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esters to inhibit bacterial adhesion to subnergible or subnerged surfaces,
particularly those surfaces within an agqueous system The invention also
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fouling. Description of Related Art M croorgani sns adhere to a wide variety
of surfaces, particularly surfaces in contact with 15 aqueous fluids

whi ch provide a suitable environnent for mcrobial growth. For exanple,

M croorgani sns are known to adhere to ship hulls, marine structures, teeth,
medi cal inplants, cooling towers, and¥teat exchangers. Adhering to such
subnerged or 20 subnerqgi bl e surfaces, m croorgani sne_nay_foul the
surface or cause it to e Y E R Sl megper i 8% | j vest ock,
pets), microorgani sms adher ed® PRI cash D WOV s el o | t h pr obl errs.

Pl aque, for exanple, results from 25 m._croorgani sns_adhering to the
surf,aces of teeth. Medi cal irrp#ﬁ‘ﬁ’fén N, QFn &t gﬂWH%rganism adhered to
their surfaces of tEizlibcfiieher gavegtixer and nust be replaced. Scientific
studi es have shown that,n;t h<§u,‘fvie¥1 | L aqueous
systens is generally t he F or'ma

?56?1’?8 Sef tsixial%‘%b%%ﬁglf%c %lgslh ged or
subner gi bl e surfadesterial adhesicrstexpuuredgibleher asulrargesy/st em
Attaching to and ol ¥&dd)9p3Rtecularly those surfaces within an
aqueous system. The invention also relates to
10 methods and compositions for controlling biological
fouling. '
L ipti f Related Art

Microorganisms adhere to a wide variety of

surfaces, particularly surfaces in contact with

15 aqueous fluids which provide a suitable environment
for microbial growth. For example, microorganisms
are known to adhere to ship hulls, marine
structures, teeth, medical implants, cooling towers,
and heat exchangers. Adhering to such submerged or

20 submergible surfaces, microorganisms may foul the
surface or cause it to deteriorate.

In mammals, (e.g., humans, livestock, pets),
microorganisms adhered to a surface may lead to
health problems. Plaque, for example, results from

25 microorganisms adhering to the surfaces of teeth.
Medical implants with unwanted microcorganisms
adhered to their surfaces often become crusted over
and must be replaced.

Scientific studies have shown that the first

30 stage of biofouling in aqueous systems is generally
the formation of a thin biofilm on submerged or
submergible surfaces, i.e., surfaces exposed to the
aqueous system. Attaching to and colonizing on a
submerged surface, microorganisms such as bacteria,



subnerged surface, m croorgani sns such as bacteri a, WO 97/ 11603

PCT/ US96/ 15488 -2- are generally thought to formthe biofilmand nodify the
surface to favor the devel opnment of the nore conplex community of organisns
that make up the advanced bi of ouling of the aqueous systemand its 5

subner ged sur A general review of the nechanisns of ?F‘ggd‘sance
of biofil ma&ﬁﬁzﬁﬁ n|t|al stage in biofouling is given by C Eﬁ ent

"Bi ol ogi cal Fouling: Basic Science and Mdels" (in Melo, L. F., Bott, T.
R, Bernardo, C. A 10 (eds.), Fouling Science and Technol ogy, NATO ASI
Series, Series E, Applied Sciences: No. 145, Kluwer Acad. Publishers,
Dordrecht, The Netherlands, 1988). Qtthér literature references include M
Fletcher and G |. Loeb, Appl Environ. Mcrobiol 37 (1979) 67- 15 72,
M Hunphries et. aRre generatky dhioveddy tecbeemyting Ricsddp 29d medifynd M

Hunphries et. al., tEEN&Msé@bwlmbeehbeaévél?o;ﬁﬂ&&noﬂJ:néoﬂaorBI of ouli ng,
or bi ol ogical fouli ngﬁél S a erS| ster% nui s nce aﬁﬁl emin a wde

varieties 20 of CaBRLBHsC BP&E8h ?’ﬂ@ ecPBbFBPogl cal and

macro bi ol ogi cal faukraﬂeedlslmxﬂﬁdngysft BRebaghebiys Gfystem aqadgatissns, Macro

or gani sns, extracell ar bstagces apd dirt @nd debri % lt}gt becone
trapped in the bioftH ace(ﬁ ga IHRRCFRAV of VY € ni Croor gani sns
such as bacteri a, fnengam.;masoﬁ thel daportantensf Wwiatidzoas &heé nacro

organi sns such as FRGEQa3! 988ge A MAYLBR1ing is given by C. A. Kent

in "Biological Fouling: Basic Science and Models™
(in Melo, L. F., Bott, T. R., Bernardo, C. A.

10 (eds.), Fouling Science and Technology, NATO ASI
Series, Series E, Applied Sciences: No. 145, Kluwer
Acad. Publishers, Dordrecht, The Netherlands, 1988).
Other literature references include M. Fletcher and
G. I. Loeb, Appl. Environ. Microbiol 37 (1979) 67-

15 72; M. Humphries et. al., FEMS Microbiology Ecology
38 (1986) 299-~308; and M. Humphries et. al., FEMS
Microbiology Letters 42 (1987) 91-101.

Biofouling, or biological fouling, is a

persistent nuisance or problem in a wide varieties

20 of aqueous systems. Biofouling, both
microbiological and macro biological fouling, is
caused by the buildup of microorganisms, macro
organisms, extracellular substances, and dirt and
debris that become trapped in the biomass. The

25 organisms involved include microorganisms such as
bacteria, fungi, yeasts, algae, diatoms, protozoa,
and macro organisms such as macro algae, barnacles,
and small mollusks like Asiatic clams or Zebra
Mussels.

30 Another objectionable biofouling phenomenon
occurring in agqueous systems, particularly in
aqueous industrial process fluids, is slime

formation. Slime formation can occur in fresh,



and snmall nollusks like Asiatic clans or Zebra Mussels. 30 Anot her

ohjlectianable hiofouling phenonenon accurring.in aqueous systens, . .
particularly in agqueous industrial process fluids, is slinme formation.

Slime formati on can occur in fresh, WD 97/ 11603

PCT/ US96/ 15488 - 3- bracki sh or salt wat er systens. Slinme consists of matted
deposits of mYQHHMEBni sns, fibers and debris. It may be st rFGRUSI/HHES y
rubbery, tapioca- |like, or hard, and have a characteristic, 5

undesirabl e odor that is different fromthat of the.aqueous systemin which
.t formed. The m croorganisns invoJved in slime formation are primarily
different species of spore-formng and%nonspore form ng bacteri a, '
particularly capsul ated 10 forms of bacterla whi ch secrete gel ati nous

subst ances t hat eny %ac H o Cs%i?: ngegegl ung| g%lghgrgg{lgggéssrgaf al so

I pcl ude fil amentous "anent ous” d type, yeast,
and yeast-1ike orgoatter. deppsits of mEF!#QKHaﬁk?m$M1ﬁehe§$t@ﬂddegrades an

aqueous system mMByeRdd f €St la3Cbb 38rfnyd/ | :-'M:}Df rassakﬁrrstalfw&-as | oss
of wiscosity, gas formation, objectionable q decr eased p col or

change, and gel | i nytkeudr% iRAFS- I?nddEBY%d%I?QﬁFQHteéﬁsﬁaGeous 20 system

can cause foubi ng ehdésirdataleicadrVehat - i Hadil fdx@nty Firof thbt COF nebe | ncl ude,

for exanple, cooling, L QUE"sys AR WSS £XCAANLY.S: rRAC
microorganisms involved in slime formation are
primarily different species of spore-forming and
nonspore-forming bacteria, particularly capsulated

10 forms of bacteria which secrete gelatinous
substances that envelop or encase the cells. Slime
microorganisms also include filamentous bacteria,
filamentous fungi of the mold type, yeast, and
yeast-like organisms.

15 Biofouling, which often degrades an aqueous
system, may manifest itself as a variety of
problems, such as loss of viscosity, gas formation,
objegtionable odors, decreased pH, color change, and
gelling. Additionally, degradation of an aqueous

20 system can cause fouling of the related water~
handling system, which may include, for example,
cooling towers, pumps, heat exchangers, and
pipelines, heating systems, scrubbing systems, and
other similar systems.

