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enul si ons, GAknt invention show unexpected synergistic activity against microorganisms, including

bacteria, fungi, algae, and mixtures thereof. The present invention particularly relates to

the use of compositions/mixtures comprising an ionene polymer and a pyrithione salt.

15 BACKGROUND OF THE INYENTION
Many industrial materials and media, when wet or subjected to treatment in

water, are susceptible to bacterial, fungal and/or algal deterioration or degradation
unless steps are taken to inhibit such degradation or deterioration. These industrial
mateﬂals and media include, but are not limited to, wood pulp, wood chips, lumber,

20 adhesives, coatings, animal hides, paper mill liquors, pharmaceutical formulations,
cosmetic and toiletry_fonnulations, geological drilling lubricants, petrochemicals,
agrochemical compositions, paints, leathers, wood, metalworking fluids, cooling water,
recreational water, influent plant water, waste water, pasteurizers, retort cookers,
tanning liquor, starch, proteinaceous materials, acrylic latex paint emulsions, and

25 textiles.
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wherein at least one of the R groups in the above formula is or contains an alkyl group,
an aralkyl group, an alkylaryl group or an amide derivative of such a group and
contains from 6 to 26 carbon atoms; the remaining R groups are selected from alkyl,

20 aryl, aralkyl, and alkylaryl groups and amide derivatives of such groups and contain
from 1 to 26 carbon atoms; with the proviso that two R groups may combine with the
N atom to form an imidazoline ring structure; and X is a halogen anion or an alkyl
sulfate anion having from 1 to 4 carbon atoms,

Ionene polymers, i.e., cationic polymers containing quaternary nitrogens in the

25 polymer backbone, is one group of biocides used in controlling bacteria and algae in
various aqueous systems. Illustrative examples of these polymers and their uses are
described in U.S. Patent Nos. 3,874,870; 3,898,336; 3,931,319; 4,027,020; 4,054,542;

4,089,977; 4,111,679; 4,506,081; 4,581,058; 4,778,813; 4,970,211; 5,051,124; and
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various ague stems. |llustrative exanples of these pol ypgfmonidsi heir
uses are g%kgggf%g% in US. Patent Nos. 3,874,870; 3,898, 336; 3,931, 319;

4.027,020; 4,054,542; 4,089,977; 4,111,679; 4,6506,081; 4,581, 058;
4,778,813; 4,970, 211; 5,051,124; and WD 98/ 16108
PCT/ US97/ 17263 -3- 5,093,078, the disclosures of all of which are
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I
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Accordingly, there is a need in the art for a microbicidal composition that

overcomes these and other problems.

SUMMARY OF THE INVENTION
It is therefore an object of this invention to provide a microbicidal composition
capable of controlling the growth of at least one microorganism, particularly fungi,
bacteria, algae, or mixtures thereof over prolonged periods of time. It is an additional
15 object to preferably provide such compositions which are economical to use. Methods
of controlling the growth of at least one microorganism are also objects of this
invention.
In accordance with these and other objects, the present invention provides a
composition comprising an ionene polymer and a pyrithione salt where the components
20 are present in a combined amount synergistically effective to control the growth of at
least one microorganism.
The present invention also provides a method for controlling the growth of at least
one microorganism in or on a material or medium susceptible to attack by the

microorganism. This method includes the step of adding to the material or medium a
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synergistically effective anpunt varies inh accordance with the material or
medi um t oWHB thé gaterial o5 anedipim te be treatpd, and cang OTa%BWH{aFGHPh%@OPob?i nel y
determ ned by one skilled in the art in view of the disclosure provided
her ei n. Sroutinely determined by ese skilledum the anh imView efthedlisdosuie peavidadaberein.
addi tion of an ionene polynmer and a pyrithione salt to the products,

matgrials, or THe Predeficimoentnthigbombodibs Gy pardte Additiers o b isheh Ppolynidre
conponents are individually added to the systemso that the final anount
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' ndustri aIfinal amount present at the time of use is that amount synergistically effective to control
the growth of at least one microorganism.
t0 The compositions of the present invention are also useful in preserving or
controlling the growth of at least one microorganism in various types of industrial
media or materials susceptible to attack by microorganisms. Such media or materials
include but are not limited to dyes, pastes, lumber, leathers, textiles, pulp, wood chips,
tanning liquor, paper mill liquor, polymer emulsions, paints, paper and other coating
i5 and sizing agents, metalworking fluids, geological drilling lubricants, petrochemicals,
cooling water systems, recreational water, influent plant water, waste water,
pasteurizers, retort cookers, pharmaceutical formulations, cosmetic and toiletry
formulations, and the like.
The composition can also be useful in agrochemical formulations for the purpose
20 of protecting seeds or crops against microbial spoilage.
Additional objects and advantages of the present invention will be set forth in part

in the description which foliows, and in part will be apparent from the description, or

may be learned by the practice of the present invention. The objects and advantages of
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PCT/ US97/ 17263 t he rese vention nay be realized and obtai ned by neans
of ?he el BIfseRtdn ﬁ- ons particularly pointed out in the clains. It
I's to be understood that both the foregoi ng general description and the
follow ng detail ed description are exenplary and explanatory only and are
not restrictive of the 5 present invention as clained. DETAILED

DESCRI PTI ON OF PBEAFARITD DESCRIFPRICGNTOF PREFERREDVENIBODIMENTSes a

conposition to control the growh of at |east one m croorgani smconprising
a mxture of gReiRBRACIRBhICIEProvitits A CMfpdsitioh ' Rtrbl MeSEBwth of at least one

microorganism comprising a mixture of an ionene polymer and a pyrithione salt where
0 the components are present in a combined amount synergistically effective to control the
growth of at least one microorganism. The composition preferably provides superior
microbicidal activity at low concentrations against a wide range of microorganisms.
The compositions of the present invention can be used in a method for controlling
the growth of at least one microorganism in or on a material or medium susceptible to
5 attack by the microorganism. This method includes the step of adding to the material
or medium a composition of the present invention, where the components of the
composition are present in synergistically effective amounts to control the growth of the
microorganism.
The synergistically effective amount varies in accordance with the material or
0 medium to be treated and can, for a particular application, be routinely determined by
one skilled in the art in view of this disclosure.
In lieu of adding the composition of the present invention to a material or medium
to be treated, the ionene polymer and the pyrithione salt can be separately added to the

material or medium to be treated. These components are individually added so that the
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microbial spoilage. These methods of preserving and protecting are accomplished by
adding the composition of the present invention to the products, media, or materials in

10 an amount synergistically effective to preserve the products, media, or materials from
| attack by at least one microorganism or to effectively protect the seeds or crops against
microbial spoilage.

According to the methods of the present invention, controlling or inhibiting the
growth of at least one microorganism includes the reduction and/or the prevention of

15 such growth.

It is to be further understood that by "controlling” (i.e., preventing) the growth of
at least one of microorganism, the growth of the microorganism is inhibited. In other
words, there is no growth or essentially no growth of the microorganism.

"Controlling” the growth of at least one microorganism maintains the microorganism
20 population at a desired level, reduces the population to a desired level (even to

undetectable limits, e.g., zero population), and/or inhibiting the growth of the

microorganism. Thus, in one embodiment of the present invention, the products,

material, or media susceptible to attack by the at least one microorganism are preserved

from this attack and the resulting spoilage and other detrimental effects caused by the
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by the WO 98/ 16108
PCT/US97/ 17283  The chemicals in the product would produce an antagonistic effect, or

) 3) The chemicals in the product would produce a synergistic effect.

An additive effect has no economic advantage .over the individual components.
The antagonistic effect would produce a negative impact. Only a synergistic effect,
which is less likely than either an additive or antagonistic effect, would produce a
positive effect and therefore possess economic advantages.

5 It is known in the microbicidal literature that there is no theoretical method to
anticipate additive, antagonistic, or synergistic effects when two biocides are mixed to
yield a new formulation. Nor is there a method to predict the relative proportions of
the different biocides required to produce one of the three effects described above.

The inventive microbicidal compositions combining an ionene polymer and a
20 pyrithione salt demonstrate an unexpected synergistic effect compared to the respective
components alone. Thus, these compositions achieve superior, i.e. greater than
additive, microbicidal activity, preferably even at low concentrations, against a wide
variety of microorganisms. Examples of these microorganisms include fungi, bacteria,

algae, and mixtures thereof such as, but not limited to, Trichoderma harzianun,
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wherein R!, R?, R?, and R* can be identical or different, and are selected from

0 hydrogen, C,-C,, alkyl, or benzyl. Each C,-C,, alkyl can be unsubstituted or
substituted, for instance, optionally substituted with at least one hydroxyl group. Each
benzyl can also be unsubstituted or substituted, for instance, optionally substituted on
the benzene moiety with at least one C,-C,, alkyl group. Preferably, R!, R?, R® and R*
are all methyl or ethyl.

