; 1234e3e ZZ[,]v]lh "6@T fWO (11/9S718 PCT/ USOL1/.11i129 NON- TOXI C COATI NG
COVPCSI TI ON, METHODS OF USE THEREOF AND ARTI CLES PROTECTED FROM ATTACHVENT
OF Bl OFOQUkONGI9ECR&ANI SVB *159159* Background of The | nvett/gsnipoesent
invention relates to non-toxic coating conpositions which provide
protection to surfaces coated therewith from attachnent of various

bi of oul i ng NODEHIONEC CUEEING GORHIASITIONMEJHADSQE U8 YHEREOM pai nt,
varni sh and seal anANDOARTIELESBROFECTEPTFROM ATTROHMENGU in a variety

of coating material s havi ngyfigyerefIaING GreQANIg8M®ns. | n narine paints,
for exanple, biocides protect underwater structures against attachnment of a

w de range o organl sns, such as al gae, bar nacl es, ship worns :
and ot her a M@\&m ce species. In lakes and rivers, "ﬂ@wm se
to protect u er structures fromfreshwater organi snms m’ummm
nussels. It has BEER found that nicroor ganl sms, their viscous, . ,0r gani
product and absorbed organi c Begkgre yeltign t enaci ous sline whl ch

fornms on the surfaces of subner structures. The initial or sne. in
this fouling sequiﬁ‘&%reé?“% nbvgeil@?v-‘iate%R9|qogvsealcwa%naﬁ%%w%nég&éélspr@w

di at ons 0
T e e S SN S R
i n prefempusiions asnmivhitagembiyansd inffantf varhishgndfeabdnt forhofdtams. i s a

| ongst andi ng problem _which contributes to speed 15 20 reduction and

i ncreased fuel coRGHSE] %Cownbrl%@é‘?nad@n? i Gogting mpdrrialy havieg) diverséni ps,
hoyever, é}?‘&m t edSiafife g&ﬂér fdf’le‘}ﬁﬁ%éﬁ’ef &&Js%&féﬁteﬁnde?@a%ls%uct@ég% aifi"

shift d e excessi 'TNgs 1 n
ber t hi ngtdch@icht 1l .e%idd Releteqsd b$dfblhlﬁigl51gbm§bﬁ§,l€&éh §0al bhhhlh&l@@,tsﬁlpde&&ﬂsltﬁlﬁl on
due to ship wormand fungal attack. The fouling of intake screens of

muni ci p@themml@tlc auppense sppsieantn tkas pedidvens, pioe saarer Ysed to pratect amderwater

|
o acupCaf Ty BP0y GETul. nhoR APE N SRE T o ek o dihoce”
of skil hndr@oﬂgﬁhﬁsxﬁﬁ tthéﬁ‘ﬂ/lscéumm aeaﬁ@qirbMt amhbéaeoeﬁ%rgam@%a&@ﬁ k& sBifikte la

order to provi de pr actical and ef’f ective pr otectlon he expr essi on "water
r é8i st awnacmlasselmmedhmh fetesenithe sigfacecofcuhmergedisonctofest Rge lmudrwgmﬁmsnef ers

to it de a durabl e, protective b
of oot (1 oLt B 45 Br et r enea Bl AR poBaBRRE it e aere 1o
wat er . Yabesans eﬁbﬁiz%ﬁ‘ﬁ‘seaﬂcﬁflhﬂiyrmﬁtsrbﬁﬁldnl’s | WRefck ANtk o REuEOFHiiAS,

because, ‘for exanple, it is prohibitively expensive to re-coa I tens
in mari mtlmglouucl@hea&i turfgeningireforenpaito soaath sirfaces. WO (1 11/ 95718

PCT/ USI | 1/ -t 0929 C erw se renoved fromt water in order to be
Fe coated. 1t s hetfae Pl oS andi RO emy Rl coREOER hitd
exgense;

P et T e K T bl ORI A pbP AR 85 gt
corrosi bmwevfen,ulbutmgc,tem]brtasutm urglbtweater sthustires, s vedlt. ecﬂuoye cav ehiftadyetd dd of
at | east nonths eal ly, over _at 5 |east ver al E/ears A coati

g
conposi %’i%?ﬁl‘f%‘é(ﬁlgﬁ%(’frf@fl mgerganiswsi JYord piipg) hoahingagilifies waerso SRRl cr
rat her %Qﬁ%ni}%% Fn%d@&hi bRRCfo s%'i %Bﬁh%n&’furﬁ% {alcleeTﬁé’?Ju'hﬂg of itifke
ITB.]OI’ItyO merci al anti - oulln atings 1 nclPude organonetaflic
conpounstseant i of manieipab tvatetr sbppigzlsgiﬁams lrah lbahtthredumd flowerafes mmﬂtdceelextamﬂi ng
material. Tributyltin (TBT), for exanple, is known tg be hig toxic to
sREl | f|%9F°SM’de Bereisner fafor «gﬁm%é%%wresﬁe g1 SlamsEerepgisp |aé¥ﬁfﬁfé}’1 aﬁfseteéulmee, 0
(1986) o?%in? nIlsy in invertebrates and vertebrates occurs at
concentra |on§ ow'as 1 ug (nucrograns) per liter. Laughlin et al., Mar.
Ecol . Prog. Ser., I48un@fst36d bil 81389 of SkiNrA e AXihdea aneing icoRimgxnde bewhiteh ar e
other commercjally used antifoulants, also function by rel easing heavy
met al s, TESISERNt inQ5ERTAP DERYiTleAranticaland §TiectivePRRtEFioNe AR PHITRESHAN “Water Tesistant,

as used in describing the composition of the invention, refers to its ability to provide a durable,

25 protective barrier that can effectively withstand hydrolytic attack and is essentially impermeable
to water. Water resistance is intrinsically important to marine coatings because, for example, it

is prohibitively expensive to re-coat most items in marine service, as they must be put into dry-



15 In latex architectural paints and wood stains, biocides provide in-can
protection agai nst m crobiol ogi cal contam nation that can cause odor and !

changes iwowi®sasity and color, and protect the dried fil mcangkounebes! yi ng

substrate from damagi ng m croorgani sns. Such coating materials nust

| i kew se be water resistant in order to provide effective protection to

coat ed dugkfor@eserwe rBnocedifrsmathe valtesdn oader eénbe aerabityd.ufld isiat@dddsirable, for

el astoneri c_coatings, adhesives, caul ks, gl azi ng_conpounds, joint cenents

and t heXpmpls: Qupiginige dheafing apdieapense Sf sleaping igBling sesapismsafromuhe cryfed

current i - -mn&' g . :

ecol ogiéggtﬁa{:%elﬁ]grp? n?%‘p?onggg\»&g%er o#géﬁge?cg?{?g%j’ #%%P%é@ﬁ@lgglg?é oséL%Tésggqndns

* i ncl udefoutning, tabrasiog, oy shoaidisrdftdctioiaver b periad ef atlgistmohihe, Ml idaillyyenér asand
eventual termnation 25 of their manufacture and use. A proposal has been
medle byleasheeviernl ¥paiat A SAAINAGRMAROSIEN thad keritof aﬁte@WS{Smepukﬁ?e sgsaa AYERin theat

AL L AN B D e LT O St

e ran mari ne organi sms,

woul d be banned wpiid Gidielgtybyf tcBmnyRaibl 2003oulfzenNsEAMRE tinYludBstdhmmidiiges of
such products are faced with the prospect of changing existing formul ations

t o i nclaggpoahdewhigh axe@otegebivsidesthat leach pvertinmizem tixtcoafifngmaleviel. i Tribwtydtient i ng

ttach d h of bi of oul.i -gani i tal.ly bengn.
& hor | Gy ohefHiStle s Browh 4 Sabugl i Bne e Apdeiibo SR T e b o
Sypst i tgsp ftiitarfon #mﬂéﬂda%@b@_sfgr@%sk%gﬁritﬁzgnaﬁalemp@édeura%rogwth

bi oci des i nclude chem cal conpatibility with other conponents in the
coat i ncptcongeogntioms L s il ¢ (nuomgratmsh pé litgr. ilavighlimet alr, M. E¢dlnPmgdSer.,

substraje to i the, coating.is lied,, the safety of those handling or
s ng b Shattiithe " Tubrts P ead VB BRiden MG A Ui SOSTEREALY G ¢ hem
and 1t he,£esfafe, atl%lﬁfdncﬂéﬁﬁﬁgélb&ﬂle%ﬁeo faYs, g.fé:.,EB dr B Hid O Mt IhAsfghdance

with one aspect, e present Inv provi des a non-toxlic coating
conposidnvaonmentpri sing (i) a conpound of the fornmula: 10 X (I) wherein: 15
nis an integer 1, 2, or 3; X represents hydrogen or a straight or bhranched
chain, substitut i laiex gredifpatural paiaig apd Kppd siaing, Ripsideyprovise IBcapIoigtiehai n,
substit : ' . al. : = Mo ein
each ofé%%q%ﬁﬁdp rﬁgﬁgﬁﬁl&ep@ﬁl ?rll @Xlsceﬁn}gp%gd@? g{rl}? ? l?]@‘_gégr %uvﬁgc%(%ﬁz?% I nél’of
hydr ogesnd prateag ehie, disdd filnghd ehdéaisane beidtateairom dunbging mictdor@enisims.ulSstcht ut ed
al kyl, 20 straight or branched chain, substituted or unsubstituted al kenyl,
ORa, Ocoatpgateriady wrat lilgrisobe watey resistant @) RIASRED PIQRife A oRBRPIOSHSN NiRa Rb ,
S(O)Ra’c§(9)s%§§¢ SS(O)~NR~Rb, S(ONRa, and P(ORa; Ra, Rb, and Ris each

i ndependently Sel'ected fromthe group consisting of hydrogen and strai ght

opp br anched chai nBigeides taid Wis6 GofiventiBpalbsttiliz¢deidl ahdtyheri@BOatdizs Zadiesityd]r ogen
or a straight or branched chain, substituted or unsubstituted al kyl,

i ncl udi 98glksl glazigs gempeuridsy jetnt eemewp aud te dike; whish ate aljo water resistagt.m ng agent .