25 Biofouling can have a direct adverse economic
impact when it occurs in industrial process waters,
for example in cooling waters, metal working fluids,
or other recirculating water systems such as those
used in papermaking or textile manufacture. If not

30 controlled, biological fouling of industrial process
waters can interfere with process operations,
lowering process efficiency, wasting energy,

plugging the water-handling system, and even degrade



pi pelines, heating systens, scrubbing systens, and other simlar systens.
25 Bi of oul ing can have a direct adverse econonm c inpact when it
occurs in industrial process waters, for exanple in cooling waters, netal
wor ki ng fluids, or other recirculating water systens such as those used in
paper maki ng owobfriebd € manufacture. |f not 30 control | edpcpiuRdehdiss !
fouling of industrial process waters can interfere with process operations,
| owering process efficiency, wasting energy, plugging the water-handling
system and even degrade WO 97/ 11603

PCT/ US96/ 15488 -4- product quality. For exanple, cooling water systens used
in power plants, refineries, chem cat4plants, air-conditioning systens, and
ot her industrial 5 gper ati.ons frequently encounter biofouling problens.
Ai r bor ne organisﬂ%rﬁﬁﬂqé;QR£}12V0n1cooling towers as wel |l as waterborne

ofgani sms fromthe sysemnmexample; soq@ping cateanlsyscemnsadsedtsn t hese aqueous

systens. The wat eﬂ?‘}]é;%}‘i%'}m%y?%ﬁng?f& alékye rc%e: gggpgn 10 excel | ent

growt h medi um f or of gani Sns> Aerobi ¢ an ch or gani sns
flourish in the taisercondittionisggaystems grand iothamdindbstr¥#l such areas as

t he tower sugp, R .%¥3h Cins | | ed, the
resul ting bi g?ouﬁé]@dl s ?S%EB%S{?%%%V%%E bﬁkggﬁf%?gﬁ%é%se,mdnd coat
heat-transfer surk g Fgaggsms entsiingd fygmochelingoteowens s s. This

prevents proper well as waterborne organisms from the system's water

supply commonly contaminate these aqueous systems.
The water in such systems generally provides an

10 excellent growth medium for these organisms.
Aerobic and heliotropic organisms flourish in the
towers. Other organisms grow in and colonize such
areas as the tower sump, pipelines, heat exchangers,
etc. If not controlled, the resulting biofouling

15 can plug the towers, block pipelines, and coat
heat-transfer surfaces with layers of slime and
other bioclogic mats. This prevents proper-
operation, reduces cooling efficiency and, perhaps
more importantly, increases the costs of the overall

20 process.

Industrial processes subject to biofouling also
include papermaking, the manufacture of pulp, paper,
paperboard, etc. and textile manufacture,
particularly water-laid non-woven textiles. These

25 industrial processes generally recirculate large
‘amounts of water under conditions which favor the
‘'growth of biofouling organisms.

Paper machines, for example, handle very large

volumes of water in recirculating systems called

30 "white water systems.” The furnish to a paper
machine typically contains only about 0.5% of
fibrous and noanibrous papermaking solids, which
means that for each ton of paper almost 200 tons of



operation, reduces cooling efficiency and, perhaps nore inportantly,

| MWJMMJ_ZQ_DHWUI al _processes
subj ect to biofouling also include papermnmaki ng, the manufacture of pulp,

paper, paperboard, etc. and textile manufacture, particularly water-laid
non-woven textiles. These 25 I ndustrial processes generally recircul ate
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bi of oul i ng organi sns. Paper machi nes, for exanple, handle very |arge

vol unes of water in recirculating systens called 30 "white water
systens.” The furnish to a paper nmachine typically contains only about
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each ton of paper al nost 200 tons of VO 97/ 11603
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recirculates in the e water system e water systens provid
excél l ent growth weeizcebates cfforhienghitervatesardsyhem. Thﬁhlgﬁo“Eﬁe%an

result 5 in thgybeepBthesyde Txca1and %‘:&Wh @RAS eyl N headboxes,
wat erl i nes, and pa ernaklng equi pnent . Such biof ouling not only_ can

interfere with maPéPfQHH1§$CR%FRQQEﬂ§nlﬁﬁF Wit srowt &ﬂ“c£ﬁ§31§pots

hol es, and b&d odehsthé fOEmAEHWR oFS sEhé &$d thekO depoldie€akgn- costly

disruptions [N page JfIREhl NS, ARSLES  and SLOAIA-Y ShRSpSERLOTa! vaters

Such biofouling not only can interfere with water
and stock flows, but when loose, can cause spots,
holes, and bad odors in the paper as well as web

10 breaks--costly disruptions in paper machine
operations.

Biofouling of recreational waters such as pools
or spas or decorative waters such as ponds or
fountains can severely detract from people's

15 enjoyment of them. Biological fouling often results
in objectional odors. More importantly,
particularly in recreational waters, biofouling can
degrade the water quality to such an extent that it
becoﬁes unfit for use and may even pose a health

20 risk.

Sanitation waters, like industrial process
waters and recreational waters, are also vulnerable
to biofouling and its associated problems.
Sanitation waters include tecilet water, cistern

25 water, septic water, and sewage treatment waters.
Due to the nature of the waste contained in
sanitation waters, these water systems are
particulérly susceptible to biofouling.

To control biofouling, the art has

30 traditionally treated an affected water system with
chemicals (biocides) in concentrations sufficient to
kill or greatly inhibit the growth of biofouling
organisms. See, e.g., U.S. Patents Nos. 4,293,559



or spas or decorative waters such as ponds or fountains can severely
detract from people's 15 enjoynent of them Biological fouling often
results in objectional odors. More inportantly, particularly in
recreational waters, biofouling can degrade the water quality to such an
extent that s Pag s unfit for use and may even pose a heﬁjt,ﬁ& é&% risk.
"Sanitation waters, [ike industrial process waters and recrea ki ters,
are also vulnerable to biofouling and its associ ated probl ens. Sanitation
waters include toilet water, cistern 25 wat er, septic water, and sewage
treatnent waters. Due to the nature of the waste contained in sanitation
wat ers, these water systens are particularly susceptible to biofouling. To
control biofouling, the art has 30 'G’traditionally treated an affected
water systemw th %Pﬁghggla%%plﬁgugo %mpﬂecogﬁfg {g%éﬁﬂ% %%ff|C|ent to kill
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solutions made wth 't a ) een a wat er systens to kil
or inhibit the gesawkhopipbacteria, i, algae, and ohilexr 5 t r oubl esone

or gani sms.  gHowe\gbublbkeik NSr §AIMNYIAS HOREvEL! & dr has! al s used
for the construction of agueous systens, .they may al so react wth organics
to form undesirafPy Bg5sPRh¥cdanagde materials’ used for the

construction of aqueous systems, they may also react
with organics to form undesirable substances in
effluent streams, such as carcinogenic

10 chloromethanes and chlorinated dioxins. Certain
oxrganic compounds, such as methylenebis-
thiocyanate, dithiocarbamates, haloorganics, and
quaternary ammonium surfactants, have also been
used. While many of these are quite efficient in

15 killing microorganisms or inhibiting their growth,
they may also be toxic or harmful to humans,
animals, or other non-target organisms.

.One possible way to control the biofouling of

aqueous systems, which include the associated

20 submerged surfaces, would be to prevent or inhibit
bacterial adhesion to submerged surfaces within the
agqueous system. This can be done, of course, using
microbicides which, however, generally suffer from
some of the disadvantages mentioned above. As an

25 alternative, the present invention provides methods
and compositions useful to substantially inhibit
bacterial adhesion to a submerged or submergible
surface and in controlling biofouling of aqueous
systems. The invention obviates the disadvantages

30 of prior methods. Other advantages of this
invention will become apparent from a reading of the

specifications and appended claims.



ef fl uent streans, such as carcinogenic 10 chl or onet hanes and chl ori nat ed
dioxins. Certain organic conpounds. such as nethyl enebis- thiocyanate,

di t hi ocar bamat es, hal oorgani cs, and quaternary amoni um surfactants, have
al so been used. Wiile many of these are quite efficient in 15 kKilling

m croorgani snms or inhibiting their growth, they may al so be toxic or
harnful to huwerss/i160di nal s, or other non-target organi sns. GCI/USHELUE ¢ way
to control the biofouling of aqueous systens, which include the associated
20 subnerged surfaces, would be to prevent or inhibit bacterial adhesion
to subnerged surfaces within the aqueous system This can be done, of
course, using mcrobicides which, however, generally suffer from sone of

t he di sadvant ages nenti oned above. an 25 alternative, the present

i nvention provi des nmethods and conpositions useful to substantial ly inhibit
bacterial adhesion to a subnergqﬁy g ace and in controlling
blofoullng of aqueous systens zﬁp%§gg??§ntgg€§g§2i t he di sadvant ages 30
of prior methods. Ot Rbe pressntajoyentien| selatiamiticos MeFhodek@nme appar ent
froma reading Oanhaslépsseééﬁaé 'f%ﬁ adfe2 m@&dﬁ% GhBinBEgible WO 97/ 11603
PCT/ US96/ 15488 - 7- SUMVARY OF THE | NVENTI ON resent nventlon rel ates
to a nethod to |ﬁHFGPFebaC?Qﬁ|¥¥qqq9nFaﬂﬁé?F§mfﬂ%)%?hyﬁﬁﬁépb?ble surface. The

met hod cont gcts shefad@NRith Mt effective amount of at least one
oxime ester to inhibit bacteria from adhering to a

submergible surface. The oxime ester used in the
method has the following formula:

0
Rl\\;r”¢u\\\°///l\\\a3
R

The substituents R! and R® may each independently be
20 a methyl group, an ethyl group, or, with the carbon
atom carrying them, form a cyclopentyl group or a
cyclohexyl group. The substituent R*® is a Cs;~C,y
alkyl group.
The present invention relates also to a method
25 for controlling biofouling of an agueous system.
This method adds to an agueous system an effective
amount of at least one oxime ester described above
to inhibit bacteria from adhering to submerged
surfaces within the aqueous system. This method
30 effectively controls biofouling without
substantially killing the bacteria.
The present invention also relates to a
composition for controlling biofouling of an aqueous



5 surface with an effective anount of at |east one oxine ester to

I nhibit bacteria fromadhering to a subnergi ble surface. The oxi ne ester
used in the nethod has the following fornula: [err] The substituents R err]
and R[err] may each i ndependently be 20 a nmet hyl group, an ethyl group,
or, with the ggﬁ%,a\tom carrying them forma cycl opentyl

cycl ohexyl gr‘gﬁp. e substituent Rerr] is a C[err]-C[err]ggFlE’%ﬁﬂé‘rsgup.
The present invention relates also to a nmethod 25 for controlling

bi of oul i ng of an aqueous system This nethod adds to an aqueous system an
effective ambunt of at |east one oxine ester described above to inhibit
bacteria from adhering to subnerged -4 faces within the agueous system

This met hod 30 effectively controls biofouling without substantially
Killing the bact esystemlhe Theesempos itiant icompalisesr at alesst coree conposi ti on

for controlling bjafaouli of..a .97/ 11603 .. .
PCT/ US96/ 15488 syds’{lg% eﬁ%grc%ﬂpgrsli I on c&%ﬁ}és@égzaggl g’ﬁ%’fblotne oxi me ester
in an anount eff dgteri|o firomi phebing &ra & submexdhble nsnxface oxb@er gi bl e

surface or a subrgigke Lt 4 4 y 5 DETAI LED
DESCRI PTI ON OF THE | NVI%%‘T‘EI' %%E?ﬁ&%n‘gighr%ﬁgitﬁglﬁﬁgg?ﬁ?s%ﬁ%% ion relates to a

method to indibit bacteria fromadhering to a subnergible surface. A
submergi bl e surface is OPETATLED DESCRIPTION OF THE INVENTION

In one embodiment, this invention relates to a
method to inhibit bacteria from adhering to a
submergible surface. A submergible surface is one

10 which may at least partially be covered, overflowed,
or wetted Qith a liquid such as water or another
aqueous fluid or liquid. The surface may be
intermittently or continually in contact with the
liquid. As discussed above, examples of submergible

15 surfaces include, but are not limited to, ship or
boat hulls, marine structures, teeth, medical
implants, surfaces within an agqueous system such as

. the inside of a pump, pipe, cooling tower, or heat
exchanger. A submergible surface may be composed of

20 hydrophobic, hydrophilic, or metallic materials.

' Advantageously, using an oxime ester according to
the invention can effectively inhibit bacteria from
adhering to hydrophobic, hydrophilic, or metallic
submergible or submerged surfaces.

25 To inhibit the adhesion of a bacteria to a
submergible surface, the method contacts the
submergible surface with an oxime ester. The
surface is contacted with an effective amount of an
oxime ester, or mixture of oxime esters, to inhibit

30 bacterial adhesion to the surface. The oxime ester
may be applied to the submergible surface using
means known in the art. For example as discussed

below, the oxime ester may be applied by spraying,



10 which may at |east partially be covered, overflowed, or wetted with a
|Lqu1_d_$.uah_.a$JBl£L_Ql’_aDDI_hﬁ.LEQLLEQUSJJ4LLd_QL.JJ_qw_d The_suLLage_nay be
intermttently or continually in contact with the 1iquid. As discussed
above, exanples of submergible 15 surfaces include, but are not limted
to, ship or boat hulls, marine structures, teeth, nedical inplants,

Surfaces mAtWWh9EHG§Qerus system such as the i nsi de of a pﬁgﬁy

cooling tower, or heat exchanger. A subnergible surface nay be conposed of
20 hydrophobic, hydrophilic, or nmetallic materials. Advantageously,
bUsi ng an oxinme ester according to the invention can effectively inhibit
bacteria from adhering to hydrophobic, hydrophilic, or netallic subnergible
or subnerged surfaces. 25 T62Tnhi bit the adhesion of a bacteria to

a subnergi bl e sur t he thod nt act he s bner surface with an
oxi me ester. The® ?ﬁ%f"ggeqs ’c‘%ﬁﬁ“ﬁctg‘ % & HWYEa ik ge%(raount of an oxi me
ester or m xtur&omfnu@atﬁ*enesdnﬂ:ranﬂm; n:hhlbxi.méioestemacterl al adhesion to

the surface. In810% AR E5LEY, THRe %euﬁlgplese&'r;,es% 15 PRndbBlcasuTf ace

usi ng nmeans kno exanpl e as e oxine
ester may be applki pasbg whielyiim then mrgaﬂlgradgrushed on the

PCT/ US96/ 15488 %ubﬁ.geawﬂe%rldfata@ ngahbsnéyaémw tehel oxlifii d fornul ation

containing the oxine ester. Alternatively, the oxine ester nay be
formul ated as a &5 WMAYCPE & GIMPONEPLeqd Br CHPRRHSE BN OFhe

formulation commonly used with a particular
submergible surface.

"Inhibiting bacteria from adhering” to a

10 submergible surface means to allow a scant or
insignificant amount of bacterial adhesion for a
desired period of time. Preferably, essentially no
bacteria adhesion occurs and more preferably, it is
prevented. The amount of oxime ester employed

15 should allow only scant or insignificant bacterial
adhesion and may be determined by routine testing.
Preferably, the amount of oxime ester used is
sufficient to apply at least a monomolecular film of
oxime ester to the submergible surface. Such a film

20 preferably covers the entire submergible surface.

Contacting a submergible surface with an oxime
ester according to this method allows the surface to
be pretreated against bacterial adhesion.
Accordingly, the surface may be contacted with an

25 oxime ester then submerged in an agueous system.

The present invention relates also to a method
for contrelling biofouling of an agueous system. An
aqueous system comprises not only the water or
aqueous fluid or liquid flowing through the system

30 but also the submerged surfaces associated with the
system. Like the submergible surfaces discussed
above, submerged surfaces are those surfaces in

contact with the aqueous fluid or liquid.



5 subnergi bl e surface. Advantageously, the oxine ester may be a
conponent of a conposition or fornulation commonly used with a particul ar
subnergi bl e surface. "I nhibiting bacteria fromadhering” to a 10

subnergi bl e surface neans to allow a scant or insignificant amount of

bacteri al adiasémriedsor a desired period of tinme. Preferabl y,.%ﬁ&?ﬁ,WI ly no
bacteri a adhesi on occurs and nore preferably, it is prevented. e anount

of oxime ester enployed 15 shoul d all ow only scant or insignificant
bacterial adhesion and may be determ ned by routine testing. Preferably,
the amount of oxine ester used is-sufficient to apply at |east a

rmononol ecul ar film of oxinme ester t-w@-he subnergi ble surface. Such a film
20 preferably covers the entire subnergi ble surface. Contacting a

submer gi bl e sur f Gubmerged ssuxfaaes docdndecdentliare inett Riminedhtel al | ows t he

surface to be prehgeahedi@oai ¥lcdaGECDE ls AN GHINNL, RReOLd1Pg! ¥ the
surface may be contacted with an 25 oXl me ester then subnerged in an
aqueous system FhEOP}ERLkoYeE &Ft PEAdPRX atRRAG|HSHARIZTFet hod f Or

control l'ing bi of gukeeds Pfetd. aQUERUBrEYSEQFFacddls AGLRVAtaSYSlvEEh CONPri ses
not only th Watﬁé or gqueo;@é};il ui d g_r_ liquid fl WII} through t he system 30
but al so th&8 sublhBf RE SN L% E1ariY ¢ 1B gﬁ’téw 2FRR t he
subner gi bl e surf andsade scossitiersdbpartsobnehgeainmvdsacgatame t hose surfaces
[n contact with the aghgouselddiist Phe! ibfeion AR He11803¢ one
oxime ester to the aqueous system in an amount which
effectively inhibits bacteria from adhering to a
10 submerged su:face within the aqueous system. At the
concentration used, this method effectively controls
biofouling of the agueous system without
substantially killing the bacteria.
"Controlling biofouling” of the agueous system
15 means to control the amount or extent of biofouling
at or below a desired level and for a desired period
of time for the particular system. This can
eliminate biofouling from the agqueous system, reduce
the Siofouling to a desired level, or prevent
20 biofouling entirely or above a desired level.
According to the present invention, "inhibiting
bacteria from adhering” to a submerged surface
within the agueous system means to allow a scant or
insignificant amount of bacterial adhesion for a
25 desired period of time for the particular system.
Preferably, essentially no bacterial adhesion occurs
and more pteferably, bacterial adhesion is
prevented. Using an oxime ester according to the
invention can, in many cases, break up or reduce
30 other existing attached microorganisms to
undetectable limits and maintain that level for a
significant period of time.