5 The group "A" is a divalent radical selected from C,-C,, alkyl, C,-C,, alkenyl, C,-
Cyo alkynyl, C,-C,, hydroxyalkyl, symmetric or asymmetric di-C,-C,s-alkylether, aryl,
aryl-C,-C,p-alkyl, or C,-Cs-alkylaryl-C,-C,, alkyl. The group "A" can be unsubstituted
or substituted. Preferably, "A" is C,-C; alkyl, C,-C; alkenyl, C,-C; hydroxyalkyl, or
symmetric di-C,-Cs-alkylether. Most preferably "A" is propylene, 2-hydroxypropylene,

0 or diethylene ether.



al gae, and m xtures thereof such as, but not |limted to, Trichodernma
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PCT/ US97/ 17263 - 8- Pseudonpnas aerugi nosa, and Chlorella pyrenoi dosa.
Preferably, the conpositions of the present invention have a |ow toxicity.
| onene polynmers may be classified accordiig to the repeating unit found in

the polynmer. This repeating unit results fromthe.reactants used t,qQ yake
the ionene 5 The gm‘lﬂ)ﬁgﬁr&gdﬂ"’h’*& 1£3) , Whigh ?@n%g‘ep%m%‘r&‘ﬂ%i?“%a 'b& used
in the present invention conprises the repeating unit of formula |: [err]
wher e R[ eseléct&d énonj CRIQys rlkyhic-Qoclkanyl,ob-ba Akynyli €aiCiohydrory@dkehce, and
are selected from 10 hydrogen, ([err]-Cerr] alkyl, or benzyl. Each

d err] - C gyminetidot asyaiméteic Wi TG iatkylettenrarply asiliCuCaehlkylpor CheCgnce,

optionally substituted with at | east one hydroxyl group. Each benzyl can
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on the be ne” not e th at st one err|-Cerr] alkyl group.
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aryl-Cerr]-Cerr]-alkyl, or err]-Cerr]-alkylaryl-Cerr]-Cerr] alkyl.
The gr ouphéxiimethylefie unsubstituted or substituted. Preferably, "A" is
Cerr]-Cferr] alkyl, C-C5 al kenyl, C2-C5 hydroxyal kyl, or
The counter ion, X%, is a divalent counter ion, two monovalent counter ions or a
fraction of a polyvalent counter ion sufficient to balance the cationic charge in the
0 repeating unit which forms fhe ionene polymer backbone. Preferably, X* is two
monovalent anions selected from a halide anion and a trihalide anion and more
preferably, chloride or bromide. Ionene polymers having trihalide counter ions are
described, for example, in U.S. Patent No. 3,778,476, the disclosure of which is
specifically incorporated herein by reference.
t5 Ionene polymers having the repeéting unit of formula I may be prepared by any of
the methods known to the art.. One such method is to react a diamine of the formula
R'R2N-B-NR3R* with a dihalide of the formula X-A-X, wherein the substituents R!, R?,
R3, R, A, X, and B have the same meanings as in formula (I). Ionene polymers
having this repeating unit and methods for their preparation aré described, for example,
20 in U.S. Patent Nos. 3,874,870; 3,931,319; 4,025,627; 4,027,020; 4,506,081; and
5,093,078, the disclosures of all of which are incorporated herein by reference. The

biological activity of ionene polymers having the repeating unit of formula I is also

described in these patents.



symmetric di-Clerr]-Cerr]-alkylether. Mst preferably "A" is propyl ene,

2- hydr oxy , 10 or diethylene ether. WO 98/ 18&8R5507/17263
PCT/ US97/ %gggkﬁgf The group "B" is a divalent radical, which can be the
sane as the group "A " is selected from{erer]-Clerr] alkyl, Cerr]-Cerr]

al kenyl, Cerr]-Cerr] alkynyl, Cerr]-<trr] hydroxyal kyl, symetric or
asymmetric di-Clerr]-Clerr]-al kylether, aryl, aryl-(ferr]-Cerr]-alkyl, or
Clerr]-Cerr] A sebénd gypylof Gomsne]polimer thavtdnybe usddeinghe ppeseit' invemidre
unsubstituted or substituted. Preferably, 5 "B" 1s (Jerr]-Cerr]

al kyl , qﬁ@%&%é}eﬂm@rﬁ ?:ﬁ;ﬁ_%%ﬂ:err] hydr oxyal kyl , aryl,

aryl-Cer err|-alkyl, err] alkylaryl-Cerr]-Cerr] alkyl.
Most preferably "B" is ethylene, propylene, butylene, or hexamethyl ene. The
counter ion, Xerr], is a diVvalent count ) ion! two nonoval ent counter ions
or 5a fraction of a polyval entl counter io suf:‘ALci ent to bal ance the
catdonic charge in the 10 repeati ng uhi t ich forns the ionene polyner

backbone. Preferably, X-erti-rs 4w monoWl ent -ani ons sel ect ed¥ om a

hal i de anion and a trihalide fani on and nole prgferably, chloride or

brom de. |onene polynmers havijng trihal i d®*ounfer io are described, for
exanple, in U S. Patent No. 3,778,476, the distlosure of which is
spggifically incorporated herein by reference. 15 | onene pol yners

oo LSRSARPRL 9 A o of e RGBS 5 P4 o) e
formia Rerel Repri e deLerl erd ] wihos, difialide,of L opmi a X-A-x
sufficient to balance the cationic charge of the repeating unit which forms the ionene
polymer. X may be, for example, a halide, or trihalide anion and is preferably
5 chloride or bromide.
Ionene polymers having the repeating unit of formula (II) may also be prepared by
any of the known methods. One method is to react an amine of the formula R'R?N
with a haloepoxide such as epichlorohydrin, wherein R' and R? have the same meanings
as in formula (I). Ionene polymers having the repeating unit of formula (II) are, for
0 example, described in U.S. Patent Nos. 4,111,679 and 5,051,124, the disclosures of
which are incorporated herein by reference. The biological activity of ionene polymers
having the repeating unit of formula (II) is also described in these patents.
A third type of ionene polymer that can be used in the present invention
comprises a repeating unit of formula (III):
5 i— 1

------ R------B------ (111)

30



Rlerr], Rerr], A X and B have the sanme neanings as in forrmula (I).

| onene polvmr!ﬁlnsmsaw ng this repeating unit and nethods for PHEEUSIT/I7263
preparation are described, for exanple, 20 in US. Patent Nos.
3,874,870; 3,931, 319; 4,025,627; 4,027, 020 4,506, 081; and 5,093,078, the
di sclosures of all of which are mcorpora‘ted her ei n by reference. The

bi ol ogi cal activity of ionene pol y havi ng ’5% repeating unit of fornula
| is also described in these patent 3 WO 98 10

PCT/ US97/ 17263 -10- A second type of i onene poI /Ter that can be used in the
present i rwhateindd izonpri ses the repdkttng Qni-t Nof-fornulaofl: .0

[err] wherein Rlerr], Rerr], and A hre as defi|jned above for formula (1). X
is & nonoval ent counter ion, one-haldHpf a di v@Hgnt co¥hter ion or a
fraction of a polyvalent counter ion sufficient to balance the cationic
charge of the repeating unit which forms the i onene polynmer. X err] may be,
for exanple, a halide, or tr a|l("('ﬂ_t[ is preferably 5 chl ori de
or brom de. |onene pol yners g zner a’tlng unit of formula (I1) may
al so be prepared by any of the ovvn met Ss. One nethod is to react an
ani¥e of the formila R[err]R[er ]N W th haI oepoxi de such as

epi chl or ohydrin, wherein R[err I?I 4] have the sanme neanings as in
formula (1). lonene polynmers havi ﬁ'é‘lzt zrepeéi sng unit of forrmula (11) are,
for 10 exanpl e, described in U S. Patent Nos. 4,111,679 and 5, 051, 124,
t he di scl osures of :
15 Qis -(CHR’ -, -CH,-CH=CH-CH,-, -CH,-CH,-0-CH,-CH,-, -CH,-CH(OH)-CH,-, or
H O H
|l |
20 -(CHR’),--N---C----N-- (CHR’),- ; and
OH R’ HO H
|11
25 B’ is -CH,-CH-CH,-N*-(CHR’),-N-C---N- or
l
R’ X
30 R’ OH

| |
-(CHR’)-N*-CH,-CH-CH, - ;
l

R X
35 '

wherein n and p are integers and independently vary from 2 to 12; each R’ is
independently hydrogen or a lower alkyl group (e.g., C,-C,, alkyl) wherein the alky!
group is unsubstituted or substittxted; X?* is a divalent counter ion, two monovalent
counter ions or a fraction of a polyvalent counter ion sufficient to balance the cationic

40 charge in the group R; and X is a monovalent counter ion, one-half of a divalent



whi ch are incorporated herein by reference. The biological activity of

i onene polywgBkfedaVvi Ng the repeating unit of fornula (I1) | $cihss@-4p8sri bed
in these patents. A third type of ionene polyner that can be used in the

present invention conprises a repeating unit of formula (111): [err] WO
98/ 16108 -11- -12- _
PCT/ US97/ 17263 [err] 35 wherein n and p are integers and i ndependently vary

from 2 toco@nteeionhorR fiastiomde peoliaaleny chumércior sutficient| towalanat ke caioaitd
(e.g., (Jerr]-Cerr] alkyl) wherein the alkyl group is unsubstituted or
substi t ut @fargXliRfthd gtoupadi val ent counter ion, two nonoval ent counter ions
or a fraction of a polyvalent counter ion sufficient to bal ance the

on, _one- hal 1 TAFERETV) iy diSedy g CTiGaRRA R Do ufa B THE Rasl COU
Ut i of enHIBTa: e TOROBSTIRFEY b HEiS LAt thd. GPISY comiesriona oy and
Rlerr] is hydrogen or a err]-Clerr] alkyl; nis 2-6 and p is 2-6. Most

5 X are the same as those discussed above with respect to formulae (I) and (II).

The polymers of formula (III) may be derived froml bis(dialkylaminoalkyl) ureas,
which are also known as urea diamines, by known methods. Ionene polymers of
formula 0115, methods of their preparation, and their biological activities are, for
example, described in U.S. Patent No. 4,506,081; the disclosure of which is

10 incorporated herein by reference.

Ionene polymers comprising the repeating units of formulae (I), (II), and (III) may
also be cross-linked with primary, secondary, or other polyfunctional amines using
means known in the art. Ionene polymers can be cross-liﬁked either through the
quaternary nitrogen atom or through another functional group attached to the polymer

15 backbone or to a side chain.

Cross-linked ionene polymers, prepared using cross-linking coreactants, én'e
disclosed in U.S. Patent No. 3,738,945 and Reissue U.S. Patent No. 28,808, the
disclosures of which are incorporated herein by reference. The Reissue Patent
describes the cross-linking of ionene polymers prepared by the reaction of

20 dimethylamine and epichlorohydrin. The cross-linking coreactants listed are ammonia,
primary amines, alkylenediamines, polyglycolamines, piperazines, heteroaromatic
diamines, and aromatic diamines.