Because certain biocides currently used in the above-mentioned products have

been shown to be ecologically harmful, a number of international agencies, whose missions

include monitoring environmental quality, are urging the curtailment and eventual termination

25 of their manufacture and use. A proposal has been made by the International Maritime
Organization (IMO), for example, that all antifoulant coatings that contain TBT, as well as other
organotin compounds which have a toxic effect on a wide range of marine organisms, would be

banned worldwide by the year 2003. Consequently, manufacturers of such products are faced

with the prospect of changing existing formulations to includé alternative agents that are, at once,

30 effective in preventing attachment and growth of biofouling organisms and environmentally

benign. Other criteria that must be taken into account in developing acceptable substitutes for



3 WO 111/9; 718 PCT/ US111/-111929 The conpound of formula (1) is present
in the conposition in an anmount effective to inhibit the attachnent of

bi of oul i goangsmesns on a surface to which the conpositiorpargusappbdized as a
coating. Also in accordance with this invention, there is provided a paint
conprising the 5 above-described conposition, preferably a marine paint.
Ther e iezohigiallp hamniid didcided dacdnda tissnivalt donipatibilitnweti bther cempaichtsigt fhods of
use of coating materials includi t he conpounds of Fornmula | above. On

n e
such nmECABRE FOBPSIRN. Rfysisel M@Dagggiﬁy rithethexdsipsleldlm gnd subgmiraio tps whishi thenment

such mECHBEE FABIS _ _ _
cuch s gbpARisChRRBN R sBIEP B incke nln g UTRE FENLERRIE Mool BRI ©

" conpoungatingdvhatedials ovataifly eRbeiddSthoEes: o€ tHepradeiahed surface from
attachment arid growth of undesired fungal organisns, such as nolds, mldew

andl the like by including in the coating fornulation applied to such
‘surface at |east one of the akQ | bed cO pounds. As anot her aspect of
this invention, articles are P LI a coating of the

conposi tion descripesbrigiceivith@he aépekb©mipratefitenfion Bfovide asbfi t@GEcdanag eof |
whi ch provides 15 protection agai nst exposure to the deleterious effecCts of
bi of oul domgpositigacpmPsisingHB acoatponnd obtlip deiimulon descri bed above satisfies all
of the above-noted criteria for an environnmentally acceptabl e coating
product, in that it provides effectLve protection against attachnment and
gl®wt h of bi of oul i ng organi sms, mhi? produci ng no known ecol ogi cal |y
harnful effect. Mreover, the conpounys of Forrmula | above have been shown
to be conpatible, both 20 chem cally pAysi cal ly, with conventi onal

mari ne and ot her paint fornul ations, Are sake to handl e and can be obtai ned
at a relatively |l ow cost. Prefer(lsChqnpounds for use in the practice of
this invention are (-)-nenthol, (-)-tr p- ment han- 3, 8-di ol, (-)-nenthyl
chloride, 3-[[5-nethyl-2-(1 nethylethyl)¢ycl ohexyl]oxy]-1, 2-propanedi ol
(al so known as nent hoxypropanedi ol ), 5-nmethyl-2 25 (1-nethyl et henyl)

cycl ohexanol (also known as (-)-isopulegdl), and (-)-nenthone, which have

been found to be particularly effective antifouling agents, as wll be
described in detail @
wherein:
15 n is an integer 1, 2, or 3;

X represents hydrogen or a straight or branched chain, substituted or unsubstituted alkyl or a
straight or branched chain, substituted or unsubstituted alkenyl;
Y represents C=0 or CR'R?, wherein each of R! and R*is independently selected from the group
consisting of hydrogen, halogen, straight or branched chain, substituted or unsubstituted alkyl,
20 straight or branched chain, substituted or unsubstituted alkenyl, OR?, OC(O)R?, C(O)OR?, NR°R”,
C(O)R?, C(O)NR’R®, NR*C(O)NR"R*, C(S)NR"R®, S(O)R?, S(0),R? S(0),NR'R®, S(O)NR?, and
P(O)R%
R? R® and R°is each independently selected from the group consisting of hydrogen and straight
or branched chain, substituted or unsubstituted alkyl; and
25 Z is hydrogen or a straight or branched chain, substituted or unsubstituted alkyl, including all

isomeric forms of formula (I); and (ii) a film forming agent.



her ei nbel ow. Known uses of nenthol include |iqueurs, confectionary,
perfunery, cigarettes, cough drops and nasal inhalants. It has al so been

appl i ed agsoaibonkcal antipruitic, and in 30 veterinary nedxlcm/ml/a@z@ mld

| ocal anesthetic and antiseptic as well as an internal carm native and
gastric sedative. Menthan-3,8-diol and derivatives thereof have been
reported to be efTlectdnygoudd of ftula1D)iSdstat e ddbipblitiontid &PitHoure pitdtast S
agai nst noxi ous insects including nosquitos, ticks and mtes. Insofar as is
known, ‘AGRRpEthe gEaghpegnt r?ér‘?ﬁ‘ﬁ@!lh%?rgﬁnlﬁ’é‘ﬁt%a% susfage dp gyhich theasgmpgsitionais

| somer %P?ﬁ&? fac previ ously been proposed for use in a coating

conposi or protgectl ng surfaces coated therewith fromthe del eterious

~effects of biof ouhisogn ac@adunder®ith ShiBirivehtidg Sitsre Btprovided a phigt E¥mpisdgsthel G |
i s_a graphical representation show ng the effect of (-)-traps-p-nethan-3,8
di 2l onabfpéhdpmbﬁ@cgmp@%@n droferablyer marineRAiMar nacl e, Bal anus arrzphitrite

‘Da det d.by b £t t. i.nhibit 2 |
& or aphi cal r epr cLBSIE i SO OREER Ry S ERbaE Bl B i ep e R b e o
of the gnuhfify mafeviaR iREILERE tRadffuBds & Fariuphl wdv&eoaerswmmem@d%%%m ned

by barnacle settlenent inhibition assay. FIG 3 is a graphical
r epr esepro&ciinma skréage rﬁ:@p@ﬂ@é tead agieons en(vupnmnltﬂn@n fa@mgrmgamms pm@ré in the

oS00 St B B S5 ER B 22 SELSETI B, Bl et 1Pl s o
10,y s e S S B
t he ef fgowthodf @legirgd fmgalmgamsamS dudhf a"srmcnitls auitdeen anrcathie dilks byanclodieg gy twet h of
Duraali CG()laltlgg gr%u'l%o%%}p%hec? tso suc}tl glgr?z}ce at Jeast one of the above-described compounds.
As another aspect of this invention, articles are provided which have a coating of
the composition described herein on at least a portion of the surface thereof, which provides
15 protection against exposure to the deleterious effects of biofouling organisms.
The coating composition described above satisfies all of the above-noted criteria
for an environmentally acceptable coating product, in that it provides effective protection against
attachment and growth of biofouling organisms, while producing no known ecologically harmful
effect. Moreover, the compounds of Formula I above have been shown to be compatible, both

20 chemically and physically, with conventional marine and other paint formulations, are safe to

handle and can be obtained at a relatively low cost.
Preferred compounds for use in the practice of this invention are
(-)-menthol, (-)-trans- p-menthan-3,8-diol, (-)-menthyl chloride, 3-[[5-methyl-2-(1-
methylethyl)cyclohexyl]oxyl-1,2-propanediol (also known as menthoxypropanediol), 5-methyl-2-

25 (1-methylethenyl) cyclohexanol (also known as (-)-isopulegol), and (-)-menthone, which have
been found to be particularly effective antifouling agents, as will be described in detail
hereinbelow.

Known uses of menthol include liqueurs, confectionary, perfumery, cigarettes,
cough drops and nasal inhalants. It has also been applied as a topical antipruitic, and in

30 veterinary medicine as a mild local anesthetic and antiseptic as well as an internal carminative

and gastric sedative. Menthan-3,8-diol and derivatives thereof have been reported to be effective



by in vitro cell growth inhibition assay. FIG 6 is a graphical
representation showing the effect of (-)-nmenthol, at various
concentravbonss71ion the growmh of Nitzchia sp., as deternumped/ Xgi/ivitro
cell growth inhibition assay. 25 In FIGS. 5 and 6 the different
concentrations of (-)-menthol (in ng/m) are represented as follows: --+--
(0. 000G#pellants deainst ndxlodOfidects ineluding rH6kqdy, tickXand mitef)1Jnsofar a®is-knobnl) ;
--0-- (1.0); ---- (control). 30 5 WO 111/' 15718 Detail ed Description of
The | nVENtSVERh DEither megthpl PQIJPIWQ@WT&&I@@LIS%QW entisaemertheigoh BasTaHABYY wi t h
the pr i . ON.: . | for
i bi ¢ PR Elbh i in b PRl E BB B plsblell Rukdoks ARG B i3

" parti cudeddttryoushofeets @f bioTedngadrgmishd uct ures, to which a coating conposition
conprising 5 one or nore such conpounds is applied. As used herein, the
te?m "bi of oul i ng organi sms" refers to any and all organi snms t hat

~participate in the foulingﬁe léfnge i gl %ter and freshwat er

envi ronnments, including, w ef Hediipdd l%%thlg,ﬁr ul ria, diatoms, hydrids,

al gae, br YOZOGHS_,FM.QHW%@ﬂﬁcﬂ%bré@ﬁfaﬂoﬁ shilvang the eFRE(Ir ¢l takb-y-BERALB/8ed for
use in the practice of the invention are conpounds 10 having the foi~ul a:

CH3 Y Xliolon gettfjemping o€ cyprid larvap o€ derhasnaeled Balyjens awphitkterRdryin, as detormineted
chain, substi Utgtge or m@ubstituted | ower al kyl, or a straight or branched
chai n, B{pERaqq dlpmamt _ WBQ???%@"M | ower alkenyl, and Y represents C=0,
HOR , or HC O, gl 2%%&&1&%*;{%@&@@&%%%5ﬂh@@ﬁ%&eofgrOup consi sting of

hydr ogen or acyl, i1ncluding all fsoneric forns of formula (1A). 20 The
f ol | owi (Rgmeethohiohi setttenamplof tho chpndnldrage Of theabainédld) B. amphiirite Darwin, as

determined by barnacle settlement inhibition assay.

FIG. 3 is a graphical representation showing the effect of
(-)-menthol against the bacteria associated with B. amphitrite Darwin, as determined by agar
15 diffusion technique.
FIG. 4 is a graphical representation showing the effect of
(-)-menthol against the bacteria associated with Perna sp., as determined by agar diffusion
technique.
FIG. 5 is a graphical representation showing the effect of
20 (-)-menthol, at different concentrations, on the growth of Dunaliella tertiolecta, as determined
by in vitro cell growth inhibition assay.
FIG. 6 is a graphical representation showing the effect of
(-)-menthol, at various concentrations, on the growth of Nitzchia sp., as determined by in vitro
cell growth inhibition assay.
25 In FIGS. 5 and 6 the different concentrations of (-)-menthol
(in mg/ml) are represented as follows:
--+-- (0.00001); -~ * -- (0.0001); -- O-- (0.001)
--X-- (0.01); -- 0-- (0.1); --a-- (1.0);
--e-- (control).