While some oxime esters may exhibit biocidal



-10- Subnerged surfaces include, but are not |limted to, the inside
surfaces of pipes or punps the walls of a _cooling tower or headhox,  heat
exchangers, screens, etc. In short, surfaces in contact with 5 t he
aqueous fluid or liquid are submerged surfaces and are considered part of
the aqueous system The nethod of the invention adds at |east one oxine
ester to the WOOAUBES systemin an amount which effectivel y PEHP$A6(15488

bacteria fromadhering to a 10 subnerged surface within the aqueous
system At the concentration used, this nethod effectively controls

bi of oul i ng of the aqueous systen1mﬁthout substantially killing the
bacteria. "Controlling biofouling" B t he aqueous system 15 nmeans to
control the anount or extent of biof arlng at or below1a desired | evel and
for a desired per% fk&gt é@?coﬁ eﬁ@fé Ve ﬁg Jﬁ%é%ﬁﬁi e!lnlnate
bi of oul i ng from thé aqueous sy St uce e bi o 0 a desired

I'evel , or preventleeels, mmmlesngremf&qﬁ,mglméeheb&tmtr@ialevel

Accor di ng to the pERSSIYn 'ﬁV%BEQHtratMQ'Jén%QaEQW RELR BEUW afliy | ng” to
a subnerged surface w thin the aqueous system neans to allow a scant or

i nsi gni fi cant armWe%?P%é{eé'Fﬂ-él- DFERIFHNG do Ahesinverkione Fh®eri od of
time for thegpartégithéllesest aﬁmBieé%@éaiémaassanbkﬂbhywmmteri al

adhesi on occurs an m)re pr a ri a adhesjon is prevented. Using
an oxi ne ester ac® "'tadstyh% E%@%t% erld - nahhufas break up or
reduce 30 ot heéfmaivmgmmcbédam ExX i g&me&nnséa alwbztmigalﬁce limts
and naintain thattllxéavfxlwgnqio% i'sgmeii C@ﬁovp%.rtisOQO%.ct LHFeshold, if
the oxime ester alsc has biocidal properties. For
10 example, the concentration of the oxime ester used
may be ten or more times below its toxic threshold.
Preferably, the oxime ester should also not harm
non-target organisms which may be present in the
agueous system.
15 An oxime ester, or a mixture of oxime esters,
may be used to control biofouling in a wide variety
of agueous systems such as those discussed above.
These aqueous systems include, but are not limited
to, industrial agueous systems, sanitation agueous
20 systems, and recreational aqueous systems. As
discussed above, examples of industrial agueous
systems are metal working fluids, cooling waters
' {e.g., intake cooling water, effluent cooling water,
and recirculating cocling water), and other
25 recirculating water systems such as those used in
papermaking or textile manufacture. Sanitation
agueous systems include waste water systems (e.g.,
industrial, private, and municipal waste water
systems), toilets, and water treatment systems,
30 (e.g., sewage treatment systems). Swimming pools,
fountains, decorative or ornamental pools, ponds or
streams, etc., provide examples of recreational

water systems.



Wil e sone oxime esters may exhi bit biocidal WO 97/ 11603

PCT/ US96/ 15488 -11- activity at concentrati ons above certain threshold

| evel s, oxine esters effectively inhibit bacterial adhesion at
concentrations generally well bel ow such threshold | evels. According to the

i_nvention, t xi me ester inhibits bacterial adhesion_w t
hﬁ@ﬁ? 1609 Sﬁ%h%ﬁﬁﬁﬁ“oxinn

substantially I'ng the bacteria. Thus, the effective anp

ester used according to the invention is well belowits toxic threshold, if
the oxime ester also has biocidal properties. For 10 exanpl e, the
concentration of the oxinme ester used nmay be ten or nore tinmes belowits
toxic threshold. Preferably, the oxine ester should al so not harm
non-target organi sns which may bel?dfesent in the agueous system 15

An oxine ester, or a mxture of oxinme esters, may be used to control

bi ofouling in a w @beveffectivs anpuasuofsyntexime rtess usedssodi scussed
above. These aqRa@it BYSEEPFa ! f¥on!'@Anelihgdts & Uubndd to, industrial

aqueous systens, sanitation agquequs 20 systenms, and recreational aqueous
systens. As duFfasgcdnafoRR LSRN SYSEEM; NilL YR SOMeWHAE systens are

met al wor ki ng ddpéndingCon! thd aficius 9stlem tHIFKprrddrea, WRher, effluent
cool i ng ter, and.recircul atjng.coqlin ter), and other 25
recircul @i ng ?&ﬁdg’rti??& gﬂﬁ %%Rﬁ’h&?l ﬁﬁgﬂ\é\ﬁSe ¢ PR r?&klaﬁg' or textile
manuf act ure. S3iistdhigobisfoeDisg S\atidethel degrée B Yivfmildhgsystens (e.g.,
control desired. For a particular application, the
amount of choice may be determined by routine
testing of various amounts prior to treatment of the
10 entire affected system. In general, an effective
amount used in an agqueous system may range from
about 1 to about 500 parts per million and more
preferably from about 20 to about 100 parts per
million of the aqueous system.
15 The oxime esters employed in the present

invention have the following general formula:

o]

\o R3

R

25 The substituents R} and R? may each independently be
a methyl group, an ethyl group, or, with the carbon
atom carrying them, form a cyclopentyl or a
cyclohexyl group. Preferably, R! and R? are methyl
or ethyl and more preferably, both R' and R? are

30 methyl. The substituent R? is a C¢-C,, alkyl group.
Preferably, R’ is a Cg-C;; alkyl and more preferably,
a Cy, Cqs Ciyr Ciar Cysr Or Cy, alkyl group. The R!
alkyl group may be bound through a terminal carbon



I ndustrial, private, and nunicipal waste water systens), toilets, and water
treatnment systens, 30 (e.g sewage freatgent systens). Sw nming pools,
fountai ns, decorative or ornanmental pools, .ponds or streans, etc., provide
exanpl es of recreational water systens. WD 97/ 11603
PCT/ US96/ 15488 -12- The effective anpunt of an oxime ester used to inhibit
bacteria fromVOIHa¥0hg to a submerged surface in a particul RETASUA/ASHS | |
vary somewhat dependi ng on the aqueous systemto be protected, the 5
conditions for mcrobial growh, the extent of any existing biofouling, and
the degree of biofouling control desired. For a particular application, the
anount of choice may be determ ned by routine testing of various anounts
prior to treatnent of the 10 ent-2@-af fected system |n general, an
effective anount used in_an aqueous system may range from about 1 to about
500, parts per mi|9% éh SAFPoRoAB pheratkh whEdsdm aBBht 2Pyt SZBBUMBY00 parts
per mllion of thas¥wROBTasrie8r knbranched. Th8peyi fiEc gsteferredp! oyed in
the present inventi,on have th %glécwg{¥§ energl fornula: [err 2% The
substituents R erPi*™h&SREEPr fe:‘n V9P 2 T FEBERdBREF O 8 group, an
et hyl group, or, ay tOrgalmitayboacet @uines eompguhideby CASRN & 397dISepent yl or
a cycl ohexyl . groupn,_Prefera errl, an r] are thyl, qr ethyl and
nmor e prefera?)l Y, u%ot:ﬁ ﬁ?r re?ké%rd% or’%]] ae{:(rlé:%&%‘e' é‘ompé‘{?n&‘ c; ©

nanoyl acetoxime, compound d; O-stearaocyl acetoxime,

compound e.