U.S. Patent No. 5,05 1,124, the disclosure of which is incorporated herein by

reference, describes cross-linked ionene polymers resulting from the reaction of



preferably, R is hydrogen or nethyl, nis 3 and pis 2. Preferred counter
I ons, X[err(; and 5 X[err] are the sane as those discussed above with
respect t&@8HlMhe (1) and (11). The polymers of formula AGYYSHERHBe
derived from bi s(di al kyl am noal kyl ) ureas, which are al so known as urea

di am nes, by known net hods. I|onene polyngfs of formula (111), nethods of
their preparation, and their biol ogical tivities are, for exanple,

d i bed.in U .S .Patent .4, 081: .th Iscl f

i noor 'pofaglbﬂetwgmm?@ﬁﬂh}%?@%%@g%rﬁéﬂ% eg%h?" Cvgﬁigﬁﬁlfﬁ'gf%ﬁ‘éf f@éﬁlﬁgégﬁ i ng
or mar y, B ERTIOTSEHRS uRGE Al RO R IARREP RS A 2150 JERGARRE n ¢ he
art. lonene polyners can be cross-linked either through the quaternary

ni trogen at onOthertdxamplgs ofvarions cfassrdinkedh idneng polymarts andntheir tpsopertiepatey ner
15 backbone or to a side chain. Cross-linked ionene polyners, prepared

usi ng cr opfovidedking.S: Patent INU3! 3,89 R160 135894054 3, 9BOLB Y, 47RO 061, M) 164852788, 945
and Reissue U. S. Patent No. 28,808, the disclosures of which are

| ncor por aj qd-7hereiy dyod ©1LERISH, ahd%, e §§5;et1ﬁ@td?§aosg&§gf i 81’ Bfese

cross-1inki'ng’of ’i dbnene Yol ynér s ’prepar ed € reaction o

di met hyl am ne and epi chl grohydrin. .The cross-|inking coreactants |listed are
anmoni a, m%%#%l%ﬁfﬂ%@t,egéﬁ@? bﬁé'ﬁfe

fiCfies, pol ygl ycol ami nes, pi per azi nes,
het eroaromati c_diam nes, and aronmmtic diamnes. U S. Patent No. 5,051, 124,
the di scl osur §hefoRgRE DRlymers somppsing:thel rensatingumiis ofcfosmulaedl), dHycon GHY
cross-linked ionehe polynmers resulting fromthe reaction of

may also be capped, i.e., have a specific end group. Capping may be achieved by any

means known in the art. For example, an excess of one of the reactants used to make

10 the ionene polymer can be employed to provide a capping group. Alternatively, a
calculated quantity of a monofunctional tertiary amine or monofunctiohal substituted or
unsubstituted alky! halide can be reacted with an ionene polymer to obtain a capped
ionene polymer. Ionene polymers can be capped at one or both ends. Capped ionene
polymers and their microbicidal properties are described in U.S. Patent Nos. 3,931,319

15 and 5,093,078, the disclosures of each of these patents is incorporated herein by
reference.

The specific ionene polymer employed is preferably selected based on the
compatibility with the medium of intended use. Compatibility is determined by criteria
such as solubility in the fluid system and lack of reactivity with the fluid or material or

20 media in question. The compatibility is readily determined by one of ordinary skill by
adding the ionene polymer to the material or media to be used. When used in a fluid
system it is preferable that the ionene polymer be freely soluble in the particular fluid

resulting in a uniform solution or dispersion.



WD 98/ 16108 : PCT/ US97/ 17263
-13- di nmethyl am ne, a pol yfunctional am ne, and epichl orohydrj t hods of
i nhibiti ngw é’lélrogwt h of m croorgani sns using such cross-|i ﬁﬁt@rs?gﬁéﬁ’e

pol ymers are al so described. O her exanples of various cross-1linked ionene
polymers and their properties are providgd in U.S. Patent Nos. 3, 894, 946,
3,894,947, 3,930,877, 4,104,161, 4,164,521, 5 4,147,627, 4,166, 041,

4, 606, 773, a“ﬁnfbnéqggjf%ﬂ@r@éﬁQ‘%ﬁgﬁgwabw@% ti&)‘larﬁ}‘@r"e‘i’er?&f ﬁiﬁ%ﬁ%ies

i ncorporated herern by re e 1 onene polymers ‘conpri si ng

repeating units,of. formul ae (I I 0 I11) may al so be capped, i.e.,
have a sp@@ymeﬁhémg&%ﬁﬁméaﬁﬁ ?é)%omiaoé) chi eved by any nmeans known in
the art. For exanple, an excess of one of the reactants used to_make 10

t he i onenBolytaxysthylengidimethyipiniolethencidiguethdiminiadgibylege dichlgside]. In this
Alternatively, a calculated quantity of a nonofunctional tertiary am ne or
monof unct ionese pelyberj RlytRY RirandrRidreteachimethyd) Ayis -6H,CH;OCHRCHe-, Beisct ed
with an ionene polyner to obtain a capped ionene polyner. |onene polyners

cans be cappgdHy, MAEXDls POL Narkintie avEARS ablécane eeigittl iy TE00D-2000! MHtis
m crobi ci dal properties are described in U S. Patent Nos. 3,931,319 15

and 5, 093io%$ee Pféﬁ@\eﬁj iiﬁ_ﬁ\bﬁﬁgfeeﬁ?rﬂfB&?cﬁﬁn%abeﬁ?&?esPﬂn(g &g%gﬁ})@gc?&? s@hed

herein by T1ée e. e specifirc 1onene polyner’e bréferanl y
sel ect ed baged he .co ipilit .th the mediumof in use.
Cormat | bi 71 By Tub0pHiin8 0% savdabs dispersipdy ofBe agimn of JVSE? et
systemand |ack of ‘reactivity with the fluid or material or 20  nedia
in quest i 6% agveousodisparsipn|afithe palymesdiBusanfo7?and NWSCRBY prductstare bincidesy
skill by adding the ionene polynmer to the material or nmedia to be used.
When usedused prirtharilydnagaeeuy systeins, prehidingblemlwodking fieids doremécrpodggnism be
freely soluble in the particular fluid
0 control.
Another particularly preferred ionene polymer having a repeating unit of
formula (), also available from Buckman Laboratories, Inc. as Busan® 79 product, or
WSCP 1I product is the ionene polymer where R!, R?, R? and R* are each methyl, A is
-CH,CH(OH)CH,-, B is -CH2CH2'-, and X* is 2CI'. This ionene polymer is a reaction
5 product of N,N,N’,N’-tetramethyl-1,2-ethanediamine, with (chloromethyl)-oxirane, and
has a 1,000-5,000 average molecular weight. The polymer product Busan® 79 or
WSCP 1I product is a 60% aqueous solution of the polymer.
Preferred ionene polymers having the repeating unit of formula (II) are those
where R! and R? are each methyl, A is -CH,CH(OH)CH,-, and X" is CI. Busan® 1055
0 product is a 50% aqueous dispersion of such an ionene polymer obtained as a reaction
product of dimethylamine with (chloromethyl)oxirane having a 2,000-10,000 average
molecular weight.

Busan® 1157 product is a 50% aqueous dispersion of the ionene polymer having

the repéating unit of formula (II), obtained as a reaction product of dimethylamine with



resulting in a uniformsolution or dispersion. WD 98/ 16108

PCT/ US97/ J‘%&%ﬁllﬁ!#)é- Among the ionene polyners discussed abovgersserirzes
particularly preferred i onene polyner having a repeating unit of formula
(1) is poly[oxyethyl ene(di met hylim nio)ethyl ene(di-nethylimnio)ethyl ene
dichloride]. In this ionene polyner, Rgst], Rerr], Rerr] and Rerr] are
each nethyl, Ais -CHerr]CHerr]OCH err]CH err]-, Bis - 5

CH[ er r | Cefiehiokohydfind crdsSllinked wittChthyleAbdlafiife, WRIEBE aNBIFPCate aachRiedtl, | S

1, 000-5, 000. Thi's ionene polymer is available from Buckman Labor at or’i es,

::Iing.pe?fsi %ﬁ{p&?ﬂ %Eg (S%W%Q f@g?—&g@“é?ﬁd iBﬁ%“f&‘? ?ngf Bg%gt%ﬁéoué |’gopoer si on

of the poll?/mer. usanfer.r]. 77 and WSCP[err] products are bioci des used
R e sy

prinmaril v N&E/s, including netal working fluids for

m croor gani sm 10 control. Another particular Ify preferred ionene

pol yner havi Bysan® bph¥aprodyctusia SG% aqueons disperyion af 49 ignena pelymer havingucknan
Laboratories, Inc. as Busan[err] 79 product, or WSCP Il product is the

i onene peleyrgpeatiMpeinit &f formjula RIRrwhere 'eand] Rame dackmidthyl; A éach nmethyl, A
Is -CH err]CH(OH)CH err]-, Bis -CHerr]CHerr], and Xerr] is 2C. This

| onene pg 0): L3838k @ ahd the ioRERAPBIYmEF is cross-linked with ammonia.
N, N, N, N%?grﬁg?re?ﬁ% 1, 2l et hanediealm' ne, V\it h (chl or onet h‘yll)- oxXl ralne, and

120 2 SR8 oo er 45, ESEL AL nUENEAY ol LRG0 B0 oBsar 1]
' onene pol yn%rugan%a'\l%ébgp}o%%ctr gnp gg}g(;nr‘]:ig é? i)}odgz:t ifsoa.r 5%1 %aaqulelo&s gfsgerts%?xso% a
cross-linked ionene polymer having repeating units of formula (II), where R' and R? are
) each methyl, A is -CH,CH(OH)CH,-, X" is CI', the cross-linking agent is
monomethylamine. This ionene polymer has a molecular weight of approximately
10,000-100,000.
Preferred ionene polymers having the repeating unit of formula (III) are those

where R is a urea diamine and X* is 2CI', B’ is CH,CH(OH)CH,, and X" is CI. BL®

e

1090 is a 50% aqueous dispersion of the ionene polymer obtained as a reaction product
of N,N’-bis-[1-(3-(dimethylamino)-propyl]urea and epichlorohydrin, such an ionene
polymer having a 2,000-15 ,000, preferably 3,000-7,000, average molecular weight.
Each of the above ionene polymers and products identified by trade name is
available from Buckman Laboratories, Inc. of Memphis, Tennessee.
0 The pyrithione salt is preferably a metal salt of pyrithione. More preferably, the
pyrithione salt is a Group 1, II, or III metal salt, such as sodium pyrithione, magnesium
pyrithione, zinc pyrithione, copper pyrithione, or aluminum pyrithione. These salts are
known to the art and are commercially available or can be readily prepared from

available materials using known methods.