30



The term"alkyl" refers to straight-chain, branched, or cyclic :
unsubsti tuted hydrocarbon groups of 1 to 12 carbon atons. The expression |
"l ower alkplyimegEers to unsubstituted, straight or branchedraldsyleas oups of
1 to 6 carbon atons. The term "substituted al kyl" refers to an al kyl group
substituted by, for exanple, 25 1 to 25 substituents, and nost preferably
one to four substituents. DdigileslURsttiptigndfSThigduvdntiohude, w thout limtation,
hal o, hydroxy, al koxy, cycl oal koxy, oxo, am no, nonoal kyl am no,

di al kyl anuno, ar ylt haheen disseverestia @ceprgance pitae prasenfinvgnticn, Hof cQTORINGS not ed

bt & 1Bl B Ve stk S0 PRbE I (B BEE, & SRR ERERh >
* br ancheghfads, parebulsrly ABS BT ahHérwaRd stnibhsias, vo RhRH a Y sticanpRatish esmpridhg 1 t O

12 carbon atoms. The expression "l ower alkenyl" refers to unsubstituteéd
al § cenydnegr ongrs swth compoubdciaappliedat ons. 5 Exanpl es of al kenyl gr oups

“include et henyl | |, butenyl . pentenyl ..and the |ike. The ter.
oubst 1t ut ed 2l keRy PEaRkein.3hs G oioRRRng PYeshists BSep pit and HjoreRgime
exanpl ehadpakiRigfe BuRsfol il Senc8 ifbIMPSAtwE® hd R aRA BndiforiRIAts, includinglz J

substituents. The substituents are the sane as those described for al

gr oups. withouT himitatiombaciesid, diatethe hydtids, algan byyozdansoprotnizognsland mecmiouiants. |
hydr ocar bon grou having 6_to carbon atons i he ring portion, such as
o ponne ol P ey Pre e gt s e BB TBtenA B fRrpisas
Sy@Stitﬁgﬁm$TBJ §.m "substituted ar yl" refers to an aryl group
substitute y, tor exanple, one to seven substituents, and, preferably,
one to four substituents such as those disclosed for alkyl 15 and al kenyl
groups, above. The term "acyl" as useCHerein refers to the radical C(OR,
in which the R group may be an al kyl, |l Kenyl, aryl, aral kyl or cycl oal kyl

group. The R group may be straight or pranched chain, substituted or
unsubstituted. Wien the R group is s ituted, it will be

XI

IA)

15
wherein X’ represents hydrogen or a straight or-branched chain, substituted or unsubstituted

lower alkyl, or a straight or branched chain, substituted or unsubstituted lower alkenyl, and Y
represents C=0, HC-OR’, or HC-C], R’ being a radical selected from the group consisting of
hydrogen or acyl, including all isomeric forms of formula (IA).

20 The following definitions apply to formulas (I) and (IA), above:

The term "alkyl" refers to straight-chain, branched, or cyclic unsubstituted
hydrocarbon groups of 1 to 12 carbon atoms. The expression "lower alkyl" refers to
unsubstituted, straight or branched alkyl groups of 1 to 6 carbon atoms.

The term "substituted alkyl" refers to an alkyl group substituted by, for example,

25 1 to 25 substituents, and most preferably one to four substituents. The substituents may include,
without limitation, halo, hydroxy, alkoxy, cycloalkoxy, oxo, amino, monoalkylamino,

dialkylamino, aryl and substituted aryl. Among the alkyl substituents noted above, particularly

6



“whi ch at

substituted with at | east one substituent selected fromthe group |
consi sting of hal ogen, hydroxy, 20 al kyl, al kenyl, alloxy, aryl or aralKkyl
groups. WO oies11z " hal ogen” refers to F, C, Br, or |. Wempg/ g6l S
descri bed herein as substituted with nore than one substituent, it is

i ntended that each of the multiple substituents be chosen independently
from ar@ggnfeagrmﬁjﬂytsugﬁ{tﬁeﬂmnti oned above. 25 Many of the conpounds
descri bed herein can be derived or extracted fromnatural products and have
no appreci abl e hakhef tarmef alkenyl'onefarsi trarefpis 91 atfaight-¢hain, Threnehsdp oursasliar e
obt ai nabl e fr comercial ,sources. or synt hesi z fromreadi|l

avai | aorisoeyie B Ry R RR Broutb /R 18 el AP R ¢ B SAgBslap g o
exanpl ealkdfyl"Nefedd @athsatiditited SREBN ELIups OF 236 6 ChrboA afdthdl Synt hesi s, Chapt er
22, VCH Publications, Inc., New York, NY (1996); Agric. Biol. 30 Chem,
4631); 319 (1982)Examplesiofalleng. groms:izdede ethegyB propenyl, buithylepestenyl, esdithes of
re incorporated herein by reference. 7 VNO 111/95718

PCT/ USI }l?f~0')29 Al'l of the isomeric forns of the conpounds of Formula (1),
above, may be useghdidr) RIBGHEH Akeh{I Sefel @ AMkenINGbHE isiSsiRIEa By UfR!

i somers and stereol soners. In the case of the conpound having the énpirical
f or mul aex@hiphe; Oto 2 substitmants eandiniest prefereh]y onety fowr shbjtiteente AT esupstituents are
(+)-isonenthol or (+)-neojsonmenthol. The cis and t~a~zs forns of

p- ment h@ﬁs@gaq%psmc&p 'glgylo%mﬁ%sed in the practice of this invention.
Esgers of the co nJegcr T=J0N0 FIPPRRI. ¢ 0 i acyl
1 6group, are suﬁ%ﬁgﬁfg&ug‘%&?%t ?lég){cggggplwgﬁ@@Fl%\/\h%rtlxzﬁ%ﬁayggtﬁgr@ﬁgei ng
pr ef er riggingeioriesaion hionts ie Xamtgoridn, suchiasphtey] naphthyl, bighenflanddiphénydm C~
- C6 al kanoic acids, which may be either straight or branched. O her esters
whi ch nEpupse eephed Which may be aelistidiedt this invention include aryl esters,
i.e. those forne (o | ] 8w ' | ' i.d,
phthal i caci d.  maPRtALY cupAREE e, RSB el ER A, REPA At W T
est er s. toRepdubadtusRERau sefct Dy, ba€ td fout AtbsptrERRUCH AMBOId disclbsed fordakyl
(-)-menthol 15 {Forrmula I'l), {-)-trans- p-nenthan-3,8-diol (Forrmula Tn),
(13 - menatdydlkenyl gronps apeer: nul a 1V)

P s S R S SR B,
- : d I
(152 809 8. 500N 00y g o T & ooyt scpl

branched chain, substituted or unsubstituted. When the R group is substituted, it will be

substituted with at least one substituent selected from the group consisting of halogen, hydroxy,

20 alkyl, alkenyl, alkoxy, aryl or aralkyl groups.

The term "halogen" refers to F, Cl, Br, or L.

When a moiety is described herein as substituted with more than one substituent,
it is intended that each of the multiple substituents be chosen independently from among the
substituents mentioned above.

25 Many of the compounds described herein can be derived or extracted from natural
products and have no appreciable harmful effect on animal or plant life. The compounds are
obtainable from commercial sources, or may be synthesized from readily available starting
materials using known synthetic routes. See, for example, K. Nicolaou and E. Sorensen, Classics
in Total Synthesis, Chapter 22, VCH Publications, Inc., New York, NY (1996); Agric. Biol.

30 Chem., 46(1); 319 (1982); and J.A.C.S., 75:2367 (1953), the entire disclosures of which are

incorporated herein by reference.
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8 WO 111 /'15718 PCT/ U SO1 /-40029 The conpounds shown in Forrmula | nay
be included in a conventional paint conposition as the sole antifouling
agent, orwe@geshign conbination with other antifouling agempics/ydelsndes,
antibiotics, and natural products or extxacts to produce an additive or
synergistic effect on attachnment of biofouling organi sns. Exanples of
non-toxi ¢ anti f ouAll ofthedsorharid foarhs dethd campalimals tof Fermula k) eboangedy aksadt one,
al pha- sant oni n, al pha- net hyl - gam‘ra- but yr ol act one and al ant gl act one.
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organonetal lic antifoulants, such as tributyl tin or triphenyl tin, or 10

i nor gardiel max likevwibabr gsedue Hhearacticg ©f dis Beriiorcupr ous oxi de, to reduce the
-total anount of tQxi tifoulantss in i.ven coati nmaterial. The

(1 mfoaning conpgnetré R RRS selteel vy RV EREMTY ErbRreron A% e
any conpemsite fitablRTB fkatih s HveARoH) WVest Byl Batbrs ibsing§rétetr¥d aREPre Rt ARE
adheres to the surface to be protected when the surface is subnerged. The
speci f i exafiplandforel astersap thise fomeednizom i seCe slkenpi¢ @gids, whichimayl kg either

l'icati i [ th terigl . t.ructi f.th
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i nventio thée active ingredient in Formula | that 1s present in the
coat i ngnapbtiese dond anahtha difce vastwelbasathdorbfomgicoacirhestass, t hereby preventi ng
their attachment._A_variety of synthetic polyners are usefuyl for this
purpose. Exanpl esFrsfered sorBpinsh fgbwm thegierent ivenien awi%&%fafwﬂw yrmer
resi ns, pvi Le IN et at Al ¢ j i nd
U ot har GO gl BBl bentRE) Biciol (B T - EMeRliE BRAE ol RRlaTY). "
unsat ur @t egdednil s (bmkthyhatiyi)desiohsayijoryled, 2apiamnadiblantalsls i demwrgl ysol s,
and gl ycol nononers. Preferred filmformng con‘ggnents are mxtures of

e

na? ur al meRBPRyPseRinGdinh) Fempda Vo e3metiyl-2od sngthgletspyl) ¢rdphexapold@lso kepwnal
mari ne i\ ' ' LS it ctice of this invention
25 is Aér%ef)lqtg%iuef%g @gmg?%M’tang#')Kﬂng{r@%&ﬂﬁP @E@gti nal , Pasadena, CA

Conpar abl e mari ne paint vehicles are also avail able from Jotan, AS,
Sandefjord, Norway. The coating cpnposition of the invention nmay include
conponents in addition to a conpound or compounds of Formula (1) above, and
a filmfornung. % nore desirabl e properties,
such as incre dhor decreased i ncreased 30 or
decreased ri g 8 eased perneability, or

i nproved wat € 2 gnce. The setectron of a ‘ &ar conmponent or group
of conponents tp inpart such 9

an (In awvy
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WO 111195718 PCT/U Stl | Lt0929 properties are within the capabilities of!
those having ordinary skill in the art. The coating conposition of the
present iWgenhiap My be used in various paint fornulati opgr/ gLy pai nts
bei ng preferred. The percentage of the active agent in the coating
conposition required for 5 effective protection agai nst biofouling agents
may vary dependi riBheocorhpminds shaven &gBodmuld § eddy, bet ineludédeinug abnveationa pafntt he

r additives present in the conpagsition that may

filmforner,. as Il as &202‘? i _ )
i nf | uerfOROsIIoB RS Respls @Rioylipg agent onadded in cogalinationayidly othenantifonling agenise

agent j ; t - j
composi T Pais SRR ARRM oo @R RO proflo B AR TR RCk

* per centorbyttavhirght obbioftvgingosrgasisms.oExatPlel v mdrpRicrasifedlifgoigentsainChyde may
be_included in a paint formulation during the paint manufacturing processes
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Acad. Sci., 2001, 98, 5981-5985, the entire contents of which are
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may al so be 20 ingorporated with slow_rel ease materials which permt the
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t ecept aridsma AR ShPRed ids SRR aoft At I Winbriel” giferod
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need for the conpounds of formula (_Ia to be irreversibly consuned in order
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however, be produced by inhalation, respir ation, digestion or inbihition
of the active agehhe dpatingreompasitisnresdre isvantion tnaxiigdude dohipeneiteinsagidp®ondgd t hi s

invention is any article havin syrface.coated with a coating containing
At | oast EREUBO G SRP S PO DaPoxhanut Bindoming datariibiads Grofie
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to attach, such as netal, wood, concrete, plastic, conposite and stone.
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resistance. e selection™of a particular componefit or group of components to impart such