The oxime esters employed in the invention may
be prepared using techniques known in the art. For

10 example, an acid chloride may be reacted with an
oxime. For example, Aranda et al. describe the
synthesis of O-palmitoyl acetoxime, compound b,
using this synthesis reacting hexadecanoyl chloride
and propan-2-one oxime (or acetone oxime). Arnanda

15 et al., Synth. Commun. 22, 1992, 135-144.

The methods according to the invention may be
part of an overall water treatment regimen. The
oxime ester may be used with other water treatment
chemicals, particularly with biocides (e.g.,

20 algicides, fungicides, bactericides, molluscicides,
oxidizers, etc.), stain removers, clarifiers,
flocculants, coagulants, or other chemicals commonly
used in water treatment. For example, submergible
surfaces may be contacted with an oxime ester as a

25 pretreatment to inhibit bacterial adhesion and
placed in agueous system using a microbicide to
control the growth of microorganisms. Or, an
aqueous system experiencing heavy biological fouling
may first be treated with an appropriate biocide to

30 overcome the existing fouling. An oxime ester may
then be employed to maintain the agueous system.
Alternatively, an oxime ester may be used in

combination with a biocide to inhibit bacteria from



30 met hyl. The substituent Rlerr] is a (err]-Cerr] alkyl group.
Preferably, Rerr] is a (err]-(Jerr] alkyl and nore preferably, a (Jerr],
Cerr], (Jerr], (err], derr], or Jerr] alkyl group. The Rerr] alkyl
group may be bound through a term nal carbon WO 97/ 11603

RCT/ US96/ 154880 vifree’ @ carbon in the alkyl chain. The al kybpabRi y

al so be branched or unbranched. Specific preferred oxinme esters | nclude

O nyristoyl acetoxinme, conpound a; O pal mtoyl acetoxinme, conpound b; CASRN
139745- 5 12-3; O0-2-ethyl hexanoyl acetoxi ne, conmpound c; O nanoyl

acet oxi me, conpound d; O stearaoyl- acetoxime, conpound e. The oxine esters
enpl oyed in the invention may be prepgced using techniques known in the
art. For 10 exanple, an acid chloride may be reacted with an oxinme. For
exanpl e, Aranda eidrdrirdf:@ isiBmébged Yt TRites afit&ﬁatﬁetsqﬂeafset oxi e,

compound b, using this he eact hexadecano orlde nd -
propan- 2- one oxi MY d%@§8 Zh é?\ q 150 t¥8} g? Commun.
22, 1992, 135-1440f 'Einﬂ:ram’rgradismscbmdthg dqueicus isweaml.onSmmy &e part of an
overal | water tre Qi th ot her

wat er treat nent c%(;am cat {1%9, Fgulba I%(/iim[%aﬁ Xﬁ?ﬂf&g %&

al gi ci des, f8ingi caskd. bacter|C|des nDIIUSC|C|des oxi di zers, etc.), stain

renovers, clarifiers, g 5ﬁ¥yyl§@56 ot ﬁﬂﬁf%f Q&eokb LoGhgLR comonly

used in water treatnent or exanple, Subnergible surfaces” may be contacted
with an oxi ne estinr ar agueous system means control to, at, or below

a desired level and for a desired period of time for
the particular system. This can be eliminating the

10 microorganisms or preventing their growth in the
agueous systems.

The oxime ester may be used in the methods of
the invention as a solid or liquid formulation.
Accordingly, the presént invention also relates to a

15 composition containing an oxime ester. The
composition comprises at least one oxime ester in an
amount effective to inhibit bacteria from adhering
to a .submergible surface or a submerged surface
within an agqueous system. When used in combination

20 with another water treatment chemical such as a
biocide, the compcsition may also contain that
chemical. If formulated together, the oxime ester
and water treatment chemical should not undergo
adverse interactions that would reduce or eliminate

25 their efficacy. Separate formulations are preferred
where adverse interactions may occur.

Depending on its use, a composition according
to the present invention may be prepared in various
forms known in the art. For example, the

30 composition may be prepared in liquid form as a
solution, dispersion, emulsion, suspension, or
paste; a dispersion, suspension, or paste in a non-

sclvent; or as a solution by dissolving the oxime



25 pretreatment to inhibit bacterial adhesion and placed in aqueous
systemusing a nicrobicide to control the growth of microorganisms. O, an
aqueous system experienci ng heavy biological fouling may first be treat ed
Wi th an appropriate biocide to 30 overcone the existing fouling. An
oxi me ester g then be enployed to maintain the aqueous system

Al ternativel YWORHIIBH3 np ester may be used in conbination wi PEITHSY6/15488 de t o
i nhibit bacteria from WD 97/ 11603

PCT/ US96/ 15488 -14- adhering to subnerged surfaces within the agueous
system whil e the biocide acts to control the gromh of mcroorganisns in
the aqueous systen1 Such a conbinatlﬁg general ly allows Iess m crobicide to
be 5 used. "Controlling the gromh of the mcroorgani sns" in an aqueous

system neans contdgler Qn at somoemlw&n@%&%nl3feéo1a\nchtfsor a desired
perjiod of tine for the _particul ar stem This can be elimnating the 10

M cr oor gani sms  or>Wr PRYVERET PHE AES RREMMERY &0 The oxi me

ester may be useddetdnes gGeibols, (ﬁlddmnsr)veaheeﬂ, asr oty draderHi quid
f ormul ati on. Acco dln%séh the r esent |nvent|o alsp relates to a 15

conposi tion cont SXF Ve %y . AAPREUEAPERII PO AT ses at | east

one oxi ne esSer ipredfieramdunt effective to inhibit bacteria fromadhering to

a subnergibl e surfaceTer @oﬁﬂggﬂﬂﬁg Y fb%CSr%Lpéé' an aaq_li%%li% system When

used in conbination '
concentrate for dilution prior to its intended use.

Common additives such as surfactants, emulsifiers,
diépersants, and the like may be used as known in
10 the art to increase the solubility or compatability
of the oxime ester or other components in a liquid
composition or system, such as an agueous
composition or system. 1In many cases, the
composition of the invention may be solubilized by
15 simple agitation. Dyes or fragrances may also be
added for appropriate applications such as toilet
waters.
A composition of the present invention may also
be pfepared in solid form. For example, the oxime
20 ester may be formulated as a powder or tablet using
means known in the art. The tablets may contain a
variety of excipient known in the tableting art such
as dyes or other coloring agents, and perfumes or
fragrances. Other components known in the art such
25 as fillers, binders, glidants, lubricants, or
antiadherents may also be included. These latter
components may be included to improve tablet
properties and/or the tableting process.
The following illustrative examples are given
30 to disclose the nature of the invention more
clearly. It is to be understood, however, that the
invention is not limited to the specific conditions

or details set forth in those examples.



20 with another water treatnment chem cal such as a biocide, the

conposition may al so contain that chemcal. |If fornul ated together, the
oxi me ester and water treatnent chem cal should not undergo adverse
i nteractions that would reduce or elimnate 25 their efficacy. Separate

f.ormul ations @ e,plsf €' red where adverse interactions may oi;%s%ggagndi ng
on its use, a conposition according to the present invention nay be

prepared in various forns known in the art. For exanple, the 30
conposition nmay be prepared in liquid formas a solution, dispersion,
enul si on, suspension, or paste; a-dispersion, suspension, or paste in a
mon- solvent; or as a solution by diggal ving the oxine WO 97/ 11603

PCT/ US96/ 15488 -15- ester in a solvent or conbination of solvents. Suitable
solvents include, but are not limted to, acetone, glycols, alcohols,
ethers, or other water- dispersible solvents. Aqueous fornulations are 5
preferred. The cd8RUESSn may be prepared as a |iquid concentrate for
dilution prior tEXAMPIRNANGREPARATIEW UL O-MIRISTOES ACEPoaMes,ur f act ant s,
emul sifiers, disgﬁgﬁﬁﬂhﬁb and the |like my be used as known in 10 t he
art to increase t SO i Ity or conpatability of the oxine ester or other

conponents i% a |iquid Walexosi hibnogen sykdnkat s acktaneaoxple B0
COMpOSt 1 on O Y5 Y1 dthyTRnEISF%L $NGRPTPRL RY RN dewention My
placed in a 100 ml, 3 neck round bottom flask fitted
with a claison adapter having a reflux condenser
with a nitrogen inlet and an addition funnel,

10 thermometer, magnetic stir bar, and a septum. The
flask and its contents were chilled to 0°C.
Myristoyl chloride, 4.0 g, and 25 ml dry CH,Cl, was
placed in the addition funnel. The myristoyl
chloride solution was then added slowly to the

15 stirring acetone oxime solution such that the
reaction temperature did not rise above 5°C. After
the addition was complete, the reaction was allowed
to warm to room temperature and stirred overnight.
The resulting clear solution was diluted with 50 ml

20 CH,Cl,, washed 1x10 ml with 5% HCl, 1x10 ml with 5%
KOH, and finally 3x10ml water. The organic layer
was separated from the aqueous layer, dried over
MgsSO,, and filtered. The organic solvent was then
evaporated to afford 3.3 g of light yellow oil

25 product. The product was identified using *C NMR
spectroscopy.