where Rl err] and R err] are each nethyl, Ais -CHerr]CH OHCH err]-, and
X[err] is . d-. Busan[err] 1055 O product is a 50% aqu | si on
of such aWO%5H6}E pol ymer obtained as a reaction product o?%gﬁﬁg#ﬁégam ne
wi th (chl oronet hyl)oxirane having a 2, 000-10, 000 average nol ecul ar wei ght.
Busan[err] 1157 product is a 50% aqueoyg-di spersi on of the ionene pol ymer
havi ng the repeating unit of formula (11), obtained as a reaction product

of di met hyl adN&aWpid) sodi hidhECfhd zi ithi i ilabl
PCT! Usg 7/ 17 20 Epiiple; sodiofibpPrithidhe Ynd zinc pyrithione pre commergially avalable. |

wher e err] .and Rl err [ a | 5. A 1S.: - Xerr] is
a ' gt e R o SeAes BT HOY. BubhgBes 3 TS0 b 2o gnt
Busan[err] 1155 produ&:ﬁq J(,s a 50% aqueous di spersion, of an jonene pol yner
havi ng tTR¥PeFYR¥: AhbRIA; disciasuresyare iacorprpted ip dheir pptiery) harpig By EferEngdi e each
methyl, Ais -CHerr]CHOHd)CHerr]-, Xerr] is CJerr] and the ionene

pol ymer These prepardtionk @tk svpplied eitheri as. a lids liquits oz dispepsien. Kne sachol ecul ar
wei ght of approxi mately 100, 000- 500, 000. Busan[err] 1099 product or

Bubond[ gliofrim&iBiab fexénidations of se8impfyehitheds SMO% iagilecdb salutibA @olvhsed | onene
pol ymer having repeating units of formula (11), where Rlerr] and Rerr] are

each me@b\‘lhut? '%)ﬂxédiﬁw[ﬁ?%%%élgﬁiw[o?rzﬁx]c'wr%hiohéi 50 Pbﬁla%f@f’i?r{cnki ng agent
i s mononet hyl am ne. This 1 onene polynmer firas a nol ecular wel g of

appr oxi te(# 10, 000- 100, 000. Preferred ionene polyners having the

repeat i :@"‘ﬁ B- of fornmula (111) are those

The particular pyrithione salt employed may be selected based on thé compatibility
of these compounds with the materials or media. Compatibility is determined by criteria
such as solubility in the fluid system and lack of reactivity with the fluid or material or
.media in question. The compatibility is readily determined by one of ordinary skill by
adding the pyrithione salt to tﬁe material or media to be used. When used in a fluid
system it is preferable that the pyrithione salt be freely soluble in the particular fluid
resulting in a uniform solution or dispersion.

As described above, components (a) an ionene polymer and (b) a pyrithione salt
are used in synergistically effective amounts. The weight ratios of (a) to (b) vary
depending on the type of microorganisms and material or media to which the
composition is applied. In view of the present invention, one skilled in the art can
readily determine without undue experimentation, the appropriate weight ratios for a
specific application. The ratio of component (a) to component (b) preferably ranges
from 1:99 to 99:1, more preferably from 1:30 to 30:1, and most preferably 1:2 to 2:1.

Depending upon the specific épplication, the composition may be prepared in
liquid form by dissolving the composition in water or in an organic solvent, or in dry

form by adsorbing onto a suitable vehicle or it can be compounded into a tablet form.



where R |®(f9%3® diamne and X[err] is 20, B is CH2CH O %}gﬁsgﬁq%x- S

a-. BL[err Is a 50% aqueous dlsperS|on of the ionene ymer
obtai ned as a reaction product of

N, N - bi s-[ 1- (3- (di net hyl am no) - propyl ] uriga and epi chl orohydrin, such an
I onene pol yner having a 2, 000-15, 000, preferably 3,000-7,000, average

nol ecul athrsmvatﬁ%%n%nm?Qh@emgomﬁxs}eaﬁuﬂcﬂmf ﬁwembrpmasitvét epzﬂﬁd"iﬂf i ed
by trade name is available from Bucknan Laboratori es I nc. of nphi s,

1o AR 5 0 g, S 1
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are comercially available or can be readily prepared from avail abl e
mat er i al depesiding kponthenistended use of the meparatios
PCT/ US97/ 17263 -16- For exanpl e, sodium pyrithione and zinc pyrithione are

commer ci al | y Fheambdé s welidast the irited bE ppplivation of tHeccohgsoritionest thisy invéntionat ent
Nos. 3,159, 640 and 2,809,971, respectively, and both disclosures are

| ncor por abgmd vty dapkhdifg b ine ﬁﬁ‘ernﬁbd‘ ubl, TRE @bMP6&tiod BERE b fHpkdbyons are
ol 5 ALY

supplied eltheras a so I'iquid, or dispersi One such I al

o T of BB L AT B ™

Oradi ne. The particul ar, pyrithione salt enp Iy ed ma¥ be sel ected based on
the conp&Pild3ise he treated by dipping in a suitable formu ation of the composition. In a

liquid or liquid-like medium, the composition could be added into the medium by
) pouring, or by metering with a suitable device so that a solution or a dispersion of the
composition could be produced.

The synergistic activity of the combinations described above has been confirmed
using standard laboratory techniques as illustrated below. The following examples are
intended to illustrate, not limit, the present invention.

15
MICROBIOLOGICAL EVALUATION

A. Fungal evaluation

Mineral salts-glucose medium was used. To prepare the medium, the following
ingredients were added to 1 liter of deionized water: 0.7 g of KH,PO,, 0.7 g of
20 MgS0,.7H,0, 1.0 g of NH,NO,, 0.005 g of NaCl, 0.002 g of FeSO,.7H,0, 0.002 g of
ZnS0,.7H,0, 0.001 g of MnSO,.7H,0, 10 g of Glucose. The pH of the medium was
adjusted to 6 with 1 N NaOH. -The medium was distributed in 5 mL amounts in test
tubes and autoclaved at 121°C for 20 minutes. The fungus, Trichoderma harzianum

was grown on a potato dextrose agar slant for 7 to 10 days and a spore suspension



of these conpounds wth the materials or nedia. Conpatibility is determ ned
by criterig s s solubility in the fluid systemand |ack_of reactivity
with the f%&%ﬁgf&n&teri al or nmedia in question. The corrpatiP irquPZ/szg‘?’
readily determ ned by one of ordinary skill by adding the pyrithione salt
to the material or nmedia to be used. Wiepgused in a fluid systemit is
preferable that the pyrithione salt be freely soluble in the particular
fluid resgtephpd sy washing B RO spHrkOR | AR i sl abgye.
pleafd by wRsting UBHITHAO LSOO trd PER IR el SIRRE sbiAGn AN

conponents (a) an ionene polynmer an ione salt are used’I'n

syner gi st | . ect i\, nis. JThe weight ratios of (a) to (b) vary
dependi ngh%ﬁh{% gﬁr&pgl%%lpgﬁfng&%d#%’ & g%%‘ﬁ%%t“é&*?%ﬁ“&# '%E%?F’; sa'ﬁss-amcew t he
conposition is applied, In view of the present invention, one skilled in
the art cﬁ\?d!f"é'évoﬁ%f’f“%&a} SPOReFUSRENSINB WYas added bhsdinabsparatconeentration was
appropriate weight ratios for a specific application. The ratio of
conponent agprpximately ni®fefeimL( Mhepnedulated mediawgemchibated it 98°C forOB4 daysior e
preferably from1:30 to 30:1, and nost preferably 1:2 to 2:1. Dependi ng
upof the specific application, the conposition nmay be prepared in liquid
form by dissolving the conposition in water or in an organic solvent, or in

dry form by a@gorb%g%g%ggﬁt abl e vehicle or it can be conpounded into
a tablet form

PCT/ US97/ 17263, -17- . T resprvatd ye containi,ng the co itign of the
present inven ugﬁe%&ge&pf ﬁ?e?ﬁ/eﬁo'ﬁﬁ%e%'fzgi‘gﬁ ?f&?%egly)qﬁmﬁiwgﬁﬁ it in
water, or_if necesSary, by adding a surfactant. Additional chemcals, such
as i nsect TRisgwas distiipuled indted- amouns in tskiiben andawtpelaved for20 minutes at

121°C. After addition of the biocides in the desired concentrations to the nutrient
0 broth, 100 microliters of a suspension of Pseudomonas aerugnosa cells of

approximately 9.3 x 10® cfe/mL were added and incubated at 37°C for 48 hours.

C.  Algae Test

An algae broth was prepared by dissolving the following ingredients in 1 liter of

wh

deionized water: 1.0 g of NaNO,, 50 mg of NH,Cl, 58 mg of CaCl, 0.513 g of
MgSO,, 0.25 g K,HPO,, 3.0 mg FeCl,.6H,0. The medium was distributed in 50 g
amounts and autoclaved at 121°C for 20 minutes. After autoclaving, the biocides were
added to the broth in the desired concentrations. Then one milliliter of a two-week old
culture of Chlorella pyrencidosa was added and incubated at a temperature of 25°C to

0 28°C and lighting of 180 ft.-candle intensity (12 hr. light; 12 hr. darkness) for 28 days.

In examples 1 and 2 synergism was demonstrated in separate experiments by

testing combinations of the ionene polymer

poly[oxyethylene(dimethyliminio)ethylene(dimethyl-iminio)ethylene dichloride] or



dependi ng I nt ended use of the preparation. The node t he
rates of a?ﬁ‘??%g{llﬁ%n of the conposition of this invention cou Ju‘ég}r/{/nés

dependi ng upon the intended use. The conposition could be applied by
sprayi ng or brushing onto the material apggproduct. The material or product
I n question could also be treated by dipping in a suitable fornul ation of

the corrp0§bx?,'[mro:&y&trgfléd irde@ylimifb)- hg'ukﬁc lyleife(dihethg RAEE)- ethyldneul d
n y nme

be added I nfo the 'nedi um pouri ng, or ering with a suitabl e device

y
t hat ' i ' f i : d.
The. syner Sraldtided Niciprdicdl PRRAAE A ard VoaRARORNE LI BRKDe Whealing"
ol | ow ng SRATPPLE) A8 FHECAIES B AT A8 TAORCAT b TANES i ConpUBPRORRAINS:

invention. 15 M CROBI OLOG CAL EVALUATI ON A. Fungal eval uati on M ner al
sal t s- gl uthssangesiTtichadesma Jgiziamon pthe pacterinmePsepdomonast eesugivbsdoamdthe
I ngredients were added to 1 liter of deionized water: 0.7 g of KH2PO4, 0.7

g of 20 algae Wllﬂg@ﬁmoid&agsm thenrethiddydescritled 50085 g of Nad, 0.002 g
of FeSO err].7H err]0, 0.002 g of ZnSO err].7H err]0, 0.001 g of

MiSq err]. 7H %%_]lgves}%ioﬂcé?ﬁraﬁ)h'%?%&%H?ﬁa%zoéorﬁ nMiH%%ﬁl{egég* usted to 6

with 1 N NaCH The nediumwas distribute anounts 1n t ubes and
aut ool avog Qo S0E) 6008 MO e R S RSP R ™
suspens| O?or 48 hours \\:as taken as the end points for synergism calculations. End points for the
various mixtures were then compared with the end points for the pure active ingredients
) alone in concomitantly prephred flasks or test tubes.
Synergism was demonstrated by the method described by Kull, E.C., Eisman,
P.C., Sylwestrwicz, H.D., and Mayer, R'L”. Apg!iéd Microbiology 9: 538-541 (1961):
QA/Qa + QB/Qb
wherein
15 Qa = Concentration of compound A in parts per million, acting alone, which
produced an end point.
Qb = Concentration of compound B in parts i)er million, acting alone, which
produced an end point.
QA = Concentration of compound A in parts per million, in the mixture, which
20 produced an end point.