15 boats and ships, and particularly their hulls, berthing facilities, such
as piers and pilings, buoys, offshore rigging equipnent, intake screens for
wat er di swoiopwgsiien systens and decorative or functional cegansiPLiRdone
formati ons. The foll ow ng exanples are provided to describe the invention
in further detail. These exanples are intended nerely to illustrate

speci f i poparbedirersvithen e capabiliteasd ghase bawng 2alimary kkilldn dredart oat ed articl es of
the invention, ang should in no.wg&age construed as limti t he i nvention.

n
These exanpl es proifi (PUREEOMBATHLOlHe Prasenl 1B RHQR fedy tfedlsaéglb?"i‘ﬁ‘ﬁ’é Paé

ef fi cacynRf1a664st flafnE SR frelag invention in inhibiting settlenment of
bi of oul I ng grgash?igr%rsl. BEXA%@@ 55 Antifouling Test Methods a.. Collection

and Cul ture of BdrheaptreentAgbubf theodctivheagbair matheecoaag @onpesitianptquitad foe
[W n, re coIIected,fertq,e Sacred Heart. Marjne Research Center. at St.
jofoy din |

Da .
MaPy' s PggRrofaqlian, Rt PGiagentTReY FayReding (it Be actiaagantisgllt the

Tol o i RRRa o (RGeS LSRIER oLk stk fe CofoN o 1aDfay
82: 131-ihflGer(cd AAdffeclinencay of thel attivet dgents tGgeratlly, thBiactivd fggnbesmmrides betavega i s

conpetent to attach to surfaces. Upon attachment to a surface, the |arva
t hen 11abouif01 and gwopt 80 perrenyf they coafing oampesiandiycycight, anbPisiaally bptyesn a

bar nacl g. Se e t__AsS [ setil ement assays were undertaken
usi ng t%@uﬁ%‘g‘ ﬁB@lta%%@?pipﬁle%%ng%e"\?%gﬁg&ytﬁ%f/orﬁ%sfusé’h_of S et al., J.Chem Ecol.,
110551- 563 (1985) The¥on@iduitds dfHoe@0laTDxehywet il @kiif a pahf fordumi6s dueiEhti | | ed
wth 5 nml of filtered seawater at salinity of 33-35 parts per thousand

(ppt) apfdnti mamfegiiang Brogesses brladdedrtodhe paige at thevtipe wé use. abitkecomdinds éut

conpoungds re intraduced.at, varjo concentrations i.nt.o.the dishes,

cont ai T Lo o SRR 1 8 SIS RPNt v ooy B 5 free.
(-) tr apss R ARAL 80aidgSwHicR hHowOBAhH Sof R B nipBRAESIE MR Yroh s B A SRR N
whi ch no test 10 compound were added. After incubation at 28 C for 9

hour s, ¢dmeponesthcEhevantifouding agers dhayrvd epvaendt]ydwaod iaihe msir, ksowpes tablabtearm ne

o AR A e 6 B ot b L
G, BN 8556 115y RS PEERETAOSealo 1k AR B AT g Lo

pr esent @hound BbBpoundasfddrimalar leis tensexposed(whenntbehdrblyk&d kyer is twashed awdyt. G 2.

The settl enent, for each concentration of (-)fraps-p-nenthan-3,8-djo], tested
wns { OUNs A5, BlleBer aletn Rag, Nas. g 2l ZBIIO5T BOBadhe v Conjents awEishs T or

the confyp %corpTJ}‘EteJi B%éference herein. Furthermore, the compounds of Formula I may also be

20 incorporated with slow release materials which permit the controlled release of the compounds

into the matrix of the coating, thereby prolonging the effectiveness of the coating and reducing

the amount of compounds necessary to produce the antifouling effect. Encapsulation into such

slow release materials also protects the compounds of Formula I from the harsh chemical milieu

of the coating and would reduce degradation of the compounds while trapped in the resin, if they

25 were susceptible to degradation. Examples of these slow release materials include: a)

microcylinders composed of metallic cylinders or modified molecules such as 1,2-bis-(10,12-
tricosadinoyl)-glycer-3-phosphocholine; (b) liposomes; and (c) cyclodextrins.

While not wishing to be bound to a specific theory regarding the mechanism of

action, it is believed that the active agent of the coating composition of this invention,

30 represented by Formula (T), above, functions by producing an environment at the surface of a

coated substrate which repels biofouling organisms, thereby preventing their attachment and

10



percent age of settlenment {14% p<0.05) was obtai ned using the highest i
concentration of active agent. 20 The settlenent for each concentration of
(-)-ment heboiestigd was found to be 39% 34% 26% 23% and pe¥96S01/40929
respectively, versus 58% for the control. Here again, the | owest percentage
of settlement (21% P<0.05) was obtained using the highest concentration of
acti ve ggetiton tHdeatainarfact Th thisrunnesiHayit isesnjestecedithatdet comtponads dfifomhdlect i ve

concentration of 25 a nunber of different conmpounds of fornula 1, above.
The ef f(Bedbaye. %ﬁwﬁtf%haméﬂ@yelﬁe@ssmg yith HERCQ%%F@EWPFSaﬂf tosnfopling RTgaRisMSite e d

he bR Bleds! T RELEGM ot R Mo Bl cOHRL bE pBbAAGNC nd BpRRAAGC! ©

| ar vae presen Sonert C f the

-acti ve tageMnd sl est th@@oxﬁmd@l@frfaﬁhﬁla (M d beeifeeersidly ddsurbd 1 dreérito exHibiet
produced, as can be seen in Table |, bel ow Conpounds having hi gher cooling

ef§ ect gntifgulant elivitse dlt v owle tharefors, bes desirahle to- E)ttaglm theseupasyds offermula (I)

SRR e NS B RS SR R R PR P
Ci s- p- RNt Be foléséd Rlto ftre)mdriRRavRorRe hdRe Sah¥oitirP bffddRon e mdFobrzhnigRet hol
1S, 2R, 5S-(+)-nenthol _+ nenthol (-)-nmenthyl chloride (-)-nmenthone

(-) - i sapay, boweversetpnoducpd bpiheldtion, réspiration) digesti@oar imbibigor oftho@tive 2@ 1
0. 00003{ 8 000002 EXAMPLE 2 Anti nucrobial assays agai nst marine bacteria
associ ave ©WEROEAMANEpl aitrite The effect of (-)-nmenthol as a

bggteriostati c coMOYRiYBE sddpe bBGAIMMDh iUnYarthde Baving a surface coated with

a coating containing at least one compound of Formula (I) above. The coated articles of the

invention can comprise any material to which biofouling organisms are prone to attach, such as

metal, wood, concrete, plastic, composite and stone. Representative examples of articles which

may benefit from a coating which inhibits attachment and growth of such organisms include

15 boats and ships, and particularly their hulls, berthing facilities, such as piers and pilings, buoys,

offshore rigging equipment, intake screens for water distribution systems and decorative or
functional cement or stone formations.

The following examples are provided to describe the invention in further detail.

These examples are intended merely to illustrate specific embodiments of the compositions,

20 methods and coated articles of the invention, and should in no way be construed as limiting the

invention. These examples provide the results of tests conducted to determine the efficacy of

certain compounds of the invention in inhibiting settlement of biofouling organisms.

EXAMPLE 1
25 Antifouling Test Methods
a.. Collection and Culture of Barnacles
Adults of the barnacle, Balanus amphitrite Darwin, were collected from the Sacred Heart Marine
Research Center at St. Mary's College in Tuticorin, India. The barnacles were crushed and the
nauplius stage larvae were collected for culture to the cyprid stage following the method of
30 Rittschof et al., J.Exp. Mar. Biol. Ecol., 82:131-146 (1984). The cyprid is the stage at which the

barnacle larva is competent to attach to surfaces. Upon attachment to a surface, the larva then

11
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30 EXAMPLE 3 Antim crobial assays against marine bacteria associated with'
Per~aa sn The test procedure enployed was essentially the sane as described

i n Exanplwolmaesagi al strains using standard agar diffusi opdraginiyeses, as
descri bed previously by Avelin et al., J.Chem Ecol., 19(10), 2155-67
(1993). The bacteria used in the test were as follows: (i) Aeronaonas sp
(Ael); dridedgobemetmiuaphasis intexdarnddle.i ) Al cal i genes sp (Ah); (iv) Al caligenes
sp (Al 2); Flavobacteriurn sp (F); (vi) Pseudofaionas sp (Pl); (vii)
Pseudonao~aas sp (PZ); (viii) Vibrio sp (V 1); and (ix) Vibrio sp (Vz).

Bacterial isolates were grown o %I?gl and (-)-nmenthol was | oaded at
a concentration of 0.004 ng/m (r)e)ha%mae : Alrgi%{ydi sks. The data show t hat

“anong tRanhacicdmént atsaid Wereiaddreten A8 OMaoRsABodERscr{dlpreasglF b yaielawier i um
sp. (F) were sensitive to (S-é-manthol wth a zone of inhibition having a

radli us girabal-EhemhBeolsd 1AHl-503(188 e Bridly: Erlcan 59x9 aima plagikie petipdishest werg

‘sensiti 0.(z)- hol,. See FIG.. 3 ) dat a obt ai ned sho hai. anong
the e ghirecydisd 3 HugRa s it Guinin 25 e e Bohnd s Bl Chigh T ve
to (-)-38E BRI cypiidt dlage BARE Wiire WBMDT ThORsD8yhpsinds Wadd Ustrdllugdd &f virtRe 8. 5
mm The ot’her bacterial strains were noderately sensitive. See FIG 4. 13
WO O1/ SsntéhtiadahHnE the dishésiconiaomingdea@nentTheddst ddmpovadiimchmled (+)menthodlgad

PCT/ USI [/ -411929 The_iii,k vitro cell growth inhipition assay. used in this
test i s(-H’@g\%—PrrB@Hal?ﬁ;gA@@i{@ Longtols, wee a“‘?RthS@H{GG_E@b (hose gighes. inwhishaBp et a

t F(ﬁ ti ol erifduhd v@ré@c{éie?.e Aftef {&uﬂtﬂﬁeﬂt 1o 'f'(Sra}jlﬁJf)]T,ttllfLBdiEﬁég%&E Q)Eéfrﬁngé‘ﬁﬂde&;ESt

al gae was ‘1 nocul ate romstoclc culture into fllasks contal ni ng growt

medi um a dissectirguinivodscopstoaidtaminedf thtre wak askmattalitsr Thelarnae neerthemaltilledwitanal
the grow h was_nonitored on each f|ask using grhaem)cytorre er t?t 24- hour

i nt er val & {ymalingRg thegmmbepabafiached andanatigchd prvapeere seunies Jpftiqrsnd difast
oot AL BRI SR NI o L o
obtained using (-)-trans-p-methan-3,8-diol are presented in FIG. 1 and the results for (-)-menthol

15 are shown in FIG. 2.

The settlement for each concentration of (-)trans-p-menthan-3,8-diol tested was
foundtobe 51%,45%,41%, 27% and 14%, respectively, versus 59% for the control. The lowest
percentage of settlement (14%; p<0.05) was obtained using the highest concentration of active
agent.

20 The settlement for each concentration of (-)-menthol tested was found to be 39%,
34%, 26%, 23% and 21%, respectively, versus 58% for the control. Here again, the lowest
percentage of settlement (21%; P<0.05) was obtained using the highest concentration of active
agent.