‘EXAMPLE 2: INHIBITION OF BACTERIAL ADHESION

30 Test Method: The following method effectively
defines the ability of a chemical compound to
inhibit bacterial adhesion, or attack the formation

of existing attached bacteria, on various types of



15 sinple agitation. Dyes or fragrances may al so be added for

a o
present invention nay also be prepared in solid form For exanple, the

oxi me 20 ester may be fornul ated as a powder or tablet using neans known
i.n the art. The tablets may contain a variety of excipient known in the
tabl eti ng art WaRHA1698 dyes or other col oring agents, and perCEfHS26/1588
fragrances. Ot her conponents known in the art such 25 as fillers,

bi nders, glidants, lubricants, or antiadherents may al so be i ncl uded. These
I-atter conponents may be included to inprove tablet properties and/or the
t-abl eting process. The followi ng illystrative exanples are given 30 to
di scl ose the nature of the invention nore clearly. It is to be understood,

however, that thesﬁfmgﬂgg¢3nAssaaoavéf§qéﬁxiHdbrggetgpgchéfg condi tions or
details set forth in those exa V0 97/ 11603

PCT/ US96/ 15488 - 182 IBINGHe Eﬁhml?apr@mﬁmm ONLBE B IR -STOYL
ACETOXI ME, COVPOLA deh (glass or pbUgstyrdtie)r @.@ea biredeto tietedye OXi NE,

o0 O U e ARt et 20, Ao e (G| ShbgOk:, A Pl oced 11 @
refl ux condebiser of tthea simdesgdmpped:l eintanc dacaedibil ogr dwirkn aokediifin
thermometer, magnghi G Sty A3 hd"Hi fr S Mwnili®contained a known
' concentration of the test chemical. Following
inoculation with known bacterial species, the test
solutions were stirred continuously for 3 days.

10 Unless otherwise indicated in the results below, the .
medium within the bioreactor was turbid by the end
of three days. This turbidity indicated that the
bacteria proliferated in the medium despite the
presence of the chemical tested. This also shows

15 that the chemical, at the concentration tested,
showed substantially no biocide (bactericidal)
activity. A staining procedure was then used on the
slides in order to determine the amcunt of bacteria
attached to the surfaces of the slides.

20
Construction of Biloreactors: The bioreactors
comprised a 400 ml glass beaker over which a 1lid
(cover from a standard 9 cm diameter giass petri
dish) was placed. With the lid removed, slides of

25 the material of choice were taped at one end with
masking tape and suspended inside the bioreactor
from the top edge of the beaker. This allows the
slides to be submerged within the test medium.
Typically, four slides (replicates) were uniformly

30 spaced éround the bioreactor. The score presented
below are the average of the four replicates. A
magnetic stirring bar was placed in the bottom of

the unit, the lid pcsitioned, and th-: bioreactor



flask and its contents were chilled to O[err]C. Mristoyl chloride,
and 25 m dry CH err]C[err] was placed in the addition funnel. The
nyristoyl chloride solution was then added slowy to the 15 stirring
acetone oxime solution such that the reaction tenperature did not rise
above 5[err] goPhi@s the addition was conplete, the reacti giepapedsgPved to
warmto roomtenperature and stirred overnight. The resulting clear
solution was diluted with 50 m 20 CH err]d[err], washed 1x10 m wth
500 HC, 1x10 mM with 5% KOH, and finally 3xI Ol water. The organic |ayer
was separated fromthe aqueous |ayer, dried over MgSO err], and filtered.
dhe organi c solvent was then evapg-ated to afford 3.3 g of light yellow oil
25 product. The product was identified using [err]C NMR spectroscopy.
EXAMPLE 2: | NHuBbEL&XedF B RIfAle rABDEECYRE 30f matkasitalMeklred: The

foll owi ng nethod .effecti y def ] e il f hem cal conpound to
i nhi bit bact e?'llsgfi aahgéli%%’ #ﬁa}t#ggﬁkphég$%ﬁr¥rlgn agsf %exi sting attached
bacteria, on hydiropBobypesunface apd gras3688 a hydrophillic

PCT/ US96/ 15488 ,334sesSur faces. As an overview, bioreactors were constructed
in which approximately 1 in. x 3 in. slides (glass or polystyrene) were

fixed toXhe edge of the bioreactor. The |ower ends (approx. 2 in.) 5 of
the slides di - Md

4.0 g,

_ pRederih® GrORE MddBlundr ovhe Deguidnrddivk udillhzedt he
bi or eact or whic conLalned a known concengrgtlon of the test chem cal.
Fol | owi ng in the bioreactors was described previously by
Delaquis, et al., "Detachment Of Pseudomonas
fluorescens From Biofilms On Glass Surfaces In
10 Response To Nutrient Stress", Microklal Ecology
18:199-210, 1989. The composition oI the medium
was:
Glucose 1.0 g
KH,PO, 2.7 g
NaCl 2.0 g
NH,C1 1.0 g
MgsO, . 7H-O 0.12 g
20 Trace Element 1.0 ml
Deionized RO 1.0 L
Trace Element Solution:
CcacCl, 1.5 g
25 FeSO, . 7H-O 1.0 g
MnSO, . 2H.O 0.35 g
NaMoO, 0.5 g
Deionized H,O0 1.0 L
The medium was autoclaved and then allowed to cool.
30 If a sediment formed in the autoclaved medium, the
medium was resuspended by shaking before use.
Preparation of Bacterial Inocula: Bacteria of the
genera Baéillus, Flavobacterium, and Pseudomonas
35 were isclated from 2 paper mill slime deposit and

maintained in continuous culture. The test

organisms were separately streaked ¢rnzo plate count



I nocul ati on with known bacterial species, the test solutions were stirred
continuansly for 3 days. 10 Unl ess otherwi se indicated in the results
bel ow, the mediumw thin the bioreactor was turbid by the end of three
days. This turbidity indicated that the bacteria proliferated in the nmedi um
despite the presence of the chemcal tested. This also shows 15 that the
chemical, at MRI78%MBentrati on tested, showed substanti al | y REE/USPELEs
(bactericidal) activity. A staining procedure was then used on the slides
in order to determ ne the anount of bacteria attached to the surfaces of
t-he slides. 20 Construction of Bioreactors: The bioreactors conprised a 400
M gl ass beaker over which a lid (cover froma standard 9 cm di aneter gl ass
petri dish) was placed. Wth the |lid;genoved, slides of 25 the materi al
of choice were taped at one end with nmasking tape and suspended inside the
bi oreactor from tigat GhedgRudhtbhcabesk®y folhicd AbLeYs tiesld des to be
subnmerged within the test dium Typically, faour slides (replicates) were
iniformy 30 SPECEHLSSRRER RHAB! GPREATIS CErfEesEBIenIF RS YA bel ow
are-the average ofemmdwed aind rsaspendédsin /syeagiet wateti.rrThng bar was pl aced

in the bottomof the unit, the |lid.pcsitioned,.and .t he _bioreacto WO
97/ 11603 suspensions were mn[()eg very %e’ll aﬁ&ys§567q_]3.}t§'§c{ 18-

aut ocl aved. 5wo dtéfan evptiicglesiensitmt ef | Gl8SAeriBacdiddusas, sOi 655,
polystyrene (p0|y§£ygv3b§§%é}ium), and 0.775 (Pseudomonas) at 686 nm.

: To four
separate bioreactors was added 200 ml of the sterile
10 medium prepared above. Compounds tc be evaluated
were first prepared as a stock solution (40 mg / 2
ml) using either water or a 9:1 ace=one: methanol
mixture (ac/MeOH) as a solvent. A 1.0 ml aliQuot of
the stock solution was added to the bioreactor using
15 moderate, continuous magnetic stirring. This
provided an initial concentration of 100 ppm for the
test compound. Other concentrations tested for a
particular compound are set forth in the Table
below. One bioreactor (Control) contained no test
20 compound. Aliquots (0.5 ml) from each of the three
bacterial suspensions were then introduced into each
bioreactor. The bioreactors were then provided with
continuous stirring for three days to allow for an
increase in bacterial population and deposition of
25 cells onto the surfaces of the slides.