QB = Concentration of compound B in parts per million, in the mixture, which

produced an end point.
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-18- prepaggdsh shing down the spores fromthe plant int rile

sal i ne sol uti onf&oﬁ?t er addition of the biocides in the desi ?‘éﬁ@;ﬁln“’
concentrations to the sterile mneral salts-glucose nmedium the fungal
spore suspension was added. The final sppre concentration was approxi nately
| Jerr]cfu/nL. The inocul ated nedia was incubated at 28[err]C for 14 days.

5 B.  Bact erWakn evakumiof QA QM dridQB/db & Frehidr ﬁ\% driel aétargriﬁnigﬁi RHhdibdeat er)

was prepared. The pH was 6.8. This was distributed in anounts 1 n test
tubes andpauingl Aetind R | SHAt €5 4:8ls : C. i Lion of the

bi oci des in the desi recpT ﬁ%c@n%é??cgﬁglt%?}nhg&%t rv@%‘%% ?LF',-H' otftSﬁBtv U100
mcrolit f spensi on of. Pseudononas aerugnosa cells of approxi mately
9.3 X 10?%??5?&%7ﬁﬁe’\ﬁgpgggﬂhg’ﬂsﬁhd i ncubated at 37[err]C for 48 hours. C.
Al gae Test An al gae broth was prepared by dissolving the follow ng

i ngredi ent s i F13 Progedprepfor emonstratiag sinergismyef the: composigions ofihiiofveiiomy of
NH[err]d, 58 ng of Cad, 0.513 g of MgSerr], 0.25 g Klerr]HPO err], 3.0
my SFed [ ds a]widelyeusell @nd Hoeeptabik procedurediMbre dethited inforhfdtion dprovidedaind

autocl aved at 121 [err]C for 20 m nutes. After autoclaving, the biocides

ay . : nut es . . | oct des
wer e addeke hRicldBy KWL & 41N Ruthed @ffoFRatichORREsh ﬂgﬁ;@gcﬁg‘g épgcﬁxéﬁs}.%% EJrL' er

of a two-week old culture of Chlorella pyrenoi dos at ed

at ate iqa nd Jlightin f 0

t. Scanal s, easht Mo, SASL005; the ditlosyrs o WAER @R inpfoisiet By aekéripee.
exanples 1 a 2, S\ rgi smwas .denonstrated jn separate experinments b
Lot ng. corpiised Bfidhh ROOVREH g IeTgHs activit aghinst bacters, fung, algae, ”

pol y[ oxyet hyl ene(di met hyl i m ni o) et hyl ene(di net hyl -i m ni o) et hyl enedi chl ori de
] or and ‘mixtures thereof is observed when an ionene polymer is combined with a pyrithione

) salt. Examples showing synergistic results can be found in Tables 1 and 2.

In general, however, an effective fungicidal, bactericidal, or algicidal response
can be obtained when the synergistic combination is employed in concentrations ranging
from about 0.01 ppm to 1% by weight (i.e., 10,000 ppm) of the ionene polymer,
preferably.O.l to 5000 ppm, and most preferably 0.1 ppm to 1000 ppm; and from about

) 0.01 to about 5000 ppm of the pyrithione salt, preferably 0.1 to 2000 ppm, and most

preferably 0.1 to 1000 ppm.



WO 98/ 16
-19-

t hyl ene di chl ori de]

pyri di net bj
Bt

varyi ng

har zi anumeahBéndal SMpoll
pyr enoi doggmyandad a8
each m xture or conpound

two weeksest B
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ditith

T

QRRAS IRRTiS) S PeRRY

scri'bed above.
Ich conpletely prevented growh of the fungi
or 48 hours was

i
¢

Atrgae QREndi@rodleRl Sad Sdists (Fign)bacteria f
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pol y[ hydr oxyet hyl ene- (di met hyl i m ni 0) - 2- hydr oxypr opyl ene(di nmet hyl i m ni 0) - ne

(desi gnat ed conponen2l-A) and sodi um
oxi de (desi gnated conponent B)
nd a range of concentrations agai nst the fungus Trichoderna
(o1
g\'ﬂ:rtmo)%gaﬁ cgﬂ{olnga

owest toncen

in a series of tests in

Il a
i on of
for

t aken as e} e
various ifi xtures were |[tQen cp@uared @ th & end| QL o QHQ, t hQ,/QKefacti ve
I ngredi efits alone in gqoncomtantly |prepared flasks or tlest tup@gQ,Syfergi sm
was denorst y th pd desdqribed By Kull) _E. C. .} Bismap, P.C
Syl westr %'&%&4&5&, ar§>ﬁ§§£r, R L.}, Applijed M ctobiol dgy 9:
(1961): H B-rwheret-A—tb Q=0 RE6-e R0, ound A
in partsijper mllion, |acting) 3 one,| whi ch|@ oducg@.08n graiz poi po.
Concentrdgtion of conpqund B partis per mJIlion t1n Ton |
pr oducedﬂa-n end—point ‘{‘]_A = centiration rnmqg‘lﬁ d A%"‘g pw
mllion, lin the m xturey, whigchso - 2 0.13 0.2 0.33
- 300 - 2 0.25 0.2 0.45
- 800 - 2 0.5 0.2 0.7
- 15 - 4 0.01 0.4 0.41
- 30 - 4 0.03 0.4 0.43
- 60 - 4 0.05 0.4 0.45
- 150 - 4 10.13 0.4 0.53
- 300 - 4 025 0.4 0.45
- 400 - 4 0.5 0.4 0.9
- - 1o - - - -
Pseudomenas s - - - - - -
aeruginosa
- 1.5 - 40 025 [0S Q.75
- 3 - 4 0.5 0.05 0.55
- 3 - 15 Q.5 0.19 0.69
- 3 - 30 0.5 0.38 0.88
- - 80 - - - -
Chiocella 1.5 - - - - - -
pyrenoidosa
- 0.38 - 0.1 . 0.25 0.03 0.28
- - & . - - - -




20 produced an end point. QB = Concentration of compound B in parts
per mlli 0{}, %%i e mxture, which produced an end point WO 98/ 16108
PCT/ US97/ 1 ﬂi When the sumof QM Qa and QB/ Qo i s greatrgfr'qq?yﬁnéﬁe
antagoni smis indicated and when the su #s equal to one, additivity is

i ndi cated. Wien the sumof this value iS“f'ess than one, synergism exists.
Thi's procegiqnid @r denonstrati ng synergi sm of the conpositions of this

i nventi on ZTemponenk A & Pk n ' detail ed
information i §.cm5@a@ ded Y?ﬁht he art ?{?ﬁné@@yﬁ%&cﬁm&nﬂdﬁﬁﬁg '?‘r%r?'\@l ﬁ‘f’%r mat i on
concer ni nnghipEndaEGCgede'@'nlpﬁnrﬁieﬁE ained in U S Patent No. 3,231,509, the

di scl osur e Tef ovdahieh | sqﬁgaﬁﬁsrprddn@wmr@t,@d(paﬁyr ef erence. Based on the above

criteria, =Tt TV m%%
m xtures tjhereof is obgeéved Nﬁ!&n anl Qoneng Qol ynpQAG daghdnddquic,a’
pyrithiondg salt. Exanplles shold ng swvinerqgistiic results cdn be fomm in
Tables 1 z#nﬂng,odgrﬁ,agener,&l, odprever,| an efflective| fungi ¢i_dal”, [pacterTi daI
or al gi ci JafarfihmRONSe gan yb pbt ai ned vvhen t he synergl stlic conbr nati o
enpl oyed i CoNCEMtTatjons—T=a my—fromatrgut—6—6¢—ppm t o—436-y—el-g
(i.e., 10,0000 ppm of tiime ioneﬁ% poliyrmer prl’eferathQlO | 0D 5CCI!)2ppm and
most prefdrably 0.1 pprhto 1009,ppm| and fi aboyu aho ppm
of the pynithrene—satt——prefe g%l A—Gr—t—t—2000— .E,"Og.nd 'Qﬂff ald ﬁ% ahty 0.1
to 1000 pfim - 60 - 2 0.04 0.2 0.24
- 150 - 2 0.1 0.2 0.3
- 300 - 2 0.25 0.2 0.45
- 400 - 2 0.5 0.2 0.7
- i5. - 4 0.01- 0.4 0.41
- 30 - 4 .0.02 0.4 0.42
- 60 - 4 0.04 0.4 0.44
- 150 - 4 0.1 |04 0.5
- 300 - 4 0.25 ~ |04 0.45
- 400 - 4 0.5 0.4 0.9
- - 10 - - - -
Pseudomonas 15 - - - - - -
aeruginosa
0.6 - 40 0.04 0.5 0.54
1.5 - 40 0.1 0.5 0.6
3 - 40 0.2 0.5 0.7
6 - 2 0.4 0.03 0.43
é - 0.4 0.05 0.45
4 - 10 0.4 0.13 0.53
6 - 20 0.4 0.25 0.45
6 - 40 4 0.5 0.9
- - 80 - - - -
Chlorella é - - - - 1= -
pyrenoidosa
- 0.75 - 0.2 0.13 0.05 0.18
- - 4 - - - -




WO 98/16108 PCT/US9T/17263

PCT/ US9Q7/ -21- Exanple | Conponenc A =

Pol y[ owgﬁgéﬁgﬁe(di met hyl i m ni o) et hyl ene(di net hyl i m ni 0) et hyf ene

di chl ori de] Conponent B =Sodi um pyritd4 one Test organi sm Quandti es

produci ng end points (ppm Q . Q Q Q Q Q QOQ+

Q Q Tri choder ma > 1200 harzi anum - 30 - 2 0. 03

0.2 0.23 60 2 005 0.2 0.25 150 Gh&se 2

0.13 0.2 0.33 - 300 - 2 0.25 .. i belapirarent 0 -

2 0.5 &F-émbodiments. 6% the preggnt mvermo?'l ill b ;Zﬁa 0 o1 0.4

0.41 - Qgper-em: 4 0.03 Q4 043 a4 nractice of the60 -

4 0.05, . 0. g from cBnéideration bsahe specificatip 013 0.4

0.53 - sidiec in T ) 0- 25 spesification afd exantblés -
. es

) Oh‘?ion disc!o%'eé herefh.O1t is intended that 1 p

inve | |
iri he invention
idered exemplary only, with a true scope and spirit of t
be cons!

being indicated by the following claims.