The same settlement assay was used to determine the effective concentration of

25 anumber of different compounds of formula 1, above. The effective concentration (ECsy) is that
concentration which inhibited the settlement of fifty percent (50%) of the cyprid stage of the
barnacle larvae present in a test sample. It was found that the isomeric form of the active agent
tested has considerable influence on the inhibitory effect produced, as can be seen in Table I,
below. Compounds having higher cooling effects, with reduced minty aroma, such as (-)

30 isopulegol and menthoxypropanediol showed superior efficacy as antifouling agents.

12



- |
Inhibition of Nitzchia sp Gowmh Using (-)-nmenthol The test procedure {
enpl oyed was substantially the sanme as described in Exanple 15 4, except |
that Nitzaghaiessp. was substituted for D. tertiolecta. Thecrageli®20f this
test establish that (-)-nmenthol was effective at all of the concentrations
tested in inhibiting the growmh rate of Nitzc7aia sp., as conpared to the
control. See FIG 6. 20 EXAMPLE 6 ITABREI on of Attachnment of Fouling
Phyt opl ankt ons on Subme~, ed Cenent Structures A raceway neasuring 100 feet
| ong, 15 fteet @R 3 feet deep was con u },g#mj)ear the sea and lined
with a pl aSt(I:C I ner. Seawater was purrped%dicfog(ct y fromthe sea and the 25
growt h ] i 0' 711 zation of the
- seawat dit) CHHETED 0 ‘gp of the seawater-yas approxi mately 150 cubic
met er s. OrEsRyTERthas, ul ated and aer at sing a paddl ewheel . Sanpl es
of the HodRabBrOmdethahal yzed after 30 day@9@hd found to contain the
- f ol | owi Iy 2BpéBi(epmefithdl at oms: G anaf nat opl @dri a oceanica, Nitzsclaia sp.,
A, inplaoeathep., Ar~ap7aora bigilba, Tl2al@$siothrix sp., Stauro~aeis sp.,
Li@~nopbpmenthpl chigddé Navi cul a sp. The 30 sge@@t er al so contained the
di nof | aogkkathgne Peri di un~ sp., and the bl ugogs een al gae, Ccillatoria sp.

and R v, I . 14 WO 111/9i 718 PCT/ U o~ ) 929 A conventional paint
f or mul a”%g '?ﬁ%? V\%Pgr ee of any tributyl ggg&dggnpounds was 5 10 used as a

cont r ol MEBIPHPTGRIP tions embodying the t invention were prepared
by incorporating (-)-menthol and (-)-(trans)-p-nenthan-3,8-diol at a dose
c%\centrati on of 5 percent (5% by weight of each conpound into the sane
pai nt vehicle used for the control fornulation, and these two formul ations
were painted on separate surfaces EXAMEPEENR structures placed in the
raceway. The controls consisted of unpainted cenment surface and surface

pai nt ed wi t hARUMRICTARIA 85SayHAZGHINSHINBANE DACICFIA ARIO0L iateds withy B.qmplifrite o was -
| owered into the C hd o i At L.nuUo r for
60 Gaya. ALt ho- oht ST RELLREIT A0S B ORI MR RS i ChGRURE

br ought bdc@rfah&rasn dsatesthiiard AHPaiFfusn. techigyues e ldeserdbd blviousBy Avedinett
forth in Table I, below. TABLE Il 15 20 TNVENT DE E OF Bl OFOULI NG ' ~

UR@ai ntald J§ihefra EigoksHCH0)COHIGT (1985 ht Theibasteria-usedrimthi dést prereant follaws, 8) di ol
Aeromonas sp (Ae,); (i) Aeromonas sp (Ae,); (iii) Alcaligenes sp (Al,); (iv) Alcaligenes sp (Al,);
Flavobacterium sp (F); (vi) Pseudomonas sp (P,); (vii) Pseudomonas sp (P,); (viii) Vibrio sp
(V,); and (ix) Vibrio sp (V,). Bacterial isolates were grown on agar medium and (-)-menthol was
loaded at a concentration of 0.004 mg/ml on the 6.5 mm disks.

25 The data show that among the bacterial strains tested, Aeromonas sp. (Ael) and
Flavobacterium sp. (F) were sensitive to (-)-menthol with a zone of inhibition having a radius

greater than 10 mm. The other bacterial strains were moderately sensitive to (-)-menthol. See

FIG. 3.
30 EXAMPLE 3
Antimicrobial assays against marine bacteria associated with Perna sp
The test procedure employed was essentially the same as described in Example
2. '
The data obtained show that among the eight bacterial strains tested, Vibrio sp.
35 (V, & V,) were sensitive to (-)-menthol, with a zone of inhibition having a radius greater than

8.5 mm. The other bacterial strains were moderately sensitive. See FIG. 4.
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The degree of fouling was graded as follows: (+++++) highest anount of
fouling attachnents, (-) no appreciable fouling attachnents. These data

al so demapshi/adgst hat the conpositions of the invention apeTwghfliezd 30
resistant at least for the duration of the 60 day test period. EXAMPLE 7

I nhibition of Fouling O ganisns Using a Marine Paint Conposition Containing
~ -nmenthol and (-1-trans-p-nment haleXABHIIPOY Separatel ~and in Conbi nati on A
floating platformwas constructed using |layers of banboo and Styrofoam
floats. The pl atf or mInhibitiensofgrewtl efiMarimgd/nicellulacAlgagndat e test panel s
measuring 4 inch x. 12 inghe: 0,25.1nhches, L exper.i. a i nt
was prepared, con G i bo %eq&@%@hlé‘i’}%?t‘%‘% R ?Sgélrgrpﬁ%{r?tgt 1§§g%:]n g%%%lr‘%‘)ﬁéé%c’)xi de
and no QLNENCRiM A, Wprgh was used as the control. To this conposition was
1,5 WO 111/95718 PCT/US(11/.111')2') 5 added a conbi nati on of 0.5% by

web ght of (-) -t r abenglielfe tartiolacra i rdavire raigth Dga@gnbiared in thedaboratiry (Erolysesti t i on

*A). A second paint c 0sjtion was epared fromthe sa i ne i nt
vehi of g R S o s R TR e nal RN DOy (AruTRg P

(-) - menidaed tof e PRaSAtvaBBuoncéhitdtiohs ardPthB ZHtbvidthi v} MEHLI&HEN E4cQTabR BiRgTe
cuprous oxi de-contai ning marine paint vehicle, to which was added 2% by
wei ght alfiaefnorytometes -ap24vbotharerdlSupliodhe (Gshpbasetdf dire @lturesol i d i ron panel s
havi ng the above-penti gned di nensi ons wer e .pai nt with the 10 pai nt
formul ati ons thusﬁ%rré 8 t,hlSﬁF%@%‘HO?Sﬁra{eﬁéatﬁ&rﬂ%mgaiWsﬁﬁé"q‘ied%’t“ihﬁfémﬂﬁ@Ff orm
ang su i ; fo B Cove in San Dionisio
ng (P%Fﬁlgﬁ%r}gg?ﬂfc f(yrjﬁggéplérﬁrtgﬁé g‘%ﬂéﬁg&ﬁvvglﬁa@?ep‘l%% Fgg}?]g] s were exam ned fox a
few m nutes every three nonths and i mmedi ately resubnerged after

phot ography. After 78 weeks, the panels were renoved and i nspected. The
nunbers of barnacl es attached to H¥ANHHES were counted. The maj or

foul i ng organisns | nfmigﬁﬂmt [ﬁ?%‘&gﬁ! Qr @ﬂlgﬁﬂ!g)%g}@gm trite conmunis,
and the rock oyster, 3 ined are set forth
in Tabl e I'll bel ovhe tEhipsedatamplined wagsubstantidlby tRO sathe Stes@itet 0l Etditple

(-%-trans-p-rrent han-3, 8-diol are effective antifouling agents with
sédt | enbekcapathes Noreine sp. veasdubstituteg fordd perdilagéd.y. Wien the two conpounds

were used in conmbination at t.he | o . CONC rati.o 5.9 i

each, the prot ergﬁ. k’/eereegflﬁsec?f t%zesﬁﬁg\%ﬁé@i %gﬁ?—f)-n\}& t}hoqa‘%sse%}&fcgr@e%? A a(ffg@%f

5. 9% TARkEttdibns tested in inhibiting the growth rate of Nitzchia sp., as compared to the control.
See FIG. 6.

20 EXAMPLE 6
Inhibition of Attachment of Fouling Phytoplanktons
on Submerged Cement Structures

A raceway measuring 100 feet long, 15 feet wide and 3 feet deep was constructed
near the sea and lined with a plastic liner. Seawater was pumped directly from the sea and the
25 growth of naturally occurring plankton was induced by fertilization of the seawater. The total
volume of the seawater was approximately 150 cubic meters. The water was circulated and
aerated using a paddlewheel. Samples of the seawater were analyzed after 30 days and found to
contain the following species of diatoms: Grammatophoria oceanica, Nitzschia sp., A,inphora
sp., Amphora bigilba, Thalassiothrix sp., Stauroneis sp., Licmophora sp., and Navicula sp. The
30 seawater also contained the dinoflagellate, Peridium sp., and the blue green algae, Ocillatoria

sp. and Rivularia sp.
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Concentration (% w v)PAI NT(-)-trans-p-# '
of ¥COVPQSI TI ONnment hanBar nacl esSet t| enent 3, 8-di ol (-) - ment hol per :
pl at e CONMOWO418100COVPCSI TI ON AO0. 50. 575. 9COVPCSI TI ON PCT/US01/40929 |
B-2.01916. 1COWPCSI TI ON C2. 03227.1 The foregoi ng exanple clearly -~ - -
denonstrates that the conpositions of the present 35 invention containing
conmpounds of For ndteénvehjiomd priat farraulatibethiat wss firese giaryeibutyd gn chapairdaoagent
of fouling marine al gae and pl anl ctonic organisns on the surfaces of

under mtse&? ag 2y gRtgh-e 2 fRFMBlRtionsecabedydng fheoprepant dpyantien vaare prensird Y.

compos: Traplind CLaRRLLR ;. Rty Picpiblio 204 Blo) HSHOSS ARG Bligh BFspepcnt 1
Assay RE%) Uy Skidht bf ddch cdBPolR®inbOmhs sethe bhiat Whidle usddrforihe chhitidlFaimaulstadd, saa,

were hatched and maintained in normal seawater at 14 hours of |ight and 10
holir s cinddaask Hes Bprimnglatione waeppainfetormseppiate sufieees of cemenistraetueey plasedi the