Evaluation of Results: The following compounds were
. evaluated using the procedure described above: O-
myristoyl acetoxime, compound a; O-palmitoyl
30 acetoxime, compound b; O-2-ethylhexanoyl acetoxime,
compound c; and O-nanoyl acetoxime, compound d.
After the test was completed, the slides were

removed from the bioreactors and posizioned



hydr ophobi ¢ surface and gl ass as a hydrophillic surface. 5 Bacterial G owh
Medium The liquid nmediumutilized in the bioreactors was descri bed

previously by Delaquis, et al., "Detachnment O Pseudononas fl uorescens From
Biofilms On 3 ass Surfaces In 10 Response To Nutrient Stress", M crobial
Ecol ogy 18: 19%wa@#h16ds289. The conposition of the nmedi um was; S&s

1.0 g 15 Klerr] HPQ err] 5.2 g KH err] e#l)rgﬁi

2.7 g Nad 2.0 g NHerr]d 1.0 g ySerr] . 7Herr]O
0.12 g 20 Trace Element 1.0 ml Deionized HO 1.0 L Trace
El'ement Sol ution: CaC [err] 1.5 g 25 FeS( err]
7Herr]O 1.0 g MnSQerr] . 2Herr] ©% 0.35 g NaMX4 0.5¢g

Dei oni zed Herr]O 1.0 L _The nedi um was, aufocl aved_and then all owed to

cool . 30 If a SEFTHGRIIMoEReReFRLY 1R G &F’&vedTﬁﬁa‘F‘?ﬁﬁe? ¥ nedi um was
resuspended by shaddhegizef efebaster i epardid eesaf sBacaes ivds [thanll a:
Bacteria of the genera Fl and Pseudonobnas 35 wer e

i solated froma paepser"mrraﬁ%l(%f lé‘:stilﬁg %Ie%%%’?qaicr}a?ﬁélrlé%}eﬂflﬁ?hed i n continuous
culture. The test orgafhenslides weparkitisfilysiflemeddinndodest atee fidount
5 the cells to the surface, and then transferred for
two minutes to a container of Gram Crystal Violet
(DIFCO Laboratories, Detroit, MI). The slides were
gently rinsed under running tap water and then
carefully blotted. The degree of bacterial adhesion
10 was then determined by visual examination and
subjective scoring of each slide. The intensity of
the stain is direct’y proportional -z the amount of

bacterial adhesion. The following scores are given:

0 = essentially none 3 = moderate
15 1 = scant 4 = heavy
2 = slight

Chemical treatments were evaluated relative to
the Control which typically receive szn average score
for the four bioreactor slides in the 3-4 range.

20 Compounds which receive an average score in the 0-2
range were considered effective to prevent bacterial
adhesion to the submerged slides. The results are
shown in the following Table:
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agar and incubated at 30[err]C_for 24 hours. Wih a sterile caotton swab,
portions of the colonies were renmoved and suspended in sterile water. The
suspensi ons were m xed very well and were adjusted 5 to an opti cal
density of 0.858 (Bacillus), 0.625 (Flavobacterium, and 0.775
(Pseudononas) wo9Ba363nm Bi ofi | m Production / Chem cal Test i MgF/USSEa548% s
separate bioreactors was added 200 ml of the sterile 10 medi um pr epar ed
above. Conpounds to be evaluated were first prepared as a stock sol ution
(40 mgy / 2 M) using either water or a 9:1 acetone: nethanol m xture

(ac/ MeOH) as a solvent. A 1.0 m aliquot of the stock solution was added to
t he bi oreactor using 15 noder at e, ? onti nuous nmagnetic stirring. This
provided an initial concentration of 100 ppm for the test conpound. C her
concentrations tested for a particular conpound are set forth in the Table

bel ow. One bioreagctor (Contraql) caontained nao test 20 conpound Aliquots
(0.5 nl) from each ciimpoumd! frsraveaetietbat. suspaziton veraiddern i ed
i nt o, each bioreacfpor. The bijoreactorjs were then provided wth
stirring for thregp_days to allow fon atPBMcrkase in bacterial
and deposition of 5 cellgcgﬂggntrfbénuf 1§l§ggdes. n
of Results: The fpg : GHAIT-O
descri bed above: , Bopmetyr o\fl0 30
acet oxi me, conpoufig ace A nd c,} Ana
O nanoyl acet oxi n rﬁ%r 280 SHBSQ ¢
ac/MeOH | 60 glass 0
ac/MeOH | 25 glass 0
ac/MeOH | 20 glass 0.75
ac/MeOH | 10 glass 3.25
{ac/MeOH | 5 glass 2.75
ac/MeOH | 100 polystyr. |0
c ac/MeOH | 100 >500 glass 2
ac/MeOH | 100 polystyr. 2.7
d ac/MeOH | 100 >100 glass 0
ac/MeOH | 50 glass 1
ac/MeOH | 25 glass 1
ac/MeOH | 20 glass 1.5
ac/MeOH | 10 glass 3
ac/MeOH | 5 glass 2.75
ac/MeOH | 100 polystyr. | O
Minimum inhibitory concentration (MIC) for each

compound against the bacteria E. Aerogenes using an

16 hour Basal Salts test both at pH 6 and at pH 8.



After the test was conpleted, the slides were renoved fromthe bioreactors
and positioned WO 97/ 11603

PCT/ US96/ 15488 -20- vertically to permt air drying. The degree of adhesion
of bacteria to the test surface was then estimated using a staining

pr ocedur e. were briefly flamed in order to fix 5 ls to
t he surface q? &ﬁ% transferred for two mnutes to a contéFﬁgkgg* am
Crystal Violet (D FCO Laboratories, Detroit, M). The slides were gently
rinsed under running tap water and then carefully blotted. The degree of
bacteri al adhesion 10 was then determ ned by visual exam nation and

subj ective scoring of each slide. The22mtensity of the stain is directly
proportional to the amount of bacterial adhesion. The fol|ow ng scores are
given: 0 = essential | yWhéhe particular embodimentsppertdie ipyention 1=

scant have been described; N22WY12 DeShhdiistdRi) 2 treatnents
were eval uated relative to the Control which typically recelve an average
score for the fouFoNF8Peathdt the dayenticheis. °Fa&&ﬂrt thgABounds

whi ch receive an amdodifRefitsl e Othd:henddiZicangonsensy QﬁﬂSrladﬁr edThéf ective
to prevent b@gterial agggsign.to the.sqp rgegoslldes The rgsults are

shown in the 0II8RPﬁ8 claims are’ intende cover ‘any s
modifications as fall within the true spirit and

scope of the invention.
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Conpound _Sol vent _ Conc. TVI_C[‘E‘I“MU'*PQ Gror e_a

ac/ MeCH 100 >500 5 ac/ MeCH

polystyr. 0 b ac/ I\/EO—I m gI ass 0 ac/ MeCH
60 gl ass MML ”ﬂ ”ﬂ"’ | ass 0
ac/ MeOH 20 WO 9711603 gl ass 75 dc/ MeOH 10 CT/US96/15488

gl ass 3.25 ac/MeOH 5 gl ass 2.75 ac/ MeCH 100
polystyr. 0 c ac/ MeOH 100 -23- >500 gl ass 2 ac/ MeCH
100 polystyr. 2.7 d . ac/ MeOH 100 >100

gl ass 0 ke \Mel3imesh invention is: gl ass 1 ac/ MeOH 25

gl ass 1 ac/ '\ﬁ‘%t}%}i to inhibit bact&h%ssfrom adhér5né‘0é<M‘é:H 10

gl ass 3 ac/ MeCH 75 ac/ MeCH 100

polystyr. O IVFH’PH?:FH’thJrﬁ b?‘{rtfrafecﬁﬂ’t‘,%ﬁ?’a’iq d:d‘e( Mitep PSr each conpound
agai‘nst the baebﬁtaetﬁ;g AtHeogabaergsblg surfatehauithBasalesat tend est both at
pH 6 and e v¥)§2$}1603m t feptiyv nhibit

PCT/.US96/ 5488°x§”2 i Te Pat &lPar TR S SO PR P hvent i on have been
described, it hattebeammadh@dmgft@om@esummhe suytate,on i s not

limited to thogheaRRUlHEY,SmeClee, "8 { i St BRYche Made. The

formula:

Rl N
Y \0 R3
R2

wherein R!' and R? may each independently be a methyl
10 group, an ethyl group, or, with the carbon atom
carrying them, form a cyclopentyl group or a

cyclohexyl group; and R® is a Cs~C,, alkyl group.