L

aeru i NOSs * . . . -
J qﬁ 3&‘% 3 "Mt g 0.19 0.69 -FCTUSIINT263
- 30 38 0.88 Chlorella 1.5 - ; ;
- 0.38 - 0.1 4. 0.25 0.03 0.28 WO
98/ 16108

PCT/ US97/\WiERB 1S28LAlMeDIS: 2 Conponent A o

Pol y[ hydroxyet hyl ene(di net hyl i mi ni 0) et hyl ene(di net hyl i mi ni o) met hyl ene
di chl oride]. Conponent B = Sodi um pyrithione Test organism Quanddes
producing end points (ppm’' Q Q Q QQ QQtq QQ

- 0
E;'n?f'gﬁﬁ%”a 145 A composigiog;compriging (a)gnyipnene polymer and (b)a

pyrithione salt, wherein components (a) and (b} are present in a combined
5 amount synergistically effective to control the growth of at least one

microorganism.

2. The composition of claim 1, wherein the microorganism is selected

from bacteria, fungi, algae, or mixtures thereof.

0
3. The composition of claim 1, wherein the ionene polymer comprises
the repeating unit of formula I:
r M
| R R, I
5 l | | I
l | | l
----- e | A - R || L H
I | | I
| | |
0 ] R? R* | X%
| l
L 4
wherein
5 R', R, R® and R* are identical or different, and are selected from

hydrogen, C,-C,, alkyl, or benzyl;
A is a divalent radical selected from C,-C,, alkyl, C,-C,, alkenyl, C,-C,,
alkynyl, C,-'C10 hydroxyalkyl, symmetric or asymmetric di-C,-C,,-alkylether,

aryl, aryl-C,-C,,-alkyl, or C,-C,,-alkylaryl-C,-C,, alkyl;



802 0. 24wQ93/1510350”",","""HI""I,HU"’ 10 22 ) 0. 36? ) 3@@/US97/1722632 004

0. 25 0.2 0.45 I 05 0.2 0.7 - 30 -
4 0.02 0.4 0. 42 - 300 - 4 0.1 0.4 0.5 60 - 4
0.04 0.4 044 150 - 35- 0.1 04 0.5 - 300 - 4
0. 25 0.4 00 0.4

PseudonmnasB is a gyalent radlcal se'ec'(&@rflﬁ@i’hgs‘é:@ a@<yl Cz Cio alke.n)/l Cz'CmO 04
0.5 0.54 - 1. 40 0.1 0.5 0.6 3 -

40 alkypy!, C,-€.5 hydroxmlkyl, symmetric or asym@netric-di-C,-C,,-2lkylether, 0. 4

0. 03 0.43 - 6 - 4 0.4 0. 05 0.45 6
10 4 - 0.4 0. 25

10 aﬂ/l aryl-C,- C,Palk¥l, oﬁcﬁ@,galkylarylc -Cyo alkg?% S orelia pyrenoi dosa -
0.75 - 0.2x2 0, E?\/algnpéounférjrgn, two monovalent counter ions, or a fraction

of a polyvalent counter ion sufficient to balance the cationic charge in the

repeating unit which forms the ionene polymer backbone.

4. The composition of claim 3, wherein the C,-C,, alkyl is substituted

with at least one hydroxw group.

5. The composition of claim 3, wherein benzyl is substituted on the

benzene moiety with at least one C,-C,, alkyl group.

6. The composition of claim 1, wherein the ionene polymer is capped

or cross-linked.

7. The composition of claim 1, wherein the ionene polymer comprises

the repeating unit of formula I:

r =
0 | R I
| |
....... A----coNY oo (i
| |
| R2 | X
5 L -

wherein
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appar ent PO B8R skilled inthe art from consideration of

speci fication and practice of the invention disclosed herein. It is

i ntended that the specification and exagl es be consi dered exenplary only,
with a true scope and spirit of the invention being indicated by the

foll owi ng clg@t 2 :
beT! Uso ) 17085 2hg R Wﬁ@égﬁﬁﬁ jifereat. gnd are selected fram fvdregen. £1y (a)
an |onen§?9|too¢(&peor ?ﬂﬁ b) a pyrithione salt wherei n conponents (a) and (b)

are pres ‘ed 5 anount synergi sti cal I y effect ive to
cont rol theegr owt h, of at | east one m croorgani sm he conposition of
claim1, whefds divaleptcradinal splegied Jram %cpmawbrﬁ:ngm atkenyliGnfne al gae,

or mxtures thereof. O
alkynyl, C,-C,, hydroxyalkyl, symmetric or asymmetric di-C,-C,4-alkylether,

| aryl, ary}l-C,-C,q-alkyl, or C,-C,,-alkylaryl-C,-C,, alkyl; and
X is a monovalent counter ion, one-half of a divalent counter ion, or a
fraction of a polyvalent counter ion sufficient to balance the cationic charge of

the repeating unit which forms the ionene polymer.

) 8. The composition of claim 7, wherein the C,-C,, alky! is substituted

with at least one hydroxyl group.

S. The composition of claim 7, wherein benzyl is substituted on the

benzene moiety with at least one C,-C,, alkyl group.

10. The composition of claim 1, wherein the ionene polymer comprises

the repeating unit of formula lil:

r .
| |
y e R------ B ------ (Ht)
| I
L J
5 CH, CH,
l l
wherein R is -~ N*---Q-- N*-- or
| I
CH, CH, X*



3. The conposi t| lmy,ﬂuﬂ"mﬁ”mner ein the ionene polyner conprises the
repeati n@V@981161@§ wherein 15 Rl er ptT/UShBITR43
Rlerr], and Rerr] are i dentl cdl &r different, and are selected from
hydrogen, Cerr]-Cerr] alkyl, or benzyl; Ais a divalent radical selected
fromCerr]-Cferr] al kyl, C[err]-C[err-]27aI kenyl, C[err]-Cferr] alkynyl,
Cerr]-Cerr] hydroxyal kyl, symetric or asymetric
i-Cerr]-Cerr]-alkyl eth&H; ar @H,~«€C} -CHerr]-Jerr]-al kyl, or
Cerr]-Cerr]-alkylaryl-Cenr]tderr] \al kyl; WO 98/ 16108
PCT/ US97/ 17263 -25- B is a diNalent ragjtcal selected fromerr]-Cerr]
alkyl, Cerr]-Cferr] alkenyly Q[err] C;[e r] alkynyl, Cerr]-Cerr]
hydr oxyal kyl , symretric or asy Jrr] C[err] al kyl et her, aryl,
aryl-Cerr]-Cerr]-al kyl, or C[erlz] t‘aerr] alkylaryl-C[err] - C[err] al kyl ;
and X/ err] is a divalent counter ion, two rmnoval ent counter ions, or a
fraction of a polyval ent ion_sufficie t o bal ance the cationic
char ge. thi& HEHR heac FHg GRACHE i P Do RhiGabal A5 gy gation ¢
The com®sition of claim3, wherein the CJerr]-Clerr] alkyl is substituted
with at | east one hydroxyl group. 5. The conposition of claim3, wherein
benzyl is substituted on the benzene noiety with at |east one (JQerr]-(err]
al kyl group. H 0 H
I I
-(CHR'),--N---C----N--(CHR’),-; and

OH R’ HO H
| L]
B’ is -CH,-CH-CH,-N*-(CHR’),-N-C—-N-  or
* |

R X
R’ OH
; | I
-{CHR'),-N*-CH,-CH-CH, - ;
I
R X
) n and p independently vary from 2 to 12;

R’ is independently hydrogen or a lower alky! group;

X% is a divalent counter ion, two monovalent counter ions, or a
fraction of a polyvalent counter ion sufficient to balance the cationic charge in
the group R; and

X is a monovalent counter ion, one-half of a divalent counter ion,

W

or a fraction of a polyvalent counter ion sufficient to balance the cationic

charge in the group B’.



6. The corrpositlcmllm ﬂmmmlu)tmerei n the ionene polymer is capped or
cross-1li of claim1, Wnerelnth | ymer
conpri ses §ﬁ§n¥18?)eatl ng uhit" of férnula I1;: [err] 381@%@?17&9

PCT/ US97/ 17263 -26- Rerr] and R err] are identical or dlfferent, and are

sel ected from hydrogen, Cerr]- C20 alfyl, or benzyl; Ais a divalent
radi cal selected fromderr]-Cerr] aI kyl, Cerr]-Cerr] alkenyl,

G G O i £, YO YT S s

derr]- ?[@no Bﬂ ‘%Qrfg%f(’ J!tb'zﬂ err] alkyl; and Xerr] is a rmnoval ent

counter i Nt counter ion, or a fraction of a

pol yval ent counter ion sufficient to balance the cationic charge of the
repeating unit which fornms the ionene polyner. 8. The conposition of
claim7, wherein the (Jerr]-Cerr] alkyl is substituted wwth at | east one
hydroxyl grddh. 9he cohmposiipoef claim b1, wherein7thenberithiondsait)is sodium
substituted on the benzene noiety with at | east one (Jerr]-Cferr] al kyl

gsoup. prithibne, e pyiitHione Oéogﬁde%'ﬂﬁ)rﬂth'dﬁéera@urhxﬂubﬁr byAfHIEnebY Mer
conprises the repeating unit of forrmula II1

magnesium pyrithione.