- di sh t ai nj i ds. of , f | b t_differ
Concenti Gne s RioIO e ROt Hpdinita cEpEH; Rrtecs AP Mt Bantietd HiF e e
count eUbonE'EBlefohﬁhM%n.W?h@%zﬁﬁdéﬂ e&hi6f sBcthitey £ABRERUINoIRNrab &Ry SIIG¥Haindi City

to fifty percent of the brine shrinp nauplii (LDso). 10 TABLE |V CHEM CAL
(-) - mercontihudislisixpgsed to sedvqter) for 608y - Aethe lsad o (18- ekipobure p8riod) heycement

estimated (-)nmenthyl chlqride > 3.000 g / estimated (-)nenthone > 3.000 g
71 carstgti e Mauekidp Hestitare Binposcton) Tl fos haaemsiptne ol
31@- di of et hyl chloride and nmenthone show that toxicity occurred only at
extremel’y high concentrations, indicating the relatively benign effects of

t hese conpounds conpared to TBT which is toxic at extrenely | ow doses. In

t he barnacl e, Balanus anaplaitrite Iﬁéwﬁm acute toxicity with TBT
chloride, for exanple, occurs at amt ABLEMt ed dose of 3.4,ug (m crogram
per liter (or 0.0000034 grans./ liter) 1Dsg 25 as descixbed in U S Patent
# 5, 314TRBARMESH hart, et al. FDEGREROEBIFQUBINGf®ctive concentr
at§ons (EC50) for (-)-nenthol at 0.004 ng/m , for

(-)-traggpanB@RikaR- 3, 8-diol at 0.001,pg/pi, for menthyl chloride at 0.0001

my/ M, agdedi Bhinfent hone at 0.001 ng/m . the nauplii of the barnacle,
Bal a~zu_)_{e}l§g§ gl tf-ite Darwin, did not show any nortality after prolonged

exposur egs§dlc?ncent rations, again denonstrating

p-menthan o
20
* The degree of fouling was graded as follows: (+++++) highest amount of fouling
attachments, (-) no appreciable fouling attachments.
These data also demonstrate that the compositions of the invention are water
25 resistant at least for the duration of the 60 day test period.
EXAMPLE 7
Inhibition of Fouling Organisms Using
a Marine Paint Composition Containing
30 -)-menthol and (-)-trans-p-menthan-3.8-diol Separately and in Combination
A floating platform was constructed using layers of bamboo and styrofoam floats.
The platform was designed with holders to accommodate test panels measuring 4 inches x 12
inches x 0.25 inches.
A first experimental paint was prepared, containing a biocidally effective amount
35 of cuprous oxide and no other biocide which was used as the control. To this composition was
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30 that the antifouling effects observed did not involve any toxic effect
Wil e certain enbodi nents of the present invention have been descri bed
and/ or exeophiiiigd above, various other enbodi ments will beTappauend to
those skilled in the art fromthe foregoing disclosure. For exanple, the
utility of the coating conpositions of this invention is not linuted to
pr ot ectdddad atormbinativn ft0r 1% by weszht S steans prpesihtin-GrBs divhandl. 5% of ¢ )-menthol
advant ageously 17 V1' O Ul/)5718 PCT/U S(11 L10929 utilized in

ar chi t PRSItigR )] AGEINPAINT ETRPISHEPT BATRIPRA ST tlzf»‘ssaw&mannmmﬁv%@ﬁt

i nventi

desci z bcg)g télrﬁgg wﬁéﬁ%&[l?e’ftg% . H %%ﬁgg%gt F}ng@%gf\@ g’b@@“ﬁf "and
-modi fi cAthifformbABG#H wd@ﬁﬁﬂé 15405 tflé S éi@rc&fsmﬁieoaontdjﬂngmme pﬂnﬁe’ﬂlcﬂ& 1018

WD 111/9571H What is claimed is: PCI/U SO1 /.40929 1. A non-toxic coating
cobposi which was agdadsd R gy (Fejshd 0&61)1§@u$r§ Imnthfme3 Bdhwﬂampzsmplz@ Y X (1)
wherein: nis an t drogen or. ht or
br anched chai n- sSORTRDES Gpvih istp S FRBRCHA S Rdnd PlinBadibind
branc he[%nﬁffahﬁhlatwiﬁlhst Mkﬁcﬁe& IpldeBE UPHE hbldedn M KBSMIng platfRR RARAbSefes® OF
CR R2, wherein each of Rl and R2 i s i ndepe endent |y seFected fromthe group
consi stqqmgnmusmmhao@mmenmmfd@ﬂm CayerimBghDianisib Bayi cftédprines) fior asnebiotliof U8 ed or

o anes et ochd b PRl R T e R bk S,
N?@C( % @gﬁ;ﬁn &é}d? gggach I ﬁ@ég@ﬁdﬁf]t I g/éﬁgetp§@ %%e?ﬁg%%@ﬁﬁs cg%(si |P g?% Eg; of

h y d rog erlurdmds citbasriaglet attachéd ta tiedpedels atevousted sThd majerfoolingiorgaiism inctueldd

al kyl; and Z is hydrogen or a straight or branched chain, substituted or
unsubstthe Br@acle Mwuwfwn{w e CMPRIS) A the Ioek OYRiER e PF9sTen PHCUIIAS A d
conmpound; and (ii I r u e t,Nn
sai d conposition ?}hea%%b gﬁ%&r%d%??e t?tgﬁgén E%Btleﬁﬁc t @c& ?ﬁgﬁﬁ%‘ﬁ? t%(;tf -

bi of oul mangholrajlam)stmsqﬁman&um BeBediol are\effbatvmufblmngpgmti with sétSlemppi rard. 2.

The conposition of claim]1, wherein n is the integer 2. 19
15 of 16.1 and 27.1%, respectlvely When the two compounds were used in combination at the

iS.

!
I
|
[
I
|
]
i

lower concentration of 0.5% by weight each, the protective effect was more evident, with a

settlement rate of 5.9%.

TABLE III
20
Concentration (% w/v)
PAINT (-)-trans-p- #of %o
COMPOSITION menthan Barnacles Settlement
3,8-diol (-)-menthol per plate

25 .

CONTROL 0 0 118 100

COMPOSITION A 0.5 0.5 7 5.9

COMPOSITION B _ 2.0 19 16.1
30 COMPOSITION C 2.0 . 32 27.1

The foregoing example clearly demonstrates that the compositions of the present

invention containing compounds of Formula (I) above are effective in preventing the attachment

35 of fouling marine algae and planktonic organisms on the surfaces of underwater structures to

which the composition is applied as a coating. These data further show the long lasting water

resistance of the compositions of the invention.
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WO (11/9S718 PCT/USI1 1/-t0929 3. A conposition according to claiml, g
wherein n in said fornula is the integer 2, X in said fornula represents |
CH(CH3) 2, w¥ o1psmgi d fornmul a represents HC-OH, and Z in saigbtosiiuheo ’
represents CH3. 4. A conposition according to claim3, conprising
(-)-menthol. 5. A conposition according to claim1l, wherein nin said
formula is the integer 2, X in saiEXAMPLES represents C(CH3)~OH, Y in said
formula represents HCOH, and Z in said formula represents CH3. 6. A
conposition according to clai mAcuteckaxicity As$say._) .-t r ans- p- nent han- 3, 8-di ol .

I 7. A conpositi r g . ' r gl ' i g fornm is the
nteger 2 X in suacsdhifebi SthlaelldReid oyt PadRid g iihdetn

r epr esendrtatizablaterantl4 Bob of dight 4l TOUhGurs 6PHAREIRE ForBne-daf. The GAGPIAISWEON
according to claim?7, conprising (-)-nmenthyl chloride. 9. A conposition
acéor di wapsfared| (@i patd , dishee reonipimng ryagewsdedropeunids of Sommda iInplepes ap differemt sai d

‘fornmul a_represents ( 2, .Y in.said. fornul epresents C=0, .and in
sai 1 oRIRPEER AT R i gmkB oty R R R RET g Sp e oft ues
conpi ~s{yR& dxplesSRNNBE&ondehtrafios MR ARGV BIXi@ t%rﬁi‘tyﬂﬁerbéhtcdfethénb}ine \éﬁﬁﬁl?l nn
in said fornula is the integer 2, X in sand fornmula represents CH(CH3)~, Y
i n sai dnfuphin(ll2, X epr esent s CHOCH~CHOHCHzOH, and Z in said fornula
represents CH3. 12. A conposition according to claim211l, conprising .
ment hoxypropanedi ol . 20 WD 111/9S718 PCT/ USI) 1/ -40929 13. A conposition
aggording to claim1, wherein n i np@ﬂEflqj ~nula is the integer 2, Xin
said fornula represents C(CH3)=CH2, In said forrmul a represents CHOH, and
Z in saj . Tt ing to claim 13,
conpris i on according to claim1l1, wherein
sai d conpod —ah—a s — s ut 50 percent
by wei gt conposition. 16. A 8daB&dilti on according to claim1,
Wiér ei n(-3-anos-pomnthaneB,8sligir esent >i n af.08fpurdt f estmatbdbut 0.1 to about 10
per cent (-miemkyIghlori@e sai d conpospti on3,008.g/A paesitmaedpri sing the

conposi thRehtRénec! @i m 1. 18. A paibnt ag@oD@/NY t estthabdn 17, which is
formul ated as a marine paint. 19. A varnish conprising the conposition of

opul egol . 15. A conp

claim 177 Z0 A conposition according to craim I, wherein the conpound of
formula (1) is covalently attached to the filmform ng agent. ' 21
20 The data obtained for (-)-menthol, (-)-trans-p-methan 3,8-diol, menthyl chloride

and menthone show that toxicity occurred only at extremely high concentrations, indicating the
relatively benign effects of these compounds compared to TBT which is toxic at extremely low
doses. In the barnacle, Balanus amphitrite Darwin, acute toxicity with TBT chloride, for
example, occurs at an estimated dose of 3.4 ..g (microgram) per liter (or 0.0000034 grams / liter),
25 as described in U.S. Patent # 5,314,932 to Gerhart, et al.
Furthermore, at the effective concentrations (EC50) for (-)-menthol at 0.004
mg/ml, for (-)-trans-p-menthan-3,8-diol at 0.001 mg/ml, for menthyl chloride at 0.0001 mg/ml,
and for menthone at 0.001 mg/ml, the nauplii of the barnacle, Balanus amphitrite Darwin, did
not show any mortality after prolonged exposure to these concentrations, again demonstrating
30 that the antifouling effects observed did not in\/:olve any toxic effects.
While certain embodiments of the present invention have been described and/or
exemplified above, various other embodiments will be apparent to those skilled in the art from
the foregoing disclosure. For example, the utility of the coating compositions of this invention

is not limited to protection of marine structures. These compositions may also be advantageously
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WO 111/05718 PCT/ 11 S111/-ML929 21. A nethod for protecting a surface ?
exposed to an aqueous environnment from fouling organisns present in said:
aqueous ewwigi@giTent, W uch conprises applying to said surfiggey@13e2bi ng

i ncluding a conpound of the formula: ZHC-~Y ( z )~\ Y X (1) wherein: nis
an integer 1, 2, or 3; X represents hydrogen or a straight or branched

chai n, willzsd it aickitecturabamsllibdusttialtceatirgd foyhulations, as wallgfthe presbntanedgdndai n,
substituted or upsubstituted al kenyl: Y represents C=0 or . .. Wherein
each off %egoaﬁdmhﬁmitgi rqﬁaesgﬂa@ﬁ{ rybadiments cFibehiner E&P@BBEER%E%%‘E%% €of
hydr ogety, , : Al : I i Lt uted
al kyl , %tcroglalgiﬁxtqﬁlorv%%gnc%mgﬁg?%?&gu s?ﬁ}%{p g‘éurg#%g%eggsct% E? 81: te‘%@?%?ﬁgl ,
ORa, OWfl@nisa, C(O OR~, NRaRb, C(O Ra, C(O NRaRb, NRaC(O NRbR, C(S) NRaRb,
S(ORa, S(OZR, S(O 2NrRaRb, S(ONRa, arid P(ORa; Ra, Rb, and R are each
inéependently selected fromthe group consisting of hydrogen and strai ght
‘or branched chain, substituted or unsubstituted alkyl; and Z is hydrogen or
a straight or branched chain, substituted or unsubstituted al kyl, fornula
(I') including all isoneric fornms of said conpound. 22. A nethod according
to claim21, wherein the coating conposition of claim4 is applied to said
surface. 23. A nethod according to claim 21, wherein the coating
conposition of claim6 is applied to said surface. 22 WO 01/95718

PCT/ US111/ ~(1929 24. A nethod according to claim 21, wherein the coating
conposition of claim8 is applied to said surface. 25. A nmethod according
to claim 21, wherein the coating conposition of claim10 is applied to said
surface. 26. A nmethod according to claim 21, wherein the coating
conposition of claim12 is applied to said surface. 27. A nethod according
to claim 21, wherein the coating conposition of claim14 is applied to said
surface.