2. A method of claim 1, wherein R' and R? are methyl

15 or ethyl, and R’® is a C4~C,, alkyl group.

3. A method of claim 1, wherein the oxime ester is
O-myristoyl acetoxime, O-palmitoyl acetoxime, 0-2-
ethylhexanoyl acetoxime, O-nanoyl acetoxime, or O-
20 stearoyl acetoxime;
and wherein the submergible surface is a ship
hull, a boat hull, a marine structure, a tooth
surface, a medical implant surface or a surface of
an agqueous system.
25



S5 appended clainms are intended to cover any such nodifications as fall
within the true spirit and scope of the invention. -23- The cl ai med

invention is: 1. A nmethod to inhi.bi | adhering to a

subner gi bl e surface conpri sing thelﬂl“ﬂﬂﬁl“ﬂ"‘ltﬁﬂ"ng t he subnergi bl e
surface with - one 5 oxi mg¢ eStek ith & dnount eff } fsﬁlﬁ

I nhi bit bact e&%’é’l"ﬁ@n adhering to the subnergible surface, m)ruélﬁr’] the

oxi ne ester is a conpound of the fornu M;\ [err] wherein Rerr] and Rlerr]
may each independently be a nethyl 10" group, an ethyl group, or, wth

t he carbon atom cgrryil t C r r a cycl ohexyl
group; and R[elirnr]a}\lgn)égﬂ er?rg]En %{)9{ ﬂﬁ FQB@BM}L"% giparpt hod of claim1,
wher ei n R er r |agueduR] éMs}'-eEréomifﬁl‘lnglLEhe S&PPePﬁyiiddm wWdhe] is a
Cerr]-derr] fdedusdisydRendat feddt Ml Shimkabitdr VWS4 Lidhdude OXi me ester
Is O-nyristoyl acetoxinme, 0-palmtoyl acetoxine, 0-2- ethylhexanoyl

acetoxi ne, O rRfifGAti¥eetoxiRBibEY RACtRyia fzpBapdheriR@tiskide: and wherein

t he subneg gi b|sﬂ.1t§rt€rfg%@esh&facéhk:ptm |theaalaﬁébubukﬂ/sté!nﬂﬁﬁﬂéﬁ1%trUCthe a

tooth surface, o medical, |00 20t, SULLAGE L2 RY" 2G5, P], an adueous system
0
Rl N
\o R3

R2

wherein R! and R? may each independently be a methyl
group, an ethyl group, or, with the carbon atom
carrying them, form a cyclopentyl group or a

10 cyclohexyl group; and R® is a C,-C,, alkyl group.

5. A method of claim 4, wherein the oxime ester is

O-myristoyl acetoxime, O-palmitoyl acetoxime, 0-2-

ethylhexanoyl acetoxime, O-nanoyl acetoxime, or O-
15 stearoyl acetoxime and wherein the effective amount

of the oxime ester ranges from 10 ppm to 500 ppm.

6. A method of claim 4, wherein the addition step
comprises adding sufficient oxime ester to the
20 aqueous system to reduce any existing biofouling in

the agueous system.

7. A method of claim 4, wherein the agqueous system
is an industrial water system selected from a

25 cooling water system, a metal workiﬁg fluid system,
a papermaking water system, and a textile

manufacture water system.
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nmethod for controlling biofouling—of an agueous system conprising the step

of adding to the aqueous system at | east one oxinme ester in an anount
effective to inhibit bacteria frop”"tﬂﬁﬂl"rnm subnerged surface
within the aqueous system wherei i mmﬂl s a conpound of the
formula: [errwobmne®dn Rlerr] and R er’r] “mal eqch i ndependenP¢T/USRS1848%et hy |
group, an ethyl group, or, with the carbon atomcarrying them forma

cycl opentyl group or a 10 cycl ohexyR5group; and Rlerr] is a
Cierr]-(err] alkyl group. 5. A nethod of claim4, wherein the oxine ester
is O-myristoyl 8aceRoRehpod RHAYHIN0F) wWeRFTVIN rghe RameocushyyRERMNOY|

acet oxi me, O nagoyl raeLL9XidMal ¥atlr 3pstem SIS DHa F¢ehoyi me and wherein
the effective anpunt of the oxinme ester ranges from_ 10 gpmto 500 ppm 6. A

met hod of cl ai AFATWHRGB RO Ife TRHAFREBN 3R P RANRAGRI ORI Y suffici ent

oxi mMe ester toorhem@ftal pEplcowhdSyft ephamentetiuea r@ayw.exi sting bi of ouling
in the agueous system 7. A nethod of claim4, wherein the agueous system
Is an industrial water system selected froma 25 cooling water system a
met al wor ki ng Blui 8 sgthednofh gdajer Aukvherein arhes ysuerpsangstenexti|l e

manuf acture waier ,Syshefition Watlt 11608n Sorected from a toilet

water system, a cistern water system, a septic water

system, and a sewage treatment system.

10
10. A method of claim 4, further comprising the
step of adding an effective amount of a biocide to
the agueous system to control the growth of a
microorganism in the aqueous system.

15
11. A method of claim 10, wherein said aqueous
system is selected from an industrial water system,
a recreational water system, and a sanitation water
system.

20
12. A composition for controlling biofouling
comprising an effective amount of at least one oxime
ester to inhibit bacteria from adhering to a
submergible surface or a submerged surface within

25 the aqueous system, the oxime ester having the

formula:

\o R3



8. A nethod of claim4, wherei nthe aqueous systemis a recreational water
system sel ected froma swi nm ng pool, a fountain, an ornanental pond, an

ornamental pool, and an ornamentﬂmﬂuuﬂﬁm mum thod of claim4, wherein
t he aqueous systemis a sanitati éu Hgl ected froma toilet

wat er syste ern water systeni sdptfc wnater syste g“ ewage

treat nent sy t?ﬁﬁié’ 10. A nethod of cI aim4, further corrpppcsrﬁ% f‘sais step

of adding an effective anmount of a bi_g ide to the aqueous systemto control
the gromh of a mcroorganismin the éueous system 15 11. A nethod of

clai m 10, wheggd e Saigd 2456 Sa3Y SLEH) LEaGSI AR LA "L RY gst” al wat er

system a recreational water and sani on wa stem 20 12.
A conposi ti onI¥HP ¢ Gt r%'—lhlylngrBPBf o®F i i tdorsel sambonnatériect i ve anount of

at | east one &x#¥Eir@pitdien, Ofb@ﬂl Ri &y@ﬁ?&{ﬂﬁ fgrrg%agpegl ng to a subnergible
surface or a sub ed surface Wlthl queous system the oxine -
éster having ?Yﬁe{ itfgﬂﬂl Gropgrr pnd Ripdsgpy 51'6"68 alkyl group.
PCT/ US96515488 -26- wherein Rlerr] and Rerr] nay each independently be a
methyl group,; an Lt i948n 88 cfh i 121° 527290 2h2 bxime

ester is O-myristoyl acetoxime, O-palmitoyl

acetoxime, O-2-ethylhexanoyl acetoxime, O-nanoyl

acetoxime, or O-stearoyl acetoxime.

10
14. A composition of claim 12, further comprising a
biocide in an amount effective to control the growth

of a microorganism in the agqueous system.

15



: 2325 -
carrying them forma cyclopentyl group or a cyclohexyl group; andgRlerr ’
is,a dJerrl-Cerr] alkyl group. 5 13 A conposition of claiml | P
the oxime ester is O-nyristoyl acetoxinme, 0-palmnmtoyl acetoxine,

0- 2- et hyl hexanoyl acetoxi ne, O nanoyl acetoxine, or 0-stearoyl acetoxine.
10 14. A conposition of claim 12, further conprising a bioci dds

effective to coi; the gromh of a mcroorganismin the aq
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The present invention relates to a method to inhibit bacteria from adhering to a submergible surface. The method contacts the
submergible surface with an effective amount of at least one oxime ester to inhibit bacterial adhesion to the submergible surface. The
: present invention also relates to a method for controlling biofouling of an aqueous system. This method adds an effective amount of at
least one oxime ester to inhibit bacteria from adhering to a submerged surface within the aqueous system. This method effectively controls
biofouling without substantially killing the bacteria. The oxime ester used in the method of the invention has formula (f). The present
invention also relates to compositions containing oxime esters and useable in the above methods. The compesitions comprise at least one
oxime ester in an amount effective to inhibit bacteria from adhering to submergible or submerged surfaces.