13. The composition of claim 1, wherein the weight ratio of (a) to (b)

is from about 1:99 to about 99:1.

14. The composition of claim 13, wherein the weight ratio of {a) to (b)

is from about 1:30 to about 30:1.

15. The composition of claim 14, wherein the weight ratio of (a) to (b}

) is from about 1:2 to about 2:1.

16. A method of controlling the growth of at least one microorganism
in or on a material or medium susceptible to attack by microorganism
comprising the step of adding to the material or medium a compasition

) comprising {a) an ionene polymer and (b) a pyrithione salt in a combined
amount synergistically effective to control the growth of at least one

microorganism.



I[Dg_/r ]U897/ &?ﬁ%é&%odluuﬂ]mm "MIM l!rlLependent |y vafy from 2p¢rrud®i7TiR3 i s

i ndependent|y hydrogen or a | ower al kyl group; Xerr] is a divalent counter
ion, two nonoval ent counter ions, or a fraction of a polyval ent counter ion
sufficient to balance the cationic charZ® in the group R, and 5

X is a nmonoval ent counter ion, one-half of a divalent counter ion, or a
fracti on of &7pol Yhelreethaxbohclaim 96, svidred t miordmabanisen ishseleatédni c

charge in the group B'. WO 98/ 16108 _ _ o
PCT/ USO7rd? Bactetta, flhgi, Afse CONPRiUre®thefedtl ai m 1, wherein the pyrithione
salt is a Goup I, Il, or I'll netal salt of pyrithione. 12. The

conposition of claim1l1l, wherein the pyrithione salt is sodium5
pyrithione, zinc pyrithione, copper pyrithione, alum niumpyrithione, or

18. The method of claim 16, wherein the material or medium is wood

pulp, wood chips, lumber, paints, leathers, adhesives, coatings, animal hides,

-y

tanning liquor, paper mill liquor, metalworking fluids, petrochemicals,

pharmaceutical formulations, cooling water, recreational water, dyes, clays,

mineral slurr'ies, cationic surfactants, formulations with cationic surfactants,

influent water, waste water, pasteurizers, retort cookers, cosmetic or toiletry
J formulations, textiles, geological drilling lubricants, or agrochemical

compositions for crop or seed protection.

19. The method of claim 16, wherein the material or medium is in the
form of a solid, dispersion, emulsion, solution or a solid.
5 20. The method of claim 16, wherein the ionene polymer comprises

the repeating unit of formula I:

r ) |

| R R, |

| | | |
0 l l I l

----- A--eeeeaNY ceeemin e Beese e e oo NP e e oo s (1)

l | | I

| | l |

| R? R* | X%
5 | I

L J

wherein

R', R, R3, and R* are identical or different, and are selected from

30 hydrogen, C,-C,, alkyl, or benzyl;



magnesi um pyrithi g osition of claim1l1, wherein the weight
ratio of__(a) to ( m‘"mﬂu"ﬂmﬁuﬁgﬁ 99 to about 99:1. 14. ﬁ}g'% osition
of clai SIS, eirn thetwet g ati o of (a) to (b) is fré& Bﬁ? 430 to
about 30:1. 15. The conposition of claim 14, wherein the weight ratio of
(a) to (b) is fromabout 1:2 to about_3y.1. 16. A nethod of controlling the
gromh of at |east one mcroorganismin or on a material or nedium

suscept i bl eatig fv%?éﬁt%di@a?“s@fértﬂé‘@if%c@ﬁg{oi(ﬂ;&gnéqhé Ss&eng[,ycg,géi ng to the

material or nmediuma conposition conprisi a ohene p r*%4nd (b) a

pyrithigne salt An onbi ped amount .synergistically .eff{ective to control
Phe. or GIRAMDF GieC oo e8I SRR R St BsVripgfil B 6 5nspo aikviether,

PCT/ US97/ 17263 -29- 17. The nethod of claim 16, wherein the m croorgani sm
i s sel YbPWHFEMbadlkyl 87 GihgralkylagweCi-6no Alkiur es t hereof . 18. The

met hod of claim 16, wherein the material or nediumis wood pul p, wood

chi ps, | unb@rs apdivatent rbdizaheelectaed fiwen ysC,calkyl, 1GsC,palkenyl, 10,685, tanni ng
|'i quor, paper m |l |iquor, mnetalworking fluids, petrochem cals,

plhar MacgkyhgiIC,to) Nt droxgaiky! coOfhhirivdraisyrimetfa bi-gnat, vk @ethdty es,
cl ays,
aryl, aryl-C,-C,,-alkyl, or C,-C,,-alkylaryl-C,-C,,-alkyl; and
X% is a divalent counter ion, two monovalent counter ions or a fraction of

a polyvalent counter ion sufficient to balance the cationic charge in the

repeating unit which forms the ionene polymer backbone,

21. The composition of claim 20, wherein the C,-C,, alkyl is

substituted with at least one hydroxyl group.
22. The composition of claim 20, wherein benzyl is substituted on the

benzene moiety with at least one C,-C,, alkyl group.

23. The methad of claim 16, wherein the ionene polymer comprises

the repeating unit of formula II:

i RO
| | |
_____ l_.A.......|\;*‘..-'-- (i)
I R? | X
L .J

wherein



m neral slurries, Jmﬂlmm nts, formulations with cationic
surfactamgslmmﬁl "mlnmgmrwater pasteuri zers, retonsyprRkErs,
cosmetic or toiletry forhultions, textiles, geological drilling

| ubricants, or agrochem cal conpositions for crop or seed protection. 19.

The method of claim 16, wherein the mdlerial or mediumis in the formof a

solid, dispersion, enulsion, solution or a solid. 5 20. The
met hod of &'aind BG arefidenticaldredifferents anol anesselectepr froos hyteogameds-i ng uni t
of formula I: [err] wherein Rerr], Rerr], Rerr], and R err] are

i denti gg} amfyldbf bghgwt and are sel ected from hydrogen, Clerr]-Clerr]
al kyl, or benzyl; WO 98/ 16108

O ot LRy B LR ot Skl g Lo o
aryi “ U et R GrvET it Bt ke ek ﬁk@f&eﬂ e

is a divalent radical selected from( -Clerr] alkyl, (err]-Cerr]

al kenyBrylcpedlrG+Eeriiqyl ok Gmfip- ﬁif\é?f\]' QBf ra 3lkyljngkyal kyl, symmetric or
asymmetric di-Cerr]-Clerr]-alkylether, aryl, aryl-Cerr]- C[err]-al kyl , or
d err] - C e Jis al tophavalentcauriteCiaay, rgneahbiflaf aadivalérer cdunier don) gahent
counter ion, tw nonoval ent counter ions or a fraction of

fraction of a polyvalent counter ion sufficient to balance the cationic charge of

uy]

the repeating unit which forms the ionene polymer.

24. The composition of claim 2?, wherein the C,-C,, alkyl is

substituted with at least one hydroxyl group.

25. The composition of claim 23, wherein benzyl is substituted on the

benzene moiety with at least one C,-C,, alkyl group.

26. The method of claim 16, wherein the ionene polymer comprises

the repeating unit of formula il

i 1
) R R------ B ------ (1)
| l
L N
) CH, CH,
[ |
wherein R is -- N*---Q-- N*-- or
| L
CH, CH, X



a pol yval ent count tﬂ 'ﬂmut to bal ance the cati oni c charge in the
repeati ng‘é(g 1 I, mmm Iﬁ'ﬂne pol ymer backbone. % osition
of claim V\%ereln tf1e é’rr]s Clerr] alkyl is substltute(f hat | east
one hydroxyl group. 22. The conposition of claim20, wherein benzyl is
substituted on the benzene noiety withagat | east one Clerr]-Clerr] alkyl
group. 23. The nethod of claim 16, wherein the ionene polyner conprises the
repeating unit of formuladd; [¢H}-cH, EHIB/ 16108

PCT/ US97/ 17263 -31- R err] a\nd Rl err] \ar fdentical or different, and are
sel ected from hydrogen, Clerrg;+ Clerr] kyl, or benzyl; Ais a dival ent
radi cal selected from Cerr];Cerr] y&, Cerr]-Cerr] alkenyl,

C[Serr] Cerr] alkynyl, Cerr]- F{ Md og)éal kyl, symretric or asymetric
di--Cerr]-Cerr]-al kylether ar yt 27 r] - C[err] al kyl , or
(err]-Cerr]-alkylaryl-Clerr]-Cferr] alkyl; and X is a rmnoval ent counter
ion, one-half of a divalent counter ion, or a fraction of a polyval ent
count er Qads -HUHRI )¢, eCH tCHiBCHACH ¢, REH;eEHaA-CHyFEHge «CH-BH(OH)e@HLng uni t
whi ch fagirs the ionene polymer. 24. The conposition of claim23, wherein
the Jerr]-Cerr] alkyl is substituted with at |east one hydroxyl group.

H 0] _ H
| I |
-{€CHR'),--N---C----N-- (CHR’).- ; and
5
OH R’ HO H
| Ll
B’ is -CH,-CH-CH,-N*-(CHR’},-N-C---N- or

0 |
R X
R’ OH

S5 | |

-{CHR’),-N*-CH,-CH-CH, - ;

|
R X

0 n and p independently vary from 2 to 12;

R’ is independently hydrogen or a lower alkyl group;

XZ is a divalent counter ion, two monovalent counter ions, or a
fraction of a polyvalent counter ion sufficient to balance the cationic charge in
the group R; and

5 X is a monovalent counter ion, one-half of a divalent counter ion,

or a fraction of a polyvalent counter ion sufficient to balance the cationic

charge in the group B’'.