18



28. A nethod according to claim 21, wherein said coating conposition is [
applied to said surface by brushing, spraying or dipping. 29. A nmethod folr
prot ecti ngoanpeaged surface fromattachment and growth of mwhgee1andef ungi’,
said nmethod conprising including in the coating fornulation applied to said
surface a conmpound of the formula: Z (H2Q~ \ /Y X (1) wherein: nis an

i nt eger What 2 clayme@is: X represents hydrogen or a straight or branched chain,
substituted or unsubstituted al kyl or a straight or branched chain,
substituted or unsubstituted allcenyl; 23 WD 111/95718 PCT/ US| ) 11- 40929 Y
represeqts g - FRgeRy ntly ‘
sel ect eg' fr%qt]ﬁatogrﬁ oél%tlg%/gsi ??%?ﬁhﬁséﬁo%a%ﬁ?dggedr{ st?lglgg't or
branched chain, substituted or unsubstituted allryl, straight or branched
chain, substituted or unsubstitutedZal kenyl, ORa, OC(O Ra, C(O ORa, NR~Rb,
C(O Ra, C(O NRaRb, NRaC(O) NRbR , C(S)WRaRb, S(O Ra, S(O ~Ra, S(O 2NRaRb,
*‘S(ONRa, arid P(ORa; R Rb, and R~ ar h i ndependently selected from
t he group consisting of hydrogen and rai ght or branched chain,
substituted or unsubstituted al kX g}d i sy hydrogen or a straight or
branched chain, substituted or 58% al kyl, formula (1) including
all isonmeric fornms of said conpound. 30. YA nethod according to claim 29,
wherein said coating fornul ati on contai ng an anount of said conpound
effective for protection of said coated gurface against nold and m | dew.
31. A nethod according to claim29, wherein the conposition of claim4 is
included in said coating fornul ation. (?)2 A nmet hod according to claim 29,
wherein the conposition of claim6 is inhcluded in said coating fornul ation.
33. A nethod according to claim29, wherein the conposition of claim8 is

i ncluded in sal d coating fornmulation. 34. A method according to claim 29,
wherein the b @rpﬁsltlon of claim10 is included in said coating

formul ati on. AE ﬂ cording to claim?29, wherein the conposition of
claim12 is W‘FCE}DL} g% 3

X represents hydrogen or a straight or branched chain, substituted or unsubstituted alkyl

or a straight or branched chain, substituted or unsubstituted alkenyl;

Y represents C=0 or CR'R? wherein each of R! and R? is independently selected from
the group consisting of hydrogen, halogen, straight or branched chain, substituted or
unsubstituted alkyl, straight or branched chain, substituted or unsubstituted alkenyl, OR?,
OC(O)R?, C(O)OR?* NR*R®, C(O)R? C(O)NR'R®, NR*C(O)NR"R’, C(S)NR*R®, S(O)R?,
S(0O),R?, S(O),NR*R®, S(O)NR?, and P(O)R?,

R?, R®, and R® are each independently selected from the group consisting of hydrogen and
straight or branched chain, substituted or unsubstituted alkyl; and

Zis hydrogen or a straight or branched chain, substituted or unsubstituted alkyl, formula
(D) including all isomeric forms of said compound; and (ii) a film forming agent, said
compound being present in said composition in an amount effective to inhibit the

attachment of biofouling organisms on a surface to which said composition is applied.

2. The composition of claim 1, wherein n is the integer 2.
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[
coating formulation. 36. A nmethod according to claim?29, wherein the !
conposition of claim14 is included in said coating formulation. 24. WO
ol us~I x PO/ dIsEHky /i (1)29 37. An article having an under wagEfuSHihaoe, at
| east a portion of said surface being coated with the conposition of claim
1. 38. An article according to claim37 in the formof a ship hull. 39. An
arti cl e3.accoAdbmyposition hedondiBZ td dlaitrhk whesein nin sigpfdrmnbis ¢@.intdgerad; Xiin ka&id
according to cIaimS? in té}& f mYof a water conduit. 41. A non-toxic
coating conpiEmilastePEeseRs Wd‘ﬂézi’) 1 sadeomada gepresiaty iR andy B inysed (-
wherein X r en or a straight or branched chain, substituted
or unsubstitﬁ’?%]gﬁlergé\%? aﬂg%’, or a strai g%t or branched chain, substituted
‘or unsubstituted | ower al kenyl; Y represents C=O, HC-OR, or HCGO, R
being a radical selected fromthe group consisting of hydrogen or acyl,

f or mul a®<( | A) AiREIPQSitRY agaording sovglaing 3¢ campgisgre Chmgbehpound; and (ii) a film
*form ng agent, said conpound of formula (1A being present in an anpunt
effective to inhibit the attachment of biofouling organisnms on a surface to
whi ch s&i d carpapbtition atcdrdif@to ddm K Wherein n in said formula is the integer 2, X in said
. AFL. ASULR. Al AL, . A3. "R AYh ?. Al " ?. AF. L?. AyU ?. AyU R AFALe. Af %\ , . AYAL?. AyU ?
CAYAL?. AyL, . aymuR ispreses R(GHLRORNL A M Ridifermule eepredeatsNACO 2nd5Z Csaid

|_|_( L#. #. >>?7? ??9?????%?OE;~??| ppp’?pppp’?ppl DPPVPVVVVVVVIVVVIVVIVVI?VVI?VIVVI?V?
B

??7?7?><?88888 %ﬁ%@ XXXXBEXXBEXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXX XXX <KLKLLLLLBB/LL>??27?2222222?7?2? d(z} G

. ~ytoj e ZU] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] c@&] ca] 8/catfipositiorafeuing e claine &l fapapirks @8- thris-p-menthan-3,8-diol. !
rreriogw " | wmhe”Y] cal ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cha] ca] ca! " 8###( P $SU YORA&EEER We' X'

5 ‘Y0 * A P - cal : : caj ca
Teal cal La) eap o RSt oh Mool e VR i P FeaR M BiieRa A cRu T
U, by I -/ - @drmglarepresents CH(CH,),, Y in said formula represents HC-Cl, and Z in said formula
.>.C.Qw |wnmhc] Wga\W ] ctaU] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV]ca] ca] ca]ca
V] ca] ca] caV] CRIES&)E 5Fba] caV] ca] ca] ca] ca] caV] ca] ca] ca

w...5///0t00#1: 1C1F1J1223333" 444;

5@Mbg555+6t 6667~7| w mhc”~Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca
ca] ca] c8] ca] aapambsitibn ataadingte elhial caingaisig] € pineathobdhtdidd. 888@@"99: e: : : (;
y:

ca] cal cg] ca] : cal: . G !
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10%. () - LYMLOY&' () - M OGLO% ()- GLO%& ()-3"L109&' ()-L109%& ()-d}"*?Fs109&' () -
f 1098 () -Wwolkkohs @10%& ()-! f3 “1109B8& ()- 'k f3 ! 10908 ()s0) idsho |
dE #109& ()- S/ 109& ()-' 109&' ()-f YLOU& ()- F#109%& ()- S109%& () -
b@ @&10%& ()-M:!10%& ()- 10 10 10Y4#10%& ()- 710%& ()-y210%& ()- GM
Ez[ 9b@ 1By 3&1A ‘&’&'n@sigi&lﬁ)%ﬁrcﬁr)g ﬂo'cjrd?ahﬂf?/&'h@)eiryn Mo@mula&ythe integer 2, X in said

o9& () - 0 | * 9%BYNVE! ( 0 * ' 10%HHE.
8&?)/%0((%)& '() og"n(')lu/ a rggresents C 3)§CH1 0Y in sald formula rel:ali%s/g;lllgls&CQOI—i@ a{n::)l Z in said -
10%& () -y OR ()-Z&H#10%&' ()-3" 109 ()-L10% ()- 10 10 10,;
109&' () - k @) 182%5}%611 I\ﬁ%%]‘]& ()- \ML0% & ()-109% ()- @B10%& ()-L4
109& ()-t3dEb@I -#109%&' () -y, &109%& () -
%t109& ‘z %t109& ()-#MLOY%& ()-3"9109%& ()-35678WnbCl! :110%& ()- 10 10 10@
S109&' (§ 6108@oppotilien aorerding to/alaggly; compEssEHHsPIdRERL. () - 1098’ () - SLO%& () -

s109&' () - #109&' ()- @OY%&' ()-N i

|1 dEmbC! ! " 10%& () - #10%& () - &&L0Y&’ () - #109%&' () - #10%&' () - |
#10%& ()5.!! tA'c%’mpfosﬁﬁﬂ Eﬁélﬁs‘&hé#cl@?é&n(ll wheeV&aif Lo é&%ﬁqsﬁ?resent in an amoun

10% () - #109&' ()-'S, LOY&! () - B###( $] SSUIENDC! |, #100& () - *#10%! () - S@ 2100 0

"3109%&: () - yivenebent0.0 b ahoursq peroqmbya@iahi BRbal ComBOBLGL0%D08’ () -

441098 ()-f93109&' ()-1109&' ()-/#109%&' ()-y3. &10%& ()-&R T'U V We' x' ' bCl ! ! z#
10%&' ()- " 109& ()- 109%&' ()- 10 10 10@ 109&' ()-8#10%&' ()-'5(((((:)aBbCl! @
109 ()16/G A composition according to claim 1, wherein said compound is present in an amount

100& ()-S100& () -1 EYI00& () - SHL100& (- #1008 ()-:)])*\ **40EbCi 1'S 100& () - FlO
%R () - y#109&ir¢mn-about DY@ (bouﬂ.d)@/@.el(zgntﬁ#lm@t(ofs&l)lﬁpmpesmpniEbO I SO$10%&:' () -

%& ()- f#10%& ()-SF10%& ()- 10%& ()-f#10%& ()-,,,,|-g--dEbCl!y3. Z10%& ()-
109 () - *f #1094 () S, ) 109& ()-' 109& ()- yU&10%& ()---.*.;.> @A. aB7C 10S;

~109%& ()7 610 o tle dofnposition of cl n 1,
YL310%& - A Palnk ?‘% lﬁ%%g?c PRSIOROECIM Ly N1 1098 () - sZ#10%& () - @0%
& ()- " 109%& ()- f10%& ()- 10%&() 10 |

18. A paint according to claim 17, which is formulated as a marine paint.
19. A varnish comprising the composition of claim 1.

