 4-methylbenzenesulfonate, 1—(3-1od0propargy1)-
3-benzyl-5, 5-dlmethy1hydantom, and 3-(3-10dopropargyl)—2—benzoxazolone

| 4. Amethod according to claim 1 wherein Y is selected from the group consisting
o 20 of halogen, phosphate, acetate, benzoate, citrate, tartrate, alkylsulfonate, arylsulfonate, or
alkylsulfate. '

5. A method according to claim | wherein the marine antifouling agent is
mcorporated in a carrier or a coating.
25
6. A method according to claim 5 wherein the amount of the marine antifouling -
agent in the carrier or coating is from 0.1 to 30%wt based on the weight of the structure to
be protected or based on the weight of the coating to be applied.
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coating tq be apphi 8. A method according to claim5 wherein the amount
of the marine anth‘fﬁ%‘enﬁ#&;he carrier is from0.5 to 20 % - based
on the wei ght of tb’m 0 be protected. 9. A nethod according to
claim1 wherein th ”{,ﬂ”ﬁqﬁlﬂﬁwl ng agent is a combination of the marine
anti foul i ng agent of formula 1% a secondSwkstiRereafifsetou|d Ngvalert1999

sel ected fromthe group consisting of: §4n based marine antifoul ants,
manganese et hyl enebi sdi t hi ocar bamate; zinc di net hyl dithiocarbanate;

2- et hyl - 4- t - buty lAcmietiodsacgidingrtosdizmd wherein thezameuntofithe warine

tetrachlorois t hal oni t.ril e; di.nmgt h i C nyl . .z4

et hyl enebi 88 “ﬁﬁ%ﬁ‘m{’e“!’m&&gﬁﬁﬁ °5{b‘e§g@t§; %&R g{]a gle%mx#x g?‘ﬁhgg %e- 3-

i sot hi azol gfting\td bé UppRed.chl or onet hyl t hi o) - pht hal i mi de; N, N-di met hyl - N -
phenyl - N -fl uorodi chl oronet hyl t hi o-sul fam de; zinc 2-pyridinethiol-:1-oxidé;
tetramet hyl t hi uram di sul fi de; copper-10% ni ckel alloy solid solution;
2,4,6- trichlorophenyl nal ei m de; : '
2,3,5,6-tetrachl oro-4-(methyl sul fonyl)-pyridine; 3- iodo-2-propynyl butyl
carbamat e; dii ogomEmbYhodadcotdingdlclAiRes whdreid thidnibusi sfthecnakaroy! zi nc
et hyl enebi sdi t hi ocar bamat e; phenyl, (bispyridil) bisnuth dichloride;

2- (‘4- t hi azaniifoulingagentdntbecarnes isfrom &5 tpAa r‘?@ME 1 thyg weight of the

hal oal koxyg&x&&@ag@fﬂ%&es.

_/
9. Amethod according to claim 1 wherein the marine antifouling agent is

a combination of the marine antifouling agent of formula I and a second marine
antifouling agent selected from the group consisting of: tin based marine
antifoulants, manganese ethylenebisdithiocarbamate; zine dimethyl
dithiccarbamate; 2'-'methyl-4—t-hiitylazﬁino-6-cyclopropy13mino-s-triazine; 2,4,5,6-
tetrachloroisophthalonitrile; N,N-dimethyl dichlorophenyl ures; zinc
ethylenebisdithiocarbamate; copper thiocyanate; 4,5-dichloxo-2-n-octyl-3-
isothiazolone; N-(fluorodichloromethylthio)-phthalimide; N,N-dimethyl-N’-
phenyl-N'-fluorodichloromethylthio-sulfamide; zinc 2-pyridinethicl-1-oxide;
tetramethylthiuram disulﬁde; copper-10% nickel alloy solid solution; 2,4,6- L

O trichlorophenylmaleimide; 2,3,5,6-tetrachloro-4-(methylsulfonyl)-pyridine; 3-

. iodo-2-propynyl butyl carbamﬁte; diiodomethyl p-tolyl sulfone; bis dimethyl'
dithiocarbainoy_l zine ethylehebisdithiocérbamate; phenyl (bispyridil) bismuth
dichloride; 2-(4-thiazolyl)-benzimidazole; pyridine triphenyl borane; or 2-
haloalkoxyaryl-3-isothiazolones. -
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