25. The corrpositit}lmﬂmﬂﬂ’m,,merei n benzyl is substituted on the
benzene woisslig1o8i t h.dl I'eaSty err]-Cerr] al kyl groupecyss7ifise net hod
of claim 16, wherein the ionene polyner conprises the repeating unit of
formula I'11: ) [err] WO 98/ 16108

PCT/ US97/ 17263 -32- [err] O -33- n and p independently vary from
2 to 12; R err] is independently hydrogen or a |lower al kyl group; X err] is
a dival ent 2d%unt €heiroathadvof ciaiov 4benvhareimther pydtiipnersakt israaGroop 1pf a

pol yval ent counter ion sufficient to balance the cationic charge in the

group Ry, &Ml Metal salt of pyrithioneX[ err] is a nonoval ent counter ion, one-half
of a divalent counter ion, or a fraction of a polyvalent counter ion

sufficient to balance the cationic charge in the group B[err]. WO
98/ 16108 PCT/ US97/ 17263 - 33-

28. The method of claim 27, wherein the pyrithione salt is sodium
pyrithione, zinc pyrithione, copper pyrithione, aluminium pyrithione, or

magnesium pyrithione.

29. The method of claim 16, wherein the weight ratio of (a) to (b) is

from about 1:99 to about 99:1.

30. The method of claim 29, wherein the weight ratio of {a) to (b} is

from about 1:30 to about 30:1.

31. The method of claim 30, wherein the weight ratio of (a) to (b} is

! from about 1:2 to about 2:1.

32. A method for preventing spoilage of a material or medium caused
by a microorganism comprising the step of adding to the material or medium a
composition comprising (a) an ionene polymer and (b) a pyrithione sailt in a

) combined amount synergistically effective to prevent spoilage.

33. The method of claim 32, wherein the material is seeds or crops.



27. The nethod of nthe pyrithione salt . is a Goup I, 11,
or |11 m%gbs,?@b H"l mlﬁlﬁ)!mmﬂ] . The nethod of clai mlzg,rmgg),ﬁ LN the
pyrithione sa I's s0deUum p e, zinc pyrithione, coppér pyrithione,
al um ni um pyrithione, or nmagnesium pyrithione. 29. The nethod of claim 16,
wherein the weight ratio of (a) to (b)3s4s fromabout 1:99 to about 99: 1.
30. The nethod of claim?29, wherein the weight ratio of (a) to (b) is from
about 130 . abarle Adthed ¥ claiF 82RO e 6BMPoHENteNEr 8ha (blgrwel oht

ratio of (a) to (b) is fromabout 1:2 to about 2: A et hod for
revent m caused by a M croorgani sm
(F:)orrprl s?ﬁgeé ?%l‘:e ? 5’%5{3{% toﬂén g}é&rjl al or mediuma conposition
conpri si ng (a) an ionene polyner and (b) a pyrithione salt in a conbi ned
anount synergistically effective to prevent spoilage. 33. The nethod of
claim32, wherein the material is seeds or crops. WO 98/ 16108

PCT/ US97/ 17368 - Fhe gwethauhof rasainnd 2ofwhergintiie migregrganisnhis selestetbnt s ( a)
and (b) are added separately to the nmaterial or medium 35. The method of
chai m 3Zromibaceenat fungl) aigaer oamitlres thelasf ed

36. The method of claim 32, wherein the ionene polymer comprises

the repeating unit of formula I¥

r A
) | R’ R, |
| I | !
l l | l
----- A----—-—N*—-------B---.-------N’“------ ()
, : s | |
* | | | |
| R? R* | X%
I I
L J
) wherein

R', R% R?, and R* are identical or different, and are selected from
hydrogen, C,-C,, alkyl optionally substituted with at least one hydroxyi group,
or benzyl optionally substituted on the benzene moiety with at least one C,-
C,o alkyl group;
; Ais a divalent radical selected from C,-C,, alkyl, C,-C,, alkenyl, C,-C,,
alkynyl, C,-C,, hydroxyalkyl, symmetric or asymmetric di-C,-C,,-alkylether,
symmetric or asymmetric di-C,-C,qy-alkylether, aryl, aryl-C,-C,qs-alkyl, or C,-C,q-

alkylaryl-C,-C,, alkyl;



from bacteri a, Ummqmﬁmlum;tures thereof. 36. The nethod of claim
32, V\herw@gg,mog rises the repeating uni pcofyshpimis a |:
[err] wherein Rerr], Rerr], R[err] and R[err] are identical or
different, and are sel ected from hydrogen, Cerr]-Cerr] alkyl optionally
substituted with at |east one hydroxyl-3% oup, or benzyl optionally
substituted on the benzene noiety with at | east one CJerr]- (err] alkyl
group, A isBasd didatent ramical aelactedcirenh Ci-Q1, @ledr C,Q gratkemy)ik d,,C,,
Clerr]-Cferr] alkenyl, Cerr]-Cerr] alkynyl, Cferr]-Clerr] hydroxyal kyl,
Symet r jikyay), Cflm?hvu%)@bal@le%v}m%ﬁfd br Qkfrh‘rln@étli‘i%rdr -8y- @E-Taﬂéﬁeﬁwer

asymretrlc di-Cerr]-Cerr] al kyl et her, ary aryl-Clerr|=Clerr]-al kyl, or

PC?’/r [J]SQ%%[YT'Yéé’é él‘|3§‘° %rk)“ oq@? &JdP en@léay c’gﬁ)’(w t\ggd@'g?ﬁ é%l(()fer r]-Clerr]

al kyl, Cer Jerr] .al ken err aIkynyI Cerr]-derr

hydr oxyal kyF(]2 ‘lﬁf‘?'&t 6?'}’/%&93'7%& F‘}"E eneyalent couster s, pr & fféFl'Oar yl,
aryl-Cerr]- C[err] al kyl, or (Jerr]-Clerr]-alkylaryl-Clerr]-Clerr]-al kyI
and X[ eofp polywaleng gosmter ioms eificient, to belancadhel eationio whiege irotlse or a
fraction of a polyvalent counter ion sufficient to balance the cationic
char ge rgpddting eprravhich forhis e idnéner polyhite bapkdoadepol yner backbone.

- 37. The method of claim 32, wherein the ionene polymer comprises

the repeating unit of formula Il:

r u!
| R
| I |
....... A--ceeecaN eeamaa {1
| | |
! R? | X
L 4

wherein
! R! and R? are identical or different, and are selected from hydrogen, C,-
C,o alkyl optionally substituted with at least one hydroxyl group, or benzyl
optionally substitrrted on the benzene moiety with at least one C,-C,, alky!l
group;
A is a divalent radical selected from C,-C,, alkyl, C,-C,, alkenyl, C,-C,,
i alkynyl, C,-C,, hydroxyalky!, symmetric or asymmetric di-C,-C,,-alkylether,

aryl, aryl-C,-C,,-alkyl, or C,-C,,-alkylaryl-C,-C,, alkyl; and



37. The nethod of cl(!) ' ’l lthe i onene pol yner conprises the
repeatin f ﬂ'm ! m‘f ﬂ wherein Rlerr] and R g Jeglent i cal
or di fferGJedjn%H/IF éé?(cj are sel ec rom hydrogen, Clerr]- (err ‘{‘]’"@ﬁf
optionally substituted with at | east one hydroxyl group, or benzyl
optionally substituted on the benzene_ggiety with at |east one
Cerr]-Cerr] alkyl group; Ais a divalent radical selected from

( err] - er xt ishkbnothRht bothesr ibnabk8Mdis ofb&diViiehl @oUhté v ¥r a

C[err] C err] hydroxyal kyl, sym*retrrc or asymretrlc

Jert) e &?W@%@;}%‘ﬁ%*&eéwr{e&%r? tcipbf1d baldntel i efanic harge of
PCT/ US97/ 17263 - 36- noval ent counter ion, one-half of a divalent
count er heorﬁp%ﬂtm \"P%c"f’ﬁt‘}ﬁ‘ {gf)' &ﬂ \PPENE ROIKEGAt er i on sufficient to

bal ance the cationic charge of the repeating unit which fornms the ionene
polymer. 38. The nethod of claim 32, wherein the ionene polyner conprises
the repeating unit of formula Il1l: [err]

) 38. The method of claim 32, wherein the ionene polymer comprises

the repeating unit of formula lil:

] 1
------ Re-c=-eB=c-n-- )
) l | |
L -
CH, CH,
; | |
wherein R is -- Nf---Q-- N*-- or
| I
CH, CH, X%
J
CH3 CHz""CHz CH3
\ \ /
N* N*
/A /I \
5 CH,CH, X%
0- iS "(CHR')p', 'CHz‘CH=CH‘CH2", 'CHz'CHz‘O’CHZ;CHz‘, 'CHz'CH(OH)"CHz",
or
J

H O H
| l
-(CHR’),- -N- - - C - - - -N - - (CHR'),- ; and

ol

OH R’ HO H
I L L
B’ is -CH,-CH-CH,-N*-(CHR’)-N-C--N-  or
) I
Rm X



i“?diﬁ’eﬁﬁi‘fgmmyllllllm}wl IIIH MII!H Ml <75 ndependent 1y hyar septrosmmdsover

al kyl group; X err] i s“ a 'di Yal &nt *counter ion, two nonoval ent counter ions,
or a fraction of a polyval ent counter ion suff|C| ent to bal ance the
cationic charge in the group R and X[3fr] is a nonoval ent counter ion,
one-half of a divalent counter ion, or a fraction of a polyvalent counter
ion sufficient to bal arfe theOblati onic charge in the group B'. 39. The
met hod of claim 32, whelein tHje pyrithione salt is a Goup I,Il or III
netal salt of pyJ(cHR pRNF-CA,-CHHO# et hod ;of cl ai m 39, \/\herel n the
pyrithione salt is socf pm pyri thi one zinc pyrithione, copper pyrithione,

al um ni um pyrit hi one, rr?gnem um pyrithione. 41. The nmethod of claim 32,
wherein the weight ratio of (a) to (b) is fromabout 1:30 to about 30: 1.

n and p independently vary from 2 to 12;
R’ is independently hydrogen or a lower alky! group;
X% is a divalent counter ion, two monovalent counter ions, or a
) fraction of a polyvalent counter ion sufficient to balance the cationic charge in
the group R;' and
X" is a monovalent counter ion, one-half of a divalent counter ion,
or a fraction of a polyvalent counter ion sufficient to balance the cationic

charge in the group B’.

~y

39. The method of claim 32, wherein the pyrithione salt is a Group |, It

or H} metai salt of pyrithione.

40. The method of claim 39, wherein the pyrithione salt is sodium
J pyrithione, zinc pyrithione, copper pyrithione, aluminium pyrithione, or
magnesium pyrithione.
41. The method of claim 32, wherein the weight ratio of (a) to (b} is

from about 1:30 to about 30:1.