20. A composition according to claim 1, wherein the compound of formula (I) is covalently

attached to the film forming agent.
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10/ / 0t 00#1: 1dENN/ | , ' 10%9 |
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1098/ 10%8w0)o1957180%&' () - & FUd09%& () - PCT/US01/40929 ’
UL0%& () -, 810%& ()-! #@L0%& () - 3333" 444:

SAEMN | | ' 1090z#109%& () - 7f #109%& () - 968109%& () - f 4109%& () - 2109%&' () - 31y#10%& ()
- 5=5>K25 G AETEEEH G, pmafm@@@/&u@eesépr@ed&to( )n Equeb0Y@h{iyorm@dion) folirgl0
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S| R LM i <o o

. ; G=dEbd , ' 10% #10%& () - 3. &10%& () -, S10%& () - *#10%&'() f,)10% ()-S Y10%&
()-=>759> > ><>[>>~ @, ' 10@L0%&’ () -ZM 10%& ()- 10 10 10S:
S10%&' ()- @s10%&' ()-! TE 6 (10%&' ()- >N\?B@E@BPBIE~ @, ' 10@L0%& () -
#1098 () -y9109%& ()-, y1l0%& ()-#10%&' () -$109& ()- PBSBCCCCCa?~ @, ' 10! | #! F
109& ()- s9109%& ()-3 ,,
109 ()-!nF"S10%& ()-, #10%& () - 10%&'( }aVK@, ' 10! 10 10
10/ 10%& ()-)S; " 10%&' ()-! ./ L10% UG '()-Z ' T'F 10%s& ()-
CC?DDEMEEJEVK@ , ' 10!
10@10%& () - #109& () - #109%& () - y#10%&' ()4@L0%& ()-" M 10%& () - EAGGGHTHHIEVK@
|," 10! 10y#109%& () -, y#10%&' ()- @G10%& () -
109%&' () - &10%& () -f #109&' () - H+l JKLL( MIEVK® , ' 10! 10/ 109%& () -
. &109& ()-s' #109%&' () - yY&10%& () - #10%'() y&10%&. () - ( MMVMVENNNNNNGE: /10
10,
t 1098 () - 8#10%&' ()-yS6&L0Y& () - 4#10%() 3#109& () - @ 110%& () - NNNCbOOO( PxY:
/| 10@

wherein:

nis an integer 1, 2, or 3;

X represents hydrogen or a straight or branched chain, substituted or unsubstituted alkyl
or a straight or branched chain, substituted or unsubstituted alkenyl;

Y represents C=0 or CRIR?, wherein each of R! and R? is independently selected from
the group consisting of hydrogen, halogen, straight or branched chain, substituted or
unsubstituted alkyl, straight or branched chain, substituted or unsubstituted alkenyl, OR?,
OC(O)R? C(0)OR? NR*R?, C(O)R?, C(O)NRR®, NR*C(O)NRR’, C(S)NR’R®, S(O)R?,
S(0),R?, S(0),NR*R®, S(O)NR?, and P(O)R%;

R* R, and R° are each independently selected from the group consisting of hydrogen and
straight or branched chain, substituted or unsubstituted alkyl; and

Zis hydrogen or a straight or branched chain, substituted or unsubstituted alkyl, formula

(@) including all isomeric forms of said compound.

22. A method according to claim 21, wherein the coating composition of claim 4 is applied

to said surface.

23. A method according to claim 21, wherein the coating composition of claim 6 is applied

to said surface.
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109&' ()-L10%& ()-, 10%&' ()-109%& ()-3"L10% ()-L10%&' ()- 10(PPQ RSTnTdE:/ 10@
#100& () - f L0 () - #10%& () - &10%& () - SH10%& () - @LOY%& () - nTTUUBWAKAE: / |
10@ y#10%K0()1 95718109 () - ' #10%&' () - yYRL09&' () -1 "#10% () -PCT/US01/40929
y#10%& () - XI XXYuYYYYaB7/ 10 10;
109%&' () - 8#109%& ()-! AFL6' 109%& () - 4y#10%&' () - S310%& ()-11-10%& ()- YYYY] g]"D__
m\/ F#lo% () Aysarbodadcprdindeslqim 219 sioodn (He-cpsiiriDod(Osition:of LhAM'S(i} apilizd
10 s’ 4aadEmN F#10%@ 1098 ()-' #109&' () - f 9&L0%& () - L$#10%&' () -, " 109%& () -
109& () aaaa’ F41008#109& () - 93#10%& () - 1#10%& () -/ 109%& ()-f, - 10%&’ (
)-1CF, -10%s& ()-b[cccecceccdbCRA109%&109%& () - LM 109%&' ()- 10 10 10;
109%&' () -, 8#109%&' () -y6&10% () - dd{ddJf f* hdEbCF#10%#10%&. () - y9&L10%&' () - y#10%
& () - SEANYE! A)m#ﬁw&cbjcﬁlsgl.@%ﬂim)ﬂ’f WBierGh¥/co it CEMPOMSRANIRM )0-is SERUR () -
"#109& () - y#lO‘V - F109%&’ (
109 ()-1]° ] #10% #100/&' ()-y3. 810% ()-S, 10% () - +@O% () - @ y#10%
& ()- y#lO%&' ()-| 11111 mrbCF#10% 10%& ()-"" 10%&' ()- 10% ()- 10 10 10:
109%&' () - 6#10%& () - mME#nOnmMdEbCF#10%  109%& () -
YS10%&' 26.- 3f Aﬁﬁrf&hcﬁd acy¥iddgo(claim 2 08MBeren-the coating composition of claim 12 is applied
s109%& () - nmm' nt nndEbCF#10%@109%& () - f 10%& () - f 10%&' () - YY 10%& () - OY

109%& ()- 0Yw saishipriape.
nnnnnoj odEbCF#10% 2109& () - 1310%& ()-f/f10%& ()-f/10% ()-y' 109& ()-y10%&
()-j 0qqg>rrrr dEbDCF#10% 410%& () -, 10%&' () - *y#109& ()-(f#lO%&' ()-
S 10%&' £7).- y#AGHEhdd acchbfdin SoetimEYNGhé: % d Ebatig composition of claim 14 is applied

to said surface.

28. A method according to claim 21, wherein said coating composition is applied to said

surface by brushing, spraying or dipping.

29. A method for protecting a coated surface from attachment and growth of algae and fungi,
said method comprising including in the coating formulation applied to said surface a

compound of the formula:

(H2C)n Y

@

wherein:
nis an integer 1, 2, or 3;
X represents hydrogen or a straight or branched chain, substituted or unsubstituted alkyl

or a straight or branched chain, substituted or unsubstituted alkenyl;
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109& () - PRSI 1LL10% () - Xt t/ uuuOvvvdEYNCF#10% PCT/US01/40929 |
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y#109&' () - y#109%&' () - @L0%&' () - yvVVWFWWAEYNCF#10%

y#109& () - @ Yowgretontsi OR oghergin eadtookR (andfRIdsddependentix solsaperHYNGF#10%
y, y#10%&' () - s*10%&'%§= é £ hvdeogen. i —

10%&’ () - ' 1098%(EroREHEIpS of hygwgen halagon rsiaight OF branchedelain.oubiigutd oo
10% () -, 8100ksbinREMAE strhinhtthB¥fichdd chaifl QML (et bdubsdnftE KR O,
#1098 () - Sy&L0%&' () - S10%&' ()=, 10%&' ()- LI 109%& () -

L109%& () - ~~~OC(OIANCEIRA NR 'R?, C(O)R?, C(O)NR'R?, NR*C(O)NRPR®, C(S)NR'R?, S(O)R?,

109& () - 109&. () - 109%& ()-ys! LO%& () - 109& (), - 9sGLOYE () - 147va?YNCF#10! X *310
UCCE! 8 -( 10(3/@@%132@%%19(@ 35?(5%“) &y ’é&l '/«&'S( )1 y;(#)m%RR&y( ) - f (dEYNCF#10! X
£ 610%& () - f 5HOUR & { )= -

So100@ () oRode FYR M it nlicoondendy splseled from the roupegpsisting of pydrogen ggd

109%& () - 8z#10@Mlt)or BEOARE Jhrair) SobtiEFEA 6F wikOBRitthd @KIDURA ( ) - .
y#109%: () -" &L0%! () - SyLOVE () - y#10% () - <?BES).-dJ+C. &&100/% - &&10%& () - 9%
109%& () - y#10%8s pydrogenmug siraiehyor beapchgd Shaim soRstipufedaresulstited alkyl, fomptag’ (-
, &&10%& () - o . .

] Y$, &&10t(y«)&' %@%%%all fsomeRs Syas G SAALPEPIMd 0k (| 88100& () -, 8810% () -, &&
109& ()-) ?YA

1Y$, &glog/&' ()-, &&10%& ()-~_@ C, &&10% &810%& () -, &&10%& () -, &&10%&' () -) ?2YA

] Y$, 88169 ( Y metbodogeofding 1o @im) SR 10neraiB sO%EOL NS IRENWREOT Fontgias en@moynt) 2 YA
]${$~%g/§‘&(lég @b ic%g%o&.\gad Fggitb‘éﬁ&fO()Rl‘?tggﬁ%’o o wd )cg%g\d surface against mold and

1Y$, 8&810%8' ( hrijd@&L0%&' () -, . 23ACG-_@ C, &810% &810%&' () -, &810%&' () - , &&10%&' ()
-) 2YA

]%{$, &810%& () -, &&10%&' () - GIOP bc~_E/ C, &810% &&10%&' () -, &&10%&' () -, &&10%& ()

y)sz Ié%]&g { f‘?‘%ﬁ‘r@%&@%ﬁ?‘ nggf% él?ai}ﬁd‘, lwrmer:t{incthge‘gé%r%%)og/iﬁ%r? % 4 is included in said

coating formulation.

32. A method according to claim 29, wherein the composition of claim 6 is included in said

coating formulation.

33. A method according to claim 29, wherein the composition of claim 8 is included in said

coating formulation.

34. A method according to claim 29, wherein the composition of claim 10 is included in said

coating formulation.

35. A method according to claim 29, wherein the composition of claim 12 is included in said

coating formulation.

36.  Amethod according to claim 29, wherein the composition of claim 14 is included in said

coating formulation.
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; @V i poxeqg"*w. ~7P ho\ sDx40 EW ! 8#%&' : ) *,-A./:133;
55~7 @: ecaRBEEEHONRRHTER haind sutistituied armgebstituied lowezalkenyd; r wj *

n it 0o [\ : ) . , .
i " ﬁ%éﬁ %’grqpifas_%-rgs %m‘@ r,‘gp ﬁrd—éi, ﬁO %gilngra reli\cﬁg\e,ﬂ QeleR&(e)& frgr%ttﬁx \é%ﬁag [c)ggslilsqgl%tof
ffgg %Bl k |o7} WKWX&H}@A&}M&@J fbink Kt s@BopounaviyE{ | } ~
! +, -
((1i) a film forming agent, said compound of formula (IA) being present in an amount effective

[
|
|

to inhibit the attachment of biofouling organisms on a surface to which said composition is

applied.
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